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Abstract

BACKGROUND: Exercise has a regulatory effect on intestinal flora dysbiosis, which can effectively protect the beneficial flora and improve the intestinal
environment. However, the effect of treadmill exercise on the structure and diversity of intestinal microbial community in Parkinson’s disease and the specific

mechanism are not clear.

OBJECTIVE: Using 16S rDNA technique to analyze the effect of treadmill exercise on the structure and diversity of the intestinal flora of rats with Parkinson’s
disease, and to investigate the mechanism of non-pharmacological treadmill exercise to improve Parkinson’s disease.

METHODS: Twelve of the 18 Sprague-Dawley rats were randomly selected to make animal models of Parkinson’s disease using unilateral 2-point nigrostriatal
injection of 6-hydroxydopamine. The remaining six rats were used as sham-operation group, which were injected with the same dose of saline containing 0.2%
ascorbic acid using the same positioning and injection method. After successful modeling, 12 rats with Parkinson’s disease were randomly divided into model
group and treadmill exercise group (n=6 per group). The treadmill exercise group was subjected to a middle and low intensity tread mill exercise, 10 m/min, 30
minutes per day, 5 days per week for 4 weeks. Fresh feces were collected and stored in liquid nitrogen 24 hour after the last exercise session, and the changes

in fecal flora were analyzed by 16S rDNA sequencing technique.

RESULTS AND CONCLUSION: Treadmill exercise significantly improved behavior and nigrostriatal tyrosine hydroxylase-positive cell expression in rats with
Parkinson’s disease model and alleviated changes in the structure and diversity of the gut microbial community caused by Parkinson’s disease, increased the
number of operational taxonomic units and modulated Alpha and Beta diversity in rats. At the phylum and genus levels, the abundance ratio of Firmicutes/
Bacteroidetes in the model group decreased compared with the sham-operated group, while beneficial bacteria such as Prevotella, Bacteroides, and
Clostridium_XIV increased significantly after treadmill exercise. To conclude, treadmill exercise has a significant modulating effect on behavioral abnormalities,
toxic damage to dopaminergic neurons and gut microbial imbalance caused by Parkinson’s disease, alleviates the symptoms of flora-related diseases, and has a

positive effect on the improvement of Parkinson’s disease.
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0 5|= Introduction

T 4 #% 9% (Parkinson’s disease, PD) {E N4 EREE — K
ZORAT IR, W LT 60 & DL B NEE,  HBEFER KRR
Ftm W BEEEoR, hEIE PD B H L 300 77, 4
294 10 Ji# Rt . PD WG IR IZ W LS Bk 3, dRis
HRER NG Y. BT PD R MIAL S R, BEieRE, H
WY1 R KRR L A B, 1RIT RUR R EE, RIS K
BE. th@ BRI . BET, A5 AEAYITIRE T
KEIEHT PD RS RITH, RE&HT -2, #H
R BB R SRR kA2, TEVR M EIRG, B IT I
DIz BE I TA) 17 FAEAES, 1T B0 R 24 i >k 1) 2 @14 FH mT e okt
PRMIRE, LT3R ERHERG T ik E B B, figiE
PR RAFAE T NAR I TE A BT A SAE I AR, 51 3 S
REAEEE L NIENHRERER, Wil E S
P AR RGEEAT XA Y LR N IR Z LI,
JiE R, I AT AR e A RN T A
R ZRALTE RN R AR - W - B ST MR A R
S, WERIT R ERNIEME RG R
1 €29,

L, 8B GRE N — Fh B QAR 25096 7 7 4
AT PD BEMBELEIT . AR, BT
R B NERN, AR AREE, SCEmES
5 M R Gz s B ek IE T RE . HsRHLA %
Y1, B, BiEE. AR PD BRI R - SOk 2
CUZ e A0 28 T IR AR 2 BRAIG o SR A% 25 (1 1 3R I8 /K 254 E
F, S BE AR 3t 5B B 1R SUBUAT T 5 2 T R A e 120,
tb ] WL, B8 GBS0 4T 75 PD Rk T A L EAME . B,
1Z W 72T lumina Hiseq )77 & 1) 16S rDNA Hi A, Mg
TE T E A AT 7B G 18 sl %t PD il i A W VR 45 0 e 2 B
PERISZ A, 3E T PR B & 12 2 2GR PD s BT AR A AT BE A
B, ARG RIS 5677 b R SR AR R AR
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1 #&LFn753E Materials and methods

