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Changes of Locomotor Activity and Biogenic Amines by
1-Methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine in C57BL/6 Mice

Ji Hoe Heo, Jin Soo Kim,

Department of Neurology, Yonsei University College of Medicine

Hye Ryun Bahng, Dong Goo Kim,
Department of Pharmacology, Yonsei University College of Medicine

The neurotoxicity of 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine(MPTP) in
rodents was investigated by measuring the locomotor activity and the changes of
brain biogenic amines in MPTP-treated C57BL/6 mice. The mice showed a typical
curved spine posture 24 hours after MPTP treatment. Total locomotor activity was
reduced and the ratios of stereotyped activity/total locomotor activity were increased
24 hours after MPTP treatment. However no significant changes were observed 7
days after MPTP treatment. MPTP-induced changes of biogenic amines were
evident, only in corpus striatum, not in frontal lobe, midbrain and hippocampus; the
levels of dopamine, dihydroxyphenylacetic acid (DOPAC) and homovanillic acid (HVA)
were reduced by 94%, 76.3% and 60.2% after 24 hours, and 819%, 61.3% and
26.1% after 7 days compared to control values respectively. The ratios of
DOPAC/dopamine, HVA/dopamine and HVA/DOPAC were increased 24 hours and 7
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days after MPTP treatment compared to control values in corpus striatum, but the

degree of the 7 days’ was

than the 24 hours”. The ratios of 5-HIAA/5-HT were

incresed 24 hours and 7 days after MPTP treatment in corpus striatum, but there
were no significant changes in the levels of 5-hydroxyindoleacetic acid(-HIAA) and

5-hydroxytryptamine (5-HT).

In conclusion, MPTP produced parki

changes in C57BL/6 mice.

A B
1 pl 1,2.3, P
ridine(MPTP) & HeAoe F3yzA msily
z i pathway)e]

& deoA AE(Davis ¥, 1979: Langston %5,
1983; Ballard ¥, 1985)3 €% (Burns %,
1983944 REFFEE dosle Aoz Lo
o LYo HAFAME Aol dgelels B
ohe @ B4 gl 2 doupx) @AW vhes
< 9% 4 Tl MPTPE Folsigle o 33
FEANS FAR shEFAY AR ol
dovke 2ol WEACHHeikkila 5, 1984; Hall-
man %, 1985; Heikkila ¥, 1986; Sundstrm
5, 1987). et sheelA Mele 27]9] #Fd
& 3 A2AoIM¢] dopamines] 727} Alzbe] A
ol mh fEdcke § W) Aege md=y
AT B 9Ee] 2o Ak E Aelde
MPTPE Foit vh§-20] Hold Ricolil g 3t
2 FAe $FRFE (locomotor activity) & FHe
A MPTP7} HoM= siegel 433 2z 44
&% 5 JEAF Lohua FF ol 18T 2Y9
718 ARE B3] A3 £ 4RE SRR

THE o
7. dEEE o dEE
AYFES MPTPol o3l 4] 71 & dot
€ Ae® ¢eiX (Sundstrom 5, 1987; Jossan 5,

1988) AF 15-17F Alele] 894 20-30g5 = 52
C5TBL/6 vHf-2:8 AHS3IAIT APSEES 1243

like i and

oz Hgel 2AHTO7004-1900417, 1900
A07004):) 4% F2 AREA 4AT 5 dE
283 FEUIN A9 Sk 2FY o1 A
B4 o] AN F FEE Foisidon GEF
o A¥E £F 2FEF 332 4944 ol
4 B9AE F33an

ARZE MPTP $ F 43 A#2% MPTP
R £ 79 ZAZo2 Wra A2 gael 0.9%
BENGFE FAD B2TL T

(1) MPTP £0{2 : MPTP(Aldrich, WI,
Milwaukee, USA)E 0.9% 424g5d 59 30
mg/ked] $FLE Folsiy FAY A&
0.5ml7t =5 2AsHen 1543 HHez 23
ASFABAS. w2t MPTP %1 ¥ 242 2543
279 3% F $F T 2 A=A A ok
(biogenic amine) ¢l F& FF3AT.

