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Abstract 

BACKGROUND: Haramonting leaves have a large antioxidant activity as inhibitors oxidation and form non-free 
radical compounds that are not reactive and relatively stable. Electronic smoking is a choice who slowly want to 
quit conventional smoking. 

AIM: This research aimed to determine the effect of ethanol extract on hard mounting leaves on leukocyte counts 
and histology Pulmo on male mice exposed to an electronic cigarette. 

METHODS: The samples used in this study were healthy male mice aged 8-11 weeks and weight of 25-30 g as 

many as 25 individuals and ethanol extracts of hard mounting leaves with a dose of 100 mg/kgBW, 200 mg/kgBW 
and 300 mg/kgBW. Blood tests were carried out at the Health Laboratory of North Sumatra Office, and the 
preparation of Pulmo histology was carried out at the Pathology and Anatomy Laboratory of Adam Malik General 
Hospital Medan 

RESULT: There were significant differences between the control group and all of the treatment groups in the 
number of lymphocytes, neutrophils, basophils and eosinophils. There was a tendency that electronic cigarette 
smoke could cause damage to pulmo tissue. 

CONCLUSION: The results of this study indicate that the ethanol extract of hard mounting leaves could help the 
immune system in mice exposed to an electronic cigarette. 

 

 

 

 

 

 
 
 

Introduction 

 

One source of pollutants in the air is cigarette 
smoke which has toxic properties for the lungs, 
especially clove cigarettes (without filters). These toxic 
substances enter the lungs increasing free radicals 
that affect the imbalance of antioxidant levels in the 
lungs to fight oxidants. This situation is called 
oxidative stress. These gases include 2-nitropropane, 
acrylonitrile, acrolein, ammonia, acetaldehyde, 
dimethylnitrosamine, formaldehyde, hydrazine, 

hydrogen cyanide, carbon monoxide, nitrogen oxides, 
pyridine, urethane, vinyl chloride, and various other 
nitrosamines [1]. 

 Electronic smoking is a choice for active 
smokers who slowly want to quit conventional 
smoking. Electronic cigarettes are considered as 
healthy cigarettes with lower nicotine content and do 
not contain tobacco smoke compared to conventional 
cigarettes. Smoking is a major cause of lung cancer, 
as well as other lung diseases that are chronic and 
obstructive, such as bronchitis and emphysema. 
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About 85% of people with this disease are caused by 
cigarettes — symptoms caused by chronic cough, 
phlegm, and respiratory problems. If a lung function 
test is carried out, then the test results on smokers are 
worse than those of nonsmokers. Smoking is also 
associated with influenza and other pneumonia [2]. 

Death is generally not due to difficulty 
breathing because of enlarged cancer, but the 
position of the lungs in the circulatory system that 
makes cancer spread easily throughout the body. 
Exposure to secondhand smoke causes the body's 
natural antioxidants to no longer force the production 
of Reactive Oxygen Species (ROS). This results in the 
production of ROS as a reactive molecule that 
continues to be excessive and causes damage in 
various places. Excess ROS will damage the 
respiratory tract epithelial cells and surrounding cell 
membranes so that an inflammatory response occurs. 
The inflammatory response due to increased ROS 
from exposure to cigarette smoke will increase blood 
leukocyte levels. One parameter to assess the 
increase in leukocyte levels is to count the type of 
leukocytes [3]. 

According to [4] haramounting leaf extract has 
a large antioxidant activity. Antioxidants are defined 
as inhibitors that work to inhibit oxidation by reacting 
with reactive free radicals to form non-free radical 
compounds that are not reactive and relatively stable 
[5]. Haramonting stems and twigs have large 
antioxidant activity, and weak toxicity [6], [7] explained 
that ethanol extract of hard mounting leaves has anti-
bacterial and anti-inflammatory activity. Haramounting 
leaves (Rhodomyrtus tomentosa) contain flavonoids, 
saponins, tannins and triterpenoids. Flavonoid content 
is a powerful antioxidant that can reduce lipid 
peroxidation, increase epithelialization speed, and is 
anti-microbial [8]. 

