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EXPERIMENTAL INDUCTION OF STEATOSIS IN 
DIFFERENT TISSUES AFTER THE  
INGESTION OF A CARBOHYDRATE-RICH DIET:
effect on the liver, on the heart and on
indicators of oxidation
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ABSTRACT - Context – The western dietary pattern is characterized by a high calorie intake with a high proportion of simple sugars. 
This diet is associated with comorbidities such as hepatic fat deposition and is possibly related to non-alcoholic fatty liver disease. 
Objective – To evaluate the capacity of a hyperglucidic diet to induce steatosis in adult male Wistar rats. After the administration of 
a carbohydrate-rich diet, we also evaluated the presence of hepatic and cardiac steatosis and the levels of intrinsic antioxidants in the 
liver. Methods – Forty-six eutrophic adult male Wistar rats were used and 10 of them were chosen, at random, to serve as controls, 
while the remaining ones formed the experimental group. Control animals received the standard ration offered by the animal house 
and the experimental group received the hyperglucidic diet. The diets were offered for 21 days and, at the end of this period, tissue 
samples were collected for analysis of indicators of oxidative stress (malondialdehyde, and reduced glutathione) and of vitamin E. 
The animals were then sacrificed by decapitation and their viscera were removed for analysis of liver and heart fat. Results – The 
hyperglucidic diet used induced hepatic fat deposition, with lipid vacuoles being detected in 83% of the livers analyzed by histology. 
No lipid vacuoles were observed in the heart. Malondialdehyde and reduced glutathione levels remained unchanged when the animals 
were submitted to the hyperglucidic diet, probably because there was no liver development of fibrosis or inflammation. In contrast, 
the levels of vitamin E (antioxidant) were reduced, as confirmed in the literature for steatotic animals. Conclusion – The hyperglucidic 
diet induced hepatic steatosis. In the heart there was an increase in fat content, although no histological changes were observed. 
These alterations cannot be explained by the presence of malondialdehyde or reduced glutathione (indicators of oxidation), since 
the values were similar in the groups studied. However, a significant reduction of vitamin E was observed in the experimental group.

HEADINGS – Fatty liver. Dietary carbohydrates. Oxidative stress. Rats. 

INTRODUCTION

Animal studies have helped understand the 
physiopathogenic and therapeutic mechanisms of 
non-alcoholic fatty liver disease. Several animal models 
are currently available for the study of this condition 
and of hepatic steatosis, although none of them can 
fully reproduce the essential components of the human 
disease(5, 13, 18). An efficient model for the induction 
of steatosis is the offer of choline- and methionine-
deficient animals to small-sized animals(18, 26).

However, in view of the eating habits of the western 
population based on a rapid absorption carbohydrate-
rich diet, and especially the habits of the obese patient, 
the objective of the present study was to offer a high 
content of simple carbohydrates diet(4, 15), to eutrophic 

rats and to determine lipid deposition in the liver. In 
addition to the liver and in view of the importance 
of cardiac events, we also determined the presence 
of fatty deposition in cardiac muscle and related it to 
indicators of oxidation. Thus, the hypothesis of the 
present study was that a high sucrose intake would 
result in steatosis histologically determined both in 
the liver and in the heart, with an increase of  the 
indicators of oxidation.

METHODS

The study was approved by the Ethics Committee 
for the Use of Experimental Animals of the Faculty 
of Medicine of Ribeirão Preto, USP, Ribeirão Preto, 
SP, Brazil.
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The study was conducted on adult male Wistar rats weighing 
250-320 g at the beginning of the experiment, provided by 
the Central Animal House of the Ribeirão Preto Campus 
of USP and later maintained in the Animal Facilities of the 
Department of Internal Medicine, Faculty of Medicine of 
Ribeirão Preto, USP. The animals were housed in individual 
cages with a feeder and drinking bottle and kept on a 12 hour 
light-12 hour dark cycle in rooms with natural ventilation at 
a controlled temperature of 24 ± 2°C. To determine weight 
evolution, the animals were weighed in the morning between 
8:00 and 9:00 hours once a week with a Filizola® electronic 
scale with a maximum capacity of 1.5 kg and graduated in 1 g.

