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3-Nitropropionic acid (3-NP)+ zplol] Exis}
< 5%o] Z(plant mycotoxin) 2. &, T3} o|(fungus
Arthrinjum)el] 9% E2u-& F3] Aol A
Mg ooy BeixA Fglh 3-NPE bl
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AEg 7 A, g 3-NPol] oJ3F A A EE
A9 3 7l ez Ak AE A7) Wol oA 3
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3-NPol] 2Jgt X17d%Ado] copper/zinc superoxide
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59 7+ FYsldet. viA £ F 5F F xyla-
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3-NP $0] % 281 apoptosisell gt )37
Z2] AIE GRlebr] Al vhe2m=12)& 47
o7 ulsloe] stereotaxic frameol] AsLc)
FIE SN AA F FAEE =FAZck
B HulH Alokstoll A x| #HE =g Ag-slof
eEd FAMEE 2A2HA AASI FA71E
ol4sjo] 22 A2FAE WA 29 AWAA A
Asdct. AAAEES AT vheas WA
glutamate AHY-& AAs7] S8l 197 B8 A%
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E, n=10)7} 7+ 3-NP o] 153 Fol] ¥z} 1 2]
gk ol%, 2t 6ulel o] vpesBo] 2o
A2 4vleldol DNA 22 3 %719 %o o]
SH3ick wkAg 3-NP £9) & 312 5 vjelol
Bl
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DNAZ| jn situ ZAt

VA A7 ¥, 1 ABelel WEAN A4
(cryostat)ell4] 20 pme] ¥ Acksigich 500
pm 9] A% AHES Salol ol 9124
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o] ¢ K& GAEAA 2B ZHsl0] M=
Ao} Wwe] WH-E Feidvl. 7 A4H £ w9
el Ak AlE {3 T AA Aol
ZAIE gele] AzAlel WwilaE Falgicl A
ZA|S] FHENA AL FAAH S WEAH &
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7} eosin (H&E) o Mel] o] £3}9 i o] ZHE] 100
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deoxynucleotidy] transferase-mediated uridine 5°-
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o}, ARE Lelol el YNA  B] FolA]
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gloll 3087 wloksisict. o] PBS ool A4
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9t o] HHS-2 6 mM sodium citrate®} 60 mM
sodium chloride 2 307t Al%sle] W&l &
2Zlo] == 2% bovine &3 ohHulS T3lsl pBS

olA] ufek - avidin-biotin-horseradish peroxideod]



A 3087F wijeksjeict o] 3 mM 3, 3,-diamino-
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volume 2.2 7} 22 #AE WEagct olF
100% <¢F-2 2 volumed} FEEE 0.2 M2] NaCl
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nation, 300 nm wavelength)& o]-§ AZ#d-& 3}
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$&to] Ak3kEl Hydroethidium (HEN)S) in site A3
WS AHEsglt. HELS 0,9 oo ey oz
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droxyl radical ©|\} peroxinitriteoll= ¥h2-5]4] 9
i Holiel”. s AHEE nheag Aol A
INPE 297 87 ] 24 & miA 2] 247
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meg/ml in PBS)& ZRAMez Feleigich ul
sholl shokel Ael4jeds: £H200 ml 10 Ujmi3h
3.7% formaldehyde o8 2 Alzla}Z (transcardial
perfusion)ol] 2Js]A 3 YA|Z. 3.7% formal-
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& A% 23 AzANA 27 AolA HFL W 3
& olgelolnh 2E 49 AR FFLETUR
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2§18 A2 DR,

Z

I2xE OfANAMQ TUNEL in situ
#HE, 02°, caspase immunoreactivity
H[

-NP §of o] L8545} apoptosis 7+2] &

#olskr] &ste] TUNEL in situ 2358 A|3)

9] Az

o4 7 %;El .9_051(1,790199.2/mm' mean+SD)

