BANF Lo H75% HF25 (213-221 8, 2015)

B & ANHEWAETA FRZNLEESRENERIC
X3 2 ARG D S B O AR TR M B
(TENS) O#E5E1EH

DRI 27 2 e B . AR )
DRI 2 SRR R 7l
DRI 2 B (AR B30
DRI A SRR 25 s
A R WI OEEY T EAY
EREASEY AR BZD R Bl
FHZWA?  EE RS A mT Y
A IRV

W8 B EAM M (transcutaneous electrical nerve stimulation : TENS) 1%, JZJ§
(EBENEM 2 H T, BRI Z ARG 252 & THRA RIBFEIENEONS, ERENL
HRETH S, 8 TENS 2 & & H w72 RIS E o8 EMNICIE, 7F— b3y ba—IVii,
TATER IR IR ORI, WRMEA YA FOBS 2 S o0 AT s s hTn
AH. RWFFETIX, v T Va2 Ny FEBRETVE/ER L, TENS OEM: SRR I3
HERIEEZBGEET AL LB, AR EF A FORBGIZOWTHE L7z, 1) TENS O$H
Ve OBGE. 7 Bl Wistar ZHEEZ v F 2 L, Control (Con) #, Control+ TENS
(TENS) #, 7Y 23> FEHi% (AA) B, AA+TENS (AAT) BED 4 B2 72, B
RIILARIEICZETOA Y b7 Y23y F01lml 2K FHE5 L CiES L7 Con BEIZIXHER
e E S Lz, TENS (4Hz, 3047) (ZE 30, 14 HMIZbizoTEBL, Z DM,
JEAAE, AEMORI 2 © VBRI 6 5 bR E 2 e L7z, BT ROFRICL D AARED
R L, EAREIAZICE AL, TENSIZX o T ORERIZIIH S e d o 7208, HEbK
AN, OSBRI B L 3 4 R EERAE X, AATETIX Con BEE I L AEICIKTF L, AATHT
BZFOERTAEZICHH SN 2) AHREF EH A o5 oWaE. EfES v b % Con B,
AA B AATH, AAT +naloxone (AAT+N) BED 4 #2072, AAT+N BRI, o
Yt A M i a ¥y » (3mg/kg) % TENS Bil4h 30 0 RiCE TH5- L7z, ok
Brl FERICREREEZNEL, FHut EF A FBEEROZLEMBRANICHE L. 208k
R, FuFxy rofi51d TENS OSUFIEH 2 A RIS /2. 72 AAFOFHMBEMT
Fud EF A FZEROBEBDAHZICHEM L7255, TENS 2 X o TEOWMMAAZIHH S h
7z, 4Hz OAKE P TENS 1312 SEMEZR I LEUEER 2R L7225, TOEHIEu A+ ¥4
A FZBERENEOFHEGICL o TRIG L. THFHTIE, AAHOFRBAOREI 1+
YA A4 FZHEROEBPEINL 7255, AAT HCTRZoMnrsFZIcii sns, ey,
TENS ik ¥F 4 FZHEEREZA LT, BEGENEREICH LEIER AR Lz EZ oM
4. AKX TENS 132 REMEZEH{ICF LAHTH Y, SRR OEHIIIHAREA €4 A
FASBS-LTW5B Z EAURIBE L7,

F—7— R REREWMEESR M (TENS), 124 &0 M&WN, SEmEH FE4+ 4k,

TYanNy MNEBRETVT v b

HALEH
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6 R 1) A kB AU (transcutaneous electrical
nerve stimulation : TENS) &, JZJE2EE M EM
T, BRMIMAEEMKICEH 25 2 & THA RiGH
MEPEONL, FREREFETH L. BIRKIC
&, oI v bu—v, BERTETZSE O T iR
i, RO, B EiHE 0 T B R0 n] B o 9k
K, MmO, B OHROMRE, FEOFRR
YELREZHME LTEL VLR TWAYY, 5§
IR TENS IC X Z8IEIEH D A 1 = X A I2D 0
T, r—bary b= Vi® , FATEERE
ROMIEY, MR TF P THEFLF T VY
LHEEFEF A FODEH R EDHE s hTnb
A, AFETENEEFEF A FIZoWwWTERL
72, WHREA A A4 P E0RNZRENES
L, EVEAKIERZ L 725 TWE T, Sl
Lo TR MR O R € 4 4 FiEED
FEATDLZENHL L ME SN TV LYY, FRICK
A 4Hz) OBXAMCTIEIut+ EF A4 FZEMAE
(MOR) \MEHTABZY KV T4 R 0FEFA
FZERIERT A2 r 779 0, @EE
(100Hz) Tl kA EF A F2BERIHENTE 54
INVT 4 YOG IN LY. S sz
HFEF A FIZRPEMIFET L ELT A PR
R LR 2 3 725319, K8 TENS
DEEEH OBFED—o12, MR o 8
IYRVT7 4 VigEEY ERSELY MOR 24 L
TAERNH D EEZLNTWS.

