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A B S T R A C T

Diabetic cardiomyopathy (DC) describes diabetes-associated changes in the structure and function of myo-
cardium that are not directly linked to other factors such as hypertension. Currently there are some models of
DC; however, they take a large time period to mimic key features. In the present study, we investigated the
effects of a short-term high-fat/high salt diet (HFHS) treatment on myocardial function and structure, and
vascular reactivity in C57BL/6 male mice. After 14weeks HFHS induced hypertension (MAP=144.95 ± 16.13
vs 92.90 ± 18.95mmHg), low glucose tolerance (AUC=1049.01 ± 74.79 vs 710.50 ± 52.57 a.u.), de-
creased insulin sensitivity (AUC=429.83 ± 35.22 vs 313.67 ± 19.55 a.u.) and increased adiposity (epidi-
dymal fat weight 0.96 ± 0.10 vs 0.59 ± 0.06 OW/BW×102), aspects present in metabolic syndrome. Cardiac
evaluation showed diastolic dysfunction (E/A ratio= 1.20 vs 1.90 u.a.) and cardiomyocyte hypertrophy (car-
diomyocyte area=502.82 ± 31.46 vs 385.58 ± 22.11 μm2). Lastly, vascular reactivity was impaired with
higher contractile response (136.10 ± 3.49 vs 120.37 ± 5.43%) and lower response to endothelium-dependent
vasorelaxation (74.01 ± 4.35 vs 104.84 ± 3.57%). In addition, the diet was able to induce an inward coronary
remodeling (vascular total area: SCNS 6185 ± 800.6 vs HFHS 4085 ± 213.7 μm2). Therefore, we conclude that
HFHS short-term treatment was able to induce metabolic syndrome-like state, cardiomyopathy and vascular
injury working as an important tool to study cardiometabolic diseases.

1. Introduction

Diabetes mellitus (DM) reduces life expectancy as a major cause of
complications such as renal failure, ischemia and myocardial infarction
[1]. Some important studies reveal that vascular complications of DM
are associated with multiple risk factors, such as obesity, hyperlipi-
demia, hyperglycemia and hypertension, parameters found in the me-
tabolic syndrome [1–3].

Diabetic cardiomyopathy (DCM) is recognized by impaired

myocardial relaxation, left ventricular stiffening, progressive develop-
ment of interstitial fibrosis and cardiomyocyte hypertrophy. Although
diabetes experimental animal models are extensively used in the lit-
erature and diabetic cardiomyopathy is known as a progressive disease
that begins early in the diabetes onset, the natural history and pro-
gression of DCM has never been directly studied [4].

It has been showed in a few studies that a diet rich in macro-
nutrients such as lipids and carbohydrates contribute to cardiometa-
bolic alterations, via increased adiposity, cholesterol and glycemic
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levels [5]. However, these diets do not induce representative alterations
of cardiovascular dysfunctions as verified in cardiomyopathy [6]. Yu
and cols [7], tested different diets with high-salt content and observed
dysfunctions in the ventricular dynamics, hindering blood ejection
force, which is common in cardiomyopathy [8]. However, the long-
term treatment required in the presented models, which varies from 20
to 30 weeks, represents an important limitation.

In this perspective, we aimed to evaluate the cardiovascular damage
of a high-fat/high-salt diet as well as the metabolic profile in mice.

2. Methods

2.1. Animals and protocols

Twenty male C57BL/6 mice (four-week-old) from the Federal
University of the Minas Gerais (Belo Horizonte, Minas Gerais, Brazil)
were kept under standard conditions (12 h light/dark cycles,
21 ± 2 °C) and with free access to chow and water. All procedures
complied with both the standards stated in the Guide for the National
Institutes of Health guide for the care and use of Laboratory animals
(NIH Publications No. 8023, revised 1978) and the Care and Use of
Laboratory als (Institute of Laboratory Animal Resources, National
Academy of Sciences, Bethesda, Md, 1996) and were conducted under
conditions approved by the local animal ethics committee, CETEA/
UFMG.

