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Abstract

Introduction: Chronic morphine exposure can cause addiction and affect synaptic plasticity, but the underlying
neural mechanisms of this phenomenon remain unknown. Herein we used electrophysiologic approaches in
hippocampal CA1 area to examine the effect of chronic morphine administration on short-term plasticity.

Methods: Experiments were carried out on hippocampal slices taken from either control animals or animals made
dependent via oral chronic morphine administration. Population spikes (PSs) were recorded from stratum pyramidale of
CA1 following stimulation the Schaffer collateral afferents. For examining the short-term synaptic plasticity, paired
pulse stimulations with inter pulse interval (IPI) of 10, 20, 80, and 200 ms were applied and paired pulse index (PPI)
was calculated.

Results: Chronic morphine exposure had no effect on the baseline response. A significant increase in PPl was
observed in dependent slices at 80 ms IPI as compared to the control ones. There was no significant difference in
baseline response between control and dependent slices when we used long term morphine, naloxone, and both.
However, long term morphine administration caused significant difference in PPl at IPI of 20 ms. This effect was
eliminated in the presence of naloxone.

Conclusion: These findings suggest that morphine dependence could affect short-term plasticity in hippocampal
CAL area and increase the hippocampus network excitability.

Keywords: Addiction, CA1 neural networks, short-term synaptic plasticity.

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

WWW.SID.ir



Archive of SID

S

)

o
G

I =Y eAdY) IY (55955l 8 5 (g5olsn 5nd
VAN iy

o oligF (il (5 IS (y1gie 4 il T35 AP Wi
o 30 4 (Swlg i1 49

#) . - Y . ) \ . 3 _ .
g s g ol gl some o M (9300 05 5
‘_’)I){J e Cuyd oKy Q_é»i)J ISCHA) ‘5)919;)».9 09; A
RS <l gl gl (5909 lo ) g (g59lgn b 095 Y

VWAA 31350 V25l WAA 5 YA 3 il VAA 313,338 sl

XV

potled sy |y Do oBsS gl (1o S5 2 (s (ya3e s il 0208 o3l uaS e CAL el 1> 55l 5109 S b,

Jimiliy 2085 1,8 03lizl 350 «llges i po (Syss 52575 Gosb J e &1 o atadly 5 S o labse sl Cussy S gien eblio by
A Sd oy pglite dy ) o LS (il sl Sy o8 S5 4GS e CAL 4ol (opp ol Jshos pu 4L 1 (PS) (ro 4> Jaos
2335 apbne Gl 285 LaSLS e 5 45 03zl 456 Lo Yo 980 20 dAPI) 10) S 156 93 oy Joold b (ol 5 1850 5] ko oligS pmaglies

456 (o IP180 )5 (PPF) Ll g5 g )l sine Sl 31 conms (30850 a0 (Stialy Sl agly (uglizes (sloguly 59y 65] s 80 L (030 g2 lso 10BL
Lol sl (gl gixe ool b ()5 93 yo b g LS b copd e (g9l ACSF j3 &S atunly 9 J 58 bl 5l ol Cawts gblia p3 4l (punliw slagul 23,5
3,5 cailas ACSF 53 (o b LS 5l

A il oS g

o obigS gl (63 S8 CAL (ae aSis olael 1 gadS (sWoojlg

o

IYe ] ogoe iy o1 L0b5 @l ot e g)b )l Ao
Gyan b gl 51 i) Jaos Joli slgel ol (slo Sz

P olen S Gl 595 Gl 4 5l cplpls 5 o )% Sygo 4 &5 Sl gy —(omae (gilon S (29)b dliel
Gyme Ly Sdgrind Camdg Sy ) (Siunly g (4] Syrman g g b gy Bpas 1338 Jyus (s cuws |
aad oyt dy yoxio ol g8 b 4Spgbo 4y o)l S
IV Y V] sl e (55,5 — "Withdrawal” &, ae fatolahi@modares. ac. ir Ol Jgtume Bl s %

3yb (5355 Job pled 45 ilgi o 3,5 o JSu5 slizel aSiile; www.phypha.ir/ppj raloe ol
109 "

WWW.SID.ir



ArchiveQf S

o 0ligS” pmliows (6l JSS g (pdyo

Paired Pulse 4Paired Pulse Depression (PPD)
[Y¥] S o yalles Facilitation (PPF)
sl JLisl a S el ool i L8 ol ol
sl i JSd lm l (See S PLE
oS g (99)55 SLB s ) 04 odnldis o obgS
O e (e Bpman Sl e cpl o [YF] 2L )92
CAL & 85 (sl @6ld (Sg)95 e obgS (s b JSS (59,

D1y Ba el By 13l 5y90 > SleMbl wlg o
5wl cledL]

W g, 9 3190

Wistar o155 15 olpeo la jbgs jl 3aiod opl jo
@ &S b odlatwl (Hgiwly gl 3l ol ags )5 VYN0
Odye Jotome & AT o b hge 505 (5SS (S0
sl e g (ple muie s oylgie )

