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ABSTRACT

Paracetamol, the most commonly sold over-the-counter antipyretic analgesic, is generally considered harmless at
therapeutic doses. However, paracetamol overdose causes severe and sometimes fatal hepatic damage in humans and
experimental animals. This study was undertaken to examine the effects of Zingiber Officinale (ginger) powder on
paracetamol induced hepatotoxicity in rats. Rats were given ginger 1% orally in the diet 7 days before induction of
hepatotoxicity of paracetamol (1g/kg bwt) orally for 21 days. Paracetamol induced severe liver damage as assessed by
increased serum liver marker enzymes, hypoabuminemia with hyperglobulinemia. Paracetamol induced hepatic lipid
peroxidation with reduction in reduced glutathione and antioxidant enzymes. Also, paracetamol caused changesin serum
lipid profile. Unfortunately, away from general notion, ginger did not protect paracetamol induced hepatic injuries but
potentiate the toxic effects of paracetamol on liver as evident by highly increase in serum globulin fractions with decreased
serum albumin, increased serum activities of AST, LDH, ALP and GGT, reduced hepatic activities of antioxidant enzymes
(GST, GR and GPX) and reduced glutathione level. In conclusion, ginger failsto protect rats against paracetamol induced
chronic hepatotoxicity but enhance its adverse effects on liver.
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INTRODUCTION

Liver disease is a serious medical problem. Some of the
liver injuries are caused by the use and abuse of drugs.
Conventional and/or synthetic drugs such as steroids,
vaccines, antivirals, and other medications can cause
serious side effects, even toxic effects on the liver,
especially when used for prolonged periods of time?.
Paracetamol, a widely used over-the-counter (OTC)
analgesic and antipyretic, is one of the best known
experimental models of hepatotoxicity?. It is safe at
therapeutic doses but causes a fatal hepatic necrosis and
hepatic failure in overdose®. It was found that induction of
CYP2EL, CYP1A2, CYP3A4, depletion of intracellular
GSH, and oxidative stress are the major mechanisms
involved in the pathogenesis of paracetamol induced liver
injury?,

Paracetamol at therapeutic dosesis rapidly metabolized in
the liver principally through glucuronidation and sulfation
and only asmall portion is oxidized by cytochrome P-450
2E1to generate a highly reactive and cytotoxic
intermediate, N-acetyl -P- benzoquinoneimine (NAPQI),
whichisquickly conjugated by hepatic glutathioneto yield
aharmless water soluble product, mercapturic acid®. When
paracetamol is dosed at higher dose levels in animals or
humans, metabolism of paracetamol  through
glucuronidation and sulfation is saturated and NAPQI is
synthesized in enough amounts to cause acute
hepatotoxicity®.

Many research efforts are directed to the discovery and
development of agents, which might protect cells from
oxidative reactions with potentia antioxidant and
hepatoprotective effects’. The most popul ar antioxidant for
paracetamol  hepatotoxicity is N-acetyl-L-cysteine
(NAC)&.

Thereisaglobal trend towards the use of traditional herbal
preparations for the treatment of liver diseases. The list of
hepatoprotective biologically active compounds (BAC) in
the scientific literatureis quite long, but only some of them
have enough strong effects to combat different types of
liver damage. Ginger (Zingiber officinale) is commonly
used as food spice in India and other Asian and African
countries. In many traditional Chinese, Ayurvedic and
Unani herbal medicines ginger had been recommended for
the treatment of catarrh, rheumatism, nervous diseases,
gingivitis, toothache, asthma, stroke, constipation and
diabetes for centuries®. Several recent studies reported the
protective effects of ginger extracts against alcohol
induced toxicity?©, bromobenzene induced
hepatotoxicity!,  fenitrothion or lead induced
developmental toxicity'?, fungicideinduced liver toxicity
and ethionine-induced toxicity4.

Based on these data, the present study aims to trace the
antioxidant and hepatoprotective effects of ginger
(Zingiber officinale) powder on paracetamol induced
chronic hepatotoxicity in rats.

