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300 g, 353 H, g BRI BERR S g sh Y ol .
SIEETHT 7 d R SR TS BB (IR R AR 22 ~ 26
C B 40% ~70% HGCHE - BEEPEEE 12 h) |, 1] 57
AR S B RAKOK RE . SRR A RN
BERF R Sl W) 48 3 22 D1 25 1 SR AR E (48 BRI
£.2022085027) .

1.2 FEMHFSEAH

1.2.1 &M% ERFKEDRHL(ES.
CM1950) | ot 47 il 24 3% £ 2 f 85 (24 %« STEL-
LARIS 5) ) B 7 & Lecia /\ &) ; BL420N {§ 5% 4
SRR RGN B R B A IR W) BE R ROE
EYOC R MEE (B5 . BXS53) I g H A Olympus 2%
) ELAMBO G ISR R 52 (H15:9142-00) iy €[]
LI-COR 4],

1.2.2 £ %3XA MOR ik HEER P 9.5
(protein gene product 9.5, PGP9. 5) Hiik | % & IR 2
AL R ( tyrosine hydroxylase, TH ) $i {4 . P 4 Jfi ( sub-
stances P, SP) 1A | [ 415 28 5E K 4H 56 Bk ( calcitonin
gene-related peptide, CGRP) HT{ ( 3£ [E Abcam /7],
% 5. abl0275 FiI ab17934, abl10410, ab6211,
ab10353,ab36001) , GAPDH #p A ( vp [E & b 3 454
WY 24T BR A\, B85 P60037 ) , HELik 2, /Bt 2% %% il
(choline acetyltransferase , ChAT) HTIRFIZEREE [ 43
(connexin 43 ,CX43) Fi & (v [FH 1 B R E W HARA
BN AL 5 2. bs-1833R, bs-0651R ), 111 2 4 %t
IRDye 800CW T (TR M P2 45 £ W) TREA BR A
F]LHE L V926-32211) , Alexad88 I i B, 1eG ( 25
Jackson A H], 575 :706-545-148 ) , Alexa594 I
1 1eG ( Z£ [ Cell Signaling Technology 2\ ], 55 5 :
8889s) ,MOR 4 F 1 18 o 7 Py M Mk Bk 2 ( endomor-
phin-2 ,EM2 ) #1 DAMGO ( & [ MedChemExpress /\
] A5 1276124005 78123-714) . BCA % L4
BR&(FER S REYWERARAL A, 175
P0010) ,HiScript I Q" SuperMix for qPCR 7] &
Crpr VA MR By A BR A W), B 5 R223-

01).
1.3 FHix
1.3.1 g Aa®EiE 7 HIEFHEME SD X

PRI s T 5 T 2 L 22499 (30 mg/keg) BRI, 28 720
B T E KR A PR K, TR 4% Z R,
B D B, T 5 22 e pe 9O AL A Ge
SR (CARY 3 L XRG4 H) F5TE 1CG (1L
SERRTEAREE IR R 6 R (JHT Western blot Al
RT-PCR 35 Kl 1E % K B MOR 1& ICG 1 %35 7>

4i) ,Normal 4 . AF # AF-NS 24  AF-EM2 #1 fil AF-
DAMGO ZH K FR45 8 Ho HUR I fe 28 2k B ER /KW 132
Ja B O T s 3 A BRO A, 43 B R BR Bk
FRH K, O B 2245 0 D7 ZE TR R DK L T s ik
I e BRAR S Lo o J BE R I 4, LG = UL, PRI A
HEML B FHAE T BH M X BRA1 L, F - 80 °C KA IR AT,
T AW 2e 925, 807 MOR s %0 b 8t
Zf (atrial fibrillation, AF) [R50

1.3.2 Western blot 23 B AHL, IMAGE =R
i VRN R 1 AT 1 SRR 5 M (100 = 1), BY A2 21,
A3 K EEE 30 min, 4 °C .12 000 r/min, 5.0 30
min, W HC FIEW . T BCA 2 A IR & & 4R
FIVREE BB A2 VE R o B F i 1 SDS-PAGE ¢
JEHAT UK I S 152 #8 3) PVDF JEE |, 5% MRS
e M 2 h J5, 40 & F —$t b MOR i {
(1:5000),CX43 HifA (1 :800) 5 GAPDH $i {&
(1:5000),4 CHIRT R, F TBST &% 3 Ik, &
K 8 min, B E FAHN —Hr(1 : 15000) H, F=
TR REEE N 2 h, TBST EEPE 3 1K, K 8 min,
FARLL AN 8 R G /5 . Western blot 45
Fefdi ] Image) 47K BEAE 7347

