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Nutritional and Cardiovascular Profiles of Normotensive and
Hypertensive Rats kept on a High Fat Diet

Silvio A. Oliveira Janior', Katashi Okoshi’, Ana Paula Lima-Leopoldo’, André S. Leopoldo’, Dijon H.S. Campos’, Paula F.
Martinez', Marina P Okoshi', Carlos R. Padovani?, Maeli Dal Pai-Silva®, Antonio C. Cicogna’
Faculdade de Medicina de Botucatu - UNESP'; Instituto de Biociéncias de Botucatu - UNESP?, Botucatu, SP - Brazil

Summary
Background: Although a high fat diet (HFD) promotes nutritional and heart disorders, few studies have assessed its
influence in normotensive Wistar-Kyoto rats (WKY) and spontaneously hypertensive rats (SHR).

Objective: To evaluate and compare the nutritional and cardiovascular profiles of WKY and SHR on a high fat diet.

Methods: 20 WKY and 20 SHR were divided into four groups: Control-WKY (C-WKY), HFD-WKY, Control-SHR (C-SHR) and
HFD-SHR. The C and HFD groups received, respectively, a normocaloric diet and a HFD for 20 weeks. The following features
were evaluated: body weight (BW), adiposity, blood glucose, serum lipids, with measurements of total cholesterol and
triacylglycerol levels, insulin and leptin. The cardiovascular study included the systolic blood pressure (SBP), a cardiopulmonary
anatomical evaluation, an echocardiography and heart histology.

Results: The SHR had BW, adiposity, glucose, cholesterol, triacylglycerol, leptin and insulin levels lower than the WKY.
In SHR, the caloric intake increased with HFD. In WKY, the HFD increased energy efficiency, adiposity and blood leptin,
and reduced glucose. In the cardiovascular assessment, the SHR had SBP, pulmonary moisture, myocardial hypertrophy
and interstitial fibrosis higher than the WKY (p <0.01); the cardiac function was similar in both strains. The HFD
reduced the ventricular systolic diameter in the WKY and increased the mitral E/A ratio, the diastolic thickness of the
interventricular septum and the posterior wall, as well as the interstitial fibrosis of the left ventricle. (Arq Bras Cardiol
2009; 93(5) : 487-494)

Conclusion: Although it had not significantly affected the nutritional profile of the SHR, the treatment increased cardiac
remodeling and precipitated the emergence of ventricular diastolic dysfunction. In WKY, the diet increased adiposity
and leptinemia, and promoted non-significant cardiovascular changes.
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Introduction

Changes in the metabolism of fats and carbohydrates
are associated with nutritional disorders such as obesity,
dyslipidemia and insulin resistance, and with cardiovascular
diseases such as elevated blood pressure and heart
remodeling'. In experimental studies, a high fat diet (HFD),
with high levels of lipids and/or carbohydrates, causes similar
effects to those found in human nutritional disorders?; in the
cardiovascular context, it promotes hemodynamic disorders
and heart remodeling, with hypertrophy, interstitial fibrosis
and myocardial dysfunction'*#.

glucose, hyperinsulinemia and cardiac hypertrophy*°. Du
Toit et al® found increased blood pressure, hypertrophy and
post-ischemic myocardial dysfunction, with alterations in
glucose and lipid levels and maintenance of insulinemia. Other
researchers, despite observing the presence of dyslipidemia,
did not detect any effects on glucose®”, hemodynamic
changes®’, and cardiac remodeling®®. Wilson et al® though
they did not see any serious nutritional disorders, reported
progressive cardiac dysfunction. In face of these controversies,
the influence of HFD on nutrition and cardiovascular profiles
of normotensive rats is not fully clarified.

