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ABSTRACT
Aim: Silicosis has long been recognized as an important occupational lung disease that is included in the group of 
pneumoconiosis. As already well-known silicosis is a progressive pneumoconiosis characterized by fibrosis in the lungs. Also, 
chronic exposure to silica may cause chronic obstructive pulmonary disease, emphysema, lung cancer, and pulmonary fibrosis. 
Asymmetric dimethyl arginine (ADMA), symmetric dimethyl arginine (SDMA), and L-NMMA (NG-mono-methylated-L-
arginine) are the products of protein arginine methyltransferase (PRMT) enzymes. The aim of this study is to investigate the 
relationship between silicosis and arginine metabolites in silica exposed and non-exposed workers.
Material and Method: 180 male subjects (90 non-exposed workers (age matched-control) and 90 workers diagnosed with 
silicosis occupational physician based on radiological and clinical findings and exposure history-(silica-exposed) were 
included in this study. The serum levels arginine, ADMA, SDMA, and L-NMMA were determined using enzyme-linked 
immunosorbent assay. 
Results: ADMA, SDMA, L-NMMA values were significantly higher in the silica-exposed group compared to the control 
group. The positive correlations were observed between methylated arginine parameters such as ADMA and SDMA, ADMA 
and L-NMMA levels (r=0.43, r=0.60; p<0.01). The negative correlations were found between SDMA and arginine/ADMA, 
L-NMMA, and arginine/ADMA, arginine and SDMA/ADMA, arginine/ADMA and SDMA/ADMA levels, respectively 
(r=-0.22; r=-0.22, r=-0.34, r=- 0.29; p<0.01). The strongest positive correlation was found between arginine and arginine/
ADMA ratio, and the strongest negative relationship between ADMA and arginine/ADMA ratio, respectively (r=0.87; r= 
-0.48; p<0.01). 
Conclusion: The results could provide additional insight into understanding the disease and the potential for developing 
biomarkers.
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INTRODUCTION
Silicosis has long been recognized as an important 
occupational lung disease that is included in the 
group of pneumoconiosis. The risk increases due to 
the concentration of dust, the percentage of silica in 
the dust, and the duration of total exposure. The total 
burden of silica in the body is mainly directly related 
to the risk of pneumoconiosis. Silicon dioxide has two 
forms as amorphous and crystalline. The amorphous 

form does not seem to cause severe pulmonary disease. 
Histologically, it can be defined as a diffuse interstitial 
fibro nodular lung disease. In the post-mortem 
examinations of silicotic lungs, the tissue is characterized 
with hilar and parenchymal lymphadenopathies and 
silicotic nodules, generally located in the upper lobes 
of the lung. Crystalline silica particles can be seen in a 
polarized light microscope (1). 
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Asymmetric dimethyl arginine (ADMA), symmetric 
dimethyl arginine (SDMA) and L-NMMA (NG-mono-
methylated-L-arginine) are the products of  protein 
arginine methyltransferase (PRMT) enzymes (2). As nitric 
oxide (NO) has reactive oxygen species (ROS) scavenging 
functions and promotes the activation of endogenous 
anti-oxidant defense systems, ADMA can contribute ROS 
imbalance by reducing NO bioavailability and invoke 
superoxide production (3,4).  The mechanism underlying 
between silicosis and inflammation is still unknown, 
but several studies provide many results supporting this 
link. Many cellular mechanisms can contribute to the 
inflammation progress in silicosis. The inflammatory 
cytokines (interleukin (IL)-8, IL-6), arachidonic acid 
metabolites (leukotrienes, prostaglandins), transcription 
factors ((nuclear factor kappa-light-chain-enhancer of 
activated B cells (NFkB) and activator protein-1), and 
chemokines such as macrophage inflammatory protein 
(MIP)-2, MIP-1α, MIP-1β and monocyte chemoattractant 
proteins are involved in the inflammatory process. There 
are also some experimental studies which have shown 
to decrease inflammation and production of MIP-
2, preventing the subsequent pulmonary fibrosis and 
silicosis (1,5) ADMA, SDMA and L-NMMA  are first  
extracted in human urine in 1970’s (6).  Since then, there 
have been many publications on these metabolites and 
their relationship with various diseases. Most of them has 
been highlighted that ADMA contributed in endothelial 
dysmorphology and can be selected  as a screening 
marker. It has been  found to be elevated in the serum 
in cases of renal insufficiency, cardiovascular diseases 
and  atherosclerosis, renal failure, hyperglycemia and 
hyperhomocysteinemia (2,4,6–8). The studies evaluating 
the relationship between arginine metabolites and 
pulmonary diseases, different hypotheses have been 
suggested (11,12). However, there is lack of knowledge 
about the relationship silicosis and arginine metabolites.  
We aim to identify an expanding role of serum ADMA, 
SDMA and L-NMMA levels in silica exposed and non-
exposed workers.  

