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Abstract

Use of herbs or herbal extracts is new therapeutic approach to minimize liver damage.
Hepatoprotective efficacy of the ethanolic extracts of fruits of Terminalia chebula Retz. and
Terminalia belerica (Gaertn.) Roxb. of Combretaceace family was studied at different doses in
Albino Wistar rats against carbon tetrachloride (CCl4) induced hepatotoxicity. Administration
of CCl4 resulted in significant elevation of liver weight and liver volume as well as serum alanine
amino transferase, aspartate amino transferase, alkaline phosphatase, bilirubin and blood urea
nitrogen level. The rats treated with T. chebula @ 200 mg/kg body weight showed mild degree
of fatty changes with early degenerative changes in liver. Treatment with ethanolic extract of T.
belerica prevented degenerative changes and macrovesicular steatosis induced by CCl4, and
stimulated regeneration of hepatocytes. The study revealed that T. belerica had good
hepatoprotective effect against CCl4 induced hepatotoxicity based on morphology as well as
histopathology of liver and serum hepatic enzyme analysis. Therefore, T. belerica fruits might
offer new alternatives to the limited therapeutic options for patients with compromised liver
conditions.
Key words: Terminalia belerica Retz., Terminalia chebula (Gaertn.) Roxb., carbon tetrachloride,
hepatoprotective, in vivo

1. Introduction
Liver plays vital role in the maintenance, performance and regulating
homeostasis of the body. It is involved in all the biochemical pathways
of growth, digestion, nutrient supply, energy provision and
reproduction (Ward and Daly, 1999). Therefore, maintenance of a
healthy liver is essential for the overall well being of an individual.
Each liver disease has its own specific treatment regimen. Disease
directed intervention may vary with different etiological agents though
all leads to hepatopathy. Since time immemorial, mankind has made
the use of plants in the treatment of various ailments. Medicinal
plants are valuable and cost-effective source of unique
phytoconstituents, and are used extensively in the development of
drugs against various diseases (Gupta, 2012; Sarasa et al., 2012).
Around 35,000-70,000 species of plants have been used in medicine,
neutraceuticals and/or cosmetic purpose (Shanti et al., 2010).
Popularity of herbal drugs is increasing all over the world day-by-
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day because of their lesser side effects as compared to synthetic
drugs (Rout et al., 2012). Traditional plant based remedies are still
the first choice in the developing countries and in great demand in the
developed world for primary health care (Ayyanar and Ignacimuthu,
2011; Majeed, 2017).
Use of herbs, herbal extracts or plant derived drugs is a new
therapeutic approach to treat different diseases (Joshi and Dhavan,
2005) and herbal alternatives are one of the best ways to minimize
liver damage. A large number of plants and formulations have been
claimed to have hepatoprotective activity. In spite of tremendous
strides in medicine, there are hardly any drugs that stimulate liver
function, offer protection to the liver from damage or help regeneration
of hepatic cells (Chaterjee, 2000). Therefore, due importance has
been given globally to develop plant based hepatoprotective drugs
(Bone and Mills, 2001). Silymarin and phosphatidylcholine are
reported as hepatoprotector in rats (Eminzade et al., 2008; Podobed
et al., 1995). Fruits of T. chebula and T. belerica of Combretaceace
family are widely used in the Indian traditional system of medicine
(Chopra et al., 1956). T. chebula is commonly known as black
myroblans in english and harad in hindi, has been extensively used in
ayurveda, unani and homeopathy medicine and have been used as
traditional medicines as house hold remedy (Chattopadhyay and
Bhattacharyya, 2007). T. belerica also referred to as, beleric
myrobalan in english, bibhitaki in sanskrit, locally known as bahera
in India, has been used for centuries in the ayurveda (Indian Herbal
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Pharmacopoeia, 2002). The present study was aimed to evaluate
comparative hepatoprotective efficacy of ethanolic extract of fruits
of T. chebula and T. belerica against carbon tetrachloride (CCl4) induced
hepatotoxicity in experimental rats.

