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HK I FACEHYI I ZRACRHE, ABRHZE I BARE ARASHEK YR, AR ZLZHRRZESIRESE.
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Abstract

Objective: Based on the gas chromatography-mass spectrometry (GC-MS) technique in metabonom-
ics, the purpose of this study was to explore the changes in plasma lipid metabolites in obese male
college students after one bout of resistance exercise. To provide empirical basis for fat-reducing,
and provide reference for scientific arrangement of fat-reducing exercise. Methods: Thirteen obese
male students who are not majoring in physical education were subjected to a 30-minute low-inten-
sity, high-frequency combined with short-intermittent resistance exercise. Blood was taken from
elbow vein before exercise, immediately after exercise, 60 minutes after exercise and 24 hours after
exercise. After centrifugation and deproteinization, the collected blood was analyzed by GC-MS
metabonomics. The data were processed and analyzed by MassHunter workstation Quantitative
Analysis (v10.0.707.0), SPSS software, and KEGG databases. The differential metabolites which
mainly contributed to lipid metabolism were found. Results: There were 6 metabolic markers for
obese male college students to participate in lipid metabolism after one bout of resistance exercise.
Compared with before exercise, palmitic acid and linoleic acid decreased significantly immediately
after exercise (P < 0.05). Glycolic acid decreased significantly 60 minutes after exercise (P < 0.05).
All metabolites involved in lipid metabolism had no significant difference 24h after exercise (P >
0.05). Compared with immediately after exercise, all metabolites involved in lipid metabolism had
no significant difference 60 minutes after exercise (P > 0.05). Palmitic acid, linoleic acid, glycerol,
behenic acid and cholesterol increased significantly 24 hours after exercise (P < 0.05). Compared
with 60 minutes after exercise, palmitic acid, linoleic acid, behenic acid and cholesterol increased
significantly 24 hours after exercise (P < 0.05). Conclusions: The changes of plasma lipid metabo-
lites of obese male college students at different time points before and after exercise indicate that
one bout of 30-minutes, low-intensity and high-repetition combined with short-term resistance ex-
ercise can accelerate the lipid metabolism in obese people, and achieve excess oxygen after exercise
consumption increases, thereby reducing body fat accumulation, achieving the short-term fat loss
benefit of maintaining 24 hours. Therefore, it is recommended that college obese students who plan
to use resistance exercises to reduce fat can stick to a low-intensity once a day or medium to high
intensity once every other day to achieve long-term fat reduction effects.
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KB mHmE, #i ChEEREFRSEMERRGIRE (2020 ) 410 SR, W2 $ERAER
FHE AL AR L BT, 18 % R UL bR G E R AL 500 34.3%F 16.4%. FAE S BMI A
24.1 kg/m?, 5T RGFE %) BMI 23.6 kg/m?2. AR RS AR BEAR I AR T I @9 H, PRREAE R i 77
T NESHEREFTAERE R, ULUEIERERE BT . DRI R (BFY%)VE A bR, X B E K44
PR RN, BREAE BF% > 20% K £ %N 5.64%, K244 BF% > 30% K 4% N 3.17% [1].

G Te A BT, BT, BRI, MINEIRAE, S ikmsra T &, M
1 R I B RTEAS , A8 G s B0 (i Fe RPIR S, DR s sl s 2 B8 £t e 1) — e IE 7 20 2] - P FHLZ Bl ( resistance
exercise, RE)&—Fh S S L, %t oh i & Bl 5 5 78 kA7 2) A8 5 i A0 s 10 30 (3]
KIALURBEAE AN J & AR T ) A RF 2 I8 1R 3 10 RUPME[4] [5]. B 7t s RE Rl LN &
I AT B e A AR 2 . Rk e BV AR AN ek B AR R D HEAR, W] DA B — 5 IR BUR (6] [7]. AL,
NIRANE B IR K #E, #2058 RE XA LA S AL 1 d 9 R TR B N
HEAT N -

MR U 2L 25 0 LR AE 45 58 I TR AN S 1F T i /N o1 AR A 52 1) s M &0, T 8 B4R AR
W) AR AR A0 I P B A B FLF P DRI A1 R AR A R 2 R R R o LR 2 2 AR iE B R 2 BRI
BEROEMEAR T3 AAEIRE. DIRMREHEL . SRS N L E FBAEYE, KiZhdkEk
BRIGHK L HEME S, NHEZIIZ. KEFEFELIR N R LR AL, TR T A
P IE B FE TR T TS S5 R A BRI A8, RN I B T AS (R s DA KRS, D A 1) At
FRERHE T — AN KM 6[8]. Hp SR - FGBH (GC-MS) AR B A m o st ). ma
Pe . m REE U S ElE, AN BONA TSR R, O IR AR AL 2 0 4T & O I E AR F
Bz —[9].

