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Carvacrol Reduces Myocardial Ischemia-reperfusion Injury by Activating PTEN Induced Putative Kinase 1/Parkin—
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[ Abstract] Background In cardiovascular diseases, PTEN—induced putative kinase 1 (PINK1) /Parkin-mediated
autophagy maintains the dynamic balance of intracellular mitochondria by effectively scavenging damaged mitochondria and
excess reactive oxygen species (ROS) . Carvanol can reduce the production of ROS and mitochondrial damage in cardiomyocytes.
However, the effect of carvanol on autophagy in myocardial ischemia-reperfusion injury (MIRI) is not clear. Objective To
investigate the therapeutic effect of carvanol on MIRI and its mechanism through animal and cell experiments. Methods The
time of this study is from May 2020 to May 2021. Animal experiment: adult male Sprague—Dawley rats were randomly divided into
Sham group (group A) , MIRI group (group B), MIRI+20 mg/kg carvacrol group (group C) and MIRI+60 mg/kg carvacrol group (group
D), with 12 rats in each group. The MIRI model was established in groups B, C and D, and the rats in group A received the same
operation without ligating the left anterior descending branch of coronary artery. Fifteen min before operation, the rats in groups C
and D were injected intraperitoneally with corresponding dose of carvanol, and rats in groups A and B were given the same volume
of 0.9% sodium chloride solution. The levels of serum cardiac troponin I (¢Tnl), creatine kinase isoenzyme (CK-MB) , aspartate
aminotransferase (AST) , lactate dehydrogenase (LDH) , myocardial infarction area, myocardial pathological changes, expression
level of PINK1, Parkin and Beclinl protein and microtubule—associated protein 3 (LC3)- Il /LC3- 1 in groups A, B, C and D
were measured. Cell experiment: HOC2 cells were divided into control group (group E) , hypoxia/reoxygenation (H/R) group (group
F, treated with H/R), H/R + carvacrol group (group G, pretreated with 100 w mol/L carvanol for 6 h and then treated with H/R),
H/R + carvacrol + negative control siRNA (NC—siRNA) group (group H, after transfection of NC—siRNA, 100 p mol/L. carvacrol
was pretreated for 6 h, and then treated with H/R) and H/R + carvacrol + small interfering RNA targeting PINK1 (PINK1-siRNA)
group (group I, after transfection of PINK1-siRNA, 100 p mol/L carvacrol was pretreated for 6 h, and then treated with H/R) . The
cell viability, apoptosis rate, the expression levels of PINK1, Parkin and Beclinl protein and LC3- Il /LC3- 1 in H9C2 cells in
groups E, F, G, H and I were detected. Results Animal experiments: the levels of serum ¢Tnl, CK-MB, AST and LDH in groups
B, C and D were higher than those in group A (P < 0.05) ; the levels of serum ¢Tnl, CK-MB, AST and LDH in groups C and D
were lower than those in group B (P < 0.05) ; the levels of serum ¢Tnl, CK-MB, AST and LDH in group D were lower than those
in group C (P < 0.05) . The myocardial infarction area in group A was 0. The myocardial infarction area in groups C and D was
smaller than that in group B (P < 0.05) ; the myocardial infarction area in group D was smaller than that in group C (P < 0.05) .
HE staining results showed that myocardial cells in group A were arranged neatly, with obvious nuclei and no inflammatory cell
infiltration; rats in group B had extensive necrosis of myocardial tissue, disordered myocardial fiber arrangement, and a large
number of inflammatory cell infiltration; the cardiomyocytes of rats in groups C and D were arranged neatly, and the degree and
scope of cell necrosis were significantly reduced. The results of Masson’ s tricolor staining showed that the myocardial tissues of
rats in group A were mainly composed of cardiomyocytes without obvious collagen components; the myocardial tissues of rats in
group B had obvious myocardial fibrosis, with only a few cardiomyocytes present; the content of collagen fibers in myocardial tissue
of rats in groups C and D were significantly reduced. The results of quantitative analysis showed that the myocardial fibrosis rate of
rats in groups B, C and D was higher than that in group A (P < 0.05) ; the rate of myocardial fibrosis of rats in groups C and D was
lower than that in group B (P < 0.05) ; the rate of myocardial fibrosis of rats in group D was lower than that in group C (P < 0.05) .
TUNEL staining results showed that the positive rate of TUNEL in myocardial tissue of rats in groups B, C and D was higher than
that in group A (P < 0.05) ; the positive rate of TUNEL in myocardial tissue of rats in groups C and D was lower than that in group
B (P < 0.05) ; the positive rate of TUNEL in myocardial tissue of rats in group D was lower than that in group C (P < 0.05) . The
expression levels of PINK1 and Beclinl protein in myocardial tissues of rats in groups B, C and D were lower than those in group A,

