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W E: AW B ERTEIEMrgC 32 ik (Mas-related gene C receptors) i iill A5 METR 57 (K40 M 22 AL o S R RRUE L6 T P i 5
10 pLAEFEE K. HEQ20 pg). MM+ L iR 6% 8-22 (bovine adrenal medulla 8-22, BAMS-22, 1 nmol, F&RIEH) 5k
(Tyr®)-2-MSH-6-12 (MSH, 5 nmol, FFRIT4T): FWestern blot. #2541 4k 2SI 5% % 5 T PCRIR 75 K I B R0 7 AR o
£ i (dorsal root ganglion, DRG)* 5 W& MEffif 52 41 0¢ 7> F IR IE . R ER: NS TIEFEMEMrgC2 k)5 JBAM8—223Z
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MrgC receptor activation reverses chronic morphine-evoked alterations of

glutamate transporters and nNOS in rats

HUANG Hao, LI Qi, HONG Yan-Guo, WANG Dong—Mei*
Provincial Key Laboratory of Developmental and Neurological Biology, College of Life Sciences, Fujian Normal University, Fuzhou
350108, China

Abstract: This study was aimed to investigate the mechanisms underlying the modulation effect of Mas-related gene (Mrg) C recep-
tors (MrgC) on morphine tolerance. Saline, morphine (20 pug), morphine plus bovine adrenal medulla 8-22 (BAMS8-22, 1 nmol) or
(Tyr®)-2-MSH-6-12 (MSH, 5 nmol) were administered intrathecally in rats for 6 days. Pain-related molecules in the spinal cord and
dorsal root ganglion (DRG) were examined using Western blot, immunocytochemistry and RT-PCR techniques. The results showed
that intrathecal administration of the selective MrgC receptor agonists (BAMS8-22 or MSH) remarkably attenuated or abolished chronic
morphine-evoked reduction in glutamate transporters (GLAST, GLT-1 and EAACT1) in the spinal cord and increase in neuronal nitric
oxide synthase (nNOS) in the spinal cord as well as DRG. In addition, MrgC receptor-like immunoreactivity (IR) was detected in
superficial laminae of the spinal cord. Chronic morphine induced significant increases in MrgC receptor-IR in the spinal cord and
MrgC receptor mRNA levels in DRG. These results suggest that the modulation of pro-nociceptive mediators in the spinal cord and

DRG underlies the inhibition of morphine tolerance by MrgC receptor activation.

Key words: Mas-related gene (Mrg) C receptors; morphine tolerance; glutamate transporter; neuronal nitric oxide synthase
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MrgC %24k (Mas-related gene C receptors) f& T4
BRI —Fh G B B IE I — R P, %
SR AT T AR A 4T (dorsal root ganglion, DRG)
= XA GRS g ¥, HAERT)
REVE B R A EATEE. HAT, X MrgC AR ThRER]
BFFERHB A5 BT MregC B2 10 #Eh 7] (Tyr)-2-MSH-
6-12 (MSH) #1145 | i ## it 8-22 (bovine adrenal
medulla 8-22, BAMS-22) i#17. MSH 1 BAMS-22 1]
2 gER e A —FE, B MrgC 3246 i FE ik
B e A B RATTRT RO BT TSR s, TR T
MrgC 324K, e H ] o mEf 52 (1 77 A2, (H KRR
I MrgC Z RN ™ T MrgC 2k B m
R A AT IRE i, XS AT DL g B R 410 i 1
M52, 234 EEHEEERR DN Bk, B
MrgC 32 444 i i W TR 32 14 1 F LB ANEAA B T 5%
8 MrgC 2R A FER, WA IR L.

B 2R 1 1 22 78 i i 52 7 AR vt A
F O, IEHEEOT, 4N S 2R A R
38 {K (glutamate transporter) 5% 32 & B, 10 & FF
EAK. BAuEsk, =EAEH M2 5 305 3
B HREN ARk | a5 1R 1 (glutamate
transporter 1, GLT-1). %% 2 & / K %4 & K % ia /&
(glutamate/aspartate transporter, GLAST) F1 3% %5 4 4
FEPR AR 1 (excitatory amino acid carrier 1, EAACI)]
FIEWEA s B A SRR 8 A i ) Ak e
i 52 (41 FES i, 1T 2 FED JE 98 0 790 ) 440 ot v e 22 7,
XA U W A R e s A K e > 2 5 g R 32 1
Ao FEh, RN A TR — A A A B (neuronal
nitric oxide synthase, nNOS) - it /& M M fiff 52 7= £
(¥ 25 EE A0 M 2L U DRI, AR TR I ) TS
MrgC =2 4455 18 14 B FH 15 HE 5 45 24 R &% 1 1k F
nNOS S IEH, DU MrgC 52 44 41 ] i 1 i
S A A A L .

