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(I/R) 45558, feff FHIE R 40 42 s 3= Ak 534 48/80( C48/80) (GXDS JBYT , i o) e 5 2H AL AS I AN [ Ak
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Guanxin Salvia Miltiorrhiza Preparation protects rat cardiomyocytes against

ischemia/reperfusion injury through miR-330-3p/ALDH2
YUAN Fang, YANG Yanhua, ZHAO Xinyang, LI Lei Department of Cardiology, Wuhan Fourth Hospital, Pu’ ai

Hospital Affiliated to Tongji Medical College, Huazhong University of Science and Technology, Wuhan, Hubei
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[ Abstract ]| Objective To explore the cardioprotective effectiveness of Guanxin Salvia miltiorrhiza
(GXDS) Preparation (a prescribed Chinese herbal formula) and its relationship with inhibition of mast cell
degranulation, and investigate the underlying mechanism. Methods Cardiomyocytes HOC2 (2-1) cocultured
with mast RBL-2H3 cells cells were transfected with miR-330-3p mimics or ALDH2 Vector, or treated with
GXDS or Compound 48/80, a mast cell degranulator. The expression of miR-330-3p and ALDH2 was detected
by PCR and Western blotting, and cell proliferation and apoptosis were detected by MTT assay and flow
cytometry. Mast cell degranulation and trypsin release were detected by ELISA, and the targeted binding of
mast cell degranulation and trypsin release was detected by double luciferase reporter gene. Then, a rat model
of myocardial ischemia/reperfusion injury was established by ligating the left anterior descending coronary
artery for 30 min followed by reperfusion for 120 min. Then Compound 48/80 or GXDS was used to treat the

rats with myocardial injury or sham operation. The myocardial injury was detected by immunohistochemistry in
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different treatment groups. Results
H9C2 (2-1) and RBL-2H3 cells, and increased the releases of ¢Tnl and trypsin ( P<0.05). GXDS treatment
could promote the viability and inhibit the apoptosis of cardiomyocytes through miR-330-3p/ALDH2 ( P<

Compound 48/80 inhibited the viability and promoted the apoptosis of

0.05), and inhibit mast cell degranulation ( P <0. 05). Compared with the sham operation rats, the
hemodynamic abnormalities, arrhythmia, cardiac edema, infarct size, histopathological damages and levels of

¢Tnl and miR-330-3p were significantly increased and the expression of ALDH2 was down-regulated in the rats

of the model group (P < 0. 05).
degranulation and trypsin release. Conclusion

GXDS pretreatment protected myocardium by inhibiting mast cell
GXDS inhibits the degranulation of rat cardiac mast cells

through miR-330-3p/ALDH2, and thus improves the myocardial ischemia/reperfusion injury.
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Sk .0 LAE BE (acute myocardial infarction, AMI)
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1457 (myocardial ischemia/reperfusion injury, MIRI) ,
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IR 3 1 10 PN K7 s o i1 S R
A3 BE R, DA T BT Jm 7800 I 1) 1 3R - L/ R TR R &R
gt FEETE ERRFEBHGHLOEAN S, Mk i ik 1
(ischemic preconditioning, IPC) R] LLiE i AE K4l fitg /Y
G 2 1M 106 32 44 ik i 3 1 B C-o/ T8 G 0 I 2 Y
(PKC-/ALDH2) i 42 I it 5 . ALDH2 JE R 1 (1
B SCHAZ T IR 2 251 (SNP ) 1s671 5 ALDH2 £ 1 119
WK, 5 15671 A AR B i 51 1
TS, SECI G I 20 22 A A, oAb, 54 i,
Rs671 352 Fhpie g A 56, il JUL A 25 46 B o
iE AR R B 2K BRI L I I

2 TR T TR B A T AR T s, Bk
TEWIHAYT O ML P A R H %4 (P EZH) ]
HF 25027 (Guanxin Salvia Miltiorrhiza
GXDS) Ji 77 F2 Hv ] e i 4 O R 995 1 R YR 97 19 32 2 Ak
Jrz— BTt SR BEg R
GXDS il 5 a] 3 i PI3K/ Akt {55 5 LR MER R %
A B R BI7 kO WL M PR S 4 7 5 A oo WL 3
AN BT 7R GXDS B HECRAPVE TS HAi & iR
A A s B AR R AR IR DL R sd i AR A

