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[Abstract] Objective To investigate the regulation of MAPK signaling pathway mediated by transient receptor po-
tential vanilloid type 1 (TRPV1) on myocardial autophagy in ischemia/reperfusion (I/R) rats and its role in injury repair.
Methods Rats were randomly divided into sham operation group, I/R group (model) and I/R+ Capsaicin (CS) group,
with 8 rats in each group. I/R models were established in other groups except sham operation group. Five minutes before
modeling, rats in I/R+CS group were intraperitoneally injected with CSCTRPV1 agonist at a dose of 20 mg/kg). Cardiac
function was evaluated by echocardiography. Evans blue (EB)/2,3,5- triphenyltetrazole staining (TTC) was used to es-
timate the infarct area. Quantitative western blot analysed autophagy and autophagy-related proteins. H9c2 cells were di-
vided into control (Con) group, hypoxia/reoxygenation (H/R) group, H/R+ Capsaicin (CS) group and H/R+CS +
Anisomycin(p38 agonist) group. The autophagy flux of cells in each group was evaluated by using Machery-GFP-1.C3 ad-
enovirus. Results Compared with the sham operation group, the ejection fraction and shortening fraction of I/R group
decreased significantly (P<C0.05), and a large area of myocardial infarction occurred (P<C0. 05), while the ejection frac-

tion and shortening fraction of I/R-+CS group increased significantly (P<C0. 05), and the area of myocardial infarction de-
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creased significantly (P<<0.05). Compared with I/R group, the protein expressions of TRPV1, LC3-1I/LC3-1, Atg5,

Beclin-1 and Rab7 in I/R+CS group were significantly up-regulated to about 3. 8 times, 1. 6 times, 1. 3 times, 1. 7 times
and 1. 9 times (P<C0.05), and the expressions of P62, p-p38/p38 and p-JNK/JNK decreased significantly by 36. 1%,
55.9% and 37. 4% (P<<0. 05). Compared with con group, autophagy and autophagosome in H/R group increased signifi-
cantly (P<<0.05). Compared with H/R group, autophagy in H/R+CS group increased significantly (P<C0. 05). In addi-

tion, autophagy in H/R+ Anisomycin group was lower than that in H/R-+CS group (P<C0.05). Conclusion Capsaicin

can enhance autophagy flux through MAPK signaling pathway to reduce myocardial I/R injury, which provides a new in-

sight into the cardioprotective effect of TRPVI.
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Table 1 The content of cTnl and the activities of CK MB, AST and LDH were determined by ELISA
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Figure 1 2D M-mode tracking of ventricular wall motion
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Table 2 Cardiac function parameters of rats in each group
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Figure 2 EB/TTC staining and H&E staining were used to examine the
pathological and morphological changes of myocardial tissue
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Table 3 EB/TTC staining results
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Figure 3 RNA-seq revealed that autophagy was involved in the myocardial protection of Capsaicin
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Figure 4 Capsaicin regulated impaired autophagy flux in vivo
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Table 4 Expression of Trpvl protein, autophagy and autophagy-related proteins

215 TRPV1 LC3-11/LC3-1 P62 Beclin-1 Atg5 Rab7
BFARA 1.00£0. 03 1.00£0. 02 1.00£0. 02 1.00£0. 03 1.00£0. 03 1. 00£0. 02
I/R 4 0.42+0. 059 1.27+0. 099 2.28+0. 1490 1.25+0. 119 0. 7040. 06% 0. 7440. 080
I/R+CS 4 1.50+0. 129 1.62+0. 119 1.4240. 082 1.5140. 149 1. 2840. 089 1.354+0. 119
F 8.62 1. 82 7.56 1.71 6.12 6.38
P <0.001 0.014 <0.001 0.016 <0. 001 <0. 001
W S5 RTFARAHMLL, OP<0.05; 5 I/R 4 1, @P<0. 05,
£5 MAPKESHEEEXEARIE(xs.n=8) 3 it
Table 5 Expression of MAPK Signal Pathway Related Proteins ‘D[ﬂl%%‘:{rﬁ lﬁ@?ﬁ%tﬁﬁ % Eﬁz_‘ , ﬁ%lﬂl‘@
20 5 pp38/p38 p-ERK/ERK p-JNK/JNK N = N N H e v Al 2
J " IR y
B F A4l 1.00+0. 03 1.00+0. 03 1.00+0.03 oL A e SR T () B o 1/R 45405 30 A 2 A s 3
I/R 41 2.58+0. 120 1. 2940. 09 2.03+0. 120 ST L HLE 2D L EAE SR P RN & B TRPV1
I/R+CS 4 1.1440. 089 1.13+0. 07 1.25+0. 079 A
. - S - Z5T VR BGT. H X050 3 5 AR 1
P <0.001 0.012 0.008 Il Capsaicin Xt & L1/ R 8 i , IF 358 2% HoW 76 19 45