MATERIAL AND METHODS
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Table 1 : Effect of ginger and/or paracetamol on serum protein patterns of rats

Total protein  Albumin Al phayl Al phar.2 Betaglobulin Gamma
globulin globulin globulin
Control 6.28+0.07¢ 4.12+013° 010+001¢9 0.85+0029 0.61+0.039 0.44+0.04°¢
Paracetamol 580+0.179 3.12+0119 014+000°¢ 0.98+0.02°¢ 0.74+0.02°¢ 0.62+0.04°
Ginger 1% 7.96+0.162 4.90+0.072 0.16+001P 1.09+002P 0.86+0.06° 0.66+0.052
Paracetamol 730£0.10° 350+007¢ 020+0002 145+0032% 113+0012 0.76+0.032
Ginger 1%

Values are expressed as mean + SE, The value with different letter within the same column significantly differ at P <

0.05
Chemicalsand medicinal plant: Cummene hydroperoxide,
1-chloro-2, 4-dinitrobenzene (CDNB), 5-5-dithiobis-2-
nitrobenzoic acid (DTNB) were obtained from (Sigma
chemical Co. St., Louis, MO, USA). Thiobarbituric acid
(TBA) and reduced glutathione (GSH) were obtained from
Fluka Chemical Co. Trichloroacetic acid (TCA) and tris
base were obtained from Merk Chemica Co. Paracetamol
was provided from El-Nile Pharmaceutical Company
(Cairo, Egypt). All the reagents used were of analytical
grade.
The fresh rhizomes of ginger was locally purchased from
local market, identified and authenticated by botanists in
the department of Botany, Faculty of Agriculture,
Alexandria University, Egypt, then grinded to fine powder
to be supplied to rats in the commercial basal diet.
Animals and experimental design: Forty adult male albino
rats weighing 200 + 20 g (obtained from medical research
institute, Alexandria University, Egypt) were used in this
study. They were fed standard diet pellets and allowed
food and water ad libitum for an acclimation period of two
weeks. The animals were maintained in a drictly
controlled temperature (18 + 1°C). Humidity was kept at
50% and the lighting cycle was 14 hr light and 10 hr dark
with adequate ventilation. Animals were handled with
human care in accordance with the National Institutes of
Health guidelines. The rats were randomly divided into
four groups each consisting of ten animals asthe following
design: the first group fed on basal diet and distilled water
ad libitum and kept as control group. The 2™ group termed
as paracetamol treated group in which the rats were treated
orally with paracetamol at dose of 1 g/kg body weight for
three weeks (4 times per week) for induction of chronic
hepatotoxicity. The 3" group is ginger treated group, the
rats fed with 1% ginger powder containing diet for four
weeks and water ad libitum. The 4" group termed as ginger
and paracetamol group, therats fed with 1% ginger powder
containing diet for one week followed by three weeks oral
administration of paracetamol at dose 1 g/kg body weight
(4 times per week).
Preparation of blood Samples: At the end of experiment,
blood samples were withdrawn from the retro-orbital vein
of each rat and each sample was collected into clean tubes.
The blood samples were allowed to coagulate and then
centrifuged at 3000 rpm for 5 min. The separated serawere
kept at -20-c until used for the estimation of serum activity
of ALT, AST, ALP, GGTand LDH, total protein, albumin
and globulin fraction levels and lipid profile (total
cholesterol, triglycerides, HDL-c, LDL-c and VLDL-c).
Preparation of liver sample: The rats were sacrificed by
cervical didocation, and then the livers were rapidly

removed. A part of each liver was weighed and
homogenized, using glass homogenizer with ice-cooled
saline to prepare 25% W/V homogenate. The homogenate
was divided into two aliquots. The first one was
deproteinized with ice-cooled 12% trichloroacetic acid and
the obtained supernatant, after centrifugation at 1000 xg
was used for the estimation of reduced glutathione (GSH)
content. The second aliquot was centrifuged at 1000 xg and
the resultant supernatant was used for estimation of
glutathione peroxidase (GPx), glutathione-S-transferase
(GST) and glutathione reductase (GR) activities and level
of malondialdehyde (MDA).

Biochemical blood analysis: Hepatic injury was assessed
using the serum levels of AST, ALT, LDH, ALP, and
GGT. Cholesterol, triglyceride, and HDL-c levels were
determined using automated enzyme anayzers
(Biochemical analyzer AE-600N, ERMA-INC-Japan) and
commercial diagnostic kits.

The protein was separated according to their respective
electrical charges at pH 8.8 on a cellulose acetate plate
using both the electrophoretic and electroendosmotic
forces. After the proteins were separated, the plate was
placed in a solution of sulfosalicylic acid and Ponceau S
stain to stain the protein bands. The relative percents and
absolute values for each band were automatically
calculated by the densitometer using 525 nm filter and the
narrow dlit with computer accessories according to
Alper®s,

Oxidative stress and antioxidants: Tissue lipid peroxides
(LP) level was determined as thiobarbituric acid-reactive
substances, measured as malondialdhyde (MDA)®. GSH
level in liver homogenate were estimated by
spectrophotometer according to the method of'’. Liver
glutathione peroxidase (GPx) activity was determined
using reduced glutathione and cummene hydroperxide as
substrate by the modified method of'®. Glutathione
reductase (GR) and glutathione-S-transferase (GST)
activities were measured according to the method of 9%,
respectively.

