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Abstract
BACKGROUND: Silicosis is the most frequently occurring pneumoconiosis.

AIM: Measurement of serum levels of Angiotensin converting enzyme (ACE), Copper (Cu) and
Ceruloplasmin (Cp) in cement workers occupationally exposed to silica dust as biomarkers of
exposure rather than biomarkers of effect for silicosis.

METHODS: Plain chest X-ray & pulmonary functions were done for 30 silicotic and 42 non-silicotic
workers and 42 controls. CT scan was done for the exposed groups. Serum levels of Cu, Cp and
ACE were estimated.

RESULTS: The results showed a higher significant difference between the exposed groups and
controls, and between the two exposed groups regarding the mean levels of all measured
biochemical parameters. The pulmonary functions were significantly lower among silicotic workers
than controls and non-silicotic groups. There was a significant positive correlation between duration
of employment and serum ACE and Cu.

CONCLUSION: Since respirable dust exposure-linked lung fibrosis disease is non-curable, the
biochemical parameters (Cu, ACE and Cp) can be used as exposure biomarkers to silica dust,
providing a better way for early diagnosis of this deadly disease. Down regulating the inflammatory

responses could potentially reduce the adverse clinical pulmonary effects of air pollution.

Introduction

Silica dust is widely prevalent in the
atmosphere and is more common than the other types
of dust. Inhalation of various forms of free crystalline
silica or silicon dioxide results in a spectrum of
pulmonary diseases known as silicosis, thus making
silicosis the most frequently occurring
pneumoconiosis [1].

Mining, quarrying, tunneling, foundry work,
glass manufacture, abrasive blasting, ceramic and
pottery production, and cement production are
industries and occupations having the potential for
silica exposure [2].

Clinical diagnosis of silicosis depends on the
detection of radiological abnormalities, which are a
late (10 to 15 yr following exposure) and irreversible
manifestations of the disease. Elucidation of the

mechanisms of action of crystalline silica-induced
fibrosis has contributed greatly to the identification of
a number of biological responses that are involved in
the pathogenesis of silicosis [3].

Histologically, silicosis is characterized by
hyalinized and fibrotic nodules, thickening of alveolar
interstitium, and accumulation of inflammatory cells
such as alveolar macrophages (AM) and lymphocytes.
The pathogenesis of silicosis has been related to the
accumulation of inflammatory cells that produce
fibrogenic and inflammatory cytokines and growth
factors. AM are thought to be key inflammatory cells in
silicosis, since they produce most of these fibrogenic
factors in silicotic lung [4].

Gaensler and Carrington [5] stated that 9.6 -
18.1% of individuals having pathological evidence of
interstitial lung disease may have a normal chest
radiograph. Similarly the lung function tests also
reveal the changes in the advanced stages [6].
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Computed Tomography (CT) has recently been
introduced for the diagnosis of pneumoconiosis. CT
detects finer anatomical structure than radiography; it
is expected to increase the sensitivity of diagnostic
measures for this disease. But it could not get
popularity because of its cost [7]. Hence, there is a
need to develop a biomarker for early detection of
silicosis.

The disease is irreversible and incurable, and
only preventive steps such as job rotation, use of
personal protective equipment, etc., remain solutions
to the problem. Under such a situation, early
diagnosis or prediction may become very useful to
control the disease. Biomarkers are biological
parameters in blood serum whose values are changed
with deposition of dust in the lung and onset of lung
fibrosis. They can help—in the early diagnosis and
prognosis of silicosis before it is actually diagnosed by
the conventional X-ray techniqgue and lung function
tests. There are several reasons why such emphasis
is currently placed on biomarkers. Biomarkers may
enhance the diagnostic accuracy of occupational and
environmental illness, and ultimately result in
prevention of diseases. In addition, biomarkers are
likely to enhance the understanding of the dose-
response relationship between exposure to a hazard
and an illness. Ultimately, their use may help to
evaluate the effectiveness of various control
measures [8].

In addition, it is also of importance to assess
those biological responses before the threshold
burden of silica in the lung has been exceeded. It has
recently been shown that once this threshold has
been exceeded, silica-induced pulmonary disease
progresses without further exposure to silica [3].

