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Roux-en-Y B3R ARXT 2 BIHE R % K R ATAE AQP9 BN
FRI EEME, R, F B B ESa Kk F (400016 T K , T JK P& BL 2 s 45— 5 bt 8 4R

(=] HMY W5 Roux-en-Y B 557 AR (Roux-en-Y gastric bypass, RYGB) X 2 B IR J% (type 2 diabetes mellitus ,
T2DM ) K FUIF /K 38 2 -9 (aquaporin9, AQP9 ) 3K iS40, #1483 RYGB ¥t T2DM iy dll. Jitk  SD KR
50 HHEBEHLE AL 40 Hdtny T2DM B8 4% T-HU)5 273 AR 4 (B 21, n = 10) BRI IR T AR (C H ,n =
10) MERIEFARLAL(D 4,0 =10), 55 10 HREAERIEER A (A 4) . KA HRKBEARTFAE 5.10.15.20 d 2515
Ifil 4 (fasting blood glucose, FBG) | IMLiE R % 2 AR & 1A 2 FEIR-1 (glucagon-like peptide-1, GLP-1) 7K, FARJG 20 d 4b
FEALH KB, 73 3 FH S 9GS 4N Western blot R JFELHZR AQPY (A TEAL . &5 D AHKEARIE 5 d 25 Ak
ARAT(23.4 +1.6) mmol/L [ % (8.7 £0.8) mmol/L, A J5 20 d 25 i M4~ (7.8 0. 8) mmol/L; AR J5 25 i il 55 K AR TG
BETA(P>0.05) ;K55 d &SR I GLP-1 AR (7.7 £0.3) pmol/L F+ E (16.8 £0.9) pmol/L, R J5 20 d 5(20.3 =
0.7) pmol/L; RJ5 20 d,D £ K FUIFIELH L AQPY [AHXS F2ik 5 (0. 21 £0.02) B AR T B.C [ /3724 (0.54 £0. 11) |
(0.58£0.09),P<0.05], &5& RYGB [ g FEAR T2DM K EUIFIIEH AQPY A1k , RIS IS i H

[RgIRA] BHHERA; Roux-en-Y ;2 BUEIRI ; K EH -9 ; 25 I M4

[FhEESZES] R363; R587.1; R656.61 [ XEARERS] A

Effects of Roux-en-Y gastric bypass on level of aquaporin-9 in type 2 diabetes rats

Meng Changyuan, Chen Zhixiong, Guan Wenfei, Mu Song, Luo Zan, Wang Zhihong, Zhang Jun ( Department of Gastroin-
testinal Surgery, First Affiliated Hospital, Chongqing Medical University, Chongqing,400016,China)

[ Abstract | Objective To investigate the effects of Roux-en-Y gastric bypass (RYGB) on aquaporin-9
(AQP9) expression in the liver of rats with type 2 diabetes mellitus (T2DM) , and to explore the mechanism for
RYGB ameliorating T2DM. Methods  Forty SD rats randomly chosen from 50 were divided into three groups:
diabetes group (group B, n =10), diabetes sham operation group (group C, n =10), and diabetes operation
group (group D, n =10). The left 10 rats were used as normal control group (group A). The levels of fasting
blood glucose (FBG) , insulin and glucagon-like peptide 1 (GLP-1) were measured before operation and at 5,
10, 15 and 20 d after operation. All the rats were sacrificed at 20 d after operation and the expression of AQP9
in rat livers was determined by immunofluorescence assay and Western blotting. Results  As for the group D,
the level of FBG decreased from (23.4 +1.6) mmol/L ( before operation) to (8.7 +0.8) mmol/L and
(7.8 +0.8) mmol/L at 5 d and 20 d after operation, respectively. The level of fasting insulin did not change
significantly. The level of fasting GLP-1 increased from (7.7 £0.3) pmol/L ( before operation) to (16.8 +
0.9) pmol/L and (20.3 £0.7) pmol/L at 5 d and 20 d after operation, respectively. The relative expression
level of AQP9 was significantly lower in the group D (0.21 £0.02) than in the group B (0.54 £0.11) and
group C (0.58 +0.09) after operation (P <0.05). Conclusion  RYGB can significantly reduce the levels
of FBG and AQP9 expression in the liver of rats with T2DM.

