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Abstract The effect of Emblica officinalis fruit extract
(EFE) against alcohol-induced hepatic damage in rats was
investigated in the present study. In vitro studies showed
that EFE possesses antioxidant as well nitric oxide (NO)
scavenging activity. In vivo administration of alcohol
(5 g/kg b.wt/day) for 60 days resulted increased liver lipid
peroxidation, protein carbonyls, nitrite plus nitrate levels.
Alcohol administration also significantly lowers the activ-
ities of superoxide dismutase, catalase, glutathione perox-
idase, glutathione S-transferase and reduced glutathione as
compared with control rats. Administration of EFE
(250 mg/kg body weight) to alcoholic rats significantly
brought the plasma enzymes towards near normal level and
also significantly reduced the levels of lipid peroxidation,
protein carbonyls and restored the enzymic and non-
enzymatic antioxidants level. This observation was sup-
plemented by histopathological examination in liver. Our
data indicate that the tannoid, flavonoid and NO scaveng-
ing compounds present in EFE may offer protection against
free radical mediated oxidative stress in rat hepatocytes of
animals with alcohol-induced liver injury.
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Introduction

Enhanced oxidative stress, decreased antioxidant status and
nitrosative stress appear to be chiefly responsible for
alcoholic liver damage [1]. The close relation between
ethanol and liver damage is mainly due to the fact that 80%
of ingested alcohol is metabolized in the liver. During
ethanol metabolism many reactive oxygen species are
generated via cytochrome P450 2E1 [2]. Nitric oxide (NO)
is an important mediator of many physiological functions,
and its role in the pathogenesis of many diseases is gaining
recognition [3]. Chronic alcohol consumption increases
NO level and may lead to toxicity by peroxynitrite, a potent
oxidant [4]. Overproduction of reactive nitrogen species/
reactive oxygen species (RNS/ROS) may occur when its
generation in a system exceeds the systems ability to
neutralize and eliminate them.

In general ethanol toxicity, with its many complications at
a time, affects different organs causing several disorders.
The multiple pathogenicity of alcoholism demands multiple
modes of therapeutic approach to fight against such problems
by modulating enzyme activities, metabolism, receptor
functioning, signal transduction machinery and scavenging
free radicals at various levels [5]. The phytochemicals in
plant extracts from different traditional plants exhibit such
multiple activities. It has been found that compounds in their
natural formulations are more active than their isolated form
[6]. Medicinal plants that are commonly included in
Ayurvedic recipes for liver ailments have recently drawn
much attention, as they seem to have hepatoprotective
activities and there is no reliable hepatoprotective drug
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available in modern medicine. Hence there has been a search
for safer natural dietary supplementation of native plant
extracts containing several principles for therapeutic pur-
pose with multiple targets for treating multiple pathologies
of alcoholism.

Emblica officinalis Gaertn (commonly known in India as
Amla, Syn. Phyllanthus emblica L.; Family: Euphorbia-
ceae) is regarded as “one of the best rejuvenating herbs” in
the Ayurveda: an Indian traditional medicinal science.
Emblica officinalis extract contains several antioxidants
such as emblicanin A and B, gallic acid, ellagic acid,
ascorbic acid that possesses strong antioxidative activity [7,
8]. The fruit extract has many pharmacological activities
for the treatment of a number of diseases and is a con-
stituent of many hepatoprotective formulations [9]. Several
recent reports revealed that fruit extract of Emblica offici-
nalis protect against radiation [10], antiatherosclerosis
[11], possess antidiabetic activity [12, 13], inhibits aging
process [14], gastroprotective [15], cytoprotective and
immunomodulatory [16]. Despite its extensive medicinal
use no information is available related to its use on alcohol-
induced hepatotoxicity. Hence the present work investi-
gates the therapeutic efficacy of Emblica officinalis fruit
extract (EFE) to treat alcohol-induced hepatic damage with
an emphasis on its mechanism.

