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ABSTRACT

The present soady iavestigaess the affacts of wovenmd (T2 sa wsuls wpnafeg o che et of high for, logh rectess digt (FFFD L dnced snilis sesian
puce, Adull male M roocsiar oues of Tedy wesght 2500 pwer: usd foo the sbudy. HFFDY was Fod to semals b mducs insulin sesata:. Oo the 16= day =
grodp af HFFD-fisd saice were mpelemened vl TH (150 s Kg bw, pob all fe sod of the esperimemed period Costrol saees fad sontin] St aad TX-
unseppleneared HFED-dad sice weie abo mastnnsd Analyees were perfocsed after 80 days in placena acd beart ussie of sees. FFFD-fed mize displayed
ligher levels of glucose and insidin, decieased tysosise phospborylason of mlis reoeptos (B-) and mmulis receptos substeate. L (R3-1) The sssociation
of §R5 sobunit of phosphotich] froniod 5 kinsse (PRED with TRE-1, subsaguer Akt phaspharvlation and GLITTS trmslecsiiom vere radured. TH treatmert in
HFFD-fid mece sedared hyperghosmia, byperinsdinemia and enhaoced yroans ghosphordstion of IR-f, [RS5.1, RS-1-PLK associgtion, Ak sd GLUTS
actration. These findings segpest ihyl TX achvaces ISP OIE-Akt pribwsy of msolin sigmaling snd thereby Eomebes meulin actson mmthe heast. Thes, TX

copld ba 3 promigng ape for the management of insalm rensance

Eoay wards: Hugh-for- high-Soctose dier, Bsulin igasling, lasulis repisance, Troseratie

ITRODUCTTION

Tnsulin is & potant anabolic bermons that plays iy Losportant
role in whole body ghwoss homeostasis. Failure of the largs=t
cells to respond to the circulating levels of msulin & fermed
a5 insulin resistarce which is offen manifesed oinically
thioieeh the features of the metabolic syndroae (ME5) o type
2 dinbstes (T2DY), The prevalencs of msulin resistancs has
mn'md dramatically and now reached epidemic levels
throughoat  the  world'®  The  pathophysological
consequences of weulin resistance mclode bypermsulinemaa,
imgaared glocose tolerance and disturbances b gliscose aid
Iipd metabelism which can potentially worsen metabolic
efficiency of fissues.’

Losnalins has protouid effects on the myocardinm and lack of
insulm response b cadiac tissue can lead 1o alterstions in
mryocardil  structure, nwcfabolic  pathways and  vascular
function,  Insulin  induces glucoss  uplake 1 the
cardiomyscytes upon binding to the cell surface msulm
receptor ([R). Binding of insulin to s receptor sctivates
tyresdne kinase sctivity of the receptor's feubunii. This leads
o autephesphonylation s well as tyrosme phosphorviation of
insulin receptor substrates (IRS) like IR5-1 and -}, These
substrates. mn tom interact wilh phosphatsdylinpsiie] 3-kinase
(PIAK) and stimulate protain ldimsse B (Akt), o doemstrenm
s th klnase Insulin 5 a very potent PEBAALD sctivaror in
the heart’ Acitvated Akt favours glucoss uptake through
glhicoss transporter=t (GLUT=4) ransiocation,

Defects mn  insulin  receptor  and [RS-1-1  tyrosine
phosphorylation  resufis  in insulin  resistance.  Setine
phspharylation of [RS5-1 blocks tyrosing phospharylation by
conama dithe dissociation of TR mamd TRE], degradation of
TRE proteins ar dissccintion of the pE5 submat of PISE
Insressed  actiaty of phosphatases  (phospho-tyrasine
phosphatase 1B) can decrense the sctivation of dowmstrearn
signaling melzcules like Akt and protein kmass C,

