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INEEH -3/RISK 41& HBO-PC Xt
DAL RIPIERESR

AV, B, AR, Xk, S0, fHiE4E, TLE
(R EX ERER RER, I g 610083)

HE . B RKASZEAMLE (HBO-PC) B S b Fi#E (I/R) 44560 Bk THH .
FiE e Lmie T A HBO-PC 422, JFE A8 A (H/R) &R, AXA & 2R 8 (MDA), #
A HALEE (SOD ), SLERBLAEE (LDH) A — &AL R NO #94%, Western blot il / B =& & |
FEO#E Ce (PKCe ). NEEY -3 (Cav—-3), BEETHLEOEE (RISK) @% F &G &L EELK
Feg AL, BRI AR IR TR EAM PRC e b5 Cav-3 #4944 ; B E4EF PKC 474 7 Chelerythrine
( CHE ) #= RISK il 37 ] 7| #f — % 354E HBO—-PC %S Mg it I/R 445 e94F A ALk, 45582 H/R BRI
BI/R A2, HBO-PC A& MDA #= LDH 4% . Caspase—3 &M Ae Bax 89k ik, ¥ SOD F= NO 4~
% . Bal-2 &A, #pE S T, B2 UR i, B EF, HPO-PC 42 PKC e FA LY Cav-3 494
&, ¥de Cav—3 G kA, VAR RISK @3 PR sME 5 AT st# (ERK) 1/2. & Gi# B ( Ake ). B A5EE
JUBE 3— #Zi# (PI3K ) Fn T 5 2 0 3 Bl 45 R & B B (GSK ) 3B #9#FBR1L/K-F ; CHE #4274 HPO—
PC #94E M . RISK i 34474 738 hn Caspase—3 7& M Ae Bax & ik, M Bcl-2 %k ik, M HBO-PC % iltm
R TRRERAER, 418 HBO-PC THkiB it 4% PKC & /Cav—3/RISK B, #p4l s Plm L8 =, &It
SPLT/R By, KBS AR AER

KEEE . BHEATALE ; S FEERG ; DEREG -3 RO C; B IEDGIBUL AR

HFESES : R654.2 XERFRIZES - A

Hyperbaric oxygen preconditioning exerts myocardial protection
through caveolin-3/RISK pathway*

Li-bang Yuan, Liang Yin, Fu-en Qin, Hong Liu, Peng Zha, Hai-yu Fu, Gu Gong
(Department of Anesthesiology, General Hospital of Chengdu Military Region of PLA,
Chengdu, Sichuan 610083, China)

Abstract: Objective To investigate the specific molecular mechanism of hyperbaric oxygen preconditioning
(HBO-PC) on myocardial ischemia-reperfusion (IR) injury. Methods HBO-PC and hypoxia-reoxygenation (HR)
models were performed in cardiomyocytes. Commercial kits were used to analyze the content of MDA, SOD, LDH,
and NO. Western blot was used to detect the expressions of pro-/anti-apoptotic proteins, and the levels of protein
kinase C & (PKCg), caveolin (Cav)-3 and reperfusion injury salvage kinase (RISK) pathway related proteins. The
combination of PKCe and Cav-3 was determined by co-immunoprecipitation and immunofluorescence staining. At
the same time, cardiomyocytes were treated with the inhibitors of PKC (Chelerythrine, CHE) and RISK pathway to
confirm the mechanism of HBO-PC on myocardial IR injury. Results The HR model mimicked the process of IR
injury. HBO-PC decreased the levels of MDA and LDH, caspase-3 activity and Bax expression, and increased the
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levels of SOD, NO and Bcl-2, which suggested that HBO-PC dampened myocardial cell apoptosis and IR injury. In
addition, HPO-PC promoted the binding of PKCe to Cav-3 and up-regulated the levels of Cav-3, p-ERK1/2, p-Akt,
p-PI3K and p-GSK3p; while CHE inhibited the effect of HPO-PC. RISK pathway inhibitors increased caspase-3

activity and Bax expression, reduced Bcl-2 expression, which showed RISK inhibitors attenuated the effect of HBO-

PC on myocardial cell apoptosis. Conclusions HBO-PC may protect the heart from myocardial IR injury through

regulating PKCe/Cav-3/RISK pathway and subsequently inhibiting myocardial cell apoptosis.

