| T T | —— (. [ |

[ 7R BE 2% 44 & Chinese Journal of Pain Medicine 2025, 31 (9) ° 669 -

doi:10.3969/].issn.1006-9852.2025.09.005

B F

Mrgprd 183 NF-xB 18 B& 2] 5 28 259 pr 2
AR AL AT 7T *

%® FET & iE Dk A B AP
(R azim R ar B 2 B i @ e = e 2 R, i 200092)

ﬁﬁ E [ RAY5| AR HES (opioid-induced constipation, OIC) 2 Il /K FF Fr 35 25 4 7 B 6 % LA B
FRL, HALE EEH K u R Z R (n-opioid receptors, MOR) By & o i b 2 4. BRI: it
Mrgprd ( —FFRERA T ERGETH GEEEKZIR) £ OIC FHIEANS . FHik: @@
«m@@%%ﬁT&%%%%omﬁM,% % & Mreprd 28 H &4 (KO) /N R A7EF &£ AL (WT) MR, 3 HE
BoAE K O9AT N F AT MEALHE. HEPF 2R RAFAFHATRN. 4R Mrgprd Stk B F%
Y OIC AN R EAER, AN BERESCAKER bn, [ 6 igiE 2505 80tk B 401007 08 B 2R D
sh4h, Mrgprd 4k % B 2 A% T M7 & 40 /~% -6 (interleukin-6, IL-6) &y _E AT, X —itf &l d A4t 5%
& ¥ NF-xB (nuclear factor-kB, NF-kB) i # S I 6. £518: Mrgprd 7 ¢ 18 1 8 4% MOR ik & g8 1 &
RIESE OIC & &, BT 8 B Mrgprd 7677 OIC 3 T # 3Lk ¥
XA Mrgprd; FTA XA MAE X MAERL M n MR 2k, WARRE; KIE; %% KE T NF-«B;
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Mechanistic study on Mrgprd regulating opioid-induced constipation via the NF-«xB pathway *
GUO Xiu-qian, DONG Hai-ping, JI Yun, MA Bing-jie, LIU Qiu-li, MA Ke *

(Department of Pain Medicine, Xinhua Hospital Affiliated to Shanghai Jiao Tong University School of Medicine,
Shanghai 200092, China)

Abstract Opioid-induced constipation (OIC) is a common adverse reaction with clinical opioid administration,
and its mechanism mainly involves the activation of peripheral p-opioid receptors (MOR) in the intestine
and local neuromodulation. Objective: To explore the mechanism of Mrgprd (a G protein-coupled receptor
specifically expressed in dorsal root ganglion) in OIC. Methods: An OIC model was established in mice through
subcutaneous injection of 40 mg/kg morphine, combined with the use of Mrgprd knock-out (KO) mice and wild-type
(WT) mice. The constipation-related behavioural indices, intestinal tissue morphology, and the expression of
intestinal opioid receptors were examined. Results: Mrgprd deletion significantly alleviated constipation
symptoms in OIC model mice, as evidenced by an increase in fecal quantity and water content, as well as
a significant reduction in lymphocyte infiltration in the intestinal mucosa. In addition, Mrgprd deletion significantly
reduced the upregulation of intestinal interleukin-6 (IL-6), a process mediated through the nuclear factor-xB
(NF-xB) pathway. Conclusion: Mrgprd may be involved in the development of OIC by regulating MOR expression
and intestinal neuroinflammation. This study provides a new theoretical basis for the targeted regulation of
Mrgprd in the treatment of OIC.

Keywords Mrgprd; opioid-associated constipation; intestinal p-opioid receptor; neuromodulation; inflammation;
nuclear factor-kB (NF-«kB); interleukin-6 (IL-6)
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Bl v 28 24 2 s PR VA T Hh B R P I itk 24
Y, o WA R Rz — M ——Fi 25 1
i F (opioid-induced constipation, OIC) ! ™ = ] |
AT 2 24 0 P s PR A6 FE R8N AR A B0 AR S5
i) OIC 7 X, Ml R0 55 HEE s> R
71, B HE AN e A KR E R B AR AR S RE R
OIC WA A: T EIH PR B v R 25 WiBas A ) B
K (n-opioid receptors, MOR), 1l B Jiz 4% 211 F1 43
WA T, SR, MOR [ B BEE AN L LA A 1R
B OIC R ZmBENLE] . IR, WiEE .
Je BB 8 9 RE A 7 38 4o 8 R TE OIC kA it B 2L
{/Eﬁﬁ [BNIO]O

