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Oxidative Stress Causes Vascular Insulin Resistance in OLETF
Rat Through Increased IRS—1 Degradation
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Department of Internal Medicine, School of Medicine, FPusan National University; and
Department of Internal Medicine, College of Medicine', Dongguk University

— Abstract —

Backgroud: Insulin resistance and oxidative stress have been reported to play essential
pathophysiological roles in diabetic cardiovascular complication. The relationship between
insulin resistance and oxidative stress in vasculature remains unclear. The study was
conducted to assess whether oxidative stress induce vascular insulin resistance in OLETF rat,
a model of type 2 diabetes

Methods: We used OLETF rats (20/30/40 weeks, n = 5/5/5), as models of type 2 DM, and
LETO rats (20/30/40 weeks, n = 5/5/5) as controls. Aortas of each rats were extracted.
Superoxide anion production was detected by NBT assay and lucigenin assay.
8—hydroxyguanosine (OHdG) and nitrotyrosine were detected as markers of oxidative stress
in 20 and 40 weeks groups. The glucose uptake of aortas was measured by detecting
2—-deoxyglucose uptake in both groups. The expression of IR, IRS—1, PI3-K and Akt/PKB were
detected by immuno precipitation and immunoblotting in 20, 30 and 40 weeks groups
Results: Superoxide anion production and markers of oxidative stress (8-OHdG,
nitrotyrosine) were significantly increased in aortas of OLETF rats compared with controls.
Aortas of OLETF rats exhibited decreased IRS—-1 content and increased phosphorylation of
IRS-1 at Ser307 compared with LETO rats. There were no significant differences in
expressions of IR, PI3—-K and Akt/PKB between two groups

Conclusion: These results suggest that oxidative stress induces insulin resistance in
vasculature of OLETF rat specifically through increasing serine phosphorylation of IRS-1 and
its degradation by a proteasome—-dependent pathway, providing an alternative
mechanism that may explain the association with insulin resistance and diabetic vascular
complications. (J Kor Diabetes Assoc 31:22~32, 2007)
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1. &=
2 Aol ARgE o= o2 Zth lucigenin,

nitroblue tetrazolium, diphenyleneiodonium (Sigma
Chemical Co., St. Luois); antibodies against IRS-1,
Akt/PKB, phospho—-Akt/PKB (Cell Signaling, Beverly);
antibodies against phospho—-IRS-1, IR, PI3-K and actin
(Santa Cruz Biotechnology, Santa Cruz).

2. Al

=208

O
Mo

A 28 Fure] Al ndlg AT 205, 3052 40
<+ Otsuka Long-Evans Tokushima Fatty (OLETF) & 7+
Z} sulEy ARSI, tiaTe® A 205, 30¢} 40

% Long-Evans Tokushima Otsuka (LETO) = 2} 5
Sl ApEslT. AFERES QR 937k Akl
(Otsuka Pharmaceutical Co. Ltd, Tokushima, Japan) =€

BT 550l Rt

AR7IRFsRE AAgg 25 (23 £ 20)9F 9T 5= 6

[s) L
+ 5%) A Absh 2 Al AFE 2l

@)l

=5
Shltk 34 8AIE FAARL F 2059} 405l T ETF
I ATE FAslan 205, 3059 405l YA

&3 FH 5 9S Krebs/Hepes 95 (A4
[mmol/L]: NaCl, 99.01; KCl, 4.69; CaClg, 1.87; MgSOs,
1.2; KeHPO4, 1.03; NaHCOs3, 25.0; Na-Hepes, 20.0;
glucose, 11.1; pH 7.4)ol] Yoi Al2gt & Fyz2ol|A] A
A= superoxide S0]2-9] ok} ABIAEY A FAR}, E
=3 A3, NBT 94 insulin receptor (IR), insulin
receptor substrate—1 (IRS-1), phosphatidylinositol-3-kinase
(PI3-K), Atk/PKB& 5771 #1sll 5 mm 7oz dds}

