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Abstract

AIM: To observe the influence of gastric bypass
on pancreatic insulin resistance in type 2 dia-
betic rats.

METHODS: Twenty-four type 2 diabetic SD rats
were randomly and equally divided into three
groups: a gastric bypass group (T group), a food
control group (F group), and a type 2 diabetes con-
trol group (C group). Plasma levels of glucose, insu-
lin, quantitative insulin sensitivity check index and
protein expression of pancreatic insulin receptor
substrates-1 and -2 (IRS-1,2) were measured preop-
eratively and at weeks 1, 2, 4 and 8 postoperatively.
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RESULTS: Fasting blood glucose in the T group
decreased from week 1 after gastric bypass and
reached 5.79 mmol/L + 1.83 mmol/L at week 8
(P < 0.05). Fasting plasma insulin (FINS) in the T
group slightly increased at week 1 after surgery,
then decreased and reached 7.69 mU/L £ 1.73
mU/L at week 8 (P < 0.05). In contrast, fasting
blood glucose and FINS showed no significant
changes after surgery in the F and C groups (P
> 0.05 for all). QUICKI had a dramatic increase
in the T group, from 0.44 + 0.05 preoperatively
to 0.61 + 0.05 (P < 0.05) 8 weeks post operation,
while the F and C groups showed no significant
changes after operation (P > 0.05 for both). Com-
pared with the C group, a significant increase in
the expression of IRS-1, 2 proteins was observed
in the T group 8 weeks postoperatively (P < 0.05),
although no significant difference was observed
in the F and C groups (P > 0.05).

CONCLUSION: GBP can improve the expression
of hepatic IRS-1, 2 and thus increase pancreatic
insulin sensitivity in rats with type 2 diabetes
mellitus.

© 2014 Baishideng Publishing Group Co., Limited. All
rights reserved.
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RAT R ARG % 8B Me By % #2452 (quantitative
insulin sensitivity check index, QUICKI);
Western blot#a] &2 K J& 55 8 &) M W% 20 L2k 5y
F AR J&RM-1/-2(insulin receptor substrate-1/-2,
IRS-1/-2)% & # £ A.

%R 5 K474k, THFPGEGBPE % 18 77
WK, ZFSEAMFPGH £5.79 mmol/L+
1.83 mmol/L(P<0.05); TZAFINS £GBP/5 % 18
A BT, 2 B TR, ZF8FEE7.69
mU/L £ 1.73 mU/L(P<0.05), BF KJ& 4% fymF
RBEW B EZM T RGBT, K
J&8 wk T4LQUICKI RAT490.44+0.057 £
0.61£0.05(P<0.05); Western blot# M| 25 % 8
7 T4 5 CaA e KRG8 wkil Iz 41 22 IRS-1.

269 G R K 5 A3 m T 35%F238%(P<0.05).

2518 GBPT _LiAT2DM X R IE4L 220k By &
1Z5 4 il PIRS-1. 209 25 KF, B 5k
B 2H 47 69 Wk By F AR
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oA 138 1 W 42 G B P T2D MK Fil B IR 11 e 5 3%
YT, TR B A SaE IR 2Upe
HARGHLE], b B HRAIR I T2DME s

1 #RR075E

1.1 ##t fit 5 & Sprague-Dawley(SD) K301,
PRJFE250-300 g, WA A 4R B2 e S 36 s
L, SEBENMII A MRS SY XK(7)2012-0032.
PR R DR i 18 %+ RERE20%+ B 3 3%+ Ik
Tt E59%. T B RAIAN A A BEMRAL 14 3%
(streptozotocin, STZ)(3E [E Sigma /A #]); Insulin—
PP LAY AR AR A F]); BCAEA
WREME AN ECE s RAF]);, BRA L=
Z AR (insulin receptor substrate-1, IRS-1)—
PT. IRS-2—Pi(Santa Cruz/s w)); Fasb MM (35
542 22 w\]); DY Y-8CHY Ly A (A i /N — A3
J7); Centrifuge 58 10R 5 = 2 LML (& [E Ep-
pendorf/A 7]); Centrifuge 5810R¥A1%: i ist &5/ Lol
(1% = Eppendorf /s 7).

