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The Effect of High — intensity Exercise on Body Composition and Gut Microbi-

ota of Wrestlers
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Abstract: The purpose of the study is to explore the influence on body composition and
intestinal bacteria of wrestlers with high intensity exercise. Research method: In this study,
thirty wrestlers who have been taking part in systematic sports training for a long period of
time were recruited. They were trained for four weeks with medium intensity and another four
weeks with high intensity intermittently. During this testing period, their body composition
was tested, as well as their feces samples were collected at different stages of sports
intervention. After quality inspection, DNA samples were purified, 16SrRNA Gene V4
region was amplified by PCR methods and the database was established. This research select
the HiSeq platform for sequencing, by comparing the OTU ( generated by clustering) and

database was used for species annotation, sample diversity analysis and function prediction.

%S H H7:2020 - 04 - 17 ;&[5 H 87 :2020 - 06 - 21

ESWE : HHEARPERSE (FE) (95 :31800657) ; IL VG H K E RIRMIF IR (45 17TY106) 5 1L PG 4 1 A B R 58 3T
X (4*5-:201801D221242 ) 5 LI PG 44 155 4 = A RHBL BB H (45 :2019L0041 ) 5 1L PG 45 oy A 2 R R = AR BT A I 2 Sl 7
H (45 :2020018) ,

EE B  AREE(1984 — ) Lo, PP, W+, W55 07 10 4 FAE W)~ 538 2@ I o

BEER . =ML(1985 - ) 3, MRS i, 14 W07 ml s AE W 5 A5 BT .

EF AL 1. ILPYARE B A=RE, LYY KR 0300065 2. LYY R A:drRh22=be, 1L PY KR 0300065 3. 11444 128 3l HE A
Hi, 1T K5 030025



- 90 - W IRIERF 2= Bk 2021

The results show that after the intervention of high — intensity exercise, the body weight, BMI

index and body fat rate of selected athletes were significantly reduced, while the diversity of

intestinal bacteria was not significantly increased. Specifically, Bacteroides which is belong

to Bacteroidetesare is the dominant bacteria.

The ratio of Bacteroides to Firmicutes

increased. While Faecalibacterium and Bifidobacterium are significantly undermined. The

prediction of functional genes showed that after high — intensity exercise, the response of

body metabolism and immune ability were enhanced.

Key words : High — intensity exercise ; Body composition ; Gut microbiota; 16STRNA

K8 N A AE 2 1000 ~ 1 500 Fift A ] 26 750
AR R, Bk ik 101 FLR O EA AdA 150 f 22
22 R W0 2 ) i DR BT R g A 5 — S A
a7 SR TR AL E A B T R 1 3 L b
SER 5 Z R AR R LR g s 28
AT T R PR R 2T 4 I S R R
Wik, 5 G & AR 2 R g5 &, I B 7 TR, 2
5 = A AR AR e A e g U R T O
W Ny WA TR S SR (N , SR B A% R R Y
AT o (HRAE AR AR S AT T S
WAL T B AR ANA R K20 18 o S B AR Y
L B B Sy B b PR S, X 4
EATA: BRALAE AL AR A58 15 B B A 2L
VERRD S R KW A 38 3, % 8 ik W 4
TREBHZEMETAWRAR, FRER, 5A
MRS E 32 3 AT LA 0 R A TR S
kA FEARREACI ARG T 4 U I MR
RIFEEEEMT

Wt % [ NS SRR AL R R 18 37 =
PR R T Al i A 0B 30, v o MO 2 2
WA AR B S A T Rz — . e
TR , o R 1] B3 ) T i e sl B ML 4% 3 2
PERLAE, AR A AE SRz . Ak
XA )32 B i iz 3 7 2 B A R A4 L A
B W 8 R B > K A4 E T,
AR R BB T I SRR X T3 AR, 18
B AT AR MU AR K T | 35 i 1 B R 2 R
PE I 5, A E R PR, B B8
sk hiz sl e R s R s s AR K
P 1) i e st (i) iz 2 8 %o i = g A R A 5 4 B o3 A
PRSI B R 8 T TR B 45 R R 2 R A
A, I T 25 PR 5 I 2 A, oA B 05 e 2 AR
YA A Y BL AR B0 T AR R G g2 R

