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Abstract: In this study, we investigated the pharmacological effect and possible molecular mechanism of
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Institutional Animal Care and Use Committee of the Guangzhou University of Chinese Medicine. ISO was used to
induce MI model in rats and H9c2 cells. The effects of HG on biomarkers and cardiac function in MI rats were
evaluated by enzyme linked immunosorbent assay (ELISA), echocardiography and hematoxylin-eosin staining
(HE). The expression of apoptosis and autophagy related proteins were detected by Western blot in myocardial
tissue and H9c2 cells, as well as methyltransferase-like 3 (METTL3) and transcription factor EB (TFEB) protein
expression. Molecular docking was used to evaluate the interaction between HG and METTL3. The results showed
that HG significantly improved cardiac function and pathologic changes in ISO-induced MI, and inhibited the levels
of Ml-related biomarkers such as creatine kinase Mb (CK-MB), creatine kinase (CK) and lactate dehydrogenase
(LDH). Mechanism studies showed that HG inhibited the expression of apoptosis-related proteins (Bax/Bcl2,
caspase3, cleaved-caspase3). Interestingly, HG up-regulated the expression of autophagy related protein Beclinl,
promoted autophagy flux, and decreased the ratio of light chain 3B-I/light chain 3B-II (LC-3B-I/LC-3B-II). Further
studies found that HG increased the autophagy regulator TFEB and inhibited METTL3 expression. Molecular
docking results showed that HG had a good interaction with METTL3. Taken together, HG has a potential anti-MI

effect via regulating METTL3/TFEB signaling pathway-mediated autophagy.
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Figure 1 The chemical structure of higenamine (HG)

LA K, A3 HE 7T 2R WY, RNA m6A 151 5 0 I 5
P9 ) R AR R A D%, T FR R AL B FE 3 (methyltrans-
ferase-like 3, METTL3) Al ¥ 3% [X] -7- EB (transcription
factor EB, TFEB) X it ifil 14 /0 AT 5 97 14 /0o JUL 40 Jfd £ 7
RIFEEAEH . TFEB /& METTL3 R 7 X H i 3 ],
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(HNRNPD) 5 TFEB pre-mRNA {454, MM P& TFEB
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(H/R) Ab 3 10 JULAH M (1) 0 T2, $2 75 METTL3 A& H &
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AT 72 K I ISO 55 HO9c2 41 ff A1k B, 0 WLARE 2
RS YA T HG X 1SO 75 5 1 O LA 58 K &R 0o JIE T
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R W E & 1 f2md, DA B HG il i METTL3/TFEB
2 O WL 5 I, 4000 ) JUL 00 00 1 4 0 LA
SEHIAE AL -

