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Background: Diabetic cardiomyopathy (DCM) is strongly linked to microvascular disease,
renin-angiotensin system (RAS) activation, cardiac inflammation and cell apoptosis.
Irbesartan is an angiotensin II (Ang II) receptor antagonist in RAS system, which inhibited
the conversion of Ang I into Ang II, while the specific mechanism is still obscure.
Objective: This study aims to investigate the expressions necroptosis RIP1-RIP3-MLKL path-
way in myocardium of diabetic rats, and the protective action of irbesartan on myocardial damage.
Materials and Methods: In our study, 30 Sprague-Dawley rats were divided into 5 groups:
CON4W, high glucose and high caloric (HC4W), diabetes mellitus 4 weeks (DM4W group),
diabetes mellitus 8 weeks (DM8W group), and irbesartan diabetes 8 weeks (Ir DM8W group).
Results: We discovered that as diabetes progresses, the rats gradually lost weight, the HW/
BW ratio were increased gradually, and the cardiac function became worse accompanied
with the aggravation of inflammatory injury. Meanwhile, the myocardial fibers and cells were
disordered, and the expression of positive substances, RIP1 and RIP3 increased significantly.
The mRNA and protein levels of myocardial RIP1, RIP3 and MLKL were all increased with
the progression of DM. After the intervention of irbesartan in diabetic rats, the cardiac
function was improved, whereas inflammatory injury and HW/BW ratio were decreased.
Also, the myocardial fibrosis injury was attenuated, and the PAS positive substances, RIP1
and RIP3 were significantly decreased. The curative effect of irbesartan was related to
decreased myocardial RIP1, RIP3 and MLKL mRNA and protein levels.

Conclusion: In conclusion, irbesartan has a cardioprotective effect on the diabetic rats, and
its mechanism may be connected with inhibition of RIP1-RIP3-MLKL pathway.
Keywords: cardiomyocyte, high glucose, irbesartan, inflammatory, necroptosis

Introduction

Diabetes is associated with cardiac structure and function abnormalities, and the
resulting diabetic cardiomyopathy (DCM) is caused by cardiomyocyte hypertrophy
and deposition of myocardial collagen fibers, which can eventually lead to cardiac
dysfunction and even death.' Tt is closely related to renin-angiotensin system
(RAS) activation, microvascular disease, oxidative damage, cardiac inflammation,
fibrosis, and apoptosis.’’ Ibesartan has been reported to prevent myocardial
damage in diabetic rats,® however, whether irbesartan can prevent the occurrence
of myocardial tissue necrosis has not been reported.

A large number of animal models and clinical trials have shown that inhibition
of RAS system can effectively alleviate diabetic nephropathy (Scr<265umol/L) and
retinal disease.”'® Ibesartan, as a receptor antagonist of Angiotensin II (Ang II),
inhibits the conversion of Angi to Ang II, and inhibited vasoconstriction and
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aldosterone release, it has a good clinical effect on patients
with hypertension complicated with diabetic nephropathy
and patients with end-stage heart failure of diabetic
nephropathy.!' Recent studies have shown that irbesartan
alleviates inflammatory response and apoptosis through
inhibiting NF-kB expression in high glucose-induced
H9C2 cells injury, it may also reduce myocardial fibrosis
in diabetic rats through MMPs related pathway.'''?
Therefore, Ibesartan may have been involved in tissue
damage inflammation, apoptosis and other pathological
processes through some pathways.

