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ABSTRACT

Objectives: Hypercalorie diet intake has been associated with many long-term complications including metabolic syndrome, cardiovascular diseases, 
and nonalcoholic fatty liver disease.

Methods: A total of 12 Wistar rats either sex were used in this study. These animals were randomly divided into two groups as control and obese rats. 
Group 1 consists of six rats weighing 150-200 g and fed with normal pellet chow. Another six rats were fed hypercalorie/cafeteria diet to induce obesity and 
included in the study after 19 weeks of age. All animals were sacrificed; liver tissues were collected, weighed and sent for the histopathological examination.

Results: Weight of liver tissues of was significantly more in obese rats than the control rats. Histopathological examination shows an excessive fat 
deposition and sinusoidal congestion in the liver tissues of obese rats.

Conclusion: Increase in body weight is associated with the increase in fat deposition in the liver tissues which further develops into inflammation 
and necrosis of liver cells.
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INTRODUCTION

Altered eating habits together with decreased physical activity distorts 
the usual balance of nutrient intake and energy expenditure and lead a net 
accumulation of nutrients. This positive nutrient balance directs metabolic 
control mechanisms in various tissues to an anabolic set favoring nutrient 
storage. Excess carbohydrate, protein, or lipid is stored in the form of 
triglyceride in adipose tissue, which can expand or contract with the 
tides of energy flow. Relative or absolute nutritional overload, nutrient 
interconversion to fat and the subsequent storage of fat in adipose tissue 
are invariably associated with enlargement of individual fat cells and, 
under certain circumstances, as in childhood obesity or morbid obesity in 
adults, with increases in both cell number and cell size [1].

Hypercolorie diet intake has been associated with many diet-induced 
diseases including cardiovascular diseases, metabolic syndrome, 
and nonalcoholic fatty liver disease (NAFLD) [2]. Feeding a fat-rich 
and carbohydrate dietary components have been used to induce the 
signs and symptoms of human metabolic syndrome in rodents [3]. In 
the 21st century, NAFLD has been described as the emerging clinical 
problem for the obese patients [4]. Active pathways in promoting this 
disease process in the liver both in humans and in mouse models are 
poorly described and are an active area of research.

Various animal models for obesity have been established to help better 
understanding the pathophysiology in metabolic diseases and to 
develop new therapies. In this study, we investigated the association of 
liver weight to body weight and pathophysiological changes in the liver 
tissues of fatty rat.

METHODS

Wistar rats of either sex obtained from the Central Animal House, 
BLDEU’s Sri BM Patil Medical College Hospital and Research Center, 

Vijayapur, India, were used in the study. They were housed individually 
in individually in polypropylene cages for 1 week of acclimation before 
the experiment is started. The study was reviewed and approved by the 
Institutional Animal Ethics Committee, BLDE University, Vijayapur. Rats 
were housed at 24±2°C temperature with relative humidity (60±5%) 
and kept on a 12 hrs light dark cycle. All animals had food and water 
ad libitum.

Study design
A total of 12 Wistar rats were used in this study. Rats weighing 
170-220 g were assigned to Group 1 (control, n=6), remaining 6 rats 
were fed cafeteria diet to induce obesity (diet induced obesity) from 
the time of weaning and included in the study at the age of 19 weeks [5] 
then included in the study and assigned to Group 2 (study group, n=6). 
While control rats were maintained on standard chow, the study group 
was fed with the hypercalorie/cafeteria diet along with pellet chow.

Hypercalorie/cafeteria diet [5,6]
It consisted of three variants; (i) Condensed milk + bread + peanuts + 
pellet chow (4:1:4:1), (ii) cheese + boiled potatoes + pellet chow (4:2:1), 
and (iii) chocolate + biscuits + dried coconut + pellet chow (3:2:4:1). 
These different variants were fed throughout the treatment period on 
alternate days.

Parameters studied
Animals in both groups were fasted for 24 hrs and euthanized 
and subjected to gross necropsy. External features suggesting any 
abnormality were looked into. Liver organs from all the rats were 
collected. After gross necropsy examination, these livers were trimmed 
fat and blotted on filter paper and weighed [7].

These tissues were fixed in 10% neutral buffered formalin overnight 
and subjected to routine standard histopathological processing.
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The study experiments were conducted as per the norms laid by Committee 
for the Purpose of Control and Supervision of Experimentation on Animals.

Statistical analysis
All the values will be expressed as the mean±standard error mean and 
analyzed by unpaired Student’s t. The level of statistical significance 
will be set at p<0.05.

RESULTS

Liver weights (Table 1): Obese rats showed significantly higher liver 
weights than livers of normal control rats (p<0.05).

No significant changes were observed in the liver tissues of normal 
(Group 1) control rats (Fig. 1).

The hematoxylin-and-eosin-stained sections showed an increase in the 
number of lipid droplets and sinusoidal congestion (Fig. 2) in the livers 
of obese rats (Group 2).

DISCUSSION

Increased liver weights observed in obese animals were due to 
hepatomegaly, which was confirmed by gross body weight exhibited 
by these animals. In a study where 19 WNIN obese mutant rats were 
used also seen similar observations [8]. Fatty liver disease is also called 
as NAFLD and is a common condition seen in all obese rodents arising 
genetically as well as experimentally induced [9,10].

NAFLD is a multifactorial disease with a complex pathophysiology. 
The clinical markers of NAFLD are obesity, insulin resistance, and 
dyslipidemia [11]. Dysregulation of hepatic lipids, pro-inflammatory 
cytokines, and oxidative stress interact each other synergistically to 
promote hepatic fat accumulation over time [12]. Different dietary 
combinations and amounts have been used in various NAFLD induction 
studies [13-17]. Peroxisome proliferator-activated receptor γ (PPARγ) 
is a major transcription regulator particularly for liver lipogenesis [18]. 
The upregulation of hepatic PPARγ is commonly observed in 
hypercalorie diet fed mice [19]. In addition, the liver-specific deletion 
of PPARγ established the role of this factor as a prosteatotic factor in 
the development of NAFLD in mice [20]. Accordingly, inactivation of 
PPARγ promotes the free fatty acids efflux from the liver and muscle 
while increasing mass of the fat, which increases insulin sensitivity 
consequently [21].

Our previous studies have also shown that hypercalorie diet caused 
dyslipidemias and alterations in liver function tests associated with an 
increase in body weight of rats [22]. In this study, we also we detected 
increased weight of the liver tissues and histological features such as 
excessive accumulation of fat and sinusoidal congestion was observed 
in liver tissues of obese group of animals compared to liver tissues of 
control group of animals.

CONCLUSION

Hypercalorie diet is widely accepted model for the induction of obesity. 
We observed that use of hypercalorie/cafeteria diet resulted in an 
increase in liver weight, increased deposition of fat and sinusoidal 
congestion in the liver, which further leads to hepatocellular necrosis 
formation on the liver as the sinusoidal congestion is indicative of the 
presence of inflammation.
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Fig. 1: Microscopic structure of liver tissue of control rats

Fig. 2: Microscopic structure of liver tissue of obese rats
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