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Abstract

Introduction: Orexin-A and B (Hypocretin 1 and 2) are neuropeptides that are mostly expressed in the posterior
and lateral hypothalamus (LH). Intracisternal (ICV) and intratechal (IT) injections of orexin-A (hypocretin-1) have been
shown to elicit analgesic responses in formalin test. However, the locations of central sites that may mediate these
effects have not been clearly elucidated. Orexin-containing fibers are projected to periaqueductal gray matter (PAG),
which is involved in pain modulation.

Methods: Behavioral study was done on male Sprague Dawley rats (200-300 g) in formalin induced nociceptive
behaviour.

Results: Intra-PAG microinjection of orexin-A produced a dose-dependent inhibition of formalin-evoked behaviour
in interphase and phase 2, but not in phase 1, indicating an antinociceptive role of exogenous orexin-A in the PAG.
Analgesic effect of orexin-A was less than and specific to inter- and late phase of formalin test, when compared with
that of morphine (5 pg/0.5ul) after intra-PAG administration.

Conclusion: The obtained results suggest that orexin-A plays an anti-nociceptive role in PAG, on the interphase and
late phase of formalin test in rats. So it is possible that orexin-A might be involved in the mechanisms of inter- and last

phases of formalin induced behaviours.

Keywords: orexin-A, analgesic, periaqueductal gray matter, formalin test, morphine

* Corresponding author e- mail: ssemnan@modares.ac.ir
Available online @: www.phypha.ir/ppj

24



S

)

o
s

VAT < VA ) VY (559055l 08 5 (s5alsn et
VWAY 5mb

JSIN (8 50 9 A oS 59l 32y ¥ 3 WU (53 33 sd i1 Ao
Qﬁ’h)ébdﬂﬁbé&w‘é)é)w)ﬁaw)séﬁﬂlébélﬂ
st @B giny ‘*o‘féh«» A (5 )5 8533 e

AY oY oy AY oYt il AY s ys A icél s

2SS

Ky

#1553 G)F 5 e ol 3 305l am A gyl Sl (36 (930 5 95 o ol (5 9o s 13 (V) 8,5 500) B g A e ) 1dorde
oo Ly (il e Wlbgud o <S5y ol bl)l addllas piis .Cunl 0l (asuie oS o cholwg |y (63,0 o opl &S (s520 3STy0 g i (Jg el 0as 00l> L
5 ey olayd 9ejl 93 3)3 4 (6,18 genl (g9, 1y A S ygl (SLB 493 (¢S odle 31 52y55 @l il addllas ol 5> oyl ol ol o3l Lis 1y (SUS 90 (¢ S
A5 duglie (b ye b

Slead agd py S Yoo LiYer ijgo35de 1 5 Sprague Dawley o155 cuhw olyus glaige 13 oplleyd alssy aloddl 3,0 Jao 3 5,k adlllas 1 g
A el gl gis]

S 5 {Jgosls Yo 5 Ve 593) b plloyd (ool ¥ 516 g 5 ytnl el yo 53 (63, (slanylidy S s A S gl LB 9 (S 3le S (55 HbeiBly
pdype b dunlie 0l el luad pdloy g0l ¥ 51 g 5B ,zl ) 5B p0 1y 633 (elaylidy pdpe SUB 93 (o ymuSE odle JBIs 5oy sl (b ) dAls po (gg, oS
ool 63, L)) (59) (§ 8L g Ayl (5L 493 (5181 o3le & G S osle By ubld ullayd (igail Vg ¥ Bl je )3 (55aS 5L A S )
sl ylle s

o ALy ol sl 50 15 oy ygail Y516 g 5 5] dls ye )3 (63,0 (slayldy (el G A S gl (SUB 93 (S odle S5 55 15 S A

A8l 53 oo b ygesl V58 5 518yl dl po 15 (£33 (gl (slapunlSo L

by 5 0leyd ygeil ¢ SUB 193 (6 muS o3lo «63;5 0t A yS yol 25 0lS (B3N

LH 355 o 639 (o oo (PAG) S5Li3 yo3 (55255 AodLo
ks 5 g ol gl (A ELS 4 ) Gl i I (end S35 o Plas] s )39 bk s (i

