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Neuroprotective Effect of I-Deprenyl Against 6-OHDA-Induced Dopamine Depletion
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in Rat Striatum and 6-OHDA-Induced Oxidative Stress in SH-SY5Y Cells
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*Research Institute of Pharmaceutical Sciences, College of Pharmacy Ewha Womans University, Seoul 120-750, Korea
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Abstract — A neurotoxin, 6-hydroxydopamine (6-OHDA) has long been used to form a Parkinson's disease (PD) model by
inducing the lesion in catecholaminergic pathways, particularly the nigrostriatal dopamine (DA) pathway. Whereas [-depre-
nyl, a selective inhibitor of monoamine oxidase (MAO) type B, is now widely used in the treatment of PD, the precise action
mechanism of the drug remains elusive. In this study, we investigated whether I-deprenyl shows protective effect against
the DA depletion induced by 6-OHDA in rat brain, and against 6-OHDA-induced neurotoxicity and oxidative stress in cat-
echolaminergic neuroblastoma SH-SY5Y cells that are known to lack MAO-B activity. Pretreatment of [-deprenyl sig-
nificantly enhanced the striatal DA, 3,4-dihydroxyphenylacetic acid, homovanilic acid, and 3-methoxytyramine levels
compared to the untreated 6-OHDA-lesioned rat, indicating that /-deprenyl pretreatment prevents 6-OHDA-induced deple-
tion of not only striatal dopamine but also its metabolites. Treatment of 6-OHDA for 24 hrs decreased the cell viability and
increase the generation of ROS in dose-dependent manners. We further investigated whether caspase activity is involved
in the action of [-deprenyl. Treatment of /-deprenyl (0.1~100 pM) did not produce any changes in 6-OHDA-induced cleavage
of poly (ADP-ridose) polymerase in SH-SY5Y cells. Our results suggest that the neuroprotective effect of [-deprenyl against
6-OHDA is due to its increased scavenger activity, but independent of inhibition of MAO-B or caspase-3 activation.
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hydrogen peroxide(H,0,)7} 4=, /el H O &
/do] 733t hydroxyl radical( - OH)2. % & ¥-3-(Haber-Weiss
reaction)0] HAs] dojupAjut, Fe?* o} 2 T o] o] Y&
u} o] W52 ulj9- w= A doubA] Erh(Fenton reaction).
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MAO°] 23t T3ty tiApt F7tsh HEE o WE H0,
o] gAlo] Z3HAl ok ) Az F-9jE= vhe 22 v]st
o Tailo] IFEkg EAsh| wiEel Zupl dirtel] mhE ROS
9] WP ZUIEHA HER Al AEYAE W] Hf AL
2 Buso] QP ojgldx o] st MAQY &4 F7iel
2 ROS A 9] T3 4lAe] Alshd] &3S dovle A
o7 ok vt 6-OHDAS AHFE] Ao == B2
Foj A @ wialAA L] A73E A7), Hell A4
A F3F FHIZo A73E BEAIF17] wiiEel] SIS
o Jda] AMEx Qith. 6-OHDAS 7| ZolvlAd A=
I FRAOZE FAIE] wiEel] ATP &4 & TF7]
o)alo] Al o7 Fle|Folyl Aol A Ho] 5A4E vER
A Brh G4zgo) ojsl A4S ddshs MPTP= &
6-OHDA! 213t B4 whal 711 APRa Absle] oJet Zle=w
F =5 H-gA7 Hy0,8 quinoneo] AT deiA Sl
o]2{3t 6-OHDAS] AFzatslalgolX AY=E H,057 in vitro
Addol i A ople] F4E 2ASkaL, 6-OHDA quinone SH,
NH, 2 #l&4 OH$t 22 A Al 2Hneucleophilic
macromolecule)s} F-F2 TS FAJslo] 417 ALl Fo% o
TS Sl AEEAEY VS oA A Hals dovie
Roz By v JYoky

