[ Downloaded from §jimu.medilam.ac.ir on 2025-12-26 ]

QW35)0)8 (@33 o)Ll (@9d Cauyy 3)9s ol (,3ib)y eolc alGibils (iag)y (olc alas

l.ga.».fs4@!9»63!)990dhuﬁywéﬁaﬁﬁaﬁaaﬁ@.&;&}wﬁ!\\3
Wi 51 Gy o i

Yf.lid ‘;:a.{} wm}u\:ﬁﬂ L*\J\J_T ;xu«).; M Jaeo
SR @890 el ¢Sy gle slSOb Sy aaSud)s (@ S ogle 9 csjelw 695 ()
SR 90 e SR ogle AU Sl axSuil westBuln o] pgle a9 (B

WAYIANY o s oyl WAY/QIY bl > 7o ,l

s

01d oo 5 sla &y adS 5g8 00d e GialEl el Wes 5l s oyl 48w o LS Slallas 1 doulo
9 u""">1""’ u‘)"‘*’ d)-’-'\-’ """5)" » &51’ 0y9 »° UUP d)"\'eti’ b )’| R aslllas L)’I )| Saa .l
25 g5 51 g ol S 30 45" 358 0l 3 Slos

poly )3 K9 0 @l (IS o Cdgizme oyl (Bpme 13 &S g dale g3 5 sl &) i Ud g, 9 Sso
gohe 93 cnl bl o Wab eSS ead (a8 b b oyl lae b B 3 (S5 g olo
> Gllgl Sajelgn yil g, Sl ealiinl b iz o A8 (655 0jll al oyl Sl am g IS (95 (1950855 55
03,5 dlxe b o] byl oss sy

sl @y ol Lyl Jleel 5l G 9 ymsS5 68 palie oS ol lis o edly Juloo 5 phidg i sl adl
sl oy yn polie cpl bl cidls gyl xe cglas Wl atsly 48 oud (a8 lase (0 aST oyl 09,5 g Jald 0g)S
P 5 IS e g VL (o dme jsb @ b b aulie )3 5l basxe )3 oS (6) eSS el 09,5
oS o s sl LialS o1b ié e 5 S85j et oyl 0,5 (sl 5y JUyT 0dé i bV sSusls il
ol 423185 (651 1 09,5 plo Sllgs ;> (adls pl g9) »

olailple a8” S 5 gl oy (S0 e (gile 84S b (LS o0 adlllas (] 1 g8 Aol g S
o9 Uised ymo Gusl (350 b sl Wdg (IS Cadgiome oyl (o pme 3 5k A wtie Lo
395 o S 338 125 o 8IS 3 il 4y JU I b

4l 398 0 (siglsn sl i I iy oyl e (gilo (8 IS W 2]lg

& & E e & é . s . '*
L3 u};.\.ﬁ Ags é":}l r_,l.ﬁ SN ‘é‘;}l IRCEH N fePa f-’l"'} 6)_,.‘}:.3 e}; ‘JJ""‘"‘ olins ¢
Email:mhosseini8 1 @yahoo.com

Voo


https://sjimu.medilam.ac.ir/article-1-519-fa.html

[ Downloaded from §jimu.medilam.ac.ir on 2025-12-26 ]

oh5a0 § 3T b (ias 3880 —... ) axib aslys (Ao slo ghgs kS Gob axé @an ) axib (i€ (,533) buas )

wstie O3l as 09 walyd (gl dblie cunl (Ses laro
HPA oo 5, Sos 5 518 (g9) plo oyl ©o iy
S ol aaeglbam Gl )l ol L as S
el gyl 0ye0 50 il Jleel &5 conl onds )15
iy Mlge 3 AdS 598 ead wo g ojll il
2 o llas By g ANl oud olyo
[ TV N W I REArS
Sllss Ml 5 bl g pege Vg
0303 (B35 A I Gy wtel CBlae 2Rl
ool Lo 8 llllas alsl ) adlllas oyl (Ao
il 5 bl S b (YN Sl
e 0jll g Los L9 yesSeisS Olise p (S5 be
b BT aan > aS Wb cla oy > Jbpl eae  Slg
A plool eingy o &l (S s Codgdoe wyiwl Cod
oS oln oy Jbl 0dd poe eSS (sl adllae oyl )
AR gl poyme 53 50y Al asan o o o ole
(YY) o3lis] (5 ,lgls” Juol 51 cingy a8 )3
o 59, 9 2lge

B load gyl B )anle 93 Hliusg 35 oole sla
pS YYY0r s b (ool (Kb, 23K bl
dpd YYEY olod kylyd o 5 (Siodly sla il
g ¥ jlaele W (S50 oy, )93 5 315 (ol
5 (aed 5 )l 4 JolS” s b (o 51 am V b
S o a8 S (o ph S o, slie
Py S Lok o) e s awis s b cole aan
235 (o S g e 3 JWaly el 9 Bab Cd>
Fuo joy Olgis 439 Cute p iyl JWjly el & (5,
2 Al byl @) g e 0,8 cdilbol s
095 93 &y (Bolal pobo 4y Sy g Wb (451055 yudB
D5 s 8L g (BB 0y o yiaol) Lol

