FAFBREMEEMSE (RERFREMEER
SRR EE
FRRR AR B FEEAREDE Leu-1le DHL D SIEAIZOWVT

SHEPREE . ATEBRERZEEZRIEN - BERESE - EXHRBRET - A0
HER RBIFEFRNE FEEE
WFEWMAE  BEBF 2 WEEX, @aBmg 1
'BHBRERFREERIEN - EREE - EFHHBRA - A, *MEEN &F
FHEEREME, °ZIRKFEREFER LD SRR R REFBIR BT = — A EMEAFHE,
HTEEEFIEENEA  EREMLE I A EERRAE

(B EE]
TINA = —BERIERE T SRER VBB SN D Z & BE <, ZOEREEMT
B ENBRDROEEB LI VBEDOQLEED D Z LIZH DR B, MIFFEE THREE
L L THIEZED TS IOTF Fleu-TledME~ R ERICIT T A KB R %
TRT T END I DRERIZOWVTHLEDROTIZRWEE X, SELeu-1leDHL 5 OB R
(ZDVWTHRES L7, SRR KRR 2 2B MERE L TIT o 7o = U RIAK ik D EERERI A3 L
KIEE L D SRIEROFEIER INTZD, BKKEICLeu-Tle 2RO E LIz~ A TiX
EFEFOEENIMFI SN2 LD, Leu-IleDSH D >ER 2 BRSNS T &N, £
7o BEIKEKIZ & 0 = U AEBEIRE TR U 7 BrdUBHEMAa A Leu-T11e3 512 X 0 [E118
L. BONFOREARE L B ONT-Z &5 5, BINFEN L= R R R ASLeu-T1elZ & B
MODMERADAI=ALIZEELTWBREEZI LN,
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A. HFEEEB

TN oA = —FIRAGE B E T,
IDRIERBBEINDZ L HEL,
BREEEICT S —EEL>TW 3,

I OBAER D FH R EL AL LT,

EEMEDOBVVYWHEEY, RO EEHIC
BRTEA3BTHHBRT I Z Lidte~
DEBRENEWWEEZEZILOLN D,
Leu-Ile (3% 3MFAEMAIZIS V> THE
RERFOEALZFTEL, HRMEE
BERTEBTP>TE Y (Nitta
et al. 2004), THETIZbiEx 7ok
HEBIZH L THEY THD Z LIRE
NTW5 (Niwa et al 2007), %= T,
LB 21X Leu-Tle DHL 5 SBEIZH
WTRETL 7=,

B. WFFEEFH ik
1. EER@&Y
FEERIZIX, 7B ICRIEM~ Y X (H

A SLC, #AFE) 2MEHL - Ak &
MEITA T B RFEEZRE D EBRIE4
¥ X ' Principles of Laboratory

Animal Care (National Institutes of

Health Publication 85-23, 1985)
WCESW T To 7,
2. HE .
Leu-Ile IZEE/MLSE (EX, BX) »

G L7, BrdU BeaBiHx v Mg
Roche Applied Science
“Germany) M HREA L7z, Total RNA Hfi
% v b Iid QIAGEN CGRF., AAR) M b
AL, WEERBEREREBS X O real
time RT-PCR # 3 X
(Carlsbad CA, USA)MLEEA LT, %

(Mannheim

invitrogen

U

DM OHEIIHIERAFR L — FoW
R LT,
3. FEHIKIKAER
25CD7K% 15cm DKIETHE-7-H
BOKEII~ TR EHBRAL 6 DRED
FREAKKEZITV, B¥ 5 oIS
EHRFR 2 RAREBICEIVBIELE,
A KB TIX 2 M O E R E K bk R B
AW T Leu-Ile DHL 5> >EHIZ DV
THE L. Leu-Tle FEAKEIZRD
ST EBWwWT 0, 150 B LW
750mmol /kg O E L7,
4. MHBITBIT D HEFEM R OB
2 1 FE o E R Kk B LW
Leu-Ile 85 %#4T o=~ R |2 T

S BIZ BrdU 75mg/kg % 2 B

I 3 EMEERNETEE L. 0 24 FFE
BICMEZEE L7, BEMRDEEE%.
30mm A Z A4 A ZAERL L#HT BrdU Hiikiz
FOBELE, 2L TEELMBETAE

MR L1 7 HE A X da e 2 W B e S
HP M. 0 W N PR C AV N VT o) THEARY AT YN

(22T BrdU BV IAHHIAE &2 2 77,
5. Real time RT-PCR
HHTREIAKKE & O Leu-11e D& 5
Z5RAMTol~v 2ADMEEZ#HIL .
total RNAZFHE L7z, ZhxHWT
cDNA # & L. Real Time RT-PCR IZ
&£ ¥ BDNF ® mRNA B % 7E L 7=, Real
/X forward
5’ -GCAAACATGTCTAT GAGGGTTCG-3’
5’ -ACTCGCTAATACT

time PCR @ primer

reverse
GTCACACACG-3" FAM-TAMRA T X)L
probe 5 -

~ ACTCCGACCCTGCCCGCCGT-3" & AW 7=,
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C. MFE#ER
1. 5 OERIZHT D Leu-Ile D%
x

B0 6 SR OMEIAKE 2 BT
LA, v ADEHERNELL
EEL, ) OBEROFENRBERIN
Foo —F5. BAKEIZ Leu-Tle 20O
BELEEHETIE, 1 BfFBEN»La b
o — /VENIZ b R EENRE R DA 28 A
bz (Figure 1),
2. Leu-Ile [ Z¥MBHBICEIT 5 MiaEiE
ZIRES D