Mice were randomly divided into two groups: standard chow/
normal salt diet (NCNS), composed of 66.0% carbohydrate, 23.0%
protein, 11.0% fat and 0.2% NaCl, presenting a total of 9.13 kJ/g
(Labina-Purina®, Brazil). High-fat chow/high-salt diet (HFHS) was
composed of 26.0% carbohydrate, 14.0% protein, 60.0% fat (50% from
lard and 10% from soybean oil) and 7.25% NaCl, presenting a total of
23.38 kJ/g. Both groups were fed respective experimental diets for
14 weeks.

2.2. Measurements of body weight, food intake and tissue collection

We measured body weight (BW) and food intake once and twice,
respectively, each week during the treatment. After 14 weeks of treat-
ment mice were killed by decapitation and samples of heart; epidi-
dymal, retroperitoneal and mesenteric white adipose tissue were col-
lected and weighed to determine the organ weight (OW). Data was
expressed as OW/BW×102.

2.3. Glucose tolerance and insulin sensitivity tests

The intraperitoneal glucose tolerance tests (IPGTT) and in-
traperitoneal insulin tolerance test (IPITT) were performed in all ani-
mals of each group as described previously [37]. Briefly, D-glucose
(2mg/g body weight, ip) was injected into overnight fasted mice.
Glucose levels from tail blood samples were monitored at 0, 15, 30, 60,
and 90min after injection using an Accu-Check glucometer (Roche-
Diagnostics®, Indianapolis, USA). Insulin sensitivity test was performed
on overnight-fed mice, after intraperitoneal injection of insulin
(0.75 units/kg body weight; Sigma–Aldrich®, St. Louis, USA). Tail blood
samples were taken at times 0, 30, 60, 90 and 120min after injection
for measurement of blood glucose levels. Both tests were performed in
the last week of treatment.

2.4. Blood pressure measurements

Arterial blood pressure was measured in conscious mice at week 13
using a computerized and non-invasive tail-cuff system (CODAtm
system, Kent Scientific) following the original protocol described by
Daugherty [38]. In order to habituate the animals to the device and
reduce variations in response to stress, arterial blood pressure mea-
surements were carried out daily for one week just prior to the

experiment. The first five cycles were discarded and the average of the
15 subsequent arterial blood pressure measurement cycles was used.
We performed arterial blood pressure measurements between
2:00–5:00 pm [38].

2.5. Isometric tension measurement

We obtained rings (≈2mm) from the descending thoracic aorta,
free of adipose and connective tissue from mice immediately after sa-
crifice. We placed these rings in Krebs-Henseleit solution with the fol-
lowing composition (mM/L): NaCl 110.8, KCl 5.9, NaHCO3 25.0,
MgSO4 1.07, CaCl2 2.49, NaH2PO4 2.33, and glucose 11.51, at 37 °C, pH
of 7.4, under a tension of 0.5 g, for 1 h for equilibration. The presence of
a functional endothelium was assessed by the ability of acetylcholine
(ACh) (10−5 M; Sigma-Aldrich®) to induce>70% relaxation of vessels
precontracted with phenylephrine (Phe) (10−5 M; Sigma-Aldrich®). In
all experiments, the aortic rings were exposed twice to depolarizing
Krebs-Henseleit solution (K+ 60mM). After washout, the contractile
responses to Phe or relaxation responses to ACh and sodium ni-
troprusside (SNP) were recorded. A concentration-response curve to
Phe was recorded as percentage of the maximum contraction obtained
following tissue stimulation with high K+ using half-log concentration
increments (10−9–10−5 M). Increasing concentrations of Ach
(10−10–10−5 M) or SNP (10−11–10−6 M) were administered at half-log
increments to evaluate endothelium dependent and independent va-
sorelaxation, respectively. A selective cyclo-oxygenase inhibitor, in-
domethacin (10−6 M), was added to the Krebs' solution 30min before
the construction of a concentration–response curve. The drug-induced
responses were measured using the MacLab Chart v 7.2.1 program (AD
Instruments, Australia).