This research aimed to determine the effect of 
ethanol extract on hard mounting leaves on leukocyte 
counts and histology Pulmo on male mice exposed to 
an electronic cigarette. 

 

 

Material and Methods 

  

The material used is male mice (Mus 
musculus L) strain DDW, Haramonting leaves 
obtained from plantation residents in Tapanuli North 
Sumatera, Feed the mice no. PB 551, staining 
Hematoxylin and Eosin. This research used the 
Completely Randomized Design (CRD) using 30 male 
mice with an average weight of 20-25 g aged 12-18 
weeks. Male mice are kept in Animal Cages Biological 
Laboratory, Faculty Mathematics and Natural Science, 
Universitas Sumatera Utara, Medan Indonesia. 
Experimental animal handling is done ethically 
(Ethical Clearance).  

 Rhodomyrtus tomentosa leaves are washed 
then dried by the requirements of water content. The 
treatment consisted of 5 groups consisting of 5 male 
mice positive Control (K

+)
, Negative Control (K

-
) in 

given exprouse smoke cigarettes and treatment 
groups extract ethanol harmonising at a dosage of 
(100, 200, 300) mg/KgBW in 30 days. All mice killed 
by the method of disclasio cervicalis to take the tests. 
Furthermore, the parameters are leukocyte count, 
morphological observation and pulmonary histology. 
Pulmo is taken to make histology preparations using 
paraffin method. The histology study was carried out 
under a microscope with a magnification of 10 x 40. 
The method used in pulmonary histology observation 
was a scoring method using the microanatomy 
structure of the lung tissue of mice analysed 
qualitatively and made a score of degree of damage. 
In each field of view counted 20 cells at random and 
then the data processed with SPSS 22 program with 
Kruskal Wallis test. 

 

 

Results 

 

Based on this research Figure 1 shows that 
the monocytes count value in the negative control 
treatment was 2, the positive control was 1, in the 
treatment of 100 mg/kgBW was 8, in the treatment of 
200 mg/kgBW, and 300 mg kgBW was 4. It was seen 
an increase in the value of monocytes in the blood 
mice after exposure to electronic cigarette smoke and 
given Haramounting ethanol extract. The results 
obtained are differences in monocytes values that 
were not significantly different in each group both in 
the control group and the treatment group. In the P1 
group obtained higher than the control group, this 
occurred because of the influence of hard mounting 
ethanol extract and exposed to electronic cigarette 
smoke. Based on data from the normal monocytes 
count value, monocytes are still at normal levels, 
which is between 2 to 8. This shows that monocytes 
are still in good and normal condition in the blood of 
mice. 

 

Figure 1: Percentage of Mice Blood Monocyte Count Counted by 
Electronic Cigarette Smoke and Haramounting Leaf Extract. Note; p 
> 0.05 

 

The lymphocytes count value in the negative 
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control treatment was 17, the positive control was 10, 
the treatment of 100 mg/kgBW was 78, the treatment 
of 200 mg/kgBW was 83, and the treatment of 300 
mg/kgBW was 74 (Figure 2). The value of mice 
lymphocytes after exposure to electronic cigarette 
smoke and given haramounting ethanol extract. The 
results obtained are differences in basophil values 
that are significantly different between the control 
group and the treatment. The P2 group was higher 
than the other groups due given ethanol extract of 
hard mounting leaves at 200 mg/kgBW, but 
lymphocytes values in the K

+
 group are even lower 

than others.  

 

Figure 2: Percentage of Mice Blood Lymphocytes Count Counted 
by Electronic Cigarette Smoke and Haramounting Leaf Extract. 
Note; p

a, b
 < 0.05 

 

Based on the data of normal lymphocyte 
count values between 20-40, the mice were negative 
and positive control was still in good and normal 
condition while mice treated at 100 mg/kgBW, 200 
mg/kgBW and 300 mg/kgBW increased above normal 
values.  

The neutrophil count value in the negative 
control (K

-
) treatment was 75, the positive control was 

83, the treatment of 100 mg/kgBW was 5, the 
treatment of 200 mg/kgBW was 5, and the treatment 
of 300 mg/kgBW was 11 (Figure 3).  