o] w8l (aortic ring)S WHESITH

5. Ya=Z|o|A| superoxide 20| MMzko| =X

Lucigenin assay< ©|-83}¢] &3] superoxide 0]
o A ALES =439t Lucigening acridylium
dinitrate HE2 superoxide 0]} Hk33lo] F91A] vt
FHEgo] dojup ojuf 3PS luminometer (EG & G
Berthold, Germany)Z 735} superoxide &°]<2] A4
Zg ARSI, Aol AAE superoxide &l
2 o] S o) Zoh d3x34S Krebs/Hepes
5-dlol] Yo 37CollA 3013+ Alsle] FgAIZl T 250
umol/L lucigening #7}5}al luminometerel] YWl g
ZAol| A 54 8844 (chemiluminescence)S 37T
ol 603T AlSEIA Skt SAT 5 RS
QB Yo 24A3FEF 90 CollM AFAA AFZFE =
Aaioitk. deA 9 xanthine™} xanthine oxidaseS AR
A =4%E superoxide S-o0]L-9] EFEIAI H|ulsle]
superoxide &o0]&2] TS AXFaIITH?,

3k superoxide S0]2-2] A4 AE=Z Av|9js) s
312 NBT (nitroblue tetrazolium)} incubationA] NBT7}
superoxide &°]23} ¥-8-5lo] blue formazan o= HIE =
AEE o]-831331, blue formazan® 540 nm¥FE ol &
HTE spectrophoto meter® 74391, NBT 3
(reduction)& th&a} zFo] AXtatiei?.
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NBT reduction = A X VAT X Wt X E X L)

(picomoles per minute per miligram wet weight of ring)

At absorbance

V: volume of solubilizing solution

T: time of incubation with NBT(min)

Wt: blotted wet weight of the aortic ring
E: extinction coefficient= 0.72 mmol/min
L: length of light path

6. =AM AEIAER|A FEX|XE (oxidative

Al Ed 2 BARIRE DNAQ] Al S Es vl
3= 8-OHAG (8-hydroxydeoxyguanosine)S 8-OHAG-EIA
kit (Nikken SEIL Corporation, Fukuroi, Japan)& AF&5}o]
S48kl superoxide £o]0] NOH wH-g-8fo] A7|=
peroxynitrite 2] A& W43 nitrotyrosine (NT)S
NT-EIA kit (OxisResearch, Portland)Z o]&3] =431

s -5 NBTSF WHeAIZ § 49 X2dia) s
&E (Hematoxylin
o} 229 NBT ¢
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8. =AM ZEE MF| (glucose uptake)2| FH

=g A5 AEE S Y8 FE ued 23
< 5.6 mmol/L glucose, 0.2 nCi/mL 2-deoxy-D-[2,6-3H]
glucoses X383+ Krebs—Ringer bufferel] 95% 0/5% CO.
3lollA 120 #3F incubationA L, 37 T2} 120 rpma}olA]
QAR & 2-deoxy-D-[2,6-3H] glucose?] A3 A=ES

liquid scintillation® countingol & S35}
9. ImmunoprecipitationZ} Western immunoblotting

zh o] i sH 3hs AA do] Ak QliF ¢k &
(phosphate buffered saline, PBS) & A|23F 3 Triton
lysis buffer [pH 7.4, 50 mmol/L HEPES, 5 mmol/L
EDTA, 50 mmol/L NaCl, 1% Triton X-100, protease
inhibitors (10
phenylmethylsulfonyl! fluoride, 10 pg/mL leupeptin),

pg/mL  aprotinin, 1 mmol/L
phosphatase inhibitors (50 mmol/L sodium fluoride, 1
mmol/L sodium orthovanadate, 10 mmol/L sodium