AR FE 599 AdzAelA e IEEA stk

TUNEL o3 AEEL AslA A== iz £4

S B lrkFig. 1A, C). HEt

AL-2 Murakami S'Vo] 913

A7} AEAAA 22

Z] 9] apoptotic body &
o o3l 7&d 02 &
ghule} zro] AtslEl HEt
$o YA el gl o AL mETE
F/lo}o{l o3l HAE 0,7} AEATR FAlE]o] B
olx Zolu, B4 F2lol dzAlelA AEAD &
F9j014 SalelA Z7hElol et AAAE 2
o] AzAlellA= o]efdl Amv} vl FHlow «)
2906l 91405k S welekFig. 1D, B). A%
A AE#A9 o] 9F caspase immunoreac-
tivity @A) ZAF Hejo] HzAollA] ZvlEle] 9ot
o5, AAAEL] AERNA AA Fas)m 2}
2 AR ANE A4S wE AN P4E 29
o}, olol wral 3 WHEE 2] HEAAAL o
5 oFslAl A=A} AL dAe] =HA Et
(Fig. 1F, Q).
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Fig. 1A. Representative findings of O, produc-
tion, caspase-3 immunoreactivity and
apoptosis through intact glutamate cor-
ticostriatal pathway in decorticated mice
following 3-NP treatment for 5 days.
Intact striatum showed pale area with
cresyl violet staining, but in the dener-
vated striatum no pale area was seen
(A). TUNEL-positive cells were not de-
tected in the denervated striatum (B). In
the intact striatum, there were TUNEL-
positive cells that were densely iabeled
in the nuclei (C), accompanied by
apoptotic bodies (high-powered mag-
nification in C).



Fig. 1B. In the denervated striatum, oxidized HEt signals (red in color) by O,  were scantly
detected and were found only in the perinuclear area (D). In *he intact striatum, oxidized
HEt signals were detected more often and were diffused into the cytosol (E). Oxidized
HEt signals were seen as small particles in the cytosol (high-powered magnification in
E). The CPP32 immunoreactivity was weakly labeled and coarse immunodeposits were
not detected in the denervated striatum (F). CPP32 immunohistochemistry of the intact
lesioned striatum showed densely labeled nuclei and/or nuclei of shrunken cells (G).
Some caspase-labeled cells were seen as coarse, granular immunodeposits in the
cytoplasm of neuronal cells (high-powered magnification in G). Boxes in C, E, and G are
high magnification of the same area. bars=1 mm in A, 50 ml in B-G, 10 ml in high

magnification of C, E and G.
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¥ TUNEL o4 AlEEo] 273 NBQX T4
T4=]9) o) MK8017oll A3 akE] 2] ok} &
23] HglekFig. 2B-D). 3-NP $0] 52 5] NBQX
o Wl g2 dzF o3k Helr} glo]
H|52615ieh. MK801:--g- Biwdutalo] 72 glo] of
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39.7% +11.2, MK801: 1.26% +1.26, NBQX
31.2% +4.5 p<0.05). TUNEL JAle] #9% u|&
gk FE wo] dzFa MK80IFe] EAl e
TRk Rl & Holow 2T NBQXTL §o
gk Zto]7} PR THNBQXT; 1194.667 +516.6/mm’,
MK 801%; 106.667 +106.6/mm’, th27 1770.667
+101.4/mm’, p<0.05)(Fig. 2E-F).

3. FI|1YSA: MK8012 DNA internu-
celosomal fragmentation? |
3-NPE 59 7+ Fo] & AzAoll4 DNAZ
F3to] Alelgt A7) 549, 279 NBQX ol
A YA =719] #2 z7ho 7 AR DNASL] o]

EoE Q¢ ladder FENE 2 4 919} MKSO!
o4& apoptosisE A4l ladderdd®at o
2} necrosis & VEM = £9 S l(smear apttern) =
WA skel. Bal” DNAzZR =7y of
200 base pairs HX9] Z7|5 71} e UR
FEEoll A= laddering ez} ol eksl 3 necrosis
o el DNAS) 2|48 0) atg] el obghe
Zro] WIch(Fig. 3).

2k

i

3-NPel| & AHMEA ol gt ge A}
AP AAE, 3-NPoll ]gt kA 7Aoo &

Fig. 2A. The role of the NMDA receptor in apoptosis through excitotoxicity following 3-NP
treatment. The lateral portion of the striatum using cresy! violet-stained sections was pale
bilaterally following 3-NP treatment for 5 days (A). In the control group, apoptotic neurons
were widely distributed in the lateral striatum, indicated as bright yellow spots under
dark-field phase contrast microscopy. Also, there were necrotic neurons with a slight
yellow color (B). In the MK-801 group, there were few or no bright or slight yellow spots
under dark-field phase contrast microscopy (C). In the NBQX group, distribution and
number of bright or slight yellow spots were similar to the control group (D).
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Fig. 2B.