Y Saelsl Ol ) by o (o 5o Ly L gs
S IV e 33 p)S e IV e 3 S e
P S e /¥ 5 el YA us 4y plS o i Lo
G5y Ol A e iy (sim sl (b 53 S ke
Odye & (Sily JolS (6385 U 5oy VY Sl (g3 oo
O 3 Sl 4 59, 9 lad J S sla g (cubly ash]
ol > (g0 )5 4 sl 09)5 3 (b ye 5wl 2
W2,8 o Bl
ol U slos S Cunsd Sl a5 g)0m LSl
%15 > (ACSF)

il 3 b b hge S g | ok gblie s jolate 4,
Lo e g 0 ohad (3505 b Ly g dd o Soga 0 ]
55905 5 3y ACSF (ol pty J51 4 0 lus blas!
FS b o g o and (550 9)5we Yo (sla b
it 8l alaase 4y (o liwdSSI Campden s’y _3)

110

gad Loamy o b o Jlo 5l ol 81 4S5k 4 csly 4ol
gy el STy 250 lad g g s 4 b 3Ll By
Ve V] ey e LS 2 oo LS gyl0 b g e Jelge
2ol @ad 4 O s o dlael & aad o Ll oyl
o30S Jplo (6158 SYMEST () Jgo 85 35500 50
Al g0

o bl Glysd (re 4y &5 ugliw @b SIS
3 Ses )0 code i Gl cwmliow o1)S j> cdlad L
o ol odd gilae 402)8 (l g MS (oo (5L JRe (b
A diwly Cias SYelb Ol s Gyao 4 OleMb]
N V] g 0 03 320 5 Lwnliw oL 0 cullis
I

5| b et IS5 S ol dle] oS sl 4
3 Lot iy JSb (3 Smo 48l (6,550,
atox jl ool g adadls 5 )55 (e la)lis L
S 1S e Sloiniiy dixie £l 5)l5S S ] ea g
yorie 35195 o0 (g (udye S Sl (peje By
Oand GBS G e o gl e iblid oYM 4
35 o5 53 5 ySihens 3, Slae sl J558 33l &
S o [A] At glabibls glo gl o oM gy class
29 do Mlgi oo dre b (po3e Aazlge 45 35 3929 (oL
P e b oo g eulivs S 5 ca )l
Nualy (19S5 4 e Lolgs 48" 33,5 In ViItro 4 in vivo
o [VF OV O ]og8 e Laadgul 4 Jeod
S5y Oy (30 Sras Sl wad > pSeda S iy
9y 03le (nl Spae Jlire (Vb (cumlisw sk S
ol a3 LSL e 0UsS gl (g pdy JSS

Juish )lsel 1lgi oo e oligS (pumliow (s S
Iy sl 9 Syod e Jolas codly iol38l 1y pas cleMb
b Gss cdld Sloj —alad Lo Sy g 03,5 pulass
Cygmo 4o Gde 05gS lyoms cdaas (0 [V ] Wl Jaws
ilio o5l (g K4 B 03503 iy | lagsgys Jud
cdlad gl Sloj ild S plgis 4 izeed 5 48 Ay
S g0 &8 3 DMl (B33 53 calpliy 03905 Jos a5
45 il g5 Il > e ol (s g IS p )3 (o ool
i Db e Jlasl LG 25 5l lsse slags dowss:

VY.

WWW.SID.ir



Ar chivwe elS s oy e

39955 b g (g59)gs 5

e Glabae ceS g odij gblie 59y p Clilej]
913 32955 ylge )3 Ao plowl SIS g (8 ye 4 Ay
wly by Jy8 slagbge jlossl Cunty (oS g abolia
509,550V by V509,540 0) g > ggl> ACSF 5
Fo 5305 @B o abolB ()5 93 1 S 5 b LSl
WS e (MRS Lo ialojl Glol b 5Ky (b )3
5 IS sla g jlosal Cussy gblie I plaS o ull
WA oo ol 09)5 ¥ &y Ay

5 acel cusy gblio o atunly 5 JuS slaog)S )
SIS 9yl> 4B ACSF )5 analy 5 S8 sla joge
o (e —aiunly 9 (e =SS slrog)S -V L o
ACSF L; aly 9 J 8 globge 1 odol cunsy ablio
VBS990 e )Y 9 9050 O g9l
gblie &5 (LS oIb —atanly o LS IL =18 slaog)S
9l ACSF L atsly 9 J S sl foge 5l ool Cow,
F S e st (Yo, V1) oS U
—ow e iy § QLS U — b e = ]S laog S
5 JriS slabge jlodsl cowy gblis 45 LSyl
Yooy ombr— )Y gg,See B (g5l ACSF L aily
oled 53 WAoo (9298 QLS U )Y 909 See
ey b oo olitul (b e &5 Sloj (plalejl slrog,S
Sl aes G150 Laialojl 5 4 gyl (135 ol
98 5l ead oandy (i sladlgd 5 By)b Lol en
Ao plo posiegll

A5 esliwl )50 gam JIUL i gl £ lasia
o> A wd sla Jo il 4kl g 85 s
e sl Juwsly bwsis ;I (PS: Population Spike)
Aol oS Ll o e SPas b jloads e
a3l g ad o e PS aald da ool jJUT (¢ )5gu00lS
aol> &yso 4 (PPI: Paired Pulse Index) b z4;
Awd la Jowily dnld & pod rex atwd b fuwily
A5z dwlone PS2IPSL o o>

g one-way ANOVA 505l jl b 1Sk duslis sly
ylel Slwlxe don ,> s exliwl Unpaired t test
A ls b a3 b o g)b sxe plaw (lais 4 P<0.05
ol 04 03> lis Mean £ SEM & 50