1.3.3 fhRRAAZLFRE  BUHEELFR.0
Uk, 28 30% FEMEVS I DIREIG 1 b 08 B8R0 %L 43
B ESIIKFI K, O B A A0 B ZE R -
REERIK KA AR T, B B R TS
BRI O HR IR SR ST A KR A D H
SO B S REAT VKR R (& 40 wm) o Y R 7E
4 0.3% Triton X-100,10% 5" [fil 3% 1% 0. 01 mol/L
PBS i3] 30 min 5B T —$0H RN : R eSO
br 4 8 41 f&: ChAT i {& (1:200), TH i &
(1:1000),.CGRP #i & (1:500) =% SP #T {&
(1:200) 5 9 % 29 06 AUAR G 4 5T 4K : MOR 47 (&
(1:500)/PGP9.5 HL f& (1:200)., MOR ¥t &
(1:500) 4355 ChAT 477 {4 (1 :200) ,TH $T{&
(1:1000), CGRP %t #& (1:500)., SP #i &
(1:200) XAx, Hrp PGPO. 5 1y &b il # 48 ot
ChAT 1k by @Il 22 J8& il 28 76 TH Ay 38 [ 48 90
CGRP F1 SP A Mgt 22 oohmic, bk i & 10%
G4 M7 0. 3% Triton X-100 3% 0. 01 mol/L PBS 1
PUIATR BT 4 CHEH 24 ~48 hy 5 " Hi i :
Alexa 488 JP4iife IeG (1 : 500) 5 Alexa 594 IP3i K
B IgG (1 2 500) , ZE R EHE T 3 ho &R Z 1A
F1 0. 01 mol/L PBS sk 3 ¥, 457K 10 min, [k
FOCE R FREFfE, R PG R B R
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1.3.4 qRT-PCR %% F -80 CrkFluH 414,
{87 1] TRIzol — A yE 2 RNA , 2 B85 2 13 0 1k
T, 15 5] cDNA, DA AR 1547 52 i 28 6
it PCR 74,20 wl PCR S WA FR : cDNA #ifiz 2 pl,
RNase-free ddH,0 7.2 pl,2 x ChamQ SYBR Qper
Master Mix 10 wl, FUE519) 0.4 wl, FiiE5 4 0.4
wl, PCR JZ B F2JF:95 °C 3 min, 1 MEH;95 C 10
5,60 C 30 s,45 MEH;95 C 15 5,60 C 1 min,95
COFE, 1 ADIHER;40 C 30 s, FrHGIYITF IR
MOR, I % GACCGTTTCCTGGCACTTCT, T i
TAGGGCAATGGAGCAGTTTCT, F=4) Kk /N A 255 bp;
GAPDH, I Ji# CCCATCTATGAGGGTTACGC, F i}
TTTAATGTCACGCACGATTTC, fii i & B GAPDH
FEPRER NS, TN 45 oI5 43 S A 1 il 4 Fn i
fif M2, (AR 0 SRS LA TR Co (B, HFHR IR
AR AC, =C( HRYREER) - C(NZSEEH) F1 AAC,
= AC, (WFFE4L) - AC, (XFIR4L) T 274,
T SE PR ARG ek /K o

1.3.5 RT-PCR %% Ht1.3.4 529658 5 PCR
SV ASHG I DNA FEASHA T B AR B EE RS fi Uk < Bifi
B50.65 g,1 x TAE ZEph 25 ml, Y4k} 2.5 wl,DNA
FEA 6 I, f65 & 110 V, LK 45 min, FEER SR R S0
R

