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Abstract 
$%&'( )*+(*,,-'. -, /'(* +(*0%1*.2 -. 3'/*. 24%. -. /*.5 64* 7.)*(18-.9 

.*7(':-'1'9-;%1 /*;4%.-,/, %(* .'2 3*11 7.)*(,2'')< :72 (*;*.2 )%2% ,4'3, 24%2 

4-++';%/+%1 0'17/* (*)7;2-'., -. )*+(*,,*) 3'/*. ';;7( '.18 34*. 

)*+(*,,-'. -, +(*;*)*) :8 %. *%(18 1-=* ,2(*,,'(5 64-, 7.)*(1-.*, 24* +'2*.2-%1 

-/+'(2%.;* '= *%(18 1-=* ,2(*,,< %2 1*%,2 -. 3'/*.< ='( 24* 071.*(%:-1-28 2' )*0*1'+ 

)*+(*,,-'.5 >*(-.%2%1 ,2(*,, *?+',7(* -. (')*.2, %==*;2, ;(-2-;%1 +*(-'), '= :(%-. 

)*0*1'+/*.2 24%2 +*(,-,2*.218 %12*( ,2(7;27(%1< */'2-'.%1 %.) .*7('*.)';(-.* 

+%(%/*2*(, -. %)712 '==,+(-.95 $'(*'0*(< ,2(*,, -.4-:-2, %)712 4-++';%/+%1 

.*7('9*.*,-,< % ='(/ '= ,2(7;27(%1 +1%,2-;-28 24%2 4%, :**. -/+1-;%2*) %5'5 -. 

%.2-)*+(*,,%.2 %;2-'. %.) -, 4-9418 %:7.)%.2 *%(18 +',2.%2%1185 @* 4*(* 2*,2*) 

24* 48+'24*,-, 24%2 *%(18 1-=* ,2(*,, )-==*(*.2-%118 %==*;2, 4-++';%/+%1 ,2(7;27(%1 

+1%,2-;-28 -. =*/%1* 0*(,7, /%1* '==,+(-.95 @* ,4'3 24%2 AB4 '= /%2*(.%1 

)*+(-0%2-'. C$DE %2 >FDG %==*;2, 4-++';%/+%1 ,2(7;27(%1 +1%,2-;-28 %2 >FDAH 

-. % ,*?I)*+*.)*.2 /%..*(5 F*7('9*.*,-, 3%, ,-9.-=-;%.218 -.;(*%,*) -. /%1* 

:72 )*;(*%,*) -. =*/%1* '==,+(-.9 %=2*( $D5 J-.;* .' '24*( ,2(7;27(%1 ;4%.9*, 

3*(* ='7.) -. 9(%.71* ;*11 1%8*( 0'17/*< .*3:'(. ;*11 ,7(0-0%1 '( +('1-=*(%2-'. 

(%2*< %,2(';82* .7/:*( '( 91-'9*.*,-,< 24-, -.)-;%2*, 24%2 $D *1-;-2, ,+*;-=-; 

;4%.9*, -. ,7:,*2, '= )-==*(*.2-%2-.9 ;*11, %.) )-==*(*.2-%118 %==*;2, -//%27(* 

.*7('.,5 64* $D -.)7;*) ,*?I,+*;-=-; *==*;2, '. .*7('9*.*,-, ;%..'2 :* 

*?+1%-.*) :8 )-==*(*.;*, -. /%2*(.%1 ;%(*5 K. ;'.;17,-'.< 24* *%(18 *.0-('./*.2 

4%, % ;(-2-;%1 -.=17*.;* '. *,2%:1-,4-.9 ,*? )-==*(*.;*, -. .*7(%1 +1%,2-;-28 %.) 

,7++'(2, 24* ;'.;*+2 24%2 24* ,*2+'-.2 ='( .*7('9*.*,-, /%8 :* )*2*(/-.*) 

)7(-.9 +*(-.%2%1 1-=*5 K2 -, 2*/+2-.9 2' ,+*;71%2* 24%2 % (*)7;*) 1*0*1 '= 

.*7('9*.*,-,< ,*;'.)%(8 2' *%(18 ,2(*,, *?+',7(*< /%8 ;'.2(-:72* 2' 

/%1%)%+2%2-'. '= 24* L>M %?-, %.) +',,-:18 2' 24* -.;(*%,*) 071.*(%:-1-28 '= 

3'/*. 2' ,2(*,,I(*1%2*) )-,'()*(,5 
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Introduction 
# %&'()(&*+ ,- .(&*)+. /01+ )%2')30(+* 0'(+40(),5. )5 (/+ /62,(/0'0%,72)(&)(0467

0*4+50' 89:#; 0<). )5 (/+ 1&'5+40=)')(6 (, *+1+',2 .(4+..74+'0(+* *).,4*+4. ')>+ 

%0?,4 *+24+..),5 89+)% +( 0'@A BCCCD 9,'.=,+4A BCCCD E+'05,-- +( 0'@A BCCFD 

9+)% 05* G+%+4,--A BCCFD H+&. 05* I,'>,J)(KA BCCFD E+'05,-- +( 0'@A BCCBD 

L,'* 05* M/4,&.,.A BCCB;@ N5+ ,- (/+ =40)5 04+0. .+5.)()1+ (, .(4+.. 05* .(4+.. 

/,4%,5+. ). (/+ /)22,30%2&.A 0 4+O),5 )51,'1+* )5 '+045)5O 05* %+%,46A 

=+/01),40' 0*02(0(),5 05* 9:#70<). 4+O&'0(),5 8P,44).A FQRSD 9,''&2 +( 0'@A 

BCCFD 9+4%05 05* P&+''+4A BCCT; 05* 4)3/'6 +5*,J+* J)(/ O'&3,3,4()3,)* 8LH; 

05* %)5+40',3,4()3,)* 4+3+2(,4. 8PH;A 8*+ U',+( +( 0'@A BCC!;@  

M/4,5)3 +<2,.&4+ (, .(4+.. 305 0--+3( =,(/ /)22,30%20' -&53(),5 05* 

.(4&3(&4+@ M,5.).(+5( 4+*&3(),5. )5 /)22,30%20' 1,'&%+ /01+ +@O@ =++5 4+2,4(+* 

)5 %0?,4 *+24+..),5A 0. 0 24+*)3()1+ -03(,4 40(/+4 (/05 0 3,5.+V&+53+ ,- (/+ 

*).,4*+4 8L)'=+4(.,5 +( 0'@A BCCB;@ #'(/,&O/ (/+ -&53(),50' )%2')30(),5. 05* (/+ 

=),',O)30' .&=.(40(+. (/0( &5*+4')+ /)22,30%20' 1,'&%+ 4+*&3(),5. 04+ )'' 

&5*+4.(,,*A 05)%0' .(&*)+. /01+ ./,J5 (/0( 3/4,5)3 .(4+.. 305 )5*&3+ 3+''&'04 

05* *+5*4)()3 0(4,2/6A 0'(+4 O')0 3+'' 5&%=+4. 05* 4+*&3+ 0*&'( 5+&4,O+5+.). 

