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Abstract: Nitrogen mustards (HN) and sulphur mustard (SM) are potent alkylating blister inducing chemical warfare agents. Single 1.0 LD50
dose produced a progressive fall in body weight from second day onwards in all groups of mustard agents exposed animals. Histological
examination of spleen, liver, skin and kidney revealed significant histopathological lesions in nitrogen mustards and sulphur mustard. These
lesions include granulovascular degeneration with perinuclear clumping of the cytoplasm of hepatocytes and renal parenchymal cells. Renal
lesions were characterized by congestion and hemorrhage. The maximum toxic manifestation were noted in spleen and skin of HN-3
exposed mice while sulphur mustard reported maximum toxicity in liver and kidneys. The study suggests both nitrogen mustards and
sulphur mustard to be extremely toxic by percutaneous route based on histopathological observation and can contributed to earlier reported
free radical generation by these toxicants.
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Introduction
Chemical warfare includes a variety of agents like nerve
agents, blistering agents, blood agents, chocking agents, tear gases,
and toxins of plant and animal. These chemicals are listed in various
schedules of the chemical weapons convention (Somani, 1992).
Among the chemical warfare agents, the nerve agents and blistering
agents are more lethal and incapacitating. Nitrogen mustards viz.
HN-1 [N-Ethyl bis (2-chloroethyl) amine], HN-2 [N-Methyl bis
(2-chloroethyl) amine], HN-3 [Tris (2-chloroethyl) amine] and
sulphur mustard [bis-(2-chloroethyl) sulfide] are the blistering agents.
Though, the nitrogen mustards were not used as chemical warfare
agents, but stockpiled by several countries by the time of World
War I. Mechloroethamine (HN-2) was the first nitrogen mustard
discovered as anticancer agent (Gilman and Philips, 1946). Nitrogen
mustard (HN-2), in the form of its crystalline hydrochloride, is used
as a drug in the treatment of, Hodgkin’s disease, non-Hodgkin’s
lymphomas and brain tumors (Chabner et al., 2006). The derivatives
such as phenylalanine mustard (melphalan), chlorambucil and
cyclophosphamide are amongst the most widely used antitumor
drugs despite their non-specific reaction mechanisms (Masta et al.,
1995).
Nitrogen mustards are highly reactive, bifunctional alkylating
agents. They are not soluble in water and rapidly penetrate the
tissue, especially skin and respiratory tract. Nitrogen mustards as
well as sulphur mustard alkylate DNA primarily at N7 position of
guanine, leading to DNA strand break and Cell death (Mattes et al.,
1986). The mechanism of alkylation of sulphur mustard is mediated
*
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through a cyclic sulphonium ion and nitrogen mustard through a
cyclic immonium ion, which reacts at a nucleophilic center. The chief
nucleophilic centers, which might be available for alkylation in
biological systems, are organic and inorganic anions, amino groups,
and sulphide groups (Wheeler, 1962; Butchiram et al., 2009). The
cytotoxic agents probably react indiscriminately with many cellular
components, and small concentrations are lethal to all types of cells.
Sulphur mustard also leads to oxidative stress, which finally leads to
cell death (Somani and Babu, 1989; Wormser, 1991). Sulphur
mustard and other alkylating agents have been reported to deplete
GSH content and the reduction of GSH has been shown to have an
inverse relationship with lipid peroxidation (Vijayaraghavan et al.,
1991; Rao et al., 1999; Kumar et al., 2001). Though the toxic
mechanism of sulphur mustard is known to some extent, nitrogen
mustard toxicity is not clearly understood.
It was earlier reported that sulphur mustard toxicity depends
upon the route of administration and quite interestingly, the
percutaneously administered sulphur mustard was more toxic than
subcutaneous route in mice as well as in rats (Vijayaraghavan et
al., 2005). Though an analogue of sulphur mustard chloroethyl
ethyl sulphide is used as a stimulant for sulphur mustard for
mechanistic studies and also for the identification of antidotes, it does
not behave like sulphur mustard (Das et al., 2003; Han et al., 2004;
Gautam et al., 2006; Jafari, 2007). Generally, all chemicals show
high toxicity by subcutaneous route than percutaneous route.
