
(Neuroplasticity and Psychotropic Drugs) 

'if'f.~'i.~UUIU1 iuit111'ft1 Ph.D.(Neuroscience) 
Q. VQ. ~ 

111 ~'l"ii1 Lll'l4"ii'lVI m ~ ru~ LL 'W'Vlti f'f1'l4 Ut'i 

3.JV11~V1m-Kt1"ll'flULbriU 

., 
'"1"l1~UV1t-UJU"ll'tl~J~UUUJ~~1Yl (neuroplasticity) lU'Wn~'ln~'Wt11'WU~dJfO'l"l1~ci'1'°'ru'tlu1~~1n 

• d3 ~ 

~'fl n1,v11~1'W"ll'fl~'~uutl ,:;~ 1Y1~vi'11 ~~~'fl~~ 1~ 1rn fu-il'fla.J ~ ll~~tlfu m JVl'f!U ~u'tl~ (;]'fl r;l') n ,:;~u~il 
fO'l"l1~ l~tJ"l l ~'fl~ 'lc1i''flu1~ m~1:;~~ n1n -if 11r.i n~ n~'lnY1~ n"ll'fl~ n1 nn ~ fO'l"l1~u V1Y1UU"ll'fl~,:;uu1.l'~~1Y1 • 
., I 

~"IL'Wd:;c;lut~L~n~ll~ :;,~c;i'uL6J!~~~~luur.i~3.J~m-i1tJV!ci'1fi'ru"ll'fl~n1'f1n111Y11~c111utl':;~1Y1'lY1tJ1M1~i;if q , , QI 

., I ., 

r.i1nf"l"l1~fluur.iiuun~'lnLm'h\1r.i:;LntJ"l-if'fl~~~n1rn"lu~~n1'~~tJ1u-if'fl~~ n1nhtJY1'fl~-if'fl~~r.i1n9u 

(gene transcription) ll~:;n1ntl~tJ'WllU~~ bf01N~~1~"1l'fl~~"l'W~ lUU~mlV1~~ (neuronal spines) ll~:; ll"1J'W~ 
., I 

"ll'fl~ LtJUJ~~1YlU1L-if1 (dendritic tree) n~~~ n1nn VI l 6l!~~t],:;~1Y11 "13.J (neurogenesis) L'W~~'il~"ll'fl~~'lil 

~;si;i~bl?ll~~i)'tJ (adu lt brain) n1JLU~tJUllU~~"ll'fl~fO'l"l1~U~V1U'W"ll'fl~':;uutld:;~ 1Y1t!u~1ilfO'l"l1~ci'1'°'ru . ~ 

., I 

u~:;'tl1r.i lU'W~"l'Wi"l~ 1um,ri'fl1 ~ lflVlfO'l"l1~ ~Vltl n ~Y11~~ i;it] ,:;~1Y1'lc11 UYI fO'l"l1~i:J'lc1lnun~-if 'fl~~ LntJ"l ., 
nu n1 nn VI f01')1~U VIV1zj'W"ll'fl'!J:;uutl J:; ~1Yl~~ bVltJ m JU Vll-lzj'W"ll'fl~J'eltJU ,:;~1 utl d:;~ 1Yl (synaptic plasticity) 

., I I 

ll~ :;n1nnV1l6l!~~tl,:;~1Y11 l-l3.J n~~~ n1JlU~tJ'WllU~~V1~~-Wuft"nufO'l"l1~ ~ ~tl n ~Y11~~ Vl u~:;n1d 1-ifti1 

~'fl 'fl n ~YI t !?l'el~ i;iu d:;~1Yl1J 1~'llil~ n 1JM mn n~ n ~'ln"1J'fl~ n1 nn VI fl')1~ u ~l-lzj'W"1J'fl~ d:;uuud:;~ 1Yl'fl 1r.i 

-rl"ltJvi'11~f\'u-wrn:11~iltl':;~Y1fi111Y1~1un1,fm~n ll~:;1~C.J~i;J'flU~'W'fl~Yl1~m,fm~n~nV1l~"l~nr1l"lt1 

0 0 CV 

'°11~1 '°1 ru : ri':l1~u~l-lUU"ll'fl~,:;uutld:;~1VJ, n1nn~L6J!~~u,:;~1Y11mJ, n1JU~l-lU'W"1J'fl~J'fltJ 
~ . . 

i.J,:;~1uud:;~1Yl, n1,!StJurll~:;f0)')1~~1. 1:11'fl'fln~Yli"1'fl~i;iu,:;~1Yl, tJ1lln~~ lP1~1. u1fm~1 y,f)~i;i 
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0 

1J'Vl'lJ1 

fP1') 1:W rl1'd~U1Vl1\l Jl1utJ:i'~iq1'VlfJVltl1 f'l11iq vifvh 1'1~:WU1:l'~Lnii fP1'd1:W L -if 11r.i L~tl') nu fP1')1:W ~ f?l • 
I I.I I I 

tJ n ~Jl1u~ l'H'd6Jl (psychiatric disorders) :w1n~\l~U r.i1m~:wY1 Lfim~'fl~1 fP1')1:W ~ f?lun~ Jl1u~ !?! L'd6Jl LUU 
' ., 

'fl1 n1 nLiq f?l\l'll'fl\l fP1'd1:W ~ f?lU n ~ Jl1un1:fvi1ww1Y1 (function) 'll'fl\liq:W'fl\l Lvhiru 1 uur.i'"luun~uii-if 'fll,l~ 

~,Yuiquuin n:w1u~ u~f?l\l~1'°l~ii fP1')1:W ~ f?ltJ n~Jhu Lrl:i'\1~¥1\l (structure) i'd:w Jl'du l'i''d'fl£11\l L"llun1n~u • 
~1 lfP1Niq¥1-:i'll'fl\liql.J'fl\l LU~'du~:wu n (limbic) L"llu ~tJttJ LLfi:wuiq (hippocampus) r.i~ii'llU1f?l L~n~\ln~1 

tJn~1untj:w~~iifl1')~~:WLfil1¥1 (depression), f1')1:WLfP1~tlf?l~~\l'°l1nU1f?lL~U (post-traumatic stress disor-
., 

der, PTSD), hfP1~1?1Ul'Yl (schizophrenia) LL~~n1:i'~f?ltl1 (drug addiction) U'flnr.i1nil1u'Yl1\lfP1~un5-:i~u~1 
" I f.I ti 

lftlr.im~~1illJnr.i~iimntl~t1uLLtJ~\l'll'fl\lfiu'fl1:i':wn! (mood), 'fl1:i':Wru (emotion) n:wl1-:iLnf?luru~1Jl1u 
~ ~ 

.c:f l.t . 0 I i.t 

n1nrnui (learning) LL~~fP1')1:W'°l1 (memory) n:Wf?l')tJ 

1u"ll'd-:i~~1t1~ui'J~~1u:w 1 ii-ir'fl ~ ~ :w1n:w1 ti~ LLiq f?l\l L iX L ~u~ 1 iq :W'fl\l'll'fl\l~\l iJ~fj !?!~ L'°l ~ClJ 
L~u LI?! L~:w1ti LL~'d5\l fP1-:iii fP1'd1:w~1iJ1:i'n 1un1 :i'iq¥1\l L61i~~tl:i'~iq1Vl 1 mJ LL~ ~tlfu LU~uu LANiq¥1-:i'll'fl\l 

., 
:rn titl :i'~~ 1U tl :i'~~ 1 Vl (synapse) 'lJJ VJ ~'el f?l"Jl ')\l 'el1 ~ fl ru iql.j u~ ~\In~ 1 ') il n :w b~tl n 'l JJ ~ 1 LUU 

I f.I I I I 

'°111 ~ii l?IVlzj U"ll'fl\l':l~tJtJtl '3'~~1'Vl~~'fl " neuroplasticity" ~\I fl rniq:w~il'll1r.i~dJuY1~-:ii1AC1J1un1:i'Yl 

vi11iX~:w'fl-:iiq1inrntlfut?i''dl'i'fl~\ll'l1\l 1 ~inn:i'~Vlu r.i1nm:i'~fi'd1:W~f?lun~Vl1\l~l'l L'd6JliJ A'd1:w~:w~ufi 
I f.t I I 

nu n1nU~tJULbU~\l'll'fl\liq:W'fl\ll1\l Lf?ltl lrl:i'\1~¥1-:i LL~~n1:fvi1~-W1Y1 ~\I L~'fl'lJ1~1 fl ruiq:w~ neuroplasticity 
1' I 

'll'el\liql-J'fl\l'll1r.i ~ii fP)')1l-J~:W~ufi nu fP)')1:W ~ f?lU n ~Vl1\l9 !?! L ')6jj LUtJVl fl') 1:WU~'I LfP1i'll'flJ')U n:w-if 'fll,j~Yl 
I !.r I I I I 

Lnti'd-if 'fl\l nu fl ruiqiJu~ neuroplasticity '1-1-:i n~'lnY] Ln tJ'd-if 'fl\l n1ntl~uu LLtJ~\lYl~ :w~ufi nu r-1') 1:W ~ VIU n ~ 

Vl1\l9 l?l L'd6Jl LL~~ t:.!~91nn1:i'1-ifti1~'fl'fl n ~Vl 't!'l'tl~ !?!U :i'~iq1Vlrr\ltlL ~'flU:i'~n'flU LU'WLb U')Vl1\l L Un 1:i''flflU1tJ 
' ,, 

~t11fiiq~:i'fj'Ylt11'1l'el\l hAV11\l~ l?l L'd"ll LL~~n1:i'~ 1?J-Ju1 m:i'fo1:!'1 Jl'duu11 iXlJl t:.J~ ~:w1n~-:i~u 

Neuroplasticity 

"11~ 1 neuroplasticity Luu'"11~1 -if iei fiu1u fP1 ruiq :wu~'ll'tl\l:i'~uutl:i'~iq1Vl~ iq1inrntJ fu t?i''d !'liei n1:i' • 
I I I I ti 

LU~tJULLU~\l'll'fl\l~\l LL'df?l~iei:w vi11iXiq:w'tl-:i~1:w1rnY1'"l~L~t1u¥r.iwo11 ~:w tlfrntJ~uu LfP1:i'\liq¥1-:i LL~~YJuvJ 
~ ~ 

r.i1nn1:i'U1VIL~u'lJ111 > n1:i'UfU!'i''d'll'el\liq:wiei-:iiei1r.i~u'lJ11uiqiei-:i~n'l:tru~~i1'°1qJ1JlLLri ( 1) neurogenesis 

Vl~'fln1'3'bnl?lb'lf~~tl'3'~~1'VlLVl3-i bb~~ (2) synaptic plasticity Vl~'tl n1'3'tl1?1V1~U"ll'tl\1'3''tl~tl'3'~'Z't1u 
q 

tl'i~~1'Vl 
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,, ' ' 
n\l LLif111'WU41"lU'WUU\l

1

hJ d'.luViVJnu LLUiV'li!n Lnt.Jr:inun~'ln 1un1nnV'l neuroplasticity LLvln LU'W • 
I ti I I 

