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Abstract: Myocardial fibrosis may be an important contributor to the association of insulin-resistance with cardiac
dysfunction. This study aimed to investigate the effects of telmisartan on cardiac function and myocardial type |
collagen of insulin-resistant rats. Wistar rats were divided into control, control + telmisartan, insulin-resistant, and
insulin-resistant + telmisartan groups. After 34 weeks of intervention, carotid catheterizations were performed to
measure left ventricular end diastolic pressure (LVEDP), left ventricular systolic pressure (LVSP), maximum rise
rates of left ventricular pressure (+dP/dtmax), and maximum drop rates of left ventricular pressure (-dP/dtmax).
Masson'’s staining was used for analysis of myocardial collagen. RT-PCR was used to analyze expression of myocar-
dial type | collagen mRNA. Western blot was employed to analyze expression of myocardial type | collagen, AT1R,
ERK1/2, TGF-B1, and p-Smad2 and p-Smad3 proteins. The insulin-resistant group had increased LVEDP, decreased
-dP/dtmax (P<0.01), and increased collagen volume fraction of the left ventricle (P<0.01). Expression of myocardial
type | collagen mRNA and proteins in the insulin-resistant group increased significantly (P<0.05), while expres-
sion of ATAR, ERK1/2, TGFB1, and pSmad2/3 in myocardium increased significantly (P<0.05). No corresponding
alterations were found in control groups. The insulin-resistant + telmisartan group had decreased LVSP and LVEDP
(P<0.01) and increased dP/dtmax (P<0.05), along with decreased left ventricle collagen volume fraction (P<0.01),
compared to the insulin-resistant group and control + telmisartan group. Expression of myocardial type | collagen
mRNA and proteins decreased significantly (P<0.05), while expression of AT1R, ERK1/2, TGFB1, and pSmad2/3
in myocardium decreased significantly (P<0.05). Insulin resistance may reduce heart diastolic function by increas-
ing myocardial collagen deposition. TGF-B1/ERK1/2/pSmad2/3 signaling pathways play an important role on this.
Telmisartan can improve myocardial fibrosis in insulin-resistant rats. The effects are independent of temisartan’s
depressurization function.
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Introduction diabetic patients will die of cardiovascular dis-

eases [4, 5], including patients in China [6].
Insulin resistance is a pathological condition in

which the cells fail to respond correctly to physi- Insulin resistance can cause abnormal heart

ological levels of insulin. In the case of insulin
resistance, the cells fail to respond to insulin,
leading to high blood glucose levels [1]. Insulin
resistance is a major metabolic abnormality,
driving the risk of cardiovascular diseases inde-
pendently of type 2 diabetes [2, 3]. The even-
tual development of type 2 diabetes will further
increase cardiovascular risks. About 70-80% of

function, mainly manifesting as diastolic dys-
function [7, 8]. Angiotensin Il not only promotes
the development and progression of cardiovas-
cular disease, but also plays a significant role
during the development of insulin resistance
[9]. Indeed, animal studies of insulin-resistance
have shown that elevated angiotensin Il in local
tissues increases the reactive oxygen free radi-
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cals, resulting in vascular inflammation, insulin
resistance, myocardial apoptosis, and ventricu-
lar remodeling [10]. However, this process can
be reverted by selective AT1 receptor antago-
nists, such as telmisartan [11] and PPAR-y par-
tial agonists [12-15]. Previous studies have
shown that telmisartan reduces unfavorable
cardiac remodeling through reduced cardiac
hypertrophy and fibrosis [16]. These effects are
achieved through anti-inflammation, activation
of PPAR-y, inhibition of matrix metalloprotein-
ases, and suppression of angiotensin Il activity
[16, 17]. Along with a deepened understanding
of the pathological mechanisms of heart failure
and insulin-resistant cardiomyopathy, the rol-
es of interstitial remodeling in insulin-resistant
cardiomyopathy have attracted increasing at-
tention. However, the exact mechanisms re-
main to be elucidated. Abnormal myocardial
collagen metabolism is an important part of
myocardial interstitial remodeling [18, 19].

