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ABSTRACT: Oxidative stress due to abnormal production of reactive oxygen molecules (ROM) is believed to be
involved in the etiology of toxicities of many xenobiotics. In this study protective effect of Zingiber officinale (ZO)
against Aceclofenac (ACE) induced oxidative stress in rat liver was evaluated. Twenty four young wistar rats were
divided into four groups as follows: control group, ACE (single dose of 10 mg/kg body wt., i.p), ACE plus ZO (250
mg/kg) and ACE plus ZO (500mg/kg). The activities of antioxidant enzymes such as superoxide dismutase (SOD),
catalase (CAT), reduced glutathione (GSH), glutathione peroxidase (GPx) and glutathione S-transferase (GST)
(p<0.001) as well as the concentration of malondialdehyde, as an indicator of lipid peroxidation, were measured to
evaluate oxidative stress in homogenates of the liver. ACE administration increased malondialdehyde levels (p<0.001)
and decreased SOD, CAT, GSH, GPx and GST activities. Co-administration of ZO as a dose dependent manner (250 &
500 mg/kg) with ACE injections caused significantly decreased malondialdehyde levels as well as elevates SOD, CAT,
GSH, GPx and GST (p<0.05 & p<0.001) activities in liver tissue when compared with ACE alone. It can be concluded
that Zingiber officinale may prevent ACE-induced oxidative changes in liver by reducing reactive oxygen species.
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INTRODUCTION
Reactive oxygen species (ROS) are inevitably
generated, due to the incomplete reduction of O2 in
electron transfer reactions, as byproducts of biological
reactions. When ROS production is greater than the
detoxification capacity of the cell, excessively
generated ROS causes extensive damage to DNA,
proteins and lipids and acts as a mediator of pro-
inflammatory and carcinogenic events.1 To avoid
redox imbalance and oxidative damage, aerobic
organisms possess efficient biochemical defense
systems such as superoxide dismutase (SOD), catalase
(CAT) and glutathione peroxidase (GPx)2, though it
cannot completely protect them from severe oxidative
stress. In this context, many scientists have tried to
obtain dietary antioxidants such as ascorbate,
tocopherol and carotenoids from fruits and vegetables,
because they could help protect cells from cellular
damage caused by oxidative stress.
Non-steroidal anti-inflammatory drugs (NSAIDs) are
the centerpiece of pharmacotherapy for most

rheumatological disorders, and are used in large
numbers as analgesics and antipyretics, both as
prescription drugs and over the counter purchases
(OCT).3 They are the most frequently used
medications for  the treatment  of  a  variety of  common
chronic and acute inflammatory conditions, and
continue to be important for the palliation of pain and
in decreasing inflammation and fever.4-8 Nearly all the
NSAIDs have been implicated in causing liver injury,
and tend to be hepatocellular in nature: the mechanism
is thought to be immunological idiosyncrasy.9,10

Recently, a number of in vitro animal models have
been used to investigate the NSAID-related
hepatotoxicity.11,12

Aceclofanac is a common and well established NSAID
which is  chemically designated as [{2-(2’, 6’-
dichlorophenyl ) amino } phenylacetoxycertic acid], a
phenyl acetic acid derivative. The mode of action of
aceclofenac has been recently clarified in that the
compound was shown to elicit preferential inhibition
of COX2 as a result of limited but sustained
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biotransformation to diclofenac.13 Aceclofenac
induced hepatotoxixity is almost always dangerous due
to the diagnostic confusion.14-17 It has been well known
that aceclofenac have sever toxic effect on GI tract but
no extensive research done till now.
Natural products and their active principles as sources
for new drug discovery and treatment of diseases have
attracted attention in recent years. Herbs and spices are
generally considered safe and proved to be effective
against various human ailments. Their medicinal use
has been gradually increasing in developed countries.
Zingiber officinale Roscoe, commonly known as
ginger, is one of the commonly used spices in India
and around the world. Ginger is example of botanicals
which is gaining popularity amongst modern
physicians and its underground rhizomes are the
medicinally and wlinary useful part.18 Many studies
were carried out on ginger and its pungent
constituents, fresh and dried rhizome. Among the
pharmacological effects demonstrated are anti-platlet,
antioxidant, anti-tumour, anti- rhinoviral, anti-
hepatotoxicity and anti arthritic effect.19-21

The aim of this work was to establish the protective
role of Zingiber officinale Roscoe on aceclofenac
induced oxidative stress in rat liver.

