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Kainic acid® %= A|Abd3l W A7 97188 2 3] 3 o] A

A Y Eat HAR AAAE A2l vA= ¥

B oAqto] AL 6- hydroxydopamine (6-OHDA)ZE WHE 33 d71&H
Rdlof A kainic acid® A]%Y3  (subthalamic nucleus; STN)o
HAE WE A3, AE dEe] wWlel substantia nigra pars
reticulata (SNpr), &%+ (globus pallidus: GP), Z>xud)
(pedunculopontine nucleus; PPN)OlA 2] 2AME H7|EAEo WIlE
i MISA IS s

6-OHDAZ  FH 9 ZH-MxA =394 AR HWAE WSO
371 BdS e $ SNl MaE vHE7] ZFe] apomorphine
fr% 31" ZHAF (apomorphine-induced rotational test)®} $Hd2]-g-H 3
AAb (forepaw adjusting step)E T A&stA WsE B&s3.
WS, SNpr, GP, PPNellA o] ABAME A7 WstE 45k, 4

S ol S5t wake} et

A5 A& R4 SINe|l ¥AE wEW apomorphine FAF -]
et s w@erel IHdREol Fasta Rlasiie
ShEASRYHAA} Ayt SAFEJAG. EI, AL dFeh Hasto]
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Kainic acid® THE AR S WAV 97150 2d 3] 3 of A

AL dEat HARH AGAE A7l A= G

AANA 71AHZES] 752 F-xo] tig PER TP dANE A
DeLong T'o] 950 ey mEloA Qe ARZ nigon FAd
+sd2d ds 7P, AR (subthalamic nucleus; STN)9]
dHgo]l  HIEHe] WEHAE e Fed A4S v Blo|tth,
& A o}k SINS &2 MEA (striatum)ol Al E=3dl
Agor I3 A=, JgAEd HFT AEEIH A= (pallido-
subthalamic pathway)e] A E=7} 7FAsl7] wj&Fojtl. SINS 7] A3l 9]
AR FERES NI AR dHAd go. olYyd THES
nhgoz, SINY| HEFE FAAVIE Awo] =ubul ARdEe FobT
Aol M®" Yehs YEHIEs IEHA7TE ARl AT
sk, AA 915 A A He TR SINS A8, e
(akinesia), 72 (rigidity), & (tremor) ¢ <S4l =

SARGE AL was Y

H
o|\



2 oled oy X MAdE BTem, ofdE el
e egelel daAE wEAA Qgdom, 53, A2 ATE
g 7lEe] ApdE AR eA @ FAE wel muHi gtk o
Sof, J)Ee] Ahdel ojstw adel ook @ oAy AEA-
AR el BAHEF A4

qri= Bwuw goh
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71 1Y FEOA 7EE SFuES AU BEYER
o] wEg  (firing rate) vk olygr 3 A4 (firing
pattern)e]l W37} A= Fod ARAS o = glon, A

(

gREe  wige]  FuiiA

=

interspike intervals;  ISIs)9]
=AY S7F, 53 2ste] 34 43 (a tendency of firing in
bursts), =3+ Wsl&9 F7]4 W3 (periodic oscillation in the

firing rate) #< wsl gAle] wistE ZAxstaw k> gy

olelgt FAZe] Wk Jl=E Ao ARBeAT B F ks
B AR

A3, waed ws e wsyl 5Ad ATl 7=
W tE ATAM 27 s)=g

1 ofmy FaAdel

ok =
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ol
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olQo %, FIEY Aol B L A Foflo] 7] Hel s E
o}z A orHA YA Zrl. Zweg XL 7 w3 (pedunculopontine

nucleus; PPN) o AAAMFES] &Aoo} QAL A7l #23

e ofygt mE W A Fofdx #Ho] YSA HETIAL
FA39ct. PPN %% % (locomotion)S E&3 A|Exds

(somatic motor behavior)S ZAsl= wz7ke] =&z dyAd . ®
71EH el HejAdgdAes 7o A Fx2E {internal globus
pallidus (GPi); SIN; substantia nigra pars reticulata (SNpr)}e]

g F77F A A 42 (thalamocortical pathway)E =3}



JzlstaL, PPNO| AlASAGEAR JIFE F Aom Ao
PPN ZFElHo]|EA  (glutamatergic) A7
(cholinergic)® H|ZFHAR AABAEXE F4E
AAQl JEARE A EY, PPN =

