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Hydrogen sulfide has protective effect against H,O-induced injury in isolated thoracic aorta

of rats

CHEN Li-ling, TANG Yan, LIU Zhen, MENG Guo-liang, BAI Wen-li, LI Sha,XIE Li-ping,JI Yong"

(Department of Pathophysiology,Key Laboratory of Cardiovascular Disease and Molecular Intervention in Jiangsu
Province ,NJMU , Nanjing 210029, China)

[Abstract] Objective;To investigate the protective effect and mechanism of hydrogen sulfide (H,S) on hydrogen peroxide (H,0,)-
induced injury in isolated thoracic aorta of rats. Methods; Thoracic aortic rings were isolated from normal Sprague-Dawley rats,
subsequently exposed to 300 pwmol/L H,0, to establish an oxidative stress model. The thoracic aortic rings were pre-treated with 25
pmol/L, 50 pmol/L or 100 pwmol/L of NaHS followed by incubation with 300 pwmol/L H,0,. The endothelium-dependent vasorelaxant
function of thoracic aortic rings was measured by a pressure transducer coupled to a Labchart V6 System. Production of ROS was
evaluated using DHE fluorescent staining assay. The expressions of protein MAPK/ERK1/2 and p-ERK1/2 in thoracic aortic were
determined by Western blot analysis. Results: H,0, of 300 pwmol/L can decrease vasorelaxant function in rats’ thoracic aortic rings.
Pre-treated with 50 pmol/L or 100 pmol/L of NaHS can attenuate the damage and decrease the production of ROS caused by H,0,.
H,0, also activated MAPK/ERK pathway in the isolated rats’ thoracic aorta,which could be inhibited by NaHS of 50 pwmol/L or 100
pmol/L. Conclusion: H,S may have protective effect against H,0,-induced injury through ERK signal pathway in isolated thoracic
aorta of rats.
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B NAT G A BTSRRI LR S A b
IR G | A R AR R o1 (Mg B DNA B AL
i, It — AR T RE A, & B A i
FIRIED, DA, SR RERE AR A AL A P o AT
HEEY,

it fb & (hydrogen sulfide, H,S) &—Fj N 4 S
o, AR R A — A AR A — S AL A
(nitric oxide ,NO) Z JG B4 3 F S AKRAE 543714,
Iz S5UAZ A A BAEES RE  fEiE 2 A
BMRGHRETFERSA A 5 DR o e
SRR, A S50 DA A A48 (sodium bydro-
sulfide, NaHS)/E -} HoS fitfA , H (I 7E FHET H X
AT TR 1 B A ey 3= 2l Dk S T 1oy A 0 1
PRAPAE FATBLTR , X5 S8 RS 5 1 25 T 114 T3
B FIRYT BA R L

1 #MRERE

L1 ##
.11 %%BzHhy

Sprague-Dawley KB, HEME /AT 220~240 g(Fd
SERIF L S b0
.12 22K fo L%

NaHS (SI11996848, 3¢ [#] Sigma aldrich 2y 7] );
CHEARTH (acetylcholine, Ach) (A6625, 3£[F Sigma
aldrich A% ); OCT 53 5] (4583, 5 [H SAKURA 72y
) ; B 83 H (AR1065, 2784 1] ) 530%
AA BER TEMED (BTN 28 = KA A 5 i K ERK
Uik At KR p-ERK $UiK /N ERPTK R B-actin $T
PR ([ CST A7) s HRP ARICH SRR B 1gG HRP
FRic i/ BT B 1gG (36 [F Santa Cruz A H]) ; BCA
A E IR & (LE Pierce 23 A)) ; SuperSignal
ECL & tilH & (8 E Thermo Fisher Scientific 7%
Fl); & L BE (dihydroethidium, DHE)-ROS %¢ Y6
B (AU AR BLET A= I HARAT IR R 5 Hofdniasn) ok
VERPIRULI | 24920 7 2 pr 4t

A DREAR 5K 1A (S [E DMT A /]) ; vk
FHL (5 Leica 23 F) ) ; @ﬂﬁ%ﬁ[ﬁﬁa%{%ﬁ(eclipse
TE2000-S, HZS NIKON 2vml); SEHHEK (LI
BIO-RAD 257,

1.2 Fik
1.2.1 &8 2 ZhhkR

KL 10% 897K A5 FABE (350 me/ke) I I 1 5
SRR, G T IT M fiss , /00t M =B ik, & T
TZ 1Y 4°C Kreb’s ¥ (119 mmol/L NaCl 4.7 mmol/L