2 EMOBEIAKKEITo o~V A
B TiE, MEIKEKE LTV R
LH# L TE L Brdl BpbEAmRaE s
B LTz b Bh b3, Kk

LIz Leu-Ile 2R E LT-~w U A Ti,

BrdU MG ORI & T
7= (Figure 2),
3. Leu-Ile (X BDNF EA % FHiET 2
MR ELZEEIE2EROVDE D
L LT. brain derived neurotrophic
factor (BDNF) OBEEMNRZx bz,
g aEIAKIK 5 B EOWEEICRT B
BDNF @ mRNA &% real Time RT-PCR
WWEVRAIELEEZ A, ERXA MLV REE
EEMNIRM oD, EFEIRR KK & F
BflZ Leu-lle & E 21T /c~w U XD

VT, #EFES BDNF mRNA EASE R L TV

7= (Figure 3),

D. B

BRI K KRBRIZ, LI OEDOR T Y —
SV ZIRRAAER TR HETH B,
T RAERKBIZERATSE, BHITH
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o ZEaR L THKSD, REBICES)
WHEL 725 (MEEDOEE)), Z O EEREF
MOREN > DREOEEL DS, &
HIZEBIAKKRREZERITOZ LTS
DORIERITFE (BEBRFMOER) &
NaZeN|EINTWVS (Hitoshi

‘et al 2007), KERICIBWTIIHEH

6 i OEHIKkE 2 BEFITHZ &
THIDKRIIERZFEL., Leu-Ile DE
BEBRFLILE A, BAKEIZ
Leu-Ile R O®EG L-#ETIiX, 18
MEM»SaY be— VEIHIZ L REE)
R DR B BE I NIz, Leu-Ile D
BHEREICL Y ARTHEICIY b
— VB DERITBEIN o7
(data not shown) Z & XV, Leu-Ile
IC LB EBEM OB L, EMED
TLETRL, i) >RIERICED D
ThdriEZLNE,

RIZ. Leu-Ile 2351 D 2#R{EHA &/~
FTAH=XLZOWVWTHRELE, 9
ROBEIIERESMBE/PILTVWDHZ &M
M TWA (Czeh et al 2007)
55 MR TEL P 42 33 U > C A 4 T S %
AMZEBIDEMTHDZ D, HBE
2R BHIED & A — R T D
MEINZFORETIER2VWNEEZ LR
AN, B A D= XLITONTDOH
HFER I Ty, SERVWER
HAKKRBICEL L EREHET O
< 7 AWK E TR MG S B R X
nNTWadZ &b (Hitoshi et al
2007) . AHFFETH Leu-1le MU/ D
MBI RIT TR BIZ DWW THREL
7=, 2HEMOEFEEAKKRBREZEBL X



U Leu-Ile #E DKM A IZ BrdU %8
FEN®E L, 20 24 BB ICEEL
TefD AT A 2 DWEREIRENZ B VT
BrdU # B VA A TV 7= MK % 145 4
fal LT iz, TOKR, 2@MD
FEHIAK R b L R IMEEERENCR T
% BrdU BEMEEEZE LLEL &
75, Leu-Ile O¥ G XZ O =M
Bl LTw/ (Figure 2),
MRFAELXEHEIEIEROVOE D
L LT, brainderived neurotrophic
factor (BDNF) DB EMREZEZ L=,
BDNF 3R EBAF TH Y | MIEFED
MM I EE e RE 2o,
IDOFRBERCREE T NVEYM TIT
BONF ENETLTWAZ LAHE S
NTEY,EFNVTF v b ORIZ BDNF
ERETBHILIZEoTH 2ERNK
EINNBd ENRERLTW D
(Shirayama et al 2002) , ¥7-. 4

—_—

A A

Lo 2HFILT v MERIZBVT BDNF
EAEFBMAKIEIZEbHMESATY
% (Rogoz et al 2007) ., #Z T
Leu-Ile 7% BDNF E5BE L XNV E %
RIETHE D DRI EAT ) 2 DI g
MElIAKkIB L O Lev-1le D L5 % 5 H
T Te~ D ADWHREZHEI L., real
Time RT-PCR {Z & ¥ BDNF @ mRNA &%
MELE Z A, EEARSI KK & FIRF
IZLeu-Ile®EZITo o= U X 2BV
C#E BDNF mRNA B AL TV -
(Figure 3), Z OHXRITHIApkE &
U Lue-Ile %5 % 14 Rf{To7z<
VACBWTHERIZEBO N &

o2 FTIRTP N 2 0N ECD

vvvvvv o~
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25, Leu-Ile [IMEHEHIIZ BDNF DE
AFEHEL TWB I ERNTRBENT,
INHLDORERPS, Leu-lle 1ZHE
BDNF BB X BT HZ LI K-> TH
REIOMZRE L, sEHIAEKR b L
A MR AN ZEEL TV
AR E Z b,

E. f&im
CAEDMFERE DS, Leu-Ile 1T
AEEIZ L > THY SBIER %R
EHBBALNERY . ZDOEMITIEZ BDNF
DEAFERPHBEENES LTV
TENREBEENT, Leu-Ile IZBMIC
BENLTWAIEMLREENFWE
Ezxzbh, YTV A NELTHEY
WEIRT 52 & TH2ERNBET S
ANCEHIICEE T2 2 LN HF T

DDTIERN N EEZ TS,
gmg%ijﬁtg%ﬁ
Ezoo -, s \*\i*“
£ 1 .