STATISTICAL ANALYSIS

Data were analyzed using the SPSS package. Results are
expressed as mean + SEM with the experiment repeated at
least three times. Statistical evaluations were done using
the analysis of variance (ANOVA). A p value of < 0.05
was considered significant.

RESULTS
The data represented in table (1) showed that
administration of paracetamol significantly decreased
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Table 2: Effect of ginger and/or paracetamol on liver enzyme markers of rats

ALT AST LDH ALP GGT
(U/L) (U/L) (U/L) (U/L) (U/L)
Control 55.02 +3.12° 185.66 + 10.07° 271.92+20.37° 1205.91+14193% 3.30+041°
Paracetamol 119.54+ 37572 293.44+56.823 487.07+97.472 1306.95+6541% 569+048°
Ginger 1% 36.71+2.79°¢ 136.78+5.71 ¢ 163.27 £ 25,53¢  785.95+ 150.43° 2.00+0.32°
Paracetamol  + 49802175 211.37+2064° 46512+97.65° 130065+ 9226° 1054+ 2.82°
Ginger 1%
Values are expressed as mean = SE, The value with different letter within the same column significantly differ at P <
0.05
Table 3: Effect of ginger and/or paracetamol on serum lipid profile of rats
Cholesterol Triglyceride HDL-c LDL-c VLDL-c
(mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl)
Control 69.08 £ 49.90 + 5334+ 576 + 9.98+
2.42° 3.07° 1.81° 0.47¢ 0.61°
Paracetamol 63.36 + 36.86 + 4454 + 11.25+ 737+
2.60° 1.08¢ 201¢ 1.61° 0.22°¢
Ginger 1% 80.94 + 33.22+ 67.84 + 7.06 + 6.84 +
2378 0.75¢ 1472 0.69 ¢ 0.27°¢
Paracetamol + 6546+ 76.04 £ 30.44 + 23.01+ 1521+
Ginger 1% 1.79° 5.382 1.03¢ 3.732 1.082
Values are expressed as mean = SE, The value with different letter within the same column significantly differ at P <
0.05
Table 4: Effect of ginger and/or paracetamol on oxidative stress and antioxidants
MDA GST . GPX GR GSH
. (umole/min/g . . .
(nmole/g tissue) tissue) (U/g tissue) (U/g tissue) (umole/g tissue)
Control 96.73+8.56°¢ 23217+ 12572 132.12+584%2 1058.18 + 21.37° 41.51+235°
Paracetamol ~ 407.18 +38.70 2 27453+23892 104.33+4.24" 125278 +49.282@ 1422+ 157°
Ginger 1% 80.35+5.41°¢ 24860+ 11312 134.76+3.342 1086.76 + 9.05° 60.50+1.032
Paracetamol b b b
+ Ginger 1% 256.24 + 13.68 22351+ 1370% 96.01+6.28 1066.01 + 69.08 17.24+1.35°¢

Values are expressed as mean + SE, The value with different letter within the same column significantly differ at P <

0.05

serum total protein and albumin levels while serum
prealbumin, alpha-1, alpha-2, beta- and gamma-globulins
levels were significantly increased as compared to control
group. Feeding ginger 1% significantly increased serum
total protein, albumin, prealbumin, alpha-1, alpha-2, beta-
and gamma-globulins level s when compared to control or
paracetamol groups. Administration of ginger 1% together
with paracetamol significantly increased serum total
protein, albumin and prealbumin levels as compared to
paracetamol group meanwhile; serum alpha-1, alpha-2,
beta- and gamma-globulins levels were significantly also
increased when compared to control, paracetamol or
ginger groups.

Table (2) revealed that ora ingestion of paracetamol at
1000 mgkg b.wt significantly increased serum
aminotransferases (ALT and AST) and lactate
dehydrogenase (LDH) enzymatic activities but not
significantly increased serum alkaline phosphatase (ALP)
and gamma glutamyl transferase (GGT) activities when
compared to control group. Administration of ginger 1%
significantly decreased serum enzymatic activitiesof ALT,
AST, LDH and ALP activities, while not significantly

decreased serum GGT activity as compared to control
group. Administration of ginger 1% together with
paracetamol significantly decreased serum ALT and AST
activities, not significantly decreased serum LDH activity,
not significantly increased serum ALP activity, while
significantly increased serum GGT activity as compared
paracetamol group.

