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ABSTRACT

The present study was carried to develop and analyze the consequences of 
hypercaloric pellet-diet cycle that promotes obesity in rats. Male Wistar rats 
were randomly distributed into two groups that received either normal diet 
(ND; n =32; 3,5 Kcal/g) or a hypercaloric diet (HD; n =32; 4,6 Kcal/g). The ND 
group received commercial Labina rat feeding while the HD animals received 
a cycle of five hypercaloric diets over a 14-week period. The effects of the di-
ets were analyzed in terms of body weight, body composition, hormone-me-
tabolite levels, systolic arterial pressure and glucose tolerance at the 5% 
significance level. The hypercaloric pellet diet cycle promoted an increase in 
body weight and fat, systolic arterial pressure and a high serum level of glu-
cose, triacylglycerol, insulin and leptin. The HD group also presented an im-
paired glucose tolerance. In conclusion, the results of this study show that the 
hypercaloric pellet-diet cycle promoted obesity in Wistar rats and displayed 
several characteristics that are commonly associated with human obesity, 
such as high arterial pressure, insulin resistance, hyperglycaemia, hyperinsu-
linaemia, hyperleptinaemia and dyslipidaemia. (Arq Bras Endocrinol Metab 
2008; 52/6:968-974)

Keywords: Diet induced-obesity; Hypercaloric diet; Metabolic syndrome; 
Rats 

RESUMO

Ciclo de Dietas Hipercalóricas Induz Obesidade e Comorbidades em Ratos 
Wistar.
O objetivo do estudo foi desenvolver um ciclo de dietas hipercalóricas para 
promover obesidade em ratos. Ratos Wistar foram distribuídos em dois gru-
pos: dieta normal (ND = 32; 3,5 kcal/g) e dietas hipercalóricas (HD; n = 32; 4,6 
kcal/g). O grupo ND recebeu ração comercial e os animais HD um ciclo de 
diferentes dietas hipercalóricas, por 14 semanas. As variáveis analisadas 
foram peso corporal, parâmetros metabólicos e hormonais, pressão arterial 
sistólica e teste oral de tolerância à glicose. O nível de significância foi de 
5%. O ciclo de dietas hipercalóricas promoveu aumento de peso e gordura 
corporal, pressão arterial sistólica e níveis séricos de glicose, triacilglicerol, 
insulina e leptina no grupo HD. Além disso, o grupo HD apresentou tolerân-
cia à glicose diminuída. Em conclusão, os resultados deste estudo mostram 
que o ciclo de dietas hipercalóricas promove obesidade e exibe várias  
características comumente associadas com a obesidade humana, como au-
mento da pressão arterial, resistência à insulina, hiperglicemia, hiperinsu-
linemia, hiperleptinemia e dislipidemia. (Arq Bras Endocrinol Metab 2008; 
52/6:968-974)

Palavras-chave: Obesidade induzida por dieta; Dieta hipercalórica; Síndrome 
metabólica; Ratos
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Introduction

Obesity is a complex multifactor disease characteri-
zed by an excessive accumulation of adipose tis-

sue that may impair health. It is found in both developed 
and developing countries, affects all ages and social 
classes and it is one of the major risk factors in chronic 
and incapacitating diseases (1).

Effective studies on the consequences of obesity in 
humans have ethical limitations. For this reason, genetic 
and dietetic experimental models have been used to stu-
dy obesity. Even though genetic mutations cause obesity 
in animals, the occurrence is rare (2,3). The current 
World obesity epidemic is a consequence of the high 
availability and consumption of highly energetic and 
palliative diets along with a reduction in energy use (4,5). 
Thus, diet-induced obesity models may be more appro-
priate to study the pathology of obesity. To this end stu-
dies have been developed to obtain obese animals 
induced by a high fat (6,7) and high carbohydrate intake 
(8,9) and by cafeteria diets (10,11). In fact, it has been 
suggested that rats become more obese as a result of 
consumption of cafeteria diets rather than high-fat diets, 
indicating perhaps a greater hyperphagia arising from 
the food variety (12). However, a cafeteria diet presents 
some limitations, such as the difficulty in determining 
the consumption of dietary components and the fact 
that food is offered in natura and may be in deteriorated 
state. Therefore, the aim of this study was to develop a 
more controlled diet consisting of a cycle of hypercaloric 
pellet-dietary formulations with a different palatability 
to induce experimental obesity in rats. Obesity is consi-
dered to be associated with numerous co-morbidities 
such as a systemic resistance to insulin, hyperglycaemia, 
dyslipidaemia, hyperleptinaemia, hyperinsulinaemia and 
systemic arterial hypertension (6,9,10,13,14) and these 
parameters were therefore investigated.

