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SUMMARY



Di.h.t6 ncllitu k e.Nt@ift died.r, which @mFds ofa

brgc nMbd of @nplicatio6. Mo!1 of th€ awj!!bl. qpdidot l sd clinical

didc@ $ggEsts thd rhc odpticdioc of di!b.16 Bull t@ mctalolic

d€mgcln.nts mirly hyFlslrloir Di.bct s i! lslociEted *ilh irc@ed

mondity 6d ndbidity duc to vsculd conpli€tiG. Diahic itrdividuals havc

d i@.d risk for d.klopins dhh$ldtic digg This is in pan a

conequ.n@ ofth. 4@ialion ofdiabcr.s ncllitur with othd ath.Dsclcrosis dsk

ft.1o6, AthN$l@sis o@N NIia h diab.n6 thln DoD{iabeti6, its eBity is

on6 gHta, ad its dkriburiotr ir noF difiE.

Corcwy hcln dil.& h tlquady assiaicd *ill diabets

n llin& Mondity d!. ro qdiovsuld died6 k nd crlmon i. Tr!. 2

diabc!.s tha! in TrF I di.hetcs mclurui, Oxidativ. str$ hd been dedonriE&d

to bc pr.sdt in eind nod.ls d wll d in p6ri.na wnh diabctcs dd h6 be.

sgg6Ld rs r posiblc @nrriburor b rhc a@ldi.d .rtrft$lcr$i! $a in

diabcti* Tn g@.f.rion of ecdrc oxyg.n rFcica in diabeli6 occu! vi! $\@l

mehdim ud i5 iritid.d not ody by glu@sc, bur ale by olL.. sbstaie tha,1

lll tuund it eler€ied lacls in diEb.ric D.liot',

Fe iM in {!. circuhtion d ,l$ pod@ te ndicdr, {tic!, in

r@ euc oxitl,riw stts3 in di!b.r6 rhrt tuy pMrot. coM.ry .tidolct@lic

disa&. ft. purposc of rh. study w!. dcrig!.d ro 4atule ed compe th.

rusnit'rd. of ffi ndoldialdchy& (d oxi&lit rrBs nD*d} &d

biochmicsl Fa*G of body iren stos (slu feEidn ud tresfdi. 3!tuFtion)



i. @tDl !€lthy ebj@E, di!be16 ncllirE (IyF I 6d Tr?c 2) psti6ls, .Id in

p6liar3 $ffdi.g Aon @rcmry b.tn diss. Furhd, ro conpe [!. ffi
lcEk oflt* p6Emd6 in dilbdic Gr?e 2) pdi.trts wil! and thos. wirhout

A lotal of 410 potidts wd inv.srigd.4 lh.y imlud.d parielr3

sufctins tom diab.tes n llitu , oron.ry ian dis.a!. ald rho$ having diab.!.s

.3 wll a @rcmry he.t di$e. O!. hsdFd.Dd nin€ry dilb.ric D.tiors q@

cNlLd in th. stud, out of ebich 90 wF Tt?c I .nd lO0 BEr Tt?c 2 di.bdics.

MoFB lzl0 p.tidrs with @rfia.y hdt disce &d 80 TyD.2 di.baics wit[

corendt h€ln dis6e wrc ds pan of rlis ssrdy, Thc @nbot grcup @mpri!.d oI

orc hu&rd L.ilrby i.dividrds h.viq no lisrory of diabctd tuclir[1 @Drd,

h.an disee! hyp.n€Nion or dy otbd dis.e.

rrv.l of $tun glwosc, tigD@rid., toiat cholcslml. low_d.mity

lipo!rctcin. clDl6r.sl v.ry low dsity lipoporch chotd&Dl ed

aalondiddehyd. {ft foud io b. lignincdtly higlr e.hcrca! lercts of hish

d4ity lipop.otcin chol..Grcl wc foud sienif@rly loE ir aI rh. goup of

paiidt! i! contd to @nrol subj@t!, rh irer indi@s i.e, 3.M iM. iolal ircn

bi.ding c€laity, Eesrdin sr,@tio! &d fdnitr e elcw.d signifiMrly in

@ronalr h.an dka$, dd diabetca ncltirls wirh ed wirhout @bnary han

dtu $. Flicn! n .@pa'!d ro 6nool subjct!. Both ryp. I lrd rrpc 2 diab.ric

padals sn tr conpdrcd wirh @rircl group slow.d & incc$. in

ralondi.ldehydc ed i!. iM leedd. Thc typc 2 di&ric p.riots wr hlvinc



,&nmc.dly low @t|6tr ti@ of rll th. ioo iodi6 ct(ccpl fu s@ fe.ridtr

lcvcl !d e ori.tniE ltiss b.*c! nrlondidd.ty& *iich we found lo b.

dgnifr@[y hiSh ir conpdis! lo ih.l in Typc I diabdic patiart3.

It tu tha.loE c@ldcd tll.r di&r.s o.llitus rld @Fruty hdt

dl!.{!! @ srso.ilt d wirh eMtcr thd mmal lipid Frcxidatior It k .ko

obard thit di.t'ctc. n llitN od @M!ry hdt dis. 6rr alrd ibn stans,

El6r&d s!!m ndddi.ldclyd., iM conccnEtion !!d body iM r@s (ffi
fditin &d tatrfcrdn r.tuadon) in dilbaic pltidls Eval . pqsible lolc of irotl

'ndiccs 
i! t!. d.vclopncnt ofcoro ry athcr$cl@sis. ftcnfole ir is !ug8$tcd

ty ttis sbdy lhrt l.v.k of o.loodi.ld.itdc lrd t'i@bdicd rDlrkc(s of body iM

,!ot!s (tu fditin dd tasfdin lrtndid) 6 bc lllcd s e otly

invcadgdirc tool for ahclo€cl@tic .ollnuy atury dir..sc orpccially i! pati.nt!



INTRODUCTION



l.l FREf, RADICALS

Fc ndiclb e highly F&lirc chdical sF.i6 lbst pcs &

uFind cl6lto! in thcir orr.most shctl. Th.y d !l!o b. @silald a .

nlgmcnt of a nol@I. tll. Fr.c Ediclls e lo.nallv s@.ntcd in 
'Nv

Frce hdicd rcactjos d. ditiql for fic oomal opdtion of a widc

sFctdm of biologic pl@s. Th. oidtlic a.don of mev cellul& ctzv66 6d

.l.c!.n treBpo.t ptl]l:6g involE one.ldiroo t!.sf.i., which vi.ld tuc radicd

id.m.di.l6. Bde of thc ubiquily of mol.crle oxvg@ h lmlic orgoi''nj

ed its diiry io Fdjly ucc?t.lc.lrdB, oty8.n4!t.td ae Edi.ds d ofrc.

mcdi.toB of elluld EE t@liod. A M.lc vaictv of 4vireM@ta! .gcnis

includins pbotochmical ait potlubnls, hypaoxi!, !.sticrd6, tob@ snokc,

solrcnis, ana$theics, ed lh. scnenl cls of domlic hvdrocdboG also causc

fF Fdi.d d.mg. to c.lk. ceillin c.lluld m.rlbolic statcs such 4 h,?.bxi4

i$h!dia, or mtibiotic rhdpy 6 flvd fre 6dicd prcduction in d€s of bAtl

d4l3l.

FE Fdrc.t spei6 ddived ftDm oxvSo e ond $bsM.d und'r

twtiE oxygen sp€i6 (ROS). Evcty living o.U with a.robic m.taboliln dPoscd

lo nol4utu oxygen 8cn@t6 Ros. Thc ROS my be cithd uintcntiondlv

ddiwd ion "@id.trts of chenirlry", i.c,, t dox Bcdons of a \lrielv of shall

moleul.s (..g" auto{xidati@ orot@holaniM) or "tc*s" ofth. mirochondri.l



clcclron tsryoit chlin, bd d@ inp.rort fion a wicly ofdzytrtdic r!.tioc

lal. Thcy e sup.rcxid. dioi tldicll (Ot. nydrcp@xyl ndic.l GIOr),

hydsgd pcbndc (Hrot, hydrcxyltldi.d (OH), Forid. Edicrl EOO' whd

R - lipid), dnd sil8ld oxysd (O, t5l. ftc sup@xidc eior is 6nd b ROS

chmhiry, bc@M it hay b. conv.ncd into olhd phFioloeically Elcvut ROS by

..zy6.lic or no!)@rmtic actions. For .'dplc, .lpdqidc eiod @ E t

Epidly with nitric osidc (NOl io fom pcoxyniEitc (ONOOI. h M also b.

@nvdrcd b Hlq by 3ltcdidc dismuta$ (SOD). Th@.di.allr boih SOD @d

NO'@np.lc for $pdoxidc ei@ sv.ngirg, Itiu, it i5 rcnh renrioning ihlt

th. Bi! of supmxidc eion olvdion to HrO, c.lrlyad by SOD is orly oe

tnird of 0E @tion 6r. of sFFxi& eion sith NO. &Or .l$ r.rc I t
sub6trat fq fi. production of tudhd detrihbrll ROS, luch d hr!@hloroN eid

GIOCI), gcradld by at4raiic conver.ior turough nqrrophil m}tloFbxid!$,

ed pl.llli l*ls of nFloF.Dxide pcs pEdi.tive valE for coDiaty

thrcnboiic cv€nt . Asidc ftom cE ruric onveEioq Hrq Eel! wirb fcrcu ion

GJ-], 8ffititr8 faic iM (Fs5 sd rh. OH'('Faloi @cdon ) 16l. Oxidd of

nitog.n likc NO' sd nirrogcn dioxid. (NOr) @ ain odd trMbd of€lcdo ard

@ A.c dicds [7j. Nihogcr dioxidc h ! powrfll initidor of lipid Frcxftlation

[8]. NO 6 ds promolc lipid p@xidarior In rhc lccne of suFoxid., NO

fom Frcxynitrit , a powdtul didlrt c.pabl. of irftiaring lipid p.oiidarior dd

Nidr-iis tipid ebblc edoxidoa [9].



