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5 OFE, MO SRy, BT, A% - 7Homib 4 FERE L, AR, (K
DIEDHE, BEAR T e &0 FERRER Z v, B R O fERIED & 5 R %
BTHD, ZhoDERD 2 BRI LR KREE [95205) &, KERKMES
22K D2 W EUE T & D Diagnostic and Statistical Manual of Mental Disorders,
Fifth Edition (DSM-V) (21> T2 W3 5[1], FAE TIEE RO BB HEZL
RRBIZH Y, 15~39 D FFERDIFERDOE 1 fLIXHE L > TWD, NEN
WFEERLTWND [FRE 29 FAFRPBERA JRIK - BIfRI A &E S kb &, B
BEOREEMEREMEEZFEKNE LCEY, SR@EEMEOFTY, 5 2h %
JRIRNE T2 HZAEIL39%ICHLBIATWS[2], LER-T, TAEOHZIE
MR OO ERE Lo TRy, BELRBETHDL, LrL, H>DOHKOD
FBIEB L OREA D =X LORFIEIRIEH NI > TE 6T, 2EBG OB
MBS EENTND,

AR, 2 ORITEENER EHFRBNB L OO A LA CREx REEA
HYEWAD =X L 2 LTHRIEL, ZRTFHEORRZAT L2 ENRBRINT
W5, IOBRDIRREAEFZHA DN =L L LT, /A7 R U EEMER X
W b= EEEM R ZE OTEBENK T, MR K+ (Neurotrophins) O &
D KRR T ER—F | A-FI% 2 (Hypothalamic-Pituitary-Adrenal Axis; HPA &) B
KX ORIER ISR DOERETLHE 2 PO ENA LN E 2> TV B3], BT D3I,
BT IVEMBRRN ORI SE, HBIEDL L EAE ALY ) DERR
FHTDHZL[4], O OMBRERTIEDNE ) 7 IV ERVIALEEFEAEZA
THZ LGB EARER I, ZhAbDOMAIZEY, MNE /T I VAKX
ZL, ODMERMNEEHTDENIE T I RS IEE ST,

BN E b= FEDIAAFLEZ (Selective Serotonin Reuptake Inhibitors;
SSRIs) (FE /7 I VRFICESERFE INTH ) 2K TH L5, BIETIE, A

1



MR ONEE2EOBENG 9 DIRIBEDOE —RINE L L TALSFEHIALTHD
[7,8]c HARTIX 1999 4FIC 7 VARFH I U BRRAICARINT-Z L2 KUY I
RaxkFr, ATV rBIRZ AT E BT T AO 4 FEYPEKRB I,
JRCHEH & TW5, SSRIs 1INt h=v#Eoto h=r T AR—
g —@E@RWICHEL, YT 72AMBICE T2t b= 0REZ LF S,
At r =R OMRRELRET 0o >FEHEZREEL TV D
EEZOLNTVWAH9-11], L L, EBREWB LU0 oMb e b= REI
BHE#ZELNIC LA T 2120006, B b TOH I DR OREBIIT D7
< EBLEBMIEND &V REHIRRIZY 23D Z Lvb, SSRIs DHLH
NFEFTEHICER = REOHEMZEFICE 2D TIERWATREENRZE 2 6
TV 5[12,13],

— 05, WHE I DHORIEL X OVEE A I = X LIV Tsigma-1Z FIE DR
s, 5 2OWBREORF R Z—5 v b& L Tsigma- 1% K03 B
ENTW5D, SigmaZ BMAIL, 197641 MartinH (12 X D R S, sigma-138 L
sigma-2D2 o DY 7 X A ST E T H[14], Sigma-15%2 BRI 2 H ITHEE
T O, FRICHRMRRICB W T, BE, RkiE, &2 50 KM% RB X
KRB IZ 2 < BB L TWAH[15], % 72, sigma- 152 25 R 1300 f B 35 2 OV A N
DO /NERRE FIZTFAE L, IP;% &K (Inositol trisphosphate receptor) @5y 7~ ¥ X
mrE LTHRREL TR Y, sigma-1Z B AR OIEMHEAL SRR IRFEEH O F B, ik
DR MR LR SEIZBE S5 T2 Z &R lE SN TWD[16], 72, SSRIsT
HLHTNAEXFH I, BV RTVUVBIOEZRRPD DETHDIAI T T IV,
7MY TFU N, sigma- 1 FERICEBFMEZ RT 2 £[17,18], sigma-152 %
K o770 R~ AN DIFEITEI 27T 2 L[19]8 L Wsigma- 1 FK T I
= A F TH HSA4053% L T'UMB23 723, #1959 DR OELFHMICHEH SN TV D
SRR KBRS RBERRICEWT, IR 2R T Z LR AN TV SH[20-

22], BT, sigma-1Z /KT T =2 MRMRRFAEZERT LI b MEINT
2



B, ZOFRFE|Lsigma-1ZBFERDBHL O DIEOMERITE G L T 5 Al getE & i
S KFFLTWVWD[23-25], ZHHDEAMND, sigma-1ZFIKRIL, 9 2WIBEICE
WTHERERZ R L TWD Z EBRHERISN D2, FEMITH LTI RV,

9 IR D FEIERE T DA D — DI, RN WA R H D, Thbb, 55
HIZBWT, HPA ROEREILENRO b, TOERFEKIZaLFa e v
BB LEOBRRESWTHDLEEZXLNT WD, £, 9 DWEFIZBNT
B E AT uA R THDaNF Y — LI RO, 3% MiEE Rk
KT/ nvaanrda s RZEMKDO mRNA ORBE T AR S TE Y, HPA %

WIEEIS L HPA RORXTT 47 7 4 — RNy ZHEOREN 5 S EHE
DRFICROEND Z LERWME SN TV D[26],

TEIRALY VITEREIEREAT oA RIETHY, RER, B ORERR
BLROTUAXF—HBEOBRBIESHNOLATWD, LALRRE, 7% ¥ 2
B UEIILODETIRIBREAT A FIEIL, RMELGICIVENERE LT
IOREREROVHEETHET L ENMEL TS, 2O XHIT, 9O
& HPA R OMRETLEICIIH B RBARI S 5, LR T, BIETIE D DWW DE
LFHZREE LTT ¥ 22 IR LT X922y v/arga
Fe B ALVE CARBRBRAANORTWD

T4, Terada 1%, 7F % A %Y U ORTAEIZ X - T PC12 MERIZ 31T 2 A%
% & [N+ (Nerve Growth Factor; NGF) &k LmENIMElsh s 2 & &2 A
72 L7 [27]e AT B A RIT X 200228 - O M E I, in vitro I23815 % 9
DHDOFREETLELTAHATHY, ZOETNVIECKTHH ) 2O F 4 i
HTL2ZLICED, LY SEOHRERLCITZND DR E LI 2 L3 A
BTHDLLEBZEZILND,

AL, 8 1 ETIEARBZRI D DI Thd 5 SSRIs ORI i 1%t
HEMZHLMNCT 5 HMT, ML OFFFRIC A < S 40 TU 5 R AR

faTd 5 PCI2 Ml & NGF |2 K 2 R 52 i 2 € 7 L & FI\\C, NGF # R4 %
3



ZEE R IZ &35 SSRIs OERH & Miit L7z, & 2 B TiE, NGF 738 ik 22 fif
BAZHT D2 7VAFHIVBIREAL N T O E L sigma-1 ZRIKE DR
B DWW TR Lz, 28 3 % TlX, NGF & F 1% 22 b J (2 B 9~ 2 MmN o
TFIVEREEO TIRICAMET S 70T A % —F B (Akt) 35 K OHI 48 i %
J-—- 1/2 (extracellular regulated kinase 1/2; ERK1/2) ® U VB LIZxtT 5 7 v
REXYVIVOERZRE Lz, £72, 77X AZ Y UEIAEIC X % NGF %1
PEZEE A R IHIERIC T2 7 VAR XFH I OB R & sigma-1 ZHEK L OB
[ZOWTHRET L, §19 DHED sigma-1 X BZKZ I LI AERBET O 2372 7,

SSRIs NGF
<> DEX
5 ) =
LN TrkA ,
| N IUIMETIUIEEt | e i
i @@@me&&m&w&w BV
g AR T Ras < GREFSIO(® ® : ey
eSS ; ! (505 YGABD N !
} : Raf PI3K :

MEK1/2 PDK-1

-~
B [ —————
'\’| . < <
-1 :
\‘ N
\
\
T E

Neurite Outgrowth

Differentiation

Transcription

Nucleus

Fig. 1 The signaling pathways down-stream of NGF and its receptor TrkA and

their interactions with sigma-1 receptor.