Therefore, the aim of the present study was to
examine the effects of telmisartan on intersti-
tial remodeling in rats with diet-induced insulin-
resistant cardiomyopathy. Present results may
provide a theoretical basis for management of
myocardial remodeling in insulin resistance, im-
proving patient prognoses.

Materials and methods
Animals

Thirty-six specific pathogen-free Wistar rats
(males, 100-120 g, Beijing Vital River Labora-
tory Animals, Beijing, China) were fed at the
Laboratory Animal Center of the Department of
Medicine, Xi’an Jiao Tong University, at 22+2°C.
There was a relative humidity of 50%, with free
access to water and food and a 12/12 hour-
light-dark cycle. All procedures and animal ex-
periments were approved by the Animal Care
and Use Committee of Xi'an Jiao Tong University.

Grouping and intervention

The animals were randomized to two groups:
one given a normal diet (n=18, total calories
13.4 kJ/g, of which fat represented 10.2%, pro-
teins 23.3%, and carbohydrates 66.5%) and
the other was given a high-fat and high-glucose
diet (n=18, total calorie 36.8 kJ/g, aside to
basic feed, the rats were given additional la-
rd, egg yolk, glucose and pig bile, with glucose
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accounting for 40.2% of the total calorie,
fat 29.0%, proteins 7.0%, and carbohydrates
23.8%). Rats with a normal diet were taken as
controls. After 12 weeks of feeding, glucose tol-
erance tests were performed to examine
whether the insulin-resistant rat model was
established. Insulin resistance (IR) was deter-
mined as HOMA-IR >2.5 and ISI <-4.48 [20,
21]. The HOMA insulin resistance index was cal-
culated as fasting blood glucose level (mmol/L)
x fastinginsulin level (ulU/ml)/22.5). After mod-
eling, insulin-resistant rats in the high-fat and
high-glucose groups were further randomized
to the insulin-resistant and telmisartan groups.
Controls were randomized to the control and
control + telmisartan groups. The insulin-resis-
tant + telmisartan group and the control +
telmisartan group were given telmisartan
(Dawnrays Pharmaceutics, Suzhou, China) at 8
mg/kg/d (the dose for rats weighing 200 g
could be calculated as the adult dosage x the
conversion coefficient of 0.02). Control and
insulin-resistant groups were administrated
with an equal amount of PBS with 5 g/L car-
boxymethyl cellulose (Sunhere Pharmaceutical
Excipients, Anhui, China).

Rat hemodynamics

After 34 weeks of dietary intervention, carotid
catheterizations were performed to measure
the hemodynamics of the rats, including left
ventricular systolic pressure (LVSP), left ven-
tricular end diastolic pressure (LVEDP), maxi-
mum rates of rise of left ventricular pressure
(+dp/dtmax), and maximum rates of drop of left
ventricular pressure (-dp/dtmax).

Left ventricular mass index (LVMI) of the rats

Chests of the rats were opened immediately af-
ter measuring hemodynamics. Blood samples
were taken from the thoracic aorta. The hearts
were isolated, washed by PBS (pH 7.4, 4°C, 0.1
mol/L) three times, dried with filter paper, and
weighed. The atriums and ventricles were sepa-
rated along the mitral annular plane. The atri-
ums and right ventricles were separated along
the interventricular septum, while the left ven-
tricles and interventricular septum were re-
tained. The weight was the left ventricular wei-
ght (LVW). The left ventricular mass index (LVMI
= LVW/body weight x 100%) was used to reflect
the degree of myocardial hypertrophy. For mor-
phological observation of cardiomyocytes and
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interstitial fibers, myocardial tissues sampled
from the left ventricles were fixed in 10% poly-
oxymethylene at 4°C for 12 hours. This was fol-
lowed by routine paraffin embedding and sec-
tioning. Left tissue samples were preserved in
liquid nitrogen for future use.

