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Our results corroborated the previous reports about antidepressant-like effect of dopamine
agonists in the FST (Millan et al. 2004a; Basso et al. 2005) that has been considered as a useful test to
measure the antidepressant-like properties of the substances (Porsolt et al. 1977). Basso et al. (2005)
demonstrated that agonists for D»/D; dopamine receptors (quinpirole and PD128907), but not Dy receptor
(PD168077 and CP226269), reduced the immobility and induced the climbing behavior in the FST.
Cabergoline has relatively high affinities to human D/D; dopamine receptors (Millan et al. 2002);
therefore its agonistic effect to these receptors may be aftributable to the behavioral changes in the FST.
In addition, chronic treatment with cabergoline reduced the latency of feeding in the novel environment
that has been reported to be sensitive by the chronic antidepressant administration (Bondoff et al. 1989).
To our knowledge, this is the first evidence that dopamine-agonist stimulates feeding behavior in the
novel environment, although further studies are needed to elucidate its mechanism of action. Nevertheless

>

these results support the possibility that cabergoline has an antidepressant-like property.

Wistar-Kyoto rats displayed 2.5 times longer length of immobility in comparison with Wistar
rats. In Wistar-Kyoto rats, the length of climbing behavior was increased, and that of immobility was
tended to be attenuated by cabergoline, but not by fluvoxamine administration. These results are
consistent with previous findings that fluoxetine (SSRI) as well as 8-OH-DPAT (5-HT,, agonist)
were ineffective in Wistar-Kyoto rats (Ldpez-Rubalcava and Lucki 2000). Tejani-Butt et al. (2003)
also showed that chronic treatment with nomifensine (a norepinephrine and dopamine reuptake
inhibitor), but not with paroxetine (SSRI), reduced the immobility in FST. Interestingly, the
expression level of D, receptor in Wistar-Kyoto rats is higher than Wistar in the ventral tegmental
area where this receptor functions as an autoreceptor (Yaroslavsky et al. 2006). Swimming stress has
been shown to enhance the metabolism of dopamine and 5-HT in the prefrontal cortex of
Wistar-Kyoto, but not in Wistar rats (De La Garza IT and Mahoney III 2004). These reports together
with our study support the possibility that aberrant dopamine transmission and/or metabolism is
involved in hyper-responsiveness to stress in Wistar-Kyoto rats, and that dopamine agonists

including cabergoline are effective to this strain which is refractory to SSRI.

Cabergoline at low doses demonstrated an anxiogenic effect slightly, but not significantly,
while it showed a striking anxiolytic-like effect at 4 pmol/kg B.W. Other dopamine agonists such as
ropinirole (Rogers et al. 2000), 7-OH-DPAT (Rogéz et al. 2004) and $S32504 (Millan et al. 2004a) have
been reported to demonstrate a dose-responsive anxiolytic-like property, suggesting that anxiolytic-like
effect may somewhat differ between cabergoline and the other dopamine agonists. This may be
attributable in part to the difterential affinities for D, and Ds receptors; cabergoline has similar affinities
for the two receptors while the other dopamine agonists have relatively higher affinity for D; over D,
receptors (Millan et al. 2002, 2004a). Especially, preferential D; receptor-agonist 7-OH-DPAT excerts its
anxiolytic-like effect at lower doses than its optimum dose needed for antidepressant-like action (Rog6z
et al. 2004). Therefore it is possible that the action through D receptor may explain the differential

anxiolytic-like effects between dopamine agonists. Importantly, the chronic treatment negated the
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difference in the optimum doses for anti-depressant and anxiolytic-like effects of cabergoline. Changes in
the action of dopamine agonist after repeated administration were reported previously. The acute
stimulation of D,-like receptor by quinpirole has a dose-dependent bi-phasic effect that reduces the
locomotor activity in lower doses (Eilam and Szechtman 1989). Another D,-like agonist $32504 was also
found to inhibit activities in a novel environment by a single administration (Millan et al. 2004b). On the
other hand, repeated quinpirole treatment increases locomotor activity in a time-dependent manner
(Szechtman et al. 1994; Rowlett et al. 1995). Our results are consistent with these observations. The
time-dependent changes in the behavior might be mediated by down-regulation of D, autoreceptor by
repeated treatment with its agonists as disscussed by Szechtman et al (1994). Another possibility is
synaptic neuroadaptation after dopamine transmission. Koeltzow et al (2003) reported that similarities in
dopamine outtlow in the nucleus accumbens between acute and chronic quinpirole administrations, and
suggested the lack of necessity of subsensitized D, autoreceptor for behavioral activation after the chronic
treatment. From the results of the current study, it is possible that this adaptation by chronic dopamine
agonist treatment is mediated by up-regulated BDNF, an important molecule for the modulation of

synaptic transmission as discussed below.