FBI1E NGFHEHEMEZEEMBEIZX T 5 SSRIs D EH

(&

D ORDFIEIE, ZNETHMANOE ) 7 I OBENEENRKEEZ 5N
T&/, L2L, 90 EBEOMICE W TRBOIRREZ PO Icds L Ok
ICHBENETTWD Z &R Z[28], D D O FIEIZ 1T N O ZHE 1Y e E
LEET DI EBRBRENTWD, S5, 2 OFBFICEIT DMK R
# K7 (Brain-Derived Neurotrophic Factor; BDNF) o IfiL i /& & D84 [29], BT 9
OO EIT LY MLiE BDNF RENHEMT 5 2 & ARE SN TWSH[30], MR
DFEILIN G, FREREER T, 2 DOHORIES L OIRRICEE R EEF 2 #H > T
WA AR HER S T D,

NGF ¥ J ' BDNF 72 E DM R BN 713, thx & A4 T OMREOAEFL IO
SACICEE BB 2 BT 2 X7 7Y —ThDH[31-33], £/, Mg
ERNTFRBIOINOOZFEEIE, RAMTRIL, MRFAEICELET L Z &R
W STV 5H[34-36], NGF IE, 12007 XV BIERENGR DK Y T F
REEMIELFRES LA E 2 EETH Y [37,38], BAYMMIZZERE D Tropomysin
receptor kinase A (TrkA) & B fl = BB B X O p75 K B Fn = 55 1K
(Low-affinity nerve growth factor receptor) (ZfE& 9 5 Z &12 & 0 a2 iE AL
T 5[39], F 7z, NGF [T D F8 52, BEAE I 3o K OV R Al i 5E o B B A L 35
WTHEREEZH > TS5 Th H[40,41],

PCI12 fifalE, 1976 4-1C Greene HIZ XLV 7 v FORIBHIE 2 7 v AH ik
DL & LT HLEE X 4172 [42], PC12 M iE NGF ORI X 0, #fdZeE % e
SEMREEMIIC LT DS E AT D22 e D, RS boET L E L TA
<R STV 5[43,44],



T ZTARETIE, PCI2 A & NGFIZ K o fMRE 7 V2 VT, 99

RIERICB W THE BN L LT I TWb SSRIs OERH # Mt L 7=,



(ERME 2D CITERGIE]

1. M E

EBICIE T v PEIBMES QM EEB RN (PC12 Mig) M,
Dulbecco’s modified Eagle’s medium/nutrient mixture F-12 (DMEM/F-12;
Gibco-Life Technologies, Gaithersburg, MD, U.S.A) (Z 10% (v/v) fetal bovine serum
(FBS; Gibco-Life Technologies), 1% (v/v) _X= U /A NV h~A v (TF
TAT A7, ) ZIMA T bOEREKE L, 37C, 5% CO, /7/E T TH#E L
7,

2. EHEY

i FH3#4%)1%, NGF (murine NGF 2.5S derived from mouse submaxillary glands,
Alomone Labs, Ltd, Jerusalem, Israel), 7 /LR 4% I UG (7R FH I g
WA bRk, W), BV R T U UHERE (B R T U v BJEMERL, ), B X
WXt F UEmE (XextvF o KA b, HE) TH D,
i I DAL F & 1T Fig2 IR Lo GRBEIXAE L 7).

CF
° H
N H
/N
O.
TNy o o
Cl
MeO F Cl
Fluvoxamine Paroxetine Sertraline

Fig. 2 Chemical structures of drugs used in this chapter
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3. ZBRFIE

1. MHEREE DR E

PC12 #ifid % type 1 collagen-coated 60-mm tissue culture dishes (f 7 %, HX)
(2 1.0x10° FAQ(EFEFE L, 24 Wef 52 L7z, Z O %, DMEM/F-12 (T 5% FBS, 1%
NR=V Y VANV T A~ ZMAT-OEREKE L, HEEHIZ NGF (50
ng/mL) BLOEEMERML & 512 24 BRFREIREE L7 558 24 BE I T o ¥
JV 71 A7 (Digital Sight DS-L2 system, = = >, ) Z & L 728 72 B8
(ECLIPSE TS100, ==y, i) ZHWTIHRE LIz, 7T 4 v 2 Z L12 10-15
18 DA 2 & e AR ICEA LS 5 R OBGZG, BEROBITICIE Imagel
1.48v Software (freely available from the National Institutes of Health, Bethesda, MD,
U.S.A) 2T, AMg 10 HOMIOMRELEDRREZNE LT, F&M4ED S
LB DR 2 ) U 7o e R 22 L & % Neurite length (um) & U CaEA L 72,

3-2. MRATFRR

A A 17 21X [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide
assay (MTT assay; 74 747 A7, ) L CellTiter-Glo® Luminescent
Cell Viability Assay (7’2 A #, HIK) ZHW\TIT772 > 7=, PCI12 fild % 96 7 = /L
7 L— MIT 1.0x10% cells/mL D THERE L, 24 Frfis 8 L=, B2 L
T BT 24 FEMIEE R L=, D%, MTT assay CTiE, MTT &3 (20 pL/well) %
WML, 4 KA ¥ aX— 3 v LTIk, B2 % ELY DMSO (150 pL/well)
WML MR E S L, MRS L OER LS EZRRBE LR, 7V —18Y
— X =Tl EZME L7, CellTiter-Glo® Luminescent Cell Viability
Assay T, 96 7 = /L7 L — M % 30 43 [ =R CHfE LEIR CEE (LI 7%,

CellTiter-Glo®# 3K (100 pL/well) Z M L 2 53 BHRA 1 X OV 10 5 B =R C# 8
8



Lith, 71— b U =2 =2 N TREZRE LT, & RIER RO T = 1
DT B EHETR LI,

3-3. MEErHE

FEBRBEANT T N CTEHE £ FEFEE TR L, A EZEE, —olklE
STHTHT (ANOVA) 1 X O Dunnett 35 % 72 1% Tukey (52 W THRE L2, 72,
50%PHE R (Half-maximal inhibitory concentration; 1Cso) (%, probit {2 K W &

H L 7=,



(B8R AR

1.PCI2MiRICK T HMHRERMEBIIXHT S NGF DEH

PCI12 M 33 1) D e 28 i i & (2 %} 9~ 5 NGF (1, 2.5, 5, 10, 25, and 50 ng/mL)
DYER % Biat LTz, Fig. 3 13 B SZBAMEE Cinle L 7o REM |l %2 7R L7, PC12
HALIE NGF (1-50 ng/mL) OUHIIZ LV, REKRFIICAH B 7222 i i B AE
M zxr L7 (Fig. 4),

A Vehicle

Fig. 3 Morphological changes by NGF-induced neurite outgrowth in PC12 cells.
Representative image of phase-contrast photomicrographs. PC12 cells were
treated with NGF (50 ng/mL). After 24 h, photomicrographs were taken by
inverted phase-contrast microscopes. (A) Vehicle, (B) NGF (50 ng/mL). Scale

bar = 50 um.



500¢

400¢ *k

*k

w
o
o

200}

Neurite length (um)

hqi

()| m—
Vehicle 1 2.5 5 10 25 50

NGF concentration (ng/mL)

Fig. 4 NGF-induced neurite outgrowth in PC12 cells.
PC12 cells were treated with NGF (1, 2.5, 5, 10, 25, and 50 ng/mL) for 24 h.

The values represent the mean = S.E.M. (n = 9). ** Significantly different

from vehicle at p < 0.01.



2 .NGFFHERMHRERMEBIZX T 5 SSRIs DIEH

2-1 NGFEHERMHRBREEMBIZATHI7AVFAXFI IV OEH

PC12 MiilZ NGF (50 ng/mL) fF7E F £ 72I13IEHE FITHB N T, 7R FH 2
> (0.01, 0.1, 1, and 10 uM) Z RN L, 24 BEE B2 L7, Fig. S ICEBEZR L
T=o VAR FH I 0L, PCI2 MBRIZ 31T 5 NGF 35 5 b ik 22 {2 1o % L CIR &
AT 72 B8R gh & /R L7z (Fig. 6A), AE %L, 0.1, 1 B L T10 pM THI
37z, NGF JEFIEFTIX, 7R FH 2 20 PCI2 HIEIZ 3B D APk 2

R L TI10pM ORE T A EREE L 5 2 ) > 7- (Fig. 6B),

B NGF + fluvoxamine

Fig. 5 Morphological changes by fluvoxamine on NGF-induced neurite
outgrowth in PC12 cells.

Representative images of the effect of fluvoxamine on NGF-induced neurite
outgrowth. PC12 cells were treated with NGF (50 ng/mL) or NGF plus
fluvoxamine (1 uM). After 24 h, photomicrographs were taken by inverted
phase-contrast microscopes. (A) NGF (50 ng/mL), (B) NGF + fluvoxamine (1
uM). Scale bar = 50 um.
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Fig. 6 Effect of fluvoxamine on NGF-induced neurite outgrowth in PC12 cells.
(A) Neurite length of PC12 cells were treated with NGF (50 ng/mL) and
fluvoxamine (0.01, 0.1, 1, and 10 uM). (B) PC12 cells were treated with
fluvoxamine (0.01, 0.1, 1, and 10 puM). The values represent the mean =+

S.E.M. (n =9). #=* Significantly different from NGF-treated group at p < 0.01.
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2-2 .NGFFEEMRREMRIZHT O NaxFOEM

PC12 M2l NGF (50 ng/mL) fF7E F £ 72 I133EHFE FIcB W T, SaxtF o
(0.01, 0.1, 1, and 10 uM) Z RN L, 24 FEffEE# L7-, Fig. 7 ICfREFlEZ R LT,
SRuxkvF 0k, PCI2 MIMEICI T D NGF iR 22 RIC% LT 10 uM @
BETHLAEBREE 25 2720 >7- (Fig. 8A) . £7-, NGF EHFLETIZBWT
H, NEFEF U0k PCI2 MlEicis T HiReimEIck L THEREEL L

Z 78> 7o (Fig. 8B),

B NGF + paroxetine

Fig. 7 Morphological changes by paroxetine on NGF-induced neurite outgrowth

in PC12 cells.

Representative images of the effect of paroxetine on NGF-induced neurite
outgrowth. PC12 cells were treated with NGF (50 ng/mL) or NGF plus
paroxetine (1 uM). After 24 h, photomicrographs were taken by inverted
phase-contrast microscopes. (A) NGF (50 ng/mL), (B) NGF + paroxetine (1
uM). Scale bar = 50 um.