ACE is a peptidyl dipeptide hydrolase in the
renin—angiotensin system, converts angiotensin-| into
the potent vasopressor angiotensin-1l and inactivates
the vasodilator bradykinin, which is the product of the
kallikrein—kinin enzyme system. ACE is located mainly
on the luminal surface of vascular endothelial cells [9]
but is also present in monocyte—macrophage cells
[10]. In silicosis and other dust-related lung fibrosis,
both the endothelial cells and macrophages were
considered to be the source of increased serum ACE
levels [11].

The increase in the activity of ACE in
bronchoalveolar lavage (BAL) fluid and serum was
considered to be a marker of lung injury in a number
of pulmonary diseases because its concentration in
the serum is only a very small fraction of the total
body ACE activity [12].

Cu has a fibrogenic property [13]. As the
primary pathologic changes in silicosis include fibrosis
and the proliferation of collagen tissue in the lungs
there could be a possible association between
silicosis and raised levels of serum Cu. Studies have
reported elevated levels of serum Cu in silicotics [14,

15]. Although the mechanism of increase in serum Cu
is still not understood. However, it has been
suggested that an increase in Cp levels in silicosis,
which contains eight Cu atoms may be responsible for
such an increase [16]. Moreover, both parameters
were observed to increase in the overt cases of
silicosis with severe grades of profusion [17].

The aim of the current study was to measure
serum levels of ACE, Cu and Cp in cement workers
exposed to respirable dust containing free silica. Also,
to address the importance for using these biomarkers
as an early warning signal for risk of future adverse
health outcomes, before it is actually diagnosed by
the conventional X-ray technique and lung function
tests used for diagnosis of dust-linked diseases.

Materials and Methods

Subjects

This work was designed as a cross-sectional
controlled study. Three groups were included. The
study was conducted at a cement factory located in
Helwan district, Cairo Governorate, Egypt. Thirty
silicotic workers from different departments of the
cement factory (quarrying, crushing, milling and
packing processes) were included in the study. Those
cement workers were previously diagnosed as
silicosis by the Occupational Diseases Committee,
Health Insurance Agency, Cairo and they had
occupational disability ratio (ranged from 5 to 25%)
and their chest X-rays confirmed by High Resolution
Computerized Tomography scan (CT) revealed that
all the opacities were of p/p category and of 1/0, 1/1,
1/2 and 2/1 profusion grades.

Forty two non-silicotic workers were randomly
chosen from the same departments of the cement
factory. Subjects with duration of exposure with
average 10 years were included in this study. Their
chest X-rays and CT scan examinations revealed that
all of them were free of silicosis. None of the exposed
workers used any personal protective equipment as
masks or respirators during their job. Forty two non-
smokers male administrative workers with mean age
39.4 + 5.3 years, who have never been involved in
cement industry, were chosen as a control group (with
free chest x-ray).

Methods

1. Written informed consent was taken from each
subject to confirm his voluntary participation in this
study. The consent was signed by the principal
investigator and the participant. All workers were
interviewed to complete questionnaire sheet
(personal data, smoking habit, detailed current
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and previous occupational history to find out work-
related symptoms and past medical history of
chronic  illness).  Subjects  with  chronic
inflammatory diseases such as liver disease,
rheumatoid arthritis, diabetes, hypertension, and
thyroid disease were excluded from the present
study.

2. Chest examination was done for all studied

workers.

3. Plain chest X-ray: Full sized (14" x 14" inches)
roentgenograms posterior-anterior view was done
for all the studied groups.

4. High Resolution CT scan were performed for the

exposed workers, and the roentgenographic
findings were classified according to the
International Labor Organization (1.L.O)

classification of pneumoconiosis [18].

5. The pulmonary functions were measured using
Spirovit SP-10 (Maker Schiller AG, Switzerland).
After calibrating the spirometer according to the
procedure given in the catalog, at least three
acceptable valid and reproducible (within 5%)
spirograms were taken. The readings showing the
highest value were recorded. Spirometry
prediction equations for Whites [19] automated in
the spirometer were used. Recorded spirometric
parameters included percent predicted forced vital
capacity (% pred FVC), % pred forced expiratory
volume in 1% second (% pred FEV1) and
FVC/FEVL1 ratio.

