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ABSTRACT

The present study aimed to evaluate the hepatoptioe effect of ginger aqueous infusion
on the paracetamol induced hepatotoxicity in r&gfferent groups (1, 2, 3) of rats were
given ginger in three doses (100,200 and 400 mgtKd hours intervals for 48 hours prior to
single paracetamol dose (640 mg /kg ), group ats rwere given silymarin (25mg/kg ) as
reference hepatoprotective drug, group 5 rats wgneen paracetamol alone(positive control
group),group 6 rats were given distilled water(ntga control group). Blood was collected
from all teated groups for determination of livenzgmes:-alanine aminotransferas@ALT),
alanine aminotransferasAST),alkaline phosphatas@ALP) and total bilirubin after that rat
were sacrificed and the livers were excised for thgtopathological study in which the
examination of liver tissue for rat treated withrgeetamol and extract at dose of 200,400
mg/kg and also with silymarin revealed normal hepatchitecture than liver for rats treated
with extract at a dose 100 mg. In vitro bioassay mmmary culture of rat hepatocytes
monolayer revealed that the k§df ginger extract was at 750ug/ml while the hepatogperove
activity of the extract concentration at which extis exhibit a hepatoprotective activity was of
(15 pg/ml).

Keywords: Ginger, paracetamol, liver, lsg, rats.

INTRODUCTION

Researches involve the plants traditionally usesiuggport the liver functions and treat diseases
of the liver. Ginger is known to possess antioxidanoperties. There has been a substantial
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increase in the use of so-called complementary albtelrnative therapies by patients
with liver disease. Although many such modalitige available, herbal therapies are
the most popular, and of these remedies, silymasitracted form milk thistle plant

(silybum marianumis most widely subscribed to as a remedy fordigsease [1].

Drug metabolism and formation of reactive toxic tabelites by the hepatic microsomal
enzyme system plays a role in the hepatotoxic nreshm[2].Xenobiotics are metabolized to
inert metabolites that are excreted by the kidrey, some are metabolized to more reactive
compounds that are more toxic than the parent camgpcExamples of these drugs are
paracetamol ,isoniazid and methotrexate [Bhracetamol {acetaminophen (N-acetyl-para-
aminophenol [APAP])} is an extensively used analgesd antipyretic drug and though safe
when used at therapeutic doses [4], intentionalnintentional overdose has become the most
frequent cause of acute liver failure [5].Haemagadal factors play an important role in the
development of hepatotoxicity .Since blood passeshe liver from zone 1 to zone 3 in a
sequential manner[6],hepatocytes of zone 3 aréaitdo receive oxygen and nutrients and the
least resistant to hypoxic and xenobiotic injurihen cells of zone 3 die, the formed picture is
called centrilobular necrosis as with paracetaneplatotoxicity [7].

Botanical medicines have been used traditionally Herbalists and indigenous healers
worldwide for the prevention and treatment of livksease[8].They include:Curcuma longa
(turmeric), Camellia sinensis (green tea), Glyleipa glabra (licorice) , Silyjpum marianum
(milk thistle) and Picrorhiza kurroa (kutkif®]. The ginger has been listed in “Generally
Recognised as Safe” (GRAS) document of the US FDA[1n the fresh ginger rhizome, the
polyphenolic compounds gingerols ; i.e. 6-ginge8agingerol and zingerone were identified as
the major active components and [6]gingerol [5-bygrl-(4-hydroxy-3-methoxy
phenyl)decan-3-one is the most abundant constiinethie gingerol series and also responsible
for its characteristic pungent taste [11].

MATERIALS AND METHODS

2.1. Animals

Sprague-Dawley albino rats weighing (175-200gm)emased for in vivo study and Wistar

male rats (275-300gm) were used for in vitro studyl.animals were housed in standard metal
cages in an air conditioned room at 22 + 3°C, 55% humidity and were provided with a

standard laboratory diet and waget libitum.They were obtained from animal house colony of
the National Research Center, Dokki, Giza, Egymimal procedures were performed in

accordance with the Ethics Committee of the NatidRasearch Centre and followed the
recommendations of the National Institutes of He#&uide for Care and Use of Laboratory
Animals (Publication No. 85-23, revised 19§%P].

