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Abstract

Introduction: It is known that acute and chronic stress induce hormonal and neuronal changes which affecting both
pain threshold and nociceptive behaviours. Orexin plays an important role in modulation of pain and stress. Considering
pain modulation during stress and the role of orexin in pain and stress, orexin might be involved in pain modulation
during stress.We evaluated the involvement of orexin receptor-1in acute immobilization stress on the tonic pain model.

Methods: Adult male, Wistar rats (200-300 g), placed in a stereotaxic apparatus and canulla were inserted into their
left cerebral ventricle. After 1 week of recovery, animals were initially submitted to one session of acute restraint stress
(30 min) and immediately submitted to formalin injection in the hind paw to evaluate nociceptive behaviours. Orexin
receptor 1 antagonist (SB 334867) was injected intracerebroventricularly, 5 minute before formalin injection, while the
solvent was injected in the control group.

Results: two percent formalin produced typical biphasic pain responses in rats that was observed for more than 1
hour. Acute exposure to restraint stress reduced the nociceptive behaviour by chemical stimulation in phase 1,
interphase and phase 2. The short-term stress induced analgesia was reflected in a decrease in the nociceptive behaviour
during phase 1, whereas the long-term stress induced analgesia was reflected in a decrease in the nociceptive behaviours
during phase 2. Pretreatment with orexin receptor 1 antagonist (SB 334867) attenuated the antinociceptive behavioral
effect of restraint stress.

Conclusion: Our results indicate that orexin receptor 1 antagonist attenuated antinociceptive effect of restraint stress
assessed by formalin. These findings show that orexin receptor 1 might mediate an opioid-independent stress-induced

analgesia.

Key words: Acute Stress, pain, Formalin test, Rat, Orexin receptor 1

" Corresponding author e-mail: hasan.azhdari@gmail.com
Available online at: www.phypha.ir/ppj

395 Y20



£e¥—Y20 dY) V0 (59995, 5 (59992548
¥ b

30 g gl 3 Jol> (6990 (9 s JO ) S 5ol 00 W ) (U 3
oelo® yge 3T

S 4l o g 5 wils el s oo ool ol il (5 Lo ¢ U] g e
a3 63
Ol €938 02938 (Sb i pole oKl ( Jglo g (Jsho i 35 pe )
Olnl (ng 3 0n9B (Kb pole oSl (Kb 01l «(55glg2 38 09,5 Y
ol oad ool 31T elStils ¥

AT CAR oY AR BRI

3 1y oy ol L5 4z (claasdl, S o Sl ) (633 (slaylidy o g 3,0 dilil ob 45 D95 oo (a5 (S90y9n Sy i) s yoje g D> Lyl 1dedRe
LBl Qi g0yl pLSGR 3,0 LA )3 cy pgl Sl (S0 33 9 (ool )3 (oS pgl GBS g (sl o 3 2)3 oS 0 g b i o U oyl 5 (633 (2
B B ey 2390 5 e Shge 3 plled (gl 51 sBL (63,3 (sla)liBy (g9 sl il S p3l \ 0338 Cen STl 25 110l

Vol ey 5 43138 Gon (il oy S50 ey SIS (uSUgyal (s> o g ad (sl gl S (p)S Yo Y ee) gy G155 o5 alimo g W (g
Csly (sby A5 4 ZY (o g So B s 9S85 oo )15 (4855 ¥+ ko &) iz s 3 2l il €05 gy Ll 4 plol (lle B (0] ol il atan
o U8 09,5 5 9 olleyd 9ol 51 i3 i35 0 S0l ) 0058 Cans ST (026 09,5 10 b g oaliio aid> A0 b (63,0 sloylid) 9 10,5 3,55 o dge
A5 e 0P ok o

Py 2 4GB iy Ol (2 8 (B me )3 g e g omlie BB ol VI Gl a5 00,5 dge 93 53 0,0 lesl cage (lleyd 5yt 4Bl
W5 Y56 ok jd e SYsb (6350 (09 ) 5B b jd ke alisS (6013 (o il D> 3l 5B g 5Bl NGB o Ty dleyd 1 L6 g3,0 )l (sl e i)
50l oyl JUd 4 3,0 (slanlisy il 1 6 i o (S0 334867) S ol V 05,8 s S 5,55

oyl ) (236 (933 (2 3 WIS (o oS ygl 5995 (oo S 23 sl ¥ S8 s 1 9 V3B 50 (93,3 (o e sl syl Jlosl 4 3 (LS gl 306 S A

