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ABSTRACT
A high percentage of the people living in developing countries use traditional medicines including medicinal
herbs to meet their primary health care needs for various ailments including heapatic damage. Traditionally,
the fruits of Zizyphus jujube extract have been used in Indian and Chinese system of medicine to strengthen
liver function. However, there is no scientific evidence for confirming the efficacy of this herb. Hence,
present study was undertaken to evaluate the effect of methanolic extract of Zizyphus jujube fruit (MEZJ)
on acute (0.5 ml/kg, p.o.) and chronic (0.2 ml/kg, p.o. twice weekly for eight weeks) models of liver injury
induced by carbon tetrachloride (CCl4) in rats. The MEZJ was administered orally at three different doses
of 250 mg/kg, 500 mg/kg and 1000 mg/kg for eight weeks and ten days in chronic and acute models,
respectively. The MEZJ (250 mg/kg, p.o.) significantly decreased levels of alanine aminotransferase (ALT),
aspartate aminotransferase (AST), alkaline phosphatase (ALP) and bilirubin in serum and increased the
same in LTH in the chronic model. In acute liver injury, MEZJ (250 mg/kg, p.o.) and MEZJ (500 mg/kg,
p.o.) altered biochemical markers in both serum and LTH indicating hepatoprotective effect. The MEZJ
(250 mg/kg, p.o.) also showed significant rise in SOD and catalase activities in both chronic and acute
models, while MEZJ (500 mg/kg, p.o.) caused elevation in antioxidant enzyme activities only in the acute
model. The histopathological studies supported the biochemical findings. It is concluded that MEZJ possess
good hepatoprotective effect at doses of 250 and 500 mg/kg orally, whereas, 1000 mg/kg was found to be
non-effective in preventing the hepatic damage.
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INTRODUCTION
Liver is an organ of paramount importance, which plays
a pivotal role in regulating and maintaining the biological
equilibrium of vertebrates. It has great capacity in
detoxifying toxic substances and synthesis of useful
principles. Therefore, damage to the liver caused by
hepatotoxic agents is of grave consequences 1. In spite
of tremendous strides in the modern medicine, there are
not many drugs available for the treatment of liver disorders
so there is a worldwide trend to go back to traditional
medicinal plants. Many natural products of herbal origin
are in use for the treatment of liver ailments2.
Zizyphus jujuba (Synonym: Zizyphus sativa, Zizyphus
vulgaris) belongs to Rhamnaceae family, commonly
known as jujube. The principal chemical constituents
of fruit are flavonoids, saponins, and tannins. Jujube is
both a delicious fruit and an effective herbal remedy.
The plant has been used traditionally as sedative, tonic
and diuretic3. The plant is also reported for anti-
complementary4, anti-cancer5, hypoglycemic6 and
anxiolytic activities7. Further, traditionally, jujube is used
prophylactically for liver diseases 8 and to strengthen
liver function9. To the best of our knowledge there is no

scientific report available in support of the
hepatoprotective activity of the plant using modern
techniques. Therefore, to justify the traditional claims
we have assessed the hepatoprotective effect of
methanolic extract of Zizyphus jujube fruit (MEZJ) in
an experimental model of carbon tetrachloride
intoxicated acute and chronic hepatic damage in rats.

MATERIALS AND METHODS
Chemical
All chemicals used were obtained from SD fine
chemicals Ltd. (Mumbai, India). Kits for enzyme
estimation were purchased from Crest Biosystems,
Coral clinical systems, Goa, India. All chemicals used
in the present study were procured from standard
companies and were of analytical grade.

Experimental animals
Laboratory bred female Sprague-Dawley (SD) rats
weighing 175-250 g were housed at 25° ± 5°C in a
well-ventilated animal house under 12:12 h light dark
cycle. Institutional Animal Ethics Committee approved
the experimental protocol. The animals were
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maintained under standard conditions in an animal
house as per the guidelines of Committee for the
Purpose of Control and Supervision on Experiments
on Animals (CPCSEA).

Plant material
The shade dried fruits of Zizyphus jujuba were
purchased from local market in Bangalore (India) and
Regional Research Institute (Ay), Bangalore
authenticated the fruits. A specimen (RRCBI-Ap2901)
has been preserved for future reference. The fruits were
mechanically powdered and subjected to exhaustive
extraction in a soxhlet apparatus-using methanol. The
extract was concentrated under reduced pressure and
stored in a desicator until further use.

Phytochemical estimations of the extract
The methanolic extracts of Zizyphus jujuba fruits (MEZJ)
were subjected to qualitative analysis for various
phytoconstituents such as alkaloids, carbohydrates,
glycosides, phytosterols, saponins, tannins, proteins,
amino acids and flavonoids.