MATERIALS AND METHODS
Drugs and Chemicals
Aceclofenac was obtained from Dey’s Medical Stores
(Mfg.) Ltd., 62, Bondel road, Kolkata-700019, India.
All other reagents used for the experiments were of
analytical grade.
Animals
Twenty four adult male white Wister albino rats,
weighing 180-200g were used as experimental animals
in this study. The animals were housed in the animals
care centre of faculty of Pharmacy, Jadavpur
University. They were kept in wire-floored cages
under standard laboratory conditions of 12h/12h
light/dark cycle, 25 ±2ºC with free access to food and
water ad libitum. The experiment was carried out
according to the guidelines of the Committee for the
Purpose of Control and Supervision of Experiments on
Animals (CPCSEA), Chennai, India and approved by
the Institutional Animal Ethics Committee (IAEC) of
Jadavpur University.
Preparation of the plant extract
Rhizome of Z. officinale was purchased from the local
market. The rhizome (500 g) were cut into small
pieces and homogenized in a kitchen mixer using 50%
ethanol (w/v). The homogenate was kept on water bath
at 70–80°C for 10-15 h with intermittent shaking. The
homogenate was centrifuged at 1500g for 10 min and
the supernatant was collected. Solvent in the pooled
supernatant was completely evaporated at low
temperature  using  a  water  bath.  The  residue  thus
obtained (6.5 g, w/w) was used for the experiment.22

Study design
Young healthy twenty four male wistar albino rats
weighing 180-200 g were divided into 4 groups each
containing 6 animals. Group 1 Normal (supply
standard laboratory food and water ad libitum ), Group
2 (Control) treated with ACE (single dose of 10
mg/kg, i.p.), Group 3, 4 received ZO 250 and 500
mg/kg/day orally along with ACE. Total
Preparation of tissue homogenate
After the experimental period all the animals were
sacrificed and liver tissue was washed with ice-cold
saline. The tissue were then cut into fragments and
homogenized with 3 volumes (w/v) of the appropriate
buffer using a Potter-Elvehjam homogenizer with a
Teflon pestle and centrifuged at 12000 g for 20 min at
4º C. The supernatant was used for the biochemical
estimations.
Determination of lipid peroxidation
Lipid peroxidation was determined by measuring
thiobarbituric acid reactive substances (TBARS) in the
tissues using the method of Ohkawa et al.23 The pink
chromogen produced by the reaction of secondary
products of lipid peroxidation such as
malondialdehyde (MDA) with thiobarbituric acid was
estimated at 532 nm.
Determination of antioxidant enzymes
SOD was assayed according to the method of Kakkar
et al.24 The assay was based on the 50% inhibition of
the formation of NADH-phenazine  methosulfate
nitroblue tetrazolium formazan at 520 nm. The activity
of catalase was assayed according to the method of
Sinha based on the conversion of dichromate in acetic
acid to perchromic acid and then to chromic acetate,
when heated in the presence of H2O2. The chromic
acetate formed was measured at 620 nm.25

Reduced glutathione (GSH) in the tissue was assayed
according to the method of Ellman.26 GSH estimation
was based on the development of yellow colour when
5.5-dithiobisnitro benzoic acid was added to
compounds containing sulfydryl groups.
Hepatic GST activity was assayed according to the
method of Habig et. al. (1984) with some
modifications.27 GPx  activity  was  determined  by
measuring the decrease in GSH content after
incubating the sample in the presence of H2 O2 and
NaN3 (Hafemann et. al. 1974) [28] . Protein was
estimated by the method of Lowry et al. using bovine
serum albumin as the standard.29

