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The present study was carried out to evaluate the hepatoprotective activity of ethanol extract of roots of
Tetracera akara against carbon tetrachloride-induced hepatotoxicity in Wistar rats. Ethanol extract of
roots of Tetracera akara (50, 150, and 300 mg/kg) was administered orally once daily during the study. The
hepatoprotective effect of the extract was assessed using various biochemical parameters of hepatic injury
like alanine transaminase, aspartate transaminase, alkaline phosphatase, y-glutamyl transferase, serum
bilirubin, triglycerides, total cholesterol and total protein along with the estimation of antioxidant status of the
liver tissue (superoxide dismutase, catalase, glutathione and malondialdehyde levels) and histopathological
evaluation. The substantially elevated serum enzymatic levels of serum transaminases, alkaline phosphatase
and total bilirubin as a result of carbon tetrachloride administration were significantly restored towards
normal by the plant extract. The ethanol extract significantly increased the levels of superoxide dismutase,
catalase and non-enzymatic antioxidant glutathione in the drug-treated group. The histopathological
observations were in correlation with the biochemical findings. Animals treated with higher doses of plant
extract showed almost normal hepatic architecture with normal hepatocytes and reduced steatosis, apoptosis,
centrilobular necrosis, ballooning degeneration, fatty deposition, which provided further evidence to the
hepatoprotective activity and the most effective dose was found to be 300 mg/kg. In conclusion, Tetracera
akara extract exerted hepatoprotective effect against acute hepatotoxicity induced by carbon tetrachloride
in Wistar rats, which could be due to the bioactive phytoconstituents present in the extract and these findings

provide impetus for the development of a novel hepatoprotective herbal drugs.
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Tetracera akara (Burm. f.) Merr. (Dilleniaceae)
is a woody climber, locally known as ‘Pattuvalli’,
distributed in the Western Ghats region of Kerala
and Tamil Nadu. The roots of 7. akara is reported to
be used by the Kani tribe of Kerala to cure various
liver disorders!!l. The results from previous studies
of comparative in vitro antioxidant studies revealed
that 7. akara ethanol fraction is rich in bioactive
phytoconstituents like phenols and flavonoids
with good antioxidant potential® and is safe for
oral administration in experimental animals?.
Hepatoprotective effect of ethanol fraction of roots
of T akara against paracetamol-induced acute liver
damage has been reported earlier, which revealed that
the ethanol fraction of T akara showed antihepatotoxic
effect against drug over dose in Wistar rats™*. However,
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the protective effect of 7. akara against chemical-
induced liver injury has not been evaluated yet which is
necessary to scientifically validate the hepatoprotective
effect of 7. akara against various models of hepatic
injury.

The use of many halogenated alkanes such as carbon
tetrachloride (CCl,), chloroform (CHCL,) or iodoform
(CHIL,) was banned or severely restricted because of
their distinct toxicity. Yet CCl, continues to be used
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today as a model substance to elucidate the mechanisms
of action of hepatotoxic effects and to evaluate the
hepatoprotective potential of various herbal extracts/
natural compounds?. CCl,-induced hepatotoxicity
model closely resembles human cirrhosis!® and can
induce free radical mediated hepatitis in humans and
non-human primates”. At low doses, CCl, leads to
transient effects such as loss of Ca*" sequestration,
impairment of lipid homeostasis, release of noxious or
beneficial cytokines and apoptotic events recovered by
regeneration of hepatocytes. On the other hand, higher
doses or longer exposure of CCl, is more serious
and permanent, develop over a longer period of time
such as fatty degeneration, thickening and scarring of
connective tissue and deposition of extracellular matrix
resulting in fibrosis, which when left untreated may
lead to cirrhosis and even hepatocellular carcinoma.
The liver is the principal site for CCl -induced toxicity,
even though there is no specific receptors for its actions,
pathological changes have been identified at the
biochemical and the ultrastructural level. Endoplasmic
reticulum, plasma membrane, mitochondria and
Golgi apparatus are the main subcellular structures of
hepatocytes affected by CCl, exposure, soliciting the
hypothesis that primarily lipid-containing structures
of the cell are affected by CCL*"\. The aim of the
present study was to investigate the protective effects
of ethanol fraction of 7. akara on chemically-induced
(CCl,) acute liver damage in experimental animals.