Table (3) showed that administration of paracetamol at
dose of 1000 mg/kg b.wt not significantly decreased serum
total cholesterol level, significantly decreased serum
triglycerides; HDL-c and VLDL-c levels while
significantly increased serum LDL-c level as compared to
control group. Feeding ginger 1% significantly increased
serum total cholesterol and HDL-c levels, significantly
decreased serum triglycerides and VLDL-c levels when
compared to control group. Administration of ginger and
paracetamol significantly increased serum triglycerides,
LDL-c and VLDL-c levels while significantly decreased
serum HDL-c level with no difference in serum total
cholesterol level when compared to control or paracetamol

group.
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The datarepresented in table (4) revealed that paracetamol
at dose 1000 mg/kg b.wt significantly increased hepatic
MDA level and glutathione reductase (GR) enzymatic
activity with non significant increase in glutathione
transferase (GST) activity while glutathione peroxidase
(GPX) enzymatic activity and level of reduced glutathione
(GSH) were significantly decreased when compared to
control group. Feeding ginger 1% significantly decreased
level of MDA and increased hepatic GSH content with no
statistical difference in antioxidant enzymatic activities
(GST, GPX and GR) as compared to control.
Administration of ginger and paracetamol together
significantly increased hepatic MDA content as compared
to control group but significantly decreased as compared
to paracetamol group. The level of GSH was significantly
decreased when compared to control group, GR enzymatic
activity was significantly decreased as compared to
paracetamol group, GPX enzymatic activity was
significantly decreased when compared to control group
with no statistical difference in GST enzymatic activity as
compared to control or paracetamol groups.

DISCUSSION

Theliver isamajor target organ for toxicity of xenobiotics
and drugs, because most orally ingested xenobiotics and
drugs pass through the liver, and some chemicals are
metabolized into toxic intermediates in the liver?.
Paracetamol, when used at high doses, could cause acute
liver injury most probably via formation of N-acetyl-p-
benzoquinoneimine, a toxic metabolite, by cytochrome
PA502E1 (CYP2EL). N-acetyl-p-benzoquinoneimine is
usually inactivated by hepatic glutathione, but it, when
produced excessively, covalently binds to centriobular
hepatic proteins, contributing to hepatic toxicity222,

In the assessment of liver damage by paracetamol, the
determination of enzyme activities such as ALT and AST
islargely used. In the present study, the increase in serum
activities of ALT, AST, LDH, ALP and GGT in
paracetamol treated rats had been attributed to the
damaged structural integrity of the liver, because these are
normally located in the cytoplasm, mitochondria or
microsomes and are released into the circulation after
cellular damage®* or due to alterations in the permeability
of cell membrane and increased synthesis or decreased
catabolism of aminotransferases®®. Our results were in
accordance with those of?6 who found that the serum levels
of both ALT and AST were elevated almost fourfold in
paracetamol treated group in comparison with the control
group. Also, Kanchana and Sadiq,?” mentioned that oral
administration of 400 mg/kg paracetamol in rats increased
serum activities of ALT, AST, LDH, ALP and GGT.
Additionally, histological  findings showed that
paracetamol administration to rats revealed a remarkable
centrilobular (zone 111) necrosis, cytoplasmic changes, and
sinusoidal narrowing around the central vein, and it has
also been reported in some other studies that paracetamol
intoxication can result in severe hepatic damage
characterized by hemorrhagic centrilobular necrosis in
both humans and animals®?®. Moreover, chronic
administration of paracetamol doatistically decreased

serum abumin and increased serum globulin fractions
which were evident for chronic hepatic necrosis. Albumin
is decreased in chronic liver disease and is generaly
accompanied by an increase in the 3 and y globulins as a
result of production of 1gG and IgM®. The present results
were in harmony with3! who revealed that paracetamol
induced toxic injury of rat hepatocytes as assessed by
significant decrease in albumin level and increase LDH
leakage.

