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Mechanism of insulin resistance in mice induced
by continuous fructose solution drinking

Zhi-wei XU, Xiao-tong CHANG
(Department of Biochemistry, North University of Hebei, Zhangjiakou,
Hebei 075000, P.R. China)

Abstract: [Objective] To explore the mechanism of insulin resistance in mice induced by fructose solu-
tion drinking. [Methods] Mice were randomly assigned into 3 groups including normal control group, 10%
fructose group and 10% fructose + arginine group. All the groups were treated for 4 weeks. Serum glucagon-
like peptide-1 (GLP-1) and glucose-dependent insulin-releasing polypeptide (GIP) levels were analyzed during
the treatment. After 4 weeks, fasting blood glucose and serum insulin levels were determined, index of insulin
resistance was calculated by HOMA-IR, and liver reactive oxygen species (ROS) level was measured. [Results]
Drink of 10% fructose induced insulin resistance, significantly elevated the index of insulin resistance and
liver ROS level compared to the control group (P< 0.05); whereas the levels of serum GLP-1 and GIP were
not significantly different from those of the control group. However, in 10% fructose + arginine group, the index
of insulin resistance was not significantly different from that of the control group although it was higher,
serum GLP-1 elevated significantly compared with that of the control group (P < 0.05), the liver ROS level
was not significantly different from that of the control group. [Conclusions] Drinking 10% fructose may result
in increased ROS level in liver tissue without elevating serum GLP-1 level; so the toxic effect of ROS can
not be prevented by GLP-1, leading to insulin resistance in mice.

Key words: fructose; mouse; insulin resistance; ROS; gut hormone

FIN L HEAE 50 ARARLOR, — RIIWFFERWIRNE 7GR i i O — B T e & ZR AR S 56 5l
REASTE S0 K R W I 5 AT, SRR A IRl & RS S, B R B A ml LU &

Wik H 3. 2015-07-03

[EfE1EH] WHE, Tel: 18931316309; E-mail : changxt1212@vip.sina.com
.7 .

PDF pdfFactory Pro www.fineprint.cn



mailto:changxt1212@vip.sina.com
http://www.fineprint.cn

PDF pdfFactory Pro

T E BB

% 25 %

S K FRAC IR B AR 19 T A RRAIE , B SN N
YA D RE ZE AL i I R I AR R RTE e
JUA IR PRAFFEUES T i R R B 5 e R ARHT A O
F,FAEH %5 % B B H 3 glkg RBE AT
AT DL 2 U R R & R AT @, AEBERLI 7E g5k
BT VAT B[R A 25 5, S B A i
e E B e, B S R R Y
KMEIAE B AR T2 0, 0 SRR A 3
TEA N 5 AZERERE 2 RO IR G A28 S &
I B A3 A DG,
1V 1 AU R IR S e B KAL)
B2 R HRTENAIE B BLRENS (R I 2 i R (1)
I3 o WFFEUESE , IR AR B B iz s
AR, 38 2of ph 28 R G dR il 2 AR BTG B . W
P R B ZE FRRK -1 (glucagon-like peptide,
GLP-1) 7 % WE A M 1 £ e 5 2= B ik ik (glucose-
dependent insulinotropic peptide, GIP) &) Sy A1)
PIFP AR TR RIRE 2 R 43l . 9K,
GLP-1 7 Ikt BH. 1k 04k 7 38 . P9 5 IRz 38 R
PR A B ) 2 P A HT®,. GLP-1 1 GIP mT LARH
1E A PR R L oA B DR e A A PR A
WEXT B AR TEIEAE R, K™ B S [ A 241 i
PAT0, SRR, PR ST ARSI ) GIP
1 GLP-1 Xf ML 21t BA AP VR T, Al ABH 1k 5
IR EXIUAA L B E . EREFRNZ— R
BE B 5| S () R 5 RALPUR B 5 IR GIP 1
GLP-1 M5 A WARGE , AR BF 78 %t 5286 /N RS 4 T
TBEPOKMESR  WEE /N BB 5 2 HRH0 L 13E GIP A
GLP-1 7K V725 4k Je AH 435 1 4% (reactive oxygen
species, ROS) ¥ B , LA FR I S5 5 e 5 ZZ KL )
A RERLH]