111

720 Ly Lo Ly a5 ACSF Luwgs o0 aggs ablie 133,50
VY g b Ao 45928 ()5 4mST (70 5 (5eS]
oo ) (55l ACSF 13,5 0 gy dis 53 ) L
NaCl, 124; KCI, 5; MgCl,, 2; CaCl,, 2; :(,Yss
NaH,PO,4, 1.25; NaHCO; 26; D-glucose, 10
0 5 5emnS1/AD ogloi b eblis Sl gdau il o
Colus V3l dny Ao AL 455 055 ogbye () AT
YY s ol 4 8L dladse (slod (50T clod 55 (6,105
e dy Lod oyl )0 ablis o cdb o Gioli8l oS ile ds s
WA e 5SS, 500 cslw

ol L e ol )3 291 1 g 428510
550 Yo v Do dy ol 9,50 Ve V0= jipm +/Y) ol
oLy 00 Cents g 0a S adgnl olKiwd Al (456
3 oS 53 35,5801 oy 31 (el WPI 25 ,5) (45
Stratum radiatum a_sU > 4 35 S5; 0Ves s
(55> (s Sy 505 j3lain 4 392 005 0313 515 (SR)
S dlysgy Jsbo b5 (sl oty a3 o Jlasl 3L
Y—0 Cenglio Ly Yoo 53 NACl L oid 5 claind 34,51
a_ilaie Stratum pyramidale (SP) a_sb j5 &S pal Ko
alwy 4o b JUSw . Uud 0 ¢S g o0l 02y H,8 CAL
(Lol WPE 8,5) 5al6 (ool o g 2 (il 00
o g Bad oo 03 Glaled ogSuslesl (g9) g 0ad ol
(3252 oS Ve (ol aged sy L) Jlioms ©)90
=B 50l sl g9y ym 45 JLo )3 5 oslae
4555 3550 OFffline oo 4 U oss 0,483 295 0 odalie
RO NI

S BB Vo ot &y FN e ) a8 gl )3 lusi (s
olaleil y gl )3 b e 4B )S i 5 ol 4l <
Caw &S 5,50 3l (S0 b e ey INPUY/OutpUt  sxie
ol Glse 4 005 o S gusly 2078 Sl
Ll cpe Ol o8 5 a4l cul caa 485 45 )5 30
obsS i Sd sy polate 4.8y 0 ) 4 Gty
L (e s 99 5l JSiite (L g5 lsu o0 5l e
g A+ ¥+ N+ (IPLInter Pulse Interval) Jl.j Jolsd
Vo Ode g0 Jlosl 550 /N yilg b oS 4l (Lo Ve o

W oo odlawl 4a8)

ARR

WWW.SID.ir



Archiveof S D- oo oS liaw 6y IS5 5 (e

A B

LU AL
Dependentwr\/\f\/\ﬂkﬂ\, \\/\H\

- |

-
N
N
N

E 9 —0— Control E 9 —O0— Control-M

: —@— Dependent : —&— Dependent-M

© 6 - 6

2 2

g, )

<0 Zo

» [72]

o 0 1 2 3 4 5 2 0 1 2 3 4 5

c Stimulus Intensity (IMT) D Stimulus Intensity (IMT)

Control WL\/\L\/\M\'L\\‘ ﬁ\,h/\.ﬁ]k% N\M

S S

€ 9 —O— Control-N é 9 } —o0— Control-M-N

% 6 —— Dependent-N % 6 —e— Dependent-M-N

E 2

g0 s 0

£o <0

® o 1 2 3 4 5 ® o9 1 2 3 4 5

Stimulus Intensity (IMT) Stimulus Intensity (IMT)
ool Cussy gbolie )3 PS aiels INPUYOULPUL (sl ioxio (A oS 50 CAL Jsbos s 456 )3 by 41 Aty 9 J)55 09,5 13 iy (i slagely =Y JSW0
S (C (0 UM clale L) (ydye ssl> ACSF L & (N=Y+) aaly 5 (1=38) U8 (B) gl 4555 1 1518 ACSF L aS(N=AA) dtuly 5 (N=A) J S llge
B g yie HLaS sl g b yo s5ls ACSF L a5 (N=1V) azely 5 (1=3Y) Jyu8 (D 5 (V- UM cdilé L) LS ol g5l ACSF L oS (N=1V) sy 5 (N=A)
IMT (Integer multiples . sls ;lis atasly g S 09,5 oy (65l e ©glis (S5 (9050 oo 4 ANOVA Ll o o3l yLss MEANESEM & jg0 4 laosls
ol a3l 55 A ] pus Lylae aae 4 OF the threshold intensity)

awd gla Jruwily dioly .cd)S o Oyeo S0 wils,8

5 S il S s 3 55 1 e el
Sl S 1) 35 o Gonly 255 85 35 1S e

eSSl o s 1) gl iSTas oS Sus o (T Threshold) Sl sle e S0 ICAL L oliw il
A s ey AT 3T 2T s dw auieli o 5T CAL anb j3 1) (PSS) res diwd (sla Jpuusly ¢33
Sl e o Hab oo iy Sl 5 Jls b Cmg g 5 /) Ol o0 Ly eSSl e 0
112 Y