 

Figure 3: Percentage of Mice Blood Neutrophil Count Counted by 
Electronic Cigarette Smoke and Haramounting Leaf Extract. p

a, b
 < 

0.05 

 

Seen decrease in the neutrophil value of mice 
after exposure to electronic cigarette smoke and given 
haramounting ethanol extract. The results obtained 
were differences in neutrophil values that were 

significantly different between the control group and 
the treatment group. In the K

+
 group, which can be 

higher than the control group, this occurs because of 
the influence of hard mounting ethanol extract and 
exposed to electronic cigarette smoke can increase 
the neutrophil value. But in the group of neutrophil 
values higher than the neutrophil value in the 
treatment group. Based on the data of normal 
neutrophil count values between 50-70. So, the mice 
treated with negative control was still in normal 
neutrophil conditions. The positive control treatment, 
neutrophils experienced a slight increase and in 100 
mg/kgBW, 200 mg/kgBW and 300 mg/kgBW 
decreased neutrophils. 

The value of basophil count in the negative 
control treatment was 2, the positive control was 0, 
the treatment of 100 mg/kgBW was 10, the treatment 
of 200 mg/kgBW was 8, and the treatment of 300 
mg/kgBW was 10 (Figure 4). Seen Basophil values of 
mice after exposure to electronic cigarette smoke and 
given haramounting ethanol extract. The results 
obtained are differences in basophil values that are 
significantly different between the control group and 
the treatment group. The P3 group was higher than 
the other groups by giving 300mg/kgBW of hard 
mounting leaf ethanol extract. However, the basophil 
value in the K

+
 group was 0. Based on the data of the 

normal values of basophil count, i.e. 0 to 1, the mice 
in the positive control were in normal conditions. 
Whereas for mice in negative control and treatment of 
100 mg/kgBW, 200 mg/kgBW and 300 mg/kgBW 
experienced an increase in basophil value. 

 

Figure 4: Percentage of Mice Blood Basophil Count Counted by 
Electronic Cigarette Smoke and Haramounting Leaf Extract. p

a, b
 < 

0.05 

 

The calculated value of the type of 
eosinophils in the negative control treatment was 3, 
the positive control was 1, in the treatment of 100 
mg/kgBW was 0, the treatment of 200 mg/kgBW was 
0, and the treatment of 300 mg/kgBW was 0 (Figure 
5).  

Eosinophil value in blood of mice after 
exposure to electronic cigarette smoke and given 
haramounting ethanol extract. The results obtained 
were differences in eosinophil values, which were 
significantly different between the control group and 
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the treatment group. 

 

Figure 5: Percentage of Mice Blood Eosinophil Count Counted by 
Electronic Cigarette Smoke and Haramounting Leaf Extract. p

a, b
 < 

0.05 

 

The P1, P2 and P3 groups obtained lower 
than the other groups due to exposure to cigarette 
smoke, and hard mounting extracts can reduce 
eosinophil values. Based on the data of normal values 
of eosinophil count, i.e. 1 to 3, the eosinophil levels of 
mice in negative control and positive control were still 
in good and normal condition, while mice treated at 
100 mg/kgBW, 200 mg/kgBW and 300 mg/kgBW 
decreased eosinophils value. 

 The average weight of pulmo mice in the 
negative control group (K

-)
 was 0.33 g, the positive 

control group (K
+
) was 0.37 g, the treatment group 1 

was 0.33 g, the treatment group 2 was 0.36 g and 
treatment group 3 was 0.34 g (Figure 6). It was seen 
that in the positive control group showed the highest 
average weight; this was probably due to the 
continuous use of mouse mice exposed to electronic 
cigarette smoke exposure without being given 
haramounting leaf extract which was thought to be an 
antioxidant. Cigarette smoke that enters the pulmo will 
cause pulmonary tissue damage and respiratory 
disorders so that for a long period, it will cause Pulmo 
smokers to become damaged. 