12



>

800 1

(o))
o
o

H
H

Neurtie length (um)
I
o
o

200t

0
0.01 0.1 1 10
Paroxetine concentration (uM)
NGF (50 ng/mL)
B 800
£ 600}
_C
©
C
Qo
o 400¢
5
)
zZ
200¢
ol M [ e EEE

Vehicle 0.01 0.1 1 10

Paroxetine concentration (uM)

Fig. 8 Effect of paroxetine on NGF-induced neurite outgrowth in PC12 cells.
(A) Neurite length of PC12 cells were treated with NGF (50 ng/mL) and
paroxetine (0.01, 0.1, 1, and 10 puM). (B) PC12 cells were treated with
paroxetine (0.01, 0.1, 1, and 10 uM). The values represent the mean = S.E.M.

(n=9).

13



2-3.NGFFEEMHRREMRIZIHT I EAL TV VDEA

PCI12 @ |2 NGF (50 ng/mL) 17/ FE7I3EFETFITBNT, BV FT Y~
(0.1,0.3, 1,3, and 10 uM) Z RN L, 24 B[ B2 L 7=, Fig. 9 IRl 2~ LT=,
B hT UL, PCI2 MEAEIZH 1T 5 NGF #3822t R 1o xh L CIR IR TT
B 72 M 2h B 2 ok L7= (Fig. 10A), AEZREIZ0.3,1,3 B LV 10 pM THI%
S#7z. NGF FEFEE T TIE, B/ M T U X PCI2 MIIZ 31T 2 A 22 L {2

WZxfLT10pM ORETH A EREEL 5 2 7> 7- (Fig. 10B),

B NGF + sertraline

Fig. 9 Morphological changes by sertraline on NGF-induced neurite outgrowth
in PC12 cells.
Representative images of the effect of sertraline on NGF-induced neurite
outgrowth. PC12 cells were treated with NGF (50 ng/mL) or NGF plus
sertraline (1 uM). After 24 h, photomicrographs were taken by inverted

phase-contrast microscopes. (A) NGF (50 ng/mL), (B) NGF + sertraline (1
uM). Scale bar = 50 um.
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Fig. 10 Effect of sertraline on NGF-induced neurite outgrowth in PC12 cells.
(A) PC12 cells were treated with NGF (50 ng/mL) and sertraline (0.1, 0.3, 1, 3,
and 10 uM). (B) PC12 cells were treated with sertraline (0.1, 0.3, 1, 3, and 10
uM). The values represent the mean + S.E.M. (n = 9). *x Significantly

different from NGF-treated group at p < 0.01.
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3. PC12 #li i o #l fa A F£ RIZ % % SSRIs D EH

PCI2 Ml 7V AV I, RextF B8OV TV V22N TN
WL 24 BRI 2E U, MTT iR 335 L O CellTiter-Glo® A 3 % F W TRl A 17 3R
ZRIE L7, ZVARFH I 20X 100 uM BL ETPCI2 Mild DM AEGFRZ2HFEIC
KT &H 7= (Fig. 11A), S Xt F 0% 30 uM LL_E T PCI12 Hilfim oo i i 2 77 =R
A BT S ® 72 (Fig. 11B), /v N7 U X 10 uM L E T PC12 Hi i@ o #il iz
AHFFEREFFEBEICKR TS (Fig. 11C), MEEGFROICEExHHLZE Z A,
TR FH I T 21016 uM (MTT assay), 87 +4.3 uM (CellTiter assay), /N H ¥
tF 0% 53+2.1 uM (MTT assay), 32 1.4 uM (CellTiter assay), /L ~ 7 U 1%

10=1.3 uM (MTT assay), 8.9 1.8 uM (CellTiter assay) T& - 7=,
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Fig. 11 Effects of SSRIs on PC12 cells viability.

——MTT
=O—CellTiter

0.1

03 1 3 10 30
Paroxetine concentration (uM)

100 300

Cell viability was expressed as a percentage of control. (A) Fluvoxamine (B)

Paroxetine (C) Sertraline. The values represent means £ S.E.M. (n = 9).

*

Significantly different from control group at p < 0.05. *3% Significantly

different from control group at p < 0.01 (MTT assay). # Significantly different

from control group at p < 0.05. ## Significantly different from control group at

p <0.01 (CellTiter-Glo assay).
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(& &)

AREBRIZBWNT, ZLARFH I 0301, 1 BEXO 10 uM O E T PCI2 Hif
IZ31F % NGF (50 ng/mL) #FHEMREEMBEAZABEICHBIE, &b
TNARFF IR ENARTHREERFARIENZET 2060225 B8
T NGF EFETICBIT2BF 21T o7, TO/ME, 7R xH I %, NGF
FEAETE T TIE PCL2 MR T 2R REMBICHABRREEL G2 o1,
INDLOWAEND, ZARFH I IEINGFEET I =2 & LTEHT 2O TIX
R, NGFIZ Lo THH SN oMk 8 i fEEMN 2R+ 2 2 & 8 HB LT,

WIS, "axtvFroEBrmat LR, So %t F % NGF #f ke
A EERICH L TI10uM OREICEBW T L AR REE L 5 2 720> 7=, NGF
FFIETIZB W TS PCL2 Mgl 2 MR ERMRICAREREEL 5 2 o)
ST, Fle, BV RZ U 0303,1,3 BEO10uM DR T NGF 75 % ik 22 ik
fi R 2 A A3 L 72, NGF FE(FAE T2 W Tid, PCI2 MIaIZ 38 1) % #fifk
REMBICARREEL LA RN oT,

Ishima 5%, Z/LARFH I 28 1 BLO10 uM T NGF (2.5 ng/mL) % J& %
REMEBEHZHEMESED 2 L2 WE L TRV [45], KEBRTORHK & FERT
&%, —J7, Nishimura 513/ T U i3 1 uM (2B Tl NGF #% & 22 i
fRERICX L THIHIIRE RIS RV, 10 pM THIFII R Z R L7 & #HE L
TV 5[46], REFFETORMAEIX, B/ R T U 03 1 uM O EICE W T B M%)
RER LTz, ZOMESIT, EBRITEDOEY (NGF #EE; 50 ng/mL vs 2.5 ng/mL,
AR W] 24 BT vs 5 HEE]) ICERT 2 EEA BN D,

SSRIs [ TW L oo ffifafE CMilaEE L ~T 2 RN E R TS,
2L, BV FZ U X HepG2 bt FiFE ML (HepG2 human hepatocellular
carcinoma cell : HepG2 fifid) (Zxf L, B A RX—EREOIEME(LZ I L7z MiiE 4
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HFROBET 2R LUEIER 2 A3 % Z & [47], b b#5 M E WA FEE (human
colorectal carcinoma cell line : HT29 #H @) (2%t L, a4 fF i L OSHIEEE5E O
HEBERAEHZRAELFEST L2 L8R ERHRE SN TWD, £/, Kuwahara
HIZ XY HepG2 il iZ 31 2 MIAFRICKT o8V T U D ICsH I 1.24
+ 005 UM THDLZ ERRINTWVND, ZILARFH I D ICsfEIL 31.0 = 3.33
UM TH Y, B FT U ICHNTH 25 /S0 ERHE STV 5[49],

L7l o T, B/ b7 U T K 5 NGF #3408 2¢ 1 (R i 4/ 1%, PC12 il i
T AR EEERAIC L DV BRI AT ATEENE X 6N, £ 2T, PCI12
fa ORI AEAF I3 % SSRIs DB LG L, £ DR, Fig. 11 IR L7z &
I, ZARFH I L300 pM A L, e F0x 10 pM L E, L TV
YUX 10 uM BL B TR A AR 2 A B S 7, M A7 3R 0 1Cs il % H
Lz Z A, ZVAFH I 013210216 uM (MTT assay), 874.3 uM (CellTiter
assay), /31 ¥ F 0 53+2.1 uM (MTT assay), 32+ 1.4 uM (CellTiter assay), &
U7 Y 0F 10£1.3 uM (MTT assay), 8.9+ 1.8 uM (CellTiter assay) T 5 = &
WHBA LT, BLEDORENS, BV b T U 3o SSRIs IZH AR TRIREICE
WTCHIRHEEE BT ENHALNE2o7-, F72, Table 1 IZ/RL7Z K DI,
NGF i 22t iR E I 338 L7 7 VAR X v O TIE, MlaAEF

NSRBI W ENHH LT, & 61, B FZ U 0% PCL2 fifmicxt L C

#

AETERICE L 5 2 2O RBE I W T, NGF 76 58 1% 22 K i )i 2 i
THLZENHM LI, Lo T, RIREICE T S5E/L T U O NGF 7% #f
2 R A AFE I, PCL2 MRS )t DM R IC L 2 b D TRV Z &3
MR INT=, RFFEOREN D, 7RV I 0%, NGF 7% 540 22 8 fif & 12
LUTCHEMBIEHZRL, BV 7 U AXSICIEER 2R3 2 &L 23 L7,
L 7223 > T, NGF # & fh 8 22 L A J| (2697 2 /E TR, SSRIs D Ak 1 B 7
LTEZBN TSR b= FRVIALHEMEMICEIS O TRV &N

BHeEMNE 2o T,
19



Table 1 Effects of SSRIs on NGF-induced neurite outgrowth and cell viability
in PC12 cells

Concentration (uUM) Neutite outgrowth Cell viability
Fluvoxamine 0.01 - -
0.1 1 _
1 1 -
10 ) —
Paroxetine 0.01 - —
0.1 - -
1 — -
10 - -
Sertraline 0.01 - -
0.1 l -
03 ! -
1 l -
3 ! -
10 | l