[ Key words | gastric bypass; Roux-en-Y; type 2 diabetes mellitus; aquaporin-9; fasting blood glucose
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2 BUMEPR IR (type 2 diabetes mellitus, T2DM ) [1t] B
o RAE 2 R N SRRk BT H Ak ekt
R H 5 )RR A T T, M R E R
Roux-en-Y B ¥4 R ( Roux-en-Y gastric bypass, RYGB)
1E2h T2DM & 36T T Bez —, 42k 52 2 E M 4
WP TS R I T WA R SR YT T2DM A 3L
FB AR 0 S A, AR B, K
TEH -9 (aquaporin-9, AQP9 ) X H- ity A1 4 45 4K
WEAREZEMEN, 5 T2DM XRHY] . AT X
1o R RN B B JIR A7 TR 3R (streptozotocin, STZ) i
Y 2 BOBE PR B K BT RYGB, WL TR 5 4%
20 K A5 i IR (fasting blood glucose, FBG) | fifi 5 2 |
i v 1A 2% AE K ( glucagon-like peptide 1, GLP-1) KT
JIE AQPO 1784k, #R1:F RYGB REAIK Lb% 19 7] REL ], &
TR PRIV RYGB 574 R S AL FS A A

1 HSHE®

1.1 =&44

STZ W T 3¢ [ Sigma 2 ), JBE 5 % G I 5 5 % B
(ELISA ) 12077 £ .GLP-1 ELISA 351 & 1 F 3¢ [E R&D A ], fe
PUR R p- MR EE F B T Ol (forkhead transcription factor O1,
FoxOl) i K p-AKT S i K AQP9 Hi{A& Il F Santa Cruz
ST AEBU S-P ZHURAF & DAB B AR TR A &N EY
23w HRP AR —Hi (Bife) bt GAPDH Il FRILEAY A,
FITC #5id 944 1eG W) T Santa Cruz /A H], % 4 5l Rl 4
S (FEE D RAR]) , ARG S i 28 =2 R K2R
FEEE BE BT R AMEHIT ST BT (5 LR P9 430 B S B 2 4R AL
1.2 T2DM K SR # 5 % KIesh #5440

10 i) i fit R A SD R ER 50 H (28 = ZE = K2 B AR
I PT RITE B L g s o 3R AR ) AR BT (170 £10) g, Se ik
TGN PEMRESE 1 Ja e L5 R FK K, 12 h BB 6
MRUER 25 C A HHXHREE 50% ~60%

HES7 T2DM K B S5 BB ik eI 40 R BT
VAR BRI (% 67% # #LAREL, 10% Bl iBg ,20% 1%, 2% 1
[T, 1% AR RRRREN) iS5 2 JE ), T2 IR 45 1 R i 13 55 STZ
(35 mg/kg) . FilbERaE 2 F)a, Las 8 1B = 16. 7 mmol/L
N EBN ), D EBNE IR R B 35 H, i LA 7k
EI 13 HAT RYGB, RJG7AE 10 RAEBRIE FARA (D 41)
HC12 BATRTF AR, FARBIE 10 BAE IR R T A A
(C4) ;R 10 R RMAL(B 41) . 5 10 HARREHE SD K
FAERIE R X BRI (A 41) .

1.3 F Rk

RYGB J5 ik ™ : RIS 14 h, B84k 4 b, 5 56ULE VT AR
BLFE S ANLERE AR, A ERE E F 37 CHEEFAR G, & K40
SR TANE, T EEHBIET YA 2 ~3 em, 4F &5
T 198 A5 35 AR O DA B A B 138, 2 5 S B ) T S
Wi AR B DV B AR s (o) S O (B A )
Wit o SRJG T Treitz FA NilfE 8 om ZbEWT2s I, 83 5 £ 8 i

TTUSRI A, W) A A R 12 em A0 B B — 8] 11 5 Treitz
P 7 8 em Kb BT AS (A3 A ORI £ o DA B
FH 6-0 22458 1, FLERAE I 72 Hp (] 778 8 A B R /K AR 2% 8
PV, AT K b VeI I 40 LB E . R, B
KREFERES, a9 A Rk 2 d, mIEERE 1 dZ)Ei
WERNE R, i hl A e S BT A B B R
AR B W AL B R A A, FEERE SRR R 8
FHEHERA.
1.4 3847