Few studies have established associations, though Research on cardiac remodeling in spontaneously

inconsistent, between nutrition and cardiovascular profiles
in normotensive rats under HFD?*?®. Studies that did not
evaluate the cardiac function reported dyslipidemia, abnormal
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hypertensive rats (SHR) is often used because it develops
hypertrophy, interstitial fibrosis and ventricular dysfunction
resulting from arterial hypertension'®. The SHR are genetically
more susceptible to nutritional, lipid and glucose disorders
and hyperinsulinemia''. However, few studies examined
the influence of HFD on the cardiovascular and nutritional
attributes of this lineage. Girard et al” found dyslipidemia
and absence of glucose and cardiac changes. Other authors,
although they have not evaluated the glucose and lipid
profiles, observed greater adiposity'>'* and marked myocardial
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hypertrophy''*, with a reduction’ or increase™'* in blood
pressure. Additional studies, which omitted heart aspects,
found glucose''® and lipid'® changes, with increase' or
maintenance'® of blood pressure levels.

The objective of this study was to evaluate and compare
the nutritional profile of cardiovascular and normotensive
Wistar-Kyoto rats (WKY) and SHR treated with HFD. The
hypothesis is that the HFD cause changes in both strains, but
they are more pronounced in the SHR.

Material and methods

The experimental protocol was approved by the Ethics
Committee on Animal Experiments of FMB/UNESP, in
accordance with regulations of the Brazilian College of Animal
Experimentation (COBEA).

Animals and groups

Samples of 20 WKY and 20 SHR male rats, with 60 days of
age, were divided into four groups, by lineage and treatment:
C-WKY, HFD-WKY, C-SHR and HFD-SHR. The groups C and
HFD received, respectively, normocaloric and hypercaloric
diets for 20 weeks. The animals were homed in individual
cages, under monitored conditions of temperature (20-24° C),
humidity (40-60%) and light (12-hour light/dark cycle), with
free access to the assigned treatment. The normocaloric diet
consisted of a commercial rodent chow (Purina™), with the
following macronutrient composition: 58.72% carbohydrates,
32.23% protein, 9.06% lipids, totaling 3.2 Kcal/g. The
HFD, previously instituted'”, consisted of a combination of
processed foods, and had the following chemical profile:
31.7% carbohydrates, 24.9% protein, 43.4% lipids, totaling
4.6 Kcal/g. The high energy density of the HFD resulted mainly
from a high intake of lipids'’.

Nutrition Profile

The nutritional assessment included caloric intake, energy
efficiency, body weight (BW), blood glucose, lipid, insulin,
leptin levels and adiposity. The intake and the efficiency,
obtained by the ratio between the weight change and the total
energy intake'®, were measured daily. The BW was measured
weekly. After the experimental period, the animals were fasted
for 12-14 hours, anesthetized with pentobarbital sodium (50
mg/kg) and euthanized by decapitation. Blood was collected
in tubes with heparin, centrifuged (3000 rpm) for 15 minutes
at 4°C and stored at —-80°C. Subsequently, serum triacylglycerol
fractions, total cholesterol and glucose levels were assessed
by enzymatic method with specific kits (Kovalent diagnosis,
Kovalent do Brasil Ltda, Rio de Janeiro/R]). Concentrations of
leptin and insulin were determined by ELISA using a micro-
plate reader (Spectra MAX 190, Molecular Devics, USA) and
appropriate kits (Linco Research, Inc., St. Louis, MO, USA)™.
The index of adiposity?® was calculated with the following
formula: ([epididymal fat + retroperitoneal fat + visceral fat]
/ (total body weight — sum of all adipose depots)) x100.

Cardiovascular profile
The cardiovascular assessment included the systolic

blood pressure, an in vivo assessment of heart structure and
function, and a post-mortem evaluation of cardiopulmonary
morphology and myocardial histology. Pressure was measured
by plethysmography, a commonly used procedure?'??, with
an automated sphygmomanometer (Narco Biosystem, Austin,
Texas, USA).

Heart structure and function were assessed in vivo
by echocardiography, with the previously described
methodology?***. The rats were weighed, and anesthetized
with ketamine hydrochloride (50 mg/kg) and xylazine
hydrochloride (1 mg/kg), administered intramuscularly.
Then, trichotomy was performed in the anterior chest, and
the animals were positioned in the left lateral position for
the echocardiography, which was performed with a HDI
5000 Phillips ultrasound machine, equipped with a 12 MHz
electronic transducer.