HT AAEHEAR F58 AEAFEC] sRIEAE ) AT
Az Elslel] o3 8re & Holeks BRuEo) Ik 6
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I-deprenyle 337t $o] Al MZA F9olA superoxide
dismutase(SOD)Q] &Ao] dixrt} -2 UA St
< Busgien, Knoll®s} Clow'®s 2kt o]} 51571 SOD
o Ao fHo R FreIa& B vk vk wdt
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turnover 27}l W oxidized glutathione(GSSG)2] #3S A
aataL, 617 NMDA 8412 Aslisto] S5 obnliAbel <%t
Absk ~EdAZ ARk B g vl glok. 2 PC12 Al
¥ 2 o]l23t AN [-deprenyl(l tM)S SOD mRNA2 F&
S Jehlle] diETel visted SODL #3#ke] 2dE 57t
AN aL, AR 23 SOD A4 A FINE A
th= A% 27 BFo]® AAN412ZA 2] [-deprenyl?)
FAE AES D o) =3 [deprenyld) ARRT AHZA A
FAPE T} B5te] Maruyama 5198 SH-SY5Y A|ES o]-&3
A3 o)A [-deprenyl(20 uM)©] 417 542421 N-methyl-(R)-
salsolinolZ F5¥ DNA &8 AAlsle] AlEAPE S a7
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I-Deprenyl - HCL& Z2RE(A )0l AlgEskod, A=
A ARE Yale] EFF0F A3 dopamine - HCI, 34-
dihydroxyphenylacetic acid(DOPAC), homovanilic acid(HVA),
3-methoxytyramine - HCI(3-MT) % WR-%FE4 3,4-dihydroxy-
benzylamine - HCY, Az =3kt 1248 A.©07)7) flste] A}
23 6-OHDA-HCl ¥ desipramine - HC> SigmaAHSt. Louis,
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Mo, US.A)S #ES AH83123, vlE]#] pentobarbital sodium
Q@EZ FAHES Aol FJson, 71ek Aok
55 AlekE ARgEsith

N-Acetylcysteine, 3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyl-
tetrazolium bromideMTT), Triton X-100, Hank's balanced
salts(modified)(HBSS) ¥ fluorescencef M4 2',7-dichloro-
fluorescin diacetate(DCFH-DA)S- Sigmarl AEF-E ARESIAT
wR| Aol A3 Dulbecco's modified Eagle's media(DMEM)
9l fetal bovine serum(BSA, heat inactivated)<> Gibco-Bethesda
Research LabAHGaithersburg, MD, U.S.A)S] AES U315
T, 9ma A7)9 %53 blote]] AHE-3$l Trizma base, sodium
dodesyl sulfate(SDS), glycine 52 Bio-Rad Lab.AHRichmond,
CA, USA)Y AIFS AH3ich. 71ek AFE2 247} Sigma Al
£9] molecular biology grade 22 tissue culture grade A%k

ARSI,

MEES

T 573 (7% 150~180 g)2| Sprague-Dawleyl +7 315
2 AFoJorZoldd IHUSAATLENE] o whol Il
2 Ao a] H-gAI7] F ARSIt

6-OHDAO]| 2|gt el gt

A= 250~300 g 243 FF = pentobarbital sodium(50 mg/
kg, 1.p.) 0= TFHAIA stereotaxic 717 AT &, FIE A
AL NS AEE bregmad S 7152 F posterior 0.6 mim,
lateral 1.2 mm, ventral -3.5 mm $2|ol| Hamilton syringes
723k 6-OHDA(100 ug/10 p/hemisphere) Hoi= 4 ozt
£ vehicle(0.1% ascorbic acid in saline)& 15 p/mins} 52
o= w4 (ventricle) F¢oll Y3 BEE T2 7= 308
el 6-OHDA°| ot=elid®ld AT e s F5u= 2e %
7] $J5}o] desipramine(25 mgkg)S B2 FAFIATHR