2
ey FFEde WA BA} de Ao

it
o
o,
)

B Ao A= 6-hydroxydopamine (6-OHDA)Z Th= 33 31&H
Bdo| A, kainic acid®Z SINo| ®H|AE e S, 2Ed d59
Hskel SNpr, W& (globus pallidus; GP), PPNelAle] AIZAE
A7) w0 Wsts dEetaat skt



AR R
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BE A S HAYdsEY a3y 5 HASEEF o|FoH
A 150-200 g°o] A 3FH  (Sprague-Dawley rat) 41vfE]lE
o] galgtt. AIAFELS /e 1EFEOS®E  Fo] (Table 1) 3dh}e

cageol| Svlg|¥ ALSslal Holol E5 Fwd] Twordern, =%
#57b 9AS) 2UHE 12A BFoR BF % 2FHE Pl
e
Table 1. Experimental groups
Group No. of rats

Control 10

SNpc lesion 10

STIN lesion 7

SNpc+SIN lesion
SNpc+STN sham

SNpc: substantial nigra pars compacta, SIN: subthalamic nucleus.

2. USAYY (medial forebrain bundle; MFB)3 STNeo| tjj3dt
H

H

i
)

3 HE ketamine (75 mg/kg), acepromazine (0.75 mg/kg), rompun (4
mg/kg)o]l T oFES o]&ste mFH T, 0.2% ok~ ERIAE (ascorbic
acid)¥} 0.9% ]2 gg=ol] =33t 8 ng«] 6-0HDA (Sigma, St. Louis, MO)<
BHA7ITE ol&ste] B (HABo=HE U 4.4 m, SHCE 1.2 m,
Ao 2RE 7.5 m ZoDol 0.5 ul/min® £EE FAESIT.T FAL

Eu AEE 5ERt fFAARL - S AT 2oty



~

(noradrenergic) AIZAAE7F I EA FEE 6-0DA FAF 305 #ol
desipramine (12.5 mg/kg)s 74 W FARMTE SIN W¥as 0.5 ple
Ay algdaol 1 pg® kainic acid (Sigma, St. Louis, MO)E =&3}o], SIN
(Ao ZRE Fu 4.7 m, SHO= 2.5 m, FI4O2HE 8.0 m 2o])o

0.5 ul/min®] £E2 & 1 uls FY3AH.

3. B&H AHA

itz obab A 8w S 71 AL (forepaw adjusting step)¥ apomorphine

% 3 AAA  (apomorphine-induced rotational test) F|Z

A]
A&t 7has] AAMHS HuWEtd HE 90 em/12 sec EEE
Aol ©ab (treadmilDHel &8 Fev. Fo Ao E=F

3 & T

Fig. 1. Forepaw adjusting step.



Apomorphine % 3IHAAE AE3FHE  (automated rotation
bowD) ¥ o HEel FFAHE w= FAE As3H7] (automated
rotometer)S o]-&3ste] 2A3AT. 0.1 mg/kg®] apomorphined MFBe]
HWas vE A3 HAasE vhE A 35 Fo Zzp Bt
FAFSEATE. WA
BRSO B
1 &3t #2458

(Fig. 2).
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4. MAA=S 715

ARG A

!

A718%52 A ELI=A  (extracellular single unit
recording) S 913, FFHE urethane (1.3 mg/kg)S 7 Ul FAlsto]
upHA A Y, fIn T2l (glass micropipette; impedence 7-10 Mohm
at 100 Hz)2 0.5 M sodium acetate buffer (pH 7.6)°] g3+ 2.5%

Pontamine Sky Blue® ¢ WAdANAAEZ A7|S% =AHo| A3},



Trge sz PHE Be F, uAdFS AY7TE o8

A71Ese S84 4 AFTE=dd 498kt (Table 2).

Table 2. Coordinates of each targets.

Target Ap? Lateral® Depth®
GP (-)0.8-1.3 2.6-3.2 6.0-6.6
SNpr (-)5.2-6.04 2.4-2.8 7.4-8.0
STN (-)3.6-4.16 2.2-2.6 7.4-7.8
PPN (-)7.8 1.8 6.6-7.2

' distance (mm) from bregma (+: anterior, —: posterior).

?: distance (mm) from midline.

