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Abstract: To evaluate the hepatoprotective activity of aqueous extract of Ziziphus jujuba leaves against paracetamol-induced
liver injury in experimental rats. Ziziphus jujuba has been traditionally used in the Ayurvedic system of medicine as a chief
ingredient in many polyherbal formulations as antioxidant. To evaluate the antioxidant and hepatoprotective activity of aqueous
leaf extract of Ziziphus jujuba leaves. Animals were pre-treated with the aqueous leaf extract for 7 days and then toxicity was
induced with a single paracetamol oral injection. Pre-treatment with 150mg/kg of aqueous leaf extract of Ziziphus jujuba improved
the reduced glutathione (oxidized), SOD, catalase, and peroxidase levels significantly as compared to control group. Silymarin was
used as standard reference and exhibited significant hepatoprotective activity against paracetamol induced hepatotoxicity in rats.
The biochemical observation was reported for rat liver sections. The results of this study strongly indicate that Ziziphus jujuba
leaves have potent hepatoprotective action against paracetamol induced hepatic damage in rats. Aqueous extract was found more
potent hepatoprotective. Meanwhile, in vivo antioxidant activities were also screened which were positive for aqueous extracts. On
the basis of this study, we conclude that aqueous extract of Ziziphus jujuba possesses in vivo antioxidant activity and can be
employed in protecting tissues from oxidative damage and stress.
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and C viruses, carbon tetrachloride (CCly), high doses of
paracetamol,  thioacetamide @ (TAA) and  convinced
chemotherapeutic agents [4]. Acetaminophen (N-acetyl-p-
aminophenol, paracetamol) induced toxicity in rats is one of the
extensively used experimental model to evaluate the
hepatoprotective activity of plant extracts [5, 6]. It has been
opinioned in recent reports that 10% of world population are
affected with liver diseases along with hepatitis, alcoholic
steatosis, fibrosis, liver cirrhosis and hepatocellular carcinoma.
Morbidity and mortality resulting from liver diseases are a
major social health complication worldwide [7].

The main function of the liver is to expel toxic substances
from the blood stream. This process may be interrupted it
toxins prepare to enter the blood stream at a rate faster than the
liver's ability to break them down and this can cause liver
toxicity [8]. Increase the level of liver enzymes ALT and AKP
in serum in combination with increased bilirubin level are

1. Introduction

The liver is one of the largest organs in human body
associated with assorted stages of metabolic and physiologic
homeostasis of the organism and the preeminent site for intense
metabolism and excretion. So it has a stunning role in the
maintenance, performance and regulating homeostasis of the
body. It is involved through almost all the biochemical
pathways to growth, fight and several imperative functions
related to digestion, metabolism, immunity and storage of
nutrients [1]. But it is continuously and variedly disclosed to
environmental toxins, free radicals, alcohol, xenobiotics, food
additives and persecuted by poor drug usages like alcohol and
arbitrary over-the counter drug which can eventually lead to
numerous liver ailments like hepatitis, cirrhosis and alcoholic
liver disease [2, 3].

Liver ailments are intermittently caused by hepatitis A, B
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literally considered to be the most relevant signal of liver
toxicity it includes,

i.  Hepatocellular toxicity

ALT is considered a most peculiar and sensitive indicator of
hepatocellular injury than AST. An increase in ALT activity in
the range of 2-4 folds and higher compared to control average
should rise concern as a proof of potential hepatic injury [9].

ii.  Hepatobiliary toxicity

Initial assessment of Hepatobiliary damage in rats can be
consummated by measuring serum concentrations of bile acids
and bilirubin, serum activities of liver correlated enzymes such
as ALP, y - glutamyl transpeptidase and plasma clearances of
dyes excreted primarily through the bile [10].

The cells in the liver encompass proteins called enzymes that
drive these chemical reactions when liver cells are impaired or
destroyed the enzymes in the cells leak out into the blood
where they can be measured by liver enzymes are ALT, AST,
etc. If ALT and AST are found together in exalted amounts in
the blood, liver damage is most likely present.

Hepatotoxicity signifies chemical driven liver damage. The
liver plays a central aspect in transforming and clearing
chemicals and is susceptible to the toxicity from these agents
certain medicinal agents, when taken in overdoses and
sometimes even when introduced within therapeutic ranges,
may damage the organ. Other chemical agents such as those
used in laboratories, industries, natural chemicals (Eg.
Microcystins) and herbal remedies can also prompt
hepatotoxicity. Chemicals on the way to cause liver injury are
called hepatotoxins [11]. Elderly persons are at increased
opportunity of hepatic injury because of decreaed clearance,
drug to drug interactions reduced hepatic blood flow variation
in drug binding poor diet, infections and multiple
hospitalizations are important logics for drug induced
Hepatotoxicity. Hepatic drug reactions are more familiar in
females [12]. Most of the hepatotoxic chemical damage, liver
cells mainly by engendering lipid peroxidation and other
oxidative damage [13].