An observable significant improvement in the activities of
ALT, AST, LDH, ALPand GGT enzymeswasrecorded in
ginger supplemented groups. Hepatoprotective effects of
ginger based on biochemica and/or histopathological
assessment dueto its antioxidant effect®?. Ginger products
exert their antioxidant effect by quenching free radicals
due to the effect of polyphenol compounds (6-gingeriols
and its derivatives®. Unfortunately, co-administration of
ginger with paracetamol potentiate itstoxic effectson liver
as consistent by statistically increased serum globulin
fractions and decreased serum albumin level indicating
severe hepatic necrosis which may be develop to fibrosis,
also exhaustion of hepatic cytoplasmic enzymes as ALT
more evident for severe hepatic injury. These effects can
be explained as ginger may increase gastrointestinal
absorption of paracetamol because some active
components of ginger were reported to stimulate digestion,
absorption, relieve congtipation and flatulence by
increasing muscular activity in the digestive tract®*. Also,
intraduodenal administration of dried ginger 150 mg/kg
containing [6]-shogaol 2 mg/kg increased intestinal blood
flow®, or induction of drug metabolizing enzymes as
cytochrome P-450 which increase the formation of toxic
metabolites of paracetamol. This observation was
confirmed by2¢ who revealed an increased mRNA level of
CYP2B1 intheliver of rats after treatment of ginger.

It is established that covalent binding of N-acetyl-P-
benzoquinoneimine, an oxidation product of paracetamol,
with Sulfhydryl groups of protein result in cell necrosis
and lipid peroxidation in the liver¥”. In addition, NAPQI
can increase the formation of superoxide anion, hydroxyl
radical and hydrogen peroxide, nitric oxide and
peroxynitrite respectively. Excess levels of these species
can attack biological molecules such as DNA, protein and
phospholipids which leads to lipid peroxidation, nitration
of tyrosine and depletion of antioxidant enzymes that
further results in oxidative stress®. In experimental
toxicology, paracetamol induced liver injury is used as a
model of hepatotoxicity bothinvitroand invivo. Thebasic
mechanism of paracetamol toxicity in the liver is well
known and isrelated to the covalent binding of its reactive
metabolite N-acetyl-p-benzoquinoneimine (NAPQI) to
sulfhydryl groups of GSH and various thiol containing
proteins and their subsequent oxidation*. Thus GSH
depletion is considered one of the main biochemical
markers for paracetamol caused hepatotoxicity.
Furthermore, the depletion of GSH causes the endogenous
reactive oxygen species (ROS) to hind to cellular
macromolecules leading to initiation of processes of lipid
peroxidation, membrane breakdown, and cell death®.
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In the present study, paracetamol administration was
accompanied by increased lipid peroxidation, depletion in
GSH stores and reduced GPx activity in the liver. It has
been generally accepted that P450-dependent bioactivation
of paracetamol is the main cause for potentially fulminant
hepatic necrosis upon administration or intake of lethal
doses of paracetamol>*, NAPQI is initially detoxified by
conjugation with reduced GSH to form mercapturic acid*.
Under conditions of NAPQI formation following toxic
paracetamol doses, GSH concentrations become very low
in the centrilobular cells*# which could account for the
observed depletionin liver GSH stores.

GPx plays a critical role in maintaining balance in the
redox status of animals under acute oxidative stress and
protects against chemically-induced oxidative destruction
of lipids and proteins*. Consequently, it could be
consumed during this process which would explain the
observed reduced GPx activity in the paracetamol -treated
group.

Feeding ginger 1% in diet reduced hepatic lipid
peroxidation, maintained antioxidant enzymes within
normal levels and increased level of reduced glutathione.
It could be due to antioxidative properties of ginger
extracts. Gingeriol and shogaol and other chemicals in
ginger inhibit prostaglandine and lukotriene biosynthesis
through suppression of 5-lipooxygenase synthetase™.
Also, feeding ginger to rats modulates the antioxidant
enzymes in a manner that favors the lowering of lipid
peroxidation and a possible adaptive mechanism to
counteract oxidative stress situation®. Co-administration
of ginger with paracetamol had negative effects on hepatic
antioxidant enzymes and reduced glutathione which may
be attributed to the interaction between herb and drug.
Concerning serum lipid profile, oral administration of
paracetamol decreased serum triglyceride, HDL-c and
VLDL-c levels with no significant change in serum total
cholesterol level but increased serum LDL-c level.
Paracetamol seems to cause impairment in lipoprotein
metabolism and also aterations in cholesterol
metabolism*’. The results didn't come into agreement with
the result of® in that paracetamol at 2 g/kg has enhanced
the cholesterol level and reduced the serum levels of HDL.
Also, this result disagree with®® who represented that
paracetamol treated animals showed an €elevation in the
concentrations of total lipids, cholesterol, triglycerides and
serum LDL-cholesterol with depletion in the levels of
serum HDL-cholesterol and tissue phospholipids. The
discrepancy in these results may be attributed to the
differences in paracetamol doses and duration of
experiment. Administration of ginger 1% significantly
increased serum total cholesterol and HDL-c levels,
decreased serum triglyceride and VLDL-c levels with no
significant changes in serum LDL-c level. Ginger exhibit
a hypolipidemic activity which was in agreement with>
who revealed that ethanolic extract of ginger produced
significant decrease in serum total cholesterol and
triglycerideslevelsand increased HDL -cholesterol level as
compared to diabetic rats, and the extract exhibit a
significant lipid lowering activity and protect the tissues
from lipid peroxidation. The increase in serum total

