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ABSTRACT

Background: Diabetes mellitus is an alarming life style disease in the modern world. Exploitation of the anti-
diabetic drugs for the amelioration of diabetes and associated life style diseases has become an imperative concern. 
In this milieu, this study was designed to explore the plausible effects of metformin intervention on hepatic and 
renal functions in a rat model of alcoholic liver disease. Methods: Thirty rats were divided into five groups (n = 6): 
ethanol control, ethanol water and also low, moderate and high doses of metformin. Ethanol 20% v/v (1 ml/100 g) 
was administered by oral gavage to all five groups for 21 days. Blood and tissue samples were collected for the 
assessment of lipid profile, hepatic and renal functions. Results: After 21 days, the levels of hepatic function and 
lipid parameters were maintained at normalcy, especially in the high-dose metformin treated alcoholic rats as 
compared to the levels at day 1. Despite this, the renal biomarkers did not display any significant variation due to 
ethanolic exposure in any group. The histopathological score portrayed that the noxious effect of ethanol is 
prevented in the liver of moderate- and high-dose metformin, whereas the renal histological scores were unchanged 
in all the groups including ethanol control. Conclusion: These results suggest that the dose of ethanol required to 
induce hepatic dysfunction does not influence renal functions. In addition, high-dose metformin offers maximal 
hepatoprotection and spares kidney from per se toxicity, thereby advocating the beneficial intervention of the anti-
diabetic drug, metformin, in alcoholic liver dysfunction. Iran. Biomed. J. 16 (2): 101-106, 2012

Keywords: Ethanol, Metformin, Kidney

INTRODUCTION

iabetes and other life style diseases including 
alcoholic liver disease (ALD) are still among 
the leading causes of morbidity and mortality 

in the world [1, 2]. The increase in nicotinamide 
adenine dinucleotide concentration and acetaldehyde 
dehydro-genase activity may injure β-oxidation of fatty 
acid and the tricarboxylic acid cycle, resulting in an 
increase in the synthesis of triacylglycerol, followed by 
steatosis in hepatic tissue [3]. Alcohol manifests its 
harmful effects either through free radical species that 
react with most of the cell components, changing their 
structures and functions, or by contributing to other 
mechanisms that finally promote enhanced oxidative 
damage. The pathophysiology of ALD is well studied, 
but a successful therapeutic approach to prevent or 
reverse ALD is still minimal. Conventional therapy is 
still based largely on abstinence from alcohol and 

general supportive and symptomatic care [1]. However, 
it is very difficult for the addict to follow abstinence 
and usually there is relapse. Multiple treatment 
interventions for both the short and long term mortality 
and morbidity of this disease have been proposed, but 
strong disagreement exists [1]. Phytotherapeutic 
approaches are being used with limited proof for their 
efficacy. Few synthetic molecules are still under 
pipeline and are being probed for their utility in ALD 
[4, 5]. Therefore, search for a potential candidate in 
attenuating ALD is still enduring. Previous studies
explore a strong relationship between hepatic insulin 
resistance and fatty liver as well as steatohepatitis in 
humans [6, 7]. In view of these evidences, an array of 
animal and human studies displays the insulin-
sensitizing biguanide, metformin, bestow protection in 
non-alcoholic fatty liver disease [8]. Although the 
pathophysiological mechanism of non-alcoholic fatty 
liver disease and ALD are similar and even a previous 
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study had shown the protective effect of metformin on 
ALD in a mouse model [6], the effect of metformin 
and ethanol co-exposure on the hepatic and renal 
functions was not investigated concurrently in a single 
study. With this note, the present work was designed to 
assess the dose-dependent effect of metformin on 
hepatic and renal functions simultaneously in ethanol-
exposed rats.  

MATERIALS AND METHODS

Drugs and chemicals. Metformin was procured from 
Glenmark (Mumbai, India) and ethanol was purchased 
from Merck (Germany). All other chemicals were of 
analytical grade and the organic solvents were distilled 
before use.

