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ABSTRACT Aims: To establish a simplified and reliable animal model of alcoholic liver disease (ALD) and find

the factors influencing this condition.

Materials and Methods: Male and female Sprague-Dawley rats were kept in Macrolon cages in a room

temperature (25 ˚C) and humidity (55%), and a 12/12-hr light/dark cycle. The rats were randomly

divided into 6 experimental groups; Group 1 : Feeding with 7 g/kg of ethanol in male rats, Group 2 :

Feeding with 7 g/kg of ethanol + high fat-low protein diet in male rats, Group 3 : Feeding with 5 g/kg

of ethanol in male rats, Group 4 : Feeding with 7 g/kg of ethanol  in female rats, Group 5 : Feeding with

7 g/kg of ethanol + high fat-low protein diet in female rats, Group 6 : Feeding with 5 g/kg of ethanol in

female rats. At the end of study (3-18 weeks), rats were sacrificed and livers were removed for grading of

steatosis, inflammation and necrosis.

Results: Liver sections from rats fed only ethanol (5g/kg or 7g/kg) showed no steatosis, inflamma-

tion and necrosis at 3 or more weeks. Steatosis, inflammation and necrosis were inclusively presented in

group 2 and 5. The degree of steatosis and necroinflammation was associated with longer period of

ethanol and high fat-low protein diet treatment. However, there was no different liver histopathology

results between gender (male and female).

Conclusion: We establised a simplified and feasible animal model of ALD in which protein-malnutri-

tion with high fat intake contributing to it’s progression. This model can be useful for future research

study.
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INTRODUCTION
Alcoholic liver disease (ALD) remains to be one of

the most common etiologies of liver disease and is a major
cause of morbidity and mortality worldwide1.  The patho-
logic stages of ALD comprises of steatosis, steatohepatitis,

and fibrosis/cirrhosis2.  Alcoholic steatosis is the initial
stage of ALD and consists of fat accumulation in hepa-
tocytes. Alcoholic steatohepatitis (ASH), the second and
rate-limiting step in the progression of ALD, is charac-
terized by hepatic fat accumulation, hepatocellular ne-
crosis, the presence of Mallory bodies, and surrounding
infiltrate composed of polymorphonuclear leukocytes3.
With prolonged alcohol abuse, there is progressive fi-
brosis.  This is most frequently in the form of sinusoidal
and perivenular fibrosis that splits apart the parenchyma2.
Various animal models of ALD have been developed that
they have significantly increased our understanding of
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how alcohol causes damage to the liver and helped to
determine new way of preventing or treating ALD. How-
ever several animal models of ALD are limited in their
applicability4.  In 1989, Lieber and co-workers devel-
oped oral liquid diets (Lieber-DeCarli Diets) that con-
tained 35.5 percent energy from ethanol5. They observed
only steatosis, no inflammation and fibrosis. Ethanol con-
taining liquid diets and ethanol feeding via surgically im-
planted gastrostomy tubes (Tsukamoto-French model)
have used to overcome these problems and have pro-
duced liver injury in the rat6,7.  These models are either
inconvenient or difficult to use, especially over prolonged
periods. Models based on the administration of ethanol
in drinking water have an advantage of relative simplicity
but are limited by inherent difficulties in assessing and
controlling the nutritional effects of ethanol consump-
tion. More recently, Enomoto and colleagues (1999) re-
ported a new rat model in which female wistar rats re-
ceived 5 g/kg alcohol intragastrically every 24 hours8.
After 4 weeks, this treatment induced fat accumulation,
inflammation, and necrosis in the liver. However, other
researchers still must reproduce and confirm this model
to establish its validity.  According to Lieber-DeCarli Di-
ets, Tsukamoto-French model, and Enomoto model,
animals were given higher fat diet than standard diet
(chow diet). Therefore, our objectives were to establish
a simplified and feasible animal model of ALD and fac-
tors influence such as nutrition and sex.

MATERIALS  AND  METHODS

Animals
Male and female Sprague-Dawley rats were obtained

from The Salaya research animal center, Mahidol Uni-
versity, Bangkok, Thailand. The experimental protocol
was approved by the Ethical Committee of Pharma-
cology Faculty, Chulalongkorn University, Thailand. The
animals were kept in Macrolon cages in a room tempera-
ture (25 ̊ C) and humidity (55%), and a 12/12-hr light/
dark cycle.

Experimental design
The rats were randomly divided into 6 experimen-

tal groups.
Group 1 (Male+Ethanol I); Male rats were given

40 percent ethanol (7 g/kg), orally, using an intragastric
tube and fed standard diet.

Group 2 (Male+Ethanol I+High fat-low
protein); Male rats were given 40 percent ethanol (7 g/
kg), orally, using an intragastric tube and fed a high fat-
low protein diet with 58.82 percent of energy from fat,
2.35 percent from protein and 38.83 percent from car-
bohydrate.

Group 3 (Male+Ethanol II); Male fed rats were
given 40 percent ethanol (5 g/kg), orally, using an
intragastric tube and fed standard diet.

Group 4 (Female+Ethanol I); Female rats were
given 40 percent ethanol (7 g/kg), orally, using an
intragastric tube and fed standard diet.

Group 5 (Female+Ethanol I+High fat-low
protein); Female rats were given 40 percent ethanol (7
g/kg), orally, using an intragastric tube and fed a high
fat-low protein diet with 58.82 percent of energy from
fat, 2.35 percent from protein and 38.83 percent from
carbohydrate.

Group 6 (Female+Ethanol II) ; Female rats were
given 40 percent ethanol (5 g/kg), orally, using an
intragastric tube and fed standard diet.
All rats were fed ad libitum diets and weighed weekly.

