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Abstract  

BACKGROUND: In forensics bruises as injuries take an important part in the interpretation of the causes of 
death. Since activating the inflammatory response of the body in their formation, histological analysis of the 
bruised tissue can provide data on the determination the time when the injury occurred. 

AIM: The aim of this study is to compare the histological features of 1-day and 5-days old bruises. 

MATERIAL AND METHODS: Bruised human skin samples, 1-day old in group A and 5-day-old in group B, 
obtained at autopsy from individuals who died from a violent death, were analyzed in this study. The qualitative 
microscopic analysis was performed on serial paraffin sections of tissues stained with Hematoxylin-eosin and 
Pearls Prussian Blue method, using a light microscope connected to a digital camera. 

RESULTS: Qualitative histological analysis of the studied group A  presented with fresh bruises, less than 24 
hours old, showed ruptured smaller vessels and extravasated red blood cells in the connective tissue of the skin, 
with subsequent expansion and infiltration of fibrous septa of the skin. In the area of bleeding an initial infiltration 
by macrophages was observed. In the studied group B, presented with bruises 3-7 days old, histological analysis 
showed a marked presence of hemosiderin-laden macrophages and presence of hematoidin granules in the area 
of bleeding, as well as ruptured small blood vessels and red blood cells extravasation in the dilated fibrous septa. 

CONCLUSION: A detailed analysis of tissue changes in bruises every day from the initiation until their recovery, a 
detailed description of the histological finding can be given, which will be supported in the precise determination of 
the age of the injuries themselves. 

 

 

 

 

 

Introduction 

 

Bruises are skin injuries which present with 
extravasation of blood in the connective tissue of the 
skin or deeper in the underlying tissues [1]. At the time 
of the formation of bruises, due to the impact of the 
force, small blood vessels break in the skin and blood 
extravasates into the surrounding connective tissue, 
resulting in activation of the cellular response, 
followed by infiltration of the field of bleeding firstly 
with neutrophil granulocytes and then with 
macrophages. In addition to the initial signs of an 
injury, such as oedema near the haemorrhage 
resulting in enlargement of the fibrous septa, the 
erythrocytes outside blood vessels activate the 
inflammatory response of the body, hence 

inflammation of the field of bleeding rapidly occurs [2]. 
Most commonly blood is extravasated between the 
dermis and hypodermissince there is a larger amount 
of loose connective tissue.  

Three criteria must be met to create a bruise. 
The first criterion is the force acting on the skin; it 
should cause blood vessels to rupture in it, but not to 
disrupt the integrity of the skin. The pressure of force 
is usually transmitted by a blunt object. Otherwise the 
skin would be damaged. The second criterion is the 
blood pressure, which should be high enough to allow 
extravasation of the blood in the connective tissue of 
the skin. The third criterion is the location of the field 
of bleeding. The blood should be extravasated 
sufficiently close to the surface of the skin to be 
detected as a bruise [3]. Bruises formed during life 
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may not be visible due to opalescence of the skin [3, 
4], but will be seen postmortem after the appearance 
of the skin reflection [5]. The early manifestation of 
blood drainage is dependent on two factors: the 
extravasation of blood from the blood vessels in the 
surrounding tissue and the depth of the skin where the 
blood is drained [6-8]. 

Bruises are not minor injuries because they 
can lead to death if they are extensive [9]. They are 
quite frequent injuries, and the determination of their 
age is one of the most sought data for forensic 
examinations, especially when it comes to cases of 
violent deaths and abuse in children [10] when the 
causes of death and the timing of the injuries are 
important to be known. Once the bruise is formed, the 
body reacts by activating the inflammatory response, 
and at the site of the bleeding, there is a migration of 
inflammatory cells, first neutrophilic granulocytes and 
later mononuclear macrophages. Their infiltration 
occurs at a certain time interval, which allows through 
the specific histological finding to interpret the age of 
the bruise [11]. 

In the routine examination procedures of 
injuries, when reviewing and interpreting bruises, the 
most commonly used method is observation as a 
method for rapid orientation for the age of the bruises. 
This approach as a standalone is commonly used in 
clinical assessment of these injuries, while in modern 
forensic medicine it is a baseline analysis 
complemented by microscopic and molecular 
analyses, to accurately determine the age of bruises. 

Histological analysis through a detailed 
analysis of the cellular structure of affected tissue, as 
one of the additional methods for a detailed analysis 
of the age of bruises, provides an interpretation of the 
time when they occurred, as well as their age, data 
that can be further used in the investigation of cases 
of abuse in women and children, with possibility to be 
used as evidence in medico-legal cases. 

The aim of this study was to make a 
comparison in the features of the bruised tissue by 
histological analysis with determination of the main 
histological findings in bruises 1-day and 5-day old, 
findings that further may be used as data for 
determining the age of bruises in addition to other 
methods. 

 

Material and Methods 

 

The research was performed on human skin 
samples, obtained at autopsy from individuals who 
died from a violent death, at the Institute of Forensic 
Medicine in Skopje. All tissue samples were taken in 
depth across the entire skin together with the 
hypodermis, with dimensions of 4 cm², and then fixed 
in a 40% formalin solution. Tissue samples contained 

the entire bruise and its peripheral edges where the 
bruise passed into the healthy tissue. The qualitative 
histological analysis was performed on serial paraffin 
sections of skin tissues of 4 μm thickness, stained 
according to the standard Hematoxylin-eosin method. 
Additionally staining with the Pearls Prussian Blue 
method was applied for detection of macrophages. A 
light microscope, model Olympus CX21FS1 and 
lenses 40x, 20x and 10x were used for microscopic 
assessment of the tissue. Figures used in this study 
were made using micro camera Bresser, tv lens c-
0.45x connected to Nikon Eclipse E400 microscope. 

Samples were divided into three analysed 
groups, using the findings of a court expert, who 
classified the bruises by age, by using an 
observational method during the initial analysis of the 
bruised tissue during the autopsy. For this kind of 
classification, there are more published patterns 
(Table 1). 

• Control group contained 12 samples of 
human skin with resectional edges that penetrated the 
surrounding healthy tissue of each autopsy material. 

• Group A contained six tissue samples from 
human skin with fresh bruises, not older than 24 
hours. 

• Group B contained six tissue samples from 
human skin with bruises aged 3-7 days. The material 
in this group of orientational observation was 
classified into bruises with an approximate age of 3 
days (two samples), four days (one sample), five days 
(two samples) and 5-6 days (sample of the 
decomposed body). Except for the last sample, the 
remaining samples were obtained from corpses 
shortly after death. 

Table 1: Classification of the age of bruises by colour, by five 
schemes published by different authors 

 Adelson Rentable Camps Poison Spitz 

Initial colour Red/blue Violet Red Red, black Blue/red 
1-3 days Blue/brown Dark blue Blue/brown Purple, black Purple, black 
1 week Yellow/green Green Green Green Green/yellow 
8-10 days  Yellow Yellow  Brown 
2 weeks  Normal Normal Yellow Normal 

 

 

 

Results 

 

Control group 

The control group served us as a prototype 
for pattern construction and was used for comparison 
of the histological changes that occurred in bruised 
skin samples. 

Histological analysis of all samples in the 
control group showed a normal skin structure, with an 
intact epidermis, dermis and hypodermis, and intact 
blood vessels. Red blood cells were observed only in 
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blood vessels. The cellular population of the 
connective tissue of the dermis was predominantly 
represented by fibrocytes and was less commonly 
present. Collagen fibres were a dominant component, 
with the irregular layout. The superficial tissue of the 
hypodermis consisted of clustered adipocytes in the 
form of lobes, wrapped with intact fibrous lobe-like 
septum with uniform obesity. The skin annexes had 
normal morphology (Figure 1). 

 

Figure 1: Normal human skin. The microphotography shows normal 
morphology of human skin, epidermis, dermis and part of the 
hypodermis (Haematoxylin-eosin, X10) 

 

Group A 

Histological analysis of tissue sections with 
fresh bruises, not older than 24 hours, showed a 
change in the skin structure only in the hypodermis, 
while all other layers of the skin were unchanged in 
comparison to the control group. In the area of the 
fibrous septa of hypodermis, extravasated red blood 
cells were present from the ruptured vessels. The 
extravasated red blood cells penetrated the tissue of 
the fibrous septum, where only the peripheral 
contours of the septa and the collagen remained after 
the erythrocytes infiltration. The red blood cells 
retained their morphological form and appearance. 
Fibrous septa were damaged, corresponding to the 
initial oedema observed during the observation of 
injuries that resulted in a bruise. The bleeding area 
was located in the fibrous septa in the hypodermis, 
partly penetrating into the loose connective tissue 
between the adipocytes.  

 

Figure 2: Fresh bruise, a few hours old. The microphotography 
shows the bleeding area filled with erythrocytes and the expansion 
of fibrous septae (Haematoxylin-eosin, X10) 

Solid infiltration with polymorphonuclear cells 

and initial infiltration with rare mononuclear cells were 
noticed. Infiltration was present throughout the 
bleeding area, with greater intensity in the peripheral 
parts (Figures 2 and 3). In 4 tissue samples in this 
group, the bleeding area entered the adipose tissue 
lobes, thus separating the adipocytes one from 
another, presenting with the microscopic impression 
as if adipocytes were found in the bleeding area. 

The microscopic analysis of the peripheral 
parts in the bleeding area with surrounding healthy 
tissue showed a gradual transition from the bleeding 
area located in the fibrosis septa of the hypodermis, 
filled with red blood cells and inflammatory cells, into 
the normal structure of the skin in all its structural 
parts. There was a gradual narrowing of the fibrous 
septa in which the morphologic change was located, 
passing through to the healthy tissue where their 
structural features were noticed. Compared to the 
control group, their histological structure showed 
normal structure, with irregularly thick connective 
tissue woven with blood vessels and a normal 
structure of the border between the dermis and the 
hypodermis. 

 
Figure 3: Fresh bruise, a few hours old. The microphotography 
shows the bleeding area (fibrous septum in the hypodermis) with 
initial infiltration with granulocytes (Haematoxylin-eosin, X20) 

 

Conclusion: In the first 24 hours after the 
appearance of the bruise, the morphologic change 
was located in the fibrous septa of the hypodermis. 
Their collagen bundles were damaged due to the 
abundant extravasation. There was infiltration in the 
area of bleeding with granulocytes and rare 
macrophages. Infiltration was most pronounced in the 
peripheral zone of bleeding, with a wide belt. The 
bleeding area limits remained in the contours of the 
fibrous septa. 

 

Group B 

Histological analysis of bruised tissue 
samples with 3 to 7 days old bruises showed 
extravasated erythrocytes from damaged blood 
vessels in the connective tissue of the hypodermis, 
located in the fibrous septa. Fibrous septa were 
dilated, their structural elements barely spun due to 
red blood cells infiltration. In the bleeding area, 
pronounced infiltration with mononuclear cells-
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macrophages was noted. Residues from the 
erythrocytes phagocytosis in the form of hemosiderin 
were observed in them. Macrophage infiltration 
affected the entire bleeding area, both in its peripheral 
and in central parts. Among the erythrocytes, 
hematoidin particles were noticed, and they were 
diffusely spread through the bleeding area, seen 
brown-coloured. As in the analysed group A, in this 
group, there was also blood extravasation, located in 
the septa of connective tissue. The area of bleeding 
entered the delicate connective tissue between the 
adipocytes, isolating them; hence they were 
surrounded by densely hematoidin residues. In this 
examined group, bruises with different ages were 
analysed and there was a gradation of the presence 
of macrophages. The examined material consisted of 
2 samples of bruises with an approximate age of 3 
days, one sample of 4 days, two samples with an 
approximate age of 5 days and one sample of tissue 
originating from the decomposing body and its age 
corresponded approximately to 5-6 days.  

 

Figure 4: Five days old bruise. The microphotography shows the 
localisation of the bleeding area into the fibrous septa in the 
hypodermis (Pearls Prussian Blue, X 10) 

 

The most pronounced presence of 
macrophages was observed in the bruises aged five 
days. The structure of the dermis was not altered; the 
analysed bruises were located in the adipose tissue of 
the hypodermis, within the contours of the fibrous 
septa.  

 

Figure 5: Five days old bruise. The microphotography shows 
macrophages filled with hemosiderin, as well as hematoidin 
granules between erythrocytes in the bleeding area (Pearls 
Prussian Blue, X 100) 

The surrounding edges of the bruise showed 

a gradual narrowing of the fibrous septae containing 
the bleeding area and passage to healthy tissue.  

Due to the presence of a bleeding area in the 
hypodermis, a slight change in its thickness did not 
show a subsequent change in the appearance and 
thickness of the dermis. Since this study included 
tissue samples with small bruises, the question 
remains of further analysis of the changes that would 
cause oedema in the surrounding tissue in massive 
bruises (Figures 4 and 5). 

Conclusion: The intensity of infiltration in the 
bleeding area with macrophages in our examined 
samples gradually increased until the fifth day after 
the appearance of the bruise. Infiltration affected the 
entire bleeding area. Hematoidin, among erythrocytes, 
was also extracellularly observed. The change was 
located and limited in the hypodermis fibrotic septa. 
Their collagen bundles were damaged due to 
abundant cell effusion. 

 

 

Discussion 

 

In determining the age of bruises, the 
histological analysis in this study showed changes in 
the bruised tissue that occurred at a different time 
from the appearance of the bruise. In the first studied 
group, in bruises not more than 24 hours old, in 
addition to other tissue changes, the finding of 
infiltration of the bleeding area with 
polymorphonuclear leucocytes and rare mononuclear 
leukocytes indicating fresh bleeding. This finding is 
supported by literature data describing the course of 
the inflammatory response after the occurrence of the 
bleeding. In addition to the initial signs of injury, such 
as oedema in the area of bleeding, resulting in the 
enlargement of fibrous septa, the erythrocytes outside 
the blood vessels activate the inflammatory response 
of the body, which results in infusion of the connective 
tissue with inflammatory cells [2]. Approximately 4 
hours after the initial bleeding, polymorphonuclear 
leukocytes-neutrophils migrated. These cells cannot 
phagocyte the red blood cells. Neutrophils are not 
present in normal skin, and therefore their presence is 
considered to be a significant finding [11]. 
Mononuclear leukocytes-macrophages are present in 
normal skin, and this makes their interpretation 
difficult when their infiltration begins in the bleeding 
area [11]. 

In the second examined group, with bruises 
aged 3-7 days, our analysis noted infiltration of the 
bruise with mononuclear cells-macrophages. These 
cells gradually infiltrated the bleeding area, which was 
also shown in the analysis of bruise samples with 
different ages within the second examined group. In 
the 5-day old bruises, the most intense infiltration with 
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macrophage in the bleeding area was observed. In 
addition to this finding, haematoidin granules 
extracellularly, as well as the presence of hemosiderin 
in macrophages, were noted in the bleeding area. The 
literature describes that approximately 9 hours after 
the initiation of the bruise, there is macrophages 
migration [12]. They can phagocyte extravasated 
erythrocytes. Phagocyted erythrocytes in 
macrophages are observed after 15-17 hours after the 
appearance of the bruise [12]. Erythrophagocytosis 
occurs no later than three days [13]. In human skin 
lesions, macrophages are found at the earliest after 3 
or 7 hours [13], with a peak of presence at 1-2 days 
after injury [14]. Macrophages filled with hemosiderin, 
as residues from phagocyted red blood cells, detected 
by specific Pearls Prussian Blue method (Figure 3), 
can be seen at the earliest 24-48 hours after the 
appearance of the bruise, but are usually observed 
after 4-8 days. Hemosiderin is usually found in the 
tissue 90 hours after the inflammation, while the 
hematoidin is occasionally found 9 hours after the 
appearance of the bruise [12]. Hematoidin is a 
pigment that is chemically identical to bilirubin. It 
occurs in tissues as a result of the haemoglobin 
metabolism, especially in conditions of reduced 
oxygen concentration. Hematoidin does not contain 
iron; it is formed intracellularly, probably in 
reticuloendothelial cells, but is often located 
extracellularly, after 5-7 days, in the foci of previous 
bleeding. Our histological analysis showed refractory, 
yellow-brown or orange-red granules, but more typical 
were rhomboid plates arranged in a radial pattern, the 
so-called hematoidin burrs. The finding of hematoidin 
was a sign of bleeding which was in the direction of 
healing. The Pearls Prussian Blue staining method 
makes it easy to differentiate between hematoidin and 
hemosiderin. Hemosiderin produces blue coloured 
particles in the bleeding area, while hematoidin 
remains with light brown colouring [12]. 

In the further processing of this material, 
quantitative histological descriptions of cellular 
infiltration of bruises were made, as well as support 
for existing and new findings with additional molecular 
analyses. Quantification of macrophage infiltration in 
the bleeding area can be done with specific staining of 
macrophages with the Pearls Prussian Blue method 
that allows us to visualize hemosiderin in 
macrophages or this method can be supported by a 
molecular analysis of the gene expression for HO-1, 
an enzyme expressed in macrophages. In a more 
recent morphometric study, a significant amount of 
hemosiderin in the bleeding area has been described, 
about 20% and more of the field of vision, indicating 
the age of the bruise of about 1 week [15], which 
gives us the opportunity for a new field of research in 
interpretation of the histological finding in the bruises 
to determine their age. 

The histological analysis gives a detailed 
insight into tissue structure. When using this method 
of analysis, the inflammatory response of the body to 

the injury sustained can be monitored, with the 
possibility to note and process the stages in the repair 
of bruises on time. This method is used in the post-
mortem analysis of bruises such as injuries in forensic 
medicine. A detailed analysis of tissue changes in 
bruises every day from the appearance until their 
recovery and a detailed description of the histological 
finding can be given, which will support the precise 
determination of the age of the injuries themselves.   
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Abstract  

BACKGROUND: Several speculations have linked the size of the fist to be equal to the size of the heart. 
However, the substantial scientific report still lacks to support this theory.  

AIM: This study aims to provide the validity of the fist-heart assumption by correlating the palm and heart 
diameters while benchmarking it as a reference tool for determining the normal heart size. 

MATERIALS AND METHOD: Volunteers from the public were recruited during a health fair organised by the 
school. A self-administered questionnaire for necessary information was distributed after the volunteers signed 
the consent forms. The palm of both hands was measured in duplicates using a flexible ruler.  Ultrasound 
examination was used in measuring the diameter of the heart with the landmark being from the anterior fibrous 
pericardium to the lowest part of the posterior fibrous pericardium. The level of significance was kept at P < 0.05.  

RESULTS: A total of 275 people, consisting of 123 males and 152 females participated in the study. The age 
range was from 15 to 80 years with a mean age of 28.16 ± 16.18. The measurement showed that the size of both 
palms correlated with the heart diameter, p < 0.05. Other factors such as age and height showed a substantial 
level of correlation. However, this correlation ceased with older participants.  Palm size did not correlate among 
participants with previously diagnosed prehypertension. However, participants with previously diagnosed 
hypertension with good medication compliance maintained the correlation.  

CONCLUSION: This study establishes the correlation between the palm and heart diameters. Since the heart 
tissue and the upper limb share a similar embryonic origin, being the mesoderm, this study prospects the fact that 
heart enlargement could be preliminarily identified by measuring the size of the hand. 

 

 
 

 

Introduction 

 

The universal perception that the size of the 
fist and heart are equal has been well known among 
the general population. Various individuals have 
presented their views on how the size of the heart and 
the hand correlate. However, there has been no 
proper scientific report on the validity of this theory 
until now. The fact that the heart muscles and 
musculoskeletal system are both derivatives of the 
mesodermal layer [1, 2] gives a logical reason why the 
hand and the heart could be characteristically related, 
as some properties may be residual in these tissues. 

The limbs and the cardiac muscles share a 
similar mesodermal origin which is the lateral plate of 
the mesoderm. Similarly, these mesodermal cells 
share some transcription factors such as Nkx2.5, 
GATA, Mef2, Tbx and Hand [3]. Other factors like 

fibroblast growth factor (FGF) [4], WNT [2, 3], and 
transforming growth factor beta (TGFβ) superfamily to 
include bone morphogenic proteins  (BMP) [4, 5] have 
been demonstrated to influence both heart and limb 
development. Detailed and well laid out reviews on 
the development of the heart and upper limb have 
already been properly documented [3-8]. To further 
support this association, it has been recorded that the 
defect in some of these factors has resulted in both 
cardiac and limb abnormalities. For instance, defect in 
the TGFβ-1 has not only been associated with heart 
abnormalities such as congenital aortic stenosis, 
regurgitation [9], and arrhythmogenicity [10] but the 
differential expression of BMP (a member of the 
TGFβ-1 superfamily) as a result of Tfap2b loss has 
been shown to result in both heart and limb 
abnormalities [11]. 

It is, however, astonishing that an organ as 
important and critical as the heart still lacks reliable 
referencing data for the dimensions of the heart 
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cavities. Though it is a known fact that the body 
surface area (BSA) determines the dimensions of the 
heart chambers, this is however not resulted in any 
concrete and reliable referencing data. However, 
predictors such as age, sex, height, and weight have 
been linked to the heart dimensions [12].  

Hence, this study was to find a customised 
value for easy and fast identification of a possible 
heart enlargement from any underlying cause by 
relating the heart to the palm, which is another 
structure of similar embryological origin. The findings 
from this study are expected to help redirect and solve 
the heart referencing issues for better diagnosis and 
prognostication.  

 

 

Materials and Method 

 

Participants  

Volunteers from the public were recruited 
during a health fair organised by the school. A 
consent form detailing the procedure to be performed 
given to the volunteers, and the procedure was duly 
explained to them. The participants were asked about 
any history of palmar injuries, and the palms were 
equally observed for any form of injury. A total of 275 
people, 123 males and 152 females with an age range 
of 15 to 80 years, agreed to participate by signing the 
consent after which a self-administered questionnaire 
was given. 

 

Selection Criteria 

The participants used for this study were only 
right-handed people. Left-handed individuals were left 
out of the study for the sake of consistency, and 
moreover, we could not gather a significant number of 
left-handed people. Also, we excluded subjects with 
known cardiac problems like valvular stenosis’ or 
insufficiencies and other conditions and activities that 
can predispose to remodelling of the heart tissue like 
athletics, subjects with known hemodynamic states 
like Sickle cell disease, hyperthyroidism, and 
pregnancy. Also, participants with known and 
established abnormal blood pressure were used for a 
further study.  

 

Measurements 

A double-blinded technique was used for 
measurements of the heart and palm dimensions. 
Here, the ultrasound measurements were taken by an 
investigator in the ultrasound room and records kept 
away from the other investigator, taking the palm 
dimensions to avoid an observer bias. 

Palm measurement 

The right and the left palms were measured 
with a soft ruler from medial to lateral, specifically from 
the edge of the first palmar crease (heart line), where 
the fist is made, to the edge of a secondary palm line 
(headline) if visible or by extension [13] (Fig. 1). The 
measurement for each palm was done twice with the 
mean measurements calculated.  

 

Figure 1: Schematics for palm measurement 

 

Ultrasound measurement 

The measurement of the heart diameter was 
carried out by a single experienced investigator using 
a DUS 5000 ultrasound machine (Miami, Florida, 
USA) using a low-frequency micro-convex transducer 
preset to "adult cardiac" with a default frequency of 
4MHz. 

The participants were requested to expose 
their chest to around the 5th intercostal and were 
given a clean drape to cover themselves to make 
them comfortable and were required to lie supine on 
the examination bed. During the scan, only the 
required area was exposed (the left thoracic region up 
to about the 5th intercostal space). The transducer 
was applied to the subject’s chest wall to find a 
window on the 2nd to the 5th intercostal space left the 
parasternal area looking at the heart at its longitudinal 
axis (left parasternal view), PLAX [14, 15]. Using this 
view, we can visualise and measure the largest 
diameter of the heart in two-dimensions from the 
anterior fibrous pericardium to the lowest part of the 
posterior fibrous pericardium. The measurement is 
taken in late diastole when the mitral valve is almost 
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closing, and also this is when the left ventricular wall 
is expected to be thinnest. Although the 4-chambered 
view is the mainstay 2D echocardiographic technique 
for the imaging of the left ventricle [12] but requires 
more time, skill and exposure of the subject.  
Whereas, the PLAX is opposite regarding time, skill 
and exposure, especially if a quick view is desired. In 
this view, we can capture from superficial to deep the 
right ventricle, the interventricular septum, the left 
ventricle, the left atrium and two valves, aortic and 
mitral. Other studies have concentrated on the size of 
the left ventricular chamber [16-22]. However, 
reference ranges are still very limited for the other 
cavities despite the known prognostic significance of 
the left atrium and its volume [12]. Using this simple 
approach (PLAX), we can capture the essential cavity 
and volumetric changes from any underlying defects 
that might alter the normal size (diameter) of the 
heart. 

 

Statistical analysis 

Statistical analysis was performed by 
STATA/IC 13.0 (for windows). The Chi-square test 
was used for comparing categorised variables. 
Multiple regression analysis was also performed to 
predict the diameter of the heart from both the right 
and left hands measurements. Statistical hypothesis 
tests with p < 0.05 were considered as significant. 
ANCOVA was used so that measurements of the right 
palm, left palm, and heart diameter could be taken 
into account when comparing the groups regarding 
varying blood pressures. Values are presented as 
mean ± standard deviation or number (%). 

 

 

 

Results 

 

A total of 275 individuals volunteered in the 
study. Participants included 123 (44.73%) males and 
152 (55.27%) females. Mean age was 28.16 ± 16.18 
years. Age distribution of the participants (Table 1) 
showed that the most predominant age bracket was 
between 15-20 year. 

Table 1: Age distribution of participants with their palmer and 
heart measurements 

Age group Frequency 
n (%) 

Right palm 
Mean (cm) ±. 

S.D 

Left palm 
Mean (cm) ±. 

S.D 

Heart Diameter 
Mean (cm) ±. 

S.D 

15-20 131 (47.64) 8.54 ± 0.67 8.40 ± 0.70 8.38 ± 0.84 
21-26 68 (24.73) 8.78 ± 0.72 8.55 ± 0.76 8.78 ± 0.92 
27-32 14 (5.09) 8.69 ± 0.77 8.55 ± 0.76 8.76 ± 0.74 
33-38 9 (3.27) 8.57 ± 0.50 8.39 ± 0.57 9.12 ± 0.84 
39-44 10 (3.64) 8.87 ± 0.51 8.76 ± 0.54 9.29 ± 0.62 
45-50 9  (3.27) 8.51 ± 0.56 8.44 ± 0.55 9.50 ± 0.53 
51-56 8 (2.91) 8.88 ± 0.72 8.36 ± 0.60 8.93 ± 1.27 
57-62 5 (1.82) 8.50 ± 0.19 8.70 ± 0.74 9.58 ± 0.79 
63-68 5 (1.82) 8.50 ± 0.19 8.24 ± 0.18 9.94 ± 0.83 
69-74 10 (3.64) 8.82 ± 0.40 8.67 ± 0.43 9.7 ± 1.07 
75-80 6 (2.18) 8.73 ± 0.77 8.61 ± 0.62 9.73 ± 0.89 

In this study, relating the palm size of both 
hands using linear regression showed a good fit (P = 
0.000), with 91.2% coefficient of determination (95% 
confidence interval from 0.89 to 0.96). Multiple 
regression to predict the diameter of the heart from 
the palm size of both the right and left palm 
statistically significantly predicted the diameter of the 
heart, F (2, 273) = 96.18, p < 0.0005, R2 = 0.4133, p 
= 0.008 (95% confidence interval from 0.15 to 1.0) 

Also, among the participants, 56 individuals 
were identified with previously diagnosed cases of 
abnormal blood pressures, with an equal number of 
28 persons in each category of prehypertensive and 
hypertensive blood pressure, respectively. The 
hypertensive volunteers also acknowledged being on 
medication with good compliance. A control group of 
28 individuals with normal blood pressure and belongs 
to the same age group of those with abnormal blood 
pressure was also selected for further comparisons 
(Table 2). Efforts were also made to ensure no gender 
was predominating in any of the study groups. 

Table 2: Role of high blood pressure on the relationship 
between the fist size and heart diameter 

Group Right palm 
Mean (cm) 

±S.D 

Left palm 
Mean (cm) 

±S.D 

Heart 
diameter 

Mean 
(cm) ± S.D 

Chi-Squared 
evaluation in 

comparing right 
and left palm to 
the diameter of 

the heart, 
respectively 

Normal blood 
pressure 

8.42 ± 0.55 8.27 ± 0.59 8.83 ± 0.96 0.00 and 0.02 

Prehypertensive 
blood pressure 

8.79 ± 0.49 8.62 ± 0.5 9.74 ± 0.83 0.355 and 0.682 

Hypertension 8.39 ± 0.79 8.25 ± 0.76 8.91 ± 1.0 0.001 and 0.042 

 

There was no relationship when the right 
palm, left palm, and heart diameter of prehypertensive 
and hypertensive blood pressure groups was 
collectively analysed using ANCOVA, with P values of 
0.39, 0.54, and 0.07, for right palm, left palm, and 
heart diameter, respectively.  

The sonographic images demonstrate how 
the measurements were taken during the scan (Fig. 
2). 

    

Figure 2: Ultrasound scan of a heart from the anterior fibrous 
pericardium to the lowest part of the posterior fibrous pericardium 
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Age distribution showed a link between age 
and heart diameter (chi-square with 210 degrees of 
freedom = 356.65, p = 0.000). However, there was no 
correlation when compared with the palm sizes of 
both hands (P > 0.05). A simple regression was run to 
predict the diameter of the heart from the age group of 
teenagers to middle-aged adults (15-55 years).  

  

Figure 3: Predictive graph, showing the relationship of age (A), 
height (B), and the fist size (C) of both palms on the diameter of the 
heart. (Confidence interval of 95% of means, P<0.05 in each plot) 

 

These variables statistically significantly 
predicted the diameter of the heart, F (1, 246) = 21.79, 
p < 0.0005, R2 = 0.0814. The variable added 
statistically significantly to the prediction, p < 0.05. 
The coefficient indicated that for each increase in age 
there is a 2% increase in heart diameter (95% 
confidence interval from 0.04 to 0.02). However, for 
participants above 55 years, the variable was not 
statistically significant. History retrieved from each 
participant revealed 26 (9.42%) with previous palmar 

injuries. However, the injuries had no impact on the 
correlation between the fist size and the diameter of 
the heart when analysed (chi-square with 10 degrees 
of freedom = 8.30, p = 0.60). Comparing the diameter 
of the heart based on gender showed that within a 
particular age group, males had a bigger heart 
diameter and palm size of both hands than females, P 
= 0.000, in all comparisons. Multiple regression 
analysis in comparing males to females further 
indicated that in any age group, males had their heart 
diameter, palm size of both the right and left hands 
bigger than females by 11.4%, 29.3%, and 18.5%, 
respectively, with 59.52% coefficient of determination. 
The linear regression of participants’ heights below 40 
years of age related to the diameter of the heart (P = 
0.000, 95% confidence interval from 0.07 to 0.02). No 
correlation was observed among patients above the 
age of 40. The Linear prediction graph was also used 
in interpreting the link between age (15-55 years), 
height, and fist size on the diameter of the heart (Fig. 
3). 

 

 

Discussion 

 

Heart disease remains one of the major 
illnesses leading to increased mortality rate [23]. An 
estimate of 17.5 million people dies each year from 
cardiovascular-related diseases, thus giving an 
estimate of 31% of deaths worldwide [24]. 
Cardiovascular problems can be diagnosed by 
electrocardiogram, echocardiogram, chest x-rays, 
cardiac computed tomography, cardiac magnetic 
resonance, positron emission tomography, coronary 
angiography, single-photon emission tomography and 
radionuclide ventriculography. Other additional 
diagnostic tests include haematological and 
biochemical analysis of Brain-type Natriuretic peptide 
(BNP), exercise testing, endomyocardial biopsies, and 
genetic testing.  Amongst all, echocardiography has 
been proven to be the most useful and widely 
available test in diagnosing cardiac problems. It has 
also been shown to be accurate, safe and cost-
effective [25]. Cardiovascular diseases are usually as 
a result of various illnesses. However, not all of these 
illnesses lead to heart muscle hypertrophy or 
enlargement [26]. The idea of linking the size of one's 
heart to their palm dimensions may appear irrational. 
However, few speculations have proposed the theory 
with several debates, but without any substantial 
evidence until now. The objective of this study was not 
just to confirm the speculations but also prospect how 
the information could prove beneficial in clinical 
medicine. As previously stated, the cardiac muscles 
and the appendages share the lateral plate mesoderm 
layer as a common derivative [1, 2]. This could also 
illustrate that all cells from the mesoderm, irrespective 
of differentiation may share a few linking properties 
[27]. 
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Correlation with Previous studies 

This study showed a considerable association 
between heart size and factors such as age, sex, and 
height (Table 1 and Figure 2), which was similar to 
previous reports [12, 28]. Previous studies have 
demonstrated that age has a direct proportionality with 
the heart diameter until the age of 50 years, where the 
heart begins to achieve a constant size, although the 
rate of growth was not elucidated upon [29, 30, 31]. 
However, this study demonstrates a 2% increase in 
heart diameter for each increase in age till 55 years.  
Further longitudinal studies might be required to 
validate this finding. 

Studies correlating height with the heart size 
have been investigated in previous reports with 
emphasis on the role of body weight as major 
determinant [12, 30]. Similarly, the current study 
showed a relationship between height and heart 
diameter amongst participants only below 40 years, 
although, the influence of body weight was not 
captured. The observed relationship could be due to 
the pubertal growth spurt defined by age, which is 
approximately linear until maturity, where a further 
increase in age indicates no further growth [31].   

Similar to other studies, sex was shown to be 
a predictor of heart diameter [27, 29, 30, 32]. The 
female frame regardless of race is known to be 
smaller than the male, hence, its reflection on the 
dimensions of the heart. Bainton et al., 1932, reduced 
the transverse diameter of the male heart by 0.8cm to 
derive the female diameter, while Oberman et al., 
1967, came up with a 0.5-1.0cm consistent difference 
between men and women within the same group and 
matched for height and weight. However, our study, 
though not matched for height and weight revealed an 
11.4% increase in the diameter of males relative to 
females matched for the same age group. 

 

Deductions from this study 

In this study, it was shown that the right palm 
was bigger than the left palm, although, the difference 
did not distort the analysis that both palms correlated 
with the diameter of the heart. The right hand being 
bigger is attributed to the increased neuronal firing 
and hypertrophy in right-handed people, due to high 
usage [33]. Studies involving left-handed individuals in 
the current study was not feasible due to small sample 
size. From this study, it could be speculated that the 
heart diameter ranges from the measurement of the 
left palm to that of the right palm with the right palmar 
diameter being the upper limit of normal heart size for 
the measured individual.  

While further considering the general clinical 
applicability of this method, a pilot study involving the 
impact of deranged blood pressure on the palm-heart 
diameter was carried out. The finding drew our 
attention to an important clinical phenomenon 

previously observed in the MONICA/KORA Augsburg 
study, which concluded that persistent 
prehypertension results in heart tissue remodelling 
which facilitates the occurrence of ventricular 
hypertrophy resulting in diastolic dysfunction [34]. This 
study’s observation supports the direct applicability of 
the palm-heart diameter for the normotensive and the 
hypertensive population on treatment, but not for the 
prehypertensive group. The reason though not fully 
understood but might be attributed to the onset of a 
possible cardiac tissue remodelling [35] which might 
have resulted in the “subtle” non-symptomatic 
enlargement which is similarly seen in the endurance-
trained athletes’ heart [36]. It is assumed that the 
prehypertensive period is faced with continuous 
hemodynamic load causing the ventricular 
myocardium to stretch (Frank-Starling), triggering the 
heart to subsequently initiate the process of 
hypertrophy in response to the stress (Laplace law). 
The correlation with the hypertensive group suggests 
that medicating hypertensive patients might be 
experiencing some therapeutic palliation on pressure 
load and vascular resistance thus ameliorating the net 
tissue remodelling effect as opposed to the 
prehypertensives or simply that the process of 
hypertrophy might have already been established in 
this group, hence no noticeable net myocardial 
stretch.  The pathophysiological impact of 
prehypertension is difficult to define, as it represents 
over 30% of the adult healthy population [37]. 
Prehypertension has been linked to an increased 
long-term cardiovascular risk [38] and may be the 
starting point in the cardiovascular disease spectrum 
[39]. The observation from this research further 
corroborates the Strong heart study of 2006, which 
has advocated for an increasingly aggressive follow-
up on patients with persistent prehypertension [40].  

 

Prospects of current study in diagnosing 
heart enlargement 

The study predicts that the relationship 
between the palm and heart size may give more 
direction in anticipating cardiac dimension referencing 
tool. Thus, a one-time diametric measurement of the 
palm-size might just be sufficient to determine an 
individual’s normal heart diameter which can then be 
used as a benchmark for comparison of the heart 
cavities. This benchmark is essential as it will aid the 
customisation of the heart cavity dimensions as 
opposed to using a single range of values for 
everyone. This is soon necessary since BSA which is 
currently the main tool has been shown to be deficient 
in certain cases such as when relating the heart 
dimensions of a short obese person to a tall, slim 
person who might have the same BSA [12]. 
Furthermore, the present reference ranges might also 
result in delayed diagnosis and treatment of heart 
enlargement in patients possessing small BSA, due to 
the underestimation of the heart size [12].  
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Although not fully substantiated, observations 
from our study revealed that the applicability of this 
study to the prehypertensive population must be done 
with caution as a 1cm increase in heart diameter over 
the expected upper limit (the right palm diameter) 
might be seen on sonography. Hence, this tool might 
also prove effective for the screening and 
identification of early cardiac remodelling in patients 
with persistent prehypertension. 

The PLAX approach used in this study is easy 
and captures the essential cavities and valves. 
Therefore, heart enlargement from any underlying 
defect would likely reflect on the measurement. It 
suffices to say that this simple procedure could be an 
alternative to unnecessary exposure to radiation from 
plain chest X-rays done to screen for cardiomegaly 
especially in developing countries. Also, this simple 
technique can be done by medical students at the 
patient’s bedside to screen for a possible 
cardiomegaly. Hence, this further supports the on-
going advocacy for the introduction of ultrasound 
education into the medical curriculum across the 
globe.  

 

Limitations of the study 

Though we were limited by the numbers of 
participants in the age ranges over 26, however, we 
do not think that would have affected the outcome of 
our study. However, further studies still need to be 
carried out to closely investigate the adult population. 
The study did not account for the impact of other 
predictors of heart enlargement on the palm-heart 
relationship, such as participation in sports and 
hemodynamic conditions like Sickle cell disease 
amongst others.  

In conclusion, the statement linking the sizes 
of the heart with the size of either hand has been said 
among few but without scientific backing until now. 
This study tends to confirm the relationship between 
details and also offer the prospect on its clinical 
relevance. This relationship could be employed in the 
early investigation of heart enlargement, thus reducing 
the incidence of poor prognosis among patients. 
However, there is the need for further study to 
properly understand the relationship between the 
heart and palm measurements. The study also 
elucidated on the unclear relationship between the 
increase in age and the growth of cardiac tissue. With 
the current trend of attributing more attention to 
hypertensive blood pressure than prehypertension, 
the study suggests that both abnormal pressures 
should receive an equal level of response to avoid 
cardiac tissue remodelling. It also supports the on-
going advocacy for the inclusion of basic ultrasound 
education in the curriculum for medical students at 
large. 
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Abstract  

AIM: The study aimed to identify factors that influence the positivity of axillary lymph nodes in patients with early 

breast cancer and clinically negative axillary lymph nodes, who were subjected for modified radical mastectomy 
and axillary lymphadenectomy. 

MATERIAL AND METHODS: This study included 81 surgically treated, early breast cancer patients during the 
period from 08-2015 to 05-2017. All the cases have been analysed by standard histological analysis including 
macroscopic and microscopic examination by routine H&E staining. For determination of molecular receptors, 
immunostaining by PT LINK immunoperoxidase has been done for HER2neu, ER, PR, p53 and Ki67.  

RESULTS: Patients age ranged between 31-73 years, an average of 56.86 years. The mean size of a primary 
tumour in the surgically treated patient was 20.33 ± 6.0 mm. Axillary dissection revealed from 5 to 32 lymph 
nodes, with an average of 14. Metastases have been found in 1 to 7 lymph nodes, with an average 0.7. Only 26 
(32.1%) of the patients showed metastases in the axillary lymph nodes. The univariant regression analysis 
showed that the size of a tumour and presence of HER2neu receptors on cancer cells influence the positivity of 
the axillary lymph nodes. The presence of the estrogen receptors, progesterone receptors have no influence on 
the positivity for metastatic deposits of lymph nodes. Multivariant model and logistic regression analysis as 
significant independent factors or predictors of positivity of the axillary lymph nodes are influenced by the tumour 
size only. 

CONCLUSION: Our study showed that the metastatic involvement of the axillary lymph nodes is mainly 
influenced by the size of a tumour and presence of HER2neu receptors in the univariant analysis. This point to the 
important influence of positivity of the axillary lymph nodes but, in multi-variant regressive analysis the lymph node 
status correlates with the tumour size only. 

 

 

Introduction 

 

Axillary status (involvement of lymph nodes in 
axilla with a metastatic tumour from primary breast 
cancer) together with the size of a primary breast 

tumour is the main factors that define the stage of 
breast cancer but also predict prognosis of the breast 
cancer [1].  

Introducing procedure – detection of sentinel 
node and biopsy, is a minimally invasive procedure 
that determines first drainage lymph node in the axillar 
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pit [2]. Examination of this lymph node at the same 
surgical intervention gives us information about the 
status of this lymph node but also gives us information 
about other lymph nodes in the axilla. We suppose 
that if the sentinel lymph node is negative (not 
involved with metastases), we suppose that all other 
lymph nodes in the axillary pit is negative and is not 
necessary to do lymphadenectomy. Knowing the 
status of the axillary lymph nodes is very important, 
for the planning further therapeutic procedure. 

The study aimed to analyse which factors that 
influence the positivity of axillary lymph nodes, with a 
point to tumour size, expression of estrogen, 
progesterone and HER2neu receptors on tumour cell 
surface, values of Ki67, in patients with early breast 
cancer and clinically negative axillary lymph nodes. 

 

 

Material and Methods  

 

In the prospective study were analyse 81 
surgically treated patients with early breast cancer 
during 08.2015-05.2017 year, with clinically negative 
axilla, at which were done a radical surgical 
intervention of the breast with complete axillary 
lymphadenectomy. All the cases have been analyzed 
by standard histological analysis including 
macroscopic and microscopic analysis of standard 
H&E staining. For determining of molecular receptors 
immunostaining by PT, LINK immunoperoxidase has 
been done for HER2neu, ER, PR, p53 and Ki67.  

Statistical analysis was done with statistical 
program Statistica 7. 

 

 

Results 

 

Patients age ranged between 31-73 years, an 
average of 56.86. The stages of the primary breast 
cancer in our patients are given in Table 1. The 
biggest frequency was found for stage IIA (41.97%), 
stage IA (29.63%), and for stage IIB (23.46%). We 
found stage IIA in 2.47%, the stage 0 in1.23%, and 
stage IB in 2.23%. We did not find any cases in 
stages IIIB and IIIC. 

Table 1: Stages of the primary breast cancer in our patients 

Variable Total 
(No = 81) (100.00%) 

Stage  
0 1 (1.23%) 
IA 24 (29.63%) 
IB 1 (1.23%) 
IIA 34 (41.97%) 
IIB 19 (23.46%) 
IIIA 2 (2.47%) 
IIIB 0 (0.00%) 
IIIC 0 (0.00%) 

Characteristics of the primary breast cancer in 
our patients are shown in Table 2. There were not 
found statically significant differences between axilla 
positive and axilla negative patients for tumour size, 
location, and histology. Nuclear grade was 
significantly diferent in the patients with axillary 
negative patients, where patients with G1 were 
(10.91%) and with G3 were (1.82%) in comparison 
with the positive axillary patients, where patients with 
G1 were (0%), and with G3 were (11.54%), (p < 
0.044). The mean size of a primary tumour in the 
surgically treated patient was 20.33 + 6.0 mm. On 
dissection from the axillary pits, there were taken out 
5 to 32 lymph nodes, an average of 14.0. Metastases 
have been found in 1 to 7 lymph nodes, an average 
0.7. In 32.1% of the patients have been found 
metastases in the axillary lymph nodes (Table 2). 

Table 2: Characteristics of the primary breast cancer in our 
patients 

Variable 
Axilla positive 

(N = 26) 
(32.1%) 

Axilla negative 
(N = 55) 
(67.9%) 

Total 
(N = 81) 

(100.00%) 
P 

Tumor size     
Tis 0 (0.00%) 1 (1.82%) 1 (8.40%) 

0.540 
T1a 0 (0.00%) 3 (5.45%) 3 (3.70%) 
T1b 0 (0.00%) 8 (14.54%) 8 (9.87%) 
T1c 5 (19.23%) 16 (29.09%) 21 (25.92%) 
T2 21 (80.76%) 27 (49.09%) 48 (59.25%) 

Location     
Central 5 (19.23%) 10 (18.18%) 15 (18.52%) 

0.991 Inner 4 (15.38%) 9 (16.36%) 13 (16.05%) 
Lateral 17 (65.38%) 36 (65.45%) 53 (65.43%) 

Histology     
Ductal 21 (80.77%) 46 (83.64%) 67 (82.72%) 

0.807 Lobular 3 (11.54%) 4 (7.28%) 7 (8.64%) 
Other 2 (7.69%) 5 (9.09%) 7 (8.64%) 

Nuclear grade     
1 0 (0.00%) 6 (10.91%) 6 (7.41%) 

0.044* 2 23 (88.46%) 48 (87.27%) 71 (87.65%) 
3 3 (11.54%) 1 (1.82%) 4 (4.94%) 

*, Statistically significant differences; N = number. 

 

The univariant regression analysis showed 
that the size of a tumour (p = 0.022) and presence of 
HER2neu receptors on cancer cell (p = 0.037) 
influence on the positivity of the axillary lymph nodes. 

Table 3: Characteristics of receptors in the primary breast 
cancer in our patients 

Variable 
Axilla positive 

(N=26) 
(32.1%) 

Axilla negative 
(N = 55) 
(67.9%) 

Total 
(N = 81) 

(100.00%) 
P 

Estrogen receptors     
Positive 22 (84.61%) 45 (87.82%) 67 (82.71%) 

0.755 
Negative 4 (15.38%) 10 (18.18%) 14 (17.28%) 

Progesterone receptors     
Positive 18 (69.23%) 41 (74.54%) 59 (72.84%) 

0.615 
Negative 8 (30.77%) 14 (25.45%) 22 (27.16%) 

Her 2neu receptors     
Positive 13 (50.00%) 21 (38.18%) 34 (41.97%) 

0.314 
Negative 13 (50.00%) 34 (61.82%) 47 (58.02%) 

P53     
Positive 11 (42.31%) 26 (47.27%) 37 (45.68%) 

0.675 
Negative 15 (57.69%) 29 (52.73%) 44 (54.32%) 

LVI     
Positive 15 (57.69%) 5 (9.09%) 20 (24.69%) 

< 0.001* 
Negative 11 (42.31%) 50 (90.91%) 61 (75.31%) 

Ki67     
< 20 11 (42.31%) 24 (43.64%) 35 (43.21%) 

0.910 
> 20 15 (57.69%) 31 (56.36%) 46 (56.79%) 

*, Statistically significant differences; N = number. 

  

Characteristics of the receptors in the patients 
with primary breast cancer are shown in Table 3. The 
presence of the estrogen receptors, progesterone 
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receptors showed that they do not have influence on 
the positivity for metastatic deposits in axillary lymph 
nodes, except the frequency of LVI positive patients 
(57.69%) in positive axillary patients in comparison 
with axillary negative patients (9.09%), (p < 0.001) 
(Table 3).  

Multivariant model and logistic regression 
analysis as significant independent factors or 
predictors of positivity of the axillary lymph nodes are 
influenced by the tumour size only (p = 0.014). 

 

 

Discussion 

 

Axilar lymphadenectomy gives us parameters 
for the axillar status, but at the same time is the 
therapeutic procedure. On the other hand, axillar 
lymphadenectomy was followed with many unlike 
features and complications like as sensation in the 
arm, reduction of the arm mobility and lymphedema 
[3]. Use the thesis of the Fisher and Veronesi that 
breast cancer is the systemic disease at the moment 
of the diagnosis it, and needs to be treated as a 
systemic disease with drugs that work in the whole 
body (chemotherapeutic, antihormonal therapy, 
immunotherapy) [4, 5]. So axillar status is a first 
diagnostic tool, and in many instances especially if it 
is not involved with metastatic disease, which is in 40-
70% not involved, it is not necessary to done axillar 
lymphadenectomy [6]. 

Prediction of axillary status can be used to 
predict whole axillar status, predict sentinel node and 
predict nonsentinel node status if sentinel node is 
positive [7-10]. 

Many authors use many standard methods for 
prediction of the axillar status, as clinical examination, 
mammography, ultrasonography, but also introduce 
new methods like ultrasound guide biopsy, CT, NMRI, 
Pet-CT, SPET-CT, contrast examinations, but in any 
case they see enlarged lymph nodes, but is 
impossible to guarantee that all this are metastatic 
changed (low sensitivity) [11-14]. Use of these 
methods is possible only to lower rate of falls negative 
results [15]. 

In last period we done lot investigations how 
different factors influent to positivity of axillary lymph 
nodes, on different groups of patients (patients with 
early breast cancer, patients with early breast cancer 
and clinically negative axilla, all surgically treated 
patients with breast cancer, patients with advanced 
breast cancer) and in last period we examined how 
size of tumor, persistence of estrogen receptors, 
progesterone receptors, HER 2 new receptors and 
Ki67 values influent to chance of dispersion of the 
disease in the axilla. Interesting is the fact that in the 
same institution in the same period, but on different 

groups of patients according to the stage of the 
disease were analysed the factors that can predict 
positivity of axilla. We find that in the whole group 
where patients with early but also with advantage 
stage were an as important factor for appearing 
metastases in axilla were the persistence of 
lymphovascular invasion and bigger values of Ki67 
that were not important in groups with only early 
breast cancer. The possibility is that with the 
advantage of the stage are appearing aggressive 
factors in a tumour that after that influence on 
spreading the tumour cells in lymph nodes in axilla 
[16, 17]. 

Introduction of SLND detection, especially if 
are used both type of detection, as vital blue due 
(methylene blue) and radioisotope Technician with 
colloid particles (radiocoloid) at the end of the last 
century, give us very successful tool for detection 
SLND, which histological examination, give us 
successfully status of SLND but also status of whole 
axilla [16, 18-22].  

In literature, there are many investigations for 
determination of factors that can predict positivity of 
axilla, SLND and NSLND if SLND is positive. Factors 
can be divided into few categories: 

- Epidemiological (age, race, side, localisation); 

- Clinical (palpability of a tumour, palpability of 
axillary lymph nodes, location); 

- Pathological (histology of a tumour, 
differentiation of cells, neovascularisation of a 
tumour, vascular and lymphovascular 
invasion, extensive intraductal component, 
the persistence of receptors on the surface of 
the cells- estrogen, progesterone, Her-2 new, 
the persistence of p53 proteins, the 
persistence of factor of proliferation Ki67. 
Knowing these parameters is possible to 
determine subtype of breast cancer.); 

- Biochemical (CEA, CA 15-3); 

- Genetic (BRCA1, BRCA2, VEGFC, MIB1, 
CCR7, CXCR4 ) [23-59]. 

Many of the factors that were examined as a 
predictor of axillary status, is very well known, known 
is a biological way of action, and is very well known 
how is their action to the biology of a tumour, and how 
they work to spread the disease in the body. So 
estrogen receptors are on the surface of the cell. The 
connection of the estrogen and estrogen receptors 
activate many processes in the cell and favourite 
raising and dividing the cells, so favourite estrogen 
rising of a tumour. Giving the drugs that blockade 
estrogen receptors or drugs that blockade synthesis of 
the estrogen will stop rising of a tumour. The same 
situation is with persistence of HER-2 neu receptors. 
HER2 is a membrane tyrosine kinase and oncogene 
that is overexpressed and gene amplified in about 
20% of breast cancers. When activated it provides the 
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cell with potent proliferative and anti-apoptosis 
signals, and it is the major driver of tumour 
development and progression of breast cancer. Over 
expression will activate many pathways in the cell, so 
the cells will raise and divide uncontrolled, so a 
tumour will raise and can’t be under control. Giving 
the target drug – monoclonal antibody-Trastuzumab 
(Herceptin), will blockade this receptor, and the 
tumour will be under control. More, giving 
chemotherapeutics which interact with all cells which 
is divide fast; a tumour will be under control. Ki67 is a 
factor that shows the proliferative activity of the 
tumour cells. Ki67 is in correlation with S phase of 
cells and mitotic activity. Normal breast cell has a 
proliferative activity of 3% (3% of cells are in dividing 
stage). The Bigger activity of 20 % shows an 
aggressive tumour with bad prognosis and shorter 
survival [60-62]. 

Many investigators analyse many factors, how 
to allow or in combination can predict the status of the 
axillar lymph nodes, the status of SLND and in recent 
time status of NSLND. Postaci, Jiao, Jaime Jans, 
Ugras, Gangi, Pijnappel, Sawaki, Brenin, Chung, 
Chadha, Tan, Gajdos, Qiu, Ashturkar, Wu, Tseng, Ko, 
Li, Ngo, Yoo, Danko, Cabioglu, Capdet, Susini, 
Wasuthit are part of authors whose in last decade 
investigate which factors influent to positivity of axillar 
lymph node or positivity of sentinel node. They 
investigate all factors that can be investigated like 
epidemiological, clinical, histopathological, genetic, 
molecular. Mainly from all these studies dominantly 
main factors that can influent to positivity of axillar 
nodes are the size of a tumour, location, histology, 
grade of differentiation, lymphovascular invasion. But 
also in many of the investigations, other factors that 
can influence to positivity of axillar lymph nodes are 
referred: age, the persistence of estrogen, 
progesterone and Her two new receptors on the 
surface of the cells, a subtype of breast cancer, 
values of Ki67, multifocality, EIC and other. In only a 
few studies were referred VEGFC, MIB1, CEA, CA 
15-3, CCR7, CXCR4 and others [23-46]. 

It is very interesting how some factors in 
some studies are important factors that predict axillar 
involvement with metastases, but in other studies, 
these factors are not important, and no influence to 
axillar involvement. For example in studies of Jiao, 
Pijnappel, Sawaki, Gangi, Qiu one of the essential 
factors that predict axillar involvement is the 
persistence of hormonal receptors and HER 2 
receptors on the tumour cell, much more is well 
defined that Luminal and Her enriched tumours lymph 
nodes are more often involved with metastatic 
disease. On the other hand, triple negative tumours 
rarely have involvement of lymph nodes with 
metastatic disease, never less than this type shows 
early distant metastasis and worse prognosis. But in 
many others, studies show that persistence of 
hormone receptors, HER 2 receptors on the surface of 
tumour cells, does not influence involvement of 

axillary lymph nodes with metastases. So it is 
interesting why the same factor in one study is the 
main factor, and in other study is not important [24, 
27-29, 35]. 

In our study, the univariant regression 
analysis showed that the size of a tumour and 
presence of HER2 neu receptors on the surface of 
cancer cell influence on the positivity of the axillary 
lymph nodes. The presence of the estrogen receptors 
and progesterone receptors showed that they do not 
have an influence on the positivity for metastatic 
deposits in axillary lymph nodes. Multivariant model 
and logistic regression analysis as significant 
independent factors or predictors of positivity of the 
axillary lymph nodes are influenced by the tumour size 
only. It is necessary as a minimum to done detection 
and biopsy of the sentinel node, which is further 
histology examined. With detecting status of the 
sentinel node, we can safely predict the status of 
other lymph nodes in the axilla. 

In conclusion, our study showed that the 
involving of the axillary lymph nodes is mainly 
influenced by the size of a tumour and presence of 
HER2neu receptors in the univariant analysis points 
the important influence of positivity in the axillary 
lymph nodes but the only size of a tumour in the 
multivariate regressive analysis.  
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Abstract  

BACKGROUND: Obesity is a multi-factorial chronic disorder. A considerable number of studies have been 
performed to figure out whether there is an association between obesity and polymorphisms of gene IL-6 
(174G/C), but the results are equivocal. 

AIM: This study aimed to find out whether the IL-6 (174G/C) gene was associated with the risk of developing 
obesity in Egyptian children. 

SUBJECTS AND METHODS: The study included 149 children and adolescents with age ranged between 9.5 – 
18 years. Eighty-five of them were obese which BMIZ-score is > 2, and sixty-four children with BMIZ-score ≤ 2 
served as control group. Serum level of IL-6 and genetic analysis for IL-6 (174G/C) gene polymorphism were 
done. 

RESULTS: Obese children had significantly higher serum levels of IL-6 as compared to those of control children 
(P = 0.003). A high percentage of IL-6 polymorphism GC was found in obese subjects (93.7%), while the control 
group had a higher percentage of IL-6 polymorphism GG (70.6 %). 

CONCLUSION: Our study showed that carriers of the C allele for the IL-6 (174G/C) polymorphism have higher 
BMI. As the G174C polymorphism is likely to affect IL-6 expression and its physiological regulation; consequently 
this polymorphism may affect adiposity. 

 

 

 

 

 

Introduction 

 

Obesity represents one of the major Public 
Health problems. Obese children had a shorter life 
expectancy by 20 years if they remain obese till young 
adulthood [1]. North African Countries and the region 
of Middle East just like the other developing countries 
are not spared from the issue of the world [2, 3]. 
Genetics, metabolic, social, cultural and 
environmental factors interact as different cofactors 
for the development of obesity. The prevalence of 
obesity in Egyptian children ranged from 13.5 % up to 
23.7% [4-5].  

Advanced knowledge of human genome 
variations led to identification of genes susceptible to 

contribute in obesity and other related diseases; 
meanwhile few studies focused specifically on the 
interactions between obesity and genetic 
polymorphism [6]. Interleukin-6 (IL-6) is an immune-
modulator pro-inflammatory cytokine involved in the 
regulation of the acute phase response [7]. High IL-6 
serum level was found in obese patients as well as 
patients suffering chronic inflammatory conditions and 
serum lipid concentrations abnormalities [8]. 
Interleukin-6 production has been shown to be 
significantly increased by adipose tissue in a state of 
obesity. The increased IL-6 levels in obese individuals 
may result in a state of insulin resistance and 
increased risk of cardiovascular complication [9]. 

Plasmatic levels of cytokines and its 
transcriptional regulation is influenced by the 
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polymorphisms of IL-6 (especially174G/C) as proved 
in many population groups based genetic studies, that 
have been performed to figure out whether there is an 
association between obesity and IL-6 (174G/C) 
polymorphisms, but results were not conclusive with a 
lot of controversies [10-11].  

Based on this; this study aimed to find out 
whether IL6 (174G/C) polymorphisms designated as 
rs1800795 as well, is associated with the risk of 
developing obesity in Egyptian children. 

 

 

Subjects and Methods 

 

This is a cross-sectional study that included 
one hundred and forty-nine children and adolescents, 
71 males and 78 females. Their age ranged between 
9.5 to 18 years (mean 11.72 ± 2.52 yrs). This study 
started by one thousand children and adolescents 
chosen randomly from three governmental schools at 
Giza. According to their anthropometric measures, it 
was found that one hundred and thirty were obese 
(BMI-Z score >2). Eighty-five of them (41 males and 
44 females) were fulfilling the criteria and gave the 
consent to share in the study. 

Exclusion criteria: were factors that might lead 
to the misclassification of a child’s weight status, that 
are: (1) an acute or chronic illness affecting weight; (2) 
genetic conditions associated with obesity or failure to 
thrive; and/or (3) use of medications associated with 
weight gain or loss.  

Inclusion criteria: apart from obesity; all obese 
subjects and non-obese controls were in good health. 
This study was a part of project that approved by the 
Medical Ethical Committee of the National Research 
Center with registration number 14046. All participants 
were informed about the objectives of the study and 
volunteered to participate and the parents of all 
subjects provided a written informed consent. 

 

Anthropometric assessments 

Anthropometric assessments were performed 
according to techniques described in the 
Anthropometric Standardization Reference Manual 
[12]. Weight was measured using a calibrated Seca 
scale to the nearest 0.1 kg (Seca, Hamburg, 
Germany), whereas height (in cm) was measured 
using a Seca 225 stadiometer to the nearest 0.1 cm, 
with the children dressed in minimal clothes and 
without shoes. Each measurement was taken as the 
mean of three consecutive readings following the 
recommendations of the International Biological 
Program [13]. Weight for height, weight for age, height 
for age, and BMI for age was recorded according to 
WHO standards using Anthro Plus software for 

personal computers [3]. Measurements were 
expressed as weight-for-age Z-score (WAZ), height 
for age Z-score (HAZ), and BMI Z-score (BAZ).The 
participants were then grouped according to the WHO 
Global Database on Child Growth and Malnutrition 
using a Z-score cut-off point [14]: Overweight and 
obese children with BAZ >2 and control children with 
BAZ ≤ 2. 

  

Laboratory Investigations 

Fasting blood sample was drawn from each 
participant into vacutainer tube containing EDTA as 
an anticoagulant. The samples were immediately 
transferred to the laboratory, centrifuged immediately 
for 10 min at 4000 and stored at −80°C. 

- Serum interleukin-6 level measuring using 
the quantitative Enzyme-Linked Immune-Sorbent 
Assay (ELISA) with a commercial kit provided by DIA 
source, Belgium [15]. 

- DNA extraction: Blood samples were 
collected on Na2EDTA as an anticoagulant.Genomic 
DNA was purified from 200 μl whole blood with the 
QIAamp® DNA Blood Mini Kit (Qiagen) according to 
the Blood and Body Fluid Spin Protocol in the 
accompanying handbook. DNA was eluted in 200 μl 
elution buffer and stored at –20°C.  

- Detection of IL6 (-174G/C) polymorphism: 
DNA was amplified with primers specific for -174G/C 
(rs1800795) in a 25 μl reaction mixture containing ; 50 
ng μL genomic DNA, ddH2O 15.7 μL, 10 x buffer 2.5 
μL, dNTP (10 mmol) 0.5 μL, each of primer 
sequences (10 μmol ) 0.5 μL, MgCL2 (25 mmol ) 2 μL 
and 1U Taq enzyme. The PCR was performed in 30 
cycles; ( 95°C for 30 sec, annealing at 55°C for 30 s, 
and extension at 72°C for 1 min), with an initial 
denaturation at 95°C for 5 min and a final extension at 
72°C for 10 min. Followed by final extension 72°C for 
5 min. All PCR products were analyzed by 2% 
agarose gel electrophoresis. 

  - Enzyme digestion: Post PCR–RFLP was 
done by incubating five μl of SNP-PCR product with 
the restriction enzyme NIa III at 37 °C for 30 min. The 
digested SNP-PCR product was electrophoresed on 
3% agarose gel [16].  

 

Statistical analysis  

The data were analyzed using statistical 
package for social sciences (SPSS) version 16. 
Results were presented as mean ± SD, except where 
otherwise indicated. Comparisons between groups 
were done by independent samples t-test. Chi-square 
test was used to estimate differences in qualitative 
variables. Pearson correlation test was used to 
determine the relationship between some numerical 
variables. For all tests, probability values (P) of less 
than 0.05 were regarded as statistically significant. 
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Results 

  

The characteristics of the studied groups are 
shown in Table 1. The mean serum level of IL-6 in 
obese children was significantly higher as compared 
to those of control children (7.7 ± 0.46 pg/mL and 5.46 
± 0.40 pg/mL respectively (P = 0.003). Serum IL-6 
level had a positive correlation with age (r = 0.28 and 
p = 0.001) and with BAZ (r = 0.188 and p = 0.03). 

Table 1: Characteristics of the studied groups 

Parameter Controls Obese P 

Number 64 85  
Males: females 30:34 41:44 ns 
Mean age (years) 10.9 ± 2.3 12.3 ± 2.4 ns 
Z-score BMI (kg/m

2
) o.13 ± 0.16 2.8 ± 0.62 0.00 

IL-6 (pg/ml) 5.46 ± 0.40 7.7 ± 0.46  

P value ≤ 0.05 is significant. 

 

 

Result of genotyping analysis of IL6-
174G/C polymorphism 

The Nla III restriction enzyme digest the 500 
bp applicant of the IL6-174; where G allele yielded 
three bands (of 264, 207 and 29bp); the -174 C allele 
yielded four bands (of 264, 122, 85 and 29 bp) (Figure 
1A & 1B). 

A)  

B)             

Figure 1: A) Agarose gel (3%) photographs of PCR-RFLP products 
(amplicons digested with restriction enzymes) depicting the 
genotypes of IL-6 polymorphisms PCR and digestion products run 
on 3% agarose gel electrophoresis. Lane 1: ΦX 174 marker/Hae III 
digest. Lane 2: The PCR amplified product (500 bp). Lanes 3, 4, 6 
and 8: G/G genotype (264, 207 and 29 bp). Lanes 5, 7, and 9: G/C 
genotype (264, 207 and 122 bp); B) Fig (2): PCR and digestion 
products run on 3% agarose gel electrophoresis. Lane 1: ΦX 174 
marker / Hae III digest. Lane 2: The PCR amplified product (500 
bp). Lanes 3, 4, 6, 7, 8, 9, 10, 12: G/C genotype (500, 264, 122 and 
85 bp) 

 

  Table 2 shows the distribution of genotype for 
IL6 (-174G/C) polymorphism: The homozygote 
genotype (G/G) was 57.05 %, the heterozygote (G/C) 
42.95 % and none of our patients was carrying the 
homozygote genotype (C/C).  

Table 2: The frequency of genotype of IL-6 polymorphism 

 Frequency Percent 

Heterozygous   GC 64 42.95 
Homozygous    GG 85 57.05 
Total 149 100 

 

No significant difference in the serum level of 
IL-6 between subjects with IL-6 (174G/C) 
polymorphism and those with IL6 (174G/G) 
polymorphism (Table 3). 

Table 3: The mean serum level of IL-6 in both groups of 
polymorphism 

Parameter GC GG P 

IL-6  (pg/ml)  Mean ± SD 6.53 ± 4.97 6.99 ± 4.52 ns 

 
Table 4 shows that the mean of BMI Z score 

was significantly higher in IL-6 polymorphism GC as 
compared to that of polymorphism GG. Our results 
showed that 95.3 % of IL-6 polymorphism GC was 
found in obese subjects as compared to 4.7 % in 
normal weight children.  

Table 4: The mean ±SD of BMIZ-score (BAZ) in both types of  
IL-6 polymorphism 

Parameter GC GG P 

BMIZ-score, Mean ± SD 2.76 ± 0.68 0.86 ± 1.6 0.00 

P value ≤ 0.05 is significant. 

 

On the other hand, 71.8 of IL-6 (174G/G) 
polymorphism were found in controls as compared to 
28.2% in obese children (Table 5). It was noted in the 
results that, none of our children were carrying C/C 
genotyping. 

Table 5: The percentage of IL-6 polymorphism in obese and 
control groups 

IL-6 polymorphism        Controls 
(n)                   % 

           Obese 
(n)                      % 

P 

GG    ( n=85) 61                  71.8 24                     28.2 0.00 
GC     (n=64) 3                     4.7 61                       95.3 0.00 

 

 

 

Discussion 

  

This study revealed a significantly higher 
serum level of IL-6 in obese children as compared to 
those of controls. The Same finding was previously 
reported in a study of Filippo et al. [11]. Our data 
showed a positive correlation of IL-6 with both age 
and BAZ.  

These results are by the results of Diego et al. 
[17] and Paltoglou et al. [18]. In this work, we studied 
whether the IL6(174G/C) gene is associated with the 
risk of developing obesity in obese Egyptian children. 
The analysed polymorphism (174G/C) is localised in 
the promoter region of the IL-6 gene, where 
transcription factors frequently exert their functions 
through its influence on the energy expenditure 
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processes by different ways. The results revealed that 
the GG homozygote genotype is predominated in the 
control group (95.3 %) with a statistically significant 
difference compared to that of obese children (28.2 
%). If we considered the GC genotypes as C carrier; 
so, the study showed a prevalence 71.8 % (61 of 85), 
of this C allele among the obese children as 
compared with 4.7% (3 of 64) in the normal weight 
children. So, the examined polymorphisms of the pro-
inflammatory cytokine IL-6 (174G/C) could play a role 
in the regulation of body mass. According to these 
aspects, the results of this study seem to confirm the 
hypothetical relation between the IL6 (174G/C) 
genotype and the risk of developing obesity among 
Egyptian children.  

Our data match and is replicated with 
previously published data; as some authors have 
investigated  the relation  between  polymorphisms in 
IL-6  gene  and  obesity based on experimental 
evidence on mice suggested an influence  on fat 
mass, fat metabolism, and body mass and on  the 
development of obesity [19]. Zhangbin et al., [20] 
realized that IL-6 (174 G/C) polymorphism was also 
associated with obesity by covering 48 studies with 
outcome similar to the results in our study.  

In a study of Popko et al., [21] the detected C 
allele in both C/C homozygotes and G/C 
heterozygotes of  IL6 (174 G/C) gene was related to a 
significant increase in the sum of 10 skinfold thickness 
measurements in obese girls; which is consistent with 
the results of our study. A study enrolling Greek 
school children had shown an association of the IL-6 
variant rs1800795 with parameters related to obesity 
[22]. Oana et al. [23] described the G allele at C-174 
as being more common in lean subjects and observed 
the C allele to be associated with indices of obesity. 
These findings are in concordance with the results of 
our study, in which the GC heterozygote genotype 
predominated in the obese group, and the GG 
genotype was less pronounced in this group than in 
the normal weight group. In this study, none of our 
children was carrying C/C genotyping. This is because 
it is a pilot study and our sample size was small. It 
was previously reported by Saxena et al. [24] that CC 
genotype was very rare in their study.  

Contrary to our findings, data reported in an 
Iranian study among 242 persons, sustained more 
frequent G alleles in the obese but was statistically 
insignificant [25]. Another meta-analysis didn’t find 
significant associations of IL6 (174G/C) genotypes 
with waist-to-hip ratio, waist circumference, or central 
obesity and did not support a role for this 
polymorphism in adiposity [26]. 

In conclusion, our study showed that carriers 
of the C allele for the IL-6 polymorphism G174C have 
higher BMI. As the G174C gene polymorphism is 
likely to affect IL-6 expression and its physiological 
regulation; consequently this polymorphism may affect 
adiposity and insulin sensitivity. It is recommended in 

future studies for the IL-6 polymorphism G174C to be 
done in a wider scale of children and adolescents and 
in different demographic areas as our study enrolled 
relatively small number of obese and normal children 
which decreased the power of the group in statistic 
results. 
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Abstract  

AIM: The present study investigated the protective effect of the phytoestrogen, genistein (GEN), against (CP)-
induced acute hepatotoxicity in rats.  

MATERIAL AND METHODS: Male adult rats were randomly assigned into five groups. Normal control group 

received the vehicles; CP group received a single dose of CP (200 mg/kg, i.p). The other three groups received 
subcutaneous GEN at doses of 0.5, 1 and 2 mg/kg/day, respectively, for 15 consecutive days prior CP injection. 
Sera and liver tissues were collected forty-eight hours after CP injection for assessment of liver function enzymes 
(ALT and AST) in rat sera, the hepatic oxidative/nitrosative biomarkers (GSH, MDA and NOx), hepatic interleukin-
1β, and myeloperoxidase activity. Immunohistochemistry of cyclooxygenase-2 and histopathological examination 
of liver tissues were also conducted.  

RESULTS: The CP-induced acute liver damage was evidenced by elevated serum ALT and AST accompanied by 
increased hepatic oxidative stress and inflammatory biomarkers. Immunohistochemical outcomes revealed 
hepatic cyclooxygenase-2 expression in CP group with distortion of liver architecture. GEN-pretreatment 
significantly ameliorated the deterioration of liver function and exerted significant anti-oxidant and anti-
inflammatory activity with a marked decline in hepatic cyclooxygenase-2 expression in a dose dependent-manner.  

CONCLUSION: The present study demonstrated that the antioxidant and anti-inflammatory activities of GEN 

might contribute to its protective effects against CP-induced liver damage. 

 
 
 
 
 
 

 

Introduction 

 

Cyclophosphamide (CP) is an 
oxazaphosphorine derivative of the traditional 
alkylating agent nitrogen mustard [1]. 
Cyclophosphamide is widely used in the treatment of 
several human cancers [2] including solid tumours, 
lymphomas and leukaemia [3], as well as many non-
neoplastic diseases, such as systemic lupus 
erythematosus and rheumatoid arthritis [4, 5]. The 
therapeutic dose of CP has been shown to cause liver 
toxicity; which often restricts its clinical use [6-8]. 
Growing evidence suggests that oxidative stress plays 
a major role in CP-induced hepatotoxicity [9, 10] via 
causing severe cellular damage accompanied by lipid 
peroxidation and changes in cellular nucleic acids [11, 
12]. CP is metabolised by the hepatic microsomal 
cytochrome P450 (CYP450), giving rise to 

phosphoramide mustard and acrolein [13]. Acrolein; a 
highly reactive metabolite of CP with short biological 
half-life; inhibits CYP450 by alkylating the reduced 
glutathione (GSH) sulfhydryl groups thus inducing 
oxidative stress and causing hepatotoxicity [14, 15]. 
Furthermore, CP damages mitochondria and impairs 
cellular respiration [16]. Thus it interferes with hepatic 
intracellular oxidant/antioxidant balance leading to 
reactive oxygen species (ROS) accumulation [9]. ROS 
then induces lipid peroxidation and activates multiple 
signalling cytotoxicity pathways including nuclear 
transcription factor kappa-B (NF-κB) and mitogen-
activated protein kinases (MAPKs), thus initiating 
different steps in the inflammatory pathway [17]. Thus, 
introducing some anti-oxidant agents may be useful in 
alleviating the toxic side effect of anti-cancer drugs. 
Earlier studies have shown that some plant extracts 
with antioxidant activity protect against CP 
hepatotoxicity [18-20]. Accordingly, chemotherapeutic-
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treatment protocol combined with potent and safe 
antioxidants could be a desirable tool to mitigate CP-
induced hepatotoxicity. 

Genistein (GEN), a phytoestrogen present in 
soy products, possesses structural similarity to 
estrogen. GEN acts like human estrogen and binds to 
estrogen receptors [21] which justifies its use for 
treatment of symptoms of menopause [22]. Previous 
studies suggested that GEN possesses anti-
osteoporotic, anti-neoplastic, cardio-protective, anti-
proliferative, anti-apoptotic, anti-necrotic, antioxidant 
and anti-inflammatory actions [23].  

It has been well-established the link between 
the estrogenic activity of GEN and its antioxidant 
effect via decreasing oxidative stress as a 
consequence of increased expression of antioxidant 
defence genes [24]. Recently, GEN has been shown 
to improve the endothelium-dependent relaxation in 
insulin-resistant ovariectomized rats with further 
modulation of the elevated blood pressure [25]. 
Previous studies reported GEN-hepatoprotective 
activity against several models of hepatotoxicity [26, 
27].  

Therefore, the current study aims at exploring 
the potential protective effects of GEN against 
cyclophosphamide-induced hepatotoxicity in rats. 

 

 

Materials and Methods 

 

Animals 

Forty adult male Sprague-Dawley rats 
weighing 180-200 g were utilised in the present study. 
Standard food pellets and tap water were supplied ad 
libitum. Animals and food pellets were obtained from 
the animal house colony of the National Research 
Center (NRC, Egypt). The study was conducted by 
ethical procedures and policies outlined in the 
Canadian Council of Animal Care guidelines (NAC 
2011) and was approved by the Medical Research 
Ethics Committee (MREC) of the National Research 
Centre (approval no. 16/434).  

 

Drugs and chemicals 

Genistein (LC Laboratories, Woburn, 
Massachusetts, USA; purity > 99%) and 
cyclophosphamide (CP, Endoxan®, Baxter Oncology 
GmbH, Germany) were used in the study. GEN was 
dissolved in 5 ml DMSO (1.25%) and divided into 
equal aliquots [28]. Every day, an aliquot of the drug 
was freshly diluted by distilled water and injected 
subcutaneously. The concentration was adjusted so 
that each 100 g animal body weight received 0.25 ml, 
0.5 ml and 1 ml for doses 0.5, 1 and 2 mg/kg, 

respectively [29]. CP was injected intraperitoneally in 
a single hepatotoxic dose of 200 mg/kg [7]. All of the 
other chemicals were of highest analytical grade 
available. 

 

Experimental design and treatment 
protocol 

Animals were randomly allocated into five 
groups (8 rats each). Rats of the 1

st
 group received 

subcutaneous injections of the corresponding vehicle 
(DMSO) and served as normal control group. Acute 
hepatotoxicity was induced in the remaining four 
groups by single intraperitoneal injection of 
cyclophosphamide (CP; 200 mg/kg) on the 15

th
 day of 

treatment. Group 2 received only the vehicle (saline) 
subcutaneously for 15 days before CP treatment and 
served as CP control group. Groups 3, 4 and 5 
received genistein (GEN; 0.5, 1 and 2 mg/kg/day, s.c.) 
respectively for 15 days before CP treatment on day 
15. All animals were sacrificed 48 h after CP injection.  

 

Serum biochemical analysis 

Forty-eight hours after CP injection, rats were 
anaesthetised with diethyl ether, and blood samples 
were withdrawn from the retro-orbital venous plexus. 
Collected blood samples were allowed to stand for 10 
min at room temperature then centrifuged at 4

o
C using 

cooling centrifuge (Laborezentrifugen, 2k15, Sigma, 
Germany) at 3000 r.p.m for 10 min and sera were 
separated for the assessment of levels of aspartate 
aminotransferase (AST) and alanine aminotransferase 
(ALT) according to the methods of Reitman and 
Frankel (1957) using commercially available 
colorimetric assay kits (Biodiagnostic, Egypt) [30].  

 

Hepatic Tissue biochemical analysis  

Directly after collecting the last blood sample 
in the experiment, rats were sacrificed by cervical 
dislocation and liver tissues were collected, washed 
with normal saline and then divided into 3 parts: one 
part was homogenized (using MPW–120 
homogenizer, Med instruments, Poland); the 
homogenate was centrifuged using a cooling 
centrifuge (Laborezentrifugen, 2k15, Sigma, 
Germany) at 3000 r.p.m for 10 min; the supernatant 
was assessed for hepatic levels of reduced 
glutathione (GSH), lipid peroxides as 
malondialdehyde (MDA) [32], and nitric oxide (NO) 
metabolites [33]. Moreover, inflammatory markers 
such as myeloperoxidase (MPO) [34], interleukin-1β 
(IL-1β) were assessed using enzyme-linked 
immunosorbent assay (ELISA) kits (Hycult Biotech, 
Netherlands) and (R&D Systems, USA), respectively, 
according to the manufacturer's instructions. 

 



Basic Science 
_______________________________________________________________________________________________________________________________ 

_______________________________________________________________________________________________________________________________ 

  838                                                                                                                                                                                                                     http://www.mjms.mk/ 
http://www.id-press.eu/mjms/ 

 

Immunohistochemistry of 
Cyclooxygenase-2 (COX-2) 

Liver COX-2 was assessed by 
immunohistochemical staining. Liver sections on 
polylysine-coated slides obtained were fixed in neutral 
buffered formalin, and embedded in paraffin and were 
treated for COX-2 antibodies for immunohistochemical 
analysis. Following deparaffinization and rehydration, 
sections were irradiated in 0.1 mol/L sodium citrate 
buffer [pH 6.0] in a microwave oven [medium low 
temperature] for 20 min. Then the sections were 
exposed to 3% H2O2 for 10 min to bleach endogenous 
per-oxidases, followed by rinsing three times in Tris 
buffer (pH 7.4) for 10 min. Sections were selectively 
incubated under humid conditions using an anti-COX-
2 antibody [1:200; Santacruz Biotechnology, Inc., 
USA] [10].  

 

Histopathological examination  

The other parts of the livers were fixed in 10% 
neutral buffered formalin and embedded in paraffin 
wax. 4 µm thick sections were stained with 
Hematoxylin and Eosin (H&E) and examined using 
binocular Olympus CX31 microscope [35].  

 

Statistical analysis 

All the values are presented as means ± 
standard error of the means (SEM) of eight 
experiments. Comparisons between different groups 
were carried out using one-way analysis of variance 
(ANOVA) followed by Tukey’s multiple comparison 
post hoc tests. The difference was considered 
significant when P ˂ 0.05. GraphPad prism

®
 software 

(version 6 for Windows, San Diego, California, USA) 
was used to carry out these statistical tests.  

 

 

Results 

 

Effects of GEN on serum liver microsomal 
enzymes in CP-induced hepatotoxicity in 
rats 

Cyclophosphamide (CP, 200 mg/kg, i.p.) 
resulted in acute liver damage in rats as evidenced by 
the significant elevation of serum alanine trans-
aminase (ALT) and aspartate transaminase (AST) to 
477% and 285%, respectively, as compared to the 
normal control group. Pretreatment of rats with GEN 
(0.5, 1 or 2 mg/kg/day, s.c.) significantly decreased 
the elevated serum AST and ALT in a dose-
dependent manner as compared to the CP-control 
group. Genistein treatment at 2 mg/kg recorded 
normal levels of ALT and improved both ALT and AST 
significantly compared to the other dose levels (Figure 

1). 

 
Figure 1: Effects of genistein on serum alanine transaminase (ALT) 
and aspartate transaminase (AST) in cyclophosphamide-induced 
hepatotoxicity in rats. Rats of the normal control group received s.c. 
Injections of DMSO. Acute hepatotoxicity was induced in the 
remaining four groups by single intraperitoneal injection of 
cyclophosphamide (CP; 200 mg/kg) on the 15th day of treatment. 
Group 2 received only saline s.c. for 15 days and served as CP 
control group. Groups 3, 4 and 5 received genistein (GEN; 0.5, 1 
and two mg/kg/day, s.c.) respectively for 15 days before CP 
treatment. All animals were sacrificed 48 h after CP injection, blood 
samples were collected, and sera were separated. Data are 
presented as mean ± SEM (n = 8). a, Significantly different from 
Normal control group at p < 0.05 (Tukey's post hoc test). b, 
significantly different from CP control group at p < 0.05 (Tukey's 
post hoc test). c, Significantly different from CP+GEN (0.5 mg/kg) 
group at p < 0.05 (Tukey 's post hoc test). d Significantly different 
from CP+GEN (l mg/kg) group at p < 0.05 (Tukey's post hoc test) 

 

Effects of GEN on hepatic 
oxidative/nitrosative stress parameters in 
CP-induced hepatotoxicity in rats. 

Cyclophosphamide (CP, 200 mg/kg, i.p.) 
resulted in acute liver damage in rats as evidenced by 
a significant decrease in hepatic GSH by 77%, with a 
marked increase in hepatic MDA and NO as 
compared to the normal control group.  

Pretreatment of rats with GEN, at 1 and 2 
mg/kg, significantly elevated the decreased liver GSH 
while GEN at 0.5 mg/kg failed to exert significant 
increase in GSH as compared to the CP-control 
group. On the other hand, GEN-pretreatment (0.5, 1 
and 2 mg/kg/day, s.c.) for 15 days prior CP injection 
significantly reduced the elevation in hepatic MDA and 
NO in a dose-dependent manner compared to the CP-
control group, recording normal levels of NO at GEN 
dose of 2 mg/kg/day with insignificant difference from 
normal control group (Table 1). 

 

Effects of GEN on hepatic inflammatory 
marker (MPO) and the cytokine (IL-1β) in 
CP-induced hepatotoxicity in rats 

Cyclophosphamide (CP, 200 mg/kg, i.p.) 
resulted in acute liver damage in rats as evidenced by 
an increase in hepatic MPO and IL-1β content as 
compared to the normal control group. Pretreatment 
of rats with GEN (0.5, 1 and 2 mg/kg/day, s.c.) for 15 
days prior CP injection significantly reduced the 
elevation in hepatic MPO and IL-1β in a dose-
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dependent manner compared to the CP-control group, 
recording normal levels of MPO and IL-1β at GEN 
dose of 2 mg/kg/day with insignificant difference from 
normal control group (Table 1). 

Table 1: Effects of genistein on reduced hepatic glutathione 
(GSH), malondialdehyde (MDA), nitric oxide (NO) metabolites, 
myeloperoxidase (MPO), and interleukin one beta (Dtp) 
contents in cyclophosphamide-induced hepatotoxicity in rats 

 
Rats of the normal control group received s.c. Injections of DMSO. Acute hepatotoxicity 
was induced in the remaining four groups by single intraperitoneal injection of 
cyclophosphamide (CP; 200 mg/kg) on the 15th day of treatment. Group 2 received only 
saline s.c. for 15 days and served as CP control group. Groups 3, 4 and 5 received 
genistein (GEN; 0.5, 1 and 2 mg/kg/day, s.c.) respectively for 15 days before CP 
treatment. All animals were sacrificed 48 h after CP injection. The livers were removed, 
homogenized, and the homogenate was obtained. Data are presented as mean ± SEM (n 
= 8). a, Significantly different from Normal control group at p < 0.05 (Tukey's post hoc test). 
b, Significantly different from CP control group at p < 0.05 (Tukey's post hoc test). C, 
Significantly different from CP+GEN (0.5 mg/kg) group at p < 0.05 (Tukey's post hoc test). 
d Significantly different from CP+GEN (l mg/kg) group at p < 0.05 (Tukey's post hoc test) 
 

 

Effect of GEN on Cyclooxygenase-2 (COX-
2) expression in liver tissue 

Pretreatment with genistein for 15 days before 
CP injection showed a dose-dependent reduction in 
hepatic COX-2 expression ranging from mild, 
moderate and negative COX-2 immunostaining of the 
kupffer cells and the hepatocytes at 0.5, 1 and 2 
mg/kg of GEN, respectively, compared to CP-treated 
liver tissues.  

 
Figure 2: A. Photomicrograph of liver sections prepared from a 
normal control rat showing negative. COX-2 immunostaining of the 
kupffer cells and the hepatocytes (COX-2 immunohistochemistry 
H&E X 80). B. Photomicrograph of liver sections prepared from a 
cyclophosphamide-control rat showing severe COX-2 
immunostaining of the kupffer cells and the hepatocytes (COX-2 
immunohistochemistry H&E X 80). C. Photomicrograph of liver 
sections prepared from a rat treated with genistein (0.5 mg/kg/day, 
s.c.) for 15 days before CP treatment showing moderate COX-2 
immunostaining of the kupffer cells and the hepatocytes (COX-2 
immunohistochemistry H&E X 80). D. Photomicrograph of liver 
sections prepared from a rat treated with genistein (1 m///lkg/day, 
s.c.) for 15 days before CP treatment showing mild COX-2 
immunostaining of the kupffer cells and the hepatocytes (COX-2 
immunohistochemistry H&E X 80). E. Photomicrograph of liver 
sections prepared from a rat treated with genistein (2 m/l:g/day, 
s.c.) for 15 days before CP treatment showing negative COX-2 
immunostaining of the kupffer cells and the hepatocytes (COX-2 
immunohistochemistry H&E X 80) 

Cyclophosphamide caused severe COX-2 
immunostaining of the kupffer cells and the 
hepatocytes compared to normal tissues (Figure 2). 

 

Effect of GEN on in liver histopathological 
picture 

Cyclophosphamide exerted severe distortion 
in the hepatic architecture showing severe congestion 
and dilatation of the central and portal veins 
associated with degeneration in the hepatocytes 
surrounding the central vein and oedema in the portal 
area after 48 hours of injection (Figure 3). While GEN-
pretreatment restored the histopathological picture of 
the liver causing mild to a moderate improvement 
compared to CP-treated liver tissues (Figure 3). 

 

Figure 3: Photomicrograph of a liver section of a rat from a normal 
control group (H&E X 40) showing no histopathological alteration 
and the normal histological structure of the central vein and 
surrounding hepatocytes were recorded (Figure 3A). 
Photomicrograph of a liver section of a rat from the 
cyclophosphamide-control group (H&E X 40) showing severe 
congestion and dilatation of the central and portal veins associated 
with degeneration in the hepatocytes surrounding the central vein 
and oedema in the portal area (Figure 3B). Photomicrograph of a 
liver section of a rat that received genistein (0.5 mg/kg/day, s.c.) for 
15 days before CP treatment (H&E X 40) showing mild 
improvement in the overall histopathological picture. Inflammatory 
cells infiltration was apparent in the portal area while the 
hepatocytes showed degenerative change (Figure 3C). 
Photomicrograph of a liver section of a rat that received genistein (1 
mg/kg/day, s.c.) for 15 days before CP treatment (H&E X 40) 
showing minimal improvement in the overall histopathological 
picture. Dilatation and congestion in the central veins associated 
with degeneration in the surrounding adjacent hepatocytes were 
apparent (Figure 3D). Photomicrograph of a liver section of a rat 
that received genistein (2 mg/kg/day, s.c.) for 15 days before CP 
treatment (H&E X 40) showing moderate improvement in the overall 
histopathological picture. Congestion in the central and portal veins 
along with degeneration in the surrounding hepatocytes was also 
apparent (Figure 3E) 

 

 

Discussion 

 

Chemotherapy-induced oxidative stress 
causes severe cellular and tissue damage and usually 
results in many undesirable side effects [36]. 
Cyclophosphamide, a widely known chemotherapeutic 
agent used in the treatment of several human 
cancers, is well known to induce prominent oxidative 
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stress in the liver [13]. Even low doses of CP can 
produce significant hepatotoxicity in humans which 
often stands as a barrier against its clinical use [4, 37].  

In the present study, CP-treated animals 
showed significant elevation of liver function enzymes 
AST and ALT, important markers for the evaluation of 
liver injury since their leakage into serum defines the 
severity of liver damage [38]. Liver tissue oxidative 
stress parameters; MDA and NO, inflammatory 
enzymes; MPO and liver tissue cytokine IL-1β were 
significantly elevated while liver tissue GSH content 
was significantly decreased when compared to normal 
counterparts. Cyclophosphamide administration 
exerted severe expression of hepatic cyclooxygenase-
2 (COX-2) as well. Moreover, CP caused severe 
deterioration of the overall histopathological picture of 
the liver tissue when compared to normal control 
group. Our results are in line with previous reports that 
stated severe hepatotoxicity associated with elevated 
AST, ALT [4] and lactate dehydrogenase (LDH) [10, 
39] with a significant elevation in oxidative stress 
marker; MDA and a significant decrease in GSH, 
along with deteriorated histopathological picture in 
CP-treated rats [9]. Linking oxidative stress to 
inflammation, myeloperoxidase (MPO) was found to 
exert a primary role in chronic inflammation [40] and 
demonstrates an essential mechanistic link between 
oxidation and inflammation [41]. Increased levels of 
MPO and the pro-inflammatory cytokine; IL-1β after 
CP administration was reported after 48 hours in the 
present study. In a recent study, COX-2 expression in 
liver of rats received CP was increased along with 
significant elevation in serum ALT, liver NF-κB p65, 
TNF-α, IL-1β, MDA, NO, Bax/Bcl-2 ratio, inducible 
nitric oxide synthetase (iNOS), caspases 3 and 9 
activities while decreased hepatic total antioxidant 
capacity [42]. Furthermore, TNF-α and IL-1β play 
crucial roles in stimulation of iNOS and COX-2 [23, 
43], which further explains the increased levels of NO 
after CP administration. Others reported elevation in 
pro-inflammatory mediators like TNF-α, IL-1β, IL-6 
and COX-2 along with increased ROS, LPO, 
decreased GSH and antioxidant enzymes (SOD, CAT, 
GST, and GSH-Px) in liver tissues of CP-treated 
animals [44]. These further support current data of 
increased oxidation and inflammation in CP 
hepatotoxicity. 

Since its discovery in 1987, genistein has 
been investigated in a myriad of research fields, 
especially after reporting no side effects or toxicity 
with high doses of genistein in vivo [45]. GEN; a 
phytoestrogen found abundantly in soy and widely 
used an alternative to estrogens; possesses immune-
modulatory effects of estrogen without exhibiting its 
side effects [21]. GEN mainly undergoes hepatic 
metabolism through cytochrome P450 system to give 
monohydroxyl and dihydroxyl metabolites [46]. 
Exhibiting well-established antioxidant and anti-
inflammatory properties against different models of 
hepatotoxicity, pretreatment of rats with GEN (0.5, 1 

and 2 mg/kg/day, s.c.) for 15 days significantly 
protected against CP-induced deterioration of liver 
function and showed marked anti-oxidant and anti-
inflammatory properties that were demonstrated by 
the reduction of serum AST and ALT, hepatic MDA, 
NO, MPO and IL-1β while elevation of hepatic GSH 
content when compared to CP group. Previous 
studies revealed the potent hepatoprotective effect of 
GEN through elevation of liver GSH and reduction of 
liver MDA in thioacetamide- [29] and CCl4- [26, 47] 
induced hepatotoxicity. GEN exhibited protective 
effects against oxidative stress hepatic injury as 
manifested by increased activity of hepatic SOD, 
catalase, glutathione peroxidase and reduction of 
MDA level [48, 49]. Meanwhile, GEN exerted 
ameliorative effects on hepatic injury and fibrosis 
induced by chronic alcohol in rats [50]. Some 
researchers attributed the anti-inflammatory effects of 
GEN to its antioxidant effects [51] where significant 
low levels of plasma TNF-α was reported in non-
alcoholic steatohepatitis by GEN antioxidant 
properties [52]. A Recent study revealed protective 
effects of GEN against CP-induced ovarian toxicity by 
mitigating oxidative stress and inflammation through 
elevating GSH, SOD while reducing MDA along with 
modulation of IL-1β and iNOS, respectively [29].  

Moreover, GEN was shown to inhibit NO 
production from activated macrophages by LPS and 
IFN-γ through inhibition of iNOS expression [53] by 
suppression of STAT-1 and NF-κB activation, which 
are important transcription factors for iNOS [54] that 
further supports our current observations. The anti-
inflammatory effects of GEN were demonstrated 
earlier [55], which was in line with current results that 
revealed reduced hepatic levels of MPO and IL-1β 
after CP administration. In a rat model of D-
galactosamine-induced fulminant hepatic failure, GEN 
supplementation exerted an anti-inflammatory activity 
via modulation of iNOS and COX-2, thereby reducing 
NO and prostaglandin-E2 (PGE2) levels, respectively. 
Also, pro-inflammatory cytokines; TNF-α and IL-1β 
are reduced with the suppression of NF-ĸB activation, 
IKKα/β and mitogen-activated protein kinase (MAPK) 
with a significant reduction in the serum AST and ALT 
levels as well as serum and liver tissue MDA 
accompanied by significant elevation of liver tissue 
GSH concentration [23].  

