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Abstract: Sulphur mustard (SM, 2, 2' dichlorodiethyl sulphide) isa potent chemical warfare agent
for which thereistill no effective antidote. SM isknown to cause oxidativestress. Therefore, inthe
present investigation, we studied the protective effect of quercetin, a bioflavonoid following SM
toxicity. 20 and 4.0 LD_, of SM (1LD = 9.67 mg/kg; 14 days observation for mortality) was
administered to Swiss albino female mice through percutaneous route. SM exposed mice were
treated with quercetin (100 and 200 mg/kg) threetimesby intraperitoneal injection, oneimmediately
following SM exposure, then once each day for 2 days after SM treatment. The effect of quercetin
on survival, body weight, markers of oxidative damage (in blood, liver and kidney), WBC counts
and purine metabolite wereinvestigated 7 day post exposure. Survival time increased significantly
following quercetin treatment. Thedecreasein body weight dueto SM wasprevented to a significant
extent by quercetin. Significant decrease in reduced glutathione and increase in the level of
mal ondialdehyde indicated oxidative damage to hepatic and renal tissues. Quercetin protected
hepatic and renal tissues from oxidative damage caused by SM. Alterationsin WBC counts and
end product of purine metabolite were al so prevented by quercetin. Thisstudy showsthat quercetin
enhanced the survival time, restored the decrease in body weight and protected hepatic and renal

tissues from oxidative damage.
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INTRODUCTION

Sulphur mustard (SM) isa highly reactivebifunctional
alkylating agent and produces blisters upon contact
with human skin[1]. Several countries have declared
possessing SM and are destroying their stock as per
the Chemical Weapon Convention’s procedure [2].
The distribution, metabolism and dimination of SM
have been studied and reported [3]. SM reacts in
agueous phase with compounds containing various
nucleophilic functional groupslikeamino, sulfhydryl,
carboxylic and hydroxy! in proteinsand nucleic acid.
The toxicity of SM is due to interaction with one or
more cell constituents [4]. SM has mutagenic and
carcinogenic properties [5,6].

Themechanism of SM-induced cdll injury isnot fully
understood and no effective antidote is known.
Moreover, thereis no effective method for evaluating

the efficacy of therapeutic agents in preventing SM-
induced injury to human tissues. Several mechanisms
have been proposed for SM cytotoxicity including
DNA damage, lipidperoxidation, labilization of
lysosomes and calcium mediated toxicity [7,8]. On
the basis of proposed mechanism number of
compounds were tested to attenuate SM toxicity in
vitro and in vivo include scavengers of SM and SM
induced oxygen radicals[9-11], inhibitor of cell death
and promoter of cel survival [7], radio protectors
[12,13], decontaminant [14,15], skin cintment [16],
and various other pharmacol ogical agents [17].

Quercetinisoneof themaost common dietary flavonoid
with awel characterized in vitro antioxidant activity
[18,19]. It is found in a large quantity in fruits,
vegetables, tea, wine, nuts, and seeds. Apple and
onion arevery rich sourceof quercetin and represents
an integral part of the human diet. The daily intake
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of quercetin is reported in between 6 to 31 mg per
day [20]. Recovery of substantial amount of
quercetin form plasma after a quercetin suplimented
diet indicates that absorption of these compounds
through gastrointestinal tract renders measurable
amounts of blood polyphenols which may affect the
biochemistry of cells from different tissues
particularly in the liver. Flavonids, and specifically
flavonols are reported to exhibit a wide range of
biological activities, including antioxidant,
anticarcinogeic, anti-inflammatory and anti-viral
action. Inaddition, they alsoinhibit lipid peroxidation,
platelet aggregation, capillary permeability and the
activity of enzymesincluding lipoxigenase[21]. The
flavonoids exert these effects as chelators of divalent
actions and freeradical scavengers and thus may be
involved in preventing free radical mediated
cytotoxicity and lipid peroxidation associated with
various diseases and chemical exposure [22,23].
Keeping in view these effects of flavonoid, the
present study was design to investigate the potential
protective effect of quercetin against oxidative stress
mediated sulphur mustard toxicity.