Mrgprd (Mas-related G protein-coupled receptor D)
SRR R RRIA T ARAH 2215 (dorsal root ganglion,
DRG) 1 G & A 5 Ik 5 14, Mrgprd+ DRG #& DRG
HUNEARIEIRRESIZ TS, S 5. SRl
PEAE L, [F] It 11 S AE A 22 R 45 A0 i 1 D e
HABEEER ", HHFREYW, Mrgprd 1% K5
IRIE R TARN B IG S, AN REIE /N R E
KRR . 85, Mrgprd+ DRG il #5 2
Jo i S 0 22 0ok R N R E 2 3 U AR
Mrgprd & 75 i i #2118 MOR [HRIE B 2GRS
Z: 5 OIC AR WH . AW 5T B EIR DT Mrgprd 78
OIC HHIfE ML, 2 A3 70 Hr Hof i i MOR 2%
AR A A RAEREEER, AIFR B %01 OIC
TBYT R SR AE B AR

DI

1. SIS A AL

CSTBL/6J fih Z/N R E i & LI sh
PRSTAE A A, SZU0I% ] 6~8 Ji W Bl 4 ik iy A= 7Y
(WT) /N, #REE 20~25 g, JL48 H. It4h, Mrgprd
BRI R R (Mrgprd KO) /)N B EH e 552 0 98 K 27 A2 fn i
SRR L AR LI E M . BT SEI /N R

x®1 51975
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Fr T A I8 K 5 R 2 Bt B T8 s e I Bt S 56 3l )
oo BHH S SI0 A /N R R TER 22~24C ). B
T (50%~65%) FhEE, 12 /NEHERCE PR IR G IR
CFEATHF A EREH 8:00 am~8:00 pm) ZEFE5h4) 1E
WAER A WIRANRE S R—%, NEEKE
TR, AN E BYOK, B i bsrER R
SRIEFIRS A 320 mm X 210 mm X 160 mm, Zh¥d FHVF
AMES: XCXK (U7) 2022-0009. A 5% 5 K
BT 34 S 56 20 BR 4= S8 A6 NIH 5256 204 47 28 F1
4R R, JF ol b 22l oK 2 B 5 B B s B
RV EAEHEZ R 2FZ (REFHS
XHEC-F-2024-032) . SIS iT5#/ER LU AT RE ek
/U SIS 240 () A e ARk B A FE 0 S
2. EEESIGAN AR AT
SEI ¢ 6 5 B PCR £ 4% (Thermo Fisher Scientific,
QuantStudio 3); FEH K (KAL) ; ALY
(KfE) ; Image Quant AI600 %1% 1% (General Elec-
tric); Trizol (Thermo Fisher Scientific, 15596026CN);
Wi SR £ (Takara, RRO37A): w57 qPCR 5]
TB green (Takara, RR820); %K H 4> F & marker (ff
g, WJI01) ; HEHERMH CGExR, PO0I3K) ;
EEMMEFNEEY (R R, P1005) ; IR
IHIF (B K, P1082) 3 —BikEEicHl s
i, PG212) ; SDS-PAGE L FEZEphil (3 %K,
P0015L) ; anti-NF-kBp65 (CST, 8242T); anti-GAPDH
(2B, R1210-1) 5 $if IgG —$T (ABclonal,
AS014); 122K IEEY) (ECL; biosharp, BL523). 514
A 1.
3. LR T E
(1) OIC FEAI I EENT: 3% HUHF A= 7Y 4 /N BRI
BEALSY A 4 20, AFEXTHRA (ctrl). PMELE 2 1 R4
(morphine 1 &) . HEZA 245 2 K4 (morphine 2 K) «
Ny HEZS 245 3 R4 (morphine 3 K) , &6 H. 14
MESE 2440 /N A H 3252 2 G5 40 mg/kg Rt ik
RS, EARESLEN 1R 2 KRE3 K,