Troxeretin [TX, CuyHpOg), a inhydroxyethylated derivative
of s meuml  bo-flavoesd  rulin exhalits  sivose

isOproective, antioxidative, anbi-inflomasatory and  ante
yperlipidemic activities,™ Owr recent study demonstrated
that TX rmproves whale-bady insulin sensitnaty, lowers Iipad
confert and  oodative stress md alse regolntes  Tipad
metabolism i the heart® However. the mechsnisms
imderlying the msilin sensitivity effects of TX have not been
mvestigated so for, Consvmptien of energy rich foods
l;mlm:m.ng high quamtities of £ m-:l fructose induce nsalin
resistance in rodents and homans? In the present wark, we
employed the high fat, high fructoss diet (HFFDV)—fed maulin
resistant mice to mvestigate whether TX dmproves msulin
respanss n heart fissue, To achieve this, plasma ghecose and
msulm levels, msulin signal proteins in heort fisses of TX-
snpplemedsted sl TX-un-supplemented HFFD-fod  mrice
were siiadied,

BMIATERLALS AND METHODS

Kits, antibodies and chemicals

Asgaay lts for pheeose samd nsulin were obtamed frodn
Agappe Diapnostics Pot. Lad Kersla s Momobind
Microwells Ing., CA, USA respectively, Human recombinant
msulin (Hamuolin B} was precured from EL Lilly,
Indianapolss, USA. IR-R IRS-1, phosphotyrosme {100,
phosphie Akt (Theecmine 308) and Alr and GLUT-
anfibodies were parchased from Cell Signaling Technalogy,
MA, USA and PI3E  sotibody from Santn  Cruz
Biotechnology CA, USA. Enhanced chemiluminescence
(ECL. Super sigeal west pico chemiluminescent substrage’)
asaay ko was obimped from Therno Soentific. PA. UBA.
Chemicals ard solvents used were purchased from Himedia
Laboratiorics P, Lid., Musmbad, India,

Amwimals

Aduli male M pmsewfs albing mhce of Swiss sirain
weighing 25-30 g were vsed for the shudy, Animals were
obtamed and maintained in the Central Animal Hoese, Rajah
Murldah Medical College s Hospital (RMMC asd H),
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Annnmalai Wagar, Tanul Madn, India The ammals were
houwsed wnder hygiemic  condittions (22-24°C)F m
polypropylene capes and moirtained on g 13 light/13 h dad
cyele. Amnmals had free aceess to water ad stamdard peliat
diet, The amimals were cared according to the gudshines of
the Instiesonal Aol Ethical Comminee (IAEC) m
accordance with the Indian Naboml Law oo Amimal Care
aind Use mned this spudy peotososl was approved by the TAEC,
BAAAT and H (Feg Moo 16018990 PCREA-ARER).

THel preparation

The high fai-high fructose diet (HFFD) prepared in the
laboratory had dse following ingredients {@/100z): fructose
45,0, proundmat il 1000, beef falfow 10,0, cassin 22,5, Di-
migthaonine 0.3, wiest bran 5.3, viloman mishare 1,2 and
mineral mixture 5.5 The standand diet, commercially
obfained from Sai Enterprise, Chennai contained 60% [wiw)
starch, 22.08% (wiw) protein and 4 38% (whw) (B provided
382,61 cal/100 g while HFFD provaded 471,25 cal /100 g

Study protocol

Mice were rapdomly diaded mbo 4 experimental groups wath &
mice m each gonp affer acclimstization for a period of e
week The follewing croups were puintagved for the period of
) davs. Group I CORN, Group IT= HEFFD, Group 0= HFFD +
TX, end Group IVe COMHTX, TX wis admenistered orally
from the 16% day il the end of the experimental period. At
the end of the experimental period, six mice from eoch grosp
warg fusted pvermight and sacrficed by eervical dislocation,
Binod collacted from retro-orbifal plesais in sials contnining
EDTA was cemtrifiged af 37Ix g for 10 nda o obtain
plasma. Heart was dissected out and washed in bee-cold
saline, weighed and used for harther studizs,

Biocheamical parameters

Insulin semsitivity tests

Plasna phecose and insolim levals were measored using
ELISA kit according 1o mumfacheer's instractions. nsulin
sensifivity  mdices lke  homeostasts model  assessment
{HOMAY and guentitative insulin check index {QUICKD®
were caleulated using appropesate formulae,