RIP1-RIP3-MLKL pathway is the typical necroptosis
pathway. This pathway is involved in inflammatory reac-
tion, ischemia-reperfusion injury, oxidative stress, tumor
proliferation and other processes.'*'* In 2018, Mompeén
et al found MLKL was a specific substrate protein of
RIP3, which initially formed the embryonic form of TNF
a-guided RIP1-RIP3-MLKL pathway.'> Some scholars
have shown that the atypical procedural necroptosis path-
way RIP3-CaMKII is involved in the diabetic myocardial
injury.'® Xu et al discovered which the expression of
MLKL was increased in obese mice, especially in liver.!”
From the above background, we hypothesize that irbesar-
tan may alleviate myocardial damage in diabetic rats,
which is related to the RIP1-RIP3-MLKL signal pathway.
To test this hypothesis, we investigated the role of irbe-
sartan in a diabetic model and determine its underlying

mechanisms.

Materials and Methods

Chemicals and Materials

All male Sprague-Dawley rats (130-150 g) were supplied
by Bengbu Medical College Animal Center, Anhui
Province, China (SCXK20190003). All rats have free

Table | The Gene Sequences for Different Primers

access to food and water after a 12-hours light-dark
cycle at 22 £ 2 °C and 50-70% humidity. All procedures
are performed in accordance with the U.S. Guide for the
Care and Welfare of Laboratory Animals. Ibesartan
(Sanofi, France), streptozotocin (STZ [Sigma, USAJ]).
Through preliminary experiments, the appropriate treat-
ment dose of Irbesartan was determined. RIP1, RIP3,
MLKL and p-actin antibodies were acquired from
Abcam (Cambridge, UK). RIP1, RIP3, MLKL and (-
actin primers were acquired from Sangon Biotech Co.,
Ltd. (Shanghai, China) (Table 1). ELISA kits for Rat
tumor necrosis factor-o (TNF-a)) and interleukin-6 (IL-6)
measurement were from Dakewe Biotech Co., Ltd
(Shenzhen, China).

Animals and Groups

30 SD rats were randomly divided into normal control
group (CON), high glucose and high fat group (HC) and
diabetes group. The control group was given routine feed.
Rats in other groups were fed a high sugar and high fat
diet. After 4 weeks, a single intraperitoneal injection of
STZ 30 mg/kg was used to establish the diabetes model in
the experimental group. The diabetic model group were
randomly assigned to diabetic group (DM) and irbesartan
+ diabetes group (Ir+DM). Rats in Ir +DM group were
given irbesartan 50 mg/kg/d intragastrically for 4 weeks
and 8 weeks, and then Ir +DM8W groups was obtained in
this experiment, the random blood glucose concentration
continued to be>16.7mmol/L, indicating the diabetes
model has been successfully constructed. FBG was main-
tained at a high level in the DM4W group, DM8W group
and Ir + DM8W group, indicating abnormal lipid metabo-
lism in diabetic rats and successful replication in diabetic
models based on hyperlipidemia. There was no significant
difference beteween CON4W, CON8W, HC4W and

Gene Primer Sequence Product (bp)
RIPI Forward 5’- AGGTACAGGAGTTTGGTATGGGC-3’ 123
Reverse 5- GGTGGTGCCAAGGAGATGTATG-3’
RIP3 Forward 5-TAGTTTATGAAATGCTGGACCGC-3 145
Reverse 5’- GCCAAGGTGTCAGATGATGTCC-3’
MLKL Forward 5’- GCCACTGGAAAGATCCCGTT-3 108
Reverse 5’- CAACAACTCGGGGCAATCCT-3’
-actin Forward 5- AGACCTTCAACACCCCAG-3 156
Reverse 5- CACGATTTCCCTCTCAGC-3
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HC8W, so we chosed CON4W and HC4W as CON and
HC groups.

Echocardiography

Animals were anesthetized with 3% isoflurane (Baxter
International, USA), lying supine on a heat pad at 37
degrees Celsius (FUJIFILM VisualSonics, Canada).® For
stable heart rate image acquisition, the concentration of
isoflurane should be further reduced to a minimum of 1-
2%.'"%1° The left ventricular end-systolic posterior wall
thickness, left ventricular end-diastolic posterior wall thick-
ness, end-diastolic diameter (LVEDD), end-systolic inner
diameter (LVIDd), percentage of left ventricular Ejection
fraction (LVEF%) and percentage of left ventricular frac-
tional shortening (LVFS%) were calculated by the ultraso-
nic system software.

