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Abstract: In order to observe the effects of aerobic exercising combined with glutamine (Gln) supplement on the
serum glucagon like peptide 1 (GLP-1), insulin (INS) and fasting blood glucose (FBG) levels of rats with type 2
diabetes mellitus (T2DM), the authors divided 60 male SD rats ((179.8+19.2) g) randomly into a healthy control
group (group C, 26 rats) and a diabetic model establishment ground (group D, 34 rats). The rats in group C were fed
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with common feed, while the rats in group D were fed with high fat feed. 4 weeks later, the rats in group D were in-
jected with 35 mg/kg of streptozotocin (STZ) to induce T2DM. After model formation, the rats in the two groups
were further divided into calm groups (CQ, DQ), exercising groups (CE, DE), Gln groups (CG, DG) and exercising
plus Gln groups (CEG, DEG) randomly. The rats in the exercising groups did a 6-week swimming exercise. The rats
in the Gln groups were fed with  Gln a mass fraction of 2% L. Abdominal aorta blood was taken to test FBG, insu-
lin and GLP-1 levels. Results: 6-week swimming exercise or Gln supplement significantly increased the GLP-1 and
insulin concentrations of the rats in group D, significantly decreased FBG value, significantly improved the
symptom of polyphagia of the rats in group D, but had no significant effect on the body weight. 6-week exercising
significantly increased the insulin level of the rats in group C, significantly decreased their FBG value, had no sig-
nificant effect on GLP-1; 6-week Gln supplement significantly decreased the food intake of the rats in group C, had
no significant effect on their FBG, insulin and GLP-1 levels. When exercising was combined with Gln supplement,
the control of FBG, the increase of plasma GLP-1, the increase of insulin level and the improvement of consumption
symptom of the rats in group D were more significant than those showed when exercising or Gln supplement
worked separately, but there was no significant difference in the effect on the body weight; the effect of the combi-
nation of exercising and Gln supplement on GLP-1 of the rats in group C was more significant than the effect pro-
duced when exercising or Gln supplement worked separately, but had no significant effect on FGB, insulin and body
weight. The results indicated the followings: long term aerobic exercising or Gln supplement can increase the
GLP-1 level of rats with T2DM, increase their insulin secretion, lower their blood sugar, and improve their poly-
phagia symptom; when exercising is combined with Gln supplement, it can lower the blood sugar of rats with
T2DM, and its effect on increasing their GLP-1 and insulin levels is more significant than the effect produced when
exercising or Gln supplement works as a single factor.
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IBBFAE 2 A JRIR (Type 2 diabetes mellitus, T2DM)
AR REA i AT T2 [ g N5 i 140 L—200 [0 DA 1 i 2 g
5 2R - g = I BE 2 R IK-1(glucagon-like peptide 1,
GLP-1) FUH AR S R 5 22 B TSI (glucose  dependent
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E2, PGE2)RY™ 4=, FERNIER N (creatine kinase, CK)
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SPF 2 Mt SD(Sprague—Dawley) K L 60 H ()Ml
HBE 2 R A S B, (K EE(179.8 £19.2) g, 3~4
R/, TEIREQ23 £2)°C ., M50 + 5)% . WIS 14
12h (8: 30~20: 30 SRS B A%
1.2 RWAHE

ST A R B — BT 1 M ) 57 5 BRI 3 A R 4 (C
M, 26 2, KTE212.8 + 10.9) o) HIBE JRAGEREZH (D 41,
34 H, 2204 +25.69), Wit KEUATE 2% I00E 1,
C T @R R UERR 5 28 S P kh i 5%, D 4%,
TENRREE M 10%, HIEK 8%, HEWE 20%, N2
94 0.1%, SRR 61.9%(Fi L)), 3% 4 &5 D 4

JC OB — WMk I T 35 meke HE R U5 B OE
(streptozotocin STZ, sigma), 72 h & B HHIKICILII A B
FBG {8, IMBEHEE =16.7 mmol/L i T2DM JSAARE,
MHEHR B < 16.7 mmol/L FFAME 15 me/kg I8 ST, 3 d
Jei 4 FURBUSER BRI