Sl asly i ol

Y S 9l 08535 5 ol hge colleyd ygeil )3 @l eyl 2GS sWaily

.

ol 039y ) Kidghs d> g5 3590 30 b g b3l ¢l LV RY-F)
o (giy plojlw (slaylid) a5l cja G pl 3)3 )l

Ol adged Sy 550 BB B B> 1500 sl hasan.azhdari@gmail.com (Ol Jotns bl ®
g ($3)0(5 0855 13 0l (g lojl (olbd (slo )3, www.phypha.ir/ppj sl olKyg

IV At 25 5 S sla)lid) (sl gl (3,5 o3l

396 Yas


mailto:hasan.azhdari@gmail.%20com

hlSen 5 ol Bso

S oyl Sl Juols (633 (2 )3V S 5l 0858 i

s o () dlllan (ol B )3 5 oy
= oorl 5 (B 33 fias psilSe )3 S5 5 sl
sihee B9 50 ooy ygeil Jue oozl L ol (5 >

Dg P

W g, 9 3ge

A3 g3y gl dbus 5 olymo Jige adlae cpl )
(Sbgyisl (>l o g ang ()5 Yrr BVer) Jliny
o b 4l bl co ols ol J51s)s Ll gl
MO/KG  (peliS) (0 St 5| s Qg «8)135 J$S
=SB ol ol j3 (IP, 10 MQ/Kg 55 9 Ve e
bl g g B 03y By po 4l Cungy g pie
T (o5 oSy pulbl SeS L 1Yy LSy (Sl
AP:-9, ) ey ada jl o (o5l (o 4 (3leie daomex
oolitl b (6 )5 codle 1 ey 13,8 et (L2, Hi4.3
8 ol gddie j5Sie Joe 3 (SuBp l5 dis |
2 Letaly JoilS 5 slonl (YV o) (5500 ) Ledal) Joils
Olggiml 1> S2s8 gy S g g Hiiae jRe (9
Ladal) Jpls ddio ad cob (Sdj ol Glorw g deome
Olej )3 b 45 13,5 Sgdune (ol (houyd dhiwsy (g
S0 PSS @ oy F e Ay o) Byp sl
Sg 5l it ytaidhe ¥odgas o Jgho &8 (Y 0505 ()j9)
GF i 4o sl (b o) Gl 5l g 390 Laial) JilS
2> 9 35 04d oy 385 (g S Vo gileln SSpu)
b o ploml (g e 0) 5 00l
225095 0 & ledge (93gm02 09 i S (b 5l
FOAS &2 )98
Odloyd (yge3l J S 09,5 )
38U 63,5 laylid) (595 ol oyl o6 0S¥
ol G5
sloylidy 59y s S gl V043 pS i STl 095 ¥
odleyd B3 jl #3092
SLeykd) 59y > 32)5 9 il Co 095 ¥
odleyd B3 jl #3092
V0d S Cnad Sl 55 g il o 09, S 0