Animals. Thirty adult Sprague Dawley rats (Central 
Animal House, Bharati Vidyapeeth Deemed University 
Medical College, Pune, India; CPCSEA Reg. 
No.258/2009) of either sex, weighing 150-200 ×g were 
selected. 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. This 
study was approved by Institutional Animal Ethics 
Committee and performed as per CPCSEA guidelines.

Experimental regimen. The animals were random-
ized into five groups (n = 6) as follows: Group I, 
ethanol control rats received ethanol 20% v/v in water 
(1 ml/100 g/day, oral gavage [p.o.]); Group II, rats 
received ethanol 20% v/v in water (1 ml/100 g/day, 
p.o.) + water; Group III, low-dose metformin (125
mg/kg/day, p.o.); Group IV, moderate-dose metformin 
(250 mg/kg/day, p.o.) and Group V, high-dose 
metformin (500 mg/kg/day, p.o.). Ethanol 20% v/v in 
water (1 ml/100 g; p.o.) was administered to all five 
groups. All the treatments were given once per day for 
21 days. On day 1 before drug administration, the 
blood was collected by retro-orbital puncture to assess 
various biochemical functions. The body weight of 
animals was recorded on day 1 and day 21. After the 
final doses of drugs (i.e. on day 21), the animals were 
anaesthetized and the blood was collected by retro-
orbital puncture for the estimation of biochemical 
parameters and later the animals were sacrificed by 
cervical dislocation. The livers were removed and the 
weight and volume were also recorded. Then, the 
kidneys were also dissected and both organs were used 
for the histopathological assessments. 

Biochemical assays. The levels of aspartate 
transaminase (AST), alanine transaminase (ALT) and 

alkaline phosphatase (ALP) in serum were estimated 
by using commercial kits (ERBA diagnostic 
Mannheim GmbH, Germany). Total bilirubin, total 
protein and albumin were measured spectrophoto-
metrically by commercially available kits and 
prothrombin time by using auto analyzer. Serum lipid 
profiles such as triglycerides were measured 
enzymatically by the glycerophosphate oxidase assay 
using a commercial kit (ERBA diagnostic Mannheim 
GmbH, Germany). Total cholesterol and high density 
lipoprotein levels were measured enzymatically by 
cholesterol oxidase assay using commercially available 
kits (ERBA diagnostic Mannheim GmbH, Germany). 
Blood glucose, urea and serum creatinine levels were 
measured by using the kits obtained from ERBA 
diagnostic Mannheim GmbH (Germany).

Histopathological analysis. Small portions of the 
liver and kidney were dissected and fixed in 10%
neutral buffered 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. 
Liver sections were graded numerically to assess the 
degree of histological changes in acute hepatic injury.
The scoring of liver damage was done [9, 10] as 
follows: portal fibrosis (0-6), lobular infiltration and 
necrosis (0-3), mallory bodies (0-3), hepatocyte 
ballooning (0-3) and fatty changes (0-3). The 
parameters were graded from score 0 to 6, with 0
indicating no abnormality, 1 to 2 mild injury, 3 to 4  
moderate injury and 5 to 6 with severe liver injury. 
Scoring of kidney damage was done [11] as follows: 
tubular epithelial cell degeneration (0-3), tubular 
epithelial cell necrosis (0-3), atrophic glomerulus and 
tubulus (0-3), eosinophilic secretion in the tubulus 
lumen (0-3), interstitial mononuclear cell titration (0-
3), increased fibrous tissue (0-3), hyperemic vessels in 
the interstitium (0-3).

Statistical analysis. All the data were expressed as 
mean ± SEM. The results were evaluated using a 
paired t test and analysis of variance (ANOVA) using 
the SPSS software.