Keywords: hyperbaric oxygen preconditioning; myocardial ischemia-reperfusion injury; caveolin-3; protein

kinase C; reperfusion injury salvage kinase pathway

Bl 1l R 1 ( ischemia/reperfusion, I/R )
ZHE. ZBRHSHIRAEARSRE. HREM, &
JEE AL FE (hyperbaric oxygen preconditioning, HBO-
PC) A B A MUAT R AL RE ) L R A A
KT A LT R A AR ™ ARk, I8RO L /R 4
Bio O AR NEF 1 -3 ( Caveolin—3, Cav—3 ) ™
AT 38 A 52 e T i P 05 40 RO (reperfusion
injury salvage kinase, RISK ) il i, ff#.0 ALY, (2
Cav—3/RISK J& 75 /5 HBO-PC. [0 JILERAVE I ¥ 6
B A SCE | H9e2 (O LA M Bk A &2 4 (hypoxia/
reoxygenation, H/R ) #i%!, JYEHRTT HBO-PC {470
JULAS LA T AL

1 #MEERE

1.1 FEHREIRH

L1 s sGXA H9e2 LML (rhERkE R I
W ), DMEM 353236 A G4 MLY% ( fetal calf serum,
FBS) I FZEH Hyclone ONE TN ( Malonaldehyde,
MDA )., HE YL ( superoxide dismutase, SOD ),
FLIRIL S (lactate dehydrogenase, LDH ) K5 &
Wy H & Sigma 2], —%A LR NO MELLR & (-
WHEE A YA FRAF] ), Protein A/G Plus—Agarose, &
H #B C (protein kinase, PKC ) Il i 5] Chelerythrine
(CHE ), RISK i 0 i 77 1.Y294002 1 PD98059
% H 3% [E Santa Cruz Biotechnology 73] o

112 4k REPPL Caspase-3 (1 : 1000), HH
P 500), SHEGTIAME S
i B§ (extracellular signal-regulated kinases, ERK )
12 (1 : 1000), SEH p-ERK1/2 (1 : 500),
PABTHENRIEIURE —3— F2UE( phosphoinositide 3-kinase,
PI3K) (1 : 1000). fZHi p-PI3K (1 : 500). %
FABLAE 1 B ( protein kinase B, Akt ) (1 : 1000 ),
G AL p-Akt (15 1000), BB $0 4 J50 45 i o
( glycogen synthase kinase, GSK) 38 (1 : 1000),

Pt Cleaved caspase-3 (1

B p-GSK-3B (1 : 500) Wy [ 3% [# Cell Signaling
Technology INEL, REPTBel-2 (1 : 500), fREAPT
PKCe (1 : 1000) MfHZH0 Cav-3 (1 : 500) WH
I Abcam A F], HUR EALYBFR IS 1L EBT SR A
AP TeG W [ L3 P I & A B AR A BR A A
113 s fFE BB ( H A Olympus 24 H] ),
Sorvall Stratos % {5 3# ¥& Uk 5 /0> #IL. Heracell 1501 %4
A0 R % 746 W EH 22 [ Thermo Scientific 22 &), Synergy
HT AUEEFRY ( SE[E BioTek 4] ), YLCO.5/1A AI%2JL
HBO it (7P FE AR TR RIS 701 WSS ),
R ARG (M8 Leica 4] ),
1.2 HpEIEFHERSYE

