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- FERRAFST -

B A F ARX R K B AT AEFE I tE X B FRIZH

1 . 2 3 \ 1 \ 2 2 3 W 2*
AT, BB, A A, BT, BAEWAS, wAWS, ¥ KT, KEF
(YR RS8R B, JR00 2150005 2 i AC 8 KM B 575 N R ERBE B B S4B, FIF 2014005 b 165218 K2 B 457
ANERERBEWN AR, i Rm oot i, B 200233)

[ ZE)] B W@ r2BRE (T2DM) BHFETFAR (GBP) KRR, RIS IF IR A 5 H 7 %k
B, FiE 12 ASDREBENLA N IEH X IRZH (NCD, n=4), &5 (HFD, n=4), &l§ T R4 (HFD-GBP,
n=4); HFDA KR & B e IR 48 IG5, 38 i I8 B i S I 2 TR X A R T2DMIBRE Y, LU B A AR T o . Il . 1
i 4 7 W T 250 (OGTT ), B EM L5 (ITT) A8k, 2J8)5, WHEHFD-GBPAL H # i F ARBEAL, L0
2, WERTF ARG WA R, Mk EMZL, I 548 BEH K RFHL M SRNAFIZE H, #TRT-PCR.
Western E[1 305 325 46 U 76 W B X 32 42 ( FXR ). B s B2 U N B IR ¥R SL B W5 ( PEPCK ). % ME—6- 52 /i ( G6Pase ).
WG A2 (GLUT2) FMIBLLF 440 A= K N F-21 (FGF-21) A AKE, R  SHFDAM I, HFD-GBP4
KEMFERE T, M (P<0.05), RJFFXRFIGLUT2 mRNAZFK LB FiE (P<0.05), PEPCK. G6Pasefll
FGF-21 mRNAZE B4 in; SNCDAIMH ., HFDFIHFD-GBP W 41 FXRFIPEPCKE I E BB 5 (P<0.05),
it TET2DMKEUE T b | GBPREAT ks ME i ; FXR. PEPCKHMIGLUT2H] 62 5 GBPA S Y IfiLKH I 5 1 F2 .
(k| ] BHERA; WIRM, 28, HUBEEXSZ I B RS Bk T 0 PR R S
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Effect of gastric bypass on expression of glycometabolism-related factors in
liver of type 2 diabetes mellitus rats
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[ Abstract] Objective To establish a rat model of type 2 diabetes mellitus (T2DM) following by gastric bypass (GBP) surgery, and
then determine the effect of GBP on the expression of glycometabolism-related factors in the liver. Methods Twelve 6-week-old SD
rats were randomly divided into normal chow diet group (NCD, n = 4) and high-fat diet group (HFD, n = 8). In 4 weeks after high-fat
diet, the rats of the latter group were injected with streptozocin (STZ) intraperitoneally to induce T2DM model. Body mass and blood
glucose were measured, oral glucose tolerance test (OGTT) and insulin tolerance test (ITT) were carried out in the NCD and HFD
groups, and the results were compared between them. In 2 weeks later, 4 rats of the HFD group underwent GBP surgery and named as
HFD-GBP group. After another 2 weeks, body mass and blood glucose were measured again. The expression of farnesoid X receptor
(FXR), phosphoenolpyruvate carboxykinase (PEPCK), glucose-6-phosphatase (G6Pase), glucose transporter 2 (GLUT-2) and
fibroblast growth factor-21 (FGF-21) at mRNA and protein levels in the liver of the 3 groups of rats were detected by RT-PCR and
Western blotting respectively. Results Compared with the HFD group, the HFD-GBP group had significantly decreased body mass
and improved blood glucose (P < 0.05), obviously up-regulated FXR and GLUT2 at mRNA level (P <0.05), and increased mRNA
expression of PEPCK, G6Pase and FGF-21. The protein expression levels of FXR and PEPCK were significantly elevated in HFD and
HFD-GBP groups than in the NCD group (P < 0.05). Conclusion GBP surgery effectively improves glucose metabolism in T2DM
rats. FXR, PEPCK and GLUT2 may participate in the blood glucose regulation after the surgery.
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Jok TR AL 4R H B R (gastric bypass,
GBP ). MR E VIERAR | MHESL WA . [\ g F% A0 R
FF A, HUTGBPHIHIIR E IR AR LE IR K I
I AR e 2 3 AR ke X B U E TR g R
WEoE kB, X FE2A B R B (type 2 diabetes
mellitus, T2DM ) ML B #H 1T GBP ARG, TEIH
H AR, RETE — & B 18] Y 22 i R PR, JF g Ik
DI RRE I A P I T B T R X T2DMI I
&, B BROBE R 55 B 2 ( International Diabetes
Federation, IDF) IEXkEAHH, I\ HLIGBPH
RE MW E T AR TIHBIFT2DM, A 0F5E Ll
1t 7 T2DM GBPHEAY 0 kg AR J5 1A B it . Il
Wi FIBEAC AR DG I i A2 4k, i — 2 B GBP AR
XA R 52 e, S Sy BT T R IE T R IR v R AL
il $2 B & & .