2. Materials and Methods
The phytochemical analysis and antioxidant properties of aqueous
as well as ethanolic extracts of Brassica oleracea (flouresece),
Terminalia chebula (fruits), Terminalia belerica (fruits), Phyllanthus
emblica (fruits), Abutilon indicum (stems and leaves) and Swertia
chirata (stems) were studies in vitro. In vitro qualitative and
quantitative phytochemical analysis of these selected plant materials
revealed potent antioxidant activity in ethanolic extracts of T. belerica
and T. chebula (Kushwaha et al., 2017). Therefore, ethanolic extracts
of both were taken for in vivo study to assess their hepatoprotective
efficacy.
2.1 Preparation of plant extracts
Fruits (fully ripened) of T. chebula and T. belerica were collected
from and around Bareilly (U.P.) region, air dried and grinded to mesh
for preparation of plant extracts. The fruits of the plants were
authenticated by Dr. R.B. Allapur, Department of Botany,
Maharashtra Udaygiri Mahavidyalay, Udgir, Maharashtra, India as
Terminalia chebula (Family Combretaceace) and Terminalia belerica
(Family Combretaceace) and specimen copies of the samples were
preserved in the herbarium of the Department of Botany,
Maharashtra Udaygiri Mahavidyalay, Udgir with the specimen
No. 01 and 02, respectively. One specimen copy of both the fruits
was also sent to Botanical Survey of India (BSI), Pune, Maharashtra,
India for future reference. A 100 gm powder samples were placed in
coloumner soxhlet extraction system and extracted by using absolute
ethanol. Collected extracts were dried on hot plate till the solvent got
evaporated. The extracts were stored in tightly closed container at
– 20°C for further use. The ethanolic extracts were dissolved
separately in distilled water by the help of magnetic stirrer.
2.2 Treatment protocol
Forty two Albino Wistar male rats (100-150 gm) of 3-4 weeks of age
and their standard diet were obtained from Laboratory Animal
Resource Section of ICAR-Indian Veterinary Research Institute (IVRI),
Izatnagar, Uttar Pradesh, India. All rats were fed on the standard
diet, and water was provided ad libitum. They were kept in
experimental animal shed of Division of Medicine, IVRI under
standard managemental condition (50-60 % humidity, 20-25º C
temperature and 12 h light and 12 h dark cycle) for 7 days before
starting the experiment for acclimatization. Rats were divided
randomly into seven groups having six rats in each group as follows:
Group I

: Negative control group: Rats were fed on standard diet
for 4 weeks.

Group II : Positive control group: Rats were given CCl4 mixed with
olive oil (1:1, v/v) @ 4 ml/kg body weight per os (p.o.)
twice a week for 4 weeks.
Group III : Standard group: Rats were given silymarin ( MP
Biomedicals, Navi Mumbai, Maharashtra) @ 5 mg/kg
body weight (p.o.) daily with olive oil and CCl4 as group
II for 4 weeks.