S o Doy LH gy o0 L)l (60,0 o 0 PAG o3ls 4y wleMbl ady 55 )b 5l (LH) sls jwse¥liisun

&9y 3 Ll 38kes (iS5 153 o el PAG
u_)l u.o-L._Jw S/Lw‘ LW P ua.?t_.wuo 4§..._.«u u_)l

ssemnan@modares.ac.ir WOlslKe Jgime Bllwngs #

www.phypha.ir/ppj sl oS54

VAA



&9 Loy g (53909 5

d B 35 Ve oped gy S hawgl Glae b aoxy
o4 <Ml (sl )ld) I (ol asgecme g c0dlejd 32y 5 o>
YU+ oy aS b olis ]y g3g5udgd slaylidy 5 plloyd b
25 03l

Oy b =) o9 o) Sy b sk Olo> b
935 038 (eej 1 o> b Y g (o) g9y e
Pje ol b 85 (o By il plee Y

by s (A5 JolS Ll dag)ly 5,55, sl—
3 ot 938 o Lol VA ogiaaSy (bl o st
S5 o 0Ll (6)l3) s (gl bl (An din ) (o39u0
3 okl b (el oal 5 53 4) 09,5y 1 lagls ¢ jolosl 59 3
(PE-100) Lol ) aJg) o (Hamilton syringe) jsdusls < puo
9 G035 U9y b (e 07 (0.5 plimin) ¥+ &5 'L
G5 el Gl D9 G Coge 4 e b 09,5
olalegl 3y A 3 lainlyg 5255 (slo Sl (ol g lag )
P b Ghgte 3l e Ol S U9 el b (o d
S o ol Cungy 9 A (o0 pitns (ST il ol
Slbl gy slo <l (35 )8l (g b (0 033 (B (e
O iy o] Aol 4t L g s ol oY LS g
oo o (2155 [V gl ullol)> 015,55 dlols |
GMS Cadle jlam b o pasuiie Ghiles] 390 At 4y 3lato
g5 e 0 (Sbipy b sla dio jledlatul b 368 bl
VY 050 Sy pw " Voame oS dasaly JplS o o3l 4 (clde
xe ey ol O ojlal 4 Lasaly JoilS' g o sl ccand
O3 Glars dlasg: dozez (59),0 o (29) Cousd g 005 o
ol (S ) S8 gy 92 e Sl (S,
9 =l By (o0 908 (S (5 (low (19999 4 docmen
g 3l o b b Jlg 035 o (gl s oS> 0
deomed (g Leialy JoLS Adia 557 (0 (65 ol doomen
9B GF b glej o b g 09 dguse (ol (2> sy
ol 4y 39y ¥ 0y yigw jl &S S3L ol S b oo iy
S jly 4 23l Laaly Jol§ Soi 5l 5 hsb jie (e ¥ oS (]
b g )53 e s (o oy 1 (h S S )b
oo o> Ao jlide g 00d Juog 35 i 4 O]
plosl a2, 8 (o0 3l (30,5 JPLS So5 Cuond 3 ()5
DS b ) (5390 0093 i S 9o (2

AR

20 S e Sl il gl slacs ) Wilgn b yieud] g g8
S Lo 0909 2 (Y 059 9 ) 055 m0) B (e gl
Bgd (oo Sl oV Uig (08D g (ol Cuond ¢ ]IS0 )98
9 VA JLw o Luil)LSen o (Sakurai) gl)eS L [IVF-]
935S Cipogi ) G (3689, L odigd Sl (S gl 05,5
SLoyd g Laggyes & Cunl 03,5 ol (Sofolshy9e Sl
Nid D)0 Jodad )D 3530 &S (g0 alidee 3blio > Syl
B il (5500 g (G (sl Shos ulals )3 (Sl
U dog b [YOJuad o lis (600 o y0 1y oS gl i bl
253 Gble ylge & PAG s RVM (b wseYlgun S
P00 a0 A S ol il Jg Wloads aslis g0 o
O3l awyp dlllas ool 5l Bus .l ol gy bl oyl
o3l 233 4y )l el 2 PAG S A Sl (32,5
g 0313 Zrwly SYlgw pl s 9.l o ployd

