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Abstract

B

ackground: Liver injury and dysfunction is one of the major health concerns throughout the world. Several
herbal formulations are reported to exert beneficial effects on the biochemistry of the liver.

Methods: Therefore, the current project is conducted to evaluate the hepatocurative and hepatoprotective
potential of Terminalia arjuna by using albino mice.
Results: The fruit extract (400 mg/Kg) of the plant showed hepatoprotective effects upon pre-treatment for 5, 10
and 15 days and later challenged with acetaminophen (400 mg/Kg) for 3 days. The results showed substantial
protective properties as there was comparatively less damage to the liver. Furthermore, the fruit extract of T.
arjuna also exhibited hepatocurative effects when animals were given acetaminophen (400 mg/Kg) for 3 days
to damage the liver followed by the treatment with the plant extract (400 mg/Kg) for 5, 10 and 15 days. The
results also indicated hepatocurative activities, as the elevated serum levels of hepatic enzymes were inclining
to normal ranges in a time-dependent manner.
Conclusion: In conclusion, the fruit extract of T. arjuna possesses hepatoprotective plus hepatocurative activities.
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Introduction
In modern medicinal practices, plants have occupied the
central stage for preparation of some important drugs to
treat different ailments. World Health Organization
(WHO) estimated that 65-80% population living in
developing countries uses herbs for the treatment of their
ailments. Therefore, the progress as well as estimation
of new therapeutic agents from phytonutrients is
encouraged. Furthermore, only 15% of existing plant
species has been evaluated for their pharmacological
activities. Therefore, it’s important for evaluating herbal
plants for their medicinal potential [1-12].
Liver is concerned with metabolism and detoxification
of these compounds; therefore, this vital organ is more
vulnerable to toxicity. Hence, it is required to find out the
cheapest and safest ways to combat the hazardous
effects of the toxins on the liver. Recent research on
herbal plants has opened the window to search for
therapeutically active agents from medicinal plants that
possess antioxidative potential and provides protection
to these organs/tissues from unwanted damage and
oxidative stress [14-22].
Terminalia arjuna, is commonly found in Pakistan, is a
well-known medicinal plant and has been reported for its
antitussive, diuretic, cardiotonic, homeostatic, laxative,
antidiabetic and anti-cancerous activities. Although,
unlike parts of T. arjuna like bark, leaves, as well as roots
have been extensively explored for protection against
different diseases, the fruit extract of this plant is little
investigated [26-32]. The bark extract of T. arjuna
contains arjunolic acid, polyphenols, flavonoids,
triterpenoid, alkaloids, glycosides, saponin and tannins,
utilized for the treatment of liver disorders,
hyperlipidaemia, coronary artery disease, heart failure
and hypercholesterolemia . The fruit extract of this plant
possesses flavonoids, gallic acid, glycosides, saponins,
tannin, terpenoid, phenolic compounds and showed
antimicrobial, antioxidant and cytoprotective activities.
The present study was accomplished to explore the
hepatoprotective as well as hepatocurative potential of
T. arjuna fruit on paracetamol induced hepatotoxicity in
animal models [33-37,39,40].

Methods
Plant collection and preparation of extract
The fruit of T. arjuna was collected from botanical garden
of Government college university (GCU) Lahore, washed
and shade dried for three days. These were then
grounded and 500g of the powder was soaked in
absolute ethanol for 14 days. Subsequently, the mixture
was filtered. The filtrate was subjected to rotary
evaporator (42-45oC) to obtain the plant extract which
was stored at 4°C until further use.
Experimental animals
The male albino mice weighing 25-30g were kept in the
animal house of GCU, Lahore at 21±1°C with 12 hours
dark-light cycle and fed with standard diet and water. The
study was performed according to the rules of
departmental ethics committee. The study was

