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TEZE: BRY B0 A WEE AT /R (Fasudil) #01] Rho SO LG i i 284k, - b HAR R AT REDLE . Foik B BLO R
Langendorff & E#E it , 45 LR Sl ik A2 R 2 30 min ASEHULRIFR.Co LB L , WA FFE5FLAMKIZ 3 120 min 52 0o ULSSIe 1 /P 1
(ischemia/reperfusion, I/R)RHY . SZG4 341 : I/R 41 LA H/R (Fasudil) 41 FN Fasudil+ [ Rl FNE 2 8 2 (Worh) 4. 4%
TOSREAC O B 2= AR A WA FRRE T 5,10 min e ki H i U L2 I S (lactate dehydrogenase, LDH) %t ; RT-PCR A6l 1
FHICHEH Atg5 . Beclinl FJE T-AHC L Bax . Bel-2 mRNA 519484k, Western blotting £l caspase 3£ 5451k, &R 51/
R, Fasudil 72,00 % & IR A0 % PR LI BN R0 A20 280 B AR B WG, BRI vE e ik 4 9 Hh LDH
MR, Atg5 . Beclinl mRNA k341, Bel-2/Bax mRNA T, caspase 3 £ [ AR, WA 77 Wort Ui g5 T VA EF Hi/K (1)
PRPHER A T 02 3h J12F R AR, LDH B0 22, Atg5 Al Beclinl mRNA ZEIAR#IL, Bel-2/Bax 41k , caspase 37K 13514
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Role of autophagy in fasudil-induced Rho kinase inhibition for protection against

myocardial ischemia-reperfusion injury in rats
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Abstract: Objective To investigate the changes of autophagy in ischemic myocardium of rats treated with fasudil for inhibiting
Rho kinase. Methods The hearts isolated from male Sprague-Dawley rats were subjected to 30 min of occlusion of the left
anterior descending artery followed by 120 min of reperfusion with or without treatment with fasudil or fasudil+Wort. The left
ventricular hemodynamics were continuously recorded, and the coronary effluent was collected during the reperfusion to
determine lactate dehydrogenase (LDH) levels. The mRNA expressions of autophagy-related genes Atg5 and Beclinl and
apoptosis-related genes bax and bcl-2 were detected by RT-PCR, and the protein expression of caspase-3 was detected by
Western blotting. Results Compared with I/R group, fasudil significantly improved the left ventricular developed pressure,
maximal rise/fall rate of left ventricular pressure and rate pressure product, reduced LDH release during reperfusion,
increased Atg5 and Beclinl mRNA expression and the ratio of Bcl-2/Bax, and lowered caspase 3 protein expression. The
autophagy inhibitor Wort significantly attenuated the effect of fasudil in the rat hearts. Conclusion Fasudil treatment for
inhibiting Rho kinase promoted autophagy in ex vivo rat heart to protect against myocardial ischima-reperfusion injury

possibly by reducing apoptosis of the cardiac myocytes.
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IRITHIEAR . AFGE S B RO IR B 15
AL, g ] Rho 3 C LS VR R A RIS , 45000 5 w3
FHIEIEA Atg5 . Beclinl mRNA 63k 10754k , DL B
W 752 54 Rho S0 CRLERA s I B Wil 59
i — AR F A ST H R ORI e g
JHT ARG A, 434 AL R S PR TR R AR O LR
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1 #EFnT
1.1 E3eshihAettrt