Treatment of diseases associated with the liver is
mandatory, and must be done with convenient and extensive
care. There are few conventional drugs that can stimulate
liver function and offer hepatic protection or help in the
reclamation of hepatic cells, but they are proved to be
hepatotoxic at a particular dose [14].

At therapeutic doses, paracetamol is considered a secure
drug at the same time a number of reporters indicate that
overdose of paracetamol can produce centrizonal haemorrhagic
hepatic necrosis, nephrotoxicity, extra hepatic lesions, and even
death in humans and experimental animals [15]. The best
amount of paracetamol for adults is 1 gram (1000 mg) per dose
and 4 grams (4000 mg) per day. Taking extra paracetamol
could cause damage to your liver [16]. Paracetamol is the most
common drug taken in over dose resulting toxic metabolites
can cross the placenta and lead to hepatocellular necrosis of
maternal and fetal liver cells during pregnancy [17].
Paracetamol toxicity is caused by the reaction metabolite N-
acetyl-p-benzoquinoneimine (NAPQI) which is partially

metabolized by cytochrome P50 [18]. NAPQI is originally
detoxified by conjugation with reduced glutathione (GSH) to
form mercapturic acid. However the rate of NAPQI formation
outstrips the rate of detoxification by GSH, it oxidizes tissue
macromolecules such as lipid or —SH group of protein and
modifies the homeostasis of calcium after depleting GSH [19].
So there is a demand to evaluate natural compounds as
effective alternatives.

Liver disease is still a global health problem. Unfortunately,
conventional or synthetic drugs used in the treatment of liver
disorders are inadequate and sometimes can have serious side
effects. In the absence of a consistent liver protective drug in
modern medicine, there are a number of medicinal preparations
in Ayurveda recommended for the healing of liver disorders
[20]. In allopathic medicinal practices consistent liver
protective drugs are not available, but herbs play a major role
in the management of liver disorders [21]. In view of severe
undesirable side effects of synthetic agents, there is an
emergent focus to follow the systematic research methodology
and to evaluate the scientific source for the traditional herbal
medicines that are claimed to acquire hepatoprotective activity.

Only a few modern drugs are applicable for treating liver
diseases. Drugs such as tricholine citrate, trithioparamethoxy
phenyl propene, and essential phospholipids, combination of L-
ornithine L-aspartate and pancreatin, silymarin and ursodesoxy
cholic acid are universally prescribed for hepatitis, cirrhosis
and other liver diseases. However, these modernized medical
treatments are still far from satisfactory. Management of liver
disease is still a challenge to the current medicine. In the
absence of consistent liver-protective drugs in the allopathic
medical practices, herbs show a vital role in the management of
liver disorders. Many indigenous plants are used for the therapy
of liver disorders.

Himoliv (HV) is a multi-herbal formulation, containing
aqueous extracts of 25 endemic medicinal plants. HV is also
declared to be useful in the treatment of hepatitis, jaundice,
biliary dysfunction and liver disorder. Oxidative damage
through free radical generation is among the distinct
mechanisms involved in the hepatotoxic effect of carbon
tetrachloride (CCl;) and paracetamol (PC). An anti-oxidant
property is declared to be one of the mechanisms of
hepatoprotective effect of the test drug [22].

Herbal medicine is an achievement of popular therapeutic
diversity [23]. The world is now touching towards the herbal
medicine or system, which can then properly fight foreign
invaders and aid to destroy offending pathogens without toxic
side-effects [24]. The world health organization in the early
1970’s had an expectant government to effectively utilize local
knowledge of herbal medicines for disease anticipation and
health promotion [25]. WHO has shown great curiosity in
documenting the use of medicinal plants used by tribal’s from
different parts of the world [26]. At present this herbal
medicine is coming into prominence because of the efficiency
of the conventional medicines such as antibiotics, which have
developed resistance to the many of the transmittable
organisms, whereas herbs and its active constituents are being
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used to treat the infections, which no longer responsive to
conventional medicine. The unique feature of traditional
medicine in India is that it flourishes at several levels. Herbal
medicines are cheaper, easily accessible and their method of
preparation is also trouble-free and above all it suits the societal
and cultural needs of peoples [27]. Silymarin is promoted as
one of the standard hepatoprotective herbal formulations.