SEU A PRAE (2019 4E ) XS R CBERY B 3
B DI L OFE BoR 3B 3 5L 5 TR 5 AR
FH LG, 30 P A 35 0 A I B D AR E R ko
5, R IZINGE 30 A RE, 1510 iR 2 R
BT A B, AR, B 132 B R, R
32 SR R 2508 205 B I 0] HL Y 3 A
MBS AT SRAR D o ASHIFFE 0 K301 2 I
YRR IBE 3 BB IT A |38 1 47 5 1 B 15 3
TS RS M T T R A A7 00, BT 2
Ji 18 B %15 3 BUBBE MR TR, L) % il B R s T
ZREVERSEI . D50 45 506 R 15 58 3 BRI
S, (I DR % R R L S 4

1 HARMKEFZE

1.1 BRIIH

ik 30 AN Bmsh 51, Hrh 22 55 8 4,
Yo — UL s g 5y, AR S B 17.73 £2.30
2, 19.42 £9.22 % 5 LI 2R AE R O 55 1k
7.17 £2.81 4F, 2P 8.00 +2. 12 4F; B b B 1k
1.75 £0. 05, ZcE 1. 70 +0. 07m ; {48k B4k 77. 65
+12.98kg, L 72.71 £10.79, 40 A bR BA
KIS R L W ZR 2 D7, IR 450 — 2
HEBRARAE A o A, ANl B T R R s
Bl AR IR P A R, &k i TS
b4 T A, A0S A A et sk H b A 3 (R

259 .
1.2 Mik7A%
1.2.1 &z 2 ESIE & a5 R

B WA BARREN 2R (0% ~80% VO,,,.) s ZJ5
2 9 309 4 JE B0 i R A BRI 2k (80% ~
90% VO0,,,.) o

1.2.2 4hms MK R TANITA MC - 980MA
PR A AR A [R] 58 52 I 5 B BEXS 12 3 51 AT



55 ) KR A SR B Bl REGE B B A3 B i T TR A 45 R <91 -

MR HL R E ST R AT | B R R A
(BMI) J&REHR (% ) IK533(% ) WA (kg) o
1.2.3 #ARE 400 T R gtz 3 i
TR 5 588 B 3 B0 T A B0 1) 565 D JR SR AR 2, e A
FEEORAF I ( LI AR Y)) B & - 80°C vk A I
fEo [Rl—RIATHRRBL SR SR AEZEE T AR,
1.2.4 A0 E  BECRXT S FEE R AR T
ik , A A& FE i 30ng, S RE 51 YIELE L PCR
K%, 347 PCR ¥ 1%, R ] Agencourt AMPure XP
BEER A4 PCR ¥34 724, ¥ T Elution Buffer 1,52
S, fdi ] Aglient 2100 Bioanalyzer X} 3CJE H Bt
L R EE A TR . A% I SCEEAR A B
(RN, 4% HiSeq" ) - G AT (46K PR 58
SR o

1.2.5 #¥4547 FIH USEARCH (ver. 7.0.1090)
¥t tags” B NAIMUE 3K 97% 9 OTUs ™ | I 2241
OTU Venn &, 3% T Um0 3 F FH RDP clas-
siffer T HIEATHI R A3 Hr ", 22l Wy b = 1
ARE . Picrust ™ B AERE KEGG $¥ia % Xt OTU
DigeSEA , JF R H Wilcox #5445 20 [A] 1) 22 R D1 i .
K H SPSS2 3.0 AbFRELXFEAS T K5 o

2 HARER

2.1 SREEIHTHXEHREERER T HIM
X 30 {37 R IZ Bl B3 A E K AR R I 5 SR i
FECOAEAS T A8 734 (W3 1) 38 8l b1 1 vy o

200
180
160
140
120
100
80
60
40
20

B3 HRT (AP AR5k s 3h o ) e sk s 3
B B S BT S A 2 5 , 32 A PR BMI( B A5
AR R AR R A A s 3 T P 2 R
REAER, K R ALY A A2 A Tt 5 1

x1 BRESHIEZRESEIERESR (n=30)

