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[ABSTRACT]
nositol 3’ -k nase/proteinase B ( PI3K /Akt) and its downstrean molecules endothelial nitric oxide synthase ( NOS) and
M ethods
Cell viability apoptosis and expressions of Akt phospho-Akt
(pAkt, eNOS phospho-eNOS ( p-éNOS) and NO production w ere detem ined Results
cell viability on ST'S-exposed cardiomyocytes D IDS resulied n a2 1-fold increase of p-Akt over control levels prevented
the reduction m eNOS expression and phospho-eNOS levels mduced by STS and significantly mcreased NO production ( all
P<Q 01). Pretreament with LY294002 a selective PI3K mhibitoyr abolished DIDS-induced mcreases n p-Akt
eNOS p-eNOS and NO production and canpletely abrogated the DIDS-induced antrapoptotic effect (P < Q 01). Pre-
treament w ith LNAME, a non-selective NOS mhbitor s ilarly mhbited the mcreased NO but only partly abolished pro-
tective effects of DIDS (P < Q 05).
PIBK /Akt signaling pathw ay.

Cardiamyocyte  Apoplosis Staurosporing  Phosphatidylinositol

Aim To explore the effect of chloride channel blocker D IDS on cell signaling pathw ay phosphatidyIr

nitric oxide (NO) in staurosporine ( ST'S) -treated card iam yocyte apoplosis N eonatal rat card iom yocytes
were exposed to STS n the presence or absence of DIDS

DIDSmarkedly mproved

Conclusion DIDS mhibits STS-induced cardiomyocyte apoptosis via activating

FUBS T IETE LT w] DL 2 Mol S Al ORI TR R AR . B S TIEITE R W 5 AR E (R

FagE et M, AT R IE S RS TiEES S
T UL M R T I A, BH B 8 e 8 A R

(i HEA] 2008-07-29 [f&EIHHA] 2008-10-05
[(EE€WME ]| EXRBAR¥EES (305707581 30770847)
MEZ®N T x|, B, FVaE M. B 78 7 8 A0 I & 59 B 3
MSIGEEU 7, Email’y doctorlah@ 126 can. TV EF, i1, B I,
W57 1] 0 ML 00 (M BE R 5 I R 72 1B & ERRAR. 1 L,
Bl FATERIT, 8Bt WL 50 A T 0, BF 5877 1) 2 0o L5 9 i 1 2
it 51l R T, Emaily xmwang® fimu edu cno

TR RATERE . BRI 3B /
T A BEE B ( phosphatidylinosito]l 3” -k inase /protein-
ase B PI3K /A k) {5 5 18 % 75 41 fd 1 A A7 o e 3 22
YER, 2R st T 7l R A ki PR 35
PURT AR . 7R 5 M MR 40 R, BOE 9 PIBK
F Ry TR aE s T SRR, 25 AR
VA, (R R Y R T LR, R
FEA A AR AR AR R AR A S B0 B SRR, T LA R &



806

ISSN 1007-3949 Chin J A rterioscler Vol 16 No 10 2008

LI AT A A B K R T, 8 T A PIBK /A koS 53l
B TS 2 5 U 1 TE PE AR A R T AR A, AT
TROE 7 AR A P AR T P T 7R DIDS BT T
fEM 5 PBK /AkfE 58 L RS THIR R,

1 #MRF7EE

L1 MRS

RJE®E OW B Gibea DDS. + F F 4 ( SIS).
LY 29400251 L-NAME 4 & Signa &1 Akt B8 1
Akt( pAkt). W EAE —ENAH 8 (endothelial nitric
oxide synthasg eNOS)F1 8B /. NOS( p-eNOS) FL 1k
T E Cell signaling
L2 BFEROIEEEEFE RS a4E

B4 1R SDARAAE, DHank™ siR & & 5
AR, O 1% KBk HEPES#& R Z ¥ . 6~
8Kk WEMMERE T A 100 £+ NLFN
DMEM 3 =B & Q& F, 1000 rimnE A 5min
TERAE e HmAEFDFEEAREER, 37C 2&
WEEA I hERTEMRNEE G, HRERE 200
B W€, /;m N 10 mmol/L 548 24 & & # ( 5-bro-
mo-2" ~deoxyuriding Brdu) &%, £ H &K E H Q 1
mmol/l, 37C. CO, WM EHFHAHE 24 he E# 2
Brdu#T#y DMEM % 7% %, 37C & & 5% 48 h
B EAEE SN S, 2 B4 TUTAE: (1)
PR IE% T fivE DMEM 35500 4K 48 3, (2) STS
H: & F 4 Umol/L STSHY L 7 DMEM 3% 5 i 3% 7
8h (3)DIDS: 47 4 Umol/L STSF 250 Hmol/L
DDSH L & DMEM 3= 5 £ E % 8 h (4)
LY 294002 41: 20 Bmol/L ¥ % & £ PI3K [ #7 7
LY294002 T4 2 1 h/E, Al &% 4 Hmol/L STS, 250
Umol/L DIDS #1 20 Hmol/L LY 294002 i T i1 ¥
DMEM 355 % 403 8 h (5) LNAME 4: 100 Mmol/L
B AER R NOSH BT A LNAMEFIAE 1h/E, A
4 A 4 Pmol/L STS. 250 Umol/L DIDS # 100
Umol/L LNAME 8 - fi 7 DMEM ¥ & A4 2 8 he
L 3 ApREFEEREN