MATERIALSAND METHODS

Chemicals: DTNB (5, 5'-dithiobis (2-nitrobenzoic
acid) was obtained from Sigma Chemicals Co. (st.
Louis, MO). Quercetin was purchased from Fluka.
Sulphur mustard was synthesized in the declared
facility of Defence Research and Development
Establishment, (DRDE), Gwalior and was found to
be 99 % pure by gas chromatography analysis. All
other chemicals used were of analytical grade.

Animals: Swiss albino female mice randomly bred
in Institute’'s animal facility, weighing between 24 to
30 g were used in this study. The animals were
maintained on dust freeand Sterilized ricehusk bedding
in polypropylene cages and kept at room temperature
with 12 h light/dark cycles. The animals were fed
standard pellet diet (Ashirwad Brand, Chandigarh,
India), Food and water were given ad libitum. This
study was approved by the Institute’s Ethical
Committee on Animal Experiments.

SM exposure: SM was diluted freshly in
polyethylene glycol 300 (PEG 300) and was applied
uniformly, using amicro syringeon to theback of the
mice on a circular area of about 1.5 cm diameter,
after closdy clipping the hair (the hair on the
application site was clipped 24 h before SM

application). The animals were held for 1-2 minutes
and then left in the cage. The SM was applied as a
singledose of 1.0 and 2.0 LD50 (1 LD, = 9.67 mg/
kg; 14 days observation for mortality). The animals
were observed for 14 days.

Survival study: For survival study two doses (2.0
and4.0LD, ) of SM wereadministered. Theanimals
from each group weredivided intothree sub-groups
of five animals each and one of the treatment
administered throughip routeinthe groupsasfollows:
(1) Group-1, SM-H20; (ii) Group-I1, SM + Quercetin
(2100 mg/kg); (iii) Group-I1l, SM + Quercetin (100
mg/kg). Control animals were given water only.
Quercetin was given three times by intraperitoneal
injection, once immediately following SM
administration, then once each day for two days after
SM administration. Weight of all the animals were
recorded daily and abnormality in gross behavioral
change or food and water intake were also registered.
The mortality of the animals was recorded up to 14
days of post administration and data used for percent
survival.

Biochemical study: Biochemical study two doses
(2.0 and 4.0 LD, ) of SM were administered. The
animals from each dose group were divided into four
sub-groups of five animals each, and one of the
treatment administered through ip routein thegroups
asfollows: (i) Group-1, Control; (ii) Group-Il, SM-
Contral; (iii) Group-I1l1, SM + Quercetin (100 mg/
kg); (vi) Group-VI, SM + Quercetin (200 mg/kg).
Control animals were administered PEG-300 and
given water only. The treatment was given three
times by intraperitoneal injection, once immediately
following SM administration, then once each day for
two days after SM administration.

Thebody weights of theanimalswererecorded daily.
The food and water intake was monitored. The
animals were sacrificed for biochemical studies 7
days after SM administration. The animals were
anaesthetized with ether and blood was collected from
orbital sinus in heparinized vials. Then the animals
were sacrificed by cervical dislocation. Liver and
kidney were excised quickly, rinsed in 0.9% saline,
blotted and weighed to determine the OBI and used
for biochemical studies.

The levd of GSH in blood, hepatic and renal tissue
was analyzed by colorimetric assay of non-protein
sulfhydryl content using standard procedure [24].
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Hepatic and renal lipid peroxidation was determined
by measuring the levd of MDA according to the
method of Buegeand Aust [25]. Blood uric acid was
measured by phosphotungstic acid method using
commercial diagnostic kits (Merck Limited, India).
White blood corpuscle (WBC) counts was done by
using Backman Coulter Cell counter (Modd Coulter
AcT Diff).

Statistical analysis: For the survival study, the data
were analyzed by Friedman repeated measures
ANOVA on ranks and compared with the SM treated
group by Dunnett’s multiple comparison method. The
biochemical datawereanalyzed by oneway ANOVA
followed by Dunnett’s multiple comparison method
for comparing control and various treatments groups.
A probability of less than 0.05 was taken as
significant. SigmaStat (Jandd Scientific Corporation
Inc., San Rafael, CA, USA) was used for the
statistical analysis.

