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1. Introduction

Objective: To evaluate the antioxidant and antihepatotoxic effect of methanolic extract of
Gardenia gummifera Linn. {. root (MEGG) on thicacetamide (TAA) induced oxidative stress in
male Wistar rats. Methods: In the preventive study, rats were administered with 125 and 250 mg/
kg of MEGG for 9 days prior to TAA administration (100 mg/kg s.c.). In post—treatment groups,
rats were treated with MEGG at doses of 125 and 250 mg/kg, 2, 24 and 48 h after TAA intoxication.
Silymarin was used as a standard drug control (100 mg/kg). Hepatotoxicity was assessed by
quantifying the serum levels of aspartate aminotransferase (AST), alanine aminotransferase (ALT),
alkaline phosphatase (ALP) and lactate dehydrogenase (LDH). The antioxidant potential of MEGG
was evaluated by the estimation of catalase (CAT), glutathione peroxidase (GPx), glutathione
reductase (GR), glutathione—S—transferase (GST), reduced glutathione (GSH) and lipid peroxidation
[thiobarbituric acid reactive substances (TBARS)] in hepatic and renal tissues. Histopathological
changes were also evaluated. Results: MEGG significantly (P<C0.05) prevented the elevation
of serum AST, ALT, ALP, LDH and tissue malondialdehyde levels in both experimental groups,
when compared to the TAA alone treated groups. The rats receiving TAA plus MEGG exhibited
significant (P<C0.05) increases in hepatic and renal antioxidant activities including GSH, GST,
GR, GPx and CAT levels. Quantification of histopathological changes also supported the dose
dependent protective effects of MEGG. Conclusions: These observations suggest that MEGG has
dose dependent hepatoprotective and antioxidant effect against TAA induced oxidative stress.

can either directly scavenge or prevent generation of
ROS. Recently, interest in finding naturally occurring

Reactive oxygen species (ROS) are generated ubiquitously
in the human body from either endogenous or exogenous
sources. Excessive generation of ROS causes oxidative
stress, a deleterious process leading to the oxidation of
biomolecules such as proteins, lipids, carbohydrates
and DNA. Oxidative stress is known to play a major role
in the development of several chronic ailments such as
cardiovascular diseases, different types of cancer, arthritis,
diabetes, autoimmune and neurodegenerative disorders and
aging{ll. Antioxidants play an important role in inhibiting
and scavenging radicals, thus providing protection against
infections and degenerative diseases. Antioxidants

*Corresponding author: Dr. MS Latha, Professor, School of Biosciences, Mahatma
Gandhi University, P.D.Hills. P.0., Kottayam, Kerala—686560, India.

Tel: +91 481 2731035

Fax: +91 481 2731009

E-mail: mslathasbs@yahoo.com
> Council for
E Order No.

Foundation Project: This work was financially supported by Kerala S
Science Technology and Environment, Thiruvananthapuram, Kerala [KSC
(T) 298/SRS/2008/CSTE].

antioxidants has increased considerably to replace synthetic
antioxidants. The two most commonly used synthetic
antioxidants, i.e., butylated hydroxyanisole (BHA) and
butylated hydroxytoluene (BHT) have begun to be restricted
because of their toxicity and DNA damage induction.
Therefore, natural antioxidants from plant extracts have
attracted increasing interests due to their safetyl2l.

Gardenia gummifera (G. gummifera) Linn. {. belonging
to the family Rubiaceae is a large medicinal shrub with
resinous buds. The resin is acrid, bitter, thermogenic,
cardiotonic, carminative, antispasmodic, stimulant,
diaphoretic, antihelmintic, antiseptic and expectorant.
It is traditionally used in conditions of cardiac debility,
obesity, lipolytic disorders, bronchitis, neuropathy and
splenomegaly and is given to children in nervous disorders
and diarrhoea due to dentition. The gum yielded flavones,
including gardenin, de—Me—tangeretin and nevadensin;
wogonins, isoscutellarein, apigenin and de-MeO-
sudachitini3-51. Oleanoic aldehyde, sitosterol, D—mannitol,
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erythrodiol and 19-hydroxyerythrodiol were isolated and
characterized from G. gummifera stem barkiél. In the present
investigation, the antioxidant and antihepatotoxic activity
of methanolic extract of G. gummifera Linn. {. MEGG) was
conducted in acute liver injury model against thioacetamide
(TAA) induced oxidative stress.

2. Materials and methods
2.1. Chemicals

TAA was purchased from Loba Cheme, Mumbai, India.
Assay kits for serum alanine aminotransferase (ALT),
aspartate aminotransferase (AST), alkaline phosphatase
(ALP)and lactate dehydrogenase (LDH) were purchased
from Agappe Diagnostic, India. All other chemicals were of
analytical grade.

2.2. Collection of plant material and preparation of plant
extracts

G. gummifera roots were collected from its natural habitat
(Kottayam, Kerala, India) and authenticated. A voucher
specimen (SBSBRL.05) was maintained in the institute. Roots
were cleaned, chopped, shade—dried and powdered. Dried
powder (50 g) was soxhlet extracted with 400 mL of methanol
for 48 h. The extracts were concentrated under reduced
pressure using a rotary evaporator and were kept under
refrigeration. The yield of methanolic extract was 10.3% (w/w).
The concentrate was suspended in 5% Tween 80 for in vivo
studies.