VitJ'fla.J fu11 ~ ru~iiu'1l ~\l n~ 1r:i41:~unu n1r1-n''l 1'W (activity-dependent) U'W~'fl'l\l'°l rtl r:~1V11V1Viil n1r 1-n' 
,, ' ,, 

\l1'W'l\l41 ri!unroi :ii flr:i1a..1 L -iia..1 LL-li'l LL~:iltlr:~VJ fin1~ 1 un1rvl1\l1ua..11 ntJ\l~'W uvi Cf 1r:i\lr.i r 1V'lhl '"1'flt/lcJffu 
' ,, 

mr1-n''l1un1r~'l~'lJ'lJ1ll~'fl~1r'll'fl\lL6Jl~~tlr:~1V1n'fl1r.iCJnnV'l~1'fl~V'ln1rvl1\l1'W~'l'l~ ~~nn1rili!u 
I ~ I ~ 

11il'"1r:i1a..1i1A'C1J vl'fl neuroplasticity V1~ul1\l 1u-rir:i'lVi~a.J'fl\l rl1~\l~OO-J'W1 LL~:-rir:i'l L(;) L~a.JitJ LL~:LnV'l'l~l1\l 
' ,, 

1 ur:i\lr.i nh~~ 1VIYJ d'.lu r:uu m:~'WLL~ ~r~uuiruiJ\l 

""' 6'~ I 61 I Neurogenesis (nTHn~b61$~~u"a~t<fTYI ~'ViaJ) 
,, ' ,, 

1u~a.J'fl\l'll'fl\l~~'ll1'l (rat) LL~ :~(;)rlL~t.J\l~ncJlr:it.J'Wa.J"lltJV'l~'W 1 na..1l1\l~'tfl~u41:;~1~1rn~rn61!~~ 

tl r:~1V1 LnV'l1 mJ'l~(;)~'flV'l-B'r:i'fl1~ LV'lt.J~~'fl\l~'l'W~~u11i1 neurogenesis 'lcJ\'~1u-rir:i'l L(;) L~a.Jit.J'l~ LLri°5tlhJ 
I ~ ti I 

LL'"1~U~ LL~:~~'fl\l~'l'Wfun~'W olfactory bulb l1'li1"'11nn1r~nM11'W~~'fl\l'1J'fl\l~~'1J1'lViL(;) L~a..1it.1~u11il 
,, ' 

LEJ!~~tlr:iq1mnV'l 1mJtlr:~1ru 9,ooo L6Jl~~vi'fli'W u~:L6Jl~~L~~1ilr.i:ilr:t.J: Lr:i~1'"11'l~(;)tlr:a..11ru 28 iu 

L~'flnu111 uiq~'fl\l'll'tl\la.J'tfMl1ti1"'1~i1~1ur:iuL6J!~~tlr~iq1VJ Ln V'l 1~l-ivi'fliuw'fltJn111u~~'ll1r:i 'flt.h'l1ln(;)1~ 
m'~U'J'Wn1r neurogenesis nir'l '"1'li1 '"1'J1a.Ji1 A'lJ1'Wn1nJfuitli1\l LL~:~W1~'1J'fl\l~a.J'fl\l 1 u-rir:i'l L(;) L~~itJ 

n1nn V'l L 6l!~~tlr:~1V11~~1 u~a.J'fl\l~L(;) L~a.JitJ L~'fl11r.i: d'.lun1mtl\l rflr:i LL~~~ OO-J'W1a..11r.i1 n stem cells 

'L~t.1'fl1"1t.1~1rvi1\l 1 a..11n~1u 'flt.h'l1hffo11~i'.J1-rl11L61!~~~ LnV'l 1~~VJm6l!~~r.i:iq1~1rn~OO-J'W1 LD'WL6Jl~~ 
' ,, ' 

tlr~~1V1'l~ LV'lt.1l1r:i'ltl LL~r:iroi:il L~tJ\ltlr~~1ru~'fltJ~: 50 'll'fl\l L6l!~~L~~1i1Vir.i:~1~1rn~OO-J'W1 LU'WL6Jl~~ 
,, ' 

tlr~~1V1~1'fl L6Jl~~Ln~tJ (glial 'W'flnr.i1nilir'll'i''fl'l 1-n'Lr:i~11un1rV1L6Jl~~LnV'l1~~r.i~~1~1rn L-ii1'ltlil~r:iuir:ia..1 

L umrfu LL~:~\l-iJ'fllJ~ 1 ur:uutJr:~1V1't~131 fiil1 n n1r~ m~n L~t.l'J nuur.ir.ru~i1 CJ~ vl'fl n1r~ nM1 neurogenesis 

vl11~~u11iJiq1r~~1tJ'flt.h'l~il~r:iu1un1nnV'l neurogenesis ~r:u:vi1\l 1 nu L-ri'W 
' 

Sonic hedgehog: '"1'JU'"1a.JmnYiw-i'1ur:i'WL6l!~~ (proliferation) • 
BMP (bone morphogenetic proteins). Notch LL~:~1r~'W l '"1'JU~a..1n1r~ L6l!~~LnV'l1~iJ41 ~ 

LU~t.l'WLU'WL 6Jl~~tlr:~1V1~1'fl L6l!~~Ln~t.J 
BDNF (brain-derived neurotrophic factor) LL~: IGF (insulin-like growth factor): vl1 l~L6l!~~fl\l'flzj 

0 'l,, 
u~:~1a..11rnV11\l1'W V'l 

n1r~n111 neurogenesis LV'lt.J1on~1r~ LUU mitotic markes 'lil11r.i:LU'W BrdU (bromodeox-
,, 

yuridine) ~1'fl [3Hlthymidine LL~'J(;)r'J'"l~'flu1u-rir:i'lr:t.1:Lr:i~1~'W 1 ~~\ln1r~V'l~1rn1r.ii'.J'lcJlLL~V'l\ltl\ln1r 

Ln "1 L6l!~~tl r:~1V11~~~ LLVf "'11-'l12•
41 LLi;i LU'WL ~tJ\ln1nL~ V'l'l11i1n1n ~a..1~1ur:iuL61!~~~1'fl Ln"1 L611~~1 ~~ 

' ,, 
(cytogenesis) ~\l L 6.l!~~L ~~1U'fl141r.i:~ OO-J'W1LU'W L6.l!~~tl r:~1V1~1'fl L 61! ~~Ln~ tJ'tcJ1~1'fl 'lil '"1'l rl'i''fl'lYir.i1rru1 

n'lr:t.J~L'l~1~(;)r'J"'l~'flU LL~~~n11ru~'1J'eNL61!~~~-rir:itJu\lU'fln11 LU'W neurogenesis (itl~ 1) 
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I 

"" 0 t! 
l'VOJm'U1lW1HHl 

0 "" .! 
( fn 1 'U ~UClHHI) 

iu~ 1 mvmM1'l'l'l"17L'lli'16'lJ'1l'l~uirfL~tJ..:i~nv1'lmm mi;;lV1 mitotic marker "I ~ 
~1mrnnl.JL.if11u DNA 'lJ'1l'lL'lli'l~lmu'ri'l..:i~i'.lmi~i1..:ioNA ('lv1llri7~£.J~ Sl 

~~..:imiiliV1 mitotic marker th~mrn 2 .ft''ll).J'l r.i~~1mrnY1'LIL'll~~'1mJ~i'.lmi~..:i 
marker L-il1'ltl1-n'l~..:i<rl'l..:id"l~Lilu.Jf'tll;j~ ll~Owhi'.lmiLl~l.J91u'ltJ'lJ'D'lL'll~~ (pro­

liferation) ~r'tln1LUV1 L'll~~ (cytogenosisl, mh..:ihnm>J L'lli'l~~LnV1:n-ur.i ~Uf'1l ..:i ii 
.J ' ' 

mn'hm1 (migrate) lLft~ Ltl~mmtl~..:iztlh..:i (diffe rentiate) 'ltld'hJL'lli'l~Yl 

~>-i1Ji~~..:i'1l1r.iLlllJL'll~~tli~~1Y1 L'll~~Ln~tJ (glial ~1'DL'llflrulu 1 lnmnmtlu 

.... ~ '~ "'9 I " ..J.. ...,,, I """ '· I 1 ' L 'Jl i'l i'IYI ~lJ\j jrtJ9 'l"l ~ tl'1l ') 1 L 'll1 \1 i:;tJ ~YI l'l'l '1l fJ lli'l ~ Ln 01L'Jlaau j~~ 1 YI tUJ 
• V I ..J Clo. ..\' V 0 ell 

(neurogenes1s) !il'l'tltl1'l'll'tNn7~'U'lUn17VlLnV1'lltJm"ILl~V1'lV1'l l l'LI'U"l1i'l'D'ln17LnV1 

neurogenesis 1u'5tlh.l ll l'l>-JU~~'l L'lli'l~Li1-1o1ur.i ~'Dtj1wff'u subgranular (SGZ) L~'1l 
Qo I d'" ti" 1' .J 1' !", J I 

LnV1n17lL'LI'l L'lli'li'lllfl'l"l~tl1£.JYI L'il1~'i1u granule cell (GCU LtlammtJ~..:i ztJ 71..:i 

LUUL'lli'l~U7~~1YI lli'l~ii~'lUi'l1-11m~tJYl1'1'll'1l'l mossy fiber (mfp) (viomtla..:ir.i1n 

~..:i 'lv1n~ 1') LL~')~1 neu rogenesis Lthm1nJfu r;i')'lJ'fl'1~il'fl'1 tn'fl n1 nu ~tlt.!LLU~N"ll'fl ..'.1 ~'1 LL') ~~'fl ii~ 
' ' ., 

n ~~YIU tn'fl ~3-J'fl'1 vh 1'!Xviu~1ilu '"l~tll-11 nii1m .. rn1 tJU~~n1 ~Yl ~13-11rnil t:H'l LU~ uw LLU ~Nvl'1 n1nn~L61! ~ ~ 
I f.I I ti l.f I I 

1viilLL~~Ln~L61!~~th~~1Yl1Vlil t~tJ'fl1'"lvl11'1X~~~'1Vl1'flLYiiJ~'W (1?11n..:iY1 1) vi'..:iilt~tJvl':l'ltlLL~':ln1nriii 
., 
~uvi1'fl~~~'1"1l'fl'1 cytogenesis LL~~ neurogenesis JJnr.i~Li'.lu'lu1uv11t.1'fl'1L~tJ':lrl'W t1rnrJt.1n1~1-ift.11 

' ., ' 
fnM1Jl1':l ~ trnr.) l?l Li'.l'fl 1 'IX LLUU L1'flf..:ir.i ~;:J t:J ~ L 'Wl-1 cytogenesis t~t.1hl iJ t:J~ l?i'fl neurogenesis161 
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OJ I d.c=it I 0 ~ o' ~ fJ' 

!WJ'fl~1\l"ll'fl\lll1'J~ bb ~~iq1'3'Vl3J c.i~ n'3~'Vl'IJ ~'fl n1'3n1bn'11b611~~ bb~~n1'3bn '11b611~~ 

tJ43~iq1'Vl°l ini ("1VI LLUti\191n L'fln~1~~1\l:S\1~1"1u~ 2, 6, 7) 