1 #R5FE
11 ZBEHREA

8 i s it X P T 2 PR S5 9% ( phosphoenolpyr-
uvate carboxykinase , PEPCK ) i 7% [& $i 1K
(sc-32879 ) ( Santa Cruz/y a] ), HEWEEEXZ K
( farnesoid X receptor, FXR) i1k (ab126602)
( ABACAMZA w] ), Hh ] = s Bl i it 43 K i % 3t
4%; Real-time PCRY 141X ( SE[E ABI75002% 7 );
bR ( 32 E Beckman/A w] ). =R WIAEN ( ik
TSI B WA BRTTAE 2 ] ).

12 ZBRsHHhFFik
A 57 2% 6 JH ¥ Sprague-Dawley (SD ) K ( FiF

W IR- I LR S YA R AW ). SDRE12H, Pl
BLA> S 1E 5 % BEZH (normal chow diet, NCD ) 4H |
i IE £H( high-fat diet, HFD )4 2 %5 I F AR 41( high-fat
diet followed by GBP, HFD-GBP ) 4 X . HFD41 5 JIg
TR IR AT IS, T T S % IR A4 T % ( streptozocin,
STZ) 35mg/kg, FJET2DMALRS, 25 & T2DM
GBP#EAI,
13 FRF#*

AR HT A 16h, AZEK . 1% 2 I Z 4
0.5mI/100g 4" 8% A5 I8 Ji 10 S R I, RR i B 2 )i
JEH K, ¥R E T TFAREG b, AREH L
R E, Xwmmm., W EEERY O, Ex
BI5E, T 2B, WRRVIFFEIK . B TAHL,
PR B LA, ATIHFIE B . 7 B LL4-022 L 45 4L
BEPWESNE, THINSLAEEEE LML
3~ 5mmia] L R AT 8T B, Wi 2L 5-022 2k % 2%

B ORM, JFLLA-0Z L lm Wi g% & moi , Wi
ui HORHE, PRIER T E/NEA L E SAEBW
20%. W E + 45+ 1/575 i, BIEE 25 )4 I
)47 L0emAb B Wr 25 i, 25 W o 5 5k B AT 00 i
W4, S E WA T RLIE 15emAb 47 S 00 1)
o SA B A KERE R, S&A T
TGSk . DA 3042 28 56 M ME B K HE L, 4-0
2y 2% 0] WT 5 A R K .

1.4 ARA B FoF ik

ARATH A E120)5, 1 ENCDA FIHFDZ K
B M T B A O KR L AR MR R 4 S 1 A STZ
(35mg/kg ), Ak 3dia i w24k, ARET1LEFTH
IR %6 %5 B i 5 5256 (oral glucose tolerance test,
OGTT). RS ZE w325 (insulin tolerance test,
ITT o FAR Y KM E 45 2H 25 MRS T K EUA T 5 Fi
MWE . ARJFWEL28 , A5 Ja I & 2 RUA B 3
M. 285, $RBAHRRFHL M. Wil
o3t -R 4 W8k & N ( reverse transcription-
polymerase chain reaction, RT-PCR ) F1WesternE[l i
R4 K BUIF P FXR . PEPCK 7 ) i —6 -
R ( glucose-6-phosphatase, G6Pase ). %k
iz 5 M2 ( glucose transporter 2, GLUT2 ) 1 i, £F 4
40 1 4 K X 7 —21 ( fibroblast growth factor-21,
FGF-21) #HX} R B
15 ZW%EZEHR (RT-PCR)