2.3. Animals and diets

Male Wistar rats weighing (150-160 g) were used in this
study. The animals were housed in polypropylene cages
and given standard rat chow (Sai Feeds, Bangalore, India)
and drinking water ad libitum. The animals were maintained
at a controlled condition of temperature of (26-28 “C) with a
12 h light: 12 h dark cycle. Animal studies were followed
according to Institute Animal Ethics Committee (TAEC)
regulations approved by Committee for the Purpose of
Control and Supervision of Experiments on Animals
(CPCSEA) (Reg. No. B 2442009/3) and conducted humanely.

2.4. TAA induced oxidative stress

TAA suspended in normal saline was administered (100
mg/kg bw) subcutaneously to induce the oxidative stress in
rats(7l. Silymarin at an oral dose of 100 mg/kg bw was used
as standard control in the experimenti8l. Different doses (125
and 250 mg/kg) of MEGG suspended in 5% Tween 80 were
also prepared for oral administration to the animals.

The animals were divided into pre—treatment and post—
treatment groups. In each experiment, five groups of animals
were included. Group T was vehicle control. Group 1T was
TAA control. Groups III-V received silymarin at an oral dose
of 100 mg/kg and MEGG at oral doses of 125 and 250 mg/kg

bw, respectively. All the groups except group I received a
single dose of TAA (100 mg/kg s.c.). Group I animals treated
as vehicle control received 5% Tween 80 and normal saline
instead of drug and TAA, respectively.

2.4.1. Pre—treatment evaluation

In pre—treatment animals[9l, groups I1-V received TAA
on the 9" day of the experiment. Groups I1I-V received
silymarin and MEGG for 9 days before TAA challenge.
Animals were sacrificed 24 h after TAA administration.

2.4.2. Post—treatment evaluation

In post—treatment studyl10], groups 1=V received a single
dose of TAA on the first day of the experiment. Groups
MI-V received silymarin and MEGG 2, 24 and 48 h after
TAA challenge. Animals were sacrificed 72 h after TAA
administration. Blood was collected from the neck blood
vessels under mild ether anesthesia and kept for 30 min at
4 °C. Serum was separated by centrifugation at 2500 rpm at 4 °C
for 15 min. Dissected livers and kidneys were washed with
normal saline and cut into separate portions for antioxidant
estimation and for histopathological examination.

2.5. Serum enzyme analysis

Hepatotoxicity was assessed by quantifying the serum
levels of AST (EC 2.6.1.1), ALT (EC 2.6.1.2), ALP (EC 3.1.3.1)
and LDH (EC 1.1.1.27) by kinetic method using the kit of
Agappe Diagnostic Ltd., India. Activities of these serum
enzymes were measured by using semi autoanalyzer (RMS,
India).

2.6. Tissue analysis

Liver and kidney were excised, washed thoroughly in ice—
cold saline to remove the blood. Ten percent of homogenate
was prepared in 0.1 M Tris HCI buffer (pH-7.4). The
homogenate was centrifuged at 3000 rpm for 20 min at 4 °C
and the supernatant was used for the estimation of catalase
(CAT), glutathione peroxidase (GPx), glutathione reductase
(GR), glutathione—S—transferase (GST), reduced glutathione
(GSH), lipid peroxidation product [thiobarbituric acid
reactive substances (TBARS)| and total protein.

Tissue CAT (EC 1.11.1.6) activity was determined from the
rate of decomposition of H,0,/11l. GPx (EC 1.11.1.9) activity
was determined by measuring the decrease in GSH content
after incubating the sample in the presence of H,0, and
NaN,[12I. GR (EC 1.6.4.2) activity was assayed at 37 °C and 340
nm by following the oxidation of NADPH by GSSGI13]. GST
(EC 2.5.1.18) activity was determined from the rate of increase
in conjugate formation between GSH and CDNBI14l. GSH
was determined based on the formation of an yellow colored
complex with DTNBI151. The level of lipid peroxidation was
measured as malondialdehyde (MDA), a TBARS, using 1'1'3"3’
tetramethoxypropane as standardil6l. Protein content in the
tissue was determinedi!7] using bovine serum albumin (BSA)
as the standard.

2.7. Histopathological studies
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Small pieces of liver fixed in 10% buffered formalin were
processed for embedding in paraffin. Sections of (5-6 #m) were
cut and stained with hematoxylin and eosin and examined
for histopathological changes under the microscope (Motic
AE 21, Germany). The microphotographs were taken using
Moticam 1000 camera at original magnification of 100<.

Liver sections were graded numerically to assess the
degree of histological features in acute hepatic injury.
Centrilobular necrosis is the necrosis around the central vein
characterized by prominent ballooning, swollen granular
cytoplasm with fading nuclei. Bridging hepatic necrosis is a
form of confluent necrosis of liver cells linking central veins
to portal tracts or portal tracts to one another{18l. A combined
score of centrilobular necrosis, bridging hepatic necrosis and
lymphocyte infiltration was given a maximum value of 6 and
descriptive modifiers such as mild, moderate, and severe
were applied to activity and staging. The parameters were
graded from score 0 to 6, with 0 indicating no abnormality, 1
to 2 indicating mild injury, 3 to 4 indicating moderate injury
and 5 to 6 representing severe liver injury.