1 575

1.1 #$

1.1.1 HE V£ Sprague-Dawley K f, & &
250~300 g, HHAEEEE RIS iR ittt 3
MISER T A E K (SIS E BN, et
IR 2 S5 S AR BR R 51 24kt

112 X3 HYMERF LS KBH,
VBRI 1% 73 Hr{X (GENEGENIUS %, 32 SYNGENE
AN ), HEEAR KRS 3 B B UKk (525BR0O78973

B, REASRAF), BEbR{X (3£[FH BioTeK, Synergy
HT), HM550 B4 %) HL (Microm 3£ 5, 8 ),
Olympus BX51 B & s 5% ( H A ), %Ot & & PCR
% (7300, 2 ABI).

250 . SRR W MEVA W H TR BH AR — I 2T,
MSH 1 BAMS-22 t FigH R RIFEA A G . #HhIER
N 75 R FH G B A B KW B . MSH AT BAMS-22
PTG AR B R K AR, /NI 43 3% )5 i T 20 °C,
FH ATEL gk o

¥ % K # : GLAST. GLT-1. EAAC1. nNOS
F B-actin PT4AY 4 H Santa Cruz A 7], MrgC Hiik
5 [ Phoenix Biotech A %], HRP #ric ) 3. W4q
2 DAB W71 & W B AL i A E AR AR A F,
BCA U E R IRANGEIME B REVERERA
A, ABC 7l & W H 3£ E Vector 2w, 3441
s RNA $REGA G . Quant cDNA 55— & a7l
£ Fl1 RealMaster Mix (SYBR Green) 50 H b 5T K AR
AR A R A A, 519 H Invitrogen 2 7 A B
(B-actin : IE[A] 54 : 5°-CAC CCG CGA GTA CAA-
CCT TC-3’ ; [ 5|4 : 5°-CCC ATA CCC ACC ATC-
ACA CC-3" ; MrgC 21k : IE[ 314 : 5°-ATG TAG-
CAT TCC CTAT-3" ; JxIa1 514 : 5°-GGA CAG AAC-
CCA GAT TAGA-3’).

1.2 53k

121 HAEBEE  RIEEREHFRTIESEITH
WEE P, XK R AT I E 28 (50 me/ke)
TS o IR Sk FTE R B TERE T 28, DTSR 3050  k
ST, BREEMUE RIL, BRI, 14
cm K [) PE-10 20 % [ J2 I 2% 2% 4 A\ i ek X S8 T
fig, Y75 em. S A4 DARRILAIFI R, I
¥ PE-10 [ TR ENA L. RIGEBEEHIER
MR REAT IR se i . FHRcE R 2 i
PE-10 4T N K RMEE

122 SERRAMEE ARSCIG B 7ERF AL MrgC 24K (1)
haelEM . 9 1 ik MrgC A 0% B0k 7k, 38
3% FH PRl AL 2 G5 M AR TR . EERXT MrgC 326 &
FE I FEVE SR AN ) 133077 MSH #1 BAM8-22, #ff 7t
HXAFR A B EIER