"' .r:::9: "' . tn LLnrn1:;ti1mM1 (antidepressants) 

Lfl ~ L'lf~~L 'VlaJ 
(cytogenesis) 

t 

t 

Lfl~L'1f~~U'i~~1VIL 'VlaJ 
(neurogenesis) 

t 

t 

~\I LL'l Vl~'ela.J~~ (environmental enrichment) t t 

t t 
' 

~1~~1Yi'ln!Ju (opiates) 

mrnJ~t1tJ~1a.i'1t1 (aging) 

t t 

L'll'tl h'L'Vlil'W (serotonin) t t 

L'fl~L'Vln"l'W (estrogen) t t 
' ,, 

tnfo'l:t1111'l :;hf"l9~ L;J'tl 1-if LLUU L1'flf\I t 
(antipsychoticdrugs) 

Synaptic plasticity ( nT:iU~Vi ~Uileh'J'Hl t1tl1~?t1utl1~?t1'YI) 
'I 

rnt11h::;~1utlr::;~Tv1~1'fl synapse 't!u'l~~1 LU'WtJ1L'Jru~~ n~ L6il~Hf tlr::;~1V1 ~ ~ r?i'el~'el~1rnu 
I t; t; I t; 

fl1tJ 1 u~iJ'tl\I ~\ltJ 1 L 'J rur'elt1tl r::;~1utl r::;~1V1ilr.i dl n1rtlfu Lr1N ~ ~1\IYJ\11 u~ n'!Yru::;~~1..:i L Yil-l~'W ~~~\I 
I I I l,t 

t~t1mrr;l~util..:i (pruning) u~::;tlfrntl~t1'W~~'tl~i'J'el1t1 crnVhn~r.i1nr1ru~m~ru::;u~~tluilr.i::;vh1iXiln1r • • • 
LU~tJ'WLLU~\l"ll'fl.:l"ll'W1 ~ itJ i1..:i r.l1u'Jt.J LL~ ::;uurnLt.J'W"ll'fl.:i n1n~mJ LtJ\lr'fltlr::;~1utl r::;~1V1 r.i1 n n1r ,, 
~ n'IY1rntJtlr::;~1utlr::;~1V1n1t11 t.J~lJ'el\l"ll'el\I~ ~rf L~tJ.:l\i n ~'JtJt.JlJ t~ tJ L'ilYn ::;1 uu1L'"l rur'fl tJtlr::;~1u 

,, ' 
tJ r::;~1w11il~ m::;~ur.i::;Yiu~1u1L 'JruiliJ~ m~ru::;LU'W~lJ LL~~ii (spine) L~ n 1 Ut.J'fl'flnr.nn 1t1tlr::;~1m11 

L-if1 (dendrite) "ll'el\I L'll~~tlr::;~1Y1 (ltl~ 2) r.i1n~m~ru::;~..:in~1'Jv111iX~1lJ1rcrw1~iiLm~ii"ll'fl.:!1t1tlr::;~1Y1 
il 1L-if1iJ11-D d'.lur;i''J LL~~.:iml-11 ru"ll'el.:l'J\lr.irtlr::;~1V1 (circuitry) 'l~ 

22 



A n 

ltlvl 2 ~n1:1rn:;'lJ'1l~~J.J1mm . .J'il'1l~1m_h:;~1'r1lh-ih (dendritic spines) ~Y.1ur.i1n 
L'ilfl~t11:;~1vi'lm1i'3oi'f1 (pyramidal neurons) 1uil11ufoA'1lfLV1n'if (A) nM1~1~ 

L~U1t1t11::;~1vi1lwif1~i1~ml~f1J.Jr.l°1wmJ.J1nmt1 cl'lU (B) UMNJl1Yl"l1n 

n~'il~~ L~ n m'flillJ.J LfiW~ Lfltl IL~~~ LAN~11~cl'lu<il'il~~J.J IL ~flJ.J'll'M 1t1t11:::~1V1 

ih-ih (LA1'tM~J.J1tl 4
) ~~d:Jucl'lU~~~rnt1t11:::~1ut11:::~1Vl LAi'il~~mt.J~'l'1n 

l"lmMNn~u1rnu postsynaptic density llfl::: '1nPl:mM1~ coated pit (olliHLUfl~ 
' 

"l1n L'1ln~11-ll1~iS~~1o1uYi Bl 

~ n1j'ru:-;iu ~h'1"11'fN~a-i u~~a-i"ll'fl'11mJ '.l':-;~1'Yli11L-if1r.i:-;ilrY.i1a-i~l-l~uif n11 m'.l'vi'1ww1~"1l'fl'1rnti 
,, ,, ... 

u'.l':-;~1uu'.l':-;~1'Yl vi'1iln1~a-i LL ~~l-lil"ll'W1 l?l L~ajr.i:-;vi'11iXiJ '.l''fltJU'.l':-;~1uu'.l':-;~1'Yl 1~aj~'WLL~:-;i] n1'.I' 

chtJ'Yl'fl l?l~'!J '1)1 ruu'.l':-;~1'Yl~ L-if a-i LL 6li'1 LL~:::i'.Ju'.l'~~'YlflllT'r~l-l1 n~'W n1'.l'LU~tJ'WLLU~'1"11'W1 t?l LL~~itJh'1"11'fl'1~a-J 
... ' ' 

Lmi'la-i mri1iltl''1 L~'fl11r.i~~a-i~ufinurYna-i ~"1u n~"ll'fl'1'.!'~11uu'.!'~~1VlV1Lnt?l1u hrwh'1 1 ~'JtJ t~mun ~ 
...... 

LL~'J iu 11'1~a-i LL ~~a-i<n'fl'1Ltiu'.I'~~1'Yli11L-if1r.i :-;~ n n '.l':-;'Ylu'l~"1tiur.i{ti~~ 1ti<Jlil"1 vi'1iln1ti 1 u~l-l LL~~ a-ir.i :-;i] 
' ... 

act in LU'W brl'.1''111'1 L61i~~LL~~~1l-l1'.l'tlLr1~'fl'W'lwl'l~l?ltJ~'Wnu act in ~'1! '1J1CU"'l1 nn1tJ'W'fl rn"1i~~L"li'W~1'.I' 

Li'1 n1nr.i1''1) L~U b!?l (growth factors) r.i:::iJ CJ~ i;i'fl n1'.l'Ufu r?lr;i~1'fl r1'J1l-l~l?l~tj'W"11'fl'1~mm~a-i bl?lti e.l1'W'Yl1'1 

Rho GTPase ~'1 LU'WbU'.l'~t.J~L~'fla-JbtJ'1rlU actin mrn'.l':::r1fu~1'.!'L'Wn~a-i Rho r.i:-;vi'111.Xi'.lm'.l'~'W'fl'fln"ll'fl'1 • • 

I I I It 

~'1V1'l~ nri1r;i LL~'J11 n1 n Yia-i"ll'W1 l?l"11'fl'1Ul-l Lm~a-ir.i :-;L Yia-i rntiu'.!':::~1uu'.l':-;~1'Yl 1 irl ~nJ~u r.i1 n . ., 
I ... I 

n1'.l'~n1j-11u~~1tJ 1 n1'.l''Yll?l1N'fl'1~u11 ri1 1a-i ~l?l~tjuV1rntiu'.l':-;~1uu'.l':-;~Tv1r.i~Lnl?l't~vi'1n1nYil-lr.i'1ur;iu 

"11'fl'1CNL~n (vesicles) L'WU1N1tJU'.1':::~1'Yl L~3.J"11'W11?l"ll'fl'1 postsynaptic density (PSD) ~'1il1r.i:-;d'.lt..in1n~l-l • 

!.I I I !.I I 

LL!?l n LL "ll'W'1"'l :-;i'.J a-i1 n~u~r;i tJ LU'Wn 1 nL~ "1'1 L ~ L~t..i111 u~3.J'fl'1"11'fl'1~'1 J'.J~f) !?lVlb!?l L&il-l1'tii!t..iri113-J~ l?l~t.iuV1 • 

~~<?1eibiieh'.J'il1niruru1m (signal cascade) ~rl1L~bn~ neuroplasticity 
QJ QJ 

n 1'.l'Ln t?l neuroplasticity ~'1~l-l~ufinu n1'.l'~tJ'Wlr1'11l-Jr.i'1 m'.l'tl n ~'W 1 ~ Ln l?lvi n1j-:::~1t..imnri~'flt..il ~r;i 
... ' 

(motor skills) ~1'fl{l?l tri'.1''1~~1'1 L ~~"1l'fl'1'J'1 '°l'.l'U'.l':-;~ 1'Yl~~'1r.i1 nil n1'.l'U1 t?l L~u r.i~ Ln l?l~t..i'lc1ll u~ n1j'cu:-;V1 
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-;uv1 3 mnhr1lJ'IJ'iN1t1mh::~1utJn:~1Yl~;unun111-il-11uzj-l~-mMi1:in-w ... 
L~t1>.J tm LL~ ::'w11'1J'fl-l L'll~~tJ1::~1YJ ~-lllr.i::Lnll'I tm1r.huY11.:i~ C\IC\11rnvlt1 L ilt1-l 

(signal cascades) lL~:;mrnt111'11~~9u (gene transcription) (i;i'll'ILLUM"l1n 
' " Cit. 0 .., d 

llln~11ll1'3'il'3~111'1UY1 9) 

I I l,t I I 

n1ntJ~tiuutJ~-:iYi Ln ~~ur.:i~c.hu~C1JC1J1nwl 'fl LU'fl-:i'l~~~1t1 L~'WYl1'1 ~-:i LL~ ~-:i 1 uitJYi 4<9-121 r.:i1 nn1~ ., 
n~~~ueJ1ui;i'r.J fu"ll'tl-:1~1~~-:i eJ1utJ ~~~1Y1~~1u'llil~~'JiJ~-:1~1 ni-:i n1nr.:i 1qJ L~u LV1 r.:i~~-:i C-J~ eJ1u 

~ruru1ru~'flLti'fl-:i~~1uL~uY11-:ir.:iun~~~-:iLn~n1rn~~~un1rn'fl~~ir~~W11u1uilr.JLr1~u~ 
... ... q 

AMPA NMt>A 

fl'.j::;(>lll 
" uuu-1 

Wnt 

Frizzled 

t Synq>tic plasticity 
Neurogenesis 
Cell survival 

iuv1 4 r~~vlt1 Lil'il-1"11 n~qi'1J1 rn~Yi11iX Lnll'I neuroplasticity ~-lllL~UY11-ln1t1Ylt111'1~'1J '1J1CU~~1m~uY11'3~1mrni'l>.J 1u 

m1Yi11lXLnll'I neuroplasticity Ll!f11l~r.i:;u~ll'l-1Cl-lol'lfut1ti1'3Wt1t1 3 'l!Ull'I 1rAllri (1) oi''lfU'llU"1 ionotropic zj-l"l::LUll'l'll'iNY11'l'IJ'iN 

