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Mechanisms and prospects of antidepressant effects of voluntary wheel running.
from animal models to clinical translation
KONG Dezxia ,CHEN Yi*
(School of Humanities and Management , Southwest Medical University ,
Luzhou sSichuan 646000,China)

[Abstract] Depression is a common mental disorder,and current treatments have limitations. Voluntary
wheel running(VWR) ,as a key behavioral paradigm,has been demonstrated to ameliorate depression-like be-
haviors. This article systematically reviewed the application of VWR in animal models of depression,elucida-
ted the underlying mechanisms including hypothalamic-pituitary-adrenal (HPA) axis regulation, neurotrophic
factor mediation,and neuroinflammation inhibition,and summarized the influences of key parameters such as
exercise duration,intensity,and intervention timing. It also discussed the value and challenges of translating

preclinical findings into clinical practice,thereby providing a theoretical basis for mechanistic exploration and

the optimization of exercise intervention strategies.
[Key words] Voluntary wheel running;

lation; Review

AL 1 4 BRI i 3 R 2 S AR PRk, O AR
FORBE B AL S R DU FH L 2023 4R K A ¢
I 008 B 453 BJ7 ¥ 45 7 )t — 2B 4 Bl 1 By YR A Y B A
165G, St 3 X i U e . H
Hif » 300 AE B 2T BT BUEL R 25 R 0T 50 R
I7 A0 25 F BE O R R AE AN )RR 0 B 97 )
T W S v ) R P 22 A IR AL, 3 P — E R
SRR ES . e F R % A IRRNE T H S
T B AT I B 2 BT ST 38 V5 1R

TEMT 5T R T R ARy — P AR 251+ BT,
R A e R 5 S il B9F 58 0IE 52 B AT W BT AR ARCR L 2
Sy T B A A B R ARA T RN L B SR AR AT
HEiEsh (VWR) BE A B ALK A K. A&
AP T BB AT O B A L R S AR B L R

B 15 1€#& . E-mail: chenyi5965@163. com,

Depression;

Animal model; Mechanism; Clinical trans-

— Bl SR AT R A AR PTIAR . AR S
ARG VWR TE AR 2l P A B8 rh (47 Ry 5 8800 A=
BRHL ] 5057 O 28 O 8 B2 H 1) Iif PR 52 IR % Ak 1) % 4%
58K .
1 VWR #i&

TIAR 2 A i rh 32 3l T i, 3 kR 5 3R O 5
A A A Fis 58wz, AFEzah sy
H F= 45 6iliz gl 5w B 5 a1 4% 3 iz sh G A
S 30 G vk 2 0 3l ST g A B SRR Sz . Bl shis g
A R T AR g ] H R R T RE AR B A K N B
T, FL 22 30 R T3 A 6 i DX, 1 B BT B AR RN Y Al ST
PEAGS . M ARV 8 L RE B ST e Y 7E S AL Y
B 428 sh B FE PR T T 52 SR AR 2

VWR & A Fiz B o, L EEs)

4% &% htips://link. enki. net/urlid/50. 1129. R. 20260227. 1041. 002(2026-02-27)
S| A& FLAEES  BRIG. JEF M S A 20 20 I PR A i A 3 B 40328 Zh Br AR AE AL 5 22T . IR B 25 T4 ,2026,42(6) :1339-1344.



* 1340 - IREHT A 2026 456 A% 42 %% 6 41 ] Mod Med Health,June 2026, Vol. 42,No. 6

Wy 3% 58 e R mT A R R S AR L AT S W RB AR BE A
B RSN, IR E s s S Ok AN R
S AREESI Y H & AT N SEBE o B Ar . BE B8 0
B, MATARIEE Hiz shaR g, VWR BB 27 m e &
. Ehe . KPR EAE/NRARZITT R
FRAE s JLUR L 38 B A o ) SR vh i AT 5 3 i i K 4R
ESLINEEY Y S R ey TR N W N
B i U HOE T R T iscee . e
RN B B0 FEACRRAE | I Bk 58 1 42 3
HWORMNE T, VWR 8 H TR Z WA AE 259
& R W

