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Leaf Petiole of Artocarpus heterophyllus Lam. Protect
Acetaminophen Induced Hepatotoxicity through
Antioxidant Defense in Albino Rats
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Kunan et al.: Hepatoprotective activity of Artocarpus heterophyllus Lam. leaf petiole through antioxidant
system

Artocarpus heterophyllus Lam. is the common jackfruit tree belongs to family Moraceae. The protective
role of leaf petiole part of the plant was investigated in experimental hepatotoxicity. Antioxidant enzyme
activity was investigated in acetaminophen intoxicated rat liver treated with methanol extract of Arfocarpus
heterophyllus. Phytochemical analysis and the antioxidant property of successive hexane, ethyl acetate and
methanol extracts of Artocarpus heterophyllus showed highest activity with methanol extract (4rtocarpus
heterophyllus). Superoxide dismutase, catalase (antioxidant enzymes) and glutathione showed significant
increase in rats with oral administration of Arfocarpus heterophyllus compared to the acetaminophen treated
group. The degree of hepatoprotection was assessed by the activity of aspartate amino transferase, alanine
aminotransferase, alkaline phosphatase, lactate dehydrogenase and gamma glutamyl transpeptidase. A dose
dependant protective effect of Artocarpus heterophyllus (200 mg/kg body weight, 400 mg/kg body weight)
against acetaminophen-induced hepatotoxicity in albino rats was identified. Histopathological evaluation of
the liver confirmed the hepatoprotective function of methanol extract of Artocarpus heterophyllus as evident in
biochemical evaluations. The results of the present study suggest the potential use of leaf petiole of Artocarpus

heterophyllus in the treatment of liver disease due to its ability to protect as an antioxidant.
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Reactive Oxygen Species (ROS) are spontaneously
generated in cells during metabolism and are
implicated in the etiology of different degenerative
diseases!!. Oxidative stress plays a fundamental
role in the acute hepatoxicity of several drugs,
including the world-widely used analgesic and
Antipyretic Acetaminophen (APAP)®!. Increase in
the use of synthetic drugs lead to many side effects
and undesirable hazardsPl. This leads to the search
of natural products which are economically viable
and culturally acceptable.

The therapeutic use of many traditional medicines
attributes the presence of antioxidant properties.
Artocapus  heterophyllus  (A.  heterophyllus)
(Jackfruit), belonging to Moraceae is reported to
have anti-inflammatory, antidiuretic, antioxidant,
antifungal and immunomodulatory properties!*.
Various studies revealed the diverse secondary
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metabolites present in its fruits and seeds
691, Hepatoprotective activity of aqueous extract
of seed, leaf and fruit of A. heterophyllus was
reported earlier with Carbon tetrachloride (CCl,))
induced hepatotoxicity on Swiss albino micel'%!?,
Hot water decoction of the mature leaf petiole of
Jackfruit is traditionally used for many ailments
due to its anti-inflammatory effect!3!,

Although many medicinal properties of the plant
are reported, no investigations have been so
far done to validate the hepatoprotective role of
leaf petiole part of A. heterophyllus through its
antioxidant protection. Hence the objective of the
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present study is to evaluate the hepatoprotective
action of A. heterophyllus against APAP induced
hepatotoxicity.

MATERIALS AND METHODS
Plant material:

A. heterophyllus Lam. was collected locally
from Thiruvananthapuram, Kerala, India. The
plant materials were identified and the voucher
specimen had been deposited in the Herbarium
of Department of Botany, University of Kerala,
Thiruvananthapuram, Kerala, with voucher
number: KUBH-6027 for future reference.

Preparation of plant extracts:

The petioles of mature leaves of A. heterophyllus
were collected, washed and shade dried. The dried
plant material was powdered and was successively
extracted in soxhlet apparatus with hexane (AHH),
ethyl acetate (AHE) and methanol (AHM) in the
order of their increasing polarity until it becomes
colourlesst'. The solvents were removed from
the extracts using rotary vacuum evaporator and
stored in the refrigerator for further analysis.
Phytochemical analysis and the antioxidant
property of the extracts showed highest activity
with AHMI7, So AHM was selected for further
investigations.

Experimental animals:

Male and female albino rats (Rattus norvegicus)
of Wistar strain (150-200 g) were used for the
experiment. The animals were maintained in
animal house as per Committee for the Purpose
of Control and Supervision of Experiments on
Animals (CPCSEA) regulations. Food and water
was provided ad libitum. The animals were
acclimatized with the laboratory conditions
before doing the experiments. Ethical clearances
were obtained prior to the experiments, from
the Institutional Animal Ethical Committee for
the studies with the leaf petiole extracts of A.
heterophyllus Lam. (B1/3/2015/1396/PO/E/S/10/
CPCSEA).