;amiu L'llu ol'lfu glutamate 'l!U"1 NMDA LL~:; AMPA (2) Pl'lTu'l!Ull'I metabotropic zj-lL~'fl>.JLu-lrlUn11~'3Lf'l11::\f inositol 

phosphate u~:;m:;~u PKC L'liu llT'lfu'Ut1'3 glutamate, acetylcholine (ACh) lL~:; serotonin u~:; (3) ol'lfu~1lXLnll'I cAMP L'liu 

Cli'lTu'll'il-1 dopamine, norepinephrine LL~:; serotonin m10ill'lvlt1~'il~1n:;,,_,~1'3 L~UY11'lvi11iXPi''lm::~u~~1tl 1 'llilll'I ~1>.J1rn 
L~~>.J~Ylfzj-lnmL~::nu10111u~::L1lt1ei~1>.J1m'ti1u1uuYJA'l1>.J (o)l))uu~.:i"l1n L'il n~11~1-lil-1~1o)u~ 9-12) 
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r?lr:ifU"1J'el'l~1,~..:icJ1-w1h:;~1Vl glutamate 6JlWVI NMDA (N-methyl-0-aspartate) tl'u11i°J'"1'J1~ 

~1'"1ru1-wn1m,:;1'1-w 1 iX Ln VI n1n~iitld~~Vl fi111~ n1nh'l1'W"1J'el'l J'elt.1Ud~~1'WUd:;~TVl LLUUt.11'J'W1'WVl1'el 
<v • 

~!St.1n11 LTP (long-term potentiation) n1m'~~-wfu NMDA r.i:;vh 11X~'fl'el'WLL'°1~L~t.1iicJ1m•ih~111t.11'W 
L6ll~~Ll~:;1ltlm:;~'W CaMKI I (calcium/calmodulin-dependent protein kinase II) ~..:i'ltlL~iin~iiv.J'el~LYll?l~ 
r?lr:ifu glutamate 6JlUVI AMPA (C:X-amino-3-hydroxy-5-methyl-isoxazole-4-propionic acid) Ll~:;vh 11Xi'Jn1' 

L~ii91'W'J'W"1J'el..:ir?i'r:ifu~L~'elV1~..:irnt.1tl'~~1-wtl'~~1VJ n1ntl~mmtl~..:i91-wr:iml~~n1,v11..:i1'W"1J'el..:ir?i'r:ifu 
AMPA L~'el~1 LU'Wn~ln~1'"1Cl,J1'Wn1,tlfrn~ii (up-regulation) n1Jvl1'l1'W"lJ'el'lJ'elt.1tl'~~1-wtl'~~1VJ~ lnV1h.i 
LTP LV1mruvn:;~~u1-w~iJ'el'l~'J'W~tlttlLl'°1iJU~zj..:iiJ~L~'W'elLL'W:;~1~1,~r:in kinases 111t.11'W,'eltJ tl ,:;~1'W 

" I I 

1h~~1VJ m~1i1r.i~Lll'W tii L~ n~Yi Lll-wn~ln 1-wmnnu '°1r:i1ii91Yi,'flt.1tl'~~1-wtl,:;~1VJ<131 

• I 
f/CVQ/ ~ CV f/V t ~I • , 

n1 'm:;~'Wl?l'JJ1J6Jl'WVI NMDA t.1..:i~1ii1rnrn~~'W~'1JCl.J1illl?l'elL'W'el 'lt:-J1'WV11'l MAPK (m1togen-act1-,, ,, 
vated protein kinase) Vl1'fl'fl1'""lL~'tJnLU'W ERKn 41 (extracellular sesponse kinase) ~'lUL~lJV11'l"1J'el'l MAPK ,, 
-enr.i~n n'~~'WcJ1-w PKC (protein kinase CJ LL~~ PKA (protein kinase A) fil~ r.i1ni1r.i~v1111XiJn1n~iiV1~ 

Yl'fl~lv.Jl?l11Xnu CREB (cAMP response element binding protein) ~..:iLll-wttl,~-w~iJ~';m1-wn1nnV1n1' 
fl'elVld'!X~"lJ'el'lW'Jl'°1~t.1~ CREB 'el19~nn'~~'WcJ1'WV11'l PKA V11'fl CaMKIV (calmodulin kinase IV) n't~ 

i;lr;ifu"lJ'el'l~1d~'le.l1'WU d~~1Vl~nVl~1t.16JlW(;)n~1ii1rnm~~'W~Cl.JCl.J1illcJ1'WL~'WV11'l MAPK l~ L"ll'W i;lr;ifu 

metabotropic glutamate, muscarinic cholinergic, serotonin, dopamine LL~:; P-adrenergic zj'l'°1'J1i!Lzj'elil 

Ltl'ld~V1~1..:ii;lr:ifU6JlWVl~1'l 1· L~'WV11'l MAPK ll~~n1,m:;~-wn1rn'elVld~~~'W'el1'""lLU'Wn~ln~~1~1rn 1-if 

1-wn1,'elfiu1t.1n..:it:-1~"1J'el..:Jt11V1~1t1 1 6JlWV1~iJ~'el'°1'J1m·ih 1r.i (cognition) r?i'r:i'eltl1..:i L"ll'W ~1,~1'11-wi;lr:ifu 
cholinergic Vl1'el glutamate r.i:;v1111X,um-wrir:i1~91 1-w"1Jru~~~1m,:;1'1-w,~uutl,:;~1Vl~'J'Wn~ 1..:i (CNS • 

~ 1' Cl t.14 4"1 . . ~ . . Cli 

stimulants) VIJ'elt.11LLn!l1'J:;6lliiLf'ln'1l'l'el'eln~Vln t:-!1'W serotonin. dopamine VIJ'el norepinephnne r.i:;L~dil 

'°1'J1i!l"ih1r.i ~1dnd~~'Wn1nr.i1Cl,JL~ULl?lL"ll'W BDNF nr.i:;'el'eln~VJtfeJ1-wi;lr;ifu tyrosine kinase (trk) v1111X 
" Li..:in1nn(;) neuroplasticity eJ1-wVJ1..:JV1~1t.1 1 n~lnn~~..:in1,rn:;~-weJ1-w MAPK n1nn(;) neuroplasticity 

5..:ii°J'"1'J1~L~'eliJLtJ'ltlUL~'WV11'l"lJ'el'l GSK-3P (glycogen synthase kinase-3P l 
1 l~~'Jt.1 i..:itl GSK-3Pr.i~iJ 

' tJ I I < 

~Vlfil:Tul:T..:i CREB r.i1nn1'Yi~1~..:ii°J~YlflLU'W mood stabilizers 'l-l~1t.I 1 i;lr;i L"ll'W lithium LL~~ valproate ,, 
~1~1rnl:Tul:T..:i GSK-3P l~~..:i ih·i~i°J t:-J~L~1ii neuroplasticity L"ll'Wn'W 

Neuroplasticity nu n1,.bfl l9l n1"jb~t!U.j'bb~~~'J13J'il1( 1 5
• 
15

> 
QJ 

n 1 dL~tl'WlLlJ'Wn J:;U'J'W 1 'Wn1 d't~~1~'l-if 'elJqJ ~Vf 1'el '°1'J1iJ-i1'W1 '1J (skills) 1 'W"lJ ru:;~ '°1'J 1iiroi1V1~1 t.I n..:i 
I I ti I 

n1n~u-wiY1 '°1..:J'fltj LL~~~1ii1 rn L~u n n~u~1l~ L~ 'el L 1~1 cJ1-wltl C?i..:itl'-w'°1r:i1ii91~..:i Lll-wm~Yi Ln VI l?l1iiii1 
I I ~ I 

r.i1 n n1,iSu-wfo~ ~~ :;Vf 'fl-w 1 iX L ,:'.;-wn..:i n1ntl~umLtl~..:iYi Ln Vl~'W 1-w,~uutl '~~1VJ tV1t1 L iu~1~'el tl1..:i~..:i n1nn VI ., 
I I ll I ti 

neuroplasticity n1ntl~tJ'WLLtl~..:iYi LnV1r.i:;i°J~..:iYi~u'lJll. 'Wd~t.l~~'W (short-term) LVltJi°J t:-1~ ~'el '°1'J1il LLN LL~~ 

tl '~~YI fi111~"1J'el'l n1,~..:i~ ru ru1 rutl'~~1Vl LV1t.1hlroi1 LU'Wvl'el..:ii°J m'~ ¥1..:i ttl '~'W 1 VI~ i;lr:i'eltl1..:i L "ll-wmm,~vi''W 
<v <v • 

CaMKll v1111XL~iln1dvl1'l1'W"lJ'el..:Ji;i''lfU glutamate 6llWVI AMPA LU'Wvl'W ~'J'W1'W,:;t.i~tJ1'l (long-term) r.i :;iJ 
f; I I 

t:-1~ ~'el L'°1N~¥1..:i LL~ :;91'W'J'W"lJ'el'ld'elt.IUd:;~1'Wtld:;~1Y1 nii~..:i91'W'J'W"1J'el'l L6ll~~1h:;~1V1Yi LnVI 1VI~ (itlYi 5) 
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... 
0 ~ 

fl1UJm'l~£J~tl"U 

tn'l'rlvirn-. 'lt'HJU'l~ITllJU-a~mn 

.. ,_ 1 'I , fj1u'l~iil1ul 
Ul~WlHU'IU 'l~Ell'YI 11UJ 

r /il11ri~£m 
ffl'llff'ii!tn'll~'ity1~'1.J l\ll 

itlv15 m.Jur.i1 ~'fN lL~ Vl'I n1 nn Vl l'l'l1 J.J r.i11::u::~UlL~::1'l'l1J.Jr.i11::u::t11'l LO'ltl 

m ~ u fl ru~ >-1u~ ~ m~ tju'll'll..:i 1::urn.h::~1 Yl fl'l1 >-1r.i11::t1 ::~ur.i:: Ln vi 'llili vi ti hJ 
r.i1LUUol'll'li'.im1~~1..:iti.J1DimLlilLU'Wn11L~"i>-1m1J.JL<ifl.J 1LciJ..:i111t11m'llm.l1::~1u 

' ' 
i.J1::~1Yl 1unrn1Vid'.llm'l1>-1r.i11::t1::t11'lr.i::ii m~vh:: ol'uil'l 1fl~t1Mh 11Xii m1 

Cl'llmtrfl~'WL~'ll~11..:i ti.J1DiuL\nl u~::~11L~1>-J n11L"l'1C\j LPiULITT ~..:i r.rn 11XL~>-J 
l'l'l1l.J IL cii..:i lLN lL~::r.l1U'l'W'll'll'11'll tlU1::~1ui.J1::~1Yl~l'i1..:i1u1'11 j')J.J~..:im::~u 
mnnviL'ilmfi.J1::~1YlL"1>-liii''lti (oi'01ni.J~..:ir.i1n L'llnfl11~1..:i;s..:ifi1~u~ 15) 