 

Figure 6: Average Weight of Pulmo Mice Exposed to Electronic 
Cigarette Smoke and Haramounting Leaf Extract. Note: p > 0.05 

 

 From Figure 7, the difference in the colour of 
pulmo mice in each treatment. Where the negative 
control (K

-
) looks pink coloured pulmo, positive control 

(K
+
) looks blackish pulmo, treatment 1 looks pink 

coloured Pulmo with a little black spot, treatment 2 
looks pink coloured pulmo black, and 3 treatment 

looks coloured pulmo pink with black spots that almost 
cover the entire surface of pulmo. Pulmonary 
morphology in the positive control (K

+
) shows that 

there are many black spots on the surface of pulmo, 
this is likely to occur due to the influence of electronic 
cigarette smoke-exposed to mice. While pulmo in 
treatment P1, P2 and P3 were seen to have black 
patches but not as much as pulmo in the positive 
control (K

+
), due to the possibility of the effect of hard 

mounting leaf extract and antioxidant for Pulmo mice. 

 

Figure 7: Pulmo Color of Mice Blood Exposed to Electronic 
Cigarette Smoke and Haramounting Leaf Extract. (Photo After 
Fixation Process) shows black spots on the surface of pulmo mice 

 

The average score of the degree of damage 
from Pulmo tissue (Figure 8). Pulmonary tissue 
damage was done by Kruskal-Wallis test to see the 
differences in the five treatments. From the results of 
statistical analysis tests showed that for membrane 
damage, lumen damage and the relationship between 
alveoli have different scores on negative control, 
positive control and treatment. Based on the graph 
above, it can be seen that the greatest pulmonary 
tissue damage score occurs in positive control with a 
score of 3, in which the condition of the alveolar 
membrane is damaged and not intact with the alveolar 
lumen that is not rounded and the stretching between 
the alveoli. Whereas for all good treatment 100 
mg/kgBW, 200 mg/kgBW and 300 mg/kgBW the 
pulmo tissue damage score was 2 where the condition 
of the alveolar membrane is still intact with the 
surrounding endothelial cells, the alveolar lumen was 
still intact rounded train and the alveolar relationship 
was quite tight. This shows that in positive control, 
pulmo exposed to cigarette smoke is damaged both in 
the alveolar membrane, alveolar lumen and also the 
relationship between the alveoli and it can be seen 
also in the treatment there is an effect of 
haramounting leaf extract on pulmo tissue so that 
damage to the pulmo tissue can be minimized. 

The damage that occurred between the 
negative control group, positive control and the 
treatment was significantly different (Figure 9). This is 
consistent with the results of statistical analysis of 
pulmo tissue damage scores. 
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Figure 8: Scores of Degrees of Damage to Mice Pulmo Exposed to 
Electronic Cigarette Smoke and Haramounting Leaf Extract 

 

For negative controls with a score of 1 where 
the alveolar membrane was intact, nucleated and 
complete with endothelial cells with the rounded 
alveolar lumen and tight interrelated alveolar 
connections. For negative control with a score of 3 
where the alveolar membrane is not intact, it has no 
nucleus, and the surrounding endothelial cells are not 
visible with the alveolar lumen widened, and the 
relationship between the alveoli is stretched. P1, P2 
and P3 groups with a score of 2 where the alveolar 
membrane is relatively intact with the alveolar lumen 
that is still rounded and the relationship between the 
alveoli is relatively tight. 

 

Figure 9: Histology of Pulmo Mice Exposed to Electronic Cigarette 
Smoke and Haramounting Leaf Extract. K- (negative control); K + 
(positive control); P1, P2, P3 (treatment); Healage HE Magnification 
100 x; A) Alveolar membrane; B) Lumen alveolus; C) Relationship 
between alveoli 

 

 

 

Discussions 

 

Alveolar macrophages release cytokines such 
as tumour necrosis factor-a (TNF-α), and TNF-α can 
stimulate the bone marrow to accelerate the 
differentiation, proliferation and maturation of 
granulocyte cells, especially neutrophils and 
monocytes which can increase the amount in the 
blood. Excessive increase in ROS can cause an 
imbalance so oxidative stress will occur. If lipid 

peroxidation occurs, the structure of the monocyte cell 
containing the most lipids is the cell membrane will be 
damaged. Damage to cell membranes results in 
disrupted biochemical activity in cells, so cells are 
unable to sustain their lives, and cell death occurs [2]. 