1 :increase, | : decrease, -: no effect.
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B2E NGFHRMBRREMEBICXT 2 SSRIs DEHA &
sigma-1 5 25 {& o B

(&

Sigma &MWL, BAMYIZIZIAECHA RZEREOS T X A4 7L L THES
nNTWiz, L2»L, TOHDOHFZEIZL D, sigma KT, VH L FTH D
SKF-10047 DAEH N A A A FZBFEEFITH LT ML F Y 2 X0 ihht
SN ERH LR V[50], BIIETIIEMBOZERE LTHEILTWY
%, Sigma 5 BRKR (T sigma-1 B L W sigma-2 D2 5OV 7T X A4 TREEINTE
D, sigma-1 ZHFEMWIL, BB RAA L 2HT 52307 BNLRD DT

& 25314 Da DX N7 BETHY, b FaZoc RIEHLEBMEND 7 0 —=
V7 ERN TV B[51-54],

AR TIE, SSRIs X U0 & F 551 9 DD sigma-1 S BRI 3 LT a8l fn ik
ERTIERPALNERSoTEY, HLO DIEOEM L sigma-1 ZHK L OB
NEH SN TWS, SSRIs ODFTIE7ARIFH I BLXOEAL T Y R,
sigma-1 ZAMEIC L TEBME (ZLVRXFH I Ki=360M, BTV
Ki=57nM) AL TW5b, —J, RAUSSRIs e L THHAINTWD NeFxt
F 0L, sigma-1 ZHEERIT R 2B AMES O TRV (et F 2 Ki = 1893
nM) Z EAREN TV B[17,45],

F1EICBWT, PCI2 Mildicds i) 2 NGF MR ffEicxt L T7 R
FYIIHBIERAZRL, B4 T U THEES, ELTARFET T
NRERI 2N EDRPH LN E RS T,

% 2 CARE TIL, NGF B ZAf e 22kl i R /F H (2%t 3% SSRIs D 2R & sigma-1
TRALOEEEZHLMCT S BMT, £, NGF &R M2k Eicx+ 5
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sigma-1 Z/RERT I=RX NOZEZHRF Lz, S 5IZ, sigma-1 X BFEKT % 3
=AREAVT, ZAVRFF I VICEOMBEABLOELFT U LICE B
HER IR 3 % sigma-1 ZBEKRORE G Z e L7,
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(ERME RO CITERGIE]

1. M E
EEIZIT PCI2 Mt 2 iz, AR EIT, B 1 EOERME R 5 NS ER

FIEIZR R HEZEVIT- 7=,

2. EHEY

i H3EW 1%, NGF (murine NGF 2.5S derived from mouse submaxillary glands,
Alomone Labs, Ltd, Jerusalem, Israel), 7 /LR 4 I VBRI (7R X9 I ;g
REALHEG, W), B b7 U iR (B T U 2y REE AL, R,
PRE-084 i [:¥i(PRE-084; Santa Cruz Biotechnology, Inc., CA, U.S.A) X O
NE-100 ¥ F2 ¥ (NE-100; Santa Cruz Biotechnology, Inc., CA, U.S.A) Th %,

PRE-084 &% U NE-100 O b4 1% Fig. 12 (27 L7z GEEIZEK LTD),

-
S \/\O @/i()]@/v “~

PRE-084 NE-100

Fig.12 Chemical structures of PRE-084 and NE-100.
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3. ZBRFIE

3-1. MRREE DR E

PRREE OREITEH | BMITR LT FETIT R, 70, FEMOER I
T 5 sigma-1 TABIERDROFEMITILL T O HFIETFMM L=, PCI12 MiiE%
1x10° FHA(E FEFE L, 24 BEREIES 2 L7, £ Ok, K5 KIZ NGF (50 ng/mL) 33 X
O3 2 RIS 2 4 BRI RIS sigma-1 X /KD T v % T =A F TH 5 NE-100

(1 uM) THILF L7-, & 51T, B4R 24 BRIBICHE | BIORLEFIETRESD

K OMENT 21T 72 o 1=,
3-2. ¥iFuE

Mt A B 21X, — il & o800 (ANOVA) 38 KX OV Dunnett 75 F 7213

Tukey 52 W THIE Lo, FERERITT N THEE £ FEHERETRLE,
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379538

1.NGF FHFfR 22 M R T X3 5 PRE-084 D {EH

PC12 # i Z NGF (50 ng/mL) £ &L U sigma-1 Z&KT 2= h Toh % PRE-084
(0.01, 0.1, 1, and 10 pM) % RIEFERIN L, 24 BEREIES# U7, #5313 Fig 13 1T L
72 & 512, PRE-084 |% NGF O IRINC X 2 ffifek 58 i { Jg /E I L2 b L C i BE AR A7 1)
IR AR L, BLPI0uM ORETHEENB O bivl,

800
a 600}
=
e
2
o 400 I
2
5
Z

200}

0
0.01 0.1 1 10

PRE-084 concentration (uM)
NGF (50 ng/mL)

Fig.13 Effect of PRE-084 on NGF-induced neurite outgrowth in PC12 cells.

PC12 cells were treated with NGF (50 ng/mL) and PRE-084 (0.01, 0.1, 1,
and 10 pM) for 24 h. The values represent the mean + S.E.M. (n = 9). *x

Significantly different from NGF-treated group at p < 0.01.
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2 . PRE-084 ™ NGF 3 % 222 fh R M 4EH %+ 5 NE-100 ©
oA
PC12 #0IZ sigma-1 ZAEKT X A=A s Toh 5 NE-100 (1 uM) 2 H 500
DWW L 4 K2 S 7%, NGF {F1E FIZEB W T PRE-084 (1 uM) B LW
NE-100 Z [AFFRN L, & 51T 24 RFfEIEER L7, K5 RI1T Fig. 14 IZR L7 X 91T,
PRE-084 |Z & % NGF #% F& i 22t fh & 34 5 1F 1, NE-100 D F I L » THE
T S iz,

800

*%k H##

600

H

400

Neurite length (um)

200

0
NGF (50 ng/mL) + +

PRE-084 (1 uM)  — + — "
NE-100 (1 uM) — — + "

Fig.14 Effect of NE-100 on PRE-084-induced neurite outgrowth elicited by NGF.
PC12 cells were treated with NGF (50 ng/mL), PRE-084 (1 uM) and NE-100 (1
uM) for 24 h. The values represent the mean + S.E.M. (n = 6). ** Significantly

different from NGF-treated group at p < 0.01. ## Significantly different from

NGF plus PRE-084 group at p < 0.01.
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3. 7NVAFHIDONGFFRHFBRZEMBEREMRICIHNT D
NE-100 & 5 &

PCI12 #1Z NE-100 (1 uM) % & 52> L ORI L 4 B 5% S8 721, NGF 1#
FETFTIZBWTZAREHS I (1 uM) B L ONE-100 (1 pM) ZRBEHRML, &
HIZ 24 FEMREE L2, FERIL Fig. ISICRLEE I, ZVARFHI iz kD
NGF 75 J& fh % 29 e { R B 50 4 A 1, NE-100 O ffIC Xk » THEICHE I S iz,

800

sk #H#

600

HH

400}

Neurite length (um)

200}

NGF (50 ng/mL) + + + +
Fluvoxamine (1 uM) —_ + — +
NE-100 (1 uM) — — + +

Fig.15 Effect of NE-100 on enhancement effects of fluvoxamine on NGF-induced
neurite outgrowth in PC12 cells.

PC12 cells were treated with NGF (50 ng/mL), fluvoxamine (1 uM) and

NE-100 (1 puM). The values represent the mean = S.E.M. (n = 6). *x

Significantly different from NGF-treated group at p < 0.01. ## Significantly

different from NGF plus fluvoxamine group at p < 0.01.
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4. BNV FZ Y O NGFHFERMREREMBMBMGERHCHT S
PRE-084 @

PC12 M} NGF fZ7E FIcB W T, /L kU > (1 uM) 3 L U8 PRE-084 (0.1
uM) Z [FIIRF AN L, 24 el 48 L7, MR Fig. 16 IR L7k oIz, BT
U 2 K% NGF s FE i 22 B s /E ML, £ B & T NGF &% 5kt 28k
R B A I S22\ R O PRE-084 OOFHIC L » THEICH LS LTz,

500
*3k H#Hit

400

HH

300

HH

2001

Neurite length (um)

100

0
NGF (50 ng/mL) + + + +

Sertraline (1 uM) — + — +
PRE-084 (0.1 uM) — — + +

Fig.16 Effect of PRE-084 on inhibitory effects of sertraline on NGF-induced
neurite outgrowth in PC12 cells.

