0) )L S i R
Progress in Biochemistry and Biophysics
' 'j 2023,50(10) :2437~2448

www.pibb.ac.cn

B S 2 AR 2 R eI ERRY
i T RUR A AL H

OED AMED EEAD HARD

(VPP RERBE AR, T 3152115 Y IR R A — E B AR, Tk 315010)

TE ML (post-stroke depression, PSD) JZIf & Tl 455 i — A B AG0 , RWRE, Ts2. EE LM
BEH (repetitive transcranial magnetic stimulation, rTMS) J& il i #3778 Ak 78 KB b 7= A B L SR il 38 e 2 i AR B 3 1k
R AR, IR L3697 PSD B —FhEE ZEIEZGWIRY T ik, W LR G PSD B IR AER . H H A v T™MS BIFEHIHL
AR, AR SCRLE T PSDIAYT AR rTMS BIEOE 28, 454 PSD Y i 25 4 20568 TR AR G BUR IR 8 & PSD Il IR IG T
FBE, HERT o TMS il % B2 58 5 1 845 2 5 PSD R YT I T REMLH] . v TMS HIGFA T 1% e 23 BRIt R ek
A BT RS RN, B T RS R 2 g RN I PR 4 F2 A (brain-derived neurotrophic factor,

BDNF) /K, #Eiiis & arait- il shag Lok, S5 DGERER . s ShRERYIEE , AT B rTMS V57T PSD Y EE 24

iz —

KW EELTRON, ARSI, MR 2 E SR IN T

HESES R4, R74, QI89

A AR (post-stroke depression, PSD) &
I T I LS () — P I B , IR &
A JRBOR . EBUR L BUT B TR EE A SRR AR
Ao PEGETT, PSDAYEINRARIA40.2% M, K
J 5 — AR AR K A 208 29%~33% 2. PSD i
MRS NS, AN A 2E, HEARE AR
WU [F]I, PSD A By ist B BRI 8l . 1R
INHIERS, IITAHRMEAR ' BRI, PSD A
I RIRS 7 RAR KB

PSD i BEAE BRALI 52 2%, 5 R 544 & 1)
Re sk e Fn i Ak 2 A ¢, B HATIATERE
PSD i ELAR A ML, 31Xl PSD MY R IG T R
RIS . AT, B A 2o 32
BRI o 22 388 O IURTRE JICU8 /D J2 PSD (14 — T B
LR MR, 5-F ik (serotonin, 5-HT) i
FEHUH i 57)  (selective serotonin reuptake inhibitor,
SSRI) ZEHUMMHRZG WA 2R YT PSD I H L2454
[, PSDYAYTWAFTEZRAEZI Y T B . Hir,
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2 2% ) 3% (repetitive transcranial magnetic
stimulation, rTMS) HAT W& WHTIMARTEH, Xt
PSD 8 A BAF TR > mlEE, A LT AR
= A PE Wi fll 3 (noninvasive brainstimulation,
NIBS) HA, rTMS X il s 5 R o5 ity 42 il Bk
i, Wk PSD IALHIER RS2t TR i T B . JFRE
THT AT RETE

EARFE R, TMS A] DL s I i )2
MR ERIRE IR . PRAFRIZE | S 2]
IAVE . TR )2 2% i PSD A RUAMARTE 45 77
S-HTIA FER L2251k . S-HT #5181k 2 5 % 21X
(serotonin-transporter-linked polymorphic region,
5-HTLPR) FEPA A LL ZEPI AL, DR e 22
F K F (brain-derived neurotrophic factor, BDNF)
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F& KLY Val/Val [R] 75 5 [K] 79 35 7] FU 0 v TMS 36 97 5%
I, 5-HT M BDNF A] £ 2 5 & PSD &
EE T, WREZEMRITES . [, 5-HT
A LLJE Y BDNFKF 2 SEF UL, S-HT nf g
JETTMS JAYT PSD B ZAE N S . ARLEARET
PLS-HT AR BRI ph e i, IRR 5 ek
PS8 A A DG 1 rTMS YA Y7 PSD AL, LLIBIH
PSD 19 A9 S iy 7 B Bt 5 i 4