8P0O04)5,. +( 0'@A FQQTD L,&'* +( 0'@A FQQ"D P0O04)5,. +( 0'@A FQQ"D :/0% +( 0'@A 

BCCWD 9+)5+ +( 0'@A BCCS=D U,'+ +( 0'@A BCCSD MK+/ +( 0'@A BCCTD N,%+5 +( 0'@A 

BCC";@ #*&'( /)22,30%20' 5+&4,O+5+.). 4+24+.+5(. 0 -,4% ,- .(4&3(&40' 2'0.()3)(6 

(/0( /0. =++5 )%2')30(+* 0@,@A )5 /)22,30%20' -&53(),5  8X,=4,..6 +( 0'@A BCCWD 

#=4,&. +( 0'@A BCC!D Y+&5+4 +( 0'@A BCCTD X&24+( +( 0'@A BCC"D U++ +( 0'@A BCC"; 

05* (/+ +--)3036 ,- 05()*+24+..05(. 8Z05(04+'') +( 0'@A BCCWD E050.4 +( 0'@A BCCTD 

X405,1.>6 05* 9+5A BCCTD P06+4 +( 0'@A BCCTD N,%+5 +( 0'@A BCC"D [/,%0. 

05* :+(+4.,5A BCCR;@ Z(4+.. 05* O'&3,3,4()3,)*. 2,(+5('6 )5/)=)( 5+&4,O+5+.). )5 

0*&'( 05)%0'. 8L,&'* +( 0'@A FQQ"D :/0% +( 0'@A BCCWD 9+)5+ +( 0'@A BCCS=D 

P)4+.3& 05* L,&'*A BCCTD I,5O 05* 9+4=+4(A BCCTD Y&30..+5 +( 0'@A BCCR;@ 

P0?,4 *+24+..),5 ). %,4+ 24+10'+5( )5 J,%+5 (/05 )5 %+5 8U+..'+4 +( 

0'@A FQQWD E'05*A FQQ"D \,&5OA FQQRD I+).. +( 0'@A FQQQD ].(&5A BCCC;@ [/+ 

5+&4,=),',O)30' %+3/05).%. (/0( 3,&'* 033,&5( -,4 (/). *)--+4+53+ 04+ 5,( J+'' 

)*+5()-)+*A =&( 4+3+5( *0(0 ./,J (/0( /)22,30%20' 1,'&%+ 4+*&3(),5. )5 

*+24+..+* J,%+5 ,33&4 ,5'6 J/+5 *+24+..),5 ). 24+3+*+* =6 05 +04'6 ')-+ 

.(4+..,4 8^6(/)')5O0% +( 0'@A BCCB;@ [/). &5*+4')5+. (/+ 2,(+5()0' )%2,4(053+ ,- 

+04'6 ')-+ .(4+..A 0( '+0.( )5 J,%+5A -,4 1&'5+40=)')(6 (, *+1+',2 *+24+..),5@ 

_5 4,*+5(.A +<2,.&4+ ,- (/+ 24+O505( *0% (, .(4+.. 0--+3(. 34)()30' 

2+4),*. ,- -+(0' =40)5 *+1+',2%+5( (/0( 305 2+4.).(+5('6 0'(+4 .(4&3(&40'A 

+%,(),50' 05* 5+&4,+5*,34)5+ 2040%+(+4. )5 (/+ ,--.24)5O 8Y+%0)4+ +( 0'@A 

BCCCD U,+/' +( 0'@A BCCFD I+'=+4O 05* Z+3>'A BCCFD U,-%05A BCCBD M,+ +( 0'@A 

BCCWD E4&%%+'(+ +( 0'@A BCCTD Y+%0)4+ +( 0'@A BCCTD I+)5.(,3>A BCC"D 

X0450&*+46 05* P03304)A BCCRD P05*60% +( 0'@A BCCR;@ [/). 4+.&'(. +@O@ )5 

0'(+4+* 05<)+(67')>+ =+/01),4A )534+0.+* /62,(/0'0%)372)(&)(04670*4+50' 89:#; 

0<). 4+03()1)(6 05* %+%,46 *+-)3)(. )5 0*&'( ')-+ 89+546 +( 0'@A FQQSD ^0''++ +( 0'@A 

FQQ";@ :4+50(0' 4+.(40)5( .(4+.. J0. -&4(/+4 ./,J5 (, 4+*&3+ *+5(0(+ O405&'04 3+'' 

5&%=+4A =&( ,5'6 )5 -+%0'+ ,--.24)5O 8Z3/%)(K +( 0'@A BCCB;A J/)'+ 0'., ,(/+4 .+<7
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$%&'(%) *%+',-.$'& '/) 0($12(1$'& )-33%$%/2%0 +',% *%%/ $%4.$(%) 56%-/0(.278 

9::;<=  

>.0(/'('&&?8 0%,%$'& @'/-41&'(-./0 +',% *%%/ 0+.A/ (. 0+'4% ,'$-.10 

0($%00 '/) B>CD'E-0 4'$'@%(%$0 5F%,-/% %( '&=8 GH!IJ >&.(07? '/) K%'/%?8 GHHLJ 

F%+@'// %( '&=8 9::9J >$?2% '/) M%&)./8 9::L<= N/ $'(08 3$.@ 4.0(/'('& )'? 

