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Methods. In each model, rat of either sex were pre-treated with Silymarin (100 mg/kg),
low and high dose of Gmelina arborea bark extract (100 and 500 mg/kg, orally) and
subsequently subjected to CCI4 (0.5 ml/kg), PCM (2 g/kg) and TAA (100 mg/kg)
administration to induce hepatotoxicity. The influence of prophylactic treatment was
analyzed by quantification of biomarkers such as Aspartate transaminase, Alanine
transaminase, Alkaline phosphatase and serum bilirubin (Total and Direct) along with
histopathological studies of liver tissues. Results. The activities of all marker enzymes
registered an extremely significant elevation in CCl4, PCM and TAA treated rats which
were significantly recovered towards an almost normal level in rats co-administered
with extracts. The results were also supported by histopathological finding. Conclusion.
The results of the present study indicate that stem bark of Gmelina arborea possess
hepatoprotective effect and probably it is due to antioxidants.

INTRODUCTION

very promising for the treatment of liver ailments

The liver diseases are some of the fatal diseases in
the world today. They pose a serious challenge to
international public health. In spite of tremendous
strides in the modern medicine, there are not much
drugs available for the treatment of liver disorders
and may cause serious adverse effect so there is a
worldwide trend to go back to traditional
medicinal plants. Herb and herbal remedies are

due to its availability and apparent safety
profile.1,2 A large number of plants and herbal
formulations have been claimed to have
hepatoprotective activity. Nearly 160
phytoconstituents from 101 plants have been
claimed to possess liver protecting activity.3

Gmelina arborea Roxb belongs to family
Verbenaceae, is a fast-growing deciduous tree.
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G.arborea is one of the herbs mentioned in all
ancient scriptures of Ayurveda and it has great
medicinal value.4 There are reports which showed
that bark is stomachic, used in anthelmintic,
improve appetite, abdominal pain, fever. Leaf is
used to relieve headache and wash for ulcers.
Flowers sweet, cooling and astringent, useful in
leprosy and blood disease. Fruits acrid, bitter and
tonic, useful in anaemia, vaginal discharge, to
promote growth of hairs. Root is used to treats
flatulence and reliever of menstrual irregularities.
The phytochemical studies revealed the presence
of flavonoids, glycosides, tannins, carbohydrates,
alkaloids and saponins. The plants of this genus
were reported to contain lignans, gmelinol, n-
hexacosnol,  n-octanol, luteonil, arboreal,
isoarboreol, etc.5-10 G.arborea bark extracts were
reported to have antioxidant,11 anthelmintic,12
antimicrobial,13 antidiuretic,14 cardioprotective
activity,15 antidiabetic,16 anti-inflammatory17
and antiulcer.18 The reactive oxygen species are
free radicals plays an important role in the etiology
of wvarious diseases such as inflammation,
atherosclerosis, rheumatism, arthritis, ischemia
reperfusion injury including liver disorders.19
Therefore, in the present study the
hepatoprotective effect of aqueous-methanolic
extract of G.arborea have been evaluated in CCl4,
PCM and TAA induced acute liver damage in the
rats.

MATERIAL AND METHODS

Chemicals

The following chemicals were obtained from the
indicated commercial Carbon tetrachloride
(Qualigens, India), Thioacetamide (Sigma-
Alorich, USA), Paracetamol (National Chemicals,
India), Silymarin (Levanol, Micro B&B). Serum
enzymes reagents were obtained from Robonik
(Prietest), India. The stem bark of Gmelina arborea
was collected from local area and was
Ruia College,

authenticated by Ramnarain

Mumbai. The solvent and chemical used were of
analytical grade.