@ tEZ : 0.5mlg) 0.9% ¥PYFFE 154
AFez 23] FFAR A2t wpA R Fof YN
279 A3 F MPTP $473% 598p &% &%
= R 42 YA oRe] 2 3PS

. 25 285 5%

&% FEEE PAY MPTP 5o £ 4NZ R T
dAfoll 30% F<T activity meter(Opto-Verimex
Mini, Columbus Instruments, Columbus, OH,
USA) & ol§3td 58 BHoz s
Activity meterts 2717} 46 x 37 x 24} A2
FHNA 2.65m FHO2 0.32m H73e] 160 Hz2
F2He AUL WP PFIES =] Qe
v AYFE] HolA % e 1 H4E 7155
A FES FEAAG. F TF FFE(Total
locomotor activity) & #&HE Mol 4PFE
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< FAYel ga A BE WS, 2y 35
(ambulatory activity) & d@EE] 9559 4
Aol <J3) AEA Adsle A9 258, Teln F
o] 8% $EE (stereotyped activity) & 3 &
T HFEA By 2FEF 4 glo= gtk 49
FES] NEAHQ 28 o3 2L Heio] MEAo
2 A48 v F 2% FEsdE SHAY By
HFEAE 71594 g2 BEAHET

SHE AL ofalel 53

) ===l 43 : ¥z aFslel U A2
F F Aol RepdE 2o ayse AT
{frontal cortex), A2A (corpus striatum), ek
(hippocampus), F (midbrain) & Hel2 A&tz
(Jonsson % Nwanze, 1982), Wagner 5(1982)¢]
e AYse] AF ¥ High Performance
Liquid Chromatography-Electrochemical
Detector(HPLC-ECD) 2 F3gssich. F Hz3&
ZAFAT 10s1 o142 0.1M perchloric
acid(Merck, Damstadt, Germany) 0.25% dis-
odium EDTA (Shimakyu's Pure Chemicals,
Osaka, Japan) ##& 7}sled 8 (homoge-
nization) 3t3 1583 B3l ¥A F 125,000
A 5¥3t 941%2 sto] (Eppendorf centrifuge
5414, Brinkmann Instruments, Inc., NY,
USA) 2& 4%9€ polyvinylidene difluoride
membrane filter(pore size: 0.2m; Gelman
Sciences, Inc., Ann Arbor, MI, USA)2 #g
#, 3}4Z 10mlE HPLC-ECD systemel FAHH
< dopamine, dihydroxyphenylacetic acid(DO-
PAC), 5-hydro-xytryptamine(5-HT), 5-hydro-
xyindoleacetic acid (5-HIAA) % homovanillic
acd(HVA) & 7] A&sta JrEgapgel o9 3
FsAck.

@ 247P) o #4=A

HPLC : ICI High performance Liquid
Chromatography Sys-tem(ICI Instruments,
KORTECK35D, Victoria, Australia)

Detector & electrode : LC 4B/17 Electro-
chemical detector with TL-5 glass carbon
working electrode(Bioanalytical Systems, Inc.,

West Lafayette, IN, USA)

Applied potential : + 800mV vs Ag/AgCl

Controller sensitivity : InA/V

Integrator : 9% D-520B computing inte-
grator (3AE}, A, I3)

Column : biophase ODS 5m (250 x 4.6
Bioanalytical Systems, Inc., West Lafayeite,
IN, UsA)

Mobile Phase © 8% acetonitrile, 92% 0.15M
‘monochloroacetic acid buffer(0.53mM sodium
octylsulfonate, 2mM disodium EDTA 2, pH
315