1 PSDHI&RRALHIERI% A ATT

1.1 PSDHYER KL HT

PSD hy figi = v W Ao, wI R B 251K
. DLERERE | IEFE. BAORYE, PSD I
IRFEIL S IR IARSAMAR & ER AR, X
SIAET PSD A B A A4 2 v & s Al RAE AR 2R BE
B A\ AT . ARG A2 Bl A ol T BRAT A
PSD (112 Wi H 17 i AT 48— % WA An i FT 5 48
b, — M ZE A A A s R ARAE (2 Wb e H
Wr, IEHELLZFMZWERIZWT, iU R AR
R RS- A AR R . 7 5 R ek
MRS A R . EEEN PARA P ER ., HHE
A SRR 3R . R A ™ R T

Ia=diraglll
/—\E£ 710]0

1.2 PSDHIE AR FIERI

— B, SEPSD RN ZEA ZF, filhns
fERZE, a5 e RE ., &0 BA L
8 1B BRI, PSD MIGIRIFR I %, = IR A
PLEIBFGY, FARRIRHLEIE A SSRGS . B i
JEI R I PSD 25903697 = B ARHE A9, AR
WX P ph e R 50 (BN 5-HT R 2
B2 (norepinephrine, NE) Z4%) BYLIHES I
JEPSD KRN FEH R ", X S IARAE Y &R bl
il B SR AR AR ) G o PR S 25 8 T 3 B A4S
5-HT, NE f1Z [ % (dopamine, DA). H. i,
5-HT rl LA B tb A, DA W ik & iR #2 ik
AR, FF H DA AT LLE o 22 B B FE AL A A NE
X ERPRIB TR R B%, ATLUE AR . PSDY
PAFEAB RN R S | A ) e T AT E R R 2 Y
PRI TT R S RE R AR, SRS B W
M JEJEC P2 S & RS 5-HT HNE 7KF- 05
AL Bl R IMARE % 1, RS PSD WEZERH
PSD K L H AT LWL 21 i 5 R4 K2 2 1Y 5-HT
NE H1 DA #1283 Jit /K7 @ & B AL ', [RIIE, SSRI
Ml S-HT-NE 5 #% B #0 &l 7

(serotonin and

norepinephrine reuptake inhibitor, SNRI) JfJ7 PSD
() S T SR T X — Bk 17

Bz 2 i 25 33 B 7E PSD Hh Y o 7 i &
il PSD & i 6EK 2 2K o PSD A 4 At A i i
SCHE S-HT BY/KSF-FEAK 5 PSD A G . 4t P i
N, PSDHEE T T M e R G0 BTG IR 3 3
FMAKSE R, 4 PR L R 2 A s it 2,3- XU
SAURFIE R () ek b 5| K R AR SR T 53k
S-HT A Rs/b ™, 546, S-HT KRRt 5T
Ffi-FEAR- R (hypothalamic-pituitary-adrenal ,
HPA) HiGdEAISE . HPABEIA N, ZErp i i
B L RRE R R RS R . R BT, ROV
T HPA G LTE, 51 & 0 R Ge ik B 0
BT IAERRER B A . HPA R 1T AR b R
B, JH7Y 5-HT K 5-HT Hs (A% 35 [H X s,
SATER

BT S-HT S MU ph 2008 S, fili 26 e vl ¥k
fEiiiA S BDNF J& PSD &Ll i 2+, &
TR NAR/K B BDNF A5 H 5 & A PSD Tl
MF& R ', PSD 844 L3k PSD My 78 v /B 7E A BE
i BDNF /K3F 5 {%, H BDNF<10.2 mg/L i}, 34
H % H: PSD KB H38 K 11.565 . Aok, PAAisr X
PERRERTT S, THiE BDNF 0] Lok 35 57 380055 5 417
ABAETRL/INER A AT RE SR, ¥ 25 BDNF AR S5 HT40
B3GR T B 1% 26 20 AH ¢ 1 2 BDNF R &4
WL ITTHFAERIET, A S AR KR
B, PR 2 A7 i i s AR S B A 28T AT
T i AL A 3 . [FRE V5 S BDNF A9 fi Ut id A7
PSD IR UL, AR AR v T LA ik
5 HPA 35 PR T U PRI AE , HPA 76 M3 8
51 % B 1% BDNF 7KK PSD AHE 2,