We found that repeated administration of cabergoline induced the up-regulation of BDNF and
activation of ERKI1 in the hippocampus. Many studies found the relationship between ERK, a
downstream signaling via TrkB stimulated by BDNF, and the pathophysiology of depression. Dwivedi et
al. (2001) reported the inactivation and reduced expression of ERK1/2 in the prefrontal cortex and
hippocampus of post-mortem brains of individuals with depression. Such a reduced phosphorylation of
ERK1/2 was observed in the prefrontal cortex and hippocampus of depression-model rats (Feng et al.
2003; Qi et al. 2006). In contrast, inverse phenomena were confirmed in rats after chronic treatments with
fluoxetine (Qi et al. 2008), imipramine (Fumagalli et al. 2005), and mood stabilizers (Einat et al. 2003).
BDNF exerts its effects on cell survival (Hetman et al. 1999) and synaptic transmission (Ying et al. 2002)
via ERK signaling. Recently, we found that BDNF enhances synaptic maturation via TrkB/ERK signaling
and ftriggers release of glutamate, an excitatory neurotransmitter, in vitro (Kumamaru et al., 2008:
Numakawa et al., 2009). Furthermore, we previously showed that antidepressants (imipramine and
fluvoxiamine) reinforced the BDNF-triggered glutamate release (Yagasaki et al., 2006). These findings
togethr with the present results suggest that BDNF and ERK signaling are involved in the molecular basis
of the action of antidepressants, including cabergoline, which can be attributable to synaptomodulation by
BDNE.

In conclusion, the present study suggests that cabergoline has antidepressant- and
anxiolytic-like properties in both acute and chronic treatment regimen. Because BDNF signaling is
involved in the action of antidepressants and modulates synaptic maturation and transmission, these
actions of cabergoline may be mediated by the increased BDNF/ERK signaling. In addition, we found

that cabergoline showed the trend for antidepressant-like action in an innate depression-model-rat strain
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of Wistar-Kyoto that is known to be refractory to SSRI treatments. These results suggest that cabergoline

is a promising drug candidate for the treatment of patients with depression who are refractory to SSRI.
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Figure legends

Fig. 1 Etfects of single administration of cabergoline observed in FST and NST (a) duration of climbing,
swimming, and immobility in Wistar rats in FST (n =8), (b) latency of immobile posture in Wistar rats in
EST, (c) duration of climbing, swimming, and immobility in Wistar and Wistar-Kyoto rats after
cabergoline or fluvoxamine treatment in FST (n = 7-10), (d) latency of feeding of Wistar rats in NST (n =

8). Columns and bars represent mean + SEM. *p<0.05, #p<0.1 vs. vehicle.
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Fig. 2 Effects of single administration of cabergoline of different doses observed in OFT (a) time course
curves of distance traveled for rats receiving different doses of cabergoline (b) the number of rearing, (¢)
total distance traveled, (d) total number of rearing, (e) time spent in center, and 6]
grooming. Symbols/columns and bars represent mean + SEM. n = 6 for each group. *p<0.05 vs.

vehicle.

Fig. 3 Eifects of single administration of cabergoline observed in EPT (a) time spent in open arm,
closed arm, and center in cabergoline-treated and vehicle-treated rats, (b) the number of entries into arms,
(c) time course curves of distance, (d) time course curves of rearing, () the percentage of entries into
open arms per total entries, (f) total distance traveled, (g)total number of rearing and (h) the time of
grooming behavior. Symbols/columns and bars represent mean + SEM. n = 7-10 for each group.

*p<0.05, #p<0.1 vs. vehicle.