W5 EFERAML. OP<0.05;5 I/R 44, @ P<0. 05,

T ML . 45 2R E B . Capsaicin i 97 7T DL 3 i 4190 4l
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Figure 5 Cherry red fluorescent protein (RFP)- yellow fluorescent pro-
tein (GFP)-LC3 adenovirus was transfected into H9¢2 cells to

observe the change of autophagy flux
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Table 6 Changes of autophagy flux in each group

4153 EL ALY gE] EL 3G g
Con 2 2.46+0. 32 3.24+0. 48
H/R 21 41.54+3. 850 29.35+2. 759
H/R+CS 4 55.41+2. 539 23.72+1.04
H/R-+CS+ Anisomycin 4 23.67+2. 259 21.84+2. 31
F 28.72 24.19
P <0. 001 <0. 001

5 Con AL, DP< 0.05; 5 H/R A [, @ P<<0.05; 5 H/R+
CS Mk, @D P<0. 05,

MAPK {5538 5 09 H R 28 1/R,

UEAE Sk A BFFE A AE S TRPV 3@ 8 0% 5 0
A4 O I B I s R R E PN B LA 2% R 8 SR Il -
HEREHE SN G A &, Capsaicin f/E 2k TRPV1
T E AN FERF LR BRI AT 5 min SR H Capsaicin Fiish
FEGAEA 10° mol /L), 35 TH bR T 1E /1N BUAY Gk i -
FREEARG . AN R 2 H Y R B T 5 min
FEJE 1 WA i AAR R K R & Capsaicin (10 ° mol/
L), f 25 00035 0 PR 9 0 JUE S5k il S5 7 B gk &, 3R
TRPV 8 #0E BA R R I E R . A BIE5E 1 1R
FIAR SN S 45 35 3 W], Capsaicin 73420 LA 5. 1
A RNA-seq g T & W = 5 Capsaicin O L 37 1E
Ay e Bmm. HRFARE os /RAMIT/R
4 vs I/R +CS 4 &2 5 RGBT R 5 14
Yif 22550 b . 45 R W] MAPK {55l B A 5 19 A
W] g2 5 Capsaicin O LR 9 VE 0 e 8 220 242 9
il Rz — . Atgb fE F MR AL A bk & SR Y
TES H WA & 22 7R A N . Atgd 76 I/R 4
3% B, M E AR Capsaicin 4k B0 LANME S » Atgd

(2R PE— 20 1 2 1Y . A AR BT R R B AR O
B L G0 Rab7 45, BAT S Atgd MR R B, X 5
I/R+CS 20 L HAh P9 240 [ W T PR 0T s A0 — 2, 14
I/R+CS 2 MAPK {5 5 il #% A0 5C 2 11 1452 2 3
F W MAPK 55BN S0 A WA SRR TS 5
T Capsaicin B0 IERPEA .

A I D) 455 A0 i P B 555 3 25 5 Y B S AL
B AT 20 B PN A A R R 1 B R S RN A B L LA
240 L N 00 T3 %) 3 D R 3 e {65 4 L R 406 3 e [l s R
PyR ATP 76 N & T A4 . Ban i iF ot &
B WAL T 7 e i 0 £ 0 T 0 1) O ) I AN ) ) A
FH o 3t 3k DAy it I IS 68 W R T 4 R O I B RE Y AR
SE RS O IV 45 ZE G D, ARl i 9 L R 4
FVE 5 e 2 0 TG 9 8 AT DL SE Sy A ) R
A E . AR SR KRB Capsaicin 1 & 57 1F
FHTTRES 16 B B 3 ) [ W i A o6, AR AR
TE W SE AR R VR B BORE A A2 0L SR Y B W
AR O LA B 7E T/R B0 b A . A WESR WOR
Capsaicin £ # AT LLig % H/R 753 (%) [ Wl &2 B
H kA7 3 Z2 B A5 50 B 00O 0 0 4L AL 45 MAPK F
Ras/Raf/MEK/ERK1/2"" , [H gt , 3 i1 7 #5152 46
Tl p38 sl Anisomycin K AZE T IX —E AR
UESE T MAPK {5538 f# /) 00 1% 7% Capsaicin B ff
1 YEH . %W Capsaicin ] 38 o #7 ] MAPK {5 5 i #%
P T AR,
4 it

AR 5T 45 B /8, Capsaicin 7] UL i@ 7 MAPK {5
53 [ O [ W e DA O L T/R 5, X TR-
PV .0 BE R 37 V8 4R A T 50 i WL g . (HAG TR A
(R AL I 5% FIURE DG 19 i R BIF 5% K B B Capsaicin 38 5%
O JIU T/ R 4505 99 16k DR A 280 e Ak

(&% k]

[1] WANG W, HU M, LIU H, et al. Global Burden of Disease
Study 2019 suggests that metabolic risk factors are the leading
drivers of the burden of ischemic heart disease[ J]. Cell Metab,
2021, 33(10): 1943-1956. e2.

