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Abstract

Introduction: Opiates cause dependency via affect on central. nervous system. Locus
coeruleus nucleus is a main group of noradrenergic neurons in the brain that plays an
important role in the expression of opioid withdrawal signs. During opioid withdrawal, brain
waves change in addition to physical and behavioral signs. In this study, we examined the
effects of locus coeruleus eectrical stimulation on brain waves of morphine dependent rats.

Methods: Ten male Wistar rats were given intraplantar injections of increasing doses of
morphine for 9 days. On day 10 after induction of anesthesia, electroencephalogram (EEG)
recording was done. The EEG recording was.aso continued after intraplantar injection of
naloxone. In the next step, rats were placed in stereotaxic apparatus and following the
electrical stimulation of locus coeruleus, EEG was al so recorded.

Results: Naloxone Injection increased the power of delta waves (P<0.05) and decreased
the power of theta waves (P<0.01). The power of alpha waves and beta waves had not
significant changes following naloxone administration. Electrical stimulation of locus
coeruleus, decreased the power of delta waves(P<0.01) and increased the power of apha
waves (P<0.05) , but did not change the power of theta and beta waves. The EEG total
power increased during the withdrawal and decreased following electrical stimulation of
locus coeruleus.

Conclusion: The changesin EEG due to naloxone administration which reversed toward
the basal level after electrical stimulation of locus coeruleus suggests that violence of the
locus coeruleus activity by its electrica stimulation in withdrawal stage, results in a
compensative reaction in order to attenuation the effects of hyperactivity of the locus
coeruleus.

Keywords: Electrical stimulation, Locus coeruleus, Brain waves, Morphine, Rat.

" Corresponding Author Email: safooraraufi @yahoo.com



S35 Siolg b

V9 g g g5 of dd (S SIS 21T Ot 3 (w9
od 20 4 il g (I 30 (Slaigo 4O (5 Hho Zlgo!

e coe o 34, 1900
S5 0955 1S53y 035 ol (K2, psle oSt igplei

AD dl : by Ad (oo il AY (eancal o
VL EN
ot s A Sgnl B pan @lad py)ai G )3 &S Canl jao S5 50le8 (Sledgy IS)n (slasgarme gy usSy s tdedRo

W03)5m i3 > 35 (1S Jlisly pS) (320 el (0368 5 )18) e 2 0gMe Bpme S5 p )y )3 AiSe i

595 3 A52905 Edly )3 oA e dy Blino I g |y by 010l I slaj s WISHAN o155 5 oo (sleeige > 1 g
A5 Pl e glad al po 1 (g530 el S e QS (Blio NG5 s el Joms 500 lgel o il Sl oten 3T o o2
Tyl o I3aome gy (ogS o) dtuds (S ySI SQuo il s 5 485518 SenSligy sl olSies )3 2l o Slaedge g Al ye
L3S O)jgo (S

5 aisbl gyl e (P< 0.01) LialS 15 gloghy (P< 0105) yiul W5 glgel (5ol e Jgl dlonyo b dumlie 13 o5 5 dlo o > slidly
L5 glsel S0k LS 8L )3 o 7y s o0 (o559 At (S S0 Cleio 3255 (6315 (ine s s 5 W gl
L5555 (ol cme poui L g L5 el Lol bl (p< 0.05) (g)ls xe Lial 3 W Zlgal ¢ (P< 0.01) ials

ol S S i B pucae b alo 1o 1 o (S G505 L gy o559 s Ellad 185 Vlatol 35 oS A

33,5 o i ) 3 1 e clled 1 o8 Sy il car e

by S5 glgel = ooy wsS'ed = (S SISy s glS B ilg

.