I.I,I FREE RADICAL REACTIONS

!E hdic.L m.ci d both oridrlts .!d r.dEitra asdt3. wlm a

fF ndicat rcel3 wilh ! tun'ddicd @npoud, lnothd lie ndicd 6 b€

fomcd. Tbis .n bl.s iE Fdials to itrduc. ch.in twtiN thal oay bc Oo$tn&

of chts lons, for dMplc lipid !.oxidrdon of polyur!.tuFt d fatty !.ids [5]

lading to ellulr ncnbtu€ .t*iroction 6d 6dequ.nt lisue dm!8c. fth

hlpF.E o y eno thc dctirc oxygcn sFcid d fm.d !l e *6ivc 6ic od

ovt@nc lhc elluld etioxiddt dcf.N mc.hmis l0l.

Rldiclts e Ect with othd mdeuLs ir scvail Mts. wl)b rtu

fE ddidls mc.l th.ir upair.d .lG.t$B crn fm . 3hlttd .16!Dn Fir in a

@\d.nt bond ald both ndicals e losl. m€n a 6dic.l giEs onc clcc$on to,

ta}6 otrc cl@ltoa film or simply !dd5 otr lo . not-ndicd, ihlt non-Bdical

b@ne . 6dicd. Sine do6,r mddolB pffil i! Iivins or8pris @ rcn-

ndicak, dy frc ndi@l pr.d@dd h th. body will most likcly qct with d ron-

6diol ed BeImL . ncw ndical. Hd@, n!. ftdi.d t@tio6 in vis i.nd io

!r!.ed a chain adioE [8, tl,12,l3l.

Chdicdly, Ii!. ndiels e cbdaat ii2.d for sudlining A@

r..licd cluir r@{ior3, . *lfprc!6sltins ki.d ofR!.rioi3 in lvhich. fra ddical

rcactant ields a product thal k abo a frt radical ud which Eacli prcdu.bg

mtb6 ae Fdisl. I!6e ftcd-fo sid cbcmical poc.ss e t|)oM d



pro?agdid ractioB .nd rrc th. corc of thc t@ tldicd ch.ln rcactiolr.

Clrsidly' ne Ediql twtic & dividcd into,

a) initiltion Eacdon3,

b) Flrog.ridlt&lioDr,6d

c) ifinilationr. clioo!.

ln the ibilidio! ra.rio$ i Alr lirlic.l i, fm.d nln sLblc tetE 6di€l

AB+C+A'+D+E

IlE proplgdion @.tion inwlrc !. r.|ction of. n e ndical, .ko cllcd thc

twlid 6Iq sith a 3t blc moled. giving &olhd fre ndiclt or @don 6t6

C+cD+Ac+D

Whaaa ia thc iaraiidotr scrio!, rwo tE Edic.l! clMl our th.n upaird

d@lroB foming a st bl. product

A+B'+ A-B tlal.

II OXIDATIVE STRESS

Oxiddiv. drn g. inflictd by r.!.livc o,rys@ slcci.s 
's 

FfcGd lo

a (oxidltiv. .t*!" n 5, | 61. Oxiddt it* is how ro it|qq* th. pilducti@ of

tE ndi6l* In the pE!.ncc ofm.&k, capeirlly to& th6! !"dicdr N @trvdcd

id Dd! daDlging spocnr tU, l8l.



I.2.1 IRON AND O)ODATIVE STRESS

Iron h d Bsntial cl.m6t for n.malid c.ll grc*th. It is !

€qdEd cdstitudt of trMNE cnzrm.s, including ircnaulphu ald hlc6

pretci$ of th. Epintory ch.ir, E *[ a dboneLolid. t!duct{e., *hic!

@i'ly*s th. nlelimiting !ic! in DNA lynth6is U 9l,

lrcn pbys u imFnlrt olc h bioloS:/. Body Smwlh my b.

inp!ftd 6d hdtal E lrdltiotr my occr iflhc iren slpply is i.ad.qut b.foc

lh. lale ie.s. lrcn ddand afier adol.sc.nce ditrers fton a midnm for nalca to

. ntxiim for prlglart tcttrltd In rulcs, ioa bolrtrc! shodd b. z@ *t!.F iM

ab$rb.d in th. intcstii. ddly conpcnsarca for th. ilon los fron th.8ur oucoe

&d skin *qu.llratim. Though ircn aberptio is Flrl.ted i. rhc intcatinc, nost

nr.l6 n vc a Fsilire b.l.ncc so thlt iro! bcSrns to .c.Mul.t in tic lillr !s

slonge ion [20]. IroD ions circular. bound to plesna tllsfmin, and accumuldc

within €lls in the fm of f.rilh. Udd nonMl ci.!rtsr6e!, o.l, tt@

&noutr of imn cxist outidc th* physioloeic sinls, In ih. hcdthy slalc lh@ is

Elar d rpplciabl€ dmtalion of 'AE iM' (d ircn .h.ld.d by lop

md@uLr vtigh compound, I2ll. Ttusftrin d@s mt rcI.ls. irs iron ar !
mml !H, $4riL d a low pH, $nich my te rhc ce in drcd.l eal, iren @ b.

rclca&d ton trusfdin ed inducc oxidation of low .le.sity lipopotein [22].

Stu fenilin lcvels G allated by lsc ed sd. ln nonn l indieidlrls, fcritin

l@ls @ sliShdy bigh* al birrh dd dccl!@ duitrg childh@d u l pubdty.

Aia pub.ny, body iron stoEgc in mrl6 incl@6 !rcgdsircly with a
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lroponioral ri$ i! ffi ferilin. s,iffi sru fcritin Lv€ls e loecr ed

t!@ 3bblc i! &od6 dwing EF.ductirc !6od. F6ritin lftl! od, inc@

rnd |h. D.nopau& t231.

Thc lruilid prcp.ny of iror liom &dou! ion to fcdic ion sd

vie vffi is .!gli.l fd cMs/ gftFtjon in Dito.hondri& B@N. th. ft..

Fdicals g6@cd by ldroilion eldcnt iron harc hielt pot ntid, rll @ll orgm.ll*

e protelcd by . wicty of eli{xidili€ ststcd. Unda plthologicd conditiotrt

how€, p.lenlid imtl .M though sall ir .mul, rm@t6 ftE ndiels,

Itsultiog irr p.rxiddion of ndbanoN orydelles knowi s oxidadv. stEss,

Iron-irduad oxidrtiv. sfrs my bc ncsligibl. b t€lrby subje$, but 6 bc !
liissa of dsa dm!8. in en ssitiE hosrs t201.

Imn cd.ly&s thc fomation oI t@tirc oxygcn ep€.'cs (Nugh i.\c

Fard !trd It b.lwcis twriou [24]. Th. saally .c.cpt d .na is rhlt fi.
m.in biological actor in dmaged risslc, $d $. one ca$ing oxidariE dmgc io

.U kitrdr of molccule, for axeplq in tipid p.did.tion, h mirly eu!.d by tE

hiShly bric OI{ godtcd hy thc rsliriotr n lrlsr.ttz.d Hrh.r-W.is a!.rid

1r8,251.

n:Q+ch-'+ O: + OH'+ OH-

supcroxid. eios lllc in thc itun or coppcr c{rlrzd Hrh.Fvciss

r! ction is tle superexidc-alskted lenlon rcaction:

Fc" + Hror +FJ'+oH +oH [21,26].
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Th. OH' is c.Fblc of d6ir..ting . hydrcgm lloD ftlE

polyur$tudcd fltty 4ids (LH) to i.itilt lipid p.rcxidation.

on +r,r| ' Ho+t

L'+ L,tl + LOO'

LOO'+LH 

- 

LOOE + c
Or@ lipid hydop.rcxidd (LOOH) ecMulde, aee non Day

dilE{y iritiac .ddilioDl lipid Frcxi&ti@

F.t_ LooH .........* Fe''+ Lo''oH

Lo'+ LH , LoH + a.rc.

Thc Bulling aeuul.tion of lipid hldrcpmxid6 d.lrroys

rembt'@ srtuctuF dd frbcrior Thd aptaiB lhc rher of.f€ nor' or .labil.

ibn' or'chelltlble ircn' duins li&. It ce pFdu@ 6 oxi.bnrc 3k ss, ilvolved in

tMy pdholoSicd tmifBllrioB (andi@t@sis, di$ei.i aScin& dc) t2ll.

Exes iron ard ircn osl@d d flcililatc $c occlt@e of a

widy of di*a!.s, including ciEbosis, @ng$riv. hcalt failG, diab.es, &d

t.|@. Pathologic id @ohdario. .ller tuy dg4, s@[ s rhc tiq,
pdlcrca, dd h.a4 ,nong oth*, Hcrcditary iton ovdload k ch!@ieizcd by

crc.ssiw iriGdn l llsoetion ed eudd dcposid@ of ircn ed h found in

scvenl @nditions, including hcmocluomatosis, Afri@ ircn ovcdoad, dd imn-
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l3 I-IPID PEROXIDATION

Fe ddicsl athct5 .ll of th. tujor cLs of bionoldd6, bul lipids

e prebably rhc dGt suleptiblc, CcU m@hffi d r nch elc of Doly-

urlanEad tury acids. ft.y a. cldily atllck.d by oxidizing adicrh. nr

oxidltirc ddliuction of poly-letut d fatry eids k knoM a lipid

pdxid.riol Lipid Frexidalion {!cn prc.c.ds 6 ! *lf pcrlctua{rg chlin

mlion, a it previd* E ontinuou $pply of ne m<lic.l! tlut ioitiat nflhd

FDx'dalion [ll. FE ddicals also cauF oxidation of sulthydryl @ntrinins

aElh6 lelding io 6.i. i@div.rio|! Flts@lwid. dctolymdizdios ed bs
hydrcxylltioa dcking, fts linlog., 3cision of doxyribotuleic &id @NA)

3t6rds caBing mutarion dd iilibition of prctei4 n@l.otid. a.d f.dy acid

sy.rhcsis l5l.

