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Abstract

Purpose: To examine the effect of nicorandil on high glucose-induced cardiomyocyte inflammation and
oxidative stress.

Methods: H9C2 cardiomyocytes were divided into control group, high glucose group and nicorandil
group. The survival rate of cardiomyocytes was determined using the CCK-8 method. The contents of
reactive oxygen species (ROS) of cardiomyocytes were determined by flow cytometry. The contents of
MDA and LDH in cell supernatant were determined by kit. Western blot and real-time PCR were used to
assess oxidative stress, inflammation and apoptosis related factors in each group of cardiomyocytes.
The expression levels of IL-16 were determined by immunofluorescence. Tunnel staining was used to
determine the apoptosis level of each group.

Results: The expressions of SOD1 and SOD2 in the high glucose group were significantly decreased
(p < 0.05). Also, the contents of MDA and LDH were significantly increased (p < 0.05). Furthermore, IL-
18, TNF-a, caspase 3 and Bax expressions were increased, while Bcl-2 expression was inhibited. IL-18
and Tunnel fluorescence also increased significantly. NF-kB and Ikka were significantly increased, while
IkB-a was inhibited. Furthermore, nicorandil inhibited oxidative stress and apoptosis, as well as NF-kB
pathway and downstream factor Ikka.

Conclusion: Nicorandil ameliorates the inflammation and oxidative damage of cardiomyocytes induced
by high glucose, by inhibiting NF-kB pathway, thereby lowering apoptosis. Thus, the findings provide
new insight into the development of new agents for the treatment of diabetic cardiomyopathy.
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INTRODUCTION

Diabetic cardiomyopathy (DCM) is a unique

cardiomyopathy associated with metabolic
disorders in diabetic patients, without
hypertension, coronary atherosclerosis,
cardiomyocyte metabolic  disorders  and

microvascular disease caused by heart disease

[1]. In recent years, studies have shown that
DCM poses a serious threat to human health and
is one of the important complications of death in
diabetic patients [2]. The quality of life of patients
is also seriously affected. Therefore, early
treatment is of great significance in reducing the
mortality of DCM patients. Previous studies have
shown that nicorandil has an effect on
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cardiomyocyte apoptosis in diabetic
cardiomyopathy rats [3], providing a basis for the
treatment of DCM.

Studies have shown that nicorandil contains a
nitrate group and is an adenosine triphosphate
(ATP)-sensitive potassium channel (KATP)
opener [4]. On the one hand, by directly
activating cGMP, the opening of the cell
membrane and the mitochondrial membrane
KATP is increased, which has the effect of
vasodilation, thereby increasing coronary blood
flow and improving vasospasm and
microcirculation [5]. On the other hand, it can
also promote the retention of potassium ions in
the mitochondria, and play a role in inhibiting the
influx of calcium ions [6]. Given that previous
studies showed little effect of nicorandil on
diabetic cardiomyopathy, the present study
focuses on the effects of nicorandil on high
glucose-induced cardiomyocyte inflammation
and oxidative stress.

Inflammation is a complex pathophysiological
process mediated by a variety of different
signaling molecules produced by white blood
cells and mast cells. It can be triggered by a
variety of stimuli [7]. In inflammatory diseases,
many inflammatory mediators play important
roles [8]. Nuclear Factor-kB (NF-kB) is a protein
involved in the regulation of DNA transcription
and production of cytokines [9]. Studies have
shown that NF-kB signaling pathway plays an
important role in regulating inflammation and
oxidative stress [10], and thus becomes a new
therapeutic target for the development of
inflammatory diseases.

EXPERIMENTAL
Cell culture and drug treatment

The HI9C2 cardiomyocytes (Cell Culture Center,
Shanghai, China) were cultured in Dulbecco's
modified Eagle @ medium (DMEM, Life
Technology, Wuhan, China) containing 10 %
fetal bovine serum (FBS, Life Technology,
Wuhan, China) and 1 % penicillin/streptomycin
(Life Technology, Wuhan, China). Nicorandil
(Zhengkang Pharmaceutical, Taiyuan, China)
was placed in a stock solution in physiological
saline and stored at 4 °C. When the cells were
grown to the appropriate density, the high
glucose group and the nicorandil group were
treated with high glucose (30 mmol/L glucose),
the control group was cultured with DMEM (5
mmol/L glucose), and the nicorandil group was
treated with nicorandil (50 pmol/L pre-
intervention for 6 h for the nicorandil group).

