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HWE . B FiT B4Rk % R (SG) xF2 B4 Fm D RIS AL EEEG 1 (caveolin —1) FE R
MEEIANPrn, FiE FRT20015F1~6 AETRAEHRFREARER T O LR THIT, 24530
PR 2 B SRR H (+db/+db, C57BL/Ks]) ABFRATF, AR ERAF S A 340 : db/db 48 ( RALE ),
db/db—SG #8 (47 SG ). db/db—sham 2L (EF R ), #4110 R, KaT 3 dFRE 7. 14, 21 & 28 d M Z3h4h
HREREN100 g R EHRRLE, RAT5d KRG 30d, M REM 0 (FBG) Ao RF) F#EE (OGTT),
ELISA # de 3¢ Mk By & . ZBcHd (TG), JREE (TC), AKFEMEEE (LDL); Western blot v 52 B 5% &
B4k R ( Real—time PCR ) 4 P9 JEAS B 2022 caveolin—1. GLUT4 & & & mRNA &k, £R  db/db—SG
W RARBHRE BREE, WA, OGTT W& F @R, M EMIEH 5 db/db 204 db/db—sham ZHHLER,
EZRFAGRITFEZEL (P<0.05), db/db-SG AN EAREHRELBELEZHIK, ZHRABETE, OGTT WA T &R
WY, M B FARIIEH T B 5 db/db—SG 42 TG, TC. LDL /K-F5 db/db 28 % db/db—sham ZL}b3, %
A G FEL (P <0.05), db/db—SG 2B/ A F % ; db/db—SG 2B/ RS F 4L 2% caveolin—1. GLUT4 & & fw»
mRNA %% 15 db/db 28% db/db—sham 283b4%, £FA%TEEL (P <0.05), ¥IE. &t SCTAERE
s2 00 N AR 2 AR R AR ERBR S, BIK TG, TC, B EM 5 EI4, TREASH L caveolin—1

B GLUT4 R-FTFHA X,
K AR AR B AR BB ASMEES 1
FESES : R-332 XERARISED . A

Effect of sleeve gastrectomy on insulin resistance in adipose tissue
of obesity-associated type 2 diabetes (+db/+db) mice*

Wen-yan Zhao', Ming Sun’, Yong Feng', Dong-hua Geng', Jin-gang Liu’
(1. Department of General Surgery, 2. Department of Urology, Shengjing Hospital of China Medical
University, Shenyang, Liaoning 110004, China; 3. Department of General Surgery, the Fourth
Affiliated Hospital, China Medical University, Shenyang, Liaoning 110032, China)

Abstract: Objective To observe the effect of sleeve gastrectomy (SG) on the expression of caveolin-1
in adipose tissue and insulin resistance status. Methods Thirty 10-week old obesity-associated type 2 diabetes
(+db/+db) (C57BL/KsJ) mice were randomly allocated to db/db-SG group, db/db-sham group and db/db blank
control group, each group had 10 rats. Body weight and food intake were recorded 3 d before operation and 7, 14, 21
and 28 d after operation. On the 5th d before operation and the 30th d after operation, FBG and OGTT were detected
before and after operation; ELISA was used to detect the plasma insulin, TG, TC and LDL; RT-PCR and Western blot
were used to detect the expressions of caveolin-1 and GLUT4 in the viceral adipose tissue. Results Compared with
the db/db-sham group and the blank control group, the mice in the SG group showed obviously-reduced body weight

ks H Y 2 2017-01-13
* ELATH Pk T RMAE AR H N AT I (No « 150422) 5 10748 FIAARRERE S (No : 2015020505 )
[fE1EE 1Bk, E-mal : gdh024@126.com

- 16 -



&

BT, A

#

BRI A o3 2 U bR /N SRR D7 2L U SR AHTHL RIS

and food intake (P < 0.05), apparent downward trends of FBG level, AUC of OGTT, and HOMA-IR (P < 0.05). The
plasma TC, TG and LDL levels in the SG group decreased as well (P < 0.05). The expressions of caveolin-1 and

