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Abstract
Sulfur mustard (SM) is an alkalizing chemical which has been used mostly as
a weapon all over the world. Sulfur mustard can cause damages to many organs, especially the skin, respiratory system and the eyes. Generally, many
complications of mustard gas result from its alkalizing potency and reaction
with cellular components like DNA, RNA, proteins and lipid membranes. The
damages caused by SM will lead to many complications which persist during
the lifespan of exposed subjects. Pro-inflammatory cytokines including especially TNF-α and IL-1β can cause systemic inflammatory reactions and vast
changes like altered cell signaling, migration, cytokine production changes
and fever. This study was designed to analyze cytokine levels in mustardgas-exposed people’s serum in the war between Iraq and Iran, who had the
chronic dry-eye symptoms compared to the normal group, 30 years after exposure. In this study, 25 veterans who were exposed to mustard gas were
compared to 25 healthy people as control group. The veterans with concurrent involvement of eye, lung, and skin were selected. We used ELISA method
to assess the levels of TNF-α and IL-1β in serum of people in both groups. All
the results analyzed with T-test in SPSS 17 statistical software. The mean levels of TNF-α and IL-1β in serum of chemical exposed veterans were 52.3 ±
1.4 pg/ml and 3.43 ± 0.3 pg/ml while in the control group were 19.5±1.3
pg/ml and 2.25 ± 0.2 pg/ml, respectively. In the control group, the serum
pro-inflammatory cytokine levels were significantly lower than the exposed
group (P < 0.05). This study showed that there is a meaningful difference be-
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tween TNF-α and IL-1β serum levels in the SM exposed group compared to
the control group. There are some differences between the present study and
others. However, studies on local inflammatory changes in these patients are
also limited and need more reviews.
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1. Introduction
Sulfur mustard (SM) is a vesicant-type chemical warfare agent introduced in
World War I and then it was vastly used in a number of wars. Sulfur mustard
was used as a chemical warfare agent during the Iran–Iraq war between 1983
and 1988, and roughly 45,000 patients are now suffering from the late complications of sulfur mustard poisoning, with high morbidity [1] [2] [3]. Short and
long term effects of SM in various organs of exposed people, especially the skin,
eyes and respiratory tract are reported [4] [5] [6] [7]. The damaging mechanisms
are not clearly understood [8] [9]. Considering the importance of inflammatory
cytokines in many delayed complications of skin and lung injuries [10] [11] [12],
this study has focused on the serum concentrations of the most important inflammatory cytokines including TNF-α and IL-1β. Inflammatory cytokines such
as TNF and IL-1 have an important role in coordinating defense response to inflammation through interaction with their receptors.
Tumor necrosis factor (TNF) is an important inflammatory cytokine in both
acute and chronic inflammations which causes an inflammatory response
through interaction with its receptors expressed on various cells like endothelial
cells. This cytokine increases vascular permeability allowing leukocyte access to
the site of infection. Furthermore, in the case of local inflammatory response,
systemic release of TNF may lead to septic shock and death [13]. Interleukin-1
(IL-1) and TNF have many close related activities, although they have distinct
structure and bind to different receptors. IL-1 has two structural types; IL-1α
and IL-1β, which bind to two different receptors in target cells. Receptor type I
acts in signaling and type II performs as decoy and soluble forms of receptors.
IL-1 is produced by different cell types like macrophage monocyte linage, epithelial cells and keratinocytes. IL-1 is produced during inflammation, injury,
immunological challenge or infection and leads to inflammatory response which
may affect both acute and chronic diseases [14] [15]. IL-1 nearly affects on every
cell type, often in concert with other cytokines or other mediators and plays a
role in development of disease and also in normal homeostasis [16] [17]. Its role
includes normal metabolism, hematopoiesis, renal and hepatic function, regulation of blood pressure, sleep, ACTH release and increased sodium excretion [14]
[15]. The aim of this study is to monitor the inflammatory cytokines; TNF- α
and IL-1β, in serum samples of the SM-exposed subjects, 30 years after exposure
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by ELISA method in comparison with control group.

