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Abstract

BACKGROUND: Exercise interventions, recognized for their economic and non-pharmaceutical efficacy, have demonstrated the potential to upregulate brain-
derived neurotrophic factor levels, thereby offering a therapeutic approach to the prevention and management of Parkinson’s disease. However, the specific
mechanisms by which exercise targeting brain-derived neurotrophic factor expression to delay Parkinson’s disease onset and progression are not clear.
OBIJECTIVE: To explore the interplay between brain-derived neurotrophic factor and Parkinson’s disease, to analyze the specific regulatory effect and
mechanism of exercise on the expression of brain-derived neurotrophic factor in the pathological state of Parkinson’s disease, to review the improvement effect
of different exercise methods mediated by brain-derived neurotrophic factor on Parkinson’s disease, to clarify the potential mechanism of exercise therapy
targeting brain-derived neurotrophic factor in the prevention and treatment of Parkinson’s disease, in order to provide a new theoretical basis for exercise

prevention and treatment of Parkinson’s disease.

METHODS: A systematic literature review was conducted using “Parkinson’s disease, brain-derived neurotrophic factor, neuroprotection, dopamine, neuronal
apoptosis, neuroinflammation, and synaptic plasticity” as Chinese keywords, and “Parkinson’s disease, BDNF, neuroprotection, neuroinflammation, and synaptic
plasticity” as English keywords. Databases including CNKI, WanFang Data, PubMed, and Web of Science were searched for relevant articles published up to
February 2024. Totally 98 core articles were selected based on inclusion and exclusion criteria.

RESULTS AND CONCLUSION: (1) Within the pathophysiological framework of Parkinson’s disease, exercise has been shown to stimulate the release of the
myokine Irisin and to specifically enhance brain-derived neurotrophic factor expression, counteracting kynurenine pathway metabolic dysregulation. (2) Aerobic
activities, notably specialized forms such as Running on a Wheel with Electrical Stimulation (rotarod walking exercise) in animals and Nordic Walking in humans,
along with multimodal exercise regimens, have been demonstrated to significantly enhance brain-derived neurotrophic factor expression. This upregulation

is instrumental in ameliorating the motor symptoms associated with Parkinson’s disease. Furthermore, brain-derived neurotrophic factor is implicated in

the beneficial modulation of non-motor symptoms, including cognitive and sleep disturbances, through the practice of mind-body interventions like Tai

Chi. (3) Exercise-induced high expression of brain-derived neurotrophic factor exerts a neuroprotective effect through several mechanisms: By upregulating

the expression of anti-inflammatory cytokines such as interleukin-10, nerve growth factor-beta, and transforming growth factor-beta, and concurrently
downregulating the expression of pro-inflammatory cytokines such as tumor necrosis factor-alpha and interleukin-1 beta , thereby suppressing the activation
of microglia via the inhibition of the nuclear factor-kappa B signaling pathway, leading to a reduction in neuroinflammatory responses; by augmenting the
activity of tyrosine hydroxylase, which facilitates the synthesis and release of dopamine. This is complemented by the inhibition of matrix metalloproteinase-3
and glycogen synthase kinase-3 beta, preventing the hyperphosphorylation of alpha-synuclein at serine 129, thus counteracting abnormal neuronal apoptosis.
By inducing long-term potentiation and promoting the robust expression of post-synaptic density protein 95 and synaptophysin, thereby enhancing synaptic
plasticity and exerting a neuroprotective influence that may delay the onset and progression of Parkinson’s disease. (4) Considering the pivotal role of brain-
derived neurotrophic factor in Parkinson’s disease progression and treatment, targeted exercise therapies could advance “Exercise + Medicine” precision
medicine for Parkinson’s disease. However, current research is limited by a narrow focus on motor symptoms and a lack of diverse exercise protocols. There is

a need for more comprehensive, longitudinal studies using varied exercise modalities to better understand and address non-motor symptoms in Parkinson’s
disease patients to improve the lack of research in the field of Parkinson’s disease exercise prevention and treatment.

Key words: exercise; Parkinson’s disease; brain-derived neurotrophic factor; neuroprotection; neuroinflammation, dopamine, alpha-synuclein, synaptic

plasticity, neuronal apoptosis, non-motor symptom
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FH e e ARom s RAtATIESE 3 B ILE A R, M
@495 & BDNF X R X B E WA Am ) BB R E A
LORAR T S BIRRATZE T kR, REREDREADSRE
FEr%. AR ik Ab 2 AR 47 B e KR R LR @ AR 5 9 B
B Z A4 4] ] 2, BDNF F44 RNA 4 2 8 5 4% B E 474,

