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ARTICLE INFO ABSTRACT

Keywords: In this study we investigated the hepatoprotective effects and possible mechanism of Acacia catechu in acet-
Hepatoprotective aminophen (APAP) induced hepatotoxicity using female Wistar rat model. Hepatotoxicity was induced by oral
Acacia seed administration of acetaminophen (750 mg/kg body weight) for 24 h. The seed (400 mg/kg body weight) and
R_OS ) bark (400 mg/kg body weight) extract’s treated groups exhibited hepatoprotective effects and was compared
Hllstopat_ho'ogy with well-known clinical anti-dote N-acetylcysteine (NAC). When groups treated with acetaminophen, sig-
Liver function enzymes . . . . . s . . .

Antioxidants nificant increase of liver weight/body weight ratio, liver function enzymes such as alanine aminotransferase

(ALT), alkaline phosphatase (ALP) and aspartate aminotransferase (AST) and decrease of antioxidant enzymes
such as glutathione (GSH) and superoxide dismutase (SOD) were observed. The histopathology of APAP treated
groups also showed moderate degree of sinusoidal congestion, centrilobular necrosis with polymorph nuclear
cells infiltration, marked vacuolations and congestion. However, pretreatment with seed or bark extract groups
decreased LPO accumulation, reduced the liver function enzymes and increased antioxidant defense enzymes.
Moreover, histopathology of seed extract treated groups showed normal architecture whereas bark extract
treated groups exhibited mild degree of vacuolations in the hepatocytes with minimal sinusoidal congestion.
Taken together, our study concludes that A. catechu seed extract to be a more promising agent for protecting liver
from APAP induced hepatotoxicity.

1. Introduction

The liver is the vital organ that performs essential functions in-
cluding detoxification of deleterious materials. It regulates numerous
metabolic functions and maintains body homeostasis [1]. Therefore,
maintaining liver in healthy condition is essential for normal physio-
logical function. Drugs are an important cause of hepatic injury and a
significant clinical problem worldwide. Approximately 10% of all cases
of acute hepatitis, 5% of all hospital admissions, and 50% of all cases of
acute liver failures are due to drug induced liver injury. It is also
documented that more than 75% of idiosyncratic drug reactions result
in liver transplantation or liver death [2,3]. Most drug-induced liver
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injury and acute liver failure occur due to either accidental or inten-
tional overdosage of acetaminophen also known as (N-acetyl-p-amino-
phenol, paracetamol, APAP) [4].

APAP is an anti-pyretic and analgesic drug used widely in clinical
practice. When using at therapeutic doses, APAP is metabolized by
gluconidation or sulfation by cytochrome P450 system into the reactive
metabolite N-acetyl-p-benzoquinone imine (NAPQI) [5]. Under normal
condition, NAPI is bio-converted into non-toxic metabolites by the en-
zyme glutathione (GSH). However, at high doses, NAPQI levels drasti-
cally increase and react with hepatic proteins and cause liver injury [6].
APAP-induced hepatotoxicity has been studied for several years due to
their detrimental effects on health.
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In various traditional medical systems herbal medicine are used as
hepatoprotective agents [7]. Several herbal medicines are used as he-
patoprotective agents in ayurveda, unani, siddha and homeopathy
medicinal systems. Herbal extracts are tested in vitro and in vivo to
prove its hepatoprotective efficacy across the globe. Many polyherbal
formulations were developed which is more effective than the known
drugs as hepatoprotective agent [8].

Acacia catechu exhibited various pharmacological properties in-
cluding anti-microbial, anti-fungal, anti-inflammatory and tringent and
has also used to treat obesity, wound, and diabetes and to maintain oral
health hygiene [9]. It is rich in phytochemical constituents such as
catechins, epicatechins, epigallocatechin, quercetin, rutin, gallic acid
[10]. Although A. catechu various extracts have been widely used for
hundreds of years in treating various diseases, hepatoprotective effect
of A. catechu seed extracts were poorly studied. In the present study, we
hypothesized that A. catechu pharmacological effects could reduce
acetaminophen induced liver injury by decreasing reactive oxygen
species (ROS), liver function enzymes and increasing the antioxidant
defensive system.

2. Materials & methods
2.1. Chemicals

Hydroxy propyl cellulose, acetaminophen (99% purity) and iso-
flurane were purchased from Sigma-Aldrich (USA), All the other che-
micals used were of analytical grade.

