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Protective effects and mechanisms of hydrogen sulfide on isoproterenol induced acute
myocardial injury in mice
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[Abstract] Objective: To observe the protective effects and mechanisms of hydrogen sulfide (H,S) on isoproterenol (ISO) induced
acute myocardial injury in mice. Methods: C57BL/6 mice of 12-week-old were subcutaneously injected with H.S donor NaHS[ 10 pumol./
(kg-d) Ifor 2 weeks, and then large dosage of ISO[ 150 mg/(kg-d) Jwas jointly given by subcutaneous injection for 2 days. Pathological
structures of myocardium were assessed. Activities of creatine kinase (CK)and lactate dehydrogenase (LDH )in plasma were measured.
Levels of reactive oxygen species (ROS) and malondialdehyde (MDA ) , total antioxidant capacity (T-AOC) , activity and expression of
superoxide dismutase (SOD )in myocardium were detected. Results: NaHS pretreatment improved ISO induced pathological disorder in
the myocardium, reduced CK and LDH activity in the plasma, decreased the level of myocardial ROS and MDA , improved myocardial
T-AOC, enhanced myocardial SOD activity and expression. Conclusion: H.S alleviated ISO induced acute myocardial injury in mice,
which might be associated with the improvement of SOD expression and activity , and the reduction of oxidative stress.
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BB N o (EAN A YN E R AR ¢ U S E S S N
F RS [] Y A FE 1 14 (reactive oxygen species,
ROS)TEN Y E AR 2 i L 2

i Ak & (hydrogen sulfide, H,S) & H {1 52 i
SRR T, AT WUIE R s O JILER
AN S NI (| SRR 1 TN [k 1121 €7 (R S
P55 O MU PR APAVE TS (H HLS oF S JULABE 45 £
SPEFHROBLER] v AN B o AFFEAUR] T HS (AR
AALE (NaHS ) , WG H ) i 5 N EIRER (iso-
proterenol , SO) 35 T/N B PHEC LA 3 1 D 7 1 ]
Lt

1 #EFTTE

1.1 H#

12 JE 4 At FRE M CSTBLIG /)N BRL (1 38 K24 S5
Bty ) , 1SO . NaHS (Sigma-aldrich 24wl , £ ) ,
TRIzol Reagent ., 1% &% 5% 5] & . SYBR Green Premix
(TaKara 2 A, H A<) , 1l 2% LR 4 (creatine ki-
nase, CK) FLIE I & i (lactate dehydrogenase , LDH)
o3 R)  (Rg A ) TR ST T ) L T
(malondialdehyde , MDA ) #il i 71] &  BPT AL RE
(total antioxidant capacity, T-AOC) KM 57 & 8 4
AWy ALt (superoxide dismutase , SOD ) il g i 7] &
(= RAEYIEARBETET)

1.2 Fik
12,1 Zhthormhuas

$ 24 A C5TBL/6 /N BEHL Y 9 4 2 (53416 1)«
A RER KA XS BRZE (NS 2H) SN B IRR A (1S0
) 5N B IR R+ B S AL B2 (1SO+NaHS 41) Al
i AL (NaHS 41) o NS 411 ISO 21 43 51 s
B A PRER 7K (normal saline, NS)2 J&], ISO+NaHS 2 F1
NaHS 2H Jf§ J¥ 73 5F NaHS 10 wmol/(kg-d) F5£22 A .
2 JlJG NS 1Ak Sl Gt A B ER K IS0 4IHF4E B T i
SF1S0 150 mg/(kg-d)™', ISO+NaHS 20 BEA 15T 1SO
150 mg/(kg-d) Fll NaHS 10 wmol/(kg-d) , NaHS £ 4k
2 PR ST NaHS 10 wmol/(kg-d) , 2 d J& UL & Fl
O IEFEA AT 2 R AR BRI . 4 2H /N B3 S8 1)
5, M FEFEHIAE 20 °C, W& 12 h BB ER , PREF
H B TOK, B HERZ25 1R,

122 AL HE # &

AT UGOS3, 4% 22 5 WY IE [
JE 24 h, WA YT R T EAT HE 4 40, 8.0 LR
SRR 25

1.2.3 3 LDH A= CK#| &

TR SRS DK AR AR 5 £ i LR EM
(15 mg/mL) BRI 5 5 250 (1 000 g,4 °C, 15 min),
Fi R SRR U AN 1 2% CK \LDH % 7, BRIk
W 2 YSBCP- M, B H U/L R
1.2.4 S LZEL ROS A

