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ABSTRACT 
Ant:1b study e  neump1l!7øtective  fl.eMO"" 

scue nelllurestoratve effeots of se[e line 
( Se1)  011     nigrostriatal  dopaminergic meuronal 
svstenl and  its  inhìbition of  brain  monoamine 
oxidase  B   (MAO-B).     lVIE1HODS:ηle 
striatal levels of dopamine and  its  metabolites 
"Iere measured using HPLC wi    electrochemical 
detection ( HPLC-EC) .       le inhiliitωn of MAO- 
B 'was  tested by an ånproved ß1l1(Q)írimetcic  ass 

rTS: 1-Methyl-4-pk0líì)fl- m  2.) 3  6 etltra- 
hyl       pyridine  ( M  P) (1'(1)'         Ikg -1   l[ ) 

duced the striatal døpamåne level by 13  %  irm 
mice.    Selegiline (SBl    10  mg • kg -1   ip   ) 
beforebut not derBFIP treaunmt protected 
against MPfPlduced nigrostriatal dopaminergic 
ne  oto Clty.ηlere were no di:fferentiaJ. effects 
between Sel and saline treatments on the reeoverv 
of striatal dopamine levels  lich mmMK11J 

 

restored  dudI182wk.lh-Meutzv14phemytpyTil- 
?mum(MW +)( 5mg-kji  iMwoduced mo 

raLher  than neucorescue or neur'Orestorat4ve eff; 
0 

on MPfP-induced  nigrostria idopazTlinerHρ 
nωonal degenerati'On which is direcùy rtin 
io iu  selective  Mid irreversible inhibition d brain 
MAO-B ac6vity. 

 
 
 

rrRODUCnON 
 

Se]egi  ne (Se!l)a  selective  i   ersible 
inlúbitor Ðf monoamine @xidase B (MAO-B) was 
used as  an  imp'Ortant  adju.vant  ωl-dopa in   e 
treatment of Parkinson'a  desease (PD)  and  al 
used done  as a pztrnary treatment in eaziy  phase 
of PDC 1) . In preclinical  resωrch MPIP-lesion 
was used t'O establish a suitable animal  model for 
iIDvestigating  e  dîsease.      Sel  could antagonize 
the  dmn1 er          c   neUTotoxici     f   l-me .y14- 
ph@Jl .[ m        2   3  6-tetcahydr@pyridine (MPI 
wh.ich had  to be  metaholizedωits  active t()xic 
metabolit.e  l-methyl-4-phenylpyridiniwn  (MPP+) 
by MAO-B t'O induce  the  ne  ω City(2] . 

 

However  whether   the   neuroprotective   effect   of 
Sel  was mainly due  t'O   its  inhibitìon of MAO-B 
had become a   ent  topic ofωIntroversy(3 4J 
Iie present study was desigmd  to clan r  whe 
Sei   had  neuroprotectìve  nenrorescue or 
neu restomtwe  actions  agaimt   e  nωtøxioity 

oopmmnergc  neurotoxlqty.Flirthemore Selll of MPrP(4) 
IJr1]:-" .) and  whether  its  actions were 

selecti vely and ír reversibly i jbiid  mouse brain 
MAO-B in  vlrl ο  ( iQo=  i7mHOi-L- l 95qJ 
COIliMerlee limits = 14 - 2O nrnoi-1 F 

CONαJUSION;  SelegiJine has ne  rotec 
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predominateiy induced  by id1ibiition of  ain 
MAO-B. 
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AND 1ETIlODS 
    and  ehemicals  Sel.  MPTPand 

MPP +were  purchased  fZornl RBI'(Nati K MA 
Rece199ι( E d J 8-ω:;i aucn 

 

USA).kvy
n 

 

n IlJne and  4- 

 



MPP + 
MPTP + SaJincl 
MPlP+ Selψ]jnel 
MPTP+ lh 
MVI'I)+ Selegilin 

5 5 5 
30 30 30 
30 30 30 
30 30 30 
30 30 30 

seL ine+ 'rP 10+ 30 30 30 
Fr P+ Sel line 30 30 30 + 10 

SeL me+MPP+ 10+ 5 5 5 
M + + Selegiline  5 5 5 + 10 
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were dissolved 'eshly in line.  DA[)OPAC 
and HVA were fron1 F1uka (S tzerland ) and 
were dissolved in HCI04 0.1 IllO!.. L - r  eontaining 

 