2.8. Statistical analysis

Results were expressed as mean®SD and all statistical
comparisons were made by means of one—way ANOVA test
followed by Tukey’s post hoc analysis and P—values less
than or equal to 0.05 were considered significant.

3. Results

3.1. Serum analysis

3.1.1. Effects of MEGG on the changes in serum enzyme levels
of rats pre—treated with TAA

The serum levels of AST, ALT, ALP and LDH in group II
were significantly (P<:0.05) elevated by the administration of

a single dose of TAA, when compared to normal control. The
treatment of MEGG at doses of 125 and 250 mg/kg showed a
significant decrease (P<<0.05) of AST, ALT, ALP and LDH.
Standard control drug, silymarin at a dose of 100 mg/kg
also prevented the elevation of serum enzymes (Figure 1).
Treatment with 250 mg/kg methanolic extract and silymarin
exhibited a protection of 75.6% and 72.4% in AST levels, 68.1%
and 62.6% in ALT levels, 72.7% and 71.6% in ALP levels and
55.1% and 52.2% in LDH levels, respectively. The preventive
effect of the extract in decreasing the elevated levels of
serum enzymes was in a dose dependent manner.

3.1.2. Effects of MEGG on the changes in serum enzyme levels
of rats post—treated with TAA

There was a significant (P<0.05) rise in the serum levels
of AST, ALT, ALP and LDH after administration of TAA in
post—treated animals. In contrast, treatment with MEGG (125
and 250 mg/kg) exhibited an ability to counteract the TAA
induced hepatotoxicity by decreasing the serum enzymes
levels (P<<0.05) when compared to TAA control. MEGG at
a dose of 205 mg/kg showed a protection of 92.19%, 77.9%,
82.7%, and 59.5% for AST, ALT, ALP and LDH, respectively.
Silymarin also showed a remarkable protection of 82.1%,
64.9%, 81.8% and 53.29 for AST, ALT, ALP and LDH,
respectively towards TAA intoxication (P<:0.05) (Figure 1).

3.2. Tissue analysis

3.2.1. Estimation of GSH

In the pre—treatment groups, rats administered with TAA
alone were found significantly (P<<0.05) lower level of GSH.
Treatment with MEGG exhibited significant increase (P<<0.05) in
both hepatic (Table 1) and renal (Table 2) glutathione levels.
In liver and kidney, 250 mg/kg of MEGG showed a protection
of 82.4% and 77.3%, respectively. Silymarin—treated rats
also prevented the lowering of GSH and the percentage of
protection was 73.6% and 67.9%, respectively for liver and
kidney.

Table 1

Preventive effects of MEGG against TAA induced changes in the liver antioxidant status (mean+SD) (n=6).

Treatment groups GSH (A) GST (B) GR (C) GPx (D) CAT (E) MDA (F)
Normal control 18.510.4 47.910.5 19.120.5 9.9%0 .5 24.510.4 1.7+0.2
TAA (100 mg/kg s.c.) 9.4+0.6% 17.840.6% 8.150.6% 3.140.4% 9.540.3% 9.240.5%
Silymarin (100 mg/kg) + 16.150.4%% 42.120.5%% 16.3250.4%% 8.1250.4%% 20.80.5% 3.8750.3%
TAA

MEGG (125 mg/kg) + TAA 13.6+0.3%% 39.60.6%* 13.840.5%* 7.6+0.5%% 19.940.4%% 4.07+H0.3%%
MEGG (250 mg/kg) + TAA 16.940.3%% 45.220.5%% 16.8220.4°% 8.540.5%% 22.240.5%* 3.1:00.2%%

A: nmol/mg protein; B: +mol CDNB-GSH conjugate formed/min/mg protein; C: nmol of GSSG utilized/min/mg protein; D: nmol of GSH oxidized/min/mg protein;
E: U/mg protein; F: nmol/g tissue; *: P<<0.05 vs normal control; **: P<<0.05 vs TAA control.

Table 2

Preventive effects of MEGG against TAA induced changes in the kidney antioxidant status (mean+SD) (n=6).

Treatment groups GSH (A) GST (B) GR(©) GPx (D) CAT (E) MDA (F)
Normal control 12.80.4 30.90.4 15.840.5 8.510.5 10.60.4 1.2%+0.2
TAA (100 mg/kg s.c.) 7.550.3* 9.450.6* 5.750.6% 1.440.4% 4.3%0.5% 5.3:£0.3%
Silymarin (100 mg/kg) + TAA ~ 11.10.4%% 26.2£0.5%* 12.3£0.4%* 5.940.5%* 87L0.4%*  27E03%*
MEGG (125 mg/kg) + TAA 10.840.5%* 25.140.6%* 11.20.5%%* 5.20.4%% 8.4+0.4%* 3.1+0.3%%*
MEGG (250 mg/kg) + TAA 11.60.4%% 27.840.5%%* 13.120.5%* 6.30.4%% 9.20.5%* 2.20.2%*

