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Abstract 
$%&'(( ')*+*%( ,-.+%*/.0) 0.1 (%&-+%-&0) +20.3'( *. %2' 2*44/+054-(6 70&)8 )*,' 

(%&'(( *( /.' /, %2' 509/& &*(: ,0+%/&( ,/& (%&'((;&')0%'1 40%2/)/3*'( )*:' 

1'4&'((*/.6 <0%*'.%( (-,,'&*.3 ,&/5 1'4&'((*/. (2/= 0 &'1-+%*/. *. 2*44/+054-( 

>/)-5'? 0.1 *. =/5'. %2*( /++-&( 5/&' /,%'. =2'. 1'4&'((*/. *( 4&'+'1'1 @8 

+2*)12//1 %&0-506 A/='>'&? %2' -.1'&)8*.3 5'+20.*(5( %20% 0++/-.% ,/& 0 

&'1-+'1 2*44/+0540) >/)-5' 0&' -.:./=.6 B2'&',/&'? =' 'C05*.'1 %2' ',,'+%( 

/, 50%'&.0) 0@('.+' /. (%&-+%-&' 0.1 ,-.+%*/. /, %2' 2*44/+054-( *. ,'50)' 

/,,(4&*.36 D' (-@9'+%'1 ,'50)' 4-4( %/ "E2 /, 50%'&.0) 1'4&*>0%*/. FGHI /. 

4/(%.0%0) 108 J? 0 +&*%*+0) %*5'4/*.% *. 1'.%0%' 38&-( 50%-&0%*/.? 0.1 (%-1*'1 

%2' ',,'+%( /. 01-)% .'-&/3'.'(*(? *.1*>*1-0) .'-&/.0) 5/&42/)/38 0.1 1'.%0%' 

38&-( FHKI (%&-+%-&'6 L. 011*%*/.? =' 011&'(('1 )0(%*.3 ,-.+%*/.0) *54)*+0%*/.( 

@8 (%-18*.3 (8.04%*+ 4)0(%*+*%8 in $itro, 0.1 (40%*0) 0( =')) 0( '5/%*/.0) )'0&.*.36 

D' &'4/&% %20% 01-)% ,'50)'( %20% ='&' (-@9'+%'1 %/ GH 20>' )'(( HK 3&0.-)' 

+'))( 0.1 0 )/='& 3&0.-)' +')) 1'.(*%86 L. 011*%*/.? HK;.'-&/.( 0&' 0)%'&'1 *. 

%2'*& 1'.1&*%*+ 0&&0.3'5'.%6 M/ ',,'+%( /. %2' &0%' /, 01-)% .'-&/3'.'(*( ='&' 

,/-.16 N-&%2'&5/&'? GH 1*1 ./% 0)%'& (8.04%*+ 4)0(%*+*%8 in $itro? .'*%2'& -.1'& 

./&50) ./& 2*32;(%&'(( +/.1*%*/.(6 L. 011*%*/.? (40%*0) )'0&.*.3 0.1 +/.%'C%-0) 

,'0& +/.1*%*/.*.3 ='&' +/540&0@)' @'%=''. +/.%&/) 0.1 GH 0.*50)(6 A/='>'&? 

GH 0.*50)( (2/='1 0. *54&/>'1 058310)0;1'4'.1'.% ,'0& 5'5/&86 L. 

+/.+)-(*/.? 0)%2/-32 '0&)8 )*,' (%&'(( 'C4/(-&' 1*1 ./% *540*& ,'50)' /,,(4&*.3 *. 

2*44/+054-(;1'4'.1'.% ,-.+%*/.*.3? *% *&&'>'&(*@)8 0,,'+%'1 HK (%&-+%-&' @8 

&'1-+*.3 +')) .-5@'&(6 B2*( 508 @' &')'>0.% *. %2' +/.%'C% /, &'1-+'1 

2*44/+0540) >/)-5' /@('&>'1 *. 1'4&'((*/.? 0.1 %2' *.+&'0('1 >-).'&0@*)*%8 %/ 

1'>')/4 1'4&'((*/. *. =/5'.6  
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Introduction  
$%&'()&*+*,&-.+ /01'&(/ /1,,(/0 02.0 ).3*4 '(%4(//&*5 &/ )*4( %4(6.+(50 &5 

7*)(5 02.5 &5 )(5 89+.5' :;;<= >(//+(4 (0 .+? :;;"= @/015 ABBBC? D*7(6(4E 

02( (F.-0 5(14*G&*+*,&-.+ )(-2.5&/)/ 02.0 ).H .--*150 I*4 02&/ /(+(-0&6( 

61+5(4.G&+&0H 4().&5 15J5*75? K2( 2&%%*-.)%1/E . G4.&5 4(,&*5 &56*+6(' &5 

+(.45&5, .5' )()*4HE &/ /1/-(%0&G+( 0* 02( (II(-0/ *I /04(// .5' /2*7/ . 4('1-(' 

6*+1)( &5 '(%4(//&6( %.0&(50/ 8LF(+/*5 (0 .+? :;;"= 94()5(4 (0 .+? ABBB= 

M.)%G(++ (0 .+? ABBN= O.5//(5 (0 .+? ABBN= P2(+&5( (0 .+? :;;;= Q&'(G(-2 .5' 

R.65J&+'( ABBNC? S50(4(/0&5,+HE 2&%%*-.)%.+ 6*+1)( 4('1-0&*5 &/ %.40&-1+.4+H 

%4*)&5(50 &5 7*)(5 02.0 7(4( (F%*/(' 0* (.4+H -2&+'2**' 04.1). 8QH02&+&5,.) 

(0 .+? ABBAC? K2&/ /1,,(/0/ 02.0 (.4+H +&I( /04(// &5 ,(5(4.+ T%4(/1).G+H 6&. 

/041-014.+ .5' I15-0&*5.+ %+./0&-&0HU I*4)/ . 4&/J I.-0*4 I*4 02( '(6(+*%)(50 *I 

/04(// 4(+.0(' '&/*4'(4/ &5 .'1+0 &5'&6&'1.+/ 8D(&) .5' V()(4*II ABB:= D(&) (0 

.+? ABBB= W-$7(5 ABB"CE .5' %.40&-1+.4+H &5 7*)(5? 

$.4+H +&I( /04(// &5 4*'(50/ -.5 G( &5'1-(' GH ).0(45.+ /(%.4.0&*5 8WPC *4 

'(%4&6.0&*5 8WXCE &?(? 02( 4()*6.+ *I 02( '.) I*4 . ,&6(5 %(4&*' *I 0&)( 8Y"2 *4 

AN2E 4(/%(-0&6(+HC '14&5, 02( I&4/0 07* %*/05.0.+ 7((J/ 8Z(2).55 .5' [(+'*5 

ABBB= Z(6&5( (0 .+? :;;:C? WP .5' WX 7(4( /2*75 0* &5-4(./( -*40&-*/0(4*5( 

+(6(+/ '14&5, 02( (.4+H %*/05.0.+ %(4&*' 8R*/(5I(+' (0 .+? :;;A= P-2)&'0 (0 .+? 

ABBN= P0.50*5 (0 .+? :;!!C .5' -.5 %4*,4.) 2H%*02.+.)*U%&01&0.4HU.'4(5.+ .F&/ 

I15-0&*5 +.0(4 &5 +&I( 8Z(2).55 (0 .+? ABBA= \+*0/JH .5' W(.5(H :;;"= ]*4J(+ (0 

.+? ABB:C?  

P14%4&/&5,+H U,&6(5 02( 4(+(6.5-( *I /041-014.+ -2.5,(/ &5 -*5315-0&*5 

7&02 (.4+H +&I( /04(// I*4 '(%4(//&*5 &5 7*)(5UE +&00+( &/ J5*75 *5 2*7 (F%*/14( 

0* (.4+H +&I( /04(// .II(-0/ 2&%%*-.)%.+ /041-014( .5' I15-0&*5 &5 8.'1+0C I().+( 

*II/%4&5, 8L5'(4/(5 .5' K(&-2(4 ABBN= \(0(4/(5 (0 .+? ABB!C? R(-(50+HE &0 7./ 

4(%*40(' 02.0 .'1+0 I().+( 4.0/ /1II(4 I4*) )()*4H &)%.&4)(50/ .5' '(%4(//&6(U

+&J( G(2.6&*14 &5 .'1+02**' .I0(4 (.4+H +&I( /04(//E &5'&-.0&5, 02.0 I().+(/ .4( 

.II(-0(' I15-0&*5.++H GH 02(/( /04(//*4/ 8L&/. (0 .+? ABB!C? S5 . %4(6&*1/ /01'H 

I4*) *14 ,4*1%E 7( I*15' (.4+H ).0(45.+ '(%4&6.0&*5 8AN2 .0 \VX "C 0* 4('1-( 

02( 51)G(4 *I &)).014( 5(14*5/ &5 02( '(50.0( ,H41/ *I 02( 2&%%*-.)%1/ &5 

H*15, 8\VX A:C I().+(E G10 5*0 ).+( 4.0/ 8^*)(5 (0 .+? ABB;C? K2&/ /1,,(/0(' 

02.0 I().+(/ .%%.4(50+H 4(/%*5' /04*5,+H 0* . /(6(4( (.4+H +&I( /04(//*4E 72&-2 

).H 4(5'(4 02() /(5/&0&6( 0* 2&%%*-.)%.+ 'H/I15-0&*5 &5 .'1+02**'? D(4( 7( 

0(/0(' &I 2&%%*-.)%.+ I15-0&*5 .5' /041-014( &5 I().+( 4.0/ (F%*/(' 0* WX &/ 

&5'((' -*)%4*)&/(' .0 .5 .'1+0 .,(? K2(4(I*4( 7( (F.)&5(' 02( (II(-0/ *I AN2 

WX *5 \VX "E . -4&0&-.+ 0&)( %*&50 &5 '(50.0( ,H41/ ).014.0&*5 8L+0).5 .5' 

9.H(4 :;;B.= :;;BGCE *5 .'1+0 5(14*,(5(/&/ .5' ,4.51+( -(++ )*4%2*+*,H? ]( 

I1402(4)*4( .''4(//(' +./0&5, I15-0&*5.+ -*5/(_1(5-(/ *I WX '14&5, 

'(6(+*%)(50E GH /01'H&5, /%.0&.+ .5' ()*0&*5.+ +(.45&5, in -i-o .5' /H5.%0&- 

%+./0&-&0H in -itroE G*02 15'(4 /04(//I1+ .5' 5(104.+ -*5'&0&*5/? 

 
Materials 0 methods 
 



 

 !" 

Animals and breeding .rocedure. 

$%% &'()&% *+,-./0+.1 *+.1.'2./ (' 23(1 *&*.+ 4.+. (' -,)*%(&'-. 4(23 23. 