RESULTS

SM administered through percutaneous route caused
decreasein body weight (Figure 1). The body weight
started decreasing after 24 h post exposure and
decrease was significant on 3rd day post exposure
in all thedoses of SM. Quercetinwas ableto protect
body weight loss at a dose of 100 and 200 mg/kg
against 2.0and 4.0 LD, of SM. Quercetinis a safe
drug and LD, is more than 5.0 g through oral and
intraperitoneal route (data not shown). The effect of
quercetinonsurvival timefollowing2.0and4.0 LD,
SM exposureis presented in Table 1. Survival time
was calculated on the basis of 14 days observation
period for all the SM exposures. Median represents
percent of mice dying at 7 days of post exposure.
The median (50th percentile) and 25th and 75th
percentile were obtained from SigmaStat. Quercetin
treatment at the dose of 100 and 200 mg/kg was
able to increase the survival time. SM (2.0 LD,)),
Q-100 and Q-200 mg/kg showed 50. 0.0, and 0.0
percent mortality on 7th day, respectively. The
percent survival following 4.0 LD, SM
administration, and treatment with Q-100 and Q-
200 mg/kg showed 100.0, 25.0 and 0.0 percent
mortality on 7th day, respectively (Table 1). A
significant increasein survival time was recorded in
quercetin treated groups. Quercetin (100 and 200
mg/kg) treated groups did not show any mortality
upto 7 day post exposure in 2.0 LD,, SM exposed

group.

SM dose (mg/kg)
Trestments 2.0 LDsg 2.0 LDsg
SM 50(0,100) | 100 (6,100)
SM-Q-100 mg/kg 0°(075) | 25°(0,50)
SM-Q-200 mg/kg 0°(0,0) 0°(0, 75)
Chi-sguare 26.6 35.5
P <0.001 <0.001

Table1: Effect of quercetin on percent survival of micefollowing
sulphur mustard administration through percutaneous route
(50" Percentile mortdlity ).2 Statistically significant compared
to SM group by Friedman's repeated measures ANOVA on
ranks with Dunnett’s multiple comparison. n=4. ® The 50"
percentile is the percentage of mice dying within 7 days of post
exposure. Vaues in parentheses are 25" and 75™ percentiles.

Treatments | Blood GSH | Liver GSH | Kidney GSH
SM 2.0LDs,
Control 0.73+0.10 |728+040 [424%0.18
SM 0.52+0.08 |3.10+0.387 |236+0.19°
SM-Q-100mgkg |0.63+0.06 [4.64+054% [320+0.09%°
SM-Q-200mgkg |0.62+0.05 [6.28+0.62° [360+0.15%"
SM 4.0 LDs,
SM 0.56+0.13 [348+034® [250+0.10°
SM-Q-100mgkg [0.69+0.15 [525+0.38% [3.14+0.172°
SM-Q200mgky [60+0.04 [5.16+0.29% |368+0.21°

Table 2: Effect of quercetin on reduced glutathione content of
blood, liver and Kidney following percutaneous administration
of sulphur mustard in female mice. Vaues are Mean + SE; n=5.
3 P < 0.05 compared to control group. ® P < 0.05 compared to
SM group. GSH, mmoal/l of blood and mmol/g of tissue.

Treatments | Livee MDA | Kidney MDA
SM 2.0 LDs
Control 431+ 231 50.6 + 2.90
SM 70.0 + 3.872 72.6+2.16 ?
SM-Q-100 mg/kg 444 +1.18° 50.2+2.42°
SM-Q-200 mg/kg 422 +22° 49.8+1.82°
SM 4.0 LD
SM 77.8 +3.232 81.4+292?
SM-Q-100 mg/kg 57.6 + 492 2" 78.2+3.90°
SM-Q-200 mg/kg 35.4+2.61° 59.2+4.42°

Table 3: Effect of quercetin on malondialdehyde (MDA) level
in liver and kidney following percutaneous administration of
sulphur mustard in female mice. Valuesare Mean + SE; n=5. 2P
< 0.05 compared to control group. ® P < 0.05 compared to SM
group. MDA = malondialdehyde as nmol/g of tissue.

