BDNF c-Fos

Expression of BDNF and c-Fosin the
Brain of Micewith Learned Helplessness

(Chih-Ya Cheng)
(Yn-Ho Huang, Ph. D.)

National Yang-Ming University
| nstitute of Anatomy and Cell Biology
Master Thesis

June 2003



2003.8



(1)
(2)

(1)
(2)

(1)
(2)
3
(4)
(5)

(6)



(1)BDNF............

(2)C-FOS....coniiiei

c-Fos

BDNF
PsyLab Escape AUtOBOX ...........cccccvvveiinnnn e,

PsyLab Inescapable BoX................ccoeeeenn.

~ BDNF

~ c-Fos
~ BDNF
~ c-Fos

20
20
20
21

23
24
26
28
29

32
33
34
35
36
36
37
38
38
39
48
53

55
59
63



Abstract

Backgrounds Depression isamental disorder characterized by persistent
feelings of depression, impaired attention, loss of interest or pleasure,
fatigue, helplessness, and even suicide attempt. Learned hel plessness (LH)
not only mimicks the various symptoms of human depression but is
curable by antidepressant treatment. In animal model, LH can be induced
by inescapabl e stress. Stress induces the expression of immediate-early
oncogenes including c-fos in many areas of the brain. The expression of
c-Fos also indicates the activity of neurons. The brain derived
neurotrophic factors (BDNF) are essential for the development and
survival of the neurons. The mRNA of the BDNF was found to decrease
with stress and increase with antidepressant treatment in the hippocampus
of rats. In this study, we applied the "learned helplessness’ animal model
to study the nature of stress-induced depression. The technique of
immunohistochemistry was used to identify the expression of c-Fos and
BDNF in the mice brain. Methods Male BALB/cByJ mice (12-week age)
were purchased from the National Laboratory Animal Center and divided
into the control (N= 6), the non-LH (N=7) and the LH groups (N= 5)
according to the results of electrical foot-shock escape test. At the first
day, each mouse was trained using the foot-shock escape instrument.
After this training, 300 inescapable foot-shocks (0.8mA and 10 second
per shock) were given to each mouse with itstail fixed by atape for 3
consecutive days. At the fifth day, each mouse was given 30 foot-shock
escape tests. The mouse performed a more than 70% failure (> 20/30)
was recruited into the LH group. The mice after behavioral studies were
deeply anesthetized and perfused with paraformaldehyde. Frozen sections
of the mice brain were incubated with BDNF or c-Fos rabbit polyclonal
antibody, followed by signal amplification using an ABC kit and
visualized with DAB. The numbers of BDNF and c-Fos positive nuclel
per area on four sections from each animal were counted using the MCID
software. The hippocampus (CA and DG), medial prefrontal cortex
(MPC), lateral septal nucleus (LSN), paraventricular hypothalamic
nucleus (PVN), amygdala (coA and blA) and nucleus accumbens (NACc




and NACs) were measured. One-way ANOV A with Scheffe’ s post-hoc
tests were performed to compare the means of the three study groups
using SPSS software. In order to reduce the probability of type | error
caused by multiple tests, p value of 0.01 was regarded as significant.
Results Among the twelve mice receiving inescapabl e foot-shock test,
five (41.6%) of them were recruited into the LH group, and the others
(n=7) into the non-LH group. The numbers of BDNF positive neuronsin
the MPC, LSN, PVN, NAC, amygdala and hippocampus did not show
any significant difference among all the three groups studied. While a
significant trend of "LH > non-LH > control” for the intensity of BDNF
stain was noted in the pyramidal layersof CA1, CA2 and CA3 of the

hi ppocampus. Judging from the morphol ogy, the increased BDNF stain
must come from the inhibitory basket cells surrounding the pyramidal
cells. The expression of c-Fosin the LH group was significantly lower
than the non-LH group in the areas of the LSN (p = 0.007) and dentate
gyrus (DG) of hippocampus (P = 0.002), with atrend of "non-LH >
control > LH". In addition, the non-LH group had a higher c-Fos
expression than the control group in the MPC (p = 0.008), with atrend of
"non-LH > LH > control” asto the PVN, the c-Fos expression in the LH
group was higher than the control group (p = 0.001), with atrend of "LH
> non-LH > control”. Conclusions Increased c-Fos-stained cellsin the
MPC and PVN of mice under stress indicates the neuronal activity in
these nucleusisrelated to stress. When the mice became helpless, the
c-Fos-stained cell number in the LSN decreased, and a significant trend
of "LH > non-LH > control” for the intensity of BDNF stain in the
pyramidal layers of CA1, CA2 and CA3 of the hippocampus was noted.
Because the pyramidal layer contains inhibitory basket cellsin addition to
the pyramidal cellswhich did not differ in cell counts, our results indicate
the pathophysiology of learned helplessness or depression is related to an
inhibition on the pyramidal cell of the hippocampus and suppressed
activity on the LSN.

Keywords- Depression ; Stress ; Learned Helplessness ; Brain-derived
Neurotrophic Factor ; c-Fos
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o BEREARRIALE BT e LS FaHA 2 P o2 R F
2% (WHO) + #-H 22k ~ AIDS X7 5 ¥ — 2  eh= X Ays %
KPP £ B 17 o

‘%41u%5~i \ﬂ@%% ﬁig&
(DSM-IV,2000) [ 4 - 1 - Aposs b Ao ~ i % 5 s V0 P AL
ﬁﬂiiﬁg‘;};«jq%%%f—% Eoodrd Rt it BT R “%h_k], B e
P B EE s p kel RAE DXL E o 7 R 7
Ak s 2 5 - )11}33 @ H_% ;f;é_,f,;,}];«j; ,),;5;517_1}#,;\ R R (Nestler
et al., 2002)

S RAEEE AT BB O %

mERFOE L EREAFREE 0 F e~ ¥ AR ALY
FlE o -y B AHEL 7 @ (Sandersetal., 1999 ; Fava
etal., 2000) - i £ FIP B 5 L5 EE A RN P PR R L
AT H FlE2 A & AN REE AL T EAE - A
Firikom E_ % AT E LB > n HRE k-2 ¥ (Burmester,
1999 )

ROALRER G A B G  dot REES 2 ARER
e BAE ¥ AL i 5 R4 AP M ko (Stress-related disorder )
PRt ERE TR R Y F L - BR4 21 (Nedtleretd,,
2002) - FFMA FHEL D A 1987 EF L he i P& LEH R
FOEURA G OBo feRA A DA KA A BEE o blhek VA A A
FEBARA 285 A A2 Bk P AR LA Lo &
BB 2T @ FRap o (Nestleretal., 2002)
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(1) H iz

f:ﬁ RFE L o Glde Lt BRE
CRECENIE IS 3 I L i 8
*’”’Fﬁ/}%)i“% l‘ﬂ”L ﬂf\.ﬂ_/ﬂ%’fri"_ Tt H;j"\% P L ERBE g E
& R 7] (Schlldkaut, 1965 ; Bunney et al., 1965 ; Coppen, 1967) - &
A FB WA o e X FFHORBER 0 Hdrz RdPr A (tricyclic
antidepressants, TCA ) - ¥ 53 it fdr4 & ( monoamine-oxidase
inhibitors, MAQOIs) ie* t&g*r’ hEpE R R E R ahE Rk R

b

BURiCRL ST nfd 0 SRS AR (D) 2
A (TCA) fr (2) ¥ w=f i pegrdlH (MAOIS) thi 1 iv
*oan 2 b A L4l % (serotonin) e B Rh
(norepinephring) s fc ; @ B 9§ it f 84 (25 v i & chpEd

CHele R hivy L H R 1 il E B (v (Frazer,
1997)

doo Wl E g ﬁ.,% &,F%m?‘wﬁ%ﬁ— ’ ~%’;\EFL
TEBELAEFA AL BEE % (Shopsinetal., 1975; Delgado et
al., 1994 ; Milleretal., 1996) - ¥ * mgm@@w frE%F'&p\sr%w B
RAFWenE sk & P27 > sk FArE L FFIRY fod A Bk i
Tic AL Frro sz FrAF H impr BB WA oy Moo A
BRGmABLL I g - L5 F2 ke

QT AE-"gT H;jz-%?‘i H]ﬂ\%i W

AR §FRTARL T OR-T LR
( hypothalamic-pituitary-adrenal axis, HPA axis) = it 2 # - % T4LF
% % % (paraventricular hypothalamic nucleus, PVN ) 4 & 8 5+ A
J#c% | ¥+ (corticotropin-releasing factor, CRF) f » % it ¥
(anterior pituitary ) #-£ = 2 $##22ig 5} ’ﬂj&ﬁ‘» (A e
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(adrenocorticotropin, ACTH) = & &} st Jripr 7 11T 1 Sl
(adrenal cortex ) & = 2 f#-xpE 4 %% (glucocorticoids) [H=] -

%5 “é“’f#’ff’? TR U TALE T Bf]!\—%" 3 ’i'f]iﬁxb (HPA axis)
iy o A B SR i LR RY FR g A 2 xRl
FoSHRRIEE BRI o gL R A8 BT RS 33 105
w A frd s [Bl=]) o

BG4 HVRA FEF (mmﬂ>mﬂm’wﬂﬁ%*ﬁw1
PRI ESRY FEFORBEF A TS BT 4 e dp
T8 S 5 5 S % 21999 & Sheline ¥ 4 1 24 ¢ 23-86
o id TG I R BRI ER L M o 24 L AR 4P
wmﬂ%@&%%%%EP1°*ﬁ@ FE 5 (MRI) #4768 =
B @.%m;%@&%%imfr @A%Wf%w%% 28
9913%; A 2 WEHL G S 0 B 5 AR (Shelineetdl,
1999 ; Bremner et al., 2000 ) -