5458 | DEHRTIEHAR | 5529% | 55258 | 2025598

BT EMA KRG iTA2 ¥ BDNF X EE ML T 20946 .
LR AR &, SR BDNF 2525 7T A #5046 ta 4 &,
B s A 0 it T ¥ b

BIFEENA, BATEME KB EHGIE R T
KUK R MR BDNF #4748 2504 57 AR R 3RE, —F @
BDNF 24K A F % 142 B A WA H B £, R il i do i G
FE 6Bt AR )y, B LA E R ILAEATZ T AR 4T 098 2L
Aeid: B —7r @ w T EEE AR T S BB & MR AR IR e ik i
. KaFEa A ERGEL T8 ERURIFL AR R
J R A BAT B IR B 69 G 42, % % BDNF +T i ik AF 45
Ve F ek B R KPS AR s AR A 1T 5 A £
BDNF £ A 69 BF 70 R T ek EH T2 FH 2%
Kl REF RAFVAFIA.
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2.4 IBERRRIEER TGN BDNF RiEFVKFF I
1B ZEAR BRI N, FRIEFH T A5 feANIA
BDNF A&k a4 &bk 2 2B, K HE 3) ) =T R ARIE 5 L
#, % BDNF/K-Fa9H5mE, AR BOLERATZ T
ABAL S AT 6 A AR R
2.41 Z=zhxt BDNF R X EEAER AR, Zi4iE
) 4% 4 o LR R % X A fn & BDNF K-F, HAE A 2L
2T H 4 20-60 min'®Y, R A A AR RIERA TiE
St BONF 49984545 2R AR L A4 £ 4. AR
KRIL, ZHevhA HmEE VT F IR E (60%-80% & K S
F ) $4T 36 min KK BB F) T A H ALk f & BDNF K
P ¥ A, #—HIR HEHIRE (= 85% K AU F ) #AT
16 min i& 3) F TG 4% ik 42 % BDNF &8 ¥ 52481,
FAFRIEE 30 min PEIREALEHTRERSME
Ax g & A o i BONF KPP, 27 50 20 18] 4 F /B 45 R °T ¢
BT e R R EIRA T 3 SR 2 AR B E X
JE 5 £ 4 BONF Ak F 8, MR 4oMiE 3h R R A5 4%
BDNF F# A I %; A TH)IL T ARRHA FEHH X
Faid AL 09 £ 1% RIE )R AR R R P 3K

A AR R R K A T K HAE 3) S ARGE 7T A 2L LA
BDNF A AKF. thd AR MERHT LR, BFAL/
WA REFH W T AR ERAILILIE F) T R
F2FH ) B2 20 BDNF 89 Rk K- B L bhs s
& RARAMRE], KR AASEREZ)TAYTR
# F 8 BDNF & iA, % i %) 13%, 23%-35% #9 BDNF
PR LA haE 50, R BT AR Bk, Eahk
A jF4F BONF R XA 22 AR A&, miEzhikEN 2
13 B h KA AR R s B A A = 85%
KRS FAm 60%-80% T K 4 B AP 3R E I ATH 4 12
a2 3 T RS R, RATH T E4R & &4 @i BDNF K
P AP TRGREATHELETFATIL: OFRAEE
ik L LB TR R T8 i MUE 4L 4 BL LB B R K b
PR ENE G % [ LR BRI AW % TR Y
HHER T la &k, #MmITE BONF B3hF [ 493505 ©
@ & 5% B ik AR AL E AR 3 5% 5T A B B ILF R
h £ 3 695 b BACAZ L, % A4 BONF T84 5 4] &
WAL A RE R AR B RIE R, OFRAE
7T F8 -7 BB HIL A B B AR, A ATE R 5Bk R
JL AR KRS T fe A KB F e REHER, W BT
T — ALK b A5t BDNF &k 4gifds ©,
2.4.2 i&zhiA4E BDNF 22 91 A L4 B AT, FRETF
& il 4% BDNF £k 6945 A Auh) AR A Ak bR, LAk £
£ QIFE B PEAS B TR RIRAS 5 18 R AR IR
BRBR IR BB TUA 4 A% & BB AL 4k f £ bdnf L B
HFIVEEF AL . 1B FhR) U R FF 580 AR B R %
7 M & L5 F pro-BDNF &) % # BDNF & @ 451, vARiE
NFELR I L ik K15 3) B -F 428t BDNF & ik 3 A%
&Y. mEWMEKAREE T T, Joi) BDNF 9iE 3l H
AR BT R E £ 2 B S B A M A 8915 ) B L A
AF——BREURL e K RmEL AKX E R -
R BB B A7 & T,

BOSTROM 4 ® F sk ik £ B B & B T B 8 Lok iy
WUE F, feid Rk 693 AL BRRIG FA M E AR v 353
ERF Lo 695 KA ) SARE P LT KB LA m e K&
B, EEZHAARFLELEIIABROLLEES T
FLIR AR ST T f R E IR P . WRANN 5 & SR 51 B o
R IR, BRFLAERARRRIKREL, FEIEF)H
T T 2+ BDNF faA $EATdE, sbob, SPRAB#RILT B A
F O E A G2 n BDNF ik agifds A St A
BRREHAEHA g R RO KOS TG 5 HIkRE
& 8445 75 A AR %1 T BDNF Fk 6y RART B &30, B
YER R G e g MRS RARDL, LRI B B R E
15538 B4 A A M 2374 B Ak 268 09 KT A2 30 0% 300 K A&,
RTIABREFRTIKPASTREERTFREREE S
%, #mAHMZAGHBERAES. BAARRNR,
ER IR B R EF S m S TR E LR
ARG SB[ JeSME TR T B IR R [ &G
BB N AR BRAR T RN U 45 A& & M A s T i i dx
BDNF £k %, fappz Bt % F BB E K AFME R 42k k
Fu, B bR IR 4o LK AFAY 2RIz 0 B AR AUH]. kT
tae AR RAER G FT R RIER, BHHATHEEE
xt BDNF & ik 4984545 A R B i 2 40-F aV/B5 A4 P
8 1A RiE 37T BT o o b B8l f i A &
HELPHBEREEASRKT, TRAABEZ U MELSED
Ab 42 Tk A oV/BS E B B AR RS LA 4 A
€ 7155 BDNF R3A, i LB Y % Sl fett 20415
EINF TR 6 AR IPAE R . o), BREFLTRIF
B dEAP ZARAPAE R BT ELSF aV/BS L S Sk
b e 4B CD90 X 19 48 EAR A, b e dd 2R
b B AAT 2 UG SRS, RTFEHMNE TSR
F A0 2R AP A R S AEUB FRT BDNF R @, Hxb2
E AT 2706 % & R raALE 4L B 8 5 69 AN