Cell count Kit-8 (CCK-8) method

The optimal concentration and time of nicorandil
were determined with CCK-8 (Construction,
Nanjing, China). The H9C2 were cultured at a
density of 2000/well for 24 h. The next day,
different concentrations of nicorandil were added
to the culture plate. After incubation for 1, 2, 6,
and 12 h, CCK-8 solution was added to the cells,
and the absorbance at 450 nm was measured.

Immunofluorescence

Paraformaldehyde (4%) was added to fix the
cells. Then the goat serum was added to block at
20°C for 30 minutes. Cells were first incubated
with diluted primary antibody IL-13 (Abcam,
Cambridge, MA, USA, Rabbit, 1:3000) overnight
at 4°C and then incubated with fluorescent
secondary antibody in the dark for 1 h. The
specimen was subjected to 4',6-diamidino-2-
phenylindole (DAPI) (Construction, Nanjing,
China) staining, incubated for 15 min in the dark,
sealed with a sealing liquid, and then observed
by a fluorescence microscope.

Determination of biochemical indicators

The supernatant from the medium of the cells
was collected, centrifuged at 2000 rpm to obtain
the supernatant, and the supernatants of each
group were assayed for LDH and MDA levels
using a commercial kit (Jiancheng, Nanjing,
China).

Western blot assay

The cells in the culture plate were collected, total
protein of each group was extracted via
centrifugation after being lysed, and sample
protein concentration was determined using
bicinchoninic acid (BCA) kit (Camilo Biological,
Nanjing, China). An equal amount of protein
sample was separated using sodium dodecyl
sulphate-polyacrylamide  gel electrophoresis
(SDS-PAGE) and transferred to a nitro
membrane (Thermo Fisher Scientific, Waltham,
MA, USA). After blocking with 5 % bovine serum
albumin (BSA) for 2 h, the membranes were
incubated with specific antibodies overnight at
4°C.

Next day, the membranes were then incubated
with the secondary antibody (goat anti-rabbit IgG
antibody, Yifei Xue Biotechnology, 1:3000,
Nanjing, China) for 1 h, followed by being
observed via an electrochemiluminescence
(ECL) system. Specific antibodies’ details were
shown below: SOD1, Abcam, Cambridge, MA,
USA, Rabbit, 1:3000; SOD2, Abcam, Cambridge,
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MA, USA, Rabbit, 1:3000; Bcl-2, Abcam,
Cambridge, MA, USA, Mouse, 1:2000; Bax,
Abcam, Cambridge, MA, USA, Mouse, 1:2000;
Caspase3, Abcam, Cambridge, MA, USA,
Rabbit, 1:2000; IL-13, Abcam, Cambridge, MA,
USA, Rabbit, 1:5000; TNF-a, Abcam,
Cambridge, MA, USA, Rabbit, 1:500; p65,
Abcam, Cambridge, MA, USA, Rabbit, 1:500;
Ikka, Abcam, Cambridge, MA, USA, Rabbit,
1:2000; IkB-a, Abcam, Cambridge, MA, USA,
Rabbit, 1:2000; GAPDH, Proteintech, 1:5000.
Quantitative real-time chain
reaction (qQRT-PCR)

polymerase

Cells in each treatment group were washed with
pre-cooled PBS and total RNA was extracted
(Thermo Fisher Scientific, Waltham, MA, USA).
Reverse transcription and polymerase chain
reaction were carried out, and the reaction
conditions were: pre-deformation, 95 °C, 1 min,
95 °C, 155,58 °C, 20 s, 72 °C, 45 s, 40 cycles.
The dissolution curve was 60 — 95 °C, and the
temperature was raised by 1°C every 20 s.
Gglyceraldehyde 3-phosphate dehydrogenase
(GAPDH) (Thermo Fisher Scientific, Waltham,
MA, USA) was served as an internal control. 2
AACt method was used for the quantitative
analysis. All the primers are listed in Table 1.

Enzyme-linked immunosorbent assay (ELISA)

The supernatant of each group of cells was
collected after centrifugation. According to the
instructions (Jianglai, Shanghai, China), standard
product wells, sample well settings, and standard
product wells were added using different
concentration standards, and corresponding
detection antibodies were standard products
added to each well and sample well, and were
incubated for 1 h. After discarding the medium,
the working solution was added to each well and
incubated for 15 min in the dark. After
termination with the stop solution, the
absorbance at 450 nm was measured.

