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ABSTRACT
Ant:1b study e neump.otective  1eMO"

scue nelllurestoratve effeots of se[e line
(Sel) o nigrostriatal dopaminergic meuronal
svstenl and its 1nhibition of brain monoamine
oxidase B (MAO-B). IVIEIHODS:mle
striatal levels of dopamine and its metabolites
“lere measured using HPLC wi  electrochemical
detection ( HPLC-EC) . le inhiliiton of MAO-
B 'was tested by an anproved 3 qrimetcic ass
RESULTS: 1-Methyl-4-pkOliid-n2., 3 © etltra-
hyl  pyridine (M P) (1 ke-1 1[ )

duced the striatal depamane level by 13 % m
mice. Selegiline (SBI 10 mg « kg-1 1ip )
beforebut not derBFIP treaunmt protected
against MP £ Plduced nigrostriatal dopaminergic
ne oto Clty.nlere were no di:ferential. effects
between Sel and saline treatments on the reeoverv
of striatal dopamine levels lich mmMK b,
restored dudI182wk.l-Meutzv14phemytpyTi-

‘mum(MW +)(5Smg-kj1 iMwoduced mo
oopmmnergc neurotoxlqty.Flirthemore Sel

selectively and i reversibly 1 jbiild mouse brain
MAO-B in viro (iQo= i7mHOi-L-1 99(
COIliMerlee limits = 14 — 20 nrnoi-1
CONaJUSION; SelegiJine has ne  rotec

| Comiif nonc( Prof}TU Xifl8-zu. IJhI18621 643j 1833.

F 8-2J-6437.0)269. l'imi] xz 1" Je@rver.. . u'...
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raLher than neucorescue or neur aestorat4ve ff: K
on MP{P-induced nigrostria 1dopazTlinerHp
nowonal degenerati'm which 1s direcuy rtin

10 1u selective Mid 1rreversible inhibition d brain

MAO-B ac6vity.

rrRODUCnON

Selegi ne (Sel)a selective 1
inlabitor Bf monoamine @xidase B (MAO-B) was
used as an imp'atant adjuvant wl-dopa in ¢
treatment of Parkinsona desease (PD)and al
used done as a pztrnary treatment in eaziy phase
of PDCI). In preclinical resorch MPIP-lesion
was used t'o establish a suitable animal model for
iIDvestigating e disease. Sel could antagonize
the dmner ¢ neUTotoxici f I-me .-
ph@ll .[n 2 3 6-tetcahydr@pyridine (MPI
Wh.ich had to be metaholizedwits active t()xic
metabolite 1-methyl-4-phenylpyridiniwn (MPP+)
by MAO-B to induce the ne @ City2].
However whether the neuroprotective effect of
Sel was mainly due to its inhibition of MAO-B
ent topic ofcontroversy(3 4l

ersible

had become a
Ine present study was desigmd to clanr whe
Sei  had neuroprotective

neu restomtwe actions agaimt
of MDJQF])@) and whether 1its

predominatelry induced by 1idlibition of am
MAO-B.

nenrorescue or
¢ nmtexioity

actions were

AND 1ETIIODS
Drugs ,nqd chemicals  Sel. MPTPand

MPP+were purchased fZorn RBI'(Nati K MA
USA). kVyn Iimne and 4_hy dmxquna

n - lom Sigmy (yg4)

Were
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were dissolved 'eshly m  line. DA)OPAC IN 1JSA). Apha -2 Of)S3 mm coJumn (1

and HVA were fronl Fluka (S tzerland) and
- were dissolved in HCI04 0.1 1110!..L-r eontaining
sd. lum edetate (1 %) and N 5 (0.5 00).
Mce and ea rents CS7Bl/6] m<r
( \veighing 20 g S2 g) \we Sup!
Shanghai Expel nenw Anmmnal Center ( i

Ecate 5 cootfen d I the Anins]

Manage ert COlltmittee.chmwp Awtdemyof
Sciences) . Mice ve randolnly assiglled to 12

treatment groups (n. =6). Drugs of each group
was venip as shovn in Tab 1. Mice of the ‘tasl
4 oroups we i ected rith Sel (10 mg. kg-t)
30 Inn before or after another illjection of MPTP
(30 kg"t) O 1HP+ (5 mgkg -t) dld 1
andd 7 Oton d 3 and d 9. Mice
of e5 and 6th groups were decapitabd on d
17..and the 7 and 8th on d 24. Mice of t8

other groups '"ere killed on d 10.
pre mltion of S8lnples for' "II)LC Mouse

spectively .

were immediately  dissect d

1l.7ed in ice—cold HC1&4
7o)

gamrk

brain striata

outtighed and homoge

O.1 mol.L-1 contairrlng sodium edetate

and 1h20 5 (0.5 % ).