T34, PSD Ryt (& 2F A o5t /R T 5-HT Al
PSD [ AH Atk ), SLC6A44 J&—Fp 5-HT ¥ 15 A ik
PR, AR S-HT DA 5 fi 1) B 26 007 0 B 380 8 3 v
5-HT ¥piz R #E 5L X3k (SHTLPR) 9 s/s 24
P S EE Z5E) 1 SLC6A44 3 A8 £ HR
B (VNTR) 5 PSD BB AHEE . LAk,
SLC6A4 FE K 1) Y S5 Ak 1T B8 23 105 15 2 fish 1ig #f 48 T X6
S-HT T, B S PSD B R 2 — 24,
1.3 PSDHUBIT Ak
1.3.1  Z5¥ady

H Hii PSD I 25 ¥ ¥f 97 £ 45 1% +% 1 SSRIs.
SNRIs. Hu% S ALEGEIDHIF] . — FRZBU AR 245
NE-5-HT $E WU AR L JLZE 250, 224X PSD
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S B S A 2838 o 1) S A L A ALY, R
N HFIABEE AUIGYT o NE-5-HT FrtEprimfpzy
) Mirtazapine 7] LIl i #5505 fill 5 5-HT2A SZ 41
a2 ' 1 IRERBE A B 3 A T MY 95 NE FIS-HT #1228
f&ih . SSRIZEZyY) (iUl Fluoxetine . Escitalopram
F1 Citalopram) 7] LAl 5-HT %) F5- 56 B 412 e 28
fil (1B S-HT /KSF, il S-HT1A 248 & F iR
J7o SNRIZEZGHya] LUE it 18 hinh 2870 58 il i NE B
i, HETTHSGEIARIER,, JUHIE M8 P 4 4K
IR B TAEGERPTINARZ I Z o1, P p el -+
BT S BRI (PZES) 50
XFPSD AT RAFHIT AL . AHX B s e ik Y7 = A=
TR DGR, G S i BB A AR L AT
RET | A ZIRIT NS 45 . Ik, PSD BYZ5HiAYT
B 0 5-HT FINE AHSGHE #% 203 PSD AEAR
132 dE2¥RYT

INHIAT YT 5 FINIBS S55E 25 0R 7 k&
PSDJAIT BB F-BL . NIBS AR . w34k
FRAPEHOR, W RENA G RE X B %A, B3
P, M EEsl, B, A, FiE.
A PIARSFE D RE RS A BUR IR . B2
PSD & MR YIAYT ik, (MR, Hipok
ZhRECI RO 2 1 20220, RAR SOy
T e R BRG] ASARAE (RYT P ARSI
/D L 3E e R DA | S 8 i & A, AT LA
UEEMAR I Rh 2 AR ) debn, (HA] Bedi 0 0L
J1o EAER, LRI (transcranial magnetic
stimulation, TMS) . £ /i B HLRIL . £8P 28 Ik
FRII . IR EL A . 2o iR AR S . Ttk e
P22 A A 1R AR R AR AR 4k % B Finis FHAE
BIT Y, S IAR TS 45 . A BE 1S Rz B i
gy e A KA NIBS H, TMS,  Hrl &
rTMS TE 32 il O R A & A e, B
RIVE AT 3AR . rTMS J& AR R APEE &2 ik vh e
R I X R R 2, C @RI AR
W EZEFEZ— ", PSD FHIR M rTMS Y7 1l LA
ARSI IARIRAS, 23 H R ARG RE ST . 4R,
rTMS FRA IR FIAILT 9 AN 2

2 TMS

TMS E—FPIEB] . HAR KRR AR H AR A —
Fyfyr TH, IRt 756 M &5 250 i B R
(FDA) AIE BV, @A FIARAE . PSD 459530
VAT 2. 2019 4 TMS 16715 I A7 R FHAIG

ISR A 0 A0 545 T (dorsolateral prefrontal
cortex, DLPFC) . SR #A7 fll DLPFC Bt A &
AFURE e DLPEC S sk s AR AR 2,

TMS A% B 32 2l B 2R P A A, Tl G
AR AE R RN HH — 5 248 B S T 1 52 1 S
Yy, AT R B b T ARG A 1E R 1 R
SRR ER, S1EMEIaRkMik, Pk 5
BRI, WA IS Y (H TMS FrRE Rk 1Y
ML AR A B, F 3 ) PR el 5 B TS 1
AR KRR L REIAEIRZ 2 B, Wik, k£
FORS BIBER 19 TMS 597 FIBIFIT R BB e £ 52 2 AE 0
X IR, Bian b R E] ) DLPFC, TMS #ili
AASCAT LA K B J2 A 200 [ 7 2 24 A P 4
AAEAY, T AT LA A A 28 48 S P T A X 7%
3l ), TMS X PSD 8 # %A%, 1GI7 /5 PSD &
DU R o) i e T, AR T R
PEE
2.1 TMSHREIHERRR

