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Abstract To examine the impact of aerobic exercise training on the structures of gut microbiota in female drug addic-
tion individuals, a 12-week aerobic exercise intervention was conducted with 100 female participants who have a histo-
ry of drug dependence. Stool samples were collected from the subjects before and after the exercise intervention, and
the composition of the gut microbiota before and after exercise was analyzed using high-throughput sequencing of the
16S rRNA gene in female addicted populations taking different types of drugs. The results indicate that a 12-week aer-
obic exercise intervention induces significant changes in the species diversity and abundance of dominant genera within
the gut microbiota of female drug addiction individuals. The principal component analysis revealed significant differ-
ence in the structures of the gut microbiota between the traditional drug intervention group and the novel drug interven-
tion group, both before and after exercise. At the class, order, and family levels, significant differences ( P<0.05)
were observed in species composition between pre-and post-exercise samples within the traditional drug intervention
group ( MC group). Specifically, there was a notable increase in the abundance of Actinobacteria at the class level and

Coriobacteriaceae at the family level following exercise. In the novel drug intervention group (MX group) , significant
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differences ( P<0.05) were also noted at the family and order levels between pre- and post-exercise samples. Post-ex-

ercise, there was a marked increase in the abundance of Bifidobacteriaceae at the family level and Bifidobacteriales at

the order level. This study offers a comprehensive gut microbiota reference for exercise interventions aimed at enhan-

cing the physical and mental health of female individuals with drug addiction.

Keywords gut microbiota; 16S rRNA gene; gene sequencing; drug addiction; aerobic exercise; the structure of gut

microbiota

254 WA ( Drug addiction) & — 1 L 5 38 1
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1.1 ##
1L1.1 AR AMRWEET 100 4k H T

Pl 2 g A 5 o o R e T BT B9 2 P o RO BE 5
XS ARV [F) 0 AR 56 s g R o 4
(American College of Medicine-ACSM ) “ ACSM’ s
Guidelines for Exercise Testing and Prescription,
10th Edition” iz 3 &b Jy S it iy f9 0 #% 0 , Xt e
A S AT T BE A KUK i A iz 3 KR i £
B4 B e T R T R e g o O oy
FHBEATUARAE 245 52 30 X5 5243 A 1% B8 75 i o B2
(BC AL) [fegidgimiash T4l (MC 41) B i
A Xt B AL (BX 20 ) BT B4 35 dhiz 3+ B4 (MX
H) ,BEAGFE LR EZER(P>0.05), W& 1, #f
FEAR 2w D R 2 BR oy A P 2 D1 23 it vfi i i
(No:ynnuethic2022-033) . 24 AbpifE. O H4ifL
S35 it FERL 2T R B R 5 T H A W 5
(VR PP 25 90) Wi s 3025 ~ 55 J] % Lotk
1] B8 25 7 R BB & 5 DA AE BB B 40 I 3 AR g
RS IUIE 35 & J0 K #0 s ™ EO Il A R
o E A T A T8 A A IR 18
SIAESAE S s @HIV KB ;. DB 2 KUK i 22
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Rt : OIRA5 3 b R 5 A HoAts (WA RS
2590 R S DA ANAE 25 ~ 55 JH %7 1 Lo VR o
1] B 25 7R OB 5 AN 78 2F L0 5 01 R4 BE
YUY ; @ REA KT R st ™ B R I 550 |
R AR B | T A T B A I iz Bh
AR SE S s @HIV A I FH e 5 (D B2 27 UK B £ il
1z 2l AR B A e AUz s @ 2220 1 A A N B A=
RAGUETEZSY; Qi 3 A W I i Bram R
VRMZY ; OANGE S 5525, D415 1R
55 KB,

1.1.2 £ &&XM5MEXE  Phusion High-Fi-
delity PCR Master Mix With HF Buffer 500 reactions
(NEB, [ ) ; Power Max ZEf8 DNA 43 2517 &
(MO BIO, H1[#) ; Agencourt AMPure XP Kit % iR
afi ik ik 7] & ( Beckman Coulter, 3£ [E ) ; Axyprep