fikt % Sprague-Dawley (SD) & B, it , SPF ¢, A
JFi i 220~250 g, 324 H | py e R 2 B S S A ol
PRt R (ERER AT b R VSR , Rho RG],
W L RHERAT H 29 B A BR A R . IR 2
% % (Wortmannin, Wort) 4 H F Sigma 23 /) . 2 B
Krebs-Henseleit (K-H) i 143 : NaCl 118 mmol/L, KCI
4.7 mmol/L,KH,PO, 1.2 mmol/L, MgSO, 1.2 mmol/L,
CaCl, 2.5 mmol/L,NaHCO; 25 mmol/L,Glucose 11 mmol/L,
pH 7.3~7.4, Trizol S RNAHEHGAFIE [ Invitrogen 2y
A 5 300 SR S M PCRIA T &1 B Fermentas /A ) ;
SIE T B T A TR RS AR, Atgs
514 FiF4)5-AGT GGA GGC AAC AGAACC-3,
T i#F 41 5-GAC ACG AAC TGG CAC ATT-3', fiiit
P4 K B 205 bp; Beclinl 514 : 7751 5'-GAG
CCA TTT ATT GAA ACT CGC CA-3', T i ¥ 51
5'-CCT CCC CGA TCA GAG TGAA-3', Fili |4 1 r=4y
KM 106 bp; Bax 514 : [IiFf¥%15-GGA TCG AGC
AGA GAG GAT GG-3', NiifJ¥%15-TGG TGA GTG
AGG CAG TGA GG-3', Wi T4 4% /= ¥ | Ji 464 bp;
Bel-2 5% . I1# %% 5-CTG GTG GAC AAC ATC
GCT CTG-3', FiifJ¥ 4] 5-GGT CTG CTG ACC TCA
CTT GTG-3, i 4/ 17" WH< i 228 bp; LAB-actin NS
W, 514 I3 % %) 5'-CTG TAT GCC TCT GGT CGT
AC-3, Nl ¥4 5-TGA TGT CAC GCA CGA TTT
CC-3, il i T # r= 1y K & 214 bp, —Hi/MRITA R
B-actin L& | H Pt K B caspase 3 Uik Iy [ Cell
Signaling Technology /A ], —Hit HRPFRic i F-4ifk Ig
G . HRPHRICHIFHT IR 1g G Affinity 2]
1.2 BARK RS Wb | B-FE AR A5 AL R ) & R o4

A% 7K A R, W7k BTk, R s
O IE R VKoK 45548, Langendorff 45 2 47 8k T34 7
HEVE . K-H W s (76 mmHg) #E i, L) 95% O,+5%
COMA, AR HE IR RE 37 CHEIRL, YIITZe.OHH 7L

RN B0 NS B R EAG 1 B
JE& g, Medlab £ Y115 5 RAEAL I R G0 sk S 4 2R
FROEEEE 25 minf& , FH TS50 T, KR BERL)3
21, BE2H 8 H - (1) B i /598 13 (ischemia/reperfusion, 1/
R)IHEH - 44 I BRUIREIR 20 ok 2 i e S 4541 30 min &2 1l
SRt oL, B AR5 LR 120 minfE R 5aiil/
R; (2)Fasudil 21 : [a] I/RZH, SHI1E] (BRIMLAT 10 min 2= HREE
#1310 min) 45T 147 H1/K 30 umol/L, L3E 7 50 min;
(3)Fasudil+Wort 2 : [7] I/R 21, {10 ([A]_L) [RIA 45 Tik4T
Hi17K 30 pmol/L+2E: 75452 100 nmol/L, 57 50 min,,
1.3 ACZEHkIEAR

) 7L B8 U K R B A2 0 & AT IR R R (left
ventricular end diastolic pressure, LVEDP) 4 $F 7€ 4~
10 mmHg, Medlab AEY){F 5 RN R G IR A0 %
& J#& [ (left ventricular developed pressure, LVDP) .
LVEDP FlI/c 0% N H e R B FHRITR B33 3 (maximal
rise/fall rate of left ventricular pressure, +dp/dtmax), i1
/6 0% i 2+ (rate pressure product, RPP) , RPP=
LVDPxHR",
1.4 B4R 0 IR B R P 3L B B A B (lactate
dehydrogenase, LDH)-&—& M| £

THEIE 5 min FIER 10 min IR R, 436
Ot B B I e ek ko 8 W 3L R B & i (lactate
dehydrogenase, LDH) )& & , B0 LA UIL
1.5 RT-PCR #: ] Atg5. Beclinl, Bax #= Bcl-2 mRNA
kA