WS FRAEGH 96T 50 AL 4 A,
£ 100 ULIE#HEm A 10 L 5 g/LMTT # 4 %
o 2h Aatth e X #TRMN, TRERUHERF
EERT, HRFEE =R A /A x100% .
L 4 Caspase-33&MEMNE

J Apo-ONETM H anogeneous Caspase-3 i 7| &
(£ E Pramega /s & )% M| Caspase3 /& 4. & FH
100 BL3EFRE B SC T 40 i, /w100 VL 8938 A&

Caspase-3J&4 Z-DEVD-R110f0 & W &, & £ g
BRMBEABN 6~ 8 h AR ARNUNTHLEK A
485 nm, B & K 538 mm &, mEA M L E. B
A VE AT R L H 5 AR KRR, R E
B TENE R 1000 o
15 SREENEAGNERKES B BER (L E R MES
B.—R{ A SEMBERIL— SR EEHKE

A4 )E F L&, ik PBSTE M, Im N\ E & 4
RE A (20 mmol/L TrisHC] 150 mmol/L NaC] 1
mmol/L EDTA, 1 mmol/L DTT, 1 mmol/L Na,P,0,, 5
mmol/LNaF, 1 mmol/LNaVO,, Q@ F Triton X-10Q
1% SDSK 1% %& @il 58 &4; H 7 4), %
PR 30mn £ RITERE, 4C 12 000 r/m n
B Smin & EE, - 80CHEHF. BCAEREARE
&, 50 Ug F #4T SDS-PAGE SR B ok, BB EH E
PVDF . 0 Bt 94 37CHE 1 h i A & H
Akt p-Akt NOSHI p-NOS— 47 4CiT &, I\ ¥4
RZH 3TCHTE 1 h BERAE RS ECLE L RE,
Lab Inage®X 5447 o
L6 —ShEa=KRN

J|AH R 10 JR B vk A U T B 4 40 L3 o LR LA
B % Ao eEg 3 (NO2™ NO,™ )& &, A8 K — 4t
A (nitric oxide NO) K F. B H QAT HR LF
Q 1mL =4/ E#%RA & WA H#E, T E NOA
. NORKA & b ig w2 R A TR TR,
A B BEAT & E W E
L7 HUHFRE

FrABER « Tsk7, ZAE KR one
way ANOVA 447, W LB KA LSD -4 T o AN
P<QOSERZUTFEN.

2 R

2 1 DDSM+FABIFS LA MREERMNZ
STS{# 41 /775 R W & N % (P < Q 01), 1M
D DSALFFEF =AM MAFIE % (P < Q 01), LY 294002
AL 5, v CASE 4 FHIT D IDS T = 40 H A7 75 2 1)
RN (P < Q 01), M LNAME T3 &b FEAX %5 43 FH K
D DS 4HMIAFIE R FENT (P < Q 0338 1),
22 DDSH+FAEITOAAM Caspase3 i
sp Al
SISHANMEIN Caspase-3iEPER AT IRAFA =2 4
% (P< Q 01); ii\ DIDSJ&, Caspase-3 7G5 STS
AHE FBE (P < Q 01); LY294002 kb B 58 415 4
7 DDSFEME STSAEEAN Y Caspase-3 i £ HI1E A,



CN 43-1262/R H[HE Bk iEth 44 5 200828 164558 101 807

M LNAME (100 Hmol/L) FiUAb B2 O LA M AN 58 70 T
B 7 DIDSHIH] STSALEEAN A Caspase-3 & 14 I 1E
H (& 1).

= 1 LY294002 % L-NAMEFRIEsT DIDSLRBERIFIER Y
A1)

7 A i REaT S Caspase-3 75 1
it HE A 100 0% *4 4% 1. 00 £a 35
Srs4 42 %% X3 4 *° 4 10 X0 46
DS 77 %% 6 &% " L 60 *a 28"
LY 29400241 32 0 5 M ¢ 4 70 +q 31¢
L-NAME 4 54 M *a ¥ © 3 20 X0 22°

aNP< Q0L SXHAL:; bAP<Q 0L 5 STSHL; ¢ P< 003
dH P<Q0L5 DDS4LL.