For the measurement of heart structures, monodimensional
mode (M-mode) images were obtained, with two-dimensional
mode images guiding the ultrasound beam, and the transducer
placed in a parasternal location in the short axis. The image
of the left ventricle (LV) was obtained by positioning the M-
mode cursor just below the mitral valve plane at the level of
the papillary muscles?>. The images of the aorta and the left
atrium were obtained with the M-mode cursor positioned at
the level of the aortic valve. The images were recorded in a
Sony Co. UP-890 printer model. Subsequently, heart structures
were manually measured, with a precision caliper.

When the diameter of the ventricular cavity was maximal,
the LV diastolic diameter (LVDD), the LV posterior wall
diastolic thickness (LVPWDT) and the interventricular septum
diastolic thickness (IVSDT) were measured. When the
diameter of the cavity was minimal, the LV systolic diameter
(LVSD), the LV posterior wall systolic thickness (LVPWST)
and the interventricular septum systolic thickness (IVSST)
were measured. The left atrium (LA) was measured at its
maximal diameter. The LV mass (LVM) was calculated using
the following formula: LVM = [(LVDD + LVPWDT + IVSDT)?
— (LVDD)’] x 1.04. The following variables were derived
from the dimensions described above: LV relative thickness
(LVPWDT/LVDD), LVDD/BW, LA/BW and LVM index (LVMI,
LVM/BW).

The LV systolic function was assessed by the following
indexes: Percentage of mesocardial shortening (% Meso.
Short.): [(LVDD + "2 LVPWDT + "2 IVSDT) — (LVSD + -
LVPWST + 2 IVSST)] / (LVDD + 2 LVPWDT + 2 IVSDT);
percentage of endocardial shortening (% Endo. Short.): [(LVDD
- LVSD) / LVDD]; posterior wall shortening velocity (PWSV).

The diastolic function was assessed by the ratio index
between the peak of initial inflow velocity (E wave) and the
atrial contraction (A wave) of the transmitral flow (E/A), the
deceleration time of the E wave (DTE) and the isovolumetric
relaxation time (IVRT).

After the euthanasia, the atria (A), the right ventricle (RV)
and the LV were weighed in absolute values and corrected
by BW. To examine whether the HFD changed pulmonary
moisture (a clinical sign of cardiac dysfunction), the water
content of the lungs was assessed. After being weighed in
natura, lung samples were submitted to kiln drying. The lung
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water content was analyzed with the formula: [(WW-DW) /
WW] x100 (%) where WW: wet weight; DW: dry weight.

A histological evaluation of the myocardium, involving
the myocyte transverse area and the interstitial collagen
fraction, was performed on samples of the LV. After being
fixed in a solution of 10% formol saline?**, the fragments
were embedded in paraffin blocks. 4 um sections, collected
in histology slides, were stained with Hematoxylin-Eosin, to
evaluate the sectional area of the myocyte. In each animal,
50-70 cells were evaluated. As a principle of analysis, these
cells should come from the ventricular subendocardial layer,
have an elliptical shape, and contain a visible and centralized
core?>?*. The collagen content was evaluated in tissue sections
stained in Picro-sirius red®’. At least 20 quarters were used,
and perivascular regions were not taken into account. The
histological sections were projected at a magnification of 40
times, with the aid of a microscope (Leica DM LS) coupled to
avideo camera that projected the images on a IBM PC, which
was equipped with the image analyzer software Image Pro-plus
(Media Cybernetics, Silver Spring, Maryland, USA).

Statistical analysis

The results were expressed in descriptive measures. Weight
change against time, measured in weeks, was analyzed by
linear regression models. The comparison between models
was performed by slope test and linear regression constant.
The nutritional and cardiovascular variables were evaluated by
the two-factor ANOVA, followed, respectively, by the Tukey
test, for parametric distributions, and the Dunn test, for non-
parametric data. The findings were discussed at a statistical
significance level of 5%.

Results
Nutrition Profile

Weight change against time, evaluated by linear regression
models, is shown in Figure 1. The regression model constructed
for the HFD-SHR group had the best coefficient prediction:

85.2% (Table 1). In all groups, there was a significant weight
increase in relation to the initial time (p <0.001). In both
treatments, weight changes in SHR differed from WKY in
every week of the study. In both strains, no significant weight
differences were found between the two diets.