Table 1: Real time PCR primers used

Flow cytometry

Each group of H9C2 cells was collected, and the
cell concentration was adjusted by filtration using
a sieve. The prepared single cell suspension was
added to 2'7'-diacetate dichlorofluorescein
(DCF-DA, Kaiji, Nanjing, China), and the
supernatant was centrifuged, incubated with 10
% FBS, and prepared again as a H9C2 single
cell suspension. Flow cytometry (Becton
Dickinson, Heidelberg, Germany) was used to
measure the average fluorescence intensity of
intracellular marker fluorescent probes.

TUNEL staining

To detect apoptosis in H9C2 cells, cells were
stained with the TUNEL kit (Roche, Basel,
Switzerland) according to the manufacturer's
instructions, and the nuclei was stained with
DAPI. Apoptosis was observed using laser
scanning confocal microscopy.

Statistical analysis

All data were processed by SPSS statistical
analysis software (version 26.0), and are
expressed as mean + SD (standard deviation).
Differences between two groups were analyzed
by Student's t-test. Comparison between multiple
groups was done using one-way ANOVA test
followed by Post Hoc Test (Least Significant
Difference). P < 0.05 indicated significant
difference.

RESULTS

Nicorandil attenuated high glucose-induced
H9C2 cell injury

The optimal concentration and optimal culture
time of nicorandil for H9C2 cells were determined
by CCK method (Figure 1 A). The results showed
that nicorandil treated H9C2 cells had the highest
cell survival rate cultured at 50 umol/L for 6 h.

Gene name Forward (5'>3') Reverse (5'>3")

Bax CAGTTGAAGTTGCCATCAGC CAGTTGAAGTTACCATCAGC
SOD1 GGTGAACCAGTTGTGTTGTC CCGTCCTTTCCAGCAGTC

SOD2 CAGACCTGCCTTACGACTATGG CTCGGTGGCGTTGAGATTGTT
IL-18 GCAACTGTTCCTGAACTCAACT ATCTTTTGGGGTCCGTCAACT
TNF-a CCTCTCTCTAATCAGCCCTCTG GAGGACCTGGGAGTAGATGAG
Ikka GTCAGGACCGTGTTCTCAAGG GCTTCTTTGATGTTACTGAGGGC
IkB-a GGATCTAGCAGCTACGTACG TTAGGACCTGACGTAACACG
P65 ACTGCCGGGATGGCTACTAT TCTGGATTCGCTGGCTAATGG
GAPDH ACAACTTTGGTATCGTGGAAGG GCCATCACGCCACAGTTTC

RT-PCR = quantitative reverse-transcription polymerase chain reaction
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At the same time, the kit test results also showed
that high glucose treatment promoted the
expression of LDH and MDA, while nicorandol
effectively inhibits the expression of LDH and
MDA (Figure 1 B and C).
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Figure 1: Nicorandil attenuated high glucose-induced
HIC2 cell injury. (A) CCK8 results showed that H9C2
cells treated with 50umol/L nicorandil for 6h had the
highest cell survival rate; (B) nicorandil significantly
attenuated high glucose-induced MDA; (C) nicorandil
significantly decreased high glucose-induced LDH (*p
< 0.05, compared with control group; #p < 0.05,
compared with High glucose group)

Nicorandil alleviated high glucose-induced
oxidative stress in H9C2 cells

Western blot (Figure 2 A) and Real-time PCR
(Figures 2 B and C) showed that the SOD1 and
SOD2 expression in the high glucose group were
significantly lower than in control group, while
nicorandil treatment inhibited the decrease in
SOD1 and SOD2 expressions. ELISA results
supported the foregoing findings (Figure 2 D and
E). The results of flow cytometry confirmed that
the ROS level in the high glucose group
increased, but in the nicorandil group, the ROS
level was significantly lower (p < 0.05) Figure 2
F).
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Figure 2: Nicorandil alleviated high glucose-induced
oxidative stress in H9C2 cells. (A) Western blot was
used to determine SOD1 and SOD2 expressions.
GAPDH was used as an internal control. (B and C)
SOD1 and SOD2 mRNA expressions. (D and E)
SOD1 and SOD2 levels were determined via ELISA.
(F) Intracellular ROS levels. (*p < 0.05, compared with
control group; #p < 0.05, compared with High glucose

group)

Nicorandil alleviates high glucose-induced
inflammation in H9C2 cells

First, Western blotting results showed that high
glucose induced inflammation in H9C2 cells
(Figure 3 A and B). IL-18 and TNF-a expressions
were significantly increased, while nicorandil
treatment significantly inhibited inflammatory
response. Similar results were obtained for Real-
time PCR (Figure 3 C and D) and ELISA (Figures
3 E and F). Second, immunofluorescence
staining results (Figure 3 G), indicate that the
high glucose group H9C2 cells expression of IL-
18 significantly increased, while nicorandil
inhibited IL-1B expression (p < 0.05).