Being contributed to the pathogenesis of 
inflammation-related diseases, a recent study 
demonstrated the relation between COX-2 and IL-1β 
as COX-2 catalyzes the synthesis of PGE2 and 
increases IL-1β by increasing NF-κB activation and 
enhancing caspase-1 activation through triggering 
mitochondrial damage, mitochondrial reactive oxygen 
species production and subsequent release of 
mitochondrial DNA into cytosol via pyrin domain-
containing 3 (NLRP3) inflammasome, a reactive 
oxygen species-sensitive multiprotein complex, that 
regulates IL-1β maturation in the spleen and liver of 
LPS-challenged mice [56]. Hence, linking decreased 
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level of hepatic IL-1β and COX-2 expression by GEN-
pretreatment in a dose-dependent manner in CP-
treated liver tissues, providing a new insight of GEN 
as a potential protective agent in inflammatory liver 
disease. Eventually, GEN caused significant 
improvement of the overall histopathological picture of 
the liver when compared to CP-control group. 

From the current study, it can be concluded 
that GEN possesses potent ameliorative effects 
against hepatotoxic actions of CP from various 
aspects. GEN significantly decreased the elevated 
serum levels of hepatic microsomal enzymes, reduced 
oxidative stress parameters as MDA and NO, 
augmented anti-oxidation via elevating GSH along 
with decreased inflammatory mediators; MPO, IL-1β 
and COX-2 expression. Hence, it may provide 
effective protection against liver damage via anti-
oxidative and anti-inflammatory activities.  
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Abstract  

BACKGROUND: Tinea cruris is the second most common dermatophytosis in the world and the most common in 
Indonesia. The conventional laboratory tests for dermatophyte infection are slow and less specific. Polymerase 
Chain Reaction-Restriction Fragment Length Polymorphism (PCR-RFLP) is a PCR method with the addition of 
enzyme after amplification, therefore enabling for more specific results. 

AIM: This study aimed to find whether the PCR-RFLP test could yield the same fungal species result as a fungal 
culture. 

METHODS: The specimens were skin scrapings from thirty-one patients suspected tinea cruris. The tools and 
materials that were used were Sabaroud’s dextrose agar media, primer ITS 1 and ITS 4 and MvaI. 

RESULTS: The equation percentage of the test result species between PCR-RFLP and fungal culture was 50% 
of 12 subjects whose the test results were both positive from the fungal culture and PCR-RFLP. The percentage 
of the test result with fungal culture the fungal species were found, but in the PCR-RFLP test which the fungal 
species was not found, the percentage was 50% of 12 subjects which the test results were both positive as fungi 
from the culture and PCR-RFLP test. 

CONCLUSIONS: The species from PCR-RFLP examination was the same with the fungal culture. 

 

 

 

Introduction 

 

Dermatophytes are a group of keratinophilic 
fungi that can grow on humans’ and animals’ 
keratinous tissues such as skin, hair, and nails 
causing dermatophytosis [1-4]. Tinea kruris is a 
dermatophytosis that may be found on groins, 
genitals, pubic area, perineal and perianal skins. It’s 
the second most common dermatophytosis globally 
and also the most common in Indonesia [3, 5-9]. A 
study by Hajar (1999), found tinea kruris as the most 
common dermatophytosis in Pirngadi General 
Hospital, Medan [10]. Other studies by Bilkes, 2005 
and Nasution, 2005 also found tinea kruris as the 
most common dermatophytosis in several Puskesmas 
(community health centre) at 40% of all 
dermatophytosis cases [11, 12]. 

The conventional laboratory tests for 
dermatophyte infection are direct microscopic 
examination with 10% potassium hydroxide (KOH) 
and fungal culture [1, 3, 13]. These procedures are 
rather slow. Thus, a faster diagnostic method is 
needed. Dermatophytes identification can be made in 
a fast and specific manner by using nucleic acid 
amplification technology [13, 14]. Molecular 
techniques such as the polymerase chain reaction 
(PCR) method has a high sensitivity and specificity 
rate and can be used to diagnose myriads of 
microorganism including pathogenic fungi [1, 14, 15]. 

PCR is an in vitro method for synthesising 
and amplifying dermatophyte deoxyribonucleic acid 
(DNA) [16, 17]. Polymerase Chain Reaction-
Restriction Fragment Length Polymorphism (PCR-
RFLP) may produce an even more specific outcome 
by adding post-amplification enzymes [18]. A study by 
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Elavarashi, et al. 2013 suggests using Internal 
Transcribed Spacer (ITS) primer, MvaI and DdeI 
enzyme for the PCR-RFLP to have a satisfactory 
outcome [19]. Species identification, however, can be 
different from the PCR and culture. A study by Irime, 
et al. 2011, found different species between the real-
time PCR and the culture on four samples [20]. 

Species identification becomes important as a 
study by Paramata, et al. in Makassar, found 28% 
dermatophytosis agents on glabrous skins to be 
itraconazole-resistant [21]. 

This study aimed to find whether the PCR-
RFLP test could yield the same fungal species result 
as a fungal culture. 

 

 

Methods 

 

This is a descriptive study using a cross-
sectional design. Samples were collected starting in 
September 2013 in the mycology division of 
dermatovenereology outpatient unit of RSUP. H. 
Adam Malik, Medan. Fungal culture and PCR-RFLP 
were done in the integrated laboratory of Sumatera 
Utara University, Faculty of Medicine. 

The specimens were skin scrapings from 
thirty-one patients suspected of having tinea cruris 
from history and dermatological examination. The 
tools and materials that were used were Sabaroud’s 
dextrose agar media (the gold standard for fungal 
species identification) added with Cycloheximide (0.5 
g/I) and Chloramphenicol (0.05 g/I), thermocycler 
(applied biosystem Verity 96-type well thermal cycler, 
Singapore), DNA extraction kit (Promega), PCR kit 
(Promega), ITS 1 primer (forward) and ITS 4 (reverse) 
(1st Base), and MvaI restriction enzyme (Fermentas). 
Preheat (94

o
C, 10 minutes); denaturation (94

o
C, 1 

minutes); annealing (58
o
C, 1 minute); extension 

(72
o
C, 1 minute (35 cycles)) and final extension (72

o
C, 

7 minute) were done using the thermocycler. This 
study uses the same basepair used in previous 
studies by Elavarashi E. and Mirzahoseini H., et al. 
[19]. No positive controls are being used. 

The data from the basic information, history, 
dermatological examination and specimens were then 
collected. The scraped specimens were then 
separated into different envelopes and divided into 
two groups. The first group were being used for fungal 
culture and another for the PCR-RFLP. The results 
were then presented in frequency distribution tables 
and then analysed in a descriptive manner using other 
literature as comparisons. 

 

 

Results 

 

Skin scrapings from 31 subjects were 
collected in this study. 

Table 1: Subject characteristics based on gender 

Gender n  % 

Male 16 51.6 
Female 15 48.4 
Total 31 100.0 

 

According to Table 1, out of 31 subjects, 
fifteen were identified as female (48.4%), and sixteen 
were identified as male (51.6%). 

Table 2: Subject characteristics based on age groups 

Age (y.o.) n  % 

12-21  12 38.7 
22-31  3 9.7 
32-41  2 6.5 
42-51  4 12.9 
52-61 5 16.1 
62-71 3 9.7 
72-81 2 6.5 
Total 31 100 

 

According to Table 2, most subjects were part 
of 12-21 years old group at 38.7% of all subjects. 

Table 3: Skin scraping analysis using culture and PCR-RFLP 

Sample Culture Species detected PCR-RFLP PCR-RFLP species 

1 Negative NCG Negative  - 
2 Negative NCG Positive T. mentagrophytes 
3 Negative NCG Negative  - 
4 Positive T. rubrum Positive T. rubrum 
5 Negative NCG/Paecilomyces Negative  - 
6 Negative NCG/Aspergillus flavus Positive T. mentagrophytes 
7 Positive T. rubrum Positive T. rubrum 
8 Positive T. violaseum Positive O 
9 Negative NCG/Cladosporium Negative  - 

10 Positive M. rivalieri Negative  - 
11 Negative NCG Negative  - 
12 Positive T. tonsured Negative  - 
13 Negative NCG/Aspergillus flavus Positive E. floccosum 
14 Positive M. rivalieri Positive O 
15 Negative NCG/Aspergillus flavus Negative  - 
16 Negative NCG/Aspergillus 

fumigatus 
Negative  - 

17 Negative NCG/Aspegillus niger Negative  - 
18 Negative NCG/Aspergillus flavus Negative  - 
19 Positive T. rubrum Positive O 
20 Negative NCG/Aspergillus 

fumigatus 
Positive T. verrucosum 

21 Positive T. tonsuran Positive T. tonsuran 
22 Positive T. ericinae Negative  - 
23 Positive T. tonsuran Positive O 
24 Positive T. rubrum Positive T. rubrum 
25 Negative NCG/Aspergillus flavus Negative  - 
26 Positive T. rubrum Negative  - 
27 Positive T. rubrum Positive T. rubrum 
28 Negative NCG/Paecilomyces Positive T. verrucosum 
29 Positive T. rubrum Positive T. rubrum 
30 Positive T. rubrum Positive O 
31 Positive T. schoenleinii Positive O 

NCG: no culture growth; o: not detected. 

 

According to Table 3, 16 positive subjects 
were found on the culture, and 17 positive subjects 
were found using PCR-RFLP. 

According to Table 4, T. rubrum is the most 
common species found in the culture out of all 
subjects at eight subjects (25.8% of all subjects). 
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Table 4: Fungal species distribution based on culture result 

Species n  % 

M. rivalieri 2 6.5 
T. ericinae 1 3.2 
T. rubrum 8 25.8 
T. schoenleinii 1 3.2 
T. tonsuran 3 9.7 
T. violaseum 1 3.2 
NCG 4 12.9 
NCG/Aspergillus niger 1 3.2 
NCG/Aspergillus flavus 5 16.1 
NCG/Aspergillus fumigatus 2 6.5 
NCG/Cladosporium 1 3.2 
NCG/Paecilomyces 2 6.5 
Total 31 100.0 

NCG: no culture growth. 

 

According to Table 5, T. rubrum is the most 
common species found using PCR-RFLP out of 31 
subjects in five subjects (16.1% out of all subjects). It 
could be concluded from the cultures and PCR-RFLP 
that T. rubrum was the most common fungal species 
found. 

Table 5: Fungal species distribution based on PCR-RFLP 

Species Jamur  n  % 
E. floccosum  1 3.2 
T. mentagrophytes  2 6.5 
T. rubrum  5 16.1 
T. tonsuran  1 3.2 
T. verrucosum  2 6.5 
 -  14 45.2 
O  6 19.4 
Total  31 100.0 

o: species not detected. 

 

According to Table 6, out of 31 subjects, 
twelve (38.71%) were found positive both in the 
culture and PCR-RFLP. Four (12.90%) were found 
positive on the culture and negative on the PCR-
RFLP. Five (16.13%) were found positive on the PCR-
RFLP and negative on the culture. Out of twelve 
subjects that were found positive both on the culture 
and PCR-RFLP, six (50%) yield the same species and 
six (50%) were found on the culture but not found on 
the PCR-RFLP. 

Table 6: Fungal species distribution based on fungal culture 
and PCR-RFLP 

Species 
Culture PCR-RFLP 

n % n % 

M. rivalieri 2 6.5 - - 
T. ericinae 1 3.2 - - 
T. rubrum 8 25.8 5 16.1 
T. schoenleinii 1 3.2   
T. tonsuran 3 9.7 1 3.2 
T. violaseum 1 3.2   
E. floccosum - - 1 3.2 
T. mentagrophytes                      -                     -                     2                    6.5 
T. verrucosum                      -                     -                   2                   6.5 
NCG 4 12.9 - - 
NCG/Aspegillus niger 1 3.2 - - 
NCG/Aspergillus flavus 5 16.1 - - 
NCG/Aspergillus fumigatus 2 6.5 - - 
NCG/Cladosporium 1 3.2 - - 
NCG/Paecilomyces 2 6.5 - - 
Negative - - 14 45.2 
O   6 19.4 

Total 31 100.0 31 100.0 

NCG: no culture growth; o: not detected. 

 

Discussion 

There were more male subjects to female in 
this study. Hajar, 1999 also found more male subjects 
to female in his study which is around 26.67% [10]. 

Gupta, et al. 2003 and Daili, et al. 2005 conclude that 
tinea cruris affect more male to female [8, 22]. It’s 
suggested that the preference was caused because 
scrotal areas on males make a warm and humid 
condition [4]. Menswear also tends to have more 
coverings for women, and this also contributes to the 
humid condition [23]. 

Patel, et al. 2009 and Fernandes, et al. 2001 
found higher incidences of tinea cruris in young-adult 
and adolescent males [24, 25]. Andrews, et al. 2008 
also found tinea cruris are mostly seen in young-adult 
males [26] In the current study, tinea cruris is mostly 
seen on the 12- 21 years old age group (38.7%). 
According to Patel, et al. 2009, increase of obesity 
cases are seen among children and adolescents, and 
this may contribute to the rising number of tinea cruris 
cases in those age groups [24]. Children who are 
using tight shirts or underwear may sweat profusely or 
causing immune disorder thus rising the risk of 
contracting tinea cruris [27]. 

This study found T. rubrum as the most 
common fungal species found from the fungal culture 
and PCR-RFLP. Hajar, 1999 and Nasution, 2005 
found T. rubrum and T. mentagrophytes as the most 
common aetiology for tinea cruris [10, 12]. Schieke et 
al., 2012 and Wiederkehr, et al found T. rubrum dan 
E. floccosum as the most common causative agent of 
tinea cruris followed by T. mentagrophytes and T. 
verrucosum [3, 6]. 

Out of twelve subjects that were found 
positive by using culture and also PCR-RFLP, six 
(50%) belong to the same species and on another six 
(50%) fungal species were found on the culture but 
the PCR-RFLP yield otherwise result. The thinness of 
the base pair from the PCR may contribute to the 
result by causing the splicing enzyme used unable to 
detect the base pair. A study by Irime, et al., 2011, 
found difference between the identification done using 
culture and the real time PCR on four samples. Two 
samples were identified as T. rubrum using the culture 
but identified as T. interdigitale using the PCR. Two 
other samples were identified as T. Interdigitale using 
the culture but identified as T. rubrum using the PCR 
[20]. A study by Wissenlik, et al., 2011 were using 
real-time PCR for dermatophytes identification. Four 
different samples yield different species result 
between using the fungal culture and the real-time 
PCR [28]. Another study by Girgis, et al., 2006 found 
seven samples that yield different species result 
between using the fungal culture and the real-time 
PCR [29]. 

Species identification becomes necessary to 
plan the therapy since Epidermophyton and 
Trichophyton were sensitive to terbinafine but 
Microsporum is less sensitive. Thus, a clear and 
concise way to identify the species is integral in order 
to be able to give a correct treatment, so that it may 
speed up the patients’ recovery [30].  
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Abstract  

AIM: The main purpose of the present study was to test the β-tubulin and rodletA genes for rapid identification of 
Aspergillus fumigatus. 

MATERIALS AND METHODS: Fifty-one A. fumigatus strains including environmental, clinical and reference 
isolates were tested in this research. PCR was carried out based on βtub and rodA partial gene sequences. 

RESULTS: A 198 bp DNA fragment was obtained using βtub gene. PCR amplification of the rodA gene resulted 
in a 313 bp band. The βtub and rodA genes PCR products exhibited a 100% homology with the associated 
sequences in the GenBank. 

CONCLUSION: In the present study, we used a PCR approach that was able to discriminate A. fumigatus from 
other related species within the section Fumigati. 

 

 

 

 

 

Introduction 

 

Aspergillus fumigatus is an environmental 
filamentous fungus and is the main causal agent of 
the aspergillosis. Increasing the use of 
immunosuppressive therapy for treating many human 
diseases, the incidence of mortality rate of invasive 
aspergillosis (IA) is raised between 30–95% [1]. 

Teleomorphic species of the Aspergillus 
section Fumigati (AsF) belong to the Neosartorya 
genus. Aspergillus section Fumigati (AsF) is an 
economically important fungus and teleomorphic 
species of this section belong to the genus 
Neosartorya. Seventeen species of Neosartorya and 8 
strictly mitotic species are typically recognized [2].  

Aspergillus section Fumigati and also its 
teleomorph Neosartorya are significantly important in 

clinic because they are able to pathogenic or 
allergenic to human [3-5], responsible for food 
spoilage and producing mycotoxins [6, 7]. 

The clinical isolates of Aspergillus species are 
not necessary morphological the same and wrong 
recognitions of species with morphological 
characteristics have frequently happened. With the 
intention of development the diagnostic method, 
including DNA detection it is important to elucidate 
intra and interspecies variety in A. fumigatus and 
closely related species. 

Misrecognition of species within the section 
Fumigati has been frequently reported by clinical 
laboratories. Species, for example, Aspergillus 
viridinutans, Aspergillus lentulus, Aspergillus 
fumisynnematus, Aspergillus fumigatiaffinis, 
Neosartorya pseudofischeri, Neosartorya udagawae 
and Neosartorya hiratsukae, are commonly reported 
as A. fumigatus [8, 9]. 
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A number of biochemical and molecular 
approaches have been performed for identification of 
A. fumigstus and related species. Sequencing of 
genes, for example, ITS, calmodulin, actin, βtubulin 
(βtub) and rodlet A (rodA), has been used to 
discrimination A. fumigatus from related species [10, 
11]. In the current study, the βtub and rodA gene were 
tested for identification of Aspergillus section 
Fumigati. 

 

 

Materials and Methods 

 

Microorganisms 

A total of 51 A. fumigatus strains including 
environmental, clinical and reference isolates were 
used in this study. The following strains of A. 
fumigatus were used as a reference: IBRC-M 30033, 
IBRC-M 30040, IBRC-M 30048. Eight clinical isolates 
were kindly provided by Dr Mojtaba Taghizadeh 
(Mazandaran University of Medical Sciences, 
Mazandaran, Iran). The environmental isolates were 
recovered from soil or air. The strains were incubated 
on Sabouraud dextrose agar (Merck KGaA, 
Darmstadt, Germany) at 37°C. All A. fumigatus 
isolates were recognized by morphology. For getting a 
pure culture, the isolates were subcultured three times 
and then stained with lactophenol aniline blue. 
Phenotypic techniques including colony morphology, 
conidial arrangement, philiades, vesicles and 
conidiophores were considerated for identification. 

 

DNA extraction 

One ml thick spore suspension from each 
isolate was transferred to an Erlenmeyer flask 
containig 50 ml yeast extract peptone dextrose 
medium (Merck KGaA).  

The flasks were incubated at 200 rpm under 
agitation at 27˚C for 72 h to allow for mycelium 
growth.  

The harvested mycelia were washed with 0.5 
M ethylenediamine tetraacetic acid (EDTA) and sterile 
distilled water (dH2O) and freeze-dried at -70˚C for 
DNA extraction. Then, the mycelia were ground into a 
fine powder with a pestle and mortar. The DNA was 
extracted using the GF-1 Plant DNA Extraction Kit 
(vivantis, Malysia). 

 

PCR amplification 

In our study, PCR was performed based on 
βtub and rodA partial gene sequences. The primer 
sets, βtub-F (5'- TGACGGGTGATTGGGATCTC-3') 
and βtub-R (5'- CGTCCGCTTCTTCCTTGTTT-3') was 

used to amplify a 198bp DNA fragment of the βtub 
gene. The primer sets, rodA -F (5'- 
ACATTGACGAGGGCATCCTT -3') and rodA -R (5'- 
ATGAGGGAACCGCTCTGATG -3') was used to 
amplify a 313bp DNA fragment of the βtub gene. The 
PCR reactions were prepared to a final volume of 30 
μl, comprised of 3 μl 10X reaction buffer, 2.2 mM 
MgCl2, 200 μM of each dNTP, 2.5 unit of Taq DNA 
polymerase (CinnaGen, Karaj, Iran), a 30 ng DNA 
template and 50 pmol of each primer. 

An initial denaturation for 5 min at 94˚C was 
followed by 35 cycles of denaturation at 94˚C for 1 
min, annealing at 68˚C for 1 min and extension at 
68˚C for 2 min. The PCR products were 
electrophoresed on 2% agarose gel in TAE buffer at 
50 V for 2 h and stained with ethidium bromide.  

 

Sequencing 

A number of βtub and rodA genes amplicons 
were submitted for sequencing (Bioneer Corporation, 
Daejeon, South Korea). Searching in the NCBI 
database (http://www.ncbi.nlm.nih.gov/) showed that 
sequences had 100% identity with A. fumigatus βtub 
and rodA genes. The MEGA5 software package 
(http://www.megasoftware.net) was employed for 
alignment of sequences. 

 

 

Results 

 

Fifty moulds, all formerly recognized as A. 
fumigatus by morphology, were screened by the PCR 
method to identify A. fumigatus isolates. The βtub and 
rodA genes were considered as genes markers. 

 

Figure 1: Agarose gel electrophoresis of rodA gene products (313 
bp) of the Aspergillus fumigatus (lane 1, 2 references strains; lanes 
3-5, clinical isolates; lane 6-12, environmental isolates. Lane M, 50-
bp ladder; lane 1, IBRC-M 30040 lane 2, IBRC-M 30048; lane 3, 
MF6;  lane 4, MF30; lane 5, MF34; lane 6, MF13; lane 7, MF17;  
lane 8, MF35; lane 9, MF39; line 10, MF42; line 11, MF46; line 12, 
MF53 
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PCR amplification of the rodA gene for all 51 
isolates with primers rodA -F and rodA -R resulted in a 
313 bp band (Fig. 1). PCR amplification of the rodA 
gene for all 51 isolates with primers βtub-F and βtub-
R resulted in a 198 bp band (Fig. 2).  

 

Figure 2: Agarose gel electrophoresis of βtub gene products (198 
bp) of the Aspergillus fumigatus (lane 1, 2 references strains; lanes 
3-5, clinical isolates; lane 6-12, environmental isolates. Lane M, 50-
bp ladder; lane 1, IBRC-M 30040 lane 2, IBRC-M 30033; lane 3, 
MF6;  lane 4, MF30; lane 5, MF34; lane 6, MF13; lane 7, MF17;  
lane 8, MF35; lane 9, MF39; line 10, MF42; line 11, MF46; line 12, 
MF53 

 

The βtub and rodA genes products were 
sequenced for several isolates, including the 
reference strains. A Basic Local Alignment Search 
Tool (BLAST) search demonstrated that the βtub and 
rodA genes PCR products exhibited a 100% 
homology with the associated sequences in the 
GenBank. 

 

 

Discussion 

 

Identification of filamentous fungi dissimilar to 
bacteria, rely mostly on morphological 
characterizations, however, limitations of phenotypic 
typing of pathogenic fungi are being progressively 
more recognized. The new fungal species have 
recently been recognized within the section Fumigati, 
Some of them have been associated in severe cases 
of aspergillosis including pulmonary, cerebral, liver, 
cutaneous and trabecular bone invasions.  

In regard to the A. fumigatus may shows a 
significant part of all aspergillosis clinical cases, 
molecular description is important for the accurate 
detection of species within the section of Fumigati. 

Hong et al (2005) reported the variability 
within A. fumigatus section in Korea by morphology, 
growth temperature, extrolite patterns and DNA 
analyses of the partial β-tubulin, actin and calmidulin 

gene and they suggested two new species which 
were A. fumigatiaffinis, A. novofumigatus [12].  

The phylogenetic associations between A. 
fumigatus and related species has also been analysed 
by partial sequencing of cytochrome b gene [13].  

Identification of A. fumigatus is vital because 
this fungus is one of the most significant fungal 
pathogens. The recognition of Aspergillus spp. 
isolated from clinical samples depends mostly on 
morphological features. However, morphology is not 
enough for the detection of some clinical isolates 
because of the occurrence of polymorphism and the 
deprived development of reproductive structure. 
Consequently, several additional techniques have 
been used performed in the study of A. fumigatus [10, 
14-16]. Burnie et al. employed restriction fragment 
length polymorphism analysis (RFLP) to discriminate 
the clinical isolates of A. fumigatus. They were 
succeeded classify 21 isolates into six types with XbaI 
digestion [17].  

In the present study, we used a PCR 
approach that was able to discriminate A. fumigatus 
from other related species within the section Fumigati. 

Sequence analysis of PCR products the benA 
and rodA genes of several isolates revealed that this 
approach accurately differentiated the non-
A.fumigatus from the A. fumigatus isolates. 
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Abstract  

AIM: To investigate the effect of oral administration of camel milk on liver enzymes, total proteins and histology of 
poloxamer 407 induced hyperlipidaemic wistar rats. 

MATERIAL AND METHODS: Thirty male wistar rats weighing between 150-200 g were randomly assigned into 
six groups of five each; group I: administered distilled water, group II: induced with P407, group III: induced with 
P407 and treated with atorvastatin (20 mg/kg) and groups IV, V and VI: induced with P407 and treated with camel 
milk 250 mg/kg, 500 mg/kg and 1000 mg/kg respectively. After three weeks, blood samples and liver tissues were 
collected for the determination of alkaline phospatase (ALP), alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), total protein, albumin, globulin, albumin/globulin ratio and histological studies 
respectively. 

RESULTS: All camel milk treated groups showed significant (p < 0.05) decrease in ALT and AST. Camel milk 
treated groups; 250 mg/kg and 1000mg/kg showed significant (p < 0.05) decrease in total protein, globulin with all 
camel milk treated groups having significant (p < 0.05) increase in A/G ratio. Histological examination of liver 
tissues showed that camel milk at a dose of 250 mg/kg had slight adipocytes infiltration. 

CONCLUSION: The results of our findings highlight the hepatoprotective effect of camel milk in poloxamer 407 
induced hyperlipidaemic wistar rats. 

 

 

 

 

 

Introduction 

 

Dyslipidaemia has been implicated as the 
major risk factor of cardiovascular diseases. The 
World Health Organization holds it responsible for 
more than four million deaths annually [1]. 
Accumulation of triglycerides and other fats in the 
hepatocytes, if not treated results in inflammatory 
conditions of the liver. It is characterized by varying 
degree of liver injury ranging from steatosis to 
steatohepatitis, fibrosis and necrosis [2]. Poloxamer 
407 (P407) is a ubiquitous manmade surfactant and 
non-ionic detergent with a molecular weight of 12,600 
and liquid at room temperature. It assembles into 
micelles at body temperature and then aggregate into 
a gel. These temperature-dependent micellization and 
gelation properties have led to its widespread use in 

mouthwashes, deodorants, and skin care products 
and also as an excipient in a variety of pharmaceutical 
preparations [3]. P407 has a major hyperlipidaemic 
effect as observed in experimental animals [4-6]. 
Induction of hyperlipidaemia using P407 has 
contributed towards understanding the impact of 
hyperlipidaemia on several tissue markers. The 
advantage with the P407 model is the production of 
hyperlipidaemia of the hereditary type [7]. Recent 
reports have shown the ability of P407 induced 
hyperlipidaemia to produce early and late stages of 
atherosclerosis [7-9] and alterations of liver 
transaminases and plasma proteins in rodents [7-11]. 
Consumption of synthetic hypolipidaemic drugs have 
been reported to cause hyperuricemia, diarrhea, 
nausea, myositis, gastric irritation, flushing, dry skin 
and abnormal liver function [12]. 

 The unique composition and nutritional 
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values of camel milk are well known from ancient 
times for its beneficial health effects. Camel milk is a 
good substitute for human milk as it does not contain 
β-lacto globulin. Many research findings have proven 
that camel milk is easily digested by lactase deficient 
individuals. It contains disease-fighting 
immunoglobulin’s which are small in size, thus 
allowing penetration of antigens and boosting the 
effectiveness of the immune system [13]. Recently, 
researchers have reported the presence of vitamins, 
proteins, insulin like peptides, minerals and glycosides 
in camel milk [13-16]. Several works have displayed 
the ameliorative effect of camel milk on clinical and 
experimental animal models of diabetes, 
hyperlipidaemia and hepatic damage [14, 16-18]. 

Hence the aim of the current study is to 
investigate the effect of oral administration of camel 
milk on serum liver enzymes, total protein, 
albumin/globulin ratio and histology of the liver tissues 
in poloxamer 407 induced hyperlipidaemic wistar rats. 

 

 

Materials and Methods 

 

Experimental Animals 

This study was conducted in the department 
of pharmacology, Ahmadu Bello University Zaria, 
Nigeria. Thirty healthy adult male wistar rats weighing 
150-200 gm were obtained from the animal house of 
faculty of pharmaceutical sciences, Ahmadu Bello 
University Zaria. All the rats were kept in the same 
animal house. Housing was in well ventilated steel 
wire cages (5 rats per cage) with normal photoperiod 
of 12 h light/dark cycle and constant temperature of 
25-27°C. The animals were maintained on standard 
animal feed (growers mash from vital feeds company 
Kaduna-Nigeria) and allowed access to water ad 
libitum. Experimental protocols were in accordance 
with the guidelines for animal research, as stated in 
the NIH guidelines for the care and use of laboratory 
animals (National Academy of Sciences and National 
Institute of Health Publications, 2011). The rats were 
allowed to acclimatize under laboratory conditions for 
two weeks before commencement of the experiment. 

 

Camel milk collection 

Milk collection was done every day from 
camel herds (Camelus dromedaries) in Kaura 
Namoda farms, Zamfara state Nigeria. The milk was 
stored in screwed bottles under ice. The milk was 
transferred and refrigerated at the department of 
pharmacology laboratory Ahmadu Bello University 
Zaria. 

Administration of camel milk 

Camel milk was administered orally at doses 

250 mg/kg, 500 mg/kg and 1000 mg/kg respectively 
according to Zuberu et al., [16]. 

 

Induction of hyperlipidaemia 

Poloxamer 407 (Lutrol F127; BASF, 
Ludwigshafen, Germany) was used to induce 
hyperlipidaemia. Administration of poloxamer 407 was 
at a dose of 500mg/kg intra peritoneally twice a week 
for 3 weeks [5, 11, 19]. Prior to the administration, 
poloxamer 407 was dissolved in distilled water and 
refrigerated overnight to facilitate its dissolution. 
Needles and syringes used for administration were 
cooled to prevent gelation within the syringe during 
injection as described by Johnston and Palmer [5]. 

 

Preparation of Standard Drug 

Atorvastatin was purchased in a tablet form at 
strength 20 mg (Strovas Tablet 20 mg/kg, Ranbaxy 
Laboratory Ltd, Paonta Sahib Distribution, Sirmour 
H.P. 173025 India). Tablets were dissolved in distilled 
water and administered orally once daily [11]. 

 

Groupings of Animals 

Group I: Normal control animals fed with a 
standard diet and orally administered 1 ml/kg distilled 
water for 21 days. 

Group II: Hyperlipidaemic control animals 
induced with 500 mg/kg of poloxamer 407 
intraperitoneally twice a week without treatment for 21 
days 

Group III: Induced with 500 mg/kg of 
poloxamer 407 intraperitoneally twice a week and 
treated with atorvastatin tablet (AT) orally at 20 mg/kg 
body for 21 days. 

Groups IV: Induced with 500 mg/kg of 
poloxamer 407 intraperitoneally twice a week and co 
supplemented with oral administration of 250 mg/kg of 
camel milk once daily for 21 days. 

Group V: Induced with 500 mg/kg of 
poloxamer 407 intraperitoneally twice a week and co 
supplemented with oral administration of 500 mg/kg of 
camel milk once daily for 21 days. 

Group VI: Induced with 500 mg/kg of 
poloxamer 407 intraperitoneally twice a week and 
treated with oral administration of 1000 mg/kg of 
camel milk once daily for 21 days. 

 

 

Biochemical Estimations 

At the end of the 21-day experimental period, 
the animals were fasted overnight. All the animals 
were anaesthetized under chloroform vapor in an 
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anesthetic box with lid cover. Blood samples were 
collected via cardiac puncture into anticoagulant free 
tubes, centrifuged at a speed of 3000 rpm for 15 
minutes.  

The resultant serum was harvested into plain 
sample bottles for biochemical analysis. Serum total 
protein and albumin were measured by biuret reaction 
and colorimetric estimation respectively by using 
Agappe diagnostics total protein and albumin kits 
(Agappe Diagnostics Switzerland, GmbH). Globulin 
was measured from the difference between total 
protein and albumin. Serum alkaline phosphatase 
(ALP) activity was determined using Biolabo ALP 
reagent (Biolabo SA, 02160, Maizy, France). Alanine 
aminotransferase (ALT) and aspartate 
aminotransferase (AST) were measured using ALT 
and AST assay kits of Randox Laboratories Limited 
United Kingdom. Assay was performed according to 
manufacturer’s manual. 

 

Histopathological Studies 

The Liver of the experimental animals were 
harvested and fixed in 10% formal saline solution 
containing plain sample bottles. This is followed by 
embedding of the liver tissue sections in melted 
paraffin wax and staining using hematoxilin and eosin. 
Histopathological assessment and photomicrography 
of the prepared slides was done by using an Olympus 
light microscope with attached Kodak digital camera. 

 

Statistical Analysis 

Data obtained was expressed as mean (± 
SEM). The result was analysed using one way 
analysis of variance(ANOVA), followed by Tukeys 
post hoc test to compare the level of significance 
between groups using statcato software version 
0.9.12. Values of p ˂ 0.05 were considered significant. 

 

 

Results 

 

The effect of camel milk on serum ALP on 
P407 induced hyperlipidaemic wistar rats is presented 
in Figure 1. Serum ALT activity showed a significant 
difference (p < 0.05) between the normal control 
group (4.0 ± 0.70U/L) and hyperlipidaemic untreated 
group (42.50 ± 4.54 U/L). There was significant 
difference (p < 0.05) between the normal control 
group and camel milk treatment groups 500 mg/kg 
and 1000 mg/kg (10.20 ± 2.26U/L and 11.20 ± 1.39 
U/L) respectively. There was no significant difference 
(p > 0.05) between the normal control group and 
camel milk treatment group 250 mg/kg (6.40 ± 1.03 
U/L).  

 
Figure 1: Effect of camel milk on serum liver enzymes of poloxamer 
407 induced hyperlipidemic Wistar rats. *Results are expressed as 
mean ± standard error of mean n = 5, Group DW: Normal control (1 
ml/kg of distilled water) Group P407: P407 (500 mg/kg), Group 
P407+AT: P407 (500 mg/kg) + AT (20 mg/kg), Group P407+CM1: 
P407 (500 mg/kg) + CM (250 mg/kg), Group P407+CM2: P407 (500 
mg/kg) + CM 500 mg/kg, Group P407+CM3: P407 (500 mg/k) + CM 
(1000 mg/kg).Values with superscripts are statistically significant (P 
< 0.05); a = when compared to Group NW, b = when compared to 
Group P407, c = when compared to Group P407+AT 

 

Serum concentration of total protein (TP) is 
shown in Figure 2. There was significant (p < 0.05) 
increase in the concentrations of serum TP between 
normal control (5.56 ± 0.26 g/dL) and hyperlipidaemic 
untreated group (11.23 ± 1.25 g/dL). There was 
significant (p < 0.05) decrease between 
hyperlipidaemic untreated group and camel milk 
treated groups 250 mg/kg (5.55 ± 0.56 g/dL) and 1000 
mg/kg (6.42 ± 0.53 g/dL) respectively.  

 
Figure 2: Effect of Camel Milk on Serum Total Protein, Albumin and 
Globulin of Poloxamer 407 Induced Hyperlipidemic Wistar Rats. 
*Results are expressed as mean ± standard error of mean n = 5, 
Group DW: Normal control (1 ml/kg of distilled water) GroupP407: 
P407 (500 mg/kg), Group P407+AT: P407 (500 mg/kg) + AT(20 
mg/kg), GroupP407+CM1: P407 (500 mg/kg) + CM(250 mg/kg), 
GroupP407 + CM2: P407 (500 mg/kg) + CM500 mg/kg, Group 
P407+CM3: P407 (500 mg/k) + CM (1000 mg/kg).Values with 
superscripts are statistically significant (P < 0.05); a = when 
compared to Group NW, b = when compared to Group P407, c = 
when compared to Group P407+AT 

 

There was significant difference (p < 0.05) 
between all camel milk treated groups when 
compared to the hyperlipidaemic control group. In 
AST activity, there was significant difference (p < 
0.05) between normal control group (11.40 ± 1.05 
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U/L), hyperlipidaemic untreated group (122.75 ± 22.45 
U/L) and camel milk treated group 1000 mg/kg (33.20 
± 5.31U/L) as shown in Figure 1. There was 
significant difference (p < 0.05) between all camel milk 
treatment group (250 mg/kg, 500 mg/kg and 1000 
mg/kg) (20.00 ± 3.17 U/L, 28.40 ± 4.51 U/L and 33.20 
± 5.51 U/L) respectively, when compared to the 
hyperlipidaemic untreated group. 

 

 

Figure 3: Effect of Camel Milk on Serum Albumin/Globulin Ratio of 
Poloxamer 407 Induced Hyperlipidemic Wistar Rats. *Results are 
expressed as mean ± standard error of mean n = 5, Group DW: 
Normal control (1 ml/kg of distilled water) GroupP407: P407 (500 
mg/kg), Group P407+AT: P407 (500 mg/kg) + AT (20 mg/kg), 
GroupP407 + CM1: P407 (500 mg/kg) + CM (250 mg/kg), 
GroupP407 + CM2: P407 (500 mg/kg) + CM500 mg/kg, Group 
P407 + CM3: P407 ( 500mg/k) + CM (1000 mg/kg). Values with 
superscripts are statistically significant (P < 0.05); a = when 
compared to Group NW, b = when compared to Group P407, c = 
when compared to Group P407+AT 

 

Camel milk at a dose of 250 mg/kg also 
showed significant (p < 0.05) decrease when 
compared to atorvastatin treated group (7.96 ± 0.64 
g/dL).There was significant (p < 0.05) increase in the 
concentrations of serum globulin between normal 
control group (2.41 ± 0.17 g/dL) and Hyperlipidemic 
untreated group (7.75 ± 1.28 g/dL). 

 

Figure 1: Photomicrograph of Liver Group I showing normal 
Hepatocytes (Longitudinal Section, H&E x250) 

 

There was significant (p < 0.05) difference 
between Hyperlipidemic untreated group when 
compared to camel milk groups 1000 mg/k (3.43 ± 
0.60 g/dL) and 250 mg/kg (2.41 ± 0.51 mg/dL) 
respectively. Serum Albumin/Globulin Ratio is shown 
in Figure 3. There was significant (p < 0.05) decrease 
in the Albumin/Globulin Ratio between normal control 
group (1.32 ± 0.06), Hyperlipidemic untreated group 

(0.49 ± 0.08), atorvastatin-treated group (0.73 ± 0.13 
g/dL) and Camel milk treated groups (500 mg/kg and 
1000 mg/kg) (0.87 ± 0.11 and 0.94 ± 0.11). All Camel 
milk treated groups showed significant (p < 0.05) 
increase when compared to the hyperlipidemic 
untreated group. 

 

Figure 2: Photomicrograph of Liver of Group II with Intense 
Adipocytes Infiltration and Necrosis of Hepatocytes (Black Arrows) 
(Longitudinal Section, H&E x250) 

 

 

Discussion 

 

Poloxamer 407 (P-407) has been utilized as a 
model to induce hyperlipidaemia in rodents due to its 
convenience, reproducibility, low cost and the lack of 
undesirable underlying pathological conditions [20, 
21]. P-407-induced hyperlipidaemia is associated with 
alterations in the activities of 3-hydroxy-3- 
methylglutaryl-CoA (HMG-CoA) reductase, lecithin 
cholesterol acyltransferase (LCAT), cholesteryl ester 
transfer protein (CETP), hepatic lipase (HL) and 
lipoprotein lipase (LPL). It directly inhibits the heparin 
releasable fraction of LPL and HL and increases the 
biologic activity of CETP and LCAT indirectly [5, 6]. 

 

Figure 3: Photomicrograph of Liver Group III showing Moderate 
Adipocytes Infiltration and Necrosis of Hepatocytes (Black Arrows) 
(Longitudinal Section, H&E x250) 

 

Fatty liver is an accumulation of triglycerides 
and other fats in the hepatocytes, if not treated leads 
to inflammation of the liver. It is characterized by 
varying degree of liver injury from steatosis to 
steatohepatitis, fibrosis and necrosis [2]. An elevated 
serum level of ALT and AST is indicative of liver 
disease as this enzymes are present in large 
quantities in the liver [14]. Serum ALT is thought to be 
more specific for hepatic degeneration [22]. 
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Figure 4: Photomicrograph of Liver Group IV showing Slight 
Adipocytes Infiltration of Hepatocytes (Black Arrows) (Longitudinal 
Section, H&E x250)  

 

Following hepatocellular damage, 
hepatocytes alter their transport functions and 
membrane permeability thus leading to the leakage of 
these enzymes from their cells [11, 14]. Because it is 
a membrane-bound enzyme related to the transport of 
various metabolites, ALP is a sensitive biomarker of 
liver disease that is dependent on energy metabolism. 
A decrease in its activity may indicate impaired 
cellular energy processing [14]. 

 

Figure 5: Photomicrograph of Liver Group V showing Intense 
Adipocytes Infiltration and Necrosis of Hepatocytes (Black Arrows) 
(Longitudinal Section, H&E x250)  

 

There have been conflicting reports on the 
effect of poloxamer 407 induced hyperlipidaemia on 
liver enzymes (ALP, AST and ALT). Report on the 
effects of poloxamer 407 induced hyperlipidaemia on 
serum levels of the above enzymes showed that 
hyperlipidaemia elevated serum levels of ALT and 
AST [10].  

 

Figure 6: Photomicrograph of Liver Group VI showing Intense 
Adipocytes Infiltration and Necrosis of Hepatocytes (Black Arrows) 
(Longitudinal Section, H&E x250)  

 

However, Ameh et al., [23] found no effect on 
ALT except on AST, while Johnston et al., [24] 
reported that P407 does not cause hepatic injury or 
damage. 

Moreover, Victor et al., [11] showed elevation 
of all the three liver enzymes after induction of Wistar 
rats with P407. The discrepancies in the serum levels 
of the enzymes was attributed to the levels and 
duration of hyperlipidaemia [25]. In the present study, 
there was significant elevation in the serum ALT and 
AST but not ALP of hyperlipidaemic control group 
when compared to the normal control group. This may 
be due to injuries inflicted to the liver secondary to the 
accumulation of triglycerides and other fats in the liver 
cells, these findings conform with the work of Hyeung 
et al., [10]. There was a significant decrease in ALT 
and AST level of all the camel milk treated groups 
which is consistent with findings of Abbas et al., [26] 
and Al Hashem [14] but differs with the work of Helal 
et al., [27]. The reversal of these liver enzymes 
towards normal by the milk as observed in this study, 
maybe due to the prevention of the leakage of 
intracellular enzymes and increase membrane 
stabilizing activity. This is in agreement with the 
commonly accepted view that serum transaminases 
return to normal level upon healing of hepatic 
parenchyma and hepatocytes regeneration [28]. It 
therefore manifests the hepatoprotective effect of 
camel milk on P407 induced hepatic damage. 

Evaluation of total protein or albumin status 
may be helpful in the assessment of disease 
progression [29]. Total protein is the measurement of 
all proteins in the blood serum. Majority of the proteins 
that are found in the blood are produced by the liver. 
By calculating the total amount of protein in the blood, 
performance of the liver in generating proteins can be 
understood. Total protein produced by the liver 
includes mainly globulin and albumin. Elevation of 
total proteins may be caused by dehydration and a 
decrease from overloading with water. The increase in 
disease arise mainly from an increase in total globulin, 
the albumin remaining normal or being reduced to a 
lesser extent. A decrease in total protein 
concentration is almost always the result of a drop in 
the level of albumin while the globulins do not change 
or increase by a smaller amount [26]. The results of 
our findings showed significant (p < 0.05) increase in 
total protein of hyperlipidaemic untreated group when 
compared to the normal control group. The increase 
total protein from our results differ from the works of 
Victor et al., [11] and Olorunnisola et al., [30] but are 
consistent with the works of Korolenko et al., [7]; who 
reported increased total protein in hyperlipidaemia. 
Camel milk significantly (p < 0.05) reduced the level of 
total protein of P407 induced hyperlipidaemic wistar 
rats which is in agreement with the work of Abbas et 
al., [26]. Albumin is important as nonspecific transport 
mechanism for many physiologic substances as well 
as drugs, antibiotics, various ions, amino acids and 
hormones. Albumin also serves as a precursor for 
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tissue proteins and in nutrition, proteins play a small 
part in maintaining the plasma pH. They are 
negatively charged at body pH and so act as bases, 
accepting hydrogen ions. Albumin is also an important 
component of plasma antioxidant activity that primarily 
binds free fatty acids, divalentcations and hydrogen 
oxychloride (HOCI) [30]. In chronic liver disease, 
levels of albumin are usually normal until a lot of liver 
is damaged [26, 31]. There was no significant (p > 
0.05) change between all the groups. Globulin is a 
part of total protein and its raised level is noticed 
during chronic infection and liver disease such as liver 
necrosis [26]. Our findings showed significant 
increase (p < 0.05) in globulin level of hyperlipidaemic 
untreated group when compared to the normal control 
group. Increase in serum globulin level may have 
resulted from inflammatory or necrosis effect of P407 
on the liver [7]. Camel milk significantly (p < 0.05) 
reduced the level of globulin of P407 induced 
hyperlipidaemic wistar rats which is in agreement with 
the work of Abbas et al., [26]. There was significant (p 
< 0.05) decrease of serum A/G ratio all treated groups 
except the group administered camel milk at a dose of 
250 mg/kg. However all camel milk treated group 
showed significant (p < 0.05) increase in A/G ratio 
when compared to the hyperlipidaemic untreated 
group. This protective effect may be attributed to the 
high level of antioxidant vitamins, proteins and 
immunoglobulin present in camel milk [13, 14, 16, 26] 
or healing process which may have occurred in the 
liver. 

Tissue sections from the hyperlipidaemic 
untreated group showed adipocyte infiltration and 
hepatocyte necrosis in the liver. This implies that the 
liver is a direct target for P407 as reported by Cogger 
et al., [32], whose findings showed that P407 has a 
marked effect on the ultrastructure of the liver 
sinusoidal endothelial cells (LSECs). Necrosis 
observed in liver tissues also agrees with the findings 
of Korolenko et al., [7, 9]. The liver of atorvastatin 
treated groups showed moderate infiltration and 
necrosis. This suggests that tissue repair occurred 
upon treatment with atorvastatin treatment. Group 
treated with camel milk (250 mg/kg) restored 
hepatocytes to normal. Thus, camel milk may be 
capable of ameliorating tissue damage such as 
hepatocytes injury that may occur in association with 
hyperlipidaemia. 

In conclusion, camel milk showed 
hepatoprotective effect in poloxamer 407 induced 
hyperlipidaemic wistar rats. Drinking Camel milk may 
be helpful in ameliorating hazards caused by toxic 
substances. 
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Abstract  

BACKGROUND: Lung disease is the most common cause of death in the world. The last stage of pulmonary 
diseases is lung transplantation. Limitation and shortage of donor organs cause to appear tissue engineering field. 
Decellularization is a hope for producing intact ECM in the development of engineered organs.  

AIM: The goal of the decellularization process is to remove cellular and nuclear material while retaining lung 
three-dimensional and molecular proteins. Different concentration of detergents was used for finding the best 
approach in lung decellularization.  

MATERIAL AND METHODS: In this study, three-time approaches (24, 48 and 96 h) with four detergents 
(CHAPS, SDS, SDC and Triton X-100) were used for decellularizing rat lungs for maintaining of three-dimensional 
lung architecture and ECM protein composition which have significant roles in differentiation and migration of 
stem cells. This comparative study determined that variable decellularization approaches can cause significantly 
different effects on decellularized lungs.  

RESULTS: Results showed that destruction was increased with increasing the detergent concentration. Single 
detergent showed a significant reduction in maintaining of three-dimensional of lung and ECM proteins (Collagen 
and Elastin). But, the best methods were mixed detergents of SDC and CHAPS in low concentration in 48 and 96 
h decellularization. 

CONCLUSION: Decellularized lung tissue can be used in the laboratory to study various aspects of pulmonary 
biology and physiology and also, these results can be used in the continued improvement of engineered lung 
tissue. 

 

 

 
 

 

Introduction 

 

The mortality of pulmonary diseases is 
increasing but mortality of other diseases such as 
heart disease, cancer and so on is decreasing for 
example 400 thousand of American people die every 
year [1, 2]. Lung transplantation is the only definitive 
treatment for some lung diseases such as CF, COPD 
and IPF. But, patient survival is only 50% during 5 
years and 24% during 10 years after lung 

transplantation [3]. On the other hand, unfortunately, 
many patients on the waiting list for lung transplant 
pass out before suitable donor organ get found 
because of the critical shortage of transplantable 
donor lungs. Moreover, immunosuppression is 
another lifelong drawback for transplant recipients [4]. 
Due to this problem in transplantation, lung tissue 
engineering research is increasing and demand for 
engineered lung tissue has been increased for 
transplantation. There are advantages of engineered 
lung tissue such as using a patient’s own cells, so 
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avoiding the need for immunosuppression which 
causes many problems including neurologic disorders 
and infection and so on [5, 6]. Tissue engineering is a 
multidisciplinary field which tries to combine cellular, 
molecular, technological and medical advances to 
make replacement tissues for implantation [7-10]. 
However, the lung is a complex tissue and ECM 
scaffolds are complex bio-structures constructed of a 
variety of structural and functional compositions that 
are specially organized and suitable for the intended 
tissue [11]. One of lung tissue engineering strategies 
is that to make appropriate scaffolds for lung tissue 
engineering [12]. Decellularization is a new technique 
for removing all cellular materials and produces an 
intact whole lung, which is an important characteristic 
of a three-dimensional matrix for cellular differentiation 
and migration [13, 14]. Decellularization methods 
have been used for producing scaffolds for a variety of 
tissue engineering applications such as heart valves, 
trachea, liver and heart and so on [7, 15-19]. 
Decellularized organs have several advantages as s 
tissue engineering scaffold. The decellularized 
scaffold maintains the suitable 3D organization 
essential for tissue function, such as a vascular 
system and airway network in the complex structure of 
lung [20]. Native ECM has the optimal substrate for 
cell attachment, spreading, growth and differentiation. 
The aim of the decellularization method is to remove 
cellular and nuclear material while maintaining 3D and 
ECM protein compositions and also, diminishing any 
damage to lung ECM. There are various types of 
decellularization approaches such as physical, 
chemical and enzymatic methods [16, 17]. Physical 
approaches can cause the destruction of the delicate 
lung ECM which this method includes freezing, 
pressure, sonication and agitation, while enzymatic 
approaches cannot be cost-effective due to large 
volumes of liquid would be needed for 
decellularization of a whole organ such as proteases, 
nucleases, and calcium chelators [21]. Trypsin has 
been used in the enzymatic method which it can 
remove fibronectin, laminin, and elastin. Because of 
the importance of these compositions, enzymatic 
approaches have not been mostly used in 
decellularization. But, chemical approaches are cost-
effective and have several of techniques such as 
alkaline or acidic solutions, detergents (SDS, SDC, 
CHAPS and …) hypotonic or hypertonic solutions, and 
chelators [16, 17, 21]. A hypertonic NaCl solution can 
efficiently lyse cells, while it cannot help in removing 
cellular components from the tissue. CHAPS are a 
zwitterionic detergent which can be an effective 
solubilization for removing of cellular material [21]. 
The objectives of this research are to demonstrate 
that decellularized lung is promising substrates for 
producing an engineered lung scaffold and as the 
noted 3D and ECM protein compositions are 
important characteristics for cellular differentiation and 
migration. 

 

Material and Methods  

 

Animals and lung extraction 

Fourteen male healthy rats (250–300 gr) were 
purchased from animal researcher centre of 
Baqiyatallah University of Medical Sciences and 
housed in this centre. Rats were controlled in a 
standard environment (humidity and temperature) on 
a 12/12 hours light/dark cycle with standard food and 
water, following experimental procedures approved by 
the Ethical Committee for Animal Research of 
Baqiyatallah University of Medical Sciences. The rats 
were anaesthetized with intraperitoneal with Ketamine 
and Xylazine (100 mg/kg and 10 mg/kg). A midline 
incision was made in the throat, and the trachea was 
exposed. Right ventricle perfusion was perfused with 
250cc phosphate buffered saline (PBS) containing 
Heparin 5000 u/ml and 1% penicillin and streptomycin 
(P/S) (Figure 1). Lung was sliced to use in 
decellularization processes. 

 

Figure 1: Perfusion of PBS, Heparin and P/S 

 

Twenty four hour decellularization 
approaches 

Sliced lungs were similarly rinsed and treated 
with SDS with different concentrations at 24 which is 
shown in Table 1. Lastly, sliced lungs were rinsed and 
treated with 1M sodium chloride for 1 h at room 
temperature for single detergent. Sliced lungs were 
flushed with PBS before they were used for 
experiments. 

Table 1: 24h decellularization approaches for rat lung 
decellularization 

Approach Methods Decellularization approaches 

 
24 h 

1 SDC 0.5% 23h, NaCl 1 M 1h 
2 SDC 1% 23h, NaCl 1 M 1h 
3 SDC 1.5% 23h, NaCl 1 M 1h 
4 SDC 2% 23h, NaCl 1 M 1h 

 

 

Forty-eight-hour decellularization 
approaches 

In this time, sliced lungs were rinsed and 
treated by mixed detergents and single detergent of 
SDC. These detergents were used at 48 h which is 
shown in Table 2. Sliced lungs were flushed with PBS 
before they were used for experiments. 
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Table 2: 48h decellularization approaches for rat lung 
decellularization 

Approach Methods  Decellularization approaches 
 24 h 24 h 

 
 
 
 
 
 
 
 
 
 
 

48 h 

5 SDC 0. 5% 47h, NaCl 1 M 1h 

6 SDC 1% 47h, NaCl 1 M 1h 

7 SDC 1.5% 47h, NaCl 1 M 1h 

8 SDC 2% 47h, NaCl 1 M 1h 

9 SDC 0. 5%  + SDS 0.05%  

10 SDC 1%  + SDS 0.1%  

11 SDC 1.5%  + SDS 0.15%  

12 SDC 2%  + SDS 0.2%  

13 SDC 1%  + SDS 0.05%  

14 SDC 1.5%  + SDS 0.1%  

15 SDC 0. 5%  + Triton X-100 0.05%  

16 SDC 1%  + Triton X-100 0.1%  

17 SDC 1.5%  + Triton X-100 0.15%  

18 SDC 2%  + Triton X-100 0.2%  

19 SDC 1%  + Triton X-100 0.05%  

20 SDC 1.5%  + Triton X-100 0.1%  

21 SDC 0. 5%  + CHAPS 2mM  

22 SDC 1%  + CHAPS 4mM  

23 SDC 1.5%  + CHAPS 6mM  

24 SDC 2%  + CHAPS 8mM 

25 SDC 1%  + CHAPS 2mM  

26 SDC 1.5%  + CHAPS 4mM  

 

 

Ninety-six-hour decellularization 
approaches 

In this time, sliced lungs were rinsed and 
treated by mixed detergents and single detergent of 
SDC. These detergents were used at 96 h which is 
shown in Table 3. Sliced lungs were flushed with PBS 
before they were used for experiments. 

Table 3: 96h decellularization approaches for rat lung 
decellularization 

Approach Methods   Decellularization approaches 
 48 h  48 h 

 
 
 
 
 
 
 
 
 
 
 

96 h 

27 SDC 0. 5%  + SDS 0.05%  

28 SDC 1%  + SDS 0.1%  

29 SDC 1.5%  + SDS 0.15%  

30 SDC 2%  + SDS 0.2%  

31 SDC 1%  + SDS 0.05%  

32 SDC 1.5%  + SDS 0.1%  

33 SDC 0. 5%  + Triton X-100 
0.05%  

34 SDC 1%  + Triton X-100 
0.1%  

35 SDC 1.5%  + Triton X-100 
0.15%  

36 SDC 2%  + Triton X-100 
0.2%  

37 SDC 1%  + Triton X-100 
0.05%  

38 SDC 1.5%  + Triton X-100 
0.1%  

39 SDC 0. 5%  + CHAPS 2mM  

40 SDC 1%  + CHAPS 4mM  

41 SDC 1.5%  + CHAPS 6mM  

42 SDC 2%  + CHAPS 8mM 

43 SDC 1%  + CHAPS 2mM  

44 SDC 1.5%  + CHAPS 4mM  

 

 

Lung histology 

H&E staining protocol was utilized to tissue 
assay. Sliced lungs tissue (before and after 
decellularization) were fixed in paraformaldehyde 10% 
after fixation transferred to tissue processor device to 
dehydration and clearing. Finally, they were 
embedded in paraffin and sectioned in 5-micron 
thickness. Sections were stained with H&E, 
Trichrome- Masson staining and Elastin staining and 
then, they were observed under a light microscope 
[22-26]. H&E staining was utilized to visually quantify 
the nuclei loss and three-dimensional lung 
architecture by comparing nuclei counts in paraffin 

sections of normal and decellularized sliced lungs. 
Nuclei were counted from three random images at 
100 × magnification using a counting tool. Trichrome- 
Masson staining and Elastin staining were done for 
evaluating the level of collagen and elastin, 
respectively.  

 

Statistical analysis 

All studies were conducted at least in 
biological triplicate. Data were statistically analyzed by 
t-test. P values less than 0.05 were considered 
significant. 

 

 

Results 

 

Analysis of a 24-h decellularized rat lung by 
Hematoxylin and Eosin, Trichrome- Masson and 
Elastin staining 

This 24-h decellularization process could not 
completely preserve the architecture of the lung and 
also, could not completely eliminate the nuclei utilizing 
SDC detergent. But, method 1 was better than other 
methods in 24 h decellularization which this method 
maintained the three-dimensional structure at very low 
levels and also. This method could not preserve the 
proteins ECM composition such as Collagen and 
Elastin (Figure 2). 

 

 

Figure 2: Hematoxylin and Eosin Staining showed structures and 
nuclei present in native and decellularized lungs. Trichrome-
Masson staining showed collagen levels in native and 
decellularized lungs (Blue colour). Elastin staining showed elastin 
levels in native and decellularized lungs (Blue colour to black 
colour). Representative images for all conditions are shown (100 × 
magnification) 

 

Analysis of a 48-h decellularized rat lung 
by Hematoxylin and Eosin, Trichrome- 
Masson and Elastin staining 

 

SDC detergent  

In this approach, SDC detergent was not able 
to maintain the three-dimensional, Collagen and 
Elastin. The architecture of the lung was destroyed by 
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increasing the concentration of SDC from 0.5% to 2%. 
In addition, a significant reduction was seen in 
Collagen and Elastin. Method 5 was better than other 
methods in single SDC detergent in 48 h 
decellularization (Figure 3) and it could relatively 
preserve the three-dimensional but could not maintain 
Collagen and Elastin.  

 

Mixed detergents of SDC with SDS, Triton 
X-100 or CHAPS 

Results showed that methods 9, 15, 21, 22 
and 25 were considered as the best methods in 
maintaining of 3D and protein ECM composition 
(Collagen and Elastin) (Figure 3). Methods 9 and 15 
could relatively preserve the three-dimensional and 
remove nuclei from lung tissue but Collagen and 
elastin were not seen in SDC+SDS and SDC+Triton 
X-100 detergent, respectively.  

Methods 21, 22 and 25 relatively maintained 
proteins ECM (Collagen and Elastin) and also, a 
significant reduction in the nuclei was seen in 48 h 
decellularization of SDC+ CHAPS. In addition, Method 
22 maintained the 3D, Collagen and elastin better 
than methods 21 and 25 (Figure 3). 

  

 

Figure 3: Hematoxylin and Eosin Staining showed structures and 
nuclei present in native and decellularized lungs. Trichrome-
Masson staining showed collagen levels in native and 
decellularized lungs (Blue colour). Elastin staining showed elastin 
levels in native and decellularized lungs (Blue colour to black 
colour). Representative images for all conditions are shown (100 × 
magnification) 

Analysis of a 96-h decellularized rat lung 
by Hematoxylin and Eosin, Trichrome - 
Masson and Elastin staining 

In Ninety-six hour decellularization, methods 
27, 33, 39 and 43 were the best decellularization 
approaches which methods 27 and 33 maintained the 
three-dimensional structure at very low levels and a 
significant reduction were not seen in the nuclei in 
SDC+SDS and SDC+Triton X-100 approaches, 
respectively. Methods 39 and 43 preserved the 
architecture of the lung while eliminating the nuclei in 
SDC+CHAPS approaches and also, the portions ECM 
composition (Collagen and Elastin) were decreased 
with increasing the time from 48 h to 96 h 
decellularization. 

 

 

Figure 3: Hematoxylin and Eosin Staining showed structures and 
nuclei present in native and decellularized lungs. Trichrome-
Masson staining showed collagen levels in native and 
decellularized lungs (Blue colour). Elastin staining showed elastin 
levels in native and decellularized lungs (Blue colour to black 
colour). Representative images for all conditions are shown (100 × 
magnification) 

 

 

 

Discussion 

 

In the percent century, pulmonary diseases 
are becoming world healthcare problems [27]. Chronic 
obstructive pulmonary diseases (COPD) such as 
emphysema and chronic obstructive bronchitis have 
caused more than 120,000 deaths in adults in the US 
in one year [28]. The last stage of pulmonary diseases 
is lung transplantation which has many challenges 
such as transplant rejection, immunosuppression, and 
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a shortage of donor organ. Waitlist of lung 
transplantation is increasing and many patients on the 
waiting list for lung transplant pass out before suitable 
donor organ get found because of the critical shortage 
of transplantable donor lungs [2, 4]. Lung tissue has a 
complex bio-structure which has various structural, 
functional compositions [11] and proteins ECM 
composition including collagen, laminin, elastin, 
fibronectin and so on [4]. Many types of research have 
been done for producing a lung scaffold from 
biomaterial but it has a lot of limitations. Recently, 
decellularization is appearing as decellularized 
biomimetic scaffold to support differentiated stem cells 
which it can be a significant treatment for lung 
diseases [13, 22]. In this regard, lung organ is 
decellularized and lung ECM’s own cells are removed 
from the extracellular matrix and also, proteins ECM 
composition and growth factor are maintained which 
they are necessary for proliferation, differentiation and 
migration of stem cells but decreasing them during 
decellularization can be a major problem [4]. Native 
extracellular matrix has the optimum substrate for cell 
attachment, spreading, growth and differentiation.  

The goal of the decellularization approach is 
to remove cellular and nuclear material while 
maintaining three dimensional and ECM protein 
compositions and also, reducing any damage to lung 
ECM. There are several types of decellularization 
methods such as physical, chemical and enzymatic 
methods [16, 17]. Physical approaches can destruct 
the complex lung ECM which this method includes 
freezing, pressure, sonication and agitation, while 
enzymatic approaches cannot be cost-effective due to 
large volumes of liquid would be needed for 
decellularization of a whole organ such as proteases, 
nucleases, and calcium chelators [21].  

Trypsin has been used in the enzymatic 
method which it can remove fibronectin, laminin, and 
elastin. Because of the importance of these 
compositions, enzymatic approaches have not been 
mostly used in decellularization. But, chemical 
approaches are cost-effective and have several of 
techniques such as alkaline or acidic solutions, 
detergents (SDS, SDC, CHAPS and …) hypotonic or 
hypertonic solutions, and chelators [16, 17, 21]. 
Jensen et al (2012) studied on the evaluation of 24h 
decellularization process (Triton-X100 0.1% and 
sodium deoxycholate 2%) which they showed lung 
scaffolds with preservation of key ECM proteins 
collagen I, collagen IV, fibronectin, and laminin, but 
with the loss of nuclear proteins [13]. Price et al 
(2015) used pig lung for decellularization by an 
automated method and compared to manual method 
and they found that an automated method offered 
more consistent matrix and reduced the 
decellularization procedure required time [29]. Neill et 
al (2013) used CHAPS 8 mM and SDS 1.8 mM for 
human and porcine decellularization and they found 
that Porcine lungs could be decellularized using 
CHAPS to produce lung ECM scaffolds with 

properties resembling those of human lungs, for 
pulmonary tissue engineering and they proposed that 
porcine lung ECM can be an excellent screening 
platform for the envisioned human tissue engineering 
applications of decellularized lungs [30].  

In this study, three-time approaches were 
used for decellularization (24, 48 and 96 h). In 24 h 
decellularization, method 1 could relatively maintain 
3D and remove nuclei but all methods could not 
preserve Collagen and Elastin and also, there was 
significant of destruction with increasing the 
concentration of SDC from 0.5% to 2%. In 48 h 
decellularization, methods 5, 9, 15 could not preserve 
the integrity of the 3D and ECM proteins but they were 
better than other approaches in SDC, SDC+SDS and 
SDC+Triton X-100, respectively. On the other hand, 
methods 21, 22 and 25 were the best decellularization 
approaches which preserved the architecture of the 
lung while eliminating the nuclei and maintained a 
considerable of Collagen and Elastin.  

In addition, among these approaches, method 
22 was remarkable in maintaining of 3D and ECM 
proteins (Collagen and Elastin). In 96 h 
decellularization, methods 27 and 33 could not 
maintain the 3D, Collagen and elastin but they were 
better than other approaches in SDC+SDS and 
SDC+Triton X-100, respectively. Methods 39 and 43 
preserved the architecture of the lung while 
eliminating the nuclei and relatively maintained 
Collagen and Elastin. Maghsoudlou et al (2013) used 
rat lung for decellularization using the intermittent 
intra-tracheal flow of detergent-enzymatic treatment 
and they presented a methodology which was 
applicable to rat and sheep lungs, preserved lung 
architecture and ECM and reduced the generating 
time [31]. Petersen et al (2012), two different 
techniques were examined using either the detergent 
3-[(3-cholamidopropyl) dimethylammonio]-1-
propanesulfonate (CHAPS) or sodium dodecyl 
sulphate (SDS). CHAPS-based decellularization 
resulted in the elimination of the majority of cellular 
components (including DNA) and maintenance of 
collagen and elastin, whereas SDS-based 
decellularization caused collagen depletion and less 
mechanical stability [16].  

Cortiella et al (2010) demonstrated that the 
first attempt to produce and use whole decellularized 
lung and they compared the influence of 
decellularized lung by SDS 0.1%, Gelfoam, Matrigel, 
and a collagen I hydrogel matrix on the mESC 
attachment, differentiation and subsequent formation 
of complex tissue and they found that decellularized 
lung allowed for better retention of cells with more 
differentiation of mESCs into epithelial and endothelial 
lineages [32]. In this research, we used single and 
mixed detergents for decellularization and results 
showed that destruction was increased with 
increasing the concentration of detergent. Single 
detergent showed a significant reduction in 
maintaining of three-dimensional of lung and ECM 
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proteins (Collagen and Elastin). But, the best methods 
were mixed detergents of SDC and CHAPS in low 
concentration in 48 and 96 h decellularization. On the 
other hand, there was a considerable loss of Collagen 
and elastin and also, damage in 3D with increasing 
time. We conclude that the best method for 
decellularization was approach 22 which related to 
SDC 1%+CHAPS 4mM in 48 h decellularization. 
Finally, engineered scaffold of lung tissue can be used 
in the laboratory to study a wide variety of important 
aspects of pulmonary biology and physiology. 
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Abstract  

BACKGROUND: Napoleona vogelii is used in traditional medicine for cancer management. 

AIM: The study was conducted to evaluate the antigenotoxic and antioxidant activities of methanol stem bark 
extract of N. vogelii in male Sprague Dawley rats. 

MATERIALS AND METHOD: Thirty male Sprague Dawley rats were randomly divided into group 1 (control) 
administered 10 mL/kg distilled water, groups 2 and 3 were co-administered 100 mg/kg, 200 mg/kg of N. vogelli 
and 5 mg/kg cyclophosphamide (CPA) respectively for 7 days p.o. Groups 4 and 5 were administered only 5 
mg/kg CPA and 200 mg/kg NV respectively. 

RESULTS: The LD50 oral was greater than 4 g/kg. There were significant (p < 0.0001) increases in plasma 

enzymatic and non-enzymatic antioxidant enzymes and significant (p < 0.0001) decrease in percentage 
micronuclei in bone marrow of extract treated rats compared to rats administered 5 mg/kg CPA alone. There was 
steatosis pointing to cytotoxic injury in the liver of rats co-administered 200 mg/kg NV and 5 mg/kg CPA. Gas 
chromatography-mass spectrometry analysis of the extract showed the presence of phytol and unsaturated fatty 
acids. 

CONCLUSION: N. vogelii possesses antigenotoxic and antioxidant activities associated with the presence of 
phytochemicals, phytol and unsaturated fatty acids. 

 

 

Introduction 

 

Oxidative stress occurs when the generation 
of free radicals and reactive intermediates in a system 
exceeds the system’s ability to neutralise and 
eliminate them [1]. It reflects an imbalance between 
the systemic manifestation of reactive oxygen species 
and a biological system’s ability to readily detoxify the 
reactive intermediates or to repair the resulting 
damage [2]. Disturbances in the normal redox state of 
cells can cause toxic effects through the production of 
peroxides and free radicals that damage all 
components of the cell, including proteins, lipids and 
DNA [2].  Oxidative stress is thought to be involved in 
the development of some disease conditions such as 
cancer [3], Alzheimer’s disease [4], heart failure [5], 
myocardial infarction [6], fragile X syndrome [7], and 

sickle cell disease [8] among others. 

Cyclophosphamide (CPA) is used for several 
types of cancers including leukaemia, breast and 
ovarian cancers. It is cytotoxic with a low margin of 
safety, and it’s a cell cycle non-specific drug which 
acts on both resting as well as dividing cells. The use 
of CPA may result in cardiac dysfunction, pulmonary 
toxicity and incidence of its genotoxicity have been 
reported [9]. The cellular mechanism of CPA toxicity is 
mediated by an increase in free radicals through the 
generation of intracellular phosphoramide mustard 
and acrolein, the principal alkylating metabolite of 
CPA [10]. Acrolein interferes with the tissue 
antioxidant defence system producing highly reactive 
oxygen free radicals and is mutagenic to mammalian 
cells [10], and an increase in free-radical production 
mediated by CPA metabolites stimulates lipid 
peroxidation leading to an increase in 



 Ikumawoyi et al. Antigenotoxic and Antioxidant Activity of Napoleona Vogelii Hook & Planch (Lecythidaceae) 
_____________________________________________________________________________________________________________________________ 

_______________________________________________________________________________________________________________________________ 

Open Access Maced J Med Sci. 2017 Dec 15; 5(7):866-874.                                                                                                                                                         867 

 

malondialdehyde production [11].  Genotoxins include 
both radiation and chemical genotoxins, and there are 
three primary effects that genotoxins can have on 
organisms by affecting their genetic information [12]. 
Genotoxins can be carcinogens (cancer-causing 
agents), mutagens, or mutation-causing agents, or 
teratogens, birth defect-causing agents. In most 
cases, genotoxicity leads to mutations in various cells 
and other bodily systems and can result in a host of 
other pathologies, from cancer to a wide variety of 
different diseases [12]. 

The mammalian in vivo micronucleus assay is 
recommended by the International Conference on 
Harmonization (ICH) guidelines as part of the 
genotoxicity testing battery required during the 
development of new drugs [13]. Mechanistic studies 
[14] have shown that micronucleus formation may be 
due to free radical generation from an agent leading to 
lipid peroxidation of membranes causing the 
breakages of the deoxyribonucleic acid (DNA) and 
covalent binding between the products of lipid 
peroxidation and DNA. The World Health Organization 
estimates that up to 80% of the African population 
relies on the traditional medicinal system for some 
aspects of their primary health care [15]. Plants play a 
significant role in maintaining human health and 
improving the quality of human life serving as valuable 
components of food, as well as in cosmetics, dyes, 
and medicines [16]. 

Napoleona vogelii is found mostly in rain 
forests and along sea shores extending from Sierra 
Leone to Nigeria [17]. About 20 genera and 450 
species have been identified in the tropical regions of 
Africa, Asia, Australia and it’s distributed mostly in 
African countries of Nigeria, Ghana, Guinea, Togo 
and Benin [18]. The methanolic leaf extract of N. 
vogelii is used in the treatment of peptic ulcer disease 
[19]; furthermore, the leaves are also used in the 
treatment of a cough, asthma and hypoglycaemia 
[20]. The stem bark decoction is used topically against 
dermatosis and drunk to treat sexual asthenia [21] 
and its used in traditional medicine used in the 
treatment of cough, asthma, inflammatory conditions 
[22, 23] and cancer [24]; thus, this study was 
designed to investigate the antigenotoxic and 
antioxidant activity of the methanol stem bark extract 
of  N. vogelii in cyclophosphamide-treated rats and 
identifying the constituent bioactive principles by Gas 
chromatography-mass spectrometry (GCMS) 
analysis. 

 

 

Materials and Methods 

 

Drugs and chemicals 

Cyclophosphamide (Kwality Pharmaceuticals 
Pvt. Ltd. Amritsar – India), phosphate buffered saline 

(PBS), Methanol (Sigma-Aldrich Chemie GmbH, 
Germany), Normal saline (Unique pharmaceuticals 
Ltd, Ogun State, Nigeria), Giemsa stain (Sigma- 
Aldrich Chemie GmbH, Germany).  

 

Plant extraction 

The stem bark of N. vogelii was collected from 
a secondary forest in Abatadu village, Ikire township 
of Osun state in the South Western part of Nigeria and 
duly authenticated by Mr. O. Oyebanji and Professor 
J. D. Olowokudejo at the herbarium of the Department 
of Botany and Microbiology, University of Lagos, 
Nigeria where a voucher specimen (LUH 6524) was 
deposited. It was washed, chopped into small pieces 
and air-dried to a constant weight. The dried stem 
bark was then pulverised into a fine powder using a 
grinding mill, and 500 g of the powder was macerated 
in 2.5 L of methanol. The mixture was stirred and left 
to stand for seven days at room temperature. It was 
then filtered using a muslin cloth and a 125 mm 
Whatman filter paper (GE Healthcare UK Limited, 
United Kingdom). The filtrate was concentrated using 
a rotary evaporator (Buchi R – 215 Rotavapor (pump-) 
V – 700 Switzerland) at 45°C, to yield a solid brown 
extract. The yield of the extract derived using the 
formula: weight of extract/weight of starting plant 
material ×100 was 2.22%. The extract was stored in 
an air-tight container until required.  

 

Phytochemical screening 

The qualitative phytochemical screening was 
done according to the methods of Trease and Evans 
[25]. 

 

Determination of total flavonoids 

Total soluble flavonoid of the extract was 
determined with aluminium chloride using quercetin as 
standard [26]. A 1 ml of sample solution (100 μg/ ml) 
was mixed with 3 ml of methanol, 0.2 ml of 10% 
Aluminum chloride, 0.2 ml of 1 M potassium acetate 
and 5.6 ml of distilled water. The resulting mixture was 
incubated at room temperature for 30 minutes, and 
the absorbance of the reaction mixture was measured 
at 415 nm. The calibration curve was prepared by 
preparing quercetin solutions at various 
concentrations in methanol. 

 

Determination of total phenolic content 

Total phenolic content in the extract was 
estimated using the modified Folin-Ciocalteu method 
of Wolfe et al., [27]. An aliquot of the extract was 
mixed with 2.5 ml of Folin-Ciocalteu reagent 
(previously diluted with water 1:10 v/v) and 2 ml of 75 
g/l of sodium carbonate. The tubes were vigorously 
shaken for 15 s and allowed to stand for 30 min at 



Basic Science 
_______________________________________________________________________________________________________________________________ 

_______________________________________________________________________________________________________________________________ 

  868                                                                                                                                                                                                                     http://www.mjms.mk/ 
http://www.id-press.eu/mjms/ 

 

40˚C for colour development. Absorbance was 
measured at 765 nm using T80 UV/VIS 
spectrophotometer. The total phenolic content in mg/ 
100 g was calculated as gallic acid equivalent from 
the calibration curve. 

 

Determination of total tannin content 

Total tannin content was estimated by 
adopting the procedure of Sun et al. [28]. To 1 ml of 
the extract solution, 3 ml of 4 % vanillin-methanol 
solution and 1.5 ml hydrochloric acid was added. The 
mixture was allowed to stand for 15 min. The 
absorbance was then measured at 500 nm using T80 
UV/VIS spectrophotometer, and the result expressed 
as catechin equivalent in mg/100 g. 

 

Determination of total saponin content 

The method used was that of Obadoni and 
Ochuko [29]. The sample was ground, and 0.02 mg 
was put in a conical flask, and 100 cm3 of 20 % 
aqueous ethanol was added. The sample \was heated 
over a hot water bath for four h with continuous 
stirring at about 55˚C. The mixture was filtered and 
the residue re-extracted with another 200 ml or 20 % 
ethanol. The extract was reduced to 40 ml over a 
water bath at about 90˚C. The concentrate was 
transferred to a 250 ml separating funnel, and 20 ml of 
diethyl ether was added and shaken vigorously. The 
aqueous layer was recovered, while the ether layer 
was discarded. The purification process was 
repeated. 60 ml of n-butanol was added. The n-
butanol extract was washed twice with 10 ml of 5 % 
aqueous sodium chloride. The remaining solution was 
heated in a water bath. After evaporation the sample 
was dried in the oven to a constant weight; the 
saponin content was calculated as a percentage. 

 

Experimental animals 

Male rats of 4 months old weighing between 
100 – 150 g and mice of about 3.5 – 4 months 
weighing between 20 – 30 g used were obtained from 
the Laboratory Animal Centre of the College of 
Medicine of the University of Lagos, Lagos, Nigeria, 
where they were also kept. The animals were 
maintained under standard environmental conditions 
(23-25˚C, 12h/12h light/dark cycle) and they were 
sustained on standard rodent feed (Livestock Feed 
Plc, Lagos, Nigeria) and clean drinking water. The 
animals were acclimatised for seven days before 
commencement of the experiment and the procedures 
were in conformity with The Guide for the Care and 
Use of Laboratory Animals published by the U.S. 
National Institutes of Health [30] for studies involving 
experimental animals [30]. 

 

Acute toxicity 

Five (5) groups of 5 mice each were fasted for 
12 h and were then treated with 100 mg/ml of the 
extract at doses of 0.5 g/kg, 1 g/kg, 2 g/kg, 3 g/kg and 
4 g/kg which ranges between 0.1 ml to 1 ml in divided 
doses p.o. Animals were observed for two h after 
extract administration for behavioural symptoms of 
toxicity and mortality and then after 24 h for mortality. 
They were further observed for 14 days for signs of 
delayed toxicity. 

 

Collection of samples for micronucleus 
and antioxidant enzymes assay 

The micronucleus assay was carried out by a 
modification of the method of Heddle and Salamone, 
[31]; Timwell and Ashley, [32] and blood levels of 
antioxidant enzymes; catalase (CAT), superoxide 
dismutase (SOD), reduced glutathione (GSH) and 
MDA was done according to the protocol of Sun and 
Zigma [33].  

Male rats were divided into 5 groups (n = 6); 
control rats treated with 10 mL/kg distilled water, while 
the remaining four groups received 5 mg/kg CPA, 100 
mg/kg  N. vogelii and 5 mg/kg CPA, 200 mg/kg  N. 
vogelii and 5 mg/kg CPA and 200 mg/kg  N. vogelii 
respectively for 7 days. The dosing schedule of 
cyclophosphamide was chosen according to a 
modification of the method of Doherty et al. [34] and 
the extract was administered 30 mins post 
cyclophosphamide administration. 

 On the day after termination of administration, 
normal and treated animals were sacrificed by cervical 
dislocation and blood samples collected through the 
retro-orbital plexus vein of the eye for antioxidant 
enzymes assay. For the micronucleus test, the femur 
of the animals was harvested and washed in 
phosphate buffered saline (PBS), and the two edges 
were cut off. A 2 ml syringe containing PBS was used 
to wash out the bone marrow on a slide and then 
smeared and left to dry. The slides were then fixed in 
absolute methanol and then stained for 15 min using 
10 % Giemsa and at least 2000 cells per rat were 
scored at × 100 for MN in polychromatic erythrocytes 
(MNPCE). 

 

Determination of Superoxide dismutase 
activity 

Superoxide Dismutase activity was 
determined by its ability to inhibit the auto-oxidation of 
epinephrine determined by the increase in 
absorbance at 480nm as described by Sun and Zigma 
[33]. The reaction mixture (3 ml) contained 2.95 ml 
0.05 M sodium carbonate buffer pH 10.2, 0.02 ml of 
the blood sample and 0.03 ml of epinephrine in 0.005 
N HCl was used to initiate the reaction. The reference 
cuvette contained 2.95 ml buffer, 0.03 ml of substrate 
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(epinephrine) and 0.02 ml of water. Enzyme activity 
was calculated by measuring the change in 
absorbance at 480 nm for 5 min.  

 

Determination of Catalase activity 

Serum catalase activity was determined 
according to the method of Beers and Sizer as 
described by Usoh et al. [35] by measuring the 
decrease in absorbance at 240 nm due to the 
decomposition of H2O2 in a UV recording 
spectrophotometer. The reaction mixture (3 ml) 
contained 0.1 ml of serum in phosphate buffer (50 
mM, pH 7.0) and 2.9 ml of 30 mM H2O2 in phosphate 
buffer of pH 7.0. The specific activity of catalase was 
expressed as moles of H2O2 reduced per minute per 
mg protein. 

 

Determination of Reduced glutathione  

The reduced glutathione (GSH) content was 
estimated according to the method described by 
Sedlak and Lindsay [36]. To the homogenate 10% 
TCA was added and centrifuged. 1.0 ml of the 
supernatant was treated with 0.5ml of Ellman's 
reagent (19.8mg of 5,5-dithiobisnitro benzoic acid 
(DTNB) in 100ml of 0.1% sodium nitrate) and 3.0 ml of 
phosphate buffer (0.2M, pH 8.0). The absorbance was 
read at 412 nm. 

 

Determination of Malondialdehyde activity 

Malondialdehyde (MDA), an index of lipid 
peroxidation was determined using the method of 
Buege and Aust [37]. 1.0 ml of the supernatant was 
added to 2 ml of (1:1:1 ratio) TCA-TBA-HCl reagent 
(thiobarbituric acid 0.37%, 0.24N HCl and 15% TCA) 
tricarboxylic acid- thiobarbituric acid-hydrochloric acid 
reagent boiled at 100

o
C for 15 min and allowed to 

cool. Flocculent materials were removed by 
centrifuging at 3000 rpm for 10 min. The supernatant 
was removed, and the absorbance read at 532 nm 
against a blank. MDA was calculated using the molar 
extinction coefficient for MDATBA- a complex of 1.56 
× 105 M-1CM-1. 

 

Determination of Glutathione-S-
transferase activity 

Glutathione –S- transferase activity was 
determined according to Habig et al. [38]. This is 
based on the fact that all known glutathione –S- 
transferase demonstrate a relatively high activity with 
1-Chloro-2, 4-dinitrobenzene (CDNB) as the second 
substrate. Consequently, the conventional assay for 
glutathione –S- transferase activity utilises 1-Chloro-2, 
4-dinitrobenzene as substrate. When this substrate is 
conjugated with reduced glutathione (GSH) its 
maximum absorption shifts to a longer wavelength. 

The absorption increases at the new wavelength of 
340 nm which provides a direct measurement of the 
enzymatic reaction. 

 

Gas chromatography-mass spectrometry 

GC-MS analysis of the methanol extract of  N. 
vogelii was performed using a Shimadzu GP-2010 
gas chromatograph equipped with Rtx-5MS (30m X 
0.25mm, 0.25μm) column. Helium was used as the 
carrier gas at a flow rate of 1ml/min. Using an injection 
volume of 1.0 μL. The sample was injected in a split 
mode of 10:1. Mass spectral scan range was set at 35 
- 550 (m/z). The injector temperature was kept at 
250

o
C, and ion source temperature was 200

o
C. The 

oven temperature was maintained at 40 oC, and the 
interface temperature was at 250°C. Relative quantity 
of the chemical compounds present in the extract was 
expressed as a percentage based on peak area 
produced in the chromatogram. 

 

Histopathological assessment 

Tissues fixed in 10% formol-saline were 
dehydrated in graded alcohol, embedded in paraffin, 
and cut into 4- to 5- μm-thick sections. The sections 
were stained with hematoxylin-eosin for 
photomicroscopic assessment using a Model N-
400ME photomicroscope (CEL-TECH Diagnostics, 
Hamburg, Germany). 

 

Statistical analysis 

Statistical analysis was done using One-way 
Analysis of Variance (ANOVA) followed by Tukey’s 
post-hoc multiple comparison tests using GraphPad 
Prism 6.0 (GraphPad Software, CA, USA). Results 
were considered significant at p < 0.05. 

 

 

Results 

 

Acute toxicity 

There was no mortality recorded on the 
administration of methanol stem bark extract of  N. 
vogelii up to 4000 mg/kg p.o. The LD50 is greater 
than 4 g/kg. 

 

Qualitative phytochemical analysis 

The methanol stem bark extract of  N. vogelii 
was found to contain flavonoids, phenols, saponins, 
tannins, phlorotannin and cardiac glycoside. 

Quantitative phytochemical screening of 
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methanol stem bark extract of N. vogelii. The Table 
below shows the phytochemical constituents of  N. 
vogelii quantitatively in mg/100 g (Table 1). 

Table 1: Quantitative phytochemical screening of methanol 
stem bark extract of  N. vogelii 

Constituents Quantity mg/100g 

Flavonoid 87.88 ± 0.32 
Phenol 24.88 ± 0.47 

Saponin 35.55 ± 0.19 
Tannin 13.01 ± 0.84 

 

 

Effect of N. vogelii on mean percentage 
micronuclei (%MNPCE) and polychromatic 
erythrocytes (%PCE) in cyclophospha-
mide-treated rats 

There was a significant (p < 0.0001) increase 
in percentage micronuclei at 5 mg/kg CPA alone (4.90 
± 0.11) compared to control (0.12 ± 0.04). Co-
administration of 200 mg/kg NV and 5 mg/kg CPA 
resulted in a significant (p < 0.0001) decrease (2.40 ± 
0.05) in percentage micronuclei compared to 5 mg/kg 
CPA alone (4.90 ± 0.11). 

There was also a significant (p < 0.0001) 
decrease in percentage micronuclei on co-treatment 
with 100 mg/kg NV and 5 mg/kg CPA (3.20 ± 0.02) 
compared to 5 mg/kg CPA alone (4.90 ± 0.11). 

A significant (p < 0.0001) decrease in 
percentage micronuclei at 200 mg/kg NV alone (0.66 
± 0.02) compared to 5 mg/kg CPA alone (4.90 ± 0.11) 
was also observed (Table 2). 

Table 2: Effect of  N. vogelii on mean percentage micronuclei 
and polychromatic erythrocytes in cyclophosphamide-treated 
rats 

 % MNPCE       Mean MNPCE % PCE 
CONTROL 0.12 ± 0.04 1.20 ± 0.37 100.00 ± 0.04 
5 mg/kg CPA 4.90 ± 0.11a 49.00 ± 1.10 95.00 ± 0.11a 
100 mg/kg NV + 5 

mg/kg CPA 
 

3.20 ± 0.02a, b 
 

32.00 ± 0.24 
 

97.00 ± 0.03a, b 
200 mg/kg NV + 5 

mg/kg CPA 
 

2.40 ± 0.05a, b 
 

24.00 ± 0.51 
 

98.00 ± 0.05a, b 
200 mg/kg NV 0.66 ± 0.02a, b 6.60 ± 0.24 99.00 ± 0.02a, b 
MNPCE; micronucleated polychromatic erythrocytes, PCE; polychromatic erythrocytes. 
Results are mean ± SEM. a p < 0.0001 vs control, b p < 0.0001 vs CPA. One Way ANOVA 
followed by Tukey’s post hoc multiple comparison tests. 

 

 

Effect of methanol stem bark extract of on  
N. vogelii on antioxidant parameters in 
cyclophosphamide-treated rats 

Treatment with 5 mg/kg CPA resulted in a 
significant reduction in GSH, SOD, CAT and GST with 
corresponding significant increases in MDA compared 
to control.  

Treatment with  N. vogelii at all doses resulted 
in significant increases in these antioxidant enzymes 
compared to 5 mg/kg CPA alone. There was 
significant reduction in MDA levels at 200 mg/kg NV 
alone compared with rats co-administered 100 mg/kg 

+ 5 mg/kg CPA and 200 mg/kg NV + 5 mg/kg CPA. 
(Fig. 1A-E). 

 

 

Figure 1: A) Effect of N. vogelii on plasma GSH level in 
cyclophosphamide-treated rats; B) Effect of N. vogelii on SOD level 
in cyclophosphamide-treated rats;C) Effect of N. vogelii on CAT 
level in cyclophosphamide-treated rats; D) Effect of N. vogelii on 
GST level in cyclophosphamide-treated rats; E: Effect of N. vogelii 
on MDA level in cyclophosphamide-treated rats. Results are mean 
± SEM. a p < 0.05, b p < 0.01 vs 200 mg/kg NV. One Way ANOVA 
followed by Tukey’s post hoc multiple comparison tests 

 

Histology 

Histological photomicrographs showed that 
the liver presented with steatosis around the portal 
tracts pointing to cytotoxic injury on co-administration 
of 200 mg/kg  N. vogelii and 5 mg/kg CPA with mild 
portal tract inflammation at 200 mg/kg NV alone. <Fig. 
2A-D>  

 

Figure 2: Photomicrographs of the liver extract and CPA treated 
rats.A – CONTROL: Normal appearing hepatocytes are radiating 
from the central veins (CV) to the portal tracts (PT). No 
abnormalities were seen; B - 100 mg/kg NV + 5 mg/kg CPA: Normal 
appearing hepatocytes radiating from the central veins (CV) to the 
portal tracts. No abnormalities were seen; C - 200 mg/kg NV + 5 
mg/kg CPA: Abnormal appearing fat containing hepatocytes (F: 
fatty change, steatosis) disposed around the portal tracts pointing to 
cytotoxic injury. D - 200 mg/kg NV: Normal appearing hepatocytes 
radiating from the central veins (CV) to the portal tracts with mild 
portal tract (PT) inflammation 
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The kidney and heart showed no 
abnormalities (Fig not shown). 

 

Compounds identified in stem bark extract 
of N. vogelii by GC-MS 

GC-MS chromatogram of methanol stem bark 
extract of  N. vogelii along with their retention time 
(RT) and peak area is shown in (Fig. 3 and Table 3). 

Table 3: Compounds identified in stem bark extract of  N. 
vogelii by GC-MS 

No Retention time Name of compound Peak area % 

1 26.37 Tridecanoic acid 0.38 
2 28.98 Pentadecanoic acid 0.97 
3 30.00 n-Hexadecanoic acid 29.81 
4 31.66 9,12-Octadecadienoic acid 0.23 
5 31.75 9-Octadecenoic acid 2.64 
6 31.85 7-Hexadecenoic acid 0.41 
7 31.97 Phytol 0.34 
8 32.14 Methyl stearate 0.67 
9 32.85 Oleic acid 48.57 

10 33.06 Octadecanoic acid 14.66 
11 34.38 Cis-10-Nonadecenoic acid 1.33 

 

Eleven compounds were identified and are as 
follows; the diterpene alcohol; phytol (0.34%) and 
unsaturated fatty acids; 9 – Octadecenoic (2.64%), 9, 
12 – Octadecadienoic (0.23%), Tridecanoic (0.38%), 
Pentadecanoic (0.97%), n- Hexadecanoic (29.81%), 
7- Hexadecenoic (0.41%), Oleic (48.57%), 
Octadecanoic (14.66%) and cis–10–Nonadecenoic 
acids (1.33%) including methyl stearate (0.67%). 

 

Figure 3: GC-MS chromatogram of the methanol stem bark extract 
of N. vogelii 

 

 

Discussion 

 

Chemoprotective agents in everyday life have 
been documented as effective in preventing the 
increase of cancer frequency in human populations 
[39]. Experimental evidence suggests that free 

radicals and reactive oxygen species can be involved 
in a high number of diseases, including diabetes, 
hypertension, cancers, stroke [40], and many dietary 
antioxidants have been shown to be potentially 
beneficial agents by reducing oxidative stress involved 
in the development of different chronic diseases, 
including cancer [41]. 

The present study was conducted to evaluate 
the in-vivo antioxidant activity of methanol stem bark 
extract of N. vogelii in cyclophosphamide (CPA) 
induced genotoxicity in rats. There was no mortality 
recorded on oral administration of N. vogelii up to 4 
g/kg in mice. This showed that the oral LD50 is 
greater than 4 g /kg and the extract is safe on acute 
exposure.  

For the antioxidant enzymes assay, 
administration of the extract to CPA-treated rats 
significantly altered the level of blood antioxidant 
enzymes. Treatment with 5 mg/kg CPA significantly 
decreased the levels of reduced glutathione, catalase, 
and superoxide dismutase with a corresponding 
increase in the level of malondialdehyde compared to 
the control. Several studies indicate that CPA has a 
pro-oxidant character and generation of oxidative 
stress after administration leads to decrease in the 
activities of antioxidant enzymes and increase in lipid 
peroxidation in liver, lungs and serum of treated 
animals [42-44]. Treatment with the methanol stem 
bark extract of N. vogelii at different doses 
significantly increased the levels of these antioxidant 
enzymes and correspondingly decreased the level of 
MDA compared to animals treated 5 mg/kg CPA only. 
The antioxidant activities of putative antioxidants have 
been attributed to various mechanisms, such as the 
prevention of chain initiation, transition metal ion 
catalyst binding, peroxides decomposition, prevention 
of continued proton abstraction, and radical 
scavenging [45].  

The increased level of these antioxidant 
enzymes demonstrates the free radical scavenging 
activity of the extract and thus could be beneficial in 
conditions requiring CPA therapy [46]. Phytochemical 
screening showed that the extract contains some 
pharmacologically active substances such as 
flavonoids, tannins, saponins, phenolic compounds, 
phlorotannin and cardiac glycoside. Phenolic acids 
and flavonoids have been the object of a great 
number of studies for their anti-oxidative activity which 
is mainly because of their capacity to act as free 
radical scavengers and/or metal chelators [47, 48]. 
Both compounds have attracted considerable interest 
in the past few years due to their many potential 
health benefits. As polyphenols, phenolic acids and 
flavonoids are powerful antioxidants and have been 
reported to demonstrate antibacterial, antiviral, 
anticarcinogenic, anti-inflammatory and vasodilatory 
actions [49, 50]. Saponin also decreases blood lipids, 
lower cancer risks as well as possess antioxidant 
activity [51].  
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A positive result from the in vitro micronucleus 
test indicates that the test substance induces 
chromosome damage or damage to the cell division 
apparatus [52, 53]. In this study, cyclophosphamide 
resulted in significant increase in micronucleated 
polychromatic erythrocytes. Curtis et al. [14] have 
shown that micronucleus formation may be due to free 
radical generation from an agent leading to lipid 
peroxidation of membrane causing the breakages of 
the deoxyribonucleic acid (DNA) and covalent binding 
between the product of lipid peroxidation and DNA.  
Treatment with the extract significantly reduced the 
percentage of micronucleated polychromatic 
erythrocytes which can be correlated with the 
significantly increased level of GSH, CAT and SOD in 
CPA-treated rats with the highest antioxidant and 
hence anti-genotoxic effect observed in animals co-
administered 200 mg/kg of the extract and 5 mg/kg 
CPA. This suggests that the extract can combat the 
genotoxic effect of CPA by enhancing the antioxidant 
system. The presence of phytoconstituents like 
flavonoids, tannins and saponins in the extract may be 
responsible for the significant antioxidant effects 
which may be the mechanism of antigenotoxicity 
elicited by the extract. Anti-genotoxic activity may be 
ascribed to flavonoids [54] and tannins [55, 56].  