T7YanNy NEBIRETVT v bTIR, FRikA
@ MOR XHMNT 2 2 L BHHE SN TwBH W, R
RS D RAEIC X ) BARMFRE T MOR @ i E 3T
L, o RKMM~EREX I ND 7205 TRLY,
FHBEMAO - R=—z—0 ryBRIZOMEI N
%119 MOR O F Bl o2& tid + ¥4+ 4 N
AT AEFZED—D LR 57, TENS A MOR 2
FLTED L) BB G 2 20200 TIMHE &
nTwihwv, AgeETid, 9y b7 Y23y M
RETFT N AR, KFEI TENS O M KGE X
T AEEMR LA T A L & bIT, RS
Yt A FOBEY, MOR OZAb% Mat L 7.

MR 7 &

1. EEREIY
7wy (KAH 195 ~ 210 g) @ Wistar R HEVES v

“hE

PS
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R E SN

N (HAREDM By 5 —, W) Z2MHLz KB
X UH (CE-2: HAZ L7, Hu) ZHHERE
L, fHESEMEERE2 £ 2T, BES £5%, 1H
12 BEf T OWIRG Y £ 7 WV CHEBLL 72 ARFEERII
FIRFEERZT HXOKEDOT (KiEFE 5 01106),
WAFIR - Bh ) FEBRFE tida st & 87 L CTfT - 72,

2.7 Vany NEiRET IV

A4VINVNGTY (AV7VYDST7—<T =<
WANIVA, RER) AR TS, #8ET7 v o
Pz 7a 4y F7 Y2y (01ml) (F5881;
Sigma-Aldrich, MO, USA) # Fz P4 L, BIEi%
S X 7219. Control BEIZ X [F] FBAV (2 Al & o A=
AWK ERYS L.

3. TENS &%

TENS#E#IE, 9y V2T I9AF v 7Ry 7 R
(15X4x5cm) WIZHHE L #HKE 175 72 (Fig.
D). FMERBIZIE T VI RAVEME L. millo
R LS RERETOHME T IV I AL (HF
Y TIVIZT AT, TEE) TEY, FThnwvik
WCHRECHEL, Wz2z) y 7EMTHRABELL. B
SN B 2% 8 1 Electric Stimulator (SEN-8203 ; H
AGE) ZMEH L, PRI (290 A1E 0.1 msec,
15mA, 4Hz) #5272, {HEE1HBH2H 30 5,
B2 3, 14 HIZPE - Tii» 72 (Fig. 2). &8,
TENS i1 WHLF UM 7 A F v 7Ky 7
AP L7z,

4. TENS O3y OME

B & MAE 212, Control (Con) #£, Control+
TENS (TENS) &, 7Y a3y ME#i% (AA) B,
AA+TENS (AAT) #D 4 REZ5T 72,

BB T B0 7 & O BRI 09 2 5 B & e %
FEAMRT -7 HE - 14 HEWCHEIE L7z, BEMRIE
W2 xF 9 % i B iE o 3 %€ 13 AnalgyMeter (Ugo
Basile; Varese, Italy) ZffH L, Randall Selitto 3
W2 TAT - 722, BAHEICx T 2 M7 5 ~
& — XA R M E S #E (Ugo Basile) ML,
Hargreaves 2 CTHIE L 722V, wWFhollEd, 5
SR EICIM, EARHEIZHEL, EEzH - T
PIRBIME & L7z

