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Background: Alcoholic liver disease (ALD) is a life style associated and one of
the most common causes of chronic liver disease in the world. Chronic and
excessive ethanol consumption impairs fatty acid oxidation and thereby
stimulates lipogenesis, which leads to steatosis. Manifestation of harmful effects
by alcohol occurs by free radical species which react with most of the cell
components by changing their structures and functions. The hepatoprotective
activity of metformin may be due to its antioxidant effect and enhancing fatty
acid oxidation. So the aim of the present study is to evaluate preventive
hepatoprotective effect of metformin in terms of hepatic oxidative stress marker
enzymes and liver-histopathology scores.
Methods: Thirty adult Sprague Dawley rats of either sex, weighing 200-250 g
were selected for the study. The study was performed as per CPCSEA
guidelines. The rats were randomly divided into 5 groups; n=6. All the
treatments were given once a day for 21 days. After day 21, the dissected liver
was used to assess oxidative stress marker enzymes malondialdehyde (MDA),
superoxide dismutase (SOD), catalase (CAT) spectrophotometrically. The liver
damage was assessed by histopathological scoring (HPS).
Results: A comparison of The liver tissue MDA, SOD, CAT levels (nmol/g)
and HPS value in the various groups on day-22 suggests that a treatment with
metformin at low dose displayed a minimal hepatocellular protection when
compared to that of the ethanol-treated and vehicle treated groups; however,
metformin treatment at moderate and high doses elicited a better hepato
protection as compared to low dose metformin treated groups. A dosedependent hepatoprotection by metformin that high-dose metformin may be a
potential therapeutic candidate in attenuating the ALD.
Conclusions: Metformin co-administration effectively prevented hepatic
damage caused by ethanol in animal model with favourable modification in the
oxidative stress marker enzymes in liver tissue and histopathology. It may be
effective for preventing liver toxicity in chronic alcoholics. A dose dependent
hepatoprotection reveals that metformin may be a potential therapeutic
candidate in attenuating the ALD which needs a systematic clinical study.
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INTRODUCTION
Alcoholic liver disease (ALD) is a life style associated
and includes a wide spectrum of injury, ranging from
simple steatosis to frank cirrhosis. It may well represent
the oldest form of liver injury known to mankind.1,2
Manifestation of harmful effects by alcohol occurs by
free radical species which react with most of the cell
components by changing their structures and functions. In
ALD accumulation of fat and inflammation in the liver
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are the main pathological features which tend to liver
cirrhosis and hepatocellular carcinoma if alcohol
consumption is not stopped. The development of steatohepatitis is major factor in the progression to cirrhosis.3
Chronic and excessive ethanol consumption impairs fatty
acid oxidation and thereby stimulates lipogenesis, which
leads to steatosis.2 Accumulation of fat in the liver tends
to increase the sensitivity of the liver to the second hit
that leads to inflammatory liver cell damage.4 Oxidative
stress, endotoxins, and cytokines are considered to be the
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causes of the second hit and are related to the
pathogenesis of ALD.
The severity of liver damage related to alcohol varies
among different individuals and sometimes within
individual at different times. The therapy of ALD varies
according to the severity of liver damage and clinical
condition of an individual.
Though pathophysiology of ALD known, a successful
therapeutic approach to prevent or reverse ALD is rare.
Conventional therapy is based on general supportive and
symptomatic care.1 Few synthetic molecules are still
under pipeline and are being probed for their utility in
ALD.4,5 Therefore, a potential candidate beneficial in
ALD is still enduring.6
The hepatoprotective activity of metformin may be due to
its antioxidant effect and enhancing fatty acid oxidation.
Also it is suggested that metformin may cause down
regulation of TNFα mediated signaling and activation of
AMP-Kinase (AMPK). Furthermore, ALD is having
strong association with insulin resistance and metformin
tends to decrease insulin resistance as well as decrease
oxidative stress. Therefore, metformin was thought to be
useful in ALD.
So the aim of the present study was to evaluate
preventive hepatoprotective effect of metformin in terms
of hepatic oxidative stress marker enzymes and liverhistopathology scores.
METHODS
Drugs and chemicals
Metformin hydrochloride was procured from Glenmark
Pharmaceuticals Ltd., Andheri (East) Mumbai and
ethanol GR grade, 99.8% pure Mfg by Merck (Germany)
and was purchased from M/S Sharad Agencies, Pune.
Ethanol was diluted with distilled water to get 40% v/v
concentration. Ethanol was administered in the dose of
1ml /100 g/d orally.
Animals
Thirty adult Sprague Dawley rats of either sex, weighing
200-250 g were selected for the study. The study was
conducted after approval of Institutional Animal Ethics
Committee (CPCSEA Reg. No.258/2009) in central
animal house, Bharati Vidyapeeth Deemed University
Medical College, Pune, India. The animals were housed
in plastic cages under controlled conditions of 12-h
light/12-h dark cycle, 50% humidity and at 25°C. They
all received a standard pelleted diet (Pranav Agro
Industries Ltd., Pune, Maharashtra, India) and water ad
libitum. The study was performed as per CPCSEA
guidelines.
Experimental design
For three doses of metformin; low, moderate and high,
three different solutions of different strengths were
prepared as follows and were administered 1 ml / 100 g
orally.