Detection of TNF-a and IL-6 Levels in
Heart Tissue by ELISA Method

After the experimental, 0.1g of heart tissue was ground
and homogenized in PBS buffer, and then TNF-a and IL-6
were measured in turn in strict accordance with the man-
ufacturer’s instructions.

Histopathological Examination of

Myocardium

The fresh cardiac apex was cut into Smmx5mmx5mm
tissue blocks, fixed with 4% paraformaldehyde, after dehy-
dration with different concentrations of ethanol, paraffin
embedding and sectioning were carried out. Then, HE
staining, PAS staining, Masson staining and immunohisto-
chemistry (IHC) were performed in different dye solu-
tions. The changes of myocardial cell and myocardial
tissue structure, positive material deposition, and the
expression of RIP1 and RIP3 were observed under light
microscope.

Real-Time Fluorescence Quantitative
PCR Was Used to Detect mRNA Levels
of RIPI, RIP3 and MLKL in Myocardium

Operate in strict accordance with the kit for extracting
total RNA (Tiangen, China) and cDNA (Invitrogen,
USA). Real-Time PCR used an Mx3000 P Detection
System (Agilent, USA). The 2-AAT was used for data
analysis, using actin as internal control. The primer
sequences are shown in Table 1.

Detection of RIPI, RIP3, MLKL Protein

Expressions in Myocardium by Western

Blot

Western blot analysis of myocardial RIP1, RIP3 and
MLKL protein expression.”” Anti- RIP1 (1:500) antibody,
Anti- RIP3 (1:500) antibody and Anti-MLKL (1:1000)
antibody and Mouse anti-f-actin antibody (1:500) were
used. Gel imaging system to acquire images.

Statistical Method

All data statistics were processed by SPSS 25.0 software.
The measured data are expressed in terms of mean+SD.
One way ANOVA was used in each group, P < 0.05 was
statistically significant.

Results
Results of Blood Glucose, HW, BW and

HW/BW in Each Group

Heart weight (HW) and body weight (BW)decreased with the
progression of DM disease, while the HW/BW ratio increased.
The HW of rats in HC4W was significantly higher than that of
CON4W group (P <0.01), andthe BW and HW/BW ratio were
not significant (P>0.05). HW, BW and HW/BW ratio were
significantly higher in the DM4W group compared with the
CON4W group (P< 0.01). The HW of DM8W group was
lower than that of DM4W group (P<0.01), and the HW/BW
ratio of DM8W group and IR + DM8W group was signifi-
cantly increased (P < 0.01), while the BW of DM8W group
and IR + DM8W group was significantly decreased.
Compared with CON4W group, the BW, HW/BW ratio of
DM8W group and Ir+DM8W group were reduced signifi-
cantly. The HW/BW ratio in Ir+tDM8W group was not diffir-
ent compared to the DM8W group, which suggested that
irbesartan intervention had little effect on whole heart mass,
body mass and heart-body ratio in rats (P>0.05) (Figure 1).

Result of Cardiac Ultrasound in Each
Group

There was no significant difference in cardiac cavity size
and cardiac function between HC4W group and CON4W
group (P > 0.05). Compared with CON4W and HC4W
groups, LVEDD and LVESD were increased, however,
LVFS%, LVEF% were decreased in DM4W group.
LVEDD, LVESD were increased and LVEF% was
decreased significantly (P<0.01) in DM8W group. The