1uur.iiuuiJ~~f"l'l1).J~'W1r.i~m~nn~'ln~L~ffl-ifreMnun1n1t1ufLL~ ::: f"l'l1w~1nu'ilu1\! n~1\!61J'l 1\! 
ti t.f I I 

vl\!U~)J'il\J~'l'WViilt1).JU1).J1HfLuuLLuueiu1\!1un1'~ m~n'lr;) uri ~tlhJ LLf"l)JU~ LU11\!r.i1nL61l~,;1h:::~1'Vl1u 

~tlttl LLfn-JU~iJn1 J~ c;) L1t1.:i 1 uitl LLUU~~1t1 i1 '1 ru~3-J~~ C?IVl~'W~\! 'W1l nr.i1n~r;1''lt161J'W1C?l LL~:::l?\'1 LLVIU\!tJ.:J 

vh 1 ~~tlttl LLf"l3-JU~i1u'VlU1'Vl~~1A '1}1'Wn1)'vl1\!1'W61111\!~3-J11\!~ne?1'lt1 ~iJttl LLf"liJU~~C?l LU'W "gateway" 
v v 

Vl1't'ltl':::~ L-if 111't'l n 61J'fMfl'l1ii r.i'1LC?1t1i1~'l'Wvl\!1un1n'lunii -if 'fllql~ LrlUfl'l1iir.i'11 u,:::t1:::~u 1 LL~:::L11:ln 

fl'l1iJ9'1:w11-if 

r.i1nn1,~m111u~rwf'VlC?1~11\! Eric Kandel (unf)'Vlt11 "'11~r;if~lr;)fu n\!ir~ tmu~ 1utl fl."'1. 2000) 
V I 

LL~ :::flru::: ~ 'lr;)u~C?l.:11~ L~'W11 n1Jn)':::~'Wr;)'lun)'::: LL~'lvh~11'WLLUU6"Ji'1 1 r.i:::ri111~ LnC?ln1JlU~U'WLL1.J~\! 
I I I I/ ti 

61111\! J'f) tiiJ )'::;~1uiJ )':::~1'Vl ~\! l~'fl11 LU'WU n n!J n 1nlfViYlu'l"1'Vl1\!~1,'f)'VltJ 1 vl\!ULC?l\J~ :W~'Wfi nu n1 J 
I 

Ln C?l LTP LL~:::L~11t)1ihr.i:::iJf"l'l1lJ~1A'1}"111n 1JLnC?ln)':::U'l'Wn1n1uufu~:::fl'l1:Wrol1 mnnC?lf"l'l1il rol1 
I ti I I 

J:::u:::m'lVl~1l\!iln1'~~1\! LU)'~'W 1mJuu nr.i:::eJ1u~ '1}'1}1bU"111LU11\!Jl1tJ1'WL61l~,;'9).:i'lr?1n~1r.ihJ LL~'l (~itJYi 3) 

r.i1nfl'l13-!f~il L~u'lnut-i~"111 L~11.:ir.i1n~ '1}'1}1ru~v\'11~ LnC?1n1 n1t1uf LL~:::f1'l1:wr.i'1 v\'11~ 
V I I 

U"'l"'l U'WU~1ii1rn l~'ellJ L\:J\! f1'l13-J iJ C?IU n ~ r;11'Wfl'l1:W L-if 11r.i Ll~:::fl'l1:W~Vi"r'lu 1 'WiJ'WMtJ nu fl'l13-J iJ C?IU n ~1 'W 
• \J • 

I ti I I 

L~°llV11\!61111.:J t-i~ "111 L U'el\! lVl~1i1'lr;) '91-.'.! LoriuYinun:w'l rJl.ur;i1n.:iYi 2 
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. ... 
(;11';!1\l'VI 2 r1'"J1il e,j ~tJn ~~1'Wr1'"J1il L-if 11~ LL~:;r1'"J1ill~iJ r1'"J1iJV'li1l\l 1 'W 

t:.J~'wl 11 L~11..:ir.i1n~cycy1cuVl11l ih~ti 1'Wmrn11~:i'1X~~'W (~1n 

Coffin-Lowry syndrome 

Rubinstein-Taybi syndrome 

Neurofibromatosis 1 

Tuberous sclerosis 2 

X-linked CX.-thalassemia 

X-linked mental retardation syndromes 

Faciogenital dysplasia 

Rett syndrome 

Huntington disease 

Lead poisoning 

Cretinism 

Neuroplasticity n U ~'J13J ~ (?") iJ n Gl'Yl1\i~ @lb 1~ bb ~ ~ ~1 el el n r)'YI g 
<Pi el ~ @l iJ ";i ~ t<t 1 'YI 

.<:t A A,,,;"-' CV t{<V .<:t 

.n11 ~t~·n.1~ (stress) tt~ ~A113J ~<nu n<?l'Ylt<f 3J'Witifi n1J A113J tA'HJ~ 

n1:i'~ m11ii1 m-11tJ LL~ ~..:i 1 iX L ~'W11 r1r.i1ii Lri1tiV'l~1ii1rnri1l 1 'IX Ln ~ n1ntl~tJmLtl~..:in1t11 'W~ii1l..:i 
., ' I 

~'I 1'W:i':;cK1J Lil L~ ~~ LL~:;'.j':;c;)'1J L61!~~ vh 1 iX L~1l n'W11 n1ntl~tJ'WLLU~'I neuroplasticity ~:;iJr1'"J1iJ~1r1cy 1'W 

n1:i'Vh 1 iX Ln t?l1l1n1:i'U'"Jtl'Vl1'1~ VJ L ')6Jl~~il~'Wfirl1J fl')1iJ Lr11tJt?l 

~113JLA~~~n1Jn1'H~~iti~tt~~A113J"il1 <
1 1 1 

1\1 

LD'W~'Vln1Jn'W~11 r1':l1iJ Lr11t1 ~iJ r.rn n:i':;'Vl1J vl11n1n1ti'WXLL~:;rir.i1iiio111 'W~ m~rn:;~ LU'Wvl':l u 
"' ti ti I 

n~1J1Xr.iVl1'eJ inverted U shape ~'IULt?ltJ~'Wrl1J"llil~ :f:;t1:;Lr.i~1Yi Ln~ LL~ :;r1 r.i1iii'WLLN6lJ1l'lr1':l1l-!Lr11tit?l 
.J .c:l 9J ~ .c:J 9J 0 11 d ""' 1 

L~tJ'Vl r1r.i1ii Lr1rnt?l 1'W6lJ'W1 ~'W'eJtJ LL~:;miJ1:;~l-!~:;LYiiJn1nrn'WlLL~:;r1'l1iJ~1 LLVJ 'W'1l'W1 t?l 'Vll-11 n Ln'W~:;~..:i 

t:.J~~ t?l n1 n1tJ'W~LL~:;r1r.i1iJio11 vJ'l'eJtl 1..:i L-rl'Wn1:i'tl ~ n L~1~'ltJ'eJ1:i'l-l ill~:; L~rl-1 n1n1t1'W ~LL~ :;r1'l1iJr.l1 Lt?ltJ 
~ . ~ 

I ti I I 

n1 nn t?l synaptic plasticity 6lJ'eN L~'W'Vl 1'1Vl~'Wrl1J ~ l-Jtl'l~'l'W amygdala LL~:; L ~'e)i) 1'1.h~:; dJ'W~1 L Vl !?JVl~ n-Yi 
I 1' I I 

v\'11'\X LnV'l r1'l1iJ9°1:f:;t1:;tJ1r.iYi Ln t?l~'WVl~..:ir.n mVll?Jn1:fruYiri111iXLn~n1:i'1J1 ~ L~1Jvl1..:i 1119
' r1'l1l-l Lr11t1 t?lYi 

~ . "' " "' 
i'WLLNl-11 n~'W~:;~1iJ1rn:i'1J n'l'Wn1:i'l1t1'WXLL~ :;r1'l1iJ9°1Yi~'Wn1J '5tl'Ltl LLr1l-l il~'l~'eJtl1..:i-B' t?l L~'W ~..:iil'L~t1 

t-J1'W'Vl1'1 glucocorticoids zj..:i~1iJ1rnri11YiMi;i'eJL61!~~tl :i':;~1'Vl'lm~t1viNtJ1'WvJ'lf1J'1l1l'I glucocorticoids L'eJ'I 

LL~:;~..:i~1iJ1:i'm~riJn1nn~Vi'rtr.i1n glutamate 'l~(l 9) 
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., 
r.i1n n11~ rn:t·1 tvitJ ~f.J'Wll'fl-:J fl'J1:J.J L '°·]~t..1vi !?i'fl L TP Y'IU~1 fl'J1:J.J Lfl1tivin:J.J°r1-:i n11

1

lrM'u glucocorticoids 

~1:J.J1rnn~ neuroplasticity l~ LL~ ~r.i~~:J.J'W'wfinu'V'l~~m1:J.J~ LL~vi-:i'fl'fln1wn11v11-:i1'W~ rJf'fl-:i1-iffl'J1:J.Jrol1 

'°111 :J.J b'°1~~~n'LIn1'cle'.J'el°ll'fl-:J b 611~ ~ tJ 'ci'~i14TV1 i, 'W ~Ub tJ bb'°1 :J.J tf iq117
' 

20
) 

n11~'fl61J'fl-:i L61l~~tJ1~~1vi 1'W~tJhJ LLfl:J.Ju~~vi Lilw!?i''J'fl£11-:i~i~ L"'1w~-:i LL~ ~-:i 1'1XL~wn-:i n1nu~tiw 
LLU~N61J'fl-:J neuroplasticity ~ Ln ~91 nf1'J1:J.J Lf11tJ ~ 1w~:J.J'fl-:J61J'fl-:J~[?11Vlvi~'fl-:J~l~fu fl'J1:J.J Lf11tivi tvitJ n11 

nn-n-:ir.i~'V'lu~1Lnvin11~'fl61J'fl-:JltJU1~~1ml1L-if1'1l'fl-:JL61l~~u1~~1vil'V'l11i'.i~~ (pyramidal neuron) 1w~tJttJ 
' ., 

blfl:J.JU~~'J'W CA tvitJr.i~ilr.i°1'W'J'WLL~~fl'J1:J.JtJ1'J61J'fl-:J apical dendrites ~~~-:! (lUVl 6) ~m:tru~l'V!~1U9~Y'IU 
3 ' 

1w1h-:iL'J~1tJ1~:J.J1ru 3 ~tl ~1-J V1~-:191nn11nn-ll-:1~[?11vivi~'fl-:i LL~~r.i~n~u~111'J~un~l~L~'fl~[?l1 

28 

"' fl11>-Jll'l'l[JV1 
""' v UlUO'lllllfl'fl 

+ m9iu'lou~ 
I 

-fBDNF 

t 

" "' v Ullln'lllllfl 'll 
I NE I . fll'U •, serotomn 

I 
t BDNF .. 

"' fr:mHfl 'mVI 

"' "' I ' T ITIVIU'HIUVl 

I 
T BDNF 

..... 

