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ABSTRACT
The present study was conducted to evaluate and compare the effect of the ethanol extract of Curcuma longa and

Zingiber officinale against paracetamol induced liver damage in female albino rats. The rats were grouped into
seven groups (A, B, C, D, E, Fand G), with five rats in each group. Group A served as the normal control and was
given normal saline orally (1ml/kg). Group B served as the positive control (paracetamol treated group) in which
the rats were treated orally with paracetamol at dose of 400mg/kg body weight for 7 days. Group C was pretreated
with a standard drug, silymarin -200mg/kg plus paracetamol for 7 days. Group D and E were pretreated with
turmeric extract (200mg/kg and 400mg/kg respectively) prior to paracetamol treatment. Group F and G were
pretreated with ginger extract (200mg/kg and 400mg/kg respectively) prior to the administration of paracetamol
simultaneously for 7 days. Paracetamol, normal saline and the extracts were administered orally, once daily.
Paracetamol at 400mg/kg induced liver damage in rats, manifested by statistically increased serum alanine
aminotransferase (ALT), aspartate aminotransferase (AST), bilirubin and thiobarbutiric acid reactive substances,
also reduced total serum protein. Pre-treatment of rats with ethanolic extracts of Curcuma longa and Zingiber
officinale prior to paracetamol dosing lowered serum liver enzyme activities, bilirubin, thiobarbituric acid reactive
substances and increased total serum protein. It was concluded from the result that the ethanolic extracts of
Curcuma longa and Zingiber officinale posses hepatoprotective activity against paracetamol induced liver damage,

with Curcuma longa (turmeric) having a higher potential when compared with Zingiber officinale (ginger).
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INTRODUCTION

Hepatotoxicity is a common cause of severe metabolic
disorders and even death (Patel et al, 2008). 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
(Sehrawat et al., 2006). Xenobiotics are metabolized to
inert metabolites that are excreted by the kidney, but
some are metabolized to more reactive compounds that
are more toxic than the parent compound. Examples of
these drugs are: paracetamol, isoniazid and methotrexate.
Paracetamol, a widely used over-the-counter (OTC)
analgesic and antipyretic, is one of the best known
experimental models of hepatotoxicity (Tunon et al.,
2009). It is safe at therapeutic doses but causes a fatal
hepatic necrosis and hepatic failure in overdose (Mitchell
et al., 1973). Paracetamol at therapeutic doses is rapidly
metabolized in the liver principally through
glucuronidation and sulfation and only a small portion is
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oxidized by cytochrome P-450 2E1 to generate a highly
reactive and cytotoxic intermediate, N-acetyl -P-
benzoquinoneimine  (NAPQI), which is quickly
conjugated by hepatic glutathione to yield a harmless
water soluble product, mercapturic acid (Lee et al.,
1996). When paracetamol is given at higher dose levels
in animals or humans, its metabolism through
glucuronidation and sulfation is saturated and NAPQI is
synthesized in enough amounts to cause acute
hepatotoxicity (Sun et al., 2009). Many research efforts
are directed to the discovery and development of agents,
which might protect cells from oxidative reactions with
potential antioxidant and hepatoprotective effects
(Knight et al., 2003).

There is a global trend towards the use of traditional
herbal preparations for the treatment of liver diseases.
Although many such modalities are available, herbal
therapies are the most popular, and of these remedies,
silymarin extracted from milk thistle plant (silybum
marianum) is most widely subscribed to as a remedy for
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liver disease (Bass, 2002). Botanical medicines have
been used traditionally by herbalists and indigenous
healers worldwide for the prevention and treatment of
liver disease (Takeoka and Dao, 2003).They include:
Curcuma longa (turmeric), Camellia sinensis (green tea),
Glycyrrhiza glabra (licorice), Silybum marianum (milk
thistle), Zingiber officinale (ginger) and Picrorhiza
kurroa (kutkin).

MATERIALS AND METHODS

Collection and Preparation of Plant Extract

The fresh rhizomes of the plant (Zingiber officinale)
were bought from the Mararaba market, Nasarawa,
Nigeria. They were washed to remove sand and other
impurities before cutting into small pieces and
subsequently air dried for 14 days. Milling of the dried
ginger was done using a sterilized manual hand grinder.
Fresh rhizomes of curcuma longa were also purchased
from the market, cleaned, dried and powdered.

