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[FEZ ] B89 - MEHTHERIRE*T db/db /NS FARPUIRE R, IR R B LR 5 PR, 5% - B8 ik db/db /MR 10 K,
BEAL A o %of BRALFHU MRS 2, 40 3 T 2R ARR R btk RS AE W O A, g RS M/ B2 I i B (fasting blood glucose, FBG) & i)
B, T 5 8 JH 4T i vk 9 % 8 i & i %8 (intraperitoneal glucose tolerance test, IPGTT), T 45 9 J& 1755 &1t 8% (insulin
tolerance test, ITT), ALFE/E G M@ G2 S & (fasting serum insulin, FINS) ., =EtH il (triacylglycerol, TAG) . &0 & Ef
(total cholesterol, TC) ., {i&% ¥ M5 & 19 B % f¥ (lower density lipoprotein-cholesterol, LDL-Ch) . & % ¥ 5 & 19 I8 5 % (high density
lipoprotein-cholesterol, HDL-Ch) A7k i 5 A B B3 Z 4P (homeostasis model assessment insulin resistance, HOMA-IR) 1§
B, SEiPP g B PCR ST IEH S E S RG S SWg Ir, Irs-1, Pi3k, Akt, Glut-2 mRNA FHX} ik 8, Western blotting #& Il JIT
WEIRS-1, p-AKT, GLUT2 R KL, SR - SAIRAMEL, SPurEmRs i 5O o FJE, Stk 4l B i SR, HER
TG (P=0.384) ; FINS H i TR ZERIL %5 L, HOMA-IR F88U 35 T (P=0.032); BREFHMPIGI B EFUE (B
P<0.05); MiEfLiE#s TAG, TC, LDL-Ch, HDL-Ch ¥Jp&{&, {H{ LDL-Ch ()25 5 HATS ¢ L (P=0.034) ;Ir, Irs-1. Akt, Glut-2
mRNA Lk B EH I (3 P<0.05); IRS-1, p-AKT, GLUT-2 & &KEER M, Hp IRS-1 f1 GLUT-2 Kk wmi T @ BB H ¥ B X
(P=0.026, P=0.039), £Eif - DU AT AE L 04 5500 5 315 55 550 db/db /s U IR B R4 HE,
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Resistant dextrin improves insulin resistance in db/db mice by enhancing insulin signaling pathway

HU Fan, NIU Yi-xin, TU Xiao-fang, SU Qing, ZHANG Hong-mei
Department of Endocrinology, Xinhua Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 200092, China

[Abstract] Objective - To investigate the effect of resistant dextrin on insulin resistance in db/db mice and preliminarily explore potential molecular
mechanisms. Methods - Ten 8-week-old db/db mice were randomly assigned into two groups, i.e., control group and resistant dextrin group, which
were administered with distilled water and resistant dextrin by gavage for 9 weeks, respectively. Fasting blood glucose (FBG) and body weight were
measured every week. Intraperitoneal glucose tolerance test (IPGTT) and insulin tolerance test (ITT) were performed separately at the 8th and 9th week.
Fasting serum insulin (FINS) was measured, homeostasis model assessment insulin resistance (HOMA-IR) index was calculated, and triacylglycerol
(TAG), total cholesterol (TC), low density lipoprotein-cholesterol (LDL-Ch), high density lipoprotein-cholesterol (HDL-Ch) were detected after the
mice were sacrificed. The relative expression of Ir, Irs-1, Pi3k, Akt, and Glut-2 in insulin signaling pathways in the liver was determined by real-time
quantitative PCR. The expression of IRS-1, p-AKT, GLUT-2 in the liver were determined by Western blotting. Results - After 9 weeks of treatment with
resistant dextrin, the body weight of the resistant dextrin group decreased, but the difference was not statistically significant (P=0.384); FINS decreased,
and HOMA-IR index significantly decreased (P=0.032); insulin resistance was significantly improved (all P<0.05); the blood biochemical parameters,
including TAG, TC, LDL-Ch, and HDL-Ch were lower, but only LDL-Ch was statistically different (P=0.034); the expression of Ir, Irs-1, Akt, and Glut-2
mRNA in the liver significantly increased (all P<0.05); the expression of IRS-1 and GLUT-2 proteins also significantly increased (P=0.026, P=0.039).
Conclusion - Resistant dextrin may improve insulin resistance in db/db mice by enhancing insulin signaling pathway.
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TR BT 1) A e 52 2 e W], db/db /B 78 3% 32 PR i TR %
AR FTE B R 2 TR R/ INER, REUWNEHE . B R
Pl s, AR SR A, ERRIT 2 OB BRI 5 S
DU AR O ABF AU 2 B RIS % db/db /) BB
By FAHEBUIRERIEENR, FE) PR R LRI LA