GLUT4 protein and mRNA in the viceral adipose tissue significantly increased in the SG group compared to the db/

db-sham group and the blank control group (P < 0.05). Conclusions SG can significantly lower the body weight and

food intake, decrease the plasma TC, TG and LDL, and alleviate the insulin resistance status in a short period after

surgery, which may be related to reduced expression of caveolin-1 and GLUT4 in the adipose tissue.
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BHUIRTIEAR (sleeve gastrectomy, SG ) JeH
W TR —F, AP UIERE RN 80% A4 1 E
I, WCEMCRED] . WO A ZWHTIESE SCG 7 2
Ji 5 ZAKST (insulin resistance, IR ) "™, {HHARHLH]
JEHCIE XS g 10 20 23 TR A S e TS A WY affy o 5 I i
(caveolae ) AL [ EL224 50 ~ 100 nm LSRR
MBI, BEARRBAUZE5H, S5a0M0 M)
s, 55 REFEMA L, MFEHEM 1 (caveolin-1)
J& caveolae Il FIFRICHE H, TENG I 40 o 45 5
PERIR S DRI, TENR Vs 240 B v JBE £ 2K AT 5
GLUT4 ¥ {5 & & & caveolae/caveolin—1 [ 41 g Ik |-,
HHILEN L3Rk, S HEEENES s . BT,
ABFELAAL I 2 BRI/ (db/db ) BT 42,
IS SG X HRMTLHLL IR LK caveolin-1, %% iz
A (GLUT4) RIBWIEN, Jit—P487R SG &g
TEHEZY TR BRI H T A0 R

1 MRS FE

ARSLEGT 2015 4F 1 ~ 6 A e EERFKEME
SR e O SRR E T
1.1 YD AR IE

W 6 ~ 7 JEIHEE db/db ZNEL (Leprdb, db/db,
C57BL/Ks] ) 30 H, #I4 [ pg 5t K= S i oe o
ARETZEA 10 d B IEFE R EMFE 1 JFE R db/db
INEARHER J2 23 R 1UBE ( fasting blood glucose, FBG ), LU
FBG = 8.0 mmol/L 2 FI K MEFRIHAL G A AR E. A
TEMY 8 JE I AL Y 2 AUBE PR /N ERL (db/db ZNER ) 30
AR E LA 3 4 - db/db 2. db/db-SG 4. db/
db—sham 2H, B4R 10 2 FrA /NS N R 1 H
JE F IR S
1.2 FHik
121 db/db-SG 28 17 SG. ARHEj6hZEEK, 10%
KA 0.3 ml/100 g (AT G A T SRR IE, [0 T4
&, W EBEERYIO 1 em, BEVIF AR T
SRARSETOR, AT 2 R RN,

P RN 1) T YRR 3/5 BAK, iR A BRI 6 ~ 0
Tk S . RIERTHE R R 8 J1 w100 g {RH I I
SRR, RJF 4 h#HRE (10% #%EHE), 48h
Jo IE R BRI SR
122 db/db—sham 21 JWREF. RETARIGHZY. i
Y5 db/db-SG H—3, W EMIEFYIE 1 em, &2
VI SR A, HATEEME 0.5 em DI, RN 4EG
db/db—sham ZARBUE A3 HiE. R/ 30 d, 10%
KA EEE 0.3 ml/100 g (48 FE I T R, s i ik
Kellit, BAIMLTE -80°CYRVRIRAT 5 ALFEATR/IN U BB
BRI L —80°CH-IT o
123 db/db 20 MR FEARKNET ]S db/db-SG 2
J¢ db/db—sham Z41AH[R], TCREERANIE
1.3  #iEFR
OAFI3dHMANE 7, 14, 21, 28 d I ZE ¥
MR A 100 o R E B 5. ) ILA B 11 ) 25 4
fif E X 5 (OGTT) : AHi 5 d FIAJE 30 d ML HH{X 45
M2 fE 12 h i (FBG) 1Y 5 RAT 2 d FIAJE 30 d
21K OGTT, J7i ~ll FBG J& 45T 50% #i % i
1.5 o/kg REEEH 5 RFIKCR M, B H] 255305028 0.
30, 60, 90, 120 min, 3K F ELISA A6l ifi 3¢ fik
BE, BMEER (TC), =BtHMW (TG), K& E ik
A (LDL), 5 15 5 Z #LPi 45 20 (HOMA-IR ),
HOMA-IR=( G, x1,) /22.5, 2t G, & FBG ( mmol/L ),
I, W2 IS ((wu/ml), @SCy A BHEE RO
(real-time polymerase chain reaction, real-time PCR )
KGR 212 caveolin—1 & GLUT4 mRNA Fik, 4 48
ZeAk 2 95°C 30s 28, 60°C 30 s Bk, 72°C 45s T,
40 MIEH, 5 72°CHEH 5 min, caveolin—1 5|¥), 1F
] : 5'-GGGACATCTCTACACTGTTCCCATC-3', JZ [
5'-CTTCTGGTTCTGCAATCACATCTTC-3' ; GLUT4 73]
Yy, 1E1 : 5'-CTGTAACTTCATTGTCGGCATGG-3', JX
] : 5'~AGGCAGCTGAGATCTGGTCAAAC-3' ; GAPDH
2%, £ : 5'-CACCCTGTGCTGCTCACCGAGGCC-3',
JZ [ : 5'=CCACACAGATGACTTGCGCTCAGG-3', &
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Western blot 25 ¥l i ij ZH 21 caveolin—-1 } GLUT4
ik,
1.4 SitEFHE