I \ ' 
m'U NE, serotonm 

\ 
BDNF • 

cg [15] l~I 
1 A~ 1 . 
"' v 

v 
llVlOl'HY'H:I l'lltlftth~nrnf.Jo rmrnl'lIT'lH 

1'1lan1h~nrnhni "'I . 
'tl'l{)Vll[J "' ' l\UJf11UJOY'lOVl 1'lrn&1h~rrrn1m1 

vt.! ~ v 
O'l'UJ'Vf'l.!l,l llll~tl~U1Vl'!HllJ 

c1'll'U 'll1viooncu11lll, 'U1viJ1mil1u1ilovi 
~------ "' .!{ ll ., 

llll~VIVll'llO 1'l'IT ~u\ol) 

.. 
lltl~IPlU lVI 

1 umrPJ'iltJ~t.i'il..:i !ll'il l'l'l1)..J Lfl1u "1 fl'l1)..J LA1u M:::~ f.J~ !ll'il DtfoJ l\Al-JU~'ilth..:i 
mnYi11~ Lnorn1 r~'il'IJ'il..:i L'll~~tlr:::~1'Yl

1

lm1i1vfa 1uu1rnu CA3 lt~:::~01mr 

~~1-.lL'll~~tlr:::~1'YlLVll-l1u dentate gyrus granule cells t01umrYi11~~r:::~U'lJ'il-.l 

glucocorticoid L~)..J~lJl\ !11 BDNF ~01~..:i n11L~U1UM)..Jll"\~1'"1:::~1)..J1HIUrll'iJt-J~ 
'llti-.ll'l'l1)..J lfl1u"1~~'1i'il L'll~~tl1:::~1'Yl1lvmi1'11~11J CA3 u~::: dentate gyrus granule 

cells 1~ L"1m-humrYi1..:i1t.1'llt1..:i~1rcl..:ir-hmh:::~1'Yl serotonin (5-HD Vl1'1l norepi­

nephrine (NE) n~:::mrnr:itJ~)..Jn11cl..:i~'lJ'lJ1nunu1w'll~~n~:::n1rn'il011~~9u 

(mf=mossy fiber, sc=Schaffer colaterals) ('1101utl~..:ir.i1m'iln~1r-h'1..:i:S..:i~i1o1u~ 17) 



n1J'~'fl61J'fl'll6li1N~1h~~1Yl9~lU'W~IN91nn1J'~1~C?lu glucocorticoids ~'l~'W1'W'li'N~iln1'J~l'"11't1(?) 
tJ I.I I I 

lllN~f.JIN6ll'fl'lA'J1iiL'"11tJ(?)U9~uuu-:il~(?)tJn111~~1J'~1'W glutamate Vl!?i''JfU"l!U(?) NMDA ~'ll~'fl
1

l~~1n11 

~'fl61J'fl'll6li~~U1~~1Yll'W CA 9~lflV1~1'Wl?i''JfU NMDA 6ll'fl'l glutamate l'WYl1'l!PlNrl'W4f1iin1'J~lfP11't1wo:i~ 
3 ' ' 

v111 "LX lfl(?)n1J' L!Pllfl'W (hypertrophy) 61J'fl'l l6ll'tl~UJ'~~1Ylb'W amygdala ~'l'fl19LU'W~1 LtiH?JVlvi'11 °LX'V'lu~1 ,, 
'W'fl n91nilu-:iil~'J'W1 un1nn(?)n1 J' 

n J'~~'W'fl1rnnr9'WU1lu~ A'J1 ii CJ VlU n ~Yl1'l'V'ltl 1fi~1J'flYltJ1~ L~ tJ'J4f 'fl'l rlUJl1'J ~lA 1-ti (?) L 'Ji'W A'J1ii'fl !Pl n rl'l'JIN 
,, ,, ' 

(anxiety), '"1'J1m'"11't1 V1"1~-:i91nu1 (?) L~u LLIN~Jl1'J~~ii Lf'1~1 Lllul?i'u '1-1-:iutV1t1n1n Viii LL 61J'W'l61J'fl'l L6JllN~ 

UJ'~~1Yl 1u amygdala 'fl19il ~IN L~1-ii"11'fl d-:in1'J~61J'fl'l'fl11J.Jll9'WJ'Un'J'WnJ'~U'J'Wn1J'U n~1un11!Pl'flU 
' .-

~'W'fl'l !Pl'fl'fl1J'ii ru 

'W'fl n91nn1') ~ lA 1-tJ (?)9 ~vr11~J'U11'l 61J 'fl'! l6li IN~ u J'~~1Yl 1 u'5tltu llA iiu ~CJ (?)Un ~l u LLili ') 
'IJ 

'"1'J1ii LfP11tJ (?)U'lil f.JININ Vlrol1'W'J'W61J'fl'l L 6Jl1N~UJ'~~1Yl Ln (?) 1mJ1 u'5utu LLr1J.JU~61J'fl'l~'llJ~fl !Pl~L!Pl l~J.J1tJ141 n11 ,, 
Lfl(?) L 6111N~UJ'~~1Yl 1 mJ1 'W'li'J'l L!Pl L~J.J1tJ9~nmTuu-:il~(?)tJfPl'J1ii LA1tJ (?)til~1mtl LLUU L'li'W A'J1ii LA1tJ(?)91 n 

'IJ 'IJ 

n1J'LU'WJ''fl'l (subordination stress) n11l~n~'W61J'fl'l~~1 (predator) n1J'~nLLtJn91nii1J'(?)1 LLIN~n1J>~n 
,, ' 

lvJ~1-n'fll?l Lllu!Plu 'W'fln91niln11~m11~'JmLuur.11~'fl'ltil1N1tJ 1 "l!u(?)Virn~~u1°LXLn(?)Jl1'J~~iiLf'1~1LLIN~ 
,, 

il'V'l~ ~rnJ'ii~'W"11-:J nilr.JININ(?)n1nn Vl l6Jl1N~U1~~1Yl 1 mJ1u'li'J'l Ll?l l~ii1tJ L'li'Wrl'W Ll1N~n1J'l~futi1 llrl~J.J Lf'1~1 ,, ,, 
(antidepressants) n~1l-l1JnLLnl61Jn1J'l:JUtJ'ln1Jlfl(?)L6JllN~UJ'~~1YlltililLl~~n1nnV1Yl~~nnl-l~'W"1'1'll~ 

Cl'l LL~~1 r.JIN61J'fl'l'"1'J1l-l LA1tJ(?)~il ~'fl neuroplasticity 'tl199~Ln (?) ~1'W~1J'~'l ~1'WU1~~1YltillN1tJ"J!W(?) 
,, ' 

J'')J.J'\-1-:i rn~~'W~ C1J n.J1 ru~'fl l il'fl'l~ n"1~1tJ 1 l~'WYl 1-:i091 LL~ ri~ 1ii1rn~ ttll~~1A'J1l-JLA1-ti (?)9~~'! f.JIN n J'~YlU 

CREB LLIN~ BDNF 1u'5tltULLAJ.JU~LLIN~~'J'W~'W 1 6ll'fl'l~l-l'fl-:J L(?)tJ9~iJn1rn(?)IN'l6ll'fl-:J CREB (1uiu~ ,, 
~1ii11nv11-:i1ul~l b'W~J.J'fl'lU1-L'Jru~iiun Ll~~n11~~1'l BDNF 1u'5utUllAiiU~tllN(?)IN'l'fltl1'll-l1n C?l-:itru ,, 
~-:itl19~LU'W~1ltil!?Jvl1 L~ neuroplasticity ~ntTuu-:i 

n1-a~el~el~ r~-a~1.1~1~1.13Je:J~~'Ju~a.Jun 1u~iJ'Jt1;jjaJtto1~1 
cu 

I ii I I 

"1l' 'f)j_l INVll~91 n n1 J'~ rn~n fJ~tJ ~'W ~1'W~UU ~'W'W~l-Jl-J ~ ~1'WVl~ 1'fl1n1 J'U ') t1Vi ~ ii~utf n UJl1') ~ ·.u dJJ • dJJ 
' ' <ol ' al ,, <ol • l<ol • I 'i' ,, al 

LAJ'tJVl L"l!'W !l1'J~6JIJ.J Lf'lJ'19~J-J n1nu1NtJ'WlLu'tl-:J b'"1N~11-:J61J'fl'l~ii'fl-:JLLIN ~ neuroplasticity 6li'l91nn11!PlJ"J9 ,, 
~'tlU!l1Ylcl1tJ61J'f)-:)~l-J'fl'l~U')tJ~iiLf'lnnii'l-1-:im1~n11191n~ii'tl'ltil~'l~U')tJL~tJ~l?ln1~r.JIN~UU~~'WL'li'Wn'W 

Jl1Ylcl1tJ~a.J'tl'l~'JtJ magnetic resonance YlU~1~1ht1~lJ'"1'J1l-JCJ(?)Un~~1'W1l1J'a.Jru (mood disorder) 

9 ~iltA N~~1'l61J'tl'l~a.J'fl'lU1'l~'J'W~il61J'W1 (?) l~ n n~1U n ~ L(?)tJ l 'U'V'l1~'tltl1'l~'lma.J1 (P]J'61J'tl'! '5uttl LLfPla.JU~ 
9~1N (?)IN-:J'fl tl1-:i L~'Wl~i (?) l 'W~U'JtJ~a.J L~ ~1 LLIN~~~il f"1')1l-J CJ (;JU n ~91 n f"1')1a.J LfP11tJ (?)til~'l'fl1 n1J'U1 (?) L ~u (PTSD) 

' ,, 
n1J>Vlma.J1!PlJ'6ll'tl'!'5utuLLAa.JU~IN(?)IN'lU'l~a.J~'Wtfnu1~t1~l'JIN16ll'tl'l'tl1n1nht1~n~'JtJ 'W'fln91nu~U'Jt1 

,, ' ,, 
~a.J Lf'1~1J"Ja.J'!-1-:i ~Viii A'J1a.J CJ(?)U n~Yl1'l'tl1J'l-J nr"l!U(?)~'fl'li'J (bipolar disorder) u-:iil n1 J' ~'f)61J'fl'l ~a.J'fl'l~'J'W 

,, ,, ' 
prefrontal cortex UIN~ amygdala i'Ja.J cli'JtJ '1-1-:iil~ ii'fl'l b 'WU 1-L 'J ruf?l-:i n~ 1'J LU'W~'J'WVl9 ~ A'JU "lii '"1'J1 J.J~ ,, 
'"1'J1a.J l'ih l9 ~'W'fl1J'l-JllLLIN~A'J1a.Jfl!Plnrl'l'JIN 
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n1,~'fl lw 'lriN~¥1-:i~:1J'fl'l'1J'fl'l ~Llr;iti~:iJ Lfill¥1'fl1ro:i Lnw•nnn1'~'1! L~m"ll~iftl'~~1'Vl LIJ!~if Ln~ti 

vi1'fl'fl1filnn1'~ ~'1J'W1 ~'ll'fl'l i;i'r;i L "ll~if LL~~ LL'1J'W'l LIJ!~if t],~~1'Vl nlcJl n1J~ m~n L 'W~:IJ'fl'l'll'fl'l ~U')tJ~ L~tJ~~ (?l 
~ I 