PR ERBENL 724 3 2H . 25— 4 9 AR B 25 K (saline)
A, FREPERA LK 10 uL, ESES 6 K;
55 A N 52 A, R P SR S E 20 pug/10
ul, LS 6 K =4 YA (B +
MSH 5 BAM8-22), #5HEE NVES 20 pg MEHE, %
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g6 K, fEH 1. 3. 5 RESAMIEST MSH (5 nmol)
B, BAMS8-22 (1 nmol), HI%5 1. 3. 5 KiES 20 pg
N IHE + 5 nmol MSH % 1 nmol BAMS-22/10 pL, 25 2.
4, 6 KyFEST 20 pg/10 pL ek, FEHZ 74 X, H
AT N SEIR 3 20 W, AR 6~7 H, Western blot
SEIGARA 4 H, 28 W G UL RS IGEA 4
R, 314 Hs Sepp 9ol & PCR L f 4 6 A,
12 Ho grsese Son, B ST BAMS-221 Al
MSHP A B A28 R A2, WOASBIF 70 A 1 4% 4
Jh#s T BAMS-22 F1 MSH i} fR 4 .
TR R, B 2504 ((Rpnnf +
MSH & BAM8-22), #4435 i S 5 23558 10
plo SRJEFHENAEFEEEK 10 pL, DLEIRZ B4R
25 E A B K AR N B BE N . BAMS-22
FMSH [57 2 I8 2= 1wk se s 51
123 {TAZ (BERSR ) E8 K REBALT
NMER RIS, BRIENED 1h, EE 4K,
KR EEMN AR 55 Rille KRMAER
BRI FeA A KBRMASR, KRR AR b
14 TR R K A (HOKIRBERERTE 52 °C). £
KB, 1l KA KSR ],
IS (] PR T R . sl B AE #ok s B ik
Iy 10 s (cut-off ), DL ARG Rt . 1%
IR TTEIESENE 3 Ik, BEIXIAIRG 2 min, BEIXZE
¥ e el 5 R AV S S 30 min 4 030 5 FE R IB AR
Mo BB T AT 1 45 245 17 AR (SR AlHE ) AN
5 R IR A2 ORI AN B 73 EE (the
percentage of maximum possible effect, %MPE) = ( 43
2 5 FL R 3B AR — LR AE )/(cut-off B — JEARE ) x
100%™,
1.2.4 Western blot 3% Wi Sk H K SR (B
K) B M. W HLUINBE IS, A
ZURIAE IR (. F BCA X MR AT € &,
¥ HE 95 °C K #a hn #4814 10 min, 34T SDS-
PAGE HijK 2 h. ¥EAHE# S| NC & . HH 2 h,
b — ¥t (GLAST. GLT-1. EAACI ¥ & 4 1:400,
nNOS Fi 4 ¥ B 4y 1:300, B-actin % £ A 1:2 000),
4°CHE®K. TBST EP 3 X, MNPt (1:
2 000) EIEIE%HEE 2 h, TBST ¥ 3 k. Ei.
. B E RGEAT BN, Hrkmm
T
1.2.5 REAELUERR (ABCE) xR R AT
PRI JG Tl , B ERO I, S OLEEE. miZEE
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N 4% 2 W R R SR o2 vl . EL S B
BEMEN KB )z L3, L4, L5 XU EE DRG, JN 4%
FHEEPEE 4h, H3) 30% R, B4°C
UKFE 2~3 REHLU R I FHVKED A LT 480 s
T e AL S04 DA AP BRIEAT « (1) PBS IRk 3
I TN 0.3% i AL ST & 45 min; (2) 281K HYE,
PBS 121 10 min, i 111 5% 1E% 2 MLIE 1 5% 2 137
HE 4h: (3)FE—H1 : nNOS Hik (1:150) B MrgC
PUAE (1:100), 4 °C UK 83 5 (4) PBS 135 3 IR,
T INAE IR bR IC F P05 1gG (1:200), FUTHE 2h;
(5) PBS ¥k 3 ¥k, N ABCiX# %I E 2 h; (6)
PBS #¥E 3 ¥, i1 DAB &% 5 min 5, J PBS &
IEH B, K, B, B, B
1.2.6 LB ERE PCR (SYBR Green 3%)
K L4~L6 DRG HUit . HzhP41 415 RNA H2HGR
FIEFEHUS RNA. KA HUR RNA FE & BEFLS 4.
Rtmix ( % Rnasin il DTT). dNTP & & #. DEPC
IKF IR A Sk 8 LA B A B AR 2R o AR RNA
(50 ng~2 pg) MAZNRAW T, BT 37 °C/KIFEHF
# 120 min, & cDNA. ¥ 125 pL 20 x SYBR %
WA 1 mL 2.5 x RealMasterMix VR 2. il [z
PR, I E B PCR AEMY 1Y R BB EE : 94°C,
10 min—95 °C, 15 s—55°C, 30 s—68 °C, 35s.
1.2.7 %itAsE % DRG g kB . AR/
F 600 um’ [ /NI, 7E 600 pm® A1 1 200 pm’
Z IR AR B, KT 1200 pm? ) KA 4 i U,
AT A #8451 5E 25 LA 2 1) mean + SEM &R, #
H Sigmastat 2 £ i 17 51 K 2 77 2 4 #7 (one-way
ANOVA), i — 30 H Tukey J5 1246 536 5 5 2 [8] 1)
5, WP <0.05 Bl RAAREEZER. K
Sigmaplot &5 32 il 3%

