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!" #$%&''  
$ou can feel stressed (out)3 4e under a lot of stress3 find something stressful3 or 

have stress. Although the word stress is commonl= used in ever= da= life3 the 

exact definition of stress is not a simple one. @n the context of this thesis3 stress 

refers to the encounter of a potentiall= threatening3 generall= uncontrolla4le 

situation (or soAcalled stressor) and the su4seBuent ph=siological response of the 

4od= to this threat. Stressors can 4e ps=chological or ph=sical in nature and ma= 

last for considera4le periods of time AliDe an unhapp= famil= lifeA or can 4e as 

acute as a spider dropping from the ceiling.  
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@n a stressful situation3 certain ph=siological s=stems are activated that ena4le an 

appropriate 4ehavioural response (De Floet et al3 GHHI). Jirst of all3 via the 

autonomic nervous s=stem s=mpathetic activit= is enhanced3 resulting in higher 

levels of (nor)adrenalineK paras=mpathetic activit= is suppressed. Collectivel=3 

this decreases digestive activit=3 increases heart rate and 4lood pressure and 

heightens attention3 which is sometimes referred to as the Mfight or flight (or 

fright) responseN (Cannon3 !OGO). Next to this3 the other major stress s=stem is 

activatedR the h=pothalamoApituitar= adrenal (SPA) axis (figure !). Uhe end 

product of the SPAAaxis is the stress hormone cortisol (or corticosterone in 

rodents)3 which facilitates a.o. release of glucose from storage sites and enhances 

cognitive processing. Uhrough this3 the stress response ensures effective coping 

with threats and is for this reason highl= adaptive and strongl= preserved 

throughout evolution (Forte et al.3 GHHI). $et3 when stress is persistent and 

fighting or fleeing does not result in the relief of the stressor3 prolonged 

activation of the stress s=stem ma= threaten 4odil= homeostasis (McWwen and 

Wingfield3 GHH"K de Floet et al.3 GHHI).  

Uhese different phases of stress were noticed 4= Sans Sel=e as earl= as 

in !O"Y. Sel=e descri4ed an initial alarm response3 a su4seBuent phase of 

resistance and a final stage of exhaustion (Sel=e3 !OOZ). @ndeed3 a vast amount of 

literature has shown that long term glucocorticoid exposure can increase the 

chance to develop e.g. meta4olic disorders and various mental illnesses such as 

post traumatic stress disorder and depression. 
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After release of corticosterone from the adrenal cortex into the circulation3 the 

hormone reaches all parts of the 4od= and passes the 4lood 4rain 4arrier to 

enter the 4rain. [ia the 4rain and pituitar= gland it terminates its own 

production through negative feed4acD regulation3 reinstating homeostasis. 

Corticosterone 4inds to two receptors3 the mineralocorticoid (M\)3 (\eul and 

de Floet3 !OZI) and glucocorticoid receptor (]\)3 (McWwen and Wallach3 

!O7"). Negative feed4acD primaril= occurs via the paraventricular nucleus 

(P[N) of the h=pothalamus and pituitar=3 where corticosterone 4inds ]\ and 
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2. The Hippocampus 
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2.1. Anatomy  
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Figure 2. $%& %'(()*+,(-.5 E5 $%& 7&01 %&,'.(%&3& )0 1%& 3+1 <3+'/ A+3)-/; <3&4,+ GI5HC= 
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06&-, *& *., -,/*1(H *& *., C,$*')6 &' *,(/&')6 /)'*H E.#0. #- #$ 06&-, /'&7#(#*; 

*& *., )(;4:)6) >)$ )6(&$:M-.)/,: $106,1-H #$C&6C,: #$ *., /'&0,--#$4 &% 

,(&*#&$-A8 N&*. *., .#//&0)(/1- )$: *., )(;4:)6) )', /)'* &% *., 6#(5#0 

-;-*,(H )$ ,C&61*#&$)'; &6: -;-*,( *.)* #- #(/6#,: #$ *., ',416)*#&$ &% ,(&*#&$- 

)$: *., :,*,0*#&$ &% $&C,6*; >N'&0)H !"O"? P)/,QH !KKRA8  

 

2.2. Function 

9., .#//&0)(/1- /6);- ) ()F&' '&6, #$ 6,)'$#$4 )$: (,(&'; /'&0,--,-8 

=6*.&14. #* #- *& ) 6)'4, ,7*,$*H $&* *., -#*, %&' 6&$4 *,'( (,(&'; -*&')4,H #* #- 

-&(,*#(,- ',%,'',: *& )- *., S4)*,E); *& (,(&';@8 = E,66 T$&E$ /)*#,$* E.& #- 

&%*,$ :#-01--,: #$ *.#- ',-/,0* #- U,$'; V&6)#-&$ >U8V8AH E.& -1%%,',: %'&( 

-,C,', ,/#6,/-;8 =- ) %#$)6 *',)*(,$* &/*#&$H .#- 6,%* )$: '#4.* (,:#)6 *,(/&')6 

6&5, 0&$*)#$#$4 5&*. .#//&0)(/# >)$: )(;4:)6)A E,', -1'4#0)66; ',(&C,:8 9.#- 

',-16*,: #$ ) :#-)5#6#*; *& %&'( $,E (,(&'#,- >)$*,'&4'):, )($,-#)A )$: #$ 

)::#*#&$ *& *.#-H ., 6&-* ) -15-*)$*#)6 /)'* &% .#- &6: (,(&'#,-H )* 6,)-* *., (&', 

',0,$* &$,- >',*'&4'):, )($,-#)AH >G0&C#66, )$: V#6$,'H IJJJA8 W,/&'*- %'&( 

&*.,' /)*#,$*- .)C, 0&$%#'(,: *.)* *., .#//&0)(/1- #- #(/&'*)$* #$ :,06)')*#C, 

(,(&';H #8,8 *., (,(&'; &% ,C,$*- )$: %)0*-H 51* $&* /'&0,:1')6 (,(&'; &' 

E&'T#$4 (,(&'; >X&6)MV&'4)$ ,* )68H !K"YA8 9., #:,) *.)* *., .#//&0)(/1- #- 

) *,(/&')'; -*&')4, -#*, %&' #$%&'()*#&$H *.)* #- 6)*,' 0&$-&6#:)*,: #$ *., 

$,&0&'*,7 0&(,- %'&( *., &5-,'C)*#&$ *.)* U8V8@- 6&$4 *,'( (,(&'; E)- -*#66 

#$*)0* #- ',%,'',: *& )- *., S-*)$:)':@ *.,&'; &% (,(&'; 0&$-&6#:)*#&$ >GZ1#',H 

!K"YA8 = ',0,$* -*1:; 1-#$4 %VWL %1'*.,' -1//&'*- *.#- #:,) &% S*,(/&')'; 

-*&')4,@? 9)T)-.)(# )$: 0&66,)41,- :,(&$-*')*,: *.)* *., $,,: %&' 

.#//&0)(/1- )0*#C)*#&$ E.#6, ',0)66#$4 /',C#&1-6; -*&',: #$%&'()*#&$H !"#$"%&"& 

&C,' *#(, >9)T)-.#() ,* )68H IJJYA8 

 

BOX 1. Dentate gyrus structure, function and development 
 

=66 ,7/,'#(,$*- :,-0'#5,: #$ *.#- *.,-#- *.)* )--,-- (&'/.&6&4#0)6 )$: 

,6,0*'&/.;-#&6&4#0)6 /'&/,'*#,- &% *., .#//&0)(/1-H E,', /,'%&'(,: #$ *., 

.#//&0)(/)6 :,$*)*, >*&&*.M-.)/,:A 4;'1- &% *., ')*8 9., :,$*)*, 4;'1- >23A 

>G0.)'%()$H IJJOA #- *., %#'-* .#//&0)(/)6 -15%#,6: #$ *., *'#-;$)/*#0 0#'01#*'; 

)$: 0&$-#-*- &% ) /'#$0#/)6 0,66 6);,' >*., 4')$16, 0,66 6);,'A *.)* 0&$*)#$- 
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$%&'() *+%',(- '-,+.'/0 % $.(-1,(%+ (%)-+ 23-+- 43- %5&1%( 6-'6+&4-/ .7 

*+%',(- 1-((/ +-/&6- %'6 % 5.()$.+53&1 (%)-+ .+ 3&(,/0 23&13 &/ -'1(./-6 8) 43- 

*+%',(- 1-(( (%)-+ 9:;<=> :+%',(- '-,+.'/ 3%?- % 1.'- /3%5-6 %5&1%( 

6-'6+&4&1 4+-- %'6 %' %@.' +,''&'* 43+.,*3 43- 3&(,/ 5+.A-14&'* 4. 43- ;BC> 

D3- 9%55+.@&$%4-() C 1-((/ 2&6-= 8.+6-+ 8-42--' 43- 3&(,/ %'6 43- *+%',(- 

1-(( (%)-+ &/ 1%((-6 43- /,8*+%',(%+ E.'-0 % *-+$&'%4&?- $%4+&@ 23-+- %6,(4 

'-,+.*-'-/&/ .11,+/ 9/-- 5%+%*+%53 C=>  

F-/&6-/ *+%',(- '-,+.'/0 42. .43-+ $%&' 1-(( 4)5-/ 1%' 8- 

6&/4&'*,&/3-6 &' 43- 6-'4%4- *)+,/0 43- $.//) 1-(( %'6 43- 6-'4%4- 5)+%$&6%( 

8%/G-4 1-((> D3- $.//) 1-((/ %+- (.1%4-6 &' 43- 3&(,/ %'6 +-1-&?- -@4-'/&?- 

5+.A-14&.'/ 7+.$ 43- *+%',(- '-,+.'/0 $%&'() *(,4%$%4-+*&10 %'6 5+.A-14 8%1G 

,5.' 43- *+%',(- 1-((/ &' %'.43-+ 5%+4 %(.'* 43- /-54.4-$5.+%( %@&/> D3- 

5)+%$&6%( 8%/G-4 1-((/ %+- :BFB-+*&1 &'4-+'-,+.'/ 43%4 1%' 8- 7.,'6 &' 43- 

/,8*+%',(%+ E.'-> D3-/- 1-((/ 7.+$ % /4+.'* &'3&8&4.+) &'5,4 .' 43- *+%',(- 

1-(( 8.6&-/ 9H&G -4 %(>0 !""I=> D3- 6-'4%4- *)+,/ +-1-&?-/ &4/ $%A.+ &'5,4 7+.$ 

(%)-+ JJ .7 43- -'4.+3&'%( 1.+4-@ 43+.,*3 43- 5-+7.+%'4 5%43 9H4-2%+6 %'6 

H1.?&((-0 !"IK=> D3- 5-+7.+%'4 5%43 1%' 8- /,86&?&6-6 &' 43- $-6&%( %'6 

(%4-+%( 5-+7.+%'4 5%43L 43- (%4-+%( 5%43 5+.A-14/ $%&'() 4. 43- .,4-+ 5%+4 .7 43- 

$.(-1,(%+ (%)-+ %'6 43- $-6&%( 5-+7.+%'4 5%43 4. 43- &''-+ 5%+4> M,'14&.'%(()0 

43- 6-'4%4- *)+,/ 3%/ 8--' 5+.5./-6 %/ % N7&(4-+O 7.+ 43- 3&55.1%$5,/ 9P/,0 

QRRI=> D3- *+%',(- 1-(( 5.5,(%4&.' .7 43- 6-'4%4- 9.7 %55+.@&$%4-() ! $&((&.' 

'-,+.'/ &' 43- +%40 F.// -4 %(>0 !"ST=0 .,4',$8-+/ 43- ;BC 5)+%$&6%( 1-(( 

5.5,(%4&.'> U,(4&5(- *+%',(- 1-((/ 5+.A-14 ,5.' % /&'*(- ;BC '-,+.'> J' 

5%+%((-(0 &4 &/ ,'(&G-() 43%4 6&77-+-'4 ;BC 5)+%$&6%( 1-((/ +-1-&?- &'5,4 7+.$ 

43- /%$- /,8/-4 .7 6-'4%4- '-,+.'/ 9B$%+%( -4 %(>0 QRRI=>  

V-*%+6&'* 43- 6-?-(.5$-'4 .7 43- 6-'4%4- *)+,/ 9B(4$%' %'6 F%)-+0 

!""R80 !""R%=0 &4 6-?-(.5/ $./4() 5./4'%4%(() %'6 +-4%&'/ % ,'&W,- 7.+$ .7 

/4+,14,+%( 5(%/4&1&4) &'4. %6,(43..6 &>-> 43- 8&+43 .7 '-2 '-,+.'/> J' /3.+40 43- 

1-'4+%( '-+?.,/ /)/4-$ /4%+4/ %/ % 3.((.2 /4+,14,+-0 43- '-,+%( 4,8-0 7+.$ 

23&13 43- 3.((.2 &'/&6- 6-?-(.5/ &'4. 43- ?-'4+&1,(%+ /)/4-$> D3- 8+%&' 

6-?-(.5/ &' %' &'/&6-X.,4 7%/3&.' %'6 '-,+.'/ %+- *-'-+%4-6 7+.$ 5+-1,+/.+ 

1-((/ %(&*'&'* 43- &'/&6- .7 43- 4,8-0 43- /. 1%((-6 /,8?-'4+&1,(%+ E.'-0 23&13 &/ 

43- 5+&$%+) *-+$&'%4&?- $%4+&@> M+.$ 43&/ /&4-0 '-,+.'/ $&*+%4- 4.2%+6/ 43- 

.,4/&6- %'6 1+-%4- 43- 1.+4&1%( +-*&.'/> B(( 3&55.1%$5%( '-,+.'/ %+- %(/. 

*-'-+%4-6 &' 43- ?-'4+&1,(%+ E.'- %'6 &' +%4/0 %'6 1-((/ 7+.$ 43&/ 5+&$%+) 

$%4+&@ $&*+%4- &'4. 5(%1- %+.,'6 -$8+).'&1 6%) !S 9;BX+-*&.'=> B 

/-1.'6%+) *-+$&'%4&?- $%4+&@ 8,&(6/ ,5 %4 43- /,8?-'4+&1,(%+ E.'- %'6 7+.$ 

43&/0 %+.,'6 43- 4&$- .7 *-/4%4&.' 9-$8+).'&1 6%) Q!=0 43- .,4-+ .'-X43&+6 .7 

43- 6-'4%4- $&*+%4-/ &'4. 5(%1- 97&*,+- C=> P.2-?-+0 $./4 .7 43- 6-'4%4- *)+,/ 

&/ 6-?-(.5-6 5./4'%4%(() 6,+&'* 23&13 43- /,5+%5)+%$&6%( (%)-+ &/ 7.+$-6 

7&+/40 7.((.2-6 8) 43- &'7+%5)+%$&6%( (%)-+> F-42--' 5./4'%4%( 6%) 9YZ[= C 

%'6 !\ 43- $&*+%4&.' % /-1.'6%+) %'6 4-+4&%+) *-+$&'%4&?- $%4+&@ .11,+/ % 

5+.1-// 13%+%14-+&E-6 8) 3&*3 (-?-(/ .7 1-(( 5+.(&7-+%4&.'> B4 43- 8.+6-+ .7 43- 

*+%',(- 1-(( (%)-+ %'6 43- 3&(,/0 1-(( 6&?&/&.' 7+.$ 43- 4-+4&%+) *-+$&'%4&?- 
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#$%&'( *+,%',-./ ',%+ $0-1%2++0 3$1%2+-42 $% $ 1+5.& 1.6.17 4'6',4 &'/. %+ %2. 

8&+*.// +9 $0-1% ,.-&+4.,./'/:  

 
Figure 3. ;.,%$%. 4<&-/ 0.6.1+8#.,% ', %2. &$%: =11 *.11/ +&'4',$%. ', %2. 8&'#$&< #$%&'( +9 
%2. /->6.,%&'*-1$& ?+,. 3@AB7 $1+,4 %2. 5$11 +9 %2. 1$%.&$1 6.,%&'*1.: C, %2. 0$< +9 4./%$%'+, 3D 

!EF!!7 %2. +-%.& +,.G%2'&0 +9 %2. 4&$,-1. *.11 1$<.& #'4&$%./ ',%+ 81$*. 34&$,-1. *.11 1$<.&H 0$&I 

4&.<J K=G&.4'+,H 1'42% 4&.<7: =&+-,0 LM; N %2. #'4&$%'+, +9 %2. ',,.& %5+G%2'&0 +9 %2. 4&$,-1. 