Morphological observation and quantitative
analysis of myocardial collagen in rat left ven-
tricles

The myocardial tissues were fixed, paraffin-
embedded, and sectioned to 5 ym. After Ma-
sson’s staining, the cardiomyocytes showed
red. The collagen showed blue. Using an auto-
matic image analyzer (Olympus, Tokyo, Japan),
the collagen volume fraction (CVF, the area of
collagen/the area of measured field), as well as
the vessel-surrounding collagen volume frac-
tion (VSCVF, the area of perivascular collagen/
the area of measured field), was measured. For
each sample, one section was chosen. The
average values of four random fields were used.

Detection of serum/tissue Ang Il/ALD

Plasma and myocardial tissue ANGII and ALD
were determined by radioimmunoassay. The
125 Angiotensin Il RIA Kit was purchased from
Beijing North Institute of Biological Technology
(Beijing, China).

RT-PCR

Total RNA was extracted with TRIzol Reagent
(Invitrogen Inc., Carlsbad, CA, USA), according
to manufacturer instructions. Reverse transc-
ription was conducted as recommended by the
manufacturer (TaKaRa, Otsu, Japan). Primer se-
quences were: type | collagen gene forward
5-GTT CGT GGT TCT CAG GGT AG-3’ and reverse
5-TTG TCG TAG CAG GGT TCT TT-3’ (SBS
Genetech Co., Ltd., Beijing, China); and GAPDH
forward 5-TCC CTC AAG ATT GTC AGC AAT G-3’
and reverse 5'-AGA TCC ACA ACG GAT ACATTG
G-3’ (Biological Engineering Technology, Shang-
hai, China). The PCR reaction was carried out in
the presence of reverse transcribed product,
upstream and downstream primers, dNTPs, 1 x
PCR buffer, MgCl,, and Tag DNA polymerase.
The total volume of the reaction was 20 ul. PCR
was conducted according to the following pa-
rameters: pre-denaturation at 92°C for 1 min-
ute, denaturation at 92°C for 30 seconds, an-
nealing at 56°C for 30 seconds, and extension
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at 68°C for 2 minutes. A total of 25 cycles were
performed and a final extension was carried
out at 68°C for 7 minutes. PCR products (8 ul)
were separated by 2% agarose gel electropho-
resis. The gray value for each band was mea-
sured using the gel image analysis system (Bio-
Rad, Hercules, CA, USA). Type | collagen/GAPDH
ratios indicated relative levels of type | collagen
MRNA.

Western blotting

Proteins were extracted from left ventricular
muscles by lysis buffer and phosphatase in-
hibitors (Beyotime Biotechnology, Shanghai,
China). Protein concentrations were measured
using a BCA assay kit (Beyotime Institute of
Biotechnology, Shanghai, China). For Western
blotting, equal amounts of protein (50 ug/lane)
were separated by SDS-PAGE. After polyvinyli-
denedifluoride (PVDF) membranes (Millipore
corp., Billerica, MA, USA) were blotted with pro-
teins, they were blocked and incubated with the
corresponding primary antibodies overnight at
4°C. Antibodies were: AT1R, ERK1/2, and TGF-
B1 antibodies (all 1:500; R&D Systems,
Minneapolis, MN, USA); p-Smad2 and p-Smad3
antibodies (all 1:500; Cell Signaling, Danvers,
MA, USA); and rat type | collagen antibody
(1:500; Abcam, Cambridge, MA, USA). After the
PVDF membranes were incubated with appro-
priate secondary goat anti-mouse I1gG antibod-
ies (all 1:8000; Santa Cruz Biotechnology,
Santa Cruz, CA, USA), protein bands were visu-
alized by enhanced chemiluminescence (ECL
Plus) (Thermo Fisher Scientific, Waltham, MA,
USA). Intensities of the digitally detected bands
were evaluated by densitometry using Image-
Pro Plus software (National Institutes of Health,
Bethesda, MD, USA).