Fig. 4 Effects of chronic (14 days) administration of cabergoline (0.5 pmol/kg B.W.) observed in FST
and NST (a) time in climbing, swimming, and immobility in cabergoline- and vehicle-treated rats in FST,
(b) latency of the immobile behavior in FST, (c) latency of feeding in the NST. Columns and bars

represent mean = SEM. n= 8 for each group. *p<0.05 vs. vehicle.

Fig. § EBffects of chronic administration of cabergoline observed in OFT (a) time course curve of
distance traveled, (b) time course curve of the number of rearing, (c) total distance traveled, (d) total
number of rearing, (e) time spent in center and (f) time of grooming. Symbols/columns and bars

represent mean # SEM. n =8 for each group. *p<0.05, #p<0.1 vs. vehicle.

Fig. 6 Effects of chronic administration of cabergoline observed in EPT (a) time spent in each arm, (b)
number of entries into each arm, (c) time course of distance traveled, (d) time course of the number of

rearing, (e) the percentage of entries into open arms per total number of entries, (f) total distance traveled,

() total number of rearing and (h) time of grooming. Symbols/columns and bars represent mean + SEM.

n = 8 for each group. *p<0.0S, #p<0.1 vs. vehicle.

Fig. 7 Effects of chronic administration of cabergoline on the expression and activation of
BDNF-related signals (a) representative blotting of BDNF (left), p75 (center) and TrkB (right), (b)
densitometically quantified values of BDNF and its receptors, (c) representative blotting of pERK1/2
(left) and pAkt (right), (d) densitometically quantified values of BDNF-related signals. Columns and

bars represent mean = SEM. n =6 for each group. *p<0.05, #p<0.1 vs. vehicle.

Page 16 of 23



Page 17 of 23 Psychopharmacology

O©CoO~NOOHA WN =

17 [ * 200 *

—

a1

(=]
.
o
o

1o
[10.25
0.50
B 1.00
N 2.00
Cabergoline
( £ mol/kg) 0 d B
26 Climbing Swimming Immobility 0 025 050 1.00 2.00

Cabergoline { 1 mol/kg)

N
—
Time (sec)
=
o
Latency (sec)
=
o

[4)]
[
[42)
[=]

N
w
(e

29 300 - 4 vehicle 800 NST

31 250 | i Cabergoline (1 1 mol/kg)
[[] Fluvoxamine (138 1 mol/kg) 600 +

*

#

Time (sec)

—_ A
o u O
o O O

Latency(sec)
'S
(=]
(=)

w
oo
(43}
(@3
N
[=]
o
T

E-S
o
o

41 Wistar WKY  Wistar WKY  Wistar WKY 0 1.0
42 Climbing Swimming Immobile Cabergoline ( 4 mol/kg)

58 Figure 1. Chiba et al.

60 27—



OCONDDOD WN -

Distance Traveled (m)

O

Distance Traveled (m)

20¢

16}

12t

60
50

407t
301

20

Psychopharmacology

0 025 1.00

o O O

(=]

Rearing (incidence)
- N W g 0N @~

o

o

(=]

b
30¢
—0-0 @ 25}
-m-025 £ |
k100 3 20
Cabergoliine £ 15
mol/k o
é (umol/kg) 210}
X seciien, 8
é’ - o 5t
, . 0 )
25 30 5 10 15 20 25 30
min
e f
100

o
==

Grooming (sec)
FS
(=]

N
(=3

Time spent in Center (%)

o~ N W Ao,

(o]

0 0.25 1.00

0 025 1.00 0 025 1.00

Cabergoline ( « mol/kg)

Figure 2. Chiba et al.

Page 18 of 23



Page 19 of 23

©CONOOOAEAWN -

(9]

Distance Traveled (m)

Psychopharmacology

b
800 |
oo i
oo0.25 £
m1.00 2
m4.00 =
N >
* Cabergoline £
i i (umol/kg) o
0
Open Closed Center Open Closed Total
d
157 201
n
215
10t —=0 2
—-0.25 9
——1.00 =10
5} * —e—4.00 2
Cabergoline & 5t
* (Hmolikg) o
0 0 . 4 .
5 10 15 5 10 15
Time (min) Time (min)
f <] h
30 50 140
E 0 -
5L 8 40 1
o [}
o 20 o
. g0
= =
3 220
5
B o
5 5 10
0 0
00251 4 00251 4 00251 4 0 0251 4

Cabergoline (umol/kg)

Figure 3. Chiba et al.