MATERIALS AND METHODS

Tetracera akara (Burm. f.) Merr. roots were collected
from Kottoor (N 08° 35” 03.8”, E 77° 10’ 54.8” and
altitude 585 m), Thiruvananthapuram district of Kerala,
India, and authenticated at INTBGRI, Palode. Voucher
specimen was deposited in the Institute’s Herbarium
(TBGT 86868 dated 08/08/2015).

Preparation of ethanol extract of 7. akara root:

The collected roots were washed in running water,
shade dried and powdered. The powder was serially
extracted with hexane followed by chloroform and then
by 95 % ethanol for 48 h, using a Soxhlet apparatus. The
third solvent extract was then filtered and the filtrate
was concentrated under reduced pressure in a rotary
evaporator, to obtain the ethanol extract with 9.5 %
w/w of yield. The dry residue was stored at 4°, and at
the time of use, was suspended in 0.5 % v/v Tween-80.
This ethanol extract was referred to as TAETH.
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Experimental animals:

Wistar rats (150-175 g) were obtained from the
Institute’s Animal House (JNTBGRI). All the animals
were housed in polypropylene cages under standard
conditions at temperature 254+2°, relative humidity
60£10 %, room air changes 15+3 times/h and 12 h
light-dark cycles, fed commercial rat feed (Lipton India
Ltd; Mumbai, India) and distilled water ad libitum.
Animals were acclimatized for 1 w before the initiation
of an experiment. The study was carried out according
to National Institute of Health (NIH) guidelines, after
getting the approval of the Institute’s Animal Ethics
Committee (No. B-16/02/2015/EMEP.15).

Biochemical estimations:

Commercial kits for the estimation of aspartate
transaminase (AST), alanine transaminase (ALT),
alkaline phosphatase (ALP), y-glutamyl transferase
(GGT), serum bilirubin (SB), triglycerides (TGL), total
cholesterol (TC) and total protein (TP) were purchased
from Coral Clinical System, Goa, India.

CCl,-induced hepatotoxicity:

Wistar rats were divided into 6 groups with 6 animals in
each group. Group I, the normal control group received
asingle daily dose 0f 0.5 % Tween-80 (1 mlpo) onall 5d
and olive oil (2 ml/kg, sc) on d 2 and 3. Group II, the
CCl, control group, received a single daily dose 0f 0.5 %
Tween-80 (1 ml po) on all 5 d and on the second and
third day, received 2 ml/kg of CCl,:olive oil (1:1) by sc.
Olive oil is an emulsifying agent, which dissolves
sufficient CCl, to induce liver damage and also has
no toxicity and other biological activities related to
hepatotoxicity. Groups III, IV and V were administered
TAETH reconstituted in 0.5 % Tween-80 at dosages 50,
150, 300 mg/kg, po, respectively for all 5 d and a single
dose of CCl,:olive oil mixture (2 ml/kg, sc), on d 2 and
3, 30 min after TAETH administration. Group VI was
administered silymarin, the standard hepatoprotective
drug, at a dose of 100 mg/kg, po, on all 5 d and a single
dose of CCl,:olive oil mixture (2 ml/kg, sc) on d 2 and
3, 30 min after silymarin administration. On d 5, all
animals were sacrificed under mild ether anaesthesia.
Blood samples were collected for evaluating the
biochemical parameters and liver tissue samples were
collected for histological studies.

Estimation of serum biochemical parameters:

Blood samples collected in test tubes without EDTA
were allowed to coagulate for 1 h at room temperature.
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These were centrifuged at 1500 rpm for 15 min at 37°
to separate the serum, which was then assayed for
plasma markers, ALT, AST, ALP, GGT and lactate
dehydrogenase were determined. TP, albumin, total
bilirubin and glucose were also estimated using
commercial kits purchased from Coral Clinical system,
Goa, India.