ol2S0{ W =X LY olRiRe| F&

I-Deprenyl Fololl &3t &35 AP ¢l &S A
250 g3iete] B A% kgD 025, 1 E=E 10mgs 13
B} FAbEkT 308 ol @Este] HE At T
I-deprenyl ThAl AEAAFE Foi3t L O 2 It AEF
ZA L AL Ao MzA, dint @ H7hE AGsHA Eeidt 5
B z522e 34-dihydroxybenzylamine(71.4 ng/m! in 0.4 M
HCIO S A=Al 600 W, 71Et ] Aol 300 wal& 71t
of gAst AlZth FAskE 242 4°C, 15,000 gollA 15%3F
AaEE § A5AS FHalol Eultl, AEZEY W tAA &
o] B4 Al22 sk, F&Eell= 1N NaOH 1miE 71t § &
W ks Qg AIEE SKth
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HPLCO| oi8h =X\ =Oel, M2EY ¥ A S| »E
£ =31, DOPAC, HVA®} 3-MT:= 242} 500 ng/mi7}
HE2 04M HCIOO 3214 ZFEANR 35l of7]l
3,4-dihydroxybenzylamine(71.4 ng/m/ in 0.4M HCIO)& &+
% s % 04M HCIO,Z 3435+ 1.8 ng/m/-214 ng/m/4]
EZLHS wksT, o]2 HPLCO 20w FJ3is W A

L

P 2B BIE YREFEAL U3k wARRA He
AL ZAAEAT o] FAE 1.2 m/ming £EF 89% 0.17M

monochloroacetic acid bufferS- AMg-3t0] 850 mV vs. Ag/AgCl
X 243811, controlled sensitivityt= 1 X+ 2nA/Ve=E £
At A Es B4 23 dl5AA o17H0.45 pmystel Ut
ek AlE el Hislo) Sl olRlRe] e AR ouN-
B AR F pmol FARISITH ] 22 o) olNlFe] e
24zt Ngse) v e £7siel 1 ¢k pmol/mg protein
oz vepick. Tuld ke 2FEEERA BSAE ARSE
Lowry 529 el 2J3le] Z4315ict.

MTT 2M4Z 0|28 MEUES £F

MTT E4-& MTT tetrazolium salt7} Aolgle AEe)
mitochondrial dehydrogenasecl] 218to] MTT formazan® = ®
= Y8 o83l AT o7 AFAETE FAd Yol ALE- E
}2Y 24 Hemacytometer® SH-SY5Y A|3(Pass No. 8~16)
5 Aol A 50 W kel 4~6x10* A EXE FHIIEF
DMEM Hix| & A=3] 3]41510] 96 well platec] seeding 8k
37°C, CO, Hll71ellM 24413 wjaiSich.

6-OHDAXR|ol) W B4 Z7sl7] $fated Az Az 6-
OHDA stock 4@ mM)& WA Z MAA HF 57t 10~
200 uM°] =5 AZ7F BFEH0E 8716 Hrlela 2407
HlorElsiTh, vl S wellolld A)ASE 3 MTT Al 50 W& 71t
o] 2A13F ot wWjekAlZAT). Au) skl Al A MTT
formazan)5°] A9 A& &3k o7]e] MTT &3l H=
50 pS 7¥ska 6023t A5 £381 A7) F 595 nmeld F4%
2 243190tk AlE glol MTT A2 MTT 89 ¥&
& blankZ 3 TH MIT 248 MTT A1 92 MTT stock
soln.(5 mg/m/ in HBSS) 1 volume?} DMEM 4] 9 volume& &
shslo] TStk 6-OHDAR 59 Al Apgoll gt [-deprenyl
9 53F A 18197 I-deprenyle DMEM HIAE £3A1A
#F 557F 001 nM~1mMe] HES A7t EF50] Sl= 87
o} A7¥skar CO, wiek71olA 3047k vilFAIZ) - 6-OHDA 84
& 50 uM FEE 100 uMO] HEF A7isie) 2441 1 ailelsisitt.

Flow cytometryS O[E8F MELH ROS &3
AZW ROSS 2488 DCFH-DA7F AZUE Eo7 &
deacetylation®ll ©)3te] non-fluorescent DCFHE.Z =™, THA|



358 o i .

oY - A3

&

DCFH2 ROS®) 21519 fluorescent DCF2.Z W3kal=d] o|uj
o g4 BEE 24k gl 2k X ROSE 543
AAct. '