_29_



OCO~NOOOTD WN -

Time (sec)

Latency (sec)

Latency (sec)

Psychopharmacology

Vehicle
200 L
B Cabergoline

0.5 umol/kg/da;
sob (05K 9 y)

100

50t

Climbing Swimming Immobile

100 ¢

50 |

25+

Vehicle Cabergoline

800 NST

600+ T

Vehicle Cabergoline

Figure 4. Chiba et al.

_30_.

Page 20 of 23



Page 21 of 23 Psychopharmacology

O©OoONHOTEAE WN -

-
(s ¢]
N
[8,]
S
(o]

—o— Vehicle
~--m- Cabergoline
(0.5 umol/kg/day)

[7%)
(=

N
[}

—
(%))
s

—
Q

AN
\%\
\\‘s\x
\\g\\
B Sy
. -y
5 10 15 20 25 30 5 10 15 20 25 30
29 Time (min) Time (min)

[4,]
—
o

N
N
Distance Traveled (m)
Rearing (incidence)
N
[}

N

~
o
o

d
32 60 120

50
40
30
20
10

f
160

w

e
O
[+]

—
(o]
(=]

e

n

QO
—

(=]

Grooming (sec)
0
o

o
——
o
(=]

Distance Traveled (m)
Rearing (incidence)
N B O W

o o o O - =
© v ®» ® O N

O

o
Time Spent in Center (%)

FoN
-
o
o

40 0 05 0 05 0 05 0 05

44 Cabergoline (umol/kg/day)

57 Figure 5. Chiba et al.

_31_



OCOoO~NOOGE WN >

Time (sec)

Distance Traveled (m)

Entry (%)

8001}

2]
o
(e

S
o
(e

2001}

20
1571

10r

20

15

10

Psychopharmacology

Page 22 of 23

b
" 451 "
. 40 #
g 35}
[] Vehicle S 30f
W Cabergoline B o5}
(0.5 umol/kgiday) £ o9t
£ 15}
# w qor
i °[ r:-i
_;_ 0
Open Closed Center Open  Closed  Total
d
50
B a0l §~\~~-.--
3 a—
%:,:“% ~~~~~~ & o Vehice 30} %\“ ~~~~~~ -
I --m-- Cabergoline =
~3 9 2201
]
& 10}
A i i o 1 I 1
5 10 15 5 10 15
Time (min) Time (min)
f g h
- 50 -~ 150+ 1601
E40} # -
i = 3 T s1a0b L #
° § 100} a
B0l T 3 e
g £ =
o = & E 80 3
o 20 k o s}
I 2 £ 50} °
L 8 8 S 4ol
g 10 | &
0 0 0
0 05 0 0.5 0 0.5 0 0.5

Cabergoline (umol/kg/day)

Figure 6. Chiba et al.

_32_



Page 23 of 23 Psychopharmacology

OCONOOTAE WN -

a

11 Cabergoline -+ N _—

o o

14 BDNF p75 TrkB

-
() &)
o
n
[&a]

21 O Vehicle
I Cabergoline

11

BDNF p75 TrkB

:1)
n
(=]

-
[42]

(=]
4]

(N]
—-—
Relative expressin levels

(Mean value of vehicle
[=]

58]
[#))
[

29 ¢
Cabergoline -+ -+

32 Phosphorylation - SR

34 Total ———— ———

35 ERK1/2 Akt

w
0>}
o

g
o

[J Vehicle
I Cabergoline

=1)
*

o
o

#

—
[%2]

@
o

(Mean value of vehicle
(=]

vy
w
Relative phosphorylation levels

o

PERK1 PERK2 pAkt

oo Figure 7. Chiba et al.