Acute toxicity study:

Wistar albino rats (200 g body weight) were used for
the acute toxicity studies following Organisation
for Economic Co-operation and Development
guideline No. 423051 The methanol extract of
A. heterophyllus Lam. was administered orally
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to the fasted (overnight) animals at a dose 2000
mg/kg body weight. The animals were monitored
constantly for 3 h and extended up to 24 h. The
animals were furthered observed for next 14 d for
mortality and behavioural changes.

APAP induced hepatotoxicity:

Hepatoprotective activity of the AHM of the plant,
particularly its protective role was determined by
the method of Kumar ez al.'%!. One-tenth and two-
tenth of the minimum lethal dose, i.e., 200 mg/
kg body weight and 400 mg/kg body weight were
selected as the therapeutic dose for the evaluation
of hepatoprotective activity. Male Wistar strain of
albino rats (130-200 g body weight) were divided
into five groups of 6 animals each and treated as
follows.

Animals in Group I served as normal and was
given normal saline for 10 d in succession. Group
IT animals served as negative control, administered
with normal saline for 10 d and were given APAP
at 3 g/kg body weight on the 10" d. The group III
and IV animals served as experimental and were
treated orally with methanol extract of 200 mg/kg
body weight and 400 mg/body weight respectively
for 10 d followed by a single oral administration
of APAP at 3g/kg body weight, 1 h after last day
of extract administration. Group V served as the
standard and were treated with Silymarin at 50 mg/
kg body weight for 10 d followed by a single oral
administration of APAP at 3 g/kg body weight, 1
h after last day of extract administration. Blood
samples and liver tissues were collected for the
estimations and histopathological observations.

Biochemical estimations:

Serum was obtained from clotted blood samples
by centrifugation at 1500 g for 10 min. The Liver
markerenzymessuchasAspartate Aminotransferase
(AST), Alanine Aminotransferase (ALT), Alkaline
Phosphatase (ALP), Lactate Dehydrogenase
(LDH), and Gamma Glutamyl Transpeptidase
(GGT), were evaluated following standard protocol
using the kit from AGAPPE Diagnostics, India.

A part of the rat’s liver as 10 % homogenate in
ice-cold sucrose and supernatant fraction after
centrifugation at 600 xg in a cold centrifuge was
used for assessing the biochemical estimations
while remaining part of the liver was used for
histopathological studies. Antioxidant status of
liver tissue was assessed from reduced Glutathione
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(GSH) level and enzyme activities of Superoxide
Dismutase (SOD), Catalase (CAT), Glutathione-
S-Transferase (GST), and Glutathione Peroxidase
(GPx) estimations!'”?!l, The protein content in
tissue homogenates was determined by the method
of Lowry et al.** using bovine serum albumin as
a standard. Lipid peroxidation was determined
by measuring the Thiobarbituric Acid Reactive
Substances (TBARS)!*!and the Conjugated Dienes
(CD)2¥ concentrations.

Histopathological examination:

Immediately after sacrifice, excised liver tissue was
fixed in 10 % formalin, then washed, dehydrated
in descending grades of isopropanol and finally
rinsed with xylene. The tissues were then embedded
in molten paraffin wax. Sections were cut at 5 mm
thickness, stained with haematoxylin-eosin and
observed microscopically for histopathological
changes.

Statistical analysis:

The data was expressed as meanzstandard error
of mean, (n=6). One-way Analysis of Variance
(ANOVA) followed by Duncan’s Multiple Range
Test (DMRT) (Statistical Package for Social
Sciences (SPSS)-version 19) was used for analysis.
Values of p<0.05 were considered statistically
significant.

RESULTS AND DISCUSSION

Acute toxicity studies on AHM specified the
absence of any toxic changes at a dose level 0of 2000
mg/kg, indicating the extract could be considered
safe to rats. Based on this observation the doses
of 200 mg/kg (one tenth of the maximum dose)
and 400 mg/kg (twice that of one tenth dose), were
justified for the rest of the investigations.

Oral administration of APAP to rats produced
significant rise (p<0.01) in enzyme levels such as
AST, ALT, ALP, LDH and GGT. Treatment with
AHM significantly (p<0.05) prevented the increase
in the level of these enzymes in a dose dependent
manner (Table 1). The level of the antioxidant
enzymes like SOD, CAT, GPx and GST were also
found significantly (p<0.05) decreased by APAP
administration when compared to the control
group. Treatment with the methanol extract (200
mg/kg and 400 mg/kg) resulted in significant
increase in antioxidant enzymes that is comparable
with that of Silymarin treated groups (Table 2).