2 &R

2.1 $PiEST BAMS-22 H IS HEER 52 B9 R

BN RER S A B K, S 6 K, BN
RUSLE 43t (%MPE) WA 22 57 8K ) 8 P9 3 S 1)
HE (20 pg), FEZ 2555 1 KA HER) %MPE Jy (93.9 +
1.9%. LLJE, "™HEK %MPE 532 8k /s, 25
6 K %MPE Jy (12.7 + 0.7)%, 543K ZHAH 1%
AU EZESR (P> 0.05), £ ™A HEm ., &
KW TS HEFEAE S 1, 3, 5 KRR KBS N
BAMS-22 (1 nmol), % 4~6 & %MPE {f 4 %l K
(78.4 + 2.1)%. (73.8+23)% 1 (73.7 £ 2.2)%, 5
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ok 52 A LA R E M ZE R (8 P < 0.01,
P<0.001 1 P<0.001)( & 1),
2.2 $HES MSH x B 2 MY AR 8T
BRI

AR KA, FELEE Pk (20 pg)
6 KJa, BHEHE M =FB ARSI FRIEH T R
GLAST. GLT-1 fl EAAC1 & [ ik 4y ) f& Ny A 7
ERIKLLI (45.5 +£5.9)%. (59.9 + 6.6)% H (66.4 + 3.0)%.
H5AMEKAMI, HAEREEZER (SRR P<

120 1 —e— Saline (n=6)
—o— Mor (n=7)

100 4 —v— Mor+BAM (n=7)
ko -
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@
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Time-course of antinociceptive effect (d)

1. 458 A 3 5 B AMB-22 5% 1 i 32 14472

Fig. 1. Effect of intrathecal (i.t.) administration of BAMS8-22 on
the development of morphine tolerance. Saline, morphine (20
pg) or morphine + BAMS-22 (1 nmol, given on days 1, 3 and
5) were administered once per day for 6 days. Tail-flick latency
was measured, and was converted to the percentage of maximum
possible effect (%MPE). P < 0.01, ""P < 0.001 compared with
morphine alone group.
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0.001, P<0.05, P<0.001). {HJ&, 4 RyEHmHE
BN FE RSV MSH (5 nmol) J5, A& FR S 1k
() 22 3 #B B &5 [0 FF. GLAST. GLT-1 fl EAAC1 &
H KA AE AR KA (93.4 £12.6)%. (90.0 +
1.6)% 1 (92.8 + 1.4)%., X LK (i 5 it ki 52 41 Lk
B, HEEWZER (25N P<001, P<005 P<
0.001), 154 B KHAMILEA G ¥ 2ER (P>
0.05)( & 2).
2.3 ¥HAEST BAMS-22 3B ML 2% & B A
F1 DRG & nNOS #8200

AW TS IS EE (20 pg) 6 KT, B HEIT M
nNOS ¥ & [ 383k 36 hn 2 4= 2 #h K 419 (119.9 +
1.0)%, HAFILKALEEEEZR (P <0.01).
A RV SR P o R R BB A9 i BAM8-22 (1 nmol),
nNOS [ (A FRIEA N AEH LKL (98.8 = 1.6)%,
L ki 52 2 He A S 2 S (P < 0.001), TiHER
T S AR B R KON RS R KA S BAMB-22 (1 nmol),
nNOS [ ARIEL N AL EL KA (101.3 £ 0.7)%,
R AR K AL (P > 0.05)( [ 34). LM E
B e 6 K J5, DRG H nNOS 8 4 3 ik 4 jin 21
AR (1323 £ 1.8)%, HAEMEKALA R
EEZE R (P <0.001)0 B RVES W HEFERG RIBEATE
%7 BAM8-22 Ji5, nNOS {85 [ R A48y A4 1 3K
HI (104.6 +5.1)%, S0k A2 2H LA 25 1 22 5
(P <0.001), FF Ky 55 A 31 ER KN F& R B4 vE 5
BAMS-22, nNOS )& H R ik 2 N EF KA R
(98.2 +6.0)%, SAEFEEIKALFLL (P> 0.05)( K 3B).
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Fig. 2. Effects of intermittent i.t. MSH on chronic morphine-evoked decreases in GLAST (4), GLT-1 (B) and EAACI1 (C) proteins in
the spinal dorsal horn. P < 0.05, ""P < 0.001 compared with saline group. “P < 0.05, P < 0.01 and **P < 0.001 compared with mor-

phine group. n =4.
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Fig. 3. Effects of intermittent i.t. BAMS8-22 on chronic morphine-evoked increase in nNOS protein in the spinal dorsal horn (4) and
DRG (B). "P<0.01, P <0.001 compared with saline group. P < 0.001 compared with morphine group. n = 4.

