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Insulin resistance of skeletal muscle glucose transport due to prolonged loss of ovarian
function in ovariectomized (OVX) rats is accompanied by other features of the metabolic
syndrome and may be confounded by increased calorie consumption. No study has reported the
cellular mechanisms underlying the insulin-resistant state in skeletal muscle following prolonged
ovariectomy with or without dietary manipulation. To address these issues, a number of metabolic
characteristics, including glucose tolerance, insulin-stimulated skeletal muscle glucose transport,
serum lipid profile, and visceral fat accumulation were determined in OVX rats that either had free
access to food, pair feeding (PF) with SHAM or received a 35% reduction in food intake (calorie
restriction; CR) for 12 weeks. In addition, the protein expression and functionality of specific
elements of the PI3-kinase and MAPK pathways including insulin receptor (IR), insulin receptor
substrate-1 (IRS-1), the p85 subunit of Pl3-kinase, Akt, c-Jun NH,-terminal kinase (SAPK/JNK),
and p38 MAPK were evaluated. Skeletal muscle insulin resistance in OVX rats was associated
with impaired tyrosine phosphorylation of IR and IRS-1, IRS-1 associated p85 subunit of PI3-
kinase, and Akt Ser473 phosphorylation, whereas insulin-stimulated phosphorylation of IRS-1
Ser307, SAPK/JNK Thr183/Tyr185, and p38 mitogen-activated protein kinase (MAPK) Thr180/Tyr182
was enhanced. PF did not restore insulin-stimulated glucose transport, indicating that insulin
resistance in OVX rats is a consequence of ovarian hormone deprivation. In contrast, impaired
insulin sensitivity and defective insulin signaling were not observed in the skeletal muscle of
OVX+CR rats.

Additionally, the cellular mechanisms by which exercise training improved insulin action in
OVX rats were assessed. The protein expression and functionality of signaling elements in
skeletal muscle were evaluated in OVX rats that remained sedentary, performed exercise training
(ET), received 2.5 Llg/kg of 17-B estradiol (E,), or underwent both treatments. Individual
treatment with ET or E, increased GLUT-4 protein abundance in OVX muscles. ET improved
IRS-1/pY but not the downstream signaling elements whereas E, restored the defects in the
insulin signaling cascade. The combined treatment brought about an additive effect on insulin-
stimulated glucose transport. However, no interactive effects of ET and E, on the signaling
proteins involved in the regulation of glucose transport were observed. Conclusively, the present
investigation provided evidence for the first time that 1) CR effectively prevented the development
of insulin resistance and impaired insulin signaling in the skeletal muscle of OVX rats; and 2) the
beneficial effect of ET on insulin action on skeletal muscle glucose transport in OVX rats was not
due to adaptations of proteins in the insulin signaling cascade.

Keywords: insulin resistance, insulin signaling, MAPK, calorie restriction, exercise, estrogen,
ovariectomy



o

UNANLa

TRRLATINT: RMU5380010

Folasens: Namaamsaanﬁﬁomuaahamj"u,aua@iaé’zytywmau?amm: MAPK s
ﬂﬁﬁmﬁamwa\mhvﬁ'Lﬁ@maz?ﬁya@ia%wgaumﬂﬂ’ﬁﬁ@%ﬂﬂi

Fovin3ae: HE.O3. 39T LEAIFITIL
MAITFITINGT AUSANLNFENT WAIINLFLNRAR

E-mail Address: vitoon.sae@mabhidol.ac.th

3282 LATINNT 15 Anuw1ow 2553 — 14 Ao 2556

maz@'?a&iaﬁugauﬁwuiuﬂﬁwLf':amawwnﬂﬁgﬂﬁ@%'a"l,ﬂ aafndwldannmymesadlun
nnssluwiennmstiufiindndsdunaannmsaassliean msdnsfinilevinnsseudsy
@“ﬁl,l,ﬂsmaL&lLmuaﬁaulué’mfmaaﬁmjﬂﬁuﬁ %kl,l,mﬁ"l,ﬁgﬂé'@%'a"hi nuuInaaiyliaan ny
LL‘:VI@]’@%’&"I&]aaﬂﬁﬁummﬂuﬂ%mmmﬁ'ﬁmwnﬂm&igﬂé’@%’a"hi LL&Z%ELLLSﬂﬁ@%’deﬁiaaﬂﬁﬁu
mmsﬂ%mmﬁaﬂﬂ’j’mwmﬁ@%'avlsﬂi”amaz 35 LT wiaan 12 §lask daudsians leun
anumunvasTImalunminmzaunglasluifen navasBugdnluninszgudasinun
ﬁwﬂgiﬂa"uadﬂﬁwﬁtamﬂ seevlagulwdon wazUsunolulviufissaulugasior Usunmuas
myvhauseslsdudyanuduginias MAPK lundaiitaany HANINARaINLIAuaaTI Lol
anyAauUndlumainusaslsdusygruduniuuss MAPK maz??a@ia'éwgﬁuﬁamﬁlwkﬁ@
%’avlm'“?iﬁumm‘sﬂ%mmLmﬁ'ﬁmemﬁ"L&igﬂ%'a"hj é’affuma:??asia'éwgauluﬁkbﬁﬂ%'a"lﬂLﬁ(ﬂmﬂ
marazaslunanisliuas liifsdasnumsAndifndn ainelsias m’s:?ﬁva@ia'éwgauuaz
ANULNWIBIVBITY YWD UTAULAT MAPK slu%gj&é’@%’@"lﬂﬁgm‘hﬁ'@mmiaﬁaUa: 35 e
slﬂé’Lﬁmﬁ'U%HLLiﬂﬁVLajgﬂﬁ@%'a"Lﬂ

mMsfnENfigesrimIlssiukarasmIsanfasmesgnImiLaN o oUS I e N3N
voalusfudyanmduginuss MAPK Mﬂﬁ'ml,f':aamlu%klﬁ@%'o"hi WudIMIeaniNaINILaEnd
afinauaa@maz?iva@ia‘éwgau vl,&iﬁNa@iammunws’awaﬂﬂsﬁué’ﬁytyﬁmluﬂﬁmLf:amamkl,éfﬂ%'a
Yai LL@iLﬁwmmamaan*’naﬂﬂiﬁumumUﬂgiﬂalunﬁwuLf:a é’m’mﬁmud’]ﬂﬂgiﬂaLﬁﬁﬂﬁﬁuLﬁa
maw%ﬁ@%'ﬂﬂﬁmgﬁualun@;uﬁaanﬁwé’amﬂaahamjﬁl,awaiauﬁﬂﬁ%’uaaﬂwmaﬂmwu
naunw agnelsfiann nsesniaimeuszaeslawnaunuliinassuindansdasuul e
Ths@usyunandadulstugfiiodas msﬁﬂmﬁ”‘aamdmagﬂﬁ’h 1) N33NABINIIAITOY
az 35 mmsnﬂaaﬁ'umuﬁ@ma:ﬁa@ia'éwgﬁuua:mnmnwiawaﬂﬂ‘sﬁuéﬁytyﬁmluﬂﬁmLf‘fa
auB0IRUAaTI LY ez 2) ﬂa"l,ﬂ*’?‘imsaanﬁné’amzlazhaafhmualumuﬁ&mﬂ%aa'éwgaulums
nazgumyzuinanglas la oliAsdasiundasuulamesldstudyanalunsuitons
#1%an: insulin resistance, insulin signaling, MAPK, calorie restriction, exercise, estrogen,

ovariectomy