BTk, AP TARBIE S GC-MS HiR, 456 2 ua g, ¥ REMEATHUIR, SRE IR RE
TS5 REJRE 55 0K 22 A8 1 o 5 B B A AR QA AR A AR A 00, DAER ST RE £ BSCR IR JHE R If 3 o iR B AR
UHRHEAIE MR A 2 AR B AE AR AR A FE 9 RE RS IRIR TR HE bR YR, IR B2 22 HFk
Ngigzh itz % .

2. MM ERZE
21 ARMR

PAELIR RE Sof JIEJHE 55 K 2 AR A R AT K AR A RR RV I FE 0 R 3 “ BRI AA G #5(BF %) > 20%”
VE TR 8 FH B0 B 3 2 i 5 A [10], 383 G-Power 15 AR SR8 T 75 S IRBE AR By 10 N, AR 3%
FEiGE AR AT T AR B KSR 3k 13 44, FEAE L F1 21.08 £2.10 %\ 515 172.62 £4.31 cm.
YR 72.87 £10.53kg, BF%3¥)>20%, HJETHaitEACR:. SATCigshieng, JoH e AREH M7 Al s i s
SO MR, AR A I B AR S TR Y, B =N H NS R RS RE &)
[11].

22. MIRF*

2.2.1. LIRTERRRALEE

KH Inbody & AR MAAX (BY 52 ef-265B)ill & 52 i BF%. i Ky VPl & RE F-TiH B FH (1)
W% AT NFEEPEL Life Fitness /1% % . REMMEL L Eppendorf &l & A 2O 2 0
JE B AR AREA . MBI %K H GC-MS R, it Agilent 24 =] ] 8890B-5977B “AH (il i 115 1k
A (Agilent, USA)XT R AR (1) 1L FE AR 34T /b HE
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2.2.2. IWRHEEBEIHHFR

BT AR A 2 O R A SRR v, il S R BN SR AR ( se e, AR R e EiE 8.
KA e BRI HT— AR FHEME. TREDS BRI T SR (L RM) VAL, DUEER 2 E 2SR E0 w132
HRE. W — K, WMRREA—RIEEEERESE. SRR TIER 8 M AT 5 — K
JkCR ML, 71 EL; SR SERPEAT 30 min RE, fEi23) 5 MEP %I (G2 3h 45 3 1 min 4). 60 min 1 24 h 4y
BIRAL, ¥R, HEARidoh B2, E3. E4. 18375 9K 30 min BKERE (15 RM). miii(15 IREL 30
S)FEIHER (30 s)H RE [12], fU¥EMi4% 5 il THE. B PRIG . Shf7 (i el ., MR ik — kWL %5, MEE
S MR TR R AR G VLR PRGOS 8 MR, e bR RO S NI ] 1 FTR).

" snes

Figure 1. Specific movements of the exercise program
1. BEIHREAE

2.2.3. MEHERESLE

FRUCRAE KM 5 mL, 45 & T Prktsn i) BD EDTA IH M4 N, 7E 4°C4: 3000 r/min &0 10
min J&, B EE M2 1 mL B RS NE R =R, 547 T80 CUKFE(RAF R AL FE . R A KL FR T,
HY 100 uL FEAS I 300 pL AR FIYTIE T I - 06 (2:1, viv, & 5% bR L-2-5 - KINER), iR
% 30 s. UKIKIB A $EEL 30 min, —20°C F#E#E 30 min. 13,000 rcf 5.0 15 min (4°C), H{ 300 pL i
WNATAEA NP ET . A PEEATA /NI 80 pL (i F AU R R E VA (15 mg/mL), WiEET 2
min J5, TR M 37 CHLKRP 90 min. BUH SN 80 pL ¥ BSTFA (7 1% TMCS)ATAE i,
WWIERE Y 2 min 5T 70°C )5 60 min. HUHAEAS, ZHIERKE 30 min, #EAT GC-MS AR 2% 517 .