*.11 1$<.& +**-&/ ':.: %2. /.*+,0$&< 4.&#',$%'6. #$%&'(O 52'*2O $9%.& 9-&%2.& 0'6'/'+, 4'6./ &'/. %+ 

%2. %.&%'$&< 4.&#',$%'6. #$%&'( %2$% '/ .6.,%-$11< *+,9',.0 %+ %2. /->4&$,-1$& ?+,. 3LM; P7: 

Q2'/ %.&%'$&< #$%&'( &.8&./.,%/ %2. /'%. +9 9-%-&. $0-1% ,.-&+4.,./'/: =0$8%.0 9&+# 

R.#8.&#$,,O !""SO >$/.0 +, T'*I#$,, .% $1O EUPVJ =1%#$, $,0 W$<.&O EUU"$O EUU">: 

 

  

X, &+0.,%/O /8$%'$1 #.#+&< *$, >. &.4$&0.0 $/ $ 9+&# +9 0.*1$&$%'6. #.#+&< 

$,0 '/ .$/'1< %./%$>1.: Q2. 2'88+*$#8-/ '/ ,.*.//$&< 9+& /8$%'$1 1.$&,',4 $,0 

#.#+&<O $/ *$, >. /2+5, ', $ 9&.Y-.,%1< -/.0 /8$%'$1 ,$6'4$%'+, %$/I 9+& 

&+0.,%/H %2. Z+&&'/ 5$%.& #$?. %$/I 3Z+&&'/O EUP[7: X, %2. Z+&&'/ 5$%.& #$?. 

$,'#$1/ 1.$&, %+ ./*$8. $ *'&*-1$& /5'##',4 8++1 6'$ $ 81$%9+&# %2$% '/ 2'00., 

-,0.& %2. 5$%.& /-&9$*.: Q2. 2'88+*$#8-/G0.8.,0.,% 6.&/'+, +9 %2. %$/I 



!"#$%&' )* +&,&'#- .,%'/012%3/, 

 !" 

$%&'(&)* +,) $%+)-./+$'% '0 *1/+$/( $%0'.2/+$'% 0.'2 3$*+/( 45)* '5+*$3) +,) 1''(6 

7$+, +,$* $%0'.2/+$'% /%$2/(* /.) 8)($)&)3 +' 0'.2 / *1/+$/( 2/1 +,/+ +,)9 5*) 

+' %/&$-/+) +':/.3* +,)$. -'/( $6)6 +,) 1(/+0'.26 ;% $%+/4+ ,$11'4/215* $* 4.54$/( 

0'. +,) 1).0'.2/%4) $% +,$* +/*< =>4,)%< /%3 ?'..$*@ "ABCD6 ;%$2/(* :$+, / 

,$11'4/215* 3/2/-) ,':)&).@ /.) *+$(( /8() +' 0$%3 / 1(/+0'.2 +,/+ ,/* 8))% 

2/.<)3 $% *'2) :/9 =.)-/.3)3 /* %'%E*1/+$/( '. 45)3 ()/.%$%-D@ =>4,)%< /%3 

?'..$*@ "ABCD6 F,) $3)/ +,/+ +,) ,$11'4/215* 4/% 0'.2 / *1/+$/( 2/1 '0 +,) 

*5..'5%3$%- )%&$.'%2)%+ :/* 3$*4'&).)3 89 GHI))0) /%3 J'*+.'&*<9 $% "AK" 

:,' 0'5%3 +,/+ ,$11'4/21/( %)5.'%* '%(9 0$.) $% / *1)4$0$4 *1/+$/( ('4/+$'%L / 

1,)%'2)%'% +,/+ $* .)0)..)3 +' /* M1(/4) 4)((*H =GNI))0) /%3 J'*+.'&*<9@ "AK"D6 

O'+, -./%5() %)5.'%* /%3 19./2$3/( %)5.'%* '0 +,) P; .)-$'% 05%4+$'% /* 

1(/4) 4)((*6 

 Q% :,$4, 0'.2 2)2'.$)* /.) *+'.)3 /%3 :,/+ 4/% 8) 4'%*$3).)3 /* +,) 

/4+5/( M*+'./-) *$+)H '0 $%0'.2/+$'%@ ,/* $%+.$-5)3 *4$)%+$*+* 0'. 4)%+5.$)*6 ;+ +,) 

4)((5(/. ()&)(@ / *9%/1+$4 4'%+/4+ 8)+:))% +:' %)5.'%* 4/% 8) *+.)%-+,)%)3 

:,)% .)1)/+)3 0$.$%- '0 +,) 1.)*9%/1+$4 4)(( $* 0'((':)3 89 /4+$&/+$'% '0 +,) 

1'*+*9%/1+$4 4)((6 F,$* 1.$%4$1() $* 8)*+ 3)*4.$8)3 89 M%)5.'%* +,/+ 0$.) +'-)+,).@ 

:$.) +'-)+,).H /%3 $* 4/(()3 R)88$/% ()/.%$%- =R)88@ "ASAD6 F,$* 0'.2 '0 

*9%/1+$4 1(/*+$4$+9 4/% .)*5(+ $% *+.)%-+,)%$%- '0 4).+/$% %)5.'%/( 4'%%)4+$'%* 

0'. / *58*+/%+$/( 1).$'3 '0 +$2)@ /%3 :/* *,':% /+ +,) %)+:'.< ()&)( +,.'5-, +,) 

1.'4)** '0 ('%-E+).2 1'+)%+$/+$'% =TFUD@ =O($** /%3 T'2'@ "AKVD6 T'%-E+).2 

1'+)%+$/+$'% ='.@ :,)% 4'%%)4+$'%* :)/<)%W ('%-E+).2 3)1.)**$'%D $* 4'%*$3).)3 

+' 8) +,) 4)((5(/. *58*+./+) 0'. ()/.%$%- =U/*+/(<'&/ )+ /(6@ !XXYL 7,$+('4< )+ /(6@ 

!XXYD6 

 ;* 2)%+$'%)3 $% *)4+$'% "6!@ +,) ,$11'4/215* $* ,$-,(9 /00)4+)3 89 

*+.)** /%3 *+.)** ,'.2'%)*6 P'.+$4'*+).'%) ,/* 1.'0'5%3 )00)4+* '% /6'6 %)5.'%/( 

0$.$%- ./+)* /%3 *9%/1+$4 1(/*+$4$+9 /%3@ +,.'5-, +,/+@ '% ()/.%$%- /%3 2)2'.9 

=Z')(* )+ /(6@ !XXYD6 J)1)%3$%- '% +,) +$2$%- /%3 $%+)%*$+9@ *+.)** /%3['. 

4'.+$4'*+).'%) 4/% )%,/%4) =I'.\ /%3 ].)9@ !XXVL 7$)-).+ )+ /(6@ !XXYD '. 

$21/$. =]'9 )+ /(6@ "ABKL J$/2'%3 )+ /(6@ "AA!L ;(0/.)\ )+ /(6@ !XX!D +,) 3)-.)) '0 

TFU '. )&)% $%354) TFJ =I$2 /%3 J$/2'%3@ !XX!D6 Q% *522/.9@ +,) 

,$11'4/215* $* / &).9 $%+).)*+$%- +/.-)+ :,)% *+539$%- +,) )00)4+* '0 *+.)** '% 

+,) 8./$%@ %'+ '%(9 8)4/5*) $+ $* $%&'(&)3 $% +,) *+.)** .)*1'%*) /%3 ,$-,(9 

/00)4+)3 89 *+.)** ,'.2'%)*@ 85+ /(*' 8)4/5*) +,$* 8./$% .)-$'% $* / <)9 

4'21'%)%+ '0 +,) )&).93/9 4'-%$+$&) /8$($+$)* '0 /%$2/(* /%3 ,52/%* /($<)6  

 

2.3. The hippocampus in depression 

;* 2)%+$'%)3@ +,) ,$11'4/215* $* '%) '0 +,) 2/^'. +/.-)+* /%3 2'35(/+'.* '0 

+,) RU;E/_$*6 J)1.)**$'% /%3 '+,). *+.)**E.)(/+)3 3$*'.3).* /.) 8)($)&)3 +' 

/00)4+ +,) ,$11'4/215* $* *)&)./( :/9*6 ]$.*+@ / .)354+$'% $% ,$11'4/21/( 

&'(52) ,/* 8))% '8*).&)3 $% 3)1.)**$&) 1/+$)%+* =;_)(*'% )+ /(6@ "AAVL O.)2%). 

)+ /(6@ !XXXL >,)($%)@ !XXVL P/218)(( )+ /(6@ !XXSL Z/%**)% )+ /(6@ !XXSL `$3)8)4, 

/%3 a/&%<$(3)@ !XXSD +,/+ *))2* +' 4'..)(/+) :$+, 3$*)/*) *)&).$+9 =?/4b5))% 

)+ /(6@ !XXVD6 ; *)4'%3 '8*).&/+$'% *511'.+$%- +,) $%&'(&)2)%+ '0 +,) 

,$11'4/215* $% 3)1.)**$'% $* +,/+ 1/+$)%+* 4/% *500). 0.'2 4,/%-)* $% 4'-%$+$&) 



 

 !!

"#$%&'($'$) +#%, -+ ./%0-1-&'2/ 3/3(14 56(07(8'&9 /& -0:; <==>? @/0-$("" /& -0:; 

!AA<-B '$ C-1-00/0 8'&, ,'CC(%-3C-0 2(0#3/ 0(++ 5D,/0'$/ /& -0:; <===B:  

 E,/ #$./104'$) 3/%,-$'+3+ (" ,'CC(%-3C-0 2(0#3/ 0(++ -1/ +&'00 #$./1 

./F-&/: E,/ G#/+&'($ /3/1)/+ 8,/&,/1 - +3-00/1 ,'CC(%-3C#+ '$ ./C1/++'($ '+ - 

%-#+/ (1 %($+/G#/$%/ (" &,'+ .'+(1./1: H &8'$ +&#.4 '$ C-&'/$&+ +#""/1'$) "1(3 

I(+& E1-#3-&'% D&1/++ J'+(1./1 5IEDJB; 8,'%, '+ -0+( %,-1-%&/1'9/. F4 

,'CC(%-3C-0 2(0#3/ 0(++; ./3($+&1-&/. &,-& %(3F-& 2/&/1-$+ 8'&, IEDJ -$. 

&,/'1 ,/-0&,4; $($K/LC(+/. &8'$ F1(&,/1+ F(&, ,-2/ - +3-00/1 ,'CC(%-3C#+ &,-$ 

%($&1(0 +#FM/%&+ 5N'0F/1&+($ /& -0:; !AA!B: O$ ./C1/++'($ ,(8/2/1; &,/ %-#+-&'2/ 

1/0-&'($ '+ 0/++ %0/-1; -0&,(#), - 1/%/$& +&#.4 +,(8/. &,-& F(&, ./C1/++/. 

C-&'/$&+ -$. C/(C0/ -& ,'), 5)/$/&'%B 1'+7 "(1 ./C1/++'($ ,-2/ - +3-00/1 

,'CC(%-3C#+ -$. &,-& /-104 0'"/ -.2/1+'&4 -0+( %-#+/+ 2(0#3/ 1/.#%&'($ 5P-( /& 

-0:; !A<AB: O$&/1/+&'$)04; '$ 8(3/$ 2(0#3/ 1/.#%&'($ 8-+ 1/C(1&/. ($04 '$ 

C-&'/$&+ &,-& -0+( /LC/1'/$%/. %,'0.,((. -F#+/ 5Q4&,'0'$)-3 /& -0:; !AA!B; 

'$.'%-&'$) &,-&; -& 0/-+& '$ 8(3/$; &,'+ /$2'1($3/$&-0 "-%&(1 3-4 C0-4 -$ 

'3C(1&-$& 1(0/ '$ &,/ ./2/0(C3/$& (" ./C1/++'($: 

 E,/ +(#1%/ (" &,/ 2(0#3/ 1/.#%&'($ '$ ./C1/++/. C-&'/$&+ '+ $(& 1/+(02/. 

4/&: O& %(#0. F/ %-#+/. F4 0(8/1 %/00 $#3F/1+ (1 F4 - 1/.#%&'($ '$ &,/ $/#1(C'0; 

)0'-; 34/0'$-&'($ (1 8-&/1 %($&/$&; "(1 /L-3C0/: O" %/00 $#3F/1+ -1/ 1/+C($+'F0/; 

&,/ G#/+&'($ %-$ F/ 1-'+/. 8,/&,/1 &,'+ '+ .#/ &( '$%1/-+/. -C(C&(+'+ (1 

./%1/-+/. 5./2/0(C3/$&-0 (1 -.#0&B $/#1()/$/+'+ 5+// +/%&'($ RB: S$&'0 $(8; $( 

.'""/1/$%/+ ,-2/ F//$ 1/C(1&/. '$ &,/ -3(#$& (" -C(C&(+'+ '$ C(+& 3(1&/3 &'++#/ 

(" ./C1/++/. C-&'/$&+ 5T#%-++/$ /& -0:; !AA<? U#00/1 /& -0:; !AA<B: 6,/&,/1 -.#0& 

$/#1()/$/+'+ %(#0. C0-4 - 1(0/ '$ &,/ /&'(0()4 (" ./C1/++'($ ,-+ F//$ +#FM/%& &( 

./F-&/: J-&- "1(3 -$'3-0 +&#.'/+ +,(8 &,-& 3($(-3'$/ 0/2/0+ 3-4 F/ $/%/++-14 

"(1 &,/ 3-'$&/$-$%/ (" $/#1()/$/+'+ 5@1/9#$ -$. J-+9#&-; <===? V-%(F+ /& -0:; 

!AAAB -$. '$ -..'&'($ &( &,'+; -.#0& $/#1()/$/+'+ '+ #C1/)#0-&/. F4 3-$4 

-$&'./C1/++-$& &1/-&3/$&+ 5J#3-$ /& -0:; !AA<? U-0F/1) -$. D%,/%,&/1; !AA>? 

@-$-+1 -$. J#3-$; !AAWB -$. .(8$1/)#0-&/. F4 +&1/++ 5+// +/%&'($ R:>B: E,/+/ 

"'$.'$)+ 0/. &( &,/ "(13#0-&'($ (" &,/ X$/#1()/$'% ,4C(&,/+'+ (" ./C1/++'($Y 

5V-%(F+ /& -0:; !AAA? J#3-$; !AAZB; +&-&'$) &,-& ./%1/-+/. 0/2/0+ (" $/#1()/$/+'+ 

3-4 F/ '$2(02/. '$ &,/ /&'(0()4 (" ./C1/++'($ -$. &,-& $(13-0'9'$) $/#1()/$/+'+ 

-+ - 1/+#0& (" -$&'./C1/++-$& &1/-&3/$& 8'00 %($&1'F#&/ &( &,/ 1/%(2/14 "1(3 

./C1/++'($: E,'+ ,4C(&,/+'+ 8-+ 0-&/1 +#CC(1&/. F4 &,/ "'$.'$) &,-& &,/ 

F/,-2'(#1-0 /""/%& (" F(&, &1'%4%0'% -$&'./C1/++-$&+ 5E[H+B -$. +/0/%&'2/ 

+/1(&($'$ 1/K#C&-7/ '$,'F'&(1+ 5DDPO+B 1/G#'1/ -.#0& ,'CC(%-3C-0 $/#1()/$/+'+ 

5D-$&-1/00' /& -0:; !AARB: E,'+ ,4C(&,/+'+ '+ G#/+&'($/. ,(8/2/1; %($+'./1'$) &,/ 

0(8 (%%#11/$%/ (" $/#1()/$/+'+ '$ -.#0& ,#3-$+ 5P/'" /& -0:; !AA\? @(0.1'$' /& 

-0:; !AA=? T#%-++/$ /& -0:; !A<A-B: U(1/(2/1; 1/%/$& +&#.'/+ ,-2/ "(#$. &,-& 

-$&'./C1/++-$&+ %-$ ,-2/ F(&, $/#1()/$/+'+K./C/$./$& -$. $/#1()/$/+'+K

'$./C/$./$& 3/%,-$'+3+ (" -%&'($ 5D#1)/& /& -0:; !AA]? J-2'. /& -0:; !AA=B: O& 

+//3+ &,-& $/#1()/$/+'+; -0&,(#), -$ '3C(1&-$& %(3C($/$& (" ,'CC(%-3C-0 

+&1#%&#1-0 C0-+&'%'&4; '+ - 1/C1/+/$&-&'2/ +#F+&1-&/ (" ./C1/++'($K (1 

-$&'./C1/++-$&K'$.#%/. %,-$)/+; 1-&,/1 &,/$ - C'2(&-0 %-#+-0 C0-4/1 '$ &,'+ 

C1(%/++ 5D-,-4 -$. ^/$; !AAW? T#%-++/$ /& -0:; !A<AFB:  
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3. Adult hippocampal neurogenesis 
$%&'()%*%+,+ ,* -.&/01((. ,+ '%+0',20%. 0( - 3%'4 /,5,0%. +%0 (6 7'-,* '%),(*+8 

91,+ :'(2%++ ,6 %;0'%5%/4 +%*+,0,3% 0( /,6% %;:%',%*2%+< -+ =,// 7% %;:/-,*%. 7%/(=8  

 

3.1. Historical perspective  
>(' /(*)< 01% 7'-,* =-+ 01(&)10 0( 7% :(+0?5,0(0,2 -*. ,*2-:-7/% (6 )%*%'-0,*) 

*%= *%&'(*+ .&',*) -.&/0 /,6%8 @(=%3%'< +0&.,%+ ,* 01% ABCDE+ 74 F(+%:1 G/05-* 

&+,*) 0',0,-0%. H"@I?0145,.,*%< =1,21 ,*2(':('-0%+ ,*0( 01% J$G (6 .,3,.,*) 

2%//+< .%5(*+0'-0%. 01% :'%+%*2% (6 *%=7('* *%&'(*+ ,* 01% -.&/0 '-0 7'-,* 

KG/05-*< ABC!L8 @% 6(&*. 01-0 *%&'()%*%+,+ =-+ 5(+0/4 '%+0',20%. 0( 01% 

+&7)'-*&/-' M(*% K01% 7('.%' (6 01% )'-*&/% 2%// /-4%' =,01 01% 1,/&+L ,* 01% 

.%*0-0% )4'&+ KG/05-*< ABC"N G/05-* -*. J-+< ABCOL -*. 01% +&73%*0',2&/-' 

M(*% KPQRL< 6'(5 =1,21 2%//+ 5,)'-0% 0( 01% (/6-20('4 7&/7 KG/05-*< ABCBN 

S-:/-* -*. @,*.+< ABTTL8 91% ,*,0,-/ 6,*.,*)+ =%'% '%2%,3%. =,01 +2%:0,2,+5 -*. 

