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injury, MIRI)FTE 400,08 = 69 % e A L 5 PI3K/Akt/GSK3PIE Fi@ ke A, 3k  #afe 30 min &, #ATHEIEHG
120 min, # % K& MIRT AR, KA TTC % &7 ik n 2 S PURREAR, KA TUNEL # &7 H B SIATHEK, KA
B BR 5,05 7 ik 2 3¢ CK-MB 7% P4, X8 Western blot 7 #% M| & Akt. GSK3p BrERALH SLA & cleaved caspase-3 7K-F,
FmEmpeE CHERFL. R SIP THRIR Y SHIUELmAR. BIkmie A =484, B AT3hn Akt. GSK3p #ER 1L
#2 4, A% cleaved caspase-3 K-, RV ILEMmiEF C Hix. SIP &9tk 4E A =T4% PI3K 47 4] F] LY294002 FfFa B, 25
¥ SIP TR XA E G @i e £ CHER. B caspase #iE, B35 MIRI A58 L4 I8 T VA B ILR L, 54k
A5 PI3K/Akt/GSK3p 1z 5@ s F LA XK.
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Effects of Sphingosine-1-phosphate on Apoptosis Induced by Myocardial Ischemia-reperfusion Injury
and Its Correction with PI3K/Akt/GSK3p Pathway

LI Wenchangl, MA Xiaoqianl, LI Yujingl, ZHANG Lizhi®, LI Mengmengl, FANG Rui', WEN Ke'"
(1.Department of Pharmacology, School of Basic Medical Sciences, Tianjin Medical University, Tianjin 300070, China;
2.Department of Obstertrics and Gynecology, Tianjin First Center Hospital, Tianjin 300192, China)

ABSTRACT: OBJECTIVE To investigate the effect of sphingosine 1-phosphate (S1P) on cell apoptosis induced by
myocardial ischemia/reperfusion injury(MIRI), and its correlation with PI3K/Akt/GSK3f pathway. METHODS Rats were
subjected to MIRI, consisting of 30 min of ischemia followed by 120 min of reperfusion. Myocardial infarct size and apoptotic
index were measured by triphenyltetrazolium (TTC) and terminal deoxynucleotide transferase dUTP nick-end labeling (TUNEL)
assays, respectively. Plasma CK-MB activity was measured by enzyme linked immunosorbent assay. Akt and GSK3f
phosphorylation, caspase-3 cleavage, and cytochrome C translocation were assessed by western blot. RESULTS SI1P
significantly decreased myocardial infarct size and apoptosis, as well as enhanced Akt and GSK3f phosphorylation, attenuated
caspase-3 cleavage and cytosolic cytochrome C translocation. Moreover, the protective effects of S1P treatment were blocked by
cotreatment with a PI3K inhibitor, LY294002. CONCLUSION S1P can inhibit the release of mitochondrial cytochrome C,
block activation of caspase-3, relieve cellular apoptosis and myocardial infarction. And these effects are mediated by activation
of PI3K/Akt/GSK3p pathway.

KEY WORDS: sphingosine 1-phosphate; myocardial ischemia/reperfusion injury; apoptosis; PI3K/Akt
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HIHARE 702 B, S1P BAA LRI Ui & A Bz 4t e, 41
) O 5 5 10 M 85 3 5 P 8 Y 3R B LR i
B/ AR A T B st L R i RV
T4 B2 e S AL A e 4asiE 2 . H AT 7t K
B, PV R A% 1% RO (reperfusion injury salvage
kinase, RISK)if /3 1 #0254 J5 & B i 3 1Y
ORI ER, Zil % = B R IE M LEE 3-3%
I (phosphatidylinositol-3-OH kinase, PI3K). &
1 B(protein kinase B, Akt). 4Hf4ME 5 1 15
P 1/2(extracellular signal-regulated kinases 1/2,
Erk1/2) LB J5L & BB 3B(glycogen synthase
kinase 3B, GSK3P). 1M GSK3B i P [ 41| ] 1
st MIRT 32 7). S1P 25X PI3K/AkY/
GSK3p A f 0 H al i ATE R, I AT 5N
FH K R MIRT AL WL S2 T STP SO L AH B 452473 110 5
Wi, [EH 33— W %L T S1P Xt PI3K/Akt/GSK3p i
% DL B 18 T % o B R 1 41 i 13- C(cytochrome Cs
Cyt-C)LL K caspase-3 HI5ZM, LABAHH S1P LR
YERI BB o
1 MR5R%
1.1 %