397

s b Cbge (ol Jolid oyl I (80 933
e 9 Sl (S 0jl BB (025 j5kar & sl 15 g0 il
Slgicee oyl 5 (BB (63,30 H903 lp dgde 93000
Fro il 55 o5 skl b (S s Sod aless 4
SUlge> slag Jold (Jaoee Cunj sbaaies (pizzen 9
eilSo il 3925 oo b dlge b g alie 455 51 Ly
3ol ol sdes Jgonis  plolis MelS baed,d o g4 o)
g 039 ke dsnlid b g sionl wius gjlo Jl
5 (PAG) 50 52)5 )9 (g ys 03l s Al
Vg-dee cbluwg (RVM) elsddl far Slo (oS5 i
o oyl i 33 RVM g PAG s Ylais] [VY]
L)kl adges gl igd o 3,0 (B33 o o o
b oS S8 g0 0 gy plojlo (slaylid) b eSSy o 3
[TP] S (o Iy B o Sligan 5 45 a3,
o BLS gy glo)sS (I L &S as punilSo opd
Yozl g osile (3l Gilly Cpgo & St Bgdisa 30 Joass
Slg j5) s Sl Jiendlyyg g b gl cELS
Yl o 1ol o SOl edely cglaie slaS )y
() oS 5) A oSyl A5 a8 055U Sloym (>,
9155 0 5 095 (o Frdo S pslancst Szl Sl
oS=b g (9l (oS s G (JLS568 (5
Y8 V] 05 oo Bl wYlgun
S gl 00555 93 VAN L o LS 5 bysSle
Sy 53 Cinogi ) G (g L oigd Ci>
Sl yud 9 Lagygyes 48 ol 03,8 b (ol cov,
1ol 3)3 has 55 5550 (gjme 155UsS Bblie 5> (aenS ol
Syimr a8y At (g Vlgun cualS gt g0 ity ELS
Crand gro 155555 (LH) (5l 9o VUsesn (NRM)
S )L 9> S ole g jae Sy She eSBis
sl Slas ol 3 S yol [YY VY] Cunl obds iso
NOJ (65,50 lwger candss Jod Jl (55U 5550 9 S
9 UL [YA W] Clos g s 9 ol S 9lp95 {1
G &S cladisly e al 553 [Fe 18] sl
LYY,V 0] sy o i (6950 (o 0 |y eyl
2 Syl B g oyl loj )3 9,0 has 4 da g

yav



S5y 9 (s59)gn 5

Cromwd 90 dy adsyo oyl ped 1B SLl b Cunss Cuand
£V aaby () B2 o (£+ bV aids ) Bl Jold A s
b 5B (pimen didd po )3 ploj (S0ke Egeome 1 (A0 U
OSle g dulone (bl 4> YB) (yee jlb o (gl i V)
one-way (s,Lel 9ol jl edliiul L s o3> .0y5,5 (¢35
Jlos g a5 350 (S5 osesl ol Jls 4 3 ANOVA
2 Ly Iy sxe s> laie 4 P<0.05 Jluds 5 )5 )1\

b axdly

G 3l 0b 63)> slayldy (g9, Dl il 5l

Yo Gdo d las oob L8l 5,5 5l dm adds A Sl
O?—")T (A (p<0.05 Y;Ls 4 (p<0.001) 3 sl (p<0.05)
Cwn ;L;l S((p>0.05) V Jss) cusls by sxe 4L Y
2> L)) 59y 3o (il 131 Syl V 0k S
Cwd 4 slradl :O‘%} Lgb S IS u,JLO)S By )'1 u-’“’l’
P AaB Y e @ e o )18 .l deng gl 4o

S JL8 0 (6950 slaylidy JialS Gy i) ) 4l

(p<0.05)) ;L5 ;5 (g3, slalidy yalS o yu i,
b olleyd gejl (p<0.01) 2A ;LS 4 (p<0.05) ;1 o

3 - —&—Control

Nociceptive Score X

—&—Restraint stress,30 min

Odlesd B3 3 56 (6950 sy (595 2 oSyl
3 AaE Yo e 4o lgs ya Il eesl 59y 0
¥ ¥ N (oL oyl Sonl) 6,5 o )5 iyt
oy Congy iy AT lleyd iy See B0 g Y
23)5 B3 Ve oy Ojgw po S L g Cly b
2 b oS g odnlie 4 a8 A U 00y sla)lis,
SB - iy S ysl ) 058 CamisS ] o5 09,8
0955 13 g Wleys ool 5l Jd aids & XYFASY
A3 G5 ot 5 o] Do 8
Sl lio Jase g diadjyl 29y Sy alleyd (0]
Ol 325 3 & (oM Sy iz 5l 5 20 5L 30%30X30
(odloyd 5y5 s 4 b edlitul Cunl oas agad (glan]
[VF] 2 00l Y U+ 0y0d ) )ygum 2)0 (sl
o) 9y b sk Ole b 029
O s9) Ola bl s pate (39
O3 3l Ole b Jol5 (39 oS Y
bodjod by 8556 Y
55 45 ol 48 el 00 LS 316 9 ) oyl ol
g (oo I RSy 5l (3,0 sl el 6l bawgs
e VD (g addd 3l pgd B o s V U+ adds I Jol 518