Antioxidants are compounds that can inhibit 
reactive oxygen species and also free radicals so that 
antioxidants can prevent diseases associated with 
free radicals such as carcinogenesis, cardiovascular 
and ageing [9]. 

Lymphocytes are a type of leukocytes that 
have a role in the immune response. Lymphocytes 
show very high heterogeneity in morphology and 
function because they are active and can change 
shape and size. Lymphocytes can break through soft 
tissues or organs because they provide immune 
substances for the body's defence. Lymphocytes play 
a role in responding to antigens (foreign objects) by 
forming antibodies and developing immunity [10] 
because lymphocytes are immune cells that play an 
important role in response systems humoral and 
cellular invulnerability [11]. 

A neutrophil can phagocyte 5-20 bacteria 
before inactive and dead neutrophils [14]. The number 
of neutrophils can be increased if there is an infection, 
inflammation and in a state of stress. Stressful 
conditions in mice can trigger an increase in the 
production of corticosteroid hormones. Corticosteroids 
are produced by the adrenal cortex, which can 
increase anti-inflammatory, physiological and 
metabolic activity in the body [15]. There was an 
increase in neutrophils in negative controls where 
mice were not given any treatment. The possibility is 
that the mouse is in a stressful condition both with the 
environment outside the cage and inside the cage. 
While the number of neutrophils in the treatment of 
100mg/kgBW, 200mg/kgBW and 300 mg/kgBW 
decreased. This proves that mice do not experience 
any anti-inflammatory activity in which there is no 
tissue injury or infection in the mouse tissue. The 
highest number of leukocyte count results is 
neutrophil leukocytes; this is by the statement of [16] 
that has the potential as an immunomodulator and 
maintain an acute inflammatory response in the body. 
It is suspected that it can increase neutrophil 
production which serves to maintain an acute 
inflammatory response in the body, in this case, non-
specific neutrophils can quickly recognise and 
respond to a pathogen, and are important for 
controlling bacterial infections. The effects of ethanol 
intoxication are measured in other tissues where there 
is a decrease in enzymes in the blood, liver and 
kidneys but not in the heart and lymph. This means 
that the effect of alcohol on the number of leukocytes 
is related to the effects of alcohol in a chronic way that 
affects the bone marrow, which is the place where 
blood cells are produced. With this theory, it can be 
concluded that the effects of alcohol can chronically 
interfere with the production of basophils. An increase 
in the number of basophils indicates a leukocyte 
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response in humoral and cellular ways to overcome 
the presence of substances that enter [17]. 

Basophils have the same function as mast 
cells, which generate acute inflammation in the 
antigen deposition site [18]. When the tissue 
experiences inflammation of the basophils, it releases 
heparin, histamine, a little bradykinin, and serotonin. 
Changes in the number of leukocytes in the blood 
circulation can be interpreted as the emergence of 
disease agents, inflammation, autoimmune diseases 
or allergic reactions [19]. 

Monocytes in carrying out the function of the 
immune system act as macrophages which swallow 
and destroy cells, microorganisms and foreign objects 
that are pathogenic. Eosinophils perform the function 
of the immune system by lysing as well as chemical 
functions, which are enzymatically [20]. 

Eosinophils function as phagocytes in the 
blood so that the presence of incoming chemicals is 
considered a foreign object. Therefore, eosinophil acts 
to repair damaged networks [15]. 

Eosinophils are present in the blood in small 
amounts, namely 1-3% of the total leukocyte 
population. The mechanism of action of eosinophils 
uses opsonisation with the help of immunoglobulin E 
(IgE), so eosinophils are strongly associated with its 
action with IgE. Eosinophils after being synthesised 
and enter the bloodstream then infiltrate the tissue. In 
this tissue eosinophils work against pathogens. The 
presence of pathogens will trigger an increase in the 
number of eosinophils in the blood. Eosinophils also 
play a role in the inflammatory process. Inflammation 
itself occurs using T helper (Th) cells. Th17 cells that 
are active will express IL-17, and the two cells then 
secrete several chemokines and cytokines such as 
erythropoietin, Transforming Growth Factor (TGF), 
MMP [21]. 