RESULTS

Effects of metformin and ethanol on body weight, 
total protein, blood urea, serum creatinine and blood 
sugar levels. Effects of metformin and ethanol on body 
weight, total protein, blood urea, serum creatinine and 
blood sugar have been depicted in Table 1. Ethanol-
exposed rats in group I showed an increase in body 
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Table 1. Effects of metformin and ethanol on body weight, total protein, total albumin, blood urea, serum creatinine and blood 
glucose.

Parameter Body weight 
(g)

Total protein 
(g%)

Total albumin 
(g%)

Blood urea 
(mg%)

Serum 
creatinine 

(mg%)
Blood glucose 

(mg%)

Ethanol
Day 1 164.17 ± 19.07 8.58 ± 0.31 4.47 ± 0.68 36.83 ± 4.62 0.65 ± 0.005 72.33 ± 13.68
Day 21 175.83 ± 17.77** 6.60 ± 0.41*** 2.73 ± 0.35*** 36.83 ± 4.79 0.70 ± 0.005 72.83 ± 13.35

ethanol + water
Day 1 194.83 ± 11.20 8.53 ± 0.33 4.77 ± 0.24 40.17 ± 6.68 0.63 ± 0.008 89.83 ± 8.42
Day 21 199.00 ± 15.90 7.13 ± 0.54*** 3.57 ± 0.40*** 40.17 ± 7.73 0.68 ± 0.008 91.00 ± 11.38

ethanol + met 
(125)

Day 1 172.17 ± 17.37 8.65 ± 0.47 4.22 ± 0.55 34.00 ± 3.29 0.63 ± 0.14 77.50 ± 16.69
Day 21 174.33 ± 8.69 8.22 ± 0.61* 3.92 ± 0.69* 34.50 ± 3.99 0.65 ± 0.12 76.17 ± 20.02

ethanol + met 
(250)

Day 1 174.17 ± 18.00 8.75 ± 0.49 4.20 ± 0.87 32.17 ± 3.06 0.67 ± 0.005 96.67 ± 8.52
Day 21 179.83 ± 15.79 8.45 ± 0.50* 4.07 ± 0.93* 32.50 ± 2.07 0.67 ± 0.005 89.17 ± 8.98*

ethanol + met 
(500)

Day 1 198.33 ± 30.07 8.05 ± 0.26 4.25 ± 0.71 66.00 ± 29.13 0.62 ± 0.01 81.67 ± 6.5
Day 21 201.83 ± 32.05 7.92 ± 0.34 4.23 ± 0.74 66.83 ± 29.39 0.63 ± 0.005 67.17 ± 16.73**

Values are represented as mean ± SEM; 6 animals in each group; Comparisons were made between day 1 vs. day 21 within each 
group. *P<0.05, **P<0.01, ***P<0.001. met, metformin

weight significantly (P<0.01) at day 21 when
compared to rats administered with ethanol at day 1. 
However, ethanol given with water (group II), and low 
to high dose of metformin (group III, IV and V) did not 
show any significant alteration in body weight between 
day 1 and day 21. Levels of total protein and albumin 
were significantly (P<0.001) reduced in groups I and II 
rats at day 21 when compared to the rats of the same 
group at day 1. Such reduction (P<0.05) was also seen 
in the group III and group IV (low and moderate dosed 
metformin). While in high-dose metformin (group V), 
no significant decrease in protein and albumin levels 
were seen. The blood urea and serum creatinine were 
not significantly altered in any of the groups (group I-
V). The results indicate that the dose of ethanol that 
causes liver damage did not cause any deleterious 
effect on kidney when given for 21 days. Blood 
glucose levels were not significantly altered by ethanol 
(group I) or ethanol given with water (Group II) or 
with low-dose metformin with ethanol (group III) 
treatment. Conversely, there was a significant decrease 
in blood glucose level in moderate (group IV) and high 
(group V) doses of metformin, which indicates the 
anti-diabetic potential of metformin.