2 VWR AR R fh B 53 1% it

2.1 THRAMSzE:HZ28 fFEadhiqgirh. VWR
351 309 38 g R T (4~ 8 D L X B AR S
17 ]9 T FE 5% b e DA I G L T (<4 JRD
T EE PR A7 kg e AR B 2 M N, T K T (=9
Ji) 25 58 101 B 1 280 0 5 b 28 25 4 M AR AL S 3 A
XFHE D o A ST R FH ) dRPE T TR =L (H S R 2
FE IS I . A T TOAE SE 5 R AT M AT S L
ZRRN Z RV A T R i B R AT 3 A R Y
B RN,

Bk 9508 A 41 . 32 sl A 0B B T H ) O
S8, AR EY AT e —Fh KA A 3R
WEAT R, KB g B2 R AR R E 2 H R
P, Ladiges 525865 5F XA R 5 5 00 R LA R A
/N BB B A B e O SRR L 5 R R I 4 H IR AR RN B
Pl B E KT 12.20.28 AR EZHFE /K. #ln
CB6F1 fh & 4 /N B 20 FE 288 35 km, Z4F 41 W]
4555 s C5TBL/6 fh F& 4 H /)N B 2P R B f g ik 20

km, 267 T HALBAEHL" . X—IRAE CBA/Cal #h
F IR B 55 UE, LB A TR o) o Bl T i K R
I, IR R B B B BT R AR H 5 T % 1
B8 B JET 300 906 o 1 3 v T DO e R R R AR
% 5 PESIL R 2 512 AT MR .

Sk LI A2 3 R R 5 AR Y PR 2R AE B AR A5
M7 AE R S 5 S AF 5838 ™ 5 Y X IR 3 HE R AR i
T, BARTLING VMg fise 2458 4 A4
BARYE 24 A ZF /NS AR H S L
20 F I 36 A A WLEE - B ) Lb A [ AF 08 41 N 52 )
SRz g /NI 22 57, 00 5505 3 A B 1Y AR 9L 1)
R FERiE sl 52 Fis s 22 5, 3 5 Ak =R
512 3l R g 0 sl 7 AE L R BB IR A2 Bl R S B A% O
DT R B AL T OGS Ty i AR

Ry tE— 20 W o B BE 2% S 5 B A0 A A% 5 EE Y IE
HADCE ok AR R T ORI . 1% S T
A [\ R C57BL/6] /N BUE T bR AE 4k B 46
FREE A IR A AR IS a8 sh I R R 4 s sh 4
(HVR) 51K sh 44 (LVR), & =J& VWR T il )5,
T o) A 4 S 4 T 38 (CSDS) ), HVR 2H R 3
FERPCMAREIPE L T LVR 40 0] BT 4 52 [0 5 25 4
BBAT R . X — 25 AR HEBR AF 8 TR 22 M R 2 T, B EEE
A B R g B A AR RN R . 25 A LR IE R, AR R
/N BB BT AR P B4 T BE 2 IR 5 AR I AH OC 1Y
P AR O A O R AR R B I O s I (R R i 4
AR
2.2 THREAA S 0 7E AR B0 4 5 A A 5
o B TR B AL RN B OCE . B T
RERLRE % 1 Bt

* 1 VWR ZE AR S 1 4 2 g T IR ALAR R

ERLUEN Bl B4 HABLIG P 5 EBHIE A 1Y
BT R BUNTE B RN IE AV A S G I G MR T % 63 2 T U S ) YA K g
LA 5 2 ASREAT
AT R a0 [ R R E O S 1 e R o A 4 G R A 0 £
% fEH.
WIFHET B B E 3 BRI KIS S — PR IT RIS S LB S B 0 R R 003 T 5 3
FE. U
PERIYE T RS A SR RS IR I A k2 R P RS I B 1 I B v A B 5
REE A €0 .
fbEETH KBS SRR L IR 0032 3 51 B PR TSR O B 0 e B B R A L R AT
22 1 U115 H R
VWR MPUARST RO T A s s g 5+ 2T S,
PR ALAESC 3 S A R VR TR &5 2R . 2 g IR B 3 VWR BUEHIBRAFAT A MYIEHR
S i A S 9 A 2025 o Pl T R B Y 3 0 M P72 Bl W) G 1k 3 ek 1) A o R R PR A LA

G fifk 301 S5 A [ B B, ALK Xt 328 2l 2 B i SR P A7 A 22
5o PRI PR I L5 2 5O DT TEE A A 1 16 T 5K g