Group IV : Test group: Rats were given T. chebula extract @ 100
mg/kg body weight (p.o.) daily with olive oil and CCl4
as group II for 4 weeks.
Group V : Test group: Rats were given T. chebula extract @ 200
mg/kg body weight (p.o.) daily with olive oil and CCl4
as group II for 4 weeks.
Group VI : Test group: Rats were given T. belerica extract @ 100
mg/kg body weight (p.o.) daily with olive oil and CCl4
as group II for 4 weeks.
Group VII : Test group: Rats were given T. belerica extract @ 200
mg/kg body weight (p.o.) daily with olive oil and CCl4
as group II for 4 weeks.
Hepatotoxicity was induced in all groups except negative control
group by administering CCl4 mixed with olive oil (1:1, v/v) @ 4 ml/
kg body weight orally twice a week for four weeks (Doi et al., 1991).
At the end of experiment, 3 ml of blood was collected directly from
heart of all rats in clean, sterile, non-heparinised vial for serum
separation and, rats were sacrificed as per Committee for the Purpose
of Control and Supervision of Experiments on Animals (CPCSE)
norms (IAEC/CPCSEA vide office letter No. F. 1-53 /2012 -13 –JD
(Res) dated 10/09/13 of Joint Director (Research), ICAR-IVRI ,
Izatnagar) and liver samples were collected for histopathological
study. Blood samples were immediately centrifuged at 3000 rpm for
15 min to separate serum. Serum collected was kept in deep freeze at
–20°C until biochemical analysis.
2.3 Biochemical analysis
Alanine amino transferase (ALT), aspartate amino transferase (AST),
alkaline phosphatase (ALP), total protein, albumin, total bilirubin,
blood urea nitrogen (BUN) and creatinine were estimated in serum
by commercially available kits (Span Diagnostics and Sigma).
2.4 Histopathological examination
Liver of the sacrificed rats were taken and then excised quickly and
immersed in 10% formalin solution. The fixed specimens were then
trimmed, processed and stained with hematoxylin and eosin stains
(Culling, 1963) and was observed under microscope for degeneration,
fatty changes or necrotic changes.
2.5 Statistical analysis
The obtained results were expressed as mean ± SE (standard error).
Data were evaluated statistically with computerized SPSS package
program (SPSS 9.00 software) using one-way analysis of variance
(ANOVA). Significant differences among means were estimated at
p<0.05 according to Snedecor and Cochran (1994).

3. Results and Discussion
The present study aimed to investigate the comparative
hepatoprotective efficacy of ethanolic extract of fruits of T. chebula
and T. belerica against CCl4 induced hepatotoxicity in experimental
rats. Carbon tetrachloride (CCl4) is one of the oldest and most widely
used chemical for experimental induction of liver toxicity in laboratory
animals (Alhassan et al., 2009) and is a commonly used model for
the evaluation of hepatoprotective drugs (Ahsan et al., 2009; Naskar
et al., 2011). All the rats were monitored closely for clinico-physical
changes if any during entire experiment. However, no physical
changes were recorded except alteration in their body weight gain/
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loss in all seven groups. Mean ± SE of alterations in body weights of
rats at weekly intervals is shown in Table 1. There was no significant
(p<0.05) difference in body weight of all seven groups at the day 0,
i.e., beginning of experiment. Steady increase in body weight was
recorded all groups of rats except positive control group (Figure 1).
The same trend has been observed by Gurav (2010). Significant

(p<0.05) increase in body weight was observed in group VII, whereas
significant (p<0.05) loss in body weight was recorded in group II.
Animals having the liver injury can lose body weight and daily activity
(Ray and Mehendale, 1990). The liver weights as well as volumes
were significantly (p<0.05) lowered in the rats treated with ethanolic
extract of T. belerica fruits.

Table 1: Alteration in body weight (g) in rats received different treatment (mean ± SE)
Groups (n=6)