Statistical analysis

Statistical analysis was performed using SPSS
16.0 (SPSS Inc., Chicago, IL, USA). Continuous
data are presented as mean + standard devia-
tion. Multi-group comparisons were made using
ANOVA, with Tukey’s post hoc test (normally dis-
tributed) or the Kruskal-Wallis test (non-para-
metric). If the data met normal distribution,
Pearson’s correlation was performed for corre-
lation analysis. Otherwise, Spearman’s correla-
tion was used. Two-sided P-values <0.05 indi-
cate statistical significance.
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Table 1. Metabolic parameters of the three groups

m:gs)(/g) FBG (mM) (anI/NrfL) HOMA-IR TC (mM) TG (mM)  LDL-C (mM) HDL-C (mM)
Con 672119 2.49+0.34 19.7+2.4  2.16+0.19 3.43+0.67 0.87+£0.17 0.84+0.27 1.89+0.51
ConT 667+21 2.17+0.25 21.4+2.0 2.36+0.27 3.01+0.45 0.96+0.24 0.82+0.21 1.74+0.43
IR 761+35%¢ 6.35+0.45*¢ 80.0+6.8*° 23.03+1.24%°¢ 4.66+1.47%°¢ 0.92+0.30 1.79+0.25*¢ 2.08+0.22
IRT 685+19* 3.06+0.35° 20.3+1.9° 5.73+0.73%**¢ 4.50+0.55*° 0.89+0.23 1.63+0.172¢ 1.94+0.49

2P<0.05 vs. Con, "P<0.05. vs. IR, °P<0.05. vs. ConT. FBG: fasting blood glucose; FINS: fasting insulin; HOMA: homeostasis
model assessment; TC: total cholesterol; TG: triglyceride; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipopro-
tein cholesterol; Con, control group; ConT, control, and telmisartan group; IR, insulin resistance group; IRT, insulin resistance,

and telmisartan group; n=9.

Results

High-fat diet-induced insulin resistance rat
model

Body mass, fasting blood glucose, fasting insu-
lin, HOMA-IR, total cholesterol, and low-density
lipoprotein cholesterol were significantly higher
in insulin-resistant rats than in control rats (all
P<0.05), but there were no significant differ-
ences in triglycerides and high-density lipopro-
tein cholesterol (all P>0.05). In the IRT group,
the HOMA-IR was lower than in IR rats (P<0.05).
In the ConT group, the HOMA-IR was not signifi-
cantly different from the control group. Fasting
blood glucose and fasting insulin were signifi-
cantly reduced, close to normal levels (P<0.05
vs. the control group). Present data supports a
role for telmisartan in insulin resistance (Table
1).

Cardiac function changes in high-fat and high-
glucose diet-induced insulin-resistant rats

A significant increase in heart rates was ob-
served in rats fed with the high-fat and high-
glucose diet, compared to rats fed with a nor-
mal diet (P<0.05). Left ventricular mass, left
ventricular mass index, systolic blood pressure,
and diastolic blood pressure showed no signifi-
cant changes among groups (P>0.05). Present
results suggest that the basic cardiovascular
features of insulin-resistant rats had not yet
been affected. Moreover, compared with the
control group, the LVDEP of rats in the IR group
was increased (P<0.05), while diastolic func-
tion abnormalities started to appear (decrea-
sed -dp/dtmax; P<0.05). These results suggest
that the diastolic function of the hearts was
impaired in the state of insulin resistance.
Additionally, non-statistically significant com-
pensatory increases appeared in the myocar-
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dial contractile function of rats in the IR group
(P>0.05).

Compared with the control group, systolic blood
pressure and diastolic blood pressure were
decreased by telmisartan (P<0.05). Heart rates
and left ventricular mass showed a downward
trend, compared to those of the IR group, but
there were no significant differences (P>0.05)
in left ventricular mass index. It was found that,
in the IRT group, telmisartan slightly reduced
the LVSP and LVDEP was significantly improved
(compared with the IR group; P<0.05). These
appearances did not exist in the ConT group.
Telmisartan significantly corrected diastolic
function abnormalities in the insulin-resistant
group (P<0.05). This means that there is anoth-
er way telmisartan could improve insulin resis-
tant rat cardiac function that is not dependent
on antihypertensive effects. There were no sig-
nificant differences in LVSP, LVDEP, maximum
rising rates of LVSP, and -dp/dtmax, compared
with the control group (P>0.05) (Table 2).