2.2. Animals

Wistar female rats (130-170g) that were randomly bred and
maintained in the Animal Facility of the Centre for Laboratory and
Animal Research (CLAR, Saveetha University) were used for the study.
The animals were housed in polypropylene cages (5 per cage) con-
taining sterilized paddy husk as bedding material and were provided
with pellet diet (commercial feed) and water ad libitum. Animals were
cared for and maintained as per the approved guidelines of the
“Committee for Control and Supervision of Experiments on Animals”
(CPCSEA, India) and the protocol was approved by the Institutional
Animal Ethical Committee, Saveetha University (SU/BRULAC /RD/
001-2015 Dated 13/03/2015).

2.3. Collection of plant material and extract preparation

Acacia catechu (L.f.) Wild., were collected from fields in Hosur
(Tamilnadu, India) and were identified and authenticated by National
Institute of Science Communication and Information Resources
(NISCAIR -New Delhi)/ Raw Materials Herbarium and Museum Delhi
(RHMD) with specimen voucher number- #NC/ASE/9003. Seeds were
shade dried for a week and made into fine powder in a mixer grinder.
The powder was passed through 100-mesh sieve and stored in sealed
polythene bags. About 2.5 kg of A. catechu seed powder was mixed with
10L of ethanol in a 20L round bottom flask attached with Graham
condenser and heated for 1 h at 65 °C. The condenser was cooled with
circulating chilled water. After 1 h of extraction the flask was cooled to
room temp and the extract was filtered through Whatman 1 filter paper
and the filtrate was collected. The residue was extracted repeatedly
with 10 L of ethanol, twice. All the filtrates were pooled. Under reduced
pressure in a Buchi Rotary Evaporator (Switzerland) at 65 °C the pooled
extract was subjected to dryness. About 150 g of dry powder was ob-
tained per batch (6% yield). This extraction procedure was carried out
in Green Chem Herbal Extractions and Formulations R and D
(Bengaluru), India.
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2.4. Experimental design

At first, sub-acute toxicity studies of both A. catechu bark (ACBE)
and seed (ACSE) were carried out by treating various concentration
namely 250, 400 and 1000 mg/kg respectively for 28 consecutive days
and results suggest that the dose of 400 mg/kg did not produce any
significant changes hence it can be taken as NOAEL (no-ob-
served-adverse- effect-level) (an unpublished data) and used for he-
patoprotective study. The in vivo hepatoprotective activity of ACBE and
ACSE were evaluated against acetaminophen (APAP) also known as
paracetomol-induced hepatotoxicity in female wistar rats according to
the method with minor modifications [11,12]. The animals (n = 5)
were randomized into 5 experimental groups and the dosing regimen as
follows.

Group A — Normal Control (0.5% hydroxy propyl cellulose)
Group B — APAP (750 mg/kg body weight)

Group C — APAP + N - acetyl cysteine (NAC) (200 mg/kg)
Group D — APAP + ACBE (400 mg/kg)

Group E — APAP + ACSE (400 mg/kg)

The animals were fasted for 24 h prior to experiment under standard
laboratory conditions but allowed free access to food and water ad li-
bitum. After 24h, the experimental groups were orally administered
with respective drugs of different concentration. After 1h of the drug
treatment, except Group A, all the other groups received oral admin-
istration of APAP 750 mg/kg body weight. After 24 h of hepatic toxicity
induction, the animals were anaesthetized with isoflurane; blood was
collected by retro orbital puncture into heparinized vacuotainers. Later,
the blood was centrifuged at 3500 rpm for 10 min; plasma was collected
and stored for liver function tests. The animals were then sacrificed by
cervical dislocation and liver tissue was removed, weighed and stored
at —80 °C for further biochemical and histological analysis.

2.5. Liver enzymes assessment

2.5.1. Plasma and liver assays

Plasma and liver tissue were used for the determination of liver
enzyme levels viz., alanine aminotransferase (ALT), alkaline phosphate
(ALP), and aspartate aminotransferase (AST). The estimations were
performed by using the standard procedures of commercial diagnostic
kit (Accurex, Mumbai) on bio systems semi auto analyzer.

2.5.2. Biochemical analysis

10% liver tissue homogenate was prepared with ice cold 10% KCl
and centrifuged at 1000 rpm for 15 min. The supernatant was used as
the source of enzyme. The total protein content was estimated [13].

2.5.3. Estimation of lipid peroxides (LPO)

The amount of lipid peroxides was estimated as described pre-
viously [14]. Briefly, 0.2 mL of tissue homogenate was made up to 1 mL
with normal saline, 0.5mL of BHT (0.05%) and 3.5 mL TBA (0.8%)
reagent was added and heated for 90 min in a boiling water bath. After
cooling, the solution was centrifuged at 3500 rpm for 10 min and the
precipitate obtained was discarded. The absorbance of the supernatant
was determined at 532nm using multimode reader (Perkin Elmer,
U.S.A). The level of lipid peroxidation was expressed in terms of mi-
crograms of malondialdehyde (MDA) equivalents/g of tissue.