1 HHS%HE

L1 S22y 4l

HEH 8 JE ik SPF £ i1k db/db (C57BL/KsJ) /R 10
A (A Ly kS AR T EA F), T LB
STy o PRt ol e S PN o S B ) = Y o |
HEZ SCXK (3*) 2017-0005, f JHVFRIIEA SYXK (9)
2013-0106, /N A LABRAEERE, A BRI FIK, &
FLPEMRSE 1S, BEALES /N oh 2 41, Bt HRZE Fnbutt
WRGAR, s Ao UM T DB R iE i, 7
A 2.5 glkg, ofMRAH T DA AR R ZKRIROK, 2 HIHER AL
O JE, SIS AR, A AME N AR IfLE (fasting blood
glucose, FBG), MR, T4 8 JEI4THE i 56 4 45 W it
&R (intraperitoneal glucose tolerance test, IPGTT), 45
9 JEATHR B 1Mt & ik8E  (insulin tolerance test, ITT),

1.2 R EEAFFLES

PRI O ME IR ARAR), T4 HE
{E 4t (F} 2 Novo Nordisk), & RNA $2 Bk 7] (3£
Invitrogen), [ E5RIRFI & (H A Takara), &€ &
PCRIXF & (il ZAEWPHE AR AR, KBRS
HEGIE o WM E  (enzyme linked immunosorbent assay,
ELISA) k#I& (EZRMI-13K, f&[E Merckmillipore), PCR
Sy (LA TAY TRIRG AR E]) . B BT B4R
B EZZ2 AR 1 (insulin receptor substrate 1, IRS-1) Hif&
(3407, [E CST), AKT., p-AKT Hrfk (4691, 4060, =
[E CST), #i4gkiisisfk 2 (glucose transporter 2, GLUT-2)
btk (A9843, fRiNZ A AR RA ), MBEL
MAEA4E (FEE Bayer), =t H (triacylglycerol, TAG),
VB [E EZ (total cholesterol, TC), iK% i i & (4 JIH [# B
(lower density lipoprotein-cholesterol, LDL-Ch) . =% BEflg &
FIIE[E EE  (high density lipoprotein-cholesterol, HDL-Ch) il
EIRAE (RECEYHARGRA ),

1.3 FBG, IPGTT fil ITT il
/ANERESE 8 b, IR PROK,  DSE P B A R 3T R
PR8N RUR LY T mm, (i B AR, B (O
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FBG, T4 8 /N AR 16 h j517 IPGTT 450, Ml
5 10% 5% B 0.5 g/kg, MEESAHEHEG 0, 15, 30,
60, 120 min [ If % He 8. IPGTT & 1 8 )5 47 ITT, /b
WASE 6 h, MEleiESR S 3 2 Uke, &SRR FE
0. 15, 30, 60, 120 min [ ifi bk

L4 bR SR A7

NS, FRIRERERUM, 2> BT, T —80 Tk
FEORAE, RIS 3R P AR AR ARG I Bt /N U IDE
MH, WARRER IR, T —80 CikfrRfr& M.

1.5 eIy M5E KR BT FACHUAR AL 50
AL B O R IR E 5T, SR BLISA A0 10 L 75 745 FEE
1 2% (fasting serum insulin, FINS), £& 2845780 5 224Kt
(homeostasis model assessment insulin resistance, HOMA-IR)
SR 34 : FBG (mmol/L) x FINS (pU/mL) /22.5,

1.6 TAG, TC, LDL-Ch, HDL-Chuk il
BB, % TAG. TC. LDL-Ch, HDL-Ch /k
e, F MR AR AR E R0 G U A A TR

1.7 gk it PCR Sl mRNA #3k

FREUE RITAEH L, SRR Eo 209K, #%M8 Trizol iX
FE A e S RNA, e ik B f5 S 457 i cDNA,  #E4T
H ARSI, SR PR R A 20 L, ZKIEk 7.2 00, ||
T 514 % 0.4 ul, cDNA 2L, SKivf ¢ )t & & PCR K
%110 uL, PCR JZ 7 & 95 C FiAs I 5 min; 95 C A5 Pk
10s, 60 CiE:k20s, 72 CHEAH20s, 40 MER, K
FLES AT, 43 BT A e ik il £ T S R R S IR e T
B2 R B A A R AR R R R, B EE AR 3 K,
BCESE, sIFFInEE 1,
B 1 WK F A5 S EHIX mRNA 5|4 5]