& R B - R R B IR 12 RAVK & BB 694708 5
AR AR, & RBLT BT 2 AR E 2, 3- W m A
TR AAL A A AR KRR R P, B R AR mnE
B6g £ 5, 2 ARM A AEARER A E094Y 2 WY R A=
VAR BB A AP BRI T, FFR AR, s
AR R A SR & RBR - R AR B ER Ak
JE A Fe A Ay Bl KGR T dn KA, R AEMRER | R KRR
B #re bk Br it 2 46 O m s B Lgm e g b AR 2
MR mie s LI, KB BT T KRB R4
BRAEAL A R K IR BB, R AR — 7 @ LB Sk BR 5| &
AN, F—FEFRERAK. FHAKAD
VLK AR 24542V A 7Y, AGUDELOD & " BF 445 i,
8 | 30,4615 ) T AT 2@ i3 _E i RALA BEARIG IA MU E %
Ry EHERT Lo RE R EFRAIPAARE s FAAA K
Jk BRI R EE M, 5 A KRR AL A K
FRoEoh B, Yk R R &R BR - KA RBRARMSHE A TR
JEHRY RAEBRBRBE, RS K %2 AR A ES
#9AP 25 K A&, 53k B BDNF & A 6937 4 7F F A% 2
FHE., AR RBER LI, ERABR - KRER
BRARME R FETE RV B HEE TR W REHL,
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) i s i Fe i 20 47 F BDNF Rk 8 % T, /e 467
Wk 2, 3- R AT B R T TS W R IAY 2 A E KK
K Ak d BONF R GAKP3Em, 4k f i ) BAL B i A A
22 K JE RRLVAEARAT 2 AR K An B T2, AMd A 4
fEbh A A RIZ S L AF, BT &R - KRR
ik 22t BDNF R A 5T 46 /4 /2 2348 R U2, sksh
IERACI 4 "' BF 7 & B, #h4F sk \ BDNF Met/Met(BDNF
AR S AEM) DREAAE AR - KRABRNRAEZGL
g, R A ED 2, 3- R AR 1 fo
R IR BRI A B 2 & & mRNA B 53, {2 KRR
BRAEL A ASEE 1 &G mRNA R ik B ¥ 1K, H 4 BA 4
E B Rk E ERBR - RARBRARSHER R 7 FLRN L,
Bt R IPAR BN Jn bk 8 5 R R S K A . B AR,
i& 3 M) 5T A7 3% 2% % BDNFval/val 2 4 A /s .89 8 AR Bk
inlehEs, X T 455 BDNF Met/Met «J~ &, BDNF & & & &
Fohiese A A % 7, LRARLERED T ERRK - Kk
RERRBHE IR T 09K 4 555 BDNF 649 7K-FFo 5 464997
%, 4% 9 BDNF 7T A A F T &AM - KRR KR
R EE R, PHZ A T A4 G AR .

2.5 BDNF NS TABIZEHRNBERHRAINERR
251 FREF NAHRAY, ¥ob) BDNF ZE4 &
TR EVH BEE G T Rb-Eim R AR RiEF). e KRR
WARB R R A I, RAHE (IR ) THT XL
F AR 2R T 0, BRR 4 RAESE 4-10 B 49 AAE B
TR Z 35 R P AR BDNF £k KT, 4 s a4k
s BoRIE B, EERIAZHWH AT EEAGI
FZRZ (AT MK P st et ). ik B AR R R
TG FEH DL ) Fa LI H 69 B ER A (KiFE
TR ERARESG4E. FEIFEHRIEER, &
BRESZH Y)W 0N S B b & R R R 4R
Sz Ak, LBrasumEH < 60% KR 6 iR At
4T 4 B 3g 5 M B3E 3 (60 min/ K, Sk /) TFHELR
I B & fo % BDNF KT 2 E 3, 512 F Bk —ths
RAMIPLFAN/MERFS, R LHFRS 6 min F47
MR RS AT A . RAAF R RN, HARH RS
7 RBHA T H MNFFR 0% . LEEM AF 50 B TAVA E4F
Lo RAT A S AR AL 5 3 D 4k - - SEAF F AT 4 34T
25\ 55 U, AT R R, 4 BlaRAEAT S AT ARt
B BR A @ S B AR BR AL VA 5 5 2R B SRR BDNF
KERL, #tdmEEH LR 6 SORKAY 2 TS A K
EAY BTG, BB RSEAT AT 4 A AT R
09T B BB Bh A5 ) 69 B - R RAYZ = BOE R A )
U S —FAFRAESE, AT B AT Y| AL 5T i 1L 4 )
DRI 48 R E R AN 2 KRR N, LR AEAT H AT
AR A FAEGH B AAeas = A SR 2RI KL,
KRB FHIAF I N4 T e EH TRBEME R ARZFIE
KT G bk ok AR AR 5 45 R £ 4L, HARRO &
S HE b4 A A E VA XIS B 4-6/7-8 Rt 5iEF)
%R RACAE AAF A BN % (B =K. FE6 )
J&, ALK I E A dnf BDNF /K- R 3538 e H 4% —bh4 AR
PRI OMME R F K, TR F) LR A | A ARER