5>OP<LDQ (. >OPGQ .3 &-3%8 *'0'& CRSB '/) 2.$(-2.0(%$./% &%,%&0 '$% 7%4( &.A 

'/) (+% $%04./0% (. @.0( 0($%00.$0 -0 0144$%00%) 56'&7%$ %( '&=8 GH"IJ F%,-/%8 

GHHQ<= T02'4% 3$.@ (+-0 0144$%00-./ -0 0%%/ '3(%$ @'(%$/'& )%4$-,'(-./ 5KP<8 '/ 

%'$&? &-3% 0($%00.$ )1$-/U A+-2+ 4140 '$% 0%4'$'(%) 3$.@ (+%-$ @.(+%$= V-/U&%8 

9Q+ @'(%$/'& )%4$-,'(-./ -/ $'(0 $%01&(%) -/ -/2$%'0%) *'0'& 2.$(-2.0(%$./% &%,%&0 

-/ ?.1/U 56.$7%& %( '&=8 9::G<8 *1( /.( .&)%$ $'(0 56.$7%& %( '&=8 GHH;J >%/7% %( 

'&=8 9::GJ F%+@'// %( '&=8 9::9<= C&0.8 0($%00D-/)12%) CRSB 56.$7%& %( '&=8 

GHH;J 6.$7%& %( '&=8 9::G< '/) 2.$(-2.0(%$./% $%04./0%0 A%$% -/2$%'0%) -/ 9Q+ 

KP $'(0 5>%/7% %( '&=8 9::GJ F%+@'// %( '&=8 9::9< A+-&% 0-@-&'$ 4'((%$/0 '$% 

3.1/) -/ $%4%'(%) 0%4'$'(-./ 4'$')-U@0 5>&.(07? '/) K%'/%?8 GHHLJ F')) %( '&=8 

GHHIJ F-1 %( '&=8 9:::J K'2$- %( '&=8 9::QJ >&.(07? %( '&=8 9::!<= K.0( .3 (+%0% 

%/).2$-/.&.U-2'& '/'&?0%0 A%$% 4%$3.$@%) ./ @'&% .3304$-/U8 *1( 3%@'&% 04%2-3-2 

%33%2(0 .221$ '0 A%&& 56-UU%$ '/) O%1@'//8 GHHHJ W'&-/-2+%, %( '&=8 9::9J 

V&.((%/ %( '&=8 9::IJ P%0*.//%( %( '&=8 9::"<=  

N/ '))-(-./8 4.0(/'('& 0($%00 '33%2(0 +-44.2'@4'& 0($12(1$% 5B1.( %( '&=8 

9::9J K-$%021 %( '&=8 9::QJ X$1/0./ %( '&=8 9::!J M'*$-2-10 %( '&=8 9::"<= 

K'(%$/'& )%4$-,'(-./ .$ &.A &%,%&0 .3 @'(%$/'& 2'$% $%)12%0 +-44.2'@4'& 

/%1$.U%/%0-0 -/ 0.@% 5X$%)? %( '&=8 9::LJ K-$%021 %( '&=8 9::Q<8 *1( /.( '&& 

5Y$%-0%/ %( '&=8 9::!< 0(1)-%0= C0 (+% )%/('(% U?$10 .3 (+% +-44.2'@410 -0 &'$U%&? 

3.$@%) 4.0(/'('&&? 5C&(@'/ '/) X'?%$8 GHH:'8 GHH:*<8 %33%2(0 ./ /%1$.U%/%0-0 

'/) 0($12(1$'& 4&'0(-2-(? '$% 4.(%/(-'&&? @.$% 4$./.1/2%) '/) &./U%$ &'0(-/U 

A+%/ 0($%00 -0 '44&-%) %'$&? -/ &-3% 5F%@'-$% %( '&=8 9:::J M%/.U&-. %( '&=8 9::I<= 

V-/2% %'$&? &-3% 0($%00.$0 '$% -@4.$('/(8 '( &%'0( -/ A.@%/8 3.$ (+% 

)%,%&.4@%/( .3 )%4$%00-./8 A% +%$% (%0(%) (+% +?4.(+%0-0 (+'( 9Q+ .3 KP '( 

>OPL )-33%$%/(-'&&? '33%2(0 +-44.2'@4'& 0($12(1$'& 4&'0(-2-(? -/ 3%@'&% ,%$010 

@'&% .3304$-/U= >.0(/'('& )'? L A'0 2+.0%/ '0 ' (-@%4.-/( 3.$ @'(%$/'& 

)%4$-,'(-./8 0-/2% (+-0 )'? $%4$%0%/(0 (+% 0('$( .3 (+% )%,%&.4@%/( .3 (+% (%$(-'$? 

@'($-E .3 U$'/1&'$ 2%&&0 )1$-/U )%/('(% U?$10 3.$@'(-./ 5C&(@'/ '/) X'?%$8 

GHH:'8 GHH:*J W%@4%$@'//8 9::I<= S+-0 (%$(-'$? @'($-E 4$.)12%0 (+% -//%$ 

0+%&& .3 (+% U$'/1&'$ 2%&& &'?%$8 -=%= (+% 31(1$% 0-(% .3 ')1&( /%1$.U%/%0-0= 6% 

%E4%2( (+-0 (-@%4.-/( A-&& +',% 2./0-)%$'*&% -@4'2( ./ )%/('(% U?$10 

/%1$.U%/%0-08 0($12(1$% '/) 4.00-*&? '&0. 31/2(-./ &'(%$ -/ &-3%= 6% 0(%$%.&.U-2'&&? 

'/'&?Z%) /%A*.$/ 2%&& 4$.&-3%$'(-./ '/) 01$,-,'& '0 A%&& '0 /%1$.U%/%0-0 '( 

>OP9G8 '/ 'U% '( A+-2+ A% %E4%2( *.(+ 0+.$(D&'0(-/U '0 A%&& '0 2+$./-2 %33%2(0 

.3 KP (. *% )%(%2('*&%= Y-,%/ $%2%/( 0(1)-%0 0+.A-/U 0($%00 %33%2(0 ./ U&-' 2%&& 

/1@*%$0 5RZ%+ %( '&=8 9::I<8 A% '&0. '/'&?Z%) (+% (.('& /1@*%$ .3 YMC>D

4.0-(-,% '0($.2?(%0 '/) (+% %E(%/( .3 '0($.U&-.U%/%0-0=  

Material and Methods 
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Animals and breeding procedure 