2.2.4. HEg

GC-MS [ JR 15554 MassHunter workstation Quantitative Analysis (v10.0.707.0)%k 44, #4720 4 A0
WA IR, BRIA— 5 RIEERAEFE . SR TG B R0 40 A (PCA) LS FE AR 2 8] (1 Ak 43 A LA L
B2 RIS EUE, ARG R A W IR A 55/ 36 43 HT (OPLS-DA) 3K B8 47l [X 43 2 [A] A 3 1% 119 i Ak 22
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o SR R O A R 7 5 A MR LD AR, BT P < 0.05. AU R KEGG ifi B
(http://www.genome jo/keqq/) i Hi 55 B FC ISR 22 ARSI, JE3REAR AT,

3. &R
3.1. BuUERIE

o BRUAFE AT H A AT 58 5 — A AR TR fS , 193 108 M. AHEFE PCA
B EI(E )8 R BoR QC BAE R, Ul QC EEM R, /i &%ife. FINAHIZES))EZI(E2)H
FEAR R 518801 (EL) MFEAS iR B e, WP 2 S d K, 18305 60 min (E3)AIZ 35 24 h (E4)HIFEA
MREERILIZBIRI(EL), WEHIREA A 2 R ok .
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Figure 2. The PCA score plot
2. PCA G E

OPLS-DA Bk i 24 T4y R2 I AEREAMKR AR 5 1 200, 22 W7 222 (VA 280 1) AoRe 136 10 LA s
IR P QAU IIERAMKRIF GG 2 1 /20, H Q2 E M Ial V2% 5 ke e ¥t /N T 0, AT 1
PR T B S BT B AT Stk . 1% 3 AT A2 IR AR RE BTG 4% Ak 1) B 4 (0 78 ) AR i 7 AN
THUI 8 77 350 EAR 5 e () P A
3.2. 2E5ERRHNERREMTLIER

i LRE 4 PR, 25 MR 2 SAE 6 1.

B3 Ja B ZI(E2) M LIS Eh AT (EL), ARHEIRR AL MR &2 /> ; 3&3h)5 60 min (E3)HLLIZAIRT(EL),
HMEE R BHE 24 h BAMILIEZNETEL), FiE S 5HEFARBIIAREY T REEER.

123 f5 60 min (E3)AHLLZZNEEIZI(ER), P 2 5 ERAH AR LR E 2R 2305 24 h
(EHMLizsh G RIZI(E2), KRR, Wil . Hih. (L &ERAHE R 2 Z1N; 830)5 24 h (E4)MtLizsh
J& 60 min (E3), ARHIRR. FihER. 1L H TR AN B s 2 3 48
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Figure 3. OPLS-DA permutation test between the groups
& 3. %&%Hi5) OPLS-DA Efials
Table 1. Changes of differential metabolites involved in lipid metabolism
#* 1. B5ERRHNESKRHITHER
R4 # E1(X+SD) E2(X+SD) E3(XxSD) E4(XxSD) F 1 P{H A4k
6.37+0.03 6.25+0.03 0.037* 1
KRR 6.37 £0.03 6.27 £0.03 6.056 0.174 1
6.37 +£0.03 6.36 +0.02 1.000 !
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i3
T

6.25+0.03 6.27 +0.03 1.000 1
6.25 +0.03 6.36 + 0.02 0.035" o
6.27+0.03 6.36+0.02 0.031* 1
5.82+0.04 5.67+0.04 0.032* i
5.82 +0.04 5.70 £ 0.02 0.100 l
5.82 +0.04 5.82 +0.03 1.000 1
RIATHI 8.541
567+0.04 5.70+0.02 1.000 1
5.67 +0.04 5.82 +0.03 0.005* o
570+0.02 5.82+0.03 0.007* o
491+003 4.80+0.05 0.202 1
491 +0.03 4.80 +0.03 0.049* I
491 +0.03 4.87 £0.02 1.000 l
BRI IR 2.87
480+0.05 4.80+0.03 1.000 l
4.80 +0.05 4.87 £0.02 1.000 1
480+0.03 4.87+0.02 0.562 1
7.02+011 6.93+0.02 0.139 l
7.02+0.11 7.00+0.08 1.000 1
7.02+0.11 7.03+0.02 1.000 1
i 5.319
6.93+0.02 7.00+0.08 0.211 1
6.93 +0.02 7.03+0.02 0.001* 1
7.00+0.08 7.03+0.02 1.000 1
453+006 4.39+0.05 0.093 1
453 +0.06 4.35 +0.02 0.058 l
453 +0.06 4,59 +0.07 1.000 1
L FT R 7.473
439+005 4.35+0.02 1.000 1
4.39 +0.05 459 +0.07 0.043" o
435+0.02 4.59+0.07 0.034* o
6.31+0.02 6.19+0.04 0.053 l
6.31+0.02 6.26 +0.02 0.122 l
6.31+0.02 6.33+0.02 1.000 1
JIE ] 9.397
6.19+0.04 6.26+0.02 0.769 1
6.19 +0.04 6.33+0.02 0.017* 1
6.26+0.02 6.33+0.02 0.027* o