A}

HROERY - ENFOFAR

S5 DK DBDNF{REH

BDNF hypothesis in depression

7 &

Hiroshi Kunuai

B - HERNRRL v ¥ —HERRREMAARAZM

K
L:‘.'d

FHRARERET(BDNF), A MVA, OO0 FI1 R, ﬁ:og p:i7] =5

BDNF i3 f % BR £ B F (nerve growth factor :
NGF)®=a—-ntp74v3 Za—utuzg
vashlridicza—ataz4yv 773
Y— BT I HERBETFOVLOTHE, h
O DFERRE T, PREMEROBE, 2L,
s, AR LICBWTHEBLBNERLLT
w3, B1ikRTEIe, a—ubuzsvid
ENZThHROLERMEREH (TrkA, TrkB,
TkC) 2 b2 LA, ¥ RTHD=a—utp
7 4 B OERNEREE p75 b 5, Mk
B b, Tk REGRFO2 Y FF—¥E - F
A4 LS LEO & hMAKREAEZ b
A3, p75 BREABEHETRA——7 72 ) — IR
L, death domain ZFFH L, 7R =L RALEiIC
B IbHEBELMEE LT LING, 561,
Za—0 ka7 4 ridhilEEEH (BDNF 04
i pro-BDNF) % 5 7Rt & ¥ 7 ¥ R THRHE
HLiah, ZORBEEGIR TS KNI RN
B ( 1), 2% h, BDNF R 7uksy vy
PRREAOENEC k> THRT 2% b 1
57, LWbif “EHOHA" TH3,

BN CR_a—m w74 D3 %L BDNF

184

L X OZEME TkB MR L TE Y, hilah
BADEFHFPEBRBIEHOTHETS
3V, ghERma—nric LT, 28, 21,
B, £HFERRLICEEBICEEL, 2a-ny
B, > 7ABAGOUENTS O MEER
WHEHOWNE, MEERYEZARORZEH
R EBER DG EHBAI TS, Dk
9 i BDNF %, SREBEETHBHICIA TR - %
BORBLLEBLF7ATHEEDFIHT 3,
BDNF 2! TrkB % iE#:(L(Y ~#8{k) 7 3 &, MAPK
(mitogen-activated protein kinase), PI3 ¥+ —+¥
(phosphatidylinositol 3-kinase), PLC-y (KA K Y
23—¥ C-gamma) B8z L OMIBARNY 7+ L o%E
#lxhs,

) BONFE 30

BmmtwoﬁutmfﬁﬁamgéLrwa
CERBELTR, AFVAEEZI T ETAIC
B 2 HBLL, BERHBPOPRECHT 3
iR, #5 >ROMDLYREREIC & 5 RE
DR Y, BI2DELSDIEFTY AT
V3, ROV TRXBRIIC X ELEHLRTY

260-01475

_34_



NGF BDNF NT4/5 NT3

Proprotein

Mature
protein

High affinity

W-q}-\mgher affinity
3 v 8 )

Low affinity

- # R

Death domain

e ms
PR ks

e MR
« G] ¢

* e

1 Za-0bAa7r LR

F1 XpLARPITAIANFIAS

KiC& 3 BRBONFORBET

Smith et al. 1995

Nibuya et al, 1995 ; Vaidya et al, 1997
Ueyama et al. 1997

Nibuya et al. 1999

Rasmussen et al, 2002

Barrientos et al, 2003

Pizarro et al. 2004

Roceri et al. 2002

Roceri et al. 2004

Kuroda and McEwen 1998

Xu et al. 2004

Barbany and Persson 1992

Smith et al. 1995 ; Schaaf et al. 1998
Barbany and Persson 1992 ; Chao et al, 1998

#I¥ (45 43/, 1,7 days) i
#4045 43) HP
(8 RyfHI) it
FHAFMER b L R (10 days) M4
HEEMA 2.y 7 (04 mAX4, 60 7) | B
LIz (6 BYAE) ¥
HLmL(10 ) bt
7408 (24 8500, P9) b (adualt)
kA (10 2/day, 14 days) B
48 (6 B§fll/day, 21 days) AL
{952 (4 B§lil/day, 3 days) -4
arFaRyFurfes b
BRI V)RR R