A B

9]

ntrol)

Ocontrol MNicarandil
. BHigh glucese

— — e LB € G285

— TNF-a &% 20
- — —GAPDH G & 151
> ® & X # w
&
ol & 3.”*‘ B . %
P

S

tein

z
IL-1B (IL-1B/GAPDH)

s &
B i

B
c
-]
%
H
e
5
%
H
®
H
5
]
o

The level.
expressian

=
m

Raelative axprossion of
TNF-o {TNF-a/GAFDH)

]
El

8
S

2
2

-
IL-1B level (UmL)
TNF-g leval {UfmL}

Figure 3: Nicorandil alleviates high glucose-induced
inflammation in H9C2 cells. (A & B) IL-18 and TNF-a
expression were significantly increased after high
glucose treatment, while nicorandil treatment
significantly reduced these expressions. (C and D)
mRNA levels of IL-18 and TNF-a were increased by
high glucose, however were inhibited by nicorandil
treatment. (E and F) ELISA also showed the similar
results regarding IL-18 and TNF-a levels. (G)
Immunofluorescence of IL-18 expression
demonstrated the similar results (magnification: 400x).
(*p < 0.05, compared with control group; #p < 0.05,
compared with High glucose group)

Nicorandil alleviated high glucose-induced
apoptosis in HIC2 cells

Previous studies have confirmed that high
glucose promoted apoptosis in H9C2 cells.
Western blot results indicate that the expressions
of caspase 3 and Bax in the high glucose group
were significantly higher (Figure 4 A) in real-time
PCR (Figure 4 B ~ D), while the expression of
Bcl-2 was effectively inhibited. ELISA also
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achieved similar results (Figure 4 E - G). The
treatment with nicorandil significantly promoted
Bcl-2 expression and inhibits Caspase3 and Bax
expressions. In addition, it was observed that the
proportion of positive cells in the nicorandil group
significantly decreased, compared with that in
high glucose group (Figure 5).
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Figure 4: Nicorandil alleviated high glucose-induced
apoptosis in H9C2 cells. (A) Nicorandil inhibited high
glucose-induced Caspase3 and Bax increase and Bcl-
2 decrease at protein levels. (B~D) Nicorandil inhibited
high glucose-induced Caspase3 and Bax increase and
Bcl-2 decrease at mRNA levels. (E~G) ELISA also
showed the similar results regarding Caspase3, Bax
and Bcl-2 levels. (*p < 0.05, compared with control
group; #p < 0.05, compared with High glucose group)
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Figure 5: The proportion of positive cells in the
nicorandil group significantly decreased, compared
with that in high glucose group via Tunnel assay
(magnification: 400x%)

Nicorandil inhibited activation of NF-kB
pathway
Firstt we examined NF-kB, Ikka and

inflammatory inhibitor IkB-a expression in each
group using Western blotting (Figure 6 A). The
results showed that the expression of NF-kB-p65
and l|kka increased in the high glucose group,
while the expression of IkB-a was significantly
inhibited. In contrast, nicorandil decreased NF-kB
and Ikka expressions and promoted IkB-a
expression. Similar results were obtained for

mRNA levels (Figure 6 B - D). This indicates that
nicorandil inhibited the NF-kB pathway.
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Figure 6: Nicorandil inhibited activation of the NF-kB
pathway. (A) Nicorandil inhibited high glucose-induced
NF-kB-p65 and |kka increase and IkB-a decrease at
protein levels. (B~D) Nicorandil inhibited high glucose-
induced NF-kB-p65 and Ikka increase and I|kB-a
decrease at mMRNA levels. (*p < 0.05, compared with
control group; #p < 0.05, compared with High glucose
group)

DISCUSSION

High sugar triggers a series of cardiovascular
diseases such as hypertension and myocardial
failure [11]. Diabetic cardiomyopathy (DCM) is an
independent and specific ventricular disease,
evidenced by septal thickness, ejection fraction
and short axis shortening rate, which are
independent of coronary heart disease and
valvular disease. Myocardial disease, which
exists as an independent complication in diabetic
patients, is one of many causes of death [12].
The pathogenesis of DCM includes a number of
very complex aspects such as myocardial cell
metabolic disorders, myocardial microvascular
disease, intracellular Ca?* dysregulation, cytokine
abnormalities, and oxygen free radical
abnormalities [13].

