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Therapeutic effect of duodenal-jejunal bypass on type 2 diabetes
mellitus and the mechanism
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Abstract Objective: To investigate the therapeutic effect of duodenal-jejunal bypass (DJB) surgery on type 2 diabetes
mellitus (T2DM) in rats and the mechanism.
Methods: Rats with T2DM induced by high-fat diet and low-dose streptozotocin injection were randomly
divided into DJB group or sham operation group, with 15 rats in each group. The changes in body weight, fasting
blood glucose and lipid profiles before and after operation in both groups were examined. At 8 weeks after
operation, the specimens of intestinal Roux loop in rats of DJB group and corresponding intestinal segment in
rats of sham operation group were harvested and weighed, and then the mRNA and protein expressions of the key

enzymes involved in glucose and lipid metabolism were determined by RT-PCR and Western blot analysis.
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Results: There was no significant difference in fasting blood glucose and lipid levels and body weight between the

two groups before operation (all P>0.05). In DJB group compared with sham operation group after operation, the

fasting blood glucose level and each lipid index were significantly decreased (all P<0.0S), but body weight showed

no significant change (2.025 g vs. 0.702 g), the weight of intestinal Roux loop was significantly increased and both

mRNA and protein levels of the key enzymes for glucose and lipid metabolism were significantly increased (all

P<0.05).

Conclusion: DJB can effectively reduce glucose and lipid levels in T2DM rats, and this effect may probably

contribute to the alteration in metabolic patterns of the small intestine itself after operation.
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H 55K ( Roux-en-Y gastric bypass, RYGB)
RE U8 7 2L v AR IR T i, W] AT DU . A s
il MLBE , 201 1AF AR B 2 20 0 JLB A v [ 2 Bl JR
i (T2DM) Biifidg M AAMRY GBA ™ i T
AR IE, i TR T2DME # . + 48 W
=5 AR (duodenal-jejunal bypass, DJB)
E R R AR, W Eirsm/ha, RETHBN
SEEM, XTAEAERET2DM B H W ERAE T — & iR
P RCR T, SR L DL R B B L ok B
SR, RYGBJG/NMNaE A N2, ET2DM
O fiff o AR vk B OGS UL AR SR b
T2DM A A DIBSI MRS, B 52 A Jim /0N i WA 3 5
HEMEmRNA S & FUKF R BUE, RN R EGE
T2D M) N TEHL I .

1 MREFE

1.1 SZIewr#t

34 A JA WA MEESD K B, W 3K T b o 4 3 A
RN FEARARAF, (KFiE180~200 ¢, 1
Fr TR Y 0[RS YR ATHIES . SCXX
(51) 20120001]; HEMRFEWER (STZ) 14 H %
Sigma/\y A5 TRIzol. ii%% kil & . SYBR Green
real-time PCR Master MixJlW H TakaraE 42
) anti-HK2PLE Y [ £ [ESanta Cruz/Z\ ) ; anti-
HMGCRILIA Mlanti-GLUT- 1A [ 55 FE Abcam 2y
Al BUREEARICRPTIL FETeC (H+L) | FR B bx
I EPiRlgG (H+L) WA P24 AH .
1.2 FHik
1.21 XA T2DM BAME I A ZEh o KR
ZIE N MR SR 1RG4 A SCk 1 TS 56 2
W34 HOR B Ig i BL I 3% 4 J8 J5, R ko 5
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STZ (30 mg/kg) %5 T2DM K&, 3 d J5 k6 K
SUABEMLILBE , FEMLILAE = 16.7 mmol/L B Jy i A5
By o MTE A B R B, BRI IOmE . A T R A
R ¥ —1 30 HOR B T 52490 o K HBEHL 2 DIB 4
TR, B 15 2, THEM STZ 5 1 FH#TH
NFAR

1.2.2 FAFZX  ARuj12 h ZEEALK, 10% 1Y
KA 3 mL/kg M T S0 RRIE . 1 b S 1 v i
3~4 em PIHZ)ZHE, THWITIZH 1~2 cm &b W
FrImAsE, W&+ ik, T Treitz )
FTuaW) & Hikuwmzs mmiv s T8 - 2hwa
FEui 2y 10 em Ab. FARATES DIB 4 A [H] 1Y
/NI AR LR A3 DI, PR A S ), AN AR
(SN 7BIER: = o8 | EA S i B N N DS R N
[E], T iAE5 DIB 4 AHAL PRI S F AR A5
1.23 MXAKRET. =MWt TRIWEREIL,
2. 4. 8 JEII A A K s M M o A I I BRI = Dy
o RSB REEK 12 h, B R 22 i T
RIOBEASC, G 2 A IR