KC1.1.18 mmol/L. KH,PO,,1.17 mmol/L MgSO,,
25 mmol/L NaHCO;.2.5 mmol/L CaCl,.0.026 mmol/L
EDTA .5.5 mmol/L Glucose,pH7.4) H1 | /N0 25 [4: [y
FahkE g ML gE 125, VIR Z) 3 mm 1
FEIKI, R ED KA EHAEFHE 4 ml
Kreb’s & ) 1ML & D BE A I 5k 1AL ATBHE Y, FR4F
37°CHE IR, FFZEE L 95% 0, Fl 5% CO, HIIRA S
&, R Labchart V6 525 224810 5% F s kI ik f1 48
1k B9 F Sk INE Rk 77 9.8 mN, F4F 60 min,
[B]4F 15 min #9% 1 K, SRIGMA 6 x 102 mol/L 1Y
KCl 5k FENWKARLAR, 7 F KRN 2 fe e
FHJE, H 37°C Kreb’s W PEZ: KCl, FIa1 A o
A1 x 107 mol/L f/fﬂ:xjjiﬂ;??(phenylephrine,PE) s
WAERIEET- B, WRUTIMARFKE R 1 x 107,
1x10%.1x 1071 x 10°.1 x 10° mol/L f# Ach, il
A1 x 10° mol/L Ach &, i PE US4 i) i 3 3 ik
&k AETIK 80% L L, AT IAA N B 5E K
1.2.2 KA EFPREAN B EAAG AR 5

W ESHIKERBERL A 4 20, 4351 R 6] BEH (2o
ABRER K ) H0, 41 (A 200,300,400 pmol /L [
H,0,) ., 1] H,0, #4405 200,300,400 pwmol/L
) H,0,, BEEIEE 60 min J51E2s , F 10 A FRom A
1 x 107 mol/L PE, Wi iRE(E - & J5 , RN A
FHWE 1 x10°.1 x 10,1 x 107.1 x 10°.1 x
10 mol/L Ach, Ific g £ STk 3Rk J1 484k IR
H,0, Fid ik FE
1.2.3  A&m H,S s¥45i45 K R JA £ 3 BRIR 4T K 2 Ak
A

B EBBKIRFEHL R 5 20, 43 ) R Xk BRAH (o
AFRERIK) H,0, 41 (U 300 pmol/L H,0, #EEAL
i) H,0, + NaHS 4 (25.50.100 pmol/L NaHS k¥
JEWEE 5 min J5, FE01 300 pmol/L Y H,0,) O EIHEH
60 min &7, [FIAFEH A 1 x 107 mol/L PE, Y4 ik 14
PG, WREKIMAZBBWE R 1 x 10°.1 x 10,
1 x107.1 x 10°.1 x 10° mol/L Ach, it 54841 ¥
ki J125 4k
1.2.4 DHE &A% &am X R4 £ 30 kIR 69 ROS

W R M 3 S BRI/ IO G 84N T, AT
OCT 1, VKT R DL SRR 5 pum JEE
BIKIR , DHE S Y4 0 f5 7R3 B 50 W ABe T ige
ROS 2GR, A, H Image-Pro Plus 6.0 73T
HALTOCIREE
1.2.5 Western blot #- J4) £ FhBRLA4% F ¥ ERK1/2.
Bt ERK1/2(p-ERK1/2)% & 49 & i&
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B =S KIRREHL R 5 41, 433 At R (0
AEFRERIK) (HL0, 4 (R 300 wmol /L H,0,) \H,0, +
NaHS 20 (25.50,100 wmol/L NaHS BEEH:H 5 min
J& , 1 300 pmol/L 1) H,0,) . H0, HYEHFE 60 min
Je B 1 S Sl kA 2 BOICE I i A R, Tk
BIRE, VK 2% 1 h 5, BCA ¥ 2 Ak . B
30 pg M AR ST R DVIR IR RE R R IK TR A e
WA R 5% MWiRE ks 2R E A 2 h, INA—$1T
4°Ct 7, TBS-T Ve, I —Ht, EiRBFE 2 h,
FEFHTBS-T 53, I ECL A2 Al & 263k,
HAAAT T Image J #4534 H 550G BE(E,
1.3 “%itFriE

o FH Prism 3K\ TGE T o0HT, 45 480 DL

PHE + PrAfER (x £ 5,) R, AL LR F one-way
ANOVA 2381771 LA Bonferroni test 3474546 , PO
e # FH SNK-¢ K536, P < 0.05 N H Z R A 402