5 Stjlgazed Sl g (Sauly sy csl (ONS)is38 0 YL 90 Lo 598 dlox I calie golga )3 sl
oo 351 g3l (6 paoly im0 S (> puis b 5l 55 4 liel pasilSo join ddato Sligiod 93y b sl 595 5
l_;. 5)|> L_é)..a_n f_kﬁ ‘\59)9& c.)ywuﬁ 0)9'\"] d.\ﬁ:}u] o g Cowl 0duis as by J.nlf )9.\0

33,5 o (Withdrawal syndrome) <6y o gab pydiw lgic

uLulSA J}f.m.a ZM?} A_guv?ﬁS” u.m.a *
saf ooraraufi @yahoo.com

YAY



e 9 B

S5 gloel g ooy (w9 A (S SIS 20

S S5 33 ool > el wans J8 oy
2 iy olyo ladgeyd 1) Gogdgyw e Sy diun

w2390 (b)) Bpan glad al> o

L w9 g dlge

Wistar 3133 1 i (rat) olyme gl bge Sl Geios cnl 5
B b s j> SUlges .05 o3zl p)5 YY-L YO 5 b
gl band Yo VY (slad g b (gjg) Slud o) b (b
ke 0S5 B e

Odo ) (b ye oatly (Rl sjed ol sledse
S5 35 gy pg gy 4w )3 ¥ MOIKG 5 p9> o)
ot Szl 5l s obd 5oy y0 [V S cdl p Blaw
.\A]Jo.c c&gd.b)pdw)b d}iwzb,olcq.?

Wb CS aaBy Ve e &y (g% glgel Ll (A

Yma/kg 590 L luSoll Blawo J 30" 5,5 S (Y
ol Jas & glgol b pgd alo po 488> M| (g 15 plox

o gy g dtud (S SIS 25l e (¥
28,518 )50 B3 glyel i pg

ConS 1 e o dy Gy aly Sl lielol )
(13,5 ool luS'gll

Sl oo ige g odlel g (A (s
ol 5 il 301

mg/kg jso Ly o)l (Slao S5 3o, 5 buwg s

F 2l e 2 popl Gl sl Ao ok VO-

o3l s Sy D (aBge Sygo oy (pIS 9] 3y

g 69y slaany yw slage Gl I ey 3,5 0

Ao o gl g oad aldlby J ol Helay dasen lgseiul

YAY

SO bwg LaosyS jl badenl SLSU 3,8 le [YVANS]
RYRVWR Sy Tg vy el ‘O‘.M.lelj ke ‘_5.\_,‘5%3.1 c,w.u;l,.»l
IV ]3980 S5 pgytins
b0y 1 (S 09y sy oSy Al
ap (Statly sl )3 ot G 45 Canl 30 555300559
S Ce g )38l g el o8l claass [YANFNA]
Bpae gad pg)hiw (b > (wodgpw (woSy) dtud (sloyg
cdld aliBlalel Sy @M jon b plojen (luSoll
0byly ke Gl (esdare wsSs) aun slayg)s

Ciliseo Jolye 3 55 o0 glgal ()8 wadle  ogde

N9 jouin Lol 3yl dgng alisee g daxie i)l (g5
PSS IS dpe Span Sl p ik sl Ol
Od e <8l > 4 S ol Lis Mayo 4 Hong Sala « sls
DANEXOP3S o (553 lsel oy 2ol oo

55 oodg e (aSy den cld alST L 5 (38
de o Emilien 5g i o (g520 zlosl o Slyos sbul cow
c s yial S a S a S 5l A/ Jlw » Sarro
S Olg Gl o gy ogS o a0
9 o8 Ll S0l Sl S AT ] 355 00 (s50e el
9 09dg g5 o) At S5 3l (a0 glgal atel
Cullad oo JLod & zlgal opl dlely iul58l 5 wilS 3 ials
[\‘i‘Y‘(YA(Y] ))b .)9>9 And L}"

0995 §) At i ¢ gdAxie Olaass ) 4SSl 4 dagi b
8 adllae 590 (5)l8) @Ml eslinal b sl )3 gy