LVEF% was significantly higher in the Ir+DM8W
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Figure | (A) Comparison of blood glucose in each group (means+SD, n=6). (B) Comparison of HW in each group (means%SD, n=6). (C) Comparison of BW in each group
(meanszSD, n=6). (D) Comparison of HW/BW in each group (meansxSD, n=6). ¥P<0.01 vs CON4W; P<0.01 vs HC4W; ""P<0.01 vs DM4W.
Abbreviations: CON4W, control 4-week group; HC4W, High calorie 4-week group; DM4W, Diabetic mellitus 4-week group; DM8W, Diabetic mellitus 8-week group; Ir

+DMB8W, Irbesartan+Diabetes mellitus 8-week group.

intervention group than in the DM8W group (P<0.01).
These findings indicated that irbesartan could delay the
deterioration of cardiac function and inhibit ventricular
remodeling in diabetic rats (Figure 2).

The Myocardial TNF-a and IL-6 Levels in
Each Group

The myocardial TNF-a and IL-6 levels in diabetic rats
were increased gradually as the course of disease progres-
sion. TNF-a and IL-6 levels in the CON4W group were
significantly lower than those in the HC4W, DM4W and
DMS8W groups (P < 0.01). Although the levels of TNF-a
and IL-6 in Ir+DM8W group decreased, they were still
higher than those in CON4W group (Figure 3).

HE, PAS, Masson and IHC Staining Results

in Rats Myocardium

The HE staining results indicated that the structure of
myocardial tissue in CON4W group was clear, The cardio-
myocytes were arranged regularly and the myocardial space
was normal. In the HC group, myocardial tissue was similar
as the CON4W group. However, in the DM4W group, the
arrangement of cardiomyocytes was disordered, cardiomyo-
cyte hypertrophy and myocardial interstitial widened. The
cardiomyocytes in DM8W group were raptured and hyper-
trophy. In Ir+DM8W group, the arrangement of cardiomyo-
cytes was tight and orderly, and the arrangement of
cardiomyocytes was regular, which was improved com-
pared with DM8W (Figure 4A).
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Figure 2 (A) Comparison of LVEDD in each group (mean+SD, n=6). (B) Comparison of LVESD in each group (mean+SD, n=6). (C) Comparison of LVFS% in each group
(meanSD, n=6). (D) Comparison of LVEF% in each group (mean+SD, n=6). (E) Changes of cardiac function in each group (meanSD, n=6). (a) CON4W: control 4-week
group; (b) HC4W: High calorie 4-week group; (c) DM4W: Diabetic mellitus 4-week group; (d) DM8W: Diabetic mellitus 8- week group; () Ir+DM8W: Irbesartan+Diabetes
mellitus 8-week group. ¥P<0.01 vs CON4W; #P<0.01 vs HC4AW; “"P<0.01 vs DM4W; 44P<0.01 vs DM8W.

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14 heeps: 3855

Dove:


https://www.dovepress.com
https://www.dovepress.com

Xu et al Dove
B
2000 A 2000 -
**##A/\ **##AA
1500 1 R fH T 1500 Sk ==
2 - T & - CEHER &
E-’i 1000 ~ — £ 1000- s -
7 il < T
g =
&= 500 + 500 - -
0 T T T T T 0 $' él 4; 4; $'
Q & Q2 & & Q 5 Q & &
» » » Q Q & (S, & N &
@
Goé & Qﬁ\ Qﬁx ‘XQ@ ® < 9 < «‘0
A

Figure 3 (A) Changes of TNF-a levels of rats myocardial tissue in each group.(means +SD, n=6). (B) Changes of IL-6 levels of rats myocardial tissue in each group.(means
+SD, n=6). ** P<0.01 vs CON4W; #P<0.01 vs HC4W; “'P<0.01 vs DM4W; %5P<0.0| vs DM8W.

The PAS staining results showed that the PAS positive
substances in the CON4W and HC4W group were similar.
However, in the DM4W and DM8W group the PAS posi-
tive substances were significantly increased. Compared
with the DM groups, the collagen fiber content and PAS
positive substances were significantly reduced in Ir
+DMS8W group (Figure 4B).

