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ditioning, H,S 21 ; ®LY294002 + H,S JGALFIAL (LY + H,S 41) o A0 THAERT I 48 2 h K045 4 00 LA B 773 R G 5%
& CK il LDH A5 3 &2 40K , F T X4 2B ARG I 45 4 O LA I PR 1% 150 ; Western blot 461 HIF-1ou \p-Akt 5 Akt 2 [
PIRIAIEL, G50 B BT, A 2 h i, H,S L0 WL M A2 TG 225 HR T 38 [ (71,55 £1.46) % vs (62.03 +
1.29)% ,P <0.01],CK LDH 544 L KO AN MBI T2 W S5 AR [ (244.99 +21.38) U/L vs (329.53 +26.14) U/L, (371.64 =
18.62)U/L vs (427.69 +13.25)U/L,(10.37 £1.51)% vs (17.38 £+2.04)% ,P <0.01 ] ; [5 A, HIF-1o FI p-Akt 25 (4 %1k
KO BT (63.93 £4.64)% vs (41.82 +6.14)% ,(62.59 £2.11)% vs (41.04 +4.01)% ,P <0.01 ], 4Xifi, % H,S
Ja AL I A PI3K/ Akt 5530 B4 5 M B0 57 LY294002 J5, 5 H,S 4UAH H, LY + H,S 410 HLAN A7 1% R KL B
(63.65+2.01)% ,CK LDH 31k L Kt LTI T2 F+ 25 5.2 [ (307. 80 +21.68) U/L, (421.51 +15.95) U/L, (15.17 =
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Role of PI3K/Akt pathway in protection of cardiomyocytes against hypoxia-reoxy-

genation injury induced by hydrogen sulfide post-conditioning
Li Gang, Yang Shuangqiang ( Department of Cardiothoracic Surgery, First Affiliated Hospital of Chongqing Medical University,
Chongqing, 400016, China)

[ Abstract | Objective To study the protective effect of hydrogen sulfide ( H,S) post-conditioning on
hypoxia-reoxygenation injury in primary cultured cardiomyocytes from neonatal rats and its possible mechanism.
Methods  Sodium hydrosulfide ( NaHS) was used as an exogenous donor of H,S. Primary cultured cardiomyo-
cytes from neonatal rats were randomly divided into control group, hypoxia-reoxygenation (HR) group, dimethyl
sulfoxide (DMSO) group, H,S post-conditioning group, and L.Y294002 + H,S post-conditioning group. Surviv-
al rate of cardiomyocytes and activity of creatine kinase ( CK) and lactate dehydrogenase ( LDH) in cultured
cardiomyocytes were assayed before hypoxia and 2 h after hypoxia-reoxygenation, respectively. Apoptosis in the
cardiomyocytes was detected by flow cytometry and expression of hypoxia-inducible factor-l1alpha ( HIF-1a) ,
p-Akt and Akt protein was detected by Western blotting. Results  In 2 h after reoxygenation, the survival rate
of cardiomyocytes was significantly higher in H,S post-conditioning group than in HR group [ (71.55 £1.46)%
vs (62.03£1.29)% , P <0.01], but the activity of CK and LDH and the apoptosis in the cardiomyocytes
were significantly lower in H,S post-conditioning group than in HR group[ (244.99 +21.38)U/L vs (329.53 +
26.14)U/L, (371.64 +18.62)U/L vs (427.69 +13.25)U/L, (10.37 £1.51)% wvs (17.38 £2.04)% ,
P <0.01], and the expression level of HIF-laand p-Akt was significantly higher in H,S post-conditioning
group than in HR group [ (63.93 +4.64)% vs (41.82 £6.14)%, (62.59 £2.11)% vs (41.04 =
4.01)% , P <0.01]. However, after PI3K/Akt pathway inhibitor LY294002 was added during H,S post-
conditioning, when compared with H,S post-conditioning group, the survival rate of cardiomyocytes was signifi-

cantly lower (63.65 +2.01) % , the activity of CK and LDH and the apoptosis of cardiomyocytes were signifi-

[ 1@151"5%] *Z’X)Gi , E-mail :yysqiang@ 163. com



H33 B 1T £ = FE KB K ¥ ¥ R
J Third Mil Med Univ

1804 2011 4£9 A 15 0

Vol. 33, No. 17
Sep. 15 2011

cantly higher [ (307.80 +21.68)U/L, (421.51 £15.95)U/L, (15.17 £1.56)% , P <0.01], and the
expression level of HIF-1aand p-Akt protein was markedly lower[ (51.79 +4.27)% , (47.42 £3.15)% , P <

0.05 and P <0.01] in LY + H,S group. Conclusion

H,S post-conditioning promotes the expression of

HIF-1a through the PI3K/ Akt signaling pathway, thus protecting cardiomyocytes against myocardial ischemia-

reperfusion injury.
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Corresponding author: Yang Shuangqiang, E-mail; yysqiang@ 163. com

GO UL 10 P 3 13 35495 ( myocardial ischemia-reper-
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FH200 pl, & 20 % G4k s B 32 55 35 72 h s, SR J0 M3 1
FEEFACR  Fs gy A5 W SR 773, AL 5 mg/ml
MTT(5 mg/ml H| PBS [iifi] ,pH =7.4)20 pl 44Z205H 4 h, 5% -
T, AL 150wl DMSO, $®83% 10 min, {45 5 ) 78 43 fil
TEFE 490 nm YA, FE BRI RE A FLIE R IR . SIS R L
DA 3R, F AR5 .