5460 | PEHRTIEHR | 5529% | 55258 | 2025598

FAEGA B )| %A 6/10 min HAT MR, AL T AT A 0K F
B EARR B ERR, X AF 3 T ALBRAE A V| 5420090 %
AR, AR B AR AR T A AT T P AT
X BRIt KW L ARAT I e LA L E VAR & W AR e
A, GBI R R 69 4F A AT A AR F AR
AT MVR Y F A BT,

Rm, BtadhmELERITHAESD TGRS
B FAFAE— 4 SOKE 5 %) gz E o S 2 ks & 4 v
60%—-80% & K 1% A% 7 % 8 B 3. F UK AiE 5 (30 min/ k.
3K/ ) JG #0 & I 45 3R BDNF K -F LR F T AL, F
iR TP e e ok EHZ AR — M RRITEE
AR ET, K5 amrsERmr” >,
2+ B AR5 P b A Ak gm0 R R R AR R BT LA 4
AR I, FRAZZITTAS PO A A b AN Bk 2 24 FE B -
MRS IF AR 1.0-1.5 54, M SOKE 5 " ey a7 03t %
93.1% A& T 2-3 K, BIEEFLREE T, MebiREH
fn% BDNF K- 8 Z K F i BEA (MD=-2.99 ng/mL), EE
B - RO ERFHRMG (KA EAS E )BDNF L&
AT, $- BDNF 5 T A FUE 3h 3t a4 fkom 6 7 6 2L
RTtez b hmkn®ER2E%H ", R1LETIES
A BUE Fh iR 45 BDNF £OA P E-vh 4 fxm 0948 2 AT .
252 3AEXiEg) FERANZ, AF TUON F ™ g
RRANBRIAR T RN, 8 R, HRARITZmA
#) 50 min # 3% 7 #T (50%-100% 4K T & ) e 4% iz 3 =T
BERHMA AR ALk L BDNF £k K-F,
FREE P A AR R RAPARAEAT A A 4T A, 2B F] %
F ¥ — U FRiE By xF BDNF & A B 424E A 69 16 KA 85 ILAR
W, M BARILIE S A T4, Bl @484 8. FHUR
FEMERNEF %A 7 Xth SR NE ) T oy X R #7 R A E
NG RR AT X, BT SEXEFHEF KA 2
AR 2 AL EERRANIEHF X, BEEHRES
ERERBGSHBTASEANEE (HE. A &AH. F
BiAnildn s ) E ML RA R AL T, R AR, 4
S HEAE R WA AR B E VA = 13 TR 5 R 09 3R E AT
%Kik 84 A % A XIE B % (60 min/ &, 5K/ B ) BRI,
$HEXE )T BF Ll b4 s A fif BDNF P B,
FEEEH G FTATR A (+5%). R FE B A (+11%).
TR A & (+15%). AN 3B F (9%) vA Bl Fn B fE. T
LANDERS % ™ 32 bt &k % £ 4 47 8 Bl S KB 7)) F
(90 min / k., 3K/ ) &4 & I BDNF /K-F L 338 fhu,
B AT e AR B AT T, W) Ry E
B A BRI 4 NN 2 2 3L AR SR ATR I — S o
MEI, ZiBE6SEXEFHTRFRE 7 R4 (FH
WPAE RGN K. FRFHE A A—MERRIFEE
M. 6 min FATMK. EARET TR, 2ZMK),
{a b 558 % A XIE UK E 3 RIHR ( FIREH A
6 min HATR KA bh o AR T TR ), FlE ML &RE
Bt Bk E S HEXE R, RREEH LA RS
KBREBEHLEEEZF, RTe5BESEXEHTHA
BDNF /3T ta& R Ja 04 57 B A K KB 77 k.