37°C. 5% —SAkbk CO, 5144 F, H DMEM ¢4
IR SR HOc2 O UL AR, 6 PR B0 A 4 40 0 40 i
PEATSEES . SEE T EESr 2 #4 « OFST HBO-PC
XFOHLUR B0 VERT, B 20 3 A 1E 5 B5 35 % IR
4H. H/R 41 &% HBO-PC+H/R 2 ; @# 1} HBO-PC %I
O HLUR B3 VE AL, 520 M 534 1E 55 5 %k
FRZH . H/R 4H. HBO-PC+H/R £ }2 HBO-PC+H/R+ i
B2  HBO-PC 2514 : 44 PEAR 10 min, 0.28 MPa
R 1 h, IUEANE RS 2 5 mine HBO-PC J5
2 h FFLAE ) H/R K65, CHE. LY294002 & PD98059
VERTF 0 WU A2 B 4331k 1. 40 F1 25 w mol/L.
1.3 H/RERMEH

Bi R LA MG a5 B R 80% ~ 90%, K 5E 4
R FE WA R TCHE Tyrode” s TR, FFELE A S 95% A
N, Fl 5% CO, IRAAUAR, TR s Zs ), L
PG, 4 h J5 838 Tyrode”s I, BT 37°C 5%
CO, BEFH M AR5 2 h, IR E A, DL
WETE . S H/R BEAL S H L DMEM 58 4 35 SR W A T
IEE SR, SO A SR O UL, 24 h
S WA 240 L A B R WA T i A
1.4 WEES Cav-3 KRR E

F RESCHK (6] T, RS ALC ILANN, A
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2 ml 0.5 mol/L Na,CO, % ¥ (pH 11.0) H & Jf 2%,
AT 2 ml 90% FEWERTR , —EE 7 2
BDET, A 4 ml 35% FEMRATROR 4 ml 5% JEME
W, 10 000 r/min B5.0> 18 ~ 20 h, JHEEMAE M L
B, 1 ml/ 4, 2124, H 4 ~ 6 ml#f
SN E /NS R AR 2 000 t/min B0 2 h AR
ZEBATUCTE , IR 24, 2405 P
FEALBEST Western blot #5701
1.5 EHITE

A O R G B O T, TR AE
o BUS00p g HEAFEM S 2w g REDT Cav-3 — TR
2], 4°CHFH 2 h, fiINA 20 w1 Protein A/G Plus—Agarose,
4CEGER . BOREDIE, PBSTELK 4K, WA
1 xSDS FE S 28 ik B B, 95°C 72514 5 min, Western
blot £ PKC & A& &
1.6 HREXLEE

O LA 22 8 R, 4% 2 3 H K [ 52 A1 0.1%
Triton X=100 & fb J5, A 10% 5 1L 35 # IR 9% &
30 min, PBS VEEGIMA—PIFE, 4°Cilk. PBS 7&
SYUREE G MG A 2EEhRi i 90, #OLF IR E
2 h, PBS LA VRG] 95% HimEl A, LR WA
WEAAIR
1.7 SOD. MDA, LDH 71 NO &

WA AN MO RN SR, K A0 M 2 I B B I
i 18 SOD, MDA, LDH FI NO £ 3 5] & 15 B -
TTERAE, MR E 25 Rt A 40 SOD Fl MDA |
DL AN FRh LDH A1 NO &5
1.8 Western blot #&illl

A O LA A HE BUA) 25 1 28 10% SDS-PAGE 43
Joi . HEE B RERRA AR -, H 5% BRsWi#s & iR E
M1 h, finA i Caspase—3. Cleaved caspase-3 .,
PKC e . ERK1/2, Akt. PI3K. p-ERK1/2. p-Akt.
p-GSK-3 B, FlUHAHT GSK-3B , i p-PI3K., Bel-2,

Cav-3, 4CHFHE IR . PBST YL A HRP FRric iy

IR IgG (1 = 5000 ), HIEFH 2 h, PBST LR,
YEAT ECL SN, A B 457
1.9 ZFitEH*®

B4 BT R SPSS 19.0 Geit-#dtk, THEE%OR L
B+ i (x£s) Fom, R 2T, W
Fe A ] LSD—t #3486, P <0.05 N ZEFAG 1 .