,0 =-+ *(0 &*0,/ 01% %-'/4 ABBDE+ 01-0 -.&/0 *%&'()%*%+,+ 7%2-5% -* -22%:0%. 

:1%*(5%*(*8 91,+ =-+ 5-,*/4 -00',7&0-7/% 0( :,(*%%',*) +0&.,%+ (* 

*%&'()%*%+,+ ,* +(*)7,'.+ KU(/.5-* -*. $(00%7(15< ABV"L< +1(=,*) 6&*20,(*-/ 

,*0%)'-0,(* (6 *%=7('* *%&'(*+ ,*0( 01% *%&'(*-/ *%0=('W KX-0(* -*. 

$(00%7(15< ABVYL -*. -* %;:%',%*2%?.%:%*.%*0 '%)&/-0,(* (6 *%&'()%*%+,+ 

KZ-'*%- -*. $(00%7(15< ABBYN S,'* %0 -/8< ABBYN Z-'*%- -*. $(00%7(15< 

ABBCL8 G.&/0 1,::(2-5:-/ *%&'()%*%+,+ ,* '(.%*0+ =-+ 2(*6,'5%. 74 U(&/. -*. 

2(//%-)&%+< '%3%-/,*) 01% ,.%*0,04 (6 01% *%=7('* 2%//+ -+ *%&'(*+ 74 .(&7/%?

/-7%//,*) =,01 01% *%&'(*-/ 5-'W%' [*%&'(*?+:%2,6,2 %*(/-+%\ K]-5%'(* %0 -/8< 

ABB"L8 G'(&*. 01% +-5% 0,5%< 01% +4*01%0,2 0145,.,*% -*-/()&% Z'.^ KO?

7'(5(?"E?.%(;4&',.,*%< +%% -/+( 7(; !L =-+ ,*0'(.&2%. KS&1* %0 -/8< ABBCL< 

)'%-0/4 6-2,/,0-0,*) *%&'()%*%+,+ '%+%-'218 Z'.^< /,W% H"@I 0145,.,*%< 

,*2(':('-0%+ ,*0( 01% J$G (6 .,3,.,*) 2%//+ 7&0 -//(=+ ,55&*(1,+0(21%5,2-/ 

:'(2%++,*) 01%'%74 %*-7/,*) +0%'%(/(),2-/ _&-*0,6,2-0,(*8 G 6%= 4%-'+ /-0%'< 01% 

%;,+0%*2% (6 -.&/0 1,::(2-5:-/ *%&'()%*%+,+ ,* 01% 1&5-* 7'-,* =-+ 

.%5(*+0'-0%. K`',W++(* %0 -/8< ABBVL8 9()%01%'< 01%+% 6,*.,*)+ 0',))%'%. -* 

%;:(*%*0,-/ ,*2'%-+% ,* +2,%*0,6,2 ,*0%'%+0 -*. :&7/,2-0,(*+< '%6/%20,*) - +1,60 ,* 

*%&'(+2,%*2% .()5- 6'(5 +0'&20&'-/ ',),.,04 0( -* -.-:0,3% +0'&20&'-/ :/-+0,2,048 

 

3.2. From stem cell to neuron  
G.&/0 *%&'()%*%+,+ ,+ '%)-'.%. -+ - '%5*-*0 (6 7'-,* .%3%/(:5%*0 01-0 

2(*0,*&%+ 0( (22&' ,* 2%'0-,* '%+0',20%. -'%-+ KP%', %0 -/8< !DDAL8 91% +0%5 2%// 

:(:&/-0,(* ,* 01% 1,::(2-5:-/ .%*0-0% )4'&+ (',),*-0%+ 6'(5 01% PQR 

Ka,2W5-** %0 -/8< ABVTL< =1%'%-+ 01% PQR ,0+%/6 '%5-,*+ 01% (01%' +,0% (6 -.&/0 

*%&'()%*%+,+8 91%+% 0=( *%&'()%*,2 '%),(*+ (6 01% -.&/0 7'-,* K(6 =1,21 b =,// 

6(2&+ (* 01% .%*0-0% )4'&+ 6'(5 *(= (*L :'(3,.% - :%'5,++,3% 

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

K$P]+LN - 5&/0,:/% :1-+% :'(2%++ 01-0< -+ - =1(/%< ,+ '%6%''%. 0( -+ *%&'()%*%+,+ 

K+%% 7(; !L8 P0%5 2%//+ 1-3% 7%%* ,+(/-0%. 6'(5 -.&/0 1,::(2-5:-/ 0,++&% Ka-4 %0 

-/8< ABB"N X-/5%' %0 -/8< ABBOL -*. 01% +&7)'-*&/-' M(*% +%%5+ :-'0,2&/-'/4 



 

 !"

#$%&'( *# * +'$,-.'+%/ +%/0' ($' &- %&# %+&'+#' 1*#/$2*,%3*&%-+ 45*26', '& *278 

!999: *+( ,'.%-+*2 #;'/%<%/ *#&,-/=&' ;-;$2*&%-+# 4>-+. '& *278 !99!:7  

>&%228 %& 0*# ?''+ (%#;$&'( @0'&0', &0' 0%;;-/*6;$# */&$*22= /-+&*%+# 

#&'6 /'22# @%&0 $+2%6%&'( #'2< ,'+'@*2 ;,-;',&%'# 4>'*?',. *+( 1*+ (', A--=8 

!99!:7 >- <*,8 +- 'B/2$#%1' C+'$,*2 #&'6 /'22 6*,D',E 'B%#&#8 6*D%+. %& (%<<%/$2& &- 

'B*/&2= %('+&%<= &0' #&'6 /'22 ;--27 F'1',&0'2'##8 %& 0*# ?''+ #0-@+ &0*& ;$&*&%1' 

F>G# %+ &0' #$?.,*+$2*, 3-+' 0*1' ;,-;',&%'# -< *#&,-/=&'# *+( #0-@ * 

6-,;0-2-.%/*2 ,'#'6?2*+/' &- ,*(%*2 .2%* /'22# 4>',% '& *278 !99H:7 F>G# .'+',*&' 

#-I/*22'( &,*+#%'+&2= *6;2%<=%+. ;,-.'+%&-, /'22# ?= *#=66'&,%/*2 (%1%#%-+7 J0'#' 

&,*+#%'+&2= *6;2%<=%+. ;,-.'+%&-, /'22# *,' +-& /-+#%(','( .'+$%+' #&'6 /'22#8 ?$& 

/*+ $+(',.- #=66'&,%/*2 /'22 (%1%#%-+8 'B;*+(%+. &0' ;,-.'+%&-, ;--28 -, /*+ 

$+(',.- *#=66'&,%/*2 (%1%#%-+8 .'+',*&%+. /'22# -< &0' +'$,*2 2%+'*.' &0*& 

(%<<','+&%*&' %+&- +'$,-+#7 K$,%+. &0' 2*&&', ;,-/'##8 /'22# 2'*1' &0' ;,'/$,#-, /'22 

#&*.' *+( '+&', * ;-#&I6%&-&%/ ;0*#' ($,%+. @0%/0 (%<<','+&%*&%-+ *+( 

6*&$,*&%-+ &*D'# ;2*/' 4A'6;',6*++ '& *278 !99":7 

J0' (%<<','+& ('1'2-;6'+&*2 #&*.'# <,-6 #&'6 /'22 &- 6*&$,' +'$,-+ /*+ 

?' %('+&%<%'( ?= /-6?%+%+. %+<-,6*&%-+ ,'.*,(%+. &0' ;,-2%<',*&%1' *?%2%&= 

4A'6;',6*++ '& *278 !99":8 ;,-&'%+ 'B;,'##%-+ ;*&&',+8 (%<<','+&%*&%-+ #&*&$# 

4>'D%8 !99!L M,*+(& '& *278 !99NL A,-+'+?',. '& *278 !99NL O%.+-+' '& *278 !99"L 

>',% '& *278 !99"L >&'%+', '& *278 !99":8 *+( #;'/%<%/ 6-,;0-2-.%/*2 4P%2%;;-1 '& *278 

!99NL 52$6;' '& *278 !99Q: *+( '2'/&,-;0=#%-2-.%/*2 ;,-;',&%'# 4P$D$(* '& *278 

!99NL R6?,-.%+% '& *278 !99"?:7 K%<<','+& @*=# -< /*&'.-,%3*&%-+ 0*1' ?''+ 

;,-;-#'( 4>',% '& *278 !99H:8 ?$& 0',' S @%22 ('#/,%?' &0' +-6'+/2*&$,' *//-,(%+. 

&- A'6;',6*++ '& *28 !99"7 J0' F>G# -< &0' #$?.,*+$2*, 3-+' @0%/0 #0-@ 

6-,;0-2-.%/*2 /0*,*/&',%#&%/# -< ,*(%*2 .2%* *,' +*6'( &=;'IH /'22# *+( ;-##'## * 

2-+. ;,-/'## ;,-&,$(%+. &0' TGU 4>',% '& *278 !99H: 4>',% '& *28 !99HL P%2%;;-1 '& 

*28 !99N:7 J0'#' *#&,-/=&'I2%D' /'22# 'B;,'## &0' %+&',6'(%*&' <%2*6'+&# TPR5 

4.2%*2 <%?,%22*,= */%(%/ ;,-&'%+8 * 6*,D', <-, *#&,-/=&'#: *+( +'#&%+ 4$#'( *# * 

6*,D', <-, ;,'/$,#-, /'22 */&%1%&=:7 J0' &,*+#%'+&2= *6;2%<=%+. ;,-.'+%&-, /'22# 

*,' /*&'.-,%3'( *# &=;' ! *+( &=;' N /'22#7 J=;' ! /'22# 'B;,'## +'#&%+8 0*1' #0-,& 

;,-/'##'# &0*& ,$+ ;*,*22'2 &- &0' .,*+$2' /'22 2*=', *+( *,' 0%.02= ;,-2%<',*&%1'7 

>-6' -< &0'#' /'22# 'B;,'## &0' 6%/,-&$?$2' *##-/%*&'( ;,-&'%+ (-$?2'/-,&%+ 

4KGV8 #'' ?-B !:8 * 6*,D', <-, %66*&$,' +'$,-+# 4P,*+/%# '& *278 HWWW: ('<%+%+. 

&0'6 *# &=;' !? 42'*1%+. /'22# @%&0-$& KGV @%&0 &0' 2*?'2 &=;' !*:7 J=;' N /'22# 

*,' KGV ;-#%&%1' ?$& (- +- 2-+.', 'B;,'## +'#&%+7 R2&0-$.0 #-6' -< &0' &=;' N 

/'22# /*+ #&%22 (%1%('8 6-#& -< &0'#' =-$+. +'$,-+# $+(',.- 6-,;0-2-.%/*2 

6*&$,*&%-+8 ,*(%*2 6%.,*&%-+ *+( 'B&'+( ('+(,%&'# %+&- &0' .,*+$2' /'22 2*=', 

*+( #$?#'X$'+& 6-2'/$2*, 2*=',7 P-, 6-,' ('&*%2# -+ &0' 6-,;0-2-.%/*2 

6*&$,*&%-+8 #'' ?-B !7   

 

BOX 2: Visualizing neurogenesis 
F'@?-,+ +'$,-+# /*+ ?' %('+&%<%'( %66$+-0%#&-/0'6%/*22= %+ ?,*%+ #'/&%-+#8 

?*#'( -+ &0' 'B;,'##%-+ -< /',&*%+ ;,-&'%+# *+( Y-, &0' $#' -< ?%,&0I(*&' 

6*,D',# 2%D' M,(Z7 F'$,-.'+'#%# %# * 6$2&%I#&*.' ;,-/'##8 *+( &0',' *,' 
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$%&'$( )*+,(&%- (.)*(--(/ 01 ,2( 3(44 /$*&%5 (632 -,65(7 8(*(9 : ;&44 /(-3*&0( 

,2*(( 3+<<+%41 $-(/ ;61- ,+ &/(%,&=1 %($*+5(%(-&- *6%5&%5 =*+< 3(44 

)*+4&=(*6,&+%9 3(44 -$*>&>64 ,+ %($*+%64 <6,$*6,&+%7 

Cell proliferation ? 3+<<+% ;61 ,+ &/(%,&=1 )*+4&=(*6,&%5 3(44- &- 01 

&<<$%+2&-,+32(<&364 -,6&%&%5 =+* ,2( 3(44 3134( <6*@(* A&BCD7 E2( )*+,(&% 

A&BCD &- (.)*(--(/ /$*&%5 644 63,&>( )26-(- += 3(44 /&>&-&+% FGH9 IB)26-( G! 

