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Abstract

Background: Obesity is a risk factor for many medical complications; medical research has shown that hemodynamic, 
morphological and functional abnormalities are correlated with the duration and severity of obesity.

Objective: Present study determined the influence of term of exposure to high-fat diet-induced obesity on myocardial 
collagen type I and III.

Methods: Thirty-day-old male Wistar rats were randomly distributed into two groups: a control (C) group fed a standard 
rat chow and an obese (Ob) group alternately fed one of four palatable high-fat diets. Each diet was changed daily, 
and the rats were maintained on their respective diets for 15 (C15 and Ob15) and 30 (C30 and Ob30) consecutive weeks. 
Obesity was determined by adiposity index.

Results: The Ob15 group was similar to the C15 group regarding the expression of myocardial collagen type I; however, 
expression in the Ob30 group was less than C30 group. The time of exposure to obesity was associated with a reduction 
in collagen type I in Ob30 when compared with Ob15. Obesity did not affect collagen type III expression.

Conclusion: This study showed that the time of exposure to obesity for 30 weeks induced by unsaturated high-fat 
diet caused a reduction in myocardial collagen type I expression in the obese rats. However, no effect was seen 
on myocardial collagen type III expression. (Arq Bras Cardiol. 2014; 102(2):157-164)
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Introduction
Obesity is a chronic metabolic disorder characterized 

by excessive accumulation of adipose tissue in relation to 
lean tissue. Currently, it is a global epidemic and a major 
public health problem that affects developed as well as 
developing countries1,2. Behaviors associated with a modern 
industrialized society, including a sedentary lifestyle, 
inadequate eating habits or a combination of both, have led 
to an increasing prevalence of obesity3.

Obesity is also considered a risk factor for many medical 
complications, among them cardiovascular diseases4,5. 
Hemodynamic changes associated with hormonal ones 

alter myocardial gene expression, promoting myocardial 
extracellular matrix remodeling6. Studies using either rabbits 
made obese by a high-fat diet7 or by genetic engineering, 
Zucker rats8, have reported an increase in myocardial 
collagen types I and III over 12 and 24 weeks, respectively. 
In contrast, Carroll et al9, found no change in the fraction 
of total collagen in obese rats subjected to a high-fat diet 
for 12 weeks. Previous studies carried out in our laboratory 
showed that Wistar rats made obese by a 15-week high fat 
diet10 and Wistar-Kyoto rats made obese by 20-week high fat 
and carbohydrate diet11 showed increased myocardial total 
collagen. In these studies, however, the fractions of collagen 
types I and III were not evaluated.

Medical research has shown that hemodynamic, 
morphological and functional abnormalities are correlated 
with the duration and severity of obesity12-14. Because of 
the scarcity of studies that have evaluated the influence of 
time of exposure to high fat diet-induced obesity on the 
fractions of myocardial collagen types I and III, this current 
study was designed to test the hypothesis that the time of 
exposure to obesity promotes a progressive increase in the 
amount of type I and type III myocardial collagen.
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Methods

Animals and Experimental Protocol
After a 7-day period for acclimatization, 30-day-old 

male Wistar rats were randomly assigned to one of two 
groups: control (C) and obese (Ob). The C group was fed a 
standard rat chow (RC Focus 1765, Agroceres®, Rio Claro, 
SP, Brazil) containing 12.3% of kilocalories from fat, 57.9% 
from carbohydrates, and 29.8% from protein, whereas the 
Ob group were fed one of four alternating high-fat diets (RC 
Focus 2413, 2414, 2415, and 2416, Agroceres®, Rio Claro, 
SP, Brazil) containing 49.2% of kilocalories from fat, 28.9% 
from carbohydrates, and 21.9% from protein. Each diet 
was changed daily, and the rats were maintained on their 
respective diets for 15 (C15 and Ob15; n = 22) and 30 (C30 
and Ob30; n = 25) consecutive weeks. The high-fat diet was 
calorically rich compared to the standard diet (3.65 kcal/g 
vs. 2.95 kcal/g) due to the higher fat composition. The 
high-fat diet consisted of saturated and unsaturated fatty 
acids, which provided 20% and 80% of the fat-derived 
calories, respectively.

Rats were housed in individual cages in an environmentally-
controlled clean-air room at 23 (± 3)°C with a 12-hour light/
dark cycle and 60 (± 5)% relative humidity. All experiments 
and procedures were performed in accordance with the 
Guide for the Care and Use of Laboratory Animals, published 
by the National Research Council (1996) and were approved 
by the Faculdade de Medicina de Botucatu Ethics Committee 
(UNESP, Botucatu, SP, Brazil).