MR5REE

RFI5#EM HG LS MOT01A, 47 > 99%, £
IR IR A F]); 1SO (k5 CK030004, 46 1E > 99%,
Gt AL A T, #ivbIH (valsartn, #it 5 FY18E7052,
aifE > 95%, CFAEYIREEBRA F]); Prifk anti-caspase3
(1% 5 9662s). anti-Beclinl (% 5 3495T) (£ [H CST 2
F]); PLK anti-cleaved-caspase3 (5% 5 AF7022, Affinity
/A T]); Fi44 anti-LC-3B (light chain 3B) (5% 5 bs-2912R,
Bioss 2\ ); $i & anti-Bel2 (5% 5 A00040-1). anti-Bax
(T8 5 BM3964) (18 48 A= P RH A TR A 7)); Hiik anti-
METTL3 (1% 5 k005791p). % =¥ (F¢*5 PC0015).
HEE RRAW (155 P1400) (b R KK AR
H R A A)); $i4k anti-TFEB (5% 5 AF8130, 28 = K /&
#]); PLIA anti-A-tubulin (575 GB11017). RIPA %2 fift ik
(185 G2002) (Fe4E /R A=W A 7)); LA (lactate
dehydrogenase, LDH, %5 BYE20042). UL 1R i i 7] T
liff CK-MB (creatine kinase Mb, 75 BYE20043) 1 CK
(creatine kinase, 5t ‘5 BYE20781) ff] ELISA X7 (-
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R ZE W AR F BR /A 7]); CCK-8 (cell counting kit-8,
k5 GK10001, 2 [ GLPBIO % #]); — # 1% Western
blot #l B F & (785 PG212, FilgHERG YR H A IR
A w]); R B RO (B9 G3308, TN A i AR
YR8 R A 7)); TUNEL (terminal deoxynucleotidyl
transferase-mediated dUTP-biotin nick end labeling) ¢
WA & (575 FA201, &2 RN E& AWM ERA R A A);
pREF-GFP-hLC3 iifi (535 V2153, KPR FEA AR,
Lipofectamine 2000 % %% ik 7] (2067563, 3% [E Thermo
Fisher Scientific A 7); DMEM (C11995500BT). fi 4 IfiL
7 (10270-106) (3 [® Gibco 2 &l); 2F L& A & A
(BS114). ¥ ot 3t % £ /)~ L (BS-15-GIM) (Biosharp
AT

5 MMAE % SD (Sprague Dawley) K i,
12 A W%, 7R 8 220~250 g, 1 F 76 77 B RHK 2, SEE0 )
YIVF A ESN 5 SCXK (1) 2016-0041, 452563545
MR 2K S SR S A0 B R L S i HE (RS
ZYD-2020-142), H9c2 4 Jitd A1 HEK-293T 4f il 5k H
ATCC 4 £

8 EEHRIX (B 5 Varioskan Lux, 3% [F 3R 2R K
N, A VR O L (25 H1605R, i mE A A
")), fH 4 B (B 5 TU-10, Bl fER AR A
H]); B AX (B 5 EPS600, H [E K fA A); 8 i 2
RN 218 R 48 (BL5 vevo2100, 3% [H Visual-
sonics 2 7 ); WOk L AR B s (B 45 SPS, 1l E 4k
AF])e

FHISLE A ISO (100 mgkg™) 755 SD K LWL
FAERIR . SO 4 ot B2 B 4L VHG (10 mg-kg™)
4 \HG (20 mg-kg") 41 .HG (40 mg-kg") 2 1470 H
(valsartan, 10 mg-kg™) 0. HG F&iybHE A FEE K 4
TR (111) AR, 1SO AR HE B K NI, HG 41 R0 45
YOI AL HE A SR B 250, AL AR ) R A 2 T S AR
AR ERK O B (10 ) 70, BRHES 1R, &4k
425 R, EHE 6 RMETREBLZ 6h)E, B
LRNE 2540 B2 R VRS IS0, Xt IR 4145 7 25 (R A A= B £
Ko B8 RKH M w7 HE 3 /N B 75 AR R R K
B L JFE R A 75 RGN, A N /2 L 4 R (left ven-
tricular fractional shortening, LVFS) A1 £ = § Il 43 $k
(left ventricular ejection fraction, LVEF); [F] i+ K §& i
i, T ERAET-80 °C, H T/ 82 ELISA il o K BLC
JIE A T HE 4% f1 Western blot £ 11

MHAEIEFE K H9c2 40 i 71 HEK-293T 41 i 5% 77
T 10% 5% 15% R 4 135 1% 75 /85 5% % (1) DMEM
BB R IR 7E 37 °C 5% CO, %1 F 1 7%, WAL AR KS
I 3R T e 8585 .