2.6. Echocardiographic analysis

Transthoracic echocardiographic examination was performed in
mice using a high-frequency, high-resolution echocardiographic system
consisting of a VEVO 2100 ultrasound machine equipped with a
30–40MHz bifrequencial transducer (Visual Sonics, Toronto, Canada).
Anesthesia was induced in mice with 5% isoflurane and maintained via
a nose cone with 1.25% isoflurane. The anterior chest was shaved and
the mice were placed in supine position on an imaging stage equipped
with built-in electrocardiographic electrodes for continuous heart rate
monitoring and a heater to maintain body temperature at 37 °C. High-
resolution images were obtained in the right and left parasternal long
and short axes and apical orientations. Standard B-mode images of the
heart and pulsed Doppler images of the mitral and tricuspid inflow were
acquired. Left ventricular dimensions and wall thickness were mea-
sured at the level of the papillary muscles in left and right parasternal
short axis during the end systole and end diastole. Left ventricular
ejection fraction, fractional shortening, and mass were measured. All
the measurements and calculations were done in accordance with the
American Society of Echocardiography. The following M-mode mea-
surements were performed: ventricular internal dimensions at diastole
(LVIDD), left ventricular internal dimensions at systole (LVIDS), left
ventricular posterior wall dimensions at diastole (LVPWD), left ven-
tricular posterior wall dimensions at systole (LVPWS), interventricular
septal dimensions at diastole (IVSDD) and interventricular septal di-
mensions at systole (IVSDS). Based on these parameters the diastolic
left ventricular volumes (EDLVV), systolic left ventricular volumes
(ESLVV), fractional shortening (FS), left ventricular ejection fraction
(EF), stroke volume (SV), and cardiac output (CO) were calculated.
Also, the radial strain from the bidimensional long axis view of the left
ventricle was performed using the Vevostrain software. The following
parameters were evaluated: velocity, displacement, strain, and strain
rate the E/A ratio was derived using the pulse wave Doppler recording
of mitral valve leaflet tips provides mitral inflow velocity patterns from
which early diastolic velocity (E), late diastolic velocity with diastolic
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contraction (A).

2.7. Histological analysis of cardiac hypertrophy

Hearts were collected, fixed in 4% (v/v) paraformaldehyde (PBS-
buffered), dehydrated, and embedded in paraffin. Heart sections (5 μm
in thickness) were stained with hematoxylin and eosin (H&E). Images of
the heart (n= 4/5 per group) were captured using a 40× objective
with a colour video camera (VKC150, Hitachi, Tokyo, Japan) connected
to a microscope (Olympus AX70, Olympus, Center Valley, PA, USA) and
analysed using an Image ProPlus 7.0. Cell area was quantified in at least
40 myocytes in five visual fields.

2.8. Statistical analysis

Analyses were performed using the GraphPad Prism 5.0 software.
Results are presented as the mean ± SEM. Comparisons between two
groups were carried out using Student t-test. Two-way ANOVA was
used for graph lines to verify the interaction between the independent
variables time and strain and was followed by Bonferroni post-test and
p values < 0.05 were considered significant.

3. Results

3.1. Body composition and food intake

The animals of both groups started with similar body weight
(SCNS=10.20 ± 1.75 vs HFHS=10.40 ± 1.64 g). The high-fat diet
intake did not induce larger body mass gains (18.30 ± 0.51 g) com-
pared to standard chow body mass gains (18.40 ± 0.50 g, Fig. 1A).
Similarly, final body weight was also similar (SCNS=28.60 ± 1.77 vs
HFHS=28.70 ± 1.94 g). On the other hand, animals of different
groups showed different feeding behavior; Animals form HFHS group
presented lower food intake (0.55 ± 0.03 vs 0.92 ± 0.07 g/day/mice,
p < 0.05, Fig. 1B) and a higher energy intake (13.00 ± 0.72 kJ/day/
mice, p < 0.05, Fig. 1C) compared to SCNS group, respectively.