1.2.4 sfigdgiregnlg  ARFTEARJE 8 FHKE N
E#EpK I, 4 CF 4 000 r/min 250> 10 min, -80 °C
VKAAORAT , 76 R BB R 2 S Bs Be K 30 B 647 1l B
Rl

1.2.5 MK K Roux et & ARJF 8 I K
fl, B DIB 4K Roux Bk AR F A2 K BRUAA R
i By, HAEEER K VEF s, TR AR+ K o
JE ML E IR, RS S R A A TR
1.2.6 RT-PCR #&m B4 K B Roux 4k 50 mg,
H TRIzol ¥ #& & RNA, ¥ % 5t & ¢cDNA, #%
20 puL & R #F 47 SC B %€ O & & PCR: 10 pL
SYBR, 3 uL ¢DNA, 1 pL F##51#%, 1 ul T 3%
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5191, 5 puL H,0, MW FF: 95 C 10 min; 95 C
30s, 53 C 15s, 72 C 15 s, 40 M, HHE
FLE A 3 o W AR I A3 O B il PN IR 7R TR
Tiff M2 ( pyruvate kinase M2, PKM2) . O AR R T
2 (hexokinase 2, HK2) . H il B -3- & m I A
fit} ( glyceraldehyde-3-phosphate dehydrogenase,

GAPDH ) . W& Sl i it 2( phosphofructokinase 2,
PFK-2) . B2 2 &R A 3L RS T 1 ( phosphoserine

fi ( glucose-6-phosphate dehydrogenase, G6PD .
A TR R B &0 B8 34 B8 1 ( pyruvate dehydrogenase
kinase 1, PDHK1) . {ik % & 5 & H 32 1 (low
density lipoprotein receptor, LDLR ) . W% b
# iz & 1 (glucose transporter-1, GLUT-1) |
3- B -3- W Bt i A & B (3-hydroxy-3-
methylglutaryl-CoA reductase, HMGCR ) Fl JIH [
B2 JH Y 45 A B 2 (sterol regulatory element

aminotransferase 1, PSATI1 ) . & & Bt e 6 5 18 binding protein 2, SREBP2 YmRNA /K BEFTHEI .
ROBE R & 1 ( glutamine fru(*toqe—6—ph0%phat9 K2 Ah G B3 mRNA AN #£i5H, PCR 5
transaminase 1, GFPT1) . 7B —6- BETR I A YIRS LR 1,
=1 EERESIYWES
Table 1 Gene sequences of the primers
HN T TG4

B2M 5'-CGA GAC CGA TGT ATA TGC TTG C-3' 5'-GTC CAG ATG ATT CAG AGC TCC A-3'

GAPDH 5'-GAC ATG CCG CCT GGA GAA AC-3' 5'-AGC CCA GGA TGC CCT TTA GT-3'

PFK-2 5'-TGG CTA CCG TGG ACC TGG AGA-3' 5'-CCC TGA CAG CAG CAT TCA TAC CT-3'

HK2 5'-GGG GAC GAC GGT ACA CTC A-3' 5'-CCC GCT AAT CAT CTT CTC AAA-3'

PKM2 5'-ATT GAC TCC GCA CCC ATC A-3' 5'-GCC ACA TTC ATC CCA GAC TTA-3'

PDHK1 5'-ATG CGA GAC GGC TTT GTG-3' 5'-TGT ATT GGC TGT CCT GGT GAT-3'

GLUT-1 5'-CGC TTC CTG CTC ATC AAT C-3' 5'-ATC ATC TGC CGA CCC TCT T-3'

G6PD 5'-GAT CCT GAG GGA AGA GTT GTA C-3' 5'-TGA GTC GTG AGC GGG CAT A-3'

PSATI1 5'-TTC CAG ACC CAA GCA CCT-3' 5'-TCA TCA CGG ACA ATC ACT ACC-3'

GFPT1 5'-CAG ACA CAG AGA CCA TCG CTA A-3' 5'-CGC ACA CCA ATC AAG AGA GG-3'

LDLR 5'-TGG GGT TCT TGT CCA TCT T-3' 5'-CTG GGT TGT CAA AGT TTA TGC-3'

HMGCE 5'-TGT GGG AAC GGT GAC ACT TA-3' 5'-CTT CAA ATT TTG GGC ACT CA-3'