FARHETS5 d FIARJE 5.10.15.20 d #5045 5564 FBG LG
JB 5 2R GLP-1 (7K -, K B BB J5 A5 0 JIFAE AQP9 %5 43111
FikIKF-o
1.4.1 FBG  HAIKEIEEE 14 h, RBERIEFRS 4 sl
R4 [ 0 ESGRAE I 00 5E FBG /K-,
1.4.2 JEBZEMGLP-1 K4 KFEEEE 14 h, KrREERAE
0.5 mL, 23 B S RAE T - 80 °C . #gJHi)S 2 M GLP-1 ELISA iR
FR G UE HH A5 0 5 5 5 R AN GLP-1 F i
1.4.3  Spe oot e R K BUFAE AQPY fY ik VN
20 d, A FEAS L KRR, BUFFIFZH Y, KA AL R A B, 10 pm 3
LEPKEY) A, 10% SO %2 1 h,5% BSA £ 30 min,4 C
IEE PR B AQPO(1:100) 534% , PBS ik 3 W, i il FITC 43
LY HL R 186,37 CHEE 1 h, HihE G, 8 & 58 B is
(TE2000U, H A< Nikon 4 F]) 858 F4A A o
1.4.4 Western blot Jll .8 K BUFE AQP9  p-AKT ,p-FoxO1 & &

ARG 20 d, A BB LR R, PIBUHBE AL 2, #3570 £ i A 5
IR A E . BARIUS IE1T SDS-PAGE Lk FE 5
A4 CHEE Bt R B AQPI(1:1 000) ,p-FoxO1 (1: 1 000) |
p-AKT(1: 1 000) 5% , VS i HRP FRic E4i e — 51,37 C
W 1 h, PRI 3 WG B S . SR Quantity One {43145
Al KA
1.5 %it¥sk

SR SPSS 17.0 G [ #1441 FERE DA & s 37, P4 (]
FUHAT ¢ K3, 24 fa) LA T 9 R R O 2240 M. R GraphPad
Prism 5 & o

2 HR

2.1 &4 KR FBG #&ml 4

D 41K A 1 FBG B BAKF AR AT (P <0.05) ;fIK F[7] 13
CAIR B AL (P<0.05), #&/5 H % i AR X T2DM #5551 K Bl
FBG /K VA B S B 1E . 1 C 4K R JG FBG 5 AR R &
B ML, ZRILGIHHEL(P>0.05,% 1),

F1 ZBHAXKBAREEARBAREE FBG ZE (mmol/L,n =10, x £5)
205 N} 5d 10 d 15 d 20 d
A4l 4.9%0.3 52204 51x0.3 56203 5.8x0.3
B4l 23.6+1.8 24.3+1.1 24.1+2.0 24.6+1.5 23.6x1.8
C4l 23.0+1.9 20.5+3.8 24.0+2.2 23.9x1.5 23.5x1.6
D4l 23.4+1.6  8.7+0.8" 9.5+0.9%c 9.1£0.93bc 7 8+0. 8gabe

a:P<0.05,5 K#74;b: P <0.05,%5 B k% ;c: P <0.05,%5
C 4rbdx
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2.2 BAKRAEMbF M S E GLP-1 ¢9m

B.C.D 4K FUR AR ISk 2164 STZ Har T2DM B, i
TR B R, BOPLS ZOKF4 A B FFE. C 4L D 4
R BRAR S 25 M L 375 M 5 RO BT TE I S, 25 R RS i
(P >0.05) ; HAREET B4, C.D 458 Zus G T (1%
BTG (P >0.05) ;C D 2L 5 2K T4 Ho ki, 2%
SN SL(P>0.05, %6 2) o $27% B 5 ARG IR K
BRUMLI B 28K -6 B S . D KBRS 5 d FF A28 I i
I GLP-1 BRI BT (P <0.05) , FLEEA 5 I 7] 4E 1 7 # k
SR TE K, HILE T B.C 41(P <0.05,%3),

F2 ZAXRRERABRENESELEESETK
(mU/L, n=10, x £5)

415 Nl 54d 10 d 15d 20d

A4 3.73+0.45 3.57£0.59 3.63+0.78 3.45+0.49 3.53+0.49
B4l 2.41£0.58 2.36£0.77 2.37£0.47 2.36+0.55 2.380.67
C4  2.4920.49 2.5920.67 2.40+0.49 2.51+0.59 2.55£0.58
D4l 2.54+0.58 2.61 £0.66 2.59 £0.58 2.67 +0.48 2.68+0.53