363 (= A S ol PAG |51 2,5 LT -
55 (oo oalleyd (gl (ol 3 S

duslio D Ay )l PAG 31 3,5 (630 o lyl -
Sl 55 (lesd gnf Ao 355 Jio 2 (e

W g, g g0

M e 2l labos jl ingim -

A pS Yoo UYer Jjg 0350w 1> g Sprague Dawley
odlatwl ylle 3 alwgs ool 550 e )3 ¢(gly gicid! jl onds
Wl Sl 5By s g odnlie jolaio & 903l ul )3 0
31 930%30%30 sl ay cpdame 4L Blads alaise S
Ola> (sl 4oy oamline (gl b edlatwl Plexiglass i
o)y el oas s ol 4l Glad abaase oyl

Cmwgy y2jdndop ¥V pdleyd ol yidg)Sie B s



PAG 31> A puS ol (633 0 5

Al —— Vehicle 3 OVehicle
—+— Drexin-A 10 nmol Q0rexin-A 10 nmol
—&— Morphi

2 e s

g . 7stan b e

0’ /4 @’

® o

2 3 X

= =

ol =}

8 a *

g1 5

o (5]

=] o - .

z =

0 T 0-

0 6 12 168 24 30 36 42 46 54 60
Time after formalin injection (minute)

Phase 1 Interphase Phase 2

0) e 3 (5o V<) Ao PAG S 5 i Y Sk
5o Gl ey sesl (623 sloyl) (s, (3dg,Sen 1D o2 13 £ 59,5
V58 g 3Ll 35 5 dlayd geil 0pes (3Sike (gt loges g (A)edSd
5 5% P<0.01 & P<0.05 (25,80 +/0) (s o sine 5331 (B)

sl 005 03l &y yus DY 09,5 ya 3 o FF* P<0.001

sl

4 ()_A.A.J?)SM '/A) u.Jl_.w d_z)).z ] 03 J&.w.;
Gup )l Jd a4y 0d) a3 4 M olsie
() JSs) (sl

ol olleyd 9a3l (63,0 sla)lid; (5 Jgegsl Y-
L (old (ixe gl opdleyd oyg03l Jgl 56 50 69,
-LS_;”“’ ).ul_; 2 J9A93U ) )'9.) 9o PRV Y JM> 09)§
w.lbl_f [ 1a45 J9A93U IA) 390 D LAl oda i L;)‘J
8590 O=tke (P<0.05) a5 Y L 55 g3, laylid,
J9A93'._5 . )9.) PR [EL L] dl_{b)la..é) wbl_g e as
sl ol wa s el S caw A S el 50
sy a6l ine yo—lay |, ¥ 5L5 4 (P<0.001)
J9A93l_§ Vo }93 = axdlleo )9 (Y J&w) i ol lie
IRV JS\_N )9 s )9]4)[.4.& ) d.«.u_)‘l.odo “J,:..é)p L)
90 by 4 Cumms (£ =S B A S sl Ll o0
(P<0.01) cusl> ¥ o ¥ alsye

\a.

3 3
A —o=Control B OControl
o =4=Vehicle o BVehicle
8 S
n? '32 d
2 2
B E=
g 2
21 © 1
g 8
Z 4
0

0 6 12 18 24 30 36 42 48 54 60 0~
Time after formalin injection (minute) Phase 1 Interphase Phase 2

Als) S 09,5 5 S8 05,5 G allesd igeil 0yed dglie - S
0323l 0ye3 Sl (St jlge3 5 (A) aid> £ sl (25,5 +/0
(B) olleyd (o3l ¥ 506 5 56,ml ) 5 50 ey

B1 3

Al —— Vahicle avehigie
—4— Ofexin-A 1 nmal wOminA 1 nmol

: = g 2
@w
] " 2

g
& o
=
0
g A

0 6 12 18 24 30 36 42 48 54 &0

Time after formalin Injection {minute) Phase 1 Interphase Phase 2

Az 3 —r— Vahicl Bz 1 OVehicle
—+— Qrenin-A b nmol mOrexin-A & nmal
oL X

5 .
N
il il

Phase 1 Interphase Phase 2

6 12 18 24 30 36 42 48 54 &0
Time after formalin Injection (minute)

a’ e venigte pa? aVehicla
—+— Oraxin-A 10nmol mOmuin-A 10 nmaol
ity @
3 2
@ o
5
[=%
B
g A
0 6 12 18 24 30 36 42 48 34 60 Phase 1 Interphase Phase 2
Tima after formalin Injection {(minute)
a3 —i— Vahicle Ba 2 EWehigle
o g Oraxin-A 20 nmol mOFain-A 20 ol
g @
@2 Z:
o &
] @
2 2
2, =
2 2 1

o
=

0 & 12 18 24 30 36 42 48 54 &0
Time after formalin Injection (minute)