6%/ <&,+-&-J 0$, &- 60-(%, &% *(-,&%5 3(44- FGKJ7 :,- (.63, =$%3,&+% &% 3(44 3134( 

*(46,(/ 63,&>&,&(- &- $%@%+;% FI32+4L(% 6%/ G(*/(-9 !KKKJ7 I&%3( ,2( 3(44 

3134( += 6/$4, 2&))+36<)64 %($*+5(%(-&- 46-,- 6*+$%/ !M 2+$*-9 

'$6%,&=&36,&+% += A&BCD )+-&,&>( 3(44- *(=4(3,- ,2( %$<0(* += )*+4&=(*6,&%5 3(44- 

6- )*(-(%, /$*&%5 ,2( 46-, /617 

Ne6born cell survival ?- <(%,&+%(/ &% ,2( ,(.,9 ,2( $-( += "B0*+<+BNOB

/(+.1$*&/&%( FP*/QJ 5*(6,41 =63&4&,6,(/ *(-(6*32 &% 6/$4, %($*+5(%(-&-7 E2&- 

-1%,2(,&3 ,21<&/&%( 6%64+5 &%3+*)+*6,(- &%,+ ,2( RS? += /&>&/&%5 3(44- 01 

0&%/&%5 ,+ 6/(%+-&%( &% /+$04(B-,*6%/(/ RS?7 := 460(44(/ 3(44- /&>&/( 656&%9 

0+,2 /6$52,(* 3(44- ;&44 64-+ 0( 460(44(/ ;&,2 P*/Q9 64,2+$52 ,2( 326%3( += 

/&4$,&+% &%3*(6-(- 6=,(* <$4,&)4( /&>&-&+%-7 P*/Q 36% 0( /(,(3,(/ &% ,2( %$34(& 

+= 3(44- $-&%5 &<<$%+2&-,+32(<&-,*1 6%/ )*+>&/(- &%=+*<6,&+% 60+$, ,2( 

)*+4&=(*6,&+% +* -$*>&>64 *6,( += 3(44-9 /()(%/&%5 +% ,2( ,&<( 0(,;((% &%T(3,&+% 

6%/ -63*&=&3( += ,2( 6%&<647 P*/Q &- ,2+$52, ,+ &%3+*)+*6,( &%,+ RS? ;&,2&% 

! 2+$*- 6%/ 36% 0( /(,(3,(/ =+* 1(6*-7 E2&- )*+>&/(- 6 $-(=$4 ,++4 =+* ,&<&%5 

-,$/&(- 6%/ 6, ,2( <+<(%, 64-+ +,2(* 264+5(%6,(/ ,21<&/&%( 6%64+5- (.&-, 

F4&@( :/Q 6%/ U4/QJ9 +==(*&%5 )+--&0&4&,&(- += -,$/1&%5 -$*>&>64 += <$4,&)4( 3(44 

)+)$46,&+% 0+*% 6, /&==(*(%, ,&<( )+&%,- &% 5*(6,(* /(,6&4 FV(56 6%/ W(,(*-+%9 

!KK"J7 

Neuronal maturation; neurogenesis E2( )*+,(&% /+$04(3+*,&% +* RUX &- 6 

<&3*+,$0$4( 6--+3&6,(/ )*+,(&% FY?WJ9 ;2&32 &- 6 =6<&41 += )*+,(&%- &%>+4>(/ 

&% ,2( -,60&4&L6,&+% += <&3*+,$0$4(- 6%/ 3*&,&364 ,+ ,2( <&5*6,&+% 6%/ 

<6,$*6,&+% += /(>(4+)&%5 %($*+%- FZ*6%3&- (, 6479 H[[[\ Y(1(* (, 6479 !KK!J 

6%/ &- =*('$(%,41 $-(/ &% 6/$4, %($*+5(%(-&- *(-(6*32 F]6+ 6%/ I2(,,19 !KKMJ7 

:% 2$<6%-9 6 <$,6,&+% &% ,2( XB4&%@(/ RUX 5(%(9 *(-$4,- &% ,2( %($*+%64 

<&5*6,&+% /&-+*/(* 3644(/ ^/+$04(3+*,(. -1%/*+<(_ &% ;+<(%9 +* 

4&--(%3()2641 &% <(% F/(- W+*,(- (, 6479 H[[`J7 RUX (.)*(--&+% &- ,2+$52, ,+ 

0( *(-,*&3,(/ ,+ 3(44- += %($*+%64 4&%(65( FY(1(* (, 6479 !KK!J 6%/ &- (.)*(--(/ 

F&% *6,-J ,1)&36441 &% 3(44- $) ,+ HM /61- +4/9 0$, &, 36% -,&44 0( )*(-(%, &% N ;((@ 

+4/ 3(44- 6- ;(44 FP*+;% (, 6479 !KKNJ7 ?4,2+$52 6 -$0)+)$46,&+% += RUXB

)+-&,&>( 3(44- &- -,&44 /&>&/&%5 FP*+;% (, 6479 !KKN\ A*+%(%0(*5 (, 6479 !KKNJ9 ,2( 

<6T+*&,1 += RUXB)+-&,&>( 3(44- 6*( &% ,2( )26-( += %($*+%64 <6,$*6,&+%7 RUX 

=63&4&,6,(- %($*&,( +$,5*+;,2 6%/ 3(44 <&5*6,&+% 01 -,60&4&L&%5 <&3*+,$0$4& 6%/ 

&, &- (.)*(--(/ &% ,2( 31,+)46-<9 %($*&,(- 6%/ 5*+;,2 3+%(- += 1+$%5 %($*+%- 

FZ*&+3+$*, (, 6479 !KKN\ I3266* (, 6479 !KKMJ7 :, &- )+--&04( ,+ /&-,&%5$&-2 

/&==(*(%, )26-(- += <6,$*6,&+% ,2*+$52 <+*)2+4+5&364 326*63,(*&L6,&+% += 

RUXB)+-&,&>( 3(44- 6- ;6- 36,(5+*&L(/ 01 W4$<)( (, 649 !KKC9 =&5$*( M9 6%/ 

6))4&(/ &% 326),(*- N 6%/ M7  



 

 !"

 

 
Figure 4. $%&'(%)%*+,-) ,-./*%&+0-.+%1 %2 3%45)/,%&.+1 '%6+.+7/ ,/))6 +1 645.8'/6 9 .(&%4*( :; 
<1 .(/ )/2. 6+3/= - 3/6,&+'.+%1 %2 .(/ >%&'(%)%*+,-) ,(-&-,./&+6.+,6 %2 ?@AB'%6+.+7/ ,/))6= 

&-1*+1* 2&%> 6>-)) 6%>- -13 C+.(%4. 1/4&+./6 D9E .% - >%&/ >-.4&/ 1/4&%1-) '(/1%.8'/ C+.( 

%1/ )-&*/ '&+>-&8 3/13&+./ .(-. /F./136 +1.% .(/ >%)/,4)-& )-8/& D:E; <1 .(/ &+*(. 6+3/= -1 

&/'&/6/1.-.+7/ /F->')/ %2 3%45)/,%&.+1B6.-+1/3 5&-+1 >-./&+-) 2&%> G C//H6 %)3 -1+>-)6; I/&/= 

6/7/&-) %2 .(/6/ >%&'(%)%*+,-) ,/)) .8'/6 ,-1 5/ 3+6.+1*4+6(/3; D93-'./3 2&%> J)4>'/ /. -)= 

!KK"E; 

 

3.3. Numbers and significance  

L1 .(/ 8%41* -34). &-.= -&%413 MKKK 1/C 1/4&%16 -&/ */1/&-./3 '/& 3-8 

D@->/&%1 -13 $,N-8= !KKOE= &/2)/,.+1* -''&%F+>-./)8 OP %2 .(/ .%.-) *&-14)/ 

,/)) '%'4)-.+%1; Q(/ 14>5/& %2 R&3SB'%6+.+7/ ,/))6 -2./& - 6+1*)/ +1T/,.+%1 +6 

3%45)/3 +1 .(/ 2+&6. !U (%4&6= &/-,(+1* - >-F+>4> 14>5/& -2./& V 3-86 +1 >+,/ 

DN&%1/15/&* /. -);= !KKVE %& GBOK 3-86 +1 &-.6 DI-6.+1*6 -13 W%4)3= OMMMX 

J-)>/& /. -);= !KKKE; ?%45)/B)-5/))+1* C+.( N+B"G +13+,-./3 .(-. ,/))6 /F+. .(/ ,/)) 

,8,)/ -2./& U 3-86 -13 34&+1* .(/ 1/F. .(&// C//H6 -&%413 YKZ %2 .(/6/ 

1/C5%&1 ,/))6 3+/ D?-8/& /. -);= !KKVE= >%6. )+H/)8 34/ .% -'%'.%6+6 DR+/5) /. -);= 

!KKKE; 92./& .(+6 '/&+%3= *&-14)/ ,/))6 .(-. 64&7+7/ &/>-+1 6.-5)/ +1 14>5/&6 2%& - 

)%1* .+>/ D?-8/& /. -);= !KKVX N/>'/&>-11 /. -);= !KKVE; [/C5%&1 1/4&%16 -&/ 

.-&*/./3 58 -F%16 %&+*+1-.+1* +1 .(/ /1.%&(+1-) ,%&./F DQ%1+ /. -);= !KKGE= -13 +1 

-33+.+%1 3/7/)%' 241,.+%1-) 681-'6/6 %1 .(/+& .-&*/. ,/))6 +1 .(/ @9V &/*+%1 

DI-6.+1*6 -13 W%4)3= OMMMX Q%1+ /. -);= !KK\E; 

 9).(%4*( .(/ &-./ %2 -34). 1/4&%*/1/6+6 &-'+3)8 3/,)+1/6 34&+1* -*+1* +1 

&%3/1.6 DN4(1 /. -);= OMM"X I/+1/ /. -);= !KKU-E= )%C )/7/)6 '/&6+6. +1 7/&8 %)3 

-1+>-)6 DN4(1 /. -);= OMM"X N/>'/&>-11 /. -);= OMM\E C(+,( &/64).6 +1 - )%C 54. 

6./-38 -33+.+%1 %2 1/C 1/4&%16 .% .(/ *&-14)/ ,/)) )-8/&; 934). 5%&1 1/4&%16 

>%6. )+H/)8 &/')-,/ '-&. %2 .(/ *&-14)/ ,/)) '%'4)-.+%1 .(-. C-6 2%&>/3 /-&)8 +1 

%1.%*/18 D?-8/& /. -);= !KKVE +1+.+-))8 &/64).+1* +1 - 1/. *&%C.( %2 .(/ W@] +1 
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 !" 

$%&'()*+ ,%*) -./'-0 &1$.(2 )3' 4.$*) 0'5$ %4 -.4' 6750'$ ') 5-8+ 9:;!< 7%** ') 5-8+ 

9:;=>8 ?5)'$ .( -.4'+ 5 @%(*)5() @'-- (1,A'$ .( )3' BC? 35* A''( %A*'$D'&+ 

.(&.@5).(2 )35) )3'$' .* 5 A5-5(@' A')E''( )3' -'D'-* %4 ('1$%2'('*.* 5(& 

5F%F)%*.* 67%** ') 5-8+ 9:;=< G5FF 5(& B5--523'$+ 9::H< I'$$.-- ') 5-8+ !JJK>8 
 L%) %(-0 .* ('1$%2'('*.* %(' %4 )3' ,%*) $',5$/5A-' 4%$,* %4 *)$1@)1$5- 

F-5*).@.)0 4%1(& .( )3' 5&1-) A$5.(+ .) 5-)'$* )3' &'()5)' 20$1* )3$%123%1) -.4' 5(& 

.* 3.23-0 .(4-1'(@'& A0 '(D.$%(,'()5- 45@)%$* 6*'' K8M>8 N35) 'O5@)-0 ,5/'* )3' 

&'()5)' *1@3 5 1(.P1'+ F'$,.**.D' '(D.$%(,'() 4%$ ('1$%2'('*.*+ 45@.-.)5).(2 )3' 

&'D'-%F,'() 4$%, *)', @'-- )% ('1$%(+ .* 5* 0') 1(/(%E(+ A1) E%1-& A' D'$0 

1*'41- $'25$&.(2 .)* F%)'().5- 4%$ 58%8 $'2'('$5).D' ,'&.@.('8 N30 ('1$%2'('*.* 

'O.*)* 5(& E35) .)* 'O5@) 41(@).%( .*+ .* 5-*% *).-- 1F 4%$ &'A5)'+ A1) .) 5FF'5$* )% 

A' @%(*'$D'& 5,%(2 ,5,,5-* 6B1'('51 ') 5-8+ 9:;!< B%1-& ') 5-8+ 9::;> 

.(@-1&.(2 31,5(* 6Q$./**%( ') 5-8+ 9::;>8 R-)3%123 )3' (1,A'$ %4 5&1-) A%$( 

('1$%(* ,50 *'', -%E+ &1' )% )3' 4.-)'$ 41(@).%( %4 )3' &'()5)' 20$1* 5(& .)* 

(%(S*0(@3$%(%1* *F5$*' 4.$.(2 F5))'$(*+ )3' 5&&.).%( %4 ('EA%$(+ 3.23-0 

'O@.)5A-' 6T@3,.&)SU.'A'$ ') 5-8+ !JJM> ('1$%(* )% 5( 'O.*).(2 (')E%$/ @5( 35D' 

5 $'-5).D' -5$2' .,F5@) %( 3.FF%@5,F5- .(4%$,5).%( F$%@'**.(2 6V',F'$,5((+ 

!JJH+ C35F)'$ H> 5(& ,50 )3'$'4%$' ,5/' 5 1(.P1' @%()$.A1).%( )% 

3.FF%@5,F5- 41(@).%(8  

  
3.4. A role for neurogenesis in learning?  

B.D'( )3' E'-- '*)5A-.*3'& $%-' %4 )3' 3.FF%@5,F1* .( -'5$(.(2 5(& ,',%$0 

6*'@).%( !8!>+ )3' .&'5 )35) ('1$%2'('*.* ,50 A' .(D%-D'& .( )3.* 41(@).%( 35* 

5))$5@)'& @%(*.&'$5A-' 5))'().%(8 T'D'$5- *)1&.'* %A*'$D'& F5$5--'-* )35) *1FF%$) 

)3.* (%).%(8 W.$*)+ ('1$%2'('*.* .* '(35(@'& 54)'$ -'5$(.(28 T'@%(&+ -'5$(.(2 .* 

'(35(@'& 54)'$ .(@$'5*'& -'D'-* %4 ('1$%2'('*.* 5(& )3.$&+ $'&1@'& -'D'-* %4 

('1$%2'('*.* .,F5.$ -'5$(.(28 U'$'+ *%,' %4 )3'*' 4.(&.(2* E.-- A' *1,,5$.X'&+ 

5-)3%123 5 ,%$' &')5.-'& &.*@1**.%( @5( A' 4%1(& .( )3' 5&&'(&1,8  

Y3' %A*'$D5).%( )35) -'5$(.(2 .(@$'5*'* ('1$%2'('*.* .( )3' 

3.FF%@5,F1*+ E5* .(.).5--0 ,5&' A0 Q-.X5A')3 B%1-& 5(& @%--'521'* .( 9:::+ 

E3% 4%1(& )35) A%)3 I%$$.* E5)'$ ,5X' -'5$(.(2 5(& )$5@' '0'SA-.(/ 

@%(&.).%(.(2 .(@$'5*'& )3' *1$D.D5- %4 %(' E''/ %-& @'--* .( )3' 5&1-) 

3.FF%@5,F1* %4 $5)* 6B%1-& ') 5-8+ 9:::>8 R -5$2' (1,A'$ %4 *)1&.'* 35D' 

4%--%E'& 1F %( )3.* 4.(&.(2 5(& $'F%$) 5,A.21%1* $'*1-)* .( %)3'$ -'5$(.(2 )5*/* 

6Z-5$.1 ') 5-8+ !JJ=< [5( &'$ 7%$23) ') 5-8+ !JJ=5< I%35F'- ') 5-8+ !JJH>8 

I%$'%D'$+ 'D'( *)1&.'* 1*.(2 *F5).5- E5)'$ ,5X' -'5$(.(2 &% (%) 5-- 4.(& '44'@)* 

%4 -'5$(.(2 %( @'-- *1$D.D5- 6D5( \$552 ') 5-8+ 9:::5< [5( &'$ 7%$23) ') 5-8+ 

!JJ=A> 5(& .( *%,' *)1&.'* 5 &'@$'5*' E5* $'F%$)'& 6R,A$%2.(. ') 5-8+ !JJM5>8 

]')5.-'& *)1&.'* 4$%, )3' 2$%1F %4 L%$5 RA$%1* .(&.@5)' )35) )3' F35*' %4 

-'5$(.(2 ,50 35D' 5 &.44'$'() .,F5@) %( @'-- *1$D.D5-+ 'OF-5.(.(2 *%,' %4 )3' 

&.*@$'F5(@.'* 4%1(& 6]%A$%**0 ') 5-8+ !JJK>8 ^( 5&&.).%( )% )3.*+ '*F'@.5--0 

$'25$&.(2 )3' 1*' %4 )3' I%$$.* E5)'$ ,5X'+ %)3'$ @%,F%('()* -./' *)$'** 5(& 

'O'$@.*' 6A%)3 45@)%$* )35) E'$' *3%E( )% $'*F'@).D'-0 .(@$'5*' 5(& &'@$'5*' 

$5)'* %4 ('1$%2'('*.*+ *'@).%( K8=> @5( F-50 5 $%-' .( )3' @%()$5&.@)%$0 %1)@%,'*8  



 

 !"

#$% '%()*+ ,*+ -$./+ )0'%/1,-.)*' /%2,/+.*2 -$% 3)-%*-.,4 /)4% )5 

*%6/)2%*%'.' .* 4%,/*.*2 %''%*-.,447 '-,-% -$,- -$% 4%1%4 )5 *%6/)2%*%'.' (,* 

3/%+.(- 4%,/*.*2 3%/5)/8,*(% ,*+ '-6+.%' ()//%4,-.*2 -$% 4%1%4' )5 *%6/)2%*%'.' 

9.-$ 4%,/*.*2 3%/5)/8,*(%: '$)9 -$,- 8)/% *%6/)2%*%'.' .' ,'')(.,-%+ 9.-$ 

0%--%/ 4%,/*.*2 ;<%83%/8,** ,*+ =,2%: !>>!? @/,3%,6 %- ,4A: !>>BCA D4'): 

$.2$%/ 4%1%4' )5 *%6/)2%*%'.' .*+6(%+ 07 %*1./)*8%*-,4 %*/.($8%*- ;E.4'')* %- 

,4A: FGGG? H/6%4IJ6*2%/8,* %- ,4A: !>>KC ,*+ %L%/(.'% ;1,* M/,,2 %- ,4A: FGGG0? 