*+('-(*%.1 ,5 %&6,+&2,+7 &'()&% -&+. &'/ 4.+. &**+,8./ 67 23. &'()&% .23(-1 

-,))(22.. ,5 23. 9'(8.+1(27 ,5 $)12.+/&): 23. ;.23.+%&'/1< =, )('()(>. 

8&+(&2(,' &'/ 2, &8,(/ 12+.11 (' 23. *.+('&2&% .'8(+,').'2: &%% &'()&%1 4.+. 6+./ 

(' 3,01.< ?(12&+ +&21 4.+. *0+-3&1./ 5+,) @&+%&' AB.(12: 23. ;.23.+%&'/1C: D.*2 

0'/.+ 12&'/&+/ 3,01('E -,'/(2(,'1 A/&+DF %(E32 *3&1. GHF GH: %(E321 ,' &2 ! &<)<: 

30)(/(27 II J GI K: 2.)*.+&20+. HLMHH NOC &'/ 3&6(20&2./ 2, 23. &'()&% 

5&-(%(2(.1 5,+ GL /&71< P,+ 6+../('E: ,'. )&%. +&2 4&1 *02 2,E.23.+ 4(23 24, 

5.)&%.1 5,+ & *.+(,/ ,5 ,'. 4..D< 

$52.+ )&2('E: 5.)&%.1 4.+. *&(+M3,01./ 0'2(% 23. 6.E(''('E ,5 23. 23(+/ 

E.12&2(,'&% 4..D< =3.': 5.)&%.1 4.+. ('/(8(/0&%%7 3,01./ 4(23 .Q2+& 6.//('E 

)&2.+(&% &'/ ),'(2,+./ 5,+ 6(+23 .&-3 ),+'('E &2 R &<)< S5 & %(22.+ 4&1 5,0'/: 

23. *+.8(,01 /&7 4&1 /.1(E'&2./ *,12'&2&% /&7 AT;UC L: /&7 ,5 6(+23< U&)1 4(23 

%(22.+1 4.+. %.52 0'/(120+6./ 0'2(% T;U V &'/ 23.' +&'/,)%7 &11(E'./ 2, ,'. ,5 

23. 24, .Q*.+().'2&% A)&2.+'&% /.*+(8&2(,' AWUC ,+ -,'2+,% AOX;CC E+,0*1: 

)&D('E 10+. 23&2 %(22.+1 5+,) 23. 1&). 5&23.+ 4.+. ',2 (' 23. 1&). .Q*.+().'2&% 

E+,0*< 

Maternal de.ri5ation .rocedure  
X' 23. ),+'('E ,5 T;U V AR<LL &<)<C: %(22.+1 4.+. 1.*&+&2./ 5+,) 23.(+ ),23.+ 

&1 & 43,%.: 13,+2%7 3&'/%./: -0%%./ 2, " )&%.1 &'/ " 5.)&%.1 &'/ *%&-./ 6&-D 

('2, 23.(+ 3,).M-&E.< =3. -&E. 4&1 *%&-./ ,' & 3.&2('E *&/ (' &',23.+ +,,) 2, 

&8,(/ /(120+6&'-. 67 8,-&%(>&2(,' (' 23. 6+../('E +,,)< =3. /&) 4&1 3,01./ 

(' & ',8.% -&E. &'/ +.20+'./ 2, 23. 6+../('E +,,)< Y(22.+1 4.+. D.*2 4&+) 67 

*%&-('E 23.) ,' & 3.&2('E *&/ 1.2 &2 & 2.)*.+&20+. ,5 VH NO /0+('E 23. H"3 

/.*+(8&2(,' *.+(,/< Y(22.+1 4.+.: 4(23 23. .Q-.*2(,' ,5 H %(22.+1 ,5 Z *0*1: %&+E.+ 

23&' ,+ .[0&% 2, ! *0*1: 4(23 &' &8.+&E. ,5 GG J H *0*1< U0. 2, %&+E. %(22.+ 1(>.: 

-0%%('E 2, " )&%.1 &'/ " 5.)&%.1 4&1 010&%%7 *,11(6%.< S' 23(1 120/7 4. +.*.&2./ 

23. .Q&-2 1&). .Q*.+().'2&% *+,-./0+. &1 (' ,0+ *+.8(,01 120/7 AX,).' .2 &%: 

HLLRC< ;, *0*1 4.+. %,12 /0+('E 23. WU *+,-./0+.<  

$2 R<LL &<)< ,' T;U ": -&E.1 4.+. -%.&'./ 67 +.*%&-('E 1,). ,5 23. 

1&4/012: &52.+ 43(-3 23. /&) 4&1 +.20+'./ 2, 23. '.12< Y(22.+1 5+,) 23. OX; 

E+,0* 4.+. -0%%./ &'/ *&+2(&%%7 -%.&'./ &2 23. ),).'2 ,5 /(120+6&'-. ,' T;U 

V AGG &<)<C< O&E.1 4.+. *%&-./ 6&-D ('2, 23. 6+../('E +,,) &'/ %.52 0'/(120+6./ 

0'2(% 4.&'('E: 4(23 23. .Q-.*2(,' ,5 T;U G": 43.' 1,). ,5 23. 1&4/012 4&1 

+.*%&-./< X' T;U HG: *0*1 4.+. 4.&'./ &'/ 3,01./ (' E+,0*1 ,5 " 1&).M1.Q 

%(22.+)&2.1 5,+ .Q*.+().'21 S: SS: SSS &'/ S\: ,+ (' *&(+1 5,+ .Q*.+().'2 \< X'%7 

+.10%21 ,62&('./ 4(23 23. 5.)&%. ,551*+('E 4.+. &'&%7>./ 5,+ 23. *+.1.'2 120/7< 

67.eriment I. 9aseline and stress:induced corticosterone le5els.  

=, ('8.12(E&2. .55.-21 ,5 .&+%7 %(5. 12+.11 ,' 6&1.%('. -,+2(-,12.+,'. %.8.%1: !MGV 

4..D ,%/ OX; A']VLC &'/ WU A']HVC +&21 4.+. 1&-+(5(-./ 67 +&*(/ 

/.-&*(2&2(,' 6.24..' R &'/ GL &<)<< =+0'D 6%,,/ 4&1 -,%%.-2./ (' ^U=$M

-,8.+./ 206.1: -.'2+(50E./ AILLL +*) 5,+ HL )('C &'/ 6%,,/ *%&1)& 4&1 12,+./ 
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#$ &'( )* +,$-. /+0$120 3045266-,78 9$0266&-,:+52: 540$-546$204,2 .2;2.6 <202 

=2#6+02: -, # :-//202,$ 54140$ 4/ *>? @,A!B #,: CD @,AEB 0#$6 4/ FG&FH <22I6 

4/ #72 JK =2#,6 4/ $12 /4..4<-,7 30452:+028 L, $12 =40,-,7 @J2$<22, E #,: F( 

#8=8BM 0#$6 <202 J04+71$ $4 # ,4;2. 044= <1202 # J#62.-,2 J.44: 6#=3.2 <#6 

54..25$2: JK $#-. J.22:-,7 /04= # 6=#.. -,5-6-4, =#:2 1#./<#K $12 $#-. @N.+$$20$ 2$ 

#.8 '(((B8 O.44: <#6 54..25$2: -, #, PDQR&54;202: 5#3-..#0K $+J28 Q1-0$K 

=-,+$26 .#$20M 0#$6 <202 J04+71$ $4 $12 6#=2 044= $4 54..25$ # 6254,: 6#=3.2 JK 

=2#,6 4/ $#-. J.22:-,7M <1-51 <#6 $#I2, #6 $12 6$0266&-,:+52: J.44: 6#=3.28 

O.44: <#6 30452662: #,: 6$402: #6 :2650-J2: #J4;28  

 Q<4 <22I6 .#$20M 3.#6=# 540$-546$204,2 .2;2.6 <202 :2$20=-,2: :+0-,7 

0254;20K /04= # 6<-= 6$0266 -, $12 6#=2 #,-=#.68 N40 $1-6 02#64,M 0#$6 <202 

3.#52: -,$4 # <#$20 =#S2 @'' )*M F"( 5= -, :-#=2$20M ,4 3.#$/40= 30262,$B /40 

$<4 =-,+$26 J2$<22, E #,: F( #8=8 R/$20 $1-6M 0#$6 <202 $#I2, 4+$ 4/ $12 <#$20 

#,: 3.#52: J#5I -,$4 $12-0 14=2 5#728 >,2 14+0 #/$20 6<-= 6$0266M 0#$6 <202 

:25#3-$#$2: #,: $0+,I J.44: <#6 54..25$2: #,: 30452662: #6 :2650-J2: #J4;28 

T.#6=# 540$-546$204,2 54,52,$0#$-4,6 /04= #.. $1022 2U320-=2,$6 <202 =2#6+02: 

-, :+3.-5#$2 +6-,7 # 54==205-#..K #;#-.#J.2 0#:-4 -==+,4 #66#K I-$ @CT 

O-4512=-5#.6M R=6$20:#=M Q12 ?2$120.#,:6B8  
 

Experiment II. Adult neurogenesis and granule cell morphology.  
L, 40:20 $4 :2$20=-,2 .#6$-,7 2//25$6 4/ 2#0.K CD 4, $12 :-//202,$ 6$#726 4/ $12 

#:+.$ ,2+0472,26-6 3045266M ! *>? #,: ! CD /2=#.26 @/04= G *>? #,: G CD 

.-$$206B <202 -,V25$2: <-$1 J04=4:24UK+0-:-,2 @O0:WX 9-7=#&R.:0-51M '(( 

=7YI7 J4:K <2-71$M -,$0#320-$4,2#..KB 4, T?D "F #,: 6#50-/-52: F! :#K6 .#$208 

R$ $1#$ :#KM #,-=#.6 <202 #,#26$12$-S2: -, $12 =40,-,7 JK #, -,V25$-4, 4/ 

32,$4J#0J-$#. 64:-+= 6#.$ @?2=J+$#.M F =7YI7 J4:K<2-71$X R8W8Z8 *+-VIM Q12 

?2$120.#,:6B #,: 320/+62: $0#,65#0:-#..K <-$1 6#.-,2 /4..4<2: JK G[ 

3#0#/40=#.:21K:2 -, TO @(8F CX 3\ ]8GB8 Q4 302;2,$ 30266+02 #0$2/#5$6M J0#-,6 

<202 346$/-U2: 4;20,-71$ -, $12 6I+.. #$ G)* #/$20 <1-51 $12K <202 5#02/+..K 

02=4;2:M <#612: #,: 50K4304$25$2: JK '([ 6+50462 -, TO98 N04S2, 625$-4,6 

@^( != $1-5IB <202 5+$ +6-,7 # 6.-:-,7 =-504$4=2 #,: 54..25$2: -, TO <-$1 #S-:28 

D-//202,$ 6$#726 4/ ,2+0472,26-6 <202 6$+:-2: #6 :2650-J2: 302;-4+6.K 

@C#K20 2$ #.8 '((HX >4=2, 2$ #.8 '((]B8 L==+,41-6$4512=-6$0K /40 O0:W 

@=4,45.4,#. =+0-,2 #,$-&O0:WM _4512 D-#7,46$-56M ?2$120.#,:6M F`'(((B <#6 

+62: $4 30-=#0-.K #66266 ,2<J40, 52.. 6+0;-;#.8 Q12 =#0I20 a-&H]M # 52..&5K5.2 

02.#$2: 304$2-, -:2,$-/K-,7 #.. 52..6 #5$-;2.K 2,7#72: -, $12 52.. 5K5.2 @34.K5.4,#. 