1.3.6 Shoyuafe AF BEAHE  KEBEVLD A
1EH 2 (Normal 4) (AF BHEIZH (AF 4H) 7 50 %) BE
2 (AF-NS 41) .EM2 25940 ( AF-EM2 41) #l DAM-
GO 2594 (AF-DAMGO 41) , 441 8 H . Bf Normal
AN, HAR A 535145 0. 1 ml/100 g f9 711 5 o %
52 # ik 1 41 Ach-CaCl, ( Ach 66 pg/ml . CaCl, 10
mg/ml) VR GRS, AF R, B RVEST 1 WK, i 20T
17 d, AF-NS 41 AF-EM2 411 AF-DAMGO 41 7£7F:
B 4 K, R bk Ach-CaCl, V&4 W HT 10 ~ 20
min , 5351 F& # ik 78 5 AR FEER 7K (1 ml/kg) (EM2 (1
mg/kg) .DAMGO(1 mg/kg) ,FF K 1 IR, &L 4 d,7
BERSH HAL T R £ 0SB G 1
1.3.7 e BRS04 EHEERET, MR R
HATIRIEE IS , % 3% BL420N 55 RE SRS,
FTEARE 1100 HL 18], 2210 5% 5 min, SRAE KRR
FEAH O BRI B R B R KT 5 10 26
TR AR BUREE G , St AaifE 130 A S min,

Foe SR T IUY R S & B A 259, FEid sk oK R
DHEL RO R E B IEH K F R EIE R 3 ~5
min, DU BRI P g 2% o B B R-REHAS
D HEN AF 75K B BIbR

1.4 Zit=403E  ffi ] SPSS 22. 0 bk AT 481t
53#1, GraphPad Prism #0250 « =5 3R
N CYBARFT A RS A, HW R 7 22 55 YRR, 21 [A]
FE AR FH LR R J7 2237 (One-Way ANOVA) 5
PP LR ] Tukey 5, A5 IR FHAE 2 850k 56, 79 799
R ST FEAS ¢ 405, LA o =0. 05 ke B brifE,
P <0.05 h2ERAGIHEXL,

2 H#R

2.1 ICG MLEME 24 Ryt ags
R 1CG H IR T ARLE 16 ~50 pm Z (0] JE4S
ZHE, R ETE METE s 2 AT KR, i T —
fill, 32 5 ChAT 5 TH FHM:, ChAT FHM:#f ot DL
HA% 20 ~50 wm B EAHIH T, TH HPERR I AT
FIR T HAR 20 ~50 pum 9 40, H AT R0k T HAR
7 ~15 wm BYERGECANML , AR A/ NRDTEOCHM . TE
ICG Hra] %% ChAT [ TH ,CGRP F1 SP Z&4RiC 4 FH
PRI LT Y, 7 4 n] o3 A T AP 2o iR Z 1], 353
P LT YEAR A SEE A SR L& 1)

C D

1 EEKRICC REXAMB TN RBEIALRE x400
Fig. 1 Immunofluorescent staining images of different types of
neurons in normal rat ICG x400

A: ChAT; B: TH; C: CGRP; D SP.

2.2 MOR # ICG HpyRiEF4r% MOR 5%
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JUARICH) PGPI. 5 e 5t e (4 2R I 7n , MOR 4
PEBH PR 1) 203 A Tl 22 e M iR b, 8 L Tl 22
LRAEN . BUERELE A FHPE X R 0 3 WILVE S BR P X
8 RT-PCR Fll Western blot 3E1E 0> 52 Ji B 2H 27 $i2 B
Yyebks N 2 H A B 255 bp ) MOR mRNA %% 5%
YA MOR 5 5P 2 1 1Y B8 S I 2t (4 F i 0
55 ku) (K 2), MOR ¥ )z i A ( MOR-immuno-
reactive, MOR-ir) 4 ifg F 2 5 ChAT ¥ )z v A
A TH A2 B0 BH A 20 i 2 A, MOR-iv 41 ffd ] [ 7]
UL ChAT G5 SN FFE: P et 22 2F 4 KRR, R AL
(G e S B = TR 4T ik (Bl 3A1.B1.C1) ,
2 LT WL MOR/TH RUBT: ) B 28 £F 4 A AY
(E3A2 B2.C2), FEMZT W] UL SP Fil CGRP [H
PELTYE M TR 2 A 2 (], AR 2 21 4R
A FEI S8 7E MOR-ir 2 i i) A< Ji] 1] ( /&1 3A3 B3 .C3
A4 B4 .C4),

A PGP9.5 MOR Merged
B bp a b c d e
300—»
200—>
100—
C b

a ku
vor | e B | 55

GAPDH ‘- ---,-136

2 EEXRICG f1 MOR HI%RiA
Fig. 2 The expression of MOR in normal rat ICG
A Immunofluorescent double staining of PGP9. 5 and MOR in nor-
mal rat ICG x400; B: The expression of MOR mRNA in normal rat ICG
detected by RT-PCR; C: The expression of MOR protein in normal rat
ICG detected by Western blot; a: Spinal cord; b —d: Atria; e: Ventri-

cle.