51914 FK Primers name

5|95 %1 (5'-3") Primers sequences (5'-3")

Gapdh FP
Gapdh RP
Oprm1 FP
Oprm1 RP
IL-6 FP
IL-6 RP

CCAGCCTCGTCCCGTAGACA
CGCTCCTGGAAGATGGTGAT
TCTTCACCCTCTGCACCATG
TCTATGGACCCCTGCCTGTA
TAGTCCTTCCTACCCCAATTTCC
TTGGTCCTTAGCCACTCCTTC
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DR S AN [ Bsf i) A PR 205 85 %o SR 2B /) % 0 7 4 [0
TF) A5V B A PR R P 2R B R K BEAT AT X R, AR
SEREFRH, SN BRI — BORAS DL AGR(EARRAE, i
SRS 25 /N SRS AE P AR Rk T S, DD
A TR A TS BRI . 3 K, 4 ZH/NRRGE—BUKE
BEAT 5 80 T 5206 . OIC #6574 57 S 06 3 72 &1 L
K.

DA b 3 nh iy 24 25 {8 i A 7™ L P 2L ) A DR A
TULH (P S hr e, 6 EEEFAE R (WT) /N R 5 Mrgprd
F AR A (KO) /N RUE OIC 1 PRI Z 5. # /)
RBENL N 4 21, GFEE AR IEA (WT ctrl). B
ARG AL (WT OIC). Mrgprd w5 B4 B % R 41 (KO
ctrl)s Mrgprd mifE A IERIZ (KO OIC), &4l 6 K.
MEZE/N BRI — FBOIRAS DL S FEBRAE, e 5 /N B
PR EFATSO, EEERES B, B
AT R 2 7585

(2) AT NI K i ThRE 24 VPl 7E OIC i&
B E], K RN R E — 28, & H O LR
BEATRRE, ARHUOKE. KSR /N R4 H
PIZEHE &, (A BT RFRRE, TR0
R (EE o BRI RMEE 60°CHEEFANT
ZfEHE, WdRFEEMNERE (FE) , HESK
HANX: BESKE (%)= GBRHE- THE) /IEE
100%. IERELERJE, ASE/NREUH SR giE, ¥
s AR RE RN E, HZERINELSKE.
TR LS R A TE KT, VAN el g 1 0 2 1
S

(3) qPCR: /MR OIC iEBE 5, HU 1~2 cm &5
JHH 2 K T ~L, 7B DRG L4054 Trizol
H) EP B, H Trizol VEFEHUFEA B S RNA, {1 H
AN EE TG RNA R FEAI R & . i Takara
S R B RNA R ¥ 5%H cDNA. 18 TG W 4%
R, ¥ cDNA #itRk . Frmtesiy GE. xmD .
TB Green qPCR &2 & ¥ A& J& RNA i 7K 4% LL A7) in A
PCR & 1, fRUF/RRTCIV5 G, W H qPCR X M £

£ ER K /I HE

——
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o, BFEVIEAARTE (95°C, 308b) , TEMLE (&
P£95°C, 158 BKEHEM 58°C, 30 %) , wff
W40 Ik, FHAER IR IR S5 R R U 28 e 5 5. F
F 27-AACt J5 554 H R R A X R A &, FFit
ITAHNMILE ., TIGER G, BRI 2 IR 7
PEY 3, DUSSUEY SR . SEIGRRE A 3 IR
B CRASHR ] Sk

(4) EARIEEEE: WT/KO /MR OIC 5,
AR 1~2 om 5 AR RAFER A . DU A
RIPA 2R 25 1 B0 ) 550 P VR 5 Y0 R 1l T il 100
FILL100:1:2 Bt #EAT 5136, UK B0 & 30 7045,
4°CF 13,000 rpm Z5.0r 10 435, HUEIEWHR A 1.5 ml
EP &1, SO Sx EFEGZM, &8I 100°C hn#k
58P A . B B 3] O % 1) SDS-PAGE #
R, 120 V 60 434 fE R HL Yk > B . DURE LR R
PVDF fi£ I, 400 mA 40 738h, H 5% W04 =i
B 1N, B EAERR R A IR R R
F NF-kB (nuclear factor-kB, NF-kB) %t 5. 77 [& $1 14
(1:1000 Fif) LK GAPDH % ik (1:5000
i) , 4CME K. N HRP FRic % — Bt
(1:10,000 ¥ k) , =HiRFH 1 /M. A ECL 4b2
B, BTG M g R H % . H image)
PEorir BbnEE A4 K BEE, SASER#TH—
fhH A .