150 -

treatment days

Figure 1. Leu-Ile inhibited the increase of
immobility time Mice swam 6min per day for lddays
and lLeu-lTle (750umol/kg) p.o. treated after every
swimming. Immobility time was measured.in last 5min of
swimming time. Values indicate the mean + SE (n=6).
*k*P<0. 0001 vs vehicle
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Figure 2. Effect of Leu-Ile treeatment on BrdU

uptake to the dentate gyrus After 2 weeks of chronic ~

forced swim test and Leu-Ile (750umol/kg) treatment,
BrdU 75mg/kg was injected for 3 times every 2 hours. 24
hours later, brain was fixed by 4% paraformaldehyde and
30 mm—-thick coronal hrain sections were cut ona cryostat
and mounted on slices. BrdU-positive cells in the
dentate gyrus were detected by BrdU labeling and
detection kit 2. Total number of BrdU-positive cells are
expressed as the sum of the 8-slices. Values indicate
the mean + SE (n=4). #**%P<0.001 vs no stress contol,
**<0.05 vs vehicle of forced swim test
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Figure 3. Leu-Ile induced BDNF transcription in
hippocempus of stressed mice Total RNAs
prepared from hippocampus of chronic forced swim test
and Leu-11e p. o, trcated mice for 5days. Values indicate
the mean + SE (n=4)., #*P<{0.01 vs Oumol/kg

were

(3% 3R]

Nitta, A, Nishioka,
H, Furukawa,
L,
dipeptide Leu-Ile proteins against
death by
brain-derived neurotrophic factor
cell
neurotrophic factors synthesis. J.
Neurosci. Res. 78:250-258 (2004)

H, Fukumitsu,
H, Shen,
Hydrophobic

Y, Sugiura,
and Furukawa, S:

neuronal inducing

and glial line—derived

23

Niwa, M, Nitta, A, Shen, L, Noda,
Y, and Nabeshima, T: Involvement of
glial cell line—-derived

neurotrophic factor in inhibitory
effects of a hydrophobic dipeptide
Leu-Ile

on morphine-induced

sensitization and
effects. Behav.

(2007) 167-171

rewarding

Brain Res. 179

Hitoshi, S, Maruta, N, Higashi, M,
Kumar, A, Kato, N, and Ikenaka, K:
Antidepressant drugs reverse the

loss of adult neuronal stem cells

following chronic stress. J.
Neurosci. Res. 85: 3574-3585
(2007)

Czeh, B, and Lucassen, PJ: What
causes the hippocampal volume
decrease in depression? Are
neurogenesis, glial changes and
apoptosis implicated? Eur. Arch.
Psychiatry Clin. Neurosci. 257:

250-260 (2007)

Shirayama, Y, Chen, ACH, Nakagawa,
S, "Russell, DS., RS:

Brain—-derived neurotrophic factor

and Duman,

produces antidepressant effects in
behavioral models of depression. J.
Neurosci. 22(8): 3251-3261 (2002)

Z,
Repeated

G,

co-treatmtne

Rogoz, Skuza, Legutko B:

with



imipramine and amantadine induces for glial cell line-derived

) . . neurotrophic factor and tumor
hippocampal brain—-derived p

necrosis factor- « protects
neurotrophic factor gene against methamphetamine—induced
expression in rats. J. Physiol. rewarding effects and

sensitization. Biol. Psychiatry,

Pharm. 58: 219-234 (2007) 61, 890-901 (2007)

F. WfzcxkE ' Niwa, M., Nitta, A., Yamada, Y.,
1. s - Nakajima, A., Saito, K., Seishima,

M., Noda, Y. and Nabeshima, T.:
Tumor necrosis factor-a and its
inducer inhibit morphine-induced

Niwa, M., Nitta, A., Shen, L., Noda,
Y. and Nabeshima, T.: Involvement
of glial cell-line  derived rewarding effects and
neurotrophic  factor inhibitory sensitization. Biol. Psychiatry,
effects of a hydorophobic dipeptide 62, 658-668 (2007)

Leu-lle on morphine—induced '

sensitization and rewarding Yan, Y., Yamada, K., Niwa, M., Nagai

effects. Behav. Brain Res. 179 . . .
: ’ ’ T., Nitta, A. and Nabeshima, T.:
167-171 (2007)

Enduring vulnerability to

o ) _ reinstatement : of

Alkam, T., Nitta, A., M¥zoguch1, H., methamphetamine-seeking behavior
Itoh, A and Nabeshima, T.: A, 1541  cell line-derived

natural scavenger of neurotrophic factor mutant mice.

peroxynitrites, rosmarinic acid, FASERB J 21 1994-2004 (2007)
protects against impairment of

memory induced by A 825-35. Behav. Mizoguchi, H., Yamada, K., Niwa, M.
Brain Res., 180, 139-145 (2007) Mouri & WMizuns T, MNede V.

sae USRSy OReY Fany ISRy v Fan
y 3 » b ’

- Nitta, A., Itohara, S., Banno, VY.
and Nabeshima, T.: Reduction of
methamphetamine—induced

Murai, R., Noda, Y., Matsui, K.,
Kamei, H., Mouri, A., Matsuba, K.,

Hlil@#f——é;’ Furukawa, H. ) and sensitization and reward in matrix
Nabeshima, T.: Hypofunctional

_ S metalloproteinase-2 and -9
glutamatergic neurotransmission deficient mice. J. Neurochem., 100,

in the prefrontal cortex is 1579-1588 (2007)
involved in the emotional deficit

induced by repeated treatment with Mizoguchi, H., Yamada, K Mouri

phencyclidine in mice: A Niwa, M., Mizuno, T., Noda, Y.,

implications for abnormalities of Nitta, A. Itohara, S.. Banno. Y. and
glutamate release and NMDA-CaMKII ’ ’