AT, RAEMNERE (MK-101CMP ; ZHT
b, W50 2V, 5y FOWEB X USHREE H
ATEREE D SRR ER O ARG 2 5 L 72

5 WHMEA ¥+ 4 KoL oE
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1) By & MEEA LS, Con B, AABE, AAT B,
MOR i pt#E > v ¥ v v &2 i 5 L 72 AAT B
(AAT+N#) D4R T 720 Fk 4 LRI
MR 72 & VBRI X9 % 498 B A 2 Al - 7
HEH-14 HBIZMELZ., AAT+N#ICIZFox
v~ (3mg/kg) (N7758; Sigma-Aldrich, MO, USA)
%z TENS B#f 30 70 milC TH5- L, MoREIZIE4E
BEELG L eBruedy rofiglE, #E0
TENS Offfeic v bz axy v oflEx 5%
CPE L7z ?,

2) i (L4) MOR OHMKRF= BT

14 HH, &HWMBMEZRE L72%k, Xy vy
7 — VIEMEET G0 mg/kg ip. : VA XRYFUY
LA BSE ) I PBS % 6 OVREE (4% 787
VAT VT N) CHEMEE L%, Bz
L, @ISk )itz itro7. 24+ A
% v b (CM3050S; Leica Biosystems, Nussloch, Ger-
many) ([ THEHOHBER (B 10 um) Z{FH#
L, PBS##, 7 uav*>72 (Dako REAL, Dako,
Glostrup, Denmark) D%, —&kyufk (4C, over-
night) (1 :100. Anti MOR-1 Rabbit Antibody;
Santa Cruz Biotechnology, TX, USA), 75Nk
pufk (i, 28EM) (1:1000. Alexa Fluor®™ 555
Donkey Anti-Rabbit Antibody, Life Technologies,
CA, USA) & BUn 3872, # %12 4 ,6-Diamidino-2-
Phenylindole, Dihydrochloride (DAPI) (2 i, 10
45) (1 :2000. Life Technologies) 2 TAHEgeth % 47
v, B BEIEAE AK] (H-1000; VECTOR LABO-

P— RS (FV1000D : 4+ Y78 A, D)
ICTHBIEE L 72, BHREIZBWT MOR IZKFIE D%
IBIXOCINRBICHALTWAEW, faE, 18X
CIEx&ER—x2Y 7 (100 X 150um) (2B1F
5MOR O mEEHY 7 v 7 (FVIO-AW ;
FV) ) AT & o THlE L7t F % E (optical
density : OD) TR L7z,

6. MEaT I LEL

ETOEBRMGERITY £ FEERETRL,
Tukey-Kramer {512 & 5% \ILEBME 21TV, HE
IRHEL 5% A & L7z,

&

x
1. TENS OR)H
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Fig. 1 Application of TENS to the legs of rat
Each rat was restrained in a small acrylic cage. Both
legs were wrapped by aluminum foil and stimulated
(frequency: 4 Hz, amplitude: 1.5 mA and pulse durat-
ion: 0.1 msec).

[ Measurement of paw volume and paw withdrawal threshold ]

[ Observation of ( —opioid receptor ]

Fig. 2 Study protocol
Inflammation was induced by the injection of complete
Freund's adjuvant on day 0. TENS were applied for
thirty minutes, three times a week for fourteen days.

1) I BIME 2L

AAFFFENS 7THH, FEMIRIBII R 3 2 b
fiilx Con #f (209038 g) 7% 5 U TENS # (205.6
+128¢g) & WX, AA M (896*56g) % bV
AAT # (1150103 g) FAEICKT LA L
L14HHTIX, AATE (914%81g) ZH L AAT
# (1406 £81¢g) TIRBMEOMKT 2394 B IS HHl 2
N7z (Fig. 3a). [FBRIC, B33 % 2 BE
$7HH, Con# (64+02sec) % 5N TENS# (6.2
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a: Mechanical nociceptive threshold

250 -
@ 200 A
=
o
]
E 150 -
3 t
T 100 A
o
£
=
= =—&—Con (n=8)
= 50 A == TENS (n=9)
& —-—1A (n=7)
== AAT (n=9)
0
do d7 di4

Days after adjuvant injection

S E¥A

b: Thermal nociceptive threshold

—e—Con [n=5)
== TENS (n=5)
== AA (n=5)

== AAT (n=6)

Paw withdrawal Latency (sec)

do d7 di4

Days after adjuvant injection

*P<0.05(vs Con) tP<0.05
(Tukey-Kramer test)

Fig. 3 Nociceptive threshold
The mechanical (a) and thermal (b) nociceptive thresholds were significantly
decreased in rats with arthritis compared with the Con and TENS groups (*P<
0.05) ; however, on day 14 these decreases were significantly inhibited in the AAT
group compared with the AA group ("P<0.05). Con (Control group), TENS
(TENS-treated control rats group), AA (Adjuvant Arthritis rats group) and AAT

(TENS-treated AA rats group).