2. Materials and Methods
This study was conducted in Baqiyatallah hospital, Tehran, Iran, in 2012. Ethical
approval was sought and approved by the Ethical Committee of the Faculty/Institute Research Committee, Payame Noor University. Our community
contains 50 men including two groups; group 1 containing 25 healthy subjects as
normal group (Mean age 52.94 ± 3.31) and group 2 includes 25 patients who
were last exposed at least 30 years ago as patient group patients (Mean age 52.27
± 3.37), with P > 0.05 between the ages of two groups. The shared inclusion criteria for all groups were: being male gender, having almost the same age range
and availability for future evaluation. A questionnaire containing pulmonary
symptoms (chronic cough, sputum, hemoptysis, and dyspnea), history of eye
surgery(corneal transplants, closed tear duct), eye problems (Blepharitis, Dry
eye), skin problems and medications used, was completed by specialist doctors
for group two being a chemical exposed veteran who were last exposed at least
30 years ago.

2.1. Serum Collection
Blood samples were obtained from the antecubital vein at rest. Blood was drawn
into Vacutainer tubes (BD Biosciences). The sera were separated by 20 min centrifugation at 2000×g (4˚C), aliquated, labeled and kept frozen at −80˚C until
they were used for Enzyme-Linked Immunosorbent Assay (ELISA). Serum TNF-

α and IL-1β was measured by the Bender MedSystem Human TNF-α (BMS
223/4; Medical System Diagnostic GmbH, Austria, test sensitivity 2.3 pg/mL)
and Human IL-1β (BMS 224/2; Medical System Diagnostic GmbH, Austria, test
sensitivity 0.3 pg/mL).

2.2. 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 were added into appropriate wells. The wells were covered and
incubated for 2 hours at room temperature on a micro-plate shaker set at 400
rpm. The solution was discarded and washed 4 times with 1x wash solution.
Washing was done by filling each well with washing 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 washing process was repeated 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
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shaking. In the end, 100 μl of stop solution was added to each well and read at
450 nm immediately.

2.3. Statistical Analysis
Statistical comparison among groups was performed using the T-test. Statistically significant value was defined as p < 0.05. Analysis of all data was performed
with the SPSS 17.

3. Results
The mean level of TNF-α and IL-1β in serum of control group were 19.5 ± 1.3
pg/ml and 2.25 ± 0.2 pg/ml, respectively; while in the chemical exposed veterans
were 52.3 ± 1.4 pg/ml and 3.43 ± 0.3 pg/ml, respectively. In the control group,
the serum pro-inflammatory cytokine levels were significantly lower than the
exposed group (P < 0.05) (Table 1).

4. Discussion
Regarding the vital role of inflammatory cytokines in different organs damages,
the aim of this study is to monitor the amount of serum TNF-α and IL-1β, long
term after SM exposure, in comparison to the control. We selected veterans with
concurrent involvement of skin, lung and eyes. For most of immunity system
diseases with delayed complications in skin, lung and eyes, although there are
different mechanisms, inflammatory cytokines play very important roles. It has
been reported that in patients with various infectious and non-infectious diseases, the production of inflammatory cytokine increases [18]. Also, this condition
occurs in other chronic situations such as cystic fibrosis [19], Rheumatoid arthritis and atherosclerosis [18], pulmonary fibrosis, chronic osteomyelitis, and allergic asthma [11] [20] [21] [22]. IL-1 plays an important role in pathogenesis
and maintenance of CNS diseases, such as multiple sclerosis, Alzheimer and
clinical evolution of coronary artery diseases. In patients with congestive heart
failure, it is strongly related to the severity of symptoms. IL-1α, IL-1β, IL-1Ra are
three members of the IL-1 gene family which have important roles. Relations
have been shown for plasma IL-lβ levels and the severity of acute attacks of
Rheumatoid arthritis, thermal burns and mortality in septic shock [21]. TNF has
also roles in chronic diseases such as pulmonary fibrosis, chronic osteomyelitis
and allergic asthma [23]. In humans to treat Rheumatoid arthritis and Crohn’s
Table 1. The TNF- α and IL-1β mean-concentrations in serum.
Groups