GCMS analysis of the extract showed the 
presence of the diterpene alcohol; phytol and 
unsaturated fatty acids such as; 9 – Octadecenoic, 9, 
12 – Octadecadienoic, Tridecanoic, Pentadecanoic, n- 
Hexadecanoic, 7- Hexadecenoic, Oleic, Octadecanoic 
and cis – 10 – Nonadecenoic acids including methyl 
stearate. Presence of these metabolites in the extract 
may contribute to its antigenotoxic activity due to the 
cytotoxic nature of phytol and the fatty acids present. 
Lee et al. [57] had reported the antigenotoxic and 
anticancer activities of phytol. 9, 12-octadecadienoic 
acid has been documented to possess cancer 
preventive effects [58] possibly via an antigenotoxic 
mechanism as depicted by this study. n-
Hexadecanoic acid has antioxidant [59, 60] and anti-
tumour activity against human leukemic cells and 
murine cells [61, 62] and octadecanoic acid had been 
documented to possess significant cytotoxicity [63]. 
Parthipan et al. [64] have described the antitumor 
effects of oleic acid also possibly mediated via an 
antigenotoxic mechanism according to our study. 

Histological presentation of the kidney, liver 
and heart tissues showed normal architecture in 
control and treated rats. There was fatty infiltration of 
hepatocytes; fats being disposed around the portal 
tracts which portend cytotoxic injury in animals co-
administered 200 mg/kg  N. vogelii and 5 mg/kg CPA. 
This may be as a result of the toxic effect of CPA as 
certain drugs and toxins commonly show forms of 
steatosis [65]. 

 In conclusion, the methanol stem bark extract 
of N. vogelii possesses antigenotoxic and antioxidant 
activity which may be associated with the presence of 

flavonoids, phytol, oleic acid and other unsaturated 
fatty acids.  
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Abstract  

BACKGROUND: Infections caused by Hepatitis B are one of the world health’s most serious problems. According 
to assessments, nearly 500,000 to 1.2 million people die each year due to chronic hepatitis, cirrhosis of the liver 
and hepatocellular carcinoma. Hepatitis B is one of the diseases which can be transferred through blood and its 
products. Clinical importance of genotypes of hepatitis B virus and their relations with mutations are well known. 

AIM: Since epidemiological data resulting from determining genotypes and sub-genotypes of hepatitis B can help 
a lot in defining a vaccination plan, antiretroviral therapy, detection and prevention of diseases, genotypes of this 
virus in hepatitis B patients were evaluated in West Azarbaijan province. 

MATERIALS AND METHODS: In this cross-sectional study, serum samples of 100 hepatitis B patients (70 
male/30 female)  were taken randomly from Urmia University of Medical Sciences (UMSU) referrals, Urmia, Iran; 
and were tested positive for the presence of surface antigens of hepatitis B virus (HBsAg) using ELISA method. In 
the first method, after extracting the DNA of the virus, sequencing of S genes was carried out using Sanger 
method, and the sequences were aligned and edited using Bioedit software. In the next step, phylogenic analysis 
of the sequences was done in comparison with the reference sequences which were extracted from a gene bank, 
utilising Neighbour-joining assay method with CLUSTRAL W software. To ensure genotyping accuracy, the 
samples were tested once more, using Nested PCR method.  

RESULTS: The results were consistent with the sequence method and the dominant genotype in patients 
suffering hepatitis was type D. In other words, Iranian’s HBV genotypic types are homogeneous and in close 
coordination with each other.  

CONCLUSIONS: The results reveal that D genotype is the main genotype of HBV in West Azarbayjan province, 
northwest Iran. Presence of this genotype was in conformity conformed withto the low rate of acute liver diseases 
caused by hepatitis B chronic infection, cirrhosis of the liver and hepatocellular carcinoma. 

 

 

 

 

 

Introduction 

 

Hepatitis B is one of the global health 
problems. According to the statistics of world World 
health Health organizationOrganization, it’s it is the 
third most prevailing infectious and contagious 
disease after Tuberculosis and Malaria and is the fifth 
cause of death from infectious disease in the world. 
There are 2 billion people infected with hepatitis B and 
more than 350 million people (5% of total population 

of the world) are reported to be chronic carriers of 
hepatitis B [1]. 

There are four million new clinical hepatitis B 
patients each year and one million of hepatitis B 
carriers die from active chronic hepatitis and cirrhosis 
of liver annually. Hepatitis B virus (HBV) is one the 
causes of acute and chronic hepatitis and liver cancer 
in Asia and especially in China, Taiwan, Africa and 
South America [2]. Hepatitis B genome is a double-
stranded DNA which is not completely circular and 
has has 3200 base pairs. Hepatitis B genome have 
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four open reading frames called S, C, P and X. Using 
advanced evolutionary analysis and based on HBV 
similarity of similarity HBV between full genome of 
virus, 8 genotypes are identified which are based on 
more than 8% complete A-H genome sequence 
variation [3]. 

DNA of the virus consists of 4 groups of genes: S 
gene (surface shield of antigen or s protein codes 
HBsAg), C gene (Hepatitis B Nucleocapsid proteins, 
viral capsid or nuclear antigen or HbcAg and codes e 
antigen), P gene (DNA polymerase) and X gene 
(which codes transactivating protein) which increases 
hepatitis B virus duplication. P gene covers almost 
180 percent of genome of virus, fully covers S gene 
and a part of it overlaps with C and X genes. In 
addition, pre-core and core promotore shares are a 
significant area of genome sequence with X gene [3, 
4]. 

Studies show that clinical outbreak, prognosis 
and response to treatment of the disease depends on 
genotype of virus. Hepatitis B genotype has a certain 
type of geographical distribution. In North America, 
Northern Europe, India and Africa, A genotype, in 
Asia, B and C genotypes, in Middle East, 
Mediterranean area and India, D genotype, in west 
and south Africa, E genotype, in Southern and central 
America, F genotype and in America and Europe, G 
and H genotype are dominant [5-8]. 

All genotypes of HBV will cause liver disease, 
but their clinical signs are different. C genotype is 
prevalent in cirrhotic patients. A genotype often lead 
to chronicity of illness and D genotype is typically 
observed in patients who are intravenous drug users. 
But some researches demonstrate that B genotype 
was more frequently observed in Taiwan youngsters 
who didn’t have cirrhosis of liver rather than D 
genotype. D genotype was also less connected to 
acute liver diseases and cancer compared to A 
genotype [5, 9]. 

Studies conducted on a limited number of 
patients show that chronicity ratio in individuals with A 
and D genotypes is higher than B and C genotypes. 
The ratio of development of persistent HBV infection 
after severing hepatitis B infection is higher in A 
patients rather than B and C genotype patients. They 
also reported a higher chronicity after HBV infection in 
D genotype patients [10]. 

The only host to HBV is a human being, and 
chronic carriers are the only source of virus in nature. 
It is estimated that more than 35% of Iranians had 
contact with HBV and 3% are chronic carriers which 
1.7% of them are in Fars province and more than 5% 
are in Sistan-Va-Balouchestan province. In a study 
carried out on 250,000 of healthy volunteers of blood 
donation, 3.6% of men and 1.6% of women were 
carriers of HBsAg [11, 12].   

Anti-HBV antibody was identified in 37% of 
this population. Thus, it seems that 8% of Iranians 

which are suffering hepatitis B will be chronic carriers. 
Studies conducted in the last decade demonstrate 
that in patients with cirrhosis of the liver, 70% to 84% 
have evidence of contacting HBV and 51% to 56% are 
vectors. Also, in Iranian patients with hepatocellular 
carcinoma, HBsAg was positive in 72% of virus 
encounters, and carriage rate is reported to be 46% 
[2, 11, 12].  

Since epidemiologic data resulting from 
determining genotypes and sub-genotypes of hepatitis 
B virus help a lot in defining a vaccination program, 
antiretroviral therapy, diagnosing and prevention of 
the disease, this research was conducted to study 
hepatitis B virus genotypes in West Azarbaijan, 
northwest Iran; province which was not studied 
previously. 

 

 

Material and Methods 

 

Cross sectional study were carried out on 100 
patients (70 male/30 female) in 2014-2015 year. 
hepatitis B patients were chosen randomly from 
UMSU hospitals. Five milliliters of blood were 
collected from each patient. After 15 minutes 
incubation at room temperature samples were 
centrifuged at 1000 g. Serum were separated and 
kept at -40 degree centigrade until the experiments 
were preformed. Sample wereSamples were assayed 
for presence of HBsAg by using the ELISA method 
(PishTaz Teb, Tehran, Iran). 

In order to determine  hepatitis B 
genotypeing, positive 100 serum samples which are 
positive in the ELISA method, DNA purification carried 
out by using Nucleic acid extract kit(QIA amp DNA 
miniKit, Germany) which was based on affinity 
chromatography utilizing silica columns, and DNA 
extracted samples divided in two parts.   

 

HBV genotyping by sequencing 

The first part of the extracted DNA from 
hepatitis B virus was sent to South Korea with the aid 
of Iran Pasteur Institute. Sequencing of S genes were 
carried out using Sanger method, and the sequences 
were aligned and edited using Bioedit software. In the 
next step, phylogenic analysis of the sequences were 
done in comparison with the reference sequences 
which were extracted from a gene bank, utilizing 
Neighbor joining assay method with CLUSTRAL W 
software.   

 

NESTED PCR method 

Also nested Nested PCR method was carried 
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out by hepatitis B virus kit (Genekam Biotechnology 
AG, Germany) by second part of extracted DNA, 
extracted materials as described before.  

Primers were used a are shown in table 1, 
[13]. Electrophoresis were carried out by PCR 
products in 60 volts in TAE buffer (2 M Tris-Acetate, 
0.05 M EDTA-K2) and 2% agarose gel containing 
syber Syber green dye. DNA bands in compare with 
molecular size marker with maximum 500 bp in visible 
zero UV rays to the gel.   

Table 1: Designed primers for identification of hepatitis B 

genes using nested PCR method 

Sequence a (position, specificity, and polarity) Primer 

 PCR  first 
5’-TCA CCA TAT TCT TGG GAA CAA GA-3’ (nt 2823-2845, 

universal, sense) 
5’-CGA ACC ACT GAA CAA ATG GC-3’ (nt 685-704, universal, 

antisense) 

P1b 
S1-2 

 PCR 2nd 
Mix A 

5’-GGC TCM AGT TCM GGA ACA GT-3’ (nt 67-86 types A to E 
specific, sense) 

5’-CTC GCG GAG ATT GAC GAG ATG T-3’ (nt 113-134, type A 
specific, antisense) 

5’-CAG CCT AGG AAT CCT GAT GTT G-3’ (nt 165-186, type C 
specific, antisense) 

B2 
BA1R 
BC1R 

 
5’-GCC AAC AAG GTA GGA GCT-3’ (not 2979-2996, type D 

specific, sense) 
5’-CAC CAG AAA TCC AGA TTG GGA CCA –3’ (nt 2955-2978, 

type E specific, sense) 
5’-GYT ACG GTC CAG GGT TAC CA-3’ (nt 3032-3051, type F 

specific, sense) 
5’-GGA GGC GGA TYT GCT GGC AA-3’ (nt 3078-3097, types D 

to F specific, antisense) 

Mix B 
BD1 
BE1 
BF1 
B2R 

 

 

Results 

 

After genotyping HBV with S gene sequence 
utilizing Sanger sequencing method, all samples 
shows hepatitis B virus D genotypes. 

Also carrying out Nested PCR by nested 
method genotyping and compare with DNA molecular 
size with maximum of 500 bp in agarose gel all 
samples were revealed in 119 bp witch which is the 
sign of type D genotype.  

There are no other genotypes were observed 
in our experiments, figure Figure 1. 

 

Figure 1: According to the marker, all bands belong to 119 bp and 
identified D genotype which for type A in 68 bp, for type B in 281 
bp, for type C in 122 bp, for type E in 167 bp and for type F in 97 bp 
no bands were visible 

Discussion 

 

Hepatitis B chronic infection is a widespread 
disease which infected more than 5% of the world’s 
population and is one of the biggest health problems 
of Iran and the world. The prevalence of hepatitis B is 
endemic in the world. 90% of the world’s population 
are living in areas with high prevalence of 8% of 
positive HBsAg or with medium prevalence of 82-28% 
of HBsAg [11]. Iran is located in the middle eastMiddle 
East and according to Center for Disease Control, 
havehas medium prevalence of the infection. 
Prevalence of positive HBsAg in 1357 1982 in Iran 
was reported to be 2.5%-7.2% [12, 14]. Even though 
hepatitis B has low prevalence in Bahrain and Kuwait, 
medium in Iran, USA and United Arab Emirates and 
high in Oman, Palestine, Yemen and Sweden, 
positive HBsAg prevalence in ordinary people was 
reportedly 1.7% and in blood donors was reported to 
be 0.5% [12, 15, 16]. 

This study was first carried out in West 
Azarbayjan province, north west Iran; in order to 
determine hepatitis B genotypes among hepatitis B 
patients utilizing sequencing method and Nested PCR 
method on polymerase gene of hepatitis B virus. In 
this method, blood samples of one hundred patients 
which were randomly chosen and tested positive for 
the presence of surface antigens of Hepatitis hepatitis 
B virus (HBsAg) using ELISA method and HBV with 
PCR method, were taken and the experiment were 
carried out on these samples. 

Studies show that there is a meaningful 
relation between HBV genotypes with illness severity, 
Cirrhosis cirrhosis of the liver and Hepatocellular 
hepatocellular carcinoma and response to treatment 
[17]. Recent data suggests that patients with C 
genotype would probably have a greater chance of 
being subject to severe liver diseases while those who 
have B genotypes have a greater chance of 
hepatocellular carcinoma [18, 19]. According to the 
latest studies, 8%-20% of individuals with hepatitis B 
are its carriers and prevalence of hepatitis B in Middle 
East and Iran is reported to be 2%-7% [12, 20] 

One of the discussions made in hepatitis B 
researches, is the geographical distribution of this 
virus which has different patterns in different regions 
of the world. D genotype is dominant in Middle East 
and Mediterranean countries which are confirmed 
through multiple studies [21]. 

In a research carried out by Eftekhari et al., in 
2010 on positive HbsAg patients, GAP-PCR method 
was utilized in order to determine the genotype. 
Results showed that in 60% of the individuals, HBc-Ab 
antibody was tested positive and the dominant 
genotype in these patients was type D [22]. 

In a similar study by Goodarzi et al. in 2007 
[23] which was conducted to determine the genotype 
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of HBV in Iran, S and C genes of the virus were 
studied using sequencing and phylogenic analysis 
method in preS area. The results of their investigation 
demonstrated that in HCC patients all extracted 
genotypes were typed D. Albeit in positive HBsAg 
patients, utilising reverse hybridisation method 
demonstrated that in 86% of chronic hepatitis patients, 
10% of Cirrhosis patients and 2.7% of carriers, the 
only identified genotype is type D [24]. 

In researches done in different areas of Iran, 
the dominant genotype is D genotype, but some 
studies reported B and C genotypes [11]. The 
research was conducted by Karimi et al. in 2013 [25] 
on serums of 116 patients with the positive surface 
antigen of HBV. The results showed that 19.8% were 
positive concerning hepatitis B nucleic acid and the 
dominant genotype in these individuals was D 
genotype in 73.9% of the cases. 26.1% of patients 
were found to have C genotype. 

In a similar study in India, A and D genotypes 
were dominant. According to this study, D, A and C 
genotypes were observed in 57.3%, 18% and 11.5% 
of patients with chronic HBV infection respectively, 
respectively. D genotype was more prevalent in 
chronic liver patients in New Delhi [24-26]. In north 
east areas genotype C is dominant in high risk 
individuals and is more connected with liver disease 
progression [25-27]. Other researches of the same 
kind performed in middle easternMiddle Eastern 
countries like Saudi Arabia, lead to similar results 
which shows D genotype in more than 80% of 
hepatitis B (HBV) patients [2628]. 

In other areas such as Mediterranean area, 
Middle East and South Eastern Asia, D genotype is 
prevalent and similar results in Turkey demonstrated 
that all 44 patients which were tested, had D 
genotypes [2729]. 

In this study, D genotype was found to be 
dominant in infected patients. In other words, HBV 
genotypic types are in close connection with each 
other and are homogeneous and there is no 
connection between the genotype of virus and the 
investigated population (epidemiologically). This fully 
complies with the results previously obtained in Iran, 
Middle East, Afghanistan, Central Asia, Turkey, Egypt, 
New Delhi and British Colombia [2830]. 

Despite all the investigations carried out in 
Iran, data on HBV genotypes are very limited because 
of the fact that in some cases, differences in 
genotypes can be found within a country and thus the 
necessity of regional studies in order to determine 
HBV genotypes in West Azarbayjan province is 
justified [2931]. 

The results of this study demonstrate that the 
dominant genotype in West Azarbayjan is similar to 
other regions of Iran. D genotype is the dominant 
genotype in Iran and other Middle Eastern countries. 
In a research conducted by Alavian et al., the only 

genotype found in HBV patients in Iran was type D [9]. 
Utilizing different methods in the studies lead to 
similar results. Therefore it can be conducted that the 
dominant genotype in Iran was type D. Analogous 
results despite different methods utilized, are an 
evidence of gene dominancy [3032]. 

In a study performed by Yalchin et al., liver 
enzymes level were investigated and were found to be 
normal. In this research, ALT and AST liver enzymes 
were measured and were found to be normal. It 
seems like enzyme variation doesn’t have a 
meaningful connection with HBV virus and does not 
change significantly [2729] and was in conformity with 
the present research. 

 In conclusion, the results show that D 
genotype is the main genotype of HBV in West 
Azarbayjan province. This study opens the door to 
perform further studies such as understanding the 
effects of antiviral drugs on HBV infected patients. 
Researches on subgenotypes of HBV and its 
serotypes can be conducted, and the original and 
effective anti-viral drugs may be used to treat infected 
patients.  

These results can be utilised in the 
immunological and genetic diagnosis of HBV to make 
hepatitis B diagnostic kits and quality control panels 
for evaluation of diagnostic methods of the virus. 
Genotyping can be done in bigger cities of West 
Azarbayjan and may be compared to the present 
results.  
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Abstract  

BACKGROUND: Renal dysfunction is very common in patients with advanced liver cirrhosis and portal 
hypertension. The development of renal failure in the absence of clinical, anatomical or pathological causes renal 
of failure is termed hepatorenal syndrome (HRS). 

AIM: The present study was constructed to investigate the possible protective effects of nebivolol (Nebi) against 
D-galactosamine (Gal)-induced HRS in rats. 

MATERIAL AND METHODS: Rats were treated with Nebi for ten successive days. On the 8th day of the 
experiment, they received a single dose of Gal. Serum levels of Cr, BUN, Na+ and K+ as well as AST, ALT, total 
bilirubin (TB), NH3 and endothelin-1 (ET-1) were determined following Gal administration. Moreover, renal and 
liver contents of MDA, GSH, F2-isoprostanes (F2-IPs), tumor necrosis factor-alpha (TNF-α), nuclear factor kappa-
B (NF-кB), total nitric oxide (NO), in addition to activities of caspase-3 (Cas-3), heme oxygenase-1 (HO-1), 
inducible and endothelial NO synthase (iNOS and eNOS) enzymes were also assessed. Finally, histopathological 
examination was performed. 

RESULTS: Nebi attenuated Gal-induced renal and hepatic dysfunction. It also decreased the Gal-induced 
oxidative stress and inflammatory recruitment. 

CONCLUSION: Results demonstrated both nephroprotective and hepatoprotective effects of Nebi against HRS 
and suggested a role of its antioxidant, anti-inflammatory, anti-apoptotic and NO-releasing properties. 

 

 

 

 

Introduction 

 

Renal failure occurs in 40-80% of patients 
with end-stage liver disease and is associated with an 
unfavourable prognosis. The development of renal 
failure in the absence of clinical, anatomical, or 
pathological causes of renal failure is termed the HRS 
[1]. 

Typical features of HRS include oliguria, 
hyponatremia, azotemia and hyponatremia. Although 
the pathophysiological mechanism underlying HRS is 
still incompletely understood, marked renal 

vasoconstriction in the presence of splanchnic and 
systemic vasodilation may play an important role, and 
may thus reduce the renal arterial blood flow and the 
glomerular filtration rate, resulting in renal impairment 
[2-4]. One of the hallmarks of HRS is that there are 
relatively few histological changes in the kidneys, and 
that renal failure is secondary to haemodynamic and 
functional changes in the kidney. So far, no effective 
strategies are available for the treatment or prevention 
of HRS. Instead, patients are usually managed by 
maintaining their adequate hemodynamic status and 
intravascular volume. A better understanding of the 
pathophysiological mechanism underlying the 
transition from liver damage to renal failure helps to 
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guide its treatment [2, 4, 5]. 

Galactosamine is a potent hepatotoxic 
substance, which can cause hepatocyte death both by 
necrosis and apoptosis secondary to inhibition of 
hepatic RNA synthesis [6]. Studies also found that 
animals rapidly developed functional acute renal 
failure in addition to acute damage and liver failure, 
following intoxication with Gal [7]. Following a single 
injection of high dose Gal, rats develop acute liver 
failure with development of a hyperdynamic 
circulation. It was reported that Gal- induced liver 
injury is associated with the development of renal 
failure [8]. 

Many factors may contribute to Gal-induced 
HRS. Patients who develop HRS, particularly in the 
context of acute liver failure or alcoholic hepatitis, 
have increased circulating concentrations of the 
potent vasoconstrictor peptide endothelin-1 (ET-1) [9]. 

Additionally, NO is elevated in patients with 
cirrhosis; the imbalance between it and 
vasoconstrictors such as ET-1 in the renal 
microcirculation has been proposed to be responsible 
for the deterioration of kidney function in these 
patients. Moreover, a progressive rise in levels of NO 
had been proposed during progressive renal 
dysfunction in cirrhosis [10]. NO produced by iNOS is 
reported to have aggravated liver and kidney injury, 
while eNOS expression preserved physiological 
functions [11]. 

Moreover, oxidative stress is markedly 
elevated in chronic liver disease and has gain 
attention as a potentially important factor in altered 
hemodynamics and renal dysfunction in cirrhosis. It 
induces renal vasoconstriction not only by quenching 
NO, but also by increasing production of F2-IPs (F2-
isoprostanes; formed as a result of free radical-
mediated non-enzymatic peroxidation of membrane-
bound arachidonic acid which can be used to evaluate 
local or systemic lipid peroxidation in vivo) and ET-1 in 
addition to damaging DNA and provoking apoptosis 
[12]. Markedly increased levels of both factors in 
patients with HRS in conjunction with increased 
systemic oxidative stress in cirrhosis raises the 
possibility of a pathogenetic role of oxidative stress in 
HRS [13]. Excessive oxidative stress has been 
suggested as a reason for HO-1 up-regulation, and 
this enzyme is known to play a role in the 
inflammatory process and oxidative tissue damage in 
Gal-induced acute liver injury. On the other hand, 
previous studies denoted that decreased renal HO-1 
expression plays an important role in the 
pathogenesis of experimental HRS [14]. 

It has been well recognized that an 
unregulated inflammatory response is a key 
mechanism of Gal-induced acute hepatotoxicity. TNF-
α is a pro-inflammatory cytokine secreted by liver 
kupffer cells as an inflammatory response [15]. It 
modulates the necrotic, apoptotic and inflammatory 
pathways in Gal-induced hepatotoxicity by activating 

transcription factors as NF-кB. In respect of apoptosis, 
TNF-α combines with TNF-α receptor on the 
hepatocyte membrane activates caspase-3 and 
eventually induces apoptosis at an early stage 
through a series of signal transmission [16]. It has 
been reported that the transcription factor NFкB plays 
an important role in the induction of iNOS because an 
NFкB binding site has been identified in the promoter 
region of the iNOS gene. Inducible NOS-induced NO 
production is believed to play an important role in 
hepatocellular injury following endotoxemia and TNF-
α stimulation [17]. 

Portal hypertension is an almost unavoidable 
complication of cirrhosis and provides the driving force 
for most of its complications, such as oesophagal and 
gastric varices, variceal bleeding, ascites, 
spontaneous bacterial peritonitis, hepatorenal 
syndrome, as well as portal-systemic encephalopathy. 
For medical treatment of portal hypertension, beta-
blockers are used to decrease splanchnic inflow and 
may be combined with nitrates to reduce intrahepatic 
resistance [18]. 

Nebivolol is a third generation selective β1-
adrenergic receptor blocker with vasodilator properties 
mediated by a direct stimulatory effect on the eNOS-
L-arginine-NO pathway [19]. Treatment with Nebi has 
been shown to decrease renal fibrosis and glomerular 
injury as well as improving endothelial dysfunction. 
These effects have been attributed to vasodilatation, 
reduction in oxidative stress in addition to the 
enhancement of NO bioavailability [20]. Nebi may 
have beneficial effects on portal pressure, by 
decreasing splanchnic blood flow and decreasing 
intrahepatic resistance. Indeed, Nebi has been shown 
to be effective in a small case series of portal 
hypertensive patients with and without ascites [21]. 

Taken into consideration, these 
pharmacological properties of Nebi, with its 
renoprotective and hepatoprotective effects, could be 
of potential interest to patients with HRS. For that, the 
present study was performed to investigate the 
possible protective effects of Nebi against Gal-
induced HRS in rats. 

  

 

Material and Methods 

 

Animals 

Adult male Sprague Dawley rats, weighing 
250-300 gram, were used in the present study. 
Standard food pellets and tap water were supplied ad 
libitum. Rats were kept under controlled conditions, 
with a 12 h light/dark cycles, at an ambient 
temperature of 22 ± 2

o
C and a humidity of 65–70%. 

This study was carried out in strict accordance with 
the recommendations in the guide for the care and 
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use of laboratory animals of the National Institutes of 
Health. The study protocol was approved by the 
guidelines of the Research Ethical Committee of the 
Faculty of Pharmacy, Cairo University, Cairo, Egypt 
(Permit Number: PT 734). 

  

Drugs 

Nebi was obtained from Sigma-Aldrich (USA). 
It was available as a powder and used in the current 
study at two dose levels of 10 and 20 mg/kg/day, p.o. 
[22]. Nebi was freshly prepared at the beginning of 
each experiment by being suspended in distilled water 
and volumes were adjusted so that each rat received 
1 ml suspension/100 g body weight [23]. All other 
used chemicals were of the highest purity available. 

 

Experimental Design 

Hepatorenal syndrome was induced in rats 
using a single dose of Gal solution in sterile saline 
(1.1 g/kg, i.p.) [7]. Animals were randomly allocated 
into four groups; each group consisted of 12 rats. The 
first and second groups received saline and served as 
normal and control groups, respectively. Rats of all 
groups except the first received a single dose of Gal 
solution in sterile saline g/kg, i.p. on the 8th day of the 
experiment. Groups 3 & 4 received Nebi (10 & 20 
mg/kg/day, respectively, p.o.). Administration of Nebi 
was carried out for ten successive days. Animals were 
allowed free access to food and tap water during the 
experiment. 

  

Serum biochemical analysis 

Blood samples were withdrawn via the retro-
orbital plexus under ether anaesthesia from all rats on 
day 10, after two h of the last drug administration. 
Sera were separated for assessment of renal 
functions by measuring blood urea nitrogen (BUN), 
serum creatinine (SCr), potassium (K+) and sodium 
(Na+) levels, using specific commercial kits, (Stanbio, 
USA, catalogue No. 2050), (Quimica Clinica Aplicada 
S.A., Spain, catalogue No. 998891), (Quimica Clinica 
Aplicada S.A., Spain, catalogue No. 99111), and 
(Teco Diagnostics, USA, catalogue No. S600-50), 
respectively. Additionally, liver function tests were also 
assessed by measuring aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), total bilirubin 
(TB) in addition to ammonia (NH3) levels using 
specific commercial kits, (Quimica Clinica Aplicada 
S.A., Spain, catalogue No. 998720), (Quimica Clinica 
Aplicada S.A., Spain, catalogue No. 997610), 
(Quimica Clinica Aplicada S.A., Spain, catalogue No. 
992714) and (MyBioSource Co., Inc., California, USA, 
catalogue No. MBS841579), respectively. Moreover, 
endothelin-1 (ET-1) level was estimated to judge the 
severity of vasoconstriction, using specific commercial 
ELISA kit (Immuno Biological Laboratories Co., Ltd, 

Gunma, Japan, catalogue No. 27165). 

 

Renal and liver tissue biochemical and 
histopathological analysis 

Directly after collecting the blood samples, 
rats were sacrificed by cervical dislocation under ether 
anaesthesia, and both kidneys and liver tissues were 
isolated. The right kidneys and part of the liver tissues 
were rinsed in chilled 0.9 % NaCl (pH 7.4) then 
homogenised using a homogeniser (MPW- 120, Med 
instruments, Poland) to yield a 20% (w/v) tissue 
homogenate. The homogenates were used for 
estimation of kidney and liver contents of lipid 
peroxides in term of malondialdehyde (MDA) [24], 
reduced glutathione (GSH) [25], F2-isoprostanes (F2-
IPs) using commercial ELISA kit (OXIS Health 
Products Co., Inc., Portland, catalogue No. 21049), 
tumor necrosis factor-alpha (TNF-α) using commercial 
ELISA kit (RayBiotech Co., Norcross GA, USA, 
catalogue No. ELR-TNF-α-001c), nuclear factor 
kappa-B (NF-κB) using commercial reagent kit 
(Wuhan Eiaab Science Co., Wuhan, China, catalogue 
No. E1824r), nitric oxide (NO) measured as NO3-
/NO2- (nitrite and nitrate, stable metabolites of NO) 
using commercial reagent kit (Cayman chemical 
company, Germany, catalogue No. 780001). 
Moreover, kidney and liver activities of caspase-3 
(Cas-3), inducible nitric oxide synthase (iNOS), 
endothelial nitric oxide synthase (eNOS) as well as 
heme-oxygenase-1 (HO-1) enzymes were also 
assessed, using specific commercial ELISA kits, 
(Uscn Life Science Co., Wuhan, China, catalogue No. 
E90626Mu), (Bioassay Technology Laboratory Co., 
Shanghai, China, catalogue No. E0704ra), (Wuhan 
Eiaab Science Co., Wuhan, China, catalogue No. 
E0868r) and (Uscn Life Science Co., Wuhan, China, 
catalogue No. E90584ra), respectively. 

The left kidneys and the remaining parts of 
liver tissues from all groups were removed and fixed 
in 10% neutral buffered formal saline for at least 72 h. 
All the specimens were washed in tap water for half 
an hour and then dehydrated in ascending grades of 
alcohol, cleared in xylene and embedded in soft 
paraffin. Paraffin sections of 5 µm thick were stained 
with haematoxylin and eosin (H&E) [26], for 
histopathological examination. Images were captured 
and processed using Adobe Photoshop version 8.0. 

 

Statistical Analysis 

All the values are presented as means a ± 
standard error of the means (SEM). Comparisons 
between different groups were carried out using one-
way analysis of variance (ANOVA) followed by Tukey 
HSD test for multiple comparisons [27]. GraphPad 
Prism software, version 5 was used to carry out these 
statistical tests. The difference was considered 
significant when p ˂ 0.05. 
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Results 

 

Serum biochemical analysis 

Induction of HRS in rats by a single dose of 
Gal markedly increased SCr and BUN levels on day 
ten by 217% and 372%, respectively. A marked 
decrease in Na+ level by 10% and increase in K+ by 
54% level was also observed in Gal treated rats as 
compared with normal rats. Pretreatment of rats with 
Nebi (10 & 20 mg/kg) led to a significant reduction in 
SCr by 33% and 51% as well as BUN by 41% and 
64%, respectively, compared to Gal group. 
Pretreatment of rats with Nebi (10 and 20 mg/kg) led 
to a significant elevation in Na+ by 8% and 10%, 
respectively, and to a significant reduction in K+ by 
17% and 28%, respectively, compared to Gal group 
(Table 1). 

Table 1: Effects of Nebi on serum levels of creatinine, blood 
urea nitrogen, sodium and potassium 

Parameters 
 
 
Groups 

SCr 
(mg/dl) 

BUN (mg/dl) 
Na

+
 

(mEq/L) 
K

+
 

(mmol/L) 

Normal (Saline) 
0.64 

b 
± 0.04 16.71 

b 
± 0.57 137.86 

b 
± 0.34 3.81 

b 
± 0.09 

Control Gal (1.1 g/kg) 
2.03

a 
± 0.06 78.80 

a  
± 0.59 123.57 

a 
± 0.57 5.87 

a 
± 0.07 

Nebi (10 mg/kg) + Gal 
1.36 

a b 
± 0.02 46.57 

a b   
± 0.65 132.86 

a b 
± 0.34 4.90 

a b 
± 0.03 

Nebi (20 mg/kg) + Gal 
1.00 

a b 
± 0.03 28.29 

a b   
± 0.87 136.00 

a b 
± 0.31 4.20 

a b 
± 0.08 

Saline, rats treated with saline and considered as normal rats; Gal, rats treated with 
galactosamine and served as control; Nebi + Gal, rats treated with galactosamine and 
nebivolol; SCr, serum creatinine; BUN, blood urea nitrogen; Na+, serum sodium; K+, 
serum potassium. Data are presented as mean ± SE, n=12; a Significantly different from 
Saline; p ˂ 0.05; b Significantly different from Gal; p ˂ 0.05. 
 
 

Saline, rats treated with saline and considered 
as normal rats; Gal, rats treated with galactosamine 
and served as control; Nebi + Gal, rats treated with 
galactosamine and nebivolol; SCr, serum creatinine; 
BUN, blood urea nitrogen; Na+, serum sodium; K+, 
serum potassium. Induction of HRS in rats by a single 
dose of Gal markedly increased AST, ALT, NH3 and 
TB levels on day ten by 339%, 432%, 1493% and 
406%, respectively. Pretreatment of rats with Nebi (10 
& 20 mg/kg) notably declined levels of AST by 50% 
and 71%, ALT by 51% and 73%, NH3 by 68% and 
84% and TB by 45% and 62%, respectively, 
compared to Gal group (Table 2). 

Table 2: Effect of Nebi on serum levels of aspartate 
aminotransferase, alanine aminotransferase, ammonia and 
total bilirubin 

Parameters 

Groups 

AST 

(U/ml) 

ALT 

(U/ml) 

NH3 (µg/ml) TB 

(mg/dl) 

Normal (Saline) 23.00 
b 

± 0.62 22.86 
b 

± 0.55 0.58 
b 

± 0.01 0.35 
b 

± 0.01 

Control Gal (1.1 g/kg) 
100.86

a 
± 0.91 121.57

a  
± 0.95 9.24

a 
± 0.24 1.77

a 
± 0.04 

Nebi (10 mg/kg) + Gal 50.14 
a b 

± 0.51 59.43 
a b   

± 0.20 2.99 
a b 

± 0.07 0.97 
a b 

± 0.01 

Nebi (20 mg/kg) + Gal 28.86 
a b 

± 0.34 33.29 
a b   

± 1.13 1.52 
a b 

± 0.04 0.67 
a b 

± 0.01 

Saline, rats treated with saline and considered as normal rats; Gal, rats treated with 
galactosamine and served as control; Nebi + Gal, rats treated with galactosamine and 
nebivolol; AST, serum aspartate aminotransferase; ALT, alanine aminotransferase; NH3, 
serum ammonia; TB, total bilirubin. Data are presented as mean ± SE, n=12. A 
Significantly different from Saline; p ˂ 0.05. B Significantly different from Gal; p ˂ 0.05. 
 

 Induction of HRS in rats by a single dose of 
Gal markedly increased ET-1 levels on day ten by 
759%. Pretreatment of rats with Nebi (10 and 20 
mg/kg) resulted in a significant cutback in ET-1 levels 
by 57% and 73%, respectively, compared to Gal 
group (Table 3). 

Table 3: Effect of Nebi on serum levels of endothelin-1 

Parameters ET-1 (pg/ml) 

Groups  
Normal (Saline) 

10.34 
b 

± 0.33 
Control Gal (1.1 g/kg) 

88.87
a 

± 0.55 
Nebi (10 mg/kg) + Gal 

38.00 
a b 

± 0.82 
Nebi (20 mg/kg) + Gal 

24.29 
a b 

± 0.53 

Saline, rats treated with saline and considered as normal rats; Gal, rats treated with 
galactosamine and served as control; Nebi + Gal, rats treated with galactosamine and 
nebivolol; ET-1, serum endothelin-1. Data are presented as mean ± SE, n=12. A 
Significantly different from Saline; p ˂ 0.05. B Significantly different from Gal; p ˂ 0.05. 

  

 

Renal and liver tissue biochemical 
analysis 

Induction of HRS in rats using Gal obviously 
augmented the normal renal and hepatic MDA 
contents by 493% and 508%, respectively and 
diminished GSH contents by 76% and 78%, 
respectively. Pretreatment of rats with Nebi (10 and 
20 mg/kg) led to a significant dwindle in renal MDA 
contents by 59% and 76% and hepatic MDA contents 
by 57% and 72%, respectively, compared to Gal 
group (Fig. 1a). On the other hand, a recognisable 
rise in renal GSH contents by 71% and 123% and 
hepatic GSH contents by 87% and 136%, 
respectively, were seen as compared to Gal group 
(Fig. 1b). 

 

Figure 1: Effect of Nebi on Kidney and liver contents of MDA (left) 
and Kidney and liver contents of GSH (right). Saline, rats treated 
with saline and considered as normal rats; Gal, rats treated with 
galactosamine and served as control; Nebi + Gal, rats treated with 
galactosamine and nebivolol; MDA, malondialdehyde; GSH, 
reduced glutathione. Data are presented as mean ± SE, n=12. A 
Significantly different from Saline; p ˂ 0.05. b Significantly different 
from Gal; p ˂ 0.05 

  

Induction of HRS in rats using Gal strikingly 
increased the normal renal and hepatic F2-IPs 
contents by 403% and 666%, respectively and 
increased NF-кB contents by 329% and 799%, 
respectively. Pretreatment of rats with Nebi (10 and 
20 mg/kg) led to a significant decline in renal F2-IPs 
contents by 60% and 72% and hepatic F2-IPs 
contents by 42% and 63%, respectively, compared to 
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Gal group (Fig. 2a). Moreover, Pretreatment of rats 
with Nebi (10 and 20 mg/kg) led to a significant drop 
in renal NF-кB contents by 49% and 65% as well as 
hepatic NF-кB contents by 60% and 77%, 
respectively, compared to Gal group (Fig. 2b). 

 

Figure 2: Effect of Nebi on Kidney and liver contents of F2-IPs (left) 
and Kidney and liver contents of NF-кB (right). Saline, rats treated 
with saline and considered as normal rats; Gal, rats treated with 
galactosamine and served as control; Nebi + Gal, rats treated with 
galactosamine and nebivolol; F2-IPs, F2-isoprostanes; NF-кB, 
nuclear factor-кB. Data are presented as mean ± SE, n=12. A 
Significantly different from Saline; p ˂ 0.05. b Significantly different 
from Gal; p ˂ 0.05 

  

Induction of HRS in rats using Gal evidently 
amplified the normal renal and hepatic TNF-α content 
by 950% and 666%, respectively and augmented 
Cas-3 activity by 699% and 629%, respectively. 
Pretreatment of rats with Nebi (10 and 20 mg/kg) led 
to a significant reduction in renal TNF-α contents by 
57% and 73% and hepatic TNF-α contents by 60% 
and 76%, respectively, compared to Gal group (Fig. 
3a). Additionally, Nebi (10 & 20 mg/kg) achieved a 
marked fall in renal Cas-3 activity by 51% and 74% 
and hepatic Cas-3 activity by 57% and 76%, 
respectively, compared to Gal group (Fig. 3b). 

 

Figure 3: Effect of Nebi on (A) Kidney and liver contents of TNF-α 
and (B) Kidney and liver Cas-3 activity. Saline, rats treated with 
saline and considered as normal rats; Gal, rats treated with 
galactosamine and served as control; Nebi + Gal, rats treated with 
galactosamine and nebivolol; TNF-α, tumour necrosis factor-alpha; 
Cas-3, caspase-3. Data are presented as mean ± SE, n=12. a 
Significantly different from Saline; p ˂ 0.05. b Significantly different 
from Gal; p ˂ 0.05 

  

Induction of HRS in rats using Gal markedly 
intensified the normal renal and hepatic NOx contents 
by 533% and 563%, respectively and raised renal & 
hepatic iNOS activity by 592% and 311%, 

respectively. Pretreatment of rats with Nebi (10 and 
20 mg/kg) led to a significant decline in renal NOx 
contents by 58% and 76% and hepatic NOx contents 
by 60% and 78%, respectively, compared to Gal 
group (Fig. 4a). In the same line, pretreatment of rats 
with Nebi (10 and 20 mg/kg) led to a significant 
regression in renal iNOS activity by 63% and 77% and 
hepatic iNOS activity by 56% and 68%, respectively, 
compared to Gal group (Fig. 4b). 

 

Figure 4: Effect of Nebi on (A) Kidney and liver contents of NOx and 
(B) Kidney and liver iNOS activity. Saline, rats treated with saline 
and considered as normal rats; Gal, rats treated with galactosamine 
and served as control; Nebi + Gal, rats treated with galactosamine 
and nebivolol; NOx, nitrite and nitrate, stable metabolites of NO; 
iNOS, inducible nitric oxide synthase. Data are presented as mean 
± SE, n=12. a Significantly different from Saline; p ˂ 0.05. b 
Significantly different from Gal; p ˂ 0.05 

  

Induction of HRS in rats using Gal 
prominently decreased the normal renal HO-1 activity 
by 76% and increased hepatic HO-1 activity by 717%. 
On the other hand, normal renal eNOS activity 
decreased by 52% and normal hepatic eNOS activity 
increased by 903%. Pretreatment of rats with Nebi (10 
and 20 mg/kg) led to a significant surge in renal HO-1 
activity by 86% and 210% and renal eNOS activity by 
53% and 96%, respectively, compared to Gal group. 
On the contrary, pretreatment of rats with Nebi (10 
and 20 mg/kg) led to a significant reduction in hepatic 
HO-1 activity by 56% and 69% in addition to hepatic 
eNOS activity by 67% and 84%, respectively, 
compared to Gal group (Fig. 5 a & b). 

 

Figure 5: Effect of Nebi on (A) Kidney and liver HO-1 activity and 
(B) Kidney and liver eNOS activity. Saline, rats treated with saline 
and considered as normal rats; Gal, rats treated with galactosamine 
and served as control; Nebi + Gal, rats treated with galactosamine 
and nebivolol; HO-1, heme-oxygenase-1; eNOS, endothelial nitric 
oxide synthase. Data are presented as mean ± SE, n=12. a 
Significantly different from Saline; p ˂ 0.05. b Significantly different 
from Gal; p ˂ 0.05 
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Histopathological features of the renal 
and liver tissues 

The renal tissue of the normal rats showed 
the normal histological structure of the glomeruli (g) 
and tubules (t) at the cortex besides the normal 
histological structure of the tubules at the 
corticomedullary portion (cm) (Fig. 6 A & B).  

 
Figure 6: Photomicrographs of renal and liver sections from rats 
treated with the following: Saline (A) & (B) show normal histological 
structure of the glomeruli (g) and tubules (t) at the cortex besides 
the normal histological structure of the tubules at the 
corticomedullary portion (cm) 
 

The liver tissue of the normal rats showed the 
normal histological structure of the portal area (Pa) 
and surrounding hepatocytes (h) besides the normal 
histological structure of the of the central vein (cv) 
(Fig. 7C & D). 

  
Figure 7: Photomicrographs of renal and liver sections from rats 
treated with the following: Saline (C) & (D) show the normal 
histological structure of the portal area (Pa) and surrounding 
hepatocytes (h) besides the normal histological structure of the of 
the central vein (cv) 
 

In rats treated with Gal (1.1 g/kg) and 
sacrificed after 48 h from Gal administration, the renal 
tissues showed a marked congestion in the blood 
vessels (v) and glomeruli (g) associated with 
perivascular edema and inflammatory cells infiltration 
(m) and degeneration in the lining epithelium of the 
tubules (d) in addition to focal hemorrhage in the 
corticomedullary portion (h) (Fig. 8 E & F). 

 
Figure 8: Photomicrographs of renal and liver sections from rats 
treated with the following: Gal (E & F) the renal tissues show a 
marked congestion in the blood vessels (v) and glomeruli (g) 
associated with perivascular edema and inflammatory cells 
infiltration (m) and degeneration in the lining epithelium of the 
tubules (d) in addition to focal hemorrhage in the corticomedullary 
portion (h) (H & E X 40) 

 

In rats treated with Gal (1.1 g/kg) and 
sacrificed after 48 h from Gal administration, the liver 
tissues showed marked diffuse coagulative necrosis in 
the hepatocytes (hn) surrounding the central vein (cv) 
(Fig. 9 G). 

 

Figure 9: Photomicrographs of renal and liver sections from rats 
treated with the following: Gal (G) the renal tissues show a marked 
congestion in the blood vessels and glomeruli (g) associated with 
perivascular edema and inflammatory cells infiltration (m) and 
degeneration in the lining epithelium of the tubules (d) in addition to 
focal hemorrhage in the corticomedullary portion (h), while the liver 
tissues show marked diffuse coagulative necrosis in the 
hepatocytes (hn) surrounding the central vein (cv) (H & E X 16) 
 

The renal tissues of rats with Gal-induced 
HRS that were pretreated with Nebi (10 mg/kg/day) 
showed glomerular congestion (g) in addition to 
tubular degeneration (d) with tubular cystic dilation (c) 
in corticomedullary portion (Fig. 9 H & Fig. 10 I). The 
liver tissues of rats with Gal-induced HRS that were 
pretreated with Nebi (10 mg/kg/day) showed 
inflammatory cells aggregation (m), congestion in 
portal vein as well bile duct hyperplasia (bd) in 
association with hepatocellular degeneration (arrow) 
(Fig. 10 J).  

 

Figure 10: Photomicrographs of renal and liver sections from rats 
treated with the following: Nebi (10 mg) + Gal (I & J) the renal 
tissues show glomerular congestion (g) in addition to tubular 
degeneration (d) with tubular cystic dilation (c) in corticomedullary 
portion, while the liver tissues show inflammatory cells aggregation 
(m), congestion in portal vein as well bile duct hyperplasia (bd) in 
association with hepatocellular degeneration (arrow) 
 

The renal tissues of rats with Gal-induced 
HRS that were pretreated with Nebi (20 mg/kg/day) 
showed inflammatory cells infiltration (m) in between 
the tubules of the cortex and congestion in blood 
vessels (v) with focal inflammatory cells infiltration in 
between the degenerated (d) and cystically dilated (c) 
tubules (Fig. 11 K & L).  

The liver tissues of rats with Gal-induced HRS 
that were pretreated with Nebi (20 mg/kg/day) showed 
inflammatory cells infiltration (m) in between the 
degenerated hepatocytes (arrow) in addition to diffuse 
kupffer cells proliferation (arrow) in between the 
hepatocytes (Fig. 12 M & N).  
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Figure 11: Photomicrographs of renal and liver sections from rats 
treated with the following: Nebi (20 mg) + Gal (K & L) the renal 
tissues show inflammatory cells infiltration (m) in between the 
tubules of the cortex and congestion in blood vessels (v) with focal 
inflammatory cells infiltration in between the degenerated (d) and 
cystically dilated (c) tubules. The liver tissues show inflammatory 
cells infiltration (m) in between the degenerated hepatocytes 
(arrow) (H & E X 40) in addition to diffuse kupffer cells proliferation 
(arrow) in between the hepatocytes (H & E X 80) 

 

 

Discussion 

 

A hepatorenal syndrome is a form of 
functional renal impairment due to debilitated renal 
blood flow, which happens typically in kidneys that are 
histologically normal, accompanied with severe 
complications of progressive liver disease and usually 
affects patients with cirrhosis and ascites [28]. 

 

Figure 12: Photomicrographs of renal and liver sections from rats 
treated with the following: Nebi (20 mg) + Gal (M & N) the renal 
tissues show inflammatory cells infiltration (m) in between the 
tubules of the cortex and congestion in blood vessels (v) with focal 
inflammatory cells infiltration in between the degenerated (d) and 
cystically dilated (c) tubules. The liver tissues show inflammatory 
cells infiltration (m) in between the degenerated hepatocytes 
(arrow) (H & E X 40) in addition to diffuse kupffer cells proliferation 
(arrow) in between the hepatocytes (H & E X 80) 
 

The current study revealed a significant 
increase in AST, ALT, NH3 and TB serum levels in 
control positive HRS group compared with the normal 
one, an effect that was documented in earlier studies 
[7, 28, 29]. 

A significant increase in SCr, BUN and K+, as 
well as significant decrease in serum Na+ levels, were 
observed in control positive HRS group compared to 
the normal one. These findings are corroborated by 
previous studies [7, 28, 29]. The pathogenesis of the 
development of renal failure in this model corresponds 
with the mechanisms observed in typical HRS. It 
progresses from damage to the liver parenchyma to 
the development of portal hypertension, enlargement 
of the splanchnic vascular bed, reduction of the 
effective volume of fluid in the systemic circulation, 
and subsequent vascular baroreceptor stimulation, 

followed by activation of numerous vasoconstriction 
factors, including the renin-angiotensin system, 
sympathetic nervous system, or arginine vasopressin 
system. These mechanisms lead to renal cortical 
vasoconstriction, renal hypoperfusion and renal failure 
[30]. 

In the present study, rats subjected to Gal 
provoked a significant elevation in serum ET-1 levels 
as compared with normal rats. This is by the 
outcomes of earlier studies [31-35]. Many factors may 
contribute to Gal-induced HRS. Patients who develop 
HRS, particularly in the context of acute liver failure or 
alcoholic hepatitis, have increased circulating 
concentrations of ET-1 [9]. 

In the present work, control positive HRS 
group depicted a significant increase in the renal and 
hepatic content of MDA, with a decrease in GSH 
contents. These results are in harmony with other 
studies [12, 36, 37]. Several mediators implicated in 
the pathogenesis of HRS are regulated through 
products of lipid peroxidation or redox changes in 
signalling pathways. Thus the development of oxidant 
stress may be important in the pathogenesis of HRS 
[38]. 

Moreover, Oxidative stress is markedly 
elevated in chronic liver disease and has gain 
attention as a potentially important factor in altered 
hemodynamics and renal dysfunction in cirrhosis. It 
induces renal vasoconstriction not only by quenching 
NO but also by increasing production of F2-IPs and 
ET-1 in addition to damaging DNA and provoking 
apoptosis [12]. Markedly increased levels of both 
factors in patients with HRS in conjunction with 
increased systemic oxidative stress in cirrhosis raises 
the possibility of a pathogenetic role of oxidative 
stress in HRS [13]. 

In the current work, F2-IPs contents in the 
liver and kidney were drastically boosted in the 
positive HRS group. This finding was by other studies 
[9, 39, 40]. The F2-IPs are formed by lipid 
peroxidation. One of the major F2-IPs formed in vivo, 
namely 8-iso-PGF2. F2-IPs synthesis is increased in 
patients with HRS and denotes increased lipid 
peroxidation [38]. Free-radical-generated F2-IPs also 
stimulates DNA synthesis and the ET-1 expression on 
endothelial cells. F2-IP is a highly potent renal 
vasoconstrictor that selectively increases pre-
glomerular vascular resistance and leads to a 
reduction in the glomerular filtration rate [41]. 

Results of the current study illustrated that 
induction of HRS using Gal produced a substantial 
rise in the renal and hepatic contents of NF-кB, TNF-α 
as well as Cas-3 activity as compared with normal 
animals. The present data are in agreement with 
previous studies [12, 15-17, 35, 42]. It has been well 
recognized that an up regulated inflammatory 
response is a key mechanism of Gal-induced acute 
hepatotoxicity. TNF-α is a pro-inflammatory cytokine 
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secreted by liver kupffer cells as an inflammatory 
response [15]. TNF modulates the necrotic, apoptotic 
and inflammatory pathways in Gal-induced 
hepatotoxicity by activating transcription factors as 
NF-кB [43]. In respect of apoptosis, TNF-α combines 
with TNF-α receptor on the hepatocyte membrane 
activates caspase-3 and eventually induces apoptosis 
at an early stage through a series of signal 
transmission [16]. 

In the present study, rats subjected to Gal 
showed a significant elevation in the renal and hepatic 
contents of NOx besides iNOS activity. These results 
are consistent with prior studies [29, 42, 44-46]. 
Previous findings have shown that NO, a potent 
vasodilator, plays an important role in the 
development of hyperdynamic syndrome and 
peripheral vasodilation during cirrhosis [3]. Increased 
NO level and synthetase activity in patients with liver 
cirrhosis have adverse effects on the functions of 
renal tubules and glomeruli whereas inhibition of NO 
synthetase prevents the development of renal failure 
in an animal model of HRS [47, 48]. NO produced by 
iNOS is reported to have aggravated liver and kidney 
injury, while eNOS expression preserved physiological 
functions [11]. 

Furthermore, in patients with cirrhosis; the 
imbalance between NO and vasoconstrictors such as 
ET-1 in the renal microcirculation has been proposed 
to be responsible for the deterioration of kidney 
function in these patients [10]. Additionally, 
endotoxemia up-regulates inducible forms of HO-1 
and iNOS. Inducible NOS is primarily found in Kupffer 
cells and hepatocytes. Once activated, it can produce 
up to 1000 times more NO than eNOS. Inducible 
NOS-induced NO production is believed to play an 
important role in hepatocellular injury following 
endotoxemia and TNF-α stimulation [17]. 

Previous studies also revealed that the 
transcription factor NFкB plays an important role in the 
induction of iNOS because an NFкB binding site has 
been identified in the promoter region of the iNOS 
gene and that blocking NFкB results in an attenuation 
of iNOS gene expression. Furthermore, ET-1 has 
been shown to activate NFкB in human 
myofibroblastic hepatic stellate cells [17]. 

In the present investigation, hepatic HO-1 in 
addition to eNOS activities were elevated, 
nevertheless all at once renal HO-1 besides eNOS 
activities were declined in Gal treated rats as 
compared with the normal group. A similar pattern 
coincided with previous studies [14, 49-53]. 

Excessive oxidative stress has been 
suggested as a reason for hepatic HO-1 up-
regulation, and this enzyme is known to be readily 
inducible by stressors [54]. On the other hand, 
previous studies denoted that decreased renal HO-1 
expression plays an important role in the 
pathogenesis of experimental HRS [14]. 

HO-1 has constitutive and inducible isoforms 
[55, 56]. HO-1, a 32-kDa inducible protein [57], 
catalyses the rate-limiting step in the oxidative 
degradation of heme to biliverdin, releasing equimolar 
amounts of CO and iron [55]. CO, a gaseous 
messenger similar to NO, mediates various 
physiological functions [58] including vasodilation [59]. 
HO-1 activity is the primary source of circulating CO 
[60], and HO-1 contributes to vasodilation mainly 
through HO-1-derived CO [61]. Thus, the declined 
HO-1 expression in the kidney may be responsible for 
a decrease in vasodilation. Also, oxidants can cause 
localised renal vasoconstriction [62]. Therefore, the 
antioxidant action of HO-1 and its products can 
preserve renal arterial blood flow. Decreased HO-1 
expression in the kidney of Gal rats impairs their 
ability to buffer locally produced oxidants, thus leading 
to decreased renal arterial blood flow and deteriorated 
renal function. Additionally, eNOS expression follows 
a similar, tissue-specific pattern with HO-1 expression. 
Decreased eNOS and HO-1 expression in the 
kidneys, results in reduced amounts of NO and CO 
available resulting in renal vasoconstriction and 
reduced RBF occurring during cirrhosis [63]. Taken 
together, decreased HO-1 and eNOS expression in 
kidney plays an important role in the pathogenesis of 
experimental HRS [14]. 

Surprisingly, the HO-1 level was significantly 
higher in livers of Gal group, suggesting that there is 
more CO in the hepatic circulation [64]. It is possible 
that during cirrhosis the up-regulation of systemic CO 
resulting from increased HO-1 protein expression in 
the liver may also reduce HO-1 protein expression in 
the kidney due to a negative-feedback loop in an 
attempt to restore circulatory integrity [53]. 

Previous studies showed that over-expression 
of HO-1 could be harmful to the liver of rats with 
cirrhosis induced by bile duct ligation [14], which was 
also reported by [65]. In normal Sprague-Dawley (SD) 
rats, increased HO-1 activity as a pro-oxidant 
mechanism resulted in iron accumulation in the liver 
and increased portal pressure through hyperdynamic 
circulation and vasodilation; in contrast, decreased 
HO-1 activity reduced intracellular iron levels and 
oxidative stress besides reducing portal pressure and 
improving fibrosis [66]. 

HO-1 catalyses heme into iron and plays an 
important role in iron homeostasis. High levels of HO-
1 could result in the accumulation of free divalent iron, 
thus increasing oxidative injury in fibroblast cell 
cultures [49]. Deposition of iron in the liver often 
triggers oxidative stress and inflammation and induces 
liver cell damage to membranes, proteins, and DNA 
[52]. 

Endothelial dysfunction is concomitant with 
changes in vascular structure associated with many 
forms of vascular diseases, such as portal 
hypertension, occurring in all forms of liver injury. This 
is associated with abnormal production of eNOS. 
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eNOS is up regulated by various mechanisms; 
including phosphorylation, subcellular localisation, and 
protein-protein interactions [67]. A large number of 
studies demonstrated that heat shock protein 90; a 
stress protein, interacting with eNOS plays a role in 
excessive NO production in the rat superior 
mesenteric artery [68]. 

Normal eNOS localisation is dramatically 
altered in endothelial cells of mesenteric arteries 
isolated from cirrhotic rats with portal hypertension. In 
those vessels, the Golgi localisation is lost, and eNOS 
diffuses within the cells and migrates more toward 
plasma membrane [69]. 

The severity of portal hypertension seems to 
be an important factor that influences eNOS activation 
in the splanchnic circulation. Initially, high portal 
pressure induces vasoconstriction in arterial 
splanchnic circulation due to a myogenic reflex 
caused by a sudden increase in portal pressure, 
which then causes phosphorylation and activation of 
eNOS through Akt/protein kinase B activation, 
ultimately leading to increase NO production and 
vasodilatation in the arteries of the splanchnic 
circulation [70]. 

In the current study, there was a significant 
histopathological alteration in the Gal- treated rats. 
The livers extensively displayed diffuse coagulative 
necrosis [35, 71]. In the same line, the kidneys 
revealed congestion in the blood vessels, glomeruli 
associated with perivascular oedema, inflammatory 
cells infiltration, degeneration in the lining epithelium 
of the tubules and focal haemorrhage in the 
corticomedullary portion due to the elevated level of 
ROS and the upshot of pro-inflammatory cytokines 
[42]. 

In the present study, animals treated with 
Nebi (10 & 20 mg/kg) exhibited a significant 
improvement in the liver above and renal function 
tests as compared with the diseased group. These 
findings are in agreement with previous studies using 
Nebi in different models of hepatotoxicity and 
nephrotoxicity [23, 72-74]. Nebi exerts NO-mediated 
vasodilation in the renal vasculature in addition to 
conventional beta-blocking effects. Published data 
indicate that higher doses of Nebi might increase β2 
receptor blocking activity which could be beneficial 
regarding decreasing splanchnic blood flow and portal 
hypertension [75] which was also proved by a 
previous study [76]. 

Current treatment with Nebi showed a 
remarkable drop in ET-1 levels as compared with Gal 
treated rats. Nebi reduced ET-1 levels in human 
pulmonary endothelial cells from pulmonary arterial 
hypertensive lungs [77] and during oxidative stress in 
human umbilical vein endothelial cells [20]. Moreover, 
Nebi can reduce ET-1 secretion in human coronary 
endothelial and smooth muscle cells [78]. Moreover, 
an in-vivo study demonstrated that Nebi suppresses 

ET-1-mediated vasoconstrictor tone in adults with 
elevated blood pressure [79]. 

Obtained data in the current study showed 
that animals treated with Nebi revealed an obvious 
enhancement in the oxidative stress markers in both 
kidney and liver. This is manifested by a significant 
decreased in renal and hepatic MDA, F2-IPs contents 
in addition to a significant increase in the antioxidant 
pool of GSH contents. Recently, it was reported that 
Nebi showed marked amelioration of oxidative stress 
induced in different models of hepatic and renal injury 
[23, 72, 74, 80, 81]. Moreover, [82] et al. 
demonstrated that Nebi exerts systemic antioxidant 
effects through significantly decreasing the urinary 
excretion of the 8-iso-PGF2α (one of the major F2-
IPs). Nebi's antioxidant activity is due to a reduction of 
ROS produced by an NADPH oxidase system that 
makes an important contribution to oxidative stress by 
uncoupling eNOS [83]. Increased tissue levels of ROS 
diminish the bioactivity of NO by conversion of locally 
released NO to peroxynitrite (ONOO−), which itself 
contributes to tissue injury and oxidative stress [84]. 
Nebi reduces the NO-scavenging radical superoxide 
anion, by redirecting deranged NOS activity, from 
superoxide to NO production, thereby reducing lipid 
peroxidation and oxidative stress [85]. Also, increase 
in GSH may be ascribed to the observed increase in 
HO-1 expression as HO-1 mediates an increase in 
GSH levels [86] and modulates iNOS [87]. By 
decreasing oxidative stress, Nebi inhibits NF-кB 
activation, which leads to the decrease of various pro-
inflammatory cytokines [88]. 

In the present study, the effect of Nebi on 
renal and hepatic TNF-α contents is consistent with 
the results of [20] et al. who found that Nebi 
significantly reduced the oxidative stress-induced 
TNF-α gene expression in human umbilical vein 
endothelial cells. Furthermore, Nebi down-regulated 
TNF-α gene expression in human coronary artery 
smooth muscle cells [88]. On the other hand, Nebi 
decreased case-3 immuno-reactivity in cerebral 
ischemia/reperfusion in rats [89]. 

Surprisingly, the NO releaser, Nebi, in the 
present study reduced the hepatic and renal total NOx 
contents which increased with Gal administration. 
Likewise, hepatic and renal iNOS activities were 
significantly reduced in the presence of Nebi. This 
finding attracts attention that the source of such NOx 
increase occurred with Gal; it seems that the major 
spring of NOx is iNOS which was weakly expressed 
with Nebi treatment. Quantities of NO generated by 
eNOS is small while large amounts of NO are 
generated by iNOS [74]. It was reported that Nebi 
enhanced eNOS expression and reduced iNOS 
expression [90]. It is also known that sustained iNOS-
mediated NO generation may mediate lipid 
peroxidation and pro-apoptotic effects [74]. 

Current treatment with Nebi markedly 
increased expression of renal eNOS and HO-1 
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activities as compared to HRS group which were 
weakly expressed with Gal toxicity. Decreased eNOS 
and HO-1 expression in the kidneys, resulted in 
reduced amounts of NO and CO available resulting in 
renal vasoconstriction and reduced RBF occurring 
during HRS which was counteracted by Nebi. On the 
other hand, Nebi noticeably diminished hepatic eNOS 
and HO-1 activities which were strongly conveyed in 
Gal toxicity. Previous studies showed that over-
expression of HO-1 could be harmful to the liver of 
rats with cirrhosis induced by bile duct ligation [14], 
which was also reported by [65]. In normal Sprague 
Dawley (SD) rats, increased HO-1 activity as a pro-
oxidant mechanism resulted in iron accumulation in 
the liver and increased portal pressure through 
vasodilation; in contrast, decreased HO-1 activity 
reduced intracellular iron levels and oxidative stress 
besides reducing portal pressure and improving 
fibrosis [66]. Endothelial dysfunction is associated with 
many forms of vascular diseases, such as portal 
hypertension, occurring in all forms of liver injury. 
During endothelial dysfunction, hyperactive 
endothelial cells are observed in patients with portal 
hypertension. This is associated with abnormal 
production of an endothelial cell-derived eNOS [67]. 
All this consequence was reversed with Nebi 
treatment. 

In this experiment, there was a significant 
histopathological improvement in the liver and kidney 
of the Nebi (both doses) treated HRS group showing 
little glomerular congestion and minute tubular 
degeneration with tubular cystic dilation in a 
corticomedullary portion in kidney and congestion in 
portal vein as well as bile duct hyperplasia in the liver 
due to the decreased level of ROS and the down-
regulation of pro-inflammatory cytokines [91]. 

Finally, the present study has highlighted for 
the first time, the possible mechanisms responsible for 
Nebi mediated HRS improvement and its antioxidant 
action. These findings support its useful effect in the 
prevention of HRS in patients with advanced liver 
diseases or as an add-on medication with known anti-
HRS therapy. 

In conclusion, the present study revealed that 
treatment of rats with Nebi (10 or 20 mg/kg/day, p.o.) 
protected against renal and hepatic damage involved 
in Gal-induced HRS. The findings demonstrated the 
involvement of the anti-oxidant, anti-inflammatory, 
anti-apoptotic and NO-releasing properties of this drug 
and suggested its involvement in the renoprotective 
and hepatoprotective effect in Gal-induced HRS 
model?  
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Abstract  

BACKGROUND: 1,3/1,6-β–glucans are recognised as immunomodulators in human and veterinary medicine for 

over 50 years. 

AIM: To assess the effects of pleuran (1,3/1,6-β–glucan from Pleurotus ostreatus) on incidence and duration of 
bacterial exacerbations in patients with COPD. 

METHODS: We performed an observational, non-randomized, open-label study including 32 COPD patients 
(Group D) in whom besides the recommended chronic treatment for the stable disease were administered 
supplement combination containing pleuran 100 mg, vitamin C 60 mg and zinc 5 mg once daily over a three 
month-period (Group 1). Also, an equal number of Group D COPD patients who besides the recommended 
treatment for stable disease received the supplement combination containing vitamin C 60 mg and zinc 5 mg 
once daily, matched to the study subjects of the Group 1 by sex and age served as control (Group 2). 

RESULTS: Over the study period 57 exacerbations (24 in the Group 1 and 33 in the Group 2) were documented. 

A mean number of exacerbations over the study period was significantly lower in the Group1 (0.7 ± 0.4) as 
compared to their mean number in the Group 2 (1.0 ± 0.6) (P = 0.0218). Furthermore, a mean duration of 
exacerbations expressed in days needed for cure or clinical improvement (i.e. complete resolution of symptoms or 
return of the symptoms to their baseline severity) in the Group 1 (6.7 ± 0.8 days) was significantly shorter than the 
mean duration of exacerbations in the Group 2 (7.4 ± 1.3 days) (P = 0.0118). There was not reported any adverse 
effect during the study period by study subjects from both examined groups. 

CONCLUSION: Our findings indicated that pleuran might impact the incidence and duration of bacterial 
exacerbations in patients with COPD. There is a need for further studies for more precise determination of the 
influence of pleuran on the course of COPD. 

 

 
 

 

Introduction 

 

Chronic obstructive pulmonary disease 
(COPD) represents one of the principal demands of 
the public health at global level due to high morbidity, 
early mortality, high date rates and significant costs to 
health systems. The projection of the Global Burden 
of Disease Study indicates that COPD in 2020 will be 
the third leading cause of death worldwide (from sixth 
in 1990) and fifth leading cause of years lost 
(disability-adjusted life years - DALYs) through early 
mortality or handicap (12th in 1990) [1]. In addition, 

exacerbations of COPD, defined as acute events 
characterized by worsening of the patient’s respiratory 
symptoms that is beyond normal day-to-day variations 
leading to a change in medications, have substantial 
impact in the course of the disease because they 
negatively affect a patient’s quality of life, accelerate 
the rate of decline of lung function and are associated 
with significant mortality, particularly in those requiring 
hospitalization. The most common cause of COPD 
exacerbations is believed to be bacterial respiratory 
infections [2, 3]. 

β–glucans comprise a diverse group of 
polysaccharides in which glucose molecules are 



Clinical Science 
_______________________________________________________________________________________________________________________________ 

_______________________________________________________________________________________________________________________________ 

  894                                                                                                                                                                                                                     http://www.mjms.mk/ 
http://www.id-press.eu/mjms/ 

 

linked by β-linkages. β-1,3/1,6-glucans are branched 
chains of glucose molecules connected by β-1,3-
glycosidic bonds in which the branching points are β-
1,6 linkages. Some β-1,3/1,6-glucans are bioactive 
interacting with receptors on immune cells eliciting 
specific biological responses. The ability of β-1,3/1,6-
glucans to activate innate immune cells depends on 
its branched structure, i.e. the chain length and the 
frequency of side chains are essential for 
immunomodulating properties of these β–glucans. 
Also, results of several studies indicated that insoluble 
β–glucans (i.e. non-absorbable and non-digestible) 
possessed higher immunomodulating activity than 
soluble ones [4-6].  

β–glucans can be extracted from the cell walls 
of yeast, oat, barley, seaweeds, algae and bacteria, 
but the foremost source of medical glycans turns out 
to be fungal cell walls [7]. Pleuran is an insoluble 
1,3/1,6-β–glucan from mushroom Pleurotus ostreatus. 
Some experimental studies on an animal model, as 
well as some experimental and clinical studies in 
humans,  indicated immunomodulatory properties of 
pleuran that are based on its effects on immune cells 
of the Peyer’s patches in the gut. After oral 
administration, pleuran comes in contact with immune 
cells of the Peyer’s patches which expressed several 
receptors (e.g. Dectin-1, complement receptor-3, 
scavenger receptors, etc.) capable of recognising β–
glucans in their various forms. Upon pleuran’s binding 
to these receptors, a cascade of intracellular signaling 
that stimulates innate and subsequently adaptive 
immune responses is initiated, mainly through release 
of pro-inflammatory cytokines (complement 
components, interleukin-1α/β, interleukin-6, 
interleukin-8, interleukin-12, tumor necrosis factor-, 
eicosanoids, etc.) which improves the resistance to 
invading pathogens [8-11].              

The aim of the present study was to assess 
the effects of pleuran on incidence and duration of 
bacterial exacerbations in patients with COPD.           

 

 

Methods 

 

Study design and setting 

An observational, non-randomized, open 
study (a real life-study) was realized as a comparison 
of frequency and duration of bacterial exacerbations 
between a group D COPD patients who received the 
supplement combination containing pleuran 100 mg, 
vitamin C 60 mg and zinc 5 mg over a three month-
period besides the chronic pharmacological treatment 
for stable disease recommended by actual GOLD and 
a group D COPD patients treated over a three month-
period with the recommended chronic treatment for 
stable disease and the supplement combination 

containing vitamin C 60 mg and zinc 5 mg. It was 
performed in a period December 2016-April 2017 at 
the Institute for Occupational Health of Republic of 
Macedonia, Skopje.  

 

Study subjects 

The study population included 64 COPD 
patients, classified into group D according to the 
combined assessment of the disease, divided into two 
groups. The first group included 32 patients (18 males 
and 14 females, aged 48 to 71 years) who took the 
supplement combination containing pleuran 100 mg, 
vitamin C 60 mg and zinc 5 mg once daily in three 
months besides the recommended pharmacological 
treatment for the stable disease. The second group 
included an equal number of COPD patients (18 
males and 14 females, aged 47 to 73 years) who 
received the supplement combination containing 
vitamin C 60 mg and zinc 5 mg once daily besides the 
recommended treatment for the stable disease, 
matched to the first group by sex, age and smoking 
status.         

Patients with a history of asthma, lung cancer, 
or another significant respiratory disease, as well as 
those unable to complete diary cards,  were excluded 
from the study. All study subjects were recruited in the 
stable phase of the disease, i.e. without any evidence 
of exacerbation for at least three weeks. 

All study subjects were informed about the 
study, and their written consent was obtained. 

Daily stable respiratory symptoms (baseline 
symptoms), medication use and history of 
exacerbations were noted in all subjects before 
entering the study. All study subjects underwent 
baseline and post-bronchodilator spirometry according 
to the actual recommendations of European 
Respiratory Society (ERS) and American Thoracic 
Society (ATS) [3, 12].    

The Body Mass Index (BMI) as a measure of 
body fat based on height and weight that applies to 
adult population was determined in all study subjects 
by computed calculation using BMI calculator [13].    

Classification of smoking status was done by 
the World Health Organization (WHO) 
recommendations [14]. Passive smoking or exposure 
to environmental tobacco smoke was defined as 
exposure to tobacco combustion products from 
smoking by others (at home, workplace, etc.), i.e. as a 
presence of at least one smoker in the household and 
the workplace [15, 16].     

 

Diagnosis and assessment of COPD 

According to the actual Global Initiative for 
Chronic Obstructive Lung Disease (GOLD) 
recommendations, COPD was considered by finding 
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of a post-bronchodilator ratio between forced 
expiratory volume in one second and forced vital 
capacity (FEV1/FVC ratio) less than 0.70 in 
symptomatic subjects (dyspnea, chronic cough or 
sputum production) with a history of exposure to risk 
factors for the diseases (noxious particles and gases).  

Subjects with diagnosed COPD were 
classified according to the combined COPD 
assessment which included assessment of symptoms, 
the degree of airflow limitation and risk of 
exacerbations. COPD patients classified as a Group D 
were characterized by frequent symptoms (overall 
score of the COPD Assessment Test [CAT] equal or 
higher than 10), severe or very severe airflow 
limitation (FEV1 value ranging from 30 to 50% of its 
predicted value or less than 30% of its predicted 
value) and high risk of exacerbation (two or more 
exacerbations per year or one or more exacerbations 
requiring hospitalization per year) [2, 3].  

 

Diagnosis and treatment of COPD 
exacerbation 

According to the actual GOLD 
recommendations, COPD exacerbations were 
considered as acute events characterised by a 
worsening of the patient’s respiratory symptoms that 
is beyond normal day-to-day variations and led to a 
change in medication. The diagnosis of exacerbation 
was defined by the patient’s symptoms, using the 
criteria described by Anthonisen et al. [17]. Probable 
bacterial aetiology was established when the 
exacerbation was Anthonisen type I (presence of 
three cardinal symptoms: increased dyspnea, sputum 
volume and purulence) or type II (presence of two 
cardinal symptoms) if increased purulence of sputum 
was one of the two symptoms. 

The treatment of exacerbations with antibiotic 
was started empirically following the actual GOLD 
recommendations. In the cases with positive result of 
microbiological evaluation of sputum, the treatment 
was continued following the finding of the sensitivity of 
bacterias to a certain antibiotic. Oral corticosteroids 
were given as needed (a dose of 40 mg oral 
prednisone per day for five days). The course of 
exacerbation was evaluated as a function of the 
resolution of symptoms, and the treatment was 
considered to be successful if a cure or clinical 
improvement was achieved. The cure was defined as 
complete resolution of the cardinal symptoms, 
whereas the clinical improvement was defined as the 
return of the symptoms to their baseline severity [2, 3, 
17]. 

 

Data collection (Daily diary card) 

All study subjects maintained daily diary cards 
on which they noted any appearance of an increase in 
the intensity of major symptoms (dyspnea, sputum 

amount and sputum purulence) or minor symptoms 
(nasal discharge/congestion, sore throat, wheezing, 
cough, etc.) over their chronic (stable) symptoms. A 
member of the study team saw study subjects within 
48 hours of the detection of deterioration in symptoms 
and diagnosis was confirmed of each case. 
Exacerbation and its resolution were defined as it is 
mentioned above. Exacerbation number and their 
duration were calculated for each study subjects 
based on data from diary cards for a three month-
period of follow-up.     

 

Statistical analysis 

Statistical analysis was performed using the 
Statistical Package for the Social Sciences (SPSS) 
version 11.0 for Windows. Continuous variables were 
expressed as mean values with standard deviation 
(SD), and the nominal variables as numbers and 
percentages. Analyses of the data included testing the 
differences in prevalence and comparison of the 
means by chi-square test (or Fisher’s exact test where 
appropriate) and independent-samples T-test. A P-
value less than 0.05 were considered as statistically 
significant. 

 

 

Results 

 

Demographic characteristics of the study 
subjects are shown in Table 1. 

Table 1: Demographics of the study subjects 

Variable Group1 
(n = 32) 

Group 2 
(n = 32) 

M/F ratio 
Mean age (years) 
Mean BMI (kg/m

2
)  

 

1.4 

58.7  6.4 

25.9  3.3 

1.4 

59.4  7.2 

26.6  2.8 

Mean duration of COPD (years) 
Mean values  
of spirometric parameters (% pred.) 
FVC 
FEV1 
FEV1/FVC ratio 

 
Treatment of stable COPD 

LA 2-agonist + ICS 
LA anticholinergic 
Oral theophylline  

11.7  4.2 
 

67.6  7.1 

42.3  4.4 

0.63  0.03 
 
 

25 (78.1%) 
22 (68.8%) 
6 (18.7%) 

10.9  5.1 
 

68.7  6.8 

43.4  4.1 

0.64  0.02 
 
 

26 (81.2%) 
23 (71.8%) 
5 (15.6%) 

 
Number of exacerbations  
in the previous year 
 
Smoking status 

Active smokers 
Ex-smokers 
Never smokers 
Exposed to ETS 

 
Comorbidities 

Arterial hypertension 
Osteo-muscular disorders 
Ischaemic heart disease 
Diabetes mellitus type 2 

 

 
 

2.6  0.3 
 
 

11 (34.3%) 
17 (53.1%) 
4 (12.5%) 

15 (46.8%) 
 
 

9 (28.1%) 
5 (15.6%) 
4 (12.5%) 
3 (9.4%) 

 
 

2.7  0.4 
 
 

9 (28.1%) 
19 (59.4%) 
4 (12.5%) 

18 (56.2%) 
 
 

8 (25.0%) 
7 (21.8%) 
5 (15.6%) 
4 (12.5%) 

 

 

Numerical data are expressed as a mean 
value with standard deviation; frequencies as number 
and percentage of study subjects with a certain 
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variable. 

COPD: chronic obstructive pulmonary 
disease; M: male; F: female; BMI: body mass index; 
kg: kilogram; m: meter; % pred.: % of the predicted 
value; FVC: forced vital capacity; FEV1: forced 
expiratory volume in one second; LA: long-acting; 
ICS: inhaled corticosteroid; ETS: environmental 
tobacco smoke. 

Over the study period, 57 exacerbations were 
documented (24 in the Group 1 and 33 in the Group 
2) of which 12 required hospital treatment (five in the 
Group 1 [20.8%] and seven in the Group 2 [21.2%]). 
43 of the 57 (75.4%) were treated only with oral 
antibiotics (19/24 [79.2%] in the Group1 and 24/33 
[72.7%] in the Group 2) and 14 (24.6%) were treated 
with antibiotics and oral prednisolone (5/24 [20.8%] in 
the Group 1 and 9/33 [27.3%] in the Group 2). 

A mean number of exacerbations over the 
study period was significantly lower in the Group1 (0.7 
± 0.4) as compared to their mean number in the 
Group 2 (1.0 ± 0.6) (P = 0.0218) (Figure 1). 
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Figure 1: Mean number of exacerbations in the examined groups 

A mean duration of exacerbations expressed 
in days needed for cure or clinical improvement (i.e. 
complete resolution of symptoms or return of the 
symptoms to their baseline severity) in the Group 1 
(6.7 ± 0.8 days) was significantly shorter than the 
mean duration of exacerbations in the Group 2 (7.4 ± 
1.3 days) (P = 0.0118) (Figure 2). 
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Figure 2: Mean duration of the exacerbations in the examined 
groups 

Side effects of the used medicaments over 
the study period were not reported by any study 
subject from both examined groups. 

 

 

Discussion 

 

Pharmacological treatment of stable COPD is 
used to reduce symptoms, reduce frequency and 
severity of exacerbations, and improve health status 
and exercise tolerance. Existing medications for 
stable COPD have not been conclusively shown to 
modify the long-term decline in lung function that is 
the hallmark of the disease [2, 3]. As it is mentioned 
above, COPD is one of the most important public 
health problems in the last decades worldwide, so 
there are many investigations into new and more 
effective therapeutic options. 

In the present study, we assessed the effects 
of pleuran (1,3/1,6-β–glucan from Pleurotus ostreatus) 
on the incidence and duration of exacerbations in 
patients with COPD. To our knowledge, the present 
study was the first one that investigated effects of 
pleuran on prevention of exacerbations in COPD 
patients. Examined groups included COPD patients 
classified into Group D, i.e. the COPD patients 
characterised by frequent symptoms, severe or very 
severe airflow limitation and high risk of exacerbation. 
Study subjects from both examined groups had similar 
demographic characteristics. Although tobacco smoke 
is recognised as the most important risk factor of 
COPD, in both groups, we found a large proportion of 
active and passive smokers which did not differ 
significantly from their prevalence in the general 
population in R. Macedonia documented in our 
previous studies [18, 19]. These findings suggested 
insufficient anti-smoking activities of healthcare 
workers among COPD patients besides smoking 
cessation is recommended as the first therapeutic 
option in the non-pharmacological treatment of the 
disease [2, 3]. 

The immunomodulatory properties of fungal β 
-glucans were studied and described almost 50 years 
ago. Shortly afterwards, in experimental animals were 
described their effects against a tumour. Finally, there 
is evidence that β-glucans may modulate other 
conditions (cholesterol level, glucose tolerance, etc.). 
[20-22]. As it is mentioned above, many studies have 
reported the ability of pleuran to activate innate 
immunity with effects also on adaptive immunity, 
inducing humoral and cell-mediated immune 
responses. Pleuran was found to increase the 
antimicrobial activity of mononuclear cells and 
neutrophils and enhance the functional activity of 
macrophages.  
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Findings of our studies showed significantly 
lower incidence, as well as the significantly shorter 
duration of exacerbations in COPD patients treated 
with pleuran besides regular treatment of stable 
disease as opposite to their incidence and duration in 
COPD patients treated only with the regular treatment 
of stable disease. Similar findings were reported by 
several studies which investigated effects of pleuran 
on incidence, duration and severity of respiratory 
infections in both children and adults. Results from the 
double-blinded, placebo-controlled, randomized, 
multicentric study carried out by Jesenak et al. 
including 175 children (mean age 5.65 ± 2.39 years) 
treated with pleuran over the 12 month-period 
indicated significant reduction of the frequency of 
recurrent respiratory tract infections in children treated 
with pleuran as compared to children who did not use 
it [23]. Similar findings were obtained from the study 
carried out by Pico Sirvent et al. including 166 children 
aged 1 to 10 years from 20 pediatric departments in 
Northeast Spain [24].  

Results from the double-blind, placebo-
controlled, randomized study carried out by 
Bergendiova et al. including 50 athletes treated with 
pleuran over the 3 month-period indicated significant 
reduction of the frequency of upper respiratory tract 
infections as compared to their frequency in athletes 
treated with placebo. Furthermore, the authors found 
significantly higher number of circulating natural killers 
cells in pleuran group as compared to their number in 
the placebo group [25]. In addition, in the study which 
investigated effects of pleuran on changes in the 
peripheral blood cells after acute, exhausting physical 
load in 22 elite athletes Bobovcak et al. found no 
statistically significant reduction in natural killers cell 
activity in the group treated with pleuran as opposite 
to the finding of significant reduction in natural killer 
cell activity after intensive exercise in the placebo 
group [26]. 

As it is mentioned above, pleuran as an 
insoluble substance is non-absorbable and non-
digestible, so systemic adverse effects could not be 
expected. As in the case of the present study, local 
(i.e. gastrointestinal) adverse effects were not 
registered in all cited studies.                     

The present study must be interpreted within 
the context of its limitations. The results should be 
viewed with caution, since the study was neither 
blinded nor randomized and, therefore, can be a 
subject to possible selection bias. On the other hand, 
the study design may be its strength, as it is 
documented by other real life-studies. Also, the small 
number of the subjects in the examined groups could 
have certain implications on the data obtained and its 
interpretation. The short follow-up period could also 
have certain implications on the data obtained and its 
interpretation. Furthermore, in the study groups were 
included only Group D COPD patients that that could 
impact results of the study. 

In conclusion, in an observational, non-
randomized, open-label study including a Group D 
COPD patients who received the supplement 
combination containing pleuran 100 mg, vitamin C 60 
mg and zinc 5 mg besides recommended chronic 
pharmacological treatment for stable disease over 
three months we found significantly lower incidence 
and significantly shorter duration of bacterial 
exacerbations as compared to their incidence and 
duration in a Group D COPD patients who took the 
supplement combination containing vitamin C 60 mg 
and zinc 5 mg besides the recommended treatment 
for stable disease in the same period. Our findings 
suggested that the use of pleuran may be beneficial in 
the prevention of exacerbations in the patients with 
COPD. Further investigations, as well as comparisons 
to the other therapeutic modalities, are needed for 
assessment of the preventive effects of pleuran 
regarding the COPD exacerbations.   
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Abstract  

BACKGROUND: Recently epidemiological studies showed that low vitamin D is linked to airway 
hyperresponsiveness, decreased lung function, poor asthma control, and steroid–resistant asthma. 

AIM: We investigated the relationship between Vitamin D, inflammation with circulating IL-33 and lung function in 
30 patients with severe uncontrolled asthma. 

MATERIALS AND METHODS: The study included 30 patients with severe uncontrolled asthma. In each of them 
were measured serum levels of IL-33 and Vitamin D by the ELISA method. The pulmonary function is measured 
by basic spirometry parameters, FEV1. The results were statistically elaborated according to the Pearson’s 
Correlation Tests. 

RESULTS: The results showed statistically insignificant correlation between Vitamin D and IL-33, and Vitamin D 

with FEV1 (Vit.D/IL-33; r = 0.11323, p = 0.551); (Vit.D/FEV1; r = -0.1005; p = 0.597) Correlation between IL-33 
and FEV1 is negative but statistically significant (IL-33/FEV1; r = -0.5248; p = 0.003). 

CONCLUSION: Because there are little studies about the link between vitamin D and asthma, further research to 
clarify the mechanism how vitamin D control the activity of CD4+ T cells and the related Th2-type cytokines in the 
parthenogenesis of asthma. 

 

 
 

 

Introduction 

 

Asthma is the leading chronic respiratory 
diseases which affect more than 334 million people 
worldwide [1-3]. It is estimated that the number of 
people with asthma will grow by more than 100 million 
by 2025. Women were more likely than men and boys 
more likely than girls to have asthma [4]. 
Approximately 500,000 annual hospitalisations are 
due to asthma, and 250 000 deaths annually [3]. Five 
percentages or 100,000 of the 
Macedonian population have asthma [5, 6]. 

 Characteristic mechanisms of asthma include 
inflammation, hyperresponsiveness and structural 
changes in the airways and the lung. Many cellular 

elements and different cells play a role (T 
lymphocytes, neutrophils, eosinophils, mast cells, 
macrophages, and dendritic cells). Recurrent 
episodes of wheezing, chest tightness, coughing and 
breathlessness, particularly at night or in the early 
morning are a clinical expression of this disease. 
These episodes are usually variable, and the airflow 
obstruction within the lung is often reversible with 
treatment or spontaneously [7]. 

 Chronic inflammation of the asthmatic airway 
leads to epithelial desquamation, infiltration of the 
airway wall with T cells especially dominated Th2 
helper CD4+ lymphocytes, smooth muscle, 
hypertrophy and hyperplasia, vascular congestion, 
oedema due to plasma leakage and mucus plugging 
[8-11]. All these changes could lead to thickening of 
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the airway walls due to subepithelial fibrosis and 
reduction of their lumen [12, 13]. 

  More than 100 mediators and markers of 
inflammation are involved in this inflammation. 
Cytokines take place in complex pathophysiological 
process, and they are produced by cells like T cells, 
Tc, Th, Th1, Th2, NK, dendritic cells, B cells, 
endothelial cells, plasma cells, mast cells, bone 
marrow, tumor cells and thymus, together with, 
leukocytes, macrophages, fibroblasts, and monocytes 
[14, 15]. The interleukins are cytokines which can 
stimulate the proliferation and differentiation of 
immune cells. In asthma, T cells take a central place 
in coordinating the immune response. Cytokines 
present during activation of naïve CD4 + T cells from 
pathogens and many types of antigens differentiate 
them into subpopulations of T cells in T-follicular 
effector cells, Th1, Th2, Th9, Th17, and Th22. Th2 
cells synthesise IL-4, IL-5, IL-13, IL-25, IL-31, IL-33 
which are associated with asthma and allergic 
diseases [16-19]. 

Interleukin 33 (IL-33) is a new cytokine which 
was found in 2005. It belongs to the IL-1 family 
consisting of 11 members, high proinflammatory 
cytokines which activate the function of inflammation 
cell in the early asthmatic responses. IL-33 is a potent 
type 2 inducing cytokine. It is bind to ST2 receptors, 
which are expressed on mast cells and Th2 cells, and 
some various cells including epithelial, bronchial and 
endothelial cells, fibroblasts and some immune cells, 
as well as dendritic cells and macrophages [20-23]. It 
is assumed that IL-33 is one of the earliest released 
mediators and can orchestrate the immune cascade 
of asthma and stands out as an attractive candidate 
for discovering various therapeutic modalities, 
especially a new targeted therapy. 

 Vitamin D plays a role in the pathogenesis of 
asthma. Vitamin D is a potent immune system 
modulator and in the form of 1,25-dihydroxy vitamin D 
has been shown that it can be involved in the 
suppression of dendritic cell maturation and the 
development of consecutive Th1 cell [24-27]. Vitamin 
D may suppress the production of IL-12, which 
reduces the production of Th1 cells and potentially 
leading to increased proliferation of Th2 cells [25]. 
Additionally, studies with treatment of 1,25-dihydroxy 
vitamin D in mice showed reduced secretion of Th1-
type cytokines IL-2 and IFN-γ and an increase in Th2-
type IL-4. In asthmatic children, low vitamin D levels 
are associated with airway hyperresponsiveness, 
decreased lung function, worse asthma control, and 
steroid-resistant asthma and exacerbations. It remains 
unknown whether vitamin D is an association with 
increased airway hyperresponsiveness (AWH), 
inflammatory markers of asthma, decreased lung 
function, poor asthma control and steroid resistance in 
adult asthma patients [28-30]. 

We aimed to investigate the relationship 
between Vitamin D, inflammation with circulating IL-33 

and lung function in 30 patients with severe 
uncontrolled asthma. 

 

 

Material and Methods 

 

The study included 30 patients with asthma. 
They are diagnosis and treated at the Clinic of 
Pulmonology and Allergy in Skopje, Macedonia. All of 
them are a classification of uncontrolled moderate 
persistent asthma. In all patients, serum IL-33 level 
was measured by the ELISA, enzyme-linked 
immunosorbent assay method according to the 
manufacture’s protocol at the Institute of 
Immunobiology and Human Genetics, Faculty of 
Medicine, in Skopje, Macedonia. Values within the 
reference range for IL-33 are 0pg/ml. Serum 25-
hydroxyvitamin D was measured by ELISA method 
according to the manufacture’s protocol at University 
Clinic of Clinical biochemist, Skopje, Macedonia.  

At the Clinic of pulmonology and allergy in 
Skopje, was done the spirometry with turbine 
spirometer - Spirobank G, according to the standard 
methodology. In all patients was done and analysed 
FEV1 - Forced expiratory volume in the first second. 
Every patient is done three manoeuvres with three 
acceptable and three reproducible curves, according 
to guidelines for the measurement of Spirometry, with 
Flow‐Volume and Time‐Volume curve. The best curve 
has been automatically selected from the spirometer 
[31-33]. 

 Inclusion Criteria: the patients are diagnosed 
and classified in uncontrolled moderate persistent 
asthma at PHI University Clinic of Pulmonology and 
Allergy according to the actual version of the Global 
Initiative for Asthma guidelines – GINA [7] and 
Guidelines for the Diagnosis and Management of 
Asthma (EPR-3) of NAEPP, National Asthma 
Education Prevention Program [33].

 
Uncontrolled 

asthma defined as at least one of the following [34]. 

Poor asthma symptom control: Asthma 
Control Questionnaire (ACQ) consistently >1.5, or 
Asthma Control Test <20 (or ‘‘not well controlled’’ by 
GINA - NAEPP guidelines over three months of 
evaluation: 

 two or more bursts of systemic CS (3 days 
each) in the previous year - frequent severe 
exacerbations; 

 at least one hospitalisation, required to stay 
on ICU or mechanical ventilation in the 
previous year - serious exacerbations; and 

 after an appropriate bronchodilator withhold 
FEV1<80% predicted - airflow limitation. 

 All patients have stable asthma because there 
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has been no increase asthma symptoms or need for 
add another asthma medication for at least the past 
four weeks. Some of the patients have arterial 
hypertension, and they did not have other 
comorbidities, that could increase the IL-33 level. The 
age range of patients was 20-71 years old. 

  Exclusion criteria were severe diseases of 
renal, neurological, haematological, cardiac, 
gastrointestinal, endocrine or immune system, 
psychiatric disorders, and neoplastic diseases. 
Pregnancy is also exclusion criteria. 

 

Statistical analysis 

 The results were statistically analysed by the 
statistical program SPSS for Windows 17.0. The 
results were statistically analyzed according to the 
Pearson’s Correlation Tests. The significances values 
were taken p < 0.05. 

 

 

Results 

 

The study included 30 patients with severe 
uncontrolled asthma. The majority were females, 19 
women (63.33%), and 11 were men (36.67%). The 
age of the patients was 20-71 years. The obtained 
values showed (Table 1): 

Table 1: Mean values for Vitamin D, IL-33 and FEV1 

N-30 mean Std.Dv 

Vitamin D 15.260 5.808 
IL-33 33.461 8.851 
FEV1 44.367 14.207 

 

All patients had low serum vitamin D and their 
correlation with IL-33 showed statistically insignificant 
correlation (Vit.D/IL-33; r = 0.11323; p = 0.551) 
(Figure 1). 

