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1 HARMNEE5FHE
1.1 B %

PLAE 5O 5 K24 200 2021 4F K2 A 2 1 ek B 78 2
P FE (4: 4% 80 min, I NP Z MR E 15 min) 1Y 10 44128
g B[4 (2045+£1.23) % 5 B . (1.67+0.07) m; 1k
i : (57.8943.98) kg; BMI: (21.65+3.41) kg/m*; Il 4 4F
e (7.3322.08)4F [ SEB 0T 42 o S PRI 55 56 /i) J5 R £F
M — 3k, FoEm Z i E A AL H W R ESR (IR
BE IS . BB d2t AP 700 55 ) SRR I R SR BE O X DL R R
TR
1.2 AR
121 H&EREL AR

HRAE W 5E H AR 2 KA LU €35 77 R ], SR BT
e Y R /= 6:30 RAEZIAH RIR B 15 mL, 38T
1R AT 30 min 145 55 30 min 43 ) R £ IR 15 mL. KA
bR A R T U AR AR L B A 80 CCURAE TP R
e
122 FERREBGAA . QB AR E A&

A B 58 K FH B (67-56-1, 2299.0% , Thermo) . Z, i
(75-05-8,2>99.0% , Thermo) ., 2- % 7K 1H % iz (103616-89-3,
98.5% , Aladdin) . H iR (64-18-6, LC-MS grade, TCI) . H fig
£ (540-69-2,2>99.0%, Sigma ) . H20 (Milli-Q ) %R 7 , 1]

BB DAL GRAY , HI850-R) | IR 2J 4% (Vortex Mixer, QL-
866) . 7€ B (Jin Teng, 0.22 umPTFE ) &5 {3 #% 5¢ A I B
Y ER B o AT 2 27 e DU A 2% 32 2 R W AH €4 3% {) ( Thermo ,
Ultimate3000) . Jfi %1% ( Thermo, Q Exactive) . N T f#IE %
i A B 8 HE R R FH RS 0 1F L B0 T R R
fror#ir o
123 ®FEHI T E

F b 28 LC-MS £l Ji5 , fiff F Proteowizard %K {44 J5 4y
B i 4y mzXML A% 200 SR T XCMS B 6% B i
A7 WG I A — 4k , >R FH R.language ropls 24U i 47 £ JC
Gt oMo K A% AR 03 B BE AT 3 23 3 Bt (princi-
pal component ananlysis, PCA ) 1 i fz /1N —3f€ 1 H1] 5 43 #7
(partial least squares-discriiminate analysis, PLS-DA ) ( &
W % ,2015) , LA VIP>1 H P<0.05 E Ay 0ifi 6 W5 7 22 5 1%
W AR . A 1A 458 1 BioDeep 4R 2H A4 14
HEAT VTR 09 A W 55 W 0 T 5 0T PR O 2B o ke B 2R
VbR B i A MetobAnalystd B UE 77 A0 B 144 155 38 % 53
Br, LA P<<0.05 11 2y A58 o 07 22 1) o v o

2 H#R
2.1 ZRA W3R

ZAXE IR o I s R R (R 1), Rk
Yy (1 3500 38 - 35700 SR8 B 5 8 0 3R DA MR 1R 0 SR
EWFEGITE 2SS KRB RERGWIRTRZ T
s SR (32 Bh i . RURZIE AR R 23410 RPE 2
] JC 48 12 22 5, (B L FE /T 09 RPE P-4 {E 2 2.1+43, -
TEEE ARG A 7.8423 1 7.6+6.2, 16— E R ¥ I
W R MBI 2 T 955

*1 ZiIXFHFOEMRPEBNER (n=10)
Table 1 The Monitoring Results of the Subjects’ Heart Rate and RPE during Competition (n=10)

B 1] &, 3455 F/(b-min ™) S RAR /% F & F/(b-min") B& s AR Y% RPE

IRAT 68.24+3.2 — — — 2.1+43
¥ 169.6+1.5 86.412.4 193.4+2.3 962+ 1.4 78423
T+ 161.74+4.3" 81.9+5.17 189.1+6.9 94.6+2.7" 7.6+6.2