AR BIRE T SRETRE P
#E(kg)  76.90 £12.51 75.37 +11.24 0.013"
BMI(kg - m™2) 25.89+4.17 25.02+4.33 0.018"
AEE (%) 24.32£7.15  19.85+7.78 0.046"

KoZ(%) 55.48+3.27 59.43+5.52  0.071

ML (kg)  59.49+9.29  60.35+8.15 0.31

W x AR P<0.05 LA RHM

2.2 HREEIEIWNIEINRFERFNZ

2.2.1 M MAZHAETMNGFASHE FTABIE
FEA L4553 ,867 ,885 % tags, $i H] 97 % (1) /¥ 41 #H
U TR 357 5% OTUs,, Hi &l 1 A1, e 32
A OTU it & AR, BAE =58 iz 3h T
HiJG , 3213 OTU A2 L5 LW AP AR B R ) 22 5+
Horpr 16 #2103 OTU $om RIK T, KA EE
W, 454 Alpha ZFEEIREUE BT (WK 2) 1
R IS B T PR, 52 E B D OTU o
W%, HAx shannon $5 4L, simpson 84 LA ) ace 45§
Hos e e ge it 2 (P >0.05) , Rk is
BTG , 32 I E R AT U

12345 67 8 9101112 1314 1516 1718 1920 2122 23 24 2526 27 28 29 30

W pre.exe | aft.exe

| EREEHTFMEIEMARLE OTUs HED 7 E



©92. YN N T 2021
200 |
. 220 ¢
2190 250
b 200
2180 1 205
o ) L
5 170 - & 180 & I
g O < 200
g 160 1 D
= 175 |
O 150t 140
140 [ ; n 120 ¢ . . 150 " .
pre.exe aft.exe pre.exe aft.exe pre.exe aft.exe
P! ik 448
35 | 0.5F 1.0000 F
0.9999 |
3.0 0.4r
g 8 % 0.9998 |
2 & 5
g 257 g 031 > 0.9997
8 )
< v 9
« 0.9996
20 r 02
0.9995 |
15 ¢ . . 0.1F | . 0.9994 ¢ . .
pre.exe aft.exe pre.exe aft.exe pre.exe aft.exe
P! P! P!

2 Alpha S5 #7 Box

2.2.2 M ABARKEF RASETIMHTE
214 RPD classifier X OTU X JFH #7025 %
EIFTEN 19 HRHE FKF B GETHREA Y Rl 2,
He g EE/NTF 0.5% 138 e /% ek
(others) . H11&l 3a a1, iz 3h 5t [y 18 T HH DU T4
[]( Bacteroidetes ) \ JEBE T [ ] ( Firmicutes ) . 28 I T
[ ( Proteobacteria ) | i £& 7 | ] ( Actinobacteria ) | #8
FFIE ] (Fusobacteria ) 24 3 B W Hf ; 28 5 50 iz 3
TG A TR B4 A8 K A 7B A0 (BT 3b) , s e
Bl N A2 R ) R B RRK (P <0.05)
MR RIS B &N (P <0.01) ; 4R
PP I TE A& FEA AT A T Oe A T b AL, H 5
JEE B e L R IO A B3
ZANE A R, S M A 71 R, WA
da, Hrp AT B ( Bacteroidaceae ) | % 7 K [G &

1.00

’ - Verrucomicrobia
. Cyanobacteria
. Firmicutes
0.75 B

Bacteroidetes
. Proteobacteria
l Spirochaetes
. Planctomycetes

SR1
. Fusobacteria
0.25 l Actinobacteria
. Others

Relative abundance
=
w
S

Pre.exe
After.exe

(a) MK AR BRAR ST F 5 H B

#(Prevotellaceae ) \ BIZF ] ( Lachnospiraceae ) |t
% # #F ( Ruminococcaceae ) | 7= i, /&6 £l ( Alcaligen-
aceae) MU FT B Bl ( Bifidobacteriaceae ) L K 75 5%
[CHF}(Veillonellaceae ) gL T HE . Wy 42 5 22
SA3HT, ANIE 4b R R R s B T I S 7 e
LR 28 PR TR R A B2 1 2 1 55 (P < 0. 05 ), 3L
T BERHRE X = B2 I i 2 AR (P < 0. 05)