CCK-8# B HIc24uiEFT 96 FLIK, 5x10°4N/AL,
Gy R H A R IRZH VHG (0.612 5.1.25.
2.5.5.10.20.40.80. 100 pmol-L™") #H; =%} I 41 . 1SO
(9.375+18.75.37.5.75. 150, 300 600 1 200 pmol-L™)
Y Bt R VB AL A OB B + HG (1.25.2.5.5.
10.20.40.80.100 wmol-L™") ZH . 4H i N5 B i, F AH N
) F 2585 7R B B 24 h, L BRJE R 735, I & 1SO
(300 pmol-L™") () £ 7% 3 5% 9% 24 ho A FL I 10 pL
CCK-8 ik 7fll, 37 °CHE I WE & 2 h J5, K H B br A £E
450 nm P A T RTINS FLIC S (A) B HTH 520 B 1

MBI = Ao — Apna) @amn ~ gma)
100%].
ELISA#ZM 5K EUMIE M -80 °CHUH, 1% ELISA

BT & U0 B BT R AR, AR HE SRR S E S 3 A
AL, 1E 450 nm P K T I & 20 A fH, FEAR A o it 22
Pl W R e e

HE (hematoxylin-eosin) & .0 fJE 8 75 K50 5
R e, SERIARBER B, 20 B A0 O ALY, 4% % 5 R [
EER, WK B R R AN F . B
KIG, 535 F IR AR R 20 3047 et K, N
ERMREIATE F, T 5T 258 WSS .

TUNELZE S HOC2 AT 24 7L, 1x10*4V4L,
SEIG oy ot HE A VKA 4L VHG (255410 pmol-L) 41
4D 2 (10 wmol-L™), 4 L U5 &% 24 h J5, I AH M
M) & 25 55 FR FE 0 24 h, LBRJE BRI, IO & 1SO
(300 umol-L™) ()35 F2 HL 1 7% 24 h, AL H 4% 2 K H
R 8] 52 30 min, 3% 1771 & Ui B 45 12E AT TUNEL %% 5 Al
DAPI (4',6-diamidino-2-phenylindole) 44 #%, & & 14 4
L%, TUNEL % 0 N 4% (5% )%, DAPI e oy i (1,
HHHRARAT -

Western blot SE38 K7 3k 4321 1t H9c2 4 g A1
LA 23 5) ¢ FH RIPA 22 fif v 75 UK _E 2L f# 30 min, JF H
Bradford % M % 2H & F R B, A 41 H 160 pg 55 1 7E
95 °C 42 14 10 min, I B T-20 °CIRAF & H . HEAFE
i 4 BLVK G B BV 2 PVDF B, FH 5% 2R I AR H = iR
%141 1.5 h; H caspase3.cleaved-caspase3.LC-3B.Bcl2.
Bax.Beclinl \METTL3. TFEB. S-tubulin [{] — i, 4 °C
& % FH TBSTIEYE 3 ¢k, X 15 min, JIABAR IS
AN RIC I P T =R E 1 h; TBSTHE3 IR,
K15 min, JINGEE R B 52 R G R AL 2 R 6 B AR,
15 R UG & b B, S8 )5 K H Image J (v1.8.0)
AN ESEAZTNRKEME, UHRNEAMNAS
B-tubulin 8 [ %45 1 K AR~ B E B R RIE
Ko

BRI KORE RAF 0 293T 40 i M T 06 3t
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FAE/NIL, AL 1x10° 4, WEEE 24 h J5, 7 % pREF-GFP-
hLC3 FURL, #3a7) S Ul B P AR, %% 4% 6 h 5 5 46 ik
B HG (10 umol-L™") [ 55 77 % 7l &b 3 24 h, H 1SO
(300 pmol-L™") &b 24 h, 4% % % F i [ 52 20 min,
T IR R 22 PPk 3 UK, BRI S min, 0.3% Triton X-100 ji
% 1 B 5 min, A DAPL 40 i #% 5 min, JF H 06 3L
A B 2 HG % 293 T 41 il 3 W 1 52 1