+06sec) LN, AA® (30x02sec) & H W
AAT B (44%02sec) TIIHEIKT LA, 14
HHTIX, AA B (39=05sec) \2xFL AAT # (55
+0.2sec) TIXBEO T 2%E ZICEIH] 2 17 (Fig.
3b). B, WITNOEERIZBWTY Con i &
TENS B & ORIZEIE R h > 72, TENSIZAA 5 v
2B B SRR R LSRRI R 2R L7-.

2) REMOEAL

TENS OHEIENEH 2 M3 5720, ROk
BEEZHE L, AL, o3 2 Bfllofiz
AHRTRL: (Fig. 4). #EEB7HH, AAFBREIC
XoTAAR (127.7+67%) B LU AAT # (1300
+86%) DAL, Con#E (984£20%) 75
O TENS #f (1004 £20%) (ZHAFESHINL T
BY, BEMRICE > THEBICHEESED b 14
HHH AATE (1283+74%) & AAT # (1266
46%) L DOMIZAEIZ R, TENSIZX AW 0%
HWREMIFREIZEDONL o7, B, ConfF&
TENS#EORIZH T o7z,

2. NHEBEA EH A4 FoEY
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1) %R ZAL

ARMEA EF 4 FOMG-2ME3 5720, AAT+
N#HTIEIMOREHEF XY VHIFKG DRI
TENS #17-7:. EB14HH, oLk
AAT B (1603*£122¢g) TIZ AA R (1025+80g)
bl AN 7 S 1B N o e peR L S K Y A AV =
EIH s, LA L, Z2oRRIE AAT+HN B
(131.1+85g) Tlidikgy L7z (Fig. 5a). ZIZhS
T AWM AT, FEBRI14HHE, AATH#H (G5
+02sec) TIE AA#E (38+02sec) LIb-N, J&IH
MO T 254 B ICHHl S hz25, ZoxhEi
AAT+N# (48+02sec) TiIigs L7 (Fig. 5b).

2) 4t MOR D21k

e (L4) 1I2BF 5 MOR DA FRY 7 dLfk G %
Fig. 6a {2 78 3. Con # ((152%20) X 10° OD)
IR LT AA B ((287+18) X10° OD) TIIHE
|2 MOR DFBIAE L7225, AAT # ((176+1.6)
X10° OD) TIXZOMHBH Z I S F
Xy yEKG L7 AAT+N B ((24.1+06) X
105 OD) Tix TENS O&EH%855 L, Con #7% 5
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140 -
130
X
= 120
E:: -©-Con (n=9)
g 110 -A-TENS (n=9)
§ -AA (n=12)
> 100 =%-AAT (n=13)
&
90 -
~
0 *P <0.05
do d7 di4 (Tukey-Kramer test)

Days after adjuvant injection

Fig. 4 Paw volume
The values were expressed as percentages (the volume of the affected side / the
volume of the unaffected side). The paw volumes were significantly increased in
rats with arthritis compared with the Con and TENS groups (*P < 0.05), and the
swelling was not controlled in AAT group. Con (Control group), TENS (TENS-
treated control rats group), AA (Adjuvant Arthritis rats group) and AAT
(TENS-treated AA rats group).

a: Mechanical nociceptive threshold b: Thermal nociceptive threshold
300 - 8 1
s 71
250 + o
o -~ 61
g 200 §
c T [T
& T t
B = 4
= 150 - s 41
=
: : .
2 100 4 2 —e—Con (n=5)
L= *  =6=Con(n=5) g 2 - —8— 74 (n=5)
2 =& AA (n=5) = == AAT (n=6)
% 50 1 == AAT (n=6) & 14 vode < AATHN (n=6)
Q. +ode s AATHN (n=6)
0 0
do d7 d14 do d7 d14
Days after adjuvant injection Days after adjuvant injection

*P<0.05(vs Con) tP<0.05
(Tukey-Kramer test)