ERWESE A LT g P L R T ARE T
-?‘FHJT‘\%(HPAams)’ AR LR A2 6 0 HPAaxisw 4 &
% (Sachareta., 1979 ; DeKloetetal., 1988) - — &7 7 3F 2 » K7
cortisol fv CRF # % #8 s dd] (40t RU486) 0 £ Fuh 8 ey st it

( Belanoff et al., 2001 ; Arborelius et al., 1999 ; Holsboer, 2001 ) -

RS £ SRR T

FBREAE D niTr HF F L4 45 fecn e frd ﬂ_‘;ﬁ’-—%—frﬁ%"Fﬂf‘]g
% e o N A E)I‘on-\i% fo HOMREEA SRR F A4 SR D
ERB T cERE gyt Y b&«?’r#m’@@gﬂsbf&J%fﬂét LagA s
4w Rfgauk R (Duman, 1997) - fe gk b g il A &
EF) TR | ponkre f AHEIRY BHRrE- B0 34 &
BB SRR FH el i fre T ’”jl'% T2t PR B A D TRA R ok
itk 3 & (TH o

A B e 4 PR ¢ LR A Y TE T G
THE 3 DY 2 e po L BRI - kS



(Dumanetal. 1997) » * R¥ U ERA Sd x5 (1) & - w5 d
VEF)S S X 8 (receptor-coupled second messengers) ot ? ﬁx
ABO-FF o FUBREALGEST (blhe HiR) '—’”? Fis g A

- s B @ yE )3 (second messenger) : cAMP-~ C& ~ IP3 5 iE - H}
e L ﬁ»r? jcpix (proteinkinase) - @ v X FRAfL A A4 -8 &
Fovn 4 3o (2)p % fh kv JcfiF < 48 (receptor tyrosinekinase) :
1 &2 FHEEEPF (neurotrophins > &]4e : BDNF) & m% 2

(cytokine) et & o« F S P TR A FIRE DL LB EH € W 4o b
B %14 (hippocampus) #ap # 5% 4 F]+ (BDNF) i £k

(MRNA) =% 3. & (Nibuyaetal., 1996 ; Nibuyaetal., 1999) - & %
% fa ¥-v jcpx (proteintyrosine kinase) AR T 16T 1E Y MAPK

( mitogen-activated protein kinase) t & @ E T o & 2885 i 4 7
+ (transcriptional factor) fxds#gsris A% [B- ~=]) -

MTEAH AT Y G B S T FIRE g
(1) "o # 5% % F]F (Brain-derived neurotrophic factors, BDNF)

BDNF &_- #a4! 5% % # F (neurotrophins) v 8 54! 5 enk it~

£ 2 OIF LG RA S mie ey ,P(Llndsay etal., 1994 ; Lindvall et
al., 1994 ; Thoenen, 1995) - F s 3 HF L P L LB A & =1
I%#Mrwﬁiﬁ (cyclchMP) 4, R ;irﬁ Hbe ) A ik
s (limbic system) % # &% § 24«0 BDNF 5 i #1pE 254 (MRNA )
# & (Nibuyaeta., 1996 Nibuyaetal., 1999) - f&hk * "o §F7 %
2 FRB W L R B SHE 52 BDNF & @ PipEfii (MRNA)
3% T ' (Dumanetal., 1997)

LB WA 4T BDNFehd e &m Gk friB 5 5 RE7 5 B
Y R - R A UGBV A Ng_ ‘EMM o e b PR 4
B FLFRBWH TR RSO E mre )o L B R T R 4
BDNF 2 2 i foiz 4 5 5 o

N

bDEEM AL “‘J;T# BDNF 2 & # jp cnbd % 1o F — &b 5 2% o 82 2%
® BEicd 15 BDNF 7/ 5 . J‘Tﬁ CA3 ¥ ¥tap il i s ¥ Faesa f§
BW RS P N B SR ok (Shwayamaetal 2002) > w4 F AT AR
A WAL 4 8 B CA3 4k i we (pyramidal neurons) £



£ *7‘#1’ 3% BDNF( Kurodaet al, 1998 ); ¥ ¢t 4 Z CREB( BDNF
L %‘r&x e e ) ] B S B A 1T sk 16 PEA L B R
AR e N’#\’?IFL BDNF &/5 5 . *f#* # LA 4e (Conti et
al., 2002) - pI*z BDNF ez Bz B 2 {22 % 5% > 2001 # Rios
74§ 701 &2 2s 99 (embryonic development) 4 #1% BDNF ] & -
/] E\""ﬁi B E BB 3 B E ek > 3K B R
(Riosetal.,2001) -3 4% BDNF w7 v ¥ & &1 @& 12 pE+>
fe (MRNA) 2B hiFsd > FI D F L 5P RET 55 B4
BDNF 3-v & &7 & @k Bk % o

(2% ¥ ¥ 1 2 7] c-Fos

c-fos & sm¥e ¢ chd B Eop gl > @IFY hk-9 c-Fos A& TS
(transcriptional factor) » F]pt A% ) 2 3L @ #E (signa transduction )
PR ERLSELE LT o FOs kv g'frf—- yER F e Jun 3¢
4355 AP-1> AP-1 ¥ it % & DNA a4 7 _% % (AP-1ste) » AP-1
Ste ¥ - & F * AFagEIHFE 0 T F ﬁ;}ﬁﬁi » — = fv AP-1site
BLtE T MR ESECEAT BN S B R RBERA
(Morganetal., 1991) - c-Fos i Fee fr#%«:ﬁ | A 5 4 F B g
;Z =4 )a 2% 53»”1:771"'»61»}3 fmPe p =, ‘@%MM;}EF&;!E o %ﬁd FOST—’W/;I
BN S PRE - P R0 AR iR I I R

PHFEZEFAFRRE TR S L0 3 B L E
BT E F A G 20 k5 (neuroendocrine) T ARE frd T G
KFEwF -G A S F R AFHN B T (Dalmanetal., 1987 ;
Johnson et al., 1992 ; Koolhaaset al., 1997) - % @ >4 1R 4 24
@ 4opE s g & HPA axis ¥ pE A % (glucocorticoid) s 1 £

PSRRI C-FOS v LHE L ¢ ke x(Leahetd., 1992;
Thnwkraman eta., 1997) - & 2 c-Fos }-v th& LV 1117 2 2% %"
IR 4 ik i o 2 G g e%«p% SHABES JNF @ e p o
c-Fos tmpF iF p oz + A (AI0|S| etal., 1997 ; Bonaz et d., 1994 ;
Cullinanetal.,1995) o @ — £ 7 » BT % h+ ¥ & @ h S b
W & ¥R A 4 c-Fos s L E (Hope, 1994) -
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o AT el M A GENE R A R A
HRIEEG A A ARLE . L F L B2 B R HER LR ER T T

e jRA L - BEF O F TP EDHHNTE UL F e
i# ¥ (positron emission tomography, PET) %g d P e F § AEN
P p) 2y gE LR (prefrontal cortex ) ~ & & 51 (hippocampus) ~
Kok k8 (stristum) ~ 2 =48 (amygdaa) f-ii e (thalamus) FOF A
T B4 M %% % (Drevets, 2001 ; Liotti et al., 2001 ) - zazsisut
CEAR TS e i RS AR LA EE L N 8 S £ I
L AMTA T RIrA S S A SR RIS R KR 0 blde B
Hmeng g R B2 R AR - A RLA - R (£ H AR
F2,NAC) fra CH I 22 BEHFSPLi & % b4 43 245
(anhedoniar & £ iz P F @R ) 7 B~ § 7 PR LA &
GAN R IMBDR I BN F LT ARG A BRI E S o

R PRy 2 o AL BRSPS

Ao

(1)i% 5 %4 (hippocampus)

BB SR L RIS YRR ORET > v TR Y ki
B RSB IR RIS TR

A5 BT ¥ S aopE L ek (glucocorticoids) % 48 » 471
Tk b £ PRS2 b2 (Sapolsky, 1996) o % £ erifl 4k
BART RS BATHERLW ¢ 5 typel fotypell & 53] i
B e & 4 HPA axis & 2 Frd] 4082 8 (Jacobsonet al.,
19D - £ xR B ERATHEAL T HZ § Hd R FIrg L s 5
A g+ T g T (Magarinoseta., 1996 ; McEwen,
1992 ; Sapolsky, 1994 ; Sapolsky et al., 1990 ; Unoetal., 1989) - * 4%
By EE G (MRD) BRE et 307 BERERL FHZ Lo Rl
BB R ) 913%;: A T BERHL 4 5 0 R 5 R
fj}wﬁ /|- (Shelineet al., 1999 ; Bremner et a., 2000) -
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(2)p i 2 A H % (media prefrontal cortex, MPC)