DFIHE B PubChem #HE FE (https:/pubchem.
ncbi.nlm.nih.gov/) 3£ HG 1) 2D k. %% 45 74, 7£ PDB %
& EE (https://www.resb.org/) H £ 8 METTL3 % [ 3D
454 (PDB: 51L2), it Autodock 4.0 44 % 2 4 Al /s
Ir AT DA LA SR AT AR B, R REAT 0,
SRS G Re s A A, B el IS PyMOL (2.3.0) #AF
HEAT AT AL AL 3

JITF O ARSI AR R AP IME £ bRk 2=
(cxs) Bow, ALK EI XL FEE. XA
GraphPad Prism 8.0 # 4f, ¥.[K & J5 Z 43 #T (one-way
ANOVA) AT G012 #r, P < 0.05 # NN B A Gt

78

HG AT B0 E D VAE 58 KRR O i T sE 48 w00 BiE 4R
RBRSE
1SO A& 0 U FE B Y B 1 22 B A 259, 7E 1SO
A5 AR KB H 0 I 72 5 55 1 43 28 (ejection fraction, EF)
i 5 /£ = 56 5l 45 F5 3 (fractional shortening, FS) {H &
PR, T A0 EIRAE DI RE T B, (H4E T HG b 22
A4 = EF 5 FSHH (& 2A), 19 3R 8 K R 22 O 3 0
g5 hfie . HEAh, AR IS H CK. CK-MB Al LDH 7K
PR E TR, 45T HG AL HE ] B B0 S T CK
CK-MB £ LDH 7K F- (/& 2B); [7] i 45 5 20 .0 AL 20 i 25
oy Sk TA) BRASER, T M HE 51 35 L s 25000 38 4000 UL 20 g
SEMIBOR IR, A HEPI R ST, HG & 4B 35 25 &
[Tt R, O LA B 5 #4 K T B s T 56 8, 3R W) HG v sk
a0 I A 23 5% 1 R TE RO LA i HE 51 25 L (B 20), $2
NHG BA REFHPLISO 17 5 1 K B WILFEZESE FH
2 HG A RZHH IS0 FESAHI He2 (AL 4RARIR 5
N Tk — 25 1 B HG X} 1SO i85 5 110 WLAT BE 1)
SZIE, T ISO Ab 3 HOe2 4 il . 4 ¥ 3A Fr7n, HG {E
80 umol-L™ 2 B A K & i, %6k HOc2 41 i 3 /) JE i
7E100 pmol L /R i —E Bt (P <0.05). [, ik 1
1SO &AL 2, 4 & 3B fir s, 1SO A ¥ 2 #)1 il HOc2 4H
WY& 77 (P < 0.01). ARHEH AW &R, % H 300 pmol- L™
[ ISO A3 HOc2 Al . Ui 3C Fizw, HG Al . 2 &
HO9c2 40 B A7 3% 2, {5 )\ 20 pmol- L' F- 45 B & HG 7] &=

N~

B\

() 3 75, 1 FE AR B I, 3X AT BE 2 S 7T & Y HG ATISO
SL[RI 1 F X 40 B = A T I RIE . 45 SRR, HG 7E
W RE 9 2.5.5 F110 wmol-L I, AT 71 54 i o Hh 72 775
HOc2 i 7% (P < 0.001), Kk, ik HIX3MKER TG
SR A S
3 HGHHIFISOFESHOAVATHEXERNRIAE