Ten animals were selected, at random, from an initial lot 
of 46 and used as controls (Gcon) and the remaining animals 
were considered to be the experimental group (Gexp).

Gcon animals received the standard ration of the animal 
house, with a single lot of the same ration being used throughout 
the experiment. This diet consisted of 42% carbohydrate 
(ground whole corn), 22% casein, 4% soy oil, and 0.2% 
choline, plus a salt and vitamin mix, methionine and lysine.

Gexp animals received the hyperglucidic diet, prepared in 
the Animal Facilities of the Department of Internal Medicine, 
Faculty of Medicine of Ribeirão Preto, USP, consisting of 
70% sucrose (refined sugar), 16% casein, 8% soy oil, 5% 
vitamin mix, 1% salt mix, and 0.2 choline.

All animals received the daily amounts of vitamin and 
minerals recommended by the AIN 93(23) and the respective 
diets for 21 days and ration intake was checked daily.

The animals were sacrificed by decapitation. Laparotomy 
for removal of  the viscera was started with a median 
longitudinal incision reaching the abdominal cavity. Liver 
and heart samples were then collected for histology and for 
the analysis of indicators of oxidative stress according to a 
technique previously established in the Animal Facilities of 
the Department of Internal Medicine.

Blood was collected and centrifuged at 2500 rpm/10 
min for plasma separation and plasma was stored at -70ºC. 
Liver samples from the right lobe and heart samples were 
weighed, wrapped with aluminum foil and stored frozen in 
liquid nitrogen at -70ºC for later analysis.

Lipid peroxidation was determined by measuring 
thiobarbituric acid reactive substances in plasma using 
a DU® 640 spectrophotometer (Beckman, USA), and by 
the reaction of thiobarbituric acid with malondialdehyde 
(MDA)(25). Tissue analyzes of antioxidants such as vitamin 
E and reduced glutathione were performed by reverse high 
performance liquid chromatography (7), using a model LC10A® 
Shimadzu instrument with an isocratic system, and a model 
SPD® – 10AV Shimadzu instrument equipped with a UV-visible 
spectrophotometric detector, and by the determination of 
the sulfhydryl group with the Ellman reagent(24), respectively.

Fragments of the heart and of the right liver lobe were 
collected, cut into slices of approximately 3 mm in thickness, 
fixed in 4% buffered formol, dehydrated, cleared, and embedded 
in paraffin(17). Total liver and heart fat was analyzed by the 
Soxhlet MA®-487/6/250 method for fat extraction(6). The 
paraffin-embedded fragments were then cut into 4 µm thick 

sections and stained with Harris hematoxylin and eosin for 
the semi-quantitative determination of hepatic steatosis with 
a standard light microscope (400x). Steatosis was classified 
according to the quantity of  hepatocytes containing fat 
vacuoles as follows: absence of steatosis, involvement of 25% 
of the hepatocytes, involvement of up to 50%, of 75% and 
of more than 75%(3, 9).

Data are reported as means ± SD. Differences were calculated 
using appropriate tests for parametric and non-parametric 
samples. The Kolmogorv-Smirnov test was used to determine 
parametric or non-parametric distribution of the data and 
differences were determined by the Tukey-Kramer test in the 
former case and by the Steel-Dwass test in the latter.

RESULTS

During the 21 days of the hyperglucidic diet, the animals 
of the experimental group ingested a total amount of food 
similar to that ingested by the control group (Figure 1). 
Figure 2 shows that the animals also gained weight in a 
similar manner, with no difference between Gcon and Gexp. 
The weight at the end of the experiment was greater than 
the initial weight in both groups, with no difference between 
Gcon and Gexp.