PRI AT R A BARR TR ERS FORATE oY Far

7 5 AP % % (Duncanetal., 1996 ; Petty eta., 1997 ) - x ) %
(serotonin) % mbt’fi" TlgrAd 2 eniz o F By M a3 Ik e
T o X P 4% (restraint)~ %4 (cold)~ALEHBEERA %
W R ,.M;t,p it (Blanchard et al., 1991 ; Clement et al., 1993 ;
Goldstein et al., 1994 Inoue et al., 1994 ; Joseph et al., 1983 ; Kirby et al.,
1995 ; Yoshiokaetal., 1995) - 4] * iE # {44 54 4 (neurotoxin)
5,7-dihydroxytryptamine (5,7-DHT) @& ## g4 §7 % e 74 < £ 42
oo v F] plusmaze sk ¥ RliEA L hE g7 5 (Brileyetd,,
1990) - ® £71 5+ 5-HT1A B:&&| (agonist) F|¥ *qenid & % (raphe
nucleus) ¥ 2 4 £ g7 5 (Fileetd., 1996 ) ; Deakin & « (1991)
BT PRSP ERREA 5 M (Dekineta., 1991) & 335 5-HT
Bi-d F R E PRI wIEA T RIE M RS54 2
SHT1A/2A/2C = % kA S Er il g 7 5 o

(3) ¢+ ¢ FE+: (latera septal nucleus, LSN )

- By R R A PR EIRON R 8 L LY B Lo iy
0 & (firingrate) (Contreraset al., 1990 ; Contreraset al., 1991 ;
Contreraset dl ., 1993) o Sherman % 4 (1980) # i B4 (7 5 ¥ 7 [R5
s SHT 22 > 5 B 5§ o & (serotonin) fic & 3 & 3 +h ] @ P 4%
¥ |1FIf,ﬂiE'ij17, o F UMY IEFIS 4B EH T AW RR ST b
4o a8 A R R T 5 8 ¢ (behaviora despair) °

(4T 4Lr % 3% (paraventricular hypothalamic nucleus, PVN )

\\\Xr

Tgﬁhirg.ggé q'_p\A,\,u,,usJi ,,_‘P’%Err'ﬂéﬁax BEFR, ~ U
Bra R AR PRERLFFERT P F MY o B
HTARr R 2By $3E 4 HPAaXIS(b e G A

MRt ’ﬂjui Tk f2x %]+ (CRF-d PVN §##22) 3 & ¥ pifr
ﬁ‘%ﬁ?r'@raﬂ it (Willieetal., 2001 ); ¥ ¢ PMCH(I\/IeIanlnconcentratlng
hormone- AT 4R % £ en—- fafaf 5 ) VH AT RS ERF /‘E%
(Gonzalez et a., 1996 ; Monzonetal., 2001) - TARLF F] 5 2¥ ¥ 5
BREFOE2R A2 FR2 T For ol o
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(5) % =% (amygdala)

AR ROL & B (McGaugh, 2002) » & & 4F if i+ &
¥ (fear conditioning) * /& 7 & »@fga‘ 4 ¢ (Davis, 1998 ; Cahill
etal., 1999 ; LeDoux, 2000) - % & Tedr sk B 4% > § + L% chitd o
%w*iwﬁ%“ﬂﬂhgﬁﬁfffJﬂ“@J&'*m“é%#<mg
nucleus) =t pl+% (lateral nucleus) » = F3 4L B4 2 -4 P & 4%

( centra nucleus) 7 ﬁﬁaﬂvﬁé SRR eRdE o A4 5
3 LR s RERE o

1969 # Fonberg f1* T f%it* (eletrolytically) #-fj ez =48 %
M ]+ (dorsomedia nucleus) 3 > B % R H e F MGy R E oD
B % % (Fonberg et al., 1969 ; Fonberg et a., 1969 ; Fonberg et .,
1972) iz & jj *f At (lethargy ) ~ i #& (negativism)~ 7 fEdve k&
s BEEE o

z =% %1#’%&;’11/}—%%@? 3N} SR ""}#Zﬁ fReng o e
defe s B % ’}ﬁ—- BT BRRA g s X BDNF & @ % 5 ik
(MRNA) %7 iz#8 <4 R (Smitheta., 1995)- g ¢ 2 =& K g
FHo F o R B RO AL 33 g
& for gy mﬁéﬁk i 2R 7 T‘F 57

(6) %x+% (Nucleus Accumbens, NAC)

FHES B TRk RBAPH P qu*fuk’f" S A= S

# % (midbrain) *Lilit £+ (VTA) 3 = sidd i@ o pb g > i

SRR EE L TEY T BR T ML S o LA B ST

K *Kgiﬁi"f Rirend dl B a e BEFE2 DT BY  F R
FHiFERF S iy (Koobetal., 1998 ; Wise, 1998) -

PRI E F (VTA) 3] R (NAC) ZERIRR S I
A Hop R{rE }“ g B A I o 2 VTA-NAC B 5 22 4
AE B ROM RIS ﬁ’%«,ﬂ:% PR G P HOERT B R
7 #3231 (Willner, 1995 ; Di Chiaraet al., 1999 ; Brown et al., 1993 ; Pallis
etal., 2001; Yadid et al., 2001 ) 3 — ﬂM‘”%& g %% % 3 I VTA-NAC
B b e BDNF s 58 7 10 f5g 28 254 (7 2 BlEk R ) g@&}zp
(EJN., andAJE., 2% 4 sh= )o
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A F RN R 6 ] FE RS R
/—?"%ff’i %,.': H'%%#ﬁ_ﬁo@%,{ﬁjé\y”{ F,m,'}jl-b Iﬁ'ﬁ‘%i”ﬁ /f {;Lu
7 3 k3t VTA-NAC # ¥ i T P ordimand 4o

-r:\«
F_k

» ¥ FEe-R R

BE I d P -4 ¥ &4 (learned helplessness) #_1967 & d
Seligman f= Maier #& 11 - F % ® %7 % ERT F R HE R4 > B X
Ry #aer -t FREayFae, gy Pl pmARER
B PR DT A ) LE R ORI T R SR A
e BT L (Sherman., 1982) o Fpt ¥ FaE etk e F by B ¥ ox
— B {%4F eds P 5N o

R AR (A9 K RpE) AL (9d) - Bai
¥ (inescapable) ~ & p A ¥ 4= (uncontrollable) =13 # 45 ¢ & X
i@?‘? (fOOtShOCk) i& vx‘?ﬂ—**—fﬁ?%-— X _ﬂ ey IFB_;H?_ ‘;\‘g@
(controllable) 3| ¥ - T HFPRER Y o B9 5 € & £ LR i 4
(Seligmanetal., 1971) - Weiss (1968) # I+ v B iE & ¥ 7 en
TH2Z L ERPHRfrd PP & ¥ R E T "% 21974 & Seligman
BOEZEORBER €E3F 5 F 2 500 R Wk o 1982
# Weiss #-# 3 55 & % ¥ $ren7 ¥ (uncontrollable shock ) 2 {4 ¥+ &
4 g Ak e g 2 v’fiﬁbﬁ-‘;‘f DSM-III 44 % k¥4 B ¥ R &
-?‘f B ETIE E 2L er & ospit gk e (DR D ke s R (2)
BE T QR Ed L %«@ ~ 1L ehpE R (4) B PR
g5 (5)" MY hF B (6)FFa4E 3RS 3 40 - 1982 # Sherman &
1990 # Martin & A #3732 B AL 2L B PR A ¢ 7 e L i m

i fiq e
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Ei B en

Af ’;+ J3 ,lg-*ﬂ- Bémﬁv,}wﬁ_;\'fr’ﬁ, f‘ 43 R /‘z‘ j\&}"’ ‘jl BDNF

2 cFos i B3 bk chd o MR GS - AT 2R R REAP
Fehdk 4 o
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- .—? I%E@%;}';v

S TRt enEe e S R R Sk ¢ o AR g anze 4
BALB/CBny@ B o RlenEd# ) 123 % o R E 5 202413 2 s
&R F5p L) (06:00~18:00) A 1P - B
HEET BB 2B A 24+1°C R R 5565% ¢ 442 kA

AER T T BT R e R (LR T EZBE)iRT o

S AR U S F U T
= - 82" R (pre-shock escapetraining ) :

IR B o -] Rl 4 e i PsyLab Escape AutoBox (-
IB*F&)%" T PR EFOE 2 E) [BI] o REDTEFF
e N&k ~ﬁl%ﬁ:‘@&%‘iﬁ R F WL R 30K &K 30F) 0
PR RETHF g8 o ) Hdrk 30 ) Xy LRAXEFEEF 0 P
FHRApre A FE S A (20=) NP BUL G gm0 2
1 gMEEFE e cF % o

T FEN L [BA)-2 %% 8 06T 8 FEYF
54y ¢ BRIRLPEFRF 1 14) o

- ~w X -gm sy #FR A4 (inescapable shock ) -

WP EFA- Ba2dm (inescapable) 7 4+ (PsyLab
InescapableBox) [B+~ )] » & # ] Kk = % 8}% FE_o o) R
@iz x &% 300=4& 2 maT ¥ (inescapable electric foot
shock) T#% & 08X FFHYF 1104 P BRRLPEFRF
0 20~704) (L3259 4545 ) 7 = 300 =t {s = WA w - AL EH o

AR

%7 X -3 {Baeshand g8 L 2 (post-shock escapetesting ) :

FEE TR R R R 24 LG $T RS R
4

o
" U
E A4 EES P AR BE R g & PsyLab Escape AutoBox
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[(FZ])] | RAFTEFT LR Aok - 2 'R- 0 P& &
BB > THE T o ) Blek A 3050 L o BB R
& pr oo AN H A 30 S up|Ek 0 4 P 20 =t 2 ¢ fj‘ué Y E et
(learned helplessness) (& - 4 pz 20k 11 F (¢ 5 20 ) 4L 5
A4 % #&es (non-learned helplessness) [Bl- ] -