The TBARS and CD values were increased from
normal level (TBARS: 0.01+0.009 pmol/g of
tissue and CD: 4.35+0.09 pumol/g of tissue) to
0.07+0.06 pmol/g of tissue and 10.2+0.06 umol/g
of tissue respectively in APAP intoxication.
Administration of AHM (400 mg/kg body weight)
extract significantly (p<0.05) reduced these levels
to 0.02+£0.03 pmol/g of tissue (TBARS) and
7.85+0.12 pmol/g of tissue (CD) respectively. The
GSH level was decreased significantly (p<0.05) in
the APAP treated rat liver, while GSH level was
increased significantly (p<0.05) to the normal
level in the AHM pre-treated animals.

Hepatoprotective  effect of the methanol
extracts of the petiole of mature leaves of A4.
heterophyllus Lam. were evident and confirmed
upon histopathological examinations. The liver
histology of the normal control rats is shown in fig.
1A. The liver histology of APAP treated animals
showed high necrosis (fig. 1B). The hepatic cells
showed severe toxicity which is characterized by
centrilobular necrosis, dilated sinusoidal spaces
and nodule formation.

TABLE 1: EFFECT OF METHANOL EXTRACT OF A. heterophyllus (AHM) ON THE HEPATIC FUNCTION
MARKER ENZYMES (AST, ALT, ALP, GGT and LDH) IN SERUM OF ACETAMINOPHEN INTOXICATED RATS

Group AST (U/1) ALT (U/1) ALP (U/1) GGT (U/l) LDH (U/1)
Normal 73.66+1.11 147.16+0.8  133.6:0.7  3.45:0.05 181.09+ 0.83
APAP control (3 g/kg body weight) 185.33:0.98*  551.33:2.2*  258+2.3 8.53:0.08" 577.88+ 1.32*
APAP+AHM (200 mg/kg body weight)  134.16£0.74*  245.33+1.2%  238.1+1.5*  7.48:0.07*  475.08 1.01%
APAP+AHM (400 mg/kg body weight)  78.66+1.14%  151.33+1.0*  148.30.6*  5.78:0.03*  191.35 1.53%
APAP+Silymarin (50 mg/kg body 74.83+1.3*  147.50+1.56*  142.8+1.5*  5.3:0.03* 189.05+ 2.4
weight)

P .000% .000% .000%* .000% .000%

Note: **Significant at 1 % level (p<0.01); Values are meansstandard error (n=6); “p<0.05 significantly different when compared with

normal
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TABLE2:EFFECT OF METHANOL EXTRACT OF A. heterophyllus (AHM), ONTHEACTIVITY OF ANTIOXIDANT
ENZYMES (SOD, CATALASE, GPX AND GST) IN LIVER OF ACETAMINOPHEN INTOXICATED RATS

Group SOD CAT GPx GST
Normal 1.89:0.01 72.5+0.62 1.75:0.03 3.68:0.13
APAP control (3 g/kg body weight) 1.14:0.02¢ 29.7+0.39* 0.4:0.07* 1.01:0.02*
APAP+AHM (200 mg/kg body weight) ~ 1.31:0.02%  41.1:0.41% 0.41+0.009* 1.13:0.02¢
APAP+AHM (400 mg/kg body weight)  1.55:0.04#  48.02:0.73% 0.86£0.07% 1.68:0.05*
APAP+Silymarin (50 mg/kg body 1.8+0.02* 61.9+4.9 0.97+0.03% 2.3:0.07%*
weight)

p .000** .000** .000** .000**

Note: **Significant at 1 % level (p<0.01); values are meanzstandard error of mean (n=6); ?p<0.05 significantly different when compared
with normal; *p<0.05 significantly different when compared with control; SOD Units/min/mg protein, CAT pmol of H,0, decomposed/min/
mg protein, GPx pmol/min/mg protein and GST pmol of CDNB/mg protein

Fig. 1: Hepatoprotective effect of AHM on liver against APAP induced hepatotoxicity in rats; Photomicrographs of (A) Normal
rats; (B) APAP intoxicated control rats; (C) AHM (200 mg/kg)+APAP; (D) AHM (400 mg/kg)+APAP and (E) Silymarin (50 mg/

kg)+APAP

Note: (blue): Hepatocytes; (red): Necrosis; (yellow): sinusoid and (green): portal triad