IN lJSA). Apha  -2 Of)S 3 mm coJumn (1 
nunx 3.2 nun BAS). was llsed with a  OW fate 
nU1ÎntaÌned al  .1  n J  • rnin - 1.  'fhe  full scale on 

sod.ium edeta.te  (1  %)  and  Na0l 5 (0. 5' 0/0). 
 

rthe'  d(\ILector 1-'V{18  set  to 10 nA . the operating 
M ce  and  ea  rents  CS7BI./6J m <r 

( \veighing 20  g  s2 g)  \Ve  8u1ψp3! 
              Shanghai Expel  nenω  AninηmlI naa1  Ccnter ( i 

 

potential w s 750 111V.. and  thlternper  d:l.ure was 
COllll lIed  nL 25   :. '11t Innbi le phase {'()nsjst d 
of J:lll(')I'IHehl{'lrøA Iute O. J 5  J'Y}ol- 'L - 1 Na()H 

Ecate 5  cωontfen d Iby the AnimnIn1Nluaaa11 0. .1  17 1110l:- [ 1 sodiunl o('tyl 8ulfate 1 mmol- 
Manage: 1eln1ut   COIItmittee.chmwp  Awtdemyof 
Sciences) .   Mìce  ve    randolnly assiglled to 12 
treatment groups (n.=6) .    Drugs of each group 

 

was   ven ip as sho\-vn in Tab 1.   Mice of the 'tasl 
4 groups we    i   ected   rith  Sel  (10  mg. kg - t) 
30 ln n before or after another illjection of MPTP 

L l'sothm txietat43 0.i mmo1·L E l and 
I'neth.HJilO1 (6  0/0). 

Prep  onof  brain  supernatant Mou 
 

R[nS were hornogenized   Ùl )tassi um phosphate 
buffer (containing Nazr.fPÛ4  10  KH2P04 10 
nunol  • L - 11 F>H 7.2 ) .ηle homogenate was 

(30  kg '" t)  01'  1PP+  (5 mg.kg - t) 011 d  1 oe.nIri'g1:el! d! aJt  3600 x  g  for 10  min tw-ice and 
and d 7 0τon  d 3 and  d 9. spectively .  Mice 
of e 5  and 6th  groups were decapitabd  on d 
17.. and the 7  and 8th  on d 24.  Mice of t8e 
other groups '-ere  killed on d 10. 
pre  mltion of  S8lnples for'  "II')LC Mouse  

brain  striata  were immediately  dissect  d 
oute\\ighed and homoge ni.zed in ice-cold HClð4 
O. 1 mol '. L - 1 contairrlng sodium edetate  '1%) 

 

and ih20 5 ( 0. 5 % ) .  Aer  eentri  gamrk 
(20α  x g 4 'C15  min) e supernatmts 

 

we coHected for HPLC . 
HPLC 0ωlditi   A moaned methodL5 

was u d  th  HPLC-EC  (BAS  West  J..aÍayette 
 
 
 

Tab 1. D of  adtnhis00. 
 

 
?  

 

 
 
 

d 1 d2  d3 

then  ilie  supematant   was  stored  at   - 20 ac . 
Prøtein c())ncentratiøns were adjusted ω5 g.L- 1 

m  ß s1!Jl1PeMaifl       6. 

Assay of MAO-B inhibition An improv- 
ed medEOGI l was fused.ηllS fluorimetric me  od 
l!1sek   iJle  the suhstrate for conversion 
y MAO-ß   to 4-hydroxy loline  which 

l1Feseøed [8 alIJkaline m.edia.  The standard 
cnw.e' was es1I_oolis!t@d by adding  4- 

Ihydro :moliRe 10μL  (010 nmol)  to brain 
s:m  ø  l:  μt amd assium   phosphate 
buffeJ (l{à m 01• L- 1 pH 7.2)  2    μL.  To 
det  mi{[il@ MÅlO-ß iohibition  Sel 2.79 - 358 

 
 
 
 
 
 
 
 
 

Dose o{dmglmg.kß - l.d- 1 

cl4-6  d7  (11'8 d9  dω- 16  d17  - 23 
 
 

Jine - - - - - - - 
Senle 10  10  10 - 101 10  10 
MPrP 30 30 30 - 30 30 30 

- 5 5 5 
-  30 30 30 - 
- 30 30 30 10 
- 30 30 30 - - 
- 3() 30  30 10 10 
-  lG+ 30 30 30 
-  30 30 30+ 10 
- JO+ 5 5 5 
- 5 5 51 10 