R AR KN, HE A R E A EIE 5
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#z 1 | R BT BDNF RIXKEMREHFFHHEATILE
i (= FFEN G (T S8 (IR B3 0% (T 5286 (56 )/C X ) 4 R Fa bR s (b (BDNF/ JSUULEREE 4 i Bt JUR
R O(RFFEH)  T)/CxR] ARG B)
it}
i NIKOKALAM  T,/C,: MPTPiESIA T,/T,: LA 24 m/min BE{T 20-25 min (94 C1: SN A1 bdnf ik BT @D MG &AM /N Bl SNpe th 22 [ RE 2
4 NAZIF®) SRR/ N WA RiEsh, 5/ A, F8s:3 s JUAEHE B I 58 JhE IS
7 (2020)
W T./C/C: AR (B C/C,/Cy: ANSEF) TJ/T, 41: SN i bdnf Fik .21
) 41 n=12) 0 H. T, ST e 2
¥ LEEM™ T,/Ci: MPTP % S0 T,/T,: LAHEEE (10-20 r/min) #E47 30 min T,/T,: SVZ1. SGZ. SN FIST X FEsEFFAT & I 2Tt & 7595 /N B Svz il s6z
 (2022) SRR WINEFEAT AT ISR, 5/ A, Fi8:4 ;1 BDNF FKik X2 e A L 58 7 SN [7] ST A4 e #edit
it T,/C,/: BE/NR (n=45) C,/C,: RIEZ) i R e M R R R I
ﬁﬁ LEEM™” T./Ci: MPTP S T,/T,: LIGbHEIESE (8-20 r/min) 47 20— T,/T,: SN b BDNF LA B YIZRER M4 A0 /N BRUZE g e M b (1 4 30
(2023) SRR 38 min AT B AT, 5/ A, FeekaJd: iR S P2 % RE SR o SR filA% AR Y 5
T,/Cp: BFA/NR (FR4H C/C,: g (AT
n=18-20)
MARINO®  T/T,: a- FBJREF4E  T,/Cp: LA 3-11 m/min #E4T 30 min [(HIEHL T,/C;: ST o BDNF 21 M JFULER 38358 e 4 A0 /N B ST Hh Je il i 98 1 L 2
(2023) FRIMERRNR  AREsh, s/, ke A, OGS B RIZEEWIN B A R0 5 flk i AR 4 A
C/Cs BFAE/NER (n=123) T,/C,: ANiE3)
TANG®? T/Ci: MPTP AW T: L 10 m/min #E4T 60 min HUBHLUIZ.  T: ¥ BDNF RIEREWMN: @l maim RS 2 BIERE 40
(2023) SRR 5/, FE8:8 F; WS, Rl Y IO T
C,: BA/INR C./C,: KBz C,: 5T BDNF ik MAG  BhEEES. S6%% 2] /I nTh e
(%41 n=6)
RAFIE"! T/T/Coe RN To/Te 55 LJALL7 m/min BE4T 30 min, 5 2-4 T,/T,/ T,/T,: #§5 BDNF 2R H 22038 825 el 0400 /N R 2 mic 12 g 7,
(2023) JAILA 11 m/min 34T 60 min (354 7 D A BN,
WA RIEs), 5K/ JH;
To/T./C: 6-OHDA % T,/T,: Mkt HIRigs) C,: I Hh 4144 BDNF EEIRIE AR Hfiid
A 4 AR /N R (4L I
n=10)
Iff O'CALLAHAN® T./T,: &AM EE T L= 85% HR,, #E4T 60 min (UEFHREEN] T,: IMETEFF BONF ACE R Rk
4 (2020) (n=22) B, 39/ 8, 12 A, I, oA ZR BT B Ak
#x
I C./C,: MERMHH  T,: LA 70%-80% HR,, 4T 60 min [{4 iz
& (n=22) By, 33U/, 12 4,
" C,/C,: AiEF)
Wi SEGURA™  T/C: WdeARiH  T: 1L 80%HR,, 4T 30-40 min B[94 T: ¢ BONF 2350 10 5L i23) 3% P44k UPDRS BE 440 (H. 4 hm fit 4%
R (2020) (n=65) FHRIE, 3/, F816 Es SR HESIAN X 2 (7 () T 4
‘fj c: RN C: BDNF &3 F[%
/L SOKE™ T M4 3% (n=15) T: L 60%-80%VO0,,, #H1T 30 min [IHEHL T 4H: MIE/HFF BDNF KFEIGE  UPDRS TR # ¥4 6 5B A8 4k,
(2021) HRIBE UL ARSI, 3/ A, # FER
428 s
G M4 A005 53 (n=14) C: {Y LA 60%-80%VO,,, #1T 30 min [
WU EIEsh, 3/ A, HesfE
AZEVEDOP®  T. JHBIAGARMIEFH T/C: LL 60%—65%V0,,., HE4T 30 min [195fy  T,/C, 4. MLIEFEHF BONF /KT Kfhik
(2022) (n=9) BRI RIEs) (adk) BN, BDNF [ AT AL
Cye AEIMAI I G A5
# (n=21)
HARRO"” T: &R ES A RPE4-6/( S 43 10) HEAT 4853, sRLL  IZJS M AE IR BONF /P25 dbRRAG AT 52 25 42 i A 4 A% 093 28 1) 6/10 mwT
(2022) (n=12) [ ExTHR 7-8/( 44y 10) BEAT s FE I R Z ALK m FIIZRT /3 AN H S J& TUG MR & P4 Ik UPDRS B/

AATINGR, BRI, FFske A

#ii: BONF RIRPEAPZEE FR IR T SN R ST ALUIRTA: SNpe MBI EUH s

SVZ Jy I = e E TR SGZ il S v R Bl BRI 41 )25 UPDRS 5t —

WA IPEE 2R 6MWT 2 6 min ZATHIIA; 10 mWT Jy 10 min ATHIA; TUG g R B ATHENNR . HR o IR E; VO, MRS RPE N EWIETTE

FE=13 5 /(%420 4 ) W95 F) 3% L 34T 8 ] 3 KB

T W, 125 B4 4T 2 4 60 min 49 ) %, R
R ERVIETIZEH) D HR G EF TR G TAEAN KA

6 min HATRKAREE, I+ B FBEARITARER, {2 RAEEE
iNFnIh4E H 7% BDNF KT AR EHeh B RFE2 A
B E I, ZARR I GIREREBAR, B FRAT 2 A,
W K AR5 7T RIS X E IR H L £ 3 R A
AL, RTBFHIAEALT 462700 % 4L X2 54 BDNF i3
FEAE R VA B PGB AR IR 806 9T ROR

