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T HLa T B HERS

WERIH Y amEHmY ZHY mAERY BERY FEHY x| 2V
(VTR KRBT 2EBE, T 3152115 2 T RFERA I TSRS, T 315211 ¥ FUREERILMBE 2B, T 315211)

WE YRR (substance use disorder, SUD) f&—ANERPEM) DA LS8, £ KREEEMEY R, BT
AARBRIT 25, B bR AL O BAYT AT BTG . AR, Bl ORI (DBS) . EREZMBIRE (rTMS) |
ZFE R AR (tDCS) Az shSFHEA Y T I FBAIRI T A REPIR A AR 8 E . MOk Z B B IF iR ¢
ARG TP BAEIRYT SUD HIYRIHT . AZRIATESCHEEZR (W1 PubMed ., Google Scholar55) FY%ER E S45 14141, DBS,
rTMS . tDCS Flizg B 5FE 25 T T Bo Bl 225 . KEMIG PR BT . Je il T WRE S5 [R] e P o iy O BRTE SR L b
AFE] L RS S AR R G 2 . DD RS AE s . RS RI, £1H]. DBS. rTMS. tDCS fliz gL T T

Bl LUAT R AR U P B 5 R A B SR . R T AR

SE AT IR] , [R]85 1 R A A R

Bl . FRIEAIMERREA T A5 . RIS T T B 5 259 . O BSRRYT A, RCRIEAE. R T USRI B
FEAE MBI B, ARMTIE NI TE E WA 251 T I F B M 2 B W) =A WL, SRS AR 20T B HAR T ik

KR AR T, WIS, MY E L, OB R

FESES R74

Yy fdi RS (substance use disorder, SUD),
NBEFR A Y B 2 R, AT AR R
SR T2 /2R 25T L o N RO 3V SR R R A
4 5 SUD MY BT AL 5B A J BR T Bi] J 26 24
Y QR 28R BHE) | rhAX p 28 R 48 % Ay
FOCHIRPI R, vT-RED . el TR SE. AR
kG AT (2023 4F T A i AR ), 7R
2021 4F, AERAT M 296 (C A, Ba
SUD 9 A3 m %) 3 950 75, L 10 4R Hif 3 m 1
45%. WM TEEMTTIY K. IR IRy S
AR SE %, #E 2021 4F, {45 1/5 B9 SUD
HERE T AHRGRYT . Wik, 2T & SUD Y
SEV I Rry i | e i

Bl Fr 2R SR T AR T 25—
S S HAE LIRS 25 A T 4R R YT . R
TARIA L RIS MG TE BT, M ICA AL
RIZ5¥iadr . BT, SUD W) FEZIGYT =ik & L
LDHENEIT AT RERG M E . REPsEiEs, &
Bl RER Ak ) L (deep brain stimulation, DBS) .
N T = N T L

(transcranial direct current
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stimulation, tDCS) . 4 £ g H ¥ (repetitive
transcranial magnetic stimulation, rTMS) Fliz 84§
L2 T T BAE IR T AR RGP A R, B
TAMARSE . FEIERE . BATOR IRIEBRAG . A AR 5
PRI, BORE Z2 RO BF ST IT 4R DG EiRAEZ5 )T 1T
B SUD HA MRS 8 Bhin rrEH]

1§t #l

FRERETERISE ST, SRR SIRES
BERITF VR 2 A AR — SR 7 A 7 R
IEFNAITRCR (B 1), £ SUDIRYITH, wHT
Eoy AU ST & 3 S vk s e 1 O A ol
CATERIT e T B LV T S0 R4E, 4
AT AR AR —RERVER . JFEL AT LU s
T YIRIR . B RTREFREYY B & R shir
L AR | R SE 2 IR T A AT O,
J& SUD M A BhiRY T ik o
IR .
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1.1 B RZERY