AORAS IR Bl A B[R, R AR AE A G AT
B E Al BN AT e M S e b . TEIEH ST,



IREHT A 2026 556 A% 42 %% 6 1 ] Mod Med Health,June 2026, Vol. 42,No. 6 « 1341 -

13RI Ry b 2R I A RS R L T — R fRT i
By FBE . R R MRS O ik EE S LR L
25 W K A G SE 56 (SPT) I DAk e gk ol 26 2 L
FE S8 CTST) ik 36 i vk 52 56 (FST) H F R B A7
o PR A L 3X = T T A 00 A AZ O IR A O B A A
AN BB (EPMD MW 3 5256 COF D) % T
Ko 2 FEAE AT SR, 1 Morris 7K 3B U 8% 7z v F
PEAS 24 2] SioAZ S o sE
3.1 XHMAERAZ AR B ME 2 — SR,
VWR B8 0 3 805 Bk Z W4T i de b, — TR A
AN T TR I R 3 T B R R O 5
SR o X B BRI A VWR TR . &
i 4 T WU, S8R H L 8 3h 4K R A R 4
o B RE M O G B34 G B T B O PR R e 2 i
ARFFF) IH B 28 Mgt s 4E TST M EST b, HoOR Bl et
F AR R AR RE AT N A BT R . R, LUO
S AT 5T 8 Rt (R L E 8 VR K 24 SR R O R 1Y
PR BB R b L 5E 5 4 JE VWR S K BB K s 4
FRBUE F R E  FST 5 TST WA , i — 56
UET VWR 75 B8 I ARAZ O i IR T T A B AE
3.2 NHEESHIR A ECE BRI AR E IR
Ah s VWR SR 955 £ R bR A HT B 40 B R
WEREEH. AVREN, N 3 HK VWR B 3F
M TR EEEIT . KEAE EPM  JF 5O 15
B I 5 0 N OB B () S AR 3 ep st X e B
2 HR H A R B R IR R B LI SR L s Ah . —
AL X B AR R 2 A T A B T A5 R WoOR . &4t 4
VWR Il Z5 o K BRI B B AN JE 51 & 19 DA 60 i 1 45 3] B
G L HAE Morris /K 28 R A Y 2% 2] g2k
45 0 25 4R v bk VAR T 46 . H AR 42 FR A R ]
ﬁ{([zg] .
4 VWR AR £ EHLF

S B W 1 4 RS PR RS T AT N 2E T8 R K
HNAEAEFEALE A ARk, VWR BGE AR RE STy, 78
RRARE b 5m o 7 2 b AR LRI B, AR
MBI 78 IR B RRE LB TR SR R G W
Aol 45 4 A T B SORLEE VWR R FE P ABYE
(A% 0 A BRAILAH
4.1 AT MR R R 4 E R I T (BD-
NE) B2 A R 2 1 25 081 L 28 ok w990 1k R b 8 2 A=
() S HE A F  FE AR AE & 0 5 T BUAL il v A F A% 0 Hb
i, WH Y &I 21 d VWR W] G858 of 9 5 1 &
GHSRI1a {5 %5, #F i 52 W 1 40 A 2 6 (1L-6) 55 R AE
P FJF 17 BDNF 23k , i & 3% 23 CSDS % 51
ARG %5 . 8 AT R 2E 5L 56 & B, /D BRUAE 32 B S B )
WY 8 38 00 B 7K D - 8 B0 55 s TST AS Bl () 45 40, 3
B VWR XHIAR 1% 45 B A BRs 1 . 28 45 i 5
NS S 3 H VWRLRIE T HA 5 TUR S &2

TS 0.4 Y0 WU DL ST AR AR Y . A AT o I AL &
BLVWR 1 > TN U TEREAT O, Bk R
3 OFT g #8 R i) 0] 5 EPM FF BUE #F A B ) 3
N s Rl s, D FST o (9 R gl i (8] B 8 46 0L I
We AT R 20 BRI 1 2 . BB AN L R A O B R 2 B
o]t B s b, A5 R R, VWR BB 95 12 08 g T ph 22
KA LR R & TT bR IE Y 2R R R R R
I, DL R T B0/ B AR R B R L AR AR
Th.