2 3 DDS+FHEREFSOAMBRERRE B
BER U ERNEE BRI

SIS 2 A AP Y Ak eRIA /K TE B BB 22
o MEIETEERE pAkt MRS SIS [A14H
A pAkUKFEH B2, A DDS/E p-AktH]
BTFtE, A STSHAH 2 16% (P < Q 01); LY294002
Ak 40 B 52 A BE BT 7 DIDSETE I pAkt (P <
Q 01); ] LNAME FiACEE XS DIDSFH i STSAb#E
A pA kU R E R (R 2AE 1), [FE
KIL, DDSHMIER 2 h(1 16 20 11). 4 h(1 02 £
Q 13)F1 8 h( 1 09 X0 20) /5.0 U4HHE p-AkvK 5
WHHEZH (1 00 XQ 06) thi LB 224k, B DIDS
FABEBERE IER OV PBK /AkYE 5 I8 EE .
2 4 DDSH+FREBIFESLANMEBE—SHLRE
MB/BE U —F U R SEEKERF

STSZHH eNOS J2 p-eNOS 358056 HE 41 B & [
K (P< Q 01); NN DDSJ5 &NOSFI p-eNOS /K-
B STSAHMETHE (P < Q 01); LY 294002 Fil kb H 58
AW T DIDSXF eNOSH p-eNOS K521, 1M L-
NAME TRACEE % DIDS TR STS AEEZHMf eNOS

A p-NOSHITEF C W W52 (£ 28 2). &
D DS LAH M IE 1] B 515 PBK /AktH
T NOSHRK.

L DDS+FREFS LA MEE R MEE BB
EBHEE BKFEHIFIN LRHXIHE4, 2% SIS#4H, 3% DDS
ZH, 48 1LY2940024H, 54 L-NAMEZH.

eN0S

p-eN0OS

2 DDSW+FEREIFSONMER—SLRAERBER
—SHEEEKENEE I AL, 2% STSH, 3H
DIDSH, 45 LY2940024, 55 L-NAME#.

25 DDSM+FABIFS LA MAE—FHRKFE
ZppAln!

55X L, STSE; 77 0 L4 A B3 NO /KF
BB K (P < Q 01), NN DIDSH LLBH B KE STS
AR NO & & (P < Q 01); LY294002 & L-
NAME Tiikb 22 40 B 35 ] 56 4= FH B DIDS F+ = 41 fig
NOEEHIEM (P< Q0L 3 2).

& 2 DDSY+FREFSUCNABEDNE B—SHASEN—SLT KN

EiF R pagiceiil STS#H DIDSH LY 29400241 LNAME 4

Akt 1L 00%a 15 Q950 24 Q99%a 16 1. 04 %0 09 Q910 22
p-Akt L 00 *Q 10 a 90 %a 19 2 10%0 15° a 80 *a 12° L 90a 21
&NOS 1. 00 £a 02 Q 50 a 05 Q 80 *a 03 Q 40 *a 06° Q 80 %a 01
p-NOS 1. 00 £q 05 Q 40 a 03 Q 90 *a 03 Q 20 *a 02° Q 90 *a 06
NO (Hmol/L) 28 70 £1. 36 14 90 *Q 64° 25 30 £2 31° 13 00 £1 66° g 80 %I 33°

ay P< Q0L S5XHBZ4L; by P< Q0L 5 STSALL; A P< Q01,5 DDS4L.



808

ISSN 1007-3949 Chin J A rterioscler Vol 16 No 10 2008

3 it ig

HM ) B AR T AR A AR LR E DIRe A E
TR AETERIENRNFEENAE T, &
FR, KEMAERAE TIHNRSE 7 2 M4l
ToRERE, BH W7 30 0 S5 T FEL IR AE R 40 T O T
{BRE T B il E BT TR T AL A B R . A
SEIG W EE TSR T IE TE L IBT AR D IDS %o O LA i 15
TR Je H 5 AR A R A 5 5 i B PIBK /Akt
KR F NOS/NO KR R

PBK /Akti2 — S EE MR/ IE 5 5w
JoR 2 R =R A KT (nsulin-lke grow th fac-
tor IGF). I35 {2 £0 40 Ml 4= 3% % ( erythropoietin
EPO) A1 178 #ff —Be S5 e Bl RE W A X L1 0L B
Woil PBK /AKUR ARG ER . Aku2 PBK
A EERE IR, W MER T — RSA
TR SC3E R B R 1 R A K # Hm e ) T A D R
fb Badfii 5 Bel2mk BelxLf# B5; {5 5 & A
3B (glycogen synthase kinase Gsk-38) 2k iE; HE
IR Caspase-9 fEHEIE T4 5547 3% B (A1 T
i & [ ( mhibitor of apoptosis protein IAP) [ %
B AR DIDSHE T4 Akt( Ser473)
T ER AL KT Ee T IR 2 K. STS 2H 41 o B 32 Tt /&, 5 5+
P PIBK #0177 LY 294002 il &b ¥ AT B &2 0 ) s
1] p-Akt 1 HBEHIH] D IDS X 41 fio 736 2 . Caspase-
3VEVEAI M P T 2 . T D IDS ] I I B
5 PBK /AkVE 5% Sl R KGR TER