Estimation of liver tissue parameters:

Liver samples of all groups were weighed and
homogenized separately using a tissue homogenizer.
One portion (10 % w/v) was homogenized in 50 mM,
pH 7.4 phosphate buffered saline, which was
centrifuged at 6000 g for 15 min at 3° to remove the cell
debris, unbroken cells, nuclei and erythrocytes!'”. The
supernatant was used for the estimation of oxidative
stress markers in liver such as catalase (CAT),
superoxide dismutase (SOD), reduced glutathione
(GSH) and malondialdehyde (MDA).

Estimation of liver CAT:

CAT activity was measured according to the method
described by Aebil'!. Supernatant (0.1 ml) was
added to a cuvette containing 1.9 ml of 50 mM
phosphate buffer (pH 7.0). Reaction was started by the
addition of 1.0 ml of freshly prepared 30 mM H,O.,.
The rate of decomposition of H,O, was measured
spectrophotometrically by changes in absorbance at
240 nm. Results were expressed as IU of CAT activity/g
wet tissue and the absorbance values were compared
with a standard curve generated from known CAT.

Estimation of SOD:

Superoxide radicals react with tetrazolium in the
presence of NADH and produce formazan blue.
SOD removes the superoxide radicals and inhibits
the formation of formazan blue. The intensity of
colour is inversely proportional to the activity of the
enzyme. The reaction mixture contained 1.2 ml sodium
pyrophosphate buffer (pH 8.3, 0.025 M), 0.1 ml
phenazine methosulphate (186 mM), 0.3 ml nitroblue
tetrazolium (300 mM), 0.2 ml NADH (780 mM) and
approximately diluted enzyme preparations and water
inatotal volume of 3 ml. After incubation at 30° for 90 s,
the reaction was terminated by the addition of 1 ml
glacial acetic acid. The reaction was stirred vigorously
and shaken with 4 ml n-butanol. The colour intensity
of the chromogen in the butanol layer was measured at
560 nm against n-butanol and concentration of SOD
were expressed as U/mg protein. The absorbance
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values were compared with a standard curve generated
from known SODUZ,

Estimation of GSH:

Homogenized liver samples (10 % w/v), 0.2 ml were
mixed with 1.8 ml of 1 mM EDTA solution. To this,
3 ml precipitating reagent (1.67 g of met phosphoric
acid, 0.2 g of EDTA disodium salt, 30 g sodium
chloride in 1 1 distilled water) was added, mixed
thoroughly and kept for 5 min before centrifugation.
To 2 ml of the supernatant, 4.0 ml of 0.3 M disodium
hydrogen phosphate solution and 1.0 ml of 5,5-dithio-
bis(2-nitrobenzoic acid (DTNB) reagent was added
and absorbance was read at 412 nm. The absorbance
values were compared with a standard curve generated
from known GSH!3,

Estimation of liver MDA

MDA in the rat liver was estimated by the modified
procedure of Okhawa et al.l'Y. Supernatant (1 ml)
was mixed with 100 pl of 8.1 % SDS, 600 pl of 20 %
acetic acid solution and was kept for 2 min at room
temperature. Then 600 pul of 0.8 % solution of freshly
prepared thiobarbituric acid (TBA) was added,
heated at 95° for 60 min in a water bath and cooled
with ice cold water at 4°. A mixture of n-butanol and
pyridine (15:1 v/v) were added, shaken vigorously and
centrifuged at 10 000 rpm for 5 min. The absorbance of
the organic layer was measured against blank at 532 nm.
The amount of MDA (TBA reactive substance)
was calculated using a molar extinction coefficient
1.56x105 M'ecm™ and reported as nmoles of MDA/g
tissue.