2.5.4. Estimation of reduced glutathione (GSH)

The assay was performed as per the earlier methods [14]. Briefly,
0.25 mL of supernatant was added to equal volume of ice cold 5% TCA
to precipitate the protein present in the tissue. The precipitate was re-
moved by centrifugation at 4000 rpm for 10 min. To 1 mL aliquot of
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supernatant, 0.25 mL of phosphate buffer (pH 8.0) and 0.5 mL of DTNB
(0.6 mM) was added and mixed well. The absorbance was read at
412 nm using multimode reader (Perkin Elmer, U.S.A). The results were
expressed in micromoles of GSH/g tissue.

2.5.5. Estimation of superoxide dismutase

Super oxide dismutase was assayed by the method [16]. Briefly, to
0.05mL of supernatant, 0.3mL of sodium pyrophosphate buffer
(0.025 M), 0.025 mL of PMS (186 uM) and 0.075 mL of NBT (300 pM)
was added. The reaction was started by addition of 0.075 mL of NADH
(780 uM). After incubation at 30°C for 90s, the reaction was im-
mediately stopped by addition of 0.25 mL glacial acetic acid. Then the
reaction mixture was stirred vigorously and shaken with 2.0 mL of n-
butanol. The mixture was allowed to stand for 10 min and centrifuged.
The color intensity in the butanol layer was read at 560 nm (Multiskan,
Thermo Scientific, U.S.A). The activity of SOD was expressed as units/
min/mg of protein. One unit of SOD activity is defined as the enzyme
reaction, which gives 50% inhibition of NBT reduction in one minute
under the specified assay conditions.

2.5.6. Analysis of histopathological changes

The liver bits of around 5 mm thickness were dehydrated with serial
grades of ethanol solutions and embedded in paraffin. Sections of 4
microns were made using rotary microtome and staining was done
using Hematoxylin and Eosin (H&E).

2.5.7. Statistical analysis

Data were expressed as mean = S.E.M and analyzed by one-way
analysis of variance followed by Students Newman kewl’s multi-
comparision test to determine the significance of differences between
groups. A p-value lower than 0.05, considered as significant change.

3. Results

3.1. Effect of A. catechu bark and seed extracts against APAP induced
hepatotoxicity on body weight, liver weight and liver weight/body weight
ratio

Administration of APAP (750 mg/kg body weight) has significantly
increased the body weight when compared to normal control (initial
body weight was 140 + 5). Significant differences were observed in
the body weight of NAC 200 mg/kg body weight, A. catechu bark
400 mg/kg body weight, and A. catechu seed 400 mg/kg body weight
were observed when compared to APAP group (Fig. 1A). Similarly,
alteration in weight of liver tissue were also observed. Significant in-
crease in the liver weight was observed in APAP induced group when
compared to control groups. Whereas, significant decrease in the
weight of liver tissue in all treated groups namely, NAC, bark and seed
respectively (Fig. 1B).

The average liver weight and body weights ratio was also calcu-
lated. There is significant increase in the ratio was observed in APAP
induced rat model when compared to that of normal control. The liver
and body weight ratio in the pre-treated groups of A. catechu bark and
seed extracts were found to be significantly decreased compared to
APAP. The groups pretreated with seed extracts showed similar liver
weight and body weight ratio as that of standard NAC group (Fig. 1A).

3.2. Effect of Acacia catechu bark and seed extracts against APAP induced
hepatotoxicity on liver function tests in plasma

The results showed significant increase of ALT, AST and ALP liver
enzymes in APAP group compared to that of control. The A. catechu
bark and seed treated groups exhibited significant decrease in these
liver enzyme levels, as compared to APAP induction group (Fig. 2A-C).
However, compared to bark extract treated group, seed extract showed
significant reduction of liver enzymes.
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3.3. Effect of Acacia catechu bark and seed against APAP induced
hepatotoxicity on liver function tests in Liver tissue

Effect of A. catechu bark and seed extract against APAP induced
hepatotoxicity were observed by determining oxidative stress marker,
lipid peroxidation (LPO) and antioxidants (GSH & SOD) in liver tissue.
There is significant upregulation in the levels of oxidative stress marker,
LPO was observed in APAP group, compared to that of normal control.
The elevated levels of LPO by APAP induction was substantially de-
creased in the Acacia bark and seed extract treated groups compared to
APAP (Fig. 3A).