Bl owin b (JBU oy Lyl 058 oyl
celo jllesls S @e a aliy) (VY 5O jo))ssb)b
@) Stdly iz 5l g S (5l gl )3 (e AT A
s o) o g2 yeitn Jsb b 5 o (b ¥ B
Codgiome  Gjgo 4 oyl cod (Glae
Jlel 51 sn g (YY)ias &8ly (Restraint) s
Jalis 09,5 ool Lol Was o, S5L i 4y il
5ale B 3 ol Jloel 90

Vol

dodio

0y9 Loz Laylyd a8 Cal 013 pyles MalS 0jg,l
Sl 855 @ o)l 39250 JolSS (55 2 ree SIS i
Slgs oo g gl ) ALl sl 5 eyl oS
5 SN Sigdamg wre CYNBI 5 s
(V=) ansls (o 53 (JUy50 0093 2 1) ()88,

J ook ool e o gl b e
25 9bl slo piuwws e (Prenatal stress)g
“idgm g oVbgimys e dlasde il
Hypothalamic-Pituitary-Adrenal Ju
dyp0 Sllge> oS gy & A5 0 w2 | (HPA)
DSy (S5 seel oyl Ll @ il e o]
ol g5 3l G ooyl ke & i ol sl
ool T oyl Laulyd @ pglie sk jie 90 (o
& gl HSESSI b ooy Gae 5 293
(FA=F)gb SV obo Db yo sl

bow gl g8 &8 amd o ol Sl
piwws » (Environmental Enrichment) 5.3
I3 A5 ) Gl ol o 3 &5 b @) Gl
,80ee 55 g V)l i cute I Wdgy as S

oislejl 3 VAFY Jlo p Il e (gilo o8
ol (gadaie Ollllae eSS Jlo 1 L(R)esds plooil
o8 SO e (o3l olaws ol )8 &S sl soly
b g (g )5 &5 (ogile g ddale Ll (o> S p
6By o gl > Sl cage Nsd (o b 4
Oy e 2lesdsyg 9 (NI je)e (Seegllyy
2 il 8l e > Slllas (B (Ve )sd oo
]atmobw&d\f.\mbgoLﬁHPA)w%ﬂ‘;&
2wk GortesSens al e (Ll cage (SWj
).5 w‘ ol c(\\‘)&b{f}& 9 5(\"5\\“)5&’0 5(\\)“’.))
OO (g &S Y o ol ()50 Cladlles &8 Jb
(AND)esas o yualS |y HPA jomo 4l 5 Slos oy
(1) ool 5 g

Sl el e (il b &S Cusl 0id psle
S 258 (oo el amd 5> A59S )88 S5l 0kiyS o
3555555 5 oI5 e S il oxie 365 g 4,
wlidy alpl & cul oud by )b (Ve )dgs (o
aobl ole ¥ U osds a8 baoee pdlyy jl an (il 8
908 i b oS e e b b sl ) (W)l e


https://sjimu.medilam.ac.ir/article-1-519-fa.html

[ Downloaded from §jimu.medilam.ac.ir on 2025-12-26 ]

QW35)0)8 (@33 o)Ll (@9d Cauyy 3)9s

ol (,3ib)y eolc alGibils (iag)y (olc alas

)]}é‘ PP )] odlal Ll N > V= ZPA(P)d
Sy il ly 36T 5l oslizal | o SPSS vOL11.5 (¢ ,L]
S (e gaw g 9 W3S (oyp (S Cwd 5 Bk
A5 a3 )3 a5 P<0.05 s 905
g3y gl 8L

iUl 0a 0jy 5 o 0ig ¢ b il 8
9y » e gile g8 &S ob ol adllas sl aisl
P S Yoyt el g5l el 09,5 wllges 59
B oy oyl 095 b &) 039 59y 2 Lol (P=0.61
oMb g ke 3 p,8 YYARND)cWh cuie f
2 o% oy & JURl Ojy cend a3l G e
b (il (8 GBlite JUU oy oyl 09)5 Sl
P asls pl pas b pob gl g bxe ials
(V oylosd jloges).cuils (5,51 aals 09,5

(09 09w Ol g lame il (8
2 ol Bl sy plie xSl
Lo 9355 (S5 Bl JBU oy (wyil g aalb 095
O b bl )b b cgly 3 jlulinl g 0nd g
Jlosh 51 g dboliMy (193 (19520955595 e (1L
23 ol el 5l oy sl 93 3 g (sl ARSI T o il
b..\.wu.\g Ja.kZ’.A).) d{JlJlJ 1Y) u,o).u.ul 03;9 s a9)§
sl oy o Ll cusls g)b pxe ol asly )8
oo 3 85 Glla 5> pdlie el eyl I ey e
S5 0kl e 3 g Wdg Jg Gl i e il
(¥ oslad jl3g05):39: 5YL (5)blme yobo &y 233)S

old Julows :Jb)bi 0 ey b (g3l oE
Oi)ﬁw9JB)JToJ.éJ§W>.odfabowh
e &S Gl o) p e il g8 Gl
G xS Wdg JUL oy eyl
Pl jasls oyl ggy &S Jb s (P<0.0001)s)0
P=0.60, SN} du)w‘.\., s aals 09,5 Cllges
Stz S cwl ol 1 Sk mbs g o» (P=0.62
92 2 3 0 (pl G e Ui e p (S b
i (1 olas Jpa2)cublss 551 aline 3550 05,5
o 4 3l L 48 Sy il 3JUT 5l ealtsl b b o3l
4l o p (SUj b g95 o0 9 A5l Gl oyl
(P<0.0001)3,l5 51 islejl 09,5 )y lge BYoSumls
ol e Gl el Al G ool & sk &
ol & b 0 (S5 g Ad o> YO e 4 4l