N-/,*,$,* %- ,4A: !>>O? P,* +%/ H)/2$- %- ,4A: !>>QC /%'64- .* ,* .*(/%,'%+ 

4%,/*.*2 3%/5)/8,*(%A R)9%1%/: )-$%/ ($,*2%' .* ;'-/6(-6/,4C 34,'-.(.-7 (,* 0% 

%L3%(-%+ ,5-%/ -$%'% %*1./)*8%*-,4 8,*.364,-.)*' '6($ ,' ,* .*(/%,'%+ 

,*2.)2%*%'.' ;P,* +%/ H)/2$- %- ,4A: !>>GC -$,- (,* 3/)8)-% $.33)(,83,4 

56*(-.)*A S*+%%+: ')8% '-6+.%' .*+.(,-% -$,- -$% 0%$,1.)6/,4 ($,*2%' ,5-%/ 

%*/.($8%*- 8,7 0% *%6/)2%*%'.' .*+%3%*+%*- ;T%'$. %- ,4A: !>>OCA  

T)/% +./%(- ,33/),($%' 5)(6'.*2 )* -$% ,04,-.)* )/ /%+6(-.)* )5 

*%6/)2%*%'.' $,1% 0%%* 3%/5)/8%+ 07 -/%,-.*2 ,*.8,4' 9.-$ (7-)'-,-.( ,2%*-' 

4.U% 8%-$74,V)L78%-$,*)4 ;TDTC: ;N$)/' %- ,4A: !>>!C: 5)(,4 .//,+.,-.)* 

;T,+'%* %- ,4A: !>>B? W)4, %- ,4A: !>>X? N*7+%/ %- ,4A: !>>K? N,L% %- ,4A: !>>O? 

N,L% %- ,4A: !>>Q? Y4%44,*+ %- ,4A: !>>GC )/ 2%*%-.( 8,*.364,-.)* ;N,L% %- ,4A: 

!>>Q? N()0.% %- ,4A: !>>GCA Z1%/,44: -$%'% '-6+.%' '633)/- , /)4% 5)/ ,+64- 

*%6/)2%*%'.' .* ')8% 06- *)- ,44 5)/8' )5 $.33)(,836' +%3%*+%*- 4%,/*.*2A 

 

3.5. Other regulators of neurogenesis  

N%1%/,4 %4%8%*-' )5 -$% %*1./)*8%*- )5 ,* )/2,*.'8 (,* 8)+64,-% 

*%6/)2%*%'.'A #$.' $,' 0%%* +%8)*'-/,-%+ 5)/ %L,834% 07 '-6+.%' %834)7.*2 ,* 

%*/.($%+ $)6'.*2 %*1./)*8%*- .* /)+%*-' ;<%83%/8,** %- ,4A: FGGQC /%'64-.*2 

.* ,* .*(/%,'% .* (%44 '6/1.1,4A S* ,++.-.)* -) -$.': 3$7'.(,4 %L%/(.'% .* , /6**.*2 

9$%%4 9,' '$)9* -) .*+6(% , 8,[)/ .*(/%,'% .* -$% 3/)4.5%/,-.)* )5 (%44' ;1,* 

M/,,2 %- ,4A: FGGG,CA E%L- -) %*/.($8%*- ,*+ %L%/(.'%: , 4,/2% *680%/ )5 5,(-)/' 

$,1% 0%%* .+%*-.5.%+ -) ,55%(- ;, 3,/-.(64,/ 3$,'% )5C *%6/)2%*%'.': /,*2.*2 5/)8 

.*-%/*,4 5,(-)/' 4.U% ,2.*2 ;<6$* %- ,4A: FGGO? R%.*% %- ,4A: !>>X,C: $)/8)*%' 

;Y,8%/)* ,*+ =)64+: FGGX? #,*,3,- %- ,4A: FGGG? =,4%,: !>>"? =,/V, %- ,4A: 

!>>"C: '%.V6/%' ;H%*2V)* %- ,4A: FGGQ? M,/%*- %- ,4A: FGGQC ,*+ .'($%8., ;\.6 %- 

,4A: FGG"C -) %L-%/*,4 5,(-)/' 4.U% ,4()$)4 .*-,U% ;E.L)* ,*+ Y/%9': !>>!C -)L.( 

'60'-,*(%' ;J))'%* %- ,4A: !>>GC: ,*+ ,*-.+%3/%'',*-' ;'%(-.)* !ABCA D4-$)62$ -$% 

6*+%/47.*2 /%264,-)/7 8%($,*.'8' $,1% *)- ,44 0%%* %46(.+,-%+ 7%-: .- .' 4.U%47 

-$,- ,- 4%,'- ')8% )5 -$% 5,(-)/' /%264,-.*2 *%6/)2%*%'.' ()*1%/2% )*-) ()88)* 

3,-$9,7' -$,- .*546%*(% -$% 8.(/)%*1./)*8%*- )5 -$% *%90)/* (%44'A 

 D* .83)/-,*- .*-%/*,4 /%264,-.*2 '7'-%8 .' -$% $)/8)*,4 '-,-6' )5 -$% 

,*.8,4A ])/ %L,834%: -$% '%L $)/8)*%' -%'-)'-%/)*% ,*+ %'-/)2%* (,* 

+.55%/%*-.,447 /%264,-% -$% 4%1%4' )5 *%90)/* *%6/)*' ;=,4%,: !>>"C: ,4-$)62$ -$% 

*%- %55%(-' )5 -$%'% $)/8)*%' )* *%6/)2%*%'.' +)%' *)- (,6'% 2/)'' +.55%/%*(%' 

0%-9%%* 8,4%' ,*+ 5%8,4%' ;#,*,3,- %- ,4A: FGGG? #,*,3,- %- ,4A: !>>KCA S* 

5%8,4% /)+%*-': *%6/)2%*%'.' 546(-6,-%' -$/)62$)6- -$% )%'-/)6' (7(4%: 3%,U.*2 

.* 3/)I)%'-/)6': 9$%* %'-/)2%* 4%1%4' ,/% $.2$ ;#,*,3,- %- ,4A: FGGGC '622%'-.*2 , 

'-.864,-.*2 %55%(- )5 -$.' $)/8)*% )* *%6/)2%*%'.'A R)9%1%/: %L)2%*)6' 
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 !" 

$%&'(')*+$*',( ,- .)*+,/.( 0$) %'--.+.(*'$1 .--.2*) ,( 2.11 3+,1'-.+$*',( 45 

)64).76.(*15 '(2+.$)'(/ $(% )633+.))'(/ '* 89+&.+,% $(% :$1.$; !<<=> 

9+&.+,% .* $1?; !<<@A? B.)*,)*.+,(. 0$) 4..( +.3,+*.% *, )*'&61$*. 

(.6+,/.(.)'); )3.2'-'2$115 $* *0. 1.C.1 ,- 2.11 )6+C'C$1 8D3+'*E.+ $(% :$1.$; !<<FA?  

 B0. )*+.)) 0,+&,(. 2,+*'2,)*.+,(. ') 2,()'%.+.% *0. &$'( &.%'$*,+ ,- *0. 

'(0'4'*,+5 .--.2*) ,- )*+.)) ,( $%61*  0'33,2$&3$1 (.6+,/.(.)')? G( =""H 

I$&.+,( $(% :,61% ,4).+C.% $ %.2+.$).% (6&4.+ ,- (.J (.6+,() $-*.+ 

2,+*'2,)*.+,(. $%&'(')*+$*',( 46* $( '(2+.$). $-*.+ $%+.($1.2*,&5? 9*0.+ 

)*6%'.) -,6(% *0$* $%+.($1.2*,&5 3+.C.(*.% $/.K'(%62.% 8I$&.+,( $(% 

L2M$5; ="""A $(% )*+.)) '(%62.% 8B$($3$* .* $1?; !<<=A %.2+.$).) '( 

(.6+,/.(.)') $(% 3+,&,*.) (.6+,($1 %'--.+.(*'$*',( $(% )6+C'C$1 8N,(/ $(% 

O.+4.+*; !<<HA?  

 G* ') )*'11 6(P(,J( J0.*0.+ )*+.)) $(% /162,2,+*'2,'%) .Q.+* *0.'+ .--.2* ,( 

(.6+,/.(.)') '( $ %'+.2* ,+ '(%'+.2* &$((.+ 8,+ 4,*0A $(% $1*0,6/0 *0. LR $(% 

:R $+. 2,K1,2$1'E.% '( $%61* /+$(61. 2.11); %6+'(/ *0. 3+,2.)) ,- $%61* 

(.6+,/.(.)') LR $(% :R .Q3+.))',( ') C$+'$41. 8:$+2'$ .* $1?; !<<HA? B0. LR 

') (,* .Q3+.)).% '( 3+,1'-.+$*'(/ 3+.26+),+ 2.11); 46* ,(15 '( &$*6+. (.6+,()? LR 

$2*'C$*',( ') (.2.))$+5; *0,6/0; -,+ 2.11 )6+C'C$1 $(% 2,(%'*',($1 LR P(,2P,6* 

&'2. )0,J 1.)) (.6+,/.(.)') $(% $ 1,J.+ *,*$1 /+$(61. 2.11 (6&4.+ 8:$)) .* $1?; 

!<<<A? B0. :R ') -,6(% '( @<KS<T ,- *0. 3+,/.('*,+ 2.11 3,361$*',( '?.? *53. = 

$(% !$ 2.11) $(% '(%..%; 3, 43%'/ :R $2*'C$*',( 2$( )633+.)) 2.11 %'C')',( '( 

0'33,2$&3$1 3+,/.('*,+ 2.11) 8U6 .* $1?; !<<HA? :R .Q3+.))',( '( %'--.+.(*'$*'(/ 

2.11) ') *+$()'.(* )'(2. '* ') (,* .Q3+.)).% '( *53. !4 2.11) 8:$+2'$ .* $1?; !<<HA? 

V,6+ J..P) $-*.+ 2.11 %'C')',( "<T ,- *0. $%61* 4,+( (.6+,() .Q3+.)) 4,*0 LR 

$(% :R; ), *0$* +.2.3*,+ .Q3+.))',( &$5 2,'(2'%. J'*0 *0. -'($1 )*$/. ,- 

&$*6+$*',( 8:$+2'$ .* $1; !<<HA? B0. .--.2*) ,- 2,+*'2,)*.+,'%) ,( $%61* 

0'33,2$&3$1 (.6+,/.(.)') $+. 2,&31.Q $(%; -,+ .Q$&31.; &$5 %.3.(% ,( 

WLXYK+.2.3*,+ $2*'C'*5 8:,61% .* $1?; =""FA? Y1),; ).+6& 2,+*'2,)*.+,(. 

2,(2.(*+$*',() %, (,* $1J$5) 3+.%'2* 20$(/.) '( (.6+,/.(.)') $) )0,J( 45 ),&. 

)*+.)) )*6%'.) 8B0,&$) .* $1?; !<<Z> X$/5*. .* $1?; !<<"A? B0') $1), $331'.) -,+ .?/? 

305)'2$1 .Q.+2').; *0$* 1.$%) *, $( '(2+.$). '( 2,+*'2,)*.+,(. 1.C.1) #,0 

(.6+,/.(.)')? B0. .Q$2* '&3$2* ,- )*+.)) ,( (.J4,+( (.6+,() *0.+.-,+. %.3.(%) 

,( *0. *53. ,- )*+.)),+ $(% *0. .Q$2* 30$). ,- (.6+,/.(.)'); $(% '*) 81,(/ *.+&A 

2,().76.(2.) $+. )*'11 6(P(,J(? 



 

 !"

4. Modelling stress-related pathology in animals 
$% &'(%)*+,() -%.-&-.'+(/0 /1*)// 2+% -%2*)+/) 13) 23+%2)/ 14 .)&)(45 .)5*)//-4%0 

54//-,(6 13*4'73 + 248,-%+1-4% 49 + 5*47*)//-&) -%2*)+/) -% +((4/1+1-2 (4+. 

:;+54(/<6 )1 +(=0 >?@AB C2DE)% +%. F-%79-)(.0 G""!H0 23+%7)/ -% CIJKI 

,+(+%2) :L) M(4)1 )1 +(=0 >??@H +%. +% +(1)*). /1*'21'*+( 8+<)N'5 49 +=4= 13) 

3-5542+85'/ :O'5-)% )1 +(=0 G""?H= P(1-8+1)(60 13-/ 5*4(4%7). /1+1) 49 /1*)// 8+6 

1'*% -%14 + /1+1) 49 5+134(476 +%. 5*)2-5-1+1) .)5*)//-4%= $% 4*.)* 14 /1'.6 13) 

'%.)*(6-%7 8)23+%-/8/ 49 13-/ 1*+%/-1-4% 9*48 /1*)// 14 /1*)// 5+134(4760 /)&)*+( 

+%-8+( 84.)(/ 3+&) ,))% .)&)(45). 13+1 7)%)*+((6 '/) 3-73N-85+21 /1*)//4*/ (-<) 

/1*)// .'*-%7 .)&)(458)%10 4* (4%7 1)*8 '%5*).-21+,() /1*)// .'*-%7 +.'(1 (-9)= 

 

4.1. Early life stress  

Q%-8+( 84.)(/ 49 /1*)// .'*-%7 .)&)(458)%1 '/'+((6 -%&4(&) 5*)%+1+( 4* )+*(6 

54/1%+1+( /1*)//= R*)%+1+( /1*)// -/ 491)% +55(-). ,6 *)/1*+-%-%7 13) 5*)7%+%1 .+8= 

$1 E+/ 94'%. 13+1 )()&+1). ()&)(/ 49 24*1-24/1)*4%) *)+23 13) 499/5*-%7 +%. 2+% 

5*47*+8 /)&)*+( +/5)21/ 49 13) +.'(1 SRQN+T-/ +%. %)'*+( .)&)(458)%1 
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5. Outline of this thesis 
 

$%& '(&)*++ *,- '. /%,0 /%&0,0 ,0 /' &(*+1*/& /%& &..&2/0 '. 0/)&00.1+ +,.& &(&3/0 '3 

/%& 0/)12/1)*+ *34 .132/,'3*+ 4&(&+'5-&3/ *34 5+*0/,2,/6 '. /%& %,55'2*-5*+ 

4&3/*/& 76)10 ,3 /%& )*/8 95&2,.,2*++6: ;& 0/14,&4 %'; 4,..&)&3/ 5%*0&0 '. 

