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Abstract

Objective: To explore the cardiomyocytes anti-apoptosis effect of Hydrogen Sulfide (H.S) on CVB3-
induced Acute Viral Myocarditis (AVMC) Balb/c mice. Methods: 50 male 4 - 5-week-old Balb/c
mice were randomly divided into three groups, including group N (control group, n = 10), group C
(CVB3 virus control group, n = 20), and group H (NaHS treatment group, n = 20). Mice in groups C
and H were repeatedly inoculated with 0.2 mL 1640 medium containing Coxsackie Virus B3 (CVB3)
to build VMC model; at the same time, mice in group H were intraperitoneally injected with 50
mol/kg NaHS; and mice in group H were received intraperitoneal injection of the same amount of
normal saline, 1 time/d, for 7 consecutive days. We observed and recorded the symptoms and the
survival situation of mice in each group within 7 days, counted the number of live mice at different
time points and did analysis about survival rate of each group. We removed dead mice’s hearts af-
ter 7 days, weighed them, calculated the HM/BM, observed the pathology change of myocardial
cells, calculated myocardial histopathologic score through HE staining, and detected the myocar-
dial apoptosis by TUNEL, and the expression of p53, Bax, Bcl-2, caspase-3 related to apoptotic by
Western Blot. Results: Compared with group N, the expression of p53 protein, and Bax protein in
group C significantly increased; the expression of caspase-3 protein activity significantly increased;
the expression of Bcl-2 protein reduced (p < 0.05). After injecting NaHS to group H, compared with
group C, the expression of p53 protein reduced; the expression of Bax protein reduced; the ex-
pression of Bcl-2 protein was significantly higher than group C; the expression of caspase-3 pro-
tein activity significantly reduced (p < 0.05). Conclusion: These observations suggest that NaHS
confers cardioprotection through increasing the survival rate of mice, reducing myocardial pa-
thological scores and myocardial cell apoptosis, and regulating the apoptosis-related proteins
p53, Bax, Bcl-2, caspase-3, and inhibition of cardiomyocyte apoptosis effect in acute viral myocar-
ditis.
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HE: HITHALS (H2S)% CVB3iE S 1) S % F 2O B (Acute Viral Myocarditis, AVMC) Balb/c/)> i,
LUARSRETRRIPIER. ¥ %50 R 48 EEMBalb/ o/ RBENL A IEE XA (NAH) . WIS
H(cH). mMUSHITHMHA), . HAPRBEEREEM0.2 mLA S A EB3(CVB3) 11640557
WEILVMCHER], HARF RGN S50 umol/kg NaHS, NAMEEEHEITHSEAEK, 1K
/d, ELE7TR. PEMNBZLFLRBFMEHDNR—BERL, SHMRFETE, SfEFlETTERY
#r; SHEDRTHE7RETAILARE(BM), BULEREHM), tHEHM/BM; OJIHEREELE T WL
D IUR BB HTHE O HUREAR 4 TUNERER IO VLA B B ST B O A T840 Western Blot
AL BRI TS E Hp53- Bax. Bcl-2. caspase-3fIREFEM. G5R: SNEME, CHHM/BM
AR, DAVRERS BT BHREHM, [RIETEAp53. Bax®BEAKFH M, MAT-EHBI-2R
5K F T, caspase-3RiEIEEEERIN(p < 0.05). FENaHSIEITE, HASCHAME, HAKOIRE
R HERK, BATEEP5S3. BaxREAKFHETHE, METEHEBA-2REKFE L, caspase-3
TGP R K (p < 0.05). 45i8: NaHSTREVMCDMRIFEER. BEOIUEERS . B LU A
T8, HET AR T MAXE Ap53. Bax. Bcl-2. caspase-3REHH LG T, NTTER R VMC
ANBOHLBIER

KA
RS, BEEREEOILE, AT

1. 518

TAFFIE ALK (VMC)2 o 35 ELERIE G LS, 200 LS 5 1] 5 A4 J=) BR A 798 7 28 453 473 )
— AR OISR . 5K VMC KA RIS A RERRE . KOS RE. IiEm s — R, H
T EZ LU IE R TR Ar B 4L 35 (CVB) EU e o[ 1] o 3R B N AP SE T HOR R 3 H 2 19 2 1)
s, HH TSR E SRR QLR T, BIREE CVBs YL 5 A0 R fie i, 60%F1 Lo UL 2 8 il o0
AT 2 ) A P R AL 9 (2], LR CVBg 5N L UE R R ISR A T, s B4 L S/ LIt 91