Scatterplot: il-33 vs. vit d3 (Casewise MD deletion)
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Figure 1: Correlation between Vitamin D and IL-33 in asthma 
patients.  (r = -0.11323; p = 0.551) 

Negative significant correlation between IL-33 
and FEV1 (IL-33/FEV1; r = -0.5248; p = 0.003) (Figure 
2). 
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Figure 2: Correlation between IL-33 and FEV1 in asthma patients. (r 
= -0.5248; p = 0.003) 

 

Negative insignificant correlation between 
serum levels of vitamin D and FEV1 (Vit.D/ FEV1; r =  
-0.1005; p = 0.597) (Figure 3) 

Scatterplot: vit d3 vs. fev1 (Casewise MD deletion)
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Figure 3: Correlation between Vitamin D and FEV1 in asthma 
patients. (r= -0.1005; p = 0.597) 

 

 

Discussion 

 

The studies which investigate vitamin D 
status, inflammatory markers of asthma and lung 
function are scarce. The studies which investigated 
the direct mechanistic links between vitamin D and 
lung diseases are limited. Cross section of data 
indicate that low level of vitamin D in patients with mild 
and moderate asthma is associated with more 
frequent exacerbations, poor asthma control, 
decreased lung function, steroid–resistant asthma, 
and consequent increased steroid use [24-26, 35-37].
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A couple study presented that the low level of 
vitamin D has an association with airway obstruction 
and corticosteroid requirement, influencing the 
severity in asthmatic patients. Our study showed that 
serum vitamin D level was lower (level of vitamin D < 
30 ng/ml) in these 30 patients with asthma but their 
correlation with IL-33 was statistically insignificantly. 
Anna Bonanno et al. in their study showed that 
Vitamin D it is not involved in IL-33/IL-31, Th2-type 
cytokines activity implicated in bronchial and nasal 
allergic disease [24].

 
Felicia M.A. et al. in their study 

they did not find a link between allergy markers 
(allergic rhinitis, eosinophil count, total IgE) and 
vitamin D levels [38].

 

Vitamin D inhibits the synthesis and releases 
cytokines which are Th1-associated and some other 
molecules, like IL-17, which lead to decreased 
inflammation and proliferation of smooth muscle cell 
[35, 38, 39]. Recent studies have shown that low level 
of vitamin D is linked with increased expression of the 
pro-inflammatory cytokine TNF-α, enhancing a pro-
inflammatory effect in patients with asthma [35, 40]. 
This vitamin promotes regulatory T cells and also in-
creases synthesis of IL-10, which lead to an inhibition 
of Th2 responses as well as airway inflammation and 
airway hyperresponsiveness [35, 41]. 

 Larose et al. in HUNT, prospective cohort 
study, found that low serum 25(OH) D level was not 
correlated with airway obstruction in most asthmatics 
adults except men with asthma but without allergic 
rhinitis [42]. In our study, there was an insignificant 
correlation between serum levels of vitamin D and 
FEV1. Laura et al. also showed in their study that the 
vitamin D level did not correlate with lung function and 
markers of allergy in asthmatic patients [43].

 
Some 

studies show a significant direct relation between 
vitamin D level and both FEV1 and FEV1/FVC [43, 
44].

 

In this study, we found that serum IL-33 was 
increased in patients with asthma and they positively 
correlated with asthma severity with the significant 
negative correlation between IL-33 and FEV1. In 
human studies of allergic asthma, serum IL-33, 
bronchoalveolar lavage fluid and lung tissue have 
found to be higher in patients with asthma compared 
to healthy controls and correlate with asthma severity 
[45-50], which was confirmed in our study

 

In conclusion, despite the limitation of this 
study with a small number of patients, we found an 
increased serum IL-33 in patients with asthma and it 
is positively related to the severity of asthma (FEV1), 
but we did not find a correlation between levels of 
vitamin D and FEV1 and IL-33. Because there are 
little studies about the link between asthma and 
vitamin D, further studies are necessary to explain the 
mechanism how vitamin D can control the activity of 
CD4+ T cells and the related Th2 type cytokines in the 
pathogenesis of the allergic disease, including 
asthma. 
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Abstract  

AIM: The primary objective of the study was to evaluate the overall survival of women with advanced stage 
(Stage IIIA-IV) high-grade serous ovarian cancer in Macedonia 

MATERIALS AND METHODS: The study was a cross-sectional medical record review of patients diagnosed with 
advanced stage HGSC. Patients were deemed eligible for inclusion if they were diagnosed with an advanced 
stage (Stage IIIA-IV) HGSC of the ovary, fallopian tube or peritoneum between 2009 and 2015.  The data were 
analyzed in a descriptive fashion and summary statistics were provided, as appropriate. Survival was calculated 
using the Kaplan-Meier method. 

RESULTS: A total of 81 eligible patients were identified and included in the study. The average overall survival in 
the studied cohort was 46.59 months (95%CI = 39.11-54.06). Patients that were optimally debulked and patients 
that had a platinum-free interval larger than 12 months had significantly longer survival in the current series (p < 
0.001). 

CONCLUSION: the average overall survival of advanced stage HGSC patients in the studied series was 46.59 

months (95%CI = 39.11-54.06). Patients aged 65 years or younger tended to live approximately ten months 
longer than patients older than 65 years, but this difference was not statistically significant. There was no 
difference in HGSC survival in the groups of patients with grade 2 and grade 3 disease. However, optimal surgical 
debulking and platinum sensitivity were associated with significantly better overall survival. 

 

 
 

 

Introduction 

 

Epithelial ovarian cancer is the fifth most 
common cancer-related cause of death in women in 
the developed countries with no significant 
improvement in the survival rates in the last three 
decades in spite of numerous scientific efforts [1]. It is 
estimated that in Europe alone, a total of 65538 new 
cases and 42704 deaths were registered in 2012 [2]. 
Early stage disease (i.e. disease localised to the 
ovaries) is associated with an overall 5-year survival 
rate of over 90%; however, only a small proportion of 
patients (approximately 15%) present with early 
disease [3]. On the other hand, five-year survival rates 
for patients with metastatic ovarian cancer are 
currently estimated to be less than 30% [3]. The 
current consensus is that all patients with advanced or 
metastatic ovarian cancer should be treated with 

surgical debulking and subsequent systemic 
chemotherapy. First-line chemotherapy is usually a 
platinum-based regimen (i.e. carboplatin with or 
without paclitaxel) [4]. Most ovarian cancer patients 
have high initial response rates, but eventually, recur 
and require further treatment.  

Tumor relapses can be classified, by the time 
interval between the completion of the initial platinum-
based chemotherapy regimen and the diagnosis of 
the recurrence, as platinum-sensitive (recurrence 
detected after six months or longer) or platinum-
resistant (recurrence detected within six months). 
Patients with platinum-resistant tumours have poorer 
response rates to the subsequent chemotherapy 
regimens and, consequently, shorter overall survival 
[5]. Ovarian cancer may occur at any age, but most 
patients are older than 50 years at the time of 
diagnosis. Advanced age at the time of diagnosis is 
associated with poorer outcomes: the 5-year survival 
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rate drops to below 30% in patients older than 65 
years [6]. This is probably because older patients 
have at least one underlying comorbidity which is 
thought to be associated with poorer prognosis [7, 8].  

The most common histological type of ovarian 
cancers is serous cancers. Once thought to arise from 
the ovarian surface epithelium, recent pathological 
and molecular studies have shifted the paradigm of 
the origin of serous epithelial ovarian cancers towards 
non-ovarian tissues, namely the secretory cells of the 
distal parts of the fallopian tubes [9]. 

Tumor grade, as a pathological index of 
cellular aberration, is an additional prognostic factor 
for serous ovarian cancer. It is widely accepted that 
low-grade tumours occur from tumours of borderline 
malignancy that acquire activating mutations in the 
member of the RAS pathway (KRAS, BRAF, and 
ErbB2) [10]. On the other hand, such mutations of the 
RAS pathway are rarely identified in high-grade 
serous cancers.  

High-grade serous carcinomas (HGSCs) 
remain the most aggressive subtype of ovarian 
cancers and account for the vast majority of advanced 
stage cases [11].  

To our knowledge, there is virtually no 
published data on the survival of advanced stage 
HGSC patients in the Republic of Macedonia. The 
primary objective of the study was to evaluate the 
overall survival of women with advanced stage (Stage 
IIIA-IV) high-grade serous ovarian cancer in 
Macedonia.  

 

 

Material and Methods 

 

The study was a cross-sectional medical 
record review of patients diagnosed with advanced 
stage HGSC. We searched the hospital registers of 
the University Clinic for gynaecology and obstetrics 
and the University clinic for oncology and radiotherapy 
at the University "Ss. Cyril and Methodius" in Skopje, 
Macedonia. Both participating academic centres are 
tertiary healthcare where the majority of these patients 
in Macedonia are referred for treatment. Patients were 
deemed eligible for inclusion if they were diagnosed 
with an advanced stage (Stage IIIA-IV) HGSC of the 
ovary, fallopian tube or peritoneum between 2009 and 
2015. Patients with non-serous histology, borderline 
tumours, early-stage and low-grade serous subtypes, 
as well as patients with insufficient follow-up data 
were excluded from the study. Clinical and disease 
characteristics, including age at diagnosis, stage, 
residual disease after primary surgery, treatment 
history and recurrence history, were collected from the 
available medical records. All primary surgeries were 
performed at the Department of gynecologic oncology 
at the University clinic of gynaecology and obstetrics, 

and all patients received adjuvant chemotherapy at 
the University clinic of oncology and radiotherapy. 
Cytoreductive surgery was characterised as optimal if 
there was ≤1 cm of residual disease and suboptimal if 
>1 cm of disease remained at the end of the surgical 
procedure. The National statistics office of the 
Republic of Macedonia mortality registry was 
accessed in April 2017 to acquire the exact date of 
death of all patients. The same date was used as a 
cut-off for the surviving patients.  

The data were analysed in a descriptive 
fashion and summary statistics were provided, as 
appropriate. Survival was calculated using the Kaplan-
Meier method. For survival comparison, patients were 
grouped based on age into two groups: (1) 65 years 
and younger; (2) older than 65 years. Patients were 
further stratified in relation to the initial platinum-free 
interval as: (1) highly platinum-sensitive (recurrence 
after at least 12 months after stopping the initial 
adjuvant platinum-based therapy); (2) partially 
platinum, sensitive (recurrence within 6-12 months); 
and platinum resistant (recurrence or progression 
within 6 months of the initial platinum-based therapy). 
Differences in survival were also evaluated for the 
groups of patients with grade 2 and grade 3 tumours. 
The Mantel-Cox log-rank method was used to test for 
statistically significant differences in the survival. All 
statistical calculations were done using IBM SPSS 
Statistics software package, version 23. A probability 
value of p ≤ 0.05 was considered significant.  

 

 

Results 

 

A total of 81 eligible patients were identified 
and included in the study. Table 1 summarises the 
demographic and clinical characteristics of the study 
group.  

Table 1: Summary of patient characteristics 

                      Characteristic  

Age (median, [range]) 60 years [24-78] 

 Tumor grade  

 2 (n, %) 26 (32.1%) 

 3 (n, %) 55 (67.9%) 

Tumor stage  

 IIIA (n, %) 9 (11.1%) 

 IIIB (n, %) 24 (29.6%) 

 IIIC (n, %) 45 (55.6%) 

 IV (n, %) 3 (3.7%) 

Residual disease  

≤1cm (n, %) 29 (35.8%) 

>1cm (n, %) 52 (64.2%) 

Platinum-free interval  

< 6 months 16 (19.8%) 

 6-12 months 24 (29.6%) 

 > 12 months 41 (50.6%) 

 

The median age of the patients was 60 years 
(range 24-78). Twenty-eight (34.6%) patients were 
older than 65 years at the time of diagnosis. The 
majority of patients, 45 (55.6%), were diagnosed with 
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stage IIIC disease at the time of diagnosis, 9 (11.1%) 
patients were staged as IIIA, 24 (29.6%) patients had 
stage IIIB disease, and only 3 (3.7%) patients were 
stage IV. All stage IV patients were classified as stage 
IV by malignant pleural effusion. Twenty-six (32.1%) 
of the neoplasms were grade 2, and 55 (67.9%) were 
grade 3. Optimal debulking was achieved in 29 
patients (35.8%). Forty-one (50.6%) of the patients 
were reported to be highly platinum sensitive, with a 
platinum-free interval larger than 12 months. Thirty-six 
patients (44.4%) from the cohort were still alive at the 
study cross-section point. 

The average overall survival in the studied 
cohort was 46.59 months (95%CI = 39.11-54.06). 
Figure 1 shows the Kaplan-Meier survival function plot 
for the overall survival. 

 

Figure 1: Overall survival of patients with an advanced stage high-
grade serous cancer in the studied cohort 

 

The estimated survival of patients 65 years 
old or younger was 49.18 months (95%CI = 40.85-
57.51), compared to an average survival of 39.03 
months (95%CI = 27.25-50.81) for patients older than 
65 years (Figure 2), but the difference is not 
statistically significant (p = 0.099).  

 

Figure 2: Comparison of survival in the different age groups 

We also failed to document a statistically 
significant difference (p = 0.183) in the survival of 
patients with grade 2 and grade 3 disease, with 
survival averaging at 51.74 months (95%CI = 40.69-
62.78) and 43.03 months (95%CI = 34.01-52.05) for 
grade 2 and grade 3 disease, respectively (Figure 3). 

 

Figure 3: Comparison of survival in patients with grade 2 and grade   
disease 

 

Optimal surgical debulking greatly influenced 
survival in the analysed series of patients. The 
estimated survival of patients that had the 
postoperative residual disease of ≤1cm was 75.55 
months (95%CI = 66.47-84.63), while patients with 
suboptimal surgical debulking (i.e. a postoperative 
residual disease of >1 cm) had an estimated survival 
of 30.78 months (95%CI = 24.14-37.42) (p < 0.001).  

 

Figure 4: Comparison of survival in patients with optimal and 
suboptimal surgical debulking 

 

Platinum sensitivity was also an important 
determinant of survival with estimated survival ranging 
from 8.75 months (95%CI = 6.55-10.95) for patients 
with a platinum-free interval less than 6 month, 27.89 
months (95%CI = 23.38-32.39) for patients with a 
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platinum-free interval of 6-12 months and 67.05 
months (95%CI = 58.83-75.27) for highly platinum-
sensitive patients with a platinum-free interval longer 
than 12 months (p < 0.001). Figure 4 and 5 present 
the Kaplan-Meier plots for both comparisons. 

 

Figure 5: Comparison of survival depending on platinum resistance 
status 

 

 

 

Discussion 

 

In this study, we present the demographic and 
clinical (surgical and treatment-related) factors 
associated with survival in patients treated for 
advanced-stage HGSC in the Republic of Macedonia. 
We analysed the medical data of a total of 81 
advanced stage HGSC patients. Patients with longer 
survival in our series appeared to be younger and 
were likely to have had optimal surgical cytoreduction, 
defined in the study as ≤ 1cm of residual disease. 
Patients that had longer platinum-free intervals also 
had better survival rates. In spite of that, a small 
fraction of patients who either had suboptimal 
debulking or primary platinum resistance achieved 
paradoxically long survival periods.   

Age has been consensually accepted as a 
prognostic factor for ovarian cancer survival [12, 13]. 
Older women have an increased risk of treatment 
failure and hence higher rates of recurrences and 
lower survival rates [14]. In the series of patients 
analysed by Markman et al. [15], the median survival 
for patients younger than 65 years was at least two 
years longer, compared to the median survival of 
patients older than 65 years. Patients in the current 
cohort that were older than 65 years had shorter 
average survival times of ten months, compared to 
patients younger than 65 years, but the difference was 
not statistically significant. The lack of statistical 
significance could be attributed to selection bias 
(advanced stage HGSC patients only) and a small 

sample size.  

The tumour grade, or the degree of cellular 
differentiation, has long been considered a 
determinant of survival. The theory is based on the 
understanding that poorly differentiated cells manifest 
a higher degree of aberrant mitoses, which translates 
into a more aggressive cancer cell behaviour.  
However, published data for the association between 
tumour grade and clinical outcome are conflicting, 
partly as a result of the lack of a universally accepted 
grading system [16, 17].  In the past decade, the well-
established three-tier grading system introduced by 
FIGO in the 1970s that uses cellular architecture as 
the defining characteristic of tumour grade has been 
replaced by a two-tier system based on clinical, 
morphological and molecular studies [18, 19].  Indeed, 
our data showed no difference in survival between 
grades 2 and 3, which was to be expected since all 
grade 2 and grade 3 tumours met contemporary 
criteria to be classified as high-grade tumours.  

The success of cytoreductive surgery, defined 
by the volume of residual disease, has consistently 
been heralded as one of the most significant factors 
influencing both progression-free and overall survival 
[20].  In this study, optimal surgical debulking (defined 
as a residual disease of ≤ 1 cm) more than doubled 
survival; patients that were optimally debulked had an 
estimated mean survival of 75.55 months versus and 
estimated mean survival of 30.78 months for patients 
with postoperative residual disease greater than 1 cm 
(p < 0.001). A Cochrane Database Review, published 
recently [21], was focused on analysing the 
effectiveness of optimal primary cytoreductive surgery 
in patients with advanced stage epithelial ovarian 
cancers. The authors demonstrated that overall 
survival and progression-free survival were 
significantly prolonged in patients who had no grossly 
visible residual disease following primary debulking 
surgery. The beneficial effects were also present in 
the groups of patients with residual diseases of less 
than 1 cm, but only a borderline difference in 
progression-free survival remained when the residual 
disease of more and less than 2 cm was used as the 
basis for patient comparison. Consequently, the 
authors conclude that the aim of every primary 
surgery for advanced-stage epithelial ovarian cancer 
should be complete cytoreduction to no grossly visible 
disease.  

One of the most reliable predictors of 
response to chemotherapy, and consequently 
survival, is the platinum-free interval [15, 22]. This is 
mostly the result of the first-line adjuvant 
chemotherapy for ovarian cancers being relatively 
constant (carboplatin with paclitaxel) over the past two 
decades. Our data also showed that patients with a 
platinum-free interval longer than 12 months survived 
significantly longer (p < 0.001) when compared to 
patients with a platinum-free interval of 6-12 months 
and less than six months (67.05 months vs. 27.89 
months and 8.75 months, respectively).  
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The prognosis in ovarian cancer patients is 
largely a function of disease stage, which represents 
the most important prognostic variable for ovarian 
cancer survival. In the current series, we analysed 
only data from advanced stage patients, in an attempt 
to highlight the prognostic importance of other 
parameters such as tumour characteristics, surgical 
and treatment-related conditions and demographic 
factors. Furthermore, the study was descriptive. 
Recently published studies have focused on the 
significance of molecular features of the tumours as a 
proxy for tumour biology, thus enabling the 
researchers to better predict the response to various 
therapeutic modalities and determine factors 
influencing survival. Our future studies will compare 
this group of patients and compare survival by the 
molecular determinants of the tumour.  

In conclusion, the average overall survival of 
advanced stage HGSC patients in the studied series 
was 46.59 months (95%CI = 39.11-54.06). Patients 
aged 65 years or younger tended to live 
approximately ten months longer than patients older 
than 65 years, but this difference was not statistically 
significant. There was no difference in HGSC survival 
in the groups of patients with grade 2 and grade 3 
diseases. However, optimal surgical debulking and 
platinum sensitivity were associated with significantly 
better overall survival.  
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Abstract  

Aim: This study aims to evaluate the algorithm of procalcitonin (PCT) and its role on the duration of antibiotics 
prescription for intra-abdominal infections. 

Materials and Methods: This study is a prospective controlled study that is conducted in groups of 50 

hospitalised patients and 50 controlled group patients.  

Results: The results indicated that the average duration of antibiotic delivery to the PCT group was -10.6 days 
(SD ± 6.6 days), while in the control group -13.2 days (SD ± 4.2 days). These data showed a significant difference 
in the duration of antibiotic therapy and the monitoring role of PCTs in the prediction success of antibiotic 
treatment. The antibiotic delivery was longer in the septic shock 17 (SD ± 11.7) that corresponds to high PCT 
values of 67.8 (SD ± 50.9). Recurrence of the infection after the cessation of antibiotics occurred in 2 cases (4%) 
in the standard group, while it occurred in 3 cases (6%) in the control group. 

Conclusion: The treatment of the intra-abdominal infections based on the PCT algorithm shortens the duration of 
antibiotic treatment and does not pose a risk for the recurrence of the infection. 

 

 

 

 

 

Introduction 

 

Intra-abdominal infections are a group of 
diseases with a relatively high degree of mortality and 
morbidity. Two determinants for the successful 
treatment of intra-abdominal infections are the 
identification of the source of the infection and the 
speed at which the empirical delivery of antibiotics 
begins, circumstances that reduce the risk of 
complications and mortality [1]. Reduction of mortality 
is not possible without effective control of the source 
of infection [2]. The mortality rate of intra-abdominal 
infections was about 90% at the end of the 19th 
century, where management was mostly non-
operative. In recent years, surgical intervention in 
intra-abdominal infections has influenced the control 
of the source of infection by reducing the mortality rate 
about 30% in cases of severe sepsis and septic shock 
[3-5]. Reduction of mortality rate is achieved with the 

earliest diagnostics of these infections and timely and 
adequate treatment [6-8]. 

Antibiotic therapy should start immediately 
after the intraabdominal infection diagnosis, while the 
duration of administration of antibiotics is a matter of 
ongoing discussion and there is still no consensus [8]. 
Treatment protocols recommend empirical 
antimicrobial therapy that is effective against the 
enterococcus, staphylococcus and the candida [6, 7]. 
If the empirical antibiotic is inadequate, it is followed 
by failure of treatment, an extension of hospitalisation 
and death. Non-rational antibiotic delivery leads to 
increased resistance to antibiotics and the 
appearance of intrahospital infections [8]. Therefore it 
is recommended to restrict the use of antibiotics and 
apply the biomarker algorithm in treatment to monitor 
the success of antibiotic therapy and discontinuation 
of their ordination as earliest [9, 10]. In Intensive Care 
Department, the procalcitonin (PCT) serial 
measurement can be used as a guide to facilitate the 
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most rapid interruption of antibiotics [11]. PCT is the 
calcitonin prohormone produced by the C-cell of the 
thyroid gland. The PCT inflammatory processes do 
not happen in thyroid C cells and do not depend on 
the calcium concentration, but its production depends 
on the microbial endotoxins and indirect from specific 
cytokines such as IL-1, IL-6 and TNF [12]. Indeed, it 
has been reported that the PCT threshold of 0.25 
ng/mL to 0.50 ng/mL or a reduction of at least 80% of 
the initial value [13, 14] allows the antibiotic to stop 
earlier without changing the clinical outcome [15-18]. 
The highest PCT values reach 24-48 h after infection, 
and proper management causes the PCT values to 
drop by about 50% within about one to one-half days 
after the infection decoction is interrupted. In some 
clinical cases, interferences with PCT values have 
been introduced, as in patients with renal failure, 
where half-life elimination is prolonged, but PCT 
accumulation does not occur [19]. Data from the 
literature suggests that if stimulation is discontinued 
its concentration decreases progressively and returns 
to baseline values on Day 5 or 7 [20]. An exceptional 
PCT situation is presented if clinical symptoms 
indicate possible sepsis but PCT values are low, then 
sepsis therapy should begin anyway, PCT 
measurement should be repeated (after 12, 24, 36 h) 
until the final diagnosis is clarified [19]. Despite the 
important information, the determination of PCT 
values that have a diagnostic and predictive role in the 
mentioned diagnoses is not yet definitive and is 
considered to be investigated further in other issues of 
surgical infections.  

Indeed, most of the research has evaluated 
PCT's interest in determining the duration of antibiotic 
delivery to conservatively treated patients [9, 11], 
while there is no or insufficient research on the role of 
PCT in intra-abdominal infections diagnosed as 
peritonitis, therefore, the aim of this study is to 
evaluate the predictive role of PCT in the duration of 
antibiotic delivery and treatment priorities based on 
the PCT algorithm in relation to standard treatment. 

 

 

 

Materials and Methods  

 

This is a clinically prospective, controlled trial 
involving hospitalised patients in the Clinical Surgery 
department at University Clinical Hospital of Kosovo in 
Prishtina, registered in the period from March 2016 to 
January 2017. The study was performed with simple 
randomisation, and 100 patients were included out of 
which, 50 patients were used for testing the PCT 
algorithm efficacy in discontinuing antibiotics. The 
study included a control group of 50 patients as a 
comparator in the duration of antibiotic delivery while 
comparing the complications following the 

discontinuation of antibiotics in both groups. The 
Ethics Committee of the University of Prishtina – 
Faculty of Medicine, has approved the research 
protocol and all participants or their family members 
completed the consent form. 

Inclusion and exclusion criteria: Patients over 
the age of 18 diagnosed with acute abdomen with 
Systemic Inflammatory Response Syndrome (SIRS), 
who underwent urgent surgical intervention and Index 
Manheim Peritonitis > 10 points, were eligible for 
enrollment in the study. Patients with a) autoimmune 
disease b) acute hepatic insufficiency c) diabetes d) 
immunosuppression e) pregnant women f) patients 
treated with corticoids g) when the patient or family 
members have refused to be included in the study 
were excluded. 

Protocol and Treatment: PCT levels were 
measured before surgery on the day 1, 4, and 7 and 
the following days as needed. The measurement was 
made with the Elecsys BRAHMS PCT method. The 
restraints of the values measured by this method are 
from 0.02 to 100 ng/mL. Values below the detectable 
limit are reported as < 0.02 ng/mL, whereas those 
over the upper limit are reported >100 ng/mL [21]. 
PCT values in healthy people are low <0.1ng/mL [22]. 
To exclude sepsis and systemic inflammation PCT < 
0.2 ng/mL concentration is a useful reference. As the 
cut off for the diagnosis of sepsis the PCT values > 
0.5 ng/mL are interpreted as abnormal and suggest 
for sepsis [20]. 

Recommendations based on the PCT 
algorithm are discontinuation of the antibiotics when 
PCT decreases > 80% of the initial value or PCT < 0.5 
ng/mL, reduction by the clinical condition and other 
laboratory parameters. 

Antibiotic delivery has begun in all patients 
with acute abdominal symptoms and SIRS presence. 
Interventions have been performed by experienced 
surgeons. After the intervention, all participants 
continued empirically given antibiotics, to the group 
with SIRS/sepsis and severe sepsis ceftriaxone 1 
gram was ordinated intravenously every 12 hours and 
metronidazole 500 mg intravenously every 8 hours, 
while in patients with septic shock imipenem 500 mg 
three times daily and metronidazole 500 mg 
intravenous every 8 hours.  

After receiving the microbiological 
examination results, antibiogram treatment continued. 
Termination of the antibiotics in the study group was 
conducted according to the protocol of the study. The 
basic criteria for the antibiotic discontinuation in 
control group were the normalization of leukocyte 
values followed by improvement of the clinical 
condition. After the antibiotic discontinuation, the 
condition of all patients was monitored for the 
identification of possible complications. 
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Statistical Analysis 

Stratification of the results was conducted 
based on the criteria of the severity of intraabdominal 
infections (SIRS/sepsis, Severe sepsis, Septic shock). 
We included age, gender, APACHE II, MODS, SOFA 
and INDEX MANNHEIM PERITONITIS. 

The statistical processing of the data was 
conducted with the statistical package SPSS 22.0. 
The arithmetic average, the standard deviation, the 
minimum and the maximum value were calculated 
from statistical parameters. Qualitative data testing 

was done with the 2-test and the exact Fisher test of 
quantitative data that had a normal distribution with T-
test and One Way ANOVA, and those with a 
nonnormal distribution with the Mann-Whitney test or 
Kruskal Wallis test. 

 

 

Results 

 

In both study groups the male patients were 
slightly more than females but without a significant 
statistical difference (X2 = 0.176, P = 0.675). Patients 
of both groups were in different age groups - the 
youngest was 17 years old, and the oldest was 86 
years old. The average age of the patients was 43.2 
years (DS ± 19.5 years), ranging from 17 to 86 years. 

According to the demographic characteristics 
of patients, there is no significant difference between 
the study and control groups. In both groups, 
according to the diagnosis structure, the acute 
perforative appendicitis and perforated duodenal ulcer 
were a more frequent diagnosis of patients. 

The average duration of antibiotic delivery to 
all patients was 11.1 days (SD ± 5.5 days), ranging 
from 3.0 to 31.0 days. In the test group, the average 
duration was 10.6 days (SD ± 6.6 days), ranging from 
3.0 to 31.0 days. In the control group, the average 
duration was 13.2 days (SD ± 4.2 days), ranging from 
3.0 to 29.0 days. With t-test, we revealed significant 
statistical significance (t-test), (P = 0.028), (Table 1). 

Table 1: Characteristics of Patients included in the study 

 Study Group Control Group p 

Age 39.4 ± 19.6 47.0 ± 18.8 0.064a 
Female 16 19 0.675b 
Male 34 31 0.675b 

Etiology of the disease 

Appendicitis acuta perforativa  23 34  
Ulcus bulbi duodeni perforans  9 10  
Perforatio intestini 
(ilei,jejuni,sygmae)  

11 5  

Cholecystitis acuta perforativa  4 1  
St. post op.Wiple (Dehiscencio 
anastomosis pancreatico-jejuni)  

1   

Perforatio diverticulum Meckeli  2   
Duration of Antibiotic Delivery 10.6 ± 6.6 13.2 ± 4.2 0.028c 
Reconnaissance of infection after 
antibiotic termination 

2 (4%) 3 (6%) 
 

 

A = Man Whitney test; b = 2-test; c-T-test. 

 

According to duration of antibiotic 
administration in the study group, we have noted this 
structure of administration: 8% - 4 days, 4% -5 days, 
16% - 6 days, 10% - 7 days, 62% > 7 days. The 
criteria of PCT decreased > 80% of the initial value 
was met in 8 patients; 8 (16%) patients did not receive 
the antibiotics as per PCT < 0.5 ng/mL algorithm. This 
group of patients had an average of 4 days more (SD 
± 3) administered antibiotic due to unsatisfactory 
clinical condition and laboratory parameters, while in 
other 4 patients we had an initial decrease of PCT in < 
0.5 ng/mL, and after that an increase of PCT values. 
Two of these patients had pulmonary problems, and 
the other two were indispensable for reintervention. 
Contrary, in the control group, only 4 (8%) patients 
had antibiotics < 7 days (Table 1). 

Table 2: Duration of Antibiotics Delivery in report to SOFA, 

APACHE II, IMP, MODS, PCT, CRP, WBC in admission of 

patients to the study group 

Abdominal Urgencies (n=50) 

Parameters Septic Shock Severe Sepsis SIRS/Sepsis p 

Duration of 
antibiotic 
administration  

17.0 (SD ± 11.7) 15.9 (SD ± 8.4) 8.6 (SD ± 5.7) 
<0.001

a 

 

SOFA 17.8 (SD ± 7.6) 10.5 (SD ± 3.8) 5.2 (SD ± 2.4) <0.0001
a
 

APACHE II  34 (SD ± 9.5) 19,5 (SD ± 6.3) 9.9 (SD ± 5.1) 
<0.0001

a 

 
MODS 12.8 (SD ± 3.8) 7.3 (SD ± 3.6) 2.3 (SD ± 1.3) <0.184

a
 

PCT 67.8 (SD ± 50.9) 22.5 (SD ± 36.7) 3.7 (SD ± 5.6) 0.00015
a 

CRP  117.9 (SD ± 123.7) 154.2 (SD ± 72.3) 133.1 (SD ± 90.5) 0.431
a
 

WBC 11.5 (SD ± 8.2) 18.4 (SD ± 11.7) 14.2 (SD ± 4.1) 0.132
b
 

a = Kruskal Wallis test; b = one way ANOVA test. 

 

MODS-Multiple Organ Dysfunction Score, 
IMP-Index Mannheim peritonitis, APACHE-Acute 
Physiology and Chronic Health Evaluation, SOFA-
Sequential Organ Failure Assessment, PCT-
procalcitonin, CRP-C reactive protein, TG-
Triglycerides, WBC-White Blood Cell. 

Based on the results we have found a 
significant correlation of the values of SOFA, 
APACHE II, MODS, PCT, and TG with the duration of 
antibiotic delivery, while the values of CRP and WBC 
do not correspond to the duration of antibiotic delivery 
(Table 2). 

 
Figure 1: PCT algorithm according to the severity of the infection 

 

PCT algorithm shows that after surgical 
treatment and initiation of antibiotic therapy in a group 
with SIRS/sepsis and severe sepsis the values are 
reduced until in the septic shock PCT values 
decreases about the initial values but remain high 
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enough to prevent the discontinuation of antibiotics 
(Fig. 1). 

Table 3: Results of microbiological examination in the study 

group and control group 

Microbiological results 
Study Group Control Group Total 

N % N % N % 

Escherichia coli  13 26.0 15 30.0- 28 28.0 
Escherichia coli  
streptococcus pyogenes 

2 4.0 3 6.0 5 5.0 

Escherichia coli  
Pseudomonas aeruginosa 

1 2.0 2 4.0 3 3.0 

Candida SPP 4 8.0 2 4.0 6 6.0 
Klebsiella pneumoniae 4 8.0 2 4.0 6 6.0 
Pseudomonas aeruginosa 5 10.0 2 4.0 7 7.0 
Staphylococcus aureus 2 4.0 3 6.0 5 5.0 
Peptostreptococcus 1 2.0 2 4.0 3 3.0 
Acinetobacter SP 1 2.0 - - 1 1.0 
No culture of bacteria is 
isolated 

17 34.0 19 38.0 36 36.0 

Total 50 100.0 50 100.0 100 100.0 

 

In most of the patients of the study group and 
control group, E. coli in the form of mono-culture or 
co-infection with Streptococcus pyogenes and 
Pseudomonas aeruginosa were isolated. In the 
structure of isolated microorganisms, monocultures of 
Pseudomonas aeruginosa, Klebsiella pneumoniae 
and Candida were also identified microbiological 
cultures. However, the culture of bacteria was not 
isolated in 34.0% of cases in the study group and 38% 
in the control group (Table 3).  

Table 4: Procalcitonin, duration, and types of antibiotics 

according to microbial infection 

Parameters 

Microbiological Infections 

Gram 
positive 

and Gram 
negative 

Gram 
negative 

Gram 
positive 

Mycotic 
Not 

culture 
isolated 

p 

PCT before OP 
(ng/mL) 

4.2 ± 0 18.8 ± 34.6 0.9 ± 0.3 29.5 ± 47.2 3.5 ± 5.2 0.001 

Duration of antibiotic  
delivery (d)  

12 ± 1.4 11.6 ± 5.4 19 ± 16.9 2.5 ± 0.7  0.41 

Metronidazole  2 (5%) 25 (62.5%) 1 (2.5%) 4 (10%) 8 (20%)  
Ceftriaxone - 25 (62.5% 1 (2.5%) 2 (5%) 12 (30%)  
Imipenem and 
enzyme inhibitor  

3 (20%) 6 (40%) 3 (20%) - 3 (20%)  

Gentamicin  1 (100%)     
Tazobactam  1 (100%)     
Lincomycin  2 (50%)   2 (50%)  
Amoxicillin/clavulanic 
acid 

 4 (100%)     

 

The PCT values in the diagnosis structure are 
quite variable with the signaling scale for P < 0.001 
the highest values were recorded in mycotic 
infections, then the gram negative ones, mixed gram 
negative and gram positive infections and even lower 
in gram positive which show a significant statistical 
difference (Table 4). For the treatment of gram 
negative infections, seven different forms of antibiotics 
were administered where Metronidazole and 
Ceftriaxone were dominated, whereas other forms of 
infections were administered with fewer antibiotics. 

 

Discussion 

 

This randomized study evaluated the role of 
PCT algorithm in the duration of antibiotic delivery and 

monitored the success of antibiotics after surgeries of 
intra-abdominal infections with peritonitis. Our findings 
indicate a significant difference in the duration of 
antibiotic delivery between the study group and the 
control group, with a reduction in the duration of 
antibiotic delivery to patients of the study group by 2.6 
days without risking a recurrence of infection. Our 
findings do not correspond to the study conducted by 
Juliette [21], which states that in general there is no 
significant difference in the duration of antibiotic 
delivery between the study group and the control 
group. They revealed the difference by structure of 
pathogenesis of infections, concluding that there is a 
difference in the duration of antibiotic delivery 
between groups of patients with peritonitis due to 
gastrointestinal perforation (7 days in the PCT and 10-
days with control group for p = 0.065), while in 
patients with localized peritonitis and postoperative 
peritonitis caused by intestinal dehiscences, there was 
no reduction of antibiotics with PCT algorithm. 

Other authors have stated that the PCT 
algorithm has a role in reducing the duration of 
antibiotic delivery of peritonitis. Ting Shuo Huang has 
concluded that this algorithm reduces the use of 
antibiotics for three days and provides a 50% relative 
reduction in the duration of antibiotic delivery [22]. 

Also, Schroeder et al. in a comparative study 
with 19 patients with peritonitis after abdominal 
surgery, stated that antibiotics were reduced to the 
research group in relation to the control group in 
significant values (6.6 ± 1.1 days versus 8.3 ± 0.7 
days) [23]. Hochreiter et al. recorded patients with 
confirmed infection or high suspicions for a bacterial 
infection that were treated with antibiotics and were 
hospitalized in Intensive Care [24]. Both authors had 
established antibiotic discontinuity criteria when there 
was clinical improvement and PCT levels < 1.0 ng/mL 
or decreased by 25% to 35% of the initial value within 
three days by making measurements every day. In the 
results of Hochreiter with authors, the duration of 
antibiotic delivery was significantly shorter in 57 
patients compared to the control group 53 patients 
(5.9 ± 1.7 days versus 7.9 ± 0.5 days: p < 0.001) 
without negative effects on results. 

In our study, the discontinuation of the 
antibiotics in the control group was done based on the 
value of the leukocytes and the clinical condition of 
the patients. In our study, measurement was done 
every successive day, and this approach has had an 
impact on the duration of antibiotic delivery. The PCT 
algorithm does not affect the reduction of antibiotics in 
septic shock and severe sepsis. Neither the threshold 
of PCT of 0.5 ng/mL nor the reduction of at least 80% 
of the initial value can accurately predict the response 
to treatment for cases with intra-abdominal infections, 
where there are a septic shock and severe sepsis 
corresponding to the results of other authors [25]. 

Findings of our study show that relation 
between high PCT, TG and high scores of APACHE 
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II, SOFA, IMP, and MODS and antibiotic treatment 
duration, whereas preoperative leukocyte and C – 
reactive protein values do not correspond to the 
duration of antibiotic administration. Other studies 
report that age, hypoalbuminemia, malnutrition, 
comorbidities, APACHE II score ≥ 15 affect the failure 
of management of infection source and the 
appearance of infectious complications [26-28]. 

In the microbiological examination of 
intraperitoneal fluid, our findings indicate that PCT 
values have varied between infection groups and 
have been higher in mycotic infections than in gram-
negative ones, mixed gram negative and positive 
infections, and lower in gram positive infections. 
However, our data regarding mycotic infections do not 
correspond to the findings of other authors Martini et 
al., [29] in his study of 48 surgical patients with 
mycotic infections risk found that the cut off of PCT for 
these infections was 2.0 ng/mL. According to Leli, a 
cut-off of PCT > 1.3 ng/mL can help us in diagnosing 
mycotic infection [30]. Considering that PCT in 
mycotic infections are not usually increased since the 
PCT values are too high in our results, we can 
conclude that these infections are accompanied by 
bacterial infections that have not been detected 
microbiologically in our facilities. In our study PCT cut-
off of 18.8 ng/mL is important for predicting sepsis 
with gram negative bacteria, whereas some studies 
refer to data linking high PCT values with gram 
negative sepsis but with cut off values that differ from 
our values. In the study of Brodská et al. [31], it is 
described that the PCT cut-off of 15 ng/mL can affect 
the sepsis caused by gram negative bacteria from 
sepsis caused by gram positive bacteria and mycotic 
sepsis with 87.8% specificity. While in the study 
conducted by Leli, the findings indicate that the cut-off 
of PCT 10.8 ng/mL may be significant in predicting the 
infection caused by gram-negative bacteria with a 
specificity of 82.5%. Other authors have also found 
that PCT levels were higher in gram negative than in 
gram positive sepsis [32, 33]. In our study, the PCT 
average of sepsis with the gram positive bacteria was 
0.64 ng/mL (SD = 0.3), corresponding to the data of 
the author Shuhua [33], where the PCT value was 
0.48 ng/mL. 

The results from our study and other authors 
suggest that PCT can help in the ordination of proper 
antibacterial initiation therapy, considering that 24-48 
hours should be expected for microbiological results. 

The structure of microorganisms isolated on 
microbiological samples is similar to the results of 
other authors, who reported similar infections of the 
gastrointestinal tract [34, 28]. 

 Overall, we conclude that monitoring of PCT 
value may impact in shortening of treatment antibiotic 
duration in patients with intra-abdominal infections. 
Although PCT is considered to be a very important 
predictive factor in intra-abdominal infections, in the 
presence of clinical signs of sepsis, the role PCT is 

diminished, and antibiotic therapy should be continued 
according to clinical signs and other predictive 
parameters. Also, we conclude that further studies are 
needed to validate the complex role of PCTs in 
antibiotic monitoring through pharmacoepidemio-
logical and pharmacoeconomic studies of antibiotic 
consumption in both groups that would enable 
valuable data to be obtained for the role of this 
algorithm in reducing resistance to antibiotics.  
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Abstract  

BACKGROUND: As the rapid growth of the elderly population and the increased prevalence of Alezheimer’s 
Disease and related disorders, there is an increasing need for effective cognitive screening. The Mini Mental State 
Examination (MMSE) is the most frequently used screening test of cognitive impairment because of its 
convenience. The Montreal Cognitive Assessment-Indonesian Version (MoCA-INA) has been validated and 
recently been used as a cognitive screening tool. 

OBJECTIVES: The aim of this study was to compare the MMSE and MoCA-INA scores and to determine the 
correlation between the MMSE and MoCA-INA scores in elderly.  

MATERIAL AND METHODS: This was a cross-sectional study including 83 elderly subjects from November 2016 
until June 2017. We performed MMSE and MoCA-INA for assessment of cognitive function and the time between 
each test was at least 30 minutes.  

RESULTS: The study included 83 subjects which were consisted of 46 (55.4%) males and 37 (44.6%) females. 
The mean age was 69.19 ± 4.23 ranging from 65 to 79 years old. The average MMSE scores was 24.96 ± 3.38 
(range 14 to 30). The average MoCA-INA scores was 21.06 ± 4.56 (range 5 to 30). The Pearson correlation 
coefficient between the scores was 0.71 (p<0.005). There were no significant differences of both scores based on 
history of hypertension, diabetes mellitus and previous stroke, but there was a significant difference in MMSE 
scores based on level of education.  

CONCLUSION: The MoCA-INA score showed a good correlation with the MMSE score. Both tests showed 
comparable results but MoCA-INA showed lower average with wider range of scores. 

 

 

 

Introduction 

 

As our population grows older, the issue of 
screening for dementia and cognitive impairment will 
become increasingly important because of the 
increase incidence of Alzheimer’s disease (AD) and 
related disorders. Improvements in survival rates 
following stroke will also increase the incidence of 
vascular and post-stroke cognitive impairment, as 
approximately 30% of stroke survivors will develop a 
progressive dementia [1]. 

Alzheimer’s disease (AD) is a chronic, 
debilitating condition causing significant disease 
burden and mortality in elderly. The health and 
economic impact of AD has led to a pressing need to 

prevent or slow disease onset and progression, and 
recent research efforts have focused on the 
transitional period from normal cognitive aging to 
dementia. This transition period, namely mild cognitive 
impairment (MCI), is signified by a measurable 
deterioration in cognitive function that is greater than 
expected based on an individual’s age and education 
but which has not meaningfully affected a person’s 
daily functioning [2, 3]. 

Mild cognitive impairment is common in 
elderly patients and can impact on prognosis and 
quality of life. The areas of cognitive impairment that 
occur at this stage primarily involve attention, verbal 
fluency, executive function and visuo-spatial skills, 
which differs from the language and memory skills 
that are commonly associated with dementia [5]. 
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Cognitive screening tools in the elderly are 
important for the purpose of identifying the presence 
of cognitive impairment. Neuropsychological testing is 
the gold-standard for assessing dementia and 
cognitive impairment, but it is time-consuming and 
requires highly trained assessors. The Mini Mental 
State Examination (MMSE) is the most frequently 
used screening test of cognitive impairmens of AD [5], 
mainly because of its convenience but not sensitive, 
as it is influenced by age, socio-economic status and 
level of education. It assesses primarily language and 
memory skills and has been found to be insensitive to 
detecting mild cognitive impairment [4]. Cognitive 
performance as measured by the MMSE varies within 
the normal population by age and education [6]. The 
Montreal Cognitive Assessment (MoCA), has been 
developed as a brief cognitive screening tool to detect 
mild-moderate cognitive impairment. It has been 
found to have high sensitivity and specificity for the 
detection of mild cognitive impairment [4, 7]. The 
MoCA assess several cognitive domains including 
executive fuction, visuospatial function, attention and 
concentration, memory, languange, calculation and 
orientation [7]. The Indonesian version of MoCA, 
namely MoCA-INA has been developed and validated 
in Indonesia and so it can be used as a cognitive 
screening tool [8]. The aim of this study was to 
compare the MMSE and MoCA-INA scores and to 
determine the correlation between the MMSE and 
MoCA-INA scores in elderly subjects.  

 

 

Method 

 

This was a cross sectional study involving 83 
subjects which were recruited from the Memory Clinic 
Neurology Department Adam Malik General Hospital 
Medan North Sumatera Indonesia, between 
November 2016 and June 2017. Inclusion criteria 
were age more than 65 years-old, compos mentis and 
fully cooperative, speak Bahasa Indonesia fluently, 
able to read and write, and gave written consent to be 
included in the study. Subjects who were medically 
unstable (delirium) or other psychiatric disorders, had 
an aphasia were excluded from the study. All subjects 
underwent physical and neurologic examination and 
cognitive assessment including Mini Mental State 
Examination (MMSE) and Montreal Cognitive 
Assessment-Indonesian Version (MoCA-INA). The 
time between each test was at least 30 minutes. 
Demographic information was collected including age, 
sex, occupation, level of education, history of stroke, 
hypertension and diabetes mellitus. The MMSE and 
MoCA-INA Scores were obtained. All statistical 
procedures were performed with SPSS. The 
correlation between MMSE and MoCA-INA Scores 
was measured using the Pearson correlation. Both 
scores were also compared based on level of 

education. The study was performed with approval 
obtained from the Health Research Ethical Committee 
Medical Faculty of Universitas Sumatera Utara/H. 
Adam Malik General Hospital. 

 

 

Results 

 

A total of 83 subjects were studied. The 
average age of subjects was 69.19 years old, ranging 
from 65 to 79 years old. There were 46 (55.4%) males 
and 37 (44.6%) females. Most of the subjects had 
level of education of high school (43 subjects, 51.8%). 
There were 26 subjects (31.3 %) with history of 
hypertension, 17 (20.5%) with Diabetes Mellitus and 
11 subjects (13.3%) with history of previous stroke. 
The demographic characteristics are shown in Table 
1. 

Table 1: Demographic characteristics  

Characteristic Number (%) (n = 83) 

Sex 
 Male  
 Female 

 
46 (55.4) 
37 (44.6) 

Age,mean ± SD, years  69.19 ± 4.23 
Age group, years  
 65-69 
 70-74 
 75-79 

 
53 (63.9) 
18 (21.7) 
12 (14.5) 

Occupation 
 Employee 
 Housewive 
 Entrepreneur 
 Farmer 
 Unemployed 

 
16 (19.3) 
20 (24.1) 
13 (15.7) 
4 (4.8) 

30 (36.1) 
Level of education  
 Elementary School 
 Junior High school  
 High School 
 College/University 

 
15 (11.3) 
19 (14.3) 
63 (47.4) 
36 (27.1) 

History of Diabetes Mellitus 
 Yes 
 No 

 
17 (20.5) 
66 (79.5) 

History of Hypertension 
 Yes 
 No 

 
26 (31.3) 
57 (68.7) 

History of Previous Stroke 
 Yes 
 No  

 
11 (13.3) 
72 (86.7) 

MMSE 
 < 24 
 ≥ 24 

 
31 (37.3) 
52 (62.7) 

Moca-INA Score 
 < 26 
 ≥ 26 

 
71 (85.5) 
12 (14.5) 

 

The average MMSE score was 24.96 ± 3.38 
(range 14 to 30). The average MoCA-INA score was 
21.06 ± 4.56 (range 5 to 30). Both scores showed 
comparable result but MoCA-INA showed lower 
average and a broader range of scores. Comparison 
between the MMSE and MoCA-INA Score is shown in 
Table 2.  

Table 2: Comparisan between the MMSE and MoCA-INA Score 

Score Mean  SD Median Range  

MMSE 24.96 3.38 25 14-30 
Moca-INA 21.06 4.56 21 5-30 

 

The Pearson’s correlation coefficient between 
the scores was 0.71 (p < 0.005). A graph showing the 
comparison between the MMSE and MoCA-INA 



Rambe & Fitri. Montreal Cognitive Assessment-Indonesian Version and the Mini-Mental State Examination in Elderly 
_______________________________________________________________________________________________________________________________ 

_______________________________________________________________________________________________________________________________ 

Open Access Maced J Med Sci. 2017 Dec 15; 5(7):915-919.                                                                                                                                                         917 

 

scores based on age groups is shown in Figure 1. 
There were no significant differences of both scores 
based on history of hypertension, diabetes mellitus 
and previous stroke, but there was a significant 
difference in MMSE scores based on level of 
education, but not in MoCA-INA score (Table 3).  

 
Figure 1: A graph showing the comparison between the MMSE and 
MoCA scores based on age groups 

 

One-way ANOVA. *Post-hoc LSD: elementary 
vs. high school p = 0.003; high school vs. college p = 
0.015. 

Table 2: Comparison between the MMSE and MoCA-INA Score 

Level of Education 
MMSE Score MoCA-INA Score 

Mean SD P Mean  SD p 

Elementary 21.40 2.96 

0.007* 

16.60 5.12 

0.133 
Junior High School 24.67 3.36 22.00 3.24 

High School 26.00 2.94 21.42 4.83 

College/University 23.96 3.58 20.87 4.24 

One-way ANOVA; *Post-hoc LSD: elementary vs high school p = 0.003; high school vs 
college p = 0.015.  

  

 

 

Discussion 

 

As the rapid growth of the elderly population 
and the increased prevalence of AD and related 
disorders, there is an increasing need for effective 
cognitive screening. This study compared the MMSE 
and MoCA-INA scores as cognitive screening tools. 
The Indonesian version of MoCA has been validated 
and said to be applicable for assessment of cognitive 
function. There are several adjusments of MoCA-INA 
compared to the original version in assessment of 
naming, memory and delayed recall and language 
function because of transcultural validation [8]. The 
results showed that The MoCA-INA and MMSE 
showed comparable results but MoCA-INA showed 
lower average with wider range of scores. This finding 
has also been observed in a study by Ohta et al which 
compared Japanese version of MMSE and MoCA 

scores in 304 patients with Parkinson’s disease. They 
found the MMSE and MoCA scores were 26.3 ± 3.6 
(range 12-30) and 20.9 ± 5.0 (range 5-30), 
respectively [9]. A study by Aggarwal et al also found 
lower MoCA score (22.2 ± 5.1) if compared with 
MMSE (26.5 ± 3.5) [4]. 

This finding reflects the MoCA-INA as a more 
challenging test that includes executive function, 
higher level languange and complex visuospatial 
processing that enable it to detect mild impairment or 
certain domain of cognitive function, if compared to 
MMSE. The MMSE has both a ‘ceiling’ and ‘floor’ 
effect: a score of 30 does not always mean normal 
cognitive function and a score of zero does not mean 
an absolute absence of cognition. It does not contain 
much capacity to test frontal/executive or viusospasial 
(typically right parietal) functions. The pentagon task 
of the MMSE simply requires the patient to copy the 
image and does not assess planning skills [10]. 

This is in line with several previous studies 
that compared the MMSE and MoCA as cognitive 
screening tool in differentiating dementia from MCI 
and normal cognitive aging. A study conducted by 
Roalf et al in 321 AD patients, 126 MCI and 140 
healthy controls found that the MoCA is superior to 
the MMSE as a global assessment tool, particularly in 
discerning earlier stages of cognitive decline. In 
addition, the author found that overall diagnostic 
accuracy improved when the MMSE or MoCA was 
combined with an informant-based functional measure 
[2]. In a study involving 219 healthy control, 299 MCI 
and 100 AD cases, in which the author analyzed the 
relationship between the MoCA and MMSE scores, it 
was found that both tools were more similar for 
dementia cases, but MoCA distributed MCI cases 
across a broader score range with less ceiling effect 
[11]. The MOCA is a useful brief screening tool for the 
detection of mild dementia or MCI. With a cut-off 
score of 26, the MMSE had a sensitivity of 17% to 
detect subjects with MCI, whereas the MoCA detected 
83% [12]. The MoCA showed a high sensitivity (0.94) 
compared to MMSE (0.66) in detecting post stroke 
cognitive impairment [13]. 

This study found the differences in MMSE 
score based on level of education, while the MoCA-
INA did not show any significant difference. This 
finding could also support the superiority of MoCA-INA 
than MMMSE. MoCA has also been found to be 
superior to MMSE in assessing cognitive impairment 
in several other conditions. Wong et al carried out a 
prospective onservational and diagnostic accuracy 
study on aneurysmal subarachnoid hemorrhage, The 
MoCA and MMSE were administered 2-4 weeks and 1 
year after ictus. They found that both tools were 
succesful in differentiating between patients with and 
without cognitive impairment but at 1 year post-ictus, 
the MoCA produced higher area under the curve 
scores for cognitive impairment than the MMSE [14]. 
MoCA was also found to be more sensitive and 
reliable than MMSE in testing the cognitive status in 
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epilepsy population with phenytoin monotherapy [15]. 
The MoCA, but not the MMSE, has adequate 
psychometric properties as a screening instrument for 
the detection of mild cognitive impairment or dementia 
in Parkinson disease [16]. 

Several advantages of the MMSE includes 
being the most widely used and studied worldwide 
and often used as reference for comparative 
evaluations of other assessments. Its limitations are : 
education/age/language/culture bias; ceiling effect; 
best performance for at least moderate cognitive 
performance. Advantages of the MoCA include being 
designed to test for mild cognitive impairment and 
tests many separate domains. Its limitations are: lacks 
of studies in general practice settings; education bias 
(≤12 years), limited use and evidence due to 
published data relatively new (2005) [17]. 

This study also found a good correlation 
between the MMSE and MoCA-INA scores (r = 0.71 
(p < 0.005). This finding is consistent with several 
previous studies about correlation between these 
scores in different clinical setting, such as in an 
inpatient rehabilitation (r = 0.695, p < 0.003) 4 and in 
Parkinson’s disease patients (r = 0.74, p < 0.001) 9 
and in a clinical cohort (r = 0.82, p < 0.001) [18]. 

We used cut point of 24 for the MMSE and 26 
for the MoCA in this study, so score equal to or less 
than 24 on the MMSE or less than 26 on the MoCA 
showed cognitive impairment. Although optimum 
sensitivity and specificity of the MMSE probably vary 
depending on the patien’s age and education level, a 
large body of literature suggests that a general cut 
point of 23/24 or 24/25 is appropriate for most primary 
care populations [3, 6]. 

Interestingly in this study, the proportion of 
subjects with cognitive impairment found to be higher 
than normal subjects. Although this could be attributed 
to history of previous disease (stroke, hypertension 
and diabetes mellitus), we did not find any statistical 
differences between these groups indicating the 
importance of screening for cognitive function in every 
day clinical practice. Early detection of cognitive 
impairment that indicates transition to AD may 
improve diagnosis and lead to better management of 
the disease. The basic purpose of cognitive screening 
tests is to indicate a likelihood of cognitive impairment 
which can be inferred from comparing the patient’s 
score to reference norms. A very impaired score, 
along with supporting history and clinical findings may 
lead a clinician to make a diagnosis, while a 
borderline score may need a further investigation 
Cognitive screening test is not intended to substitute a 
full neuropsychlogical assessment but it can be used 
to obtain a key for impaired cognitive domain in a 
patient.  

 

 

References 

1. Cullen B, O'Neill B, Evans JJ, et al. A review of screening tests 
for cognitive impairment. J Neurol Neurosurg Psychiatry. 2007; 78: 
790-9. https://doi.org/10.1136/jnnp.2006.095414 PMid:17178826 
PMCid:PMC2117747 

2. Roalf DR, Moberg PJ, Xie SX, et al. Comparative accuracies of 
two common screening instruments for classification of Alzheimer's 
disease, mild cognitive impairment, and healthy aging. Alzheimer's 
& Dementia. 2012:1-9. 

 

3. Moyer VA. Screening for Cognitive Impairment in Older Adults: 
U.S. Preventive Services Task Force Recommendation Statement. 
Ann Intern Med. 2014; 160:791-7. https://doi.org/10.7326/M14-
0496 PMid:24663815  

 

4. Aggarwal A, Kean E. Comparison of the Folstein Mini Mental 
State Examination (MMSE) to the Montreal Cognitive Assessment 
(MoCA) as a Cognitive Screening Tool in an Inpatient 
Rehabilitation Setting. Neuroscience & Medicine. 2010; 1: p. 39-42. 
https://doi.org/10.4236/nm.2010.12006 

 

5. Folstein MF, Folstein SE, McHugh PR. "Mini-mental state." A 
practical method for grading the cognitive state of patients for the 
clinician. J Psychiatr Res. 1975; 12:189–98. 
https://doi.org/10.1016/0022-3956(75)90026-6 

 

6. Sjahrir H, Ritarwan K, Tarigan S, Rambe AS, Lubis ID, Bhakti I. 
The mini mental state examination in healthy individuals in Medan 
Indonesia by age and education level. Neurol J Southeast Asia. 
2001;6:19-22. 

 

7. Nasreddine ZS, Phillips NA, Bedirian V, Charbonneau S, 
Whitehead V, Collin I, et al. The Montreal Cognitive Assessment, 
MoCA: a brief screening tool for mild cognitive impairment. J Am 
Geriatr Soc. 2005;53(4):695–9. https://doi.org/10.1111/j.1532-
5415.2005.53221.x PMid:15817019  

 

8. Husein N, Silvia L, Yetty R, dkk. Uji Validitas dan Reabilitas 
Montreal Cognitive Assessment Versi Indonesia (MoCA-Ina) Untuk 
Skrining Gangguan Fungsi Kognitif. Neurona Neuro Sains. 2010; 
27(4):15-22. 

 

9. Ohta K, Osada T, Shinohara Y, Suzuki N, Takahashi K, Seki M, 
et al. Comparing the Montreal Cognitive Assessment with Mini-
Mental State Examination in japanese parkinson's disease 
patients. Neurology and Clinical Neuroscience. 2014;2:44-49. 
https://doi.org/10.1111/ncn3.80 

 

10. Woodford HJ, George J. Cognitive assessment in the elderly: a 
review of clinical methods. Q J Med. 2007; 100:469-484. 
https://doi.org/10.1093/qjmed/hcm051 PMid:17566006  

 

11. Trzepacz PT, Hochstetler H, Wang S, et al. Relationship 
between the Montreal Cognitive Assessment and Mini-mental State 
Examination for assessment of mild cognitive impairment in older 
adults. BMC Geriatrics. 2015; 15:107. 
https://doi.org/10.1186/s12877-015-0103-3 PMid:26346644 
PMCid:PMC4562190 

 

12. Smith, T.; Gildeh, N. and Holmes, C. The Montreal Cognitive 
Assessment: Validity and Utility in a Memory Clinic Setting. Can J 
Psychiatry. 2007; 52(5): 329-32. 
https://doi.org/10.1177/070674370705200508 PMid:17542384  

 

13. Godefroy O, Fickl A, Roussel M, Auribault C, Bugnicourt JM, 
Lamy C, et al. Is the Montreal Cognitive Assessment superior to 
the Mini-Mental State Examination to detect poststroke cognitive 
impairment? A study with neuropsychological evaluation. Stroke. 
2011;42:1712-1716. 
https://doi.org/10.1161/STROKEAHA.110.606277 PMid:21474808  

 

14. Wong GK, Lam SW, Wong A, Ngai K, Poon WS, Mok V. 
Comparison of montreal cognitive assessment and mini-mental 
state examination in evaluating cognitive domain deficit following 
aneurysmal subarachnoid haemorrhage. PLoS One. 
2013;8(4):e59946. https://doi.org/10.1371/journal.pone.0059946 
PMid:23573223 PMCid:PMC3616097 

 

15. Nathami R, Amirthalingam P, Mukunthu et al.Sensitivity of 
Montreal Cognitive Assessment in Comparison with Mini 
MentalStatus Examination in Testing Cognitive Status in Epilepsy 

 

https://doi.org/10.1136/jnnp.2006.095414
https://doi.org/10.7326/M14-0496
https://doi.org/10.7326/M14-0496
https://doi.org/10.4236/nm.2010.12006
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1111/ncn3.80
https://doi.org/10.1093/qjmed/hcm051
https://doi.org/10.1186/s12877-015-0103-3
https://doi.org/10.1177/070674370705200508
https://doi.org/10.1161/STROKEAHA.110.606277
https://doi.org/10.1371/journal.pone.0059946


Rambe & Fitri. Montreal Cognitive Assessment-Indonesian Version and the Mini-Mental State Examination in Elderly 
_______________________________________________________________________________________________________________________________ 

_______________________________________________________________________________________________________________________________ 

Open Access Maced J Med Sci. 2017 Dec 15; 5(7):915-919.                                                                                                                                                         919 

 

Patients with Phenytoin Monotherapy. AJPCT. 2015; 3(03): 237-
244. 

16. Hoops S, Nazem S, Siderowf AD, et al. Validity of the MoCA 
and MMSE in the detection of MCI and dementia inParkinson 
disease. Neurology. 2009; 73:1738-1745. 
https://doi.org/10.1212/WNL.0b013e3181c34b47 PMid:19933974 
PMCid:PMC2788810 

 

17. Cordell CB, Borson S, Boustani M, Chodosh J, Reben D, 
Verghese J, et al. Alzheimer's association recommendations for 
operationalizing the detection of cognitive impairment during the 
Medicare Annual Wellness Visit in primary care setting. 

 

Alzheimer's & Dementia. 2013;9:141-150. 
https://doi.org/10.1016/j.jalz.2012.09.011 PMid:23265826  

18. Roalf DR, Moore TM, Hamilton DM, Wolk DA, Arnold SE, 
Weintraub DA, et al. Bridging cognitive screening tests in 
neurologic disorders: A crosswalk between the short Montreal 
Cognitive Assessment and Mini-Mental State Examination. 
Alzheimer's & Dementia. 2017;1-6. 
https://doi.org/10.1016/j.jalz.2017.01.015 

 

 

https://doi.org/10.1212/WNL.0b013e3181c34b47
https://doi.org/10.1016/j.jalz.2012.09.011
https://doi.org/10.1016/j.jalz.2017.01.015


 

_______________________________________________________________________________________________________________________________ 

  920                                                                                                                                                                                                                     http://www.mjms.mk/ 
http://www.id-press.eu/mjms/ 

 

ID Design 2012/DOOEL Skopje, Republic of Macedonia 
Open Access Macedonian Journal of Medical Sciences. 2017 Dec 15; 5(7):920-924. 
https://doi.org/10.3889/oamjms.2017.205 
eISSN: 1857-9655 
Clinical Science 

 

 

  

 
Kosovo’s Experience for Children with Feeding Difficulties after 
Cardiac Surgery for Congenital Heart Defect 
 

 

Ramush Bejiqi
1*

, Ragip Retkoceri
2
, Hana Bejiqi

3
, Arlinda Maloku

2
, Armend Vuçiterna

1
, Naim Zeka

2
, Abdurrahim Gerguri

2
, 

Rinor Bejiqi
4
 

 
1
University of Gjakovo, Paediatric Clinic, University Clinical Centre of Kosovo, Prishtina, Kosovo; 

2
Paediatric Clinic, 

University Clinical Centre of Kosovo, Prishtina, Kosovo; 
3
Main Center of Family Medicine, Prishtina, Kosovo; 

4
Medical 

School, University or Kosovo, Prishtina, Kosovo 

 

Citation: Bejiqi R, Retkoceri R, Bejiqi H, Maloku A, 
Vuçiterna A, Zeka N, Gerguri A, Bejiqi R. Kosovo’s 
Experience for Children with Feeding Difficulties 
аOnlineFirstfter Cardiac Surgery for Congenital Heart 
Defect. Open Access Maced J Med Sci. 2017 Dec 15; 
5(7):920-924. https://doi.org/10.3889/oamjms.2017.205 

Keywords: Cardiac surgery; Congenital heart defect; 
echocardiography; Chromosomal abnormalities; Feeding 
problems. 

*Correspondence: Ramush Bejiqi. University of Gjakovo, 
Paediatric Clinic, University Clinical Centre of Kosovo, 
Prishtina, Kosovo. E-mail: rbejiqi@hotmail.com  

Received: 11-Jul-2017; Revised: 24-Sep-2017; 
Accepted: 27-Sep-2017; Online first: 27-Nov-2017 

Copyright: © Ramush Bejiqi, Ragip Retkoceri, Hana 
Bejiqi, Arlinda Maloku, Armend Vuçiterna, Naim Zeka, 
Abdurrahim Gerguri, Rinor Bejiqi. This is an open-access 
article distributed under the terms of the Creative 
Commons Attribution-NonCommercial 4.0 International 
License (CC BY-NC 4.0). 

Funding: This research did not receive any financial 
support. 

Competing Interests: The authors have declared that no 
competing interests exist. 

 

 

 

 

Abstract  

BACKGROUND: A feeding disorder in infancy and during childhood is a complex condition involving different 
symptoms such as food refusal and faddiest, both leading to a decreased food intake.  

AIM: We aimed to assess the prevalence and predictor factors of feeding difficulties in children who underwent 
cardiac open heart surgery in neonatal period and infancy. We address selected nutritional and caloric 
requirements for children after cardiac surgery and explore nutritional interdependence with other system 
functions.   

METHODS: This was a retrospective study in a tertiary referral hospital, and prior approval from the institutional 
ethics committee was obtained. Information for 78 children (42 male and 36 female) was taken from patients 
charts. Data were analysed with descriptive statistics and logistic regression.  

RESULTS: From a cohort of analysed children with feeding problems we have occurred in 23% of such cases. At 

the time of the study, refusal to eat or poor appetite was reported as a significant problem in 19 children and 
subnormal height and weight were recorded in 11 children. Early neonatal intervention and reoperation were 
identified as risk factors for latter feeding difficulties or inadequate intake. Children with feeding problems also 
tended to eat less than children without feeding problems. There was a trend towards more feeding problems in 
patients with chromosomal abnormalities or other associated anomalies.  

CONCLUSION: Feeding disorder is often and a frequent long-term sequel in children after neonatal or early 
infancy heart surgery. Patients with chromosomal and associated anomalies who underwent multiple cardiac 
surgeries are at risk of developing feeding difficulties. 

 

 

 

Introduction 

 

A feeding disorder in infancy and during 
childhood is a complex condition involving different 
symptoms such as food refusal and faddiness, both 
leading to a decreased food intake. It often results 
from abnormal feeding development. Also, adequate 
nutrition is crucial and challenging for children after 
surgery for congenital heart defects. There is a 
worldwide reason for attention to the lesion or specific 
feeding problems, supplementation of trace elements 
and minerals, and an organised approach to pace, 
timing, and type of feeding are beneficial. These 
patients need to be selected for preventive strategies, 

and nutritional intervention should be offered in order 
to increase the caloric intake of the child and to 
develop a sound feeding relationship in the family.    

Babies with congenital heart defects often 
need more calories per day than babies with normal 
hearts, particularly if they are struggling with 
symptoms of congestive heart failure. Feeding can be 
challenging for some reasons, so parents and other 
caregivers often work closely with the baby’s 
healthcare team to make sure the baby is getting 
enough calories to gain weight and grow [1, 2]. 

What is known? 

1. Children with congenital heart defects 
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have problems with feeding caused by heart 
insufficiency. 

2. Patients with chromosomal and 
associated heart defects are at increasing risk for 
feeding problems. 

What is new? 

1. Patients with complex congenital 
heart defects and chromosomal anomalies who 
underwent multiple cardiac surgeries are at risk of 
developing feeding difficulties. 

2. As a lack of paediatric cardiac 
surgeries in Kosovo, children with congenital heart 
defects have been surgically treated in many 
European and North American centres. 

The aim of this retrospective study was to 
describe the prevalence of feeding disorders in 
infancy and children after open heart surgery. 

 

 

Material and Methods  

 

The study included 78 children undergoing 
open heart surgery for congenital heart defects in the 
neonatal period and infancy between 2005 and 2010. 
The study group included patients who had survived 
more than three years after surgery; all patients who 
did not survive the first three years of life after surgery 
were eliminated from the study.  

The study was designed collecting data from 
medical records of cardiological diagnosis, reports 
from surgery intervention and outpatient 
correspondence as well as fellow assessment three 
years after surgery from a paediatric cardiologist at 
tertiary level. In the lack of cardiosurgical services in 
Kosovo, all children were sent abroad for surgery. 
Cardiological diagnosis from the local cardiologist was 
compared with diagnosis at the centre where the 
surgery was done, and there we found full 
compliance. Differently, from the other centres which 
used two years for reassessing the feeding behaviour, 
we have chosen three years as a reason that few 
children have been sent abroad under treatment with 
Prostaglandins where the possibility for developing 
neurological consequences is much higher. 
Otherwise, the period of 2 years is taken from more 
centres in the world as the ideal period to reassess 
feeding behaviour and only severe and relevant 
feeding disorders persist until that age, because the 
prevalence of the feeding disorders in the normal 
population has been well defined at the age of 2 years 
[7, 10, 11]. 

Analysed data included pre-operative data: 
birth weight, type of congenital heart defects, 
associated anomalies and syndromes, need for giving 
Prostaglandins and long-term of treating, based on 

the type of CH. The Cardiac surgery data included: 
the centre where the surgery was done, the type of 
surgery, the duration of extra-corporal circulation or 
the duration of the operation in off bypass operations. 
Post-operative data included: duration of the 
mechanical ventilation, total hospital stay, in-hospital 
feeding parameters which included the duration of 
tube feeding, the onset of oral food intake, and 
whether the child was referred to the speech 
pathologist on account of severe difficulties in 
swallowing or sucking. In the post-operative data, we 
also have attached neurological findings documented 
during the routine neurological examination after the 
operation was labelled as neurological abnormalities.  

To simplify data on cardiac defects included in 
the study, all these were divided into two groups 
based on cardiological findings before the surgery and 
the intra-cardiac morphology during the surgery:  

Group 1: “simple cardiac defects”, in which a 
complete anatomical repair is possible by one 
intervention.  

Group 2: “complex congenital disabilities” in 
which are necessary two or three cardiac surgery 
interventions achieve on anatomical or physiological 
repair.  

Most patients from the Group 2 underwent 
two interventions and whereas few of them are 
preparing for third-stage of palliation.   

Based on the age of children when they 
underwent surgery all patients are divided into three 
groups: 

Group 1: Children underwent complete 
cardiac surgery on the neonatal period; 

Group 2: Children where the first surgery was 
on the neonatal period and the second was in infancy; 

Group 3: Patients where cardiac surgery was 
done on the period of infancy period. 

The questionnaire was designed to obtain 
information for quality and quantity of the nutrition, on 
feeding behaviour and food intake, whether it was 
appropriate for the age of 3 years old. The 
questionnaire also includes body weight gain, needs 
for artificial feeding, present of gastro-oesophageal 
reflux and frequent respiratory infection (aspirate 
pneumonia).  

Feeding disorder was defined as the 
presence of one or more of the following criteria at the 
age of 3 years, based on the information given by 
care provider.  

Group 1: Child is partially or completely 
dependent on tube feeding; 

Group 2: Feeding is not adequate for the 
following age and mostly is based on the drink or 
takes pureed food; 
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Group 3: Child manifests delays in obtaining 
foods, there is a failure of thriving, the body weight is 
in the third percentile, child manifests anaemia etc. 

In the absence of cardiac surgery service in 
Kosovo, all children were sent abroad. Based on the 
country where surgery was done, all children can be 
divided into four groups: 

Group 1:  Children operated in Italy (mostly 
Genoa, few of them in Bergamo, Padua, Bologna and 
Verona) – 54/78 (69 %); 

Group 2: Children operated in Albania – 12/78 
(15.4 %); 

Group 3: Children operated in Turkey - 6/78 
(7.7 %); 

Group 4: Children operated in other countries 
- 6/78 (7.7 %). 

 

Statistical analysis  

Data were analysed using the SPSS 15.0 for 
Windows statistical software. We analysed continuous 
variables which are expressed as the median (range) 
and dichotomous variables as numbers and 
percentage. Multivariate logistic regression analysis 
was performed to determine the independent 
influence of risk factors on abnormal feeding 
problems. Univariate analyses were performed using 
the chi-square test or Mann – Whitney U-test. Also, 
Spearman’s correlation coefficient was calculated to 
determine the correlation between different risk 
factors.  

 

 

Results 

 

The study group consisted of 78 patients. 
Median birth weight was 3.35 kilograms, with a range 
from 2.8 to 4.6; the median gestational period was 39 
weeks (range from 32 to 41 weeks). The patients 
underwent surgery for CHD at a median age of 16 
days, ranging from 8 to 27 days (Group 1), 18 days, 
ranging from 12 to 31 days (Group 2) and 5 month 
and 16 days, ranging from three months and 22 days 
to 7 months and 12 days (Group 3). Clinical signs of 
heart failure were presented in 43/78 (55 %) patients. 
Open heart surgery with the use of cardiopulmonary 
bypass was performed in 62 patients (79 %). The 
most frequent surgery was resection of the aortic 
coarctation 21/78 (27 %), large ventricular septal 
defect 17/78 (22 %) and arterial switch operation for 
transposition of the great arteries 13/78 (16.6 %) 
(Table 1). Malformations syndromes were present in 
11/78 (14 %) children (Table 2). 

Initially, feeding through the nasogastric tube 

was in 43/78 (55 %) children (all neonates and six 
infancies). After three years of feeding through the 
nasogastric tube, only three patients continued.  

Table 1: Type of congenital heart defect, number of patients 
and percentage 

 N  % 

Aortic coarctation  

Ventricular septal defect  

Transposition of the great arteries 

Tetralogy of Fallot 

Complete atrioventricular canal 

Pulmonary atresia with ventricular septal defect 

Total anomalous pulmonary venous return 

Double outlet right ventricle 

Double inlet left ventricle 

21  27 

17  22 

13  16.6 

8  10 

6  7.7 

5  6 

4  5 

3  3.8 

1  1.3 

  

The remaining patients obtained a 
nasogastric tube on the introduction of the 
anaesthesia as a routine procedure to start early 
feeding within the first few post-operative days. None 
of them needed a gastroscopic tube. 

Table 2: Patients with malformation syndromes and with 
normal feeding, feeding disorders (FD) and neurological 
abnormalities (NA) 

 Normal FD NA 

Trisomy 21 

Microdeletion 22q11 

Turner syndrome 

Unclassified dysmorphic syndrome 

2 2 4 

2 1 0 

2 0 0 

0 1 1 

  

Feeding status after three years  

From the study group of 78 children, nine 
patients (11.5 %) were diagnosed with feeding 
disorders. There was noted a strong relationship 
between the type of the surgery, duration of 
mechanical ventilation, age at the surgery, duration of 
perioperative tube feeding and centre where surgery 
was done (all R ˃ 0.8, p ˃ 0.01). Patients who 
undergo complex surgery (univentricular heart 
palliation, double outlet right ventricle), with small age 
at the time of surgery and longer ventilation were 
more frequent in the group with abnormal feeding 
compared with those with normal feeding behaviour. 
Also, patients with malformations syndromes 
manifested higher rate of neurological and feeding 
difficulties. The multivariate logistic regression 
analysis included the variables that were significant in 
the univariate analysis since there was a very high 
correlation between the three variables: type of CHD, 
age at operation and reoperation of the univentricular 
heart.  

  

 

Discussion 

 

Retrospective analysis of the data of children 
who underwent open heart surgery shows that feeding 
disorders are a relevant problem in this population. 
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This study has not included all aspects of energy 
balance as we have not attempted to assess time 
spent and energy expended in activity, 
thermogenesis, or other non-resting metabolism. 
Using a similar definition of feeding problems and age 
of children at the time of the study, the prevalence of 
severe feeding problems is much higher in a 
population of children who underwent open heart 
surgery (23 %) in compare with healthy children (1.42 
%) [4, 12].This prevalence is almost as frequent and 
in correlation with age at the time of cardiac surgery 
and type-complexity of CHD. Cardiac defects are a 
significant constitutional factor which contributes to 
the development of defects in other organs and 
systems including secondary feeding difficulties. 
Simultaneously, our study shows that at the age of 3 
years of feeding, difficulties were not depended from 
birth and gestational age, hemodynamic status pre 
and postoperatively but the greatest impact on the 
development of feeding disorders have general 
medical condition such are: age of children who go 
through the surgery, duration of the medical 
ventilation and type of surgery, reoperation. Since 
these three variables were strongly interrelated, only 
early feeding disorders and multiple surgeries 
remained significantly associated with feeding 
problems at the age of three years in the multivariate 
regression analysis [6]. 

Adequate enteral nutrition may be difficult to 
achieve early in neonates after cardiac surgery, but it 
is essential for growth, wound healing, and immune 
function. Feeding difficulties in infancy and childhood 
is a complex condition involving different symptoms, 
such as food refusal or inadequate intake leading to a 
decreased food intake and malnutrition. Child’s 
feeding development is determined by its constitution, 
the environment and the child’s learning process [3, 
4]. Pathology in one or more of these components can 
lead to a feeding disorder. Factors of constitutional 
origin can be organic defects, such as defects of 
organs directly related to food intake or transport, or 
defects of other organ systems that disturb the child’s 
feeding and digestion process by impacting on its 
general health [5]. The child’s environment is defined 
by the parent’s behaviour and the family’s cultural and 
social background. Some children start with a purely 
organic problem, that is, constitutional or mixture of 
organic and non-organic components. Any imbalance 
between parental expectations and the child’s feeding 
progress could cause an interaction problem, 
generating feeding disorders, such as food refusal, 
avoidance of aversion, on the part of the child. In most 
patients with feeding disorders, there are 
combinations of different factors that give rise to the 
disorder [6, 7]. 

Recent advances in cardiac surgery 
techniques and progress in the pre- and postoperative 
care of new-borns and low weighing children have 
substantially improved the survival of infants with CHD 
[8]. This trend is creating a growing “population at risk” 

for neurodevelopmental and behavioural problems as 
well as for the development of feeding disorders. 
However, feeding disorders tend to be increasingly 
common since advances in technology are allowing 
more very ill children to survive.   

Early identification of deficient oropharyngeal 
motor skills and vocal cord dysfunction is crucial to 
establish enteral nutrition safely and has been 
demonstrated to improve clinical outcomes. The use 
of prealbumin as a marker of nutritional state should 
be accompanied by C-reactive protein given the 
influence of inflammation on its levels. Insulin 
infusions may improve outcomes in patients with 
postoperative hyperglycaemia. Trace element 
abnormalities and early identification of immune-
compromised states can aid in reducing morbidity in 
children after cardiac surgery. Use of feeding 
protocols and a home surveillance system for 
hypoplastic left heart syndrome improves outcomes of 
those children [4, 9]. 

Besides other relevant influences on the 
development of feeding disorders in our study the fact 
that children are treated in several different 
Europeans Centres, mostly in Italian’s, makes a 
significant implication and in some of the cases 
cardiovascular system was affected as a 
consequence of that some children have been longer 
treated by Prostaglandins (one 38 and the other one 
36 days). From this, we can conclude that severe and 
long hypoxemia, caused by the primary defects and 
long-term Prostaglandin therapy are crucial for 
developing neurological and feeding abnormalities.   

There was a high variability of the cardiac 
diagnoses in our study group. We found that 
univentricular repair was associated with a higher risk 
of feeding and neurological disorders in compare with 
simplex and at once corrected anomalies. This can be 
explained by the various degrees of intracardiac 
mixing and volume overload, various degree and 
duration of hypoxemia which is present in children 
with univentricular heart. These children often require 
palliative surgery within the first few days of life, 
followed by at least two other open-heart surgeries 
[13]. 

In our study the group with types of 
malformation syndromes was heterogeneous. It is 
known that not all syndromes are associated with 
feeding disorders; in our study in patients with trisomy 
21 and those with microdeletion 22q11, the 
prevalence of feeding disorders is high, whereas in 
Turner’s syndrome the prevalence is not present. The 
presence of feeding disorders in children with 
chromosomal and malformations syndromes are 
reported to be higher than in children without such 
syndromes due to the associated developmental 
delay, oral malformation and neurological comorbidity. 
In most children with malformation syndromes, 
several of the above-listed risk factors co-occur, which 
increases the probability of the manifestation and 
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persistence of a feeding disorder [14]. 

There is considerable inter-individual 
variability in the manifestation of feeding disorders 
within the same syndrome category. In our study 
group, children with chromosomal abnormalities had a 
higher prevalence of abnormal feeding development 
at the age of 3 years. The effect of malformation 
syndrome on latter feeding difficulties can also be 
mediated by other risk factors such as more complex 
cardiac defects and neurological comorbidity. The 
association between neurological disorders and 
feeding problems is a well-known phenomenon [8]. 
Neurological abnormalities such as muscular 
hypotonia are frequent in children with congenital 
heart defects and often are diagnosed before cardiac 
surgery [15]. Among those neurobehavioral 
abnormalities, there was also an absent suck or poor 
feeding efficiency. In our study, we found that 
neurological abnormalities at the time of surgery were 
associated with abnormal feeding behaviour at 3 
years of age. This association persists after correction 
for other factors: children with neurological 
abnormalities were six times more likely to manifest 
later feeding disorders than those without neurological 
problems. Thus, confirmed neurological abnormalities 
before the surgery can contribute to the development 
of feeding disorders as an independent risk factor.  

In conclusion, babies with congenital heart 
defects often need more calories per day than babies 
with normal hearts, particularly if they are struggling 
with symptoms of congestive heart failure. Feeding 
can be challenging for some reasons, so parents and 
other caregivers often work closely with the baby’s 
healthcare team to make sure the baby is getting 
enough calories to gain weight and grow. 
Simultaneously, children who require cardiac surgery 
in the neonatal period and early infancy are at 
increasing risk of developing a feeding disorder at 
three years of age. This is a result of a complex multi-
factorial process. Independent risk-factors include 
severity of CHD, the age of the child who goes 
through the surgery, type of operation and re-
operation, duration of mechanical ventilation, 
previously diagnosed neurological abnormalities and 
presence of malformations syndromes. These factors 
provide key evidence as to which children need to be 
referred to multidisciplinary teams who will care for 
elimination or minimisation of feeding problems on 
these sensitive categories. Whenever feeding 
problems are reported, nutritional intervention should 
be offered to increase the caloric intake of the child 
and to develop a sound feeding relationship in the 
family. 
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Abstract  

BACKGROUND: West Syndrome (WS) represents as a specific epileptic encephalopathy characterised with a 
unique type of attacks, called infantile spasms, severe forms of abnormalities in electroencephalographic (EEG) 
records as a hypsarythmias and delays in the psychomotoric development. The characteristics of the disease, 
mostly affecting male gender, are infantile spasms and typical findings in EEG as a hypsarythmia. Infantile 
spasms are a consequence of many factors in the undeveloped brain. 

AIM:  We aimed: (1) to see the incidence of the illness and the spreading out because of gender in rapport   with 
other syndromes in the epileptic encephalopathies group; (2) to show principles of the treatment for the illness; 
and (3) to present the effects of the disease in the psycho-motoric development of affected children. 

METHODS: The study was designed as a cross-sectional study of the patients with epileptic encephalopathies, 
treated in Paediatric Clinic in Prishtina, from 1st of January 2013 until the 31st of December 2015.   

RESULTS: From the cohort group of 97 children diagnosed with epileptic encephalopathies, in 14 of them clinical 
and EEG signs of WS were noted. The earliest age of disease manifestation was 74 days (± 63.8 days). On the 
group of children with WS, 13 of them with Natrium Valpropat were treated, with the doses of 301.9 mg (± 64.1). 
From the cohort group, in 89 children (91.8%) psychomotoric retardation was documented, within the higher 
reoccurrence in the undifferentiated epileptic encephalopathies (96%) and the WS (78.6%).  

CONCLUSION: WS is a frequent disease of the encephalopathies with the epileptogenic framework. The 

resistance in anticonvulsive therapy is huge, and psychomotoric retardation follows a big percentage of children 
with this syndrome. 

 

 

 

Introduction 

 

West Syndrome is specific epileptic 
encephalopathies groups characterised by a unique 
type of attacks, called infantile spasms, severe forms 
of abnormalities in the EEG - hypsarythmia and 
delays in the psychomotoric development. In 2004, 
there was a consensus by the experts in this subject, 
published about the West syndrome. Mostly the 
syndrome starts from 3 until 12 months of age, with a 
ratio 1:2000 - 4000 born alive, predominantly affecting 
male gender (60-70%) [1]. 

In 2001, ILEA classified the Syndrome West 
in the epileptic encephalopathies group.   

We aimed: (1) to see the incidence of the 

illness and the spreading out because of gender in 
rapport   with other syndromes in the epileptic 
encephalopathies group; (2) to show principles of the 
treatment for the illness; and (3) to present the effects 
of the disease in the psycho-motoric development of 
affected children.  

 

 

Material and Methods 

 

The study was designed as a cross-sectional 
of the patients with epileptic encephalopathies, treated 
from 1 of January 2013 until 31 of December 2015. In 
this presentation from the cohort group of 97 children, 
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14 of them with WS were diagnosed. 

Diagnosis of the disease was based on the 
anamnestic data, clinical examination, lab analysis, 
and imagery examinations as a brain 
echosonography, computerised tomography (CT), 
magnetic resonance imaging (MRI), neurological 
examination, electroencephalographic examinations 
(EEG), tests on the aspect of psycho-motoric 
developments, therapeutic methods like 
physiotherapy exercises and medicaments.  

For the statistical analysis, we used the 
program SPSS 20.0, Sigma Stat - Sigma Plot 11.0 
and Microsoft Excel 2010. From the statistic 
parameters, we used the structure index, cumulative 
structure, simple arithmetic average, standard 
deviation, standard mistake and confidence interval 
with the significance level 95% (95%CI). For the 
testing of the differences of the nonparametric data, 
we used chi-cubic test (chi-test), for the exact 
significant level (p). 

 

 

Results 

 

The vast majority of cases were with 
undifferentiated epileptogenic encephalopathy 
(77.3%) and with Syndrome West (14.4%). With 
syndrome Lennox-Gastaut was diagnosed 4 cases 
(4.1%), 2 cases with CSWS (2) and 1 case was 
diagnosed with syndrome Dravet and syndrome 
Landau-Kleffner. 

 

 

Figure 1: EEG records in the severe form of West Syndrome.              

 

A similar structure was concluded analyzing 
the gender group; the difference of the structure in 
cases with undifferentiated epileptogenic 
encephalopathy was higher in females with (79.5% 
versus 75.9%). Also, with syndrome Lennox-Gastaut, 
we noted same relation (5.1% versus 3.4%). 
Moreover, in children with WS happens more often in 
males, with result of17.2% versus 10.3%.  

 

Table 1: Demographic structure of the patients with diagnosis 
and genders 

Diagnosis  F  M  Grand 
Total 

  

 No. (%) No. (%) No. (%) Report M:F 

CSWS 1 2.6 1 1.7 2 2.1 1 : 1 
Enceph.EPI 31 79.5 44 75.9 75 77.3 1.4 : 1 
Sy Dravet (SD)  0.0 1 1.7 1 1.0 - 
Sy Landau-Kleffner 1 2.6  0.0 1 1.0 - 
Sy Lennox-Gastaut 2 5.1 2 3.4 4 4.1 1 : 1 
Sy West 4 10.3 10 17.2 14 14.4 2.5 : 1 
Grand Total 39 100 58 100 97 100 1.5 : 1 

 

The manifestation of the clinical signs 
approximately in our group started on the 245 days 
(245.5 ± 522.9), earlier on the male than the female 
(214.1 ± 450.9 vs 301.2 ± 634.4) (Table 2).  

The earliest signs were in Syndrome West 
(74.1 ± 63.8 days). Clinical signs of the Syndrome 
Dravet usually are manifested after the first year, 
Syndrome Landau-Klenner approximately after 2.5 
years (913 days), Syndrome Lennox-Gastau after 1.1 
years (410.5 ± 704.7 days) and the WS after 2.5 
months (74.1 ± 63.8 days). 

Table 2: Beginning of the disease according to diagnosis 

Diagnosis F  M  Grand Total  
 Mean SD Mean SD Mean SD 

CSWS 180.0 - 1095.0 - 637.5 647.0 
Enceph.EPI 257.7 638.9 240.9 501.4 247.6 556.1 
SD   365.0 - 365.0 - 
Sy Landau-Kleffner 913.0 -   913.0 - 
Sy Lennox-Gastaut 820.0 905.1 1.0 0.0 410.5 704.7 
Sy West 120.0 - 70.5 64.9 74.1 63.8 
Grand Total 301.2 634.4 214.1 450.9 245.5 522.9 

Mean = arithmetical average; SD = Standard deviation. 

 

From the group of 14 cases with WS, 13 of 
them with NA-Valproate were treated as a primary 
therapy, approximate doses of 301.9 ± 64.1 mg. In 
fourth children Clonazepam, as additional therapy, in 
an approximate dose of 0.5 mg were given. As a 
reason for recurrent seizures, one case with 
Levetiracetam was treated. 

 

Figure 1: Approximate age of the disease manifestation 
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Figure 2: Prevalence of psychomotoric awkwardness according to 
the diagnosis 

 

Topiramate was given in two cases; in the 
approximate dose of 50 mg. Clinical signs of 
psychomotoric retardation were concluded in 89 
patients (91.8%), with a higher reoccurrence of 
undifferentiated epileptic encephalopathies (96 %) 
and the with WS  in (78.6%). 

 

Figure 3: Structure of cases with West Syndrome according to the 
medical therapy 

 

 

Discussion 

 

According to the publication of Primec ZR 
from Slovenia during the 11 years, there were 

diagnosed 47 cases with infantile spasms. The 
cumulative incidence was 2.06 in 10.000 births. The 
age of first attacks was from 2 to 10 months [2]. 

However, Brna PM with colleague’s reported 
the average incidence of infantile spasms in Canada 
with the incidence of 30.7/100.00 at births [3]. Boys 
were affected more than girls (60%).   

In the presentation from Salonga, Filipine the 
ratio male-female was about 1:1. In the research done 
by  Chiemc Hanya S with bp. in the paediatric 
department in Bangkok, Thailand, from 628 patients 
with epilepsy, 31 patients (4.9%) were diagnosed with 
Syndrome West. The report of gender was close 
1:07:1, whereas the approximate age of the 
manifestation of disease is 9.7 months (range 4-32 
months), while the seizures are from 5.7 months 
(range 2-11 months) [4]. 

According to the Wong V et all. in Hong Kong, 
from 1970 to 2000, 105 cases were diagnosed with 
WS. The number of new cases is 108 per year. The 
average incidence of WS to the new epileptic cases is 
approximately 0.8- 4.8% [5]. 

In Malaysia, during the period 1997-1999, WS 
was reported in 3% of new cases diagnosed with 
epilepsy [6]. 

Depending on the age of children with WS, 
the attacks usually start between 3 and 12 months, 
reaching the peak of attacks at the age of 5th month 
in 90% of the cases. In 70% of the cases, a first 
convulsive attack starts on the age of 6 months; it is 
very rare for WS to start in the middle of the 1st and 
3rd year (around 5%). The location of the focal cortical 
lesion can impact the age of epileptic spasms at the 
beginning [7].  

In the results of our research, the male is 
represented in a higher percentage than girls (10/4), 
ratio M: F is 2:5:1. Average of the presentations of WS 
is 74 days, (around 2.5 months). In our group, the 
incidence WS is 4.05 in 10000 live births. Mental and 
development signs were seen in 13 cases or 78.6% of 
cases with WS. 

There are many causes of WS. Infantile 
spasms are as a consequence of many factors in the 
undeveloped brain. WS can occur in the children with 
cognitive delays or a healthy child up till then. The 
symptomatic form is known in 80% of cases while the 
idiopathic form remains in 20 % of the cases. 

Idiopathic forms appear in families with 
hereditary character, whereby family members suffer 
from various forms of epilepsy or febrile convulsions. 

Symptomatic forms happen more often, 
wherein 80% of the cases are connected alongside 
with other problems such are tuberous sclerosis, pre 
and perinatal damages, causing hypoxia, ischemia, 
premature birth, infections or disability of migration in 
the neurons in case of hemimegalencephalia, 



Clinical Science 
_______________________________________________________________________________________________________________________________ 

_______________________________________________________________________________________________________________________________ 

  928                                                                                                                                                                                                                     http://www.mjms.mk/ 
http://www.id-press.eu/mjms/ 

 

agenesis of corpus callosum and lissencephaly. 

Clinical manifestations: WS usually starts with 
an infantile spasm of lights that occur two or three 
times in a row, which come being added in the coming 
weeks with many cases of stroke in various attacks 
per day from 20 to 150 times. The attacks are short 
tonic or clonic and they happen before getting up or 
during, which follows crying that doesn’t present any 
ictal signs. Usually, attacks are symmetric, rapid, 
presenting with mix forms of the flexor or extensor 
type [8].  

Diagnosis: A correct anamnesis data and 
clinical neurological evaluation is a big step in the 
diagnosing of disease. The lab analyses usually are 
within the normal limits. Neurometabolic examinations 
have an important role in eliminating metabolic 
diseases. Neuroradiological examinations as a CT 
and brain MRI shows atrophy of the brain mass. 
Characteristic changes in the EEG between two 
attacks presented as a hypsarythmia, with 
predominate of a slow elementary activity with a high 
voltage which is characterised with multiple peaks, 
steep waves and complex SW with a lot of hearth’s 
focal. The EEG changes can be symmetric and 
asymmetric. During the sleep, EEG is discontinued, 
and it reminds us of the suppression of the basic brain 
activity. In some cases, all EEG manifestations of 
hypsarythmia can be absent, and the findings of the 
EEG are characterised from a fragmental and 
modified hypsarythmia. 

Prognosis and treatment: Prognosis of WS is 
variable. In most cases, it comes to motoric and 
mental regression, more often as an axial hypotonic. 
The continuous epileptic activity often is the cause of 
a cognitive deficit, loss of visual contact is a bad 
prognostic sign [9]. The attacks and hypsarythmia are 
stopped before the age of 3, in 40 to 50% of cases. 
The other cases evolve in the syndrome Lennox-
Gastaut. 5 to 10% of children have a normal 
psychometric development. Children with idiopathic or 
cryptogenic form have a better prognosis. The 
children with Syndrome West have a fatal ending in 5 
to 20% of cases. The deaths can happen because of 
the basic reason for the illness or the treatment with 
ACTH and corticosteroids. 