Effects of metformin and ethanol on serum lipid 
profiles. Effect of metformin and ethanol on serum 
cholesterol, triglycerides and HDL has been depicted in 
Figure 1. There was no significant alteration in the 
level of total cholesterol in any of the groups (groups I-
V). Triglyceride levels were significantly increased in 
all the groups. However, in ethanol-treated rats (group 
I) it was highly significant (P<0.001). Conversely, in 
high-dose metformin (500 mg/kg)-treated rats the 
significance (P<0.05) was low, which indicates its 
lipid-lowering effect. Level of the protective 

lipoprotein, HDL, was significantly diminished in 
ethanol, ethanol with water and ethanol with 
metformin low-dose groups. But in moderate and high 
dose of metformin-treated groups, no significant 
alteration in HDL levels were observed.

Effects of metformin and ethanol on hepatic 
biochemical markers. Effects of metformin and 
ethanol on hepatic biochemical markers have been 
displayed in Table 2. Ethanol control and ethanol with 
water rats displayed a significant increase in the levels 
of AST, ALT, ALP, total bilirubin and prothrombin 
time, which reveals the hepatocellular membrane 
damage. In contrary, metformin-treated rats (moderate
and high dose) did not show any significant alteration 

Fig. 1. Effect of metformin and ethanol on serum cholesterol, 
triglycerides and HDL. Values are represented as mean ± SEM; 
6 animals in each group; Comparisons were made between day 
1 vs. day 21 within each group. *P<0.05, **P<0.01, 
***P<0.001.
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Table 2. Effect of metformin and ethanol on hepatic biomarkers.

Parameter
AST

( IU/L)
ALT

( IU/L)
ALP 

(IU/L)
Total bilirubin 

(mg%)
Prothrombin 

time (s)

ethanol
Day 1 272.8 ±   47.58 45.50 ± 10.31 288.7 ± 113.68 0.300 ± 0.160 11.33 ± 0.52
Day 21 491.7 ± 165.32** 62.70 ± 15.62** 316.5 ± 117.59* 1.210 ± 0.41*** 19.83 ± 4.26**

ethanol + water
Day 1 365.5 ±   68.53 50.30 ±   9.61 219.3 ±  47.08 0.235 ± 0.008 11.50 ± 0.55
Day 21 551.3 ± 140.95** 72.50 ± 11.93** 255.2 ±  46.01** 1.010 ± 0.26*** 13.83 ± 1.94*

ethanol + met (125)
Day 1 300.0 ±   41.42 46.00 ± 8.81 213.3 ±  86.88 0.270 ± 0.01 11.50 ± 0.55
Day 21 322.8 ±   40.32** 51.20 ± 7.14* 211.3 ±  72.42 0.400 ± 0.17 13.67 ± 1.63**

ethanol + met (250)
Day 1 289.0 ±   52.92 47.30 ± 8.41 224.2 ±  50.44 0.220 ± 0.007 11.67 ± 0.52
Day 21 297.2 ±   48.89 50.30 ± 7.69 227.3 ±  49.15 0.280 ± 0.11 12.33 ± 0.52

ethanol + met (500)
Day 1 297.5 ±   95.56 53.20 ± 4.75 197.5 ±  66.74 0.280 ± 0.13 11.50 ± 0.55
Day21 300.2 ±   92.83 53.50 ± 4.59 199.8 ±  63.88 0.300 ± 0.12 11.83 ± 0.75

Values are represented as mean ± SEM; 6 animals in each group; Comparisons were made between day 1 vs. day 21 within each 
group. *P<0.05, **P<0.01, ***P<0.001. met, metformin, AST, aspartate transaminase; ALT, alanine transaminase; ALP, alkaline 
phosphatase

in the levels of hepatic biochemical markers between
day 1and day 21, which underscored the hepatic
membrane protection offered by metformin. In this 
study, the significant variations in AST, ALT and 
prothrombin time, pointed out that the low-dose 
metformin failed to protect the hepatic tissue.