Masson staining results showed regular arrangement
of myocardial fibers in the CON4W group, with clear
transverse stripes, the collagen fibers are scattered or
stringy, and no obvious degeneration or necrosis was
observed in myocardial cells. The HC4W group was
similar to the CON4W group. In DM4W and DM8W
groups, the myocardial fiber arrangement was disor-
dered, the myocardial tissue was destroyed, collagen
fibers are coarse, interwoven into a network or stacked
in sheets, and a large number of myocardial cells were
killed and disintegrated. After irbesartan intervention,
the myocardial fiber lesion was significantly improved
(Figure 4C).

The positive expressions of RIP1 and RIP3 in IHC
were brown-yellow granules in the cytoplasm of cardi-
omyocytes. The results of CON4W and HC4W were
similar, with no or only light yellow staining in cardi-
omyocytes. With the progression of diabetes, the yel-
low staining of RIP1 and RIP3 in cardiomyocytes
gradually increased, showing a diffuse distribution.
The positive expression of RIP1 and RIP3 could be
irbesartan intervention

significantly reduced after

(Figure 4D and E).

The mRNA Expressions of RIPI, RIP3 and

MLKL in Rat Myocardial Tissue

The expression of MLKL mRNA was significantly
increased in the HC4W group compared to the CON4W
group (P< 0.01), but there was no significant differentia-
tion in RIP1 and RIP3 mRNA expression (P>0.05). RIP1,
RIP3 and MLKL mRNA expression was significantly
increased in the DM4W and DM8W groups compared
with the HC4W group (P <0.01). The expressions of
RIP1, RIP3, and MLKL mRNA was
decreased in the Ir+DM8W group compared with the
DMS8W group (P < 0.01). (Figure 5).

significantly

The Protein Expressions of RIPI, RIP3

and MLKL in Rat Myocardial Tissue
Increased expression of RIP1, RIP3 and MLKL protein in
HC4W and DM4W groups compared with CON4W group
(P <0.01). Protein expressions of RIP1, RIP3 and MLKL
were increased in the DM8W group compared with
CON4W and DM4W groups (P<0.01). The expression of
RIP1, RIP3 and MLKL proteins were reduced in the IR +
DMS8W group were reduced compared with the DM8W
group (P <0.01) (Figure 6).

Discussion

In this study, we found is that as diabetes progresses, the
rat’s body weight was decreased gradually, the HW/BW
ratio were increased gradually, and the cardiac function
became worse accompanied with the aggravation of
inflammatory injury which indicated by increases of
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TNF-a and IL-6 levels. At the same time, myocardial The mRNA and protein levels of myocardial RIP1, RIP3
fibers and cells were disordered, and the expression of and MLKL increased with the development of DM. After
positive substances, RIP1 and RIP3 increased significantly.  pretreatment of diabetic rats with Irbesartan, which

Figure 4 Continue.
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Figure 4 Continue.

inhibits RAS system, the cardiac function was increased,
whereas TNF-a, IL-6 levels and HW/BW ratio were
decreased. Also, the myocardial fibrosis injury was atte-
nuated, and the expression of positive substances, RIP1
and RIP3 were significantly decreased. The reduction of
myocardial RIP1, RIP3 and MLKL mRNA and protein

L e )
i R

S
. ¥ 0l N

T

levels is related to the effect of Irbesartan. These results
suggested that irbesartan has protective effect on myocar-
dial injury of diabetic patients.

Diabetes mellitus (DM) is a group of metabolic dis-
orders that have properties such as lack of insulin or
chronically high blood sugar levels. According to the

https://doi.org/10.2147/DMSO.S300388
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Figure 4 (A) Comparison of HE staining in different groups (*400). (B) Comparison of PAS staining in myocardial tissue in different groups (*400). (C) Comparison of
Masson staining in cardiac fibers in different groups (*400). (D) Immunohistochemical expression of RIP| in myocardial cells of each group (*400). (E) Immunohistochemical
expression of RIP3 in myocardial cells of each group (*400). (a) CON4W: control 4-week group; (b) HC4W: High calorie 4-week group; (c) DM4W: Diabetic mellitus
4-week group; (d) DM8W: Diabetic mellitus 8- week group; (e) Ir+DM8W: Irbesartan+Diabetes mellitus 8-week group.