The coarse powder of the plants was extracted with 90%
ethanol in Soxhlet apparatus at 80°C for 72 h separately.
Concentration of the extract was carried out in a water
bath. The concentrated extract was then weighed and
stored in a refrigerator for further use.

Phytochemical Analysis

The individual extracts were subjected to the qualitative
phytochemical screening for the presence of some
chemical constituents.

Test for alkaloids

This was carried out according to the method described
by Ciulci, (1994). To 1.0ml of each extract in two
separate test tubes, 3 drops of Dragendoff’s reagent was
added. An orange red precipitate/turbidity with
Dragendoff’s reagent indicates the presence of alkaloids.

Test for Flavonoid

Alkaline reagent test: Extract was treated with 10%
NaOH solution, formation of intense yellow colour
indicates presence of Flavonoid.

Test for saponins

This was carried out according to the method of Brain
and Turner (1975). 0.5g of each extract was placed in a
test tube and then 0.5ml of distilled water was added.
The tube was then shaken vigorously. A persistent froth

Table 1: Experimental Design.
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that lasted for at least 15mins indicated the presence of
saponins.

Test for reducing sugars

This was carried out according to the method of Brain
and Turner (1975). 1ml of stock solution of each extract
was diluted with 2ml of distilled water, followed by the
addition of Fehling’s solution (A+B) and the mixtures
warmed. Brick red precipitate at the bottom of the test
tubes indicated the presence of reducing sugars.

Test for Tannins

To 0.5 ml of extract solution 1 ml of water and 1-2 drops
of ferric chloride solution was added. Blue color was
ohserved for gallic tannins and green black for catecholic
tannins (lyengar, 1995).

Test for Steroid

Iml extract was dissolved in 10 ml of chloroform &
equal volume of concentrated H,SO, acid was added
from the side of test tube. The upper layer turns red and
H,SO, layer showed yellow with green fluorescence.
This indicates the presence of steroid.

Experimental Design

Healthy weanling female albino rats weighing between
100-155 g were used throughout the study. The rats were
obtained from the Animal House Facility, ABU Zaria.
They were housed at room temperature and fed ad
libitum with food pellet and water. The animals were
acclimatized to laboratory conditions for 2 weeks before
the commencement of experiments. The animals were
housed in polycarbonate cages with steel wire tops and
wood-cube bedding (five rats per cage).

The rats were grouped into seven groups (A, B, C, D, E,
F and G). Group A served as the normal (negative)
control, Group B served as the positive control
(paracetamol treated group) in which the rats were
treated orally with paracetamol at dose of 400mg/kg
body weight for 7 days according to Madhu Kiran et al.
(2012) for induction of hepatotoxicity. Group C was
pretreated with a standard drug, silymarin -200mg/kg
plus paracetamol for 7 days. Group D and E are turmeric
(200mg/kg and 400mg/kg respectively) and paracetamol
groups. Group F and G are ginger (200mg/kg and
400mg/kg respectively) and paracetamol groups in which
the rats are pretreated with ginger prior to the
administration of paracetamol simultaneously for 7 days.

Group | Treatment

Normal saline

A
B Paracetamol (400mg/kg)

C Silymarin (200mg/kg) + Paracetamol (400mg/kg)

D Turmeric extract (200mg/kg) + Paracetamol (400mg/kg)
E Turmeric extract (400mg/kg) + Paracetamol (400mg/kg)
F Ginger extract (200mg/kg) + Paracetamol (400mg/kg)

G Ginger extract (400mg/kg) + Paracetamol (400mg/kg)
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After 24 hours induction, the animals were lightly
anesthetized using diethyl ether and blood collected by
cardiac puncture in sterilized centrifuge tubes which was
then centrifuged to get serum for biochemical analysis.
The animals were then sacrificed by cervical dislocation
and the liver was removed for histopathological studies.

BIOCHEMICAL ANALYSIS

Serum activities of alanine aminotransferase (ALT),
aspartate aminotransferase (AST) and serum levels of
(BIL), were measured using assay Kits.

Lipid peroxidation was determined by measuring the
thiobarbituric acid reactive substances (TBARS) present
in the test sample which is produced during lipid
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peroxidation according to the method of Varshney and
Kale, (1990).

Statistical analysis

Results are reported as mean = S.E.M. ANOVA was
used to evaluate differences between groups. If
significance was observed between groups, the Student's
t-test was used to compare the means of specific groups,
with P < 0.05 considered as significant.