HOM A TR = glocose {zmed /L) « inrodim (U all) 23 5
QUICKT =1 ! Log smalin (mI00) = Jog glueose (o L)

Insallimy sl stion

Ar the emd of dee experimental period, mimals from sach
group {o=4] were injected intmpentoneally 15 vtk buman
recombinant insulm. Animals were saenificed after 30 mn.
The hean tisswe was removed. weighed and homogenized m
ice-cold homogenization buffer (50 mM Tns, (.25% 505, 150
mb Mall, 1% NP=40, 1 mM EDTA and a profeass inhibitor
cockiail) and centrifiiged at 1300 rpm fie 10 mon at 4°C. The
supernatant oltainad wis g centifiszed at 12,000 s for
20 i ot 4°C, The probein corcentration was estimated by the
miethod of Lowry ot ol.*

Immemoprecipitation

Tyr phospherylation of IRA, b phosphorylation of IRS-1
ad [R5 smsccation with PER were assessed by
mtuum:wmm and immmenobloring. Heart
hamogenates |:n|1lu.uung an cq1.|u1 amourt aof ]:l:uh:l.n wers

:l.lbjh:l:ed to mmmunoprecipitation, at 4°C, using antsbodies
spectfic o anti-IRA and anti-TRS-1. The immime oanplexes

were precipitated by the addition of 30 pl protein-A acaroie

shary te sach sample, and then incubaied at 4°C for 2 b
Immne complexss wers pelleted at 3000 = g for 10 min at
4°C and washed thrice with homogenization buffer. The
pellets were suspended in Lasmuindi saneple buffer and boiled
for 5 man, Protems wers resolved by 8%-I0% SDS -
polvecriamide el elecwophorests  (PAGE) and
electrotransferred onte podynvimylidens fluoride mrembranes.
The meanbeanas were then blocked in Tris buffered saline —
Tween 20 (TBET) containdrg 3% bovine semm alsmmin (pH
T4 for 2 h at moom tempersture.  Protems  were
mmmmmaehlotted with anti=phospho fyr antibody (for TR and
[RE-1), and PAK antibody for [R58-1. The membranes were
washed with TBST and mcubaed wmh their fespeciive
secondary antabodies for 2 1 ot soou temperatues, Blots were
snbsaquarntly strpped and reprobsd with the sane antibedsy
wsed for immmnoprecipitation. Protein bend detection was
performed by enbanced clemilummescence assay (Thermo
Sesentifie super sipnel west poco chemilumnescant substrate
Eockford, USA) 35 per the manufactures’s mstructions. The
band densities of phosphorylation were normalized with the
band density of conesponding total protein. Coanidalive
compartsors of profein abundmce bebweon varioas groups
wete performed using Image 1 software (108 Wational
Insgimites of Healih).

Western hlotting analysis

Protedn extracts of heart tasue were obtalned by lee-cold Ivais
boffer supplemented with 8 professe inhibitor cockinil,
Protedn content was detertined by Lowry ot al® and 502100
pg of protein wms electrophoresed nsing S05-PAGE onder
reducing condations. The separated profers were traisfiared
tir a polyvinylelene diffuoride membiane. Prifemns of mferest
were revealed with antibodies specific o [RE, IRS-1, PI3E,
AKT and GLLT4- Then the bound antiger-antibody
coniplexes  were defected soar  harseradish  peroxadase-
conjuesied secondary antibodies by incubation for Th at rosm
temperaturs. Protein bands were revealsd veing Immokilon
Wesgiern Chemulupsinscent HRP Substrate-BECL  detection
sysiem and quantitoted by densitometry uwsing Image J
sofitware (Matinal Instifne of Health Bethesda D USA)

Seatistical awalysis

YValugs ars expressa] as mewns = 50 For & mees o each group
for biochemuienl annlysis, and red for west=m  bloting.
Significant differences bebtween groups were exnmined by
coe—way analysds af vananee (ANOVA) followed by
Tukey's fest. P values < 0.05 were considersd statistically
sl gnificant,