1.1 %t BENL 4TI, 2 4108 PR SR FH LR 205 ZE 04T
SH N ZE K LSD-t K5

1.2 BFRE AL E SZIGT 2021 4F 7-10 HAE iR K

ZY S RO TE R
1.3

1.3.1 sSZIGEhY)  SPF Zimfifh SD KE 18 H, 6-8 F#, 14k
i 160-200 g, HH B R RELI A O, SIS
WA PR AT IE S SCXK( Y )2018-0006. i FEH . Zhi)
SRR (2342) °C, MR FE 60%-65%. S VEREE T %,
BT 12 h e, 12 h g, 6 H /%8, IEEIRE.
LR T RE Bl ER AR A I P OME B R 2
fILHE ( # LS : PZSHUTCM201204004), SZ46id FEIELE T F PR
BRI CST M SERRIEE R LR
A E FOE R SIS AE R N AT A TR, R
— P15 1 K R s D LR . R RAET
1.3.2 FERF e (RYIBmRAEAE AR R A ], it
51 R510-22); 6- K% L% (Hfh5: MKCI2199). LI fg (it
‘5: WXBD2611V), RS HE (k5. LRACA767) 351 [ 3 [
Sigma v \); TR (pH6.0) T JEAZ W (it 5. G1202),
PBS(4lt5: G0002). BSA(#k5: G5001). ik % [ ¥4k (tyrosine
hydroxylase, TH) —#i (it 5: GB11181). HRP- I £ Hi % —
Bt (5. GB23303) ¥ [ Servicebio A F]; ik 7] & DAB &
55 (DAKO, #t5: K5007).
133 FEAE ANSWHEHL( R E R R
A, A5 XR-PT-10B); 3 5 A /N B 4 K AL (AL 5
R540). KERUMNLAAE AL (5. 68018) 340 H IR Fi ik Al
AR RA R MEHES (R THARAA,
Fis: suL); ANSIPIRE RS (RIS S i = T R A IR A A,
A4S 78001); imJEIE A %% (Servicebio, Bl45: MX-F); A
Bl (R ARTHRAR, A5 IB-P5); JHEYIAHL( L
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TR RIS FIRA A, M%5: RM2016),

1.4 F¥%7ik

141 ZWodH FIERRIh 12 A PD KB, BEALS N PD
KR (n=6) A G2 BN (n=6), SN FIERHUIA BRI
6 A KR AMBRFARL.

1.4.2 FPIEERLEI % SR B 2 SRS 6- R
EL 3% 5 2 7 PD R R TR B9 S gl e S AR BRI K SR I [
FE T SEARERA b, BERE, e 2 MEA A (518
LAl AT S 5.2 mm, A 1.0 mm, B 9 mm;
B2 A WX S 5.2 mm, HRZA ] 1.5 mm, B R R
8.5 mm) HAric. BHEEEE, FREE S 2HhBUR Ik
JEN 2 g/L 11 6- ¥R Kk 2 RV VR (8 B 0.2% B i R 7
TWECH] ), AL RS 3 L, HEEFEAE 1 mm/min, 3 IE
J 1 pl/min, FHEFESE] 5 min, BEMEE 1 mm/min, FTE
VESE G 486 e e BT AR AR R e A S vk 5 77 =K, 7
SRR 2 0.2% PUdk B A= B Eh /K. A % F ARG
7R, Wi NE RS 0.5 mg/kg B 4115 1l (apomorphine,
APO), 55 HEAT e MAH) 2 PD ALK R B & 1 0L (12
3% 30 min PSP BERE AL > 7 U /min R &4 )