The objective of this study was to compare toxicity of nitrogen
mustards and sulphur mustard by percutaneous route, based on
histopathological evaluation in mice.
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Materials and Methods
Chemicals: Nitrogen mustards {HN-1, bis-(2-chloroethyl)
ethylamine; HN-2, bis-(2-chloroethyl) methylamine; HN-3,
tris-(2-chloroethyl) amine} and sulphur mustard {2,2-dichloroethyl
sulphide} were synthesised in the Synthetic Chemistry Division at
DRDE, Gwalior and was found to be above 99% pure by gas
chromatographic analysis. Other chemicals of high purity were from
Qualigens (India) or E-Merck (India).
Animals: Randomly bred Swiss female mice (25-30 g) from the
institute’s animal house facility were used for the study. The animals
were kept in polypropylene cages with sterilised and dry paddy
husk as a bedding material. Free access to food (standard pellet
diet, Ashirwad Ltd., India) and water were allowed until two hours
before the experiment. The care and maintenance of animals were
as per the approved guidelines of the ‘Committee for the Purpose of
Control and Supervision of Experiments on Animals (CPCSEA)’,
India. A day before percutaneous exposure, hair on the back of the
animals was closely clipped using a pair of scissors. Food and
water were allowed two hours after the exposure. All animal
experimentation procedures were approved by the Institutional
Animal Ethical Committee (Reg. No. 37/1999/CPCSEA, dated 11/
03/1999).
Morphological and histopathological evaluation: The animals
were administered single LD50 dose of respective mustard agents
(i.e. HN-1 = 11.9 mg kg-1; HN-2 = 20.0 mg kg-1; HN-3 = 7.1 mg kg-1
and sulphur mustard = 8.1 mg kg-1) by percutaneous route. All
three nitrogen mustards diluted in DMSO and sulphur mustard
diluted in PEG-300 (Sharma et al., 2008). The diluted solution was
smeared uniformly on the back of the animals on a circular area of
1.5 cm diameter, using a gas tight syringe (Harvard Apparatus,
USA). Each group consisted of 16 animals. The animals were
observed daily for morphological changes. Six animals on 3rd day
and six animals on 7th day from each group were anaesthetised
with ether and then sacrificed by cervical dislocation for removal of
vital organs. Remaining four animals from each group left alive for
morphological changes. Control group receive DMSO/PEG-300.
Samples of skin, liver, spleen and kidneys were removed,
pruned and blotted. These tissues were fixed in neutral buffered
formalin solution for histopathologial evaluation. After proper fixation,
small pieces were processed by dehydration and embedded in
paraffin wax. Various sections (4-5 µm thickness) were prepared
and stained with haematoxylin and eosin for light microscopy
(McMannus and Mowry, 1965). The severity of lesions was
characterised using LEICA - Qwin - 500 Image analyzer.
Results and Discussion
Fig. 1 shows the morphological effect of HN-1, HN-2, HN-3
and sulphur mustard on female mice after 7 and 14 days of
percutaneous injection. The animals of HN-1 treatment showed no
appearant change in the skin on the 7th day, but the animals
appeared less active. On day 14th, the skin showed a crusted
lesion with a hard and dried appearance. The animals of HN-2
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treatment also showed no appearant change on day 7 but locomotor
activity was better than HN-1. On day 14, the animal showed a
circular lesion with central hair growth less severe than HN-1. The
animals of HN-3 treatment showed a circular lesion with central hair
growth on the day 7. On day 14, more prominent skin lesion with
very less hair growth was observed. The animals were less active.
Sulphur mustard treated animal showed slight loss in activity and no
lesion observed on the skin on day 7. However, on day 14 the
animals were extremely lethargic with extremely low locomotor
activity and severe weight loss as compared to all three nitrogen
mustards. The skin appeared rough and animal was completely
emaciated.
There was no mortality observed in any group on 3rd day.
On 7 day, 33% mortality was observed in HN-1 and HN-2 group
whereas no mortality observed in HN-3 and sulphur mustard group.
Histology of control mice spleen showed normal structure having
white pulp, red pulp, germinal centre and periarterial lymphatic
sheath (PALS).
th