Additionally, the adipose tissue analysis revealed a higher epidi-
dymal adipose tissue weight (Fig. 1D) in HFHS group (0.96 ± 0.10
OW/BW×102) than SCNS group (0.59 ± 0.06 OW/BW×102,
p < 0.05), the other areas remained unchanged, as well as other organs
examined (data not shown).

3.2. Glucose tolerance and insulin sensitivity tests

The HFHS group presented a low glucose tolerance profile (Fig. 2A);
15, 30, and 60min after D-glucose injection the blood glucose was
higher (333.50 ± 24.62; 352.17 ± 36.53 and 242.17 ± 14.17mg/
dL, respectively) than SCNS group (227.00 ± 23.27; 206.43 ± 19.89
and 156.14 ± 8.27mg/dL, respectively), resulting in an increased
AUC (1049.01 ± 74.79 vs 710.50 ± 52.57 a.u., Fig. 2B). Moreover,
decreased insulin sensitivity was observed in HFHS mice compared
with the standard chow group (Fig. 2C), the curve shows higher glucose

values in the last three times (102.83 ± 9.55; 110.50 ± 9.31 and
126.50 ± 6.78mg/dL, respectively) than the SCNS group
(58.67 ± 3.53; 67.33 ± 9.27 and 74.16 ± 9.17mg/dL, respectively)
as well as a higher AUC (429.83 ± 35.22 vs 313.67 ± 19.55 a.u.) as
shown in Fig. 2D.

3.3. Blood pressure

After 14 weeks of diet treatment the animals of HFHS group had a
high systolic (176.00 ± 18.91mmHg) and diastolic
(128.57 ± 16.95mmHg) blood pressure and consequently a high
mean blood pressure (144.95 ± 16.13mmHg) than the SCNS group
(119.13 ± 17.50; 79.95 ± 18.71; 92.90 ± 18.95mmHg, respec-
tively, p < 0.05, Fig. 3).

3.4. Cardiac analysis

The echocardiographic examination showed an alteration on E/A
ratio (Fig. 4A); while the SCNS group presented 1.90 ± 0.19 and HFHS
group ratio was 1.20 ± 0.11, a significant decrease (p < 0.05). De-
spite the decrease in cardiac output (Fig. 4B) of HFHS group the change
was not significant compared to SCNS group. Similar results were found
in the analysis of left ventricle end-diastolic and end-systolic diameter
(Fig. 4C and D). The analysis of left ventricular end-diastolic and end-
systolic posterior wall dimension showed an increase in both (Fig. 4E
and F), but only in end-systole was the HFHS significantly different
from the SCNS group (1.20 ± 0.06 vs 1.05 ± 0.022mm, respectively,
p < 0.05). Left ventricular end-diastolic and end-systolic volumes are
also not changed by HFHS feed (Figs. 4G and H, 5).

Histological findings suggest abnormalities in the heart.
Cardiomyocytes area of left ventricular tissue in HFHS group
(502.82 ± 31.46 μm2) was substantially greater when compared to the
SCNS group (385.58 ± 22.11 μm2, p < 0.05, Fig. 6B). Additionally, in
HFHS mice, the left ventricular internal diameter was increasing,
however not different to control group; similarly, the left ventricle wall
was similar for both groups (Fig. 6C and D). It is important to note an
excessive presence enlarged nuclei, as occur in cardiac hypertrophy
(Fig. 6A).

3.5. Vascular reactivity

The vascular response assessed in rings with functional endothelium
using Phe (10−9–10−5 M) are illustrated in Fig. 7A. In the HFHS group
the maximum effect of Phe was increased compared to SCNS group
(136.10 ± 3.49 vs 120.37 ± 5.43%, respectively, p < 0.05) as well
as the potency indicated by pD2 (6.85 ± 0.03 vs 6.49 ± 0.04 re-
spectively, p < 0.05). Furthermore, HFHS group showed a decrease in
relaxation induced by Ach (Fig. 7B), as shown by the lower value of
Emax=74.01 ± 4.35% and pD2=7.09 ± 0.08 when compared to
SCNS (Emax= 104.84 ± 3.57% pD2=7.36 ± 0.04). The con-
centration-response curve to SNP was similar to in both groups (data
not shown).