Biologic.l lipid pcoxidalion @ bc divi.lcd into lwo typ6:

Non{tr4ric lipid p.roxidatio4 dd

Ei4hi. lipid Frctidllid t4.

ln mn-enzynic lipid p@xidarioq ey fie ndical E) wfi

3ufrci6t d.r$, !o abstra.t a htdro86 lion fiom r mcthyloe clrbon of ir
uNnmt d 6lty lcid @ ilitia| a chlid r.acrion in bulk liDid. Thc fi.c-ndidl

a)

b)
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chsin t@tion of lipid p@xidalion pftllgsia udil two ie.di6l! mihil.&

d.h othd to t aninlre th. chah r€rction.

Lq'+ LO:' J rOOL + O!

wh...as, 64nic lipid Frcxidatior rlfd only ro Sh.nrion of

lipid pcDxid6 at rh. eriE c.ir.r of o oEy!r.. Ihc hydep@xid* ed

cndopdida prcdud e st rospeifc and hvc i6F!t rt biological

tunctions, Cyclooxygcnas &d lipoxy8.ne tulfill thk definition, F ce ddicals

e pobobly inlonor inrft.dialcs in th. dctior boi N lealiad io thc acdvc

sits of thc proteic, Duing tumtior of ddoFoxidd by cycl@xyg.tus€, a

pow.rfirl oxiddi is Scncrarqd thar is d.mbl! 10 scaltngiry by loae .ntioxidel3

trJ.

I.3.1 LIPID PEROXIDANON PRODUCTS

'ft. nct mout of lipid pcbxidation h a tise. ao€cls th. brldce

bete$ ptoductio! &d @lllolis of thc p@xid$ I2E, 291. Pbdlca of lipid

Frxidnio! includc hydmFoii.Ls, @njleat d dio.s, ndon.ld.hyd./

m.lodi.ld.hydc, md fluorchromic preteins o! ahino-co .ining phospholipids

ttll dalop i.tn- or intcrmol@uld @slints wirh balon.ld.hyd€ or

m.londirldchydc Pol.
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I.32 LIPID PERO)flDATION AND DISEASE

I,3,3 LIPID PEROXIDANON AND BENEFIT

IIE b.l.@ bal6 1h. im@ed cHli@ of &t tldic3b in

wios prlhologicat sl!l6, or ufavoudbl. qonditiotr in thc wibmmt, dd

r.nrrl eridid&ts of . low-motauld (virjnin c. E, ght thiorc .ic.) or @rric

ct,futd (lrp.ondc dt!hur.*, Blln!0ri@ pcrcxidac, gltt {!i@ nd@t&!.,

catabs., clc,), pbys thc chid mle i! danage {hich is lhc @w of nMy dis@s

6d aging t l8l.

FE 6dicd .bmag€. 6 @Mulat ovd tinc .d my thftby

contibutc lo ell injuy ed d.wlopEent of hdln dis.!e*. Fr.c Edicals t&
b.d ioplicsrcd in th. delopndt of s.wnl dhcNr imluding athdosclerosis,

di.tr'ns, c$ccr, chMi. idl"-*ioiy disas dd ndlDdcgcrcElirc diseas.s

wfl a i! !F prcGs oflging [3 r,32,33,34,35,36,31].

FE ndicds c mt only prcdEld a m llt|wutcd prlducrj thct

e also fom.d delibedt ly in rh. body for etul pltloFs ed h!rc inponat

phFiolosicd tusiios 18, ll, 13, 3El. A *ll dcfin d tule for fr!. ndi6h is

1rlm &tird.d phlgocylic cells (ncuftphils, monocyle, rurophagEs dd

e$inophib) produc€ sup@xide eion Edicals aad hydFg.n pmxid€ 6 on

netuisr to kill baccri! .rd nDgi $d to iD.tiulc vitls [39].
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I.3.4 MEASURBMENT OF LIPID PEROXIDATION

I.4 ANTIOXIDANTS

Oxnraiivc .ctivity of oxygd ddic.lt in biologic atstdtu .& b.

da.din d by m.asilg U.n oxidlliE poducts [401. Malo.dit]d.hyd. (MDA)

&d o4eic nydrcFmxidc (OlrD, 3 lipid p€roxid.tion inLm.dia&s, an

n61!!d to sB l!. st:n!! of oxySo ta ndiqls. Chrn86 in ntlondialdchyd.

.nd o4a.ic hydrcp€rcxidc @rdtltion indiFlly Fll@r altdtioB in Ibe l*l

ofoxlsd ftcc ndic.ls. M.londial.lchyd. is . vol.tilc preduct fomcd ftoD fcc

ndical Ecdilt d pmn&dor of poly-UNr@Ld f.tty &ids b ccU Ddbtue.

orgdic hydopmxidc b fmcd duirs p@n.hion of phosphltidylinosiiol aad

@chirlolic aci4 which .l5o oq@ in bioloBicd ndbmd (41.w68 8nd Rogcrq

197t. Hoelw, malondidd.hyd. (MDA) @ al$ b. gd.r*.d a a byp.duct or

pio3llglsndin biosynthBb [3.!reel@ &d Cnpo, 1982i 30.W!rd d al. ]985i

Vd@h, l99ll. Thcrlfor., orc of thc Eosr tlq'rd y u!.d bioM*6

provi.ling !n indic.tiotr of fie ovmll lipid p€roxid{ion k lhe pl6m

omltt riotr of ltaloldi.ld.hydc 140, 41, 42, 431.

The biotoSicd cftocy of oxidets i! b6!.d or a hig) y cgd.l.d

.quilibdM bclwn ihc pbduction of oxygen ndic.b, lh. @ racting .Lfcne

m.chdis of &tioxidut s@ging stsic$ &d rpair cn?mc, fd thc

.linjlatiotr of tne degradcd bioproducts. Irnbdlarcc of drb firely lucd,

$ptisti.ltld lquilibriun cl! Eu! in oxidalirc stBs rbldshing ! osldc of
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pa$ologic.t prcc€ss [44]. To cortol ed rdua lipid Fbxi&tion both in

hl:ltld ed in n tN ha inwk€d lh. ulc of dtioxiddi! [45]. Artioxidets N
@tupouds pbtecting othd @npod.d13 of the oryeim (prct m, nuclcic &idi,

lipi& lipopreci"& .lc) !8dnst pli,logoic qiddioB [aq. Prepylgrllalc,

butyl.rcd hldrcxlaisol. @nA), and bltyl.t d hydrexytolerc (BFD @

dtididst3 u!.d 6 food addirivd, N.tursnly oc.ritra dlioxidets i&lud.

vitmin E (t@phol wnich is lipi.l slubl., ad EiL rd vit ni. C, vn cn e
Mtcr-$lublc. p {@tcnc is u atioxidar ar l@ padid pEsW ofoxygd [45].

Anrioxidels &ll into two cl.s:

!) P@1ive &1ioxideis, which Ed@ th. Etc of chain initi.iio', dd

b) ChliFbr.atios utionddb, *ttich i .rf.t! wirh cnai! PloFgrlion

[45].

' 'Ih.y dist in both rh. squ.os ed mdbnnc @hpartndis of

el|l lrd q b. ozrh6 or M€.?m6 [l]. Pmtivc dtioxiddrs includ.

@l!l6e ed othd !@xides thlr r.!cr with lipid htdop.rcxid.!, ed chelaior!

of nctl ioc such !! di.rhyldcridirc p.nts-acdri! @I?A) ed

crhyldcdihincr€FarcctaG (EDTA). Chli.-bEaking dtioxiddts e ona

phmls or etuiic min r. In vivo, thc priocipal ch.in-b@l.jng &tioxiddti e
$Fqidc dihur.s (soD) qiich !.r in aqu.ous phe to tlap supdoxide te
ndic.b; pcrhaps ur.tc, 8nd vitan'n E, stich acl in liquid phasc ro kap lipid

hydrop@xidc ndicds [a5l.
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IJ DIASETES MELLITUS

DialEt6 Dcllirls b e ei6l di!.e SvDproN of did.cr

Dcllitus t!rc bq found &sditcd d & Egi4rtie Fpytus, ctll.d &. Eb.r3

Fdpytu!, ql|ich E .l!r.d | 500 a.c, !t i! . @6biotio! oftwo wrds, di.b.i6 trd

mcltits. TtF foEd is nm . G@t rcrl t|16ios "sipnon' d 'to pa thrcud',

dd rhc lat16 is fbn a LErin {ord *hich meac. "horcy". Th. qod n llitus *!s

addcd lo diald$ be@uc ofthc lwt mturc ofth. udne in thk dis.e [4?]