PC12 cells were treated with NGF (50 ng/mL), sertraline (1 pM) and
PRE-084 (0.1 uM). The values represent the mean = S.E.M. (n = 6). *x*
Significantly different from NGF-treated group at p < 0.01. ## Significantly
different from NGF plus sertraline group at p < 0.01.
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5. BV MU DO NGFHFERMFBREEMRMFIERCHT D
NE-100 & 5 &

PC12 Mifi@iZ NE-100 (1 uM) Z & 57 LD L 4 FEfi 552 L /2%, NGF (50
ng/mL)FE FIZBWT, B 7 U > (1uM) B XL UNE-100 Z [FEREML, &
HIZ 24 BFRIRSE L2 R IX Fig. 171" L7zX 21, BV FZ U i L 5 NGF
AR 22 A R AR AE A I, NE-100 O I L » THREICH S L,

500+
%k ##

400

Hi

300

200

Neurite length (um)

100

0
NGF (50 ng/mL) + + + +

Sertraline (1 uM) — + —_ +
NE-100 (10 uM) —_ —_ + +

Fig.17 Effect of NE-100 on inhibitory effects of sertraline on NGF-induced
neurite outgrowth in PC12 cells.
PC12 cells were treated with NGF (50 ng/mL), sertraline (1 uM) and NE-100
(I uM). The values represent the mean + S.E.M. (n = 6). ** Significantly
different from NGF-treated group at p < 0.01. ## Significantly different from

NGF plus sertraline group at p < 0.01.
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(& &)

F1EICRBWT, 7R T I 3 mENE 2 R S 2 W0 R BT NGF 7% J8 i 22
R RICR L CHMmERZ2AT 222 RIME L, —FH, B 70 0%
NGF #%JE it 22l i 1ok L CTHfiER 2R L, 7 ARFH I B8O
FZ U 0, sigma-1 ZEEICH L TEWEMMEZ RS 2 ENHESN TS,
NGF 7% & M iR 22 B 125t 2 EHIC B T 5 sigma-1 ZEAK OB 5 ORI
HTHs, £Z T, sigma-1 ZHIKT T =X Toh % PRE-084 = T, NGF
BB ERMBERICHT 2 7VRFYIVBIOCEALET Y VOMEL
sigma-1 ZFE & OBEIZOWTHRE L7,

REBRFER TR LI X S, NGF s R R ISE M R0 T 5 sigma-1 ZHIK
7T A=A KMToH% PRE-084 OIE 2 M7 L7, PRE-084 3R EAKAFHIIC
R EH 2 7 L7z, Rossi B 1%, FEBRGAFITHE 72 5 7%, PRE-084 7% PC12 flifid i &
7 %5 NGF (2.5 ng/mL) #FHMREEMEBLZERIELZ2HELTEBD, K
W52 T ORRE & [FRETH H[55], & 512, PRE-084 DY /E 73 sigma-1 % &4
ToH A=A NTHD NE-100 OFfFFHICL s THEICHEIND Z L2 FEFEL
Tzo L EDRGE S, NGF M 2223 9% PRE-084 D ¥{5R{E X
sigma-1 ZREKEZHI T2 2 LICK OV REAT L ERHLNE RS T,

I, 7R FH I 2 KD NGF 7 F8 i 28 B 8 oA o3t 97 %
sigma-1 2 BT X T=ZA K ToH 5 NE-100 DEEIZHOWTHE LIZ, TDOE
R, 7R FY I A2 K D NGF i 6 1 #2216 i B 48 78 4F 13 NE-100 o ff i 12
L0 AEEICHPL S 7=, Nishimura & %, NGF (2.5 ng/mL) % J& # % 22 i {1 &8 78
THARFH I 1 uM THBINLZ LE2HELTBY, 7R FH I N
sigma-1 X HFEIZK L TT T=A N LTERT A Z 2R L TWVAH46], L

oo T, 7R FH I 1L PRE-084 & [FIARIC sigma-1 X FEKDOT T =2 | &
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L CHER L, NGF & JE A Sk i )| 2 MG 08 S 7o W RBPE 23 | U

—7J7, BV b T U E NGF & 78t 8 288 i R J i) /B 2 7R L 72 D T, sigma-1
SRET X I=A NELTERTZ ERMRN SN, £Z T, £ sigma-1
SRR T T = FTh 5 PRE-084 Z F FH LIEFET L 70, 5 R 1T Fig.16 (2R L7z &

, TNHIRTHED R WEE O PRE-084 0.1 uM OfFHIC XY, L F TV
Y OMFIERIZEETL S N7z, WIZ, BV R T U 2D NGF 7% %8 #h % 24 e f J 1 1l
TERICKT 5 sigma-1 ZHEKT X A=A s Tdh 5 NE-100 DEE L L=,
ZDOFER NE-100 DFEHIC L > Th A F T U o OMEIERIZAZICHEI SN
2o U EDORER IV, £V b T U > NGF 7 % 4 % 22 6 J 12 k9~ 2 il 178 A
X, sigma-1 ZFEZ N L THRETDHZ L, &5, BV FT U Uidsigma-1 &
RICH LT, 73=2A MMEABL O T v X I=X bEEERZTRTZ ERHL
meEleol,

AREBWT, ZVRFH I 0% sigma-1 ZRET T=Z MMEM, BV TV
ViEsigma-l XBFERT T=ANT o X A=A MMEAZAET A Z LR LN E
72572, Sugimoto DL, B EBRIZEIT D5 7 /VARFH I OB 9 SFEEIMEAN
sigma-1 KK T 2 T=A THDHBDIATOHFAICL Y HEICH NSNS Z
ExHIE L TWA[56], & BT, Furuse B I 7 /LR &5 I 2 BB TE D3RG 1 s 14
IODIFICAEITHDLZ &, 7o, "uaxBTFURHRBIH W & EZRTIEH %=
WELTWDH[57], THNHDOEENG, sigma-1 ZHEN 9 DJFICHRT 5 7R
X IVOEMEICEFE L TW D AEEN VW, Fig. 18ICT7 I=A K, 7 ¥
A=A PMBLOA o N—=AT T=Z2 FOBARIZOWTIR LZ[58,59], A »/3—
AT A=A MEIT A=A M EERE, TROLADIEMNZTRT I T FTHY,
TNHERKRTIIIERAZ RS2 WT 2 I =X LIRS TWVWD, £, 4~
N=AT7I=AMOERET X IR ML ORI Z ERMLLTW
Lo/ T U i3 NGF B F Mt 28 iR Ik L THHMER 2R Lz, & 612

A b7 U OMBERIX sigma-1 ZART A=A MBLOT X A=A D
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PRI X vt s iz, BUE, sigma-1 /KU T FIZBWTA o —27 o
ZAMELTHEINLTWAIEAEWIT R, LLAENRS, Wu b sigma-1 5%
BRT X2 T=ANTHD BDI063 BT T VF =V FERI AT T ARHICE L
THHIER 2R+ &, £72, 2O BD1063 DEM M sigma-1 ZRIKT T =2 h
BT v a=xroffHlicko#nEsns 2 &axHE L TE Y, BDI063
2N sigma-1 ZREIZH L TA U R_R—RAT I=2 MEERZRS LM T
%060], A EDOFERIB L O ENS, B/ T U 0 sigma-1 Z AT LTA
YN—=AT A=A N TH DL AN RE I N,

Fo, AFEREOE LD 7R X 2 0% sigma-l ZREKOT I=2 |, &
LV RTU 0T sigma-l ZREDA L NR— 2T T2 M E LTERT S 2 &M%
BENDLZ e, MEEZFATLHIZLET, Lo OEANBEIET 5 A REENE
AOND,BVEFEZY VFKRETHRDLTINTWDLIH) 2ETHLZ b,
TARNT U OMBEHAICE JIETIEREB X sigma-1 K & o B % i B
THZELEFHEETHD,
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Agonist

Basal Antagonist

Functional Response

Inverse agonist

Log [drug]

Fig.18 The relationship between agonist, antagonist and inverse agonist.
An agonist binds to a receptor and causes an activation action, and an
antagonist antagonizes the agonist to attenuate the action of agonist. An
antagonist alone does not show a response. Inverse agonists bind to the

receptor and attenuate receptor constitutive activity.
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BI3E FTEXHRAEYVUICLD NGF FRHREEHEBRB IO
Akt UV VBILIHIER IR T2 707 F I 0 E
& simga-1 5K L DB E

(&

IDRDRIE L TV aaLFaT 4 ROMICIXEERBERERD D & o Wik
NEEAFIET H[61-64], 7 /v aa)LF aA Rk, HE, IBE, ¥ /™7 8OMREH
RWEER LA ML RISEOHIHICED D78 EAEERO R A F A X — v R
FRICHEERZEE 2R - LTS, &I, ZrvaanrFad Nk, M, #f
AR E O EAE, RO 5L X ORI ISR L TV D 2 &R
HINTWVD[65,66], LLARs, BMATHEHAINLTWLTFHAZY %
Gha s vaanFas RiE, BEMEGICI0EFEO I SRR B O R
AEmbHZ ENBIEE 7> TWb, Wolkowitz HiE, BAEDO 7 vaa)Faq
RERALTWDEREDK 20%5 5 D5, BEZ2 SR EE2BIEL, 75%
DIEMIER ZFF 2 72 2 &2 MG L TWD[67], 2RO NS, BIFETIEH
BOELFNBIEE L TT X A2 U HRRB LTI A2V /=
NFa ba U A LT CAMRBRS AWV DTV 5[68],

—7J7, Wrobel H1%, 7X A XY U OHRBHEEBIORERKGIZED T X
2D DIRBRITENZ 5| SR T 2L, RO ZDITEICH L TAI T TIIVE
FOT7I MV TFIVUREDZRRI I DEPNAHTHLZLETRLTWVD
[69], £7-, Terada H1E, THxF P AXZ VS U RN T VaalFal REREEEZN LT,
PCI2 MEICH 1T % NGF #F MG ME, S 6I2, T OMIEAN T 7 T Lt #s
Thsb Akt BEL O ERKI2 0V b xHET S L2 /R M7 LT, £,
COEFTANTFH AL U0 /v aanFad RITk? 9 DRAERD %
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BUCP ST 5 TR REREO —H2H LN T O/ICAEHTHLZ LR
LTW5%,

ZE W T, NGF FFMRIGEMIEIC L TT7 AR I o HEliEN %
RYD, BV U BRI ER R T 2Bt £, F2
BIZH T NGF i 5 Rt 22l i R 12 k13- % SSRIs O EM 2% sigma-1 S 1K L
BCBEE L TWA Z BB Erof, 2 TH 3 ETIE, £9 NGF FH34f
ek R IC B9 5 Akt B L OV ERK1/2 OV VLK T2 7 LR FH I v