. distance (mm) from dura.
GP: globus pallidus, SNpr: substantia nigra pars reticulata, SIN:
subthalamic nucleus, PPN: pedunculopontine nucleus.

A7IA135 % bridge mode= DAM80 preamplifier (WPI, UK)E E3
i, SE% 213+ oscilloscope®t audio monitorE &3l
BAEG . GdAANFME A7]EF5S window discriminator (WPI,
UKl ojaf deiso] AFAE 2spx87F Spike 2 HIFE TR
(version 2.18, Cambridge Electronic Design, UK)oll A=A},
AAE A5+ window discriminatorol]l €8] ®r&u} (square wave)®E
vk AL, A/D converter$t ZiSl FAFEl s A" AmE HpH] o]
AZE At Zzhel MMz dis, "o wEE, "o SS9,
autocorrelogram, 23ty TS AT, S9434 A2 7+
N7AAEe] B8 A% (units degree of burstiness)E Hutchinsons™*
o] Wagk AxrHFAof uwhgl EAEgitt. WSEAE (bursting cell) &S
modal interval& ¥ WIEE s @Y IF7F 1080 o]dolUrt.
Autocorrelogram®. = TFZA  (rhythmicity)S EA3tR o™, cut-off
A= 0.95= ik, IR EEE deotEr] 8,
autocorrelogram’doll A  wWWls] FEE= o] AHHe Fro  wEk



5. =334

HAA=7]50] £ v5dd=, 7ISFFAE FAs] A8, mAd=
Heto]  Pontamine  Sky  BlueE -18 pA® 2087 o]
(iontophoresis)< Al&sFATE. AE Zo] v A7]aL A4S F3
125 ml A9t dolo] 250 ml 27FE 4% paraformaldehyde®=
AZT. HE AAsE 10A12F &b L BAIZ $-, 30% sucrose®
@A BPAEH o] wWi7tA] FolEth. FAS 20 um FAE Y A=
% rat tyrosine hydroxylase (TH)o] Tt 1:750 12} Uva &4
(polyclonal) &A] (Pel-freeze, Rogers, AK, USA)®} biotinylated goat
anti rabbit IgG 22} @A (Vector Labs, Burlingame, CA, USA)E
o]&ste] WHAAFAME ST, ASE FFATIZ] #1F avidin
biotinylated horseradish peroxidase®] AF&S 9& Elite ABC
Vectastain kit (Vector Labs, Burlingame, CA, USA)E A}&3}3it}.

i
i

3,3" —diaminobenzidine tetrachloride dehydrateE A~
(chromogen) o2 Algglom — AMwsts  Fglo] 3l7] 98] cobalt
chloride/nickel ammoniume AME8IHTE. FAlo, SINH AL 7]# 389

47185 NERE #3387 Y8l cresyl violetoZ FAE FH).

e Byerdedzkz FAEA. AV EE 71S5AR Y
A8t BAS Y= ANOVAYE Kruskal-Wallis one-way ANOVAS
ARgERl e, Zb aE3re] qEARe BlaE sl = Mann-Whitney U-
testE ARESIATE. SAIHY ok p<0.06= SRt BE EAITH
218 GPSS version 9.0 (SPSS Inc., Chicago, IL, USA)S o]-&3}3itt.
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A ey mde) WezAsy 47

—
(ot

6-OMDA  ofs  wbEofxl  Waol fAe WelE, SAAUY
(substantia nigra pars compacta; SNpc)€}  AZA|eA  THe
Astaiom A AEet AR7t ZAag Aow Hrbedv (Fig. 3
AB). Aol & Foll, SINe Wik H7pskgle=d, SIN fjAelA
SNpee] =¥ wFsrp wEHAT (Fig. 3 C,D). SINO Harh 4
1A MAA ARIRE A1 SINO At = AT REEIA A &2 A=
At A ALstlk. 7143 (GP, SNpr)¥} PPNe| 7]gE 7]
F-91= cresyl violet@MS sho] &1skdth (Fig. 3 E,F).