the expression levels of Parkin protein in myocardial tissues of rats in groups B and C were lower than those in group A, LC3- I
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/LC3- 1 in myocardial tissues of rats in group B was lower than that in group A, LC3- Il /LC3- I in myocardial tissues of rats in
groups C and D was higher than that in group A (P < 0.05) ; the expression levels of PINK1, Parkin and Beclinl protein and LC3-
Il /LC3- T in myocardial tissues of rats in groups C and D were higher than those in group B (P < 0.05) ; the expression levels of
Parkin and Beclinl protein in myocardial tissues of rats in group D were higher than those in group C (P < 0.05) . Cell experiment:
the cell viability of groups F, G, H and I was lower than that of group E (P < 0.05) ; the cell viability of groups G and H was higher
than that of group F (P < 0.05) ; the cell viability of group I was lower than that of groups G and H (P < 0.05) . The apoptotic rate
of groups F, G, H and I was higher than that of group E (P < 0.05) ; the apoptotic rate of groups G, H and I was lower than that
of group F (P < 0.05) ; the apoptotic rate of group I was higher than that of groups G and H (P < 0.05) . The expression levels of
PINK1, Parkin, Beclinl protein and LC3— Il /LC3- T in HIC2 cells in group F were lower than those in group E (P < 0.05) ;
the expression levels of PINK1 and Beclinl protein in HOC2 cells in groups G and H were lower than those in group E, and higher
than those in group F, the expression level of Parkin protein was higher than that in group F, LC3— Il /LC3- I was higher than
that in groups E and F (P < 0.05) ; the expression levels of PINK1, Parkin and Beclinl protein and LC3- Il /LC3- I in H9C2
cells in group I were lower than those in groups E, G and H, the expression levels of Beclinl protein were higher than those in

group F (P < 0.05) . Conclusion Animal and cell experiments have shown that carvacrol enhances autophagy by activating the
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PINK1/Parkin pathway, thereby reducing MIRI.
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B (P<0.05); C. DA KRRIME cTnl, CK-
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IR 1,

22 OWUEEFEEF A, B, C. D4 K K.OWLUAEIE
A 4 5 0. 21.35% +2.60% . 13.14% + 1.60%
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HEF A5, AnpAZ I &, ToRVEIHIRIE; B 4R RG
WL Z3R3E, DA ARSI ZEEL, KR AR
5 C. DARBUL A MHE B 5, AR FERE
FEFEA S, LA 2.

Masson — Ay fmzE IR A RO ILHZ LI
WLARME R 3, WA B SS ;B 41k B g4t
DAL 5, U DRI E; ¢, D4R
R LA U e S 21 4 e B S iz, DLIRD 3. a8 sy
Mras s, AL B, C. DA RO B o e,
EREGH¥EL (P<005) . B, C. DRI
YL E ST AL, 2R A5 L (P < 0.05);
C. DAHRRONEGEAL T /KT B4, 2RE5IT
2N (P <005) ; DARBOILFLELE S HALT
CHl, ZRAGIFENL (P<005), WE2, K3,

TUNEL 2258 s, A, B, C. D4 RFCHLA

1 A, B, C. DAIRROCHAZ TTC RELER (x10)
Figure 1 TTC staining results of myocardial tissue of rats in groups A, B, Cand D
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Figure 2 HE staining result of myocardial tissue of rats in groups A, B, Cand D

3 A, B. C. DAKFOHHL Masson = A4 R (1% 400)

Figure 3 Masson trichrome staining result of myocardial tissue of rats in groups A, B, Cand D

ZUTUNEL FHMRILE, 25 A50H#E X (P < 0.05) .
B. C. DAHKELNILHL TUNEL FITESRE T A 4, %
RAEGHFEX (P<0.05); C. DAKBOIAL
TUNEL FHHRIE T BA, ZRA G EL(P < 0.05 )
D 4 KRS TUNEL FHPERMET C 4, Z2RE45
H¥EY (P<005), k2, K4,

F2 AL B, C, DARBOILTLELTT /L, OIEHZ TUNEL FHE
HIEE (x+5, %, n=12)

Table 2 Comparison of rat myocardial fibrosis rate and myocardial tissue
TUNEL positive rate in groups A, B, Cand D

20 541 DAL E 4 b D414 TUNEL BEE 2R
A4l 0.54 +0.07 0.27 £0.03

B4 61.43 +7.49" 22.43 £2.74°

CH 32.56 +3.97" 6.75+0.82"

