Reviews and Monographs ERud=fars

0) D)L S i R
Progress in Biochemistry and Biophysics
' 'JXXXX,XX(XX):1~10

www.pibb.ac.cn

7C Bl SR BB AN R B AE IH & AR 6 7T R R M

g{"iml,ﬁ i }%1,2)

T3

g,ﬁﬂ‘,ﬁﬁlﬂ)** S‘UJ r_a‘-_" 1)%*

(V LUHAE RS S (SR IR A R R A, i 2004385 P DA RIS SR BE, LI 200438)

E M4 (Parkinson’s disease, PD) J&—Fiiy WLIN #I 2R AT MBI , 8 5 3 UH DO ST AR T T B, 2444 ok
DI, TR, TCEIRERIRNE A PD B R ML TR R r e, B EIRAIOL T I iR . I 22 R fR
7 TR ARRA MG R L AR ARG IS o o B R i AR R A 2 OR MR SRR DX B Y
PGS, RIS PD BE SRR ) . RETH — bR SR s, ARSI . MRy &
Al AR WP RO AL 5 RIS IR Pk i o SRR AT ST N 25 58 T R ABEIG R i ek . e AR AL BB AR AP N
DS SR R WG IR S Ak, S PD B F SRR 224 | SU A AR TR T %8, M it R T R A TR i .

XGRS, BT, JCRIGENR, P
DOI: 10.16476/j.pibb.2024.0440

hESES R318, R743.9, R742.1

1 HERRE=

PA4: #%9% (Parkinson’ s disease, PD) Z{UIX
R IVIS/R3 N & iy R ESS YRR G
i, FERIUCNE LR, R SRS
POVt iz ek, DARONRIBERS | AR FEAT
SFARIZ BAEIR ™ S0 AR A ST M AR
it 1 PD AR IR R TR T 2 [ R RE P
TSR, SRR Z B AR, JF5]
K—FRYIEEA T R, BT w1
B oy {2 VT P 3 o Rl e o £ b 7y) i N 9 ¢
P28 2 K v 07 D38 sh AR R DGR X I, A
KA. 2. BHEK. B (subthalamic
nucleus, STN) % FZH . EHIEFEW T, H
JEA 2Tl o y- 2 L TR (y-aminobutyric acid,
GABA) Bl 388 % RN A% 22 R BB Ay 1 38 6 =2 1]
()P R S R A s s . SR, 7EPD &R
HH AP T . SORIR T 2 A Rk T3k
HXTE I BRIMUIER  (external globus pallidus, GPe)
PGS B3GR, SEmE> T X STN (g4l , A
FF STN o JE IR BR, IR 3G I 1 % 4 15 BR 9 0003
(internal globus pallidus, GPi) AY% & R (E 44T .
[, ORI GPi ) B IAE k55, 3

CSTR: 32369.14.pibb.20240440

GPi Xof [ i ) 4 7% stk — 20058 . Z5 542 STN I
GPiHR AT FERG BR, 2 ik — p SR B 32 24
i, TG S PD 2% Mz Atk B i TR
%%, ARIBRZ ZeAMBNAIT TR, AR L%EZ
EL R RE A T IL REMS A AL 2R i R 2 B R ) PD A3
s sk, (BRI T Al RE S B2 BT RUsiR
- Amshiish . SEhEFIE IR . I,
WRAGY LUSMYIRTT T BO T PD B EH RIRYT
RCRANAET o AT s R

2 FCelERER AR BRI

AR, PR HOR R GHE & el PDIRYT
AL TR R . b, URERM I (deep brain
stimulation, DBS) 1E& —Fif=2 AP b2 4% F
B, CREEEM MR )R (FDA) i
T PDIAYT o iRl RS (408 AR, DBSH:
A REMEAG FARAE A 22 B i A% RN GPi A5 G BRi 1X

* [E R ARBIFAIE4: (11932013) M REEAE K2E5EAE A ERHF
BIFIHHR (YISCX-2024-028) #EhmwiH .