Concomitant decrease in the antioxidants, reduced glutathione
(GSH) and superoxide dismutase enzyme (SOD) was observed in APAP
induced group. Amelioration in the levels of GSH and SOD was ex-
hibited by both A. catechu bark and seed extracts pre-treated groups,
besides NAC in a significant manner when compared to APAP (Fig. 3B-
Q).

The study exhibited significant increase of ALT, AST and ALP liver
enzymes in APAP treated group as compared to untreated control. The
A. catechu bark and seed extract pre-treated groups exhibited significant
decrease in these enzyme levels when compared to APAP treated groups
and groups pre-treated with seed extracts showed significant reduction
in enzyme levels compared to bark extract (Fig. 4).

3.4. Histopathological observations

Histological profile of normal control group revealed normal his-
tology of liver with central vein, hepatocytes and portal triads (Fig. 5A).
APAP induced group revealed marked degree of necrosis along with
polymorphonuclear cells infiltration, severe vacuolations in the hepa-
tocytes and sinusoidal congestion (Fig. 5B). Pretreatment with NAC
reduced APAP induced microscopic changes and showed marked ben-
eficial effects in the liver architecture (Fig. 5C).

Pretreatment with A. catechu bark extract showed moderate degree
of necrosis, mild degree of vacuolations in the hepatocytes with
minimal sinusoidal congestion (Fig. 5D). However, A. catechu seed ex-
tract administration revealed regeneration of hepatocytes to normal
architecture, absence of sinusoidal congestion and vacuolations in the
hepatocytes (Fig.5E).

4. Discussion

Liver failures are rising every year in the United States, and drugs
are the major cause of it. Drug induced hepatoxicity depends on various
factors including age, gender, lifestyle factors, obesity, nutritional
status, genetic background, dose, and exposure of drugs [17,18]. A high
use of acetaminophen was either due to accidental intake or suicidal
practice resulted in liver failures in many countries [19-21]. Acet-
aminophen liver injury cause functional suppression of immune cells
and result in generation of reactive oxygen species (ROS) and increased
lipid peroxidation thus resulting in the depletion of tissue GSH (an
antioxidant) and thus cause alteration in membrane fluidity and per-
meability, enhanced rates of protein degradation and cell death.

During oxidative stress, there is an imbalance between reactive
oxygen and nitrogen species (ROS/RNS) and the antioxidant that plays
a significant role in various pathophysiological conditions [22,23]. In
this case, there is increase production of ROS/RNS and decrease of
antioxidants in a cell resulted due to an inability of endogenous anti-
oxidants to counteract the oxidative damage on biomolecules [24].
Similarly, upon APAP overdose there is critical imbalance between ROS
and the antioxidant defenses. Thus, attention has paid on antioxidant
capacity of natural products to counteract free radicals. In addition,
single in vitro model is not enough to evaluate and compare their an-
tioxidant properties because in vitro model does not consider relevant
parameters involved in biological environments such as lipophilicity
and bioavailability. Therefore, use of in vivo model is often
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Fig. 1. Effect of Acacia bark and Seed
against APAP induced hepatotoxicity on
body weight, liver weight and liver weight/
body weight ratio. A - Control; B — APAP
(750 mg/kg b. wt); C — APAP + Acacia bark
(400mg/kg b.wt); D — APAP + Acacia Seed
(400 mg/kg b. wt); E — APAP + NAC (200 mg/
kg b. wt). Data were presented as mean + SEM
(n =5). *P < 0.05, Students Newman kewl’s
multi comparison test.

species (ROS) in the cellular damage are widely investigated and in-
dicated that covalent binding of ROS and reactive intermediates to
macromolecules are responsible for the severe harmful drug reactions
[25,26]. Several studies reported that hepatotoxicity results in

PR

Fig. 2. Effect of A. catechu bark and seed
extracts against APAP induced hepatotoxi-
city on liver ALT, AST and ALP enzyme le-
vels. A — Control; B — APAP (750 mg/kg b. wt);
C — APAP + NAC (200mg/kg b. wt); D —
APAP + bark (400mg/kg bwt); E -
APAP + Seed (400 mg/kg b. wt); Data were
presented as mean * SEM (n = 5).
*P < 0.05, Students Newman kewl’s multi
comparison test.
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Fig. 3. Effect of A. catechu bark and seed
extracts against APAP induced hepatotoxi-
city on oxidative stress marker and anti-
oxidants in Liver tissue. A — Control; B —
APAP (750 mg/kg b. wt); C — APAP + NAC
(200 mg/kg b. wt); D — APAP + bark (400 mg/
kg b. wt); E — APAP + Seed (400 mg/kg b.wt).
Data were presented as mean + SEM (n = 5).
*P < 0.05, Students Newman kewl’s multi
comparison test.