SREBP 5'-AGA CTT GGT CAT GGG GAC AG-3' 5'-GGG GAG ACA TCA GAA GGA CA-3'

1.2.7 Western blot #4&m  KH RIPA 2L i $2 B
N BB E 1, BCA SRR (MR E, AR
H FRESE vh 5 20 10 min {85 (A 28 M, B8 1
B 2R 120 pe/ fL, 76 5% W46 I F 10% 1Y 43 5 I
HAr B 2L 60 VR 120 VI FRHLPK . HL Pk A SRR H
W 250 mA K 5 ZE PVDF B, DL 5% B 058
WWE 2 h 5, MA—$14 CikR. PBST P
S5, MA2HLHEE 1 he FRRVEME R A ECL 1k
RN X B ERREARW . H Image J 45
BT 57 14 1K FE AR

1.3 GitEabiE

S BUE R FHSPS S17.084E 200, HHE %R
KR + bR (Rxs) T, WAL R
FHA ST FEA G 35, P<0.05 HE R B GHit¥E XL

21 REoEEHERENTH
ARG, DIBZA 5T ARAAK T & K FEAL,
M%*mm%%ﬁiﬁ(Posm)o§%¢n%
B, DIBZH 5T AR AR & 2 7 L5 it

(P=0.747) (F%2) .

®2 KXRFAREIEGHREMNLLE (=15, g)

Table2 Comparison of body weight between the two groups of rats before and after operation (n=15, g)

- - AR (J&)
20591 AHi 1 3 2 S
DJB 2 333.60 +23.23 322.67 +24.43 331.36 + 19.60 339.09 + 24.84 348.45 +20.91 370.27 + 31.61
RFARY 338.93 + 20.87 328.57 +22.03 336.29 + 21.86 343.07 + 25.66 345.29 + 28.57 374.14 + 27.60
p 0.514 0.523 0.700 0.761 0.747
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2.2 RJ5 Roux A REMHT
ARJG8H, DIBA Roux i #t 5B F R4l
A s BB BT 43 B (0.702+£0.132) g,
(2.025+0.455) g, DIBZRoux/#f 2 N T
A3, ERAGIFE L (P=0.000) (K1) .
2.3 FRETEZ=EMENEZN S
ARG, DIBY MR AT WAL, = B KRBRHAERSRE
RE 5 8 JH 25 MG M A 4 3 1 BT KR . H & Figure 1 Observation of the gross features of the small bowel
LTI 1 N ST 8 B N NS v S W A e =B
(P<0.01) (£3) .

segments of the rats

®3 KRFAME=EMAENLLE (=15, mmollL)

Table3 Comparison of fasting blood glucose levels between the two groups of rats before and after operation (n=15, mmol/L)

. AJE (J#)
215 AR q 5 3 7 2
DJB 4 21.93 +1.57 12.43 +2.09"? 7.78 + 1.85"? 7.14 +1.28"2 7.84 +1.86"7 7.38 £ 1.09"?
BFARH 2232+ 1.37 21.65 + 1.90 2326+ 1.62 2273 +1.87 23.08 £2.05 23.47 £2.33
P 0.471 0.000 0.000 0.000 0.000 0.000

TE: 1) SERFARALE, P<0.05; 2) SAFILE, P<0.05
Note: 1) P<0.0S vs. sham operation group; 2) P<0.01 vs. preoperative level

2.4 FAEEMEMNTL
ARATDIBH S5HFARMAMIGTC ., TG E
e WifiR (free fatty acid, FFA) &Il ER

(P>0.05) . RJF8JE, DIBHIMIETC. TGFIFFA
Bz N 112 T <% (3 E I 3 b £ D VA [ET D 8 o N
(P<0.05) (F4) .

x4 KRFAFFMAKILE (n=15, mmol/L)

Table4 Comparison of lipid parameters between the two groups of rats before and after operation (n=15, mmol/L)