FIGURE 1. Food intake of the control and experimental groups during 
the 3 weeks of the experiment. The experimental group received a 
hyperglucidic diet (70% carbohydrates) and the same energy value as 
the control group

Table 1 presents the morphometric and biochemical 
results obtained from groups. No difference in total liver or 
heart mass was detected between groups. However, at the 
end of the experiment, the percentage of fat was increased 
in both organs.

In the liver no difference in MDA or reduced glutathione 
was observed at the end of the experiment. On the other 
hand, vitamin E levels were reduced, by about 50%, at the 
end of the experiment.
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It was possible to show macroscopically and histologically 
that fat deposition occurred in the liver (Figures 3 and 4) of 
83% of Gexp animals. In the heart, despite the detection 

of a greater proportion of fat at the end of the experiment, 
it was not possible to show an increased presence of lipids 
histologically (Figure 5).

FIGURE 3. Macroscopic liver steatosis induced in Wistar rats by a 
hyperglucidic diet. The experimental group received a hyperglucidic 
diet (70% carbohydrates) and the same energy value as the control group

FIGURE 4. HE-stained histological liver section revealing lipid vacuoles 
(macro- and microguticular steatosis). Magnifi cation: 100x. The experimental 
group received a hyperglucidic diet (70% carbohydrates) and the same 
energy value as the control group

FIGURE 2. Weight evolution (g) of the control and experimental groups 
during the 3 weeks of the experiment. The experimental group received 
a hyperglucidic diet (70% carbohydrates) and the same energy value as 
the control group

TABLE 1. Organ weight, fat proportion and indicators of oxidation at 
the end of the period with a 70% hyperglucidic diet

Control Experimental
Liver Total mass- g 9.6 ± 0.1 11.6 ± 1.1

Fat mass- g 0.5 ± 0.2 1.1 ± 0.4
% fat 5.2 9.7*
Vitamin E - µmol/g tissue 149 ± 90 73 ± 42*

MDA†- ηmol/mg protein 0.15 ± 0.02 0.18 ± 0.02
GSH‡ - µmol/g protein 33 ± 6 23 ± 5

Heart Total mass- g 1.20 ± 0.28 1.26 ± 0.08
Fat mass- g 0.07 ± 0.01 0.10 ± 0.03
% fat 5.8 7.9*

*P<0.05 compared to control. † Malondialdehyde. ‡ Reduced glutathione

FIGURE 5. HE-stained histological cardiac section with no evidence of 
lipid vacuoles. Magnifi cation: 100x. The experimental group received a 
hyperglucidic diet (70% carbohydrates) and the same energy value as the 
control group

DISCUSSION

In the present study, a hyperglucidic diet (70% sucrose) 
administered for 21 days induced steatosis as revealed by the 
lipid vacuoles detected by histological analysis in most of the 
animals. A similar fi nding has been reported even with diets 
containing 50% carbohydrates administered for 21 days(2).
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RESUMO - Contexto – O padrão alimentar ocidental é caracterizado pela ingestão de dieta rica em açúcares simples. Esta alimentação é associada com 
comorbidades como, por exemplo, deposição de gordura no fígado e possivelmente relacionada com a esteatose hepática não-alcoólica. Objetivo – 
Avaliar a capacidade de uma alimentação hiperglicídica induzir esteatose em ratos Wistar adultos. Após administração de uma dieta rica em hidratos 
de carbono, foi avaliada a presença de esteatose hepática cardíaca e a presença de antioxidantes no fígado. Métodos – Quarenta e seis ratos Wistar 
adultos eutróficos foram utilizados no experimento. Destes, 10 animais escolhidos por meio de sorteio simples (ao acaso) foram considerados controles 
e os demais pertencentes ao grupo experimental. Os animais controles receberam, durante todo experimento dieta usual do biotério. Os animais do 
grupo experimental, durante 21 dias, receberam dieta com 70% de sacarose. Ao final os animais foram sacrificados por decapitação e suas vísceras 
(fígado e coração) analisada quanto ao teor de gordura. As amostras de tecido hepático foram também analisadas quanto ao teor de antioxidantes 
(malondialdehido e glutationa reduzida) e vitamina E. Resultados – A dieta hiperglicídica induziu a deposição de gordura no fígado, sendo os vacúolos 
lipídicos detectados em 83% das amostras no fígado (histologia). No coração foi detectado bioquimicamente aumento do percentual de gordura, 
sem a detecção de vacúolos lipídico por histologia. Os teores de malondialdehido e glutationa reduzida não foram diferentes entre os animais dos 
grupos controle e experimental. Por outro lado, os valores de vitamina E, no grupo experimental, foram significativamente inferiores ao do grupo 
controle. Conclusão – A dieta hiperglicídica induziu ao esteatose hepática. No coração houve maior deposição de lípides, embora a histologia não 
tenha mostrado alterações. Esta deposição, tanto no coração como no fígado, não pode ser explicada pelos indicadores de oxidação utilizados. No 
entanto, foram observados baixos níveis de vitamina E, que pode estar associada a esta indução de esteatose, principalmente, hepática.

