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ABSTRACT
Objective: Sulfur mustard [SM] is a potent alkylating
agent with mutagenic properties. It has been widely used
in Iran-Iraq conflict. This study assessed the impact of
this agent on the hematologic parameters and
chromosomal aberration (CA) in the peripheral blood of
severely injured Iranian combatants.
Methods: Twenty fives patients with severe lung and eye
injuries and ten control subjects were included in the
s t u d y. The subjects of control group were healthy
volunteers matched for sex and age. The lymphocytes
w e re cultured by conventional culture methods.
Hematologic parameters including CBC, platelets, blood
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index and peripheral blood films were studied. Twenty
fives well–spread metaphases were scored for each
sample. Two groups were compared with statistical
methods including t-test and   Chi Square test.
R e s u l t s : We found that the mean Hb, Hct, WBC,
Platelets, MCV and lymphocytes in the two groups were
different (P < 0.001). The patient and control groups
showed diff e rences in the percent of metaphases
containing at least one chromosomal aberration.
Conclusions: This study shows that there is a direct
correlation between SM exposure and hematological as
well as cytogenetical anomalies. 

INTRODUCTION 
2 , 2 ’ - D i c h l o rodiethyl sulfide (sulfur mustard) is a

vesicant or blistering chemical agent of historical
and current intere s t[ 1 ]. There is still no eff e c t i v e
t reatment available to prevent or minimize injury
induced by exposure to sulfur mustard (SM)[ 2 ]. This
substance has been used in many military conflicts,
the most recent being the Iran-Iraq war in the 1980’s.
The primary effect of SM is the production of serious
eye injury and respiratory system damage. Sulfur
m u s t a rd has been used several times in the last
century as a chemical warfare agent [ 3 ] w i t h
devastating acute effects such as erythema and
blistering on human victims as well as systemic and
genotoxic eff e c t s[ 2 ]. Up to the present time, however,
most of the studies have been focused on SM eff e c t s
on keratinocytes[ 4 , 5 ]. Several mechanisms of the toxic
e ffect of sulfur mustard have been pro p o s e d[ 6 ]. There
is a substantial body of evidence, which suggests the
involvement of DNA in the mode of action of sulfur
m u s t a rd[ 7 ]. Furthermore, sulfur mustard has been
shown to possess mutagenic and carc i n o g e n i c
a c t i v i t y, and also has the ability to pro d u c e
c h romosomal aberrations and a variety of other
types of DNA d a m a g e[ 8 ]. Blood parameters are very

susceptible to alkylating agents. In addition to severe
lymphopenia, destruction of lymph tissues in bone
m a r ro w, spleen, lymph nodes and Peyer’s plaques
a re also seen [ 9 ]. SM induces apoptotic/necro t i c
pattern of endothelial cell death[ 1 0 ]. Alkylation of
D N A by SM alters the function of RNA p o l y m e r a s e
and inhibits transcription of mRNA with a
consequential effect on translation [ 11 ]. Nitro g e n
m u s t a rd can induce chromosomal aberration (CA)
and sister chromatid exchanges (SCEs). Damages
induced by nitrogen mustard are non–random. Hot
spot in chromosomes of lymphocytes treated by
n i t rogen mustard is 9q1. An elevated breakage was
seen in the chromosome 5,7,11 and 17[ 1 2 ].

The patients included in this study were Iranian
combatants who were injured severely by sulfur
mustard gas during Iran-Iraq war between 1985-
1988. This study was conducted during 1998-2000,
approximately 10 to 12 years after exposure.

Almost all of them suff e red from chro n i c
illnesses such as appearance of blisters on some are a
of their bodies, respiratory system and eye pro b l e m s
(e.g., inflammation). Some of the casualties had
p roblems in their re p roduction and digestive
system and a few developed malignancies.
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MATERIAL AND METHODS 
Patients:

The present study sought to investigate the
influence of SM on chromosomal aberration and
blood parameters in 25 Iranian combatants who
were severely exposed to SM during the Iran-Iraq
war. Heparinized peripheral blood samples were
obtained from 25 non-smoking subjects with severe
sulfur mustard injuries sustained during the Iran-
Iraq war and 10 healthy, non-smoking contro l
males. The age of patient and control gro u p s
ranged from 29 to 60 years. The subject gave
informed consent for venepuncture and completed
a detailed questionnaire covering past medical and
family history, medication and lifetime
occupational history.

Clinical profile:
Almost all of the patients were suffering fro m

c h ronic illnesses such as appearance of blisters on
some area of their bodies, respiratory system such
as chronic lung disease and eye problems like
conjunctivitis. Some of the casualties had
p roblems in their re p roduction and digestive
system and a few developed malignancies (e.g.
l e u k e m i a )

Cytogenetic Methods:
The peripheral blood samples were cultured in

RPMI 1640 (Gibco) medium supplemented with
15% fetal calf serum, 1% penicillin–streptomycin,
2% phytohaemagglutinin (Gibco) (complete
medium). Two-hour prior to harvest, Colcemid (N-
Deacetyl-N-methylcolchicine) was added to culture
at a final concentration of 0.1µg/ml. A f t e r
harvesting by centrifugation, the cells were
subjected to hypotonic swelling in 0.075 M KCL
and fixed in 3 changes of methanol/glacial acid
[3:1]. The cells were suspended in a small volume of
fixative and applied drop-wise onto pre-cleaned
slides. The slides were stained with Giemsa for 20
minutes. By selecting 25 well-spread and well-
stained metaphases, the results of chromosome
aberrations were scored per subject on coded slides
by a single observer.