Animals

Rats of either sex weighing 175-250 g were housed
at 25° £ 5°C, RH 50 + 5% in a well-ventilated
animal house under 12:12 h light dark cycle.
Institutional Animal Ethics Committee approved
the experimental protocol. The animals were
maintained under standard conditions in an animal
house as per the guidelines of Committee for the

Purpose of Control and Supervision on
Experiments on Animals (CPCSEA). The
Institutional ethical committee approved the

experimental protocol (SDCP/IAEC-11/2010-11).
Plant extract

The stem bark was chopped into small pieces and
dried in the shade. The dried stem bark was ground
to a coarse powder and extracted (100 Q)
successively with 80% aqueous-methanol in a
Soxhlet extractor at 500C for 48 hrs. The extract
was concentrated by using rotary evaporator to
yield a light brown solid (12.5% w/w) and kept in
dark place. The extract obtained was then
subjected to phytochemical analysis to determine
the chemical constituents present in the extract.
The G.arborea bark extract (GABE) was
suspended in 5 % gum acacia as suspending agent
for oral administration.

Acute toxicity and dose selection

The dose selection of Gmelina arborea bark extract
(GABE) were based on acute toxicity studies,
carried out according to OPPTS (Office of
Prevention, Pesticide and Toxic Substance)
following the limit test procedure.20 The animals
were fasted overnight prior to the studies. Mice
were divided into two groups of three each. Test
dose of 2 g/kg body weight and 5 g/kg body weight
were given orally to either group of mice. Mice
were observed for 72 hours for mortality. 1/10th
and 1/50th of the maximum safe dose
corresponding to 500 and 100 mg/kg body weight
were selected as high and low doses respectively.
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Experimental design

a. Carbon tetrachloride
hepatitis in rats21

Carbon tetrachloride (CCI4) induced liver injury.

The animals were divided into 5 groups consisting

of six animals. The animals were then subjected to

either one of the following treatments for 9 days.

The CCI4 was administered after dilution with

liquid paraffin the ratio of 1:1. Food was

withdrawn 12 hrs before CCIl4 administration to

enhance liver damage in animals of groups 11, 111,

IV and V. The animals were sacrificed 24 hrs after

the administration of CCl4..

Rats of either sex were divided into 5 treatment

groups of six animals each.

1. Group-l- Vehicle; 1ml/250 g, p.o. (Normal
control)

2. Group-I1- Distilled water for 9 days + CCl4
(0.5 ml /kg, p.0.) on ninth day. (Toxic control)

3. Group-I1l- Silymarin (100 mg/kg/day, p.o.)
for 9 days CCl4 (0.5 ml /kg, p.o.) on ninth day.
(Standard)

4. Group-IV- Low dose of GABE (100
mg/kg/day, p.o.) for 9 days + CCI4 (0.5 ml
/kg, p.0.) on ninth day.

5. Group-V- High dose of GABE (500
mg/kg/day, p.o.) for 9 days + CCI4 (0.5 ml
/kg, p.0.) on ninth day.

b. Paracetamol induced
rats22

The same procedure as mentioned above was

followed except that the liver was damaged using

PCM (2 g/kg, p.o.) diluted with sucrose solution

(40% wi/v). PCM was administered in 3 divided

dose on day 9 and animals were sacrificed 48 hrs

after administration of PCM.

c. Thioacetamide induced liver necrosis in
rats23

The same procedure as mentioned above was

followed. Damage was induced by using TAA

(2100 mg/kg, s.c.), which was prepared in distilled

induced acute

liver toxicity in
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water (2% solution) and animals were sacrificed
48 hrs after administration of TAA.
Assessment of liver damage
Blood samples were collected by retro-orbital
puncture method from each model after
completion of the treatment and blood sample
were kept at room temperature for 30 min and
centrifuged at 4000 rpm for 10 min to obtain ,
which was kept at -20 0 C until further assay.
serum was used for assay of marker enzymes such
as aspartate aminotransferase (AST), alanine
aminotransferase (ALT), alkaline phosphatase
(ALP) and serum bilirubin (Total and Direct). The
liver was isolated and washed with normal saline,
dried using filtered paper and weighed
immediately. The liver samples collected in 10%
formalin were used for histopathological
examination. Paraffin sections were stained with
haemotoxylin and eosin examined
microscopically at a magnification of x400.
Statistical analysis
The data were expressed as mean £ SEM and the
difference between experimental groups compared
by one-way ANOVA followed by Tukey’s test at
5% significance level.
RESULTS
a. Carbon tetrachloride
hepatitis (Table 1)
Plasma AST, ALT, ALP and D-bilirubin increased
extremely significant (P<0.001) in rats treated
with CCI4 toxic and standard (Silymarin) when
compared to control (Vehicle) while T-bilirubin
exhibited extremely significant (P<0.001) and
standard showed moderately significant (P<0.01)
increased. The pre-treatment groups of standard
(Silymarin), low dose and high dose of GABE
(GABE-100 and GABE-500) exhibited an
extremely significant (P<0.001) reduction of
elevated values such as AST, ALP, T-bilirubin and
D-bilirubin while ALT level reduced extremely
significant (P<0.001) with standard, low dose of
bark extract and moderately significant (P<0.01)

