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Impact of gastric bypass treatment and hepatic branch of the vagus on hypoglycemic outcome in rats with type
2 diabetes

ZHANG Qin, LI Xiao-ke, QIU Nian-cun, SONG Xin, QIU Ming, SHAN Cheng-xiang’
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[Abstract] Objective To observe the effect of Roux-en-Y gastric bypass (RYGB) treatment and hepatic branch of the
vagus on hypoglycemic outcome and glucagon-like peptide-1(GLP-1) in rats with type 2 diabetes, and the interaction of between
the two. Methods Totally 45 type 2 diabetic rats were divided into four groups: sham operation (S group, n=10), sham
operation with hepatic branch of the vagus resected (SV group, n=11), RYGB group (n=12), and RYGB with hepatic branch
of the vagus resected (RYGBV group, n=12). The body mass, fasting blood-glucose (FBG), fasting serum insulin (FINS)
and concentrations of fasting serum GLP-1 were examined before and after surgery. Effects of RYGB and the hepatic branch of
the vagus on GLP-1 levels were analyzed. Results Compared with S group and RYGBV group, RYGB group had significantly
decreased body mass(P<C0.05) and significantly improved levels of serum GLP-1 and insulin (P<Z0. 05); FBG level in RYGB
group was significantly lower than that in S group (P<C0. 05) and similar to that in RYGBV group. The effect of RYGB on
fasting serum GLP-1 was stronger than that of liver branch of the vagus nerve, and there was interaction between the two (P<C
0.05). Conclusion RYGB treatment has satisfactory treatment effect for type 2 diabetes, and care should be taken during
RYGB surgery to preserve the hepatic branch of the vagus.
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GLP-14p W3 2 & 2 RUBE PR IR 2 ff 1Y) 35 ML i 2
— GLP-1 Xt 32 ol R 9 40 6 (9 VR L 5
HRHR A e 1 o S i 20 3 18 8 B AR 9%, D 2 K GE b
SIS, BRI W TR bR AN R AT 2k Hh 2y
SN AT GLP-1 &2 k43 #i s i IR 1 GLP-1
ARA AT i 1 1 Bk GLP-1 32 1A 3] 34 2% 5k i 22 BF
S O IR R o A P 2 RS R M R YRR A
s s 0% . Gautron 250735 FH % Y AR 10 25
S /N RYGB A5 52 B 8 i 38 1) 52 36 o L i
oy AR Sy 3k — 25 WF 9T o G 2R I BIL 4R L T
BRIHRSE T o AW, FRATT I 5 35 B 1k D) I ok
TS BT RYGB ok S o 28 JIF S W b 4k 3
IR R 2 RUBE R s K BR 25 MBIl W . ol v e 5 & &
GLP-1 /K V152 .

1 ##IMTE

L1 &AM XA (@R SD KR H S — %
R 2 52 g gl b B2 4L B W AR 7 O LIRS
SCXK(J1)2008-0016 , HLF 4341 K- (AEL-200 #4,
H A & H LIBROR 28w, I B5 Xl 26 B Roche 2%
Hl . BERAE T & (STZ) Wl 3 35 [ Sigma 23 7
KB GLP-1,ELISA {57 & W A & & ADL 237,
1.2 s 6 FiikEdE SD KR 55 H.
PR (185, 714, 8) g, 7E 10~ 25C A ¥ I B
40 % ~60 Yo BREE v iE B PR 3R 1 R R . 4 TR IR
BRI SR 1A H AR R Ry (467. 5525, Tg, &
BEHT 12 h A5 450K 0.1 mol/L kP IR -7 B2 R
BAZE v (pH 4. 4) F T & IE ] 19 STZ 4% L S 1 i
LOOVESH, F K BUZE N 8 #E AT M8 1 7 4 (60 mg/
k) EEZE 4 J . TETFIR ST RT M GRS 4~7 d
2% 5 B B 5 PR S 5 R aff S D0 S i AR e B
KR GE BT IMBE(E R 3. 1~7. 7 mmol/L, ¥ 4} J5 i%
¢ 2 YIMBEE T 16. 7 mmol/L I HAR A E 3 d
(19 R BRI g A JHE 2 TRUOBE PR 3 A 1 20, 4 A S L L
RRBATEALE . ASEh SD R 55 H ., &gl
JE ) A5 H BRI R 820,

1.3 i KRB 45 H K B% BB L
3 4 D5 ) 5 SF- 7 4% 4 R B LS L 40 IR TR 4L
(S 4, n=10); B0 F AR + 2K E M & T L UK 41 (SV
H, n=11; RYGB 4 (n=12) ; RYGB+ 3 E# 4
XYW 2H (RYGBV 4, n=12) .