Acute toxicity study
The acute oral toxicity study was performed according
to the OPPTS guidelines (Office of Prevention,
Pesticide and Toxic Substance) following the limit test
procedure10. The animals were fasted over night prior
to the experiment. Test dose of 2 g/kg and 5 g/kg were
given orally to mice. Both doses were found to be safe.
Hence, 1/5th, 1/10th and 1/20th of the maximum safe dose
corresponding to 1000, 500 and 250 mg/kg orally were
selected as high, medium and low doses respectively.

Experimental protocol
The animals were divided into six groups of six each.
Group I was vehicle control, treated with vehicle for
eight weeks in chronic model and 10 days in acute
model. Group II received CCl4   (twice weekly for eight
weeks in chronic model and on 10th day in acute model).
Group III was treated with standard (silymarin 100 mg/
kg p.o) 11 for eight weeks and 10 days in chronic and
acute models respectively. Group IV, V and VI were
administered MEZJ 1000, 500 and 250 mg/kg orally
for eight weeks and 10 days in chronic and acute
models respectively.

Carbon tetrachloride induced chronic hepatitis
model
During the treatment of animals for eight weeks from
group II to VI, CCl4 (0.2 ml/kg, p.o.) diluted with liquid
paraffin (1:1) was administered twice weekly12. Eight
weeks after CCl4 administration started, and 24 hours
after the last treatment, the rats were sacrificed. Blood
samples were collected by the retro orbital puncture
method. Serum was separated and biochemical
markers [ALT, AST, ALP and bilirubin (total and direct)]
were estimated13-15. Liver tissue homogenate (LTH) was
prepared in sucrose solution (0.25 M) and used for

estimation of endogenous marker enzymes and
biological antioxidants viz., superoxide dismutase
(SOD)16 and catalase17 activities. The liver was then
subjected to histopathological examination.

Carbon tetrachloride induced acute hepatitis model
At the end of 10 days treatment of animals from group
II to VI, single dose of CCl4 (0.5 ml/kg, p.o.) diluted
with liquid paraffin (1:1) was administered18. After 24
hours of CCl4 administration the animals were sacrificed
and blood was collected by retro orbital puncture.
Serum was separated and biochemical markers [ALT,
AST, ALP and bilirubin (total and direct)] were
estimated. Liver tissue homogenate (LTH) was
prepared in sucrose solution (0.25M) and subjected
for the estimation of biochemical markers.

Histological analysis
Liver sections were prepared, stained with hematoxylin
and Eosin (H&E) and change in histology were
observed.

Statistical analysis
Results are expressed as mean ± SEM. Statistical
significance was assessed using One-way Analysis of
variance (ANOVA) followed by Tukey-Karmer multiple
comparison tests. P<0.05 was considered significant.

RESULTS
Preliminary phytochemical investigation
The preliminary phytochemical investigation of the
MEZJ extract showed the presence of carbohydrates,
tannins, flavanoids and saponins. The percentage yield
of MEZJ was found to be 17%.

Carbon tetrachloride induced chronic hepatitis
model
Administration of CCl4 resulted in elevation of
biochemical markers ALT, AST, ALP and bilirubin (Total
and Direct) in serum and depletion in LTH significantly
(P<0.001) compared to vehicle control. In animals pre-
treated with low dose of MEZJ (250 mg/kg) and
silymarin, there was significant reduction of biochemical
markers (P<0.001) in serum compared to CCl4 control.
However, pre-treatment of animals with medium dose
of MEZJ (500 mg/kg) showed reduction in only ALP
and bilirubin level (P<0.01) compared to CCl4 control
(Table-1).  Further, there was significant (P<0.001) rise
in biochemical markers in LTH compared to CCl4 control
in groups pre-treated with MEZJ 250 mg/kg (P<0.001),
MEZJ 500 mg/kg (P<0.01) and silymarin (P <0.001).
Furthermore, elevated liver weight was significantly
reduced in groups treated with MEZJ (250 mg/kg and
500 mg/kg) and silymarin compared to CCl4 control.
Similarly, there was significant (P<0.001) incline in SOD
and Catalase activities in groups pre-treated with MEZJ
(250 and 500 mg/kg, p.o.) and silymarin compared to
CCl4 control (Table-2). On the contrary, MEZJ (1000
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mg/kg) did not produce any significant (P>0.001)
change in biochemical enzyme levels and antioxidant
activities in serum as well as in LTH compared to CCl4
control. Moreover, histological studies showed
regeneration of hepatocytes with low dose of MEZJ
(Figure-1C) and silymarin.

Table 1: Effects on serum ALT, AST, ALP and bilirubin (total
and direct) levels in CCl4 induced chronic hepatotoxicity in
rats.