day 0

day 7

day 14

Day 21

Day 28

Group I

160.00 ± 5.16

168.33 ± 6.66

175.83 ± 6.24

182.50 ± 6.02

184.16 ± 6.24

Group II

164.16 ± 7.12 bc

170.00 ± 4.65 c

164.16 ± 4.54 bc

150.83 ± 2.38 ab

141.66 ± 2.47 a

Group III

165.83 ± 3.74

170.00 ± 5.16

172.50 ± 6.55

175.00 ± 4.08

177.50 ± 5.28

Group IV

165.83 ± 5.54

169.16 ± 8.10

164.16 ± 8.50

159.16 ± 5.68

148.33 ± 7.14

Group V

166.66 ± 7.60

171.66 ± 7.60

175.00 ± 5.32

177.50 ± 5.88

180.00 ± 5.62

Group VI

167.50 ± 4.23

170.83 ± 5.83

176.66 ± 6.66

180.83 ± 5.54

182.50 ± 5.28

Group VII

167.50 ± 3.81 a

175.83 ± 5.23 ab

183.33 ± 6.54 ab

192.50 ± 5.43 b

195.00 ± 4.47 b

Values bearing different superscripts in the same row differ significantly (p<0.05)
Group I: Negative control; Group II: CCl4 + olive oil (1:1,v/v) @ 4 ml/kg; Group III: CCl4 + olive oil (1:1,v/v) @ 4 ml/
kg + silymarin @ 5 mg/kg; Group IV: CCl4 + olive oil (1:1,v/v) @ 4 ml/kg + T. chebula @ 100 mg/kg; Group V: CCl4 +
olive oil (1:1,v/v) @ 4 ml/kg+ T. chebula @ 200 mg/kg; GroupVI: CCl4 + olive oil (1:1,v/v) @ 4 ml/kg + T. belerica @
100 mg/kg; GroupVII: CCl4 + olive oil (1:1,v/v) @ 4 ml/kg+ T. belerica @ 200 mg/kg.

Effect of various treatments on biochemical parameters of different
groups is given in Table 2. The significantly (p<0.05) increased level
of AST and ALT was observed in group II, followed by group IV and
V, whereas significantly (p<0.05) decreased levels of AST and ALT
was seen in group I, III, VI and VII. Significantly (p<0.05) increased
level of ALP was seen in group II only, compared to all other groups.
Due to repeated doses of CCl4, there is leakage of enzymes like AST,
ALT and ALP across hepatocellular membrane and in blood, indicating
liver dysfunction and cellular injury (Paduraru et al., 1996; Muriel
and Escobar, 2003). The AST and ALT level of group VII was
comparable with group III. T. belerica fruits extract treatment caused
significant drop in ALT and AST which is in accordance with the
findings of Pingale (2011). Total protein was significantly (p<0.05)
higher in group I, followed by group V, whereas in group II and IV, it
was decreased significantly (p<0.05). Significantly (p<0.05) higher
value of albumin was observed in group I and VII, followed by group
III and it was decreased significantly (p<0.05) in group II and IV. A

significant (p<0.05) decrease in total protein and albumin in positive
control group was found, which may be due to decreased protein
synthesis in liver due to long term treatment with CCl4 (Patel et al.,
2010). Total bilirubin was increased significantly (p<0.05) in group
II. Pingale (2011) has also reported that significantly increased plasma
levels of bilirubin after treatment of CCl4. Significantly (p<0.05)
highest value of BUN was found in group II, followed by group IV, V,
VI, VII and III, whereas it was significantly (p<0.05) lowest in group
I. There was no significant (p<0.05) variation in level of creatinine in
all group of rats. Almost all biochemical parameters of silymarin
treated group come near to negative control group, which is attributed
to its antioxidant and free radicals scavenging properties (Ramadan
et al., 2002). Rats treated with ethanolic extract of T. belerica fruits
and silymarin had significantly lowered level of AST, ALT, ALP and
total bilirubin, whereas albumin and total protein were increased
significantly which is in agreement with other workers (Jain et al.,
2008).

Table 2: Serum biochemical profile in different groups of rats (mean ± SE)
Gro ups
(n = 6)
Group I
Group II
Group III
Group IV
Group V
Group VI
Group VII

AST
(IU/L)
67.77
184.46
71.31
119.63
98.12
75.14
72.19

±
±
±
±
±
±
±

ALT
(IU/L)

3.22 a 69.25 ± 2.85 a
4.15 d 164.13 ± 9.56 c
3.44 a 71.01 ± 3.18 a
4.32 c 126.12 ± 7.93 b
5.26 b 107.26 ± 6.11 b
3.47 a 76.02 ± 3.39 a
3.75 a 72.19 ± 4.86 a

ALP
(IU/L)
133.90 ± 20.46 a
246.79 ± 5.38 b
160.91 ± 3.55 a
171.31 ± 3.39 a
164.98 ± 7.72 a
158.20 ± 4.63 a
154.58 ± 3.77 a