MATERIAL AND METHOD
This study was ethically approved by the Non-
interventional Clinical Researchs Ethics Committee of 
the Bozok University Medical Faculty (Date: 17.10.2016, 
Decision No:17/04). All procedures were carried out in 
accordance with the ethical rules and the principles of 
the Declaration of Helsinki.

Study Groups
180 male subjects (90 non-exposed workers (age 
matched-control) and 90 workers diagnosed with 
silicosis occupational physician  based on radiological 
and clinical findings and exposure history-(silica-

exposed) were included in this study (13). Serum 
samples taken as a result of routine examinations were 
collected from denim bleaching workers diagnosed 
with silicosis and people in the control group who did 
not show any symptoms or radiological findings despite 
working in the same environment. Control group and 
study group consist of non-smoker or ex-smoker (more 
than 10 years) workers. In the study, consent forms 
containing questions about the socio demographic 
variables, medical history and workplace conditions 
of both control and exposed groups were filled and 
strictly adhered to the principles of the Declaration of 
Helsinki. The workers with chronic diseases (coronary 
heart disease, hypertension, diabetes, etc.), and acute 
infections were excluded in the study. The patients were 
selected among Category 2 patients classified according 
to ILO pneumoconiosis classification. Oral and written 
informed consent was granted by all women involved in 
the study.  Serum samples for arginine, ADMA, SDMA, 
and L-NMMA levels were collected as biological material 
from the individuals. At the end of the shift week, first 
morning voiding venous blood were collected into tubes 
(BD Vacutainer, USA), than centrifuging the samples 
at 3500×g for 10 min at 4°C, serum were separated 
and stored at −80°C further until transfer samples. The 
samples were transferred in boxes in ice molds to Yozgat 
Bozok University Science and Technology Application 
and Research Center (BILTEM) for measuring arginine, 
ADMA, SDMA and L-NMMA levels. 

Laboratory Analysis
Within the scope of the study, the analysis and preliminary 
preparation processes of the samples that were thawed 
in accordance with the commercial kit procedure were 
performed. The serum arginine, ADMA, SDMA and 
L-NMMA levels were determined using a commercially 
available enzyme-linked immunosorbent assay (ELISA) 
kit, according to the manufacturer’s instructions. The 
reading of the samples placed on the microplates was 
done with a BMG LABTECH ClarioStar model ELISA 
device with a wavelength of 450 nm. Control materials 
used for optimization and for validity of the ELISA 
methods. Control samples were used for verification. The 
analysis was done in 5 points according to the calibration 
curves created against the standard measurements in the 
ELISA device. Each kit was read at least 10 times and 
regression analysis was performed by taking the averages.