E4P<<0.05, %7 L FTFHZRAH R FEZF;+P<0.01, A7 L FTEHZ R LA+ 5B EEEZHF,
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TR ARG E . WTE MR IE % 2 5 22 4L (relative stan-
dard deviation, RSD) 43 Jill & 79.9% F1 74.5% , ¥4 >70% , i},
AR50 o o R 4o
23 ERSOMER
231 LSRR K G A 30 min KA E RS ER
3a M Bl 4a 7 , BOARGS Bl L SR IR R S 1 PR A

FE A A 5L O & {H R 43 5 D 0.99 Fi10.97 (FE 3c
Pl 4c) , ik B A RD A fig g B oK, 6 152 1 BL Al ARk
ASEA T DL 2 )5 e o i oK

W 3b 1 E 4b fT s, 78 LD 4 PCL I PC2 4
B 4k A b o 2R AR 32 B R R R R S LR R 2
HAEW BN XA, HEHRG5E (E3c. B 4c) T 073>
50% ., it B 1F £ 85 553X (1% PLS-DA #E A oK & B i A
I
232 WEAERBHHMER S OTER
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Figure 2.

Base Peak Chromatograms and Quality Analysis Diagram in Different Time Periods (positive ion model)

Base Peak Chromatograms and Quality Analysis Diagram in Different Time Periods (negative ion model)
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Figure 3. Analysis of Urine Samples at the Morning and 30 Minutes before the Competition (positive ion model)

o

60 4

W
(=}
L
[NSIEN
S O
L

(=}

@ R?
R*=(0.0, 0.97), 0*=(0.0, 0.13) =0

(=1

|
3]
(=}
!

PC2 (13.7%)
PC2 (11.7%)

|
W
(=]
L
|
ey
(=}
!
4
/

|
D
(=}
L

0 50 fSIO 0

PCI1 (17.5%)

-50

PC1 (16.3%)

0.0 0.2 0.4 0.6

ABALEY, ¥ perm)

0.8 1.0

a: eIt % RE k5 59T 30 min fk ik PCA A7 % B ;b: Fb 38 3 XRS5 5547 30 min fkik PSL-DA £ 4> B ;c: Jb & % X R Sk 55 5547 30 min ik PSL-
DA #4403, adfeb Wy E=Z A BNRER KR, EF7 BREENRAFFA,
El4 RESZERT30 min RESHTE (R 5 FAD)

Figure 4. Analysis of Urine Samples at the Morning and 30 Minutes before the Competition (negative ion model)
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Multivariate Analysis of Urine Samples at before and after the Competition (positive ion model)
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Figure 6. Multivariate Analysis of Urine Samples at before and after the Competition (negative ion model)

®2 ZHEBRNERERFZSKFYWHTLER
Table 2 Changes of Urine Metabolites at before and after the Competition

A5 Rt 4 A4 VIP  EZ54E4 P FDR W E TR ppm KEGG
1 7 BR B 1.77 0.076 <0.001 1 0.005  B&A AR 0.42 €00022
2 WLEF 1.73 0.418 0.001 7 0.006  WLERAXHF 4.46 C00791
3 R egeh 1.64 0.019 <0.001 1 0.005 oA AR 1.77 C00262
4 AT AR B 1.63 0.149 <0.001 1 0.005  AFARERVAIR 0.61 00311
5 EEN S 1.61 0.550 0.001 1 0.009  FAERAKH 0.15 C00183
6 B-#1 # 4 1.60 0.513 0.002 | 0.011 e AR S A 1.67 00221
7 ¥R 1.49 0.320 0.002 1 0.010  AFHLERAGER 4.46 C00149
8 PRI 1.49 2.670 0.002 | 0.010  AFARBRIAIR 0.09 C00042
9 3 1.45 0.360 0.001 7 0.008  FEIR A BRI 0.26 C00025
10 BENA 1.36 0.590 0.006 1 0.018  B&Z AR 2.52 C00099
11 &R 1.33 0.280 0.009 1 0.025  HURBRARH 1.75 C00078
12 E 1.24 0.055 0.000 T 0.005  AEEEAE/BEST A 2.29 C00186
13 B4 S BR 1.14 0.207 0.001 | 0.006 % EEAYLZ R fi 2.92 C00082
14 ATALBR 1.09 3.670 0.006 | 0.018  AFARBRIAIR 2.55 C00158
15 A= 1.08 2.007 0.021 0.046 AR 3.02 00147
16 WUBR 1.04 0.273 0.007 1 0.025  HA&ER LA S REARM 4.91 C00300
E: 1 B RATA, REARERM I, | 5 RATA, FE AR ER MRV VIPOPLS-DA % — £ Mo X & T ML FDR AR EZ 58 P