£ 1SO A& P 1) H9¢2 H1 K B O ILBE ZE & £ bl &
O LGH FR A T2, R R TR SO U B8 1 i af X
DRI, 3 — DA I T HG XA T AR A e . 45
RRW, FESKT_E, BRI Bel2/Bax (1 ELAE B#A, T
caspase3- cleaved-caspase3 [ 3R 1A & & -7 (P < 0.01);
HG 7] 78 #iE #b_E i Bel2/Bax b, H w7 &40
(40 mg-kg") 5B 25 470 (10 mgkg") R AH 4
(Bl 4A), [AlI 78 HG (20 mg-kg™) 7] ##i] caspase3
cleaved-caspase3 1) & 1& Fl caspase3/cleaved-caspase3
FIECAE . 7EANI KT b, HG [FIRE AT 70 & 0 i ik s L i
Bcel2/Bax tLAH, I #01i] caspase3 . cleaved-caspase3 3%
& Al caspase3/cleaved-caspase3 [ LL{E (& 4B). LAk,
FH TUNEL %% 83t — 5 564F HG X 1SO i 5 1Y H9¢2 ¥
TCHI R, 45 L3R B & iR FE 1 HG W] 8 3 00 1SO 75
SRR E T, H B A E AR (E40).
4 HGH LFABEHEXEAMNRIE, BUE O AM
=]

I — R AL LR S (20 M N B I R, ST
Bk 52 453 B 11 03 R0 4T B 25 24 R 40 L N RS, BOE O
JULZH L 3 T O LR B8 1 S B B LA R AR, 40
il O FULZ0 At F s ] R ge oo A2 Ak DR, 20
il 7 HG % B W bR &4 LC-3B-1/LC-3B-I1 il Beclin]
KB .. 45 51RW, b EFE HG (20,40 mgkg™)
5% IS0 S 1 KRG UL 29 Beclinl (IR IA,
H #5518 HG (20 mg-kg") & 2 F#{% LC-3B-I/LC-3B-II
B EEAE (B 5A). 7F ISO AbF ) H9c2 41 Jilg vh (14 5B),
Wk FE 1) HG ¥4 7T 38 /i1 Beclinl () % 3%, B#1K LC-3B-I/
LC-3B-I1 (M EUAE, FF B A A &M % . [, H pREF-
GFP-hLC3 i fr % Y 293T 41 iy, Al ¥ 35 5 £ B Bt
WE HG X 293T 4 i [ M@ & 152 m . 45 /K, HG
41 (10 pmol L") G0 75¢ 't 5.2 BRAK, 40t eI an (K
5C), $eo F g /N 5 1 B R Rl A T BT 1 WA A
B HG 1T #8223 1SO 55 10 UL 1 W ) I Jal
5 HG X METTL3/TFEB 5 5@ a0EE

TFEB 1F Jy # % 1) i 5 B 1, e ad il Bk 3 3 Wi A
TR T A IR 1 R Ak ke W 1 W FS, METTL3 52 TFEB
(1) b3 #E 55, METTL3 #] i i f## ft. TFEB pre-mRNA [1]
m6A HEEAL, 0 TFEB (3R . AR AN 7 HG X}
1SO 7 5 11 K B 0o JUL#E B8 A1 H9c2 41 Jiig h METTL3



y

3110 - 2% %R Acta Pharmaceutica Sinica 2022, 57(10): 3106 -3114

Control

HG (10 mg-kg™)

HG (20 mg-kg™)

100 1

80 1

60 -

EF /%

404

20 4

0-
S L P ® @ >

> S N N N
5 PSP ® @

i W
HG/mg kg &P HG/mg-kg™!
1501

100 *

* * ok K
o ok KX
50

CK protein / ng-mL-!
LDH protein / ng-mL"!
*
*

CK-MB protein / ng-mL-!

IR
S &° N v
S HG/mg'kg! i HG/mg-kg™! & ¥ HG/mg-kg™!