WAL G 2 4R B — 2 BAL o .
(CQ. DQ). iEF4(CE. DE), Gln41(CG. DG), i&3)
Jin Gln 41(CEG. DEG)(# 1), isshdl KRk liEikiz
KRB0 +20)°C), 55 1 JAHT 3 d 15 min/ik, J&5 3d 30
min/¥, 45 2 JERT 3 d 45 min/iR, J5 3 d 60 min/IR, 5
3~6 Jil 60 min/¥X, 6 /JH . BBk R A T AR
RPN ARG 77 oK), BIZIEE RS 5~10 min,
WA 5 PRk S5 N ZRA 1] . Gln 2R K BRUARDRRAS Jin 5
2% L-Gln, B HIid SRR RE/KE, &R

Fz1 KREHE
28 5| BHF X AAH HE/R
i R 48(CQ) RiE B EXY L 6
& & Gln £8(CG) Ri&Hh B AR B 54 2%GIn 6
1 Kt i% 3 28.(CE) 6 B ka3 B4R 7
{# 35 #+Gln 28(CEG) 6 JE i kiE B @AM R E 5% 2%Gln 7
¥ %7 2(DQ) RiEF) & s 44+ 7
#& Fm Gln 28(DG) RiIEF) = e AR+ B & 44 2%GlIn 7
¥E iz %15 5 48 (DE) 6 B RE ) 2 Pe At 8
¥ k15 #+Gln 28 (DEG) 6 JA kB H) AR AR+ B E 9 2%Gln 8
1.3 EW#f SEEAER BE KT P<0.01,

55 6 JRIZREE R 48 h Je %t iy KA TEU . 1l
Zrad b R B KAET: 3 H, BwsET: 2 H(DE 41 1
H, BiEZ &M, DEG 41 1, SiFsKMih, % &
BEBRIE BT R EL), ASRFET: 1 H(CEG A WA
fal St4), BUMRTR AR 12 h, HoK 4 ho (RBUML
10% /K& AR ISR, IR =3l bkimn., i
I
1.4 HlfEkR

FBG K Super GLUCO™ ILBH{GM 2 ; i & &%
GLP-1 R FIRGHR S e 5 (AR &g A i iE R
B FR 2 F] Shanghai Bluegene Biotech CO., LTD),

1.5 FHitFoH

JITA SEREE T SPSS 13.0 SR {4EA TALBE, £t F
PPRC+ brifE2E(x = 93 . BORPEHIERIIIZ 3R
T EMTRA RIS . Cln #hE5igshZ )i 325k
IO B =5 TS LN o AT 52 B U233 e T
AP R BOM P 2K 5 IS RS THG S A A 55—
FIRON 5 WA TR0V AE T A8 50 ) 25 FH R R
R zEm i ze s . 25 B W E MK P0.05, 22

2 XWHERRSH
2.1 KRHKESRKENT

IRF% 4 FlfE, DAHKREUATE(B37.8+49.3) g, CH
KB EQGILS +477) ¢, hEZEFHE ENW
(P=0.049), K5 STZ ESHE5E 3 REPRI I 521K
26 ZIRABIEHRERIBE OB G . SLEGE5 R
i, DA RRBUATE BT C AU, mikaa &k
KERRE ST C AR

6 JEIiFTkiz shi] i REAIG C 41 RRUARE, X D 41k
SUNA Bk, 6 i Gln #hFex) K AT R i A B
B, BEEKA Gln #hsuhf, BIEFET C R EIAE,
HEPAEE TR, BRL Cln #hFA i —2
TREREES XD AR B IAE R, Sl
IEFEL Gln #hFE HETE 22 536 2).

6 iErkiz s B34 ¢ 4R ke, HE
ERRML D AR R . Gl e BIsi b 2 FR S
THAKRYAEE, HiZsBA Gln th7mit, W%
B ¢ AR R, (AR D AR RIEEE,
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HHAGEEE Gln HE, “HIKEEHE ¢ IRt E
ORI 5 , X D R BRI B4l Gln £ FEHEER
WA 25, HRFHE THAashRBUL R 2).