Statistical Analysis
Statistical Package for the Social Sciences (IBM SPSS 
Statistics for Windows, Version 25.0) program was used 
for the analysis of all parameters. The data were evaluated 
in terms of compliance with normal distribution using 
the Kolmogorov-Smirnov test. Descriptive statistics were 
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presented with mean, standard deviation, median and 
minimum-maximum values. Since it was determined 
that the parameters were not compatible with the 
normal distribution, the Mann Whitney U test was 
used to evaluate the status of two independent variables 
relative to each other. The relationship between variables 
was determined by Spearman Correlation Analysis. P 
values of <0.05 and <0.01 were considered as statistically 
significant. 

RESULTS
The 90 non-exposed workers and 90 silica-exposed 
workers included in the study were available for measuring 
arginine, ADMA, SDMA, and L-NMMA levels. Table 1 
shows the differences in methylated arginine between the 
study groups. Arginine, arginine /ADMA and SDMA/
ADMA values were higher in the silica-exposed group, but 
this difference was not statistically significant (p>0.05). 
Also, arginine levels acquired high in exposed groups 
than control as 84.88±89.16µmol/L and 73.79±44.72 
µmol/L (p>0.05). However, ADMA, SDMA, L-NMMA 
values were significantly higher in the silica-exposed 
group compared to the control group. The age and body 
mass index (BMI) were found not different statistically 
between the groups (p>0.05). The working experience 
control and silica-exposed groups were observed similar 
6.21±3.31 years and 5.38±3.52 years, respectively 
(p>0.05). On the other hand, median of arginine/ADMA 
and SDMA/ADMA ratios different groups (control and 

silica-exposed) were found as 495.94 and 460.49; 1.36 
and 1.38, respectively; but these differences were not 
statistically significant (p>0.05).

The Spearman correlations methylated arginine levels 
showed in Table 2. The positive correlations were observed 
between methylated arginine parameters such as ADMA 
and SDMA, ADMA and L-NMMA levels (r=0.43, r=0.60; 
p<0.01). The negative correlations were found between 
SDMA and arginine/ADMA, L-NMMA and arginine/
ADMA, arginine and SDMA/ADMA, arginine/ADMA 
and SDMA/ADMA levels, respectively (r= -0.22; r= 
-0.22, r= -0.34, r= -0.29, p<0.01). The strongest positive 
correlation was found between arginine and arginine/
ADMA ratio, and the strongest negative relationship 
between ADMA and arginine/ADMA ratio, respectively 

Figure 1. The relationships arginine levels between control and 
silica-exposed groups.

Table 1. The relationships main parameters between control-exposed groups. 
  Group” Mean Median Std. Deviation Minimum Maximum p

Arginine (µmol/L)
0 88.98 73.79 44.72 43.50 254.10

0.133
1 105.50 84.88 89.16 41.00 639.10

ADMA (µmol/L)
0 0.16 0.16 0.03 0.11 0.28

0.001**
1 0.19 0.18 0.04 0.12 0.30

SDMA(µmol/L)
0 0.21 0.21 0.05 0.10 0.35

0.001**
1 0.24 0.24 0.04 0.15 0.38

L-NMMA (µmol/L)
0 0.02 0.02 0.01 0.01 0.05

0.001**
1 0.03 0.03 0.01 0.02 0.06

Arginine/ADMA ratio
0 560.74 495.94 288.06 197.09 1694.00

0.522
1 587.65 460.49 472.15 176.10 3363.68

SDMA/ADMA ratio
0 1.36 1.36 0.29 0.79 2.17

0.756
1 1.37 1.38 0.34 0.61 2.21

"0: Control (n=90). 1: Exposed (n=90); ** p<0.01. ADMA: Asymmetric dimethyl arginine, SDMA: symmetric dimethyl arginine, L-NMMA: NG-mono-methylated-L-arginine 

Table 2. The Spearman correlations methylated arginine levels.
  Arginine ADMA SDMA L-NMMA Arginine/ADMA SDMA/ADMA
Arginine 1 -0.04 -0.03 0.05 .87** -.34**
ADMA 1 .43** .60** -.48** -0.08
SDMA 1 -0.04 -.22** -0.02
L-NMMA 1 -.22** -0.08
Arginine/ADMA 1 -.29**
SDMA/ADMA 1
*Correlation is significant at the 0.05 level. **Correlation is significant at the 0.01 level. n=180. ADMA: Asymmetric dimethyl arginine, SDMA: symmetric dimethyl arginine, 
L-NMMA: NG-mono-methylated-L-arginine
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(r=0.87; r= -0.48; p<0.01).