WWW.SID.ir



Ar chivwe elS s oy e

39955 b g (g59)gs 5

—xe A<IPI ;> (P> 0.05, unpaired t-test) PPl > ixo
L awlde 1> (1.3720.035, N=65) daiuuly ablio > 45l
4095 S5 pydiw Jdo 0 (1.28+0.022, n=81) J,u8
(YA JS5) w0 )5 sdalin 295

Gl U 5io g9 oloj S ACSF 13 (e polie jgis
LS o G5 g o3 05 S5 pydias oy 3l 4 Sl
» (P> 0.05, unpaired t-test) (s, —zo Lyiul38l Cow
—2La ¥+ IPI 3 PPI
Jy—S 0954 ca 5 (1.028+£0.057, n=19)
s > Lol (VB JS3) 43,5 (0.75440.113, n=16)
ACSFE > luSglb 5 (b ye Glojon jpi> 5 (LS9l polie
S 09,5 )3 61> (ine gl (o sl S5 ppkisw Jke)
(YD &C JsCs) ais sanlive dunls 5

& ..Afls 04, g 24 B

1 03biiol L 1y 40l elisw el 11l aios o) 5o Lo
Jobw e 45l 511 (PSS) (ren dwd sl Jonsily b
97 w239 (g2 by A diunly 9 JyiS 09,5 93 3 CAL
e sla il o 0wy B sl )l 5L
2 EPSP asdly 4 by yo glgel cud il o PS 4 FEPSP
S2025 Sl 3590 53 (3l Mos a9 42 goore
) Liggags )3 00 sl (mdge sl ysmmlie) Mo Sl 9
L o (5056 bl LS 51 (g3led g 48 0,181
Jiniliy 589 22 bgipo glgel i PS aSlo )3 03l o ol
0y 93 53l Cot PS aely 5 ol 9,95 dcgeze 3 Jas
4 o2 PS dly cads )0 b ygye adsd o Jlojen e o
(2083 4l 5> (955 saisdgyg) (sulivw slapuslSe
o Jobe S 20) (omlivw o SlopeslSo 4 o2
{4 w22, Gloesl anly (punlivw Gl oy s 1, (PS)
Sod glacad el )3 PS dly o gyl pxe oles
95 4 g3 S5 pydiw Jue 5> dianly 9 S 09,5 95 oy
Ly -9lg0 4oty (ol S o i |y ol (0,08 mglizs

113

sla jhss oS gun 0055 ablis ¢l Input/Output
355 (50 45 (b & Ay 9 JyuS gl yeo
OB @Sl o e 4 dtaly Sllges jae oS Sl
Ol L g g o2l yl, 8 38 ys jl gyl ACSF 13 o
e olgie an 05,5 g pie ACSF oyl bawg oliales]
e gl D98 o0 ol (398 4398 S5 pyais Sl gl
Byman Sy b Jho plgis 4 o)lSen 5 03l lols bawgs
=y Sl aS cuwl oas Ll in Vitro cldllas j5 b ye
Olo= (0 S poti 3 x5 3 Jsle 5 Jobo SlapusilSee
9 JyiS 09,5 93y (50 xe MBS gun [YO] 5,8 solazuwl

s ol e Ju e ol O PS 4y > arly
) d(Fi,165 = 0.65, P> 0.05, Two-factor ANOVA)
(A

3yg0 wlitulosl glal 5 b e g9l ACSF &S loj
SxS 52 395 40 3% S5 ey £9dg 135 118 el
Sldlas )3 (b yo d (Sily bl i oo g 00
Je 5l i oo Sy pydine Al jolaie 4y 00,5 o N VitrO
2l ples 5l oS gun ablie 4l 15 a8 5,8 oolil (6,500
K slonssnS oSl LS g6 o> ACSF (5
Jds an ] )3 by 3939 L oS (¢ ACSF L g« cidon!
395 3 Jlesl a8 b e Sl lojen gl
WNigd oo (5l gy Anlgss ylons S

= L Jae cpl > pimen Input/Output sla sois
Ted 4S5 A0S g 58 90 g QS b ye 9 )
5 U8 09,5 5l osel sty gl (i ()l sin0 glis
(Fras = 131, P> 48,0 o 15 PS aliols ;5 aily
(Fizs = 2.75, ;LS4 0.05, Two-factor ANOVA)
(F125 = gl 93, 9 P> 0.05, Two-factor ANOVA)
Cisly 5925 0.26, P>0.05, Two-factor ANOVA)
(Y DAC OB Js4)

X+ A« IP1 3 CAL ((PPI) PPl LU, zoj pasls
Wb Gl iy 9 S 09)5 93 53 45l (Lo Ver g Al
S jl e84l (Ao Vo9 Ve Jold gl PP lawgie
s A+ Jolsd sl, 5 (PPD: Paied Pulse Depression)

Y 5 )'l 5 "f))'_g A G g [

oili-8l S 29— (PPF: Paired Pulse Facilitation)

VY

WWW.SID.ir



ArchiveQf S

o 0ligS” pmliows (6l JSS g (pdyo

A
Control
Dependent
2 _
1.5 | 0OControl
o lr
o
0.5
0
C
Control
Dependentﬂ
2 -
OControl-N
1.5 | oDependent-N
o 1
o
0.5
0