Il PR b A7 AE 22 Bl TMS B3O %8, 49 20 fpk o
TMS. XUkt TMS A B2 rTMS,  Horb rT™MS B FH B¢
J7o fTMS B —MATT RN T — RAESE
TMS Hl3 . — AN, rTMS A RLCR 5 o) i )3
AT CRAN G o AHRLAY, rTMS 40 A e A3 ] 3%
(high frequency rTMS, HF-TMS, — & & 5~
20 Hz) 5% #1¥# (low frequency rTMS, LF-
tTMS, — B0 1 Hz s AR ) L 8] 8R4 % 22 )
o v BRI AR A RO P R 25 5 . Bl
Bai & % B A 5 9 N3z 3 KR R SR R
HF-rTMS 7] D43 5% B8 ) M1 Y 2 )2 %A, LF-
rTMS A DU REBEAR AR Z 0% M1 R 2 (3252
M1 ) Wiz sh BME, iz shifksk i,
1117 32 800 ML 7 )2 00 A B (800 o [RTRE R,
PSD {5947 1Y rTMS J5 Zth 322243 >4 LF-rTMS F1 HF-
rTMS B2, A IR 5T 5T GE LF-rTMS X HARAE IR (1)
JPRL, {H HF-rTMS XHMAR BF7 ROR 2N . AT RE
MRS, RS, [FIZSALA R R A 9E 2 1)
BT, SR eha 2% . Gao %" X
PSD [ rTMSIGI 7 HEAT T Meta 20 Hr, 45 T Z407E
W9 A RE A LE-rTMS M2 HE-rTMS 1897 7 %6 .
56, LF-rTMS B4 %k 0.5 5 1 Hz, SREEN
60%~120% i 2.1z 3/ [ {H (resting motor threshold,
RMT) , 1fif HF-rTMS W 8l % £ 2 3. 5. 10 5%
20 Hz, 38J% K 60%~120% RMT, rTMS (KI5 97
Wih7d®E3HARE, HIK, rTMS 5 SSRIHZjY)
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B R XS RO R 4% R 70, Gao %% 17
i1t Meta 23 HTIA K ' TMS 1] LU 254 (B A sk
B, AR TMS YT T, 4% R
177 % & HF-rTMS J 3 22 il DLPFC, H LF-rTMS
A ) DLPFC sORUI AT AR I, B 8 sc &
i, WS4k &, LF-rTMS Fl HE-rTMS #7F PSD
BB R R T BRI
22 HrTMSHZE

rTMS AT DL 5 28/ By F ORI . 2/ 0iAC T
S 8 2 ot e AL 75 S A LAy = o 3
SRYT AL . (HIX LRI, B OY R AR
AN BT Bl rTMS B R R Z R, B
() *TMS J7 s H AR AN W g 42 1 o 0 48 % il
(theta burst stimulation, TBS) f&—FPJt4:) rTMS
TR, 3 S A TR) P LA BRI iR B 2 ORI e
Huang 55 ¢ & T PIFPOASTR] ) TMS T % . (R BRI
0 1 & L (iTBS, 10 Hz) 3% 2% 0 15 % i 34
(¢TBS, 1Hz) ", FEfEFEAH, iTBS Alfii )=
LTI A, Y 5 A (R A e SR B T RS
30 min Z£ 47, 1 cTBS W8 i AR R R, 2 A
16, Huang 25482 H (19 cTBS J7 2 8l A N REFRAR A
R 2R 24A T, TTBS Jr 28 M BB 4R 2 ki 12 J2 11 2%
Atk FEMVAREESRYT I, EAA ZMRTEREH
fill DLPFC H ¢TBS >k B X LF-rTMS, 5% 7 2 ]
DLPFC F iTBS 3k Bt HF-rTMS ', 55 45 /Y
HF-/LE-TMS J5 A He, TBS X K jz J2 1 X v
RIS PE SO R, AP R AT (fil4n, iTBS J5
2N 3 min, i A5 i TMS 7 #2588 1 20 min)
iTBS 1 ¢cTBS [t TMS IIRIT AR R E . A
EBRESE, HETEBEA A 2] cTBS FITBS i HF
PSDIRYTHIMFFE . (Hi T & R T1E 5 rTMS Jr
PG, R B2 B T IAIRE A6 T SR
R, dal AT, ¢TBS #1iTBS % PSD Hi4
Y7 N R  EASCR A T

