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Obesity is a chronic metabolic disorder resulting from 
an imbalance between energy intake and expenditure 
and causes alterations in lipid metabolism. It is a 
highly prevalent condition that requires to be solved 
throughout the world[1]. The consequences of obesity 
lead to cardiovascular disease, pulmonary dysfunction, 
diabetes, colon cancer and metabolic syndrome and 
thus it is one of the highest risk factors for multiple 
organ dysfunction[2]. During the progress of obesity, 
serum fatty acid and hepatic lipogenesis is increased, 
which causes fatty liver, impaired liver function and 
eventually liver failure[3]. 

During obesity, adipose tissue similar to macrophages 
secretes a variety of inflammatory mediators such as 
interleukin-6, leptin and tumour necrosis factor. These 
mediators induce the production of reactive oxygen 
species (ROS), which generate the process known 
as oxidative stress[4]. Free radicals have unpaired 
electrons in an outer orbit, are generated during several 
metabolic reactions like obesity[5]. The primary targets 

of ROS are cell membrane polyunsaturated fatty acids 
(PUFA), which in turn lead to damage in the cell 
structure and function[6]. In addition, obesity impairs 
the enzyme antioxidant system, which causes depletion 
of superoxide dismutase (SOD), catalase (CAT), 
glutathione reductase (GR) and glutathione peroxidase 
(GPx) activities and also impairs the non-enzymatic 
oxidative system comprising of reduced glutathione 
content or GSH, vitamins and minerals[7]. 

The liver is the major site of insulin action, which 
plays a central role in the maintenance of systemic 
lipid and glucose homeostasis and therefore it is 
easily susceptible to the oxidative stress[8]. An excess 
amount of ROS has detrimental effects on hepatocytes 

Ethanol Extract of Punica granatum L. Leaf in 
Combination with Gallic acid Ameliorates Liver 
Dysfunction in High-fat Diet-induced Obese Rats
SREEDEVI PRABHAKAR RAO AND VIJAYALAKSHMI KRISHNAMURTHY*

Department of Biochemistry, Bharathi Women’s College, George Town, Chennai-600 108, India

Rao et al.: Hepatoprotective Activity of Punica granatum L. Leaf Extract in combination with Gallic acid 

The present study was designed to evaluate the hepatoprotective activity of ethanol extract of Punica 
granatum L. leaf in association with gallic acid in high-fat diet-induced animal model. Total 30 rats were 
used. These were divided into 5 groups of 6 animals each. Group 1 was given normal diet and was treated 
as the control. Group 2 was given a high-fat diet and was considered as induced group. Groups 3, 4 and 5 
were given high-fat diet along with ethanol extract of Punica granatum L. leaf (200 mg/kg), ethanol extract of 
Punica granatum L. leaf+gallic acid (100+10 mg/kg) and orlistat (22 mg/kg), which constituted the treatment 
groups. The total period of the study was 8 w. At the end of the study, activities of alanine aminotransferase, 
aspartate aminotransferase, alkaline phosphatase, total protein, albumin, globulin and albumin/globulin 
ratio were measured. The antioxidant defence activities like superoxide dismutase, catalase and reduced 
glutathione were analysed together with lipid peroxidation in the liver tissue. In addition, histology of liver 
was examined. The high-fat diet caused alternation in the activities of markers of liver function along with 
changes in histology of the liver. The high-fat diet increased lipid peroxidation and decreased antioxidant 
defence system. The alterations induced by the high-fat diet were restored more effectively by the ethanol 
extract of Punica granatum L. leaf+gallic acid than the ethanol extract of Punica granatum L. leaf alone or 
orlistat.

Key words: High fat diet, ethanol extract of Punica granatum L. leaf, gallic acid, orlistat, liver 

*Address for correspondence
E-mail: viji42research@yahoo.co.in

Accepted 02 June 2019
Revised 27 February 2019

Received 06 November 2018
Indian J Pharm Sci 2019;81(4):673-680

This is an open access article distributed under the terms of the Creative 
Commons Attribution-NonCommercial-ShareAlike 3.0 License, which 
allows others to remix, tweak, and build upon the work non-commercially, 
as long as the author is credited and the new creations are licensed under 
the identical terms



www.ijpsonline.com

July-August 2019Indian Journal of Pharmaceutical Sciences674

by damaging DNA, lipids and proteins, which lead to 
disruptions in cellular homeostasis and aggravating 
features of the metabolic syndrome[9], which may be 
associated with exacerbated nutrient oxidation[10]. 
Therefore, the intake of antioxidants is necessary to 
suppress hepatic oxidative stress in order to maintain 
hepatic homeostasis, which is important not only 
for improving insulin action in the liver, but also for 
eliminating insulin resistance elsewhere in the body.