vE: El: E3hHT; E2: E315HZI; E3: i23))5 60 min; E4: E3))5 24h; T FREWMER.
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Figure 4. Variation trends of differential metabolites involved in lipid metabolism
E 4. £5ERRBNERKEIITESE
4. Wig
AHIFE M LR AR S VA FE 1 R, R GC-MS AR 57 77 V00 5 B RE B JRE 55 K 27 A i v s It
AR BIRE I e I AR PR (0 ST A R AR D B % e, ASHIE FEAEIZ B T 518 30 )5 A R 238k
6 i i A AR S 22 AR o E I 0] I e 2 AR AR IR B0 8 23 BT TR IR IE I A HEAE RE +
TR BIACBIRFAE, AT IZRANBERL 2 ZHEBIRIE 30 77 SRR S % .
=0 sRCVR iy = W 5l = U I i =117 o9 AR ) =3 e o S BN i LN 4 A DS W =
SAJE, SEMRUIEEEA T 2o AR IR, M8 B A AR AR, KAKE ATP, AT SEEL
J1i 7 F) S8 AR o
HHR RT3 R0 5 58—, BRRRACRII S, H AL O BERR PO M, B B N 1) TG S %
AR — 2D B AR N T R IR, TR B IRIE N =R IR (TCAVIE I — D5k, B 1 40 T H Mg e & ik
% 22 531 ATP [13]. fEizshd A, Bl o0 i = A2 i H b A b o B B M b, I 52 RIE s L s
AL B AE A AR ST H IR . AU R RIIEIL T, HAE TCA JE i 58 4= 4k, TAES
ABEREAS R DL A LR [14] . ABEFREE BRI RE JERIZIAN 60 min, i H i H il & 0 B E AL
o X RESE H T 12 87 A B H il I RIS 245 B8 T L b (8 4 i 22 I S AL 2R R AT 1 48k o AR
— AT Ee R s B W H R R AR A O R AR, X SRR Yy = H B E, JFEH 2 90
THMAT LLEAL Dy 1 20 TR EIHE[15] . SR DAL PR R D FT RE-S 30 1 IR s 23 A B H i AME A 80, Smn
FEIZ B e BIZIA M RN B3 o (B BAT n] BEAHIT 5T 012 8 77 8 R R MIRRR L, fSig 3l 58 2 DU
AR ptaEe, TSl F IR T AL RE R EE BN, AT A2 31 i B 20 i s 2 e = A= 0 1 il A B sl A e 3%
PEAAL . SRTH RS B G IR N, 3G 24h BE 2 TEah /5 iZ]. X rTae2 R v H &
HORIRER A B AR R, EIEEILRRIZIR] 24 h 2 [A], Bt Gab T B A0 L HRA, H MK
B BOEFB TGN o [F) I A S5 RAIAIE T HiPHIZ5h v IMEIZ 35 24 h (1 S AT B AL AR 1O e s 45 8
PRI A B, I T B R T 0
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JiE 17 R AR 2 MR 5 20 03 43 A 5 W S — 7=, T o A AR S ATP 2 SRV T 1 7 R 1) 2 A
12 By B AR M R 3 e I A N B B LA S T A A BROTR IR E A (T BE CoAY), T IE NEZRRLARIEEAT B-
FAAERAE R CBE CoA, SfaHEN TCA TEIMA R A B AR A, TR R ATP. JEITIR
AL R ATP 5%, 1 4 FREARIR A 1H 4K 146 4T ATP, 1 0 FHARERAT & 129 4 F ATP
[13]e TEARFFIFLLE ST, FFAER . Wb ER AL SRR )8 TR . L AZ iR N R IR, FEEN A E &
(1 1 AN T HILBE CoA F1 7 AN TR —BE CoA &3t 7 IREE MR, 4ié, Adk, BRI
RLE ARG WAl AR A4l FUE . PSR IR Wl BRI NERR, 75 N AN AR B AT A L
WM LLAERT I APk Z R SR R, R N BRI . I i e T TR 2 s R 2
W, THBEBRESRENMES, SBANEMIRSEME, XEARKEEES SRR HE. B B
Sy AT 2 U PRI A iy I SRR R [16] . AT FLSE B RIZSERIZI, M b (kAR R A i
g A LLAZ B Al 2 kD, X AT RER E 3R H AR A A Y SRR AR B, . IS BN, R 7 R R b MR 7 2 2 e
GYFRRETONIAL,  FF 46 23 (3 10250 0 107 R Ak PS5 2Rt v, -5 0L [ T JUL 4 R 8 A A S EDURT R FH s 7 T 1
ARG Z[17], I EARTF R R RE, SRRSO, B8N 15 2 1 RIHR,
I LI T R 03k 52 B 5 UL PR S P 238 R0 38 I i FARAE, {80328 3 B ZI 7 i 3 v AR R A I i R 55 B
Fb . TERRILSHENE 24 h, MR OERRERR . 0l ER AN L RS IR IR 1y B35 1 i, B2 T8
JE B ZIAT 60 min, AT AES RE Y J5 PRSP S AT BEAaATLAA 1) JIg 107 2 e A 1 s 7 2