induced acute
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reduction with high dose of bark extract when
compare to toxic group. On basis of
histopathological studies, GABE exhibited for
significant reduction of marker enzymes when
compare to toxic control. (Figure 2)
b. Paracetamol induced liver toxicity in rats
(Table 2)
By executing the experimental protocol it was
documented that the prophylactic treatment with
the groups like toxic control (PCM), standard
(Silymarin)  exhibited extremely significant
(P<0.001) increases in marker enzymes such as
AST, ALT and ALP while total bilirubin and
direct bilirubin showed moderately significant
(P<0.01) and significant (P<0.05) in toxic control
group respectively and standard (Silymarin)
showed non-significant and significant (P<0.05)
increases for total and direct bilirubin respectively
compare to normal control. The pre-treated group
of standard (Silymarin) and both low and high
dose of Gmelina arborea (GABE-100 and 500)
exhibited for extremely significant (P<0.001)
reduction in marker enzymes such as AST, ALT,
ALP and D-bilirubin while T-bilirubin exhibited
moderately significant (P<0.01) reduction of
enzyme when compare to the toxic control (PCM
induced). On basis of histopathological studies,
GABE exhibited for significant reduction of
marker enzymes when compare to toxic control.
(Figure 3)
c. Thioacetamide induced liver necrosis in
rats (Table 3)
By performing the experimental protocol it was
recorded that the prophylactic treatment with the
groups like toxic control (TAA), standard
(Silymarin) demonstrated extremely significant (P
<0.001) increase in marker enzymes such as AST,
ALT and ALP while T-bilirubin level increased
moderately significantly (P<0.01) in toxic control
and non-significant in Standard. Whereas D-
bilirubin level increased extremely significantly
(P<0.001) and non-significant in Standard.
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The pre-treatment of Standard (Silymarin) and
both low dose and high dose of Gmelina arborea
(GABE-100 and GABE-500) exhibited an
extremely significant (P<0.001) reduction of
elevated values such as AST, ALT and ALP while
D-bilirubin  showed moderately significant
(P<0.01) reduction. Whereas T-bilirubin exhibited
non-significant, moderately significant (P<0.01)
and significant (P<0.05) for Standard, low dose
and high dose respectively when compare to toxic
group. On basis of histopathological studies,
GABE exhibited for significant reduction of
marker enzymes when compare to toxic control.
(Figure 4)

