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Shenfu Injection induces heat shock protein 22 expression and alleviates anoxia/

reoxygenation injury in HOC2 rat cardiomyocytes"
ZENG Shengqgiang sOUYANG Changsheng sSWANG Hong s HONG Dezhi” ,TAN Wenliang ,
XU Chengwei ,LI1U Ziming \ZWANG Yunxia
(Jiangxi Provincial People’s Hospital s Nanchang s Jiangxi 330006 ,China)

[Abstract] Objective To observe the effect of Shenfu Injection (SFI) on the expression of heat shock
protein 22 (HSP22) in myocardial cells injured by anoxia/reoxygenation (A/R),and to preliminarily explore
the protective mechanism of SFI on ischemia/reperfusion (I/R) injury. Methods The H9C2 rat cardiomyo-
cytes were cultured in vitro and treated with A/R to simulate myocardial I/R injury. The cardiomyocytes were
pretreated with 1.5%,2. 5% ,and 3. 5% SFI. The tetramethylazazole blue method (MTT) was used to detect
the effect of different reoxygenation times on H9C2 cell viability to explore the optimal reoxygenation time.
The flow cytometry was used to detect cardiomyocyte apoptosis. RT-qPCR was used to detect the level of
HSP22 mRNA expression. The Western blot was used to detect the level of HSP22 protein expression. Results

The suvival rate of the HIC2 cells after 2,4,8 h of reoxygenation was significantly lower than that of the
control group (P<C0.05 or P<C0.01). The cell apoptotic rate in the A/R+2.5% SFI group was significantly
lower than that of the A/R group,A/R-+1.5% SFI group and A/R+3.5% SFI group (P<C0.01). The rela-
tive expression level of HSP22 protein in the A/R+2.5% SFI group and A/R+3.5% SFI group was signifi-
cantly higher than that in the A/R group (P<C0. 01). The relative expression of HSP22 protein in the A/R-+
3.5% SFI group was significantly higher than that in the A/R group, A/R+1.5% SFI group and A/R+
2.5% SFI group (P<C0. 05). Conclusion SFI could induce the up-regulaion of HSP22 expression in H9C2 rat
cardiomyocytes A/R injury and reduces apoptosis induced by A/R injury.
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H A4 A il iz 5 47 R 1T K2 B A S0 R &2 0 L
L T8 el 2O FOL R L 45 05 S SR BE . SR T UL R
FLE 1 (ischemia/reperfusion, I/R) #1475 475 2% ™ &
A A O NLIEEZE B TS . I AF Ok 25 W M T Ab
R HAE AL B 52 & B S, R E 2 B G0 L 1/
R $i05 BF SR BUAS T — 8 ik g . 22 ORI 5% 4iE 55 2 fff
FE ST (Shenfu Injection, SFD .0 1L 1/R #8455 A B
BARYER B B 040 B (ischemic precondition-
ing, IPOZUN " . BEFERF TN SFI i IPC &0
HE 5 S #URTEE B 70 Cheat shock protein 70,
HSP70) F kM HARBEUESE SFI [ IPC 2 5
HSP70 H 456, T HSP70 ik 32 2 #k 5 & 1
22 (heat shock protein 22, HSP22) i #, Z Wi #f 55 C
IESE HSP22 HoA 8 2 A Hr.0 L I/R 0576 0 . 4%
PHEZE [ T IPC, HSP22 1E h— R85 iy #upk o
%% M (heat shock proteins, HSPs) , 7E:.0> L I/R #i45 H
AP H 25 % 81561 . SFI WA R A 1PC 8400, & Xt
HSP22 B A WG R . A58 3 AR50 15 35 K R
O ILA i, T LAk 48/ 2 % (anoxia/reoxygenation, A/
RO 4k FRAEALC UL T/R 458455, WE%% SFT XF A/R #i 45K
SO LAE L HSP22 3R 1 52 W , 2R 0 2 i i W xF A/
R 45475 1 OR 7 A FH AL
1 #MREF*
1.1 Zmfeik