methods

Animals and experimental model
This study was performed on thirty-day-old male Wistar 
rats supplied by São Paulo State University Animal Cen-
tre Universidade Estadual Paulista (UNESP), Botucatu, 
SP. Rats were randomly distributed into two groups 
which were fed on either a normal diet (ND; n=31) or a 
hypercaloric diet (HD; n=31). ND animals were given 
commercial Labina rat feeding (Purina, Paulínia, SP, 
Brazil) and HD animals were submitted to cycles of five 

hypercaloric diets (HD1, HD2, HD3, HD4, and HD5) 
offered for seven days. Rats were maintained on this die-
tary regimen for 14 weeks and then sacrificed. The hy-
percaloric diet was standardized in our laboratory. The 
groups received water ad libitum. Food consumption 
was controlled every day and water was controlled on 
Mondays, Wednesdays, and Fridays. Body weight was 
measured weekly. The final body weight to length ratio 
was also calculated. Length was measured between the 
nose and the anus of rats, not counting the tail. The feed-
ing efficiency (FE) was calculated to analyze an animal’s 
capacity to convert consumed food energy into body 
weight. This calculation used total energy ingested by the 
animals in each cage (Kcal) divided by the average weekly 
weight gain, multiplied by 100 (15). Ingested energy was 
calculated by multiplying ingested food quantity by the 
caloric value of each diet. Caudal arterial systolic pressure 
(ND, n=23; HD, n=15) was measured at the end of the 
experiment. Rats were collectively housed  in four ani-
mals per box, in a temperature controlled (24±2 ºC) en-
vironment on a 12-12h light-dark cycle. The study 
protocol was approved by Botucatu School of Medicine 
Research Ethics Committee – UNESP and followed the 
Guide for Care and Use of Experimental Animals.

Hypercaloric diets components
The experimental diets followed specifications from Nu-
trient Requirements of the Laboratory Rat as recommen-
ded by the National Academy of Sciences. Hypercaloric 
diets 1, 2, 4, & 5 were designed in our laboratory and 
contained powdered commercial Labina rat chow 
(Purina, Paulínia, SP, Brazil), industrialized feed, protein 
supplement, vitamins and minerals. The ingredients were 
first ground and then mixed with  vitamins and minerals. 
The mixture was then made into pellets, dried in a venti-
lated drying oven at 55±5ºC and stored at -20ºC. Diet 
H3 was commercial Labina with 300g/L sugar added to 
drinking water. The ingredients (g/kg) used to prepare 
the hypercaloric diets were: HD1: ground Labina, 355; 
roasted peanuts, 176; casein, 123; corn oil, 82; chocolate, 
88; corn biscuits, 176; and, vitamins and minerals; HD2: 
ground Labina, 439; roasted peanuts, 218; casein, 129; 
corn oil, 61; French fried potatoes, 153; and vitamins and 
minerals; HD4: ground Labina, 371; roasted peanuts, 
185; casein, 99; corn oil, 68; instant noodles, 185; grated 
cheese, 92; and vitamins and minerals; and HD5: ground 
Labina, 359; roasted peanuts, 179; casein 105; corn oil, 
80; condensed milk, 161; wafer biscuit, 116; and vitamins 
and minerals.
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Dietary nutritional composition evaluation
Dietary nutritional composition was analyzed by the 
Animal Nutrition and Improvement Laboratory, Scho-
ol of Agronomy Sciences, UNESP. The amount of pro-
tein, fat, fibre and dry material were according to 
Weende´s Method. The following equipment was used: 
Nitrogen Destilator Tecnal – 036/1, Fat Extractor 
Adamo® Goldfish, Fibre Determinator Tecnal – TE149 
and Sterilization and Dry Oven OdontoBras.

Oral glucose tolerance test
Rats (ND: n=17; DH: n=15) were fasted overnight and 
blood was sampled for analysis of glucose at 0 (before), 
30, 60, 120, 180 and 240 min after administration of 
glucose load (3.0 g/kg by gavage) using a handheld glu-
cometer (Prestige Smart System®) (16). The tolerance 
glucose between groups was determined according to 
the area under a curve of glucose (0 to 240 minutes).

