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(FHE] Br  HTEEIHEER (N/OFQ) /&5 43 Raf JEHNHI 2 1 (RKIP) S0 2tk O Lk i K FRoCs
B RO LT B,- 1 IR REZ IR (B -AR) W33k, A O 58— . LML F R 30 B
6 JEHE AR SD R EU M IRTF AL Sham 41, RIFRIRZEFLIER S K GEK) ). O LBk AR R 20 (254 L5k A2
BTS2 ) . INIEPE N/OFQ 3535 UFP-101 FikbBRZH (UFP-101 41, RHT 10 min ZREHIKES 1 mL/kg UFP-101),
Bl 10 Ko e A KEARIG 15 min HOARE SR RJF 15 min BB ML, SR FH 8 15T i B e
(Western Blot) &l /2 1k RKIP (p-RKIP) ik, @ SL56 — : #BEHLECT 354 30 H 4 TS M SD K
A UFP-101 ST HE4L . RKIP s Fih 4 . RKIP F5Hi4, 541 10 H . UFP-101 X HE 4143 H G s v 5 ok, FHoav i
S RKIP _E A5 & 1 (Didymin), 3 4R RIS 4 RS KEEFL, IEE TR 10 min 28 EER IR 5
UFP-101, J:rf RKIP F5HU AR 2 h S RKIP RS R TAIE ML T (locostatin), 18 H K ERAJG
15 min DRSS H 25 F 3 Western Blot 3K A ST 15 min 0 JILZHZE p-RKIP 2635 J2 U JIL4R B2 i B -AR
Fik, £R O %HK— . 5 Sham H HLF, BAIH T UFP-101 A VEWIRTISE (VEB), ZPE03hd 3 (VT), O
FA(VE) KA BN O P4 I B T4 5 Ak, 55 Sham 4UATHE, BERUZH O HLZHSY p-RKIP #635T15,
UFP-101 1.0 JIL4HZY p-RKIP 235 R, SR A, UFP-101 FiiAh B ] g s D oo iy & A4 (DA w
P43 (43):1.5(0.3,5.0) 1 4.0(2.0,5.0), P<0.05 J, L NIEHZY p-RKIP ik B % (p-RKIP/ & RKIP:0.20+0.11
F 0.4340.11,P<0.05). UEHAFEHL N/OFQ FERHIK RKIP AR 1L, /D D g & 2k . (@ 5286 . 5 UFP-101
X HRA A H, RKIP 3 F& A W] i 5 M O A 00 ik A O LA BT R T B -AR FRak B 2 5 Wi bt
RKIP 53 255 A i U A2 3 1 R AR AT BT i (DR 34 (43) £ 3.0(2.0, 3.0) . 4.0(2.0, 5.0), P<0.05 ), 31 H.
B SO WL BB T B -AR 93k ( B,-AR/Na™-K'-ATP ij : 0.88 +0.09 [ 1.02+0.08, ] P<0.05), i #
RKIP 2352 F 40 i2# 7 L (L RKIP/GAPDH : 5.40+0.21 [£ 5.36+£0.19, P>0.05), Uil AN N/OFQ i1t
RKIP 500 R BRIk OB 2K 3 RO LA AR R 18 B,-AR 3Rik. #5i8 PIRTE N/OFQ nl5E 14 il RKIP WA
ARSI M B ML o LA R T B -AR 193RA B AR .
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[Abstract] Objective To investigate whether endogenous nociceptin/orphanin FQ (N/OFQ) can inhibit
arrhythmia and expression of ,-adrenergic receptor (3,-AR) on the surface of myocardial cell membrane in acute
myocardial ischemia rats by Raf kinase inhibitory protein (RKIP). Methods (D Experiment one: according to random
number table method, 30 adult male Sprague-Dawley (SD) rats with only 6 weeks of age were divided into Sham group
(open the chest but do not ligate the coronary artery), myocardial ischemia model group (coronary ligation of left anterior
descending branch), and endogenous N/OFQ antagonists UFP-101 pretreatment group (UFP-101 group, preoperative
10 minutes after tail vein injection of 1 mlL/kg UFP-101), with 10 rats in each group. Arrhythmia was recorded within
15 minutes after operation. The expression of phosphorylated RKIP (p-RKIP) was detected by Western Blot.
) Experiment two: according to the random number table method, 30 4-week-old male SD rats were divided into UFP-101
control group, RKIP over expression group and RKIP antagonism group, with 10 rats in each group. The UFP-101
control group was intraperiton eally injected with corn oil every day, while the other two groups were injected with up
adjuster of RKIP (Didymin). The rats in the three groups were all ligated after 4 weeks of feeding, and UFP-101 was
injected through the tail vein 10 minutes before the operation. The RKIP antagonist group received intraperitoneal
injection of the RKIP-specific antagonist locostatin 2 hours before surgery. Arrhythmia results were recorded within