Treatment: There is no consensus on the 
effective long-term treatment of WS. Treatment of 
choice is ACTH and Vigabatrin, however. As a reason 
for the multiple side effects, we used Valproate as a 
therapy of choice. In the absent of good control, we 
used on of the next medications as Lamotrigine, 
Levetiracetam, Nitrazepam, Pyridoxine, Sulthiam, 
Topiramate or Zonisamide. Vigabatrin was used 
relatively successfully in the children with WS, but, 

because of side effects in the damaging of the retina, 
the usage is limited. For the children with the 
Syndrome West and tuberous sclerosis, the use of 
Vigabatrin is more effective than the ACTH. In some 
cases, imunoglobin I.V was successful used. Also, the 
high doses of Pyridoxine 100-300 mg/kg during the 
first and second were given, and good results arrived. 
The ketogenic diet was successful in some cases of 
symptomatic/cryptogenic forms. In some cases when 
the attacks were very resistant calosototmia was 
applied but without satisfactory results. 

 In conclusion, West Syndrome is a frequent 
disease at the encephalopathic epileptogenic 
framework. The disease often involves syndrome 
Lennox-Gastaut. The resistance in anticonvulsive 
therapy is huge, and psychomotoric retardation 
follows a big percentage of children with this 
syndrome. The characteristics of the illness are 
infantile spasms and characteristics differences in 
EEG like hypsarythmia. This disease happens more 
often to the boys than the girls.  
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Abstract  

AIM: This study was conducted to investigate the correlation between waist/hip ratio (WHR) as a measurement of 
obesity and severity of coronary artery disease (CAD) assessed by angiography in Kosovo. 

METHODS: The study included 82 patients with suspected or known CAD who were referred for coronary 
angiography. All patients were subjected to full individual medical history, clinical examination including 
measurement of arterial blood pressure, body weight, height, body mass index (BMI), waist circumference, hip 
circumference, waist/hip ratio, and waist/height ratio. Coronary angiography was performed using standard 
techniques to determine the presence and severity of coronary artery lesions with the Gensini score. 

RESULTS: Among the 82 patients in the study, the mean age in the CAD group was 66.76 ± 9.12 years and the 
mean age in the non-CAD group was 64.80 ± 8.30 years. Patients in the CAD group had a mean BMI of 28.17 ± 
3.32 kg/m

2
 and those in the non-CAD group had a mean BMI of 28.76 ± 4.68 kg/m

2
. Patients in the CAD group 

had a mean waist/height ratio of 1.76 ± 7.56 and those in the non-CAD group had a mean waist/height ratio of 
0.57 ± 0.08. Patient in the CAD group had a mean waist/hip ratio of 0.93 ± 0.06 and those in the non-CAD group 
had a mean waist/hip ratio of 0.88 ± 0.07. Thirty-seven patients (45.1%) had no coronary artery disease (Gensini 
score = 0), 15 (18.3%) had mild disease (Gensini score = 1-32), 14 (17.1%) had moderate disease (Gensini score 
= 32-58), and 16 (19.5%) had severe disease (Gensini score ≥ 58). 

CONCLUSION: There was a significant positive correlation between waist/hip ratio and presence of CAD in 

Kosovar patients. 

 

 
 

 

Introduction 

 

Obesity is a growing health problem in most 
developed and in some developing countries. It is a 
very important risk factor for cardiovascular diseases 
as well as for type 2 diabetes mellitus and 
hypertension. Different methods exist for clinical 
evaluation of obesity. The body mass index (BMI), 
waist circumference (WC), waist/hip ratio (WHR), and 
waist/height ratio (WHtR) are some of the clinical tools 
enabling health teams to evaluate obesity and fat 
distribution. A central fat distribution is considered 
more atherogenic than peripheral obesity and 
attention has been paid to methods that can clinically 
evaluate central obesity [1]. The incidence of obesity 
is increasing in developing countries because of the 
westernization of diet and lifestyle [2]. 

Obesity is a proven independent risk factor for 
CAD in both sexes, and is in general a growing health 

problem [3-5]. Body weight, BMI, WC, and WHR are 
primary methods used to determine obesity. While 
BMI reflects general obesity, WC and WHR are 
related to central-type obesity, where body fat is 
primarily located in the abdomen. Prospective 
epidemiological studies have revealed that central 
obesity (determined by WC and WHR) is more 
relevant to CAD risk compared to general obesity 
(determined by BMI). While WHR is used commonly 
to evaluate central obesity, WC is shown to have a 
better correlation with abdominal fat localization (6-9). 
However, it also has been argued that BMI does not 
adequately reflect body fat distribution, and abdominal 
obesity, which captures the distribution of fat mass, 
may be an even more important predictor of CAD [10, 
11].  

In epidemiological settings WC, WHR, and 
WHtR are used as markers of visceral fat mass or 
abdominal adiposity to assess CAD risk.  
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To the best of our knowledge, this is the first 
study performed in Kosovo to focus on the correlation 
between WHR and the presence of CAD. 

 

 

Material and Methods 

 

Subjects of the study 

The study was approved by the Ethics 
Committee of the Faculty of Medicine in the University 
of Prishtina, in accordance with the Declaration of 
Helsinki Guidelines. Written consent was obtained 
from all participants in the study. The prospective 
study consisted of 82 patients who underwent 
coronary angiography for suspected or known 
coronary atherosclerosis. Patients had to be clinically 
stable without major concomitant non-cardiovascular 
disease on assessment at the University Clinical 
Center of Kosovo. Patients with acute coronary 
syndrome, heart valve disease, elevated serum 
troponin levels, severe heart failure, chronic renal 
failure, and chronic inflammatory disease were 
excluded from the study.   

 

Coronary angiography 

Single-vessel disease was defined as > 50% 
luminal stenosis in a minimum of two views. Two 
experienced reviewers scored the angiograms. In 
case of disagreement between the reviewers, the 
average value of both angiograms was chosen. 
Reviewers were not aware of the diagnosis. 
Narrowing of the coronary artery lumen is assigned a 
Gensini score [12]. The score is 1 for 1-25% 
narrowing, 2 for 26-50%, 4 for 51-75%, 8 for 76-90%, 
16 for 91-99%, and 32 for a completely occluded 
artery. The primary score is multiplied by a factor that 
takes into account the importance of the position of 
the lesion in the coronary arterial tree. For example, 
1.5 is the multiplication factor for a mid-left anterior 
descending artery (LAD) lesion, with 1 for distal LAD, 
2.5 for proximal LAD, and 5 for left main stem lesions. 
The Gensini score was expressed as the sum of the 
scores for all three coronary arteries to evaluate the 
overall extent of coronary artery disease [12]. 

 

Measurements  

Patients were assessed in an examination 
gown, with upper body clothing and shoes removed. 
Each measurement was performed twice and the 
average was used for the analysis. We used the 
nearest 0.1 units of measurement for height and 
weight. BMI and WHtR were expressed in 
corresponding units, i.e., weight (kg) divided by the 
square of height (m

2
), and waist circumference divided 

by height. WC was also categorized according to 
World Health Organization (WHO) criteria [13]. For the 
WHR, the waist is measured between the lowest rib 
and iliac crest, and the hip circumference is taken at 
the widest area of the hips at the greatest 
protuberance of the buttocks. The waist measurement 
is then divided by the hip measurement. For the 
decisive benchmark of metabolic syndrome, the WHO 
uses the ratio of > 9.0 in men and > 8.5 in women. 

Laboratory measurements and blood samples 
were taken in the morning after an overnight fast and 
were stored immediately at -70°C after centrifugation 
until being assayed.  

 

Statistics 

The data were entered and analyzed with 
Statistical Package for the Social Science (SPSS), 
version 22 (SPSS Inc., Chicago, IL, USA). Continuous 
variables were primarily analyzed using a t-test, while 
binary data were primarily analyzed using a chi-
squared test. Continuous variables were presented as 
means ± standard deviation (SD). Additionally, single 
(unadjusted) and multiple (adjusted) binary logistic 
regression analysis was carried out with the CAD 
group as the dependent variable, and the other 
significant variables as independent predictors. A p 
value of 0.1 was used as a criterion to identify 
variables for inclusion in the binary logistic regression 
models. Other adjusting variables included diastolic 
blood pressure (DBP), WHR, male sex, and smoking. 

 

 

Results 

 

Among the 82 patients in the study, the mean 
age was 65.78 ± 12.86 years, 46 patients (56.1%) 
were males, and 36 (43.9%) were females. Sixty-two 
patients (75%) had hypertension, 29 (35%) had 
diabetes mellitus, and 23 (28%) had dyslipidemia. 
Family history of CAD was positive in 42 patients 
(51%).  

Patients in the CAD group had a mean BMI of 
28.17 ± 3.32 kg/m

2
 and those in the non-CAD group 

had a mean BMI of 28.76 ± 4.68 kg/m
2
. Patients in the 

CAD group had a mean WC of 96.97 ± 8.63 cm and 
those in the non-CAD group had a mean WC of 95.13 
± 11.52 cm. Patients in the CAD group had a mean 
WHtR of 1.76 ± 7.56 and those in the non-CAD group 
had a mean WHtR of 0.57 ± 0.08. The mean WHR 
was 0.93 ± 0.06 in the CAD group and 0.88 ± 0.07 in 
the non-CAD group. The number of male patients in 
the study group was significantly higher (n = 29, 
70.7%) than in the control group (n = 17, 41.5%) (p = 
0.008). 

WHR values in the study group (mean 0.93 ± 
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0.06) and control group (mean 0.88 ± 0.07) were 
significant (p-value: 0.0001), as shown in Table 1. 

Table 1: Demographic and clinical characteristics of non-CAD 
and CAD groups  

Variables Group I  
Non-CAD 

Group II  
CAD 

p value* 

 (n = 41) (n = 41) 

BMI (kg/m
2
) (mean ± SD) 28.76 ± 4.68  28.17 ± 3.32  0.51 

WC (cm) 95.13 ± 11,52  96.97 ± 8.63  0.44 
WHtR (mean ± SD) 0.57 ± 0.08  1.76 ± 7.56  0.32 
WHR (mean ± SD) 0.88 ± 0.07  0.93 ± 0.06  0.0001* 
SBP (mmHg1 (mean ± SD) 145.61 ± 13.29  145.85 ± 11.98  0.93 
DBP (mmHg2 (mean ± SD) 81.34 ± 7.75  84.88 ± 7.79  0.042* 
Age (mean ± SD) 64.80 ± 8.30  66.76 ± 9.12  0.31 
Sex (M), n (%) 17  41.5%  29  70.7%  0.008* 

*, Statistically significant differences; n=Number. 

 

Table 2 presents the unadjusted and adjusted 
odd ratios (ORs) of CAD according to waist/hip ratio. 
After adjusting for confounder variables, the odds of 
having CAD were increased 14-fold (95% confidence 
interval [CI], 0.94-207.60), compared to those with a 
WHR <0.8.  

In patients with a WHR of 0.8-0.99, the odds 
of having CAD significantly increased by 3.77-fold 
(95% CI, 0.40-35.51) compared to those with a WHR 
<0.8.  

Significant differences were seen in binary 
logistic regression models for CAD analysis according 
to WHR (OR 14; 95% CI 0.94-207.60; p = 0.06), DBP 
(OR 2.75; 95% CI 1.12-6.87; p = 0.03), male sex (OR 
3.41; 95% CI 1.37-8.52; p = 0.01), and smoking (OR 
4.15; 95% CI 1.65-10.44; p = 0.001). 

Table 2: Binary Logistic Regression Models for CAD 
(Unadjusted and Adjusted), DBP, WHR 

  Unadjusted p value   Adjusted p value 

  Odds Ratio (95% CI)   Odds Ratio (95% CI) 

DBP ≥ 90 mmHg2 2.75 (1.12-6.87) 0.03  3.35 (1.05-10.69) 0.04 

WHR < 0.8 1.00 (Reference) 0.13  1.00 (Reference) 0.67 

          0.8 - 0.99 3.77 (0.40-35.51) 0.25  3.42 (0.23-50.38) 0.37 

          ≥ 1 14 (0.94-207.60) 0.06  3.03 (0.13-71.20) 0.49 

Sex (Male) 3.41 (1.37-8.52) 0.01  2.9 (0.81-10.35) 0.10 

Smoker 4.15 (1.65-10.44) 0.00   3.51 (0.98-12.52) 0.05 

             

 

Thirty-seven patients (45.1%) had no CAD 
(Gensini score = 0), 15 (18.3%) had mild disease 
(Gensini score = 1-32), 14 patients (17.1%) had 
moderate disease (Gensini score = 32-58), and 16 
(19.5%) had severe disease (Gensini score ≥ 58). 
There was non-significant correlation between Gensini 
score and body mass index (p-value= 0.115) as 
shown in (Table 3). 

Table 3. Correlation between BMI and Gensini 

                 

Gensini 

BMI 

Total Normal Overweight Obese 

18-24.9 (kg/m
2)

 25-29.9 (kg/m
2
) ≥30 (kg/m

2
) 

N % N % N % N % 

None (0) 7 46.7 13 35.1 17 56.7 37 45.1 
Mild (1-32) 3 20 11 29.7 1 3.3 15 18.3 
Moderate (32-58) 1 6.7 6 16.2 7 23.3 14 17.1 
Severe (≥58) 4 26.7 7 18.9 5 16.7 16 19.5 

Total 15 100 37 100 30 100 82 100 

chi-square test, P-value 0.115 

Discussion 

 

The current study showed a significant 
correlation between WHR and CAD (p = 0.0001) but 
not between BMI and CAD. This may be explained by 
the fact that BMI quantifies general adiposity; although 
individuals who are overweight or obese are likely to 
have excess fat, BMI does not give an indication of 
how this fat is distributed in the body. However, fat 
distribution is an important determinant of CAD, 
independent of BMI and other classic risk factors for 
CAD [14]. Welborn and Dhaliwal [15] and Srikanthan, 
Seeman, and Karlamangla [16] confirmed that WHR 
was a superior clinical measurement for predicting all-
cause and cardiovascular disease mortality. 
Furthermore, one report [15] stated that the hip 
circumference indicated a lower risk for body fat 
accumulation, and thus including it in the WHR 
equation enhances the accuracy of measurement. It 
should be emphasized that most of the cross-
sectional studies that compared WHR and WC as 
markers of risk factors have demonstrated superiority 
of WHR [6, 17].  

The International Diabetes Federation has 
recommended waist circumference thresholds for 
increased risk of cardiovascular disease and diabetes: 
≥ 94 cm in men and ≥ 80 cm in women. The American 
Heart Association (AHA) and National Heart, Lung, 
and Blood Institute (NHLBI) set the thresholds at ≥ 
102 cm in men and ≥88 cm in women [7]. Cameron et 
al. [8] reported that higher WC was associated with 
increased risk in men but not in women, when 
adjusted for BMI and other covariates. That report 
was part of a prospective study of 6,072 Australian 
men and women during a follow-up period of 5 years 
[8]. Our study did not show a significant correlation of 
sex with WC but demonstrated that male sex is a 
significant risk factor for CAD (p = 0.008). In a large 
cohort study across Europe that involved patients of 
both sexes with a follow-up period of 9 years, Pischon 
et al. reported that higher WC (in men and women) 
and WHR (in women but not in men) were associated 
with higher mortality due to ischemic heart disease 
[11].  

In a large cohort study of 1,346 middle-aged 
men free of CVD at baseline followed for 10.6 years, 
WHR, WC, and BMI were all directly associated with 
the risk of coronary events, with WHR providing 
additional information beyond BMI in predicting CAD, 
whereas BMI did not add to the predictive value of 
WHR [18].  

WC, WHR and WHtR are used as measures 
of central obesity, while BMI is generally used to 
measure overall obesity. 

Molarius and Seidell [19] emphasized the 
need to examine whether there could be age-related 
differences in the contribution of the pattern of fat 
distribution to risk factors. However, the WHO and 
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NHLBI reports barely address the question of the 
applicability of BMI and WC standards for older 
persons. 

Several authors have reported the CAD risk 
associated with BMI, WC, WHR, or WHtR and have 
systematically compared some or all of these 
indicators to predict CAD [20-25]. 

Current studies confirm that obesity measured 
by any index usually is associated with increased risk 
of CAD. However, the findings comparing different 
measurements of total obesity (BMI) and abdominal 
obesity (WC, WHR, WHtR) in predicting CAD events 
have not been consistent. Some have suggested that 
total obesity rather than abdominal obesity is a better 
predictor of CAD [24, 25]. However, some 
investigators have found the reverse to be true [20, 
23], and others did not find any significant difference 
(21, 22). This inconsistency in findings could be due to 
a number of reasons. There can be errors in self-
reported measurements in some studies that can 
either cause spurious associations or can bias results 
towards the null. Inadequate or over adjustment of 
confounders and other cardiovascular risk factors also 
play a role in determining the nature of this 
association. Fat distribution and susceptibility to CAD 
vary by age, sex, and ethnicity and can cause these 
differences in the results as well. 

Similar to our study, the Health Professionals 
Follow-up Study showed that WHR was a better 
predictor of CAD risk than BMI among elderly 
subjects; however, for young patients, BMI was a 
better predictor [26]. BMI was not a significant factor 
in our study, reinforcing the findings of Rimm et al. A 
possible explanation for our findings could be that the 
mean age was 65.78 ± 12.86 years in our population, 
and we did not include young patients.  

Longer follow-up in the Health Professionals 
Study and the Nurses’ Health Study also showed that 
WC was a better predictor of CAD risk than BMI 
among men and women above age 60, and BMI was 
more strongly associated with risk of CAD in younger 
compared to older participants [10]. WHR was 
proposed as the preferred measure of obesity for 
prediction of cardiovascular disease, with more 
universal application in individuals and population 
groups of different body builds. Benchmark studies of 
WHR as a dominant cardiovascular risk factor were 
reported in Swedish men and women in 1984 [10, 27]. 

Although a relatively small sample of patients 
were selected randomly from the general population, 
we showed a significant relationship between WHR 
and CAD. Further studies with larger patient groups 
are necessary to show statistical differences between 
BMI, WC, WHtR, WHR, systolic blood pressure 
(SBP), DBP, age, and sex.  

In conclusion, there is a significant positive 
correlation between WHR and the presence and 
severity of CAD among Kosovar patients. Abdominal 

obesity is an independent risk factor for CAD and is 
more relevant than overall obesity. Since both total 
obesity and abdominal adiposity were associated with 
development of CAD, and since measurement of WC, 
WHR, WHtR, and BMI are inexpensive; we propose to 
include these in the general clinical setting for CAD 
risk assessment. 
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Abstract  

AIM: To evaluate the relationship of apelin and nitric oxide (NO) to endothelial dysfunction in type 1 diabetics. 

PATIENTS AND METHODS: Sixty two type 1 diabetics and 30 healthy age and sex matched controls were 
included. Blood samples for apelin, NO, glycosylated hemoglobin (HbA1c), and lipid profile were collected. 
Albumin/creatinine ratio was assessed in urine. Flow mediated dilatation (FMD) via ultrasound was done.  

RESULTS: The mean age of diabetics were 16.3 ± 1.5 yrs (14.0 – 19.0 yrs), and duration of disease, were 9.4 ± 

2.9 yrs (5.0 – 16.5 yrs). FMD and FMD/nitrate mediated dilatation (NMD) ratio were lower in diabetics. NO was 
decreased, while apelin and albumin/creatinine ratio were increased significantly in diabetics. There was a 
positive correlation between apelin and HbA1c. On the contrary, NO had a negative correlation with HbA1c, 
albumin/creatinine ratio, LDL-c and OxLDL.  

CONCLUSION: Diabetic patients had endothelial dysfunction and high apelin level, with no related to each other. 
High level of apelin is associated with bad glycemic control. Obesity had no role to increase in apelin level. NO is 
related to diabetic nephropathy and atherosclerosis. We recommend a further large study to evaluate the 
relationship of apelin with endothelial dysfunction. 

 

 

 

 

Introduction 

 

Apelin, a recently described adipocytokine, is 
abundantly expressed in adipose tissue and produced 
in many body parts by the endothelial cells [1, 2]. It is 
synthesized as a prepropeptide then modified into 
smaller peptides with higher potency. It produces its 
effects through a cell surface G protein-coupled 
receptor called APJ, which is structurally similar to 
angiotensin receptor [3]. In obese persons with 
hyperinsulinemia, apelin levels are increased [4]. 
Levels are decreased in patients with dyslipidemia 
and newly diagnosed and untreated type 2 diabetes 
mellitus (T2DM) [5, 6]. 

Apart from insulin deficiency, insulin 
resistance is found in type 1 diabetes mellitus (T1DM), 
both at onset and course of the disease [7, 8]. Insulin 

resistance is also found in obesity making it a risk 
factor for T1DM in children in addition to type II DM [9-
13]. Obese infants have higher risk for T1DM in 
chidhood [14]. This may be due to the harmful effects 
to the beta cells early in life as a result of the relative 
hyperinsulinemia induced by the increased demands 
in obesity [13, 15, 16]. 

There is endothelial dysfunction with 
increased cardiovascular risk in type 1 diabetes. L-
Arginine is converted to nitric oxide (NO), which is an 
important mediator of vascular homeostasis due to its 
central role in the maintenance of the endothelial 
milieu [17, 18].  

Cohen [19], reported endothelial dysfunction 
is the earliest event in the atherosclerotic process and 
Järvisalo et al. [20], found impaired FMD response is 
a common manifestation in children with type 1 
diabetes and associated with high carotid artery IMT, 
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suggesting that endothelial dysfunction in with type 1 
diabetics may predispose them to the development of 
early atherosclerosis. 

  We are aim to evaluate apelin and nitric 
oxide (NO) in type 1 diabetic patients and its relation 
to vascular affection as well as to evaluate the 
relationship between apelin and the glycemic balance. 

 

 

Patients and Methods 

 

Patients 

The study included 62 adolescent patients 
with type 1 diabetes mellitus (DM) among those 
attending to the endocrine clinic, National Research 
Centre. The control group consisted of 30 age and 
sex matched healthy normal volunteers. Control group 
was the healthy friends or relatives of our patients.  

Inclusion criteria: children with type 1 DM, 
duration of disease > 5 years, patients age > 14 and < 
19 yrs old. We selected this young age group with 
short duration of diabetes firstly, to explore whether 
early atherosclerotic changes starts at this early age 
shortly after onset of diabetes or needs longer 
exposure to the diabetic milieu and secondly because 
in younger age group (< 14 yrs old) atherosclerotic 
lesions are expected to be in the form of microscopic 
intimal fatty streaks that is too minute to be resolved 
by ultrasonography.  

Exclusion criteria were: patients during acute 
diabetic complications e.g. diabetic ketoacidosis 
(DKA) or hypoglycemia, patients suffering from 
cardiac diseases e.g. congenital, rheumatic heart, left 
ventricular dysfunction, patients on metformin or 
multivitamins and smokers.  

 

Study design and protocol  

It is a cross-sectional observational study 
done after obtaining approval from the ethical 
committee of the National Research Centre, Cairo, 
Egypt. Registration number is 11052. Written informed 
consent was obtained from all patients or their parents 
and controls after full discussion about the aim of the 
study. This study is a part of a project done in the 
National Research Centre for evaluation of cardiac, 
vascular and endothelial function in adolescent type 1 
diabetic patients.  

All the studied patients were subjected to: 
history taking including: age of patients, sex, age of 
onset of diabetes, duration of diabetes, type and dose 
of insulin therapy, family history of diabetes; and we 
asked about presence of any symptoms of cardiac, 
renal, neurological affection or presence of any type of 
autonomic dysfunction. We also asked about history 

of taking drugs other than insulin.  

 

Clinical examination 

I. Patients and controls were subjected to 
general, cardiac, chest and neurological examination.  

II. Blood pressure was measured three times 
for patients and controls after 5-minute rest in the 
sitting position on both upper limbs with the use of 
automatic manometer (Omron M4 Plus, Omron Health 
care Europe, Hoof drop, and Holland). The mean 
value of the second and the third measurement was 
calculated. The measurements taken on the dominant 
limb were analyzed.  

III. Anthropometric measurements in the form 
of weight, height, waist circumference (WC), and hip 
circumference (HC) were taken for each participant. 
The weight and height of the participants were 
measured up to 0.01 kg and 0.1 cm using a Seca 
Scale Standing Balance and a Holtain Portable 
Anthropometer (Holtain, Ltd, Crymmych, Wales, U.K.). 
Body mass index (BMI) was calculated as weight (in 
kilograms) divided by height (in meters) squared. 
Waist circumference was measured at the level of the 
umbilicus with the participant standing and breathing 
normally; hip circumference was measured at the 
level of the iliac crest, using non stretchable plastic 
tape to the nearest 0.1 cm. The waist / hip ratio and 
waist / height ratio (cm/ cm) were calculated. Each 
measurement was taken as the mean of three 
consecutive measurements, using standardized 
equipment [21, 22]. The landmarks, instruments used, 
and techniques followed were those recommended by 
the international biological program [21, 22]. 

 

Laboratory investigation  

Simultaneously all patients and controls 
underwent the following tests:  

All patients and controls underwent the 
following tests: For cholesterol measurements, 
venous blood was sampled after a 12-h fast. Serum 
total cholesterol was determined by a commercial kit 
(Boehringer-Mannheim, Germany) [23]. High-density 
lipoprotein (HDL) cholesterol was separated from the 
serum by precipitation of the other lipoproteins with a 
heparin/manganese procedure [24]. Low-density 
lipoprotein (LDL) cholesterol was calculated using the 
Friedewald equation. The concentration of 
triglycerides(Tg) was measured in a TechnoCon 
AutoAnalyzer II (TechnoCon Instruments, Tarrytown, 
NY, USA). 

Glycosylated hemoglobin (HbA1c) was done 
every 3 months and the mean value was calculated 
per year. It was measured using high pressure liquid 
chromatography (Nichols Institute, Van Nuys, CA, 
USA) [25]. 

Screening for microalbuminuria was assessed 
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in fresh morning urine samples by measuring 
albumin/creatinine ratio by enzyme linked 
immunosorbent assay (ELISA) kit provided by 
Orgentec Diagnostika, Gmbh (Mainz, Germany) [26]. 

Serum concentrations of oxidized low-density 
lipoprotein (OxLDL) were detected by commercially 
available solid phase two-site enzyme immunoassay 
kit (Mercodia AB, Uppsala, Sweden). Measurements 
of the OxLDL levels in the sera were performed 
according to the recommendations of the 
manufacturer. The intra and interassay coefficients of 
variations were 5.5% – 7.3% and 4.0% – 6.2%, 
respectively, and the sensitivity was < 1 mU/L. 

Nitric oxide production in sera was measured 
using a nitric oxide colorimetric assay kit (Roche cat 
No. 11756281001). Sera was irradiated and then 
filtered in a 10,000 kd MWCO column (Satorious, 
Vivascience cat No. 13239-E). The assay was 
conducted as per the manufacturer’s instructions 
using a NO control with a standard curve plotted and 
samples were measured at a 550 nm wavelength. 
Serum apelin-12 concentration were measured using 
a commercial enzyme – liked immunosorbent assay 
(Phoenix Pharmaceuticals Inc. Burlingame,CA,USA). 

 

Flow mediated dilatation (FMD) 

All imaging studies were performed by the 
same vascular sonographer & the same 
ultrasonographic machine using (General Electric 
medical ultrasonographic machine model: Vivid 7 Pro, 
GE Vingmed ultrasound AS-Nl90, Horton-Norway 
equipped with 7.5–10 MHz linear-array transducer) 
after the published protocols [27-29]. With the subject 
lying in the supine position, ECG electrodes were 
placed on the chest; the machine automatically 
measured and recorded results of the 
electrocardiogram. All measurements were made at 
end diastole to avoid possible errors resulting from 
variable arterial compliance. A sphygmomanometer 
cuff was placed on the proximal right arm. The right 
brachial artery images were obtained 3 cm proximal to 
the elbow crease using B-mode imaging in the 
longitudinal plane of the artery. A baseline image was 
acquired using a resolution box function to magnify 
this part of the artery. Blood flow was estimated by the 
pulsed Doppler velocity signal obtained from a mid-
artery sample volume. The cuff was inflated to 100 
mm Hg above the systolic pressure to occlude arterial 
flow for 5 min. The cuff was then deflated, and the 
longitudinal image of the brachial artery was recorded 
immediately & continuously for 60 seconds after cuff 
deflation for greatest response guided by the 
hyperemic flow detected by pulsed Doppler. Flow-
mediated dilation (FMD) was assessed by 
measurement of the greatest brachial artery diameter 
that was detected at 60 seconds after release of the 
cuff in most cases. The subject then had a rest for 30 
min, after which a sublingual dose of nitroglycerin 

tablet (Dinitra, isosorbidedinitrate 5 mg manufactured 
by Egyptian int. pharmaceutical industries co., tenth of 
Ramadan city, A.R.E., under license of RHONE 
POULENC, PARIS FRANCE) was then administered, 
and the brachial artery response (endothelium-
independent dilation) was assessed by imaging the 
artery continuously for 3 min after the nitroglycerin 
dose for greatest response. 

Measurements of the brachial artery luminal 
diameter were performed on-line at end-diastole, 
coinciding with the onset of the R-wave on the ECG. 
For each phase (baseline, endothelium-dependent 
dilation, and endothelium-independent dilation), three 
brachial artery diameter measurements were obtained 
manually online with electronic calipers and averaged 
from the longitudinal image by identifying the lumen-
intima interface. The largest reading for FMD post-
ischemia {100 × [diameter (1 min)–diameter 
(basal)]/diameter (basal)} was used to represent 
spontaneous endothelial function. In addition, 
nitroglycerine-mediated dilatation (NTG) {100 × [the 
largest reading of diameter (after sublingual 
isosorbidedinitrate–diameter (basal)]/diameter (basal)} 
was assessed. The diameter percent change caused 
by endothelium-dependent flow-mediated dilatation 
(%FMD) and non-endothelium dependent dilatation 
(%NMD) were expressed as the percent change 
relative to that at the initial resting scan.  

Significant endothelial dysfunction was 
defined as FMD < 10% and NMD > 10% [30]. In order 
to increase the sensitivity and specificity of the 
technique for endothelial dysfunction, FMD over NMD 
of the brachial artery < 0.70 defined endothelial 
dysfunction [31]. 

 

Statistical Analysis 

Statistical analysis was conducted using 
Statistical Package for Social Science (SPSS) 
program version 15.0 (Chicago, Illinois, USA). t –test 
or Mann Whitney-U (for none symmetrically 
distributed data) for independent variables was done. 
Pearson’s correlation was also done. 

 

 

Results 

 

Our research included 62 type1 diabetic 
patients (31 females and 31 males) and 30 normal 
controls (15 females and 15 males). Their  mean age 
were 16.3 ± 1.5 yrs and mean duration of diabetes 
were 9.4 ± 2.9 yrs. HbA1, albumin/.creatinine ratio, 
cholesterol, Tg, LDL, OxLDL and apelin were 
significantly increased, in the   contrary,  nitric oxide, 
FMD, and FMD/NMD were decreased significantly in 
diabetics (Table 1).  
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Table 1: Comparison between demographic, laboratory data, 
carotid intimal medial thickness and resistivity index of 
diabetic patients and controls 

Variables 
Patients Controls 

P-value Mean SD Mean SD 
Age (yrs) 16.32 1.52 16.13 2.63 0.70 

Anthropometric data: 
     BMI (kg/m

2
) 24.91 4.20 24.76 5.67 0.8 

BMI (SDS) 24 
    Waist circumference (cm) 83.60 9.39 84.78 12.25 0.60 

HIP circumference (cm) 91.69 8.37 91.20 11.93 0.80 
Waist / hip ratio 0.91 0.06 0.93 0.05 0.20 
Waist / height ratio 0.51 0.06 0.52 0.08 0.90 
Blood pressure: 

     Systolic blood pressure 
(mmHg) 119.35 12.53 118.21 14.42 0.70 
Diastolic blood pressure 
(mmHg) 81.94 9.20 78.57 6.51 0.05 
Laboratory data: 

     HbA1 (%) 9.55 1.90 5.43 0.65 0.0001 

Albumin/ creatinine ratio (µg/ 
g creatinine) 

28.4 
78.33 ± 100.65 
(5.8 – 384.2) 

10.7 
11.28 ± 4.23 
(5.4 – 23.2) 0.0001# 

Total cholesterol (mg/dl) 188.81 63.77 100.54 20.41 0.0001 
Triglyceride (mg/dl) 103.46 78.29 68.89 28.39 0.03 
HDL-c (mg/dl) 51.77 20.58 52.21 11.12 0.90 
LDL-c (mg/dl) 118.66 47.53 62.50 19.88 0.0001 
OxLDL (mg/l) 17.56 6.45 9.06 3.92 0.0001 
Nitric oxide (µmol/l) 28.42 7.06 40.33 6.32 0.0001 
Apelin 223.95  185.83  70.45  27.74  0.0001  
Doppler on brachial artery 

     Brachial artery at rest, mm 3.42 0.39 3.26 0.79 0.2 
Brachial artery (Shill test) 
(FMD), % 10.35 7.16 15.64 10.77 0.005 
Brachial artery after nitrate 
(NMD), % 14.48 6.89 18.14 10.77 0.1 
FMD/NMD 0.82 0.66 2.26 6.29 0.03 

t- test for independent variables; # Mann Whitney U test was used; Median, mean ± SD 
(range). BMI = body mass index; HbA1 = glycosylated hemoglonin; LDL = Low density 
lipoprotein; HDL = high density lipoprotein; OLDL = oxidized low density lipoprotein. 
 

 
Apelin had a significant positive correlation 

with HbA1c (Table 2). 

Table 2: Correlation between demographic, anthropometric, 
laboratory data and flow mediated dilatation and Apelin of 
diabetic patients 

Variables 

Apelin 

r P-value 

Age (yrs) 0.14 0.30 
Duration of diabetes (yrs) -0.05 0.72 
Systolic blood pressure (mmHg) 0.17 0.22 
Diastolic blood pressure (mmHg) 0.21 0.12 
BMI (kg/m

2
) -0.05 0.72 

BMI (SDS) -0.06 0.65 
Waist/ hip ratio 0.15 0.28 
Waist / height ratio -0.03 0.81 
HbA1 (%) 0.26 0.04 
Albumin / creatinine ratio (µg/g creatinine) -0.05 0.74 
Cholesterol (mg/dl) 0.02 0.91 
Triglycerid (mg/dl) -0.03 0.84 
HDL-c (mg/dl) 0.06 0.67 
LDL-c (mg/dl) 0.07 0.64 
VLDL (mg/dl) 0.42 0.10 
oxldl (mg/dl) -0.11 0.44 
Nitric oxide 0.05 0.74 
Doppler on brachial artery at rest (mm) 0.08 0.55 
Doppler on brachial artery (Shill test) (FMD)(%) -0.04 0.76 
Doppler on brachial artery after nitroglycerine (NMD) (%) 0.17 0.22 

 

On the other hand, NO had a negative 
correlation with HbA1c, albumin/creatinine ratio, LDL-
c and OxLDL (Table 3). 

 

 

Discussion 

 

In the current study, diabetic patients had 
higher HbA1c, albumin/creatinine ratio, lipid profile, 
OxLDL and lower NO, FMD and FMD/NMD. This is 

comparable with the study of Schulze el al., [32], who 
reported that the earliest functional atherosclerotic 
changes in the arterial wall is the endothelial 
dysfunction due to impaired endothelial release of 
nitric oxide detected by measuring flow mediated 
dilatation (FMD) of the brachial artery for measuring 
arterial diameter in response to increased flow. 

Reduction of NO may be a result of either 
decreased production because of decreased activity 
and/.or reduced expression of eNOS, or low activity of 
NO, or a result of high degradation by high production 
of superoxide ions or reactive oxygen species [17, 
33]. 

In the present study, NO showed a negative 
correlation with HbA1c, albumin/creatinine ratio, LDL-
c, and OxLDL. NO in type 1 diabetics affect heart and 
kidney in the previous studies. Endothelial function 
affected by several factors associated with diabetes, 
including severity of hyperglycemia, duration of 
diabetes, and increase of advanced glycosylated end 
products, microalbuminuria and nephropathy [18].  

 In the present study, the attenuated FMD 
response in diabetic children coincide with the results 
of Wiltshire et al., [34] and Donaghue et al., [35], who 
studied flow-mediated dilation in diabetic children and 
demonstrated attenuated endothelial function in 
diabetic children compared with controls. 

In our study, apelin is increased in diabetic 
patients with a positive correlation with HbA1c. On the 
other hand, it had no significant correlation with 
anthropometric measurement, lipid profile, NO and 
FMD. 

Apelin mRNA is found in many tissues 
including central nervous system (CNS), lung, heart, 
placenta, mammary gland and gastrointestinal tract 
(GIT) [37, 38]. Apelin is an adipokine secreted and 
produced by white adipose tissue in mice and 
humans. It is also included in cardiovascular function. 
Apelin plays a role in the CNS and regulation of food 
intake and water balance. In the contrary, results of 
the other studies are confusing [39, 40]. 

Apelin has a role in energy metabolism: as it 
improves sensitivity of insulin in insulin-resistant 
obese mice, and it is related to an increase in glucose 
uptake in skeletal muscle [41, 42]. Synthesis of apelin 
is affected by insulin and plasma apelin levels and it is 
increased in obesity in association with 
hyperinsulinaemia [43]. In our study, apelin had a 
significant correlation with glycosylated hemoglobin. 

The relationship of apelin and diabetes in 
humans are still controversial. On the other hand, 
increased apelin level in obese subjects and type 2 
diabetics were reported in some studies. Whereas 
other authors revealed decrease apelin in obese 
subjects with newly-diagnosed type 2 diabetes [44-
48]. 

We found that a very limited study was done 
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to assess apelin concentrations in type 1 diabetes. 
Two studies reported increase in apelin in type 1 
diabetics, one of them was in children [49] and the 
other one was in adults [50]. On the other hand, a new 
study revealed that apelin levels is the same in 
diabetics and no diabetics [51]. In our study, we found 
that although apelin concentrations were increased, it 
had no relation to body mass index in diabetic 
patients. This means that obesity is not the main 
factor affecting apelin levels in diabetic patients which 
is in agreement with other studies [38, 44, 45, 52]. 

We conclude that apelin concentrations were 
increased in diabetic patients and it is affected by 
obesity. It is related to glycaemic balance and even 
insulin sensitivity. Diabetic patients had endothelial 
dysfunction and elevation of apelin, but they does not 
related to each other. NO is related to diabetic 
nephropathy and atherosclerosis.  

Further large study is recommended to detect 
the relationship of apelin with vascular affection by 
assessing large number of diabetics with and without 
complication. Apelin is a beneficial adipokine and is a 
promising therapeutic target in metabolic disorders as 
it had anti diabetic properties. 
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Abstract  

AIM: This study aimed to assess the prevalence of early postoperative arrhythmias after cardiac operation in the 
pediatric population, and to analyse possible risk factors. 

MATERIAL AND METHODS: Cross-sectional study included 30 postoperative patients, with age range four up to 
144 months. They were selected from those admitted to the Cardiology Unit in the Pediatric department of Ain 
Shams University hospitals, after undergoing cardiopulmonary bypass (CPB) surgery for correction of congenital 
cardiac defects. All patients had preoperative sinus rhythm and normal preoperative electrolytes levels. All 
patients’ records about age, weight, type of surgery, intraoperative arrhythmias, cardiopulmonary bypass time, 
ischemic time and use of inotropic drugs were taken before they were admitted to the specialised pediatric post-
surgery intensive care unit (ICU).  

RESULTS: Arrhythmia was documented in 15 out of 30 patients (50%). Statistically significant difference between 
the arrhythmic and non-arrhythmic group were recorded in relation to the age of operation (23 vs 33 months), 
weight (12 vs. 17 kg), ischemic time (74.5 vs. 54 min), cardiopulmonary bypass time (125.5 vs. 93.5min), inotrope 
use (1.6 vs. 1.16) and postoperative ICU stay (5.8 vs. 2.7 days), P<0.05.  

CONCLUSION: Early postoperative arrhythmias following surgery for congenital heart disease are relatively 
frequent in children (50%).Younger age, lower body weight, longer ischemic time and bypass time, and more 
inotrope use are all risk factors for postoperative arrhythmias and lead to increase the hospital stay. 

 

 

 

 

 
 

 

Introduction 

 

Immediate postoperative arrhythmias are a 
widely recognised complication of cardiothoracic 
surgery in both the adult and pediatric populations [1]. 
Although they are transient and manageable, they are 
considered a major cause of morbidity and mortality 
after cardiac surgery for congenital heart disease 
during the phase of postoperative hemodynamic 
instability [2-4].  

There are many factors known to increase the 
risk of post congenital heart repair surgeries. 
Cardiopulmonary bypass (CPB), intraoperative injury 
to the conduction system and myocardium, 
postoperative metabolic abnormalities and electrolyte 
disturbances are known factors associated with 

increased risk of arrhythmias following surgery [4, 5]. 
The incidence and types of arrhythmia after cardiac 
surgery vary with age, the underlying lesion, the type 
of surgery, and local practice patterns. The overall 
incidence of early postoperative arrhythmia has been 
reported to be as high as 48% in children. [6] 

After frequent premature ventricular 
contractions (PVCs), ectopic junctional tachycardia 
(JET) is the most common arrhythmia in patients 
undergoing congenital heart surgery. The operative 
and perioperative factors that may contribute to 
postoperative JET remain ill-defined [1] 

This study aimed to assess the prevalence of 
early postoperative arrhythmias after cardiac 
operation in the pediatric population and to analyse 
possible risk factors. 
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Material and Methods 

 

Following approval by the “Ethical Committee” 
of Ain-Shams University and the parents’ consent, 30 
patients of both sexes; who undergoing CPB for 
corrective surgery of congenital cardiac defects; were 
selected from the Cardiology Unit in the Pediatric 
department of Ain-Shams University hospitals. The 
females represented 60% (18 patients) while males 
were 40% (12 patients) of the study population. Their 
ages ranged from 4 to 144 months with an average of 
51.11 (± 45.12) months. They had mean weights of 17 
kg (± 10.61 kg) ranging from 3 to 33 kg.  

This cross-sectional study was carried out 
between March 2013 and March 2014. All patients 
had preoperative sinus rhythm and normal 
preoperative magnesium and other electrolytes levels. 
All patients’ records about type of surgery, 
intraoperative arrhythmias, cardiopulmonary bypass 
time, ischemic time, type of used inotropic drugs and 
the dose were taken before they were admitted to our 
specialised pediatric post-surgery intensive care unit 
(ICU) 

 

Arrhythmias assessment 

Arrhythmias were classified as 
supraventricular tachycardia (SVT), ectopic junctional 
tachycardia (JET), premature ventricular contractions 
(PVCs), complete heart block (CHB), junctional 
rhythm (JR) and ventricular tachycardia (VT). SVT 
was defined as retrograde P wave (AV reentrant) or 
1:1 AV conduction. JET was defined as a narrow 
complex tachycardia with atrioventricular (AV) 
dissociation [7].  

PVCs was diagnosed if there was premature 
QRS complex and prolongation of its duration for age 
with premature ventricular complex not preceded by 
premature atrial activity [8, 9]. CHB occurs when none 
of the atrial impulses is conducted to the ventricles. 
There is a complete loss of rhythm conduction from a 
working atrial pacemaker, thereby allowing the 
ventricular pacemaker to take over [10].  

JR characterized by normal QRS morphology 
at a rate not exceeding the maximum junction escape 
rate for age (up to 3 years it is 50 to 80 beats/min and 
40 to 60 beats/min over 3 years) and slower than the 
atrial escape rhythm (up to 3 years it is 80 to 100 
beats/min up and 50 to 60 beats/min over 3 years) [7, 
11]. VT was defined as series of 3 or more repetitive 
excitations originating from one of both ventricles. The 
QRS complexes are different from the usual QRS 
morphology with a prolonged duration of 
corresponding age [7]. 

Standard electrocardiograms (ECGs) were 
registered in all patients at the time of ICU admission, 
using (Cardiofax ECG-9620L) a real-time 
electrocardiograph with three channel recorder. 

Continuous ECG monitoring was performed during the 
entire ICU stay with (Drager Infinity Vista XL 
monitors). Before hospital discharge, a 12-lead ECG 
was routinely done. In case of arrhythmia in the 
postoperative course, the patient also had a 24 hr 
Holter recording before discharge. 

A Vision™ Holter analysis system, 
manufactured by Spacelabs Burdick was used in this 
study. During analysis, the vision™ Holter analysis 
system uses a technique known as feature extraction 
to group the individual QRS complexes into forms 
based on their features. After the individual QRS 
complexes have been consolidated into forms, the 
forms are classified into one of the following 
categories: Normal (N), Ventricular (V), Paced (P), or 
Artifact (x). Identification of ventricular and 
supraventricular arrhythmia takes place. These are 
then classified as runs, couplets or isolated episodes. 
The interpretation of the Holter monitoring was then 
finalized after the cumulative analysis of the edited 
forms, arrhythmias and full disclosure of the recording 

 

Operative details and inotropic drugs use 

After recording the basic details like age and 
weight, a history of arrhythmia and related drugs was 
taken. Preoperative electrolytes levels were 
measured. Preoperative 12 leads electrocardiogram, 
and Preoperative echocardiography was done. 
General anaesthesia was performed in all patients. 
During the operation, the bypass and ischemic time 
were recorded. When necessary, the following 
inotropic drugs were used: Milrinone (0.3-
0.75mcg\kg\min), Adrenaline (0.1- 0.5 mcg \kg\min), 
Dobutamine (5-20 mcg\kg\min), while weaning them 
from CPB. Post-operative stay in the intensive care 
unit (ICU stay) was also recorded. 

 

Statistical Analysis 

Data were analyzed using the Statistical 
Package for Social Sciences (SPSS/Windows Version 
16, SPSS Inc., and Chicago, IL, USA). Statistical 
significance was set at P < 0.05. The patients under 
study were classified into two groups according to the 
occurrence of postoperative arrhythmia: arrhythmic 
group (who get postoperative arrhythmia, and non-
arrhythmic group (who did not get postoperative 
arrhythmia). The non-parametric data (qualitative) 
were expressed as frequency distribution: numbers 
and percentage of the total. Comparisons between the 
different non-parametric variables were analyzed 
using Chi-square test. While the parametric data 
(quantitative) were expressed as mean + SD. Student 
independent t-test was used to compare two 
parametric data.  
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Results 

 

The current study documented that 
arrhythmias were found in 15 out of 30 patients who 
represented an overall incidence of 50%. Those were 
grouped as follow: 5 patients (33.33%) with Junctional 
ectopic tachycardia (JET), 4 patients (26.67%) with 
Junctional rhythm (JR), 2 patients (13.33%) with 
complete heart block (CHB), 2 patients (13.33%) with 
premature ventricular contractions (PVCs), 1patient 
(6.67%) got attack of ventricular tachycardia (VT) and 
another one (6.67%) got supraventricular tachycardia 
(SVT) (Table 1).  

Table 1: Percentage of different types of early postoperative 
arrhythmias among study population 

Type of arrhythmia No. % 

Junctional ectopic tachycardia 5 33.33% 

Junctional rhythm 4 26.67% 

Complete heart block 2 13.33% 

Premature ventricular contractions 2 13.33% 

Ventricular tachycardia 1 6.67% 

Supraventricular tachycardia 1 6.67% 

Total 15 100.00% 

 

Statistically significant differences between 
the arrhythmic and non-arrhythmic groups were found 
in relation to the age of operation (23 vs 33 months), 
weight (12 vs. 17 kg), ischemic time (74.5 vs. 54 min), 
cardiopulmonary bypass time (125.5 vs. 93.5 min), 
number of inotropic drugs used (1.6 vs. 1.16) and 
postoperative ICU stay (5.8 vs. 2.7 days), P < 0.05 
(Table 2). It was noticed that younger the age, lower 
body weight, longer ischemic time and bypass time, 
and the more inotrope use, are all risk factors for the 
arrhythmic group and lead to increase the hospital 
stay. These risk factors lead to the increased 
possibility of postoperative arrhythmias.  

Table 2: Comparison between the arrhythmic and non-
arrhythmic groups 

Variable 
No arrhythmia Arrhythmia Independent t-test 

Mean SD Mean SD t P-value 

AGE (months) 33.66 13.656 23.84 9.089 2.318 0.027 

WEIGHT (kg) 17.00 12.21 12.13 6.44 2.768 0.010 
ISCHEMIC TIME 
(min) 53.99 32.741 74.6 35.36 3.212 0.003 
BYPASS TIME 
(min) 93.57 28.77 125.65 24.697 3.277 0.003 

Inotrope no. 1.56 0.64 1.16 0.325 2.158 0.039 

ICU stay (day) 2.7 0.9 5.8 1.2 4.648 0.000 

 

Table 3 showed a significant relationship 
between the absence of inotropic support and 
absence of early postoperative arrhythmias. Inotropic 
support was not used in 5 patients, only one of them 
had arrhythmias (20%) while the other four patients 
(80%) did not experience any form of early 
postoperative arrhythmias (P-value 0.039). Adrenaline 
also was not used in 15 patients, of those four 
patients (26.6%) had arrhythmias while the other 11 
patients (73.3%) did have any form of arrhythmia (P-
value 0.028). However, the insignificant effect of the 
use of milrinone or dobutamine on the occurrence of 
early postoperative arrhythmias was detected (P value 

> 0.05), as nearly half the patients who used/did not 
use one of these drugs had arrhythmias.  

Table 3: Comparison between arrhythmic and non-arrhythmic 
group as regard inotropic drugs use 

 
No arrhythmia Arrhythmia Chi-square test 
No. % No. % X

2
 P-value 

Inotropic 
support 

Used = 25 11 73.33% 14 93.33% 
0.960 0.039 

Not used = 5 4 26.67% 1 6.67% 

Milrinon 
Used = 4 2 12.50% 2 14.29% 

0.156 0.693 
Not used = 26 14 87.50% 12 85.71% 

Adrenaline 
Used = 15 4 26.67% 11 73.33% 

4.800 0.028 
Not used = 15 11 73.33% 4 26.67% 

Dobutamine 
Used = 19 9 60.0% 10 66.7% 

0.000 1.000 
Not used = 11 6 40.0% 5 33.3% 

        

 

Moreover, adrenaline at doses below 0.1 
mcg/kg/min was already running in 4 patients, three 
patients of them had no arrhythmias. Adrenaline at 
doses between 0.1-0.2 mcg/kg/min was used in 7 
patients, six patients of them also had no arrhythmias. 
While adrenaline at doses > 0.2 mcg was used in 4 
patients, all of them had arrhythmias (P-value 0.033). 
This means that there was a significant effect of 
increasing the dose of adrenaline more than 0.2 
mcg/kg/min on increasing the risk of occurrence of 
arrhythmias. However, the insignificant effect of 
increasing the dose of dobutamine infusion on the 
increased occurrence of arrhythmias was found (P 
value > 0.05).  

Table 4: Comparison between arrhythmic and non-arrhythmic 
group as regards dosage of inotropes used 

 
Arrhythmia No arrhythmia Total 

P-value 
No. % No. % No. % 

Dobutamine 
grade 

5 < 10 ug 1 6.7% 4 26.67% 5 16.67% 
0.235 10 < 20 ug 6 40.0% 5 33.33% 11 36.67% 

> 20 ug 3 20.0% 0 0.0% 3 10.00% 

Adrenaline 
grade 

0.05 - < 0.1 ug 1 6.7% 3 20.00% 4 13.33% 
0.033 0.1 - 0.2 ug 6 40.0% 1 6.67% 7 23.33% 

> 0.2 4 26.7% 0 0.0% 4 13.33% 
         

 

 

   

Discussion 

 

Studies have been conducted on rhythm 
complications related to surgical repair of congenital 
heart disease, most have focused on rhythm 
disturbances as a late complication of a single 
diagnosis or procedure, whereas others have 
evaluated the risk of a single rhythm disturbance [12] 

Current results demonstrated that arrhythmias 
were a frequent early complication after an open heart 
operation for congenital heart disease, despite the 
advances in surgical and CPB techniques as well as 
myocardial preservation. This high incidence, 
occurring in spite of all surgical technical 
improvements, can be explained by the performance 
of more complex surgical procedures in increasingly 
younger patients. 

The current study found a peak prevalence of 
arrhythmias of 50 % which is near to previously 
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reported studies like Alp et al. (2014) 43.5%. Delaney 
et al. reported the prevalence of arrhythmias in their 
patients that necessitated intervention, 15% of their 
cohort. However, Grosse-Wortmann et al. (2010) 
reported peak prevalence of arrhythmias 79.1%, 
which was higher than all other reported studies. They 
explained this difference as being a result of Holter 
monitoring, which may reflect a more sensitive 
method of detection, especially of extrasystoles, 
instead of bedside monitoring [13-15]. 

Pathophysiologic causes for early 
postoperative arrhythmias are various, including direct 
surgical injuries like myocardial incision, results of 
cannulation, sutures close to the conduction system, 
and acute changes of the intracardiac pressure 
caused by volume and pressure overload [16]. 

Junctional ectopic tachycardia was the most 
frequent arrhythmia in the current study including 
33.3% of the arrhythmic population, then Junctional 
rhythm 26.67%, complete heart block and premature 
ventricular contractions 13.3 % and ventricular 
tachycardia and supraventricular tachycardia 6.67% 
while in Alp et al. 2014 supraventricular extra-systole 
was the most common arrhythmia with 65%, 
ventricular extra-systole 24%, atrial fibrillation and 
supraventricular tachycardia 2.9% each, atrial flutter 
1.9 % and Junctional rhythm 1%. After frequent PVCs, 
JET was the most common arrhythmia in patients 
undergoing congenital heart surgery [13]. 

The precise aetiology of JET is unknown, but 
it is believed to be the result of enhanced automaticity 
in the bundle of His, either in its right atrial or right 
ventricular portion, promoted by haemorrhage into the 
conduction tissues. It is postulated that disruption of 
conduction tissue, either by direct trauma or 
penetrating blood and interstitial inflammatory cells, 
may result in an irritable focus leading to JET [14]. 

In the present study, comparison between the 
arrhythmic and non-arrhythmic group of patients 
revealed a statistically significant difference as regard 
age at operation (23 vs. 33 months), ischemic time 
(74.5 vs. 54 min), cardiopulmonary bypass time 
(125.5 vs. 93.5 min), number of use of inotropic drugs 
(1.6 vs. 1.16) and postoperative ICU stay (5.8 vs. 2.7 
days), P < 0.05. This came in agreement with Delaney 
et al. who showed a statistically significant difference 
between the mean values for the arrhythmic and non-
arrhythmic groups about age at operation (22 vs 45 
months), ischemic time (105 vs 44 min), 
cardiopulmonary bypass time (189 vs 109 min). Alp et 
al. reported that there was no association in their 
cohort to these risk factors, they explained that 
because they include neonates with simple 
procedures like PDA ligation and division [12, 13]. 

Pfammatter et al. reported that the incidence 
of early postoperative arrhythmia after cardiac 
operation in children was 11% of children with bypass 
time of < 50 minutes. This proportion rose to 33% for 
bypass time between 50 and 100 minutes and to 50% 

for bypass time > 100 minutes. They stated that the 
association between higher occurrence rate of 
arrhythmias and longer cardiopulmonary time might 
just reflect increasing complexity of the surgery [17]. 

Inotropic support is the mainstay of treatment 
of patients with low cardiac output that resulted either 
from a surgical intervention that included 
cardiopulmonary bypass or as a component of the 
underlying heart disease. 

In this study, a strong relationship between 
the absence of inotropic support and absence of early 
postoperative arrhythmias was found. Inotropic 
support was not used in 5 patients, only one of them 
had arrhythmia (20%). This is consistent with what 
was mentioned by Smith et al. that patients, in whom 
inotropic support was not used, the experienced low 
incidence of early postoperative arrhythmias [18]. 

Statistically significant effect of the use of 
adrenaline; particularly if its dose was more than 0.2 
ug/kg/min; on the occurrence of early postoperative 
arrhythmias was found. While the statistically 
insignificant effect of the use of either milrinone or 
dobutamine on the occurrence of early postoperative 
arrhythmias was found.  

Milrinone acts independently of the adrenergic 
receptor through phosphodiesterase inhibition and 
therefore does not cause increased myocardial 
oxygen consumption or catecholamine stimulation to 
the heart [18]. 

In conclusion, early postoperative arrhythmias 
following surgery for congenital heart disease are 
relatively frequent in children: 50%. Junctional ectopic 
tachycardia and junctional rhythm were common 
types of arrhythmias. Lower age, lower body weight, 
longer CPB time, longer cross-clamp time, use of 
inotropic support; particularly adrenaline at a dose 
more than 0.2 mcg/kg/min, all are risk factors for 
postoperative arrhythmias. 

 

 

Acknowledgements 

 

We acknowledge all parents of the children in 
cardiology unit Faculty of Medicine, Ain Shams 
University where the study had been done for their 
cooperation during all the time of the study.  

 

 

References 
 

1. Delaney JW, Moltedo JM, Dziura JD, Kopf GS and Snyder CS. 
Early postoperative arrhythmias after pediatric cardiac surgery. 
The Journal of thoracic and cardiovascular surgery. 
2006;131(6):1296-300. https://doi.org/10.1016/j.jtcvs.2006.02.010 
PMid:16733160  

https://doi.org/10.1016/j.jtcvs.2006.02.010


Clinical Science 
_______________________________________________________________________________________________________________________________ 

_______________________________________________________________________________________________________________________________ 

944                                                                                                                                                                                                                       http://www.mjms.mk/ 
http://www.id-press.eu/mjms/ 

 

2. Batra AS and Balaji S. Post operative temporary epicardial 
pacing: When, how and why? Annals of pediatric cardiology. 
2008;1(2):120. https://doi.org/10.4103/0974-2069.43877 
PMid:20300253 PMCid:PMC2840753 

 

3. Krongrad E. Postoperative arrhythmias in patients with 
congenital heart disease. Chest. 1984;85:107-13. 
https://doi.org/10.1378/chest.85.1.107 PMid:6360568  

 

4. Lan YT, Lee JC and Wetzel G. Postoperative arrhythmia. 
Current opinion in cardiology. 2003;18(2):73-8. 
https://doi.org/10.1097/00001573-200303000-00001 

 

5. Hoffman TM, Wernovsky G, Wieand TS, Cohen MI, Jennings 
AC, Vetter VL, et al. The incidence of arrhythmias in a pediatric 
cardiac intensive care unit. Pediatric Cardiology. 2002;23(6):598-
604. https://doi.org/10.1007/s00246-001-0079-y PMid:12530491  

 

6. Valsangiacomo E, Schmid ER, Schupbach RW, Schmidlin D, 
Molinari L, Waldvogel K, et al. Early postoperative arrhythmias 
after cardiac operation in children. The Annals of thoracic surgery. 
2002;74(3):792-6. https://doi.org/10.1016/S0003-4975(02)03786-4 

 

7. Kim JJ, Collins KK and Miller‐Hance WC. Arrhythmias: 
Diagnosis and Management. Anesthesia for Congenital Heart 
Disease. 2005:308-37. 

 

8. Dick M. Clinical cardiac electrophysiology in the young: Springer 
Science & Business Media, 2006. https://doi.org/10.1007/0-387-
29170-9 

 

9. Scott O, Macartney FJ and Deverall PB. Sick sinus syndrome in 
children. Archives of disease in childhood. 1976;51(2):100-5. 
https://doi.org/10.1136/adc.51.2.100 PMid:1259455 
PMCid:PMC1545887 

 

10. Doniger SJ and Sharieff GQ. Pediatric dysrhythmias. Pediatric 
Clinics of North America. 2006;53(1):85-105. 
https://doi.org/10.1016/j.pcl.2005.10.004 PMid:16487786  

 

11. Anderson RH, Baker EJ, Redington A, Rigby ML, Penny D and 
Wernovsky G. Paediatric Cardiology: Expert Consult-Online and 
Print: Elsevier Health Sciences, 2009. 

 

12. Delaney J, Moltedo J, Dziura J, Kopf G and Snyder C. Early 
postoperative arrhythmias after pediatric cardiac surgery. The 
Journal of thoracic and cardiovascular surgery. 2006;131:1296 - 
300. https://doi.org/10.1016/j.jtcvs.2006.02.010 PMid:16733160  

 

13. Alp H, Baysal T and Karaarslan S. Supraventricular tachycardia 
due to blunt chest trauma in an adolescent. Ulusal travma ve acil 
cerrahi dergisi = Turkish journal of trauma & emergency surgery: 

 

TJTES. 2014;20(3):211-3. https://doi.org/10.5505/tjtes.2014.90337 
PMid:24936844  

14. Grosse-Wortmann L, Kreitz S, Grabitz R, Vazquez-Jimenez J, 
Messmer B, von Bernuth G, et al. Prevalence of and risk factors for 
perioperative arrhythmias in neonates and children after 
cardiopulmonary bypass: continuous holter monitoring before and 
for three days after surgery. Journal of Cardiothoracic Surgery. 
2010;5(1):85. https://doi.org/10.1186/1749-8090-5-85 
PMid:20955589 PMCid:PMC2974677 

 

15. Grosse-Wortmann L, Kreitz S, Grabitz RG, Vazquez-Jimenez 
JF, Messmer BJ, von Bernuth G, et al. Prevalence of and risk 
factors for perioperative arrhythmias in neonates and children after 
cardiopulmonary bypass: continuous holter monitoring before and 
for three days after surgery. J Cardiothorac Surg. 2010;5(85):21. 
https://doi.org/10.1186/1749-8090-5-85 

 

16. Heintz KM and Hollenberg SM. Perioperative cardiac issues: 
postoperative arrhythmias. Surgical Clinics of North America. 
2005;85(6):1103-14. https://doi.org/10.1016/j.suc.2005.09.003 
PMid:16326196  

 

17. Pfammatter J, Wagner B, Berdat P, Bachmann D, Pavlovic M, 
Pfenninger J, et al. Procedural factors associated with early 
postoperative arrhythmias after repair of congenital heart defects. 
The Journal of thoracic and cardiovascular surgery. 2002;123:258-
62. https://doi.org/10.1067/mtc.2002.119701 PMid:11828284  

 

18. Smith AH, Owen J, Borgman KY, Fish FA and Kannankeril PJ. 
Relation of milrinone after surgery for congenital heart disease to 
significant postoperative tachyarrhythmias. The American journal of 
cardiology. 2011;108(11):1620-4. 
https://doi.org/10.1016/j.amjcard.2011.07.023 PMid:21890079 
PMCid:PMC3941037 

 

19. Abdelaziz O and Deraz S. Anticipation and management of 
junctional ectopic tachycardia in postoperative cardiac surgery: 
Single center experience with high incidence. Annals of pediatric 
cardiology. 2014;7(1):19. https://doi.org/10.4103/0974-
2069.126543 PMid:24701080 PMCid:PMC3959055 

 

20. Tharakan JA and Sukulal K. Post cardiac surgery junctional 
ectopic tachycardia: A 'Hit and Run'tachyarrhythmia as yet 
unchecked. Annals of pediatric cardiology. 2014;7(1):25. 
https://doi.org/10.4103/0974-2069.126545 PMid:24701081 
PMCid:PMC3959056 

 

 

https://doi.org/10.4103/0974-2069.43877
https://doi.org/10.1378/chest.85.1.107
https://doi.org/10.1097/00001573-200303000-00001
https://doi.org/10.1007/s00246-001-0079-y
https://doi.org/10.1016/S0003-4975(02)03786-4
https://doi.org/10.1007/0-387-29170-9
https://doi.org/10.1007/0-387-29170-9
https://doi.org/10.1136/adc.51.2.100
https://doi.org/10.1016/j.pcl.2005.10.004
https://doi.org/10.1016/j.jtcvs.2006.02.010
https://doi.org/10.5505/tjtes.2014.90337
https://doi.org/10.1186/1749-8090-5-85
https://doi.org/10.1186/1749-8090-5-85
https://doi.org/10.1016/j.suc.2005.09.003
https://doi.org/10.1067/mtc.2002.119701
https://doi.org/10.1016/j.amjcard.2011.07.023
https://doi.org/10.4103/0974-2069.126543
https://doi.org/10.4103/0974-2069.126543
https://doi.org/10.4103/0974-2069.126545


 

_______________________________________________________________________________________________________________________________ 

Open Access Maced J Med Sci. 2017 Dec 15; 5(7):945-947.                                                                                                                                                         945 

 

ID Design 2012/DOOEL Skopje, Republic of Macedonia 
Open Access Macedonian Journal of Medical Sciences. 2017 Dec 15; 5(7):945-947. 
https://doi.org/10.3889/oamjms.2017.178 
eISSN: 1857-9655 
Clinical Science 

 

 

  

 
Profile of Skin pH in Leukaemia’s Children with Chemotherapy 
Treatments at Haji Adam Malik General Hospital, Medan 
 
 
 Radha Siregar

*
, Sri Purnama, Salia Lakswinar  

 

Haji Adam Malik General Hospital, Dermatology and Venereology, Medan, Indonesia 

 

Citation: Siregar R, Purnama S, Lakswinar S. Profile of 
Skin pH in Leukaemia’s Children with Chemotherapy 
Treatments at Haji Adam Malik General Hospital, Medan. 
Open Access Maced J Med Sci. 2017 Dec 15; 5(7):945-
947. https://doi.org/10.3889/oamjms.2017.178 

Keywords: Leukemia; Chemotherapy; Skin pH; Children; 
Skin barrier. 

*Correspondence: Radha Siregar. Haji Adam Malik 
General Hospital, Dermatology and Venereology, Medan, 
Indonesia. E-mail: dha_1302@yahoo.com  

Received: 29-Jul-2017; Revised: 13-Sep-2017; 
Accepted: 21-Sep-2017; Online first: 05-Dec-2017 

Copyright: © 2017 Radha Siregar, Sri Purnama, Salia 
Lakswinar. This is an open-access article distributed 
under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (CC BY-NC 
4.0). 

Funding: This research did not receive any financial 
support. 

Competing Interests: The authors have declared that no 
competing interests exist. 

 

 

 

 

Abstract  

BACKGROUND: One of the treatments for leukaemia is chemotherapy. Side effects and toxicity of this treatment 
can be seen on the skin, adnexal, and mucous membranes. They might increase potential hydrogen (pH) value 
on the skin surface, therefore, disrupting epidermal barrier defences. 

AIM: To describe the pH of the skin in children with leukaemia who received chemotherapy. 

SUBJECT AND METHOD: This study was an observational descriptive, cross-sectional study, conducted from 
March until December 2016 with 32 children with leukaemia who treated at Haji Adam Malik General Hospital, 
Medan as subjects. Skin pH was measured by a pH meter. 

RESULT: We found mean skin pH in ALL (6.28 ± 0.58), CML (5.9 ± 0) and AML (6.5 ± 0.50). The mean skin pH 
after 1-5 weeks of chemotherapy was 6.13 ± 0.49, at 6-10 weeks (6.32 ± 0.51), and at 11-15 weeks (7.12 ± 0.36). 
The mean skin pH of patients with two drugs (5.98 ± 0.44), four drugs (6.28 ± 0.55), and six drugs (6.63 ± 0.56). 

CONCLUSION: The highest mean of skin pH were obtained in AML group, 11-15 weeks length of chemotherapy 
and group with six drugs regimen. 

 

 

 
 

 

Introduction 

 

Leukaemia, commonly known as blood 
cancer or bone marrow cancer, is the uncontrolled 
growth of abnormal cells (neoplastic cells) as a result 
of normal cell mutation [1]. Acute Leukaemia in 
children accounts for 97% of all leukaemia in children.  

According to the blood lineage affected, acute 
leukaemia can be divided into Acute Lymphoblastic 
Leukaemia (ALL) 82% and Acute Myeloblastic 
Leukaemia (AML) 18% [2]. ALL is cancer that 
frequently occurs in children. There are approximately 
3000 new cases of ALL per year in the United States, 
5000 cases in Europe, and roughly 2000 to 3000 
cases in Indonesia [3]. 

Chemotherapy is a type of treatment that 
plays a role in killing neoplastic cells, but also 
indirectly affects normal cells [1]. Many of the side 
effects and toxicities of chemotherapy can be seen on 
the skin, adnexa, and mucous membranes of patients 

undergoing chemotherapy. In the skin, the side effects 
of chemotherapy include dry skin, allergic drug 
reaction, photosensitivity, hyperpigmentation, nail 
abnormalities, and hair abnormalities [4, 5]. 

In general, chemotherapy drugs can cause 
side effects on the skin by damaging the skin barrier 
[6]. The pH acidity of the skin surface is important for 
epidermal barrier defence function and the 
establishment and maintenance of epidermal integrity/ 
cohesion [7, 8]. The pH of the skin in children is 
reported to be the same as in adults that is around 4.0 
- 6.0 [9]. 

Considering the side effects of chemotherapy 
on the skin and the important role of the skin barrier, it 
is essential to assess the effect of chemotherapy on 
skin pH. Until now, there is no data regarding the skin 
pH of children with leukaemia who undergo 
chemotherapy.  

This research is a preliminary study to 
determine the effects of chemotherapy on skin pH.  
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Material and Methods 

 

This is an observational descriptive study with 
a cross-sectional design. This research was 
conducted from March until April 2016 involving 32 
leukemic children. 

This research was conducted from March 
2016 until all the required samples are acquired. The 
research was done in the Rindu B4 inpatient room, 
RSUP Haji Adam Malik, Medan. The target population 
of this research is leukaemia patients who had 
chemotherapy at RSUP Haji Adam Malik, Medan. The 
accessible population is the children with leukaemia 
who received chemotherapy at Rindu B4 inpatient 
room, RSUP Haji Adam Malik, Medan since March 
2016. The sample of this study is the accessible 
population that meets inclusion and exclusion criteria. 
The inclusion criteria were informed consent signed 
by patient’s parents. Patients with generalised skin 
conditions (e.g., ichthyosis, necrolysis epidermal toxic, 
atopic dermatitis, Netherton syndrome) were 
excluded. 

After receiving permission from the subject’s 
parents and the informed consent were signed, 
baseline data was recorded, and the patient’s skin pH 
was measured using pH meter (Skincheck, Hanna 
Instruments, HI 99181N, USA). 

The requirements before skin pH 
measurements are: (1) the subject's parents are 
asked to bathe the patient with soap until the skin is 
clean and it is not allowed to apply cosmetics or any 
topical preparations on the patient's lower arm. The 
measurement was performed at least 4 hours after the 
shower subject; (2) measurements were made at a 
stable room temperature with air conditioner (20°C) 
with a humidity of 40% and subjected to a minimum of 
20 min; and (3) measurements are made in the volar 
area and if it is not possible, measurements can be 
made on the arm, upper leg or abdomen of the 
subject. 

The collected data is then processed and then 
presented in the form of frequency distribution table 
and analysed descriptively based on several 
characteristics (duration of chemotherapy, types of 
leukaemia, number of chemotherapy drugs type). 

 

 

Result 

 

Most of the patients were male (62.5%), in 6-
10 years old group (range 2-17 years old). 27 patients 
had ALL, and only one patient had CML. Most of them 
(62.5%) had been in chemo for 1-5 weeks (range 1-13 
weeks). Based on protocol therapy that was given, 

samples were divided into two drugs group 
(Methotrexate, Vincristine), four drugs group 
(Methotrexate, Vincristine, Doxorubicin, L-
Asparaginase), six drugs group (Methotrexate, 
Vincristine, Doxorubicin, L-Asparaginase, 
Mercaptopurine, Hydroxyurea). Most patients had four 
drugs regimen. 

The mean skin pH in ALL patients is 6.28 ± 
0.58. In CML and AML patients, the mean skin pH is 
5.9 ± 0 and 6.5 ± 0.50, respectively (Table 1). 

Table 1: Skin pH distribution based on types of leukaemia 

Types of Leukemia pH pH 

                          Mean ± SD Value Value 
ALL 6.28±0.58 5.3 7.4 
CML 5.9±0 5.9 5.9 
AML 6.5±0.50 6.1 7.2 

 

The mean skin pH after 1-5 weeks of 
chemotherapy was 6.13 ± 0.49, at 6-10 weeks was 
6.32 ± 0.51, and at 11-15 weeks was 7.12 ± 0.36. 
Based on these results, the longer the duration of 
chemotherapy the higher the pH of the skin (Table 2). 

Table 2: Skin pH distribution based on chemotherapy phase 

Phase of Chemotherapy  pH pH 
  Minimum Maximum 
                                               Mean ±SD Value Value 

1-5 weeks (n=20) 6.13±0.49 5.3 6.9 
6-10 weeks (n=8) 6.32±0.51 5.6 7.1 
11-15 weeks (n=4) 7.12±0.36 6.6 7.4 

 

Based on the number of chemotherapy drugs 
type, the mean skin pH of patients with two types of 
drugs was 5.98 ± 0.44, four types of drugs were 6.28 
± 0.55, and six types of drugs was 6.63 ± 0.56. These 
results indicate that the more types of drugs used, the 
higher the pH of the skin. (Table 3) 

Table 3: Skin pH distribution based on types of chemotherapy 

Types of Chemotherapy  pH pH 

  Minimum Maximum 
                                               Mean ±SD Value Value 

2 drugs 5.98±0.44 5.3 6.8 
4 drugs 6.28±0.55 5.6 7.1 
6 drugs 6.63±0.56 5.6 7.4 

 

 

 

Discussion 

 

This study found that the average skin pH is 
increased in ALL (6.28 ± 0.58,) and AML (6.5 ± 0.50). 
Hoeger et al. in his study reported that normal skin pH 
in children aged > 4 weeks ranged from 5.0-5.5. The 
average skin pH in this study is higher than the normal 
pH range for children. In Indonesia, it has been 
reported that the normal skin pH range of children 
ages one month to 14 years is 4.76-5.067 [10]. 

The result of this study demonstrated that an 
increase in skin pH is directly proportional to the 
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duration of chemotherapy use. The skin pH after 1-5 
weeks of chemotherapy is 6.13 ± 0.49, at 6-10 weeks 
is 6.32 ± 0.51, and at 11-15 weeks is 7.12 ± 0.36. This 
is the study conducted by Haedary et al. which found 
that most of the effects of chemotherapy on the skin 
depend on the dose and duration of chemotherapy 
[11]. 

The results showed that the average skin pH 
on the use of 2 types of drugs was 5.98 ± 0.44, on 
four types of drugs 6.28 ± 0.55, and on six types of 
drugs 6.63 ± 0.56. These results indicate that the 
more types of drugs used, the higher the pH of the 
skin. This is in line with the study by Wohlrab et al. 
which states that the nonspecific effects of 
chemotherapy drugs on skin epithelium and 
surrounding tissue can be observed in about 30% of 
cancer patients, regardless of the type of cancer. 
Factors that play a role in the emergence of such 
effects is regimens and combinations of 
chemotherapy used [12]. 

Webster et al. also revealed that the type, 
concentration, and dose of chemotherapy are the 
determining factors of skin toxicity on the course of 
administration of chemotherapy. Chemotherapy drugs 
and their metabolites will be excreted through the 
sweat glands. As a result, there are direct toxic effects 
in their accumulation on the stratum corneum, 
particularly in the plantar and palmar skin [13]. The 
effect of chemotherapy drugs on the skin barrier 
frequently occurs by interfering with the function of 
proliferation and differentiation of interfollicular 
keratinocytes and epidermal stem cells [14]. 

In conclusion, the potential of hydrogen on the 
skin of patients with ALL and AML was increased. In 
this study, we found higher pH in patients with longer 
duration of chemotherapy and subjects with a larger 
amount of drug types used. More research with 
longitudinal design, with bigger samples and a longer 
period of study, are needed to examine further about 
skin pH in leukemic children with chemotherapy.  
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Abstract  

BACKGROUND: Herniated Nucleus Pulposus (HNP) is the prolapse of the intervertebral disk through a tear in 
the annulus fibrosus. This causes nerve root compression with clinical pain manifestation and affects the quality of 
sleep. 

AIM: The aim of this study was find out the comparison in the quality of sleep between before (pre) and after 
(post) surgery cervical HNP patients. 

METHODS: This study was a retrospective cohort study. Ninety patients were asked to complete the Pittsburgh 
Sleep Quality Index (PSQI) questionnaire. All data which has been computed were analysed with the McNemar 
test. 

RESULT: The outcome reveals that from 90 patient`s cervical HNP, 81 (90%) were 40 years old age group and 
66 (73.3%) of them were women. The result showed that 66 (73.3%) patients have a bad sleep quality before 
surgery. Surgery has increased the quality of sleep after surgery 66 (73.3%) patients had good sleep quality. 
There was a significant difference in the quality of sleep pre and post operation (p = 0.001). 

CONCLUSION: There was a significant difference in the quality of sleep between pre and post operation cervical 
HNP patient utilising anterior discectomy methods. 

 

 

 

Introduction 

 

Herniated Nucleus Pulposus (HNP) is the 
prolapse of the intervertebral disk through a tear in the 
annulus fibrosus which causes nerve root 
compression [1-3]. Prevalence of HNP is 1-2% of 
world population, and generally, HNP can occur at all 
vertebrae level from cervical until lumbar spine, eighty 
percent of HNP is lumbar HNP, and 20% is cervical 
HNP [4-6]. Sixty percent of age group with cervical 
HNP are 90-40 years old, and its prevalence is more 
often in males than females [7]. 

The most common cause of a cervical 
herniated nucleus pulposus is gradual degeneration of 
the disc, attenuation (weakening) of the posterior 
annulus fibrosis, and subsequent protrusion of the 
nucleus pulposus into the spinal canal causing 

compression of the nerve root [8, 9]. The disc injury 
occurs suddenly because of an accident or trauma, 
another cause of cervical herniated nucleus pulposus 
is low vitamin D level [10, 11]. Higher prevalence of 
vitamin D level found in Indonesian women which 
most of them also had polymorphism of vitamin D 
receptor gene, TaqI and BsmI [12, 13].  

Vitamin D deficiency associated to 
polymorphism of vitamin D receptor gene that the t 
allele of vitamin D receptor TaqI is associated with a 
high risk of degenerative disc disease and disc bulge 
developing, especially in individuals younger than 40 
years [14, 15]. Most of the women had polymorphism 
of vitamin D receptor gene, TaqI and BsmI, related to 
vitamin D deficiency in urban and rural areas [15, 16]. 
Besides vitamin D deficiency, obesity also the cause 
of recurrent hernia nucleus pulposus. The previous 
study reported that obesity was a strong and 
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independent predictor of recurrent HNP after lumbar 
microdiscectomy. Surgeons should incorporate weight 
loss counselling into their preoperative discussions 
with patients [17]. 

Cervical HNP clinical manifestation is a 
radiated pain from the neck to the upper extremities 
(arm). Pain can be worse in several positions such as 
neck extension, ipsilateral rotation and lateral flexion. 
The feel of pain in the neck can make the quality of 
sleep worsen [17, 18]. Cervical HNP treated with 
conservative and surgery therapy, and in the early 
stage, conservative therapy can be done to decrease 
symptoms, but in the concluding stage, surgery 
therapy has to be carried out [19]. Surgery will be 
performed if the conservative therapy fails or if the 
patients have myelopathy signs and symptoms. 
Myelopathy signs and symptoms are 
paresthesia/paresis and urinated-defecated-sexual 
disorders [17,20]. 

The gold standard for diagnosed Cervical 
HNP is with Magnetic Resonance Imaging (MRI), 
especially T2 sequence [21]. It showed the position of 
the spinal cord, whether there is a compression of the 
surrounding tissue, bone and cartilage to the spinal 
cord or not [21, 22]. The gold standard in the majority 
of the studies confirming the presence of a herniated 
disc was cross-sectional imaging and or surgery. The 
gold standard in the diagnosis is surgery; however, 
when assessing the validity of subjective complaints 
or physical examination findings, use of cross-
sectional imaging as a gold standard may be 
considered an acceptable substitute. The validity of 
surgery as a gold standard can be questioned, 
however, as findings at surgery can be subjective [21-
23]. 

The treatment for a cervical herniated disc 
almost always begins with a trial of conservative 
treatment, which is frequently effective [24]. Surgical 
intervention is considered when a patient with a 
cervical herniated nucleus pulposus continues to have 
pain, weakness, and or numbness and has failed 
conservative modalities [24, 25]. The goal of surgery 
is to remove the compression from the spinal cord and 
or spinal nerves to improve a patient’s pain and level 
of function [22]. The preferred surgical treatment is an 
anterior cervical discectomy and fusion. 

Every disease with pain symptoms, mental 
disorders (anxiety or depression) can also cause 
sleep disorders [26]. During recovery, the patient 
needs some more sleep and energy but can be 
disturbed with uncomfortable symptoms like pain [26, 
27]. The difficulty or lack of sleep during a patient`s 
post-operation will inhibit the healing process [27]. 
The time of sleep is a time for cell regeneration, if the 
post-operative patients cannot sleep, the cell can not 
regenerate completely [26-29]. There were many 
patients with cervical HNP rejected to do the operation 
because of misunderstanding about this problem [30]. 

Based on this problem, the researchers were 

interested in comparing the quality of sleep during the 
pre-operation and post-operation cervical HNP patient 
utilising the anterior discectomy methods. The aimed 
of this study also for better understand about risk 
factor of HNP and pain for better management. 

 

 

Methods 

 

The study method is an observational study 
with retrospective analyses at the Adenin Adenan 
Hospital, Medan City, North Sumatera Province, 
Indonesia. The inclusion criteria are post-operative, 
where the cervical HNP patient utilising anterior 
discectomy methods and the data were collected in 
August 2014 until December 2016. The exclusion 
criteria were, the patients with another disease which 
cause disability and organ failure, and also 
unreachable patients or not willing patients to be 
subject. Data were directly from the subjects who 
were interviewed with the quality of sleep 
questionnaire, Pittsburgh Sleep Quality Index (PSQI) 
[31]. The result of this study was based on the 
questionnaire scores, if the score is greater than five 
the result is bad, but if the score is lower than or equal 
to 5 the result is good. 

 

Surgical technique 

The author used anterior discectomy before 
total disc replacement (TDR) placement in patients 
with a herniated disc. The herniated disc material was 
removed anteriorly in conjunction with preparing the 
disc space for TDR placement in this study. Using this 
technique of performing an anterior-based complete 
discectomy, it may remove the herniated disc 
fragment and successfully decompress the canal 
contents without having to reenter the canal through a 
previously operated area while minimising the revision 
decompression risks, eliminating the offending 
herniation. A similar technique has been described for 
anterior lumbar interbody fusion. A combination of 
curette and punch Kerrison rongeur can be used to 
take down the posterior longitudinal ligament and 
allow direct visualisation and nerve hook access into 
the epidural space [32-34]. 

 

Sample Measurement and Examination  

The Pittsburgh Sleep Quality Index (PSQI) 
was the instrument used to evaluate the quality of 
sleep in adults. The PSQI questionnaire consists of 
nine self-questions and five questions of sleep 
partner. The PSQI scoring 7 component quality of 
sleep, the range of scores was 0 (not difficult) until 3 
(very difficult). Summarize total component score 
(range 0-21), if total score outcomes < 5, the result is 
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good and if total score outcomes > 5, the quality of 
sleep result is bad [31].  

The data were collected by the researchers 
through direct interview utilising the PSQI 
questionnaire. Every patient was asked ten questions 
each, and their answers were used to measure the 
quality of sleep during pre-operative and post-
operative utilising the anterior discectomy method. 
Each patient obtained two qualities of sleep data, pre- 
and post-operative data. 

Body mass index (BMI) included height (to the 
nearest 0.5 cm), weight (to the nearest 0.1 kg) and 
calculated as kg/m

2
. Categorized BMI was based on 

Asia Pacific, < 18.5 classified as underweight, 18.5-
22.9 classified as normoweight, 23-24.9 classified as 
overweight/at risk, 25-29.9 classified as obese I, and 
>30 classified as obese II [35].  

 

Statistic Analytic 

Power calculation and estimation of sample 
size were based on the primary outcome measure of 
the trial. Data are presented as mean and one 
standard deviation (SD) or as number and frequency 
(%). In the tabulation of data, McNemar statistic test 
was used to determine the difference between the 
quality of sleep during pre-operative and post-
operative cervical HNP utilising anterior discectomy 
methods. The variable was nominal and ordinal 
variable with the category scale. Categorical data will 
be presented by the percentage. Level of significance 
was set at 5%, if the p-value < 0.05 then it means that 
any meaningful proportion has to differentiate 
between two group data. This study used SPSS 
(version 11.5; SPSS Inc, Chicago, IL) for data 
analysis. 

 

Research Appropriateness  

This study has passed the tests from Health 
Research Ethical Committee Medical Faculty of North 
Sumatera University, Medan City, North Sumatera 
with the number 98/TGL/KEPK FK USU-RSUP 
HAM/2016. Before participation, the subjects had to fill 
the approval sheet after they have gotten the 
explanation about the principal study, such as the aim, 
the examination, the advantages and the 
disadvantages of the study.  

 

 

Results 

 

Descriptive data are presented in Table 1, 
one hundred and two patients with cervical HNP has 
performed surgery utilising the anterior discectomy 

methods from 2014 to 2016, twelve patients could not 
fulfil the inclusion criteria in this study, leaving ninety 
patients who formed the basis for this study as 
subjects. Mean of outpatient clinics each year were 
30-40 patients, for three years data had been 
collected.  

Table 1: Clinical data and outcome measures (n=90) 

Variables f (frequencies) Percentage (%) 

Gender   
Male 24 26.7 
Female 66 73.3 

 
Age (years) 53.97±11.04  
Age group   

< 40 years old 9 10 
> 40 years old 81 90 
   

Body mass index (kg/m
2
) 25.8±3.9  

BMI classification   

 Underweight - - 

 Normal 4 4.4 

 Overweight  79 87.8 

 Obese I 7 7.8 

 Obese II - - 

   
Main symptom   

 Axial pain only 36 40 

 Axial pain < 
Radicular pain 

39 43.3 

 Axial pain = 
Radicular pain 

15 16.7 

   
Preoperative MRI findings   

 Protrusion  39 43.3 

 Extrusion 48 53.3 

 Stenosis 3 3.4 

Data for age are expressed as mean±SD 

 

In Table 1, the result of this study showed that 
two times higher prevalence of HNP found in female 
than male in this study. Almost of the study subjects 
were older than 40 years and higher percentage body 
mass index which the highest was overweight. 

Table 2: Pre-post operative quality of sleep outcome 

Parameters Frequencies (f) Percentage (%) 

Quality of sleep (pre-operative)   

 Good  24 26.7 

 Bad  66 73.3 

   
Quality of sleep (post-operative)   

 Good  75 85 

 Bad  15 15 

 

Table 2 and Table 3 summarise the pre-
operative quality of sleep outcome, 66 (73.3%) 
subjects have a bad quality of sleep, and 24 (26.7%) 
subjects have a good quality of sleep post-operative. 
Post-operative showed that higher percentage of good 
quality of sleep than bad quality of sleep with 
significant value (p < 0.005) 

Table 3: Quality of sleep cross-tabulation with McNemar test 

 Post Operative Quality of Sleep 
TOTAL 

Good ( > 50) Bad ( < 50) 

Pre Operative Good ( > 50) 21 3 24 
Quality of Sleep Bad (<50) 54 12 66 

TOTAL 75 15 90 

McNemar Test  0,001
 

 

All these subjects showed compression, using 
Magnetic Resonance Imaging (MRI) T2 sequence of 
HNP patients showed compression of the spinal 
canal, for cervical it would compress the spinal cord. 
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Nucleus pulposus of the disc would come out through 
the wall of the disc, filled the spinal canal and 
compress the spinal cord (Fig. 1).  

 

Figure 1: Magnetic Resonance Imaging T2 sequence of cervical 
spine, showed compression of spinal cord at C 5-6 level 

 

 

Discussion 

 

The study demonstrated that there is a 
different quality of sleep between before and after 
cervical HNP surgery utilising anterior discectomy 
methods, quality of sleep is important to be given 
careful consideration, as it affects the postoperative 
recovery substantially. Post-operative anterior 
discectomy methods offered the significantly better 
quality of sleep than pre-operative, which led to a 
significantly shorter stay in the hospital [36]. However, 
this effect was almost exclusively attributed to a 
significantly lower consumption of opioids 
postoperatively and sleeping pills [37-39]. As shown in 

this study, quality of sleep post-operative is a feature 
that influences the recovery.  

Anterior cervical discectomy and fusion is a 
simple surgery procedure with low risk and short 
duration [40,41]. This procedure which was used in 
this study, good effect of intraoperative vertebral 
reduction and well-recovered function after the 
operation. After skin incision in a linear fashion at 
large line, platysma was open with sharp and blunt 
dissection. Retracted the neck muscle such as 
sternocleidomastoid, omohyoid, sternohyoid muscle 
and retracted trachea and thyroid to lateral and find 
the cervical spine bone. Recognised the level of the 
spine with needle marker and C-arm then starts 
discectomy (Fig. 2). Finished the discectomy and 
made fusion, using an autologous bone graft or 
titanium cage or polyetheretherketone (PEEK) [36]. 
This study used autologous bone graft taken from the 
hip of the patient. 

In this study, women had a higher prevalence 
of HNP than men, probably due to vitamin D 
deficiency that will affect calcium serum in the 
circulation [12, 13]. Low vitamin D and calcium serum 
were the caused of osteoporosis, a metabolic bone 
disorder characterised by low bone mass and 
microarchitectural deterioration, with a subsequent 
increase in bone fragility and susceptibility to fracture 
[42]. The risk factor of vitamin D deficiency was a 
lifestyle, such as avoiding sunlight exposure and 
polymorphism of vitamin D receptor (VDR) gene was 
the cause of vitamin D deficiency [13, 15].  

 

Figure 2: Radiological X-Ray view by C-Arm with needle marker 

 

Vitamin D deficiency-insufficiency was found 
in healthy women with TaqI and BsmI single 
nucleotide polymorphisms in the VDR gene [15, 16]. 
Vitamin D deficiency and insufficiency are associated 
with increased risk of osteoporosis, poorer muscle 
function, low bone mass, and microarchitectural 
deterioration, with a subsequent increase in bone 
fragility and susceptibility to fracture [42]. The 
previous study showed that the TaqI polymorphism of 
vitamin D receptor gene is associated with the 
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development of degenerative disc disease in the 
lumbar spine with an odds ratio (OR) of 2.61 [14].  

Aging had to correlate to HNP occurrence, in 
this study shows the result that the age group of the 
HNP patients was more than forty years older than the 
youngest or equal. It was appropriated with the other 
study results that more often HNP patients were 
between the age groups of 40 and 50 years old [43, 
44]. This is because, the ageing process of the 
intervertebral disc, starts with the disc inflexibility, the 
lack of elasticity of the nucleus pulposus and disc 
degeneration [45]. Also, because of the repeated 
trauma on the intervertebral disc and tear of the 
annulus fibrosus [45-47]. 

The relative body weight gains the first day 
after surgery was an independent risk factor for bad 
quality of sleep in the present study [48]. But, in this 
study we did not asses the body weight gain, only 
body weight pre-operative. The relative body weight 
gain may be an effect of the increased release of 
stress hormones and inflammatory processes and 
thus may represent an increased stress response 
[49]. 

Degenerative disk disease can be particularly 
seen in overweight patients with greater BMI [49, 50]. 
Studies have demonstrated a probable correlation 
between obesity and lumbar spine related disorders, 
most likely secondary to increasing biomechanical 
stress in the lower thoracic and lumbar spine. Open 
spinal surgery in obese patients is associated with 
longer operative times, larger blood loss, and 
increased perioperative morbidity [51, 52]. 

Most studies have shown that postoperative 
pain perception can be affected by sleep disturbance 
producing a hyperalgesic state [37-39]. However, from 
this study particularly in the pre-operative period 
where the pain was the predominant cause of sleep 
disturbance, it is a pain which leads to sleep 
disturbance and that while a hyperalgesic state may 
be exacerbated by poor sleep, it is an initial pain that 
starts this process and consuming sleeping pills.  

Previous studies showed that there were 
several factors contribute to disturbed sleep 
postoperatively [37-39, 53]. Use of opioids has been 
shown to change sleep architecture substantially in 
healthy subjects [38, 53]. The injury caused by 
surgery provokes a complex stress response involving 
the release of stress hormones, humoral mediators of 
the endocrine and metabolic system, and activation of 
the immune system [38, 39, 53]. 

Based on the results from this study, a 
conclusion can be drawn that there was a significantly 
different quality of sleep between the pre- and post-
operation using anterior discectomy methods; that 
was due to the symptom of cervical HNP before 
surgery. The quality of sleep before surgery is bad 
and after surgery significantly changed for the better. 
Pain is the most common symptom of cervical HNP 

and one of the prevalence causes of sleep disorders 
in adults. Surgery is the definitive therapy for cervical 
HNP because it will decrease the symptoms and 
provide a better quality of sleep than before. This was 
appropriated with this study result that those patients 
who performed surgery will have better feelings of 
pain, functional pleasure and healing process than 
non-surgery therapy. 

There are some methodological concerns in 
this study; the study was not powered to detect 
differences in other secondary outcome measures 
such as time operation, time of anaesthesia, and 
using sleeping pills. Also, this was not a randomised 
controlled trial. Therefore this study is seen as 
exploratory and hypothesis generating.  

Recommendations were the doctors should 
do a follow-up with patients before and after surgery 
and patient with bad quality of sleep needs support 
from family and people around because cervical HNP 
can affect many aspects of life. There is a need for 
health workers and the society to be educated about 
cervical HNP to enhance early diagnosis.  
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Abstract  

BACKGROUND: Diabetes mellitus is a progressive disorder that often requires combination therapy.  

AIM: This study aimed to compare and study of add-on sitagliptin versus pioglitazone in patients with type 2 
diabetes inadequately controlled with metformin. 

METHODS: This 12-week, randomised, open-label and single centre study compared sitagliptin (100 mg daily, n 
= 80) and pioglitazone (30 mg daily, n = 80) in type 2 diabetic patients whose disease was not adequately 
controlled with metformin. 

RESULTS: The mean change in HbA1c from baseline was -1.001 ± 0.83 with sitagliptin and -0.75 ± 1.20 with 
pioglitazone, and there were no significant difference between groups (P = 0.132). The mean change in fasting 
blood sugar (FBS) was -18.48 ± 33.32 mg/dl with sitagliptin and -20.53 ± 53.97 mg/dl with pioglitazone, and there 
were no significant difference between groups (P = 0.773). Sitagliptin caused 1.08 ± 2.39 kg decrease in weight, 
whereas pioglitazone caused 0.27 ± 2.42 kg increase in weight, with a between-group difference of 0.81 kg (P < 
0.001). On the other hand, in sitagliptin group, there was greater improvement in lipid profile than pioglitazone 
group. 

CONCLUSION: Sitagliptin and Pioglitazone demonstrated similar improvements in glycemic control in type 2 
diabetes mellitus patients whose diabetes had been inadequately controlled with metformin. Nevertheless, 
sitagliptin was more effective than pioglitazone regarding lipid and body weight change. 

