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Objective: To evaluate the hepatoprotective potential of ethanolic (50%) extract of Ziziphus
oenoplia (L.) Mill (Z. oenoplia) root against isoniazid (INH) and rifampicin (RIF) induced
liver damage in animal models. Methods: Five groups of six rats each were selected for the
study. Ethanolic extract at a dose of 150 and 300 mg/kg as well as silymarin (100 mg/kg) were
administered orally once daily for 21 d in INH + RIF treated groups. The serum levels of glutamic

oxaloacetic transaminase (SGOT), glutamate pyruvate transaminase (SGPT), alkaline phosphatase

K‘?.W/st-' . (SALP), and bilirubin were estimated along with activities of superoxide dismutase, catalase,
ZL.ZLphu.S (')enopha (Rhamnaceae) glutathione S—transferase, glutathione peroxidase, and hepatic melondialdehyde formation.
leamp.lcm Histopathological analysis was carried out to assess injury to the liver. Result: The considerably
Isoniazid . L . . .

. elevated serum enzymatic activities of glutamic oxaloacetic transaminase, glutamate pyruvate
Hepatotoxicity

transaminase, alkaline phosphatase and bilirubin due to INH + RIF treatment were restored
towards normal in a dose dependent manner after the treatment with ethanolic extract of
Z. oenoplia roots. Meanwhile, the decreased activities of superoxide dismutase, catalase,
glutathione S—transferase and glutathione peroxidase were also restored towards normal dose
dependently. In addition, ethanolic extract also significantly prevented the elevation of hepatic
melondialdehyde formation in the liver of INH + RIF intoxicated rats in a dose dependent manner.
The biochemical observations were supplemented with histopathological examination of rat
liver sections. Conclusions: The results of this study strongly indicate that ethanolic extract of
Z. oenoplia has a potent hepatoprotective action against INH + RIF induced hepatic damage in rats.

number of medicinal plants and their formulations, such as

L. Introduction Aegle marmelos (A. marmelos), Solanum nigrum (S. nigrum)
and Ficus carica (F. carica) are used to cure hepatic
The liver, a key organ of metabolism and excretion,  disorders in traditional medicinel3-5I. Ziziphus oenoplia

(L.) Mill. (Z. oenoplia) (Family-Rhamnaceae) is one of the

folk herbal plant, commonly used in central zone, Uttar

is constantly endowed with the task of detoxification.

Hepatotoxicants, including viruses, fungal products,

bacterial metabolites, minerals, environmental pollutants
and chemotherapeutic agents, can induce various disorders
of the organ(ll. Many traditional remedies employ herbal

drugs for the treatment of liver ailmentsi2l. In India, a
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Pradesh (India) for hepaoprotective activitylél. Z. oenoplia
is a thorny sprawling bush, commonly known as makai in
Hindi and jackal jujube in English, widely found in India,
Pakistan, Sri Lanka, Malaysia and Australia. Antiulcer
activity of Z. oenoplia roots in rats has been studied by
Suryakant et all7l Antiplasmodial activity of Z. oenoplia

var. brunoniana was studied and new antiplasmodial
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cyclopeptide alkaloids were found viz Ziziphine N, O, P by
Sunit et ali8l. Chemical investigation of this plant has shown
the presence of cyclopeptide alkaloids such as Ziziphine
A, B, C, D, E, Abyssinine B and A in stem bark of the plant.
A decoction of the root bark is used to promote the healing
of fresh wounds. The fruit is used as an ingredient in the
preparation of stomach ache pills among the Munda tribel9].
Isoniazid and rifampicin (INH and RIF), being the first line
drugs used as antituberculous chemotherapy, are known
to be associated with hepatotoxicityl10l. Oxidative stress
produced by INH and RIF causes hepatic injuryl!ll. The
frequency of hepatotoxicity is increased when these drugs
are used in combination. Therefore, the present study has
been designed to evaluate the hepatoprotective activity of
ethanolic extract of Z. oenoplia roots against isoniazid and

rifampicin induced liver damage in albino rats.