International Diabetes Federation, 415 million people have
diabetes. By 2040, that number is expected to rise to
642 million.”° In addition, the main complications related
to vascular injury include macrovascular and microvascu-
lar complications. Merger of cardiovascular disease mor-
tality in the diabetic patients than in diabetic patients
complicated with cardiovascular disease 2 to 4 times
higher. The pathogenesis of diabetes involves metabolic
disorder, myocardial fibrosis and renin-angiotensin system
activation. Myocardial fibrosis is one of the complications
of diabetes. Its pathological basis is excessive proliferation
and structural disorder of myocardial fibroblasts, excessive
deposition of myocardial extracellular matrix in myocar-
dial tissue, and the synthesis of a large amount of
collagen.?! Hyperglycemia is the inducing factor of dia-
betes, and abnormal lipid metabolism promotes the occur-
rence of diabetes and its complications.*?

RAAS activation is an important regulator of fibrosis
and a potential target in anti-fibrotic therapy, such as the
stimulation of TGF-B1 production, enhancement of TGF-
B1 signaling and triggering and differentiation of fibroblast
proliferation into collagen secreted myofibroblasts.”> And
angiotensin I (Ang II) stimulates and mediates the

synthesis and collagen secretion of cardiac fibroblasts by
binding to angiotensin ii receptors, leading to myocardial
fibrosis eventually. However, the exact mechanism of dia-
betic myocardial fibrosis remains indistinct. As an Ang II
receptor inhibitor, irbesartan can play a role in reducing
oxidative stress, reducing atherosclerosis plaque formation
and alleviating ischemia-reperfusion injury.* Previous
studies had shown that Ang II receptor blocker might
diabetic by

Endothelial-mesenchymal transition (EndMT) in diabetic
25,26

prevent cardiomyophy eliminating

rats, and irbesartan may reduce the level of protein
kinase D and endoplasmic reticulum stress, ameliorate the
ventricular remodeling in diabetic patients, and signifi-
cantly reduce the degree of DCM injury and myocardial
fibrosis after ibesartan intervention.”’*® In our study, after
irbesartan intervention LVEDD and LVESD were signifi-
cantly increased, while LVEF% and LVFS% were signifi-
cantly decreased. The staining results of HE, PAS, Masson
and IHC showed that compared with the DM group, the
degree of myocardial fibrosis was improved significantly,
suggesting that Irbesartan could reduce the occurrence of
myocardial fibrosis by inhibiting the binding of Angll to
its receptor.
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Figure 5 (A) The expressions of RIPI mRNA levels in cardiomyocytes.(meansSD, n=6). (B) The expressions of RIP3 mRNA levels in cardiomyocytes.(means+SD, n=6).
(C) The expressions of MLKL mRNA levels in cardiomyocytes.(means+SD, n=6). **P<0.01 vs CON4W; *P<0.01 vs HC4W; AP<0.01 vsDM4W; %4P<0.01 vs DM8W.