7E NCBI ( National Center for Biotechnology
Information ) & $% H A9 5L #4155 /8 RNA( messenger
ribonucleic acid, mRNA ), [ FPrimer Premier5.0
Wit 5%, NCBI-blast® i PCR5| # . FXR
5] ) 4 5'-GCCTCTGCTCGATGTCCTACA-3' I
5-GGAGGCAGGCGAAATGCT-3'; FGF-215]
¥ 55 -ACCGGAGTCAGAACACAATTCC-3'#1
5-AACTCTAGATCTCATCCATTCCATCA-3'; G6Pase
5| 4} 5'-CCCAGACTAGAGATCCTGACAGAAT-3'
5 14)5'-GCACAACGCTCTTTTCTTTTACC-3'; GLUT2
51445 -TGACCGAAGAGCTACCATTAACTATG-3' Al
5-GTGTCGTATGTGCTGGTGTGACTSYBR-3';
PEPCK 5| ¥ 4 5'-GCCTGTGGGAAAACCAACCT-3'
F5'-CACCCACACATTCAACTTTCCA-3'; 5|4
I FEBIoTNT/A Fl A A, Premix EX Taq( TaKaRa
/W) ), Light Cycler 4805% I} %% ¢ & 8 PCR & 4
(Roche/A ] ). PCRI M 25 14:95°C 5min, 254
95°C 5s, 1B K60°C30s, Jhi40fEFR, B [H
FA PRI, a2 E R
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1.6 Western¥p i i

PEATHCIE . AR YE I BAE . BTk, R
KB HEAESE, FXR—$T (1:2000), PEPCK—#i
(1:500), 4CIHEIREERIFE L, VEE —
Pt (1:2500) =EBFHE 205 VeI, HECLIKH &
( Pierce/A vl ) Ui Bl 15 ¥ 4E B % )5 iz H 7 A 4
Gel-Pro analyzer 443 A7 4545 K AR TH55 8 FOAR X 3R
ki,
1.7 %it$am

X FlGraphPad Prism5# {4 15 4e i1 24 ab B
SRV xxs RoR, HRIGEC BRI R 7 22
4yt (one-way ANOVA ), P < 0.05% % 34 48t

2 & R

21 HMET2DMX EER

HFDZH = Ig M 5% K LA, 45 4R BRUA T & L i
W g2 5% (K1A, 1B; P>0.05) ., HFD
HIE I ESTZ)E , HEDAL MM B TF &, Wi &
R B AU B AR (’1C, 1D; P<0.05) .
22 FARWNERAARZ A htfe) T

SR (0 ) M, HFD-GBPZ ARJ5 1)& 1k
Jo e K 25 I A SR 35 IR (P < 0.05 ) , NCDMIHFD
2 [) BsF () st A J5 S 0 00 AR 5 O] L 8K 2 S o e i
=Y (F1, F2; P>0.05) .
23 3AKXEMALRPFXRE KA T

32 K BUIFFXR mRNAAH X £ ik it : NCD4
3325.0 + 589.8, HFD#15093.0 + 532.8, HFD-GBP
£18835.0 + 165.6, FXRZE [ M Fik & 341407
71.201 + 0.634, 6.230 + 3.265, 3.723 + 0.808, FXR
mRNAZ ik, NCD4 S5HFDH # F LG il %2 X
(t=2.015, P>0.05) , NCDFIHFD-GBP4 % %A 5¢
J#E Y (t=8.994, P<0.01) ; HFDFIHFD-GBP
HERHRITHFE L (t=4.645; P<0.05; K2A) .
FXRZE M4 2 i ANCD4 5 HFD4 \HFD-GBP4 %
A G L (1=1.834, P<0.05; t=3.473,
P<0.05) ; HFD# fIHFD-GBP4 2 % L4 it ¢ &
¥ (t=0.912, P>0.05; K2B) .