N

1. Normal group
2. Chemically exposed
P* (T- test)

Concentration (pg/ml)
TNF-α

IL-1β

25

19.5 ± 1.3

2.25 ± 0.2

25

52.3 ± 1.4

3.43 ± 0.3

0.00

0.001

*comparing group 2 with 1.
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disease, anti-TNF antibodies have been employed [11]. There are several reports
about the harmful effects of SM in various organs which show the early and late
effects of just one exposure [8] [24]. Late cutaneous lesions of SM-exposed subjects include severe dry skin, hyper and hypopigmentation, local hair loss, Eczema and chronic urticaria. Moreover, higher incidence of vitiligo, psoriasis and
discoid lupus erythematous has been reported in exposed patients [25] [26] [27].
Their effects on eyes mostly are reported in chronic phase. Ocular surface
changes include Blepharitis, decreased tear, limbal ischemia, conjunctival vascular abnormalities, corneal scar or opacity, neovascularization, thinning, lipoid
deposits, amyloid deposits and epithelial defects and irregularities [28]. There
are few literatures about immunological status of SM-exposed subjects and the
main questions are remained unanswered. Besides, the published literature
about long term effects of SM on their immune system and the amount of cytokines are rare. The studies on short term effects showed that both cellular and
humoral immune functions are impaired [8]. Some experimental models showed
that shortly after SM exposure, cytokine production increases strongly [29] [30].
These reports are parallel to our findings that serum levels of TNF-α and IL-1β
in exposed patients are meaningfully more than control group (P < 0.05).
The study of Emad and Emad on the local inflammatory changes showed increased levels of TNF-α and IL-1β in the bronchoalveolar lavage of patients with
bronchiectasis caused by SM gas inhalation compared to control group [31].
However, there are some contrasts between our study and Emad and Emad’s.
They have analyzed cytokines level in bronchoalveolar lavage (BAL) fluid of patients with pulmonary fibrosis (PF) [32]. In another study, Yaraee et al, showed
the serum levels of TNF-α and IL-1β decreased meaningfully in SM exposed
participants comparison to the control group [33]. They selected groups based
on the SM exposure duration and possessing different clinical status, mostly at
mild or moderate severity or normal criteria, but in our study all the subjects
were in severe level. Furthermore, the inflammatory cytokines decrement can be
related to several mechanisms such as negative feedback, especially by other cytokines in immune system which is one of the most important mechanisms.
Known suppressors of TNF activity are cytokines such as IFN-α, IFN-β, TGF-β,
IL-4, IL-6, IL-10, IL-11, IL-13 and G-CSF. Moreover, serine proteases and caspases are TNF suppressor. Likely, the strongest inhibitor of TNF is the soluble
form of the TNF receptor, is released from cell surface and block TNF activity.
In addition, some cytokines are TNF inducer, such as, IFN-γ, IL-1, IL-2,
GM-CSF, M-CSF and TNF itself [11] [34]. The endogenous inhibitors of IL-1β
are TGF-β, IL-10, IFN-γ, IL-13, and members of the gp130 family (IL-6 and
CNTF) [10]. Decrement or functional capacity deficiency of main sources of cytokines like macrophages or cascade signaling impairment may occur.
Survey on these cytokines to clarify the results can help. Results from this
study suggest a potential role for cytokines increase in the incidence and severity
of injuries and diseases of different organs. Despite this, this study is incomplete
and requires further studies, such as evaluation of other cytokines or analyzing
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these factors in different samples like tear to help doctors treat patients.
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