DNA Gel Extraction Kit ( Axygen, 1 [E ) ; Library
Quant Kit, Illumina GA revised primers -SYBR Fast
Universal (KAPA , H1[# ) ;dsDNA HS Assay Kit 2¢)6
& w35 & (Life Technologies , E[J &) ; HiSeq
3000/4000 SBS Kit J J3* 15 & (Mumina, 3¢ )
Quant StudioTM3 5 i 2 5 951 PCR 1 ( Applied
Biosystems ABI, 32 [# ) ; NanoDrop 2000C i f# i 53
6% B i1 ( Thermo, 32 [# ) ; ProFlex"™ PCR & 4
(Thermo Fisher, 8] ); VeI AL 45 R 2 t ( Bio-
Rad, 3E[E ) ; Qubit 2.0 Z¢J5 ( Life Technologies,
HE ) IR A E X (Agilent, SE ) ; il 5k
PR AR (Tumina, &)

1.1.3 Jh A FE AR sl B e e
JIT N BE A X i A 520 EAT 2SR AR RS, 32K
BAESIAT LI E AR AR S AR A 4
BEAICAE S8 B BT - 70 °C A AR IR VK A6 AR A7 %5
.

x1 BEBLHEPILEK (n=25)

Table 1 Comparison of baseline data among four groups(n=25)

415 R 724 FRAANKAE  ERREK R (kg - m™?)  ZHEEFERAE AR E A

BC 4 37.35£4.23 6.31+£2.23 2.05+1.06 24.25+£2.52 7.54+2.16 7.22+1.67

MC £ 36.78+5.26 5.27+2.16 1.98+0.86 24.47+2.08 7.57+1.56 6.92+2.01

BX 41 35.89+4.78 5.78+2.92 1.94+0.83 23.65+2.82 7.06+1.72 7.74+1.04

MX 21 36.77+4.45 6.03+2.16 2.25+0.72 23.25+3.52 7.50+1.76 7.52+1.32

F i 0.84 2.24 1.43 0.56 0.02 0.37

P1H 0.531 0.167 0.224 0.578 0.902 0.772
1.2 7k H Nano Drop 2000C AT E DNA 80
1.2.1 #E#Hx % MCY MX 4RI FiffiE, ] Qiime F & #E17 Ml & 16S rRNA

friafar 12 BB A Az 5, K Polar 32 SCHT U
MR AL 3 R/ Wk, 60 min/IR., B %%, ik #H
P 609% 38 4% 17 i 5z R0 % ( HRmax ) 38 JE 4B 10
min, F-LL 70% HRmax 5 532 5)) 25 min, LA 80%
HRmax $RE iz 3 25 min, BEJ5#H4T 5 min 18 M6
OFIRE Z 50% HRmax, HRmax 4] F H 250
Xof B TR PR Je DT 32 0 o8 143 185 971 B R0
FHEE A2 HRmax = 206.9-0.67 x4E 5 . Xf B4
Fie BROIE 5 VE B AT, RiE A7 Hofhis sl

1.2.2 fhif A AR DNA 3230 K H SDS %
IR R R AE AR (8 Power Max 32057 &0 H2 HURE 5
T S 4 DNA 8 0 43 66 B TR I DNA
AR AT B DNA S8R PERG IR T 19% B i b vt
e, BRI E 5 Vem W] E N 20 min, F

FERMF

1.2.3 16S fRNA XA R ¥ 3% AR AHS Y
14168 rRNA JEH Y V3 ~ V4 A[ 25X TE [0 5|4
PEHE V4 A8 X Y S515F (5'-GTGCCAGCMGC-
CGCGGTAA-3") , [ [ 514 %645 806R (5'-GGAC-
TACHVGGGTWTCTAAT-3") # 17 PCR ¥ 34, X
FHFRHERY PCR S 4 2 ( Phusion High-Fidelity
PCR Master Mix with HF Buffer 25 wL, 515F Fl
806R 5| # 4% 3 pL, DNA #itz 10 wL, DMSO 3
pL,ddH,0 6 wL), PCR SR 4cf4: WiAE P 94 C
4 min, SRJ5 I8 94 °C 30 5,55 °C 30 5,72 °C 60
s,30 41@%;?@%%5’@5,72 C10 min,j’fiﬂ"]
PCR 7741 4 CARAE. il 25 1% B Bg W BE 1 | L
e, AR HEAT HLTK , WEAEAS B s i A7 A I, SR
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JEE PCR 74, Rl Tllumina 5 48T & 16S
rRNA U7,