Statistical analysis
Data were expressed as  mean ± SD, and all  statistical
comparisons were made by means of two-way analysis
of variance (ANOVA) followed by Dunnett’s post hoc
test.  SPSS  10.0  software  (SPSS  Inc,  1999)  was  used
for statistical analysis. The Difference showing a P
level of 0.05 or lower was considered to statistically
significant.
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RESULTS
Effect of ZO on hepatic lipid peroxidation
The lipid peroxidation (LPO) level in liver was
significantly increased (p<0.001) in ACE-treated
animals when compared to normal. Treatment with ZO
at 500 mg/kg showed significant (p<0.001) decrease in
LPO level when compared to ACE-treated groups.
Treatment with ZO at 250 mg/kg showed less
significant (p<0.05) decrease in LPO level when
compared to ACE-treated groups (Fig. 1).
Effect of ZO on antioxidant enzymes
The  SOD  and  CAT  activity  in  the  liver  tissue  of
normal and experimental animals were given in Fig. 2
& 3. SOD and CAT activity in liver of rats treated with
ACE (group 2) were significantly (p<0.001) lowered
compared with normal rats (group 1), whereas
administering  ZO  to  ACE-treated  rats  (group  3  &  4)
significantly elevated their activity compared with
ACE treatment alone (group 2).
The activities of GSH and glutathione-related enzymes
such  as  GPx,  and  GST in  the  liver  tissue  of  both  the
normal and experimental animals are given in Fig. 4-6.
The  levels/activities  of  GSH,  GPx,  and  GST  were
significantly lowered in the liver of animals treated
with ACE (group 2) compared with the normal rats
(group 1). ZO at a dose of 500 mg/kg together with
ACE treatment significantly (p<0.001) elevated the
activities of GSH, Gpx, and GST in liver compared
with those of the unsupplemented ACE-treated rats
(group 2). Treatment with ZO at 250 mg/kg showed
less significant (p<0.05) increase in GSH, GPx, and
GST level when compared to ACE-treated groups.

DISCUSSION
Liver is the main organ responsible for drug
metabolism and  appears  to  be  sensitive  target  site  for
substances modulating biotransformation.30 During the
course of aerobic metabolism, considerable amounts of
reactive oxygen species (ROS) such as superoxide
anion (O2

-) and hydrogen peroxide (H2O2) are
generated31, which undergo a variety of chain reactions
and  produce  free  radicals  such  as  OH·. These highly
reactive species attack polyunsaturated fatty acids and
thereby initiate the process of lipid peroxidation.32

Resulting in oxygen damage which can further be
manifested to degradation and inactivation of various
important biomolecules.
Lipid peroxidation, a reactive oxygen species-
mediated mechanism, has been implicated in the
pathogenesis of various liver injuries and subsequent
liver fibrogenesis in experimental animals and

humans.33 MDA  is  a  major  reactive  aldehyde  that
appears during the peroxidation of biological
membrane polyunsaturated fatty acid (PUFA).34

Therefore,  the  hepatic  content  of  MDA  is  used  as  an
indicator of liver tissue damage involving a series of
chain reactions.23 In the present study, a single dose of
ACE at 10 mg/kg, resulted in a significant increase in
the hepatic MDA concentration, indicating increased
lipid peroxidation caused by administration of ACE
(Fig. 1). The significant dose dependent decrease in
the hepatic MDA concentration confirms that
pretreatment with ZO could effectively protect against
the hepatic lipid peroxidation induced by ACE.
SOD is a ubiquitous chain-breaking antioxidant found
in all aerobic organisms. It is a metalloprotein widely
distributed in all cells and plays an important
protective role against oxidative damage induced by
reactive oxygen species. SOD converts superoxide ion
(O2