Among the medicinal plants, Ziziphus jujuba (family:
Rhamnaceae) is a useful Indian medicinal plant which has been
qualified with therapeutic properties to treat several diseases.
Ziziphus jujuba is a deciduous tree growing to 10m (32ft) by
7m (23ft) at a rapid rate. It is tough to zone. It is in flower from
April to May, and the seeds ripen during October. The flowers
are hermaphrodite (have both male & female organs) and are
pollinated through insects. It is a self fertile plant [28]. Suitable
for light (sandy) medium (loamy) and heavy (clay) soils,
desires well drained soil and can grow in nutritionally poor
soil. Suitable pH: acid, neutral and basic (alkaline) soils and
can grow in incredibly alkaline soils.

It cannot grow up in the shade, it prefers dry or moist soil
and can tolerate drought. It functions as anodyne, antidote,
astringent, emollient, expectorant, hypnotic, narcotic, pectoral,
tranquillizer and diuretic, it is used to treat cancer, skin and GI
tract diseases. An active and safe drug is needed for the
treatment of liver disorders. Jujuba is an effectual herbal
remedy. It supports weight gain, improves muscular strength
and increases stamina. In Chinese medicine jujuba was
prescribed as a tonic to strengthen liver function. The leaves
are astringent and febrifuge it is also said to promote hair
growth [29]. Jujuba helps to resourcefully get the energy from
food. It also gives energy and has an emotionally calming
effect. In-vivo experiments illustrate that Zjujuba can increase
the phagocytosis of mice's mononuclear-phagocyte system
[30]. The seed is hypnotic and tonic. The root is used to treat
the dyspepsia. The leaves are applied as poultices and are
helpful in liver troubles, asthma and fever and it also
strengthens liver function and stimulates immune system [31],
the leaves are antipyretic and diminish obesity [32]. Extracts of
Jjujuba leaves can appreciably inhibit dimethyl benzene-induced
auricular inflammation in mice. They are used to form a plaster
in the treatment of strangury [33]. Ziziphin, a compound in the
leaves of the jujube, stifles the ability to perceive the sweet
taste in humans. The plant is unanimously called as “Ilantai”.

Hence, the aim of the present study was to investigate the
hepatoprotective effects of crude aqueous extracts of Z. jujuba
leaves on paracetamol induced hepatotoxicity in albino rats.
The protective effects were compared with silymarin, a well
known hepatoprotective agent against paracetamol induced
hepatotoxicity.

2. Materials and Methods

The study was undertaken to evaluate the antioxidant and
hepatoprotective activity on leaves of Ziziphus jujuba under the
following.

2.1. Drugs and Chemicals

Silymarin, SGOT, SGPT, ALP, kits were purchased from
Sigma, Tamilnadu, India. 5, 5'-dithiobis-2-nitrobenzoic acid
(DTNB), Reduced Glutathione (GSH) and the rest of the
chemicals utilized were of analytical grade and were obtained
from Himedia, India.

2.2. Collection of Plant Materials

The leaves of Ziziphus jujuba used in this study were
collected fresh during the month of December to January in
Bommidi TK, Dharmapuri district of Tamilnadu.

2.3. Preparation of Extract

15g of the powdered sample was taken in a thimble and
placed in a Soxhlet apparatus and was extracted by the hot
percolation method. Using 250ml of solvents with increasing
polarity namely chloroform. The extract was carried out until
the plant material, become colourless. The extract was
collected and evaporated in a boiling water bath at 60°C. The
residue was mashed and stored in an airtight container in a
refrigerator.

An aqueous extract of the plant sample also prepared as
follows, to about 1g of the powdered sample, added 100ml of
distilled water and kept in a water bath at 60°C for Zhrs.
Filtered and centrifuged thrice, and the supernatant was
collected and stored in an airtight contaiéner in the refrigerator
for further study.

2.4. Experimental Design

The present study was conducted out in 3 phases.

Phase I: Preliminary Phytochemical analysis of the plant
extract.

Phase II: Assessment of Enzymatic and non enzymatic
antioxidant activity of the plant extract.

Phase III: Hepatoprotective effect of the plant extract which
was tested in an experimental rats.

PHASE I: Preliminary Phytochemical Analysis of the Plant
Extract

The qualitative analysis was carried out for the presence of
Proteins, Carbohydrates, Alkaloids, Flavonoids, Saponins,
Phenols, Glycosides, Tannins, Phytosterols, Terpenoids and
Anthroquinones was done by using method of [34-37], in
Ziziphus jujuba leaf extract.

Phase II: Assessment of Enzymatic and non enzymatic
Antioxidant Activity of the plant Extract:

The leaves of Ziziphus jujuba were analyzed for the
enzymatic and non enzymatic antioxidants such as catalase,
peroxidase, superoxide dismutase, polyphenol oxidase reduced
glutathione and polyphenol.