(5) HE #eft: 1F OIC i&#¥ 3 K Ja HUH /N R &5
W, BIRGC1~2 om WIRGEL, R EUR (B 45 i 4 21
52 T H 4% 2 B W EET 24 /NEF,  BEAT W EORR E
FisK. EW . A E SIS S um BV . G
AR DA AR IR 285 — 9 2 IO 05 FOOBE B 2L IR (100%.
95%- 85%- 75%) B KAk, e Ja BT 78K P RE L.
B R IRE R . BRRE 2B KAL, SRS
TIAKEGAZ S b, ERKMBEE b, 4N
AbER . FAAR LYt Zp i 2 43 %h, Bt S R BRRE B2
Bk ZH2RE, HAPHRRE . ERMET
WS IR FNAPRIEAS o

OIC 1T A% I K f7 B Th e 1Tl

day 1 day 2

I

#37 OIC =&

1 OIC #AL g ST By e &
Fig. 1 Flow chart of OIC model building experiment
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4. gt

X H Graphpad Prism 9.5 344 3E47T 50 e 11 2
ST THEEER N £ bnER (X ESEM) FoR,
qPCR S5 SR BK 2 07 220 i, (ERAT A48 5
PR 2 &= T7 2450 i, P <0.05 AZERA S

N
S 9@
& B

1. 7INBR OIC A58 1 5 37 DA S Bk

N T R TS ML 25 J5 R AEAE AR TR], 7R /N R
PR - E TR 2 1 R 2 R4 3 R4,
BT A2 40 mg/ke, BH 2 K. i RRIK
RYGH (1R 2R, 3R) MZEE=A IR IE
IR FW D (P <0.0001), I H &2 250 ] LK,
FE(E =R R IRWR> L 2A) o SRR L,
Y525 3 RARIFE /KRR ERK (P <0.05, WK
2B) , HIFEEAERARN, FARE (LK 2D o

B Ctrl M Morphine1d M Morphine 2d

——

B Morphine 3 d
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NG, SRR, RIS MELS 2 )5 %) /)
SIS K TeRem, {H7E OIC B 2H Hhm] DARA &
MEL RN B M FEW R, S SHEER M T
EREs) (WK 20) . Xt T HE e, mI LA
e TNy g Ak B S 5 B AOTR A M sk SR bk B A
M2, $eon i MELs 2 J5 i TE e e R AE T B (L
K 2E)

2. OIC BT J5 /N B 1 MOR 3R IA 15100

TEIE B 45 0 5 0 /N B B &5 0 A AL T 4 47
HEATHURE, i 73 MOR FAH G R IA T . S206
SR BOR, HXTRAMLL, %253 K4 MOR [
mRNA KFEZE Eifl (P<0.05 WE3 , M4
Zi1 RAM2 RALEZEER. X545 RIERREE
WK JETHUESE T FIRBE R G ST R T % I A5 S /N B
DRG #1476 Mrgprd [ AHXS Rk 8T, &
I Mrgprd 7EiEM G RIE B MF &, 44252 R4 3
RAWHBEZER (P<0.01), 4253 RAZEREN
B 4% (P<0.0001).

A B
stk
! stk '
1
300 ﬂ‘ 0.5+ .
£ 0.4-
c— 3
£ % 200 8
5O < 0.3
g2 5
5o
2 E £ 0.2
8 3 100- 8
w >~ B
K
=

Ctrl Morphine 1 d
B2 OIC tAEIIEEL (72 = 6, X TSEM)

Ctrl
Morphine 1 d
1 Morphine 2 d
Morphine 3 d

D

- W e A W e o Ctr|
(¥ St S s Morphine 1 d
=L e -le o Morphine 2 d
- ® Morphine 3 d

