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Abstract

AIM: To observe the effects of a new biliopan-
creatic diversion (NBPD) surgery and duodenal-
jejunal bypass (DJB) surgery on plasm glucose
and lipids in Goto-Kakizaki (GK) rats and in-
vestigate the possibility of surgical treatment of
diabetes.

METHODS: Thirty rats were randomly and
equally divided into a sham operation group, a
NBPD group or a DJB group. The NBPD group
and the DJB group underwent NBPD and DJB,
respectively, and the sham operation group
underwent a sham operation. Body weight, ran-
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dom plasma glucose, OGTT and blood lipids
were measured before and after surgery.

RESULTS: One week after surgery, random plas-
ma glucose levels decreased from 17.088 mmol/L
+ 3.708 mmol/L to 9.200 mmol/L + 1.000 mmol/
L in the NBPD group and from 17.180 mmol/L £
3.383 mmol/L to 9.620 mmol/L + 0.794 mmol/L
in the DJB group, respectively, and both were
significantly lower than those in the sham opera-
tion group. Four weeks postoperatively, fasting
cholesterol decreased from 3.220 mmol/L + 0.185
mmol/L to 3.100 mmol/L % 0.424 mmol/L in
the DJB group and from 3.100 mmol/L + 0.424
mmol/L to 2.550 mmol/L £ 0.691 mmol/L in the
NBPD group.

CONCLUSION: DJB and NBPD decrease plasma
glucose and lipids in GK rats possibly via mecha-
nisms associated with diversion of biliopancreatic
juice that results in incomplete food digestion and
absorption and improves lipid metabolism and
plasma glucose.

© 2014 Baishideng Publishing Group Co., Limited. All
rights reserved.
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#E(random plasma glucose). = M fn¥E(fasting
plasma glucose, FPG). i fig &k 5 & K-

#£R: RE1 wk, NBPD4L, DIB4L K S REAL
A HE 451 M 17.088 mmol/L+3.708 mmol/L.

17.180 mmol/L£3.383 mmol/L% £9.200
mmol/L£1.000 mmol/L. 9.620 mmol/L +
0.794 mmol/L, ¥ 2K TR F R4, 27
A it 5 & L (P<0.05); K54 wk, DIBZL.

NBPDZ8 % i A= ] 85 4] AA3.220 mmol/L+
0.185 mmol/L#=3.200 mmol/L£0.278 mmol/L
% 23.100 mmol/L+0.424 mmol/L#=22.550
mmol/L40.691 mmol/L, £ 4 %43t 5 & L.

££i8: DIBANBPDAR X T ABAKGK K &
. dfig, LR BT AR ARG IR R 6 A
PR R R HBR R A, HET
R X, 3 fn AR fe b
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H 5% 4% F K (roux-en-Y gastric bypass, RYGB)AJ
PAVRYT 28008 PR, X D843 31 1 [ bl R s 1k
WL SEERE R P i A Tt SR T ELAT (A A
45 RIFARefi R AL
PEFRATTAE AT A 7T b R, AN jb A &
AR AR, CHER B 5 IR R R &
(AN TR S A7 TR A T LAE 3% GK (G oto-K akizaki)
R BRI R 2 B A v (1 e
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TN ANEFFRA G, 8 AR 32 2R & ]
AT IR B R e BT A RAT T BT 3 — 2R, o6
GKK FRUAT X R AH B i R (new biliopancreatic
diversion, NBPD) A+ 48 /%5 A (duodenal-
jejunal bypass, DIB), M&¢TAR R 5 A B LEE
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1.1 ## 108 8 GKAR3I0H, LifEllrsg
LR E YA R A A AR, LR B YIRS
[SCXK(7")2007-0005]. 4 i #290-320 g, T
I T A @R R E LW s W b0 B R
g5, KRB S E(insulin)ELTS AR 1 & (36 [H
Alpcoa ). KEmHIE Ik (gastric inhibitory
polypeptide, GIP)ELISAH & (FDRGA
), KRB S OB FEIR-1(glucagon-like pep-
tide-1, GLP-1)ELIS A & (4= FDRGA A]),
TR (A R R K 2 B B S B DR T )
Fefit).

12 7%

1.2.1 528 Zh) Atk K, WSl i vkl
R20-25 g. 2 wkJa, BEHL5r AHDIBT- R4, NBPD
FARAL ARFARA, 4110 4.