1 #MBER=E

1.1 Iz

faRRE 4 FaE B/ AR E (20 £ 2)g, HET
BB R R AL, A = VP ATIESS : SCXK (52 2014-00
04),
12 FEKFISHY

26 B 2 ) e 1 rh A b A R i
AR T, 85 2 ELISA Mg X7 & .GIP .GLP-1
ELISA il 5 it 7 & 11 1 il 16 26 W BB A B
], ROS {5tk &  E A2 =% Sk
IR G [ R A TR AT

1.3 P ERIWAIE

TSN PR SRS K S/ N R 3 4, R
20 L, A3 SR AN Jin SR ) B A R K R /N B
(IEH XS HRAL ) s 10% S R K b BN B 5 10% 5 4k
+ K5 2R (Arg, & 100 ml B hkS &R ERFRE: 10 )ik
ISR /IN R AL 5 45 S AR M5 4 8 1) A koK,
H B AR e AR 3 ] 2R 47/ BRUl v GIP . GLP-1
KT 4 J8IG , KB 24 h, #E 17 & H A 48
FRo3HT o
1.4 MZRIEFRRINE F7 %
141 i W B M dn A Fe R By F ey
K A/INR S E 8 h i W R R/ L, B
(1088 x g/min, 5 min) il & i3 , FH T B0 o sl
B =80 CUKFH VR VR IAAT TR 22 o I
E R A SR A R &, 20 w | LY i 3 ml
PR AR, 37 CARIE 15 min, L) 722 205606
505 nm % WG RE #8228 XA OBV B 5 B S R
5 2R FH /I BRI &) 22 R B 8 ATt &, oSBT
25 L BREFL SR LIS 50 0 1,37°CIR A 30 min,
PREAAT S A BEARIR 50 w1, 25 F1FLERAE , 37°ClR
A 30 min, YEEFAT BALIMA AT A B % 50w,
37°CkEt k8 10 min, B FLINZ (-7 50 w1, BFARAY
450 nm I A I A FL IO
142 M8 E 3R A Turner 89 R AR A R %
(HOMA-IR)™  Jgs 13 Z HLPL 48 5 = [25 1 1 4
(mmol/L) x %5 [ IfiLiF B &% %= (mIU/L)]/22.5,
1.43 AFREZZE ROS #9ml 2 /INFALIE, ST EISE3%
BUHAFIELHE, 0 R E L 4% 1 20( & - ARBDK)
oA A 5341 5 (100 mmol/L W2 25 whifk ) , vkK
WA FHLMAIH ,1 000 g 250> 10 min, BU [ .
T4y T O i 24 R A T e e R
125 ,0.05 ml #£ 540 3 ml 2% ShHr 2 i i (i, i
H10 min, L 722 43066 REAAE 595 nm Ab il 5 i '
L G DIl = 0l R 03 R K2 UL AER
I & (DCFH-DA 72 ) I 5 16 M S R e ek JiE , R
190 w | 293¢ W A 1 mmol/LDCFH-DA T AE ik
(BPZEIRER )10 p |, X BEFLANA 10 w1 PBS, 75315
51,37°CHEE 30 min, TEZGAr B THLL 535 nm
P AR E o 45 R LA E | Z T
TR
144 s GIP F2 GLP-1 M & FESLI04E 2 ],
SRAEAS AL/ RN, 25 L3 , B -80 °C VKA 2 Uk
{*AFE,GIP I GLP-1 437K ] GIP il GLP-1 ELISA

- 8 -

www.fineprint.cn



http://www.fineprint.cn

PDF pdfFactory Pro

%5 36 1

TR, 55 AFEERMIIOK 5 SN BUBLE RABTALH]

G, Hea N & U728 1AL AR AL AR AL
JIEE 50 w 1,37°CIRF 30 min, PEi&HA T /5 , A bR
W 50w, 28 (FLER AN, 37°CIRE 30 min, PE&HA T
BEALMA R AR AB 4 50w 1,37°C ikt g 1 10
min, BEFLINZ - 50 I, BEEFRAX 450 nm % 00 E
HALIMOGRE
15 SitFEFE