The results of the nutritional profile are shown in Table 2.
The C-SHR group showed lower caloric intake than the C-
WKY group, whereas the HFD-SHR group showed less energy
efficiency than the HFD-WKY group. The WKY showed higher
BW, adiposity, glucose, total cholesterol (TC), triacylglycerol
(TQ), leptin and insulin levels, compared to the SHR, in
both treatments. In the WKY, efficiency, adiposity and leptin
increased in the HFD-WKY; the diet reduced blood glucose,
as compared to the C-WKY.

Cardiovascular profile

Table 3 shows the structural and hemodynamic data,
evaluated by echocardiography. SBP, LVMI, LA/BW and
LVDD/BW ratios, LVPWDT, LVRelT, LVPWST, IVSDT, and
IVSST were higher in the SHR, in both treatments (p <0.01).
In both strains, there was a reduction in the LVDD/BW ratio,
as a result of the treatment. The HFD reduced the HR and
increased the variables LVPWDT and IVSDT in the SHR; in the
WKY, it promoted a reduction in LVSD. Table 4 presents the

Linear regression models of body weight oscillations in

time
Groups Lir]ear Coefficiept of
Regression Model Determination (%)
C-WKY Weight = 346.816 + 12.102 w 67.7*
HFD-WKY Weight = 341.336 + 13.791 w 7
C-SHR Weight = 239.900 + 8.752 w 73*
HFD-SHR Weight = 243.827 + 10.477 w 85.2*

*- p<0.001 for comparative analysis between different weeks (W).
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Figure 1 - Linear regression models of body weight values in different weeks; OW: initial moment; 5W: 5" week; 10W: 10" week; 15W: 15" week; 20W: 20" week.
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results of the echocardiographic evaluation of the ventricular
function. E wave differences, larger in the C-SHR than in the
C-WKY (p <0.05), were more pronounced among the HFD
groups (p <0.01). The E/A ratio, similar in the C groups,
was higher in the HFD-SHR than in the HFD-WKY; the diet
increased the E/A ratio in the SHR, indicating the existence of
an interaction between the strain and the treatment.

Table 5 shows cardiopulmonary morphology and heart
histology findings. In both treatments, pulmonary moisture, VE
weight, RV/BW and LV/BW ratios, morphometry and collagen
were higher in the SHR than in the WKY. In SHR, the HFD
increased A and VE weight, as well as the collagen content.

beginning of the protocol; this profile did not change during
the experimental period (Figure 1, Table 2). In both strains,
the HFD did not result in any significant change in weight,
but in terms of body adiposity, the changes were restricted to
the WKY, indicating the existence of an interaction between
the strain and the treatment. In that strain, the diet increased
adiposity, probably due to an increase in energy efficiency
(Table 2). With regards to these findings, we found no study
that assessed the impact of high-fat interventions on the
nutritional attributes of that lineage. However, this research

Evaluation of systolic blood pressure and heart structure
echocardiography, according to lineage and treatment