(2] B XUHIHE, 5 AR, oo B 40 B 4 B R B o oK B0 L e it 9
TER O R4 B ECAL I L], P 3B B2 2, 2022, 34(3): 335
339, 346.

[3] SUN W, WANG Z, SUN M, et al. Aloin antagonizes stimula-
ted ischemia/reperfusion-induced damage and inflammatory re-
sponse in cardiomyocytes by activating the Nrf2/HO-1 defense
pathway[ J]. Cell Tissue Res, 2021, 384(3): 735-744.

[4] CHENHY., XIAO ZZ, LING X, etal. ELAVLI is transcrip-
tionally activated by FOXCI and promotes ferroptosis in myocar-
dial ischemia/reperfusion injury by regulating autophagy[]J].

Mol Med, 2021, 27(1) . 14.



WMARESF 2024 5F 10 A % 36 5% 104 Med ] West China,October 2024, Vol. 36,No. 10 .

1455 -

[5]

[6]

7]

(8]

(9]

[10]

[11]

[12]

XU D, KONG T, ZHANG S, et al. Orexin-A protects against
cerebral ischemia-reperfusion injury by inhibiting excessive auto-
phagy through OX1R-mediated MAPK/ERK/mTOR pathway
[J]. Cellular Signalling, 2021, 79 109839.

BOUROUTI K E. KONSTANTAROS C. GAITANAKI C. et
al. Severe Hyperosmotic Stress Issues an ER Stress-Mediated "
Death Sentence" in H9¢2 Cells, with p38-MAPK and Autophagy
"Coming to the Rescue"[J]. Biomedicines, 2022, 10(6); 1421.
LUO J, CHEN J, YANG C, et al. 6-Gingerol protects against
cerebral ischemia/reperfusion injury by inhibiting NLRP3 in-
flammasome and apoptosis via TRPV1/FAF1 complex dissocia-
tion-mediated autophagy[J]. Int Immunopharmacol, 2021.
100. 108146.

CASTREJON-TELLEZ V, DEL VALLE-MONDRAGON L,
PEREZ-TORRES 1, et al. TRPVI contributes to modulate the
nitric oxide pathway and oxidative stress in the isolated and per-
fused rat heart during ischemia and reperfusion[ J]. Molecules,
2022, 27(3): 1031.

SZABADOS T, GOMORI K, PALVOLGYI L, et al. Capsaicin-
sensitive sensory nerves and the TRPV1 ion channel in cardiac physi-
ology and pathologies[ J]. Int J Mol Sci, 2020, 21(12) . 4472.
XIONG Y, LIU T, CHEN ]. Anisomycin has the potential to
induce human ovarian cancer stem cell ferroptosis by influencing
glutathione metabolism and autophagy signal transduction path-
ways[J]. J Cancer, 2023, 14(7); 1202-1215.

MOKHTARI B, BADALZADEH R. Protective and deleterious
effects of autophagy in the setting of myocardial ischemia/reper-
fusion injury: an overview[ ]J]. Mol Biol Rep., 2022, 49(11).
11081-11099.

RANDHAWA P K, JAGGI A S. A review on potential involve-

[13]

[14]

[16]

[17]

(18]

[19]

[20]

ment of TRPV1 channels in ischemia-reperfusion injury[J]. J
Cardiovasc Pharmacol Ther, 2018, 23(1) . 38-45.
CASTREJON-TELLEZ V, DEL VALLE-MONDRAGON L,
PEREZ-TORRES 1, et al. Transient Receptor Potential Va-
nilloid Type 1 Contributes to Modulate the Nitric Oxide Pathway
and Oxidative Stress in the Isolated and Perfused Rat Heart dur-
ing Ischemia and Reperfusion[ ]J]. Molecules, 2022,27(3): 1031.
MUNJULURI S, WILKERSON D A, SOOCH G, etal. Capsa-
icin and TRPV1 channels in the cardiovascular system: the role
of inflammation[J]. Cells. 2022, 11(1). 18.
YIN Q. YAN R, WANG Y, et al. Gastrodin from Gastrodia
elata attenuates acute myocardial infarction by suppressing auto-
phagy: Key role of the miR-30a-5p/ATG5 pathway[J]. J Func
Foods, 2023, 102 105429.
T — 7 B AR L PVEEAT 2. ROCK2 78 ARC P38 35 Bt ik
P b B 20 B B e S AR ARG A 2 [T, VG A BE 2%, 2023, 35
(2): 188-194.
TRAERE XI5 AR 2L, A5 O U BE 5 A0 JUL A0 M SR T8 09 41 3% 1
Xt WE B S 0k (], 75 R S kDR 2 2441 2023, 40(4) - 277-280.
RAO P, LI C, WANG L, et al. ZNF143 regulates autophagic
flux to alleviate myocardial ischemia/reperfusion injury through
Raptor[J]. Cell Signal, 2022, 99: 110444.
YANG J, TONG T, ZHU C, et al. Pelil contributes to myo-
cardial ischemia/reperfusion injury by impairing autophagy flux
via its E3 ligase mediated ubiquitination of P62[J]. J Mol Cell
Cardiol, 2022,173; 30-46.
XIE M, CHO G W, KONG Y, et al. Activation of autophagic
flux blunts cardiac ischemia/reperfusion injury[ J]. Circ Res,
2021,129(3) :435-450.