Fig. 1. Body profile. Data are shown as means ± SEM. *p < 0.05 when compared to SCNS. SCNS: standard chow/normal salt diet (n= 6). HFHS: Short-term high-
fat/high salt diet (n= 7).
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4. Discussion

The main findings of the present study reported that a short high-
fat/high-salt chow treatment was able to induce a characteristic profile
of metabolic syndrome, including hypertension, low glucose tolerance,
decreased insulin sensitivity and increased adiposity. Indeed, the car-
diovascular functional analyses revealed a decreased E/A ratio and
damage to vascular reactivity.

The main findings of the present study exemplify the progression of
the diabetic cardiomyopathy disease alterations. These findings might
be justified by the high-fat diet effects, which induces body weight gain
and consequently increased adiposity. An increased body fat mass
promotes the exacerbated secretion of adipokines that are correlated
with insulin resistance, glucose tolerance as well as the specific tissue
alterations found in metabolic syndrome [9]. Cardiac muscle alterations
may also be observed, thus explaining the increasing number of car-
diomyopathies [10].

In this context, the use of experimental models are needed for the
treatments comprehension and propositions. There is a variety of

0 30 60 90 120

20

40

60

80

100

120

140

160

SCNS

HFHS

*

*
*

Time (min)

S
e
r
u

m
 
g

l
u

c
o

s
e
 
(
m

g
/
d

L
)

SCNS HFHS

0

100

200

300

400

500 *

A
U

C

SCNS HFHS

0

500

1000

1500

*

A
U

C

0 15 30 60 90

0

100

200

300

400

500

SCNS

HFHS
* *

*

Time (min)

S
e
r
u

m
 
g

l
u

c
o

s
e
 
(
m

g
/
d

L
)

A B C D
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Fig. 3. Blood pressure compared at the end of treatment. Data are presented as
means ± SEM. *p < 0.05 when compared to SCNS. SCNS: standard chow/
normal salt diet (n=6). HFHS: short-term high-fat/high salt diet (n=7).
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animals with genetic-specific (Knockouts) or high-fat and high-carbo-
hydrate diets-induced alterations. However, these models have limita-
tions, such as the specificity of alterations found in genetically modified
experimental animals and the high-macronutrients content in diet-in-
duced models, besides the fact that several models do not induce a
satisfied number of dysfunctions, such as cardiovascular [11]. On the
other hand, high-salt diets lead to cardiac hypertrophy elevated systolic
blood pressure and cardiac dysfunction; furthermore, they induce ar-
terial wall thickening, collagen and fibronectin deposition, as well as

the hypertrophy of vascular smooth muscle cells (VSMC). All these
changes affect arterial structure and function by altering the char-
acteristics of VSMC and endothelial cells [12,13]. However, the in-
duction time is very long, varying from 20 to 30 weeks, in addition to
the very high-NaCl levels observed [5,6]. In the present study the
characterization of the high-fat and salt model evidenced alterations in
the biophysical, glycemic cardiac and endothelial profiles after 14 days
of treatment with a high-fat diet enriched with 7.25% of salt.

Nevertheless, we observed small increase in the deposition of

Fig. 5. Representative transmitral pulsed-wave Doppler of a (A) SCNS animal, showing a normal early (E) and late (A) mitral valve inflow waves and a (B) HFHS
animal with an abnormal early (E) and late (A) mitral valve inflow waves. SCNS: standard chow/normal salt diet (n=6). HFHS: short-term high-fat/high salt diet
(n=7).