A: nmol/mg protein; B: 1 mol CDNB-GSH conjugate formed/min/mg protein; C: nmol of GSSG utilized/min/mg protein; D: nmol of GSH oxidized/min/mg protein;
E: U/mg protein; F: nmol/g tissue; *: P<<0.05 vs normal control; **: P<<0.05 vs TAA control.
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Table 3
Curative effects of MEGG against TAA induced changes in the liver antioxidant status (mean+SD) (n=6).
Treatment groups GSH (A) GST (B) GR (C) GPx (D) CAT (E) MDA (F)
Normal control 19.9+0.3 47.810.6 22.11+0.5 11.61+0.6 25.81+0.4 1.1£0.2
TAA (100 mg/kg s.c.) 7.1£0.5% 19.60.4% 7.4+0.3% 3.5£0.4% 8.550.4% 8.550.4%
Silymarin (100 mg/kg) + TAA  17.62£0.3%% 44.20.4%% 18.740.4%% 10.20.6%% 22.4£0.3%% 2.6%0.3%%
MEGG (125 mg/kg) + TAA 14.8-£0.4%% 42.5+0.5%% 16.150.4%% 9.7-0.4%% 20.6+0.3%% 3.2:50.5%%
MEGG (250 mg/kg) + TAA 18.1220.4°% 45.120.5%% 20.5£0.3%% 10.620.5%% 23.20.4%% 2.070.3%%

A: nmol/mg protein; B: # mol CDNB-GSH conjugate formed/min/mg protein; C: nmol of GSSG utilized/min/mg protein; D: nmol of GSH oxidized/min/mg protein;

E: U/mg protein; F: nmol/g tissue; *: P<<0.05 vs normal control; **: P<<0.05 vs TAA control.

giglt‘fv‘; effects of MEGG against TAA induced changes in the kidney antioxidant status (mean=+SD) (n=6).

Treatment Groups GSH (A) GST (B) GR (€ GPx () CAT (£) MDA (F)
Normal control 14.610.3 32.7£0.6 16.50.6 10.8+0.8 15.4%0.5 0.910.2
TAA (100 mg/kg s.c.) 5.840.4% 11.240.4% 6.450.4% 2.840.4% 4.240.3% 6.240.5%
Silymarin (100 mgfkg) + TAA  12.640.4%% 28.2+0.6%% 13.6£0.5%% 8.940.6% 12.650.3%% 2.040.2%%
MEGG (125 mg/kg) + TAA 10.8£0.5%* 24.3E0.4%* 11.840.4%* 6.3£0.5%% 9.8-£0.3%%* 2.7£0.2%%*
MEGG (250 mg/kg) + TAA 12.850.5%% 29.640.5%* 14.250.6%% 9.3£0.7%% 13.420.4%% 1.80.2%%

A: nmol/mg protein; B: +mol CDNB-GSH conjugate formed/min/mg protein; C: nmol of GSSG utilized/min/mg protein; D: nmol of GSH oxidized/min/mg protein;
E: U/mg protein; F: nmol/g tissue; *: P<<0.05 vs normal control; **: P<<0.05 vs TAA control.
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Figure 1. Effects of MEGG on changes in serum enzyme levels of rats treated with TAA.
A: Effects of MEGG on AST; B: Effects of MEGG on ALT; C: Effects of MEGG on ALP; D: Effects of MEGG on LDH; N: Normal control; T:
TAA control; S: Silymarin; D1: MEGG at a dose of 125 mg/kg; D2: MEGG at a dose of 250 mg/kg; : P<<0.05 vs normal control; *: P<<0.05

vs TAA control. Values are mean=SD, error bar indicating the standard deviation, (n=6).
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In the post—treatment groups, rats treated with 125 and 250  glutathione levels in liver (Table 3) and kidney (Table 4). The
mg/kg of MEGG significantly (P<<0.05) restored the decreased  results were comparable with silymarin. In hepatic tissue,

Figure 2. Histopathological changes occurred in pre—treatment groups after TAA intoxication and prevention by the treatment with MEGG
(hematoxylin and eosin, 100 X).
A: Normal control; B: TAA control (100 mg/kg s.c.); C: Silymarin (100 mg/kg) + TAA; D: MEGG (125 mg/kg) + TAA; E: MEGG (250 mg/kg) + TAA.
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85.99 reversal in GSH level shown by 250 mg/kg of MEGG was  renal tissue, 250 mg/kg of MEGG and 100 mg/kg of silymarin
comparable with 82.1% exhibited by 100 mg/kg of silymarin. In  restored the GSH level by 79.5% and 77.2%, respectively.

Figure 3. Histopathological changes occurred in post—treatment groups after TAA intoxication and recovery by the treatment with MEGG
(hematoxylin and eosin, 100 X).
A: Normal control; B: TAA control (100 mg/kg s.c.); C: Silymarin (100 mg/kg) + TAA; D: MEGG (125 mg/kg) + TAA; E: MEGG (250 mg/kg) + TAA.
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3.2.2. Estimation of GST

The GST activity of liver and kidney tissues was
significantly (P<<0.05) reduced in TAA intoxicated rats of
pre—treatment groups when compared to normal control.
The MEGG dose dependently increased (P<<0.05) the activity
of GST in both the hepatic and renal tissues (Table 1 and 2).
Treatment with 250 mg/kg of MEGG exhibited significant
increase i.e., 91.1% and 85.5%, respectively in hepatic and
renal GST levels. In addition, silymarin treated rats also
prevented the TAA induced decrease in GST activity by
80.7% and 78.1% in hepatic and renal tissues, respectively.