Telmisartan attenuated myocardial fibrosis in
high-fat and high-glucose diet-induced insulin-
resistant rats

The rat model of continuous high-fat and high-
glucose diet showed a greater degree of cardi-
ac fibrosis than controls, according to Masson’s
staining (Figure 1A-C). Normal myocardial tis-
sue was red, while the blue collagen compo-
nent appeared in the myocardial interstitium in
IR rats. Interstitial fibrosis was partly alleviated
by telmisartan. In the ConT group, telmisartan
has no significant effects on myocardial inter-
stitial fibrosis. Myocardial interstitial fibrosis
could limit myocardial diastolic function. The
CVF of the IR group was higher, compared with
the control group (13.55+1.54 vs. 5.95+0.98,
P<0.05). Telmisartan significantly reduced the
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Table 2. Cardiac function testing in the three groups

HR (b.p.m) LVM (mg) LVMI (mg/g) SBP (mmHg) DBP (mmHg) LVSP (mmHg) LVDEP (mmHg) +dp/dtmax (mmHg) -dp/dtmax (mmHg/s)
Con 292.20+£30.12 1288.01+162.50 1.92+0.23 106.30+4.28 62.11+2.18 114.91+9.41 -7.23+1.16 6145.01+510.17 5530.01+520.53
ConT  301.40+27.12 1347.01+149.30 1.984+0.41 89.42+3.64° 55.24+3.48° 117.51+7.59 -6.98+0.87 6041.41+494.37 5498.75+504.37
IR 355.60+£30.80°¢ 1304.12+198.07 1.89+0.22 108.67+3.71 65.77+2.89 115.24+9.01 0.72+0.50*¢  5940.021+575.75 4517.04+663.48%¢

IRT 302.06+27.41° 1101.42+129.43° 1.85+0.31 92.704+5.39ab*®  49.37+3.72*"  105.25+8.47°  -6.56+0.52° 6193.33+478.82 5153.32+422.41°

aP<0.05 vs. Con, ®P<0.05. vs. IR, °P<0.05. vs. ConT. HR: heart rate; LVM: left ventricular mass; LVMI: left ventricular mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; LVSP: left ventric-
ular systolic pressure; LVDEP: left ventricular end-diastolic pressure; +dp/dtmax: maximum rising rate of LVSP; -dp/dtmax: maximum descent rate of LVSP; Con, control group; ConT, control, and telmisartan
group; IR, insulin resistance group; IRT, insulin resistance and telmisartan group; n=9.
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Figure 2. Real-time PCR analysis of mRNA levels of
procollagen type | («1) in the four groups. Telmis-
artan reduced the mRNA of procollagen type | (al)
at the transcriptional level in the insulin-resistant
group, but not in the control group. "p<0.05. Con,
#P<0.05 vs. IR.

degree of myocardial fibrosis in IR rats
(11.31+£2.21 vs. 13.55+1.54, P<0.05) (Figure
1D). The ConT group showed no significant dif-
ferences in CVF%, compared with the control
group (5.95+0.98 vs. 5.14+0.86, P<0.05).

Changes in mRNA levels of procollagen type
l'in high-fat and high-glucose diet-induced
insulin-resistant rats

This study detected mRNA levels of procolla-
gen type | (ol chain) at the transcriptional level.
Compared with the control group, mRNA levels
of procollagen type | in the IR group were
increased significantly (P<0.05), whereas pro-
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Figure 1. Degrees of myocardial fibrosis in the
four groups. A-D. Myocardial Masson’s staining
of four group rats. Myocardium is shown in red
and collagen is shown in blue (x 200). E. Com-
parison of collagen volume fraction (CVF%) of
the four groups of rats. n=9, “p<0.05. Con,
#P<0.05 vs. IR.

collagen type | mRNA in the IRT group was
decreased significantly, compared with the IR
group (P<0.05) (Figure 2).