(20 x g4 'C15

we coHected for HPLC.
HPLC Oowlditi

Aer eentri
min) e supernatmts

A moaned methodL5

nunx 3.2 nun BAS). was llsed witha OW fate
nUlintalned al 1 n ,.min-1. ‘'fhe full scale on
the: d(\Lector 1vi8 set to 10 nA. the operating
potential w s 750 1IIV.. and thkernper dlure was
COllI 11ed oL 25 'I1t Innbile phase {'()nsjstd
of .I()[ Hehl{lrgA Tute O.]5 L-1 Na(OH
O..17 1110:- L 1 sodiunl o('tyl 8ulfate | mmol-
L I'sothm txietatdd O.1 mmol-LE]l and
methHi01 (6 00).

Prep

I'vol-

Mou

)tassium phosphate
KHPO4s 10

owf brain supernatant

R[nS were hornogenized Ul
buffer (containing Naz[fPU4 10

nunol « L-1 ©PH 7.2) .1 homogenate was
oenlrige!  dl ot 3600 x g for 10 min twice and
then ilie supematant was stored at —20 dC .

Pretein c())ncentrations were adjusted w5 g.L- :

M = siireMaifl 6.

Assay of MAQO-B inhibition An improv-

ed medEOGI . was used.nllS fluorimetric me 0d
lisek nie  the suhstrate for conversion
~7- MAO-B to 4-hydroxy loline  which
leseged [8 alllkaline media. The standard
cnw¢ was  esloolis!ldd by adding 4-
hydro  :moliRe 10puL (010 nmol) to brain
stm o 1: |t amd  assium phosphate

buffe] (1{a m 01+ L-1pH 7.2) 2 uL. To

wasu d th HPLC-EC (BAS West J.ilayette  det miil§ MAO-B iohibition  Sel 2.79 —358
Tab1. D of adtnhisoo.
Dose odmglmg. kB-1.d-1
d1 d2 d3 cl4-6 d7 '8 d9 dmw-16 dl7 - 23
Jine - — - = - - -
Sek 10 10 10 = 10 10 10
MPrP 30 30 30 - 30 30 30
MPP+ 5 5 5 » 5 5 5
MPTP + SaJincl 30 30 30 - 30 30 30 -
MPIP+ Sely] jnel 30 30 30 - 30 30 30 10
MPTP+ 1h 30 30 30 - 30 30 30 - -
MVI'T)+ Selegilin 30 30 30 - 3() 30 30 10 10
seL ine+ 'rP 10+ 30 30 30 - 1G+ 30 30 30
rP+ Sel line 30 30 30 + 10 = 30 30 30+ 10
Sd  me+MPP+ 10+ 5 5 5 - JO+5 5 5
5+10 - 5 5 5 10

M+ + Selegiline 5 5
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tore J& y wk O 2 - saline or Sel (10 rng.

lllnol.L-1 ,00 hL wasnl xcd wilh buffer la)ul . . _ _
and llpCllunanl 50uL. and iucubnled nt 37 CC kg-1 ip) were given daily.  No di er 4
for 15 tnin. 'thf I'¢actioll was farled Iy ndfling ~ drtl wr  fotldd On the cove d  agy
kyuununinc 3.07 nUllol - L-1. 10 :u  LHI &
ineubated a: 37 (C fin thtlr 15 Inin. (1 Eminl(l t
action wus tenllinatcd 1)) HCH>. 0.6 M0 -1  ofi ub P we Miaty t d{tab3).

I{ upL. Hud lhen ~a()H 1 1110L.L 2 [l ["\'CI

Tab 3. Effectsof [ on e natural remvenof

fulxed. Ole  tluot:Scell(!c illf 1 ity H 4-
hydn \ quillOHIIC ww rllenSII 1 ut 315 IHtl and
n\ 380 1l11H In H flUOI 14 sp<clro(uol Hl( h
( Hit:ichin50-10
S tistical aEMINis
: t s tUld analyzed using one-way ANOVA

item1181WIPt xpress-

ed !l

10110" by DtUllleU"'8 test. IC,, aed 95 %
coridence .irnits ve  calglla d hy ogt
nleth< .

RE JLTS

Efkcts of Sel pre eatment on 1\1PfP

induced depletion of DA Six injections of
do n lkergic neurotoXln 1\TP (30 mg. kg-1
ip ) decreased sutatdlevels of DA and its

.uelabolites (p <0.01). .Pletrea le:it willih Sel

(I0 mg-kg-lip)ondland d7amEagommd e
\WIP-induced deple on of DA eVes.BMSbl

treatmenton d 3 and d 9 did not resciie dae (})Ss

of DA DOPAC and HVA (Tab 2).