Sl L olje WY B A oy oS Sldle (yoliel Wei 5l e
3 oLihlig b olpen widg 039 Lid 4 odle g 5 aliie
aw bl o obliy Wad Gls ad g bes adle.
90 Lad dale 93 &S Sloj g L 4B S il Suas
9 o o jlpsS Ve emVYe (Shg 039000 13 9 ol j )
(JUB o ol 5 28L3)og8 ja 5l &y oo ¥+ Taos
03 (sglumo diwd 93 & Sllos Cpl s 3,5 Sl
Gl 4y ol (b g 3 lilinl lawze 9 )0 g pawd U
B2l (£S5 (6l 4385 e bl s )3 5 0le S
b duslio )3 (6555 Setwdly (pudd 0ad (S8 Lo
Sty (gl xS ln gl & 39y 3 bl Layeo
o3l 18 il ) (63l g g cilisee sl ojlul )3 (S,
) 0 b a0 goee )b g sl atia
B g eSS
09795595 ghaw (55 o3l e0y93 cal (o il
ICN 8 yi 3 odd syl 3 S 5l oslatwl b Lol
Jesllygiws ol 5 5 (K5,0l) Biochemicals
IS Lge dw 59y 2 pioxw (pl b plosl S
I deye aw )3 055 Jloz o Sllss (03 )
ool Jlosl o))yl 5l am alolBM (o il
We g (0g i ¥ o e g ST 5s8 gy il
JEEIE R P LN
o (ololl «S50)cgl L g 339 1y bl g
DB oS5l el ysbo 4 Uyl odd g 03905 hom (o
338 5 jg ol 1 B gz 09993 12 5l 5 35
doyd ¥ ogdleyd Jolore (o dite S e 4 i
g4t B ol 5l gle Ssb s 205 ()00
Pl ad oy (9958 O Cals 4 by cla oy
ol Gy 4 (Bl En WY OB Ve bl e
o239 S glen g il SISy Sl
(YF)1 oS5,
Motic) sy Gl 5l (8L blie psa
@ g 0kl (6)8 oS Sue 9y p &S (Ll
L GblE ol ool 5 L g 4 e jigels sl
boS (bl ()led 5 pgal g9y 3 AP) pme coluwe
Jolis i3 sy g JbysT Cortex ,ié g Medulla jie
5 Sn Yo%y 3 BsKauld Uigyyesls 4l
P9e3 oy b g A5 Aulxe 4l e (X P)aiog,
(d)cwl colb &8 bl o op oo alols
25 Jged sl b JUpol IS poe 5 4l jo o
(YV)d apusbone s,elslS ool 3o


https://sjimu.medilam.ac.ir/article-1-519-fa.html

ohlSes g 50T i (luns 3ans —.. b axib aslgs (haw sla igs wlS @98 asé @as y saib (i (,533) byas )3)

[ Downloaded from §jimu.medilam.ac.ir on 2025-12-26 ]

2 SN e (il (289 A ) Gl eyl &5 0 b ixe oo ay Sl ol ) 1y anl ol o2
iy Al P eSSy s lgdeyeslS (Sl e P 4l ol e p (SN e gy Ll o ials
(¥ o)las Jgiz)(P=0.13, P=0.76 ol o 4l s on sl 1 S eg)8 llse
[ Owle Boadasl |

3

3 = P=0.001

33’ 15

‘-i 10

3 &)

- 0

Al Al Jaisa 23 S Jusa

oyl s bo 3 g aald gla 09,8 gld <y s (9 & JU3T (39 Comnd (ad L dausme (G5l (S€ 151 0,lowd lag0d
P=10.004: (<, Y+ 29,5 2 3)(Wgi 31 (i

25
0 3
# 4
# T k|
15 3
PR TN RO IO ?’
3 il T o 2L 10 i
—— o O T M o 0 il o
—— oty & e el “}
L 5 2
O

o el g S Cela an oa
Ot

AL 5y o i) s lojl 9 8LS (gl 29,5 (5o ) 43 (19 (19 AwgS y35 2 bune (53l (S8 1LY 0 Lo 13900
P=0.000# () Y+ 05,5

VoA


https://sjimu.medilam.ac.ir/article-1-519-fa.html

[ Downloaded from §jimu.medilam.ac.ir on 2025-12-26 ]