DESCRITORES – Fígado gorduroso. Carboidratos na dieta. Estresse oxidativo. Ratos.

According to the theory about the development of 
hepatic steatosis(14) related to a hyperglucidic diet, there is 
increased fatty acid synthesis in the hepatocytes, exceeding 
their capacity of  metabolization and export, perhaps due the 
lipogenic action of  insulin(1). Although insulin levels were not 
determined in the present study, they would be expected to 
be increased as a secondary result of  the hyperglucidic diet. 
The hyperinsulinemia may, therefore, favor lipid deposition 
in tissues, including the liver. In the heart, although it was 
not possible to characterize fat deposition histologically, 
there was a greater tissue proportion of  lipids. The study of 
the presence of  fat in cardiac tissue is justified by the fact 
that lipid accumulation directly injuries the myocardium(16). 
Studies with animal models of  obesity have revealed 
that intramyocardial accumulation of  triacylglycerols 
provokes cardiac dysfunction such as non-ischemic dilated 
cardiomyopathy(16). In the associated presence of  higher 
plasma triacylglycerides level, it may be suggested that, if  
the duration of  the experiment had been longer, it would 
have also been possible to demonstrate histologically lipid 
deposition in the heart.

On the other hand, factors related to oxidative 
stress(8) determined in hepatic tissue (MDA and reduced 
glutathione) did not differ in Gexp and Gcon, although 
there was a significant reduction of  vitamin E at the end 
of  the experiment. There were no technical conditions that 
would permit us to determine these indicators in cardiac 
muscle. This fact may have occurred because hepatic 
fibrogenesis probably was not present, as observed by 
histological analysis. Oxidative stress occurring within a 

context of  triacyglyceride deposition inside the hepatocytes 
appears to be important for the progression of  steatosis 
to steatohepatitis and fribrosis(19, 20). Several studies have 
demonstrated that reactive oxygen species are increase 
in steatohepatitis, whereas antioxidant (vitamin E and 
glutathione) levels are decreased(10, 11).

The mechanism by which the carbon molecules originating 
from carbohydrates (glucose, fructose, lactose etc.) are 
transformed into fatty acids is called de novo lipogenesis, 
which is highly active in rodents(21). The expression of 
some enzymes that participate in this mechanism such as 
acetyl-CoA carboxylase and fatty acid synthase may be 
increased. Thus, hyperglucidic diets considerably stimulate 
lipogenesis, increasing the expression of  lipogenic enzymes 
and predisposing to an increased fatty acid supply for the 
liver(12, 22).

In conclusion, the hyperglucidic diet induced hepatic 
steatosis. Fat levels increased in the heart, although no 
histological changes were observed. These changes cannot 
be explained by the presence of  MDA or reduced glutathione 
(indicators of  oxidation), since the values were similar in the 
groups studied. However, in the experimental group there 
was a significant reduction of  vitamin E.
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