D4 20.65 +2.52" 2.21+0.27™

F i 198.803 293.712

P1H < 0.001 < 0.001

I "F RS A4, P<0.05; "F£R5 BAE, P <005
CFoRE CUlE, P <005

2.4 LJLZHZ P PINKL . Parkin. Beclinl & |13k 7K
SR LC3- T /LC3- 1 A, B, C. DA RFLILLLE
o1 PINK1, Parkin, Beclinl & [ 3k /K F & LC3- 1T /
LC3- T g, ZRAEZITFE L (P <005) . B, C,

D 2H K B L 21 PINKL . Beclind 25 1 3k 7K FI%
T A4, B, CAHARRONAHLF Parkin 2 FEKF-
KT A4, BARFOIAL H LC3- 1T /Le3- [T
A, C . DAHRFONALF LC3- T /LC3- T F T A4,
ERBAGI¥EL (P<005); C. DAREOIH
Z0rf PINK1 ., Parkin, Beclinl 25 2k /KF & LC3- 11 /
LC3- I m T B4, ZRAZIT¥EL (P<005); D
ZHR B WIZHZ T Parkin, Beclinl & KK & T C
4, ZRAEFIFEYL (P<005), B3, KS,

®3 A B, C. DALKFELLHLALLU PINKIL, Parkin, Beclinl 2 H
FRACFJ LC3- T /LC3- T H# (x5, n=12)
Table 3 Comparison of expression levels of PINK1, Parkin and Beclinl

protein and LC3— I /LC3- | in the myocardial tissues of rats in groups A,
B, Cand D

) PINKI [ Parkin B[ Beclinl 13- 1T /1L.C3- T
A4l 1.00+£0.14 1.00£0.12  1.00+0.09 1.00 + 0.08
B# 023+0.02" 024+0.03" 0.18=0.03" 0.24 = 0.04"
C#H 076£0.11" 086=0.11" 0.57 +0.09" 126 +0.17"
D4 0.83+0.08" 0.97+0.08" 0.70 +0.02"" 1.35+0.14"
FAH 68.982 101.655 156.986 106.612
P{i <0001 < 0.001 < 0.001 < 0.001

e "FR S AL, P < 0.05; "FRS BAIE:, P<005;
CFIRG CULILEL, P < 0.05; PINKI=PTEN S8 1, LC3= 14
HITEHE %4 3
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Figure 4 TUNEL staining result of myocardial tissue of rats in groups A, B, Cand D

25 HMIIE ST E.F. G, H. 1AM i, &
SHEGIHFEX (P<005) . F. G, H. 1440175
TN TFEH, ZRAGITFEXL (P<005); G, H
MG IR F F 4, ZRAEGIFEL (P <0.05);
THMMN H/NTFGC.HYA, ZRAGIT¥E X
(P<005), k4, K6,

26 4T E. F. G, H, THAEMAT R LI,
EREGH¥EYL (P<005) . F. G, H. 140401
T RS TEH, ZRAFITFEX (P<005) ;
G. H., THAMEIHT R T F4l, ZRHSI#EX
(P<0.05); THAMMWRIHT-FEH TG, H4, E7F
Giit#E Y (P <0.05), Wik4,

2.7 HOC2 40 Jifd *h PINK1. Parkin, Beclinl & 4 % ik
KK LC3- M /LC3- 1 E. F. G, H. 141 HOC2 4
Jifd §r PINK1. Parkin. Beclinl & 111 3 3% /K °F & LC3-
I /LC3- T bk, ZRASI#EX (P<005) .
F 44 HOC2 #fi fifg 7 PINK1 . Parkin. Beclinl £ 1 #iA 7K
F R LC3- T /LC3- TR FEY, E2RAGIFEX
(P <0.05); G, H %l HOC2 40 i * PINK1. Beclinl

®4 E.F.GHL TAANEEST . AURJAT R (x£5, n=6)
Table 4 Comparison of cell viability and apoptosis rate in groups E, F, G,

H, I

215 i YPETR (%)
E#4 1.00+0.15 2.06+0.10
F 4 0.50 + 0.08" 31.94 +3.68"
G4 0.77 £0.11" 7.36 £0.93"
H4A 0.72 £0.12" 8.50 +0.81"
T4 0.53 +0.04"" 16.34 + 1.87™
F{E 21.557 218.452
PE < 0.001 < 0.001
e BN IR, F AN R (H/R) 41, G410 H/R+

FITWAL, WAL H/R+ AT + BT /N4 RNACNC-siRNA )41,
1417 H/R+ & + 4015 PINK1 A9/ T4 RNA ( PINK1-siRNA ) 41;
CFORS EMIHE, P<005; "FRS FARE, P<005; CFER
5 G, P<005; "FREHAARE, P<005

FARIBIAHET EH., m T F4, Parkin 8 HRAK
P T F4, LC3- M /LC3- | & TE. F4, 254
it m L (P < 0.05) ; 140 HOC2 41 g PINKI .