Histopathological examination of spleen of mice following
nitrogen mustards and sulphur mustard exposure by percutaneous
routes showed a vascular congestion, indicative of oxidative stress
(Fig. 2). The severity of splenic lesions was varied in both toxicants.
There was apparent increase in the hemopoietic precursor cells in
the spleen in all groups of toxicants. Histological observation of
spleen of mice, treated with HN-1, HN-2, HN-3 and sulphur mustard
showed moderate to severe congestion and hypocellularity of white
pulp follicles (Table 1). The splenic capsule was occasionally
detached from the underlying parenchyma. This was partly caused
by parenchymal atrophy and degenerative changes in the
extracellular space leading to an overall shrinkage of the
parenchyma and hypocellularity (Fig. 2).
Histological features of control mice liver showed normal
hepatic chord, hepatic lobules and hepatocytes (Fig. 3). Liver
histology of mice after HN-1, HN-2, HN-3 and sulphur mustard
application revealed degenerative vacuolar changes characterized
by granulovacuolar degeneration and perinuclear clumping of
cytoplasm. Vacuolar degeneration of hepatocytes was predominantly
observed in the intermediate zone with fatty degeneration of
centrilobular zone. The prominent lesions were cellular hypertropy,
cytoplasmic vacuole formation and accumulation of inflammatory
cells composed of lymphocytes and mononuclear cells. Sporadic
neutrophils were also observed in the degenerated hepatic
parenchyma (Fig. 3). The severity of histological lesions was time
dependent. Mustard agents viz. HN-1, HN-2, HN-3 and sulphur
mustard applied by percutaneous route showed significant
pathological lesions in hepatic tissue (Table 2). The severity of
hepatic lesions was time dependent as in case of splenic tissues.
The significant lesions were atrophy of hepatocytes, perinuclear
clumping of cytoplasm and hyperactivation of kupffer cells.
Hepatocytes of mice liver exposed to HN-3 and sulphur mustard
caused moderate centrilobular necrosis / apoptosis with occasional
diffuse vacuolar degeneration of hepatocytes in midzonal areas.
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B-7th day
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D-7th day
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Fig. 1: Photographs of nitrogen mustards and sulphur mustard exposed female mice at 1.0 LD50 after 7 days and 14 days, (A) HN-1 exposed, (B) HN-2
exposed, (C) HN-3 exposed, (D) Sulphur mustard exposed
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Fig. 2a: Photomicrograph of control, nitrogen mustards and sulphur mustard exposed spleen, 3rd day post exposure at their 1.0 LD50 dose by percutaneous
route, H & E X 40, (A & B) control and DMSO exposed spleen showing white pulp, red pulp, germinal centre and periarterial lymphatic sheath. (C, D & E)
mice spleen exposed to HN-1, HN-2 & HN-3 showing moderate congestion and hypocellularity of white pulp follicles and splenic parenchymal atrophy. (F)
SM exposed spleen showing severe congestion, hypocellularity of white pulp and degeneration
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Fig. 2b: Photomicrograph of control, nitrogen mustards and sulphur mustard exposed spleen, 7th day post exposure at their 1.0 LD50 dose by percutaneous
route, H & E X 40, (A & B) Control and DMSO control spleen, (G - H) mice spleen exposed to HN-1, HN-2 the histological features of spleen appearing
near to normal in surviving animals, (I) HN-3 exposed spleen showing decreased lesion in comparison to 3rd day post exposure, (J) Sulphur mustard
exposed mice spleen. Histological lesions were similar to that of 3rd days post exposure, only severity of the lesions increased on 7th day
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Fig. 3a: Photomicrograph of control, nitrogen mustards and sulphur mustard exposed liver, 3rd day post exposure at their 1.0 LD50 dose by percutaneous
route, H & E X 40. (A & B) control and DMSO exposed liver showing normal hepatic chord pattern, hepatic lobules and hepatocytes, (C-E) HN-1, HN2 & HN-3 exposed mice liver showing degenerative vacuolar lesions, (F) SM exposed mice liver showing granulovacuoler degeneration and perinuclear
clamping of cytoplasm
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Fig. 3b: Photomicrograph of control, nitrogen mustards and sulphur mustard exposed liver, 7th day post exposure at their 1.0 LD50 dose by percutaneous
route, H & E X 40. (A) control liver, (B) DMSO control liver, (G) HN-1 exposed mice liver, (H) HN-2 exposed mice liver, (I) HN-3 exposed mice liver,
(J) sulphur mustard exposed mice liver. The severity of lesions increased in comparison to 3rd day post exposure
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Fig. 4a: Photomicrograph of control, nitrogen mustards and sulphur mustard exposed kidney, 3rd day post exposure at their 1.0 LD50 dose by percutaneous
route, H & E X 40. (A & B) Control and DMSO exposed kidney showing normal glomerulus and renal tubules with connecting renal parenchyma, (C - E)
HN-1, HN-2 & HN-3 exposed kidney showing moderate congestion and tubular atrophy and obliteration of chromatin materials, (F) SM exposed kidney
showing necrosis, haemorrhage and accumulation of eosinophetic debris
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Fig. 4b: Photomicrograph of control, nitrogen mustards and sulphur mustard exposed kidney, 7th day post exposure, at their 1.0 LD50 dose by percutaneous
route, H & E X 40. (A) Control kidney, (B) DMSO control kidney, (G) HN-1 exposed mice kidney, (H) HN-2 exposed mice kidney, (I) HN-3 exposed
mice kidney, (J) sulphur mustard exposed mice kidney lesions are similar to 3rd days post exposure, only severity of lesions was increased
Journal of Environmental Biology