I ] SPSS13.5 B kAT Ge it 2 Ab B, 4% 2H A s
KB + 2 (x+s) F£on, HLBCR AR E N
IR 208, P EL R Student's ¢ 4G5,
P <0.05 HZEFA G E L

2 #HR

EFAR/NRBIE, FARIFITERL, shsin
R
21 3HEMREEEER

KT 20T e 3 /N, RET2H /R
WHEZEF LG EE L (F=0.151, P =0.863). RJ5
7. 14, 21 F1 28 d £ 41/ ERUARE 22 5 R EE 200 e 12
T 200, 4558 ORE 3 db/NRIRE 274
it L (F =23.056, P =0.002); @ db/db-SG 4
WA 7. 14, 21 28 d AT A 2 % (F =14.029,
P =0.005 ), db/db 41 1 db/db—sham £H 4% ¥ 1 Bsf [ A5
RETLES (F=0.422 F10.386, P =0.445 Fi10.563 ) ;
ARG /N R ] (B RS T B A Gt B L
(F =10.009, P =0.000 ), db/db-SG ZH/NRASE 7 d AR
BN, FERET R BN, BER T HERS kel T
F#adt, P LA Student's t 85, KRG 7 ~ 28 d
db/db-SG 4I/NRIARTEFFLE T, 55 db/db 41 Eb4E (7 d:
t=-3.386, P=0.028 ; 14 d : t ==7.735, P =0.002 ; 21 d :
1 =-0.596, P=0.010; 28 d :  =-5.894, P =0.004), 5
db/db—sham ZH 4 (7d : 1=-3.343, P=0.029 ; 14d :
t ==5.495, P =0.005 ; 21 d : t =—4.135, P =0.014 ;
28 d : 1 =-5.648.386, P =0.010), ZFAHGIH¥E X,

®1 SARA. REHFEZHILE

Wk 1,
22 3HANFRERELE

K20 R AT S AR, 25 I%
P25 X (F=0293, P=0.756), RJ5 7. 14, 21 Fi
28 d £/ N R E 2 TR HE S W R 7 2553
Br, 458 OARE 3 A/ E RES ORI FE
X (F =5.196, P =0.049); @ db/db-SGC LN A J5 7.
14, 21 28 d R EBHA 2SS (F=9.009, P=0.015),
db/db 24 Fil db/db—sham ZH 2% 46 P Fsf 1] g 45 £ 3 JC 22
5 (F =0.521 1 0.235, P =0.349 1 0.615); @ AR J5
/N EA B R HERS T R R Te 22 7 (F =0.892,
P =0.071), db/db-SG H/NEARJE 7 d WEE =T %
Wit (HFERTIHERS T R HE T 22 5. PP R
Student's t ¥ 5%, db/db—SG 415 db/db 41 He 48 (7 d -
1 =-3.864, P=0.018, 14d : 1 =2.771, P=0.049 ; 21 d :
t =—4.157, P =0.014 ; 28 d : t =2.877, P =0.045) }
db/db—sham ZHIL# (7d ;1 =—4.444, P=0.011, 14d :
t ==3.169, P =0.034 ; 21 d : t =—2.966, P =0.039 ;
28 d:t =-3.134,P =0.0132 EFA G5 L. W 2.
2.3 3H/NMRARFI. RfFFBG. OGTT. HOMA-
IR Eb#Z