Parkin | Beclinl 2 [ 157K} LC3- 1T /LC3- TR TE.
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Figure 5 SDS-PAGE images of PINK1, Parkin, Beclinl protein
expression level and LC3- Il /LC3- [ detected by Western blot in

myocardial tissues of rats in groups A, B, C, D

G. HZ, Beclinl EFEHEXAKFEE T FAH, 256501
FEN (P<005), ks, KT,
3 it

Bl — AR 2R A, AT Iz A
e, ARV PomE YL BUEL Y s
PERN AR B T BA VR S BE MRS R
ORVER S TA A R AR S R B 7 o esh, B
FEARIE, AT AE MIRL A FBE 0 1 HA AR, SR
I AT A8 L B2 B . PRI, AR IR A B
T & EBEIA MIRT A9 7] G843 HLH
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£S5 E.F. G, H, 14 HIC2 4l Jifd f PINK1. Parkin, Beclinl Z&
TSRV LC3- T LC3- T HA (525, n=6)

Table 5 Comparison of PINK1, Parkin, Beclinl protein expression level
and LC3- Il /LC3- 1 in HIC2 cells in groups E, F, G, H, I

bl PINKI [ Parkin &1 Beclinl [ 13- M Ae3- 1
B4 1.00£0.07 1,00 £0.04 1.00£0.12 1.00£0.14
P 0.19£0.01° 025£002° 0.24:+0.03" 0.65+0.08°
G4 085007 101£0.12° 075009 1.34£0.16"
HA 0.890.11° 099£0.16" 0.71£009™ 138017
14 014003 022£003""  0.36£0.04" 0.67+008""
Fif 22636 118251 83557 48775
P1E <0001 <0001 <0001 <0001

e "FTRS EAILE, P<0.05; "FaRSFALE, P<0.05;
R CAIE, P<005; ‘FoRE HALE, P<0.05

M7 ¢Tnl. CK-MB. AST. LDH 4212 .t L35
B IR Y. AR R BR, €. D4R MG
¢Tnl, CK-MB. AST. LDH /KT B 4; D ZH kR
1% ¢Tnl. CK-MB. AST. LDH K F{E T C4, R
TP AR AR Qs T MIRT A R A D LR 5. C
D R FONEESEE BN T B 241, D 41Kk BLe JUEAE i
BUNT C4l, #sh, HE A28 R 0ok, B 4R RO ML
A ZIRBE, DT AEHRFIZERL, KE R PRI,
C. D ARFO A AEHEG R ST, IR SEAR BE A
FEl I B 9842 . Masson =LA 25 IR, C. D 41K
DA AEACE 53 LT B 4 D 4R FUD LA 41 A 43
AT C 2o ik 2est Ftb— 25 UE S A i AR s P
5 B T MIRT K B U405 S F AL AR S

AWFFE TUNEL Jea 25 5 Box, B, C. D ARG
LAY TUNEL FHME R & T A 415 ¢, D KRN

W E4UNXIRA, F 4l b/ B4 (HR) 4, G410 H/R+ FIFmdl, H 41l H/R+ el + Btk
XTHE/NFHE RNA (NC-siRNA ) 41, 1410 H/R+ &7 + 217 PINKI {)/h 3 RNA ( PINKI-siRNA ) 41
B6 MITHEMME, F. G, H, [41400E5E H455% ( x400)
Figure 6 Cell viability results of groups of E, F, G, H, Idetected by MTT method
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LT — w— mm— S — Thee, EIIE, 0H A wEaTinE MIRT 2 . BFSE R,
B —actin PINK 1/Parkin - FRAAR A BEAECo 155550 s ok A7

— e - Sm— -

B 7 Western blot £ ] E, F. G, H. I 41 HOC2 4 il *}* PINKI,
Parkin, Beclinl #4135k LC3- 11, LC3- 1 19 SDS-PAGE [
Figure 7 SDS-PAGE images of PINK1, Parkin, Beclinl protein
expression level and LC3- Il /LC3- I in HI9C2 cells in groups E, F, G,
H, I detected by Western blot
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