Bl F- 25 25 Wy fd FH = 1% (opioid use disorder,
OUD) HEHI B WALE 245 %) 25 55 Jo 4 T A ] /s i
38 RS SIS S AT R e A, PR AT
OUD MW TEIRITAE ] o BTl ME B B 25 2 58 K
ST (HT7) oz, o RLE i K S
= Tl Ry GNP o B L L S S S vl o [ 23
(conditioned place preference, CPP) FE7I K LT
FeJii /M) (lateral hypothalamus, LH) #F 17 H &F
(electroacupuncture, EA) /Y7, W LLA RLREGAL
RUR B CPP AR A3 o BF RIS AT AR AR BT J5 2
297 A ) R AL SR FRON,  [RIERT RLZE f OUD
PERERAE 252840 . than, EF3il HT7 77 m] DL 2
o P e P e 2 i K B B B I A T . &
HTE OUD I RYA YT I 3 224z FH AT 30 ) B AR
FH ., W80 B 5 2R 25 40 500 AU, DT AR
OUD Wy &%, e, #Hil&4 (L14) FZt
(ST36) A, i3/ OUD f8 3 i 1] 56 VD i 4
FEAIT IR O B RIAIEE SR 25 A1
AT LAY/ B35 B 2 2y ft F RS R 202 8k
AR REHE TR B, REF72h N
i AR K- B9 3064 3] (laser acupuncture, LA),
i R AR I A o
1.2 1EHESEY R

S A PRI IR AR UE B T D RS F S PR
A RS TR AR TR, AR E5 SR 0 A 3 EAT)
VST Sy NS (7 AW T A 1| DO i1 s N PS W E = ¢40 )
(self- administration, SA) F5E A FR W HH N B4 7
1 min HT7 /AR eI, S 25 B AIAT R R B3 1600175
S SAAT EEE L AT DA E k0 v R R
{7 X (ventral tegmental area, VTA) )y & ILT
2 (gamma amino butyric acid, GABA) #£: 0k
kIR BB % (nucleus accumbens, NAc) Ha[ K
W 2 ORI in,  NITTis/ b A - PR 22 503K
N R 2 HE A T . HT7 i [ T A i) HH 2
W% (methamphetamine, METH) SA 71K fiL H
IEAT B B R A Oy, AR SR
= (KI19) MUKl (LR3) Jf6n, U] DL 2 AR
METH 5 % 1) 47 24 8 fL A1 CPP 1573 10 & 4%
(LI4) %A AT AREAR SE VD 245 4 ] - PR e pedi:
BERAREM R " R A R R 5
G TAESZ . XAl ] < B R ol 2
AT BRI/ g DR el P s 0 s 2 0 D e
IR T AR H AR I 2H B35 O IR YT Al e el B T

K HEA R EES 2,
1.3 B&ET

RSN T ey T e B A 5 = A
IR ESE iy . AashPscs kB, EH HT7 7
Al DR TR e T R R R4 2517
A X195 AR N B RS R B, HEOX
PEETRIZH P TR I s e T 4ERRA T AL -
SPIAREEL MY BTG G A T I R T el
TR AR A, tedn, BRI A
FELL el TR L et T s, BWERELD, [F
BF AT RAFA AR SE ' 4560 B R BB
Jri, ARG T et Tl R R e T
it P A AR T A3 1 (AR R, AHNAYT
Je it T HBEAT AT BB A AE A 22 5. MR TR
YRR, EHRECR G, et T AR ry i
K 5 B ] v AT T AT g 2 AR AR T A 0 I
BR
14 B

HT7 /A3 AT LA 5 R AR R SA B K B
(A ARG 1 B RN RE B R B £ B RE AT O 1, HTT
TALET 25 G AR B B AR A RN BT A YT L s
BT, R LA A R0 /55 78 SR BRI T A 1) 45
AP, HT7 U AT LAAT 3028 i K BRI rh B2 5 [ e
)28 [RITCAZBBE 2 HTT7 7R 4T ) a] GE I i i
I N =24 (arcuate nucleus of hypothalamus,
ARC) FERFEAZ I B A M AR A 08055 10945 o T
T HABA T ARk, PR T I =, AR
FEAT R4 10 IR IRAF S &30, HT7 7 & il 135
TRYT AT DAB/D B SRS VR R A, DA SR A
BRI Y A FRAE S 2, HT7 & (LU8) X
DL EEFRINAIT ROt R B, HT7 7T 5 A
f# &% (alcohol use disorder, AUD) & A 3|
A 1R AH DG 2 22175 4 118 (8 P T 0 T R s I B o
K2 A, R (KI19) 707, [F
AT LAYl P A off FH R A £ A v ok
1.5 #H