3995 o)l g (Siolgs d

o polin) LC atan (S S0 0,56 51 dm g laS gl cdly)d 5l dm (S gb by 51 LB oo po 4 dtanly slocly (g0 zlgel duslio =) Joao

.(Cwl ol ol Mean+SEM G ypo

s gls Ol g il
b H] s > Candy
(WAL =704 \EIFYEY /¥ \AUYAEY /Y FAAYLY /FY (1) Sl
WWIAVEY/YA VS /EYEY/YY AREA7AV SNIYAES[FY* (2) JLS b+ Sly
VOIAVEY/VY wwsaEy/AvS VA NAZY ov/ivxa/e$$ (BILC a8 o yo55 + a8 b+ Sianly

539 pie (*P<0.05 , **P<O.0L) ¥ 05,5 Ly ¥ 09,5 13 sine 3331 $ ((*P<0.05 , **P<0.01) ¥ 05,5 Y 05,5 o sine D3]

o559 A a8y Sy o0 a8 el 18D 4y p Y
o=l g3 (iS g 28 Clols )l sy e 4y gy
S5l el sl sy ONS Giliea sl b dtuen
Al (B s wians S 3 30 055095 pitan
Wt Cdlad asllas )0 30 wlidss jl Sy 0 aosls
o4 o3litul i 8yl 425 ) jl wedgrw w959
Y] el

(sl 3L (o 2
pLosl 5l iy (S S S p20 oo b o liablics
Cos Ve pllayd g ol Jslme by plsme tale]]
DL dozmer I Gl jae e 88,5 (o l)8 (st
Capa AV olleyd Jodore )3 celunY¥ Gae 4 g ol
ol odlawl Ly s s o83l jlyE LIS S8
At e 9y Bt el Ay Bl cla by cpgig e
bl U g oais (ciuel K5y neutral red g, b g o
2 SISy azpliy b oo 03s cillas joiensy
abgiye gloodls 35 0u b plol Hlai 3550 oo 1 2)

bl s s,
paired t- ()Ll g, jl odlitul b ool cowd 4 (claodly

W8)S )3 Jlos g 4355 3,90 test

YAQ

Yoo, 5L Yoy 8 o 4y me LS

P S Jiyk 5 JWgy8 40l )3 Elgw 93 (Sdjol
A5G (69) (9o o U IS o0 NN PN e
P os—e L 5580 gloel dd S (o s Slg> j
5l oashyds 5l as 900, S cdlyn 1y 320 Cauns glgel olKiws
asbl) G 4 GBS 5058 )5 oo st | o enlio (sla ks
N33 oy bawgs &bl @ JUsl I e (530 glgal 9 292 oo
Olo=ie o WS Lo 5 485 1,3 50T 350 abog o
ooy el 5o b o 5 558 gyl IS (POWEN) ol

A o

S 25 gl 2o g (22 R
o¥g e oSy A (S Sl

9 48,5 )18 STyl olRiwd 5> oo o>
V ,AP=-10.04 L = 1.4 skl b Losgye wsSs) diud
ol ol o (Bl 5 [V b o (2l o (e = 7.2
s S S S5 g s 33,5 a3l
P03 S5 Y i 129l S gty 5SS
S5 o So S sys s b go 0313 )1y5 s s
Yo oS8 g yuel 9,50 VO i L (monophasic) ;1
sl 4 Isolator A 360 stimulatorslSiws duwgs 35,
[V]edl o Jls!