2.2. Drugs and chemicals:

a- Ginger in form of powder obtained from MEPACO

b- Paracetamol (acetaminophen) in form of powddaiied from EIPICO.

c¢- Silymarin in form of powder was obtained fromBEO, pharmaceutical Co., 6 October City-Egypt

2.3. Diagnostic kits:

— ALT (alanine aminotransferase) and AST (asparatéotransferase) according t&Reitman and Frankel [13].
— ALP (alkaline phosphatase) accordingkimg and King [14].

— Total bilirubin according to Walter and Gerarde [[L5
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2.4. Method

2.4.1. In vitro study:

In vitro bioassay on primary culture of rat hepatogytes monolayer:

Primary culture of rat hepatocytes was preparedrdoty to Seglen method [16], modified by
Kiso et al.,[17],using Wistar male rats (250-300 g),Then biologisateening of aqueous
extract of Zingiber Officinale on primary culture$ rat hepatocytes was performed to achieve
the following objectives:Determination of the §of extracts according to the method of
Mosmann [18] modified by Carmichael et al.,[19] lexaion of the hepatoprotective activity of
the extracts and determination of the concentraéibwhich the extracts exhibit a biological
activity.

2.4.2. In vivo study:

The rats were divided into three groups and thubg®ups, eight animals each:

1-Negative control group: Rats received daily adake of 3 ml distilled water , served as negativ&rol.

2-Positive control group: Rats received paracetawmmallly in a dose of 640 mg/kg [20].

3-Reference group: Rats received silymarin oray (ng /kgJ21] in four divided doses at 12 h intervals for B8
one hour after the last dose administration; pataceol (640 mg/kg) was given orally.

4-Treated groupsRats were divided into thee subgroups as felloifgats received ginger aqueous infusion orally
(100,200,400 mg /kg) at 12 h intervals for 48 h boer after the last dose of ginger administratiparacetamol
(640 mg/kg) was given orally.

2.4.2.1. Biochemical parameters

After the last dose of treatment of all rats ,dolavas obtained from the retro-orbital plexus of
veins over night fasting after being lightly aresized with ether, the blood was allowed to
flow into clean dry centrifuge tube and left torstafor 30 min before centrifugation to avoid
hemolysis. Samples were centrifuged for 15 minG&03rpm. The clear supernatant, serum was
separated and collected by pasteur pipette intoy a&ldan tube for the following biochemical
tests {(alanine amino transferase (ALT) aspartaiaa transferase (AST), alkaline phosphatase
(ALP) and total bilirubin }

2.4.2.2. Histopathological study

Animals were sacrificed 24 hours after the lasattreent, the thoracic cavities opened, livers
rapidly and carefully excised and all attached &kssand ligaments trimmed off. The removed
livers were washed with cold saline, dried withefil papers and weighed. Liver slides were
prepared and stained with hematoxylin and eosir&(H) staining [22].

2.5. Statistical analysis:
Values were expressed as mear&Et results were analysed using one way analysiarance
(ANOVA) followed by Bonferroni multiple comparisorest to compare all groups.