Estimation of Catalase Activity: To measure the catalase the
sample was homogenized in a pre chilled mortar and pestle
with 0.067M phosphate buffer at 1-4°C and centrifuged. Stirred
the sediment with cold phosphate buffer, allowed to stand in
the cold with occasional shaking and then repeated the
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extraction once or twice. The extraction should not take more
than 24hours.The combined supernatants were used for the
assay.

Assay: Pipetted out 3.0 ml of H,O, Phosphate buffer into the
experimental cuvette. Mixed with 0.01 - 0.04ml of sample with
a glass rod flattened at one end. Noted the time At required for
a decrease in absorbance from 0.45 to 0.4 at 240 nm. This
value was used for the calculation. If At was greater than 60
seconds, then repeated the measurements with a more
concentrated solution of the sample. Calculated the activity and
expressed in units per mg protein. One enzyme unit was
calculated as the amount of enzyme required to decrease the
absorbance at 240 nm by 0.05 units.

Calculation: Calculated the concentration of H,O, using the
extinction coefficient 0.036 p mole/ml [38].

Estimation of Peroxidase Activity:

Enzyme extract: To estimate the peroxidase activity
measured one gram of the sample with 5ml (w/v) 0.1 phosphate
buffer (pH 6.5) in a homogenizer. Centrifuge the homogenate
at 300g for 15minutes. Use the supernatant as the enzyme
source. All procedures were carried out in 0-50°C.

Procedure: Pipetted out 3ml of 0.05 M- Pyrogallol solution
and 0.5 to 0.1ml of enzyme extract in a test tube. Adjust the
spectrophotometer to read ‘0’ at 400 nm. Add 0.5ml of 1%
H,0, in the cuvette. Record the change in the absorbance every
30 seconds up to 3 minutes [39].

Assay of Superoxide Dismutase (SOD)

Procedure: To estimate the SOD activity the incubation
medium contained 300ul of each reagent (50mM potassium
phosphate buffer, 45uM Methionine, 5.3uM Riboflavin, 84uM
NBT and 20mM potassium cyanide). To the test 300ul of
sample was added and the final volume was made up to 3 ml
with distilled water. The tubes were placed in an aluminium
foil-lined box maintained at 25°C and equipped with 15W
fluorescent  lamps. Reduced NBT was  measured
spectrophotometrically at 600nm after exposure to light for 10
minutes. The maximum reaction was evaluated in the absence
of enzymes. One unit of enzyme activity is defined as the
enzyme reaction, which gives 50% inhibition of NBT reduction
in one minute under the assay conditions and expressed as
specific activity in units [40].

Estimation of Polyphenol Oxidase (PPO) Activity

Preparation of enzyme extract: To estimate the polyphenol
oxidase ground about 5g of the tissue and made up to 20ml
with the medium containing 50mM Tris — HCL (pH 7.2), 0.4M
sorbital and 10Mm Nacl. Centrifuged the homogenate at
2000rpm for 10 min and used the supernatant for the assay.

Procedure: Added 2.5ml of 0.2M phosphate buffer (pH 6.5),
0.3ml of catechol solution (0.01M) into the cuvette and set the
spectrophotometer at 495nm. Now added the enzyme extract
(0.2ml) and started recording the change in absorbance for
every 30 seconds up to 5 minutes [41].

Estimation of Reduced Glutathione

Procedure: To estimate the reduced glutathione 1g of the
sample was homogenized in 5% TCA to give 20%
homogenate. The precipitated protein was centrifuged down at

1000rpm for 10 minutes. The homogenate was cooled on ice
and 0.1 ml of the supernatant was taken for the estimation. The
volume of the aliquot was made up to 1.0 ml with 0.2M
Sodium phosphate buffer (pH 8.0), 2 ml of freshly prepared
DTNB solution (0.6mM in 0.2M phosphate buffer-pH 8.0) was
added to the tubes and the intensity of the yellow colour
formed was read at 412nm in a spectrophotometer after 10
minutes. A standard curve of reduced glutathione was prepared
using concentrations ranging from 2 to 10 nanomoles of
reduced glutathione in 5% TCA [42].

Estimation of Polyphenols

Procedure: To estimate the polyphenol 1g of the sample was
homogenized using 20ml of 80% ethanol. The homogenate was
centrifuged at 10,000rpm for 20 minutes. The supernatant was
saved. The residue was extracted with 10ml of 80% ethanol,
centrifuged and collected the supernatant and evaporated to
dryness. The residue was dissolved in a known volume of
distilled water (50ml) and 2.0ml was taken for the experiment.
A working standard of 0.5 — 2.5ml catechol solution
corresponding to 50 - 250pg of catechol were pipetted out into
a series of test tubes. The volume was made up to 2.5ml with
water. To all the tubes added 0.5ml of diluted Folin —
Ciocalteau reagent. After 3 minutes, added 2.0ml of 20%
Na,CO; solution to each tube and mixed thoroughly.