Morphine 2 d Morphine 3 d

(A) B N RSE AEB (B) FMEEKEMZER: (C) BAUMRIEmIEE: (D) SADMEIERIES: (B)
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4l HE Gt ARER I, bR =100 pm,  # Sk Bas SR 12 i bk 2 40
*P<0.05, ***P<0.001, ****P<0.0001, A [FEIR RIS 2520 5% LA L

Fig. 2 Establishment of the OIC model (72 = 6, X =SEM)
(A) Feces production of mice during the experiment; (B) Differences in fecal water content; (C) Morphology of the colon
in different groups of mice; (D) Morphology of the feces in different groups of mice; (E) Representative photos of HE
staining of the colon, Scale bar =100 pm. The arrows indicate submucosal infiltrating lymphocytes.
*P <0.05, ¥***P <0.001, ****P < 0.0001, compared with ctrl group, the administration group at different time.
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Relative expression of Oprm1
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Relative expression of Oprm1
in rectum (/Gapdh)

B3 OIC k)5 MOR FIZRIEENL (72 = 6, X =SEM)
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B Morphine 2 d
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B
2.0+ *
I 1

£
Q.
22"
c &
E°NO)
2= 1.0
O c
g9
X O
o O
2= 05-
©
[7)
4

0_
D

2.0- | sl |

skek

-
)]
1

Relative expression of Mrgprd
in DRG (/Gapdh)
o N
o o
1 1

(A-C) OIC AL EE T 5 /NR A 45 A B Oprm1 mRNA AR £ IATEBL; (D) /N DRG A7 Mrgprd mRNA 1)

FXSFAB T

*P<0.05, **P<0.01, ****¥P<0.0001, ANIEN L5254 500 AL E
Fig. 3 Expression of MOR after modelling of OIC (72 = 6, X £SEM)
(A-C) The relative expression of Oprm1 mRNA in mouse ileum, colon, and rectum after OIC modeling; (D) The relative

expression of Mrgprd mRNA in mouse DRG.

*P <0.05, **P <0.01, ****P <0.0001, compared with ctrl group, the administration group at different time.

3. Mrgprd X OIC (50

MAS HH 11 G & FAE IS AR TE g i R ¥ —
SEMER, AT Mrgprd J& 75 2 5 1 5 e g S
FIEFL, R0 BRI R BENL 7 4 4, 435
N A RS IR ZH (WT ctrl)s Mrgprd f R 22 %) B8 241
(KO ctrl). B 2= % OIC i& B 41 (WT OIC). Mrgprd
MY OIC i M4 (KO OIC), %18 jiik 77 Rk 4T
R, M HAT AR, 4R MR WT KR
MM KO XA MIEF-FBLREEES, HEA
THHEE, 585 EXRAME, OIC Mg =4 &
YIA TR M, 5 KO OIC 4L EL, WT OIC 43 {#
FEA R R FERRL (P <0.0001, WEH4A) , WT
OIC ZH &l 5 /K & 2.3 F#(IK (P < 0.001), KO OIC A
TR A (P> 0.05, WK 4B) , f H WT OIC
PAEMAL/NEA (ILE4D) o BN 4
MK, SHMEHKELEEZER. S0,
£ WT OIC 2H H a] UL BH 2 s % [ F5 W/, 1 KO

OIC ZH F& {8 W B I G e %, #2278 Mirgprd it B 01 1
T OIC MRAE (WE4C) o xf Bk 4 4N R 451
HEAT HE Yeft, KRB WT R4 5 KO it IE 4 iy iE
gEf 2 A E W E 2R, {H KO OIC 415 WT OIC 41
FHEL, AR R s L 4R

4. Mrgprd %} 73 1 MOR ik 7K F (5

WEFLR B, BT 28 245938 1 B0 4 1E MOR,
0 E i sh A i T e, MO S BUE AR R 4
SR, Mrgprd /& 5 2 5 i #% i 18 MOR 1 R 1517
AW, N TIRFIX — ], AHE SN Mrgprd JE
A B (KO) /)N B i 7 MOR 3R IE 1 L3k 47 17 4%
Mo LR 3 R B4 NRIOA R GER A (RS
7. 45 E ) #3E4T qPCR 40 #7, #&ill MOR
REEMERIEAKFE. L RER, ERE. 4
MEmF, 5 WT XA, KO X4 & KO
OIC #1[#) MOR KRB B R KA RZELN, £
HH Mrgprd Ff 6k 2% 3 AN B2 5% W8 7 16 MOR ) 5 fil
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FIEKF. R, £ WT /MR, 43t oIC i
Ja, Bl A E RS MOR Rk & & # i
(P <0.05 WK 5A-C), &KLY aeisit