Body composition
Body water, fat and protein content were also determi-
ned. The percentage of water was calculated as the di-
fference between pre- and post- drying body weight 
according to PPr–PP/PPr x 100%, where PPr = pre-
drying weight, and PP = post-drying weight. Bodies 
were dried at 100±5ºC for 72h in a ventilated Fanem® 
oven. After drying, the body was wrapped in paper fil-
ter and fat was extracted using a Soxhlet extractor 
(Corning Incorporated, USA). The percentage of body 
fat was calculated as PP–PSSG/PPr x 100%, where PP 
= post-drying weight, PSSG = dry weight after fat ex-
traction, and PPr = pre-drying weight. After drying and 
fat extraction, the body was homogenized and nitrogen 
quantified by the micro-Kjeldahl method (17). Protein 
was determined as % nitrogen x PSSG x 6.25/100, 
where PSSG = dry weight after fat extraction.

Hormone and metabolite determination
At the end of the treatments all animals underwent a 12 
to 15h fast, were then anaesthetized with sodium pen-
tobarbital (40.0 mg/kg, i.p.) and were sacrificed by 
decapitation. Serum was separated by centrifugation at 
3000 rpm for 10 minutes and an enzymatic colorime-
tric Kit (CELM, São Paulo, Brazil) was used to mea-
sure glucose (GL), triacylglycerol (TG), total cholesterol 
(COL), total proteins (PT), albumin (ALB), and high-
density lipoprotein (HDL). Spectrophotometry was 
performed with a Micronal®, model B 382 spectropho-

tometer. Serum insulin and leptin (ND; n=13; HD= 
13) were measured by the Elisa method using assay kits 
from Linco Research Inc (Missouri, USA). 

Statistical analysis
The results of general characteristic, body composition 
and biochemical analyses are expressed as means ± stan-
dard deviation and were submitted to the Student’s t-
test. Values of body weight evolution are shown as 
means and upper and lower limits of 95% confidence 
intervals for the mean and are compared using two-way 
analysis of variance for repeated measurements in inde-
pendent groups. The results were interpreted using the 
5% significance level.

Results

General characteristics
The hypercaloric diets 1, 2, 4 e 5 were calorically rich 
(Hypercaloric diets = 4,6 kcal/g versus normo-caloric diet 
= 3,5 kcal/g), due to a higher fat composition (Table 1). 
In the hypercaloric diet 3, the increase of the caloric value 
was due to sucrose addition in the water (1.2 kcal/ml).

Table 1.  Composition of normal and hypercaloric diets.

Diets

Components Normal HD1 HD2 HD4 HD5

Protein (%) 26 27 28 28 26

Carbohydrates (%) 54 43 36 33 43

Fat (%) 3 20 23 24 20

Others (%)* 17 10 13 15 11

Calories (Kcal/g) 3.5 4.6 4.6 4.6 4.6

HD1, HD2, HD4, HD5: hypercaloric diets. Diet H3 is not shown above because it 
consisted of normal Labina diet (Purina, Paulínia, SP) plus sugared water at a 
concentration of 300g/L (1.2kcal/ml water). * Others: vitamins, minerals, cinders 
and water.

Table 2 and Figure 1 summarize the general charac-
teristics and body weight during the 14-week treatment 
for the normo-caloric (ND) and hypercaloric diet (HD) 
groups, respectively. HD rats ingested less food than did 
ND rats (ND  = 24.4±2.2 and HD  = 17.6±1.7g, 
p<0.001), and calorie (ND  = 84.7±7.6 and HD  = 
88.7±11.3 Kcal, p>0.05) and water (ND  = 36.9±4.4 
and HD  = 37.1±7.1ml, p>0.05) consumption were si-
milar in both groups. Although the quantity of calories 
were similar in each group, feeding efficiency, or the 
conversion of calories into body weight, was higher for 



Arq Bras Endocrinol Metab 2008;52/6	 971

Chronic Inflammation and Diet
Nascimento et al.

c
o

p
yr

ig
h

t©
 A

BE
&

M
 t

o
d

o
s 

o
s 

d
ire

ito
s 

re
se

rv
a

d
o

s

HD (ND = 4.95±0.21 and HD = 5.54±0.16g/kcal, 
p<0.001). Body weight/ length ratio (ND = 18.6±1.5 
and HD = 20.4±1.4mmHg, p<0.001) and systolic arte-
rial pressure (ND = 116±8 and HD = 127±10mmHg, 
p<0.001) were higher in the HD than in the ND rats. 
The HD rats presented a higher glucose intolerance than 
did the ND group (ND = 16738±2561 and HD = 
22767±3917mm2, p<0.001). Although the ND and 
HD groups started with a similar body weight at week 0, 
a significant separation of body weight between the two 
groups was observed at week 5 that continued throu-
ghout the rest of the study.

Table 2.  General characteristics of animals.