=~

DEBERF LT-, £72, 7%V A XV 2k 5 NGF 3o EILER
LAkt U U ERAEIHEIAE IS T A 7R Y S DR & sigma-1 ZAEAKD
B85 & Mt LTz,
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(ERME RO CITERGIE]

1. M E
EERIZIT PCI2 Ml & 7o Ml RS 2, 28 1 RO EERM B b NS R TS

BEIZR R FEIZ KX VIT - 7=,

2. EHEY

5 3E%) 1%, NGF (murine NGF 2.5S derived from mouse submaxillary glands,
(Alomone Labs, Ltd, Jerusalem, Israel)), 7 X% A &% V' R (T A %V
v Fde, KBR), 7R F Y I UEBE (7 RFY 0 Kabak, ®R) B
L OYNE-100 #EF2HE (NE-100; Santa Cruz Biotechnology, Icn., CA, U.S.A) Th 5,

TXY ALY OILFEREE L Fig. 19 12 Le (EBITAEM L),

O

Fig.19 Chemical structure of dexamethasone.
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3. ZBRFIE

3-1. MRREEDHE

PC12 #ifid % type I collagen-coated 60 mm tissue culture dishes (- 7 %, H )
(2 1x10° MR MAFEFE L, 24 BEIES 38 L7z, T D%, 10% FBS, 1% <=2V »/*
N7 h~A v E&H DMEM/F-12 IZ7 %% A %> (1 uM) ZiRIL 721558
TN A L, 24 BEREIES 2 L=, RIS, Ay a0 AfgiefE AP A /K (D-PBS;
TAHTAT AT, WKL) Ty — L& Lic, TD%, 5% FBS, 1% ~=V
VIABMLT bvA Y EG4H DMEM/F-12 Z 5%k & L, §#%HIZ NGF (50
ng/mL) B X OEEW AR L, & 5|2 24 BREIEEEE L T-, BE3% 24 HREI#4 (24857
BAMEE T (ECLIPSE TS100, = =, i) T7 ¥ ¥ /L7 A7 (Digital Sight
DS-L2 system, =22, W) ZHWTI{RE L1, &7 4 v =2 Z &I2 10-15 H
DA 2 & EAERIRALE SHEBOBBG LG, RE LCBEBITISEE D&
(ZAREF N O 10 fiE O fhE 24 E O K X % Imagel Software (freely available from the

National Institutes of Health, Bethesda, MD, U.S.A) |Z C#Hll& L 7=,

3 — 2. Western blotting fiZ AT

PC12 MfE 2 #EFE L, K748 24 ¢ % 1 DMEM/F-12 2 5% FBS M 7= b D &
B & L, B5# K IZ NGF (50 ng/mL) B X OKFEW 2 I Lz, WMo, 5,
10, 20, 30 BE W 60 ptkickmy Lz b U AfEfE B A /K (TBS; Bio-Rad,
Hercules, CA, US.A) Z#H W M@ &= EILL 7=, & D%, )K_ET PathScan
Sandwich ELISA Lysis Buffer (Cell Signaling Technology, Beverly, MA, U.S.A) T
SIS, MidzmMLriz, oo X My Z2REL,
Bicinchoninic Acid (BCA) Assay Kit (Pierce, Rockford, IL, U.S.A) % H W\ TIRfEY)

R R EEBEZRIE L, SBEOXZ X7 BEx2 &5 7L 2 ERIKE)
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2 XV 43BfE L, VT polyvinylidene fluoride (PVDF) A > 7 L v E~H#RE L 7=,
1 ) PLIK X, anti-phospho-Akt (p-Akt) antibody (Ser473; Cell Signaling Technology),
anti-Akt antibody (Cell Signaling Technology), anti-phospho-ERK1
(T202/Y204)/ERK2 (T185/Y187) (p-ERK1/2) antibody (R&D Systems, Minneapolis,
MN, USA), and anti-ERK1/2 antibody (R&D Systems)% f v 7=, HRP £k 2 IR LR
I, Anti-rabbit IgG, peroxidase-linked species-specific whole antibody from donkey
(Amersham Biosciences, Piscataway, NJ, U.S.A) Z#fEH L 7=, = D%, {LFFH R
3 (ECL Prime Western Blotting Detection Reagent (GE Healthcare UK Ltd., Little
Chalfont, Buckinghamshire, UK)) 3 J O) RX-U Fuji X-ray film (Fuji Film, )

ZRWTHEE L, SROMATIZIL, Imagel software version 1.48v Z{# H L 7=,

3-3. ¥FuE

WA PR B2, — B E BT (ANOVA) 35 X O Tukey 5% H VW T

E LTz, FREGEIT T ~NTFESE = FERETR L,
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1.PCI2MMEIZB TS NGFHEHEMBREMBIIHTLII7ALRFH IO
& F
PC12 212 NGF (50 ng/mL) B L O 7 /LR FH 3> (0.01,0.1, 1, and 10 uM)
WML, 24 Bef{EA SH 7=, Fig.6A LR UGE TH 52, HERS Lz, i
FIX Fig. 20 IZ/R L2 K 918, 7R F 4% I 1% NGF 3k 2¢ i e /Em i
XL CIREARAFR 2 R 2R Lz, AERZRIT0.1,1 8LV 10 uM THI
BN,

800 r
__ 600}
£
=
5 :
$ 400F o
Q@
=
(0]
< 200}

0

0.01 0.1 1 10

Fluvomamine concentration (uM)
NGF (50 ng/mL)

Fig.20 Effect of fluvoxamine on NGF-induced neurite outgrowth in PC12 cells.
PC12 cells were treated with NGF (50 ng/mL) or NGF plus fluvoxamine (0.01,
0.1, 1, and 10 uM). The values represent the mean £ S.E.M. (n = 9). *x

Significantly different from NGF-treated group at p < 0.01.
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2. Akt BXOERKI2 DU YBILICHT D274 RFH I DOEH

NGF # F& 8 22 i ff B AE A I B 9~ % Akt 38 X OVERK1/2 DV VR LIZ % §
H7NVARET I ORBERF Lz, PCI12 Mz L 24 FEEIE % L2,
NGF (50 ng/mL) £72IENGF B LI U7 /AR FH I (10uM) ZEM L7, HEY
Wt 0, 5, 10, 20, 30, ¥ &£ O 60 73 % IZHEAE & [FIUX L western blotting f##HT 2 17
ST, NGFEZIRM L 7=HlED Akt D U B, Fig. 21A,BIZ/R L7 K 512, I
M5B IVEML, 10 3%ICE—ZIZELEDODL, R4 IZHED LTz, NGF {7
FEFTT7NAREY I 2 REARM UMD Akt OV LSRN S 5% XV
WL, 10 BICE—2ICELEOL, IRAIZHED L, ZVRFH I ITL
% Akt OV AL L L O, I 10 5% O E— 7 B G 60 4314 %
THEENAZLI,

NGF % @ L 7zl @ ERK1/2 D U U fe{bid, Fig. 22A,BIZ /R L7 L 912, i’
sy I 0L, win 60 5% £ CTHfit L7 NGFFE F T AR ¥4I v
Z [RIBRF N L 7 Miid o0 ERK1/2 @O U AL S [AARICHIN 5 o K v L, &
60 53t & THfE L=, 7R FH I 12K D ERKI2 DY gl L~/ DB

ML, MM S5 5% DA EEN BT,
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Fig.21 Time course changes in the effect of fluvoxamine on NGF-induced
phosphorylation of Akt.
PC12 cells were treated with NGF (50 ng/mL) or NGF plus fluvoxamine
(10 uM). (A) Representative image of western blot. (B) Relative protein level
quantification data from western blots. The values represent the mean +
S.E.M. from three independent experiments. #* Significantly different from

NGF-treated group at p < 0.01. Flv: fluvoxamine, p-Akt: phosphorylated Akt,
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Fig.22 Time course changes in the effect of fluvoxamine on NGF-induced
phosphorylation of ERK1/2.
PC12 cells were treated with NGF (50 ng/mL) or NGF plus fluvoxamine
(10 uM). (A) Representative image of western blot. (B) Relative protein level
quantification data from western blots. The values represent the mean +
S.E.M. from three independent experiments. * Significantly different from

NGF-treated group at p < 0.05. p-ERK1/2: phosphorylated ERK1/2
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3. 7FYRAZY XD NGFFHEEMBRREMBRABIER TS
TR IVOHR

PCI2 Ml T %% A XY > (1 uM) T 24 B ATALEE L 72#%, D-PBS Tk
L, NGF (50 ng/mL) B X7 /LARFH 2 (0.01,0.1,1, BET10 uM) % F0
L 24 FFfEH & ¥ 72, Fig. A ICREBIZ R LT, TF A XY (1uM) 1
NGF 3 JE#hft 22 A @ (2 eh L CTHiAE M 2 2~ L7z (Fig. 23B), E£72, 7R F
PRI UET RV ALY URTLERIC XD NGF 75 ARk 22t i R o Ji 1o L ¢
KA /R BIE R B4Rk L7- (Fig. 23B), AEZRZIEIT 0.1, 1 8L 10 uM
DL TBIE S iz,
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Fig.23 Effect of fluvoxamine on the inhibition by DEX of NGF-induced neurite
outgrowth.
PC12 cells were pretreated for 24 h with vehicle or DEX (1 uM), followed
by washing in D-PBS and treatment with NGF or NGF plus fluvoxamine for
24 h. (A) Representative image of phase-contrast photomicrographs. (B)
Quantification data on neurite length. The values represent the mean + S.E.M.
(n = 9). **: Significantly different from NGF plus DEX-treated group at

p<0.01. DEX: dexamethasone, Flv: fluvoxamine
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4. 7TF Y RAZ YV T KD NGFFHEF Akt ) VEBRACTHHIER T4 5
TR IVOHR

PCI2 i 5 4 2 %> > (1 uM)T 24 B FiTALEE L 7~ %, NGF (50 ng/mL)
FZIENGFBLIOTZAREFH I (10 uM) ZIRM L, 10 532 HIE 2 (B0 L
western blotting fi# 4T 2 47 > 7=, Fig. 24A I western blotting fEHTIZ L B AF M 72
N RHE§ % 7k L7z, Fig. 24B |Z western blotting fEHTIZ L 5 % X7 E L~ )L
DEBT —Z &R Lz, FRIZFg. 24A,BIZRLZXHIC, TF P A2
(1 uM) L NGF#% Akt U Vb2 A REICHE L, —J, ZVRFH I 0E
TR ALY N LY E SN NGF#E % Akt U Rk 2 IR FEE K AR [BIE &
i, AERDEITOLIBIO10uM OREE TBEINT,
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Fig.24 Effect of fluvoxamine on the decrease of NGF-induced phosphorylation
of Akt by DEX.