FERIHTT 70 FEIRIT R . 042 J1 08068 |
BAETRAE | KB BN . 29— Sk
BRI, HTT 7 AT LIy AN [ 6 FH ) o i) 52 W it
., BB EX Y E SRR, ATREEIRTT
SUD B 58 7L o &FHI HT7 7 AT AR T A 22
CE R G MR AR R G . tean, & HT7 /A4
il NAc igi X N 2 LU YRS, 7T AES mGluR2/3
WG ¥ e (4% (central amygdala, CeA) #fi
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ZLTCITAE Y A OG . BPRTHTT 70 ] LIS SR VTA
Jili X% GABA e ff e oo il AR =, 7T AE 540
7E+% (lateral habenular nucleus, LHb) A Z & HE
FFEGE 2 A e, BHRIHTT 7 0] LA SUD 5|
AR . IARSEIE LA AT R, TR S A AN X
() ol 2 AU G 5 PR R 28 5 I (mature brain
derived nutritional factors, mBDNF) Fl#§m 165 AL
R H 2K B (phosphorylated myosin receptor
kinase B, pTrkB) 1 £ & # . %= 5% ¥
(paraventricular nucleus, PVN) &' [ B &R
B % (corticotropin-releasing hormone, CRH)
() FE R C o7 BRI HTT o0 T LA ek 3
4G AR, T RES SR GRS
TRt P 1 RN T R AR RRAIR, il 5 DX sk A
fitg . B8 A LB AR A DT R At 0 5 1
S0 YN (15 a2 S 2 (1R e

B i) At A7 At AT RERES B AL AR . il
e (K19) AR (LR3) 700z Af AR I METH
25 25 J5 NAc il X v 22 [ e F i 24 1R 2 1
(tyrosine hydroxylase, TH) 7K, 405 i %4k
fif A (monoamine oxidase A, MAO-A) [ /K
S A (LI4) AR (LI sfra]
DIA S IR R R v R CPPEH &, W fES
TR B ) 3 55 IR F delta-FosB il GIuR2 21k A B 28
RIS A ™, e E =1 (ST36) Fl—=H
ZE (SP6)  7AL AT LA 244 il vy il 37 S 1) o SR AT
S, 3K AT RE 55 I P9 E A i 2 2 (ventromedial
prefrontal cortex, vmPFC) H1 %% 2[R fE il £ o0 B 91
WIVEA ™. KiE (GV14) FIE S (GV20)
FAEIRYT T e 1 10 6V S AR VTA i X A9 c-Jun
G (INK) B2k 2 s 398 755 oy 5T )
N7 RIS I B 2 R AP AR T B s BURE A 5 | R
MIPIZE T T

2 REBRKRIE (DBS)

DBS & —Wifg APYEIRIT ik, S @i i
ANEFFAKG AT A T, i H kb AR 2 B AR
0 DX o 28 [ B I AR A SR A5 5 SRR BINRY T RUR
(1), DBS{AYTEHHENI AT AR IAR . R IE5E
SR o DBS IR IT B H A Bk X IE M 4%
VC) /& M 80 R {&  (ventral
striatum, VS) . NAc. [ i F # (subthalamus
nucleus, STN) FlNFE{H] AL (the anterior limb of
the internal capsule, ALIC) &%, i o ot 28 B R %)

(ventral capsule,

FRZEPENT . S M ] ¥R R I g T A R R
STAER .
2.1 MRFZEZEY

DBS 7t 50 ) A [7] fii X S5 it AP A1 1 v 50 1) SREAC
TR 0T e r AT o X HE CPP LAY A BRI
JEMSCRAR (VS) #E47 DBS T, {41 (20 Hz)
Mk &M (130 Hz) DBS 233458 A CPP A 5 id
1257, XK B NAC ik X A 120 Hz %) DBS /|
LH {# JH 130 Hz 19 DBS ! | §i i & (anterior
insula, AI) f#i Ff] 130 Hz [ty DBS ¢ FIHE % i iz )2
(orbitofrontal cortex, OFC) #£7 130 Hz f) DBS "
T, AT LR K R HE CPP 47 M T8 i 25 )
WS CPPAT M E . X NAc#% X 47 DBS 17,
AL DL RRARG I 35 PR SA AU R R T 0 TR B A
STN A7 &4 DBS 111, W] LAREAKIA % R SA #5271
K ETR BT 259015 51 SAT AT 7, ZEIRIRIR
¥, DBS FZ R HTENAc, ALIC ™, VC % i
X o Xt 8 4% Kol I35 PR R 22 R W i) A A 7
ALIC [ DBSTRYT, 544 3 i Wi [l 2o 3 4% H
X250 (5 FH B 7 SR R B BH S B A 1 X4 44 B
OUD 4 5 1 B % 54T NAc #1 VC 1 DBS V497,
FXTLYIE R . FR 27T R R AR R AR AR Y
2
22 EHEMEMR