L4 FAFX KHKEAA 12 h FE . 50K,
RYGB 41:0. 3% 13 B2 b 2 4h % 50 mg/kg 174 F
ML T 2 S PR T 5 B2 R 1 5 20 mL 0. 9 Yo S AL B I
Bis L 0 7K AR B o AL P T 25 7 % 2R B 80 T A il
Biide, WO T 1 cm EHYAT 3 cm Y) 1, 7EFE
Treitz A7 iE 42y 8 em L YIWr = W, Ew= 5
A N5 10 em AAAT N 4 JE W A . BRI
1em ZbWT PR ZY 500/ B 2, 30T ity 4 5 3 i 48
i W i A7 LA W 4 DG M R R . RYGBV 415k
Uit 25 g 5 0 v S B AT 0N W 05 B I R B
#E H/NEM. KR B N B SO A e
T ) B AR L R i A e ELR U TR
1B JLZE KA el IR 2K S b 28 I 0 S K Y 2 G b
SRS B D AFAERAE R IE S BB A LB T2
MR, RELY S NEEATEEHYE . 0 E
Wk E . S 1S RYGB 41 M A1 & 85 B &
23 AT IR AL W) A . SV 415 RYGB 4 A [\ 7
EEWE REw TR Y S BEEME R
B L AR R A R ET ) AR R R L R
A4 B R DI D8 1] b L2 oK b |y IR 3k
ZEJE A S H T R E Bl 8 I S A S AT A 4 A AR
JEE S AR GETTZ M TEEE R . AR b & Bk ik
P2 B 3200 S A B S S BIOKR 22K U B S2 5. 4%
TR 2 5 B R) R (] o A 20 R 2 T 45 TG HH i K]
W, AEFRER K MR R LR . RJE5E 1.2 K
AR B R 5 00 SR A A 4 A W 20 mL, RS
3~T7 d FUBRE B IR

B1 EEEVINREWETL

Fig 1 Sever hepatic branch of the vagus after exposure

L5 HemldgAr Bk WRBE . KPR TR, =
MW < R 0 K R i d SRS I . s o v R A 3R
A GLP-1 K B A5 & 12 hJ5 5% F AR HE # Bk R
MR i B 2R BT ARG L ARG 1.2.4.8



+ 940 -

BB R AR 2014 4F 9 L5 35 %

AR K I 1 mL, SR LS 7 BRIy m A B f DPP
IV inhibitor 10 pL B4 . 5 HIR AT . ## & 30 min
JG A1 500X g BE.Lr 10 min, 73 85 HY I3 5 508 564
Ja BT —80CUKMI R AE. IMLVE S R GLP-1 %
OS2I 25 H BB ELISA iR A & 6] 15460 .

1.6 Zitsam W SPSSI7. 0 i 8k 4 47
Bt DA xts Fom A RN 6] — B 8] 21 55 1 48 b
K JH Dunnett-t K5 . AN GE 8 b T AR A1 19216
SR FHIBC AT ¢ RG: 36 o 9 201 1] 13 550 LU e SR FH o 2t S RE AR o

FIRVE MRS (n=9), RYGB H KEFET: 3 H,
S TFARE T dABERIET ARG 3 d.4 dIETW)
HHEM=9), RYGBV 40 KR 2 HUAR d R ok ik ol
SN SOy SR RIATE IR L5 1 ARG 1 d 85
WHIZET: (n=9) . RJ5 1 A ZE 8 . 77w 37 B
KEIERARE TP IS,