DISCUSSION
The arginine and NO pathway for many diseases and 
mechanism is well known.  ADMA, SDMA, L-NMMA 
values are significantly higher in the many acute 
and  chronic diseases especially based on hypoxemic 
mechanism and endothelial dysfunctions (7,9,14,15).  
Despite, such extensive and comprehensive studies, the 
role of arginine pathway in the pathogenesis of silicosis 
has not been studied in detail. In our study, ADMA, 
SDMA, L-NMMA values were significantly higher in 
the silica-exposed group compared to the control group. 

In contrast to these diseases in which the mechanism 
of endothelial dysfunction is predominant (16,17), our 
study provide  information regarding the relationship 
between the toxicity of silica stored in the pulmonary 
parenchyma and serum ADMA, SDMA and  L-NMMA 
levels. The results not only indicate a correlation between 
ADMA, SDMA and L-NMMA, and silicosis, but also 
provide a discussion understanding of the role of the 
arginine  in the silicosis.

The studies evaluating the relationship between arginine 
metabolites and pulmonary diseases, different hypotheses 
have been suggested. Airway diseases  such as  asthma, 
chronic obstructive pulmonary disease, increased arginase 
activity in the bronchies may contribute to bronchi 
obstruction and hyper responsiveness of the airways 
by reducing of bronchodilatory NO levels and airway 
remodeling mechanisms. In several animal studies of 
silicosis,  arginase activity and arginase  pathway has been  
also increased in the parenchyma and alveolar macrophages 
(16,18-20). Wells et al. (11) performed an experimental 
study by using continuous subcutaneous ADMA infusion 
to lung fibroblasts and  showed altered collagen deposition 
in the lungs. They state ADMA is major metabolites   by 
inhibiting arginine metabolism in epithelial cells and  
report that NO is effective on inflammation pathways, 
as well. Kitowska et al. (21) hypothesize that l-arginine 

Figure 2. The relationships ADMA levels between control and silica-
exposed groups.

Figure 3. The relationships SDMA levels between control and silica-
exposed groups.

Figure 5. The relationships arginine/ADMA ratios between control 
and silica-exposed groups.

Figure 4. The relationships L-NMMA levels between control and 
silica-exposed groups.

Figure 6. The relationships SDMA/ADMA ratios between control 
and silica-exposed groups.
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have been reported on the use them in the early diagnosis, 
treatment and follow-up of diseases. Major promising 
improvement has been made in research on ADMA-
lowering therapies in cancer, cardiovascular diseases and 
so on. However, further human studies are  needed in 
order to treat human diseases related to elevated ADMA/
SDMA levels (34–36). Furthermore, the studies that  
L-arginine may have a predictive role in monitoring 
silicosis and many other diseases, as well (27,37). 
Several studies  stated that ADMA and oxidative stress 
biomarkers  as a screening biomarker for pulmonary 
arterial hypertension and silicosis, COPD respectively 
(38–40). Pacheco et al. (41) stated macrophages polarize 
to M2 phenotype in response to arginase, and in this case 
they are involved in the inflammation resolution and 
tissue repairs.  However, different results regarding these 
studies are also reported (17). Further evaluations with 
larger study groups are necessary.

Strengths and Limitations
Some strengths and limitations should be discussed.  
The case and control group matched in terms of age and 
working year were included in the study are the strengths 
of this study, as it reduces confounding factors.  On the 
other hand, despite the absence of environmental silica 
measurements, the absence of an evaluation of the disease 
stages of silicosis patients with a relatively small number 
of cases are main limitations in our study.  Finally, given 
the cross-sectional design, the study has limited power 
to explain the potential metabolic biomarkers for disease 
progression and survival, which are clinically significant.