Tv1i.J?1fP 2.5 0.6" 
'MJPrP+ saline 4.3 O.5C 
 

?euboii g-) (w et su 
Dp < 0.05 
e p <0.05r 

cp < 0.01 
P <0.01 

te. 
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V .l LY 
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lllnol. L - 1 .1 00 !ιL was nl xcd w.ìlh  buff.er 1α)μL 
and llpC11unanl 50μL. and  i t1cubnled  nt 37 CC 

tore Jè)r  J wk 01' 2  . saIine  or  Sel  (10  rng. 
kg - t. ip )  were given  daily.  No  di  ere  4 

fo1' 15 tni.n.   'fh' f l'(:actioll   was farled 1ηr ndf:lìng 
kyuununÎnc 3.07   nUllol · L - 1. 101  f..t.l  LltH I 

drt 1 Wr  fout 
 

do}

 

1nld 0n  thle co've d aω 

ineubated af. 37 cc finn thtJr  15 Inin. r ( 1u!1metl1ftf tttnlt(I I t 
aetion wus tenllìnatcd  1))' HCH ).0.6  T I)1110 'f l A - I 

 

J{  μL . Hud lhen :'-Ja()H 1 11101. L 2 1111   I   '\'CI 
offf}i u::Ju 'P  we { ) Mtia.tl y t  d{τab 3). 

fuÎxed. 'Ole tluot'l:"Scell(.'( illlf l1 ity H 4- 
hydn \ qu illOHllC W'W rllcnSlll i ut 315 IHtl and 

n\ 380 l11H 1η  H flUOl  l(lt' sp< cl ro(luol Hl( h 
 

( Hit:lchì n50-l0 
 

S  tistical aEMINis item1181WIPt xpress- 
ed \:1 :t s tUld analyzed using one-way ANO'VA 
10110"  by   DtUllleU"8 test.  IC50 ata.d 95 % 
corú:ldence .lirnìts ve  caløl la d   hy   og t 
nleth< . 

 
 

 

RE  JLTS 
EfJects of  Sel   pre   eatment  on  l\1PfP 

induced  depletion   of  DA      Six  injections  of 
do   n I1ergic neurotoXÏn  1\TP  (30   mg.   kg - 1 
ip )   decreased  sutatdlevels  of  DA  andl   its 
.uelabo1ites ( p < 0.01) .  .PEetrea le:nt  wi1lib Sel 

Tab 3.  Effects of I on  e  natural  reωveηof 
striaωl' DA in 1PTP-lesjoned  mice and  em s of 

PP'"  on tbe striataI Jevel of DA.  n = 6.  X S. 

op ;> 0.05  bp < 0.05  cp < 0.01  vs line. 
 

'rrmIIZNWRTOlfp ν11 .g - 1 (wet tissue) 

SaJiln('  9.8 0.9 
se                                                            9.9 % o.7u 

 

 
 
 
 

MYr >+ Se1                                   4.2   0.5C 
MPIP + saline                                     6.4   0.7b 

MYfP+ Se12                                                       6.6   0.7b 

MPP+                                                        9.9   0.58
 

Se1 + MPP+                                        10.6  0.811 

MPP+ + Sel                              10.5  O. 
- 

- 
 

 
 
 
 

Elfoots of  MPP + on  s  iatal  DA level 
(IO mg·kg-lip)on dIand d7amEj agommd e . 1I 

 

5  mg. kg -1' ip)  inducno  neurotoxi- 
i\WIP-induced deple  on of DA eVeiis.BMSbl 
treatment on d 3 and d 9 did not rescüe da.e (})Ss 

The striatal 

levels 

 

C)f  DA were n. 

 

changed 

 

of DA DOPAC and HVA (Tab 2). 
 
 
 

Tab 2.  E1fects of Sel  pretreatment on 1\σfP 

induα  depletions in  s  iatal  dopamine and its 

by hpr and  were  not  dected by  Sel  either 
(Tab :;) . 

 

 

(hMbi6on Of MA0·B by  sel  selegiime 
2.79 - 358μg • L-1) inhibited  mouse brain 

e).  n='.  .i s . MAO-ß activitv 1L:nn.v'1JuÙrro
n 

a-:l t a concentration  as low 

 
 
 
 
 
 
 
 

Trl lmnt  :DA  1 XPA HiVA
 

 

SaliOf' 9.6 O.7f 0.8 ().1f 0.9 I0.2f Sd 10.8 .6f 0.6 O. J hl 0.6 (}.2bt
 

as 2.79  mnol. L- 1 . ICso ==  17  mnol. L- 1.  and 
95%conft|denee  lizmts=14-20mol - v ul 
(Fig  ). 