Statistical analysis:

All the data were expressed as meantstandard error
of the mean (SEM). The significance of difference
among the group was assessed using one way analysis
of variance (ANOVA) followed by Dunnett’s post-test
using GraphPad Prism version 7.00. The p<0.05 was
considered statistically significant.

RESULTS AND DISCUSSION

The results indicated that rats administered with CCl,
exhibited severe hepatic damage in when compared to
the control rats, which was evident from the elevated
levels of liver markers enzymes and decreased level of
TP as shown in Table 1. All rats in the group Il indicated
significant(p<0.05)increaseinserumAST (246.74+3.82
1U/1), ALT (252.24+3.38 1U/1), ALP (260.16+2.92
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TABLE 1: EFFECT OF TAETH ON PLASMA MARKERS OF HEPATIC INJURY IN CCL ,-TREATED RATS

Treatment Parameters

groups AST ALT ALP GGT SB TC ToL T
(U/1) (U7 ) (/) (me/dl)  (mg/dl) (mg/dl) (g/dl)

2‘3;{';3{ 72.26:2.24 76.18:1.46 95.38+1.68 5.78 £1.26 0.38:0.12 97.46:1.38 118.23:2.27 5.72:0.16

E’ﬂ'},ﬁ‘;% 246.74+3.82* 252.24+3.38* 260.16+2.92* 21.82+2.17* 1.82+0.10° 208.34:3.18* 249.12+3.28* 3.82+0.19*

CCL+STD

Silymarin  82.48:0.78" 98.14:2.42* 114.5412.28" 6.93:0.82** 0.56+0.06** 100.32+2.14** 121.28+1.14* 5.68+0.12**

(100 mg/kg)

f%ﬁ;’ﬁ;” 193.4242.18 211.22+1.84 216.28+2.12 17.6242.04 1.46-:0.06 174.48+2.82 191.38:2.11 4.14:0.18

(C%g;’*gfg; 96.18+2.22** 122.26+1.12** 146.38+3.22** 11.14x1.12** 0.6410.14** 116.16+2.82** 130.26+1.34" 5.22+0.10*

CCLATAETH g1 9642.24 02.3441.68 124.2142.14* 7.44:0.38 0.59+0.04** 106.43+2.19* 127.72+1.38* 5.49+0.12**

(300 mg/kg)

Values are expressed as mean+SEM of six values, one way ANOVA followed by Dunnett’s multiple comparison test, *p<0.05 compared to

normal control, **p<0.05 compared to CCl, control

1U/M1) GGT (21.82+2.17 1U/M), SB (1.82+0.10 mg/
dl), TC (208.34+3.18 mg/dl), TGL (249.1243.28 mg/
dl) and decreased level of TP (3.82+0.19 g/dl) when
compared to control rats. Treatment with TAETH (100,
200 and 300 mg/kg, po) showed significant (p<0.05)
protection against CCl -induced toxicity in rats in
a dose-dependent manner by reducing the elevated
AST, ALT, ALP, GGT, SB, TC, TGL Ilevels and
increasing the TP level in a dose-dependent manner.
For all the biochemical parameters studied, TAETH
(300 mg/kg) caused changes in AST- 80.26+2.24
UM, ALT- 92.34+£1.68 IU/N, ALP- 124.21+2.14
1U/1, GGT- 7.44+0.38 IU/I, SB- 0.59+0.04 mg/dl,
TC- 106.43+2.19 mg/dl, TGL- 127.72+1.38 mg/dl
and TP- 5.49+0.12 g/dl, and these levels indicated that
this dose produced significant changes. The reduction
in biochemical parameters exhibited by the higher dose
of TAETH was almost comparable to that produced
by 100 mg/kg of the standard, silymarin resulting in
the levels of AST- 82.48+0.78 1U/1, ALT- 98.14+2.42
1U/1, ALP- 114.54+2.28 TU/l, GGT- 6.93+£0.82 TU/I,
SB- 0.56+0.06 mg/dl, TC- 100.32+2.14 mg/dl, TGL-
121.28+1.14 mg/dl and TP- 5.68+0.12 g/dl.