1.3)% F1 (17.1 £ 0.9)%, ELEHANFEFEHE 6 KI5,
EL A8 3 538 1R (70.7 + 1.5)% F1 (34.5 + 1.8)%, 5
AR K LA B 2R (P < 0.001), B RIES
Ny i R R K S ST BAMS-22, /NI A nNOS
FEEA 2 T B LLAF) 0 IV D (52.8 £ 3.3)%. (254 +
1.8)%, Sy sz A BEMZE R (P <0.01)
(E 4.
2.4 BHAIBMESEHEXS EEEF DRG H MrgC %
FRIERIR I

G HAU ARG A o, 1R K RO A T A2
HKBFEBES AIRE (-1 2 ) & MrgC 24K R %%
TEVEZIA (K 54, B). %} DRG H' MrgC 244 mRNA
SERF 9Ot 8 & PCR kU2 B, 18 1 B e ik s
DRG ' MrgC 5441 mRNA A H 37K ZH 1) (164.1 +
15.00%, HAEEMEZESR (P<0.05, K 50).
3 #ig

ARSI EE R BN, AT EHEE 6 KRG, B
5 1 43 % 8 #5312 18 GLAST. GLT-1. EAACI [l
KRR, B8 M DRG 9 [ nNOS £ iA 1 5.
[F) 5% 285 PN 9 5 MISH. A = Fh 75 B B 32 PR 16 T o 40
il, B EST BAMS-22 (A REL /1 A1 DRG H nNOS
1) E 2 24 . 18R P EE(E 8 DRG H MrgC
AR A RATE BETS /i MrgC SZARRIE . X
Se gk PR, WG MrgC A2 4 2 i i 8 i) 18 1 5
N R R 1 43 2 R % 12 Rk sk Al nNOS 34, #01f1
el A 57

MrgC 2RI 2 A AR, X2k H AT
DRG & B 5 (1) /N 22t Y. D e g A
Dhee BT B s pLil . 24, I8 MrgC 214k
s P Al MrgC 24852 2R MBS, A
Tt 5 38 FH 7 b A 27 45 0 58 A —FE IR MirgC 5244 5
PR ME I 5h 7 MSH Fl BAMS-22 fi#t & [ 85 N vE 5T .
GERIR, ESE6 KN M MESE, 0 E R N
BRI K. B HS TS IR H A BAMS-22,
256 H, WHEIAREIRFFE S M BUR ), KW
el i 52 A F A o 3K e 2 BT R ) 4 R — 5 s

BRI G TOREINS, AL 48 i 18] B 7K1 (1)
TREFIRH T B IR B R I S B . B TE )R
AR, SR . B AN RRK
S 2 A Z AL IR B S e M A M . B RE Y
AR iE 1k 3 B ok B R Y R 5 40 M ¥ GLT-1.
GLAST M3k F #1450 EAACL™, A4 R BoR,
EEAEHGHE 6 K5, HHYE A MR ERE ISk
(GLAST. GLT-1. EAACI) [IEXHFEML, X5
BRAE R —8 ™, EERE, N MrgC 2Rk £k
BshF MSH J&, 18P 5 i HEAS B RE B S
f GLT-1. GLAST 1 EAACI (/K F. i TA%E M
sk T SR AR MY, i E g
WEREDRVEF 1, IKE B B BRI I8 A KT ) 23 BRAR
AN BRI . A LE RARR, BE MrgC
SARTT REIE I S S RS TYS A R R iE
PRI R, A e 52 . MrgC 2R T AR
F s R R s L, HATHAIGE R, (HXBE X
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Fig. 4. Effects of intermittent i.t. of BAM8-22 on chronic morphine-evoked increase in the expression of nNOS in DRG. Saline (4),
morphine (20 pug; B), or morphine + BAMS8-22 (1 nmol, on days 1, 3 and 5; C) was administered i.t. once per day for 6 days. DRG
(L3-5) were harvested on day 7. nNOS-like immunoreactivity was expressed in small (small arrow), medium (large arrow), and large
(arrowhead) subtypes of DRG cells. D: Histograms (mean £ SEM) show the proportion of nNOS-IR-positive neurons over the total
corresponding size subpopulations of DRG. P < 0.001 compared with saline group, P < 0.01 compared with morphine group. n =4.
Scale bar, 100 pm.
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Fig. 5. Effects of chronic administration of morphine on MrgC receptor-like immunoreactivity in the lumbar spinal dorsal horn (4:
Chronic morphine, B: Naive) and MrgC receptor mRNA levels in DRG (C). P < 0.05 compared with saline group. n = 6.
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A EEHBRABRMRE, ARk,