Studies have confirmed that nicorandil has a role
in regulating oxidative stress and inflammatory
response [14]. Therefore, this study focused on
the induction of inflammatory response and
oxidative stress by the treatment of H9C2 cells
with high glucose. El-Kashef DH found that
nicorandil improved lung inflammation in silicotic
rats [15]. A previous study found that nicorandil
attenuated oxidative stress in mice with vascular
calcification [16]. The results confirmed that the
anti-oxidative stress factors SOD1 and SOD2
were significantly decreased after high glucose
treatment of HOC2 cells, while the inflammatory
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factors IL-1B and TNF-a expression were
significantly increased.

In addition, caspase protein family is a key
molecule regulating eukaryotic apoptosis, mainly
to: 1) mitochondria-based endogenous apoptotic
pathway. 2) exogenous pathways based on
death receptors on cell membrane [17].

The results showed that high glucose treatment
promoted apoptosis of HI9C2 cells, caspase3 and
Bax expression were significantly promoted, and
Bcl-2 expression was effectively inhibited. These
results indicate that high glucose induced
inflammation in H9C2 cells, leading to redox
imbalance in cells, thereby promoting apoptosis.
Nicorandil significantly inhibited the inflammatory
response and also inhibit the redox imbalance,
thus slowing down the apoptosis.

Studies have confirmed that NF-kB is involved in
the regulation of DCM [18]. NF-kB pathway is a
classic inflammation and oxidative stress
pathway. Studies have confirmed that NF-kB is
inactive after cytoplasmic binding protein IkBa,
thereby preventing NF-kB from entering the
nucleus and inhibiting its activation [19]. This
present research indicated that high glucose
activates the NF-kB pathway, thereby promoting
the expression of the downstream factor lkka
and inhibiting IkB-a expression. At the same
time, high glucose induced ROS accumulation in
HI9C2 cells, leading to redox imbalance and
promoting the increase of LDH and MDA
secretion by H9C2. The results of the current
study confirm that nicorandil inhibits the NF-kB
pathway, consequently inhibiting the
inflammatory response and alleviating the redox
imbalance.

CONCLUSION

The findings of this study demonstrate that
nicorandil inhibits NF-kB pathway and reduces
high glucose-induced oxidative stress and
inflammation in H9C2 cells, thereby delaying
apoptosis. Therefore, nicorandil may be of great
interest as a potential drug for the treatment of
DCM.

DECLARATIONS

Conflict of Interest

No conflict of interest associated with this work.
Contribution of Authors

The authors declare that this work was done by
the authors named in this article and all liabilities

pertaining to claims relating to the content of this
article will be borne by them.

Open Access

This is an Open Access article that uses a
funding model which does not charge readers or
their institutions for access and distributed under
the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/
4.0) and the Budapest Open Access Initiative
(http://www.budapestopenaccessinitiative.org/rea
d), which permit unrestricted use, distribution,
and reproduction in any medium, provided the
original work is properly credited.

REFERENCES

1. Jia G, Whaley-Connell A, Sowers JR. Diabetic
cardiomyopathy: a hyperglycaemia- and insulin-
resistance-induced heart disease. Diabetologia 2018;
61(1): 21-28.

2. Kunutsor SK, Seidu S, Khunti K. Aspirin for primary
prevention of cardiovascular and all-cause mortality
events in diabetes: updated meta-analysis of
randomized controlled trials. Diabet Med 2017; 34(3):
316-327.

3. He WK, Su Q, Liang JB, Wang XT, Sun YH, Li L.
Nicorandil pretreatment inhibits myocardial apoptosis
and improves cardiac function after coronary
microembolization in rats. J Geriatr Cardiol 2018; 15(9):
591-597.

4. Afzal MZ, Reiter M, Gastonguay C, McGivern JV, Guan
X, Ge ZD, Mack DL, Childers MK, Ebert AD, Strande JL.
Nicorandil, a Nitric Oxide Donor and ATP-Sensitive
Potassium  Channel  Opener, Protects Against
Dystrophin-Deficient Cardiomyopathy. J Cardiovasc
Pharmacol Ther 2016; 21(6): 549-562.