JEIHE 5 | S 1 I A2 el 2 R T A e R T
CMC fFEAFIPLSE] > WASE . R, AHFSE B 7645
157 GXDS XfF CMC A S HEAEHL ] o

1 #RE7I=%

1.1 RAEKS WKL L MIRT AR

72 A B AR Y Sprague-Dawley KB, {48 i &
(300+20) g, 10~ 12 J&#%, g H #1548 SIA SLgsh A
PR A (4 %5 SYXK-2020-004, 1& B # #it 5 JN.
No20191030) , H:-1al Fe 7 HLFE 25 ~ 28 °C {5 FF 40% ~
50%1) SPF 3Rt

i 3ok 45 FL ek AR 2h K 22 i R S (LAD ) i ifi ik 2
30 min, SR 5 RS FL P I 120 min, #57 KL MIRI
AL KB 1% 1 58 B LG 2244 (50 mg/kg, 7R A
{157 ; Sigma-Aldrich , 32 BRI, 72 EVITFA G E
FEMWA, AT TR ] 6-0 2248 (BB T 4
AR 2w, o E ) 4540 LAD s R 2h Bk, i i
RM6240BD Z 3 i A FE 5 R 40 (AL AR ) il 5%
PR BE 2 g 50 A ST Br4f @ DA E O L ke 1fi 354
15,30 min J5 88 T 45 4L, SR IS 45 5 I R OF B
120 min, MIRI Bi7Y bR o . I 45 4f | BE 3z gl ek 2> H ST
B 50%L I,
1.2 KRALRL 5

B 72 KSR 6 4,54 12 H.OXf B4, #:17
BFA; @QUR 41 (F 88 1. 1 $i B g 57 MIRT 27
@GXDS 4, MIRI F A& 7 30 min, {#i il 5 mg/kg
GXDS' " i s P WAL 3 5 L K4t KL 5 41 (MCD
AH) AT AT 30 min, fi AL I 40 M 1B RL 7] C48/80
(0.5 me/ke, ¥ ik N 13 5, Sigma-Aldrich, 83856-13-7,
) Wikb 3 ; ®MCD-I/R 20, MIRI #5HHT 30 min, fifi
FH C48/80 il kb ¥ ; © GXDS-MCD #H, MIRI ¥ £ i
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30 min , {# F§ GXDS Fi1 C48/80 AbFH
1.3 HE # &

AR R R BUCBER 22 O BARA DI 4 pm
(U], FHIRAKS (i R B0 N B 1 e {5, LA FE I RG &R
FU K, I HASE], I P s B . DT B
B (BH-Z, BARETA W), HAS) X1 #1788 Fi
MR DU AP P EH AR BRI (0) 32
(1), hEE(2)  F (3) A E i (4) o
1.4 FHET BHMEIE

MR RO P 025t LAD SRSk (2 mm) FiZ:
OFELPLCL mmx T mmx 1 mm), 735 76 % il T T
2. 5% % —FEHORAF 1 h, 7E 4 CHRAE 12 h, .0
PRAS G ERAER AR o, h 4 50~80 nm YI R, SR )5 HIES IR
PR AR IR A5 DU EE e {0, TR S L B U (TEM,
MORADA G2, fE[=]) T PN RSBk AL O RHIE
1.5 VREERE

RO LRI SRR S B DD R i, e PP A g i e (5
MBS Fr rh 5 % (IMC) i bz ( DMC ) AE R 41 i 1) %5
H ,J#7¢ BH-Z i 7% ( Olympus Corporation, H 7<)
THEG IR G TS AN A kL 48 : MCD = DMCs/ (TMCs ) +
DMCsx100% .,