The tubes were placed in a boiling water bath for exactly one
minute. Cooled and measured at 650nm against a reagent
blank. Construct a standard graph by plotting the concentration
of catechol on X-axis and absorbance on Y-axis. From the
graph, the amount of polyphenols present in the sample was
estimated and expressed as mg of polyphenols per g of the
sample [43].

PHASE III: Hepatoprotective Effect of the Plant Extract:

Paracetamol induced hepatotoxicity in rats were used as a
model to conclude the hepatoprotective activity of aqueous
extract of Ziziphus jujuba leaves [44]. Calculated amount of
dried aqueous extract was suspended in to get the test doses

(150mg/kg).
2.5. Selection and Grouping of Animals

Healthy albino rats of Wistar strain weighing between 115-
135g were selected and obtained from small animal breeding
station Thrisur, Kerala and were acclimatized to the laboratory
condition (12+ lhr, day and night schedule; temperature
maintained between 11-20°C + 2°C; housed in large hygienic
plastic cages) and each group contains 4 rats. Before a week of
the experiment water and natural pellets were provided
throughout the experimental period. All the experiments were
performed with the permission from the Institutional Animal
Ethics Committee and were in accordance with the guidelines
of CPCSEA.

The Animals were divided into 4 main groups:

Group I: Control, normal healthy rats

Group II: Toxic control (Paracetamol) (750mg/kg b.weight)
given orally on day 1 to day7.

Group III: Aqueous extract (150mg/kg of b.weight) given
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orally on day 1 to day 7 along with paracetamol (750mg/kg
b.weight) [45].

Group IV: Silymarin (25 mg/kg of b. weight) given orally as
standard for seven days along with paracetamol (750mg/kg
b.weight) [46].

Before treatment the rats were fasted overnight with free
admission to the water. On the 7™ day of the study the animals
were sacrificed and liver and blood samples were collected from
each animal to generate the liver and serum biochemical assay.

2.6. Preparation of the Sample for Biochemical Analysis

Each individual animal has a liver were removed and stored.
A part of the liver was washed with ice cold PBS, blotted dry
and the homogenate was prepared using phosphate buffered
saline (pH 7.2). The biochemical parameters were considered,

*AST (SGOT)

*ALT (SGPT)

*ALP (Alkaline phosphatase)

The blood samples after coagulation were centrifuged at
3000rpm for 15-20 minutes and the isolated sera were used for
assessment of the biochemical markers of liver damage [45].

The liver tissues of the animals were surgically removed
blotted and weighed. 0.5g was crushed in a mortar and then
homogenized in phosphate buffer, it was centrifuged at
2000rpm for 20 minutes in a refrigerated centrifuge. The
supernatant was immediately used for assay of liver marker
enzymes.

Determination of the Biochemical Parameters:

Estimation of Aspartate transaminase:

Aspartate transaminase in both serum and liver was
determined by the manner of Reitman’s and Frankel, 1957 [47].
0.5ml of buffered substrate was incubated at 37°C for 3
minutes and 0.lml of serum was added, mixed well and
incubated at 37°C for 30 minutes. Then 0.5ml of 2, 4
dinitrophenyl hydrazine reagent was added, mixed well and
kept at room temperature for 20 minutes and 0.5ml of 4N
working sodium hydroxide was added and kept at room
temperature for 10 minutes. Blank and standards were also
processed in a similar way and the absorbance was measured
spectrophotometrically at 505 nm.

Estimation of Alanine transaminase:

Alanine transaminase in both serum and liver were
determined by the manner of Reitman’s and Frankel, 1957 [47].
0.5ml of buffered substrate was incubated at 37°C for 3
minutes and 0.lml of serum was added, mixed well and
incubated at 37°C for 60 minutes. Then 0.5ml of 2, 4
dinitrophenyl hydrazine reagent was added, mixed well and
kept at room temperature for 20 minutes and 0.5ml of 4N
working sodium hydroxide was added and kept at room
temperature for 10 minutes. Blank and standards were also
processed in a similar way and the absorbance was measured
spectrophotometrically at 505 nm. The activity of SGPT was
expressed as TU/L.