I CEHE A O IE (dihydroethidium, DHE)
Jetty KDL ROS P2 ARG B, B R an
TABRIAT O NH L KEEY] R (5 um) 15 DHE
(2 pmol/L) ) HEPES ZZ i1 (NaCl 99.0 mmol/L, KCl
4.7 mmol/L, MgSO, 1.2 mmol/L,, KH,PO; 1.0 mmol/L,
CaCl, 1.9 mmol/L., NaHCO; 25.0 mmol/L, % % ¥
11.1 mmol/L, NaHEPES 20.0 mmol/L;pH7.4)37 C'F
HEGIE T 30 min, 15 P TR B 2390 R
480 nm 1 610 nm & % 3 BE (Nikon 22 7], H
AR ZS IR
1.2.5 SLZEZE MDA\ T-AOC #2 SOD & 71 | £

O WLEMDA ZK-PF22 3R] & iR A b 2 iR vk
PR UL HEDT , 5007 FH 8 nmol/mg 25 11 7 5 O L
T-AOC H10) G T P 2, 2" - - XL (3- L PRI
IBE IR i - 6 fifi 72 22 [ 2, 27 -azino-bis (3-ethylbenzthiazo-
line-6-sulfonic acid, ABTS |35 I EAE LB IEL T, 5407
FH pmol/mg £ FI27R ;.0 WL SOD 17 4% 12050 & fr ik
2-(2- WA k-4 T A B ) -3- (A-fiE AR B ) -5- (2, 4- Al
FER ) -2H- P s B ER [ [2- (2-methoxy-4-nitrophe-
nyl) -3- (4-nitrophenyl ) -5- (2, 4- disulfophenyl ) -2H-
tetrazolium , monosodium salt, WST-8 |32 i #4158 B
PEAT , BT FH Ulmg B 130K
12,6 B RAZLZPCR

JH TRIzol 55 B2 UL ILZH ZUEL RNA, 905 53 i
DNA 7, A SYBR Green Premix #4732} 2 7 PCR
(ABI 7500 1 PCR &4t ), 18SHENFE FIH , HA
cDNA H 42 30, LINSEH N Z I TH 5 25 A AR AR
mRNA {35, S FIIT : Cu/Zn-SOD-F: 5'-
GAAGAGAGGCATGTTGGAGA-3",Cu/Zn-SOD-R:5'-
CCAATTACACCACGAGCCAA-3" ; Mn-SOD-F:5'-
TTCAATAAGGAGCAGGGAC-3" , Mn-SOD-R: 5" -
CAGTGTAAGGCTGACGGTTT-3"; 18S-F:5"- AGTC
CCTGCCCTTTGTACACA-3",18S-R:5"- CGATCCG
AGGGCCTCACTA -3’
1.3 SRitFok

K H Statal 3.0 A HEATHEH 2200 BT LU 12
BRI EhR 2 (x £ 5) 3w, 110 HEECR H L
FRI7 25000, AL TP EEBER FH SNK A58, P < 0.05
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2.1 NaHS & IS0 # 5 /s RS L5 )& 5 ALa
RIRIDLEM

NS ZH /N BRC WL REHES FLAE |, I RAE X L] 5
FF & 180 {4 2 d Je O LA L HES ) A8 45 25 6L, vT 0
Kzl = dEHH M S22 I s NaHS Tk #1080 L
SRR BT 0 R B R L B S 9 T A 45 NaHS
XaC WL 29 B 235 #4) JC B Wk 52 0], $2 7R NaHS 7] LA

Al B,
A:NSZL;B:ISO4 ;C:1SO+NaHS 4 ; D: NaHS 4 .
E1 NaHS X ISOES/NRO MGG E LA LRI S E 2200 (HE , x200)
Figure1 Effects of NaHS on pathological structure of myocardium in ISO-induced myocardial injury of mice (HE,x200)

A 1000,

800
600

#
400
200-
N 1

NS# ISOZH 1SO+NaHS#H NaHS#H

CK(U/L)

w

600 *

T

400

#
200
0 T T T T
NS4 ISO 4 ISO+NaHS 4] NaHS 41

EINSZHAALL, P <0.01; 5 1SOZHAHLL,*P < 0.01(n=6),

B2 NaHS Xt ISO % S /MR O AR 5 J5 M1 3% CK (A) #0
LDH (B) &8I0

Figure 2 Effects of NaHS on plasma CK(A)and LDH(B)ac-

tivity in ISO-induced myocardial injury of mice
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2.3 NaHS #3180 i 5 R LIRS J5 s ALLE 2%
B4 B KR
FFN 1 1SO 5T 2 d J5 /N B0 ILZH 21 DHE 2 (%,