Effects of metformin and ethanol on liver and 
kidney histopathology, liver weight, liver volume and 
liver ratio. The biochemical observations were further 
confirmed by histological studies and the scores have 
been depicted in Table 3. In the present study, the 
scores of liver damage were significantly (P<0.01 and 
P<0.001, respectively) low in moderate- and high-dose 
metformin groups when compared with the ethanol-
exposed group (group I). The liver weight was 
significantly reduced (P<0.05) in high-dose metformin 
rats when compared to the ethanol rats. Also, the liver 
volume was significantly (P<0.001) low in metformin 
moderate and high doses when compared with ethanol 
administered group. But metformin low dose had 
minimal effects on liver weight, thereby indicating its 
scarce hepatoprotection. In contrast, the kidney 
histopathological scores were not significantly altered 
by ethanol and metformin.

DISCUSSION

Kotronen et al. [12] reported that ALD may be a risk 
for diabetes and other metabolic disorders. Though a 
comprehensive mechanism remains to be unraveled, 
many studies [1, 3] had shown that ethanol oxidation 
generates toxic metabolites, free radicals and induces a 
state of oxidative stress which contributes to the 
pathogenesis of ALD. Importantly, oxidation of 
ethanol through the cytochrome P450 2E1 (CYP 2E1) 
generates superoxide anion radical and hydrogen 
peroxide [13-15]. These free radicals are capable of 
damaging many cellular components such as DNA, 
proteins and lipids [16].  

In the present study, 20% ethanol (1 ml/100 g) daily 
for 21 days was used to induce ALD. The hepatic 
damage induced by ethanol was clearly visible from
the leakage of hepato-specific marker enzymes (AST, 
ALT and ALP) from the hepatocytes into the blood 
stream, which was observed by the escalated levels of 
liver enzymes [17]. Based on this view point, it could 
be proposed that treatment with metformin at low dose 
displayed a minimal hepatocellular membrane 
protection when compared to that of the ethanol-treated

    Table 3. Effects of metformin and ethanol on liver weight and liver volume and histopathology scores of liver and kidney damage.

Parameter Ethanol
  Ethanol +

    water

  Ethanol + 

met (125)

Ethanol + 

met (250)

  Ethanol +

  met (500)

Liver weight (g) 7.33 ± 1.03 8.33 ± 0.52 6.50 ± 0.55 5.83 ± 0.75 5.67 ± 0.52*

Liver volume (ml) 6.83 ± 0.75 7.33 ± 0.52 6.67 ± 0.82 5.67 ± 0.52* 4.83 ± 0.75**

Liver ratio (weight/volume) 1.07 ± 0.08 1.14 ± 0.13 0.99 ± 0.19 1.03 ± 0.13 1.20 ± 0.21

Histopathology scores of liver damage 9.17 ± 1.72 9.33 ± 1.37 6.17 ± 1.83 4.50 ± 1.76** 2.83 ± 1.17***

Histopathology scores of kidney damage 1.17 ± 1.33 1.33 ± 1.03 2.67 ± 1.86 2.17 ± 1.17 2.83 ± 2.71

Values are represented as mean ± SEM; 6 animals in each group; on day 21, comparisons were made between ethanol vs. other groups; 
*P<0.05, **P<0.01, ***P<0.001. met, metformin
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groups; however, metformin treatment at moderate and 
high doses elicited a better hepato membrane 
protection by decreased serum marker enzymes’ levels 
when compared to the ethanol controls. The 
preservation of hepatic marker enzymes levels by 
metformin is attributed to its antioxidant and free 
radical scavenging potential which is in harmony with 
the previous report [18]. Serum bilirubin is one of the 
most sensitive tests employed in the diagnosis of 
hepatic diseases. It offers useful information on how 
well the liver is functioning [19]. In the present study, 
ethanol alone as well as ethanol and water-fed rats had 
shown a significant increase in the level of total 
bilirubin at day 21 when compared to the level of total 
bilirubin at day 1 of the same group. Treatment with 
metformin at three doses (125, 250 and 500 mg/kg) 
had not significantly altered total bilirubin levels when 
compared within the groups and exerted a significant 
protection when compared with alcohol-fed groups 
indicating the effectiveness of the metformin in the 
maintenance of normal functional status of the liver. In 
the current study, elevated prothrombin time in 
ethanol, ethanol with water and metformin low-dose 
groups had reflected the decreased ability of liver to 
synthesize coagulation factors [20]. High-dose and 
moderate-dose metformin, maintained the normal 
prothrombin time between day 1 and day 21 which 
imply the maintenance of hepatic function and 
homeostasis by metformin. 

