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ABSTRACT

AIM: Diabetic cardiomyopathy (DCM) is a dominant factor contributing to diabetic death. Rutaecarpine

has many cardiovascular biological effects and anti-high-glucose activity. Therefore, this paper aimed to
investigate the impact of rutaecarpine on high glucose (HG)-elicited cardiomyocyte injury.

METHOD: Cell counting kit 8 (CCK-8) and 5-ethynyl-2’-deoxyuridine (EdU), TdT-mediated dUTP Nick-End
Labeling (TUNEL) assays judged H9c2 cell activity and apoptosis, and oxidative stress was assessed by
corresponding assay kits. The expression of apoptosis, oxidative stress, autophagy-associated factors and
TRPV1 were examined with western blot. IF assay tested GFP-LC3 expression.

RESULTS: As a result, rutaecarpine had no obvious effect on the viability of H9c2 cells while elevated HG-
exposed H9c2 cell viability. Rutaecarpine inhibited the apoptosis and oxidative stress of H9c2 cells induced

by HG. In addition, rutaecarpine activated TRPV1 to induce autophagy. However, inhibition of TRPV1
inactivated the autophagy, which drove HG-evoked H9c2 apoptosis and oxidative stress.

CONCLUSIONS: In conclusion, rutaecarpine suppressed HG-stimulated H9c2 cell viability injury, apoptosis as
well as oxidative stress via promoting TRPV1-mediated autophagy (Fig. 6, Ref. 40). Text in PDF www.elis.sk
KEY WORDS: rutaecarpine, TRPV1, autophagy, cardiomyocyte injury, high glucose.

Introduction

Diabetes mellitus is a common chronic disease with high mor-
bidity and mortality (1). Diabetes can cause cardiomyopathy and
increase the risk of heart failure unrelated to high blood pressure
and coronary heart disease, known as diabetic cardiomyopathy
(DCM) (2). The etiology of DCM is multifactorial. Insulin resis-
tance and hyperglycemia are generally considered to be the main
promoting factors of DCM (3). DCM has adverse prognostic ef-
fects in affected patients and there is currently no targeted therapy.

Rutaecarpine (Fig. 1A) is a pentacyclic indole quinoline alka-
loid extracted from the nearly mature fruit of “Wu-Chu-Yu’ (4).
Rutaecarpine exerts wide functions in cardiac events (5, 6). It has
been reported that rutaecarpine can prevent hypertensive cardiac
hypertrophy (7) and alleviate hypoxia-induced right ventricular
remodeling in rats (8). In addition, rutaecarpine has been demon-
strated to have anti-high-glucose activity and anti-diabetes activ-
ity. Studies have shown that rutaecarpine prevents endothelial cell
senescence induced by high glucose through transient receptor
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potential vanilloid 1/ sirtuin-1 (TRPV1/SIRT1) pathway (9) and
enhances metformin’s anti-diabetes activity by upregulating Oct1
in diabetic rats (10). Nonetheless, whether rutaecarpine functions
in DCM demand prompt solution.

As a member of the superfamily of TRP channels, transient
receptor potential vanilloid 1 (TRPV1) is a non-selective cation
channel widely distributed in cell membrane and organelle mem-
brane, and has good permeability for Ca?* and H* (11, 12). The
activation of TRPV1/[Ca?*]i/CaM signaling can be stimulated by
Rutaecarpine (10). TRPV1 activation induces autophagy to reduce
the hypoxic injury of mouse myocardial cells (13). TRPV1 medi-
ated autophagy could also regulate cell apoptosis and oxidative
stress. The dissociation of TRPV 1 suppressed autophagy-induced
NLRP3 inflammasome activation and apoptosis (14). Oxidative
stress-induced apoptosis could be inhibited by autophagy which
was activated by TRPV1 in microglia (15).

Therefore, this paper aimed to investigate the impact of rutae-
carpine on high glucose (HG)-elicited cardiomyocyte apoptosis
and oxidative stress through the regulation of TRPV1 induced
autophagy.