1.2.2 FK: F4UKRBAELR2 whkiRi 17 TR, K
B AR e, AR A LU BRI DIBT-
KA, THATT 0.5 ek VIWr -+ 481, ik
M; 7ERE Treitz )47 10 codb PIWT =5 g, 3265 25 1
S+ T ARmiicnsn ) &, L e Tre-
itz )17 LAIZE20 emid 5 2= g iom ) &5, NBPD
FARA, FEMRII G S T 50,5 cm b
Wit 48, wumd Al IS AEEE0.5 cm
Gy 1Y T 1= 70 5 1 R =177 B v
felawntr, JERIRIAIA A cmB i 5 i Treitz
P20 emAb A E AT 5, TR, 7Eds
[TF0.5 emib VI —F5 M 5 A7 4 7

1.2.3 A2l 2 AR HT LA o R A,
ARETT wkEAR G512 wkE 4R RIS AT, &
P R IR

1.2.4 Mg b 2 2 TS ) 2 — gk i
PO BOK BB F KL, MEARAT wk AR
J5i 12 wkZE 012 hJ i = 25 116 6.

1.2.5 REALm R 2 A8 2 IS ) 23— X
S BOK BB F K, MR wk kAR
JEE 12 8RR AR TN .

1.2.6 dfigAeal: 4350 T ARHR2 wk XRG4 wkk
MAEE12 hWEilREME. RuT1 wkARJG12 wk
IEFAEIRAET, B SR bR, A 4 S 3,
B s, IR AR R R A —
Bg A 56 RS DU 0575 e = e RS S S
iR & £
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® 1 BERBRFAREFRERTEIFEZW (mean + SD)

DJBLA NBPD4H BRFAA
Ei=( o RBIT wk ARE12 wk AREIN wk RiF12 wk AREI wk ARE12 wk
{APR&E(g) 319.820+12.508 326.375+8.105 301.310+22.097 366.356 + 19.553% 315.120+ 13.064 373.371 + 19.678™
=EMMME  6.790+0.693 6.842+0.489 6.950+0.474 6.400 + 1.058 6.550 + 0.481 6.550+ 1.109
(mmol/L)

°P<0.05 vs RBI; P<0.05 vs DJBZH. NBPD: NRIBIRIE A, DJB: +_I5facER.

xR 2 BEABRFARISHANIMEE (mean £ SD, mmol/L)

RiE1 wk

ARE12 wk

ARBI wk
DJBZH 17.088 £3.708
NBPDH 17.180 +3.383
BFARAE 16.771 +1.660

9.200 + 1.000*
9.620 + 0.794*
14.471 +2.531

11.763 + 1.586™
13.211£2.312*
17.500 + 1.860

P<0.05 vs ARHI; °P<0.05 vs BRFARLA. NBPD: NRIBEERA; DIB: +_i5mi0aER.

* 3 BERBFARGZIEMASEIE(Y (mean + SD)

B DJB4H NBPD£E BFARA

tr ARbiowk  REdwk  Rflowk  REdwk  RAl2wk  RS4wk

ABEES (mmol/L) 3.220 + 2.450 + 3.200 + 2.550 + 3.415 + 3.125 +
0.185 0.424% 0.278 0.691% 0.291 0.267

EB=E8(mmol/L) 0.660 + 1.569 + 0.737 + 1.329 0.792 + 0.754 +
0.049 0.612* 0.200 0.716™ 0.077 0.236

s =) 630.000+ 670.333+ 762.167+ 697.667+ 627.052+ 994.667 +

FA(Eq/L) 66.216 129.421°  214.440 103.774° 371.840  257.817

P<0.05 vs ARHI; %P<0.05 vs B AA. NBPD: NEBERERA; DIB: + _igHmiuaEAk.

1.2.7 f e fk B0 m 3 RiT2 wk i ARG6 wk,
A2 E512 hjm, HEHKEUL, 3000 r/minfE4 C &0
10 min, 43 &5 IR ORAFAE-80 “C UKAR Hh A5l
S WA K R B 2R
1.2.8 32 GIP. GLP-149M%: AHijl wkiARJG
10 wk, FEZEERA T, HEFRBKIEML, 3000 t/min
7E4 “CESL10 min, 735 )5 I ML R A7 7E-80 C
URAE AR . A R SR G TP 1 S K B
GLP- 13k 71 £

Bt Ab 3R FISPSS17.08 AT Ge it 240 #T,
¥ Limean+ SDE /R, P<0.054 2% A7 i il 2

2 ER
KJG12 wk, 54K RICHET .
2.1 B RJE12 wk, T AR41. NBPD4L K i
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R SR L, ¥AERZ, HiYS TDIBA,
DIBZH K U4 i 5 R HITAH LG B W 2 (3R ).
22 EM b RJT12 wk, 34K RS I B 5 R
RN H 22 GG v 27 3 X, 34 IAAH B L3R 22 5l
Tgeit L ERD.

