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[(fE] A XL RouxenY HH WA LR FA BT K BAENCE 2 BB RBITAL, F & 48 R Goto-
Kakizaki (GK) KEBEHL 2 A Roux-en-Y B ¥ 3 K (Roux-en-Y gastric bypass, RYGBP) . fH Ji 43 i R (billiopancreatic diver-
sion, BPD) M F AR, B4 16 X, BIARAGKARSG 1.3.6.9.12,24 J& 55 1@ MM RS FKFE M AR LK ARE 6.12,24 JAFE
PRI 27 6 (LS ZBARPLIE B (HOMA-TIR) SR G A A T- R ik, & &  ARJG 1~24 A RouxenY HERHA .
JIFL T 3 3 A A 2 8 I A 8 3 R AIK (P<C0. 05, P<C0. 01) W ARG 12,24 JEIBEAL I 2T 28 11 0 3 PR IR (P<<0. 01D s IR F R4 ik 484548
KU ES, SASEEGZRFEREFEI¥E L., SRAMHE, Roux-en-Y B #F AL MBS R ARLARE 1~24 [
HOMA-IR #8451 2 B AL (P<<0. 05) ; [Al B [H] S AL 1] b A8, RS 1~ 24 JE IR B 43 i R 4 HOMA-IR #8410 8 % L T Roux-en-Y
B WARA(P<<0.05), Roux-en-Y BF WM AMICT-HN 6%, IHBE AL FCT-FE 50 % . B4 i AR 4LA 57 I K AE K FET-
REETF Roux-en-Y BHER AL (P<<0.05), ##&  Roux-en-Y FUHH AT A A TT K BRARNE B 2 SO PR 6 77 R4H 3T L (5 BH i
I RARAR G I KAEMBET R & T Roux-en-Y B A,
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Efficacy comparison between two kinds of gastric bypass surgery for non-obese type 2 diabetes mellitus in rats
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[Abstract] Objective To compare the efficacies of Roux-en-Y gastric bypass (RYGBP) and billiopancreatic diversion
(BPD) in treatment of rats with non-obese type 2 diabetes mellitus. Methods Totally 48 Goto-Kakizaki rats were randomized to
undergo one of the following procedures: Roux-en-Y gastric bypass(n = 16), biliopancreatic diversion(n = 16), and sham
operation (n=16). The fasting blood glucose and fasting insulin were determined before and 1, 3, 6, 9, 12, and 24 weeks after
operation; the hematoglobin A,. (HbA,.) levels were determined before and 6, 12, and 24 weeks after operation and the insulin
resistance index (HOMA-IR) was calculated. The mortality and complications were observed in each group. Results The
fasting blood glucose levels were significantly decreased during 1-24 weeks after operation in both Roux-en-Y group and
biliopancreatic diversion group(P<C0. 01 or P<C0. 05); the HbA,. levels were also decreased 12 and 24 weeks after operation
(P<C0.01); and the above parameters were not significantly changed in the sham operation group. The fasting insulin levels
were not significantly different between the 3 groups. In RYGBP group and the BPD group, the HOMA-IR indices decreased
significantly 1-24 weeks after operation compared with those before operation (P<C0. 05), and those in the BPD group were
significantly lower than those in the RYGBP group at all time points (P<C0.05). The mortality was 6% in the RYGBP group
and 50% in the BPD group. The complication rate and mortality in the BPD group were significantly higher than those in the
RYGBP group (P<C0. 05). Conclusion RYGBP and BPD have similar efficacies in treatment of rats with non-obese type 2
diabetes mellitus, and BPD can lead to higher incidences of complications and mortalities than RYGBP.
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T AR R W R B A 45 S B R BB 3 iR
(billiopancreatic diversion, BPD) 17l iz [a] & A 7E P #)
Z P E I FARXS 2 BUBEJRI% (type 2 diabetes mellitus,
T2DM) HA W7 R B8 81 Z e s . Ko,
Roux-en-Y B # AR (Roux-en-Y gastric bypass, RYG-
BPYYE R T7 HE kY 28 R 2K, B8 B . o5 3 o 42 o
KV BB Ry 86 %1 . FRATAE R AR &
L RYGBP X F AR Ik A T2DM s AT 547 1R I
TEHT BIA R 79. 6% . BPD R3U%E RYGBP
FH L, BT R AT 2 p s IE A . I AF
FRIL XA BPD AR AE A 2 088 R 14 58 25 [
B ELA R4 0 R B L R AR 38 986t LR
AR AR T AR B 2 BB IR 9 19 BiF 5% A 2
RYGBP 5 BPD i X5 4 T, 5ir -l & BE AR | Bl
LA Tkl G # WNEA TR Bz, & X [E
P T2DM RLARHE AL S S A5 50 ARS8 5 3l 1 5
5 X6 Eb PR AR AN [] TR O 2O R RRAR JE B 2 7800 IR
PTT R 4 HF R B SE T2 % K 0F R e TR 97
T2DM et B AR,