Rats administered with TAA alone showed significant (P<<0.05)
reduction in hepatic and renal GST level in post—treatment
groups. Treatment with MEGG at doses of 125 and 250 mg/kg
showed significant reversal (P<<0.05) of TAA induced toxicity.
Silymarin (100 mg/kg) also markedly (P<<0.05) inhibited the
TAA induced decrease in GST activity. Rats treated with
250 mg/kg of MEGG and 100 mg/kg of silymarin restored the
decrease of GST levels by 90.4% and 87.2% in the liver and
85.5% and 79.1% in the kidney, respectively (Table 3 and 4).

3.2.3. Estimation of GR

GR activity was significantly decreased (P<<0.05) in TAA
treated animals when compared to control in the pre-
treatment groups. A significant increase (P<<0.05) in the
level of GR was observed in MEGG (125 and 250 mg/kg) and
silymarin (100 mg/kg) treated rats intoxicated with TAA.
Both hepatic and renal tissues showed the same pattern of
GR activity in all groups treated with MEGG and silymarin
(Table 1 and 2). The percentages of protection in liver and
kidney were 79.19% and 73.2%, respectively for 250 mg/kg of
methanolic extract. Silymarin restored the GR activity by
74.5% in liver and 65.3% in kidney.

In the post—treatment groups, rats administered with TAA
alone significantly (P<<0.05) reduced the activity of GR.
Treatment with MEGG exhibited significant increase (P<<0.05)
in both hepatic (Table 3) and renal (Table 4) GR activity. In
liver and kidney, 250 mg/kg of MEGG restored the activity
of GR by 89.1% and 77.2%, respectively. Silymarin—treated
rats also prevented the lowering of GR activity and the
percentages of restoration were 76.8% and 71.2%, respectively
for liver and kidney.

3.2.4. Estimation of GPx

Activities of hepatic and renal GPx in pre—treatment
groups were significantly (P<<0.05) lowered in TAA treated
rats (Table 1 and 2). MEGG dose dependently prevented
the lowering of GPx in both the organs when compared to
TAA alone treated groups. In liver and kidney, 250 mg/kg
of methanolic extract showed a protection of 79.4% and
69.0%, respectively. Silymarin—treated rats also prevented
the lowering of GPx by 73.5% in hepatic and 63.3% in renal
tissues.

In the post—treatment groups, rats treated with 125 and 250
mg/kg of MEGG significantly (P<<0.05) restored the decreased
GPx activity in liver (Table 3) and kidney (Table 4). In hepatic
tissue, 87.6% reversal in GPx activity shown by 250 mg/kg of
MEGG was comparable to 82.7% exhibited by 100 mg/kg of

silymarin. In renal tissue, 250 mg/kg of MEGG and 100 mg/kg
of silymarin reinstated the GPx activity by 81.29% and 76.2%,
respectively.

3.2.5. Estimation of CAT

The CAT activity in liver and kidney showed a significant
(P<0.05) reduction in TAA intoxicated rats of pre—treatment
groups when compared to normal control. The MEGG dose
dependently increased the activity of CAT in both hepatic
and renal tissues (Table 1 and 2). Treatment with 250 mg/kg
of MEGG exhibited significant increase i.e., 84.9% and 82.1%,
respectively in liver and kidney. In addition, silymarin
treated rats also prevented (P<0.05) the TAA induced
decrease in CAT activity by 80.3% and 75.1% in hepatic and
renal tissues, respectively.

Animals injected with TAA alone showed significant
(P<20.05) reduction in hepatic and renal CAT activity in
post—treatment groups. Treatment with MEGG at doses of 125
and 250 mg/kg showed significant reversal (P<<0.05) of TAA
induced hepatotoxicity. Silymarin (100 mg/kg) also markedly
(P<<0.05) restored the TAA induced decrease in CAT
activity. Rats treated with 250 mg/kg methanolic extract
and 100 mg/kg silymarin restored the decrease of CAT levels
by 84.9% and 80.3% in the liver and 82.1% and 77.6% in the
kidney, respectively (Table 3 and 4).

3.2.6. Estimation of MDA

In pre—treatment animals, a significant increase (P<<0.05)
in tissue MDA level was observed in TAA alone treated rats.
However, TAA induced elevation of MDA concentration was
lowered (P<<0.05) by 81.3% and 75.6% in hepatic and renal
tissues of rats treated with MEGG at a dose of 250 mg/kg.
Silymarin also showed a protection (P<0.05) of 72.1% in liver
and 63.4% in kidney (Table 1 and 2).

In post—treatment animals (Table 3 and 4), a significant
increase (P<0.05) in tissue MDA level was shown in TAA
alone treated animals when compared to normal control.
MEGG and silymarin significantly (P<<0.05) reversed the
elevation of hepatic and renal MDA formation. MEGG at a
dose of 250 mg/kg reinstated the MDA formation by 85.19% in
hepatic tissue and 83.7% in renal tissue. Silymarin exhibited
79.7% and 76.7% inhibition in MDA formation in liver and
kidney, respectively.