e 9 B

S5 gloel g ooy (w9 A (S SIS 20

b gbghse 550 glgel 3 (Sl o (LS HU
(total (IS" 55 4 cus i gl & 03,5 (oo (b e & 4ty
oo 4y S QS JB 2Bl 5l ey glsel ol power)
VAAA Lo jo (il lSen o Dimpfel.codl, iols 8l 8
O Spae JLis 4 i glsel Ol 0 1) aals
o)L g Ferger AR08 JLw j [R] 455, (5)15-5
P g JB Il o (b ye Bpae a5 22,8 515
el VWb e g5 glysl (uilS 3 gl el
Hong 5 Y44y Jls ,> Mayo. Ya4d Jls > Sala aldlkes
Oil38l i (a8 o 3950 &S Wileoly 4L VAAA Jlo jo
355 )15 SAla prizmen 980 5k glsel SIS Ol
sl A5 ols LialS o e Bras glad &S
2655 39 0 Hlal &S pl 4 an e L VANYYO],5 o
G 4D wled 05sS Ll |y (b ye Il LSS
L) L Lol wol 8] o)l aw b pylie oas plogl
b e Salen LS

M ine oAl cow LS U 51558 pSb adllaa s
By o alad a5 5,8 )55 15 Sala.as Ws zlgel polae ;o
Jlo > PHilips Yo a8 e a5 1y W #lsel Sl eiyed o
3950 15 glgel I8 Canal s (yshpoaS SIS L5 VARF
= W glgel plgs ol jdl wlgs oo 5 0155l 457 [VY]
A8 a0 )l adlas (3 (LS U g50

M (ine (82l 15 gl igly LS 35 Jloo
Grao JLos 4 glsel olsiil8l Salay Philips.cal,
» gl ol e ) QSIS 5188 38 BI5S 1, oye
[YONY ]S o apli Lo asdllas

slaigo o Ly g Wl zlgel polie s sl aslllas )
J8 o yo 4y Cons (LuS U Bl s I ey copdpe 4 il
sl )b me i

LS sl sy oS3 i (S Ko
OlS Il oa S 8l yd slize lacly (320 glgel IS olg

e il W Zlgel (g5 « S5 o5 ol S g Cpioren 0D

YAS

=

otalefl 0,90 Sllss (g330 lgol 0 e ppolis (ko
ol 005 03,90 V Jodo )3 caalllan dl> o 4w )

o (e do dtaly Gl g 4 pluSHU )5
M e Gl omandd (330 glgel IS Gl ol
(P 15 glyel gl ) (ine 2018y (p<0.05) Ws lsel g3
g (o)l (mime yuii Ly g W 2lgal Lol .205,3 osmlive 0.01)
() Jgia) 02,5

S gy oS Atn (S SIS0y 5l
o=l ao Bolonl (3 glgsl ) (Jlgldg Ao 4y o
L ool Glginacdly il (5500 glsel LS ol o5 )50
W3 e il 3T Zlgal g5 g (p< 0.01) Sls e AialS
o> (xS L 9 L5 elgel o Lol 338" Ly (p<0.05)
() Jga) 22,55 olx]

S5 9 QS Ib 325 5l ey 45 5330 glgel o
Tyl 4 s 39 008 S gy (ogS o) duan (S Sl
odalie () (ine SN GluSIb 3oy 5 5 US (5550
22,55

ooy g5 dud (oSSl S48 g gere
s dy Ay Sl hge (550 glgel pudlie CuiSl o
Oy polie Ciows 4y didgy 00D Bpaao glad pg)di o> 4
slie G () (e gl oSG sk A8 LS U 325 5]
S22l ey adsye Ly gl ads jo 003 e (330 ol
Wbl g2y (wolgpe oSyl At (Sl

& )
Zlool yuii 1 e (g3ax0 Ol )T calisee Slalllas )
R NRPON

RS &S 3,5 Lastine pols G mls oLl L



&9 Lo, 9 (Tolgs b

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

&be
Aston—Jones G, Hirrata H, Akaoka H,
Local opiate withdrawa in locus
coeruleus in vivo. Brain Res 765 (1997)
331-336.

Berridge CW, Foote SL, Effects of locus
coeruleus activation on
electroencephalographic  activity in
neocortex and hippocampus. J Neurosci
11(1991) 3135-45.