 
 
 
 

DISCUSSION 
p 2.7 0.6(; 0.3 O.

 • Basic and  clinìcal  studies  indicate  oxidative 
 

Sel+MJ1n2  8.3 O.gf
 IU 0.3 O. J 1;  

meChanlsn  
1S  II

 
 

ρrllot  

M  1>+ Sel 3.9 5
 0.6 O. JM 0.6 O.lllc mHElaIe  n180SMaul degenemuon 

1.C 0.3 O. 1':  0.4 O. J 
 

• 
 
 
 

Effi ts of Sel  on .na FaIrecoveηofDA 

iconiItblite to  the eme  e  c 
of PD(4 8)  nce  and  progression 

Although  selhas been  used 
Crimeatiiy asa selective  and  imeversibIe  inhibitor 

When  the  MPTP-Iesioned nH1ce we aflowed of MAOhB how the 
E e  m J 

dmed 
 

814ts etfee 



nl slowng the  progression-of PD? mmains 



inhibition nf brHln MA()- B llRing an  in1prov d 
pnzVINa1it H ny[ 7] 'fll(:' resulLs denlOT1StJ led 
I'hat :.1 

 

MA()-H 
elTe('li v(..l y 

 

În  vitro 

inhibjl( 'd  llle Hctjyi1y  of hrain 
which KuhH l'ant ia l1y ex plained 

 

< J 

Eho g 4a A2 2 
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11ltly  iLlrlhel-examin d whethef the neuroprotec- 
JOO 

 

90 
 

80 
 

70 
 

60 

 

ti ve ff 't 01 Sel WHS  prirnaril y induced  by 
 
\18 

 

50 lhe uct ÌOll ()f Sel pn'''I I'<H llnc t 01J1' resu]ts  are 
40 

ul consi tcnl with lh( dn ta of (' Jjnica l 
 

researc h 
Jt) 

 

 

20 

 

i netUtding rel r(8)1e(' l jye 
 

lrn011  m stu<1l.y. ... .1 4J 

whicb (Ionfinned 
10 

Sel. 
nelu'oprotectlve effects  of 

0 5  1.0 1.5 2.0 2.5 
 

In  surrun γ it is  neuroprotect jve effect 
Sdegì I lg  nmol. L- l 

 

rather than  neUTOreSCUe  or neurorestorative  effect 
F g l.  h ibition of mouse brain MAO-B acti'vity 

 

of Se]  whicb  is  direcûy  pertinent 
 

to  e 
by sele. n=-'.  x :t s. 

 

 
 
 

uncleaI 0.lO ) . 
 

The present study usedIPTP-Iesioned rnice 
as 1 an lnal nlodel of PD(2) to investigate  the 

inh h tiOlI J. of brain MAO-B  that contributes  to its 
anti-MPrP-induced  neurodegenerative  toxicity. 

le  possible  neuroprotective  s  ategies  including 
MAO-B inhibitors  should  l)e used  in  the  early 

ELn 
phase ([)f PÐI  to rewd its  pr0gTession  and  extend 

 

anti... neurodegel1erative action  of Sel. 
 

Pretreat- 
 

e lisfpan. 
 

ment of Sel on d  1  and  d  7  successfully 
mugom  d  e  neurotoxicity  of MPIP    which 
suggested  its  neuroprotective   action.  But h 

injections of Sel  on d  3 and  d 9   which  close[ry 
followed  the  3  consecutive  injections  of MPfP 

 

did not block     e  depletions  of striatal  levels  of 
DA   DOPAC and  HVA.     1t  indicated      at  Sel 
was lack  of neuro   scue  action .    Further     there 
we no differential effec between Sel and sa1rne 
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:(selegilineSel ) 
 

B  (MAO-B )  . 
 

: - 
 

(DA). 
 

MAO-B .  :  fP (30 
kg | tp) DA (73  %). 

SeI (WÐ mg.kg - l ìp)  MPfP 
 

; WEP  Sel .MPJ'P 
 

2 wk ISe DA 
.  MPP+ .  Sel 

 

|MAO-B ( IÇ = 3.8; 
 

1
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5 %: 3.1 - 4.5μg.t- 
 

MAO-B l'ifPl'P 
. 

). :Sel 

( ) 


