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Abstract 
The purpose of this study is to compare the levels of IL-6, 8 in tear fluids of people exposed to 
mustard gas in the war between Iraq and Iran who had the chronic dry-eye symptoms compared 
to the normal group. In this study, 25 of the patients who were exposed to mustard gas and had 
chronic dry eye symptoms were compared to 25 patients as control group, consisting of 25 people 
who had common chronic dry eye symptoms with blepharitis and 25 healthy people as normal 
group. The levels of IL-6 and IL-8 in tear fluid of people of these three groups were assessed by 
enzyme-linked immunosorbent assay (ELISA). The results for levels of IL-6 (P = 0.002) and IL-8 (P 
= 0.001) in tear fluid of patients in comparison with normal group show a significant increase. The 
differences were considered statistically significant at P < 0.05. The effect of exposure to mustard 
gas on eyes of chemical-injured veterans destroyed meibomian glands which paved the way for 
evaporative type of dry-eye. As a result, the cited ILs in the tear fluid of these patients increased 
and resulted in later eye-impairments. 
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1. Introduction 
Mustard gas (bis (2-chloroethyl)sulphide), is from vesicant alkylating material which has been used as a chemi-
cal weapon so far [1]-[4]. 
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The mustard in gas or in liquid, reacts on skin, eye, lung and gastrointestinal system and because of its high 
solubility in lipid (fat), it can be easily absorbed by skin and then internal organs, and result in damages to lung 
and gastrointestinal system [5] [6]. Among these damages the blood making system is the most important one 
which is being affected and the symptoms are divided in early and late stages [7]-[9]. 

The most sensitive organ to mustard is eye, which is affected quickly. First there is commonly a feeling of 
external object with progressive pain and redness in the eye, afterwards edema and acute symptoms appear and 
extreme pain and temporary blindness will arise in case of excessive exposure. In examination, belpharospasm, 
edema around eye and anterior chamber inflammation have been observed [10], in a way that surface epithelium 
will separate within several hours followed by vision reduction. And in case of higher exposure it may lead to 
corneal ulceration and permanent blindness [11]. The improvements start in the next 48 hours and usually within 
5 days corneal epithelium forms and through 6 months it will be completed [12]. 

Studies on victims exposed to SM in Iran-Iraq war show eye-lesions, dry eye, MGD (Meibomian Gland Dys-
function) and blepharitis. Dry eye disease is a disorder caused by lack of tear or over-evaporation of tear which 
damage the internal eye surface and is accompanied by eye tenderness [13]. There are so many increasing evi-
dences to prove the relationship between eye surface inflammation and dry eye. 

Studies depict an increase in inflammatory cytokine (Interleukin-6, 8) levels in tear film [14] [15]. 
According to the Dr. qasemi [16] and his colleague’s study on SM exposed eye lesions, dry eye, belepharitis, 

corneal ulceration and MGD in most chemical victims have been observed, which made us measure the amount of 
inflammatory cytokines (IL-6, IL-8) to look for the effectiveness of these factors on the chemical victims eye le-
sions. 

2. Methodology 

Ethical approval (Appendix) was sought and approved by the Ethical Committee of the Faculty/Institute Re-
search Committee, Payame Noor University. This study is performed in Baqiyatallah Hospital, Tehran, Iran, in 
2012. Our community contains 75 men including three groups; Group 1 containing 25 healthy subjects as nor-
mal group (Mean age 52.94 ± 3.31), Group 2 including 25 patients with common dry-eye accompanied by ble-
pharitis as control group (Mean age 51.16 ± 2.89), and Group 3 which includes 25 patients who were last ex-
posed at least 22 years ago and had chronic dry eye with blepharitis as patient group (Mean age 52.27 ± 3.37 
years) with P ˃ 0.05 between the ages of three groups. 