TEESEE R 96 & h, % [ & ( Prevotella) |
AT 5 )& ( Bacteroides ) | §% 4% X 1 J& ( Sutterella) |
A 955 I & (Blautia) N LR R . 255 iz 5l
ARSI, AR Tt (G TR a8 = BERRAR, ST 7 s 2 T
ren T AR B dw s (TR (18] Sa) o DAIET 4b )
Fh =B 22 S A B R AT 0, s s B AE Bl T I, B9
PR e IR FOUT P o = 8 2 0 o2, 70 S AR T )
A 978 TG T R BOSUBAT B T PR 3

50 Group
B After.exe
M Pre.exe
oy
o
Q
g
i
g 40
g
2
B
o
>
5
< 20
(21
0 -
@ @ « @ < < < [y -~ b
8§ 8§ ¢ § |8 8 g
£ £ § § 8§ § 3 2 g ¢
T OE ¢ 0§ ¢ 0% 5 £
2 g 2 2 2 2 k- g
8 B o ] ] ) 8
g & g g5 2 g 8 8
A 8 g = S g
~ < QO £ oo
e
Species

(b) TIR-F-Hp A28 5% £ 5120 H7 B

3 YMMARRERSIE(ITKE)



5 4] KR A SR B Bl REGE B B A3 B i T TR A 45 R

- 03 .

e N
.Other

Relative abundance

Pre.exe
After.exe

(2) AL RARSKT F A

Porphyromonadaceae

Ruminococcaceae

S24-7
0.75 . Lachnospiraceae
Prevotellaceae
= Veillonellaceae
0.50 = Bacteroidaceae
l Paraprevotellaceae
025 . Bifidobacteriaceae
. Fusobacteriaceae
. Alcaligenaceae
0

Enterobacteriaceae

Relative abundance(%)

153
S

[ 8]
S

—_
S

Prevotellaceae

Bacteroidaceae

Group
W After.exe
M Pre.exe

Lachnospiraceae
Alcaligenaceae
Ruminococcaceae
Bifidobacteriaceae
Veillonellaceae
Porphyromonadaceae

Species

(b) AP LR £ T+ AT

4 MFARKRERSTE(RKFE)

100 po— W Bifidobacterium
——  Other

. Phascolarctobacterium

0.75 .Roseburia
" Prevotella

r 1 . Bacteroides
. Parabacteroides
. Clostridium

Paraprevotella

. Ruminococcus
0.25 [ Faecalibacterium

. Dialister

. Sutterella

. Coprococcus
0

. Lachnospira
. Fusobacterium
. Blautia

Relative abundance

0.50

Pre.exe
After.exe

(a) HAtARRT F EL A

Relative abundance(%)

13
S

383
S

—_
(=

Prevotella

Bacteroides

Group

B After.exe

Enterobacteriaceae

M Pre.exe

Sutterella
Blautia
Roseburia
Clostridium

Faecalibacterium
Bifidobacterium

Species

(b) o FP LR £ S+ 2T

5 MMERESERE(BKTE)

2.3 LEfse MM ER

Wit LEFse 2347 24 i T R I8, 5
S 30 2l T T R R R A0 T AR T L i
W7, B AT 5 B ( Bifidobacteriales ) fi{) 3 IE; #F 78
b LAKJERER ], AR 4 ( Clostridia) , #RAK T H
(Clostridiales) ™) BIR AL, =5k 1z 3 T B
ZE WA R E WP BB, B -
2 F 29 ( beta — Proteobacteria ) , {1 7 28 /R 2 [G I H
( Burkholderiales) T A4 P=Hifl B BF L Kz 45 PR B R
2.4 PpERAESTIRERN

AT AHFEAS 16SIRNA 1) S i i [A] 3= B2
i, 5 KEGG ¥ JF b X} )5 , 3& T PICRUSI = JE
45 39 A TIReH N 2 5 1Y KEEG AR5 i s Pl
MEEHR, d 7 /AL, 2 5K PR Car-
bohydrate Metabolism ) | i #% iz ( Membrane Trans-