KELCHIC2 0 WL 40 i W |3 v =R 2% B 4 A % .
HOC2 41 JH & 10 % iR 4= 1L 19 DMEM K 5% 56, 78
37 CHIAREE . & 5% CO, s P 835, BT
X B R AR RS RAF Y HOC2 2 0. 25 %6 JB
BT A AT A B TR
1.2 MHELHRAA

DMEM #5335 4= M7 ¥ [ 52 [H Gibeo 28
#) , Trizol Wy H 22 [E Invitrogen 2\ 6] (585 GT1402),
RIPA 2w (i) (BCA & HE sk Fl & W 7 g4
T A TR A BRZS ), RNase #1017 (555 E00381) .
=W OB A OB B8 (deoxyribonucleotides,
dNTPs) (% 5 GD1102) . RevertAid ¥ ¥ ¢ fiff (92 5
EP044 1)1 H 3¢ F 3B CHE R B A AL SE P =i
Fhif P A 9 E KPL (585 435 074-1806 .
074-1506) , S fi A HSP22 —$i (52 5 30599) Iy H %
[E CST 722 Al . practin (585 66009-1-1g) g [ 35 [# Pro-
teintech 2~ ], Realtime PCR Master Mix ( SYBR
Green) ) FH £ H Genview 2 & (585 GR1201), P4 H
FLAH & Mk #5 (methyl thiazolyl tetrazolium, MTT) iz
FIWE E T A R AR R R R — £ PR (dieth-
yl pyrocarbonate, DEPC) 7K ($8 5 40718) W H &
Sigma 2\ &) , 5L FUR 9¢ 6 & (fluorescein isothiocya-
nate, FITOA#iE A Annexin V(Annexin V-FITC) &
AL TN 5E (propidium iodide, PT) ¥4 40 M 4 T 46 M 3
F £ A 3% E Biolegend /A Hl . ECL b2 & St &

¢ AEF 20225 A% 51 A% 100

249 SQ201) Wy [ b 1A Ak il A W B AT BR 2 F L S
WSRO A ALt L = L B R A A

CO, fH 53746 10 7 36 E 52 E 8 8 /R B
INF] L7500 LA 56 AE i B A B A% I N (real-time
quantitative polymerase chain reaction, RT-qPCR){¥
W 8 32 E W A Y R4 8 Al L Clink Chemi Scope 6000
fe2z B CAU W B 1 T B R R AR A BR 2 F] . Nano-
200 8 R A R A AT A A ) SR AN A B A A
T4 A 25 E BD 23 | (85 FACSCalibur) ,
DYCZ-24DN XU H i Jk {¥ . DYCZ-40DN % EJl B3 7k
LD ¥ A AL s — AR A R A A .

1.3 7%
1.3.1 A/RFBGHEBGEILR N4

AL T 3 80 K Ry HOC2 40, 580 T 6 FL 5
FEb s BEAL 3107 A4, B L e 2L i S SR 3k i 2
mL; 7R 5 ANH (n=3): X B4A.A/R H.A/R+
1.5% SFI4H . A/R+2.5% SFI 41 .A/R+3.5% SFI
H, WBOaHMmMA 1.5% SF1,2.5% SFI1,3.5% SFI
TE 37°C.5% CO, B4 3% 24 hy 78 5% CO, M
95 %N, Z&F T3 6 h, 95U 285 M 5% CO, &40
2 hE SR 2 hOHRE MTT A6 0 5 fe 52 SR E] 2 2
h) S S WORE A
1.3.2 MTT sb & kam &4 4o i3 7% &