Animals

Variables Normal diet Hypercaloric diet

Food ingestion (g) 24.4 ± 2.2 17.6 ± 1.7 ∗

Calorie consumption 
(kcal)

84.7 ± 7.6 88.7 ± 11.3

Water consumption (ml) 36.9 ± 4.4 37.1 ± 7.1

Feeding efficiency  
(g/kcal)

4.95 ± 0.21 5.54 ± 0.16 ∗

Final Body Weight (g) 501 ± 44 578 ± 52 ∗

FBW/Length (g/cm)1 18.6 ± 1.5 20.4 ± 1.4 ∗

SAP (mmHg) 116 ± 8 127 ± 10 ∗

AUCG (mm2) 16738 ± 2561 22767 ± 3917 ∗

Values are expressed as means ± standard deviation. FBW, final body weight; 
SAP, systolic arterial pressure; AUCG, area under the curve of glucose (0 to 240 
minutes). ∗ p<0.05 versus normal diet, Student’s t-test. 1 Animal length measured 
between nose and anus without the tail.
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Figure 1.  Body weights (mean ± SEM) of a 14-week treat-
ment of normal diet (, solid triangles) and hypercaloric diet 
(, solid rectangle) groups. * p<0.05 versus normal diet; ANO-
VA, Tukey.

Body composition
Table 3 shows data from the body composition of the ND 
and HD groups. Absolute body water (ND = 225±22 and 
HD = 249±26g, p<0.001) and relative body fat (ND = 
18.0±4.2 and HD = 25.5±4.5%, p<0.001) and absolute 
body fat (ND = 71±20 and HD = 121±31g, p<0.001) 
were higher in the HD group than in the ND group. The 
relative body water (ND = 57.6±3.3 and HD = 53.0±3.4%, 
p<0.001) and relative body protein (ND = 16.5±1.3 and 
HD = 14.2±1.1%, p<0.001) were smaller in the HD com-
pared to the ND group.

Table 3.  Body composition

Animals
Variables Normal diet Hypercaloric diet
Body water (g) 225 ± 22 249 ± 26∗

Body water (%) 57.6 ± 3.3 53.0 ± 3.4∗

Body fat (g) 71,0 ± 20,0 121 ± 31∗

Body fat (%) 18.0 ± 4.20 25.5 ± 4.45∗

Body protein (g) 63.9 ± 4,99 66.6 ± 7.38

Body protein (%) 16.4 ± 1.37 14.2 ± 1.14∗

Values expressed as means ± standard deviation. ∗ p<0.05 versus normal diet 
using Student’s t-test.

Hormone and metabolite determination
Serum concentrations of glucose (ND = 99±19 and 
HD = 114±33 mg/dl, p<0.05) and triacylglycerol (ND 
= 143±51 and HD = 197±106 mg/dl, p<0.05) were 
higher in the HD than in the ND rats (Table 4). HDL 
was lower in the HD animals (ND = 51±10 and HD = 
43±10 mg/dl, p<0.01). The total protein, albumin and 
total cholesterol levels were similar between the groups. 
The level of insulin (ND = 0,45±0,19 and HD = 
1,48±0,67 ng/dl, p<0,05) and leptin (ND = 2,31±0,53 
and HD = 4,82±1,34 ng/dl, p<0,05) were higher in 
the HD fed animals.

Table 4.  Hormone and metabolite determination.

Animals
Variables Normal diet Hypercaloric diet
Total protein (g/dl) 6.66 ± 0.58 6.57 ± 0.46

Albumin (g/dl) 3.78 ± 0.53 3.91 ± 0.51

Glucose (mg/dl) 99,1 ± 18,7 114 ± 32,9*

Triacylglycerol (mg/dl) 143 ± 51,2 197 ± 106*

Total cholesterol (mg/dl) 66,1 ± 14,3 68,9 ± 21,5

HDL (mg/dl) 51,4 ± 9,68 42,9 ± 9,59*

Insulin (ng/dl) 0,45 ± 0,19 1,48 ± 0,67*

Leptin (ng/dl) 2,31 ± 0,53 4,82 ± 1,34*

Values expressed as means ± standard deviation. HDL, high density lipoprotein.  
∗ p<0.05 versus normal diet using Student’s t-test.
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Discussion

The cycle of pelleted hypercaloric diet used in this stu-
dy was efficient in promoting obesity in rats. This con-
clusion is based on the finding of  increasing  body 
weight and body fat associated with co-morbidities 
with impaired glucose tolerance, hyperinsulinaemia, 
hyperleptinaemia, hyperglycaemia, dyslipidaemia and 
elevated arterial pressure.