Comparison of the lesion volume percent following 3-NP treatment

for 5 days in the control, MK-801 and NBQX groups are shown (E).
Comparison of the TUNEL- labeled cells following 3-NP treatment
for 5 days in the control, MK-801 and NBQX groups are shown (F).
All values (E and F) are mean SD. asterisk indicates significant

decrease compared with control and NBQX groups;

*p<0.05.

bars=1 mm in A, 500 ml in B-D.
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Fig. 3. Representative findings of DNA gel
electrophoresis following 3-NP treat-
ment with MK-801 and NBQX for 5
days. DNA gel electrophoresis from
striatum of the control and NBQX
groups showed a ladder pattern with
200 base pair segments in length. It
was also accompanied by random
fragmentation as shown by an over-
lying continuous smear pattern. Ho-
wever, in the MK-801 group, there
was neither random nor internucleo-
somal DNA fragmentation. C, control
group; N, NBQX group; M, NMDA
group; D, 123 base pair DNA ladder.
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The Mechanism of Striatal Damage in
Mice after Intraperitoneal Injection
of 3-nitropropionic Acid

Gyung W. Kim, Young H. Sohn,
Myung S. Lee and Jin-Soo Kim

Department of Neurology and Brain Research
Institute, Yonsei University College of Medicine

Background : A newly-found mitochondrial toxin,
3-nitropropionic acid (3-NP), has been proved to
induce apoptosis in the striatum. Although striatal
lesions produced by 3-NP could develop through an
excitotoxic mechanism, the exact relationship be-
tween apoptosis induction and excitotoxicity after
3-NP treatment is still not clear. We investigated the
role of excitotoxicity and oxidative stress on apop-
tosis induction within the striatum following intra-
peritoneal injection of 3-NP.

Methods : 3-NP was injected for 5 days intra-
peritoneally in three month-old mice. One day after
the last injection, animals were decapitated. To con-
firm the presence of apoptosis, we performed in-situ
detection of DNA fragmentation by using TUNEL
technique and agarose gel elctrophoresis after DNA
extraction from striatum. To examine the effect of
frontal cortex removal on 3-NP-indeced apoptosis,
we removed left frontal cortex by aspiration. For
excitotoxicity, NMDA-receptor antagonist-MK 801,
non-NMDA antagonist-NBQX, and saline were in-
jected intraperitoneally before 3-NP treatment To
detect superoxide, we administered hydroethidium
(HEt: 200 ul; 1mg/ml) into the jugular vein 2 days
after 3-NP, and the density of oxidized HEt in
samples were examined under flouscent microscope.
We performed caspase staining to test immunoreac-
tivity of caspase 3 in samples.

Results : The TUNEL positive cells were not
observed in the striatum ipsilateral to the frontal



cortex-removed side, but found in the contralateral
striatum. Superoxide radicals measured by using HEt
and caspase immunoreactivity were also significantly
weaker in the striatum ipsilateral to the frontal
cortex-removed side than the contralateral striatum.
TUNEL staining revealed less apoptotic changes in
the striatum of MK801-treated group than NBQX-
or saline-treated groups. DNA laddering on agarose
gel electrophoresis was observed in the striatum of
NBQX- or saline-treated mice, but not found in MK
801-treated group.

Conclusion : We demonstrated that removal of
the corticostriatal glutamate pathway reduced su-
peroxide production as well as apoptosis induced by
3-NP and NMDA receptor antogonist, but not non-
NMDA antagonist, prevented 3-NP-induced apop-
tosis in the striatum. These results suggest that
NMDA-mediated glutamatergic excitotoxicity plays
an important role in 3-NP related striatal damage.

Key Words : 3-nitropropionic acid, Striatum, Mito-
chondria, Excitotoxicity, Superoxide,

Apoptosis, Glutamate
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