5,
IOMIRAPLADTERE R LIz AL
NnTV30, A+ L RARHEGHTD BDNF ORB%Z
BT LM DBYPRBICL>TRIN
TW3B (1), FIHA L AREDBHENR ML
A DIED, BFOEL L ORPORTEED
BDNF ORBET 204 L TREIS 2o TH 2FR
el ERI T LRMEINTWE, AL
A%\ 5 L HET 8T E#H— RIS % (hypo-
thalamic-pituitary-adrenal axis : HPA %) D#fEAs
L, BFRMroqENns/vaansda
A F(erTiRansFV—n, BEFCIZaLF2
AFuv)BX s HPicarFarFureil
575 & BDNF OSBHET L, BITMRL <

263-01478

-35=

{Duman and Monteggia, 2006)

InaandFalf FoEL%EMA 2 E BDNF O
REDVEARTE LV EENSV, DL LK
REMRIBROL% 6 PWTREE L LR
EhTwa, ¥/, BHE A ML APHSNW
Bt A B L ZHOBDNF Ok R b ¥ PR F LR
NLTEORBAEZHFHLCwB Lot S
254 v 7 %BELREREN T3,

5 OHTHBL L EOTRHRMOBRIC BT
X BDNF ORBRETH—HL TREETHTEDY
(5% 2-A), fin# BDNF B TizRERED I >iM
FTETLTWBY, #) >RIEMERITTWS
LOTIRLERL TS v HiiEHE v (58 2-B).
BEDAPTFYVLATH, CORKRRIEFEEN
Tw3? %%, BDNF Ri/MRHBIZ{&h

)

185



B2 57BCESRATL

(A)FERES
BT
B W BDNF 0325, o =
IDHTHRLLBH B4 Chen et al, 2001
IDHTHAL L BE By Dwivedi et al, 2003
IDOATHRL RE B Krege et al. 2005
(B) M B
2 W M REE o %
B yhel] WA Karege et al. 2002
% % B Shimizu et al. 2003
Yae ] b7 Karege et al. 2005
IOWHHH XK R Shimizu et al, 2005
9 2+ oK i Gervasoni et al, 2005
Yhet h2iviel LR Aydemir et al. 2004

(Duman and Monteggia, 2006)

83 HIOBOBKDNEICLIHRICE SEDNFRABRORIL

PR av? LR Nibuya et al. 1995 ; Smith et al. 1997 : Newton et al. 2003 ;
Altar et al. 2003, 2004

MAOI (tranylcypromine) - LR Nibuya et al. 1995 ; Russo-Neustadt et al, 1999 ;
Coppell et al. 2003 ; Dias et al. 203 } Garza et al, 2004

MAOI (tranylcypromine) S L | Altar et al. 2003

SSRI (paroxetine, fluoxetine) . R Nibuya et al. 1996 ; Coppell et al. 2003 ; De Foubert et al. 2004 ;
Vinet et al. 2004

SSRI(sertraline) LR Nibuya et al. 1995 ; Coppell et al. 2003

SSRI{citalopram) ER Holoubek et al. 2004

SSRI{fluoxetine) 254 7% L | Dias et al. 2003 ; Conti et al. 2002 ; Altar et al. 2003 ; Miro et al. 2002

NESRI(desipramine) s Nibuya et al, 1995 ; Dias et al. 2003 ; Vinet et al, 2004 ;
Russo~Neustadt et al. 1999

NESRI (reboxetine) kR Russo~Neustadt et al, 2004

NESRI(desipramine, maprotiline) | 2§8% L | Coppell et al. 2003 ; Altar et al. 2003

NE/SSRI (ventafaxine) LR Xu et al. 2003

Tricyclic (imipramine, amitriptyline) | L5 Van Hoomissen et al. 2003 ; Xu et al. 2003.