S5 oyl 131 b pasdie S D93 (o (530 45

B 3 - O Control
BORestraint stress, 30 min

im&mm

3 9 15 21 27 33 39 45 51 57 63 69 75 81 87
Time after formalin injection (min)

Phase 1 Interphase Phase 2A Phase 2B

2 odleyd Cyg0jl 0yes (pSile  Soiw 3905 9 (A) diBs Yo los St gl s yiany gy Dl il C 095 g S 09,5 )3 cpdleyd 905l 0 pe dulie =Y JS
s an ad llayd el V56 g Sl ) 56 )3 (6,5 (sl IS sy s 53 4B e ko & il L(B) lleyd (ig0i] BY g A 36 g oyl ) 56
Wil oo 3l Lyl 09,5 3 03e £ g S 09)5 10 3de A s & dlaws P<0.001 sesese o P<0.053 P<O.01 s : 8 09,5 51 J> sme 3N

398

YaA



o s U] Fge 2 oyl 3l ol (633 (2 )3V Syl 085S S

A3 —e—Control B3 @ Control

o ——SB-334867 100 uM O SB-334867 100 uM

(% 2 2

(O]

=

% 1 1

Q

o

z o0 +~r-—r-—-r—r—r—r—7r7—T1+—rorrrr—rrrrr-rrr-rr-TT-TT1T1T 0 - r r r .

3 9 1521 27 33 39 45 51 57 63 69 75 81 87 Phase 1 Interphase Phase 2A Phase 2B

Time after formalin injection (min)

033 (xSlse (g g 5 (A) adisd> - loj o sl e ® 3,5 51 2L (63,0 slaylid) 59) 2 (Y9090 Vo o) oSyl N 038 CeniSTl B1-Y JS
5308l O 5 5 (6,0 (slaylid) 1 s (ol oy S5 4y oS gl ) 03,5 e Sl 505 (B) lloyd ige3l BY 9 A2 516 g 5zl ) 58 )5 o B 505l
b o Syl V 035 S oSl 09,5 10 dae 5 g S35 09,5 3 3ue Al oy olaw s ey 9051 V56

—&— Control
3 —A— Restraint stress, 30 min
—l-Restraint stress, 30 min, SB-334867

Nociceptive Score

3 9 15 21 27 33 39 45 51 57 63 69 75 81 87

Time after formalin injection (min)

3 - E Control
BRestraint stress, 30 min
ORestraint stress, 30 min, SB-334867

l::El
0 - I

Phase 1 Interphase Phase 2A Phase 2B

[EY
L

313 ollayd igoil 51 B &S (gmg S 9 aiB Yo loj oo (s s yis Alpogy S oyl S slb 09,5 9 Sy 09,5 )3 e d (el 00 duplie =V JS
5 2A 56 5 5Byl O 56 5 lleyd g0l eyed (1S (igts Josad g (A) sl o (52,5 (SB-334867 Vgag,Sea Vo ) (S gl ) 005 Cni Sl il ol
gl 09,5 Ly Lo b 2B 5lé g b ullojd ygail Y36 g 5oyl o) 56 5 (63,5 (slalidy (ialS oo yia iy )3 483 ¥+ e & ool (B). ey y9031 2B

Ll (0 09,5y y3 22 -V o &y ol ¥ P<0.001. 5 ** P<0.01 4: * P<0.05 58 05,5 jl 45 ine B .l Jl5 zo (oS yol ) 05,5

oy S8, 55, 8 Jo 3 {(P<0.0) o o\ JSL5)

Sl Cond V JS5) el b sxe W36 2B > (600

Sl a3l oyl dlool a8 ol Ll Giegh cpl @ls o S ol ¥ 035 5 CnndoSLSl 5,55 4 ((0>0.05)
A 5L 0 slayld,y ialS cuw yo ey lawgy 4d8y Y- s oyl JLod 4 (60,0 slayldy als ol 5l o nSin
aalllos b l) o 95 o llojd (903l 2A 516 5 316 o Syl V0455 s STl 5o g (Y USS) 0
s oyl a8 W0l L YooY o lKen 5 S ol (Y JS5) sl (g0)0 slaylidy (g9, 653 ol