Estimation of Alkaline phosphastase:

Alkaline phosphatase in both serum and liver were

determined by the manner of King and Amstrong, 1934 [48].
4ml of substrate was a pipette out in tubes marked as test and
control. They were placed in a boiling water bath at 37°C for a
few minutes. 0.2ml of serum was added only to the test without
removing the tubes from the water bath. Incubate for 15
minutes at 37°C. At the end of 15 minutes added 1.8ml of
diluted phenol reagent to all tubes. Then 0.2ml of serum was
added to the tubes marked as a control. All the tubes were
shaken well and centrifuged. 4ml of supernatant was taken
from each tube. Standards of various concentrations (0.2 -
1.0ml) were taken and made up to 2.8ml with water. 1ml of
sodium carbonate solution was added to all the tubes and the
tubes were incubated in a water bath at 37°C for 15 minutes. To
a blank 2.8ml of water was added to 1.2ml of diluted phenol
reagent. The activity of ALP was expressed in KA units.

2.7. Statistical Analysis

The Statistical significance of the data was assessed by
analysis of variance. The toxic control was compared with the
normal control group and all other treatment groups were
compared with the toxic control group.

3. Results and Discussion

The present study had been attempted to demonstrate,
“Hepatoprotective and Antioxidant role of Ziziphus jujuba
leaves on paracetamol induced hepatic damage in rats” This
study was done in different phases shown below:

Phase I: Preliminary phytochemical analysis.

Phase II: Antioxidant activity of aqueous leaf extract of
Ziziphus jujuba

Phase III: Assessment of Hepatoprotective activity.

PHASE 1

Preliminary Phytochemical Analysis

For the presence of phytochemicals such as sugars, proteins,
terpenoids, alkaloids, phytosterols, anthroquinones, the plant
sample was analysed. This activity was analysed in both
chloroform and aqueous extract of the plant were shown in
table 1.

Table 1. Qualitative phytochemical analysis in different extract of ziziphus
Jujuba.

Plant constituents  Chloroform leaf extract Aqueous leaf extract

Carbohydrate I 4
Protein 4 3
Alkaloids 4
Flavonoids +
Saponins I 4
Phenols + +
Glycosides -
Tannins + +
Phytosterols + +
Terpenoids + +
Anthroquinone +

(+) Denotes the presence of phytoconstituents
(-) Denotes the absence of phytoconstituents
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The results show that maximum activity of phytoconstituents
is seen in the aqueous extract than the chloroform extract of the
plant. Thus, for further investigation of antioxidants the
aqueous extracts of the plant sample were used and estimated
[49]. The phytoconstituents such as Terpenoids, alkaloids and
steroids, which are present in the aqueous extract, could be
considered to be responsible for the powerful hepatoprotective
activity [50].

PHASE 11

In vitro Antioxidant Activity on Aqueous Leaf Extract of
Ziziphus jujuba.

The Aqueous leaf extract of the plant sample was analysed
for the presence of

i) Enzymatic antioxidants (Catalase, Peroxidase, superoxide

Dismutase, polyphenol oxidase)

ii) Non Enzymatic antioxidants

glutathione)

Enzymatic Antioxidants

Table 2 represents the levels of catalase, peroxidase, SOD
and PPO in the leaf extract of Ziziphus jujuba.

(Polyphenol, Reduced

Table 2. Enzymatic Antioxidant Activity of Aqueous Leaf Extract of Ziziphus
jujuba.

Table 3. Non-Enzymatic Antioxidant Activity of Aqueous Leaf Extract of
Ziziphus jujuba.

NON-ENZYMATIC ANTIOXIDANTS (mg/ml)
Reduced Glutathione (n moles/g)

S.NO
Polyphenol (mg/g)

1) 1.09+0.25 1.624+0.018

ENZYMATIC ANTIOXIDANTS (mg/ml)

Values are mean £ S. D of two replicates.

The differences in the mean values among the treatment
groups are greater than would be expected by chance. There is
a statistically significant difference (p=<0.001).

From the Table 3 it is evident that the leaf sample exhibits all
the above enzyme activities to different levels. The activity of
reduced glutathione was found to be 1.09£0.25 n moles /g
while that of polyphenol was1.624+0.018n moles /g.

PHASE 3

Assessment of Hepatoprotective Activity:

The Hepatoprotective activity was analysed and the results
obtained in the study are discussed under the following
headings.

1)  Determination of liver weight of Rats

ii) Assessment of serum marker enzymes

iii) Assessment of liver marker enzymes

Determination of Liver Weight of Rats:

The dry weight of the liver from different groups of
experimental animals was recorded as given in the Table 4.

Table 4. Weight of the Liver Sample in Different Groups of Rats.

S.No Catalase Peroxidase Sfjperonde Pol?’ phenol
dismutase Oxidase
Units */g Units **/g Units ***/g Units ++/g
1) 245.28+1.426 2.12+0.006 75.09+0.75 0.652+0.003

Values represent Mean + S. D of 2 replicates.

*Unit - Amount of energy required to decrease the absorbance by 0.05 units at
240nm.