IR A A A0 T IR 2R, (I B2 S UM 3 2 L o B L 3 S R R AR, e I )
R R A “IREREEE” )RRk REAE A 7O M AR iR i R AN, SRl il iEsh
25y AEHI[18] . A WS K IAHEAT RE 1T LAyskzb> A A1 fi R 7R PR3 78 IR IELFE B2 [19] - ASHFF 5T
GEREIR, MERES RFAELE RE JERIZ, 125 v i HEL [ et sk 2D 1 AR Ak a3, R 538 3l AT AH sk > A 2
Fo XRRNEIZANZ A, R P R [ 7K~ 4 2 DS UUTL AT 4D J 3R UL DA s o e v 2 £ 184 s i
B Fb, R I L S AR A AR AL RE AL LR IZ S, T A P P AR D[R] af v R ]
B . FAh, BT A MG S E e, AT T E RS, 8 n T AR W 1R R,
NIk 7 RE [ B E 03 R KRR SR [20] . SRTMIFEIZ 35 24 h, LR BB R & & =l T, 23 2 Tl fE AP
ZI|F11 60 min, iX AT B8 /2& HH T RE {EHLIAA RE S f11E D743 BRI R , R Wi R TE - AAE A2 L 2T CoA J5,
5 ATP FUAHESE 11 A 1 AE [ .

i BN R T, BVUIERE AT KA PIEZES), s o, JEi— DA AR I I
B ATP, I 3ERE S THFERT, /D S A AR I HERR, 508 AR Ak R0 FSTs G At A P 5
5. &g

BB 5B ke A7 WL 30 min (IGERIE . AU RE J5 B2 60 min I 0 36 P R AL 4 3 A
LIRS RS, FUIHK RE J5 60 min 1 AL BIARRE A BEICHINENT, MR & IS DR, 431
KRS AR . B ZEEE I 24 h ARSI S B AT UK T, MO0k 30 min G387 . P
MR RE F AL B KR (IR s . BRI Tt B e, 3R 75 Dl I K B e
SR IMZENGIR, i RE A (R K IR B ACI B T2 AF TR, FEE A BELE 22 eSS B i R
AT RE, CARBIREAR MO FQIAE, 773 B TR

SEEk
[11 MeE4E, g, #H5R5%, & R ARYEIRREDUR &= m R 2 [d]. A R A 2B 4R, 2019, 21(3): 83-87+128.
[2]1 BAE. WACTTIE R BRI TSR [I]. Bk E R4, 2008, 44(2): 91-94.

DOI: 10.12677/aps.2025.135082 603 RE Rt


https://doi.org/10.12677/aps.2025.135082

i3
T

(3]
(4]

(5]
(6]

(7]

(8]
(9]

[10]
[11]
[12]
[13]
[14]
[15]
[16]

[17]
(18]

[19]

[20]

JA . YIRS SRR 52 m[I]. L R4 & RHE, 2011, 33(4): 21-24.