2. Materials and methods
2.1. Plant material

Roots of Z. oenoplia were collected from District Hardoi,
Uttar Pradesh, (India) in the month of July 2010 and were
authenticated by Dr. A. K. S. Rawat Scientist & Head
Pharmacognosy and Ethnopharmacology division at National
Botanical Research Institute (NBRI), Lucknow, Uttar Pradesh
(India). A voucher specimen (NBRI/CIF/175/2010) has been

deposited in the institute for further reference.
2.2. Animals

Wistar albino rats of either sex weighing 150-200 g were
kept at departmental animal house of National Botanical
Research Institute, Lucknow, Uttar Pradesh (India)
at a temperature (25 £ 2) °C and 12 h light/dark cycle
respectively for one week before and during the experiments
and fed with standard diet and water ad libitum. Animal
studies were conducted according to the Institute Animal
Ethics Committee regulations approved by the Committee
for the Purpose of Control and Supervision of Experiments

on Animals.
2.3. Preparation of extract

Roots of Z. oenoplia were washed with distilled water to
remove dirt and soil and shade dried in a ventilated place
at room temperature. The dried root samples were cut into
small pieces and reduced to coarse powder by mechanical
grinder, extracted with 50% alcohol as solvent in soxhlet
extractor for 18 h. The extract was filtered and concentrated

under reduced pressure using rotavapor. The extract was
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freeze—dried and stored in deep freezer for further use.
2.4. Chemicals and drugs

Isoniazid and rifampicin were purchased from Sigma—
Aldrich Company (USA). Silymarin was obtained from
Ranbaxy Laboratories Limited, India. All other chemicals
were of analytical grade. Serum GOT, GPT and ALP were
determined by kinetic method using the kit of Agappae

Diagnostic Ltd., India in a double beam spectrophotometer.
2.5. Preliminary phytochemical screening

The ethanolic extract obtained was tested for the presence
of various chemical constituents such as saponins,
flavonoids, glycosides, alkaloids, tannins and reducing sugar

by Trease and Evansl12].
2.6. Isoniazid and rifampicin induced hepatotoxicity

Isoniazid and rifampicin (50 mg/kg body wt. each, p.o)
suspension were prepared separately in carboxy methyl
cellulose (CMC). Rats were treated with isoniazid (INH), co—
administered with rifampicin (RIF) for 21 d orally to produce
hepatotoxicityl13].

2.7. Experiment design

Male wistar albino rats were divided into five groups

comprising six animals in each group.

Group I (NC): Normal control

Group II (HC): Hepatotoxic control received INH+RIF

Group Il (HCE1): Animals were given INH+RIF+Z. oenoplia
(150 mg/kg)

Group 1V (HCE2): Animals were given INH+RIF+Z. oenoplia
(300 mgkg)

Group V (HCSD): Animals were given INH+RIF+Silymarin
(100 mg/kg)

All the treatments were given orally in CMC (1%) in
distilled water (10 mL/kg) by means of orogastric cannula
for 21 d. At the end of the treatment, blood samples of
all animals were collected in sterile centrifuge tubes and
allowed to clot. Serum was separated and used for the assay

of serum marker enzymes.
2.8. Biochemical determinations

The biochemical parameters like serum glutamic
oxaloacetic transaminase (SGOT), serum glutamate pyruvate
transaminase (SGPT), serum alkaline phosphatase (SALP)
and serum bilirubin (SB) were assayed according to
standard methods using an assay kit(14-16]. The activities
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of superoxide dismutase (SOD), catalase (CAT), glutathione
S—transferase (GST) and glutathione peroxidase (GPx) were
determined by the method of Khatun et al, Ebadi et al,
Dhanasekaran et al and Sindhu et al respectivelyl17-201. The
contents of malondialdehyde (MDA) were determined by the
method of Chaurasial21].

2.9. Histopathology

Liver samples from all animals were processed for light
microscopy. Tissue sections were fixed in 10% neutral
buffered formalin and embedded in paraffin. Paraffin
sections were stained with hematoxylin—eosin (H&E) and
Masson’s trichrome stain. The degree of liver damage
was examined blindly by a liver pathologist under a light
microscope. The sections were examined for the pathological
findings of hepatotoxicity such as centrilobular necrosis,

fatty infiltration, fibrosis, lymphocyte infiltration, etc.
2.10. Statistical analysts

The data are expressed as mean + S.E.M. of six
observations. The results were obtained statistically
analyzed by Student’s i—test. Value P<0.05 was taken as the
criterion of significance.
3. Results