FIFH Trizol £ RNA 4 HU 5 $2 U Ze .0 2 H 4L
RNA, A RNA 3 L MERAR , 39 5% 5300 &5
cDNA, PCR X7 £ HL 1.5 uL cDNA F it , 414"
B PHEE:95 CHIAEME3 min &, LL(1)95 °C 30 s/
5 (2) Atg5 3B K IR B 56 °C 30 s, Beclinl i& K J& B
57 °C 30 s, Bax il K i 64.5 °C 30 s, Bel-23E k%
61.5 °C 30 s, B-actinil /L 58°C 30 55(3)72 °C 35 s,
PEINECH 30, FeJ5— 4B 1A 10 min, HU4 pL PCRY 3
P T BRI REEE R FL K R L BE 0, GISBEREA
BAL PR GEAER L%, UGS A AR D O G
(EAEFE AT, L H AR 5 20065 BE LU
(Atg5/B-actin; Beclinl/B-actin; Bcl-2/p-actin; Bax/B-actin)
FOR mMRNAFHX R A, I 1155 Bel-2/Bax LU E.,
1.6 Western blotting #4#]« JLZE 27 caspase 3 #9 & ik

WO PR e O LR 1R S 1 BCA TR
TEFREINE I . T 6%~15% SDS RN
BERE , AT HL VK Ar B AR T, 2R 200 mAKS R 5 2
PVDFJB o 2k T 50t NE Uik £ 2 h, AR |
$1(1:1000)4 CHFF LR, Ve it HRPARIC 7%
T E 2 he VESE R AL 72060 €78 CE Image
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Quant LAS 4000 mini i R ik & UG AU 5 , fif
FH Image IR BT 45 K BEMA
1.7 %t ot

SREAE AR 2 RN . A R B
PERG B0 1A R 2577 2% (One-way ANOVA) 2T, %
FEEERFH g K6, P<0.05 WA Gt 5L,

2 FR

F1 BEKROBESFIER

21 ESEHREAR

BAZE /R A1 B R 5 42 A T] LVDP REAIC,
LVEDP 44 , +dp/dtmax 44 , RPP B4 ; 5 B4l I/R 41
HHH , Fasudil 2 LVDP Fl+dp/dtmax 15 4% &2 , LVEDP
F&AIG , RPP 40111 ; 5 Fasudil ZHAR H , E W17 Wort
s LVDP +dp/dtmax 1 RPP ¥R , N H] LVED
B R SR A RS T AT R VERT (R 1)

Tab.1 Hemodynamic parameters of the isolated rat heart (Mean+SD, n=8)

Reperfusion

Parameters Baseline Ischemia 30 min
30 min 60 min 90 min 120 min

LVDP (mmHg)

IIR 91.20+18.06 63.74+8.51 45.56+5.09 41.04+3.01 37.29+3.90 34.67+3.07

Fasudil 92.81+2.72 43.88+13.17 56.28+4.89** 52.10+8.04** 50.55+9.99** 47.93+10.37**

Fasudil+Wort 85.85+4.07 47.09+7.19 49.90+7.49* 47.40+3.64" 40.09+2.69* 40.86+4.49"
LVEDP (mmHg)

IIR 9.56+2.14 18.58+1.06 28.35+2.60 27.16+2.57 26.77+3.44 25.77+4.17

Fasudil 8.88+2.13 25.21+2.33 23.75+2.07** 23.26+4.81* 21.64+5.33* 20.27+4.92*

Fasudil+Wort 7.95+0.63 30.44+5.72 35.01+3.38*** 32.98+2.86**" 30.81+3.55" 28.91+3.87"
+dp/dtmax (mmHg/s, x10°%)

IIR 2.27£0.37 1.55+0.28 1.32+0.17 1.19+0.16 1.07+0.13 1.06+0.23

Fasudil 2.12+0.28 1.23+0.16 1.56+0.16** 1.44+0.20* 1.39+0.23** 1.35+0.24*

Fasudil+Wort 2.29+0.46 1.19+0.26 1.27+0.16™ 1.22+0.117 1.18+0.12" 1.05+0.117
-dp/dtmax (mmHg/s, x10%)

I/IR 1.47+0.29 0.96+0.22 0.72+0.16 0.66+0.13 0.59+0.11 0.57+0.15

Fasudil 1.49+0.14 0.71+0.13 0.89+0.12* 0.83+0.14* 0.80+0.14** 0.77+0.13*

Fasudil+Wort 1.38+0.37 0.67+0.19 0.69+0.06" 0.66+0.05™ 0.63+0.6™ 0.61+0.04"
RPP(mmHgxbeats, x10°)

IIR 22.48+3.80 12.68+0.92 8.89+1.43 7.91+0.99 6.71+0.59 5.64+0.51

Fasudil 25.90+2.09 10.41£1.99 11.48+1.48* 10.74+1.53** 10.06+1.69** 8.99+1.14**

Fasudil+Wort 23.16+5.73 7.54+2.33 9.17+1.87 " 8.56+2.01 8.29+1.90*" 7.41+1.49%*

*P<0.05, **P<0.01 »s I/R group; *P<0.05, *P<0.01 »s Fasudil group.