2.2 AWK BEHEAL  RETEHNEKRERS
LS TSI %2 L (P>0.05), S4LH SV 41k

SRR BT AEAR T 185 AR FTAH EE R B (P<<0. 05) . R

¥, S M RYGB TR ok Gk # 22 IF 06t GLP-1 5 2 B Wik 2 . RYGB 4181 RYGBV 41 K il
FR R e T AT R B T 25 20 . KK U () 2 0. 05, WEREAEAG 1 JAHFGEEH TR ARG 2 K wWH
2 & = KREMEFREYS SAERHA G FE L (P<
0.05), ARJF 8 JAK , RYGBV 41 K B it it FF # %
2.1 gaxmaimh—MmENL SHRBRAREIIL .00 RYGB 4R B R FFEARMAE B . 2 22 57 4
(=100, SVAKM 2 ARFPEHEME LM SHIPFEL(P<0.05, &1,
K1 AAXRFAUEEREERENTL
Tab 1 Body mass of rats in four groups at different time points before and after operation
m/g, Tts
Time after operation t/week
Group Pre-operation
1 2 4 8
S(n=10) 467.4£30.5 416.8+11.6" 425.9412.1 439.0210. 4 473.31x16.4"
SV(n=9) 466.8+£23.4 416.6+14.2" 420.8+9.6 444.1+14.9 483.6+£14. 74
RYGB(n=9) 462.9+£24.2 418.8£9.0* 395.3+10.1+4 370.9+£11.8*~ 355.4£9.5°4
RYGBV(n=9) 465.6£19.6 419.2413.4" 396.4+12.6* 4 364.3+£9.5°4 373.8+12.4"~A

S: Sham operation; SV: Sham operation with the hepatic branch of the vagus resected; RYGB: Roux-en-Y gastric bypass;

RYGBV: Roux-en-Y gastric bypass with the hepatic branch of the vagus resected.

* P<C0. 05 vs pre-operation; ~ P<C0.05 vs S

group at the same time; 4 P<C0. 05 vs RYGB group at the same time

2.3 ZmEM bR T K20 UL, RET&4LK
BRI I 7K O 22 57 o e it 2% B L (P>>0.05) . S 4
SV ARG 1 JHZE 8 Ji 45 7 i b H JC Bl 8 A48 1
(P>0.05);RYGB 41 f1 RYGBV 41 B ifn 0% i ¢

Rig 1 JE B I B W M, Y5 S 41k (P <
0.05),
2.4 BUATWFMREHFEGEL RS 4E K

BUBE B ZKF 2RS¥ E L. SHRGEHE R
KV EARAT L, 22 5 LG T 2# 8 L (P>0.05),
SV HRRBEES R KRG 1 AR5 S HTFE (P<
0.05), RJ5 2 AJGZEL TR ZEAR)G 8 Fmf 4 S 4l
Wﬁ@<a%>RWB@ﬂRWBV@ﬁF1%

UG 5 KT 3 S B i T B RYGB 41 1) i

5 R RYGBV 41K (P<C0. 05) s R J5 2 Jil & 8
JE P 2E 1 R i 2R OK P % S T R (P<C0. 05) . fH
PHZH ] ) 22 5 T Ge i 29 B L (P>0..05) . L% 3.
2.5 BAEMWaFE GLP-1 89 %4 hFE 4 W,
ARFT A KR GLP-1 K2R BHEI 8. S
HARR GLP-1 KA J5 5AH 27 Lot # 8 X
(P>>0.05), RJ5 SV HRKE GLP-1 /K-F-4 S K
AR RJG 4 FAIF IR WAL 0 22 5 A G 22 X
(P<<0.05), RYGB 4 fl RYGBV 4 Kk B A& J5
GLP-1 K-F-24% S B Wi Jh v s A Ja 2 JTF 46 22 5+
BHAT2E L (P<0.05), AJ5 4 T4 RYGB 4
8 RYGBV KB GLP-1 K FETHE . 2 R B G2
H L (P<<0.05),
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Tab 2 Fasting blood-glucose of rats in four groups at different time points before and after operation

cp/(mmol « L™, z+5

Time after operation ¢/week

Group Pre-operation
1 2 4 8
S(n=10) 19.1+1.4 18.9+1.5 18.6+1.5 18.3+1.7 17.9+1.2
SV(n=9) 19.1+1.2 18.8+1.3 18.2+1.4 18.2+1.6 18.7+1.4
RYGB(n=9) 18.9+1.5 16.0+1.1*4 13.2+1.4*4 11.4+1. 474 8.74+0.74
RYGBV(n=9) 19.0+1.7 15.9+1.44 13.4+1.3*4 11.0£1. 14 8.6+0.74