1.6 RNA %-# 4= qRT-PCR 4]

i 32 TRIzol 7] & ( GenStar, 4t 50) MO IEZH A
PEICE RNA, I3 2o S #% 55 & i cDNA, i ] — 25
SYBR Green & fit S 58 5 Mg 5 52 i ( qRT-PCR) 305
& (GenStar, W) HEAT5E 5404, B SO AT 3 WK
S5 1 Sangon BiGXDSech ( H1E ) 45 i, il id HE L
BE AR (CL) Jy Ik DL 27 TR 5028 1k, 3 R 1
AEXT K8 i A A ] GAPDH #1745 ifEfk . GAPDH
1E M : 5'"-TGAGAGGGAAATCGTGCGTGAC-3', ) [n] 5'-
AAGAAGGAAGGCTGGAAAAGAG-3'; miR-330-3p 1F
] : 5'-ACCTGCTGGTGGAAAACATCATT-3’, Jz [n] 5'-
AGGAGCAAGTAGGCACCTCACAC-3'; ALDH2 1E[1] .5’
CAAGCAAACCTTCGATTGATCTCT-3’, J [n] 5'-ATAG-
GCTCAATCCCGTCCTTAAAA-3',

1.7 Western blot #m]

i 35 A (R v 2 PR R PG R) , o
[l ) DO M 4 20 3 B 1 5, O fdE ] BCA 3] &
(GenStar, Hp[5] ) I 25 1 5T 5 &, B R IO 87 (B ol
it 10%SDS-PAGE i i Ik 73 B, I 5% #% &= PVDF I
(FRM &) o HT ALDH2 i 4k (7 B FE 1 :2 000,
Abcam, 3£ [& ) F1HT GAPDH 4 & (#i B & 1:5 000,
Abcam, S [E ) 75 4 C T & WA, R8I0 30/
B2 pEBETLIR (R BRI 1:5 000, Affinity , S& 5 ) % It 5

F 1 h,j#5d ECL Ak~ % 61 (GenStar, &) n] 4L,
Il B 73 M 22 42 ( Bio-Rad, Hercules, 3¢ [#) {4
ALDH2 fAHXS Fe ikl it Tmage J 2X (NIH, 3¢ &) #E47
o34, H A 450 5 N2 GAPDH 2% 2
{E HefE AL
1.8 mpeii

LALAIHE HOC2 (2-1) AL K 41 e RBL-2H3 1 {
E R AT O Ch E R ABE, B, B 10%

544 Il 7 (FBS, Gibeo, 3¢ /) #1 & £ B #) DMEM

(Biolnd, A3 Hhis S . 853556040 5% CO2 F195%
MR TR IR A

¥ 1x10%/mL f) HOC2 SAR% % kg RBL-2H3 7¢
96 FL Hg Hr H: 5% 37 ( Millipore, 258 ) 12 h, f GXDS
(2 pmol/L) mi C48/80( 1 wmol/L) Zb ¥R A iy, 43 A -
OXF B2, K 240 P 55 77 36 15 %5 @ MCD 4,
1 pwmol/L C48/80 b FH 30 min; BGXDS 41, LA 2 pumol/L
GXDS AL FE 60 min f5, Pk 1 wmol/L C48/80 i 4b ¥
30 min; @WALDH2 vector £, fifi F§ ALDH2 vector ¥% 4%
24 h j5,P4k 1 pmol/L C48/80 Tii4b#E 30 min,
1.9 RE A FEHIRE LR KB

7% miR-330-3p 5 ALDH2 #:[X 3° UTR fy45 &
Fe 3, )i iy AN AR PR A BRA W) (R D &
SE LR B RAE S, IR RN 51 45 B BT 4 2 pYr-
MirTarget 2 {4 H it B 5¢ 5t 3R W 55 KT i 1 Xho 1 AN
NGXDSI PR 37 55 o

H5 RBL-2H3 24 ffg LA 45 4L 2 107 > 248 Jifd 1 F 1
12 FL#R . fii A Lipofectamine 2000 ( Invitrogen, 3%
M), K405 2 g pYr-MirTarget-ALDH2-3" UTR ( ¥
A B 275 AC) T 50 nmol/L miR-330-3p mimics (1542
Y1) /mimics NC Heh% 44 48 h 5 YR A0 M, o F AU E %%
6 ZR I A A PR RS 7] & ( BeyGXDSime , Hh 5] ) #E4T
R, FAA 27 't #9873 BT A ( Kpsontech, [ ) 46
AEXSGEAAAL (RLU) | 3 5 5 K POG R -5 1 B 50Ot
2 (Rluv/Flue) [ HESOGEAL LB R
110 X am a4t