B Afeer.exe
B Pre.cxe

Cladogram

! e

Coprococcus

S24-7

Parabacteroides

mm a:Bifidobacteriaceae

mm b:Bifidobacteriales

B c:Actinobacteria

B d:Porphyromonadaceae

B :Sphingobacteriales
g:Sphingobacteriia

B |- Lachnospiraceae
i:Clostridiales
j:Clostridia

m k:Alcaligenaceae

&= I;Burkholderiales

mm m:Betaproteobacteria

B 6 LESe =F¥Fho iR



- 94 - W IR EAR T 2B 24l 2021

port) J BE 5 fUi ( Energy Metabolism ) %) 2y g %
¥ e s . M A E B2 &1
s E S TG AUA TP S SRRl B S S
1R 1§ ( Glycan Biosynthesis and Metabolism ) 453 111

1.00

Relative abundance
o
w
S

After.exel Pre.exel

g W 2, Hrh, 2 5i83) B s RG0S
( Tmmune System ) FJ I RE £ A B FH 1 & (P <
0.01) ,2 5.0 I 45 9% 9% ( Cardiovascular Diseases )
(D REHE R B 8 (P <0.01)

B Cell growth and death

Folding Sorting and degradation
I Giycan biosynthesis and signaling

Cellular processes and signaling
W Nudeotide metaolism

B 7 KEGGC ThgeHiE

3 SIS

3.1 BREIEIERRIEE R KNS T

Xt TR B 3 i s 4 A 8 A 45 A T 38 B 0
FI SR, 4 B A A 2 K S o BAS BL 4 408 B0 5 2
ST, AN, T EREGE 3h 1 2 Ak L A
FERE AR A R, LA & AR e, ot T
FERE TAESR A A R o R 5k B (] Wk sl ml
A AR A A QB i A 20 A s, 2 T i
DRI G & fk o Barker 25 A& B 5 i i JE
G R 1) B s T ekt A A i K A B
BEAIG 7 1 A AL AR 2 Litde™" F 2011 4EJE 5L
25 R ) WO S AT 50 - IR - BERROS A
AN p38 I3 L SR AL 2R I, 1t — % s Bh
SRR S B, 5 B s DR i e Ak S R
ST S I ASHTS R I, Zoid o R )l 4
J& 38 80 53 B PR EE FIA g i I 2 AR, oh e B
5 B2 SRR ESE 3l L BT R AR, IR R LA
Jri ARBETE R RE R R
3.2 BREIEIhIHRBIEEh 5 7 E H R R0

S s s L, Wil R 2 RV B s sh
TR G KRR T A% S IEs
BB EAVAB B B, Haz Sl X T8 B (14 2 AR A7
TETE FLE M. AR L a3 2 shim g L Kis
B G0 X3 B 57 A R Gl A e e M A —
SERIRM . AR BN, 16 RS 3 B
FErP A T — bk AR A O S T Ap—— SRR
(Veillonella) , 1% 1 3 12 11038 L 1R A 359 A4 ok 749 7 348

s IIE ShRE N . ARSI & B, R BRI
PFREGIEEN 5 il AR AL T O3 Ay, (HARER H R
NI 251 Sl B U, 76 5 s 3 Y 5%
PR 4= FE AR, 3 1l W3z Bl i B2 1) Bl ] LASE I 52
T I A 2 R R SR A I O

i TE R AR E PR SZAILAR B AL R S AT
KB IRIRK . AROFFAENAZ KX GIT, Oy T sk
Tz FIRNZR I, AR5 2 HE— 2, HERR
29T, R — B LA IR TS AR R R )32 5
PAPIRE . X RREE A S YR 2R AT B,
SREEIZEN T 18 3h B A I E T RE 2 R BT e v
{ELHR 73240 T ) 0 e AR R Bl o g o ds B
i T P9 IR EERE TR T ( S S MU e ) 2
W T i s s T U (B AR R AR SN Y A2
T LR A7 B T ) e+ B 5 4
Z o R ATERE 2 S /N R 4550k )5 s 2y
5 3 R AT rh A B, BV JEEBE T DRI LIRR B
SRR S SR WA HK, R
1z Bl B FFEAR T 18 3h BALA N iR RER ] F R, E
PURFIT) 5JEBE TR T 100 PR o o A R S G
I HH A JHE /N Bl L o 5t B2 ] i gl i A 2 L AT
F RSB — S o e, TR R T 1 SF
(/N AT ()12 e Wiz sy 57 f) A IR E

iz Sl ] AR s LR B SR AL RE ), S kL (R %L
R R SRR AR AR
N, R s SR T I E S S T B A
AN RE R AU (D RE 2L X 2 5 A il e ) £
B WM o (HRRTERE, AT