TMS ) —~ ] @2 i fig 213k 19 i 20 SUR FEE A
M, BT X —nlE, Wie# Ik T HZ R, W]
IR IRIZ RN ZE R, (ARG HE R EAR ), |
HIEL A R [RI 2R X AS [ i DX A H 5128 Bl ]
THZAEHBIGIITIT . SERER, SUEE EE
i A5 i B )2 s S G407 B2 )2 (dorsal anterior
cingulate cortex, dACC) IR HF-rTMS X} &
R . U HRMETA IR £ 3 B A AR TS 26 2
. HH TR BAT 51858 1 TMS 7 BT R8 HLeiF
7%, WA PSD BIGITHEST 1,

3 TMS;&57PSDRIN IR ZR

H #i rTMS i/97 PSD FHLERZE I R il AR 143
A, FSCHLH AR ST 32 B4R TR e LR LA 7 1
a. BCEINASG, W RIER N, (RIPIZ; b Y
SPEBEEAH BRItk s . RN BT
T, d. sz ¥dE 7, DLPFC 2 28 A
AT R P RERY M 22 W Z AL O AR Sy, J2 rTMS
) — S ER A 55 . rTMS % DLPFC #1280 M Bz
Z0TF3RE . WEITTIRE KR R E AR
Wi, TR ML v AR SRR RNIESE, {H AT
ANE LRI IS T rTMS IGY7 PSD ML Y
G, a3 in BDNF 7K | 91 B 2 b 28356
i, PR R . R AORE RN | B 2
PREACIT . G e S R T I ) RE I 45 5%
B LERTSC PSD 1 &SN AL 5T KGR 25936
JPELIRT, C4THE T B 238 i ] B 1) ¢
HEAEHT, % F oK rTMS 3697 PSD I HLHIHE R 1 &
ORI e e S IR o BT rTMS
XoF Je s SR Bz 2 B A A e S s R R .
TNz R 2 o0 B JE A e L S R A AR
Fho FTF I, ARSCEEN XX 34 R T TMS X
Je R Rz )2 P B g I R H T iR R R
fi]% 5 PSDIAYT .

3.1 rTMS3| & BREEMEIBRNBRERIL M, 1=
BUERMT A Th Bk

rTMS 3l 1 48 B B RE ik b 51 & i i, S84
DIy St S N L P G B Y < e
ORI AL, e T oo an ik St fb.
I rTMS fie B4 0 5 i B R 5 & T A 2008 o 1)
B, DA ZTT R )2 Tl s, dEm B0 2
SR SRR S 2540 S A Ry Ak " miing-rp
IR R M LB G525 T PSD LM, &
PSD W EE LAY IR AL, WRMARIR T AR 1R 2
PR B rTMS 5| % 19 J i P i 2t Jo R i 384
A REJRIRYT PSD W EHE R Z —. IRER, &
i 8l rTMS{RY7 I PSD Hi#, B RIMIE A DA
NE. 5-HT 7K VY03 5 Tk, A Bl AR e R i 2k
5 SHIRFSE WoR TG S-HT ARG T8 22

KR T BE (locus ceoruleus, LC) F1H i i)
NEfE. 5-HT fEFI DA RE#f £ 7E DLPFC A % 3
BB, B BRI D RE X () DA BB T XK
il PR T 2 st e 2 A O [R) s2 8a
FIRTAT T A NE BEHI 20306 st 2% A2 1 ey F 4
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O RN IEFAESLT, eI R B R SR D,
EEMBCREST, B =, KW
I NE YRR T 76 35 75 10 25 A AN [ A 3 b 3
5% DLPFC iy A BRI RE . NE I DA ] LLid it
[F] 7877 DLPFC 1 M AT 2 5 AR 250897 %, &
MIAEAR B 1 24 R 4858 T DLPFC 55 HoAtb i X 119 1%
W, HEATEEGIE ) &4, DLPFC A%
I 2% 25 TR BT T 42 7, R Ih PSD Hr A X
ST B 25 A S50 BRI R R X 3R A 0
IV 4t BE P I DLPFC By DB 42 . IEH 1% Ol
', DLPFC# i J )25 3 )2 MZ 0] 12 ik ) 2%
% = I ST A e 5 B N e E N P R N L
fiE. IARNE &5 & B, f4E DLPFC 78 P 9 Fir 4 i
UIREREAR . Xt rm= A LI Y. 5 —J i,
YR TR (GABA) J& 5% = —Ff = i i il 14
P, WS SRR R TR s 515
SR AN 2 A S T RER S (. AT e
AR DX A FE GABA REBLST S5 T A 4 X 4 i
AIAMEIPEE T ', GABA FRAR B L4 il 2 4
ARAE K B P LIRS B L, IARTE 4
KRR, AR LA NE FI DA ZEELA
K, WK GABAMIK