HOAE F XA R A KOIRAS R4 HOC2 21 g
BERp#) o6 FLACH, B 1 X 10" /FL, 434 Sl . X IR
ZH.A/RO0 h) 4. A/R(2h) 4H,A/R(4 h) #.A/R(8
h) 4, A/R(16 h) ;#4974 5% CO, Fl 95%
N, &/ FH 3% 6 h,95% 2 KA 5% CO, 5T 439l
Ri3% 0 h.2 h.4 h.8 h,16 h, 4% 2H 40 Mg 75 A8 0 B Ja] 5
AL &L 20 pL MTT %W (5 mg/mL), £ 37°C
5% CO, i FFAPEF 4 hs WAL NI F LIEW.
BN 150 p L —H WM, FHEEFRCT I 490 nm
A0 7 A% L WO BE CAD A, LA 31 A fe e & 4
HOC2 4 ffd i) 14 7 R
1.3.3 mXmpRem B m.oplmiem = &

B A AN B O W s T 4 C YA PBS BEE 2 Ik,
SRIG 500 pl 256 % vh i 7 2 i M, 8 59 Lk B R
10°/mL; A5 HL 100 pL 4R EIE T 5 mL =4,
A Annexin V-APC FILfL 5 BE (propidium iodide,
PD e, F 25 EBEIEE 15 mins MEE T 3 2 40 14X
Gz D0 A4 B T
1.3.4 % %% % RT-PCR # i & 21 .5 L 20 ff
HSP22 mRNA & ik

I3 WS AR 5 2 4 B, SR B Trizol ¥ £ B2 MY 2
RNA, DL % W 43 B 300 8 RNA 46 5 vk B
PEHUA K% RNA FE & 7% 56 65 L cDNA, LR B
cDNA SR , 47 SC i 58 6 8 PCR. 51 ¥ it I
F 1, PHPFKE .95 C BN 3 min,95 C 5k
15 s.11 MGFR 59 CiB k 20 5,72 CZEAH 30 5,40 4
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A4 240 HSP22 mRNA fHXT £k,

5141 FF 51

#MH E 54 F31(5'-3")

S 1 51 75 (5'-37)

HSP22

Gapdh GCA AGT TCA ACG GCA CAG

GGT GGG ATT GTC TCC AAG AA

CCT GGT TGT CTT GAG GAA GC

GCC AGT AGA CTC CAC GAC AT

1.3.5 HSP22 % 4 % i& 45 Western blot # @)

5 20 L 0 WA 5 A 0 B A L B UK R
A HANM M . SR BCA & M 5E il H & &
REAKRE . RHSREBEEAZE. B30 pg A
BE S AT T e FE A TR - 2R D s T P R A LUK 0
EHRHEEREMMRARERK L, HEERE 2 5% BSA
B P E A 1 hs RS —PUH S 5% BSA R
B2 IE Y IR PR D] B2 L R B k) 54 °C
WE R H PBST £ =i T B A IR Bk 3 K
T 1 X PBST % W Ff B 2858 XYk B ORR 908 Bt 1k 14
RN EIRFHEAE 1~2 h J5,H PBST
EER B EREKR BV 3 Lk RO .
A ECL k2% KOG, 5% 8 5 . 8 % & 5 1%
A 18, R F Quantity One EAG 538 8144, DA B-actin bl
WS, iF 5 4 41 HOC2 41 i b HSP22 & H 1Y & ik
K.

1.4 %hit$am

K F SPSS 20. 0 #4788 b . i R BRI L - £
s TR LA LA 7 2555 ] ¢ R, 25 5 25 AR 55
FHRLFNAS 55, 2 41 00) L 3 3 1 ANOVA 7 253 9T
P<<0.05 NZESAGIFE L KK KHEN «=0.05,
2 & e
2.1 A B 2h Gl ¥ ah s 3] 0] 2 4

MTT k25 5 7R, 240 2 ho4 h.8 h 5 HIC2
L LA M3 5 A2 B BRI AR 2 h 5 HIC2 O LAt
Ffo 3 5 R B E AR T A S AL WK 2. R SRR
IR HER 2 h #57 A/R AL,

