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Effects of Oxidative Stress on Dopaminergic Neurotoxicity
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Jong Hee Chung!, Won Kyun Park, M.D.1.2

Department of Internal Medicine, Fatima Hospital, Daegu, Korea
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Abstract : MPTP (1-methyl—4—phenyl—1,2,3,6—tetrahydropyridine) and its metabolite
MPP* (1-methyl-4-phenyl pyridium) are specific dopaminergic neurotoxins and induce
parkisonism—like symptoms and signs in animal models. This study was designed to evaluate
the effect of oxidative stress on MPP"—induced dopaminergic toxicity and the protective
effects of antioxidants. PC12 cells were exposed to the dopaminergic neurotoxicity by adding
0.05—10 mM MPP* for 1—24 hrs. In the cells treated with 2 mM MPP’, cell number decreased
and the neurites were markedly withdrawal and the cell viability decreased almost 50%. Nerve
growth factor (NGF) —differentiated PC12 cells showed higher viabilities than untreated PC12
cells in 0.1-10 mM MPP*. N—acetyl cysteine (NAC, 0.1-10 mM) showed significant
protective effects against the dopaminergic cytotoxicity with 2 mM MPP', and led to almost
complete recovery to normal cells over 3 mM NAC. L —2—oxothiazoline—4—carboxylate (OTC,
0.1-2 mM) showed slightly increased the viability of PC12 cells against the dopaminergic
toxicity with 2 mM MPP ", however there was not a significant recovery comparing with normal
cells. L—lipoic acid (0.1-2 mM) showed some protective effects on PC12 cells against the
dopaminergic cytotoxicity with 2 mM MPP*, however they did not show a significant recovery
comparing with normal PC12 cells. In conclusion, it seems that oxidative stress participates as
an important mechanism in MPP"—induced dopaminergic neurotoxicity and NAC may be a good
neuroprotective agent against MPP*—induced dopaminergic neurotoxicity.
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AL wiAAA Azl PC12 Al2F5 A3
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Fig. 1. The morphological features of 1-methyl-4-
phenylpyridinium (MPP*)-induced neurotoxicity
in nerve growth factor-differentiated PC12 cells
(x 100). A, untreated control; B, 24 hrs after the
administration of 2 mM MPP".
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Fig. 2. The effect of 1-methyl-4-phenylpyridinium
(MPP) on the survivability in PC12 cells with
or without nerve growth factor (NGF)-
differentiation. * p<0.01 NGF -differentiated
cells vs. undifferentiated cells.
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Fig. 3. The effect of exposure duration on 2 mM MPP*-
induced neurotoxicity in PC12 cells. * p<0.01
vs. contorl.
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Fig. 4. The effect of N-acetylcysteine (NAC) on normal
PC12 cells. * p<0.05, ** p<0.01 vs. 0 mM NAC.
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Fig. 5. The protective effect of N-acetylcysteine (NAC)
against 2 mM MPP*-induced toxicity in PC12
cells. * p<0.01 vs. 0 mM NAC.

30.05 0.1, 02,04, 1, 2mM2 OTCTF &2 A
AZEAEEL- 217 1051208, 105.7+1.7, 107.8
0.8, 109.82.2, 100.4=0.6, 95.1 £0.8%7 0.4
mM ©]3} A = PCI2A =8 &80 F25)
A S7HPp<0.01) G2y 2 mM OTC FXelA] Al
&2 2398 oA AA(p<0.01) A tH(Fig.
6). 123 2 mM MPP' & EdlA A0S {3t
AEL AEE 47.610.69% % Blaste] 0.05, 0.1,
0.2,04, 1, 2 mM OTCE A A A] =2 2}7)
48.6%1.3,50.4+1.0,54.1%£1.3, 55.2£0.8, 48.6
+0.3,472+12%= ®Bol 02-04 mM 54
AEgo] ek7t Z7Hp<0.05) SFFA T AL AlE
FroR T IAREA Kotk (Fig. 7).

4. 2uald MASH0l et LA2| B2 50}

!
__T_l,
=
o
A
o
2
&
o
et
&
001'

. - ek ?;1 0.05, 0.1,
0.3, 0.5, 1 mM LARF x| A] PC12A1328] A&EE
2 77k 101.4+1.1, 102.3£0.8, 106.1£1.0,
103.2+0.9, 101.3£1.2%% 0.1-0.5 mM 5%
A A ZAEE] s F7Hp<0.05) SFATF
(Fig. 8). 2 mM MPP* & LLopql4] 5A9S st A

= T =
_L_J }gi

65.910.30%% vlasted 0.05, 0.1,

BB A B 5L 245 258 2005
*
110 " T M .
100 —L T *
L
2
< 80
o 70
©
= 60
=
S 50
5
P40
30 |
20 |
10
0 0.05 01 02 0.4 1.0 2.0

Concentration of OTC, mM

Fig. 6. The effect of L-2-oxothiazoline-4-carboxylate
(OTC) on normal PC12 cells. * p<0.01 vs. 0
mM OTC.
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Fig. 7. The protective effect of L-2-oxothiazoline-4-
carboxylate (OTC) against 2 mM MPP*-induced
toxicity in PC12 cells. * p<0.05, ** p<0.01 vs. 0
mM OTC.
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Fig. 8. The effect of L-lipoic acid on normal PC12
cells. * p<0.05, ** p<0.01 vs. 0 mM lipoic acid.
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Fig. 9. The protective effect of L-lipoic acid against
MPP* -induced toxicity in PC12 cells. * p<0.01
vs. 0 mM lipoic acid.
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ol EA8ks] o] DNA £4sh 4484 55, A2
$1% T apoptotic body & @Alel #3H}-[36,37].
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