124 H#FEoH I QUME B A X FE &Y
16S rRNA V4 [X PCR =¥ #E47 I F7 . 1] UP-
ARSE #1Kf reads 538 A AE 43 25 #9T (opera-
tional taxonomic units, OTUs) , FHRLREE 5 & A 97 %
HEAT B4 M R B o 22 e AT 1
Picrust X OTUs 3= B4R A6 5 X0 1 210 A 1 1) 22 A
PEACR 3 STAMP B X6 22 4 7 1) A 5 21 Il
TGS 22 52 9047 Z2 00 M, T XA [F] Wy o it 47 4
SEBCATRAE BT BT QUIME FiI R AR EA T
Alpha il Beta ZHEPEHT, #£F R A Venn Dia-
gram” A= B T3 RELEL, A AR INAL UniFrac #£47 &
AEBRAIHT PCoA FEURTAHALE 73 A , 15 F BRI 288
2R R iR v AR AR [ iy EA T SR 2 R
)34 2R A 8500 B ( LEfSe ) 19 LDA 1 5 328 3
T TS A A R SR 22 5 . SR Wilcoxon
TR RIS, 6 Xof 2 (1) = 2 ) b S 1 2 S iR AT U
K: 56, 1 FH Benjamini-Hochberg ¥ ¥ 17 22 T K 55
KOk

2 HERHpH

21 BENFER

X 196 ANEEAS 515 40 BRI 5140 SF i ) 4
AT 422 723 FRA WUTF, S AR BT 5 E
5 SR EE A 4 420 bp, MR R N 97% ,8 4
FEASEARF] 2 924 4> OTU, Hib i@ sh TR, 1%
GiAE SN IR (BC1 41) OTU % H Ky 2 481 4~ A%
GiFEis s T4 (MC1 41) OTU % H Jy 2 486
A BRI R T BR4H (BX1 2H) OTU % H 2 2 484
A HEIEE RGBS T4 (MX1 4H) OTU 3 H H
2 5014~ ;38 3 T TG , 4% 40 B i v BRZH (BC2 4)
OTU % H A2 4724 AL G55 iz 3 T 14 (MC2
ZH) OTU % H R 2 995 A~ B AU %3 i X BEZH ( BX2
Z0) OTU %t H A2 4844 B Rl 5 fhiz sh + Wi 4l
(MX2 44)0TU $cH M 2 715 4, ia3h)5 ,MC2 4
1 MX2 41 OTU %t H B B3, #2754 iz shil
Zinl DU 2 PEEE A BORE  E R
(B1).
22 MEFBEEN