Antiobesity drugs reduce nutrient absorption by 
affecting lipid mobilization and utilization. To date, 
these drugs are unable to regulate the weight gain 
completely, which have limited tolerability and 
adverse effects. Indian traditional herbal medicine 
provides effective solutions without major side 
effects. Therefore, alternative therapy, especially 
based on natural products with minimal side effects 
is necessary. From the beginning of the last century, 
extracts and active molecules from natural origin have 
been developed for the treatment of obesity and several 
studies in obese humans and animals suggested that 
phytochemicals have significant antiobesity effects[11].

Foods rich in polyphenols (e.g. anthocyanins, 
flavonols) play an important role in the reduction of 
lipids in serum and liver by decreasing the expression 
of lipogenic genes[12]. These are also involved in 
the prevention and control of complications arising 
from oxidative stress by increasing the circulation of 
antioxidant compounds[13] because these can neutralize 
reactive species, due to their favourable number and 
position of hydroxyl groups[14].

Punica granatum, generally known as pomegranate, 
is a deciduous tree belongs to the family Punicaceae. 
Therapeutically beneficial pomegranate constituents 
include ellagic acid, ellagitannins (punicalagins, 
punicalin, punicafolin), punicic acid, flavonoids, 
anthocyanidins, anthocyanins, flavonols, flavone 
glycosides and flavone[15]. A previous high performance 
liquid chromatography study confirmed the presence 
of gallic acid (GA) in the ethanol extract of Punica 
granatum leaf (EPGL)[16]. GA is a natural phenolic 
agent endowed with antioxidant, antiinflammatory, 
anticancer, and free radical scavenging activities[17]. In 
spite of worldwide use of pomegranate against various 
diseases, no studies are found for evaluating its effect 
on high-fat diet (HFD)-induced acute hepatic damage. 
Therefore, the present study was aimed to investigate 
the possible protective effects of EPGL and GA in the 
liver by analysing serum biochemical parameters and 
histopathological studies together with liver oxidative 

stress parameters induced by HFD in Wistar albino 
rats.

MATERIALS AND METHODS

P. granatum leaves were collected from around 
the Sathyavedu village, Andhra Pradesh and were 
authenticated in the National Institute of Herbal 
science, Plant Anatomy Research Centre, Chennai 
(PARC/2017/3381). EPGL was prepared using 
ethanol using Soxhlet apparatus[18]. GA was obtained 
from Sigma-Aldrich (Chennai, India). Orlistat was 
purchased from Stanley Hospital, Chennai. All other 
chemicals and reagents used were of analytical grade.

Diet preparation (Kim et al.[19]): 

Normal diet (ND, 5 % fat) was general rat pellets, 
purchased from Sri Sai Feeds, Bangalore. It consists 
of concentrate (300 g), corn (600 g), vitamins and 
minerals (50 g), which are in the proportion of 65 % 
carbohydrate, (60 % starch and 5 % sucrose), 5 % 
fat, 20 % crude protein, 5 % fibre and 5 % vitamins 
and minerals. It provides 2813 kcal energy per kg of 
food. HFD (35 % fat) was used to induce obesity in 
rats. It was prepared by mixing 30 % lard and 5 % 
sunflower oil to ND, which are in the proportion of  
40 % carbohydrate (35 % starch and 5 % sucrose), 
35 % fat, 20 % crude protein and 5 % vitamins and 
minerals. This diet provides 5130 kcal energy per kg 
of food. HFD was prepared freshly in order to prevent 
lipid autoxidation.

Acute oral toxicity study of EPGL:

Acute oral toxicity of EPGL was studied in Zebra 
fish at the maximum dose of 1000 mg/kg as per the 
OECD (Organisation for Economic Cooperation 
and Development) guidelines, 420 (2001). Adverse 
behaviour or mortality was observed within 4 d after 
dosing[20]. Hence 100 and 200 mg/kg of extract were 
selected as the doses to use in this study. 