#3 BHAARABEARSAEREZEMLFE GLP-1 T
(pmol/L, n=10, x £s)
201 AR 5d 104d 15d 20 d

A4l 18.0+£0.2 19.0+0.3 19.5+0.7 20.8+1.2 19.3 0.6
B4 7.7+0.3 5.9+0.7 6.1+4.8 6.8 +4.9 5.1+0.5
CH 7.7+0.3 8.0+0.4 6.9+0.4 7.5+0.3 6.8 +0.4

16.8 £0.9%¢  18.5+0.4¢ 19,3 +0.6%¢ 20.3 £0.7%¢
a:P<0.05,5 KaTHt4;b:P<0.05,5 B ZA1b45;c: P <0.05,5 C
FiiR e

2.3 SRR EANEEK I T AQPY # KA

TN ML o, AQP9 = B2 33K T JH 440 fifd it
R, AT, 5 B.C 4lteds, D 41K RUHME/NT s AQP9
PR B, 5 A iR (E 1) .

D 41 7.7+0.3

A EF AL B AR R ; C b R BT R4 D 48 s F R
1 HAXRIFEH AQPY REEL LB
(R B AAEE, AR R 25 um)

2.4  Western blot #& | X & AT iz AQP9 | p-AKT #=
p-FoxO1 &% & &%
D HREAJG 20 d IFAEHZUH AQPY HXF kN 0.21 +

0.02,B B2 {K T B.C4(0.54 +0.11.0.58 +0.09,P <0.05),
D HRFARE 20 d FFIEAHZ H p-FoxO1 AT FRIAE N 0. 56 +
0.12, B8 7F B.C 41(0.20 +0.03.,0.24 £0.09,P <0.05),
D HKREASE 20 d JHAEZH S p-AKT M 3R 35574 0. 58 +
0. 14,8 5F B.C 41(0.21 £0.05.,0.24 +0.07,P <0.05,[& 2) .
1 2 3 4
AQPI(33X107) > S s — —
GAPDH(37x10°)— s s S S——
pFox01(80x10°)—
GAPDH(37x10*)—|
P-AKT(62x10°)— Smmm— s S —
GAPDH(37x10°)— < e S S——
1 B A B2 4 SRR 453 A SRR R T R4 34 8 ok 5 R

&2 Western blot #&il| &40 X R AFAE A 25 & AQP9 . p-FoxO1 #1
p-AKT HjFix

3 i

HHT T2DM A& 9 2y, A E gk 2 & 4 9 200
Tt I I e 22, BOUE B R . T2DM N B
W7 IRE AR AR 18 Sz A& o ARt T — oA
BT B, (AT 203550 15 @ ok AT RE. RYGB &
H R ol P AR R 07 307 REA AL T2DM
FEE I IR (E LR BL ] R 58 4 B B . ASHIF 9 3 2t
57 T2DM K BRI IE1T RYGB, 453+ H vl B 1 B b
BL L 45 R R 72X T2DM £ 7 K 4T RYGB J5
FBG 76 5 d JGBOARATHI 2 TR, SHEAEm " —5 .

FBG 35 )& T2DM ) — > e 55 2 (W R AiE , HL30
TR TR S0 it RO S A 38 i 25 1 LS B
SEA BRI BRSO A LR L H I A A b
RIEEIRE . HNG U sh P 7E 25 I 90% 1 I 4 765 1 1)
FEASRIE T i A 50% TR A G AR
EHM . i AQPY HIA A S AE T AN b A R R 1
I, 7 F 400 T bk i . AQP9 fE I £
WEHEA FOR, EIF I R E Y L AQPY 5 FIE H
TRV 3 VA O , I HAEE R & A RSB i
KHEF BN AQPY PR B XoF T4 45 W i 4 1)
SRR BEUESE T 7E A0 AL SRR AQP9 A& A HoAth
T I DA H I BB, ELIESE T AQPY S 4
AR HCH Dl AT B S 1 B L AR s
SRS, 7E I3 5 Z8 7K ST R A G ALk R e Ok A v
5T IO PRI LA SAE A R 5 RHSHT AL B (db/db )
ANELHR JTFIE AQPO iy e ik i T AR sz, oK
SUHIE AQP9 1) Western blot F14a %5 % Yo e o, 45 5 g
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7N, LR PR 2H LW 5 T IR R B TR
P FIE AQPY 11 5 i B A T Ml T AR 4 A IR i
A, T IR O R SRR HEE T AQPY 1Y 5 8k
FIRE S T2DM R B RYGB Ji5 25 I s 09 (A 2%
VIR AR