SH-SY5Y A (Pass No. 5~12)F 1~2x10° cells SH3lS
6 well plateol] 255131 48717 CO, HioF71olA] wiokal3ict. 6-
OHDA®] 23 ROS A4S &3] 913l $1¢] DMEM Hi#|
£ A48t T DCFH-DA €810 uM)E A7} E55010e &
71l 1mi¥E 21 37°ColA 153t wioAIZATE, wiA AA
HBSS #jx|2 3238t 6-OHDAGO %= 100 uM)S 1 mi¥ 718}
1 THA] 37°Cell] 1587) skt vk F Polxd MIE pellet
o] FACS% PBS &9 1miE 7}5to] @A § FACScan=
A &3t ) FACScandl] 213 34 7} 5+ excitation 488 nm,
emission 530 nmellA 2381, AEE 2% 200~ 3007 A
T2 AEE PBS §90% tpA| A3 Aste], 18] A A
10,000719) AZE Alojx 7 AHE APdlolE = it

Western blot analysisE 0}28t caspase B =4

SH-SY5Y A Z(Pass No. 8~12)% 1mJ ¢kl 2x10° AE7}
SE =2 DMEM HiX|Z 23] 3)4310] 12 well plated]] &
F3}HI 24~48X17F CO, HiE7 1ol wlstsdct. SFEAEE 9
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3] 6-OHDA 25 9 50 pMe] E3E wi#] 1 mE 2t welldl] 7+
at@ 37°CelAd 12417 WikAl R 2.8, PARP w3l ol »lxle
l-deprenyl®] EFHEZ ZALEH7] 8 AE oM 6-OHDAT
0.1 upM~1 mM®] I-deprenylS A3l SAlel Ha|dte] 37°Cell
A 12413 kAl TRy FAksAR g
acetylcysteine(500 WM £ 1 mM)y& 6-OHDAZ &7 A3t
Fom, TE AgT] AE FEHSF SDS-polyacrylamide gel
electrophoresis(PAGE)S A13831t}h. SDS-PAGEZE #2|3t A|
B3 anti-PARP 72 GASE A9 d2elA s vk
A1 %, LAS 10002 o]g3to] AEsI3ir.

A 2|

ASAIE meantS.D. = SEM.OE Ao {24
7A7S ANOVA U one-tailed Student t-testZ A2 3}tod p<
0.05 =& <0012 o fejde] Sl A3z WSt

Ay { nF

6-OHDAO| 28t =ulal 11Z0fl chgt I-deprenyl TX{X|e] &k
[-Deprenyl(0.25, 1 % 10 mgkg)< 6-OHDA 4] 3057 o)
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- - 025 1 10
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- . 0.25 1
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Fig. 1 - Prevention of 6-OHDA-induced dopamine deletion by /-deprenyl in rat striatum. Rats were administered (i.p.) with saline or three
dosages (0.25, 1 and 10 mg/kg) of I-deprenyl (DPN) 30 min before the bilateral incerebrotraventricular injection of vehicle or 6-OHDA
(100 ug/10 pl/hemisphere). Rats were sacrificed five days after the surgery and tissue contents of dopamine and its metabolites
(DOPAC, HVA and 3-MT) were measured. Data represent mean=+S.E.M. from 5~7 rats per group. *p<0.05, **p<0.01 vs. 6-OHDA-

treated group.
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AAXINRE o £ AFHLE oGl ot A RN BT -
deprenyl2 X317 ¢42 6-OHDA 1 F ol ulsll AzAue]
=3 o) fol8 o FUhEon, DOPAC, HVA 3 3-
MT 59 il £9 ek 212t 33~56%, 77~97% 2 64~
82% S7V=AtH(Fig. 1).

Scarr 292 oJ7] $%59] 6-OHDAC 2 AZA ) =349 31
B(25~97%)% A 271 & [deprenyl(2 mg/kg, ip)e Tk
S o Eapny Ak 59 o] wiskehR] ANCER I
deprenylo] =5719) thAle]) o}F P XA QpTiil Bl
31911, Finberg 5°9% 6-OHDACE 95% oV =avl 12-&
ozl 9] uAFAHE o83t AFelA I-deprenyl(1 mg/kg,
s.c.) TRl 2% =yl skl WigE B 4 Q1312 L-dopa
Eolol] WkE MzA Y AX N F9 ol T Wl 9
3 2 FLlsivky Bugh vk 9lof wiRl Ho] dxAld =3t
T iAol MAO-B7F Z2A) #ejskA] k& Zlolgta FEsisit
olE AF-E0] BF 6-OHDA 53 Foi I-deprenyts Foigh vt
o, B AFox= 6-0HDA £ 30 o)) I-deprenyls ¥
3o} Aol ukE W HoM e Ta F§FEV aNE @
#5199k, A%s Scarr 5297 Finberg 5299 A9 A= u
2]e nf 6-OHDA®) 2J3l A7AE o] dojd Fojl= [-deprenyl
of g% =ukyl =k Z7F ARE A ZIdsk] of#eu k-
deprenyls A& ¢ 6-OHDA] &3t T34l 217 HAel
sl B3 adE vekdthr 52 4 itk L ©)$ell 6-OHDA
o 9%t AzA =37 w7 =2 Ajolsl L-dopast 2
oyl A7Ee] PeFold] wet monle] L gkl A
o|E & o]% kg o] BEojoji S [deprenyl®] 6-OHDAY
3 B3 Fyjo Pe vAE Aow AEdh