RESULTS

Flasma bischemical analysis

Plasma glocose comcentrations were significamly higher in
HFFD-fed mice at 0 min and 120 min after glucose challengs
s comparsd fo other groups suggesting impaired gucose
tolerance.  TH-treated HFFD proup showed sighificant
redisetion 1n phcose load after 2 howrs compased 10 HFFD-
fod growp. Signifcantly higher wabsss of insulin levels in
plosma and wnsnlin/glucess vabio, and ower IS5k iw values
were observed im HFFDY fed- mmce. Higher valuss of HOMA
st lower valves of QUICKT wers also noted m HFFD-fed
e 8% cofapared to control mice sudeesting the mefficisnt
msulis actien aiwd the development of peripheral mesulin
resistancs, TN administration significmily reversed the status
m HFFD-fed mice. Mo sipmificend differences m plasma

Page 739



Rajagopalan Geetha of al. it Res | Pharme 2004 5{148)

alucess and insulin levels were observed bebween CON-TX
and COMN groups (Tabds 1),

Insulin signaling proteln: in heart
Protein levels of TR-f

Western blot smlysis of IR in heart of experimental groups
is  shown m  Figurel. Ihsulin-stimulsied  tyrosine
phiosphorylation of IR-P was reduced by 43% in HFFD-fud
frice as eompared to OON mice. TX trestrmst significantly
mncrezsed tyrosine phosphondation of IR-f levels to 83% m
HFFD=fed mice. There were no significant alterations i IR-f
protein bevels between OON and CONFTX group.

Protein abundance of TRS5-1

HFFL} fesdisg reaultad in reducad maulieatissnlated tyrosiag
phosphoryiabon of TRS=1 (by 48%3) &5 compared to CON
mice (Figure ) T trestreent sipnificantly improved the
tyrosine  plrosphorylation stabes. Pleaphorylstion status of
IR8-1 in TX-treated mice was lewsr only by 1%% with
respect 0 coptml. The protein levels of [R5-1 did not vary
betwesn CON groug and the CON+TX group.

Abundanee of TRS-1-PIAK aswociailon

[R5-1-PIE assoeition was foasd to be decreasad by 53%
HFFD=fed mice as comparsd to CON mice m insulm
stimmelated comdition. After TX-treptment, significant increass
in POK associatbon with IRS-1 was oheerved in HFFD-fad
mige (Figure, 3, Mo significant differences were observed im
protain levels of IRS-1 babaraety OO and CON+TM gronps;

Twmstream siznaling molesules

Phosphorvlation states of Akl

Insulin-medioted  {hreonine phosphoryletion of Akt was
mensured m the hearts of HFFD-fed mice to dstenmine
whietler decreased cardiac frsulin apmlme was resgonsible
{insulm resmistance) for impamred GLUT-4  membrane
trmsiocation. lemuhin simulafion sigmficantly blocked Add
phosphorylaiion (by 43%%) in HFFD-fed mice as compared to
CON micz, TX admmistration significantly imcrzased the
phosphorylation stevs and o was imgproved o B0%a TX-
ireated and wmfrested COM mice showed o sigmficant
clungss i Aks prodein kevel (Figare 4)

GLUT -4 translocation

GLUT=4 protein was examined m the membrans fraction of
hesnt using immunoblottmge is slsan in Fie 5. HFFD-fad
mice had a morked reduction of membranous GLIUTT-4
protein {by 46%) a5 comparsd to CON mes (Figes. 5.
Inizrestingly, administration of TX restored these levels in

HFFD-fad mics. With respect to controd, GEUT=4 abundamce
was lower only by 18% in TX-treated mice, There wers no
sigivficant differences betasen the COMN and COMN+TA

.