15 minutes after operation. Western Blot was used to detect the expression of p-RKIP in myocardial tissue and
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expression of B,-AR on the surface of myocardial cell membrane 15 minutes after surgery. Results (D Experiment
one: compared with Sham group, ventricular ectopic beat (VEB), ventricular tachycardia (VT) and ventricular fibrillation
(VF) increased significantly in the model group and UFP-101 group, and arrhythmia score increased significantly. In
addition, compared with the Sham group, p-RKIP expression was increased in the model group and decreased in the
UFP-101 group. Compared with the model group, preconditioning with UFP-101 significantly reduced the occurrence
of arrhythmia [arrhythmia score: 1.5 (0.3, 5.0) vs. 4.0 (2.0, 5.0), P < 0.05], and the expression of p-RKIP in myocardial
tissue significantly decreased (p-RKIP/total RKIP: 0.20+0.11 vs. 0.434+0.11, P < 0.05). This indicated that
antagonistic N/OFQ could reduce the phosphorylation of RKIP and the occurrence of arrhythmia. @ Experiment two:
compared with the UFP-101 control group, overexpression of RKIP significantly increased the occurrence of arrhythmia
events, and the expression of B,-AR on the surface of the myocardial cell membrane significantly increased. And
antagonism RKIP overexpression could make the occurrence of arrhythmia eased [arrhythmia score: 3.0 (2.0, 3.0) vs.
4.0 (2.0, 5.0), P < 0.05], and significantly reduce the expression of myocardial cell membrane surface ,-AR (3 ,-AR/
Na'-K"-ATPase: 0.88+0.09 vs. 1.02+0.08, P < 0.05), while there was no significant difference in total RKIP
expression (total RKIP/GAPDH: 5.40 +£0.21 vs. 5.36 £0.19, P > 0.05). This indicated that endogenous N/OFQ affected
the expression of plasma (3,-AR on the surface of myocardial cell membrane and ischemic arrhythmia in rats through
RKIP. Conclusion Endogenous N/OFQ can affect the expression of plasma ,-AR on the membrane surface of
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ischemic myocardium and arrhythmia in rats via increased expression of RKIP phosphorylation.
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FEM O AR A O NUEAE GO Hod
W T I AE , N A A O E LB (VF) &0
R D URME R e BB RN > — Y 7R
o PR EEIRME AR (N/OFQ) 760 LA 2L b Kt B
I H BN T OmE s RO &E . A
AT B, BT TEYE NJOFQ B8 /D ik 1.
PO AR AR I ELAERS IR R B L&
Bl 15 min B5FC AL O 58 25 Bl‘%iﬂ%%ﬁ%%
7R (B -AR) [k, $78 URIE N/OFQ ] g it
P B -AR EIMTFZ I 2P EB O H . Raf 34
eI 8 H (RKIP) J2 B -AR PAfbad R By 7 i 1
2 AT RES G EIRLH T . AR 5006 B AR 4R
PN N/OFQ 275 o RKIP 2K Rt i 0o
S UL AR T B -AR HINAk.
1 #R5HF%E
1.1 SRl K 2 - 6 JA AR SD K
B (R 29 250 ¢)30 H, 4 JE#HEE SD KB (R
21100 g)30 H, 20 [ 1L P RN R 2= s sL gl
N/OFQ #5415 UFP-101 (JZ[E Tocris Cookson 23 ) );
JAE PR IBGAH & (221 Invent 237] ) 5 S K BB
%4k, RKIP (p-RKIP). B,-AR . Na'-K'-ATP Ji . 3-
1R H I B U8 (GAPDH) — 41 K E- B e iR i 4
A& i br 10 e 2 BR AR 1 G (HRP-1gG) 9t (95 [
Abcam 23 ] ) 5 St KB RKIP Hi4A (5% 7 ABclonal
N ) 3 RKIPF 3850 7 1 5 4 ( Didymin, 32 [# Enzo
N 5 RKIP RS A HURNEEAL T (locostatin, 36
= Sigma A H] ).