_ Nabeshima, T.: Role of matrix
signaling. Behav. Brain Res., 180, metalloproteinase and tissue
152-160 (2007) | inhibitor of MMP in

N methamohetamine-induced
Niwa, M., Nitta, A., Yamada,.Y., behavioral = sensitization  and
Nakajima, A., Saito, K., Seishima, Reward: implications for dopamine
M., Shen, L., Noda, Y., Furukawa, reseptor  down-regulation and

S. and Nabeshima, T.: An inducer
24



dopamine release. J. Neurochen.,
102, 1548-1560 (2007)

Niwa, M., Nitta, A., Mizoguchi, H.,
Ito, Y., Noda, Y., Nagai, T. and
Nabeshima, T.: A novel molecule
‘shati’ is involved in
methamphetamine-induced
hyperlocomotion, sensitization,
and conditioned place preference.
J. Neurosci., 27, 7604-7615 (2007)

Amioka, K., Kuzuya, T., Kushihara,

H., Ejiri, M., Nitta, A. and
Nabeshima, T.: Carvedilol
increases ciclosporin
bioavailability by inhibiting

P-glycoprotein—mediated transport.
J. Pharm. Pharmacol., 59, 1383-1387
(2007)

Wang, D., Noda, Y., Tsunekawa, H.,
Zhou, Y., Miyazaki, M., Senzaki, K.,

Nitta, A. and Nabeshima, T.: Role
of NMDA receptors in
antidepression—-like effects of

sigmal receptor agonist SA-4503 in
olfactory bulbectomized rats. J.
Pharmacol. Exp. Ther. , 322,
1305-1314 (2007)

Niwa, M., Nitta, A., Yamada, K. and
Nabeshima, T.: The roles of glial
cell line-derived neurotrophic
factor, Tumor Necrosis Factor-«,
and an inducer of these factors in
drug dependence. J. Pharmacol.

Sci., 104, 116-121 (2007)

Mouri, A., Noda, Y., Noda, A.,
Nakamura, T., Tokura, T., Yura, Y.,
Nitta, A., Furukawa, H. and
Nabeshima, T.: Involvement of a
dysfunctional

dopamine-D1/NMDA-NR1 and CaMK I
pathway in the impairment of latent

25

learning in a model of
schizophrenia ‘induced by
phencyclidine. Mol. Pharmacol.,
71, 1598-1609 (2007)

Wang, D., Noda, Y., Zhou, Y., Nitta,
A., Furukawa H. and Nabeshima, T.:
Synergistic effect of combined
treatment with risperidone and
galantamine on
phencyclidine—-induced impairment
of latent -visuospatial learning

and memory: role of nAChR
activation—-dependent increase of
dopamine D1 receptor—-mediated
neurotransmission.
Neuropharmacology, 53, 379-389
(2007)

Wang, D., Noda, Y., Zhou, Y., Mouri,
A., Mizoguchi, H., Nitta, A., Chen,

W. and Nabeshima, T.: The
allosteric potentiation of
nicotinic acetylcholine receptors
by galantamine ameliorates the
cognitive dysfunction 1in beta
amyloid25-35 i.c.v.~-injected
mice: involvement of dopaminergic
systems. Neuropsychopharmacology,

32, 1261-1271 (2007)

Yan, Y., Yamada, K., Mizoguchi, H.,

Noda, Y., Nagai, T., Nitta, A. and
Nabeshima, T. :Reinforcing effects
of morphine are reduced in tissue
plasminogen activator
(tPA) -knockout mice. Neuroscience,
146, 50-59 (2007)

Cen, X., Nitta, A., Ibi, D., Zhao,
Y., Niwa, M., Taguchi, K., Hamada,

M., Ito, Y., Ito, Y., Wang, L. and
Nabeshima, T.: Identification of
piccolo as a regulator of

behavioral plasticity and dopamine
transporter internalization. Mol.



Psychiatry, in press.

Alkam, T., Nitta, A., Mizoguchi, H.,

Saito, K., Seshima, M., Itoh, A.,
Yamada, K. and Nabeshima, T.:
Restraining tumor necrosis
factor-alpha by thalidomide
prevents the Abeta-induced
impairment of recognition memory
in- mice. Behav. Brain Res., in
press.

Kawanokuchi, J., Shimizu, K.,

Nitta, A., Yamada, K., Mizuno, T.,
Takeuchi, H. and Suzumura, A.:
Production and functions of IL-17
in microglia. J. Neuroimmunol., in
press.

2. HARR

Nitta, A., Cen, X., Niwa, M., Ohya,

Y., Yamada, Y., Nakajima, A., Saito,
K., Seishima, M., Shen, L., Suzuki,

M., Saito, K., Noda, Y., Furukawa,

S. and Nabeshima, T.: The blocking
mechanisms of Leu- I le against
methamphetamine and morphine
dependence in mice. 69th Annual
Meeting of College on Problems of
Drug Dependence (Quebec City,

Canada, June 16-21, 2007)

Nabeshima, T., Niwa, M., Yamada,
K., Saito, K., Seishima, M., Noda,
Y. and Nitta, A.: Tumor necrosis
factor-a and its inducer inhibit

drug-induced dependence. 69th
Annual Meeting of College on
Problems of Drug Dependence

(Quebec City, Canada, June 16-21,
2007)

Mizoguchi, H., Yamada, K., Niwa, M.,

Mouri, A., Mizuno, T., Noda, Y.,
Nitta, A., Itohara, S., Banno, Y.