2.2 BARCIERMR R R T LDHA SN T
5 1/RAH L, Fasudil {5 52 BEAS R s R SR R Cs
JUE e ik A v b LDH BB /b 5 5 Fasudil ZHAH EE
Fasudil+WortZH LDH Bl (& 1),
2.3 w4t Atgs.Beclinl Bel-2F2 Bax mRNA #9 &4
BAA /R 2 F WA SEHEN Atg5 Al Beclind AT
KK Bel-2 FllBax mRNA A Fik , #im A WA T

BB 5.0 0UR S ; 55040 1 /R 41 L, Fasudil 2 Atg5
FBeclinl mRNA LI, A6l F T H - Bel-2 K3k
W, Bel-2/Bax LB & ; 5 Fasudil 41 He4% , Fasudil +
Wort £ Atg5 £ Beclinl mRNA #ikJi#/)>, Bel-2/Bax
R (R 2, 1K 2,53).
2.4 UL P caspase 3& & Rk

S Azl I/R 41AH L, Fasudil 2H caspase 375 175154
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Fig.1 LDH content in the coronary effluent in different
groups (n=8, U/L, Mean+SD). **P<0.01 vs I/R group; “P<
0.01 vs Fasudil group.

& 2 KA OAELR T Atgs F1Beclinl mRNAIRAS#E
EERT AR

Fig.2 Agarose gel electrophoresis of Atg5 and Beclinl
mRNA in different groups. 1: I/R group; 2: Fasudil
group; 3: Fasudil+Wort group; 4: Marker.

Bax mRNA in different groups. 1: I/R group; 2:
Fasudil group; 3: Fasudil+Wort group; 4: Marker.

11X ; 5 Fasudil 21 Fe#st, Fasudil+Wort 2 caspase 3 25 4%
T (K14,363),

3 itig

SO AR ) PR R ety A A ) R———fe ./
FHHEYT: (ischemia/reperfusion, I/R)$545; , 55 ka4% EAL
s O Rl v 1 e AR S SN £ | /N W NI (E Wy o ] I G
TE—2 . Rho e /RIS i EIAR 2L A1
FH , i Rho 38l il LASTE PISK/AK 538 AR 40
FE s AT TR A5 /R 167 MR RERSHI | Rho 3
it {5 5 8 % 4O LGP A  FEHLAR AT g S5 0l
ALDH2 A 4 da Tk A A 5, 0] UL Rho S nT AE
AR FERLZ S T ONLURS , Horh 275 A
S5 AW R AFTAE LA ICHLH R WLARAE , 87
T,

=2 &ALANALR P Atg5.Beclinl Bel-2F1Bax mRNA F&ix
Tab.2 Atg5, Beclinl,Bcl-2 and Bax mRNA expressions in myocardial tissue and the ratio of Bcl-2/Bax in different groups

(Mean+SD, n=8)

Group Atg5/p-actin Beclinl/B-actin Bcl-2/B-actin Bax/p-actin Bcl-2/Bax
IIR 59.75+6.82 113.07+6.78 97.76x13.64 2.79£0.27 34.96x3.25
Fasudil 72.03+7.25%* 146.47+£13.17** 119.82+21.01* 2.32+0.54 52.26+5.09**
Fasudil+Wort 65.83+1.61*" 108.53+4.67" 108.21+17.51 2.92+0.45 37.24+5.16"

*P<0.05, **P<0.01 vs I/R group; “P<0.05, “P<0.01 »s Fasudil group.