2 &R
2.1 HBO-PC HZELAL /R il
2.1.1 341SOD. MDA, LDH. No #94& %k X

HOc2 41T 1k HBO-PC ZbBH, & H/R #5524 h )5,
X; R 4. H/R 4. HBO-PC+H/R 4 %) SOD. MDA,
LDH. NO &, @Entr, ZRrAgityEX
(P <0.05), HE—FM L LSD— #5550, H/R 415
XTHRZH Y MDA, LDH, SOD 1 NO & tbis, 294
GiitEE L (P<0.05), 7R H/R FHim MDA #il LDH £
i, FEIKSOD I NO &4t ; HBO-PC+H/R 415 H/R 41
) MDA, LDH, SOD 1 NO {im [bE, ZRA5iT2¢
X (P<0.05), $#7~ HBO-PC+H/R Z1 MDA F1 LDH %

5T H/R 41, SOD fINO & EF HR 41, WEE 1.

212 3 %A Caspase—3 &1, Bax o Bcl—2 & @ Aaf &
HFkd XHRZH . H/R 41, HBO-PC+H/R 41 H9c2

4 il P Caspase=3 1% £ . Bax il Bel-2 & FAH X F2 ik
IR, &I, ZERAGITHE S (P <0.05),
HE— L PP LA 4 LSD—t K9, H/R 45 % B ALY
Caspase=3 {fi 1. Bax Fll Bel-2 8 [ #H X 3% 15 & b
B, ZRAGIFE L (P <0.05), $#5 H/R ATHH
Caspase-3 TPk, 3N Bax 8 13R5, Il Bel-2 M
# 35 ; HBO-PC+H/R 415 H/R 41 1) Caspase—3 i P |
Bax Fll Bel-2 £& FIFHXT RN & LA, ZRAGITFE
X (P<0.05), 75 HBO-PC J#55 Caspase—3 P, U
/b Bax ik, #0 Bel-2 ik, WLE 2 FIE 1, 2.

%1 34 SOD. MDA, LDH, NO &tk (x=xs)
5 SOD/ (u/ml) MDA/ ( pmol/L ) LDH/ (w/L) NO/ ( pmol/L )
X R ZH 210.12 + 15.33 1.02 +0.41 50.60 +2.31 4.35+0.36
H/R £ 113.58 +12.47" 2.84+0.18" 124.05 +3.15" 2.27£0.12"
HBO-PC+H/R 41 175.66 + 10.29”’ 1.91 +0.32" 78.75 +3.46” 3.61+0.25"
FAH 43.400 24.160 453.900 48.45
P1H 0.000 0.001 0.000 0.000

e 1) 5XIEAE, P<0.05; 2) 5 H/R HILE, P<0.05

- 32 .



55 26 1]
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%* 2 3%H Caspase-3iflE. Bax #1 Bcl-2 EHRIEKE 1 2 3
Xif B4 0.967+0.076  0.958£0.081  0.970 + 0.062 Cleaved caspase—3 _
H/R 41 14230045 2.713£0.134"  0.443£0.051" pro—caspase-3 _
2) 2) 2)
HBO-PC+H/R 41 1.220+0.557" 1.743+0.155" 0.757 £ 0.078 CAPDE _
F 143.900 50.260 42.960
fi 1. %HRZH; 2. H/R 41; 3: HBO-PC+H/R 41
P 0-000 0.000 0.000 E 1 343 Bax. Bcl-2. Cleaved caspase-3. pro-
TE: 1) S5HRLIE, P<0.05; 2) 5 HR 44, P<0.05 caspase-3 EHWFKIX
3 A 1) 1.51 2.0
i
?@ ﬁﬂ 15 1)
@2 2) X0 : = 2)
= = 2 o
= * U104 ==
T i 1) g
141 == 0.5 - =
%Hj a Sos
kol (5]
~ [=a]
0 . 0.0 | 0.0 ’
1 2 3 1 2 3 1 2 3
1. XIBZH; 2. H/R4H; 3. HBO-PC+H/R 4. 1) S5XMBZH LA, P<0.05; 2) 5 H/R 4HIbE, P<0.05