w IR A

B 5 Tel: 18516565889, E-mail: Ljj27@163.com

X5 Tel: 021-65507351, E-mail: yuliu@sus.edu.cn

R FB: 2024-10-21, #5232 H Y. 2025-01-21




‘2 EMUFESEYYIRHR

Prog. Biochem. Biophys. XXXX; XX (XXO

A RLZEA PD BT I RSEIR , b H ARV Bd 7
H i DBS MLl i AN B A , 2R ds . a. 04
okt XA 2T RTE Bl b BRI ST Ay HAR
XIYMEETT; o PR ITT S W 25 1 B pf 22
ez . RAE DBS TEIm AR B TR EITRL,
(B HGE Y L AR T rh i PD 8, HARA
PETARATREREBE ML, SRS XS o A DR X 2 )
A, WEFEE BT 0 ORI 2 PR ROoR , it
FEARAME T B 15 KGR AR AL, LAZE A PD 4%
OARER . XRFARBE R T A | G, M. AR
ES RIS iPU |2 E/N & 9= Wk N T 28 ) IR 3
XA J2 i DX~ P T S S B0 X6) 0 T P DX P T
P HAT, AR R (temporal
TIs) . IR BE 25 fii 5 46
(low intensity transcranial focused
LITFUS) . 28 /i 75 3 3%
(transcranial magneto-acoustic stimulation, TMAS)
FIRIDBS AR, 7EHGE PD B 1Yz sh iRz 3l
REPR 5 THT R BT 2 250 0 o A AR PRI SE L B
57 —ERMBECR, B IR DBS £ il
EZ T AR Ay b€ SN Ei] 1 Ve DA € il
RACLA RAMARAS TR 22 5 4 )i, PR, AR SO
R YGE 45 J0 8 DBS £0RTE PD IR YT AT T HEE
3BT 25 T e A TR, R R R ke A O T i 5
DU Ryt slize Sl & e de i 2%

3 AT RERIEK

2017 4%, Grossman 25 " B R4 H T TIs A9
SFFIRUE T A MR R . Tls 38 1 9 AR
W& 22 SRR S T N, 7 H bR X I0E R
WU, N EHERITRER (K1), T4t
XoF R A A 5% L 37 ) A BB R - Grossman &5
FE /N BRE A 80 DX A 2R 4331 Ry 2.0 kHz 5 2.01
kHz P A i i, E A XS = A= i AH T
IR II5 | & T 2T 10 Hz £33 it e A0 355 ) e
Ze0E 8 1 SIS e-fos AR IEHUER] T Tls fig
WoAEi S IX 5 &)z &g s, KHZEARGEE
R R 2R VR Z R 0T, SRR DX SR A
T R U R Y28 W 1 BU N K S22 & AN R T A o ]
TIs REASTEAS AR AR A B B4R O 5 S /N ERU™ A=
AR B, Ak, c-fos FRic P45 R K,
TIs A2 X BN LUE it , B AR S —Fhie
4 HHREMEN A DBS HA 2,

H Grossman S5 EIPEMFFT ISR, TIsHARE MM

interference stimulation,
O B

ultrasound stimulation,

HLIZAU S S S B0 B A0 1) NRBFSE o AR R
B, W EE TR S, RihE
REH A R B 74, DATITER U Ts 75 5 AR
TR DI g 2 BTSSP g i — 2
KT TIs 7RG NR DX Y4a 0 2200 gl A7 850k 5 2 4
PE S BEE BRI KR S R, WESTE I
NG A, LA AR 32 AR h R R
JZ, ML AR T Y A BESER B, Ts
ARG S RE SINARE ), HRPERE ™ E Y
AR R P AR, B XTI AR X A TIs i 5%
B Bilhn, Violante 5 ' 55 R W], TIs b
JH T 55 DX n] SR Ag B AR NI IZ I RE . AT,
BEXTEOIRAR Y 0 451 B 1) ik =X Tls 12 52T 18 4F
AWz Bh G ST, IFHG R SCIRIR K AR SCIE 3l R 4%
myIG sl 2,

SR, SCF TIs 7€ PD & i W FAIF 52 AT ¢
AR, H TR P IR SG A A AT A2 2 e
Liu 55 P 75— UGRS3 vh 256 TR DL 5 il
AR AR AR I, I T TT H 31 23 ] 43 A 5 0
o BRI, TIHL 7 M E8 X sl m] L A
JEMETR ALY, MR S BN R 283 Bl A% T [ (R 1
o RS ANRRE P, Liu I T =412 gk
M (GG PD AR MR EUR %), dd Al A
B S AR A, JRRERRIX
AT >, PR ZS R Won, W25 130 Hz
) TIs s 2 0 /0 1 PD (B R R BUREAR , JCHAE
IEFRER P2 SR R BB G XL
SETERGE R TP ARIBUS 2045 2 TP, HARFKR
A et I A& SRR Y R XIS
A BAIE T TIs VR E (=2 ATE DBS £ AR TE PD H1 )i
Ty, Bl TR RN, HI PRt R
B ARSI LASRIE . ARk bix— A2, AH
BABE = AT 1 B8 SR A A BERILAS SO0 IR, LSS
1IE TIs 76 PD (& g 22 e 5 A R0 >, wHot A
A0 GPi R #LIX, SR FH 1300 Hz 45 1 430 Hz 4%
(WR 2270 130 Hz) #£47 20 min FRIBETT, I8
1B Bl AT 2 - G0 — A A AR T E TR AR =)
(Movement Disorders Society - Unified Parkinson's
Disease Rating Scale Part I1I, MDS-UPDRS-III)
53 VEA TIs XFiz gh IR 19 50 . MDS-UPDRS-IIT /2
VAL PD S B a R bR HE R R, R, 1B
YR | B EMEHAANTREZ TR, T
Il RIS AR A D, T Az ShE IR
PRl 2o, SRR, SR, 52 TIsisT