** Unit - Change in absorbance /min /g of sample.

*** Unit -Amount of enzyme that gives 50% inhibition of the extent of NBT
reduction.

++ Unit -n moles of GSH oxidized /min /g.

The differences in the mean values among the treatment
groups are greater than would be expected by chance, there is a
statistically noteworthy difference (p=<0.001).

From the Table 2 it is evident that the leaf sample exhibits all
the above enzyme activities to different levels. The activity of
catalase was found to be 245.28+1.426U/g while that of
peroxidase was 2.12+0.006U/g. The other antioxidant enzymes
such as Superoxide dismutase and Polyphenol oxidase have
recorded activities 75.09+0.75 U/g and 0.652+0.003 U/g
respectively. Antioxidant enzymes are acknowledged to reduce
the harmful effects of free radical [51]. Reduction in the
antioxidant defence system eventually causes to lipid
peroxidation, protein and DNA Damage [52].

Non Enzymatic Antioxidants

Table 3 indicates the contents of polyphenol and reduced

>

glutathione present in the leaf extract of “Ziziphus jujuba”.

TREATMENT GROUPS LIVER WEIGHT (g)
I - Control 8.59

II — Paracetamol Control 11.08

IIT — Paracetamol + Plant extract 8.94

IV — Silymarin+ Paracetamol 8.72

Values are expressed as mean of 4 rats.

Paracetamol (PCM) induced group confirmed a significant
increase in the weight of the liver, which is due to the blocking
of the secretion of hepatic triglycerides into plasma.
Administration of 750mg/kg of PCM in a single oral dose has
confirmed to provoke hepatotoxicity in the experimental
animals [53].

However the aqueous extract of the leaf sample of Ziziphus
Jjujuba seemed to restrain decrease liver weight in group III
when compared to group II. This shows that phytoconstituents
and antioxidants in the plant extract maintain proper catabolism
of lipids and it prevents their accumulation in the liver.

Assessment of the Serum Marker Enzymes:

High levels of ALT signify liver damage with the highest
increases (often >20 fold) being observed with acute
hepatocellular injuries such as xenobiotics induced neurosis,
and it emerges to be a more sensitive test for hepatocellular
damage. Elevation of serum levels of these enzymes considered
as a key of liver damage. The significant acute heptocellular
damage and biliary obstruction were indicated by the high level
of ALP, AST and ALT [54].

Paracetamol and its metabolite cause cell membrane and
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mitochondrial injure in liver cells and leads to liberate of 80%
of total hepatic AST enzymes from the mitochondria. Necrosis
and membrane injure discharges the enzyme into circulation,
therefore it can be measured in serum [55]. The activity of
serum marker enzymes is Alanine aminotransferase (ALT),
Aspartate aminotransferase (AST) and alkaline phosphatase
(ALP) were assessed in serum samples of different groups of
rats and is depicted in Table 5.

Table 5. Effect of Aqueous Leaf Extract of Ziziphus jujuba of Serum Enzymes in
Different Groups of Rats.

of hepatocytes, high level of alkaline phosphatase in the blood
serum relates to the increased synthesis of it by the cells lining
bile canaliculi usually in reaction to cholestasis and increased
biliary pressure [57].

Assessment of Liver Markers Enzymes:

The liver marker enzymes are AST, ALT and ALP are also
raised and it has been attributed to the damaged structural
integrity of the liver since these are normally located in the
cytoplasm and are released into the circulatory system after cell
damage [58]. The activities of the liver marker enzymes (AST,
ALP and ALT) in the liver samples of the various groups of

Treatment Groups AST (IU/L) ALT (IU/L) ALP (IU/L) rats are indicated in Table 6.

I— Control 0.33+0.02 4.6+0.421 3.415+0.085

II — Paracetamol control 1.07+0.03 7.240.523 5.875+0.554 Table 6. Effect of Aqueous Leaf Extract of Ziziphus jujuba of Liver Enzymes in

Il - Paracetamol+Plant extract 0.435:0.045 4.83£0.521  3.769:0231  Dilferent Groups of Rats.

IV — SilymarintParacetamol 0.365+0.035 4.94+0.523 3.591+0.022 TREATMENT GROUPS AST (IU/L) ALT (IU/L) ALP (IU/L)
IU — concentration of enzyme that catalyses the formation of 1y mole of I—Control 0.18+0.01 2.5+0.616 1.428+0.160
product per minute. II — Paracetamol control 1.29+0.01 6.3+0.616 5+0.121

_ . Il = Paracetamol + Plant 025:001  3.7+0.616  1.818+0.144
The differences in the mean values among the treatment SR
IV — Silymarin+ Paracetamol ~ 0.20+0.02 2.94+0.613  1.627+0.099

groups are greater than would be expected by chance there is a
statistically significant difference (p=<0.001). Values are
expressed as mean + S.D of 4 rats. Mean values followed by
different alphabets be at variance significant [56].
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Fig. 1. Effect of Aqueous Leaf Extract of Ziziphus jujuba of Serum Enzymes in
Different Groups of Rats.