2 AoeSssl s IN> 05,5 e e b gl 03 duylio =Y JSU
Sldy 59y dgySee /0 )3 Jpegli Ve —F 5 Ve V0 -V ) —slajgd
o yes 1Sl (Sgim ylog05 9 (A) aidd £+ (sly Loy (a5l 63,
9o &l (t-test, p<0.01) (B) Y36 5 56,21 56 )5 (alloyd o905
10) oyl 51 b mme BT .l o 030> L b jolay bnjed yins
DY 09,5 by 5 F¥% P<0.001 4 % P<0.01 * P<0.05 o iy ,So

Phase 1 Interphase Phase 2

ol o odlisw! Oy o



WAV ol oF 5)led VY als S39s5 o)l 5 (il
Sl e s G a5 o A S ol IT 5 ICV o

‘_gLub9ﬂ 9 Sobw coas e 9) b)f A.L.wy L_,’.gu)&.n
dod 0 (6350 Mb Gl Sl gyam Gige 0 A S 5l ICV
oS — gD asis) (ole )50 : fold 5y sla Jae glgl
5 odleyd) b o(pd jlid) (Sl fpd dS 9 L
aS Sloj (Jg cal oaly lis oS iidS g (e b
4 daxer b [YIFXD] cusls (o)l ad 5ay5 slls ) gyld
JLos 4 S ol (690 o 5l oads oL Clallas jo 4]
all cpl a8 6551 (Jg Canl 0 0050 St (32,5
by, gals cow PAG aiwa J315 4 A Syl
2 650 Jg ab odlop (a3l Y5 5 58yl )5 (630
2 A oS 55l ;83U 51 (AU Xl e Vg ) 5150 A Sl
0355 clled  sb Y Bl iE opleyd g0l Yy
o Jlad 9 A_M:Lqu_.o U_Ja_o;n sla O])ﬁi PRTLIR sla
il ads po obul cow 156 () Olee J95 s ype
e oyl Glojen collad 51 L Y 56 258 e 6
oJ_:).Af collzd J..wbu;a d)f).,o Olacl u’.w.\l.u.w u‘,».:;u 9
Jolw S5 puds clale jil581 9 NK19NMDA sla
4S5 298 oo Comlus il cow als LS clayg s
Ayl i 8 dleys el VLS o) S S5
Gk 3l 955 000 has w030 b g s 535
PAG ;s sls 50 J,u8 50 A S gl Yieis! 9 505 PAG
G—p adlas ol 0 4 SSlsean il ar Sy i &
als o 51 b ol )0 g9y 65 PAG 51 4y A Sy
olsie 4 1) 56l als o M5 sl lle s geil V8
Job opl 4l g wiblid o Jld et ()loe dl> e S
alllae cpai> o (Jb )3 09 4855 )15 0L a5 390
dlou! JLsd @0 an L8 5] dls e a8 Wlod )7 35,155
oS Bgie (sl puilSe don ligyg)0 ok 9 29
o (Franklin) ISl 8 [YYYe=Ve]u_ b o)
e o pljL g Jlinyligiiy a5 638 (5155 il Se

VA

.