6 JailiEvkiz alxt C 4R A OK I ma PR,
BT FEAR D 2R B ROK R . Gln #h3EXF C 2H KR

Yok TCHI R AE T, (HAT B AR D 2ROk
o HisshlE Gln #hFERT, X C HREPOKEICH]
RN, (AR D AR YOKER, 5Haiss)
o Gln #hFELEER, “HBRE R PR AR 35A

BEEFOLE 2)

£2 6 AWKEHRGIn MR ABRKERBKE (x £ HIFW

28 3| n/ 3 hE/g M E/(gd") 4K Z/(mL-d™")

cQu 6 509.2426.5 28.3+1.3 36.0+3.3

CG # 6 505.8+54.7 23.241.0% 37.542.7

CE 7 421.4+39.67 30.1+1.4Y 35.9+1.1

CEG#4 6 445.0+53.9Y 33.3+1.4299 35.042.2

DQ 41 6 324.4+44.2% 4434227 156.5+3.8%

DG 4 7 356.4+64.97 38.3+0.9910 130.7+5.3910

DE 41 6 354.8429.9% 36.4+0.7'09 133.5+3.8910

DEG 4 6 363.3+40.7% 39.1+1.0'0199) 135.542.7'09
= P IER F=84.35, P=0.000 F=853.27, P=0.000 F=11 585.39, P=0.000
B F=4.46, P=0.041 F=10.42, P=0.002 F=29.71, P=0.000
Gln F=137, P=0.252 F=11.46, P=0.002 F=36.58, P=0.000
BRI 155 F=12.55, P=0.001 F=165.5, P=0.000 F=16.56, P=0.000
% 5 FEA +Gln F=0.153, P=0.698 F=0.75, P=0.392 F=40.76, P=0.000
Gln+iz ) F=0.004, P=0.953 F=130.15, P=0.000 F=44.16, P=0.000
BSR4+ 53 +Gln F=0.929, P=0.341 F=0.077, P=0.783 F=62.06, P=0.000

5 CQ ks, 1)P<0.05, 2)P<0.01; b5 CG 4likix, 3)P<0.05, 4P<0.01; 5 CE Zirksz, 5P<0.05, 6)P<0.05; k5 CEG 41b4z,
7)P<0.05, 8)P<0.01; 15 DQ 44z, 9)P<0.05, 10)P<0.01; 5 DG 4rkiz, 11)P<0.05, 12)P<0.01; &5 DE 4Lidz, 13)P<0.05, 14)P<0.01,

2.2 KE FBG. GLP-1 X INS p9Z{k

D R FBG H & 5T C 4K 230wk
% C ZHA1 D 40 KB FBG, Gln 4752 ZFRL D 2H KB,
WA, B84 Gln

FBG {H, % C 44 E FBG

AT, WEEREL D 4K B FBG 18, H iz shag
Gln #hFEFHH i, HXF C 4H KB FBG S A &, 5
FAAGE BN EY Gln 458 Fe At eI i 25 S (L 3% 3).

£3 AREMKESNR GIn (MFEXARM GLU. GLP-1 71 INS (x +s) BISM

il n/ R c(f24%)/(mmol « L) p(GLP-1)/(ng - mL™) p (INS)/(ng + mL™")

cQ#4 6 7.3241.03 0.79+0.07 1.8940.19

CG 4 6 7.55+1.87 0.79+0.03 2.1240.33

CE 21 6 7.13+1.28" 0.88+0.08 2.25+0.49"

CEG 41 6 7.9142.52 1.08+0.28D% 2.20+0.30

DQ 4 6 22.91£1.03% 0.62+0.11? 1.42+0.102999)

DG 41 6 20.11+1.39'09 1.28+0.28'09 1.73+0.159989)

DE 4 6 18.48+1.25'09 1.3240.169'% 1.74+0.1399%89)

DEG 41 6 16.71+1.20'019129) 1.78+0.14'0199)12) 1.97+0.17'9
& Me hEA F=694.69, P=0.000 F=30.82, P=0.000 F=27.82, P=0.000
B F=17.54, P=0.000 F=36.66, P=0.000 F=10.70, P=0.002
Gln F=3.60, P=0.064 F=24.73, P=0.000 F=5.43, P=0.025
BRER B3 F=19.16, P=0.000 F=8.06, P=0.007 F=0.18, P=0.678
# 5 ER +Gln F=9.06, P=0.005 F=10.42, P=0.002 F=1.40, P=0.244
Gln+i& ) F=0.57, P=0.454 F=0.212, P=0.648 F=1.47, P=0.233
Z e MR +353) +Gln F=0.024, P=0.877 F=4.78, P=0.035 F=0.469, P=0.498

