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Hypoglycemic Mechanism of Yang—warming Chinese Medicine in Prediabetic Rats
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(1. Guangzhou University of Chinese Medicine, Guangzhou 510006 Guangdong, China; 2. Hunan Institute of
Traditional Chinese Medicine, Changsha 410000 Hunan, China)

Abstract: Objective To study the possible hypoglycemic mechanism of yang—warming Chinese medicine in
prediabetic rats. Methods High fat and sugar diet was given to the rats to induce prediabetes—obesity rat model, and
then the model rats were randomly divided into 8 groups, namely normal control group, model group, metformin
group, negative compound group, kidney—yang—tonifying drug pair group, kidney—yang—tonifying compound recipe
group, yang-warming drug pair group, and yang-warming compound recipe group. Meanwhile, a normal control group
was set up. Medication started after modeling, once a day, lasting for 8 weeks. Expression levels of hepatic glucose
transporter 2 (GLUT2) and muscular glucose transporter 4(GLUT4) were measured by Western blotting. Results The
body mass of rats and Lee's index in the model group were significantly higher than those of the normal control group
(P <0.01). Compared with the model group, rat body mass and Lee 's index were decreased, the increased blood
glucose was suppressed (P <0.01, P<0.05), and the expression levels of GLUT2 and GIUT4 were upregulated in
yang—warming compound recipe group(P < 0.01). Conclusion The possible hypoglycemic mechanism of yang—warming
Chinese medicine in prediabetic rats is related with the upregulation of expressions of GLUT2 and GLUT4.
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1 MRS ik

1.1 ¥ SD KB, SPF %%, HEtk, AR (135+
15)g, HIJTHIHBEZ RS sh iR, VFRTIE
5. SCXK(E)2008-001, SH&UES: 0083995,

1.2 254 JEBRA T FANE BAAE J5 db e T M
R R B = K B, thehik a1
FIoMARFEZ)E, (1) BEZE): T2 0.5 g-kg,
WA 0.2 g-kg', fHEA 0.075 g-kg', &K 0.1875
g kg, WEFE 0.1875 g-kg', HEiE R 0.015 g kg,
1% 0375 g-kg', =1 0.125 g-kg™, (2) WRFAZEXT
T2 0.5 g-ke?, WH 02 g kg's GANFBHE T : %
F5E 033 g-kg!, #MHME 0.33 g-kg!, @A 0.075
grke?, A 0.1875 g-kg™!, WAFE 0.1875 g-ke”!, ¥
#Z 0.015 g-kg', FFZ0.375 g-kg', =+ 0.125
grkgls (A)FMNEBHZEXT: FREAE 033 ook, A
0.33 g-kg™s (SR TJr: @4 0.075 g kg, A
0.1875 g-kg', WAFHL 0.1875 g-kg', B iEZE 0.015

g kg, J12 0375 g-kg', =1 0.125 g kg™, (6)FHME
2. R WU (R ah 44 . R, Wl
W 254 B aw], 5 1007207,
1.3 ik /M BCA & & & 7 Hril ] & (BCA Protein
Assay Kit) , EFEFEBRIERIL A F]; HsR b7 &R
(ECL) , J7MIEm&F MR ABRA R ; EAtsicy
(Marker, SM0671 PageRuler™ Prestained Protein
Ladder), 3% [E Fermentas 2 7 ; — $T : O Rabbit
anti—-GAPDH, tiM B E2E YR HR LA, @
GLUT2(H-67) e ZdtJsidiik, 32 Santa Cruz 24 Al ;
BGLUT4(H-61) i E ik, 55 HE Santa Cruz A
q P Rt i v —chain specific) , BT T
A TREARR A,
1.4 Jiik
1.4.1 2 AUBE RS T IE e R BB B il 28 R B
NI 3 d J5, BEMLAMER 10 HORERAE A IE 5 X Id
TR RS, AR RS T Rb = AR TRk,
WEREAR, A KB EBYOK. BEFRERE,
wHK, MAEREE R, ELRiF TR 12 . PRk
L I 0 R 20 96 119 R BRVE S A58 52 Al L 2 R R
o

e bR R R RS SR O S i MR 185 %,
FLREWT 4.5 %, WoKAEY) 61 %, Reflt: HEN
21 %, HRENG 11 %, WK EY) 68 %, EREHR 3.5
keal g™ MR IR ARFE FRRUT S IR 27 %,
FLRENT 24 %, TokALEY) 37 %; figitth: &I 23 %,
NEWG 46 %, BRKALEY 31 %, MAER 4.7 Keal/g, LA
PR F T AR R 2E S s W O AR
1.4.2 ol I i 2y 4 LI i K BRBE AL 43
RIZH | FHMEXT RBEZG (U0 A . PR Dy 4l (il
BH AN EF 206 ) . #NEFBHZY XA . #NEFFIA D, iR
PHZGXTE . RIS 4, A& 10 R, IERXTIRA
BT ERE, FLAR A AT AR S 45T o R e R
MEFR, PHMEXSREZGZE . BAPES Al . #NEFBHZGRTAL
BB A A IR BH 2 X 4L R BA AR s A DA
0.085, 0.965, 0.667, 1.632, 0.700, 1.665 g-kg" 7
WY, BRI, ELL8 .,
1.4.3 FEailE