 November, 2010 

900

Sharma et al.

Fig. 5a: Photomicrograph of control, nitrogen mustards and sulphur mustard exposed skin, 3rd day post exposure, at their 1.0 LD50 dose by percutaneous
route, H & E X 20 (A & B) Control and DMSO exposed skin showing normal epidermis, dermis and hypodermis having tightly packed basophilic cells and
polyhedral cells, (C-E) HN-1, HN-2 & HN-3 exposed skin showing invasion of large number of inflammatory cells and accumulation of debris and fibrenoid
material and blood cells, (F) SM exposed skin showing complete slough off epidermis and accumulation of exudates
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Fig. 5b: Photomicrograph of control, nitrogen mustards and sulphur mustard exposed skin, 7th day post exposure, at their 1.0 LD50 dose by percutaneous
route, H & E X 20, (A) Control skin, (B) DMSO control skin, (G) HN-1 exposed mice skin, (H) HN-2 exposed mice skin, (I) HN-3 exposed mice skin,
(J) sulphur mustard exposed mice skin. The severity of lesions increased when compared to 3rd days post exposure
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These phenomena also observed in HN-1 and HN-2
administered mice liver but in less extent. Accumulation of fibrinoid
material having inflammatory cells and few hypertrophic hepatocytes
were also observed in all exposed mice. Liver histology also showed
severe congestion and hemorrhage in all mustard agents. Mice
exposed to HN-3 percutaneously showed maximum lesions followed
by sulphur mustard, HN-1 and HN-2 (Fig. 3).
Histopathology of control mice kidney shows normal
glomerulus and renal tubules, collecting tubules, blood vessels with
connecting renal parenchyma and reticular fibers (Fig. 4).
Histopathological observations following nitrogen mustards and
sulphur mustard treatment in mice kidney showed minimal to severe
proximal tubular atrophy, obliteration of chromatin material (Table 3).
However, minimal to moderate haemorrhage, necrosis of tubular
prarenchymal cells leading to accumulation of eosinophilic debris
was also observed. The severity of lesions was observed in
following order: Sulphur mustard > HN-3 > HN-2 > HN-1 (Fig. 4).
The histology of control mouse skin consists of the three
layers viz. epidermis, dermis and hypodermis. The epidermis was
thin and consisted of three layers, dark stained outermost stratum
cornium layer having flattened fused cells devoid of organelles,
stratum granulosum comprising of dense basophilic granular cells
and stratum spinosum consisting of large polyhedral cells. The
dermis contained loose connective tissue components located
between epidermis and hypodermis (Fig. 5). Percutaneous
application of HN-1, HN-2, HN-3 and sulphur mustard in mice
showed appreciable degree of epidermal destruction as evidenced
by focal keratinocyte swelling to extensive epidermal necrosis in
stratum cornium layer (Table 4). Swollen cells are seen throughout
the epidermis. The spinous cells are enlarged and vacuolated
while vacuoles were observed between epidermis and dermis. In
some places epidermis was completely sloughed off and dermis
was completely exposed. Large amount of inflammatory cells were
also observed in the dermal region. The degenerated dermoepidermal area was covered by exudates composed of fibrin,
leucocytes and RBC’s. Intense inflammatory infiltrate in the dermis
reached to the hypodermis region. All mustard agent’s administration
also caused edema and ulcer (Fig. 5). The severity of injury was in
its following manner HN-3 > sulphur mustard > HN-1 > HN-2.
Despite many year of research, the cytotoxic mechanism
induced by mustards and the initial events leading to cell death
have not been fully elucidated. The mechanism of the mustard
injury is linked to alkylation of cellular targets. DNA alkylation
provokes the activation of Poly (ADP-ribose)-polymerase (PARP)