SH-SY5Y M= 6-OHDAG ofBF MizaMol| Cist I-
deprenyl®] &3}

o8] %59 6-OHDA £4-5(10~200 uM) Al Eel| H7}8tx
24AIZ HIokEE & AEAEES SIS W diETel vlslo
10 pMell A 75.8%, 20 uMel A 60.1%, 50 pMoliA] 46.3%, 100
pMelA 31.5% 2 200 pMollA 2.6%= 743I%iom, ol2idt 2+
A FEEA BEE Bth(Fig. 24).

6-OHDA 50 uM| A I-deprenyts (0.01 nM~1mM) 37°C]
2] 3087 AXRBIGES W AZAE L] viXE TS A
ottt 6-OHDA 50 uMolA] AEAAES-S tiz=T] 39.5%%3 01,
I-deprenyl 1nM~1mM AT AZTPEES FjHoR
Z7kslo] 2T 53.0~73.6%= 8H3ITE 53] I-deprenyl
10 uM AAR T AFAEEL T 73.6%24 6-OHDA
= 2Je)tol vlsle] 1.864) Z71E)ich(Fig. 2B). 6-OHDA 100
uM A2 Al AEZAEES 2T Y 27.0%3 24, [-deprenyl
0.01 nM~1 mM AA gl AEZPEEL Koo FrIst
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Fig. 2 —Protective effect of I-deprenyl against 6-OHDA-induced
neurotoxicity in SH-SY5Y Cells. (A) Cells were treated
with indicated concentrations of 6-OHDA and incubated at
37°C for 24 hrs. Neuronal toxicity was evaluated by
assessment of cell viability using the MTT assay. Data are
the means+S.D. (n=6). *p<0.05, **p<0.01 vs. control
group. (B & C) Cells were pretreated with indicated
concentrations (10 nM~1mM) of /-deprenyl (DPN) at
30min hefore 50uM (B) or 100uM (C) 6-OHDA
treatment, and incubated at 37°C for 24hrs. Data are the
means+S.D. (n=9). **p<0.01 vs. control group. #p<0.05,
##5<0.01 vs. 6-OHDA (50 or 100 uM)-treated group.

o] th2T9] 41.9~69.0%= 53}t 6-OHDA 50 uM #12)
Folxe} 7o) [-deprenyl 10 uM ATl MTAEES 7}
A 3A Z7Bl] txTe] 69.0%24 6-OHDA &5 AzlTo
vlaloy 2,564 S7H=lck(Fig. 20).

SH-SY5Y A3+ 6-OHDAS] A=/l w)s- qigsh Zlos
dEA g1t 2 PC12 NFE AFESI0) 6-OHDAC 2J3t Al
&S =4S Blum 5209 AFoIA 100 uMe] 6-OHDAS
24717 A st e W AEAEES dFT °F 80% < R,
SH-SY5Y MZE A8t Zuos} Yu?®2] A&elA 100 uM2] 6-
OHDAS 24717F A2)8tge o iz oF 15%tt R st
k. 2 23 A7} 100 M) 6-0HDAS #2|315S ) Al
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£ Fig. 3A°l Yeh)SIt) thx3tol| Bl8le] 6-OHDA XJejdt F

60

1 @)
1 6-OHDA 50 uM '