pyrophosphate) & ¢]83}e] 83A171 & AlEga|NE 4T

B3 FEE WS Bradford assayHo® 553

ARl 3, Z7te] HAS SDS-PAGE (sodium dodecyl

sulfate—polyacryamide gel electrophoresis)® 7% 3
Adle] TS 100 BEoA 1AIXF < Hybond-ECL
nitrocellulose membrane®l ©'§AIFTE. MembraneS: 315
1 59t 4°ColA 5% non-fat dry milk$} 0.1% Tween 202
e PBSE AEodt) IR, IRS-1, PI3-K, Akt/PKB,
phospho~Thr308-Akt/PKB, phospho-Ser473-Akt/PKBel| t
gk 12} AR 1A7FE BRSAIZ] ¥ membranes 0.1%
Tween 20< -3 PBSE 1053t 33 Al¥sl$iaL, 1%
non—-fat dry milk$} 0.1% Tween 20< 353+ PBS9
horseradish peroxidasa 22} SIS @o] 1ARF B9 kA
71 3 ECL solution kit (Amersham Life Science Inc)&- ©|
E3to] e g ST IRS-19 QIAlskE dohi
7] &l =g Z42be] whilg [RS-19) ek skxje} 2417k
B HEEAIZL $ 4°CAlA 1AIRFESE 15 ule] protein A/G
agarose (Santa Cruz Biotechnology)E #7sld 1417F 1
3-S5 AL AiliEe] $ 71ekE beadE lysis buffer®
33] Al-etaL 2¥ o] AlFE sGitE A719E & Al
thilde 100 EECA 1AIRF &<t Hybond-ECL
nitrocellulose membrane®l| ©]'§AIZItE Membrane s 315
1 59 4°ColA 5% non-fat dry milk$} 0.1% Tween 202
g3k PBSE A2]38l3ltk Phospho-tyrosine-IRS-1,
phospho-Ser307-IRS-1%} phospho-Ser612-1RS-191] thak 1
b AR 1AIZE Bt 88171 5 horseradish peroxidase
221 IAE o] 1A Bt #R3AIX1 5 ECL solution kit

& olgsiol WA AEE HUsch

10. A=A

RE ARAE FitA £ o] BEeAE FAEIAL
SAREAL SPSS 11.0 2713 (SPSS Inc, Chicago, IL)&
ARSI A ATe] BAls 79l we) Student's t-test
o} ANOVA testE #1-83lo] #2498l P< 0.05%1 A9-E &
AH R Fojdo] = Aoz g3l

2 o

1. AEEE AT « ggtst

gt

OLETF #¢} LETO #¢] 38A P33 A5 wsh=
3 1004 Hol= ule} 79kar 205 OLETF #¢} LETO #
Atolo] FEA] AT Aol Wsh= ovglE AHol7t §l3d
©1} 4054 OLETF wollA 32 dgat A5o] 1<
sl S71=O] AT (P < 0.01, Table 1).

2. Superoxide 50| MM =X

OLETF #<} LETO # <] dle™ 294 Lucigenin
assay® NADP)H oxidase?] FAEE S431%9+=d], 205
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NBT 888 o[83) 5% superoxide %01%94_@/\3% 4. MSIAERA EX|XIRI 8-OHAGR} nitrotyrosine
205 OLETF F¢] tiis™] Z&lellAq] LETO FHell nlal or] of =5
AA E71E0] AL (P < 0.05), 4059lA+= OLEFT #
o tis® ZZol|A LETO FHell vlsl dAsH 57k A& s rE ] FAAR e 22l DNAS Ak}
A4 Bk (P < 0.01, Fig. 2). &4 A2 Hiedsl= 8-0HAGE] B S48 W), 20
= OLETF ¢ LETO 9 tl's™ ZAApolo )= o

3. NBT &

v]a] 9n|Al Z=7glem, NAD(P)H oxidase®] A4
o] FAH T7FE Ae & 4= Auk (£ < 0.01, Fig. 1).

ME S5 EEZ 2| superoxide 20|

& pol7} glglort 4054 ¥

9| 4‘%@ 21|

OLETF

%1, OLETF #¢] thsd 24¢] 8-0HdG2] %ol <la}

F< LETO #9l ¥4 s 25 NBTS} 1t Al B =9} (P< 0.01, Fig. 4A). Peroxynitirited] 442
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Table 1. Fasting Glucose and Body Weight of OLETF and LETO Rats

|3} NBT <
Fell vz
7he axde] AEEIY (Fig. 3).

gl AAT AolE B

Weeks

LETO

OLETF

20 wks 40 wks

20 wks

40 wks

Blood glucose (mg/dL)
Body weight (g) 2775 £ 3.2 518.0

80.7 £ 7.6 125.9 15.7

+
+ 17.3

118.7 £ 4.8
328.7 £

8.3

198.6 = 11.8°
618.3 £

63.0°

* < 0.01 vs. LETO at 40 weeks.