Material and methods
Cell culture and treatment

The rat myocardium-derived cell line H9¢c2 was provided from
American Type Culture Collection (ATCC, USA). H9¢2 cells were
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Fig. 1. Rutaecarpine enhances H9c2 cell viability induced by HG. (A) The chemical structure of rutaecarpine. (B) The viability of H9c2 cells
treated by rutaecarpine was detected by CCK-8 assay. (C) The viability of HG-induced H9c2 cells treated by rutaecarpine was detected by

CCK-8 assay. ** p < 0.01 and *** p < 0.001. n = 3.
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Fig. 2. Rutaecarpine inhibits H9c2 cell apoptosis induced by HG. (A and B) The apoptosis of HG-induced H9c?2 cells treated by rutaecarpine
was detected by TUNEL assay. (C) The expression of apoptosis-related proteins in HG-induced H9c2 cells treated by rutaecarpine was ana-

lyzed by western blot. * p < 0.05 and *** p < 0.001. n = 3.

cultured in dulbecco’s modified eagle medium (DMEM; Gibco)
containing 5.5 mmol/L d-glucose, 10 % fetal bovine serum (FBS),
100 U/ml penicillin, and 100 mg/ml streptomycin at 37 °C with
5 % CO,. The subsequent experiments were performed when the
cell density reached about 80 %. In the cell toxicity test, H9c2 cells
were treated with different concentrations of rutaecarpine (0.1, 1,
and 10 uM) for 1 h (16); In the HG-treated group, H9c2 cells were
incubated with DMEM containing 33 mmol/L glucose for 24 h;
In the MA-treated group, H9¢2 cells were incubated with DMEM
containing 33 mmol/L mannitol for 24 h; In the HG+rutaecarpine
group, H9¢c2 cells were pre-treated with different concentrations
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of rutaecarpine (0.1, 1, and 10 uM) 1 h prior to HG induction. In
the HG+rutaecarpine+TRPV1 inhibitor group, TRPV1 inhibitor
AMGI810 (Tocris, Bristol, UK) was applied.

Cell counting kit 8 (CCK-8) assay

The CCK-8 kit (Beyotime) was used to measure the viability
of H9¢2 cells. H9c2 cells were seeded into the 96-well plates at
5000 cells/well and cultured at 37 °C. After treatment, H9¢2 cells
were added with 10 uLL CCKS8 solution at 24 h, which was then
incubated for 2 h at 37 °C. The optical density values at a wave-
length of 450 nm were detected using a microplate reader.
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Fig. 3. Rutaecarpine reduces H9c2 cell oxidative stress induced by HG. (A) The SOD, GSH-Px activity and ROS, (B) 3-NT levels in HG-induced
H9c2 cells treated by rutaecarpine were determined by their corresponding assay Kits. (C) The expression of oxidative stress-related proteins
in HG-induced H9c2 cells treated by rutaecarpine was analyzed by western blot. * p < 0.05, ** p < 0.01 and *** p < 0.001. n = 3.

5-ethynyl-2’-deoxyuridine (EdU), TdT-mediated dUTP Nick-End
Labeling (TUNEL)

After treatment, H9¢2 cells were first immobilized in 1 % form-
aldehyde on ice for 15 min and mixed with 0.2 % Triton X-100.
Thereafter, cells were treated with fluorescein 2’-Deoxyuridine
5’-Triphosphate (dUTP)-end labeling for 60 min at 37 °C and cell
nucleus was stained with DAPI staining solution (10 mM) for 5
min. Finally, cell apoptosis was observed by use of fluorescence
microscope (Olympus Corporation) and quantified with ImagelJ
1.8.0 software. Green dots showed positive cells with TUNEL
staining (apoptotic cells).

Western blot

After treatment, proteins in H9¢2 cells were harvested using
radioimmunoprecipitation assay (RIPA) lysis buffer (Beyotime)
with addition of protease inhibitors (Roche). The protein con-
centration was quantified by the BCA Protein Assay kit (Pierce;
Thermo Fisher Scientific). Total proteins (30 pug) were separated by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) and transferred to a polyvinylidene difluoride (PVDF)
membrane. Then, PVDF membranes were blocked with 5 % BSA
at room temperature for 1 h and incubated with primary antibodies
against Bcl-2, Bax, Cleaved caspase 3, oxidative stress-responsive
1 (OXSR1), NADPH oxidases 2 (Nox2), Nox4, TRPV1, LC3-I,
LC3-I1, Beclin-1, p62 and GAPDH at 4°C overnight. Secondary
antibodies labeled by horseradish peroxidase were then used to
culture the PVDF membrane at room temperature for 1 h. The
protein bands were detected with an enhanced chemiluminescence
kit (Thermo Fisher Scientific, Inc.) and were quantified through
ImagelJ 1.8.0 software.