Tab 1 Insulin signaling pathway related mRNA primer sequences

He ks TS
R (5'—>3") (5"—>3)
I’ ATCCGCCGCTCCTATGCTCTG GAGTTGCCTCAGGTTCTGGTTGTC

Irs-1  CCAGCAGCAGTAGCAGCATCAG GCTTACCGCCACCACTCTCAAC

Pi3k” CCCATGGGACAACATTCCAA CATGGCGACAAGCTCGGTA
Akt GGCAGGAGGAGGAGACGATGG TTCATGGTCACACGGTGCTTGG
Glut-2 CCTTCCAGTTCGGCTATGACATCG  TGGTGTTGTGTATGCTGGTGTGAC

actin® GTGCTATGTTGCTCTAGACTTCG ATGCCACAGGATTCCATACC
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1.8 Western blotting ¥ % 1751k

I HELH 29 8 I T RIPA 2RI SR LN, 45
HAEEA, B E A EA A SDS-PAGE & ikt 11 ik, 45
FGHFERE (300 mA [H{E), WRIEE [ A 5 F BRI E
b, % B 4h ok f # M & T TBST v, PRI 3 ik, &k
10 min, BifS4-whdtiA 1 h, FEERE, S&MFERE. A —
Pt (1:1000) & T 4 CHKMEE LR, K HIEBEEMA
Zpt (1:1000), =idMFHE 1 h JFHRBEE, TL¥K00
WA ARk .

1.9 Ziil2Enbr

R SPSS 22.0 iRkt S Bt A T g bk o0 br. i
A3, FBG, IPGTT £5£, ITT £553¢, A= {t7k -, mRNA
MR R, EAMSERSRELL x s For, 2 4R R

-~ Af B A

= - fitERERa

FBGAmmaol/L)
bk

=
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|

#: A. FBG; B. IPGTT,
B 1 FMAERTINR FBG. IPGTT ZRIHM
Fig 1 Effects of resistant dextrin on FBG and IPGTT results between two groups
2.3 HUPEWIRE ST ITT W58 m

Ml R 2 35 15 min J5, /NRUIBEFF 46 TR, 5XF
HRAAALL, PUMERIRG ARG & SO W . 0lcst, & Al A
I B B YR T % FRL, 15, 30 min I Ifiphiiok BE4% KT
SHHELL (P=0.032, P=0.039); 60 min [ Ik e — 5 T
M, WIRACT R4 (P=0.000); 120 min FFHLER B 31
TR (P=0.006), ZERHEAGIHEEL (B2),

i i 1A mmol/L)

0 30 1] ) 120
thmin

7E: ©P=0.032, “P=0.039, “P=0.000, °P=0.006, 5xIHAALLEL,
B 2 HERRERTINR ITT Z5R300

Fig 2 Effects of resistant dextrin on ITT results between two groups
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ISR ST AREAS (4515 . P<0.05 Fr 5 B RS54 ),

2.1 HUPERIPRS R A 1 50

B BTG REE 9 JH, A N R R R R R
B, P R AL/ B RS TR B, 9 FERE 4y Bk
(4225+5.12) g Fi1 (45.00+2.83) g, (HER LG5 X
ZR (P=0.384),

2.2 pitERkSY FBG, IPGTT Ry

B AWM N FBG KB, HUPEMIRG4 FBG MK T4 18
A, HERTGIUFESL IPGTT 851 WoR, BEEN
wRENE, 2 T AR A E T B 2 . A5 RILE 1,

- R B
= fittE R

40

L 45 i 1 mmol/L)

[ 30 Gl Qi 120
fimn

2.4 HitERWKSY FINS, HOMA-IR $5E) 55 m

ELISA A& M ifiL 175 bR £ 3% &5 R Wow,  Puik MR 41 /0
Bl FINS I8 T R4, HERTLEU 28 w5
HOMA-IR 4540 7R, HUPE MG 4L/ il HOMA-IR $i5 5%
XD FEAE (P=0.032) (352),

62 DU/ FINS Fit HOMA-IR 45552
Tab 2 Effects of resistant dextrin on FINS and HOMA-IR index between two groups

4151 FINS/ (ng/mL) Pl HOMA-IR 5% P
pagictel 5.90+2.81 - 128.91+9.22
i i 4.58+0.97 0.411 95.29+15.70 0.032

2.5 P RPRS i A A Fa b i

AR R IES R (3R 3) Bor, DU /N
I i TAG, TC, LDL-Ch, HDL-Ch 7Kk ¥ ik F % He 2,
Hrp LDL-Ch 7k TR (P=0.034),