The level of CAT in liver tissue depleted significantly
(p<0.05) in CCl-treated animals (75.62+3.85 U/mg
protein) when compared to control group (162.30+6.73
U/mg protein). The SOD levels in the group II rats
were lowered to 3.14+0.92 U/mg and GSH levels were
significantly decreased to 8.56+1.15 pmol/g tissue when
compared to the control. All groups of rats administered
with different doses of TAETH showed an increase
in hepatic CAT, SOD and GSH in a dose-dependent
manner. TAETH at 300 mg/kg offered maximum
protection against CCl,-indudced hepatotoxicity in
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rats, which is evident from the higher levels of CAT
(156.84+5.33 U/mg protein), SOD (15.78+1.13 U/mg
protein) and GSH (42.93+£2.67 pumol/g tissue). The
MDA levels in group Il rats (59.67+3.70 pmol/g liver)
were higher when compared to the control (11.56+1.82
pmol/g liver). The MDA levels were found to be
lowered in the TAETH-treated groups and the
maximum inhibition of lipid peroxidation was shown
by 300 mg/kg of TAETH (14.894+1.94 nmol/g liver)
and it is almost comparable to that of in silymarin-
treated group (18.45+2.02 pumol/g liver) as shown in
fig. 1.

Histopathological observations revealed that the
CCl,-treated rats showed extensive cellular injuries
characterized by high hepatocellular degeneration,
hydropic changes, macro and micro vesicular
steatosis, apoptosis, centrilobular necrosis, ballooning
degeneration, fatty deposition and accumulation of
inflammatory cells. Silymarin (100 mg/kg)-treated
group showed almost normalized hepatic architecture
with less centrilobular necrosis and fatty deposition.
Moderate level of hepatic protection from CCl, was
achieved with 50 and 150 mg/kg doses of TAETH.
Rats received these doses showed restoration of liver
structure with minimal cellular necrosis as shown in
fig. 2. Inflammatory changes induced by CCI, were
remarkably reversed by treatment with 300 mg/kg of
TAETH, which almost completely reversed the effects
of CCl, and restored the histological architecture of the
liver.

CCl, metabolism begins with the formation of
trichloromethyl free radical, CC1,* through the action
of the mixed function cytochrome P450 oxygenase
system of the endoplasmic reticulum by reductive
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Fig. 1: Effect of TAETH on hepatic enzymes and MDA levels in rats

Effect of treatment with ethanol extract of roots of 7. akara (TAETH) on hepatic (A) CAT, (B) SOD, (C) GSH and (D) MDA of Wistar
rats treated with CCl,. Values are expressed as mean+=SEM, n=6, one way ANOVA followed by Dunnett’s multiple comparison test,
*p<0.05 compared to normal control, ***p<0.05 compared to CCl -treated rats

cleavage of a carbon-chlorine bond!"*. The resulting
CCL* radical is reactive enough to bind covalently
to cytochrome P450 2E1 (CYP2El), either to the
active site of the enzyme or to the heme group
causing suicide inactivation leading to the destruction
of hepatocytes'®!"l. Free radical activation of CCI,
in mitochondria has also been observed and may
contribute significantly to its toxicity!"*). This CCL*
radicals can bind to cellular biomolecules such as
nucleic acids, proteins, and lipids there by impairing
crucial cellular processes such as lipid metabolism,
with the potential outcome of fatty degeneration.
The reaction product formed between CCL,* and DNA
is thought to function as initiator of hepatic cancer”.
CCL* radicals in the presence of oxygen, form the
trichloromethylperoxy radical (CC1,COO*), a highly
reactive but short-lived species?), which initiates
the chain reaction of lipid peroxidation, attacks and
destroys polyunsaturated fatty acids, in particular
those associated with phospholipids(??. This affects the

September-October 2019

permeability of mitochondrial, endoplasmic reticulum
and plasma membranes, resulting in the loss of cellular
calcium sequestration and homeostasis, which can
contribute heavily to subsequent cell damage.