Relevant parameters of RAAS in high-fat diet-
induced insulin-resistant rats

Ang Il and ALD levels were measured in rat myo-
cardium and plasma. Levels of Ang Il and ALD in
the IR group rats myocardium and plasma were
elevated, compared with the control group
(P<0.05). Telmisartan, a blocker of the renin-
angiotensin-aldosterone system (RAAS), led to
decreased ALD expression levels in the myo-
cardium and plasma, compared with the IR
group. However, compared with the IR group,
Ang Il levels in myocardium showed a down-
ward trend (P<0.05), but not in plasma
(P>0.05). This phenomenon suggests that
telmisartan, locally, played a crucial role in the
myocardium (Table 3). Telmisartan downregu-
lated expression of ATAR proteins (Figure 3).

Effects of telmisartan on myocardial fibrosis
via ERK1/2/TGF-B1 signaling pathways in
high-fat diet-induced insulin-resistant rats

The phosphorylation of extracellular signal-reg-
ulated kinase 1/2 (ERK1/2) in the IR group was
significantly increased, compared with the con-
trol group (P<0.05). Transforming growth fa-
ctor-B1 (TGF-B1) and its downstream signaling
proteins p-Smad2/3 were increased signifi-
cantly (P<0.05). Moreover, compared with the
control group, expression of myocardial colla-
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Table 3. Angiotensin Il and ALD levels in the three groups

Long-term high-energy intake

and hyper-insulinemia can

Serum Tissue ! ) )
Angll (pgmliY)  ALD (pgml)  Angll (pgml)  ALD (pg mi) lead to insulin resistance (1,
22]. High fat diets can lead to
Con  133.4+215  556.1£25.1 68.846.2 51.815.2 : ) ,
ConT 189.4+295  497.1+35.1 70.5+4.2 48.9+6.4 increases in_expression  of
° s e g s IRS-1, AKT, and GLUT4 [1, 22].
IR 439.3:30.4°  962.6+68.3 132.719.5 96.218.8 Long.term high-fat diets not
IRT  476.9+27.2°  593.4+30.2° 74.1+6.1° 56.247.9°

only cause obesity-related

aP<0.05 vs. Con, °P<0.05. vs. IR, °P<0.05. vs. ConT, Ang II: angiotensin II; ALD:
aldosterone; Con, control group; ConT, control and telmisartan group; IR, insulin
resistance group; IRT, insulin resistance and telmisartan group; n=9.
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Figure 3. AT1R protein expression changes in the three groups. Telmisar-

tan (TEL) could significantly reduce myocardial AT1R protein expression of IR

rats. (n=9, "P<0.05 vs. Con, #P<0.05. vs. IR).

gen | proteins showed a significant increase in
IR groups (P<0.05). It was found that expres-
sion of myocardial TGF-B1 and collagen | pro-
teins in the telmisartan group was significantly
reduced, compared with the IR group (P<0.05).
Phosphorylation of ERK1/2 and Smad2/3 was
also decreased (P<0.05), but still higher than in
controls (P<0.05) (Figure 4).

Discussion

Abnormal myocardial collagen metabolism is
an important part of myocardial interstitial
remodeling [12, 15, 19, 22]. However, with
insulin resistance, researchers have no idea
how the pathways act on remodeling. Therefore,
this study aimed to examine the effects of the
TGF-B1/ERK1/2/pSmad2/3 signaling path-
ways on interstitial remodeling in rats with diet-
induced insulin-resistant cardiomyopathy. Pre-
sent results suggest than insulin resistance
could activate AT1 receptors, promote myocar-
dial type | collagen synthesis, increase myocar-
dial collagen deposition, and reduce heart dia-
stolic function. Telmisartan may improve insulin
resistance, decrease collagen deposition, and
improve cardiac diastolic function by TGF-B1/
ERK1/2/pSmad2/3 signaling pathways.
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Cardiomyocyte extracellular
matrix is a stable three-di-
mensional network structure
regulated by collagen synthesis and degrada-
tion in a dynamic balance under mechanical or
chemical stress stimuli. If the dynamic balance
is broken, this can lead to myocardial intersti-
tial collagen deposition, resulting in myocardial
interstitial remodeling [26, 27]. Myocardial col-
lagen is mainly composed of type | and type llI
collagen fibers. In the high-fat and high-glucose
diet-induced insulin-resistant rats, the volume
fraction of myocardial collagen and the volume
fraction of collagen around the myocardium
were significantly increased, suggesting an
increase in collagen synthesis and collagen
deposition. Additionally, the cardiac function of
the high fat and high glucose groups showed
that the diastolic function of the heart was
decreased. The main reason was an increase
of left ventricular end diastolic pressure, along
with a decrease of left ventricular pressure.
Correlation studies have found that the maxi-
mum rates of left ventricular pressure, CVF, and
VSCVF were negatively correlated, indicating
that increased myocardial collagen content will
reduce cardiac diastolic function. Insulin resis-
tance index has been positively correlated with
CVF and VSCVF, indicating that insulin resis-
tance may promote the deposition of myocar-