AHM (400 mg/kg body weight) administered rats
showed liver pattern with fewer necrotic zones
(fig. 1D). The liver histology of the rats pre-
treated with silymarin showed normal architecture
with few fatty changes (fig. 1E). Histological
observations supported the results obtained from
biochemical investigations. Thus the methanol
extract of 4. heterophyllus evoke hepatoprotective
activity against APAP induced cellular damage in
liver at doses 200 mg/kg body weight and more
significantly at 400 mg/kg body weight.
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Phytochemical screening of the hexane, ethyl
acetate and methanol extracts of leaf petiole of 4.
heterophyllus showed a higher concentration of
saponins, alkaloids, tannins, phenols, flavanoids,
quinones, steroids and terpenoids in methanol
extract than other two extracts®’l. Methanolic
extract of A. heterophyllus was demonstrated to be
hepatoprotective in action through its antioxidant
property in APAP intoxicated experimental rats.
APAP, a common antipyretic agent, though safe in
therapeutic doses but cause fatal hepatic necrosis
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with toxic dosel?’l. The APAP toxicity is evident
with increased cytoplasmic enzymes (AST,
ALT, ALP, LDH and GGT) showing the hepatic
damage!®). The damage of plasma membrane of
liver cell causes the release of enzymes into blood
stream. Restoring this enzyme activity to normal
level by methanolic extract of A. heterophyllus
proves the hepatoprotective role of these plant
extract. The pre-treatment of AHM (400 mg/kg)
has significantly improved LDH activity to normal
in hepatic challenged rats. Increase in LDH level
of serum is met with hepatic dysfunctions?7!,

AHM treatment elevated the antioxidant enzymes
in hepatic-challenged rats. The antioxidant
enzymes, SOD and CAT have been found to be of
great importance in assessment of liver damage
which serves as biomarker of hepatocellular injury
due to alcohol and drug toxicity?®.. The decline
in the level of catalase may result in deleterious
effect since it may lead to the accumulation of
superoxide radicals and hydrogen peroxide!.
GSH, plays a central role in coordinating the
body’s antioxidant defence processesi®”. The
GSH content in the liver of APAP intoxicated
rats was lowered that returned towards a near
normalcy in groups administered with extracts
(AHM) prior to APAP indicating the prevention
of lipid peroxidation by the phyto-compounds
present in the extract. The decreased level of
GSH is always associated with enhanced level
of lipid peroxidation in APAP intoxicated groups
of rats. Elevated level of GSH in AHM treatment
conclusively prove the antioxidant property of this
plant product. The hepatoprotective activity of
the extracts was also evaluated by estimating the
lipid profile (Cholesterol, Triglycerides and Total

lipids) in liver tissues and blood serum. The lipid
profile significantly elevated in APAP intoxicated
animal groups than the normal onesP'. The pre-
treatment of AHM showed a significant decrease
in the lipid profile (Table 3).

The present study showed that the extract, AHM
was effective in regaining the normal serum values
of liver function marker enzymes from the APAP
intoxicated conditions. This was comparable to
the effect of using standard drug, silymarin(®Z.
Histopathological evaluation of the liver confirmed
the hepatoprotective functions of methanol extract
of A. heterophyllus as evident in biochemical
evaluations.

AHM plays a significant role in peroxidation by
inhibiting the free radical attack on bio membrane.
The methanol extract retained the normal
architecture of liver. The maintenance of tissue
architecture by the extract helped to validate the
results obtained in biochemical estimations of
serum and tissue markers of toxicity.

In conclusion, the AHM of the plant showed a
significant hepatoprotection of APAP induced
liver injury. Antioxidant status in the liver tissue
(SOD, CAT, GPx, and GST) as well as lipid
peroxidation (TBARS and CD) substantiated the
protective effect of the plant extract. The tissue
architecture was maintained by the plant extract
in histological examination. The mechanism of
the hepatoprotective effect of AHM may be due
to its antioxidant effect. These properties show
the high medicinal use and effectiveness of the
plant in treatment of different diseases. Further
study is needed to identify and isolate the active
compounds present in the plant extract which can
have antioxidant and hepatoprotective properties.

TABLE 3: EFFECT OF METHANOL EXTRACT OF A. heterophylius ON LIPID PEROXIDATION (TBARS AND
CD) and GSH IN LIVER OF ACETAMINOPHEN INTOXICATED RATS

Group TBARS (pmol/g of tissue) CD (umol/g of tissue) GSH (umol/g of tissue)
Normal 0.01+0.0009 4.3520.09 2.63+ 0.06

APAP control (3 g/kg body weight) 0.07+0.008% 10.2+0.06" 1.23+0.02%
APAP+AHM (200 mg/kg body weight) 0.06+0.008% 8.06+0.11# 1.6+0.03%

APAP +AHM (400 mg/kg body weight) 0.02+0.003* 7.85+0.12% 1.60.1%#*
APAP+Silymarin (50 mg/kg body 0.02:0.07* 6.09:0.1% 1.64+0.07*
weight)

p .018** .000** .000**

Note: **Significant at 1 % level (p<0.01); Values are meanzstandard error (n=6); “p<0.05 significantly different when compared with

normal; *p< 0.05 significantly different when compared with control
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