In the current study, significant weight gain was seen 
in ethanol-treated group which may be due to the 
appetite stimulant action of ethanol, which had kindled 
the rats to consume more food. Metformin-treated 
groups did not show any significant weight change 
which may be due to the metformin induced decrease 
in calorie intake and weight loss against ethanol-
induced weight gain [21]. We observed a significant 
decrease in total protein and albumin in ethanol and 
ethanol plus water administered rats as reported earlier 
[22] which demonstrate the functional disability of 
hepatocytes due to ethanolic insult. Though the low 
and moderate doses of metformin failed to uphold the 
TP and albumin levels, high-dose metformin 
maintained these levels thereby confirming the 
beneficial role of high-dose metformin on liver [18].

Ethanol acts as a surfactant and suppresses the action 
of enzyme lecithin cholesterol acyl transferase (LCAT) 
to block the uptake of lipoprotein from circulation by 
extra hepatic tissue, resulting in an increase in lipid 
levels. Though there was no significant alteration in the 
serum cholesterol level of any group, the HDL level 
was appreciably decreased in the ethanol control and 
ethanol plus water groups. This may be due to the 
oxidant inference with the HDL synthesis. Conversely, 
moderate and high-dose metformin treatment sustained 

the HDL levels against ethanolic toxicity which may 
be due to the antioxidant and anti-lipid peroxidative 
effect of metformin as reported in earlier studies [18, 
23]. Metformin treatment at low dose had no favorable
effect on HDL level which may be due to the 
inadequacy of the metformin dose to combat against 
oxidative stress. Triglyceride levels were increased 
significantly in all the groups including high-dose 
metformin group. But, it was observed that these 
abnormalities were somewhat low in metformin high-
dose group indicating an effort to lower triglycerides.
However, from the references [24, 25] it has become 
clear that metformin has controversial effects on
triglycerides.

In the present study, ethanol and metformin-fed rats 
did not generate any significant change in blood urea, 
serum creatinine and kidney histopathological scores 
which highlight that both metformin and ethanol did 
not affect kidney stability. In addition, the blood 
glucose levels were significantly decreased in moderate 
and high-dose metformin groups, which reflect the 
effective anti-hyperglycemic activity of metformin. 
The observed data clearly advocates that the liver 
weight of high-dose metformin rats were significantly 
reduced (P<0.05) as compared to that of ethanol 
controls and here, the underpinning reason may be the 
adenosine monophosphate activated protein kinase-
mediated suppression of lipogenic factors by 
metformin against ethanol-induced fatty liver and 
increased liver weight [26]. Histopathological 
assessment of liver tissues confirmed the membrane 
stabilizing and cytoprotective potential of metformin at 
a dose of 500 mg/kg against the toxic manifestations 
induced by ethanol.

Throughout the study, there exists a dose-dependent 
variation in hepatoprotection and also, this article 
strongly underscores that high-dose metformin may be 
a potential therapeutic candidate in attenuating the 
ALD with no per se toxicity on renal tissues. 
Furthermore, this study may serve as an imperative 
tool to provoke an interest in screening metformin 
against various metabolic disorders.