AR T 2SI GRS A2 o AR X )RR

AR LB £ T AT R R AR 45 1 B % R
PR

EAIMEIERORIE  SPF 2 SD KEPEAR., 6-8 Y, AL 160-200¢

RASHHR 6 B OA SR M GIRA RS, TN AR

e AN MBIIR, K005 WAL, T A b
L

ARIBRER D KR i B B 25 Bt

ERBATE AR 2 A0k, VLI 6- FIEL A G A

PR B o S 00 A ORI K SR ] i 7 A s 4%
TR, BiE 2 ANEM A (51 EA A BTX)E 5.2 mm,
2k 4 1.0 mm, B BE R 9 mm; 55 2 G A a5 BT X G
52 mm, LM 1.5 mm, T 8.5 mm) HhRid. Rk
B, A TR B IR 2 ug/uL (1) 6- R £ [k
TR ({3 A 0.2% PLIR MLERTEVRIECH ), AFAE A AT 3 uL.
PEEFHTE 1 mm/min, JEGHHEE 1 ul/min, BEFBIE] 5 min,
TBEFEE 1 mm/min, $RAE 58 RS S8 Tk

M ER AT IEBRIII 12 RGO BB M IA AR B (n=6)

P23 LG IZ AL (n=6), HINEHHURMARK 6 KA
FARA

EREIITENIERR TARIGS 7 K, KEMESES 0.5 mg/kg B bk, 75 G ik
AT IR, 30 min Py, T REEIEI %L > 7 I /min R I

P
=)

A 1 RGN 4 H G 24 h, BUKR B E TR

WAE, FERBEURRREE R, W, U

EREREMEE ORI b5: @IEH LR R @ 5 TH FH 40

¥R g5 9L @ I T B 4 4 43 28 5517 (operational taxonomic
units, OTUs) 73#1: GNFIE ERE Alpha ZREAE 1T, 73285
U HT Beta ZREIE BT ST 5K 40 BT

RIBESSHE LT RE LI PEE A LR O TR G2 ki (F
fit'5: PZSHUTCM201204004)

1.43 MEEFHTHHE 91 EENRE, HTH KR
M G283l WZJ7 %8 10 m/min, 30 min/d, 5d/ Ji
(7S HARE), RFgka . BT ARAA PD AL I 5 1 7%,
TG T .

1.4.4 JEEWX 7EMIGE3 AT, s 10, 20 K34
B IA) A5, FH B 4 RS 5 PD S RLAH AN B iz shdl ) 2 41K
BRI AT R0 T e D

1.45 JeFs5 fEMGIE3EH 3, 10, 15, 20 K, @il
AT 5255 2% 52 3 240 K Rz 3 A& B R Be 7. #4450 cm,
FAR 1 om B4R o [ e, FFR SRk /INBR [ i T T ,
RPRUEAF R IARE DT 1E4T W, BT S gEE P A o B KR Sk )
TNE A, R XU E TR R, BRICT W EE TG T
B o YRUHT LA R I, 5 RTHI . SREG T LR R R B AT IE
NI 2

1.4.6 WpiEFEAKE ERE 1LRBAIBENER)E 24 h, 1§
BN 5 L BRI R N B O R, RO -80 CEE Ik
TRVKAR ORAT -

1.4.7 TH BAPESEM Ses dfb kil 7R S 1 IR RIS 82 R
JG 24 h, HHEL3 HORRIAT b SR BRI, EVE, B
HIEY R, BT IERIUREE M (oH 6.0) TR
1B, PBS ¥ 3K, 5min/ s Yl AMAAR 73 £ 3% it A
AV, FIREOLHFE 25 min, PBS ¥ 3 X, 5 min/ iX;
3%BSA ¥y 51 R4, =R B 30 ming FRARE AW,
B — 5T (1 @ 500), 4 CHEH IR PBS phifk /=i
INZ=Hi (1 2 200), ZRHHEE 50 min; PBS #LfE 1i% JI DAB AT,
T NEA, BRAKMET R ZIERE; FRKER, H
KAKBRIRTE, WAE, s [ B Fuge, BUEREE.
1.4.8 165 rDNA JEEH 1 FLEUEEA DNA, FFH -80 C1iK
BARAF, TUKEMHE N @529 Z R ML ( SRR D %
WA BRAT] o HUR & A # 1JE [K 41 DNA £ 5 30 ng S Xt v
MIELA S YL B PCR I N &, iE$F Vv3-va X§ 3. 514
341F: ACT CCT ACG GGA GGC AGC AG, 806R: GGA CTA CHV
GGG TWT CTA AT. i F| Agencourt AMPure XP i % % PCR 3™
WP AT AL IE T Elution Buffer, I FFRZE, SERUEE
fd i Agilent 2100 Bioanalyzer X 3¢ 1) F B3 ] Bk BE i3k AT
il o AU A A () SCEEAR M A N v BOK /N, 1 $E HiSeq 1 &
AT -