2.3 KR AF BREEESL  Ach JE # @ E A]
Yok AF, CaCl, W J3E Fr) HR S8 i nl 3 30™ 5 A g 4

IMAE , 5 REES 3L, R, Ach 5 CaCl, B FH AT
SFEUEL FER T BT, thEh I B — B, 15k AR, AR
S R W DK T Ach-CaCl, Y8 5 30 A J7 125 2 5T
AF R, IE# SD R AR it BT N ] 4B-a fiT
7SRO HLO HLE PO, R-RTR) R0 5 4 25
Ach-CaCl, RS WG KEOHEIE B SEEOEE N AF
O, REBAL Y PRI 28 f 80 B R-RJB) B 55
(& 4B-b),

2.4 MOR 7 AF X ICG iyRiEEWL Kt
5% MOR 7 AF HigfE ], i S50k F qRT-PCR % |
Western blot $E&1 MOR £ AF K ICG &3k
Ak, R ER, AF 4 KB ICG H MOR [ mRNA
kW) 2 Normal ZH 1) 29.85% (t =7.54, P <
0.01) ,MOR B9 H ik & & Normal 25 %) 54. 49%
(1=3.82, P<0.05) (& 5), %W AF Kk i I1CC
MOR ) mRNA FIEE &5k B EAR.

2.5 MOR #H#h#xt AF LR N KRB
WK TS Ach-CaCl, {RAWUE - OB E A AF 3%
T B A IR S A TR BOE B IR [R] S AF 25 i
], Je AW AF @S2 UK T T B ah
RO E SR bR . AT i e i Ik 1 4 MOR [
SPEREN EM2 Fl DAMGO #8357 HXE AF (152100
R T 2 R B R ZHZ R ERA G R
X (F=23.68, P<0.001) ; Z & LI R Bon
Normal 20 TG AF %4, HiAth 4 205 Normal 20 K R AF
BRI HL 2% 5 55 B X (3 P <0.001) 5
AF-NS 2H AF $2:0f[a] (14.52 +3.18)s 5 AF 4
(14.54 £3.95)s ML Z S G it 2= 3 L (P >
0.05) ; 5 AF-NS 41 #H It , AF-EM2 4 1 AF-DAMGO
20 AF 2 E) 435046 %5k (9. 35 £3.18) s F1(8. 98
+3.13)s, ZRHYAA LI E L (P <0.05) (A
6) , 47 MOR B85 ] LA 4as AF FR2EIf[H]

2.6 MOR Fzh7|5t AF KR CX43 FRiZR 0
O PR EM S AF B —> 3 SRR, 8] B R A
(gap junctional proteins, GJPs) 4750 AL 40 Jd 17 e
e e i A R R E AR, Ry
2o ITE R R ZH Z 8122 55 A Gt 8 L (Fryg
=20.34, Fyueo =19.56, ¥ P <0.01); ZE LK
SriraE B g o8, 5 Normal 2HAH L, AF 2H 5 AF-NS 28
KEALHRE Y CX43 Fak B FEAR(P <0.01)
AF 4 5 AF-NS HERKRZ RG2S EX (P>
0.05) ., AF-EM2 24 Fil AF-DAMGO 2 4 41 2 it 49y o
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Al A2 A3 A4
Bl B2 B3 B4
Cl 2 C3 C4

B3 EEBREXRICG # MOR 5REXEHETIMEMRBHLAEMIRRE x400
Fig. 3 Immunofluorescent double-labeling images of MOR with different neuronal markers in the normal adult rat ICG x400

Al — A4. MOR; Bl: ChAT; B2: TH; B3: CGRP; B4. SP; Cl ~C4. Merged images of MOR with ChAT, TH, CGRP, and SP.

P wave fwave RR interval
a b

B4 XRAF ERZIEFOEEZLERL
Fig. 4 The changes in electrocardiogram before and after establishing the AF model in rats
A Rat connected to the BL420N signal acquisition and processing system in order to record standard lead I electrocardiogram; B: Following tail
vein injection of a mixture of Ach and CaCl, , rat electrocardiogram transitions from sinus rhythm (a) to AF (b); Starting from the first QRS wave, P

waves disappeared and were replaced by continuous f waves, with irregular R-R intervals.