3&1)'7&3&0,0 *)& *..&2/&4 <6 &*)+6 +,.& 0/)&00 *34 ;%*/ /%& 0/)12/1)*+ *34 

.132/,'3*+ 2'30&=1&32&0 *)& ,3 *41+/%''48 9,32& ;'-&3 *)& -')& (1+3&)*<+& 

.') /%& 4&(&+'5-&3/ '. 4&5)&00,'3: *34 &*)+6 +,.& 0/)&00 ,0 * 5)&)&=1,0,/& .') /%& 

('+1-& )&412/,'3 ,3 4&5)&00&4 ;'-&3: ;& =1&0/,'3&4 ;%&/%&) 0&> 4,..&)&32&0 

*)& 5)&0&3/ ,3 /%& &>/&3/ /' ;%,2% /%& %,55'2*-510 ,0 *..&2/&4 0/)12/1)*++6 *34 

.132/,'3*++68 ?3 *44,/,'3 /' /%,0: ;& 10&4 * -'4&+ '. 2%)'3,2: 135)&4,2/*<+& 

0/)&00 ,3 *41+/ *3,-*+0 *34 0/14,&4 ;%&/%&) &..&2/0 '. 2%)'3,2 0/)&00 '3 

3&1)'7&3&0,0 2'1+4 <& 3')-*+,@&4 <6 <+'2A,37 7+12'2')/,2',4 *2/,'38   

 

!! ?3 2%*5/&) B: 0%')/C/&)- &..&2/0 '. BD% -*/&)3*+ 4&5),(*/,'3 EFGH !I '3 

4&3/*/& 76)10 0/)12/1)& *)& 0/14,&48 ?3 /%,0 -'4&+: -*/&)3*+ 4&5),(*/,'3 

2',32,4&0 ;,/% 5'0/3*/*+ 4&3/*/& 76)10 4&(&+'5-&3/8 J& *00&00&4 %'; 2&++ 

5)'+,.&)*/,'3: 01)(,(*+: 3&1)'3*+ -*/1)*/,'3: 7+,'7&3&0,0 *34 7+,* 2&++ 

31-<&)0 *)& *..&2/&4 ,3 ! ;&&A '+4 *3,-*+0: ;,/% * 05&2,.,2 .'210 '3 /%& 

5'00,<+& 4,..&)&32&0 <&/;&&3 -*+& *34 .&-*+& '..05),378  

 

!! ?3 2%*5/&) ! *34 D: /%& &..&2/0 '. BD% KH EFGH !I *)& 0/14,&4 ,3 !"#$% 

.&-*+&0 *34 -*+&0 )&05&2/,(&+68 L/ * 0/)12/1)*+ +&(&+: ;& &(*+1*/&4 /%& &..&2/0 

'. KH '3 4,..&)&3/ 5%*0&0 '. 3&1)'7&3&0,0 *0 ;&++ *0 /'/*+ 7)*31+& 2&++ 

31-<&): 7)*31+& 2&++ -')5%'+'76 *34 HM ('+1-&8 ?3 *44,/,'3: .132/,'3*+ 

2'30&=1&32&0 */ /%& 3&/;')A *34 <&%*(,'1)*+ +&(&+ ;&)& &>*-,3&48 N&2*10& 

&(,4&32& &>,0/0 /%*/ -'4&)*/& &*)+6 +,.& *4(&)0,/6 E,8&8 +';COMCLNG 

'..05),37I 2*3 )&01+/ ,3 *3 *4*5/,(& <&%*(,'1)*+ 5%&3'/65& +*/&) ,3 +,.& C,8&8 

134&) 0/)&00.1+ 2'34,/,'30C ;& 0/14,&4 /%& 4&7)&& '. +'37C/&)- 5'/&3/,*/,'3 

<'/% 134&) <*0&+,3& 2'34,/,'30 *34 ,3 /%& 5)&0&32& '. /%& 0/)&00 %')-'3& 

2')/,2'0/&)'3&8 L/ /%& <&%*(,'1)*+ +&(&+: ;& /&0/&4 <*0*+ *3>,&/6 +&(&+0 *34 

%,55'2*-510 .132/,'3,37 10,37 EPI * %,55'2*-510C4&5&34&3/ 05*/,*+ 

+&*)3,37 /&0/ *34 EBI %,55'2*-510C4&5&34&3/ 2'3/&>/1*+ *34 *-674*+*C

4&5&34&3/ 21&4 .&*) 2'34,/,'3,378   

 

!! ?3 2%*5/&) Q: ;& &>5'0&4 *41+/ )*/0 /' BPC4*6 2%)'3,2: 135)&4,2/*<+& 0/)&008 

?3 /%,0 &>5&),-&3/: *3,-*+0 ;&)& 01<R&2/&4 /;,2& 4*,+6 /' *+/&)3*/,37 

5%60,2*+ *34 &-'/,'3*+ 0/)&00')0: * 5)'/'2'+ /%*/ ;*0 5)&(,'10+6 0%';3 /' 

,3412& &+&(*/,'30 ,3 <*0*+ 2')/,2'0/&)'3& +&(&+0 ES&)-*3 &/ *+: PTTQI *34 

*..&2/ *41+/ 3&1)'7&3&0,0 ES&,3& &/ *+: BUUDI8 $' &>*-,3& ;%&/%&) /%&0& 

&..&2/0 '. 2%)'3,2 0/)&00 *)& -&4,*/&4 <6 MV0 ;& *55+,&4 /%& MVC*3/*7'3,0/ 

-,.&5),0/'3& EVW!XDX"I8 ?3 %1-*30: 0%')/ /&)- <+'2A*7& '. /%& MV 10,37 

-,.&5),0/'3& ;*0 *+)&*46 0%';3 /' )&+,&(& 5062%'/,2 4&5)&00&4 5*/,&3/0 '. 

/%&,) 06-5/'-08 S&)&: ;& &>*-,3&4 EPI %'; 2%)'3,2 0/)&00 ,-5*2/0 4,..&)&3/ 



Chapter 1. General Introduction 

 !" 

$%&'(' )* %+$$),&-$&. &/0.1 2(03)4(2('+' &2/ 567 8%(1%(3 '%)31 1(3-9 %+4% 

/)'( -+*($3+'1)2( 13(&1-(21 ,&2 2)3-&.+:( 1%+'; 

 

!! <2 ,%&$1(3 =9 1%( 3('0.1' &3( '0--&3+:(/ &2/ 1%( +-$.+,&1+)2' &3( /+',0''(/; 

 

!! <2 1%( &//(2/0- 8( (>&.0&1(/ %)8 1%( >&3+)0' ,)-$)2(21' )* ?)33+' 

8&1(3 -&:( .(&32+24 @'$&1+&. .(&32+249 '13('' &2/ $%A'+,&. (B(3,+'(@ 

,)213+C01( 1) ,%&24(' +2 &/0.1 %+$$),&-$&. 2(03)4(2('+'; D( ,3+1+,&..A 

/+',0'' 1%( 3(.&1(/ .+1(3&103( )2 1%( 3).( )* 2(03)4(2('+' +2 %+$$),&-$&. 

.(&32+24; 



 

 !"

6. References 
 

$%&'( )*+ ,(-.(/ )0 123324 5&667-7/8&(. 9:-8&9:;87-:&< -7=>.(8&:/ :6 8?@7 AA =.>9:9:-8&9:&< -797@8:-B.&C7 
&''>/:-7(98&D&8? &/ 8%7 -(8 97/8-(. /7-D:>; ;?;87'E 8:@:=-(@%? (/< &'@.&9(8&:/;F 0/<:9-&/:.:=? 2G3EGGHB
G!HF 
 
$&;( I+ J:-<7-( )+ K(;%7-(; I+ 57. )&: L+ )('&-7M NL 1GOOP4 Q:=/&8&D7 &'@(&-'7/8 (;;:9&(87< 8: ,R$ (S&; 
%?@7-(98&D&8? (687- '(87-/(. ;7@(-(8&:/ &/ -(8;F R;?9%:/7>-:7/<:9-&/:.:=? !GEGTHBGHHF 

 
$&;( I+ J:-<7-( )+ K(;%7-(; I+ 57. )&: L+ )('&-7M NL 1GOO"4 066798; :6 '(87-/(. ;7@(-(8&:/ :/ 
%?@:8%(.('&9B@&8>&8(-?B(<-7/(. -7;@:/;7;+ 9:=/&8&:/ (/< D>./7-(U&.&8? 8: ;8-7;; &/ (<>.8 67'(.7 -(8;F 
V7>-:;9&7/97 2TWE2G2"B2GGHF 
 
$&;( I+ 0.&M(.<7 V+ J:-<7-( )+ K(;%7-(; I+ 57. )&: L+ )('&-7M NL 1GOO34 066798; :6 /7:/(8(. ;8-7;; :/ 
'(-C7-; :6 ;?/(@8&9 @.(;8&9&8? &/ 8%7 %&@@:9('@>;E A'@.&9(8&:/; 6:- ;@(8&(. '7':-?F ,&@@:9('@>;F 

 
$.6(-7M 5V+ X&7=7-8 Y+ L:7.; N+ Z->=7-; ,L 1GOOG4 Q:-8&9:;87-:/7 (/< ;8-7;; -7<>97 ;?/(@8&9 @:87/8&(8&:/ &/ 
':>;7 %&@@:9('@(. ;.&97; [&8% '&.< ;8&'>.(8&:/F V7>-:;9&7/97 22TE2223B22GHF 
 
$.8'(/ L 123HG4 $-7 /7[ /7>-:/; 6:-'7< &/ 8%7 U-(&/; :6 (<>.8 '(''(.;\ *9&7/97 2!TE22GPB22G"F 
 
$.8'(/ L 123H!4 $>8:-(<&:=-(@%&9 &/D7;8&=(8&:/ :6 97.. @-:.&67-(8&:/ &/ 8%7 U-(&/; :6 -(8; (/< 9(8;F $/(8 )79 
2WTETP!BT32F 

 
$.8'(/ L 123H34 $>8:-(<&:=-(@%&9 (/< %&;8:.:=&9(. ;8><&7; :6 @:;8/(8(. /7>-:=7/7;&;F A]F Q7.. @-:.&67-(8&:/ (/< 
'&=-(8&:/ &/ 8%7 (/87-&:- 6:-7U-(&/+ [&8% ;@79&(. -767-7/97 8: @7-;&;8&/= /7>-:=7/7;&; &/ 8%7 :.6(98:-? U>.UF L 
Q:'@ V7>-:. 2!PEW!!BWTPF 
 
$.8'(/ L+ 5(; ^5 123HT4 $>8:-(<&:=-(@%&9 (/< %&;8:.:=&9(. 7D&<7/97 :6 @:;8/(8(. %&@@:9('@(. /7>-:=7/7;&; 
&/ -(8;F L Q:'@ V7>-:. 2GWE!23B!!TF 

 
$.8'(/ L+ I(?7- *$ 1233O(4 N:;(&9 :-=(/&M(8&:/ :6 8%7 %&@@:9('@(. /7>-:7@&8%7.&>' (/< 8%7 '>.8&@.7 
=7-'&/(. ;:>-97; :6 <7/8(87 =-(/>.7 97..;F L Q:'@ V7>-:. !O2E!GTB!WGF 
 
$.8'(/ L+ I(?7- *$ 1233OU4 N&=-(8&:/ (/< <&;8-&U>8&:/ :6 8[: @:@>.(8&:/; :6 %&@@:9('@(. =-(/>.7 97.. 
@-79>-;:-; <>-&/= 8%7 @7-&/(8(. (/< @:;8/(8(. @7-&:<;F L Q:'@ V7>-:. !O2E!HTB!"2F 
 

$'(-(. 5^+ *9%(-6'(/ ,0+ K(D7/7S R 1GOOP4 J%7 <7/8(87 =?->;E 6>/<('7/8(. /7>-:(/(8:'&9(. 
:-=(/&M(8&:/ 1<7/8(87 =?->; 6:- <>''&7;4F R-:= I-(&/ )7; 2H!E!BGGF 
 
$'U-:=&/& R+ Y-;&/& K+ N(/9&/& Q+ _7--& R+ Q&(-:/& *+ Q>@@&/& ) 1GOOW(4 K7(-/&/= '(? -7<>97 /7>-:=7/7;&; 
&/ (<>.8 -(8 <7/8(87 =?->;F V7>-:;9& K788 !T3E2!B2HF 
 
$'U-:=&/& R+ K(88(/M& 5+ Q&>66:.& *+ $=:;8&/& 5+ I7-8&/& K+ *8:99%& ]+ *(/8& *+ Q>@@&/& ) 1GOOWU4 N:-@%:B
6>/98&:/(. 9%(-(987-&M(8&:/ :6 /7>-:/(. 97..; (8 <&667-7/8 ;8(=7; :6 '(8>-(8&:/ &/ =-(/>.7 97.. .(?7- :6 (<>.8 -(8 

<7/8(87 =?->;F I-(&/ )7; 2O2PEG2B!2F 
 
$/<7-;7/ *K+ J7&9%7- N, 1GOOW4 57.(?7< 766798; :6 7(-.? ;8-7;; :/ %&@@:9('@(. <7D7.:@'7/8F 
V7>-:@;?9%:@%(-'(9:.:=? G3E23""B233!F 
 
$S7.;:/ 5$+ 5:-(&;[('? RN+ N95:/(.< XN+ I:?C: YI+ J>@.7- K$+ R(887-;:/ KL+ V7'7-:66 QI+ 
0..&/[::< 0,+ L-F+ Z-&;%/(/ Z) 1233!4 ,?@7-9:-8&;:.7'&( (/< %&@@:9('@(. 9%(/=7; &/ <7@-7;;&:/F 

R;?9%&(8-? )7; WPE2H!B2P!F 
 
I(=:8 )Q+ D(/ ,(;;7.8 _V+ Q%('@(=/7 5K+ N7(/7? NL+ Z->=7-; ,L+ L:7.; N 1GOO34 N(87-/(. 9(-7 
<787-'&/7; -(@&< 766798; :6 ;8-7;; '7<&(8:-; :/ ;?/(@8&9 @.(;8&9&8? &/ (<>.8 -(8 %&@@:9('@(. <7/8(87 =?->;F 
V7>-:U&:. K7(-/ N7' 3GEG3GB!OOF 
 
I(/(;- N+ 5>'(/ )* 1GOOP4 )7=>.(8&:/ :6 /7>-:=7/7;&; (/< =.&:=7/7;&; U? ;8-7;; (/< (/8&<7@-7;;(/8 
8-7(8'7/8F QV* V7>-:. 5&;:-< 5->= J(-=78; HE!22B!GOF 

 



!"#$%&' )* +&,&'#- .,%'/012%3/, 

 !" 

$%&'(% )* +,--(.,/0 1 23""45 6(%7,'%8 &(9&:;-0('- ,< /;==,9%0=%8 '(:&,'7 ;' %>:8- <&((?&%'@;'@ .8%9A?
9%==(> 9/;9A%>((7B C&,9 +%-8 )9%> 69; D 6 ) "3E33F3G?33FF3B 

 
$%&'(% )* +,--(.,/0 1 23""H5 I(9&:;-0('- %'> &(=8%9(0('- ,< /;==,9%0=%8 '(:&,'7 ;' J,:'@ %'> %>:8- 
9/;9A%>((7E %' %>>;-;,' -, -/( -/(,&J ,< /;==,9%0=%8 8(%&';'@B C&,9 +%-8 )9%> 69; D 6 ) "!EG34?G3KB 
 
$%J(& 6)* L%9A(8 MN* C:&; C6 23"KF5 +(:&,'7 ;' -/( &%- >('-%-( @J&:7 @&%':8%& 8%J(& 7:.7-%'-;%88J ;'9&(%7( 
>:&;'@ O:P(';8( %'> %>:8- 8;<(B 69;('9( F3HEK"Q?K"FB 
 
$(8%',<< MR* R%8(/S%' T* 6:'> $* 18(0;'@ 1;9(A 6R* 69/%-S.(&@ )1 2FQQ3%5 U,&-;7,8 %9-;P;-J %'> 9,@';-;P( 

9/%'@(7 ;' =7J9/,-;9 0%O,& >(=&(77;,'B )0 M C7J9/;%-&J 3VKE3H3F?3H3HB 
 
$(8%',<< MR* 18,&(7 $W* R%8(S/%' T* 6:'> $* 69/%-S.(&@ )1 2FQQ3.5 I%=;> &(P(&7%8 ,< =7J9/,-;9 >(=&(77;,' 
:7;'@ 0;<(=&;7-,'(B M U8;' C7J9/,=/%&0%9,8 F3EV3H?VF3B 
 
$(8%',<< MR* I,-/79/;8> )M* U%77;>J 1* X($%--;7-% U* $%:8;(: YY* 69/,8> U* 69/%-S.(&@ )1 2FQQF5 )' ,=(' 
8%.(8 -&;%8 ,< U?3QG! 20;<(=&;7-,'(5 <,& =7J9/,-;9 0%O,& >(=&(77;,'B $;,8 C7J9/;%-&J VFE!KH?!"FB 

 
$('@-77,' 6Z* +%@J [* 6A%&( 6* 1,&70%' Z* 1,&77.(&@ W* D88(' 1 2FQQV5 Y\-('7;P( =;%', =&%9-;9;'@ /%7 
&(@;,'%88J 7=(9;<;9 (<<(9-7 ,' ]/;-( 0%--(& >(P(8,=0('-B +%- +(:&,79; KE334K?33VQB 
 
$('@S,' M* R,A%;% [* Y80(& Y* +%',.%7/P;8; )* R,A%;% T* Z;'>P%88 ^ 23""G5 )=,=-,7;7 %'> =&,8;<(&%-;,' ,< 
>('-%-( @J&:7 '(:&,'7 %<-(& 7;'@8( %'> ;'-(&0;--('- 8;0.;9 7(;S:&(7B C&,9 +%-8 )9%> 69; D 6 ) "4E3Q4!F?
3Q4!GB 
 

$(&-,' ^* +(7-8(& YM 2FQQH5 +(] %==&,%9/(7 -, %'-;>(=&(77%'- >&:@ >;79,P(&JE .(J,'> 0,',%0;'(7B +%- I(P 
+(:&,79; GE3!G?3V3B 
 