50

control

6-OHDA 100 pM

Number of cells
Counts

Fluorescence intensitv

250 1 B)
Kk
= 200
23
25 1501
20
23 *
9 100 =
%3
[ ET - T
o 50
0
control 50 100
[6-0OHDA] (uM)

Fig. 3 - Effect of 6-OHDA on the generation of ROS. Oxidative
stress was assessed by examination of changes in
generation of ROS by the DCFH-DA dye method using
a flow cytometry (FACScan). (A) DCF fluorescence
distribution in SH-SY5Y cells. Cells were incubated with
10 uM DCFH-DA for 15 min at 37°C, and then treated with
vehicle (control), 50 or 100 uM 6-OHDA for 15 min. After
treatment of cells with 6-OHDA, the DCF fluorescence of
cells were monitored on FACScan with excitation wave
length at 488 nm and emission wavelength at 530 nm. The
number of cells used for the construction of the DCF
fluorescence histogram was 20,000. (B) Data for peak
intensity of fluorescence from DCF fluorescence histograms
were obtained from 3 independent experiments. *p<0.05,
**p<0.01 vs. the control group.

9] histograme] =0 % o]% o] ROS o] 6-OHDAS] =
Lo w2} SRS & 5 U 0152 FHE diRTl
gt diy vleR #4ekle W 6-OHDA 50 uMellAl B+
1984, 100 uMell 3F 3.84v Z7H=|Ack(Fig. 3B).

I-Deprenyl(0.1 uM~1 mM)S 37°CellA] 3087 AAA]3K1S
w 6-OHDAZ F=¢ ROS A4 ujxi= ke A rgict.
Fig. 4A= Ui, 6-OHDA 50 uM @532, Al 355(0.1 pM,
10uM 2 1mM)2) I-deprenyl A4 2T 2 1mM2) acetyl-
cysteine A 2] 2 histogram= B Aot} 50 uM2)
6-OHDA®] ]3] histograme %79 Q820 F ol% g
o 01uM ¥ 10uM2 [-deprenylS AAsIES o
histogram®] ©]50] 2AE 0™, 1 mM2] [-deprenyte )23t
AIHE YERA] X3t o ks {Elr] AAAR LR
acetylcysteine®] Axzjell gJsle] JA] AA= St
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1.31812A4 6-OHDA®Y 2J3F ROS HAS 80% AlEie-S <
T AUUTHFig. 4B). '

6-OHDA(50 2 100 uM)ell 23k Ay ROSS] o] 5%
EH O R FIFEC U (Fig. 3), 6-0HDAC] 2Jslo] 41314
AxEdol FEHES & 5 AUk ol2)F 6-OHDA) <
gk A2 ROS A2 10 uM 2] I-deprenyl 3] X](37°C, 30
minel] 23t {F24o® ZrAHATK(Fig. 4). I-Deprenyld] 2t
ZAe)7] AAA (free radical scavenger)EA12] Z7FEF= 7Y
2802 A SODS}H 22 ksl a4o &g Flel FAHE
ROS A4 oAl 2§02 o] A& 4 slvt. [-Deprenyl©l
2k SOD &4 57} 282 T3 A EHe] 377 ke &
of3lg o A4 SOD E/dol F7lst%ith= Knolle]
B399 B¢} vl Aol A ubE Fof 8191S ) SOD ¢
catalase B4 Z7} 2Hgo) BAEYTH= Carrillo 579} B.atd]
o3l S 2 MEE o183 in vitro Aol PC12
AE I-deprenyl 1 M= 24x)7F Bl 23S wW) SOD §-7=}
dho] Z7ME gt Ba!® So ek HxAQl Ak fa7)
AAANZA ] I-deprenyl®] 287} @HASt] [-deprenyl>
haloperidolel] 2J3F vhe-A HxA GSSG 3 £715 §-914
o AAANRL® B9 MxA e MPP*E fE€ - OH
2] Ado] [-deprenyle] HA )l 2ste] FF 0T 7FaE
07,3 SH-SY5Y AIES 0143 Agdeld UioA AAEHEE
Q1 N-methyl-(R)-salsolinol®l] £]3t - OHS] A/do] [-deprenyl
(10 uM) FHAQ0FETHel Q3] Fo3 02 AT B