18 ;s ppm. il 5-F F 5 Bk 45T F 0912 £ ; KEGG. &%k 5.
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Table 3 Metabolic Pathways Involved in Major Metabolites at

before and after the Competition

B5 A % A Total Hits Raw'P Impact
1 AR R AR 28 10 0.006 0.61
2 B EREAYE R fik 12 4 0.010 0.50
3 BAR 78 17 0.000 0.46
4 HAMR ERR JTREAR 23 7 0.002 038
5 AFRBRARM 78 17 0.000 0.28
6 ATHEERIEIR 20 70001 025
7 RS 95 10 0.030 021
8 CHAER £ A ERARM 50 11 0.000 0.20
9 WBEMAEFE 31 4 0.020 0.11
10 BRER S AER M 35 4 0030 0.03

3.1 #RERMAEL
3.1.1 ATP-CPR ¥ & %

JUUEF 2 A A AL PA) PN Tl 2 UL 1 A3 7= 4, LT B e
AR A= 1 IUIF 35 2 Bt DR VBCHE H AR 81, BRI, BRULISFHE
St AT DA O VT 5 R UL IR 41t R 1) o 8 Ak Ak AR b (B8 B A
WAL S 4, 1987) o WFFE 45 R Bon , &7 R BRIZ 3
T L FE G PRV 0 UBF | JILRR 45 55 T8 40 AR A OG 1 v A
AR R R T W AR, B BOKOF B R a2 B A
JUUTEF A5 Ak e B Ry B, 4 R 0 AU AR G A AR R L 2R
4 B AR P TR AR o LA RS DR RIS
SER AR 3, n— BB 5T R B BR (FTYK AR L 20215 Guo
et al., 2020; Quintas et al., 2020) . #{ #i Rk (Hudson et al.,
2021) 4 (#hFF,2018) | % BRK (Khoramipour et al.,2021) |
HEER (Zhou et al., 2021) %31 H iz 2h A 76 L FE M 45
F8 B YR P LR RILAL IR 2 o 2 5 b T e, 0 W v R R
F G5 A S ) R R A sh I E R B REE A
T UL A A R LB 2 A 22 ) 3 3k 5 A2 s 70 i Tl 1Y
TR G Wi i o, AT R A R P AR Y s e B R £ T
3 Ao 5 1R LR S N X B Ry R R T e is LR AT 4k
I W PR UL R T Ay 3 2 T A 2 ) Y R BE B R A% 7 (Gabr
et al.,2011) o IR WLER 15 S i AE Wl R 3% & A3 B A4 Wi 1A
W, B R LR T R R SR

TE R BRI, ATP-CP R R 52 5 T AE hk it
ATP [ fift DU 25 7 A= Y o R A5 4, R W2 e 1 JR AR
UK B W A TR 4 A Sl e A% 12 11 45 BTG AR, 7E i o
1% 36 FAE Ak vh J 45 SC A L DT 52 W) ATP 19 25 15 4
o CABEFERW, AL P R RS Y 55 i T e 1 W] A
g Ok U T A& P B A 280k R T (Tullson et al.,
1991) . Pitti 55 (2019) A 58 & B, £ L BR L ¥ J5 L FLIR L 3%
AR A 4 A R T R R A k1 B S RN B T N A A 2R
18 % P 3 0 e O e R R AR 1 B
T LA N AR AR B