5 CQ ki, 1)P<0.05, 2)P<0.01; 5 CG 44k, 3)P<0.05, 4)P<0.01; b5 CE 44k, 5)P<0.05, 6)P<0.05; 5 CEG 414, 7)P<0.05,
8)P<0.01; 5 DQ 4LikE, 9)P<0.05, 10)P<0.01; 5 DG ZikE, 11)P<0.05, 12)P<0.01; %5 DE #kE, 13)P<0.05, 14)P<0.01,

D 4 RIS GLP-1 KB EMLT C R 2
ZhiEERE D A B GLP=1 K, % ¢ K GLP-1
B rE#CE A5 cQ HIE:, £=0.071). Gln #b

FEBH AR E D 4R R GLP-1 /K, % C 4H AR GLP-1
TR EWE . iz shBEE Gln #hFTHT, BEHm
PHZH KBRS GLP-1 7K, X D 2K B s i dss B 4liiz
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FEk Gln #hFERT B3, X C H RIS ImE A4l Gln
IR B, Saiiashin i e BRI (R 3).

D AR MRS FATFRERT CARKR. 2
S BARE C R EUR D 4IRS ZK . Gln £b
Fo i FE R D AR RS 2KF, X ¢ KREGZ A I
F. A Cln #hFERT, BEHEE D HRRAES
ZKF, SHaiiahEg Gln 47T LB HE— A1 Ny
R, HESFARE, ZHBEX C ARG ZK
SEAIINAEICEG 45 CQ dtkig, P=0.061), 5
Haliiz oy, Gln #hFEHILL(ER 3).

3 itie

IR T K BUIE IS B4R T/ N i STZ 14
J& T2DM A F IR AR SR B 4 TSR
J&, ERESRA R AR W R T R R A
T8 35 me/kg STZ MERETEEST, 72 h J5 R 22T+
m, ZREBZRIEHE, e ZARRIAERK
G, T RRUAE R T EEE, = 6 Ml
W, D4R RUATE B ENT CAURR, UilIA ST
HIFFE T2DM Hi s,

B BfJE T2DM JAI7 LR 1T Gln YA FETEI
IR EC) TR " EA R AP
R ITRYT S
3.1 GLP-1 xfM¥EFEZSAYIETS

GLP-1 & — Pt ) fil i s Jm e 5 R
EWHER . REE R AR Z TR GLP-1 & MU Rk
M EZRER™ GLP-1 Z 5 TS . HipiE . O
. BERINEE S 28 E™ . GLP-1 Al (e 5
B3 MRS RV B 5 2R D R 1 0 2 Rl 1 4
BURMAIH, SeEa2ihme™™, HAEH SR F a4,
HEAER TS 00, d g -Aufei e, R p -40
MU E A E, FERm B -dn s YERT B il
W, Al E R, W B s, RS EHET
VER T B WU AR LUt sk XA i) F BCRT i
fE; XM REERLEH R, o
A 20 GLP-1 R 5 2 A1 AT 2t B
b, TR T2DM A7 AR b g JRURS™ - [] s
GLP—1 7] 0l ok o LA 28 1) 230, BRI AT AR /K 72
WA GLP=1 73 WAz 45, -2 5 M gy 1 A 2 A Iz 2 0
BIRIBAEE S, il -Ia AR S A, 4k

AN Gl (1R o R s [ PN 0 £ R == 4

Wy SR, AREEL. R, JERER T2DM A
e, 2SI ORI R Y GLP-1 ¥ 3 R, H AT
i GLP-1 KBl & GLP-1 s
BER T2DM R B e A SIRT T ™ ™,

3.2 EFHNEXA Gln PFEXT T2DM KR M¥E. GLP-1 FA
FREREFm

B SR ERGE Sh N T2DM B EIEY T 26
B o s sh R = [ R BRI B iE s
TR I 218 A BGE S 0 S iz st BUE ™. T8
Wiz g E L, B RRZSE R EE R E R,
BRKT 30 min HEFIADT 3Rz fizs)
e AL AS NI