(D) 2500 A 5B FIE JBE TS 50 (Lee s Index )28
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J5 4, 8JE, sh¥EkEr 12 h, REFBKIBUL, o
AN 7 25 LR o

(3)Western blot A5 - IEZH 20+ GLUT2 #EF
KNLAHL T GLUTS FE ik SLIE5 RaT, ik
ST IFRMLHEY, HAET - 80 CUKAH . Iife i A 45 B
100 mg ZHZLBTHEIFIMA 5 F5VRFR 4 20 21 L4 vk T 3%
B AR TEAY )M, 4 CF 12000 r+ min™ B0 10
min, B F{ER . BCA B 1 i il ) &k il 2 vk
FE, B 80 wg MEE 14 10 % SDS-PAGE HiJK 7 &5,
W E AR E PVDF B, 20T F 3 P 0 A1
1h, SHNAESYE GLUT2. GLUT4 Hilk 4 CIFE
W, FSHMNE P ERET 1 h, H ECL &t
B, E%, JH Quantity One BT 4 MEA 7414
AT (LLERDEE A, OD %5 ). L GAPDH
FNTEPES I, A GLUT2 &1 . GLUT4 & P
Fikat, JEHTRIT T

Western blot ¥E &I 8 H £ E LB L. O
SDS-PAGE HLUKRE Il 455 QFESh B3N EAESE v
WA 5 ming @K, HE 50 V FRZ% 30 min, 80
V~120 VA EEN; @R, fHIR 200 mA 40 min;
OFEFH - PRI - I E —PT - VI - R E b - PR,
HAREREA 1 h, —Pi4 CHEFLR, —IER
JFE 1 h, YEME. TBST % 3 K, %K 10 min; @ECL
W5, ECLEIRNHE 5 min, BOKT RO T LY
Wh ES I K 6 1k S by, e SE P 5, T K
PRk, BT
L5 il # Py ik RA SPSS17.0 itk ft, it
ORI £ PR ifE2E (v £5)FIR, R ] One—way
ANOVA (G2 FbLs ISR 2y 2208 ) Geit ik
B T EASTRIEE, RAAESERG S, P < 0.05
RHERAFIEE L,

2 FR

2.1 —ENSOLIEE A2, I R R RURS R
WERL, BENE, 118hR W, e KMEIER .
TR A il JA ) v W v i R 1 2 R B o e 35 4 P B
KRFIEHEH, KEEE, W, IfER%. 12
JEJG 75 %) I R BT 8 AR Ao 1 X6 BRSP4 A i i
120 %. T BEEIRA R K BRAEZL 25 ], A
B2 P RS W RA B 2 FHAv4H o IR BH Ay 28 PR X B
25— F WU 3 sh it 22 T2, IR FRE 4L
KA B AR 45 21 22 HAT R FR VR 48 O 5 BRI FH
Sordl, HAhS A 1~2 HAET,

2.2 2590 KB TRR lee’s $RBOME M LFE 1,

2y 8 JHn, SR AL, AR PHR 5 4L AN PH
EITH AR R LA, lee’ s T8 500 ZMEFEAR (P < 0.05,
P<0.01), BAMESE a2 AR (P < 0.05),
HARHWBRAN S BH 25 %t 2041, S REREAR K By
PR lee’s $8 4L, (HESF LA FE XL (P>
0.05) .

F1 HHFEERREREN lee’s H# (x+s, n=10)
Table 1 The weights and Lee 's index of rats in each group after

the treatment

215 i /g ke PRJFE /g Lee's Index
IEHX HRZH - 443.25 +24.61 26.16 +0.71
ETIZ - 562.71 +30.92" 28.07 + 0.63"
PR R 22 0.085 538.00 + 30.78 27.51+0.78
FAYESE 0.965 527.88 +45.83" 27.29+0.89
FME B2 2H 0.667 568.30 = 39.31 28.16 +0.82
FNEBRS TR 1.632 532.70 29.92° 2649 +0.76"
Tk BHZA X2 0.700 550.33 + 38.27 27.87 +1.04

B 4 1.665 51550+31.917  26.51=0.63"