Fig. 6. Histological analysis of cardiac morphology. (A)
Top panel microphotographs are typical cross-sections of
heart of SCNS and HFHS mice (B) cardiomyocyte area
from SCNS and HFHS group. (C) and (D) Left ventricle
(lumen) diameter and wall thickness, respectively. Data
are presented as means ± SEM. *p < 0.05 when com-
pared to SCNS. SCNS: standard chow/normal salt diet
(n= 6). HFHS: short-term high-fat/high salt diet
(n= 7).
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visceral fat in animals treated with high-fat/salt diet. Considering that
the HFHS diets has a significantly higher energy value than the SCNS
diet, the consumption of the saturated fat diet was slightly lower, al-
though not enough to compensate, resulting in higher energy con-
sumption in the HFHS group. Hypertension is another key feature in
metabolic syndrome and the role of insulin in regulating blood pressure
has been demonstrated. Initially, insulin resistance was directly corre-
lated with the severity of hypertension [14]. Furthermore, insulin re-
sistance can lead to the development of hypertension by impairing
vasodilation induced by nitric oxide [15]. In addition, insulin also in-
creases the activity of the sympathetic nervous system [16]. Lastly,
fatty acids themselves can mediate relative vasoconstriction [17].
Clearly, there is sufficient evidence that metabolic changes are linked to
hypertension; however, few studies have focused on hypertension as
the possible cause for these metabolism alterations. Moreover, hy-
pertension models have shown drawbacks, high-fat diets, for example,
have variable effects on C57BL/6J mice and can neither induce al-
terations on blood pressure nor induce slight increases (10–15mmHg)
[18].

Both high-fat diets and diets rich in salt induce cardiac morpho-
functional modifications [19]. Myocardial metabolic remodeling plays
a key role in cardiac diseases, as do ventricular hypertrophy and dia-
betic cardiomyopathy. Despite its complexity, few studies have tried to
unravel the mechanism by which diabetes affects the morphology and
structure of the heart. Some reports link type 2 diabetes to a dis-
proportionate increase in left ventricular wall mass [20,21]. A few
studies have also investigated the Epicardial Adipose Tissue (EPA) in
experimental animal models, although scarce in the literature. The EPA
influence on cardiovascular dysfunction has been pointed in the lit-
erature [22,23]. We believe that this tissue may possibly have influence
on diabetic cardiomyopathy, although more specific studies should be
performed to clarify this relationship.

Regarding salt diets, some studies show cardiomyocyte hypertrophy
and interstitial fibrosis occurring independently of the effect on arterial
blood pressure, and possibly due to cardiac Renin-Angiotensin System
activation [24]. Several studies have pointed out the evidence of left
ventricular remodeling and hypertrophy in diabetes mellitus, irrespec-
tive of the coexistence of concomitant risk factors. Besides, the former
has been described as an early sign of this diabetic diastolic dysfunction
heart muscle disease preceding the systolic damage [25].

Echocardiography is well known as a noninvasive and inexpensive
tool to evaluate changes in heart structure/function that are echogenic.
Using the mitral valve blood inflow, it is possible to measure the dia-
stolic function in the heart through a pulsed-wave Doppler, also known
as transmitral Doppler. Transmitral Doppler generates several indices
for the analysis of diastolic function, using blood flow characteristics of
high frequency and low amplitude [26]. Among all variables derived

from transmitral Doppler, we highlight the early ventricular filling
wave (E-wave) and late ventricular filling wave (A-wave), reported as
the E/A ratio. In addition to this parameter, the isovolumic relaxation
time, E-wave peak velocity, E-wave deceleration time and A-wave
duration can also be extracted [27]. The results obtained from the
HFHS diet showed a considerable decrease in the E/A ratio, which re-
sults from an early decrease and late increase in diastolic flow, a
characteristic of diastolic dysfunction and an early manifestation of
diabetes mellitus in the myocardium [26].