Gln J2 NS5 1R o -2 56, 5 M2 B
BIERR 20%, HAFRLL 80 o My PUs B3, 16
B G . FARGERIEUE 0 e i oA G IR 2
T, KA Cln gtz A, M A2l Gln ilG#
ML A, LR AILRE ) R A el )1 R I,
R IEAZ A5, ARV AR n, IR @SS S
YUAAN Gln WREE EHEAHDG . AMEMERME Gln 57T B i
WikE FIREOL, SRR, FEARIET R, I Gln #
Iz TG IR Z R Gy -

B BE Gln A RO . I )T )2 3l
EREARIMIE AN Gln vk, HIFHN S5is stz
SRR e S = = R g W& /o) || IS 4 R
Ry Gln BHERIIHA O, aIRSafiE#ME Gln
WIATR7 k3% Gln (R e 8] iR s BE Iz it il 2
Gln SR ™, SEARST R, Gl #hFEnT B 48
GLP-1 [i43iisit, FEIUBRE 2RI IRE, SR 2K,
LR B R, AR RIS S 228 i
BEKSE, 20 T2DM S i o s

ASzEe R, B RFRLE 60 min 1 6 JRFIKIE S B2
U8 T T2DM KR Z IR Z ek, &3 T T2DM
KEUME GLP-1 AP 2 vk B, BH W FRAIK T H FBG
(B, ST BETHAEM) T2DM K AT S IR i ke 3
X5 Ueda ™ "'} Martins 2" Adam 2P WIS E
AN GLP-1 KPR LS RAHZEL, fRDEH P s
29%K¥) Gln BH B3I T T2DM K B LK GLP-1 #)JEE,
[ Bsf i 24 = T T2DM R BB K, W I RAIR
T FBG{H, #GE T RESTHAEEIR .

iEENA Gln AT AT B FHAIK T2DM KL FBG {A .
WETEIM GLP-1 KRS FRIKY, et KB ATHAEAE
AR, HIBEEEEL Gl #hFE R R R, XA
HYSEIR S B AR AR, X B I A]IE 3l A FE R
Gln ATREMRE] T K ishse, IfHi Tigshfdst 1k
VLR IVEAIERR, RTREHE—2LIE T Gln A5 BRTRSR
AR THUAIIRER A%, —FHBARER KR GLP-1
BRI IR EGE SR, Gln SR ZAE IR, X A
RIS 2R 5 5 R R Z A E R AL, R T ARSI
B BRUABEFNER 5 2R AL T A SRS G
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Y5 T2DM BRAEIRPY Gln ARV 2 TR, it ]
B IEN Gln BYTHAE, P, T2DM BE T K
MR IZ SN Gln $EAGE, ReX B = IR Y42
il PUEASCIRRE T By . SR DI RERYAGE LA
ORISR RRARAE Z2 TP DU 21 R &2 ma v
3.3 IThREATRSHYIETIRL

WNEaA A HAE 2 IS . X E S -k
JE R D1iE N ER2ZS (function—specific homeostasis, FSH).
FSH 24t E W I Refa e R IR U SLE] . HLRD
AR 15 AT 23 A ARS8 5 A AR o i K30
TATHE FSH, #3720 FSH, TR KPR 15 A
AEFTHE FHS, {HATLUEIELE] FSH B ZIRER . FSH,

C 2R 73 il b T I 3 35 2 7 1) A R 2 (blood
sugar regulation—specific homeostasis, BrSH), GLP-1 7K
SERE T RS A N AR S (GLP-1  regulation—specific ho—
meostasis, GISH)FI INS HKETH AR R W*%?E(INS
regulation—specific homeostasis, InSH), D HRBOLE
BrSH. GISH il InSH, 5[ HAH/K-F- A AT GLP-1
JKP IR 2R AKFRYRRA

Gln AhFEXT C AR RUMNE . GLP-1 K 2K
MBI, X D AR BN 2 . XU Gln
J& TS, EXIAET BiSH, GISH il InSH 1 C
HARRICEL, (AR HEPHPIRA P LR BiSH, GISH
1 InSH #) D ZREn R 10 A i, RN RS
By, B D R B H mE . GLP-1 KBy 2K
i) AR

st C KB CLP-1 AKFEmIARE, X D
LR GLP-1 52 35, X PIL AR BRLIME B INS $#535%
M B A X RIS B KB GLP-1 (35 8 TR
PANY, WX . INS AP B & TR KPR Y
P, 3B S AR SEBRPIRS N B FSH Y ZIRERY
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