2.2 SFI &M% A/R #4536 HIC2 & Ilm e
A

T 2 4 A ARG T 2% SR R, 5 IR AR He . A/
R4 A/R+1.5% SFI 4 .A/R+3.5% SFI 4141 il
JHT R B T (P<<0. 05) 328 A/R 407 % S
DA T 5 A/R A B, A/R+1.5% SFI
0. A/R+2.5% SFI 20 . A/R+3.5% SFI 21 41 it I
TR B E NI (P <<0.05), % Bk i & vk ¥ SFT
B FE AR A/R 4055 S 00 L4, 0Lk 3 R 1.
2.3 SFI 2 H9C2 «s AL m B HSP22 mRNA 4 ik #
EAL)

PN E i RT-PCR A 25 3 8 7w . 5 %F B8 41 A1
L. A/RAA/R+1.5% SFI 41.A/R+2.5% SFI
41 A/R+3.5% SFI 41 HSP22 %A mRNA 1) ik
TR B R (P<<0.05): 5 A/R @AM, A/R+

1.5% SFI %40 .A/R+2.5% SFI1 41 .A/R+3.5% SFI
2 HSP22 JEH mRNA 19 3 35 7K 35 00 0t sk 4%
BHG I F X (P>0.05), WL 4,
2.4 SFIx HIC2 #m it HSP22 & & & ik ¢ % vk

Western blot A& il 2% 3 7R, 55 %5 B2 A AH e 4
A/R#H . A/R+1.5% SFI 4 .A/R+2.5% SFI 4.
A/R+3.5% SFI 4 HSP22 H M M EXEEET
FE(P<<0.05) ;5 A/R A, A/R+2.5% SFI
20 . A/R-+3.5% SFI1 4 HSP22 & HAH X 5 8 W &
JHE (P<<0.05); A/R+3.5% SFI 41 HSP22 %
MRBEEFEET A/RA.A/R+H1.5% SFI 4. A/
R+2.5% SFI4H(P<C0.05), WLl 2.5 5.,

x2 £4H HIC2 LA BIEE ZR (v +5,n=3)

2 53] R AG7D)

X e 4 100. 040. 0"
A/RCO 4l 96.1+8.3"
A/R(2 O 60.4-+4,9°
A/R4 h) 4 78,447, 8%
A/R(8 h) 4 82.741.4"

A/R(16 h) 4l 96. 748, 4"

“ P<0.05, 54l g ;P P<<0. 05,5 A/R(2 b4l Ltk

=3 £4H HIC2 DALAAT R (2 +5,n=3)

20 51 TR
pOpiE::) 3.32+0.17
A/R 4 5.69+0. 26"
A/R+1.5% SFI14 4.0240.08"
A/R+2.5% SF14l 2.9640.06"
A/R+3.5% SFI 4 3.9070. 07"

“P<C0.05, 5XF IR A P<<0. 05,5 A/R HIL#.

x4 £\ HIC2 DAL A HSP22 mRNA #g %t
RIEE(xLts,n=3)

28 51 AR 35
Xf R 2 1.0040. 29
A/R 4 0.3140.17°
A/R+1.5% SFI 41 0.08+0.09°
A/R+2.5% SFI1 4 0.3540. 22°
A/R+3.5% SFI 4 0.3740.00"

* P<C0.05, 5 X R4 g
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102 10°

A NFIEZH ;B A/R 4 ;C:A/R+1.5% SFI4H ;D:A/R+2.5% SFI4;E:A/R+3.5% SFI 4.
1 WA AN SFI 3 &40 HOC2 £ AL 2 B T B9 22 1

1 2 3 4 5
HSP22 MR e e “

1% P42 A/R #3533 A/R+1.5% SFI 4 ;4: A/R+2.5% SFI
#H;5:A/R+3.5% SFI 4,
B 2 Western blot # il SFI X HOC2 > AlL4H is HSP22

EARIZEWF M
x5 £H HIC2 (L ALHAAE HSP22 EAHEMREE
(xE£s,n=3)

2531 HSP22

Xf B2 0.6140.02

A/R 4 0.1440.01"
A/R+1.5% SFI 4 0.18+0.03"
A/R+2.5% SFI4H 0.46=+0.06™
A/R+3.5% SF141 0.66+0.05™

“,P<C0.05, 5% B4 H#;". P<<0. 05,5 A/RAIHE ;. P<
0.05,%5 A/R+2.5% SFI#4 % .

