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The Techanism by which physical inactivity induces insulin resistance in skeletal
muscle
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Prolonged physical inactivity induces insulin resistance in skeletal muscles. In
the present study, we examined the mechanisms of the inactivity-induced development of muscle insulin
resistance by using rat unilateral hindlimb immobilization model. We found evidence suggesting that
inactivity-induced muscle insulin resistance is related to reduced AS160 phosphorylation and enhanced
activation of the proinflammatory/stress pathways, i.e. JNK and/or p38 MAPK pathway. In addition, our
results showed that inactivity-induced muscle insulin resistance is not due to the reduced mechanical
stress. Moreover, in the present study, mRNA expression of thioredoxin-interacting protein (TXNIP) that
is known to be associated with insulin resistance was increased in immobilized inactive muscle. It may

suggest the possibility that increased expression of TXNIP is involved in inactivity-induced muscle
insulin resistance.

JNK  p38 MAPK TXNIP



AMPK

(nonexercise activity

thermogenesis: NEAT)

1
2)
( )
3)
4)
1)
4

160° ( )

50° ( )

@)

Krebs Hensleit

(0, 50, 10000

g U/mL) 2-deoxyglucose(
)
3)
SDS
PVDF
PVDF
Q) AS160
160°
6 ( )
(50 10000p
U/mL)
57% 28% (
1)
72%
GLUT4
( 2
GLUT4
Akt Thr637
(Akt ) ( 3A)
AS160 Thr637
( 3B)
AS160 GLUT4
AS160 GLUT4

GLUT4



AS160
GLUT4
GLUT4
TBC1D1 AS160 GLUT4
GLUT4
TBC1D1
(30
0O Non-immobilized
7 R B Immobilized
] t
0
0 30 10000
insulin (pi/mil)

B £ 2 BB S S ABD IR A AR | B 9 8

Sot@ AT - 2EEAE 160" O RELTEROT FABZE%
ML o o BRI ES AFFEEEL T B IR ST 2 R (s,
10000pU/mL TRIBIL - FROHEIRL A 2R BRI E R AT LD — 2 2-
deoxyglucose (20GPERL TR L7 B3 FHE HFRRE (n=5-6),
*p<0.05 vs. Non-immobilized, Tp<0.05 vs.0pU/ml insulin

0O Non-immobilized
B Immobilized

E GLUT4 ..

150

Bl2: ¥ FRBIEH S5 AR GLUT4R . DR RWIC R 928
SO AT EMEAE 160" OBEEUTEIM0T FABE%
FEL 7o BRI SARHRLL T, HEIOEERANT aTe i 2
BB~ EAELT. [B13 FHE HRERE (n=8)

A Ak B asiames =—==
an asieo WHEE
- -
300 250
2
E T z 200 +
o #+ & 150
d 3
@ £
g S2 100
= %
T s T
oy 50 ’ 0 50
insutin (uU/m) insulin (/)
C e e o o
pTECIDL(SE™) o e un wa O Non-immobilized
TECID] B Immobilized

150

0 50
insulin (uU/ml)

Bl3: £ 2 BRSS9 S A Akt, AS1604 STFCTRCIDIY kL
WEEIC RIS S rOAAITRCEEAR1s0" OERNT
sBFRADF TR ERERL . BBOE S AFRFERLEL T, BRI ST
|24 20 o s50,uu/mU TRIBL F RO BRImEm A LB iR
BEMAEERLTHEL . {13 FHOE LIEREE (n=7-9).

#*p=0.05 vs. Non-immobilized., p<0.05 vs. OpU/ml insulin

) (

160°

50°

(4



PN | p-pls SN

400 * 400

4)

p-INK ¢ INK
arbitrary units
(=]
=

0 Non-immobilized

0 Non-stretch B Immobilized
B Stretch
+ Bl5: ¥ 7 2B EH 5o S A0 INKA LS TC p3s MAPKY) ER {1 IREE
ICRIETEE  SotORETRICZMEEAE 10" OEELTE
* FADF 7 2B 7. BRIOE S ALl T BEEREICE TS
2 RS SO B RIS B E RO T AR f. B
E |3 FHIE LITERE (n=7-8),
9w 1.0 *p<0.05 vs. Non-immobilized
“E 05
= 00
0 30
) T A pERk (= = B IxBo (==
insutin (uU/m) insulin (uU/ml) e Bcctie D
150 130

Bl4: ERE R DS S AEDIEIR hAA RE - BT 188

SO AETRICIE 2REEAE 1s0° OERUT. SE0 Fik: 268
Biso® OETENT BFE0Y F 2 EREMEL 7. ARIOE S AR ERLL
T B IRAE DS 2 (50,00 mU) T RIRIL FoBRCD HEHRLIA 2408
FEAAEAES L0 — 2 2-deoxyelucose [20GPERILVTBIRL Y- . fBI3F
Pl £IEEEEE (n=0-12), *p=0.05 vs. stretch, Tp<0.05 vs. OuU/ml insulin

(3) INK p38

O Non-immobilized
B Immobilized

Bl6: ¥ 7 R B SvH-S ABDERK) VB T STAC kB 0 H
HEUBICEEIEE SoORBITRICEMEAEI” OEEQ

JunN (INK) p3BMAP o iae il o dit ARy
(p38) (ERK) kB e o R (078
(IKK)
(4) TXNIP
(
D)
160°
6 (
)
JNK p38
( ) 3 (
5) 6 DNA
(Affymetrix Rat Genome
INK  p38 230 2.0)
MRNA
INK  p38 18
MRNA 25
ERK IkB (IKK CXCL1 CXCL2

) ( 6)



JINK

thioredoxin-interacting protein
(TXNIP) mRNA

1.7 TXNIP
(5)
AS160
INK p38
( )
TXNIP
3
1)
12 97 103
2014

2) lwabe M, Kawamoto E, Koshinaka K,

3)

1)

2)

3)

4)

5)

6)

Kawanaka K. Increased postexercise
insulin sensitivity is accompanied by
increased AS160 phosphorylation in
slow-twitch soleus muscle. Physiol.
Rep. 2014; 2: €12162

Koshinaka K, Kawamoto E, Abe N,
Toshinai K, Nakazato M, Kawanaka
K. Elevation of muscle temperature
stimulates muscle glucose uptake in
vivo and in vitro. J. Physiol. Sci.
2013; 63: 409-418.

8

LT

AMPK

p38 70

2015.9.18-20.

69
2014.9.19-21.

JNK
69
2014.9.19-21.

69
2014.9.19-21.

2013.9.20.

68



2013.9.21-23.
n o o @
KAWANAKA Kentaro
80339960
68
2013.9.21-23. @ CUAIOTO Eni
8)
40634514
6
2013.9.20.
9)
(
) 2013.7.25
10)
67
2013.5.25.
1
1) 34
20 2015
o 0
o 0