4.2 ZHRMPARAE 182 RE C R IE P AR T AR
SiE (0 % A 5 e PR E O ER . LUO &5 i 18
PR K AN 380A S SD K B AR REAT Ry, IR 7R
4 J& VWR 100 8] 6 B A7 i == D9 3 20 g 22 0 B
STATS i Fh#MAMAL B, 450 WoR, VWR k3 T K
S AMARAEAT A A 45 384 T &% 2R 0 4K v 1 KO 2
BB B K R R DL R > FST o i R 3 i
6], i — 2 AL A 55 2 0. VWR 3833 P84 4 W
T IL-1B.IL-6. B HT & I+ 1L-4 Al TL-10, R WK 4
i P-4 L DT B 3 AR REAT . LIU &5 i 5% & 2R
2018 AN AT T N N B S AR R N R 7E 4
VWR J5 , HbE K i 27 Z2 BEAR CEST AN 3Bt [A] 3 %) 417
BRAEAT A5 3 W2 2B, VWR G i 8 5 1 2 /NI R
YA M1/ M2 WAk el 20 i 48 980 R 235 Vg
HRAERA . S5 FR R M2 2 2 e g I 451N
Ji I 40 P A Ak L K FE BT g8 RN BT I AR Y 25 A 1E L A
T 22 fif D VROT5 5 AT R o SO 8 B )5 57

4.3 IR TCRG AN G 7 E , B2
P 2235 0T 2R 8 I % B IR I T R R A DA Sk 2 T AR RE
Sl AL ISR R R R 2R A A O I R B B & A )
2Bl . FE CSDS fEAI . 4 Ji] VWR W] A &% el & /)
AL AC Il 3k AT oA, HAR R IO 7 = At se e g b 5 0
Az /N B T Bl st ) d 25 SE K L % Ak 4R A . i
A4 T i 55 Bk 25 DX 21 R AR i % AR B AZ 5 D2
ZARK Y E L BOE 2 B (DA RG A kT, TE
CSDS #4 g /N B AR AE B R v, 223 3 J8] VWR T 1
Jei AT R 2R s /N B OF T o e X35k 455 B4 A (1]
FER TST ASSh it B] 2 ek /b, ¢ B A5 5 A AR A
KU N T O Y RV o B e R T NN =
3% b B -6 -5 IR CHPAD B9 12 5 B IR 2 TR
MR BN R A2 IR TR S R i i
T R R B i S DX B 2 i 25 8 T 5-FR A e (5-HT) |
EHE EREMDA STERE LI, hkEW,
VWR A58 02 855 HPA il K $2 T 20 25 b 28 368 Ji /K
S, LA SRR AE /1N B A R AU AR REFT

4.4 RGN TIBE AT ARk - VR R 4 B
ik i L2 AR A S RN TRMIL A 00 B % AR L 51 T
K KyE, X 9~10 ML /NR .24 d VWR T
TOULE O A A S R M 25 5, BV N BRL A B B R A



e 1342 - IREHT A 2026 456 A% 42 %% 6 41 ] Mod Med Health,June 2026, Vol. 42,No. 6

FEAT A Bl 3 0 OfE P DN B ol R R A S . HLR R
Y S TR W SN TR 7ok i 1| I SR =) RS A N B A R T R
R B AN T N B B 2 A R G
SR 5 o 2K B S I D) S L B 5 5B B AN R ARG
SR 2 B E O ARV . R R N R B T AR A A
F MR 3 ) F o (TNF-o) L IL-6 7K - 5 2 RE A%, /N
Ji5 5 A0 B TS A A SR FE R IBALL.CD6S MR A B T
VA, FLIZ Sl vG o i 1 R 2 AR S 25 A R s M
AN R R AR AR AR /N AN T A AR 25 A B 4y
RRE U L R 2 R A 28 R4
R, VWR G M 55 5 P 1 G0 % 98 5 i 3 1
A )RR A 6 N BRI AR BE AT A B - b ) RE R AR
B

5 VWR#\RNHIWEANERELSE R

VWR J& W 58 A 2832 2 38 il HL ] i) 2148 20 47 45
R, 7z N TR AT R 2R A B i R
R4 2 O R I R T O X EE A A
B RS, WA Ris g5 452,
A Sh Pk 5% B0 PR FH B e 4k i 4 b A A e TR
i) @ T RG],

