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A B2 R AR R IR 4 B, VA 40 mg/kg MRS IEAAEIRAETA Z A48 F 1 1. DME 4K R 52567
FKIZF T 8 Bl o KA Z BURAR &3 -v9 AT AT B 18] S 3% 8% A AL (UPLC/Q-TOF MS)#& AR x4 7 )
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B, BAHMEREE(24:6). WA, |-BRERFEALE . WAERR . FARRR 2% (20:3)3 10 AP
DMC #i4= NC 4018 /2 B 512 £ 5F(1>0.80), R T HHid 82 85 (24:6) F B2 12 5%(20:3) 5, 8 JA
kI 4T A DME K SR 693 € 8 #dp itk 5.3 5 NC Wik A LMK 2 7(1<047), 4R %
W ()R ETAT AR 2 2 DM KR, (2) % Ribte g by B2 Feti BRI A 2% A 46 FF R
B TR 2 A DM AUk 69 #78f 32 5
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Quantitative biological study of exercise intervention on type 2 diabetes mellitus
rats based on serum metabonomics
LILei', LIU Cheng-yi’
(1.School of Physical Education, Huaibei Normal University, Huaibei 235000, China; 2.Laboratory of Laser
Sports Medicine, School of Physical Education, South China Normal University, Guangzhou 510006, China)

Abstract: In order to probed into the mechanism of exercise intervention on type 2 diabetes mellitus (DM) rats based
on serum metabonomics and quantitative difference, the authors divided Sprague Dawley rats into a normal control
group (NC), a DM control group (DMC) and a DM exercise group (DME), fed the rats in groups DMC and DME with
high-sugar high-fat feed for 4 weeks, and intraperitoneally injected them with streptozotocin at a dose of 40 mg/kg
body weight for 1 week in order to stabilize model establishment, implemented swimming intervention on the rats in
group DME for 8 weeks, carried out a metabonomic analysis on the serum of the rats in different groups by using ultra
performance liquid chromatography coupled with time-of-flight mass spectrometry (UPLC/Q-TOF MS), screened
biomarkers acquired from the metabonomic analysis by utilizing quantitative difference, and revealed the following

findings: 1) there was a clear separation of serum metabolic profile of the rats in groups DME, DMC and NC, indicat-
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ing that there was a significant change in serum metabolic profile between the rats in group DME and the rats in groups

DMC and NC; 2) between the rats in groups DMC and NC, there was a significant quantitative difference in Arginine,

Proline betaine, Eicosapentaenoic acid, Linolenic acid, Propionyl-L-carnitine, MG(24:6), Carnitine, Sphingos-

ine-1-phosphate, Gluconic acid and PE(20:3) (7>0.80) , except MG(24:6) and PE(20:3) were completely recovered

after 8-week exercise intervention (/<0.47) . The said findings indicate the followings: 1) swimming training can fully

rehabilitate type 2 DM rats; 2) polyunsaturated fatty acid and arginine metabolism are hopefully to become new targets

of study of the mechanism of exercise intervention on type 2 DM in the future.

Key words: sports medicine; type 2 diabetes mellitus; exercise intervention; metabonomics; quantitative difference; rat
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IRI PO BIRIET R BISEMRIRAN TR X T RE S 1L SR

“JEE” AR T T ST AN A —E R
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1000 FEARXS 737 B A A2 A A A . 0
E L EEMSYE, FRENTERRAEE EEs
A B AR A Z [ OC R RN S AR S Tz 8l T
PURLEAT 2405 ARRRSIE . BRI AR, A
HINNATLHE A" IriEtE iz sh ARRLA 0t
FEPI— A I T, I SO “issh g1
(sportomics)™ 2 7 DM VE AR EHPEBR I A &
FRHZH T AR S BRI 4, 7ER RIS 27
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TE A R ER L TR

Ik, AT SCRRIRAE 257 2 78 DMK U
TP SR e RSB 1 - DU T AT W] o516
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time—of—flight mass spectrometry, UPLC /Q-TOF MS)73-5|
X R Bl ) I AR AS AT I BT, T o S AT B B
H—EAb R ARG AEXREA A TR, R
ST AR R BRI, Szl T a2
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1 MRS
1.1 X Eh¥iEisE 5 EEF

40 e Sprague dawley(SD) K l(140~160 g),
H RS VLT X RIS 8EY, s TRy
SIS, BEHOEIR 120, ER24£0.8) C, #
XIRERE 60 %, HHYOKIEE,