Ve SIEW A HRLIES, *P<0.01; SERILE, P<0.05,

“P<0.01,

2.3 5Pxr K BUAT ISR g L3R 20 HIEEXT
MR oA, BEARVHTEIRYTIY 8 JAN, MmbE:FE: BT,
H7E 8 F A BE 25 (P <0.01), S5HEAIZ
P, #v2h 4 JRImE, PR 24 40RE BR A2 5 4 i g K
VI EREIR(P<0.01); 145245 8 AR, PRTEXS 82y
2 5 305 B 24 6 L AR K -t A FRAR (P < 0.05), Tl
FHAZ 5 4 B FFEAR(P<0.01), S53RAR, 7EHE KR
RIS 5 5 B 2 SN A R R A
T, T R OB R B Ak 2k R R, I B A IR TT AL
SRR F T H XU,

x2 HKRANERHEKRR=EMIE(FBG)ELLE (v+s, n=10)
Table 2 The index of FBG of rats in each group before and after

the treatment

1|5 $# / mmol - L
15 i M e
kg™ 04 4 8 Jil
1E X R 2l - 653+1.04 7.08+0.53 7.95+1.19
TR 2 - 7.15+£091  8.60+0.49% 1240 +2.92%

e

PHYEXTHEZH2H 0.085 7.04£053  7.79+045 944 +1.63"
452 05 20 0965 720+0.88 8.65+0.62  12.01+1.95
NEBHZRT 0667 7.16+£099  822+049  11.62+1.99
WNERA A 1632 7192065  8.39:042 9.96 + 1.57

T BH 24 %4 21 0.700 7.20+0.77 821 £0.49 927 +134"
TRPAE 4 1665 7.15+0.62 729+058"  825+135"

e HIEWATIRALES, "P<0.01; SRR, P<0.05,

“P<0.01,
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2.4 2590 KBUIFDEAL S0P GLUT2 14635 5%
DL 1, 5IEH X IR e, A 4] R R ZH 21

GLUT2 F 1A BRI (P<0.01); SHIRIL AR,
T PR A2 5 40 15 B X IR 25 — F U2 GLUT2 2635 B
BIE (P<0.01), JEEZX4S5M%E 4l GLUT2
FKIEW BT (P<0.05), HAKAHKK GLUT2 &
FRWAFTHE, HEFIGIH4EX(P>0.05),

GAPDH(37KD)
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- IEH ARIZL FAYEXS BIVESE ANEF PR MR BRI PR 25 IR
X B2 MRZGUl Jrel Z5xidl ZOvdal xdl il
e HIEH X B4R, "P<001; SHEMAHE, P <005,
“P<0.01,
1 Western blot #MUAFAEALR GLUT2 EHFRIA(n=10)
Figure 1  Western blot detection of GLUT2 protein expression in

liver tissue

2.5 P KELA41200 GLUT4 HF1E M2
L 2, SIEHXTHRALF A, AR RV 4120
GLUT4 FE A BRI (P<0.01); SR LA,
U PR A2 7 40 15 B IR 25 — F U2 GLUT4 2635
BIAE(P<0.01), A SHMEE 4l GLUT4
FikTHE (P<0.05); BRBAMESE Jraish, HAoh4d1k
R GLUT4 SRS A A, HERTRITHEXL
(P>0.05) .
3 iTig

e B o A e Ak 7 R E R R A R T B B
YIRS i () 0, Km g e A&7

GAPDH(37KD)
| c— D G — —
1 2 3 4 5 6 7 8

GLUT4(50 ~ 63KD)

LB X HRAH s 2. BEAUH ; 3. PHPEXSRRZGA; 4. BIMES 4 5. 4b
VPHZGXS s 6. #MPFFHAC T 4 s 7. B P2 X4 8.t PHA 52l

0.801

0.60

0.40-

GLUT4 HE 1K

0.20

0.00

% BURAL FIPEXS BIRES hEERE AN SRAZE R
AL HEZGA Al 2Nt oAl %t mdl
T GIERXELAL LA, "P<0.01; SEMALE, P<0.05,

“P<0.01.
B 2 Western blot #2ilIALAAELAH GLUT4 BB RIE(n=10)
Figure 2 Western blot detection of GLUT2 protein expression in

muscle tissue
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SEOCRIERE . KRBT . =71 WEHE &SI IR
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NRFEEE . BRS R G, Mims, A —cmAt
fER, (HSIEF XA, 2R L5 FE X,
X508 R F U 12 bR o A — 2

2 1) A G IR T A4 B XS o 8 W A HEE I, AR
I, 52 B G EE B i 38 1 40 I R A T )2 485 F 10k A
L, A X e 2 W 0 HE T A B A AR Y
GLUT ¥:i2 IRE A REfS LASEEL . GLUT J&—2R 8 7E
YRR I is A A B I AR R 1, AR FL IS AN
KRI13 B GLUT, Hrh GLUTL ~ 4 5% %5 W4 1z 5
Y]