#$$ &'(&)*+&,-.$ ()/0&12)&3 4&)& .(()/5&1 67 -8& $/0.$ .,*+.$ 0/++*--&& /9 

-8& :,*5&)3*-7 /9 #+3-&)1.+; </ 3-.,1.)1*=& -8& (&)*,.-.$ &,5*)/,+&,-> ).-3 

4&)& 6)&1 *,8/23&; <8*)-&&, +.$& .,1 ?@ 9&+.$& A*3-.) ).-3 BC +/,-83 /$1D 

4&)& (2)08.3&1 9)/+ E.)$., BF&*3-> -8& G&-8&)$.,13D .,1 8.6*-2.-&1 -/ -8& 

.,*+.$ 9.0*$*-*&3 9/) HI 1.73; #,*+.$3 4&)& 8/23&1 *, (.*)3 4*-8 9//1 .,1 4.-&) 

.5.*$.6$& .1 $*6*-2+; J2)*,K -8& &,-*)& &'(&)*+&,-> ).-3 4&)& (2- /, . H?8 

$*K8-L1.)M 070$& B$*K8-3 /, .- N;II .;+;D> .- ?I OP 4*-8 QIR@IS 82+*1*-7; #9-&) 

8.6*-2.-*,K> 6)&&1*,K 3-.)-&1; <4/ 9&+.$&3 4&)& 8/23&1 -/K&-8&) 4*-8 H +.$& 

9/) /,& 4&&M .9-&) 48*08 -8& +.$& 4.3 3&(.).-&1 9)/+ -8& 9&+.$&3; T&+.$&3 

4&)& -8&, 8/23&1 -/K&-8&) 9/) .,/-8&) 4&&M .9-&) 48*08 -8&7 4&)& 3&(.).-&1; 

T&+.$&3 4&)& 1.*$7 /63&)5&1 9/) (2(3 .,1 48&, . $*--&) 4.3 9/2,1 6&9/)& ";II 

.;+;> -8& ()&5*/23 1.7 4.3 1&3*K,.-&1 .3 -8& 1.7 /9 6*)-8 /) (/3-,.-.$ 1.7 BUGJD 

I; V*--&)3 4&)& $&9- 2,1*3-2)6&1 2,-*$ UGJC .,1 4&)& -8&, ).,1/+$7 .33*K,&1 -/ 

/,& /9 -8& 9/2) K)/2(3> -.M*,K *,-/ .00/2,- -8.- $*--&)3 9)/+ /,& +.$& 4&)& ,/- 

*,0$21&1 *, -8& 3.+& &'(&)*+&,-.$ K)/2(;  

 

7roups and e8perimental design  

W.-&),.$ 1&()*5.-*/, 9/) ?Q8 1/&3 ,/- /,$7 )&32$- *, -8& .63&,0& /9 +.-&),.$ 

0.)&> 62- .$3/ *, $.0M /9 ,2-)*-*/,> 48*08 *3 0/,3*1&)&1 . (873*/$/K*0.$ 3-)&33/); 

</ 0/,-)/$ 9/) -8*3> .11*-*/,.$ &'(&)*+&,-.$ K)/2(3 4&)& *,0$21&1 *, 48*08 

1&()*5&1 (2(3 4&)& *,X&0-&1 4*-8 K$20/3& B+.-&),.$$7 1&()*5&1 Y K$20/3&Z 

WJ[D; <8*3 8.3 6&&, ()&5*/23$7 1&30)*6&1 -/ 1&$.7 -8& /,3&- /9 -8& EU#R.'*3 

.0-*5.-*/, *, +*0& 12)*,K ., WJ ()/0&12)& /9 N8 B\08+*1- &- .$;> ?II@D; </ 

0/,-)/$ 9/) -8& 3-)&33 /9 K$20/3& *,X&0-*/,3> -4/ /-8&) K)/2(3 4&)& 38.+R*,X&0-&1 

B0/,-)/$ 38.+Z P]G\ .,1 +.-&),.$$7 1&()*5&1 38.+Z WJ\D *, .11*-*/, -/ . 

,/,R*,X&0-&1 0/,-)/$ K)/2( B0/,-)/$ 2,1*3-2)6&1Z P]G:D;  

U2(3 9)/+ .$$ 9/2) &'(&)*+&,-.$ K)/2(3 BP]G:> P]G\> WJ\> WJ[D 4&)& 

3.0)*9*0&1 /, UGJ?H .,1 6).*,3 4&)& 23&1 -/ 3-217 8*((/0.+(.$ ,&2)/K&,&3*3; 

^, /)1&) -/ .33&3 &99&0-3 /9 WJ /, ,&46/), 0&$$ 32)5*5.$> 6)/+/1&/'72)*1*,& 

B_)1:Z `! +KLMKZ 32602-.,&/23D 4.3 *,X&0-&1 /, UGJC B3&& 6&$/4D;  

 

Maternal depri:ation 

#$$ 9/2) K)/2(3 4&)& $&9- 2,1*3-2)6&1 2,-*$ UGJC; ], -8& +/),*,K /9 UGJC> 

/,& 8/2) .9-&) -8& /,3&- /9 -8& $*K8-R(8.3&> -8& 1.+ 4.3 -.M&, 9)/+ -8& ,&3- .,1 

($.0&1 *, . 0$&., 0.K&; </ +*,*+*=& 3-)&33 9/) -8& 1.+> 8&) 0.K& 4.3 )&-2),&1 -/ 

-8& 3.+& )//+; </ .5/*1 1*3-2)6.,0& 67 -8& 5/0.$*=.-*/, /9 -8& (2(3 BE/9&) &- 

.$;> H""QD> -8& 8/+&R0.K& 4*-8 -8& $*--&) 4.3 +/5&1 -/ .,/-8&) )//+ .,1 ($.0&1 

/, . 8&.-*,K (.1 .,1 -8& $*--&) 4.3 M&(- /, . -&+(&).-2)& /9 C?OP 9/) -8& )&3- /9 

-8& ?Q8; J2)*,K 1&()*5.-*/,> K$20/3& B?II+KLMK 6/174&*K8-> *, . 5/$2+& /9 ! 