1 MBI E

1.1 ZZRXMNEHH KRR A KM T2DM Goto-
Kakizaki(GK) KR 48 H MM 12~14 Y, 1k
R 290~330 g, PUAKTE SPF &4 T 3%, 1 i
W L Im WA R TAE A Al S &%k 5
SCXK (1) 2007-0005, 3K Ji5 4k 2L ™ k& 7£ SPF 14
AT E N PR R 1 SEER T 22K (3 R A ) Al
M MAE>11. 1 mmol/L., FE Lifescan 2\ F fa
1 OneTouch® SureStep™ MY , 7 5 2 B A9 T
TR e i 1A S e = W i

1.2 #MharmsFRAHFX KREIRBEILE FEE

x1
Tab 1

EHK

BEHLSY N RYGBP 41 .BPD 41 Al F R4 3 4.4 4l
¥ik1e B, REiZEE 12 h RABRKK.0. 5% B 1
(40 mg/kg PR B 0 N 7 SRR S L S IE R
VIO, RYGBP dlf7imus B KREBVIRR G , 45 %
M+ 48 i 5% v , 7E B Treiz $F & ¥ 8 cm ALY W;
2 ik E ML S YA BB A& 0 F 12 em &
1% 5 305 3 25 W AT w5 . BPD ZH A7 3 o 15 KR
BRiG. T+ 48R T2 50 cm &5 8 U)W 25
W« 25 W ds v T 8 3 v W) L 30 v 25 A 5 BE TR E R L
10 em FBAT RN & . KELAIZETS, S i 7 i,

g A
1.3 =M hBE MmHhFRPF BLhaZsh

(HbA ) # M 2 ARHG0 ) LARJE 1.3.6.9.12.24
Jil AR R 12 h R 2SI b B B 2K,
SR R 28 B 2P AG 75 09 B8 15 2 K B 45 2 Chomeo-
static model approach, insulin resistant index, HO-
MA-IR) PEAN B & 2 BUSAE . HOMA-IR = %5 5 1fi b
(mmol/L) X & @S E (mU/L)/ 22.5, RHT.A
J& 6.12.24 JAWE HbA K.

1.4 %itsa® R SPSS 13. 0 Git# k17
AR B B v+ Ron . R EZ W &7 225
Braf e B2 07 22 0 . G it 45 SR IOWLURE (2-sided)
1B K255 K ()24 0. 05,

2 % R

2.1 R . REhtEmiigtireo i R4 K
FZS HEIMBE . HbA ZF ¥R E ., REEE
M4 : RYGBP #il BPD RJ5 1~ 24 J& 75 I i b & &
FAR (P<C0. 05 8% P<C0.01), HF 4[] 22 % L4t
S TFARARIE 1~24 J8 21 04 R W B
A (E D,

REEmMEEN

Fasting blood glucose changes of rats in each group

(r=£s, eg/[mmol « L'

Time after operation ¢/week

Group Pre-operation
1 3 6 9 12 24
RYGBP 12.83+4.20 7.12+1.40" 8.87+1.57" 9.13+1.92" 8.92+1.84" 9.21+1.22" 9.12+1.75"
BPD 13.10+3.50 5.95+1.35" 7.61+1.31"~ 8.87+1.71"~ 9.06+1.51" 9.44+1.75" 8.74+1.53"
Sham 12.24+3.33 11.15+2.27 12.38+2. 14 12.45+1.54 12.66+2. 64 11.89+2. 34 12.38+3.21

** P<C0.01,* P<C0.05 vs Pre-operation

2.2 RE=HEMEHE HOMA-IR ##6Li  #%
7S HE RS ROK R W B AL (R 2), 5ARHE
(0 JAOA b, RYGBP 41 #1 BPD A R J5 1~ 24 Ji
HOMA-IR 8 £ i 3 F& AR (P <C0. 05) ; [A] B 8] 53 75
IR A ARG 1~24 J& BPD 44 HOMA-IR 48 £ i