9y AppaS ol PAGUSD 3,5 )51 adlllas ol 5
Pl g sl ol gy olleyd g0l (63,0 sla)l,
odlo 51 3,55 b dwulle pdye (0008 SlIL (go,008
9y oS o o b ooy 03l V5B g 58l Al o
190 EraS B ool JB0 30,5 .ccils bV abs e
Ve 5 sleml oV 5L o) ey slayls) by (SUS
oo L acuolio > ol ialS luas lleyd gl
oo ® gafl N 5 ¥ 5B als jo 5> (5508 55U A S gl
LB 590 (yiwS B ool 4y Cuns i ils By5 cudld
ol ogeil (530 slaylidy 59y (6 ud A gl
ol ;i Yo 4 Limed opl 50 odleyd 905l sl
) wlio Sy S po0 dloys gl =) il oais
So o dls 0y sla Jus 4y Cand =Y S o oly8
Caz ol 3l 5 48l (oo pglie sk llep (igejl ) SUsy
BB iulejl lgms Y sl SeidS 5,0 alie Sl e
55 s> by ygal = ST oo 428 ) (65508 ol
Amd e i |y 93 5l (Sglite g4 5B pa a5 AL (e 5
[Vao]
=SS olsme s PAG B0 a0 A S yol 30y 59
L ass palyd 1) oo yd ilgy o )0 0aiS baws bl
3y9-0 253 (H9 oA Jode w5 Ay gl S
50 Jasd cuw PAG 35,b I LH aSuiine 5 35 o0
50 iy o 1) S gl i Sldllas 18] Y] 544 oo
(655 J31s b 50 oot J518) Santoser 3255 Jlio 4
gy -y aS L;;Lo)' A&J”l JL.A O]y’.a.{ Cowl 0313 uL.HJ
sla Jis o (g3 & o Gl 05 SF V)9 J&]J
LS Lawgs ond <l (63,35 9 8+°C ;5 Els ais 5y
S0P 9 [5] cwl oads olymo ige ,o (Carrageenan)
o=l g Cunl 0dd ¢ asmis 5 lleyd 300 Jae jd (60,0 o
ol cus oSBT L e,y i bwgs ol 3]
B2y5 [0F] ol o 055951 (SB334867) A (S g



ohlSen g (53]

PAG 31> A puS ol (633 0 5

&bo

[1] Abbott FV, Franklin KB, Westbrook RF. The formalin
test: scoring properties of the first and second phases of
the pain response in rats. Pain 60 (1995) 91-102.

[2] Bartsch T, Levy MJ, Knight YE, Goadsby PJ.
Differential modulation of nociceptive dural input to
[hypocretin] orexin A and B receptor activation in the
posterior hypothalamic area. Pain 109 (2004) 367-378.

[3] Behbehani MM, Park MR, Clement ME. Interactions
between the lateral hypothalamus and the periaqueductal
gray. J Neurosci 8 (1988) 2787-2780.

[4] Bingham MJ, Cai J, Deehan MR. Eating, sleeping and
rewarding: orexin receptors and their antagonists. Curr
Opin Drug Discov Devel 9 (2006) 551-559.

[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] Boutrel B, Kenny PJ, Specio SE, Martin-Fardon R,
Markou A, Koob GF, de LL. Role for hypocretin in
mediating stress-induced reinstatement of cocaine-
seeking behavior. Proc Natl Acad Sci US A 102 (2005)
19168-19173.

[7] Chaplan SR, Malmberg AB, Yaksh TL. Efficacy of
spinal NMDA receptor antagonism in formalin
hyperalgesia and nerve injury evoked allodynia in the rat.
J Pharmacol Exp Ther 280 (1997) 829-838.

[8] 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.

[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] Collier DA. Orexins, sleep and arousal. Mol Psychiatry
5(2000) 10.

[11] Dafny N, Dong WQ, Prieto-Gomez C, Reyes-Vazquez C,
Stanford J, Qiao JT. Lateral hypothalamus: site involved
in pain modulation. Neuroscience 70 (1996) 449-460.

[12] Date Y, Mondal MS, Matsukura S, Nakazato M.