2.3 AL RJE1 wk, DIB4IFINBPDZ] K i
(1 BE ML RS B AR T T R4, 20 H geil 2
B Y. RJF12 wk, DIB41 5NBPDZLK f LI
BEUHIE TIFRA, ZaE g8 L TR
YT AT BB 22 B TEgei 24 M(E2).
24 FMARE B K54 wk, DIB4 5NBPDZ K
B 2 2L [ 1 5 A I M BL B ARG, 25 30 e vt
B BT ARG KR 2 I R ] e R i S 2
TGl L (ER3).

2.5 ZH W =8 AJ54 wk, DIB415NBPD4]
KA =R S RETAH L BT, Z0H 4

Wi £ E

B % RKiET2
A ¥ Ik € 4T B
£ B R/ A
#93A 7T, Madeleine
Speck#y L F 35 ik
BB ARG btk
e B 64 5 B T Ak
L5GLP-19t & A %.
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DJBLR NBPD4R BRFARE
e
B Relwk  ARB12wk  RBElwk  RE12wk  RElwk  AB12wk
BEBZ(mmol/L) 2.960 + 1.808 = 3.045 + 2.242 + 3.077 = 2.797 +
0.546 0.274% 0.450 0.249* 0.406 0.199
BB =fs(mmol/L) 1.335+ 0.692 + 1.268 + 0.548 + 1412 + 1.135+
0.512 0.151% 0.472 0.105% 0.548 0.594
i =ta) 221.000+ 233.167+ 224500+  225.000 + 253.833 + 279.000 +
FR(Eq/L) 29.766 70.652 54.265 72.807 55.683 92.326

°P<0.05 vs ARAI; °P<0.05 vs BFALE. NBPD: NEIERERA; DJB: + _iSimovanR.

DR ARHiI2 wk Rig6 wk

DJBZH 0.372 £0.023 0.542 + 0.055°
NBPDZR 0.375+0.023 0.476 + 0.068°
BFARAE 0.390 + 0.050 0.724 +0.192°

°P<0.05 vs RFi; °P<0.05 vs EBRFAZE. NBPD: NREBRER
A; DJB: +_igfoER.

T2 R S R ARG B I il = e T AR
Ja ZE ISRV 2E R (R 3).

2.6 EMLHB R ER KJ54 wk, DIB415NBPD
K BRIV U 9 0 I PR 5 R T R 2 AH LRI,
2 et 2 S T AR ALK BRI i 2
U R T AT I 220 o v 2 78 (3K 3).

2.7 UG R B B2 RJ512 wk, DIBZLS5NBPDZ K
Bl 2 I [T 1 Ok 55 B T AR 2 A B R AR, 22 0l AT
IR S a4 N 9 = [EN ] S B N T
Ja ZE RIS 2 E i (R 4).

2.8 BJsHid =8 KJ512 wk, DIB4 5NBPD4]
B JaH I =l S R T R LLBRAG, Z5H 4%
TR G BFARA KRR FAR R G =
Bis 22 I GE v 24 7 (R 4).

2.9 B BB ARJF12 wk, 341K & 5T
BRI BRI AT A EL, ZE 5 G2 X (#Ke4).
2.10 S 3 M B E AJH6 wk, DIB415NBPDA K
el 2 I R 5 BRI TR TR AL, =l ge it
ES-S SR CEY N N A AR 5SS N
AHECTE i, 2200 GE v 24 1 L (ERS).

2.11 EEALGIP. GLP-1 RJ510 wk, T AR K
BENLGIPELARTAHLL, ZERI T4 245 X ; DIBF
AR JNBPDALK L BEHLGIPECA I T, 25
B X BT ARA SDIBA K GLP-14;
ARHTHH LB, 2200 et 2% % X NBPD4LK
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MGLP-1ARFTAH L, Z= 3R 4t vh27 s (K1,
K12).

3 171E

AR, RY GBAFRUIE T A0 77 2 B85 IR0 11 3%
S UK IR PR B Bt S 0 U 5, AR e
MU H A1 1 G B 1.

FATHEHT A SE B CUF 5L T AU I B i AS
oA T A 2R R AR R B 50 G KOK B P i i
ARSI 6T GROK FURST M ) I B 1 45 SR s, RS
wk NBPDZH A DIBZH K Fsl it AL 104 ] il AL, (]
FEUESE T AN BRI e gk R 88 50 GKOK BRUIR
BEATL M

200 R A R NRARU e, AR
W N W PR B LI RCRE 1) iR o B AR B A
DIBHINBPDA A NH AR 0, JH B
BT A, X R R B IR
THAIE, A R AR S ] B 31 .