-) to hydrogen peroxide (H2O2) and the hydrogen
peroxide thus formed is degraded by CAT and GPx.
CAT is present in all major body organs of animals
and humans and is especially concentrated in the
liver.35,36 The  activities  of  SOD  and  CAT  were
significantly lowered in ACE treated rats as compared
with those of the normal rats. ZO supplementation to
the ACE-treated group elevated the SOD and CAT
activity in the liver emphasizing the antioxidant and
hepatoprotective activities of Z. officinale.
GSH is a tripeptide (L-γ-glutamylcysteinylglycine), an
antioxidant and a powerful nucleophile, critical for
cellular protection such as detoxification from reactive
oxygen species, conjugation and excretion of toxic
molecules, and control of the inflammatory cytokine
cascade.37 Depletion of GSH in tissues leads to
impairment of the cellular defence against reactive
oxygen species, and may result in peroxidative injury.
The  levels  of  GSH  were  significantly  decreased  in
ACE-treated  rats.  Moreover,  in  addition  to  being  a
direct free radical scavenger, GSH is known to
function as a substrate for GPx and GST. The activities
of GPx and GST in this study were reduced on ACE
treatment, which may be attributed to the
unavailability of GSH. Administration of ZO to ACE-
treated  rats  increased  the  levels  of  GSH  and  the
activities of GPx and GST.

CONCLUSION
On  the  whole,  it  can  be  concluded  that Z. officinale
may protect from free radical induced oxidative injury
caused by aceclofenac induced hepatotoxicity in
animal model.
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Fig. 1. Effect of ethanol extract Z. officinale (ZO) on hepatic MDA level in rat treated with Aceclofenac (ACE).
Values are mean ± S.D., n=6 animals. ap< 0.001 significantly different from normal group. bp<0.05, cp<0.001

significantly different from ACE group.
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Fig. 2. Effect of ethanol extract Z. officinale (ZO) on hepatic SOD activity in rat treated with Aceclofenac (ACE).
Values are mean ± S.D., n=6 animals. ap< 0.001 significantly different from normal group. bp<0.05, cp<0.001

significantly different from ACE group.
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Fig. 3. Effect of ethanol extract Z. officinale (ZO) on hepatic CAT activity in rat treated with Aceclofenac (ACE).
Values are mean ± S.D., n=6 animals. ap< 0.001 significantly different from normal group. bp<0.05, cp<0.001

significantly different from ACE group.
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Fig. 4. Effect of ethanol extract Z. officinale (ZO) on hepatic GSH concentration in rat treated with Aceclofenac
(ACE). Values are mean ± S.D., n=6 animals. ap< 0.001 significantly different from normal group. bp<0.05,

cp<0.001 significantly different from ACE group.
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Fig. 5. Effect of ethanol extract Z. officinale (ZO) on hepatic GPx activity in rat treated with Aceclofenac (ACE).
Values are mean ± S.D., n=6 animals. ap< 0.001 significantly different from normal group. bp<0.05, cp<0.001

significantly different from ACE group.
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Fig. 6. Effect of ethanol extract Z. officinale (ZO) on hepatic GST activity in rat treated with Aceclofenac (ACE).
Values are mean ± S.D., n=6 animals. ap< 0.001 significantly different from normal group. bp<0.05, cp<0.001

significantly different from ACE group.



ACKNOWLEDGMENTS
The authors are thankful to DST (Pharmaceutical
Research and Development Fund) for sponsoring us
the present study and Dey’s Medical Stores (Mfg) Ltd,
62 Bondel roads. Kol-19 India, for providing us the
necessary chemicals and instrumental facilities.
REFERENCES

1. Kowaltowski A.J. and Vercesi A.E.,
Mitochondrial damage induced by conditions
of  oxidative  stress,  Free  Radic.  Biol.  Med.,
1999, 26, 463–471.

2. Halliwell B., Antioxidants and human
diseases: a general introduction, Nutr. Rev.,
1997, 55, S44–S52.

3. Garcia-Rodriguez L.A., Williams R., Derby
L.E.,  et  al.,  Acute liver  injury associated with
nonsteroidal anti-inflammatory drugs and the
role of risk factors, Arch, Int, Med, 1994, 154,
311–316.