Discussion
Hypercaltljric ?Iiets, r(ijch in Iipidbs, lare:]I frecijuently used iln Ve y Diet
experimental trials to induce metabolic disorders commonly ariable Ineage .
found in humans'*'°. Despite hundreds of investigations Standard (C) _ Hypercaloric (HFD)
H ioh- i ; WKY 126 £13 130+8
employing hl'g.h fat diets, there is no consensus on the content SBP (mmHg)
and composition of the fatty acids, saturated or unsaturated, SHR 193 & 24 # 195 + 31 #
. . o . L
u§ed in thesg interventions®. In th1§ res.earch,. the h!gh fat WKY 279 4 32 288 + 35
diet was obtained by adding a combination of industrialized HR (bpm)
products to a standard diet'”. Similar treatments are very SHR 301435 20+ 21
common in experiments with rodents®>'”. LA () WKY 5.08 +0.62 4.84 +0.52
mm
In this study, the SHR had weight lower than the WKY, at the SHR 5.31+0.68 5.56 +0.63 #
WKY 9.82+1.14 8.00 + 0.34
LA/BW (mm/Kg)
Evaluation of nutritional and biochemical profiles, SHR 13.64 +2.05% 12.99 +1.42 %
according to lineage and treatment WKY 8.48 +0.33 819 +0.39
LVDD (mm)
SHR 8.25+0.71 8.09 +0.52
Treatment
Variables Lineage D Hypercalrc LVDD/ BW WKY 1569+ 1.94 1376 £ 1.26
Control (C) (HFD) (mm/Kg) SHR  21224£255%  18.88+099%*
WKY 823+84 83.2+10.8 WKY 469 +0.36 412+0.58*
Caloric intake (Kcal) LVSD (mm)
SHR 715+23# 788+45* SHR 4.39 £ 0.61 4,06 +0.59
WKY 0.15+0.03 0.17+0.02* WKY 1.52 £0.08 1.59 +0.08
Energy efficiency (g/ Kcal) LVPWDT (mm)
SHR 0.13+0.01 0.15+0.03# SHR 1.84£0.13# 1.95+0.16 * #
WKY 539+69 566 + 60 WKY 1.55+0.06 1.60 +0.07
Body weight (g) IVSDT (mm)
SHR 370+ 16# 409 +10# SHR 1.87 £0.08 # 196 +0.15*#
WKY 8.55+2.96 11.27 £345* WKY 261+0.20 2.85+0.17
Adiposity Ind. (%) LVPWST (mm)
SHR 3.65+0.30 % 5.54 +£0.93 # SHR 2.98+0.27# 322+0.38#
WKY 144 £13 128+13* WKY 240+0.15 251+0.11
Glucose (mg/dL) IVSST (mm)
SHR 98+ 12# 95+ 18# SHR 273+024% 276+£0.12#%
WKY 1232213 191177 WKY 0.18 £ 0.01 0.19+0.01
Total Cholesterol (mg/dL) LVrelT
SHR 49.7+£50% 381+74% SHR 0.23 £0.02# 0.24 £0.03 #
WKY 1052 £484 941+486 WKY 1.79+£0.17 1.61+0.16
TG (mg/dL) LVMI (g/Kg)
SHR 471497 39.8+3.8* SHR 3.10+0.65% 291+£0.34#
Leptin (ng/ dL) WKY 8.28+336 11.06+4.00" Values in mean + standard deviation; SBP: systolic blood pressure, HR:
pin (g SHR 1.89+058* 336+1.08" heart rate; LA: diameter of the left atrium, LA/BW: LA and final body weight
ratio; LVDD: LV diastolic diameter; LVDD/BW: body weight and LVDD ratio;
) WKY 221247 164 £0.57 LVSD: systolic diameter of LV: LVPWDT: posterior wall diastolic thickness;
Insuiin (ng/ dL) SHR 063+062% 0514093 IVSDT: diastolic thickness of the interventricular septum; LVPWST: posterior

Values in mean + standard deviation; TG: triacylglycerol; * - p <0.05 vs C, # - p
<0.05; ## - p <0.01 vs WKY; ANOVA and Tukey test. Insulin values expressed in
median + semi-amplitude: ANOVA and Dunn test.

wall systolic thickness; IVSST: interventricular septum systolic thickness;
LVREelT: relative thickness on the LV wall; LVMI: left ventricular mass index;
*-p<0.05 **-p<0.01vs C # -p<0.05 #4-p <0.01 vs WKY, ANOVA
and Tukey test.
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data agree with the authors who analyzed these responses
in other strains of rats>**?°. In the Wistar>** and Sprague-
Dawley?® studies, HFD treatments promoted increased body
adiposity, but did not change body weight. For the SHR,
the diet did not promote changes in adiposity, although the
calorie intake was higher in the HFD-SHR. Compared to
other strains, the SHR strain is resistant to weight gain through
high-fat interventions'?; when there are weight changes due
to the treatment, these variations are mild, compared to those
observed among normotensive rats'?. However, other authors
reported an increase in body weight'*'® and adiposity'® in the
SHR on high-fat diet, during briefer interventions of eight'® or
twelve weeks'"'°. Probably, these divergent results are mainly
due to the dietary compositions used in these studies, which
were characterized by a high intake of saturated fatty acids. In
our study, the HFD was mostly made up of unsaturated fatty
acids from plant origin, such as corn and peanut oils".