X A] A R SA AR AR B A NAc 72 X 77 05U
160 Hz 1 DBS, I DL E 554 Rl 09 0] R IA
SAFF REHE W, BRI, X NAc ¢ X ffi FH 130 Hz
() DBS, HIRFEAL T AT R B SA BRI BT &) 2
1178, ABZATR B SATT A FAT A Bk 203 fm
XF STN #4745 (6~13 Hz) FIEdi (30 Hz) 1Y
DBS T, AILAREAR AT R K SA #1740 A B a0 1 B
207k U RERUANAY . %R RIS AT
DBS T-Hilfiff 58 £, HAMNLZ T )z DBS o] LAk
PRI AR A ST T R, $Rihs T )2
Al fEJ& DBS IR YT Al R R & & I QB G [X 22— 10,
X METH CPP #% 2 K [ ) NAc 7¢ X 3 17 /& Ml
(130 Hz) MM (10 Hz) #IDBSIAYF KM, K
SR T AR B [RIREAEG, 1 L =i 43 DBS EL AR5 DBS B
e
23 BT

X NAc ) DBS 1 A L 25 s /0 K B0 T8 RS
AR, TEWAE S (alcohol-preferring) K R,
BRI, X NAc #% X # 17 140~150 Hz (1) DBS if
57, AT DA TPORS B A K RS S A B . TE
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I PR 7718, DBS X F 18RS B 19 76397 7 T AR
B35 XKl FHBR AT 19 NAC i#E17 DBSRYT
AR T2 XA YRS ()78 SR B SRR B, s
) 386 im0 LA Ak A R | ) R S R £
FEAR 52
24 HH

S &AL, DBS [FIFE AT 2 38 1 8 5 i
(1) 22 EL i /K 7 DT B AR 25 P 1 Ve sk F &2 W . DBS
AT DL oL 38 AR i 5 VTA s o bt =,
REAR 2595 DR 9 2 R R m =4 i 2 Bk D1
D2 SZARAEA [F 4515 DBS SIS 44 77 VE Fltudsy
BRI, 18 DG SRR I, Mg 2n
JHe D2 SZ AR NAc I X 47 =5 45 DBS T, 1l LA,
SR BT RE T MR, & 2 DI
Z AR NAc ik [X 11 DBS H 38 50 5% A7 1 PR AL 25
A HRE, X NAC N X £ B D1 A D2 3Z R i
T&A5 DBS 7, A DL id i % % 1 4 #% D2DR-
MSNs H 5 il iT S PRI, AT R R SR

3 FEEZMEERIE (rTMS)

rTMS J& 2 I F| H 28 /i 4 2 R (transcranial
magnetic stimulation, TMS) # 17697 1Y %,
TMS J2& 35 T H R 80 5 L e fte g D 2, ORI
LR L A RS S I, AR TR
WA RS, AR K R J A e L R L 7, fiff
ZE AN B, s i AR e L g Bl (8]
1) HETFDBSH A, TMS HASETCA M 15 54
R, ASHEZEMAE, SHZEFARRE ., [F
B, 2546 Y)fe g AL PR i f8%  (functional magnetic
resonance imaging, fMRI) | fi§ B [
(electroencephalogram, EEG) Fl 3% {4 A 5¢ H i/
(event-related potentials, ERPs) 25 J7 72 3 PF- Al #
ZPT . rTMS W) E 2RI L RS T M TR 2
HAEIRYT SUD I R B ERL
31 FREZGY

KA rTMS 697 OUD FYBIF 58 AL J2: 75 I PR 3 50
HARRIGIE . 1252 R VDR 4E IR YT 1Y) OUD &34 it
72T M PFC rTMS, 3 3 DU SR AR 1T 2 it 3=
(HDRS) . Barratt #afi iR IR (BIS-I1) Lt
REMIL (CPT) “FHFRA B, TMS 835 OUD
SEE R IIARREIR . whh AN B L i
U DR B i R AT A2 I PEC B f TMS )5, ]
DAYl 2> KB 35 TR DR oK 7, 3K AT g S R 1Y)
B TR (executive control, ECN) -ZR1A