LL~~-:i1,XLi1u11,:;l?1u'1J'fl'l CREB Ll~~ BDNF vl'll'W prefrontal cortex LL~~~ULUUfl:IJU~liil~~~M ~'1~1' 
~ ~ I 

Yl-:i~11-:i"llil~u9 ~LUU L:IJ L~ ~~V1nAr;i1:1J~1A' b1JLUn1nnV1 neuroplasticity ~-:i Lllun1rn~ ~-:i111 un1r;i:; 

~mfPl111l1r.i~nn1'~~ti'l'1J'fl'l neuroplasticity 1u~ii11-:iu1-Lr;iru~:1Jun 
v~ v 

~1bbn•n3Jb~':i1bb~~ neuroplasticity 

r.i1n n1J~ n1:1'1 L'W~ t?lrJ'VlV1~'fl'l~U~1 n1,
1

lcJlfutJ1 LLrl~:IJ Lf1¥1r.i~~1:1J1H1 LLnl '1J r.rn L~tJ IPi'fl L61!~~ 
~ I 

tJ'~~1Vl'5'WLnV1r.i1 n A';J1:1J LY>ifoV1lcJlYl-:i 1 u,~1?1u L "li~~LLti~'~iKu 'lii Lti ~ri ~'l ~m 1 iXn n1n'W:iJ neuroplasticity 

LL~~Ln V1 n1,tJfu 'lriN~¥1-:i'1J'fl'l L"ll~if tl,~~1'Vl r.i1n t.i~v1-:i n~1r;iv111,X Lllun1,~1!u~'4'W~:1JiJ ~ ~1u~11 
~ 

neuroplasticity tl1r.i~nu'VlU1'Vl 1 umnn ~~tJ1fi~ll1~'1J'fl'l '4)')1:1.J Ej V1tln ~ cffel1'W'fl1Ji! cl '') :IJvl'l LU'W~ V)~'l 
'l Q/ ~ 11.c:li.1 

VliJ1tJ bUn1"m~1n1r;i ~"li:IJ Lf'ln'fln V1') tJ 

n1,~n1:1'1 L~tJ') nu t.J~'1J'fl'ltl1 LLrl~:IJ Lfill¥1~nl?i'fl n1J~'fl'1J'fl'l L"li~~t],~~1'Vll ~,1;W I?)~ L 'W~tJ'ltJ LLfliJU~ 
I ii !J I 

~r;iu CA L1':1J:1J1n~1 1 o U.211 ro:i1nn1,~nN11urif-:i'l!u 'lcJlnn1"1ti-:i1u11~i;i1°'Vl~~'fl-:iV1'lcJlfut11LLn 
3 

~:1JLM¥1 tianeptine ~1:1J1nmm'1Jt.i~'ll11-:iAr;i1mri1ti~ 1umrvh 11XLnV1n1,~11'1J'fl'lL61!~~1~n:n1?1~ CA 'lcJl 
ti ti I I 

3 ii 

Yl-:iu~9\!_JJ1tJ'l1U11'b.J~u t.J~ 1?1-:i n~1r;i Li'.1111-if ti1 un~:IJ LA~1 fluoxetine'11
• 

2n LuuVitl1~u1r.i11v1-:i 

tianeptine LL~~ fluoxetine LU'WtJ1~1-if Llrl~:IJ LfPl~1 'lcJl'lV1tinn~lnn1,1111n 'J'Vl'if~t?lN nu<if 1:1.J LV1tJ tianeptine 
I 6' !/ I !J 

liil~L~1iJn1,~-:in~U'1J'fl'l serotonin L<if1~tl~1titl'~~1'Vl'1Jru~Vi tluoxetine iiri'Vlfi8u8-:i n1,VltJ1vl'l~'fl'l 

6JluV1ii tJ~ 1un1,t111-:i nut.iri'1J11-:irir;i1iJ Lri1uvil?i11 n1,v1111X LnV1n1,~'fl'1J11-:i 1titl'~~1'Vl t!1 Loif1'1J'fl'l L"ll~if 

'l~n:nvr~ 1u CA 1?11-:i nu 'fl11iil LU'W~'l~·ihmJ-:iu'flnA')1:1J LLt?lnl?i1'l'1J'fl'ltJ~ n1Jfn1:1'1~l~1J l'W'Vl1'lfl~iln n'lcJl 
3 ~ 

'W'fl nr.i1 n n1rn V) n1 J~'fl'1J'fl'l LtJUJ~~1'Vlt!1L.jf1 LL~') tJ1 LLrl~:IJ LAr1Vltl1tJ"liUV1J'):IJvl'l n1JnJ'~cXu • 
~iJ'fl'l cffel')tJ'l ~~18-:i~1:1J1nH~:IJ L 6ll~~tlJ'~~1'Vl 1 via.J1 'W~i!'fl'l~')'W dentate gyrus 'lcffe)~ n cffel')tJ t.J~'ll'fl'ltJ1 LL fl 

ti I I I 

~iJLAr11?i'e1 neuroplasticity UL:TI'fl11r.i~~1'W'Vl1'l CREB v1111Xiin1n'W:1Jn1,~¥1-:i BDNF'22
• 

231 ~-:ir.idlt.i~ 

L~1:1J n1J'lltl1tJ'1J'fl'l LtJUJ'~~1'Vl ~r1'lJ'fltJU '~~1'WUJ~~1'Vl Ln ~ L 6Jl~~t],~~1'Vl 1 via.J bb~~L~1:1J n1Jvl1'l1'W 

'1J'fl'l,~uutJ'~~1'Vl r.i1n<if11~~ 1ui1ro:iiuuv1111XLzj'fllcJl11n1n~:1J neuroplasticity tl1ro:i~Li'.lunri1lnn1,1111n 
er" I I ti 

'J'Vl fiVl~1Ab1J'll'fl'ltJ1 bLrl~:IJ bf'\r11 un1nLnl '1J'fl1 n1Jl?i1'l 1 Vl~Uliil1 n n1 nn V1ll1'J~~:IJ LA r1niJvl'lr1')1:1J Ej V1 

tl n ~ cJl1un1 n1tJu XLL~~ Ar;i1:1Jr.l1 cJlr;iti 

r.nnmJ'~ neuronal plasticity LU'Wn ,~ur;iun1J'~nA')1:1J~1Ab1JIPi11mn1tJ'WXLLti~Ar;i1iir.l1 tJ1LLrl 
I I 

~iJLfPlr1~-:itl1r.i~iitJ~~t?i'fl cognitive symptoms Vi~u1u~1ht1ViiiAr;i1mfl1tiV1V15'11~mf1r1cJlr;im,junu 

r.i1nn1,~nmtJ~'1J'fl'lt11bLMiJLfPl~1~iil?i11~t?lrJ'VlV1~'fl'lLV1tJt?lnro:i1'V1 Pavlovian-instrumental autoshaping learn-
, , 

ing task24 LL~~ spatial memory25 ~U11tJ1blrl~:IJLAr1Cl'lLLifro:i~iin~lnn1rn11n'J'VlfiViLLt?lnl?i1-:inu 
I I ti ti 

~1:1J1JCH~iJ conditioned responses lcJlmh-:irJ'l!t1~1A'b1J Li'.l'fl LVitiunun~:iJA';JUf>J:IJ Yl-:iun1,1,Xti1Llrl~iJ 

LAr1 tianeptine 8-:i~1ii1nmnhi:.i~L~t11?irein1,iStiux~Lnviro:i1nt11rX1u cholinergic (scopolaminel Ll~:;\!J1 
~1U glutamatergic (dizocilpine) lcJl~ ncJlr;itJ 
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Conditioned Responses (%) 

* 
30 

20 

10 * 

1 2 3 4 5 

+ 
+ 

* 

1 Saline 

2 Tianeptine (10mg/kg) 

3 Fluoxetine (10mg/kg) 

4 PCA (1 Ox2 days) 

5 Dizocilpine (0.1 mg/kg) 

6 Scopolamine (0.17mg/kg) 

7 Tianeptine + Fluoxetine 

8 Tianeptine + PCA 

9 Tianeptine + Dizocilpine 

10 Tianeptine + Scopolamine 

6 7 8 9 10 

d .::t ' .di.- 1-'d,, iu'Yl 1. tJ~'ll'1Mmrnmn 1u~01'lvu11M1.:i (t·l\~'lJ'l'l) ll.l'il lmrmn'lll-JLM1 u~:;\'l1r 

oi1.:i1~ifoi'llmn1rmflm.1H' Pavlovian'instrumental autoshaping learning task; • 

= u01nv11.:ir.i1nn~l-J saline •m.h.:ii'.1t!u~1fi'ClJvn.:i~tiPi, p<0.05; + = l\V1nvh.:i"l1n 

ntjiJ~Lti.:i~'lm~umh.:ii'.Jt!u~1AClJY11'1\'lnITT, p<0.05; PCA=p-chloroamphetamine 

1vYviutJ'!'l.:i"l1n L'iln~1r-a1.:iii.:i~1lii'u~ 24) 

iJntJ'l1'W~1~1Jr.l1Y-l'ln cytokines L"li'W interleukin-1 u~:; tissue necrotic factor (TNF) 1uJ':;1Ju ,, 
1h~~1YJ~'l'Wn~1'l tiiJ~r;iuir;i~ 1 un1J'rl'f)1 ~ Ln "1Jl1'l~~~ Lf"1¥1 LL~~JtJ nr;iumn1uuiLL~~A'l1~r.l1 n~r1'l 

I !.f !.f I 

A'l1~ ~ 1?1tl n ~~'W 1 ~ n~ ~1tJ'f)l'.h'l 1'WJ:;1Jrn.h~~1Yl~'l'Wn~1'l r1'lUll?1tJ~1~1rn L~'f)~ Lu'l nun1Jvl1'l1'W 

61J'tl'lJ'~UU~1J~'l~·h'WtlJ'~~1Yln~~ amines 'l~<25• 271 ~1J' cytokine 1'WJ~uutlJ'~~1Yl~'l'Wn~1'l6'liJA'11~ • I ,, 

~1f"1CU1 'Wn1 Jvl11 ~ Lll l?1 n1JL~'f) ~~~ 1 tJ LL~ :;n 1JVI1tJ61J'f)'lL6Jl ~6tJJ~~1Ylr1''l91nJl1'1 :; LA rtJ l?1 LL~~n1J61J1 l?1 ., ,, ' 
'f)'f)nGDL'°l'W (hypoxia) tJ1LLrl~~Lfil1¥1 tianeptine 'W'f)nr.i1nr.i~L~1iin1nnl?1 neuroplasticity r1'lbl?1m~~A'11~ 

~!?1~U'W61J'fl'l1tJtlJ~~1YlU1L-ii'1LL~:;L~~mnil~L61!~6tld~~1Yl1mJ1uiltlhJuA~U~vl11~LLrll61J'f)1n1~~Lfil1¥1 • ' ,, 
~l?1n1J~'tl61J'fl'liltlttluA~li~u~~unl61JA'11~~~tln~ LntJ'lnum1~r.l1u~r;i6'l~1~1n16u6'lmnil~apoptosis 