Experimental design and grouping:

In this study, 30 Wistar rats weighing around 150±20 g 
were used, which were procured from the Centre 
for Laboratory Animal Technology and Research, 
Sathyabama University, Chennai. All animals were 
housed in plastic cages with 6 rats in each cage. Rats 
were maintained under controlled temperature (25°) 
with 40-60 % humidity and 12:12 h light/dark cycle. 
Rats were allowed free access to tap water and normal 
pellet diet. The rats were acclimatized under these 
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conditions for 2 w prior to the commencement of the 
experiment. The animal handling procedures and the 
study design were approved by the Institutional animal 
ethical committee (Approval number: SU/CLATR/
IAEC/IX/068/2017). Experiments were initiated after 
the 30 male Wistar rats were randomly assigned into 
2 groups, one fed with standard diet (control, n=6) 
and the remaining fed with HFD, (n=24) to induce 
obesity. Rats fed with HFD were considered as obese 
when their body weight significantly increased when 
compared to control[21].

After 1 w, the HFD fed animals (n=24) were equally 
divided into 4 groups (6 animals in each group), 
according to the treatments received for the remaining 
7 w of the study period. The final 5 groups were as 
follows, group 1- fed with ND and distilled water 
(vehicle) for 8 w (n=6), group 2- fed with HFD and 
distilled water (vehicle) for 8 w (n=6), group 3- fed 
with HFD (8 w) and EPGL (200 mg/kg, orally, 7 w), 
group 4- fed with HFD (8 w), EPGL (100 mg/kg, orally, 
7 w)+GA (10 mg/kg, orally, 7 w) and group 5- fed with 
HFD (8 w) and orlistat (22 mg/kg, orally, 7 w). 

After 8 w, the animals were starved overnight, 
anesthetized with sodium pentobarbital given 
intraperitoneally. Blood samples were collected from 
the retro-orbital plexus and centrifuged at 2500 rpm 
for 15 min at 30° for serum preparation. The following 
parameters were measured in the serum: alanine 
aminotransferase (ALT), aspartate aminotransferase 
(AST), alkaline phosphatase (ALP), total protein (TP) 
and albumin. After collecting the blood, animals were 
sacrificed by cervical dislocation, and then their liver 
was immediately excised by dissection, washed in ice-
cold saline, blotted individually on filter paper. A small 
portion of the liver from each group was homogenized 
and used to determine SOD, CAT, GSH and 
malondialdehyde (MDA). The remaining part of the 
liver from each group was used for histopathological 
studies.

Preparation of tissue homogenate:

A 10 % w/v liver homogenate was prepared in 0.15 M 
potassium chloride buffer and centrifuged at 8000 rpm 
for 10 min. The supernatant was used for the estimation 
of MDA and CAT. A 10 % w/v liver homogenate was 
prepared using 0.25 % sucrose in 5 M phosphate 
buffer and centrifuged at 8000 rpm for 10 min. The 
supernatant solution was used for estimation of SOD 
and GSH[22]. 

Histopathological examination:

A portion of the liver tissue was used for  
histopathological examination. Tissues were fixed in  
10 % buffered formalin (pH 7.2), dehydrated, cleared 
and embedded in paraffin wax. About 3 to 4 μm sections 
were made using a microtome and after staining with 
hematoxylin-eosin, the sections were moulded in DPX 
and observed under a light microscope[23].

Liver function test: 

Protein content of the samples were assayed according 
to the method of Lowry et al.[24] and serum albumin 
was determined by the method of Doumas et al.[25]. 
Serum globulin and albumin/globulin (A/G) ratio were 
determined using calculation[26]. The activities of ALT 
and AST were assayed using the method of Reitman 
and Frankel[27]. The estimation of ALP activity was 
done based on the method of King and Armstrong[28].

Superoxide dismutase (SOD) activity: 

The SOD activity was determined according to the 
method of McCord and Fridovich[29]. The homogenate 
(0.01 ml) was mixed with 0.2 ml of 0.1 M EDTA 
(containing 0.0015 % sodium cyanide), 0.1 ml of 1.5 mM 
nitoblue tetrazolium (NBT, prepared in 67 mM 
phosphate buffer, pH 7.8) and 0.05 ml of riboflavin. 
All the tubes were incubated at RT for 15 min and 
absorbance of the blue colour formed was measured 
against distilled water at 560 nm. Percent inhibition 
was calculated after comparing the absorbance of 
the sample with the absorbance of control (the tube 
containing no enzyme). One unit of enzyme activity 
was taken as the enzyme reaction, which gave 50 % 
inhibition of NBT reduction in one min and expressed 
in U/mg of tissue.