Fig. 5 Influence of naloxone on the antinociceptive effect of TENS

The mechanical (a) and thermal (b) nociceptive thresholds were significantly
decreased in rats with arthritis compared with the Con and TENS groups (*P<
0.05). On day 14, these decreases were significantly inhibited in the AAT group
compared with the AA group (TP<0.05), but the antinociceptive effect was
attenuated in the AAT + N group. Con (Control group), AA (Adjuvant Arthritis
rats group), AAT (TENS-treated AA rats group) and AAT + N (naloxone-treated
AAT rats group).
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(% 200)

S E¥A

35 ~

30 I

10 ~

Optical density of p-opioid receptor (x 106)

Con AA  AAT AAT+N

*P<0.05(vs Con) TP<0.05
(Tukey-Kramer test)

Fig. 6 Influences of TENS and naloxone on the p-opioid receptor (MOR)
expression in the spinal dorsal horn (L4 level).
(a) Immunofluorescent images showing MOR (red) and the nucleus (blue). (b)
The optical density (OD) of MOR in the superficial part of the dorsal horn. The
expression of MOR was significantly increased in the AA group compared with
the Con group (*P<0.05). This increase was significantly inhibited in the AAT
group compared with the AA group (TP<0.05) but was not inhibited in the AAT
+N group. Con (Control group), AA (Adjuvant Arthritis rats group), AAT
(TENS-treated AA rats group) and AAT + N (naloxone-treated AAT rats group).

N AAT B L B LA E 2 MOR 128 L 72 (Fig.
6b).

£ =

BAMMR TENS 7 & O &S P13 2 0 R ¥
JAWEIC XL > THERBE P E R L EZ bR TV
5. KRE¥ (1 ~9Hz) @WETIE, BTV FVv7+«
YRIVT 77 v EONREFEF A FOEH
&, AT R Z A L28UENEL S, 20
W, RIEDPET 5 T 20 ~ 30 5 OFER H L2
TTH DD, R T4 MR L, &8
BRI H s © A%, — T, BRIk (50 ~
200 Hz) #WETIZFA I V7 4 YL BAARMES Y
A FOEHE, F—bary ba— il Ekow:
TR ORI E L 5. B H 558 Wi
R D ET CIRRIIWHET P, WH oM%Y
WL, EEEEEREEHAGDbETHYON
ZEHH LW R TIE, MIBOK TR D SRR
DOF e T & 5 4 Hz OB W) 2 R p 9 12

218

AA S v PO BRI L 7. 14 HRMEF6 @
TENS (2 & o TERBBME O T 254 E ISk S h/z
(Fig. 3). TENS 2B 7 < F BE 0@V %
BRIR S e W) HIEYWD 5P, AEWE TV
% V72 EBICB W T S RO R Sz,

b L, TENSISHEIEHZHNE, ZORREL
TR S 72D H S, 22T, EFEHD
WEDIT-7 (Fig. 4). AAFRICE > THEADOR
BREIIAZICHALZ. ZEBRI4AHHETY, AAR
E TENS Z i L7 AATH & o I2E 1T % <,
TENS 2 & 2B & 57 RIEDFIFHNIFED SNk o
72, WEOHETH TENS OPEIEEHIEEE &
NTwa? LaLl, SHREBEEOELZ T 2R
B L725HMliCTh 5720, SRS H 50k
AL TR A 5 b TENS OHt & GE/EA 12D W
TR ALEDRDH 5.