2.1. Inclusion Criteria 
The shared inclusion criteria for all groups were being male gender, and having almost the same age range and 
availability for future evaluation. For Group 2, all cases had dry-eye accompanied with blepharitis. For group 
three being a chemical exposed veteran who was last exposed at least 22 years ago, and having established 
SM-resulted in dry-eye (according to previous medical documents) accompanied with blepharitis were the in-
clusion factors. Besides that all groups were examined by an ophthalmologist to be diagnosed with dry-eye and 
blepharitis. 

2.2. Exclusion Criteria 
For either control or patient group any signs of infectious diseases, Sjögren’s syndrome and Rheumatoid arthritis 
and other ocular surface diseases were our exclusion criteria. 

2.3. Tear Collection 
Tear fluid was collected from the inferior tear meniscus, causing the least irritation possible, using a pre- 
weighed surgical sponges. Sponges were then placed into the end of a micropipette tip located within a 0.5 ml 
tube and the tear fluid was subsequently recovered by centrifugation at 8000 ×g at 4˚C for 15 min. The tears 
used for protein quantification were immediately placed in ice <1 h before freezing and stored at −80˚C until 
they were used for enzyme linked immunosorbent assay (ELISA) [17]. 

2.4. Enzyme–Linked Immunosorbent Assay 
The tear samples were collected to measure the levels of pro-inflammatory molecules which were obtained from 
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different patients with the same pathologies, but we used one ELISA kit per molecule. Double sandwich ELI-
SAs for human IL-6, 8 were performed with commercial kits (BENDER MEDSYSTEMS) according to manu-
facturer’s protocol. 

2.5. Assay Procedure 
All reagents and samples were brought to room temperature (18˚C to 25˚C) before use. It is recommended that 
all standards and samples be run at least in duplicate. 100 μl volume of each standard and sample and then 50 μl 
of Biotin-Conjugate was added into appropriate wells. The wells were covered and incubated for 2 h at room 
temperature on a microplate shaker set at 400 rpm. The solution was discarded and washed 4 times with 1 x 
wash solution .Washing was done by filling each well with wash buffer (400 μl) ,using a multi-channel pipette 
or auto-washer. Complete removal of liquid at each step is essential to good performance. After the last wash, 
any remaining wash buffer was removed by aspirating or decanting. The plate and blot were inverted against 
clean paper towels. After that, 100 μl of diluted Streptavidin-HRP were added to all wells, including the blank 
wells, incubated for 1 h at room temperature with gentle shaking and the solution discarded. The wash was re-
peated as in step 3. Later, 100 μl of TMB Substrate Solution was added to all wells. The solution was incubated 
for 10 min at room temperature in the dark with gentle shaking. In the end, 100 μl of stop solution was added to 
each well and read at 450 nm immediately. 

2.6. Statistical Analysis 
The Mann-Whitney U test was used for statistical comparisons between groups. Data are expressed as means ± 
SD and the differences were considered statistically significant at P < 0.05. 

3. Results 

In this study, the mean levels of IL-6, 8 in tear fluid of three pre-defined groups have been calculated and 
represented in Table 1. The mean levels of IL-6 in tear fluid of Group 3, chemical exposed veterans, (201.29 ± 
27.01 pg/ml; P = 0.002), and in Group 2, control group, (198.78 ± 3.98 pg/ml; P = 0.002) were calculated and 
were significantly higher in comparison with Group 1, normal control (134.84 ± 23.09 pg/ml) (Figure 1). Also, 
there were significant differences in levels of IL-8 in tear fluid of Group 3 (2000.08 ± 11.07 pg/ml; P = 0.001) 
and Group 2 (1998.94 ± 11.52 ng/ml; P = 0.001) compared to Group 1 (4.33 ± 26.97 pg/ml) (Figure 2). 

 
Table 1. The IL-6, 8 mean-concentrations in tear fluid.                                 

Concentration (pg/ml) 

IL-8 IL-6 N Groups 

1364.33 ± 26.97 134.84 ± 23.09 25 1. Normal group 
1998.94 ± 11.52 

0.001 
198.78 ± 3.98 

0.002 25 2. Control group 
P* (Mann-Whitney U test) 

2000.08 ± 11.07 
0.001 

201.29 ± 27.01 
0.002 25 3. Patients group 

P** (Mann-Whitney U test) 
*comparing Group 2 with 1; **comparing Group 3 with 1. 