Histopathology
At the end of each time (Table 1.) rats were sacrified

using intraperitoneal injection overdose of sodium pen-
tobarbital 45 mg/kg BW. The livers were removed and
then fixed in 10 percent formalin solution at room tem-
perature. They were processed by standard method, tis-
sues were embedded in paraffin, sectioned at 5 (m, and
stained with hematoxylin-eosin (H&E) and then picked
up on glass slides for light microscopy. An experienced
pathologist performed a blinded evaluation for all
samples. Each liver section was examined for grading of
steatosis, inflammation and necrosis according to
Korourian et al. criteria(9).

Steatosis was scored as the percentage of parenchy-
mal cells containing fat (micro- or macrosteatosis) as <
25% = 1, 25% to 50% = 2, 50% to 75% = 3, and <75% = 4.

The presence of inflammation, based on infiltra-
tion by polymorphonuclear leukocytes and mononuclear
cells, was evaluated using a scale where no polymorpho-
nuclear leukocytes and mononuclear cells present = 1;
occasional foci of inflammatory cells = 2; widely dispersed,
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Figure 1 The histologic finding of liver at each period ; A: 7
g/kg of ethanol in female rat at 3 weeks, B: 5 g/kg
of ethanol in female rat at 9 weeks C: 5 g/kg of
ethanol in male rat at 11 weeks, D: 7 g/kg of etha-
nol + high fat-low protein diet in male rat at 3
weeks, E: 7 g/kg of ethanol + high fat-low protein
diet in female rat at 3 weeks , F: 7 g/kg of ethanol
+ high fat-low protein diet in male rat at 8 weeks
and G: 7 g/kg of ethanol + high fat-low protein
diet in female rat at 8 weeks (A-F ; H & E 10 ×, G
; H & E 40 ×)
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organized foci of inflammatory cells = 3, and frequently
occurring, large foci of inflammatory cells = 4.

Necrosis was assessed using a scale of 1 to 4 as fol-
lows; occasional (<1%) necrotic hepatocytes = 1, frequent
(5-10%) necrotic hepatocytes = 2, small foci of necrosis
(clusters >10 necrotic hepatocytes) = 3, and extensive
areas of necrosis (>25% of the lobular unit) = 4.

RESULTS

Change on liver histology
Liver sections from rats fed only ethanol (5g/kg or

7g/kg) showed no steatosis, inflammation and necrosis
at 3 or more weeks (Figure 1A, 1B.). Steatosis, inflam-
mation and necrosis were presented in group 2 and 5.

The degree of steatosis and necroinflammation was
associated with period of ethanol and diet treatment
(Figure 1C, 1D.).  However, there was no difference
between male and female.  The pathological grading for
steatosis, inflammation and necrosis was summarized in
Table 1.

DISCUSSION
The present study describes the animal model of

alcohol-related injury and the effect of alcohol adminis-
tration on the liver under dependent factor that may fa-
cilitate further studies of this condition. Only ethanol
feeding was observed only mild steatosis, no inflamma-
tion and necrosis. Similarly, The liquid diet model : etha-
nol as a part of nutritionally defined liquid diet was ad-

Table 1 Summarized the scores of steatosis, inflammation and necrosis levels

Group+time Steatosis Inflammation Necrosis
N 0 <25% 25- 50- >75% 1 (no) 2 3 4 1 2 3 4

50% 75% Negative

Group 1 at 11 weeks 1 - 1 - - - 1 - - - 1 - - - -

Group 2 at 3 weeks 2 1 - - 1 - 1 1 - - 1 1 - - -

Group 2 at 5 weeks 3 - 3 - - - 2 1 - - 2 1 - - -

Group 2 at 8 weeks 1 - - - - 1 - 1 - - - 1 - - -

Group 2 at 10 weeks 1 - - - - 1 - - - 1 - - - -

Group 3 at 11 weeks 2 2 - - - - 2 - - - 2 - - - -

Group 3 at 14 weeks 1 - 1 - - - 1 - - - 1 - - - -

Group 3 at 18 weeks 1 - 1 - - - 1 - - - 1 - - - -

Group 4 at 3 wees 2 - 2 - - - 2 - - - 2 - - - -

Group 4 at 5 weeks 1 - 1 - - - 1 - - - 1 - - - -

Group 4 at 8 weeks 1 1 - - - - 1 - - - 1 - - - -

Group 5 at 3 weeks 1 - - 1 - - - 1 - - - - 1 - -

Group 5 at 8 weeks 1 - - 1 - - 1 - - - 1 - - - -

Group 6 at 9 weeks 1 1 - - - - 1 - - - 1 - - - -

Group 1 = Male+Ethanol 7 g/kg
Group 2 = Male+Ethanol 7 g/kg+High fat-low protein
Group 3 = Male+Ethanol 5 g/kg
Group 4 = Female+Ethanol 7 g/kg
Group 5 = Female+Ethanol 7 g/kg+High fat-low protein
Group 6 = Female+Ethanol 5 g/kg
*Grading of steatosis, inflammation and necrosis according to Korourian et al. criteria(9).
Steatosis was scored as the percentage of parenchymal cells containing fat (micro- or macrosteatosis) as < 25% = 1, 25% to 50% = 2, 50% to 75% = 3, and <75% = 4.

Inflammation was based on infiltration by polymorphonuclear leukocytes and mononuclear cells, no present = 1; occasional foci of inflammatory cells = 2; widely dispersed,
organized foci of inflammatory cells = 3, and frequently occurring, large foci of inflammatory cells = 4.

Necrosis was assessed, occasional (<1%) necrotic hepatocytes = 1, frequent (5-10%) necrotic hepatocytes = 2, small foci of necrosis (clusters >10 necrotic hepatocytes) = 3,
and extensive areas of necrosis (>25% of the lobular unit) = 4.
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