Nutritional, metabolic and endocrine profiles
Nutritional and metabolic profiles included adiposity 

index, final body weight (FBW), and glucose tolerance; 
endocrine profiles included leptin and insulin concentrations. 
As obesity is defined as an excessive amount of body fat in 
relation to lean mass15, a criterion based on the adiposity 
index was used to determine obesity, according to data from 
earlier studies9,16.

After fasting for 12 to 15 hours, animals were anesthetized 
(using intraperitoneal sodium pentobarbital 50 mg/kg), 
decapitated, and thoracotomized; the fat pads of adipose 
tissue were dissected and weighed. The adiposity index was 
calculated by the following formula: adiposity index = (body 
fat [BF]/FBW) × 10017. Body fat was calculated as the sum the 
weight of the individual fat pads as follows: BF = epididymal 
fat + retroperitoneal fat + visceral fat.

As obesity can be accompanied by metabolic and 
endocrine disturbances18, all animals underwent testing 
for glucose tolerance, leptinemia and insulinemia.  
After 15 and 30 weeks of treatment, glucose tolerance and 
insulin resistance were evaluated in all animals through 
the glucose tolerance test (GTT). After a 4-to 6-hour fast, 
a blood sample was taken from the tip of the animal’s 
tail and collected in a heparinized tube. The blood 
glucose (as the basal condition) concentration of each 
animal was immediately determined using a handheld 
glucometer (Accuchek Advantage; Roche Diagnostics 
Co., Indianapolis, IN, USA). Subsequently, 2 g/kg of 

glucose (Sigma-Aldrich®, St Louis, MO, USA) was given 
intravenously and blood glucose concentrations were 
measured after 15, 30, 60, 90, and 120 minutes19. Glucose 
intolerance was evaluated using the area under the curve 
(AUC) for glucose.

For hormonal analysis, trunk blood was collected in 
heparinized tubes and centrifuged at 3000 g for 15 minutes 
at 4°C. Serum leptin and insulin concentrations were 
determined by enzyme-linked immunosorbent assay (ELISA) 
using commercially available kits (Linco Research Inc., St. 
Louis, MO, USA).

Cardiovascular profile
As obesity can be associated with cardiovascular 

comorbidities, the cardiovascular profile of the animals 
was also assessed, using systolic blood pressure, cardiac 
tissue morphology and left ventricular collagen types I and 
III protein expression.

Systolic blood pressure
At the end of the experiment, the systolic blood pressure 

was assessed using the non-invasive tail-cuff method 

with a Narco BioSystems® Electro-Sphygmomanometer 
(International Biomedical, Austin, TX, USA)20. The average 
of two readings was recorded for each measurement. 

Morphological studies
The heart was removed and dissected at the time of 

euthanasia. LV weights, as well as their respective ratios with 
the tibia were determined as indexes of cardiac remodeling. 

Myocardial collagen types I and III protein expression
Left ventricular tissue was analyzed by Western Blot7 to 

quantify collagen types I and III protein expression. Briefly, 
ventricles isolated from control (C15 and C30; n = 6 each 
group) and obese (Ob15 and Ob30; n = 6 each group) rats 
were frozen with liquid nitrogen and homogenized in a 
buffer containing 10 mM Tris (pH 7.4), 100 Mm NaCl, 
1 mM EDTA, 1 Mm EGTA, 1% Triton X-100, 10% glycerol, 
0.1% sodium dodecyl sulfate (SDS), and 0.5% deoxycholate. 
The homogenate was centrifuged at 4oC for 20 minutes at 
12000 rpm. The supernatant was collected and total protein 
content was determined by the Bradford Method (Bradford 
1976). Samples were subjected to SDS-polyacrylamide 
gel electrophoresis (SDS-PAGE) in polyacrylamide gels 
(6% or 10% depending on protein molecular weight). 
After electrophoresis, proteins were electro-transferred to 
nitrocellulose membrane (BioRad Biosciences; NJ, USC). 
Sample weights (50 µg) and transfers were monitored for 
equality and efficiency, respectively, with the use of 0.5% 
Ponceau S staining of the blot membrane. The blotted 
membrane was then blocked (using 5% nonfat dry milk, 
10 mmol/L Tris-HCl [pH 7.6], 150 mmol/L NaCl, and 0.1% 
Tween 20) for 2 hours at room temperature and incubated 
with specific antibodies overnight at 4oC. Binding of the 
primary antibody was detected with the use of peroxidase-
conjugated secondary antibodies (anti-rabbit or anti-mouse 
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depending on the protein at a 1:10000 dilution and 
incubated for 1.5 hours at room temperature), developed 
by enhanced chemiluminescence (Amersham Biosciences, 
NJ, USA) and detected by autoradiography. Quantification 
analysis of the blots was performed with use of Scion Image 
software (Scion, based on NIH Image). Mouse monoclonal 
antibodies to collagen types I and III (1:10000) and 
mouse monoclonal antibodies to β-actin (1:1000) were 
obtained from Abcam (UK, Cambridge) and Santa Cruz 
Biotechnology (CA, USA), respectively. Targeted bands were 
normalized to the expression of cardiac β-actin.