AR, HRE. $MENEEXEFHTF X
T f6 B A A F L8 BDNF Rk, i & 44 SOLIELE vh 4

253 FHEF MERREAERREME KRR EHIED)
JEARBH AR, FERAGTHRELARE. -FHEF)
W B ATt b8 i E B A R R e R S AR
T, fe— AL b KRR R oA TR 8 kR B
SZYMURA % ® B £ I, s3Ei 4 ik sh &4 vA 60%-70%
RARSFMATIR A A 12 P F I LTRHR
B % RXA M FJEIR BDNF K-F, FRERGFHEFEE
RAESE, BPH| 4T @ i BK0R 22 B F AP 2 KRR
B, HFERPIE LA, 2ZARRRITHEE S
AIEME LK BT & @iF 10 RE T E EA XL,
L5 BDNF Z A F R B2 EAB M., K, dt—Fagrp. R
AR ERID T, 82K HF4 10 A -FHI %R
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AT R 32 5 v A AR % B # fo 75 45 2R BDNF K-, Hat &
F M. FEABRIATH GRS 7 @Y R T AEFTRRY
o B, AT R — @R Tz AR R R B AHLTE
MbL. SRk, E—EA2H LBET R mE,
R THRGENBEFIENE; B —F @R T AR
RAZARR R 6 a5 F TR E AR B3 4c4a, THE
& PRAE B R AR BB Tk R AR A E N T AL,
RAFHEH TR EIEIF L&,

254 iz fAtAS AR RIZILEF, A
FHIERIS, BHLLR/E A —RINAEAFITAHRF. A
530 BBk R AR AR AR, ELBE 4 49 38 M A
BRAPEEMEFLFREY. HLLA, Mih. K
M. A F G B )BT R G KBk 5 AT agtR
M BRA G IR G R EIR, H AR T S i
BEALET, AREZBEWNEKRBELEVIEZHERST B
Bk AT A B KWOD & P AR L I, had
A & A R KB I & S Y| AL X AR 5,
Ao 4B L EREMeHRBELGTHIR. %
— A RRITRE T ARSI EKTE, KBRS %
& SiE TR SRS H 2 ik A AR AT 4o 4m e B
FARPRMHER., (AERFARE, UAFRZEANKS R
BT HFHOHFRIA, EETHE—FHAMEEFH TR
% LR bas xR & ik BDNF K-, 2LE MR mikde
FrERARS R FEIREL AT A TARYG; BEHk
ABHML, KBEFEREZTRAS T ORI E LI F

RS, X KRG SERAE G AR RIEE S E
KRy @T e E AR, H—FrxEomkA, LA
# BDNF 7K-F 5 b2 fx Jm ik dmiF 5 RAF 009 IR EA2/E,
VAR R 4 o Bk 4m iR AL AL B TR 2] 2 B AR K,
B K AL FAE AN Z KRR M A S E, Litk
B ZEERAZAHATAH RS, HARTYSELE
Zh T A8 1278 BDNF 89 R A R HAP 2 KJE, M 42
tAA AR R 69 AEIE B JEAR . 1 —F7 UL K I AL A ¥e ) BDNF
e RIRIE G T R RETHNA, MELZAT E
MR EAG T T R BN E RN E
PRIpAER P, R2ILE TS FEBX/ P4/ Fvia
4% BDNF &AL & 1A Ak 0948 KA AL

2.6 BDNF NN Szzbh8i8E R mevE 7 ERNE

2.6.1 BDNF /515 FhiR 2 vk m P AP 2 KR B2
A2 R RN RAVE PARS G ) T ARG, LA FL e
AROEIZFRAY, BAFREARFHEIREAEREAF
B AR A P 75 A 0 R AT K IE R e B b £ B4FIE, R
AR B R 45, K HIE 3 9T 18 i 0F BDNF/ R ILER
G AR K B A5 5 B 58 R AR R P ARAY 2 K JE R AL
A&, A2 Gt fmE R IEH S R ILR & G AR X s B 491
T TS W2 RE St s RER ASURIR P AP 2 K e
a4 BOR, FEAZEE KA T kB BREAAL &K KT Ao
FHEAFHEIFLE T aFod @it E 6 Kbk
35 B3 3587 BDNF/ R ILIRE & A8 % 484 B 42 5 1@ 94 fE15
FHIPH KIER L F R EE A E. e KRR B

z2 | 218K / F& / 50EFEE BONF RIXME RS RBRIEELHAFLR

iz T 5 BT R 4 JR e b1k [EE R G EN
B (REEMR) (TS (5 )/CXR] [T S (R )/C X ]
1
ﬁ
% LANDERS™ T &N (n=14) T: LA 70%-80% HR,,, 47 90 min ZHiHiszh (& AA.  T/C: [ BDNF /KF 38 Byt i 4 275 10 JORE R 31
L (2019) BB ~PATRIRARILE ), 3%/ S8, sk 8 ), YRR, HIATE m eMWT Il E S, H. s R F T R
EM C: WILARMEH (n=13) C: LA 50%-80% HR,,, #:4T 60 min ZHikizzy (7 1), 3 WEMEER B
= W, He s
31 DASILVA T: W& EE (n=12)  T/C: #H7 60 min /K EZHEAIZ8) (&A% P, P, T/C: ifiLjf BDNF /K AHik
GERMANOS®™”  C: f#FEsZik# (n=14)  BA&IIL). 2/ A, #8141 H TRENELER
(2019)
OLIVEIRA®™ T WH &AM ¥ (n=9)  T/C: {KHE 1 & RPE JRFEHEAT 60 min /K -2 4530EEh (44 T/C: I BONF /KT iz B 12 5 0 4 A% 90 3% 10 TUG I A
(2020) EOEHT . S EE . PR SR RIINGR), 200/ A, BN, (HATE eMWT PRSI FER kRS
Fes: 4 1, BENER
C: MA&EARWIE (n=10)  CH: FHMIATH & NI E FRN T
STUCKENS- T: WHERWEE (n=8)  T/C: LLRPE = 13/( &3 20) 17 60 min ZHEzahilgs T 4H: MGG BONF 12 50 i 35 44 i A 4 A 25 TUG AT
CHNEIDER™  C: fEREZEN (n=13)  (EHR. Ml RN ), 2 %/, 1548 A ACER TN, HE 6MWT IR R, &3 3R & P i 6E /1.
(2021) AEZES -9 5 PEARIIARREAR s (H R B s A a3l