£ £ 1 1.0ml/min

3. SHEE 24

RE AgAsE 37 + EFAR deich
EASH ¥4 analysis of variance{ANOVA)&
olgstEn 2 F3be] ¥lmE Scheffe’s Ftest2 2
Beigen ptel 0.05 PNl A4S A
Selgle Aoz Fgsidch

z o

1. MPTP Fof Mo 0pex E970] $iS

AP A A9FR FAE dxFol BF
25.8 = 1.4g, MPTP $i20] 25.4 + 0.9g°1e
o, 2473k B3 1} 7D A Fol = gRAS] 2F
& gslch

2. MPTP R0 22| 25 8850 ¢S

MPTP §of 2443t ¥ =9 H& 359 ¥de
Ao BFoz AR Sle AAFE AF Bole
Egoldich. 3¢ AL0E »2HRL o G2
3% MPTP o2 25 A& 1082 23 3%
St B4 F IFE L= 0T X A
3. MPTP Fod2eld A 52 gde hzast
2 Aot gYort 1 olFRE FAT We W=
F BYn. olv 308 3P 3 &% g¥==
z=7A9 30.5% FELE AR A=l At
Fig. 1-A).

% &% g%=d UF v ¥¥eE 8¥xe
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Fig. L The effect of MPTP (2 x

Tocomotor activity 24 hours

30 me/ks, 15 hour interval, SQ) on
after MPTP treatment. Mice were

exposed to the activity meter for the first time. Lecomotor

activity was measured for

30 min with 5 min-interval. Each

point, represents mean = S.E. of five mice, expressed as the
number of broken light beam. Total locomotor activity was

decreased in MPTP-treated

‘mice. The ratios of total locomotor

activity to ambulatory activity were increased in MPTP-
treated mice after 15 min of measurement.

& MPTP Fel2X7h 9 0.58 £ 0.07622
2R 0.34 £ 0,035 28 A g, o
229 At $3E A%T orE ol WAz v
7 FAIAT MPTP 22 F$E Aol
R Ael7} gebt 1583060 2A A3 F71l
Ezuc e U A% fASESHFig 1B,
TY HITEL TY Fol 5YY PYos &F
EFPL UL AR F LT UEE R T LB B
B AP Fr) NELE 2FEY ME BF o
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ZF% MPTP 2 Aelel #3@ AolF HolA]
stch(Fig. 2.

3. MPTP Soi2 ol 5izAle] 591 dopamine
THEHT 3 2 tiapige) BE

MPTPl =)@ 93¢ AU Haadn
ehsker] dopamine®t 7 tlAKLES] WEel WAt
Sich(Table 1). w5 MPTP %ol 24412 Fofl 4
2|14 dopamines] 912.96 + 93,11 ng/g tissue
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Fig. 2 The effect of MPTP (2 x 30 se/ke, 15 hour interval, SQ on
locomotor activity 7 days after MPTP treatment. Mice were
exposed to the activity meter for the first time. Locomotor

activity was measured for
t
number of broken light

change in locomotor activity between
control

= tEPA 1520437 + 990.55 ng/g tissuedth
94% 743515k, Dopamines] thAHIE<l DOPAC
3 HVAE 2] agAnn 76.37% 2 60.2% 2
28, MPTP ¢ 74 Fol= A=44
dopamine % 1 tjAbbEe] Favh @At
dopamines] 4% WZTA R 81.1%, DOPACE
61.3% 93 HVAE 36.1% 2astel 243 &
2% ¥rke MPTPl 9% dopamine 3 1 thAk
Ve B47h Bl A¥HE PeE EE

ts mean + S.E of five mice,

30 min with 5 min-interval. Each
as the
beam. There was no significant
MPTP-treated group and

(Fig.3,4.