VPHARRPENSET RGP ERELA g3 PHEE [£2] -

& ey #H 8 * PsylablnescapableBox [Bl~]) @ * |
10"X5"x4" » T 3 L ¥ R Ak iE 0 4k iE P cPR R Psylab
Programmable Electricity Generator 4p 4% > ¥ #ij » & R P& ~ i R 5 A
RAPFR ST Hk e

W7 ARl K 5 PsyLab EscapeAutoBox [®Z] > =~-]
50"x12"x15" 5 T > S W T erdkE s L 3 T Ak R
F oGP T Y A IE "*’v‘o%ﬁ T ARG T R MY T R R
i 4 Escape Controller (Delphi + VCLMMI) #ic# p &3 7 N (F
BOFR ) LMET LRI R 0 RS - X R
BPE A Rk THETATE R AR o

JREEF RIS G e [B4] &2 578 25

(1)learned helplessness (LH) & - ¥ {Fmete 158
HiERFLRTERILALY Fae -

(2)non-helplessness (non-LH) % - 2tages e 1 7 &
EERZLNTIEFRIBAZIY TR

(3)control - ¥tpe 16 &
FRRECRABRLA2LRTERS Dig- KPR EFEE

>~ -
B BRI BS ERRA S RH T Rl bldo &



$ % 0 l- fE

I HTE AN ES

7 & B3RS 2 T st 130mg/Kg = v =% 4 ((sodium pentobarbital,
65mg/ml ) - EppE » P RGF > - 260G 2 FEt e E P
i # 4F 6 J i 12 50ml 0.9% Normal Saline & &7 > @ {5 £ 12 50ml
4% paraformal dehyde/O 1M phosphate buffer j& /s i¢ e & 2_o B~ 1))
B ey > &2 t 4% paraformaldehyde/0.1M phosphate buffer 4 -] B 2
fs B2 o £ 12 309% sucrose/phosphate buffer 1§ e /4 & ik i i o 4
'm..ﬂ“vﬁ‘ezl\i]igl”&m_/» /ﬁlﬁ‘ 80'C > }‘rﬁ'-:E 15‘-?’/ ﬁ;h’ B

N G

B p AR OR A R R B A1, Wik 2~ -20°C g ;g;*y B s
1% (Shandon, Cryomatrix ) #-*adb i A4 ot > 55 20 418
s MR d L IR R R E'u«zi‘/ig *7“;@;;36 WiE o WE B
deile T o R E R T A 0ums FEz P B By
phosphate buffer Jz & » & - LT v g g ¥t Brge s> - &)
{¥ e A 160 B

KR (immunohistochemistry ) #i& * FL fodidl & &
IR KR e p Fev ’}fréﬁ/w\ #* o fgyf_é_” EEEFR M AR R B
S Rk gijﬁ?fr%?%ﬁp?ﬁ °

BN ART S S 1000 2 4§ ki c-Fos s i
(Oncogene % ¥. PC38) 24 /| p& &t ﬁrﬂ}% % 70 2 2. % %tk BDNF =
7# (Chemicon /& 5. ABL779SP) 48 | PF » (A= B4l i o 6 5453
R is o B E 4 % (biotin) e fd 348 (biotinylated goat
anti-rabbit antibody ) (ﬁri@ 200 & ,Cabiochem & %5 401313) iF 5 =x &
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Fu88 (secondary antibody ) o =t & FAE FER G § HRPLRE b cndE A PR
(6o F M eI $ % (biotin)od *t¢r v % (avidin)¥ 4 4 % (biotin)
gtk 4 5k o hAefrd & (avidin) X T OURRERES S B2 P2
(biotin) » 7]t i 7 $ 2 e avidin-biotin comlpex ( ABC Kit, ﬁr%ﬁ 100
i, Vector PK4001) 2 iz 5L~ & ¥y 2% [Ble ] » € %R & pess oo
MWEL A B oA 54 S BB L5 (peroxidase) (hE A 4 o
Bois g A ey oufy sy 2 (0.09%H0;) 5 iR R
PFo g4 & ¢ & DAB (0.05%) B & 43 ¢ crdfim ik i § it piE

(Rd@FRLruscFos: 4 5445 BDNFR2F 304 45) = R
A ﬁnﬁ@-img@ EF AV L Rl LB T S i
Bamhgl Y Racts 0 ELERY KRB TARE -

NEAL A
(DA o

5] B3R 2 =B (Paxinosand Franklin, 1997 ) £ & ficsifr &
3 VAR G ULE S Ry o R £ e S E - S g LR e o <

=B o

Qa & Ld FTHA

BDNF v c-Fos #&32 4! 5 'm7e #ic g " F i * k8 ks (Erngt
Leitz,020-437, Germany ) 65 .:;; A B RAE - J1* MCID (Micro
Computer Imaging Device. Imaging Research Inc., Brock University, St
Catharine, Ontario Canada L2S 3A1) 2% ifs 47 4 So Rk 2H 5 g d #uF ~

VFFe A R %A 2 BDNF e c-Fosfhieedl ifimee g o 35 3 4 )
<] % 04mmx0.4mm o & - & ] BliE - By S\zﬁw [ IV |
P % s - M RImEEAE (MPC)~ ¢h iRl Rt (LSN) ~ R 4%
(NAC-NACc -~ NACs) -~ /2 5. 3 (Hippocampus-CA ~ DG) ~ 2 i=
%% (AmygdalacoA ~ blA)~ T4 ¥Ex 7245 (PYN)-
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TSl &

w1 T oy T30 AR 5 (mean £ standard error) & 0 5t
Wz o T Sefagnt i 1 E LR SPSS St ikl i H TS ¥ B
#~ ¥ (one-way ANOVA) » 11 Scheffe'stest w2 ¥t #& 2_ (post-hoc
test) o Fla s AP A B E L - B R R S r’v’% VI NN I=NE e
ﬁvﬁﬁgj—dagmu} TAE S E TR S ey - A e AP
H A @20 =005 A 4% RBEGTH0 =001 4 g p<00L
PR REDLE -
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ik
=

- TR E
(1) 53" (pre-shock escape training)

;é‘ggﬁj.?'gﬁ,yk&ﬂagagtfig, au’ﬁ ’ﬁ)llléﬁ lLL‘HR‘%\'Ié i
= (LLL%L‘%\'%E.\ 61i057f/>m'{f ‘J@f”’wm ETV"‘EE’%E

(2)& i Wy ¥R 4 (inescapable shock )

FoHREEHRZLRDTERS 208> P g
(meantS.E.M.) % non-helplessness & (2t B4 ) : i‘*’h%?z 20
(e enpEF 5 145119 ) ) 5 learned helplessness & (% 7 &
E”>-1L‘”’ME£~? 205 (s R L 5 271412 4)) -

(¥ Fa et g & L e

12 & BALB /| G m 2 LT RS 2
(41.6%) 24 ¥ FaEes > ¥4 78 (584%) pliis A4 ¥ FaEeso

SRR RE FE

BB L R Sl B TEPR AR TARLS o B
4T

(Dap %% %]+ BDNF 2. 5 %4 ¢ 2%

Hippocampus :

% CA1[F(2,65) =2.067,p=0.135] [® -+ ] ~ CA2[F(2,65) = 0.619,
p=0541] [B-+-] ~CA3[F(2,65)=2057,p=0.136] [®+=] -~
DG[F(2,57) =187, p=0163] [Bl+* =) 2 % = ef&%EI

(control » non-helplessness - learned helplessness) BDNF & 5 4 ¢ &

mic Bl Ry FOL R [£=2] o BT RERE S A
%% %7 CAL- CA2 - CA34ik wmrz (stratum pyramida) ¥ CA3
btk (stratumradiatum) BDNF ek ¢ 5 "% 7 @ 2t>2 g p4 >4 pR
penp BARE o
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MPC :
BDNF £ % ¢ chim®e #cp f= o f S5 B2 § BE L g
[F(2,57)=0.136,p=0874] [H-+=z] [%£=2] -

LSN :
BDNF Ak % ¢ chim® #cp f= o Sedede P 502§ B en i B
[F(2,69) =0.903, p=0.410] [B+7]) [%=2] -

PVN :
BONF L % ¢ chim®e e b= wF b B0 3 ¥ L B
[F(2,60) =0.226,p=0.799] [B-+=]) [%=] -

Amygdaa:

% COA % [F(2,61) =1.223, p=0.301] ~ bIA %[F(2,61) =4.115,p=
0.021] » = =5 % # BDNF fL A % 4 chimieficp f02 5 ¥ 4L B
[(®-+-1[%£7] -

NAC :

& NACc % [F(2,69) = 1.306, p = 0.277]- NACs % [F(2,69) = 3.105,
P=0051] & % » = § %o BDNF L& % ¢ chiws P 48023 &
¥z d [(B+~1 [£2] -

Q% HEFATFIc-Fosz LA %I B%

Hippocampus :

& CA1[F(2,72) =0.508,p=0.604] [®l++ ] - CA2[F(2,64) =
1.450,p=0.242] [®- ] -~ CA3[F(2,80) =2.252, p=0.112] [®l -

— 1% ZERHRBFLELS e P AT REFOLE S &
DG %[F(2,71) =6.611, p=0.002] [® = ~ = ) c-Fos % % ¢ chim
"z fic P learned helplessness 2 (18.17+1.77) & % < ** non-hel plessness
e (29.47+2.50) (Scheffe’stest, p=0.002) c-Fos # HAE% 5 "2Lm v
SHEE>T Bae e [4-]