WO IER 2 —, IR E¥aTT RORAMERE 5 B R Ba R, Feaeit— 2k e ik 2L0 1% (DMC)
AFE I 0 I 335 (CHF) [3]-[5], ™ E fa s 2/ LM AE an e . H RTRF 72K 2400 8 VMC R AL 5
B ELARACOME LA 3 G 5 AR B & i SN A R4, (AH TR IAE CVB, Wi R 4L balb/c
ANEROO LR B 2T, BB R0 WLGEL, 720U kL B O T B, 1R S R T £,
YR ALONUE I, VAR T R ETE S AT, XRIAOUARMATE VMC RAERREE P RIEE T+
SrEEAEAE] [7]. EFR, T, BASGESKRNAE 8RB (H,S) 1A B 28 A\ G,
FR Nyt — PP B eh 2 R R TR R, 7EAEMR N, BRALE T i — R VIR S B B AR R
RRGRFEFE, THZ235 7 O . M2 A SR R E A A BT FE[8]. HPtE L. PUIARE.
PUE T APV 2 ME . DI S SRR S5 BESE, Rl e FAe O L0 B i
PUACREARAS B T (R 4 i LRV FH 52 BBRRBR 22 (1 93 9] AR FU R, (WL ZRE H CSE Mgk f5 2k
AL S, CVBg &Y 5 il 5 50 L CSE/M,S 3B Fif, HoS X #5 kO IL & 1 & A2 & e it e 22 N3RS
HE T EBERE[10]. HAEREPE SIS IEOHUE S, SMNEERACE R EE B Bel-2 #ik,
i Bax ik, il O, RIEHARS O MRAIEF[11]. HR G TRAERT CVB, B YL FTEL
7 VMC O LA SRR T DR 1 I e /b, BRI, ARSREGAIH] CVB; & Balb/c /MR E il VMC g4
A, Ll H,S BHAR S Ak #H(sodium hydrosulfide, NaHS) X & 250 L2 /N BGEEAT TG, @i Mg
NaHS %t VMC /N R —etE it AR A7 28 DS LA R oS5 AH G HR AR I 52, AR HoS % VMC /MR oG
JULEH AR T AR S AE

2. #8
2.1. scHEh

50 R 4~5 JHISIT A RAMHEYE Balb/C /NR, A 13~15 9. R SLIRshY, T Kb Bk v sk
REARAT, MERFIVERE, SPF L, VFAIES A SCXK(iH)2011-0003, FUHR: A ik 4/ B
AR TR, S WIRIEFRTT & E S ORI BT SEIR S ) 2 BN TEX Ff, 75465 5% [ 1 57 P A=
WEFUBEAAG (1 “ LI B BAE AR 7 o FT% 4T B Nancy ¥R 2% 1 _E I8 BB JR P R Be s 2
PECo I B S I PR 2 HR I, —80°CUKAE PR A7 2

2.2. SKREFHYS R

P 73 Bg Nancy #R #5 1 i 5 HL K27 B T A ol 2= e B 14 0o JIRE 0 25 55 S50 S 4 92 32 2005 i, —80°C
UKFERAF 25 . NaHS g F Sigma ~#], AFEEh/KFEE, Ff& 50 umol/(kg-d) [12], AR /)N bR A H 1 o B
J& TR VTR AR R . BUARIE T proterntech /A ], SDS-PAGE &l B 1R 77 £ /BCA & Ak L 2 k77 &
T Hm RIAFARAA .