Cigarette smoke that enters the respiratory 
tract can cause airway reflex disturbances, impaired 
ciliary function (ciliototoxic) and increase mucus 
production. When smoking, various chemicals are 
absorbed in, and if it occurs for a long time there will 
be a work inhibition of the lungs, such as carbon 
monoxide, its presence in the lungs will reduce the 
blood's ability to bind oxygen from the lungs. This 
happens because red blood cells have a stronger 
affinity for carbon monoxide compared to oxygen. This 
situation causes shortness of breath and severe 
coughing for a long time [22]. 

The main toxins contained in cigarettes are 
tar, nicotine, and carbon monoxide. Cigarette smoke 
that enters the respiratory tract can cause airway 
reflex disturbances, impaired ciliary function 
(ciliototoxic) and increase mucus production [22]. The 
cough that occurs in smokers is an attempt to remove 
thick mucus that is difficult to be pushed out of the 
airway [23], states [24] that the components of 
cigarette smoke are CO, ammonia, hydroxylic acid 

nitrogen oxides, and formaldehyde. The particles 
consist of tar, indole, nicotine, carbazole and cresol. 
This substance is toxic, irritating, and causes cancer 
(carcinogens). Statement [25] states that the 
additional flavour content in electronic cigarettes also 
contains carcinogens that are harmful to humans, 
including nitrosamines, toxic chemicals such as 
diethylene glycol, and components of anabasine, 
myosmine, and betanicotyrin tobacco specific 
ingredients. People who smoke for a long time have a 
high prevalence of several diseases such as 
atherosclerosis and chronic obstructive pulmonary 
disease (COPD) with significant systemic effects [26]. 
Thus, the sufferer is not only his smoker (active 
smoker) but also people who are in the cigarette 
smoke environment or referred to as passive smoking 
[27]. 

According to [28], the relationship between 
the alveolus that is dense in the group that is not 
exposed to cigarette smoke shows that the 
extracellular matrix which consists of collagen and 
elastin fibres is still intact. Lumen alveolus It seems 
normal not enlarged, which is common when there are 
lung abnormalities.  

According to [29], gas absorption through the 
respiratory tract depends directly on the concentration 
of gas in the air inhaled. Most gases can switch easily 
across the alveolus epithelium into the plasma. Also, 
the respiratory tract can excrete toxins that have been 
absorbed from pulmo or through other pathways and 
with a xenobiotic metabolic enzyme system, 
biotransforming many toxics that can produce oxygen 
radicals and reactive epoxides that can cause cell 
damage in pulmo. According to [30], the length of 
exposure for inhalation poisoning and behavioural 
poisoning tests can be acute, chronic and chronic. But 
acute understanding is more common with inhalation 
toxicology, and chronic understanding is more 
common with behavioural toxicology. 

In conclusion, the effect of giving 
haramounting leaf extract (Rhodomyrtus tomentosa 
(Aiton) Hassk.) to the number of normal values of the 
type of leukocytes mice exposed to electronic 
cigarettes cannot help maintain the normal value of 
leukocyte count. But in statistical analysis, it was seen 
that the change in leukocyte count value did not 
experience an increase or decrease that was too 
significant so that it was still within reasonable limits 
and did not endanger mice. haramounting leaf extract 
(Rhodomyrtus tomentosa (Aiton) Hassk.) as much as 
200mg/kgBW. The effect of giving electronic cigarette 
smoke to mice did not statistically affect the alveolar 
membrane, alveolar lumen and the relationship 
between alveoli. However, in histological observations 
there is a tendency that electronic cigarette smoke 
can cause the alveolar membrane to lose endothelium 
cells in it, the alveolar lumen which is widened and not 
rounded intact and the relationship between the 
alveoli tend to be stretched. 
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