Distribution of orexin-A and orexin-B (hypocretins) in

claccussST as 15,8 sloiin g9 g g0 51yl dls yo
N oo 3yl als 1o 050 5l (o)l pe0 o (GABAA
Guyp 9 &S Lol sl Lil)San 9 (Henry) g ya [VA]
2 Al el caw ol b i @ oldleyd o
L 3 dlleyd pod oyl am 3)3 syl 0
b S @ ol (03 (2 BP9 e Sl sl &S
Gl s pusilSo a8 Cuwl 0 Aol Cubld Deng e
P9d G5 5l 3)> LS o SLE bl ads e JUd
23 Jl B A ) ol Ll vl oad (e 3
slide (2150 598 bl 5l 4 Aild oo Cons sSsmlns
Lyl s yo (b3 950mb )l J S8 Gy 35
s 359l yone B2yl S A Sy gl Ylein] 395 oo
ol 53 sl oad odleyd (sl V5B )5 lee (ol
OSee VL8 gl conByd (93,5 ba)ld) LialS Buios
S b 5 5 uSata |y 5] el e 8 Yo o
VLe 630 slasls) gy Ayl yaisie )51l
YL ) )l (ne ol aSilizmen 3l oo b 05
NMDA Lo 045 ,5 4 S0l s angi L ogd o0 04
Syl i Y 5 g ] als e 5,5 S5 > GABA,
e oyail b 9 U 5 Slligls ks, cliiody
sl oy Sae [PEFAVITEY] il 0a 5 i)l;5
NMDA sls 04555 1 5L5 G—)b 51 A g 9l
DRLS o b e )98 () el b g GABA,
olle b gl ¥ 5LE 5 5Lyl dlo o 13 (63,5 (sla,lid,
Lol 00

G ) o) Viain) o5 €55 x5 Ly oalol
g (05 JUb cw PAG 3 ialo 0235 (3,5 b
245 plapa b ik ol 5 39300 syl 6
sl g NS oo Aldlae X)l> (1B g U6 ] (6 S JSS
ol gy Ollllas & 50 SbeuasSo i ololis

é)'}i*"tw’

35 wgmae S b Sl 5 Job Al
g e (Sby ple oKl lacl pole ladsy
Sl g



&9 Loy g (53909 5

[20] Gaumond I, Arsenault P, Marchand S. The role of sex
hormones on formalin-induced nociceptive responses.
Brain Res 958 (2002) 139-145.

[21] Gaumond I, Arsenault P, Marchand S. Specificity of
female and male sex hormones on excitatory and
inhibitory phases of formalin-induced nociceptive
responses. Brain Res 1052 (2005) 105-111.

[22] Gaumond I, Spooner MF, Marchand S. Sex differences in
opioid-mediated pain inhibitory mechanisms during the
interphase in the formalin test. Neuroscience 146 (2007)
366-374.

[23] Georgescu D, Zachariou V, Barrot M, Mieda M, Willie
JT, Eisch AJ, Yanagisawa M, Nestler EJ, DiLeone RIJ.
Involvement of the lateral hypothalamic peptide orexin in
morphine dependence and withdrawal. J Neurosci 23
(2003) 3106-3111.

[24] 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 SciUS A 96 (1999) 10911-10916.

[25] Harris GC,
dichotomy in Aston orexin function. Trends Neurosci 29
(2006) 571-577.

[26] Harris GC, Wimmer M, ston-Jones G. A role for lateral

ston-Jones G. Arousal and reward: a

hypothalamic orexin neurons in reward seeking. Nature

437 (2005) 556-559.

Vay

the rat spinal cord. Neurosci Lett 288 (2000) 87-90.

[13] 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: hypothalamus-specific
peptides with neuroexcitatory activity. Proc Natl Acad
SciUS A 95 (1998) 322-327.

[14] DiLeone RJ, EJ.

Georgescu D, Nestler Lateral

hypothalamic neuropeptides in reward and drug
addiction. Life Sci 73 (2003) 759-768.

[15] Dubuisson D, Dennis SG. The formalin test: a
quantitative study of the analgesic effects of morphine,
meperidine, and brain stem stimulation in rats and cats.
Pain 4 (1977) 161-174.

[16] Fields HL, Malick A, Burstein R. Dorsal horn projection
targets of ON and OFF cells in the rostral ventromedial
medulla. J Neurophysiol 74 (1995) 1742-1759.

[17] Franco AC, Prado WA. Antinociceptive effects of
stimulation of discrete sites in the rat hypothalamus:
evidence for the participation of the lateral hypothalamus
area in descending pain suppression mechanisms. Braz J
Med Biol Res 29 (1996) 1531-1541.

[18] Franklin KB, Abbott FV. Pentobarbital, diazepam, and
ethanol abolish the interphase diminution of pain in the
formalin test :evidence for pain modulation by GABAA
receptors. Pharmacol Biochem Behav 46 (1993) 661-666.

[19] G.Paxinos and C.Watson. The Rat Brain in Stereotaxic
Coordinates (4th and 6th edition), Academic Press, New

York (1998 and 2007). 2005.



	mastar. En 8.pdf
	semnanian.pdf