IR K 1SO UK A oL (1) .
2.2 NaHS BAK1SO # 5 s Ros LA 45 )& of2 % CK
Fo LDH 71

O JILAZ 35 J5 R R 1) CK R LDHL, 18 34 it
PEFR R CK AN LDH 7K, B 22 i 2%+ CK AT LDH
IR AR HZPEA O A AR BE S . BIFFE A3 - /N
SRS R 1S0 2 d &, 3% CK A LDH /K4 NS
ZHI 5 (P < 0.01) , R K &L RS ; NaHS T
Aob B I AR 1ffL 24 CK R LDH ZKF- (P < 0.01) , 36
W1 1SO 75 5 Ay O LB 1575 2 ] i 4l (11 2) o

Ci

B HR BE W] 3SR, MDA K30, T-AOC R &
(P <0.01), FHBIISO 530 WL 7 Hh 8 A0 N PERE FE
BH R340 NaHS FAb BEEH 5 90 ) DHE 2 a8 5 | %
Ik MDA 7KF-, 345 BT AL BE T (P < 0.05) , 84
TR RS (1 3)
2.4 NaHS ¥4 3% 1SO # 5 /> Koo ML A% J& & UL 2R
SOD & /1 Aok ik

KR 1SO FE 5 2 d J5 /N UL AL 8LE Y SOD
(FZRZRLR Mn-SOD) i 1 T [, Mn-SOD JE[H &
SRR S (P < 0.01) 5 NaHS i 4b B AF 5 36550
WLEH 23 5 SOD A1 ki & Mn-SOD 3% /1 (P < 0.05 FlI
P < 0.01) , 34 i £ ki & Mn-SOD 2 K 3 35 (P <
0.01) ,fEX} F L0040 F MK 1Y) Cu/Zn-SOD 1 S Fil gk
IKTCHA W, B 25T NaHS X SOD i 1 Fl ik
FIOCI B (E 4)

3 3% R

1SOVE R — B2 AR Bl 25, S 3h 0 LB, 32 1k
J& AR O, O WU T35 58, O
AR i 3 A, St O FE SR it ek g , etk
Sk AR RE T, 1 O LA P 4, 2k A
DIResZz i, KA A 34 R DU . A
FFEH, R 1SO ELLFES 2 d e, /NG LA 2
s BREE R ZKL , AL UK I e O LG ™
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Figure 3 Effects of NaHS on myocardial oxidative stress in ISO-induced myocardial injury of mice
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Figure 4 Effects of NaHS on activity and expression of

SOD in ISO-induced myocardial injury of mice

SAALRAR HLAR A ik \ROS BT P 2UE AL
K, A IF B ERBE T 32 0, HLHA AL 15 3 S
PATHE, 7 AR o BRTEWTSE K B HLS X 22 Fif
MM B A PURA DI AE ST o 7E Ang 15519
NSk PR A R, NaHS T Ui ST 0y 3, s
PSR REIET s NaHS D [F] Y~ e 2 R 15 T T Lan-

gendorff BT O MIE 1Y 22 WU AN AR bR | IR
PR HZ BRI ot LA IRER B BB 1 F i B
A A (H,0,) S5 ™ s HoS ZERE) GY Y4137 il
Ji& ZWH 5 5 T I R 404 G, el S P £ 5 41
il 2 v K U E Sl AR OK T ks
N RO PE ST S D RE . ASBF9T & B NaHS 7] B i
BRI ISO U5 T 1Y/ N Bl Lo UL BRES 4 , 07 35 14
KT IR 3K CK A LDH /K-, Bcs O U3 .
B3] B 1E , HoS HTA A IR AL ] i ok 56
AW, BFSE B HLS AT B ST 3 U S E 15 5 |
A P18 70N U i S T 240 L 4T O 98, {0 S A Ik 2 1
2 (uncoupling protein 2, UCP2) &R /Iy B R 5 4E H
THAR, 3275 HLS RO UCP2 7E i e B 40 it rh A 45 i 4
AR E T 5 NaoS 38 2ok 38 0 28 11 R ) R D8 e 5
L7510 ) vy, S B O DI RE , GG O LAY, (3
XF NF-E2 #H & K7 2 (NF-E related factor 2, Nrf2) #i{
/N B PP/ FIE 2525 HLS T 42 3 10 A8 PN B2 4
Jid Nef2 Fl Keap1 735, 3810 Nef2 A% 5%, 10 2601
BT ARG T N2 R85, B IR BRI s
55 5 HoS MR HENRTE 2R 75 55 LDL™ /N RSkt e Bt
B B, BEAR AL EX T LDL Nef /N, B
IR A 05§78 HLS RS N2 3% 4
A LTI 25 4 60 M PR 5 o ok e s A 7y £ 7 1
FH o HaS AR AT 2 AL 3 30 Ho0,155 5 T Il
VN B A L S A ORI A T R B T Sl kR R
TS Ik P B AR &7 5K P BE ™ o (EAR OGO
JIE A7 AE SOD, 7E 35 B ROS RO IE A I 28 o
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