CX43 Rk EIHliE AF-NS 41019 2. 07 f12.06 £5, 22 SURIEILAS Lty Fdyaeor e 200t HAE Y
S SETHE (M P <0.05) (17) 4% MOR 25 kb J/MAERI R 22 814 FFAS )™, 26 K BUARI DS
FFIAER LI CX43 f92ik. R 8Pt 10 B4 1 T SN D
3 R B JE BE R A B R 107 47 1CG

AN AR S D RE AN & AT s B AN [R), AT o0 LA 4 2%
1CG B HES I 24 10 P AR ZE T B, X 2B 4 e ChAT BHE: A9 R B RE #2800, TH FH I 19 B E R KR i
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15¢ Is-
= 8
g 2 o ku E
5 1oF S0f =

2 MOR | S 40 D 9% S e | 55 = .
< i ]
GAPDH - --‘ 36 2

Z ost - | £0st L
=) *ok (5]
=4 — - o
g ki
Q

0 a b . 0 a b

B 5 MOR 7 AF k5 ICG kit oL,
Fig. 5 Changes of MOR expression in ICG of AF rats

A: MOR mRNA expression levels in two groups of rat ICG detected by qRT-PCR (n =3) ; B: MOR protein expression in two groups of rat ICG de-

tected by Western blot; C: Comparison of relative MOR protein expression levels between two groups of rats (n=3); a: Normal group; b: AF group;

“P<0.05, **P<0.01l vs Normal group.

A a
b
c
d
e
B 20r
sskok sk
15t I T
=
5 ok P
E 10f T T
s}
a9
<
5 -
0
a b c d e

B 6 MOR #zhIxt AF £ 5 8] &Y 20
Fig. 6 Effect of MOR agonists on the duration of AF
A Representative electrocardiograms from each group, scale =3.2
s; B: Statistical analysis graph of the duration of AF in each group; a:
Normal group; b: AF group; c¢: AF-NS group; d; AF-EM2 group; e:
AF-DAMGO group; ** * P <0. 001 vs Normal group; *P <0.05 vs AF-
NS group.

P20, F2 3k SP Fl CGRP %5 JHk 244536 I 11 JB% 5 #h 42
JG, A% 6 ~15 pm [ TH 3 FHPESRZOEANIE ., X
S 28 T T R A S 28 A0 R A2 Sl 22 %o O IR T
IR R R b R 4 R

T HFSGE MOR FE .0 I 1 3635 5 0 A, AR5

https://www.cnki.net

A a b c d  ku
o ]
GAPDH | (D . - |36

B a b c

[ ku
oo I -
GAPDH |i - -_|36
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O
s 10fF ™=
8 ;
g T
&
o 05F
E ol Hkok
E — —
Q
o~

0

a b c d

D 151 DAMGO
o
>
< 1ot T
8 #
§ T
1)
5 051 EEEY
g sk -I—
= o
Q
(-7

0 a b c e

E7 MOR #EhFIx AF X CX43 RiZpIZ M
Fig. 7 Effect of MOR agonists on CX43 expression in AF rats
A, B; CX43 protein expression in tissue extracts from each group of
rats detected by Western blot; C, D Statistical analysis of Western blot
results (n=3); a; Normal group; b: AF group; c: AF-NS group; d;
AF-EM2 group; e: AF-DAMGO group; ** P <0.01, *** P <0.001 vs
Normal group; *P <0. 05 vs AF-NS group.
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B 4ok A RT-PCR Fll Western blot J7E:3ERH T~ MOR
() mRNA FLSEE H E2RE T 05 GRS, 0
FALHILT I F L, KEERE Wittert et al''' 7E
KB LAY TS 45 5 —%%, {H. Treskatsch et al''? %
I MOR ik T8 A K RO WUA L I 2, X
Al REE O IEH MOR 1) 3R IXTEA [F] & & Bir BeAA ]
Yyl 18] BA 22 50, Mousa et al'* 238 MOR 1&
BT R B UL L B S | b 22 2 4 A IR | Rl A2 S A
TR 2R TTH FRAR , A SRR A8 SR A 22 g T 0 P A
2 45 (1) L EEAH AR, 1CG 2 M 48 i %0, Rt
AT RE— 202k e o e g 407 5 B] T MOR
FEREICG ik, H 32550 A1 78 Bl 38 JEFN 52 8 pf
ZIum MR, OE B RS RS C R AR AT
9% AF 2307 G A4 5, MOR J& B R 28 25 W) 7E
CFEWE T R AR 1 1 A s
Z BT Ach-CaCl, 1B 55 AF LR, K31
AF 2 KB ICG h MOR mRNA Fl17E [ 33k 5 Y B¢
i, $&78 ICG h MOR W] Rl ik [ £ 4 28 2R 58 47
DI T IHE