QW35)0)8 (@33 o)Ll (@9d Cauyy 3)9s

ol (,3ib)y eolc alGibils (iag)y (olc alas

990l (gla 09,5 (sl 0 (CaxSo i (o cuns 2)JU ol 23 o2 jlano Bl poxil g (Sl ) 0 ko Jgu
(Ye=09y5 2 ;5 y dluai)ound o€ 9 3 ylailiw! (gl Jazme 45 (Woi 31 Lyiimy (o pinwl) i Lo

ol (gif laoee
INAE=YIN
RARESRIN

AN
o/oty/-

TR

LZAE=IAN

3,15kl Laoeo Jpsl olgs 09,5
alsE- Iy o

¥V 5 Jon aals
PARRIR Js
VL. /¥ b

At o Uinlel
VINE-[¥. Js

P<0.0001 =

5 ol clb 09,5 gl <, (cixSio yio o couwes ) JU 3T 86 i il w2 st Byl g (yeSiilee Y 5 lacd Jouts
(Ye=09y5 2 45y dluai)ound € 9 3 lailiw! (gl Jame 45 (Woi 31 iy (o pinwrl) i Lo

ol (gif laoee
UARESVANS
Y/EYE Y

VY /NY

NAT==9AV4
MAAE=DAYS

RALESTRLY

3,13k oo Jby3l 3 ol 09,5
VYAV 35)g yoolS
AAEIANG BY oSl aals
<IvsE-NY P95,
A=A 19 poslS
Ao R BY 6ol iales
IAYE-] 5 P95,

odemd (4959595 Oliwe cnl o TPV )2gd
O8> OsrsSeinsS Oliwe 9l (oo pERL  0yS 4
(FV)essle o 3 YU Sllggs ol 55 5l Loyl Blao
e turnover Jbb oy yoyiwl a7 Caol 0ud poleo
5 (TV)ewd (oo Gl dl glo @) 3 1) e ()8
Sygivw) 9y mritee ke Fl S pE g
by ol gl 3 peaelamn )3 (G595 ,S o5
(YY)S (oo St | (19 5095595
L RO
1y Jsisis® b odae o Y sSpuld 4l Loguasi
028 oy (ygepgn il Al Glg o 3l o
(rEX0) HPA joome colld (iolidl 5 (309,5555,65
63T 00 s Lyl 58l il JU 0y o ytasl Blao
5 G g 039y S slo @y 3 ol 65 sla 4Y
aw &lis) Ik 0yg3 yulpw )3 plislple o5 059, S

JA gl aiBs Y0 (S Codpize oyl cod )L

Yo4

P<0.0001 =
S5 ot g o

sl Jhge RS &S b Gl (025 addlas ()]
BAloain b oolilple oS o anle 93 5 olpo
ool Joxie cole Sy e a4 aliy) gib)b
b el ond 8 bz (0 wld (S Codgicee
sl il 55l i & HPA e gl o990
A5 48" 595 0as ojluil 9 (S5

S S5 4 oY adlllas oyl slo Bl sy
oy oRIBl el byl gy > ple il
el @ 0gpegSngs (VV)9d (oo (19 5sSysS
ol pein et (19,5 ol&iwd 3lg (YD)l IS > dwo
(Y8-YA)9) oo YU 3 iz 05 3 of e

i O > o slawdl gpyiusSngt il
S iy oo s cislan 45 eny Sl JalS5 3]
(Ml @) oseelomp )5 43555595 sl
o (& o 515 (2ol )Mo 058 el Sop G20l g


https://sjimu.medilam.ac.ir/article-1-519-fa.html

[ Downloaded from §jimu.medilam.ac.ir on 2025-12-26 ]

oh5a0 § 3T b (ias 3880 —... ) axib aslys (Ao slo ghgs kS Gob axé @an ) axib (i€ (,533) buas )

gaw 9 48)5 395 4 |y (yider (19 psSe s Sl (0
o > s 53 b (il Colite (9000 (i
(F¥)2051 omle by A58 51 g o
b 0 @S cle 4 0ad (jjy padls iald

2 b opl 3 (S5 4 ol o |y ead 2o
2 (CRE)959553)65 028 by (19059 sk 2alS
o) seygr MRNA Ly (2als 569 Sle (Siwe
(F7)-3505 Laipo ogo Vg 13 (9,355 )55 oS

b (il 8 ST bl s adllee () glo aidly
cos olislple a5 Sllgs HPA  jee 5 Slas
Orba @l Sp b wBs IE UL ey eyl
asdllae 3 (V)b Cplie Sy bog (ASFF)cdslge
@ gl b (glo (G2 V0¥ Jlo 3 )lSen 5 (Jyge
Oliwe &8 Jb o 0ls s JyuS cllges o 1) o il
oo > 45 (Gl ) (o ptel Gly 5> (g psS S
o 4l b &S (AJols Lials 53s JBU oy il
ossile o Sl adllae 3 Lol 3l5 s on yls asllas
9 JAS 09)5 O (sl Gl > (Sl VNN Jlo
o )l 0y pliilple oS xS 5 bl
(V8)dis ot lidio W39y yo il

bo g5l (8 b 50 b Bl Colis I 5k 4
JoSan > ©ald5 4 olyi (oo 1y oyl Gl 3 )Sdas
0l G b b dgalse (o dae (gilo 28 s
S 09)5 oIl g odd (28 Loy gyt loj e
S o Sblges eloxs]

g5 5l Gl eyl poyme 2 &S Sllse gl
Sl oyl &y 558 )3 00 S a3 5 S0y
oS adly )3 ookl lase > aS 2g Sllges ailen
syl p b il 22 s I SL
(FOFF)03L (o b Sllge> 53 (6313, b 5 Sojglon