Elfects of Sel pretreatment on NOTP

Tab 2.
indua.  depletions in s iatal dopamine and 1its
?euboii g-) (wet sue). N='. .iS§.
Dp<0.05 ¢p<0.01 te.
ep <0.05r P<0.01 EP.
Trl Imt j)i XPA HiVA
ot 9.6 07 0.8 0.1 09 (02f
10.8 . 0.6 0.lu (6 (}.20
i 1\5 2706 03 0.1, 03 0.t
T 8.3 0806 0.M 06 o0l
M 1>+ Sel 390 15 03 01 04 01,

Effl tsof Sel on| naFalrecovenofDA
When the MPTP-Iesioned nHce we aflowed

[PTP-lesjoned mice and em s of
n=6. X s.

line.

striam!' DA 1n
PP™ on tbe striatal Jevel of DA.
op:>0.05 bp<0.05 cp<0.01 vs

'rrm INWRTOIfp V1 .g-1(wet tissue)

Salin( 9.8 0.9
S¢ 9.9%0.7
1. o fP 2.5 0.6"
MJPrP+ saline 4.3 0.5
MY+ >+ Sel 4.2 0.5
MPIP + saline 6.4 07
MY1{P+ Sel 6.6 0.7°
MPP+ 9.9 0.5
Sel + MPP+ 10.6 0.8
MPP+ + Sel 105 O,

Elfoots of MPP+ on S 1atal DA level

- | 5 mg kg-1 1p) inducno neurotoxi-

T e striatal of DA were n. changed
levels
by hpr and were not dected by Sel either
(Tab :;) .

(hMbi6on Of MAO-B by sel selegiime
2.79 — 358ug ¢ L-1) inhibited mouse brain

MAO-B actiyity pm, 440 at a concentration as low

n

as 2.79 mnol. L-1.
95%conftdenece lizmts=14-20mol - Ul
(Fig ).

ICSO == 17 mnol.L-1. and

DISCUSSION

Basic and clinical studies indicate oxidative
meChanlsmr%Hiﬂgl ¢ n180SMaul degenemuon

' 1Itblite to th
of 1%%?4%8 e o e EHE enge and progression
Although selhas been used

Crimeatlty asa selective and imeversible inhibitor
of MéOhB how thg m dmedsSlits etfee



n slowng the progression-of PD mmains
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The present study usedIPTP-Iesioned rnice

as 1 an nal nlodel of PD(2) to investigate the

antl...neurodegell erative action of Sel. Pretreat-
1 and d 7
¢ neurotoxicity of MPIP  which
But h

injections of Sel on d 3 and d 9 which close[ry

ment of Sel on d successfully
mugom d

suggested 1ts neuroprotective action.

followed the 3 consecutive injections of MPTP

did not block e depletions of striatal levels of
DA DOPAC and HVA. 1t indicated at Sel
was lack of neuro Further there
we no differential effec between Sel and salrne
of MPIP-lesioned rmce which

Sel might not exe neurorestorative

scue action.

on € recove
suggested
action. OUI results also underpinned that the
depletion of striatal dopamine caused by MPIP in
mice appeared to be reversible and the partial
restoration might be due to the species — specific
neuronal phsticity in mice 1.

nlat systernatically treated MPP +
actlve toxic metabolite of I\IPTP  induced no
neurotoxicity suggested that MPP+ could not

and MPIP was
which

1S

the most

penetrate the blood-brain bani.er
metabolized by brainMAUG-B(12 13)

converted Mvrpw iPP+ . Therefore

"

99 Feb; 20 (2.)

i /Mw. st-21- 2(129 149

I1ltly 1LIrlhel-examin d whethef the neuroprotec-
tive ff 't 01 Sel WHS prirnarily induced by \1s
inhibition nf brHln MA()-B IRing an inlprovd
pnzVINalit  H ny[7 'flie resulls denlOTIStsled
that .1 elTe('liv(.ly inhibji'd Ille Hctjyily of hrain
MA()-H Jn vitro which KuhHrantially explained
lhe uctlOll ()f Sel pn"l/Hllnc

consitenl with Th( dnta of ('Jjnical research

stu<ly, 14/,

Ol results are
ul
Im011 m

ineltitding  relr(8)ie('ljye

whicb (Ionfinned nelu'oprotectlve effects of

Sel.