TEZMR T A OISR AN 2 (100 uL
1 4x10° ANHRE) 5 10 wL #J Annexin V A1 5 pL Ay PI
W E 15 min, SR 518 33 Flowjo 10 ( BD Biosciences, 35
) ARSI AN A3 B A A T
1.11 MTT m] 2

VB 2HO LA A BSAE 20 i 3 31 42 0 1 96 fLAR
(1x10°/4L) ;K 10 wL mEMEIL i ( Sigma-Aldrich , 3 &)
BINENEEAALAR  JFAE 37 CRIFE 4 h, 285/ 150 pl
ZHE N (DMSO, Sigma-Aldrich , 26 [F ) B # 5 W ,
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Z NG R 43 6 6 B 3t (Thermo Scientific, 38 [H ) 7
490 nm A E R EE(E D(490)
1.12 BB % 9% B Mm% (ELISA)

WA B ZE A0 B 3 VRN R BRIV, 38 ELISA 3
FGATI Tl 128 A BRI R L
1.13 %t 3 o4

K SPSS 25. 0 Geit 8/, A 8 2m R xxs,
A 1 B 22 MR X AR A R 43 UL
Bonferroni 555 F1 Wilcoxon Fk Fl A 5 FH F 41 4] HL %2,
P<0.05 FoRzEREAGI2EE L,

2 #R

2.1 GXDS i# it miR-330-3p/ALDH2 #p ] fe. X 40 oL
K Fes 20 AL B =

W 25¢ 2 Tl 412 25 3 A il Western blot 43 #7 $2 7
miR-330-3p ]l i # [m) ALDH2 1 3° UTR T i ] H: %
ik, PCR F1 Western blot 43 #7 & 7~ 5 XF FE2H M b,
MCD 2 miR-330-3p ¥ 5 /K F- B B F&AIK (P <0. 05) ,
ALDH2 f) mRNA F18 (/K- 2 % T ; GXDS i kb
MEERA 2. 7 miR-330-3p 7K ( P<0.05) , fi¢#F ALDH2
IR (P<0.05) , H B i (E 1) .

I = 40 A4y B o - 5 BRALAE E, MCD 4]
HOC2(2-1) F1 RBL-2H3 4fi Jfd i 8 T~ % B 2 F 55 (P<
0.05) , 24 i % 71 9l i 4l (P<0. 05) , Tfii GXDS Fikk
FHEY, ALDH2 Vector % YL n[ | C48/80 1755 i 4 i 4

T2 AR #EAR S 77 (P<0. 05, [8] 2A ~ C) s ELISA 347 i
7 50 REZH AR L, MCD 41 Tl F1258 fif 85 A i /K B
BHE(P<0.05), 1M GXDS Fil ALDH2 Vector 24 cTnl
g A B K F-5 MCD 414 Fb 2 FR IR ( P<0. 05,
K 2D E) .,
2.2 GXDS i i 7 4) fe K 20 B B A 22 Fif o JIE R 4

5% BRZHAH e, MCD A /R 2H R B9 Wi 4 T
(SBP) | &7 5K /& (DBP) | ~F- ¥ 3 ik | (MAP ) .0 %
(HR) | 0> 0 45 Fs 2 B (RPP) | /2 & 5 1l 73 %X
(LVEF) FI A 25 4 55 3 (LVEFS ) &R (P<0.05) , 5
I/R 4 AH 1, MCD-I/R 4 SBP DBP MAP HR RPP
LVEF #1 LVFS B i ik ( P<0. 05) ; 5 I/R 418§ MCD-
I/R 4 # H, GXDS 41 5 GXDS-MCD 4 K fl SBP,
DBP MAP HR RPP %35 S48 %k (SI) .LVEF FI
LVFS {5 @ % TH& (P<0. 05) , 7 HR /K- 22 5 o 48
TR (B3 K 4A~C)

5T IR AH EE , /R A RO R T B AR D A
(o JIE 5 7K R A AE T AR 5 3 I (P<0. 05) ,MCD 244
O IR R ™ EE R B D43 RO I B 7K B B R 3 m ( P<
0.05) (HPAL Z [a] A AE T ARG A2 4k 5 /R 41
AHEG , MCD-1/R 21O 2R 0 ™ 5 78 B2 DF 4 O R 25 K
FOFAAE T AR B i (P<0.05) , 5 I/R 415 MCD-
I/R ZHAH I, GXDS 21 5 GXDS-MCD £f K B0 A2k H
AR BEPE A3 O MR 7K i R B 1T R B S AR (P <
0.05,& 4D~F)