Berridge CW, Foote SL, Locus coeruleus
induced modulation of forebrain
electroencephalographic(EEG) state in
halothane anesthetized rat. Brain Res
Bull 35 (1994) 597-605.

Berridge CW, Page ME, Vaentino RJ,
Foote SL,
Effects of locus coeruleus inactivation
on electroencephalographic activity in
neocortex and hi ppocampus.
Neuroscience 55 (1993) 381-93.
Bhargava H N, Diversity.of agents that
modify opioid tolerance, . physica
dependence, abstinence syndrome, and
self-administrative behavior. Pharmacol
Rev 46(1994) 293-324.

Danysz W, Dyr W, Paznik A,
Kostowski W, . The effect of
microinjections ~of clonidine into the
locus coeruleus on cortical EEG in rats.
Pol J Pharmacol Pharm 41(1989) 45-
50.

Dennis F, Hans C, Electrica stimulation
of reward site in the ventral tegmental
area increases dopamine transmission in
the nucleus accumbens of rat. Behav
Brain Res 55 (1993) 131-133.

de Sarro GB, Bagetta G, Ascioti C, Libri
V, Nistico G, Microinfusion of clonidine

YAY

Uiy 5 L5 glyal Lol azidly Iy tme ol T gloal g5 515
W53)S5 Iy 61> (xS

e 59y = Udos 48 29250 Oliiow 4 a2 L
99w a5y s il 48,5 plonil Cllges (L8,
Adloe adgnl Bpas gl pg)rin (Lol oaiiS (ol
SLagsyss clld il 8l Ly oS ) e )l ol by
0 (eSS 20 gy gty g S's) i
Sl Sz > 4 355 sl (3o sl ) Syt
2 = S el 51w (o520 zlael jd 0ad sl
Sy &S 4 oanlia Lal A5l (byn e glab dlo o
015 2ol W5 b yogSine cases cinads 3p) (S35
4o Wl cuassihicel g 10,5 [LS b e,y Js 4
s3lie 450 ol A LS U 12955 51 B olie oo
Ol polie bG8l 52925 ) S alsjo )3 (g330 el
wosdgr o9Sy) dtd (SO pSI G5 ) G ol
il gyl pxe wgles

LAl a8 09y 00 Jlen] pols 555 mls 4 4y b
ol S S50 b osdlypur wS's) A Collad
e meslle S bl i B pan gl dlsje
o=l a5l G el oSU (SKasSSl phals cae
oiulidl as o)l LSl Jlis flase 4 .abl ol diun
$jre Bblie 025 o ey (oS Al LS
b Jlass] pizmad g diwd cpl culled salS s
jar= pmr 0 oy (weS el A colld iuljEl &S
5 sle] ,%05 (slb prano b Jlab ey by glab oy
g ol 4 9398 o398l slaassnl olay K50 dles
b als o )0 00l dloul Wluss 5 e i Coge
23,5 GBpas

I 2)50 )3 BS Cq 4 D9 oo Sodday oles
9 5y8) oMo 4 09Me oliel oy o (g2 s
a2g )5 35 330 glgel dlex I (6)%05 (slyline (S5
XS )8



e 9 B

S5 gloel g ooy (w9 A (S SIS 20

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

different 4-aminopyridine and morphine
combinations on the intensity of
morphine abstinence. Pharmacol Res 43
(2001) 245-250.

Langerman L, Steingart RA, Margolis A,
A method of reducing the opioid
withdrawal intensity using progressively
increasing doses of naloxone. J
Pharmacol Toxicol Methods 42 (1999)
115-9.

Mayo-Michelson L, Young GA, Effects
of chronic morphine administration and
naloxone on EEG, EEG power spectra,
and associated behavior in two inbred rat
strains. Pharmacol Biochem Be 42
(1992) 815-21.