MPC :
c-Fosend K 4 ¢ enimre H P non-helplessness = (23.19+ 2.36)
kg % 3 >t control %( 11.25+2.02)[F(2,33) = 6.141, p = 0.005] ( Scheffe's
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test, p=0.008) > c-Fos % A% S "zt es>y Fa >R e" [B =
2] [27] -

LSN :
c-Fos e 5 4 ¢ iz P learned helplessness & (21.62+1.64 )
k2 % 43" non-helplessness % (31.48+2.14) [F(2,71) =5.393,p =
0.007] > c-Fos # A% s "2ta >R e>Y Faet 2" [B=z L v ]
{%\ A ] o

PVN :

c-Fos e % 4 ¢ shme P control & (32.61+2.16) & & iM%
learned helplessness ‘. ( 46.68+2.28) ( Scheffe’'stest, p = 0.001)-[F(2,58)
=7.719,p=0.001] ' c-Fos % 3FARH 5 "% T mpt>2t | B SR " o[ F

NI

Amygdaa:
% COA % [F(2,81) = 2.865, p = 0.063] 4= blA % [F(2,81) =3.129, p =
0.049] » = &2 Sed> P C-FOS LA F & chlmbe o 3Rl G B F nd R
(®=-~+=1[#41] -

NAC :

NACc % [F(2,71) = 2.049, p = 0.136] 4~ NACs % [F(2,71) = 0.978, p
=038l > =R %&bt C-FOS LA F d chlmbe o 3R G B F hL
2 [w=-+-1I[%+]-
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o
- APHEFERME T MG CFOS ARSI B %

AT BALB ] By Faripss Heb e fpioia B Big
# kv c-Fos LR R I wmirdlic g B0 0 Fl s /Ug‘ BapteE oy
Y EE e > R E 2T ERS a2t Y Fa e 5 H{E e
iz Bi® cFosehi IRx 23 2 R > 7t c-Fos et YRR P
BB SR T A BN RE ST ERY S q £y @
AEB A ¢ TG o2 BREF EE Steciuk & 4 (1999) F R Y 7
AEe L Blenth )P It c-Fos £ € T 'E - k@ ¥ 22 Duncan(1996)
EADFEIRAPTR 0 B PR IR # A desipramine 7 i < B A%
WHEAPEA AR LY EaE A Y BV IR c-Fos A E € 3
4v 60% -

me

I =P ‘*ﬁ W e c-Fos v A IR FTE K 0 LR F
BRBaAGREMEEMRETREFEBHFIZR AXGT M
Flatdf B RET ERRPEALATHEZAR A EDERLBERRE
PEA B MR e R R AR S SN A A T
% % (Magarinoset al., 1996 ; McEwen, 1992 ; Sapolsky, 1994 ; Sapolsky
eta., 1990 ; Unoeta. 1989) ; ¥ *t » X k2 % (MRl) » 1
FREERBL F DI S RIS A R e ¥ 9-13% (Sheline et
al., 1999 ; Bremner etal., 2000) - &2 7 M5 & B cFos & Ao
R 4 m,{;:rw ,—wz '7»}3 G A & m.,;i’m?p S BIFF S ?K&L)‘;:r;g—’:
?*J,'lﬁifﬂfgfmm@“‘ (304 48-120 4 48) » @ RFTF 36 1) R 4
AL TFS(F A oz 2)e 2L PR AR S B
#okw NS % 0 @ CA thc-Fos £ IRErm B F chs v > 2k

TREREN A

7 »#7 (Duncaneta., 1996 ; Petty etal., 1997) #83n i p il %
FATHA- BHEBY FRFR X 2BV B E S M ko AP
BRSSO EBRBERES F M F 5 non-helplessness . c-Fos %
REHEFF > control e £t RN GRS S Y TR G M
Flimes ] Rap Rl T i cFoschi BB 2L a2 ¥
AR 5342 Steciuk £ 4 (1999) HT 7 B % - Kk oo

g

-anl e )H'
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Fl 5 C-Fos ¥ 1 F A Elhmie ciE i o Fp AN g A BLH T
RE R CFoSZ R ER v A7/ RAge A d kg T 1T
ARE Z R EM € W 4 o Shumake & 4 (2001) 12 mve & % 5 i fi%
% cytochromeoxidase 175 ‘w%% 3 v K3 2 a4 ip ko« B
AR BWehr 0 BTARE T3P Bl - bk BH
80% > e Steciuk % 4 (1999) ¥ B4~ BT 7 4ril 3 et IR o

‘T\

‘T\

FEFrEaPR LR LSRR NP REP ALY T RMG
~ CcFos £ 'K BRI cFos &2 IL'F I @/ gy Fae:o¥F
b s c-Fos © H_dmre o2 4 B E AR B '§3¢» ’ %&{;ﬁ} EN R
c-Fos shp 2 7 i 3 vk F 8 P IR % (pretranslatlon event) » & - 1

ko w2 kfpm AR L @EoE Y AR FLE Té‘ﬁémgﬁc{*@
H CFos3v FIRAG T RESF AT 2z A FeE it 2 med &k
xﬂyféw:%g‘?;fé“‘m”emﬁgb'fr”']ﬁi«q\@@] m o8 ;’3_ et PR

¥t s I % (post-trandation event) h% £ 53 B E_A Rk EEIE
,;fj&fﬂgb" - ré, o

- AFHREPSLAE R Mo w2 BDNF LA L ¢ B %

H2 3 F ST EARERY ¢ BB - W BDNF R # 1%
Piit (MRNA) eh 3R 5 £ %7 $Lb @47 # 405 5 %1 BDNF
MRNA 14 L8 ¥ 7 4] BDNF MRNA % R R 4 887 % i
(Nibuyaetal., 1996 Nibuyaetal., 1999) - fkk ~ @ s~ 7 » %
m%@ﬁ%‘ﬁﬁ%%ﬁzﬁfBMWmWM%m&T%Ummmd
a., NW)oﬁfézﬂ E%Mx/&HmNF”ﬁ%*ﬁIABN%
BT R RS RS A A Y (B e 2 Ak » % (Shirayama
emlmm)ov»w%<4wmmm A A iR W R ik
e 4 |- BDNF e #p2 B enbl 72 F 8 - 5 2 i“ﬁ“@%%f
BDNF s 5 % 02 & i P i (MRNA) 5 4 > - 44 Z BDNF 3~
é?ﬁpfﬂé’ﬂ&%%%&%iﬁ%ﬁﬂﬁﬁ@5mBMW&m
FeEmmy o

Yan & £ # 1997:&)% 2 gt BDNF 3 # #pE+2 2 (mRNA)
fodkd FAAtE A HiMPE R FRGFF I RELRLT - R

24



- B9 % 237 BDNFmRNA e #r#ER 7 339 5 (Yanetd,,
1997) e r1a B B4 s b] > & ¥ < v R kv (dentategyrus) % i
128+ £ 9 BDNFmMRNA » e §r & 4k > & ¢ BDNF 3= F
(Ernforset a., 1990 ; Hofer et al., 1990 ; Phillipsetal., 1990) - H + ¢
R Fls (- ) 9 FehARE L ehs b (2 ) BDNF d-9 a4l &5
e a4l (prepro-) 2 F #B4p (unfold) #7538 5 A > & % Akl
#r3¢ak 5 (= ) BDNF ‘3‘»6 & = (processing) %"ﬁ*‘u% ALIE I B
B f R (axon) L7 ffﬁ mA S mie e AR o Flt AR R
A A7 pE s 3V e 4%%«57 CAl CA2 ~ CA3 48 'm?z & (stratum
pyramida) £ CA3 czstk (stratum radiatum) BDNF 3-v B chig 4
7Y F RS R B SE R B B AR o

A E k2> ¥ @ aes ] B CA ¥ 73 40 e BDNF # 3¢ %
p#EHkm (basketcell ) @ &k wmre ¢ $H4ik wre (pyramidal
neuron) 4'%#' Mo g 0 F] AN s % Ao CA T chiik e
Il e ¥ TR A R E G Mo ¥t d ke (dentate
gyrus) m%FL W FE (granuIeCeII) HE kg (mossy fiber) u #
7| CA3 b f > 4% ¥ 19 b & B PF > 4E 4t e 47 & & 7 BDNF
Foog 2R BELE A;}L% ek #4352 post releasing pool @ @
OB e MRR 0 Q0 F R A P oarEL % 3] CAS it & BDNF
A BiF o A Sokw sk wre BDNF 4 ¢ 4ril§ %1 chm i o

2002 & Conti % 7.4+ . CREB ( BDNF @& # = tht 54 ) e)
B B3 B AT A A RERE L ANk RFRAFR
BDNF fei% 5 4+ 4 JL3 4c - 2001 # Rios & # % 5 1) BDNF £ 7]
;ﬁjﬂf B ) E:ZK? B E R 2 e re k> ¥ X FRE
Woaag o ¥ P BDNF 3o chg 2y mI BXFERAAS T2 EH=R
> #rif mMRNA g & (Yanetal., 1997 ) F]ptge ke 5 2 5 a3 3
B ¥ 2 BDNFmMRNA 2z B end & B % > (= 2B 4 % 5 BDNF 3
% % & % - BDNFmMRNA 2 BDNF 3-v 5 2 [ cbd 4 & & @ 5 1
ek ¢ MEIELRELFEN GG -
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=Y RS- RS PR