0#JJ-$ !&a-&H]M ?4;45#6$0#M ?2< *#6$.2M WaM F`'(((B <#6 +62: $4 #66266 52.. 

304.-/20#$-4,8 L, #::-$-4,M $12 ,+=J20 4/ K4+,7M :-//202,$-#$-,7 ,2+04,6 <#6 

-:2,$-/-2: <-$1 #, #,$-J4:K #7#-,6$ $12 =-504$+J+.2&#6645-#$2: 304$2-, 

:4+J.2540$-, @D*bX 34.K5.4,#. 74#$ !&D*bM 9#,$# *0+SM F`!((B8 R=3.-/-5#$-4, 

<#6 320/40=2: <-$1 # J-4$-,K.#$2: 6254,:#0K #,$-J4:K @61223 #,$- =4+62 @F`'((M 

cP \2#.$15#02BX 74#$ #,$- 0#JJ-$ @F`'((M Z25$40BX :4,I2K #,$- 74#$ @F`"((M 

d#5I64,B 026325$-;2.KBM #;-:-,&J-4$-, 54=3.2U @RO* I-$X P.-$2 Z25$#6$#-,M 

O0+,651<-7 *12=-2M R=6$20:#=M F`F(((B -, 54=J-,#$-4, <-$1 $K0#=-:2 @F`"((X 



 

 !" 

$%$&' ()*) +,-./0 1234,.5. 60 72% 8% (9,:,-;<= >5:?52/<-.@ 8-@:,:9:5 A32 

>5923@B,5-B5C% D96@5E95-: B?23F3;5- .545/31F5-: G<@ .3-5 G,:? 

.,<F,-365-H,.,-5 I7JKL )$ F;M&$$ F/ NK= $%$&' ()*)C%  

J// ?,@:3/3;,B</ E9<-:,A,B<:,3- 123B5.925@ .5@B2,65. 65/3G G525 

152A32F5. ,- < @:5253/3;,B</ <1123<B? ,- < 3-5O,-O:5- @52,5@ 3A B323-</ @5B:,3-@ 

:<+5- </3-; :?5 5-:,25 23@:23B<9.</ <P,@= ,- < :3:</ 3A Q @5B:,3-@ 152 <-,F</% N?5 

:3:</ -9F652 3A 7R ;2<-9/5 -5923-@ <-. 7ST 13@,:,45 B5//@ G525 E9<-:,A,5. 60 

@0@:5F<:,B 2<-.3F @<F1/,-; 152A32F5. G,:? :?5 D:52538-45@:,;<:32 @0@:5F 

IU,B2362,;?:A,5/.= R52F<-0C% N?5 31:,B</ A2<B:,3-<:32 @5::,-;@ G525 <@ A3//3G@V 

A32 7STO B5// B39-:L ;2,. @,H5 &W$P!$L B39-:,-; A2<F5 X$PX$= G?,B? 25@9/:5. ,- 

Y$$OX$$ F<2+52@ 152 <-,F</= A32 :3:</ ;2<-9/5 B5// B39-:L ;2,. @,H5 &X$P&X$L 

B39-:,-; A2<F5 &XP&X= G?,B? 25@9/:5. ,- Y$$OX$$ F<2+52@ 152 <-,F</%  

K5B<9@5 3A :?5 25/<:,45/0 @1<2@5 3BB9225-B5 <-. A25E95-: B/9@:52,-; 3A Z,O

"[O13@,:,45 <-. K2.\O13@,:,45 B5//@= :?5@5 B5//@ G525 B39-:5. F<-9<//0 60 F5<-@ 

3A < F3.,A,5. @:5253/3;,B</ 123B5.925 9@,-; < ]5,@@ F,B23@B315 I)$$P 

F<;-,A,B<:,3-C <-. F9/:,1/,5. 60 &$ :3 5@:,F<:5 :?5 :3:</ -9F652 3A Z,O"[O

13@,:,45 <-. K2.\O13@,:,45 B5//@ ,- :?5 7R I*3F5- 5: </% )$$[L 4<- ^2<<; 5: </% 

&QQQC% 75-:<:5 ;029@ ;2<-9/5 B5// /<052 IRS_C <-. F3/5B9/<2 /<052 @92A<B5 <25< 

<-. 43/9F5 F5<@925F5-:@ G525 152A32F5. <BB32.,-; :3 S<4</,52,`@ 12,-B,1/5 

9@,-; :?5 <112312,<:5 :33/@ A32 :?,@ ,- :?5 D:52538-45@:,;<:32 @0@:5F%  

aAA5B:@ 3A F<:52-</ .512,4<:,3- 3- :?5 ,-.,4,.9</ ;2<-9/5 B5// F321?3/3;0 

G525 .5:52F,-5. 60 <-</0H,-; :?5 .5-.2,:,B :255 3A R3/;,O@:<,-5. -5923-@ 9@,-; 

Y7 25B3-@:29B:,3- @3A:G<25% b32 :?,@ 19213@5= !O&Y G55+ 3/. S*> I-c[C <-. 

U7 I-c[C <-,F</@ G525 .5B<1,:<:5. ,- :?5 F32-,-; 65:G55- Q <-. &$ <%F% <-. 

:29-+ 6/33. G<@ B3//5B:5. ,- a7NJOB34525. :965@ I5P152,F5-: 8C% 8FF5.,<:5/0 

<A:52 .5B<1,:<:,3- 62<,-@ G525 2<1,./0 25F345. <-. B9: ,-:3 :G3 ?5F,@1?525@% 

*-5 ?5F,@1?525 G<@ 9@5. A32 R3/;,OS3P ,F125;-<:,3- <-. :?5 3:?52 A32 

5/5B:231?0@,3/3;,B</ 25B32.,-;@ I5P152,F5-: 8dC%  

b32 R3/;,OS3P ,F125;-<:,3-= < @,F,/<2 123B5.925 G<@ 9@5. <@ .5@B2,65. 

1254,39@/0 IK<;3: 5: </% )$$QL K35+?332- 5: </% )$$"L S?<F1<;-5 5: </% )$$!C% 

8FF5.,<:5/0 <A:52 .5B<1,:<:,3- 62<,-@ G525 ,-B96<:5. ,- < R3/;,OS3P @3/9:,3- 

IX' Z)S2*W= X' (;S/ <-. X' Z)S2)*[C A32 )! .<0@= <A:52 G?,B? :?50 G525 

,F65..5. ,- B5//3,.,-5 <-. B9: ,-:3 )$$ !F :?,B+ @5B:,3-@% b23F 5<B? <-,F</= 

]O@:<B+@ I@:51 @,H5 & !FC A23F XO[ .5-:<:5 ;2<-9/5 B5//@ G525 ;5-52<:5. 9@,-; < 

B3-A3B</ F,B23@B315 I_DUX&$= ]5,@@= R52F<-0C ,- 62,;?: A,5/. F3.5 I)$P 

36e5B:,45C <-. 25B3-@:29B:5. ,- 8F<;5^23 ,- B3F6,-<:,3- G,:? :?5 >5923.2<GO

:33/63P I+,-./0 1234,.5. 60 R% f<F<+52@= g% 4<- (552,+?9,H5 <-. S% ^33/= 

>5:?52/<-.@ 8-@:,:9:5 A32 >5923@B,5-B5= JF@:52.<FC% S2,:52,< A32 ,-B/9@,3- G525 

<@ A3//3G@V ,C 3-/0 -5923-@ A23F :?5 @912<102<F,.</ 6/<.5 3A :?5 23@:2</ .5-:<:5 

;029@= A23F 625;F< O)%X :3 OW%$= I^<P,-3@ <-. h<:@3- &Q!"C G525 @5/5B:5.= ,,C 

B5//@ ?<. :3 65 545-/0 A,//5.= G,:?39: <-0 @54525. .5-.2,:5@ 5P,:,-; :?5 @5B:,3-= ,,,C 

3-/0 B5//@ A23F :?5 F,../5 :?,2. 3A :?5 ;2<-9/<2 B5// /<052 G525 B?3@5- :3 <43,. 

:?5 ,-B/9@,3- 3A 25/<:,45/0 039-; 32 -5G632- ;2<-9/5 B5//@ 25@,.,-; ,- :?5 ,--52 

1<2: 3A :?5 B5// /<052= 32 B5//@ A32F5. 5<2/0 ,- 3-:3;5-0 Ia)&O))C G?,B? 25@,.5 ,- 

:?5 39:52 :?,2. 1<2: 3A :?5 B5// /<052 IJ/:F<- <-. K<052 &QQ$<L &QQ$6C% N3:</ 



Chapter 3. 

 !"

#$%#&'(') +$%,(-. %/01$& 23 1&4%)- 52'%(6 4%# (-$ %/01$& 23 5&'04&7 #$%#&'($6 

8$&$ 4%4+79$# 32& $:$&7 %$/&2%; <% 4##'('2%. 65'%$ #$%6'(7 846 #$($&0'%$# '% 

(82 6$,0$%(6 23 #$%#&'($6 4( 4 #'6(4%)$ 23 =>?@@> !0 A5&2B'04+C 4%# @=>?D@> 

!0 A#'6(4+C 3&20 (-$ 6204;  
 
Experiment III. Electrophysiological properties of the dentate gyrus.  
E2 #$($&0'%$ $33$)(6 23 04($&%4+ #$5&':4('2% 2% $+$)(&25-76'2+2,')4+ 5&25$&('$6 

23 (-$ FG %$(82&H. 3'3(7?%'%$ !?@I 8$$H 2+# 3$04+$ &4(6 A%J" 2& ! 5$& ,&2/5C 

8$&$ #$)45'(4($# '% (-$ 02&%'%, 1$(8$$% = 4%# @> 4;0; K2& (-$6$ $B5$&'0$%(6. 