3.3. Histopathological analysis

In pre—treatment groups, rats treated with TAA, the normal
architecture of liver (Figure 2B) was completely lost with
the appearance of centrilobular necrosis, bridging hepatic
necrosis and lymphocyte infiltration with a score of (5.220.5)
(mean+SD, n=3). The animals administered with silymarin
(100 mg/kg) and MEGG and at doses of 125 and 250 and mg/kg
showed a significant (P<<0.05) protection from TAA induced
liver damage as evident from hepatic architectural pattern with
mild to moderate hepatitis with scores of (2.4+0.5), (2.8£1.0),
and (2.0+0.5) (mean=+SD, n=3, P<:0.05), respectively (Figure
2C-2E).

In the post—treatment group, TAA intoxicated rats showed
a maximum score of (5.0+1.0) (mean+SD, n=3) (Figure 3B).
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Rats treated with silymarin and MEGG (125 and 250 mg/kg)
after the establishment of toxic injury showed recovery from
centrilobular necrosis, bridging necrosis and lymphocyte
infiltration with scores (1.8+0.6), (2.2+0.5) and (1.110.5)
(mean=+SD, n=3, P<0.05), respectively (Figure 3C-3E).

4. Discussion

TAA is a potent hepatotoxic agent(19]. It is also reported that
the chronic TAA exposure produced cirrhosis in rats. The
cytochrome—P450 system is known to metabolise TAA in rat
liver. The mechanism of TAA toxicity is due to the formation
of TAA—S—-oxide, which is responsible for the change in cell
permeability, increased intracellular concentration of Ca”,
increase in nuclear volume and enlargement of nucleoli, and
also inhibits the mitochondrial activity which leads to cell
death201.

In the present study, administration of a single dose of TAA
significantly elevated the serum transaminases, ALP and
LDH activities when compared to the normal rats. There was
a significant (P<0.05) restoration of these enzyme levels on
administration of the MEGG in a dose dependent manner
and also by silymarin at a dose of 100 mg/kg. The increase in
the activities of AST and ALT in plasma of rats treated with
TAA is mainly due to the leakage of these enzymes from
the liver cytosol into the blood streaml2l]l. Serum levels of
transaminase return to normal with the healing of hepatic
parenchyma and the regeneration of hepatocytes(22.23]. The
increase in the activities of ALP and LDH in plasma might
be due to the increased permeability of plasma membrane
or cellular necrosis and this showed the stress condition
of the TAA treated animals24l. Marked decrease in serum
transaminases, ALP and LDH levels demonstrates the
preventive and curative effect of MEGG in TAA intoxication.

Oxidative stress is the state of imbalance between the level
of antioxidant defense system and production of the oxygen
derived speciesi25l. Antioxidants have been linked with the
prevention of ROS[261. The intracellular antioxidant system
comprises different free radical scavenging antioxidant
enzymes along with some non-enzyme antioxidants like
GSH and other thiols. CAT, GST, GPx, and GR constitute the
first line of cellular antioxidant defense enzymes. Treatment
with MEGG and silymarin significantly (P<0.05) enhanced
the hepatic and renal antioxidant activity including the GSH
level when compared to the TAA alone treated animals in
both pre and post treatment groups. Glutathione is the major
endogenous antioxidant, which forms an important substrate
for other enzymes which are involved in the free radical
scavenging27.28] and detoxifies toxic metabolites of drugs,
regulates gene expression, apoptosis and transmembrane
transport of organic solutes and it is essential to maintain
the reduced status of the cell/tissue. Pretreatment with
MEGG prior to TAA intoxication significantly (P<:0.05)
enhanced the GST activity, a phase Il enzyme. This was
attributed to the decreased bioactivation of TAA caused
by the MEGG pre—treatment. In post—treatment rats also
the GST level was significantly (P<<0.05) lowered in TAA

treated animals and upward reversal was observed after
treatment with MEGG and silymarin. GST offers protection
against lipid peroxidation by promoting the conjugation of
toxic electrophiles with GSHI291. GR is also essential for the
maintenance of GSH levels in vivol30l. The significantly (P<0.05)
elevated level of GR activity in the hepatic and renal tissues
of pre and post—treatment groups shows the role of MEGG
to maintain the GSH level in these tissues. GPx catalyzes
the GSH dependant reduction of H,0, and other peroxides
and protects the organism from oxidative damagel31l. The
significant (P<<0.05) restoration of GPx activity after pre and
post—treatment with MEGG and silymarin is also due to the
antioxidant activity by detoxifying the endogenous metabolic
peroxides generated after TAA injury in hepatic and renal
tissues.