CONCLUSION
In conclusion, the diagnosis and screening of silicosis 
basically depend on a history of  silica exposure and 
radiological findings. Recent studies on pathophysiological 
mechanisms and markers to understand the nature of 
silicosis have a great contribution to better understanding 
silicosis. Our small study showed the relationship 
between silicosis and arginine pathway. The results could 
provide additional insight into understanding the disease 
and potential for developing biomarkers. We believe that 
the role of ADMA, SDMA and arginine in the diagnosis, 
screening, treatment and follow-up of silicosis will be 
better understood with future studies.

ETHICAL DECLARATIONS
Ethics Committee Approval: This study was ethically 
approved by the Non-interventional Clinical Researchs 
Ethics Committee of Bozok University Medical Faculty 
(Date: 17.10.2016, Decision No:17/04). 
Informed Consent: All patients signed the free and 
informed consent form.

metabolism is changed in pulmonary fibrosis by affecting 
extra cellular matrix  synthesis. 

As already well known silicosis is a progressive 
pneumoconiosis characterized by fibrosis in the 
lungs. Also, chronic exposure to silica may cause 
chronic obstructive pulmonary disease,  emphysema, 
lung cancer, and pulmonary fibrosis (22). It has 
complex pathophysiological mechanisms and 
involves many systematic, cellular and molecular 
arrangements.  Crystalline silica entering the airways, 
triggers a number of inflammatory processes (23,24).  
The repeated process of defense circle, the macrophages 
induces activation of the reactive oxygen radicals  and 
inflammatory reactions, which is linked with  pulmonary 
interstitial fibrosis mechanism (25,26). On the other 
hands, the role of arginine pathway in the pathogenesis 
of pneumoconiosis has not been studied in detail. Xue et 
al. (27) studied distinct metabolic features in the silicosis. 
They stated sphingolipid and arginine and proline 
metabolism were  the dominant metabolic  pathway in 
silicosis and arginine was positively correlated with the 
stage of silicosis. Increased levels of some inflammatory 
markers IL-8 and IL-6, tumor necrosis factor, and IL-1β, 
-were elevated in fibrotic lung tissue of silica-induced  lung 
damage compared with normal lung tissue. (clear form of 
abbreviations should be stated where they are first used.)  
In the early pathogenesis of silicosis, the enhancement of  
arginine metabolism  and is closely related to the severity 
of the fibrosis (28,29) In the end stage, the formation of 
silicotic micro nodules is the pathological manifestation 
of the production of collagen bres and pulmonary 
interstitial fibrosis mediated by amino acid metabolism, 
which is consistent with the  recent studies  that arginine 
pathway and extracellular matrix synthesis were the 
dominant mechanism  in silicosis (27). 

ADMA is similar to arginine in terms of molecular 
structure   and it competes with arginine for NOS binding, 
thus blocking the production of NO from arginine by 
NOS directly. Since, ADMA competes with arginine for 
NOS, the bioavailability of NO depends on the equation 
between the two, the so-named arginine/ADMA ratio 
(30).  Keller et al. (31) stated that the arginine/ADNA ratio 
is a more sensitive risk marker in cardiac diseases. In our 
study arginine/ADMA and SDMA/ADMA ratios were 
not significantly different exposed versus non exposed 
groups. Also in correlation analysis we found positive 
correlation between arginine and arginine/ADMA ratio. 
Molnar et al. (14) assessed L-arginine,  arginine/ADMA 
ratio in stroke patients. They stated that arginine levels 
may tend to both increase and decrease and different 
results can be found in different stages of silicosis. 

Arginine, ADMA, SDMA,  L-NMMA studies show 
improvement (32,33). An increasing number of studies 
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