Di.betes diagms @ incc8ins d e ajdine 6tc rcddvidc

[4E]. It ir one of lhc rust .omon nonqmuiGblc dis.as in thc mdd

Di.b.t6 sr@ted ltbui Il5 millio pcopl. in 1995 d tb. incidc.a b qpdt d

to tip ro 3OO million D lh. ys 2@5 119), Di.b.t6 trlitB is a @nplq

mct bolic sytrdbft ch4.tcriz.d by chfiic hypqglyMia ed lsociat d Mlh

.ltdrtions in cstohydnlc, lipid, pre&h l50l md miDail netabolisE I5l1 ftc

World E alth o4aniation (V/tlO) hal d.fircd diab.i.s mellitus on thc bssk of

. a fasdng dMa voou glu$. @nqtttion grot ! $a. ?.8

tlmuift ( l4ons/dl) or

. plasMglll.@ .o|t@t'ltionof ll.1 Frnot4itrc (200 o8/dl) d moE

two hoE .ft4 . qbohydr.tc did d rtu hos and oal ingetio. of

.quilzLrt of 759 of glucos.,4dl if the f!ni!8 81uc@ cocltr $oi

is nodDl 1521.
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Dilt 16 ncllitls k divid.d into two btuod cla.g s:

PliE ry (idior6lhic) Disbctca M.llifts, .td

S@ndary Diab.rB M.lliG 1531.

15.1 PRTMARY ODTOPATIIIC) DIAEETES METfiTUS:

liimary dilbct ! h.llilus hs m dcnncd cas [5(,] This clas is

a) T)pc I dirtEle bcllilu!, tid

b) TtF 2 diabctd D.llina 150,531

l-

2-

Di.t rc DcllioB is t di3.e chrn Lit d bv a n@.b$lut (tvF l) 6 FltliE

(type 2) deficidcy in th. lmbd of pdlc1 3tic bctt cllls 1541, lading to abcoluL

or Flad* defici.lcy of insdin [52] By thc td 2025, India .lo!c Muld hav. 57

nillioD dr.betics Mi.ly of tyP. 2 di.b.i.s @Btitlning 909'. of lhe diabclic

!.pubnon {551.

ts.rr TYPE I DIABETES MELLITUS!

Ty!. I di!!.tcq de crlt.d iBulin{.P.nd6'l diat'€16 D.[itB

(DDM) rld pevisty cf.dld !o s tluvcnilFB.t di'tFtac". Tlb widl

r..ouls for lO% ro 20lo of.ll c's ofpdDrv di.bcl6 TtF I diabctd Gullv

deloF in cbldhood, b.coning nuif6t lrd s.vcr !! Pubcnv [5]1. IIlc age of
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thc psti. at thc tim. of diagncb is Budly. but nor l@silv wda 25 y6

It6l, Typ. I diabet* nellitu is uully chmctcndd by d sbNpt o .i or

3ymplohs, This fo@ of diabetca r.$lk fron a $v.8, absoht€ lrck of insllin

c!u.d by rldudion in thc belaaU htss. Ptlicote d.p.d d insulin for swivd;

h.@ rlE Gin _iEdinncFddt di.b.ta rctlitE". Witbout i.sdin, lh.v

dcrclop *rioB oatabolic @dPticlriod $ch s @L k t@.id6is rnd clm I53'

511.

Type I diabcr.s is a$sociltcd eirh a posiiive fdilv hisiorv i. l.s

tha l0% ofthe fi6t &gE rcbrivcs Th.rc is a Jopl. chdce for osrdrc. of

tyD. I di!b.t6 itr iddlicd twiB, Malc sd f4de 4.qu.llv !ffcci.d bv q!. I

dirt la!. Thcy e u.uany lnin dd @ly crhibit 16r of wiettr 1561.

Tl?. I (iNlinn Fndat) di!b.16 sltow . primtv 8ssitlio!

*ith HLA clN II gds on clNmo$m. 6, tnod norlbtv ELA-DR 3 dd DR 4' a

d.i.mining fcatuc oflhit typ. of thc di!.Be l58l lrlcE is also Pr€vaLn@ or

lutodtibodics to p6n6Etic ist.t ccus in this lypc ofdiabetes Tn' l ditb't* h

@!sid.rd s a chbric dto-imw di!@, {hi3h aft.r Fogldsing thrcugh

dif.mt ttt86 lads to iLsiruction of p.ncEtic Hs€lls wil[ a grd'd d6lin'

in irsulin tccttion 1591.

'Ihc o!.4 of lh. dis. it s@iatcd with sot@ sp.cific inf'dions,

$hich irclude nbcua nunps, cosdckic vi s' infcctious lEPatitis, i'fcctious

mononuclcotis dd cylon galovis. Tt?. I idulin{€Pddeni dilb'tcs cs ol$

bc in tw.d by dngs $h s.ltox.a llr.?tobtocin ed v@r (rcd'niicid') which

ldcrircly d.sEoy thc panc4.tic bcts-c.lk I54
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In typ. I dj.Nbcte3 lh.|! b fuctio.rl ins inoldia ft. ld.l of

bni4 pLsM iGulin i. low wilh lirL or @ GrpoE to 'ininilbiotr ofgbc!.c'

eitu &ids, tolbuirnid., thclgoa or olha b.i!4ll sliDul&rs [50].

T.5.1b TYPE 2 DIABEIES MELLITUS:

Tt?. 2 diabctcs de cdl.d non-insutin-d.p€nddt diabclG ncllit"s

CIIDDM) dd pdioBly FfcE d lo s "adult{er di.b.ts" 'Ihis vdis!

a@uG td 80./6 to 90% of all ce! of pdmry diab.t s. Much l$ is loou

about lhc pathogcGis of typ. 2 di.b.t6, deDitc iB b.ing bv fd th. dosl

@mon tt"e 1531.'IrE ag! of th. Patidl.t thc lim. of dilgosis is u54llv ovci

40 ycc F.male e m@ rfi.crcd rhd thc i.n TvP. 2 di.b.l6 i3 .ssi cd

wirh a pciriv€ fdily history ir mor! thd 2tr ofthc Rrst degle rclaliv4 Tn a

k!govoto looe/. cha@ of oewnc. of tyP.2 diab.tls in 
'doricd 

twi6 [56].

Thft is no *idd@ thol aubimnunc odhekns e involEd in $e

plthocd.sh of 9pe 2 diab€16 n.llnN. Urlik tyPc I diabetes, the disee is noi

li*.d to &y Hl-A s6d [53].

Tle ts! m.rlbolic d.f.cls !b.1 cha@rcize tvp. U dbbeta e I

.ladslndr in b.rlsll sttion or iNli. (bct!4ll dlEturcdon) dd D

iidility of p@ph..sl rissG to BDond to 
'@lin 

(in$lin Eist&@) [53, 60].

H}1qinsdil)'mia $rich Fflccts iNuli! rcsisLrc., .sp@iallv in

thc pc.M of mmogly@mi! h e .!tly abnor.lig thai it chlmtclinic of

subiccts dcstiled lo d*loP impqird glucosc tolc@@ or TIF 2 dialeler m.lliiur
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I6U. Orhd fa.,ioB sEh s obaity, 68i!8 t621, dd pty3icil in.rivitv |'t

ls$iltcd wil[ ielin rcsisbE [6]1.

Pucnatic bclaclls cpond to ot!.t inelin !4nt Soeues $ch a

i$pFL 
'lgnic, 

gl@ro8, End tolhtltu.L em whcn thc FsFBivolrss ro

gl!l.@ ha b€i lon $iich ddoBrd. llc Pcisldt@ ottyttlhais ald stottS. of

iroulinls4.

TyF 2 di$.ti6 @ rcl ponc !o k lolb ltd .ot d.laddt or

i irlin ftanndr io 3u.6in lif.. Hou€Er, th.y tuv tquir. isdin fd @ttEdon

of hyp€rSlwmia if this cmot b. lchidcd wjtb diel or oral agents [57] ftc

d.ncicicy in b.llaU pmducdd of i$ulin dd $nofr.litica in the dtrunica of

iarulin sltion e wll-!@giz.d lallc aso.id.d wlh non'insulin

d.p.nd6l dralcic mcuitl'! [641

!.'2 SECONDARY DIABETES MELLITUS:

seonduy diabdB mcllitos .lcfin s I ds of palicnb in whom

hyp..€lFmia it lseciltcd *itt toG otd discas, s!,.h $ 
'odGin' 

disd.!!'

Ddrcrcdic disca$3, ddgr I50, 531, a vttictv of cciciic svn(|ron6 [53] add itsulin

dcptor abnodalitY [t0, s6].

EnddiF disordc6 lcrdinS to seodtlv dilbd6 nclitu! rt'

lcton.gEly, Culiinss syndtuh., ph@chrc|@trom! IJo' 651' trim'rv

.tddl@!i!d, dd gluclgonoma i50l
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Pec@tic di$.g crBing sndary di.bdca @ cluolic

ldulttil4 hdochrcnalo.ir Ddlc.slic cadnoM ,rd p.n@tcctonv [50]'

A@tc c@diclliG, tnd

Chrcnic .dplicdioB [56].

1.5.3 COMPLICATIONS OF DIABETES MELLITUS:

Dilhd6 ncllitB is d .nd@rift dierda' sli.n @iFis ora

k(gc 'Mtr of 6nplic.li@. Most of thc tuilru. .xFirqtd ctd clidcal

didd@ 3u8gdts lhat the conpliotio of diabeta Fsult ffln mctabolic

d€mgcnmts nainly hypqdylenia [53] nlcv cm b. divid.d inlo hto b@d

Acutc <trdbetic @mPlicatiors e dlabetic kciorcidosis'

hlFolnollt non-k totic co!i4 md hvPoelvcedic cma [56' 66] Actn'

conpliediotl! ofdiab.as nclints c lifc lha!.nitg lhal cie n?id rddttl ad

lbFicd dct .iootion .nd Equic pdhpt t lbnot [561.