&Y Wistar K5, 7 JBRE, 745 #2501+ 10)g,
3, 56 W, Wbt 4Emp e st s R G IR A
ml S s E PR, SR B W AR PR TR S
SCXK(%%) 2007-0001 .
1.2 FERGH S

S1P(%[H Sigma A F], #t5: 113M4720V);
PI3K #Ifil5f] LY294002(3 [F Sigma %], #t5:
092M4616V); 2,3,5- =K E &AL DY A M(TTC, 3%
Sigma A, #it'5: T17770); CK-MB Elisa i
G (P B R AR TR LT, #i5 2 E1112060);
R 1k -Akt(Serd73). cleaved caspase-3. B-actin $T
I H % E Santa Cruz BHEA R Akt. Cyt-C.
VDAC. B 1k-GSK3B(Ser 9)LA K GSK3P ikl
H3EE CST Al; H E A lgrsic —Hidbnt
PR EM ARG RAR, fit5: 20140709);
ECL B ELI = RAEME AR AT, #Ht
5 109525).

Powerpac HC Y Hi kX (3% [ BIO-RAD 2 #]);
Tanon-5200 B4 &% G A (AL 5 S~ s AR R
FRA T,

<152 Chin J Mod Appl Pharm, 2017 February, Vol.34 No.2

1.3 7l

Wistar KERFENL N 4 4, F4H 14 R, BF
ARH: KEATIFRFAR, BAFEAT MIRT £ 05 #4E
MIRI 4H: KB E, #5201 30 min S 1L FE 5
120 min F#EEBEE; SIP 4H: KRB MIRI
B sedE, FEEER R BKES 1.0 me-ke™!
S1P; LY+SIP #H: KRR 15 min % & BkiE G
0.3 mg-kg™' LY294002, H:4[F S1P 4. SFHEY
Hep 8 LA FHIFEHIA & CK-MB &, 4 6 H
FH 8T R B A
1.4 MIRI R i %

K B BE R E S S R H (1.0 gkg )BT RE
W ATSERE, EBANYTFRIL. NS R
Fa O ME, F 3-0 484 22 45 L IR BNk A 1 B S0 AT
B, B 30 min 5, AL, WAL
WS, AT B 120 min.

1.5 O JVLEEZETH AL 2

RRAHEEL 8 W W0 ik F R AR T AL 5E
FEEVE 120 min J5, SSALARTRESC, s ki gt
0.5% G W 2 mL, BHJE SLEPECH O E . YRR
RAIEECREDTR 1 mm JERIPI . B QG0N IE
YA, AR Y B H S BRI A 2, B AE S X (AAR).
3B AAR FE 0.03 mol-L™' TTC W T 37 ‘C/K
M E 20 min. 1IEH O HLE TTC Yot 5 Nk 4,
MAEZECLAS) R I A K H . 73 B REFELH 23 ) OE
WALIEFRE, T IS/AAR HUAE LA SR O LR AT
T
1.6 Ifi3% CK-MB 3 %

BN VLR I R A% 120 min )5, 28+
SBKEUM 3 mL, 300X g B0 10 min 4355 113 . %
F ELISA 77750l 7€ % CK-MB &

1.7 O WLAH M TUNEL Al

O VLR VE RS 120 min J5, BUAE O BI040
R, R e K B U A . R TUNEL
YLt 1) 77 v 22 O L TS 00 o PR R A 4k 1) 40 D
9 TUNEL FHPE. -4, o5& 5 ML TR
FH M 0 L 1 E 0 SR B AR T HR 2
1.8 Western blot SZ46

UG MEZE O B A% 519K, PRI A 20
LRERIAR . BUREAREN, BCA EAERE. &4
il 2 A FE T Akt GSK3B LA caspase-3 ¥,

o EBACRL 2525 2017 4E 2 H 56 34 5565 2 )



LRRipR B R B AR S T Cyt-C g . BCA V%
R AEE, KE AT SDS-PAGE %l Lk,
4% PVDF . HMAW=EREMA 1 h 5, A
p-Akt. Akt. p-GSK3p. GSK3p. cleaved caspase-3.
B-actin, Cyt-C. VDAC %—¥i 4 CHEL®R, —
PLERIFE 1 ho XA ECL MM E4E 7 &E A %78
FEEAMN . I EBRAE A S B EA A
HIMEAS NS EA(VDAC: LRiiAN S,
B-actin: YA NZ)ILIE.
1.9 Giit2Eik

P B4R LA X 5 %on, FHRH SPSS 16.0
fHEAT $. R 2K 7 22 77 BT (one way ANOVA) G 56
P<0.05 £r A RENER.
2 #R
2.1 SIP GfCo USRI P98 A 2 05 A5 04 K B JULABE
BETH FA B2 1L 3% CK-MB i 14 [ 5 i