AR CERARIT T A S B AR R RE T AR & F I

ﬁv#fs_\ﬁﬂi-@@[im}]%"]&%#% ry H Ta‘-%]%‘on\?ﬁ,—-7ﬁ EEd2E) )
PHNEIERAEEAL AL PR T T R E &gk (5]
b ﬂﬁ,ﬁ_ﬁ; ~EPR ARG L) R F P RFE?_EEmL_ﬁv;}nLJ 4r
SECRIPIEER ¥ F- U S R T SR o)
BB @H 3 ok F B 15273 7 & & (Willner, 1995 ; Hitzemann,
2000 ; Porsolt, 2000 ; Lucki, 2001) - ¥ *t 3R ¥z 87 5 A %} 5
F1?73 5 BAFERYET M 7RI T Tl P R E
* L F e BLOR BUFE TG o

Bk Y E et B R A R ORR T I SR 2
By T SBEF R g B Tt Y g el b 0 kT
W 20 s i g Ry (D) f g
R FE A m%%ﬁ&;{%«ﬁm EHFFAREABT2 EF a2 R
BERR AR {2k (Desanetal., 1988 ; Overmier et a., 1967 ; Weiss
etal., 1981 ; Zacharkoetal., 1983) > iz B W E - B A A ° k4R
ey R AL R (2) RASHRETRERET - TARTFR
a4 s F AT B RS R B By R BT A0
710 (Plomin., 1995 ; Kendler et al., 1997 ; Rutter et d., 1997) - 7]
perr ek A 5l ey B E'/’I]"*u"* RN E3 ?eﬁé%‘ﬁﬂ"”/”%@’}i ; (3)
Seligman % 4 (1967) 25 &4 g 2 LR DFR T FFHL T
B ;Iﬁgg:_i— AN LA lpLF RiLF (nothlngl do
matters) | = Minde ) 0 Tl LM DA A kR ER 0 R PR
mOREED S FERFIEY A FFEE o WesS F A In i 2 A fgen

BT in R adE s 2R r]Eﬁﬁ”(WGSS 1970 Weiss, 1980 ; Anisman
eta., 1978 ; Anismanetal., 1991) - Fla = & (/] &) ehx %L & F_
AHgeh Az - o@m P AL j\’;‘rP bt?’\t»?"*aal 'ﬂz&’ﬁk@}i”ﬁ
ﬁ*ﬂr%4W\H%a$;éﬁJrﬁ%m%Ja%«ﬁiM@%%%@
LR o A e FAcH v ) gu A 4 T A gL s
ng AR R ﬁw}mr,g B m X ETF]]

ari

)

&~

A e A T
Bv g gEp]ig 4~ h; MR (or

2R
) EAE TR o G i p
&F' E’r’*”'%;é_.} g B oo IFBE’Z'QL"IF’-i X Rk S Es o ,:Ei o 'Vé?&‘? I
FoA BN R B Y

26



oA 1 TERA AP HAL R AT LSRR
FEFAZEB - APFR IR LETFRS D] HE LR
WeriiplEk § F T0%:] B A P gt ) BA4ck 2 BV RA £
REFLH DR R MG AL PP RES - 2 R L
YRV ERME S G RIRE- H AT T oA
Aﬁﬂwif—jﬂag“l‘%bﬁ’wm&lﬁm DB - ROIA | Flo ¥
LR DIRIEARY 0 NP ok AL ) RL T M TERF A
il

4
b4

—_—\
44
—\\

“a.

|+

>~_
&

4=

1=

PsyLab Escape AutoBox ¢ & > 5, T PHEZTERBES Rk ol
TRET P EVRITYLRI ZREDHERH IR BEFRS
EELRTEFERS CAI DY F RS 5B

‘E

27



Rl
u%
ki

JERZ RS BHRRWEAT R TARS }2 33% c—Fosmz\
3] gilg%c’e‘%ﬁ—rL“F'J#Svmm”er‘r}bk’lifi Fﬁ‘g— o F o RFEY
% mesps b P Ipprinc-FosERF R D ¥ h iR %#CAl ~CA2
g1 CAS 4wz & BDNF 3-v 0% ¢ 3" J,f 7 ,',’,"E’v B> Zbg et ke

> ffﬁﬁfﬁ" AR E o (e § A d hdE Rk .ﬁm’ieﬁtﬁ Ly Au T Y EA
o4 4 4e e BDNF % f 4080 im0 i | | m e » B0 gL 534 %

9o &R HR BT Y IR P e i LT AR
(SR TR B

—\\
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ACTH

BDNF

blA

CA1l

CA2

CA3

COA

CRF

DG

HPA axis

LH

LSN

MAOIs

MPC

NAC

NACc

NACs

non-LH
PET

.
]
:"_SS\N
)
i

’/f—» .
adrenocorticotropin
brain-derived neurotrophic factor
basolateral amygdale nucleus
hippocampus formation CA1
hippocampus formation CA2
hippocampus formation CA3
central amygdala nucleus

corticotropin-releasing factor

hi ppocampus formation,dentate gyrus

hypothal amic-pituitary-adrenal axis

learned Helplessness

lateral septal nucleus
monoamine-oxidase inhibitors
medial prefrontal cortex

nucleus Accumbens

Core of nucleus accumbens
Shell of nucleus accumbens

non-learned helplessness

positron emission tomography
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PVN paraventricular hypothalamic nucleus  F 47 3 % %

TCA tricyclic antidepressants = e A
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Meurotransmitters MNeurotrophins

and Neuropeptides anid Cytokines
-.':I’ ﬂ *I:'\F
.G E  Ton Channels R
Y, S i Y,
Second }lessen;er MAFP Kinase - a Jak-STAT
Cascades Cascade Cascade
VAR VAN VAN

Substrate Proteins (ex. Receptors, lon Channels
Cytoskeletal Proteins, Transcription Factors)

2R

Short- and Long-term Regulation of
Neuronal Function

[B- ) ‘oo ann 4 & ER T
%% Duman et al., 1997 ( 3Rz %= %, 2003)

iR L BERSART REASA S (1) & mms i
¥+ 1% & X 48 (receptor-coupled second messengers) i E B IS
FRA LGRS T (blde s HR) O E N o - kLR

('second messenger) ¢ 4% : CAMP~ Ca&" ~ IP3> ¥ i — 45 /& it =¥ jjr
fs (proteinkinase) > & 3-v < Faifcitm 24 - @ ¢ B L@
o (2) fek fo v jcpe < 88 (receptor tyrosinekinase) : gt Bt f5 %
Pl 5w % # F (neurotrophins) {rim®z k% (cytokine) =724 & o 4
ERME S e ) kg fe 39 jicpF (proteintyrosinekinase) €
AERL b TR E Y MAPK (mitogen-activated protein kinase) fv
Jak-STAT 3 & B HEL T o A Fipd wmrie p il L B EFT 2 4 2 3
oo Bisd o mH IR PREBIN Fiwre it iy o

32



Antidepressant Treatments ‘

'll LY e
Y ¥\ Inhibit Serotonin and NE f‘ A ‘m
N Y Y S Rtuplu]f.:: urEn:ﬂkl:J.uwu * A A A \

or ————+ Serotonin or NF‘T
IH.-"—\—_:—'
Serotonin
Gx mm}_

'l

_-_.-"

4 cAMP Ca®"-Dependent

¥ Kinases
TPH f . Trnp]:!it AﬁErms: Fn creasedd .
m— = ———____Function, Synaptic Remodeling

[Fl=) L8 R* B @A s+ i
%+ Duman et al., 1997 (382 %%, 2003)
B EH T Lwd) T EEFr4la 4% (Serotonin) ~ 1+ F ¥ ’”}i%
(norepinephring) v Jz 22 Fr4| H %% (monoamines) 4 f&m 1% = n
FAD TR R e R IRY B € L A o T
RAERLWPH L E AR ©§F N RRBERT (cycdicAMP) 3
A BEELT > 2 3 4 PKA frig 4 %]+ CREB (cAMPresponse
element-binding protein) ek & o B Medd £ RS 1 16 R Calpa ik
B¥4rs 7 A& CREB &R o Fi CAMPU 4 @ HEL /T Ak F o
FE e T2 ’ﬁ&% e & (up-regulated) - dE X PG AL o Fl A e
e 3 RGP A 5 & %5 BDNF (CREB #4575 ap 4 )
2§ LR BIRY LB A A R E R4 o BDNF 24 5end i~ 4 £
EAF AR RA Slerr s E G Moo
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.,?—;-
_-“-‘\\4. Hlil-pm::lmpus

Clucocorticolds
Diexamethazonse

[R=]1 AL -5 -5t sphess & (HPA axis)
%+ Nestler et al., 2002 ( #5224, 2003)

TAE % %+ (PYN) ¢ CRF-containing parvocellular neurons ¢
BARCEIRA LR AEY > AR DE B ERY S
(excitatory afferents) frid & g ipdrdliiad Sk (inhibitory
afferents) gt gy o 3§ 4 i & I F 1 9L gk e F1+ (CRF) P
T B;]u‘ # (anterior pituitary ) #-4 & 2 #%if § ’Jﬁui Tk
(ACTH) - ACTH ¢ FiFa ind|E 71 Hlju;t # (adrena cortex)
Tl d = 2 fpE L ek (glucocorticoids) © fE A B k%
(glucocorticoids) ¥ & = dexamethasone k #r 4| CRF = ACTH &
* 2 o BRI p T end 2 o BEL F i E (glucocorticoids)
BRARB OGS S SHELEF I T EL A TR
(glucocorticoids) £ & ¥ m+ & 7 B ©



ABC METHOD
" [Chromogens - DA

e
BOTEALATES
Ly fiate
# snti-rabbit 1gG (Gost)

G

[Rahl.'-'l: llrti_—-:-fm E{-l}:c_t_lmtl u.ntih{'-d:.]