Diab.tic kdoacidGtu is s inport$t cs. of d.ath' pllti'llarlv in

yobg.r ttT. I dittEtic paticnte, *h4 othd 6u$ of dath N low 116 ale

oeu in Fli. s wilh tpc 2 ditbctca rcllits uldd cddidoa of e@ stl*

161. Hyp.Esmol& tuntciolic @t b tuch ls 66mon the diatttic

ketoeidosis, but it has a nuch highd nonrlitv dc. It occs n inlv in 
'ldqlv

pdi€nl! with ir?. 2 diab.t s 1561. Ht?oglrqruc om is rh. conmonst oI lbe
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di$clic .m6gdci*. Hnosl,!@ia is hEh omoM in thc ilsdi! E lGd the

in th. non.iBulin td.d Pati4ts [67].

Chrcdc @opli@ti6 e eiat d *ith l@g st nding di$cl6

rcltitu! of .ilhd t!?. Ibey 
'ncludc 

tnicrova!.uld ditods' mrcrovaculd

dids.3, .nd diab.nc t).NP.thY [561.

M&Fvscdd dierdd irclldc aridcl@lic dis4' of lhe

ncdiM lnd ldgc v4cb Athtuldh of lh. v*$b htv be dE b iic@'d

blood stuco$ l@1. Arlfo$l@is of cordatv dtdi6 is twi@ a cot|jlM in

diabclie lhu in non.dilbcti6 Alh@slftsis ofth. cobtatv andi6 lcdds to lhc

nyocddidl inf.rctioq which is th. nGt comon caE ofdcath in diahe [68]'

I.5,4 METABOLIC DISTURBANCES TN DIABETES MBLLITUS

M.tdbolic d.ltngmds in di.b't6 mcllitus !" dE to lb$luG or

Flatrrc l..k of idulin, which af€cts not onlv @bohydrd' delabolisn but abo

Iipid od prot i! D.t bolird [59].

Tbe plma gtuoF l.v.l i! cleuLd in diab'td DdIN! bul iril

dcccrt! I lirdovlirt!, tlE slucoe i.n! !9pd!ng in tlt' uitr€, cdlcd glvcosuia

1521. Th. i!ce!.d uildt gl!re conc.rlrlliN l.ad lo odotic diu6is !'d ir

tl$ wy polluia occws Osmotic diwcsis catjsd dchvdralion qhich lcads to

polydiFia .nd d@ to PrclonScd osotic dicis I'r8' uouls of ubatv

cl@E lytB slch s sdiM, pol&siM' tuerdid sd Dhclhou e l6i'
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Diabcric pdicna ddelop polt?hagi. th. p.ihmy of *tich e mt @mpLr.ly

dcfincd. Thk @dpLt6 lle tild of dilb.tic findiogs - de polrlria, polvdipsit Md

polyphasja 1691.

lncHs.d b@kdou of pretqn slltls which l.!d! to mNcle

*8iirg, P'ordlFis @lg El.e of 6j!o &ids in lh! Uood. Of ihd. eino

&id! lhc Slu@guic mim &ids c t t n up bv the liva tld tEcd i!

gluconoScnic plth*)s fodine horc 8lMs. ud tuening th. siruiion [59].

Inulin dcfici.ncy 0lso ou$s lipobsis The pl8na fr.c fanv acid

lftl n.6 duc lo.lheced lipolysis. Th. fi.. fattv a.rals @ td.n up bv th. Iivd

srd @nwit d.irh.r to acetyl coA lnd t.tonc b.diB o.lh.y e Fstqifi.d lo

fom .n&emB tisltqidcs .t!d thd b.ing iNdpodted in lh. v6t low daaitv

lipopmLin (VLDL). Upolrotcin lit $ (LPL) hvdrobs cnvbniclm sd VLDL

lilcylSlfcrol ,rd phospholipi& and 6wca rclas. of flttv acid! {hich e {tcn

clth.r oxidizd e storcd, &p.ndln8 upon ihc Equirenots of thc lissuct Thc

d.tridry of iBulin @lB ls synrh*k ofl-ll- and rhis l@ds to accmubiio' of

chylonimB ud VLDL in thc bt@d. Thb is rh. cs i! tvp. I di.bdca' qtFs

in typ. 2 dirh.{6lh@ is tD"cttiglyqidcmi. tlong qift incras. in VLDL and

usudly not hD@hylotuiftemi! [70].

Io borh typ4 ofdiabctca that is tvpc I dd 2, lh. nc ofcholcaldol

*rthesi! i3 atso inctt*d &d alons with that e s@iat d inct sc of low

ddiry lipoprcrcin 0.DL) t701.
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LiDid di$ittd ar. rel.tcd t, lhe dcsr.. of glvc{enic Mnol i!

di.b.tic pdeB. Thc most colr@n lipid .bnonditi.s !6 itr di'h'tic t'MN

e.lcvrLd vl.DLchol..tdll dd tiglyctidc l*b sd d@s.d nidr ddEitv

lipoprotcin choleldol (HDlchol6lcrel) cd4fi itio$ tTll

I.5,5 DIABETES MELLITUS AND OXDATI\4E STRESSI

Oxidrlivc srts hs b.4 ddotsded to b. Fsdt i! &ind

Eodcb s wel s in paticnts qitb diabct6 ttd bts b€r lug€Fsld 3 a tosiblc

@tributo! to the e@lcratcd afiftsl.rosis s@ in di.be1i6. Th. gat'ntiot of

r@riE orte$ sr.ci* in diabcile .)cs vi. $sol n@hos tnd b itriti 
'd

dol otrly E glu@e, htt.lso by olhq $h!ic* thn 6 foud ar el4ltcd lcrcls

indirb.ticpatidis [4E].'ft. go.htionof oxvgcnfilcndic{lsbsugs€3tcdlob'

indalcd in 0E dilbcli.star.. A ldd ctc* of the ndicds i' th' v@rtr

stsran s indre pbfoud odo$.lid ccu dvstuncrion' $ch s vacular

Fm.rbillg via stinulstio! of Platcl.t acliution flctor Prcducrron, abnofral

6.sul.lion vi. ittibitid of rFoslrgl$dh It sv Lsis' od cell lvsk Tte

dysnsctioE itr endod.lilt @U my b. foud in di!b.6 l?2l tn diab'lica thcE is

incra5.d oxidliior of liPids lading to in@ed ldcl! of lipid Foxid$ md

otb6 ad prcducls thd h& bdr inpli6lcd i! lhc Pdlhog66b of dilb'tic
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I.6 CORONARY EEART DISEASE

C.rdiovelld dis@ b th. lading ele of mdbidity, disbiliry,

rd nort lity in W.stm indsridizd couai6, ed dhfrsldi! is

equ*liombly the min uddlying pdholos/ t741. Th. gddd r€m for

hrdding of thc dt ris b anaiosct..o3i!. Th. mGl prevaldr foft of

&tliios.lftsis i! cha!.icdzd by thc !..uubtior of Iipi4 Fticulsly
cloLsLtyl stdi, in thc litcdd intin& Ttis fo@ of dldio!.lcBis is cdl.d

aih@*lao8is. It ce Lad ro nyocsdial infarcrion, ltrok , ecurys4 or gdgrcne

[75]. Ath.rcsl.tosis is daiv.d Aon rhc C@k .hthda" n)ds g .t or poridge

t?6 ??1, .rd \cl.Gi!" sr.lds fo. hlrdoins f6l. Ar'Ercet.rotc coroDry ai.ry

di8.e L thc f@l @wing of tle hrg. ed n.dim si4d @Mary atrerics dE

lo tbei im.l Folif@rion of nooth muscle ce s dd thc d@osition of tipidr [?S1.

I.6.1 PATHOGENESIS OF ATI]EROSCLEROSIS

Atrft$lcMis i3 basicstly chlllcr.rizld by inrinal phqB c.Icd

"athmn0s" thlt protrudc into ilc lumd, lrl!{|n rh. Dddlyjng Dedi4 ald

unddgo r si.3 ofconpti@$os fl. Lipid dcpsiti initia.lty o6u irEid..ndiat

$Irrofi dElc c.lls aad nt @pbr€6. Ar tbjs sbgc thc tirid dcposirs e
r. 6ibL, aDd ro pdElenr d&age ro rhc vcslcr wrlt Gdt . This @ty l6ion is

call.d a f.ny srrak. Sub*quatty, Iipi& b€gin lo accMulale dba.eltuldly in rhc

dt rial iltim Ulrimar.ly 0E tipid dcp.6n lriglE6 a fibFtic r.!cti@ in rh. andial

slt, &d @lhg.n is dcpo5ild to fom . fibtuur ptaqE, Al lbi5 poi,r rhe Foc.3. is
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ro lonSd compl.lely .cvcBiblc f5l. fis chrodc iinMatory rcadior 6ul3

fild r s.q|l.e of.rcnG thn trgis eith the thppiry ofloe ddity liPoProtcin

o,DL) in ihe sub.ndolhclial !p@ of iha anay wdl. TIF LlPp.d LDL b r*ded

sith oxidrriv. !D.ci.s etescd by ri. oEIins 4dolh.lid, &d liPid oxiddio

is initiar.d wilhh rhe LDL parricle 091. This mitrioally hodifi.d LDL idduB

lo.at tenh @lk lo !rcdua non6tlc ch@ol!.lic Fol.in I .nd gtuut@tic

ed nerephaee colody{imula$lg fsctos, ehich stimlalc nonocytc i.ctuitnent

md .tificlqri ion to md@phae6 in rnaid wrll5. ft. d.cu;dng moMyr6

ed ti),mp!!ed stitulai. tudlEr !.bxidarion of LDL. Thc ploducis of rhis

edior n*e rh. pmr.in @mpoMt of LDL (lpolipopot in B-t00) ooF

!.gdiv.ly ch!lg.d. By vinu. of it! incilsd ncgativc chaig., r!tu cohpl.t ly

ondiad LDL is l@gniad by sv6ga EettoF on mcbphlgd dd

iotcruliad 10 fofr $ caucd fod @lls. h conrld b rhc uDilke of narive au-

oddizcd) LDL by LDL (.poliFprolcitu B od E) Eepror on dacrcph.86, ih.