2 HBO-PC 3} H/R 4325 H9c2 #ffll Caspase-3 i&1E. Bax # Bcl-2 EARIE

2.2 HBO-PC1{Zi# PKC¢ 5 Cav-3 &4

Xt B8 24 . H/R 4. HBO-PC+H/R 4. HBO-PC+
H/R+CHE 411 PKC e MAXTFRIE R LA, 4052250001,
ERIGHFE X (P>0.05), 44 Cav-3, PKCe 5
Cav-3 L5 A ANk B LUER, S 2mhr, 254
Gt L (P <0.05), E—LWW L4 LSD— £
¥, H/R ZH 5% EZH Y PKC e 5 Cav-3 454 . Cav-3
X FRIA R, ZRAGI2EE L (P<0.05), #2758
H/R ¥4/ PKC & 5 Cav-3 4545, T Cav-3 BYFiK;
HBO-PC+H/R 41 5 H/R 41 /Y PKC & 5 Cav-3 45 & .
Cav-3 HIXF KRB IV, 2R A5 E X (P <0.05),
75 HBO-PC #f — 2L 34/l PKC & 5 Cav-3 45 4,
¥ Cav-3 1Y F 15 ; HBO-PC+H/R+CHE 41 5 HBO-
PC+H/R ZH1Y PKC & 5 Cav-3 454G HAXF Fik it LL#R,
ERA G FE X (P <0.05) ; HBO-PC+H/R+CHE
205 HBO-PC+H/R 41 1¥) Cav-3 HIX A B HLEL, %
STG i E X (P >0.05), 172 CHE | PKC &
5 Cav-3 LG, AN Cav-3 BYE A, LK 3 Al
K3~ 5,
2.3 HBO-PC #i& RISK i@ i

XHARZH . H/R 41, HBO-PC+H/R 4. HBO-PC+

sEA

H/R+CHE 4 #) (p-ERK1/2) / (ERK1/2). p-Aki/
Akt p-PI3K/PI3K K p-GSK3 B /GSK3 B f b#4¢,
KN ESN, ZRAGI R (P <0.05), #—
AP 4 LSD-t k%, H/R 4 (p-ERK1/2) /
(ERK1/2)., p-Akt/Akt., p—PI3K/PI3K } p-GSK3 B/
GSK3B HfH & F X4l (P <0.05) ; HBO-PC 41
(p-ERK1/2) / (ERK1/2 ). p-Akt/Akt. p-PI3K/
PI3K & p-GSK3 B /GSK3 B HuAH =T H/R £H( P <0.05 );

x3 44HPKCe. Cav-3 K% PKC ¢ 5 Cav-3 E&E&HIE

EAKEEEE  (xxs)
PKC & 5 Cav-3
2 51 PKC & Cav-3
@G
X IR ZH 0.970 +0.044  0.973+0.041  0.957 +0.060
H/R 4 0.960 + 0.046  0.563 £0.065" 1.137 £0.032"
HBO-PC+H/R ZH  1.007 £0.021  0.950 + 0.062”"  1.560 +0.075"’
HBO-PC+H/R+ N
1.003 +0.087  1.003+0.087 1.220+0.056
CHE 2
F1E 0.549 29.030 56.990
P 0.663 0.000 0.000
W 1) SRR, P<0.05; 2) 5 H/R 41, P<0.05;

3) 5 HBO-PC+H/R 41 1L#Z, P <0.05
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TP E B E 2R o508
B S LT 3@ 201
2)
HR - + + + - + + + é
2 177 3)
= 1) =
HBO-PC - — + + — — + + e
2 1.0
on
CHE - - - + - — - L
< 0.5
Ip
%o.o
1 2 3 4