A (BN, 2018, 38(10) ()



1160 | Lfss@AEER ()

# 3 HUERIR RN B A AR BR
Tab 3 Effects of resistant dextrin on serum biochemical parameters between two
groups

- TAG/ TC/ LDL-Ch/ HDL-Ch/
. (mmol/L) (mmol/L) (mmol/L) (mmol/L)
xef L 3.12+1.13 4.77+0.62 2.91+0.40 1.64+0.22
BRI 4 2.67+0.51 4.01+0.60 222+031° 1254023

e U P=0.034, SfHEAE,

2.6 HUPERSDRS XS I IDEIB 5% 2% 20 5 A DG I mRINAFH 4
AL
Sttt PCR 455 (1% 3) Wor, SxtHgAHL,
DUMERIRS LN E Ir, Irs-1. Akt. Glut-2 mRNA iK1 12 3
B (P=0.014, P=0.001, P=0.047, P=0.005); ifij Pi3k 3
iR BB BN, AER TSR (P=0.077),

2.7 BHUPERIDRS R IEIDE S 205 R D% 2R 1A 5
Western blotting £5 5 (& 4) T, 55X LLEL,

e A B
wEREL BIRRE
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Fig 3 Effects of resistant dextrin on the relative expression of insulin signaling
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pathway related genes in the liver between two groups

HUPE VRS 41/ BURFIE TRS-1, GLUT-2 % 13 #ib #3k & oy
B LAY (1.93+£0.31) %, (2.47+0.60) %, HY
B3 T R4 (P=0.026, P=0.039); ifii p-AKT &[4
X F R R T IRA, ZERTRGHFE L (P=0.124),

C D

p-AKT ” § 5 T g - 4:— 5.
E x o &
AKT -_— i L
¢ Z 5
GLUT-2 | = = : ; & = . . 30 = ; ;
T A B itk BRER A i St BE A i St BE

T AL X BRI BUPE #IRS AL/ D BURO R [ 45 EL A B IRS-1 R (IR I8 R

SR X TRAEER); C p-AKT B A RBEEEER (FIX T AKT);

D. GLUT-2 & ([ ik sz mas i (Bt TRl E A) . " P=0.026, °P=0.039, SxtMagiLbE,

4 HUEHERTNRIFIER B RE SBEEXE R

Fig 4 Effects of resistant dextrin on the relative expression of insulin signaling pathway related proteins in the liver between two groups

A I RTEZE & 4R, BUbE W A BRI R
L R e 2 5 SRARPLAO T . — TR © o, B
i B NRRPCIERIRG 12 )5, (R, HOMA-IR f340 K
LDL-Ch 7k #3550 B W B PR, 55— TOUAE 2 Z0HE R
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A RERE db/db /NEUBIRUR R, MBS, DU
PERIRGE A BT XL R AR PR

i B FARDURAR SN AL AnFIE . BRRAL, ARG
X B SRR TR, BRI T S AR R B SR
DU LS R ANS. EREILT, RBHS RS
{f IRS B b, WL LAY IRS il i PI3K-AKT & 12 % 15

Vol.38 No.10 Oct. 2018



WM, F

o AR, R4S R GLUT 507, e 3k bl
(AR ER A Y, 1 IRS 2 [ K ERYBEARLL K IR A B 7k Ty
TR, WA S A R AR, Rk, AP
db/db /INEUT IR £ 35105 5 A Tl B8 AH Gk R RN 2 1 gk AT
R, SR SeE s PCR 58 BoRBUMEMIRG AL Ir. Irs-1.
Pi3k. Akt. Glut-2 mRNA & ik ¥ 5 fin, Western blotting
5K DR PUPEMIRG 24 IRS-1, p-AKT, GLUT-2 & H %k
Thids ZEidEoR, DUk AT S db/db /b BRI B 3
ST

HRrCABRZ "™ R, BEaaF 4
PORPERA AT R iz —, A5 B £ Ll
FURESE " R B, AT A RE S BN T Ml N A R
HELE T HEZs A A B . TR ST T MK B, R AT
At w] A 78 R A — 1 R AR AR R, @
N2, EEENSN5ER (short chain fatty acid, SCFA). fii
LR VERR BT MRS 2 RIS = e S A" 1Rk,
PUHERIRS A O] 38 28 T o 9 FLRRAT IR . B B Y
PR, AT DO B AN AR B B . R AT
TEN BRI VE ] T 72 42 SCFA, 1] SCFA 52 (R 1E
JH AT B b Ak 1 (glucose-like peptide-1, GLP-1)
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