HS5H FS

25 5 L2 Bl X R IBGE Bl BRI K T AR ©95-

KB R B Bl LIRS S0 A B 3
(9B L 785 5 3 F TR A T b, Dias % %
B, ven ot HE [R] Wk iz Bl n] 225 v i D4R R il 2
REo FICHEN o s sl G A A T ARG
LA A TR

AW SRR R R IS B 25 T HUARSR
LA D RESEIA o5 Lo 8 2 19 5 45 5 LA A ey
ARAY, BERH ey 5 B d Sl n] DL k2 il T g
PR 23 A1 SR B e HILAA IR A QI R ULET 4 5 i )
N[ 32 Bl 3 BT AR i 38 BRI B4R I AR R SR
H 2R, 787 il B AT eSS BIMLIR A AR L
AR PR PE R 205 v o 68 Tl A A AS TR I i 52 7
ZAha sl 2RI A BAHSCHE AT Ak Sk R IT , Fi
PR A TG 15 2 R 2% B R 2 o A SR IR L
ARSI RE AT IR g 1 A 0 ) B s 5 7 1 o

4% B®

i LT, g o R AL DI 2 mT LA 25 B AR
Oz ) R RIS & o WF5E Kk B0E i 4 s B
SmIE R TR ] JEEERE T LR T,
FEAERE % IR R AL BIRE R BB RL T+
o FQ R BT 6l o ok I 3 s B, 3 EC R UL
TR B R A 57 R R T o A s . &2
i i 5 P [ i B0, M 3 TR R A A A, R B TR
RELARPERE &, 25 TED ] B B K LISt A A
PR o AR L JRERERR ]S40 B 1] HUAEL
19 5 FERHKF L, SUBCAT R B ARG (H 7k
R 2 R e 5 7 i 7K L, 9 TR R R UL AT
BB FETE o AN, i 38 T D RE L DA B 2
5 50k BE 12 SR B s 1 SE LA QI RE 141, i 7T LA
SRR GRE ST, B O LA B A XS

Sk

[1] Yano J M, Yu K, Donaldson G P, et al. In-
digenous bacteria from the gut microbiota regu-
late host serotonin hiosynthesis [ J ], Cell,
2015 (161) :264 -276.

[2] Alok KM, Vinay D, Asit R G. Obesity: an o-
verview of possible role (s) of gut hormones,
lipid sensing and gut microbiota[ J]. Metabo-
lism, 2016, 65(1) . 48 - 65.

[3] Ghouri Y A, Richards D M, Rahimi E F, et

al. Systematic review of randomized controlled

trials of probiotics, and synbiotics in inflamma-

[4]

[5]

[6]

[7]

[10]

[11]

tory bowel disease[ J]. Clinical and Experim-
ential Gastroenterology, 2014 (7). 473 -
487.

Samuel B S, Shaito A, Motoike T, et al.
Effects of the gut microbiota on host adiposity
are modulated by the short — chain fatty — acid
binding G protein — coupled receptor Gprédl
[J]. PNAS, 2008, 105(43) . 767 -7717.
Simrén M, Barbara G, Flint H J, et al. Intes-
tinal microbiota in functional bowel disorders;
a rome foundation report[ J]. Gut, 2013, 62
(1). 159 —176.

BAT RE, FEF,F EREHHAR
B RS Yh, B EE KSR
[J]. 2017(18) ;: 1824 —1831.
Welly R J, Liu T W, Zidon T M, et al. Com-
parison of diet versus exercise on metabolic
function and gut microbiota in obese rats[ J].
Med. Sci. Sports Exerc, 2016, 48(9) . 1688

-1698.