CCl, administration resulted in functional and
morphological changes in the membranes, which might
lead to the loss of integrity of endoplasmic reticulum
due to the increased lipid peroxidation and leakage
of metabolic enzymes located in the intracellular
structures ultimately leading to hepatocytic damage!®!.
The hepatic cells consist of higher concentrations of
AST and ALT in cytoplasm and ALP in particular
exists in mitochondria. The hepatocytic damage leads
to the leakage of plasma™¥ causing an increased level
of hepatospecific enzymes like AST and ALT in serum
indicating cellular leakage and loss of functional
integrity of cell membranes in the liver®. The
estimation of serum AST, ALT and ALP levels serve
as a means for the indirect assessment of extent and
types of hepatocellular damage®®, which was carried
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Fig. 2: Effect of TAETH on CCl -induced liver damage in rats

Effect of ethanol extract of roots of 7. akara (TAETH) on CCl -induced liver damage in Wistar rats (x100, H and E staining). A:
normal control rat liver histology showing normal hepatic architecture. B: CCl -treated rat liver with hepatocellular degeneration,
steatosis, apoptosis, centrilobular necrosis, ballooning degeneration, fatty deposition and accumulation of inflammatory cells. C:
silymarin-treated group showing almost normal hepatic architecture. D, E and F: TAETH (50, 150 and 300 mg/kg)-treated groups
showing reduced hepatic damage in a dose-dependent manner (SS- sinusoidal space, HC- hepatic cells, AP- apoptosis, FA- fatty
accumulation, CN- centrilobular necrosis, BD- ballooning degeneration, BV- blood vessel, SC-sinusoidal congestion, KC- Kupffer

cells, ST- steatosis, IF- inflammatory cell accumulation)

out in the present investigation. The results obtained in
the study showed a significant increase in AST, ALT,
ALP and GGT in CCl,-treated group when compared
to the control group. The hepatoprotective index of a
plant drug can be evaluated by its capability to reduce
the injurious effects induced by a hepatotoxin and
preserve the normal hepatic physiological mechanisms.
Pretreatment with TAETH or standard silymarin to
CCl -treated rats, resulted in a significant decrease in
these enzymes in a dose-dependent manner leading to
the restoration of functional integrity and stability of
the cell membrane by the bioactive phytoconstituents
present in the TAETH. An increased concentration of
SB is an indication of erythrocyte degeneration?”! and
liver injury caused by a hepatotoxin leads to defective
excretion of bile by the liver, which is reflected in the
increased SB levels. High levels of SB is observed in
CCl,-treated group as a result of defective excretion of
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bile due to liver injury caused by CCI,*.. Pre-treatment
with TAETH (300 mg/kg) restored the functional
integrity and stability of hepatocytes, which caused
decreased level of SB, reduced hepatic injury and
improved metabolism.

The serum TC and TGL levels were elevated in CCl,-
treated rats as compared to control rats. Pretreatment
with TAETH resulted in significant improvement of
lipid metabolism that could be attributed to increased
intestinal cholesterol absorption. All these events either
individually or in combination lead to increase in serum
cholesterol levels in group II rats, but pretreatment
with TAETH effectively reduced serum TC to normal
level®*. CCl, treatment caused disruption and
disassociation of polyribosomes on endoplasmic
reticulum and thereby reducing the biosynthesis of
protein. The serum TP level was reduced in CCl,-treated
rats mainly due to the blockage or defective protein
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biosynthesis in hepatocytes®*32 and the administration
of TAETH restored the protein synthesis by protecting
the polyribosomes effectively and restored normal the
serum TP levels.