1.49 AYME BB FHEUR SIS HARE S IE, R
IS & 1) reads, Fl4% 5 i & (1) Clean data 77 ] FH 5 3 73 #Ts
JE1d reads 2 [8] ] Overlap 5 &4 reads Hf 421k Tags; 1E4E
(AEACLRE ™ (3% R 97% bnitE ) #4 Tags SR A 7 S5
{ii (operational taxonomic units, OTUs), %X J5i#id OTU 5#§
Wi PE LT, XF OTU HEAT W FIvERE; 3T OTU R4 fh it R 45
FHATRE SR 24 B2 0 b DA S AR TR e 22 S o i &, B 32
FLFE I IE LT Alpha ZFEVE T, 0 = T Beta
ZREVES BT L BETR 45 FI IR PLS-DA 43 #f7 ( Partial least squares
discriminant analysis).

1.5 TEURAEAF OKBRIEENRTEIR; QIEAF L5065
@i B TH A4, @G IE FE#ER OTU 43 i GNFiER
FER) Alpha Z R0 4T © G TE B 7 K= A @
BT HEN) Beta ZFEIE AT @ N TE EHEHEVE 4504 7317
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1.6 Guit o4 SRFHH SPSS 24.0 Gt it wh & LLRE A K i3t
AR EE, i EBRIIRMIER AR, SZIG L5 R Ll xts FoR,
Z 20 R LU IR FH B DR 32 7 Z2 40T, LN 22 53R LSD-t K56
LR IES i, K Kruskal-Wallis £:%6 . P < 0.05
AN ZRA BEER . ZLENGIECS i
RARFEEMG S E R E .

2 5B Results

2.1 FERFHHEE A EBUEB DI 12 2 PD EIAK R
AR SR MR 6 2 IE & KB T 5250 R 2 b7

2.2 KRsgEmiRsE R JHGTTUAT, BIVEAHI S ARE5E 7
K, PD KR4 K B 30 min JiE % P %A (364.65+11.33) r, ]
izl 2H KR 30 min g% B $0h (355.83421.24) r, FHALA L
B Z R, TS 10 & 20 K, 5 PO R FHIAHLL,
BB BN K Ui B HOR 2 TR (P<0.01), W%k 1.

Fz1 | BEAKXRIAITHIRE 30 min FEE BRI L (xts, n=6, r)

Table 1 | Changes in the number of rotational turns within 30 minutes
before and after treatment in each group

ZH 5 FToHT #10 K #20 K
PD HEAZH 364.65+11.33 354.83+20.23 339.17425.72
iikEpey IS 355.8321.24 309.67+12.24° 228.3320.27°

FiE: 5 PD BIRUAIALL, *P<0.01. PD NIIEARA

23 KRARMFFHRLR EHEEIHTHE 3 K, 3410
FINEAFIN ) A P2 A2 B B 22 5. IR IZ8hIW %R 10, 15, 20 K,
SRT-ARAHM L, PD A AL A I 18] 43 548 50 T 90.1%,
78.8% fH 91.5%, WA LEZE A REMEZ N (P<0.01); 5
PD HALZHARLL, GBS LI (] 43 58D 23.3%, 21.7%
Fi124.6%, WL LR ZERAEEER L (P<0.01), HEK2.