PR PR RIS IEAE BT 52 A4 20058 3 5 R 1Y
B | 2 ARG & R E A A2 PRVE R . AR AR Ah
SRS % B MOR (DOR H1 KOR # &)y 5 1 b
FRYSEA O IR VE T, # WkE S 2E 25 M MOR 8L
BFZF R e AT 4 g ek R B0 ik P 2 K .0 2 B B
{t") ,DOR 3857 deltorphin I AT BA il i 4 /0 1
JH ST AR, KOR 34857 US0,488 W] i [ ik il
PERIFRHETE MR O A e R CX43 2 JUE ER Y
GIP £, 78 AF Y 8UFN AF B350 A b B
ETPY ., AWFIEas R B MOR $#3h5] EM2 Al
DAMGO REFEAIR AF FEZEmfa], IF{EF AF FHOCHE
CX43 [RIE , 3R BT 7 225 Al REJ2 T A BT O R
YR TEAR L o (HH BRI 4 75 2k
—BRABF .

[1] Headrick J P, See Hoe L E, Du Toit E F, et al. Opioid receptors
and cardioprotection-‘ opioidergic conditioning’ of the heart [ J].
Br J Pharmacol, 2015, 172(8) : 2026 —50. doi:10. 1111/bph.
13042.

[2] Maslov L N, Mukhomedzyanov A V, Tsibulnikov S Y, et al. Acti-
vation of peripheral 3,-opioid receptor prevents reperfusion heart
injury [ J]. Eur J Pharmacol, 2021, 907. 174302. doi: 10.
1016/j. ejphar. 2021. 174302.

[3] Maslov L N, Khaliulin I, Oeltgen P R, et al. Prospects for crea-

(5]

[7]

[11]

[12]

[13]

[14]

[15]

tion of cardioprotective and antiarrthythmic drugs based on opioid
receptor agonists [ J]. Med Res Rev, 2016, 36(5) : 871 —923.
doi; 10. 1002/med. 21395.

Mousa S A, Shaqura M, Schiiper J, et al. Identification of mu-
and kappa-opioid receptors as potential targets to regulate parasym-
pathetic, sympathetic, and sensory neurons within rat intracardiac
Ganglia [J]. J Comp Neurol, 2010, 518(18) ; 3836 —47. doi:
10. 1002/ cne. 22427.

Aksu T, Gopinathannair R, Gupta D, et al. Intrinsic cardiac au-
tonomic nervous system: what do clinical electrophysiologists need
to know about the “heart brain”? [ J]. J Cardiovasc Electrophysi-
ol, 2021, 32(6) : 1737 =47. doi: 10.1111/jce. 15058.
Pauziene N, Ranceviene D, Rysevaite-Kyguoline K, et al. Neuro-
chemical alterations of intrinsic cardiac ganglionated nerve plexus
caused by arterial hypertension developed during ageing in sponta-
neously hypertensive and Wistar Kyoto rats [ J]. J Anat, 2023,
243(4) . 630 —47. doi; 10.1111/joa. 13877.

Scherschel K, Hedenus K, Jungen C, et al. Impact of the ablation
technique on release of the neuronal injury marker S1I00B during
pulmonary vein isolation [ J]. Europace, 2020, 22(10) ; 1502 —
8. doi: 10. 1093/ europace/euaal59.

Durdes Campos I, Pinto V, Sousa N, et al. A brain within the
heart: a review on the intracardiac nervous system [ J]. J Mol Cell
Cardiol, 2018, 119: 1 —= 9. doi: 10. 1016/j. yjmcc. 2018. 04.
005.

Shen M J, Zipes D P. Role of the autonomic nervous system in
modulating cardiac arrhythmias [ J]. Circ Res, 2014, 114(6):
1004 —21. doi;10.1161/CIRCRESAHA. 113. 302549.