 

 

 

Introduction 

 

Due to the progressive decline in the function 
of pancreatic beta cells and chronic insulin resistance 
in patients with type 2 diabetes mellitus (T2DM), 
hyperglycemia increases over time in this group of 
patients [1, 2]. Several studies have demonstrated 
that hyperglycemia is one of the major risk factors in 
the development of microvascular complications in 
T2DM patients [3, 4]. On the other hand, clinical trials 
have shown that reduction in HbA1c can decrease the 
development of T2DM complications [5, 6]. For 
instance, every one percent HbA1c decrease is 
associated with Thirty- five percent decrease in risk of 
microvascular complications [7]. American Diabetes 
Association (ADA) recommended lowering the HbA1c 

to less than 7% in T2DM patients [8, 9]. Due to the 
complex nature and multiple metabolic defects of this 
disease, treatment with a single oral 
antihyperglycemic agent is not sufficient for reaching 
the desired goal, hence combination drug therapy is 
usually required to manage patients with T2DM [6, 8, 
10, 11]. It should be noted that combination therapy 
with oral drugs requires the use of anti-hyperglycemic 
drugs with different complementary physiologic 
mechanisms to improve glycemic control [12]. 

Moreover, Beta-cell failure occurs long before 
T2DM is diagnosed and by this time, diabetic subjects 
have lost over 80% of their beta cell function. So, 
early treatment with anti-hyperglycemic drugs in 
diabetic patients can have positive effects on the 
preservation of residual pancreatic beta cells function 
[7, 8]. 
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America Diabetes Association (ADA) and 
European Association for the Study of Diabetes 
(EASD) recommend metformin as a first line drug in 
the treatment of diabetic patients, because metformin 
is inexpensive, does not cause weight gain, has 
proven safety records and probably beneficial effects 
on the cardiovascular system. Sulphonylureas, 
thiazolidinediones and dipeptidyl peptidase 4 (DPP-4) 
inhibitors have also been recommended as an 
alternative treatment or in combination therapy with 
metformin in the ADA/EASD consensus [4, 13]. 

Metformin is a drug that can reduce Hb1Ac by 
increasing liver and peripheral tissue sensitivity to 
glucose, prevent hepatic gluconeogenesis and 
glycogenolysis. This reduction in Hb1Ac is about 1.2-
3%, but metformin does not prevent beta cell failure, 
and after an initial decrease, HbA1c rises 
progressively [7, 14, 15]. 

Pioglitazone is one of the thiazolidinediones. 
Thiazolidinediones are Peroxisome Proliferator-
Activated Receptor γ (PPAR- γ) agonists and are 
appropriate for use as monotherapy and in 
combination with metformin and/or a sulphonylurea in 
patients with T2DM [16,17]. Thiazolidinediones can 
decrease insulin resistance by increasing the 
sensitivity of muscle, liver, and adipose tissue to 
insulin. These drugs delay the progression of T2DM 
and can improve beta cell function and create a 
sustainable reduction in Hb1Ac [7, 18, 19]. 

Sitagliptin is a dipeptidyl peptidase-4 (DPP-4) 
inhibitor that can affect the path of incretin hormones 
including Glucagon-Like Peptide 1 (GLP-1) and 
Glucose-dependent Insulin releasing Polypeptide 
(GIP). These hormones are secreted by the intestine 
endocrine cells in response to a meal. GLP-1 and GIP 
stimulate insulin secretion (in a glucose-dependent 
manner) and delay gastric emptying. Also, GLP-1 can 
affect pancreatic alpha cells and inhibit glucagon 
secretion. Within some minutes after the release of 
these hormones, GIP and GLP-1 undergo rapid 
metabolism to inactive metabolites by the enzyme 
DPP-4, hence sitagliptin by inhibiting this enzyme 
causes an increase in the duration of validity of 
hormones in the blood [2, 8, 10, 17]. 

As earlier mentioned, Metformin, Pioglitazone 
and sitagliptin each possess different but 
complementary mechanisms of action. Therefore, we 
can use these drugs together as a combination 
therapy [2, 12, 20]. 

The aim of the present study was to compare 
the efficacy of dual anti-hyperglycemic combination 
therapy in T2DM patients, to find the most efficient 
and effective method for treating these patients. 

 

 

 

Materials and Methods 

 

Study design 

This open-label, single centre and 
randomised control trial (code: 
IRCT2015061619554N4) were done between January 
2016 and January 2017 in vali-e-asr hospital under 
the approval of Zanjan Metabolic Disease Research 
Center (ZMDRC), Zanjan University of Medical 
Sciences. 

This study was approved by the ethics 
committee of Zanjan University of Medical Sciences. 

 

Patients 

Eligible patients were men and women, 30-60 
years of age with T2DM and inadequate glycemic 
control (HbA1c ≥8 and ≤9.5) while being actively 
treated with metformin. Their body mass index (BMI) 
was between 25-35. 

Patients with an history of ketoacidosis, 
unstable or rapidly progressive diabetic retinopathy, 
nephropathy, neuropathy, impaired hepatic function 
(defined as plasma aminotransferase level three times 
higher than the upper limit of normal for age and sex), 
impaired renal function (defined as serum creatinine 
level higher than the upper limit of normal for age and 
sex), impaired digestive function (vomiting, diarrhea, 
dyspepsia), a serious cardiovascular disease with 
ejection fraction less than 35%, pregnant women, 
breastfeeding women and women planning for 
pregnancy were excluded. All patients provided 
written informed consent to participate in the study. 

 

Treatment 

One hundred and sixty (160) T2DM patients 
were randomly assigned in a 1:1 ratio to one of the 
following treatment groups by permuted block method 
using a central computer-based randomisation (Figure 
1). 

The first group: those treated with sitagliptin 
100 mg/day in addition to their usual doses of 
metformin for 12 weeks. 

The second group: those treated with 
pioglitazone 30 mg/day in addition to their usual doses 
of metformin for 12 weeks. 

All the patients were trained on the diabetic 
regimen by the nutritionist. All the individuals were 
also advised to increase their physical activity. For 
example, 3 to 5 times per week and each time for 20 
to 30 min walking briskly or cycling. Possible side 
effects of drugs were also explained to patients. 
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Figure 1: Study flowchart 

 

Assessment 

Before the study, all participants underwent 
an initial assessment that included FBS, Bs2hpp, 
HbA1c, Cholesterol, Triglyceride, HDL, BUN, Cr, AST 
and ALT in the laboratory of Vali-E-Asr Hospital. 
Blood pressure was measured using a manometer, 
weight by an analogue scale with an accuracy of 0.5 
kg that was calibrated every day. Every month, the 
patients were followed regarding diet, physical activity, 
proper usage of drugs and side effects of drugs. 

After three months FBS, BS2hpp, HbA1c, 
Chol, TG, HDL, BUN, Cr, AST and ALT were 
monitored in patients in the Vali-E-Asr Hospital central 
laboratory. Blood pressure and weight were also re-
measured for each patient. 

 

Statistical analysis 

For collecting data, a questionnaire was 
designed in which demographic, anthropometric and 
the laboratory data were recorded. According to the 
results of the previous study that was reported, the 
mean change in HbA1c for sitagliptin and metformin 
groups were −0.86 (−1.02, −0.69) and −0.58 (−0.76, 
−0.40) respectively, the sample size was calculated 
with the power of 80% and two-sided type 1 error rate 
of 0.05 [13]. Therefore, At least 77 patients in each 
group were needed. 

An intention-to-treat (ITT) analysis was 
performed for the 160 patients after randomisation, 
and statistical analysis was done using computer 
software SPSS version 18 (SPSS Inc, Chicago, IL, 
USA). The distribution of quantitative data was 
assessed using the Kolmogorov–Smirnov test. 
Treatment groups were compared using the Student’s 
t-test for continuous variables. Comparison of only 

qualitative data (sex) was performed using Chi-square 
test. The differences in the changes of the HbA1c 
from 0–12 weeks were also determined using a 
multivariate analysis in which treatment groups were 
considered as predictor and age, sex, weight and lipid 
profile as covariates. 

In this trial, results were presented as a mean 
± standard deviation. A p value of < 0.05 was 
considered to be statistically significant. 

 

 

Results 

 

Demographic and baseline characters 

One hundred and seventy-two patients whose 
diabetes had been inadequately controlled with 
metformin were screened for this trial. Twelve patients 
were excluded from the study because they did not 
meet the inclusion criteria. Therefore, 160 patients 
were randomly assigned to the metformin-sitagliptin or 
metformin-pioglitazone group. All of these patients 
completed the study (Figure 1). About 50% of patients 
were in the metformin plus sitagliptin group (Group 1) 
and 50% in the metformin plus pioglitazone group 
(Group 2). The mean age of Group 1 and Group 2 
was 50.70 ± 7.85 and 55.12 ± 5.85, respectively. The 
percentage of female participants in the first group 
was 57.5% and in the second group was 71.3%. 

Baseline variables in both groups are 
summarised in Table 1. 

Table 1: Baseline parameters of the patients in each group 

Variable 
MEAN ± SD 

P value Group 1 
(METFORMIN+SITAGLIPTIN) 

Group 2 
(METFORMIN+PIOGLITAZONE) 

Age (year) 50.70 ± 7.85 55.12 ± 5.85 <0.001 
FBS (mg/dl) 171.09 ± 46.41 170.26 ± 56.14 0.919 
BS2hpp (mg/dl) 276.80 ± 62.08 244.00 ± 77.73 0.004 
HbA1c (%) 8.74 ± 0.60 8.63 ± 0.64 0.25 
BUN (mg/dl) 10.30 ± 1.97 10.90 ± 3.25 0.16 
Creatinin (mg/dl) 0.94 ± 0.16 0.95 ± 0.17 0.79 
AST (U/L) 40.98 ± 37.52 27.81 ± 5.9 0.002 
ALT (U/L) 40.89 ± 28.19 26.60 ± 6.42 <0.001 
TG (mg/dl) 168.38 ± 80.76 176.74 ± 106.43 0.57 
Chol (mg/dl) 177.00 ± 46.51 176.49 ± 35.98 0.93 
HDL (mg/dl) 43.18 ± 8.38 43.95 ± 8.67 0.56 
Weight (kg) 74.29 ± 13.62 73.01 ± 11.49 0.52 
SBP (mmHg) 129.00 ± 18.18 121.81 ± 14.39 0.006 
DBP (mmHg) 80.00 ± 9.27 69.88 ± 7.37 <0.001 

FBS= fasting blood glucose; BS2hpp= two-hour blood glucose; HbA1c = glycosylated 
hemoglo- bin; BUN= blood urea nitrogen; AST = aspartate aminotransferase; ALT = 
alanine aminotransferase; TG = triglycerides; Chol= cholesterol; HDL = high-density 
lipoprotein; SBP= systolic blood pressure; DBP= diastolic blood pressure 

 

HbA1C 

Metformin-sitagliptin group (Group 1) and 
metformin-pioglitazone (Group 2) had similar baseline 
HbA1c level (Table 1). The mean HbA1c levels in the 
sitagliptin group ameliorated from 8.74 ± 0.60% to 
7.74 ± 0.90% (p < 0.001) (Table 2). In the pioglitazone 
group, HbA1c improved from 8.63 ± 0.64% to 7.88 ± 
1.2% (p < 0.001) (Table 3). The difference between 
the changes produced in the two groups was not 
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statistically significant (p = 0.132) (Table 4). 

At the end, when the multivariate analysis to 
eliminate the confounding effects of other variables 
including age, sex, weight and lipid profile was 
conducted, no difference was detected between the 
two treatment groups in decreasing of HbA1c levels 
before and after treatment (β = 0.059, t = 0.360, P 
value = 0.719). 

Table 2: The mean and standard deviation of variables in the 
study before and after treatment in the group treated with 
metformin and Sitagliptin (group 1) 

Variable MEAN ± SD 
P value 

Before treatment After treatment 

FBS (mg/dl) 171.09 ± 46.41 152.60 ± 42.33 <0.001 
BS2hpp (mg/dl) 276.80 ± 62.08 228.29 ± 63.18 <0.001 
HbA1c (%) 8.74 ± 0.60 7.74 ± 0.90 <0.001 
BUN (mg/dl) 10.30 ± 1.97 10.18 ± 1.99 0.55 
Creatinin (mg/dl) 0.94 ± 0.169 0.958 ± 0.15 0.48 
AST (U/L) 40.98 ± 37.52 37.99 ± 23.55 0.78 
ALT (U/L) 40.89 ± 28.19 38.14 ± 16.83 0.63 
TG (mg/dl) 168.38 ± 80.76 133.98 ± 55.38 <0.001 
Chol (mg/dl) 177.00 ± 46.51 153.31 ± 34.91 <0.001 
HDL (mg/dl) 43.18 ± 8.38 46.35 ± 12.19 0.006 
Weight (kg) 74.29 ± 13.62 73.2 ± 13.13 <0.001 
SBP (mmHg) 129.00 ± 18.18 125.50 ± 13.20 0.025 
DBP (mmHg) 80.00 ± 9.27 77.88 ± 7.41 0.012 

 

FBS 

The two treatment groups had comparable 
FBS at baseline (Table 1). The mean FBS levels in 
the sitagliptin group improved from 171.09 ± 46.41 to 
152.60 ± 42.33 (p < 0.001) (Table 2). In the 
pioglitazone group, FBS improved from 170.26 ± 
56.144 to 149.72 ± 46.66 (p < 0.001) (Table 3). The 
difference between the changes produced in the two 
groups was not statistically significant (p = 0.773) 
(Table 4). 

 

BS2hpp 

The mean changes in BS2hpp were −48.51 ± 
57.13 mg/dl with sitagliptin and −31.51 ± 54.20 mg/dl 
with pioglitazone. The difference between the 
changes produced in the two groups was not 
statistically significant (P = 0.05) (Table 4). 

Table 3: The mean and standard deviation of variables in the 
study before and after treatment in the group treated with 
metformin and pioglitazone (second group) 

Variable 
MEAN ± SD 

P value 
Before treatment After treatment 

FBS (mg/dl) 170.26 ± 56.144 149.72 ± 46.66 <0.001 
BS2hpp (mg/dl) 244.00 ± 77.73 212.49 ± 66.56 <0.001 
HbA1c (%) 8.63 ± 0.64 7.88 ± 1.20 <0.001 
BUN (mg/dl) 10.90 ± 3.25 10.80 ± 2.67 0.54 
Creatinin (mg/dl) 0.95 ± 0.17 1.005 ± 0.81 0.58 
AST (U/L) 27.81 ± 5.90 27.60 ± 6.05 0.38 
ALT (U/L) 26.60 ± 6.42 26.26 ± 6.80 0.231 
TG (mg/dl) 176.74 ± 106.43 177.59 ± 86.79 0.937 
Chol (mg/dl) 176.49 ± 35.98 171.50 ± 37.98 0.249 
HDL (mg/dl) 43.95 ± 8.67 44.12 ± 8.28 0.823 
Weight (kg) 73.01 ± 11.49 73.29 ± 11.50 0.314 
SBP (mmHg) 121.81 ± 14.39 119.09 ± 14.01 0.06 
DBP (mmHg) 69.88 ± 7.37 69.12 ± 7.78 0.397 

 

Weight 

A mean decrease in weight in Group 1 was 
1.08 ± 2.39 kg from baseline after 12 weeks, and this 
change was statistically significant (p < 0.001) (Table 

4). In contrast to this, subjects of Group 2 had a mean 
increase of 0.27 ± 2.42 kg in their weight from a 
baseline, which was not statistically significant (p = 
0.314) (Table 4). The difference between the changes 
produced in the two groups was statistically significant 
(P < 0.001) (Table 4). 

 

Lipid profile 

The two treatment groups had comparable 
TG, chol and HDL at baseline (Table 1). The mean 
TG, chol and HDL levels in the sitagliptin group 
improved from 168.38 ± 80.76 to 133.98 ± 55.38 (p < 
0.001), 177.00 ± 46.51 to 153.31 ± 34.91 (p < 0.001) 
and 43.18 ± 8.38 to 46.35 ± 12.19 (p = 0.006) (Table 
2), respectively. In the pioglitazone group, TG, chol 
and HDL levels changed from 176.74 ± 106.43 to 
177.59 ± 86.79 (p = 0.937), 176.49 ± 35.98 to 171.5 ± 
37.98 (p = 0.249) and 43.95 ± 8.67 to 44.12 ± 8.28 (p 
= 0.823), respectively (Table 3). The difference 
between the changes produced in the two groups 
regarding these parameters was statistically 
significant (Table 4). 

Table 4: The mean and standard deviation of changes in 
baseline variables after intervention in both groups 

Variable MEAN ± SD P value 
           Group 1: 

 
metformin+sitagliptin 

             Group 2: 
 

metformin+pioglitazone 

FBS (mg/dl) -18.48 ± 33.32 -20.53 ± 53.97 0.773 
BS2hpp (mg/dl) -48.51 ± 57.13 -31.51 ± 54.20 0.05 
HbA1c (%) -1.001 ± 0.83 -0.75 ± 1.20 0.132 
BUN (mg/dl) -0.125 ± 1.88 -0.10 ± 1.47 0.92 
Creatinin (mg/dl) 0.01 ± 0.13 0.055 ± 0.80 0.66 
AST (U/L) -2.99 ± 14.90 -0.21 ± 2.29 0.105 
ALT (U/L) -2.75 ± 13.02 -0.34 ± 2.50 0.106 
TG (mg/dl) -34.40 ± 52.97 0.85 ± 96.60 0.005 
Chol (mg/dl) -23.66 ± 39.33 -4.98 ± 38.39 0.003 
HDL (mg/dl) 3.17 ± 9.96 0.17 ± 6.99 0.029 
Weight (kg) -1.08 ± 2.39 0.27 ± 2.42 <0.001 
SBP (mmHg) -3.50 ± 13.69 -2.72 ± 12.75 0.71 
DBP (mmHg) -2.12 ± 7.41 -0.75 ± 7.87 0.25 

 

Other biochemical parameters 

The change in blood pressure, liver function 
tests and kidney function tests at the end of the study 
from baseline was not significant between two groups 
(P > 0.05) (Table 4). 

 

Adverse effects 

In our study, there was no significant side 
effect such as hypoglycemia, oedema of the 
extremities, gastrointestinal symptoms, liver 
complications, kidney complications, cardiac 
complications and eye complications including 
macular oedema in both combination treatment 
groups. Also, both metformin-sitagliptin and 
metformin-pioglitazone were well tolerated. 
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Discussion 

 

In this study, sitagliptin with pioglitazone in 
T2DM patients whose diabetes had been 
inadequately controlled with metformin was 
compared. This study aimed to evaluate which agent 
is preferable to an additional non-insulin antidiabetic 
drug for patients who have been uncontrolled with 
metformin. 

The results demonstrated that although 
metformin-sitagliptin and metformin-pioglitazone had a 
great impact on the reduction of HbA1c, there was no 
significant difference between two groups (P value = 
0.132). The rate of reduction of HbA1c in metformin-
sitagliptin and metformin- pioglitazone groups was 
1.001 ± 0.83 and 0.750 ± 1.20 respectively, and the 
difference between two groups was 0.26. Sung-Chen 
Liu in Taiwan achieved HbA1c reduction in metformin- 
sitagliptin group as 0.71 ± 0.12 and in the metformin-
pioglitazone group as 0.94 ± 0.12. The difference 
between two groups in this study was 0.23, and there 
was no statistically significant difference between 
them (P-value = 0.17) [21]. As can be seen, the 
response to treatment in this study was slightly better 
than Sung-Chen Liu’s study. Part of this difference 
depends on the mean age of the participants in the 
two studies. The mean age in our study was 52.91 ± 
7.25 and was about 60 years in Sung-Chen Liu’s 
study. Old age can reduce the response to treatment. 
Older patients usually have a longer duration of 
diabetes and insulin resistance in elderly patients can 
be more when compared to younger patients [22, 23]. 
All of these factors can reduce the response to 
treatment. Chawla et al. also could not find any 
statistically significant difference in HbA1c reduction 
between these two treatment groups (P-value = 
0.203) [24]. 

Takihata et al. in a study that was done in 
Japan compared these two recent combination 
therapy in T2DM patients [13]. In contrast with our 
results, they reported that in Japanese with type 2 
diabetes mellitus, sitagliptin is much more effective 
than pioglitazone. Although in their study, the 
difference between two groups was statistically 
significant (P value = 0.024), this result can be 
attributed to the lower body weight of the subjects in 
this study in comparison with our study (66.9 kg 
against 73.65 kg). Also, it can also be attributed to the 
fact that Japanese T2DM patients have lower levels of 
insulin secretion and insulin resistance than other 
races [25, 26]. 

According to our results, reduction in FBS 
was statistically significant after intervention in both 
groups, but no statistically significant difference was 
observed between treatment groups (P-value = 
0.773). Chawla and Takihata, in two separate studies 
in line with the results of our study, did not report any 
significant difference in the FBS between the two-drug 

combination [13, 24]. In contrast, Sung-Chen Liu 
reported that the combination therapy, metformin-
pioglitazone is more effective than metformin-
sitagliptin with relation to the decreased FBS from 
baseline to endpoint [21]. Studies suggest that the 
impact of pioglitazone on blood sugar is by improving 
hepatic and peripheral insulin resistance [19, 24]. 
Based on this fact and because the population in 
Sung-Chen Liu’s study were older than our study, it, 
therefore, implies their resistance to insulin may be 
higher. In this condition and due to the mechanism of 
pioglitazone function, this reason can be expected. 
There are few studies in which the effect of these two 
combination therapies on BS2hpp is compared. In this 
trial, we concluded that metformin-sitagliptin 
combination is more effective on BS2hpp. Sitagliptin 
can improve both fasting and postprandial 
hyperglycemia effectively [27, 28, 29], but pioglitazone 
improves mainly fasting hyperglycemia [30]. So with 
this description, our results are expected. 

As shown from the trial, weight gain is a well-
known consequence of pioglitazone treatment, while 
weight neutrality has been observed in sitagliptin 
studies both in monotherapy and combination therapy 
settings [31, 32]. Overweight is associated with insulin 
resistance so that weight loss can lead to 
improvements in insulin resistance and thus better 
response to treatment [33, 34]. This implies that 
weight neutrality of sitagliptin may offer a great 
advantage in T2DM management. 

It can also be seen that metformin-sitagliptin 
in comparison with metformin-pioglitazone resulted in 
a better improvement in lipid profile status. In 
treatment with sitagliptin, cholesterol and triglyceride 
showed more reduction and HDL showed more 
increase. In contrast with the results from this study, 
Takihata [13] and Chawla [24] could not find any 
significant difference between two treatment groups 
regarding lipid profile. Sung-Chen Liu reported the 
better effect of metformin- sitagliptin on triglyceride 
levels, but in this study, pioglitazone was more 
effective in increasing HDL levels [21]. Although to 
date, there is not enough evidence about the certain 
mechanisms that improve the lipid profile in patients 
treated with Sitagliptin [24, 35], part of the 
improvement in lipid profile in our study can be 
attributed to weight loss that has occurred in sitagliptin 
recipients. 

Takihata et el stated that during the study 
period, there was a statistically significant increase in 
serum creatinine level in both groups [13]. Hajime 
Meada et al. studied 1332 T2DM patients. Twenty 
percent of all these patients were treated with 
sitagliptin alone, 36% were treated in combination with 
one other drug, 31% were treated in combination with 
two other drugs, and 12% were treated in combination 
with 3 or more drugs. Eventually, they reported that 
the creatinine level was significantly increased after 
the intervention [36]. Our results showed that in both 
groups of patients, creatinine levels increased after 
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treatment. Although this finding was not statistically 
significant, it can be attributed to the smaller 
population and shorter period of treatment. Therefore, 
it seems that assessment of renal function in patients 
with these conditions is necessary. 

Also, the results from this study showed that 
sitagliptin in comparison with pioglitazone is slightly 
better in the reduction of systolic and diastolic blood 
pressure, but there was no statistically significant 
difference between two groups in our study regarding 
systolic and diastolic blood pressure reduction. 
Mechanisms by which sitagliptin causes a reduction in 
blood pressure are GLP-1 receptor-mediated 
endothelial vasodilatation by nitric oxide stimulatory 
effect, the endothelium-independent vasodilatory 
effect of GLP-1 and increased excretion of sodium in 
urine that is done by proximal tubule [37]. 

Also in this study, there was no significant 
side effect such as hypoglycemia, oedema of the 
extremities, gastrointestinal symptoms, liver 
complications, kidney complications, cardiac 
complications and eye complications including 
macular oedema in both combination treatment 
groups. In Takihata’s study, complications such as 
hypoglycemia (3.4% in the Sitagliptin group and 3.5% 
in the pioglitazone group) and gastrointestinal 
complications (5.2% in the Sitagliptin group and 1.8% 
in the pioglitazone group) were reported [13]. Some of 
these differences are due to the duration of treatment 
and antidiabetic drugs that patients were consuming 
before enrolling in the study. In our study, all patients 
were treated with metformin, and then sitagliptin or 
pioglitazone was added to the treatment, but in 
Takihata’s study, patients were treated with 
metformin, Sulphonylurea or both and then 
pioglitazone or sitagliptin were added to the treatment. 
Non-occurrence of hypoglycemia in our study can be 
attributed to treatment with only metformin. In 
Chawla’s study in line with our study, the patients 
were treated with metformin, and after enrolling in the 
study, pioglitazone or sitagliptin was added to their 
treatment. They did not report any significant side 
effects [24]. 

Furthermore in this study, unlike other 
studies, all patients were selected from those who 
were treated with only metformin. This kind of 
selection could help us to modify the effects of 
previous treatments in patients as a confounding 
variable. 

This study has various limitations. In our 
study, participants were randomly assigned to 
treatment groups, but the mean age in two groups 
was not the same so that metformin-pioglitazone 
treatment group had higher age than the metformin-
sitagliptin group. But in the multivariate model, age 
was considered as a covariate variable, hence the 
effects of these two drug regimen were compared by 
eliminating age. Another limitation of this study was 
the patients follow up period. Perhaps the time for 

follow up was not enough for some outcomes such as 
weight loss. Also, the period of treatment was too 
short to evaluate long-term glycemic control. On the 
other hand, in this study, the effects of drugs on 
insulin resistance was not evaluated. Insulin 
resistance is an important factor that can determine 
the outcomes and the rate of response to treatments 
in T2DM patients. 

Finally, it can be concluded that both drug 
combinations were effective in reducing the levels of 
HbA1C, fasting blood glucose and blood glucose two 
hours after a meal and no significant difference was 
observed between the two treatment groups in 
improving the outcomes. 

It is recommended that further long-term 
randomised control trials and multi-central studies with 
larger sample size should be carried out. In this way, 
we can provide a reference for choosing the best 
options as dual combination therapy in patients with 
type 2 diabetes and inadequate glycemic control. 
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Abstract  

BACKGROUND: Although PET-scan is an advanced, innovative and widely used method for monitoring patients 
with different types of cancer diseases, it is important to note that its application in patients with cutaneous 
melanoma is limited and should be reconsidered. 

CASE REPORT: To affirm this new statement, we are presenting a case from our clinical practice of a patient 
with melanoma of the interdigital space (with resected in sano primary melanoma and performed complete 
lymphadenectomy) that showed locoregional and systemic progression in two months post operation. The PET 
scan performed within the second hоspitalization (and before the second operation) did not detect the presence of 
any cutaneous metastases, which were clinically and histologically verified after the second operative procedure.  

CONCLUSIONS: This data suggests that shortly more reliable and sensitive imaging methods for monitoring 
patients with cutaneous melanoma should be found. Having in mind that our patient has been operated twice in 
the area of the primary lesion (as the surgical wound underwent secondary healing), theoretically, the abundant 
cicatrization could have led to reduced glucose uptake in the surrounded cancerous tissue. Monitoring of a larger 
number of patients with locoregional metastases and surgical interventions in different locations would shed light 
on the observations shared by us. 

 
 
 
 
 
 
 
 
 

 

Introduction 

 

Positron emission tomography (PET) is a non-
invasive nuclear imaging technique with 
uncomparable ability to assess functional and 
biochemical processes in tissues [1]. Due to its high 
sensitivity and specificity, it has a wide application in 
oncology for cancer diagnosis, staging, restaging, 
detection of the extent of local and regional disease 
spread, as well as in the monitoring of response to 
cancer treatment [2]. An important feature of PET is 
its ability to detect the earliest stages of many 
diseases due to its possibility to assess the 
biochemical and functional processes in tissues. This 
great advantage of PET explains the importance of 
the method to the clinical oncology practice [3]. It is 
important to emphasise that this characteristic 
significantly differs it from other high sensitivity 

methods like MRI (magnetic resonance imaging) and 
CT (computer tomography), which detect only 
anatomical or functional changes that have already 
occurred [4]. 

Specifically, about melanoma malignum, 
FDG-PET takes an important place in its detection 
and imaging [5].  

 

 

Case report 

 

A 58-year-old male patient presented to the 
department of dermatologic surgery because of the 
dark lesion on his right foot. Clinical examination 
revealed a dark brown to black pigmented macula, 
located in the interdigital space between the first and 
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the second finger of the right foot, with uneven 
distribution of colour and irregular borders. The lesion 
was removed by surgical excision under local 
anaesthesia, with 0.5 cm field of safety margins in all 
directions. Also, a lymph node dissection under 
general anaesthesia was performed with 
retroperitoneal entrance toward the iliac and femoral 
vessels. Intraoperatively were established dark 
coloured packages of enlarged lymph nodes with a 
firm texture and a diameter of 2.5 cm. Enlarged lymph 
nodes were observed in the obturator whole, with the 
same characteristic. A lymph node was found in the 
pelvis immediately adjacent to the v. iliaca external, 
infiltrated the vein wall. Radical lymph dissection was 
performed in a femoral, obturator and paraphiliac 
area.  

Histological examination of the cutaneous 
lesion revealed moderately atypical cells with 
vesiculous nuclei, suspicious for melanoma, with 
tumour thickness 2 mm (Breslow).  

Histological examination of the dissected 
lymph nodes verified total and non-total metastasis 
from melanoma, some with capsular infiltration, some 
of them without.  

The patient was diagnosed in stage IIIC and 
referred for a PET-scan in 2 months. Two months 
later the patient presented to the department with two 
pigmented lesions with uneven borders in the same 
location (Fig. 1a).  

 

Figure 1: A, B) Clinical manifestation of interdigital malignant 
melanoma cutaneous metastases; C) Postoperative results after the 
second excision of a primary tumour, followed again with secondary 
healing; D) Surgical excision of the interdigital cutaneous 
metastases under local anaesthesia. Disinfection intraoperatively 
with povidone-iodine solution 10% 

 

Preoperatively, PET-scan examination was 
performed, and it detected one right prevertebral 
lymph node (L3), measured 10mm with SUVmax 3.2; 
three enlarged paraaortic lymph nodes at the level of 

the bifurcation, measured up to 13 x 6 mm with 
SUVmax up to 4.9; and distal right parailiac lymph 
nodes, measured up to 17 x 10 mm with SUVmax 
10.0. Infiltrative, probably inflammatory parenchymal 
changes of the right lung in the interlobe and 
paracardial with SUVmax up to 2.6 were also 
observed. However, no cutaneous metastases were 
detected on the PET-scan.  

The cutaneous lesions were removed by 
surgical excisions, and the histological examination 
verified nodular melanoma malignum 1cm in diameter, 
with no ulceration; mitoses 1-2; Clark II-III; Breslow – 
2.  

By the clinical results, a restaging is 
performed in stage IV. The patient was referred for 
therapy with Pembrolizumab (KEYTRUDA) after 
hospitalisation in the oncology department.  

 

 

Discussion 

 

Nowadays, malignant melanoma is showing a 
tendency to increase in incidence – since 1970 it has 
approximately doubled with an estimated 68,720 new 
diagnosed in 2009 [6]. Early stages of melanoma are 
effectively treated with surgical excision [7]. However, 
by the time of diagnosis 15% of patients are 
presented with metastases or locally advanced tumor 
process [8].   

FDG-PET has a wide application in oncology 
because of its significant role in cancer diagnosis, 
staging, restaging and therapeutic response 
monitoring in the most common cancers [9]. FDG 
(fluorodeoxyglucose) is an analog of glucose used as 
a radiotracer in order to detect tumor cells which are 
distinguished to have elevated glucose uptake [10].  It 
is a well-known fact that tumor cells have high 
metabolic needs of glucose, lipids and amino acids. 
PET imaging is based exactly on this distinctive 
feature of tumors, which explains the high sensitivity 
and specificity of the method when it refers to cancer 
diagnosis, staging and therapeutic response 
monitoring [11]. Glucose, as well as oxygen, growth 
factors and nutrients are critical factors that ensure 
the progress of cancer cells into solid tumors by 
activating their specific metabolic pathaways [12]. 
Microenvironment, especially hypoxia takes important 
place in the evolution of tumors [13]. In hypoxic 
conditions of 100-150 μm distance between the tumor 
cells and the nearest blood vessel, their ability to 
endure profound hypoxia is condition for their 
progress [14]. An adapting mechanism of cancerous 
cells is the ability to rely on anaerobic glucose 
metabolism, which ensures the major needs of energy 
for tumour growing [15]. 

Nowadays, PET takes a significant place in 
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oncology where it is widely used for cancer diagnostic, 
staging and therapy response monitoring [16]. Soon, 
in 1998, the limitations of PET were overcome with 
the development of the first combined PET/CT, firstly 
installed in University of Pittsburgh Medical Center 
[17]. This imaging technique provides an assessment 
of both biochemical and anatomic characteristics of 
tissues and is a significant advance in the evaluation 
of primary tumours, metastases, staging, therapy 
response monitoring and post-treatment recidives 
[18]. 

FDG-PET has a large application in 
evaluation of the extent of local and regional disease 
spread [19, 20]. Results of a meta-analysis evaluating 
the ability of PET in staging and restaging of 
cutaneous melanoma confirmed its usefulness in the 
detection of distant metastases. However, not so 
desirable results were observed in the evaluation 
accuracy of regional metastases as it does not detect 
microscopic disease [21]. Another report of Crippa et 
al. affirms reliable sensitivity and specificity in 
detection of lymph node metastases in patients with 
malignant melanoma. The presented results are 
showing that FDG-PET detected 100% of metastases 
≥10 mm, 83% of metastases 6-10 mm, and 23% of 
metastases ≤ 5 mm. It is important to emphasise that 
the FDG-PET had high sensitivity (> or = 93%) only 
for metastases with more than 50% lymph node 
involvement or with capsular infiltration. However, this 
imaging method is not sensitive enough to detect 
subclinical microscopic disease [22]. The fact that 
PET sensitivity for melanoma lymph node metastases 
is dependent on tumour volume is also reported in 
data presented by Wagner et al. [23] 

However, despite the successful results of 
PET in cancer diagnosis and evaluation, it has some 
important limitations that should not be neglected: (1) 
no quantitative system in assessing changes in FDG-
metabolism in the therapeutic response. In the USA 
the development of such system is based on PET 
Response Criteria in Solid Tumors (PERCIST) [24]; 
(2) False-positive results. False positive results are 
possible because of increased FDG uptake in some 
normal body areas, such as lymphoid tissue and 
brown adipose tissue [25]. Another reason for false 
positive results may be the increased accumulation of 
FDG in some benign processes as inflammation or 
infection [26]; (3) low sensitivity. Low sensitivity may 
be observed in hypocellular cancers such as 
desmoplastic or mucinous tumours, as well as in 
micrometastases in breast cancer and melanoma [27]. 
Also, PET presents low sensitivity in well-
differentiated low-grade tumours, which have lower 
glucose uptake, such as carcinoid tumours, renal cell 
carcinoma, bronchoalveolar-cell carcinoma and most 
prostate cancers [28].   

We present a case of a patient with a 
malignant melanoma where two satellite cutaneous 

metastases measured 2 x 0.7 cm were not detected 
via PET-scan examination. With the presented case 
we want to report the unreliable results of PET-
imaging when it refers to cutaneous melanoma 
metastases.  
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Abstract  

AIM: To report a potential association of thrombosis, thrombocytopenia with iron deficiency anaemia.  

CASE REPORT: A 43-year-old female experienced an episode of a headache, with bilateral papilledema by 
neurological examination, magnetic resonance venography (MRV) brain showed cerebrovenous thrombosis 
(CVT), iron deficiency anaemia and thrombocytopenia by blood investigations, that was treated with iron 
supplementations and anticoagulation.  

CONCLUSION: In this patient, cerebrovenous thrombosis (CVT) was discovered in a patient with 
thrombocytopenia and iron deficiency anaemia and treated with iron supplements and anticoagulation, we 
concluded that thrombocytopenia is not a protective factor against thrombosis especially with iron deficiency 
anaemia. 

 
 
 
 
 
 
 
 
 
 

 

Introduction 

 

Cerebral venous thrombosis (CVT) presents 
acutely to the emergency department usually with 
signs and symptoms of raised intracranial tension, 
namely headache, vomiting and blurred vision, altered 
sensorium, seizures and focal deficits and if the 
patient is not treated in time can result in permanent 
deficits, coma and even death [1]. However 
sometimes cerebral venous thrombosis can manifest 
in an indolent fashion as seen in our patient whose 
only complaint was a persistent headache. 

 

 

Case Report 

 

A 43-year-old female presented with the 
intermittent bitemporal headache of a throbbing nature 
mild to moderate in intensity associated with nausea, 

vomiting, and blurring of vision of 1-month duration, 
which was not responding to analgesics. She was 
diabetic, hypertensive dyslipidemic and obese. She 
also complained of menorrhagia of 3 years duration. 
On admission, she was afebrile, and her vitals were 
normal. Neurological examination revealed bilateral 
papilledema, no evidence of meningism or any focal 
neurological deficit. Routine blood investigation 
showed microcytic hypochromic anemia with 
hemoglobin value of 7.5 g/L (normal range: 12 - 16), 
RBC’s value of 4.56 (normal range: 4.2 - 5.4), MCV is 
55.6 (normal range: 82 - 97), low platelet count of 
63,000/cumm (normal range 140,000-440,000), serum 
iron concentrate 3.3 mcmol/L (normal range: 9 - 30), 
transferrin 3.2 g/L (normal range: 2 - 3.6), iron 
saturation 4% (normal range: 20 - 40%), heptaglobin 
is 2.26 g/L (normal range: 0.30 - 2). Coagulation 
profile was normal including antithrombin III, factor V 
(laden), and activated protein C resistance, 
antiphospholipid antibodies, fibrinogen, protein C, 
protein S, and homocysteine. Serum vitamin B12 and 
folate were normal. Screening for vasculitis including 
rheumatoid factor, lupus anticoagulant, and Protein 
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immunofixation electrophoresis was all normal. Upper 
gastrointestinal and lower digestive endoscopies, 
endovaginal sonography, thoracoabdominal and 
pelvic computed tomography were performed and did 
not detect any malignant disease or source of active 
bleeding. MRI brain and MR venography revealed 
right transverse and sigmoid sinus, Right internal 
jugular vein thrombosis (Fig. 1). A lumbar puncture 
study showed the high opening pressure of 34 cm 
H2O with no cells, normal glucose and protein. 

 
Figure 1: A) Normal MRI brain Axial FLAIR; B) MRV showing 
absent flow in the right transverse, sigmoid, and right internal 
jugular vein suggestive of cerebral venous thrombosis 

 

The patient was treated as per protocol with 
low molecular weight (LMW) heparin, and this was 
later switched to Tablet Warfarin. Since she was 
found to be anaemic oral iron supplementation was 
also started. Daily haemogram was monitored, and it 
was observed that the platelet count rapidly increased 
and corrected to 200,000/cumm within one week. The 
patient’s headache and blurring of vision gradually 
improved. The patient was discharged with gradual 
improvement of haemoglobin value of 8.2 g/dL, and 
the platelet count rose to 336,000/cumm. The cause 
of anaemia was presumed to be the prolonged history 
of menorrhagia this patient had after ruling out all 
other causes of the anaemia. 

 

 

Discussion 

 

Iron deficiency anaemia usually manifests as 
fatigue, exertional dyspnea and malaise. Neurological 
manifestations are not so common [2]. Our patient 
presented with symptoms of raised intracranial 
tension and who on the investigation was found to 
have CVT. Iron deficiency anaemia (IDA) is rarely 
recognized as a significant risk factor for stroke [3]. 
There are case reports of the association of iron 
deficiency and cerebral venous thrombosis with 
pseudotumor cerebri presentation which has been 
more often reported in children but only a few reports 
in the adult population [4 - 8]. Also, our patient had 
thrombocytopaenia which one would have expected to 
cause a bleeding tendency but paradoxically could 

have contributed to the development of the venous 
thrombosis as explained below. 

Some mechanisms have been proposed to 
explain the association between Iron deficiency 
anaemia and thrombosis. Firstly iron is considered to 
be a regulator of thrombopoiesis, and normal iron 
levels are required to prevent thrombocytosis by 
inhibiting thrombopoiesis and consequent 
hypercoagulable state [9]. It was postulated that iron 
either directly or indirectly inhibits the rise in platelets 
above steady state by inhibitory mechanisms; but also 
is required for the production or synthesis of one or 
more essential platelet components. By this, they 
postulated that when an iron deficiency occurs, it 
affects the inhibitory compartment first, and 
thrombopoiesis is stimulated leading to 
thrombocytosis; but if the iron depletion is more 
severe, the essential component is affected leading to 
thrombocytopenia. However, the level of iron 
deficiency at which the switch occurs is yet to be 
established [10]. 

Another mechanism by which iron deficiency 
may contribute to a hypercoagulable state is by 
affecting flow patterns within the vessels [11]. The 
microcytosis resulting from iron deficiency causes 
reduced red cell deformability and increased viscosity, 
which contributes to thrombosis in a negative–
pressure environment, as is found in veins. Akin et al. 
have suggested that the decrease in antioxidant 
defence in iron deficiency anaemia may cause 
increased oxidative stress which in return may result 
in a tendency toward platelet aggregation [12]. Thus 
the abnormal platelet count and function observed in 
iron deficiency anaemia could act synergistically to 
promote thrombus formation especially in the setting 
of an underlying atherosclerotic disease, all these 
conditions lead to a turbulent blood flow, causing 
platelets to come more frequently in contact with 
endothelial lining [11]. 

Unlike children, in which the major cause of 
IDA is insufficient dietary iron intake, chronic blood 
loss is the most common cause of IDA in adults 
especially in women with menstrual irregularities as 
was seen in our patient who suffered from 
menorrhagia. The resolution of severe symptomatic 
anaemia along with thrombocytopenia following iron 
supplementation strengthens the hypothesis that iron 
therapy plays an important role in improving 
thrombocytopenia associated with IDA [13]. 

The association of menorrhagia, IDA, and 
thrombocytopenia that was noticed in our patient was 
also rarely reported in the literature, and the resolution 
of thrombocytopenia with iron supplements will occur 
provided other causes of thrombocytopenia are 
excluded such as acute hemorrhage, hemolysis, 
trauma, folate and vitamin B12 deficiency and 
idiopathic thrombocytopenic purpura [13]. Akoi et al. 
evaluated the effects of iron therapy on platelet 
function among women with menorrhagia. They found 
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iron deficiency anaemia in women caused arachidonic 
acid-induced platelet dysfunction causing increased 
menstrual blood loss which can be reversed through 
iron repletion [14]. In a study conducted by Jens et al. 
to identify venous thromboembolism risk factors in 
patients with thrombocytopenia, (platelet count <100 
x10⁹/L) it was concluded that the risk of venous 
thrombosis in patients with thrombocytopenia was the 
same as in patients with normal platelet counts [15]. 
Therefore it can be inferred that low platelet count 
does not give any protection against 
thromboembolism. Similarly, it has also been 
observed that certain subpopulations of patients with 
Idiopathic thrombocytopenic purpura (ITP) are at 
significantly higher risk of thrombotic complications 
[16-17]. 

In conclusion, this case report illustrates that 
CVT can occur in the setting of anaemia and 
thrombocytopenia. Correction of iron deficiency 
rapidly restored the platelet count and reversal of the 
hypercoagulable state which may have contributed to 
the rapid recovery of the patient albeit in the presence 
of adequate anticoagulation. Hence this case 
illustrates that iron deficiency anaemia and 
thrombocytopenia can be considered as independent 
risk factors for CVT. Whether the menorrhagia is an 
additional risk factor for a hypercoagulable state is 
open to debate and needs to be studied.  
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Abstract  

BACKGROUND: Malignant melanoma is a disease which has a cutaneous origin in 90% of the patients, but in 
rare cases, it could be discovered as secondary deposits with unknown primary site. Metastatic Malignant 
Melanoma occurs without a primary site in about 3% of all melanoma patients, and it could be divided into two 
main groups: metastatic lymph nodes’ involvement or non-lymph nodes disease. The lack of unified classification 
and staging system, provided by AJCC (2009), as well as the lack for curtain diagnostic and therapeutic protocol, 
prompt us to raise the question what is the right way to precede in cases of metastasis of the lymph nodes, 
without evidence of a primary tumour?  

CASE REPORT: We report a case of 67-years- old woman who presented in the dermatology clinic after a 
surgical removal of an enlarged lymph node in her left femoral area, verified histologically as a metastasis of 
melanoma. After a diagnostic refinement in the clinic, the diagnosis of metastasis of malignant melanoma was 
confirmed by histology revision. We use the presented case to create for the first time in the world literature a 
novel stereotype of thinking, which is also followed by a stereotype of clinical behaviour – gentle to the patient, but 
providing a certain amount of security and satisfaction for the medical staff.  

CONCLUSION: The affection of a single lymph node in the absence of a primary tumour should not automatically 
lead to the conclusion that it is a single metastasis, but rather a primary melanoma of the lymph nodes, in cases 
of a negative PET scan, for example. In these cases, the measuring of the tumour thickness should guide the 
further therapeutic behaviour and determine the approach. 

 
 
 
 
 
 
 

 

Introduction 

 

Metastatic melanoma with unknown primary 
site (MUP) is defined as the progressive stage of 
disease, with no evidence of a primary tumour [1]. 
Although with rare incidence, metastatic melanoma 
with unknown primary site could occur in the lymph 
nodes, the skin or the inner organs, like lung, brain or 
liver metastasis, occupying 2-6% of all melanoma 
cases [1, 2]. According to results from a retrospective 
review for a period of ten years, made by 
Massachusetts General Hospital (MGH) and the 
Dana-Farber Cancer Institute (DFCI) the epidemiology 
of MUP shows higher prevalence of the cases, 
affecting the lymph nodes (35 patients), compared to 

those, affecting the skin (12 patients) or viscera (23 
patients) [2]. Although the aetiology of MUP is not fully 
understood, an unrecognised or misdiagnosed 
primary melanoma seems to be the most logical 
explanation for its occurrence [1, 3]. Regarding the 
fact that such primary lesion is usually not found, the 
strong immunological potential of melanoma itself, 
which could lead to incomplete or complete remission 
of the primary lesion by the host’s immune response 
has been implicated as a possible explanation of this 
phenomenon [3]. Another explanation for the possible 
reason for MUP is based on the theory that a prior 
lesion had been removed without a straight-laced 
histology or it is linked to nevus cell aggregates (NCA) 
in the lymph nodules [4, 5] It has been also 
hypothesized that ectopic melanocytes, located in 
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lymph nodes or inner organs could undergo malignant 
transformation in the same way as the cutaneous 
cells, in response to oncogenic stimuli or genetic 
predisposition [1, 6]. Hence, it has been established 
that relatives of patients with all kinds of cancers with 
unknown origin are at increased risk of developing the 
same, or other malignancies, including lung, 
pancreatic and colon cancers [6]. This in term 
confirms the pleomorphic nature and oncogenesis of 
these types of cancers, which remain in top 5 reasons 
for dead among cancer’s patient around the world [1]. 
Most of the cases have been diagnosed at stage III, 
followed by stage IV disease, while the most common 
primary site of metastatic affection is the lymph nodes, 
followed by lungs and skin [1]. Staging classification 
resembles this in cutaneous melanoma, where limited 
cutaneous or nodal metastasis are classified in stage 
III, in contrast to those, disseminated in various body 
sites – in stage IV [1, 2]. 

Although, there is no significant differentiation 
in staging between MUP and melanoma with known 
origin, according to American Join Committee of 
Cancers’ recommendations from 2009, there are 
some differences in the biological behaviour, as well 
as in the prognostic rate and genetic signature of 
these two sides of the same coin [1]. MUP patients 
have a better prognosis than those with metastatic 
melanoma with a known primary and better survival 
rate compared to non-lymph nodes MUP in general [1, 
3]. Herein, we present a case of metastatic melanoma 
in the lymph node, without evidence of primary site 
tumour, as we focus the attention on some critical 
points in the diagnostic and therapeutic behaviour, 
which are often challenging.  

 

 

Case report 

 

We present a 67-years-old Caucasian female 
patient who came to the dermatology clinic for a 
diagnostic clarification and follow up. A surgical 
removal of an atypical and enlarged lymph node in the 
left femoral area was done a month ago, according to 
her medical history (Fig. 1a). Detailed medical history 
was obtained, but the patient did not report any 
precipitating event for the swelling. Postoperatively, 
the histological evaluation confirmed: metastases in 
the lymph node from Melanoma (Fig. 1b, c, d). 
Comorbidities include colon irritable, stomach polyps, 
arterial hypertension, endometrial hyperplasia, uterine 
fibroids. No surgical history was reported before the 
lymph node removal. The patient was recommended 
for a diagnostic refinement which was done in a 
month after the surgical treatment in an internal 
disease clinic. All necessary examinations for 
confirmation of the diagnosis of MUP according to the 

oncology protocols [7] were done. The patient 
underwent thorough examinations, including detailed 
medical history, physical examinations and 
consultations with different medical specialists, as well 
as positron emission tomography (PET scan), 
biochemical and haematological tests and histology 
revision. Physical examination with 
otorhinolaryngology specialist showed up two 
enlarged lymph nodes in her neck: one at each side: 
measuring 2/1 cm, painless, firm on palpation and 
non-fluctuant. The overlying skin was described as 
intact with no redness. 

Figure 1: a) Patient with melanoma of the lymph node, treated 
surgically; b, c, d) Tumour cells infiltrating the lymphatic node 

 

PET scan performed with oral and i.v. 
contrast did not show any abnormalities. No primary 
site tumour evidence or metastatic lesion was seen. 
Physical examination with gastroenterologist, 
gynecologist and ophthalmologists were done. The 
genital examination did not detect any primary site 
lesion. Both gastroscopies of gullet, stomach and 
duodenum and colonoscopy did not reveal any 
abnormalities which could be related to a primary site 
tumour. Blood tests established high levels of S-
protein and LDH, considered as markers for 
melanoma. Second histology revision confirmed 
metastases of malignant melanoma as the previous 
one. The patient was referred for 
immunohistochemical tests, which revealed a positive 
staining for Melan A and HMB 45.  

 

 

Discussion 

 

Metastatic melanoma of unknown origin is a 
diagnosis of exclusion. A wide range of diagnostic 
procedures should be performed to exclude primary 
cutaneous, lymph node or visceral organ affection [1, 
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2]. Except for the ordinary diagnostic procedure with 
clinical examination, blood tests, biochemistry and 
imaging diagnosis in order to exclude metastatic 
spread in melanoma with cutaneous or mucosal 
origin, a multidisciplinary approach is required to 
exclude any primary involvement in cases of 
metastatic disease, including otorhinolaryngological 
examination; ophthalmological examination, 
gynecological examination for women and urological 
for men [8]. Although imaging diagnostic procedures 
are also considered helpful, some studies show that 
although better than CT scan in lymph node staging, 
the false-positive rate is high in PET-positive lymph 
nodes measuring less than 1 cm in diameter [9]. 
Although F-18 FDG PET/CT is found as a useful 
method in staging cutaneous and non-cutaneous 
melanoma, an extremely low detection rate is reported 
in locating the primary carcinoma of metastatic 
melanoma and axillary metastasis in patients with 
cancer of unknown primary site [10]. Differentiation in 
genetic signature of primary and metastatic melanoma 
with unknown origin has also been provided, with a 
higher rate of mutations in BRAF and NRAS genes in 
MUP patients, as well as more common mutations in 
TERT-promoter [1]. Although promising, these 
discoveries could not be implicated as routine 
diagnostic procedures, because of the high price of 
the method and its limitations.  

The lack of unified classification and staging 
system, provided by AJCC (2009), as well as the lack 
for certain diagnostic and therapeutic protocol, prompt 
us to raise the question what is the right way to 
proceed in cases of metastasis of the lymph nodes, 
without evidence of a primary tumour? Furthermore, 
the lack of unified including criteria and staging in all 
of the studies on that issue often leads to 
contradictory results regarding the best diagnostic 
approach and prognosis rate, which additionally 
confuse the clinicians and patients themselves.  

We use the presented case to create for the 
first time in the world literature a stereotype of 
thinking, which is also followed by a stereotype of 
clinical behaviour – gentle to the patient but providing 
a certain amount of security and satisfaction for the 
medical staff. The important point is to pay accurate 
attention to these data in future guidelines, which are 
not insignificant.  

The affection of a single lymph node in the 
absence of a primary tumour should not automatically 
lead to the conclusion that it is a single metastasis, 
but rather a primary melanoma of the lymph nodes, in 
cases of a negative PET scan, for example. In these 
cases, the measuring of the tumour thickness should 
guide the further therapeutic behaviour and determine 
the approach. Herein, we suggest the staging of MUP 
to be similar to stage I and II of cutaneous melanoma 
but strictly referred to the primary melanoma of the 
lymph nodes. 

In this way, a lymphadenectomy should be 

recommended for tumours with thickness over 1 mm, 
or less than 1 mm, but with additional risk factors such 
as increased number of mitosis, age under 40 years, 
vessels invasion, and so on. This group should also 
include cases of melanomas that have been 
regressed and subsequent they could not be detected 
after the metastatic spread. But we should not forget 
that the mucosal melanomas can be amelanotic and 
composed by up to a hundred malignant cells, which 
would be undetectable on PET scan also. 

Despite all the mentioned variants, the 
presence of several affected lymph nodes should be 
interpreted as a sure marker for metastatic disease, 
weather, the affection of a single lymph node is more 
indicative for a primary lymph node melanoma, which 
would require more soft approach in cases with 
smaller tumour thickness, or at least in some 
acceptable limits with which clinicians should comply 
with. Therefore, the former statement that MUP of 
single lymph nodes has similarities to Stage III 
disease and should be treated with aggressive 
surgical management [11] is no longer needed.  
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Abstract  

BACKGROUND: Alport syndrome is a progressive genetic disease which is characterised by glomerulonephritis, 
sensorineural deafness and ocular abnormalities.We aimed to present a clinical case of a patient with Alport 
syndrome with spontaneous anterior lens capsule rupture. 

CASE REPORT: A 16-year-old male with histologically proven Alport syndrome was hospitalised in the 
Department of Ophthalmology, University Hospital „Prof. Stoyan Kirkovich“, Stara Zagora with low vision, pain, 
redness, high IOP and rupture of the anterior lenticular capsule of the right eye. Phacoaspiration was successfully 
performed (Millenium, Bausch& Lomb, Rochester, New York, USA) with the bimanual irrigation-aspiration system 
(Geuder AG, Heidelberg, Germany) with excellent visual results. 

CONCLUSION: As the syndrome is quite rare and can lead to diagnostic difficulties for the ophthalmologist 
complications such as spontaneous or traumatic rupture of the capsule are not uncommon. In such cases, 
phacoaspiration is an efficient method for clear lens extraction after ruptures of the anterior lenticular capsule of 
young patients with Alport syndrome. 

 

 

 

 

 

Introduction 

 

Alport syndrome is a common cause of 
inherited kidney failure but often goes unrecognised 
[1]. It is a progressive hereditary disease, 
characterised by glomerulonephritis /hematuria and 
proteinuria, leading to renal failure, sensorineural 
deafness and ocular abnormalities [2]. Alport 
syndrome has a prevalence of 1/5000, and 85% of 
patients have the X-linked form, where affected males 
develop renal failure and usually have a high-tone 
sensorineural deafness by the age of 20 [3]. 

 Autosomal dominant and autosomal 
recessive inheritance has also been reported. [4] The 
disease is the cause of about 2% of end-stage renal 
disease in Europe and the United States. Alport 
syndrome is clinically and genetically heterogeneous. 

It is related to mutations in the genes encoding one of 
three chains, α3, α4 α5 of type IV collagen, the main 
component of basement membranes, expressed in 
the glomerular basement membrane. COL4A5 
mutations are associated with X-linked Alport 
syndrome, which represents 80 to 85% of cases and 
is more severe in boys than in girls [5]. This protein is 
probably common to the basement membranes of the 
glomerulus, cochlea, retina, lens capsule, and cornea. 
However, the alpha 3(IV) and 4(IV), as well as the 
alpha 5(IV) collagen chains, are usually absent from 
the affected basement membranes, because the 
abnormal alpha 5(IV) molecule interferes with the 
stability of all three. The loss of these collagen 
molecules from the affected basement membranes 
results in an abnormal ultrastructural appearance. 
Mutations in COL4A3 or COL4A4 are associated with 
autosomal Alport syndrome [3]. 

Ocular changes are uncommon and subtle in 
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young patients with Alport syndrome and suggest that 
the signs increase in frequency and severity with age 
[6]. The types of ocular defects mostly involve the 
lens, the retina and more rarely the cornea [7]. The 
typical ocular associations are a dot-and-fleck 
retinopathy which occurs in about 85% of affected 
adult males, anterior lenticonus which occurs in about 
25%, and the rare posterior polymorphous corneal 
dystrophy. The retinopathy and anterior lenticonus are 
not usually demonstrated in childhood, but worsen 
with time so that the retinal lesion is often present at 
the onset of renal failure, and the anterior lenticonus, 
later [3]. Retinal abnormalities include a perimacular 
dot-and-fleck retinopathy and a peripheral fleck 
retinopathy, which might occur independently of each 
other; a 'dull macular reflex' or 'lozenge', when the 
perimacular flecks are confluent; and, rarely, a 
macular hole caused by retinal thinning [1].  

Giant macular holes are one possible retinal 
complication of Alport syndrome. Their pathogenesis 
differs from idiopathic macular holes and may result 
from the combination of collagen type IV abnormalities 
in the basement membranes of both Bruch's 
membrane and the internal limiting membrane, along 
with anomalous vitreoretinal adhesion [8]. Additional 
ocular features described in X-linked Alport syndrome 
include other corneal dystrophies, microcornea, arcus, 
iris atrophy, cataracts, spontaneous lens rupture, 
spherophakia, posterior lenticonus, a poor macular 
reflex, fluorescein angiogram hyperfluorescence, 
electrooculogram and electroretinogram 
abnormalities, and retinal pigmentation [3]. Anterior 
lens capsule rupture is a rare complication in 
adolescence as we found only 3 reported cases in the 
literature [4, 9, 10]. 

The histopathologic findings of patients with 
Alport syndrome examined by transmission electron 
microscopy show that the thickness of the anterior 
lens capsules is decreased (4-13 micron) and that 
there are many vascular dehiscences localised at the 
inner part of the lens capsule. There are large 
numbers of capsular dehiscences containing fibrillar 
materials and vacuoles. The anterior capsules are 
fragile in this disease, forming the basis for the 
progressive lenticonus and anterior polar cataract [2, 
11, 12, 13]. It can also explain the cases of 
spontaneous anterior lens capsule ruptures  

We aimed to present a clinical case of a 
patient with Alport syndrome with spontaneous 
anterior lens capsule rupture. 

 

  

Case report 

 

A 16-year-old male patient checked in the 
Emergency Department of the University Hospital 

„Prof. Stoyan Kirkovich“ in the afternoon on the 15th 
of June 2015, with complaints of pain, redness and 
low vision of his right eye. He was urgently admitted to 
the Ophthalmology Department on the same evening. 
The patient did not report sustaining any injury to his 
eye or head and did not remember any such trauma in 
the recent past, though admitting to often rubbing his 
eyes. He was uncertain when the complaints had first 
appeared, but this was the first time this had 
happened. Up until this point, he had never been 
examined by an ophthalmologist. The examination 
provided us with the following findings: 

 

Figure 1: Anterior lens capsule rupture on diffuse light 

 

Right eye: Vision was light perception and 
projection due to the opacified lens particles. 
Conjunctival congestive hyperemia and corneal 
subepithelial cystoid oedema were present, with 
decreased transparency. The pupil was narrow and 
did not respond to mydriatics and light; the anterior 
chamber was shallow. IOP was increased (49 mmHg) 
because of the lens-induced secondary glaucoma. 
The anterior capsule was ruptured with swollen and 
opacified lens particles (Fig. 1, 2). The posterior 
segment could not be examined. 

 

Figure 2: Anterior lens capsule rupture on slit examination 

 

Left eye: Vision was low due to amblyopia 
and anterior polar cataract - 0,3/0,4 with +3,00 Dpt 
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Sph. /+8.00 Dpt from autorefractometer data/ (Fig. 3, 
4). No other pathological findings were present. 

The admitting ophthalmologist considered 
trauma or tumour of the right eye as a possible 
etiological factor at first. The performed CT - scan of 
the orbit showed no visible abnormalities. Before 
appointing additional examinations, the mother of the 
patient mentioned that he had been diagnosed with 
Alport syndrome in June 2014.  

 

Figure 3: Anterior polar cataract on slit lamp examination of left eye 

 

The mother had a complicated pregnancy 
with proteinuria and peripheral oedema. She had a C-
section at 36 g.w. And the baby weighed 1700 g. He 
has been in an incubator for 1.5 months on O2 
therapy. The patient has normal intellectual and 
physical development at the moment. The first 
symptoms of the disease started at age 7, with 
proteinuria, hematuria and hearing loss. He was 
followed for two months, and no further investigations 
were made. After a seven-year period, he admitted 
again for proteinuria, hematuria, hypoproteinemia and 
hypocalcemia in January 2014. During his stay 
sensorineural deafness was diagnosed by an ENT 
specialist. The mother refused a renal biopsy to be 
performed at this time, but she agreed on June the 
same year. Alport syndrome was confirmed 
histologically. According to the records, no 
ophthalmological problems were found at the time.  

The only medication the patient takes is 
Enalapril for his hypertension and proteinuria.  

His ten-year-old sister also has hematuria and 
proteinuria, while his grandfather on the mother side is 
on haemodialysis because of glomerulonephritis. 

Urine test showed the following results: +++ 
protein, a large number of granulocytes, hyalin and 
erythrocytes, lots of leucocytes, ketone bodies (-), 

glucose (-), urobilinogen – not increased.  

Blood test results showed: total protein - 49 
g/l, albumin - 30 g/l, Urea - 6,5 mmol/l, creatinin -84, 
Na- 141 mmol/l, K – 4.0 mmol/l, Hgb -159, Ery – 5.29 
x10

12
/L, Leu – 8.5 10^9/L, Ptl -263 10^9/L. 

The patient was prepared for operation by 
lowering his IOP with Azopt 3 x 1 drops, Cusimolol 2 x 
1 drops, Acetazolamide 2 x 250 mg, Glycerine 30% 
1000 mg 3 x 3.4 spoons and anti-inflammatory 
therapy with Uniclophen 3 x 1 and Dextobrin 5 x 1 
drops. IOP dropped to 37 mmHg after the therapy. 

The operation was performed under general 
anaesthesia with unsatisfactory mydriasis. Side port 
and main incision were made, and the lens particles in 
the anterior chamber were evacuated with the 
bimanual irrigation-aspiration system (Geuder AG, 
Heidelberg, Germany) followed by aspiration of those 
left in the capsular sac. Due to the insufficient 
visualisation through the undilated iris and lack of 
proper capsulorhexis extraction through the rupture 
was arduous. After the pieces of the anterior capsule 
were sufficiently visualised a foldable acrylic IOL was 
placed in the remaining capsular sac.  

On the next day, the IOP was 11.5 mmHg. 
The visual acuity was still low 0.1 with IOL in place. 
The cornea was mildly edematous, with the fibrinous 
membrane in the pupil which was medically dilated. 
There were lens particles in 12 and 1 o’clock.  

 

Figure 4: Anterior polar cataract on slit lamp examination of left eye 
on retroillumination 

 

Potassium iodide 2 x 1, Oftaquix 5 x 1, 
Maxidex 5 x 1 and Yellox 3 x 1 drop were prescribed 
for home treatment. On the 10

th
-day control 

examination, visual acuity had improved – 0.4/0.5 
suggesting this was his dominant eye before the 
incident and the fibrinous membrane almost 
completely resorbed. At day 30 visual acuity was 0.8 
with 0.5 D cyl 90° with no remnants of lens particles or 
the fibrinous membrane. There were no visible 
changes of the fundus. 
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Discussion 

 

Taking good care of a patient with Alport 
syndrome needs the interprofessional collaboration of 
nephrologists, ENT doctors and ophthalmologists. A 
timely consultation with an ophthalmologist needs to 
be considered every time a patient is diagnosed with 
the disease to avoid the wrong diagnosis of 
unexpected complications. 

As the anterior cataract and lenticonus are a 
frequent ocular complication of Alport syndrome, the 
surgeon must keep in mind the fragile anterior capsule 
when trying to perform phacoaspiration.  

Phacoaspiration and implantation of IOL can 
be successfully performed in patients with Alport 
syndrome with spontaneous and traumatic rupture.  
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Abstract  

BACKGROUND: Psoriasis is a common inflammatory papulosquamous disease of the skin with unknown 
aetiology that may be associated with the abnormal T-cell function.  

AIM: This study was aimed to determine the prevalence of oral mucosal lesions and their associations with 
severity of psoriasis in psoriatic patients attending the dermatologic clinic of Shahid Beheshti Teaching Hospital at 
Kashan, Iran. 

METHODS: In this cross-sectional descriptive analytic study, all consecutive patients with psoriasis who referred 

to the dermatologic clinic at the Shahid Beheshti Hospital of Kashan University of Medical Sciences in Kashan 
City/ Iran were enrolled. All patients were examined for the presence of oral lesions, and the clinical and 
epidemiological features of the disease were recorded in a questionnaire for each patient. A biopsy was taken 
from atypical suspected patients with oral lesions by an expert dermatologist. Data were analysed using the 
Statistical Package for Social Science (Version 18). Descriptive statistics tests; Cross tabulation and Chi-square 
with Fisher's exact test were used. 

RESULTS: Of total 177 psoriatic patients, 62 cases (35%) of patients were male, and 115 cases (65%) were 
female. Mean age of patients was 31.71 years. The oral lesion was seen in 83 cases (46.9%). Fissure tongue 
(28.2%) and geographic tongue (4.5%) were the most common oral lesions. The prevalence of oral lesions in 
patients with psoriasis significantly was associated with age, history of oral lesions, and with the onset of the oral 
lesions (P < 0.05). The most common form of psoriasis was chronic plaque form (Psoriasis Vulgaris) observed in 
147 cases (83.1). The majority of patients (67.2%) were suffering from a mild form of the disease. Psoriasis Area 
and Severity Index (PASI) score of most patients was mild. 

CONCLUSIONS: The prevalence of oral lesions such as Fissure tongue and geographic tongue is higher in 
psoriatic patients suggests further studies for approving the clinical importance of these apparently nonspecific 
lesions as possible predictors or markers of the severity of the cases suspected to Psoriasis disease. 

 

 

Introduction 

 

Psoriasis is a common chronic, genetically 
determined, scaly, an inflammatory papulosquamous 
immune-mediated disease of the skin with unknown 
aetiology, but it is known that there is a defect in the 
proliferation and differentiation of keratinocytes 
associated with inflammatory cell infiltration 
particularly consisting T-lymphocytes, macrophages 

and neutrophils [1-3]. Other contributing factors as 
environmental causative agents of the disease are 
included trauma, infections such as staphylococci, 
streptococci, HIV and candida species, medications, 
stresses, cigarette smoking and alcohol [4]. Although 
nail and joint involvements are well documented, the 
oral manifestations of the disease were still a subject 
of controversy [5-7].  

Psoriasis is clinically classified into two main 
groups: pustular and non-pustular lesions. Non-
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pustular psoriasis is included: Psoriasis Vulgaris (early 
and late onset) Guttate psoriasis Erythrodermic 
psoriasis, Palmoplantar psoriasis, Psoriatic arthritis 
(PsA), and Inverse psoriasis. Pustular psoriasis is 
composed of Generalized pustular psoriasis (von 
Zumbusch type), Impetigo herpetiformis, and 
Localized pustular psoriasis which included 
Palmoplantar pustular psoriasis (Barber type) and 
Acrodermatitis continua of Hallopeau [8].  

The most common manifestations of the 
disease is a chronic desquamative plaque which 
involves the extensor surface of elbows, knees, and 
scalp [1, 8]. Additionally, nail involvement is usually 
seen in 20-25% of patients, and psoriatic arthritis 
occurs in 5-8% of the patients [1, 2, 9]. 

The prevalence of Psoriasis has been 
estimated approximately 2-3% around the world. It 
has two peaks of onset; first between 16 to 22 years 
old and then in late of 57 to 60 years and affects both 
sexes equally [10, 11]. Furthermore, Siblings and 
children of psoriatic parents are at increased risk of 
developing the disease [1].  

Although mucosal involvements are rare, they 
are related to pustular, plaque-type and erythrodermic 
skin involvements. Also, various lesions have been 
described including white, yellowish, grey or 
translucent plaques, annular forms or diffuse areas of 
erythema and geographic tongue [12, 13]. Although 
there is controversy about the occurrence of psoriatic 
lesions on oral mucous membranes, the results of a 
recent review showed that the prevalence of fissured 
tongue was ranging from 9.8% to 47.5% and 
geographic tongue occurred between 5.6% and 
18.1% of patients with psoriatic disease [2].  

The results of other studies have suggested 
an increase in the prevalence of oral lesions specially 
fissured tongue (FT) and geographic tongue (GT) 
among psoriatic patients [13-16]. Furthermore, it has 
shown that patients with tongue lesions also had a 
nail and genital involvement and it seems GT (not FT), 
is more common in early onset psoriasis and maybe 
an indicator of disease severity [15]. Nonspecific 
tongue lesions have also reported frequently in 
psoriatic patients. Additionally, it has also been 
estimated that the presence of either GT or FT can be 
characterised as a sign for psoriasis and statistically 
there has been a relationship between the frequencies 
of each of these two types of lesions with the 
presence of cutaneous psoriasis [14, 16]. 

The purpose of this study was to identify the 
prevalence of oral lesions and to detect possible 
associations between psoriasis severity and oral 
lesions in patients with psoriasis who referred to the 
dermatologic clinic at the Shahid Beheshti teaching 
Hospital of Kashan City in Iran. 

 

 

Material and Methods 

 

In this cross-sectional descriptive analytic 
study, all consecutive patients with psoriasis who 
referred to the dermatologic clinic at the Shahid 
Beheshti Hospital of Kashan University of Medical 
Sciences in Kashan City/Iran were enrolled. This 
study was according to the Declaration of Helsinki and 
approved by ethic committee of research deputy of 
Kashan University of Medical Sciences, and the 
written consent forms were signed by all participants.  

All recruited psoriatic patients were examined 
by a dermatologist for various oral lesions such as 
white, yellowish, gray or translucent plaques, annular 
forms, or diffuse areas of erythema, GT, FT and 
benign migratory glossitis (BMG) etc., time of onset 
and history of the lesions, and biopsy was taken in 
cases with atypical oral lesions. 

A questionnaire including demographic 
characteristics, the clinical and epidemiological 
features of the disease was completed for each 
patient. Furthermore, the degree of erythema, 
thickness, scaling of and extension of involved area in 
different parts of the body of patients were calculated 
based on Psoriasis Area and Severity Index (PASI) 
score and recorded in the medical records of the 
patients by physician. Collected data were analysed 
using the Statistical Package for the Social Sciences 
(SPSS) version 18.0 (SPSS Inc., Chicago, IL, USA). 
The association between studied variables was 
calculated using descriptive statistics tests such as 
Chi‑squared test and Fisher’s exact test, and P < 0.05 
was considered statistically significant.  

 

 

Results 

 

In total, 177 psoriasis patients were enrolled, 
of these, 62 (35%) were men and 115 (65%) women. 
The mean age of the patients was 31.71 years, and 
most of the patients were in age group of 21-30 years. 
The mean duration of the disease was 7.54 years. 
Most patients were suffering from the mild form of the 
disease which observed in 119 (67.2%) of the 
patients. Other demographic characteristics of the 
patients have shown in Table 1. Of total 177 patients, 
83 patients (46.9%) had oral lesions, and 94patients 
(53.1%) had no history of oral lesions. In 166 patients 
(93.8%), the onset of oral lesions was at the beginning 
of the disease and in 11 patients (6.2%) at the late 
phase of the disease.  

The most common type of oral lesion was 
fissured tongue in 50 patients (28.4%). The 
prevalence of oral lesions in patients based on the 
distribution of gender has shown in Table 2 (P = 
0.215). 
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Table 1: The prevalence of demographic characteristics among 
studied population 

Variables No. % 

Age (year) 
< 20 46 26 
21-30 57 32.2 
31-40 29 16.4 
41-50 20 11.3 
>50 25 14.1 

Duration of the disease 
<1 34 19.2 
1-5 55 31.1 
5-10 46 26 
>10  42 23.7 

PASI score 
Mild 119 67.2 
Moderate 26 14.7 
Severe 32 18.1 

 

In 167 patients (94.4%), joints were not 
involved, and 10 patients (5.6%) had joint involvement 
(P = 0.106). Furthermore, 133 patients (57.1%) had 
nail involvement (P = 0.898). Topical therapy was the 
most common type of treatment used in 131 patients 
(74%), whereas systemic treatment was the lowest 
type of therapeutic approach used in 7 patients 
(7.4%). 

Table 2: The prevalence of oral lesions based on sex 
distribution in the studied population 

Oral Lesion Male (No.) Female 
(No.%) 

Total (No.%) 

No Lesion 29 (30.9) 65 (69.1) 94 (52.1) 
Fissure Tongue 23 (46) 27 (54) 50 (28.4) 
Geographical Tongue 3 (37.5) 5 (62.5) 8 (5.4) 
White Plaque 2 (33.3) 4 (66.7) 6 (3.4) 
Yellow Plaque 1 (33.3) 2 (66.7) 3 (1.7) 
White Plaque and Fissure Tongue 1 (33.3) 2 (66.7) 3 (1.7) 
Geographical Tongue and Fissure Tongue 0 (0) 3 (100) 3 (1/7) 
Erythematous Plaque  1 (50) 1 (50) 2 (1/1) 
White Plaque and Geographical Tongue 0 (0) 2 (100) 2 (1/1) 
Erythematous Plaque and Fissure 
Tongue 

0 (0) 2 (100) 2 (1/1) 

Fissure Tongue and Aphthous 1 (50) 1 (50) 2 (1/1) 
Gray Plaque and Fissure Tongue 0 (0) 1 (100) 1 (0/6) 
Geographical Tongue and Erythematous 
Plaque 

1 (100) 0 (0) 1 (0/6) 

Total 62 (35) 115 (65) 177 (100) 

 

Chronic plaque-type psoriasis (Vulgaris) in 
147 (83.1%) of the patients was the most common 
type of psoriasis disease among the studied 
population followed by Palmoplantar psoriasis(3.4%), 
Psoriatic nails (2.8%), Guttate psoriasis (1.7%), 
Inverse psoriasis (0.6%), Inverse psoriasis& Chronic 
plaque-type psoriasis (2.3%), Chronic plaque-type 
psoriasis& Psoriatic nails (2.3%), Chronic plaque-type 
psoriasis& Psoriatic arthritis (1.2%), Generalized 
pustular psoriasis (1.1%), Localized pustular psoriasis 
(0.6%), Chronic plaque-type psoriasis & Palmoplantar 
psoriasis(0.6%), and Chronic plaque-type psoriasis& 
Other form of Psoriasis(0.6%).  

Oral lesions were observed in 83 (46.9%) of 
the patients, and chronic plaque-type psoriasis was 
the most common type of the psoriatic disease seen 
in 69 patients (83.1%) with oral lesions, and 78 (83%) 
of patients without oral lesions. 

The prevalence of oral lesions among 
psoriatic patients based on PASI score has 
demonstrated in Table 3. 

Table 3: The prevalence of oral lesions among psoriatic 
patients based on PASI Score 

Oral Lesion PASI Score Total 
No. 
% 

Mild 
No. 
% 

Moderate 
No. 
% 

Severe 
No. 
% 

No Lesion 63 14 16 93 

67.7% 15.1% 17.2% 100% 

White Plaque 3 1 2 6 

50 % 16.7% 33.3% 100% 

Yellow Plaque 2 0 1 3 

66.7% 0% 33.3% 100 % 

Geographical Tongue 5 1 2 8 

62.5% 12.5% 25% 100% 

Fissure Tongue 34 8 8 50 

68% 16% 16% 100% 

Erythematous Plaque 2 0 0 2 

100% 0% 0% 100% 

White Plaque and Geographical Tongue 2 0 0 2 

100% 0% 0% 100% 

White Plaque and Fissure Tongue 3 0 0 3 

100 % 0% 0% 100% 

Gray Plaque and Fissure Tongue 0 0 1 1 

0% 0% 100 % 100% 

Geographical Tongue and Fissure Tongue 2 1 0 3 

75% 25% 0% 100 % 

Geographical Tongue and Erythematous Plaque 0 1 0 1 

0% 100% 0% 100% 

FissureTongue and Erythematous Plaque 1 0 1 2 

50% 0% 50% 100% 

Erythematous Plaque and Aphthous 2 0 0 2 

100% 0% 0% 100 % 

Total 119 26 32 177 

67.2% 14.7% 18.1% 100 % 

 

 

 

Discussion 

 

Although psoriasis is a common skin disorder, 
reviewing the literature reveals that the oral mucosa 
involvement among psoriatic patients is relatively rare, 
and remains a controversial subject [3, 5, 9, 17, 18]. 
The present study investigated the prevalence of oral 
lesions and also a probable association between 
severities of psoriasis in psoriatic patients. Our results 
showed no significant correlation between the 
prevalence of lesion in psoriatic patients and sex (P = 
0.215), drug consumption, joint (P = 0.106) and nail 
involvement (P = 0.898), family history (P = 0.234), 
duration of the disease (P = 0.139) and PASI score (P 
= 0.927). Whereas, the prevalence of oral mucosa 
lesion in psoriatic patients had a significant correlation 
with age (P = 0.047), previous history of oral lesions, 
and the onset of the psoriasis (P < 0.05). 

The prevalence of oral lesions in this study 
was 46.9% within the range reported by Azmi et al., 
and less than reported by Griffiths et al. and Pérez et 
al. [3, 6, 9]. We found no significant relationship 
between the presences of oral lesions in psoriatic 
patients with sex. The Similar result was reported by 
Taheri et al. [18]. Likewise, Taheri et al., the average 
age of our patients was 31.71, and most of the 
patients were in age group of 21-30 years, but this 
result was dissimilar with the result reported by Pérez 
et al. [6, 18]. 

Fissured tongue is a developmental anomaly 
of the tongue dorsum most often associated with 
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geographic tongue and is also increased in psoriasis 
[2, 19, 20]. The results of a literature review showed 
that the prevalence of fissured tongue was ranging 
from 9.8% to 47.5% and of the geographic tongue 
was between 5.6% and 18.1% [2]. Likewise, in our 
study, the most common type of oral lesions was FG 
(28.4%), GT geographic tongue (4.5%) and both 
lesions (1.7%) which showed these two lesions were 
the most frequent oral lesions in psoriatic patients. 
The 28.4% prevalence of FG in our study was less 
than reported by Danesh Pazhooh et al. (33%), and 
Hernandes-Pérez et al. (47.5%), but higher than the 
results of Zargari (8.2%) [6, 13-15]. These results 
were different from reported by the textbook of 
dermatology [21]. The difference in the prevalence of 
these lesions in our study and other studies can be 
indicated the higher prevalence of these lesions 
among psoriatic patients [15, 20]. 

Additionally, it has shown that psoriasis 
correlates with HLA CW6 whereas, GT is related to 
HLA B15, DR7 and FT are associated with HLA-DRB1 
which probably indicated the higher prevalence of oral 
lesions in psoriatic patients could be related to the 
disease itself [9, 21]. 

Our study showed that chronic plaque-type 
psoriasis was the most common type of psoriasis 
(83%) in which oral lesions had the highest 
prevalence (83.1%). A similar study conducted by 
Germi et al. on psoriatic patients (FT: 22.6%, GT: 
9.1%), revealed that FT and GT could be suggested 
as an oral manifestation of plaque-type psoriasis [21]. 

Another study by Tomb et al. also showed 
that there was a strong correlation between psoriasis 
and fissured geographic tongue [23]. Danesh 
Pazhooh et al. in their investigation reported that 32% 
of patients with psoriasis and GT had severe 
psoriasis, which can be indicated a correlation 
between this lesion and severity of the disease. 
Furthermore, we similarly found that nonspecific oral 
lesions were frequently observed in psoriatic patients 
[9, 13, 23]. 

Additionally, our study revealed that in 93.8% 
of the psoriatic patients, the onset of oral lesions was 
at the early stage of disease while in 6.2%, it occurred 
at the end of the disease and there was also a 
significant correlation between the prevalence of oral 
lesions in psoriatic patients and onset of disease. 

Likewise, in Zargari et al. study, the 
Geographic tongue was observed in 7% of patients 
with early psoriasis and 1% of patients with late 
psoriasis. They concluded that the incidence of 
geographic tongue in early psoriasis might be 
indicated the severity of the disease [15]. Most of our 
patients with various oral lesions (67.6%) suffered 
from a mild form of psoriasis, and we found no 
significant relationship between the incidence of oral 
lesions and PASI Score. By our results, Azmi MG et 
al. stated, although the prevalence of FT and GT was 
relatively higher among patients with severe psoriasis 

assessed by PASI scores, the difference was not 
significant in less severe cases [3]. In the present 
study, joint involvement was observed in 6.5% of 
patients, in which, 2.4% had concomitant oral lesions. 
Our result showed no meaningful correlation between 
the presence of oral lesions in psoriasis and joint 
involvement. In contrary, Keshavarz et al. 
demonstrated facial involvement (55%) associated 
with geographic tongue (24%) and psoriatic arthritis 
(13%). The authors concluded that there is a 
significant relation between the facial lesion and 
increasing severity of the disease [24]. 

Nail involvement in this study was 24.9% and 
had no significant relationship with the presence of 
oral lesions in psoriatic patients. A similar result was 
reported by Zargar et al. (15). 

The most common treatment was topical 
therapy (74%), and systemic therapy (4%) was the 
least therapeutic method used for treatment. We 
found no significant correlation between the 
prevalence of oral lesions in psoriatic patients and 
drug consumption. Also, Azmi MG et al. demonstrated 
that method of disease management such as 
medicated vs non-medicated for psoriasis couldn’t 
influence the prevalence of FT and GT [3].  

In conclusion, the prevalence of oral lesions 
such as Fissure tongue and geographic tongue is 
higher in psoriatic patients suggests further studies for 
approving the clinical importance of these apparently 
nonspecific lesions as possible predictors or markers 
of the severity of the cases suspected to Psoriasis 
disease. The HLA-typing study is recommended to 
approve the correlation between Fissure tongue and 
psoriasis. Also, further studies to identify the 
relationship between the presence of oral lesions in 
psoriatic patients with other variables such as nail and 
joint involvement, cigarette smoking and other 
systemic diseases are recommended.  
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Abstract  

BACKGROUND: The term decreased occlusal vertical dimension refers to the reduced distance between two 
anatomical points while the teeth are in a state of occlusion. The development of this situation is about some 
parafunctional activities of the masticatory system.  

AIM: To evaluate the value of decreased occlusal vertical dimension in cases with temporomandibular disorder 
and to follow up the influence of corrective treatment with occlusal splints and definitive prosthetic construction 
upon the elimination of clinical symptoms.  

MATERIAL AND METHODS: Eight cases with decreased occlusal vertical dimension accompanied with 
temporomandibular disorders were treated with an occlusal splint, as part of reversible occlusal treatment. After 
reducing, or complete elimination of the symptoms related to problems of decreased occlusal vertical dimension, 
the definitive prosthetic therapy was performed. 

RESULTS: The mean value of decreased occlusal vertical dimension in our patients is 8.5 mm, and the mean 
value of therapy time with an occlusal splint in these patients was 3.5 months.  

CONCLUSION: Occlusal splint is a part of reversible occlusal therapy in cases with decreased occlusal vertical 

dimension. After reducing the symptoms related to decreased occlusal vertical dimension definitive prosthetic 
therapy can be done. 

 

 

Introduction 

 

Decreased occlusal vertical dimension 
(dOVD) is irregularity between upper and lower jaw 
about a vertical plane. dOVD has decreased the 
distance between two anatomical points. Those points 
are very often arbitrary checked dots on the top of the 
nose and the top of the mentum while the teeth are in 
a state of intercuspidation. In the development of this 
disorder has to pass the longer time in collaboration 
with some factors such as uncontrolled gnashing and 
tightening of the teeth, than psychological stress and 
finally trauma on jaw bones. Very often muscle 
hyperactivity as a result of emotional stress is a mean 
factor in the development of abrasion on occlusal 
teeth surfaces and normally consecutive presence of 
dOVD. All these factors together cause the pure 
development of decreased occlusal vertical 

dimension. This situation can be an etiologic factor in 
the development of temporomandibular disorders. The 
most frequent symptoms which accompanying 
temporomandibular disorders are in relation with 
middle range feeling of pain in the region of jaw joints, 
feeling of arthralgic pain, fast development of fatigue 
in masticatory muscles, and for some time there is 
evidence of clicking and popping in 
temporomandibular joints. There are difficulties in 
normal food chewing and presence of ear tinnitus. In 
cases with severe dOVD there is inflammation in 
mouth angles and presence of skin regard in the 
same region, around the mouth angles.  

All these symptoms influence esthetic view of 
the patient’s face. There is evidence of depression on 
the lower face third with the development of sulci 
around the mouth. In consideration with all these, 
mentioned above, we can say that our patient is 
unhappy with his/her esthetic appearance. 
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Ekberg et al. 1998 [1] suggest the use of 
occlusal splints in the treatment of temporomandibular 
disorders, and the authors point out that the treatment 
effects are not still completely understood.  

With the use of occlusal splints, we can 
stabilise unstable occlusion which is the direct reason 
for temporomandibular disorders developing. Unstable 
occlusion in the intercuspal position may cause 
temporomandibular disorders, state Hagag et al. 2000 
[2]. 

Unger 2001 [3] indicates that occlusal 
appliances are used for diagnosis and treatment of 
pain and dysfunction related to the mastication 
system, especially if the precise diagnosis could not 
be established because of objective reasons. 

The development of temporomandibular 
disorders is in direct relation with individual 
physiological adaptability and in that moment when 
this adaptability is disturbed then the most sensitive 
structures in masticatory system present the first signs 
of damage, state Guguvcevski 2006 [4]. 

Wessel et al. 2006 [5] used occlusal 
stabilisation splints in the treatment of 
temporomandibular disorder follow by dOVD. 
According to the obtained results, authors conclude 
that this kind of splints has positive values in the 
treatment, but many subjects still had to click TMJs. 

Savabi et al. 2007 [6] point out that immediate 
application of occlusal splints has no significant effect 
on the activity of masseter and temporal muscles. 

Barao et al. 2011 [7] conclude that during the 
use of occlusal splints in patients with dOVD and 
temporomandibular disorders there is a significant 
increase in the muscle temperature in both 
masticatory muscles, masseter and temporal.  

Considering the different views of the authors 
about the use of occlusal splints in dOVD treatment 
and decrease of temporomandibular disorder 
symptoms, the following aims are established in the 
study: (1) to evaluate the value of dOVD and its 
influence in developing temporomandibular disorders; 
and (2) After treatment with interocclusal splints and 
stabilisation of clinical signs and symptoms, to 
promote the definitive prosthetic treatment. 

 

 

Materials and Methods 

 

Eight patients (five male and three female) 
with dOVD and diagnosed temporomandibular 
disorders were evaluated. The mean age of our cases 
was 42 years. In establishing the diagnosis of this 
disorder, we used Research Diagnosis Criteria, which 
help us to verify the presence of temporomandibular 

disorder. Besides other characteristic signs and 
symptoms which follow temporomandibular disorder, 
there was evidence of dOVD in all examined patients. 
In every single patient, the value of mandible rest 
position was measured. For determination of rest 
position, the well known phonetic method was used. 

 

Figure 1: The measurement of rest position with special gauges 
(left) and measured value of OVD. Evident presence of dOVD was 
noticed in examined patient (right) 

 

After measurement of OVD, every patient 
gets an interocclusal splint made from colourless 
acrylic resigns. The purpose of this appliance was to 
correct the dOVD. This procedure obtains correction 
of distance between upper and lower jaw. 
Interocclusal splints were used during night and 3 to 4 
hours during the day. The duration of its use was 2.5 
to 5 months with a mean value of 3.5 months. Clinical 
examination during that period presents positive 
withdrawal of temporomandibular disorder with 
improving symptoms. We also noticed decreasing of 
pain, with increasing of comfort in the mouth and more 
comfortable chewing function. After this, the definitive 
prosthetic treatment was done. Fixed prosthodontic 
frameworks were done in five patients, while in other 
three patients there was an indication for prosthetic 
treatment with removable dentures. 

 

 

Results 

 

According to previously noticed anatomic 
landmarks, the value of rest position was measured in 
every patient, and after that, the distance between the 
same dots was also measured but now in a state of 
occlusal contact. The difference between these two 
measurements is exactly the value of OVD according 
to Millet et al. [8]. 

It’s important to point out that there is a large 
distance between rest position and OVD. This fact 
explains there is a presence of dOVD in every 
examined patient. Table 1. present the value of rest 
position (RP) and OVD, and of course the difference 
between these two values obtained by the use of 
measurement gauge under standard conditions. The 
values of mandible rest position are obtained by the 
use of the well known phonetic method. Later with the 
same instrument, we measured the value of OVD 
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when the teeth are in a state of contact. The 
difference between these two measurements is 
presented in Table 1. The mean value of OVD in our 
study is 8.5 mm. 

Table 1: The value of OVD measured in our cases 

Number of patients Value of rest position in 
mm (RP) 

Value of OVD (in mm) RP-OVD 

1. 76 68 8 
2. 73 64 9 
3. 69 60 9 
4. 78 70 8 
5. 74 65 9 
6. 77 67 10 
7. 76 68 8 
8. 73 66 7 

Mean value 74.5 66 8.5 

 

 

 

Discussion 

 

Temporomandibular disorder is a disease with 
multicausal aetiology. Many external factors can be 
directly involved in the genesis of this disorder. 
Uncontrolled use of the masticatory systems, such as 
its overloading with gnashing of teeth is a factor for 
developing the dOVD. Latter, this situation leads to 
some problems such as muscle fatigue, feeling of pain 
in temporomandibular joints, difficulties in food 
consumption and naturally the development of some 
esthetic changes. In all cases with evident presence 
of dOVD and symptoms which are specific for this 
disorder the treatment had to be done, stated 
Guguvcevski [9]. These points are about changes of 
dOVD and that means return in normal jaw relation 
and increasing of dOVD. Increasing and correction of 
dOVD are optimally done with occlusal splints (OS). Li 
et al. [10] stated that occlusal splints caused positive 
remodelling of the periodontal tissue and condylar 
cartilage. The remodelling led to the acceptance of 
this situation, so the prosthetic framework is adapted 
to the previously corrected OVD. Botelho et al. [11] 
have similar findings, and the authors proposed OS to 
be used as complementary or additionally therapy in 
temporomandibular disorder treatment. Nilsson [12] 
point out that temporomandibular disorder 
accompanied with orofacial pain and dOVD are 
followed with different factors such as tooth clenching 
and grinding, then enhanced psycho-social stress and 
trauma to jaws which may be important etiologic 
factors. Signs and symptoms of dOVD are a common 
cause for the use of different intraoral appliances in 
efforts to solve unusual jaw function. Chang et al. [13] 
made investigations on effects produced by the use of 
OS in cases with temporomandibular disorders and 
presence of pain in temporomandibular joints, and the 
authors stated that occlusal splints could be very 
useful tool in the treatment of patients with pains and 
sounds of popping in temporomandibular joints. With 
the use of OS in the treatment of dOVD there is an 
immediate adaptation of joint’s mechanoreceptors, 

stated Naito et al. [14]. 

 

Figure 2: Profile view of the patient with dOVD (left) and the same 
patient with corrected dOVD (right) 

 

Every patient got OS for correction of OVD. 
Increasing of previously dOVD was done according to 
functional and esthetic criteria. The mean value of 
increased OVD is 8.5 mm, and this means that for this 
amount is decreased the difference between rest 
position and OVD. The period of adaptation to 
corrected vertical relation was for 3.5 months (from 
2.5 to 5 months), and during this time all of our 
patients had to use OS during the night according to 
previously determined the regime of uses. A daily use 
of the OS was in the period from 3 to 4 hours. During 
this period three visits were done - the first visit after 
the first week, the second visit after three weeks of 
using the OS and finally, the third visit was done after 
two months. Afte that, the reduction of symptoms 
compared with the very beginning of the treatment 
with OS was evaluated.  

 

Figure 3: Patient with dOVD and with all accompanying symptoms. 
OS incorporated in patient’s mouth (left) and outside view of OS for 
correction of dOVD 

 

Wassell et al. [15] described the success of 
80% in patients with temporomandibular disorders 
treated with OS. The authors got the efficiency in 
treatment after five months uses of OS. In our study, 
the percent of efficiency was 75%, and that means the 
therapy in six patients was positive, while in two other 
patients there was no reduction of symptoms of 
temporomandibular problems.  

After complete reduction of the signs and 
symptoms which were present at the beginning of the 
treatment from which suffer our patients the definitive 
prosthetic treatment was done. The kind of the 
prosthetic treatment was in relation with the indication 
of prosthetic therapy of every single patient. The need 
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of the use of OS in dOVD treatment was also stated 
by Cutbirth [16]. In five patients the prosthetic 
treatment was done with fixed constructions, while in 
three cases the treatment was done with 
corresponding removable dentures. It’s important to 
notice that prosthetic constructions, fixed or 
removable, must be fabricated after previously 
corrected OVD with the use of OS. 

Corrected OVD with OS as an interphase in 
treatment which gives positive effects on masticatory 
muscle activity, state Abekura et al. [17] and 
Stumbaun et al. [18]. The use of OS minimises the 
uncontrolled habit of clenching and bruxing with teeth, 
and there is a complete reduction of the 
symptomatology which is in relation with this habit.  

Authors as Millet, Chandu [19] and Torii [20] 
suggest that in cases where the dOVD has to be 
changed, it has to be done with the use of OS. This 
approach gives us the chances of additional 
corrections in increasing of OVD and following the 
positive effects in uses of OS. This approach reduced 
most of the signs and symptoms of 
temporomandibular disorders. It’s that the definitive 
prosthetic treatment can be done after complete 
reduction of all signs and symptoms of dOVD. 