9% MOR Kk ik — B il EAEFEIR. 5 WT OIC
ZHAH L, KO OIC 4H MOR ik & 23 T~ (P <0.05,
W, B 5A-C) , #7% Mrgprd i % J5 MOR % ik &
WA T, X — 45 R W] Mrgprd 7T & 18 1 9 15
MOR HIRIEHEZ S5 T OIC KA.

5. Mrgprd Ji# it NF-kB i i 8 % 1L-6 1% it
T A 15 i 1

X ik 4 4/ R 45 i 433047 58 % 7€ & PCR 52
5, RMAEOICEME, 5 WT AL, WT
OIC ZH 1) TL-6 mRNA FKik &2 & T+ & (P <0.001),
i KO OIC AF- =AM, H'5 WT OIC 4L,
H TL-6 mRNA [ 3R ik & & % KK (P <0.001, U
6A) . BAGRIEENTER, 5 WT Xt HRALAH L,
WT OIC H NF-xB & H & ik & # i (P < 0.05),

B WT ctrl EWTOIC B KO ctrl E KO OIC
A B
400 s 0.5
AN = ek
sofotok I S 0.4
—~ 3004 0
S3 £ 0.3+
B2 2
Eg 200 }1:3
o E = 0.2
o 3 Q
e 100 5
£ 0.1-
=
0+ 0+

——

(T
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i KO OIC B &2 (WK 6B, 6C) . XFMH
NF-«B Ji# #% 7£ OIC H #5 #is,  H Mrgprd i bk v] 1)
112 388 14 ) JE S

it

OIC & —FhEE IR ESm ", R IR o WAH
el A 58 28 AR R PO R, 1 RIS N ) 2R R
It HBEE L 25 A, ERBIZHW i ", OIC 1Y
AL 32 B PR B S 24 W e i i e A 22
A G MOR W iE 42 7T, 3 BUWIE T 1 LG
B2 RE. SribTReZREL 0 TR 2 5 R 2 i
WA, A G EAL BB R, 5Lk
g RGN G PSRN ", INEEREER. R
& MOR HIAHAE FAALE] 8 2 098, (SRR
ORI ™, M- G B A ELAE R R 350 S S PR B
OIC fy R A BT S« Sl ft)— Tt T 7,

WT ctrl
WT OIC
KO ctrl

| KO OIC

WT ctrl
WT OIC

- > o W™ ® = o KOctrl

- W P

- o e= o

o P e KO 0OIC

KO ctrl
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Bl 4 Mrgprd XF OIC KI5 (72 =6, X +SEM)
(A) SEISIARINRESE = A (B) BES/KERNZESR: (O NA/NRINLSIES: (D) AR/ MRS,
(E) &l HE et QR I, F5R =100 pum, 57 Sk B RN 1R H bk EL 40
*#kP < (0,001, ***F*P < 0.0001, WT G415 WT XHEAMLEL; ™P <0.001, KO &5 WT &5 4 A1 b
24P <001, KO R KO X4 E

Fig. 4 Effect of Mrgprd on OIC (72 =6, X £ SEM)

(A) Feces production of mice during the experiment; (B) Differences in fecal water content; (C) Morphology of the colon
in different groups of mice; (D) Morphology of the feces in different groups of mice; (E) Representative photos of HE
staining of the colon, Scale bar = 100 um. The arrows indicate submucosal infiltrating lymphocytes.

*45P < (0.001, ¥***¥P < 0.0001, WT OIC group compared with WT ctrl group; P < 0.001, KO OIC group compared with
WT OIC group; ““ P < 0.01, KO OIC group compared with KO control group.
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Mrgprd 5 H Ath Mrgprs (f3%5 Mrgpra9. Mrgpra2b
&) L g uh RIS, JREd M E- R
P2 AH LA FH 5 51 i 45 A0 PR SR 1) 43 WA —
KFRo. AR E KRR T Mrgprd (— PRIk
T DRG /MNEZAEIKREFZ 0 G BRI 78
OIC HIFEHT, EEAA OIC HY R AN S 4 T8 % .