4. Manoukian A.V. and Carson J.L.,
Nonsteroidal anti-inflammatory drug-induced
hepatic disorders. Incidence and prevention,
Drug Safety, 1996, 15, 64–71.

5. Sgro C., Clinard F., Ouazir K. et al., Incidence
of drug-induced hepatic injuries: a French
population-based study, Hepatology, 2002, 36,
451–455.

6. Sheen C.L., Dillon J.F., Bateman D.N.,
Simpson K.J. and MacDonald T.M.,
Paracetamol pack size restriction: the impact
on paracetamol poisoning and the over-the-
counter supply of paracetamol, aspirin and
ibuprofen, Pharmacoepidemiol Drug Saf.,
2002, 11, 329–331.

7. Dierkes-Globisch A., Schafer R. and Mohr
H.H., Asymptomatic diclofenac-induced acute
hepatitis  [in  German],  Dtsch.  Med.
Wochenschr., 2000, 125, 797–800.

8. Koff R.S., Liver disease induced by
nonsteroidal anti-inflammatory drugs. In:
Borda I.T, Koff R.S, eds. A profile of adverse
effects. Philadelphia, Hanley and Belfus,
1992,133–145.

9. Zimmerman H.J., Update on hepatotoxicity
due to classes of drugs in common clinical
use: non-steroidal drugs, anti-inflammatory
drugs, antibiotics, antihypertensives
andcardiac and psychotropic agents, Semin.
Liver Dis., 1990, 10, 322–338.

10. Rabinovitz M. and Van Thiel D.H.,
Hepatotoxicity of non-steroidal anti-
inflammatory drugs, Am. J. Gastroenterol.,
1992, 87, 1696–1704.

11. Walker  A.M.,  Quantitative  studies  of  the  risk
of serious hepatic injury in persons using
nonsteroidal anti-inflammatory drugs, Arthritis
Rheum., 1997, 40, 201–208.

12. Bjorkman D., Nonsteroidal anti-inflammatory
drug associated toxicity of the liver, lower
gastrointestinal tract and the esophagus, Am. J.
Med., 1998, 105, 17–21.

13. Ward D.E., Veys E.M., Bowdler J.M. et al.,
Comparison of aceclofenac with diclofenac in
the treatment of osteoarthritis, Clin.
Rheumatol., 1995, 14, 656-662.

14. Gonzalez  E.,  de  la  Cruz  C.,  de  Nicolas  R.  et
al., Long-term effect of nonsteroidal anti-
inflammatory drugs on the production of
cytokines and other inflammatory mediators
by blood cells of patients with osteoarthritis,
Agents Actions, 1994, 41, 171-178.

15. Yamazaki  R.,  Kawai  S.,  Matsuzaki  T.  et  al.,
Aceclofenac blocks prostaglandin E2
production following its intracellular
conversion into cyclooxygenase inhibitors,
Eur. J. Pharmacol., 1997, 329, 181-187.

16. Torri G., Vignati C., Agrifoglio E. et al.,
Aceclofenac versus piroxicam in the
management of osteoarthritis of the knee: a
double-blind controlled study, Curr. Ther.
Res., 1994, 55, 576-578.

17. Dooley  M.,  Spencer  C.M.  and  Dunn  C.J.,
Aceclofenac: a reappraisal of its use in the
management of pain and rheumatic disease,
Drugs, 2001,61, 1351-1378.

18. Mascolo N., Jain R., Tain S.C. and Capasso
F.J., Ethnopharmacologic investigation of
ginger (Zingiber officinale), J.
Ethanopharmacol., 1989, 27(1-2), 129-140.

19. Fisher-Rasmussen W., Kjaer S.K., Dahl C. and
Asping U., Ginger treatment of hyperemesis
gravidarm, Euro. J. Obst.  Gyne.  Repro. Biol.,
1991, 38, 19-24.