Values are mean ± SEM, n = 6, a P <0.05, b P <0.01, c P <0.001 Vs
vehicle control. *P<0.05, ** P <0.01, *** P <0.001 Vs CCl4 control. MEZJ=
Methanolic extract of Zizyphus jujuba fruits.

Table 2: Effect on ALT, AST, ALP and bilirubin (total and direct)
levels in liver tissue homogenate and liver weight, SOD and
catalase (CAT) in chronic induced acute hepatotoxicity in rats.

Values are mean ± SEM, n = 6, a P <0.05, b P <0.01, c P <0.001 Vs
vehicle control. *P<0.05, ** P <0.01, *** P <0.001 Vs CCl4 control. MEZJ
= Methanolic extract of Zizyphus jujuba fruits.

Fig.1: Microphotographs of H&E (100 X) stained histological
sections of liver.
(A)Control: Normal architecture is evident.
(B)CCl4 control-chronic model: The figure shows moderate
degree of fatty changes, mild congestion, fibrosis,
regeneration and cirrhosis.
(C)CCl4+MEZJ (250 mg/kg)-chronic model: The treatment of
MEZJ (250 mg/kg) shows mild protection to hepatocytes with
mild cirrhosis.
(D)CCl4 control-acute model: Single higher dose of CCl4 shows
hepatic cells with extensive fatty change and ballooning of
hepatocytes, more around central vein, centrilobulur necrosis
and hyperplasia.
(E)CCl4+MEZJ (250 mg/kg)-acute model: The prophylactic
treatment indicated partial protection to hepatocytes with mild
necrosis.

B

A

C

D

E

Carbon tetrachloride (CCl 4) induced acute hepatic
injury
A significant (P<0.001) change in biochemical enzyme
levels was observed between normal and CCl4 control
groups in serum and LTH. Pre-treatment of animals
with MEZJ (250 and 500 mg/kg, p.o.) and silymarin
significantly (P>0.001) decreased the elevated levels
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of biochemical enzymes in serum and increased the
depleted levels in LTH compared with CCl4 control.
Moreover, high dose of MEZJ (1000 mg/kg, p.o.)
significantly (P<0.01) declines the ALT, AST and ALP
levels in serum and inclines in LTH compared to CCl4
control.  However, MEZJ (1000 mg/kg) failed to reduce
elevated level of bilirubin (total and direct) in serum.
Administration of CCl4 causes significant (P<0.001)
increase in liver weights when compared to vehicle
control. Pre-treatment with MEZJ (250, 500 and 1000
mg/kg) and silymarin significantly (P<0.001) reduces
liver weights compared to CCl4 control. Further, there
was significant (P<0.001) rise in SOD and Catalase
activities in groups pre-treated with MEZJ (250, 500
and 1000 mg/kg, p.o.) and silymarin compared to CCl4
control (Table-3 & 4). Histological studies show
regeneration (Figure-1E) of hepatocytes in liver tissues
of animals prophylactically treated with MEZJ (250 mg/
kg and 500 mg/kg).

Table 3:  Effects on serum ALT, AST, ALP and bilirubin (total
and direct) levels in CCl4 induced acute hepatotoxicity in rats.

Values are mean ± SEM, n = 6, a P <0.05, b P <0.01, c P <0.001 Vs
vehicle control. *P<0.05, ** P <0.01, *** P <0.001 Vs CCl4 control. MEZJ
= Methanolic extract of Zizyphus jujuba fruits.

Table 4 :  Effect on ALT, AST, ALP and bilirubin (total and
direct) levels in Liver tissue homogenate and liver weight,
SOD and catalase (CAT) in acute induced acute hepatotoxicity
in rats.

Values are mean ± SEM, n = 6, a P <0.05, b P <0.01, c P <0.001 Vs
vehicle control. *P<0.05, ** P <0.01, *** P <0.001 Vs CCl4 control. MEZJ
= Methanolic extract of Zizyphus jujuba fruits.