ACKNOWLEDGEMENTS

We thank Dr. S.S. Kadam, Vice Chancellor, Bharati 
Vidyapeeth Deemed University, Pune for an incessant 
encouragement, Dr. Vivek Saoji, Principal, Bharati 
Vidyapeeth Deemed University Medical College, Pune 
for his encouragement and for providing all the 
facilities for this research work and Indian Council for 
Medical Research (ICMR), New Delhi for supporting 
through ICMR-STS 2010 program.

 [
 D

O
I:

 1
0.

60
91

/I
B

J.
10

31
.2

01
2 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
02

88
52

.2
01

2.
16

.2
.1

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ib
j.p

as
te

ur
.a

c.
ir

 o
n 

20
26

-0
6-

10
 ]

 

                               5 / 6

http://dx.doi.org/10.6091/IBJ.1031.2012
https://dor.isc.ac/dor/20.1001.1.1028852.2012.16.2.1.4
http://ibj.pasteur.ac.ir/article-1-662-en.html


106                                                                                               Borole et al.                                                 Iran. Biomed. J., April 2012

http://IBJ.pasteur.ac.ir

REFERENCES

1. Lieber CS. Alcoholic fatty liver: Its pathogenesis and 
mechanism of progression to inflammation and fibrosis. 
Alcohol.2004 Aug;34(1):9-19.

2. You M, Crabb DW. Recent advances in alcoholic liver 
disease. II. Minireview: Molecular mechanisms of 
alcoholic fatty liver. Am J Physiol Gastrointest Liver
Physiol.2004 Jul;287(1):G1-G6.

3. Lieber CS. Metabolism of alcohol. Clin Liver Dis.2005;
9: 1-35.

4. Corrao G, Torchio P, Zambon A, D’Amicis A, Lepore 
AR, di Orio F. Alcohol consumption and micronutrient 
intake as risk factors for liver cirrhosis: A case control 
study. Ann. Epidemiol.1998 Apr;8(3):154-9.

5. Ostrowska J, Łuczaj W, Kasacka I, Rózański A, 
Skrzydlewska, E. Green tea protects against ethanol-
induced lipid peroxidation in rat organs. Alcohol.2004
Jan;32(1):25-32.

6. Bergheim I, Guo L, Davis MA, Lambert JC, Beier JI, 
Duveau I et al. Metformin prevents alcohol induced 
liver injury in the mouse: Critical role of plasminogen 
activator inhibitor-1. Gastroenterology.2006 Jun; 
130(7):2099-112.

7. Sanyal AJ, Campbell-Sargent C, Mirshahi F, Rizzo WB, 
Contos MJ, Sterling RK et al. Nonalcoholic 
steatohepatitis: association of insulin resistance and 
mitochondrial abnormalities. Gastroenterology.2001
Apr;120(5):1183-92.

8. Bugianesi E, Marzocchi R, Villanova N, Marchesini G. 
Non-alcoholic fatty liver disease/non-alcoholic
steatohepatitis (NAFLD/NASH): treatment. Best Pract
Res Clin Gastroenterol.2004 Dec;18(6):1105-16.

9. Brunt EM. Grading and staging the histopathological 
lesions of chronic hepatitis: The Knodell histology 
activity index and beyond. Hepatology.2000 Jan;31(1): 
241-6.

10. Kleiner DE, Brunt EM, Van Natta M, Behling C, 
Contos MJ, Cummings OW et al. Non-alcoholic
steatohepatitis Clinical Research Network. Design and 
validation of a histological scoring system for non-
alcoholic fatty liver disease. Hepatology.2005
Jun;41(6):1313-21.

11. Golsen A, Alparslan G, Meral O, Nermin K, Ekrem O, 
Osman G. Histopathologic changes in liver and renal 
tissues induced by different doses of diclofenac sodium 
in rats. Turk J Vet Anim Sci.2003;27:1131-40.