RFARETCHEFE O NIAEAE, T MIRT ZH 0] WK
LHEEEHR SHFERALKR, RAEREEER
(P<0.01). S1P AT W& k> IS/AAR, 5 MIRI AL
B, B EEMZERP<0.01). AN, LY294002
TRALFRAH PSS S1P Jak/b O JULBE R TH AR B F
5 MIRT AT R EMEZ R 2K CK-MB £l
K, MIRI 41 CK-MB /KFH] & & T T ARH

LY+S1P4H

S1PA

Bl 1 SIP xfol ALkt B i F45 A B L = 89 % 7 (400 X))

H5EFRALE, "P<0.01; 5 MIRIALE, ?P<0.01,

(P<0.01). H.OWUREBE AR 25 L AHAL, S1P A] i3
B MIRT #5345 51 42 /) CK-MB 14 5 (P<0.01), T
LY294002 R]#)1] S1P %} CK-MB 520 . 455
% 1,

& 1 SIP xf ok BB I 45 K oL AL IS/AAR Fotfn 3
CK-MB # %7 (n=8, X*£s)

Tab. 1 Effect of SIP on IS/AAR and serum creatine
kinase-MB(CK-MB) after ischemia-reperfusion injury(n=8,
Xts)

i 7 /mg kg™ IS/AAR CK-MB/U-L™
BFEARA - - 90.76+22.43%
MIRI - 0.536+0.132"  195.44+29.94"
S1P 1.0 0.301+0.134”  129.93+20.83"%
LY+S1P  1.0(SIP)+0.3(LY) 0.482+0.064 174.93+21.13Y

T SEFARAKE, VP<0.01; 5 MIRI4AHE, *P<0.01.
Note: Compared with control group, "P<0.01; compared with MIRI
group, 2P<0.01.

2.2 SIP XFC VLA AR E T 1 52 M)
SBFEARHE, MIRI T 40050 & 5
HINP<0.01); 1M S1P AJ BEAKCWLAH AR VE T2 Fe 4,
5 MIRI H i BA EF M ZE 7 P<0.01).
LY294002 FiAbFERT#H] S1P PG T 48 fa () 1k
M, 5 MIRTAEK, TEREEZER. SRILE 1.

n2)

T 5%

0 e S
HFAL MIRIZ

SIPH  LY+SIP4L

Fig. 1 Effect of S1P on apoptosis of myocardium after ischemia-reperfusion injury (400 X)

Compared with control group, "P<0.01; compared with MIRI group, >P<0.01.

2.3 SIP AP LM Akt. GSK3p #EER1L DL K
cleaved capase-3 7K~

HALALE Akt BLR B GSK3B /KT T8 i 3 M 2=
o S5ERFARALLE, MIRI ARk Akt KFL
REMZES . M SIP /BB p-Akt, H5HEFA

PR E AR 255 2017 4E 2 H 45 34 5B 2 )

ML, BAEENEZERP<0.01). 4 LY294002
AR SIP 5l Akt BERR AL AI3E N, 5 S1P 41
J MIRI H LG8, A B3 12 7:(P<0.01).
GSK3B g /KPR B R, SEFARALL
£, MIRI 4 p-GSK3p 7KF B &3 175 (P<0.05) . S1P
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AT BRI p-GSK3B K, SlRFARALE, A
A B EMEER(P<0.01), 1 LY294002 A] #5441
S1P X} p-GSK3p M1EH, 5 S1P 4 ¢ MIRI AL
B, ERASIITFEL(P<0.01). dRILE 2.

p-Akt - 1:)-C‘SKB-

o B
& o
3.0

2.5
2.0
1.5
1.0
0.5

0

p-Akt/t-Akt

p-GSK3BA-GSK3p

&
é

& \&@

Z12  SIP x5 AL Akt 1 GSK3B 2 B LBy 71 (=6, X + 5 )
H5EFARMLE, VP<0.01, ?P<0.05; 5 MIRI 414, PP<0.01; 5
SIP A H#, “P<0.01.

Fig. 2 Effects of S1P on Akt and GSK3p phosphorylation in
rat hearts(n=6, x *s)

Compared with control group, "P<0.01, ?P<0.05; compared with MIRI
group, *'P<0.01; compared with S1P group, P<0.01.

HRFARHALE, MIRI 4 cleaved caspase-3
KB &3 n(P<0.01), S1P mJBH K MIRT Fr &)
cleaved caspase-3 #/11, 5 MIRI AtbH%, BAE
FMEZER(P<0.01). A, LY294002 Tk FE AT
il SIP X caspase-3 IIEH, 5 S1P ALK, AA
2 R (P<0.05). 45 ILE 3.