I

NC mimics

415 A

miR-330-3p mimics

i T

1 P 3 4 7 Il miR-330-3p
Predicted consequln:la’:'p‘:ir[!:oun:l":z)mﬂ region (top) and :\LDHZ(SZXlO% )*) - .‘ — 5 D ’\IDHz ﬂb
Position 359-365 of ALDH2 3' UTR 5" + + + GCAACUGCUACAOCCUGCUUUGU. . . i EE'II 3 -
hsa-miR-330-3p 3 AGAGACGUO0GGCACADGAMACG GAPDH(43x10°)— % L
—— e — 2 .
2.0m 4 =,
Il ALDH2-WT =
<
15 O ALT-WT i a :Z;
=z i £ 1 a al
= K i ab
3 #®
ng 1.0 = 24 ab 0
# €
B e 1 T ) C
Z 054 a R ab
GXDS/pmol - L
i 0 025 050 1.00 2.00 5.00
0 U ; . ' I ALDH2(52x10°)— WD S0 s s
415 B - -

GAPDH(43x10°)—

155 B8 2052 . MCD £8;3:miR-330-3p mimics 28 ;4:GXDS £8;a.P<0.05, 5 st BB 28 rb 42 ;b P<0. 05,5 MCD 48tk

A3 b F IR 2R B 354 miR-330-3p 5 ALDH2 454

B: R R 4 32 5 & 20 4w fL ALDH2 & ik K -F;C. R B 4L 22

)G &-4a4m e, ALDH2 F= miR-330-3p # 3K -F;D: R F R E GXDS 422 )5 &40 4m fé, ALDH2 4 ik K -F

E 1 GXDS i&id miR-330-3p #]l%] ALDH2 #y3i%
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SBP/mmHg

HR/YX *min™

X e ALDH2 Vector 2 MCD 4 GXDS 41
10* 10* 10* 10* 40
10° 10° 10° = 301 g
K| b
7:;5 104 b
S0
- . 10° . ——e 10° ‘ . — 0'1 2 3 4
10 10° 10' 10* 10° 10° 10 10' 10° 10° 10*  10° 10" 10> 10° 10* T
FITC FITC FITC 4t
10* 10° 10° 40~ a
- 1 10° 10° 10° = 304
g 0 b
A = 10 =10 =102 = 20+
== =
a1
10’ 10! 10 = =10 b
i s
, 10° - e 10° : . - 10° . . T 0-
10° 104 10° 10' 10® 10° 10°  10° 10' 10> 10° 10  10° 10" 10> 10° 10* 1 2 3 4
FITC FITC FITC FITC 215 A
1.5 b 2.0 400 - 60 -
a a
1.5 I ~ 300 =
= 104 b R > at ab £ 40-
= é b £ s
= = 1.0 2200 ab S
= £ 2
' a = = 3 ab
= 0.5 = o £ 220 b
* * 0.5 100+ £
0 0 0- 0-
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
i B 215 C 215 D 215 E
1.5 B840 ;2.MCD 48;3.GXDS 21;4:ALDH2 Vector 28 ;a:P<0. 05, 5 xf B 28 1t 45 ;b P<0. 05,5 MCD 4 rb 4
A X @ A5 #r H9C2 (2-1) #= RBL-2H3 4 i == % ;B . C: MTT #m H9C2 (2-1) = RBL-2H3 4g je. 7& 77 ;
D .E:ELISA #- cTnl #= % & & & B ( Tryptase ) 89 #3%
E 2 GXDS & C48/80 F SR
— XA MCD 4 — X HRA] MCD 41 — X A4 MCD 41
—IR4A — MCD-I/R 4H — /R4 — MCD-I/R 41 —I/R 4] —MCD-I/R 41
160 GXDS 41 ~ GXDS-MCD 41 120 GXDS 41 ~ GXDS-MCD 41 140 GXDS 41 T GXDS-MCD 41
140 100 120
120 50 20 100
100 Z 80 T
E E g0
80 = 60 £
Q = 60
60 2 40 =
40 40
20 20 20
0 " y v O0t— T T " T " 0l— . . . . .
1 2 3 4 5 6 1 2 3 4 5 6
N , 1 2 3 4 5 6
i ) /d A s [/l 3 i )/
— X I MCD 2 — X R4 MCD 41 — A CD 4
o IR 4 Xt B MCD 41
e ~ MCD-IR 4 — IR 41 —MCD-I/R 41 — R4l — MCD-I/R 41
400 = GXDS-MCD #H 50 GXDS 41 T GXDS-MCD 41 0.45 GXDS 41 T GXDS-MCD 41
350 S 45 0.40
= X
300 = 40 E“ 0.35
250 z £ 0%
g 30 £ 0.25
200 3 ;(5) £020
150 2 s 7 0.15
100 X 10 0.10
50 £ 5 0.05
0 T T T T T = ol— 5 . : . : 0L— - - - - -
1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6
[ /d D i /d E AL/