[Bl= ] ABC = ;2

B2 A Fero 2 (avidin) 24 2% (biotin) #7425
BAA 2 g (A3F 1 10°M ). - B avidin § » &7 2 biotin & &
¥ o FRA d 2 biotin &4 F & & e e W F S e B biotin §
2 oavidin & c xR 22 RA N T4 A0 | g S fuil
(biotinylated antibody ) ¥ — =t #uf8:d 215 > £ 4 » avidin-biotin 4§
Ed o JU* pag £ 4 9Pe % (avidin) hopen site k22 - X Fugg s
P+ % (biotin) % & & fs4F &+ i § “ Fp5f]* DAB k% 4 (§
A g )o

-\
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i i,

[ B 7 ) PsylLab Escape AutoBox ( #rz_ 7&3% , 2003)

P R-REFRE P EIBEDES £ o P REDITET s
o] BARERYE O THF TR .

' '/J“!%

77L77

[ B+ ] PsyLab Inescapable Box ( Hong, 2002 )

W R FA- Ba2dm (inescapable) g g b oo TR Rk ¥
O F o] B4R 300 =t o2 i s end ¥ (inescapable electric foot
shock ) -
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> 20 escape failure < 20 escape failure
learned helplessness non-helplessness

[B-=] ¥ #FmeseniR i (2 724, 2003)

JREDTET LR N B BAREEF O R F D TR o - )
B giEm iz dm ey # (inescapable electric foot shock ) & 4 > &
TR RERF F 104 meF'“‘frhg B PR DRI A Bk 3 R IRE
B Fp g BB 30FAFH TR R ,ﬁhg:&ﬂm% P o FN -
WA 30 ehiplgk 0 AP 20 0 RE DY B E B iR o 4 pz 20
MT (e 720K )ME AR ERE -
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J

(}J
"1 Resting time : J0sec |

[B~])] 7 amend #420 B (#8273, 2003)
THRR 06FEXRLAFFYF 5 FLTEHRL LY -
B R TS B AEREF A 30F) v AAREIE R 0 & F AR
CER s Ml B TR AR o 5T B0 L 2 15 B A
h o SR RIS o — X 3F 1 304 o

&H

|

v

>

a1 Uncontrollable Shock | I’“’_J '

'
k
=

|\ BaLe
I.-'.I B aULHIE
|Esmpe Test
d3 O HE WY ESCAPE Home
ey Cage
111 II"II ILIEITRT O] GFET Y

learned helplessness non-helplessness conirol |
d 5~13 Immunohistochemisiry |

[B4]) %2 e (82 %%, 2003)

BTG IR N 2 e e g e (control ) AT PR R SR -
BEY - FReAS e SRELRTERS TG AL RB D

\ -,i/i- 7
learned helplessness i 2 2 3 A # & B4 & non-helplessness & -



comtrol non-helplessness lurarrid h-lpl-&ssnms

iz, . RRERETANT A RN R A

& . e e ..'.i..'lq"'-.h_ o l*t‘v ' e Sl |
R A ik Lt
JI"j e "|t,' 1 1- WA ."!'_'; P 3
_--". ra e -.*" i ! -

L " r . a i | i k ".-.. il

SE R Rt g R Rt : . L A

hik

A. BDNF immunoreactivity neuronsin the CA1 area of hippocampus.
The results of different groups are shown. sale bar =50um.

Bregma -1.3dmim
B. #p ¥tk e ] BPg3n 2~ B (Migitaetal., 2001)

[B+]A %]{BDNF s 5 J'%#CAl TG ARG E ‘i‘aﬂ ° 63
e fg 2 "gsaljiﬂ« % 0.16mm? e i) @ =50um - B B £4p %t
Jee] BUPQIn g =Bl - WA F REEE > AP ok kg CALA
%&f’.sm’feé; (stratum pyramida) BDNF i ¢ 3 "% 17 & 25 >28 5 0t >4
PR " ehp BE AR
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A. BDNF immunoreactivity neuronsin the CA2 area of hippocampus.
The results of different groups are shown. scale bar =50um.

CPu

i i
izl GP
Ced

e BLA
] Pir

Bregma -1.2dmim

B. p 4 o] Bt =B (Migitaetal., 2001)
[B-+-1ABABDNF /%8 S CAZ %R i A% ¢ w5R - 63
e 5] & =50um - B B] 4_4p
R s LBl o VA B ARZER - AP hE % s CA2
4048 'z K (stratum pyramida) BDNF 7% ¢ 3 "§ 17 & pb>2b g pé>
R 2" eop Agag g o

et K o H RS ) 5 026mm” e v
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|E\HITIE'-I:| helplessness

ar#*'

comntrol

1- rl'

A. BDNF immunoreactivity neuronsin the CA3 area of hippocampus
The results of different groups are shown. scale bar =100um.

| A3
DG CPu
Rp — bl g
VP ——— GP
CeA
DMH J7 A F———BLA
A H Pir
ME '
Are VYMH Bregma -1.34mm

B. #p ¥tk e BPgn 2 i~ B (Migitaetal., 2001)

[@’L—’]A@{BDNF’&./J@%"*%#CA3 TGRS S LAE - 63
ERCII I I ’*4#’1?]*' % 0.16mm? e vt ] & =100um - B B &
° MLALJE B RBLEPE > Ak B CA3

#E ] BURI i R
4048 ‘w7z ¢ (stratum pyramida) feizsét+k (stratum radiatum) BDNF

en:| B SH 7
G d Y R P> B SR B e BEARR o
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control

leamed helplessness
63X

A. BDNF immunoreactivity neuronsin the DG area of hippocampus. The
results of different groups are shown. scale bar=100um.

B. #p ¥k e ] BURGIR 2+ B (Migitaet al., 2001)

[B+=]A®BIBDNF &/

R S

=
#B 43;?"]'},@ E‘hz] & R 2R

w

5% DG EALALS BRF - 63
B E < ] % 0.16mm? e b ) & =100um - B B £
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non-helplessness leamed helplessness

200 5\

A.BDNF immunoreactivity neuronsin the MPC. The results of different
groups are shown. scale bar =200um.

Bregma 1.98mm

B. A%t ] B'g3n % B (Migitaet al., 2001)

[®-+-2= ] ARIEBDNFEp R A TR DALAS I A B - 255
A K o B R 4] 5 0.16mm? e 1 b & =200um - Bl E4p 4
et Bt 2 ) -



RLUTHA |

0 - ..i'.,"".-"'

[ER RN control nm'l-halplanu:s learned helplessness

A.BDNF immunoreactivity neuronsin the LSN. The results of different
groups are shown. scale bar =50um.

Bregma 0.26mm

B. Ap & ] B3R 2 i@ (Migitaet al., 2001)

[#-+7 ] ABIEBDNFL ¥ IR % ch i £ 4 ¢ B 3B - 635 <
k2| o 3B B E Ll 50.06mm? e vt ) @ =50um - B E_tp $
[ B ERR

N
3
T1\4



1 e . . E ] I {5 r
1minl control non-helplessness leamed helplessness

63X

A.BDNF immunoreactivity neuronsin the PVN. The results of different
groups are shown. scale bar =100um.

Bregma 0.94mm

B. 4n ¥ ke ) B %538 2= B (Migitaet al., 2001)

[F-> ]JABEBDNF £TARE 3P RHeDLAL S L H - 63
Bk k3 o 3B B FES L S 016mm e st 5 ¢ =100um © B B
AP o] BN T o
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non-helplessness

learned helplessness

A.BDNF immunoreactivity neurons in the amygdala. The results of
different groups are shown. scale bar = 100um.

B. i ¥ B

% z_i» B (Migitaetal., 2001 )
[B+-)ABEBDNF &2 i-
S REF P EFER ]S

Jo ] BUFe3R T[] o

WP R ehi A% d B E - 63 1%
0.16mm? = 3t & & =100um - B ] &_1p %



confrol non-helplessness Iarned holplessness

100uh  NAL

A.BDNF immunoreactivity neuronsin the nucleus accumbens. The
results of different groups are shown. scale bar =100um.

uuuuu

mmmmm

MACs
NACc

Bregma 1.34mm

B. 4n ¥ ke ) B %538 2= B (Migitaet al., 2001)

[ ~]ABLBDNF kP % i A ¢ B3 - 6313~
K23k o 2B BB ] 5 016mm* e vt ) & =100um - B Bl E4p /s
] BV IR E_2 ] o
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control B mnhtlphunupa__

T < by e

=

c-Fos-like immunoreactivity neuronsin the CA1 area of hippocampus.
The results of different groups are shown. scale bar =50um.

[+ 4 Jc-Fos a8 S CAL ® N 4 ¢ 23 H 63 B~ &
B o 3 HFEEA L 5 0.16mm? e vt ) ¢ =50um -

63X

non-helplessness

c-Fos-like immunoreactivity neuronsin the CA2 area of hippocampus.
The results of different groups are shown. scale bar =50um.

[Bl= ~)cFostis 8 $H CA2Z RN A% ¢ B 63 %A &
23 o 5B A ) 3 0.16mm* e vt i) = =50um



63N control non-helplessness leamad helplessness

c-Fos-like immunoreactivity neuronsin the CA3 area of hippocampus.
The results of different groups are shown. scale bar =100um.

[Fl- - ]1BDNF &35 %4 CAB® ehi s 4 ¢ 3 MH - 63 %
A REIF o H B F AL S 0.16mm? e 1t ) @ =100um -

control nonhelplessness lsarned halplessness

63N

c-Fos-like immunoreactivity neurons in the DG area of hippocampus. The
results of different groups are shown. scale bar=100um.