399 Yaa



S5y 9 (s59)gn 5

$iainyg sl 45 0l i i on 5 Sl S 5 )3
S Sl ialS Carge (ol (geVbged 55 (Sl
o3 ol b Lslyan eoman [VF] 295 (0 03 2 (e
3 YL plie S sl knOCKOUL (5 Syl (sle—ga
oS a9 e ol jI 5L hyperalgesia
[Y0] wisls plas Jgans (g0 4y o ) 69,0 (2 oyl
5 Bygyg 45 Cusl 03)S ol ol cu) slagingy
P51 S 0585 Bblie y3 S ol (sLbjud
TV VA il sad iy eyl 90y slaylid,
O3S, ids 5,0 a9 g Yade jd CpenS el o [YY
S sgl slaogyg b oyl 93,0 plSin 4, &S 003
e Sln e ) s e o Bl 038 s
Ol Ol Crizmed A8 (o pii 1) il L lasipe
ol S el . o el i o 509
il ey ) 33 Wbl i o Syl s s
L)L) 5 Syl 2928 &S sl oad ol (B)b 5l 298
b ol (Sl g slonl ledge )3 1) (o piusl 4t
Sy oo s an o cpl 0 [YALNY ¥ ule o s
20 ege p A el 01518 el oyl o 1) Lol i
Ao By A (Sl 525 ity e allas
Crl g 48,0 (Lol corge A (Sl S &S 135 35
i S g3l V0358 Sl o5 o5 Ly 5
Lo 5oy b a8 sy (0 plas 4 .00 )5 )lee SB-YYFAPY
K9 (o 331 ogeVbgeem Sl ouxte (slnsiingggh oyl
prals 523 518y oo 2 48l (gl Lol 51 (S oS
o=l @l ggemme )3 [YA Al (o Pge oyl 4 gusly
rgo oIS o S oyl Jlasl 45 315 L5 asdllas
e 9398 (o0 S 33V 5B Jobo )3 9V 5B 3 (63,50
o o et 3 Wl o0 A 0XpS 0hag 9 S gl
Sl ansly i ol eyl 51 b g0y

6 3135wl

Sl 35 g i o ) i ool s
A3l on AV ol & (g5 S pole oSl JySLe s o

400

2 D9 (50 (6350 SWrs39)9 4 (oS Funly B s
lad) eyl sy s ol ey Ltalil o5 o
e Slalllas [VA] and o ol |y (5)ly> 20 S yome
609 (= s |5 oyl Jolge b ol agalse &S 0oly ol
as STIYY XS V] 540 o cilidee (slayges] po llges
B a8 Wleay S B)iS g8y o Sl (S
sle aal) 32 By (oo ejs 9 31 oyl il
oy 3 ySe 58S )18 dged (gl S bl (63 (o
59 ¥ coge (adBd Ve e & 0, Sl 45 )0 ¥) 0y lare
Sl ypy 33 85 )3 [VV]2pd 00 (SSlSe 933
Sl 6205 o oy ¥e e 4 g gy o 0 sl S
Oleyd 3l aasld 5l s 59y YA JBlis e & a8 dgd o0
550 g Led o ypial HLSE VY] o) deld] ylians yo o
5 Sl 60 e (59 ¥ sl 9y 0> adda Vo))
sl dalls Lol Gia [VF] 308 o sila— liasd
9y Fayiw) 5 (B b ol Sl S yol AE (e
33 Jho S lsie 4 olloyd g3l 1 3L (935 sl i3,
S bl sl odlep s @ Slag Dbl § Sy
Alo o025 sl Jae 1 ilon )3 T sl oS yove
S S B 2 85 )18 g Wb 3 035 b el
oyl 31 (g el oad odliwl olyuo sloubige )
Sz 155 al o gl sbse 10 llop 903l 9y sy,
ooyl (o yme )3 (65 )8 STl (S el oais plos
2 0l 35 o 9 L b pd S ey (eS8, 2als ol
A a Lagely ol il 40 STl gl sldge
@y 35le (o 15 |y EBU — 50 Bl — (21 jpune s 0
33 Sl asy jocie o5 jio i3 53 ) sl JUSew (Bjl3
SYsb yokar yia iy eyl Jao P20 (St 295 0
bLo) sl paunslSo canyp 30 Gl (S0 glisio by 9 oo
Hebeil sl ) (=59 5 48l dde 33 5wyl o
i L Sy la gilow plp )3 yi5e dlge 0gilly Sloy
Lo o5 a5 a1y i gl (ol 50
Vo) oS ol ¥ 0355 CnndoSLSl poos aS s oL
b o yialil (8633 la)kd) sl Gl (Y 509,500
O9oi 2A 5LE g 3Bl ) 5B o |y ad sl i i) by
Ogo selde adllas (Siky daly cpl )3 ,5 e Gille 3



