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Discharge pattern changes of the subthalamic nucleus and primary motor cortex in Parkinson’s

disease rats
Guang Kui, Yang Mao-quan, Lu Zhi-yuan, Ding Fang-xiang, Wang Min

Abstract

BACKGROUND: Deep brain stimulation of the subthalamic nucleus represents an effective technique for the treatment of
Parkinson’s disease. However, the underlying therapeutic mechanisms remain undefined.

OBJECTIVE: To observe the changes of the local field potentials of subthalamic nucleus and primary motor cortex in Parkinson’s
disease.

METHODS: Parkinson’s disease model of experimental group was constructed by injecting 6-hydroxydopamine into substantia
nigra pars compacta and ventral tegmental area of Wistar rats. Normal saline was injected into substantia nigra pars compacta
and ventral tegmental area of control rats. The metal electrode was used to record local field potentials of subthalamic nucleus
and primary motor cortex of control and Parkinson’s disease rats in different states.

RESULTS AND CONCLUSION: The frequency and energy of local field potentials in the subthalamic nucleus of experimental
group was higher than that of the control group as a whole (P < 0.05). Compared with stationary state, the local field potentials in
the primary motor cortex of control rats during the execution of reach movement changed significantly at 7 to 12 Hz and 12 to

30 Hz (P < 0.05), and the changes at 30 to 100 Hz were extremely significant (P < 0.01). The frequency became smaller as a
whole during the execution of reach movement. Spectral decomposition of the local field potentials in the primary motor cortex of
Parkinson’s disease rats changed little in different states. The only extremely significant change was observed at 30 to 100 Hz
(P < 0.01). These results suggest that the electrical activity of subthalamic nucleus is overactive and the electrical activity of
primary motor cortex is inhibited in Parkinson’s disease rats.
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Table 1 Spectral decomposition of local field potentials in
subthalamic nucleus of two groups under anesthetized
state (xS, Nn=6, %)

Frequency range Control group Experiment group

Figure 2 Energy spectrogram of local field potentials in
subthalamic nucleus of two groups under
anesthetized state
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Table 2 Spectral decomposition of local field potentials in
primary motor cortex of control rats under different

0-3Hz 14.67+3.90 9.17+2.26
3-7 Hz 26.20+4.84 20.20+1.62
7-12Hz 20.08£1.12 15.60+1.28°
12-30 Hz 29.37+6.73 40.42+2.96°
30-100 Hz 6.82+1.95 12.90+1.07°
> 100 Hz 2.86+0.60 1.70+0.15

P < 0.05, vs. control group

states

(xs, n=6, %)

Frequency range

Stationary state

Motorial state

0-3 Hz 9.64+2.26 5.02+2.70
3-7Hz 19.49+3.70 22.06+4.82
7-12 Hz 10.72+1.76 34.21£7.17%
12-30 Hz 27.37+2.63 17.56+1.73%
30-100 Hz 23.71+2.44 8.37+1.65"
> 100 Hz 9.07+£1.93 12.78+4.33
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Table 3 Spectral decomposition of local field potentials in
primary motor cortex of Parkinson’s disease rats under
different states (xs, n=6, %)

Frequency range Stationary state Motorial state

0-3Hz 9.74+2.13 11.3242.93
3-7Hz 12.80+£1.94 15.08+2.00
7-12 Hz 12.27+1.88 18.82+4.20
12-30 Hz 19.48+1.05 16.74£1.78
30-100 Hz 29.39+0.99 19.98+1.95%
> 100 Hz 16.33+2.75 18.06+4.16
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Figure 1 Spectral decomposition of local field potentials in
subthalamic nucleus of two groups under
anesthetized state
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Figure 3 Local field potentials in primary motor cortex of the
two groups under stationary and motorial states
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a and c represent the undamaged side; b and d represent the damaged
side; ¢ and d are partial enlarged views of a and b, respectively. Arrows
in a and b represent substantia nigra pars compacta. Arrow in ¢
represents normal neuron. Arrow in d represents apoptotic neuron.

Figure 4 Coronal sections of the midbrain in Parkinson’s
disease rats showing the cytoarchitecture of
substantia nlgra (Neutral red staining)
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