EZF MPTP %ol 24M3 ¥ 3329 2%
DOPAE/dopamine ¥l &] t2#4] 7.5 + 0.5%¢]
¥ 29,1 % 1.1%2, HVA/dopamine Y& 7.9
+0.7%) ¥# 52.9 + 4.2%% HVA/DOPAC ¥l
&% 1055 + 7.7%0 ¥e 183.3 + 17.4%2 B8
&0 A e T F FFIE R
&2 ¥} DOPAC/dopamine ¥18°] 7.9 +
0.7%14 16.3 + 1.0%2, HVA/dopamine ¥I&
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Table 1, Effect of MPTP on the regional content of biogenic amines in mice

24 hours 7 days
Amine Region
Control MPTP Control MPTP
pA  FC ND ND ND ND
MB 126.95+15.95 110,74+14.64 194.6445.66 128,14+16.11
s 15294, 37£990.55 9129603, 11° 1512323110414 2852 57=253.88"
HC ND ND ND ND
DOPAC FC ND ND
MB 3057470 26.5835.51 59,91+18.42
cs 1127.10£14.56 266.6332.00°  1195.72132.22
HC ND ND ND
HVA  FC 192.08:+48,80 150,86+25.33
MB 70.03+19.93 186.25:638.77
s 1180.77+89.99 A1 136035+145.05 569,159, 15"
HC ND ND ND ND
SHT  FC 815.6637.36 825612360 7668559464 700.62:590.69
MB 11671238, 74 1R TTHIZN09 1333216346 1326.09=48.44
s 993,62:£120.23 8565044926 1058,01106.89 T713.83=54.98
HC 710.62+42.77 T42.53+34.69 826.3827.01 85006226, 44
5HIAA FC 270.62+11.63 27345+14 51 249.1329.70 228,46+16.81
MB 835, 17:£76.21 780.32:£69.45 814.44+41.44 762 05:36.51
cs 363,50+33,39 457.20+17.51 379.15+29,13 428.53:+33,88
HC 471,9826.80 471.30+16.58 516.42£19.40 541841736
FC; frontal cortex, MB; midbrain, CSi corpus stiatum. HC; hippocampus,
DA; dopamine, DOPAC ; 3, acid, HVA; illic acid, 5-HT; 5-

SHIAA: ic acid, ND not detectable
The mice were decapitated and regionally dissected 24 hours and 7 days after MPTP treatment
2 30 ne/ks, 15 hour-interval, SQ).
The values represent mean + S.E. of 5 mice expressed as mg/g tissue.
* PO.05

Table 2 The effect of MPTP on the turnover rate of endogencus dopamine and 5-HT

24 hours 7 days
Turnover rate
control MPTP Control MPTP
DOPAC/DA 7.50.5 2.1£1L1" 7.9£0.7 16.3+1.0°
HVA/DA 7.90.7 52.9+4.2" 9.00,7 30.8+25
HVA/DOPAC 105.5£7.7 183.3+17.4° 114.4£3.9 190.3+16.3"
5-HIAA/5-HT 376227 53.9+3.2 36.41.6 56.2+4.8"
DA; dopamine, DOPAC; 3,4-dil HVA; acid, 5-HT;

ic acid,
5HIAA; Erhydmxymdolsmuc acidThe mice were decapitated and regionally dissected 24 hours and 7 days
after MPTP treat
(2 x 30 me/ks, 15 honrin'ervab SQ
The\mlusm@ntmean + S of 5 mice expressed as percent.
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Fig. 3, The effect of MPTP on the entdogenous dopamine content in
corpus striatum. The content was measured 24 hours and 7
days after MPTP treatment 2 x 30 me/ke, 15 hour interval,
SQ). Each bar represents mean * S.E. of 5 mice. The
contents of dopamine were markedly decreased in MPTP-
treated group. The decrease was slightly recovered in 7 days.
P0.05

B control-7day @ control-24hr
1600 O MPTP-7day @ MPTP-24hr

ng/ g tissue

Fig. 4. The effect of MPTP on the content of dopamine metabwlites in
corpus striatum. The content was measured 24 hours and 7
days after MPTP treatment (2 x 30 se/ks, 15 hour interval,
SQ). Each bar represents mean * S.E. of 5 mice. The
contents of dopamine metabolites were markedly decreased in
MPTP-treated group. The decrease was slightly recovered in 7

days.
DOPAC; 3,4-dil ic acid, HVA;