PR3 K A X = B HEAE T 10 32 19 TR
Ja& 22 i 171 7K S J 7K 7 1Y) Jiz 38 TR Vi 45 48 43 AT

Bl mE 2 aTAE FETTKSE I, 5328 8l T A
b, iz 3 T 15 MC 200 4T T6 1] ( Bacteroidetes )
(45.31%) JHZ#il] ( Actinobacteria) (3.79% ) iy
AR = BERR =, 1 JEEBE TR 1] ( Firmicutes ) (0.49% )
IR ] ( Fusobacteria ) (0.35% ) AR X =F B2 55
;s 8 T E, MX 42 1] (5.86%, P = 0.
011) FIPER ] ( Verrucomicrobia ) (0.22% , P =0.
000) F BE &, 22 ¥ 1 1] ( Proteobacteria ) ( 4.
39% ,P=0.000) FI AT 1] (0.28%, P=0.043)
FREREML, RIE 3 AT AR oK I, Hizg)
FHEAH L, 12 30T Wis MC 41 MX 21 =F i
151 () T J A UL 11 ( Bacteroides ) 3575 TR FG A &
( Prevotella) % $i 42 7 J& ( Faecalibacterium ) | %
1A B G & ( Roseburia) . i 31 T #il )5, MC 41
1) B R DG T P 8 B 347 S S B P S B i 1Y
6.81% 34 M E] 52565 1 8.85% ( P=0.002) ;iz 5T
T, MX 2H B % 30 [Q o g | B o s i
Wb S ETAY 3.95% 1 2.96% T &2 525 5
) 3.24%F11.78 % (P=0.004) . 4%z shilll 2 i
R TARGEE G R RV EE O SRR W 1 TR
¥ TE 1R T i 38 BRI R 1)
P T B A ) B G B O S 4O 1 A B IR
KEJE

B1 HESEXBTENARERPHSH

Fig.1 Distribution of operational taxonomic

units in the four groups of samples

2.3 BEEHEYTSEEST

Alpha ZFEPEFE X0 Chaol $8 07T A i BE
P& AT AIXT B Shannon F1 Simpson $8 8% 1] UL £
GRS R R A S, 4 AT, 5is
TR L, 230 T U, MC 4 MX 24 738
B ER R B2 VR ZHEERI 55 (P<0.05) s Beta
ZAEME R LU AN [R) P58 B 22 18] 4 ) 7 22 5
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M E£ ¥ F Z
LEIRRW AR E sl Zh e A AU =L AL i L A
HTRVEE S G i R AR, Herh A
£ Alpha 2 #£ 1 ( Chaol , Shannon , Simpson 5 %1)
BERE YRR S A g

60

P, T BB AR AN Y Beta ZREME AL PCoA
X 21 (] 43 A7 RN 25 S B AT E A o3, RIS /T
52 ST R L 38 3h T BUS , MC 41R MX
TR D RETE (R 2540 2 A B 3 AR Ak (P<0.05)

BAEXEERT 10 BAERE R RKE L (BRRSEN) EHAEATH S

Fig.2  Distribution of the top 10 total relative abundances of gut microbiota at the

2

phylum taxonomic level ( except unclassified) in the four groups of samples

B3 BAENFEED 10 EERBEBEKEL(BRERSEN) ELHEERPHSH
Fig.3 Distribution of the top 10 total relative abundances of gut microbiota

at the genus level (except unclassified) in the four groups of samples



145

61

B4 MNAFASLER/EFERS Alpha SFEREBSH

Fig.4 Analysis of the Alpha diversity index of gut microbiota before and after the experiment in four groups of samples

B 5 MUARARLIEHE T FERE Beta ZHEMEM PCoA 5347

Fig.5 Weighted PCoA analysis of Beta diversity of gut microbiota before and after the experiment in four groups of samples
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24 PFEEBABERSH

H T RFRIB TG AL R A
PEZE STl X2 BT S 25 1Y) Rl AT LEfSe
3BT WKL 6A RN, FERE A0 HIKF B oMC 4
TESC AT IS IR AAAE 1 35 22 5 (P<0.05) , i3 B A
JAFT # R} ( Enterobacteriaceae ) FZ T # H ( Enter-
obacterales) EE & & Tizsh)5, LDA [ R3.12,
3.13,log fH 4 3.67 .3.72, P 24 0.00.0.02; iz 3l 5

MK F R T ( Actinobacteria ) LT 45 H B ( Co-
riobacteriaceae ) - & I % #% 57, LDA {H 43.12.3.
13,log 624 3.67.3.72,P 24 0.00,0.02, 5% %
LTI ARG 5 AR TEOK P S 455 2
FHHAMIK(P<0.05) ; B 181 6B AT AT, 7ERE H K
b, MIX A7 S8 i 0 R A AE B 22 5 (P <O,
05), iz 3 Af & 5 W Bt ( Atopobiaceae ) |
2 A il B B ( Porphyromonadaceae ) F1E FGFT A

BEe6 MAHANEHEMNEEEREZMNEE(LEfSe & LDA &)