1.2 7%

1.2.1 Shah I8 SDARLZ mbli e IR bl kL 772
mo)5 I NS STZ(30 mg/kg) e 3727 Bl R Ips
BT, 72 WAL wk e R I BEATL IR, P
¥ =16.7 mmol/L A R DA R ple bk B35 e
yoAGERS

1.2.2 S 448 K BN F A4l (gas-
tric bypass operation group, T41). R EFEHI4H
(food control group, F41). R 2 (type 2
diabetes-control group, C4), £F418 H, H AT H
% H.

1.2.3 GBPF AR Jy 13t 4 #73 UI Bkt 1 i ik
kD, TAATIRE 2 H GBPT R, K EARH4E
1r12-14 h, APRYK, 3% 5% L 244 (1 mL/kg)E
Jis PG BRI, I B R, [ TFARE,
BRI B33 S B C B TR, B IE ) Ky
3 emik g, V) A ITCE DA G, VIkda ], 1
ot IRk, FETreitzl 418 eI a5 1%,
ey e 5 W T AT S s v G, 3 S S R
Wi H s 12 emAT 28 v &, ¥IFH0/6'5 2
Zstt, AR PRKREFE(80JTUL)2 mLt Pl
JE G ORI, ARG 1 dEREERIK, 3 dfeREE kL,
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# 1 BM. FPG. FINS. QUICKIELE (7 = 8, mean = SD) WA # 3 5
I, AT AR
F R RO o
i5hn BM(g) FPG(mmol/L) Fins(mU/L) QUICKI i;’[%‘; Zi fl i’g g
th AR ZH R
TH 376.4+31.2 18.98 +2.05 11.09+1.88 0.44 +0.05 W B S
FeB 374.9+264  20.09+1.81 10.94+2.12 0.43+0.03 48 42 Fo BFRE LR IR,
C4H 373.5+29.2 19.47 +2.07 10.67 + 1.90 0.47+0.06 Bp oh B e iy A A
PRy in B
o, BT EPM
BM: {KFiS; FPG: ZISINYE; FINS: ZISEERE; QUICK!: FRBZ=EURMSEL T4A: FARE; F ﬂgf;«@ HJe 0 e
98- 73198 C4R: YEER SR N R ) F AR,
{6 RESHILE, CAR: IBRAIRA. P Sy
o LA R AR
YER, BT Ak Bk
JAKE SV (1 = ,
xR 2 BEKBREMFEEFPG)IZML (7 = 8, mean + SD, mmol/L) 5 f A
e BB, A
5 WAt R & R
4548 pINaTT A& AART2DM K
1wk 2 wk 4 wk 8 wk B 0 e By &
TH 18.98+2.05 1545+2.27*° 14.06+178 10.96+2.01"°  579+1.83" WAL .
FE 20.09+181 20.04=1.82 19.34+1.80 20.23+1.79 19.41+1.89
CH  1947+207 1953+2.10 19.75+2.04 21.66+1.90 19.86+1.95

°P<0.05 vs ARHI; °P<0.05 vs F4H; °P<0.05 vs C4H. TAH: FFARA; FHE: INEIZHIA; CH: ERENIBE.

£ 3 BEABRTIEREDEFNSZMY (7 = 8, mean + SD, mU/L)

L RS
nt Rl 1wk 2 wk 4wk 8 wk
T  11.09+1.88  1440+1.92°°  12.49+1.98 9.62+1.85 7.69 £ 1.73°
FZH 10.94+2.12 11.14+£1.85 11.27 +£1.80 11.23+1.84 11.34+£1.96
CH  1067+1.90 10.98+1.63 11.03+1.96 11.54+1.95  10.83+2.07

°P<0.05 vs ARHl; °P<0.05 vs FA; °P<0.05 vs CH. TH: FFARLE; FA: IREwHIA; CAH: FERRBNIRA.

PRAUE 7S 2 UOK. FAE s HI7ELS g/(L-d)™.
1.2.4 #m 3847 ARHT 4K AR H (body
mass, BM). Il FE(fasting plasma insulin,
FPG). “SMEIML35 9 &% 2 (fasting plasma insulin,
Fins) Mk % 22 UK $5 %1 (quantitative insulin sen-
sitivity check index, QUICKI)Z [A] ¥4 75 i} 3% 7= 5+
(E1D).