2.3. LRI, FERSHIRAITM

IRYE T I0 25 5, K 50 H Balb/c /MR, BEML A N AEF XA, n=10). C4L(CVB; &4, n
=20). HZ1(NaHS JA 741, n=20), NZIEHXRRANEEES 0.3 ml R4 CVB; i 1640 B53#, C. H
HIMEEES 0.3 ml JE CVB3 [ 1640 £ 72 & i VMC /NS, H 4L 5l 4L [ 25 7 NaHS 50
umol/(kg-d)REfEvE S, BH 1k, JTRE 7 K

3. Ak
3.1 —iEREARARLIE
SEUGHAIA], 45T LS I HEC HE K B S AR B oL, BN IIE SN 11, B, WMERE, W4
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R, BN RE, WRAFEEN, FNUWRKLERICFK/DNRICTIEN, LT RS OIRAE, 7
KA FE A BB/ NG, T B A O AR 3 (Heart Mass, HM), 115 HM/BM, KU i A2 = 201 i,
—H 100 PR /R SARE R EE, ARSI, U, AT HE 34t 55— PR RA, AR5 RAF
T-80°CUKAH, HTHEHERI.

3.2. HE & LALRIET L

NEROCIE 10% 0 XA R By AR e g, WL ST R BB, A, Y1k, HE Q)55 18
B NS ) DN . RYEGNIIRIE . DL RORE R, FF3 18 Rezkalla J7i%
[1315 5500 LS B A 2R 22 AR A - SR O U AR AR 4y, BIRESK D) B 5 AN, TF SRR ST o 58 PR AN iR
FIRFEIX AR SR B AR 2 L, AT 0 4, <25%it 1 43, 25%~50%it 2 43, 50%~75%it 3
45, >75%it 4 4.

3.3. B{IXKinkrid(TdT-Mediated dUTP Nick End Labe-Ling, TUNEL )% E BT

BOHOIE, OULHZURN 4% 2 RS, A EE, Y1, 1% ROCHE 2 7] TUNEL Al
G VLR PHRAE . AN A 6 M) F, Bk D) BENLIEE 6 MLEFHE T, THEE T4 M ORI 40
%, EIM&H Image Pro Plus 6.0 #7347« 8 T4 i e B v B0 LR T fr dickos, Ax0h: T84 = A
T4 24N A %L x 100%.

3.4. Western Blot &l & AT-#xZER p53. Bcl-2, Bax, Caspase-3 EBARIE

B B O LA /N RO UV SR AR B, ISR, S5 KE0)E, B EERAH BCA L&
EAWRE, BPEE-20CHRA7F. BUSARES 50 ng, #H17 12% SDS-PAGE JH-H%# % PVDF i I, H 5%
G Wk IR FRIRAE I 2 h 5, IO\ —PUR BB R B (O R UEAS [RI AR LL ), 4°C kAR i & i
B, F TBST e 5 min x 3 Y. ZRJE I\ —P1(1:1000 #kF), =i FHEARME 2 h J5, H TBST ¥ 5 min
x5 K. ECL KGR, K45 H Image J P AFEAT BIUE 474, LA B-actin (1:1000 FikE)(E A A 2
ST, PO 45 SRR s B A AR & & .

3.5. GiitEAabiE
SR SPSS 16.0 B TE I A . THERIAIH + FRMEZE(X £ s)Fs, fEIES/ME H 25
ot L TR FLAT B DR 3K 40T, PIPELECR A LSD %%, p < 0.05 97 S it 3L
4. G5R
4.1. HEx VMC NMEEE, HM/BM, EFRFIG

SEEG AR N /N RIVEsh | W, AREIRETINGE, JC 16 HRSET, 447N 100%; £:Ff CVB; i
BYE, CH/NRARE SR TR, Y5 3 KRBV Em>, Wish, %%, BEERNE, 34 KIF
GEHIAET., REIRIE, P 7 RILHET: 16 K, f7E % 4/20 (20%): NaHS FHufIr 5, 5 C A,
H ARG, DNR—BIENRLF, Mo/ RBERESE 3 RN, REEE, Poike,
B 7 RIET: T R, R 3R 13/20 (65%), H HAfFZR M E ST C iRy 4 (p < 0.05). 54, C 4 HM/BM
LB R, 5 C 4k, H4 HMBM LR/, ZR A4 X (p < 0.05) (IL1H 1-3).