!$ (&) K).+ 6/174&*K8-D 4.3 .1+*,*3-&)&1 -/ WJ[ (2(3 -8)&& -*+&3> 3-.)-*,K .- 

? 8/2)3 .9-&) -8& /,3&- /9 1&()*5.-*/, BHH;II .+D> .,1 .11*-*/,.$$7 .- H`;II .,1 

??;II8 -/ 0/+(&,3.-& 9/) -8& $.0M /9 ,2-)*-*/, 12)*,K -8& 92$$ ?Q8; <8& 

-*+&(/*,- /9 9*)3- *,X&0-*/, 4.3 23&1 -/ .11*-*/,.$$7 *,X&0- -8& 6*)-8 1.-& +.)M&) 

_)1: *, . 3*+*$.) *,X&0-*/, 5/$2+& 9/) .$$ 9/2) K)/2(3; P/,-)/$ $*--&)3 4&)& $&9- 
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$%&'$( )*+%,&)(-$+ ./%&' &'$ $01$2&%3* 34 5 6(+7 %*8$1&%3*9: .;<=79: 3( 

($1$%>$+ ,'5? %*8$1&%3*, 5& 5@@ &%?$23%*&, .;<=A9B A'5?C%*8$1&%3*, &3 ;<=A 

5*%?5@, /$($ 2$(43(?$+ %* 5 ?%*%?)? 5?3)*& 34 &%?$: +)(%*D /'%1' &'$ 

?3&'$( /5, -(%$4@E 2@51$+ %* 5*3&'$( 15D$B F@@ %*8$1&%3*, /$($ D%>$* 

,)-1)&5*$3),@E /%&' 5 G" ?%1(3@%&$( H5?%@&3* ,E(%*D$ .II J5)D$: H5?%@&3*: 

A/%&K$(@5*+9 %* &'$ ,L%* 34 &'$ *$1LB  

M'$ 43@@3/%*D +5E 5& NB"" 5?: OPA 5*+ OPJ 5*%?5@, /$($ /$%D'$+: 1)@@$+ &3 

Q ?5@$, 5*+ Q 4$?5@$, 2$( @%&&$( 5*+ 2@51$+ -51L /%&' &'$%( ?3&'$(B M'$ ;<=A 

@%&&$(, /$($ 5@,3 /$%D'$+ 5*+ 1)@@$+ &3 R 5*%?5@,: -)& &'$ ;<=7 D(3)2 /5, @$4& 

)*+%,&)(-$+B  

 
Acute effects of MD  

M3 +$&$(?%*$ &'$ 51)&$ $44$1&, 34 OP 3* 13(&%13,&$(3*$ @$>$@,: ,)(2@), 5*%?5@, 

4(3? 1)@@%*D 5*+ 5 ,)-,$& 34 43)( @%&&$(, /$($ ,51(%4%1$+ -E (52%+ +$152%&5&%3* 5& 

NB"" 5? 3* S=PQB 6@33+ ,5?2@$, /$($ 13@@$1&$+ %* TPMFC13*&5%*%*D &)-$,: 

2@51$+ 3* %1$ 5*+ ,)-,$U)$*&@E 1$*&(%4)D$+ 5& G""" (2? 43( V" ?%*)&$, 54&$( 

/'%1' &'$ ,)2$(*5&5*& /5, ,&3($+ 5& CV" W;B S@5,?5 13(&%13,&$(3*$ @$>$@, /$($ 

?$5,)($+ -E ?$5*, 34 5 (5+%3%??)*35,,5E .OS 6%3?$+%15@,B: F?,&$(+5?: &'$ 

=$&'$(@5*+,9B X* 5++%&%3* &3 -@33+ ,5?2@$,: S=PQ -(5%*, /$($ &5L$* 3)& (52%+@E 

5*+ 4%0$+ -E %??$(,%3* 4%05&%3* %* QY 25(543(?5@+$'E+$ %* 2'3,2'5&$ -)44$( 

.S6 ":Z O[ 2H \BQ9 43( QR '3)(,B F4&$(/5(+,: -(5%*, /$($ ,&3($+ 3* S6 /%&' 

5K%+$ )*&%@ 4)(&'$( 2(31$,,%*DB  

Maternal care obser1ations 

S($>%3),@E: ?5&$(*5@ 15($ '5, -$$* ,'3/* &3 -$ %*1($5,$+ &3/5(+, &'$ ?5@$ 

2)2, .O33($ 5*+ O3($@@%: ZN\N9 5*+ &3 -$ 544$1&$+ -E $5(@E '5*+@%*D 5*+ 

+$2(%>5&%3* .]%) $& 5@B: ZNN\[ S(E1$ $& 5@B: V""Z9B F, *$)(3D$*$,%, 13)@+ -$ 

23,,%-@E 544$1&$+ -E 1'5*D$, %* ?5&$(*5@ 15($ .6($+E $& 5@B: V""I9: /$ &'$($43($ 

5,,$,,$+ /'$&'$( 1'5*D$, %* &'$ 5?3)*& 34 ?5&$(*5@ 15($ +%($1&$+ &3 $%&'$( 

?5@$ 3( 4$?5@$ 2)2, 54&$( OP '5+ 311)(($+B M3 +%44$($*&%5&$ -$&/$$* ?5@$ 5*+ 

4$?5@$ 2)2,: 5@@ @%&&$(, /$($ ?5(L$+ 3* 5 +5%@E -5,%,B A%*1$ ?5(L%*D %&,$@4 

($2($,$*&, 5* 5++%&%3*5@ '5*+@%*D 2(31$+)($: 344,2(%*D 34 &'$,$ $02$(%?$*&, /5, 

*3& ),$+ 43( 4)(&'$( 5*5@E,%,B M/3 34 &'$ 2($>%3),@E +$,1(%-$+ $02$(%?$*&5@ 

D(3)2, /$($ %*1@)+$+ %* &'%, $02$(%?$*&^ &'$ VQ' +$2(%>$+ D(3)2 ($1$%>%*D 

,'5?C%*8$1&%3*, .PA: *_! @%&&$(,9 5*+ &'$ 13*&(3@ D(3)2 ($1$%>%*D ,'5? 