20. Sharma  JN,  Srivastava  KC,   Gan,  E.K.
Suppressive effects of eugenol and ginger oil



Pal T K et al /Int.J. PharmTech Res.2010,2(1) 501

on arthritic rats. Pharmacology 1994; 49:314-
318.

21. Kamtchoving P., Mbongue G.Y., Fndio T.D.
and Jatsa H.B., Evaluation of androgenic
activity of Zingiber officinale and
Pentadiplandra brazzeana in male rats, Asian
Journal of Andology, 2002, 4(4), 299-301.

22. Ajith T.A., Hema U. and Aswathy M.S.,
Zingiber officinale Roscoe prevents
acetaminophen-induced acute hepatotoxicity
by enhancing hepatic antioxidant status, Food
and Chem. Tox., 2007, 45, 2267-2272.

23. Ohkawa H., Ohishi N. and Yagi K., Assay for
lipid  peroxide  in  animal  tissues  by
thiobarbituric acid reaction, Anal. Biochem.,
1979, 95, 351–358.

24. Kakkar P., Das B. and Viswanathan P.N., A
modified spectroscopic assay of superoxide
dismutase, Indian J. Biochem. Biophys., 1984,
21,130-132.

25. Sinha K.A., Colorimetric assay of catalase,
Ann. Biochem., 1972, 47, 389-394.

26. Ellman G.C., Tissue sulfhydryl groups, Arch.
Biochem. Biophys., 1959, 82, 70-77.

27. Habig W.H., Pabst M.J. and Jakoby W.R.,
Glutathione S-transferase.The first enzymatic
step in mercapturic acid formation, J. Biol.
Chem., 1974, 249, 7130-7139.

28. Hafemann  D.G.,  Sunde  R.A.  and  Houestra
W.G., Effect of dietary selenium on
erythrocyte and liver glutathione peroxidase in
the rat, J. Nutr., 1974, 104, 580-584.

29. Lowry O.H., Rosebrough N.J., Farr A.L. and
Randall R.J., Protein measurement with folin

phenol reagent, J. Bio. Chem., 1951, 193, 265-
275.

30. Gram T.E. and Gillette J.R., Biotransformation
of drugs. In: Bacq., Z.M (Ed.), Fundamentals
of Biochemical Pharmacology. New York:
Pergamen Press; 1971, p.571-609.

31. McCord J.M., Keele B.B. and Fridovich I., An
enzyme based theory of obliate anaerobiosis:
the physiological function of superoxide
dismutase, PNAS, 1971, 68,1024-1027.

32. Pari L. and Murugan P., Possible mechanism
of  hepatoprotective activity of Azadirachta
indica leaf extract: Part II, J. Ethnopharmacol.,
2003, 89, 217-219.

33. Niemela O., Parkkila S., Yla Herttuala S.,
Halsted C., Lanca A. and Israel Y., Covalent
protein  adducts  in  the  liver  as  a  rusult  of
ethanol metabolism and lipid peroxidation,
Lab. Invest., 1994, 70, 537-546.

34. Vaca  C.E.,  Wilhelm  J.  and  Harms-Rihsdahl
M., Interaction of lipid peroxidation product
with  DNA,  A  Rev.  Mutat.  Res.  Rev.  Genet.
Toxicol., 1988, 195,137-149.

35. Sheela C.G. and Angusti K.T., Antiperoxide
effects of S-allyl cysteine sulphoxide isolated
from Allium sativum Linn. and gugulipid in
cholesterol diet fed rats, Ind. J. Exp. Biol.,
1995, 33,337-341.

36. Reedy A.C., Lokes B.R., Studies on spice
principles as antioxidants in the inhibition of
lipid peroxidation of rat liver microsomes,
Mol. Cell. Biochem., 1992, 111,117-124.

37. Brown L.A., Chronic ethanol ingestion and the
risk of acute lung injury: a role for glutathione
availability? Alcol., 2004, 33,191-197.

*****