6. Laboratory Investigations:

Blood sample was collected from exposed
workers and the controls, and centrifuged for the
separation of serum, which was kept frozen until
analyzed for serum copper, ceruloplasmin and ACE.

- Serum Cu was measured by coloremitric
determination  without deproteinization. Copper
dissociated from proteins, gives with Di-Br-PAESA a
stable colored complex, whose intensity of color is
proportional at the concentration of copper in the
sample [20]. The kit was purchased from BioSTC
Egypt. Normal values (80-140 pg/dl).

- Serum Cp was assessed by radial immune-
diffusion assays, employing Biocientifica S.A. -
Argentina (ceruloplasmin) plate. The procedure is
based on immune-precipitation in agarose between an
antigen and its homologous antibody. Antigen diffuses
radially out of the well into the surrounding gel-
antibody mixture, and a visible ring of precipitation
forms where the antigen and antibody reacted. A
guantitative relationship exists between the ring
diameter and antigen concentration [21]. Normal
values (15-57 mg/dl).

- The serum ACE activity was measured by
the spectrophotometric method; the synthetic
tripeptide substrate used was N-[3-(2-furyl) acryloy]-L-

phenylalanylglycylglycine (FAPGG). The method is
based on the principle of hydrolysis of FAPGG to
furylacryloylphenylalanine and glycylglycine.
Hydrolysis of FAPGG results in a decrease in the
absorbance at 340 nm. The ACE activity in the
sample is determined by comparing the sample
reaction rate to that obtained with the ACE calibrator
(22). The kit was purchased from BEN-Biomedical
Enterprise S.r.I. milano-Italy. Normal values (20-70
U/L).

Data entry and statistical procedures were
performed using SPSS18 program.

Results

All eligible workers with silicosis (n = 30) from
different departments of the cement factory
(quarrying, crushing, milling and packing processes)
with mean duration of 26.8 + 5.0years were included
in the study. A non-silicosis group (n = 42) with mean
duration of exposure 10.7 + 3.3 years was randomly
chosen from the same work departments. Although
there was significant difference between the silicosis
and non-silicosis group regarding the age (52.2 + 4.6
and 37.7 + 6.4 years respectively), the non-silicosis
group was comparable to the silicosis group as
regards the other potential confounders such as
gender (males), smoking habit (ever smokers 24/42
(57.1%) and 18/30  (60.0%) respectively),
socioeconomic and educational levels.

Table 1: The mean values of measured serum biochemical
parameters of the studied groups

N Mean Std. Deviation ANOVA

F-ratio P-value LSD
C 42 2034 503 (N.S)
Serum ACE (U/L) N 42 50.33 1245 5306 P<0.0001 (C.S)
S 30 10827  47.15 (CN)
C 42 4671 359 (N.S)
Serum Copper (ug/dl) N 42 8101 513 88.65 P<0.0001 (C.S)
S 30 13055  35.80 (CN)
. C 42 1319 512 ©)
Serum Ceruloplasmin (mg/dl) 45 1561 8.58 634 P<0.005 (S)
S 30 21.95 10.16 (CN)
C =control;  N=non-silicosis; S = silicosis.

Table 1 show a higher significant difference
between the exposed groups both silicosis and non
silicosis compared with the controls and between the
silicosis group and non silicosis as regards the mean
levels of all measured serum biochemical parameters
Cp, Cu and ACE. It was found that 40% (12/30) of the
silicosis group showed higher level of Cu and 80%
(24/30) showed higher level of ACE than normal
values. While 4.8% (2/42) of the non-silicosis group
showed higher level of ACE than normal values.

Concerning the effect of smoking on the
levels of serum Cp, Cu, and ACE in both studied
exposed groups; there was no significant difference
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Table 2: Effect of smoking and silicosis on different biological parameters

Non- smoker Smoker Non- smoker
Non-silicosis (A) Non- silicosis (B) Silicosis (C) Smoker silicosis (D)
N=18 N=24 N=12 N=18
Mean +SD Mean +SD Mean +SD Mean +SD ANOVA

Serum ACE (U/L) 45.94 10.70 53.63 13.08 101.12 61.03 113.05 38.71 9.6 0.000

LSD (C,D) (C,D) (A,B) (A,B)
Serum Copper (ng/dl) 79.17 4.77 82.39 5.15 121.61 30.38 136.51 39.58 13.5 0.00