NI S S P e @

Fo—— X ""‘,. 2 -
HG (20 mg-kg?) HG (40 mg-kg™) Valsartan (10 mg-kg™)

B g amege g or oo

Figure 2 HG improves cardiac function and histopathology in isoproterenol (ISO)-induced myocardial infarction (MI) rats. A: Evaluation
of ventricular ejection fraction and systolic function by echocardiography in rats with MI. FS: Fractional shortening; EF: Ejection fraction;
Val: Valsartan; B: The levels of creatine kinase (CK), creatine kinase Mb (CK-MB) and lactate dehydrogenase (LDH) in serum were detected
by enzyme linked immunosorbent assay (ELISA); C: Hematoxylin-eosin (HE) staining of myocardial tissue. Scale bar: 20 um. n = 6, x % s.
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Figure 3 Effect of HG on ISO-induced H9c2 cells. A: The cytotoxicity of HG on H9¢2 cells was detected by cell counting kit-8 (CCK-8);
B: The effect of ISO on H9¢2 cells was detected by CCK-8; C: The effect of HG on ISO-induced H9c¢2 cells was detected by CCK-8. n = 4,
x+s5. P<0.01,""P<0.001 vs model; “P < 0.05,"P < 0.01,"P < 0.001 vs control

A TFEB [ % ik . 45 5K W, £ 3 10 ILHZH G
(& 6A), ISO A _F il METTL3 ] %34 I #1 # TFEB [
FiE, B E A E 9 HG (20,40 mg-kg™) 4R v 1H
(10 mg-kg™) %I rl 4018 METTL3 221k, 37 & 4 i
- TFEB {26 ik ; 78 H9c2 40 g (/& 6B), HG 71| & 1%
A H A ) METTL3 (5814 9F B TFEB R iA . 1X
S ok R B HG 1] fE 8 METTL3/TFEB @ % /1 5 0>
JULEH 1 W5 1 A 45T LA BE A FH o
6 HDFXEWIFHG5S5METTL3 ZBMHEEER

F Autodock 4.1 # 4 # HG 5 METTL3 A5 48 %6} 42,
4R W, HG 5 METTL3 7£ B & R (406)- JH & TR
(397) FIZR N IR (534) SFAL M 2 LRIk I B p-nr
ILHMEH, 5RABE (549) AIRZEIR (395) 4 A8
AHEAE L, 45488 8-7.9 keal-mol! ( 7), 278 HG
5METTL3 5 RA4F A EAEH

Wit

1SO /& AR IEFE 1% B, B, Z AR B EN 71, w1 71 & ¥ 1SO
I B O O I B 2 AR, A0 SR O WLSL 45 g R0 L
FESACR I N, AT SR RIS /MR R4 L O L gH
P R A A R BRSO, B & T B0 UUREBEN
i, 1SO IR i O WURE FEAE B 1) 28 88 77 325, 5 oAt
JUURE ZE 36 48 75 6 4 L, T 1S O 3 A5 B A Bk L ] 5 L G
B BB T B AR OB i R A, JERE AR B AR Stk
O JYUAE BE 2 BA 1 L 49, B3 & 0 R AP 25 40 11
PR ARHIT FE 8 I 1SO & 7O U FE K R AL, Jf:
FHAS R B2 1 HG T Ak BB R OK B, 45 R 2R, HG 7]
35 BGE O WU BE K R 2 % BF ATFS ZK-F, $278 HG il
AbFE AT 4R O IURE 8K RO I T S X i s F1 2. Bk
A, HG AR R B2 48 T 52 P 4F, HG AR R IR 30 bk 5 %
(CADs) {5 3% 25 90 6 B 18 58 i T T3 s PR 56,
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Figure 4 The effect of HG on H9¢2 apoptosis. A: HG up-regulated the expression of Bcl2/Bax and inhibited the expression of caspase3

and cleaved-caspase3 in rats with MI (n = 6); B: HG up-regulated the expression of Bcl2/Bax and inhibited the expression of caspase3 and

cleaved-caspase3 in H9¢2 cells (n = 3); C: Apoptosis of H9c2 cells was detected by terminal deoxynucleotidyl transferase-mediated dUTP-
biotin nick end labeling (TUNEL) staining (n = 3). Scale bar: 100 um. x 5. "P < 0.05, “P < 0.01, ""P < 0.001 vs model. DAPI: 4',6-Di-

amidino-2-phenylindole
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