20 80
IPI (ms)
S el ety gblio ;5 (A 4l (Lo Voo g As Yo e (IP1) Gy 93 o Alols b (o &0 atly 5 J5S 09,5 53 32 sl (PP1) (ully g s =Y JSud

liz S Sd (dye (oje Bpas & Cul 03l (L5
a0 VY O] aad e 8 sl coss eaSgun )
&l 90 EPSP-LTP o5 39k PS-LTP w085 o5 55
[Y0] cowlons 03> jlis o Lo oliulos] 13 (b pe 4y sl
g d (50,50 Gl (ugliows (§ g S5 malas
oAb paSilie (095 Ay oS g )3 S PLE Sl

114

" et el
MR

E"'%:rii@

A
i

Unpaired t-test o P< 0.05 .xlois o3> oLz mean £ SEM <40 4
aS asb e o,Ken g 03ljlobe Lawgs oas plbol clisles]
2y gl Gy 2 by (poje B U pae o el
LYol ws,s iyls
pydimw o jl 6 pSd) (e ye polhe soa pl g ogde
3515 ot S) g3 o b g LS 355 & 355 S
(k3 Slllas Ll ol aply (gl oly 2 63U (00

VY

WWW.SID.ir



Ar chivwe elS s oy e

39955 b g (g59)gs 5

45 Sl ynd y a5 ol o doidyy 4ns )b ()]
Slio ly PPE S35 ab cand i | (25le il Jlos|
oS PPE i ol ilay Jleis] ioliél b .us
A LTP Ll JUss 4 PPF _oi5 45 655 b 4y by o0
Ll 5l asw PPE jials 5 cuwl oads 5155 sasio Ollllas
Lol o LTP jo b woliow i puslSe o JBLTP
[¥V 5]

S5 55 s Aol 48 loj 48 by it Lo gl
58 o 3151 PPD oy (agb s Yo g )+) 1l o8 Jlste
Yoo IPL )3 ms39s PPF anls agl_le A IP1)s aSlls o
3 38 ol e Lol 38l o 51 g e 55T e s
Jlasl ast Lo Ae Aol Ly Sy 150 95 45 canl iboj
D9 o

g5 dn iy 9 S8 05,5 95 2 )3 sl g5l (]
ol 255 a3l LIPT Loles )3 ao ST .38 e il aulie
9 )baee pialS o Jls & g S 5l ey dianly 095 )
sdalie el lie il b 2o Gl Jires 1B
29k Ay by Ay iy 09)5 53 Al e Ar )3 Lails o
Hblge JHUS 09,5 5l yider (5l e

A8 closly s lallas A 0,3l M5 &S jglalan
lign e S Sl yy S5 LB s Colld
sob dam clddlae ol )35l cuenl ity Wl 4l

2ok d lgiee 35 190> (lendinyg odle (i uSe
L (il e Gojb 51 LS (slacuussSlal lsie 4 ogall,
oz 3 S gl glo 025, 5 (sadsn] oty S Jos
A 0, Jes ol &S wiid 05all (£ yiounil g0 i
Slallas [YA] ol L 5990 jud cnnsgS LT lgie
L2085 S ygias 5 ySIl oSy e ) ookl by Sy gLl
03,5 3ol 1) caaS g U3 SLE (slacyg)s (595 s35gl M
Jade Ly g SP Y ope ok S ol CALy [0] cul
(SLM: Stratum lacunosum-moleculare) ;> , S

d“dﬁ—“’l? L5L"’°O9)93 «“9) L:.]Lé a.\.i).,.f u;] Cawl 0045 sdaline
2 s |y oo sla Jobw plual a5 590 0

115

Cdlsd pda i > Glpusd a8 39 e Dty Wl g cul
Sl y w5 0SS S S5 5L
Y] sl (6 s S 008l By a4y ol s licas yuanno

SIS edye (oo B Pl oy polate &
235 o3l [y 295 20 0y Sl e obgS i
(05 9 sl i S 28 2Lyl Sl (erli ol &S
S i dSd (gl S5 LS plus &5 0ud (asde ol
LYF] 0l Slmo Casal Gae 0lgST ol

sl S pda S p)8 (p posle & Wby o5 Jiass
L2od cp Sloj sl Jlg il 3o Voo dil 0 o oligS
PPD IS5 & M55 e g 28l o 5] a5l iz b 4 e
SLr )9 45 043 )5 pasdie VY] 590 palls PPF 4
Sl g ploie a S5 LS lada g
Jos aSgud )3 3)l5558 08 5 o (65l slapusilSe
4 Gl il PPD sy )3 aSG) s & [Y] a8 e
JLos o (polb alob L & Ll g9) S 5l 028 (g
S s ody ol 955 (oo S ol sl o o2
0AiS pSixice &S 395 00 4B)S Hlai > Sisliwgiogn Aul,8
LS o Jos oS g jle 3 &S Gl () ke i @59
5]

IS ale oy &S GABAR 0155 4 bigs 0 IPSP
Jdmyiso 393 e S 1as 4 Gy 4 3550 (Sl
@By (p sl 4l Ve gV la Jlg il ) 0l
53,8 o )5 odlitsl 3,90 GABAR 015 ,s8 dlawly b (s o
oseslty Al 4 GABAG 05,8 & bgsye IPSP S5 G b
5 dmye 25 ST dn (Sl 4 05500 ¢ Serle
&8y @ 5 Yol la Jly yal 3 oad oanlie PPI cpl 2l
¥ 2945 o0 0313 Carns GABAR 0.5 5 b o cbolug (g5l
Iz