AR HT 341 FBG, OGTT i £ F i £, HOMA-IR
s, 2581 FE X (P >0.05). MiAE 30 d Af
db/db-SG 41 ik 3 4545 5 db/db—sham ZH F db/db
Wik, ZFAZIFEL (P<0.05), PM LR
JH Student's ¢ ¥ %, db/db-SG 41 FBG 5 db/db 20 &
db/db—sham ZH L4, ¥2ERAGH¥E L (1 =-8.419
H1 =7.689, P =0.001 1 0.002 ), db/db-SG 4 FBG T F#;
/NEL OGTT £k R i AL db/db—SG 215 db/db 2H & db/
db-sham 4 L #2, HERA G E XL (1 =-13.349

(n =10, 2, Xts)

43 RT3 d KI5 7d KI5 14 d AJF 21d KI5 28 d
db/db 2 52.6+3.6 53526 546+19 555+3.6 572+3.4
db/db—sham 2 54.1%3.5 527+19 53.6+29 53.8+3.5 549426
db/db-SG #1 53.3+29 445+38"% 026+19" 400+4.6"" 412+33"%
e 1) 5 db/db 41HE, P<0.05; 2) 15 db/db-sham £ b4, P <0.05
x2 3HEARF. REBRETULRE (n=10, g, xzs)

2151 AR 3 d ARG 7d ARJF 14d ARJF 21d AR5 28 d
db/db 41 6.6+1.6 6.5+0.9 64+12 6.9+0.8 6.7+14
db/db—sham £ 6.1%15 57+09 6.6=1.1 68+15 6.2+0.9
db/dh-SG £ 53+29 35+05" 40+09"" 3.8+06"" 4.1+0.7""

e 1) 5 db/db A, P<0.05; 2) 5 db/db—sham 4 L4, P <0.05
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%n -12.579, # P =0.000), db/db-SG 4 OGTT HiZk ~
FUT W% ; db/db-SG 2H HOMA-IR 5 db/db 4 J% db/

db-sham 21 [b#2, ¥ 2ZFAGITFE X (1 =-12.970

F1-12.010,% P =0.000 ), db/db-SG 44 HOMA-IR F[%.

WK 3,

2.4 3AEARBI. RiFM%E TC. TG, LDL tb%&
ARHET 341 TC, TG, LDL Hi, ZREFEI¥E

0.015), db/db-SG 44 TC FF% ; db/db-SG 41 TG 5 db/
db A F#, 227 Tegeit L (1=-2.659, P =0.056 ),
5 db/db-sham ZH IWEE, 2 A Geit2# X (1 =-4.227,
P =0.013), db/db-SG 41 TG T F% ; db/db-SG ZH LDL
55 db/db 41 & db/db sham 41 Fe 4%, 425 54 Giil 2
B X (1 =-3277 F1 -2.982, P =0.031 1 0.041), db/
db-SG 41 LDL R, W3 4.

(P >0.05); AKJ530d, db/db=SG ZH/NEIMIE TC. 25 BE BF 4 & caveolin-1, GLUT4 & A &
TG. LDL 5 db/db 40 % db/db—sham 4 H04s, 225544 mRNA FRikLbE

P2 X (P <0.05), db/db-SG ZHACERE, KT db/

db 2 }z db/db—sham ZH . P LR H Student's ¢ K555,
db/db-SG 41 TC 5 db/db £ K db/db—sham 20 4z,
L RAGG I L (1 =-3.562 Fil —4.082, P =0.022 il

*®3 34AABI. RFFBG. OGTT. HOMA-IR tb#&

ARJi 30 d, db/db-SG 4I/NRPIAE (FHE2) Agiidl
2 caveolin—1. GLUT4 & X mRNA £ik 5 db/db 4
db/db-sham 1 [L 3¢, 2 RA G2 E X (P <0.05),
db/db-SG ZH3R3A B WLRFHAIRIER 5.

(n=10, xxs)

db/db 21 26.6 £4.6 255+3.8 3197.8+175.6 3073.9 +256.2 50=02 54203
db/db-sham £ 27251 28.6 4.9 3247.0+217.4 3170.9 +288.8 54+03 5203
db/db-SG 4 24.6+4.9 6.4+1.0"" 3137.1+£2235  9355+106.5"" 53+0.7 27+02"%
FAg 0.234 32.976 0.213 89.589 0.629 92.591
P{H 0.798 0.001 0.814 0.000 0.565 0.005
e 1) 45 db/db A, P<0.055 2) 15 db/db-sham #H 04, P <0.05
Fz4 3HAARFI. KEMIE TC. TG, LDLZEAL  (n =10, mmol/L, x+s)