B, rTMS 5| % 4 DLPFC H i £ 0 24 g PR
W, FEM SR A NE. DA FI GABA (B4 hn af
DIV T DLPFC A9 2% Pk, 385 X4 i i) 25 910
ISR, DT SE BN H 8 A 1 = R X
PN, MR BBUARTER . BFREOR, Hk
1 TMS 7T LA iT GABA K-, A5 12 256 H 2
PR 2 TR S A o, LA R B T wi A X A
D R O IR 7 s i = I T NS i B =i
T I8 BIPCIIARRCR: o — 0% B - 300 % 0 2% A F 5
KL, BRI A3 B B 22 DLPFC () HF-rTMS
(10 Hz) {6I7)5, AMEZEE TSR T
B, T A0 o) P o ) e B T A M
AT LIS DLPFC XA 4% 0 | i a4 il PR 4%
S, R FIPTIARRLCR o, Bk, fTMS Al DL it
B R . PR A P T SR R T A ) 4
WP TIRE, s ARG 28

Ty— 7T, BRI Y S-HT B0 SR 45
25 ) T AR I 1k Y 5% B A #R 1 DLPFC H (1)
S-HT RS 5 TxHE4IET, 125 T
PEgE YR s R T U sl
W RO 2 35 R BRI R T T A G . I,
rTMS 5| % (1) 5-HT BECE n mg L3 s X 15 26 Ak

AR BT A VR
3.2 rTMSHEME EEEEREIE D B R EHE R
AR i

WFFEIN A, TMS 1] DL i ) 3 A AR 18 K
WO AR B AR AR 7 — A
AERRERY (MDD) fE RS R, A 14
P UK 7T LA ' TMS I8 S BUIm AR £ 15
&R ), Sirtuin 1 (Sirt]) 25 =RHAEHES
PR Ab i, 2 iy A e BRSO ) e, A2 SR A b
R IR 7 Sirtl B2 L BEEAE 7 22 NAD+
YEREERIN T, HIG kS NADHIREE HAEHE, A
WF 5% % W, HFTMS #] LA ffi DLPFC ' Sirtl/
NHLH2/MAO-A i % /9 36 M B AL 7, (B %A
LF-rTMS (A EHF 5T . HF-r'TMS 5 % Ji J2 75 % b
R BT, s pg s AR, Ml B Mg o
NADH/NAD+ L] b T, BPsZm T NAD+R)H B
T2 Sirtl R CBALER AL, WA,
HIETHET] LLZS 4 840 Sirt], BT Sirtl (7K
o I, fTMS 51K 19 R 2 A A i BT nT L
51 Sirtl Z 24 . EFEER T, Sirtl A LU i
25 LA P 0S5 s IR F NHLH2, 1 ) 2 8
A AL EF A (monoamine oxidase A, MAO-A)
Tk ML T . MAO-A A] LL4 4k 5-HT . NE I
DA, i Sirtl #1 MAO-A 7] L= A= Hr Al
ER . milGR I, MAO#IHIF] (MAOIs) IFJ&%
FHPTIMERZG 4 70 IEAh, MAO-A [ S fh 25
R R ] RE S SRR ARY A, TS & 4
s 7 Ik, @ Sirt] B MAO-A BYK AR,
AT LU S PR3P s 2240 0 DR BT RO . 78
SRR, Sitl Z 5 MANIER E 4%
FIES: @S AR (—Fh Sirt] 1Y 245 BEE%
R ATAkE R 20 (LPS) i MMARFEST
Sy P I, HF-rTMS 51 % 19 B2 2 3 2 i B
FH AT LA i 4] Sicel #07 MAO-A, AT/ 5 i
JEPh 2 AT, WO T R A B | R
TXI PR, 5 —Jr i, Sirtl dn] LIFE
ISTE R IE A, 5/10 Hz F10.84/1.26 T Y HF-
rTMS 7] 3k /b B2 IV it o 241 el i Sirtl AT MAO-A 19 3=
ik, JFREAK Sirt] /Y 3 Z T KT AMPKo Y 8 iz
k174 BETP i I 40 A 1 e e AT A o b 2 0T TR
PR SAT PR T A T AR Y, Ik, Sirtl
Z 51 BRI TN ae A b g e T R R AT
HIIRERR S, 18 PSD VAT HY T RER IR 2 —.
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33 rIMSERM TR EMEE AT HE R B
B ThBE W 2K i 42