Total
pro tein
(g/dl)
7.88
4.43
7.22
4.89
6.76
6.90
7.73

±
±
±
±
±
±
±

0.27 c
0.32 a
0.21 bc
0.17 a
0.04 b
0.26 bc
0.18 bc

Alb u mi n
(g/dl)
4.58
3.51
4.02
3.75
4.43
4.35
4.61

±
±
±
±
±
±
±

0.14 c
0.20 a
0.09 abc
0.16 ab
0.05 bc
0.17 bc
0.21 c

Total
bilir ubin
(mg/dl)
0.34
0.79
0.31
0.47
0.37
0.41
0.31

±
±
±
±
±
±
±

0.05 a
0.04 b
0.04 a
0.04 a
0.03 a
0.05 a
0.02 a

Blood urea
nitr o g e n
(mg/dl)
24.77
35.07
26.38
29.36
28.93
27.02
26.84

±
±
±
±
±
±
±

0.50 a
0.57 d
0.59 ab
0.53 c
0.45 bc
0.72 abc
0.73 abc

Cr e a ti ni ne
(mg/dl)
1.17
1.57
1.20
1.52
1.30
1.38
1.25

±
±
±
±
±
±
±

0.14
0.11
0.09
0.05
0.10
0.07
0.096

Values bearing different superscripts in the same column differ significantly (p<0.05)
Group I: Negative control; Group II: CCl4 + olive oil (1:1,v/v) @ 4 ml/kg; Group III: CCl4 + olive oil (1:1,v/v) @ 4 ml/kg + silymarin @ 5 mg/kg;
Group IV: CCl4 + olive oil (1:1,v/v) @ 4 ml/kg + T. chebula @ 100 mg/kg; Group V: CCl4 + olive oil (1:1,v/v) @ 4 ml/kg+ T. chebula @ 200 mg/
kg; GroupVI: CCl4 + olive oil (1:1,v/v) @ 4 ml/kg + T. belerica @ 100 mg/kg; GroupVII: CCl4 + olive oil (1:1,v/v) @ 4 ml/kg+ T. belerica @ 200
mg/kg.
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Liver weight (gm)/body weight (100 gm) ratio of all groups has been
shown in Table 3. At the end of experiment, the ratio was found
significantly (p<0.05) higher in group II and IV, whereas significantly
(p<0.05) lowest ratio was observed in group V. Increase in liver size
has been reported in hepatosis/hepatitis in rats (Kumar, 2011). On
gross examination of liver of rats of positive control group showed
mottled appearance with scattered pale and whitey areas attributed
to fatty and necrotic changes which are in agreement with observations
of other workers (Rai et al., 2001; Chandan et al., 2008). Liver of rats
of all four test groups were normal in gross appearance.
Table 3: Liver weight (gm) and liver weight (gm)/body weight (100gm)
ratio of different groups of rats (mean ± SE)
Gr oup

Liver weight (gm)

Liver weight (gm)/body
weight (100 gm) ratio

Group I

8.76 ± 0.36

4.80 ± 0.30 ab

Group II

8.26 ± 0.18

5.83 ± 0.10 b

Group III

8.82 ± 0.25

4.98 ± 0.18 ab

Group IV

8.61 ± 1.00

5.77 ± 0.56 b

Group V

7.67 ± 0.78

4.22 ± 0.32 a

Group VI

9.23 ± 0.25

5.07 ± 0.16 ab

Group VII

9.83 ± 0.29

5.04 ± 0.11 ab

and infiltration of mononuclear inflammatory cells in CCl4 treated
rats. Liver of silymarin treated rats (group III) showed normalcy in
hepatic cord with mild vacuolar changes (Figure 4). Jain et al. (2008)
reported moderate congestion and inflammation in the periportal
region of liver sections of silymarin treated animals. Group IV rat’s
liver showed moderate fatty changes and sinusoids were compressed
with distended hepatocyte (Figure 5). In group V, hepatocytes
revealed mild degree of fatty changes with early degenerative changes
in periportal areas (Figure 6). In contrast to present finding, Tasduq
et al. (2006) and Lee et al. (2007) have reported the strong
hepatoprotective activity of ethanolic extract of T. chebula fruits as
it possesses high antioxidant activity (Chang and Lin, 2010). Group
VI rat’s liver showed moderate degree of pathological changes (Figure
7). In rats, treated with ethanolic extract of fruits of T. belerica @
200 mg/kg body weight (group VII), the microscopic pictures were
comparable to standard group; and hepatocytes were apparently
normal with regenerative changes (Figure 8), suggesting
hepatoprotective and hepatoregenerative property, respectively as
it prevented the histopathological changes induced by CCl4 and
augmented regenerative process that might be due to its antioxidant
property (Sabu and Kuttan, 2009; Alam et al., 2011). Jain et al.
(2008) reported that liver section of rats treated with ethanolic extract
of fruits of T. belerica, showed mild congestion, mild inflammation
and the overall picture was similar to normal liver.