1. %HEZH; 2. H/R #H; 3: HBO-PC+H/R 4H; 4: HBO-PC+H/R+CHE #H. 1) S5XJHRL 4L, P <0.05; 2) 5 H/R #H4E, P <0.05;
3) 5 HBO-PC+H/R A LA, P <0.05
3 HBO-PC R PKC ¢ 5 Cav-3 HI&&  (fpedkiiie)

1 2 3 4 1.51 59

i
7@1.0- 2)

HR - + + +

° .
~ &
S 7
) )
|
|
+
+
PKC & HXfZikEE
o o =
(=) W (=)
Cav-3 fHX} R
o
i

HBO-PC
. 0.0 |
CHE - - - + 1 2 3 4 1 2 3 4
1. AFHAZH; 2. H/R 41; 3: HBO-PC+H/R Z4; 4: HBO-PC+H/R+CHE 4. 1) SRS, P<0.05; 2) 15 H/R 4IE:, P<0.05
4 FHPKCe ., Cav-3 HIFRiLLEE  ( Western blot £l )

PKC & Cav—3 PKC & 5 Cav-3 455

Xof B4

H/R 2

HBO-PC+H/R H

HBO-PC+H/R+CHE 4

5 HBO-PC 1Bi#f PKC ¢ 5 Cav-3 &4  (HEETHEIE x 100)
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TR, 45 . /NS -3/RISK /5 HBO-PC XU LAY AR IR 7T

HBO-PC+H/R+CHE @4 (p-ERK1/2) / (ERK1/2),
p—Akt/Akt, p-PI3K/PI3K M p-GSK3 B /GSK3pB

B % T HBO-PC+H/R 41 (P <0.05). W 3% 4 F1
K 6.

*R4 44 (p-ERK1/2)/(ERK1/2) . p-Akt/Akt, p-PI3K/PI3K K% p—GSK3 B /GSK3p tb{ELLE:

(x+s)

215 (p-ERK1/2) / (ERK1/2) p—Akt/Akt p—PI3K/PI3K p-GSK3 B /GSK3 B
papilsea] 0.950 + 0.050 0.963 +0.023 0.977 +0.071 0.997 + 0.040
H/R 4 1.083 + 0.029" 1.097 £ 0.055" 1.133 +0.035" 1.117 £ 0.029"
HBO-PC+H/R £ 1.470 + 0.066”’ 1.350 + 0.046”’ 1.637 = 0.065 1.383 +0.031”
HBO-PC+H/R+CHE 41 1.180 + 0.046" 1.180 + 0.026" 1.220 +0.050" 1.150 = 0.050"
F1ii 60.000 49.360 73.370 53.240
P 0.000 0.000 0.000 0.000
e 1) S, P<0.05; 2) 5 H/RHHE, P<0.05; 3) 5 HBO-PC+H/R 4 ELEE, P <0.05
2.0 1.5 2)
ERK1/2 ~
S . 2) 1) 32
-ERK1/2 4 1.5 1
? E 1) 3) z 1.07 §
Akt o <
—~ 1.0 1 v/
Q <
v = 0.5
gl 0.5 -
[=H
0.0 — 0.0
1 3 4 1 2 3 4
2.0 - 1.5 1 2)
2) 0 3)
1.5 - 3) oy -§
& Q
P o
(=
GAPDH I %05
0.5 <
HR - + + + 9
HBO-PC  — - + +
CHE - - - + 0.0 0.0 \
1 3 4 1 2 3 4

1: XTHR41; 2. H/R 4H; 3. HBO-PC+H/R 41; 4. HBO-PC+H/R+CHE 41. 1) SXFIRAILEL, P <0.05; 2) 5 H/R 41Ib#L, P <0.05;