30 i

SR WURE FE 2 4 Bk [ N 000 M B0 1Y 2L
PR Z— o TR 25 20 Av4F, Jl 4 25 ) B is R 4
AR U JUL ML 3 T AT S e 0 LR AL IR AE L
JCA IR T O LA BE 1 A o B2 5T . 9 g e i O
JULMIL AT 08 1 L 2 A0 LD RE T R AR B A, O L
P03 Sy — A0 e, = B AL T AR O AE AN T

WAL IS AR O WL T/R #345. H AT PR AT
SRIG B A Rk O L T/R 45045, 7™ 5 5% i 5 R 5 T
et

SFIH KB THhEES T SMin, £ 58
A NS a1 Sk 2 A mk L RE S i
T AGE O MLRE R, R AT B R PO
WL T/R 50405 45 4 000 AR BF 9l o 51 HOC2
KECC LA A/R 05 B8, B AS W] v B SFT i
ALERC WLZH L, K BRBE %5 SFT ¥ B Tl B 35 0 4%
A/R B 5T 00 LA M T, B SFT B A W 5%
HOC2 KO LAIE A/R SO BtiT-1EH .

MEEF £ SFIZ R BRI 1ER S E S
HSPs #1356, SFI #i &b 2 0T 34 fin HSP70 2 ik Jf 0 %
R R G ot P RE R G L LA TPC BN, A
it H#E S KB HL /R B R, 4 5] SFT i 4b 2
Al HSP70 mRNA K HEE [R5 . I ZEHO
WUT/R B VE T . B T B 20 ) R 088 2 78 KRG
WLT/R 58 R v, SFT 134 # ] 375 5.0 Il HSP70 3%
ik LR, R B A AT 3G R 4 AR W B AE il (superoxide
dismutase, SOD) % £, ¥ /> N — & ( malondialde-
hyde, MDA 2k 1, HA Bt 48 A B 2 ) 5t B it ot & A
SR O LR AR . R e, B AR BF 98 I CA SFT Y
IPC &% 7] fE 5% 5 HSP70 235 41 ¢, {H I K 3iF 52
SFI 4 IPC &% 5 HSP70 B4, |1 T HSP70 &
211 i 32 1) 0 8O0 38 AR A 3 £ L LA 5T &2 O T
T SFIXf HSP70 Wi RA/EM. BT HSP70 1y
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FikZ 3| HSP22 1yi#4s, HSP22 nf %S HSP70 ik
EET B R HSP22 1] BEAE SFI AY 1PC & 0 A
EEEH.

PR T B R AL 40 0 AE N ORI S R A
() —REEWMNIEERTE A, T2 R EN
il 52 485 K 1K A2 IE 45 A R Ih e L 42 HE A0 A7 R
Hor kXA F B (12~43) X 10° 1R 75 & 1 9k
xR/ IR 72 3 A (small heat shock proteins,
sHSPs)''™, HSP22 X % HSPBS8. H11K, J& T
sHSPs M 61 22—, 78 Bl 3 0 WL 40 i 26 k1A
i1 AV 5 RN 1 DTN | A AR 1111 DT | O
P R i WL A0 B O Ty i AT 2 R
YEH .