125 (low dose) mg/kg/d orally (Met-1) - 12.5 mg/ml.



250 (moderate dose) mg/kg/d orally (Met-2) - 25.0
mg/ml.



500 (high dose) mg/kg/d orally (Met-3) - 50.0
mg/ml.
Table 1: Groups and drug treatments.
Groups
Group
1

Group
2

Group
3
Group
4
Group
5

Treatments
Ethanol 40% v/v
in water (Day 121)
Ethanol +
Distilled water
(Vehicle for
Metformin) (Day
1-21)
Ethanol
+Metformin low
dose (Day 1-21)
Ethanol
+Metformin
moderate dose
(Day 1-21)
Ethanol
+Metformin high
dose (Day 1-21)

Symbol
E

Dose p. o.
1 ml/100 g/d,
oral gavage
[po]

E+DW

1 ml/100 g/d,
oral gavage
[po]

Met-1

125
mg/kg/d/po

Met-2

250 mg
/kg/d/po

Met-3

500
mg/kg/d/po

All the treatments were given once a day for 21 days. All
the groups were administered ethanol 40% in the dose of
1 ml/100 gm/day to every day for 21 days by oral route.6
Group 2 animals were administered distilled water as
vehicle for Metformin orally every day for 21 days. On
22nd day, the animals were anesthetized and blood was
collected by retro-orbital puncture to assess various
biochemical marker enzymes and histopathological study.
Later the animals were sacrificed by cervical dislocation.
The liver was removed and the weight and volume were
also recorded. Then, the liver was also dissected and cut
into two parts. One part of liver embedded in 10%
formalin solution and histopathological assessment of
liver damage was performed. The other parts of livers
were collected in TC 199 media in the tissue sample
bottles and were taken to biochemistry laboratory to
assess oxidative stress marker enzymes malondialdehyde
(MDA), superoxide dismutase (SOD), catalase (CAT)
spectrophotometrically. With the help of homogenizer,
specified buffers and following standard procedures liver
tissue homogenates were prepared. The cell homogenate
then was centrifuged at 3000 × g for 10 min at 4oC (Remi
Industries Ltd, Remi Laboratory Instruments, Cooling
Centrifuge, C-24 BL is low volume high speed model in
table top design) to remove debris and nuclei. The
supernatant which consists of cytosolic and mitochondrial
fractions was stored at -80oC. They were used for
determination of MDA, SOD, and CAT activities using
UV Visible spectrophotometer, Model Lambda 35,
Manufactured by Perkin Elmer Inc. USA.14-16
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Histopathological assessment
The liver damage was assessed by histopathological
scoring (HPS) on day 22 in all groups. Small portions of
the liver was dissected and fixed in 10% formalin
solution for 24 h. The fixed tissues were embedded in
paraffin, sectioned to 3-5 μm 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 using standard techniques.

parameter for one animal. Higher score indicated more
liver damage (Range from 0 in normal to 21 with
maximum damage).
Statistical analysis
All the data were expressed as mean ± SD. The results
were evaluated using One Way ANOVA –
Nonparametric- Kruskal Wallis test, Post test- Dunns
(Compare all pairs of columns) using Graph Pad Prism -5
software.

The scoring system comprised various histological
features and it suggests the extent of liver injury.
Histopathological scoring of liver damage7
1.
2.
3.
4.
5.
6.

Portal fibrosis (PF: 0-6).
Lobular infiltration and Necrosis (LIN: 0-3).
Mallory bodies (MB: 0-3).
Hepatocyte ballooning (HB: 0-3).
Perisinusoidal Fibrosis (PSF: 0-3).
Fatty changes (FC: 0-3).