GLUT2UF LA T, B . A AR B 455
B A A R A MLV A 2 21 R B D s s
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RUTER 4 2 W0 5 SRR - SN ) BB 5 1 Km
B I TR REAR SRS, B 4HM) GLUT2 /b
AHSEN, - GLUTA AN &3k X6 il 5 2 U A i 440 e AR
WUAIZE AL, FEAATETREI A2 . O JIUFI B 5L,
ZWREZEIN, RAMRS RV AN P REEN
GLUT, W53 GLUT4 n] R e FIRE & 7E 40 il K
FHM I B T AR 2,

WS R T HAT I ETE . R B BH DR
T2 W BARNEHIIR AN E g« AR
HA BRI A | fdE; HATTE i)
WP S A DR EA T P D A0 T
WIERMATH T . T 2 BB AT RS “PHER
M, Wk " SERIEA, B LA B R A
WS, 53 ol FHL BH 25 RN B BH 2 R 5 R 2
DIV A2 R 2y, iR bk 2y . SRR N
2y, ARURMAE AN E . s k8, i
PHAZ 5 REW R R . A1 lee”s 845, Sl i
WETH R LGRS BH X B 2 — FOBUNCRH T s T
THXUIR, FEICIERE -, FRATGE F Western—blot 7
W T 23R s B I p s, LI gs R s
BEACE 25 25, RPHE el B R IFd 8k
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5 515 Sl i Hofth R R S 8 08 R v R
— I, T L P A e IR T s R R A A
AAE AL B TFRAIRT

B 3L -

(1] S, WEBR RO TR S5 (R E HEJRE(J]. Diabetes Care, 2006, 29
(9): 2102-2107.

[2] The Diabetes Prevention Program Research Group. The diabetes
prevention program: Baseline characteristics of the randomized cohort
[J]. Diabetes Care, 2000, 23(11): 1619-1629.

(3] FERTFY, #FAEDF, <SP, AR AR IR RATTEHE ). hAedp
AL, 2011, 46(8): 832-834.

[4] /bR, Aibigs, S, SF. NDRE 2 BUREPR AT . S HLIE
ARHET]. R IRl B2 2w, 2007, 13(7): 32-35.

(51 B E3. MR BRI, Sconsh#pfley, 2011, 28(6): 59-61.

[6] #his, sKrPAL, XU EIRENEES ST 2R
2R, 2002, 18(4): 466-467.

(71 FAR3E, SEESC, Hdh. SRR R RUE TR Sh AL i)
WFFEN). HhREE2E, 2012, 33(1): 5-7.

[8] David BS, Kitt FP, Gerald IS. Disordered Lipid Metabolism and the
Pathogenesis of Insulin Resistance[J]. Physiol Rev, 2007, 87: 507-
520.

(9] WAkdh, #aL5. HENERE A 2 SRR IS R UETL R
BE2LER, 2009, 15(23): 3617-3619.

[10] X 4E4d, HBite. iz s S 2 AR PN R
AR, 1997, 13(4): 240-243.

[11] Kim JK, Zisman A, Fillmore JJ, et al. Glucose toxicity and the
development of diabetes in mice with muscle—specific inactivation of
GLUT4[J]. Journal of Clinical Investigation, 2001, 108: 153-160.

[12] Carey AL, Lamont B, Andrikopoulos S, et al. Interleukin—6 gene
expression is increased in insulin—resistant rat skeletal muscle following
insulin stimulation[J]. Biochemical and Biophysical Research Commu—
nications, 2003, 302: 837-840.

(%% o)

R e T e e e A RT st a 599 PRI P99 R99,293,299

MEigxx “Big” M “SitEs” W5

1. BERX ‘I 5%

2,239,299,239,239,293.999.999

(DR EEE, AR AT TAE, BRAAREEN ., 5 A

KX FREWATA R L, BEERLKERE, (2)EETRE, BREFAIARRLE, —LEREG ., Bk
Pty RILFofaiRk,, Ribe——F0k, Jodl At b F LR AKX, KPR st AR BFF (3)F HFH (4)

ST

2. RIS X “THEER” WEE AGbLey “itit” A RSO IT . e, BB, iF
By GEAFIWT, AT AR AR 45 e 2 IEd AR, 3 B 69 R A AL IR IR IE

BEhRE. OXERELERPIENTHRZ, MEX R, SFEARMMRARE, 1225 2 B AL RIET
ik R A EFRE; QAR IR L R AL VEL R0 LR E A — R R — R ; Qibik A
TAFRL ARG 450, VAR SEFRE A 69 AP T abte; (DI85 & TR ILe B oL, BAAAAR i i R A s 0 19) AL Aw 4

JEIR KRNI @,

Y B3R 4 K