BRASEERAN, BN 4A T HEE 5]k NO B M,
18 1 B 1 42 3E nNOS (NO 4B Ak (1 48 bR ) 1 7~
A U ] aNOS {7 AR DUk 55 1 iR 52 T U,
R NO = 5 HE 52 (17242 . BT AFRA A A5 T
FH MrgC 52 14 38 5 751 BAMS-22 % 15 ik 5 % nNOS
MRS PR M g T g e 5] R BE A DRG
1 nNOS F [ L, XA ERaE -8 ", BN
) W B2 ) BAMS8-22 J5, M MEAS Fif R 5 S HE A
DRG ' nNOS 2 F#4 00, 1y 5 A BAMS-22 J: 4
S S8R DRG H nNOS 2 A%, 1] BAMS-22
XTI HES & nNOS 384 oA 253 k.
F BAMS-22 J5, " HEA FffE 5] AL 15 88 A1 DRG H
NO fy/=4, BWEHE AMETSaEtmAa
Tt MR 52k A5 B . O T — 2B R sk
BAMS-22 #1 i i ki & nNOS Fif, Ff 4 A
BT AT BEALH, AT T S AR . 25
FFRH . S & nNOS ik 1 i 32 EAE DRG K
HHNR 2 J0. T4 T BAMS-22 J&, MG ks & )
nNOS FIAHY IR Kk (20 ) SO (/)
FHE TG ) FRATTRA FLAh S U6 35 1) H P2 2H 240 22 A DU
IR, MrgC 2Rt F DRG /i e 202,
I H MrgC %2 & f1 nNOS 7£ DRG 1 £ 5t 7 5 5
17 B, XAl MrgC 32 4R 1 i nNOS (138 1A ik
NATRE. IXELLH G GRS R AR TAE BT BRI« B
Fi BAMS-22 3 MrgC 52 44 J5, "y HE 5] 2 1) 5.
/NHEZE TG nNOS KB N5 LR Z 40, $om )
no k75 % 1) DRG ' nNOS {34 i, #&& MrgC 32 &
0 N W i 52 £10) ) — 22 R S HLA

ST AR G S I B R B JER 40 P AR A A
Fl| MrgC %14 ™, 4% 7% DRG # £ 764 B [ MrgC
AR B WA 22 A S % B BE RN AN R k. AT
o g H LU S bRt W B IR, MrgC 286 T8
BEH MAk)ZE. 12PN FH g mHE, {f DRG H MrgC %2
P mRNA & 8 AEBET /A MrgC 2R RIAH
EHOM. ML, 18R S sZ
SLIRERVEIRAS T, 2R NA M T HE 52 AR AL AR,
MR AR PYF. CGRP Z&#54 i, S3UKH
PRI, BV oI B R . S, e
Moy e B, BRI, R4 B M 8
R, AR P RIS P R A R DA R
DRG 5k /& ik J7 Jik (5 P22 i) 5 A1/ 3K Bk (CBL
CB2) %Ak . #0457 LA Fl T %

455

FIZAFREE, NV — P AR AR AL . A SEES
H IR 1) DRG FIVE 86 15 /i MrgC 52 /& R 1538 hin i)
WY& S, wfEEE— . EIRATRIT W5 2,
MrgC 52 4 () BT 2 B0 w- B F 5244 5 301 14 Gi
B IRHARIRG, AR D B A2 A4 0 B T Ag BT
7P A R A2 Y R B R R 2 —, T p- A 24
5 Gi AR B, g BAROR, 18R g
FE MrgC 2RI, 2800 w- B J 5244 5 30 )
PE Gi & A FRIE I T8 72 T RE, 6 T R i 52 e
BERB AL — RIS 4. MrgC 524k 1A, 2 (2t a i
F BAMS-22 5 MSH #i% MrgC 2R IR, fi p-
B by 524 5 Gi B I AHRRICHE 2, I £ v 1 E 11
BUmRT T, R0 e 52