FALF RYGBP 41 (P<C0.05,% 3),

2.3 RJE HbA, #iER HSRETMLIL. ARG 12,24
J&8 RYGBP 41 #il BPD 41 HbA, & & A% (P <
0.0 A4 E T B 22 3l R FRA ARG 12,24
JE HbA, AW B ARk (1),
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2.4 RE2BAKRIALTFHE RYGBP HMA ZET RYGBP 4H (50% s 6%, P<<0.05),
KR 16 HL B0 15 HL, 8T 1 R, FARE 2 dSE Ttk 2.5 REHFAELAFHIE BPDAHAREILA

T PET N 6% BPD A4 A 16 2, liis 8 K.t
-8 KRG 1 d A 1 HBETHEERR . ARG 3 d N
2 FUEFIHALIE I RS 1 R 3 RAE T2 55
iK1 RAET W& O, AR5 3 BN 1 RAETE R
AN E L BET %55 50% ., BPD ARG 24 JEFET:

10 HKRFARE 3 d hHIAFEREKRS B HEA
RAIFAE RYGBP 4l 3 H KR TARE 4 d i3
WY, F 1 AWNZ %, R 1 RYGBP 41 K Rk
J R R L B 2K T BPD 41 (P<<0. 05), ¥t ] BPD
X R B SR DI RESZ 8 RYGBP B3 (R 5).

®2 BAXREERRRKAFHEL

Tab 2 Fasting insulin levels of rats in each group

(x5, Zn/[mIU . Lilj)

Time after operation ¢/week

Group Pre-operation
1 3 6 9 12 24
RYGBP 16.75+1.85 15.47+1.57 14.68=+1.58 5.45+1. 36 15.30£2.07 14.82+2.40 14.94+2.75
BPD 16.31+£1.77 15.52+3. 14 15.04+2.52 5.55+3.01 15.04+3.18 14.70+2. 71 14, 74+3.04
Sham 16.17 +1.75 15.754+2. 71 16.01+1.75 5.9541.79 16.21+1. 81 15.49+1.70 15.58+1.71

Fasting insulin levels in each group have no significant change

®3 FAXRBERRRMIEB(HOMA-IR)HIEX

Tab 3 Insulin resistance indices of rats in each group
(x£s)

. Time after operation ¢/week

Group Pre-operation
1 3 6 9 12 24

RYGBP 9.5541.82 5.02+£1.77~ 5.93+1.54" 6.25+2.05" 6.20+1.84" 6.06+2.10" 6.05+1.85"
BPD 10.91 +1.77 4,88+1.84"4 4.7842.01"4 5.35+2.19"4 5.74+2.147 4 6.07+1.78* 4 5.914+1.53
Sham 9.60 £1.78 9.0942.73 9.4142.25 9.4541.90 9.7141.84 8.93+1.73 9.4842.07

* P<C0. 05 ws Pre-operation; & P<Z0. 05 vs RYGBP group

R4 FHKRR HbA MEL
Tab 4 Glycosylated hemoglobin of rats in each group
(r+s, D/10 g Hb)

. Pre- Time after operation ¢/week
Group .
operation 6 12 24
RYGBP 41410 38+15*~ 36+12%* 35415~
BPD 404+13  38+£9** 34+13** 3514~
Sham 42412 41+14 39413 42413

** P<C0. 01 vs Pre-operation

x5 BAXRREREZWL
Tab 5 Body weight of rats in each group

(x*£s, m/g)
Pre- Time after operation ¢/ week
Group .
operation 1 3 6
RYGBP 312423 298+35" 338+69" 3754+53*
BPD 324434 261+42 302474 331465
Sham 319431 317+34" 343+52" 387+39"