Materials and Methods
Chemicals

Phenylmethylsulfonyl fluoride, 2,2'-azinobis-(3-ethyl-ben-
zothiazoline-6-sulfonic acid) (ABTS), NADH, Thiobarbi-
turic acid, butylated hydroxyl toluene (BHT) and
deoxycholate, used in the present study were procured from
Sigma Chemical Co. (St. Louis, MO, USA). Ethanol used
for administration to rats was obtained by re-distillation.
An aqueous EFE dry powder (90.8% water soluble
extractives including 49.5% tannins) was obtained from
Chemiloids Ltd, Vijayawada, India (Manufacturers and
exporters of herbal extracts). A 5% EFE solution was
prepared in water prior to administration.

Experimental Design

Two month old male albino Wistar rats, weighing about
120-140 g, were maintained in our animal house. They
were fed with commercial pellet diet (Hindustan Lever
Ltd, Bangalore, India) and tap water ad libitum. The
animals were divided into four groups of eight rats in
each group. Group I control rats (C), which received
glucose instead of alcohol (i.e., caloric equivalent to
alcohol), group II alcohol treated rats (A), which received
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20% (v/v) alcohol in water, administered through stomach
tube (5 g/kg body weight/day), group III (A + E) rats
received aqueous Emblica fruit extract (250 mg/kg body
weight) and then 20% (v/v) alcohol in water (5 g/kg body
weight/day) after 8 h, group IV (E) rats received aqueous
Emblica fruit extract (250 mg/kg body weight) plus glu-
cose (iso-caloric equivalent to ethanol). The dose of the
EFE in the present study was fixed based on our earlier
studies [17, 18]. The extract and alcohol was administered
as aqueous solution using intragastric tube daily for
60 days. Food and water intake of all the animals was
recorded daily and weight of rats was followed on alter-
nate days. At the end of the experimental period, the rats
in each group were fasted overnight and then killed by
cervical dislocation.

In Vitro Assays
Antiradical Activity Against ABTS

The total antioxidant capacity was assessed based on the
ability of a compound to scavenge the stable ABTS radical
(decolourisation assay) was performed using procedure of
Miller et al. [19]. ABTS' generated by oxidation of
ABTS™ (1.8 mM) with potassium persulfate (2 mM). The
reaction mixture contained ABTS (0.002 M), EFE
(50-1000 pg) and buffer in a total volume of 3.5 ml. The
absorbance was measured at 734 nm in a UV-visible
spectrophotometer. IC50 value in the concentration of
sample required scavenging 50% ABTS free radical.

Nitric Oxide Scavenging Activity

NO generated from sodium nitroprusside was measured
by the Greiss reaction [20]. Scavengers of NO compete
with oxygen leading to reduced production of NO.
Sodium nitroprusside (5 mM) in phosphate buffered sal-
ine was mixed with different concentrations of EFE
(25-1000 pg) and incubated at 25°C for 150 min. The
samples from the above were reacted with Greiss reagent
(1% sulfanilamide, 5% o-phosphoric acid and 0.01%
naphthylethylene diamine). The absorbance of the
chromophore formed during diazotization of nitrite with
sulfanilamide and subsequent coupling with napthyleth-
ylene diamine was read at 546 nm in a UV-visible
spectrophotometer.

In Vivo Assays

The liver tissues were dissected out, weighed and washed
using ice cold saline solution. Tissues were minced and
homogenized (10% w/v) in Tris—HCI buffer (0.1 M; pH
7.4) and centrifuged at 10,000x g for 20 min at 4°C. The
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resulting supernatant was used for various biochemical
assays.

Determination of Thiobarbituric Acid Reactive Substances
(TBARS) and Protein Carbonyls

TBARS was measured by the formation of Malondialde-
hyde (MDA) by using the method of Ohkawa et al. [21].
The concentration of protein carbonyls was determined
using  2,4-dinitrophenylhydrazine (DNPH) assay as
described previously [22].