12. Kotronen A, Yki-Järvinen H, Männistö  S, Saarikoski L, 
Korpi-Hyö välti E, Oksa H et al. Non-alcoholic and 
alcoholic fatty liver disease-two diseases of affluence
associated with the metabolic syndrome and type 2
diabetes: the FIN-D2D survey. BMC Public 

Health.2010 May;10: 237.
13. Das SK, Vasudevan DM. Alcohol-induced oxidative 

stress. Life Sci.2007;81(3):177-87.
14. Brenner DA, Sigmund S. Pathogenesis of alcoholic 

hepatitis. J Gastroenterol Hepatol.2004;19: S229-35.
15. Lieber CS. Microsomal ethanol-oxidizing system 

(MEOS): the first 30 years (1968–1998): a review. 
Alcohol Clin Exp Res.1999 Jun;23(6):991-1007.

16. Gate L, Paul J, Ba GN, Tew KD, Tapiero H. Oxidative 
stress induced in pathologies: the role of antioxidants.
Biomed Pharmacother.1999 May;53(4):169-80.

17. Goldberg DM, Watts C. Serum enzyme changes as 
evidence of liver reaction to oral alcohol. 
Gastroenterology.1965 Sep;49(3):256-61.

18. Yanardag R, Ozsoy-Sacan O, Bolkent S, Orak H, 
Karabulut-Bulan O. Protective effects of metformin 
treatment on the liver injury of streptozotocin-diabetic 
rats. Hum Exp Toxicol.2005 Mar;24(3):129-35.

19. Harper HA. The functions and tests of the liver. Review 
of physiological chemistry. Los Atlos: CA. Lange 
Medical Publishers; 1961.

20. Johnston DE. Special considerations in interpreting liver 
function tests. Am. Fam. Physician.1999
Apr;59(8):2223-30.

21. Lee A, Morley JE. Metformin decreases food 
consumption and induces weight loss in subjects with 
obesity with type II non-insulin-dependent diabetes. 
Obes Res.1998 Jan;6(1):47-53.

22. Horie Y, Kikuchi M, Yamagishi Y, Umeda R, Ebinuma 
H, Saito H, Kato S, Ishii H, Hibi T, Han JY. Effect of a 
herbal medicine on fatty liver in rats fed ethanol
chronically. Nihon Arukoru Yakubutsu Igakkai 
Zasshi.2009 Dec;44(6):636-48.

23. Piro S, Rabuazzo AM, Renis M, Purrello F. Effects of 
metformin on oxidative stress, adenine nucleotides 
balance and glucose-induced insulin release impaired by 
chronic FFA exposure in rat pancreatic islets. J
Endocrinol Invest.2011 Jul;[Epub ahead of print].

24. Wulffele MG, Kooy A, de Zeeuw D, Stehouwer CD, 
Gansevoort RT. The effect of metformin on blood 
pressure, plasma cholesterol and triglycerides in type-2
diabetes mellitus: a systematic review. J Intern
Med.2004 Jul;256(1):1-14.

25. Desilets AR, Dhakal-Karki S, Dunican KC. Role of 
metformin for weight management in patients without 
type 2 diabetes. Ann Pharmacother.2008
Jun;42(6):817-26.

26. Zhou G, Myers R, Li Y, Chen Y, Shen X, Fenyk-
Melody J et al. Role of AMP-activated protein kinase in 
mechanism of metformin action. J Clin Invest.2001
Oct;108(8):1167-74.

 [
 D

O
I:

 1
0.

60
91

/I
B

J.
10

31
.2

01
2 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
02

88
52

.2
01

2.
16

.2
.1

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ib
j.p

as
te

ur
.a

c.
ir

 o
n 

20
26

-0
6-

10
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               6 / 6

http://dx.doi.org/10.6091/IBJ.1031.2012
https://dor.isc.ac/dor/20.1001.1.1028852.2012.16.2.1.4
http://ibj.pasteur.ac.ir/article-1-662-en.html
http://www.tcpdf.org