Jo 1y bore (gile e alyl gouxie Glalllas
5115 ) 5 cilsn ol fobin s yma 2 85 g slo
P sy 05 oS s5uaS (VNS pma
3w g V)i oyl (FR)pole 335 cqm FA)dlgs
b o bt 48 Sl odges (awyp sizily 5 (FF)lys
plol wlds ilidl dase (gile a8 cwl ool ol
Ao B Jsmb et syl ol il sla)lid,
Camdge )3 5y g Bollas @538 Ll (B ) o]
5o oy o YOVl s
sl Codgame | sl atily o 3 1y (OF)c ool guun
Cadgioma) poyinl g9 Sy Jlosl 4 g5 (o adlllas

Ve

adllas (clo 4Bl 4 (M)l 00 o35 cidgs atb S
> Bl 5 g5l e eyl Cate Sl e Lo
55n allan gl b o] (Y Souls 4 5 J6pl 3
OBl 20> FA cy cnl > Sl o 4 3)h Slss o
90 3 oy VY Ll 50 9 BY eSSl anl poo
Ol 4oy YO b oS cul odd )58 18 (Sod asls
9 nle @2 5 U pas 5 BYeSeuls 4Y )3 oo
ol g D5 Slod on ol Cuns a4 b adlllas )3 oS i3
Jlesl a5 ao » GMB! & g o 1) ol
G lojl Gloj 3 bl o g JUL 0y oyt
2
018 L, y90pem Linll & il o3l s Slallas
sl o 2 o8 Mg SISl 35 35555
999 (50 £9p Vo5 3l oy WY oy 5l W39 o5 I i
D b TPl o eal] (Sl D) S5 0150
P JoSl ()5 5005 cpsge ol e eSSl
(YWEA )2 (o0 05 oyl (ps]

S 5 ol glo adl b o)y ol @
ooyl & gl > G ywsSiysS Gde (SYsb il
2 byl O —al Gy s & 5ol
O3S W ead @dly il v o)l BT atin
30 65590 Oldllas Lol 5ls cddlge (FA-YAF )il 03903
o s wb GeyesSensS e s 2 e
oSas adlls ol mls b plie sl asly (FeF) sl
Solds iile b Linlejl 4 bgye cla gles e ay canl
ol 2 & ol Gloj o ye g ozl I 3y,
95 ialejl slo gy s g 298 o Jlas] ol
Jlesl @y 5> aiged gl 3l Blig iz 9 (Dljg
bl 0y9 pulps )3 (55> Cudgizme S (yo i
Pl 3 sl @ Gl o0 Y5k g g Rl
Sy 4 5} i o o6 Jio 3 (P olm
2 0> P NP 3 serme Gl ) g (Bolad g geite
0L e a4 eyl Camle cpl g Lo V)l ansla
Sy 51 sl5e HPA jeme 5,Slee (59,

» e gile (28 580 (S omina @ S
3o gyl 5 (BB (S gl SIS (908 uSe s
@yt ol oo |y led b Lol 30 alllaa o) Glanl 51 g5
g dlgidin ol

sl ox, S (ST lidl oy el e b
S S Sl 58 5 pln 535S 5 S
aS (Ve )ods (o)l5S o)y HPA jae wulaid 3 ope


https://sjimu.medilam.ac.ir/article-1-519-fa.html

[ Downloaded from §jimu.medilam.ac.ir on 2025-12-26 ]

QW35)0)8 (@33 o)Ll (@9d Cauyy 3)9s

ol (,3ib)y eolc alGibils (iag)y (olc alas

Sl (S8 e (ilo At 9 (1 SeS L oy 0
&y 2 e Jelse Cute 48 JI5 (LY 5 350
0y90 Juligdl shadlis ) Cdlae Gdo iy sqw )il
S adlas ol g e 90 @l 1) gl i
O9gSysS by Gl ly 1) Sejgdsiuns e
2 S8j b 4 ol il g JBG oy eyl Sl

S @l ods ge e

References

1-Brunton PJ, Russell JA. Prenatal soc-ial
stress in the rat programmes neur-
oendocrine and behavioural responses to
stress in the adult offspring: sex spe-ific
effects. J Neuroendocrinol 2010; 22: 258-
71.

2- Weinstock M. The long-term beha-
vioural consequences of prenatal stress.
Neurosci Biobehav Rev 2008; 32: 1073-86.
3-Koenig JI, Elmer GI, Shepard PD, Lee
PR, Mayo C, Joy B, et al. Prenatal exposure
to a repeated variable stress paradigm elicits
behavioral and neuroe-ndocrinological
changes in the adult offspring: potential
relevance to schizo-phrenia. Behav Brain
Res 2005; 156: 251-61.