Detection of oxidative stress factors

After treatment, H9c2 cells were washed with pre-cooling
phosphate buffer saline (PBS) for two times and processed with
pre-cooling PBS by homogenizer at 4 °C. Then, the homogenate
was centrifuged at 4 °C and the supernatant was taken as the
sample to be tested. The levels of superoxide dismutase (SOD),
glutathione peroxidase (GSH-Px), reactive oxygen species (ROS)
and 3-Nitrotyrosine (3-NT) in the supernatant were evaluated
using their assay kits in accordance with the manufacturer’s
protocol.

Immunofluorescence

After treatment, H9¢2 cells were fixed with 4% paraformal-
dehyde at 4 °C for 1 h and were permeabilized with 0.5 % Triton
X-100 for 20 min at room temperature. Then, cells were blocked
with 5 % bovine serum albumin (BSA) at 4 °C for 30 min and
incubated with LC3 primary antibody at 4 °C overnight. After
incubating with FITC-conjugated goat antibody for 1 h at room
temperature, cells were stained with 4°,6-diamidino-2-phenylin-
dole (DAPI) for 5 min away from the light. The representative
images were gathered using a fluorescence microscope (Olym-
pus Corporation).

Statistical analysis

Data were presented as the mean + SD from three indepen-
dent experiments and were statistically analyzed by the soft-
ware GraphPad Prism 8.0 (GraphPad Software, inc.). Differences
among multiple groups were evaluated using ANOVA followed
by Tukey’s post hoc test. Statistical significance was considered
as p <0.05.
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Results

Rutaecarpine enhances H9c2 cell viability induced by HG

The chemical structure of rutaecarpine was shown as Fig.
1A. The effect of rutaecarpine on viability of H9¢2 cells with or
without HG induction was assayed by CCK-8 assay. The viability
of H9¢2 cells was not significantly affected by the different con-
centrations of rutaecarpine (Fig. 1B). The induction of HG leaded
to the decreased viability of H9¢2 cells, which was improved by
rutaecarpine at 10 uM (Fig. 1C).

Rutaecarpine inhibits H9c2 cell apoptosis induced by HG

The effect of rutaecarpine on apoptosis of HG-induced H9¢2
cells was determined by TUNEL assay and the apoptosis-related
proteins expression was detected by western blot. The apoptosis
of H9c¢2 cells was aggravated by the induction of HG and rutae-
carpine gradually reduced the apoptosis of HG-induced H9¢2 cells
from 0.1 to 10 uM (Figs 2A and B). The expression of Bcl-2 was
downregulated and the expression of Bax and Cleaved caspase
3/caspase 3 was upregulated in H9¢2 cells of HG group, which
gradually reversed the effect of HG on the expression of apoptosis-
proteins by rutaccarpine from 0.1 to 10 uM (Fig. 2C).
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Rutaecarpine reduces H9c2 cell oxidative stress induced by HG

The levels of oxidative stress-related indicators were detected
by ELISA kits and the expression of oxidative stress-related pro-
teins was analyzed by western blot. The levels of SOD and GSH-
Px were suppressed and the levels of ROS and 3-Nitrotyrosine
(3-NT) was promoted by HG in H9¢2 cells (Figs 3A and B). The
expression of OXSR1, Nox2 and Nox4 in HG-induced H9c¢2 cells
was increased (Fig. 3C). The effects of HG on the above expres-
sion of oxidative stress factors and proteins could be reversed by
rutaecarpine.