Bl
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Fig. 3. Confirmation of lesions. (A,B) Immunohistochemistry of tyrosine
hydroxylase (TH) showing the total degeneration of dopamine neurons in the
striatum and dopamine cell bodies in the SNpc on the 6-hydroxydopamine
injected side (arrow, B) compared to the normal side (A). (C,D) Cresyl
violet—-stained sections illustrating a unilateral kainic acid lesion in
the subthalamic nucleus. The arrow indicates the location of the lesion
(C: normal side, D: lesion side). (E,F) Photomicrograph showing the
Pontamine Sky Blue mark corresponding to a neuron recorded at the end of a
track in the pedunculopontine nucleus (arrow, E) which corresponds to the

Paxinos & Watson (1998) atlas of the rat brain (F). Magnification, <40.

SNpc: substantia nigra pars compacta, VTA: ventral tegmental area,
STN:  subthalamic nucleus, PPN: pedunculopontine nucleus, ILL:

intermediate nucleus of the lateral lemniscus.

2. SIN H&7} vhj&E Gty -S R o nx= 9

SINOll WAE Wh=i= Zlo] NhfE: ehdA SR ol oj| JIFs vA=
7te Golry] Y&, RE 189 FHoA HIAAAE AP
sombe] & 4ombE] (80%) oM AFH o= wlEy mdo] wHEolx

7 el BE AR FE Fi

0o

S
o
k
>
QL
38
iy
k=)
~Y
by
ok
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24 3 (n=7)ellA SINel WAE e F, Henge 47}
2.6£0.5914  5.040.9% u|A  FUFEAT  (p<0.05; Fig. 4).
SINg 2] a3ts A AFAd deiMs dofrdn. Was w

i

rlot
N
>
oyl
[
rod
u|
o
Buf
uls
2
32
iuf
o=
rod
b
Wil
>,
-.>3
ol
Y
2,
X
Jns}

¢

OR HL
20 T
T
15 - L
10 1
*
57 * %
- Z
0 |
control PD STN PD+STN PD+STN
sham

Fig. 4. Results of forepaw adjusting step. The numbers of
ipsilateral (striped bars) and contralateral (black) forepaw
adjusting steps before lesioning, after 6-OHDA lesions, and after
unilateral kainic acid lesion of the subthalamic nucleus. Each bar
represents the mean®*SEM stepping numbers; * p < 0.05, ** p < 0.01 in

comparison with values from normal animals.

PD: Parkinson’ s disease, STN: subthalamic nucleus, SNpc: substantia

nigra pars compacta.
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3. SINHA7L S ALEF VA= I

St S H P AAE FHe  FHEO  Fs|A  apomorphine =
S AT, 6-0HDAE FARE 2E 23 aiey 2l
(n=24)°] EF=EUvt. F0E 2d 3F (0=10)9] g AR s HLt
S|4 452.8+45.89]1%tF (Fig. 5). SIN HAw weE AN 33H
(n=7)oll A= apomorphines FAIH WAE TEX 2> B dAF9

)
2

PR RiEe BE, e Bonn IALES AY wi
&

500 - *x

* %

400 -
300 -

number/hour

200 A
100 ~

control PD STN PD+STN PD+STN

sham
Fig. 5. Results of apomorphine-induced rotational test. Apomorphine-
induced contralateral rotational behavior of rats after 6-
hydroxydopamine lesion and unilateral kainic acid lesion of the
subthalamic nucleus. Each bar represents the mean®SEM rotations per
hour; * p < 0.05, ** p < 0.01 in comparison with values from normal

animals.
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PD: Parkinson’ s disease, STN: subthalamic nucleus, SNpc: substantia

nigra pars compacta.

4. SINB &7} 71433} PPNe| =3} 23h&3 dstgdol nAe 9F

Zt7ke] aFolA A7|EEE VIES AAAMEY £, HAE LeE,
SIA S Table 3ol UebiSich. mlAld=9] g FrellAd 7153 H+

=

=
NAAFES F= 2.0-3.4M2 Z ZFolA n=dc. H
oS AAAACA, 7+ AHe] Hy wehES vh5d 2ok {SNprs
20£1.3 Hz (n=42), SIN; 11+1.0 Hz (n=27), GP; 19+1.6 Hz (n=34), PPN;
942.3 Hz (n=34)}. B et wlwsiA, s7lery mdl A=
Byt B38o] SNpr (2741.6 Hz), SIN (20+1.8 Hz), PPN (12+1.7)0llA]
oM A S SFATE (p<0.05). Lefuk GPAlAe] H BSHES 16+1.3
Hzz2 Z2al vl (p<0.05). SINo|l HAZS wE gzlesy md
B Foll M=, SNpr (2442.2 Hz)3} PPN (8+1.6 Hz)ollMe] T7id H
wslgo] Al ZAastglom,  GPolAE  18+1.6 HzE  EUFsiTh
0