Statistical analysis
All results were reported as mean ± standard deviation 

and groups were evaluated using two-way analysis of 
variance (ANOVA) for independent samples. When significant 
differences were found (p < 0.05), Bonferroni post hoc test 
for multiple comparisons was carried out21. The level of 
significance considered was 5% (α = 0.05). 

Results
Figure 1 shows the general characteristics of animals 

in groups C15, C30, Ob15 and Ob30. The high-fat diet 
caused an increase in FBW and in the index of adiposity 
in obese animals compared to respective controls at all 
times evaluated. The duration of exposure to obesity did 
not result in a significant difference in FBW and adiposity 
index between the C15 and C30 groups and between the 
Ob15 and Ob30 groups. There was no difference in systolic 
blood pressure between the C and Ob groups in the two 
study periods and that did not change with the time of 
exposure to obesity. The glucose AUC was higher in Ob 
groups compared with controls; the time of exposure did 
not affect glucose levels. Obesity promoted an increase 
in insulin and leptin levels in Ob groups compared to 
respective controls. Insulin levels did not change with the 
time of exposure to obesity; leptin levels were higher in the 
Ob30 group compared with the Ob15 groups.

As shown in Figure 2, the presence of obesity increased 
the weight of the left ventricle and as well as LV/tibia length 
ratio in the Ob15 group as compared to the C15 group. 
However, the LV/tibia length ratio was similar in the Ob30 
and C30 groups, suggesting that exposure to obesity did not 
have any effect on this variable.

There was no difference in myocardial type I collagen 
expression between the groups Ob15 and C15 (Figure 3); 
however, protein expression was lower in the Ob30 group 
compared with the C30 group. The time of exposure to 
obesity also resulted in a reduction of collagen type I 
expression in the Ob30 group as compared with the Ob15 
group. Obesity did not alter collagen type III expression, 
and the time of exposure to obesity did not influence 
expression of this collagen.

Discussion
The main finding of this study was that the time of 

exposure to obesity induced by an unsaturated high-fat diet 

affected the expression of myocardial collagen type I, but 
had no effect on myocardial collagen type III. Obesity that 
is experimentally induced by diet most closely resembles 
obesity found in the human population and it has been 
frequently used to reproduce possible morphological, 
molecular, biochemical and functional changes in different 
organs of the human body9,16,22.

The high-calorie diet used in this experiment contained 
enough calories and was of sufficient duration to promote 
obesity in rats; it was likely due to the high unsaturated fat 
content of the diet, which has a higher energy density and 
greater storage capacity in the body. This study showed that 
the final body weight and the index of adiposity of obese 
animals were increased as compared to respective controls 
at all times evaluated, and these data are consistent with the 
literature22. However, the time of exposure to the diet did 
not alter these two variables, which were similar in the two 
time periods studied - 15 and 30 weeks.

The glucose load in the obese groups resulted in glucose 
intolerance during the two treatment periods, 15 and 30 weeks. 
Another important aspect is that time of exposure to obesity did 
not influence the glycemic profile between obese animals, as 
glucose intolerance seen in the first 15 weeks remained stable 
until the 30th week of the experimental protocol. Impaired 
glucose tolerance, an intermediate stage between normal 
glucose homeostasis and type 2 diabetes mellitus23, may be 
related to the development of insulin resistance in obese 
animals. In support of this assumption, our data show that 
obesity led to hyperinsulinemia at both evaluations. The results 
of this study are in agreement with authors who observed that 
obesity induced by a diet high in unsaturated fat promotes 
glucose intolerance, hyperinsulinemia and insulin resistance 
in a short period of time24-27 and these effects are prolonged28.

An increase in leptin serum concentrations after 15 and 
30 weeks was seen in obese animals compared with their 
controls. The time of exposure to obesity influenced the 
level of this hormone, with increases seen from 15 weeks 
onward. Leptin concentrations are correlated with body fat, 
thereby influencing both lipogenesis and lipolysis29. In this 
study, although the index of adiposity remained the same 
in the Ob15 and Ob30 groups, leptin concentrations were 
higher in the Ob30 compared with the Ob15. This fact was 
likely due to the emergence of resistance to the action of 
this hormone after the 30th week. Other studies have shown 
that long periods of obesity promote leptin resistance, which 
consequently leads to an increase in this hormone14,24,30.