3.1. Phytochemical screening

The ethanolic extract was tested and showed presence of
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alkaloids, carbohydrates, saponins, flavanoids, anthocyanins

and tannins.
3.2. Effect of ethanolic extract on biochemical parameters

The results of hepatoprotective effects of ethanolic extract
of Z. oenoplia on INH + RIF intoxicated rats are shown in
Table 1. Administration of INH + RIF at a dose of 50 mg/kg
bw p.o. each significantly (P<0.05) elevated SGPT, SGOT,
SALP, SB activities when compared to the normal control.
Treatment of ethanolic extract of Z. oenoplia at a dose
of 150 mg/kg and 300 mg/kg bw, 1 h prior to INH + RIF
administration significantly (P<0.01 to P<0.001) protected
the elevation of transaminases and SALP activities towards
normal. Serum bilirubin (SB) was significantly (P<0.01)
reduced by administration of Z. oenoplia at a dose of
150 mg/kg and 300 mg/kg as compared to hepatotoxic

controlled rats.
3.3. Effect of ethanolic extract on antioxidant parameters

Activities of hepatic SOD, CAT and GPx were given in
the Table 2. SOD and GPx activities were significantly
(P<0.01) enhanced after the treatment of Z. oenoplia + INH
+ RIF treated group. However, the hepatic CAT activity
was improved significantly (P<0.01) when compared to
the hepatotoxic control. Further the activity of GST was
enhanced and normalized in the Z. oenoplia + INH + RIF
treated. Hepatic MDA level was significantly (P<0.05)
elevated in INH + RIF control group than the normal
group. It was significantly (P<0.01 to P<0.001) reduced by
administration of Z. oenoplia at a dose of 150 mg/kg and

Table 1
Effect of ethanolic extract of Z. oenoplia in different biochemical parameters in INH + RIF induced-hepatotoxic rats.
Groups SGPT (IU/L) SGOT (IU/L) ALP (IU/L) SB (mg/dL)
NC 45.02 £5.25 75.56 +3.12 139.2+2.1 0.53 +0.03
HC 145.26 + 6.12° 131.34 + 6.39" 275.6 + 1.82° 1.22 +0.81"
HC+E1 102.11 +2.44° 104.12 £ 4.42° 179.2 £2.90° 1.10£0.12°
HC+E2 69.27 + 1.43° 85.12 +2.56° 116.1 +3.80° 0.89 + 1.20°
HC+SD 6541 +4.71" 8242 +7.31" 102.7 +3.98" 0.85 + 0.59"

Data are expressed as mean + S.E.M (n = 6). °P < 0.01 as compared with normal rats. "P < 0.001 and P < 0.0001 as compared with INH+ RIF

treated group.

Table 2

Effect of ethanolic extract of Z. oenoplia in different antioxidants parameters in INH + RIF induced-hepatotoxic rats.

Groups GPx (U/mg) CAT (U/mg) SOD (U/mg) GST nmol/min/mg protein MDA ¢+ mol/mg protein
NC 29.55 + 1.34 2072+3.12 2239130 2712129 225+5.1
HC 2420 + 1.55" 1272 £1.86"  16.04 +3.62" 200.5 +11.2" 79.3 + 8.7"
HC+E1 2375 +1.94" 14.02+1.53" 1984 =+1.11" 197.5£12.9" 495 +4.6"
HC+E2 29.18 = 1.21° 16.98 +0.86°  20.09 +2.04° 207.8 = 10.3° 327 £7.1°
HC+SD 27.62 +2.01° 1844 £1.51° 2178 £1.27° 2282 +132" 287 +4.9"

Data are expressed as mean = S.EM (n = 6). *P < 0.01 as compared with normal rats. "P < 0.001 and °P < 0.0001 as compared with INH+ RIF

treated group.
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300 mg/kg as compared to hepatotoxic rats.
3.4. Effect of ethanolic extract on histopathology of liver

Histopathological analysis of the INH + RIF treated animal
showed severe centrilobular necrosis, fatty infiltration and
lymphocytes infiltration. NC Group: Hepatocytes of the
normal control group showed a normal lobular architecture
of the liver (Figure 1). HC Group: In the INH + RIF treated
group, liver showed hepatocytic necrosis and inflammation
also observed in the centrilobular region with portal triaditis
(Figure 2). HCEL group: Ethanolic extract of Z. oenoplia
treated group at a dose of 150 mg/kg showed minimal
inflammation with moderate portal triaditis and their lobular
architecture was normal (Figure 3). HCE2 group: Ethanolic
extract of Z. oenoplia treated group at a dose of 300 mg/
kg showed minimal inflammation with moderate portal
triaditis and their lobular architecture was normal (Figure
4). HCSD group: Silymarin treated group at a dose of 100 mg/
kg showed normal hepatocytes and their lobular architecture

was normal (Figure 5).

Figure 1. Normal rats (Group I) showed normal hepatocytes with well
preserved cytoplasm with normal lobular structural design of the liver.