SR SPSS 17.0 Geit=# A 47 Bdi o, 3
PORMEAE LA R + R 22 (x = 5) FR , FIREA
B K5, P<0.05 2 S FitapE L,

2 HR

2.1 HBANRTEMAEFIMERESERE
SEIRLE RS 24 h, A Hr A AL/ N RS IR OB , 3 41
/NERAS B B IE S5 , IFE 13 L 45 4 ) Ehs 22
SETG T2 5 S TR OK 41/ BB S 2K 3
4N, >4 (3726 + 425 mIU/L, 5 1F5 % FE/NERL(18.64 +
3.62)mIU/L [b#, 22 55 A Giit 2 L (P<0.05);
B +Arg TR L /IS BRUBR & R AR T SR R OK 2 /N
(P <0.05), M 4R = T 1IE 7 % R4 (H 22 A 4e it

Mk SHNMREEMBEMESRAFE (n=18,xts)

215 2GS /((mmol/L) L& 2 /(mIU/L)
IEE X IR 2 5.46 + 0.51 18.64 + 3.62
SopEdl 6.13+0.42 37.26 + 4.25
b + M EmR A 5.82 + 0.47 25.23 +3.85

et S IR AL L, P<0.05

22 FHHANMBRSERIIBHS W

DL SR v (HOMA-IR ) #E4T 1) JiE 15 2
HEPTHE B 2B, A OK 4 /)N BRUBR B R AP+
B E TR, (1045 + 2.13), 51E %% R/ NR(452 +
0.75) l e 22 A Sei24 3 L (P <0.05); b +Arg
TRK AN BRUJBR & R AT H5 45 (6.53 = 1.86 ) fIK TR b
IR /N (P <0.05), f 8K & F1E 8 4 HR A, (H 2%
SIEGI2EE X WA 1,
2.3 /R GIP #1 GLP-1 Kk

S I TE] X4 A1 /N BRI T A3 2R B, SR TR
IKBEAFFBA B/ UL GIP A1 GLP-1 /K, 43
) 47(3.18 + 0.34) F1(36.43 + 5.54 )pmol/L, 1F % XF 1]
/INER 430 4 (3.06 £ 0.43) F1(35.03 + 6.68 ) pmol/L, 7
2 R TG B AR +Arg 41/ B

14
12 1)
T
= 10
<\|:‘ 8 2)
2 6
=
4
2
0
N F F+Arg

N IE 3 X IELH . S ; F+Arg:§'1'%*f§ + &R ; 1) 5 1IEH 5T
MR g, P<0.05;2) 5 SUpl4 L, P<0.05
B1 &FA/NRRBERMIBELHE HOMA-IR

T GLP-1 7K F-(54.21 + 6.25)pmol/L H4 i1, 5 1F % %
M R 2= R A Giit# 5 X (P<0.05),GIP JC i &1
I, S IR BRAL e 22 RIEa R E X WA 2,

457
401
357
307
257
201
15+
10}
05t

0

1fiL3% GIP /K- /(pmol/L)

F+Arg

70
60 ¥
50
40
30
20
10

M GIP-1 7K /(pmol/1.)

F+Arg
B
N IE 5 X IR L 5 F 2 SRR s FArg: SFUOBE + KRR AL + 510 %t
MEZH g, P<0.05
B2 &HA/NRMFE GIP 1 GLP-1 kE

2.4 INRBFREZEZR ROS KF
TR K 41 /N BRUITFIE2H 21 ROS 7K °F (0.83
0.07)cd/mg pro @& JhiE, SR X AR (0.46 +
0.08)cd/mg pro [L#:, 2 F A Seit2%m L (P<0.05),
FME +Arg 4/ R 41 21 ROS (0.57 +0.06)cd/mg
pro i TIEH 41, (A2 g it 3, WK 3,

www.fineprint.cn



http://www.fineprint.cn

PDF pdfFactory Pro

T E BB

% 25 %

1.0
0.9 T
0.8
0.7
0.6 T
0.5
0.4
0.3
0.2
0.1

0

—+

FFIE ROS /K /(ed/mg pro)