#5 (default mode, DMN) F#HGHYIHTAC 55
32 BHEEMR

X A] A R B A 6 9E 4T PRC A XU r'TMS
(10 Hz) /Y7, AR FERA G B E R
X A] R Rl P A R E A T U PRC A 8t (10 Hz)
A (1 Hz) KB, S rTMS 20 AT R PR R
BT RS s> ' Bl R, &
o 3 H B IMSIRITfE . Al R Rl IR BOT A
PR rTMS 87 B 3E I B AR . X METH
RS T 400 1) SR EA T 10 d 1Y 10 Hz rTMS R YT
RILAT Ly METH 5 J5 i etk . 22 g
BBFIAE TR, ARG MR T i
33 B&T

0 PFC AT (10 Hz) fTMSIAYT)E,
FHREARIE T T Rt B e o T B AR
DL e T iR AE i T AR R B TR0 E
1oy tososl o TR 50K cTMS L f L il 38 (cranial
electrical stimulation, CES). tDCS 5{ DBS X} J& 17
T BERHATT RO I LA A B, rTMS & i
ARG e T R A AR e T
THiFE 7,
34 BrE

Xf AUD & & W 35 4 M mF & R =
(dorsolateral prefrontal cortex, DLPFC) #£17rTMS
BITRIL, WS S BRI R
RIS, (HJRAEDR TR ()Y K AN RS B A 7
A B EIRITROUR . X AUD B Ay
Ry, Barratt (P2l 3R MU SERERI NI PEAL
(MoCA) MG & B, @45 rTMS A DLk AUD
BEWKEAAH LR M EE Iz 1
AUD 35 1945l DLPFC #£47 &5 3 rTMS, A A%
X7 AUD 35 WIS E R A ] 70, el 1 hgh
FERAT R
3.5 #Hll

ZIF5E KW, 0 PFC A rTMS J&3A97 SUD
AOSCHENR X . Lean, Zei5 0 PEC (9 rTMS A LAR#AR
TR U IR AR VSR AR AR, X AT HE S NAC
M mOFC #y ¥ W% 7™ . Il W M & R OB
(neurofilament light chain, NfL) [ 7K A8 FEfK 7
PN IR DA 35 G A < B SO W= £ 1 A1)
i 8] (dorsal anterior cingulate cortex, dACC) HY
rTMS A] LT B 3 3l AUD £ 38 X RS 1) v 22 7,
] BB IN 58 = A5 e TMSS 520 dACC FB0HG , BTG 7K
PR rTMS F 3 B2 B i Tk 7 fTMS s
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AT DLZE S SUD AHOC ML M S % o B rTMS S
BB ARG, B INEXT SUD #2242 Fl
TRIT YRR T, RHIRS (5 FH B A R  fMRT & PR
A5 DLPFC F4 113 725 45 r TMS £ 52 Wi T8 K5 4H ¢ 1)
RRBFWIRIERETIMYS, (B2 B Em 25
TSR ARG P22 Il i U8 5 o i B AR T e 3
Peifg (rstMRD) KB, HLIK TMS 3697 7E AR
gl) (FALFF) 143850 e vh il A £ 0 Fe i 1 K fing
G 8l, rTMS 0] LA /D22 15 M PFC T PN I RE 45 - £z
JEZ I BT REE R 7

4 ZmERRE (eDCS)

tDCS H PHAR I 4% 5 4~ 2 1T AR A A%, 1)
fHE . RSB T E (1~2 mA) T KK J2
ZulE M AEAREEA (K1), BHBRGE &
SEAH R Z A R R, IR R B 2 2%
FEPEREAR . ASF T TMS A S a8 35 85 | ke b
LU, tDCS S 1ot I8 ol 28 X 4% 1) 356 42 1
FEAEH . T tDCS K B 2875 b 22 B 4 4l A )
NHIEE BT, BARIRIT B s . Ak
i iR, IARSERENE , SHIRYT SUD $R It X —F
KRS 2 A AR )T A
4.1 MFEZY