3) 5 HBO-PC+H/R 414, P<0.05

6 HBO-PC 3 RISK & & HI =0

2.4 RISK & BN HI7R 58 & E &0 ALZAR I/R
ma R RPIER

X4 . H/R 41, HBO-PC+H/R 41 . HBO-PC+
H/R+LY294002 #41. HBO-PC+H/R+PD98059 #1
i) Caspase—3 G ¥4 Bax Ml Bel-2 2 A X 1k &
Wi, &5 220, ZRA5HFE L (P <0.05),
v — 2 W H B & LSD— K %, HBO-PC+H/
R+1.Y294002 41 5 HBO-PC+H/R 4 Ay Caspase—3 Jifi

£, Bax Fl Bel-2 SR HARIBAKV L, ZRA G
B (P <0.05), #2758 LY294002 H#458 Caspase—3 i1,
B4 N Bax % 35, U 2> Bel-2 % ik ; HBO-PC+H/
R+PD98059 #15 HBO-PC+H/R 41 Caspase—3 Jif
P£ . Bax Fl Bel-2 SR IR BAKF LI, 2RA5IT
L (P <0.05), $E8 PD98059 1 Caspase—3
WM, L Bax ik, T Bel-2 £ik, W3R S5 Al
7o
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528 4%

%5 540 Caspase-3iEH. Bax #1 Bcl-2 EERIAKFLLER (x=s)
25 Caspase-3 1Tk Bax & [ Bel-2 & H
X} A2 0.990 + 0.060 0.996 = 0.050 1.010 + 0.036
H/R % 1.420 + 0.080" 3.000 = 0.100" 0.467 = 0.061"
HBO-PC+H/R 4 1.090 + 0.017" 1.813 £ 0.080"’ 1.050 + 0.056"’
HBO-PC+H/R+LY294002 1 1.273 £ 0.067" 2.300 +0.100” 0.700 + 0.050”
HBO-PC+H/R+PD98059 ZH 1.271 £ 0.035” 2.303 £0.142" 0.673 +0.070”
F 1 166.900 58.240 26.990
P 0.000 0.000 0.000
e 1) S, P<0.05; 2) 5 H/R 4L, P<0.05; 3) 5 HBO-PC+H/R 4 LLEE, P <0.05
1 2 3 4 5 41
B e e s e e
b —— o] 2
Cleaved caspase-3 [ ——— 3
= — Ty,
) —————— =
GAPDH —me SSmms e e o — KX
- + + + + b — E:::EI
R ERN = W
HBO-PC - - + + + — XX
LY294002  — - - + + . =5
PD98059  — - - - + T 5 3 . S
1.5 1 2.0
Eﬁ 2) L
&, 3 1.5 3)  3)
& 107 = —
= 3) 3) o —
a ¢ 1.04 —
— RS 2 —
HE 1) — R 2, —]
0.5 - — So%t @ —
3 K 3 —
— — led 0.5 1 —
3 — KX —
/M — et —
= —
0.0 = XXX 0.0 | —
4 4

1: XFHEZH; 2. H/R 41; 3: HBO-PC+H/R 41; 4: HBO-PC+H/R+LY294002 24H; 5: HBO-PC+H/R+PD98059 4. 1) 5% R4 Fb 4%,
P<0.05; 2) 5 HR #4HILE, P<0.05; 3) 5 HBO-PC+H/R 41144, P <0.05

7 RISK @E&ANFIFIXT HIc2 £ A IE T B2

3 itk

R i 2 190 LA B D) RE S RN AR ST T 2 0o
I ER A AR RBET RN F RN, K AL
BSRe RIS . SRR, LRI A0 B
FRAE A ™ 259 R i (1) 11 Ah 2 55 /5 A B I
PRIFSE LA 22 0 D LR 3% . A H B B
PUASLTIRE, nTLAD A IR, Rk
YRR A Sl kR FEARE I SRR s, WA S
TR L P 5 S R P Sl BT T B B g R
M, HBO-PC iid B ALEE SOD ik, Tz
SORE R FIAE AT -2 Feik, sl o T, N
MR B AR 5 SRR, HBO-PC it i