FEABIFE, I B RV S 5k (40 mg/kg) 1~3
R, B OIC /MR, FFRFTIHEAHE. 1TH
SRl R, WMELS 2 3 R AN R SR E A

——

* 675

KERE WD, B R, IR T kR
BT F 25031 A S B AE, 9 LU S
GPCR 45 BAn % 0], Lt WRALMILL, MuEAZE 3 R
Y1 MOR f0 b 200 525, 1 A0 7 E 7 A0 7
LRI HE A I KB, Mrgprd K L%
(KO) /IR OIC SRS T B8R, AT H245h7
FoR, Mrgprd KO /NELZE WS HE R § 5, (05 A
SrOKEIE WT N SR, HAh, 48150
7%, Mirgprd KO/ R it B SR 5 0 S0 >

B WT ctrl EWTOIC B KO ctrl E KO OIC
A B C
* #
15+ T " 1 2.5+ # 2.0 * #
- - r T 1 - I " !
£ £ £
S §-207 S =151
53 1.0- 53 bS] g_
é 3 é 8 1.5 é o
8¢ gc g g 10-
s 3 89 104 s 2
32 054 s 8 3
2= 2= 2 054
© F 05 ©
[0} [0} [0}
4 2 4
0 0- 0
5 Mrgprd XJJi73E 1 MOR FKIEK-HIEEI (72 = 6, X £SEM)
(A) Mrgprd X} [F 75 MOR RIE AP HI520;  (B) Mrgprd XJ 45 i H MOR R IEKFHI5200; (C) Mrgprd %f H.JI7
MOR Fi& 7KV
*P<0.05, WT GRS WT X B P <0.05, KO EMHLAE WT BRI L
Fig. 5 Effect of Mrgprd on MOR expression levels in intestine (72 = 6, X =SEM)
(A) Effect of Mrgprd on MOR expression level in ileum; (B) Effect of Mrgprd on MOR expression level in colon; (C)
Effect of Mrgprd on MOR expression level in rectum.
#P < (.05, WT OIC group compared with WT ctrl group; "P < 0.05, KO OIC group compared with WT OIC group.
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B 6 Mrgprd i it NF-xB & # ¥ IL-6 IR (72 = 6, X £SEM)
(A) Mrgprd B JE 5T OIC I&ERLE /MR 45 1L-6 mRNA FIARX RIA S50 ; (B, C) Mrgprd @ J5 % NF-«B 8%
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*P<0.05, ***P<0.001, WTIEHHS WT IR "P<0.001, KOGHHE WT iERAMLL
Fig. 6 Mrgprd regulates IL-6 release through the NF-kB pathway (72 = 6, X +SEM)

(T

(A) Effect of Mrgprd knockdout on the relative expression of IL-6 mRNA in the colon of mice after OIC modelling; (B, C)
Effect of Mrgprd knockdout on NF-«kB pathway activation.

*P < 0.05, ***P < 0.001, WT OIC group compared with WT ctrl group; P < 0.001, KO OIC group compared with WT
OIC group.
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PE LR KIEIER, R Mreprd 78 %18 F FI1EH
LT Mrgpra3 F1 Mrgprell ™ . Mrgprd (k2]
Re T TiZ M- A B, TR SR 56 280 R
N, FHEMR OIC FEAR . ASHF 4G5 RIGAE 71X — ik,
FE7R Mrgprd T BE8 1 5210 17 18 J5) 30 0 28 - G 5 Y %
Mk, MIMIAEES S OIC kA, CAMREM,
Mrgprd ¥#35 J5 5 2 IkB ¥ A 5 19 NF-«B #4005 B
FL-6 IR P, HAM RN Y, i &
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KT OIC I 2 H 1 JEAE ) M o
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95 I 28 S5 AE OIC 1 138 TE A FH ML U348 15 28 AW
Foo ARMFFTRLHE T IR AT Mrgprd 75 18 1% 1%
1 MOR Fik Hh i BAR 7> FHLHI, FH456 40
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