4.2. LSRR ORI R
B a, OIERMME, N AUNEOYIER QUL RIS C 4N ARSI 3 R



#

BUTIRTE (g)

==N: IEH x4
-B-C: i BRI
=+H: NaHS#3)741

1 3
JERHER ] (d)

Figure 1. Changes in body weight of mice in each group
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Figure 2. Comparing HM/BM of mice in each group
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Figure 3. The cumulative survival rate of mice in each group. The blue line represents the normal control group (N, n = 10);
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the green line represents the viral infection group (C, n = 20); yellow line represents hydrogen sulfide treatment group (H, n
= 20); group C mice survival rate was significantly lower in N group (p < 0.05); H mice survival rate compared with group
C, the survival rate significantly increased (p < 0.05)
B3 SENREFER. BELRREEXRAN, n=10); FELNKRHB/B/LEHEC, n=20); HREERKRULE

JATTZA(H, n=20); CHNMREFRARMT NH(Pp <0.05);H HNMREFERS CLALLER, £FXRPERS(p<0.05)
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AL ER /N RO WUAMBE AT HLER 2 R FL B R, SR 5 5~7 RWASINEE, "] UL LM B2 5
HEZURPES . BEACRE W, ORI 5 C AME, HA/NROIERIBRS, OIMNEAR R E A
B, B IS, Y CVB3 G5 3 K, A4/ O AR WS H s, JRGLfE 58 5~7 R C
A O BERT WL LT EHES AL, LA BV K, BB A RAVEGIIRIE, 55 7 AT L AL
LRUEmT R, dEHRSZEEL, MBRHG TS, TR R MEAIRIE, HE IO UUATER AL, O WU EEA
PR X BEALB] 4 s (p < 0.05). HVAYT AL/ BUR BRI R 28 5~7 R DURWOR B AR, LT 4EHES
PR, ZERTEMT, (A BTAH AR B, T LA R AEARE, B RO LT ZEHES RS L, TR
kSRR, AR OUINEIRTE, LU EAR BRI C 4B B ik (p < 0.05) (JLI4] 4 Ak 1).

4.3. HAEFRENE /LR E O 4RRA TR R

M AR ubrichric s, SRR TS, N AP R R A A Gt RS, C YA R
PEYHM R G 2R €, MU AR AR 4 N B B AR, TREZ ERE. C AV LA ] K=
PEAIMIAZ, H A1 R A AL S B PR A A o i S T SR TR EOR I, N2 /N B LA 3 T R AR D,
T2 2)759(0.4 £0.2)%; C H YL UL L] WK & FH M40 A%, 08 1246 2000 W38 hnik (58.9 + 12.1)%,
H 2090 A b B PR iz /b, T3R50 8(32.9 + 6.5)%, PITELES, C 4H% N Ao UL A yE T8 B b
THa, ZRAAS%ZER(p <0.05), HALIAEFAT-IHEHHERT C4H, ZEREEALIT¥E (<
0.05). ML[ 5 23k 2.

4.4. TSR VMC pRAOANBLUET-HEXZER p53. Bcl-2, Bax, Caspase-3 EHFENF M

R4 Westerm blot 45 F .7, N 2/ G LA ok W, p53 £ I &IA, /0 & Bel-2. Bax & KA,
CVBs /&), 5 N AL, C 41 p53 d H k7K T .2 & T N 4(p < 0.05), Bel-2 & H %1% T [#(p < 0.05)
Bax HiA &N, Bel-2/Bax FLAE /N, caspase-3 2K TR MR, ZRA BESRITFE(p<0.01);
WA THRITIE, 5 C ALk, H 4 p53 & AMKRIEKTFREZEEC, OUALFHMFET: Bel-2 EHAEKE
BEH TN, Bax EARIAW T, Bel-2/Bax LLEIE K, caspase-3 & TG TERAK, W4lLLBERE BE
it X (p < 0.05) (W4 6).

5. Wig

ik & (Hydrogen Sulfide, H,S) 214K 51 NBE H BIHT B SEE 501, HAMS IR BT —% 4k
BAM—EARR, DENE=MAERE S ST ZHTEMME RS BRSO ILE RGEWR T,
o S e Lo LR AR B A P S 4R ke 4 52 5 E [14] NaSH A& — R AL b1, Hbk R ichase , B PR
PURAT DU S 2 Rl A P2 RN [15]-[17] o R BR A EAE A — BB (RS IO A 33493 1 B4 SRS 5 0 1
VR FEREVE L 8 BRI, PP AAE LR T PSRN R AR O LR R I [18]
FE SO BRI, NaHS S8 40 285 S W BA K Bt Co UL PR oA o o LA B R 0245 5 Jd %
RAFILARP O [19]. FIRTE CVBs EYLHTE VMC 0 WLYH ORI 72 Fb R B0, oL 2 P
AL EAE AR A BRI AT 5% 259 B CVB 7O LA B N LI [20], TEAAR SR SE W 58 IESE NaHS Rl ks>
) H JE 4% R A ) ORE R TR, R FINT VMC /)N B O UL M 453 45 (40 o LR VR i [24]