There was significant decrease in the OBI of liver
following both the exposed doses of SM. Therewas
no significant alterations in the OBI of kidney
following lower dose of SM. However, at higher dose
OBI of kidney atered significantly (Fig. 2 and 3).
The effect of different doses of quercetin following
2.0and 4.0 LD., SM on GSH content of blood,
hepatic and renal tissues is shown in Table 2. The
hepatic GSH decreased significantly in SM exposed
animals. Quercetin (100 and 200 mg/kg) was ableto
protect hepatic and renal GSH. However, the leve
of GSH was not altered in the blood following
percutaneous exposure of SM. The effect of SM
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Fig. 1: Effect of quercetin on percent change in body weight on 7" day day following 2.0 and 4.0 LD_, SM post exposure
through percutaneous route in femae mice. Values are mean + SE (n=4). * Statigticaly significant compared to control group. °
Statigtically significant compared to SM control group.
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Fig. 2: Effect of quercetinon organ to body weight ratio of liver on 7" day following 2.0and 4.0 LD_, SM post exposure through
percutaneous route in female mice. Vaues are mean + SE (n=5).2 Satistically significant compared to control group.
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Fig. 3: Effect of quercetin on organ to body weight ratio of kidney on 7" day following 2.0 and 4.0 LD, SM post exposure
through percutaneous route in female mice. Vaues are mean + SE (n=5).2 Satitically significant compared to control group.
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Fig. 4: Effect of quercetin on WBC counts on 7" day day following 2.0 and 4.0 LD_, SM post exposure through percutaneous
route in female mice. Values are mean + SE (n=5). *Xtatistically significant compared to control group. ° Stat- istically significant

compared to SM control group.
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Figure 5: Effect of quercetin on blood uric acid on 7" day following 2.0 and 4.0 LD_ SM administration through percutaneous
route in female mice. Values are mean + SE (n=5). @ Statigtically significant compared to control group. ® Statistically significant

compared to SM control group

was more prominent in animals exposed to higher
dose of SM. Effect of quercetin on hepatic and
renal MDA content following SM (2.0and4.0LD,)
is shown in Table 3. The level of MDA was
significantly increased in hepatic and renal tissues
following SM exposure. Quercetin treatment at the
dose of 100 and 200 mg/kg was able to decrease
hepatic as wel rendl lipid peroxidation. (Table 3). SM
significantly decrease the WBC count in mice as
compared to control animals. Only inlower doseof SM

(20LD,) quercetin (200 mg/kg) was able to restore
WBC count. Quercetin (100 mg/kg) failed to protect
the decrease in WBC counts due to SM (Fig. 4).

Effect of quercetin on purine catabolism following
SM administration through percutaneous route in
miceisshown inFig. 5. Theleve of uric acidinthe
blood increased following SM administration.
Quercetin has shown a beneficial effect on restoring
blood uric acid level in both the doses of SM.
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DISCUSSION

The mechanism of SM induced injury is not fully
understood. Theprimary target organs of SM induced
toxicity are eyes, respiratory tract, and skin. SM is
also capable of exerting systemic toxicity, leading to
desth particularly in laboratory animals [2]. SM is
highly lipophilic and absorbed very quickly through
the skin. After a latent period of 6-24 h erythema
and blisters appear on the skin. Generally in the
animal’s skin blisters do not appear but otherwise,
the lesions are similar to those observed in humans.
Pulmonary complications, mainly on the upper
respiratory tract, such as haemorrhagicinflammation,
sore throat, hoarseness, cough, bronchitis and
bronchopneumonia are observed in SM exposed
victims[4].