61J'fl'lL6Jl~6tld~~1Yl1'W~~'fl'l~~1tJ 1 ~'l'W<281 ll?1m'UY'l1~~u1L'lru temporal cortex LL~~ subgranular zone 
I ,, I 

(i tlYI 8) 'W'fln'"11nuf.J~ IPi'fl cytokines 6'lvi'11~U'fl'ln'Wn1 J'!?l1tJ61J'fl'l L61!~6tld:;~1YJY1 Ln~'"11nJ11'1~61J 1 C'l 

'fl'tlnGDLr.iu'l~~n~'ltJ<291 (Jtl~ 9) 
'IJ 
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Ammonis, (C) Granule cell layer l~~:; (D) Subgranular zone r.i::Lilu~1A"l1l.ll?'ifo'11 

ihrnL~iJn1rLn'11 apoptosis 1u'ilm::~ tianeptine ~1iJ1nmnl'll1l~ (r.i1 m'tln~1r 
~1..i~..i~1v1uVi 28) 
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*** ·-c 
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Control Hypoxia MK 801 100 111.1 XXX 11M XXX ~1M XXX11M 

tianeptine 

zu~ 9 r-J~'il'tl-.l tianeptine u~:; MK 801 (~1riif1u glutamate) vi'flm?Lntll injury vi'll 

'il'tl-.lL'll~ rl°tJr::~1Yl~ Ltt1..iLHf1'1"l ::'ll'1'11'tl'tln'ilL"lU (hypoxia) LUUL'.1~1 3 i"l h1..i t'11tJ 

1-il'LmJ1'lllf lactic dehydrogenase (LOH) LUU~-.l l~~'11-.l("l'1m'tln~1r.a1..i~..i~1v1u~ 28) 



~1~nli1 b'a '°1~ Wlbb~ ~ neu roplasticity 

hr-1~1111J1'Vlvf~'fl schizophrenia tl'uLth.Jtrn~"r'ltllc1lt.l:!':;inru~'fltJ~:; 1 "ll'fl\lu:!':;61l1m"ll'fl\lL~n n\l 

u~r.idi ~YltJ1tJ1a.J~m~nn\ln~'lnn1nn"1 L:!'r-1 LL~:;~ur-1i)1vi11:J1fmj-1 'lrn91'1 (antipsychotic drugs) L~'fl 1~ 
!J I ... 

'lc1le.J~~1'Wm:!'fo111a.J1n~'W LLl'ir.iun\lur.ir.iuu n1'.!'fo111 Lrn~l'l bll'Vl ntJ\lr-l\lhJ'lc1le.J~~ LVhYir-11:!' 'W'flnr.i1nu • 
n1:!' 1.ntJ1fo111 hA~l'lntJ'lili1 C1Jin L~u1nuA11a.J L~'fl\l-if11un1,~r.i:;L~'We.J~n1'.!'fm111u'Vl1\lA~iln vi1'fl 

u~n:!':;~\l~tl'dtJ1J1\lJ'1tJ'fl1r.ihliitJ11"1~r.i:;fo111'l"1 r.i1nn1'.!'~tJ1fo111 L:!'A91'ln~a.J um 1 ~Lllun~a.Jvi«n 
r.i :;ii A'd1a.J LLN'Vl1\l A~Un~~uwufinuA'd1a.J~1a.J1nl"ll'fl\ltJ11 un1,tru~\l~'df1J dopamine 6JlU!11 D ~\l n1:!' 

2 
f,I "1 "' I 

U1J U\l~')fuur.i:;Ln"1~'W'l"1'fltl1\l:!"d"' b~')Vl«\lr.i1 n'l"1fuu1 LLl'i e.J~ l'l'fl1J~'W'fl\l'Vl1\l A~Un Ln "1'flU1\I b~'fl\l-if 1 
,, ,, 

C?1\li!'We.J~n1'.!'fm~1~\lhh.hr.i:;Ln"1r.i1nn1'.!'tJ1JU\l~'df1J D L"1tJl?lN ~'d'WtJ1fo111l:J'A~l?ln~a.J1mJ 1 nr.i:;ii 
2 • 

... I I tJ 

n~ 'ln n1 :!''fl'fl n ~'Vl fiYivi~ 1 nvi~1tJ LL~ :;snu6if 'flua.J1 n~\l~'W r.i1 n-if 'fl~~ C?1\l n~11v111 ~ii ~~'W 1r.i11 n1rn'fl n 

q'Vli"ll'fl\ltJ1f m~1 L:!'A9 l?l'fl1r.i cJ1u'V11\l n~'lm1'fl\l:!':;uut.l'.!':;~1'Vl~ii n1 nt.l~umLt.l~\l'fltj l'l~'fl"' L'd~ 1'l"1 uri 

neuroplasticity 

r.i1nn1'.!'~n1111"1tJ1fil'i1\I 1 v111~L~'fl'l"111tJ1fnM1L:!'A~c;i haloperidol 'fl1r.iiie.i~l'i'flr-1') 1a.JU"1 . ' ,, 
VIU'W"lJ'fl'I :!''eltJU'.!':;~1'Wt.l:!':;~ 1'Vl(30) ~'I n1 :J'U fu LA:!'\I~ ~1\l"lJ'fl'I rn tJU :!':;~ 1ut.l'.!':;~1'V1Yi Ln "1~'Wtl1r.i :;'li1u LLnl "lJ • 

' ' ' 
rn:;u 1un1'.!''Vl1\IYltJ1fi1'VltJ 1Yi'Ylu 1 u hA~ c;i urn'l"1 LU'fl\lr.i1 n L:!'A~ c;i bll'Vl9"' bU'Wn~a.J'fl1 m ,V) Ln"1r.i1 n n1' 

"lJ1C?ln1:!'L~'ela.Jbtl'l"lJ'fl\l~a.J'fl'l~'d'W prefrontal LL~:; temporal (prefrontal-temporal disconnection syndrome) 

L"1tJ ii e.J~ l'i'fl~\l'Vl1\l m u1111 A LL~ :;n1'.!'v11vii!1~"ll'fl\l~a.J'fl\I C?1\li!un1 '~tJ1 fo111 hA~ c;iv] 11 ~ Ln "' n1 :!'tl fu 

LAN~~1-:irnut.l ,:;~1ut.l ,:;~1'Vl~\I ~'fl'l 1-if L1~1L~'fl1 ~ Ln"' n1'.!'vl1\11'W~~a.J\j:!'ru'fl1r.:i'flfiu1tJ ri11a.J L ~'fl\l-if 1 

"lJ'fl\l n1'.!'l?l'fl1J~'W'fl\l'Vl1\l ri~Urnd'fl 1-if tJ1 'l"1 

n1nn"' L 61i~~t.l ,:;~1'Vl 1 mJhltl1r.i:;~ n n:!':;'Vl1Ja.J1 ntl'nr.i1nn1'1-if u1fn111 trn9 l?l r.i1nn1 '~n111 
,, ' 

L'W~ULU LLAa.JU~"lJ'fl\lVI~ n\l bL~r.i:;Yl1JrJ1tJ1fo1111Jr-19c;il1-:i clozapine LL~:; haloperidol ~1a.J1Jel LYia.Jn1:!' 

LLU\l ~'d"ll'fl\I L 611~~1 'W dentate gyrus 'l~ u'li1-:i 2 4 i1 LlNVl~\1"'11n;a"' BrdU bbl'i'll.l L ~a.J mnn "1L61i~~t.J,:;~1'Vl 1 vil.l 

bd'fl(;]J'd'"l~'fl1JVl~\l'"l1n;a"1 BrdU 'lt.! Lb~') 28 tl'W(G) (it.I~ 9) 
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'i 'V1 10 m'1\'iLL~lil'1"11U'lU'iJ'tl'1L'llflfWlLuU BrdU-positive (mean + SD) U~).J'tl'1 

;'lU dentate gyrus 'iJ'tl'11'llJ~ 1l~fu clozapine (0.5 1'l1'll 20 mg/kg). haloperidol 

(0.05 1'l1'tl 2 mg/kg) 1'l1'tl vehicle (o.o1 % lactic acid) LUUL'lfl1 28 1'u IL~'l9'1~11l 

BrdU r.nmr1w1nr..iM1UL'llfl'CllU~>-J'll'1\.l~.,,~lil BrdU 24 i'lhM (al 1'l1'll 21 1'u 

!bl (~lil1lu'Cl'1r..i1m'tln~1~-a1._,~.,,~1~u~ 6l 

v ' 
n-:i LL~~1 L'WU"'l"'lU'WU'"1')1iJ¥rl')1iJ L-ll11r.i LfltJ') nu m'~U')'Wn1j' neuroplasticity u-:i'lii LL'll-ll(;)tJn n 1'11il . " 

v ' ' 
LLl'ir.i1 n n1 j'~ m~nvn-:i tl11u1h~~1'VJ';)'VltJ1 f311~ vifl1-:i 1 u~ "11°'1'1 (;)tl'fl'l LL ti~ L 'Wil'tilitl°Yh 1 '!Xil-ll'fld;JrlVltl1 L~'f) n'fl~1 

v 

neuroplasticity '0'-:i 1 uiu LLUU'll'fl'l n1 nn (;) L61lrl ~U j'~~1Yl L tUJL 'W'll'l'l LVJ L~iJi)'tJ LL ti ~'"1')1iJ~ f;l'\-t~'W'll'fl'lj''fltJ 

Uj'~~1'WUj'~~1'Vl LU'Wnj'~ur;iun1j'~il'"1r;i1iii1ri'C1J'fl~1-:iii1n 1un1j'vl1'11'W'll'fl-:Jj'~uuuj'~~1'Vl~'l'Wnri1-:i 
I t.I' tJ I 

LL ti ~'"1r;i1ii ~(;JU n~V1 Ln (;)~ununj'~ur;iun1j'~-:inti1r;i'fl1r.ir.i~Lllunri'ln~u;z1u~vl11 ~ Ln (;) f1'd1i1 ~(;)Un~ 

'1'11-:i c1l1u9vi L'd"ll'l-lti1tJ 1 i u LLuu ~-:i~Y1u'Vl1-:i r1~lln ~-:ir.i1nn1j'~ n111n-:ie.iti'll'fl-:itJ1~'fl'fl n~YJif l'i'flr.i "1Uj'~~1'Vl 
v 

L'll'WtJ1LLrlGTiil Lf31~1, mood stabilizers LLti~tJ1fn111 Lj''"1r.i"1 rl'Y'IU~1tJ1L't-tti1ilil e.i ril'i'fl neuroplasticity 'll'fl'l 

j'~UUUj'~~1'Vl 'lJll 'Wrl'd1il LLN~ LLVJ n"11-:i nlJ ~'l-ir'fld,jti~ L~\J'lnu ~ti'll'fl'l\J1 l'i'fl neuroplasticity 'fl1"'l'll'l\J 1 u 

n1 rn flU1tJ Cl'! e.J ti'll'fl'ltJ1Yl 1'1 '"1~Un~ iJ f1') 1il LLl'l n "11-:i nul J1 
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