~San

26

and Nabeshima, T.: Reduction of
methamphetamine—induced
sensitization and reward, but not

cognitive impairment, in matrix
metalloproteinase-2 and -9
deficient mice. 37th  Annual
Meeting of Society for

Neuroscience (Neuroscience 2007),

San Diego, California, U.S.A.
(November 3-7, 2007)
Yan, Y., Yamada, K., Niwa, M.,

Nagai, T., Nitta, A. and Nabeshima,
T.: Enduring vulnerability to
reinstatement of
methamphetamine-seeking behavior
in glial cell line-derived
neurotrophic factor mutant mice.
37th Annual Meeting of Society for
Neuroscience (Neuroscience 2007),
Diego, California, U.S.A.
(November 3-7, 2007)

Nitta, A., Ishikawa, K., Mizoguchi,
H., Mouri, A., Murai, R., Miyamoto,

Y., Noda, Y., Kitaichi, K., Yamada,

K. and Nabeshima, T.: Effects of
single and repeated administration
of methamphetamine or morphine on
neuroglycan C gene expression in
the rat brain. 37th Annual Meeting
of Society for Neuroscience
(Neuroscience 2007), San Diego,

California, U.S.A. (November 3-7,

2007)

Kushida, S., Hori, N., Kimoto, K.,

Nitta, A., Nabeshima, T. and
Onozuka, M. Changes of
masticatory activity influenced

the dopamine release levels in the
hippocampus. 37th Annual Meeting
of Society for Neuroscience
(Neuroscience 2007), San Diego,
California, U.S.A. (November 3-7,
2007)



Alkam, T., Nitta, A., Mizoguchi, H.,
Itoh, A. and Nabeshima, T.: A
natural scavenger of peroxynitrite,
rosmarinic acid, protects against
impairment of memory induced by
Abeta (25-35). 37th Annual Meeting
of Society for Neuroscience
(Neuroscience 2007), San Diego,

California, U.S.A. (November 3-7,
2007)

Furukawa-Hibi, Y., Ito, VY.,
Matsumoto, M., Temura, S.-I.,

Natsume, T., Watanabe, K., Nitta,
A. and Motoyama, N.: Oxidative
stress induces the FOX0 activation
by dephosphorylation. 37th Annual
Meeting of Society for
Neuroscience (Neuroscience 2007),
San Diego, California, U.S.A.
(November 3-7, 2007)

Niwa, M., Nitta, A., Yamada, Y.,
Saito, K., Seishima, M., Shen, L.,
Noda, Y. and Nabeshima, T.:
Inhibitory effects of TNF-a and
its inducer on morphine-induced
rewarding effects and behavioral
sensitization. 37th Annual
Meeting of Society for
Neuroscience (Neuroscience 2007),

San Diego, California, U.S.A.
(November 3-7, 2007)
Yan, Y., VYamada, K., Niwa, M.,

Nagai, T., Nitta, A. and Nabeshima
T.: Enduring vulnerability to
reinstatement of
methamphetamine-seeking behavior
in glial cell
neurotrophic factor mutant mice.
1L E R AEEESTENS (AT
Z, 2007.6.15)

Wang, D., Noda, Y., Nitta, A. and

line—-derived

27

Nabeshima, T.: Allosteric
potentiation of nicotinic
acetylcholine receptors by
galantamine ameliorates the
cognitive dysfunction 1in beta
amyloid25-35 i.c.v.-injected mice:
involvement of dopaminergic

systems. 25 111 Bl A REBE T4
e (HHE, 2007.6.15)

FHEEE, @M, EANEE, BFLE,
FPEY, EHHZ, Li-Bo ZoU, #
WEALHE, MBRE, FHER, 50
Exk, BAERE, BHELE, EBEEXE
¥, ZEmfgth, REXF, ERIEIT,
IR T AERIMEREREEICRBIT S
—aFrtal) VIEEHERREROK
- IDRBLOET LAY NA ¥ —IK
EFNVEHICRBITD=aF O R
BXR=z=aF 7 tF1ral %
BIROWIEEL - . WEREHEBEH
% 22 [ 18 FEEBRMIER KR
(R®, 2007.7.12)

PIREE, hEEMRE, AEHZ, T
EF, HIER: FAafBBIRFA
aERSPFIZEENDI T a—LE
BitEMOMBERICB IIETREE
(1) - \BHBEHEHEMRICBIT S 4-
AFNAITFa— Nk iBEFRE
it : BELELE S THEEFEL L
W LTHREEERAO D K 1k
SO - . IEREHFERRMEE 22
[BIAL 18 EEBI M ER KRS R,
2007.7.12)

EHEEA, B, AXREZ, BEHE,
PIHESE, shERrE ANFEE . §RHE
BHEFAETN I VEBRIIRITTE
# (Effect of Semi-fluid diet
breeding on the  hippocampal
dopamine release.) #E30[E] B AR
B RE, FES0EAARERELLEEKRE,
FITEI A AMRERESEREERER
(B§#, 2007.9.10-12)



Alkam, T., Nitta, A., Mizoguchi, H.,
Itoh, A., Nabeshima, T.: A natural
scavenger of peroxynitrites,
rosmarinic acid, protects against
impairment of memory induced by

Abeta (25-35). #30[E A AR %
2, FS0EIAARMRILEE KRS, B

ITEIRAMHREERFEEREERES
(Hik, 2007.9.10-12)