As the important inflammatory factors, TNF-o and IL-
6 have also been confirmed to be associated with
diabetes.”” TNF-a is secreted mainly by activated macro-
phages and is involved in apoptosis and inflammation, it is
also as one of the promoters of programmed cell
necrosis.>® IL-6 is a multi-effect protein secreted by var-
ious normal cells and transformed lymphoid and non-
lymphocytes, which is involved in various pathological
processes in vivo, for instance, autoimmune disorder,
inflammation, tumor cell proliferation, etc.’’ Long-term
high glucose state accelerates insulin resistance in cardio-
myocytes, and insulin signal transduction is inhibited.
Insulin resistance is a low level of proinflammatory state,
and the increased fat ratio promotes the release of inflam-
matory cytokines, such as TNF-a and IL-6. Kocak et al
compared the TNF-a and IL-6 levels between prediabetic

and diabetic patients, the results showed that the levels of
IL-6 and TNF -a in diabetic patients were significantly
higher than those in pre-diabetic patients.** In our study,
we observed that the levels of TNF-a and IL-6 were higher
in the diabetic group than that in CON and HC groups, and
the levels of TNF-a and IL-6 increased with the progres-
sion of diabetes. The results showed that the inflammatory
reaction was involved in diabetic myocardial injury, and
with the prolongation of the course of the disease, the
myocardial injury was aggravated, and the levels of
TNF-o and IL-6 were gradually increased.

Necroptosis is a mode of cell death with the character-
istics of cell precise regulation, which is regulated by RIP1,
RIP3 and MLKL complex,>*** among these factors, RIP3 is
the downstream of RIP1, when RIP1 combines with RIP3,
the complex can induce MLKL phosphorylation, leading to
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Figure 6 (A) Typical bands of proteins in the Western blot experiment (means%SD, n=6). (B) The ratio of RIP| protein levels in cardiomyocytes (means+SD, n=6). (C) The
ratio of RIP3 protein levels in cardiomyocytes (meansSD, n=6). (D) The ratio of MLKL protein levels in cardiomyocytes (means£SD, n=6). *P<0.01 vs CON4W, #P<0.01

vs HCAW, MP<0.01 vsDM4W, & P<0.01 vs DM8W.

the transfer of necrosome to the cell membrane, increases the
plasma membrane permeability and damage-associated
molecular pattern (DAMPs) release, induces the releases of
many inflammation factors, meanwhile, it can induce the
destruction of mitochondria and other organelles, finally
leads to cell death®~°. So necroptosis is an important cell
death mode in disease condition, the necroptosis pathway can
be regarded as a therapeutic target. Xu et al believed that
MLKL as a regulator of insulin sensitivity, could be
a potential therapeutic target for insulin resistance and DM,
inhibition of MLKL or other key necroptosis regulators could
increase liver insulin sensitivity and improve metabolic dis-
order caused by obesity. Therefore, this study attempted to
determine whether RIP1, RIP3, MLKL expression were
altered during the development and progression of diabetes,

and to explore the role of irbesartan in a diabetic model. In
a previous study, we have observed that in high glucose
induced primary cardiomyocytes injury model, the expres-
sions of RIP1, RIP3 and MLKL were elevated, and activation
of ALDH2 prevented the happing of necroptosis and restrain-
ing of oxidative stress and inflammation.>’ In this experi-
ment, diabetic rats were taken as the research object. It has
been observed that during the development of diabetes, the
myocardial tissue fibers and cells were disordered and a large
amount of collagen fibers were proliferated, in the progres-
sion of diabetes, the mRNA and protein levels of myocardial
RIP1, RIP3 and MLKL were increased, suggesting necrop-
tosis plays a crucial part in myocardial injury. When ibesar-
tan was given in the diabetes model, RIP1, RIP3 and MLKL
expressions were reduced, TNF-a and IL-6 were also
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reduced, which indicating that irbesartan could reduce
inflammation and improve ventricular remodeling.

There are some limitations in this study. We just
observed the changes of RIP1, RIP3, MLKL and inflam-
matory factors, and we will explore its pathogenesis in
depth in the future.

In conclusion, in our study, necroptosis is involved in
the process of diabetic myocardial injury, irbesartan may
play a protective role in myocardium by regulating this
pathway. It is very important to understand the role of cell
death signaling pathway in the occurrence and develop-
ment of cardiomyopathy for the discovery of new DCM
targeted therapeutic drugs and biomarkers.
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