2.4 3Kk KHFELE FPPEPCKE kAT

340 K BUHFPEPCK mRNAMH Xt Fikh & . NCDA
J147460 + 3643, HFDZH 749850 + 1480, HFD-GBP
2H 4168940 + 2667, PEPCKZE [ HHXT ik &« 34 4%

B 5 1.538 + 1.907, 4 3.694 + 2.470, 3.284 =
0.749, PEPCK mRNAZ ik, NCD4 5 HFD4 % &
TGt X (t=2.015, P>0.05) , NCDAI
HFD-GBPH EZ R A G il B X (t=4.475, P
<0.05) ; HFDMIHFD-GBPH £ R L4 it = X
(t=0.693; P>0.05; KI3A) ., PEPCKZE [ 40X}
#ik, NCD4 5HFD4 . HFD-GBP4H % %1 H %t
243 X (1=1.063, P<0.05; t=1.204, P<0.05) ;
HFDZH FfIHFD-GBPA1 2 % Ju it 2# & X (t=0.218,
P>0.05; #3B) .

#1 FAEIBEXRRAERELR
Tablel Body mass of rats at pre- or post-operation
(n=4,9, x£5s)

Group 0-week 1-week 2-week

NCD 363.6 +18.8 374.4+19.3 386.5+19.6
HFD 426.6 +22.7 4408 +21.4 453.5+20.9
HFD-GBP 428.8 +21.5 405.6 +20.3°  420.7 +19.8

NCD: normal chow diet; HFD: high-fat diet; HFD-GBP: high-fat
diet followed by gastric bypass. Compared with pre-operation
(0-week) in the same group, P < 0.05

#2 FARAIFARTIEMAE LR
Table 2 Fasting blood glucose of rats at pre- or post-operation
(n=4, mmol/L, x+s)

Group 0-week 1-week 2-week

NCD 4.4+0.5 42+0.4 44+02
HFD 11.7+3.2 12.4+2.4 11.6+3.5
HFD-GBP 11.6+3.4 8.2+1.7" 6.8+15"

NCD: normal chow diet; HFD: high-fat diet; HFD-GBP: high-fat
diet followed by gastric bypass. Compared with pre-operation
(0-week) in the same group,”P < 0.05

25 3%k RAFAEL L F G6Pase, GLUT2&FGF-21

MRNA# & ik % 1L

341 K U IFG6Pase mMRNAMI X} # ik : NCD4
28430 + 2599, HFDZH10400 + 739, HFD-GBP#
Jy14610 + 3207, FGF-21 mRNAMI X} E k& . 3
ZHr 9 }y337.4+24.1, 172.9+78.6, 254.3+6.1,
GLUT2 mRNAHXfFiktt: 43751041 £ 59, 864 +
52, 3931+ 189, G6PasefIFGF-21 mRNAZ 4 [A] 2 5
Togeit2#E L (P >0.05; El4A, 4B) . GLUT2 mRNA
ik, NCD HHFDA Lg% (P>0.05) , {H
FIHFD-GBPAIAH L 25 S A it 7 L (1= 3.463,
P<0.05; t=4.185, P<0.05; [&4C) .

3 it it

W TR T I87 T2DM 35 7 1 15 2% 5L i 34
M, JHEXTHEREA HT2DMPY B E B3, R
JaER TR TR R, o d s3] 1B B GE
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Figure 1  Assessment of T2DM rat model
T2DM: type 2 diabetes mellitus; NCD: normal chow diet; HFD: high-fat diet; OGTT: oral glucose tolerance test; ITT: insulin tolerance test .Compared
with NCD,"P < 0.05
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Figure 2 FXR expression in liver tissue in three groups Figure 3 PEPCK expression in liver tissue in three groups
FXR: farnesoid X receptor; NCD: normal chow diet; HFD: high-fat PEPCK: phosphoenolpyruvate carboxykinase; NCD: normal chow diet;
diet; HFD-GBP: high-fat diet followed by gastric bypass. Compared HFD: high-fat diet; HFD-GBP: high-fat diet followed by gastric bypass.