XXXX; XX (XX)

WKER, %: LEIREBERIHERSRBAT PR -3

9 PD [ s sk 2 B, THRis sl g S
WO HACR N (F2) . A THd T,
oA BFE A AR BN RO . PD )
S PIRRAE 2 — R B 2 2T i [
&, T 130 Hz (1 DBS B 412 Filf RIATT
UEB AT LA S50 i A B[R] 2046 7 Liu AA
WA BOBIFFE 45 2R 242 29 3085 130 Hz M4 R Tls fiE

;MMﬂﬁm
L

BB

GAE PD 835 )™ A n] WA BR T T RCR , it — ik
WY TIs {E Ry —Fh AR A DBS # AR TEIRYT PD H
77, JE I, AT TIs 78 PD & P 98
WA T YRR G B, AT b — PR i etk
A RO R LIAEIPLH], sy PD B R AL
J7 B S AR R o

Fig.1 Schematic diagram of temporal interference stimulation
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Fig. 2 Effects of TIs on the right globus pallidus in parkinson’s disease patients ( adapted from [ 25 ] )
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Fig. 3 Schematic diagram of low—intensity transcranial focused ultrasound stimulation
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Table 1 Comparative analysis of different non—invasive deep brain stimulation technologies
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Abstract Parkinson’s disease (PD) is a common neurodegenerative disorder that significantly impacts patients'
independence and quality of life, imposing a substantial burden on both individuals and society. Although
dopaminergic replacement therapies provide temporary relief from various symptoms, their long-term use often
leads to motor complications, limiting overall effectiveness. In recent years, non-invasive deep brain stimulation
(DBS) techniques have emerged as promising therapeutic alternatives for PD, offering a means to modulate deep
brain regions with high precision without invasive procedures. These techniques include temporal interference
stimulation (TIs), low-intensity transcranial focused ultrasound stimulation (LITFUS), transcranial magneto-
acoustic stimulation (TMAS), non-invasive optogenetic modulation, and non-invasive magnetoelectric
stimulation. They have demonstrated significant potential in alleviating various PD symptoms by modulating
neural activity within specific deep brain structures affected by the disease. Among these approaches, Tls and
LITFUS have received considerable attention. TIs generate low-frequency interference by applying two slightly
different high-frequency electric fields, targeting specific brain areas to alleviate symptoms such as tremors and
bradykinesia. LITFUS, on the other hand, uses low-intensity focused ultrasound to non-invasively stimulate deep
brain structures, showing promise in improving both motor function and cognition in PD patients. The other three
techniques, while still in early research stages, also hold significant promise for deep brain modulation and
broader clinical applications, potentially complementing existing treatment strategies. Despite these promising
findings, significant challenges remain in translating these techniques into clinical practice. The heterogeneous
nature of PD, characterized by variable disease progression and individualized treatment responses, necessitates
flexible protocols tailored to each patient's unique needs. Additionally, a comprehensive understanding of the

mechanisms underlying these treatments is crucial for refining protocols and maximizing their therapeutic
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potential. Personalized medicine approaches, such as the integration of neuroimaging and biomarkers, will be
pivotal in customizing stimulation parameters to optimize efficacy. Furthermore, while early-stage clinical trials
have reported improvements in certain symptoms, long-term efficacy and safety data are limited. To validate these
techniques, large-scale, multi-center, randomized controlled trials are essential. Parallel advancements in device
design, including the development of portable and cost-effective systems, will improve patient access and
adherence to treatment protocols. Combining non-invasive DBS with other interventions, such as pharmacological
treatments and physical therapy, could also provide a more comprehensive and synergistic approach to managing
PD. In conclusion, non-invasive deep brain stimulation techniques represent a promising frontier in the treatment
of Parkinson's disease. While they have demonstrated considerable potential in improving symptoms and restoring
neural function, further research is needed to refine protocols, validate long-term outcomes, and optimize clinical
applications. With ongoing technological and scientific advancements, these methods could offer PD patients
safer, more effective, and personalized treatment options, ultimately improving their quality of life and reducing

the societal burden of the disease.
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