Buchheit M, Millet G P, Parisy A, et al. Su-
pramaximal training and postexercise parasym-
pathetic reactivation in adolescents[ J]. Med.
Sci. Sports Exerc,2008, 40(2) : 362 -371.

Dias K A, Ingul C B, Tjgnna A E, et al.
Effect of high - intensity interval training on
fitness, fat mass and cardiometabolic biomark-
ers in children with obesity; a randomised con-
trolled trial [ J]. Sports Medicine, 2017, 48
(10): 1 -14.

HERAR, K&, KRR, F. RREZEFHRE

s iE s BB ARG Y]] AR

WFEL R AHF, 2019,38(4); 1837 -

1846.

Evans C C, LePard K J, Kwak J W, et al.

Exercise prevents weight gain and alters the

gut microbiota in a mouse model of high fat

diet — induced obesity [ J]. PLoS ONE,
2014, 9(3) : €92193.
Yuan X, Xu S, Huang H, et al. Influence of
excessive exercise on immunity, metabolism
and gut microbial diversity in an overtraining
Scand. J. Med. Sci.
Sports, 2018, 28(5) : 1541 —1551.

mice model [ ] ].



- 06 -

2021

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Codella R, Luzi L, Terruzzi 1. Exercise has
the guts: how physical activity may positively
modulate gut microbiota in chronic and im-
mune — based diseases, Dig[J]. Liver Dis,
2018,50(4) : 331 —334.

AR, BB, RIS S i AR A A
Lizgheym X ATt & (1], F B R 22
#5523k, 2018, 24(12) . 64 -67.
AFF, FR,INEAR EEALANF > G
PRIZ B 5 AR AR 2R BRI I8 4
B[] EMFRE, 2019, 36(4): 7-13.
HEE, B P EKFRZIED R G R
S Hr[J]. P BAR TAEF T, 2014,14
(24) . 4543 -4546.

Fadrosh D W, Ma B, Gajer P, et al. An im-
proved dual — ndexing approach for multi-
plexed 16S rRNA gene sequencing on the Il-
lumina MiSeq iplatform [ J ]. Microbiome,
2014, 2(1) :6.

Edgar R. C. UPARSE: highly accurate OTU
sequences from microbial amplicon reads[ J].
Nature Methods, 2013, 10(10) : 996.
Schloss P D, Westcott S L., Ryabin T, et al.
Introducing mothur; open — source, platform
— independent, community — supported soft-
ware for describing and comparing microbial
communities[ J]. Applied and environmental
microbiology, 2009 ,75(23) ; 7537 —7541.
Barker, Day, Smith, Bond , Williams. The in-

fluence of 2 weeks of low — volume high - in-

[21]

[22]

[23]

[24]

[25]

tensity interval training on health outcomes in
adolescent boys [ J]. Journal of Sports Sci-
ences,2014 ,32(8).

Little JP, Safdar A, Bishop D, Tarnopolsky
MA, Gibala MJ. An acute bout of high — in-
tensity interval training increases the nuclear
abundance of PGC - 1a and activates mito-
chondrial biogenesis in human skeletal muscle
[J]. Am J Physiol Regul Integr Comp Physi-
0l,2011,300(6) :R1303 - R1310.

Allen J. M, Berg M M E, Pence B D, et al.
Voluntary and forced exercise differentially al-
ters the gut microbiome in C57BL/6] mice
[J]. Journal of applied physiology, 2015,
118(8): 1059 - 1066.

Scheiman J, Luber ] M, Chavkin T A, et al.
Meta — omics analysis of elite athletes identi-
fies a performance — enhancing microbe that
functions via lactate metabolism[ J]. Nature
medicine, 2019, 25(7): 1104 - 1109.
Verdam F J, Fuentes S, de Jonge C, et al.
Human intestinal microbiota composition is
associated with local and systemic inflamma-
tion in obesity[ J]. Obesity (Silver Spring)
2013(21) : 607 —615.

Petriz B A, Castro A P, Almeida J A, et al.
Exercise induction of gut microbiota modifica-
tions in obese, non — obese and hypertensive

rats[ J]. BMC Genomics, 2014(15) ; 511.