LSD (C,D) (C.D) (A,B) (A,B)
Serum Ceruloplasmin (mg/dl) 13.3 5.6 19.1 11.5 20.4 10.9 23.1 9.9 1.86 0.159

LSD (D) (A)
between the smokers and the non-smokers no correlation between measured biochemical

subgroups in both the silicotics and non-silicotics.
Mean levels of serum Cp, Cu and ACE were found to
be higher in silicotic workers compared to non-silicotic
either non-smoker or smoker (Table 2, Fig. 1).

140
120

100
80
o ® Mean of Ceruloplasmin
40 ® Mean of ACE
20 Mean of Cupper
0
Non Smoker  Smoker Non
smoker non silicosis  smoker
non silicosis silicosis

silicosis

Figure 1: Effect of smoking and silicosis on different biological
parameters

The percentage of impaired pulmonary
function was significantly higher in the silicosis group
compared to non silicosis 93.3% (28/30) and 61.9%
(26/42) respectively (p < 0.05). It was found that odds
ratio of silicosis group having impaired pulmonary
function was 8.62 times (0.94-78.67) the non-silicosis.

Table 3: Parameters of ventilatory functions among studied
groups

N Mean  Std. Deviation  F-ratio  P-value LSD

C 42 88.24 16.32 16.894  0.000 (C,9), (N,S)
% pred FVC N 42 83.23 16.23

S 30 57.00 14.26

C 42 97.05 21.37 14.199  0.000 (C,9), (N,S)
%pred FEV; N 42 90.00 18.78

S 30 61.23 17.74

C 42 0.99 0.21 3.459 0.047 (C,9), (N,S)
FEV,/FVC N 42 0.98 0.28

S 30 0.88 0.19

C=control; N=non-silicosis; S=silicosis

Table 3 showed that the percent pred FVC (p
< 0.001), the percent pred FEV; (p < 0.001) and
FEV./FVC ratio (p < 0.05) were significantly lower
among the silicosis workers than the control and the
non-silicosis group. In the silicosis group, all workers
had combined restrictive & obstructive ventilatory
function impairment.

Table 4 showed that there was a high
significant difference between mean levels of serum
Cp, Cu and ACE among workers with impaired lung
functions and silicosis in comparison with workers with
impaired lung functions and non silicosis. There was

parameters and the pulmonary functions tests (not
tabulated).

Table 4: Mean and standard deviation of serum ceruloplasmin,
ACE and copper in relation to silicosis condition among
studied participants with impaired lung functions

Groups with impaired lung functions
Silicosis (93.3%) Non-silicosis (61.9%)

Mean + SD Mean + SD P value
Serum ACE (U/L) 110.87 + 47.81 57.54 + 10.09 0.001**
Serum Copper (ug/dl) 129.04 + 36.66 83.47 +4.58 0.02*
Serum Ceruloplasmin (mg/dl) 24.5+10.6 15.2+8.7 0.000**

*p< 0.01; *p< 0.05.

There was no significant relationship between
the degree of opacity in silicosis workers and
smoking. As, smokers and non smokers with p opacity
were (77.2% and 83.3% respectively), while smokers
and non smokers with pq opacity were (22.8% and
16.7% respectively). They are both independent
variables. The studied serum biological parameters
ACE and Cu were higher in workers with pq & p
opacities than the non-silicosis workers. Also, they are
higher in workers with pq opacities than those with p
opacities (Table 5).

Table 5: Relation between the categories of opacities and the
studied biological parameters

Workers with opacities (N=30)

Workers with p Workers with pq Non-silicosis
opacities opacities Workers ANOVA P value
N=24 N=6 N=42

Mean +SD Mean +SD
Serum ACE (U/L) 98.77 37.64 146.28 71.13 50.3+12.5 37.376__0.000**
Serum_Copper (ug/dl) 106.96 11.06 136.44 37.68 81+5.1 68.915 0.000**
Serum Ceruloplasmin 0.208
(mg/dl) p! 15.6 8.6 16.3 9.3 12.3+4.38 1.608 NS

**n< 0.01; NS = non significant.

There was a significant positive correlation
between duration of employment and ACE and Cu
(Table 6).