resulting in a rapid depletion of the NAD+ ADP metabolites leading
to cell death (Papermeister et al., 1991). Moreover, oxidative stress
is likely to involve in mustard induced acute toxicity following
glutathione depletion (Giuliani et al., 1997; Rappeneau et al., 1999;
Sharma et al., 2008).
It is a well established fact that high dose exposure of mustard
agents causes severe damage leading to apoptosis and necrosis of
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many cell types (Dabrowska et al., 1996). The cytotoxicity of mustard
agents is believed to act mainly through DNA alkylation, resulting in
severe DNA damage. Furthermore, oxidative stress has also been
demonstrated as early cytotoxic events induced by these agents
prior to cell death (Sharma et al., 2008).
Nitrogen mustards are cytotoxic and cause mutations in the
genetic material of cells, thereby disrupting mitosis or cell division.
Cells vary in their susceptibility to nitrogen mustards, with rapidly
proliferating tumor and cancer cells most sensitive, bone marrow,
which produces red blood cells, is also sensitive, and depression of
red blood cell production is a frequent side effect of nitrogen mustard
therapy. The nitrogen mustards also suppress the immune response
(Gilman et al., 1946).
Sulphur mustard at the cellular level alkylates the DNA,
leading to DNA strand break which activates the chromosomal
enzymes poly (ADP-ribose) polymerase. This results in the depletion
of the cellular NAD+ and inhibition of glycolysis, leading to cell death
due to disturbance in intra cellular energy balance (Papirmeister et
al., 1985). But there is no report available for nitrogen mustard and
we can expect a similar mechanism for nitrogen mustard. Nitrogen
mustard induced DNA damage in visceral organs of animals and
mutagenesis is reported (Khan et al., 1992).
Alkylation of cellular structures disturbs biosynthesis and
inhibit enzymatic cellular metabolism. Epidermal keratinocytes, except
basal cells, devote almost all of their protein synthesis activity to the
production of elaborate cytoskletal networks composed of keratin
filaments. Covalent binding of mustard group chemicals to cellular
membranes and DNA causes interstrand cross-linking and inhibits
cell proliferation (Gunhan et al., 2004).
The mustards cause a progressive fall in the body weight
of the animal following percutaneous administration (Jafari, 2007;
Vijayaraghavan et al., 2001; Sharma et al., 2008). In this study
also a significant weight loss following higher doses of all mustard
agents (1.0 LD50) in mice was observed. This weight loss may be
due to enhanced catabolism, loss of body fluid, gastrointestinal toxicity
(diarrhea) and reduction in food and water intake. The fall in body
weight was slow and progressive following percutaneous
administration particularly in sulphur mustard (Fig. 1).
The present study shows that percutaneous administration
of HN-1, HN-2, HN-3 and sulphur mustard cause lesions distal to
the site of application but appearance and severity is time dependent
(Fig. 5). Lymphoid tissue was severly affected by nitrogen mustards
and sulphur mustard. Hypocellularity of spleen has been reported
earlier (Venkateswaran et al., 1994). The histological lesion in
lymphoidal tissue strenthan the finding that mustard agents are
immunotoxic chemical (Luster et al., 1988). Severe degenerative
changes can be seen in rapidly dividing cell tissues and spleen was
affected more severely than other organs. These changes were
comparable with the finding of Vojvodic et al., 1985. Spleen histology
suggests that the first cell affected by the treatment of nitrogen mustards
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Table - 1: Histopathological changes in female mice spleen caused by HN-1, HN-2, HN-3 and sulphur mustard (1.0 LD50, P.C.)
Parameter