W52 R B, FoxO1 5 AQP9 I . FoxOl1 &
SRS IS G T A H W 37, IR AT LA
ORI AR S B A o I AR R R
it P AR S A, S AP o o A% FoxO1 FY U
/bl L) 5| 4 75 -6 -1 2 i ( glucose-6-phosphatase,
G-6-Pase ) B IR Jis 15t 2 AT ] 7% 2 93 88 ( phosphoenol-
pyruvate carboxykinase , PEPCK ) 2 K] &3k iy /b, MM
WS B B AR S M I . FoxO1 A L gl Je i
RZRT U AKT B R me Ak i 7 2 A 2 1
Mo BB RBRZ I, FoxO1 5 A7 T4, 15 R Sz U
T4 5 B R RV e (TRE ) 3 50 v B 4n
G-6-Pase Fl PEPCK J& 3l 5~ B 15 1 5 JBR &% 2R AF 7E 1, i
IS PIBK-AKT {5555 Sl Bl FoxO1 5% 5% 5 1k
R AT Hy A0 A B 7% 380 40 5 2 260 P, DA T 490 i)
SeAE L (5 3 . FoxO1 g 574, 134 G-6-
Pase fil PEPCK [ 23k , ¥ A] LI T AQPY fy 351,
1t FoxO1 3o IR FE /N Bl rhr 3 2o B PRES 40
MRS R AQPO 5l 5 AE AHOCHY G-6-Pase Fil
PEPCK %3k 3% 5%, JE B WF 90 IR S5 1R 55 R & i 5
FoxO1 25447 [ (G/C) (T/A) AAA (C/T) AATHEH
VLA (GAAAACAA) R4 81 4 AQP9 fy ik,
$278 AQP9 FIREJE FoxO1 4T By BE PR 3k i B e it
PR AT , I 22 AT UE A PIBK/AKT 5558
P& S FoxO1 %% 5 PR (1 28 )L T H X PEPCK | G-6-
Pase FEPN 42 @A SEBURTFIE AQPO [ZRIKTH 17, A
S Western blot K45 2R 7R, AR5 20 d, ARLAK
BUTFIEZE 2Lt A TE PR p-AKT & & i iE# 41, 8
OB RS L2 AR T AR A B A T, p-FoxO1 &
AL p-AKT FEA—E, HAR S L5 B 5 R A&
BN EIHEASEAR TR o FANT75 R A A H A
EYRETEY S TR S RN AQPY HYITT, A
ISR IMFARAK ARG MG GLP-1 K P HA T &
ThiE . AHGE GLP-1 FERIHZ RS , fe i R B A K
T34 (epidermal growth factor receptor, EGFR) fi{] )z =
BERR AL , SR 5 W PI3K-AKT ji B , fiff FoxO1 RR LI
MNANRIAZRS i A ) o ph T B2 A S
JEHRE ) 2R Z AR 2 (TRS-2) A F (45 5 8 s AT
DAREAR FoxO1 3 1, 1fif GLP-1 0] DA 2 5 5| 3% 4% 38

#% ik GLP-1 o m] LI ] FoxO1, H HijX; GLP-1 (1) fff
SR RS, Gy B ¥ mAR G+ 18 Ak
Ui s P T (B i Rk A v s W (i B o
Ay IR N TEPE B 0 GLP-1 YY K& hn, 2 5 T %
R B VR FH o AR 52 56 245 SR 412 7 — Fop 19 vT g 2
GLP-1 Z: 5] RYGB &A1l /R AR B W bR R BIL A
g BT iR, A S5 & B RYGB e % U] W [ 1%
T2DM FEBRIR B AQPO 1) 3K, X AR J5 23 1 Ifit.
Ay 51K AT R R B B B4R R, LS R AR T RE 2
RYGB J&5 & BEHR AT HEA 2 151 7 , fil38/ N 43 6 GLP-1,
GLP-1 3@ 52— FR A SO AR T 5 19 5 AR [0 T i
53 i PIBK-AKT, {f AKT @ iR £ i2F i {51 i 10k 248 i v
FoxO1 84 % 16 - £h 20 M A2 1) 40 B ot 4% 7%, 4K I 410 ol
AQPY ik, M1 T WMEEH a4 M (&8 F ARG
20 d) ,RYGB JGFHEH AQPY 1)K 1484k & HAE A
frtE— 20 . 25 R AR AN ] B R S A e A
TR, AQPY FE ARV A it — 2 W .
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