Naka T, Hayashi M, Ichihara K,
Noradrenaline release in rat locus
coeruleus is regulated by both opioid and
alpha(2)-adrenoceptors. Pharmacol Res
45 (2002) 407-12.

Page ME, Valentino RJ, Locus coeruleus
activation by physiological challenges.
Brain Res Bull 35 (1994) 557-60.
Paxinose G, Watson C, The rat brain in
stereotaxic coordinates. New York:
Accademic Press,1998.

Phillips RL, Herning R, London ED,
Morphine effects on the spontaneous
electroencephalogram  in  polydrug
abusers. correlations with subjective
self-reports.  Neuropsychopharmacol ogy
10 (1994) 171-81.

Pineda J, TorrecillaM, Martin-Ruiz R,
Ugedo L-L, Attenuation of withdrawal-
induced hyperactivity of locus coeruleus
neurones by inhibitors of nitric oxide
synthase in morphine-dependent rats.
Neuropharmacology 37 (1998) 759-67.
Rasmussen K, Aghganian GK,
Withdrawal-induced activation of locus

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

and yohimbine into locus coeruleus
alters EEG power spectrum: effects of
aging and reversal by
phosphatidylserine. Brit J Pharmacol 95
(1988) 1278-86.

Dimpfel W, Spuler M, Nickel B, Dose-
and time-dependent action of morphine,
tramadol and flupirtine as studied by
radioelectroencephalography  in  the
freely behaving rat. Neuropsychobiology
20 (1989) 164-8.

Done C,Silverstone P, Sharp T, Effect of
noloxan percipitateed morphine
withdrawal on noradrenalin release in rat
hippocampus in vivo. Eur J Pharmac
215(1992) 333-336.

Eidelberg E, Barstow CA, Morphine
tolerance and dependence induced by
intraventricular injection. Science 174
(1971) 74-6.

Emilien G, Effects of clonidine,
yohimbine and eserine on the quantified
EEG of rats. Arch Int Pharmacodyn
Ther 304 (1990)105-24.

Ferger B, Kuschinsky K, Effects of
morphine on EEG in rats and their
possible relations to hypo- and
hyperkinesia. Psychopharmacol ogy
(Berl) 117(1995) 200-7.

Hong O, Young GA, Khazan N,
Modulation of morphine-induced EEG
and behavioral effects by dynorphin A-
(1-13) in non-tolerant and morphine-
tolerant rats. Neuropharmacology 27
(1988) 807-12.

Katzung BG, Basc and clinical
pharmacology. Philadelphia: 1998: 460-
77.

Koyuncuoglu H, Nurten A, Enginar N,
Ozerman B, Kara |, The effects of



&9 Lo, 9 (STolgs b

[28] Van Bockstadle EJ,

[27] Singewad N, Phillipu A, Release of

neurotransmitters in the locus coeruleus.
Prog Neurobiol 56 (1998) 237-267.
Morphological
substrates underlying opioid,
epinephrine and gama-aminobutyric acid
inhibitory actions in the rat locus
coeruleus. Brain Res Bull 47 (1998) 1-
15.

[29] Zhu H, Rockhold RW, Ho IK, The role

of glutamate in physica dependence on
opioids. Rev Jpn J Pharmacol 76 (1998)
1-14.

YAQ

coeruleus neurons in opiate-dependent
rats. attenuation by lesions of the
nucleus paragigantocellularis. Brain Res
505 (1989) 346-50.

[25] Sala M, Leone MP, Lampugnani P,

Braida D, Frattola D, Gori E, EEG
power spectra and behavioral correlates
in rats given chronic morphine. Lake of
residual long-term EEG a neurona
changes. Pharmacol Res 32 (1995) 95-
103.

[26] Selley DE, Nestler EJ, Breivogel CS,

Opioid receptor-coupled G-proteins in
rat locus coeruleus membranes: decrease
in _-activity after chronic morphine
treatment. Brain Res 746 (1997) 10-8.