HN-1*

Control

1) Lymphocyte necrosis/ apoptosis
2) Reduction in volume of red pulp
3) Hypocellularity
4) Degeneration of PALS
5) Presence of megakaryocyte
6) Condensation of chromatin
7) Accumulation of fibrinoid material

-

HN-2*

HN-3

SM

3 days

7 days

3 days

7 days

3 days

7 days

3 days

7 days

++
++
++
++
++
++
+

+
+
+
++
+
++
+

+
++
+
++
++
++
+

+
+
+

+++
++
++
++
++
++
+++

++++
++
++
+++
+++
+++
+++

++
++
+
++
+
++
+

+++
++
++
++
++
+++
++

n = 6, *n = 4, - = Nil, + = Minimal (< 12%), ++ = Mild (< 22% ), +++ = Moderate (< 45%) and ++++ = Severe (> 45%)
Table - 2: Histopathological changes in female mice liver caused by HN-1, HN-2, HN-3 and sulphur mustard (1.0 LD50, P.C.)
Parameter

HN-1*

Control

1) Disturbed lobular pattern
2) Hemorrhage
3) Hyperactivation of kupffer cells
4) Clumping of cytoplasm
5) Necrosis / apoptosis
6) Proliferation of Bile duct parenchyma
7) Obliteration of chromatin
8) Hepatic vacuolation
9) PMN infilteration

-

HN-2*

HN-3

SM

3 days

7 days

3 days

7 days

3 days

7 days

3 days

7 days

+
++
++
++
+
+
++
+

++
++
+++
+++
++
++
+++
+

+
+
+
+
+

++
++
++
++
++
++
++
+

+
++
++
+++
+
+
++
+++
++

++
++
+++
++++
+++
+
+++
++++
++

++
++
+++
+++
++
++
++
+++
++

+++
+++
++++
++++
+++
++
+++
++++
+++

n = 6, *n = 4, - = Nil, + = Minimal (< 12%), ++ = Mild (< 22% ), +++ = Moderate (< 45%) and ++++ = Severe (> 45%)
Table - 3: Histopathological changes in kidneys of female mice caused by HN-1, HN-2, HN-3 and sulphur mustard (1.0 LD50, P.C.).
Parameter