Catalase (CAT) activity: 

The CAT activity was determined using the Goth et al. 
method[30] for the determination of hydrogen peroxide 
(H2O2), which forms a stable complex with ammonium 
molybdate that absorbs at 405 nm. The CAT activity 
of tissue homogenate was determined according to the 
following procedure. Four test tubes were taken and 
labelled as S (sample), B1 (blank 1), B2 (blank 2) and 
B3 (blank 3). The tissue homogenate (50 µl) was added 
to S and B1 tubes. Then 1 ml of substrate (65 µmol/ml 
H2O2 in 60 mmol/l sodium potassium phosphate 
buffer, pH 7.4) was added to all tubes except B3. 
About 50 µl of phosphate buffer (60 mmol/l sodium 
potassium phosphate buffer, pH 7.4) was added to B2 
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and B3. All tubes were incubated at 37° for 60 s. The 
enzymatic reaction was stopped by the addition of 
1.0 ml ammonium molybdate (32.4 mM). The yellow 
colour complex of molybdate and H2O2 was measured 
at 405 nm against B3. One unit, CAT decomposes  
1 µmol of H2O2/min under the assay conditions. CAT 
activities are expressed as a kilo unit per litre (kU/l)[31]. 
CAT activity was calculated by CAT activity (kU/l) = 
A (B1)–A (sample)/A(B2)–A(B3)×271, where, B1 = 
control, B2 = standard, B3 = reagent blank and 271 = 
constant.

Reduced glutathione (GSH) activity: 

GSH activity was measured using the Moron et al.[31] 
method. About 0.5 ml of tissue homogenate was mixed 
with 0.1 ml of 25 % trichloro acetic acid (TCA) and 
kept on ice for a few min. Afterwards, these were 
subjected to centrifugation at 3000 rpm for a few min 
to settle the precipitate. About 0.1 ml of the supernatant 
was mixed with 2.4 ml of 0.1 mol phosphate buffer (pH 
7.4) and 0.5 ml of 10 mM dithionitrobenzene (DTNB 
was prepared in 0.2 mol phosphate buffer, pH 8). The 
yellow color formed was measured after 10 min at 412 
nm against a blank, which consists of 0.1 ml of 5 % 
TCA. GSH content was calculated as µmol DTNB 
conjugate formed/gram tissue using a molar extinction 
coefficient of 13.6×103 /mol/cm with the help of a 
formula[31].

Malondialdehyde (MDA) assay: 

The level of lipid peroxidation in the tissue was 
measured as MDA according to the method of Ohkawa 
et al.[32]. About 4 ml of reaction mixture (0.4 ml of 
the tissue homogenate, 1.5 ml of 0.8 % thiobarbituric 
acid, 1.5 ml of 20 % acetic acid (pH 3.5) and 0.6 ml of 
distilled water) was kept in a boiling water bath at 95° 
for 1 h. After 1 h, the reaction mixture was removed 
from the water bath and cooled. Then 1 ml of distilled 
water and 5 ml of butanol:pyridine mixture (15:1) was 
added to the reaction mixture. It was mixed well and 
centrifuged at 3000 rpm for 10 min. Absorbance of 
the clear supernatant was measured at 532 nm against 
butanol:pyridine mixture[32]. 

Statistical analysis: 

Results were expressed as mean±standard deviation. 
One-way analysis of variance (ANOVA) and Post Hoc 
tests were used for the analysis and comparison of 
data within and between groups with SPSS software  
(IBM, 20). The difference between the groups is 
considered as significant at p<0.05. 

RESULTS AND DISCUSSION

Wide spread of obesity has become a global 
health problem because it is associated with diet-
induced complications such as metabolic syndrome, 
cardiovascular disease, non-alcoholic fatty liver disease 
(NAFLD) and increased risk of developing chronic 
kidney disease[33]. HFD-induced obesity in animals is 
considered as a good model as they reported to bear 
close resemblance with human obesity[34]. 