Table 6: Correlation between the duration of employment and
the measured biochemical parameters in cement workers

Number of exposed workers (72) el:r);gleg;orge%ft
Serum ACE ;) value Ool.sologln
Serum Copper :) value 061)00%
Serum Ceruloplasmin :) value giz;

**p< 0.001.
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Discussion

Serum ACE and copper levels are elevated in
fibrotic lung diseases. They can be used as potential
biomarkers of exposure in silicosis not only in the
classical cases of silicosis but also in the covert cases
of silicosis so that the preventive measures can be
taken [8].

Serum ACE is considered a useful biomarker
to monitor lung damage from exposure to crystalline
silica. The rise in serum ACE activity due to
hypertension can be ruled out as the blood pressure
measurement of workers revealed normo-tension.
Human studies have produced contradictory results.
Stone workers in the Gwalior region exposed to silica
dust had increased serum ACE level [23]. Increased
serum ACE activities were reported in silicosis
patients compared to control subjects, but this activity
did not reflect the severity of the disease as
determined by chest x-ray changes and respiratory
function tests, did not give further information on the
progression of the disease [24, 25]. Investigation of
Coal Workers Pneumoconiosis (CWP) showed
elevated serum ACE activity in CWP compared to
control subjects but no correlation was seen with the
progression of the disease [26]. However, other
studies confirmed an elevation in serum ACE activities
in silicosis patients. They found an association
between the serum ACE activity and the
roentgenographic severity of fibrosis [27, 28].

In the current study, the significant increase in
the ACE level among these exposed workers
compared to the controls and the higher mean levels
of serum ACE in non-smoker and smoker silicotic
workers compared to non-smoker and smoker non-
silicotics, confirmed that the exposure to silica dust
had a major role in this increase of ACE. This
increase reflects the severity of the disease as
determined by chest x-ray changes (Table 5) and
respiratory function tests (Table 4). Considering the
pulmonary function status, serum ACE level, was
higher in those with abnormal pulmonary function and
silicosis than those with abnormal pulmonary function
and free from silicosis. Those findings were in
concordance with Bucca et al., [25] and Tiwari et al.,
[29].

Romano et al., [30] explained that elevated
serum ACE levels can be attributed to the fibrotic
involvement of lung tissue; including capillaries as the
endothelial cells in the capillary bed have high
angiotensin-1-converting enzyme content. Human AM
are also known to contain ACE, and the mononuclear
phagocyte cell line is considered the primary source of
serum ACE in sarcoidosis [31]. The cytotoxic effect of
silica particles on macrophages leading to their
rupture and loss of the cytoplasmic contents, seem to
be crucial in the development of silicosis [32]. It is
likely that the serum ACE level in silicosis, at least

partly, reflects the accumulation and the increased
degradation of macrophages; this indicates that
macrophages may be a source of serum ACE in
silicosis.

There is an increasing evidence that AM plays
a key role in local lung and systemic inflammatory
responses induced by exposure to ambient particulate
matter (PM). In the lung, AM contributes to the
magnitude and the nature of the inflammatory
response by interacting with other lung cells such as
bronchial epithelial cells and dendritic cells in an effort
to process and clear the PM from the lung. These
macrophages also produce the mediators that are
associated with the systemic inflammatory response
induced by PM exposure, and recent studies support
the concept that these systemic mediators translocate
from the lung tissues into the circulation [33]. The
increased IL-1B production is mediated by the
nucleotide-binding domain and leucine-rich repeat
protein 3 (NLRP3) inflammasome that spreads the
local inflammatory response by interacting with
resident dendritic cells residing within or near the
epithelium, initiating, and maintaining an adaptive
immune response [34].

The elevated level of serum Cu in silicosis
was similar to the findings of earlier studies [16-35].
The elevated levels of serum Cu due to smoking as
reported in few studies [36, 37] can also be ruled out,
as in the current study, smoking had no effect on
levels of serum Cu and Cp in both exposed studied
groups, as there was no significant difference
between the smokers and the non-smokers
subgroups in non-silicosis and the silicosis. While the
mean levels of serum Cu and Cp were found to be
higher in silicosis workers compared to non-silicosis
either non-smoker or smoker which confirmed that the
exposure to silica dust had a major role in this
increase.