As to the biochemical profile, the C-SHR had lower
levels of blood glucose and insulin than the C-WKY group
(Table 2). The SHR have a higher genetic predisposition to
hyperglycemia and insulin resistance, which arise especially
with the maturation'"””. Due to the young age of the SHR in
this study (7 to 8 months), it is possible that this predisposition
has not yet been observed. In literature, research on blood
glucose and insulin in WKY and SHR rats had conflicting

results. Whereas some authors?® found hyperglycemia and
insulin resistance in the SHR, others?” reported no differences
between the two strains. These discrepancies may result
from many factors, including the age of the animals?’. The
HFD-WKY and the HFD-SHR groups showed similar results
to those found in the control groups, although the diet only
reduced the blood glucose in the WKY, thus confirming the
interaction between the strain and the treatment. In the
postprandial state, the hyperinsulinemia that results from
pancreatic B cells stimulation enhances tissue glucose uptake
and, as the fasting state is maintained, reduces glycemia?’.
This mechanism explains the glucose decrease observed in
the HFD-WKY. However, in both lineages, it was not possible
to verify insulin level changes due to the treatment, although
the difference between the strains, most evident on standard
diet (p<0.01), was milder among the HFD groups (p<0.05).
Additional studies are needed to clarify this finding.

The biochemical evaluation involving leptin and
triacylglycerol levels showed that these variables were lower

Evaluation of lung moisture, cardiac morphology,
according to lineage and treatment

Diet
Variable Lineage Hypercaloric
Standard (C) (HFD)
_ Echocardlogra;_)hlc assess_ment o_f systolic and diastolic WKY 437 +021 427 +047
function of the left ventricle, according to lineage and treatment WW/DW
SHR 490+0,25% 477+0,19%
Lung
Diet Moisture  WKY 771412 764425
Variable Lineage %
Standard (C)  Hypercaloric (HFD) (%) SHR 795+10% 790+08%
Endocardial Short. WKY 44.8£3.1 498£53 A WKY 0002£0013  0,110£0,015
ria (g
(%) SHR 469+50 50046 SHR 0,086+0012  0,120+0,071*
; WKY 283+20 306 £3.3 WKY 0,17 £0,02 0,20 +0,03
l\ﬁlesocardlal Short. AFBW (mglg)
(%) SHR 283+37 209+33 SHR 0,24 +0,04 0,30 +0,02
WKY 374+31 37.3+33 WKY 0,21+0,03 0,22 +0,03
PWSV (mmis) RV (g)
SHR 354 +37 385+29 SHR 0,22 +0,05 0,24 +0,08
WKY 79.2+6.9 788+8.8 WKY 0,39+0,03 0,40 +0,03
Mitral E (cm/s) RV/FBW (mg/g)
SHR 88.0+6.0" 90.5+9.2% SHR 0,60+0,15* 059+0,22*%
WKY 349+241 49657 WKY 0,83+0,10 0,85+ 0,09
Mitral A (cm/s) V(9
SHR 575+252 421+21.2 SHR 0,94 +£0,10* 1,06 £ 0,05 **#
WKY 1.73+0.31 1.61+0.30 WKY 1,53+0,11 1,48 £0,63
E/A LV/FBW (mglg)
SHR 1.56 + 0.46 2.07 £0.50 * SHR 2,54 +£0,37 # 2,58 +0,15#*
WKY 55.3+75 52.1+18.1 WKY 3,70+ 0,65 5,35+ 0,65
DTE (ms) Fibrosis (%)
SHR 58.9+10.3 536+3.0 SHR 770£065%  11,31+0,69*#
WKY 283148 283150 WKY 197,1£7,0 201,370
IVRT (ms) CSA (um?)
SHR 327+33 289+5.1 SHR 2720+7,0% 2765+7,3%