TENPERRTR 15, e LR TR BERLIEHR 30
K BT AR B IR RN (73.5% M FE Rt inl R . 139084
L 1% NEEE | 0.5%AREL | 8% MM 4% K Sk,
Yol B s O SR 4 J, ZJ5 LA 40 me/kg S s
5F STZ L, WEERRIRE . AP JRES R
b, FRUE 1 A5 5T U 25 s R R AIL IR
PAZS IR = 11.1 mmol/L >y 2 B4 DM K RS
73 10 RS 7738 £ 2B B ER /K s T3 5 v BB, B IE
'?%L'Xﬂ'ﬁﬁéﬂ(normal control, NC), MR IR B LIS AR

R IR L) T0%0L b, 25595 SCikiGE A —
Y B IERSI 21 FOR B AR K P SR i
TN, AR5 AR MUARRE B9 K BRUBERL 3 21 P A
2H  Hirp 10 HAESN DM B2 (diabetes mellitus control ,
DMC), HEMRSE 8 Jil EILEWAH . 55 11 2N DM
iz 81 T4l (diabetes mellitus exercise, DME), £
Fr, Weukissh i, L8, RN ed, MRE 14,
YIZEITALAA 20 ~ 60 min ANSERIZETIE N, BIE S 90
min/d, 8 JAJ&, B ARNGEEE R 120 5, AR
FRUAR T F 220 45 mg/kg B R S BRI, T B v K BRI
BLOBUMLTE , -80 CHRAFE .
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5 S0130); AR TG - B FTHEL (liquid chromatog—
raphy—tandem mass spectrometry, LC/MS)H NG . #E
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FHZK Ay Jd e FRZE R K
1.3 SRERNER

1B AN UPLC/Q-TOF MS(Agilent, 1290
Infinity LC, 6530 UHD and Accurate—Mass Q-TOF/MS),
AFEEIER R C18 4354 (Agilent,
1.8 wm), FRESCO 17 &.L>HL(ThermoFisher Scientific);
SK5200HP 75 (% (- g B 5 48 P A A IR 7)) 5
Mettler AE240 KF-(Mge 8 —FE R 20 (i) A7 PR
Fl); EYEL MG-2200 & MAY(TOKYO RIKA KIKAL
COLTD); Tissuelyser—24 ff J&% e (I =yt )
VORTEX {4 Jig{(LABNET).
1.4 UPLC/Q-TOF MS 3KIiii#g

DIEREAFIAL B, AEACHIR MRS, it
RS 100 wLAEAR, BT 15 mL BBLOH, R
FEEUTVERR 1, A 0.5 mL {IGIE F RS, SR AR 7 e
IR ES0N(15 000 t/min, 5 min), WEHK FI5W; BRE
FRIANA 0.5 mL (IR H RS, R FIRPIR, &I 1
. H200 pl By bR NP RFI
)T LRI . KRR 40 °C5 Ui 0.4

mL / min; JSAHALE ACK+TTE 514K 0.1%H 1R) . B(&
W+ A 0.1 %HIR); LVERBEEVE 2514 0~2
min, 5% B; 2~17 min, 5%~95 % B; 17~19 min, 95%
B, MEFERY 4 L, ASIIEAEERREE 4 C,

BIE i (Lock mass)il 2 ZR-IRHEIR, LABEERT
AMER PR E G E R TR A MAH]
556.2771 u, BT A [M-H] &+ 554.2615 u,
1.5 [RIEEIRAIES B HSIT o

ST R V-6 19 XCMS FpFxd LC/MS HidiibA 1
DEME XS A ALSEIUL R, AR R S A
YRR S A Simca—P §k1¢(1 1.0 demo version, Umetrics
AB, Ume, Sweden)‘#ﬁ’?jﬁ}ﬁﬁ}ﬁ‘*ﬁ (principal component
analysis, PCA). fide/N 3L —FI 5434 (partial least
squares—discriminant analysis, PLS—DA)IE 3 it/

100 mm x 2.1 mm,

e —F 3 43 BT (orthogonal  partial least—square dis—
criminant analysis, 0PLS—DA)§§§?&%i‘f%*ﬁ . XTER
P TREAE AL AN 5 B A2
1.6 BEEMRCYRIZEREE

ASZEFHR OPLS BLAIH Y VIP(Variable Impor—
tance in the Projection){l, SRJ5 F-EATH4E (K050, 25
A VIP>1 Fll PIE(P<0.05) 520 58 22 STk R
22 A W I E TR s B RTE L HUE R
(http://metlin.scripps.edw/)(HCE IS B B fr b ol 2 805
KE8 70 i mass) , B 3RA509 —9Bi i Sk &
Wil AT X o0, e BRI 45
1.7 EEER