Values bearing different superscripts in the same column differ
significantly (p < 0.05)
Group I: Negative control; Group II: CCl4 + olive oil (1:1,v/v) @ 4 ml/
kg; Group III: CCl4 + olive oil (1:1,v/v) @ 4 ml/kg + silymarin @ 5 mg/
kg; Group IV: CCl4 + olive oil (1:1,v/v) @ 4 ml/kg + T. chebula @ 100
mg/kg; Group V: CCl4 + olive oil (1:1,v/v) @ 4 ml/kg+ T. chebula @
200 mg/kg; GroupVI: CCl4 + olive oil (1:1,v/v) @ 4 ml/kg + T. belerica
@ 100 mg/kg; GroupVII: CCl 4 + olive oil (1:1,v/v) @ 4 ml/kg+ T.
belerica @ 200 mg/kg.

Liver of rats of negative control group was normal and did not show
any histopathological changes. The cords of hepatocytes were well
preserved, cytoplasm was vacuolated, and sinusoids were well
demarcated; no areas of necrosis or no fatty changes were observed
(Figure 2). Hepatocytes of rats of positive control group showed
severe degenerative changes as well as severe centrilobular fatty
changes. The macrovesicular steatosis was seen in most of the
hepatocytes and in few places, central vein congestion was noticed
(Figure 3). CCl4 is biotransformed by the cytochrome P-450 system
to produce the trichloromethyl free radical (CCl3), and this further
reacts very rapidly with oxygen to yield a highly reactive
trichloromethyl peroxy radical (CCl3O) by cytochrome P-450
enzyme (Jia et al., 2011). These free radicals alkylate cellular proteins
and other macromolecules to produce lipid and finally result in
necrosis of hepatocytes and cell death (Halliwell and Gutteridge,
1990). Pingale (2011) and Gurav (2010) have also reported various
degrees of pathological changes starting from centrilobular necrosis
of hepatic cells to central lobular fatty degeneration, vacuolations

Figure 1: Alteration in body weight (g) in rats received different
treatment.

Figure 2: Liver of rats of group I.
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Figure 3: Severe degenerative and centrilobular fatty changes in liver
of rats of group II.

Figure 6: Mild degree of fatty changes and early degenerative changes
in periportal areas in liver of rats of group V.

Figure 4: Liver sections of rats of group III.

Figure 7: Moderate degree of fatty changes in liver of rats of group
VI.

Figure 5: Fatty changes and compressed sinusoids in liver of rats of
group IV

Figure 8: Regenerative changes in liver of rats of group VII
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4. Conclusion
The present study revealed that ethanolic extract of T. belerica fruits
exhibits better hepatoprotective properties in comparison to that of
T. chebula against CCl4 induced hepatotoxicity in rats, seems to
validate its use in folk medicine. The rats treated with T. belerica
fruits extract @ 200 mg/kg body weight showed significant increase
in body weight and their liver’s weight as well as volume were lowered
significantly. They also showed significantly lowered level of AST,
ALT, ALP and total bilirubin, whereas albumin and total protein
were significantly increased.
The microscopic picture of rats treated with T. belerica fruits extract
were comparable to rats treated with silymarin. The hepatocytes
were apparently normal with regenerative changes suggesting
hepatoprotective and hepatoregenerative property, respectively as
it prevented the histopathological changes induced by CCl4 and
augmented regenerative process that might be due to its antioxidant
property. However, there is a need for further studies regarding its
use as natural hepatoprotectant or nutraceutical/pharmaceutical
ingredients for patient with compromised liver conditions.
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