N F F+Arg

N IEH X RRZE ; o SRR s FrArg: RO + KRR . + 5IEWEXT

B A, P<0.05
B 3 {ZENENENEH/NREFEE ROS KFE

3 it

S5EA MR —FE, AR5 100 09 S8k
IR TN BRI 5 R AP, HOMA-IR 23T K
/N BRUBE 5 RARHURE B 2 5 T IE R X /N . B2
TEFME IR i [ B35 A 2 ) S = oA /N B e
B2 Ph, BB ECR AR = TR /DR (S IER
XTRE/NER AR, 22 R et

AHIFFE Y 1 AR 25 J B/ 5 P 43 ) R AR
Ko BIRYPEAMRN E L iE i TE AN, I
W R A 430, HETTR Y B B s 3 A R
W Kot 22 A T S AR 4P VE . GLP-1 1 GIP J2 1%
WMER T R EE IR, R 2014 4 KUHRE B9
i Hh b B2 /N B R BRI GLP-1 43,
ANHNEL GIP (1) 53 1A, {H A5 rh Ak K v S0 1) 22
BT A 51 /N FUiLTE GLP-1 F1 GIP f38 i,
SRR o HZ, SR ] S ks 20 ) 2 80 B
M3 GLP-1 253G hn . AE b8 A B o i =4, Ak
HMIFSE ks A 2 e AT R | (02 R 55 P LRI
GLP-1 F1 GIP #4318, MACE F{)fIF ¢ 2 B, 7E 4%
FE GLP-1 F1 GIP 43 it G LR v,V 158 3 43 0]
RARNAMR > WA > K AW ~ AR > KA
PRI o R TR N RV il B ARG, AN 1 A R T
TInE SR HR 285 5 0 RS SR B A B S 358 n
T/NEUALTE GLP-1 /K,

Sk U B LT GLP-1 34 T2 an ] ok 35 /0 FUBE 5
RHEPURY , 28 35 50 M7 I IO 20 22 0 35 P 4807 (ROS ) 7K
o 2 i i R 2 AR B B AR AR 2 — X IR S 2R
P2 A A PR U A URREY, ROS BRI
IO AR, S AR R ROS XS KRGS
A 30 B T R JR 5 B A2 AR R 2 IR RN T

WUEE 3- Wi E s B A 2 s S A
FRIRZ I, HOEHN FHF5Y nt, 2ok (A S 1k
Y = 5 R 245 3R AL U IR 5 B BT, DRI
PO SRR R A AP A il mT A3 A J 5 3
Z AT

AW W AL/ FUIFIE ROS 2 238
T, T SRRE S RS R 4L/ BRI IE ROS AR & T 1E
HOTE L H S TSR L AT, RS
I FFRE ROS 344 115 SR MHAE I P9 77 A6 19 PRI A G, SR
R SRR T I AT 1- R FRE , %0 A ik
HASZ U], IFE ATP P22 AMP 4L
PRI , 1 HL ROt i) i 2 S 18 G S R Ak R R, IR
PR A AL 35 R AL 407 N I F 2 A 8L A i mT L5 | A
AR, SRR IR A R 41/ BRI ROS
A BB R TR, s SR R A Y Y
GLP-1 7K V-3 hnAH %, FONTANA 45 ® GLP-1 7
JEFRIE TT L BEL 1k SR AR 38 L PN P 7 38 4R A R %o
Y EE Y E R o A SR R A GLP-1 sl 2k
L1 AT LA R BRI A R OK -, sE iR  R
BT B, 7SS IS 2 RR 4 /) BRUBE 5 R ARHT Y
B R BT I = KO GLP-1 £E 2 2
BHL1E SR == 19 ROS AR -

SZ ST DR /N BRUE 5 R AR B TR
VLY ROS ZKF-38 0, (H R RE ] s )34 i i
GLP-1 F1 GIP 434, JCi B IR IE ROS 1y B A
FH, BISBE k36 GLP-1 X IE A R4 VE T, Sl i 7™
A1 ROS 51 R & AL

2 £ X #:

[1] JOHNSON RJ, PEREZ-POZO SE, SAUTIN YY, et al. Hypothe-
sis: could excessive fructose intake and uric acid cause type 2
diabetes[J] Endocr Rev, 2009, 30(1): 96-116.