Fig.6 Genus with significant difference in relative abundance between two sample groups ( LEfSe and LDA value)

A ABGERE SIS BT TR (SEIHT) AL ST LIS BT L (S2H0JR ) 5 B BT YRR A2 B T T ( SEIR Y ) 2L RIS BT T

(ST

A : Traditional drug campaign intervention group ( pre-experimental ) -traditional drug campaign intervention group ( post-experimental ) ;

B:New drug campaign intervention group ( pre-experimental ) -traditional drug campaign intervention group ( post-experimental )
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( Pasteurellaceae ) DA & EL 775 % H ( Pasteurellales )
FHEFE S TiZal)5, LDA {E} 2.43 .2.49 2.43
log {6/ 2.89 .2.88.2.89, P 4 0.03.0.03.0.03, iz
B J5 WU FT 56 B ( Bifidobacteriaceae ) FTRUEL #1
H ( Bifidobacteriales) & & It & #£ 5, LDA {2} 2.
88 2.86, log {tH 3.36.3.37, P 37 0.03.0.04; MC
2 MX A [0z S AT JE W2 B A 1% P>0.05,
SRR A Az 3T BRI 8 7 1 -l b A G
A=W WA e M B O AORSE 3 1 24 ) 98 oR S 1
SR AU
3 3 ®

TR 22 Y UE S | 32 2 e AR b 2k 35
SIERT G SR Y/EA SR K o)l 77B s 2 2l W G B R
S5 P B R R WINA £ AR R AL
), F) Fa R i I8 U E M 3R5% . Aparna 251
W R, Rl 1 iz /)N U 8 BERE R /N L %
Wtz VRSS9 A TSR A HRHT ) . TERE S 19 A4S
b & B, B S RE NG N2 5 18 8 R AR 7
1% ( short-chain fatty acids, SCFAs) fy/K " H
HT, B N A IRAT 19 O T 24 0 e 4 i 1 T A 22 A
PEASAL T ST A 40 . 250 HI AR i 3 %
VIR EAR KRR EE EAT SRR, iz 3 2
REAE X5 245 1T TN 00 ) 1 Ak R B AR )
IRV S B BILTR v N5 AE . A BFSER AT 168
RNA BEPA vy 38 5 I e B AR PR 1 A %0z shill 2
X g i BRI B TR R, 25 Rk
W1, 12 R s shill 2R 1 Lo v s il iU & A
TEI 8 R T AL, A i T 18 s R, Horp,
MC 21 MX 2L OTU % H 21 BT A [R] i JEE )
S, {8 MC 21/ OTU % H 3 s o 2 3%, $ 7
1B BT LI R A5 G0 it o 1 ) e T R B
B IE YRR B TE AR ImIE
APy JEERETR ] 5 HOUFT B AT g R A ) 4
BEZ A RS BENR TR , S A ST RE = AR A R
BT RE > Lucerne %2 WF5E K B, W £
PR xR T TR R A W T R R
LA g = B AR AOURT TR AR T B R R RE R,
ARWFFEEE R —FL,

JEEER T T SHFFEE T (F/B) HOR T 2 iy
WIE SR Ehn e, HiX — 38 bn 2 5L
PRSI LA A58 A OG22 AR g o

M40 F/B HARRYLLE R & T MC 24 MX 4, B
A B B REA ROBGE B b OB 0 i 18 2K M
WA ABIFSE I8 J2 B, S S0 4 T 7 ) 0 FH e v
FE RGN R D CAIZ e ARt T LAAE
Yy o R I TR AV TE A A i ), IO e JS
ZE 5T hakE— 2045 DIIESE