5.0 L PI3K/AY/Nrf2 38 %, ey He 4805 Ab 3L o B A1
Caspase—3 I PEAIJHT- AL HRIK, HHI 004 T30 7%,
RO WL UR 105, MmO IR R . R
A & HBO-PC {470 WU ELAR B % A B ff . ASBF
TR R, HBO-PC REMEIN/> H/R 75 S A0 L0 1
PR LDH, MDA %5 Fll Bax ik | 1855 Caspase-3
Wbk, BENTAELEE SOD | B FHE I i & T NO
(4 25 = Al Bel-2 Fik, UL HBO-PC Al jg/b [ 3
XN Tt A AL AN A g8 T, I H/R 5%
(RO LA LA £ . 3K 5 =i v AT / S AR E SR
P 2

ISR R NGS AL, NSRS 5 2R
MM IEA ARG, NS . HEELE .
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FHRIFR, G . NG -3/RISK 45 HBO-PC .U LA AR VE FHAF ST

JEH %, (55 S%", INEEMAFA Cav-1, Cav-2
Hl Cav-3 3 FEAY, L JURR S Cav-3 1 3K AT A AL
BRI T R 5 A A TR O LR PP ™, 1T Cav-3
FEIR R B T BT A AL R GO E UR B RRE
AP R, SN fE, Cav-3 RBR /N B A
T RARTH A RUNEL, 1 Cav=3 32 26 15/ B X0
WL UR 245 i 22 ™ 16 4k (% PKC W2 %4, 4 PKC o |
PKC & . PKCd REGZHEIn IF-45 G0 WLAR ML/ N oS 5k vh
1) Cav-3 B[, ZEIEAGT 1 FEr 1% S s
o WFFTHRGE, B IGE N S PKC RIS P (07
/NG, 454G Cav-3 A, M REFIHE 50T,
Ak, ERK 450934076 . PI3K A ERK {5 53 % &
PR RISK 38 %, k1l 5 & 259 1 1 / 5 b 2R RE 65 0TS
T [, A T 2 A 375 1 45 L mitochondria
permeability transition pore, mPTP ) KM, Rk ca™
HBURINO A1 B, [RIRH il g roagts, ik
YL UR B kA T, A, GSK3 B J& RISK i
BT U AN, R (K ST e TS AR T
& ™, DS Cav-3 1 Fak A9/ UK P SR 25 1
IR, Cav-3 fE#F Akt BER2 10 J5 RESE G GSK3 B 1Y
WM fk, ff GSK3B AbFRiHARA, MiHHl mPTP
FIFFRL, RO VE T "

AHFSE 45 R B ox, HPO-PC {2 # PKC & 15 fk%%
S F/NEI5 Cav-3 254, HIM Cav-3 & 1 Hil RISK
% P R T KO- FR3k, WES GSK3 B T,
B (H ] CHE BEWS H0# PKC 1% ¥, FHBT PKCe 5
Cav-3 254, NV RISK 18 1% rp 38 i i 2 1k 7K SF 1 26
ik, ¥R GSK3B WPk, #ETME 55 HPO-PC 1R HI.
FRZER LN, HPO-PC fEAZ A% Cav-3 TR
KK PKC e M45G, A6 TR RISK i@ 2. 1t
Ah, ARSLEIRHFSE T PI3K $ ] 5] A1 ERK 41 8] 575 %F
HBO-PC 5 H/R L[RIACEEAG. LA T A 520, 45
R B2 Bl il 79 BT T Caspase—3 17 14 I Bax 2
ik, MK Bel-2 k. 1M RISK A 40 il 57 HE A% FHL
Wr HBO-PC XFC LA T 45 HTVE T, s LR
FAEH, InE.O L UR $i45. Z8 Bk, HBO-PC ]
fit i 1 F PKC & /Cav—3/RISK 1 %, 0.0 LA it
JAT, IO UR 14005, ZHEOCIURSER .
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