Dgd o0 0003 PPF oy ds 90 (ol o slaJlg i) ) Lol
35 il Sldllas dlwgy PPF (i iy psslSio
o1 0313 5Lt oS gaat las ] Cilin (gl Y]
4o )3 pod Gl (9 ) S > [TV V]
loeibly 5 o5ladly Sl S Al g0 (ilo inle) Jiges
P> S 25 53l 53 03 3)ly wadS b Jgl S50 51 (8L
bl 3o Gl ) (obe il Jleisl 5 0nd gex

ARIA

WWW.SID.ir



ArchiveQf S

o 0ligS” pmliows (6l JSS g (pdyo

Pl ) sasy ol (e Se Cuslodds 03 i pa adlllas
S LTP (Lall 51,5 oS (g oo 4 38l oo (3l LTP (Ll
b (a8 PPE b oo Gl (ke Giula

255 axlge 5l dm (pd e h9ian )3 Wi e (ovas whu
JHST Ll s yolate 4 A oo armb 5k 4 850 L
prviw I 555l dhwgy CAL anl uglivw (g nd )
09,5 3 0,5y (e pylie jpi> )3 9 (395 435 S5
oo blie ) Gl gaj s Ls Lol 5l (50
obb U o jlzgss 5l oy dbolddl Lajse a5 038
2o k) Voo 5,50 0 by g5l ACSF s cliyles]
SIS ([TY] 595 e Bly (38 )0 & il 51 31 CSF
alicdee Vo IPL 53 by o5 pad Ll b ye jod )3 s
05 e sobo d JyES 09,5 4 S diunly 09,5 53
ACSF > 48,0 polis jouan 0 aS il aag8 LU Dy
Ol S8 Glagbgse (oS g gbolio 018 jod
(4l (o Vo g Ve) 0558 (Su 28 Jolgd 5 (ygamopd
P o a2 S dly gblio ) oS Jlo > b oo Sl
o 35 S 09,5 ) jkeS ilye 4 (g 29500 odalie
S S ALIS s ne 4l es Yo IPL 5 coglis o g obo
Lly 09)5 )3 by (2 jgn Sl 4 Jood (o5 oaim
VI

3 S5 pytis Sl gt 4 Sliylojl ) 6,0 098
S 6 ol ACSF,s 3 1as) ylas jl Lanjie by
ol U g asd ool J1, 5 (eadonl M sl 15 CunigSTl

Ol 92 845 jabyy ACSF (pl b (e gud abolie cliylol
Ve g Ve)olssS sla IPl 3 00 ssal i PPD bl o
45 ab o PPR g aly 9 J 58 dblio o (456 oo
o=l il SO 5UE Hlew e 0 i LialS sniay LS
LS“\—";’}"" )LQ(a o 630> uL““ &S ‘).'> o Ly J.‘Le LXVRY)
IS5 b 3 S ilol (5 Jleb aliwssy LS ol
LI w00y ek Yloin | [F] 05 0 LAlS pd ye
ol L Slivlejl 13 a8 05,5 atnly ablio ,> LTP clall
g0l
95 Jetmads Gl 53 (b (A5 4 (g polate &
5 e d5-Sie SSemlee U slaonipS 3 )b 5l by
ayang L ad dLSIACSE & lojen job & LSyl

116

4S5 0 )8 labawly slaggyss ) ieS 5 WS (0
ceac |y CAL oy Lo Jobo Jlwsd awly slacy, b3
sl wly sl ygyos  gloossyS ad Jlad nimd o
e ey L 5 48 o 0503 el ], CAL (gl
2 (976 euliwo By yiuli8l 4 e (Disinhibition)
alyoes b 7oy wlSG o0 0 a5 [VWW] 205 0 CAL
Cuwlodly ULAAJ ‘J.Aw wl)Bl L Oygam 320 L)u.mlf Sy

el M sla 05,8 CAL (5 oS Cunl o035 jasuie
LIS o 5 A LS (slaoss S 5 o0 US iols) g ey
s A LK slaoy S IPSP ials' b jle 5 08 0 Jos B
H slos S i Jd bwes CAL sla &Y asn pB LK
A yonie dluly lagsse 3 SIALE e il &S )l
7S @lBy 25 4 )3 5 )lee lasdgyy ChndS
Ol 4l dea Voo om 9 Ve g Ve slaly pinl )3 oo el
HUES] e oo cpl p ogMe L HId pime dx ST il 02l
Ol A8l 35 B LE (sloss S L osd (6Kl Ol e
c_é)_Aa.A leals ULM; Py dgud 0 A.ugl.’ ‘_,’.)LO.M dlwy o
J9se Gl Sao B L (sloosi S dalS oulas ol plo
S Josh 3 o osnlio Ly 295 ol I3
3l g3 Jlegd JUi> 4 SVl