with NCD, P < 0.01; compared with HFD, *P < 0.05 Compared with NCD, "P < 0.05
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Figure 4 G6Pase, FGF-21 and GLUT2 mRNA expression in
liver tissue in three groups
G6Pase: glucose-6-phosphatase; FGF-21: fibroblast growth factor-21;
GLUT2: glucose transporter 2; NCD: normal chow diet; HFD: high-fat
diet; HFD-GBP: high-fat diet followed by gastric bypass. Compared
with NCD, HFD, P < 0.05

Mingrone25BI7e B ML BEAIFSE R, #4601 £ 45 T2DM
(995 A NE ik RS B AL 3 N BHA YT 4 . GBPAL K JIH
JREERARA , WFRARIGT2DMZE R, 45 R 24Em
BHAITHZE R 2 00%, GBPLH M IR J%: i A 41 5% i
AR T5%H195%., SchauerZs T4 #r AL X G HF
7t 15001 14 T2DM I IE B /R, 2 o W RHA
J7 . WRHAYT+GBP KX N FHA YT +Hitk B IR AR 5 1
AR FNBAE I IMBEFE GO0, KBS T AR+ AN BHETT
BT RMAENGIT . AIOL, — 2 B[] N s e -
ARE LG T2DM . BRI T ARAEIR T HE R vh
PR R, HUE, DR T ARG R R VR AL
IRERE. FARAE S BEME . TR, B
AL, R HATHFSE B . Pournaras PI7E
MNAETNS Y BFsE 045 H GBP A 5 I T AH ¥ 2 7K - T+
=, TR B B R AR -1, Z2AKYY &R 57
W, HETTA SR T2DMERCR . RyanZE PPk B
VIBRANE /N BB o R B, AR5 /N B B = [
A IEES, PEER A IE T B K34, 8 i A P e

W T 228 . TurnbaughE Ol fE fpf /s B
(1 1 B A AR B JE B/ B, JE T /N BRI
B, 1 M GBPA G /N B RS Al A B A i E g T
(UGN OB ) BN s e o N BT U R A D=l
ERE . MR . W T8 AR b A5 £ v A
FH O E PRI

A2 @ 1L T T2DM - GBPAE L8 GBP X A
TR, 30 GBPAE VS A 5 £ 1 2355 i 7K -
TRV B, A AR SRR A R -t & AR A8 4k o FXRAES
NGRS E R R R . AT, IRV ER TS
FXR, AR RR R IR R 3244, ARt 53 & BLAR
THER—FXRI5 53 % 1T A A6 I T ARG Y70 PR h &
RS, ARBIE LI, GBPAE T M R
AR, RGPS P EXRAY R B BERE, 3
B EXRAE A & #4524 FH . PEPCKUR M A= P iy
Kbl , TEAEN A, MaZ MU B T R 1
FXR 38 42 30 i B 5 A= BR 3 i PEPCK (1) & ik, 1
Stayrook 25 M BF 57 & B FXRAE 18 1 B4 o A Ak W) 1
RSB W1 S2 AR il | PEPCK 21k . AWF5EW
HHRREW, SIEFARME, GBPJETEM B Y
[, JHHPEPCKAY IR, I, Al #fEETPEPCK
W GAREHCHERZ . GLUT22 A 7 4 B 5
MR, JE/F. BRSBANNE . /N %38 E ol 40 i f
A B R s A R 7 L IR RN BRI K
Zuker HE JR R R 9 A UMV 2 lobil PR s A L o
[ S BAN L GLUT2 [ Rk il /b . 71X BEAR Y Hp i 5 B
AR GLUT 2l 55 4 45 0 9T e 5 4 I
TREEDIHC . FATTHFT R GBP/E I T2DM K U
FIGLUT2 mRNAZ A FiE. (HGLUT2Z W& 5K
R, T . LR & B T2DM
HBF AT GBP A I T BR K T, i R
FGF-21L34 i, h it HERT A 5 FGR-21 %0 MM & 4%
A FIF

H T A S 56 57 A A 1 /D R 9 e i) e 2 TR R BR
i, WFEHMARA . B2, GBPE N A—FA T
WT2DMAF AT, HAEFHPUHMER TR LIRS,
WEBAERE PRI RTR YT 28 A T R 280k
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