Determination of Antioxidant Status, Nitrite and Nitrate
Analyses

Catalase (CAT) was assayed as described by Abei [23].
The CAT activity was expressed as nmol H,O, decreased/
mg protein/min. Superoxide dismutase (SOD) was assayed
utilized the technique of Mishra and Fridovich [24]. A
single unite of enzyme was expressed as 50% inhibition of
NBT (nitro blue tetrazolium) reduction/min/mg protein.
Glutathione peroxidase (GPx) activity was measured by the
method described by Rotruk [25]. GPx activity was
expressed pumol GSH oxidized/min/mg protein. Glutathi-
one S-transferase (GST) activity was measured according
to the method of Habig et al. [26]. GST activity expressed
as pmol CDNB utilized/min/mg protein. Total reduced
glutathione (GSH) content was measured by the method
described by Ellman’s [27]. Nitrite and nitrates were
determined by the method adopted by Sastry et al. [28].
Protein concentration was determined by the method of
Lowry et al. [29].

Histopathological Examination

A portion of the median lobe of the liver was dissected and
fixed in 10% neutral buffered formalin solution for 24 h.
The remaining livers were frozen quickly in dry ice and
stored at —80°C for biochemical analysis. The fixed tissues
were processed routinely, and were then embedded in
paraffin, sectioned to 3-5 pum thickness, deparaffinized,
and rehydrated using standard techniques. The extent of
alcohol-induced necrosis and steatosis was evaluated by
assessing morphological changes in liver sections stained
with hematoxylin and eosin (H&E), using standard
techniques.

Statistical Analysis

Results were expressed as mean & SD of eight rats in each
group. The data were analyzed by an analysis of variance
(ANOVA) followed by Duncan’s multiple range test.
Significance was evaluated at P < 0.05.

Results

The total antioxidant activity was measured using the
ABTS assay. Inhibition of the ABTS radical showed dose-
dependent (50-1000 pg) scavenging activity, similarly,
EFE also showed dose-dependent scavenging of NO up to
500 pg, after which the elevation in NO scavenging almost
reached a steady state. However, the highest scavenging
activity was observed at 500 pg (Table 1).

Table 2 shows the levels of TBARS, protein carbonyls
and NO levels in liver of control and experimental rats. A
significant (P < 0.05) elevation in the levels of TBARS
and protein carbonyls were observed in alcoholic rats.
Administration of EFE along with ethanol caused a sig-
nificant (P < 0.05) decreased in the level TBARS and
protein carbonyls when compared with alcohol-adminis-
tered rats. Nitrite and nitrate levels are considered to be
reliable indicators of NO generation. Increased concentra-
tions of nitrite and nitrate levels of alcoholic group rats
suggested overproduction of NO when compared to other
groups. Administration of EFE and ethanol decreased the
levels of nitrite and nitrate significantly (P < 0.05).

The liver samples of alcohol-administered rats showed
the focal hepatocytes damage and degeneration (Fig. 1b).
The administration of alcohol along with EFE showed near

Table 1 In vitro ABTS radical and nitric oxide scavenging activity
of EFE

EFE concentration (pg) ABTS (%) Nitric oxide (%)
25 nd 290 £ 04

50 48 £0.5 6.1 £1.3

100 17.2 £ 3.1 nd

150 nd 115+ 1.8

250 335+ 34 19.3 £ 2.1

500 529 £+ 3.8 245 + 2.1

750 72.1 £2.8 nd

1000 84.3 £ 3.1 251 +22

Data are mean + SD of three independent experiments

nd not determined

Table 2 Effect of EFE administration on hepatic lipid peroxidation,
protein carbonyls and nitrite/nitrate levels in alcohol treated rats