CAT is responsible for breakdown of H,0,, an important
ROS, formed during the reaction catalyzed by SODI321.
Reduced activity of CAT after exposure to TAA in the present
finding could be correlated to increased generation of H,0,.
Presumably, a decrease in CAT activity could be attributed
to cross—linking and inaction of the enzyme protein in the
lipid peroxides. The pre—treatment and post—treatment of
MEGG significantly (P<<0.05) aided to maintain the CAT
activity near to normal level in both hepatic and renal
tissues. This evidently shows the antioxidant property of the
extract against oxygen free radicals. The concentration of
MDA in tissues of TAA alone exposed group was significantly
(P<0.05) differed from that of normal control. MDA is a major
oxidation product of peroxidized polyunsaturated fatty acids
and increased MDA content is an important indicator of lipid
peroxidation(33l. Treatment of rats with the MEGG protected
the liver and kidney from increasing MDA formation in pre
and post—treatment groups. This demonstrates the antilipid
peroxidative effect of the extract. The increased MDA
content might have resulted from an increase of ROS as a
result of stress condition in the rats with TAA intoxication.
Histopathological studies also provide supportive evidence
for biochemical analysis. Therapy of MEGG significantly
improved cellular morphology in a dose dependent manner.
The improvement of histological scores proved the efficacy
of the extract as an antihepatotoxic agent.

The result of serum biochemical parameter, level of hepatic
lipid peroxides, tissue antioxidants and histopathological
studies in the pre—treatment and post—treatment groups
together support the highly potent hepatoprotective and
antioxidant activity of methanolic extract of G. gummifera
root. Phytochemical analysis revealed the presence of
flavonoids, alkaloids, tannins, phenolics and steroids in
MEGGI34l. 8 —sitosterol, oleanonic aldehyde, erythrodiol, etc
have also been reported from G. gummiferalsl. B —sitosterol
is a component reported as a hepatoprotective agent from
Phoenix dactylifera against carbon tetrachloride—induced
hepatotoxicityl35l. The identified class of components in
single or in combination with other components present in
the extract might be responsible for the antioxidant activity
and reduction of hepatotoxicity in both of the treatment
groups.



98 SP Prabha et al./Asian Paicfic Journal of Tropical Disease (2012)90-98

Conlflict of interest statement

We declare that we have no conflict of interest.

Acknowledgments

This study was financially supported by Kerala State
Council for Science Technology and Environment,
Thiruvananthapuram, Kerala [KSCSTE Order No. (T) 298/
SRS/2008/CSTE]. Authors are thankful to Mr. Jayesh
Kuriakose, Research Scholar, SBS, M.G. University, Kottayam
for his help in this work.

References

[1] Chandrasekara A, Shahidi F. Inhibitory activities of soluble and
bound millet seed phenolics on free radicals and reactive oxygen
species. J Agric Food Chem 2011; 59(1): 428—436.

[2] Rajkumar V, Guha G, Kumar RA, Mathew L. Evaluation of
antioxidant activities of Bergenia ciliata rhizome. Rec Nat Prod
2010; 4(1): 38—48.

[3] Khare CP. Indian medicinal plants: An illustrated dictionary. New
York: Springer; 2007, p. 45.

[4] Varier PS. Indian medicinal plants—a compendium of 500 species.
Madras: Orient Longman Publications; 1995, p. 65—68.

[5] Mir FA, Yadav AS, Wankhede S. Efficiency of media’s for
propagation of medicinal tree Gardenia gummifera Linn.f.—An
endangered medicinal plant. J Phytol 2010; 2(8): 47-51.

[6] Reddy GCS, Rangaswami S, Sunder R. Triterpenoids of the stem
bark of Gardenia gummifera. Planta Med 1977; 32(3): 206-211.

[7] Devaraj VC, Krishna BG, Viswanatha GL, Kamath JV, Kumar S.
Hepatoprotective activity of Hepax—A polyherbal formulation.
Asian Pac J Trop Biomed 2011; 1: 142—146.

[8] Shyamal S, Latha PG, Suja SR, Shine V], Anuja GI, Sini S, et al.
Hepatoprotective effect of three herbal extracts on aflatoxin B1—
intoxicated rat liver. Singapore Med ] 2010; 51(4): 326—331.

[9] Roy CK, Kamath JV, Asad M. Hepatoprotective activity of Psidium
guajava Linn. leaf extract. Indian J Exp Biol 2006; 44(4): 305-311.

[10] Ahmad A, Pillai KK, Najmi AK, Ahmad SJ, Pal SN, Balani
DK. Evaluation of hepatoprotective potential of jigrine post—
treatment against thioacetamide induced hepatic damage. J
Ethnopharmacol 2002; 79(1): 35—41.

[11] EI-Demerdash M, Yousef MI, Radwan FM. Ameliorating effect
of curcumin on sodium arsenite—induced oxidative damage and
lipid peroxidation in different rat organs. Food Chem Toxicol
2009; 47(1): 249—254.

[12] Ajith TA, Hema U, Aswathy MS. Zingiber officinale Roscoe
prevents acetaminophen—induced acute hepatotoxicity by
enhancing hepatic antioxidant status. Food Chem Toxicol 2007;
45(11): 2267-2272.

[13] Beutler E. Red cell metabolism: A manual of biochemical methods.
3rd ed. New York: Grune and Startton; 1984.

[14] Habig WH, Pabst MJ, Jakoby WB. Glutathione S—transferase. The
first enzymatic step in mercapturic acid formation. J Biol Chem
1974; 249(22): 7130-7139.