Figure 2. Hepatocytes of INH+RIF (50 mg/kg, each p.o.) treated
rats (Group II) showing massive fatty changes, necrosis ballooning
degeneration, and broad infiltration of the lymphocytes and kupffer
cells around the central vein and the loss of cellular boundaries.
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Figure 3. Hepatocytes of rats treated with INH+RIF (50 mg/kg, each
p-0.) + ethanolic extract of Z. oenoplia (150 mg/kg, p.o.)x21 d (Group
IIT) showing well brought out central vein, hepatic cell with well
preserved cytoplasm, prominent nucleus and nucleolus.

Figure 4. Liver section of rats treated with INH+RIF (50 mg/kg, each
p-0.) + ethanolic extract of Z. oenoplia (300 mg/kg, p.o.)x21 d (Group
IV) showing well brought out central vein, hepatic cell with well
preserved cytoplasm, prominent nucleus and nucleolus.

Figure 5. Liver section of rats treated with INH+RIF (50 mg/kg, each
p.o.) + Silymarin (100 mg/kg, p.0.)x21 d (Group V) showing well
brought out central vein, hepatic cell with well preserved cytoplasm,
prominent nucleus and nucleolus.

4. Discussion

The liver is a vital organ and injured by number of
chemicals and drugs. In the present study, hepatotoxicity
model in wistar rats was successfully produced by
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administering INH and RIF (50 mg/kg per day each) orally.
Increase in the normal upper limits in the measured serum
transaminases of INH+RIF group on day 21 of the experiment
was a biochemical indication of liver injury. During the
metabolism of INH, hydrazine is produced directly (from
INH) or indirectly (from acetyl hydrazine). Hydrazine
play a pivotal role in INH-induced liver damage in rats,
which is consistent with the report by Sarich ei all221.
INH is metabolized in liver primarily by acetylation and
hydrolysis, and these acetylated metabolites are thought
to be hepatotoxins(23l. The combination of INH and RIF
was reported to result in higher rate of inhibition of biliary
secretion and an increase in liver cell lipid peroxidation and
cytochrome P450 was thought to be involved the synergistic
effect of RIF on INH[24],

Metabolism of chemicals takes place largely in the
liver, which accounts for the organ’s susceptibility to
metabolism—dependent, drug induced injury. The drug
metabolites can be electrophilic chemicals or free radicals
that undergo or promote a variety of chemical reactions,
such as the depletion of reduced glutathione; covalently
binding to proteins, lipids, or nucleic acids; or inducing
lipid peroxidation[25]. Earlier report also says that there
did not seem to be clear evidence that isoniazid proves
much more injuries than rifampicin and in this connection,
they consider that it is the combination of these two drugs
that confer the additive, or even synergistic, potential of
liver toxicity than either agent alone, as conjecturedi26-28].
Hydrazine metabolite of INH and is subsequent effect on
CYP2E1 induction is involved in the development of INH-
induced hepatotoxicity in rats29] and also oxidative stress
as one of the mechanism for INH + RIF induced hepatic
injuryl30l. Administration of ethanolic extract of Z. oenoplia
at a dose of 150 mg/kg and 300 mg/kg improved liver
function by decreasing the serum GOT, GPT and alkaline
phosphate levels in hepatotoxic rats significantly, which is
almost comparable to group treated with silymarin, a potent
hepatoprotective drug used as reference standard. Total
bilirubin, a byproduct of the breakdown of red blood cells
in the liver, bilirubin is a good indicator of liver function.
High levels will cause icterus (jaundice) and are indicative
of damage to the liver and bile ducti31l. Treatment with
ethanolic extract of Z. oenoplia reduced the serum ALP
as well as the total bilirubin levels in INH + RIF induced
hepatic injury, indicating its protective effect over liver and
improvement in its functional efficiency. Hepatocellular
disintegrate and the inflammation in the liver was observed
in the centrilobular region by histopathological examination
in INH + RIF treated groupsi32-41l. The above observations
strongly indicate the hepatoprotective activity of ethanolic
extract of Z. oenoplia against INH+RIF intoxicated rats.
The hepatoprotective effect of the plant extract might be
attributed to the presence of unique chemical classes such
as alkaloidsl42] and polyphenolsi43]. Therefore it is concluded
that effects of ethanolic extract of Z. oenoplia on liver
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protection is releated to glutathione mediated detoxification
as well as free radical scavenging activity. Thus, this study
represents a novel and attractive idea to prevent INH+RIF
induced hepatic injury.
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