XRFAE R 1 22 S X T
AN x By, ENTZ IR A 22 5 ] LU 1R &L, FR
H P E RS

=] log(x/y) | =] 1gGly)igr |
FEPR A AR 1 BT A R R A R e

PR MREEGE R 1.5 50 2.0, FIRJEREEULT 0.667
o 0.5, HINL 7 AR 0.84 5% 1.44, BAR55r T4
IRV 1 H%(0.80, 1.27) HeAEIT, (HS % HURTHE
PIKEAN, IR SR A — 2P e . AR E
S S M E Y 22 ST A T O 2

2 WMRERKRSH
2.1 HEEHAKREFFERTL

PRI i 25 S 1 i B R R OR (0.27, 0.47)7,
m3R 1 For, EhEn Q)RR BT e i T
FIEFA(>0.27), ZIG&EHEEL; I STZ k)5,
BRI R B G T R (1>0.27),  ELAERAA oK
MR E B Z, BORIR . BLZ 65, KZEEE, W
FEWINE, PR RS N, $R 2 B DM
REBRIE RN, 734, BRT mlgnt )24, X g
SRR AR T e 28 S e e o e — 3K

F1 KREEHEERE (x 9Tk g
wR w/R W AR SEEQ) SKEHEG)  STZEH AR ARG

S 10 101.149.6  178.6£21.4 252.0£27.0 295.2+30.1 332.7436.2 372.1£37.2 366.2+35.1

A28 21 99.14£9.5 155.2+16.6  223.9+20.3 271.8423.3 321.8431.4 303.7£26.5 273.5£29.5

/ 0.041 52 0.291 80 0.245 70 0.171 60 0.069 21 0.422 10 0.606 50

PAA 0.65 0.01 0.02 0.07 0.48 0.00 0.00
2.2 EENXT 2 B DM KR EIKE(ER ZRRIN “=Z—07 ik, ZME MR A B E
MW R 2 5 1) 2 M9 R(0.80, 1.27)7, (1<0.80), 2t 8 JEliz 811, DME 21K fRI M1
2 FR, NC 415250 A A b3 (7<0.05, I8 RE IR 2 R, PR T AN B AR AT B R
1>0.47), 75 M MBEAE AN 2.(1<0.80). DMC ZH 3554 (P<0.05, 1>0.27), [FIA2S B 7K 8K FilET
AR TT R FAE(<0.27), BIHE . 2. 28 (/<0.05; <0.80),
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%2 EHTFAAESEXREREMME (« +9) T

ma K _ U 3 z CCEMLe ) o - L)
FIRaT T E F AT TE
NC 10 398.4427.1 518.5+47.5" 0.5475 8.1+0.5 7.5+0.6 0.054 1
DMC 10  296.6+53.5 300.2+101.5 0.02507 14.0£5.5 11.11£6.9 0.480 0
DME 11 296.6+53.5 348.6+£70.7" 0.3357 14.0+5.5 9.2442.81Y 0.863 0

5 FHAT A, 1)P<0.05

2.3 ZHHARMFEH AR PCA {RE

T2 T 7 A A S R R P T AR . X
Z IR 22, AT DS AR 22 ] g A Rl 2 55
HWNBRERN, BRISECH RX=0.611; (=0.404,
R XREBAIFRER, KT 04 FRBAIn[5E, PCA
f3orRW], 3 AR IR R sy 25, H DME 460 T
DMC Al NC 4= [a],
2.4 TEERFELER

AR SRR R e 2 SR A R ) 25 A A T

fiie, 152 10 MUHMEE, W5k 3 Pos. LT
NC KR, DMC 2K FUAR N BORS 2R (Arginine, Arg)
TN % (Carnitine) . PN 3% [A] B8 (Propionyl-L—carnitine ,
PLC). 1-TMR ¥4 & ¥ (Sphingosine—1-phosphate, SPP)
FIEIFEIR (Gluconic acid) A i & TE T (1<0.80), — %
TR (eicosapentaenoic acid, EPA). VKR (linolenic
acid, LA)FIIHZ MR -FHZE0H(Proline betaine) i 2 PE [
(1<0.80), Z&4d 8 JAUFKIIZR)G , DME ZH K BRI A IX
SRR 25 NC HEA BB 2257 (1<0.47)