%*8$1&%3*, .;A: *_G @%&&$(,9B F@@ $02$(%?$*&5@ 2(31$+)($, /$($ &'$ ,5?$ 5, %* &'$ 

3(%D%*5@ $02$(%?$*&: $01$2& &'5& 5@@ 2)2, /$($ @5-$@$+ /%&' 5 *3*C&30%1 ,)(D%15@ 

?5(L$( .;3+?5*9 +5%@E 3* $%&'$( &'$ )22$( 25(& 34 &'$ -3+E 3( &'$ @3/$( 25(& &3 

,$25(5&$ &'$ ,$0$,B M3 $01@)+$ 5*E $44$1&, 34 ?5(L%*D $%&'$( &'$ @3/$( 3( &'$ 

)22$( 25(& 34 &'$ -3+E: &'%, /5, 5@&$(*5&$+ 43( ?5@$, 5*+ 4$?5@$, -$&/$$* 

@%&&$(,B  

O5&$(*5@ 15($ 3-,$(>5&%3*, /$($ 2$(43(?$+ 5, +$,1(%-$+ $5(@%$( 

.;'5?25D*$ $& 5@B: V""I9B O5&$(*5@ -$'5>%3( 34 $51' +5? /5, 3-,$(>$+ 43( 4%>$ 

!"C?%*)&$, 3-,$(>5&%3* 2$(%3+, 2$( +5E: 4(3? S=PZ )*&%@ S=P\B <-,$(>5&%3* 

2$(%3+, &33L 2@51$ 5& \B"" 5?: Z"B"" 5?: ZB"" 2?: GB"" 2?: 5*+ RB"" 2?: 



Chapter 2. 
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#$%&'()*+ )* (-. /0#12340%$ .5%$#60().*% 0*/ (4#$$ ')+4(2340%$ .5%$#60().*%7 8* 

$094 /0:; <0#1)*+ .= (4$ 3&3% (..1 3'09$ -)(4)* "> <)*&($% 3$# ')(($#; 

)<<$/)0($': =.''.-)*+ (4$ =)#%( ?@7>> 0<A .5%$#60().* 3$#)./7 B&#)*+ $094 !> 

<)*&($ .5%$#60().* 3$#)./; 5$406).# -0% %9.#$/ $6$#: C <)*&($%; #$%&'()*+ )* D> 

.5%$#60().*% 3$# 3$#)./ 0*/ @>> .5%$#60().*% )* (.(0' ?EFB"2EFB@A =.# (4$ GH2

+#.&3 0*/ !>> .5%$#60().*% )* (.(0' =.# (4$ BH2+#.&3; %)*9$ EFBC2I -0% 

'091)*+7 J)91)*+ 0*/ +#..<)*+ ?-)(4 .# -)(4.&( *&#%)*+A -0% %9.#$/ =.# <0'$ 

0*/ =$<0'$ 3&3%7 K4$ %9.#)*+ .= .(4$# 5$406).#%; 4.-$6$#; -0% /.*$ =.# (4$ 

')(($# 0% 0 -4.'$ 0*/ )*9'&/$/L 0A 0#94 5091 *&#%)*+ ?/$=)*$/ 0% (4$ /0< 

/)%3'0:)*+ 0* .56).&% 0#9 )* 4$# 5091 -4)'$ *&#%)*+A; 5A 5'0*1$( *&#%)*+ ?/0< 

')$% ='0( .* 4$# 3&3% -4)'$ *&#%)*+A; 9A 30%%)6$ *&#%)*+ ?/0< ')$% .* 4$# %)/$A; /A 

%$'= +#..<)*+ .= (4$ /0< 0*/ $A ()<$ 0-0: =#.< (4$ ')(($#7 

8* EFBC; %)M ')(($#% -$#$ /$3#)6$/ =#.< (4$)# <.(4$# =.# DI4; 

099.#/)*+ (. (4$ 3#.9$/&#$% /$%9#)5$/ 05.6$7 K4$ 9.*(#.' ?GHA ')(($#% #$<0)*$/ 

-)(4 (4$)# <.(4$#7 N.(4 GH 0*/ BH +#.&3% #$9$)6$/ %40< )*O$9().*% 0( ""7>> 

0<; P7>> 3< 0*/ ">7>> 3< (. #$3')90($ (4$ 3#.9$/&#$% .= (4$ +#.&3% %(&/)$/ =.# 

*$&#.+$*$%)% 0% 9'.%$': 0% 3.%%)5'$7 K4)% #$%&'($/ =.# (4$ GH +#.&3 )* (-. 

.5%$#60().* 3$#)./% (40( 3#$9$/$/ )*O$9().* ()<$% ?""7>> 0< 0*/ ">7>> 3<A 0*/ 

)* .*$ .5%$#60().* 3$#)./ (40( =.''.-$/ )*O$9().* ()<$ ?P7>> 3<A7 8* (4$ 

=.''.-)*+ <.#*)*+; )7$7 .* EFBI; BH ')(($# -$#$ 3'09$/ 5091 -)(4 (4$)# <.(4$#% 

0( Q7>> 0<; -4)94 -0% =.''.-$/ 5: (4$ ">7>> 0< .5%$#60().* 3$#)./7  

 

Perfusion and tissue processing 

8* EFBD" #0(% -$#$ 0*0$%(4$%)R$/ )* (4$ <.#*)*+ 5: 0* )*O$9().* .= 

3$*(.50#5)(0' %./)&< %0'( ?F$<5&(0'; "<+S1+ 5./:-$)+4(T U7V7W7 G&)O1; K4$ 

F$(4$#'0*/%A 0*/ 3$#=&%$/ (#0*%90#/)0'': -)(4 %0')*$ =.''.-$/ 5: IX 

30#0=.#<0'/$4:/$ )* 34.%340($ 5&==$# ?ENT >7" YT 3Z @7IA7 K. 3#$6$*( 3#$%%&#$ 

0#($=09(%; 5#0)*% -$#$ 0//)().*0'': 3.%(=)M$/ .6$#*)+4( -)(4)* (4$ %1&'' 0( I[G; 

-0%4$/ 0*/ 9#:.3#.($9($/ )* D>X %&9#.%$ )* EN7 \#.R$* %$9().*% ?C> !< (4)91A 

-$#$ 9&( &%)*+ 0 %')/)*+ <)9#.(.<$ 0*/ 9.''$9($/ )* EN -)(4 0R)/$7 

 
Immunohistochemistry 

B)==$#$*( %(0+$% .= *$&#.+$*$%)% -$#$ %(&/)$/ 0% /$%9#)5$/ 3#$6).&%': ?8.<$* $( 

0'7; D>>@A7 ]<<&*.4)%(.94$<)%(#: =.# N#/V ?<.*.9'.*0' <&#)*$ 0*()2N#/V; 

^.94$ B)0+*.%()9%; F$(4$#'0*/%; "L D>>>A -0% &%$/ (. 0%%$%% *$-5.#* 9$'' 