AHIF5E 7 ] Langendorff 25 5 42 L0 L 1R 35 A6
TR RGN KBS LRt PR AN [ s T Lo LB 1 2
A%, LVDP . +dp/dtmax S t.Cr fI LIS 46 D fE s LVDEP . -dp/
dtmax Jz O UL EF K D RE ™ . SEEah R /R, S5 1R
ZHAH LY, Rho Jdim 4177 Fasudil 20 B Co UL FEREE 591E]
&[] 5 LVDP  +dp/dtmax 32 RPP J &5 , 3| LVEDP
(9FFEs , A Fasudil 4015k Rho M , OB T 1

ARFETIKDLREASBGE

FLIR I8 B —FIH A B, 3 LDH Y
T W 2O ZE AR IS IRIR L #1E s 2t
AR IIBRIEZ — R T AR A G E i P i, LDH B¢
%, R AP EE BRI 9 LDH B AR W3z
BREOFRAR Y, SBe g S Fasudil 14 Rho 8 4
T L ILFRE 13 401 10) LDH 4383k, 1 Fasudil 417 1
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B 4 SHEOHNELA caspase 3EHFKIE
Fig.4 Caspase 3 protein expression in rat myocardial
tissue in different groups. 1: I/R group; 2: Fasudil

group; 3: Fasudil+Wort group.

& 3 BAEOHALRH caspase 3FHEFRIATFHREME
Tab.3 Caspase 3 protein expression average grey value in rat
myocardial tissue of different groups (Mean+SD, n=8)

Group Caspase 3/p-actin
IIR 0.85+0.08
Fasudil 0.60£0.03**

Fasudil+Wort 0.74+0.10**

*P<0.05, **P<0.01 »s I/R group; *P<0.01 »s Fasudil group.

Rho S8 VIR Bifi.

YMIFET -5 APRE TR A, TR Ry
ZEIRBM™ ., i Rho i) LWLV E R S AR
YHARITARSC IR A R NS gy 34Tk
T [ mEAE G T A Atg5 Al Beclinl mRNA U35, T
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Vps30 Y [RIVES , A2 F g B A PR 1 7 W AR A
WG A SR D ) B BEARRR . Atg5 2S5 H RREER
FEILH , Atgs 5 Atgl2 & AW i A R Y 2
17, FEHE A WA RS 5K 75 5 AL AR IATE R, A2
WEAATE I A A B BRI R, 45 /R Fasudil 41
Atg5 1 Beclinl mRNA Z&AH 1, #2751 Fasudil #11#] Rho
BT ODNLRBUGE AT T AR 4k, —
7 A o) 550 O o R R I, R S 1Y (] e
Fasudil 400 WL VR B A5 4 IS , 457 Fasudil 1]
Rho #E nT e T A ) A A O ERT

VR B H T A AL [/ 2 5, HL o R —
FEERFR . HL-LCNUARMAFSE & 30, T I8 A AR G
Beclinl mk Atg5 #fil A Wi &, Bt fid /R $53405175
SRR TN, i Fk Beclind Bk [ g, D40
HOPRT A A BRI o IR A i A B 1 9/ BRI
N RERI TSGR N R 2 —— ML R A AT 1, i
P38-MAPK {5538 175 F FI Wk, SR 5 AW sz i i 4k fA
PRI T, AR AN Sz VR B . R4
P Rho S , A WS SIET A RO R WE? FRoA Tk —
KGN caspase 34 135351 Bel-2 #1 Bax mRNA Y4
ik, Caspase 3,)& T4 caspase & [, fi TAHHT A

IR SN T, S B o S LA T T 2 P
TR 5 BV R A BeRs IS AR E AR T, Bax 5
LRRBENE A LR M 25 G e 4 (2R C Nk
IR 5 % A R T, Bel-2 W mT 1] Bax #5407
FNRLAREE -, T 8 T2, AT UL Bel-2, Bax Al
caspase 3¥ S HUNMLIHT- M EEL 53+ 22, IRk
2 I 7R Fasudil #74il Rho 3§75 F W& A 19 R )
caspase 345 1A%, Bel-2/Bax [ = , A T
S 5 1 WA AR 2 R T RUS A R R [
caspase 37 17551410, Bel-2/Bax FE A, Z0pya T
HAm, B A Rho 3 5175 S B W0 A& A, T s R4
Mg,

g LTk, B AR L L VR 05 A A v 7E
Fasudil il Rho FEEX B LW i R4 L rT g
W T AR R A, AR AR T A E T (T
TFEAG. (ERPDH] Rho St frf P& 175 5 A WEY
KA VL AW R T A B B BB A T
XAEFRA TN PR TAE,
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