2 7 R

2.1 H,0, &I £ 3h AR ER 69 N RAR SAHE AT TR 2 AR 09

200 wmol/L H,0, ZH % iy 3= 3l ik 4 i & 7K ) g
JC B & 45 455,300 pmol/L H,0, ZH 1 400 pmol/L
H,0, 20 %] i 3 20 ik A 1) 7 5K 2y g 2 AT B S8 i 6 4
fER ,{H 300 wmol/L H,0, 41F1 400 pmol/L H,0, £
ZIEGFHB2ZER(E 1),

F1 HO, X KRMEZNKIFETFHKINEERI RN

Table 1 Influence of H,O, on endothelium-dependent vasorelaxant function of thoracic aortic rings from rats (%)

Ach ¥ ( mol/L)

451 1x 107 1 x 108 1 x 107 1 x 10° 1x10°
papiict:: 21.34 +7.70 29.80 + 5.76 69.63 + 15.42 97.82 +7.13 102.1 + 1.58
H,0, (200 pmol/L) 4 7.10 £ 2.61 13.83 + 7.06 33.43 + 991 87.39 + 10.97 96.37 + 3.79
H,0, (300 pmol/L)4 1.85 £ 0.54 447 £ 175 23.62 + 9.00 62.88 + 15.12* 84.59 + 19.80
H,0, (400 pmol/L)4 10.14 + 5.22 15.22 + 8.57 23.25 + 6.07 68.42 £7.73** 85.44 + 12.06

SRR, "P<0.01,""P<0.001,n =6,

2.2 H,S AT ) £ 3 BRIR GG R BRI AT TR o A
a9 4E A

AEXF TR REA, H,0, 400 = SIIKAZE 300 pumol/L
H,0, 5 5 J5 &7 1k DI Re b B 51 405 5 AHXT T H,0, 4,
281k 25 pmol/L NaHS AL EE | FE 28 300 wmol/L

H,0, W8 5 , B &7 5K DI E T BH 0 038 5 1 48 50,
100 wmol/L NaHS Wikb#5 , 13 sh Bk B &F 7k 2
REAS 2 I i st (H L 2 ) 22 e it24 i X,
H,0, + NaHS (100 wmol /L) £H F1 %} HE £H 2 7] -t JC B
B2EF(E2),

R 2 HS MR KRMENKIAPEFHKINEERER

Table 2 Effect of H,S on endothelium-dependent vasorelaxant function of H,O,-incubated thoracic aortic rings from rats

(%)
1] _ i Ach {K{ZEF mol/L) i
1x 107 1x10% 1 x 107 1x10° 1x 107
pagiictecl 11.25 + 7.46 2494 + 11.15 5324 + 11.37 95.31 + 7.65 105.9 + 6.69
H,0, 4 9.42 +3.99 5.61 + 3.88 19.82 + 8.92 70.08 + 5.26* 81.66 + 9.97
H,0, + NaHS(25 pmol/L)4H  12.22 +3.73 22.46 £7.70 28.71 + 7.58 66.92 + 7.00* 85.75 + 11.97
H,0, + NaHS(50 pwmol/L)4H 4.67 + 1.51 9.15 + 2.05 19.16 + 5.46 79.89 + 4.06** 98.57 + 3.13
H,0, + NaHS(100 wmol/L)4H  6.03 +2.43 12.17 + 4.66 14.40 + 6.58 85.82 + 5.68% 93.00 + 7.66

SXHBA A, *P < 0.001;5 H0, AL, *P < 0.05,P < 0.001,n = 6,

2.3 H,S %445 M £ 3 BRI ROS A & 89 4E )

W EBKIRZE DHE D CYL 8 Bt B i fs
KIR H,0, 211 3 30 KA 9 5 i B I 35 5 1 % AR
20, X T H,0, 2H , H,0, + NaHS (25 pmol/L) 2H %%
SR EE I I 55 , Hy0, + NaHS (50 wmol/L) 4H |
H,0, + NaHS (100 wmol/L) 45 %58 J ] B & sk
55, $e8 HS B R 7 ROS B4 i, H0, +

NaHS (50 wmol/L)#H #11 H,0, + NaHS (100 pwmol/L)
P EFFIER(E 1),
2.4 H,S 4045 A £ 3 Bk R 69 ERK SRR ALK T 69
EAC