DISCUSSI0N
For lse farst time, the study found that the supplementation of
TX to iwulin esistant ice improves cardiss  naulin
sensiivity by achivating [RE-PRE-AL pthway and GLUT-
4 translocation, Muoknhsde of shadies 0 homan ood animals
have demonstrated that the macrometrient composition of a
died i3 an ungoriant enviroimental detertinsnt of the qaality
of insulin acton '™ High fu and high fructose imtake
comfributes 1o obesity, I:nvp-ﬁ]:pu-i:m. ghecoss intolerancs
aed imsulin resistance.” Feeding high calorie diet lad fo
hyperglycemia and hyperinsudmemin which has been already
documented in ow emlier smdies™” HOMA-R and
QUTCET values serve as nwekers for insulin ressstance which
iz shstaphinfed by high blood glocose even duning
hypermsulinemia, Adminisration of TX to HFFD mics
resulted m siznificani reduction i plasma levels of ghcose,
msulm probably by improving msulin sensrbvity, Shodies
repofied that high caberse diet canses defects in maulin
gu]ul.} and blumts Akt-medisted GLUT-4 translecation in
" Since TX improved glucose and insalin levels in
heart tisspe we next studied whether TX can matigate the
alterstions i fnslon sgraliege caused by HFFLL
Severn] studies point out that insulin resistanes is an sarly
gvent that precadas both fum:l:mm] ol whnlﬂgu:a] chagges
in the disbetic myocardnm ™ [RS profeins comtin
tEpErous  tyrosine, senne and theeonine  phesphoriation
sites which Brvowrs comfmication between insulm  and
signaling pathways."” In this study, the abundonce of trosine
phosphorylation of [Rf, [RS-1, IR51-PI3K association and
AkE (Threonnse phosplioedation) in HFFD-fied moce were
signmificantly meduced when compared with control moce.
Radection in  Dwosine phm;ﬂmrl:lﬁm of RS famdly
tmedriers has been observed i imsulin-resistant anmmal
models and humen subqects, including these whe are obess or
made insulin resistant by lipid infiusion '"'® Phesphorvlation
of IRS proteins af pasticular serine pesidnes inhibits the
intemction of [R5 proteins with the insulin rcspior which io
turm lesds to reduction in tyroesing phmphut}ianm af IEtE
and  sohsequently  decrenses  activadion of PIIE;!
Inferestmgly, high-fat dict—induced insulm resistance 15
amelicrated  wlen specific senmeflresnine  lisases are
penetically ablated or pharmacologically inhibited. ™"

Tahda]: Effesr aof TX o6 ghacsas ol mulln levols asd inculis sendniyily badiess of exparimencal mice

Fatammeiers Com | HFFD HFFO-TX CON-TX

Fasting glucese (gL T5=3 .1 | 125 a5 §" O Bk S 3T T5 5k 4
Tdncone 31120 min img 41y TETE] I [TeEldr T A 5

Inias (ULl ) 0.3EL.0 | DT a8 2E41x16™ 10.7£1.]

| Inmmlin ghucces 1o 0.I7=0.01 | o 240" 0.28=0.01"" 1L30£0.01
157 o130 393018 | 08640 07" 2. B0 |4 1§21 16

EOMA-IR 1 01.35=0.01 0.0E+0 08" 053004 * [.380.01

qmnu 030,01 T 0 ZELgnzt [.3020.01

W I}u:l wic meeny 2ETF af & mice Fon cach powp. I:ﬂ""- T mice, HFFD-High fai-high Srucboas dack-Jed smce; HEFD+TX-High fai-kigh becioac At
mice weasd wenh wonsreis OON+TX- coenel muee < monsnma. 151- ook seantney mdes, HOMA- Homeonss nods] cescanear,
FCE] Qhamtative imolin check mdes
¥ 3igmilic il i ooapaiad 1s CORIF = 105, ANOVA fllowed by Tokey's 12a)
* Gipmificanr a8 comparsd to HEFD (B <004 ANOWVA follamsd by Tlosy s resr)
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Figurel; Effect of TX wn insulim stimelated tvrosine phospharylation of TR in heart of experimental mice, Valoes shown are mian & 510 of 4
wxperimonts, Lane 11 CON, Lase 11 HFFE, Laos 31 HFFD=TX. and Lane 40 CON+TE Desskometey daka s given affer sormalization with