In type 2 diabetes models, diabetic cardiomyopathy is characterized
by early impairments in diastolic dysfunction, but it is also accom-
panied by structural abnormalities such as cardiomyocyte hypertrophy,
myocardial fibrosis, and increased cardiomyocyte apoptosis [28]. Our
results also match previous findings; the HFHS diet induces an increase
in the cardiomyocyte area, but no changes in other parameters [29]. In
addition, Candemir et al. found in their work that negative remodeling
was more prevalent in diabetic patients and Delbin and Trask, found in
their study that models of diabetes and metabolic syndrome that cor-
onary arteries showed inward hypertrophic remodeling [30,31]. How-
ever, we consider diet combination to contribute to the deleterious
effects found on the heart. Thus, the all of the cardiac analyses indicate
that treatment with the HFHS diet, even for a short period (14 weeks)
was able to induce major findings of diabetic cardiomyopathy, such as
diastolic dysfunction and cardiomyocyte hypertrophy.

High-fat diet models as well as obesity have been implicated in the
increase of endothelial vasoconstrictors and growth factors ET-1,
prostanoid endothelium-derived vasoconstriction factor/thromboxane
A2/prostaglandin H2 (EDCF), angiotensin II (Ang II) and superoxide
anion, which lead to endothelial dysfunction, oxidant stress, and stroke
in multiple experimental models and in human populations. It has also
been demonstrated that endothelial dysfunction contributes to the de-
velopment of hypertension in high-fat diet models [32].

High-salt diet is known to induce and maintain hypertension in
animal models of hypertension and in humans, on which the main
contributor to its genesis is the endothelial dysfunction, in particular
the altered vascular reactivity due to impairment in NO production.
Also, an increased superoxide production occurs in vasculature, re-
sulting in increased oxidative stress and reduced NO bioavailability
[33].

In fact, the results of this study support the evidence that diets
containing high levels of NaCl induce sustained increases in blood
pressure. Furthermore, Phe induced contraction of rings of the HFHS
group, in a more intense way and with maximum effect compared with
the SCNS group. Vascular remodeling has been reported as a potential
cause of increase of vascular reactivity to α1-adrenergic receptor ago-
nists, involving a decrease of endothelium-derived relaxing factor NO as
well as overexpression of proteins and receptors on the vascular smooth

Fig. 7. Evaluation of vascular reactivity in aorta ar-
tery rings. (A) Concentration–response curve to Phe
and (B) concentration–response curve for Ach in rings
with functional endothelium. Data are presented as
means ± SEM. *p < 0.05 when compared to SCNS.
SCNS: standard chow/normal salt diet (n=6). HFHS:
Short-term high-fat/high salt diet (n=7).

L.G. Mendes-Junior et al. Life Sciences 209 (2018) 341–348

346



muscle related to contraction [34,35]. At the same time, HFHS diet
treatment leads to a reduction in relaxation induced by Ach, a mus-
carinic agonist receptor. These receptors are present in the vascular
endothelium and their activation culminates in the release of NO. Thus,
the reduction in the maximum effect and potency of ACH observed in
this work means an impairment of NO bioavailability.

The main findings reported in the present study might contribute to
the understating of cardiomyopathy-associated factors evolution, in-
cluding dietary and lifestyle habits that are associated with a cardio-
metabolic profile worsening. The presented model allows the study of
the processes that leads to acute cardiomyopathy. The mice age used is
an important characteristic to be carefully studied, and in our study
young animals were used as the metabolic alterations are more easily
observed in these animals, even without significant alterations of body
weight [36]. Other approaches aimed to study the cardiomyopathy
chronic state should be performed to verify more pronounced effects
not observed in our study. A potential limitation of our study is the
absence of a mechanistic investigation of the diets effects on cardio-
vascular dysfunction, thus requiring further investigations to clarify the
potential mechanisms involved.

5. Conclusions

Our results show that high-fat diets and diets rich in salt are able to
develop injuries to the cardiovascular system. As an innovation, the
present study shows the association of high fat and salt accelerates
cardiac and vascular damage in mice. Several references show that
special diets, such as high fat, produce the first signs of cardiomyopathy
after 20 weeks. After 14 weeks the HFHS diet induces glucose tolerance
and insulin sensitivity impairment; hypertension; diastolic dysfunction;
an increment in cardiomyocyte size and impaired vascular reactivity.
This model helps to characterize the issue by adding the main features
of metabolic syndrome, being useful for further studies of cardiometa-
bolic diseases.
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