Shen M J. The cardiac autonomic nervous system: an introduction
[J]. Herzschrittmacherther Elektrophysiol, 2021, 32(3) ; 295 -
301. doi:10.1007/500399 —021 - 00776 — 1

Wittert G, Hope P, Pyle D. Tissue distribution of opioid receptor
gene expression in the rat [ J]. Biochem Biophys Res Commun,
1996, 218(3) : 877 —81. doi:10. 1006/bbrc. 1996.0156.
Treskatsch S, Shaqura M, Dehe L, et al. Evidence for MOR on
cell membrane, sarcoplasmatic reticulum and mitochondria in left
ventricular myocardium in rats [ J]. Heart Vessels, 2016, 31
(8): 1380 -8. doi:10.1007/s00380 —015 — 0784 - 8.

He SF, Jin S Y, Yang W, et al. Cardiac p-opioid receptor con-
tributes to opioid-induced cardioprotection in chronic heart failure
[J]. BrJ Anaesth, 2018, 121(1): 26 - 37. doi:10. 1016/j.
bja.2017.11.110.

Kunecki M, Oleksy T, Martynéw J, et al. Remifentanil but not
sufentanil induces cardioprotection in human ischemic heart muscle
in vitro[ J]. BMC Pharmacol Toxicol, 2023, 24 (1) :25. doi:10.
1186/s40360 - 023 - 00660 - 3.

Mukhomedzyanov A V, Tsibulnikov S Y, Maslov L N. Compara-
tive analysis of infarct size limiting activity of k-opioid receptor ag-
onists in in vivo reperfused heart [J]. Bull Exp Biol Med, 2021,
170(5) : 594 7. doi:10.1007/s10517 =021 - 05113 - 7.



ZHEAKFFIR  Acta Universitatis Medicinalis Anhui 2024 Dec;59(12) - 2169 -

[16] Lv X, LiJ, HuY, et al. Overexpression of miR-27bh-3p targeting Cell Longev, 2019, 2019. 5703764. doi: 10. 1155/2019/
Wnt3a regulates the signaling pathway of Wnt/-catenin and atten- 5703764.

uates atrial fibrosis in rats with atrial fibrillation [ J]. Oxid Med

Expression and distribution of p-opioid receptors in intracardiac ganglia

and effects of its agonists on atrial fibrillation
Liu Haifan, Xie Yushan, Wan Faping
(Dept of Human Anatomy, Xuzhou Medical University, Xuzhou 221004 )

Abstract Objective To explore the expression and distribution of p-opioid receptors (MOR) in intracardiac gan-
glia (ICG) and the effect of its agonists on atrial fibrillation (AF). Methods (1) The chemical anatomical charac-
teristics of ICG in normal SD rats were studied by immunofluorescence single staining. The expression and distribu-
tion of MOR in ICG were detected by using immunofluorescence double staining, Western blot, and RT-PCR. 2
Forty male SD rats weighing 250 —300 g were randomly divided into 5 groups: normal group, AF model group ( AF
eroup ) , solvent control group ( AF-NS group) , MOR-specific agonist endomorphin-2 (EM2) drug group ( AF-EM2
eroup) and DAMGO drug group ( AF-DAMGO group). The AF model was established by tail vein injection of ace-
tylcholine ( Ach) and CaCl,, and drug intervention was given during modeling. The duration of AF before and after
drug administration was monitored by collecting electrocardiograms. The protein and mRNA expression of MOR in
ICG and connexin 43 (CX43) in atrial tissue were detected by the method of Western blot and qRT-PCR. Results
(D Peptide nerve fibers positive for substance P and calcitonin gene-related peptide were found in the ICG, along
with parasympathetic neurons positive for acetylcholine transferase and sympathetic neurons positive for tyrosine
hydroxylase. The mRNA transcripts and protein of MOR were expressed in the atrial posterior wall tissue. MOR im-
munoreactive products were mainly distributed in the cell bodies of ICG neurons, primarily in parasympathetic and
sympathetic neurons. (2) Compared with the Normal group, the expression of MOR mRNA and protein in ICG of the
AF rat decreased (P <0.05). Compared with the AF-NS group, the duration of AF was shortened in the AF-EM2
group and AF-DAMGO group, and the expression of CX43 increased (P <0.05). Conclusion MOR is mainly
expressed in sympathetic and parasympathetic neurons in ICG. The expression of MOR decreases in AF rats. MOR
agonists alleviate AF.
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