Addition of all scores was taken as “Total Score” of
histopathological (HPS= Histo-Pathology Score)

Table 2: Histopathological scoring.
Scores 0 to 6 for portal fibrosis (PF)
0
Indicates no abnormality
1 to 2
Mild injuries
3 to 4
Moderate injury
5 to 6
Severe liver injury
Scores 0 to 3 for other parameters
0
No abnormality
1
Mild
2
Moderate
3
Severe liver injury

RESULTS

Table 3: Effect of Metformin on MDA, SOD and CAT levels in liver tissue of ethanol-induced hepatic
dysfunction in rats.
Groups (Symbol)
Group 1 (E)
Group 2 (E+DW)
Group 3 (Met-1)
Group 4 (Met-2)
Group 5 (Met-3)

MDA (nmol/g)
12.27 ± 1.22
11.91 ± 0.78
10.41 ± 0.92 $
9.84 ± 0.96 $$$, @@
6.9 ± 0.65 $$$, @@@, £££

SOD (nmol/g)
1.33 ± 0.10
1.58 ± 0.13 $
2.64 ± 0.27 $$$, @@@
3.3 ± 0.23 $$$, @@@, ££
4.34 ± 0.33 $$$, @@@, £££

CAT (nmol/g)
25.9 ± 1.13
27.45 ± 1.81
32.39 ± 1.33 $$$, @@@
35.29 ± 1.97 $$$, @@@
40.73 ± 1.96 $$$, @@@, £££

Nonparametric - Wilcoxan matched signed rank test. Values- mean ± SD. (n=6) comparisons were made between ethanol vs. other groups $ - P <0.05, $$ P <0.01, $$$ - P <0.001; between Vehicle Vs Drugs @ - P <0.05, @@ - P<0.01, @@@ - P<0.001; between Met-1 Vs Met-2 / Met-3 £ - P <0.05, ££ - P <0.01, £££
- P <0.001.

Table 4: Effect of Metformin on liver histopathology of ethanol-induced hepatic dysfunction in rats.
Groups
(Symbol)
Group 1 (E)
Group 2
(E+DW)
Group 3
(Met-1)
Group 4
(Met-2)
Group 5
(Met-3)

PF: 0-6

LIN: 0-3

MB: 0-3

HB: 0-3

PSF : 0-3

FC : 0-3

2.67 ± 1.37

1.67 ± 0.52

0.5 ± 0.55

2.0 ± 0.63

0.83±0.41

1.5±0.84

Total scores
(HPS): 0-21
9.17±1.72

3.33 ± 1.03

1.67 ± 0.52

0.33 ± 0.52

1.67 ± 0.82

0.83±0.41

1.5±0.55

9.33±1.37

2.0 ± 0.89

1.33 ± 0.82

--

1.33 ± 0.52

0.5±0.55

1.0±0.63

6.17±1.84 $, @@

1.83 ± 0.75

0.83 ± 0.75

--

0.83 ± 0.75

0.33±0.52

0.67±0.8
2

4.5±1.76 $$$, @@@

0.83 ± 0.75

0.83 ± 0.41

--

0.5 ± 0.55

0.33±0.52

0.33±0.52

2.83±1.17 $$$,
@@@, ££

One Way ANOVA – Nonparametric- Kruskal Wallis test, Post test- Dunns (Compare all pairs of columns).
Values- mean ± SD. (n=6) comparisons were made between ethanol vs. treatments $ - P <0.05, $$ - P <0.01, $$$ - P <0.001; between
Vehicle vs. Drugs @ - P <0.05, @@ - P<0.01, @@@ - P<0.001; between Met-1 Vs Met-2 / Met-3 £ - P <0.05, ££ - P <0.01, £££ - P <0.001.
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The liver tissue MDA, SOD and CAT levels were
measured (nmol/g) in the various groups on day 22 and
were compared within the different groups (Table 3).
Among the three doses of Metformin, the highest dose
(500 mg/kg) significantly reduced (6.9 ± 0.65 nmol/g, p
<0.001) MDA levels and increased SOD (4.34±0.33
nmol/g, p <0.001) as well as CAT (40.73 ± 1.96 nmol/g,
p <0.001) levels when compared with only ethanol
treated group, ethanol with vehicle treated and even
lower doses of Metformin. Other two doses showed
moderate anti-oxidant activity in terms of MDA, SOD
and CAT levels when compared to only ethanol treated
and ethanol with vehicle treated group.