6(&$66 3&20 '%#':'#/4+ -2/6'%, 846 4:2'#$# 17 #$)45'(4('%, (-$ +46( (82 4%'04+6 

3&20 (-$ 640$ )4,$ 6'0/+(4%$2/6+7; <00$#'4($+7 43($& #$)45'(4('2% (-$ 1&4'% 

846 &45'#+7 &$02:$# 4%# )/( '%(2 (82 -$0'65-$&$6; E-$ +$3( -$0'65-$&$ 846 

)2++$)($# 32& G2+,'?L2B '05&$,%4('2% A$B5$&'0$%( <<<C 4%# (-$ &',-( -$0'65-$&$ 

846 )2++$)($# 32& $+$)(&25-76'2+2,')4+ &$)2&#'%,6 '% ')$ )2+# 4&('3')'4+ 

)$&$1&265'%4+ 3+/'# A4LMKC )2%(4'%'%, @D> 0N O4L+. I;P 0N QL+. @;I 0N 

N,MRS;"TDR. @;DP 0N O4TDURS. D;P 0N L4L+D;DTDR. @> 0N ,+/)26$ 4%# 

DP 0N O4TLRI. 2B7,$%4($# 8'(- =PV RD 4%# PV LRD; L2&2%4+ 6+')$6 AS>> 

!0C 8$&$ )/( /6'%, 4 :'1&2(20$ AW$')4 XE@>>>MC 4( P YL 4%# (-$% H$5( '% 

2B7,$%4($# 4LMK 4( &220 ($05$&4(/&$ 32& 4( +$46( D - 5&'2& (2 &$)2&#'%,; 

M$)('2%6 )2%(4'%'%, (-$ &26(&4+ 54&( A1&$,04 ?D;P (2 ?S;>. U4B'%26 4%# Z4(62%. 

@=![C 23 (-$ -'552)4054+ #$%(4($ ,7&/6 8$&$ 5+4)$# '% 4 &$)2&#'%, )-401$& 

04'%(4'%$# 4( I>\ID YL 8'(- 4 )2%6(4%( 3+28 23 2B7,$%4($# 4LMK;  

K'$+# $B)'(4(2&7 526(67%45(') 52($%('4+6 A3]UMUC 8$&$ &$)2&#$# 46 

#$6)&'1$# 5&$:'2/6+7 A^4,2( $( 4+; D>>=_ U/ $( 4+; D>>"C '% (-$ 416$%)$ 2& 

5&$6$%)$ 23 (-$ G`^`$&,') 4%(4,2%'6( 1')/)/++'%$ 0$(-'2#'#$ AE$1/?1'2. @> 

!NC; 3]UMU6 8$&$ $:2H$# /6'%, 4 6(4'%+$66 6($$+ 1'52+4& 6('0/+4('2% $+$)(&2#$ A[> 

!0 #'40$($&. '%6/+4($# $B)$5( 32& (-$ ('5C 526'('2%$# '% (-$ 0$#'4+ 5$&32&4%( 

54(-847 4%# &$)2&#$# (-&2/,- 4 ,+466 $+$)(&2#$ AD\P N! '05$#4%)$. 3'++$# 

8'(- 4LMKC 526'('2%$# '% (-$ 0'##+$ (-'&# 23 (-$ 02+$)/+4& +47$& 23 (-$ /55$& 

1+4#$; ` 6('0/+/6? &$652%6$ )/&:$ 846 ,$%$&4($# 17 ,&4#/4++7 '%)&$46'%, (-$ 

6('0/+/6 '%($%6'(7 (2 #$3'%$ 4 +$:$+ (-4( ,$%$&4($# (-$ -4+3?04B'04+ &$652%6$ 

8-')- 846 /6$# 32& (-$ &$04'%#$& 23 (-$ $B5$&'0$%(; R%)$ (-$ '%5/(?2/(5/( 

)/&:$ 32& $4)- &$)2&#'%, 846 $6(41+'6-$#. 146$+'%$ 67%45(') (&4%60'66'2% 846 

02%'(2&$# A>;>@" T9C #/&'%, D> 0'%/($6;  

Z-$% &$)2&#'%,6 8$&$ 6(41+$. (-$(4 1/&6( 6('0/+4('2% AE^M_ 32/& 5/+6$6 23 

@>> T9 32++28$# 17 4 D>> 06 '%($&:4+. 32++28$# 17 4%2(-$& 32/& 5/+6$6C 846 

455+'$#; E-'6 6$a/$%)$ 846 &$5$4($# PB 8'(- 4 I> 6$)2%# '%($&:4+; `3($& E^M 

(-$ #$,&$$ 23 52($%('4('2% 846 #$($&0'%$# 17 &$)2&#'%, (-$ 3]UMU $:$&7 0'%/($ 

#/&'%, 2%$ -2/& A>;>@" T9C; E-$ 04,%'(/#$ 23 (-$ 3]UMU 846 466$66$# 17 

4%4+79'%, (-$ 6+25$ 23 (-$ 6',%4+; E2 #$($&0'%$ 8-$(-$& (-$ 5&$6$%)$ 23 (-$ 

6(&$66 -2&02%$ )2&(')26($&2%$ #/&'%, 6('0/+4('2% 02#/+4($6 (-$ #$,&$$ 23 WEU. 

)2&(')26($&2%$ AM',04\`+#&')-. E-$ O$(-$&+4%#6_ @>> %N. #'662+:$# '% >;>@V 

$(-4%2+C 2& :$-')+$ A>;>@V $(-4%2+C 846 4##$# (2 (-$ 4LMK #/&'%, (-$ 6$)2%# 

-4+3 23 146$+'%$ &$)2&#'%,6 A(J ?@> (2 > 0'%;C. )2?($&0'%4('%, 8'(- E^M A^4,2( $( 

4+; D>>=C; E-'6 )2%)$%(&4('2% 23 )2&(')26($&2%$ 846 6-28% 1$32&$ (2 2))/57 12(- 
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#$ %&' ($ %&' )* +,-.-/0.- 1023%.%45- %&' .-5-6%&+ +0 2)2)1 in vivo *+.-**/75 

*)+7%+)0&* 89,%23%:&- -+ %5; <==!> ?%.*+ -+ %5; <===@; 

 

Experiment IV. Spatial and emotional learning  
A&- 10,0.+ 0/ %&)2%5* 8B= 9AC %&' B= #D .%+*@ E%* 7*-' /0. +,.-- 

4-,%6)07.%5 +%*F* '-*1.)4-' )& +,- /0550E)&: *-1+)0&; G&)2%5* E-.- ,07*-' )& 

3%).*; D7.)&: +-*+)&:H .%+* /.02 +,- *%2- ,02-I1%:- E-.- +-*+-' 0& ')//-.-&+ 

'%J* +0 %60)' -//-1+* 0/ %17+- *+.-**; K-/0.- %&' )& 4-+E--& +%*F*H .%+* E-.- 

,%&'5-' -6-.J 0+,-. '%JH *+%.+)&: +E0 E--F* 4-/0.- +,- *+%.+ 0/ +,- /).*+ 

-L3-.)2-&+; M,- 0.'-. 0/ +-*+)&: E%* %* '-*1.)4-' 4-50E %&' +,- +)2- )&I

4-+E--& +%*F* E%* %+ 5-%*+ 0&- E--F; 

M0 *+7'J 30+-&+)%5 1,%&:-* )& 4%*%5 -L350.%+)0& %&' %&L)-+J 5-6-5* %/+-. 

2%+-.&%5 '-3.)6%+)0&H 9AC 8&NB=@ %&' #D 8&NB=@ .%+* E-.- +-*+-' )& %& 

-5-6%+-' 357* 2%O- %+ +,- %:- 0/ BB E--F*; P0. +,)*H -%1, .%+ E%* +.%&*/-..-' 

/.02 )+* ,02-I1%:- +0 +,- -L3-.)2-&+%5 *-+73 )& +,- %'Q%1-&+ .002; R& +,)* 

+-*+)&: .002H %&)2%5* E-.- 37+ 0& +,- 1-&+.- 0/ % 357* 2%O- 8B== 12; /.02 +,- 

:.07&'@H /%1)&: 0&- 0/ +,- +E0 03-& %.2*; M,- 357* 2%O- E%* 2%'- 0/ 45%1F 

35%*+)1 %&' *,%3-' 5)F- % 1.0** E)+, +E0 0330*)+- 03-& %.2* 8B= L S= 12@ %&' 

+E0 0330*)+- 150*-' %.2* 8B= L S= 12H <T 12 ,):, E%55*@ 10&&-1+-' +0 %& 03-& 

1-&+.-; G&)2%5* E-.- 35%1-' )& +,- 1-&+.- %&' %550E-' +0 /.--5J -L350.- +,- 03-& 

%&' 150*-' %.2* /0. T 2)&7+-*; UL350.%+)0& 3%++-.&* E-.- .-10.'-' 4J % 6)'-0 

1%2-.% 10735-' +0 % 10237+-. %&' 3.01-**-' 4J U+,06)*)0& 8C05'7*H 

V%:-&)&:-&H +,- C-+,-.5%&'*@; M0+%5 +)2-H /.-W7-&1J %&' 5%+-&1J +0 /).*+ 

%33-%.%&1- )& %55 1023%.+2-&+* 0/ +,- 2%O- E-.- %&%5JO-' +0 '-+-.2)&- +,- 

-L350.%+)0& 3%++-.&; 

M0 '-+-.2)&- *3%+)%5 5-%.&)&: %4)5)+J 0/ #D .%+*H %&)2%5* E-.- +.%)&-' )& 

% #0..)* E%+-. 2%O- 8#0..)* BX!S@; 9AC 8&NB=@ %&' #D 8&NB=@ %&)2%5* 8BY 

E--F* 05'@ E-.- +.%)&-' )& < '%J*H '7.)&: E,)1, +,-J .-1-)6-' S +.)%5* 3-. '%J 

E)+, %& )&+-.I+.)%5 )&+-.6%5 0/ BT 2)&7+-*; M,- E%+-. 2%O- 8BT= 12 )& ')%2-+-.@ 

E%* *)+7%+-' )& % .002 %'Q%1-&+ +0 E,-.- %&)2%5* E-.- ,07*-' %&' /)55-' E)+, 

03%W7- E%+-. 8<< Z9H E)+, %''-' &0&I+0L)1 3%)&+@; R& 0&- W7%'.%&+ 8CV@H % 

+.%&*3%.-&+ 35%+/0.2 8B< 12 )& ')%2-+-.@ E%* ,)''-& =;T 12 7&'-. +,- E%+-. 