RESULTS

Phytochemical Screening

The phytochemical screening and the biochemical
analysis are presented in tables 2 and 3 respectively.

Table 2. Result for phytochemical screening of turmeric and ginger extracts.

TEST |  TURMERIC | GINGER
Alkaloids - +
Reducing sugar - +
Tannin - -
Steroids - +
Flavonoids + +
Saponins + +

Alanine aminotransferase levels were significantly
higher in paracetamol control groups throughout the
duration of the study compared to all other treatment
groups, while it was significantly higher in all groups
compared to the normal control group (1ml/kg of normal
saline). The ALT levels in ginger treated groups were
higher compared to the turmeric treated groups. The
increasing dosages (200 and 400mg/kg) of turmeric
ethanolic extract produced a significant (p<0.05)
reduction in the alanine aminotransferase level when
compared with those of the paracetamol and ginger
treated groups.

The increasing dosages (200 and 400mg/kg) of turmeric
ethanolic extract produced a significant (p<0.05)
reduction in the aspartate aminotransferase level when
compared with those of the paracetamol and ginger
treated groups. Aspartate aminotransferase level were
significantly higher in paracetamol control groups during
the study as compared to all other treatment groups,
while it was significantly higher in all groups compared
to the normal control group. The extracts reduced
aspartate aminotransferase level in a dose dependent
manner.

The increasing dosages (200 and 400mg/kg) of turmeric
ethanolic extract produced a significant (p<0.05)
reduction in the aspartate aminotransferase level when
compared with those of the paracetamol, silymarin and
ginger treated rats. Total serum bilirubin level were
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significantly higher in paracetamol control groups during
the study as compared to all other treatment groups,
while it was significantly higher in all groups compared
to the normal control group. The extracts reduced total
serum bilrubin level in a dose dependent manner.

The data represented in Table 2 showed that
administration of paracetamol significantly decreased
serum total protein. The increasing dosages (200 and
400mg/kg) of turmeric ethanolic extract produced a
significant (p<0.05) increase in the serum total protein
when compared with those of the paracetamol, silymarin,
ginger treated rats and normal control groups. Serum
total protein were significantly lower in paracetamol
control groups during the study as compared to all other
treatment groups, while it was significantly higher in all
groups, except the ginger treated rats, compared to the
normal control group. The extracts increased serum total
protein level in a dose dependent manner.

The increasing dosages (200 and 400mg/kg) of turmeric
ethanolic extract produced a significant (p<0.05)
reduction in the lipid peroxidation level when compared
with those of the paracetamol and ginger treated groups.
Lipid peroxidation level were significantly higher in
paracetamol control groups during the study as compared
to all other treatment groups, while it was significantly
higher in all groups compared to the normal control
group. The extracts reduced lipid peroxidation level in a
dose dependent manner.
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The levels of serum marker enzymes and liver
thiobarbituric acid reactive substances are given in Table
3.

Table 3. Effect of ethanolic turmeric and ginger extract on Levels of ALT, AST, Total bilirubin, Total protein

and Lipid peroxidation.

PARAMETERS TOTAL TOTAL LIPID

ALT (U/L) AST (U/L) BILIRUBI PROTEIN PEROXIDATION
TREATMENT N (mg/dL) (g/dL) (nmol/mg protein)
CONTROL 20.24+ 2.16 65.42+2.12 0.42+ 0.03 6.82+0.28 163.07 £ 5.63
CONTROL+
PARACETAMOL (400mg/kg) 48.22+ 4.79 96.78+ 4.02 3.16+0.14 4.60 £0.92 285.7+10.3
SILYMARIN (200mg/kg)
+PARACETAMOL (400mg/kg) 22.40+2.32 73.48+1.52 0.76+ 0.07 6.96 +0.16 184.63 + 6.06
TURMERIC (200mg/kg)
+PARACETAMOL (400mg/kg) 26.41+2.44 73.74+1.07 0.54+0.12 7.32+0.12 219.99 +10.19
TURMERIC (400mg/kg)
+PARACETAMOL (400mg/kg) 24.18+2.06 74.83+1.33 0.50+ 0.04 7.67+0.07 206.58 + 13.77
GINGER (200mg/kg)
+PARACETAMOL (400mg/kg) 32.14+2.03 75.48+ 2.05 0.64+ 0.05 5.09+1.34 252.48 + 14.37
GINGER (400mg/kg)
+PARACETAMOL (400mg/kg) 28.78+2.14 76.63+ 2.57 0.61+ 0.06 517+1.44 226.62 + 12.05