AR KB AR, AR CER R QIR KR R B RS+ B E R, Bl v 24k
TREE ELEUT B S R B3 STRATL 2 (0 35 = Al R L [22] 40 B9 T2 A AL A P 0 i i) —
FEFEF T, R 2R, A0 T = 2R ) — S8 T AR SRR R R, A T
(10 5 A 2 G P9 A T B S O T B 1 2 RN Bh AP R 45 R, b Bel-2 Sk M p53 R ST
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Figure 4. Myocardial pathological changes in each group of mice. N represents the normal control group; C on behalf
of the virus infection group; H on behalf of hydrogen sulfide treatment group; compared with N, group C disordered

myocardial fibers, inflammatory cell infiltration, apoptosis and necrosis appear; H compared with group C, H myocar-
dial fibers arranged in neat rows, only a small amount of inflammatory cell infiltration, no myocardial necrosis lesions

E 4 HHENRONBERE. N RREEMNRE; CRRBEBRE; HRRMUSIEGTTH; 5NARE, C
HIDHALEHFIZEE, RERMMIDRE, HIAMATIAE; H S CAMELER, H OILFERTIEST, RD
BRMMRE, (OARRIRTERL

Figure 5. Comparing myocardial apoptosis in each group of mice (TUNEL*200). N represents the normal control
group; C on behalf of the virus infection group; H on behalf of hydrogen sulfide treatment group; compared with
N, the number of apoptotic cells in mice significantly increased in group C (p < 0.05); compared with C, H group
therapy significantly reduced cardiac myocyte apoptosis (p < 0.05)

B 5 FENEROAMAET LR (TUNEL*200). N RRIEFEXMRE; C RFRBJBKLSE; H KRRTMUE
JATTeH, CHE/NRAMMATHAARIE% (p<0.05); 5 CHEEL, HIATHEDAMAAT AR R (p < 0.05)

Table 1. Myocardial pathological scores at different time points in each group of mice
= 1. BHNRAERE S OAURER

Group n d3 n d7
N 41 5 0.00 5 0.00
CH 10 0.8+0.45 10 2.7+0.67
H 4 10 0.4+£0.55 10 1.7 £0.45

F 10.29 13.77
p <0.01 <0.01

N ARRIEFI A, CARIINRERARAH; HARMAERTA, 5 HAMLIE, CHMB W& ST H 4 (p<0.01)
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Table 2. Comparing myocardial apoptosis index of mice in each group (%, X  s)
32 2. BHENBOIVATIERER (%, x £5)

4H 51 n HT-fa%
TEH o HR AL 10 -
iR 20 (58.9 +12.1)%
b a7 4l 20 (32.9+6.5)%

C 5 N A0 E T el BT, ZRRASRI %2R (p <0.05), HAOUIRMATERHEMRT CH, ZREEALRIT¥EEX(p<
0.05)

N C H N C H

factin | S Bactin | (N

BCL2 | S— - i Bax —— - —
—— 1
E b
“‘- Caspase3 M
P53
0.5 ON: IEH R RZH

BC: EEEEA

0.4
mH: L EIRITA

0.3
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NﬁE%XJE’ééﬂ, COPI TR H?%M%zu‘ﬁféﬂ

Figure 6. Comparing myocardial the expression of apoptosis-related protein. N represents the normal
control group; C on behalf of the virus infection group; H on behalf of hydrogen sulfide treatment
group; compared with N, H group compared with group C, the expression of Bcl-2 protein was sig-
nificantly increased, the expression of Bax protein was significantly reduced, Bcl-2/Bax ratio was
significantly increased, the expression of caspase-3 protein were significantly lower, the difference
was statistically significant (p < 0.01)