Hematologic methods:
Hematological factors were determined with

Sysmex K1000 coulter counter and differential cell
counting with x100 lens of optic microscope. 

Statistical Methods: 
Statistical analysis was performed using one-

tailed students t-test and Chi Square [ 1 3 ]. In this
s t u d y, SPSS software version 10.0.5 was applied
for comparing the patient and control groups. A
p-value of <0.05 was re g a rded as significant. t-
student test was used for evaluating diff e re n c e s
between the two groups for percentage of cells
containing at least one chromosome or chro m a t i d
b re a k a g e .

RESULTS
Table 1 shows the results of the measurement of

blood parameters in those with severe chemical
injuries and controls. A statistically significant
d i ff e rence was found between Hb, Hct, MCV,
Platelets count, WBC and lymphocyte perc e n t
obtained from the patient and control groups (p <
0.0001). In this study, there is a real decrease in the
Hb, Hct, MCV, platelets and lymphocytes and an
i n c reased in WBC count. There were atypical
lymphocytes, band cells, myelocytes,
metamyelocytes and prolymphocytes in some of
the patients. There were also anomalies in the RBCs
of patient group such as anisocytosis,
poikilocytosis, target cells, bur cell and ovalocyte.
Study of correlation between measured blood
parameters and patient’s age showed that in all
instances, there is no correlation between them. The
Chi square test was used for comparing the two
groups for cells containing numerical chromosomal
aberrations (Polyploidy, aneuploidy, etc). Cells
from patients showed high level of hyperdiploidy
(40%), hypodipoidy (28%) and hypo-hyperdiploidy
(16%). The total cells with chromosomal aberrations
are 84% in the patients and 30% in the cells from the
control group. The results showed that there are
real differences between the patient and control
groups, Chi = 23.9 with p < 0.002 (Fig. 1). Percent of
cells with aberrations was calculated from dividing

Table 1
Mean comparison of blood factors between patient and control group. 

Monocyte Eosinophyle Lymphocyte Nutrophile Platelets MCHC MCH MCV WBC Hct Hb Age -

1.33 2.05 28.24 67.5 128 x 103 34.27 28.40 82.52 7520 41.46 13.84 40.88 Mean in patients
0.88 ± 1.02 ± 9.74 ± 12.8 ± 10.5 ± 1.30 ± 2.16 ± 5.22 ± 1538 ± 6.5 ± 2.1 ± 8.48 (± SD)
1.60 3.00 35.00 62.2 207 x 103 33.50 26.10 86.50 6180 45 15.01 40.80 Mean in controls

± 0.89 ± 2.76 ± 8.45 ± 8.06 ± 30.88 ± 0.79 ± 8.98 ± 5.19 ± 1447 ± 13.4 ± 0.70 ± 9.8 (± SD)
- 0.56 - 1.30 - 2.68 1.21 - 2.60 1.69 1.22 - 2.05 2.56 - 2.1 - 2.46 0.02 t-test

NS NS S NS S NS NS S S S S NS t-test result

S for significant; NS for Non-Significant
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the metaphases containing breakage by the total
counted metaphases. The results showed that there
is a significant difference between the two groups
and the mean breakage percent in those with severe
chemical injuries was higher than controls (Table 2).

DISCUSSION 
It has been documented that sulfur mustard is a

potent mutagen, carcinogen and teratogen[ 1 4 ]. The
toxic effects of mustard include inhibition of mitosis,
disturbance in cell cycle phases, nicotinamide
adenine dinucleotide (NAD+) depletion, and
d e c reased tissue respiration. Most of the toxic eff e c t s
a re related to alkylation of DNA and other critical
t a rget molecules[ 1 5 ]. Depression of cell-mediated
immunity (CMI) in Iranian mustard gas-injure d
patients was observed after one to three years of
e x p o s u re[ 1 6 ]. Our re s e a rch findings suggest the
p robability of severe damage to bone marrow and
weakening of the immune system. Morphological
anomalies and immature cells confirm damages to
the bone marro w. The re-appearance of the blisters
in some of the cases may be due to the release of
tissue molecules-linked mustard. The use of
alkylated agents has been associated with the
subsequent development of acute non-
lymphoblastic leukemia,  breast, lung and ovarian

c a n c e r, leukemia and cold agglutinin syndrome[17].
In occupationally exposed workers, there has

also been an increase in the incidence of
malignancies. There is a report of high incidence of
c h romosome aberration (CA) and sister chro m a t i d
(SCE) exchange rate 11% and 5-18% re s p e c t i v e l y )
among the former workers in a mustard gas
manufacturing plant. One of them showed an
e x t remely high percentage of missing Y
c h romosome along with the chro m o s o m a l
translocation t (9;22) and almost a three fold higher
SCE rate compared to control gro u p[ 1 8 ]. We found
that the patients have more chro m o s o m a l
aberrations that may be due to SM exposure .
C h romosome translocations appear to be important
events in the development of human malignancies[ 1 9 ].
It seems the study of CA with blood parameters is a
good prognostic indicator and a diagnostic tool to
evaluate malignancies. This study tries to find a
c o r relation between the genotoxic effect of sulfur
m u s t a rd gas and hemato-cytogenetical damage in
their body even after 10 to 12 years of exposure .
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