AR SI2I6 W %% 3] (8] 180G MrgC A2 44 /g 41 i i v
PR G HE M A/ B DRG 2 & R 35 38 1 g /b A
nNOS /1, 8 MrgC 52 {438 i 17 i) 48 14 )57 F g
HEF R IR A T BREIRAINO, 11 B 1E I ki
FEE TE I e A VETE s E a0 1) e e 52 1 72 A
5 1 N 0 E S B i) MirgC A2 K B4 b, 7E BOE
MrgC 52 A ik 52 15w f) B0 1 FH ot A (i 14
BT MrgC Sz m B R M i A I 225 i, R
W 75 45 A Bh T 1 B MrgC 2R Thg s 2h It 7 4L
H, ¥ MrgC 324 B0E FIE vkl Bh F 24 B 76 i vk
i 52 B4 58 T Fehit

* * *

BUA - A LA BRIV R 2 PR E 45 AN 2= SR
PR F

SE

1 Trescot AM, Glaser SE, Hansen H, Benyamin R, Patel S,
Manchikanti L. Effectiveness of opioids in the treatment of
chronic non-cancer pain. Pain Physician 2008; 11: S181—
S200.

2 Dong X, Han S, Zylka MJ, Simon MI, Anderson DJ. A
diverse family of GPCRs expressed in specific subsets of
nociceptive sensory neurons. Cell 2001; 106: 619-632.

3 Lembo PM, Grazzini E, Groblewski T, O’Donnell D, Roy
MO, Zhang J, Hoffert C, Cao J, Schmidt R, Pelletier M,
Labarre M, Gosselin M, Fortin Y, Banville D, Shen SH,
Strom P, Payza K, Dray A, Walker P, Ahmad S. Proenkephalin
A gene products activate a new family of sensory neuron-
specific GPCRs. Nat Neurosci 2002; 5: 201-2009.

4 Cai Q, Jiang J, Chen T, Hong Y. Sensory neuron-specific
receptor agonist BAMS8-22 inhibits the development and
expression of tolerance to morphine in rats. Behav Brain Res



456

10

11

12

13

14

15

16

17

HEPR2ER Acta Physiologica Sinica, August 25, 2014, 66(4): 449-456

2007;178: 154-159.

Chen P, Wang D, Li M, Zhang Y, Quirion R, Hong Y. Modu-
lation of sensory neuron-specific receptors in the develop-
ment of morphine tolerance and its neurochemical mecha-
nisms. J Neurosci Res 2010; 88: 2952-2963.

Wen ZH, Chang YC, Cherng CH, Wang JJ, Tao PL, Wong
CS. Increasing of intrathecal CSF excitatory amino acids
concentration following morphine challenge in mor-
phine-tolerant rats. Brain Res 2004; 995: 253-259.

Zeng J, Thomson LM, Aicher SA, Terman GW. Primary
afferent NMDA receptors increase dorsal horn excitation and
mediate opiate tolerance in neonatal rats. J Neurosci 2006;
26: 12033-12042.

Mao J, Sung B, Ji RR, Lim G. Chronic morphine induces
downregulation of spinal glutamate transporters: implica-
tions in morphine tolerance and abnormal pain sensitivity. J
Neurosci 2002; 22: 8312-8323.

Nakagawa T, Ozawa T, Shige K, Yamamoto R, Minami M,
Satoh M. Inhibition of morphine tolerance and dependence
by MS-153, a glutamate transporter activator. Eur J Pharmacol
2001; 419: 39-45.

Kolesnikov YA, Chereshnev I, Criesta M, Pan YX, Pasternak
GW. Opposing actions of neuronal nitric oxide synthase iso-
forms in formalin-induced pain in mice. Brain Res 2009;
1289: 14-21.

Gendron L, Lucido AL, Mennicken F, O’Donnell D, Vincent
JP, Stroh T, Beaudet A. Morphine and pain-related stimuli
enhance cell surface availability of somatic delta-opioid
receptors in rat dorsal root ganglia. J Neurosci 2006; 26:
953-962.