YA = GRIGLDEMIRE - 25 AT R ROIE ) /
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1.6 Lz fik ¥ CK 5 LDH 7& b m
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H, 55— WK K TF 560 nm 1 PE AR AT I PL; LR R T 40
(LR) + BeIJA T 400 (UR) it o5 LU 3R M TR (% )
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BAELL x + s Fn, R SPSS 17. 0 e it 4 i, 45 4 ) Lh 4%
K E T Z0T.
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a:P<0.01,5 E% 3B A ;b: P <0.01,5 HR 8% ;¢ P <
0.01,15 LY +H,S 4k
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*®2 ES2hEH O HIF-1o, p-Akt 71 Akt FEFRIL LR

(n=3,x+s)

215 HIF-1o/B-actin(% ) p-Akt/B-actin(% ) Akt/B-actin(% ) p-Akt/ Akt
EHERTHALL 29.03 £4.49 25.66 +4.61 33.63+9.92  0.80 +0.07
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AR 3 — IR AR U HIF-1 o, 3 2 A7 AE 5 558
B EHETE R WA, H, S J5 A3 BRI T It
15 5 18 [ A MR L5 43 T8 TRt — 2B 9T

SE

[1] Zhao Z Q, Corvera J S, Halkos M E, et al. Inhibition of myocardial
injury by ischemic postconditioning during reperfusion; comparison with
ischemic preconditioning[ J]. Am J Physiol Heart Circ Physiol, 2003,
285(2): H579 — H588.

[2] Hausenloy D J, Tsang A, Yellon D M. The reperfusion injury salvage
kinase pathway: a common target for both ischemic preconditioning and
postconditioning[ J]. Trends Cardiovasc Med, 2005, 15(2) ; 69 -75.

[3] Sun HY, Wang N P, Kerendi F, et al. Hypoxic postconditioning re-
duces cardiomyocyte loss by inhibiting ROS generation and intracellular
Ca®* overload[ J]. Am J Physiol Heart Circ Physiol, 2005, 288(4) :
H1900 - H1908.

[4] HuY, Chen X, Pan T T, et al. Cardioprotection induced by hydrogen
sulfide preconditioning involves activation of ERK and PI3K/ Akt path-
ways[ J]. Pflugers Arch, 2008, 455(4): 607 —616.

[5] JiY, Pang Q F, Xu G, et al. Exogenous hydrogen sulfide postcondi-
tioning protects isolated rat hearts against ischemia-reperfusion injury
[J]. Eur J Pharmacol, 2008, 587(1/3): 1 -17.

[6] Pan T T, Feng Z N, Lee S W, et al. Endogenous hydrogen sulfide
contributes to the cardioprotection by metabolic inhibition precondition-
ing in the rat ventricular myocytes[ J]. J Mol Cell Cardiol, 2006, 40
(1): 119 -130.

[7] BianJ S, Yong Q C, Pan T T, et al. Role of hydrogen sulfide in the
cardioprotection caused by ischemic preconditioning in the rat heart and
cardiac myocytes[ J]. J Pharmacol Exp Ther, 2006, 316(2) ; 670 —678.

[8] HuX, LiT, Bi S, et al. Possible role of hydrogen sulfide on the pres-
ervation of donor rat hearts [ J ]. Transplant Proc, 2007, 39 (10) .
3024 -3029.

[9] Zhang Z, Huang H, Liu P, et al. Hydrogen sulfide contributes to cardio-



H33EHE 1T
201149 A 15 H

o= FE B K o
J Third  Mil

Vol. 33, No. 17

Med  Univ Sep. 15 2011 1807

protection during ischemia-reperfusion injury by opening K ATP channels
[J]. Can J Physiol Pharmacol, 2007, 85(12) ; 1248 —1253.

[10] Koyama T, Temma K, Akera T. Reperfusion-induced contracture de-
velops with a decreasing [ Ca>* ] i in single heart cells[J]. Am J
Physiol, 1991, 261(4 Pt2) . HI115 - H1122.

[11] Pan L L, Liu X H, Gong Q H, et al. S-Propargyl-cysteine (SPRC)
attenuated lipopolysaccharide-induced inflammatory response in H9¢2
cells involved in a hydrogen sulfide-dependent mechanism[ J]. Amino
Acids, 2011, 41(1) ; 205 —215.

[12] Zhu Y Z, Wang Z J, Ho P, et al. Hydrogen sulfide and its possible
roles in myocardial ischemia in experimental rats[ J]. J Appl Physiol
2007, 102 (1) ; 261 —268.