DISCUSSION
The present study was designed to evaluate the
pharmacological efficacy of methanolic extract of
Zizyphus jujube fruit (MEZJ) against acute and chronic
hepatic damage induced by carbon tetrachloride (CCl4)
in experimental animals to confirm the traditional claim
for hepatoprotective potential. The result indicated that
MEZJ was effective in low and medium doses (250 and
500 mg/kg, p.o) at times of acute stress, whereas,
during chronic damage to hepatocyte, only low dose

(250 mg/kg, p.o) of MEZJ is potent enough to reverse
the damaging effect of hepatotoxin such as CCl4. On
the contrary, high dose (1000 mg/kg, p.o) of MEZJ was
found to be least effective in presence of damage to
liver.
Carbon tetrachloride (CCl4) is a potent hepatotoxic
agent often used to induce hepatic lesions. Short-term
administration of CCl4 causes acute hepatocellular
injury with centrolobular necrosis and steatosis. Chronic
administration may lead to cirrhosis (liver fibrosis)19.
CCl4 is catalyzed by cytochrome P450 enzyme and
forms the highly reactive trichloromethyl free radical.
This then readily interacts with molecular oxygen to
form the trichloromethyl peroxy radical. The free radical
can form covalent bond with sulfahydryl group, such
as glutathione (GSH), protein thiol and lipids or
abstracting a hydrogen atom from an unsaturated lipid.
This covalent binding of free radical to cell
macromolecules is considered the initial step in a chain
of events, which eventually leads to membrane lipid
peroxidation, liver damage and finally cell necrosis20,21.

Damage to the membrane leads to leakage of
endogenous biomarkers into the circulation and thereby
decreasing the intracellular enzyme levels. This is
demonstrated in our study by an elevation in the serum
marker enzymes such as AST, ALT, ALP and direct and
total bilirubin and depletion of these enzymes in the
liver tissues. Prophylactic administration of MEZJ (250
& 500 mg/kg, p.o.) was found to revert back the normal
condition to the hepatic musculature as shown by
biochemical and histological findings. The stimulation
of hepatic regeneration was considered as the possible
hepatoprotective mechanism of MEZJ (250 & 500 mg/
kg, p.o.). Such stimulation was known to cause the liver
to become more resistant to hepatotoxin induced liver
injuries22. Likewise, activation of the functions of the
reticuloendothelial system23 or inhibition of protein
biosynthesis24 were also considered as some possible
hepatoprotective mechanisms, which could reduce the
hepatotoxicity of CC14. Since saponins are thought to
have a membrane-stabilizing action25, the
cytoprotective effect of MEZJ (250 & 500 mg/kg, p.o.)
could also be attributed to membrane-stabilizing role
of MEZJ during acute and chronic hepatic damage.

As discussed above, CCl4 induces free radical
formation and reduction in antioxidant activities such
as superoxide dismutase (SOD) and Catalase in LTH.
Pre-treatment of animals with low and medium doses
of MEZJ (250 & 500 mg/kg, p.o.) and silymarin causes
remarkable elevation in antioxidant activities. Elevated
activity of catalase in LTH is more beneficial than
increase in SOD activity alone because without a
simultaneous increase in catalase activity, increased
SOD activity may lead to intracellular accumulation of
H2O2 with detrimental effects26. The augmented
antioxidant activities in LTH could be due to presence
of flavanoids in MEZJ (250 & 500 mg/kg, p.o.).
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Carbon tetrachloride induced a significant increase in
liver weight due to blocking of secretion of hepatic
triglycerides into the plasma27. Pre-treatment with MEZJ
(250 and 500 mg/kg, p.o.) and silymarin prevented the
increased liver weight.

In chronic model, CCl4 induces moderate degree of fatty
changes, mild congestion, fibrosis and cirrhosis. Low
dose of MEZJ (250 mg/kg, p.o.) provided protection to
hepatocyte from fatty changes, congestion and
cirrhosis. In acute model, extensive fatty change with
ballooning of hepatocytes predominantly around central
vein, centrilobulur necrosis and hyperplasia was seen
with single high dose of CCl4. Low and medium dose
of MEZJ (250 and 500 mg/kg, p.o.) produces partial
protection in hepatocytes with mild necrosis.

The results of the present study support the traditional
use of the fruits in hepatoprotection. The maximum
efficacy was seen with low dose (250 mg/kg, p.o.) of
MEZJ, whereas, medium dose (500 mg/kg, p.o.) of
MEZJ was moderately effective in keeping the integrity
of hepatocytes during damage. The protection offered
by the extract may be attributed to antioxidant activity
and membrane stabilizing role of flavonoids and
saponins respectively, in the fruit extract28. However,
with the present study it is difficult to predict the reason
for reduced efficacy of high dose (1000 mg/kg, p.o.) of
MEZJ.

CONCLUSIONS
From our study it may be concluded that the low dose
of MEZJ (250 mg/kg) possess good hepatoprotective
activity in chronic hepatitis induced by CCl4 whereas
low and medium dose of the MEZJ (250 mg/kg and
500 mg/kg) potentially ameliorates acute hepatitis
induced by CCl4. The protective effect may be because
of the presence of flavonoids and saponins in MEZJ.
However, further studies should be carried out to isolate
the active constituent of MEZJ responsible for its
therapeutic efficacy as well as to elucidate the
underlying mechanism of action.
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