In conclusion, after a clinical investigation of 
patients with dOVD and after the treatment following 
facts can be concluded: 1. dOVD is one of the 
reasons for the development of temporomandibular 
disorders; and 2. Definitive prosthetic treatment can 
be done after correction of the dOVD with the use of 
OS.  
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Abstract  

BACKGROUND: Dental erosion is a common problem in modern societies, owing to the increased consumption 
of acid drinks such as soft drinks, sports drinks, fruit juice. Examining the enamel surface with the Atomic Force 
Microscopy (AFM) enables more precise registering and defining the changes of enamel surface structure and 
microhardness. This method can be used to compare the efficiency of application of different preventive and 
therapy materials and medicaments in dentistry. The chronic regular consumption of low pH cola drinks 
encouraged the erosion of the teeth. The loss of anatomy and sensitivity are direct results of acid cola dissolving 
coronal tooth material. Under the influence of coca cola, a change of crystal structure and nanomorphology on 
enamel surface occurs.  

AIM: This paper reflects dental damage from abusive cola drinking, and the clinical presentation can be explained 
from data presented in this thesis. 

MATERIAL AND METHODS: The trial was conducted on a total of 40 extracted teeth which were divided into two 

groups treated with the solution of coca cola during 5 minutes, and then prepared and tested with a standard AFM 
procedure, type SPM-5200. Quantitative analysis was performed by comparing the roughness parameters (Ra) of 
the treated and non-treated sample. 

RESULTS: Based on the test of a hypothesis of the existence of differences between the treated and untreated 
sample, with an application of a t-test, it is shown that there are statistically highly significant differences between 
Ra of the treated sample with a 5-minute treatment of coca cola and Ra of the same sample without the 
treatment. 

CONCLUSION: Use of AFM enables successful monitoring of changes on enamel surface as well as the 
interpretation of the ultrastructural configuration of the crystal stage and the damage created under the influence 
of different external factors. 

 

Introduction 

 

In the last three decades, the consumption of 
“Sugary” or “Sugar-sweetened Beverages” (SSBs) 
including carbonated “soda” soft drink, sports and 
energy beverages, fruit drinks, and sweetened bottled 
waters have increased dramatically. SSB is consumed 
by 66% of children and 77% of adolescent’s daily. 
Including adults and adolescents, males have been 
found to consume more SSBs than females. Older 
females consume the lowest (42 calories/day) 
amount, with the highest consumption rates (70%) by 
male adolescents, 12-19 years old (273 calories/day). 
Consumption of SSBs has also been associated with 
poor dietary habits, weight gain, obesity, and type 2 
diabetes, predominately in adults, but also recognised 
in children and adolescents. Continuously sipping 

soda creates an acid bath for teeth. This softened 
area is ideal for bacteria to enter. As well, the sugar 
content of the soda is converted to acid by the 
bacteria on the teeth. There is no question that 
erosion causes significant damage to dental enamel, 
particularly among young people. 

Dental erosion is defined as the irreversible 
loss of dental structure due to a chemical process and 
without the involvement of microorganisms. This 
process is the result of the action of acids whose pH is 
lower than 4.5. 

Enamel is the hardest substance in the body, 
and it protects the crowns of the teeth. However, it is 
susceptible to demineralisation from acids. Acids are 
produced when certain bacteria colonise the tooth 
surface and metabolise carbohydrates. If this process 
continues, it may eventually lead to the development 
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of carious lesions in the enamel and dentin. Another 
source of acid is dietary. Many foods and beverages 
contain acids that also can lead to demineralisation of 
the enamel. 

Tooth enamel is made of a billion crystals of 
carbonised hydroxyapatite that are packed in 
individual prisms winding from enamel-dentin border 
toward the tooth surface.  

Enamel prisms are formed by the complex 
interaction of ectodermal and ectomesenchymal 
tissues that coordinate the action of ameloblasts (cells 
responsible for their synthesis).  

Each enamel prism is a product of a single 
ameloblast and stretches uninterruptedly from the 
enamel-dentin border to tooth surface. 

Enamel surface is not flat. It has a wavy 
structure because at places where Retzius’ striae end 
such striae overlap in the form of steps, with the 
appearance of shallow grooves referred to as 
perikymata. 

Although enamel has pronounced hardness, it 
is also fragile at the same time and similar to glass, so 
that for these reasons it could appear to be 
susceptible to breaking. Despite that, enamel can take 
loads higher than 1000 N several times during the 
day. The overall enamel microstructure is formed in 
such a way to adjust to such loads. This is also 
contributed by the support of elastic dentin and the 
structures such as enamel tufts at the dentin-enamel 
junction. 

Besides the fact that it represents the hardest 
biological tissue, tooth enamel may be quickly 
damaged under the influence of various factors. 
Enamel damage can be divided into two large groups, 
i.e. infective and non-infective [1, 2]. 

Infective damage or tooth caries occurs as a 
consequence of demineralisation caused by the 
bacteria organised in a special ecological formation: 
oral biofilm – dental plaque. In certain conditions, the 
so-called cariogenic bacteria (specific species of 
streptococci) dominate on the tooth surface. They can 
create organic acids but can survive in acidic 
conditions. They suppress neutral or useful bacteria. 
For acidogenic biofilms to form and exert a cariogenic 
effect, the presence of sugar is necessary. Sugars 
originate from food and can be obvious such as those 
from candies, refined buns, snacks, beverages, or 
hidden, like for example in juices. 

Beverages that decrease pH in the oral cavity 
and on the tooth surface, thus potentially leading to 
dental erosions, include fruit juices, soft drinks, sports 
beverages, other fizzy drinks, as well as various 
pickled vegetables (due to the content of acetic acid). 
Ideally, the pH of saliva lies within the range of 5.5–
6.5; a pH of 5.5 is accepted as the threshold level for 
the development of dental caries. 

When wear between enamel surfaces occurs 
at low pH, stress cracks are generated and propagate 
within the enamel, releasing particles. This particulate 
debris becomes trapped between the contacting 
surfaces, causing the two-bodyabrading system to 
transform into ahighwear, three-body abrasion 
system. This transformation does not appear to 
happen in low-pH media because the opposing 
surfaces have a smoother appearance; in fact, it 
appears that erosion modulates attrition to the extent 
that wear is reduced by an apparent polishing effect 
on the contacting surfaces. Degradation of enamel is 
a complex phenomenon, but erosion appears to be 
the predominating factor at low pH levels. 

Table 1: Beverage characteristics 

Group Composition pH (s.d.) TA (s.d.) 

Coca-Cola 
Classic 
(Coke) 

Carbonated water, High fructose corn syrup, 
Caramel colour, Phosphoric acid, Natural 
flavours, Caffeine 

2.49 
(.006) 

9.57 
(1.87) 

Diet Coke Carbonated water, Caramel colour, Aspartame, 
Phosphoric acid, Potassium benzoate, Natural 
flavours, Citric acid, Caffeine 

3.16 
(.015) 

9.11 
(1.63) 

Red Bull Water, Sucrose, Glucose, Sodium citrate, 
Taurine Glucuronolactone, Caffeine, Inositol, 
Niacinamide, Calcium-Pantothenate, Pyridoxine 
HCL, Vitamin B12 

3.32 
(.006) 

28.99 
(4.17) 

Tap Water 
(Water) 

Water, various minerals 7.55 
(.010) 

---- 

pH: potential (power) of hydrogen, TA: titratable acidity, s.d.: standard deviation 

 

Excessive consumption of drinks with an acid 
pH tends to cause the demineralisation of the dental 
enamel, though this effect may be reversible given the 
saliva’s ability to remineralise 12-13 the teeth. 
Individuals consuming citric fruits more than twice a 
day have a 37 times greater risk of developing lesions 
through erosion than those who do not. Similar risks 
appear to occur with the consumption of apple vinegar 
(10 times higher), sports drinks (4 times higher) or 
sodas (4 times higher), when consumed every day. 
The advancing loss of dental structure through 
erosion could be as much as around 1 µm per day. 

Signs of soda pop erosion: 

• Broad shiny concavities on smooth surface 
enamel 

• Glazed appearance 

• Wide buccal concavities in mandibular 
premolars and molars 

• Concavities with an enamel cuff at the free 
gingival margin 

• Deep shiny concavities occlusally in 
premolars and molars 

• Restorations that ‘rise’ above the occlusal 
surface 

• Sealants that ‘rise’ above the occlusal surface 

• Thin maxillary central incisors 
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• Increased incisal translucency in maxillary 
central incisors 

• Surface characteristics missing 

• Loss of surface detail in the primary dentition 

In dentistry, the development of which has 
been greatly influenced both by the knowledge of and 
observing the biological and mechanical properties of 
hard (mineralised) tissues, the research with using 
this precise technique has started only in recent 
years. The results of the analyses of oral cavity tissue 
introduced the dental science into nano-era [3-6]. Only 
with the development of AFM technologies, it was 
possible to observe more subtle surface changes of 
enamel. Also, AFM studies start to be more and more 
used in researches in dentistry too, that observe the 
surface changes such as the dental plaque and 
mineralised and coloured deposits, surface properties 
of different materials and morphological and 
mechanical changes on mineralised tissues [7-9]. In 
recent years AFM has been more and more used to 
investigate erosions and early stadiums of 
demineralisation on enamel surface – the first results 
show that this is a very convenient tool. For the 
investigations to be comparable as much data as 
possible should be collected about the enamel 
nanomorphology in different biological and 
pathological conditions [10-13]. 

 
We chose to use the average roughness (Ra) 

of our samples as a measure because it has been 
most commonly used in previous studies, so it was 
easier to make a proper comparison of our results 
[14]. 

By using special research nanoprobes, it is 
possible nowadays to measure resolutions and 
movements at the level of nanometers and picomolar 
[15].

 
This also enables precise registering of physical 

properties of healthy – unchanged enamel, dentin and 
cement of the tooth root, as well as carrying out of the 
analyses of chemical processes and biological 
transformations that until now were impossible to 
perform [3, 4, 15, 16]. 

This study aimed to investigate dental 
damage from abusive cola drinking, and the clinical 
presentation can be explained from data presented in 
this thesis. 

 

 

 Material and Methods 

 

The study was carried out on a total of 40 
extracted teeth divided into two groups from which 
samples were taken (3 mm x 2 mm x 2 mm in size) 
and which were treated with the solution of coca cola 
and then prepared and tested with the standard 
procedure using AFM of JSPM-5200 type. One group 
of samples was not treated, while the other was 

treated for 5 minutes, with the analysis of enamel 
nanostructure performed after the treatment. Every 
sample was fixed to the microscope holder by using 
cyanoacrylate adhesive.  

Images were made with the very slowed down 
scanning of the surface of every 25.0 μm

2
, and with 

0.1 Hz scanning frequency with 256 lines per sample, 
to avoid damaging of the probe. 

Surface roughness was measured by average 
roughness (Ra) automatically on WinSPM software. 

The average roughness is defined as an 
average distance of the centerline when they are 
observed as if they are local minimums and local 
maximums. This roughness is defined by the following 
formula : 

 

where Z0 is the centerline of the profile of the length L: 

 

Figure 1 presents an image of the profile with 
absolute values about the centreline. The distance of 
their average height from the height of the centreline 
profile is defined as average roughness. 

 

Figure 1: Average roughness 

 

Competence at the level of AFM nanometry 
can be observed in the same way as in conventional 
measurements because the average roughness (Ra) 
at one measurement point is the arithmetic mean of 
local maximums and minimums of enamel surface 
calculated for that measurement point. All our 
measurement points have a surface of  
 5 x 5 μm, i.e. 256 x 256 or 512 x 512 pixels. 

 

 

Results 

 

Enamel surface morphology has been 
described both regarding quality and quantity. 
Quantitative analysis was based on a comparison of 
Ra roughness parameter between different samples 
and on statistical analysis of obtained values. 

In the initial assumption of the study, we 
intended to start analysing the effect of coca cola on 
the enamel surface during a 60-second interval. 
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Preliminary tests have not identified any significant 
difference between the treated and non-treated 
samples. Therefore, a study with a 5-minute treatment 
was undertaken. 

 

Figure 2: Untreated control surface  

 

Figures 2 and three present untreated 
samples and samples that were treated with coca cola 
for 5 minutes. 

 

Figure 3: Surface treated with coca cola for 5 min 

 

On smaller magnification, the untreated 
surface (Figure 2) is covered with an amorphous layer 
which may point to aprismatic enamel and parts of the 
pellicle. No clear borders between prisms nor 
existence of larger depressions can be seen. Enamel 

shows signs of compactness. The surface is flatter 
and protrusions that can be seen have a uniform 
structure. The granules are arranged in parallel rows, 
and no pores on enamel surface can be seen. 

In contrast to that, slight porosity on the 
surface treated for 5 minutes with coca cola can be 
seen. Depressions and the grid-like structure of 
granules can be seen (Figure 3). 

 

Figure 4: Untreated control surface Figure 5. Surface treated with 
coca-cola for 5 minutes 

 

Higher magnifications confirm the 
compactness of untreated surface (Figure 4). The 
structure of densely compacted crystals on the 
untreated surface is more prominent, where no border 
can be seen between the prisms. On the treated 
surface depressions between the prisms are more 
prominent, with protruding prism heads and 
depressions around them. 
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A)                                                 B)  

Figure 6: A) Untreated control surface; B) Surface treated with coca 
cola for 5 minutes 

 

On higher magnitudes, depressions can be 
seen (the arrow) between the „prismatic structures“ in 
treated samples (Figure 6B), while on the untreated 
surface (Figure 6A) there is a filled-in area, which 
would correspond to compacted crystals. The findings 
point to the primary action in the area of less 
mineralised prism rims, where dilatation of the area 
can be seen. 

By the analysis of all measurement points, the 
following mean values of average roughness, 
expressed in Ra, were obtained: 

Table 2: Values of average roughness 

 Untreated sample-N 
Sample treated with coca 
cola 

Arithmetic mean of Ra values of 
all measurement points Xsr 

34.66 76.28 

 

Variables temp tgr 
Statistical 
significance 

P 

N-Ra /CC5-Ra -237.9093 3.291 VSZ < 0.001 

 

Based on the test of a hypothesis of existence 
of differences between the treated and untreated 
sample, with an application of a t-test, it is shown that 
there are statistically highly significant differences 
between Ra of the treated sample with a 5-minute 
treatment of coca cola and Ra of the same sample 
without the treatment, because the absolute value t is 
empirically higher than t – border value temp =|-
237.9093|> tgr = 3.291 for p = 0.001. 

 

 

Discussion 

 

The selected studies are extremely important 
because non-carious damages of teeth are coming 
more and more in focus with the trend to place caries 
under control in developed countries. While in the past 
a great deal of such damage would even pass 
unnoticed, today, in developed countries, it is among 

the most frequent chronic diseases with the children 
of 5-17 years of age [2, 11, 17]. 

Carbonated beverages are dominant among 
soft drinks, with coca cola taking a leading place. An 
increased consumption is accounted for by the 
recession and a lower price of coca cola [18, 19]. 

The increased consumption of carbonated 
beverages is correlated with an increase in erosive 
damages of enamel [20]. 

Numerous studies have shown the advantage 
of using AFM analyses to monitor both qualitative and 
quantitative changes in enamel surface [21-26]. 

Speaking of qualitative and quantitative 
monitoring of enamel dissolution, the paper [27] 
demonstrates correspondence of AFM examination 
technique with other techniques (SEM, profilometry, 
nano carving), while the paper [28] confirms AFM as 
the most precise technique for such analyses. 

The analysis of changes on our sample after 
five minutes of action of coca cola shows that there 
are no densely compacted crystals which are, on the 
contrary, clearly seen on untreated samples; this is an 
indication of initial demineralisation and creation of 
depressions, most probably on places of the lower 
density of crystals. Other authors have also shown 
similar results [29]. 

Many other researchers, who used different 
techniques, also showed negative effects of 
carbonated beverages on both tooth enamel and 
composite fillings [30-33]. In the paper [30] it was 
demonstrated that carbonated beverages reduce the 
physical properties of enamel (hardness and elasticity 
module) as a consequence of enamel erosion. The 
paper also shows that such drinks have a more 
prominent effect compared to, for example, orange 
juice. Some authors have found that unpolished 
enamel is less susceptible to erosions compared to 
the polished one and that the enamel structure itself in 
vitro conditions can significantly influence the 
progression of erosions. This particularly relates to the 
presence of aprismatic enamel, cracks and 
perikymata [34].  

The chemical composition of acidic beverages 
is certainly significant in the modification of the 
mineral structure and thereby of the mechanical 
properties of enamel [34]. That acidity of carbonated 
cola drinks primarily originates from the phosphoric 
acid has been shown in the paper [32]. It has been 
known from earlier researches that the drinks with 
citric acid cause higher enamel erosion compared to 
the drinks that contain only phosphoric acid, such as 
in coca cola [34]. In addition to pH, the liquid 
environment around the enamel and temperature are 
also relevant, and they all affect the physical 
properties such as the elasticity module, hardness 
and surface roughness of human enamel. 

The results obtained in in vitro studies, such 
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as ours, can only be partly transferred on what is 
going in clinical conditions, which largely depends on 
the dynamics of distortion of demineralisation-
remineralisation kinetics. Remineralization periods 
that lead to enamel recovery, reduction of roughness 
and microhardness increase have not been included 
in our studies [21, 26, 35]. Likewise, certain studies 
have shown increased resistance with the application 
of remineralisation pastes or alternating presence of 
enamel in saliva and the drink [21, 27]. 

In conclusion, the analysis of the samples 
after five minutes of coca cola action shows both the 
qualitative and quantitative difference. On treated 
enamel samples, a lower density of crystals with 
larger areas between prisms is seen. The surface is 
more irregular with higher depressions. The analysis 
of Ra of treated and untreated surfaces confirms such 
findings as well as the higher roughness of enamel 
surface treated with coca cola. The initial irregularity 
(after five minutes of treatment) is the consequence of 
the partial destruction of the aprismatic layer and the 
attack with the crystals of less compacted parts, such 
as perikymata or lamellae. The findings correlate with 
the other studies [29, 36]. 

The results obtained indicate that the treated 
surfaces are statistically significantly rougher (higher 
Ra), which is also confirmed with the morphological 
signs of depressions and decrease of enamel crystals. 

Under the influence of coca cola, there is 
statistically significant disruption of the integrity of the 
crystal grid which is observed after five minutes of 
action, which corresponds to the most common way of 
consumption of this carbonated drink. Enamel 
damages are primarily related to the decrease of the 
crystal thickness and creation of fissures which 
increase the overall roughness of the surface. Higher 
roughness leads to greater contact with acids thus 
increasing the possibility of further damage. 

Our AFM researches indicate the irregular 
surface structure of enamel in physiological 
conditions, which has a certain degree of roughness, 
depending on the histological properties, the presence 
of pellicle and compactness of crystal units in prisms. 

Despite its limitations, our studies have 
proved that the use of AFM enables successful 
monitoring of changes on enamel surface as well as 
the interpretation of the ultrastructural configuration of 
the crystal stage and the damage created under the 
influence of different external factors.  

Likewise, we believe that coca cola, as the 
most common carbonated beverage, exerts 
aggressive influence on enamel surface thus 
endangering the mineral structure.  

Further research should be directed toward 
the changes of ultrastructural enamel during the 
period two h after the action of the examined agent, 
which should be correlated with the physiological 

conditions in the oral cavity; subsequently, causal 
relationship between them should be established.  
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Abstract  

AIM: The current study was designed to investigate the effectiveness of locally applied Strontium ranelate to 
induce bone formation. 

MATERIALS AND METHODS: Forty-eight female rats were divided into six groups (eight rats in each group): 
The three test groups included Strontium (SR) 2.5 mg, 5 mg and 10 mg that was dissolved in methylcellulose gel. 
The control groups included methylcellulose, simvastatin 5 mg and a negative control where the defect was left to 
heal without any intervention. At 44 days the groups were sacrificed, and the bone defects were assessed 
histomorphometically to assess bone formation. The data was statistically analysed. 

RESULTS: There was a statistically significant difference in the amount of new bone formation between all 
groups, where the 2.5 mg SR group showed the highest median bone percentage, is 41.95 %, followed by the 5, 
and 10 mg SR demonstrating a median bone are a percentage of 39.89%, and 30.19% respectively. Simvastatin 
showed a median bone percentage of 36.07 %, while the methylcellulose and the negative control groups 
demonstrated the lowest median area percentage of 23.12 and 20.70 % respectively. 

CONCLUSIONS: The study showed that the local application of an SR could up-regulate the bone formation and 
may prove to be a cost-effective method of bone regeneration. 

 

 

 

 

Introduction 

 

Epidemiological studies have shown that 50% 
of the adult population between the ages of 45 and 65 
years exhibited bone loss around teeth that are 
caused by periodontal disease. Various materials 
have been proposed to treat the bone defects which 
are a hallmark of the periodontal disease. The 
stimulation of local bone formation could positively 
affect the healing of isolated bony defects [1, 2]. 
Growth factors have exhibited the ability to induce 
bone formation [3]. On the other hand host tissues as 
well as a possible antibody response decreased the 
appeal for growth factor utilization. 

The local application of systemic bone 
modulating drug that is commonly used to treat bone 
disease could offer a plausible alternative to growth 
factors. The advantage of local drug delivery is 

releasing the drug directly into the site of infection for 
a sufficient period without systemic exposure 
preventing both bacterial resistance and drug-related 
systemic side effects [4]. 

Various drugs have been studied using local 
delivery to improve the periodontal health and to 
achieve periodontal regeneration. Pharmacological 
agents offer great promise in this direction. 
Simvastatin, a widely used cholesterol-lowering drug, 
was shown to stimulate bone both in vitro and in vivo 
when applied locally, and its effects on bone 
metabolism favour its use in the treatment of 
periodontal defects. Additional advantages of 
simvastatin are its antioxidant and anti-inflammatory 
properties which could further facilitate healing of 
periodontal intrabony defects [5, 6]. 

Strontium ranelate (SR), a drug licensed for 
the treatment of postmenopausal osteoporosis is 
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composed of an organic moiety (ranelic acid) and two 
atoms of stable strontium. In contrast to most currently 
used drugs currently that inhibit bone resorption rather 
than stimulating bone formation, SR has a novel mode 
of action, both increasing bone formation and 
reducing bone resorption, rebalancing bone turnover 
in favor of bone formation and increases bone 
strength It has a dual mode of action, both increasing 
bone formation and decreasing bone resorption [7-9]. 
The mechanism behind its dual mode of action was 
explained in several studies as by enhancing 
osteoblastic cell replication and activity and 
decreasing preosteoblast differentiation and 
osteoclastic activity [9, 10]. 

In an experiment that was conducted to 
examine the cytotoxicity of SR on human periodontal 
ligament (PDL) fibroblasts, SR was found to be non-
toxic at appropriate concentrations. In the experiment, 
PDL cells were treated with SR at 20, 10, 5 and 2.5 
mg/ml. The highest SR concentrations (20 and 10 mg) 
had significantly lower cell viability and cell numbers 
than those in 5 and 2.5 mg/ml. The author 
recommended the need for preclinical tests to further 
assess its safety and effectiveness before clinical use 
[11]. 

Methylcellulose has been used as a drug 
carrier for releasing in several pharmaceutical 
preparations because it is a harmless, nontoxic 
material that does not sensitise the tissues [12]. 

The critical-size rat calvarial defect is a 
convenient model for evaluating bone regenerative 
effects of bio-materials. It is accessible, simple and is 
unable to regenerate spontaneously because of the 
distance that the progenitor cells and blood vessels 
must travel from the healing margin to bridge the 
defect is great [13, 14]. In rat calvaria, the defect is 8 
mm and is well suited for placement of particulate 
materials [15]. 

The purpose of this study was to evaluate 
qualitatively and quantitatively the ability of strontium 
ranelate to induce bone regeneration in rat critical-
sized bone defects  

 

 

Methods 

 

Experimental design 

The animal protocol was approved by the 
Ethical Committee of the National Research Centre, 
Cairo, Egypt. Forty-eight adult Sprague-Dawley rats 
(275 to 300 g) were randomly divided into six groups 
of eight animals each: The three test groups included 
Strontium 2.5 (SR), 5 mg and 10 mg that was 
dissolved in methylcellulose gel. The control groups 
included methylcellulose, simvastatin 1.2 mg and a 
negative control where the defect was left to heal 

without any intervention. In all group except the 
negative control group the gel was applied to the 
defect and at 44 days the groups were sacrificed and 
the bone defects were assessed histomorphometically 
to assess bone formation: Formulation of Strontium 
Ranelate (SR) gel A 4.0% (w/v) methylcellulose 
(4,000 cps) gel, (Sigma chemicals Co., St . Louis, 
MO), which served as the vehicle for SR was 
previously prepared, by adding the required amount of 
polymer to hot distilled water and cooling to gel at 
room temperature. Then 2.5, 5 and 10 mg of SR (EVA 
pharmaceuticals, Cairo, Egypt )was dissolved in 1 ml 
of methylcellulose [16]. 

 

Surgical Protocol 

Animals were sedated using an intramuscular 
injection of two parts ketamine (100 mg/ml) Ketamar 
100 (mg/ml) Amoun and one part xylazine (20 mg/ml) 
Xylazine Albrecht, Germany; Ceva, Germany; 
Serumber, Germany at a dosage of 0.2 ml/100 g, 
additional sedation was given if needed. Routine 
infiltration anaesthesia with 2% lidocaine and 
1:100,000 epinephrine (Octacaine) was used at the 
surgical site. 

An incision was made in the sagittal plane 
across the cranium, and a full-thickness flap was 
reflected, exposing the calvarial bone. A standardised, 
circular, transosseous defect, 8 mm in diameter, was 
created on the cranium with the use of a saline-cooled 
trephine drill (Biomet 3i, Palm Beach Gardens, USA). 
An 8 mm dental trephine was used to create a 
standardised, circular, transosseous defect, 8 mm in 
diameter, of the rat calvaria. The trephined calvarial 
bone was then carefully removed to avoid perforation 
of the dura mater.  

To achieve standardisation 1 ml of the 
formula (either methylcellulose alone, with simvastatin 
or with strontium) was injected within the created 
defect. 

In the first three groups, a 2.5, 5 and 10 
mg/ml dose of SR added to an inert methylcellulose 
gel was inserted into the defect. The two positive 
control groups included a group were 5 mg of 
simvastatin dissolved in methylcellulose and a group 
of one ml of methylcellulose gel that was added to 
critical defect size. No material was added to the last 
group acting as a negative control, where the defect 
was left to heal without any intervention. The 
periosteum and skin were then closed and sutured 
with 4-0 Egysorb, (Taisier - med, Egypt). The animals 
were sacrificed after 44 days using CO2 asphyxiation. 

 

Sample Preparation 

The calvarium was removed, and the 
specimens were fixed in 10% formalin for 48 hours. 
Specimens were then transferred to the decalcifying 
solution (RDO Apex Engineering Products 
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Corporation, IL - USA). After 72 hours, specimens 
were processed through ascending grades of alcohol, 
cleared in xylene and embedded in paraffin. Formalin-
fixed, decalcified, paraffin-embedded tissue blocks 
were obtained. Paraffin sections of 5-micron thickness 
were prepared from each of the paraffin blocks with a 
longitudinal cut to show the defect with the 
surrounding bone healing. For routine 
histopathological examination, slides were stained 
with Hematoxylin & Eosin (H&E) stain. Assessment of 
new bone formation and morphometric analysis were 
performed on Masson trichrome-stained sections, 
where the mineralised bone was stained red, osteoid 
dark bluish green and collagen fibres greenish blue. 

 

Histomorphometric Analysis 

A quantitative study was obtained with the aid 
of Leica Qwin 500 LTD (Leica Microsystem 
Corporation, Cambridge, England) using the software 
Quin 500 (England). The slides were examined using 
power magnification X 100 for measurement of area 
percent of newly formed bone detected by Masson 
trichrome stain. The red stained areas were outlined 
and then measured in micrometre square in 
successive fields of the section and the total new 
bone formation in the specimen was then calculated 
automatically by the morphometry software. 

 

Statistical Analysis 

Numerical data were explored for normality by 
checking the data distribution and using Kolmogorov-
Smirnov and Shapiro-Wilk tests. Data showed non-
parametric distribution. Data were represented by 
median and range values. Kruskal - Wallis test was 
used to compare the different groups. Mann-Whitney 
U test with Bonferroni’s adjustment was used for 
pairwise comparisons between the groups. The 
significance level was set at P ≤ 0.05. Statistical 
analysis was performed with IBM® SPSS® Statistics 
Version 23 for Windows. 

  

 

Results 

 

Histopathological Results 

Histopathological examination showed areas 
filled with red blood cells, inflammatory cells and 
fibroblastic proliferation with neovascularisation and 
granulation tissue formation as well as mild 
osteoblastic proliferation with osteoid tissue was 
noticed together with few foci of disorganised woven 
bone formation especially at the periphery of the 
defect. The centre showed fewer areas of osteoid & 
bone formation. 

Strontium Treated Group 

The 2.5 and 5 mg groups showed more 
attempts at bone formation with less inflammatory 
reaction as compared to the control group. Moderate 
fibroblastic proliferation was seen with marked 
osteoblastic cells proliferation. More foci of 
disorganised, woven bone were observed with the 
more collagenous extracellular matrix. The active 
bone formation was suggested as newly formed 
osteoid was observed, in the form of spicules rimmed 
by numerous osteoblasts as well as osteoid tissue 
having viable osteocytes within widened lacunae. 
Changes were seen extending from the margins down 
to the centre of the defect (Fig. 1).  

 

Figure 1: Photomicrograph of the methylcellulose  group showing 
areas of osteoid formation and collagen without evidence of 
maturation (Masson trichrome, original magnification X 100) 

 

The 10 mg group showed no osteoblastic 
proliferation at all. Large areas were filled with 
fibroblasts, and collagen fibres with heavy 
inflammatory cell infiltrate (Fig. 2). 

 

 

Figure 2: Photomicrograph of the 5mg strontium  group showing 
areas of osteoid and woven bone formation with large marrow 
cavities (Masson trichrome, original magnification X 100) 
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Simvastatin Treated Group 

The simvastatin group showed large, 
alternating areas of lamellar and woven bone 
formation with marked osteoblastic rimming and 
proliferation. No inflammatory cell infiltrate was 
detected. The new bone filled the margins of the 
defect till the centre (Fig. 3). 

 

Figure 3: Photomicrograph of the 10mg strontium group showing 
large areas of collagen fibres with no attempts at osteoid or bone 
formation (Masson trichrome, original magnification X 100) 

 

 

Negative control Group 

In the negative control groups, the limited 
bone repair was observed only at the margins of the 
defect, as recognised by the irregularly shaped bone 
trabeculae of newly formed mineralised bone and 
newly formed osteoid tissue. No bone formation or 
evidence of mineralization in the centre of the defect, 
where only a mature and well organized fibrous tissue 
was noticed. 

 
Figure 4: Photomicrograph of the simvastatin group showing large 
alternating areas of osteoid and woven bone formation (Masson 
trichrome, original magnification X 100) 

 

 

Statistical Results 

Descriptive statistics of area % values are 
presented in Table 1. There was a statistically 
significant difference between area % values of the 
different groups. Pair-wise comparisons between the 
groups revealed that there was no statistically 
significant difference between Strontium (2.5 mg), 
Strontium (5 mg) and Simvastatin with an as 
significant difference with Methylcellulose and 
Negative control. 

Table 1: Comparison between area % of the five groups 

Area % Median Minimum Maximum Rank p-value 

 

Strontium (2.5 mg) 41.95 22.15 44.05 a 

≤0.001* 

Strontium (5 mg) 39.89 19.56 57.25 a 
Strontium (10 mg) 30.19 16.09 46.96 ab 
Simvastatin 36.07 26.89 77.61 a 
Methylcellulose 23.12 11.01 30.48 b 
Negative control 20.70 10.50 23.70 b 

 *: Significant at P ≤ 0.05, Different letters in the same column are statistically significantly 
different 

For the negative control group, the maximum 
bone area percentage was 23.7%, while that of 
methylcellulose was 30.48%, both were statistically 
different than the strontium and simvastatin groups., 
where the strontium groups showed a maximum area 
percentage of 44.05, 57.25 and 46.96% for the 2.5, 5 
and 10 mg strontium respectively while that of 
simvastatin showed the higher area percentage with 
77.61%. 

  

 

Discussion 

 

The study aimed to evaluate the bone 
regenerative potential of locally applied SR in different 
concentrations. The rat calvarial critical-sized defect is 
a well-established animal model for regenerative bone 
studies. The bone defect of critical size is unable to 
regenerate. Thus it is considered to be a suitable for 
the evaluation of osteoinductivity of various materials. 
Only materials that can induce bone regeneration 
show signs of bone formation throughout the entire 
critical defect [16, 17]. 

SR was used as it showed promising results 
in osteoporosis therapy, where it is known to increase 
in vitro osteoblasts’ differentiation from progenitors, as 
well as osteoblastic activity and survival. Furthermore, 
SR regulates osteoblast - induced osteoclastogenesis, 
and prevents bone resorption by decreasing 
osteoclastic differentiation and activity, while 
increasing their apoptosis [18]. 

The incorporation of strontium into 
mesoporous bioactive glass scaffolds was shown to 
be a viable way to stimulate the biological response of 
periodontal ligament cells as well as stimulate bone 
formation in bone defects in an osteoporotic rat model 
[19, 20]. 

Previous studies showed that 44 days 
represent adequate timing to analyse newly formed 
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bone in rat calvarial defects [2]. The bone turnover 
rate of rats and the ability of fast healing make the 
evaluation of bone formation 6 to 8 weeks after 
implantation of a biomaterial appropriate. Thus no 
major differences are expected to be observed in 
bone formation even if prolonged healing time is 
allowed [16]. 

All defect sites exhibited bone formation, but 
there was a statistically significant difference in the 
amount of new bone formation between all groups, 
where the 2.5 SR group showed the highest median 
bone percentage, being 41.95 %, followed by the 5, 
and 10 mg SR demonstrating a median bone are 
percentage of 39.89%, and 30.19% respectively. 
Simvastatin showed a median bone percentage of 
36.07%, while the methylcellulose and the negative 
control groups demonstrated the lowest median area 
percentage of 23.12 and 20.70 % respectively. 

The histologic evaluation of the 2.5 and 5 mg 
groups showed more attempts at bone formation with 
less inflammatory reaction as compared to the control 
group. This could be attributed to the anti-
inflammatory effect of SR that has been proposed by 
due to the antagonising effect of SR to NF-κB 
activation. Furthermore, in unpublished data by the 
same group, they proposed that SR may act as TNF 
inhibitor which could explain its anti-inflammatory 
properties [21]. 

Bone defect healing occurs naturally after a 
phase of bleeding and inflammation and terminates 
with the formation of woven bone which is then 
remodelled by osteoclasts and replaced by lamellar 
bone by osteoblasts [3]. 

The osteoblasts presence was marked in the 
2.5 and 5 mg SR groups compared to the control 
group) which may be explained due to the fact that SR 
has the ability to stimulate PGE2 production and 
osteoblastic differentiation in marrow stromal cells, 
which is markedly affected by inhibition of COX-2 
activity or disruption of COX-2 gene expression [22]. 
Furthermore, [23] concluded that SR promotes the 
replication of osteoblasts which could explain the 
marked osteoblastic proliferation in the 2.5 and 5 mg 
SR groups. 

Woven osteoid bone and mineralised bone 
presence were marked in the SR group than by the 
control group. All these observations could be clearly 
to the dual effect of SR that promoted the bone 
formation on several levels and through various 
pathways. 

In the negative control groups, the limited 
bone repair was observed only at the margins of the 
defect, as recognised by the irregularly shaped bone 
trabeculae of newly formed mineralised bone and 
newly formed osteoid tissue. The findings of no bone 
formation or evidence of mineralization in the center of 
the defect, where only a mature and well organized 
fibrous tissue was noticed, is consistent with the 

calvarial nonunion defects study of [17] where both 
the central and peripheral regions of the 8 mm 
calvarial defects were characterized by dense fibrous 
tissue repair and inactive fibroblasts.  

Simvastatin was used in the present study as 
a positive control, to compare its effect on bone 
formation with that of SR, where former research 
demonstrated that local application of simvastatin in 
alveolar defects could promote bone regeneration 
[12]. In the present study large, areas of lamellar and 
woven bone formation with marked osteoblastic 
proliferation where demonstrated histologically, where 
the new bone filled the margins of the defect till the 
centre with no detected inflammatory cell infiltrates. 
The local application has been demonstrated anti-
inflammatory effects as well, anabolic effects on bone 
and a stimulatory effect on vasculogenesis which was 
attributed to the increase in the expression of BMP-2, 
and vascular endothelial growth factor [24] which may 
explain the results of the present study.Our findings 
are also in line with a former research that 
demonstrated the ability of local simvastatin 
application to enhance healing of the bone defects 
even in the diabetic rat models [25]. 

 In conclusion, the current study 
demonstrated that the local application of a single 
dose of SR (2.5 and 5 mg) could up-regulate the bone 
formation. The local application of SR may prove to be 
a cost-effective and safe method to stimulate bone 
formation. However more in vivo studies and different 
concentrations are recommended to define the 
optimal dose to equilibrate soft tissue inflammation 
and bone stimulation. 
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Abstract  

BACKGROUND: The success of prosthetic rehabilitation in patients with removable dentures depends on the 
achievement of the aesthetics, phonetics and most of all, proper use in the mastication process. All the patients 
that receive removable prostheses need a feeding education program. They must cut the food into smaller pieces, 
extend the length of time necessary for chewing and place the food upon both the right and left sides of the mouth 
at once. Bilaterally chewing with dentures will contribute to increased efficiency and denture stability during 
mastication. Using the anterior teeth for biting, as a result of increased pressure on the anterior ridge may lead to 
the anterior hyperfunction syndrome. 

CASE REPORT: The patient requested dental rehabilitation in our clinic for prosthetic dentistry two and a half 
years ago. We examined him and made therapy plan, for complete removable maxillary denture and partial 
mandibular denture. Besides our instructions for proper use of dentures and necessity for regular controls, his 
next visit was after two and a half years. He came with enlarged tuberosity and papillary hyperplasia in the pre-
maxillary region. After oral surgery treatment (laser removing of hyperplastic tissue) and a healing period of four 
weeks, we made indirect relining on the upper denture, re-occlusion and re-articulation achieving weak contacts 

between the lower natural teeth and upper teeth of the complete denture. The patient was advised not to bite food 
with his anterior teeth, and avoid chewing very hard food which tends to imprint and displace dentures. 

CONCLUSION: Anterior hyperfunction syndrome with its high incidence is a disease with the need of 
interdisciplinary therapy approach. Fast diagnosis, thorough clinical examination using all available diagnostic 
tools, and choosing the right treatment is very challenging. 

 

 

 

Introduction 

 

The anterior hyperfunction syndrome is 
associated with the combination syndrome or Kelly 
Sy.In 1972, Kelly presented clinical case, with the 
combination of edentulous maxilla opposed by natural 
mandibular anterior teeth, and called it the 
combinationsyndrome, today in his honor - Kelly`s 
syndrome [1]. This syndrome was presented as 
combination of some specificdestructive changes, in 
the hard and soft tissues, morphological and 
functional, and characterised by Kelly through 
fiveclinical simptoms [2] ( Figure 1). 

 
 

Figure 1: Kelly syndrome 
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The Glossary of Prosthodontic Terms defines 
Combination Syndrome as: The characteristic 
features that occur when an edentulous maxilla is 
opposed by natural mandibular anterior teeth, 
including loss of bone from the anterior portion of the 
maxillary ridge, overgrowth of the tuberosity, papillary 
hyperplasia of the hard palatal mucosa, extrusion of 
mandibular anterior teeth and loss of alveolar bone 
and ridge height beneath the mandibular removable 
partial denture bases, also called anterior 
hyperfunction syndrome [3, 4]. In 1979 Saunders, 
Gillis and Desjardins suggested extending the range 
of symptoms that characterize this syndrome by 
adding the following features: loss of the correct 
vertical dimension of occlusion, papillary hyperplasia 
on the hard palate, incorrect occlusal plane, patient’s 
poor adaptation to dentures, occurrence of granuloma 
fissuratum and changes in the periodontium of 
existing natural teeth [5, 6]. 

The success of the prosthetic rehabilitation in 
patients with removable dentures depends on the 
achievement of the aesthetics and phonetic ability, 
and most of all, from the proper use of the devices in 
the masticatory process [7]. All the patients that 
receive removable prostheses need a feeding 
education program. They must cut the food into 
smaller pieces, extend the length of time necessary 
for chewing, and place the food upon both the right 
and left sides of the mouth at once [8]. The 
masticatory function is important for the proper 
preparation of food bolus in the mouth, and since 
dentures provide only 15-50% masticatory 
efficiencies, bilateral mastication is very important, for 
feeding and denture stability also [9]. During the 
adapting period with keratinisation of the residual 
alveolar ridge, after learning to have active control 
overdentures, patient’s diet can change to harder 
food. In general, the food has to be cut in small bites 
and bitten with the side teeth, not the front one. The 
masticatory time is prolonged, and bilateral chewing is 
the best option. Bilateral chewing is very hard to 
achieve because in normal dentition there is unilateral 
chewing habit [10, 11]. Using the front teeth for biting 
hard food can cause higher pressure on the anterior 
residual ridge and appearance of anterior 
hyperfunction syndrome [12, 13]. 

The combination syndrome has a prevalence 
of 25% of individuals, wearing both complete denture 
opposing mandibular anterior teeth and a bilateral 
distal extension removable partial denture [14]. This 
syndrome is found in 48 8% of patients with a 
complete upper denture who do not wear a lower 
partial denture [15]. 

 

Case report 

A 52-year-old male patient was received in 
the Clinic for Prosthodontic, two and a half year ago, 
for restorative treatment. On clinical examination, the 

patient had an edentulous maxilla and four natural 
mandibular anterior teeth. Initial therapy procedure 
included oral hygiene instructions, caries control and 
manufacturing two dentures, complete maxillary and 
partial mandibular denture.  

 

Figure 2: Super eruption of the frontal teeth and mandibular ridge 
resorption 

 

Beside our advice for proper use, maintains, 
and regular check-ups, his first visit was after two and 
a half years. The patient's chief complaints were 
inadequate retention of maxillary complete denture 
and light swallowing in the upper canine region, 
without pain. During the intraoral examination, there 
was denture hyperplasia in the intercanine region of 
the upper jaw (Figure 2), flabby tissue.  

 

Figure 3: Denture-hyperplasia of maxilla   

 

One of the most common tissue reactions to a 
chronically ill-fitting denture is this inflammatory 
hyperplasia. Although benign, the condition is 
relatively troublesome since it interferes with denture 
placement. Surgical excision is the treatment of 
choice. With conventional techniques, high levels of 
skill with the accurate planning of incisions and 
repositioning of tissues are mandatory to prevent loss 
of sulcus depth. A reliable alternative to conventional 
surgery is the use of lasers. In this case was the 
application of neodymium (Nd: YAG) laser by Fotona. 
The Nd: YAG laser has long been used for oral 
surgery as it was the first purpose-built laser for 
dentistry. The patient agreed with suggested oral 
surgery treatment (vestibuloplasty and excision of the 
flabby tissue) with soft-tissue laser by Fotona. 



Stomatology – Case Report 
_______________________________________________________________________________________________________________________________ 

_______________________________________________________________________________________________________________________________ 

1002                                                                                                                                                                                                                     http://www.mjms.mk/ 
http://www.id-press.eu/mjms/ 

 

 

Figure 4: Fotona SP Dynamis  

 

The oral surgical procedure was performed 
with a previous application of a 3% anaesthetic - 
Scandonest, in the form of local infiltration 
anaesthesia with the help of a carpule syringe for the 
maxillary nerve. The wound can be left for secondary 
healing without sutures or covering.  

 

Figure 5: Use the Nd: YAG laser 

 

Care should be taken with all soft tissue 
lasers to direct the laser parallel to the underlying 
bone or other anatomical structures like foremen or 
salivary glands. After the treatment, he was advised to 
maintain good oral hygiene and to apply Solcoseril 
dental adhesive three times a day, on the operation 
site. 

 

Figure 6: Condition after use of laser 

 

After two weeks we made control chek-up, 
and found hyperplastic tissue still present, in some 
parts of the upper jaw. We decided that a revision of 
the surgical treatment was necessary for complete 
healing by (Figure 7). 

 

Figure 7: Revision of the surgical treatment by Nd: YAG 

 

It took over four weeks for tissue 
consolidation and healing of the treatment wounds, 
and after that our prosthodontic treatment was indirect 
relining of the upper complete maxillary denture 
(Figure 8) to achieve retention and stability. 

 
Figure 8: Postoperative situation without flabby tissue 

 

Next part of the therapeutic procedure was 
achieving and maintaining good occlusal bilateral 
balance with proper re-occlusion and re-articulating of 
the dentures (Figure 9). 

 
Figure 9: Panoramic radiograph of the patient 

 

Panoramic radiograph showed a typical case 
of combination syndrome with resorption of the 
anterior maxillary bone, periodontal changes with 
super-eruption of opposed mandibular anterior teeth 
and severe resorption of the residual mandibular 
alveolar ridge (Figure 10). 

 
Figure 10: New situation with relined existing dentures 
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 The patient was given instructions about food 
diet habits; he was warned not to bite hard food with 
front teeth because very hard food can imprint his 
dentures in the soft tissue and interfere with their 
stability. Regular chek-ups were appointed in two 
weeks, once a month, and every three months during 
the first year. The dentures were with satisfactory 
retention and stabilisation, and soft tissue without 
hypertrophic changes. 

 

 

Discussion 

 

The constant occlusal pressure of natural 
teeth on the opposing alveolar ridge can cause a bone 
atrophy of the edentulous region. A reverse effect of 
hypertrophy of the alveolar bone with an extrusion of 
teeth opposed by an edentulous jaw segment is also 
evident and usually develops synchronously. There 
are several classifications of the most dominant 
changes within this syndrome in three classes and 
subclasses [16]. 

Occlusal forces can cause remodelling of the 
jaw bonelike atrophy or hypertrophy and intensity of 
the changes vary from mild, moderate, to severe. 
Different factors, including presence or absence of 
teeth, history of tooth loss, the periodontal condition of 
present teeth, previous prosthetic treatments, bone 
density some parafunctional and dietary habits, 
influence the changes [17]. 

When treating the patients with anterior 
hyperfunction syndrome, we must make attempts to 
minimise the destructive changes by distributing 
occlusal stress over the hard and soft tissues and 
developing balanced and stable occlusion [18]. The 
maximal supporting surface under the dentures base, 
mandibular posterior support and balanced bilateral 
occlusion are proposed for longevity without typical 
clinical problems. 

Treatments are different, and they have to be 
directed towards removing of the hypertrophic tissue 
with conventional or laser surgery (vestibuloplastѕ and 
excision of flabby tissue followed by metallic denture 
base prosthesis). 

Planned extractions followed by immediate 
dentures is treatment when arch requires 
alveolectomy along with the extraction of the anterior 
teeth for patients with the severe prognathic maxilla, 
periodontally compromised proclined anterior teeth 
present in the maxillary arch and missing mandibular 
posterior teeth [19]. In patients, without surgical 
treatment, we have to use some modified impression 
techniques over the flabby area, during prosthodontic 
treatment. Best materials for this are zinc oxide 
eugenol impression paste, green stick and 
elastomeric [20]. 

Implant supported overdentures, and the fixed 
metal-ceramic prosthesis is also a satisfactory, good 
treatment option, but they are far more expensive [21]. 
Another new therapy treatment is to substitute 
resorption of the bone with bone augmentation, 
grafting procedure (autogenous iliac crest, 
autogenous rib grafts, calvarial bone grafting, tibiae 
grafting), or use of the Osseo-inductive effect of bone 
morphogenic protein within endosseous dental 
implants, etc. [22-24]. 

When we have to choose the type of 
prosthodontic treatment the most important factor is 
the distance from the residual ridge to the occlusal 
plane. This distance is increased by the vertical loss 
of bone and of soft tissue that occurs in this patient. 
When this distance is higher than 15 mm, the most 
indicated prosthesis is a removable type 
(overdenture), because resorpted tissue is 
compensated with the acrylic material [25]. The use of 
fixed restorations of metal porcelain type is 
compromised because it can result in the production 
of elongated teeth, which are not very aesthetic and 
also lead to increased leverage forces [26]. 

In conclusion, anterior hyperfunction 
syndrome with its high incidence is a disease with the 
need of interdisciplinary therapy approach. Fast 
diagnosis, thorough clinical examination using all 
available diagnostic tools, and choosing the right 
treatment is very challenging. Oral surgery as part of 
the therapeutic protocol, proceed with proper 
prosthodontic treatment brought our long-term patient 
solution for all of his problems. Our procedures were 
also successfully directed towards the preservation of 
the health of the natural dentition and their 
masticatory function.  
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Abstract  

BACKGROUND: Thyroid carcinomas (TC) are the most common endocrine malignancies. In some parts of the 
world, the incidence of TCs has increased over the past few decades, especially in females according to some 
studies.  

AIM: We have set as the objective for our study to analyse the demographic, ultrasound features, thyroid 
hormonal status and frequency of thyroid carcinomas in the Republic of Macedonia according to histopathological 
type. 

MATERIALS AND METHODS: Retrospective analysis of medical data from all diagnosed and treated patients 
with TC at the Institute of Pathophysiology and Nuclear Medicine for the period 1999-2010 was performed. 
Demographic characteristics: age at diagnosis, gender, histopathological type of TC and from clinical features: US 
findings and thyroid hormonal state at initial examination and their distribution in eight state regions were 
evaluated. 

RESULTS: Total number of 204 patients with TC in the Republic of Macedonia was registered. Papillary thyroid 
carcinoma (PTC) was the most frequent with 131 pts (64.21%), follicular (FTC) with 13 pts (6.37%) was second 
thyroid malignoma, followed by medullary (MTC) with 12 pts (5.88%), anaplastic (ATC) 11 pts (5.39%) and the 
rarest types were Hurtle cell carcinoma and intrathyroid sarcoma with only 1 diagnosed case. Age varied widely 
from 7 yrs to 88 yrs age (average 47.9 ± 16.6 yrs). PTC was more prevalent in younger age groups, while ATC 
was diagnosed in elderly patients. In all of the eight-country regions, the prevalence rate was higher for females 
than males (3:1) or 15.21/10

5
 female to 5.03/10

5
 male prevalence rate. According to US appearance mostly TC 

was unilateral in 42.65% and multifocal in 7.84% with dimensions from 15 to 50 mm. 

CONCLUSION: There is an increase in incidence and prevalence rate of TCs in our country, mostly PTC, while 
reduction exists in the number of diagnosed cases of ATC and FTC, comparing with previous studies before 
iodine prophylaxis program. Different from described in the literature is female: male (4:1) ratio for ATC. According 
to US features, we can conclude that introduction of more detailed reporting system may improve diagnostic 
accuracy.
 

 

 

Introduction 

 

Thyroid carcinomas (TC) are the most 
common endocrine malignancies. In some parts of the 
world, the incidence of TC has increased over the 
past few decades, especially in female patients 
according to some studies [1-3].  Thyroid 
malignancies are a heterogeneous group of tumors, 
with papillary (PTC) and follicular thyroid carcinomas 
(FTC) known as follicular cell-derived or differentiated 
thyroid carcinomas, medullary thyroid carcinoma 
(MTC) originating from neuroendocrine calcitonin-
producing C – cells and less common anaplastic 
thyroid carcinoma (ATC) with poor prognostic 

outcome and very rare intrathyroid lymphomas 
originating from intrathyroid lymphoid tissue and 
sarcomas arising from intrathyroid connecting tissue 
[4-6].  

Advances in histopathology techniques, 
immunohistochemical staining and molecular 
pathology reveal that there are further subtypes in 
differentiated thyroid carcinomas, PTC and FTC, with 
different genetic alterations, different histopathological 
features and different prognosis and outcome. 
Described subtypes of PTC are: typical variant, 
follicular variant of PTC, tall cell, oncocytic, columnar 
cell, diffuse sclerosing, solid, clear cell, cribriform 
morular, macrofollicular, PTC with fasciitis-like stroma, 



Public Health 
_______________________________________________________________________________________________________________________________ 

_______________________________________________________________________________________________________________________________ 

1006                                                                                                                                                                                                                     http://www.mjms.mk/ 
http://www.id-press.eu/mjms/ 

 

PTC with prominent hobnail features, Warthin – like 
PTC, mixed papillary and medullary thyroid carcinoma 
and PTC with dedifferentiation to ATC [6]. FTC is 
divided into subtypes according to the patterns of 
growth related to capsular and vascular invasions into 
minimally invasive follicular carcinoma (MIFC) and 
widely invasive follicular thyroid carcinoma (WIFC), 
and according to the World Health Organisation 
(WHO) Hürthle cell, adenocarcinoma is also included 
as a variant of FTC [7-9]. Poorly differentiated thyroid 
carcinoma (PDTC) as a distinct group between 
differentiated thyroid carcinoma and ATC was 
originally described in1983 and included in the WHO 
classification of thyroid tumours in 2004. 
 

A consensus conference held in Turin in 2006 
confirmed geographical differences among claimed 
forms of PDTC according to suggested diagnostic 
algorithm based on the presence of a 
solid/trabecular/insular pattern and high-grade 
features. Evaluation recognised some overlap with 
solid and tall cell variants of PTC and FTC with 
predominant solid and trabecular growth pattern [10]. 
Insular thyroid carcinoma (ITC) was firstly described in 
1984 by Carcangiu et al., as a distinct 
clinicopathological entity. ITC is characterised by 
insulae consisted of small, uniform cells sometimes 
associated with small thyroglobulin-containing 
follicules and according to its aggressive biology and 
the worst prognosis is included into the PDTC group 
of thyroid tumours [11,12]. MTC include sporadic (not 
inherited), MEN 2A and MEN 2B (multiple endocrine 
neoplasias, genetic syndromes that involve other 
parts of the endocrine system), and familial (inherited, 
but not linked to other MEN-related endocrine 
tumours). Metastatic thyroid tumours (ms) are also 
included in thyroid malignancies, mostly resulting from 
contiguous infiltration from carcinoma of the larynx, 
oesophagus or by hematogenous dissemination from 
breast, lung, kidney carcinoma, metastatic deposits 
from melanoma, etc. [13]. 
 

Due to the deficit of state cancer register and 
absence of published papers about TC in the 
population of Republic of Macedonia we have set as 
the objective for our study to analyse the 
demographic, ultrasound features and the frequency 
of thyroid carcinomas in the Republic of Macedonia 
according to histopathological type for the period 
1999-2010. 

 

 

Materials and Methods 

 

Retrospective analysis of data of all 
diagnosed and treated patients with TC at the Institute 
of Pathophysiology and Nuclear Medicine for the 
period 1999 – 2010 was performed. For the analysed 
period our Institute was the healthcare institution that 

treats most of the patients with thyroid carcinomas. 
From the total number of diagnosed patients with TC, 
their demographic characteristics were evaluated: age 
at diagnosis, gender, histopathological type of TC, 
while from the clinical features: US findings and 
thyroid hormonal state at initial examination.  

Using the basic demographic indicators from 
Statistical State Office and data from census in 1994 
and 2002 we assessed the yearly incidence rate per 
100.000 female and male, differences in incidence 
rate and prevalence rate of different histopathological 
types between gender and their distribution in age 
groups, dividing the patients into four age groups (0-
19, 20-40, 41-60 and >61 years). Regional distribution 
of histopathological types of TC in R Macedonia was 
analysed also. Incidence and prevalence rate of 
distinct types of TC were evaluated for eight 
geographical regions of the whole country according 
to data from the Republic State Statistical Office from 
2009 [14]. 
 

Initial US features were analysed, and from 

the initial  US representation were recorded 
dimensions of the thyroid nodules, echogenicity, the 
presence of calcifications, enlarged neck lymph nodes 
and localisation of a tumour. According to the 
dimensions, thyroid nodules were divided into four 
groups (occult tumours in the absence of the clearly 
defined lesion in the thyroid gland, small tumours <15 
mm, 15 – 50 mm, gross tumours > 50 mm). Multifocal 
or multicentric TCs were also described as the distinct 
group according to findings from the histopathological 
report. Another described US feature was the 
echogenicity and according to this characteristic we 
have described anechoic, hyperechoic, hypoechoic, 
isoechoic and heterogeneous nodules, also the 
presence/absence of calcifications, localisation 
(isthmic, right, left lobe and bilateral) and detection of 
enlarged neck lymph nodes at the initial 
representation of the patients. 
 

 

 

Results 

 

A total number of 204 patients with TC in R 
Macedonia was registered. The Annual incidence rate 
showed the slight increase of thyroid malignomas 
comparing with previous studies for the period 1966-
1980, with the highest incidence rate in 2000 when 
1.18/10

5
 was recorded. The evaluated prevalence rate 

for our population increased from 6.5/10
5 

in 1966-
1980 to 10.15/10

5 
in 1999-2010 [15]. Average 

disease-specific mortality for the period 1999-2010 
was 0.044/10

5 
[15]. Distribution according to the 

histopathological type of TC showed that papillary 
thyroid carcinoma (PTC), for the analysed period 
including all histopathological variants of PTC was the 
most frequent with 131 pts (64.21%). From known 
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histopathological variants of PTC in our population 
most common was typical PTC with 97 pts (47.55%) 
then second according to frequency was follicular 
variant of PTC 29 pts (14.21%), 4 cases (1.96%) PTC 
with osteoclast-like multinucleated giant cells PTC and 
PTC with nodular fasciitis-like stroma 1 case (0.49%). 
Follicular thyroid carcinoma (FTC) with 13 pts (6.37%) 
was the second thyroid malignoma according to 
frequency, followed by MTC with 12 pts (5.88%), 
anaplastic (ATC) 11 pts (5.39%) and rarest types 
were Hurtle cell variant of follicular carcinoma and 
intrathyroid sarcoma with only 1 diagnosed patient 
respectively for the evaluated period (Figure 1). 

 

Figure 1: Annual frequency of TC by histopathological type
 

 

From the demographic features, we have 
analysed age of the patients at the time of diagnosis. 
Age of the patients varies widely from 7 yrs to 88 yrs 
age (average 47.9 ± 16.6 yrs) (Figure 2a). Annual 
average age of the patients in the moment of 
diagnosis was calculated and according to this data 
youngest patients were diagnosed in 2002 with an 
average age of 36 years (± 16.18) and oldest in 2001 
with an average age of 57.9 years (± 10.87) (Figure 
2b).  

 

Figure 2: Distribution of TC by age groups. a) Frequency of all TC 
by age groups; b) Average age of the patients at the diagnosis 
yearly 

 

Analysis of the distribution of histopathological 
types by age indicates that PTC was more prevalent 
in younger age groups, while ATC was diagnosed in 
age groups above 40 years and the highest frequency 
above 61 years in elderly patients. The average age 
for PTC was 43 (± 14.7) yrs, 51.8 yrs (± 16.6) for FTC, 
47.5 (± 18.9) yrs for MTC and 67 (± 8.3) yrs for ATC 
(Figure 3).  

 

Figure 3: Distribution of different histopathological types by age 
groups 

 

Age-standardized distribution of TC in both 
genders indicates that in females TCs were most 
frequently in age groups from 20-40 years and with 
almost similar frequency in the age group 41-60, while 
in male most TCs were distributed in the age group 
41-60 and older age above 61 years (Figure 4).
 

 

Figure 4: Distribution of TC by gender according to age groups
 

 

The incidence rate of TC related to gender 
was evaluated and around three times higher 
incidence rate was recorded in female population than 
a male with the exception in 1999 when slightly higher 
incidence rate in the male population of 0.69/10

5
 

compared to a female with an incidence rate of 
0.59/10

5 
(Figure 5). Analysis revealed three times 

higher prevalence rate (15.21/10
5
)
 
of TC in female 

compared to (5.03/10
5
)
 
male gender.   

 
Figure 5: Annual incidence rate by gender/100.000 f/m (1999-2010) 

 

Distribution of histopathological types by 
gender revealed a similar pattern in female and male 
population, with PTC type as most frequent in both 
genders and MTC second most prevalent TC in 
female and FTC in the male population. Anaplastic 
thyroid carcinoma was more frequently diagnosed in 
female than male in our population (Figure 6). 
 

 

Figure 6: Distribution of different histopathological types by gender 
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The prevalence rate of TC by gender per 
100.000 female and male individuals in eight regions 
of our country were analysed.  In all regions, 
prevalence rate was higher for female population than 
male, especially in Vardar region where only female 
TC pts were diagnosed for the analysed period. The 
highest prevalence rate for male population was 
detected in East region, while for a female in Skopje 
region (Figure 7).
 

 

Figure 7: Prevalence rate by gender in eight regions of our country 

 

According to ultrasound (US) appearance of 
TC at initial presentation, 12 cases were diagnosed as 
occult thyroid carcinoma because of absence of 
clearly defined lesion in thyroid gland, 149 pts were 
with detected thyroid nodules on the US, from which 
93 pts were with one nodule, struma nodosa 
athyreotic (SNE) and 56 pts with multinodular goiter, 
struma multinodosa athyreotic (SMNE) and 43 pts 
lacking first US examination descriptions in medical 
files, mostly due to the fact that their first examination 
at our Institute was preformed after the surgical 
treatment or TC was incidentally diagnosed after 
thyroidectomy of multinodular goiter. Another 
parameter that derived from US examination and 
additional pathology report features, was the largest 
diameter of the thyroid nodule at first examination and 
thereafter at intervention and appropriately according 
to dimensions we have divided pts in to four groups, 
respectively as small thyroid tumors less than 15 mm, 
15 – 50 mm, large tumors > 50 mm and multifocal 
carcinoma. Mostly TCs were unilateral and with 
dimensions from 15 to 50 mm with 42.65% and the 
rarest were multifocal with 7.84%. According to US 
appearance, most nodules were described as 
hypoechoic (29.9%), and with similar representation 
heterogeneous (29.4%), hyperechoic solid nodules 
(5%), isoechoic (3.4 %) and rarest anechoic cystic 
lesions (1.5%), in 30.9% description of echogenicity of 
the nodule was missing. In 19% of TC presence of 
calcifications were described. Nodules were usually 
localised in thyroid lobes more frequently in the right 
lobe (34.8%), than left lobe (26.5%), rarely with 
bilateral involvement (8.3%) and lesions with thyroid 
isthmus involvement with only 4.4%. In 30% of 
patients on the initial US were detected enlarged neck 
lymph nodes. According to thyroid hormonal status at 
initial examination most of the patients were euthyroid 
153/204 (75%), subclinical hypothyroidism had 11/204 

(5.39%), subclinical hyperthyroidism had 8/204 
(3.92%), hyperthyroid state was detected in 4/204 
(1.96%) and hypothyroid only in 1/204 (0.49%) (Table 
1). 

Table 1: The US features at initial examination of diagnosed 
thyroid carcinomas 1999-2010
 

Nodules Pts (%) Echogenicity Pts (%) 

Occult 12 5.88% Anechoic 3 1.471% 

SNE 93 45.59% Hyperechoic 10 4.902% 

SMNE 56 27.45% Hypoechoic 61 29.902% 

Without data 43 21.08% Isoechoic 7 3.431% 

 
  

Heterogeneous  60 29.412% 

  
Without data 63 30.882% 

Dimensions Pts (%) Localisation pts (%) 

<15 mm 20 9.804% Isthmic 9 4.412% 

15 - 50 mm 87 42.647% Right lobe 71 34.804% 

> 50 mm 23 11.275% Left lobe 54 26.471% 

Multifocal 17 8.333% Bilateral 17 8.333% 

Without data 57 27.941% Without data 53 25.980% 

Neck lymph nodes  Pts (%) Calcifications pts (%) 

Present 55 26.961% Present 39 19.118% 

Without 125 61.275% Without  165 80.882% 

Without data 24 11.765% 
   

 

 

Discussion 

 

Thyroid carcinoma comprises a spectrum of 
different tumours with the wide range of biological 
behaviour and prognosis and from highest priority is 
the early differential diagnosis, which leads to 
appropriate treatment of the patient [16]. The 
importance of epidemiological data is in the possibility 
of giving the true distribution of the disease in the 
population and using different scientific methods, 
which indicate of possible etiological influences in the 
pathogenesis. Many studies have analysed 
epidemiological trends in TC. Gathered data showed 
that as in other countries, in our country there was a 
trend of increase in the incidence and prevalence rate, 
compared with the published data for the period 1966-
1980, from 6.5/10

5 
to 10.15/10

5
, or around 1.6 times 

increase in prevalence rate between two analysed 
decades [15, 17]. This prevalence rate is lower than 
reported in many countries and may be due to 
environmental, genetic factors or due to 
underdiagnosis of TC [3- 5].  

From all TCs in R Macedonia, PTC 
predominates with 64.21% representation, females 
affected more frequently than males in ratio 3.3:1. 
Cancer gender disparity in incidence, disease 
aggressiveness and prognosis has been observed for 
a variety of cancers, and according to literature, 
thyroid cancer has 2.9-times higher rate in women 
(data from USA study), but in the literature this gender 
disparity in TC is also specific to the histologic 
subtype, data indicates that more aggressive types of 
TC, ATC and MTC have similar rates of incidence in 
men and women. Meanwhile, differentiated thyroid 
cancer of follicular cell origin, such as FTC and PTC, 
are more common in women [18, 19]. We found same 
female/male ratio for PTC and MTC 3:1 and even 
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higher ratio for ATC of 4:1 and almost similar 
prevalence for FTC by gender. According to V. LiVolsi 
and other data from the literature, almost 80 – 85% of 
all TC are PTC, with a female: male ratio varying 2:1 
to 4:1 [3, 18, 20]. A similar distribution of 
histopathological types of TC was described in the 
Ellis Fischel Cancer Center Registry Data for the 
period 1998-2012, with registered 57% of PTC in all 
TC. Furthermore, it is concluded that this frequency of 
PTC is recorded both in iodine deficiency and iodine 
sufficiency regions and it is recognised as the most 
indolent type of TC. Evaluations of epidemiological 
trends showed that papillary microcarcinomas are 
more frequently diagnosed. One probability is that 
global increase in the incidence of TC is due to 
improved diagnosis of papillary microcarcinomas [21]. 

 

The important fact is that papillary carcinomas 
are also subdivided into different subtypes, with 
different biological behaviour. In the current study 
from 204/97 pts or 47.55% were typical PTC, then the 
second was a follicular variant with 14.21%, 1.96% tall 
cell and only 0.495 or 1 patient was PTC with nodular 
fasciitis-like stroma type [20].
 

Second most common TC is FTC with 6.37% 
representation of all TC in our population for 1999-
2010 periods. In literature, the incidence rate varies 
greatly from 10 to 32 %, the known environmental 
factor is dietary iodine intake, and it is recognised that 
greater frequency of FTC exists in iodine deficiency 
regions [22]. B. Karanfilski et al. (1990), published 
data about the distribution of TC for period 1966 – 
1988 in our country and according to those data FTC 
was represented with 17.5% in all TC. We found 2.8 
times reduction in the representation of FTC in all TC 
[17]. This observation is recorded in other studies in 
countries after the introduction of iodine deficiency 
correction programs. The territory of R Macedonia 
was iodine deficient region till 1956 when iodine 
prophylaxis program was started with the introduction 
of salt iodination with 10 mg KJ/1kg salt till 1999 when 
the second program was initiated with 20 - 30 mg 
KJO3/1 kg salt. In 2003 expert team by WHO, 
UNICEF, ICCID and National Committee conducted 
an evaluation and concluded in their final report that 
iodine deficiency in R Macedonia was corrected. 
Change in iodine intake in the analysed period is a 
possible mechanism for the lowered frequency of FTC 
in our population comparing to the study for previous 
decades [23, 24]. We assume that correction of iodine 
deficiency in R Macedonia is also the reason for the 
detected reduction in the frequency of ATC from 
17.9% (second commonest) in 1966-1988 to 5.39% in 
1999-2010. On the other hand increase in the number 
of MTC, cases were detected. This increase in MTC, 
as third most common TC with 5.88%, compared to 
2.2% in 1966-1988 published data, may be due to 
advanced diagnostic facilities. 

Age distribution of histopathological types 
showed younger age at the moment of diagnosis of 

PTC, compared to ATC in our study, described in 
other studies as well. Thyroid cancer is the only 
malignancy with age as a prognostic indicator 
included in the staging systems. The theory of the 
pathogenesis of ATC describes the possibility of 
development of this poorly differentiated TC from 
undifferentiated follicular cells of PTC with the process 
of genetic alterations leading to loss of TSH receptor 
expression and loss of iodine avidity of a tumour [25]. 

According to US features and 
histopathological data, TC was usually unilateral and 
with dimensions from 15 to 50 mm with 42.65% 
representation and most rarely was multifocal with 
7.84%. Mostly nodules were described as hypoechoic 
(29.9%) and inhomogeneous (29.4%). 30% of patients 
were detected with enlarged neck lymph nodes on the 
initial US. Many studies indicate that detection of 
nonpalpable thyroid nodules has increased with wider 
application of US and other imaging modalities [26]. 
The study revealed mostly thyroid tumours with 
dimensions from 15 to 50 mm (42.65%), while only 
9,8% were smaller than 15 mm. According to literature 
one of a possible reasons for the increase in the 
incidence of TC is improved diagnosis of 
microcarcinomas, less than 1 cm. 
 

From all patients only in 19.11% were 
described calcifications in the thyroid nodules at initial 
US examination. According to Hoang et al., one of the 
most specific US features for malignancy is the 
presence of calcifications with a described specificity 
of 85.8%–95% and positive predictive value of 
41.8%–94.2% [27, 28]. Microcalcifications represents 
psammoma bodies and are usually described in PTC, 
while coarse calcifications more likely to be found in 
MTC. This discordance between our data and 
literature may be due to the absence in the detailed 
description of US examinations according to Thyroid 
imaging reporting and data system (TIRADS) criteria 
[29]. 
 

In conclusion, there is an increase in the 
incidence and prevalence rate of TCs in R Macedonia 
for the period 1999-2010 compared with data from the 
previous study (1966-1980). According to 
histopathological type, the most common was PTC, 
second FTC, and third MTC, followed by ATC and 
most rare were Hurtle cell adenocarcinoma and 
intrathyroid sarcoma with only 1 case. Comparing with 
the data from the previous study for period 1966-1988 
in our country, there is a reduction of diagnosed ATC 
and FTC. We conclude that this change in the 
distribution of histopathological types may be due to 
the introduction of iodine prophylaxis and elimination 
of the problem of iodine deficiency in our country. All 
histopathological types were more common in females 
than males, (f/m ratio 3:1). Age-standardized 
distribution of TC in both genders indicates that in 
females TCs were more frequently diagnosed in 
younger age than in males. PTC was usually 
diagnosed in younger age (average 43 yrs), while 
ATC was mostly diagnosed in elderly people (average 
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age at diagnosis 67 yrs). Analyzed US features 
indicates that introduction of more detailed reporting 
system may improve the diagnostic accuracy. Further 
prospective studies with the introduction of TIRADS 
system on our populations are needed for evaluation 
of diagnostic accuracy of this method and selecting 
suspicious thyroid nodules for more detailed 
examinations.    
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Abstract  

AIM: This paper examines the activities of mobile services units including ultrasound services in rural and urban 
communities in the Calabar region of South-South, Nigeria. 

MATERIALS AND METHODS: Consenting individuals were invited and attended five medical outreach activities 
in rural and urban areas of the Calabar region between January and June 2016. Abdomino-pelvic scans were 
done. Subsequently the results were analyzed. 

RESULTS: Five hundred and seventy-four (574) individuals had Abdomino-pelvic scans done, using a curvilinear 
probe to assess the abdomino-pelvic organs. The female to male ratio was 1.46:1. The age ranged from 1-78 
years with a mean of 40.63 (standard deviation of 17.5). The commonest sonographic finding was uterine fibroids, 
21 (8.1%). Fifty-four percent of the scans were normal. The commonest sonographic finding in men was prostatic 
enlargement.  

CONCLUSION: Medical outreach activities provided by mobile units provide much needed ultrasound services in 
poor resource settings in Nigeria. Significant clinical pathologies were identified at fairly high rates. 

 

 

 

 

Introduction 

 

The benefits of diagnostic ultrasound are no 
longer debatable [1]. Since the practice of diagnostic 
ultrasound became established and popular in the 
1950s [2] the field of medicine and medical care 
worldwide has been greatly revolutionized. Compared 
with the earlier imaging modalities, diagnostic 
ultrasound is safe, uses sound waves with no ionizing 
radiation, is cheap, simple to operate and widely 
available [2, 3]. It can be used both for diagnosis and 
therapeutic purposes [3].  

In developing countries such as Nigeria, the 
rural communities have limited access to diagnostic 
centres [1]. Besides the unavailability of ultrasound 
and other diagnostic facilities, misconceptions, fears 
and poverty have further limited access to medical 
care [4]. Over the past decade however, the use of 

clinician performed, hand-carried bed side ultrasound 
has gained increasing popularity as a useful imaging 
modality worldwide, helping to boost the diagnostic 
capacity of rural district hospitals in resource–limited 
settings [5]. Many new lap-top-based machines 
(mobile ultrasound machines) are now available [5]. 
Improvements in battery life for hand-carried 
machines and the lack of film, chemical developers 
and dedicated technicians allow for use of ultrasound 
in health care missions to remote areas of the 
developing world [5-8].  

The use of mobile health care services and 
mobile ultrasound services is not new in the world and 
even within the country [7-10]. West D et al. [11] 
reported that the use of mobile devices and mobile 
ultrasound services help with maternal care, chronic 
disease management and disease epidemics. They 
improve the efficiency and effectiveness of the 
medical system through patient tracking and reporting 
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and they extend critically needed health services to 
underserved areas [10-12]. The report also showed 
that the mobile ultrasound patrol program in Morocco 
uses portable ultrasound machines and 3D smart 
phones to improve diagnostic times for expectant 
mothers [11] 

Nigeria is the most populous country in Africa 
and many areas have little or no access to adequate 
healthcare, well below that of other African countries. 
The country represents a potentially important 
example of mobile health solution with more than 174 
million residents [10-12].  

The aim of this study is to examine the 
medical outreach activities of portable mobile 
ultrasound services units, donated by Joseph Ukpo 
Hospital and Research Institute (JUHRI) in rural and 
urban communities in the Calabar region of South-
South Nigeria.  

 

 

Materials and Methods 

 

This is a descriptive study of clinical outreach 
activities that took place in January, March and June 
2016 in five Cross River State rural and urban 
communities. Two portable ultrasound systems 
(Mindray DP-30, each with 12.1 inch LED monitor, 
high-resolution 1024 x 768 control panel, dual 
transducer ports, enabling THI (Tissue Harmonic 
Imaging) and transducer dependent TSI (Tissue 
Specific Imaging).  

The ultrasound systems included two convex 
probes (Mindray 35C50EA, 2.0/3.5/6.0 MHz convex 
array transducer). The two mobile ultrasound systems 
were donated by Joseph Ukpo Hospital and Research 
Institute (JUHRI) with the aim of setting up mobile 
clinics and hospitals with emphasis on the rural/urban 
settings who do not have access to medical care. 
Other items donated to set up the mobile clinics 
included two Ambulance vehicles (Ford E 350 Super 
duty Type II Ambulance), a medical library, first aid 
equipment, drugs, clinical thermometers, blood 
pressure equipment, glucometers, urinalysis kits and 
haemoglobinometers [13]. This year (2016) mobile 
clinics have been set up in three rural communities 
including Akpabuyo, Akamkpa and Mfamosing. Urban 
centres were Saint Patrick’s Catholic Church, Ikot 
Ansa, Calabar and a correctional facility in the city of 
Calabar.  

The St. Patrick’s Church, Ikot Ansa is located 
along the Old Odukpani Road, one of the major 
Roads in Calabar, it has a population of 1410 families. 
Akamkpa Local Government Area has a population of 
151,125 people. Akamkpa has a land mass of 4,300 
km2, bounded by Odukpani and Akpabuyo Local 
Government Areas to the west and south. There are 

260 villages including Mfamosing and is serviced by 
one Primary Health Center at Oban, one General 
Hospital at the headquarters and several private 
health clinics. Akpabuyo, also a local Government 
Area of Cross River State, Nigeria, has an area of 
1,241 km

2
 and a population of 271,395 [14, 15]. 

These go to show how massively populated these 
areas are and how underserved they are in terms of 
healthcare. The correctional facility had 800 in-mates 
as at the time of the medical outreach. All 
communities involved in the outreaches were duly 
informed by their parish priests two to three weeks 
before each exercise. The correctional facility 
outreach exercise was requested for by their Chaplain 
in-charge, the date and time was agreed upon. 
Consent was obtained from the correctional facility 
authorities, the Cross River State ethical committee 
and the individual in-mates. Formal letters were 
written to the correctional facility authorities and to the 
village or town heads of these communities for this 
purpose and this included seeking consent from them 
for the ultrasound examination.  

A verbal consent was also obtained from the 
individuals just before commencement of the medical 
outreach by explaining to them what was to be done 
and by whom as well as the overall benefit of this 
exercises. All the outreaches were carried out within 
the parish premises or within the correctional facility. 
Four other parishes were invited to each community 
outreach and subjects were encouraged to come 
along with their sick family members.  

The medical personnel consisted of a 
consultant radiologist who specializes in 
ultrasonography, senior residents in radiology and 
internal medicine as well as hematology. They 
assisted the consultant in doing the scans, consulting 
with the subjects and carried out the basic laboratory 
investigations respectively. Others included senior 
nurses and laboratory scientists whose roles were to 
ensure that proper records were kept, vital signs and 
laboratory investigations accurately documented. 

With the aid of a detailed questionnaire, 
subject data such as age, sex, body mass index 
clinical history, examination and diagnosis were 
recorded on paper initially before transferring them to 
a computer. Some of the outreaches were purely for 
screening and the others based on clinical 
presentation of the participants. Ultrasound scans 
were carried out on all participants using the portable 
ultrasound systems for the screening activities. For 
the selective treatment activities, scans were carried 
out on individuals with clinical indications such as 
abdominal pain, infertility, pregnancy and 
undiagnosed chronic illness.  

Data were entered into Excel format and 
analyzed using SPSS v. 20 (SPSS Inc. Chicago. IL, 
USA). Frequency tables, histograms and bar charts 
were used to analyze the data. 
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Results 

 

Five Hundred and Seventy Four (574) 
patients were seen in Five (5) different Medical 
outreaches and five (5) different communities in Cross 
River, South South Nigeria (Table 1). 

Table 1: Participating communities and female/male ratio 

Communities Frequency (%) Female (%) Male (%) 

Akpabuyo Local Government Area 
St. Patrick’s Parish Ikot Ansa 
Correctional facility 
Akamkpa 
Mfamosing 
Total 

95 (16.5) 
91 (15.8) 
113 (19.7) 
163 (28.5) 
112 (19.5) 
574 (100) 

75 (79) 
66 (72.5) 
30 (26.5) 
101 (62) 
69 (61.6) 
341 (59.4) 

20 (21) 
25 (27.5) 
84 (73.5) 
62 (38) 

43 (38.4) 
233 (40.6) 

Female/male ratio  1.46:1 

 

The female to male ratio was 1.46:1, with 
females 341 and males 233 (Table 1 and Figure 1).  
The ages ranged from 1-78 years with a mean of 
40.63 ± 17.15 (standard deviation). 

 

Figure 1: Participating Communities and Female/Male Ratio 

 

The five communities and their frequencies 
included; Akpabuyo 95 (17.6%), St Patrick’s, Ikot 
Ansa 91 (16.8%), Correctional facility 113 (19.7%), 
Akamkpa 163 (28.4%), Mfamosing 112 (19.5%). 
(Table 1), (Figure 1). 

Table 2: Common sonographic findings 

Sonographic findings  Frequency Percentage (%) 

Normal study 140 54 
Uterine fibroids  21 8.1 
Fatty liver  16 6.2 
Pelvic inflammatory disease -14 6.2 
Prostatic enlargement  8 3.1 
Splenic enlargement  5 1.9 
Normal pregnancy  4 1.5 
Increased bladder wall thickness (cystitis) 4 1.5 
Nephrocalcinosis  4 1.5 
Epigastric hernia 3 1.2 
Liver calcification  3 1.2 
Renal parenchymal disease 3 1.2 
Renal cysts  3 1.2 
Ovarian cysts 3 1.2 
Small uterus for age 2 0.7 
Pyelonephritis  2 0.7 
Inguinal hernia  2 0.7 
Umbilical hernia  2 0.7 
Abdominal malignancy  2 0.7 
Utero-vaginal prolapse  2 0.7 
Polycystic ovary disease 1 0.4 
Pelvi-ureteric junction obstruction  1 0.4 
Lipoma (upper limb) 1 0.4 
Intestinal obstruction  1 0.4 
Renal calculus  1 0.4 
Early onset menopause  1 0.4 
Ectopic pregnancy  1 0.4 
Kidney enlargement  1 0.4 
Post surgical, Abdominal incisional hernia 1 0.4 
   

 

The commonest sonographic finding over all 
by far was uterine fibroids 21 (8.1%) (Table 2), 

whereas more than 50% of scans done were normal 
(54%). 

Table 3: Gender with common sonographic findings 

Sonographic findings  Female (%) Male (%) 

Normal  65 (46.4) 75 (54.6) 
Uterine fibroids  20 (100) - 
Fatty liver  14 (87.5) 2 (12.5) 
Pelvic Inflammatory Disease 14 (100) - 
Prostate enlargement - 8 (100) 
Renal pathology  7 (100) - 
Normal cyesis 4 (100) - 
Splenic enlargement  3 (60) 2 (40) 
Ovarian cysts  3 (100) - 
Small uterus for age  3 (100) - 
Liver calcification  - 3 (100) 
Abdominal hernias 2 (50) 2 (50) 
Utero-vaginal prolapse 2 (100) - 
Polycystic ovaries  2 (100) - 
Renal cysts  1 (33) 2 (66) 
Post surgical incisional hernias 1 (50) 1 (50) 
Abdominal malignancy  1 (50) 1 (50) 
Ectopic pregnancy  1 (100) - 

 

The commonest sonographic finding in the 
females was uterine fibroids while in the males it was 
prostatic enlargement (Table 3). 

 A typical sonographic scan being carried out 
is shown in Figure 2.  

 
Figure 2: Pelvic-Ultrasound scanning during the medical outreach 

 

 

Discussion 

 

In much of Sub-Saharan Africa, diagnostic 
imaging in patient care is limited to urban settings and 
lack of adequate healthcare facilities, personnel and 
diagnostic tools remain a major barrier to healthcare 
delivery. The use of Ultrasound and x-rays are ideal 
diagnostic tools because they can meet 70-80% of all 
clinical diagnostic needs [15] Their absence increases 
the risk of misdiagnoses, treatment delays, and 
negative healthcare outcomes [15]. Few prior studies 
of ultrasound services in remote settings exist. With 
non-governmental organizations efforts to strengthen 
and scale-up existing public sector health care models 
in rural international settings, attention has focused on 
appropriate placement of cost effective, durable 
technology that will assist local care providers in the 
clinical care of their patients [16].  

This motive is seen in this initiative by the 
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Joseph Ukpo Hospital and Research Institute 
(JUHRI), through their provision of ambulances, drugs 
and mobile ultrasound machines in order to reach 
rural settings with little or no access to medicare. 
JUHRI is a faith-based charity in Nigeria funded by 
Friends of Joseph Ukpo Hospital and Research 
Institute, a nonprofit corporation and a public charity 
with Tax Exempt Status under section 501(c) [3] of the 
Internal Revenue Code of the United States of 
America, whose mission is to bring the benefits of 
modern medical science to individuals in South South 
Nigeria and beyond. 

The number of scans done was determined 
by whether or not health screening was carried out. 
Scans were therefore limited to those who required 
them in the first instance. On the other hand screening 
exercises were carried out in two of these 
communities and hence all participants were scanned. 
Types of scans were limited to the abdomen and 
pelvis because of unavailability of other transducers. 
The commonest finding was uterine fibroids in women 
and prostate enlargement in men. Majority of scans 
done turned out to be normal during the screening 
exercises.  

Uterine fibroids were the commonest pelvic 
tumor in women [17, 18]. Several studies have 
documented increased incidence of uterine 
leiomyoma in black women and women of African 
descent [18, 19]. This probably explains why it is the 
commonest finding in the women in the index study. 
Our study reveals that the age bracket commonly 
affected was 40-59 years. This is quite unlike other 
studies conducted within and outside Nigeria where 
the younger age groups were most affected [17, 20, 
21].  

Prostatic enlargement is a common disease 
of aging men worldwide [22]. Men in the seventh 
decade are most commonly affected [22-24]. The 
index study showed that majority of men affected 
were in the 40th and 50th decades, in younger age 
groups when compared with the above mentioned 
studies done within the country [22-24].  

Comparison of past medical history and 
ultrasound findings could not be accurately done. Past 
medical history such as tuberculosis, sickle cell 
disease, human deficiency virus, bronchial asthma 
and glaucoma were probed for. We could not however 
rely on the clinical history given because a good 
number of them had not sought any form of medical 
care before and if they did, it was from a local primary 
health care center or general hospitals which are not 
well equipped to evaluate and handle such severe 
and chronic illnesses. The general healthcare status 
in these areas is quite poor and basically similar. The 
overall healthcare facilities include a primary 
healthcare center, a non-functional general hospital, 
several small private health clinics and patent drug 
stores. The only tertiary healthcare institution, a 
teaching hospital, is in the city of Calabar which is 

about 35 to 44 km (about three to five hours drive by 
road considering the bad roads) from these 
aforementioned towns or villages. Basically any 
proper and affordable healthcare can only be obtained 
from the teaching hospital in Calabar. However, the 
far distance, the fact that access to treatment is not 
free and the long period of waiting to be attended to, 
make these new mobile healthcare services 
preferable since it is free of charge, they do not have 
to travel far for it and the waiting time is drastically 
reduced. 

Some literature have attempted to measure 
the impact of ultrasound services in these low 
resource settings and innovations in teleradiology and 
portable ultrasound have been shown to offer 
opportunity for improved ultrasound access in these 
areas [25, 26].  

Sachita P. Shah et al., [16] suggests that 
ultrasound is a useful modality that particularly 
benefits women’s health and obstetrical care in the 
developing world. They also believe that ultrasound 
services significantly impact patient management 
plans especially with regards to potential surgical 
interventions. 

In conclusion, these outreaches have 
indicated the need for ultrasound services in these 
communities as significant pathologies were identified 
at fairly high rates. It is recommended that other 
ultrasound transducers be acquired to further increase 
the scope of diagnoses made in these outreaches and 
further the advantage therefrom. 
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Abstract  

AIM: To investigate risk factors for early preterm birth. 

METHODS AND MATERIAL: A retrospective comparative study was conducted at Tabuk, Kingdom of Saudi 
Arabia during the period from January to December 2010. Five hundred and ninety-five patient's files and delivery 
registry logbooks were reviewed, the following information was collected; demographic data, current and past 
obstetric histories. Then the early and late preterm births were compared for various risk factors. The Statistical 
Package for Social Sciences (SPSS version 22) was used. The Chi-square and t-test were used to test the 
statistical significance and a P-value<0.05 considered significant. 

RESULTS: Prevalence of early preterm birth was found to be 2.5% in our study group. Women at risk for early 
preterm birth were: primigravidas (33.7% vs. 26.2% for control), P-value 0.039, OR 1.429 and 95% CI 0.982 - 
2.079); multiple gestations (87.7% vs. 95.1% for control, P-value 0.002, OR 0.368 and 95% CI 0.196 - 0.688); and 
patients with a prior history of placental abruption (3.7% vs. 1.0% for control, P-value 0.027, OR3.928 and 95% CI 
1.1360 - 13.586).  

CONCLUSIONS: Current study indicated that early preterm births differed from preterm as a whole; primigravida, 

multiple gestations and a history of placental abruption are independent risk factors for them. 

 

 

 

 

 

 

Introduction 

 

Preterm birth defines as the delivery of an 
infant between 24 and 37 weeks gestation [1, 2].

 
It 

remains a big challenge in the perinatal health care 
and is associated with considerable mortality and 
short and long-term morbidities for the surviving 
infants. With the improvement in neonatal intensive 
care, late preterm infants (born after the 34 weeks) 
were at far lower risk for these complications when 
compared to early preterm infants (born between 24 
and 34 weeks) [3-5]. 

Neonates born before 34 weeks experienced 
considerable morbidity and often necessitate 

admission to neonatal intensive care units [6].
 
These 

morbidities include cerebral palsy, mental retardation 
and risk for neonatal respiratory distress syndrome 
[7, 8].

 
Identification of risk factors before conception 

or early in pregnancy would lead to interventions that 
could help to prevent those complications. Many 
obstetricians decided to postpone delivery after the 
thirty-fourth week to ensure fetal lung maturity [12]. 

In Saudi Arabia, the literature is scarce 
concerning risk factors for early preterm birth. So 
this study was undertaken, in this survey, we sought 
to determine the risks associated with early preterm 
birth which can be prevented if they are fully assessed 
and appropriately managed. 
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Subjects and Methods 

 

This retrospective comparative study 
conducted at King Salman Armed Force Hospital, 
Kingdom of Saudi Arabia (KSA). The patient's files 
and delivery registry logbooks in the year 2010 were 
approached. The ethical committees of both the 
University of Tabuk and King Salman Armed Force 
Hospital approved the research. 

For this research, the following definitions 
were adopted: early preterm birth is the delivery at 24 
to 33 6/7 weeks; late preterm birth is delivery at 34 to 
36 6/7

 
weeks [4, 5]. 

During the study period, the number stands 
at 595 preterm deliveries (between 24 and 36 6/7

 

weeks of gestation), while 641 of neonates were 
recorded. The ethics of data collection were strictly 
followed, and the collected information was used 
only for research. Babies with chromosomal 
anomalies, congenital anomalies, and outborn infants 
were excluded. Comparisons were then undertaken 
between early and late preterm deliveries. Data have 
been collected from patient's files and delivery 
registry log book, which include the following 
information; maternal age, parity, gestational age, 
booking status, mode of deliveries, maternal disease, 
birth weight, multiple gestations and their sex. 

The data also include previous pregnancy 
complications like; abortion, stillbirth, preterm 
premature rupture of membrane (PPROM), premature 
rupture of membrane (PROM), placenta abruption, 
placenta previa and caesarean section. The signs 
and symptoms of previous pregnancy from the 
patient record of the entire study group were carefully 
revised by the authors to reach the above diagnoses. 
"For example, placenta abruption was distinguished 
by Vaginal bleeding, abdominal pain, uterine 
tenderness, rapid contractions, Fetal heart rate 
abnormalities and confirmation after delivery by the 
presence of a retroplacental haematoma". 

Statistical analysis was carried out by using 
the Statistical Package for Social Sciences (SPSS 
version 22). The Chi-square and t-test were used to 
test the statistical significance; the data were 
presented as number (percentages), mean (± SD) and 
a P-value < 0.05 considered statistically significant.  

 

 

Results 

 

The total numbers of deliveries were 7444. 
Among them, 595 patients delivered preterm, out of 
them 187 (31.4%) patients had early preterm delivery 
(Figure 1). 

 

Figure 1: Methodology flowchart 

 

Regarding the general characteristics of the 
study participants, mean (± SD) age of women in 
early (case) and late (control) preterm was 27.91 (± 
6.110) and 28.15 (± 6.121), respectively. Other 
characters were shown in Table 1. 

Table 1: A comparison between early and late-term deliveries 

 Early preterm 
Mean (± SD) 

Late preterm (Control) 
Mean (± SD) 

P-Value* 

Maternal age/year (n = 595) 27.91 (± 6.110) 28.15 (± 6.121) 0.660 
Gestation age/weeks (n = 595) 30.11 (± 2.696) 35.44 (± 0.739) 0.000 
Birth weight/g (n = 641) 1443.42 (± 638.863) 2539.92 (± 547.925) 0.000 

*t-test. 

 

Table 2 illustrated that parity (P-value 0.039, 
OR 1.429 and 95% CI 0.982-2.079) was the only 
obstetrics risk factor for early preterm birth during 
pregnancy but booking status, mode of delivery and 
maternal disease were not. 

Table 2: Risk factors for early preterm birth in the current 
pregnancy (n = 595) 

Obstetric factors 

Early 
Preterm 
group 
N (%) 

Control group 
(Late 

preterm)  
N (%) 

P-value* OR† 

95%CI‡ 

lower upper 

Maternal 
age 

< 19 y 7 (3.7%) 13 (3.2%) 

0.423    19-39 147 (93%) 372 (91.2%) 

>39 6 (3.2%) 23 (5.6%) 

Booking 
status 

Booked 150 (80.2%) 333 (81.6%) 
0.382 0.913 0.589 1.415 

Unbooked 37 (19.8%) 75 (18.4%) 

Parity 
PG 63 (33.7%) 107 (26.2%) 

0.039 1.429 0.982 2.079 
Multi 124 (66.3%) 301 (73.8%) 

Mode of 
delivery 

Vaginal 113 (41.2%) 270 (66.2%) 
0.195 0.780 0.546 1.116 

CS 74 (39.6%) 138 (33.8%) 

Maternal 
disease 

DM 3 (1.6%) 16 (3.9%) 

0.24    

HTN 11 (5.9%) 11 (2.7%) 

Cardiac 1 (0.5%) 2 (0.5%) 

Anemia 0 1 (0.2%) 

HTN and DM 0 3 (0.7%) 

Cardiac and 
DM 

0 1 (0.2%) 

*Chi-square;   †OR = odds ratio;   ‡CI =confidence interval. 

 

Comparing late preterm birth, history of 
placenta abruption (P-value 0.027, OR 3.928 and 
95% CI 1.136-13.586) was significantly high in cases 
of early preterm birth. Histories of abortion, PPROM, 
PROM, placenta previa, caesarean section, and 
stillbirth were the other associated factors in late 
preterm births, but they were not found to be 
significant when compared with early preterm birth (as 
shown in Table 3). 
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Table 3: Risk factors for early preterm birth in Previous 
obstetrics history (n = 595) 

Previous maternal history 

Early 
Preterm 
group 
N (%) 

Control group 
(Late preterm) 

N (%) 
P-value* OR 

95%CI 

Lower Upper 

History of Abortion 
Yes 67 (35.8%) 130 (31.9%) 

0.194 0.838 0.582 1.206 
No 120 (64.2%) 278 (68.1%) 

History of PPROM† 
Yes 13 (7.0%) 16 (3.9%) 

0.085 1.83 0.862 3.888 
No 174 (93.0%) 392 (96.1%) 

History of PROM‡ 
Yes 3 (1.6%) 12 (2.9%) 

0.254 0.538 0.150 1.930 
No 184 (98.4%) 396 (97.1%) 

History of Placenta 
Abruption 

Yes 7 (3.7%) 4 (1.0%) 
0.027 3.928 1.136 13.586 

No 180 (96.3%) 404 (99.0%) 

History of Placenta 
Previa 

Yes 4 (2.1%) 7 (1.7%) 
0.473 1.252 0.362 4.331 

No 183 (97.9%) 401 (98.3%) 

History of caesarean 
section 

Yes 25 (13.4%) 54 (13.2%) 
0.529 0.988 0.594 1.645 

No 162 (86.6%) 354 (86.8%) 

History of still birth 
Yes 23 (12.3%) 37 (9.1%) 

0.143 0.711 0.409 1.235 
No 164 (87.7%) 371 (90.9%) 

History of preterm 
birth 

Yes 5 (2.7%) 11 (2.7%) 
0.613 0.992 0.340 2.895 

No 182 (97.3%) 397 (97.3%) 

*Chi-square; †PPROM: preterm premature rupture of membrane;   ‡PROM: premature 
rupture of membrane. 