XF OUD 55 P (8 5 7e R0y F3- (B ) i1 F4
(B ) XIRFEAT 7 R tDCSIAYT, H 3 BUAMAR FIEE
JEORAS, DA R op 3l A7 o 45 i REAIL 0, (R
8RR WAL ™ XHEZ E VW ERIRIT IS
P OUD H 3 HEAT XU tDCS T A YY ., H A
ML B RN X IR R L (8. 0 FTa) AYHR
TR MR, Tk, YR XA B 5 10 A
He—ZrER i ), S DCS fE WS A BT OUD
A 0 FEL OB ) IR R R B . T JLAR IR R K
tDCS 5.0 HIG 7 sl WG I7 B A e Sk A TR 9T
40, XFOUD H# #E17 tDCS FISEVPE 41697 &
B, EFERRIFAL 2GR . AR AR R
AL ™. X OUD /& B9 15 M Ay 47 n iz o o 47
20 min (2 mA) tDCS &GN LB, G
TRYT I R B PR A T RE
42 EHEEDR

tDCS A DL 35 2028 5 ) PRC A 1 it 24 7 Mok
PETORS A P ol P BRI £ 1 U SR . 2 TSR
FH, 7E$M PFC #H4TtDCS 11, 7 LARRAE AT
DRl ] B B S0 1 T SR PR R R R KO, RN
HAR R R S, HR, tDCS W] - PR b i

H R WAT RIGIT RO 8% Y, 4350 PFC i
AT DCS G897, XF METH 23 3 25 ¥ 78 5K 8§
HE WG ORAEAE2E 57 o AU tDCS T T A
METH i HBEAF 85 25k, (RN R A
()57 BV B A5 0 A8 5 o BB 7E METH AH G4k &% 7%
5 I W 25 7 XU tDCS, 870 T B X METH (1)
R
43 BEHT

XFJE T BE e /N B PFC #E 47 tDCS T
T, Jeir T CPP A 4kB&Ak, FEREIAREEAT R Fl T
YR el ™, i RISt R AR LA &5 5 . ]
n, Jeit T SUD SR 1Y 4215 ) PRC F1RE 45 - £7 )22
PEF75d. 20 min, 2 mA AU tDCSIAYT, HEXFHF
B (5 FH RN SR BT AR 2 [RIRE, DHEEE S
tDCS Z5 AR, /b Je b T Mt FH B ik i o8 i
JEUCEL
44 B

XoF A 28 453 3 1 R K BRE AT tDCS IR YT K BE,
tDCS ¥ 97 T 30 B I s /D, ik P IL-6 i
IL-10 ZKSF38 A0, 20k 14K BDNF A9 /K F b Y, 7B
B K ZEAHPRG SABEELINRETTEE & (DCS, AT LA
82U DN RO OB A NS 25 Bh AL 2 IR
R RN, tDCS HNEAE TS M PFC AT LLsl P08 il
FH B0 5 RIS AV 5K o X i 5 1 PEC #E47 XL
M tDCS T, A5 ] DAy /> 5 35 X ORS £ FH (14 7
SRR HE 0 b 2 Y R X A B A Y
B
4.5 HH

XFH U PRC 922 . A AT tDCS IR YT & B,
ZETEO PFC S4MAR . A5 R AN sk K-8 >
A, LEM PFC 5 EAE KA, BH
A 47750 PFC i) BDNF 7K F-F+ 55 ' 697 AUD 5
G977 OUD IMLHI AR . X501 PFC #E47 tDCS ¥AYT
AT AR T RSS2 rva 22, Al ey i R 2
IL-6 Fll TNF-o (1) 81K K P Y tDCS 7T LA AIG
RS Rl BB, WTRE 57V i IL-6 FTIL-10 7K
SERENN . SURAKR BDNF K82 PV A5 56, e pl
BwtoE B, WK 1 5 ORI S 72 H5 0 PRC 3
ULl S 2P R O7 TET I 245 TR D) 286 )~ 340 i oo 44
I 5 P, vmPFC Sz AT < PR R e A 5 FH 3 A
PFC 1 tDCS{R YT Y H AR CHEMN X 2 — . P8Ik
w4 (diffusion tensor imaging, DTI) A& ¥, X
00 PFC #E4TI4Y7 )5 . vmPFC SR BE A% 2 6] g™
Bl R S HG I, R 259 a5 i P3 g
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ARG HAL R A AR Ak, FR W] vmPFC 2 Kl X B 7E
PPN R R T G A A R X, )2 tDCS
IGIT I OCEE  IX 7 AR X, L4 227 ) PFC
FA7 8 N PEC 9 tDCS A7 1 LIS AR 5 Je o T
FHBE A TR G A AN ] AT 8
5 & B
51 BIHZEZGY