DISCUSSION

Liver is a very important and vital part of the animal
body. The liver is a major 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 (Jaeschke et al., 2002). 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 P4502E1 (CYP2E1). N-
acetyl-p-benzoquinoneimine is usually inactivated by
hepatic glutathione, but when produced excessively,
covalently binds to centriobular hepatic proteins,
contributing to hepatic toxicity (Gardner et al., 1998;
2002). In the assessment of liver damage by
paracetamol, the determination of enzyme activities such
as ALT and AST is largely used. In the present study, the
increase in serum activities of ALT, AST 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 (Sallie
et al., 1991) or due to alterations in the permeability of
cell membrane and increased synthesis or decreased
catabolism of aminotransferases (Nuduka, 1999). These
results were in accordance with those of Kuvandik et al.,
(2008) 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 (2011) showed that oral
administration of 400 mg/kg paracetamol in rats
increased serum activities of ALT, AST, LDH, ALP and
GGT. 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 (Thomas, 1993;
Valentovic et al., 2004).

www.ejbps.com

The present results agree with Abdel-Azeem et al.,
(2013) who showed that acute paracetamol toxicity
induced remarkable increase in plasma ALT, AST, ALP
activities and significant decrease in plasma level of total
protein and albumin of rats. Most significant is the
observation that treatment of rats with turmeric and
ginger significantly reduced serum level of the
transaminases. Ginger products exert their antioxidant
effect by quenching free radicals due to the effect of
polyphenol compounds (6-gingeriols and its derivatives
(Wilkinson, 2000). The basic mechanism of paracetamol
toxicity in the liver is related 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
(Bessems and Vermeulen, 2001). In the present study,
paracetamol administration was accompanied by
increased lipid peroxidation, From the results, it can be
speculated that (i) increasing level of ALT, AST, total
bilirubin and increasing level of liver thiobarbituric acid
reactive substance produced in rat treated with
paracetamol were due to hepatocellular damage and (ii)
turmeric and ginger extracts afforded protection from
such paracetamol induced liver damage. Possible
mechanism that may be responsible for the protection
against paracetamol induced liver damage by the
following extracts is by self-action as free radical
scavengers intercepting those radicals involved in
paracetamol metabolism by microsomal enzymes. Its
ability is to inhibit rat hepatic microsomal membrane
lipid peroxidation and to scavenge on radicals, as well as
to interact with 1,1- diphenyl-2-picrylhydrazyl radical
(DPPH). Thus, by trapping oxygen related free radicals
the extracts could hinder their interaction with polyester
fatty acids and would abolish the enhancement of lipids
peroxidative processes leading to MDA formation
(Gupta et al, 2006).
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The abnormal high level of serum ALT, AST and
bilirubin observed in the study (Table 3) are the
consequence of paracetamol induced liver dysfunction
and denotes the damage to the hepatic cells. Treatment
with turmeric and ginger reduced the enhanced level of
serum ALT, AST and bilirubin, which seem to offer the
protection and maintain the functional integrity of
hepatic cells, with turmeric showing more reduction as
compared to ginger. A reduction in total serum protein
(TSP) (Table 3) observed in the paracetamol treated rats
may be associated with the decrease in the number of
hepatocytes which in turn may result in decreased
hepatic capacity to synthesize protein and consequently
decrease in the liver weight (Table 3). However, when
the turmeric and ginger extracts were given along with
paracetamol, the significant increase in TSP was
observed indicating the hepatoprotective activity of the
extracts and also accounting for the increase in the liver
weight most probably through the hepatic cell
regeneration.

CONCLUSION

From the results, it can be concluded that the increased
levels of serum marker enzymes and increased liver
thiobarbituric acid reactive substance level in albino rats
treated- paracetamol was due to hepatocellular damage.
Extracts of turmeric and ginger afforded protection from
such paracetamol induced liver damage, with turmeric
affording more protection when compared to ginger.
Possible mechanism that may be responsible for the
protection of paracetamol induced liver damage by the
extracts may be because the extracts could act as a free
radical scavenger intercepting those radicals involved in
paracetamol metabolism by microsomal enzymes.
Therefore, turmeric and ginger extracts are promising
hepatoprotective agents. The hepatoprotective action
combined with antioxidant activity has a synergistic
effect to prevent the process of initiation and progress of
hepatocellular damage (Gupta et al, 2006).
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