In surrun y 1t 1s neuroprotect jve effect

rather than neUTOreSCUe or neurorestorative effect

of Se] whicb 1s direcly pertinent t0 e
inh h twin . of brain MAO-B that contributes to its
anti-MPrP-induced neurodegenerative toxicity.
le possible neuroprotective s ategies including
MAO-B inhibitors ghould e used in the early
phase ()f PD to rewd its prOgTession and extend

¢ lifpan.

REFERENCES

yOudim MBFinlberg JP. Pharmacological actions
of [-dopreny[ (selegilini ) and er selective
iD-noamine oxidase B inhibitors.
CTin Pharmacol ler 1994; 56: 725 —33
2 McC[[@doen 1M TiptOll KF Sullivan JP.

ne otoxicity of MPfP and the relevance to
Parkinson's disease.

PharmacoTOxicol 1990; 67: 8 —13.

3 Taitton WGOh aJmers-RednlAA RM.
Modulation of gene  pression rather

IC

than

monoamine oxid e irulmition: () deprenyl-alated
oompounos in cQnt:oRing neluudegeneration.
Neufology 1996; 47 (6 Suppl3): 5171 - 83.

4  Tiplon KF
Whal is it thal I-depl myl (selegillue) Inight do?
Clin [”hannaool llher 1994; 56: 781 -96.

5 Anlkiewicz-Michaluk L Romanska 1 Velulani J.
Ca'+ channel blockade prevents lysergic acid
dichylan 1de-induc ~ changes in dopamine and

serotonjn metabolism.

Eur J Phrumacol 1997; 332: 9 — 14.
6 Markwell MAHass SMBieber 1. Tolbert NE.



SN 0253-9756 AolallUlllaC «logicii Snica

150 o I-1 ‘111 nps (@2 rvor. h on(".aC N

A Inodifi(‘ation of Ule LoWlypnx edure 10 sInlpli

n tein det ininalon Ill nlfnbrase und lipoprOlelr
nles. Anut Bi henl978: 87: 206JO.

Malun 1 NeauSH M 111 (). An

a ty fnf the MAO-B itlhihitoy I Il 1 pl .

/ Phaslll Biolllid Annl t94;|t1: 895 -9.

The ParkinBoll Sludy Grollp. EIlt s ('f 1:.COpl tll)l

and dep nyt on the prc "fir iOll nf dihilil}' ill

arlPa il nsdi <

" Elgl J led 1993; 328: 176 - &3.

Olanow C\\Hallr R Gnuger L MnlHpira T

"Wolloy w - Huhl le Jet ol .

1 M (f dplnyl and levodopa on the

pro :"ion of Parkin§.on's disease.

AIUl Neuwll 1995; 38: 771 -7.
1 llen 11 BI 11 BR.

yrrabC

10

M|
Khassen M.
Deprenyl's  neulvprotecive  aetion femms
unresc . At Newol 1996; 40: 266 -7.
Ch leh CC. Johsimessen SIIL Jt  !Bacon W
teySP . Rev swle neuroto city of MPIP im
Ule nigrostriatal dopaminergic system in mice. In:
khtey SP Castaenoij NTrevor AJKopin
tors. MPIP: a neurot n producing a
paztinsomaR smdume.
ew York: Acadernjc Pless; ]986.P'473 -9..
Johnson EAWu EY ROlefila | Bo =m BG
Trevor AdCasta  a(j: N Jii.
I-Me yl-4-phenylpy mum'( P"""J amalogs:
of striatal

11

12

Mo ne  wocicicy and  inillJh 1om

synaposomal dopanrine uptake.

E J Phrunlacol 1989; 166: 6574.
RA'T  Chiueh CC Pert A Murphy DL.

Apparenl antio nt effect of I-deprenyl on

hy oxyl radjcal formation and nigral Injliry eliciied
by 1PP+ 1n vivo.

iy

MAO-B

MAO-B

lm  li; 20K2)

Phnlf « 86..2] 6414-262C/

=
Eur J Pharmacol1993:243:241-7.
14Rime JORoytta Mpaljarvi LRuzmukainerll,
Rilil UK Sdegiline'egh < ( dep
bteatrnen| andeath of nigralmeurons in  p icinson;R
diAecaBe. Neurology P991; 41: 859 —61.

20

2 3 6-

CS7IJL vl

- CselegilineSel D
B (MAO-B)

(DA).
MAO-B .
kg |tp)

P (30
DA (73 %).

MP P
MPJP

S el (WD mgkg -1 ip)
WEP

2 WK 1Se
MPP+.

Sel
DA

Sel
IC —3.8;
= Sel

C

= %:3.1-4.5ug.t- ly.

1" ifPIP