reapective tatal form. The vatues are expressed 3= fold change with respect ts coatm| gremp. * Saznificant 2y comgpared ta CON(P = L0E; ANOYVA
Ballawed by Tukess fist). . Sigwificasl & cempared oo HFFD (P < D35 AND VA followed hy Tukay's tet).
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Figar 1: Effect of TX on iosols stimuobsied i3 sosiss phesphorylston of TR3-1 o Seart of soperimental i, Valuss shiwn e send + S5 of 4
viperimeets. Lang 1: O0FY, Lass 1 HFFD, Lene 3@ HFFD=TX, aad Lane 42 COX+ T Desskomarey dals s given eler sormalizatian wih
reapective total form, The values are sxpresed as fold changs with respect s coatrl grewp, * Significant as comparsd b COX[P < (L08; ANDVA
Gallowed by Tokes's tisth. * Sigsificast &5 cempanad o HEFD (P < 005 ANOVA followed by Tukeys fst).
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Figure 31 EMect of TX on FLIK with TRS. 1 is e beart of ixpermienial asimals. Valaes shows are moan « 500l 4 axperiments. Lasse 1) COX, Lane
2: AFFD, Lape b HFFD=TX, and Lape &; CON+TX Demsitometry daia is ghoes after oormalization with respective total form, The values are
sxpreised i el chasge with rspect to eatrol group. ® Significest & compared te CONP < .05, ANOVA Dllowed by Tuley's fesih ¥ Ghguilbewim
as campared o HEFD (P < 805 A0V A follewed by Takey's o)
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H132 4
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Figure 4: Effect of TX oo imaalin-stimuolated Akt scthvatism in beart of sepsrimesial mics. Valoes vhawn are mean + 5T of # sxperimsnin. Loases 1:
TN, Lass 2 HFFD, Lang 3: HFFD=TX, asd Lage 42 CON+TL Deisiomatry dats is given aftor sormalizaibse wilh sespeciive retsl Torm Th
vabwes are expressed 3t fold chamge with respect o conlrel grong, * Significant s compared fo CONCE < 8,05 ANOVA followed by Tulsy's benl),
Sigaificant 2z compured to HEFD (T = b8 ANMOVA fllowed by Takey's et}
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Fold change wath respect to contral

COH

HFFD  HEFD=TX COH+TY
Groups

Fijurs 5! Efeot of TX os CLUT-4 activation s beart of expirimaatsl animak. Valess shows are sweai + 50 ol 4 sxpariswols. Lase L CON, Laos I:

HFFL, Lane 3: HFFD=TX, and Lane d: COX4 T Demsiometry data iy given after pormalimadion with 52 K ATFPae. The valoes are expressed as

fold changs wib rerpect fe gostral group, " Siaicast s semgared fo COXIP < B05; ANOYV L Fellowad by Tulion™s ted). * Siguificssd &) compsred
fo HFFD (P < 005, ANOYA Fellowed by T ok s sl

Mihwce fed hagh fat diel suffer from cardiac msulin resasiance
as ewidenced by imcrease m discylpglyceral, resultmz m
scfivation of PRC  which in twum  inoreases  werine
phoosphiarylation of IRS-1 with desreased insolm-stimubatsd
IRE-1'2 phosphorvistion and downstream insulan
signaling. “'* In additice, high fructose diet can activate
serine kinases like e-Jun N-lermdnal kinase-1 (IWE-IL
inkibdtor of vuclear facdor kappa B kinese (IkB] complex and
soitracelivlar signal-repnlated kinoses dhat inbibat &a:'maal:"'
pbu;ﬂmj,imnn of [R5.1 comtributing 1o insudin resistamos,
Genetic ™ and induced ™ rodent models of obesity and msulm
resistance also presen reduced fyrosine phosphorylation. of
RS prodeins. TR-treated HFFD-fed ooce showed an
immpraved tyrosing phosphorylation of IRJ, RS-0 and [B5-1-
PUK assocstioe. This effect may be due 1w s ana-
inflammnteory  and astibyperlipidemic sctivity. A study
reported tha that TX sdedmistration stromgly mildbits the
activatioit. of JWNE1 and EERNExB indoced by
endoplasmic I'=1'II:1'I|I.I-J'I: stress 10 the hippocampus of high-
cholesteral-fod mice™ Further, our previcus study also
dempastrated the lipid-lowering effects of T3 *