[ 332 8 e vl 38 AR (0 A A R L
PAE T8 i TN [ BB AL Ak a2 B iR 56 O 4R
RS H5ESOHAE. Bk, YNk EksiE
Sl I, B SR LA B R . %5 A Y A i
T8 JE Bk R fe A AR JER L e R L 3 T 3k B 5 5 1 52 S
AT A B 3 0O . BN, — T AL R 3 4R 1 g I
FIE &R Zead 12 J8 T 10, [ 32 98 5 6 far 41 76 UL A e
67 15 R A g AR AH 2L (0 6 g ) AR R
IG5 JER A 6 B RRR 0, S IE 1) Y a S A G A B T
T AR ACAZ ik A 52 B S R IR L. A RS R
B L iz g3 B v ) Dl R RE 5 W 3 0N AR TE 6 S A
J5 B8 B IR AR LY X AT EI LR T L 2% R e R i
BB AR U LA B v AR O S MK PE AN R 1
JRyBRE S LW X T A Sy A0 A 1 AR L 0 £E RN
AR B, A 48 s BE A &0k 232 2l i F2 b i) BT A
5 LN+ 5 T S OO A T A2 A O B O Y, —
AT Xof B 2 R A SRR AIRE AR A Y T OB 5T IR
S, 8 SR H R A s s T B G R A
AR

RAZ SI 7 ORI R AR A B R L O
PR 517 R 2B 0 22 5 0] 5 80T wAcCR 2
Btk REFTF 22 HERW, AR, k5 —
SE 5 CAn v A 5 AR M 1942 8l X R R
A A Rl 36 25 S 1T 5 25 1 o0 BRI RE XY 5 X E R AL
B AT AE N A% GG 9T IR SO B ik FE LR 2
I, 0 2 2% N LR TS B 6 B A HEAT 2~ 3 Wb o
EARIZ . BIEE] 150 min fER MK A FiE 5
e 0 B L 0 B C 2 TF 5 I S X R A b R

A w5

SR A iz SR T I R 52 e A AR e — 2
JAPR . TEHETT H B sh i 75 i HOB e AN B,
SR Z 1w rT AR T 2O R R IR L 0% 97 L % T R R L
ANIE 50 B2 T U AT R PR R AR IR R TR 19 32 ) H AR
B N Bl e A R AR TR AR 4, RO N O B AR
H. UL 7RI PR S5 B b N B LIS P ARE R X 4. %
B A 2538 AL 55 8 2 v B PR A AR DK A A
R R AR E R T A A AW L0 BB YT
AELEA TS . B Ah AR IR ™ E A ) AT A
ML FEA2 Bl A I 0 U A A AR AR R
B B VT AL BB e IR R r v iE AT 8
T, RIS TR A EIRG RS T
CERIRITAEZR I, ST ML IR b AR XU Y S
6 VWRMTEBERBENS

VWR AU BE A 22 fft P AR IE IR, 38 HA 8 25 1
007 1 R R S R BT I ARRLN . Sy A N B AR AR AT
R PR AR L S5 LA AL 4 O R L (SDS) Ab #
W Itor R 2 415 ZdLTE 10 d SDS i S a4 7
VWR, UHRF TP AE R . i id B F von Frey 1. 3K
PUEE TR0 43 500 TPA HLAR 5 Ak 27 9 0 2 B, 44 3¢ B 30 D
I AR AR AT . &5 R Bon, VWR BE AT 4K 1 by
SDS 51 ) 9 5 1 SORTAE AE 7138k L i 41 52 (9] 36 2 Fp AR
B S B, X UE B T VWR X H0AR B T 7 7
WM kA RS VWR B2 a5 i G4, 3@
PR HEBT B 28 T AE I 25 2 B R A TR R S
A I R AR A I R MR B T AP SRR

IEAh , VWR B Tl B 40 AR 22 A1, 3 5%k 7 44 i B 7K SF-
HAERFERIEH. A EHEHENS T I —
P 2R 20, BB X HLIR 0 Z Fh AR P R S A4 B
REr= ik Z O R R . A WF ST R I L X R
SR X B — e B SR S T RE L i HL R B R &
P e AP Y R R AR A 1 T . G AT A e S AR T
fil 5o I A5 f B AR b 2 O A S5 O A T B L R
PAE 5 A BOK T AL B 3 TR A 2 R AL 25
A BT R B R IR 2 2 BT 22 b 52 55 14 5T )y A i
AR,
7 Ih 7