The hypercaloric diet used to promote experimen-
tal obesity has been presented in either pellet form or as 
food in natura, the second better known as cafeteria 
diets (10). These latter types of diet are highly energe-
tic, tasty and contain different shapes and are therefore 
much closer to the food consumed in general by hu-
mans. However, they have some drawbacks, since they 
are offered in natura they may deteriorate and it is also 
difficult to quantify how much food animals consume. 
The cycle pellet-hypercaloric diet model used in this 
study was based on cafeteria diet since that has been 
suggested that rats become more obese on this fare 
(12). Several advantages of our pellet-diet model in re-
lation to the cafeteria diet are the knowledge of food 
components and caloric consumption and the fact that 
it is stored in pellets means that is less perishable, thus 
helping to maintain food integrity. Hypercaloric diets 
1, 2, 4, and 5 were isocaloric and had 31% more energy 
content than the standard diet and are in accordance 
with studies that have promoted diet-induced obesity 
(6,7,9). One objective of our cyclic pellet-hypercaloric 
diet model was to increase food ingestion levels by va-
rying palatability, however, the HD group ingested less 
food. This result is in at variance with previous studies, 
since it has been proposed that hyper-lipid diets cause 
less satiation and consequently result in higher food in-
gestion levels (9,18,19). The hypophagia observed in 
the HD group may be due to the high serum leptin 
level (Table 4). Leptin, a hormone synthesized and se-
creted by adipose tissue, is mainly involved in the regu-
lation of appetite and energy metabolism. The binding 
of leptin to the appropriate leptin-receptor triggers in-
tracellular signalling processes in the ventromedial hy-
pothalamus (satiety centre), which, in turn, signals the 
brain that adequate food has been ingested (20). 

 Despite a lack of caloric excess consumption the 
body weight gain was increased in the HD rats. The in-
crease of body weight was a consequence of the body fat 
storage enhancement, since the increasing caloric densi-
ty was due to higher fat composition, i.e., seven times 

the standard diet (Table 1), as confirmed by carcass 
analysis (Table 3). This interpretation is based on pre-
vious studies that demonstrate a high fat accumulation 
when more energy comes from dietary fat than from car-
bohydrate or protein (21,22). The enhanced body wei-
ght gain, induced by the diet in the present work, is in 
agreement with some studies that used cafeteria (10,11) 
or hypercaloric diets (6,7,23), but not with all studies 
(16,24,25). However, the fact that the time to reach in-
crease body weight in our diet is similar to other models 
(7,11) lends strength to our interpretation.

Obesity has been characterized by numerous co-
morbidities in addition to elevated weight and body fat, 
as mentioned above, including systemic insulin resistan-
ce, hyperinsulinaemia, hyperleptinaemia, hyperglycae-
mia, dyslipidaemia and elevated systolic arterial pressure 
(6,9,10,13,14). The increase in body weight and fat, 
due to the hypercaloric pellet-diet cycle used in this 
work, was associated with these co-morbidities. The in-
crease of systolic arterial pressure may be due to a num-
ber of factors, including sympathetic autonomic system 
activation (23,26), higher activity in the renin-angioten-
sin system (24,27,28), oxidative stress (26) and an incre-
ase of free fatty acid (29), insulin (30) and leptin (31), all 
being observed in obesity. The impaired glucose toleran-
ce associated to hyperglycaemia and hyperinsulinaemia 
in HD animals indicates that hypercaloric pellets-diet 
promoted insulin resistance, a state in which higher con-
centrations of insulin is required to maintain normo-
glycaemia (32,33). It is well established that increased 
availability and utilization of free fatty acids play a critical 
role in the development of insulin resistance. Excess adi-
pose tissue has been shown to release an increased 
amount of free fatty acids which directly affect insulin 
signalling, diminishes glucose uptake in muscle, drives 
exaggerated triglyceride synthesis and induces gluconeo-
genesis in the liver (34,35). The elevated serum levels of 
glycaemia and triacylglycerol associated with insulin re-
sistance in this study indicate that an abundance of free 
fatty acids may be responsible for the co-morbidities ob-
served in the hypercaloric diet model.

In conclusion, the results of this study show that 
the hypercaloric pellet-diet cycle model promoted obe-
sity in Wistar rats and displayed several characteristics 
that are commonly associated with human obesity, in-
cluding high arterial pressure, insulin resistance, hyper-
glycaemia, hyperinsulinaemia, hyperleptinaemia and 
dyslipidaemia. This dietary model may therefore be sui-
table for a systematic investigation of the dietary fat 
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role in body weight regulation and other questions di-
rectly related to obesity.
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