H,0, 4119 ERK1/2 @ 1R fb /K1 i 25 T X5 1R
21 ,50.100 pwmol/L NaHS B | T p-ERK 13
ik ,25 pwmol/L NaHS JCHI BAMHIEH (E 2).
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A.B.C.D.E 4 DHE %2648 18 - (x 20)A: % B 41 ; B H,0,;C: H,0, + NaHS (25 pmol/L) 4 ;D:H,0, + NaHS (50 wmol/L) 4 ;E:H,0, +
NaHS(100 pmol/L)4H ; F: 41 ROS P&t AbGeiHE . SXHIRLZAAALL, *P < 0.001 ;5 H,0, A4, *P < 0.001,n = 6,
B 1 H,S XK EUR E SRR ROS A e

Figure 1  Effect of H,S on the production of ROS in H,0xincubated thoracic aortic rings from rats

3 i i

45 N 409 (vascular endothelial cell, VEC)
R 1A Sy LA R AR T Y =2 T ) e s S A% 3 A LA
W BAT Z R R BRIIRE AR I 4 548 - L
K T3 ORARR I AE WL 4 B i ST O I A A e A
KR PBE LR R A S ARAE S P R H
20 -5 /IR LA A B R R R R AR LA TR
AW VESFET, SRR R, 5 0% |5 1 AS W
VS &R AR € SRS S QI IR NS I a1
Bl sy o X = 3 W (IR G Rl R e 7 D22 S a1
AN = RN INE R e p e S eI b R S |
SN M N B BERRERHE 2T RO LB T
HOZ B BkokiRE BB A K A & e B R S R 5 FE Bl ik
SR RERE AL Y & e A oA B, R B I
BN B AORTE E7 TK D RE T R RIS B4 1 SR R
Ko ILAE N B ORI &7 TR D R T 8 32 2t TP
20 5 R N B2 AT A= A 5t K - (endothelium de-
rived relaxing factor,EDRF)?’iéTﬂ}f’f{,EDRF e
FIT NO 73575 SR AERER  NO AMUEAT 3R A
AOET SR IS VR, S 3 b R A 1l SR AR
RORRT A8 PN B AUt AT LA B AR AT R

PEFEN B AR AR, S0 A A0 AR i A R R T
MAE WA, P, NO & s b 54 P MR
JE BN K T BB A R LA I A 1) 32 S A O
TE51 & A8 A K D) RE R g AR B v
AR EEAVE . H0, M — 2
ROS, % )32 ik 20 ML, I 1 % 1 1 T Pl 5, DA
IS B AN B . A BRI SR S e vk
1 H,0, A SO A A AT i A5 2 Ae T i
IRHR EE HL0, T B3 3o S0 240 B PN 25 R (55 5% 0L
X 4 P i A 1 2R 2 G O I B
A WFFEH AT H.0, Ab 38N B 5 Dk N B2 40 (human
umbilical vein endothelial cells, HUVECs) , & Fi4H fitl
15 B 08 AT, 1 52 3 4, 2 L PR 7
WG 2 | 51k PN K 20 M B S ) S A st A ) A
SRttt 11300 pmol 1. H,0, A K UG 31k 5F
J5, A NO B I T 5K 5 Ach &F 5K PE Tl
AR NG FBIKER, A P 32 Bl K ER A e MO M B gk
IRERIW] T R ROS MA U ZE G I, WRE S AR
AR T R B 3 KN K 4, 3 EDRF 1Y
FEESr NO RO Sas R, M5 | 4 M A8
N B DI RE R AT OC AR SE IR 25 1 5 SCIRHGE A AT, 36
I ST. T 1 = Sl ik R A LA O R AR
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H,0, + NaHS
X AR 2 H,0, 25 wmol/L 50 pumol/L 100 wmol/L
S . — 42000
P-ERK S - e 44 000

ERK- T — — w12 000
AR A e e e 44000

Bractin ENEG— A — — 12 000

157 *

+

_|
]+

ERK A BRI KT
o

(p-ERK/ERK)