RESULTS
3.1. In vitro bioassay test results
The results ofn vitro bioassay on primary culture of rat hepstes monolayer revealed that
the LC 5o of gingerextract was at 750 pg/mL while the hepatoprotechistvity of the extract
concentration at which extracts exhibit a hepatigatove activity was of 15ug/ml (Table 1, 2, 3
& Figures 1, 2)

3.2. Biochemical results

In this study the percentage of the hepatoprvct efficacy of ginger treated rat in its three
dose level (100,200,400 mg/kg ) compared to sitymia respectively 16.88, 67.89, 80 % for
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ALT serum level , 59, 86, 81 % for AST serum levkl34, 67 % for ALP and 103,105,106 %
for serum total bilirubin level (Table 4 & Figur8s4,5,6)

3.3. Histopathological results:

Histopathologicalexamination of liver tissue of rats received distalter (negative control
group) shows apparently normal hepatic tissue Tlrigzhile that of liver tissue of rats treated
with paracetamol revealed partially disturbed l@bwrchitecture, portal tracts were infiltrated
by mononuclear inflammatory cells and show mildigatal fibrosis, hepatic parenchyma
showed also distortion of liver cell plates pardely around central hepatic veins which
demonstrated endothelitis, congestion, engorgemeghtRBCs and mononuclear inflammatory
cells and hepatocytes showed scattered foci ottysprecrosis and minimal steatosis,
perivenular hepatocytes exhibited hydropic degdmera swelling and ballooning of
hepatocytes (Fig.8).Examination of liver tissuerats treated with paracetamol and extract at
dose "200 mg/kg" (Fig .11) and silymarin "25ng/k(Fig 9) before paracetamol
adminestration showed better hepatic architedtuma liver of rats treated with extract "100
mg /kg" (Fig.10).

Table.1.Hepatoprotective and hepatotoxic concentrains of ginger and silymarin.

Hepatoprotection | Hepatotoxicity (LCso)
(Lg/ ml) (pg/ ml)
Ginger 15 750
Silymarin 50 500

Table .2.Sample without paracetamol

. Mean absorbance percentage of viable cells
Concentration pg/ml . . .
Ginger Silymarin

100 73% 94%

150 69% 70%

200 69% 70%

250 61% 68%

500 37% 60%

750 49% 53%

1000 34% 45%
100% cell control 100%
50% cell control 50%
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Fig .1. Effects of ginger and silymarin on liver ckks ( sample without paracetamol).

Table .3. Sample with paracetamol

Concentration ml

Mean absorbance percentage of viable cells

Ginger Silymarin
10 93% 84%
15 98% 92%
25 94% 95%
50 88% 102%
75 87% 91%
100 70% 82%
250 60% 76%
100% cell control 100%
50% cell control 50%
Paracetamol (20 mM) 68%

In the hepatoprotection experiment the hepatooyte intoxicated using a concentration of 20 mMagatamol.
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Fig .2. Effect of ginger and silymarin on liver cds( sample with paracetamol).
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Table.4.Effect of ginger aqueous extract (100,20nhd 400 mg/kg) and Silymarin (25 mg
/kg) administration in hepatic damage rats inducedy single paracetamol (640 mg/kg) in
serum levels of ALT, AST, ALP and total bilurbin( N=8).

Group Neagtive | Paracetamol| Ginger Ginger Ginger | Silymarin
Patmeter control 640mg/kg | 100mg/kg| 200mg/kg | 400mg/kg| 25mg/kg
AL 20.24 48.27 43.70% 30.04*% 26.78* 21.44*
(U/m +2.16 +4.79 +1.68 +2.8 +2.51 +1.52
AST \| 65.42 94.77 81.51*t 75.47* 76.63* 72.28*
(U/ml) +2.12 +3.14 +3.11 +2.05 +2.57 +1.38
(C/erl) 99.62 458.48 444.08t 390.641 | 326.73* 261.52*
+2.51 +23.65 +40.48 +36.67 +12.26 +21.19

s | 0.42 3.16 0.69*t | 064* | 061*% | 0.76*
(mg/di) +0.03 +0.138 +0.07 +0.05 +0.06 +0.07