Chronic administration of paracetamol produced a noticeable
elevation of the serum levels of enzymes in treating animals
while compared with that of the control group and the standard
drug. Treatment with Ziziphus jujuba at a dose of 150mg/kg
significantly condensed the elevated levels of those enzymes.
Treatment with Ziziphus jujuba, decrease the serum levels of
aspartate transaminase, alanine transaminase and alkaline
phosphatase towards the relevant normal value and standard
drug value that is an indication of stabilization of plasma
membrane as well as repair of hepatic tissue damage caused by
paracetamol.

The activity of antioxidant enzymes such as PPO, SOD,
CAT, suggests that the reduction of oxidative stress, it plays a
vital role in the mechanism of its hepatoprotective effect.
Alkaline phosphatase concentration is related to the functioning

Values are expressed as mean + S. D of 4 rats.

The differences in the mean values among the treatment
groups are greater than would be expected by chance there is a
statistically significant difference (p=<0.001)
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Fig. 2. Effect of Aqueous Leaf Extract of Ziziphus jujuba of Liver Enzymes in
Different Groups of Rats.

The liver marker enzymes are ALT, AST and ALP were
analysed in the various groups of rats to evaluate the
hepatoprotective effect of the aqueous leaf extract of the plant.
From the result the activities of all enzymes were found to be
higher in group II compared to the control and standard drug. In
group III to the levels of the enzymes were decreased when
compared with group II. Treatment with aqueous extract of plant
sample recovered the injured liver to normal when given at a
dose of (150mg/kg b.wt) which indicates that Ziziphus jujuba
leaf have intoxicating hepatoprotective effect. The depletion of
liver marker enzymes are ALP, AST and ALT in group III rats.
This is due to the presence of phytoconstituents in the plant
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extract. The presence of antioxidants such as Glutathione,
Peroxidase, Catalase all, act against cellular damage.

4. Summary and Conclusion

The extract of Ziziphus jujuba leaves was scrutinized for its
phytochemical constituents and Antioxidant activities. These
components were used to evaluate the hepatoprotective effect
in Swiss albino rats subjected to Paracetamol induced
Hepatotoxicity. The study results are summarized as follows:

The studied plants extract restrain antioxidants and
hepatoprotective activity through regulatory action on cellular
permeability, stability and suppressing oxidative stress. A
number of scientific reports designated that certain flavonoids,
terpenoids and steroids have a protective effect on the liver due
to its antioxidant properties. Phytochemical, plant extract
encloses terpenes, flavonoids, alkaloids might play role in
hepatoprotective activity.

The enzymatic and non enzymatic antioxidant activity
illustrates the maximum activity in the increase concentration
of the plant sample (100pg/ml) and minimum activity was
observed in a decrease in concentration of the plant extract.
There is a gradual increase in the activity of enzymatic and non
enzymatic  antioxidant  observed through increasing
concentration of the plant extract.

The leaf sample was studied beside paracetamol induced
hepatotoxicity in experimental rats. When compared to all
other groups paracetamol control gains a maximum liver
weight. Paracetamol induced animals were treated with
aqueous leaf extract proved reduction in the liver weight.
Aqueous extract of Ziziphus jujuba appreciably protects against
hepatotoxicity as well as oxidative stress.

Chronic administration of paracetamol produced a clear
elevation of the serum levels of enzymes in treating animals
when compared with that of the control group. Treatment with
Ziziphus jujuba decreased the serum levels of aspartate
transaminase, alanine transaminase and alkaline phosphatase
towards the relevant normal value that is an indication of
stabilization of plasma membrane as well as repair of hepatic
tissue damage caused by paracetamol. The above changes can
be considered as an expression of the purposeful improvement
of hepatocytes, which may be caused by a hastened
regeneration of parenchymal cells. Similar changes were
observed in liver enzymes also.

The results of the present study indicated that under
experimental conditions, the aqueous extract of Z. jujuba leaves
at a dose of 150mg/kg has significant hepatoprotective capacity
against Paracetamol induced Hepatotoxicity. Hence the aqueous
extract of Z. jujuba leaves can be considered as a source of
natural antioxidants and effectual hepatoprotective agent.

Further Recommendation

Further investigation on isolation and characterization of the
active compounds responsible for the offered hepatoprotection
by aqueous extract of Z. jujuba are under way in the laboratory.
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