Akt/protein kinase B, o sering’hoeonine kinase iz the
devanstrenn target of maulin signalmg cascads that activates
giucoss upieke throogh GLUT=-4. A significant decrease n
Akt phospharyiation ot Thr30f was ohserved i the present
study which s attrilbated o defects b the phosphorylation of
IRf and [R5-1 m HFFD-fzd mice.  Sepplementstion of TX
enhanced [Rf and TRS-1 tyrosine phsphorylafion, [R.S-i-
PLRK smaoctsiion thereby improves Ak scivalion in HFFD-
fed mice. Our findings sre similar to that of Lu =t ol

reporied that TX admonstmtion  sigmfcantly  improved
msulin sen=itistty in hgh-cholesteral-fed mice by moreasing
the serine phospharylation of Akt which is due to sctivation
of tyrosine phosphorylation of TR and [RS-1.

Insoiin mduces the translocation of GLUT-4 from the
mtrarellular storage to the sarcolemmal membrane and so
favours glocose entry.” Corrall et al™ dememsteated thar
glucese upiake & reduced as o consequence of reducsd
GLUT-A  protein ard Gmgaired insolin sigoaling = the
myoeardium of dhidh mooss. Tootaxicity [incressed free
folty acid (FFA) and FA metabolifes] and reactive oxvgen
gpecies (FOS) have beedy shean to atteniate insulin signaling
ared GLUT-4 tramsbocation i homan cardiac muscle biopikes
m:w_g;h activation of the IkB knoss (IKE) and other serine
kinmses. ™ A wudy slao documented decresse in GLUT-4
mBEMNA level m the rn:.-'n:lc.lrd.ilnn of frucioie—fed m:||:::|.uE|.':°‘:|
where @ Li ot al Vobearved both & decreass in GLUT-4
mBENA and insulm-stimalated GLUT-d trasslocation fo the
plasmn membmne, Consistent with this, we foond reduced
transbocation of GLUT- in HFFD-fed mice msdicating
diminished cardiac cfucose uptake. Supplementation of TH
restored GLUT=4 thershy faciliteces gheoss uptake in the
toyoearding whicly wos agam dus to Iipid-]-:nuﬁing effects of
ﬂ1:]’J€urqurhadmmm1Hﬂud.}' Hased on our
previous finding that TX exhibits antihyperiipidemic activity
by  inereasing the AMP-activated protein  lansse
phosphorylntion, which, in furm, facititates FA oxidation and
FA transport m HFFD-fed mice, we sirongly suggest that TX,
being a potent anticeadant s aibypelpidemic  agent
aclivates IRS-1-PIAK-Akt pathway thereby stlenuste msulin
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resastance in HFFD-fad mdce. TX administration have been
shewnm to sffectively improve  msulin r-uamlmim in liv:
hippocampus of mice —fod a high cholesterol dist
gﬂﬂmﬂmml&ufhgﬁfmmﬂm-uﬂumdtyp&-!
disbetic adult mabe rat.™

In cosclusion, the present fisbings deowostrare that HEFLY
feeding leads to impared msulin signaline through reduced
RS- tyrosine phospharyiation TX adminisrafion imgeoves
candiae dnsulin sigaling by sugmenting inslin-stimmlated
[RS-FI3E-Akt pathoway i the heart of HEFD=fed mice, On
the whole, this study providss new datn on the mechanisms
of insulin sensstrvity effiect of TX 1w heart of HFFD-fed mice.
Since mejority of the dizbetic patents (90%8) ase insulm
resistant, TN could be recorminendesd as a possible candidate
fid thi pievention amd therapy of insulis resistance @ tpe 2
dighetic subjects.
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