WA, MKJE ¥ TENS OfEHB R & LCHRMA
YA FOMSIEH Lz KRR OHEES TENS
BTV FVT7 4 YR EOHAKRMELFEF A KOs
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ZRAEL, THAIEFHICHGLTnEEEZEZHNT
W BT AN FEFENC X B 18 SE MR L0
% TENS O#shH1x, MOR P Faxy v o
52 & D IR S nz2s, S dse LR iE ik
/o7 (Fig. 5). ZO#EH»S, KEH TENS
2 X B8R IEH OB FE OO D12, MOR 24 L 72
WREAEF A FOERDBH L EEZOND.
W ENTHNEMEAF EF A Fid, BN TRk
HEIKHE, EEMERENR, B E R
BIOKREHRZAEH L, BREICRET 5 M/
VT FLF Y B Xt o b= iR BRIGL
LT, BHHEAICBT 2N ESE L IH L
720, KRB HE Z & o EALHALCEE L Tig
HIEREZ IR 5. -5 BMTIE, RO
—RZ2 =B YREDPLEDT VY I VR T A
¥ A P, CGRP 7 & DOHIRmZ W - o b il % 05
LYFTARIHE, k= a—0 v AL EWN
W32y 72k E 7200, EExhEEs4L
LEZHNTWAY, Zhang 513, #H# MOR D%
HE2WH L-BwEervicBunCild, BRI
BRIER P ON o2 L 2HELTWEY,
COLHITHEF A FOERRIRIE MOR OF Bl &
WA SN 0S, BHEFZMAIZBIT S MOR O%31E
WRRBIZ X > THERAR D, AFAREERE T VR R
BB ETVEIWIC BV TIRBIT 5015t
L, 72y VEFERET VT v b TINS5
CEDNHE SN T W AR KR T Y WS,
AAETIE MOR OFB AN L 7275, TENSIZ & -
TZOWIMIAZIHH S 7z (Fig 6). Goff &1k
131 S AE PRI A MOR D588 % B & & 72 94
& LT, ¥inL7zEKM2 5 0RERRES = Hi
LAV THIHILE D & L2720 HEELTWA.
TENS 12 & % B5H AT MOR (C MBI T %
PEPIESBOMERETH HH, TENSIZL-T
MOR DI APIH] & N7z DRI A Sz
EREEZDONENTH S, 7272 RhiE, 14 H
HDAD MOR OZALZ BI%E L7451 T, SR
LN L BB OBRETIX, TENS A MOR @383
BEILIZHIMEESZ 8L o TR 0]
D ZEZOND720, SHITHKERNIC MOR D%
BoOZEALZ B> TV LD 5.

CJE 9% TENS (318 M RRETEE TR 2 LA TH
D, BURRIROZHIZIE MOR M3 5 WM+
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Ed A RS L TWAZ EDRIZEIZ X o TRE
STz RIEMEAIR ISR L CTid NSAIDs R A 7 |1
4 FEF 2 EHBHEI N TV DD, BEEELR SO
BIEHIASRE CRRTNEE 2 2 & 25 0 %), BEDIR
BAZIE L, TENS X OB O—2 L 2 1) 9 5.
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ANTINOCICEPTIVE EFFECT OF LOW-FREQUENCY TRANSCUTANEOUS
ELECTRICAL NERVE STIMULATION VIA AN OPIOID MECHANISM IN
RATS WITH ADJUVANT ARTHRITIS
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Abstract —— The aim of this study was to investigate the effect and mechanism of transcutaneous
electrical nerve stimulation (TENS) in rats with chronic inflammatory pain. 1) Investigation of the anti-
nociceptive effect. Rats were divided into four groups: the Control group, the TENS-treated control rats
(TENS) group, the Adjuvant Arthritis rats (AA) group, and the TENS-treated AA rats (AAT) group.
The stimulus (4Hz, 30 min) was applied three times a week for two weeks, after which the paw volume
and the pain threshold were detected. The paw volume in the rats with arthritis induced by a mycobac-
terial adjuvant was significantly increased and the swelling was not controlled by the TENS treatment.
The threshold was significantly decreased in the AA group compared with the Control group, but on day
14 these decreases were inhibited in the AAT group. 2) Investigation of the involvement of the endoge-
nous opioids system. The rats were divided into four groups: the Control group, the AA group, the AAT
group and the naloxone-treated AAT rats (AAT+N) group. In the ATT+N group, 3 mg/kg of nalox-
one, an opioid antagonist, was subcutaneously administered before the TENS treatment. The pain
threshold was detected on days 0, 7 and 14 and the p-opioid receptor (MOR) level in the spinal cord was
analyzed immunohistochemically on day 14. The antinociceptive effect of TENS was attenuated by the
administration of naloxone. The expression of MOR in the dorsal horn was increased in the AA group
compared with the Control group. This increase was inhibited by TENS treatment. These results sug-
gest that low-frequency TENS treatment has an antinociceptive effect on chronic inflammatory pain in
association with the endogenous opioid system.

Key words: transcutaneous electrical nerve stimulation (TENS), chronic inflammatory pain, antinoci-
ceptive effect, opioid, adjuvant arthritis rat model
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