S: Sham operation; SV: Sham operation with the hepatic branch of the vagus resected; RYGB: Roux-en-Y gastric bypass;
RYGBV: Roux-en-Y gastric bypass with hepatic branch of the vagus resected. * P<C0. 05 vs pre-operation; ~ P<C0. 05 vs S

group at the same time

R3I AAXRFANEEMNEARATENERRRZKENEL
Tab 3 Fasting serum insulin of rats in four groups at different time points before and after operation

cg/(mmol « L™ 1), z+5

Time after operation ¢/ week

Group Pre-operation
1 2 4 8
S(n=10) 23.2841.87 22.4940.73 23.2941.54 23.9041. 60 23.3241.61
SV(n=9) 22.6641.40 27.814+1.92*4 24,134+1.57 21.7842.06 19.65+2. 034
RYGB(n=9) 21.98+1. 45 24.67+1.63 31.2442.31%4 34,9942, 454 38.794+1.20"4
RYGBV(n=9) 22.9542.23 31.71+2.27*44A 31.8843.20%4 33.614+2.36"4 37.14+1. 474

S: Sham operation; SV: Sham operation with the hepatic branch of the vagus resected; RYGB: Roux-en-Y gastric bypass;
RYGBV: Roux-en-Y gastric bypass with hepatic branch of the vagus resected. * P<C0. 05 vs pre-operation; ~ P<C0. 05 vs S

group at the same time; 4 P<Z0. 05 vs RYGB group at the same time

R4 AAXBFAWEERHEAZEME GLP-1 K FEHER
Tab 4 Fasting serum GLP-1 levels of rats in four groups at different time points before and after operation

cg/(mmol « L™V, 7£5

Time after operation ¢/week

Group Pre-operation
1 2 4 8
S(n=10) 8.414+0.74 8.754+0.57 9.13+1.02 9.1441.05 8.76+0.74
SV(n=9) 8.5640. 80 8.2240.73 9.1040. 86 7.25+1.12*4 6.69+0.95*4
RYGB(n=9) 8.2740.77 9.06+0. 84 13.58+1.38"4 21.12+1.95*4 22,702,564
RYGBV(n=9) 8.3540.87 9.1640. 94 12.50£1.447 2 17. 4541, 07 LA 17.9440. 88~ A

S: Sham operation; SV: Sham operation with the hepatic branch of the vagus resected; RYGB: Roux-en-Y gastric bypass;
RYGBV: Roux-en-Y gastric bypass with hepatic branch of the vagus resected; GLP-1; Glucagon-like peptide-1. * P<Z0. 05 vs

pre-operation; © P<C0. 05 vs S group at the same time; 4 P<C0. 05 vs RYGB group at the same time

2.6 RYGB #eik & 4 2 I % sF GLP-1 X F 85 % 0.01),RYGB Xt K 25 8 M 1§ GLP-1 /K352 0 19
ey AT R A M E R SRR RS IR v GLP-1 F RN A 12. 60 pmol/L (F=644.87,P<C0.01),
K52 Y %08 K 3. 42 pmol/L(F=47.53,P<< FEEARBEAER(F=17.28,P<<0.05). W3 5.
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Tab 5 Fasting serum GLP-1 levels of rats at 8 weeks
after RYGB and hepatic branch of vagus

cp/(pmol « L™ 1)

Hepatic branch of the vagus

Average b2—bl
Reserve(bl)  Sever(b2)
S(al) 8.76 6.69 7.73 —2.07
RYGB(a2) 22.70 17.94 20. 32 —4.76
Average 15.73 12.32 —3.42
a2-al 13.94 11. 25 12. 60

S: Sham operation; RYGB: Roux-en-Y gastric bypass;
GLP-1: Glucagon-like peptide-1

3 i it

GLP-1 2 iF & )5 i L 4 o i iy — ik 2
VAER S LA SR 7 I % R 3R G A R v
IR 28 04 0 A 2 e 15 20 384 3 L o R R R
P A0 E 2 s B AR A SR 2RI E P AR
WEIE R I 2 BRI B I IR GLP-1 23 s 2
JEIR T RYGB A J5 1 4 38 e 30 M0 14 84S & 3 i
N E ORI B BE R AR S L4 Y
T 10 g A] O  LOAH M A BT K 5 4 W GLP-
159100 GLP-1 28 1T ik il ARG B0 30 2o 418 0 e 5
ZRG3 WA A0 B e AR ER A0 A RS T Xy
DIRES Y