B control-24hr
@ MPTP-24hr
05 8 control-7days
o @ MPTP-7days
3 0.4
8
H 03
€
e 02
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Fig. 5. The effect of MPTP on the turnover rate of dopamine in corpus striatum. The contents were

measured 24 hours and 7 days after MPTP treatment (2 x 30 me/ke, 15 hour interval, SQ). Fach

bar represents mean + S.E. of 5 mice. The tumover rate of dopamine and its metabolites were

increased in MPTP-treated group. The increases in 7 days were less than those in 24 hours,

DOPAG; 3,4 acid, HVA; acid, DA dopamine, DOPAC: 3,4-
ic acid, HVA; acid

P05

Turnover rate

control MPTP control MPTP
fa— )

24 hour 7 day
5-HIAA/5- HT

Fig. 6. The effect of MPTP on the tumover rate of 5HT in corpus
striatum. The contents were messured 24 hours and 7 days
after MPTP treatment (2 x 30 se/ke, 15 hour interval, SQ.
Each bar represents mean + S.E_of 5 mice. The turnover
zausofsmwmmamimnm group.
5-HT: 5-HIAA;
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£ 9.0 + 0.7%14 30.8 £ 2.5%% HVA/DO-
PAC ¥ 114.4 + 3.9%°14 190.3 + 16.3%=2
Aggo] F7IRAD 2441 F FYPRGE 2 F
7E A =7} ol Table 2. Fig.5.)

AzAelA 5-HT 3 5HIAAY §F ¥Ee 92
ou 1 ARl W) e 5-HIAA/SHT
vl&o] 4N T 3RTAME 37.6 £ 1L6%N
53.9 + 3.2%%,74 ¥ FHTAME 36.4 + 1.6%
oA hzz Aol i3 etk (Fig. 6. Table.2).

MPTP FJ2 Q13 HzH g oftle] Age
Az Q& B AFH T B svkl
£ dopamines} 5-HT % 7 diAbHee] ¥EE vet
WA ekl

.

£ 49 MPTP % ¥ vhg250] g2eln
e A e AFDR AE A 2ee %
A& BAIA Hole FRYY R FARIAG
MPTP %of 24AI3te] @ ¥ 3 &% @55/}
gz vig) @A Fasim wEe & % B
ol Ui o] WEEE @EEe vt S A
& AAAQ vhese] W) AT W AL PF
& A%REE vk Willis % Donnan(1987) &
CSTBL/6 oMo MPTPE 30 me/ke2 1063}
B FARE F 30% Foll P2HAE vhise]
Fol 4ARY Folle dEEH Ao/t gle YER 2
ghgckn Badgieh A4 F(1993 = MPTP
30 mg/ke® 13] WAFAL F PLAPE £F HEE
7k 120¢0] BT FRele A¥EAkD. @ ot A
o o] Bashs @el & dgelre 24A3t 2
Fols AAY £F FFES AaF AL F AN
A 7R W2EI A7t Gl R HEE
Ak o1BA ARbe] Al w2k &F WEEI} HE
A olfre HEAE @AY QiR Fey
o 8& doyt dele o 80%9] dopamines]
247} Wecke 4 (Bernheimer §, 1973) & n2]
@ o 2 A9 8" dzAdael 81.1%9)
dopamine Z2+ Willis ! Donnan(1987) 9] .31
oA MW A4AZE F2] 82%¢) dopamine @47t
olejg BEWsHE dos)lele FEAAE 7hee)
S, EF F9 Aold] Be Kold T& AAH ¥