Values were represents a mean of 8 raS.E of the mean. Results were analyzed using apemalysis of
variance (ANOVA) followed by Bonferroni multiplengmarisons test to compare all groups.
#Significance at P < 0.01 for paracetamol group versiegative control(normal group),
*Significance at P < 0.01 versus paracetamol (hefeadic ) group,
T Significance at P < 0.0% .Significance at P < 0.01 ,where serum level dadltbilirubin for all ginger groups is
significantly less than silymarin group.
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Fig .3. Effect of ginger and silymarin pretreatmenton ALT (N=8).
# Significance at P < 0.01 versus negative contnokrmal) group.
* Significance at P < 0.01 versus poaracetamol @tepoxic ) group.
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Fig.4.Effect of ginger and silymarin pretreatment e AST (N=8).
# Significance at P < 0.01 versus negative confnormal)group.
* Significance at P < 0.01 versus paracetamol (hepaxic ) group.
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Fig.5. Effect of ginger and silymarin pretreatmenton ALP (N=8).
# Significance at P < 0.01 versus negative confnormal) group.
* Significance at P < 0.01versus paracetamol (hepaic) group.
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Effect of Ginger & Silymarin pretreatment on
Total bilirubin level

35

2.5 A

@ Negative control

O Paracetamol 640 mg/kg #
DO Ginger 100 mg/kg*

DO Ginger 200 mg/kg *

B Ginger 400 mg/kg*

B Silymarin25 mg/kg*

15+

etamol 640 mg

Total Bilirubin level in serum

Negative control
0.5

Treatment

Fig.6.Effect of ginger and silymarin pretreatment on totd bilirubin( N=8).
# Significance at P < 0.01 versus negative connokrmal)group.
* Significance at P < 0.01 versus paracetamol (hepaxic ) group.

'\\ 1, T

Fig .7. A photomicrographof a liver stin of aentrol rat apparently showed normal
hepatic tissue (Hx. & E. X 200)

Fig.8. A photomicrograph ofa
showing partially disturbed lobular architecture and portal tracts were infiltrated by
mononuclear inflammatory cells and show mild peripatal fibrosis (Hx. & E. X 200).
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L%

Fi g .9. A photomicrograph of a section of liver §sue from a rat treated with silymarin

before paracetamol injection showing a normal centl vein (C) and showed better hepatic
architecture (Hx. & E. X 200).

Fig .10. Photomicrograph of rat liver treated withginger 100 mg followed by paracetamol
showing better liver architecture. No inflammatory cellular infiltrate (Hx. & E. X 200)

Fig .11. Photomicrograph of rat liver treated withginger 200mg followed by paracetamol
showing better hepatic architecture and normal hpatic vein morphology(Hx. & E. X
200)
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DISCUSSION

Both ginger and silymarin reduced serum ALT,AST &hdP indicating membrane stabilization
and antioxidant properties of ginger [21].It is elg accepted that the induction of phase Il
hepatic enzymes for drug biotransformation resalfgrotection against toxicity and chemical
carcinogenesis, especially during the initiatiomg# Phase Il xenobiotic metabolizing enzyme
glutathione S-transferase (GST), plays a major molthe cellular detoxification of oxidative
damaging, genotoxic and carcinogenic xenobioti&.[5STs are a family of soluble proteins,
which conjugate xenobiotics with glutathione. Metlitles after glutathionylation are more
hydrophilic and thus biologically inactive. Theredpthey are readily excreted in bile or urine as
conjugates. This action is thus believed to be gom@aechanism for the detoxification of
xenobiotics[24]. It was suggested that intake of ginger oilymaffect the host enzymes
associated with activation and detoxication of x@atic compounds [25].Zerumbone( ZER), a
major sesquiterpene compound of a tropical gingegider zerumbet Smith, induces nuclear
localization of the transcription factor (Nrf2) thainds to antioxidant response element (ARE)
of the phase Il enzyme genes, suggesting that ZER potential activator of the Nrf2/ARE-
dependent detoxification pathway [26].