Oty (3o B (Jad Sl oyl Sl s )
o 45 Ja.))f odnlin 45t ‘_,’.L.a/\’ IPI 5 Lg):.bgi.’yu »
04 diunly o J,uS 09,5 50 PPl o cglds jas )b size
«_i_,)).»l.ob}lf L;l_m\_:bb 45 Cwl 0as 03ld ULM.\.» Ll
9 03,5 ole I, GABAA (slaoss 5 €48l ol slaasls
das Jiaadlty g9, coamnlie ) Vs 4 oo gl 0 Jleb
a2 LIV] 23,5 o0 Cleligh ialay il 33l g el 399
SIS Gl daly slagyg p il o)lee S35 &
GABAA sloois S el ials o5 cusly sl ol o
Olalr) Jhals ay yoxe LS (Sl slasls slaaill
LS 0 0)lsl B oS jelailen 9 33,5 0 leliglS ube
G 3 45 350y 2-algs PPE (il 31 Lyon (b il

VWV

WWW.SID.ir



Ar chivwe elS s oy e

39955 b g (g59)gs 5

A S gign Cote oS (punlinn S S5 > (e
ab)S p b )3 L prae (ol i plgis 4 S g
(wiangST & medium spiny (cLa yg,95 £ o
295 i Gl sl (S Laedgyg =l (020
9 Slyass Sl [YA] 8l o o (ol sl
4Bl e G SS pE  ceSa I (S (295
s i ) Cpdye Lo Wl SYMB] > cowl Sen
O b oje dgzlse Sl il & dagi L Lol S (g3l ik
Wﬁdﬁ®);bgwuw9o)yom
Sl sty Olallls S o Slio |y ao 5 (535 j0 (omae
ol 33 350 0diz Sl B ol Jges il (3,88
llllas Uy olyan 50 oyl mls aods ob 4 Ll

i3 s (30 ym i nn 45 1S o oy S
G0 Ol 3 45005 (o cSgmn Jlhe 3 (eSS
o3> (L Ly 29 sl B L it (Rl ©y50 4
5 S ras (2Pbe Gl ) Jered Yles] cuslonds
ot S iy IS8 1 3 (6l (pme J 3 s

117

IPI )5 ons odaliio Wl 295 adls Jb xe gles Bl
& 85 ol (oo Ay 9 JyiS 09)5 (o Al ¥
osp Sl syt S5 I 5 395 A 5
) o ploul K oxs S 30 )b 5l CAL
Sl S Sygo a4 liel (gire GHlon S Gloie 4
Jold (S9y95 e Jros 48 2550 485 L5 13 J9)98
el (28le Glale) 5 (ousli (s p S 53 Sl
Il bpd S olael WS o Dl Slalllas aad o puuss
csnliow OS] oS Wlg5 oo by @ sluiel pl oMo
Lo St o o b 030 A2y 81 [V ] s o
L Lt 50 5l los 3dome (6,8 IS5 b ol yos puglizes i
53k el o 595 i IS oKT 035 o eS|
)Ly o) S5l cuw S9)98 s phJSd > Slyes
sostiws (355 S yde o dlldo pl )0 .00,5 oo line 3,8 )
Sdsne 5k do (b ye L (150 dxlse 45 @35 ol
A8 o e |y oS gt 5> oo oligS pulisw (53 S
AL LTP 15le e Yoo gumbisw s oSS 3 Sy

WY

WWW.SID.ir



ArchiveQf S

o oligS Ll s b IS5 g (pd e

References

[1] Bao G, Kang L, Li H, Li Y, Xia P, Ma L, Pei G,
Morphine and heroin differentially modulate in vivo
hippocampal LTP in opioid-dependent  rat.
Neuropharmacology 32 (2007) 1738-1749.

[2] Bliss T, Collingridge G, Morris R, Synaptic plasticity in
the hippocampus. In: Andersen P, Morris R, Amaral D,
Bliss T, O Keefe J, editors. The Hippocamus Book. New
York: Oxford, 2007, p. 343-444.

[3] Bonci A, Williams JT, Increased probability of GABA
release during withdrawal from morphine. J Neurosci
17(1997) 796-803.

[4] Cheing B, Willliams JT, Increased opioid inhibition of
GABA release in nucleus accumbens during morphine
withdrawal. J Neurosci 18 (1998) 17033-17039.

[5] Dark CT, Milner TA, Mu opioid receptors are in
somatodendritic and axonal compartments of GABAergic
neurons in rat hippocampal formation. Brain Res 849
(1999) 203-215.

[6] Davies CH, Davies SN, Collingridge GL, Paired-pulse
depression of monosynaptic GABA-mediated inhibitory
postsynaptic responses in rat hippocampus. J Physiol
242 (1990) 513-531.

[7] Debanne D, Guerineau NC, Gahwiler BH, Thompson
SM, Paired-pulse facilitation and depression at unitary
synapses in rat hippocampus: quantal fluctuation affect
subsequent release. J Physiol 491 (1996) 163-176.

[8] Eisch A, Barrot M, Schad C, Self D, Nestler EJ, Opiates
inhibit neurogenesis in adult rat hippocampus. Proc Natl
Acad Sci USA 97 (2002) 7579-7584.

[9] Fathollahi Y, Motamedi F, Semnanian S, Zardoshti M,
Examination of persistent effects of repeated
administration of pentylenetetrazol on rat hippocampal
CAL: evidence from in vitro study on hippocampal slices.
Brain Res 758 (1997) 92-98.

[10] Goda Y, Stevens C, Synaptic plasticity: The basis of
particular types of learning. Curr Biol 6 (1996) 375-378.