Fig. 4. Effect of A. catechu bark and seed
against APAP induced hepatotoxicity on
Liver function enzymes in Plasma. A -
Control; B — APAP (750mg/kg b. wt); C —
APAP + bark (400mg/kg b. wt); D -
APAP + seed (400mg/kg b. wt); E -
APAP + NAC (200mg/kg b. wt). *P < 0.05,
Students Newman kew!’s multi comparison test.
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Fig. 5. Protective effects of A. catechu bark, seed and NAC against the effect of APAP induced liver damage using H& E staining. A) Control- Liver section
showing normal architecture with central vein, hepatocytes radiating from the central veins and the portal triads. B) APAP- APAP induced liver section showing
moderate degree of sinusoidal congestion, centrilobular necrosis with polymorph nuclear cells infiltration and marked vacuolations in the hepatocytes. C)
APAP + NAC- Liver section showing apparently normal architecture of the hepatocytes, absence of hepatic vacuolations and congestion. D) APAP + ACBE- Liver
section showing mild degree of vacuolations in the hepatocytes with minimal sinusoidal congestion. E) APAP + ACSE- Liver section showing apparently normal
architecture of the hepatocytes, absence of hepatic vacuolations and congestion. (Magnification, 40 x).

A. catechu bark

Liver injury Liver protection

Oral administration

W sop >\

¥ GSH
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Fig. 6. Schematic representation of hepatoprotective effects of A. catechu seed and bark extracts. Acetaminophen treated groups showed significant increase of
liver function enzymes such as alanine aminotransferase (ALT), alkaline phosphatase (ALP) and aspartate aminotransferase (AST) and decrease of antioxidant
enzymes such as glutathione (GSH) and superoxide dismutase (SOD) and thus resulted in hepatotoxicity effects. Whereas, groups treated with A. catechu seed or bark
extract exhibit decrease of liver function enzymes such as ALT, ALP and AST and increase of antioxidant enzymes such as GSH, SOD and thus showing hepato-
protective effects.
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generation of free radicals and reactive metabolites including [27,28].
Apart from this, depletion of glutathione (GSH) results in the membrane
lipid peroxidation and resulting in the functional integrity [29,30]. The
use of herbal medicines as an antioxidant have attracted recently due to
their potential and efficacy against drug-induced liver toxicity [31].
The hepatoprotective activity of a drug against liver toxicity must sig-
nificantly decrease oxidative stress, and liver function enzymes by
elevating antioxidants. When Wistar rats was orally administered
acetaminophen significantly increased body weight, liver weight, liver
function enzymes and decreased antioxidant enzymes was observed in
both plasma and liver tissues. Whereas, rats administrated with acet-
aminophen and A. catechu seed or bark extracts tend to decrease oxi-
dative stress marker enzymes such as lipid peroxidase, liver enzymes
including aspartate aminotransferase (AST), alanine transaminase
(ALT), and alkaline phosphatase (ALP), antioxidative enzymes such as
glutathione (GSH), superoxide dismutase (SOD) and lipid peroxidation
assay in liver tissues. These reports confirm previous findings regarding
decrease of liver enzymes after the treatment of different plant extracts
hepatoprotective effects [32-38].

The toxic effects of APAP were also observed histologically, showing
moderate degree of sinusoidal congestion, centrilobular necrosis with
polymorph nuclear cells infiltration and marked vacuolations in the
hepatocytes. The liver histopathological analysis in groups pretreated
with bark extracts showed mild degree of vacuolations in the hepato-
cytes with minimal sinusoidal congestion. However, groups pretreated
with seed extracts showed apparently normal architecture of the he-
patocytes and absence of hepatic vacuolations and congestion sug-
gesting that A. catechu seed extract exhibited more prominent role
against APAP induced hepatotoxicity as same as NAC treated groups.
Overall view of the present study was described in Fig. 6. Oral ad-
ministration of APAP induced liver toxicity by increase in accumulation
of oxidative stress and caused liver injury. However, when A. catechu
seed or bark extracts treatment recovered liver from APAP induced
damage by reducing oxidative stress and by increasing antioxidant
defense signals.

In conclusion, we have demonstrated that oral administration of A.
catechu seed or bark extract recovered liver from hepatotoxicity. This
protective effect of these extracts may be due inhibition of oxidative
stress and hepatic biomarkers (ALT, AST, ALP), and by elevation of
antioxidant defense mechanism thus resulted in regeneration of liver
tissues. Further studies are needed to investigate the molecular targets
that involved in hepatoprotective effect.
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