WFITIE SE HSP22 HAT B0 AL I/R 4 fE 3
B9 1 % W F IPC*Y, DEPRE 4% % Bt
HSP22 it ik /NS TPC /s B0 WIUASE 5E 1 £ 8 B &
%5  HSP22 Al TG 2 5 1PC R0 1) 32 8 A A7 1
A4 Akt M AMP K #i (1) & H # B [ adenosine 5'-
monophosphate ( AMP )-activated protein kinase,
AMPK], HSP22 H #5 Akt fl AMPK % &, I #%
T K 14 HE 5T R 240 B A 1 A7 05 AL 32 2 A0 4 B0 ) 2
JH T 800 R F O )i Bl DR 38 Bad )2 Foxo) » 1
LA TR F (PKCe, P9 B2 1 3 5 NO A il 779 LA
K HSP70) ., ST HF 1 093k R e oF 3
2 [ 7 2 B R P A e e . TRLE L HSP22 3800S AR 7 ik 4
A T G e & e ey 5 B 08 T AR R R L I R o8 4
8T TPC O IEAR 37

AR, 5% IR A HE . A/R 4R RO Lgn
ffl HSP22 mRNA K& HSP22 & (1325 ¥ 00 B R, 7]
AP T AR B . A/R B4, SFI A] i 2 1
TR R L 4N i HSP22 2 (A9 BH 1 I b 5% 40 i o4
T2 EXF HSP22 mRNA [#%6 5% JC 8] B 5% . & B SFI
AT REIE i A E HSP22 Rk ZHEHT R RO LT A/R
BER . BRAEAFIEUE SE A O WL T/R #5455 h HSP22
it 5 HSP70 3R LW & iE & # 1IPC &%
BT 2 A A 7E D L T/R 545 . SFT X
HSP70 5 5 % 15 1E FH vl 68 2 2] HSP22 1y i %,
HSP22 7E SF1 i TPC 1E F b ke e s AR .

SFI X B0 WL A () PR 7 T S5 vk B AR O . 7
SFI 1 9 52 5% v, A Wi 5% 40 0 0 e BE o 1. 594,
2.5% M 3.5% ) SFT i b B0 WLAH MY , WL &L 5] SFT Af
WA A/R BGES LN, I H A/R+
2. 5% SFIH DN T R B EMF A/R+1.5%
SFI 4} A/R+3.5%SFL 41, % 2. 5% SFIHiL L
Y0 A R T A ik L P R AR SE 5 b SET 8% 3% K BLG
JUL 20 O 1 d 5 ROV B 2.5 %, TR I AS BIF 5% 7 W ¢ 3]
SFI X HSP22 1155 5 28 35 15 FH 4 vk B AR 12

AWFFE 53R A A/R 4 HIC2 .0 L 40
HSP22 mRNA FIEE (H #5340 i 98 - %
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WETE . SR A MEL S HSP22 78 SFI 4425
E AR AY EH B mRNA KF i, SFI A i 3% 4
i HOC2 4 ffl b HSP22 # (1 /Y #1135, {0 % HSP22
mRNA B9 % % JC I 5 ., Western blot 45 5
PCR Z5 S A—ET fEA 3 DR . 1 5. JF Rk 4
Sy Bt R0 B0 K OF, B mRNA 7K F1 & (A% K F .
HSP22 3 ik i 5 57 F1 B 125 /Y BF 18] A4 g5 22 18] 77 76 1
[ RN 25 ) 25 1 O G SR JR S b AT G 5 i T B ¢
PR A B B S I T AE G . SFT ] fefE T
HSP22 F3k 1 BHEEK . d5eJa » AN [R) 046 00 e ] 25 4
GRS EE S N

ARHTE W A7 — R . e, (G o L
A/R 5455 40 B A A0 15 2 1A Ah Sz a6 4 SR L HOUE B ) BE AR
G FEAY A B A O WL T/R 3455 3 W A5 0 1 4 52
ok — 25 B s LR L 1/R 40 02 38 0 2 A M5 5 3 B AR
M. T ES ST L ES U5 R — (5 5 %A
i 42T L AR SZ I AN BEGIESE SFT B0 L4 il A/R
W 1E i S HSP22 ik H A0 56, SFT 2 75 i
HSP22 W # HSP70 ik A ffit— £ 0F5¢ .

ZE LR SFI7E R BUD WL M A/R 45 H AT i
S HSP22 ik LM, IR A/R 145755 10 4i B 4
T2 R R B SFLIRF DL /R S 4t 7 — &
ENPLIRE e

S % 3k
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