E 6. £ENROAVATHERAEERALE. N REREEMRE, C RRFHEELAE, H AR
WLEIATr4H. H 45 C YAbtE, Bel-2 EERIEPAEFAS, Bax EHRIEFAEMER, Bel-2/Bax
FEL{ERARIEK, caspase-3 ZEFRIAHARMEIK, MALRERBEERITFEE(p<0.01)

Relative expression (%)

PP RRE T BEMEA . RN, [R5 R LRSS I8 TR 5 RE i bR g
0 JUL T 240 s 0385 B B ) B A4 TS LA 30 0 YR O A D R R B I TR R Rk, A
325 o JUL R L 80 90 T ok S B DR P 1E o LR A0 AR B [ 23] Bel-2 S0 i HAT (R 8 T 4E FH ¥ Bax A4l i
T8 A Bel-2 Z 50 4 T 2 s . SR Bax. Bel-2 25 CVB3 # S0 /N EOIL
ST 32 T R 20 A T FR[24] o [FIRAE AT T 2HEE 1 ps3 B, AE A — PR R I B Sk R 7 2 S XHA T4
R TG PR R SRS o T AN B T ) TR T I A IR TR AR DG AR (I IR SR S, TEAN R T
R RIS B REEER . BRI p53 /£ CVB, B KU A S (i 2 13 7k 20 LI sh A A 71
SRR R A, XER p53 S 5RO IR R K RIS FE[25]. X2 K] p53. Bcl-2/Bax



GG A MR KA EAEH g T A2 5561, 514 caspase-3 & — i 5 4H I T2 U AH O
(R ARG, 1E A HRE P MR T RS2 2R AN N4, A& caspase SRS “ Nl 7 B, 2% 4t
TR B R FH IR 31 AN AT 25 1, B & A A PP P AE T v R 35 I R AL E F [26] [27]

TEASZIG R L@ K ] NaHS FHa Y7 S i EE Ol %, SR ER: @l A,F g irar s H 4
/NERAFIE 2 13120 (65%) B &2 T C 4117153 4120 (20%); /MR ILE HE Yo, Shsi FAEE, 5
C dIARLLEL, Mtk ZRE B0 s 2 MO LR 1O L PRI IR SE, H 410 R B2 KT C dl(p <
0.01); TUNEL fdllgs KL : C 4040 A T80 %0 N AL S n, 1 H 200 LA 2340 f g
SHOH R R, 24 CVB, BN, MUK E SeE 4y TR 5, [R5 2t 38 ok 3 T A 06 B (1
Tk QUM AR T R P ERT ORI, C H/NRUO IS Bel-2 Rk sz,
Bax. p53. caspase-3 &M MFRIAMEIN; H 4l Bel-2 L5 C HAHLLE &A=, 1 Bax. p53. caspase-3
HEMRIEHEFFE, Bel-2/Bax HE K. £5 BRTIR, ASCI00 o0 4s MR BAMNEE AL A T i s &
PR EE MO QR O, RO L4 MM T8 1 p53. caspase-3 ik, 3K Bel-2/Bax i, /b
O T, AR EIXT CVB3 7 510 S # t OL2 /N RAE 2 — 2 1 O LR E R

Mz, ANEMERR S AT ARl PR R CVB3 T M AR R O N R AEAE R, B O IR L
AR R gD LA BB TR, R UR O UL R U0 AR 1 Bax, p53 Kk, IEHIETIE A Bel-2, Bk Bel-2/
Bax Lbff, FRMK caspase-3 FITENE, I/ CMLANBAII T, I B AR5 2k 235 1 O L2 /N BRI 1
s p53 K& Bel-2/Bax 7E @R B PE QLR (1 AR K e R v R ¥ s AR A . DR, Ak A E A — Rk
(RSRAE 550 A AR B O WUR TR IR0 — S0B IR T i@ A% . (AR SCIGH FU LA — 2] 3, Qe
JULEH L 9 9 T AR _E A — B, Y SR 52 B PCR A T2 AH 26 K7 2547 mRNA 7K A&,
PR VR R A I AL S S O LA O L SR T AT IR . B AR VMC /N R G LR B T
FOA AR DG HE A2 A s DA S ELARAE LS AT 0T 2, AR — 2.

E&WE

[ 5% [ AR 410 (2013 4F) 30 H 4w 5 81341095, A /KA FE M LI Xt P53 V2 2 4k 1% 1 12 4
JHOR T (B 7T
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