FERRUSOL-  T:
PASTRANA®!
(2023)

TG AR B (n=17)

O

1 WG R (n=16) C/C,: RiZF
C: HEFEZMEN (n=18)

SEOSZYMURA®Y T /Cp: W4 FRE B

T: LLRPE = 13/( 157 20) #4760 min {2 BRI ([
NEEHEAEE. pHEs. TG, SRR SE N,
SRR ), 5/ H, FFEi8 A

T./T;: LA 60%-70% HR,,, #E4T 60 min (-5 %5, 3 ¥/ A, To/T,: MLIEHEH

it
T4l (5GP BDNF 52 2 25035 I & AR 8 & B AT e
(+5%) THBETEENRE ) (+11%). T
(+15%) . XU 77 (9%)
C,/C, #: ¥ BDNF
K 5 BRAR
& B 9D R R 20k 7 A A AR

5 (2020) (n=17) gt 12 4 BDNF /K- PRI o5 B (WA 2 LR P ks

iz T./C: f#EEZAEN (n=16) C,/C,: Aizd)

3l FREIDLE®® T/C AR EE (n=47) T: LARFIGESEIT 60 min PH5IIZ5, 2 0/ F, $¥4:10 B T/C: MiBIEHF BDNF 1850 Joik ek 3% I & A0 i P ohie
(2022) KT AEA

£ Ut TYT/Co MG To: JEAT 60 min KILZRIER), 2/, FR 14 Ty 4l: L BONF 22 3& 3l 25038 R G A0 165 A R DERIG 45 4

L (2024) (n=32) T,: L 50%-60%HR,,, #:47 60 min $R3E, 2%/, FF8: AR EN BFER

iz 14

# C: FiEd)

Fik: BONF ARNIREIERIZE IR T HR e JACDE; UPDRS: Sr—IHEARMITERE; 6MWT: 6min BATIIIK; TUG: il & 47EMIK; RPE: W57
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RAEFE, 52 (3 A ) RKM @B ) A AREZHFTMHYTE
e AR LB R T BDNF K& 40k B, gk b
P K B F @ mpeNZE 10 £ 25 TR KR T é )
F 1B, MBS T a 49 &k, HL8 BDNF 7 /315 )3t
A AR R TR AR A T o3 K /AR R KBRS WA AT .
LEEM % 7 3t — 5 BF 50 L I, 7 464F % 47| % L8 BDNF
AL GETB T TR REF BAZ 5 @B L R4 T
FATL KB F A E IR E F o BG e 1B AL, vAsk
KB b AP 2 A8 B 4. s iR B R R RN
AR, P ST L b4 A oR B o A 4H 3K BDNF K
P, FEFRE @R Fa @t 10, WEAEKEF B
B EALAE KA F B ARXREHZ, vABAT K @IeE F it
BAREF a KX R FRY P, ERAHREHE, HFRE
)T S tae AR & & d i F 38 et BDNF K-F 5 & 20t
A% 10/ Mg IRLE T a e 2 EAR K, FARRTED)
F 31T BDNF Ff = A 6940 R 4E A 2Bl 3L L B F 3 F)
FRFAT I B F R A AR v AR P g B 2L S R B,

oo, baA AR AR IR A T P ARAY 2 K JE R AT
w3 RN IR tm i am AL BMOE, Stk R R
WM Atk AP o fe & K M & A& £ T 4R K T\ RUR,
it — A B b ARAR 2 K gE & A P IKSPAFRES:, BDNF
AL B E H T A il 34 R S T ARt an e s ME 5
MBI R U AR e e Tk Rk ak, v
HIAZAE TR F B LT B T4 R A BB 3 KA,
M TR AZ 4% B F kB A5 KT AR Y D R fa e
B S AR R AT R, kAR BB STt s R
B JR P BDNF T 45 5 18 34 & 3K 5 #T #76) N IR 4m iR
EAHIREW B FAE S HEST 1R, HmRzi
ZKERM P ARd, LHEFHITKBRIKE G XYL
Bl B & A VAR BDNF T i3 5 38 3400 /5 20 L I Lk 3L
R K, $LE BDNF *T i@ i A~F-12 247 ) /)RR 4m i id
BE B —F B EEAY Z KE R

vz F ik, H 44 & BDNF 7T /~515 2hst MR
b LA BOE 0 AR, 1A EEE & I BDNF i 7] i 3T ¥ )
PR A TR ARSI K B F R K, MR 22 B 2L 6 Ap 2
KIE R R a AR IR IR .
2.6.2 BDNF A-FiEghHibtas i P2 Atw AT %
BEGEMNZ AT AT R ERMERATRLAEN LS
RENBZ—, RFLREEEE S SRt FEA R o-
Rz EaFTAREFREA LD ¥ AEMb AR
WAERL B 5 R, A AGE T8 ik F BDNF- R ILIR &
B A8 % B B A2 5 i JA R A B 3 hn B Fe SOKAR B
BRI ALBE RO KT, Bt mAiR it § E ke A B B
Erae s RF % BREAT 2 AR A 0 S, gesh,
R A F LR %A B2 5, KA REAFFATI 469455k
H AT IRARALE 1T bR B E AL B 6 B A BR AL R
#% BONF £ Z AN R KE &L, LT LMY S Bt
Z AR B BRI oAb 2 A, RSt E R S e seAb
G L) BURMRARSE, VALt —F B EA 2 sk g U,
R BDNF 46 i F 2 N RIREK AR HAPZ TR
Wit ES, MRy % OB Z TG, T TFhsk