conducted according to the guidelines of animal ethics to
minimize the pain to the animals.
Chemicals
Paracetamol (Acetaminophen) was used for liver
intoxication. Test Kits for measuring Alanine
transaminase (ALT),
Alkaline
phosphatase (ALP),
Aspartate
transaminase
(AST)
and
Lactate
dehydrogenase (LDH) were supplied by synchron®
systems (Ireland).
Blood sampling
The animals were anesthetized and 1 ml blood was
collected directly from heart in Eppendorf. Subsequently,
the serum from blood sample was isolated by
centrifuging at 4000 rpm (rotation per minute) for 10
minutes 4°C. After centrifugation straw colored serum
was obtained and subjected for analysis of enzymes.
Histopathological studies
Following collection of blood, the mice were subjected for
sacrifice and the livers were carefully removed for
histopathological studies. The liver tissues were rinsed
with normal saline solution, fixed in 10% formo- saline
and stained with hematoxylin-eosin.
Experimental Plan
Hepatoprotective studies
The animals were divided into the five groups of five
animals each. In negative control group the mice were
fed on standard diet and water. For positive control,
paracetamol (400mg/Kg) administered to mice for 3 days
[26,28] to damage the liver and blood was collected for
LFTs (liver function tests) and liver for histological
studies. For hepatoprotective (HP) studies, the animal of
group HP5, HP10 and HP15 were given the fruit extract
(400 mg/Kg body weight/day [10,12] for five, ten and
fifteen days, respectively. Subsequently, the animals
were challenged with paracetamol (400 mg/Kg body
weight/ day). Blood samples were taken as of each group
for analysis of liver enzymes. Furthermore, the liver
sections of negative, positive and HP15 groups were
collected for histological studies.
Hepatocurative studies
In order to study the hepatocurative effect of the plant
extract, the mice were divided into the five groups of five
animals each. In the negative group animals were fed on
standard diet and water. For positive control paracetamol
was given to the mice for three days to damage the liver.
For hepatocurative (HC) studies, the animals were first
challenged with paracetamol (400 mg/Kg body
weight/day) for three days to damage the live. Then the
fruit extract (400 mg/Kg body weight/day) was given
orally for five, ten and fifteen days to HC5, HC10 and HC15
groups, respectively. Subsequently, the blood samples
were collected from each group for analysis of liver
enzymes. Furthermore, the liver sections of negative,
positive and HC15 groups were collected for histological
studies.
Statistical analysis
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The data were analyzed by using ANOVA (One-way
Analysis of Variance). The probability not as much of
0.05 (P<0.05) was considerable.

Results
Hepatoprotective treatment
For hepatoprotective studies, the serum levels of ALT,
AST, ALP and LDH are shown in table I. In paracetamol
treated group (+ve control), the serum level of these
enzymes were significantly elevated as compared to the
normal group (-ve control), whereas the level of ALT,
AST, ALP and LDH decreased significantly with pretreatment with fruit extract of T. arjuna for 5 days (HP5),
10 days (HP10) and 15 days (HP15) followed by the
administration of acetaminophen for 3 days in each
group. Furthermore, the results showed that effect was
time-dependent as maximum protection was observed in
HP15 group. The hepatoprotective effect of the T. arjuna
extract is further confirmed by the histological studies.
However, for qualitative analysis only the liver section of
fifteen-day treatment (HP15) was compared with the liver
sections of positive and negative control groups (Figure
1). The livers of acetaminophen-intoxicated mice
(positive control) showed the distortion of hepatocytes,
spillage of lymphocytes and loss of cellular integrity. The
histological observations of the livers of the mice pretreated with fruit extract of T. arjuna preserved the
architecture of liver indicating the plant extract
possesses the hepatoprotective effects (Figure 1).
Treatment

Parameters studied
ALT
(U/L)

Negative Control (Normal
diet)
Positive Control (Normal diet
+ 3 days Acetaminophen)
HP5 (T. arjuna 5 days +
Acetaminophen 3 days)
HP10 (T. arjuna 10 days +
Acetaminophen 3 days)
HP15 (T. arjuna 15 days +
Acetaminophen 3 days)

26.0
0.8
42.4
0.8
33.4
0.9*
29.7
0.4*
24.8
0.3*

AST
(U/L)

ALP
(U/L)

+

32.4 +0.8

+

55.4
0.6
45.7
0.7*
40.0
0.6*
35.4
0.5*

+
+
+

+
+
+
+

20.2
0.2
40.3
0.7
37.0
0.3*
30.0
0.4*
26.1
0.5*

LDH
(U/L)
+
+
+
+
+

6.5
1.2
37.0
1.4
20.7
0.6*
16.6
0.4*
14.1
0.3*

+
+
+
+
+

Table I: Effect of pre-treatment with T. arjuna fruit extract on
serum concentrations of liver enzymes of mice in paracetamol
induced hepatotoxicity (Mean ± SD).
Treatments

-ve Control (Normal diet)
+ve Control (Normal diet +3
days Acetaminophen)
HC5 (Acetaminophen 3 days
+ T. arjuna 5 days)
HC10 (Acetaminophen 3 days
+ T. arjuna 10 days)
HC15 (Acetaminophen 3 days
+ T. arjuna 15 days)

Parameters studies
ALT
(U/L)
26.0
0.8
42.4
0.8
37.1
0.5*
32.8
0.4*
27.3
0.6*

+
+
+
+
+

AST
(U/L)
32.4
0.8
55.4
0.6
46.4
0.4*
31.8
0.6*
24.9
0.7*

+
+
+
+
+

ALP
(U/L)
20.2
0.2
40.3
0.7
34.2
0.3*
27.9
0.5*
24.5
0.4*

+
+
+
+
+

LDH
(U/L)
6.5
1.2
37.0
1.4
21.1
0.4*
9.6
0.2*
8.7
0.3*

+
+
+
+
+

Table II: Effect of post-treatment with T. arjuna fruit extract on
serum concentrations of liver enzymes of mice in paracetamol
induced hepatotoxicity (Mean ± SD).