* P<C0. 05 vs BPD group

RYGBP.BPD % Z f It R X %5 T2DM B A

BT R, AT 5% 45 S F S 0 7 oA 20 R AR A
JiE T2DM B 4 i K7 A B 5 e, 5 2 ) 22 5
A, HATRE L AT anF . (1) T2DM & W HlL
il 5 5 W 3k 22 6k 30 v /0 o 6 RS RE 240 i 1 1 0 3L 35
SrEA R T2DM BUK R 74 27 HAF R
) e o5 R T A G A O T OB W A B L R A
T E Y N CH AR RN S A ) 14
W, Il R 58 4 T Ak B W B TR G B D i (Tl i
Sl 2 A i 9 ) L W AR RO I I B 38 R . BPD
M T8 B A RYGBP K, & 9 ) 30 A4 i 80k
PR el 20 B 24 0k B AR VE s R s
AR MAERCR o B3, () WRF ARy
3] 35 328 3t /0N g o TS0 SR SR 286 B R 4 i, A1 £ O
A B i E L JE R BB YT T2DM W 1E H.
RYGBP H1 BPD X8 FR 93 1) 52 Wi 2t 15 s 16 38 % 53
W AR AT BB DY R B B RS I
T e 1 [] B A A TR v B 2R AR IR-1 (GLP-1) B s
GLP-1 2 —F A FEPE IR K R . R Bl L
240 60 4 AT TR R TR 2R Y L LA B AR AR
PEFD ) ARBFFE S5 R4 R, BPD A J5 o3 i 4 i
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RO AT AR A3 2 38 Ao 2 W B i 3 3k oK i 0 L 19
GLP-1 % B 3 2 1 43w 115 1 42 32 Jke 2 28 40 0 T A
YER . (3) Alexandrides %" 38 137 fi] T2DM &
& .16 17 RYGBP, 111 #47 BPD, RJ5 1 4~ H IfL
WA BRI F R AR B e R 5 12 A A
B0, ARSI 25 SR SR AR AL A R BRUAR
Jo 6 JER T B 5 OR AT A Bk O N B, R OR
RYGBP #il BPD X} 2 BUHE JR s 5 A 8L i) B i %
R I BLR 5T 8 A 80 01 AS A 2 T IR s o 7 el 5

AW GE R B4 W R R 2O E IS BE T2DM [
B 2L B BPD Wk FARIET- R W& T
RYGBP. HARJG I e WA %, Al g ) 5 B 4 Hr
WF . (HBPD % RYGBP AR08 i & F K, fii i1
JERVR AN - 28 2o R0 8 2 W 0 vt o g OB B T L B
B et R R A T 248 A A B g A fig
A5 2 75 53 T 10 R W2 0, 51 R SR W B T b e i
i B LR A AE B MR T, A B R Bk A R
B R EG 44 D MY E B EMETEE
Rz, )ULTHREITE -MERTFERERET
FEAL I M el e i, B M R Wl AE T+ R
Mz a7, I BPD R J5 3 5 8k e =, of
AT A RS I, () A WFSEH, BPD R 5
LIRS R AN B AT R E K B RYGBP 41
Z  RJ5 18 RYGBP 4444 it & F& A% B & A% F BPD
4, UL BPD K BUE 77 W D g5 i # RY GBP
4, AR BN R RN . 5 e 2 A
W) BE L W /N e, X6 T Ak W e T BB ) R T
KRB R 38 0 38 R an i s R ok, S 808 5F
AN RN, AT BE & AR AN A R 0 T i — 25 0 N T
PR WA e A L A T R R () AR Wk A )
BT Al & A i e R s AL I Al A Ry
EH VIR G R 5 AR gl 2 o 3R E /N e %
SRl 7k & VR (A BT R = BN 5 I R
R R R N O S N I KV 9 B S = I
il B HE2s K E i ol

FEl A1 i R AF 5T 4038 L 6 AR E T2DM #8472 B
FAREI ARG 30 d IFET- R, RYGBP 4 0. 5%, JIH
BB AR A AR 1. 1% AR S 2
HLORJG 24 I RYGBP 430 T-% N 6%, BPD 44t
T35 50% , few UL F AR AHSCIE K 2 W) & 1%,
FANMEE I ZIEA WA DA B . I ALIE 1
I G A 1D AR 2R GRS . ABFTE SRR,
REWARBARGEHIAAFBEEREE EHRARH
BPD 40 AR5 H B I & AE K RYGBP 41 7™ & H A 1]
HA. 539, BPD BT RFFEH A5 RYGBP K, fit
P K AR5 I P I T R SO AE B2 b 2 AR AL

BPD RJGIET-% 5 I RIE 2 WIEHEZ —, &5
K, RYGBP W F AR % &M B & F BPD, & ¥ ik
FARNEE T2DM Y B AR X,

2E I fr ik ,RYGBP #1 BPD E. A5 #H 8l i F% 1fi b
fEM . H RYGBP AR JG 56T R B 8% F BPD, RJ5 Jf
KAE b, 8 RYGBP 0] fig 0 3& T 36 7 IR JE JiE
T2DM A X — 25 S A A 15 3F — 25 1 I IR B 52 S 3
Yy S B E
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