*7./%1-; D7.)&: +.%)&)&:H +.)%5* E-.- *+%.+-' )& 0&- 0/ +,- +,.-- W7%'.%&+* 

E)+,07+ 35%+/0.2 8);-; CUH [V 0. [U W7%'.%&+@ %&' *+%.+)&: 30*)+)0& %5+-.&%+-' 

4-+E--& +.)%5*H .%+* %&' '%J*; G+ +,- *+%.+ 0/ -%1, +.)%5H .%+* E-.- 35%1-' )& +,- 

E%+-. /%1)&: +,- E%55 0/ +,- 3005; G&)2%5* E-.- %550E-' +0 *E)2 )& +,- 2%O- 

7&+)5 +,-J ,%' .-%1,-' +,- 35%+/0.2 0. 7&+)5 % 2%L)272 +)2- 0/ +E0 2)&7+-* 

,%' 3%**-'; V,-& .%+* E-.- 7&%45- +0 /)&' +,- 35%+/0.2H +,-J E-.- :7)'-' +,-.- 

2%&7%55J; G&)2%5* E-.- 5-/+ 0& +,- 35%+/0.2 /0. %& %'')+)0&%5 <= *-10&'*; M.)%5* 

E-.- .-10.'-' %&' %&%5JO-' /0. 5%+-&1JH *E)2 ')*+%&1- %&' +)2- )& +,- 35%+/0.2 

W7%'.%&+ 8U+,06)*)0&> C05'7*H V%:-&)&:-&H M,- C-+,-.5%&'*@; 

M0 %**-** ,)3301%237* %&' %2J:'%5% '-3-&'-&+ -20+)0&%5 2-20.JH .%+* 

E-.- *74Q-1+-' +0 10&+-L+7%5 %&' 17-' /-%. 10&')+)0&)&: 8\,)55)3* %&' ]-D07L 

BXX<> ^,07 -+ %5; <==X@; D7.)&: /-%. 10&')+)0&)&:H BTIE--F 05' .%+* 89ACNB=> 

#DNB=@ 5-%.&-' +0 %**01)%+- % /-%./75 *+)2757* 8/00+*,01F@ E)+, % 10&+-L+ 
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#$%&'()(%&(&* ,%-. /&' / $01 #)%&1.2 341 5)61&*)4 %7 71/68/55%$(/)1' 919%6: ;/5 

'1)169(&1' ,: 91/506(&* )41 /9%0&) %7 7611<(&* ,14/=(%062 >$%6(&* ;/5 '%&1 

9/&0/??:@ 1=16: A 51$%&'5@ ,: );% %,516=165 ,?(&'1' )% )41 1-B16(91&)/? *6%0B2 

C/)5 ;161 4/,()0/)1' )% )41 1-B16(91&)/? 6%%9 5)/6)(&* );% '/:5 ,17%61 

$%&'()(%&(&*2 D&(9/?5 ;161 )6/(&1' ,: B?/$(&* )419 (& )41 71/6 $%&'()(%&(&* 

,%- #EF - AG - AH $9@ ;/??5 9/'1 %7 ,?/$I /&' )6/&5B/61&) B?/5)($ ;()4 91)/? 

*6(' 7?%%6. ;4($4 )41: ;161 /??%;1' )% 1-B?%61 7611?: 7%6 )4611 9(&0)152 D7)16 

)4/)@ / EF 51$%&' )%&1 ;/5 B?/:1' #JFF 'K@ A2! IL<. )4/) $%8)169(&/)1' ;()4 / 

7%%)54%$I #A 51$%&'5@ F2H 9D.2 M& )41 51$%&' '/: /) )41 5/91 )(91@ /&(9/?5 

;161 B0) (&)% )41 $%&'()(%&(&* ,%- 7%6 E 9(&0)15 0&'16 ('1&)($/? $(6$095)/&$15 

#(212 )41 5/91 $?1/&(&* 5%?=1&)@ ?(*4)(&* $%&'()(%&5@ *?%=15 /&' ?/, $%/)5.2 

N%&)1-)0/? 919%6: ;/5 1=/?0/)1' ,: 5$%6(&* 7611<(&* ,14/=(%062 3;% 4%065 

?/)16@ $01' 919%6: ;/5 )15)1' ,: B?/$(&* 6/)5 (& / '(77161&) ,%-@ ;()4 / 5%?(' 

;4()1 7?%%6 /&' ?(*4)8$%?%061' ;/??5 0&'16 $4/&*1' $(6$095)/&$15 #(212 '(77161&) 

$?1/&(&* 5%?=1&)@ ?(*4)(&* $%&'()(%&5@ *?%=15 /&' ?/, $%/).2 D*/(&@ 6/)5 ;161 

/??%;1' )% 1-B?%61 )41 ,%- 7611?: 7%6 )4611 9(&0)15@ /7)16 ;4($4 )41 )%&1 ;/5 

B6151&)1' 7%6 EF 51$%&'52 C/)5 619/(&1' (& )41 ,%- 7%6 /& /''()(%&/? GF 51$%&'5 

)% '1)169(&1 )41 ,14/=(%06/? 615B%&51 )% )41 $012 
 
Statistical analysis.  
>)/)(5)($/? /&/?:5(5 ;/5 B167%691' 05(&* >O>>JG2F2 D?? '/)/ /61 B6151&)1' /5 

/=16/*1 P >QR2 S(77161&$15 ,1);11& NMT /&' RS /&(9/?5 $%&$16&(&* ,%': 

;1(*4)@ $%6)($%5)16%&1 ?1=1?5@ ?1=1?5 %7 &106%*1&15(5 #/?? 1-B61551' B16 

419(5B4161.@ 9%6B4%?%*($/? B/6/91)165 /&' ;/)16 9/<1 B6%,1 )6(/? ;161 )15)1' 

7%6 5(*&(7($/&$1 05(&* / );%8)/(?1' >)0'1&)U5 )8)15) ;()4 / B6%,/,(?(): ?1=1? %7 VW@ 

/7)16 '1)169(&(&* 1X0/?(): %7 =/6(/&$15 05(&* Y1=1&1U5 )15) #/?? '/)/ BZF2FV.2  

 S(77161&$15 (& /$X0(5()(%& %7 )41 ;/)16 9/<1@ $%&)1-) '1B1&'1&) /&' $01 

'1B1&'1&) 7611<(&* ;161 )15)1' ;()4 / 5(&*?1 7/$)%6 61B1/)1' 91/50615 DTM[D 

05(&* 1/6?: ?(71 )61/)91&) /5 / ,1);11& 50,\1$)5 7/$)%62 D5 ;()4(& 50,\1$)5 7/$)%65 

;161 051'] )6(/? #;/)16 9/<1.@ $%&51$0)(=1 )(918(&)16=/? #$%&)1-)0/? 71/6 

$%&'()(%&(&*. /&' ,17%618)%&1 =16505 /7)168)%&1 (&)16=/? #$01' 71/6 $%&'()(%&(&*. 

615B1$)(=1?:2 

 Q771$)5 %7 $%6)($%5)16%&1 )61/)91&) %& ,/51?(&1 5:&/B)($ )6/&59(55(%& ;161 

)15)1' ,: $%9B/6(&* )41 /=16/*1 5?%B1 %7 )41 7QO>O %7 )41 7(65) ,/51?(&1 #8AF )% 8

JF 9(&2. ;()4 )41 /=16/*1 %7 )41 51$%&' ,/51?(&1 #8JF )% F 9(&2. 05(&* / )4611 

7/$)%6 61B1/)1' 91/50615 DTM[D #,1);11& 50,\1$)5 7/$)%65] 1/6?: ?(71 )61/)91&) 

/&' '60*8)61/)91&)^ ;()4(& 50,\1$)5 7/$)%6] ,/51?(&1.2 3% '1)169(&1 )41 1771$)5 %7 

1/6?: ?(71 5)6155 /&' /BB?($/)(%& %7 )41 5)6155 4%69%&1 $%6)($%5)16%&1 %& )41 

'1*611 %7 Y3O@ / )461187/$)%6 61B1/)1' 91/50615 DTM[D ;/5 B167%691' 05(&* 

1/6?: ?(71 )61/)91&) /&' $%6)($%5)16%&1 )61/)91&) /5 ,1);11& 50,\1$) 7/$)%65 /&' 

B618 %6 B%5)83K> /5 ;()4(& 50,\1$) 7/$)%62 _1 $%9B/61' )41 51$%&' ,/51?(&1 #8

JF )% F 9(&2. ;()4 1/6?: Y3O^ #F8EF 9(&2 B%5)83K>. /&' )%)/? Y3O #F8GF 9(&2 

B%5) 3K>.2 _41& 5(*&(7($/&)@ / B%5)84%$ Y>S )15) ;/5 B167%691' )% $%9B/61 

)61/)91&) *6%0B52 

 



 

 !" 

Results 
"#$eriment I. -od0 weight and basal corticosteroid le9els are reduced b0 MD. 

$% &'( )*+ ,( -./01.2 304 256%5-570%8 9:;"<""=> 1?@.A B?4C@.56382 9*D* E = 

6+ %;F> 7?/:0A.4 8? G$' -./01.2 9*!H E I 6+ %;F>< J% 044585?%+ B0201 

7?A857?28.A?%. 1.K.12 @.A. 256%5-570%81C 1?@.A 5% ,( 9HD E ** %6L/1> 83.% 5% 

G$' 9*MD E M= %6L/1> 0%5/012 9:; "<""M>< N35A8C /5%O8.2 0-8.A 0 /?4.A08. 

28A.22?A 98051 %57P>+ 7?A857?28.A?%. 1.K.12 @.A. .1.K08.4 5% B?83 6A?O:2< Q183?O63 

08 8308 85/.R:?5%8 :102/0 7?A857?28.A?%. 1.K.12 @.A. 3563.A 5% G$' 830% ,( 

0%5/012 9I=! E *M! %6L/1 9%;F> K.A2O2 =D= E *"* %6L/1 9%;!> A.2:.785K.1C>+ 

8352 45--.A.%7. 454 %?8 A.073 256%5-570%7. 9:;"<M>< $%. 3?OA 0-8.A 2@5/ 28A.22+ 

B?83 G$' 9HFM E FD %6L/1+ %;*"> 0%4 ,( 9="M E *"M %6L/1+ %;*"> A082 

23?@.4 25/510A .1.K085?%2 5% 7?A857?28.A?%. 1.K.1 9:;"<M><  
 
"#$eriment II. Maternal de$ri9ation onl0 mildl0 affects neurogenesis> cell mor$holog0 and 
dentate g0rus architecture. 
S8.A.?1?65701 TO0%85-57085?% ?- 2.K.A01 :302.2 ?- 04O18 %.OA?6.%.252 5% 83. 