5% HRZAAALE, “P < 0.001; 5 H,0, AFHL AR, *P < 0.05,n = 6,
B2 H,S XM F sk ERK BYBERR ALK 50
Figure 2 Effect of H,S on the expressions of protein ERK1/2

and p-ERK1/2 in H,Op incubated thoracic aortic

rings from rats

H.S J2—Fh BA RAGHEARI TS O, B
NSRBI IR, SR I AR A 9% & AL HE AN
FAENHFLSM RN 274 HS, FFIESE HS
TERFIR (O 2 R PR E TR AILIL]
SOAPALEN . TEEAN S 5P B A it
ks R Ry AR oS AR T B AR E AT, AR
BILTIFR o3 3 o v A SR A A I T R 5 ke 4 s
BURRIBUEALRE IS DA ST R kb 58 NaHS AT
DA SCRE H 0 0L 3 B 2 2R g s | O UL
LU WEH K (glutathione , GSH) & 5 Bz y-2 & k2
IR G \GSH A5 i | A AL M) AL (superoxide
dismutase , SOD)JE PR T REIT ) FERIZE R H ik
L AR TE SR SRR ET 45 T NaHS J5 B NaHS
TR EE AR Ak ke ot PR 3 0 K BT S v HLS S
[} IMTL.2T 28 N4 (heine oxygenase, HO) i TEHE 57,
HO-1 mRNA A, 1 HO-1 J2 40 X%
IO T AR A 1 T A R A

LML AU P UEPE HLS = B0 1 JHE A7 ik —y-
247 W (cystathionine-y-lyase , CSE) B b 7= A= | 7
OIS R G b A B R A I E T G L)

EPORIMAE D0 EAY AN, AR IR, Sl
D HLH L HS KRR, SMEMES T HS R
NaHS J& A]Jd b0 B RO LA IRLIRSE | S P20 i
R g B A = P iTRR Y S2E AE R) F AUf
15 % FE IR 6 1 (ox-HDL) £ HUVECs 3241 , i 4b B
NaHS A LS i 20 MAAT5 32, Rt o 4 i iy oy —
% (malondialdehyde, MDA) A LR it & B (lactate
dehydrogenase, LDH), H:H MDA J& 5 i id AL 1)
™, HERARE A R EERKE SR Pt A
FRIRRRE . LDH J&—Fioll e ity , 7776 T 40 i) g
JEP, S0z A e B E R S B SR
LDH 7K -2, O 4 ] s e a4 43 R
B B, R R UL B WLAR M A Ak 4 T
NaHS AT LUEHT H,0, 51 0 HLA0E MDA K7+
L LA R T, ROV VR
A T A RUE BRFI——S0D /K21, SR, HaS
XoF AR A I U8 1 = B IOk AL 1 1) DR A A P v A DL A
I, T B HS S5 X Ho0, FrEok UK = 3l ik 4A
e B B A DR AP E T, FRATTEL NaHS 7E28
H,S MHEA, RIAMEME HLS 1l LB 5k 451473 1K)
FPRIRALP ) ROS AR, 4555 SCHkRIE LS
PP EAAE -IAAE . 5351 HLS 1 B B 838 HL0, $ii
PR 3 SR ER A K A P &7 sk DB, N AR
AT A P R DI RERERY, 25 A ARSI AE T HAS
X4 16 3 B DK B %) P g A P 5 5 Dy e ) A A
FHMLHIRTRES HS EHEEERA H f 2R/ g Bt
FALNE , DRAP N B2 AR G

T i HRSE HoS PrAATE R PLET, FRAT]
R T FE kIR Y ERK BERL/KF-, ERK A4
T M S O , 2 MAPK F (S S Bt
—  EAFE PR SEAS R ERKL AT ERK22 ) 35l 40
T AERKEFAN T, S 5EA 225738, N iifE
HEAL A 5E ok BFSTIESE , I ERK 2 5304
JAE B G R TR, BOE B ERK TR iE
JHL A e A R 1 A AR s T, R
LR SR FBEIR AL , B G sRih e 22 7 Ak
RO ERK (A5 B, B AL BT Bt 2 i
() DNA #1653, #EIMiaT 5 MAPK {5554 538 %
T ERK 36 PR L 0 DTG b P b i 52 DNA 3
i, ZAWFFEUE S E AN ST 175 T 10 4T LA
A KR Cyclophilin A (CyPA) B8 2% 35 0 43 W
Hahn, 0T B 4 PN A = AR A A SIS R
X ERK1/2 A0S 22, BEFRAGATE R 2 40 0%
PR, AL F LSS T R L ERK i H 3R
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BRIV R FARSG IR 7 2052 SR A R A 1 220 R
IR DAL i 5 SR T B Tl 4 75 1 2 P,
NI S AR AR P Fp it — 25T

ARSZBIUE T HLS R B 3 0 ik e A i

PO BT, LD AT BB 9855 ERK 558 #%
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