hlSen 5 ol Bso

S oyl Sl Juols (633 (2 )3V S 5l 0858 i

References

[1] Aloisi AM, Ceccarelli I, Lupo C. Behavioural and
Hormonal Effects of Restraint Stress and Formalin Test
in Male and Female Rats. Brain Res. Bull. 47 (1998)
57-62.

[2] Aloisi AM, Zimmermann M, Herdegen T. Sex-
Dependent Effects of Formalin and Restraint on C-Fos
Expression in the Septum and Hippocampus of the Rat.
Neuroscience. 81 (1997) 951-958.

[3] Azhdari ZH, Semnanian S, Fathollahi Y, Erami E,
Khakpay R, Azizi H, Rohampour K. Intra-
Periaqueductal Gray Matter Microinjection of Orexin-A
Decreases Formalin-Induced Nociceptive Behaviors in
Adult Male Rats. J. Pain. 12 (2011) 280-287.

[4] Berridge CW, Espana RA, Vittoz NM.
Hypocretin/Orexin in Arousal and Stress. Brain Res.
1314:91-102. Epub; 2009 Sep 11. (2010) 91-102.

[5] Bingham S, Davey PT, Babbs AJ, Irving EA, Sammons
MJ, Wyles M, Jeffrey P, Cutler L, Riba I, Johns A,
Porter RA, Upton N, Hunter AJ, Parsons AA. Orexin-A,
an Hypothalamic Peptide With Analgesic Properties.
Pain. 92 (2001) 81-90.

[6] Butler RK, Finn DP. Stress-Induced Analgesia. Prog.
Neurobiol. 88 (2009) 184-202.

[71 Cheng JK, Chou RC, Hwang LL, Chiou LC.
Antiallodynic Effects of Intrathecal Orexins in a Rat
Model of Postoperative Pain. J. Pharmacol. Exp. Ther.
307 (2003) 1065-1071.

[8] Ciriello J, de Oliveira CV. Cardiac Effects of
Hypocretin-1 in Nucleus Ambiguus. Am. J. Physiol
Regul. Integr. Comp Physiol. 284 (2003) R1611-
R1620.

[9] Ciriello J, McMurray JC, Babic T, de Oliveira CV.
Collateral Axonal Projections From Hypothalamic
Hypocretin Neurons to Cardiovascular Sites in Nucleus
Ambiguus and Nucleus Tractus Solitarius. Brain Res.
991 (2003) 133-141.

[10] Date Y, Mondal MS, Matsukura S, Nakazato M.
Distribution of Orexin-A and Orexin-B (Hypocretins) in
the Rat Spinal Cord. Neurosci. Lett. 288 (2000) 87-90.

[11] de LL, Kilduff TS, Peyron C, Gao X, Foye PE,
Danielson PE, Fukuhara C, Battenberg EL, Gautvik VT,
Bartlett FS, Frankel WN, van den Pol AN, Bloom FE,
Gautvik KM, Sutcliffe  JG. The Hypocretins:

401

Hypothalamus-Specific Peptides With Neuroexcitatory
Activity. Proc. Natl. Acad. Sci. U. S. A. 95 (1998) 322-
327.