$;%@;'; _* C;9/ YT* U%&%'; U* T%&&%0% C* )@'%-; Z1 23""K5 C,7-'%-%8 0%-(&'%8 7(=%&%-;,' >:&;'@ -/( 7-&(77 
/J=,&(7=,'7;P( =(&;,> ('/%'9(7 -/( %>&(',9,&-;9%8 &(7=,'7( -, ',P(8-J ;' %>:8- &%-7 .J %<<(9-;'@ <((>.%9A 
&(@:8%-;,' ;' -/( U)3 /;==,9%0=%8 <;(8>B `'- M X(P +(:&,79; 3HE3KG?3"GB 
 

$;(.8 T* U,,=(& UT* N;'A8(& M* R:/' W_ 2FQQQ5 )'%8J7;7 ,< '(:&,@('(7;7 %'> =&,@&%00(> 9(88 >(%-/ 
&(P(%87 % 7(8<?&('(];'@ 9%=%9;-J ;' -/( %>:8- &%- .&%;'B +(:&,79; Z(-- F"3E3G?FQB 
 
$8%'> IU 23""G5 Y=;>(0;,8,@J ,< %<<(9-;P( >;7,&>(&7E % &(P;(]B U%' M C7J9/;%-&J 4FE!HG?!GGB 
 
$8;77 ab* Z,0, a 23"G!5 Z,'@?8%7-;'@ =,-('-;%-;,' ,< 7J'%=-;9 -&%'70;77;,' ;' -/( >('-%-( %&(% ,< -/( 
%'%(7-/(-;S(> &%..;- <,88,];'@ 7-;0:8%-;,' ,< -/( =(&<,&%'- =%-/B M C/J7;,8 F!FE!!3?!VHB 

 
$,8>&;'; T* D'>(&],,> TX* W(' I* I,7,A8;O% _$* X],&A )M* M,/' T%'' M* )&%'@, b 2FQQ"5 
)'-;>(=&(77%'-7 ;'9&(%7( '(:&%8 =&,@(';-,& 9(887 ;' -/( /:0%' /;==,9%0=:7B +(:&,=7J9/,=/%&0%9,8,@J 
!4EF!GH?F!K"B 
 
$,77 $X* C(-(&7,' _T* U,]%' NT 23"KV5 ^' -/( ':0.(& ,< '(:&,'7 ;' -/( >('-%-( @J&:7 ,< -/( &%-B $&%;' 
I(7 !!KE344?3VQB 
 

$&%'>- TX* M(77.(&@(& 6* 6-(;'(& $* R&,'('.(&@ _* I(:-(& R* $;9A?6%'>(& )* P,' >(& $(/&('7 N* 
R(0=(&0%'' _ 2FQQ!5 a&%'7;('- 9%8&(-;';' (\=&(77;,' >(<;'(7 (%&8J =,7-0;-,-;9 7-(= ,< '(:&,'%8 
>;<<(&('-;%-;,' ;' %>:8- /;==,9%0=%8 '(:&,@('(7;7 ,< 0;9(B T,8 U(88 +(:&,79; F4EHQ!?H3!B 
 
$&(>J aN* _&%'- IM* U/%0=%@'( XZ* T(%'(J TM 2FQQ!5 T%-(&'%8 9%&( ;'<8:('9(7 '(:&,'%8 7:&P;P%8 ;' -/( 
/;==,9%0=:7 ,< -/( &%-B Y:& M +(:&,79; 3KEF"Q!?F"Q"B 
 

$&(0'(& MX* +%&%J%' T* )'>(&7,' YI* 6-%;. ZW* T;88(& WZ* U/%&'(J X6 2FQQQ5 W;==,9%0=%8 P,8:0( 
&(>:9-;,' ;' 0%O,& >(=&(77;,'B )0 M C7J9/;%-&J 3VGE33V?33KB 
 
$&(S:' MT* X%7S:-% ) 23"""5 X(=8(-;,' ;' 7(&,-,';' >(9&(%7(7 '(:&,@('(7;7 ;' -/( >('-%-( @J&:7 %'> -/( 
7:.P('-&;9:8%& S,'( ,< %>:8- &%-7B +(:&,79;('9( K"E"""?3QQFB 
 



 

 !"

#$%&' ) *+,-,. /0'1%234 &%25'$64 748 &3$&%09%:;13%08 &6$6<$':48= :4 >$'07 :%<4 :32<3?;4@ Rev Anthropol +=A,BC
AD,@ 

 
#$%E0 F)G H%;3::'$7CI485$48 JG H%%54$CK;L0 HMG N30O:4$ FG /3>04$ PG K;L0 QR *S""A. T$'083401 
4U5$4883%0 %V 7%;<:4&%$130 7;$30> '7;:1 04;$%>404838@ F H%25 W4;$%: !X-=+C+"@ 
 
#$;4:CF;0>4$2'0 YG P'$%&L4 JG Z'25%0 H *S""B. W4E 04;$%08 30 1L4 7401'14 >[$;8 '$4 309%:947 30 1L4 
4U5$4883%0 %V 40L'0&47 :%0>C14$2 242%$[ V%::%E30> 4093$%02401': 40$3&L2401@ Y;$ F W4;$%8&3 S+=B+ACBS+@ 
 
H'24$%0 Q/G R%;:7 Y *+DD!. /7;:1 04;$%>404838 38 $4>;:'147 <[ '7$40': 814$%378 30 1L4 7401'14 >[$;8@ 

W4;$%8&340&4 X+=S"ACS"D@ 
 
H'24$%0 Q/G M&K'[ ZI *+DDD. Z481%$30> 5$%7;&13%0 %V L355%&'25': 04;$%08 30 %:7 '>4@ W'1 W4;$%8&3 
S=,D!C,D-@ 
 
H'24$%0 Q/G M&K'[ ZI *S""+. /7;:1 04;$%>404838 5$%7;&48 ' :'$>4 5%%: %V 04E >$'0;:4 &4::8 30 1L4 7401'14 
>[$;8@ F H%25 W4;$%: !AB=!"XC!+-@ 

 
H'24$%0 Q/G N%%::4[ HJG M&YE40 #JG R%;:7 Y *+DDA. I3VV4$4013'13%0 %V 04E:[ <%$0 04;$%08 '07 >:3' 30 
1L4 7401'14 >[$;8 %V 1L4 '7;:1 $'1@ W4;$%8&340&4 BX=AA-CA!!@ 
 
H'25<4:: JG M'$$3%11 MG W'L23'8 HG M'&\;440 RM *S""!. P%E4$ L355%&'25': 9%:;24 30 5'134018 
8;VV4$30> V$%2 745$4883%0= ' 241'C'0':[838@ /2 F )8[&L3'1$[ +X+=BD,CX"-@ 
 
HL'25'>04 IPG 74 K:%41 YZG F%4:8 M *S""D. ];07'2401': '854&18 %V 1L4 325'&1 %V >:;&%&%$13&%378 %0 1L4 

*322'1;$4. <$'30@ J4230 ]41': W4%0'1': M47 +!=+AXC+!S@ 
 
HL'25'>04 IPG #'>%1 ZHG 9'0 Q'884:1 ]G Z'2'O4$8 RG M4'04[ MFG 74 K:%41 YZG F%4:8 MG K$;>4$8 Q 
*S"",. M'14$0': &'$4 '07 L355%&'25': 5:'813&31[= 493740&4 V%$ 4U54$340&4C745407401 81$;&1;$': 5:'813&31[G 
':14$47 8[0'513& V;0&13%030>G '07 73VV4$4013': $485%083940488 1% >:;&%&%$13&%378 '07 81$488@ F W4;$%8&3 S,=X"A-C
X"!B@ 
 

HL%[ KQG 74 ^3884$ _G W3&L%:8 WZG 9'0 740 #;;84 M *S"",. H%2<3047 04%0'1': 81$488 '07 [%;0>C'7;:1 
>:;&%&%$13&%37 8132;:'13%0 30 $'18 $47;&4 #IW] 4U5$4883%0 30 L355%&'25;8= 4VV4&18 %0 :4'$030> '07 242%$[@ 
Q355%&'25;8 +,=XBBCXX-@ 
 
H:4::'07 HIG HL%3 MG Z%2<4$> HG H:42408%0 RIG F$@G ]$'>034$4 /G T[4$8 )G F488<4$>4$ JG J'O837' PMG 
#'$O4$ Z/G R'>4 ]QG #;884[ TF *S""D. / V;0&13%0': $%:4 V%$ '7;:1 L355%&'25': 04;$%>404838 30 85'13': 
5'114$0 845'$'13%0@ J&340&4 ASB=S+"CS+A@ 

 
H%0$'7 HIG P4I%;U FYG M'>'$30%8 /MG M&YE40 #J *+DDD. Z454'147 $481$'301 81$488 V'&3:31'148 V4'$ 
&%07313%030> 30745407401:[ %V &';830> L355%&'25': H/A 7407$313& '1$%5L[@ #4L'9 W4;$%8&3 ++A=D"SCD+A@ 
 
H%5540 / *+DX-. TL4 <3%&L42381$[ %V 'VV4&1394 738%$74$8@ #$ F )8[&L3'1$[ ++A=+SA-C+SX!@ 
 
H;::30'0 NYG N%:V4 TF *S""". HL$%03& 81$488 $4>;:'148 :494:8 %V 2ZW/ 1$'08&$3518 40&%730> <41' 8;<;0318 %V 
1L4 R/#/*/. $4&451%$ 30 1L4 $'1 81$488 'U38@ #$'30 Z48 ,,-=++,C+S!@ 

 
H`4L #G J32%0 MG J&L24:130> #G Q342O4 HG ];&L8 Y *S""X. /81$%>:3': 5:'813&31[ 30 1L4 L355%&'25;8 38 
'VV4&147 <[ &L$%03& 58[&L%8%&3': 81$488 '07 &%0&%231'01 V:;%U41304 1$4'12401@ W4;$%58[&L%5L'$2'&%:%>[ 
A+=+X+XC+XSX@ 
 
H`4L #G M3&L'4:38 TG N'1'0'<4 TG ]$'L2 FG 74 #3;$$;0 RG 9'0 K'2540 MG #'$1%:%2;&&3 /G ];&L8 Y *S""+. 
J1$488C307;&47 &L'0>48 30 &4$4<$': 241'<%:3148G L355%&'25': 9%:;24G '07 &4:: 5$%:3V4$'13%0 '$4 5$4940147 <[ 

'013745$488'01 1$4'12401 E31L 13'0451304@ )$%& W'1: /&'7 J&3 a J / D,=+S-DXC+S,"+@ 
 
H`4L #G N4:1 TG ]38&L4$ /KG Y$L'$71 /G J&L2311 NG M;::4$ M#G T%8&L3 WG ];&L8 YG K4&O MY *S""S. 
HL$%03& 58[&L%8%&3': 81$488 '07 &%0&%231'01 $454131394 1$'08&$'03': 2'>0413& 8132;:'13%0= 4VV4&18 %0 81$488 
L%$2%04 :494:8 '07 '7;:1 L355%&'25': 04;$%>404838@ #3%: )8[&L3'1$[ BS=+"B-C+"XB@ 
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Chapter 1. General Introduction 

 !" 

$%&'() *+, $-./01( *, 23435063 78, 239(:3;*&/(9(< =, >39<04(<;?0563 @, >39<04(<;A&/0 B CDEEFG 
8634(HI(9J K(/04( 50JH 05( /35( 5(H&HJ09J J-09 /04(H J3 J-( (KK(IJH 3K (054) HJ5(HH 39 %5(K539J04 I35J(L 096 

&/%.4H&'( M(-0'&35N O(' ?H)I-3M&34 !"PDQQ;DRRN 
 
$%5&J<(5 +O, >04(0 A8 CDEEQG S(HJ3HJ(539( 096 6&-)653J(HJ3HJ(539(, M.J 93J (HJ506&34, (9-09I( H.5'&'04 3K 
9(T -&%%3I0/%04 9(.539H &9 06.4J /04( 50JHN O(' =(.53M&34 UQP"VD";"VVVN 
 
$W.&5( A7 C"FRUG +(I-09&H/H 3K /(/35)N $I&(9I( DVDP"U"D;"U"FN 
 
$J09J39 +X, >.J&(55(< Y7, A('&9( $ C"FRRG +0J(5904 6(%5&'0J&39 %3J(9J&0J(H %&J.&J05);065(904 HJ5(HH 

5(H%39H(H &9 &9K09J 50JHN Z(-0' =(.53HI& "EDPUFD;QEEN 
 
$J(&9(5 Z, [539(9M(5\ >, *(HHM(5\(5 $, Z5096J +O, 7(.J(5 [, [(/%(5/099 > CDEE]G O&KK(5(9J&04 5(\.40J&39 
3K \4&3\(9(H&H &9 J-( I39J(LJ 3K 06.4J -&%%3I0/%04 9(.53\(9(H&H &9 /&I(N >4&0 ]UP]";!DN 
 
$J(T056 ^, $I3'&44( $8 C"FQUG 2(44H 3K 35&\&9 3K (9J35-&904 I35J&I04 0KK(5(9JH J3 J-( -&%%3I0/%.H 096 K0HI&0 
6(9J0J0 3K J-( 50JN * 23/% =(.534 "UFPV]Q;VQEN 

 
$J5090-09 8+, [-04&4 O, >3.46 X CDEEUG $3I&04 &H340J&39 6(40)H J-( %3H&J&'( (KK(IJH 3K 5.99&9\ 39 06.4J 
9(.53\(9(H&HN =0J =(.53HI& FP!DU;!VVN 
 
$.I-(I1& O, 73H(9K(46 ?, A('&9( $ C"FFVG +0J(5904 5(\.40J&39 3K J-( -)%3J-040/&I;%&J.&J05);065(904 0L&H &9 
J-( &9K09J 50JP J-( 534(H 3K K((6&9\ 096 HJ531&9\N Z50&9 7(H O(' Z50&9 7(H Q!P"R!;"FDN 
 
$.44&'09 ?B, =(04( +2, [(964(5 [$ CDEEEG >(9(J&I (%&6(/&343\) 3K /0:35 6(%5(HH&39P 5('&(T 096 /(J0;

0904)H&HN 8/ * ?H)I-&0J5) "!QP"!!D;"!UDN 
 
$.5\(J 8, $0L( +, A(/09 $, _M05\.(9;`05\0H Y, 2-0439 $, >5&(M(4 >, @(9 7, Z(4<.9\ 2 CDEERG O5.\;
6(%(96(9J 5(W.&5(/(9J 3K -&%%3I0/%04 9(.53\(9(H&H &9 0 /36(4 3K 6(%5(HH&39 096 3K 09J&6(%5(HH09J 5('(5H04N 
Z&34 ?H)I-&0J5) U]PDFV;VE"N 
 
$.J09J3 a, 73H(9K(46 ?, 6( [43(J X7, A('&9( $ C"FFUG A39\;J(5/ (KK(IJH 3K 9(390J04 /0J(5904 6(%5&'0J&39 

096 82S@ 39 -&%%3I0/%04 /&9(5043I35J&I3&6 096 \4.I3I35J&I3&6 5(I(%J35HN Z50&9 7(H O(' Z50&9 7(H 
FDP"!U;"UVN 
 
S010H-&/0 8, ?(J(5HH39 [+, 7.JJ(5H B, S(9634105 _, *(9H(9 ^, bT05JH +*, +I=0.\-J39 ZA, B(59096(< > 
CDEEUG O(I4050J&'( /(/35) I39H34&60J&39 &9 -./09HP 0 %53H%(IJ&'( K.9IJ&3904 /0\9(J&I 5(H3909I( &/0\&9\ 
HJ.6)N ?53I =0J4 8I06 $I& c $ 8 "EVPQ!U;QU"N 
 

S090%0J ?, @0HJ&9\H =Z, >3.46 X CDEE!G ^'05&09 HJ(53&6H &9K4.(9I( I(44 %534&K(50J&39 &9 J-( 6(9J0J( \)5.H 3K 
J-( 06.4J K(/04( 50J &9 0 63H(; 096 J&/(;6(%(96(9J /099(5N * 23/% =(.534 ]R"PD!D;DU!N 
 
S090%0J ?, @0HJ&9\H =Z, 7(('(H 8*, >3.46 X C"FFFG XHJ53\(9 HJ&/.40J(H 0 J509H&(9J &9I5(0H( &9 J-( 9./M(5 3K 
9(T 9(.539H &9 J-( 6(9J0J( \)5.H 3K J-( 06.4J K(/04( 50JN * =(.53HI& "FP!QFD;!RE"N 
 
S090%0J ?, @0HJ&9\H =Z, 7)6(4 S8, >04(0 A8, >3.46 X CDEE"G XL%3H.5( J3 K3L 3635 &9-&M&JH I(44 %534&K(50J&39 
&9 J-( -&%%3I0/%.H 3K 06.4J 50JH '&0 09 065(904 -35/39(;6(%(96(9J /(I-09&H/N * 23/% =(.534 ]VQP]FU;

!E]N 
 
S-3/0H 7+, c5M09 *@, ?(J(5H39 O8 CDEEUG 8I.J( (L%3H.5( J3 %5(60J35 3635 (4&I&JH 0 53M.HJ &9I5(0H( &9 
I35J&I3HJ(539( 096 0 6(I5(0H( &9 0IJ&'&J) T&J-3.J 04J(5&9\ %534&K(50J&39 &9 J-( 06.4J 50J -&%%3I0/%.HN XL% 
=(.534 DE"PVER;V"!N 
 
S39& =, A0%40\9( O8, b-03 2, A3/M056& >, 7&M01 2X, >0\( B@, $I-&96(5 8B CDEERG =(.539H M359 &9 J-( 

06.4J 6(9J0J( \)5.H K35/ K.9IJ&3904 H)90%H(H T&J- J05\(J I(44HN =0J =(.53HI& ""PFE";FEQN 
 
S39& =, S(9\ X+, Z.H-39\ X8, 8&/39( *Z, b-03 2, 239H&\4&3 8, '09 ?500\ @, +05J39( +X, X44&H/09 
+@, >0\( B@ CDEEQG $)90%H( K35/0J&39 39 9(.539H M359 &9 J-( 06.4J -&%%3I0/%.HN =0J =(.53HI& "EPQDQ;
QV]N 
 



 

 !"