1.2 KERESPE OIS AR ST 8 S 25% 5
P (1.2 g/kg) BRIEA B, A EMOZ [ THAES L,
HRAEYIE S RERGICEAAE TSRO R E, S
IR I B N PR AIL (< 8 mU/kg,
WP 451 % 70 IR /min), B2 € Ji 18, 250 IR 2 ik
bl Zemif . T GO H B H B ST BLg ks
FI15 QRS Rl G, O NURTEELL S0z bl 2 540 IF
HL TRl O B B A )

A SEES Th B AL B T AT G S B AR U
FEZ LV BRI 2E R 2R S0 s s e B A
(S 2018-11-13).
1.3 25— TN TEME N/OFQ 75 520 &0
LB I K RO L4 2T RKIP SR LK .
131 rZHAbRE  FEREHLEC 20506 6 JEHY SD KR
I3 AR TFARL (Sham 41)., LU IMAE AL | UFP-101
T4 (UFP-101 41), 741 10 2. UFP-101 4471
AR 20 1 2800 LA M 4S8 5 Sham 2H AT AR 45 4L
k. UFP ZARFT 10 min R EIKES 1 mLkg N
JEE N/OFQ #5455 UFP-101 (1 nmol/L) ; A 71 25 1
Sham ZHE SR A HIER K . RJF 15 min WidR4%
ZH R B B, T T RS 15 min HBUBR L0 L, £2
BUSEE T, 4 BCA ISR FIE 5 /736 T -80 CURAT
R o
132 DR E IS ARG RrI O E £ B, K
SROC LI I )5 & AR RO AR R AR TR E 15 min 2
WU B IRSCHR 6 1, O F AR - Tk
Z54LJ5 15 min PR 0 ~ 49 S PEIARTIAE (VEB;
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FAGIR K VEB . 2P T &M =) 2 0 4,
I =501 VEBIC 1 735 3 1 ~ 5 &ML Bl
VD) id 24y, HBl=6 R VTic 3 4 HEL 1k
VFid 443, BB 2 ~5 K VFiE 5 47

1.3.3 DL S p-RKIP Fak 5E « 8570 2 26 ik
AT HLUK R B B P, A p-RKIP — 4T (1 :2000)
FIAZ GAPDH(1:1000)4 CHWE LR, —PiHE
1 h J5 & kIR 20 B9 Tris 2% #hi (TBST) W5 3%,
Quantity One BRI BT 400 7 45 2 11 2% IR BEAH 5
FHHCARVE B p-RKIP —HT BRI, T8 35 B J5 hn
A RKIP —H1 (1:1000) FE FA LR 5 H RKIP
TR, Lh p-RKIP 5 5 RKIP Y K B {1 AR 3%
LU p-RKIP AHXF A1 5 LA RKIP 5 GAPDH #)
JRPEAH FLAEAC B RKIP ARk & .

14 S5 BT N/OFQ 275 2520 RKIP
Tob IR I BRI i PO 2R LA R JUL A i 6 T
B ,-AR ik,

141 A3 f 4 J5 IS I SD K B 4% BE AL
By Fe 4y 0 UFP-101 X1 B 4H | RKIP i 35 4 Al
RKIP #5904, 44l 10 H. RKIP i #3541 fil RKIP
YU R B H BRI RS 0.5 mg/kg FfR A RKIP
E 3% Didymin (0.19% , £ AMEH]) 7, UFP-101 %
HEZH ) 265 T SRR R K, 1 3% 4 J8JS , RKIP 4590
ZHARHT 2 h B T 8 1 mg/kg £ ff 1 B9 locostatin,
221K RIS il £ 0 LR M ASS L I F R BT 10 min 35
2 ST 1 mL/kg () UFP-101 (1 nmol/L). AJ5
15 min NIC#A5FH K BUO B EE , TR 15 min
BAe BB IX L ET, —80 CURAT- 75Kk o