 

Table 4 depicted that the multiple 
pregnancies is a risk factor for early preterm birth 
which is statistically significant (P-value 0.002, OR 
0.368 and 95%CI 0.196-0.688), where the sex of the 
baby was not (P-value 0.622 OR 0.92 and 95%CI 
0.662-1.28). 

Table 4: Risk factors for early preterm birth in newborn 

Neonate characters 

Early 
Preterm 

group 
N (%) 

Control group 

(Late preterm) 
N (%) 

P-value* OR 

95%CI 

Lower Upper 

Multiple gestation 

(n = 595) 

Yes 164 (87.7%) 388 (95.1%) 

0.002 0.368 0.196 0.688 
No 23 (12.3%) 20 (4.9%) 

Sex of the baby 

(n = 641) 

Male 121 (56.3%) 231 (54.2%) 
0.622 0.92 0.662 1.28 

Female 94 (43.7%) 195 (45.8%) 

*Chi-square. 

 

 

 

Discussion 

 

In this study, we assessed the risk factors for 
early preterm birth as this group might be differing 
from overall preterm birth. Very few efforts have 
been tried to estimate the causative factors of 
early preterm births. If addressed, this can help to 
decrease the occurrence of preterm birth. 

Factors such as maternal age, booking status, 
parity, multiple gestation, mode of delivery, sex of the 
babies and maternal disease in the current 
pregnancy and other factors in the previous 
obstetrics history like abortion, PPROM, PROM, 
placental abruption, placenta previa, caesarean 
section and stillbirth are known risk factors for 
preterm birth [12-14].

 
In our study, the factors 

mentioned above were studied with its relation to 
early preterm birth among deliveries at King Salman 
Armed Force Hospital (KSAFH) during the year 2010. 

The prevalence of early preterm birth in our 

study group was found to be 2.5% which is more than 
the prevalence reported by Lo CC et al. (1.4%) 
because they excluded iatrogenic preterm deliveries 
which were included in our study [15].

 
The 

prevalence of total preterm birth in our study found 
to be (8%). Compared to other cities of Kingdom 
of Saudi Arabia, Similar findings were reported in 
Jazan (8.24%) [16],

 
while others in Riyadh and Abha 

cities reported lower rates (5%) [17, 18].
 
Compared to 

another part of the world, it is found to be more or less 
equal to that in Asian (9.8%) and European countries 
(6.7%), but less than in African (12.6%) and Vietnam 
(11.8%) [19]. 

In our study, experience previous history of 
placenta abruption was identified as the most 
significant risk factor for preterm birth with odds ratio 
of 3.928 and 95% CI 1.136-13.586 found in 3.7% 
cases of early preterm birth Comparing to 1% in 
late preterm birth (control), which indicated by P-
value 0.027 as a highly significant. The mechanism 
for this has not been well understood, however, the 
associated placental insufficiency and abruption and it 
recurrent nature may explain this relation. Our study 
also revealed significant associations between early 
preterm birth and primigravidas (33.7% vs 26.2% for 
control, P-value 0.039, OR 1.429 and 95% CI 0.982 
- 2.079). 

Multiple gestations are found to be high in 
both groups 87.7% for the early preterm vs 95.1% for 
the control group, although, it is found to be 
statistically significant (P-value 0.002) when the Odd 
ratio (0.368) done they found to be not significant. 
Therefore, it is an important risk factor in both early 
and late preterm birth. 

Most prior studies found that risk factors 
for early preterm birth include a prior preterm 
delivery, history of fetal demise, history of placental 
abruption, history of abortions and maternal age (< 
20 years and > 34 years). Although, these were 
contradictory to our results, except the prior history of 
placental abruption was in line with the findings of our 
study [20-23]. 

In support of our findings, a study from 
Mandruzzato et al. and Dey et al. reported that 
parity was a risk factor for the early preterm birth. 
They did not find any significant association with late 
preterm birth [24, 25]. 

Our study showed that there was no 
association between early preterm birth and other 
risk factors in the current pregnancy as maternal age 
(P -value 0.423), booking status (P -value 0.382, OR 
0.913 and 95% CI 0.589 - 1.415), mode of delivery (P 
- value 0.195, OR 0.78 and 95% CI 0.546 - 1.116), 
maternal disease (P -value 0.24, OR 1.065 and 95% 
CI 0.82 - 1.385), number of fetus (P -value 0.002, OR 
0.368 and 95% CI 0.196 - 0.688) and sex of the baby 
(P -value 0.622, OR 0.92 and 95% CI 0.662-1.28). 

Dey et al. indicated that some maternal 
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medical conditions, including hypertensive disorders 
of pregnancy and diabetes, are associated with an 
increased risk for preterm birth at the same time 
increase the incidence of late preterm birth [25].

 
The 

s e results support our findings that no significant 
association between maternal medical diseases and 
early preterm birth. 

The present study showed that mothers with 
previous maternal histories of abortion (P -value 
0.194, OR 0.838 and 95% CI 0.582 - 1.206), PPROM 
(P -value 0.085, OR 1.83 and 95% CI 0.862 - 3.888), 
PROM (P -value 0.254, OR 0.538 and 95% CI 0.15 - 
1.93), placenta previa (P -value 0.473, OR 1.252 and 
95% CI 0.362 - 4.331), cesarean section (P -value 
0.529, OR 0.988 and 95% CI 0.594 - 1.645), still 
birth (P -value 0.143, OR 0.711 and 95% CI 0.409 - 
1.235) and preterm birth (P -value 0.613, OR 0.992 
and 95% CI 0.340 - 2.895) found to be not statistically 
significant with early preterm birth when compared to 
late preterm birth. 

The strengths of this study are a comparative 
design and first to describe early preterm birth in 
Tabuk, KSA. The limitation is that it is retrospective 
and done in one centre cannot be considered 
representative of all early preterm births. 

In conclusion, parity, multiple gestations and 
a history of placental abruption were identified as 
important risk factors for early preterm birth. 
Identifying pregnant women with these risks may 
decrease the rate of preterm birth and its 
consequences 
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Abstract  

AIM: The paper presents research on the most common causes of exposure that leads to disorders of 
cholinesterase activity, as well as an overview of the results of cholinesterase activity with the poisoned people.  

MATERIAL AND METHODS: In a group of 35 acute poisoned patients by organophosphate compounds has led 
to inhibition of AchE. A total number of examined workers are 175 in the chemical industry and agricultural 
production in the area of Rasina District-Serbia. 

RESULTS: The results showed that among workers who are constantly exposed to pesticides, 
acetylcholinesterase is within the reference value. Having examined the medical records of these workers, it is 
noted that, at 72%, there is a slight fall of AchE activity, each year. The workers who had been exposed to 
pesticides at the time of testing had acetylcholinesterase regarding reference value, but 52% of them had a few 
years ago significantly reduced the value of the activity of acetylcholinesterase, which was treated and then 
transferred to other jobs. The 48% of these workers had acetylcholinesterase regarding benchmarks or were 
transferred to other jobs, for a variety of other health problems. 

CONCLUSION: Using each pesticide should only deal with people who are well versed in the way of its use, as 

well as the way of protecting them from poisoning. 

 
 
 
 
 

 

Introduction 

 

Organophosphorus compounds (OPC) inhibit 
both serum and erythrocyte cholinesterase. According 
to chemical composition, these are esters of 
phosphoric acid. Organophosphorus compounds 
smoothly penetrate the uninjured skin and all mucous 
membranes. Poisoning can occur at inhalation, 
contact through is the dermal penetration route and 
inhalation, and the lower character has a penetration 
through the digestive tract. Organophosphorus 
insecticides are causes about 80-90% of all cases of 
acute pesticide poisoning of the people. Annually, in 
the world is registered about 100,000 victims of acute 
organophosphate poisoning. About 20% were 
accidental poisoning, and suicidal is approximately 
70%, with 30% of the cases are with fatal outcome [1-
4]. Exposure to organophosphate can cause four 
clinical syndromes that have different pathogenesis, 

prognosis and requiring different treatment. They 
occur after a long latency different intervals after 
exposure to the organism of a man to 
organophosphorus compounds. These are: acute 
cholinergic crisis, intermediate syndrome, delayed 
peripheral neuropathy and other specific lesions of 
organs. Symptomatology of acute cholinergic crisis 
occurs immediately after exposure or to a maximum of 
12 hours from the moment of exposure. How is in 
poisoning by organophosphates the physiological 
function of the enzyme acetylcholinesterase inhibited, 
the image of poisoning has the characteristics of 
intoxication by endogenous acetylcholine. Depending 
on the degree of inhibition of acetylcholinesterase and 
increase acetylcholine content, organophosphates 
lead to stimulation or paralysis transmission of nerve 
impulses in the central and neuro-effector synapses of 
the cholinergic nervous. In the clinical picture of 
poisoning are being distinguished: muscarinic effects 
(bradycardia, bronchoconstriction, bronchorrhea, 
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hypotension, increased gastrointestinal motility, 
abdominal cramps, miosis, hypersalivation), nicotinic 
effects (hypertension, tachycardia, fasciculation, 
skeletal muscle necrosis) and the central toxic 
phenomena (tremor, incoordination movements, 
convulsions, central respiratory depression, coma and 
death) [5, 9-11]. The therapy of organophosphate 
poisoning includes aspiration of the upper respiratory 
tracts, cardiopulmonary reanimation, gastric lavage, 
provision of specific drugs and antidotes. In the 
context of specific therapies are delivered as atropine, 
as an antagonist of a muscarinic receptor and oximes 
as inhibited cholinesterase reactivators. Conventional 
therapy involves the use of benzodiazepines, which 
are effective anticonvulsants [1, 5-7]. 

Organophosphate compounds easily 
penetrate into the body through the skin and of all 
lining. These compounds then react with an 
acetylcholinesterase to form a complex of enzyme 
phosphate. The phosphorylated enzyme is very stable 
due to the phosphorus atom, which is not electrophilic 
enough to react in the presence of water, so the 
spontaneous reactivation does not take place or is 
very slow, that is, inhibition of acetylcholinesterase is 
practically irreversible. Therefore, there is a buildup of 
acetylcholine at the synapses of nerve endings and to 
the clinical picture of toxic effects of endogenous 
acetylcholine. 

In this study, on workers of occupationally 
exposed pesticides, will be monitored biochemical and 
hematological parameters in evaluating the impact of 
pesticides on the health of exposed workers: identify 
the toxic effects of pesticides using appropriate 
standardized biochemical and hematological 
parameters; the activities of some specific-organ 
enzymes; and determine the cholinesterase activity as 
a biomarker of toxicity of organophosphorus 
compounds; and assess the importance of changes in 
cholinesterase activity under the influence of 
pesticides from the group of organophosphorus 
compounds, as an indicator of the degree of toxicity in 
exposed workers. 

All the above parameters can be determined 
in some biochemical laboratories and for their 
determination is using the standard equipment. This 
means that they can be monitored with any systematic 
review which is regularly subjected to workers in 
occupational exposure. It is planned, therefore, that 
from the obtained results, by the made findings, the 
device protocols for monitoring the early toxic effects 
of pesticides when still there was no visible damage to 
health. Thus prepared protocols can be used in 
medicine work within the healthcare of the workers, 
with the aim of helping the employees to be timely 
moved from those jobs to which they are endangered, 
so as not to cause lasting impairment of their health 
and working ability. 

 

Material and Methods  

 

A total number of examined workers are 175 
in the chemical industry and agricultural production in 
the area of Rasina District. Of these, the two control 
groups were 47 workers who were not exposed to 
pesticides. Other groups consisted the workers who 
are (or previously were) exposed to pesticides. And 
that: 78 workers in the chemical industry who are 
working in the production process of pesticides in the 
plant of the "Pesticides" and 50 workers working in 
agriculture. Workers of the "Pesticides" plant were 
divided into three groups according to the length and 
duration of occupational exposure:  

Industrial workers who are constantly 
exposed to pesticides (N = 42); 

Industrial workers who are occasionally 
exposed to pesticides (N = 17); 

Industrial workers who have previously been 
exposed to pesticides, and then were transferred to 
other jobs (N = 19); 

A control group of industrial workers (CGI, 
N24) consisting of 24 industrial workers who are not 
exposed to pesticides; 

Agricultural workers who are in the process of 
plant protection continually exposed to pesticides (N = 
50). 35 of them were acutely poisoned OPC, 40 days 
after the systematic review, so we get the Va 
subgroup; and A control group of workers in 
agriculture (CGa, N = 23) comprised of 23 agricultural 
workers who are not exposed to pesticides.  

Basic data which detail the examined groups 
of workers are presented in Table 1. All data were 
obtained during regular periodic examinations of 
workers, which mean that they can be monitored in a 
systematic review of each whom undergoes 
occupationally exposed workers. 

Table 1: Average values of the age, of the total working 
experience (TWE) and the exposed working experience (EWE) 
of the observed groups 

Group Average age TWE EWE 

I (N = 42) 37,4  6,28 15,7  4,1 9,4  4,5 
II (N = 17) 38,3  7,7 14,2  5,2 7,9  5,8 
III (N = 19) 48,6  6,4 20,3  5,2 15,3  5,6 
IV (N = 24) 34,9  8,3 12,3  5,7 9,9  3,4 
V (N =50) 35,7  5,9 11,9  2,7 8,2  4,4 
VI (N = 23) 36,8 3,1 14,7  8,4 11,9  7,7 

 

Termination of exposure to pesticides for the 
III-rd group is 5.45 years, with a range of minimum 
and maximum values in 1-13 year. 

The study made use of standard methods: 

 Hemoglobin concentration, the number of 
erythrocytes, the number of leukocytes, 
leukocyte formula, thrombosis and 
reticulocytes were determined by counting 
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blood elements of the company Coulter 
counter. (Commercial instruction of the 
device). 

 Chemical examination of urine was made for 
urine test strips of the Lachema company. 

 Urine sediment was carried out 
microscopically. 

 Blood glucose concentration was determined 
by GOD/PAP method. 

 The concentration of cholesterol in the blood 
was determined using cholesterol oxidase 
with phenol and 4-aminoantipyrine as 
chromogens.  

 The concentration of triglycerides in the blood 
was determined by glycerol oxidase/PAP 
without correction in blood and urine was 
determined by Jaffe's method with alkaline 
picrate.  

 Urea in the blood was determined using 
urease and hypochlorite. 

 Uric acid in blood was determined with an 
alkali phosphatase  

 The concentration of bilirubin in the blood was 
determined by Jendrassik-Groff’s method  

 The activity of transaminases in the blood was 
determined by a discontinuous colourimetric 
method with 2,3-dinitrophenylhydrazine.  

 Alkaline phosphatase activity in the blood was 
determined with p-nitrophenyl phosphate as a 
substrate.  

 Glutamyltransferase activity in blood was 

determined by reaction with L  glutamyl-3-
carboxy-p-nitroanilide as a substrate.  

 Cholinesterase activity in blood was 
determined by a kinetic method with 
Propionaldehyde as substrate and 5,5'ditio-
bis-2-nitrobenzol acid (DNTB) which gives a 
stained reaction with tioholinom.  

For the determination of the above 
parameters were used appliances: Counter of blood 
elements "Coulter Counter"; Centrifuge “Technics”; 
Biochemical analyser "Selectra"; Microscope "Carl 
Zeiss" and Spectrophotometer Gilford 300 T and LKB. 

 

Statistical methods 

From the obtained results was calculated the 
mean value, standard deviation, coefficient of 
variation and medians. The significance of differences 
between mean values was tested by Student's t-test 
and analysis of variance for a probability level of 0.05. 

 

Results  

 

In modern agriculture, as in public health, for 
the destruction of pests of the plant and animal origin 
are used various means, all more or less toxic, known 
by the common name of pesticides. The chemical 
composition of pesticides is chlorinated hydrocarbons; 
organophosphorus products; dinitrophenols; nicotine; 
arsenical preparations; fumigation; organic mercury 
compounds; coumarin preparations; zinc phosphide; 
talium sulphate; sodium fluoroacetate; some solvents 
and others. Many of these are commonly known in the 
trade under the trade name. 

Pesticides are very effective in the fight 
against plant and animal pests, but those, especially 
poisonous, are not without danger to the people who 
apply them. To poisoning usually comes from 
improper handling of pesticides, and due to an error or 
accident, but are known cases of deliberate poisoning. 
Pesticides can penetrate into the body through the 
digestive tract through the respiratory organs, or 
through the skin. For many pesticides, poisoning is 
possible through any of these routes, but one of them 
is still the most common. Signs of poisoning may, 
depending on the type of pesticide to be very different. 
Most of them, more or less, effect to the nervous 
system and cause a headache, dizziness, paralysis, 
anxiety and other nervous disorders. Many, however, 
cause stomach pains, vomiting and diarrhoea 
(organophosphorus preparations, dinitrophenols, 
nicotine, arsenic preparations, etc.). Some of them 
cause choking or increased sweating, salivation, 
tears, etc. Finally, a large number of pesticides and 
solvents irritate the skin and mucous membranes with 
which it comes into contact, causing a variety of 
changes on them. 

Recovering of patients poisoned with 
organophosphorus compounds (OPC) is a long and 
slow process. Degradation of acetylcholine occurs 
only after the synthesis of new quantities of 
acetylcholinesterase (AchE), which is a small daily 
percentage. During the treatment, 
acetylcholinesterase was determined every 72 hours 
while monitoring the return of the acetylcholinesterase 
in the range of the reference value. When the enzyme 
activity is within the reference values and did not show 
the presence of the OPC is discontinued 
administration of an antidote. This fact points to the 
great importance of laboratory testing enzyme activity 
both in the aspect of treatment and in economic 
terms. In acute poisoning, the poisoned ones will be 
temporarily unable to work, until the rehabilitation of 
clinical manifestations. After complete healing, 
workers need to be transferred to other jobs until 
cholinesterase activity reaches a level that it had 
before exposure (approximately 2-3 months 
depending on the degree of inhibition). After that, 
workers will be able to return to their previous jobs 
with the rehabilitation of working conditions and 
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adequate implementation of protection measures. In 
cases of poisoning with permanent consequences or 
recurrent poisoning, the changes are indicated in the 
workplace [6].  

Diagnosis of poisoning organofluorine 
compounds can be confirmed by determination of 
acetylcholinesterase activity in the serum. According 
to data of the Poison Control Center of Serbia in 2011 
examined 58 patients due to acute exposure and 
pesticide poisoning, and the clinic has treated 35 
patients. The most common toxic agents were 
organofluorine insecticides (71%). There were treated 
approximately an equal number of men and women. 
Of hospitalised patients without clinical symptoms of 
poisoning (PSS0) were 14 people (40%). Poisoning 
light degree (PSS1) is manifested in 6 patients (17%) 
of moderate severity (PSS2) in 3 patients (9%), and 
because of severe poisoning (PSS3) were treated 
nine patients (25%). The lethal outcome of acute 
poisoning organophosphate insecticides was noted in 
2 patients [13].  

In 2012, due to acute exposure and pesticide 
poisoning in OPR CKT, were examined 97 patients 
(2.3%) of the total number of examined patients, 
which was significantly higher than in the previous 
year. At the hospital treatment was received 54 
patients, accounting for 6.5% of all hospitalised 
patients. About gender, there were more men (65%) 
than women (35%). The most common toxic agents, 
this year it was organophosphate insecticides (54%). 
Of hospitalised patients without clinical symptoms of 
poisoning (PSS0) were 18 people (33%). Poisoning 
light degree (PSS1) was demonstrated in 15 patients 
(28%) of moderate severity (PSS2) in 6 patients 
(11%), and because of severe poisoning (PSS3) were 
treated ten patients (19%). The lethal outcome 
occurred in 3 patients who were poisoned by 
organophosphate insecticides [14]. 

Compared to 2012 in 2013 was recorded a 
decline in the number of acute pesticide poisoning (81 
patients). At the hospital treatment was received, 38 
patients. Were treated 60.5% men and 39.5% women. 
Of hospitalised patients poisoning light degree (PSS1) 
is manifested in 22 patients (7.9%), due to a severe 
poisoning (PSS3) were treated eight patients (21.1%). 
The lethal outcome occurred in 5 patients [15].  

In acute poisoning is usually a correlation 
between the degree of inhibition of AchE activity and 
severity. In the inhibition of AChE activity by 50% 
relative to the initial, one can expect light poisoning, 
from 60% to 70% of medium-heavy, 80% and 90% in 
the heavy and AChE activities designed from 1 to 4% 
lethal. The appearance of symptoms of poisoning 
depends more on the speed of cholinesterase 
inhibition than the absolute level of found activity [24, 
25, 26].  

Due to the significant presence of pesticides 
in the Rasina district has been investigated the clinical 

status of 175 workers in the chemical industry and 
agricultural production in the area of Rasina District. 
Workers were divided into six groups. Of these, the 
two control groups were 47 workers who were not 
exposed to pesticides. Other groups consisted of 
workers who are (or were) exposed to pesticides, 
such as 78 workers in the chemical industry who are 
working in the production process of pesticides in the 
plant of "Pesticides" and 50 workers working in 
agriculture. Workers in the "Pesticides" plant were 
divided into three groups according to the length and 
duration of occupational exposure, namely: the 
workers who are constantly exposed to pesticides 
(N=42); workers who are occasionally exposed to 
pesticides (N=17); and workers who have previously 
been exposed to pesticides, and then were 
transferred to other jobs (N=19).  

At the time of the test, the results showed that 
among workers who are constantly exposed to 
pesticides, acetylcholinesterase is within the reference 
value. Having examined the medical records of these 
workers, it is noted that, at 72%, there is a slight fall of 
AchE activity, each year.  

In industrial workers who are occasionally 
exposed to pesticides acetylcholinesterase in serum is 
in the framework of reference values, and there is a 
declining trend over the past years. 

The workers who had been exposed to 
pesticides at the time of testing had 
acetylcholinesterase in terms of reference value, but 
52% of them had a few years ago significantly 
reduced the value of activity of acetylcholinesterase, 
which were treated and then transferred to other jobs. 
The 48% of these workers had acetylcholinesterase in 
terms of benchmarks, or were transferred to other 
jobs, for a variety of other health problems. 

For workers who are working in agriculture 
being exposed to pesticides, the results showed that 
the activity of acetylcholinesterase is also in terms of 
the reference value. A review of their medical records 
showed that the workers during their years of work in 
87% of cases have acetylcholinesterase activity in the 
framework of the reference value, which over the 
years has not significantly decreased, and 13% had 
over the years, the value of slight decreased activity of 
acetylcholinesterase.  

Acute toxicity, however, caused a significant 
decrease in the activity of acetylcholinesterase, which 
is shown in Table 2. The cause of toxicity has been 
malathion, a preparation which is dissolved 
erroneously by supervisor and given to the use of 
workers. In 89% of workers value of the enzyme 
activities of AchE were lower after the use of such 
prepared preparation of those values that they had 
during the systematic review. The percentage of 
inhibition ranged from 1% to 59%, indicating varying 
degrees of poisoning. The highest degree of 
poisoning had older workers. Only four of them from 
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this shift, they had reduced activity of 
acetylcholinesterase. 

Table 2: Percentage of reduction in serum cholinesterase 
activity of 35 workers of your group  

Percentage of AchE activity 
reduction in a patient group 

AchE activity in a group 
before acute poisoning 

AchE activity in a group 
after acute poisoning 

1. - 49% 2938 1442 
2. - 38% 3058 1170 
3. - 58% 2458 1436 
4. - 59% 3128 1842 
5. - 41% 2432 1408 
6. - 16% 2099 1770 
7. - 19% 2338 1884 
8. - 20% 2372 1908 
9. - 34% 2648 2002 
10. - 2% 2110 2072 
11. –32% 2587 2008 
12. –36% 3130 2014 
13. –33% 3040 2328 
14. - 18% 2858 2342 
15. – 7% 2229 2070 
16. - 22% 2788 2172 
17. – 14% 3087 2666 

18. ---- 2093 2094 
19. -15% 2598 2070 
20. -15% 2449 2092 
21. - 3% 3003 2928 
22. ---- 3015 3004 

23. - 5% 1898 1805 
24. ---- 2008 2000 
25.. ---- 1992 1980 
26. - 3% 2222 2148 
27. -1% 2412 2384 
28. - 3% 2143 2079 
29. -17% 2998 2489 
30. -4% 2089 2002 

31. -29% 2924 2088 
32. -5% 2118 2014 

33. -23% 3008 2311 
34. -11% 2525 2000 
35. -18% 2768 2260 

The reference values for serum cholinesterase are from 2618 to 6971 U / L. 

 

In order to look at the general state of health 
of workers exposed to pesticides, we are, in addition 
to determining the activity of acetylcholinesterase, as 
a biomarker of toxicity of organophosphorus 
compounds (OPC), set the number of haematological 
and biochemical parameters as indicators: 
hematotoxicity; nephrotoxicity and hepatotoxicity. The 
results showed that the number of red blood cells are 
higher in industrial workers exposed to the constant 
action of pesticides, than in all other groups of 
industrial workers and that there is no statistically 
significant difference in the number of red blood cells 
between the II and III groups of industrial workers. 
There was a statistically significant difference between 
the number of red blood cells for agricultural workers 
who are exposed to pesticides and the control group 
of workers in agriculture. Increased number of 
erythrocyte in groups of workers compared to the 
control group is probably a result of higher feeding 
these workers. Hemoglobin concentration was not 
significantly different in either group of tested workers, 
except in the Vath subgroup in which the acute 
organophosphate poisoning of workers caused a 
statistically significant decrease in haemoglobin 
concentration. White blood cell count was not 
significantly different in either group of examined 
workers. In the leukocyte, the formula was observed a 
slight decrease in segmented granulocytes at V-th 
group compared to the control group of workers in 
agriculture. In the same group of workers are slightly 
increased lymphocytes. 

The results lead us to conclude that exposure 
to pesticides has not caused permanent 
haematotoxicity in workers exposed to pesticides. 
However, acute pesticide poisonings caused a 
statistically significant decrease in haemoglobin 
concentration. 

Hepatotoxicity of pesticides in our patients we 
evaluated by determining the activity of some 
enzymes (transaminases, alkaline phosphatase, 
gamma-glutamyl transferase) and bilirubin. The 
results showed that transaminase does not exceed 
the limit reference value in either group of 
respondents. Among the groups of industrial workers 
exposed to pesticides no significant differences in the 
activity of transaminases. Alkaline phosphatase does 
not exceed the limit of the reference value in any 
group of patients, and no statistically significant 
difference in the alkaline phosphatase activity 
between the control group and any group of examined 
workers. Gama deficient does not exceed the limit 
reference value in either group of respondents. No 
statistically significant differences in the activity of 
GGT between the control group and any group of 
examined workers. The concentration of bilirubin is in 
all groups within the reference value. No statistically 
significant differences in the concentration of bilirubin 
between two groups and the control group.  

 

 

Discussion 

 

The obtained results show that the exposure 
of workers to pesticides did not cause hepatotoxicity. 

Nephrotoxicity in workers exposed to 
pesticides, we evaluated by determining creatinine, 
urea and uric acid in their serum, as well as physical-
chemical analysis and the examination of their urine 
sediment. The obtained results showed that creatinine 
in the blood does not exceed the limit of the reference 
value in any study group. There was no statistically 
significant difference in creatinine concentration 
among the test groups. It regulates the blood does not 
exceed the reference value in any study group. 
Among the groups of workers exposed to pesticides, 
there is no significant difference in the concentration 
of urea. Uric acid in any group does not exceed the 
limits of reference values.  

Among the groups of workers exposed to 
pesticides, there were no statistically significant 
differences in the concentration of uric acid. Chemical 
and microscopic examination of urine in all groups is 
clear. 60% of workers first and the fourth group had 
calcium oxalate crystals in the urine sediment. The 
presence of crystals of calcium oxalate is most likely a 
result of the so-called "hard water" you drink these 
workers. 
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Pesticide poisoning 

Treatment in case of poisoning varies and 
also is applied to each concrete case. However, 
whenever it comes to some of the pesticide poisoning 
we should quickly call a physician or transfer the 
patients to the hospital, but before the doctor arrives 
should be taken, mainly, the following general 
measures: 

1. It should come as soon as possible to 
establish which pesticides caused the poisoning. If the 
poisoning occurred at work, in most cases, it is not 
difficult, but if it comes to deliberate poisoning, then it 
is much more difficult. In any case, to take all 
necessary measures will be important to preserve the 
sputum of patients, the vessel in which the pesticide is 
found, as well as the clothes of workers, if needed 
chemical analysis of pesticides. 

2. If poisoning is caused by the digestive tract 
through the mouth, should be as soon as the 
appropriate way to induce vomiting, and if possible 
and wash the stomach. Then, giving some laxative 
means to discharge hoses. If the poisoning is caused 
by some chlorinated hydrocarbons (DDT, 
hexachlorocyclohexane - NSN, dieldrin, toxaphene, 
etc.), for the cleaning should be given neither castor 
nor any other oil because the oil absorbs these toxins. 
If poisoning is caused by the skin or via the 
conjunctiva of the eye, then with the basic wash of 
contaminated skin and eyes should be removed 
remains of poison. For such washing are the best 
water and soap. 

3. If it is poisoning some of asphyxiating, for 
example, hydrocyanic acid or the like, then the patient 
should immediately administer artificial respiration. To 
the patient, in this case, is much more useful artificial 
respiration on the spot, without losing time, then the 
transfer to the hospital. Of course, doctors should be 
in this case, immediately call or by telephone notify 
the measures taken and ask for advice. However, with 
artificial respiration in patients to continue until the 
patient is fully restored, or until the doctor arrives. 

4. In case of poisoning at work, should 
urgently be taken the necessary measures to prevent 
the occurrence of poisoning to others, new cases; 

5. Any case of pesticide poisoning at work, 
and otherwise, the application must be submitted to 
the appropriate authorities of sanitary inspection and 
inspection at work. 

When poisoning with pesticides, as well as in 
other poisonings, are given if any, the so-called 
antidotes. Then are given drugs to maintain heart and 
medicines for calming of disturbances etc. In the case 
of choke is given oxygen, and when it is necessary 
and the blood transfusion. 

In conclusion, the fact is that today we can 
hardly survive without pesticides. However, there is an 
alternative, which consists of biological possibilities to 

eliminate pests and diseases, from an attempt which 
is collectively called as organic agriculture. It is certain 
that we must try to replace as many pesticides and 
produce healthy food. Pesticide should be taken as a 
necessary evil at this point helps humanity to ensure a 
sufficient food source, but the real challenge is precise 
to seek ways of production which will not poison the 
land, water and air by these compounds. The main 
problem associated with the use of pesticides and 
their usage is a knowledge of a very narrow circle of 
negative effects because users are content with the 
current result (the destruction of pests) and often do 
not think about all the interactions and 
interdependencies that such action has on the long 
run List of unwanted operation of DDT or other 
pesticides to human health, or the environment would 
be lengthy. And while the overall use of pesticides can 
be individually badly affect on each of us remains to 
try to reduce the use of those pesticides in 12% of 
households. Maybe your imagination will be 
stimulated by the following examples.  

Against weeds are recommended mechanical 
(e.g. surface treatment of land grabbing and pulling of 
weeds) and thermal methods (targeted incineration), 
as well as the alternate sowing of various crops on the 
same parcel. 

Fighting insects includes a selection of 
healthy, robust varieties of crops that are adapted to 
climatic conditions, alternating sowing of different 
crops on the same parcel of land, the natural balance 
of the soil microorganisms by avoiding synthetic 
chemical and soil improvers, as well as surface 
treatment of the soil. In the case of occurrence of 
stronger insects are recommended mineral 
substances such as algae powder, and insecticides 
based on plant extracts.  

Instead of fungicide, antifungal is 
recommended to use copper salts or preparations of 
sulphur. 

About pesticide poisoning should, above all, 
take appropriate protective measures. It is necessary, 
first, that pesticides are stored properly and by the 
regulations on poisons stored properly. Storage 
should be organized in such a way that by pesticides, 
especially more toxic, can be reached only on 
permitted, regulated manner. Also, the warehouse 
operator and the vendor must be well acquainted with 
the nature of the toxic properties of each pesticide 
sold. 

Depending on the way in which the highest 
possible poisoning, it is recommended for the 
application of any pesticide or group of pesticides with 
adequate protection (protective clothing, mask, 
gloves, boots, etc.).  

Then, it is necessary that each pesticide is 
applied to the mandatory taking of prescribed hygienic 
and technical protection measures. Instructions on 
taking these measures should be attached to each 
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package of each pesticide. If such instructions are 
missing when packaging, should be asked from the 
store when purchasing pesticides. - Instructions must 
be strictly observed. 

Finally, using each pesticide should only deal 
with people who are well versed in the way of its use, 
as well as the way of protecting them from poisoning. 
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Abstract  

BACKGROUND: Obesity has become a global health threat. Saudi Arabia ranks among the countries with high 
obesity and overweight rates. This study aims to explore experiences of Saudi people with overweight or obesity 
with a particular focus on the perceived barriers and motivators to weight loss. 

MATERIAL AND METHODS: We used a qualitative approach to recruiting a purposive sample using maximum 
variation sampling technique. Those who had previously attempted weight loss at least once were included in the 
study. In-depth interviews were conducted, transcribed and/ or audiotaped. Interviews continued until saturation 
was reached. The qualitative content analysis was performed. 

RESULTS: A total of 19 males and 18 females participated in this study with a mean Body Mass Index (BMI) of 
32.6 kg/m

2
. Their main triggers to weight loss were concerns about overall health and the desire to improve their 

looks. Declining motivation, lack of family support and unhealthy eating during social gatherings were perceived 
as the main barriers. Motivating factors included concerns about health, family support, and availability of exercise 
facilities. 

CONCLUSION: Factors responsible for a successful weight- loss is context-specific. This study has shown 
several barriers as well as motivators, which play an important role in weight reduction and maintenance. 

 

 

 

 

 

 
 

 

Introduction 

 

Over the past three decades, the world has 
witnessed an alarming escalation in the rates of 
obesity and overweight [1]. Estimates show that the 
prevalence of obesity has doubled since 1980.  In 
2014, more than 1.9 billion adults aged 18 years and 
older were overweight, among whom 600 million were 
obese. The increasing prevalence of obesity is mainly 
related to sedentary lifestyle, dietary habits, and the 
effects of environmental changes [2, 3]. These 
alarming facts have made obesity as one of the 
central health care issues to the extent that the World 
Health Organization (WHO) has declared it as an 
epidemic [4]. The related consequences manifesting 

as high vulnerability to morbidity and mortality 
complicate the situation [5]. The huge spending 
associated with obesity-related medical problems 
compromises health care allocations in national and 
regional budgets [6]. Prior evidence, however, shows 
that it is controllable. A large descriptive study about 
obesity and overweight indicates that weight loss can 
successfully be achieved and maintained through 
healthy diet & physical activity [7].  

The Gulf countries (Saudi Arabia, Kuwait, 
United Arab Emirate, Bahrain, Qatar and Oman) have 
the highest rate of obesity worldwide [8].  The latest 
national health survey of 2013 conducted in 
collaboration with the Institute for Health Metrics and 
Evaluation estimates the prevalence of obesity in 
Saudi Arabia at 28.7% [9].    
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Obesity is a complex state that results from 
the interaction of multiple factors including genetic, 
biological, social, behavioural, cultural, and 
environmental. Behaviors such as high intake of 
calories and lower levels of physical activity contribute 
to its development. The accelerating rates of obesity 
have been partly linked with unhealthy behaviours 
such as excessive snacking and increased portion 
sizes [10]. A recent study has shown that a 
combination of cultural practices and economic 
prosperity has contributed to the development of an 
obesogenic environment in Saudi Arabia [11]. Another 
study has shown that traditional clothing, foods, 
hospitality norms and limited outdoor activities were 
considered as barriers to weight loss among Saudi 
females [12].  

Qassim region is situated in the centre of 
Saudi Arabia. A previous study on the regional 
variation in the prevalence of obesity among Saudi 
children and adolescents found out that the central 
region has a higher prevalence (21%) compared to 
the southwest and the Northern regions [13]. 

Obesity exposes individuals to a higher risk of 
Non-Communicable Diseases (NCDs). However, this 
risk is considered to be modifiable & preventable [3]. 
Consequently, and given the current global situation, 
the prevention of obesity has become one of the 
world`s top five health priorities set by the Lancet 
NCD Action Group and the NCD Alliance [14].  

Evidence indicates that there is a need to 
understand the local socio-cultural and environmental 
factors to develop successful weight loss programs 
[15].  The available data about weight loss 
interventions or the factors determining their success 
are insufficient, generally for Saudi Arabia and 
Qassim in particular. In this study, we aimed to 
explore the participants’ experience of barriers and 
motivators for weight loss in the Qassim region to gain 
deeper insight into distinct factors central to the 
success of weight loss interventions, thus, contributing 
to mitigate the existing information gap. The 
exploratory nature of this study necessitated the use 
of a qualitative approach. Despite the local pool of 
evidence available on obesity in Saudi Arabia, a 
qualitative approach has rarely been used. Weight 
loss interventions typically target modifications in the 
individual behaviour related to diet and physical 
activity. Many behaviour change theories have been 
described in the literature to provide a conceptual 
framework for their determinants and causal factors. 
Our research study was particularly informed by the 
Social Cognitive Theory (SCT), which explains human 
behaviour as reciprocal interactions between 
personal, social and environmental factors [16]. We 
hope that the results of this study will help inform 
decisions making processes about weight loss 
interventions and provide a basis for further research 
into this field. 

  

Material and Methods 

 

Study Design 

This is a qualitative research study having an 
exploratory purpose primarily. This approach was 
used to gain an understanding of underlying reasons, 
opinions, barriers, and motivations of individuals with 
overweight or obesity regarding their weight control 
attempts.  

 

Participants, Sampling and Recruitment 
Process 

Purposive sampling was used to recruit 
participants. The aim was to recruit individuals who 
were overweight or obese, and who had attempted to 
lose weight at least once. Buraidah, the capital city of 
the Qassim region, making about half of the region’s 
population, was the focus of the study. The required 
study sample was drawn using the maximum variation 
sampling technique to ensure heterogeneity. A 
sampling grid of the potential major factors (age, 
gender, education & co-morbidity) was created. The 
target was to recruit at least one person from each 
group. This technique was used to reduce bias and 
ensure that the study sample included groups of 
different combinations of variables. Participants were 
approached directly and asked about their interest in 
participation in the study. Weight eligibility was 
determined by three different methods; self-reporting 
in the majority of cases, extracting information from 
patient records, or using a scale and a BMI calculator, 
particularly for the overweight participants. 
Furthermore, multiple recruitment strategies were 
used to reach as broad a range of individuals as 
possible. Participants were selected from a variety of 
sources including outpatient clinics, parks and fitness 
clubs. Interviews were arranged during daytime at a 
mutually convenient time and place for both the 
interviewer & participants. However, interviews were 
conducted in the evenings particularly for participants 
recruited from fitness clubs and walking tracks in 
public parks. These participants were likely to be 
physically active. However, this recruitment was 
purposively done. Physically active people would 
probably disclose valuable information particularly 
about motivators for leading and maintaining 
physically active lifestyles. Those who had a history of 
bariatric surgery or were unable or unwilling to 
describe their experiences were excluded from the 
study. Considering the cultural values in Saudi Arabia 
and gender preferences, care was taken to ensure 
that interviews were conducted by a person of the 
same gender. Interviewing continued till data 
saturation was reached, which occurred after 37 
participants were interviewed (18 women, 19 men). 
Saturation was determined by the point at which no 
new information was generated from interviews. 
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In-Depth Interviews 

One-to-one semi-structured interviews were 
conducted between January and July 2016. These 
were audio-taped with the consent of interviewees. 
Preliminary data were obtained from participants 
concerning their gender, age, level of education, and 
co-morbidity status (chronic diseases like diabetes, 
hypertension, ischemic heart disease and 
hyperlipidemia). 

Researchers obtained the ethical approval 
from the Regional Research Ethics Committee of the 
Qassim region. Before starting the interviews, 
participants were apprised about study goals and 
inclusion criteria. The interviewers introduced 
themselves and studied goals, received written 
informed consent, and selected an appropriate place 
for the interview. The participants were assured of the 
confidentiality and were given the option to refuse to 
answer any question or quit at any time during the 
interview. All interviews were recorded and/or written 
verbatim. In the end, participants’ permission was 
obtained for calling him/her for further information or 
clarification. Data were collected by using an interview 
guide.  Questions were open-ended and intended to 
elicit information about the participants’ personal 
experience of barriers and motivators of weight loss. 
The development of the interview questions was 
based on the main research question about the 
perceived barriers and motivators, and they were 
informed by prior research in the region [17]. The 
interview guide consisted of two sections. The first 
section was introductory and included background 
questions. The second section encompassed 
questions about initiating a weight loss program, 
barriers, motivators and a final advice to other people 
based on the participants’ personal experience. 
Probing was used for further clarification.  

 

Data analysis 

The study used an inductive approach to 
generate meaning from the collected data to identify 
patterns. Data were analysed using the qualitative 
content analysis. Initially, all interviews were listened 
to and/or read to get a general sense of the collected 
material that was followed by descriptive coding. 
During this stage, raw textual data from the interviews 
were summarised to generate as many codes as 
necessary to cover all content. Finally, codes were 
grouped into categories, and three major themes 
emerged from the data: personal, social, and 
environmental barriers and motivators. All data were 
analyzed by hand. No further validation of the analysis 
was performed.  

 

 

 

Results 

Participants were in the age range of 21–57 
years. All had a BMI over 25 K/m

2
; the mean BMI was 

32.6 K/m
2
. Participants’ demographic characteristics 

are summarized in Table1. 

All participants had attempted to lose weight 
several times in their lives. Although weight loss was 
their ultimate goal, they reported two main triggers 
that motivated them to start their weight loss program. 
These included concerns about overall health and 
wellbeing (n = 27.77%) and the desire to have an 
ideal body image (n = 16.45.7%). Equally, the female 
participants also reported the same triggers though for 
the male participants the primary trigger was a 
concern for their health and wellbeing. (n = 17.85 % of 
males).   

Table 1: Participants Characteristic (N = 37) 

Participants Characteristic N = 37 

Mean Age (Min- Max)  37.59 years (21-57) 
Mean BMI (Min -Max) 32.6 (25.20- 46.80) 
Obesity Status   

Pre-obese 13 (35.1%) 
Obese class I  13 (35.15%) 
Obese class II 8 (21.6%) 
Obese class III 3 (8.1%) 

Gender   
Male  19 (51.4%) 
Female  18 (48.6 %) 

Education   
Basic 18 (48.6%) 
Higher  19 (51.4%) 

Comorbidity  
Yes 23 (62.2%) 
No 14 (37.8%) 

 

Despite the initial motivation to reduce weight, 
the majority of participants stated that their efforts 
were inconsistent and often interrupted for extended 
periods of time. Declining motivation, lack of family 
support, lack of time, and failure to achieve the 
desired goal were perceived as common reasons for 
discontinuing weight loss efforts.  These factors will be 
further explained under barriers to weight loss.   

Barriers and motivators in this study were 
classified under the three major headings: personal, 
social, and environmental. 

 

Personal barriers 

Interviews revealed multiple factors related to 
individual behaviour. Increased appetite was 
perceived as a major barrier to the success of weight 
loss. Some participants reported extreme difficulty in 
controlling their appetite.  

‘‘Whenever I see food I feel like [crave for] 
eating’’ (Male, High Education, BMI: 31.0). 

Healthy eating, however, was not a priority for 
overeaters. Limited choices of healthy foods available 
at grocery stores near to their home, and lack of time 
(and motivation) needed to prepare healthy meals 
were the main reasons.  “First of all, you cannot easily 
find stores offering healthy foods. Although there are 
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some stores that sell low-calorie food, they are not 
close to where I live. Additionally, preparing healthy 
food at home requires a lot of time” (Female, High 
Education, BMI: 27). 

As a commitment to healthy eating patterns 
was weak, skipping meals and eating out became the 
alternatives. Participants perceived the pervasive fast 
food marketing in the Kingdom coupled with low 
nutritional awareness among the public as the real 
challenge in controlling weight. 

"Fast food and soft drinks are commonly 
consumed by people who could be the leading cause 
of obesity’’ (Female, High Education, BMI: 28.7). 

Lack or reduced motivation to diet was also 
reported. Incorrect assessment of weight status 
prevented some participants from initiating efforts to 
reduce weight. Among the surveyed, some reported 
perception of their weight as normal, and hence didn`t 
attempt to lose weight. 

“I feel that my weight is within the normal 
range" (Male, High Education, BMI: 32.5). 

Moreover, some participants commented that 
dieting had a negative effect on their mood and 
reported experiencing unpleasant feelings once they 
started doing it: 

“I feel depressed when I start dieting" (Male, 
Basic Education, Hypertension, BMI: 46.8).  

On probing further, one participant added that 
feeling depressed was not associated only with the 
initiation of the diet program. However, it lasted longer 
while dieting and eventually led to the disruption of the 
weight loss program: 

‘‘When I feel depressed I discontinue my 
weight loss program’’ (Female, Basic Education, BMI: 
36.7)  

On the other hand, some participants linked 
disturbances in their weight reduction program with 
stress and commented that they find it difficult to 
adhere to their program when they are under stress. 

“When I'm under the pressure of study, I stop 
dieting” (Female, High Education, BMI: 27) 

The impact of adverse personal habits like 
smoking was also highlighted. Some participants 
indicated that their schedules were too busy to follow 
a special program.    

“Being a smoker, I felt some difficulty in 
exercising" (Male, Basic Education, Hypertension, 
BMI: 32.1) 

A gender-related barrier was also reported in 
this study. Some women indicated that childbearing 
and childrearing hindered their efforts to lose weight. 

"Before pregnancy and childbirth I used to 
exercise regularly, however, after I became a mom I 
found it very difficult to continue my program. I just 

can`t find the time as before” (Female, Basic 
Education, BMI: 39.5). 

 

Social barriers 

Many participants reported social gatherings 
as an important barrier to adhering to the weight loss 
program.  They found it difficult to resist sweets, dates 
and other types of desserts offered in these 
gatherings. The occurrence of these gatherings and 
social events more frequently than they used to be in 
the past, further exaggerated their negative impact. 

“In our social gatherings, a variety of foods 
and desserts are served" (Female, basic education, 
BMI: 33.3).  

“Eating with groups (family or friends) may 
encourage unhealthy eating" (Female, Basic 
Education, Hypertensive, BMI: 25.2).  

Furthermore, some participants pointed out 
that lack of family support demotivated hem.  

“My family would not encourage me to lose 
weight’’ (Female, High Education, BMI: 33.4).   

 

Physical environmental barriers 

Regular physical activity is essential for 
keeping a healthy weight. Participants were asked 
about their physical activities, and what were the 
perceived barriers to a physically active lifestyle. 
Walking was seemingly the most popular type of 
physical activity reported by participants. Although 
neighbourhood sidewalks and parks are widely 
available, personal safety remained an issue for some 
participants.  The activity of females participants was 
particularly influenced by some factors. Some 
mentioned that access to workout facilities is limited. 
Others added that joining gyms and fitness clubs is 
fairly costly. ‘‘few and expensive available facilities for 
exercising’’ (Female, Basic Education, BMI: 36.7). 

"Ladies need more accessible and safe 
walking tracks" (Female, High Education, BMI: 28.7). 

The weather was also perceived as a barrier 
to being active. The weather in Qassim is hot and dry 
during summer, rainy during winter and in either 
situation, it makes outdoor activities troublesome. 

‘‘It is difficult to walk in hot weather’’ (Female, 
Basic Education, Hypertensive, BMI: 38.8)                                                                                  

   “Weather changes such as when it is hot or 
dusty often interrupts my weight loss program" "(Male, 
Basic Education, Hypertension, Dyslipidemia BMI: 
26.9). 

 

Motivators 

Discussions with participants revealed a 
group of factors that were perceived as enablers for 
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weight reduction. 

 

Personal motivators 

Some participants initiated a weight loss 
program owing to their ill health. Doctor`s advice to 
patients with chronic disease such as hypertension 
and joint problems often prompts them to lose weight 
and make other healthful lifestyle changes.  

“Following the birth of my third child, my 
weight increased significantly, and I began to suffer 
from joint pains. Due to the pain, I could not stand 
during prayers. My doctor told me that I must reduce 
my weight. So, I started a diet plan” (Female, Basic 
Education, Joint Pain, BMI 35.9).  

 “Having chronic medical problems like 
hypertension and knee pain motivated me to start my 
weight loss program" (Male, Basic Education, 
Hypertension, BMI: 46.8)  

“My motive to start dieting was joint problems" 
(Male, basic education, Hypertension, BMI: 32.1). 

“I felt that I am disabled by obesity, I cannot 
clean my body properly" (Male, Basic Education, 
Hypertension, BMI: 46.8). 

 “As it is said: why we should live the last 20 
years of our lives suffering from diseases" and the 
other saying “why should we dig our graves with our 
teeth” (Male, High Education, BMI: 34.5). 

Concerns about body shape and general 
appearance were a strong motivator. Participants 
reported that their efforts to reduce weight were 
triggered by their dissatisfaction with body size and 
their desire to pursue the ideal weight.  

Clothing was also an issue. Smaller size 
clothing is more easily available in markets compared 
to plus-size clothing. 

“Having thin body will give me more options in 
clothing" (Male, Basic Education, BMI: 26.6).  

Interestingly, one female participant pointed 
out that clothing can be used as a good strategy to 
reduce weight.  

“When shopping for clothes, I buy smaller size 
outfits and tell myself it is a motivation to lose weight 
and fit into them" (Female, High Education, BMI: 27). 

Being aware of the nutritional value of various 
types of food and their calorie content was perceived 
as helpful motivators.  

“Knowledge of different foods and their 
calories could be the most important motivator" (Male, 
High Education, BMI: 32.5). 

However, for some participants, this 
awareness did not always result in making healthy 
decisions. 

“I sometimes inquire about the calorie content 
of the food I eat, but, I don`t always use that 
information when making choices about what to eat” 
(Female, Basic Education, Joint Pain, BMI 35.9). 

Losing weight for some participants was 
triggered by their desire to act as a good role model, 
self-satisfaction about producing significant weight 
reduction, or keenness to lead an active lifestyle.  

“I want to be a role model for my family" 
(Female, High Education, BMI: 28.7). 

“My activities are restricted by my 
heavyweight" (Male, Basic Education, BMI: 42.5). 

“Achieving my goal in weight reduction 
motivated me to continue" (Male, Basic Education, 
Hypertension, BMI: 46.8). 

 

Social motivators 

Social support is the key to maintaining 
weight reduction efforts. Participants commented that 
the encouragement they received from family and 
friends was very helpful. Also, positive experiences 
with weight loss inspired some participants to begin a 
regular weight loss program.   

Social support: ‘‘I feel that people encourage 
each other, especially for walking’’ (Female, High 
education, Diabetic and Hypertensive, BMI: 38.8). 

‘‘Experiences of friends in weight reduction 
were encouraging for me" (Male, High education, BMI: 
32.5). 

 

Physical environmental motivators 

The wide availability of sidewalks and 
neighbourhood parks made group exercise easy and 
convenient. “Availability of walking tracks has 
encouraged me to walk" (Male, High Education, BMI: 
25.8) 

At the end of the interview, participants were 
asked about what advice they would offer others for 
weight reduction, based on their own experience. 
Their responses reflected a comprehensive and 
correct understanding of the basics of an effective 
weight loss program.  

Majority of participants recommended 
performing regular exercise, ‘‘we need to exercise 
regularly". Also considered important were to avoid 
bakery food and desserts, fast foods, soft drinks, high-
fat diet and overeating, ‘‘dietary habits should be 
modified to eat more vegetables and fruits, and avoid 
high fat/calorie diet".  

They also advised being educated about the 
benefits of having ideal body weight and diet contents 
and calories. Some participants advised not to aim for 
short programs of weight reduction. While others 
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stated that, it is important to have a target weight in 
mind.   Follow up with a physician was also stated by 
some as a facilitating action.   

 

 

Discussion 

 

In the present study, some barriers and 
motivators related to weight reduction and its 
maintenance were identified. Motivators were mainly 
the concerns of individuals about the impact of weight 
on their health and wellbeing and the desire to have a 
good body image. On the other hand, the participants 
identified several personal, social and physical 
barriers that hindered their efforts to lose weight. 

Weight loss programs primarily include 
lifestyle modifications in the form of dietary changes 
and physical activity. Adherence to weight loss 
programs has been recognised as an essential 
component for successful weight loss [18]. A previous 
study conducted in Saudi Arabia showed that 
adherence to dietary changes was higher compared 
to exercise adherence [19]. Variation in adherence 
could be explained regarding setting high weight loss 
goals, lack of social support, full-time employment, or 
stress. Similar findings were reported in other studies 
[20]. Poor adherence has also been associated with 
increased rates of weight regain [21]. Analysis of 
possible barriers to initiating and or maintaining weight 
loss is hence essential for providing an in-depth 
understanding of factors necessary for long-term 
adherence.  

Unhealthy eating behaviour is a well-known 
barrier to weight loss. In our study, participants listed 
such behaviour as an important barrier:  Having 
uncontrollable appetite, excessive consumption of fast 
food and overeating when feeling stressed were 
reported as examples of factors leading to unhealthy 
eating. The Saudi society has witnessed observable 
dietary changes over the years. Local studies reported 
overconsumption of calorie-dense foods compared to 
vegetables and fruits [22, 23]. Another study revealed 
high rates of unhealthy eating practices among female 
nursing students in Saudi Arabia such as watching 
television while eating, not sharing meals with family, 
and excessive consumption of soft drinks and junk 
food [24]. Furthermore, the wide availability of the fast 
food restaurants which often offer high caloric meals 
at an affordable cost has adversely resulted in 
promoting unhealthy eating practices. The 
combination of excessive intake of unhealthy food and 
reduced physical activity seemingly contributed to the 
severity of the problem of obesity in the Saudi society 
[9].  

The habit of overeating during social 
occasions has also been reported which agrees with a 
previous study [12].  The Saudi culture often enables 

weight gain through serving calorie-dense foods 
during these occasions. The common tradition is to 
serve Arabic coffee with dates or something sweet 
such as sugary desserts, chocolates or other 
savouries [25]. Most of these social gatherings take 
place during evenings and nighttime with meals 
typically served at late hours. A significant evidence 
base suggests that excessive nighttime eating 
increases the risk of obesity and adverse health 
effects [26, 27]. Difficulties in changing eating habits 
were reported as one major barrier in culturally 
different parts of the world [28]. The relationship 
between the individual`s mental state and controlling 
weight has also been highlighted in this study. 
Stressed people are more prone to weight gain as 
reported by some authors [29]. Low morale related to 
work pressure or due to experiencing depressive 
symptoms upon beginning a diet is thought to hinder 
weight-loss efforts. It is necessary for those who seek 
weight loss to initially focus on their mental wellbeing. 
In this context, social support is considered key to 
weight loss success. 

 Not having enough time due to busy work 
schedules, childcare responsibilities mentioned by 
some women, expensive gyms, and unfavourable 
weather conditions in Qassim have also been 
mentioned as common hindrances to adherence to 
regular exercise. Apparently, some of these barriers 
are directly related to the individual`s ability to 
manage time, while others related to the 
uncontrollable physical environment. A previous study 
which collected data from three big cities in Saudi 
Arabia revealed significantly lower levels of physical 
activity among adolescents with obesity compared to 
non-obese [30]. Simple personal approaches could be 
followed to promote physical activity such as 
incorporating exercise into the individual`s daily 
routine, having a walk with the family, using stairs 
instead of elevators, etc. However, the implementation 
of community-wide interventions for promoting 
physical activity has gained substantial attention 
worldwide over individual-oriented approaches [31]. 
Evidence suggests three major sets of solutions to 
overcome barriers to physical activities in a 
community: informational strategies for enhancing 
knowledge and attitudes towards advantages of 
physical activity; behavioral strategies for equipping 
the public with a range of skills needed to support and 
maintain behavior change; and environmental 
strategies for providing safe and accessible facilities 
for exercise [32].    

Despite the barriers mentioned, some 
important motivators were described by study 
participants. These motivators could play a significant 
role as predictors of success of the weight loss 
programs. For instance, an internal motivation which 
is often stated as the initial trigger for weight loss has 
been recognised as a predictor of effective weight loss 
in the literature [33].  Highly motivated people are 
more likely to adhere to their goals and maintain long-
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term weight loss. 

Awareness about one’s ill-health is another 
strong motivator for weight loss. A previous study 
supports this finding and indicates that strict doctor’s 
instructions and firm personal decisions taken 
following a serious health event can motivate people 
to start on a weight loss plan [34].  Furthermore, 
evidence shows that higher degrees of weight loss 
and maintenance were observed among people 
driven by their medical condition [35].  Dissatisfaction 
with one’s body size and desire to improve physical 
shape are common motivators. Interestingly, research 
on the relationship between motivation and physical 
activity has shown that people who are motivated to 
follow a physical fitness program in order to enhance 
their body image rather than to enhance their health 
are more likely to suffer from lower self-esteem, 
higher level of problematic eating, and greater social 
anxiety [36, 37].  

Social support is yet another important 
element of almost all weight loss programs.  The 
natural network surrounding an individual made up of 
family members, and friends represent the main 
source of social support. In the present study social 
support has been recognised as a motivator, while the 
lack of it was identified as a barrier. Similar findings 
were shown in the literature [38]. Receiving a higher 
level of support from a spouse, friend or other family 
member has helped some participants to initiate and 
continue their weight loss program.  A previous study 
comparing the differences between a group of 
individuals who have effectively controlled their weight 
and another group who failed to maintain their weight 
loss showed a greater social support to the former 
group [33]. Furthermore, social support was found to 
be associated with fewer drops out from weight loss 
programs [39]. On the other hand, lack of social 
support has been recognised as a barrier in this study. 
Similar results were found in the literature indicating 
the negative impact that results from lack of social 
support on both physical activity and adopting a 
healthy diet [40]. 

This study has some limitations. While 
interviews produced rich data about barriers and 
motivators to weight loss, yet it lacked in-depth inquiry 
into the participants` past attempts to lose weight. 
Another limitation was lack of data validation. 
Verification of data analysis either through respondent 
verification or peer review is one way to safeguard 
against the subjectivity and bias in qualitative 
research. However, it is time-consuming and was not 
performed in this study. 

In conclusion, effective weight loss depends 
on multiple factors. This study showed that concerns 
about the impact of weight on health and wellbeing, 
and the desire to have an ideal body image were the 
main motivators, while the barriers included low 
nutrition awareness, social overeating at social 
occasions and lack of exercise facilities. It is critical to 

understand the context within which those factors 
operate A deeper understanding of the factors 
motivating or demotivating people with overweight or 
obesity to lose weight in Saudi Arabia will help devise 
targeted interventions to reduce the burden of obesity 
and its complications at both individual and public 
levels. Future research is necessary to test the 
feasibility and effectiveness of such interventions. 
Also, more studies are needed using the qualitative 
approach to explore the factors determining the 
success of weight loss programs at the community 
level, particularly from the perspective of health 
planners in Saudi Arabia. 
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Abstract  

AIM: To determine the characteristics of the Socio-medical profile of road traffic accidents in Kosovo, between 
2010 and 2015 year.  

STUDY DESIGN: Retrospective study.  

METHODS: A descriptive method based on the database of road traffic accidents from the National Police of 
Kosovo.  

RESULTS: In Kosovo for the period 2010-2015, on average, the yearly number of road traffic accidents is 18437 
with mortality rate 7.4 per 100000 and lethality of 1.5%. The highest number of fatal cases are drivers and above 
19 years old with more than 80%. Among injured significantly highest percentage is among passengers for all 
years and above 19 years old. Road traffic accident with a vehicle occurs most frequently, with approximately 
over 70%, mostly on dry road 72.9% and clear weather 71.1%. The driver is the contributing factors of road traffic 
accidents on average 99.3% whereas climatic conditions only 0.5%, with over 50% of crashes occurring in urban 
road 56.2%, mostly during Monday 16.0% and in the afternoon rush hours between 14.00-18.00 with 31.0%. 

CONCLUSIONS: There is a slight decrease in the mortality rate of 0.1‰ and lethality rate of 0.1% each year, 
whereas there is an increase of 21.5‰ for traumatism rate for each year. 

 

 

 

 

Introduction 

 

Road traffic accidents are the major public 
health problem, in both developed and developing 
countries. Based on WHO report, the overall global 
road traffic fatality rate is 17.4 per 100000. Low-
income countries have the highest annual road traffic 
fatality rates, 24.1 per 100000, middle-income 
countries 18.4 while the rate in high-income countries 
is lowest, at 9.2 per 100000 [1]. Traffic mortality, 
traumatism, absenteeism, and disabilities have an 
impact not only each victim but also on their families 
and wider society at the national level of pandemic 
proportions with medical, psychological, economic 
and quality of life consequences. According to WHO 
report road traffic injuries are the eighth leading cause 
of death globally, and the leading cause of death for 

young people aged 15–29 years. Globally, more than 
a million people die annually. Approximately, 90% of 
the world's fatalities on the roads occur in low and 
middle-income countries [1]. The rapid increase in 
road traffic crashes in low and middle-income 
countries has driven an overall global increase in 
deaths and injuries due to the rapid rate of 
motorization and lack of prioritization for several years 
of safety strategies, disordered urbanization which 
causes financial costs up to 3–5 % of their gross 
national product whereas consequences of these road 
traffic accidents cost up billions of dollars due to the 
cost of treatment, rehabilitation lost productivity and 
incident investigation [1]. 

The annual cost of road traffic accident in 
Australia, in 2003, was about 2.3% of the Gross 
Domestic Product (GDP) [2]. For the same year, in 
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Barcelona total costs of road traffic accidents were 
367 million euro with (89.8%) direct costs equalled 
euro 329 million, including property damage costs, 
insurance administration costs, and hospital costs [3]. 
In Iran, traffic accident costs were US$2.2 million in 
2007 [4] while in Kuwait cost per traffic fatality is more 
than the US $500,000 [5]. 

In Kosovo, a country in transition with the 
improper and non-strict implementation of road 
security measures, inappropriate land use planning, 
an increase of the number of cars and particularly 
imported old cars from the second-hand European 
Union market increases the risk for traffic insecurity 
together with lack of proper road infrastructure and 
urban spatial planning, characteristic for developing 
countries.  

Public health importance of road traffic 
accidents stands because they are largely 
preventable with traffic security cost-beneficial and 
cost-effective measures. Consequences are not only 
health related but also economic and social too. 

This study aims to determine socio-medical 
characteristics of road traffic accidents in Kosovo, 
between 2010 and 2015 by exploring trend in road 
traffic accidents, fatal and non-fatal accidents, type, 
contributing factors, the site, superficial road 
conditions, time, day of the week and climatic 
condition of occurrence. 

 

 

Methods 

 

For this study, a retrospective study of road 
traffic accidents in the period from January 2010 to 
December 2015 was conducted. As descriptive study 
based on a database of road traffic accidents of 
Kosovo National Police and demographic data (2010 -
2015) from Statistical Agency of Kosovo, therefore we 
did not need any ethical approval since data are 
anonymous, presented by gender and age group.  

 The information provided by the National 
Police of Kosovo included the 2010-2015 databases, 
in Excel format. This information allowed the analysis 
of the following variables: number of accidents, type, 
contributing factors, the day of the week, time of 
occurrence, climatic conditions, and road users 
involved by age, the place, superficial road conditions, 
distributions of the accidents. A limitation of the 
database is the lack of disaggregated age data. From 
the database, incidence, mortality and lethality 
indicators are calculated. The incidence was 
determined by the number of new cases of road traffic 
accidents deaths and injuries that occurred during 
2010-2015. Mortality was calculated by dividing the 
number of deaths among the total susceptible 

population, according to the Kosovo Statistical Agency 
per 100.000 inhabitants whereas lethality by dividing 
the number of deaths on the number of injured 
persons by road traffic accidents per 100. The 
statistical analysis reported frequencies, percentages, 
trends and chi-square statistical significance test. For 
the study purpose statistical program Excel, 2016 was 
used. 

 

 

Results 

 

According to the Statistics of the National 
Police of Kosovo, for the period 2010-2015, there 
have been 110622 road traffic accidents at the 
national level. Regarding mortality, between the years 
2010-2015, road traffic accidents have caused 826 
deaths nationwide. The year 2010 had the highest 
number of deaths in the country 175. For the period 
2010-2015, 54809 injured people are recorded, with 
an average yearly number of road traffic accidents 
18437, annually average of dead persons 138, injured 
9135 and average mortality of 7.4 per 100.000, 
average traffic traumatism 497.6 per 100.000 and 
average lethality of 1.5%.  

Table 1: Traffic accidents and related health indicators, Kosovo 
2010-2015 

 

 

The basic index shows an increase of road 
traffic accidents for period 2010-2013 and in 2014 
show decrease of 9.6%, for 2015 decrease of 
1.7%. Verig index show similarly increases for the 
same period 2010-2013, and for 2014 there is a 
decrease of 18.6% and 8.7% for 2015. According to 
trend analysis, there is a slight decrease of the 
mortality rate of 0.1 ‰ and lethality rate of 0.1% each 
year whereas there is an increase of 21.5‰ for 
traumatism rate for each year (Table 1). 

Table 2, shows trend and statistical 
significance for the period 2010-2015. For death 
cases, the trend is decreasing on average for nine 
new cases each year and for injuries increase of 
575.2 new cases, and for victims in general also, 
increase for 566 each year. For years there is 
statistical significance for p<0.00 for death cases with 
the highest number recorded on 2010 and for injuries 
highest number for 2015. We can notice that while the 
number of accidents is falling, the number of fatal 
cases is decreasing and the number of victims and 
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injuries increasing (Table 2). 

Regarding age group, highest percentage is 
among victims with above 19 years with more than 
80% during period 2010-2015 and least percentage 
among adolescents 13-18 years old but there is no 
statistical significance (Table 3). 

Table 2: Victims of traffic accidents, Kosovo 2010-2015 

 

 

Among injured according to their involvement 
in traffic, highest percentage is among passengers for 
all years and the smallest percentage is among 
pedestrians, the statistically significant difference 
(p=0.0001). Age group, similarly above 19 years old 
are mostly injured for entire period with a statistically 
significant difference (p = 0.000) (Table 3). 

Table 3: Dead and injured according to their involvement in 
traffic accidents and age-group, Kosovo 2010-2015 

 

 

Road traffic accidents are caused by three 
main factors, human, motor vehicles, and 
environmental conditions. In Kosovo for the period 
2010-2015, an accident with a vehicle is most 
frequent, with approximately over 70% during the 
entire period, followed by vehicle to vehicle with 
average 8%. Regarding contributing factors, the driver 
is responsible for an average of 99.3% for entire 
period 2010-2015 whereas climatic conditions only 

0.5% and technical vehicle condition 0.1%. Among 
superficial road conditions in road traffic accidents, dry 
road recorded mostly with average 72.9% for the 
entire period, followed by wet road with 14.2%, snow 
3.3% and icy road only 1.2%. As far the climatic 
conditions, most accidents happened in clear weather 
with 71.1%, cloudy 8.5%, fog 1.0% with snow 4.3%. 
Most crashes occur in the afternoon rush hours 
between 14.00-18.00 with 31.0%, followed by 10.00-
14.00 with 27.9% and followed by 18.00-22:00 with 
18.9%. Over 50% of crashes occurred in the urban 
road with an average of 56.2% followed by national 
road with 24.3% and rural road with 9.5%. Most of 
these crashes take place during Monday with an 
average of 16.0%, followed with 15.0% for Tuesday, 
Wednesday, Friday and at least on Sundays with 
10.8%. There is no statistically significant difference 
between years and all above-analyzed modalities 
(Table 4). 

Table 4: Traffic accidents characteristics, Kosovo 2010-2015 

 

 

According to Health For All database, for 
SEE-countries for 2011, and Kosovo Police data for 
Kosovo, Kosovo has the highest number of road traffic 
accidents with injuries, 478.3 per 100 000 (Fig. 1). 

 

 

Discussion 

 

Road traffic accidents are among main 
epidemiologic problems and public health issues in 
developed and in developing countries. Road traffic 
accidents as a global challenge are on the global 
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agenda through Sustainable Development 
Goals SDG 3 and 11 which aim to half the number of 
global deaths and injuries from road traffic accidents 
by 2020 and provide access to safe, affordable, 
accessible and sustainable transport systems and 
improving road safety by 2030. 

 

Figure 1: Road traffic accidents with injury per 100 000, SEE 
countries, 2011 

 

Public health importance of road traffic 
accidents besides that are largely preventable, are 
also health consequences as death, disability, quality 
of life, economic burden with direct and indirect losses 
for the victims and their families.  

It is estimated that every day in the world 
3287 people dies in-car accidents [6]. According to the 
World Health Organization's Report-2015 on the 
situation of road safety, the traffic accident mortality 
rate in Italy is 6.1 per 100,000, Austria 5.4, France 5.1 
less than Kosovo mortality rate 6.4 per 100,000 
inhabitants, which is the smaller rate in comparison 
with Hungary and Serbia with 7.7 and Bulgaria 8.3 per 
100 000 inhabitants. The highest mortality rate in the 
region is recorded in Bosnia and Hercegovina with 
17.7 and Albania with 15.1 per 100,000 inhabitants. In 
Iran, road traffic accidents are the reason for 25% of 
unnatural deaths [4]. In Rumania injuries caused by 
road traffic accidents represent an important morbidity 
and mortality risk factor. The incidence of road traffic 
injuries was 30.61 for 100,000 inhabitants, whereas 
the mortality rate 10.28 deaths for 100,000 inhabitants 
[7]. 

In Kosovo for the period 2010-2015, on 
average yearly number of road traffic accidents 
is 18437, dead persons 138, injured 9135, mortality 
rate 7.4 per 100000 and lethality of 1.5%. In our study 
the most frequent age of fatal cases and victims in 
general in traffic crashes was over 19 years old that is 
in line with many other studies like one in Brazil [8], 
similarly mostly affected in road traffic accidents in 
Africa are young and especially young men. People in 
the 20-54 age group accounted for 71.8% of all those 
fatal cases annually [9]. The young population 

between ages of 20 and 34 is the age group 
mostly affected, and since is economically active, 
consequences overcome a person with wider 
implication on economic losses of their families also 
[10]. 

Highest fatal cases according to their 
involvement in traffic, is among drivers. Regarding 
contributing factors, the driver is responsible on 
average of 99.3% for entire period 2010-2015 
whereas climatic conditions only 0.5% and technical 
vehicle condition 0.1%. Similar results were found in 
different studies, in the United Arab Emirates, driving 
behaviour are more prevailing contributing factors, 
and vehicle safety is least [11]. In South Africa, most 
of the casualties of road traffic accidents were drivers 
(46%) [10]. In Taiwan, human factor respectively 
psychosocial influences are responsible up 3 to 4% of 
accidents [12]. In Lasi driver's error was identified as 
the main contributing factor in about two-thirds of all 
road traffic accidents [7]. 

In a report from Africa, more passengers were 
killed than any other road user in the years 2010-
2012, accounting for 43.8% of all fatalities in 2010, 
51.1% in 2011 and 43% in 2012 and the least affected 
road users are drivers, at 26.4%, 25.7% and 28.5% of 
all fatalities in 2010, 2011 and 2012 with the most 
prevalent death risk factors disregarding traffic rules 
(45%) and driver rushing (31%) [13]. While in Africa 
passengers are the most affected road users in 
crashes, in Kosovo mostly fatal cases are 
among drivers. In Peru, the majority of the fatalities 
were pedestrians (61%) [14], and in Basel similarly, 
for injuries, the majority of the fatalities (84.8%) 
occurred among pedestrians [15]. 

In Kosovo for the period 2010-2015, an 
accident with a vehicle is most frequent with about 
over 70% during the entire period, followed by vehicle 
to vehicle with average 8%. Similarly, in a study 
conducted in Iran, most collisions were vehicle-vehicle 
crashes 52.3% [16]. While in Kosovo over 50% of 
crashes occurred in the urban road, in Iran most fatal 
injuries (61.4%) occurred on outer-city roads and only 
27.4% occurred on inner-city roads [16]. In Kosovo 
majority of accidents happen on Fridays and 
Saturdays similarly with other studies [9, 10, 14, 18, 
19), while Sunday is the day with the lowest accident 
rate, similar with Peru [14].  

In Kosovo most crashes occur in the 
afternoon rushing hours between 14.00-18.00hrs with 
31.0%, similarly, with other studies, road traffic 
accidents occur mainly between two in the afternoon 
and eight at night [9, 10, 14], followed by 10.00-14.00 
hrs with 27.9%. In Saudi Arabia, the most frequent 
time was during the rush period of noon to 3 pm [17], 
while in other studies during early evening hours [18, 
19].  

Among superficial road conditions in road 
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traffic accidents, the dry road was recorded mostly 
with average 72.9%, mostly in clear weather with 
71.1% similar to another study [17].  

A large number of vehicles contribute to air 
pollution which has an impact on increasing burden of 
chronic respiratory diseases as asthma 
and emphysema. Policy interventions in many 
countries as in the example in Rumania have reduced 
road traffic crashes, in a short period [7]. Safety belts 
are shown to be helpful as road safety measures, 
since 1976 after enforcement of the law on safety 
belts, 31% less injured persons, four times fewer head 
injuries, three times less minor injuries and five times 
less severe injuries were found [15]. In Verona after 
low enforcement on the seat belt, a significant 
reduction of injured/accidents ratio was recorded 29%, 
head trauma for 50.3% [20]. In line with Decade of 
Action for Road Safety (2011–2020) aiming to 
stabilise and reducing the increasing trend of road 
traffic fatalities and saving an estimated 5 million lives 
over the period, in Kosovo several interventions were 
taken to maintain citizens' life and wellbeing. Road 
safety is associated with legal, institutional, technical 
and financial support with enforcement of new traffic 
Law no. 05 / L-088, with new rules for all participants 
in traffic to increase safety in road traffic, traffic flow 
and environmental protection [21]. 

For the period 2010-2015, there is a slight 
decrease in the mortality rate of 0.1‰ and lethality 
rate of 0.1% each year whereas there is an increase 
of 21.5‰ for traumatism rate for each year. A Higher 
number of fatal cases are drivers and above 19 years 
with more than 80%. Among 
injured significantly highest percentage is among 
passengers for all years and above 19 years old. 
Traffic accident with a vehicle is mostly too happened 
with approximately over 70%, mostly on dry road 
72.9% and clear weather 71.1%. The driver is 
contributing factors of road traffic accidents on 
average 99.3% whereas climatic conditions only 
0.5%, with over 50% of crashes occurred in urban 
road 56.2% mostly during Monday 16.00% and in the 
afternoon rushing hours between 14.00-18.00hrs with 
31.0%. A joint effort from health, education and police 
sectors should compile a public health strategy and 
action plan to increase awareness and traffic culture 
focused on human risk factors.  

In conclusion, there is a slight decrease in the 
mortality rate of 0.1‰ and lethality rate of 0.1% each 
year, whereas there is an increase of 21.5‰ for 
traumatism rate for each year. Limitation of the study 
was disaggregated data on excel database which was 
a barrier for depth calculation and analyse. 
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Abstract  

Subclinical hypothyroidism represents a state with increased values of thyroid stimulating hormone (TSH) and 
normal values of thyroxine (T4) and triiodothyronine (T3). The disorder is asymptomatic, and the diagnosis is 
made based on the results of laboratory findings when the level of TSH reaches values above 4.0 mU/l. It is still 
subject to debate whether patients with subclinical hypothyroidism are at increased risk of cardiovascular disease, 
neuropsychiatric and neuromuscular disorders. Studies have shown that the appearance of general symptoms 
and complications are more common in patients whose values of TSH are above 10 mU/l. Therefore, the initiation 
of therapy with levothyroxine, which is the foundation of substitution therapy, is advised in patients whose TSH is 
>10 mU/l. As for patients whose values of TSH are from 4.0 to 10.0 mU/l and who make up 90% of the patients 
with subclinical hypothyroidism, further research is needed to determine the effects of the disorder and 
levothyroxine therapy on the health. Until then, the introduction of the substitution therapy in patients with TSH 
which is <10 mU/l should be considered in the case of the presence of general symptoms, anti-thyroid antibodies, 
increased lipids and other risk factors, goitre, pregnancy, ovarian dysfunction and infertility. 

 

 

 

 

 

Introduction 

 

Subclinical hypothyroidism (SH) is a very 
common disorder in the general population, especially 
among middle-aged and elderly patients. It represents 
a state with increased values of thyroid stimulating 
hormone (TSH) and normal values of thyroxine (T4) 
and triiodothyronine (T3) [1]. In most cases, patients 
with SH have no symptoms that would indicate this 
disorder, so diagnosis is made based on laboratory 
findings [2]. As the values of thyroid hormone are 
normal, increased level of TSH represents a 
compensatory mechanism that stimulates the thyroid 
gland to produce sufficient amounts of thyroid 
hormones. The disorder can eventually progress to 
overt hypothyroidism (OH) which is characterised by 
increased values of TSH but reduced values of thyroid 
hormones [3]. Since the SH is asymptomatic disorder 

in which the values of thyroid hormones are normal, 
and it may be a prelude to a clinically manifest 
disease of the thyroid gland, the question is whether it 
should be treated. This paper aims to summarize the 
available data on the influence of this disorder on the 
health of patients, as well as data on the effects of 
treatment to answer the question whether SH should 
be treated and if so when to start the treatment. 

 

 

Subclinical hypothyroidism and clinical 
significance 

 

Clinically OH and decreased production of the 
thyroid hormones is associated with an increased 
cardiovascular risk [4], but what about the SH where 
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the values of the thyroid hormones are still normal?  

Values of TSH above 4.0 mU/l represent 
increased levels and by their increase the SH can be 
divided into a mild form (values from 4.0-10.0 mU/l) 
and a more severe form (values >10.0 mU/l). As long 
as the values of this hormone are over the limit, levels 
of thyroid hormones are not sufficient to provide the 
euthyroid state. If it weren't so, we would expect the 
value of TSH, whose half-life is 1h, to drop to normal 
values as soon as T4 and T3, whose half-life is seven 
days and 1 day, reach normal values. However, this 
does not happen in SH because the values of TSH 
remain increased even when T4 and T3 reach normal 
values [3]. 

SH is usually asymptomatic, but in some 
patients may still appear symptoms that would 
indicate hypothyroidism. In the US Colorado Thyroid 
Disease Prevalence Study, which included 20,862 
examinees, patients with SH more frequently reported 
symptoms compared to euthyroid examinees but less 
frequently than patients with OH. The most common 
symptoms were dry skin, poor memory, slower 
thinking, weakness and muscle cramps, swollen face 
with periorbital oedema, fatigue, hoarseness, deep 
voice and constipation. The same study showed that 
in the majority of patients (74%) with SH the levels of 
TSH were between 5.1-10.0 mU/l, while in 26% were 
above ten mU/l [5]. This means that most of these 
patients have mainly a slight disturbance of the 
function of the thyroid gland which is the case in 90% 
of patients with SH in general population [6].  

Although the appearance of these symptoms 
could mean that this disorder could have 
consequences for the health of patients, there is still 
no evidence for possible harmful effects on 
individual's health. Besides the ability to progress to 
clinically OH, some studies have shown that SH could 
be associated with increased risk of cardiovascular 
disease (CVD), mood disorders and cognitive 
dysfunction as well as impaired neuromuscular 
function [2, 3, 6, 7].  

 

 

Subclinical hypothyroidism and 
cardiovascular system 

 

Thyroid hormones exert a direct influence on 
the heart and blood vessels. The deficit of these 
hormones leads to functional disorders of the CVS, so 
changes in cardiac frequency, cardiac output and 
systemic vascular resistance are closely related to the 
thyroid status [8, 9]. 

In SH there is a disruption of the systolic and 
diastolic function of the left ventricle. In the blood 
vessels, there are also changes in the form of 
increased vascular resistance, increased arterial 

stiffness and endothelial dysfunction [6]. 

Thyroid hormones also influence the lipid 
status. Many studies have shown that patients with 
SH have increased the level of total cholesterol, as 
well as low-density lipoprotein (LDL) about the 
euthyroid patients [5, 10]. Despite these results, a 
clear connection between lipids and SH has not been 
established because some studies have shown that 
the lipid profiles of patients with SH were not 
significantly different compared to euthyroid patients 
[11]. However, the lipid profile was more impaired in 
patients whose TSH is >10 mU/l and in smokers [12]. 
Patients with SH are also believed to be at increased 
risk of atherosclerosis. That is shown in Rotterdam 
study that examined the connection between the 
atherosclerotic process and SH in 1,149 women aged 
over 55 years. In this study, patients with TSH >4 mU/l 
had an increased risk of atherosclerosis and 
occurrence of myocardial infarction [13]. 

Disturbed blood coagulation is also seen in 
patients with SH. The values of some coagulation 
factors are increased, and the whole fibrinolytic 
activity is decreased which might result in increased 
blood coagulation [12]. Bearing in mind the potential 
influence on the structure and function of the CV 
system and lipid status, Rodondi et al. examined 
2,730 patients between 70 and 79 years, of whom 338 
had SH, to investigate their risk of CV morbidity and 
mortality. They have shown that in patients with TSH 
levels ≥ 7, there was an increased risk of chronic 
heart failure in comparison to other euthyroid patients, 
but there was no increased risk of other CV events 
and mortality. In examinees whose TSH values were 
between 4.5 and 6.9 mU/l an increased risk of CV 
morbidity and mortality has not been observed 
compared to euthyroid examinees [14]. The same 
author's analysis of 11 prospective studies that 
included 55,287 examinees showed that increase in 
levels of TSH increases the risk of CV events and CV 
mortality, especially among those whose TSH is >10 
mU/l. The disadvantage in interpreting these results 
lies in the fact that some of these studies involved 
patients with the prior existence of CV disease [15, 
16]. 

Due to the extreme heterogeneity of the 
studies, we cannot make accurate conclusions about 
the influence of SH on CV system, although we can 
conclude that there is no evidence that a mild form of 
SH (TSH values are from 4.0 to 10.0 mU/l) may have 
consequences for patient's CV system. 

 

 

Subclinical hypothyroidism, mood and 
cognitive functions  

 

Some, but not all studies have shown the 
connection between anxiety and depressive disorders 
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with SH [17, 18]. In middle-aged patients with SH was 
observed the more frequent occurrence of depression 
and the occurrence of severe forms of depressive 
disorders compared to euthyroid examinees. 

Although the deficit of thyroid hormones leads 
to disorder of affective and cognitive functions, the 
influence of SH on these functions is not yet fully 
understood. Given that in most cases the SH is 
caused by autoimmune process and associated with 
an increased titer of antibodies to thyroid peroxidase 
(TPO) and thyroglobulin, it should be noted that the 
presence of these antibodies can cause cerebral 
dysfunction known as Hashimoto encephalopathy [8]. 

 

 

Subclinical hypothyroidism and 
neuromuscular function 

 

The exact mechanism that would be placed 
by disorders of neuromuscular function is not fully 
understood, but it is thought that disorder in glycogen 
lysis, expression of heavy chains of myosin and the 
mitochondrial activity could be the reason for the 
appearance of these symptoms in patients with SH. 
One study examined 12 patients with SH who 
complained of neuromuscular ailments during rest and 
exercise. The amount of created lactates and 
pyruvates in skeletal muscles during exercise were 
significantly higher in patients with SH in comparison 
to the control group. Based on the results, it can be 
concluded that energy metabolism of muscles may be 
disturbed in patients with SH [12]. 

 

 

Subclinical hypothyroidism and the 
progression to clinical hypothyroidism 

 

SH is a disorder that occurs more frequently 
in women, the elderly and in areas where there is an 
increased intake of iodine. Prevalence rate ranges 
from 4 to 10% in the adult population, and if there is 
an increased intake of iodine, it is up to 24% [12, 19]. 
In 80% of patients with SH, there is an increased titer 
of anti-thyroid antibodies, which means that in most 
cases an autoimmune process is present [7]. 

The clinical course of SH can move in the 
direction of development of OH, as well as in the 
direction of normalisation of values of TSH. One of the 
prospective studies followed the clinical course in 82 
women who had increased values of TSH and 
showed that after a period of 10 years, 28% of them 
developed OH (TSH > 20 mU/l and decreased levels 
of free T4), 68% of them still had a subclinical 
disorder, while 4% of them reached the normalization 

of TSH levels [20]. 

Diez et al. examined the natural course of SH 
in 107 patients and have shown that patients with mild 
SH disorder (TSH levels from 5.0 to 9.9 mU/l) have 
more chances to have values of TSH normalised 
compared to patients whose TSH is > 10.0 mU/l. It 
was also shown that the value of TSH was the most 
important prognostic factor for the outcome of SH [21]. 

 

 

The effects of the treatment of patients 
with subclinical hypothyroidism 

 

Studies that dealt with the effects of therapy 
often researched its influence on the disorder of the 
lipid profile of patients, as a possible significant risk for 
future CV disease. In the report of the working group 
of the United States for the prevention (U.S. 
Preventive Services Task Force - USPSTF), seven 
studies examined the influence of treatment of SH on 
the values of lipids. Six of them showed that the 
treatment of SH does not lead to improvement in lipid 
parameters [16]. 

On the other hand, an analysis of 13 studies 
and a total of 247 examinees showed different results. 
All patients had a disorder of TSH levels, no matter if 
they had spontaneous SH or OH with an insufficient 
dose of levothyroxine to normalise the value of TSH. 
The mean value of TSH at the beginning was 10.8 
mU/l, and after the treatment period (12 weeks to 3 
months) it was 2.6 mU/l. In 11 out of 13 studies there 
has been a decrease in the value of total cholesterol (-
0.20 mmol/L (-7.9 mg/dL, or 5%)) and 7 out of 9 there 
has been a decrease in the value of LDL (-0.26 
mmol/L (-10 mg/dL)). Changes in values of HDL and 
triglycerides were not statistically significant.  
However, most of these studies included small 
samples, most of them were not randomised and did 
not include a control group [22].  

Since it is known that thyroid hormones 
perform a substantial effect on the heart, some 
studies have examined the influence of levothyroxine 
therapy on the structure and function of the heart in 
patients with SH. One such, double-blind and 
placebo-controlled study was conducted by Monzani 
et al. and it showed that patients with SH had a 
disorder in systolic and diastolic function of the left 
ventricle and that the levothyroxine therapy led to 
complete regression of it [23]. 

Great retrospective study based on data from 
the Danish National Patient Registry has examined 
the influence of levothyroxine therapy in patients with 
SH on the risk of myocardial infarction, as well as 
cardiovascular and total mortality. No effect was seen 
on the risk of myocardial infraction or the CV mortality. 
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As for total mortality, the results showed that patients 
younger than 65 years could have some marginal 
benefit [24]. 

Substitution therapy had different effects 
regarding cognitive functions which may be because 
SH is not a disorder that leads to global cognitive 
dysfunction and its numerous domains, but the more 
subtle changes in specific domains such as memory 
and executive functions of the brain [25]. 

As for mood disorders, although there is 
evidence that in patients with affective disorders often 
occurs SH, there is no evidence that substitution 
therapy has favourable effects [8, 26]. 

Levothyroxine therapy can lead to a reduction 
and the complete disappearance of the present 
antibodies in hypothyroid patients with Hashimoto 
thyroiditis. Still, there is no clear evidence that the 
early initiation of therapy might affect the spontaneous 
course of SH [1, 12, 27].  

 

 

The negative effects of therapy 

 

The most common negative consequence of 
levothyroxine therapy is the occurrence of subclinical 
hyperthyroidism and in some cases occurrence of 
iatrogenic hyperthyroidism [2, 27, 28]. Between 10% 
and 33% of patients who take levothyroxine have 
values of TSH below normal, and in more than half of 
these patients, TSH is less than 0.1 m/L [27]. 

Other adverse effects are related to the effect 
of levothyroxine on the bones and heart. Studies that 
examined the effect of TSH suppression by 
levothyroxine on bone density did not provide specific 
conclusions whether the therapy could lead to an 
increased risk of osteoporosis [26, 27]. As for the 
effects on the heart, subclinical hyperthyroidism in 
people older than 60 years is associated with 
increased 10-year risk of developing atrial fibrillation 
[26]. 

 

 

Whether and when to start treatment? 

 

SH is considered to be a mild disorder which 
can have consequences for the health and 
introduction of substitution therapy may be beneficial 
in some patients. Most of these patients have values 
of TSH from 4.0 to 10.0 mU/l and minimal metabolic 
and physiological disorders. Therefore, starting 
substitution therapy in these patients isn't usually 
justified. They should be rather monitored and 
controlled every 6 to 12 months [7, 12, 27]. Therapy 

should be considered if there are present antibodies 
on TPO, general symptoms that are suggestive of 
hypothyroidism, increased values of total and LDL 
cholesterol, nodular or diffuse enlargement of the 
thyroid gland, pregnancy or ovulatory dysfunction with 
infertility [12, 17]. 

The results of many studies have shown that 
treatment with substitution therapy should be initiated 
in patients with TSH values above ten mU/l because 
these patients are at increased risk of developing 
health disorders (dyslipidemia, CV events, psychiatric, 
neuromuscular disorders, and occurrence of general 
symptoms). Although there isn't enough evidence that 
levothyroxine therapy could lower the values of total 
and LDL cholesterol, it's beneficial effects cannot be 
excluded. Clinicians are advised to decide on a case-
by-case basis, particularly if patients are smokers and 
have other risk factors for cardiovascular disease 
(hypertension, insulin resistance and diabetes, renal 
failure, etc.) [27, 29]. 

High values of TSH also increase the risk of 
developing clinically OH. There is no evidence that 
treatment will postpone the progression of the 
disorder, but perhaps it could help coping with 
symptoms [30]. One of the strongest reasons why the 
treatment is proposed when TSH reaches values 
above 10.0 mU/l is that the favourable results of 
substitution therapy are more obvious in these 
patients [2, 6, 7, 12, 29, 30]. 

Treatment is initiated with levothyroxine. 
Usual doses 25-75 mg/day are sufficient to normalise 
levels of TSH in patients with SH. Doses should be 
carefully titrated until TSH reaches value between 1 
and 2-3 mU/l in younger and middle-aged patients. 
When the optimum values are reached, TSH should 
be controlled every 6-12 months [12].  
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Abstract  

The patient, a 40-year-old male, was referred to our clinic with intermittent nausea, vomiting and symptomatic 
anemia for 4 months. Notable hematological indices were low hemoglobin levels of 9.6 g/dl and hematocrit levels 
of 35.8%, while after receiving two units of concentrated red blood cells, at discharge; they achieved levels of 15.2 
g/dl and 42.3%, respectively. Esophagogastroduodenoscopy revealed a 3 cm antral pedunculated polyp, 
prolapsing into pylorus thus causing intermittent pyloric obstruction and anemia. Histological examination revealed 
a hyperplastic polyp without evidences of malignancy. No atrophy, metaplasia, dysplastic changes or Helicobacter 
pylori infection were detected in samples taken from the antrum and the corpus; however, the examination 
provided evidence for gastritis. Follow-up endoscopy was provided after 12 weeks to see polypectomy site after a 
course of Pantoprazole administration, and to define symptom-free time after polypectomy. Endoscopic removal 
of complicated gastric polyps should be considered at the time of initial diagnostic endoscopy. Endoscopic 
resection of polyps enables to determine the exact histopathologic type as well as to effectively treat symptomatic 
gastric outlet obstruction and anemia. 

 

 

 

 

 

 

Dear Sir, 

 

Hyperplastic polyps represent the most 
common type of gastric polyps [1]. They are 
characterised by proliferation of foveolar cells with 
variable amounts of edematous stroma [1]. When 
hyperplastic gastric polyps occur in the antrum, they 
may prolapse into the pyloric channel, consequently 
causing gastric outlet obstruction and chronic blood 
loss leading to iron deficiency anaemia [2]. 

The patient, a 40-year-old male, was referred 
to our clinic with intermittent nausea, vomiting and 
symptomatic anaemia for four months. Notable 
haematological indices were low haemoglobin levels 
of 9.6 g/dl and hematocrit levels of 35.8%, while after 
receiving two units of concentrated red blood cells, at 
discharge; they achieved levels of 15.2 g/dl and 

42.3%, respectively. Esophagogastroduodenoscopy 
revealed a 3 cm antral pedunculated polyp, prolapsing 
into pylorus thus causing intermittent pyloric 
obstruction and anaemia. Submucosal injection of the 
saline-epinephrine solution [3] in the basis of 
pedunculus and endo-loop placement was performed 
before the polyp was removed (Fig. 1). Rapid urease 
test for Helicobacter pylori performed on 
endoscopically taken tissue samples resulted 
negative. Histological examination revealed a 
hyperplastic polyp without evidence of malignancy. No 
atrophy, metaplasia, dysplastic changes or 
Helicobacter pylori infection were detected in samples 
taken from the antrum and the corpus; however, the 
examination provided evidence for gastritis. 
Histologically, hyperplastic polyp had corkscrew 
appearance characterised by marked elongation of 
the pits with branching and cystic dilatation of 
foveolae (Fig. 2A, 2B). 
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Figure 1: Gastric polyp after removal 

 

Follow-up endoscopy was provided after 12 
weeks to see polypectomy site after a course of 
Pantoprazole administration, and to define symptom-
free time after polypectomy. 

A)  

B)  

Figure 2: A) Irregular and dilated mucosal foveolae, lined by 
columnar epithelial cells are set in inflamed lamina propria (A), 
Hematoxylin and Eosin stain, 5x magnification). B) Smooth muscle 
fascicles traverse between the dilated glands, similar to what is 
observed in Peutz-Jeghers polyp (B), Hematoxylin and Eosin stain, 
10x magnification) 

Although most of these polyps are small (< 20 
mm), large polyps may be encountered at endoscopy. 
The risk for complications is higher if the polyps 
exceed 20 mm in size [1]. Gencosmanoglu R. et al. [4] 
reported a similar case of a patient, in whom 
esophagogastroduodenoscopy revealed a prepyloric 
polyp causing intermittent gastric obstruction. Up to 
80% of hyperplastic gastric polyps have been found to 
regress after eradication of H. pylori before 
endoscopic removal [5]. 

Endoscopic removal of complicated gastric 
polyps should be considered at the time of initial 
diagnostic endoscopy. Endoscopic resection of polyps 
enables to determine the exact histopathologic type 
as well as to effectively treat symptomatic gastric 
outlet obstruction and anaemia.
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