%<2 | BEKRICHETEZ (xts, n=6, s)
Table 2 | Changes in pole-climbing time in each group
28 531 3R 10 K 15 K 20K
RFARH 7.34+0.34 7.23+0.42 7.1240.26 6.46+0.32
PD A4 8.23+0.43 13.78+0.54° 12.73+0.43° 12.3740.41°

1 13Ul 7.86+0.46 10.570.58" 9.970.35" 9.33+0.36"

R SEFAR4ML, *P<0.01; 15 PDBIRAMLL, °P<0.05. PD NG

2.4 KA ZIREEI TH P an ot m s B R TARAE A %
1) TH FIVELI M, 2480, ST ARHEMEL, PO R4
ArLb R MEE TH FEYEZEN, H TH RIABRBFARAHE T
¥ (P<0.01), £idMIGIZs)TH)E, TH FHYEYH AR KXo
FERIEWHET ., 5 PD R AARFARA % RH B &M
= (P<0.01), WLE 1A, B.

25 KR A ARME @ B OTU 47 T R4 IL4 805 4~
OTUs, Mf5 142 4> OTUs; PD fii%I4 447 689 4~ OTUs, Jiif5 26
A~ OTUs; Ml & 1854 ILF 736 4~ OTUs, Jif 49 4~ OTUs; 3 4
LA OTUs Ay 545 4, UL 2A. #E—25 50 #r, KB PD #E7
¢ OTUs AT E TR TFARA, MG I2sh4 K RI% OTUs
A U SR v 1 PD AR, WLIE] 2B, 45 REHIH GB35
T, wIEE PD AEARIZH KRR &0 2KF i OTUs £ &

2230 | PEHERTIEHR | 5528% | 55145 | 2024F58

2.6 KEAMAMER R Alpha ZHHSHT BEE T IRE
RGN B B =K, RIS A AR B T A E S b
ZAg, WE 3, F£3. SEFARHAMLIL, PD AL Chao
6 #0A P B 4% (P < 0.05), Ace #5 % J% Sobs 5 34 12 35 [£ 11K
(P<0.01); £HiGIZ8)THiG, a1 PD ALALIZH ] Chao FE4L.
Ace Te#U % Sobs $8%L, BT R EMZER, H] KRB G
EFhXH PD SIS ) I8 B R R R AR L B —
TEFEE A o

# 3 | KRHEEAKHEEEF Alpha ZHMESHT (xts, n=6)

Table 3 | Alpha diversity analysis of intestinal flora in rats

415 Chao fi 4 Ace FEHL Sobs $R4

BFARA 607.9+31.1 602.0£23.5 540.0£24.9

PD #5740 568.1+21.4° 561.5+20.5° 488.0+23.1°
Gigzhd 573.1#51.0 571.2+47.5 502.5+37.2

ik 5P ARMME, P<0.05, *P<0.01. PD AIALA

2.7 REAMAMERABG > XFEARSH EITKT, FA
PR AR AR 3 B B R T 4 BB A 43 0 O Bacteroidetes (UL
BH17) « Firmicutes ( JEBERE ) « Verrucomicrobia ( JEfEE )
Proteobacteria ( A2 JE R []), VU HLHI 2 FILE RS2 57k 97% LA
b ERFENE, SETREAML, PD BT Tenericutes
(G BE R 1) () =F 7K °F H 0.016 2% Ft /&= 4 0.071 3%,
Actinobacteria( /£ 1 1) [ 7F £ 7K1 0.259 6% i 3 [# (K 52
0.097 1%; Candidatus_Saccharibacteria 1)=& 7KFFH 0.492 6% i
FIREE 02393%; LM GIEE) T WG, Tenericutes ff=F /K
ST & 0.268 7%, Actinobacteria £l Candidatus_Saccharibacteria
[ =F B 43 51| P& A &2 0.030 6% A1 0.099 3%. i3t — 5 %} iz i 14
BEEAT JBK T 23 #r, KIS PD #5228 20 (1 A1 35 B A A UL
il & iz zh 4H /) Barnesiella, Ruminococcus. Lactobacillus.
Romboutsia ¥ BT %A%, 178 %1% Prevotella. Bacteroides.
Clostridium_XIVa 28 & b J1i&%, WE 4, 5fik 4, 5.