1.4.2  DEZRES : WS — k.

1.4.3 DILEHST p-RKIP ik S i D0 L2 i g
T B -AR FaE ARG« BUE —H 07 220 =ML, 3%
S —J7 I E p-RKIP ., & RKIP #l GAPDH (1)K
{&, A p-RKIP . & RKIP 5 GAPDH F K BE{E FLIEAT

FART R R, FEICER I O LTS R 1, BCA
g, AR F BT BN i 55 (Western Blot) il 2
O LA LB R T B,-AR 1 Na™-K'-ATP i 1 JK i
EIFA R EE (A HU(EARER B -AR AIXRIAfE .
1.5 Seitsforsk . fliH SPSS 23.0 B b7 48143
Mro IEBAHREORIAE & iz (x+s) £
N, 24 (8] LA R LR 2 25 3 0, 4l Rl 2 L
AR LSD-1 K56, Ke 36 K E @ =0.05, AR IEA4)
At TR L AL B (DA O TM (Qr, Qo)) 3
7N, K H Kruskal-Wallis H #6525 P 795 95 L 558 %
Mann-Whitney U K56, XA S0 /K o' 7% Bonferroni
P TIZIE, P<0.05 MZESAGHFE X,

2 % R

2.1 FH—

211 3ARROHRRFE K (K1) 5 Sham 41
A, B2 RN UFP-101 44K )J5 15 min N VEB & A=
UECR VT+VF 19 & A B, R it [a] DL Sae A2k
VRS B e (8 P<0.05), 5B R,
UFP-101 2 VEB &A= BN VI+VF FRE2F ] | O
S w4 R (3 P<0.05), T VI+VF &A%
B b2 R Ies 2 E L (P>0.05),

2.1.2 3 AHRFLHILHZ p-RKIP F15 RKIP ik L
BRI, ED) OB 15 min, 3 HRKEOUAH
AU RKIP Rk 22 R G148 o 5 Sham 41FH L,
BRI ILZHSY p-RKIP F3k 8] B 75 , 1 UFP-101
2H p-RKIP Fik B i FR& (¥ P<0.05),

22 SEET

221 3HRFEOCHRE RE(GR2): 5 UFP-101
X R ZH A b, RKIP 3 3% 35 4 Fil RKIP #5490 41 VEB
KA £ (P<0.05) ; 1 RKIP #5441 VEB
KA UCEUAE RKIP o Fik 4 /> (P<0.05). 5
UFP-101 X FR4HAH 1L, RKIP 32323541 VT+VF & 4=
YB3 22, RRE it [R] ZE4K (J4) P<0.05), T

F1 346 BB ERME SD KROAER 15 min A O RREFR

Rt 15 min BHOALZEZR RKIP. 5 RKIP FRik EEE

s AR VEB VT+VE (M(Q,, Q)] DR H P p-RKIP/ M RKIP M RKIP/GAPDH
(R) (K, x+s) KRB (R) FFLERTE] (s) (53, M(Q, 0,)) (x+s) (x+s)
Sham 2 10 10.0+4.7 0 (0,0 ) 0 (0, 0) 0o (0,0 ) 0.35+0.14 3.1+1.7
I 2 10 78.7+9.9° 3.0(0,5.7)" 13.0(0,15.0)* 4.0(2.0,5.0)? 043+0.117 34418
UFP-1014H 10 322+7.8% 1.0(0,3.2)? 3500, 6.0)™ 1.5(0.3,5.0)? 0.20+0.11°" 38+1.6
FIHAH 119.380 13.234 20.629 26.230 10.224 0.349
P <0.001 0.001 <0.001 <0.001 <0.001 0.708

# + Sham 4B T AR, BRI O WL ML, UFP-101 2400 PR PEIRMERKFS BL57 UFP-101 FiALBEZ ; VEB 2 PEI i, VT
AL EE I, VE O ZFER, RKIP 4 Raf SAEIH 4 (1, p-RKIP NHERR 1L RKIP, GAPDH Jy 3 - Bif& H i i S0l 5 45 Sham 41 1L4%,

Ap<0.05 ; SRR, "P<0.05
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15k g UFP-1014] Shamél 223 3 ARECOHANBALRT B -AR Fik (% 2;
Kl 3): 5 UFP-101 Xf BEZLAH H, RKIP a3 &3k 41 il
p-RKIP - -