RATEARTFEH 1 2. 4. 8J5 40 51 %
HFPG. FINS; 5% 4RI A5 28
QUICKI, QUICKI = 1/(logFINS+logFPG); I Jf]
blot B AR 2 A ZE8FHIRS-1. 2[3IA. TR
HEIRM AU 21 mL, 290 5 UL TIN-80 °C
VKA RAE, G2 —RIFINS. AR5 558 A B iR 41
ZU1 T Western blot7} HTIRS-1. 28 17 .

it 03 Bl HISPSS16.048 v b
B, 22 2 In) B8 B AR L B R 387 22 70 T (One-
way ANOVA), 14 %k} lmean = SD& IR, M2H
] LL 25K G 56, P<0.054 22 5747 G i3 X
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2 $R

2.1 FPGE A T4IGBPJE S 1 JHIT UG N4, =R
J5i 2 JAFPGAE % 4214.06 mmol/L+1.78 mmol/
L(P<0.05), 224 8JA53 7% 410.96 mmol/L
+2.01 mmol/L. 5.79 mmol/L+1.83 mmol/
L(P<0.05). T4l ARG 28I 4HFPGY BALTF
2. CHL& IR £(P<0.05). F41. CHTANG
A ZE e RS X (P>0.05)(K2).

2.2 FINSEAL 5AR[TAHLL, TAIFINSZEGBP/5 2
1ATTE6 T 414,40 mU/L£1.92 mU/L(P<0.05),
HE2 B T REEH, 258 %47.69 mU/LE
1.73 mU/L, BURJEBE IR TFARA 2 5 =4
J7 T 2T BRI R, F4L. CALTRiTE2e 1k
ZEF LG E T X (P>0.05)(#3).

2.3 QUICKIZ A 5ARHHHLL, K58 wk T
HQUICKIH AR 0.44+0.0571£0.61+
0.05(P<0.05). F41. CAIF- A5tk 2 RIS
TR X (P>0.05)(F4).
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bax:| NG KE8 wk

TH 0.44 +0.05 0.61+0.05™°
F28 0.43+0.03 0.42+0.03
cAa 0.47 £ 0.06 0.44 +0.05

¥P<0.05 vs RHI; °P<0.05 vs FZH; °P<0.05 vs C4H. T4H: FARAE;
FZH: IREIEHIZE; CZH: BIRRITIBZAE.

2.4 Western blot#a| K58 wk IRS-1. 289%% &
Fik T S5CHMILAR )G 8 A EARALZURS-1, 2
R A ZRIK 43 88 0 T 35%M138%, R 45t
R U (P<0.05); WS HB-actintk (1 RIERA %
5. FUl. CAF AR ILE ARIEER LS
THEE R X (P>0.05)(K1).

3 171E
GBPiAJ7 T2DMIFLEL AL A 52 4 ™. 24
FENE S BB 3 v A I B G I A A 2 A I
JHERE B R B D RVA T B N BRI 4 Y, IR
S M- R o R -
CERBE-REFERAERK I SELE,

H i, INT2DMFREHLEIKE, 1EM 5 3R
UV PR A 0, Bt A i 5 2% 1) 9
B JR 93 o R I A A9 380 s MR I B A T
“IR3T EMEINT, B ILThREZ R, R
Yy BAHRIE T, MM T T2DMI) R . A
S THFINSTEGBPA G 25 18 AR 111.09
mU/L+1.88 mU/L(P<0.05)7}%14.40 mU/L+
1.92 mU/L(P<0.05), 1M1 LAJG JF- 3 A5 4k 2348 in sk
TREFRACTFALE, EARE8 wkf4427.69 mU/L+
1.73 mU/L(P<0.05)5 [F W FINSHL. i %
BURPETA AR 170.44 £0.057H = 2R 58 wki)
0.6140.05(P<0.05). 45 SCHRARE", 7ER sk
FET2DM A Pl 4 1B B 2% U M &1, FINS
Sy AR g b, JEHAEGBPA 5 IX Fp AL T
WY AE. ] WLGBP AT DA o 5 ik 2 25 s PRSI
ILT2DM LA P 2 1E 6

W RAIFFE os, JR I B A A if B %) 3 4 v
Py g FERFI PRI R E M, AbBE W] LA
PRI R, Sk SR i B 2 1) S L
ST AL 0 A B BN A7 A 252
{A(insulin receptor, Ins-R)FIIRS, [F] I A7ELEfE
FEE 95 MBS A5 tins-Ry IRSKR.
B VLEE 334§ (phosphatidyl inositol 3-kinase,
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A: IRS—1 Western blotZ553; B: IRS—1:E X FRIKKFE.
'P<0.05 vs FZH; P<0.05 vs CZH; C: IRS—2 Western blotZ55:;
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gen-activated protein kinases, MAPKs)%% 1714,
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