.05). 31EY Bl B FH A A A4 = sham SIN HAE THE

B>
i

g W5

Ay

o

© WstE godshgo]l v IEHA dddv. A Al SIN

o
°
Wag WE A%E, E AYsne g4 @

4N
lo,
o,
4
i,
o)
o
_\F_l‘

kel 7h Aok (GP; 16+1.7 Hz, SNpr; 26+1.7 Hz, PPN; 13+1.2 Hz)
(p>0.05; Fig. 6).
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Table 3. Results of microelectrode recording. The general results from GP,
SNpr, SIN and PPN neurons recorded in normal rats, and in rats with SNpc,

STN and SNpctSIN lesions

STN PPN
Group  peyrons mean firing Interspike  neurons mean firing  Interspike
(n) rate (Hz) interval (sec)  (n) rate (Hz) interval (sec)
Control 27 11£1.0 0.15%+0.053 34 9+£2.3 0.20£0.012
PD 49 20+ 1.8% 0.44%£0.106 42 12+1.7% 0.04+0.004
STN 35 8x0.9 0.05%+0.005
PD+STN 44 8+t1.6 0.04+0.006
PD+STNsham 37 20+2.0% 0.36=0.090 30 13+1.2% 0.04£0.005
GP SNpr
Group  peyrons mean firing interspike  neurons mean firing  interspike
(n) rate (Hz) interval (sec)  (n) rate (Hz) interval (sec)
Control 34 19+1.6 0.20£0.012 42 20+1.3 0.04£0.019
PD 42 16+1.3x 0.04x0.004 62 27+1.6% 0.06+0.024
STN 35 16+1.2x 0.05%=0.005 33 19+1.6 0.05%=0.005
PD+STN 44 18*+1.6 0.04%+0.006 36 24+2.2 0.02%+0.007
PD+STNsham 30 16+1.7x 0.04£0.005 35 26+1.7x 0.04£0.020

The values: means £ SEM. * P < 0.05 in comparison with values from normal animals.

GP: globus pallidus, SNpr: substantia nigra pars reticulata, STN: subthalamic nucleus, PPN:

pedunculopontine nucleus, SNpc: substantia nigra pars compacta, PD: Parkinson’ s disease.
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GP

. * | . |
Control PD STN PD+STN PD+STNsham
SNpr
* *
Control PD STN PD+STN PD+STNsham
STN
* *
Control PD STN PD+STN PD+STNsham
PPN

k

Control

PD

STN

k

PD+STN

PD+STNsham

Fig. 6. Mean firing rate. The mean firing rates (Hz) from GP, SNpr,

STN and PPN neurons recorded in normal rats, and in rats with SNpc,
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STN and SNpct+SIN lesions; * p < 0.05 in comparison with values from

normal animals.

GP: globus pallidus, SNpr: substantia nigra pars reticulata, SIN:
subthalamic nucleus, PPN: pedunculopontine nucleus, SNpc: substantia

nigra pars compacta, PD: Parkinson’ s disease.

71A 83 PPN whslekds RSt 8, S S AEF
2 W] A (raster display), autocorrelograms ARE-3}AT}H.
Hutchinson S%%o] ®H 33l <oAxburale] uwlal SNpr, GP, PPNe] 7t
AN7AAE] wsloRAS 594 (bursting) ¥ W] =24 (non-bursting)
ARMER BFSGT. vERg A EE 1A (tonic)T 717
=% &34 (mixed tonic-bursting) AZAAE7}F ESHE AT}, Table 49}
Fig. 72 7} Z%olA SNpr, SIN, GP, PPNo| wts}ekal-e
SNpr, SIN, PPNellA o] Ehgd Al M WA AAAEA gt v]&2,
A Ao A, 474 29%, 30%, 2%Rom, & wndd HH
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Table 4. Firing pattern. The proportions of GP, SNpr, SIN and PPN neurons,
according to their firing pattern, recorded in normal rats, and in rats