Values in mean % standard deviation; Endocardial Short.: relative
endocardial shortening fraction; Mesocardial Short.. relative mesocardial
shortening fraction; PWSV: velocity of shortening of the posterior wall;
Mitral E: mitral E wave; Mitral A: mitral A wave; E/A: ratio of E and A waves;
DTE: deceleration time of E wave; IVRT: isovolumetric relaxation time of
the LV; *- p <0.05; **- p <0.01 versus C; # - p <0.05; ## - p <0.01 vs. WKY,
ANOVA and Tukey test.
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Variables expressed as mean * standard deviation: A/FBW: ratio between
atria and final body weight; RV: right ventricle weight; RV/FBW: ratio between
RV and final body weight; LV: left ventricle weight; LV/FBW: ratio between LV
weight and final body weight. WW/DW - wet weight/dried weight ratio. Variables
expressed as mean + standard error: Fibrosis and CSA: cardiomyocyte cross-
sectional area; * - p <0.05; ** - p <0.01, versus C; # - p <0.05; ## - p <0.01,
versus WKY; ANOVA and Tukey test.
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in the C-SHR than in the WKY. Leptin, which is synthesized
by the adipose tissue, is associated with body adiposity?,
which was higher in the C-WKY. This hormone has a lipolytic
influence and, during prolonged fasting periods, reduces the
uptake of TG in adipocytes, contributing to increased serum
TG levels®. Therefore, the increase of leptin, due to increased
adiposity, favors the TG increase in the C-WKY as compared
to the C-SHR. Similar behavior was observed among HFD
groups, although the diet only increased leptin in the HFD-
WAKY. Triacylglycerol was not changed by the treatment in
both strains (Table 2). This finding may be possibly due to the
action of insulin, which remained unchanged by the diet in
both strains. Insulin stimulates the uptake of TG in adipocytes,
contributing to adipogenesis, and inhibits lipolysis, therefore
preventing the increase of serum triacylglycerols®°.

Total cholesterol was also lower in the SHR, in both
treatments. Due to an increased excretion of cholesterol,
combined with deficiencies in enteric capture and molecular
transport, the SHR are hypocholesterolemic compared to the
WKY3'. In both strains, the HFD did not promote changes
in cholesterol. Unsaturated fatty acids, the components of
the HFD used in this investigation'”, stimulate liver uptake
of cholesterol'.

As to the cardiovascular assessment, echocardiography is
an alternative for the evaluation of ventricular function, and
can provide important information on the heart structure and
performance in small animals®?. It is a versatile, safe, painless,
noninvasive and valid method for in vivo serial analyses®. The
echocardiographic evaluation in animal experiments is usually
performed under the action of anesthetic agents that can cause
physiological changes in the cardiovascular and respiratory
systems?'2*. Ketamine hydrochloride has minimal influence
on the cardiopulmonar system*. This drug may cause muscle
rigidity, which is minimized by the combination with xylazine
hydrochloride, a drug with sedative and analgesic action. This
association is indicated for many animal species because it
induces analgesia and reduces the muscle tone*2.

The overall cardiovascular results indicate that the C-
SHR group shows cardiac remodeling, characterized by
enlargement of the left atrium, concentric left ventricular
hypertrophy, right ventricular hypertrophy and myocardial
interstitial fibrosis, as compared to the C-WKY. The functional
assessment showed preserved systolic function with an
increase in mitral E-wave in the C-SHR. These results,
associated with a higher pulmonary moisture, indicate
a diastolic dysfunction. In the SHR, the neurohormonal
activation via the renin-angiotensin-aldosterone system
(RAAS), endothelins and catecholamines associated with
sympathetic nerve activity may cause water retention and
promote structural changes of the myocardium and vascular
wall, causing ventricular remodeling'®*'. This combination of
responses may enhance myocardial stiffness, with reduction
of ventricular compliance and filling, which cause water
retention and venocapillar pulmonary hypertension'®. In
the SHR, this event is common in older age groups (18 to
24 months), and is associated with other clinical signs of
ventricular dysfunction and atrial remodeling'®**. Accordingly,
although the increase in pulmonary moisture found in the C-
SHR (Table 5) is an unexpected finding because of the young

age of the animals (7-8 months), we can not discard that this
result indicates a change in functional performance. In parallel
with this assumption, other authors found evidence of diastolic
dysfunction in the SHR at the age of 12-14 months*>. The
results indicate that the remodeling observed in the C-SHR
maintained normal ventricular systolic performance, with a
possible change in the diastolic function.