=

W,

312 WEBMALK

W4 R WoR , & T R EKE 3 5L 7E L 385 IR Y
BT 25 W W AIC N T R % A T i, R A L R Ao A e e
RS2 5 T HUAMRE AL o 78 5 3R Y 2 IR 1L 3
o, R A R D7 8 e 4SS R A ATP Y R T
U LR R S A T AT R RE o TR B IR AR L —
ol 52 1) B A N B IR AR o R A TL ) AR AR A ) A
KA s s s h HUR ¥ CREE T . — L 7E
Rz gl WA T 2 TR AR AN [R] e £ a5 A2 ok Tl 2 g
T oK 5 Iy — 7 TR R T 0 AU I A A AE R Bk L P L
e H %) B 2% ( Bangsbo et al., 2007)
313 HABEAL

Ji I 2 A E A AR fig £ A3 7 5 R Y O A
R R AR E S AR R —, A
R 728 e 5 R 3R I2 3h 51 1 32 3l 32 30 %5 YA OC (Jensen,,
2003) . B 12 Bl A Y 1S 0, BE I FE R R 3 BT,
VHOTE T LA (4 1 17 3 fife RN = TR A B4 38 1%, DA T U 2
SR RE R TR o AWFI P Y A R | =R S (R
TEFE ST W35G, 3R WAL L 38 o AR AL ) TCA 1 31 A
IR A O A AR R AR . SR B
1% LA K 55 s B e A AR A O R rh i VR T 2 AE 2 TR 5T
AT EIUESE . A Lee %5 (2021) Al Tian %5 (2001) 858 & 3L,
W TR AR I (W] A 4eis B B b R B T S B AR R4S
YERT, O B 538 )5 1 LR IR &2 %8 D0 AH OG5 £ 2 B A 3k
T2 T I 53 0 g R A AU SR FH RN AR I IR 4 v R O B4
Mo Pintus % (2022) B 58 & W1, T A H GBI TR 1) 2
BRIZ Bl 51 A5 FETR BT FE AT R FE S5 A [R]BF H] 0 T PR R
RIS 3BT R AR MR S kAT
% 7% fk . Berton (2017) | Dudzinska (2010) fil Goodwin
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Urinary Metabolomic Profile of High-Level Female Soccer Players at before
and after High-Intensity Interval Training

ZHAO Wei', WANG Changquan®, HOU Lijuan’
1. Northwest Normal University, Lanzhou 730070, China; 2. Beijing Normal University, Beijing 100875, China

Abstract: Objective: To investigate the changes of energy metabolism regulation in high-level female football players before and
after a match through the liquid chromatography-mass spectrometry (LC-MS), so as to provide theoretical reference for the
assessment of female football players’ performance and monitoring the training. Methods: 10 female athletes who participated in the
semi-finals of the 2021 College Women’ s Super Champion League were participated in this study. The urine samples in the
morning, 30 minutes before and 30 minutes after the competition were collected. Data were converted, peak detected, and
normalized for multivariate statistical analysis. Results: Significant differences in urine metabolite chromatograms were observed at
before and after intermittent high-intensity interval training. Compared with before exercise, metabolites including lactate, creatine,
pyruvate, creatinine, L-valine, tryptophan and alanine were significantly up-regulated after exercise (VIP>1.3 and P<<0.01), the
adenine, B-glucose, tyrosine, citric acid and succinic acid were decreased significantly (VIP>1.4 and P<<0.01). Conclusions: 1) The
metabolic changes observed in high-level female soccer players after intense matches mainly involve the ATP-CP system,
glycolysis system, aerobic oxidation system, neural regulation system, and amino acid metabolism system;2) Metabolomics
methods can provide more comprehensive and targeted data analysis and guidance for athletes’ diet and nutrition supplementation
during preparation and pre-competition period as well as evaluation of their performance.

Keywords: high-intensity interval training, female soccer player; competition, metabolomics
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