rTMS BEREIOE K J2 2 P 200, AR i 5
SR Ml PTG A (M, 3 A T R 2 T A
(TG, AR RZ S5 Ak . rTMS F=2E B $iT
AR RE T REFF L BN ARIGYT I R, WATRE S =T
1 % IR B TR R I 2 A TS P R AR AR DG . B G,
PR R A AT RE 5 TMS SR8 il iz 2 A ml 9
FHOC 280 dn, A N R SR 52 B R, LF-
rTMS 1] i S8l 28 A4 KR 2 il f i A8 Ak, T 52
M pft 28 ] SR Y SR ] ) HF-rTMS 1] LA S
By B34 58 (long-term potentiation, LTP), Tfij K Hf
[8] i) LE-rTMS 7] DL is 5 K B B2 f il (long-term
depression, LTD) "***!_ LTP fl LTD n] DA i i
NMDA Z A AMPAR Z{AN 5, FECFFHLIC
4 i T 80 sl ] 5, DT AR 5 fih o] 3 4
HWK, NMDA Z {44541 751 7] LABH Wt HF-rTMS 5l 3
31 DLPFC # 4 2% Ay M B i i 224535, H rTMS
X DLPFC R HFL 30 VI AT AR NMDA 32 4H
Wi BELIBT . KA DLPFC F) 2 fnh e 2 5 B RIS AE
RAT AR SR AGARDCE ), rTMS ] D 1t X6 58 fish ]
SRR i35 PSD R O HIARSE IR .

Ji—J7H, rIMSIRIT T, B ZE TR,
LT 5 FNSOIRAARSE o B J2 00 B2 B i s ot —
UERE T RZ IR, SEBRE A R IEE R e
P, DLPFC 30 5 35004 FH 5 i D36 4 1) i 4%
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Abstract  Stroke has severe neuropsychological outcomes, the major one is post-stroke depression (PSD).

Stroke survivors begin to show symptoms of depression within a few months of the incidence that overtime
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progresses to become a long-term ailment. As the pathophysiology for the progression of PSD is multifactorial
and complex, it limits the understanding of the disease mechanism completely. Monoamine neurotransmitters
have been suggested as one of the key factors in the development of depression in stroke patients. Repetitive
transcranial magnetic stimulation (rTMS) has been considered as an efficient treatment for PSD, and is known for
its non-invasiveness and minimal side effects. Meta-analyses and randomized clinical trials show that both high
and low frequency rTMS significantly improved depressive symptoms in PSD patients, but the underlying
mechanism is still unclear. The present review provides a general overview of rTMS stimulation protocols in PSD
treatment, and highlights the role of monoamine neurotransmitters, such as serotonin, norepinephrine and
dopamine, in the pathology, as well as in the treatment of PSD. By activating local monoamine neurotransmitters
release, rTMS enhances the top-down control of prefrontal cortex and alters functional connections of multiple
brain areas, which are associated with improvement of depression in the stroke patients. Moreover, rTMS has
been shown to enhance glucose metabolism levels, and inhibit monoamine oxidase (MAO)-A activity through the
Sirtl/MAO-A pathway. The decreased MAO-A leads to less degeneration of monoamine neurotransmitter, and
provides neuroprotection. rTMS could also induce long-term potentiation or long-term depression, which leads to
alterations in synaptic plasticity. As the result, brain networks connections become similar to those of normal
individuals, and the long-term therapeutic effects of rTMS are maintained. In addition, brain-derived neurotrophic
factor (BDNF) is also shown increased after rTMS in PSD patients, associated with serotonin elevation. The
BDNF increase, which is regulated by serotonin, improves neuronal maintenance, survival and plasticity, and

further positively regulating serotoninergic neuron in PSD patients.
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