F 4 | KEFEARDIBEEEE1KTF Topl0 4FLERK (%)

Table 4 | Composition of top 10 species at the phylum level of intestinal
flora in rats

kb BFARE MEHRWEAE HEEH PHE

Bacteroidetes 38.518 60.980 63.729 0.062
Firmicutes 50.871 35.336 33.265 0.060
Verrucomicrobia 8.297 1.191 0.466 0.120
Proteobacteria 0.964 1.717 1.946 0.070
Candidatus_Saccharibacteria 0.493 0.239 0.099 0.004
Actinobacteria 0.260 0.097 0.031 0.001
Tenericutes 0.016 0.071 0.269 0.001
Spirochaetes 0.203 0.000 0.000 0.120
Deferribacteres 0.016 0.001 0.004 0.219
Synergistetes 0.000 0.003 0.001 0.290

2.8 KAAFARIMEE A4 Beta Z A4 547 K H] Beta ZFEE
PEFIEE T Unifrac BB REAR R 08T, B RFEARTAEDY
TE UK 25 K 1) 22 S AR BUE . 45 R EORMR TR IG5 PO
RULH R REABA 200 TF, UGB BV I G547~ 2E T — e i
s [ B B 6 2 s 41 5 8 T R AL 40 1) X A $3E, 55 PD
R A X AR B e aze, 10 A B s st PD ASE AR ) i i o
SE A FEIAEM, UE 6A, B,
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[ Rasces
" 038 ¥ 038 . e
= £ i cop| - A
) EES N PD HEAILL 1 3 Eh AL £06 i 206 L .
5{ ‘ o s 75 > 7 AR ¥ z L] 8 - — - e
& 204 0.4 ] B e
T 0.2 I 0.2 8
R %39% > b R B o ° S w% L
[\ © ‘%@) \e‘é’ © X § W @ﬁ’ © X %

BIVE: A 9 S5 TH BHME M T 48, °P < 0.01; By % AL WL 42
TH FHPEAM RIS (x75). PD: W& . TH: BREIRIRILEG

E 1 | SEKXRERMZAR TH PR R EHKER

Figure 1 | Immunohistochemical results of tyrosine hydroxylase-positive
cells in the substantia nigra

A 1F9:j‘ 4 B BT
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Figure 2 | Operational taxonomic unit analysis of intestinal flora in rats

from each group
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Figure 3 | Alpha diversity analysis of intestinal flora in rats from each group
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Figure 4 | Taxonomic composition analysis of intestinal flora in rats from
each group
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Figure 5 | Histogram analysis of species composition of intestinal flora in
rats from each group
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Table 5 | Composition of top 10 species at the genus level of intestinal
flora in rats
W FARAE MERHEBAIH Hizghl P
Prevotella 18.684 38.100 43.316 0.135
Barnesiella 7.249 6.299 5.351 0.366
Clostridium_XIVa 6.038 2.951 8.468 0.082
Akkermansia 8.297 1.191 0.466 0.120
Ruminococcus 5.147 3.643 1.125 0.015
Bacteroides 1.837 2.622 3.207 0.220
Oscillibacter 1.234 1.277 1.857 0.652
Lactobacillus 2.119 1.643 0.560 0.018
Romboutsia 2.374 1.081 0.451 0.016
Alistipes 0.331 1.495 1.384 0.004
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Figure 6 | Beta diversity analysis of intestinal flora in rats from each group
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A3 3R, Zeadxt B 32 3 4K Rl R AT 2 b
AL, KA G125 )5 H S5 BT AR A AR X R,
M55 PD AR AH IR BECIE,  Ud BB 38 3t PD AU
BB A R AR (186). Brit, XTS5
FEHEAT PLS-DA 73 #T, thARHL 7R, B 3 4% H KR,
Hrb i Gz shnt PD B A — & M lalEER] (18 7).
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