I PRETEIRFFE R, 23 n] DL b 225y
SURMIIES . FEEFET R R RS . X Mk 7
KRAERBI N T 2002 s 2k, 12 sl 4k 3%
g R R R BRI A B) 2% ) FE A2 fg )
Py et DA RAEREREE L . TARREAT R 1, 123
AT AREIIRR I R B 25 258 A0 B A B 4n 2 A T
S, FICRF RO L T RS sh Y, 2RI R R
WMER R BRAElEKIZ sl E, Bk A B ARGk
A E D B S TR /R R A A R 2=
o ltn, MER A AT IE S IR B 2 THER,
iz gl ] DAY/ AR BRU M0 PRIV SR, (L4 B
MRS THER ™ FEImIRIAL T, OuD B
BEMATIZEINGR, A RIS SRR IR AN
U DRI g EE AR B RGO X OUD Lo PR f
WA RS . PRS2 s R RTE,
BT 2 2 Al B R 5 i o, B mT DLk
PR R B TR S R
52 fEHIEEYR

A2 Bl AT LAl o W B T 1) AT R PR SA AR Y
KEW A SH L2547 RH 1 @A iz 3] LA
JE 13 SR BT R CPP A7 o E A 1o e
TKIz gl ] L /> METH 7 Wi 99 (B) K BRI £ 08 L 9
HERE FAMERREAT R, LA METH H B 45 25 (4 A
U PRI IR T, R B T A R
AR PR R RS 8 3 AT DI RE el 25K |
FEEAPAREEIR, AR TR B, Xl
PRl FH B S8 3 A T AL B DA Tl 2Rk 3, 18
el T RETE AR T AR, DU
YRR PR A Y % METH {if F B A 6 F
1712 B W B R 9T R B, 38 8l T BT A2
1 {7 F METH Ji5 78 W 39 1] 7y 00 715 o0 £ OIS
R AR 52 W XU . il D fE P O AL A Ot
(fNIRS) Al METH { FH b figk 2 14 £ 25 KM v iy
BRCGERE R, BZEIE S5 METH (i F B 65
()2 e R R A RO A5 B Gs

53 B&ET
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Table 1 A summary table of preclinical studies related to non—pharmaceutical intervention therapy for

substance use disorders
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Table 2 A summary table of clinical studies related to non—pharmaceutical intervention therapy for substance use disorders
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Graphical abstract

Main focus, but effective pharmaceutical
agents are still largely lacking

Pharmaceutical treatment

SUD Better treatment outcomes with the
reduced dosage of therapeutic drugs

Non-pharmaceutical treatment | Somewhat effect and mainly used as
complementary approach; lacking research
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s N\
Acupuncture

Deep brain stimulation (DBS)
Repetitive transcranial magnetic stimulation (rTMS)
Transcranial direct current stimulation (tDCS)

Exercise

Abstract Substance use disorder (SUD) is a global problem that is crucial to public health and security. Since
the effective pharmaceutical agent is still largely lacking, behavioral therapy, psychotherapy, or rehabilitation has
been the major approach for the treatment of SUD. In the recent years, there has been growing interest in the
effectiveness of non-pharmaceutical intervention for the treatment of neurological and psychological disorders,
including acupuncture, deep brain stimulation (DBS), repetitive transcranial magnetic stimulation (rTMS),
transcranial direct current stimulation (tDCS) and exercise. From both preclinical and clinical studies, the present
review is focused on the studies which investigated the therapeutical potential of acupuncture, DBS, rTMS, tDCS

and exercise on the withdrawal duration, craving, drug intake and comorbidity of other behavioral disorders of
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SUD. The review included the studies involving different substances, including opioids, psychoactive substances,
nicotine, alcohol, efc. The results showed that non-pharmacological intervention enabled to significantly reduce
craving, drug consumption, prolong abstinence duration and improve cognitive impairment, anxiety and
depression induced by substance exposure. Additionally, pharmaceutical treatment is a main therapeutic method,
but effective pharmaceutical agents are still largely lacking. Non-pharmaceutical intervention has somewhat effect
and mainly used as complementary approach, lacking research on the neurobiological mechanisms. Simultaneous
use of pharmaceutical treatment and non-pharmaceutical intervention have better treatment outcomes with the
reduced dosage of therapeutic drugs. Although non-pharmaceutical intervention is currently used as a
complementary approach, future research is required to specifically examine the neurobiological mechanism
underlying the effect of non-pharmaceutical intervention on SUD and improve the technical methods of non-

pharmaceutical intervention.
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