Approximately 90-95% of the total amount of
Cu in blood serum is strongly protein-bound, mostly
with a2-globulin (Cp).The concurrent increase of
serum Cp level during induced inflammatory
conditions suggest the involvement of serum Cp as
one of the body's inbuilt defensive mechanism against
noxious responses or inflammation [38]. It is
suggested that the increased serum Cp levels may be
a complimentary factor associated with inflammatory
conditions [39]. Serum concentration of Cp increases
in the presence of inflammation or infection, as a
consequence of its enhanced synthesis. This is mostly
due to the Cp production in hepatocytes, stimulated
by proinflammatory interleukins, such as IL-1 and IL-6.
During the inflammatory process, the production of
cytokines is increased. Both interleukins: IL-1 and IL-6
are responsible for hepatocytes stimulation to
increase the synthesis and secretion of Cp to the
blood serum. Cp transfers Cu from hepatocytes to the
blood serum (and further, to the tissues) [38]. This
may possibly explain the elevated concentration of
this bioelement (Cu), as well as the increased Cp
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level, in serum of our study workers. When pulmonary
function tests were categorized according to
respiratory diseases, serum Cu levels were found to
be higher among those having silicosis compared with
those free from diseases. Our findings agreed with
those of Tiwari et al., study [37].

In our study, serum Cu and Cp levels were
higher in workers with lung opacities than the non-
silicosis workers free of lung opacities, and in workers
with pq lung opacities than those with p lung opacities.
Inflammatory pathway plays pivotal role in
development and progression of the disease. These
findings were confirmed by Strecker et al., [40] results
who found that levels of serum Cu and Cp in patients
with rheumatoid arthritis correlated with the presence
of the inflammatory process. The Cu and Cp
concentrations increased proportionally to clinical
activity. This is considered to be a form of organism’s
protective response, since the Cp acts as an
antioxidant [40].

We found a significant positive correlation
between duration of employment and ACE and serum
Cu. This can be attributed to the increased cumulative
exposure of workers to the silica dust. This finding
disagree with that of Tiwari et al. [29] who observed
no association between serum ACE activity and
duration of exposure. Pandeyand Agarwal [41]
suggested that with increasing duration of exposure,
the chance for developing silicosis increases, and
thus fibrosis of lungs due to silicosis is accompanied
by increases in Cp as well as Cu levels in blood
serum. In contrast, a study which was conducted by
Tiwari et al. [37] on 134 workers of quartz stone
crushing units to assess serum Cu activity did not
found a significant correlation between mean serum
Cu levels and the duration of exposure.

In conclusion, since respirable dust exposure-
linked lung fibrosis disease is non-curable, there is a
need to develop a biomarker of exposure rather than
developing a biomarker of effect for silicosis because
of irreversible nature of the disease. So in the present
study the biochemical parameters (Cu, ACE and Cp)
can be used as exposure biomarkers to silica dust,
providing a better way for early diagnosis of this
disease.

Improvement in industrial hygiene, techniques
such as wet drilling, complete enclosed system,
mechanization; efficient ventilation systems (artificial,
natural, local and exhaust ventilation) and usage of
personal protective devices can prevent silicosis to
some extent. The problem of respirable dust
exposure-linked lung fibrosis should be dealt with
through a medico-socio-engineering approach, to
provide an optimum solution to this disease. It is
reasonable to suppose that treatment of the local
and systemic inflammatory responses of AMs,
induced by PM exposure, would be of benefit in
reducing the adverse clinical pulmonary effects of air
pollution. Further future studies are recommended to

overcome the current study’s limitation of relatively
small sample size.

References

1. Calvert GM, Steenland K Occupational exposure to silica and
end stage renal disease. JAMA. 1997; 278:546-547.

2.  Cvariani F, Carneiro AP, Leonori R, Bedini L, Quercia A,
Forastiere F Silica in ceramic industry: exposition and
pulmonary diseases. Med Lav Ergon. 2005; 27: 300-302.