JARKIP

FEIZE Sy O LB IS B ZH , UFP-101 28 > P U5k IIOHE RS 47077
UFP-101 FiAbEE4, Sham 21 A1 FAR4L ; p-RKIP AR 1L
Raf SR 1 (RKIP), GAPDH 2 3 - B2 H il s it & it

1 34 6 Fi st SD KEOHLGRI 15 min B
DIZAZE p-RKIP F1E RKIP F4k

RKIP $5441 22 55 o424 L. RKIP #5hidl mak
VT+VF &4 KBS RKIP i A H 2 7 L4512
B ABFREE ] B 5 46 %0 (P<0.05). 5 UFP-101
X HEZ AR HE, RKIP 3o ek 2100 2K 8 1743 B B T
fm (P<<0.05), 1ii RKIP 5414l 22 7 G245 35
RKIP #5504 00 2R 5 P43 88 RKIP £ A2 W 2
T (P<0.05),

222 3ARFHILEL p-RKIP =ik (% 255 2):
5 UFP-101 %} B8 40 A kb, RKIP i 3 ik 41 Al RKIP
FE P4 p-RKIP, & RKIP 2152 B g 19 & (38 P<
0.05). 5 RKIP 1 k4147 He , RKIP F54141 p-RKIP
FIEA TR R (P<0.05), 11 & RKIP £k £ 5045
TR L (P>0.05).

18bx  UFP-101%ffd4l

RKIPiEZiA4  RKIPHH4L

UFP-101 2y NI RE IR Z A5 ST , RKIP S Raf SEHMHIE A,
p-RKIP N8 E{L RKIP, GAPDH by 3 - iR H S e Sl

2 344 ik SD KL WIS 15 min B
L JIZHZE p-RKIP FLE RKIP 33k

RKIP #5504 0 LA L B 7T B -AR AHXT ik i
B 3% 2 (1) P<0.05). 5 RKIP i K4 M 1,
RKIP F5HTAH O IUAEAE R T B -AR AHXT 15 5 ]
/> (P<0.05),

RKIPif %Kik

-,t:~ .'- 4 . " .' -
UFP-101 2 R HAARMERRSZ 55T, RKIP 7 Raf SR 21,
Bi-AR My B,- B LARERAEZ K

3 34 4 Atk SD RECHLBRIL 15 min B
DAL LEERTE B,-AR 55

&b UFP-101%HE4H

3 i i

FE 2RO LB I A R o0 B S o 22 3 B 33
I SR AR R R 2 B IR R R
PR E R B -AR SRR U A PR R
(cAMP) Bt 25 Xh0 LR AL / PRV v 7 ) 00 AL
AR, RIS O R S i R 2R
PR B EIR R AEZ RS At o DU A e O gk
WA X, T Strasser 25 SIE B, 7E KRR A Atk
LERIAL 15 ~ 20 min, CoULAHMIBEER T B -AR iR
VORI HAR AR B b B AR B INABAE 2
P, AL RS 45 AL

PIIEPE N/OFQ 1 —Fhgest i ik, )iz A
T2 5 NIOFQ 324, B AR #h 28 RGN )% 7
45,3 BAL O MAS R WA TR AR
HIAAFSE %, FH 1 nmol/L Y UFP-101 #5470 N/OFQ
AT 980 KRR A O LB I S5 0 R R R R &
A= O H 2 IEPE NJOFQ $54717) UFP-101 Fiikh#f
19 R B LB 15 min BPOLARE R T B -AR
FE TR A T FR Y R B B AT AT I