#$%&'% )* +,%- .* /012' 3* +,&4,5,26 7* +18& 9:* ;<&=0'% >* 3<-&'% )* ?'12,&& @A B"CCDE F%$0,GH<& 
I%'J'&H5 G8%$&<G 5H%'55K<&41G'4 4'G%',5' $L ,410H 8<II$G,2I,0 &'1%$-'&'5<5 ,&4 I%$2$H'5 &'1%$&,0 L,H'M > 

?'1%$5G< "DNOP"QKOPRRM 
 
#%,G8H'&S'%- >#* T8'& /U* +&$HH :;* V'&- :* .,&'5 >W* ;'0='% U* .J$S$4, + B"CC"E )$&-KH'%2 <& J<J$ 
<2,-<&- $L 'XI'%<'&G'K4'I'&4'&H 56&,IH<G I0,5H<G<H6 <& ,410H G$%H'XM ?,H1%' Y"CNZPPKZDYM 
 
[5H1& #/ B"CCCE T%$55K&,H<$&,0 'I<4'2<$0$-6 $L 4'I%'55<$& ,&4 -'&4'%M > :'&4 .I'G<L 7'4 RN!YK!PM 
 
[65,0 ?* \]4'2<% A* A,6< 3* ^,0,] :* /,0H,G< 3+* /'4<] T. B"CC!E ULL'GH5 $L 2,H'%&,0 4'I%<J,H<$& $& 

2'0,H$&<& I%$41GH<$& ,&4 G$-&<H<$& <& ,4$0'5G'&H 2,0' ,&4 L'2,0' %,H5M ?'1%$ U&4$G%<&$0 )'HH "QN!!!K!QCM 
 
_,& 4'% /$%-8H +* 7''%0$ F* )1<H'& F:* U--'& />* _,& 4'% `'' U3 B"CC!,E ULL'GH5 $L ,GH<J' 58$G= ,J$<4,&G' 
0',%&<&- $& 8<II$G,2I,0 &'1%$-'&'5<5 ,&4 I0,52, 0'J'05 $L G$%H<G$5H'%$&'M /'8,J /%,<& W'5 O!ZN"RKRCM 
 
_,& 4'% /$%-8H +* ;,00<&-, 3U* )1<H'& F:* U--'& />* _,& 4'% `'' U3 B"CC!SE 7$%%<5 a,H'% 2,]' 0',%&<&- 
<& Ha$ %,H 5H%,<&5 <&G%',5'5 H8' 'XI%'55<$& $L H8' I$065<,060,H'4 L$%2 $L H8' &'1%,0 G'00 ,48'5<$& 2$0'G10' <& H8' 

4'&H,H' -6%15 S1H 8,5 &$ 'LL'GH $& 8<II$G,2I,0 &'1%$-'&'5<5M /'8,J ?'1%$5G< OODND"QKDR"M 
 
_,& 4'% /$%-8H +* 9,J'='5 W* /$5 #* U--'& />* _,& 4'% `'' U3 B"CCZE UX'%G<5' <2I%$J'5 2'2$%6 
,Gb1<5<H<$& ,&4 %'H%<'J,0 <& H8' ^K2,]' H,5=N %'0,H<$&58<I a<H8 8<II$G,2I,0 &'1%$-'&'5<5M /'8,J ?'1%$5G< 
O"ONR"YKRRYM 
 
_,& 4'% /$%-8H +* +$S$%K?6,=,5 AU* +0,1=' +* U--'& />* ?6,=,5 T* _,& 4'% `'' U3* 7''%0$ F B"CCDE 
F865<G,0 'X'%G<5' 0',45 H$ %,I<4 ,4,IH,H<$&5 <& 8<II$G,2I,0 J,5G10,H1%'N #'2I$%,0 46&,2<G5 ,&4 %'0,H<$&58<I 

H$ G'00 I%$0<L'%,H<$& ,&4 &'1%$-'&'5<5M 9<II$G,2I15 ODND"PKDRQM 
 
J,& :'2'%H ?:* >$'05 7 B"CCQE ULL'GH $L G8%$&<G 5H%'55 ,&4 2<L'I%<5H$&' H%',H2'&H $& J$0H,-'K4'I'&4'&H 
T,"c G1%%'&H5 <& %,H 8<II$G,2I,0 4'&H,H' -6%15M > ?'1%$'&4$G%<&$0 OPNZR"KZYOM 
 
J,& \'%5 9>* 4' +0$'H UW* )'J<&' . BODDDE F'%5<5H'&H 'LL'GH5 $L 2,H'%&,0 4'I%<J,H<$& $& 9F3 %'-10,H<$& G,& 
S' %'J'%5'4 S6 L''4<&- ,&4 5H%$=<&-* S1H &$H S6 4'X,2'H8,5$&'M > ?'1%$'&4$G%<&$0 OON!POK!PPM 

 
J,& \'%5 9>* 4' +0$'H UW* ;8'0,& #* )'J<&' . BODDPE 7,H'%&,0 4'I%<J,H<$& 'LL'GH $& H8' <&L,&Hd5 &'1%,0 5H%'55 
2,%='%5 <5 %'J'%5'4 S6 H,GH<0' 5H<210,H<$& ,&4 L''4<&- S1H &$H S6 51II%'55<&- G$%H<G$5H'%$&'M > ?'1%$5G< 
OPNOCOZOKOCOZDM 
 
J,& F%,,- 9* +'2I'%2,&& :* :,-' V9 BODDD,E W1&&<&- <&G%',5'5 G'00 I%$0<L'%,H<$& ,&4 &'1%$-'&'5<5 <& H8' 
,410H 2$15' 4'&H,H' -6%15M ?,H ?'1%$5G< "N"QQK"ZCM 

 
J,& F%,,- 9* T8%<5H<' /W* .'e&$a5=< #>* :,-' V9 BODDDSE W1&&<&- '&8,&G'5 &'1%$-'&'5<5* 0',%&<&-* ,&4 
0$&-KH'%2 I$H'&H<,H<$& <& 2<G'M F%$G ?,H0 3G,4 .G< [ . 3 DQNORY"ZKORYROM 
 
J,& .H%<'& ?7* T,II,'%H ?)* ;<HH'% 7F B"CCDE #8' ,&,H$26 $L 2'2$%6N ,& <&H'%,GH<J' $J'%J<'a $L H8' 
I,%,8<II$G,2I,0K8<II$G,2I,0 &'Ha$%=M ?,H W'J ?'1%$5G< OCN"Z"K"P"M 
 
_''&, >* .%<=12,% /?* 7,8,H< +* /8,-6, _* W,e1 #W* .8,&=,%,&,%,6,&, W,$ /. B"CCDE U&%<G8'4 

'&J<%$&2'&H %'5H$%'5 8<II$G,2I,0 G'00 I%$0<L'%,H<$& ,&4 ,2'0<$%,H'5 G$-&<H<J' 4'L<G<H5 <& G8%$&<G,006 5H%'55'4 
%,H5M > ?'1%$5G< W'5 PZNPROKPYRM 
 
_'-, T>* F'H'%5$& A3 B"CC!E .H'2 G'00 I%$0<L'%,H<J' 8<5H$%6 <& H<551' %'J',0'4 S6 H'2I$%,0 8,0$-'&,H'4 
H862<4<&' ,&,0$- 4<5G%<2<&,H<$&M ?,H 7'H8$45 "NOQZKOQDM 
 
_<4'S'G8 F* W,J&=<04' / B"CCYE 9<II$G,2I,0 J$012' ,&4 4'I%'55<$&N , 2'H,K,&,065<5 $L 7W@ 5H14<'5M 32 > 

F56G8<,H%6 OQONOD!ZKODQQM 
 
_6,5 3* F<00,< 3:* T8,HH,%e< . B"CCYE W'G$J'%6 ,LH'% G8%$&<G 5H%'55 L,<05 H$ %'J'%5' ,26-4,0$<4 &'1%$&,0 
86I'%H%$I86 ,&4 '&8,&G'4 ,&X<'H6K0<=' S'8,J<$%M ?'1%$5G<'&G' O"PNQQZKQZRM 
 
_6,5 3* 7<H%, W* .8,&=,%,&,%,6,&, W,$ /.* T8,HH,%e< . B"CC"E T8%$&<G 5H%'55 <&41G'5 G$&H%,5H<&- I,HH'%&5 $L 
4'&4%<H<G %'2$4'0<&- <& 8<II$G,2I,0 ,&4 ,26-4,0$<4 &'1%$&5M > ?'1%$5G< ""NQPOCKQPOPM 



Chapter 1. General Introduction 

 !" 

 
$%&'()(*+,- ./ 01(- 2/ 314567& 8/ .())17 90/ 9*:17;6* </ =76*1* >/ =7?--17 ./ @&,(A B/ $17-1&&1* </ 

2',7*1% C@/ 31-176DD 2=/ =71-*17 8C EFGGFH 2'():'66: &7,?-, ,;;6I(,&1: 4(&' ;-,))17 '(556I,-5,) 
J6)?-1 (* 46-1* 4(&' -,K67 :1571;;(6*L 9- 8 M;%I'(,&7% N!OPFGQFRFGSGL 
 
T,&,*,A1 U/ V6?): </ .I<41* =@ ENOOFH @&71;; (*:?I1; ,&765'% 6D ,5(I,) :1*:7(&1; 6D '(556I,-5,) 29" 
5%7,-(:,) *1?76*;L =7,(* >1; !SSP"WNR"W!L 
 
T1,J17 X2/ 217J6*( 3/ 2',-5,+*1 Y9/ CZ9)1;;(6 92/ @',7-, @/ @1I[) 8>/ C%-6J @/ @\%D ./ .1,*1% .8 
EFGGWH <5(+1*1&(I 576+7,--(*+ A% -,&17*,) A1',J(67L 3,& 31?76;I( QPSWQRS!WL 

 
T1(*;&6I[ . EFGGNH 9)&17,&(6*; (*:?I1: A% +1;&,&(6*,) ;&71;; (* A7,(* -675'6)6+% ,*: A1',J(6?7 6D &'1 
6DD;57(*+L M76+ 31?76A(6) ]!PWFQRW!NL 
 
T1;&1*A761[ 2/ C1* =617 89/ $11*'?(; ./ ^17 067;& V8 EFGGWH 2'76*(I ;&71;; ,*: ;6I(,) '6?;(*+ 
:(DD171*&(,))% ,DD1I& *1?76+1*1;(; (* -,)1 ,*: D1-,)1 7,&;L =7,(* >1; =?)) ]WP"G"R"GSL 
 

T'(&)6I[ 8>/ 01%*1* 98/ @'?)17 .V/ =1,7 .Y EFGG]H B1,7*(*+ (*:?I1; )6*+R&17- 56&1*&(,&(6* (* &'1 
'(556I,-5?;L @I(1*I1 "N"PNGO"RNGOQL 
 
T(1+17& _/ 861); ./ `7?+17; 0 EFGG]H ^(-(*+ (; 1;;1*&(,) D67 7,5(: 1DD1I&; 6D I67&(I6;&176*1 6* ;%*,5&(I 
56&1*&(,&(6* (* &'1 -6?;1 '(556I,-5?;L B1,7* .1- N"PNNGRNN"L 
 
T(++17 9/ 31?-,** XC ENOOOH M17(6:(I -,&17*,) :157(J,&(6* (*:?I1; +1*:17R:151*:1*& ,)&17,&(6*; (* 
A1',J(67,) ,*: *1?761*:6I7(*1 71;56*;1; &6 1-6&(6*,) ;&71;; (* ,:?)& 7,&;L M'%;(6) =1',J ]]PFO"R"GFL 

 
T6)[64(&\ _./ >1?; $X/ >6A17&; </ .,*D71:( Y/ 2',* ^/ _7-(;&6* @/ 86'*;6* >/ 2,*(I[ 8/ =7(\1*:(*1 B/ 
T1(*+,7&*17 0 ENOO!H 9*&(:1571;;,*& ,*: I6+*(&(6*R1*',*I(*+ 1DD1I&; 6D C0<9 (* -,K67 :1571;;(6*L 9** 3 
U 9I,: @I( QQWP""QR""OL 
 
T6*+ <U/ 017A17& 8 EFGGWH ^'1 I67&(I6(: 1*J(76*-1*&P , :1&17-(*(*+ D,I&67 D67 *1?7,) 576+1*(&67;Z ;?7J(J,) 
(* &'1 ,:?)& '(556I,-5?;L <?7 8 31?76;I( FGPFWONRFWOSL 

 
T67[1) 8_/ _(&\) .@/ Y)?&&17& ./ B1;;I'17 0/ `,7;;1* 9/ :1 `)61& <> EFGGNH C(DD171*&(,) ,*: ,+1R:151*:1*& 
1DD1I&; 6D -,&17*,) :157(J,&(6* 6* &'1 '%56&',),-(IR5(&?(&,7%R,:71*,) ,a(; 6D A764* *674,% 7,&; D76- %6?&' &6 
;1*1;I1*I1L 8 31?761*:6I7(*6) N"P!]OR!SGL 
 
T67): 01,)&' _7+,*(\,&(6*L ^'1 T67): 01,)&' >1567& FGGWP 2',*+(*+ 0(;&67%/ 9**1a ^,A)1 "P =?7:1* 6D 
:(;1,;1 (* C9BU; A% I,?;1/ ;1a/ ,*: -67&,)(&% ;&7,&?- (* T0_ 71+(6*;/ 1;&(-,&1; D67 FGGFL V1*1J,P T0_/ 

FGGWL 
 
T6;;(*[ 8/ `,7;& 0/ .,%A676:, _/ 861); . EFGGNH .675'6)6+(I,) ,*: D?*I&(6*,) 576517&(1; 6D 7,& :1*&,&1 
+7,*?)1 I1)); ,D&17 ,:71*,)1I&6-%L 31?76;I(1*I1 NGSPF]"RFQFL 
 
U? X^/ B11 @0/ B11 U@/ @6* 0 EFGGWH C(DD171*&(,) 1DD1I&; 6D I67&(I6;&176*1 ,*: :1a,-1&',;6*1 6* 
'(556I,-5,) *1?76+1*1;(; (* J(&76L =(6I'1- =(65'%; >1; 26--?* "NQPWSWRWOGL 
 

b',*+ Bc/ B1J(*1 @/ C1*& V/ b',* U/ c(*+ V/ _[(-6&6 C/ `,&')11* V67:6* ./ M6;& >./ @-(&' .9 
EFGGFH .,&17*,) :157(J,&(6* (*I71,;1; I1)) :1,&' (* &'1 (*D,*& 7,& A7,(*L =7,(* >1; C1J =7,(* >1; N""PNRNNL 
 
b6),R.67+,* @/ @d?(71 B>/ 9-,7,) CV ENOS]H 0?-,* ,-*1;(, ,*: &'1 -1:(,) &1-567,) 71+(6*P 1*:?7(*+ 
-1-67% (-5,(7-1*& D6))64(*+ , A(),&17,) )1;(6* )(-(&1: &6 D(1): 29N 6D &'1 '(556I,-5?;L 8 31?76;I( ]PFO!GR
FO]QL 