Hepatocurative treatment
For hepatocurative studies, the serum concentrations of
ALT, AST, ALP and LDH is shown in table II. In
paracetamol treated group (+ve control), the serum level
of these enzymes was significantly elevated as

als

compared to the normal group (-ve control). However,
the concentration of ALT, AST, ALP and LDH were
significantly lowered with the administration of
paracetamol for three days followed by treatment with
fruit extract of T. arjuna for 5 (HC5), days (HC10) and 15
days (HC15). The liver histology also confirmed the
hepatocurative effect of the plant extract. The livers of
acetaminophen-intoxicated mice showed destruction of
the cellular architecture indicating the extent of live
damage. However, the cellular integrity is restored by
treatment with the plant extract (Figure 1).

Figure 1: Fruit extract of T. arjuna showed hepatoprotective as
well as hepatocurative activities against acetaminophen induced
hepatotoxicity. (A) Architecture of normal liver (negative control
group). (B) Upon treatment with acetaminophen (positive
control) for three days, the liver is damaged which is evident by
distortion of hepatocytes integrity, spillage of lymphocytes and
loss of cellular boundaries. (C) Pre-treatment of mice with the
plant extract for 15 days followed by exposure to acetaminophen
for three days. The plants showed hepatoprotective effect as the
hepatocyte architecture is comparable to that of negative control.
(D) The liver of the mice were first challenged with
acetaminophen for three days which were then treated with the
plant extract for 15 days. The extract exhibited hepatocuractive
activity as the liver architecture reverted to the normal. H & E (40x
magnification). Symbol representation: (
) Central vein; (
)
sinusoid; (
) lymphocyte infiltration; (
) nucleus of
hepatocyte.

Discussion
Increasing sophisticated information highlights various
breakthroughs in pharmacogenomics. Emerging
evidence suggests that there are escalating drug
induced toxicological responses that result in serious
health hazards [26, 27]. Our data demonstrates that
phytonutrients have broader implications in terms of
recapitulation of normal liver biomarker values after
administration.
Paracetamol is a well-recognized antipyretic and
analgesic agent. In therapeutic doses, it is safe and is
eliminated as glucuronide and sulfate. However, at toxic
doses the sulfation and glucuronidation pathways are
saturated. In this condition, paracetamol is oxidized by
cytochrome P-450 to N-acetyl-p-benzoquinone imine
(NAPQI), which is a highly reactive agent. The NAPQI
covalently binds to the glutathione and other cellular
proteins and subsequently results in disturbance of
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calcium homeostasis, mitochondrial injury, oxidative
stress and ultimately cellular damage [15,25].
In present study paracetamol was used as toxic agent
and the therapeutic effects of T. arjuna fruit extract were
investigated by comparing liver biomarker values. The
serum levels of ALT, AST, ALP and LDH were evaluated
in the control and test groups. The serum concentrations
of these enzymes were elevated after the liver damage
with paracetamol that underwent considerable decline
upon administration of the fruit extract. Furthermore, the
plant extract showed the protection to the liver
architecture indicating the hepatoprotective potential of
this plant. The effect was time-dependent because the
maximum protection was found after 15 days of
administration of fruit extract. Our results are in
concordance with Subasini et al. [38] who found that the
bark extract of T. arjuna possesses hepatoprotective
activities. Similarly, the leaf extract of this plant is also
reported to exhibit hepatoprotective activity [5]. Our
results are also in line with the studies of [24] with
reference to reversal of toxicological responses of
various drugs by administration of aqueous extract of T.
arjuna.
The protective effect of the plant extracts might be
because of protection of hepatocyte membrane integrity
or regeneration of the damaged liver cells. It has been
reported that the extract of T. paniculata significantly
improved the blood and liver thiols levels of the rats
challenged with acetaminophen [13]. In a similar
mechanism the fruit extract of T. arjuna might also
elevate the glutathione level of the hepatocytes that
binds with NAPQI and ultimately lessens the toxic effects
of this metabolite of paracetamol. It has also been
documented that the extract of the T. arjuna possesses
flavonoids and tannins [23]. These compoundcan
facilitate the regeneration of hepatic cells and
stabilization of the plasma membrane. However, further
study will provide details of the phytochemicals which are
responsible for the protective effect and the mechanism
of action.
It is concluded that hepatocurative activities, as the
elevated serum levels of hepatic enzymes were inclining
to normal ranges in a time-dependent manner. The fruit
extract of T. arjuna may potentially be used as a
therapeutic agent to cure paracetamol induced liver
damage in humans.
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