db/db 21 3.8+04 3.8+07 1.87+0.55 1.85+0.46 1.91+0.37 1.85+0.45
db/db—sham £} 40%05 40+0.7 1.79 +0.47 1.96 +0.30 2.01+0.54 1.97 £0.47
db/db-SG 4 3.6+08 2.1+04"" 1.83 +0.50 1.09 +0.20°’ 1.89+0.45 0.98 +0.23"*
FA4 0.945 8.605 0.019 6.057 0.059 5516
PE 0.440 0.017 0.982 0.036 0.943 0.044
T¥: 1) 5 db/db 2 H#, P<0.05; 2) 5 db/db-sham 41 H%E, P <0.05
dmZl  dbfdb 41 db/db-sham 41 db/db-SG 41 #5 ARENRAEAALR caveolin—1, GLUT4 mRNA
EXFREE  (n=10, xxs)
caveolin—1
e R T
db/db 21 1 1
GLUT4 db/db-sham £ 1.25£0.19 1.19+0.15
db/db-SG # 3.20£03"% 226+0.51"
6 —actin Fi8 194.025 14.695
P{E 0.000 0.005
T 1) 5 db/idb AL, P <0.05; 2) 5 db/db—sham 21 L5,
MiE caveolin-1. GLUT4 B XX P <0.05
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Jo B EH S5, FARDIBR AR M B k2 80%, 1+
T AR . HHT . B NVE R R 5
PR, WEIRE] T BWAMN EIY, RBORIFAIXT IE# 1k
AT R AT H 55 B T ARG AN SO B A8 AR
K, SG AN, BIFARPIARFLARK, mhiif
BARED, HINES . AR, BT, SG ZH TR
NBREIEYY, xR WA 2 BOBE IR R A,
B 557 T AR E T AR (AT —2mil H 5 I
KEZ RN, H 7R TARKES RS, AR
o B, BRI 4 SG X TR = 5 2
IR AL, HA FHZIRIRE

I I3 2 2 e 5 2 AR 1) 85 % o 2 18 BRI T A R
BOLTE, Xt R GLUT4 A5:A9 ¥, ROS-BARO
ZE D) A | 1Y) caveolae S 4 ifd B 45 GLUT4 i
WA, H. caveolin—1 753X —id Fg Hh & 55 B EAEH .
R KM, caveolin—1 RIG AT RN GLUT4 [&f#, M
7T 350 IR 02 2% R ) A R e is e, R A IR Y
FHRzZ—" e, B AI”, caveolin—1 L)
JI S A SR, ZERE W AMAE , siRNA T caveolin-1 J7 ,
PERAEAALA T MRS T — o AN R -6
Bpgn, W T E AR -10 DR R
B BRI B . caveolin—1 X 40 M FOBENE #% 1z |
WA AT 9OE AR e AR rh R AR H

db/db /N & —F 7 & PR AR 2 HBH R g 455 A
flo AT db/db /NREAT SG I, /MR (30d)
PR ] 5 T R, S PR, B IR W, H
L& TC. TG. LDL % B AU 48 A5 I8 A [F] 72 B2 4 5,
PR/ G I IR 2, PRI BERR R TR
SE, YOUE T SG X SRR EE R . BRI
SURIRS ZE AR EE RS E .. I TR SG X g
WL ZUIR A5, ABIFFEARGIN T AR5 /)N BB S 1R
ZHeH, BN RERE T ZHZ 7 caveolin—1. GLUT4 25 [ Hl
mRNA KB, RIER F AR TR A A A
FEEER LT, XATRE S FAGAREBE . IR A
Ko GLUTA FRIAHY I &R & MiA bR s ie 1 &

1M caveolin—1 Y335 I 7+ W] REAE #F GLUT4 ) 3% 35
GG SR, Al BB IR SR I B, B
AR A AE A A R 1K, DT 4 PR A ARl B2 N 2R
Bl THE

HAEr, XFF SG B IR AL R AR, HEed
FORLERBI ™, SG X T RCERNR M 5 R —Fh 4
Aa T AT —2DESE T AR R 2 BORE AR
NSRS, SG AT LATERI N FEAIAR T S b i, B
i, 26% IR, fREIRICIPIRE RO IEH, WA
Ja MR A4 caveolin—1, GLUT4 ik FFhnl fig 5 ik —
MG K, 2 SC UEENRITHZU IR K Z—.
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