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Subthalamic nucleus: from circuits, functions to a deep brain stimulation target
for the treatment of Parkinson’s disease

LI Guang-Ying™~, ZHUANG Qian-Xing™, LI Bin, WANG Jian-Jun’, ZHU Jing-Ning"
State Key Laboratory of Pharmaceutical Biotechnology and School of Life Sciences, Nanjing University, Nanjing 210023, China

Abstract: The subthalamic nucleus (STN) is the only excitatory glutamatergic nucleus in the basal ganglia circuitry. It not only is a
key node in the classical indirect pathway, but also forms the “hyperdirect” pathway directly connecting the cortex, and even is impli-
cated as a pacemaker for activity of whole basal ganglia. Due to the key position of STN in the basal ganglia circuitry, the STN is an
optimal target for deep brain stimulation (DBS) in the neurosurgical treatment of Parkinson’s disease (PD). However, the therapeutic
mechanisms underlying the amelioration of parkinsonian motor dysfunctions induced by DBS on STN remain enigmatic. This paper
reviews recent progresses in the studies on the input-output configurations and functions of STN in the basal ganglia circuitry, and
summarizes the hypotheses for mechanisms of DBS for the treatment of motor dysfunctions in PD. Studying on the DBS mechanisms
will not only help to develop strategies for treatment of PD, but also contribute to the understanding of functions of the basal ganglia
circuitry.
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PENIE IR # 2 4 BHE ST PD 18 3 R fiS — Fh R A 2%
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PE v g th ) oo o (K 1), #ERKE®A
ERAMIE (external segment of the globus pallidus, GPe)
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22 figh ) 2 T AT 7 B 98 k7w, STN ] GPi
KW EZNSRRGEMP AT g0 7 T %, 3t
AN GPi 3, 4k 17 S U RS AR H8, Hor
KRS PSP HEE 13545 BB AT ™ s2br |,
Bk GPi 24k, STN ik th EH 4T 4E 1% 4 2 GPe. il
FTRSEAT /R BRI LR, STN [H 38T (BRI 435
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Fig. 1. The subthalamic nucleus and the direct (yellow), indirect (blue) and hyperdirect (green) pathways in the basal ganglia. The
cortico-subthalamo-pallidal ‘hyperdirect’ pathway conveys excitatory inputs from the motor-related cortical areas to the globus palli-
dus and holds a key position in a dynamical balance of basal ganglia circuitry with indirect and direct pathways. SNc: substantia nigra
pars compacta; SNr: substantia nigra pars reticulate; GPe: external segment of the globus pallidus; GPi: internal segment of the globus
pallidus; VA/VL complex: ventral anterior and ventral lateral complex; STN: subthalamic nucleus; D1, dopamine receptor D1; D2,

dopamine receptor D2.
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i R R U RIAS U e, B, S, 4k
Z 4 STN # & JLR I K5k ML (80%~98%), /1>
# STN #2Z ST R BUA T M R AT AU e, B3,
EFERERISE, STN #1201 K U A B
FEL Y% 2 1) Sk 2 48 I T 4y PD (4 S e A T 2 R
brz— B, ghhh, 2947 3.8% 9 STN #H & R Bl
R R AR FAL, LG ) R A B UL R R R
O B E P, PR N RE B4 i (tremor cells).
IX G 41 (1 5 FRL AR 2y 23~88 Hz, “F3574 (49.1 £
15.2) Hz, W& 138 STN #h& oA iz, 7R
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K2 AT, STN A%t B AT id it 75 M GPi AT EE J5i Y
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Xf FLH M A VAR N BN i T DBS SkifiyT PD R RE
WA 1,

I 5 3T AF SR K Bz 2 31 STN A & BR RS e L 3%
T R R, W T TR % 08 B O AT 51 S STN
PR 2R T AL T T AR HL 5 2 1 % B MR SR Al J R A
(excitatory postsynaptic potential, EPSP) Jf: 4 fil] K s
[fiszh A7 %, HORBEBEE 5% STN W&
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B, HEE W B REAS O T E @ I SIS S K
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AR A2, Plenz 55 75 X [A] #2238 B (1) 5 70 I =
A I, STN LR ] 5 GPe — [ 14 it GPe-STN
AR, BRI R A% O I 3 10 1R B,
STN 2 0 i b H s [ 145 Na© Bt R s s o
AL B AT DU STN 48 g0 72 A [ R B 3
T30 S R B SRR 22759 & G5 A )32 SCBC R 3
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JEXF STN WX A E S A IR At A8 Nl R B A
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INBRAE 1 RO BRAK 0 T 77 A2 A AR IR 32 0 3 ()
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FHE AR NI S0 TUE SR B, T RE F 8 STN #f
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i P X s R W, B STN 2 5 M R #E E
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NEAFTE ™, phah, A STN HidfEfE S
SRR, 28 15 B AL Fe AR (w22t P

771, STNEARREMER AT IR R H
TR . (HERERSE, STN X5 A 254 i)
VAT AE B AT 008 A s, B S50 STN 7832 5
B EHHLIEIN, AR 7 6 a3 ™,
T STN X 2549l FH BA BuUkvE, ProlEE 4% 7o)
R A3 E STN ARWHE B I FEAIC, 10 STN 457 58 (1) K
SR AE A s 7738 R 22 30t AT s BRI SR B LY T
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T 1993 4 B Rk iE T 3 £z PD & ¥ 7 $ 5%Z STN-
DBS 897 a1 &34 0035 1 . 1R E L s iR
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DBS A7 Rk i L) — BRI oF J& A4 T
RIE,  #EAf . PR N HBEEARE DBS [ 2 L &K
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Fig. 2. Therapeutic benefits of subthalamic nucleus (STN)-deep brain stimulation (DBS) for the treatment of Parkinson’s disease (PD)
and its side effects. The numbers cited in superscript are the relevant references.
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