Table 1 showed the results of liver function tests in rats. 
The liver is the one of the largest organ of the body, which 
plays a major role in lipid and glucose metabolism[35]. 
According to the two-hit hypothesis, after an initial 
hit (hepatic steatosis), the second hit (inflammation) 
takes place to develop NAFLD. In support of the 
above hypothesis, the liver of obese rats displayed 
characteristic features of hepatic steatosis such as 
accumulation of fat and swelling of rough endoplasmic 
reticulum and mitochondria in hepatocytes[36]. Since 
the liver plays a major role in the detoxification 
of compounds so liver function test is an essential 
criteria for evaluating its activity[37]. The healthy liver 
also plays a major role in protein metabolism, so any 
alterations in protein concentration may be associated 
with the liver disease. During liver disease, the TP 
and albumin concentrations may be decreased due 
to inadequate synthesis[38]. ALT, AST and ALP have 
been regarded as reliable markers of liver function[39]. 
Elevation in the activities of these enzymes could be 
due to a variety of conditions like muscle, intestinal 
and hepatic injury[40]. Many reports showed that the 
activities of ALT, AST and ALP were elevated in blood 
during HFD-induced hepatic damage[41]. Accordingly, 
in our present study, HFD fed rats showed decreased 
concentration of TP, albumin and increased activities 
of hepatic enzymes, which indicated that the liver 
function is impaired. Treatment with EPGL (group 3), 
EPGL+GA (group 4) and orlistat (group 5) showed a 
non-significant (NS) difference with group 1 in TP. But 
in case of albumin, globulin and A/G ratio, group 4 
only showed a NS difference with group 1. Regarding 
liver enzyme activities, both group 3 and 4 showed a 
NS difference in ALP with group 1 but the treatment 
with orlistat (group 5) showed significant difference 
with group 1. But in other enzyme activities like ALT 
and AST, group 4 only showed a NS difference with 
group 1. A previous report revealed that ALP activity 
was increased due to the effect of whole body fat mass, 
whereas elevated ALT activity was related to abdominal 
obesity[42]. Another study reported that the abdominal 
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Numerous oxygenated compounds, mainly aldehydes 
such as MDA, are produced during the attack of free 
radicals on membrane lipoproteins and PUFA. Assay 
of MDA is probably the most common method for the 
measurement of lipid peroxidation[50]. This is revealed 
that there was a significant increase in the levels of 
MDA and the significant decrease in hepatic SOD, 
CAT and GSH in the obese rats. However, concomitant 
administration of EPGL and GA has led to more 
increase in SOD, CAT and GSH than other groups. 
Similar to the present study, Kumar et al., also observed 
an increase in SOD and CAT in rat liver homogenate 
by the administration of the Zizyphus jujuba fruit 
extract in paracetamol-induced liver damage[51]. The 
level of MDA was significantly increased in the HFD 
fed group as compared to control. It was decreased in 
all treatment groups, but well advanced in group 4 as it 
showed NS difference with group 1 in MDA. Results 
of the present investigation showed that EPGL+GA 
not only regulated SOD and CAT but also the non-
enzymatic defence system (GSH) and alleviated lipid 
peroxidation more effectively than EPGL and orlistat.

The liver periportal region of all groups was shown 
in fig. 1. Group 1 showed normal periportal region 
composed of portal vein, bile duct and hepatic artery 
surrounded by cords of hepatocytes. No inflammation 
and fibrosis were observed in group 1 (control). Group 2 
showed moderate periportal inflammation composed 
of lymphocytes, plasma cells and eosinophils, which 
indicated that HFD-induced inflammation. Group 3, 4 
and 5 showed mild periportal inflammation composed  

obesity was associated with an increased risk of non-
alcoholic steatohepatitis (NASH)[43]. From these it 
could be concluded that EPGL+GA was found to be 
effective in restoring liver function more effectively 
than EPGL and orlistat.

Table 2 depicted the oxidative stress of HFD-induced 
rat liver. Oxidative stress is an imbalance between ROS 
and antioxidants. Increased oxidative stress is a common 
phenomenon in obesity. Chronic oxidative stress in 
obesity leads to diabetes and cardiovascular disease[7]. 
Oxidative stress causes functional impairment in liver 
due to increased nutrient oxidation and also it depends 
upon the type of diet[44]. These data suggested that the 
proinflammatory state of obese individuals might be 
probably related to chronic excessive nutrient intake[45]. 
CAT and SOD are enzymatic antioxidants while 
glutathione is a non-enzymatic antioxidant; they all 
exert synergistic effects in scavenging free radicals[46]. 
SOD, the natural cellular antioxidant enzyme, plays 
a pivotal role in oxygen defence metabolism by 
intercepting and reducing superoxide to molecular 
oxygen and H2O2

[47]. CAT is also an antioxidant enzyme 
located in peroxisomes and decomposes H2O2 to H2O 
and O2

[48]. GSH is one of the major antioxidant produced 
by the cells, participating directly in the neutralization 
of free radicals and reactive O2 compounds as well as 
maintaining exogenous antioxidants such as vitamin C 
and E in their reduced (active) forms[49]. All these 
defensive antioxidant enzymes work in conjugation 
with each other, and thus these are able to protect 
from free radicals-mediated oxidative injury/damage. 