Water and alcoholic extracts of ginger have be@wshto possess potent antioxidant activity on
fats and oils and prevent lipid peroxidatiodingerone present in ginger inhibits liver
microsomal lipid peroxidation at concentrationsagee than 150 mM. In addition zingerone
functions as an effective scavenger of superoxiidens as measured by nitro-blue-tetrazolium
reduction in a xanthine-xanthine oxidase system].B&&idesthese findings ginger has
antioxidant activity due to its polyphenolic compoits which have the capacity to be donors of
hydrogen atoms or electrons and to capture therf@ieals so act as radical scavengers [28].
This is due to the presence of zingeberene andeden[29]. Also since the mechanism of
hepatic injury may be due inflammatory processtheohepatoprotective activity of ginger may
be due to its content of volatile oils, which shdwanti-inflammatory, analgesic and
immunomodulatory effects. Volatile oil of ginger apable of inhibiting T lymphocyte
dependent immune reactiof30].Moreover the anti-inflammatory activity of gar is due to
its ingredients as the gingerols and gingerol agrighogaols and paradols). Previous reports
have documented the ability of these compounds itectty inhibit prostaglandin and
leukotriene synthesis [31]. [6]-Gingerol 1 besideaving various pharmacological and
physiological effects including anti-inflammatorygnalgesic, antipyretic, gastroprotective
activities, is also reported to have cardiotonima aantihepatotoxic activities [32]The
hepatoprotective plant curcuma longa (turmeri@ member of the Zingiberaceae family which
is the same family of ginger is hepatoprotective ¢lu its active constituents, which are :the
flavonoid curcumin and volatile oils including :temone, atlantone, and zingiberone ,all are
present in ginger also. The ratio of curcumin iases with storage time. In vitro and in vivo
animal studies provide evidence for the hepatoptwee effects of turmeric has been found to
protect animal livers from a variety of hepatotosigbstances, including carbon tetrachloride
and paracetamol [33]. Dietary supplementation ofmgric in rats was found to significantly
protect against iron-induced lipid peroxide formati In addition to its antioxidant effects,
curcumin has also been shown to enhance liver dietion by increasing the activity of
glutathione S-transferase [3%herefore the hepatoprotective effects of turmeray stem from

its potent antioxidant effects [35].Ginger aqueoestracts is able to reduce platelet
thromboxane formation from exogenous arachidonatectwconfirms its anti-inflammatory
activity [36].Ginger suppresses prostaglandin synthesisigiiranhibition of cyclooxygenase- 1
and cyclooxygenase-2. It also suppresses leuketbesynthesis by inhibiting 5-lipoxygenase.
This pharmacological property distinguishes ginigem nonsteroidal anti-inflammatory drugs.
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This discovery preceded the observation that duadibitors of cyclooxygenase and 5-
lipoxygenase may have a better therapeutic prafild have fewer side effects than non-
steroidal anti-inflammatory drugg.he characterization of the pharmacological proggrof
ginger entered a new phase with the discoveryatgihger extract (EV.EXT.77) derived from
Zingiber officinale (family Zingiberaceae) and Atpi galanga (family Zingiberaceae) inhibits
the induction of several genes involved in theamfinatory response. These include genes
encoding cytokines, chemokines, and the inducibleyme cyclooxygenase-2. This discovery
provided the first evidence that ginger modulatexhemical pathways activated in chronic
inflammation [37].

In the present study, the hepatoprotective efiéeginger aqueous infusion when given orally
to the rats was evident by significant reductiorALT, AST, ALP and total bilirubin in rats
groups receiving ginger before giving paracetamdlen compared to the rats group receiving
paracetamol only.

So from this study as well as what was mentionedtler previous studies, we can conclude
that ginger appears to be a herb that can be fasexbveral purposes besides its use for its
aroma in cooking, because it has nutrient and raédialues. But further studies involving
animals and more studies involving human voluntsbauld be done before approving its use
as a supplement for treatment of the liver diseddeseover precautions should be done before
its trial on patients who have diseases that ginggey worsen, this is because natural substances
can interact with medicine, be inappropriate fomgnhealth conditions and be harmful in high
doses.
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