PC12 cells were pretreated for 24 h with vehicle or DEX (1 uM), followed
by washing in D-PBS and treatment with NGF (50 ng/mL) or NGF plus
fluvoxamine for 10 min. (A) Representative image of western blot. (B)
Relative protein level quantification data from western blot. The values
represent the mean = S.E.M. from three independent experiments. **:
Significantly different from NGF-treated group at p<0.01. ##: Significantly
different from NGF plus DEX group at p<0.01. DEX: dexamethasone, Flv:

fluvoxamine
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5. 7FPRAFZY LD NGFHEREREZEMRMBIIER TS
TNUERFH I VO RITEIT S NE-100 O %

PCI2fifin % 5 % A %V > (1 uM) T24 FFRERTALEE L 7= 1%, D-PBS Ty L,
NE-100 (10 uM) DOAFELE F £ 7ILIEME(E T T 4 ReflEE & L7z, £ D%, NGF (50
ng/mL) BLOTZ/VARFH I (1uM) ZIRML 24 Kefii 52 L 7=, Fig. 25121%
Fhlzm Uiz, #ERIT Fig. 26 IR L2 X 912, sigma-1 ZHBIET X 2= h
Td 5 NE-100 1%, TFH+ A%V (1 uM) OFTALEIC X 5 NGF 7% & e 22 ik
fREMEERIC L CHMTIZI0 M OREICE N THAEREEL RIFTI 72
molz, —J5, T XY AL URHLERIZ XV B S dL72 NGF #5588 29k i 2
ERICRT 2 7R FH 2 > (1 uM) OEFER 1L, NE-100 (10 uM) O ff I
L AEBICHER S,
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Fig.25

NGF NGF+DEX NGF+DEX+Flv

Morphological changes by NE-100 on fluvoxamine improvement of
neurite outgrowth inhibition by DEX.

Representative images of phase-contrast photomicrographs. PC12 cells
were pretreated for 24 h with vehicle or DEX (1 uM), followed by washing in
D-PBS and pre-incubated in the presence or absence of NE-100 (10 uM) for 4
h. Then, PC12 cells were treated with NGF, fluvoxamine (1 uM) for 24 h.

DEX: dexamethasone, Flv: fluvoxamine, NE: NE-100. Scale bar = 50 pm.
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Fig.26 Effect of NE-100 on fluvoxamine improvement of neurite outgrowth
inhibition by DEX.
PC12 cells were pretreated for 24 h with vehicle or DEX (1 uM), followed
by washing in D-PBS and pre-incubated in the presence or absence of NE-100
(10 uM) for 4 h. Then, PC12 cells were treated with NGF, fluvoxamine (1
uM) for 24 h. The values represent the means + S EM. (n = 9). **:
Significantly different from DEX plus NGF plus Flv group at p < 0.01. DEX:

dexamethasone, Flv: fluvoxamine
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6. 7FYFRAFZY XD NGFFHEEMBRREMBRABIERCHTS
PRE-084 ® ) RIZH 1T % NE-100 O &

PCI2fifinz 5 %% A %V > (1 uM) T24FFRERTALEE L 7= 1%, D-PBS T L,
NE-100 (10 uM) DOAFELE F £ 7ILIEME(E T T 4 RefEE &R L7z, £ D%, NGF (50
ng/mL) 3 & U PRE-084 (1 uM) Z IR L 24 BEfE 2 L7-, Fig. 27 IZfAEH %
~ LTz, fERIT Fig. 28 IC/R L= X 91T, sigma-1 KT v X T=Z2 N ThH D
NE-100 (X, 7%+ A %Y (1 uM) ORI L 5 NGF 7% 58 % 22k = 0
FIERICK L CTHMCTIX 10 UM OREICE VW THLARBRREE L RITIRho T,
— 707, TRV ALY CEHLERIC X0 Il S A7 NGF 7% 38 AR 28 A i /E S
925 sigma-1 ZHKT T =X F T&H 2 PRE-084 (1 uM) O [EIE % HE 1L, NE-100
(10 uM) OFERIC I W FEICH RSN,
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NGF NGF+DEX NGF+DEX+PRE

Fig.27 Morphological changes by NE-100 on PRE-084 improvement of neurite
outgrowth inhibition by DEX.

Representative images of phase-contrast photomicrographs. PC12 cells

were pretreated for 24 h with vehicle or DEX (1 uM), followed by washing in

D-PBS and pre-incubated in the presence or absence of NE-100 (10 uM) for 4

h. Then, PC12 cells were treated with NGF, PRE-084 (1 uM) for 24 h. DEX:

dexamethasone, PRE: PRE-084, NE: NE-100. Scale bar = 50 um.

51



600

500

N

o

o
I

300

200

Neurite length (um)

100

NGF DEX+NGF DEX+NGF+PRE

Fig.28 Effect of NE-100 on PRE-084 improvement of neurite outgrowth
inhibition by DEX.
PC12 cells were pretreated for 24 h with vehicle or DEX (1 uM), followed
by washing in D-PBS and pre-incubated in the presence or absence of NE-100
(10 uM) for 4 h. Then, PCI12 cells were treated with NGF, PRE-084 (1 pM)
for 24 h. The values represent the means + S.E.M. (n = 9). **: Significantly
different from DEX plus NGF plus PRE group at p < 0.01. DEX:

dexamethasone, PRE: PRE-084
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AREBIZBWT, Z/LAFH I IINGF R Akt U UL D L~ L &2 FH I
RIS, E72, NGF#J ERKL2 U U ER(LD L~V SR EEICHR I T2 2 & 25
Bk oic, PCI2 MIlEIZI1T 5 NGF a8 ik 2k i e o R By 72 Ml ke iy o
7 FIVERIRIE, TrkA 2B R OIEMLZ S+ 5 Ras / ERK ¥ 7 /VRER K B X
WRATZ7 7 F VA /¥ h—3-FF—1F (PI3K)/ Akt > 7 T VIR ERE TH
%[70-73], & BT, Moriguchi 1%, WAL T AINEY 2V RFEW S 37
BH¥xF—E 1V (CaMKIV) R~ 7V ZXIZHT D Akt U AL DA, 7R F
P I UL D sigma-1 ZREEOTEMEALEZN L THERICKESIND Z E2@E L
TWDH[74] REBRAAE TR LIZ L DI, NGFIL Akt DY UL L N %a BH S
Bz, 612, ZRFH I I NGF #F% Akt U U BBLO L~V & 587172 D Ff
BEAICHI R S ¥ 7, £72,NGF X ERK12 ® U Viigfb L~ L% FH X4, 7R
¥ I I NGF #% ERKI2 U VLD L~V 2 FREICHM I E7=, L L7
Mo, TOHREFH —@HETHo, LEDOHENS, 74V RFH I 0
NGF 7% J& fh 8 22 fh R AE A IS e 9~ 2 s 92 R 1, ERK1/2 K 0 & Akt D U 1k
DEICEEGE LTS AR LT,

Terada D%, 7 F % A % Y 3 PCI2 Ml IZF1F 5 NGF # J& 1 22 i {82 1F
MaEmfl+5 2 2 AHELTWD[27], EHIZ, TF X FZ Y 08 NGF DA
BIZ L > TR SN2 MRERME Y 7T URKICE W T Akt 38 X O ERK1/2
DY BV XNV EZREDSELZEbHRELTVD, ZOAHLDTFH A2y
X DBAERIL, T vaanFa s RRRET 2 3 =2 RU38486 D IRN
ko Tz, ZTN6 0N S, Terada H X, TX VA X D7 L=
AT af RZERE~OEESN, Akt BL O ERKI2 OV Vgl lETH 2 &
I &> T NGF @R MEERZMEIT 22 L 2B 6T L TWD[27],
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ARFEREM TR LIEE I, ZVRFH I LT Y ALY I & D NGF#h %
R ze M RIEER ZRE L, £/, TX VALV LD Akt OV UL
O EEIE ST, LEOMABSLIORERBEND, T A X 2k
% NGF #h Rk 22 i sl E R IC 32 7 v A x 0 I v o RIE 2 R 1E, Akt
DY U EEN L TR L TWLAEEREZEZI NS,