2H ) = 1c : TG : — ITA s
AR AR5 8 Jil R 8 JHl ARHi AJ5 8 JE
DJB 41 3.51+0.71 2.40 +0.49"? 2.37£0.29 1.02 £ 0.40"? 1.18 £ 0.40 0.50 £ 0.08"?
BRFARH 3.43 +0.47 3.61 +0.52 2.30+0.34 248 +0.32 1.37 £0.39 1.27 £0.35
P 0.724 0.000 0.524 0.000 0.190 0.000

e 1) SEFAR4IE, P<0.05; 2) 5AHFH, P<0.05

Note: 1) P<0.0S vs. sham operation group; 2) P<0.01 vs. preoperative level

25 RENMFHEARHERERGCEBEERKFER

g

ARJE8J, ST A A KR 2 AH N AL L
B, DIBALK BRoux I+ B % i CHERE PK M2 |
HK2. GAPDHMIPFK-2 mRNAH X % ik &
Thim, ZRASIFE L (P=0.000, 0.000.
0.013 ., 0.000 ) ; [A) AW % A o = AQ & 42
PSATI1. GFPTI1LL R B R N b & 72 KA i G6PD
mRNAJK B 8 T+ (P=0.000. 0.000,
0.004 ) , WEAMIIH] =R WG PR PDHK 1 AH X 1k &
W B THE (P=0.000) o XFRoux /g #F ¥ %54
JOER ] e BB LA % 1L [ e A= ) 5 1 O B Tl m RN A 7K F
K % ¥, DIBZLKBLDLR. GLUT-1, HMGCRAI
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SREBP2mRNAW] & i TR F R4 ( P=0.000,
0.000, 0.000, 0.000) (FE2) .
2.6 AJF GLUT-1, HMGCR, HK2 EA R iAH
Pt
ARE8H, KM Western blotkz ], %558 &
/R, DIBA KB Roux#EGLUT-1, HMGCRHAIHK?2
EHRBEDNH0.772+£0.159, 0.839+0.284 .
0.961 = 0.112, i fiF AR 4K B2 W AH R &R AL 19
FEEHFEIXREDHN0.113 £0.044, 0.390+0.160,
0.424 £ 0.067, DJBAI KR4S HE ARSI E & TR
FARA, ZHRA%I#=E L (P=0.001., 0.033,
0.001) (K3) .
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Figure 2 Determination of mRNA expressions of the key enzymes of glucose and lipid metabolism

A BEBREOCHERG; B: MAIMERIBCS FIRICHENG; C. NRTCSCHEAR

A: Key enzymes of glycolysis; B:

Key enzymes of glucose uptake and utilization; C: Key enzymes of lipid metabolism

DJB 4 BFAL

HMGCR

HK2

GLUT-1

B2M

A

3 GLUT-1, HMGCR #1 HK2 E B FRi& 7
Figure 3 Determination of protein expressions of GLUT-1, HMGCR and HK2

each protein
3 i it
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ELAF AR RERCR . BARJG& IS, DIBALS B TA
PRBIAT R CRE 2T, 5 RSOk —,
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ARoux g #f, M H H 8LAC KRB A4 58 & 20
AR LR B L 0 O I ZE R oux 1 #E IR 2% 19
A, REI, SHhFARAMILMGERN
K R FE RN T 60%"" 720 [] I 200 it 4 4 A A
YIKi-677E FARM B & TERFRAR, R#f5xk
B, RIG8HDIBA KR Roux Ik & i 25 H IR F AR

© MR ITF EHHBNHFEIH

BT AR
W DIB 4

A: Western blot #:l; B: £ AN FIAF

A: Western blot analysis; B: Relative expression level of

345 i Bt 32 ok VR T 2 W A A B AR
i, DIBJERouxM#E3 Az FIAE K, FIBET ZIHAER
AR B DL B B . BURHEI, DIBXTHL
P OB A B IR, AT RE TN 3 T X A A
BE B BRI A, DA R LAl 214 KORNE B B A1)
YR B = A T R P2

T UESE Bk UL, AR Rouxm S5
AR 0 B 10 5 56 B A m RN A TN 2R 1 26 3K 1 O iF
Tk, 255k, 5B T AL AH R &R A AH L
DB 2K BUR oux iz #F 4 25 B 43 ik A 38 109 OC 5 il c
IWRNAKLJEE FUK B0, ANPDHK 1 REGS 0
T2 A0 o) P T 2 1 U, AR5 Hem RN AAH XS 258 1
D) 1N 1Y R e 4 [ B WA S 1 e 0 e
3R, DIBJG Roux I RE Ml IG5, 7™ A R dt i)
FERIE RS AR, DL R A K

ARG BN, Rouxlg ek M AH E B2 A4 Y& i
4y B S il R R N AR 1 KO B e e, I X
YA K G B OCE 2, AR JE 8JE DB AL MM
JE KP4 75 30 8 2 W, [ Roux i #F LDLR Y
mRNAZRE ARG I, 2B /N g % R[] P 15 B
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