cholesterol observed in our study attributed to increased
serum HDL-c content. Administration of ginger together
with paracetamol statistically increased serumtriglyceride,
LDL-c and VLDL-c levels and decreased level of serum
HDL-c promoting accumulation of lipids in liver which
may explained by the metabolic interaction between ginger
components and paracetamol.

In conclusion, paracetamol most notably caused hepatic
toxicity as indicated by increased serum liver enzymatic
activities, decreased abumin and increased globulin
fractions, induction of oxidative stress and depletion of
antioxidant. Unfortunately, ginger potentiates the toxic
effects of paracetamol on liver indicating an interaction
between them. Further experimental studies are necessary
to explain such interaction.
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conflicts of interest.

REFERENCES

1. Ali, A.S., Fahmy, G.E., 2009. Effects of water extracts
of thyme (Thymus vulgaris) and ginger (Zingiber
officindle Roscoe) on acohol abuse. Food and
Chemical Toxicology 47:1945-1949

2. Bailey, B.,, Amre, D.K., Gaudreault, P., 2003.
Fulminant hepatic failure secondary to acetaminophen
poisoning: a systematic review and meta-analysis of
prognostic criteria determining the need for liver
transplantation. Critical Care Medicine; 31: 299 — 305.

3. Bessems, JG.M., Vermeulen, N.P.E., 2001
Paracetamol  (acetaminophen)-induced  toxicity:
molecular and biochemical mechanisms, analogues
and protective approaches. Critica Reviews in
Toxicology, 31 (1): 55-138.

4. Bhandari, U., Kangjia, R., Pillai, K.K., 2005. Effect of
ethanolic extract of Zingiber officinae on
dydipidaemia in diabetic rats. Journa of
Ethnopharmacology, 97: 227-230.

5. Cheng, W., Fu, Y.X., Porres, JM., Ross, D.A., Lei,
X.G., 1999. Selenium-dependent cellular glutathione
peroxidase protects mice against a pro-oxidant
induced oxidation of NADPH, NADH, lipids, and
protein. FASEB J. 13: 1467 — 1475.

6. Chrubasik, S., Pittler, M.H., Roufogalis, B.D. 2005.
Zingiberis rhizoma: a comprehensive review on the
ginger effect and efficacy profiles. Phytomedicine 12;
684-701.

7. El-Sharaky, A.S., Newairy, A.A., Kamel, M.A,,
Eweda, S.M., 2009. Protective effect of ginger extract
against bromobenzene-induced hepatotoxicity in male
rats. Food and Chemical Toxicology 47(7): 1584—
1590.

8. Farag, A.G.A., Elhawagy, M.EA., Farid, H.EA,
2010. Effect of ginger supplementation on
developmental toxicity induced by fenitrothion
insecticide and/or lead in abino rats. Pesticide
Biochemistry and Physiology 97:267-274

9. Gardner, C.R,, Heck, D.E., Yang, C.S,, Thomas, P.E.,
Zhang, X.J., de George, G.L. 1998. Role of nitric

IJTPR, December 2013 February 2014, 5(4),87-93

Page9 1



Mohamed A Lebda et al. / Ginger (Zingiber Officinale)...

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

oxide in acetaminophen-induced hepatotoxicity in the
rat. Hepatology 26:748-54.

Gardner, C.R., Laskin, J.D., Dambach, D.M., Sacco,
M., Durham, SK., Bruno, M.K., Cohen, S.D.,
Gordon, M K., Gerecke, D.R., Zhou, P., Laskin, D.L.,
2002. Reduced hepatotoxicity of acetaminophen in
mice lacking inducible nitric oxide synthase: potential
role of tumor necrosis factor-alpha, interleukin-10.
Toxicology and Applied Pharmacology 184, 27-36.
Habib, S.H., Makpol, S., Abdul Hamid, N.A., Das, S.,
Ngah, W.Z., Yusof, Y.A., 2008. Ginger extract
(Zingiber officinale) has anti-cancer and anti-
inflammatory effects on ethionine-induced hepatoma
rats. Clinics (Sao Paulo). 63(6): 807-813.