a:P<0.05,%5 MCD-I/R & I/R 411t 4k
A~F, %28 K & SBP .DBP MAP HR RPP #= SI

3 BAKXFOCIBRGEXIERH LR
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GXDS 4

150

LVEF(%)

OMIE K (%)

£ 5 1 2
415 E

GXDS-MCD 41

\J

4 5 6

g1 F

1.2 R840 ;2:1/R £8;3.GXDS 48;4:MCD 412;5:MCD-I/R 41;6:GXDS-MCD #4;a:P<0. 05,5 #f FB 41 3b45 ;b P<0. 05,

5 MCD-I/R 2 I/R 4Lrt4t

A:BRRAZARFE SFHERILB~F: &M KK LVEF LVFS (&R F & EA2 LR SRS K AR 58 & 42
El 4 GXDS @i ilH kRO RX MmN MEE VR FSHRG

2.3 GXDS i# 1T 37 iE X 2m Je Bl A 42 fif S A B Bids
I/R 545588 C48/80 ik F vl L 5 35 A B0 LK
Ji O LT o F 58 D 2 1 e 3 n LT 2l I i/ i
SN IR, GXDS A BR A] 2% C48/80 B¢ 1I/R i
P | RO LK i JULEF 2458 3 i 28 1 20 i i (11 )
AN, TEM M2 7R /R 20K BUE AR 3 Ik i 2 0 %8 0
JULAS LB T4 R P Bz B S A 3R, 440 B ) 7 5 4 Pk
ek, C48/80 THlAL I 5 | Fi 4 47 {4 R 225 #4 AR AL AT K

RGP, T GXDS VAT 5 Al WEE F) B L
VR ZT Y- N B 20 A A , 3T HLoO BILAN 3 ik 4 49 15 21 BH
G (K 5) .

5 %) AL A 1E 59 8 R 40 B 50 B8 UKL A L,
L/R 21 rb I8 R 20 1 A I 43 BREE O LR, 3 4 SR AR HE
175 J& Bl s £E MCD 41 C48/80 it il b L 5 S AL A 41
i g 3 B, 3 ELZE MCD-1/R 41, F AT A 40 i 1 i e .
SRR T T B R 18 1 2 2RISR ; 78 GXDS il GXDS-
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MCD 411, GXDS Fab B al DL Z Mkl AL R4 i AR BORE A 2540 (P<0. 05) , 11 GXDS B AL
KLANEE A ARPURE AL (18 S) o eI A R Bon . Al B3 BRI O UL B 3 3 20 AL 0 e IO A0k A
EXIRAIAR L, VR 41090 A S0 B P FIAE R B (P<0.05,85) .

HE 2 _ ECEOITEME RS TEM

H
o
=3
k=4

GXDS 41

MCD-I/R 41

GXDS-MCD

B . T . - 1: *FBEL;2: IR 4;3:GXDS 434:MCD 42;5: MCD-UR %25
£4 S ol e 6:GXDS-MCD 41;a:P<0.05, 15 %% #8408 H48 ;b : P<0.05,
£ " b 2 B 5 MCDUR i, VR 285642 5 3k ek an fb 4
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