[2] FAEH D, MINEHIRA K, SCHWARZ JM, et al. Effect of fruc-
tose overfeeding and fish oil administration on hepatic de novo
lipogenesis and insulin sensitivity in healthy men [J]. Diabetes,
2005, 54(7): 1907-1913.

[3] AEBERLI I, HOCHULI M, GERBER PA, et al. Moderate
amounts of fructose consumption impair insulin sensitivity in
healthy young men: a randomized controlled trial [J]. Diabetes
Care, 2013, 36(1): 150-156.

[4] E26%, ARG, MR AR R R e 35 ). 252 5 R
7Y, 2011, 19(3): 244-246.

[5] FONTANA J, CERVINKOVA Z, ANDEL M. Effects of GLP-1
on liver[J]. Vnitr Lek, 2013, 59(7): 551-558.

[6] LAVINE JA, ATTIE AD. Gastrointestinal hormones and the reg-

- 10 -

www.fineprint.cn



http://www.fineprint.cn

PDF pdfFactory Pro

%5 36 4 TR, 5 R

JOR 5T/ BUBE & AL

ulation of B -cell mass[J]. Ann N Y Acad Sci,
41-58.

[71 HAFFNER SM, KENNEDY E, GONZALEZ C, et al. A prospec-
tive analysis of the HOMA model, the Mexico city diabetes study
[J]. Diabetes Care, 1996, 19(10): 1138-1141.

[8] KUHRE RE, GRIBBLE FM, HARTMANN B, et al.
stimulates GLP-1 but not GIP secretion in mice, rats, and hu-

2014, 306(7):

2010, 1212(1):

Fructose

mans[J]. Am J Physiol Gastrointest Liver Physiol,
622-630.
[9] TOLHURST G, ZHENG Y, PARKER HE, et al. Glutamine trig-
gers and potentiates glucagon-like peptide-1 secretion by raising
cytosolic Ca?* and cAMP[J]. Endocrinology, 2011, 152(2): 405-413.
[10] MACE 0J, SCHINDLER M, PATEL S. The regulation of K-
and L-cell activity by GLUT2 and the calcium-sensing receptor
CasR in rat small intestine[J]. J Physiol, 2012, 590 (Pt 12):
2917-2936.

[11] BREF =, TR SR, J53 2HR 0  MAsE B A 53 ok
2012, 16(2): 141-142.

R [J]. 2By,

11

[12] (BB, SKIE, HONIE, 55 SANIMAE 2 ZUE PR A HLH]
ROFE R FTE R [J]. A B4, 2013, 65(6): 664-673.

[13] HOEHN KL, SALMON AB, HOHNEN-BEHRENS C, et al. In-
sulin resistance is a cellular antioxidant defense mechanism[J].
Proc Natl Acad Sci USA, 2009, 106(42): 17787-17792.

[14] JOHNSON RJ, NAKAGAWA T, SANCHEZ-LOZADA LG, et al.
Sugar,
Diabetes, 2013, 62(10): 3307-3315.

[15] JEI/IMRI, ZEZ5 K, BT k. GLP-1 o R0 RS 14 s Ao o BB &

FHHTU S PKC & AYSZMA[I). v o B4R B 22 24 5K, 2015, 31(4):

690-694.

TR, Rk, ZEAK, S GLP-1 XS i i A U 4R

AR K TNF- o \TGF- B, FSZIR[]. B 7 E AR 2244k, 2013,

33(11): 1661-1664.

[17] VRSN, R, SRR, 5. F G IO SRS AR I TR B
1056 28 9 5 ZAHRHT 05 im [J). v [l 2 A 2%k, 2014, 30(3):
533-537.

uric acid, and the etiology of diabetes and obesity[J].

(16]

www.fineprint.cn



http://www.fineprint.cn