Parameters (units) Group 1 Group 2 Group 3 Group 4 Group 5
Total protein (g/dl)
Albumin (g/dl)
Globulin (g/dl)
A/G ratio
AST (IU/l)
ALT (IU/l)
ALP (IU/l)

8.9±0.1
3.4±0.2
5.5±0.1

0.62±0.05
34.3±1.52
47±4.58
192±7.21

8.5±0.1
2.46±0.05

6±0.11
0.4±0.01
73±4.58

91.6±5.68
272±12.28

8.96±0.152
3.1±0.1a***

5.86±0.057b***
0.53±0.01

46±3
66±1

201.3±10.96

8.93±0.15
3.3±0.1

5.63±0.05
0.586±0.015
37.3±1.15

51.6±3
197.3±8.32

8.86±0.15
3.16±0.05a***
5.7±0.1a***
0.55±0.005

44±1
60.6±1.52
234.6±4.5

TABLE 1: EFFECT OF EPGL, GA AND ORLISTAT ON LIVER FUNCTION IN HIGH FAT DIET-INDUCED OBESE 
RATS

EPGL- ethanol extract of Punica granatum L. leaf; GA - gallic acid; HFD - high fat diet; A/G ratio - albumin/globulin ratio; AST - aspartate 
transaminase; ALT - alanine transaminase; ALP - alkaline phosphatase. a = group 3, 4 and 5 (treatment groups) compared with group 1 
whereas b = group 3, 4 and 5 (treatment groups) compared with group 2. ***Denotes significant (p<0.05)

Parameters (Units) Group 1 Group 2 Group 3 Group 4 Group 5
GSH (µmol/g)
CAT (kU/l)
SOD (U/mg tissue)
MDA (µmol/µg)

8.6±0.43
50.26±0.9
2±0.011
6.9±0.42

4.52±0.22 
21.59±1.96 
0.65±0.002 
9.69±0.66 

7.22±0.52 
42.56±0.651
1.65±0.014 

8±0.633a***

7.59±0.33 

50±1 
1.756±0.005 
7.13±0.33

7.57±0.19 

48.7±1.56 
1.176±0.005 

8.39±0.717 a***b***

TABLE 2: EFFECT OF EPGL, GA AND ORLISTAT ON ANTIOXIDANT STATUS IN HFD-INDUCED OBESE 
ANIMAL LIVER

EPGL - ethanol extract of Punica granatum L. leaf; GA - gallic acid; HFD - high-fat diet; a = group 3, 4 and 5 (treatment groups) compared 
with group 1 whereas b = group 3, 4 and 5 (treatment groups) compared with group 2, ***denotes significant (p<0.05)
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of lymphocytes, plasma cells and occasional  
eosinophils, which showed that these treatments were 
effective in reducing inflammation from moderate to 
mild and thus has protective effect against inflammation.

In conclusion, the animals fed with HFD for 8 w 
had altered liver function and increased oxidative 
stress. HFD produced liver dysfunction could be 
due to oxidative stress, which caused macrophage 
infiltration[52]. EPGL+GA treatment significantly 
restored liver function and morphology by reducing 
oxidative stress. Previous work from this laboratory 
reported that EPGL has a considerable amount of 

phenols, flavonoids, tannins and terpenoids[18] and 
also showed effective in vitro free radical scavenging 
activity. Even though EPGL has GA[16], addition of GA 
in the ratio of 1:10 to EPGL found to be more effective 
in ameliorating liver and kidney dysfunction and 
increased the antioxidant content. In conclusion, these 
results indicated that EPGL+GA has hepatoprotective 
activity. 
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Fig. 1: Photomicrographs of rat liver sections
A: Group 1 showed the image of normal rat liver, stained by haematoxylin and eosin. No inflammation was observed (P denotes 
periportal region). B: group 2 showed the image of rat liver induced by high-fat diet for 8 w (black arrow indicates the moderate 
inflammation). C: group 3 showed the image of high fat diet-induced rat liver in co-treatment with ethanol extract of Punica 
granatum L. leaf, 200 mg/kg (white arrow indicates the mild inflammation). D: group 4 showed the image of high fat diet-induced 
rat liver in co-treatment with ethanol extract of Punica granatum L. leaf, 100 mg/kg+gallic acid, 10 mg/kg. E: showed the image of 
high fat diet-induced rat liver in co-treatment with orlistat, 22 mg/kg
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