WOy, WAEX, BPEE, 2
B, BFHER, FRESE, RFEEE,
REHEF, AERME . A X 7243
VEBREBESICLIIRETH LY
JAAZurusT T —EF0EBEM
Zib. B 42 BEAERTLa— - Ky
EFE, # 19 B HART IV a— LR
EFEE, H 10 @l=aF - BYKE
3T +— T L3RR 19 EEARFEH
M4 (K, 2007.9.28-29)

PHESE, BBRKE, Ef, FPEE,
BRTy, BFHER, SMEBE: Rk
VBRI ORETNLVEMYIIBIT A=
aFUEBGREIZLDH O 2EH. B

Q2ERART LI — L - WYES2LD, 8
EIAAT LV a— LEME2S 510

Bl=aF - EMEFEFET +— 7 A
CERIVEESRENRB LS (K,
2007. 9. 28-29)

BINRE, BEEE, BA%EX, HH
EE, LREZ  BEAREEOHTE
BE - BHIZIHTAIAFALTL F=Y
2rOFHEHER. F 17 B ARKERE
ELES (B, 2007.9.29-30)

PmEE, FEERLHE NE®, EE&
tof, NHE/N&, w2, 5IIfE,
BEBRIE . BAEWIcBITAEZHAED
BRRREBIZHOWT -2 £ A X T.
B 17T B EAEREZSES (BiE,
2007.9.29-30)

FHEE, H)IER, LEEX #B5
BlE A RTF N L A%

B TFTHE & - bR B IR IR~
DEEEM. % 35 EEMTEMS LR
7 A (5B, 2007.11.29-30)

HHEEE . BEVHKEEF LT R
RN EBEL- 2 OB LGFIZHOWT.
B2TE 21 A2 COE P /L AL KR—
Mg <HREBREEESTF> (&
TR, 2007.12.12)

FHESE, BB mERE, &T
=R, ILAEX, HERE  PREE
RFEESH O 5> >ERIC >V T,
ZWMREZEH T T o THESTE
(& = ZADRZIZRIT BRI
By « LDEZERT o —F | BE1EFIRK
R#@E2x (AHE, 2008. 1. 30)

HHEESE, FFPES, CEN Xiabo, K
ERM, BLBF, LEEBEX #EE
M BLAEDICEEOBRBEEORRA
HbURHHEMNBRGFOBRE. BE4%
BRI EMERHEBE (ERS- ERSR
BLXa2aT M) —H A o 2BREWE
B ZLAEWIC L 5 HREME KT
FEIZX9 D20 « FEH R OUEREICHE

T O] ERI9OEEFERRBES

28

(& &2, 2008.1.31)

G. MM EMEDHEE - RigRR (F
EbLEL)
1. R

1) EBROAFR : Akt FEMHELA

(2006 42 8 A 31 B EE/AE) _
2007 = 8 A 7T RENBIT (%H
2007-504648) - '
HBEA EYREEAL TR KE
HAE . FHEZE, MERE

2) BADOA . BHEEHEE LT
EOF o A

(2006 4 9 A 8 H EEEAR)

2007 %= 8 B 16 HEANBIT (4F
2007-505883)



2007 49 B 4 HXERIT (BBEXE)
HEEAN : BN KRFHEANL TR KE
FEAE  FrEEE, APEE, #Hi5H
73

3) BPDLH  MNEMLIFHA L L
RZFDfFEH ‘

2007 &£ 10 A 23 B E KB HHE
(PCT/JP2007/070628)

HEEA : B KREFEANATEKRE
AL . FTHIESE, HERRE

4) EHADLFR : HLH D - IAEHA
2008 &£ 1 A 24 HHE (BHE

29

2008-013630)
HEA - BB T EKELHt, B
KEBEANE TR KE
RAE . FHIEE, AXBET, BER
Me, HZTER, MMARSE
2. EAHERE
2L
3.

L



BEAGBREMEEH S (REBEREMAETE)
SR EREE

HREREERICL SMBEDOHE: I F 2 KU T2} 5 propargylamine-f& & #
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A B MAO (MAO-A) DZ23FEBL LTV % SH-SY5Y MM C small interfering RNA
(siRNA) Z V> MAO-A DR B A L, 72 BB MAO (MAO-B) Z BRIF I L7~
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W LTz, 5 propargylamine F#R IR
DT Mit SMEIZTFAES D BRDE /
7 I U B {LEE# (onoamine oxidase,
MAO-B) DEEE LT AHERITH - 72

T EDb, MO AR & LS
7 THHENRBEIN TNV, —F, Fx
VIPTEMERREE Mmethyl (B) salsolinol 2
L HHIRAZEIZIBUNT, AT MAO (MAO-A) 73 Z
DIHRBOREE S /7 Th HEL AW
L7z (6), EHIT MAO-A DHHFEB LT

31

WA EEERFPHHIIE T rasagiline (2K 5
REFEELBOONTZZENDG, WK
MAOB L DBEEDOAHZMNER INFKE
propargylamine FHEMRIZ L 2 #EEREEIEH
T, MAO-A S LTV A0 &RET5Z
L& Uiz, REEIZBOTIEMOA IR
% small interfering RNA (siRNA) & >
MAO-A ODZEBR &P L 7= HRaE 7 /L % VRS,
$72 MAO-B ZiBRIFH L7-Mfa 4 & AV
MAO-A, MAOB DB B 2 #E L 7=,
propargylamine FEA TR bIREEEDOE
V) rasagiline (2 &V 358 X B ikiiE
532787 Bel-2 DL~V b Bl HERER
FOTEHLETBRIEL LT,