ult *. of oxidi2ld LDL by the sclvog.H€.epror pdthwy is noi subj@r ro

@gltirc-fcdb6.k r.gularion &d thls EsulB i! nsiE up.le of cholcstdol

(iw oxidiad LDL) by th. nacrephas4. Ir addidon ro p@norinS rhc fomrtot

of folnl cclls, oxidiad LDL ha diHt chdorlctic .ctivity for mnoc'16 dd

3tiEulatB the bindiDg ofdo.@t1!s ro ih. odorhdim, O@ nonocylcs cros ih.

ddothcli.l lay.r, ficy h.coh. trapFd in rhc slb.idolElid !pec, pdtly bc€u$

oxidizd LDL i.Iibia thcir csB tDn th€ lndiol *.ll Oxidiad tDL is al$

cyroioxic to leuts @!h, ftus prcmorinS rh. EtGe of titi& sd ly$$dal

dzrf|.s into thc intjmal .xirlellul$ spac! a.d 6hed.8 rhe prcgrcrsion of

ail.Mclcoltc l4ioc [80]. CalciM is d.posired wiuh tb! plaquc dd the l6ion
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g6wi rhc r*utt is a d-l!e in rhc dimccr of dE chr@l $Dr€h ehich tltc

bl@<l flow. Suba.qMtly the plaqE @ d.gffit , Foducing ! reu€t@.d

i inal sudla. Irft, togethd witl t. ircGs.d tubulcncc of btood flov

f$ltiDg fron lhc Mrcw.d on€nd lumcn, prcdisposs to clor fomation qiihin

th. bl@d chaNcl. If lhe @tBion of thc cheel FEists, thc 4lls thlr d

nornalty $ppli.d with oxygd by thc v*l *iU beon ecdic &d otimtclv

dic; thc dc.th of ds. is tcmcd e i.fdtion O5l.

Athmsclmsis q occur in ruy dif€dt an rie, &d th. cli c.l

dise thlt sulls d.pcn& on vhich v.scls !c involrcd The rnost frcqht

l@rior in hutr)4 is the @DDty lrcdca, lc.ding lo dyocsdi.l infldiort. which

is tnom mo.ly E 'nsn lll!.k" [?5].

M'ocldiat itrfetion oc.un, sld for a Ptolongpd pdiod oftime,

thc oxys6 Eqlirm.nt ofthe nyoordiun.x.@d the nyocadid oxygo $pply

Iis Edled oxyg€n supply is du. $\@ Fdu.1iotr in corcnaly blood now [81].

CoFury h.!n drs.e is diagndld q!6 lh e is . doclelt d di.L.* of

oydrdid inf0rciion (I!@l or prst) or docmot d cliddc of ugin! witr

su!6.qMt rddd darh or ong.sdvc h.an flilut [82].

I.6.2 RISK FACTORS

Th. high rlre of oiodry h6!t dige in ELEizd 6onrli6 is

dE 10 rh. lif. nyL factoB prsnt in th*c aocicti*. AlroPly sltldi.s, in such

populdiod rcv.ded turked ath.rc$krcsis I83l ftc pFvaldc ed s.vetitv oI
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the dicsc, dd thcrlfolc the agc wh.n it is lit€ly to caw tissuc or orgln injury,

@ elat d to ! nmba of facto6, somc co8titoliolal ed tbalfd imutablc,

brt othcs a.qunld dld pot .dally conEoll.blc. Thc cd$iMion l hctoB inctud.

see, s, ud n|nilial tactgbud.

Aee: AgE it 
^ 

doninol influ.M. Alloug! *ly t.sio6 of dth@sldsis

lppas i! chil&oo4 clinicdly signi66l dise, a judgcd by d@th 616 fiDd

i$lFDic h.rn dtuas., ris with @h d..!dc, c6 into atlveld tg.

Aaj Otltcr factors b.ing €q@1, nd€s @ mu.h mo|! pmne lo dl'.tl3'lNsis lhd

f@r1€3. Fchald e norc d lcs shdt Fd lion adv44d, dtsPrcdqci4

.rhctwlco3h u{t d.nopa@, $ ny@5dial infantjon L wq@mon in

liacrordld wmm @ls fily u! Fldispos.d by di$46 d $nc uNd

G6ibly famili.l) fo@ of hlTtrlipidcni. oi haE $\@ hypardion.

FMili8l P..dbpi6itiN: Ttet€ is . wlld.fitr€d fanili.l pr.dislGition lo

dbaoscldoGis &d ishdic han di!.e. h so. iBl!@! it Flatcs to fdili.l

clultailg of otLr dsk 6ctoB, r*h G htTai.lsid ed d'!b.l6 ln othd

inrldc*, it invotve reU{cti.cd h.iEdiliry gcnclic dctugdcIB in lipoprotein

merabolis thal rcsdt in dcdsivcly hign bbod lipid lcv.k. Thc pretotTe of

tb* @oditic k fdnilial hypd.holelcnldia, but i. !ddit!@ th@ d a

eroqilg lMbs of f.oili,l dydipopd.imi.s, ruy of whicfi 6dt Aom

dutario.! oat yi.ld dd4rire .polipopotc's oI.
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TIN e fN tujor a.4uiFd rbk factoF rh.t e d lctst in stu

tdt d@rblc to control: hlF.lipid.di4 hyFd.!sio., cia.Eti. sokitrg, dd

Ht!.n Bior, hypdhol.n rotadia ed cigar.ttc smoki!8 N

cGirLrd 4 ihpondl risk facto$ in thc d4cloPnst of corcnary hc6tt dis@e

[84]. c@ndy hdn dil.e is fr.qucnlly 'l$idcd 
with diab.ca n.llitus [85'

8q. Mdrrlig du. to ediova$ular dirodd is dqe @mo in Ttpc 2 dilbcl6

lbd ir TyF. I dilbctcs mcllitu! [84. A nMtd ofnjnor risk fadots havc al$

bd implicar.d in rhe developml of coonary a$etusclmsis of which enain

lree etcrcnt!, st r hlrdns, htldtdcmia ht?@a€llabililv, vNatonv,

6tre @pdoa hypcui@i! c Doa mdhy. It cller of .ll lh@ f!.lo6

in ft. gsr.sb of corot ry alh@$l@6is is not @mpLLly udqstood IEEI. OEI

@nb&eptivd @ s$ciat d with e idc@d inciddc of mvocltdial infar.tion

In sokd won n who us ohl conitMplivcs, the incE s€ h not€ dmatc in

ircidc@ of mlocjidr.l in$nlid th{ in no!-$oh!8 mnd uing @al

@F! r.?tiB Gou! type A pa$ntlity, pr.natw trca silis, ob6itv,

blT.iigly.didmi!, ed dilgotrd d lobc cEe al$ e a$@i!t d with a

incFs.d rilk olirthcrosclerolic oron!ry m€ry dise f8l
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I.6.3 CONSEQUENCES OF CORONARY ATHEROSCLEROSIS

Dcpending on dE nlc dd !.Gity of .oMay ar!.ry nmwing

dd thc my@ardial rcspoEe, otre of fou syndbmd may dev€loPl

l. Angim p6lo..,

2. Actt ny...dial idrdioq

3. Suddo 6di& dc.{r ad

4. Chrcnic isch@ic hr.n dis.!s! wilh @trgestiw he.d failurc 1891.

M@ tbd h.lf of rll dc.ths in tt Urit d St 16 e €u$d by

ctrdiohloiu dis!., ed mon of th* @ rnriblr.bl. to nyolrdid d cdb6l

inf!rction. An infsrct is e aF of ilchoic ncqosi! cau.d by o@luid of cilhd

thc dt ri.l rlpply or the vcnou d6inag. in a F|t culd risue 1901. My@ardial

inf!rction o..a whcn mydatdi.l oxygd d.tnond w@ly qcc!& mtocldial

oxygm $pply for ! preloDgctl pcdod of tinc. This uudly is duc i,o I w@

r.dElid in c@D!y blood aow Foducd by .@Dry e.lcion t?81

I.6.4 METABOLIC DISTURBANCES IN CORONARY HEART

DISEASE

El.\rLd plea dolcst!'ml Isls e sssei.n:d wilh @Dt ty

h.5rt diss, BDlths itr nyoctrdial inf.rcriotr [9U 'Il'c mott sdios
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6scq@e of e.l*ti@ iD phsu litopbLins is allEMcl.rosi3, $ anai.l

disc.s. lhlr €lg @onary hdt db..$ !d slioke. Itl.r!.g in low dNity

Iipoprcicin (LDL). int m.diat d*ity lipoplol.in (IDL), .nd vcry low dosly

lipopFt in (VLDL) l.ad to thir ploblan.It6e tipoprcGic ao nch in ohoLstctul,

siving risc to fic viw rhat pldna chol6Lrcl eleva,tions & udcdthy. [i8I

d@ity lipopol.in GIDL) .le @nt iB chol6r@1. sigh HDL lacls afo.d

For4lion .grinn @Mary hen di5a!., &d cldat d ctoldc.ol itr thc fom of

rDL b b.en i.l, mt hdnftl. 1ltu b ric $ cdl.d "g@d'chol..Lrol, .l dbrid

ton rhc hmtul chol$1ercI d$ci.r.d with LDL, IDL, ud VLDL [92]. Imrlrr.d

l*15 of plama LDI. IDI. ed low la.ls of EDL ft foud in @rcndy h€an

di$e 1881. BIdd.d ldel of pbsn! liFpstcin (a) re nsocilld with d
iffilcd itut of p6.tft nyocr.did inf.i.tio!.!d ir vito dd. $g&sts lhat

lipoFolcio (a) n.y ptoFore dnonbdb 1931.