IntJ Clin Exp Med 2019;12(5):5259-5268
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Figure 4. ERK1/2/TGF-B1 signaling pathway protein expression changes in the three groups. Telmisartan (TEL)
could significantly reduce myocardial p-ERK1/2, TGF-B1, p-Smad2/3, and collagen | protein expression of HF rats.

(n=9, "P<0.05 vs. Con, #P<0.05. vs. IR).

dial collagen. A previous study showed that
insulin-resistant cardiomyopathy heart diastol-
ic dysfunction is due to abnormal insulin path-
ways caused by myocardial interstitial collagen
deposition [28]. In addition, the fibronectin
fragment is involved in myocardial remodeling
[29].

Insulin resistance has been associated with
the RAAS in the development and progression
of insulin-resistant cardiomyopathy. RAAS plays
an important role in the pathogenesis of insulin
resistance and insulin resistance-induced car-
diomyopathy [24]. AT1 receptor blockers can
improve dietary induction of insulin resistance
caused by ventricular remodeling and insulin
resistance [30], in which prolonged activation
of AT1 receptors can cause myocardial intersti-
tial fibrosis and collagen deposition, leading to
ventricular hypertrophy [31]. In the present stu-
dy, myocardial tissue Masson’s staining show-
ed that telmisartan significantly decreased the
myocardial deposition in the high-fat group
and decreased CVF in insulin-resistant rats.
Moreover, levels of angiotensin Il and aldoste-
rone in myocardial tissues of rats with insulin
resistance were significantly increased, while
expression of AT1 receptor proteins was also
significantly increased. Moreover, mRNA tran-
scription and protein expression of type | colla-
gen was increased. These pathological chang-
es were improved by telmisartan. Telmisartan
can reduce the high-fat diet-induced insulin-
resistant rat myocardial interstitial collagen
deposition and improve cardiac diastolic fun-
ction.
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TGF-Blis involved in collagen fiber metabolism.
In the present study, ATAR, TGFB1, ERK1/2,
and pSmad2/3 protein expression in myocar-
dial tissues of insulin-resistant rats were signifi-
cantly increased. Expression of its downstream
signaling proteins p-Smad2/3 and pERK1/2
was decreased after telmisartan treatment,
indicating that telmisartan affects the heart,
partly through the TGF-B1 and MAPK pathways,
to regulate collagen metabolism. Additionally,
the Tp-Te interval had a significant correlation
with left ventricular mass index and left ven-
tricular end diastolic diameter, while the Tp-Te
interval had some clinical significance for pre-
dicting left ventricular remodeling in patients
with dilated cardiomyopathy [32]. Of course,
additional studies are necessary to determine
the exact mechanisms through which telmisar-
tan improves cardiac function in insulin resi-
stance.

In conclusion, insulin resistance may promote
myocardial type | collagen synthesis, increa-
se myocardial collagen deposition, and redu-
ce heart diastolic function. TGF-B1/ERK1/2/
pSmad2/3 signaling pathways play essential
role in this. Telmisartan, as a AT1 receptor
antagonist, may improve insulin resistance and
cardiac diastolic function and reverse myocar-
dial fibrosis in insulin resistance.
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