IR S g PP AR M6 i BLIRAR ) a- Rz Za s, B
A RAE FZIB B TTAE A B o RARALE G AL RRGH
O, 2/ P PSR E S AR 845 ) (5-12 m/min,
30 min, 6d/ B )T R &I H tas AR RImA a- KAk
O TR RJR A 4oy B BB A0 e K B 694k, it
w0 B o P 1L B A BRI FA M HE AR o RIARY R
RSO E AL T2 EERG ™, LEEM F " 8
A AEF LA FTHT T L PR ENH, "EH
FAT Y| 4T 18 15 K 147 % )y R BDNF &34 & 74 AR
43, % 6 B 3 Ao B A A BE R 3B RGA R Y o- R AR
EG RS RBL 129 15 B BRBRALASAR, 4k d K o K AR
B FRAB Y G NRATE R, AR % ek
AV Z S F AT ARG AR TG E.

%, BDNF 7 fgil i/ 12 sh 445 % €l 7 694K
WA REFH K o= R E G AR, ARk $ ek
HeAb 2 4R F AT R RN R TS BE.

2.6.3 BDNF NFiE2gh B & a kR P AT B4 ek
TR IERE TAYRARBEMFI REKXERR, 5K
BHAZ I B B K A, R IAZe T 4EIE FF K A . ANDRESKA
F A EYR, BE S CIRG — ARG T iR R AR
F BRI R LR R & A8 X8 B B @) 40 i R & S 4%,
7 _Lif BDNF #9808 M, M AL 25 b0 20 AT
WA AR, 24 R ARAT BDNF 694k % 2 % fik /s R L
R G A8 KB B 6937 ) B 3 23 B LUK P AT 2 T
RARAAE A KT AR IE IR B K A, 427 BDNF 2L EAYZ
R AT M 2 2RI T K R AR AL 8 KT 238 5% 2L
A&, FERELRT Ve k4 FL AT, R
BT HEAIALE] A S B 41 BDNF BT b 0B # £
R AHE, TH4GEF -LA & &E(Ti5:8 38T 6 ot
YR BARE sl AR RAR P R i3 AT 4T RO
ATES4S P ERAFIE L, BDNF 5 RILEKE G 48 £
W BB RAME NGB FRE, RS AR E
AR, MARRGRE L, F6RIIRE G4 X85 B
B —FiE N- T -D- RARBA o- R -3- A -5-
TR -4- FEALRRTK, FHEBTAMNETERMK
JE IR ARG e, ATn 5| AR 2L B R Ak S W LA IR R
5hgE o, R RRARA AL 0 KA ARG SRS R A

(G432 Z 69 %, TANG & ™ £ 475 BF 5 & 4 31, BDNF
EAFIB G RABLEM A9 TH, 8 FlA BB T H
E AR R D BDNF T 43 5 8 34 df f AT 8t R ik
EHBEREE 95 ARMERERIA, 4% Mm% AkEK
RKEAERRGEHEWREE, FLERIA R AL
R E VAL E R IpAL B R, ik 3|3 5% A4 2 L2 18]
tiE Al G B RERE R AT A, B, B R
PRE AR A KR BDNF 374 7 (3R F & B) 495 2h40 F N
Tk ZI, HL9 BDNF A8 K13 5 il 3460 0E EiE I E R
k=T AR R AT RARAE R .

%2, BDNF vl i (Lt % o] M A X & R LA
iz gyt Rk A hieeg s, dmaEMe AR T
Rk ARG, B 4% T 15 3)84% BDNF & A KA
BRI 0 e A AL
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DA 2253 BN A R ERK R AR AN ' 1A 1T A PLCYL D9 BEJIEA Cvs PKC J9EE B C; PISK NBRIRMENLE 3- Will: MaEA0W K1
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HIdE -a- S B RR; PSDOS N R Al /E B X A 955 LTP Y RAMLAERKIN AR 58; IL-18 Sy A 3K 1B TNF-o 9 WRISRZERE T s 1L-10
3R 105 TGF-B NFEALAE KA T B; B-NGF AR KK T B Ibal AES TGS Ai&fo A 1.

[ 4 | BEHiFHE BDNF FA K E RS IRBHVEEIE RN

3 371 Discussion

3.1 BHEARNEIRAERZT BDNF 2 a4 7 ik gk ik KIS
B E AR RAKRF R B FERAT R T, EZ3R%
T REARKIMAMLIFEAZIRI4ER. B 5ICE T BDNF
1B B G506 PaA AR R 6948 R R R RN AR Y. R B
AEAH £ 4738 51 BDNF f2 vA2 % P 6948 A AUk 247 7 40 h
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BDNF %14 3 ) 34 84 7 B2 B A fE R I 7= & T 2750k, sudf,
FEEFH E FAURE T RRE )R A A AR b _Eag £
S, F b AE 4% BDNF R GA 504 va4 Ak a7 & A 2 AR 2OR,
R BAZAR RAS REE S % AT BDNF /5-491E Zhaf pa 4
B0 B R AT AR, SR B PR T 454129 T 41
Xt be A AR Al BB B4 5T R eIk AR LR

32 GRIEBHVFEENME %4k i@ L 10 4 BDNF
A TFEFH b e AR XARIATE@)AHN . ik
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