FElNR—F Y R TIRIE=
25 =3 (neuromelanin, ) ¥ ZHF+ 2R
H RS IS SRS BT D, 2D
A FEEIOFR L M & AV HR
FEETNEER L2, ZOFETMTEBNT
Mit DELIRTTIRGE, FHIE /B LR s
VB FA GSH/GSSG R oD IR HE A3 ARE
FOFHEIZEE L TWANERS Lz, '
{Z. propargylamine FHE KR IATE L
B (hTxr, 2V 1% RO
EITTREEDRE 2t U CTIREEE 2 R T
DiREt L7z,

a—H

B #3hik

U T OBREGEFEEL LB MagE2 B,
propargylamine RODOMRIREIKDIER &
L7,
1) MAO-A DAZFEIL TV D E M
TR IEHRAAE SH-SYSY AEAE (wild AHAD)
ZAUZHT MAO-A siRNA 22 5- 1L MAO-A D

IR A X447 si-MAO-A HBRA, MAO-B



BRI T 7 MAO-B SRR, MAO-B

DHZEFHEB LTS b PRIBERED

Caco~2 Hifa & RV Tz,

2) PR RAETE A FF O Bcl-2 D F v
X7, nINA DEBELZDOERTHD
RERFOEELEEE L U CR#E
MatREt Lz,

3) E FEENOHAR Lz —n
AT = (neuromelanin, NM) (2L V&
BENDBTR = ATH Mit BB
TORRED B At L7z,

HU MAO siRNA DHRARPNIE AIIBESIC &
272 (6) MAO DFERE L Bcl-2 # L 30 D
rasagiline {Z X 25X Western IEIZ L -
72, Calcein & Ethidium homodimer—1 % fiL >
HIRAFE A 7 B L7, MENGPNBEg SH DB
I3 Measure—iT™ Thiol Assay Kit %\ Vit
£ T, GSH, GSH DEE(L enzyme—recycling
WZ L BHBETITo72, £72 Mit @ GSHAL
B 22T DIIHTIZIE Western i & H1 GSH HT
{5 LAY sl

C WFFuRs R

1) siRNA IZ2X % MAO-A JBiZb & 4Rtk
rasagiline |2 & 5 Bel-2 BIH~DE
SiRNA ARG TIIMAO-A & o /R 7 IR BRODH
/10 I LTz (1), Bel-2 >
/X7 1% Rasagiline JEEEIZIKTE LESNL .
THRMAE T 1 oM TRORIZEIM L7278,
SiRNA FEAE TIX 10 M IZ & — 27 ASE4T L 7=,

2) MAO-B @ rasagiline {Z & % Bcl-2 #Bi#E

- ~OBE,

MAO-B % SH-SY5Y HARRIZF&MHISEER L=
MAO-B #if@ CRIARIZ rasagiline (= & % Bel-

257 DFBEBET LI, B2ITR
FHEIZ Bel-2 # L3 7 BIIB(L Lrd o7z,
FE 72 MAO-B DFHDIFEHL L TV 5 Caco MR T
% rasagiline IZX AFEIIFZED LN
277, _

INHDFERIT rasagiline A3 Mit 4
D MAO-A 15 A L, LD kinase, #5E
HF 2 TEM L LRI B 532 7 %
7ML, REEHEEZRLTWAZ L%
TELTWA, E-ERREBEh TV
MAO-B DR E~DESIZZ b DFER
MHITEE I NI,

3) Neuromelanin (NW){Z & % Mit B38BT
WREDOBEEL % A U T= HIRRSE &t RS D
1N
MFEETLE LT FEED SRR
L7z N & - lpasE 2 fRat L7, M ik
SH-SY5Y MERRIZ 7 A b — T R &2 FHT 5,
H OB 2t LT, Mit #2837 0F
AT v SHELFHEELTWD GSHZ v /3y
#i&1% (glutathinylated protein, Pr-S-SG)
735 GSH A5 L 7= % Th -7z, BLorE N
W& D Mit BHLERD Complex I DEK
HEE MR L7=, T D Mit D Pro-S-SC #54
{EDTERE & fE#EE GSH-GSSG L TRE &N
DEMGETRIEBIZ L VEREI S Tz, e
DERIRITCIREEIT rasagiline & T X,
TN I EOHEHUEIC LD RIS
BASHNZHRRZEDS IR SN A BN S Mk
IRoTe, TIVH DFERD DRI EEE O
T VRIS A R Sz, |

shH

D. e

Propargylamine S5 K DIER) & * /37



X MAO-A THY, HOBEENERIREL
54 5 BETRAZREL TV, —F
MAO-B DB G-IIEERRHIR 2 D> o 72,

GH LUz X WERicahdI ba
KUY 7 OBGETTIRIEN 7 R b— 2ADE
RIZES L, ZoR7IZEA LT3 GH
MEFRERDBERIESE & BIHEL IS
THZEBELNE SN,

MRREEEE TR E L
rasagiline %@ propargylamine 233 b =
v R Y TEMLETTIREEDRE 2 /1 LU THE

33

HRaZ{REL WA ZEZRWELE,

WEHEXITZTRN— R TFAD
HIE SRR 2 (RE T B 2 L EREIL
T&7, SEI hayv N 7ERES &5
REOSHERENER LB TREEIZ L D i S h
GSH-Z LRI EEEROF K L TelE+ 5 Z &
FEFRALT-, ZDZ LM, Redox state
ZHIET 5 Z & CTIL R ME A RES D
OB M N OR B S R R,