2.4 S1P 5Oy VLA M 28K AA Cyt-C R 1 52 i

SR F AR %, MIRT 40 VLA i ff 2% Cyt-C
KPR R IN(P<0.01), £tk Cyt-C KV 8%
TFE(P<0.01). SIP AT Cyt-C H1 LAk 2 i 3%
HIRETR, PR Cyt-C, HEINZRifk Cyt-C 7K
7, 5 MIRI A tbH, HA BFEMZE 5 (P<0.01),
MiZAEF A LY294002 firigid, 453 00K 3.

3 g
O LR I P v E R A I R A, A gE T R

FALYE 2 B VAT RIRSES A5 HoAt SE IR
FAESE, S1P Xt Py Bz 40 i 45245 B Ho T4 )
KRB FAEUESE SIP B /NONUETE A FEAIK
CK-MB /G HEI AT T, EZMEL T S1P XF 41 g i
ToR s, R — PR R T HPran R oL .
TUNEL A& WHESE, SI1P A] B & F£fK MIRI i 51
MR, BA—ERPETEA.
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% 3.0
cheaspases [~ 20
p-actin — e e
% © v&r B B »%
@ MUK NI
,»&\ %\) o %_ @@ % ‘5
0 |
B B B V‘V% & »ﬁ?& R

2)3)6)

mito-Cyt-C/VDAC

VDAC
v% »% :
& 3 SIP 0 Al Cleaved caspase 3 & Cyt-C %ﬁﬁ’] ]
(n=6, x*ts)

L{EFEARMALE, "P<0.05, PP<0.01: 55 MIRI 414, YP<0.05,
YP<0.01; 5 SI1P ALK, YP<0.05, ?P<0.01.

Fig. 3 Effects of SIP on caspase-3 cleavage and Cyt-C
translocation in rat hearts(n=6, X *s)

Compared with control group, "P<0.05, ?P<0.01; compared with MIRI
group, 'P<0.05, ¥P<0.01; compared with S1P group, >P<0.05, ©P<0.01.

ZHHFFINA RISK 15 53 A1 A 175 AL R
“F 34 9508 M (survivor activating factor enhancement
pathway, SAFE) f] RE7E 25441 MIRI $5i45 1F H &
2 /R U, AR 5206 5 pi B 7T CIESE SAFE
WIS S1P Pt WLH A 8105 18 F A o A ik
B 5% 3 U %% RISK Il #% 7E S1P L JLERF A FH )
oM, SEIR st R IR SIP nf B B0 p-Akt, $EOR
S1P ] yif 4k RISK i@ #% . Ayt — P ks RISK i 2
S SIP OURIFTER A %, KA T PI3K #lii
7 LY294002, 5~ LY294002 A #if] S1P 5]
E ) Akt BERRALIG N, FFES S1P ¥ F KO LR
P HEM . #278 RISK 15 T @ BIELAE S1P $iL MIRI
TR R EE AR

GSK3pB #& RISK 15 51BN R BEFE AL,
AREFARE, AR, §F55 KBS mTHN
GSK3P T IR Ak 32 171 o6k 20> 00 UL SE S R 1Y, 2o
GSK3B B 5 QIR ER A XK. HHAMELR
EWIA RABL, ARBFFCUESE SIP IR A

GSK3p ﬁ?iﬁ?z@c, H A F AT 4 LY 294002 T FH T,

PR SIP Al PI3K/AKt/GSK3P B & 15 O LR
FEH.

25 WL Sl G P A A B TR A I 2 A A, 7R
MIRI 5453 51 2 1 4H PR 0 AN 1723 72 Hh R 45 5 %
BAER . AR, ZROR K8 E M AL

oh FE BRI 2422 2017 4F 2 H 58 34 4855 2 )




(mitochondrial permeability transition pore, mPTP)
AT R HPIRAS, FREVES R, AR A AR
A 37 3855 DR 5 WY L mPTP T 7", mPTP JFjik
ik FEERAAR K, ZORRBIER, Cyt-C i
LRARRETANNLH , M caspase K%, T
a0 ARSI R AU g R Bk S1P AT
MIRI 755/ Cyt-C BEJ LA 2 caspase-3 ik, %A
FHIR ATy LY294002 7 BELIT .

g EPTR, AWFRAIRIER S1P Al )
e R Cyt-C BER. 982D caspase 1%, 59 MIRI
P WL4E M T BL R LR SE, ZAE S
PI3K/Akt/GSK3p {5 Tl B & 1A K .
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