with SNpc, SIN and SNpc+STIN lesions

Firing

Target Control PD STN PD+STN PD+STNsham
pattern

P regular (%) 82 83 77 66 83
burst (%) 18 17 23 34 16

SNpr regular (%) 71 56 67 80 66
burst (%) 29 44 33 20 32

SIN regular (%) 70 62 64
burst (%) 30 38 36

PPN regular (%) 98 87 65 90 86
burst (%) 2 13 35 10 14

GP: globus pallidus, SNpr: substantia nigra pars reticulata, SIN:
subthalamic nucleus, PPN: pedunculopontine nucleus, SNpc: substantia nigra

pars compacta, PD: Parkinson’ s disease

Oregular
GP Bburst
1007 82 83 77 83
@ 80 A 66
(o]
2 604 %
g 40 iy 34
< 20 18 17 23 16
0 | -_
Control PD STN PD+STN PD+STNsham
SNpr
100
80
o 80 4l 67 66
S 56 *
2 60 44 "
2 40 29 33 00 32
* 20
0
Control PD STN PD+STN PD+STNsham

19



STN
100
80 70 62 64
60

% neurons
N
o
wW
o
wW
[e0)
wW
»

20

Control PD STN PD+STN PD+STNsham

PPN
98
100 87 90 86
80 65
60 *

% neurons
N
o
*
w
[e)]

14

20 5 10

Control PD STN PD+STN PD+STNsham

Fig. 7. Firing pattern. The proportions of GP, SNpr, SIN and PPN
neurons, according to their firing pattern, recorded in normal rats,
and in rats with SNpc, SIN and SNpc+SIN lesions; * p < 0.05 in

comparison with values from normal animals.

GP: globus pallidus, SNpr: substantia nigra pars reticulata, SIN:
subthalamic nucleus, PPN: pedunculopontine nucleus, SNpc: substantia

nigra pars compacta, PD: Parkinson' s disease.
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Abstract

Effect of subthalamic lesion with kainic acid on spontaneous
behaviors and the neuronal activities of the basal ganglia and
the pedunculopontine nucleus of rat parkinsonian models with

6-hydroxydopamine

Jong Hee Chang

Department of Medical Science

The Graduate School, Yonser University

(Directed by Professor Jin Woo Chang)

The purpose of this study was to investigate the spontaneous behavioral changes
and the alteration of neuronal activities in the substantia nigra pars reticulata
(SNpr), globus pallidus (GP) and the pedunculopontine nucleus (PPN) after
ipsilateral subthalamic nucleus (STN) lesioning by kainic acid in the rat

parkinsonian model with 6-hydroxydopamine (6-OHDA).

Assumptions about the mechanisms mediating the effects of lesioning of
nigrostriatal dopaminergic pathway by 6-OHDA and that following STN lesioning
were examined behaviorally by means of the apomorphine-induced rotational
behavior and forepaw adjusting steps. We subsequently investigated the alteration
of neuronal activities in the SNpr, GP and PPN, in order to compare them with the

behavioral changes in rat parkinsonian models.

The STN lesioning in the rat parkinsonian model clearly reduced the

contralateral rotation following apomorphine injection and improved the
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contralateral forepaw adjusting steps. Compared to the normal control rats,
rat PD models with 6-OHDA exhibited a significant increase in mean firing
rates and the percentage of bursting neurons in the STN, SNpr and PPN. In
the GP, mean firing rate decreased, but the ratio of bursting to non-bursting
neurons was similar to that of normal rats. In the STN-lesioned rat PD
models, mean firing rates and the percentage of bursting neurons in the SNpr
and PPN were reduced and those in the GP increased. The STN lesioning
alone did not make any difference to the firing rate in the STN, SNpr and

PPN, but changed the percentage of bursting neurons.

Our results demonstrated that STN lesioning induced behavior improvement in
rat parkinsonian models. This speculation seems to be consistent with the surgical
outcomes of the STN stimulation therapy in advanced Parkinson’s disease (PD).
The alteration of the neuronal activities in the SNpr, GP and PPN suggests
that these sites are responsible for the improvement of parkinsonian motor
symptoms observed following STN lesioning in rat parkinsonian models. The
significance of bursting activity in the SNpr, GP and PPN remains obscure. Further

study is necessary to elucidate the pathophysiological mechanism of PD.

Key Words: 6-hydroxydopamine, Parkinson’ s disease, basal ganglia,
subthalamic  nucleus, substantia nigra, globus

pallidus, pedunculopontine nucleus, kainic acid
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