DISCUSSION
Some scientists suggested alcoholic fatty liver disease is
associated with various metabolic abnormalities.7,8 Some
reports suggested the role of ethanol in oxidative stress
which contributes to the pathogenesis of ALD.6 Ethanol
induced oxidative stress leads to decrease fatty acid βoxidation. This may lead to fatty liver-steatosis, hepatitis,
cirrhosis. Metformin is an oral anti-diabetic drug, belongs
to biguanide class, used in the treatment of type 2
diabetes mellitus, particularly, in overweight and obese
people and with normal kidney function. Some
researchers suggested the protective activity of metformin
due to antioxidant effect.9
In the present study, 40% ethanol (Ethanol 40% v/v 1
ml/100gm/d, p.o.) daily for 21 days was used to induce
ALD. The hepatic damage induced by ethanol was
determined by oxidative stress marker enzymes
malondialdehyde (MDA), superoxide dismutase (SOD),
catalase (CAT) spectrophotometrically on the 22nd day
after first treatment and assessment of histopathological
scores (HPS). Results of all the parameters were
compared and analyzed statistically.

Figure 1: Morphological changes in liver sections
stained with hematoxylin and eosin stain. (a)
Steatosis; (b) macrovescicular steatohepatitis; (c)
fibrous bridge formation; (d) nodules and fibrous
septa with effacement of the lobular architecture; (e)
cirrhotic liver; (f) fatty liver; (g) necrosis and mallory
bodies; (h) necrosis inflammation.
The liver damage was assessed by HPS on 22nd day of the
treatments and results are depicted in Table 4. The group
treated with only ethanol showed highest HPS value
(9.17±1.72) indicated the severity of damage in rat
hepatocytes. The HPS values of high dose metformin
treatment group (2.83±1.17, p <0.001) were the lowest
amongst the three metformin treatment groups. These
observations suggested remarkable liver protection by
metformin from alcohol induced injury. Other two doses
also showed significantly lower histopathology scores in
comparison to the ethanol and ethanol with methyl
cellulose treated groups validated the protective activity
of metformin in damaged rat hepatic cells by ethanol. The
high dose metformin treatment group among the three
groups showed lowest HPS value. Ethanol with vehicle;
methyl cellulose treated group showed highest PF score
(3.33 ± 1.03), indicated moderate injury and the lowest
PF score (0.83 ± 0.75) is found in highest dose of
metformin treated group, indicated no abnormality in rat
liver structures. Only ethanol treated group has highest
scores in other parameters, indicated mild/moderate liver
injuries. All the metformin treated groups have zero MB
score, suggested no mallory bodies found in hepatic
tissues. Various abnormalities in hepatic tissue damaged
by ethanol treatment observed in liver sections are
presented in Figure 1.

Metformin resulted antioxidant effect (in terms of
biochemical parameters and histopathological study) in
dose dependent manner in this study and a significant
reduction of MDA levels in the group treated with
ethanol and the highest dose (500 mg/kg/day/po) of
metformin when compared with the groups treated with
only ethanol and ethanol with vehicle for metformin. The
decreased MDA levels suggested the protective action of
metformin against oxidative stress. Similar results in
MDA levels were reported previously by many
researchers.10,11
The highest dose of metformin showed significant
increase (p <0.001) in SOD and CAT level when
compared with other groups and lowest value of both the
enzymes is found in only ethanol treated groups. Similar
increase in SOD levels expressed the antioxidant
property.12
The liver damage was assessed by histopathological
scoring (HPS) on 22nd day in all groups considering
various parameters. The scoring system comprised
various histological features and it suggests the extent of
liver injury.6,13 The total scores of the histopathological
assessment was calculated for all groups and compared.
Low HPS value was observed in metformin treated
groups, whereas high HPS value was observed in ethanol
treated and vehicle treated groups. Higher HPS values
suggest liver damage in ethanol treated and vehicle
treated groups. Whereas, low HPS value in metformin
treated groups suggests anti ALD effect of metformin.
Similarly, low HPS value was observed in low dose
metformin treatment whereas high HPS value was
observed in moderate and high doses of metformin.
Pathological assessment is necessary for diagnosis of
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hepatic injury. Steatosis, lobular inflammation, and
hepatocellular ballooning are the necessary components
for the diagnosis of ALD.13

5.

The total scores of the histopathological assessment was
calculated for all groups and compared. Low HPS values
were observed in metformin treated groups, whereas high
HPS values were observed in ethanol treated and vehicle
treated groups. Higher HPS values suggest liver damage
in ethanol treated and vehicle treated groups. Whereas,
low HPS values in metformin treated groups suggest antiALD effect of metformin.

6.

CONCLUSION

9.

This study shows protection offered by metformin
treatment against liver damage caused by ethanol in rats.
The overall results, suggest significant liver protection by
metformin mediated through reduction in oxidative stress
in a dose-dependent manner, which, also suggest highdose metformin may be a potential therapeutic candidate
against the ALD. The recovery shown in liver structure in
the groups treated with metformin is the evidence of
hepatoprotection.
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