Inthe present investigation various doses of quercetin
protected the body weight reduction and increased
survival time following percutaneous administration
of SM. Dose dependent decrease in body weight
following SM administration in mice have been
reported [9]. Our earlier studies showed that
flavonoids (gossypin, hydroxyethyl rutoside and
quercetin) and vitamin E increased survival time,
protected loss of body weight and decreased lipid
peroxidation following percutaneous exposure of SM
[9,11]. The protection may be due to the antioxidant
and free radical scavenging properties of quercetin
[26].

The reduced glutathione (GSH) is the main
nonenzymatic antioxidant defence with in the cdl,
reducing different peroxides, hydroperoxides and
radicals[19]. Itisusually assumed that GSH depletion
reflect intracdlular oxidation. On the contrary, an
increasein GSH concentration could be expected to
prepare the cdl against a potential oxidative insult.
[27]. Percutaneous exposure of SM induced
remarkable decrease in the concentration of GSH in
blood, hepatic and renal tissue. The GSH content of
hepatic and renal tissues was restore to a significant
extent by quercetin. Quercetin has been previously
found to increaseintrace lular GSH concentration in
various cdl lines [27-29]. These studies reports that
increase in GSH is preceded by quercetin by
stimulation of y-glutamylcysteine synthetase, the
enzymeinvolved in glutathionesynthesis[28,29]. The
hepatic lipid peroxidation was also protected by
guercetin. In our previous study, we found that
percutaneous and inhalation exposure of SM depleted

GSH in blood, lung and hepatic tissue and induced
hepatic and lung lipid peroxidation as evidenced by
enhanced level of MDA [9,11]. SM cause significant
depletion WBC counts. In this study we observed
that WBC counts were improved by quercetin in
lower dose of SM. However, at higher dose of SM
quercetin was failed to restore WBC counts.

Percutaneous exposure of SM increases uric acid
accumulation in the blood. SM enters the systemic
circulation and alkylates the DNA, leading to DNA
strand breaks and apurination. Apurinated bases are
catabolized to hypoxanthine, xanthine, and finally to
uric acid, resulting intheincreased levd of blood uric
acid. This effect was antagonised by the antioxidant
(quercetin). Protection of blood uric acid may be due
to theinhibition of ADP degradation which isthe end
product of ATPloss after DNA alkylation. Decrease
in uric acid level is normally associated with
starvation, but in the present study though there was
decline in food intake after SM administration,
increased uric acid level was observed [30]. SM
induced skin lesions are similar to thermal injury.
Increased uric acid leve is also reported in thermal
injury dueto increased xanthine oxidase activity [31].
Increased excretion of uric acid has been reported
following percutaneous administration of SM [10].
In the present study we have used two doses of
quercetin as protective agents against SM toxicity
through percutaneous route. Quercetin was able to
restore loss in body weight, increased survival time
and reduced oxidative stress produced by SM in a
dose dependent manner. Quercetin’s ability to reduce
SM induced toxicity may be due to its antioxidant

property.
ACKNOWLEDGEMENTS

Authors are thankful to Er. K. Sekhar, Director,
Defence research and Development Establishment,
Gwalior, for hiskeeninterest and providing necessary
facilities for this study. We further declare that the
performed experiments comply with the current laws
of India

REFERENCES

[J Sindair,D.C.: Br.J. Dermatd., 611: 113-125(1949).

[2] Vijayaraghavan, R., Kumar, P, Joshi, U., Raza, SK.,
Rao, PV.L., Malhotra, R.C. and Jaiswal, D.K.:
Toxicology, 163: 83-91 (2001).

1178



[3] Hmbrook, J.L., Harrison, J.M., Howells, D.J. and
Schoock, J.C.: Xenobictica, 22: 65- 67 (1992).

[4] Somani, S.M. and Babu, SR.: Int. J. Clin. Pharmacol.
Ther. Toxicol., 27: 419435 (1989).

[5] Papirmeiger,B., Gross, C.L., Mder,H.L., Petrdi, JP.
and Johnson, J.B.: Fund. Appl. Toxical., 5: S134 -
S149(1985).

[6] Lawley, PD. and Brooks, P: Nature, 206: 480-483
(1965).