DISCUSSION

CCl4, PCM and TAA induced hepatic injuries are
commonly used models for the screening of
hepatoprotective drugs and the extent of hepatic
damage is assessed by the level of released
cytoplasmic AST, ALP, ALT and Bilirubin in
circulation.24 CCl4 is one of the most commonly
used hepatotoxins in the experimental study of
liver diseases. The CCl4 toxicity begins with the
in endoplasmic reticulum, which results in the loss
of metabolic enzymes located in the intracellular
structures. The toxic metabolite CCI3 (carbon
trichloride) radical produced by microsomal
oxidase system and bind covalently to
macromolecule and causes per oxidative
degradation of lipid membranes of the adipose
tissues. The elevated levels of serum enzymes are
indicative of cellular leakage and loss of functional
integrity of cell membrane in liver. The recorded
results suggested that the Gmelina arborea bark
extract (GABE) demonstrating the
hepatoprotective activity by reducing the marker
enzyme such as AST, ALT, ALP and Bilirubin
level in the serum against the CCIl4 induced
hepatotoxicity. This may be due to the protective
activity of hepatic cells by scavenging oxidative
free radicals and thereby diminishing the
permeability of these endogenous biomarkers into
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extra hepatic regions.25,26 The analgesic
paracetamol (PCM) causes a potentially fatal,
hepatic centrilobular necrosis when taken in
overdose. These findings indicated that PCM was
metabolically activated by cytochrome P450
enzymes to a reactive metabolite that depleted
glutathione (GSH) and covalently bound to
protein. It was shown that repletion of GSH
prevented the toxicity. The reactive metabolite
was subsequently identified to be N-acetyl-p-
benzoquinone imine (NAPQI). Although covalent
binding has been shown to be an excellent
correlate of toxicity. Paracetamol also leads to
macrophage activation in kupffer cells which leads
to release a number of inflammatory cytokines,
including IL-1, IL-6, and TNF-a and multiple
cytokines are released in PCM toxicity which
leads to cell death.25,26 Damaged induced by
liver is accompanied by the increase in the activity
of some serum enzymes. The anti-hepatotoxic
actions of the GABE (100 and 500 mg/kg) was
substantiated by significant attenuation of the
increased levels of serum enzymes in rats
intoxicated with PCM, this may be due to
antioxidant which present is bark extract of
G.arborea. Thioacetamide (TAA) is a potent
hepatotoxic that is metabolized by Cyt-p450
enzymes present in the liver microsomes and is
converted to a toxic reactive intermediate called
thioacetamide S-oxide due to oxidation process. It
is responsible for the changes in cell permeability,
increase intracellular concentration of Ca+t+,
increase in nuclear volume and enlargement of
nucleoli and also inhibits mitochondrial activity
which leads to cell death. Pre-treatment with
GABE (100 and 500 mg/kg) significantly reversed
the elevated serum enzymes markers in animals
treated with TAA. This effect may also be due to
antiOxidant effect of GABE, which may neutralize
the reactive metabolite of TAA.27 So, the
hepatoprotective activity of GABE (at dose of
100mg/kg and 500mg/kg) exhibited significant

reduction of serum enzymes such as AST, ALT,
ALP and Bilirubin against the CCI4, PCM and
TAA induced liver damage.

CONCLUSION

On the basis of the results obtained in the present
study, it is concluded that an aqueous-methanolic
extract of Gmelina arborea stem bark witnessed
significant hepatoprotective activity of both low
and high dose (100 mg/kg and 500 mg/kg) against
CCl4, PCM and TAA induced liver damage. But
low dose (100 mg/kg) found to be therapeutically
more potential than high dose (500 mg/kg). Bark
extract found to have hepatoprotective activity due
to presence of large amounts of flavonoids, tannins
and phenolic compounds, exhibits high
antioxidant and free radical scavenging activities.
The liver protective effect of bark extract may be
attributed to the individual or combined action of
phytoconstituents present in it.

Further investigations need to be carried out to
isolate and identify the antioxidant compounds
present in the plant extract. Furthermore,
investigation is in progress to determine the exact
phytoconstituent(s) responsible for
hepatoprotective effect.
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ABBREVIATION

ALP . Alkaline phosphatase

ALT . Alanine transaminase

AST . Aspartate transaminase

CCI3 Carbon trichloride

CCl4 : Carbon tetrachloride
GABE : Gmelina arborea bark extract
Hrs : Hours

PCM : Paracetamol

TAA : Thioacetamide
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Toxic Control (CCl4)
Figure 2. Haematoxylin and eosin (H&E) stained section of liver in CCl4 induced acute hepatitis.
Photographed at magnification 400X.
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Figure 3. Haematoxylin and eosin (H&E) stained section of liver in PCM induced liver toxicity.

b. GABE-100 + TAA
Figure 4. Haematoxylin and eosin (H&E) stained section of liver in TAA induced liver toxicity.
Photographed at magnification 400X.
Table 1. Effect of silymarin and GABE on serum ALT, AST, ALP, bilirubin (total and direct) in CCl4
induced liver injury in rats.