TZNRFH I, sigma- 1 BRI L TERWEIMEEZ RT 2 ERMbN
TW5[17,45], Sigma-1ZF AL, FBAREBICHS L THEREH Z2H-> TS 2
&£ [57,75,76], B L WPsigma-1ZHET 2 =2 b TH HSA45031%, Hi 95> >1EM %
R ZENREEINTUVWAH[77], & 5 ICNishimura S (%, SA4503 23 NGF#E ¥ £ #%
Ze i AR A &2 B8R L, 2 0% R APIBKFLE#|3 L O ERKI1/2FEH| o ff F 12
IVIEINDZ 2 RHLTWDH46], 5 OH RIE, PI3K/AktIR B LW
Ras/ERK1/2#% & 73 sigma- 12 RO > 7 F VK & LT, EER&RE & R
L TWAAEMEEZRLTWD, L7 > T, PBK/AKREE X T ¥ A %V iZ
K DNGF#F R Mk mEmEERICH T2 7V ARF I v oEEHRICERE
REEERLLLTWDLEBIZOND, —F, BIRIZBWT, W< 200HtH D
NV aanFad NEHICE > TET DBMERZMEIT 5 2 & NHRE S
NTWAB[I8], £7-, TOEREFL LT, A XTI R ED=ZBRHLHY oK
X, ZvazanrFaf REN L TEBEFEEEZHET LI ERHREINLTVD
[78] & BT, AaNF Y — A EEEEN, HLo o RER-T LB RHESH
TWBH[79]. 2O DE X, Jto 2BER 7 v aarFaf FoOMEICE T
HTEERBLTWVWDEN, ZURFH I raarda s ROEEIZHOW
T, REAHZALEINTEBY, SORIBFENLETHLEZ AN D,

WIZ, THRH ALY N K D NGFFREMFEEMBMEIER ST 27 4R
FH I OEBEEEN sigma-1 TEBEBEET L0 ELEBRF LI, TOMRE,
THERY ALY LD NGF FREMBEZEEMEMEERICST 270 RE9 3

Y OEERIT, REM 2 sigma-1 ZH/FET X A= K Th 25 NE-100[80]D
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PFRIC XV ARICH S, £, 7% 2%V 12X 5 NGF sk se ik
fRIMEIERIC 3 5 sigma-1 Z /KT T =2 FTh 2D PRE-084 DEIEFEM &
NE-100 DI K W ARICH SNz, ZRUODME LY, 7F A XY I
X % NGF i RAARERE MBI T D 7R EY I o oEEDRIL, sigma-1 5%
BREBHICEBEL TWDZ ERHALNE o Tm, ARBFZERRIX, 7R S
LU OH D OB FITIL sigma-1 ZREEN DI B E I e B A R AT RE
M I HIZEMIT TS, ZRODHENG, PCI2 MilIZB T L7 A5
2K % NGF s rhig 22 MG EH I+ 2 7 LR 23 I OB RIT,
Akt DU VBB L sigma-1 ZEREZEOEEEL N LA EHERST D
EMTED, SHIT, ZOEFETIITFRMERIZCEB T D, 7F A2V 5B
IO 7 vaanFa s NOMKEHAICKETEEDO A =X LEHHAT 5
TOIZEHTH D,
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G

ARBFIEIE, PR ZERL R K3 280 0 DI DIEM I LU sigma-1 ZHKD
S OfEHEZ B E LT invitro ©F V&AW THR L7,

F1#ETIL, SSRIs Th 5 7 /LA FH I X PCI2 MRl 31T 5 NGF # Rk
e RAE IR LTS R A mT 2 &, — T, B MT U T Mg R A
AT, NueFEFUEMRE RSBV ERHLNE RS, e, TV
REVFIVBLOEALNT U O NGF #3408 22 6 i B /E ISk 9 5 2h R
PCI2 Ml DM A RICEEREZ 5 X WVWBREICBWTHBE SN, LER- T,
NGF #FFMR M EERICHT 27V AFHIEBLITEALFT U O3
R, PC12 MifRicxt 3 2 M EMEIC L DB DO TRV ERHH L, £z,
NGF # & f 6 22 e b R A IS XT3~ 2 20 R I%, Ak D SSRIs DIEMFTH 5
2 h=CFRYVALZBEEERICLD2 DO TERNZ ERHLNE R ST,

%2 B TIE, NGF iR MR MEICR T2 7R % I OB RN
sigma-1 ZBEKT v X A=A FToH 5 NE-100 DFHIC L WP ENn D Z &
binkieolz, SHIT, NGF #FREMBEEMBIIAT DAL T U Ol
2%, PRE-084 35 KT NE-100 OffHIC kv I ns 2 & bW LN LT,
Sigma-1 2 FK7 2= s T&h % PRE-084 |%, NGF i FE AR EEMEIZH L T
B A R L, T ORI, NE-100 OftHIC L W FEfranz, Lo
T, NGF MR EEMBICHTTE27VRFF I BIOEALET U COHE
%, sigma-1 ZREEZNLTHRIALTWDLZ ENHBA L, £z, 7RIV
N sigma-1 ZBEOT T=AME LT, FT VU 0L sigma-1 ZBIKDA

NWN—2AT7 I=A M UTERT D AREENRIEI LT,
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H3E T, 7R FY I U0 NGF i3 Akt U U Bk L ~L 2 5B 1T H iR
S, £/, NGF#H I ERKLI2D U VB L~V HEEEICHRIE L Z &R G
MmEleodo, LB o 7T, ZARFH I T K D NGF 7 % fi i ¢ L (i Ji 14 9 1F
MiciX, Fi2 Akt OV UEBAENEGE LTS Z ERNHBLE, 7RIy
X, 7F A XY T KD NGFEF i 22 i RmsEN 2 A BICEE I,
FL,7NRFHI L, THXF VALY ITL D NGF 53 Akt U kL ~L
OWOERZRE S E T2, S5I2, THFY A XV 2L D NGF 7% % 4 24 i fif
ERIGEIEAICHT D 7 VAR I O RE R, sigma-1 /KT X T =R
NCH D NE-100 DPFHIC X Pz, 72, IR sigma-1 T HET 2=
A N TdH D PRE-084 ©, 7 X W A &V /2 K 5 NGF 5 % 0 i 2 i i J 0 il 18
FABICEE SE 72, ZO@FIE, NE-100 I X v Pt sz, LLEDORGED S
THERY ALY LD NGF FRMREZEEMEMEER ST 270 RE9 3
Y OBEIEZN R, Akt DV (L X O sigma-1 S FEEZH L THELTWDH Z
LB B AL 7 o7 (Fig.29).

ARAFZETIE, HLO 2EOF -2 L@IER I F & L Tsigma-1ZARIZHEHR L
RN 24T > 720 AWFEORAE LV, SSRISIEAFERET LICB W TZER TR
HZERZmRL, ZUVBRXHY I idsigma-1ZBAET I =X, B 7V X
sigma-1Z HKA v NR— AT TR N CTHDLZERHLN LR o2 Linb,
sigma-1Z FRIZKT2/EMPEZT TEMO DB REHHT L LiTTERY, L
2y L7223 B, Kishimoto D IZBLBREE W Z & 12, BERBGICE VT 7 AR FH I v
EEAVNT Y UPHEK LIEERZ7R LCiER 2 8E LT\ 5([81], F£7=, SSRIs
DOFTHTZARFY I IAL, RiBERBE L OZERICAHE D &SRS A
TEEN, —F, BT U B IO X T RS KGR R0 B R
ICAENMEOB WG F A T L INTEY, TRNENERDLIZ A TOREIRICA

THPEDR 3 I T WA 2L D ENG, ZLUVARFH I BLOREL FT Y
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v Dsigma-1Z BRI T H2EROENRAEIMEZ RITIERDELRDERNTH
HeEEZOND, £, ZIRFY I AT AT 0 A R I ah R 22 R 506
TERZXE L, sigma- 1 BB Z 0 L CHRIEEAEZRT ZERRA N E RS2 &
N, ZHRFY I OH ) DR ITsigma- 1% BIRNEH R 2 E 2 H o T
WD ZERRBENTZ, EHIZ, sigma-1ZHFERR 9 DK 21T L & T DMK
FIER DO FE B L OIBIEORIEICH 2B D > T 5 ATREME DY 38 < /R S
Niz, FTo, A7 v A REFMEMREEMREIEHERIZL S 2IWEBOin viro® T
V& LT, sigma- 1B/ EKT T=2A MEAZHET L0 2O 7V —= 7
FRTHLEZEZDBND, sigma-1ZBIKT 2 =X K Th HNE-100(%, #H

RPFIEDOET L E L THEAIN TWAPCPET ILIZEB W T, PCP R B H 1T

&

WEFEN B L ORMESUEFEA P RE SN TVDH[8083], 2D EMnE, K
FEBARICEB WV Tsigma-1Z FRICxH L TA v N—RAT7 I=X MMEERZR LT
TARTY IR, HLO)OEE L TR TR, MAKTIERERL Lok
HOLERTEDLAEENEZZOND, S 61T, ABIHWZPCI2MIEIZ 31T 5 NGF
PR SR R RN R 1T, sigma- 1 BIERA U NR—ZAT A=A NDRAT J—=2 7
bEHThHLEBZOND, A%, BN U COBRIGHIZHTED,
sigma-1Z F KR Z N LTEARERZRICH T H2ERAETFOFMEA LT 52 & T,
SSRIsOIRIEIR B DILRRLA N RIER D S 6 R LN AIREICR D L ZE X b
2o
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Fig.29 Proposed schema of the signaling pathways via sigma-1 receptor of

NGF-induced neurite outgrowth.
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