Zi BRSBTS W R (B 5T E 52, VWR AR AY
LA 25 BT IR 5 10 B AR T T . i fiE 4 1 T3
R fd B KT, e B 2 3 AR RR T Ak 25 . SR,
N S 56 5 R B Ak S i DR 52 B A5 T I B A A
IR 25 5 o 2 VA5 AR A BR A Pk AR ik, ROk
FIWTFFE 0 B Z B 7E T — 2 R B & AR S5 e R
5 W o 0 IE B % TR AR AT VR R PL A s R 0l A K
O T A I R R 50 i 7 LA AR A R =R
2t ST A o Ak Y S 38 R T e SRk i s Ak gy
FE AT I PR S5 B 5 AE B 500 i A 4R 1 e 4 I



IREHT A 2026 556 A% 42 %% 6 1 ] Mod Med Health,June 2026, Vol. 42,No. 6

T R S A R s ) DL A e PR B A S
B . ASSCHY R GE A 31O X — e b i As 48 it 17 g
KAE 527 el VWR TE R RN i B 40048k 4 4 O
REJME .

S % Uk

[1]

(2]

(3]

(4]

[6]

[7]

[8]

(9]

[10]

(11]

ZHAO ] L,JIANG W T, WANG X,et al. Exercise, brain
plasticity,and depression[ J]. CNS Neurosci Ther, 2020,
26(9) :885-895.

TR 0 A0S S AR B B B IR R R ) (2024 4R
RSO 81 1], A RS R . 202356 (6) - 407-412.
CIPRIANI A, FURUKAWA T A, SALANTI G, et al.
Comparative efficacy and acceptability of 21 antidepres-
sant drugs for the acute treatment of adults with major
depressive disorder:a systematic review and network me-
ta-analysis[ J . Lancet,2018,391(10128) :1357-1366.
NOETEL M, SANDERS T, GALLARDO-GOMEZ D, et
al. Effect of exercise for depression:systematic review and
network meta-analysis of randomised controlled trials[J].
BM]J,2024,384:e075847,

DE MATOS R S,NUNES P 1 G,DA COSTA DA-NIELE
T M.et al. Physical exercise prevents behavioral and neu-
robiological deficits induced by sleep deprivation in ro-
dents through the regulation of BDNF and 5-HT Levels:a
systematic review and meta-analysis[J]. Behav Brain Res,
2025,495:115753.

MANZANARES G. BRITO-DA-SILVA G, GANDRA P
G. voluntary wheel running: patterns and physiological
effects in mice[ ] ]. Braz ] Med Biol Res, 2018,52(1):
€7830.

ACIKGOZ B, DALKIRAN B, DAYI A. An overview of
the currency and usefulness of behavioral tests used from
past to present to assess anxiety, social behavior and de-
pression in rats and mice[ J ]. Behav Process, 2022, 200
104670.

BANYARD H, EDWARD K L,GARVEY L,et al. The
effects of aerobic and resistance exercise on depression
and anxiety:systematic review with Meta-Analysis[]]. Int
J Ment Health Nurs,2025,34(3) :e70054.

KOCUM C G,CAM Y,SHAY D A, et al. Voluntary
wheel running access produces opposite effects in male
and female rats on both palatable diet consumption and
associated ventral striatal opioid- and dopamine-related
gene expression [ J]. Front Integr Neurosci, 2024, 18:
1426219.

MUL ] D. Voluntary exercise and depression-like behav-
ior in rodents:are we running in the right direction? [J].
J Mol Endocrinol,2018,60(3) : R77-R95.

HANSSEN H,MINGHETTI A,FAUDE O,et al. Effects
of endurance exercise modalities on arterial stiffness in
patients suffering from unipolar depression:a randomized

controlled trial[J]. Front Psychiatry,2017,8:311.

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

+ 1343 -

SHEN H D,LI X M,ZHAIJ Y,et al. Voluntary wheel-
running exercise improvement of anxiety or depressive
symptoms in different models of depression[J]. Front Be-
hav Neurosci,2024,18:1435891.

MEIJER ] H,ROBBERS Y. Wheel running in the wild[]J].
Proc Biol Sci,2014,281(1786):20140210.

GOH J,LADIGES W. Voluntary wheel running in mice[ J].
Curr Protoc Mouse Biol,2015,5(4) :283-290.

KIM M J., CARMICHAEL P B. BOSE U, et al. Sex
differences in body composition,voluntary wheel running
activity, balance performance, and auditory function in
CBA/Ca] mice across the lifespan[]J]. Hear Res, 2023,
428:108684.