Atypical (mianserin) i1 Nibuya et al. 1995

Atypical (mianserin, tianeptine) . 2bHt7e U | Coppell et al, 2003 ; Kuroda and McEwen 1998

AMPAkines R Lauterborn et al. 2003

NMDA Antagonist (memantine) LR Marvanova et al. 2001

RS R Muller et al. 2000

il kR Neeper et al. 1999, 2000, 2004 : Russo-Neustadt et al. 1999, 2000, 2004

Tw3ZLtdbdh, MPRENEDBERAD
BDNF BEE%ZKBL T ADIZD20TI, WM
+FiciEbhro TR,

15 2¥ikic X 3 BDNF ORBREL b 25 0F
RINTVLE(RI). {REPHESTLOL—HL
Twuiwbon, H& D) >#iziEK D BDNF
BB % LR &, @ERECEHEER G, A
[k ik ->TH BDNF DRBEMNLERT L
BRETh T3, AW/RBLOMIITI], w-

186

(Duman and Monteggia, 2006)

3 AR E BEICSA AW (EML
EYRBKIBICHEMTH2LINBH, 25 L7
WK D BDNF ORRE LR S E 3 ¢ht
YR L > TFREE T3 Hi5>%Rick
BRBELRIZMLTOER by P F{Lills
T3 L) Bifihtdh 39,

263-01475

...36_



1 cAMP

1 PKA

"SRR

2
S O\ W e
BRVRSES =)
t NEor5-HT .~ N\ TNEor5-HT

Adenyiyl
el — ] Y
. S.HT&.uJ/ y; ay AR

yd [ #K*ﬁﬁﬁ]
/7 |za-nrannmin

7/
CAM Kinase/PKC
/

pETRHONX

2 I OTWHBIC L SBONFORR LR L HERDEM (Duman, 2002)

¢ﬁ5 DEDIERD
final common pathway

SRR -, BREeo b= CHEIGAAE
3K (selective serotonin reuptake inhibitor : SSRI)
Prob=v - N7 FLH) YEIGAAESE
(serotonin noradrenaline reuptake inhibitor : SNRI)
LEDHHOEE, bR/ ATELFY
Vi OB ERYEOBEIAAZHE TSI L
iK&oT, IheoWH%E > 7AMBRGMESN
B ISP ERADH 3, €/ 7 I VEMUBERIEE
Rz, 2/ 7IVvERMNT3ERELEETSZL
RES>TE/TIVREHPT, THLEX/)T7
3 RN TR oRBBRRRARD X H
ZAATHBLEVIDN “B)TIVEP TH
3. LdL, /73 vOLRRNIDERED
HBHABICEL 3L b ST, 52tk
R30I >EE{ESE 2 AU LEETrOT
B LHHEHETHS, JORME/TIVER
DRENLZHBERTH 3,
BEOHAIC & T, I 2F CRETAEPEE
DERBMAOYH Y, FEZNIC IR, HRE
B, filoXEX, BREEORIPEOBD,
R84V DYPTBOEML EHELCTWEI L

203-01475

ERETIERNTFMEINT 27,

e, EE, HERDBR/OBREILZ IZEL
Toa—-RvHENRBIoTw3E I dtbhoT
et AMLAR=a—ovFEERS L, I
IoREEhELRE LGS T WS,
XBRHI > Toa—0 v HFEE2NHT3 LT
IDEOHMBRBHBEL B3 LLHIBEL D
%, BDNF k=a—urHE2RET 2 EARS
b, i 2Btk s —a—nvFEERICHEEL
TwatEISNE,

DlE2EENCHHATs b0 LT, M20k
IRAF—eNEIONTLEY 2%h, #i5o
Biiko Tz bR/ AP RLFY
i3, G774 U2 OTFTHS 24 LTE
ERTT%H % cAMP response element binding pro-
tein(CREB) % {&#{t. L, CREB O# {BREEF D0
L %% BDNF OB LFA- 7.5, BDNF 0%
RERICk->Toa—n v HEPRREME - v
TAHR EHRE S N, ) BB EOR(WERL
L)YDBNRBEHINSE Z LizkoT, HofEYiE
BT LI RAF—2Th 5, WEAMELHIAN
WA &b BDNF O LRMH 2 Z L5, BDNF
13419 D RHED final common pathway & L T{ffh ¢