Xu %57 %6F 24 1) a7 Ak e ot R A RE ) B
TP RFLE AT T XF L b 5T, & IR 25 ) ke 2 1)
Y TR 22 REPE i T X BR AL, A 2 AR S 25
AR B IE e, Horp R RS ( Thavera ) | Fl
R & ( Paracoccus ) FIR%-T5 1K B H & 75 25 W) WG
HIHE R SRR, ARG R R R
AR L s U 3 B = R R A AT
g S ERIR IR E SRR E B BLIC
J& , 5 H BRI & ( Ruminococcus ) = & FEAK ; 7ERF K
Vb iz g TR R R A B IR (Lach-
nospiraceae ) WUSAFEBL, 85K K 8 BE 20
BT KGR 2 4E, 7 A B R
R , SRR R A A A AR | TR A
W IR TGP 8 5 R R AR 1 A TE AR OG T A6
AT LA iz 3 38 3 7, Chen %57 B 5%
TNy, FHE LD TR e mT L3 2 244 fin g 3 S0 1 1 A
XFRE BRI B TY 8 R A e 2 a8 A AE
TR B 0 I o Jm B A A R B R
TR LA R L R, F 5 il e R 1B Bl 5 ik A
% PR FE B IR ) W T AR BE 3, R B Bk
AL AT T o 3 5% e LA SO N- Tk R 4
IR FE ITERIBF IS b & B, 0 1 R R
5% FOR S ) S A 5

[, oA T S BIAE R o o v f R R L&
IRR R AR S TR A AR, BIR
BHAT SEMR M IL-18 K F T, T IL-18 5
HEE B A A7 o FE AR S Smith 45 98 &
W, BRI 2 B0 EAT & (Blautia ) 3B
L WA 5T 2 [R) 5 R OG5 Li 0 I B R T
Bl i 22 36 EFF B 8 ( Blautia ) 7T LLE A X 43
PSR R S RN — PR IE A, M iE
DR P AR P BB 5 2 o 0 N P B RS 5 1 A
SRR B R N R B B B R A AR T
B SR

HFEIESE | 12 2 BE 2O 75 b OB A B A
IBE I S A 2 E T, S TR R 2 3R
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[HF (BDNF) 1 2 3k 3 Im A 260 1 XL AT B
( Bifidobacterium) BEX 1 BDNF, AHF5E &, iz
Bl TS SUBCFF TR 3= 3G, DT ) B2 4 v T
BEARREE NIRRTy, KL, A RiE s 2T
VL3 28 811 0k S A W Aok A3 B i OB S S: 1Y
FETE AR M N RERERHE AR AR SOK A
Bl S G b T i P T S S R 0 T e
B TIRERIE L, 9F 48 S8 G T SRt T ik
i A X LA TR ) HAR D) BE TR Bk — 25 1K
AR B FH i 18 B 7 >R A 9252 3R J7 % 8 il
A W RZ I, X T &8 AR YT SR g N T 5
i R AR E A AR

DI 58 & 30, 4558 B (65% ~ 75% HR-
max ) [ %8012 2l %t B 3 2R N % 2 ( Methamphet-
amine , MA /AFR“ VKHE " ) MO DL HAT T ] i
AR 25 ) FE— TR ) 8 JE T AL g o
RS R R 4 i B A S8 ) ] KR4 R MA R
## 1Y B K 4% 5 i ( Maximal oxygen intake,
VO, ) TES ST 12 R A A sh T
P TRMALEE T TR KR, A
WFFER T — A5 B 3 1 =X 0% B 2B LI 5 47 s
% s FHdat 12 4,3 W JE 60 min/ik,

B AREGT R 12 215 T I RO 2 A B
VAP S A RN 2 38 A T R
(P T8 DA R 45 1 1) 722 A B T2 B 1Y) 58 2 s [
Gy W (1 = N i bow) LY 0 NN 77BN ki
M AELE 22 Sk S I R AR AT RE S 5 T
PUARAEBE Az LA R s 210 R, 7 )5 &2
WFoE s gk skiz 72 JE R 2 J R 3 AR [l iz
SNSRI iz B 2R % 3 S BURE R I 18 A Y
S i 45 0 532 Bl k3 7 i BURE I P A
WA, TRFE HAH GRS T AE

Tk A 20 B UE B RE DL 2 R =0 i 1 2K
i, 451 a3 e R e 83 T e - - 5 PR
PR RGANE AR, (H A3 304 W B vl DAl o 7= A
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