4.%808. 6CAO2 A.K.01.4 %? 256%5-570%8 .--.782 ?- ,( ?% 83. 8?801 %O/B.A2 ?- 

:A?15-.A085%6 7.112 9U5RIDV>+ ?% 83. %O/B.A ?- *F 40C ?14 %.@B?A% 9WA4XV> 7.112 

0%4 ?% 83. %O/B.A ?- C?O%6 %.OA?%2 9(GYV>+ A.-1.785%6 %.OA?6.%.252 980B1. *>< 

ZOA83.A 4.8051.4 0%01C252 @02 :.A-?A/.4 BC 7?/:0A5%6 8?801 7.11 %O/B.A2 

077?A45%6 8? 83.5A 4528A5BO85?% 01?%6 83. A?28A?70O401 0[52+ B.8@..% 83. 2O:A0R 

0%4 5%-A0:CA0/5401 B104.+ 0%4 02 0 :.A7.%806. ?- 8?801 7.112< N352 012? 454 %?8 

A.K.01 0%C 256%5-570%8 45--.A.%7.2< 

\351. %.OA?6.%.252 @02 %?8 0--.78.4 BC /08.A%01 4.:A5K085?%+ 

28.A.?1?65701 TO0%85-57085?% ?- 83. %O/B.A ?- (] 6A0%O1. %.OA?%2 A.K.01.4 8308 

/08.A%01 4.:A5K085?% 256%5-570%81C A.4O7.4 83. 8?801 7.11 %O/B.A 9:;"<"H> 0%4 

7.11 4.%258C 9:; "<"=> 5% 83. ]G^ BC 0B?O8 *M_ 9-56OA. *>+ @583?O8 0--.785%6 

6A0%O10A 7.11 10C.A K?1O/. 9G$' *<"= E "<"= //=` ,( *<") E "<"M //=+ 

:;"<)*> ?A 83. K?1O/. ?- 83. /?1.7O10A 10C.A 9G$' =<MI E "<*I //=` ,( =<M) 

E "<"F //=+ :;"<!H>< 

 

Figure 1. a--.782 ?- ,( ?% 

83. 6A0%O1. 7.11 10C.A ?- 83. 
35::?70/:01 4.%808. 6CAO2< 

Q< ,( 8A.08/.%8 70O2.4 0 

256%5-570%8 A.4O785?% 5% 

0B2?1O8. 6A0%O1. 7.11 

%O/B.A2 9:; "<"H>+ 02 @.11 

02 W< 7.11 4.%258C 9:;"<"=>+ 

9B?83 6A?O:2 %;F> 
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#$%&'$($)*+,( ,.,(/0*0 $1 2'3 4$()* 02,*.35 *.5*6*57,( .37%$.0 %363,(35 , 

+',.)3 *. 2'3 53.5%*2*+ ,%%,.)383.29 :72 .$2 2$2,( 53.5%*2*+ (3.)2'9 .78:3% $1 

:%,.+' &$*.20 $% 0&*.3 53.0*2/ *. 138,(30 07:;3+235 2$ #< =2,:(3 >?@ A'3 

,63%,)3 .78:3% $1 &%*8,%/ 53.5%*230 3B23.5*.) 1%$8 2'3 0$8, C,0 *.+%3,035 

=&DE@E>? *. #< ,.*8,(0 C'3. +$8&,%35 2$ +$.2%$(0@  

 

+able 1. /ffects of MD on adult neurogenesis. 

 FGH =.DI? #< =.DI? 

J%$(*13%,2*$. =K*LMN? >IOP Q >MO >MM" Q >EM 

F3(( 07%6*6,( =R%5S? "NEP Q ">E "TII Q "EP 

H37%$.,( 5*113%3.2*,2*$. =<FU? P>NM! Q >T!O >!POP Q >"OP 

V:0$(723 +3(( .78:3%0 &3% '38*0&'3%3 C3%3 .$2 0*).*1*+,.2(/ 5*113%3.2 :32C33. 

FGH ,.5 #< ,.*8,(0W =&XE@"? 

 

 

+able 2. /ffects of MD on granule cell mor$holog=. 

 FGH =.DI? #< =.DI? 

<3.5%*2*+ (3.)2' =!8? "TME Q "PE "T!> Q ">" 

H78:3% $1 :%,.+' &$*.20 I@M Q E@M N@E Q E@M 

Y&*.3 53.0*2/ =.78:3% $1 0&*.30 Z!8? E@MP Q E@EO E@T! Q E@EM 

H78:3% $1 &%*8,%/ 53.5%*230 >@P Q E@> P@EI Q E@>[ 

#< 2%3,283.2 %307(235 *. ,. *.+%3,035 ,63%,)3 .78:3% $1 &%*8,%/ 53.5%*230 

&3% +3(( =[&\E@ET? 
 
 
/>$eriment I@. Maternal de$riAation does not alter s=na$tic $lasticit=. 

A$ 3B,8*.3 C'32'3% 8$%&'$($)*+,( +',.)30 *. 2'3 53.2,23 )/%70 ,113+235 

'*&&$+,8&,( 0/.,&2*+ 17.+2*$.9 C3 3B,8*.35 ]AJ *. 2'3 53.2,23 )/%70 70*.) 

2'32, :7%02 02*87(,2*$. =ARY?@ ARY *. 2'3 ,:03.+3 $1 :*+7+7((*.3 5*5 .3*2'3% *. 

FGH .$% *. #< ,.*8,(0 %307(2 *. 0/.,&2*+ &$23.2*,2*$. =5,2, .$2 0'$C.?@ ^. 

,55*2*$.9 2'3 &%303.+3 $1 2'3 02%300 '$%8$.3 +$%2*+$023%$.3 &%*$% 2$ ,.5 57%*.) 

ARY 5*5 .$2 +',.)3 2'*0 =%3&3,235 83,07%30 VHG_V :,03(*.3 60@ &$02LARY ="L

ME 8*.@?9 `"9"MD E@!W &DE@PMW 5,2, .$2 0'$C.?@ A'*0 *0 .$2 7.&%3+353.2359 0*.+3 

4VRV3%)*+ *..3%6,2*$. *0 a.$C. 2$ 5%*63 53.2,23 )%,.7(3 +3((0 in Aitro ,C,/ 

1%$8 2'3*% 1*%*.) 2'%30'$(5 =F$7(23% ,.5 F,%(0$. >EENW b*053. 32 ,(@ "!!>?@ 

A'3%31$%39 C3 ,&&(*35 ARY *. 2'3 &%303.+3 $1 2'3 4VRV3%)*+ ,.2,)$.*02 

:*+7+7((*.39 C'*+' %307(235 *. ,. $63%,(( 0*).*1*+,.2 *.57+2*$. $1 ]AJ =&$$(35 

5,2, 1%$8 FGH ,.5 #< %,20W %3&3,235 83,07%30 VHG_V `"9>ID "I@PW 

&\E@EE"?@ ^. ,(( 3B&3%*83.20 530+%*:35 :3($C9 :*+7+7((*.3 C,0 &%303.2@ b3 

1$7.5 .$ 5*113%3.+30 :32C33. FGH ,.5 #< ,.*8,(0 *. 2'3 8,B*878 

,8&(*2753 $1 2'3 1cJYJ =FGH L>@O! Q E@>M 8_W #< L>@OM Q E@>PW &DE@TE?9 2'3 

02*87(,2*$. *.23.0*2/ 2',2 /*3(5 2'3 ',(1 8,B*8,( ,8&(*2753 =FGH "@!P Q E@E"W 

#< "@!" Q E@E>W &DE@O!? ,0 5323%8*.35 1%$8 2'3 *.&72L$72&72 +7%63@  



 

 !" 

$%& &''&()* +' (+,)-(+*)&,+.& +. )%& /&0,&& +' 1$2 34* /&)&,5-.&/ 67 

8&,'9*-+. +' :;; .< (+,)-(+*)&,+.& /9,-.0 )%& *&(+./ %4=' +' 64*&=-.& 

,&(+,/-.0*> (+?)&,5-.4)-.0 3-)% )%& &./ +' $@AB C+,)-(+*)&,+.& 488=-(4)-+. -. 

-)*&=' %4/ .+ &''&() +. )%& 540.-)9/& +' )%& *-0.4= /9,-.0 )%& *&(+./ %4=' +' 

64*&=-.& ,&(+,/-.0*> 4* ,&D&4=&/ 67 4 ,&8&4)&/ 5&4*9,&* EFGHE (+584,-.0 

64*&=-.& : I)J?"; )+ ?:: 5-.9)&*K 3-)% 64*&=-.& " I)J?:; )+ ; 5-.9)&*KL I64*&=-.& M 

/,90 M 0,+98> N:>"OJ "BPL 8J;B:Q> /,90 M 0,+98> N:>"OJ"BQL 8J;B:QKB N+, 1$2> .+ 

*-0.-'-(4.) &''&()* 3&,& '+9./ +. )%& /&0,&& +' 8+)&.)-4)-+. +' 0,+98 ICGF D*B 

<RL N:>"OJ;B;PL 8J;BOSK 4./ /,90 ),&4)5&.) IN:>"OJ;B;QL 8J;BOQK .+, 4. 

-.)&,4()-+. &''&() 6&)3&&. )%&*& )3+ IN:>"OJ;B;;"L 8J;B!SK> 3%&. (+584,-.0 )%& 

*&(+./ %4=' +' 64*&=-.& ,&(+,/-.0* I)J?:; )+ ; 5-.9)&*K 3-)% 8+*)?$@A ,&(+,/-.0* 

I)J;?S; 5-.9)&*L '-09,& "4 4./ 6KB 
 

 
Figure 2. T''&()* +' <R +. *7.48)-( 8=4*)-(-)7 EB 1+.0 )&,5 8+)&.)-4)-+. I1$2K 5&4*9,&/ 9./&, 

D&%-(=& (+./-)-+.* ICGF .JU> <R .JUKB $%&,& 34* .+ &''&() +' 54)&,.4= /&8,-D4)-+. +. )%& /&0,&& 

+' 1$2 -. )%& /&.)4)& 07,9* 4')&, )%&)4 69,*) *)-59=4)-+. ICGF D*B <RL N:>"OJ;B;PL 8J;BOSK 3%&. 

(+584,-.0 )%& *&(+./ %4=' +' 64*&=-.& ,&(+,/-.0* I)J?:; )+ ; 5-.9)&*K 3-)% 8+*)?$@A ,&(+,/-.0*B @B 
1+.0 )&,5 8+)&.)-4)-+. 4')&, 4(9)& (+,)-(+*)&,+.& 488=-(4)-+.B $%& /&0,&& +' 1$2 34* .+) 4''&()&/ 

67 (+,)-(+*)&,+.& 488=-(4)-+. 4./ )%&,& 34* .+ /-''&,&.(& 6&)3&&. CGF I.JUK 4./ <R I.JUK 
4.-54=* IN:>"OJ;B;QL 8J;BOQK> -.)&,4()-+. 0,+98 M ),&4)5&.) IN:>"OJ;B;;"L 8J;B!SKB 
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+,$eriment 0. MD s$ecificall7 increases cued fear conditioning. 