AR SR FRAT & I RYGB BE s 20 K By 14
I B s I A VA B2 4R v IV 2 R B 2R KT A
GLP-1 JKF, RYGB 21K B 25 I M3 9 & =K 5
GLP-1 [ 7} i 2 A G . RYGB 0] DL 5| 25 i 1 i
5 F 0 A WG I, FRATT R AL e B GLP-1 /&
SFWFEY . M RYGB AR J5 KR GLP-1 Ffg & %
AKOE W] B T L 3% GLP-1 Bk B8k fE RYGB
ARG Mk A e R B EZAEH . X 5 Shah &
FRFF 5% 45 9 — 30, PR M GLP-1 ¥k B (9 FF &5 B R A%
IR S 02 28 T B A vk B O R R S R R
T

AW FE A K B, U B 2 E b2 i S 4 (RYGBY
DA G 8 Jal if R B4 5T it 1l 7 L 1A R BE ok w2
H(RYGB 41 WG 54 o () 2 Fp e I o i, HdR
SV 41#1 S 41 .RYGBV 40 fl RYGB 41, 2 3E 1 2 B

SCI VI 55 O BR X 4 I I A 1 5% e AS R {HL Rk G b
28T S YT IS REAS ) 758 B2 AT 0L 375 JB & R A GLP-1
MK, g b AT LB, ARG 1 AR, SV 41 &
KA S 4185 (P<<0. 05) \RYGBV 41 i 1 2 /K
B RYGB 415 (P<<0. 05), {Hi&, &4 K BARE
1 JEmy GLP-1 K ZRIF TG E L. RS R
K55 2R E 2 T SO0 KIS B BT R AR I
HAYE GLP-1 K2 EAHIE, 25 SCHk o #
28000 JBR B 2RI 43 b 5 B — ol R M R A L
PRE M R R T o Tk S i X i T B B b 8 P9
WA R G 14 A E P 28 A TR R 11 53X Tl B i A 1 ) i
ZIH A DR B P R A B B kg 2H Y H
J& Hayes 581 1 2% 355 FRATT 04 52 56 45 5 B A A7
N GLP-1 3 5 1 38 4 45 W6 40 i 8 & B O 4% A
PEE B2 TR 1 GLP-1 321K 25 4, 3005 < e 1
i £ A% A 5 Bl 22 DT A1 e i 5 2% R I 7 T 4%
HEMAN IR R EEAE . Shin 1Y A
o EM A SR 5 B IR RYGB J5 4%
B R0/ FIAR BT s . FRATT I S 8 T i ) T 40
JRPEFR o GLP-1 385 8T # k GLP-1 244 0
PR 8 I S AR DT SRR 5 3% 1 R i R 42 I
R0 £ 0 A R AR AR T

WA A 7 22 03 M. AT & B RYGB X F
GLP-1 7K F- 52 Wil f) 32 85007 b ok S # 28 J1F S % GLP-1
KV 52 i (1 26 8508 = . {H B A A 58 HAE (P <<
0.05) . FuA 25 4b 39 PR 22 17 B0 %, FR AT & B
RYGB b 2k 1 28 I 2% GLP-1 7K - ) 5% i 22K
HAT RYGB B,/ B 2K 55 b 28 T 3 RE A2 {6 25 I 1
GLP-1 fEFp e mK . ik, AT 1T RYGB
TRIT 2 BUBE RO B R B AR R E M E L B A
e X

AT AEAE — AN . T 58 ) 8 DR 3
PZE SO A L BR 58 2 W C 5 — b o, FRATUAL
SHIEON (IR =PV 2 /RN i o Y S A A 27 TR =N
K GLP-1 7EAE B o 4 e 3 3 B 42 75 T BE7E & 43
WA DI B A AE GLP-1 A Y B A L I A REHE
B GLP-1 35 55 43 Wh 280 i 5% M J) 35 /I i o G i 42
A o 28 JE T o S P2 38 B A T TR I 2% R I W Y A
FEU L BRI GLP-1 K ARG B 3k ] Fh R A AT
I R4 5 B8 S R — 265
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