Habig, W.H., Pabst, M.J, Jakoby, W.B., 1974
Glutathione-S-transferases. The first enzymatic step
in mercapturic acid formation. The Journa of
Biological Chemistry, 249 (22): 7130-7139.

Hinson, J.A., Bucci, T.J., Irwin, L.K., Michadl, S.L.,
Mayeux, P.R., 2002. Effect of inhibitors of nitric
oxide synthase on  acetaminophen-induced
hepatotoxicity in mice. Nitric Oxide 6: 160-167
Horn, D., 1965. Methods in enzymatic analysis, in; H.
Bergmayer (Ed), Academic Press, London, pp: 75-
879.

Ibrahim, A.A.E., Saleh, H.E., El-Shinnawy, N.A.,
2008. The role of ginger or green teain counteracting
the deleterious effects of benzene sulfonic acid in
weanling male rats Egyptian Journal of Natural
Toxins, 5(1,2): 56-99.

Jaeschke, H., Gores, G.J., Cederbaum, A.l., Hinson,
JA., Pessayre, D., Lemasters, J.J., 2002. Mechanisms
of hepatotoxicity. Toxicological Sciences 65: 166—
176.

Kanchana, N., Sadig, A.M., 2011. hepatoprotective
effect of plumbago zeylanica on paracetamol induced
liver toxicity in rats. Int J Pharm Sci, 3 (1): 151-154
Kaplan, L.A., Pesce, A.J,, 1996. Clinical chemistry.
3rd ed. St. Louis, MO:

Knight, T.R., Fariss, M.W., Farhood, A., Jaeschke, H.,
2003. Role of lipid peroxidation as a mechanism of
liver injury after acetaminophen overdose in mice.
Toxicological Sciences, 76 (1): 229-236.
Kobashigania, JA., Kasiska, B.L., 1997.
Hyperlipidemia in solid organ transplantation.
Transplantation 63:333-338.

Kota, N, kirshna, P., Polasa, K., 2008. Alterations in
antioxidant status of rats following intake of ginger
through diet, Food Chem. 106: 991-996.

Kuvandik, G., Duru, M., Nacar, A., Yonden, Z.,
Helvaci, R., Koc, A., Kozlu, T., Kaya, H., Sogit, S.,
2008. Effects of erdosteine on acetaminophen-
induced hepatotoxicity in rats. Toxicologic Pathology,
36: 714-719.

Lee, S.S, Buters, JT., Pineau, T., Fernandez-
Salguero, P., Gonzalez, F.J., 1996. Role of CYP2E1
in the hepatotoxicity of acetaminophen. J. Biol.
Chem., 271: 12063-12067.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Lin, C.C., Cheih, D.E., 1997. Hepatoprotective effect
of fractions of Ban-zhi-lian on experimenta liver
injuriesin rats. J Ethnopharmacol ogy. 56:193-200
Lotkova, H., Kucera, O., Rousar, T., Endlicher, R.,
Kfivakova, P., Garnol, T., Cervinkova, Z., 2009.
Effect of S-adenosyl methionine on acetaminophen-
induced toxic injury of rat hepatocytesin vitro ACTA
VET. BRNO, 78: 603-613

Mitchell, JR., Jollow, D.J.,, Potter, W.Z., Gillette,
JR., Brodi, B.B., 1973. Acetaminophen-induced
hepatic necrosis. IV. Protective role of glutathione. J
Pharmacol Exp Ther 187:211-7.

Moore, M., Thor, H., Moore, G., Nelson, S., Moldéus,
P., Orrenius, S., 1985. The toxicity of acetaminophen
and N-acetyl- p-benzoquinoneimine in isolated
hepatocytes is associated with thiol depletion and
increased cytosolic Ca?*. J Biologica Chemistry
260:13035-13040.

Nuduka, N., 1999. Clinical biochemistry for students
of pathology, Longman Nigerian Pic. 1-236
Ohkawa, H., Ohish, N., Yagi, K., 1997. Assay for lipid
peroxides in animal tissues by thiobarbituric acid.
Anal Biochem 95:351-8.