Rutaecarpine activates TRPV1 to induce autophagy

To investigate whether rutaecarpine could activate TRPV1 to
induce autophagy, the expression of TRPV1 and autophagy-related
proteins was determined by western blot and LC3 expression was
showed by IF. HG inhibited the TRVP1 expression while rutaecar-
pine promoted the TRVP1 expression in HG-induced H9¢2 cells
(Fig. 4A). The expression of LC3-1I/T and Beclin-1 was decreased
while expression of p62 was increased in HG-induced H9¢c2 cells,
which were all reversed by rutaecarpine (Fig. 4B). The result of
immunofluorescence also indicated that LC3 expression was sup-
pressed by HG and was enhanced by rutaecarpine in HG-induced
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Fig. 4. Rutaecarpine activates TRPV1 to induce autophagy. (A) The TRPV1 expression in HG-induced H9c2 cells treated by rutaecarpine was
detected by western blot. (B) The expression of autophagy-related proteins in HG-induced H9c?2 cells treated by rutaecarpine was analyzed
by western blot. (C and D) The expression of LC3 in HG-induced H9c2 cells treated by rutaecarpine was showed by immunofluorescence.

*p<0.05 **p<0.01and *** p <0.001. n=3.
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HO9c¢2 cells (Figs 4C-D). Therefore, the above results indicated
that 10 uM rutaecarpine was chosen for the subsequent study.

Inhibition of TRPV1 reverses the impacts of rutaecarpine on the
autophagy of HG-exposed H9c2 cells.

To corroborate whether rutaecarpine elicited the protective role
in HG-treated H9c2 cells via mediating TRPV1, TRPV1 inhibi-
tor was applied. Subsequently, LC3 expression was showed by IF
and the expression of autophagy-related proteins was determined
by western blot. Immunofluorescence analysis showed that ru-
taccarpine elevated the decreased LC3 expression caused by HG
exposure and TRPV1 inhibitor further declined the expression of
LC3 in H9¢2 cells treated with HG and rutaecarpine (Fig. 5A). The
decreased LC3-1I/1, Beclin-1 expression and increased p62 expres-
sion in HG-induced H9¢2 cells were all restored by rutaccarpine.
The Inhibition of TRPV1 suppressed the expression of LC3-11/

and Beclin-1 and promoted the expression of p62 in H9¢2 cells
treated with HG and rutaecarpine again (Fig. 5B).

Inhibition of TRPV1 reverses the effects of rutaecarpine on the
apoptosis and oxidative stress in HG-exposed H9c?2 cells

Concurrently, the levels of apoptosis and oxidative stress were
detected by TUNEL assay, ELISA kits and western blot. Inhibition
of TRPV1 increased the apoptosis of H9c2 cells treated with HG
and rutaecarpine (Fig. 6A), and downregulated the expression of
Bcl-2 while upregulated the expression of Bax and Cleaved cas-
pase 3/caspase 3 (Fig. 6B). The levels of SOD and GSH-Px were
reduced and the levels of ROS and 3-NT was raised by the inhi-
bition of TRPV1 in H9c¢2 cells treated with HG and rutaecarpine
(Figs 6C-D). The expression of OXSR1, Nox2 and Nox4 was
increased by the inhibition of TRPV1 in H9¢2 cells treated with
HG and rutaecarpine (Fig. 6E).
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Discussion

Studies indicated that rutaecarpine inhibited NADPH oxidase
to prevent myocardial apoptosis induced by hypoxia and reoxy-
genation (16) and reversed isoproterenol-induced cardiac remod-
eling by stimulating calcitonin gene-related peptide production
(17). In addition, rutaecarpine showed anti-diabetes potential in
type 2 diabetic mice by regulating liver glucose homeostasis (18).
Here, it was observed that rutaecarpine could improve HG-exposed
HO9c¢2 cell viability.

Currently known etiology of DCM includes inflammatory re-
sponse, oxidative stress, mitochondrial dysfunction, programmed
cell death, as well as myocardial fibrosis (19). It is reported that
oxidative stress and inflammatory response play a major role in
myocardial injury in DCM (20). Myocardial cells or tissues of
diabetic cardiomyopathy mice can release a large amount of ROS,
resulting in extracellular collagen deposition and increased cellular
interstitial composition, promoting hyperplasia of connective tis-
sues (21). SOD is a pivotal enzyme capable of defending against
oxidative stress in vivo, which can reduce the formation of lipid
peroxides and protect biofilm and biomolecular structure (22). In
DCM mice, SOD activity decreased and ROS release increased,
while EGCG could inhibit ROS release and increase SOD activ-
ity in myocardial tissue (23). The current study also clarified that
rutaecarpine could relieve the oxidative stress induced by HG in
HO9c2 cells.