T 9ict. o5 Gl AR 2A F i AF F
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Fig. 4 - Effect of I-deprenyl on the ROS generation induced by 6-OHDA. (A) DCF fluorescence distribution in SH-SY5Y cells. Cells were
pretreated with 0.1 uM, 10 uM or 1 mM of /-depreny! (DPN) or 1 mM of acetyleysteine (AC) for 30 min. Cells were incubated with
10 uM DCFH-DA for 15 min at 37°C, and then treated with vehicle (control) or 50 pM of 6-OHDA for 15 min. After treatment of cells
with 6-OHDA, the DCF fluorescence of cells were monitored on FACScan with excitation wave length at 488 nm and emission
wavelength at 530 nm. The number of cells used for the construction of the DCF fluorescence histogram was 40,000. (B) Data for
peak intensity of fluorescence from DCF fluorescence histograms were obtained from three independent experiments. **p<0.01 vs.
the vehicle (control). *p<0.05, **p<0.01 vs. the 6-OHDA alone.

o] - OHS| ¥=& HPLCE ol §3le] S4sidier 2 Al
M= A FY Abage]7]12] B8-S flow cytometryoll 2J5te] &
M £3819& o Ldeprenylel 2J3lo] BaEGlee AAT T
Qglom® Arafra)7] AAAZAMS I-deprenyl®] A &
72 Z%8 4 9ISith. Tatton 520 I-deprenyl®) @Atst =
£ MAO-B Agfe]l nh2 =5bql tiat A2 mapel chaabd
ol ubgehe AbafEly] A A 283t frEl7] AFAAIRA
o] Z7b w3} WiFolaha 453, SH-SY5Y A2
MAO-A E4% 911 MAO-B:= #Hiata g4 sdvke 208
T3 ) B A Ve [deprenyl®] A4S} A-8-2 Z o]
T MAO-B Asiaaehs Fag o 71 g o= +4
Hu}, 348 # Grimsby 5292 MAO-B knockout »H-2A2
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Auksli=d), o] & o] &38t0] l-deprenyl?] ABRT aHE &
A ZAE 47 A= oz X" vb ARk ¢ko 2 MAO-B
knockout PR [-deprenyl®] A3 K5 F7e} MAO-B A3
sle] AEAS vl a8 AoR AlrEth

6-OHDA0| 2[5} caspase 4 &7+ % 0[0]] CHt I-deprenyl
o] Azl .‘

Caspase= MEAPE Aol #Hofshs A Balgis o2
o], 0]% caspase-37} EHFHY ATAH AT Aow F4
5):=1], PARPE caspaseol] 28] ¥ajslt 7Ad Az 53
caspase-3 A TS UEh)E= AEgx AR 6-OHDA
)3k caspase A F7H= AFAFE 34 F caspased]] €5t
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PARP?] -3} AAEQ 85kD] ©A FZHE: anti-PARP 34
2 olgsle] 7HEslo] #RIslg o [-deprenyle] 6-OHDAC <]
3 caspase B0l GEES BlA=RE ARSI
6-OHDA(25~100 pM)S 4417F F 24712F M8kl w44
7+ HelPol s PARP Hall7F 2R @tevt 25 uMe] 6-
OHDAS 24417+ H2I3I50E o 85kDS] Whid xzbo] HEH
=4, o)A 6-0HDA] &3} caspase &4°] S7H=E U
& oulgitt, ek 25 M B 50 WM 6-0HDAS 12413F A€l
31312 w PARPS) H3 AAEQ 85 kD @A) UHS T
o)A o vehdrt T2t} 10 uMe] I-deprenyls 25 uM9] 6-
OHDA} FAo} Aelstod 24417F viokstAY 0.1 uM~100 pM
9] I-deprenyl2 6-OHDAZ} FAloll A&]te] 12A17F WA
£ moll= PARP ¥3jo)) ol Wishy} #E=A] ¢bo} [-deprenyl
& caspase BAE7IO) o} FES mIA|R] H3ISicE. g o)
Z70 74 1mM9 acetylcysteines 25 uM3} 50 uM <] 6-
OHDAZ} FA1oll 228l 12413} widstslS = 85 kDo w2
A PO FF acetylcysteine 6-OHDAS] 2]t caspase &
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Fig. 5 — No effect of melatonin and /-deprenyl on 6-OHDA-induced
caspase-3 activation in SH-5YSY cells. Cells were treated
with 6-OHDA alone (25, 50 or 100 pM) or co-treated with
6-OHDA and melatonin (M; 100 uM), [-deprenyl (D;
0.1~100 uM), nicotineamide (N; 3 mM) or acetylcystein
(A; 1mM) for 4, 12 or 24 hrs. Caspase-3 activity was
measured by evaluation of the cleavage of PARP by
Western blotting. The sizes of the intact PARP (116 kD)
and cleavage fragment of PARP (85kD) are indicated.