Co-ordinate actions of various cellular antioxidants in
hepatocytes are critical for the effective detoxification
of free radicals®. SOD is the first line of antioxidant
enzyme to scavenge ROS via converting O, to O, and
H,O,. At high concentrations, H,O, is converted to
water and O, by CAT, which is localized predominantly
in the peroxisomes®. GSH is an important non-
protein thiol intracellular antioxidant that scavenges
free radicals, protects the liver cells from the harmful
effect of ROS and its importance in the detoxification
of chemically reactive metabolites has also been
extensively documented, with numerous examples
of drug-induced toxicity after GSH depletion**.
Decreased level of GSH is also associated with an
enhanced lipid peroxidation in CCl,-treated rats. The
radical scavenging system (SOD, CAT and GST)
exists in the oxygen-metabolizing cells, protecting
the cells against free radicals and providing a repair
mechanism for oxidized membrane components.
CCl,-treated group showed a significant decrease in
hepatic antioxidant enzymes, CAT and SOD along
with non-enzymatic antioxidant GSH. MDA, the
stable metabolite of lipid peroxidation products, was
significantly increased upon treatment with CCI, as
observed in group II rats confirmed the hepatic damage
by lipid peroxidation and oxidative stress as earlier
reported®. However, pre-treatment with TAETH
significantly enhanced the production of CAT, SOD,
GSH and inhibited lipid peroxidation, evident from
reduced MDA formation in rat liver. It indicates the
protective effect of TAETH against CCl -induced lipid
peroxidation in rats due to its antioxidant and radical
scavenging capability in a dose-dependent manner.
Potent antioxidant phytoconstituents like polyphenols
and flavonoids in TAETH played a major role in
maintaining the normal level of antioxidant enzymes,
integrity of the membrane system, thus reducing lipid
peroxidation induced by CC1, and protecting the liver
against damage.

Histopathological examination of liver samples of
experimental animals can be correlated to the results of
biochemical serum parameters and antioxidant status
of the liver. CCl,-treated rats showed extensive cellular
injuries characterized by hydropic changes, macro
and microvascular steatosis, apoptosis, centrilobular
necrosis, ballooning degeneration and fatty deposition.
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Necrosis and inflammatory changes induced by CCl,
were remarkably reversed by TAETH. Administration
of TAETH (300 mg/kg) or silymarin (100 mg/kg) to
rats almost normalized the effects of CCI, enhanced
hepatocyte regeneration. From the above results,
it is evident that TAETH possessed promising
hepatoprotective activity against CCl,-induced liver
damage as it significantly lowered the elevated levels
of serum parameters, enhanced antioxidant status
and inhibited lipid peroxidation as comparable to
that offered by silymarin. In addition, the presence of
bioactive phytoconstituents like phenols and flavonoids
with significant antioxidant, hepatoprotective and
antiinflammatory potential in TAETH is primarily
acting on the lipid peroxidation process by scavenging
the free radicals generated by microsomal reduction of
CCl, boosting the antioxidant capacity of hepatocytes
agaiﬁst the reactive oxygen species, inhibition of
inflammatory cytokines and hepatocyte regeneration.

The results of this study demonstrated that the ethanol
extract of roots of T, akara, was able to attenuate the
pathological consequences of CCl, -induced acute liver
damage in a dose-dependent manner. This was evident
from decreased levels of lipid peroxidation and MDA
formation, less fibrotic changes in liver besides the
normalization of serum markers of hepatic injury like
AST, ALT, ALP, GGT in a way, comparable to that of
standard silymarin at higher dose of administration.
Moreover, the ethanol fraction showed superior effect
on boosting the antioxidant capacity of liver cells as
shown by increased level of SOD, CAT and GSH. The
hepatoprotective effect of 7. akara could be correlated
to the high content of antioxidant phytoconstituents like
polyphenols and flavonoids, which act as free radical
scavengers. Thus, it can be concluded that 7. akara
roots could be considered as a source for developing
promising hepatoprotective drug against chemically-
induced liver damage. However, further studies are
required to reveal the bioactive phytoconstituents
responsible for the promising hepatoprotective effect
of T akara and to explore their mechanisms of action.
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