F ek 2 AP Bgd oG Fnske 2e
Sundstrom %(1990) & eHp2elde] FFu} 4
F F= A&=AGT Sk 2 AY AAS §
(1993 % Sundstrom (1990)8] A3} Aol ol
@ Aol olvk= AHEF MPTPS] 839 Aeolo] g
T F & AoE 4BEHE HPAME 30 ng/ke
22 AHg, AAE §2 30 meks 13 A, Sun-
dstrom 5& 40 ne/ks 28] AH8). B APANE 40
ne/kes] §FE Foldle] Hgtor} A o ¥ ¥
<13 59k 257 Absied Sundstrom $(1990)]
BadHs e Basel A54L HAY & 9
o

MPTP §oi ¥ HZAdA A okile] ¥ge
AzAA dopamine?t T ciAHlge] WEozwr
AdAes vepdth <@ Ave MPTP7}
dopamine’d 1372l HEHY &4 doA &
e ZHag ] MEd Aom Ay,
ole ©& AzEe] 9@ Hunst d3c}(eikila
%, 1985; Sonsalla % Heikkila, 1986; Tadano
%, 1987; Sundstrom %, 1987; Sundstrom %,
1990). %% dopamine®| AEH-&o] F7HF 2L ¥
g e FElERNY Aol E3) et &
Aoz =Ny AR o)A £l A& vl
ok 4 Atz 6% FEOE AR
AzAA 4] dopaminex7t 74 FollE 18.9% %
o2 JHEAT A Al Aol e} ¥
€ olfE FURAE AT DA 2NN
MPTP$} 1 tiARHEe] AlRle] Al w2t gloj]
WA 2 9l 2T 7hsA, doktle EvRly A
73 @et(nerve terpninal) Wl M dopamines] ¥4}
Aol 7ML 7hed, S4UA 8 JPA=A
3217 Aol F¥- 4 (collateral fiber) 7t 47
W& 7Fsd, B MPTPH <3 shoisigld wofel
4 27 Al AAAQ A 7Fed TE AR 5
SrHRicaurte §, 1986).

5HTS) 8% & deld QA 2ed drdes
AFgelM F7H(Hallman ¥, 1985) E& Za
(Sundstrém §, 1987)€chs W7k QA A2
el 9L g Ao LeiA Ak Wallace F,
1984; Hallman &, 1985). ¥ A¥<lM 5-HT<} 5-
HIAAS] $3& WEE BolA] GAL 2 A&
AzAA ol gl Ftetc o1& dvhe
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MPTP7} Al2Edd AZATAE o9 o4 9%
£ Z 7bs4ol & AT e )

£ AgdMe Bake slegel AgAes 1Y
ke T Adolgke AL 2R W vhi2E WA
sey md ol ghedde Al &g &9
k. 22t B Al BYE 34719 45 2
A obdle] ML BASYPA HolE AT vhs
FAbE Wgo2A whg2vt grol Ao rekekm 4A
AHE & P 330l isE 2T 9 MPTPE
o143 AP APY ULFER AET F Y& R
o2 AzEd.

Z E

CHTBL/6 oh$-2=914 MPTPE ¥oidt & £5 %
S qEA A oF 2 2 ARiEe) W
& 339 25 e 2e AET A

D MPTP % 49589 3949 uge 9l
S AT 25t

2 MPTP %< 2412 ¥ 3 % 852/t 42
9% # &5 B A Tovl MEeE $E
=0 HlEE wohiow 1Y Fels Wzt vmst
o freig Aol HolA Bk

39 MPTP %2 2I& dopaminest 5-HT % 2
SRR WEE AN dgH ez Ve
v dopaminesh = iAMES] W] WA,
dopamine % 2 UAHES] DOPACSH HVAZH 242)
AT F 2HT BN AAH BESAGAR T
9 Fole ozt AT MPTP 5o § A4
o142} DOPAC/dopamine, HVA/dopamine %
HVA/DOPAC M€ 244 2 79 342 &
Sl 2R vl WA FtEded 79§
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