4- Maccari S, Darnaudery M, Morley-
Fletcher S, Zuena AR, Linque C , Van
Reeth O. Prenatal stress and long-term
consequences: implications of glucoco-
rticoid hormones. Neurosci Biobehav Rev
2003; 27: 119-27.

5-Seckl JR. Glucocorticoid program-ming
of the fetus; adult phenotypes and
molecular mechanisms. Mol Cell End-
ocrinol 2001; 185: 61-71.

6-Renznikov AG, Nosenko ND, Tara-senko
LV, Sinitsyn PV, Polykova LI. Early and
long- term neuroendocrine effects of
prenatal stress in male and female rats.
Neurosci Behav Physiol 2001; 31: 1-5.
7-Laviola G, Rea M, Morley-Fletcher S, Di
Carlo S, Bacosi A, De Simone R, et al.
Beneficial effects of enriched en-vironment
on adolescent rats from str-essed
pregnancies. Eur J Neurosci 2004; 20:
1655-64.

8-Morley-Fletcher S, Rea M, Maccari M.
Laviola G. Environmental enrich-ment
during adolescence reverses the effects of
prenatal stress on play beh-aviour and HPA
axis reactivity in rats. Eur J Neurosci 2003;
18: 1-8.

Ry

S9y (bl pow atin)ol 0)p S > (S
i g9y Bpo uios plovl «y alKiislejl cllg
Running j50) 0l ead oé e 1 edlatwl o
IS L 1y adllas ol s pwass 45 3905 0,31 (Wheel
3,S0ee jd Ol sy a8 2l L dalllae ] Eoezee 5o

b5 5l Gty ool Sl A6 487 g8 02 el

9-Hebb DO. The effects of early experi-
ence on problem-solving at maturity. Am
Psychol 1947; 2: 306-7.

10- Mohammed AH, Zhu SW, Darm-opil S,
Hjerling-Leffler J, Ernfors P, Winblad B, et
al. Environmental enrich-ment and the
brain. Prog Brain Res 2002; 138: 109-33.
11-Moncek F, Duncko R, Johansson BB,
Jezova D. Effect of environmental
enrichment on stress related systems in rats.
J Neuroendocrinol 2004; 5: 423-31.
12-Benaroya-Milshtein N, Hollander N,
Apter A, Kukulansky T, Raz N, Wilf A, et
al.  Environmental enrichment in mi-ce
decreases  anxiety  attenuates  stress
responses and enhances natural killer cell
activity. Eur J Neurosci 2004; 5: 1341-7.
13-Marashi V, Barnekow A, Ossendorf E,
Sachser N. Effects of different forms of
environmental enrichment on beha-vioral,
endocrinological, and immunol-ogical
parameters in male mice. Horm Behav
2003; 2: 281-92.

14-De Jong IC, Prelle IT, van de Burgwal
JA, Lambooij E, Korte SM, Blokhuis HJ, et
al. Effects of enviro-nmental enrichment on
behavioral res-ponses to novelty, learning,
and mem-ory, and the circadian rhythm in
cortisol in growing pigs. Physiol Behav
2000; 4: 571-8.

15-Belz EE, Kennell JS, Czambel RK,
Rubin RT, Rhodes ME. Environmental
enrichment lowers stress-responsive ho-
rmones in singly housed male and fem-ale
rats. Pharmacol Biochem Behav 2003; 3-4:
481-6.

16-Emack J, Matthews SG. Effects of
chronic maternal stress on hyp-othalamo-
pituitary-adrenal (HPA) fun-ction and
behavior: no reversal by env-ironmental
enrichment. Horm Behav 2011; 60: 589-98
17-Friske JE, Gammie SC. Environm-ental
enrichment alters plus maze, but not


https://sjimu.medilam.ac.ir/article-1-519-fa.html

[ Downloaded from §jimu.medilam.ac.ir on 2025-12-26 ]

oh5a0 § 3T b (ias 3880 —... ) axib aslys (Ao slo ghgs kS Gob axé @an ) axib (i€ (,533) buas )

maternal defense performance in mice.
Physiol Behav 2005; 2: 187-94.

18- Noorafshan A, Karimipoor M, Bah-
manpoor S, Dehghani F. The Influence of
Exposure to Stress of Pregnant Rats on the
Adrenal Gland Structure of their Offspring.
An Unbiased Stereological Study. Scand J
Lab Anim Sci 2005; 32: 161-6.

19-Lemaire V, Koehl M, Le Moal, M,
Abrous DN. Prenatal stress produces le-
arning deficits associated with an in-
hibittion of neurogenesis in the hippoc-
ampus. Proc Natl Acad Sci USA 2000; 97:
11032-7.

20-Hosseini-sharifabad M, Hadine-doushan
H. Prenatal stress induces lear-ning deficits
and is associated with a decrease in
granules and CA3 cell de-ndritic tree size in
rat hippocampus. Anat Sci Int 2007; 82:
211-7.

21-Hosseini-sharifabad M, Sabahi AR.
Prenatal stress induces impairment of
memory and reduction in the volume of
hippocampus in rat. J Isfahan Med Sch
2006; 75: 67-72.