%&#6)60'; _)2!@ ?3.':9'.*0' #055)( !2_)2!@; F.6.90%(#0; F$- G0%('$; V_; 

"LD>>>A (. 0%%$%% 3#.')=$#0().*; 0*/ /.&5'$9.#()* ?BG`T 3.':9'.*0' +.0( !2BG`; 

H0*(0 G#&R; "La>>A (. 0%%$%% (4$ *&<5$# .= )<<0(&#$ *$&#.*%7 K. 0*0':R$ 

0%(#.9:($ *&<5$#% 0*/ 0%(#.+').+$*$%)% )* (4$ /$*(0($ +:#&%; 

)<<&*.4)%(.94$<)%(#: =.# b\UE ?3.':9'.*0' +.0( 0*()2b\UE; BU_8 "L">>>>A 

-0% /.*$ 0% -$''7 K4$ 3#)<0#: 0*()5./: -0% 0<3')=)$/ 5: 5).()*:'0($/ #055)( 

0*() +.0( ?W$9(.#AT 06)/)*25).()* $*R:<$ 9.<3'$M ?UNG 1)(T c')($ W$9(0%(0)*; 

N#&*%94-)+ G4$<)$; U<%($#/0<; "L">>>A 0*/ /$6$'.3$/ -)(4 

/)0<)*.5$*R)/)*$ ?BUNT D> <+S">> <' (#)% 5&==$#T KN; >7>"X ZD8DA7 \.# 
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$%&'()*+, &-./01203/104567 8%-9-:-0; <1%1 :-=/451&> +?91% ?4%;9 &1@10-8456 

$%&' 4==.5-%13:94@1 ;46530 <49A 54:B10 3==-54.= ;.08A391 CD>D"EF 3&&1& 9- 

9A1 &43=45-/15G4&451 CH+$I "D =6(JDD =0 K$7 D>DJE L"M"F7 ;1:94-5; <1%1 

;./;1N.1590O 45:./391& 45 )*+, 8%4=3%O 3594/-&O C8-0O:0-530 6-39 35942)*+,7 

H+PM JQJDDDDF -@1%546A9> KA1 51R9 &3O7 )*+, 3594/-&O <3; 3=804?41& 

3::-%&456 9- ;935&3%& 8%-9-:-0; .;456 ;1:-5&3%O /4-945O0391& %3//49 3594 6-39 

CS1:9-%F 35& 3@4&452/4-945 :-=801R C+$T B49I U0491 S1:93;93457 $%.5;:A<46 

TA1=417 +=;91%&3=7 JQJDDDF> *-% )*+,7 :A%-=-615 &1@10-8=159 <3; /O 

&43=45-/15G4&451 CH+$I "D =6(JDD =0 K$7 D>DJE L"M"F 30-51> 

Stereology 

)*+,V7 HTWV 35& $%&'V :100; <1%1 N.3594?41& ;91%1-0-64:300O /O ;O;91=394: 

%35&-= ;3=80456 45 1@1%O JD9A ;1:94-5 .;456 9A1 X91%1-Y5@1;94639-% ;O;91= 

CZ4:%-/%46A9?410&7 )1%=35OF 45 3 9-930 -? [ ;1:94-5; 81% 354=30> $1:3.;1 -? 9A1 

-::.%%15:1 -? :100 :0.;91%; <A15 .;456 P42!\7 300 45&4@4&.30 8-;494@1 :100; <1%1 

:-.591& /O =135; -? 3 =-&4?41& ;91%1-0-64:30 8%-:1&.%17 =35.300O 45 1@1%O JD9A 

A488-:3=830 ;1:94-5 C]14;; =4:%-;:-81 "DDR =3654?4:394-5F 35& =.0948041& /O 

JD 9- 1;94=391 9A1 9-930 5.=/1% -? P42!\V :100; 81% A488-:3=8.;>  

K- &191%=451 9A1 81%:159361 -? $%&'203/101& 3;9%-:O91; 3; 83%9 -? 9A1 

<A-01 $%&' :100 8-8.0394-57 %35&-= ;3=80456 <3; &-51 45 ;4R A488-:3=830 

;1:94-5; 81% 354=30> Y5 13:A ;1:94-57 9<- %35&-=0O ;101:91& 83%9; -? 9A1 &159391 

6O%.; <1%1 ;3=801& 9A%-.6A-.9 9A1 6%35.03% :100 03O1%7 9A1 ;./6%35.03% G-51 

35& 9A1 A40.;7 35& 9A1 %394- -? $%&'()*+, &-./0128-;494@1 -@1% 9A1 5.=/1% -? 

$%&'2;45601 8-;494@1 :100; <3; 1R8%1;;1& 3; 3 81%:159361> H159391 6O%.; 6%35.03% 

:100 03O1% @-0.=1 =13;.%1=159; <1%1 81%?-%=1& /O .;456 9A1 T3@3041%4 

1;94=39-% 45 1@1%O JD9A ;1:94-5 45 3 9-930 -? [ ;1:94-5; 81% 354=30>  

Statistics 

H393 3%1 8%1;1591& 3; =135 V XUZ> +00 ;9394;94:; <1%1 81%?-%=1& /O X,XXJ! 

?-% Z3:> Y==.5-A4;9-:A1=4:30 &393 <1%1 45494300O :-=83%1& .;456 3 9<-2?3:9-% 

+^MS+ 9- ;9.&O 9A1 =345 1??1:9 -? ;1R 35& 9%139=159> Y5 :3;1 -? 3 ;4654?4:359 

4591%3:94-5 /19<115 ;1R 35& 9%139=1597 3 -512<3O +^MS+ -@1% 9A1 ?-.% 

9%139=159 6%-.8; <3; 81%?-%=1&7 ;183%3910O ?-% =301 35& ?1=301 &393> Y? 9A1 

-512<3O +^MS+ %1@1301& ;4654?4:35:17 3 834% <4;1 :-=83%4;-5 <3; 81%?-%=1& 

<49A 3 8-;92A-: _XH 91;9> Z391%530 :3%1 &393 <3; 3530OG1& <49A 3 -512<3O 

+^MS+ 81% &3O 45 :3;1 -? 45&4@4&.30 04:B456 35& 6%--=456I ?-% 3%:A2/3:B 

5.%;456 35 +^MS+ ?-% %181391& =13;.%1; <3; .;1&> 

!esults 

Acute effects of 2-h MD on PND- 

Body weights and corticosterone levels. +54=30; <1%1 5-9 03/101& 9- 3@-4& 35O 

&4;9.%/35:1 45 9A1 :-59%-0 6%-.8;> KA1%1?-%17 45&4@4&.30 /-&O<146A9 &393 3%1 

.53@3403/01> L-<1@1%7 ?%-= ,` 9- ,a7 /-9A ZH 6%-.8; 1R81%415:1& -5 3@1%361 



!hapter 2. 
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$ %& '()*+,-./001 $0 /22/0(3 ,/ $4 $5(6$*( '()*+, *$)4 /7 8& )4 ,+( 9:;< 