(g 7= B #1:2023-06-03; f& 2] B #:2023-08-10; 435 . /M 50)

(L% 1448 T

[3]

[4]

[6]

7]

(8]

(9]

[10]

[11]

HegndE, E BT R BRI AF 0 BUAR b B TR A R AR 09 I TR U
FrmssE A )], B4k, 2017, 58(23):2013-2019.

WIS F . PEALHE I A BT I/ AR A T S AF TR O 9 1 AR W 4R
(1], 5 BE2E 2R 75,2020,52(9) :1109-1110.

NIU J, LTI Y. SONG X, et al. Cardioprotective Effect of Echi-
natin Against Ischemia/Reperfusion Injury: Involvement of Hip-
po/Yes-Associated Protein Signaling [ J ]. Front Pharmacol,
2021, 11(1):593225-593234.

SR TH L D I I DU ER A5 H AR OR R O 5 A A R RO 3 R R
I A DI RE R R R LT . R IR 25 55,2019, 30(18) :2480-2484.
A R FY 5K ST AFL R G E Nef2/HO-1 5 %5 3l B%
BRSO NUESE S O LA 5 455 L) ], o = 3l BRI Ak 24 55,
2019,27(9) .757-763.

SHALHOUT S Z, YANG P Y, GRZELAK E M, et al. YAP-
dependent proliferation by a small molecule targeting annexin A2
[I7. Nat Chem Biol, 2021, 17(7).767-775.

ZHAO L, QIU X, WANG R, et al. 1H NMR-based metabolomics
study of the dynamic effect of Xue-Fu-Zhu-Yu capsules on coronary
heart disease rats induced by high-fat diet, coronary artery ligation
[J].] Pharm Biomed Anal, 2021, 195(1):113869-113878.

B, IR, M. PR E O Nri2/HO-1 {5 53 i 401k
07 RS 00 JUL A M A 003 (0. b [ S 4 2k 2020, 40(2)
407-409.

CHEN G, LIU G, CAO D, et al. Polydatin protects against a-

[12]

[13]

[14]

[16]

[17]

(18]

[19]

[20]

cute myocardial infarction-induced cardiac damage by activation
of Nrf2/HO-1 signaling[J]. J Nat Med. 2019, 73(1):85-92.
I B 0, R o 25 KL AL SRR T X RO /D BRLC LT 4 Ak 1) £R
PR RALRILT]. AR BE25,2021,61(22) :47-50.
BB VB, BN AL B3 H 1 IR B A 52 A BHL i AR A 2 AR SR O
KECIIREA )], h E A 44, 2023,43(11) : 2770-2774.
B/NA L B &AM TT 65 1 28 A0 %R VA 9T 58 0 & O 0 3 R E X
Hoodirem ], SRS W 51847 .2023,34(5) : 706-708.
WF R BEZR T/ % T AKT/FOXOL {5 538 B% 5 1 56
B AR IO X O o K BLO LR A AR AR LT . h 25
2 .2023,29(7) :35-40.
s T IR AR =L BRI R RO LA AR 4
()], b2y 2 2%, 2022,37(6) :49-54.
ZEW L7 SRR, 5K A 48, 5. miR-301 3 33 # 1% Wnt/B-catenin {F
530 T S R B LR M T . e R A A
2022,30(11) :949-954.
A% 30, i % 45 Hippo- YAP {5 %5 5@ 45 .0 1L % 5 9% BF
FEAEIRLT). R B 25, 2020, 10(22) :26-29.
LIU J, XU L, ZHAN X. LncRNA MALATI regulates diabetic
cardiac fibroblasts through the Hippo-YAP signaling pathway
[J]. Biochem Cell Biol, 2020, 98(5):537-547.
ZHENG X H, WANG L L, ZHENG M Z, et al. RGFP966 in-
activation of the YAP pathway attenuates cardiac dysfunction in-
duced by prolonged hypothermic preservation[ J]. ] Zhejiang
Univ Sci B, 2020, 21(9):703-715.

(Y 7% H #7:2024-02-29; 18 5] B #7 :2024-05-08 ; %348 : T/ %)



