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Alterations of Spontaneous Behaviors and the Neuronal Activities of the
Deep Cerebral Nuclei by Subthalamic Lesion with Kainic Acid in Rat
Parkinsonian Models with 6-hydroxydopamine

Jong Hee Chang, M.D.,"** Yong Sook Park, M.D.,' Mi Fa Jeon, M.S.,**
Jin Woo Chang, M.D.,"** Yong Gou Park, M. D., s Sang Sup Chung, M.D."?

Departments of NeurosurgérMedlcaI Research CentéBraln Research Institufe,
BK21 Project for Medical Sciené&,onsei University College of Medicine, Seoul, Korea

Objective : The purpose of this study is to investigate the effect of ipsilateral subthalamic nucleus(STN) lesioning on

the spontaneous behavioral changes and the alteration of neuronal activities of deep cerebral nuclei in the rat
parkinsonian model with 6-hydroxydopamine(6-OHDA).

Methods :

To identify the spontaneous behavioral changes, apomorphine-induced rotational test and forepaw

adjusting step were performed. We subsequently investigated the alteration of neuronal activities in the substantia
nigra pars reticulata(SNpr) and globus pallidus(GP), in order to compare them with the behavioral changes in rat

parkinsonian models.
Results

: The STN lesioning in the rat parkinsonian model clearly improved behavioral changes. Compared to the

normal control rats, rat PD models exhibited a significant increase in mean firing rates and the percentage of bursting
neurons in the STN and SNpr. In the STN-lesioned rat PD models, mean firing rates and the percentage of bursting
neurons in the SNpr were reduced and those in the GP increased.

Conclusion :

STN lesioning induced behavior improvement in rat parkinsonian models seems to be consistent

with the surgical outcomes of the STN stimulation therapy in advanced Parkinsonn’s disease(PD). The alteration of
the neuronal activities in the SNpr and GP 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 and GP remains obscure. Further study is necessary to elucidate the pathophysiological

mechanism of PD.

KEY WORDS : 6-hydroxydopamine - Parkinson’ s disease - Subthalamic nucleus - Substantia nigra -
Globus pallidus - Kainic acid.
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Fig. 1. Behavioral tests. A : Forepaw adjusting step. B : Aoomorphine—induced rotational test.
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Table 1. Coordinates of each targets

0.5M sodium acetate buffer

Target APx* Lateralxx Depths***
GP (-)0.8-1.3 2.6-3.2 6.0-6.6
SNpr (-)5.2-6.04 24-28 7.4-8.0
STN (-)3.6-4.16 22-26 7.4-78

*distance (mm) from bregma (+: anterior, —: posterior). **distance (mm) from
midline. ***distance (mm) from dura. GP ; globus pallidus. SNpr ; substantia
nigra pars reticulata. STN ; subthalamic nucleus.
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Fig. 2. Immunohistochemistry of tyrosine hydroxylase showing the total degeneration of dopamine

neurons in the stiatum(A) and dopamine cell bodies in the SNpc (arrow) on the 6—hydroxydopamine

injected side(B) compared to the normal side(C). SNpc
ventral tegmental area.

. substantia nigra pars compacta, VIA :

= 452.8+45,80|31tHFig. 6).
STN ®4gE v A4 213 (n=7)

Newdle tract

Fig. 3. Cresyl violet—stained sections illustrating a
unilateral kainic acid lesion in the subthalamic
nucleus. The arrows indicate the location of STN
on lesioned side and non-—lesioned side. STN :
subthalamic nucleus.
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Table 2. The general results from GP, SNpr and STN recorded in normal rats, and in rats with SNpc, STN and SNpc+STN lesions

STN GP SNpr
Group Neurons  Mean firing iSl(sec) Neurons Mean firing Slisec) Neurons Mean firing Isl(sec)
(n) rate(Hz) (n) rate(Hz) (n) rate(Hz)

Control 27 11+1.0 0.15%£0.053 34 19+1.6 0.20%£0.012 42 20+1.3 0.04+0.019
PD 49 20+1.8+ 0.44+0.106 42 16£1.3x 0.04£0.004 62 27+1.6x 0.06+0.024
STN 35 16£1.2« 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 37 20£2.0+ 0.36%£0.090 30 16+1.7«  0.04%£0.005 35 2617« 0.04+0.020

The values: means*SEM. * P< 0.05 in comparison with values from normal animals. 151 ;

interspike interval. GP ; globus pallidus. SNpr ; substantia nigra pars

reticulata. STN ; subthalamic nucleus. SNpc ; substantia nigra pars compacta. PD ; Parkinson'’ s disease.

OR HL
20 T
T
15 1
10 |
5 |
*%
0 i
Control PD+STN PD+STN
sham

Fig. 5. The numbers of ipsilateral(gray bars) and contralateral(black)
forepaw adjusting steps before lesioning, after 6—OHDA lesions, and
affer 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 disecse,
SIN : subthalamic nucleus, SNpc : substantia nigra pars compacta.

600
500 - iy o
400 -
300 |
200 |
100 |
0

Number / hour

STN PD+STN PD+STN

sham

control PD

Fig. 6. 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. PD ; Parkinson’s disease, STN : subthalamic nucleus, SNpc :
substantia nigra pars compacta.
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Fig. 7. The mean fiing rates(Hz) from GP, SNpr and SIN recorded in
nomal rats, and in rats with SNpc, STN and SNpc+STN lesions. * p<0.05
in comparison with values from normal animals. GP : globus pallidus,
SNpr : substantia nigra pars reticulata, STN @ subthalamic nucleus, SNpc :
substantia nigra pars compacta, PD : Parkinson' s disease.
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O regular
100 m burst 8
280
% 60
Z 40
0
Control PD+STN PD+STNsham
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§ 80 56 * 66
5 60
240 32
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100
g 80 64
5 60
240 36
220
0
Control STN PD+STN PD+STNsham

Fig. 8. Fiing pattern. The proportions of GP, SNpr and STN, according to
their fiing pattemn, recorded in normal rats, and in rafs with SNpc, STN
and SNpc+STN lesions. * p<0.05 in comparison with values from normal
animals. GP : globus pallidus, SNpr : substantia nigra pars reticulata, STN :
subthalamic nucleus, SNpc : substantia nigra pars compacta, PD :
Parkinson' s disease.
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