*6/=2> ?+( =43)0,=6@(3 *6/=20 '(6( 4/, '()*+(3 /4 A;B%> 

C$,(64$..D 3(26)5(3 2=20 )4 @/,+ CB-*6/=20 +$3 0)*4)7)E$4,.D +)*+(6 F/64)4* 

E/6,)E/0,(6/4( .(5(.0 '+(4 E/F2$6(3 ,/ E/4,6/.0 GHG"1IIJKLM>"MN 2OM>MMMLN 2/0,-

+/EP 9:;QK9:;< O CB<KCBR $, .($0, 2OM>MIN 0(( 7)*=6( LSJ> S0 ,+(6( 

'(6( 4/ 3)77(6(4E(0 @(,'((4 ,+( 0(T(0 )4 E/6,)E/0,(6/4( .(5(. $, ,+)0 $*(1 3$,$ 

'(6( 2//.(3 7/6 F$.(0 $43 7(F$.(0>  

:5(6$..1 CB +$3 $226(E)$@.( )FF(3)$,( (77(E,0 /4 @/3D '()*+, $43 

E/6,)E/0,(6/4( .(5(.> UF2/6,$4,.D ,+/=*+1 ,+( 0+$F-)4V(E,(3 E/4,6/. 2=20 

6(02/43(3 )4 $ E/F2$6$@.( F$44(6 $0 ,+( 2=20 ,+$, '(6( .(7, =43)0,=6@(3> 

C/6(/5(61 6(2($,(3 $3F)4)0,6$,)/4 /7 *.=E/0( 3=6)4* ,+( W% CB 2(6)/3 3)3 4/, 

X6(0E=(Y ,+( 2+(4/,D2(>   
 

Dentate gyrus cell proliferation. U4 $ 0=@0(, /7 $4)F$.01 3(4,$,( *D6=0 E(.. 26/.)7(6$,)/4 

'$0 F($0=6(3 )FF(3)$,(.D $7,(6 W%+ CB1 )>(> /4 A;B%> H/6 ,+)0 (T2(6)F(4, 

9:;< F$.(0 $43 7(F$.(0 $43 CB< F$.(0 $43 7(F$.(0 '(6( =0(3> B(02),( ,+( 

(77(E, /7 CB /4 @/3D '()*+, $43 E)6E=.$,)4* E/6,)E/0,(6/)3 .(5(.01 4/ $E=,( 

(77(E,0 /7 ,6($,F(4, '(6( /@0(65(3 /4 3(4,$,( *D6=0 E(.. 26/.)7(6$,)/41 $0 

F($0=6(3 @D ,/,$. Z)-!8[ E(.. 2/2=.$,)/4 GHG"1WLJKL>L"N 2KM>"MJ1 0(( 7)*=6( L\> S 

,'/-7$E,/6 S;:]S 6(5($.(3 4/ (77(E, /7 0(T /4 26/.)7(6$,)/4 GHGW1WLJKM>M%N 

2KM>^IJ /6 $4 )4,(6$E,)/4 @(,'((4 0(T $43 ,6($,F(4, GHG"1WLJKW>%IN 2KM1L%J> 

 

 

 

 

Effects of early MD on structural parameters at PND21  
6ody weights. ?+(6( '$0 $ 0)*4)7)E$4, 3)77(6(4E( )4 @/3D '()*+, @(,'((4 ,+( % 

(T2(6)F(4,$. *6/=20 $, A;BWL GHG">^LJKIMN 2OM>MMMLJ> U4 ,+( E/4,6/. 

=43)0,=6@(3 *6/=2 G9:;QJ1 @/3D '()*+,0 '(6( ,+( ./'(0, GF($4 [ <_P %I [ 

M>!J> 9:;< $4)F$.0 '(6( +($5)(6 GI8 [ M>^J1 E/F2$6(3 ,/ $.. ,+( /,+(6 *6/=201 

$43 CB< $43 CBR $4)F$.0 +$3 ./'(6 @/3D '()*+,0 ,+$4 ,+( 9:;< *6/=2 

@=, 3)3 4/, 3)77(6 76/F ($E+ /,+(6 GIW[ M>8 $43 %^[ L>W 6(02(E,)5(.DJ> A/0,-+/E 

$4$.D0)0 6(5($.(3 ,+$, 9:;< $4)F$.0 '(6( 0)*4)7)E$4,.D +($5)(6 ,+$4 ,+( CB< 

G2OM>MIJ1 $0 '(6( ,+( CBR E/F2$6(3 ,/ 9:;Q 6$,0> ?+( ,'/ CB *6/=20 3)3 

4/, 3)77(6 76/F ($E+ /,+(6> 

 

Figure 1. SE=,( (77(E,0 /7 W%+ CB> S> \$0$. 
E/6,)E/0,(6/4( .(5(.0 /4 A;B% $6( 

0)*4)7)E$4,.D )4E6($0(3 $7,(6 CBN GCB01 0+$F 

)4V(E,(3J E/F2$6(3 ,/ E/4,6/.0 G@/,+ 

=43)0,=6@(3 9:;Q $43 0+$F-)4V(E,(3 
9:;<J> S33),)/4$. *.=E/0( ,6($,F(4, GCBRJ 

7$).(3 ,/ 4/6F$.)`( ,+)0 GHG"1IIJKLM>"MN 

2OM>MMMLN 2/0,-+/EP 9:;Q K9:;< O 

CB<KCBR1 2OM>MIJ> \> B(4,$,( *D6=0 E(.. 

26/.)7(6$,)/4 GZ)-!8J /4 A;B% )4 9:;< $43 

CB< $4)F$.0> ?+(6( '$0 4/ 0)*4)7)E$4, (77(E, 
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