I.6,5 CORONARY TIEART DISEASE AND OXDATI\ry STRESS:

Oxidltic sta b i olvcd b thc !r$og@b of athcroscla$is

t911. Eigh blood Pt!s@ and ir.dsld l|€rt llG can inclle Nplion of

oxyg.n by trc herA @uirg irctled pro&clion of Acc hdic.l!. If thc bodyt

dtididmt systcn does not rcspond 1o q@ch rhq. incEa€d l.v.ls of ii.e

Fdicrls, oxidaliv. dmasc to thc hdn m$cle can 6ult Thi! n onc of ih.

beh.ds whdlby ob6ity @ pbhot.lipid pdoxi.Llion of 0E my@lrdintr!

lhc niddL llF of the ndt onFscd of han mElc Oxidltirc str* @ rlso

imp.ir thc lbility of tbe odothclih, ihc ima latlr of c.lh that lii. th. blod

rcs*h, to cxp$d ed dilat in BpoNc to blood flo$, Bsed on tht sndio, e



Mulatior of t*lirc oiygen spaica hE b.en litt(cd lo "odie @ntnltil!

dtliDctioll" lotcnti.lly l..ding lo dftytlmia tld han .tiact [95]. Lipid

p@iddioa pla)B a k.y dL in ddding low d4riy lipoprot.in adfrgcnic 1961.

oxidltioa !6diculdly oxidativ. modiftotion of low ddsity lipoprclcins wiLhin

ttc ai!!r rnll dd irs sub!.qldr !!E8tll3tcd upraL by !l!.iopt4.s, tas bc.n

pGtuldcd to b. d imponst in dis.e dcrclopddl [91,

I.7 PIJRPOSE OF STIJDY

. DiabcL! i! E tujor vnld*ide hcdlh prcblm pr.disposins 10

br*.dly irc@r.d clrdioveuln Eonrliit. El.ELd blood gi@e lek in

paticnls with di.b.ics m.llitus e highly.oGlaLd vith incM$d incid4c. dld

!.uityofleul8t@nplietiN.

To rumMia th. afocm.ntio!.d Indtd n 6 be eid thlt in

dia!ct.3 Nd coro.irt h.rn dil.* rhcr. k inMcd gd@lion of Erctirc

oxyg€d rp.ci6. FG ibn in the ciEul.tid @ ale ptodu.c tlc Edicdq *ldcl!

in turn causc oxidativ. si..ss itr diab€i tot my prcmot .oMdry athcr6.l.otic

dBd$. So fd ro study hs b.d rcporr.d, at last h Pakisl$ io aenain itrde

d.tuBlndrs i! thc p.tidts s!ff6in8 non diab.l6 n llin!' @$.a.t hcjrt

di*e d in diab.ri. pariots havins cmmry han dira..
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Tb !....d -4 b b.d d.d8.d !o ctdu.b ,!d codldc t!.

D{fr. of sud ddd{d. (r odffv. .E ut-} od

tLS.I & of tod id t! (Ed ffir od t ffi ffo)
h.dl i..lfrr rricd, drbd. mdlhr (Iyf. I d Dlc 4ldr6' d b

p.d.d ffii nEcdyh c.ffi,bcqcbtlm
bd, of rb @dt!t h ild.& (I$.4 !d.d lilt d lb rl|id



MATERIAL
AND

METHODS
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Pati@K suf.ring frcm disbeGs mellitN or corcoarv h'!n dis.e

or both *e ilclud.d in !h. studv Both TtTG I 6nd Tvp' 2 dldb'l4 mcllitus

pa!. ! havins a history of ot lca6r four vs .nd Cobntrv h'!n disc& PAli'lte

who hld ilst alt&k of nyocatdial i.fuction in lh.l41t . dtys qw includcd in

thc lnrtly. Th€. srbjeis *ft $Ld.d mdonnv fton @ngst ilF paricnls

rrEndi.g thc oulpaddt dlpdlddts, tncdicsl @d c{diologv Bits of Khybd

T@hing tlogpid dd H.yaisbad M.di4l Compla\, leshawd, Patl8l$

Tn dilbclic Datidts w.c di!8no6'd or thc bsis ofwHo Cdldia

I52, 9Sl. CNlsry h.an disdc p6ti6t! vw diasnos'd on lhe btsi! of

.lcctq.dio€ralhy (ECC) ed ldloddv irvdligEtios otE hu&d ed nirctv

didctic Flic s wr! cmlcd h thc atudv' ctrt of *hicb 90 E! T]T' I ond 100

eq! Typc 2 diahica Morrvd l'to Paticnts {ilh @mndv hcatt disee and 80

Tylc 2 disbedc wi6 @tondv h..rt dit'sc w@ dlo patt of lhis stdv Thc

d|ltol gtou! @pris.d of m hmdr.{t haltbv indiridulb tdvils no hisiory of

dilb.tca ncllitus, corenary han disetle ht?ei65'on or uv oths dis!4 Th'

6ntol 3!bj@ts *rc 3cl4tcd non doctoB and 3tafr of Khvbq T@hing HotPiial

dd ttlydlbld t{cdiol Comptq' PBhrE, lnd abo Aon sLfi of othc ic|inn6

of P..h!w, Pakist n. Atl P.ti6ts tu{laing t$n' dilb'lA ncllits coonarv

han dis.e, or diab.tica h.vins cooEry h'an dis'asc, and @ntol 3ubj@8

brinS lilid loMitg dnl8t orsl @nli@prE pilr ud th'* on odtiviitniE

.speidry 4lioxrdst vimils qd .oi iNludcd



x

$t&; trD.d cd * rtu noo fdd r tdl r tb

od r..l& dj...t Btood G oD rr. Sa & ovaisb nr of l2-la

b|D, to b. .@thl vlh of o. !.dd .. s.I .t tL a.dol tr&i'oe

Ebo.r fldbi.dlo c&a d sD l' rld.dttc.@jod2JerF
tu 15 Dhrla CI!.oo d.i..d.lid vt dd. idcv' Addtrg stn

F .0.!d d -2d C dl c!,!d b. lud !.0d., Ddddid{d'' ad

ldtdhdF.[lr



2"1 DETERMINAIION OF SERIM GLUCOSE

SaM glucotc w Gtiittt d blt d4'ndi' olodn'fris nil!'4

sils kit oll No. GL l00l tupPli.d tv Rdbx r,t rdod6 L!d' Adn@' United

2.r.r PEINqEIE

OIM* b.t ldttriiEd.Ccr 64diic oxidtlioo in da DrcF@ of

glEo6. otidrs. 'Ihc bJdDg.d P.rexi& fold'd ntcts' Eda cdlFi' of

peui&$, qitl! phml .nd a@iNphdlrotc ro form i rcd'vioLt quilon'it!re

Ohro!.+Or+tlro

Pauid's
2nor + + dmd|Go.dE + Phd + QtiofliDir+ {Hp

2.r2 BEAoENIS

r. CODPAP R.tg@r

PhosPhlGBufitr 0 l hovl, Plt ? 0

Ptdol ll lltnolfl

tujloPb@ o'77nliol/|'

Gle@oxlde > 15 ku/l'

PqoiiiLs > l5 LU/l'
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2.I.3 }REPARAIION OF SOLUTIONS

100 ng/dl.

GOD PAP Ragmi Contdrs tadv fo @ Sr!!L uP to lh' 
'xPiry

dlre dtEn !lor!.t al +2 lo +Et.

2.I4 PROCEDURE

l. Thc blrlt, 3uldad ud !.lu sPlc iub.s eerc Pt parcd s follos:

2. Thc concsb of lhc .tbE tubd v€c 0Dtuughlv mix'd ed irFub6t'd tt

l5-25t for 25 miNtca

3. Itu d.dt ne (A) of lhc slr lrd |nd thc tuPl' re ddr'd lg'irll th'

blot wilhin 60 minut ! in Sp@ircphotomcid R&M, 5_200 ai500 m

2.1.5 gatcgt4uoNg

SAM?LEG)STANDARD Gt)

GLUCOSE
STANDARD

SERUM SAMPLE

2000 Fl.2000 !1,2000d.

ctu@Bc (me/dl) - x 100



J9

2.t.6

A calihrtion cwc w P'lptr'd bv uiog dE elucoe standtd!

cdt ining 100,200, 300, 400, ed 500 ngldl' Abcorbdlc dflh' abov' srddadr

s plotLd lglinst ih€it otrc.ltlsod a in fi$r+l '

DETERMINATTON OF SERIM TRIGLYCERIDES

SdE atlvctrid6 wd ldin|l'd bv dE @zlutic @lodn'ttic

mchod using kit cat No TR 212 $pplicd bv Rtndox Llboratori's Lld ArdmoE'

2.2.I IEINCIPLE

TriglvGidca tt! dd'ttniftd !n!r cn"natic hvdrclvsis vilh

lipd!.s. Thc indidtor is ! quinoneinirc tum'd hon hvdFgen Floxidc'

l"rbiropbdlzoc ed 4{hldoDhdl undcr ih' cddvtic inflEei of D'tuaid'*'

TdSlyqid6 + HrO

Clyc6l-3-Phos?h.t + ADP
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G3-P odibt
6lycdl-3-Pho.phtlc + o, DilDdloxyac.toDc-P + Hrq

Pqlnid&
2Hror + +Arimpha,dc + *(trophd-_-"tit1Yi15

232 BEASENIS

l. Bur6

Pipe Bufr..