3. Porter DW, Hubbs AF, Mercer R, Robinson VA, Ramsey D,
McLaurin J, Khan A, Battelli L, Brumbaugh K, Teass A,
Castranova V Progression of lung inflammation and damage in
rats after cessation of silica inhalation. Toxicol Sci. 2004,
79:370-380.

4. Vanhée D, Gosset P, Boitelle A, Wallaert B, Tonnel AB
Cytokines and cytokine network in silicosis and coal workers’
pneumoconiosis. Eur Respir J. 1995 ; 8:834-842.

5. Gaensler EA, Carrington CBOpen biopsy for chronic diffuse
infiltrative lung disease: clinical, roentgenographic, and
physiological correlations in 502 patients. Ann Thorac Surg.
1980; 30:411-426.

6. Tiwari RR, Sharma YK, Saiyed HN Peak Expiratory Flow and
associated epidemiological factors: A study among silica
exposed workers of Chhotaudepur, India. Indian J Occup
Environ Med. 2004; 8:7-10.

7. Tiwari RR Biomarkers of silicosis: Potential candidates. Indian
J Occup Environ Med. 2005; 9 : 103-106.

8. Jai KP, Deepa A Biomarkers: A potential prognostic tool for
silicosis. Indian J Occup Environ Med. 2012; 16:101-107.

9. Beldent VR, Michaud A, Bonnefoy, C, Chauvet MS, Corvol P
Cell surface localization of proteolysis of human endothelial
angiotensin I-converting enzyme. J Biol Chem. 1995;
270:28962—-28969.

10. Eklund A, Blaschke E, Danielsson B Subcellular localization of
angiotensin-converting enzyme in the human alveolar
macrophage. Scand J Clin Lab Invest. 1987; 47:47-54.

11. Thompson AB, Cale WF, Lapp NL Serum angiotensin-
converting enzyme is elevated in association with
undergroundcoal mining. Chest. 1991; 100:1042—-1045.

12. Orfanos SE, Armaganidis A, Glynos C, Psevdi E, Kaltsas P,
Sarafidou P, Catravas JD, Dafni U G, Langleben D, Roussos
C Pulmonary capillary endothelium-bound angiotensin-
converting enzyme activity in acute lung injury. Circulation.
2000; 102:2011-2018.

13. Kolev K, Burkova T Histochemical mechanisms in etiology of
pulmonary fibrosis after short-term exposure to a mixture of
dust and quartz from copper mine. Probl Khig. 1982; 7:88-97.

14. Konishi A, Iguchi H, Ochi J, Kinoshita R, Miura K, Uchino H
Increased lysyl oxidase activity in culture medium of non-
parenchymal cells from fibrotic levers. Gastroenterology. 1985;
89:709-715.

15. Bai Y, Wang JJ, Wei SC, Hao DQ Changes of trace element
copper and zinc in sera of cases with silicosis. Chinese J
Indian Hyg Occup Dis. 1993; 11:280.

16. Ren ML, Jiang XL Detection of coalsilicosis by
radioimmunoassay used for ceruloplasmin. Chinese J Indian
Hyg Occup Dis. 1993; 11:145-146.

17. Tiwari RR, Sharma YK, Karnik AB, Sathwara NG, Saiyed HN
Serum angiotensin converting enzyme activity and serum
copper levels in convert silicosis. Indian J Occup Environ Med.
2005; 9:124-126.

472

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



Beshir et al. Copper, Ceruloplasmin and ACE among Silicotic and Non-Silicotic Workers

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

International Labor Office (ILO). Guidelines for the use of the
ILO International Classification of Radiographs of
Pneumoconiosis. Revised Ed. 2000 (Occupational Safety and
Health Series, No. 22). Geneva, 2002.

Knudson RJ, Slatin RC, Lebowitz MD, Burrows B The maximal
expiratory flow-volume curve normal standards, variability, and
effect of age. Am Rev Respir Dis. 1976; 113:589-590.

Milne DB Trace elements In:Teitz Textbook of Clinical
Chemistry. Burtis CA, Ashwood ER (Eds.)3rd edn. PA: WB
Saunders Co., Philadephia, pp 1999: 482-484.

Bernard H Differing methodology and equations used in
quantitating immunoglobulins by radial immunodiffusion: a
comparative evaluation of reported and commercial
techniques. Clinical Chemistry (U.S.A. American Association
for Clinical Chemistry). 1974; 20: 61-69.