57 C— LET0
I OLETF

Superoxide anion production
(nmol/min/mg protein)

20 wks 40 wks

Fig. 1. Vascular superoxide production in the aortic segments from LETO and OLETF rats was assessed
by lucigenin chemiluminescence assay. Data were expressed as nmol/min/mg of dry weight of vessels. Bars

represent mean £ SEM of 4 experiments in each group.

* P < 0.01 compared with LETO rats at 40 weeks.

30 [ LETO
HEEEN OLETF

25

20 +

15 - T

10 - I

NBT reduction
{(pmol/min/mg protein)

5 4

ok

0

20 wks 40 wks

Fig. 2. NAD(P)H oxidase-stimulated superoxide production in aortic segments by NBT reduction. Bars

represent mean + SEM of 4 experiments in each group.

* P < 0.05 compared with LETO rats at 20 weeks.
% < 0.01 compared with LETO rats at 40 weeks.
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1614 405 LETO »?401] njal] ol Z=7hE aze

k& LETO #9] this™ z22olA 205l Hls) 405014
AF7F ] 1A, 407 OLETFE 9] die 2]
A Rl 4059 LETO F9 tied zzd] uls)

< 2-deoxyglucose?] 4337} @3] AHo AT (P <
5. 2-deoxyglucoe d§F& 54 x?/g Y " 1 ol 23
0.01, Fig. 5).
s 22104 9] 2-deoxyglucose?] AF= vl B
LETO OLETF
A B \
3 Lo 55

Fig. 3. Localization of superoxide anion production in aortic rings from LETO and OLETF rats by NBT
reduction. Cross—sections of a rat thoracic aorta stained with NBT in LETO (A) and OLETF (B) rats were
embedded in paraffin, and photographed.
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Fig. 4. 8-OHdG content in the aortic tissue DNA (A) and nitrotyrosine content in the aortic tissue lysate
(B). Bars represent mean + SEM of 4 experiments in each group.

* P < 0.01 compared with LETO rats at 40 weeks.
% P < 0.01 compared with LETO rats at 40 weeks.

2-DG uptake
{pmol/mg protein- min)

8 I

40 wks

20 wks 40 wks

[— LETO
300, NN OLETF
250 R
200 r
150 T
100
50
0
20 wks 40 wks

Fig. 5. Aortic tissues were exposed to 100 nmol/L insulin for 120 minutes. Uptake of
2-deoxy-D-[3H]glucose was measured. Bar graph represents means = SEM (n = 4) of percent change in
2-deoxy-D-[3H]glucose uptake.

* P < 0.05 compared with LETO rats at 20 weeks.
% < 0.01 compared with LETO rats at 40 weeks.
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6. IR®t IRS-12| &5

203, 3059} 4059] OLETF #<} LETO #Ho| tlsw
22 9] R} IRS-19] wH&lS shelalisd)], & oA IRe]

= '_l1__

e T AdHgle] AR AolE Holx] gkon}
IRS-1¢] 7% 3059} 40Fl|A OLETF #¢] IRS-10°]
LETO Holl ujsl dA3] walo] #Aaso] Q= 274 B

otk (Fig. 6).

7. SY =29 TRS-12| 2lttat

405 OLETF ¢} LETO F 9 ths® =2of|A] IRS-1
o] W19} tyrosine 21XFE1e} Ser612, Ser3072) ¢ilElS B
2k=tl, OLETF 2] ths™ 2|4 IRS-1¢] tyrosine 2!
Akl Ser6129] Q4ksh= tizwt9l LETO ol Hlsf ze]

7} giRlont Ser3072] Qikalrl dA3] S7kE 208 B
o} (Fig. 7).

A 20 wks 30 wks 40 wks
15 [/ LETO
m BN OLETF
e w0
g § 1.0
g
% o 05
T8

IRS-1 protein
(fold decrease)
o
3]

8. PI3-K, Akt/PKB2| 2&in} Akt/PKB2| olAks}

205, 3059} 405°9] thsw) Ao Me] PI3-K2| o
v S HgkSw T ol wEe] AolE Kol %}9;%4
(Fig. 8A).