$%&'(&) &*+,(-('(./ .0 '12 3.44(- 5&'24 6&72 5&- /.' *1&/829 :; 6&'24/&) 

92%4(<&'(./ =0(8,42 "> ?@>@AB CD@EF %BGD@HID ?,4'1246.42> JKL &/9 3M &/(6&)- 

-1.529 -(6()&4 %240.46&/*2 (/ 626.4; 42'2/'(./ &0'24 N 9&;-> &- 62&-,429 :; 

'12 '.'&) '(62 -%2/' (/ '12 %)&'0.46 +,&94&/' 9,4(/8 '12 %4.:2 '4(&) =JKL CGDE 

O @CD@ - =/B@GI> 3M CADE O @HDC - =/B@GI> %BGDHAID  

P&-2)(/2 &/Q(2';> 92'246(/29 (/ '12 -&62 84.,%- .0 &/(6&)- :; 2)2<&'29 

%),- 6&72 2Q%).4&'(./> 5&- &)-. /.' &002*'29 :; 6&'24/&) 92%4(<&'(./D R1242 

5242 /. -(8/(0(*&/' 9(00242/*2- *./*24/(/8 )&'2/*; '. 2/'24 =JKL "!DG O @ED@ -F 

3M SCDE O @CDA -2*> %BGDNGI> 042+,2/*; =JKL HDN O @DS '(62-F 3M HDH O @DC 

'(62-> %BGDNGI &/9T .4 %24*2/'&82 .0 '(62 -%2/' (/ '12 .%2/ &46- .0 '12 6&72 

=JKL "ADS O HDG UF 3M SADN O NDG UF %BGD"NID 

?2&4 *./9('(./(/8 9(9 /.' 42<2&) &/; 2002*'- .0 3M ./ :&-2)(/2 04227(/8 

:21&<(.,4 .4 ./ 04227(/8 :21&<(.,4 9,4(/8 '4&(/(/8 =9&'& /.' -1.5/I> -,%%.4'(/8 

 

Figure 3. V002*'- .0 3M ./ 

5&'24 6&72 &*+,(-('(./ R4&<2) 
9(-'&/*2 '. '12 1(992/ 

%)&'0.46 5&- -(6()&4 (/ :.'1 

JKL &/9 3M &/(6&)- =:.'1 
84.,%- /B@GF %BGD@HI 

 
Figure 4. V002*'- .0 3M ./ 02&4 *./9('(./(/8 WD 3M 9.2- /.' &002*' '12 &6.,/' .0 04227(/8 
:21&<(.,4 (/ 42-%./-2 '. '12 *./'2Q' =%BGD"EID PD M,4(/8 *,29 02&4 *./9('(./(/8> 3M &/(6&)- 

=/B@GI -1.5 (/*42&-29 04227(/8 (/ 42-%./-2 '. '12 /.<2) 2/<(4./62/' =%BGDGGCI &/9 &/ 

(/*42&-29 04227(/8 :21&<(.,4 (/ 42-%./-2 '. '12 './2 512/ *.6%&429 '. *./'4.)- =:.'1 84.,%-> 

/B@G> %XGDGEI 



 

 !" 

$%& '($)(' $%*$ +, -(&. '($ *//&0$ (1&2*33 *'4)&$5 )' /&6*3& 2*$. 3*$&2 )' 3)/&7 

89&'$5 /(:2 %(:2. 3*$&2 ;-:2)'< $%& 0('$&4$:*3 $&.$;  =($% <2(:>. .%(9&- 

0(6>*2*=3& /2&&?)'< =&%*1)(:2 @ABCDEF G7!HC >FG7DEC /)<:2& "*I7 J%)3& 

0('$&4$:*3 /&*2 0('-)$)(')'< 9*. '($ *//&0$&- =5 +,C &4>(.:2& $( * '(1&3 

&'1)2('6&'$ H" %2. */$&2 $%& 0:&;.%(0K $2*)')'< -)- 2&.:3$ )' &3&1*$&- 3&1&3. (/ 

/2&&?)'< )' +, 0(6>*2&- $( LMN *')6*3. @>FG7GGHC /)<:2& "=I7 O:=.&P:&'$ 

&4>(.:2& $( $%& &*23)&2 0:& )' $%). '(1&3 &'1)2('6&'$ 0*:.&- &4$&'.)1& /2&&?)'< 

=&%*1)(:2C 9%)0% *3.( -)//&2&- .)<')/)0*'$35 =&$9&&' +, *'- LMN *')6*3. 

@>QG7GEC /)<:2& "=I7 

Discussion 
R' $%& >2&.&'$ .$:-5C 9& .%(9 $%*$ * %).$(25 (/ &*235 6*$&2'*3 -&>2)1*$)(' &4&2$. 

3*.$)'< &//&0$. (' %)>>(0*6>*3 .$2:0$:2& *'- /:'0$)(' )' *-:3$ /&6*3& (//.>2)'<7 

S-:3$ /&6*3& 2*$. &4>(.&- $( +, &*235 )' 3)/& .%(9&- * 3(9&2 0&33 ':6=&2 *'- 

0&33 -&'.)$5 )' $%& TLU *'- .)<')/)0*'$ -&'-2)$)0 2&;*22*'<&6&'$ (/ ,T 

'&:2('.7 N( &//&0$. (/ +, *$ VN, D 9&2& /(:'- (' %)>>(0*6>*3 '&:2(<&'&.). 

)' *-:3$ /&6*3& 2*$.C )'-)0*$)'< $%*$ $%& -&02&*.&- '&:2(<&'&.). */$&2 +, 

2&>(2$&- &*23)&2 *$ VN, HB @M(6&' &$ *37C HGG!I -(&. '($ 3*.$ )'$( *-:3$%((-7 

J& *3.( (=.&21&- .:2>2).)'<35 3)$$3& &//&0$ (/ +, (' .5'*>$)0 >3*.$)0)$5 )' $%& ,T 

*'- (' %)>>(0*6>*3;-&>&'-&'$ 3&*2')'< $*.K.7 J%)3& 9& %*1& '( )'-)0*$)(' 

$%*$ +, *3$&2. <&'&2*3 *'4)&$5 )' *-:3$ /&6*3& 2*$.C *65<-*3*;-&>&'-&'$ /&*2 

6&6(25 */$&2 +, 9*. )6>2(1&-7  

"ffects of maternal de/ri1ation on structural /arameters of the dentate g5rus. 
R' (:2 0:22&'$ +, 6(-&3 (/ &*235 3)/& .$2&..C $%& &3&1*$&- 0(2$)0(.$&2('& 3&1&3. )' 

$%& 2*$ >:> (00:2 *$ $%& =&<)'')'< (/ $%& *')6*3W. .$2&.. %5>(2&.>('.)1& >&2)(- 

@M(6&' &$ *37 HGG!I7 8%). 0()'0)-&. 9)$% * 02:0)*3 >&2)(- )' ,T -&1&3(>6&'$ 

@S3$6*' *'- X*5&2 B!!G*Y B!!G=I *. *2(:'- $%). $)6&C &4$&'.)1& 6)<2*$)(' (/ 

$%& .&0('-*25 6*$2)4 $*K&. >3*0&C $%*$ <)1&. 2).& $( $%& )''&2 $9( $%)2- (/ $%& 

TLU7 V2&1)(:.35C 9& %*1& .%(9' $%*$ H"% (/ +, (' VN, D -&02&*.&. $%& 

':6=&2 (/ -(:=3&0(2$)';>(.)$)1& 0&33.C )7&7 )66*$:2& '&:2('.C )' $%2&&;9&&K. (3- 

/&6*3&. @M(6&' &$ *3C HGG!I7 M$%&2. %*1& .%(9' $%*$ +, )'02&*.&. 0&33 -&*$% 

)' $%& )'/*'$ 2*$ %)>>(0*6>:.C )'-&>&'-&'$ (/ .&4 @U3(2&'$& &$ *37 HGG!Y Z%*'< 

&$ *37 HGGHI7 R' *--)$)('C (' VN, BH * 6(-&.$ )'02&*.& )' ,T <3)* 0&33 ':6=&2 

9*. /(:'- */$&2 +, (' VN, ! @U3(2&'$& &$ *3C HGG!I7 R'$&2&.$)'<35C 

'&:2(>2($&0$)1& &//&0$. (/ 0*30):6;=)'-)'< >2($&)'. )' )'/*'$ 2*$. .:=[&0$&- $( 

+, 9&2& ('35 /(:'- )' 6*3& =:$ '($ /&6*3& (//.>2)'< @U&>%*2$ *'- J*$.(' 

B!!!I7 8%&.& 0&33:3*2 &//&0$. (/ +, (' $%& )'/*'$ /&6*3& %)>>(0*6>:. -:2)'< * 

02:0)*3 >%*.& )' ,T -&1&3(>6&'$C )' 0(6=)'*$)(' 9)$% $%& *>>*2&'$ 3*0K (/ 

>2($&0$)1& 6&0%*').6. )' /&6*3&.C 6*5 &4>3*)' $%& 3*.$)'< 2&-:0$)(' )' TLU 

':6=&2 */$&2 +, )' $%). .$:-57 

S'($%&2 >2(6)'&'$ /)'-)'<C )' *--)$)(' $( $%& 2&-:0$)(' )' TLU ':6=&2 

*'- -&'.)$5C ). $%& *3$&2&- -&'-2)$)0 6(2>%(3(<5 (/ $%& )'-)1)-:*3 ,T '&:2(' 

*/$&2 &*235 3)/& .$2&..7 A&6*3&. .:=[&0$&- $( +, )' )'/*'05 .%(9 *' )'02&*.&- 
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#$%&'( *+ ,(-%.(/ 0'#0(-1'2 '31'#0-#4 +(*% 15' 2*%.6 7-15*$1 '++'812 *# 15' 

1*1.9 0'#0(-1-8 9'#415: ;15'( 21$0-'2 5.<' (',*(1'0 '++'812 *+ 15' '.(9/ 9-+' 

'#<-(*#%'#1 *# 0'#0(-1-8 8*%,9'3-1/ -# <.(-*$2 5-,,*8.%,.9 2$&+-'9026 &$1 15-2 

7.2 %.-#9/ 0*#' -# %.9'2 .#0 8*%,.('0 '-15'( #.1$(.9 9'<'92 *+ %.1'(#.9 8.(' 

=>.4*1 '1 .9: ?@@!A B5.%,.4#' '1 .9: ?@@CD6 *( 21$0-'0 9*7 %.1'(#.9 8.(' 

-#0$8'0 .+1'( 85(*#-8 21('22 =>($#2*# '1 .9: ?@@"D: E# 15'2' 21$0-'26 . ('0$81-*# -# 

0'#0(-1-8 %.226 0'#0(-1-8 8*%,9'3-1/ .#0 2,-#' 0'#2-1/ 7.2 +*$#0: F5' ('2$912 

+(*% 15' ,('2'#1 21$0/ 0* #*1 ('<'.9 .# *<'(.99 0'#0(-1-8 .1(*,5/ *( 9*22 *+ 

8*%,9'3-1/6 &$1 (.15'( . 5-45'( #$%&'( *+ ,(-%.(/ 0'#0(-1'26 75-85 -2 $2$.99/ . 

2-4# *+ %*(' %.1$(' #'$(*#2 =B9.-&*(#' '1 .9: G!!@D: ;$( ('2$912 15'('+*(' 

2$44'21 15.1 HI6 75'# .88*%,.#-'0 &/ '#5.#8'0 8*(1-8*21'(*-0 5*(%*#' 

9'<'926 '<'# 15*$45 9'<'92 #*(%.9-J' -# .0$915**06 /-'902 +'7'( 4(.#$9.( 8'992 -# 

+'%.9' *++2,(-#4: K'1 15'2' 8'992 0* 5.<' . %*(' %.1$(' ,5'#*1/,': 

 
Functional conse3uences of maternal de$ri7ation. 