22-Gundersen HIG, Bendtsen TF, Korbo L,
Marcussen N, Mgller A, Niel-sen K, et al.
Some new, simple and eff-icient
stereological methods and their use in
pathological research and diag-nosis. Acta
Pathol Microbiol Immunol Scand 1988; 96:
379-94.

23-Ward IL, Weisz J. Differential effe-cts
of maternal stress on circulating le-vels of
corticosterone, progesterone and
testosterone in male and female rat fetus
and their mothers. Endocrinology 1984; 84:
1635-44.

24-Gundersen HJG, Jensen EB, Kieu K,
Nielsen J. The efficiency of system-atic
sampling in stereology— recons-idered. J
Microsc 1999; 93: 199-211.

25-Zarrow MO, Philpott J, Denenberg V.
Passage of 14C-corticosterone from the rat
mother to the foetus and neo-nate. Nature
1970; 226: 1058-9.

26- Koehl M, Darnaudery M, Dulluc J, Van
Reeth O, Le Moal M, Maccari S. Prenatal
stress  alters circadian activity of
hypothalamo-pituitary-adrenal axis and
hippocampal corticosteroid rece-ptorrs in
adult rats of both gender. J N-eurobiol
1999; 40: 302-15.

27- Szuran TF, Pliska V, Pokorny J, Welzl
H. Prenatal stress in rats: effects on plasma

Y

corticosterone, hippocampal glucocorticoid
receptors, and maze performance. Physiol
Behav 2000; 71: 353-62.

28-Lesage J, Blondeau B, Grino M, Br-eant
B, Dupouy JP. Maternal undernu-trition
during late gestation induces fet-al
overexposure to glucocorticoids and
intrauterine growth retardation, and disturbs
the hypothalamo—pituitary—ad-renal axis in
the newborn rat. Endo-crinology 2001; 142:
1692-702.

29-Rosenfeld P, Sutanto W, Levvine S, De
Kloet ER. Ontology of type I and type II
corticosteroids receptors in the rat
hippocampus. Dev Brain Res 1988; 42:
113-38.

30-Barbazanges A, Piazza PV, Le Moal M,
Maccari S. Maternal  glucocorticoid
secretion mediates long-term effects of
prenatal stress. J Neuroscil996; 16: 3943-9.
31- Sapolsky RM, Krey LC, McEwen BS.
The neuroendocrinology of stress and
aging: the  glucocorticoid  cascade
hypothesis. Endocr Rev 1986; 7: 24-301.
32- Takahashi LK, Turner JG, Kalin NH.
Prenatal stress alters brain catecho-
laminergic activity and potentiates stre-ss-
induced behavior in adult rats. Brain Res
1992; 574: 131-7.

33- Maccari S, Morméde P, Piazza PV,
Simon H, Angelucci L, Le Moal M. H-
ippocampal type I and type II corticosteroid
receptors are modulated by central
noradrenergic systems. Psy-
choneuroendocrinology 1992; 17: 103-12.
34- Akana SF, Shinsako J, Dallman MF.
Drug-induced adrenal hypertrophy provides
evidence for reset in the adre-nocortical
system. Endocrinology 1983; 113: 2232-7.
35- Lemaire V, Taylor GT, Mormede P.
Adrenal axis activation by chronic soc-ial
stress fails to inhibit gonadal func-tion in
male rats.

Psychoneuroendocrinology 1997; 22: 563-
73.

36-Cratty MS, Ward HE, Johnson EA,
Azzaro AJ, Birkle DL. Prenatal stress
increases corticotrophin-releasing fact-or
(CRF) content and release in rat amygdala
minces. Brain Res 1995; 675: 297-302.

37- Ward HE, Johnson EA, Salm AK,
Birkle DL. Effects of prenatal stress on
defensive withdrawal behavior and cor-
ticotrophin releasing factor systems in rat
brain. Physiol Behav 2000; 70: 359-66.


https://sjimu.medilam.ac.ir/article-1-519-fa.html

[ Downloaded from §jimu.medilam.ac.ir on 2025-12-26 ]

QW35)0)8 (@33 o)Ll (@9d Cauyy 3)9s

ol (,3ib)y eolc alGibils (iag)y (olc alas

38-Salm AK, Pavelko M, Krouse EM,
Wendy Webster W, Kraszpulski M, Bi-rkle
DL. Lateral amygdaloid nucleus e-xpansion
in adult rats is associated with exposure to
prenatal stress. Develop Br-ain Res 2004;
148: 159-67.

39-Takahashi LK. Prenatal stress: con-
sequences of glucocorticoids on hip-
pocampal development and function. Int J
Dev Neurosci 1998; 16: 199-207.

40- Koehl M, Darnaudery M, Dulluc J, Van
Reeth O, Le Moal M, Maccari S. Prenatal
stress  alters circadian activity of
hypothalamo-pituitary-adrenal axis and
hippocampal corticosteroid recap-tors in
adult rats of both gender. J Neurobiol 1999;
40:302-15.