%2 3484 FLHEHE SD KROAERM 15 min BOREEER L EERM 15 min BHOALZEZR

p-RKIP. & RKIP FAFIO AR B,-AR RikLbER

5 BILEAe VE_B VT+VE (M(Q,, Qy)) DR E A p—RKIF/ B RKI_P/ B I-AR/Na_*-K*-
(H) (K,xts) TR () gt (s) (48, M(Q.,0,)) GAPDH(x+s) GAPDH(x+s) ATP fiff(x+s)
UFP-101 X841 10 357+12.0 2.0(0 , 3.0) 50(0 , 8.0) 25(1.0,3.0)  1.07+0.09 3.09+0.17 0.72+0.07
RKIP i 36ik20 10 89.7+11.7% 50(0 ,10.0)* 95(0 ,192)*  40(20,50)" 184+0.12>  536+0.19"  1.02+0.08°
RKIP 54140 10 658+11.0% 20(1.3, 50) 60(42, 7.8)"  3.0(20,3.0)" 1.63+011?> 540+021° 0.88+0.09%
FIHAH 50.307 8.853 12.457 13.385 121.171 485212 35.162
P <0.001 0.012 0.002 0.001 <0.001 <0.001 <0.001
12 : UFP-101 Sy IR ARHE R 32 (AR5 H050) , RKIP hy Raf SEHI S8 A, VEB A= MERIRTIEE , VT = M0 shid 3, VE A0 478, p-RKIP
R RKIP, GAPDH & 3 - Wi H il AU, B -AR 4 B -5 DIREREZIK; 5 UFP-101 XJ R4 L4, *P<0.05; 5 RKIP 2 3Rk b4,

bp<0.05
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RKIP 2 8% i it 2, B e 2 11 4¢ % (PEBP) (1) —
T, AN Raf-1 254, M il Raf-1/ 2 R R Gk E
P13 6 03 8 / 20 B A0 A 55 08 3T B (Raf-1/MEK/
ERK) Bl (5 5% S, A U2 5 ¢ EAMEKZ
1 5% 5 L F - kB (NF-xB) {55l Bk (o 112
RKIP # 2 (#4085 C (PKC) BRI APIRZS T 5 Raf-1
SrE TS G B RIS R 2 (GRK2) 454,
IS B -AR 4% G HANIRZIREE S 1 DRg, 1l
ZNREIE BN AL S A, E T A L AR PR
WS RKIP 11 2 58 3 5k o8 3 3 3 38 (2t O WLk
I AHFEAEAE BT ), 76 PKC BOE B0 R 280k
B -AR #Mb (B &A1 £ ).

A S B SR T 4% 4K B A RO L BBk 1fn
15 min I RKIP AYBERR ALFRE , 45 R B O WLk i
BRI B RKIP @5 2 A6 7K °F- 1% T° Sham K B, 111 42
if UFP-101 il &b 2 ) K B RKIP 85 iR Ak 7K P BRI,
FEEALT Sham KR (% [& Sham K FUZE I i 72
WS SN2 RS, Ui B AE I B A s Bt
N/OFQ REfEREA RKIP ARSI 1k S LT fg . Hak, &
I8 T HIEPIEYE N/OFQ J& 75l ad RKIP 520k
B MmO R SO AR T B -AR ik,
SRS A R RGESE 4 JR A H I 1T Didymin 15 A%
N RKIP 33 %35 Didymin #%31F B J& —Fh e % IE
FRSE LA RKIP R IR s I 0 455 58R,
RKIP #:F FR 20 F RKIP 4541 2H K B LZHZH p-RKIP
M RKIP %35 #% UFP-101 %F B4 B 8 FH 5. T
ARHI 2 h 457 RKIP FE 554557 locostatin A FR
p-RKIP KX KT RKIP i F35 KB, 5H] locostatin
T RKIP BBERR L. 7E[FIFE UFP-101 Tigh 2571
HE5FLR MK &1 F , RKIP 33 26 305 K B EE X IR K
IR S KA DB E , OB R T B ,-AR
FIRM B AME 5 RETZA T RKIP R3S PR B A
RKIP B B, OB R 1% D0 2 A5 2 22 B
OIUHERRERTE B ,-AR FibA Frf#(t. £ RKIP
RATEES 5 T INEE NJOFQ XA Bl 2 M JUL Bk 1fi
AR O ALK B KA IR R G T B AR AYIR
. YL NOFQ /= A ydi ook 7 e B-AR
DAL ML AR 2 o I Sk O LB R ZS TR K
= N IEYE NOFQ 5 H sz R 25 & J5 o B2 300G T it
PKC ' BEMIAE E RKIP ORERR 1L M H 5 GRK2 45
A0 B AR AL, JREEE PO E H B R

Zi b AW R, RKIP 25 T WIEYE N/OFQ

XF 2P LSk i R BR O R B B A B 22 T i
B -AR TE/C JLAH AR R i 22 58 By s ek B2, JF Hon]
RERL R 2 O WU PR R BT AT LA
Rz I 1S 7 IR ZETER 25 1

S 30k
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