Although the increase in adipose tissue led to metabolic 
and hormonal alterations, obesity did not result in 
an increase in blood pressure after 15 and 30 weeks, 
which remained stable over the two periods studied. 
The mechanisms responsible for altering blood pressure 
include hyperactivity of the sympathetic nervous system31, 
increased activity of the renin-angiotensin-aldosterone 
system (RAAS)16,32,33 and oxidative stress31, which can result 
in peripheral vasoconstriction and increased renal sodium 
reabsorption. The lack of effect on blood pressure suggests 
that obesity does not alter those factors involved in blood 
pressure control. These results are in agreement with some 
authors who observed no change in blood pressure in obese 
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Figure 1 ‑ Final body weight (A), adiposity index (B), leptin (C), insulin (D), area under curve (AUC) of intraperitoneal glucose tolerance test (E), systolic blood pressure 
(SBP) (F) in control (white bars) and obese rats (black bars) after 15 and 30 weeks of treatment. Date are mean ± SD; two-way ANOVA and Bonferroni post hoc test. *p 
< 0.05 vs control group; # p < 0,05 Ob15 vs Ob30
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Figure 3 ‑ Westem bolt analysis of collagen I and III in the heart of control (white bars) and obese rats (black bars) after 15 and 30 weeks of treatment. Blots were 
scanned. Histographic presentation of collagen I/β-actin (A) and collagen III/β-actin ratios. (B). Data are mean ± SD from different animals per group; two-way ANOVA 
and Bonferroni post hoc test. *p < 0.05 vc control group; # p < 0,05 Ob15 vs Ob30.

Control Control Control Control
β-actin β-actin β-actin

β-actin β-actin β-actin β-actin

β-actin

Obese Obese Obese Obese

Figure 2 ‑ Left ventricle dimensions. Left ventricle (LV) weight (A), and left ventricle weight/tíbia ratio (B) in control (white bars) and obese rats (black bars) after 15 
and 30 weeks of treatment. Data are mean ± SD; two-way ANOVA and Bonferroni post hoc test. *p < 0.05 vs control group.

animals9; but differ from studies that showed elevated levels 
of this parameter32-34. However, although obesity did not 
alter blood pressure, there was a slight remodeling of the left 
ventricle, probably due to an increase in the neurohormonal 
factors mentioned above.

The most important finding of this study was that the time 
of exposure to obesity caused a reduction in myocardial 
collagen type I expression in the Ob30 group compared with 

the Ob15 group and, in contrast, did not modify the expression 
of myocardial collagen type III. We found no studies that 
investigated the association between the duration of obesity 
and expression of myocardial collagen types I and III.  
The mechanisms responsible for the decrease in collagen 
type I expression remain unclear. A possible explanation for 
this reduction may be due to the decrease in synthesis and/
or an increase in degradation of collagen. Adipose tissue 
secretes several substances that are involved in the regulation 
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of myocardial collagen, including the hormone leptin, which 
is produced mainly by adipocytes and is also synthesized 
by various tissues including the heart35. The effects of leptin 
on the heart have not been fully elucidated, but it has been 
thought to influence cardiomyocyte hypertrophy and regulate 
production of various components of the extracellular matrix 
of the myocardium that act on cardiac fibroblasts35. Although 
there is controversy about the association between leptin 
and myocardial collagen type I, such as increased expression 
of procollagen35-37 and decreased synthesis38, there is an 
agreement among authors that leptin increases the activity 
of metalloproteinases (MMP-2) 235-38 and mRNA expression 
of MMP-939,40, participants in myocardial collagen type I 
degradation. Therefore, it is possible that increased activity 
of both MMP-2 and MMP-9 is responsible for the reduction 
in myocardial collagen type I. As stated above, myocardial 
collagen type III did not change in obesity. No information was 
found in the literature as a possible explanation for this finding.

Importantly, our finding may have clinical relevance, as 
it shows that long-term obesity, common in patients, not 
accompanied by arterial hypertension, can cause a decrease 
in ventricular compliance due to the reduction in collagen 
type I. This phenomenon may result in a better adaptation 
of the heart to obesity because this pathology is associated 
with increased blood volume.

In conclusion, this study shows that the time of exposure 
to obesity induced by an unsaturated high-fat diet causes a 
reduction in myocardial collagen type I expression after 30 
weeks, but no changes were seen in myocardial collagen type 
III. Future studies are needed to determine the mechanism 
responsible for the decrease in myocardial collagen type I and 
the lack of effect on collagen type III.
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