B5(*#-8 '.(9/ 9-+' 21('22 .#0 9*7 9'<'92 *+ %.1'(#.9 8.(' .(' L#*7# 1* -%,.-( 

MFN -# .('. BOP =>($#2*# '1 .9: ?@@"D6 BOG =B5.%,.4#' '1 .9: ?@@CD .#0 -# 

15' IQ =>.4*1 '1 .9: ?@@!D: HI .92* -%,.-(2 21('22 -#0$8'0 9.1'R,5.2' MFN 

('-#+*(8'%'#1 -# 15' IQ =Q($22 '1 .9: ?@@CD: S*7'<'(6 .99 15'2' 21$0-'2 7'(' 

,'(+*(%'0 -# %.9'2: E# 15' ,('2'#1 21$0/6 #* '++'812 *+ HI 7'(' +*$#0 *# MFN 

-# 15' IQ *+ +'%.9' (.126 #*( 0-0 8*(1-8*21'(*#' .,,9-8.1-*# .++'81 MFN -# 

8*#1(*9 *( HI .#-%.92: F5-2 -#0-8.1'2 15.1 . ('0$8'0 QBM #$%&'( .#0 

0'#2-1/6 .#0 .# .91'('0 0'#0(-1-8 8*%,9'3-1/ 0* #*1 #'8'22.(-9/ -#+9$'#8' 15' 

.&-9-1/ 1* '9-8-1 2/#.,1-8 ,9.21-8-1/: E# 15-2 21$0/6 7' 21-%$9.1'0 15' %'0-.9 

,'(+*(.#1 ,.15 .#0 ('8*(0'0 15' +TNUN +(*% 15' %*9'8$9.( 9./'(: O ,*22-&9' 

'3,9.#.1-*# +*( 15' 9.8L *+ HI -#0$8'0 '++'812 *# MFN 8*$90 &' 15.1 ,$1.1-<' 

'++'812 *# 2/#.,1-8 1(.#2%-22-*# .(' *#9/ '3,('22'0 .1 *15'( =,('2'#19/ #*1 

-#<'21-4.1'0D 2/#.,1-8 -#,$12 1* 15' IQ: O# .91'(#.1-<' '3,9.#.1-*# 8*$90 &' 

15.1 15' 85.#4'2 -# IQ 8'99 #$%&'( .(' 8*%,'#2.1'0 +*( &/ 15' 85.#4'2 -# 

0'#0(-1-8 %*(,5*9*4/: 

E# 15' ,('2'#1 21$0/6 +'%.9'2 '3,*2'0 1* ?V5 HI *# NWI P 7'(' #*1 

.91'('0 -# 15'-( ,'(+*(%.#8' -# 15' 7.1'( %.J'6 . 2,.1-.9 9'.(#-#4 1.2L 

0','#0'#1 *# .# -#1.81 5-,,*8.%,$2 =U85'#L .#0 H*((-2 G!C"D: O915*$45 

*15'( 21$0-'2 5.<' 25*7# .# -%,.-(%'#1 *+ 7.1'( %.J' .8X$-2-1-*# .+1'( HI 

%*219/ -# %.9'2 =O-2. '1 .9: ?@@YA B5*/ '1 .9: ?@@CA Q.(#'( '1 .9: ?@@YA H'99* '1 

.9: ?@@!A ;-1J9 '1 .9: ?@@@A Z/2.9 '1 .9: ?@@"D: ;#' 21$0/ ('4.(0-#4 15' '++'812 *+ 

HI *# 2,.1-.9 9'.(#-#4 -# +'%.9'2 +*$#0 .# '#5.#8'0 .8X$-2-1-*# =N(/8' .#0 

['90*# ?@@PD6 .2 *,,*2'0 1* 15' -%,.-(%'#1 -# %.9'2: E# .00-1-*# 1* 15' 7.1'( 

%.J' 0.1. 7' +*$#0 15.1 15' %'%*(/ *+ . +'.(+$9 8*#1'31 7.2 $#85.#4'0 .+1'( 

HI: ;$( 8*%&-#'0 '9'81(*,5/2-*9*4-8.9 .#0 &'5.<-*$(.9 0.1. 15'('+*(' 2$44'21 

15.1 -# +'%.9' (*0'#12 ?V5 HI .1 NWI P 0*'2 #*1 ,(*+*$#09/ .91'( 

5-,,*8.%,.9 +$#81-*# 9.1'( -# 9-+'6 0'2,-1' 15' 85.#4'2 -# #$%&'( *+ 8'992 .#0 

,(-%.(/ 0'#0(-1'2 ,'( 8'996 .915*$45 .1 . #'$(*#.9 9'<'96 *$( 0.1. -2 ('21(-81'0 1* 

+-#0-#42 -# 15' IQ: 



 

 !" 

$% &'()*'+ ,-, +./0 )1 '1.)12', &3''4-15 3'+6/1+' 7/ 7.' 7/1' 0.'1 

7'+7', &/3 3'7'17-/1 -1 ) 28', &')3 2/1,-7-/1-15 6)3),-5(9 :'()3;)<*=> &3''4-15 

<'.)?-/83 0)+ )*3'),= '*'?)7', <'&/3' 7.' 7/1'9 @.-+ -1,-2)7'+ 7.)7 )&7'3 $%> 

&'()*'+ +./0 /?'3)** .-5.'3 )1A-'7= *'?'*+> <87 7.-+ 0)+ 1/7 2/1&-3(', <= ,)7) 

/1 7.' 73)-1-15 6.)+' /& &')3 2/1,-7-/1-15> 2/17'A78)* &')3 2/1,-7-/1-15> 1/3 <= 

<'.)?-/83 -1 7.' '*'?)7', 6*8+ ()4'9 @.' ,-&&'3'12'+ -1 28' &')3 2/1,-7-/1-15 

()= 7.'3'&/3' 3'&*'27 ) +6'2-&-2 -123')+' -1 7.' ('(/3= /& '(/7-/1)* '?'17+9 

B')3 2/1,-7-/1-15 2)1 <' (/,8*)7', C7/ +/(' 'A7'17D <= 2.)15'+ -1 7.' 

2/37-2/+7'3/-, *'?'* CE/3,'3/ '7 )*9 F!!GH I85. '7 )*9 F!!JD9 K'7> -7 +''(+ 81*-;'*= 

L)*7./85. -7 2)11/7 <' 38*', /87 2/(6*'7'*=M 7.)7 7.' '&&'27+ /& $% /1 28', &')3 

2/1,-7-/1-15 )3' (',-)7', <= $% ,'6'1,'17 ,-&&'3'12'+ -1 2-328*)7-15 *'?'*+ /& 

2/37-2/+7'3/1' )7 7.' 7-(' /& 73)-1-15 /3 3'7'17-/1> +-12' 0' ,-, 1/7 /<+'3?' 

+-51-&-2)17 '&&'27+ /& $% /1 +73'++M-1,82', 2/37-2/+7'3/1' *'?'*+9 N1+7'),> 0' 

/<+'3?', ,'23')+', <)+)* *'?'*+ /& 2/37-2/+7'3/1' )&7'3 $%> </7. )7 IO% PF )1, 

-1 PMQ (/17.+ /*, &'()*' 3)7+9 I/++-<*=> 2.)15'+ )&7'3 $% +82. )+ 7.' */0'3 

<)+)* 2/37-2/+7'3/1' *'?'*> )*7'3 ,'1,3-7-2 2/(6*'A-7= /& 63-12-6)* 1'83/1+ -1 7.' 

<)+/*)7'3)* )(=5,)*)> 0.-2. -+ <'*-'?', 7/ <' 23-7-2)* &/3 28', ('(/3=9      

N1 2/12*8+-/1> 0' +./0 7.)7 ) +'?'3' (/,'* /& ')3*= *-&' +73'++ 3',82'+ 

RES 18(<'3 )1, ,'1+-7= )1, -1,82'+ )1 )*7'3', 1'83/1)* (/36./*/5= -1 7.' 

&'()*' /&&+63-159 @.-+ -1,-2)7'+ 7.)7 7.' 63/(-1'17 2.)15'+ -1 1'83/5'1'+-+ )7 

7.3'' 0'';+ )&7'3 $% CT/('1 '7 )*9> PUU!D )3' 3'?'3+-<*'> <87 ()= .)?' */15M

*)+7-15 2/1+'V8'12'+ &/3 7/7)* 1'83/1 18(<'3+9 @.-+ <')3+ 3'*'?)12' 7/ 7.' 

/<+'3?)7-/1 7.)7 ,'63'++', 0/('1 0-7. ) .-+7/3= /& ')3*= *-&' +73'++ 0'3' &/81, 

7/ .)?' ) 3',82', .-66/2)(6)* ?/*8(' CW=7.-*-15)( '7 )*9 PUUPD9 N17'3'+7-15*=> 

+7382783)* 2.)15'+ -1 ),8*7 &'()*' 3)7+ 0-7. ) .-+7/3= /& ')3*= $% +''( 7/ .)?' 

1/ ()X/3 2/1+'V8'12'+ &/3 %R +=1)67-2 6*)+7-2-7= 1/3 &/3 .-66/2)(68+ 

,'6'1,'17 *')31-15 )1, ('(/3= 63/2'++'+> )7 *')+7 1/7 -1 7.' 63'+'17*= 8+', 

7)+;+9 :)7.'3> 2/12833'17 0-7. 7.' +7382783)* 2.)15'+ -1 7.' .-66/2)(68+> 

)(=5,)*) &8127-/1 ()= <' )*7'3', -1 7.'+' &'()*'+ )+ ) 2/1+'V8'12' /& $%9 

YA2'++-?' )(=5,)*) )27-?)7-/1 7/ &')3&8* +-78)7-/1+ -+ ) 2/1+-+7'17 &-1,-15 -1 

,'63'++', -1,-?-,8)*+ CZ<'323/(<-' '7 )*9 F!!GH %3'?'7+ '7 )*9 F!!PH S'66)1'1 

PUU"D9 [' 7.'3'&/3' +6'28*)7' 7.)7 ) 63/*/15', 3-+' -1 <)+)* 2/37-2/+7'3/-, *'?'*+ 

,8' 7/ ')3*= *-&' +73'++ ()= 2/173-<87' 7/ +7382783)* 2.)15'+ -1 *-(<-2 )3')+9 @.-+ 

2/8*, '?'178)**= 2)8+' <'.)?-/83)* ,=+&8127-/1> 6)37-28*)3*= 7.' 63/2'++-15 /& 

'(/7-/1)* C3)7.'3 7.)1 1'873)*D '?'17+9  
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@.' O'7.'3*)1,+D &/3 7'2.1-2)* )++-+7)12'H \//6 ?)1 ]''3-;.8-4' CO'7.'3*)1,+ 
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