Western blot of MAO

xf B8 MAO-A siRNA

MAO-A ¥

Western blot of Bcl-2

Rasagiline (-Log M)
X 6 7 8 9 10

4
MAO-A '
: el B AN R
pUBLEEiT)

1. $1 MAO-A siRNA IZX % MAO & rasagiline 12 & % Bel-2 REEOZL

34



Western blot of Bcl-2

Rasagiline (-Log M)
XIS 6789 1011

Western blot of MAO

B MAO-B#IHS  SH-SYSY Cacoffija

MAO-A MAO-B

2. MAOB B33 SH-SYSY #ifg
& MAO-B DA ZFEH L TV1% Caco MR
IZBIT S rasagiline 12X 3 B2 FHH,

35



LR
1) Naoi M, Maruyama W, Yi H, Yamaoka Y,

Shamoto-Nagai M, Akao Y, Gerlach M,
Tanaka M, Riederer P. (2008)
Neuromelanin selectively nduces
apoptosis in dopaminergic SH-SYSY cells
by degluetahionylation in mitochondria:
Involvement of the protein and melanin
component. J. Neurochem in press.

2) Naoi M, Maruyama W, Yi H, Akao Y,

Yamaoka Y, Shamoto-Nagai M (2007)
Neuroprotection by propargylamines in
Parkinson's disease; intracellular
mechanism underlying the anti-apoptotic
function and search for clinical markers. J
Neural Transm Suppl. 72: 121-131.

3) Miron T, Wilchek M, Sharp A, Nakagawa 2.

Y, Naoi M, Nozawa Y, Akako Y (2007)
Allicin inhibits cell growth and induces
apoptosis through the mitochondrial
pathway in HL60 and U937 cells. J Nutr
Biochem 2007 Dec 20.

4) Shamoto-Nagai M, Maruyama W,

Hashizume Y, Yoshida M, Osawa T,
Riederer P, Naoi M (2007) In parkinsonian
substantia nigra, alpha-synuclein is
modified by acrolein, a lipid-peroxidation
products, and accumulates in the dopamine
neurons with inhibition of proteasome
activity. J Neural Transm 114 (12)
1559-1567.

36

5) Naoi M, Maruyama W, Akao Y, YiH,
Yamaoka Y. (2006) Involvement of type
A monoamine oxidase in
neurodegeneration: regulation of
mitochondrial signaling leading to cell
death or neuroprotection. J Neural Transm
Suppl 71: 67-77.

6) YiH, Akao Y, Maruyama W, Chen K, Shih
J, Naoi M. (2006) Type A monoamine
oxidase is the target of an endogenous
dopaminergic neurotoxin,
N-methyl(R)salsolinol, leading to apoptosis
inSH-SYSY cells. J Neurochem 96(2):
541-549.

FRER

1) Naoi M, Maruyara W. “Mitochondria
and survival and death of dopamine
neurons” In: Dopamine 50 Year. May
30-June 2, 2007, Goteborg, Sweden

2) Naoi M. “Neuromelanin, a black box in
Parkinson’s disease” In “3/4
Phase-in-one’s-life symposium for
Peter Riederer: a life dedicated to
Neuropsychiatry and its
Pharmacotherapy” 27" April 2007,

- Wiirzburg, Germany

3) Maruyama w, Ando F, Nagai M, Naoi M,
Osawa T. “Oxidation of fish oil-derived
polyunsaturated fatty acid may initiate
abnormal protein oligomerization and



neuronal death in Parkinson’s disease”
In: International Conference on Food
Factors for Health Promotion.
November 27-December 1,2007,
Kyoto, Japan | "

4) BEHE, FfEF [==2—n
AT =L X AHERRASE] 5
4 8] HAMREFHRE 20
O0745H16-18H, &=

5) fulifnfETF, EIE BERE/T
I VERVEESRIRER, YUY
AT K DRRREIER D43 F A
=X} HF48E HAMRE
¥ 2007458161
8H. 4HE

6) KHFER, FulFnfET, BEERK.
Peter Riederer, B B #{k
S IRERE i S—F Y
RDFBIEIBE D7) 580
B BAA(LFERE 2007 4F 12
A11-15 B #Eik

G AT HED USRI
1. HEEE
L

2. FERHRBER
L

37



RASBHENER WIS (REMEROTETR)
SRR
HERBREROIEM A (5 — 5y b 7074 2) ORI T BH%
OBRREE IR BRI KRR KGERIE R BRI i

MEZRE .

MREMERBRBEDD T A I =X LOMH L BRERBOR 57 DHBELH
FE LT, ElmRMafrERoBEs —4 y MEA~DOERE LT, WL
WARAASFFOMRASE A = X LD 21T > T& 12, BEEIIIC, TE F—
VAL =V ACBETAIENTRBEINTWA I hay R 7EEEE
BB (nitochondria membrane permeability transition: MPT) (24545 %
G, UTOMEEIT 7, (1) MPTIZSEADHFTH B Cyclophilin DI
HETBHHTORSE,. (2) Cyclophilin D« BRI 7 B AR Y v AEEHED
HERENT. (3) CyclophilinD OAFEMEEEABA 522 % BHY T, Cyclophilin

D R~ ADfENT72 £ & IT o 7=,
 ZORER. LTFOLS BREEBL, (1) BEA b L RIC L MRS
FEB9IZ Cyclophilin D & AR T 2BEE DS FE2HER L, (2)
Cyclophilin D« 7 m AR Y » AEEEOHE&RILE & O OFEM SRR I
BB L7z, (3) {TEMEATOFEE. Cyclophilin D KB~ U &%, EEREERCH
BRIGICREZETHZ EBALMNITARY | CyclophilinD DA BRBEED—D%
RO TBZ Lok,

38