Groups TBARS Protein carbonyls Nitrite/nitrates
Controls 1.31 £0.18°  0.64 &+ 0.07° 3.42 +0.21°
Alcohol 281 £ 029 153 +£0.12° 6.62 £ 0.53°
A + EFE 1.7 +£022° 097 £0.14° 3.7 + 0.34°
EFE 129 £+ 0.2° 0.59 + 0.08° 3.26 £ 0.25°

Data are mean + SD values of eight rats per group. Means in the
same row not sharing a common superscript are significantly different
(P < 0.05). All the values are expressed as nmol/mg protein
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Fig. 1 Representative
photomicrographs of livers in
different experimental groups.
Liver sections were fixed in
10% buffered formalin,
embedded in paraffin, and
sectioned and stained with
hematoxylin—eosin. Liver
sections from a control rats
showed no signs of pathological
changes in hepatocytes.

b Alcohol-administered rat
hepatocytes showed fibrosis,
atrophy and nucleus is
degenerated, whereas d EFE
alone administered rat
hepatocytes showed control
rat signs (original
magnification, x100)

Table 3 Effect of EEE administration on hepatic CAT, SOD, GPx, GST activities and GSH content in rats

Group CAT (U/mg SOD (U/mg GPx (pmol of GSH GST (umol CDNB GSH (umol/mg
protein/min) protein/min) oxidized/min/protein) utilized/min/mg protein) protein)
Controls 39.64 + 1.17* 22.02 + 1.46° 9.44 £ 0.92* 1.26 + 0.06* 6.47 £+ 0.24*
Alcohol 26.42 £ 2.51° 14.14 £ 1.57° 441 +051° 0.71 £ 0.08° 3.38 £ 0.19"
A + EFE 35.11 & 1.35° 21.27 £ 1.07° 8.58 + 0.56° 1.07 + 0.07° 6.20 + 0.24*
EEE 4051 £ 1.13* 23.15 + 1.36° 8.97 + 0.67* 1.21 £ 0.06* 6.53 £ 0.17*

Values are mean £ SD of eight rats per group. Means in the same column not sharing a common superscript letter are significantly different at

P < 0.05 (DMRT)

normal appearance of hepatocytes (Fig. 1c). The control
(Fig. 1a) and EFE (Fig. 1d) alone treated rats showed
normal appearance of liver.

The activities of antioxidant enzymes namely SOD,
CAT, GPx, GST and the content of GSH in liver were
given in Table 3. A significant (P < 0.05) decrease in the
activities of enzymatic antioxidants was observed in alco-
hol treated rats. Administration of EFE to ethanol treated
rats significantly (P < 0.05) increased the activities of
enzymatic antioxidants when compared to ethanol treated
rats (Table 3).

Discussion

The aqueous Emblica fruit extract used in the present study
contain considerable amount of tannoids and polyphenolic
compounds. The antioxidant activity of the extract was
assessed on the basis of the radical scavenging effect on the
stable ABTS™ (cation radical) free radical. A wide variety
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of in vitro methods used to assess radical scavenging
ability of certain agents from natural and synthetic source
[30]. It can be observed that the content of flavonoids and
tannoid compounds of EFE could be responsible for the
radical scavenging activity. Numerous studies indicate that
free radicals or reactive oxygen species such as a hydroxy
ethyl radical, superoxide and hydroxy radicals are
responsible for ethanol induced oxidative stress. All these
radicals formed from the ethanol mediated process have a
great potential to react rapidly with lipids and proteins,
which in turn leads to peroxidation of lipids and proteins
[31]. In the present study, scavenging of free radicals may
be one of the important mechanisms of protection against
alcohol-induced hepatic damage by EFE, which is evident
from the dose-dependent in vitro scavenging of ABTS
radicals. It is known that tannoid compounds found in
Emblica officinalis fruit had inhibitory effect of lipid per-
oxidation by its free radical scavenging nature [32]. The
tannoids found in EFE such as emblicanin A and B might
have possess the capability to prevent the Fe?™, Cu®"
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induced lipid peroxidation. Since the transition metals play
a central role in lipid peroxidation process [33], our results
obliviously indicate that EFE has radical scavenging
activity and inhibit the lipid and protein oxidation in
alcohol toxicity.