Studies on animal models of DCM showed that autophagy was
inhibited at DCM, suggesting that the suppression of autophagy
may be engaged in DCM (24, 25). It was found that at the early
stage of DCM, activated autophagy could relieve insulin resistance
and reduce oxidative stress to ameliorate myocardial metabolic
disorder and oxygen deficiency (26). Gao WB et al. pointed out
that the up-regulation of autophagy related protein expression level
can enhance the autophagy activity of cardiomyocytes, reduce the
death of cardiomyocytes and enhance cell survival to a certain ex-
tent, and thus play a protective role of cardiomyocytes (27). LC3
and Beclin] are autophagy related genes in mammals, which play
a key role in autophagy and can be used as markers of autophagy
(28). This study indicated that autophagy-associated proteins (LC3-
II/T and Beclin-1) expression were lessened in HG-treated H9¢c2
cells, and rutaecarpine improved the HG-induced injury in H9¢2
cells through promoting the autophagy.

When autophagy activity exceeded a certain limit, excessive
protein and organelles would be removed, which would accelerate
cell death and promote the process of cardiac fibrosis and heart
failure (29). Autophagy and apoptosis are necessary to maintain
normal survival of the body, and are related to diabetes, cardiovas-
cular disease and other diseases and inflammation (30, 31). Study
has shown that there is an obvious relationship between autophagy
and apoptosis (32). In DCM mouse model, curcumin stimulated
autophagy through JNK1 and AMPK pathways and inhibits cardiac
cell apoptosis (33). The autophagy level of rat cardiomyocyte H9¢2
decreased and apoptosis increased under the stimulation of high
glucose and high lipid, while the addition of autophagy agonist
increased autophagy and reduced myocardial cell apoptosis (34).

Here, the apoptosis was increased and autophagy was decreased in
H9c2 cells induced by HG. After rutaecarpine treatment for HG-
induced H9c¢2 cells, autophagy was exacerbated and apoptosis was
obstructed, which were in line with above studies.

The expression of TRPV1 and autophagy markers in diabetic
hearts is decreased (35). TRPV1 activation induces autophagy of
ox-LDL-treated vascular smooth muscle cells to prevent foam
cells from forming (36). Rutaecarpine promoted NO synthesis and
eNOS phosphorylation through activating TRPV1 (37). TRPV1
was related to the expression and release of calcitonin gene-re-
lated peptide stimulated by rutaecarpine (38). Rutaecarpine al-
leviated endothelial injury and gap junction dysfunction induced
by Ox-LDL in vitro through activation of TRPV1 (39). Blocking
TRPV1-dependent autophagy could alleviate nitrogen mustard-
caused cutaneous injury (40). Previous studies have indicated that
TRPV1-mediated autophagy could also regulate cell apoptosis
and oxidative stress (14, 15). Here, we found that TRPV1 expres-
sion was declined in H9¢c2 cells exposed to HG, which could be
promoted following rutaecarpine treatment. Additionally, TRPV1
inhibitor hindered the autophagy, resulted in enhanced apoptosis
and oxidative stress.

Conclusion

In conclusion, rutaecarpine exerted no impact on H9¢2 cell
viability, and could promote TRPV1-mediated autophagy to im-
prove viability and suppress apoptosis and oxidative stress of HG-
induced H9c¢2 cells. However, the effect of rutaecarpine on HG-
induced H9c2 cells could be alleviated by inhibition of TRPV1.
In our future study, more cell lines from rats or human and further
animal studies will be investigated to support the findings. Fur-
thermore, the role of TRPV1-mediated calcium signaling in HG-
induced apoptosis, the expression of LC3 and oxidative stress-re-
lated proteins will be examined. In addition, HG decreased TRPV 1
expression and gain-of-function strategy will be conducted.
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