Guan Y, Liu Q, Tang Z, Raja SN, Anderson DJ, Dong X.
Mas-related G-protein-coupled receptors inhibit pathological
pain in mice. Proc Natl Acad Sci U S A 2010; 107: 15933—
15938.

Danbolt NC. Glutamate uptake. Prog Neurobiol 2001; 65:
1-105.

Tai YH, Wang YH, Wang JJ, Tao PL, Tung CS, Wong CS.
Amitriptyline suppresses neuroinflammation and up-
regulates glutamate transporters in morphine-tolerant rats.
Pain 2006; 124: 77-86.

Hutchinson MR, Shavit Y, Grace PM, Rice KC, Maier SF,
Watkins LR. Exploring the neuroimmunopharmacology of
opioids: an integrative review of mechanisms of central
immune signaling and their implications for opioid analgesia.
Pharmacol Rev 2011; 63: 772-810.

Watanabe C, Sakurada T, Okuda K, Sakurada C, Ando R,
Sakurada S. The role of spinal nitric oxide and glutamate in
nociceptive behaviour evoked by high-dose intrathecal mor-
phine in rats. Pain 2003; 106: 269-283.

Wong CS, Hsu MM, Chou YY, Tao PL, Tung CS. Morphine

18

20

21

22

23

24

25

26

27

28

tolerance increases ["H]MK-801 binding affinity and consti-
tutive neuronal nitric oxide synthase expression in rat spinal
cord. Br J Anaesth 2000; 85: 587-591.

Bhargava HN, Cao YJ. Effect of chronic administration of
[D-Pen’, D-Pen’] enkephalin on the activity of nitric oxide
synthase in brain regions and spinal cord of mice. Peptides
1998; 19: 113—-117.

Machelska H, Ziolkowska B, Mika J, Przewlocka B, Przew-
locki R. Chronic morphine increases biosynthesis of nitric
oxide synthase in the rat spinal cord. Neuroreport 1997; 8:
2743-2747.

Hager UA, Hein A, Lennerz JK, Zimmermann K, Neuhuber
WL, Reeh PW. Morphological characterization of rat
Mas-related G-protein-coupled receptor C and functional
analysis of agonists. Neuroscience 2008; 151: 242-254.
Jiang J, Wang D, Zhou X, Huo Y, Chen T, Hu F, Quirion R,
Hong Y. Effect of Mas-related gene (Mrg) receptors on
hyperalgesia in rats with CFA-induced inflammation via
direct and indirect mechanisms. Br J Pharmacol 2013; 170:
1027-1040.

Grazzini E, Puma C, Roy MO, Yu XH, O’Donnell D,
Schmidt R, Dautrey S, Ducharme J, Perkins M, Panetta R,
Laird JM, Ahmad S, Lembo PM. Sensory neuron-specific
receptor activation elicits central and peripheral nociceptive
effects in rats. Proc Natl Acad Sci U S A 2004 ;101: 7175~
7180.

Machelska H, Schopohl JK, Mousa SA, Labuz D, Schafer M,
Stein C. Different mechanisms of intrinsic pain inhibition in
early and late inflammation. J Neuroimmunol 2003; 141:
30-39.

Cai M, Chen T, Quirion R, Hong Y. The involvement of
spinal bovine adrenal medulla 22-like peptide, the proen-
kephalin derivative, in modulation of nociceptive process-
ing. Eur J Neurosci 2007; 26: 1128-1138.

Truong W, Cheng C, Xu QG, Li XQ, Zochodne DW. Mu
opioid receptors and analgesia at the site of a peripheral
nerve injury. Ann Neurol 2003; 53: 366-375.

Walczak JS, Pichette V, Leblond F, Desbiens K, Beaulieu P.
Behavioral, pharmacological and molecular characterization
of the saphenous nerve partial ligation: a new model of
neuropathic pain. Neuroscience 2005; 132: 1093-1102.
Wang D, Chen T, Zhou X, Couture R, Hong Y. Activation of
Mas oncogene-related gene (Mrg) C receptors enhances
morphine-induced analgesia through modulation of coupling
of mu-opioid receptor to Gi-protein in rat spinal dorsal horn.
Neuroscience 2013; 253: 455-464.

Crain SM, Shen KF. Modulation of opioid analgesia, toler-
ance and dependence by Gs-coupled, GM1 ganglioside-reg-
ulated opioid receptor functions. Trends Pharmacol Sci
1998; 19: 358-365.