Total Bilirubin | DIrect
Treatment AST (U/L) ALT (U/L) ALP (U/L) Bilirubin
(mg/dl) (ma/dl)
Vehicle control | 139.92 +4.13 66.55 = 4.77 155.22 +7.42 0.69 + 0.08 0.59 £ 0.03
669.68 329.96 £ _— —_— s
CCl4control 35 26 21 86 403.45+9.35 246 £0.11 2.64 £0.09
Silymarin 405.45 £ 254.98 + 309.18 + - —_—
100mg/kg 8.16***### 11.52***### 24.34***### 1-17 i 0.16 1-57 i 0.08
GABE-100 177.26 + 137.46 = 241.46 £ s i
ma/kg 34,03 15,434 565" 0.62+0.10 0.40+0.04
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GABE-500
mg/kg

273.33
14 53"

285.06
3.4

301.66 =
6.00™

1.05 + 0.09"##

0.96 + 0.10™###

All values are mean = SEM, n=6,
*P < 0.05, **P < 0.01, ***P < 0.001 when compared to normal control,
##P < 0.01, ###P < 0.001 compared to CCI4 control.
GABE-100 (Gmelina arborea bark extract 100 mg/kg), GABE -500 (Gmelina arborea bark extract 500 mg/kg)
and silymarin 100mg/kg, p.o.

Table 2. Effect of silymarin and GABE on serum ALT, AST, ALP, bilirubin (total and direct) in PCM
induced liver injury in rats.

Total Direct
Treatment AST (U/L) ALT (U/L) ALP (U/L) Bilirubin Bilirubin
(mg/dl) (mg/dl)
Vehicle
control 128.63 + 9.98 60.11 + 6.61 151.88 + 5.68 0.59 +0.05 0.14 +0.01
K*kk *kk 556.93 i- *k *hk
PCM control | 389.68 + 28.54 390.68 + 30.45 3179 2.85+0.09 0.79 +0.03
Silymarin ***#—## ***#—## 316-81 i ## *###
100mg/kg 247.80+26.32 222.05+15.54 10,144 0.80 +0.00 0.54 +0.01
GABE-100 106.39 + 6.277## 54.43 + 6.27%# 98'3*0*#f# 1.08 + 0.41%% | 0.23 +0.11%#
mg/kg 2.65
GABE'SOO HHHE * i 108.41 i #H *HHH
markg 127.66 + 3.18 74.41 + 3.38 15,91 ## 0.89+0.44 0.50 + 0.05

All values are mean = SEM, n=6,
*P < 0.05, **P < 0.01, ***P < 0.001 when compared to normal control,
##P < 0.01, ##P < 0.001 compared to PCM control.
GABE-100 (Gmelina arborea bark extract 100 mg/kg), GABE -500 (Gmelina arborea bark extract 500 mg/kg)
and silymarin 100mg/kg, p.o.

Table 3. Effect of silymarin and GABE on serum ALT, AST, ALP, bilirubin (total and direct) in TAA
induced liver injury in rats.

Total Direct
Treatment AST (U/L) ALT (U/L) ALP (U/L) Bilirubin Bilirubin
(mg/dl) (mg/dl)
Vehicle
joubaes 82.97 +7.83 4652+301 |22018+2075| 077+0.03 | 0.3620.04
TAAcontrol | 836.75+ 19.64™ | 799.35 + 35.76 s 2224009 | 1.63+0.08
Silymarin 514.02 525.50 + 591.86 + i
100mg/kg +05,87""H# 30,68 0.90™"## 1472004 | 0.81£0.02
GABE-100 | 223.80 + 3.12""## | 432,20 + 5.98""## 3;7;3?@ 0.95+0.04% | 0.69 +0.19%
GABE-500 | 404.43 + 2.027"## | 482 01 + 4,89 446132;?*;# 137+039* | 0.70+0.13"

All values are mean + SEM, n=6,

**P < 0.01, ***P < 0.001 when compared to normal control,

#P < 0.05, ##P < 0.01, ###P < 0.001 compared to TAA control.
GABE-100 (Gmelina arborea bark extract 100 mg/kg), GABE —500 (Gmelina arborea bark extract 500 mg/kg)
and silymarin 100mg/kg, p.o.
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