5. Marinko M, Novakovic A, Nenezic D, Stojanovic |,
Milojevic P, Jovic M, Ugresic N, Kanjuh V, Yang Q, He
GW. Nicorandil directly and cyclic GMP-dependently
opens K+ channels in human bypass grafts. J
Pharmacol Sci 2015; 128(2): 59-64.

6. Shono M, Houchi H, Oka M, Nakaya Y. Effects of
nitroprusside and nicorandil on catecholamine secretion
and calcium mobilization in cultured bovine adrenal
chromaffin cells. J Cardiovasc Pharmacol 1997; 30(4):
419-423.

7. Frati G, Schirone L, Chimenti I, Yee D, Biondi-Zoccai G,
Volpe M, Sciarretta S. An overview of the inflammatory
signalling mechanisms in the myocardium underlying
the development of diabetic  cardiomyopathy.
Cardiovasc Res 2017; 113(4): 378-388.

8. Medzhitov R. Origin and physiological roles of
inflammation. Nature 2008; 454(7203): 428-435.

9. Cildir G, Low KC, Tergaonkar V. Noncanonical NF-
kappaB Signaling in Health and Disease. Trends Mol
Med 2016; 22(5): 414-429.

Trop J Pharm Res, February 2022; 21(2): 278



Tao et al

10. Jarosz M, Olbert M, Wyszogrodzka G, Milyniec K,
Librowski T. Antioxidant and anti-inflammatory effects of
zinc. Zinc-dependent NF-kappaB
Inflammopharmacology 2017; 25(1): 11-24.

11. Johnson RJ, Segal MS, Sautin Y, Nakagawa T, Feig DI,
Kang DH, Gersch MS, Benner S, Sanchez-Lozada LG.
Potential role of sugar (fructose) in the epidemic of

signaling.

hypertension, obesity and the metabolic syndrome,
diabetes, kidney disease, and cardiovascular disease.
Am J Clin Nutr 2007; 86(4): 899-906.

12. Liu M, Chen H, Jiang J, Zhang Z, Wang C, Zhang N,
Dong L, Hu X, Zhu W, Yu H, et al. Stem cells and
diabetic cardiomyopathy: from pathology to therapy.
Heart Fail Rev 2016; 21(6): 723-736.

13. Bugger H, Abel ED. Molecular mechanisms of diabetic
cardiomyopathy. Diabetologia 2014; 57(4): 660-671.

14. Ishibashi Y, Takahashi N, Tokumaru A, Karino K,
Sugamori T, Sakane T, Yoshitomi H, Sato H, Oyake N,
Murakami Y, et al. Effects of long-term nicorandil
administration on endothelial function, inflammation, and
oxidative stress in patients without coronary artery
disease. J Cardiovasc Pharmacol 2008; 51(3): 311-316.

15. El-Kashef DH. Nicorandil ameliorates pulmonary
inflammation and fibrosis in a rat model of silicosis. Int
Immunopharmacol 2018; 64: 289-297.

16. Ravindran S, Swaminathan K, Ramesh A, Kurian GA.
Nicorandil attenuates neuronal mitochondrial
dysfunction and oxidative stress associated with murine
model of vascular calcification. Acta Neurobiol Exp
(Wars) 2017; 77(1): 57-67.

17. Fan TJ, Han LH, Cong RS, Liang J. Caspase family
proteases and apoptosis. Acta Biochim Biophys Sin
(Shanghai) 2005; 37(11): 719-727.

18. Liao HH, Zhu JX, Feng H, Ni J, Zhang N, Chen S, Liu HJ,
Yang Z, Deng W, Tang QZ. Myricetin Possesses
Potential Protective Effects on Diabetic Cardiomyopathy
through  Inhibiting  IkappaBalpha/NFkappaB  and
Enhancing Nrf2/HO-1. Oxid Med Cell Longev 2017;
2017: 8370593.

19. Trescher K, Bernecker O, Fellner B, Gyongyosi M,
Krieger S, Demartin R, Wolner E, Podesser BK.
Adenovirus-mediated overexpression of inhibitor kappa
B-alpha attenuates postinfarct remodeling in the rat

heart. Eur J Cardiothorac Surg 2004; 26(5): 960-967.

Trop J Pharm Res, February 2022; 21(2): 279