205, 405 OLETF #¢} LETO F <] tjs] MH
Akt/PKBO] W& Hk=t] 7 wellA zlol& HolA| &
31, Threonine 308+% 405 OLETF F9] thew %2 ]/\1
oF7E A3t AE B9l o1} Serine 4739 ke H=
ol Auglo]l F w3t Zol7t gllt) (Fig. 8B).

i
bm

a

Il

wde] OLETF # ¢ dux7
Xia/‘é% sk 717S 1
Q3 A¥= 1) superoxide

2 ool A2 B
oA AshER 2T} ol
stolrk, 2 oAl T

20 wks 30 wks 40 wks

e
0 -1-&4-%

| IB : IRS-1

[ LETO
10 -OLETF

Fig. 6. IR (A) and IRS-1 (B) expressions on aortas of LETO and OLETF rats.
Western blotting with anti—IR or anti-IRS-1 antibody was performed.
Bars represent mean = SEM of 4 experiments in each group.
* P < 0.05 compared with LETO rats at 30 weeks.
xx P < (0.01 compared with LETO rats at 40 weeks.

40 wks

IP : IRS-1
IB : IRS-1 (p-Tyr)

IP : IRS-1

IP : IRS-1
IB: IRS-1

1

&

&

O
& §
O

IB : IRS-1 (Ser 307)

p-IRS-1

—LETO *
2.0 mmm oLETF
@ 157
o
o
(<]
£ 1.07
T
2]
S 0.54
0
IRS-1 IRS-1
(p-Tyr) (Ser307)

Fig. 7. Phosphorylation of IRS-1 on aorta of LETO and OLETF rats. Aortic tissues were lysed and
immunoprecipitated with anti-IRS-1 antibody. Western analysis was performed using
phospho-tyrosine—IRS—-1, phospho—-Ser307-IRS-1 or phospho-Ser612-IRS-1 antibody.

Bars represent mean

+ SEM of 4 experiments in each group.

* P < 0.01 compared with LETO rats at 40 weeks.
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So]23} 8-OHdG, nitrotyrosine - A3k~ Erxo] 4|
A7} gzl vls) OLETF o] tls® Z2eA d#3]
7110 AT 2) NBT f4s &) OLETF #9] tf
B9 Fke] Al LETO FHdl vlsl] HAaHY v 23
S Helon}, oueX= LETO Feoll vlsl] @3] GAlo]
S710] 5 B 4 AUATE 3) 2-deoxyglucose?] 4
7} OLETF #H¢] s Z2o|x #A3] 7has]o] Stk
4) OLETF #¢} LETO F9] ths™ z2lelx]9] IR, PI3-K,
Akt/PKB] &2 Aoz} 191tk 5) OLETF ¢ tis
Z2o] A IRS-19] &&e] LETO®! Hls) 7Haslo] 931,
IRS-19] Ser3079] Ikt 571 o] ST
teFet AstAEdaEe] YA ko] lom,

a8, £=ge] 27} 2k} (auto-oxidation), H]&EAA &
3} (nonenzymatic glycation)9] 571, f-28] AWike] o]zt
AstaE o] el wofdtia geA glat? d
ZAo| % superoxide &°]22] Aol Srlkely Srlke
superoxide ¢ NO<9} Hk3lo] peroxynitirite
(ONOO-)& #/dato] A3t o|ehh-g-2] o, WimAlaze] 1
AFS op7lghar wslA QoY peroxynitrite: AMLH
W7} #o} L-tyrosine 2] ¥F8-E21 3-nitrotyrosine2 =
gete] AR A ARE sk dEet
P FEREGN TR 208 Holi glow,
ESE ABkAEd A DNAoﬂE e 7 e
8-deoxyguanosine = 73] &

Z7hET A P B ATld NBT 3wt
lucigening ARS-SF 8}8PRE A O 2 superoxide 5012
o] BAFS SARE W) 4050l OLETF <] the)
Zlof| A eu] JA Z718K3 AL, nitrotyrosine @} DNA 48}
Fe 291 LETO FHell

b 9lal daellM e

e PN

¢l 2-deoxyguanosine 2] A4
3 A 7 o] AUk
W 249 superoxide £o]22] A/do]

SFAE, 22t Aol (fibroblast)ollA A

El:

]
F A

SERERE:

A 20 wks 30 wks 40 wks

Aol wAAT Wang 5V 9
lucigenin 38} &= BAjo g = gs}gi%
o] el ool 71
NBTZ dle® 221& A8
o 2 odelA #AE]
Aol Al NBTS ©]g3te] dis™ A

Zr9l LETO el vlalf OLETF ?194 Zulol ] 3 Ao
A3}, ekl A GAlo] A3 -

ole]gt Avbe Wt B slollA daxA
9] 5 superoxide So]&9] A4 Fi7t JukelS okra}

QAR TAol= BHAE W of2i7bA] 283
! X

dato] gt AddAAe} ofd AT HGAAE Aol
i dudeo] wEEaL 9l

il
ol 4284 (IR)= o@‘a_ﬂr Astsld A tyrosine
o] 2

kinase?] BAHEE T7IAA 78419 QitsE 347
o= IRS-1, 22 SR, Q1iksle RS PI3-KS
3FAJ3lA)7]31, o] serine/threonine kinase$! Akt/PKBS;

GLUT-42 zE2 A3 A, ol&dle] Ay 2Fgo] o
olupA AP AA7hA] B Aol Bela 94|
S o= AEEA 7S 2 A dA ek,
[RS-19] serine Mitsle] S/} 583k YRlolgls Rt
.

AEde) AzddAA

=

A AN IRF} IRSE] tyrosine 212Fs}h

£ SAlste] QlEdAIES doTl= 7)ol B 7] 4
2] ¢)=H, ©] 5 protein tyrosine phosphatase 1B (PTP1B)

o 93t IR¥} IRSE] B 1118} (dephosphorylation) 2 IRS€]

serine QMIBle] Z7P} 08 Ao AR QP
53] IRS-19] Ser612¢] Wbsh= IRS-1. 0258 PI3-Ke]
p85 subunit?] a2 (dissociation)Z Yo7 1 o4 P&
o] Ao 57| Fapwes fralar’”, [RS-12] Ser307
o [REHEH &S 927 proteasome-dependent

B

20 wks 40 wks [ LETO@OwWkKs)

(Thr 308)

. Z d o 3 —_— 20— mm— OLETF(40wks)
1B : PI3K
1B : Akt/PKB 15

[ LETO
IS OLETF

SN

PI3-K protein
(fold increase)

IB : Akt/PKB

- - — {Serass

p-AKt/PKB
(fold increase)

-—_-‘ 1B : AKt/PKB 0
AKUPKB AKUPKB

(Thr 308) (Ser 473)

Fig. 8. PI3-K expression (A) and phosphorylation of Akt/PKB (B) on aortas of LETO and OLETF rats.
Aortic tissues were lysed and immunoblotted with PI3-K, phospho-Ser473-Akt/PKB, or phospho—-Thr308-
Akt/PKB antibody. Bars represent mean = SEM of 4 experiments in each group.
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degradation 38024 AFHL Zo|& of|sl= 7

oz e e,

OLETF #H9 dis® ZZoA LETO Hdl H]3
2-deoxyglucose AF7} EA3] FHadt A4S Ho] 9tk

TEgh Fiatola FAEFe] WErt S| 9l
om o]l T Ao AstAEH A9} o] JE
o] YA 'Y ofe] AN Mg A AT} AT
Age] AuaAAe] Hefd Aow Hash Jed'?,
2|+ Sprague-Dawley 9] 3 HELS o]-835h vk
oA AstEE 27 Akt o] @AM IR, IRS-1¢] 249
3} sl IRS-19] I s B9 Jdeddqdd s i
3 7FsA3S Baslglot”, AEEt 7o tieiA= oby
7HA] WA A etk B AFtellA] dies 2Pl OLETF
Aol dazAollA IR, PI3-K, Akt/PKBe] a2 tzrta}
)13 2}o]7} YT Akt/PKBe] Qlikstel| = 2jo]7} §19)
o} IRS-19] IdH ad A28 3 5 s,
olygt A3= OLETF FH9] datxzldA IEdx3g4d<]
Y 2191o] IRS-19] A wWiEdS HolFE Floth A
AFNA F T dlEe™ HEAEE angiotensin 12
AFA] At Ed AL S7keka, S7hE Ak aEd Tt
[RS-12] Ser3079] S1ike} 371} IRS-19] #ae] ¢S
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