[15] Ellman GL. Tissue sulthydryl groups. Arch Biochem Biophys 1959;
82(1): 70~77.

[16] Hwang YP, Choi JH, Jeong HG. Protective effect of the Aralia
continentalis root extract against carbon tetrachloride—induced
hepatotoxicity in mice. Food Chem Toxicol 2009; 47(1): 75-81.

[17] Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein
measurements with the folin phenol reagent. J Biol Chem 1951;

193(1): 265-275.

[18] Wills PJ, Asha VV. Protective effect of Lygodium flexuosum (L.)
Sw. extract against carbon tetrachloride—induced acute liver
injury in rats. J Ethnopharmacol 2006; 108(3): 320-326.

[19] Shapiro H, Ashkenazi M, Weizman N, Shahmurov M, Aeed H,
Bruck R. Curcumin ameliorates acute thioacetamide—induced
hepatotoxicity. J Gastroenterol Hepatol 2006; 21(2): 358—366.

[20] Gupta NK, Dixit VK. Hepatoprotective activity of Cleome viscosa
Linn. extract against thioacetamide—induced hepatotoxicity in
rats. Nat Prod Res 2009; 23(14): 1289—1297.

[21] Aydin AF, Kusku-Kiraz Z, Dogru—Abbasoglu S, Gulluoglu
M, Uysal M, Kocak—Toker N. Effect of carnosine against
thioacetamide—induced liver cirrhosis in rat. Peptides 2010; 31(1):
67-71.

[22] Palanivel MG, Rajkapoor B, Kumar RS, Einsein JW, Kumar EP,
Kumar MR, et al. Hepatoprotective and antioxidant effect of
Pisonia aculeate 1. against CCl,~induced hepatic damage in rats.
Sct Pharm 2008; 76(2): 203—215.

[23] Vadivu R, Krithika A, Biplab C, Dedeepya P, Shoeb N, Lakshmi
KS. Evaluation of hepatoprotective activity of the fruits of
Coccinia grandis Linn. Int | Health Res 2008; 1: 163—168.

[24] Guerra RR, Trotta MR, Parra OM, Avanzo JL, Buteman A, Aloia
TP, et al. Modulation of extracellular matrix by nutritional
hepatotrophic factors in thioacetamide—induced liver cirrhosis in
the rat. Braz J Med Biol Res 2009; 42(11): 1027—1034.

[25] Rosa MP, Gutierrez, Rosario VS. Hepatoprotective and inhibition
of oxidative stress of Prostechea michuacana. Rec Nat Prod 2009;
3(1): 46-51.

[26] Agarwal R, MacMillan—Crow LA, Rafferty TM, Sabu H, Roberts
DM, Fifer EK, et al. Acetaminophen induced hepatotoxicity
in mice occurs with inhibition of activity and nitration of
mitochondrial manganese superoxide dismutase. J Pharmacol
Exp Ther 2011; 337(1): 110-116.

[27] Okafor OY, Erukainure OL, Ajiboye JA, Adejobi RO, Owolabi FO,
Kosoko SB. Modulatory effect of pineapple peel extract on lipid
peroxidation, catalase activity and hepatic biomarker levels in
blood plasma of alcohol induced oxidative stressed rats. Asian
Pac ] Trop Biomed 2011; 1(1): 12—14.

[28] Erukainure OL, Ajiboye JA, Adejobi RO, Okafor OY, Adenekan
SO. Protective effect of pineapple (Ananas cosmosus) peel extract
on alcohol-induced oxidative stress in brain tissues of male
albino rats. Asian Pac J Trop Dis 2011; 1(1): 5-9.

[29] Jakoby WB. Detoxification, conjugation and hydrolysis. In: Arias
IM, Jakoby WB. (eds.) Liver biology and pathology. New York:
Raven Press; 1988, p. 375—385.

[30] Carlberg I, Mannervik B. Glutathione reductase. Methods Enzymol
1985; 113: 484—490.

[31] Ansil PN, Nitha A, Prabha SP, Wills PJ, Jazaira V, Latha MS.
Protective effect of Amorphophallus campanulatus (Roxb.) Blume.
tuber against thioacetamide induced oxidative stress in rats.
Astan Pac J Trop Med 2011; 4(11): 870-877.

[32] Ramanathan K, Balakumar BS, Panneerselvam C. Effects of
ascorbic acid and tocopherol on arsenic—induced oxidative stress.
Hum Exp toxicol 2002; 21(12): 675—-680.

[33] Freeman BA, Crapo JD. Hyperoxia increases oxygen radical
production in rat lung and lung mitochondria. J Biol Chem 1981;
256(21): 10986—10992.

[34] Tambekar DH, Khante BS, Chandak BR, Tltare AS, Boralkar
SS, Aghadte SN. Screening of antibacterial potentials of some
medicinal plants from Melghat forest in India. Afr J Tradit
Complement Altern Med 2009; 6(3): 228—232.

[35] Al-Qarawi AA, Mousa HM, Hamed Ali BE, Abdel-Rahman H,
El-Mougy SA. Protective effect of extracts from dates (Phoenix
dactylifera 1..) on carbon tetrachloride—induced hepatotoxicity in
rats. Int J Appl Res Vet Med 2004; 2(3): 176—180.