 

 
Figure 1. The mean levels of IL-6 in tear samples. Group 1 (normal group), 
Group 2 (control group; common dry-eye accompanied by blepharitis) and 
Group 3 (chemical exposed veterans).                                   
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Figure 2. The mean levels of IL-8 in tear samples. Group 1 (normal group), 
Group 2 (control group; common dry-eye accompanied by blepharitis) and 
Group 3 (chemical exposed veterans).                                   

4. Discussion 
Dry eye is the late result of being exposed to mustard gas, which the chemically injured victims of Iran-Iraq war 
are suffering from. Besides, dry eye is one of the most distinguished complications in eye injuries in veterans. 
The main reason for dry eye in chemical veterans, whose meibomian glands were damaged, is the exposure to 
mustard gas and therefore primitive blepharitis due [16]. Meibomian glands damage (MGD) impedes lipid layer 
production, subsequently the amount of bipolar lipids especially sphingomyelin in tear fluid is reduced sharply 
[18] [19], which in turn, results in inflammatory stimulation of conjunctiva and generates the evaporative form 
of dry eye. 

Arantxa Acera and the staff [20] have shown that the level of IL-6 and also matrix metalloproteinas-9 
(MMP-9) which is a factor of inflammation in blepharitis victims, having problem in meibomian glands (MGD), 
shows a significant increase in contrast with the controlled group [21]. Morgan and colleague [13] have discov-
ered a striking increase in amount of (IL-6, IL-8) in dry eye victims in comparison with control group. 

Besides, gene expression increase for IL-6 and IL-8 in epithelium of conjunctivitis in dry eye victims has 
been reported [22] and now it’s certain that conjunctivitis cells and lachrymal glands produce the cytokines se-
creted in tears [23]-[25].  

In our study, we could find that the amount of IL-6 has a significant increase in dry eye group (Group 2) and 
also chemical victims with eye lesions (Group 3) than normal group (Group 1). 

Pro-inflammatory cytokines (IL-6, IL-1β, and TNF-a) showed a statistical increase in DED patients against 
control group. These cytokines have been reported to reduce tear production by the lachrymal gland via neuronal 
and hormonal effects [26]. Also they have shut down the nerve terminal and play a role in turning androgen into 
estrogen [26]. The increase in mRNA expression of these pro-inflammatory cytokines affects on conjunctiva to 
the same extent. In addition there is an increase in DED in contrast with normal controls as a rise in the same 
cytokine dose in tear concentration. This relationship can explains that conjunctiva, is primarily responsible for 
high expression of cytokines observed in DED patient’s tears which may lead to lower tear production. IL-8 is a 
major cytokine which is smaller than others and has the characteristic of strong chemotactic in T-cells and mul-
ticore cells that is dramatically increased in dry eye patient’s tears versus the control group. IL-8 amplification 
by resident tissues is an important mechanism for the leukocytes to move, especially in avascular tissues, like 
the cornea. High levels of IL-8 have been regarded as a pathogenic reason in human and in inflammatory dis-
eases and intraocular inflammations [27] [28]. Therefore, increase in IL-8 in tear film of DED patients may be a 
signal for T lymphocytes to the ocular surface which may lead to damage the cornea and conjunctiva with usual 
signs of DED. 

5. Summary 
In summary, we found out that the eye surface changes in those who were exposed to SM (dry eye, blepharitis, 
corneal lesions) are in direct relation with inflammatory cytokine (IL-6, IL-8) in their tears. These results proba-
bly are the significant factor on chemical victims suffering. By new remedies, using cytokine suppressors, there 
may be a promising approach to help the chemical victims. 

In the end, we believe in measuring other inflammatory factors in tears as a logical next step to open new 
ways of treating the veteran and all the others in need.  
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