41- Fride E, Dan Y, Feldon J, Halevy G,
Weinstock M. Effect of prenatal str-ess on
vulnerability to stress on prep-ubertal and
adult rats. Physiol Behav 1986; 37: 681-7.
42-Levine S. Influence of psychological
variables on the activity of the hypoth-
alamic—pituitary—adrenal — axis. Eur J
Pharmacol 2000; 405: 149-60.

43-Plotsky PM, Meaney MJ. Early
postnatal experience alters hypot-halamic
corticotropin-releasing factor (CRF)
mRNA, median eminence CRF content, and
stress-induced release in adult rats. Brain
Res Mol Res 1993; 18: 195-200.

44-Francis DD, Diorio J, Plotsky PM,
Meaney MIJ. Environmental enrichment
reverses the effects of maternal sepa-ration
on stress reactivity. J Neurosci 2002; 22:
7840-3.

45- Van Praag H, Kempermann G, Gage
FH. Neural consequences of envi-ronmental
enrichment. Nat Rev Neu-rosci 2000; 1:
191-8.

46- Schrijver NC, Bahr NI, Weiss IC,
Wiirbel H. Dissociable effects of isol-ateion
rearing and environmental enri-chment on
exploration, spatial learning and HPA
activity in adult rats. Phar-macol Biochem
Behav 2002; 73: 209-24.

A\N

47--Hannigan JH, Berman RF, Zajac CS.
Environmental  enrichment and the
behavioural effects of prenatal exposure to
alcohol in rats. Neurotoxicol Teratol 1993;
15:261-6.

48- Tuvone L, Geloso MC, Dell’Anna E.
Changes in open field behaviour, sp-atial
memory, and hippocampal parva-lbumin
immunoreactivity following en-richment in
rats exposed to neonatal anoxia. Exp Neurol
1996; 139: 25-33.

49-Carughi A, Karpenter K, Diamond M.
Effect of environmental enrichment during
nutritional rehabilitation on bo-dy growth,
blood parameters and cere-bral cortical
development of rats. J Nutr 1989; 119:
2005-16.

50- Olsson I, Dahlborn K. Improving
housing conditions for laboratory mice: a
review of environmental enrichment. Lab
Animals 2002; 36: 243-70.

51- Qian J, Zhou D, Pan F, Liu CX, Wang
YW. Effect of environmental enrichment on
fearful behavior and ga-strin-releasing
peptide receptor expr-ession in the
amygdala of prenatal stre-ssed rats. J
Neurosci Res 2008; 86:3011-7.
52-Escorihuela RM, Tobena A, Ferna-ndez-
Teruel A. Environmental enrich-ment
reverses the detrimental action of early
inconsistent stimulation and incre-ases the
beneficial effects of postnatal handling on
shuttlebox learning in adult rats. Behav
Brain Res 1994; 61: 169-73.

53- Klein SL, Lambert KG, Durr D,
SchaeferT, @ Waring RE. Influence of
environmental enrichment and sex on
predator stress response in rats. Physiol
Behav 1994; 56: 291-7.

54- Brown J, Cooper-Kuhn C, Kemper-
mannG, Van Praag H, Winkler J, Gage F, et
al. Enriched environment and physical
activity stimulate hippocampal but not
olfactory bulb neurogenesis. Eur J Neurosci
2003; 17: 2042-6.


https://sjimu.medilam.ac.ir/article-1-519-fa.html

[ Downloaded from §jimu.medilam.ac.ir on 2025-12-26 ]

oh5a0 § 3T b (ias 3880 —... ) axib aslys (Ao slo ghgs kS Gob axé @an ) axib (i€ (,533) buas )

_ Effect of enriched environment on the size of adrenal gland in
prenatally stressed rat

Hosseini-sharifabad M ', Hekmatimoghadam SH’
Accepted: November 2, 2013)

(Recived: July 29, 2013

Abstract

Introduction: Studies have shown that pre-
natal stress causes the enlargement of adre-
nal gland in young rats. The purpose of this
study was to investigate the effect of envi-
ronmental condition during adolescence on
the reversibility of prenatal stress-induced
functional and structural alterations.

Materials & Methods: 2-month-old Wister
male rats that prenatally experienced restra-
int stress were maintained in either an en-
richhed environment or standard living
cages throughout third month of their life.
At the end of the period, blood cortico-
sterone level was measured before and after
the acute stress. Also, the volume of adrenal
gland was estimated using sterological
techniques.

Findings: Statistical analysis of data sho-
wed that corticosterone level, after the acute
stress, was not significantly different amon-
g control and prenatally stressed rats expo-

sed to enrichment environment. However,
this level was significantly higher in pren-
atally stressed rats exposed to standard
environment in comparison to other groups.
The total volume as well as the volume of
zona fasciculate of the adrenal cortex in
prenatally stressed adult rats significantly
decreased following maintaining in enrich’-
hment environment, while these parameters
did not change among other animal groups.

Discussion & Conclusion: This experim-
ental study showed that the enrichment of
living environment could normalize the res-
ponse of hypothalamic-pituitary-adrenal ax-
is to acute stress along with decreasing the
volume of adrenal gland cortex in adult
male rats whose mothers exposed to restr-
aint stress during the last week of gestation.

Keywords: Enrichment of environment, pr-
enatal stress, stereology, Adrenal gland
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