HN-1*

Control

1) Haemorrhage
2) Glomerular/Tubularcongestion
3) P. tubulardegeneration
4) Obliteration of chromatin material
5) Necrosis/Apoptosis
6) Eosinophilic debris

-

HN-2*

HN-3

SM

3 days

7 days

3 days

7 days

3 days

7 days

3 days

7 days

+
+
+
+

+
+
+
+
+
+

+
+
+
+
+

++
+
++
++
++
++

++
+
+
+
++
+

++
++
++
+
+
++

+
+
++
++
++
+

+++
++
+++
+++
+++
++

n = 6, *n = 4, - = Nil, + = Minimal (< 12%), ++ = Mild (< 22% ), +++ = Moderate (< 45%) and ++++ = Severe (> 45%)
Table - 4: Histopathological changes in skin of female mice caused by HN-1, HN-2, HN-3 and sulphur mustard (1.0 LD50, P.C.)
Parameter

HN-1*

Control

1) Epidermal atrophy
2) Necrotic stratum cornium
3) Basal cell necrosis / apoptosis
4) Spinous cell degeneration
5) Dermo-epidermal separation
6) Accumulation of PMR/ RBCs
7) Fibrillation & degeneration of collagen fiber

-

HN-2*

HN-3

SM

3 days

7 days

3 days

7 days

3 days

7 days

3 days

7 days

+
+
+
++
+
+
+

++
+++
+++
++
++
+++
+++

+
+

++
++
++
+
+
++
+++

+++
+++
+++
++
++
+++
+++

++++
++++
++++
+++
+++
++++
++++

++
++
++
++
++
++
++

+++
+++
++++
++
+++
+++
+++

n = 6, *n = 4, - = Nil, + = Minimal (< 12%), ++ = Mild (< 22% ), +++ = Moderate (< 45%) and ++++ = Severe (> 45%)
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and sulphur mustard is the neutrophilic myelocytes with respect to
blood and blood forming agents, the neutrophils and lymphocytes
are the observed target cells under the present experimental
conditions.
Liver is one of the primary target for the toxic effects of
nitrogen mustards and sulphur mustard. Sulphur mustard is known
to induce hepatic lesion 24 hr of its exposure (Pant et al., 1999).
In this study too we observed hepatic lesion on day 3 of sulphur
mustard exposure compared to all nitrogen mustards. Sulphur
mustard induced hepatic toxicity also led to an increase in
prothrombin time, a decrease in plasma albumin and an increase
in enzymatic activities (Sugendran et al., 1996). Histological lesions
in the liver were also accomplished by a decrease in the synthesis
of cellular protein (Venketeswaran et al., 1999). Since the
concentration used in the present study was high (1.0 LD50 ),
mustard agents caused granulovascular degeration with
perinuclear clumping of the cytoplasm of hepatocytes and renal
parenchymal cells.
The severity of lesions on various organs with different
mustard agents (equi lethal dose; 1.0 LD50) on 3rd day and 7th day
is given below.
Organ
Spleen
Liver
Kidney
Skin

3rd day
HN-2=SM<HN-1< HN-3
HN-2<HN-1<HN-3<SM
HN-1<HN-2<HN-3<SM
HN-2<HN-1<SM<HN-3

7th day
HN-2<HN-1<SM<HN-3
HN-2<HN-1<HN-3<SM
HN-1<HN-3<HN-2<SM
HN-2<HN-1<SM<HN-3

Histopathological lesions observed in spleen, liver, skin
and kidney following nitrogen mustards and sulphur mustard
exposure could be attributed and this may be due to oxidative
stress induced by mustard agents (Sharma et al., 2008; Gautam
et al., 2006; Vijayaraghavan et al., 2001). Although we have
not carried out any biochemical variables in this study but
previous reports of our own group clearly supports our
hypothesis that free radical generation is one of the primary
mechanism for the observed toxic eff ects includi ng
histopathological lesions.
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