NZ7He AARSSS € 7 UATHEE. 5).

o AxArEa Besle] 34 EANE (antiapoptosis) 2F-8-¢l)
93t [-deprenyl?) A7AH FAEo] A= glon, AA BE
28-S LERE I-deprenyl®) FE7t &4 0E MAO-BE A
Fak=t] Bdt w59 0.1 uM B} B8 AL FxoA Al
b oA 28-S Yepdtkn 22 ¥ MAO-B A8 2§ ]9
o] o2 7)7e] ogt RS EHS A2 B 5 ek Le 592
SukRA) MES 235 A28 AREE A3 olA TUNEL 2+t
A1 5 ¢3sle) MPP*e) &8t DNA fragmentation©] I-
deprenyloll 2J8t] AAEHASS Hustgith & A7NA -
deprenyl®) SHAZALE 223l PSS I-deprenyle) REET
7} caspase B4 JAE AF5t YeEPGE=AE Aur st
caspase-3 E4ol| m]x)E= [-deprenyl®] ZHE-S FARKILE A¥
A7 10 M2 l-deprenyls 42 3}1S = 6-OHDAC] &g
PARP Edflol] o}F# 93-S w|X[A] ok Zo= HAHPoR
Z(Fig. 5), 6-OHDA®Y 2]t Ak} A|Eddol] tht [-deprenyl
o] B3 FFH7} caspase-39 BA Al ARHAR Aol ¢
& Ao FARAHAG B 2 AT e 2 2ad
I-deprenyl®] AlEAPE AA2FEvh= AXekA] s AEAANE
Ak A F8(cell death)?] g FellQl A3EAIE-E DNA
fragmentation®} chromatin %3 52} ejstd EA 3 v|EF
caohe) F AEANE B dWAE (eg. Bel-2, BelxL)# Al
FAFE ol Bofek= WulAS (Bax Y caspases)? W3l 5
o7 QXL E I FEIQ) AEAA Hnecrosis)$ TEEH ]
e}, 2y AFEANES AZAPE AESEE ftieshs 71d
o] thE Folih= YWSdE BTkl o FY 54 A=
off o3 AEAFAT} NEIAF FAPY EE A5H 08D g}
Un B2 AZ Y 7HEe] 7 Felo AX S5 3F2HeR
Bojgich= ApgEe] BuEn Qb o2 Sof Cattolut
AEHAGEA 2B AAR] cfos ol T FEE] ME F
o] BAo) Bodsla viEZEF okt cytoskeleton T2 el
&7 Tz Jole] AAL FIE] &g ¥ opel 53] AEAL
o) w}P- Eojd o APHETky Yol g Wi EQl Bl
2 9 caspase cascade®) 370l BoI5k= caspase =(caspase 8/
10)0] AZI IS BAgTn Bag vf ok o) 3 v
slo)| caspase cascade®] Fule Woidtiy LA caspase-3,
6 52 AEAALe} BEFER= Ba) glom g AEANE 7)1
of Bold wulAolzty spgsta, A W3l DNA
fragmentation ! Bcl-2 5] W3S 54T ZA [-deprenyl?]
SAEANE 282 2 e ATV A} [deprenylol ]
3 caspase-3 BAdo] AAEA] ok B AT ARNE FTHI Z
b | Ldeprenyl?] AR S FI} AAZE AFAPE g3 A
Hoj iths 7Fs73S wiAlE 4= §ith. 724 caspase cascade

+ of) tialed o} ks WEA Al ko, H0.= w3kE PC12
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24 SRS ] MFAESEL fFofFoE 7hasgion, 50 9
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