[11] Hyman S, Addiction: A disease of learning and memory.
Am J Psychiatry 162 (2005) 1414-1422.

[12] Jang IS, Ito Y, Akaike N, Feed-forward facilitation of
glutamate release by presynaptic GABA, receptors.
Neurosciencel35 (2005) 737-748.

[13] Kravchenko MO, Moskalyuk AO, Fedulova SA,
Veselovsky NS, Calcium-dependent changes of paired-

118

pulse modulation at single GABAergic synapses.
Neuroscience lett 395 (2006) 133-137.

[14] Laviolett SR, Gallegos RA, Henriksen SJ, Kooy D van
der, Opiate state controls bi-directional reward signaling
via GABAA receptors in the ventral tegmental area. Nat
Neurosci 7 (2004) 160- 169.

[15] Lucipa CR, Dunwiddie TV, Differential effects of mu-
and delta-receptor selective opioid agonists on
feedforward and feedback GABAergic inhibition in
hippocampal brain slices. Synapse 8 (1991) 237-248.

[16] Martin SJ, Morris RGM, New life in an old idea: The
synaptic plasticity and memory hypothesis revisited.
Hippocampus 12 (2002) 609-636.

[17] McQuiston AR, Effect of p-Opioid receptor modulation
on GABAg receptor synaptic function in hippocampal
CAL. J Neurophysiol 97 (2007) 2301-2311.

[18] McQuiston AR, Saggau P, Mu opioid receptors facilitate
the propagation of excitatory activity in rat hippocampal
area CAl by disinhibition of all anatomical layers. J
Neurophysiol 90 (2003) 1936-1948.

[19] Narita M, Shibasaki M, Mizuo K, Suzuki T, Changes in
G-protein activity mediated through the stimulation of
dopamine and GABA(B) receptors in the mesolimbic
dopaminergic system of morphine-sensitized mice.
Addict Biol 8 (2003) 319-325.

[20] Nestler EJ, Molecular basis of long-term plasticity
underlying addiction. Nat Rev Neurosci 2 (2001) 119-
128.

[21] Nestler EJ, Historical review: Molecular and cellular
mechanisms of opiate and cocaine addiction. Trends
Pharmacol sci 25 (2004) 210-218.

[22] Nestler EJ, Under siege: The brain on opiates. Neuron 16
(1996) 897-900.

[23] Pu L, Bao G, Xu N, MA L, Pei G, Hippocampal long-
term potentiation is reduced by chronic opiate treatment
and can be restored by re-exposure to opiates. J Neurosci
22 (2002) 1914-1921.

[24] Salmanzadeh F, Fathollahi Y, Semnanian S, Shafizadeh
M, Dependence on morphine impairs the induction of
long-term potentiation in the CA1l region of rat
hippocampal slices. Brain Res 965 (2003) 108-113.

[25] Salmanzadeh F, Fathollahi Y, Semnanian S, Shafizadeh
M, Long-term potentiation as an electrophysiological
assay for morphine dependence and withdrawal in rats:
an in vitro study. J Neurosci Methods 124 (2003) 189-

WA

WWW.SID.ir



Ar chivwe elS s oy e

39955 b g (g59)gs 5

196.

[26] Santschi LA, Stanton PK, A paired-pulse facilitation
analysis of long-term synaptic depression at excitatory
synapses in rat hippocampal CAl1 and CA3 regions.
Brain Res 962 (2003) 78-91.

[27] Sokolov MV, Rossokhin AV, Behnisch T, Reymann KG,
Voronin LL, Interaction between paired-pulse facilitation
and long-term potentiation of minimal excitatory
postsynaptic potentials in rat hippocampal slices: a path-
clamp study. Neuroscience 65 (1998) 1-13.

[28] Thompson AM, Swant J, Gosnell BA, Wagner JJ,
Modulation of long-term potentiation in the rat
hippocampus  folloing  cocaine  self-administration.
Neuroscience 127 (2004) 177-185.

[29] Wagner J, Etemad L, Thompson A, Opioid-mediated
facilitation of long- term depression in rat hippocampus.
J Pharmacol Exp Ther 296 (2001) 776-781.

[30] Wang H, Wei H, Chen B, Zhou Y, Chronic morphine

exposure impairs short-term synaptic depression of

119

geniculo-cortical visual pathway in vivo. Neurosclett 410
(2006) 228-233.

[31] Williams J, MacDonald J, Manzoni O, Cellular and
synaptic adaptations mediating opioid dependence.
Physiol Rev 81 (2001) 299-343.

[32] Wimpey TL, Opheim KE, Chavkin C, Effects of chronic
morphine administration on the mu and delta opioid
responses in the CA1 region of the rat hippocampus. J
Pharmacol Exp Ther 251 (1989) 405-411.

[33] Zeng X, Tietz E, Depression of early and late
monosynaptic inhibitory postsynaptic potential in
hippocampal CAl1 neuron following prolonged
benzodiazepine administration. Role of a reduction in Cl
driving force Synapse 25 (1997) 125-136.

[34] zhang LH, Xu L, Xu TL, Glycine receptor activation
regulates short-term plasticity in CAl area of
hippocampal slices of rats. Biochem Biophys Res
Commun 344 (2006) 721-726.

ARR

WWW.SID.ir