The increased formation of lipid peroxides and associ-
ated reactive oxygen species leads to liver damage, mem-
brane integrity and other pathological changes. Our
previous findings revealed increased levels of serum
enzymes such as AST, ALT, ALP and yGT in alcohol
treated rats [17], indicate that increased permeability and
damage and/or necrosis of hepatocytes as evidenced by
histological observations [34]. Administration of EFE to
alcohol treated rats improved the histomorphology of the
liver near to normal. The histological changes were also in
correlation with the biochemical findings. The EFE
administrated rats indicate the hepatoprotective effect as
well preserves the structural integrity of the liver from the
adverse effects of alcohol.

Higher liver nitrite/nitrate levels in this study indicating
increased production of NO in response to chronic alcohol
administration via induction of inducible nitric oxide syn-
thase (iNOS) and agreement with earlier studies [35, 36].
NO and its metabolite peroxynitrite (ONOO™) cross cell
membranes through anion channels, that produces nitration
of tyrosine and inactivation of biologically important pro-
teins and enzymes [3]. EFE administration to ethanolic rats
decreased the levels of nitrite/nitrate significantly com-
pared to ethanolic group. We observed decreased levels of
nitrites/nitrates in alcoholic rats receiving EFE, might be
mainly due to inhibition of the hepatic cytosolic iNOS
enzyme activity by EFE [14]. It is evident from earlier
studies that inhibition of nitric oxide synthase can be
employed as a potential therapeutic target [37]. Amelio-
ration of the nitrosative stress by EFE fruit extract is due to
the various therapeutic compounds present in EFE, which
has NO scavenging effects as well inhibitory effects of
iNOS activity.

Free radical scavenging enzymes such as SOD, CAT,
GPx and GST are the first line of defense against oxidative
injury. SOD scavenges superoxide ions and catalase con-
verts H,O, to water. In this study decreased activities of
CAT, SOD and GPx as well GSH in alcohol treated rats
were observed. The decreased SOD activity could be due to
the oxidative inactivation of the enzyme as a result of
excessive reactive oxygen species generation [38]. The
GSTs are a multigene family of isozymes that catalyze the
conjugation of GSH to a wvariety of electrophilic
compounds, and thereby exert a critical role in cellular
protection against ROS [39, 40]. The detoxification of
4-hydroxynonenal, a toxic aldehyde and a product of lipid
peroxidation is compromised when GST activity is
reduced. Thus, ethanol or its metabolic products might

specifically target GST isoenzymes and the reduction in
enzyme activity or expression may contribute to ethanol
hepatotoxicity [41]. GSH is a major non-protein thiol and
plays a central role in coordinating the antioxidant defense
process. It is involved in the maintenance of normal cell
structure and function through its redox and detoxification
reactions [42]. GSH in association with GPx metabolizes
hydrogen peroxide to water, thereby protecting mammalian
cells against oxidative damage. Peroxynitrite interacts with
biomolecules causing well-known peroxynitrite-dependent
cytotoxicity, which is more severe in GSH depletion and
decreased antioxidant status [3]. Surprisingly activities of
all these defense enzymes and level of GSH in liver were
markedly elevated in ethanolic rats receiving EFE. As
reported by Bhattacharya et al., the major tannoid princi-
ples emblicanin A, emblicanin B, punigluconin and pe-
dunculagin present in Emblica might have contributed
largely for the observed hike in antioxidant status [43].

In conclusion, our study revealed that EFE has shown
protective action against alcohol-induced hepatic injury by
ameliorating oxidative stress in rats as evidenced by liver
histopathological studies, lowered lipid peroxidation, NO
levels and elevated antioxidant status. The tannins, flavo-
noids present in EFE could be contributed for the above
mechanism.
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