[12] Fields HL, Heinricher MM. Anatomy and Physiology
of a Nociceptive Modulatory System. Philos. Trans. R.
Soc. Lond B Biol. Sci. 308 (1985) 361-374.

[13] Furlong TM, Vianna DM, Liu L, Carrive P.
Hypocretin/Orexin Contributes to the Expression of
Some but Not All Forms of Stress and Arousal. Eur. J.
Neurosci. 30 (2009) 1603-1614.

[14] G.Paxinos and C.Watson The Rat Brain in Stereotaxic
Coordinates (4th and 6th Edition), Academic Press, New
York (1998 and 2007).

[15] Georgescu D, Zachariou V, Barrot M, Mieda M, Willie
JT, Eisch AJ, Yanagisawa M, Nestler EJ, DiLeone RJ.
Involvement of the Lateral Hypothalamic Peptide
Orexin in Morphine Dependence and Withdrawal. J.
Neurosci. 23 (2003) 3106-3111.

[16] Gerashchenko D, Horvath TL, Xie XS. Direct Inhibition
of Hypocretin/Orexin  Neurons in the Lateral
Hypothalamus by Nociceptin/Orphanin  FQ Blocks
Stress-Induced Analgesia in Rats. Neuropharmacology.
60 (2011) 543-549.

[17] Hagan JJ, Leslie RA, Patel S, Evans ML, Wattam TA,
Holmes S, Benham CD, Taylor SG, Routledge C,
Hemmati P, Munton RP, Ashmeade TE, Shah AS,
Hatcher JP, Hatcher PD, Jones DN, Smith MI, Piper
DC, Hunter AJ, Porter RA, Upton N. Orexin A
Activates Locus Coeruleus Cell Firing and Increases
Arousal in the Rat. Proc. Natl. Acad. Sci. U. S. A. 96
(1999) 10911-10916.

[18] King CD, Devine DP, Vierck CJ, Rodgers J, Yezierski
RP. Differential Effects of Stress on Escape and Reflex
Responses to Nociceptive Thermal Stimuli in the Rat.
Brain Res. 987 (2003) 214-222.

[19] Lafrance M, Roussy G, Belleville K, Maeno H, Beaudet
N, Wada K, Sarret P. Involvement of NTS2 Receptors in
Stress-Induced Analgesia. Neuroscience. 166 (2010)
639-652.

[20] Miller DB, Chernoff N. Restraint-Induced Stress in
Pregnant Mice-Degree of Immobilization Affects
Maternal Indices of Stress and Developmental Outcome
in Offspring. Toxicology. 98 (1995) 177-186.

[21] Nambu T, Sakurai T, Mizukami K, Hosoya Y,
Yanagisawa M, Goto K. Distribution of Orexin Neurons
in the Adult Rat Brain. Brain Res. 827 (1999) 243-260.

¥



S5y 9 (s59)gn 5

[22] Parikh D, Hamid A, Friedman TC, Nguyen K, Tseng A,
Marquez P, Lutfy K. Stress-Induced Analgesia and
Endogenous Opioid Peptides: the Importance of Stress
Duration. Eur. J. Pharmacol. 650 (2011) 563-567.

[23] Peyron C, Tighe DK, van den Pol AN, de LL, Heller
HC, Sutcliffe JG, Kilduff TS. Neurons Containing
Hypocretin  (Orexin) Project to Multiple Neuronal
Systems. J. Neurosci. 18 (1998) 9996-10015.

[24] Quintero L, Moreno M, Avila C, Arcaya J, Maixner W,
Suarez-Roca H. Long-Lasting Delayed Hyperalgesia
After Subchronic Swim Stress. Pharmacol. Biochem.
Behav. 67 (2000) 449-458.

[25] Sakurai T. [Roles of Biologically Active Peptide in
Regulation of Feeding Behavior and Energy
Homeostasis. Nippon Yakurigaku Zasshi. 122 (2003)
236-242.