Oz, H.S,, McClain, C.J,, Nagasawa, H.T., Ray, M.B.,
De Villiers, W.J., Chen, T.S. 2004. Diverse
antioxidants  protect against  acetaminophen
hepatotoxicity. J Biochem Mol Toxicol.; 18: 361 —
368.

Paglia, D., Valentine, W., 1967. Studies on the
guantitative and qualitative characterization of
erythrocyte glutathione peroxidase. J. Lab. Clin.
Med., 70: 158-169.

Raghavendran, H.R.B., Sathivel, A., Devaki, T., 2005.
Effect of Sargassum polycystum (Phaeophyceae)-
sulphated polysaccharide extract against
acetaminophen-induced hyperlipidemia during toxic
hepatitisin experimental rats. Mol. Cell. Biochem., 27
(1-2): 89— 96.

Sakr, S.A., 2007. Ameliorative effect of ginger
(Zingiber officinale) on mancozeb fungicide induced
liver injury in albino rats. Liver 1:650-656

Sdllie, R., Tredger, J., 1991. Drugs and the liver.
Biopharmaceutics and drug disposition. 12: 251-259.
Sedlak, J., Lindsay, R.H., 1968. Estimation of total,
protein bound and non-protein sulfhydryl groups in
tissue with Ellman’s reagent. Anal Biochem., 25: 192-
205.

Sehrawat, A., Khan, T.H., Prasad, L., Sultana, S.,
2006. Buteamonosperma and chemomodulation:;
protective role against thioacetamide-mediated
hepatic alterations in Wistar rats. Phytomedicine, 13
(3): 157-163.

Setty, S.R., Quereshi, A.A., Swamy, A.H.M.V., Patil,
T., Prakash, T., Prabhu, K., Gouda, A.V., 2007.
Hepatoprotective activity of Calotropis procera
flowers against Paracetamol induced hepatic injury in
rats. Fitoterapia, 78 (7-8): 451 — 454.

Srivastava, K., Mustafa, T., 1992 Ginger (Zingiber
officinade) in rheumatism and musculoskeleton
disorders. Medical Hypotheses 39, 342-348.

IJTPR, December 2013 February 2014, 5(4),87-93

Page9 2



Mohamed A Lebda et al. / Ginger (Zingiber Officinale)...

39.

40.

41.

42.

43.

Stewart, J.J., Wood, M.J., Wood, C.D., Mims, M.E.,
1991. Effects of ginger on motion sickness
susceptibility and gastric function. Pharmacology 42:
111-120.

Tapsell, L.C., Hemphill, I., Cobiac, L., Patch, C.S,,
Sullivan, D.R., Fenech, M., Roodenrys, S., Keogh,
J.B., Clifton, P.M., Williams, P.G., Fazio, V.A., Inge,
K.E., 2006. Health benefits of herbs and spices: the
past, the present, the future. Med J Aust 185:34-S24
Thomas, S.H., 1993. Paracetamol (acetaminophen)
poisoning. Pharmacol Ther 60, 91-120.

Tunon, M.J,, Alvarez, M., Culebras, JM., Gonzalez-
Gallego, J., 2009. An overview of anima models for
investigating the pathogenesis and therapeutic
strategies in acute hepatic failure. World Journal of
Gastroenterology, 15 (25): 3086—-3098.

Udem, S.C., Madubunyy, I.I., Okoye, J.O.A., Anika,
S.M., 1997. Anti-hepatotoxic effects of the ethanolic

45,

46.

47.

. Vdentovic, M.,

extracts of Combretum dolichopetalum root bark and
Morindalucida leaf. Fitoterapia 68 (1): 21-26.
Terneus, M., Harmon, R.C,
Carpenter, A.B., 2004. S-adenosylmethionine
(SAMe) attenuates acetaminophen hepatotoxicity in
C57BL/6 mice. Toxicol Lett 154: 165-174

Volmar, B., Menger, M.D., 2009. The hepatic
microcirculation: mechanistic contributions and
therapeutic targets in liver injury and repair. Physiol
Rev.; 89: 1269 — 1339.

Wilkinson, J.M., 2000. Effect of ginger teaon thefetal
development of Sprague-Dawley rats. Reprod.
Toxicol. 14: 507-512

Yagmurca, M., Bas, O., Mallaoglu, H., Sahin, O.,
Nacar, A., Karaman, O., Songur, A., 2007. Protective
effects of erdosteine on doxorubicin induced
hepatotoxicity in rats. Arch Med Res 38: 380-5

IJTPR, December 2013 February 2014, 5(4),87-93

Pageg 3