IR ] (g S o 1 R T RE U, L A
WC 252 MEL R 11 35 1 A A A 2 6 e I A )
% 7, DIBZLAINBPDA A =, 4516 M 4 I
1L 775 AF Jo] B AR T AR, I B A TR T R A
AT B8 H A IH R It e e T 4 s R
] P 14 R WAL, A 031 JE ] P PR LA 20>, 47 A 1 JIEL
[i] FE 7 S A AH Y b B, A Y ) S RS TR IR
] i 7P .

W S (free fatty acid, FFA)/& MG (1)
FEL Gy, A5 20 R 1 R A R S B VAR,
IR W2 AR s B IR FFA PR R AL s 55,
BT FFAX JBE 5 4 A7 25 5 AR, JF o3 n g5
FALPL, P ARF FAR B DA A & iRy 7 2 800
PRI [ — A B, S RE T, FFAHTGAM i
PR, R RS SR, A Gtk Re &
BT HIHE, FEAZ b, BRI I FFA I 52 0
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120.0000 mpSPHEl 4.0000 | OXTHEZH W@ 5340
O NBPD O NBPD AL ETHAR
100.0000 + mDJB EDB ES- N IS -S
~  3.0000F+ R A A, ik
~ 80.0000 |- = KT .
E = IEN R &
2 60.0000 | S 0000k DR AR B2
= T ke i, A&

G 40.0000 | o} BHEEL

1.0000
20.0000 -
0.0000 1 ﬁ 0.0000

ARET1 wk RJGE10 wk

1 FAEISHENGIPELE. GIP: HIEJk; NBPD: iR
HEEEFEFA; DIB: + —F8pMoEA.

TS, RS0 45 B EOR, RJ54 wk, DIB4L
MINBPDA = FFAKV- /N TR TFARH. XATfig
STGoH fif /> M FFATESAIE I 5%, TG
I3 /D K FF AT IS A 38 0 #4055 16 B 38 Uk
AR

TGH JifF N —Fhaedsfiti %, IR Xk 53
fitZ S itRe, [FIRE 2 S R 1 R bR, A
SIS EE R G OR, RJF6 wkits, DIBZLAINBPD4]
G TG AT A, I8 SN TR, HP
Yz M G2 5. X T RS i T IR S e A
VE R i ) sk R S 4 i, 51T IS A=)
(FFA+H 1 = IR Bk b, i S 3R 5 TGE
FAHAFFIR . D IBALTE PR 4 S5 T G 7 1 I
AMEFNBPDA, A4 LB IE & Al feAs i
PR IS TG R B 25, 1M R R i A A
DGR BRI, A AR 2, AR 45 L NPBD
4 K DIBALK WA G ET G & TR T
KA, He TEBTGAKT. X BATHEN 7T fg
St T ARG B B 22 U 0, S T G A3 i ok
/b S FEAFFERAL IS I, AT 3 B0 I T GIKF
VARGE

M2, DIB4IHINBPDZIA G, %5 FFA. 4
J& TG B NAE B AR BEA, AR 250 T e f 21 ok
2, DN AL T 5 R, e 5 35 R AUk
JI 5 2 U i m T DAl D RS N TG il
"ERFFA, B AU FFA SCRT LSS 5 B 5 41 i
(AT, AT e JB B 22 (R OB, TR R —F R
PR IR, g % 22 A U (R 18 58, iT LA
PP ROBE R A, ki mT LRI Y. Rk, RYGB
SEPRNEA G, R B e 7 0] e A A2 IR PRI
Py DG, JLATL AT Al A MR 1 7 it 3 i 40)
JEILR MRS AR 52 4%, o35 T IRAR I,
BEAR T IR
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ARHI1 wk RIG10 wk

2 FARRIGHENIGLP-1ZLE. NBPD: MR IHBEEA;
DJB: +—F8IHMGEA; GLP—1: B Mk k—1.

IAh, RS 45 R W RDIBAL XNBPD4
KA, BEGIP/K VTS, DIB4LKRA G
GLP-1/K PRI, 3% 5Speck& MBS AR, H
T 22 $2 o N I GIPRENS (R % 2503k, {5
BTG R WIX — ThHe 2 () i 5 Ealisg .
MGTPREM N H Y HE X — T Bk 2 BN 20,
AT, IR K U A ™, GIp
HANENE HEE I E L, BIEGIPAKY- I m § 3K
GKR BUAR S5 e ok 1, 3 v fil 3 Bl 428 i 1 4
(I BEAIG. GLP-11¥ 43 b 3= B IE T Bt i 1 (1)
Y, T B R, S AR BRI
(RIS TRIE 5, ] e 3508 5 GLP-111 73 Wb i /.
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