[26] Sakurai T, Amemiya A, Ishii M, Matsuzaki I, Chemelli
RM, Tanaka H, Williams SC, Richardson JA,
Kozlowski GP, Wilson S, Arch JR, Buckingham RE,
Haynes AC, Carr SA, Annan RS, McNulty DE, Liu WS,
Terrett JA, Elshourbagy NA, Bergsma DJ, Yanagisawa
M. Orexins and Orexin Receptors: a Family of
Hypothalamic Neuropeptides and G Protein-Coupled
Receptors That Regulate Feeding Behavior. Cell. 92
(1998) 573-585.

[27] Satoh M, Kuraishi Y, Kawamura M. Effects of
Intrathecal Antibodies to Substance P, Calcitonin Gene-
Related Peptide and Galanin on Repeated Cold Stress-
Induced Hyperalgesia: Comparison With Carrageenan-
Induced Hyperalgesia. Pain. 49 (1992) 273-278.

[28] Siegel JM. Narcolepsy: a Key Role for Hypocretins
(Orexins). Cell. 98 (1999) 409-412.

[29] Suyama H, Kawamoto M, Shiraishi S, Gaus S,
Kajiyama S, Yuge O. Analgesic Effect of Intrathecal
Administration of Orexin on Neuropathic Pain in Rats.
In Vivo. 18 (2004) 119-123.

[30] Sweet DC, Levine AS, Billington CJ, Kotz CM. Feeding
Response to Central Orexins. Brain Res. 821 (1999)
535-538.

[31] Torres IL, Gamaro GD, Silveira-Cucco SN,

402

Michalowski MB, Correa JB, Perry ML, Dalmaz C.
Effect of Acute and Repeated Restraint Stress on
Glucose Oxidation to CO2 in Hippocampal and Cerebral
Cortex Slices. Braz. J. Med. Biol. Res. 34 (2001) 111-
116.

[32] Trivedi P, Yu H, MacNeil DJ, Van der Ploeg LH, Guan
XM. Distribution of Orexin Receptor MRNA in the Rat
Brain. FEBS Lett. 438 (1998) 71-75.

[33] Van den Pol AN. Hypothalamic Hypocretin (Orexin):
Robust Innervation of the Spinal Cord. J. Neurosci. 19
(1999) 3171-3182.

[34] Wang Z, Bradesi S, Maarek JM, Lee K, Winchester WJ,
Mayer EA, Holschneider DP. Regional Brain Activation
in Conscious, Nonrestrained Rats in Response to
Noxious Visceral Stimulation. Pain. 138 (2008) 233-243.

[35] Watanabe S, Kuwaki T, Yanagisawa M, Fukuda Y,
Shimoyama M. Persistent Pain and Stress Activate Pain-
Inhibitory Orexin Pathways. Neuroreport.16 (2005) 5-8.

[36] Wideman CH, Murphy HM, McCartney SB.
Interactions between Vasopressin and Food Restriction
on Stress-Induced Analgesia. Peptides. 17 (1996) 63-66.

[37] Wolf G, Yirmiya R, Kreisel T, Goshen I, Weidenfeld J,
Poole S, Shavit Y. Interleukin-1 Signaling Modulates
Stress-Induced Analgesia. Brain Behav. Immun. 21
(2007) 652-659.

[38] Xie X, Wisor JP, Hara J, Crowder TL, LeWinter R,
Khroyan TV, Yamanaka A, Diano S, Horvath TL,
Sakurai T, Toll L, Kilduff TS. Hypocretin/Orexin and
Nociceptin/Orphanin  FQ  Coordinately  Regulate
Analgesia in a Mouse Model of Stress-Induced
Analgesia. J. Clin. Invest. 118 (2008) 2471-2481.

[39] Yamamoto T, Nozaki-Taguchi N, Chiba T. Analgesic
Effect of Intrathecally Administered Orexin-A in the Rat
Formalin Test and in the Rat Hot Plate Test. Br. J.
Pharmacol. 137 (2002) 170-176.

[40] Zhou Y, Bendor J, Hofmann L, Randesi M, Ho A,
Kreek MJ. Mu Opioid Receptor and Orexin/Hypocretin
MRNA Levels in the Lateral Hypothalamus and
Striatum Are Enhanced by Morphine Withdrawal. J.
Endocrinol. 191 (2006) 137-145.

¥y



	ab-Azdehari.pdf
	Azdehari_corrected_proof.pdf