Cardiac structural differences between the strains on
standard diet remained unaltered on HFD, except the
diameter of the left atrium (Table 3) and the A/BW ratio (Table
5), which increased in the HFD-SHR as compared to the WKY-
HFD. The echocardiographic functional assessment (Table 4)
showed that the E wave and the E/A ratio were increased in
the HFD-SHR. The E/A ratio increase, modified by relaxation
and ventricular compliance disturbances, coupled with the
increase in the diameter of the left atrium and the interstitial
collagen fraction, indicated the presence of a ventricular
diastolic dysfunction'®33. The preservation of systolic function
and other indicators of diastolic performance, as the IVRT and
DTE, which were not altered by the treatment, suggesting the
occurrence of a pseudonormal pattern®®. However, the heart
rate decrease in the HFD-SHR, as compared to the C-SHR,
is noteworthy. This change increases the mitral blood inflow
during the passive relaxation, which magnifies the values of
the E wave, and, therefore, of the E/A ratio, explaining the
results found in the HFD-SHR group. The heart rate decrease
is an unexpected finding, because hypercaloric and high-fat
diet promotes sympathetic nervous system hyperactivity in
the SHR™, causing tachycardia. Additional research could
help clarify the hemodynamic change found.

One important result is the interaction between the diet and
the strain in determining the interstitial collagen fraction (Table
5). The treatment increased the myocardial interstitial fibrosis
in the HFD-SHR group by approximately 50%, as compared
to the C-SHR group. The interstitial remodeling stems from
the balance between stimulating and inhibiting molecular
agents that affect the extracellular matrix proliferation®”. The
stimulating factors comprise bioactive molecules, including
RAAS components, endothelins, catecholamines and
cytokines, which are exacerbated in the SHR*?". Probably,
these factors contributed to the additional diet-induced
interstitial remodeling. Folder et al*® observed that saturated
or unsaturated fat-rich diets induced the activation of peptides
that are involved in cardiac remodeling: activator protein-1
(AP-1) and mitogen-activated protein kinases (MAPKs). These
agents are also activated by the RAAS and their effects include
the increase in interstitial fibrosis through the transformation
and growth factor (TGF-B)¥. Although it was not possible
to detect differences in adiposity between the C-SHR and
the SHR-HFD (p <0.10), the influence of fat on interstitial
remodeling should not be dismissed. All RAAS components
and cytokines, such as interleukin and tumor necrosis factor
(TNF)-0., are secreted and regulated by the adipose tissue®.
Considering the collagen content increase in the HFD-SHR
group, compared to the C-SHR, and other evidence of cardiac
remodeling and pulmonary moisture in the WKY-HFD, it is
very likely that the HFD-SHR group developed left ventricle
diastolic dysfunction.

The echocardiographic analysis showed increased IVSDT
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and LVPWDT, indicators of myocardial hypertrophy in the
SHR-HFD. However, these findings were not associated with
morphometry, which showed that the myocyte sectional
area was unchanged by the HFD. Gerdes* points out four
factors that restrict the technique precision and may lead to
erroneous morphometrical interpretations: variability of the
tissue cutting angle, heterogeneous contractility of cardiac
fibers, considering only the measurements performed in
the nucleus and the isolated sectional area which does not
accurately reflect the degree of cellular hypertrophy. Other
procedures are needed for a more accurate assessment of
myocardial hypertrophy.

Although the WKY had increased treatment-induced
adiposity (p <0.001), we observed a slight increase in the
collagen content, with no statistical significance (p <0.10).
In the functional assessment of the WKY, the HFD reduced
the LVSD. While this finding may indicate better ventricular
emptying, this was not consistent with the shortening rate,
which was similar in the C-WKY and the HFD-WKY (Table
4). Further studies may contribute to the clarification of this
decoupling of variables.

In conclusion, in the SHR, although it did not significantly
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