BARTLING B, AL-ROBAIY S,LEHNICH H,et al. Sex-
related differences in the wheel-running activity of mice
decline with increasing age[ J]. Exp Gerontol,2017,87(Pt
B):139-147.

k. A 3EiE g X Ak o T WS BU S AT O Sl
Wi N 22 L fie 2 48 1) ) 5 AL ) DL 74 22 < B G D K 2%
2020,

PAGLIUSI M J,BONET 1] M,BRANDAO A F,et al.
Therapeutic and preventive effect of voluntary running
wheel exercise on social defeat stress (SDS)-induced de-
pressive-like behavior and chronic pain in mice[ J]. Neu-
roscience,2020,428:165-177.

FERREIRA M F, CASTANHEIRA L, SEBASTIAO A
M. et al. Depression assessment in clinical trials and pre-
clinical tests:a critical review[ ]J]. Curr Top Med Chem.,
2018,18(19):1677-1703.

ZHAO L L,DU M Q,ZHANG R H. The improvement
effect of exercise on rats with chronic stress-induced de-
pression-like behavior:a discussion based on the kynure-
nine pathway [ J]. J Int Med Res, 2024, 52 (7):
3000605241261986.

LUO J,WANG ] Q,XIE L N,et al. Voluntary wheel run-
ning exercise regulates microglia polarization in hippo-
campus through STAT3 signal pathway to inhibit depres-
sion-like behavior induced by chronic stress in rats[J].
Sheng Li Xue Ba0.2022,74(2):177-187.

FAN Y Z.KONG X Y, LIU K,et al. Exercise on striatal
dopamine level and Anxiety-Like behavior in male rats af-
ter 2-VO cerebral ischemia [ J ]. Behav Neurol, 2022,
2022:2243717.

RAJIZADEH M A, ESMAEILPOUR K, MASOUMI-
ARDAKANI Y,et al. Voluntary exercise impact on cog-
nitive impairments in sleep-deprived intact female rats
[J]. Physiol Behav,2018,188:58-66.

RHFY . H 93 3 X B /N B B AR R AT A B Bl
PEH B ALHI 55 [D]. & & . 5 & K2, 2022.

2R R 8 R . A R MEC A2 9 E o (R U T 4
R B T T BN B SR M 2 LT AR 24, 2021
52(5):686-691.

LIU L. TANG J,LIANG X, et al. Running exercise allevi-



o 1344 -

[27]

[28]

[29]

[30]

[31]

[32]

[33]

AREHT A 2026 556 A% 42 %% 6 1 ] Mod Med Health,June 2026, Vol. 42,No. 6

ates hippocampal neuroinflammation and shifts the bal-
ance of microglial M1/M2 polarization through adiponec-
tin/ AdipoR1 pathway activation in mice exposed to chro-
nic unpredictable stress[J]. Mol Psychiatry,2024,29(7) .
2031-2042.

ZHANG J,HE Z X,WANG L M,et al. Voluntary wheel
running reverses deficits in social behavior induced by
chronic social defeat stress in mice: involvement of the
dopamine system[]J]. Front Neurosci,2019,13:256.

TR BRIK T, B IREHE 4. 1 E AR S Sh xR E 5
B 225 I K HPA i sz (1], Bk VLRF 2, 2024,
15(6) :85-87.

WILLIAMS Z A P,SZYSZKOWICZ J K, OSBORNE N,
et al. Sex-specific effects of voluntary wheel running on
behavior and the gut microbiota-immune-brain axis in
mice[ ] ]. Brain Behav Immun Health,2023,30:100628.
GARCIA E D S A.FERREIRA S S,LAZZAROTTO R,
et al. Effects of imposed and self-selected exercise on per-
ceptual and affective responses, muscle function, quality,
and functionality of strength training in older women and
men:a randomized trial[ J]. Braz J] Med Biol Res, 2024,
57:e13968.

EKKEKAKIS P,PARFITT G,PETRUZZELLO S J. The
pleasure and displeasure People feel when they exercise at
different intensities: decennial update and progress to-
wards a tripartite rationale for exercise intensity prescrip-
tion[ J]. Sports Med,2011,41(8) :641-671.

METCALFE R S, VOLLAARD N B J. Reduced-exertion
high-intensity interval training (REHIT): a feasible ap-
proach for improving health and fitness? [J]. Appl Phys-
iol Nutr Metab,2024,49(7) :984-992.