WOE ) A kO R 18T R £ 431 SE MU P T4
HEIWE? NOSRLIE RGMEZERS 7T, 1RE
UEHESCRE eNOSTE Akt —NEE Y, AkeAl LAk
Rk eNOS(Serine 1177), 47 HiG 1, (241 NO
ER . FEZ RO M R, NOSBERR LA T
NO £ B 2 M T T s & St RE e s
NO & i 2 Bl A4 2 280k FE LA T A e
WAHSEWAB M T )5 3T Caspase-8 F1 9 4 7] WV AH
FA BT F Caspase-3. 681 7-Y; #i#] Bel
2, AN EI 40 R C OB o IR
T AT AE i BR 70096 B O JUL SR I /P 8 3 7 A 1)

HEmEY ., APFRESS T4 SIS S0 VL4
ME TR EE NOS. p-eNOS AT NO /K1 2 2%
FEfik. 7E SIS T4 M98 - 1 R, in N DIDSHA]
DI AN eNOS/KF- K p-eNOSTEPE, (213 NO
F A B, B AERE S NOSHI 7 LANAME T 4b 32
Al LAEB 435 BE D IDSIIPTIRE T RN, 327~ s PI3K /
AktfE SE K, 3 NO FhE 2 D IDSHH 4 f i T
(1) EE AL, A S 38 T FH W 7 OR 4 52 453 4 i 4
TR AL T8 B SEIR AR .

[&E X |
[1] Wang X, TakahashiN, Uranoto H, et al
prevents ROS-dependent apoptosis nduced by ischen ia-reperfusion n

Cell Physiol Biochen, 2003 16 (4-6):

Chlride channel mhbition

mouse card imyocytes [ J].
147-154

[2] OkadaY, Shmizm T, Maeno E et al
nels involved in apoplotic volum e decrease and cell death [ J].
Biol 2006 209 (1): 21-29

[3] Sugden PH.  Ras Akl and mechanotransduction in the cardiac myocyte
[J].  CircRes 2003 93 (12): 1179-192

[4] WangGX, M Crudden C, DaiYP, etal
sensitive outvardly rectifying chloride channels in culured PASM Cs ism odu-
lated by SGK [ J].  Am J Physiol H eart Circ Physiol 2004 287 (2):
H 533-544

[5] Sugden PH, Clek A.
bility to cardiovascular disease [ J].

[6] KukrepRC XilL
vasodilation and cardioprotection [ J].
(2): 280-282

[7] DiNapoliP, Antonio TaccardiA, GrilliA, et al
reperfusion injury by modulating nitric oxide synthase expression an ex vivo

Cardiovasc Res 2001 51 (2):

Vohm e-sensitive chlorile chan-
JManbr

Hypotonic activation of volum e-

Akt lke awanan gender differences in suscepti
CircRes 2001 88 (10): 975-977.
eNOS phosphorylation  a pivotal molecular sw itch in
J Mol Cell Cardiol 2007 42

Smvaslatin reduces

study in isolated working rat hearts [ J].
283-293
[ 8] Seddon M, Shah AM, CasadeiB. Cardiomyocyles as effectors of nitric
oxide signalling [ J]. Cardiovasc Res 2007 75 (2): 315-326
[9] HeSY, Tan B DengHW, etal
tion of heat stress-induced delayed preconditioning i rats [ J].
LA, 2001 9 (5): 369-372
[10] 3k Hg, AN, FEWL. AL EAE R B0 LA SR R AL
FIER RPN T IIER [ 1. P EshpkaR R E, 2004 12 (5):
545-548
[11] Km YM, Banbeck CA, BillarTR.  Nitric oxide as a bifinctional regu-
lator of apoptosis [ J].  CircRes 1999 84 (3): 253-256
[12] Km YM, Km TH, SeolDW, etal
sis occurs I association with an mhbition of Bel2 cleavage and cyto-
J Biol Chen, 1998 273 (47): 31 437-441
Nitric oxide as a modulator of apoptosis [ J].

Role of nitric oxide in the cardioprotec-

o1 [ 5 fik

N itric oxide suppression of apopto-

chran e ¢ release [ J].
[13] LiCQ, W ogan GN.

Cancer Lett 2003 226 (1): 1-15
(Mg VPEM)