[7] Papirmeger, B., Feger, A.J.,, Robinson, S.I. and Ford,
R.D.: In: Medical Defence against Mustard Gas:
Mol ecular Mechani sms of Cytotoxicity, CRC Press,
BocaRaton, FL, pp. 155-209 (1991).

[8] Gutteridge, JM.C. andHalliwell, B.: TrendsBiochem.
Sd., 15: 129-135(1990).

[9] Vijayaraghavan, R., Sugendran, K., Pant, S.C., Husain,
K.and Mahotra, R.C.: Toxicology, 69: 35-42(1991).

[10] Gross, C.L., Innace, JK., Hovatter, R.C., Meier, H.L.
and Smith, W.J.: Cdll Bidl. Toxical., 9: 259-268 (1993).

[11] Kumar, O., Sugendran, K. and Vijayaraghavan, R.:
Chem. Bidl. Interact., 134: 1-12 (2001).

[12] Hospers, GA., Eisenhauer, E.A. anddeVaies, E.G: Br.
J. Cancer, 80: 629-633 (1999).

[13] Bhattacharya, R., Rao, PV.L., Pant, S.C., Kumar, P,
Tulswani, R.K., Pathak, U., Kulkarni, A. and
Vijayaraghavan, R.: Toxicol. Appl. Pharmacal ., 176:
24-33(2001).

[14] Chilcott, R.P, Jenner, J., Hotchkis, S.A.M. and Rice,
P: J. Appl. Toxical., 21: 279-283 (2001).

[15] Vijayaraghavan, R., Kumar, P, Dubey, D.K. and Singh,
R.: Biomed. Environ. Sci., 15: 25-35(2002).

[16] Wormser, U., Brodsky, B., Green, B.S,, Arad-Ydllin, R.
andNyska, A.: Arch. Toxical., 71: 165-70 (1997).

[17] Sawyer, TW. and Risk, D.: Toxicol. Appl. Pharmacal.,
163: 75-85(2000).

[18] Alia, M., Mateos, R., Ramos, S, Lecumberri, E., Bravo,
L.and Goya, L.: Eur. J. Nutr., 45: 19-28 (2006).

[19] Alia, M., Ramos, S, Mateos, R., Belen, A.GS.,, Bravo,
L. and Goya, L.: Toxicol. Apl. Pharmacal., 212: 110-
118(2006).

[20] Hertog, M.GL. and Holland, PC.H.: Eur. J. Clin. Nuir.,
50, 63-71(1996).

[21] Aherne, SA. and O’ Brien, N.M.: Nutr. Res., 19: 749-
760(1999).

[22] Milddeton, E.: Int. J. Pharmacol., 34: 344-348 (1996).

[23] Mora, A., Paya, M., Rios, J.L. and Alcaraz, M.J.:
Biochem. Pharmacal ., 40: 793-797 (1990).

[24] Ellman, G L.: Arch. Biochem. Biophys., 82: 70-77
(1959).

[25] Buege, J.A. and Augt, S.D.: Enzymal., 52: 302-306
(1978).

[26] Ratty, A.K., Sunamoto, J. and Das, N.P: Biochem.
Pharmacal., 37: 989-994 (1998).

[27] Alia, M., Ramos, S., Mateos, R., Bravo, L. and Goya,
L.:J Biochem. Madl. Toxical., 19: 119-128 (2005).

[28] Myhrstad, M.C., Carlsen, H., Nordstrom, O.,
Blombhoff, R. and Moskaug, J.O.: Free Radical Bio.
Med., 32:386-393 (2002).

[29] Scharf, G, Prustomersky, S., Knasmuller, S., Schulte-
Hermann, R. and Huber, W.W. : Nutr. Cancer, 45: 74-
83(2003).

[30] Ganong, W.F. In: Review of Medical Physiology:
Energy Balance, Metabolism and Nutrition, 13th
edition, PrenticeHall Intern. Edi., Appleton and Lang,
California, pp. 243-247 (1987).

[31] Friedl,H.R,Till, GO., Trentz, O. andWard, PA.: Am.
J. Pathal., 135: 203217 (1989).

1179