Holmquist B, Bunning P, Riordan JF A continuous
spectrophotometric assay for angiotensin converting enzyme.
Anal Biochem. 1979; 95:540-548.

Raghuvanshi S, Shrivastava S, Johri S, Shukla S
Therapeutic associated with occupational exposure to silica. J
Trace Elem Med Biol. 2012; 8:205-209.

Gronhagen-Riska C Angiotensin-converting enzyme. |. Activity
and correlation with serum lysozyme in sarcoidosis, other
chest or lymph node diseases and healthy persons. Scand J
Respir Dis. 1979; 60:83-93.

Bucca C, Veglio F, Rolla G, Cacciabue M, Cicconi C, Ossola
M, Nuzzi A, Avolio G, Angeli, ASerum angiotensin converting
enzyme (ACE) in silicosis. Eur J Respir Dis. 1984; 65:477—
480.

Wallaert B, Deflandre J, Ramon P, Voisin C Serum
angiotensin-converting enzyme in coal worker’'s
pneumoconiosis. Chest. 1985; 87:844—-845.

Yano E, Takeuchi K, Sato M Serum angiotensin converting
enzyme activity in silicosis. Ind Health. 1987; 25:11-18.

Serbescu A, Paunescu E The importance of assessing
angiotensin-converting  activity in  silicosis  patients.
Pneumoftiziologia. 1992; 41:17-20.

Tiwari RR. Karnik AB, Sharma YK Silica Exposure and Serum
Angiotensin Converting Enzyme Activity. Indian J Occup
Environ Med. 2010; 1:21-28.

Romano C, Sulotto F, Peruccio G, Pavan |, Parola S Serum
angiotensin-converting enzyme level in silicosis. Med Lav.
1985; 76:366-370.

Silverstein E, Friedland J, Ackerman T Elevation of
granulomatous lymph-node and serum lysozyme in
sarcoidosis and correlation with angiotensin-converting

enzyme. Am J Clin Pathol. 1977; 68:219-224.

Ziskind M, Jones RN, Weill H Silicosis. Am Rev Respir Dis.
1976; 113:643-665.

Hiraiwa K, van Eeden SF. Contribution of lung macrophages to
the inflammatory responses induced by exposure to air
pollutants. Mediators Inflamm. 2013.
doi.org/10.1155/2013/619523

Hirota JA, Hirota SA, Warner SM, Stefanowicz D, Shaheen F,
Beck PL, Macdonald JA, Hackett TL, Sin DD, Van Eeden
S,Knight DA The airway epithelium nucleotide-binding domain
and leucine-rich repeat protein 3 inflammasome is activated by
urban particulate matter. J Allergy Clin Immunol. 2012;
129:1116- 1125.

Wang W, Wang L, Yiwen L Serum concentrations of copper
and Zinc in patients with silicosis. J Occup Health. 1998; 40:
230-231.

Kim SH, Kim JS, Shin HS, Keen CL Influence of smoking on
markers of oxidative stress and serum mineral concentrations
in teenage girls in Korea. Nutrition. 2003; 19:240-243.

37.

38.

39.

40.

41.

Tiwari RR, Sathwara NG, Saiyed HN Serum copper levels
among quartz stone crushing workers: a cross sectional study.
Indian J Physiol Pharmacol. 2004; 48:337-342.

Tapiero H, Townsend DM, Tew KD Trace elements in human
physiology and phatology. Copper. Biomed Pharmacother.
2003; 57: 386-398.

Deshmukh VK, Raman PH, Dhuley JN, Naik SR Role of
ceruloplasmin in inflammation: increased serum ceruloplasmin
levels during inflammatory conditions and its possible
relationship with anti- inflammatory agents. Pharmacol Res
Commun. 1985; 17:633-642.

Strecker D, Mierzecki A, Radomska K Copper levels in
patients with rheumatoid arthritis. Ann Agric Environ Med.
2013; 20:312-316.

Pandey J K, Agarwal D Biomarkers: A potential prognostic tool
for silicosis. Indian J Occup Environ Med. 2012;16:101-107.

OA Maced J Med Sci. 2015 Sep 15; 3(3):467-473.

473