#3 TEERHIEA 10 MG RERE LR BHER

A5 EL LRI WA AR AR % A AR B

1 Arginine (Arg) My RBR FIR R AR

2 Proline betaine T 2B -8 FIR R AR

3 Eicosapentaenoic Acid (EPA) S ¥ &R Jig o B AX

4 Linolenic Acid (LA) T JRBR Jigs P BRAX it

5 Propionyl-L-carnitine (PLC) 7 35 P A%, Jig W BRAX 4

6 Monoglyceride (MG(24:6) ) S i B4 B5(24:6) Jig AR

7 Carnitine 1) A3, Jig AR

8 Sphingosine -1-phosphate (SPP) | -BEER 34 2 B3 Jig AR

9 Gluconic acid A AEER &) £ A

10 Phosphatidylethanolamines(PE(20:3)) FEBRN255,(20:3) R B A BRACAR 5

LT NC ZH KR, DMC 2H K B P Y 2 H g
fif (Monoglyceride , MG)(24:6)(MG(24:6)) Fl 5 iz AH 5
(Phosphatidylethanolamines , PE)(20:3)(PE(20:3))4F 4 E
W E TR (1>1.27), Zad 8 EEKYIZ)S , DME 4]
R ERUA P i LE ) A I E 0 PERRAIG, (HIR WA
PR F) NC K

3 itie
31 EEER

ARSI R 0T 5 THLIA KT 1 i 2 o
Hoh0.27, 047), NFE 1 ATLIEH, BT HEIRRF(2)Z
Ah, BRI 1 HTr g R e e —E. S RRTG
X AR FE RS, (H 7 3BTl L, R AT
DEWES, GREWAEET BEEER. W&k 2
AUEN, TR, NC AdmEAER B
(1>0.47), {H DMC ARFFAZE, DME 40T ISR E
W, {H5 NC 41 22— 2 (0.27< 1<0.47 ).

AT FEHE 1 1B A4 2 43 )8 T 4i i 43 K
W, LR SCR0.80, 1.27), WK 2 WJLIEH,
THUE, NC 410 DMC 200 B K SE B AR
(1<0.80), {H DME 41ili4% i K% (7>0.80), i Hiw)m
M-S AR NC 2H A 35122 57 (1<0.80)
3.2 HYRicIMEEENFE NIF

KEUAKARRE A1FE 8 LA Fl EPA 252 R s
E)‘iﬁfﬁ{(polyunsaturated fatty acid, PUFA), I HIENE
Py B AT A B A T R B AR T R IR,
547 €20 PUFA AHCHR KR A6 ARG
Elovl2 SERK A" A6 4RI — RS LS & e BRI
TR, REMEILARIIRRIKEE C-C HigFEl Cc=C
XU, Elovl2 ZEK 8 T ELOVL Z0%, 7T DL A
AR TR IE Kl PUFA™, B RIJEAAR Elovi3 45—
%% N RCT e T K[ TE SR T P S S
ASE, DMC 2K BUAA LA R EPA %8 NC 41
JEH B EVERR(>1.270), WTREZEH DM KRUAN



144 &S

kil

i 23 %

Yy AR e, ARV TEAERCRITEL, HUAS AT RE
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HARRHT N, B2 T TR TRk A IR
R AU AR IR AR TP Y Elovl2 SERKEGAN A6 F A
BEATETE, A2 5 IR NE2E & &L, (615
KEMWIIE . 27 10 BIBIESE ] BE iz sl 35 IR IR G
ITEACE R B IR AR T Hh 0 ST RRER (AL 275
Ram 1 rez—Zamora 25" %2 2 8 DM A 1ERLIA YT R
R A B S R 0V AL A D Arg . SRR
(Ornithine, Orn). JAZ(FR(Citruline, Cit), JKZE (Urea)
FARbR O A, DM BEEUE TR LG FLL
YA Z (R oA o 220 MR Y A, T RBEE e
P& Arg (9IS FCEAKCESE 30 . ARSLER Y, DMC 41K
BRI Arg Fr48 NC EER BT R(>0.80), 5
Ram 1 rez—Zamora 55" NAKWFFRERIEIZW) G/ |7
i, AR 2 B DM R BUANEE FIBT/Mi i, S35
NIERYE Arg B 2, TREARA 2, HOEERE T,
i F R E A 8 AW s T 1A U Arg %
H|RIEFHAKY, ATie Szt 1R MR NTEE
Arg IBIZSPTA G, ARz sl Civ iy 1 T
Arg IENZPE, AT, B IUWE I sh s A E
HHL Arg / NO ARHHERAEIZ SA T 1 SO RIS
IS5 M Arg/NO . FJHIE Urea I3 Z [A]A) EZ AT K,
JA E gz s CE A R L] 1T 1 G AL
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