Feigenbaum, M.S. and Pollock, M.L. (1999) Prescription of Resistance Training for Health and Disease. Medicine &
Science in Sports & Exercise, 31, 38-45. https://doi.org/10.1097/00005768-199901000-00008

Vezina, J. (2011) Energy Expenditure of Resistance Training Activities in Young Men. Arizona State University.

Hékkinen, K., Kraemer, W.J., Newton, R.U. and Alen, M. (2010) Changes in Electromyographic Activity, Muscle Fibre
and Force Production Characteristics during Heavy Resistance/power Strength Training in Middle-Aged and Older Men
and Women. Acta Physiologica Scandinavica, 171, 51-62. https://doi.org/10.1046/j.1365-201x.2001.00781.x

Scaglioni, G., Ferri, A., Minetti, A.E., Martin, A., Van Hoecke, J., Capodaglio, P., et al. (2002) Plantar Flexor Activation
Capacity and H Reflex in Older Adults: Adaptations to Strength Training. Journal of Applied Physiology, 92, 2292-2302.
https://doi.org/10.1152/japplphysiol.00367.2001

A BERSR A AT E N AR AR AL A R AE RO AT 7T [D]: [ 22 A8 5] RS L ok2%, 2017.

Krieger, J.W. (2010) Single Vs. Multiple Sets of Resistance Exercise for Muscle Hypertrophy: A Meta-Analysis. Journal
of Strength and Conditioning Research, 24, 1150-1159. https://doi.org/10.1519/jsc.0b013e3181d4d436

EHigt. EEAEEYM] b AREE Hikkdt, 2002: 151.

Zeph, KA PUHESI R R FEM A [D]: (L2200 30, Mg sl kss, 2017.

Brad, S. (2013) The Max Muscle Plan. Human Kinetics.

A5, BRI, M i oA S Eh 4], R ERE #4k 5R, 2015, 23(3): 19-20.

REIESE, SO, EHE. Hi5@Eafe /1o /Mt R[], W)IMAEFH#, 2008(4): 22-24.

HHR. AWML B TR dbat AR A AR+, 2008.

PERS. A T F000 B R O A LIS &5 R 3R RIS Rl &5 IR i R ¥ s a7 42 [D]: [ L 224718 3]. s
A E B, 2018.

Mrte. RRiBR SN /18 3h[J]. AR 25 B304, 2004(6): 1400-1402.

HEAR, ARARE T DR IH [ P B AT 205 AR Ao 0 L7578 PR R XA o ——* L DA VR L il P ek 2 7 B R B R AR 9]
0 M7 BT 6, 2016, 16(6): 482.
Bittel, A.J., Bittel, D.C., Mittendorfer, B., Patterson, B.W., Okunade, A.L., Yoshino, J., et al. (2019) A Single Bout of

Resistance Exercise Improves Postprandial Lipid Metabolism in Overweight/obese Men with Prediabetes. Diabetologia,
63, 611-623. https://doi.org/10.1007/s00125-019-05070-x

TRIE, Bk, . FETRE A E R A s sl e UE 76 77 7 B LA 2= AR L[], bRtk E K
2244, 2015, 38(12): 78-82.

4

DOI: 10.12677/aps.2025.135082 604 RE Rt


https://doi.org/10.12677/aps.2025.135082
https://doi.org/10.1097/00005768-199901000-00008
https://doi.org/10.1046/j.1365-201x.2001.00781.x
https://doi.org/10.1152/japplphysiol.00367.2001
https://doi.org/10.1519/jsc.0b013e3181d4d436
https://doi.org/10.1007/s00125-019-05070-x

	基于GC-MS技术探索参与单次抗阻运动的肥胖男大学生血浆脂质代谢物的变化特征
	摘  要
	关键词
	Exploring the Change Characteristics of Plasma Lipid Metabolites in Obese Male College Students Participating in a Single Session of Resistance Exercise Based on GC-MS Technology
	Abstract
	Keywords
	1. 引言
	2. 材料与方法
	2.1. 研究对象
	2.2. 研究方法
	2.2.1. 实验指标及仪器
	2.2.2. 实验设计与运动方案
	2.2.3. 血液样本的采集与处理
	2.2.4. 数理统计


	3. 结果
	3.1. 数据质控
	3.2. 参与脂质代谢的差异代谢物变化情况

	4. 讨论
	5. 结论
	参考文献