37~ ' 187



1

AfEdEdsH 5, Thidh®—icL T, BDNF 2B
RICBRETHLH I PMYIBERT Z LoD
POBHPEBRTRENTV S,

@ 33N F a4 KRS DR

BDNFH8E

o k3, ZVaanFa4 Fit BDNF O
REZETEIEA ENTHMINTVIH, 8
KBRS A AUMECMT SBRNIE LA LY
Vv, Z2ITCEESOWRETIR, AR vaan
FaL4 FOVLDTHEF*Y 25D BDNF
BigicdTaEEEEN L Z0OBR, sEy
DEBBBR 22— VICTFEX I AV RRET
% &, BDNF iL & > THBRE N 2 REMEERD
Y7 ABAERBMME R, Zhid BDNF/
TkB DT 7+ D5 5, MAPK RDiEE(L
DMFNC L >TEU B LERLAY, 510, X
BEEER—2—uCRELELEC3, Bun:
LiZ, haanFaq FEREKL TkB 13
faRmCHAHREHBELTwAE I 2R,
=a2—0vIZ BDNF 28573 &, PLC-y &
DEREMENLTILS S VB2 MM T
LERDH 5D, —a—0rDEMICFXY XS
VYvRBELTEE, ZVaardad FRA
oty L ¥al— b &h, BDNF/TrkB >
7+ (PLC-y &88) DISEMETL, 2huc k-
T BDNF FEREO /L5 = vEBESIAHIE L
B5LZHOHICLE, NaonFad FREA
#HBiEEFCRERFL L THBRIN TN,
BREHTH S TrkB L OB EA %L T BDNF
DEEEHBL TS, L) Eak HLVE
MM S sl o 7219,

¥7, $195 H>%i: BDNF OFEHZ g3 &
VI HEIES VY, BDNF ORMBIEL2ZE5R 2
AHEFICOWTORPLIZ LA LR, EES0
MRECiX, 55 23H BDNF OREZ MBI
ZEREZ Lo LZRML:, Thbs, Hi5o
3% (imipramine %* fluvoxamine) i )V 2 a0+ a2
4 FEiIZRMNIZ, PLC-y BROFEREZEYD, 2h
I2& > T BDNF BREO VP = BRI
mEgsI Le@Hohic LY,

@ BEONFORGEFSRE TS BE

BDNF @R F4 8 L KH & Dz vt
bBREVLAIRYD % { kv, BDNF iZiz k<@
SN OO DREFESEMH Y, Kith - sk
RIBE DI RRSR R IR TS, 127
3 / B (Val66Met) % £ 5 BEEAR G T4 B¢
b, Met Hix Val BIcHRTHSREIC k> T3
HEh3 BDNF DBHEMMET T2 %, =a—
oY RTOFHFR~DBEHMFBEhTWE T
E, EFTMet BlZDLoTWwBERZ S ThVE
EHRTHHOEECHETLTE), ¥V —
FIIROBEIDHE - Lk EHBE S AP, T
BRI & OMEEEE S IZ X 2 HAAD SR
HRPa—oy SOSMBRICL > THEEREI NI,
LdL, KI2REt ofiltciziilEn 275
YA BFIRICEBKRIDHiBE 2812 ALay
Fo— 10843 Nickhif, Bz
ol 3, BiEicBWTORA Met 7Y LD 2
DETESEIEELBRATFTHI LV IHIER
Z2R0TV3 (Met 7V L0 F v X 1.27, 95% {2851
XM 1.10-1.47 ; Met/Met Bl # v X H 1.67,
95% fFHIX M 1.19-2.36)™,

IV E205RIE, BREREILIIV Y
DSEHICHEL 709 F54 FSRITH B,
ORI, My, 2 HEMBELENLEEXH
T, FHECOFMLBNORKR, 3 A%
2 HEME LAY v FhlcohdtoTHD,
REMMALESFETI b THELSHT
HBZENFESHI D, BDNF-linked complex
polymorphic region(BDNF-LCPR) & fir4 L 71,
oL, NILBETFICL > CTEEEENRE 2T
ftEdRM S N, {EREHE L B 2 WSfEF I
TUBHERIHD Y R 7 2 DB 2 LR B L 7=,

FokFHEoR—2a—obo74 YyoHEnE
BRERAE p7s 07 3 ) Blke g2 W
(Ser205Leu) Z R L, % »HP ERFE & 193
BILERELLW,

Q@ SomosH - HEEREBONF
MERS, 3 OWORGEE L BREEO 70
FIAZ7DVEDLELTRI3 DL ) LEFIIR

YT BEHLENE, Tabb, BERNLRK

263-01475

188 : -38-