[13] Elrod J] W, Calvert J] W, Morrison J, et al. Hydrogen sulfide attenu-
ates myocardial ischemia-reperfusion injury by preservation of mito-
chondrial function[ J]. Proc Natl Acad Sci U S A, 2007, 104(39) .
15560 - 15565.

[14] Yao L L, Huang X W, Wang Y G, et al. Hydrogen sulfide protects
cardiomyocytes from hypoxia/reoxygenation-induced apoptosis by pre-
venting GSK-3beta-dependent opening of mPTP [ J]. Am J Physiol
Heart Circ Physiol, 2010, 298(5) : H1310 — H1319.

[15] Zhong G Z, Li Y B, Liu X L, et al. Hydrogen sulfide opens the
KATP channel on rat atrial and ventricular myocytes[ J]. Cardiology,
2010,115(2) ; 120 - 126.

[16] Kido M, Du L, Sullivan C C, et al. Hypoxia-inducible factor 1-alpha
reduces infarction and attenuates progression of cardiac dysfunction af-
ter myocardial infarction in the mouse[ J]. J Am Coll Cardiol, 2005,
46(11): 2116 —2124.

[17] Tipoe G L, Lau T'Y, Nanji A A, et al. Expression and functions of
vasoactive substances regulated by hypoxia-inducible factor-1 in chro-
nic hypoxemia [ J]. Cardiovasc Hematol Agents Med Chem, 2006, 4
(3): 199 -218.

[18] Belaidi E, Beguin P C, Levy P, et al. Prevention of HIF-1 activation
and iNOS gene targeting by low-dose cadmium results in loss of myo-
cardial hypoxic preconditioning in the rat[ J]. Am J Physiol Heart Circ
Physiol, 2008, 294(2) . H901 - H908.

[19] Liu X, Pan L, Zhuo Y, et al. Hypoxia-inducible factor-1alpha is in-
volved in the pro-angiogenic effect of hydrogen sulfide under hypoxic
stress[ J |. Biol Pharm Bull, 2010, 33(9) . 1550 — 1554.

[20] Cantley L C. The phosphoinositide 3-kinase pathway[ J]. Science,
2002, 296(5573) : 1655 —1657.

[21] Lindsley C W, Barnett S F, Layton M E, et al. The PI3K/Akt path-
way : recent progress in the development of ATP-competitive and allos-
teric Akt kinase inhibitors[ J]. Curr Cancer Drug Targets, 2008, 8
(1):7-18.

(r#5:2011-02-06 ; f&[E] :2011-05-23)

(4 £ &)

LGS 1000-5404(2011) 17-1807-01
il R B B iR A B A s CT R34

RN, A, e kR

(3R] I AT AIN R CT 23
[HMEESES] R730.44 [ ZEIEERG] B

il 56 S 40 M0 R 9% 988 ( basaloid squamous carcinoma, BSC) J2&
— T UL T S B, B R AL SO B
s R s BT 1 A7 4L, SR A9 ) R LU AR/
JdEE 2 , AR5 AE R B O A ) T A /N A R . e B
Woyh 1), R R

1 AR

LB, 78 B LA KU 2 A AT T 2010 4E 8 H 20
HAFBE, A3 2 A AWl a7 A B L, 2% Pif ol , S
FFA T R R SRR . BRI A BT AR S, AR
i S AR, A P BE SN AT g B M e, M2 S5 3 o, W
FRRAR, AR LB W BHPEARAE . P e R &SR AT
JRFEIR BTG AT WL P 2 i BH 28 A I . CT Ao A i b i
JE LR BEA] WL — AR SV R, R/NZY 5.8 em x 3.8 em x
3.8 cm, SRR 0 % UL /N A, 40830 I I 1T i e pAy
FEAY . $§5 5 By BRI S8R AL, Al UL y 224> K/
ASAHR] B4 2 B TG 5 P ARG 8 DX R 49 2 i A 1) o B R 45 R A
I, b B A — L T R (P 1), DASE R 3013 B

[BE1EE] KB, HiE . (023)68757621 , E-mail ; wguo. zhang@ gmail. com

TRES5ER

(400042 T B, 55 = A2 KA REP I Be B A AR 52 B < O AL A )

S, BKIY AT DA B A 22 A~ ASORR A R L R S e 3 8 bk
R4, FF IO AR , 75 T WA BT Bl bk I S i foh B G 52 , o iz
ANl W B B RAE AE E RELZE , A D B AR B
PR, b e 2 A AR X3 J0 Ak, 1M 70 B A
SEA 5L b 08" 5 AL T7 3, OF TR 2) e Ak, BaT DL A S R
SRRSO W . TR DL R LT AR i B
KNS em x4 em x4 em, FFERGESH AT HT i Hh e UL R 20
TRt e 5 2 B 2 B AZ O (AR IS/, T DL 5 £ AL BRE
IR 2) , SCUE SR S SR 55 A 10 AR L 45 R DL 4141
etz

SRR
B2 FiichR B R A SR QRIS T (HE x200) 3
et K B G 40 R, I T L S Ao 7 AL ER I R (4 3k AT )
(T4 1819 ®)