TEIXEIRA D S,BASTOS V,ANDRADE A J,et al. Indi-

[34]

[35]

[36]

[37]

[38]

[39]

vidualized pleasure-oriented exercise sessions, exercise
frequency, and affective outcomes: a pragmatic random-
ized controlled trial[J]. Int J Behav Nutr Phys Act,2024,
21(1):85.

DOOSE M.ZIEGENBEIN M, HOOS O, et al. Self-select-
ed intensity exercise in the treatment of major depres-
sion:a pragmatic RCT[J]. Int J Psychiatry Clin Pract,
2015,19(4) :266-275.

KNAPEN J, VANCAMPFORT D, MORIEN Y, et al.
Exercise therapy improves both mental and physical
health in patients with major depression[]J]. Disabil Re-
habil,2015,37(16) :1490-1495.

MAURUS I, WAGNER S,SPAETH J.et al. EPA guid-
ance on lifestyle interventions for adults with severe men-
tal illness:a meta-review of the evidence[]J]. Eur Psychia-
try,2024,67(1) :e80.

STUBBS B, VANCAMPFORT D,HALLGREN M,et al.
EPA guidance on physical activity as a treatment for se-
vere mental illness:a meta-review of the evidence and Po-
sition Statement from the European Psychiatric Associa-
tion(EPA) , supported by the International Organization
of Physical Therapists in Mental Health(TOPTMH) [J].
Eur Psychiatry,2018,54 :124-144.

EPP J R,BOTLY L C P,JOSSELYN S A, et al. Volunta-
ry exercise increases neurogenesis and mediates forgetting
of complex paired associates memories| ] ]. Neuroscience,
2021,475:1-9.

GUO S S,HUANG Y R,ZHANG Y.et al. Impacts of exer-
cise interventions on different diseases and organ functions in
mice[ J]. J Sport Health Sci,2020,9(1):53-73.

(i H W :2025-10-01 & 181 H 1 :2026-01-29)

(355 1338 1)

[21]

[22]

DRENO B, ARAVIISKAIA E, BERARDESCA E,et al.
Microbiome in healthy skin, update for dermatologists
[J].J Eur Acad Dermatol Venereol,2016,30(12):2038-
2047.

SUZUKI K,INOUE M,CHO O,et al. Scalp microbiome
and sebum composition in Japanese male individuals with
and without androgenetic alopecial J]. Microorganisms,

2021,9(10):2132.

[23] JUNG D R, YOO H Y.KIM M J,et al. Comparative a-

[24]

[25]

nalysis of scalp and gut microbiome in androgenetic alo-
pecia:a Korean cross-sectional study[J]. Front Microbi-
0l,2022,13:1076242.

HOBSY,HO E X P,CHU C W,et al. Microbiome in
the hair follicle of androgenetic alopecia patients[J]. PLoS
One,2019,14(5) :e0216330.

HUANG ] H,RAN Y P,PRADHAN S, et al. Investiga-
tion on microecology of hair root fungi in androgenetic al-
opecia patients[ J]. Mycopathologia(1938),2019,184(4):
505-515.

[26]

[27]

[28]

[29]

[30]

POLAK-WITKA K,RUDNICKA L,BLUME-PEYTAVI
U,et al. The role of the microbiome in scalp hair follicle
biology and disease[J]. Exp Dermatol, 2020,29(3) :286-
294.

ML S RS L T A ML AL BT - B R A 0 55 A B ok
JBt & AL AF 5 1k R )], 2R W~ 4k, 2023, 63 (1) : 45-58.
ZHANG L, HU Y, XIE B, et al. Ultraviolet-induced red
fluorescence in androgenetic alopecia-indicating altera-
tions in microbial composition [ J]. Skin Res Technol,
2024,30(6) :e13777.

WANG X C,LIF J,SUN Y Y,et al. Microbial dysbiosis
and its diagnostic potential in androgenetic alopecia: in-
sights from multi-kingdom sequencing and machine
learning[ J]. mSystems,2025,10(6) :e0054825.

SHAO S Q.LI B Y,YANG J,et al. Multidimensional re-
search on hair loss in young Chinese females with oily
scalps[J].J Cosmet Dermatol,2025,24(9) :e70426.

(i B #1:2025-11-09 &[5 H 1 :2026-03-04)