[Bl=- L =-) cFos /5 5 “F—':T# DG % e & 4 ¢ ‘E%‘«g] ° 63 & =
k2| o 3B AL 5 016mm? et i) = =100um -
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control non-helplessness

20

c-Fos-like immunoreactivity neuronsin the MPC. The results of different
groups are shown. scale bar =200um.

[Bl=+=]cFostp RITIEA T HRNOLAEL S HHE - 25 2=
k2| o 3 E B EA L S 0.16mme e vt ) & =200um

ETIRS

63N control

c-Fos-like immunoreactivity neuronsin the LSN. The results of different
groups are shown. scale bar =50um.

[Fl-tm]cFosts P PR LALS BBE 6333 &
B o HFEEA L S 0.16mm? e vt ) ¢ =50um -
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Imd helplessness

63X n:n:rntr unhalplmnen |

c-Fos-like immunoreactivity neuronsin the PVN. The results of different

groups are shown. scale bar =100um.

[Bl-+7]JcFosta™ie 3P RaNLAL S WHE - 63 2=

KEF o 3B R4 S 0.16mme e v ) & =100um

control non-halplessness learmed helplessness

c-Fos-like immunoreactivity neurons in the amygdala. The results of
different groups are shown. scale bar =100um.

[Fl- -+ ]cFoshy CHPHaLALs LM - 6333t k2
-4 0.16mm? - b &) & =100um -

s

B R EPR
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learmed helplessness

c-Fos-like immunoreactivity neurons in the nucleus accumbens. The
results of different groups are shown. scale bar=100um.

[Bl- + - Jc-Fos ik +5+% % chd & 4 ¢ .3?..?%‘2?“63 B K2 o
FEFEFEA LS 0.16mme e v ) ¢ =100um
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Table 1. Diagnostic Criteriafor Mg or Depression

Depressed mood

Irritability

Low self esteem

Feelings of hopelessness, worthlessness, and guilt

Decrease ability to concentrate and think

Decreased or increased appetite

Weight loss or weight gain

Insomnia or hypersomnia

Low energy, fatigue, or increased agitation

Decreased interest in pleasurable stimuli (e.g.,
sex, food, social interactions)

Recurrent thoughts of death and suicide

A diagnosis of mgjor depression is made when a certain number of
the above symptoms are reported for longer than a 2 week period
of time, and when the symptoms disrupt normal social and occupa-
tional functioning (see DSM-1V, 2000)

CEDIEEY 01
%+ Nestler et al., 2002 (52 %€ &, 2003)

A RF Y KR R A A S s £
(DSM-IV) %%k » § 2t T et b - #3857 & LT
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Hippocampus

Area Group
control non-helplessness lear ned helplessness
(n=6) (n=6) (n=5)
CAl 10.58+0.93 11.71+0.85 9.00+1.01
CA2 7.75£0.72 8.92+0.95 7.90+0.75
CA3 18.96+2.19 20.33+2.41 14.10+1.91
DG 14.90+0.77 17.83+2.00 13.63+1.41

Values represent means number of cells (+ SE.M.) per tissue area
(0.4mmx0.4mm) expressing BDNF immunoreactivity in hippocampus.

CA2 a
%A1 BDNF 4.5 2 ¢ e #icp (meantSEM.); # Al @ ww|

%"E— :/4% pf#ﬂ é’ﬁd 7}'1_ \ngBDNF g._. -4‘3 H—JHE&E’ OE_ f’_?,&%}
# 3 (control > non-helplessness - learned helplessness) BDNF 4 % %
¢ enimr P e 5 "’T?'%’K,}i* &P—gmi_}ﬁ_l‘ o
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MPC .LSN.PVN

Area Group
control non-helplessness lear ned helplessness
(n=6) (n=7) (n=5)

MPC 17.80+1.50 18.95+1.70 18.17+1.70

LSN 21.79+1.48 24.54+1.35 22.85+1.79

PVN 32.00+2.04 30.80+2.00 30.06+1.57

Values represent means number of cells (+ SE.M.) per tissue area
(0.4mmx0.4mm) expressing BDNF immunoreactivity in MPC ~ LSN ~
PVN.

MPC = medial prefrontal cortex. LSN = lateral septal nucleus. PVN =
paraventricular hypothalamic nucleus.

MPC

4% BDNF £ %4 ¢ w2 ficp (meantSEM.): 21 : a5

Fow DN RIWIEAF Y R TAE 33 1 BDNF LA % 4
‘m’?s?ﬁf-cﬂ o = 29 ¥ (control - non-helplessness - learned
helplessness) BONF &% % & cnim®e cp fie= Bl % 3Rl H k¥ h
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Amygdala

Area Group
control non-helplessness lear ned helplessness
(n=6) (n=6) (n=5)
COA 10.48+1.86 8.50+1.18 7.47+0.63
blA 20.29+1.61 20.50+2.09 14.05+1.20

Values represent means number of cells (+ SE.M.) per tissue area
(0.4mmx0.4mm) expressing BDNF immunoreactivity in amygdala.

coA = central amygdala nucleus. bl A = basolateral amygdala nucleus.

=
snni sl wa 18 LS [T 1T b LR iR

coOA bl A

%A1 BDNF 5 % ¢ w2 #p (meantSEM.); # & @ 2w

27 A -8 BDNF L5 L ¢ wmiedcp - = 2 F 5d$ (control »
non-helplessness > learned helplessness) BDNF #. % % ¢ w2 $icp %A
COA T fr bIA T #1723 BESLR o
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NAC

Area Group
control non-helplessness lear ned helplessness
(n=6) (n=7) (n=5)
NACc 1.88+0.24 2.25+0.33 2.70+£0.47
NACs 4.08+0.54 5.18+0.60 6.45+0.80

Values represent means number of cells (+ SE.M.) per tissue area
(0.4mmx0.4mm) expressing BDNF immunoreactivity in nucleus
accumbens.

NACc = Core of nucleus accumbens. NACs = Shell of nucleus
accumbens.

NACc NACS

ooL LE 1: =3 1001 wa 14 8

%A1  BDNF £ # 4 ¢ w2 fcp (meantSEM.); # Atk &5

2> ¢ Ry BDNF £ L ¢ mieficp o = 29 5%+ (control -
non-helplessness > learned helplessness) BDNF % % % ¢ w2 $icp %A
NACc % £ NACs % 38il j g ¥ cha & o
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Hippocampus

Area Group
control non-helplessness lear ned helplessness
(n=6) (n=7) (n=5)
CAl 17.15+1.43 14.61+1.28 15.71+2.43
CA2 18.81+1.95 15.00£1.04 15.04+1.99
CA3 18.83+2.25 25.11+2.83 18.54+2.13
DG 25.15+2.30 29.47+2.50 18.17+1.77**

Values represent means number of cells (+ SE.M.) per tissue area

(0.4mmx0.4mm) expressing c-Fos-like immunoreactivity in
hippocampus. ** indicates that significant difference exists (p < 0.01) as
compared to non-helplessness group.

e

CAl CA2 CA3 DG
HWRAE cFosd AL medicp (meantSEM.); # B © 2w

Ao AR EAEPMRDCFOS ARG mic P o = B &
#> 4= (control » non-helplessness » learned helplessness) c-Fos 4 % %
d chiwrz Hrp & CAL~CA2-~CAS3 % Ta’fiil’ﬁ MEDLE ADGCF

— A=

learned helplessness e % % 4 ** non-helplessness % -
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MPC .LSN.PVN

Area Group
control non-helplessness lear ned helplessness
(n=6) (n=7) (n=5)
MPC 11.25+2.02 23.19+2.36™* 16.25+2.25
LSN 25.21+2.49 31.48+2.14 21.62+1.64%*
PVN 32.61+2.16 41.25+2.62 46.68+2.28 **

Values represent means number of cells (+ SE.M.) per tissue area
(0.4mmx0.4mm) expressing c-Fos-like immunoreactivity in MPC -
LSN ~ PVN. &* indicates that significant difference exists (p < 0.01) as
compared to control group ; b** indicates that significant difference exists
(p<0.01), as compared to the non-helplessness group ; ¢** indicate that
significant difference exists (p < 0.01) as compared to the control group.

MPC = medial prefrontal cortex. LSN = lateral septal nucleus. PVN =

paraventricular hypothalamic ucleus.
MPC . PV x

At cFos A % ¢ mrdep (meantSEM.) 5 f Atk ¢ s
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Amygdala

Area Group
control non-helplessness lear ned helplessness
(n=6) (n=6) (n=5)
COA 13.24+3.29 19.94+3.97 9.08+1.26
blA 20.7245.78 21.97+2.96 9.96+0.81

Values represent means number of cells (+ SE.M.) per tissue area
(0.4mmx0.4mm) expressing c-Fos-like immunoreactivity in amygdala.

coA = central amygdala nucleus. bl A = basolateral amygdala nucleus.
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NAC

Area Group
control non-helplessness lear ned helplessness
(n=6) (n=7) (n=5)
NACc 3.88+0.54 6.28+1.01 5.67+0.96
NACs 6.75+0.74 8.76+1.27 8.33+1.01

Values represent means number of cells (+ SE.M.) per tissue area
(0.4mmx0.4mm) expressing c-Fos-like immunoreactivity in nucleus
accumbens.

NACc = Core of nucleus accumbens. NACs = Shell of nucleus
accumbens.

NACc NACS
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