+CHoropholol

Ir!8!aiu iol!

5.5 mmou.

LlFs :150uht

olycdolKins. :0 4 Un'

Oly.ciol_3+h.6Pheoxidu' Zlsurdl

Pcroxid!$ :0 5 u/nl

3. Sillddd

Olraol .qlir{ldt to 200 m8/dl tnolcitr'
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22.3 PREPATION OF SOLUT1ON

1. Sufd.

Conl! t! Fdy for e si.bl. !P b lhG 4p'!t <Li. *t!@ stotld .t

+ 210 + I'C.

Rc@lstilut oe vid of Enzym. Ragcnt 2 with t ponion of Bulrd

I dd lh.n ld!f,q cnriE @t ols lo tottlc l, lisnrg vid 2 *!4l tio6. Srcblc

f6 2l d!y! d + 2 to + 8'C, slorld protc€Ld fioD lighL

2.2.1 IBQCEDIEE

1 Th. bls& nlndld 6td 3crut! sdpL tube 9@ pEp.rcd a foUos:

BLANK STANDARD (f) SAMET G)

TRIGLYCERIDE
STANDARD

10td,

SERTJM SAMPLE t0c.

WORKINO
REAGENT

1000r!. l0O0 Fl. 1000 pl.

2 Th. @dal3 of lh. n$B ur€tt Eii.il ed im!.tcd 0t 2S25'C for l0 minut4s

3. Tllc ab$64ft! (A) ofth. 314!dnd and the somPlc rcie ncdsurcd tSlin3t ihe

bldt wilhin 60 ninutd i! SpetroPbotoncrd R&M, 920{ .r 500 @
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22.5 C6I€!JId[1ONS

A,
Ttislydide (ne/dl) - 

- 

x200
Ar

2.2.5

Cbt@l slltdrd otrt initg 100, 200, 300' rt00, &d 500 ng/dl,

6 t!!t d 6 dd.libed foi 3ciu ehpl. The.b$ftorce obbined w@ ploft'd

lgrinrl 0Ei! cdt!.Po.ding d)tdl @m.tFdtiN 4 in ftr@2'

DETERMINATION OT SERUM MTAL

CEOLESTBROL

Smnn chotci.El M Gtittttt d bv 
"zvndic 

coldincttric

m.tho4 Bing kil €t No CH 201 suPPlied bv R4'lor Llh@lori€s Ltd

Ardsorq Unitd Kitgdod

2.3.r IBIMME

Thc cholGcrcl is ddmi!.d anci wvo'tic hvdrclF3 ald

oxi&iion. Th. indicator quilotr inil|c k f@'d tom hvd!o86 pqbxid' $d

4.mi|)Mlip)tiN i! th. F!..nE of phftl sd P'!oxj&s

Chol6r@lstd + H1O ---------------- ChoLst ml + Fanv&id3



FIGI,'NE{
CAIIEN.ArION C{'[VB FOR SIRI'M

TRIGLYCSDES
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Cnlhr.ftl .rdd!.
chohrla.3-or + t|lor

Fa!dd...
,!rcr + liaol + +A6h.rd!'dr. 

->Q';"..r#i 

+ Irc

21, xEA@g!

fr|tdCctot!
eAnholilip'tu

Fa.tid...

CbL-d.@
cn h.radod&.

Ptp.. B|&i

8ffi
Cl!|.Gol

O30 Mol/I.

> 05lltrl
> otSlribl

>0.1rJ,hl

t0 mol,l r CI 6.8

200 nd{L

AI3 II!f,A&TIIQNOE.@IJItrON

CuEotr rEdy tb! ut . Tfi. r..rpn n dalt uPio0t cQlty &b,

rb nI.dd+2 b + S? Flc.cdtod [d[



2.3.4 !Bq:ED!EE

l. nlcbk k studald lld 3.lm sd. tubcs lw ptlparld a follNr

BINNK STANDATD GT) SAM?LE G)

CHOLESTEROL
STANDARD

l0!1,

SERUM SAMPLE l0 pl.

R&AGENT 1000 !1. 1000 pl, 1000 d.

2. ThG @rrcnb of rttc tbove tubd wE niLd thorcughly !d ircub .d al + 20

io + 25t for l0 hinur6.

3. Th. ab$ft.n@ (A) of thc atad.nt ! the mplc E! n aud aelind thc

blart {ithin 60 ninutes in Spccttopholon lr R&M, s-200 !l 500 M.

23.5 e4!4U.6g0NS

A!
chol.stcrol (mYdl) = 

- 

x200

2,3.5 !4EPSNAIION-OEIAUEBATON-q]BYE

Chol$t bl ll.ldad tllutid co lining 100, 200, 300, 400, tnd

500 ng/dl *q! urcd in tb. pnldtdion ofcditEtion cu$. a3 in f8c3.
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2.4 DETERMINATION OF SERIM

EDI.CHOLESTEROL

SclM HDlcbold@l wlt ptccipfted by uling kit clr No.

CE 2M iupplt.d by Rddox lrbohtorie Ltd. ArdmoF, Unit d Kingdom,

2.4.I PRNCIPLE

lrw ddsity lipopblciB (VLDL ed LDL) .Id ctyloDi@n

filctiG e pEcipiiat d q@ritatiEly by lhc additid ofphdphots8stic eid in

the pc.M of rugncaiuh ioB. Affd @nititugatid! the chol.rlcrol conmlr.tion

i! tb.IIDL (High d.Eiry Iipopror.i.) tlcdo[ efi.h tluiG itr thc &F@t'4

2,4.2 REAOENIS

Phosrbon$gsic eid

Mlgn$im Chlori&

2.43 tEEfAnAM_QEtqtUllQN

M'm A*rt/: Cdr.nl! @dy fc E @diltt d. St bL up to lhc

dpiry dlt 3poifi.d trtH stoEd .t + t 5 to + 25t.
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2.4,4 ADDIIIOMLIEA@NIqBEOIIIBED

Rag6t solurion for cbolcrtftl ctIoDPA! aoy cd No cH

2OI sulplicd by R{doi rrto.rrdiB t d. ArdttoF, UliLd KinSdm.

4-Amin6a iprrinc 0.30 mno!4.

Ph6ol 6mul.

P.ro|ddae > 0,5 U/ml.

Chot.sGrcl6r6.& >0.15U/n .

ChoLsr@l oxidae > 0.t Uhi.

Pip.s Buffcr E0 mol,4 i PH 6 E

tlDL-Chol6lml a4 neldl.

2.4.5 IIEIANAIION-QEIDDIIIOMLIOIUII9N

Cont nls l€ dy for @. Th. ragcnt is sLblc up !o tlc.xiry drlc,

rh noEd .t + 2 to + 8t, poretd nlin lieht

2.4.5 PROCEDTJR.E

l) 500 rtl. of s.run dple M lddcd lo 1000 td.of ihc p@iittnl eg@t in

r 6Eitu8c tubc,

2) th. @nlaB oflh. lubc $tt! nix.d d voltq sbltd ud dlo$Ed to s14d

fd l0 minutd d room lcnpdru!..

3) Tuhq sw tl@ eftiftgod at 4000 lp.n. for l0 ninut t

4) Cld suFh.lflt M $p&atd imn dhtcly.
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B. Chollldaol CEOD-PAP Asy:

l. Tt bldL d!d!d ltd F!@ spbn$e 9@ !.ttt!d !t foltN:

BLANK STANDARD Gr) SAMPLE G)

HD!.CIIOI,ESIEROL
STN,IDARD

l0Fl.

SBRUM SAMPIT l0d.

REAGENT 1000 Fl. r000N. 1000 Fl.

2. Ttc coorcd ofrlc .!oa. tub6 w.rc nix.d ihorcoshty hd imbalal .t + 20 to

+ 5 C fo. l0 rninutcs.

3. Th. .bsottdrc. (A) of 0F srrldrd ud rh. lanple $tr. md&d .grin3t ihc

bkrl sithin 60 nilut r in Specrroptoiohctd R&l!4 S-200 .t 500 u.

2.4.? CAIMdIQNI

HDt-<bolclt rol (Ds/dt) - 

- 

r1O r 2(dilai@)
A'
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2.5

' I[dd*orEdds.d8btu t'eLdctrd

..d- r9zr.l99l.

rDlffid@/d0-T.nl - rDL.t L.rad

T(}-ttlr.rtd..

2.5

vl!|,&L.ad 'r od&d ...ordi{ . rb ild
po.d ty Wlhd, dbd by Ddot8 d d. 1906 0001.

vr.u.dlcd - 02 t qbE|dr
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2.1 Df,TERMINATIONOFMAIONDIAIDEEYDE

M.lordidddyd. (MDA) tr$ n6&d $ tliobdbiodc eid (IBA)

r.rivity ty uils lh. ltdod E orirncld.d by BrEg. &d Ad ci&d by

VddEEh, t991. tl0ll.

2.?.1 !84JSI.E

Mdondill<l.ny& of lh. $!m @pL |!!.tt silh thiob.tbiitic

!!id !o forn a plnt colorcd pi8'|cd, 0t rbsrta!@ ol vhich k dcaural tl

535 rn.

2.72 BEACENIE

L Trichlorodcclic &id

2. Hydrocl oric&id

3. Ttiot rtiluiceid

2TBA + MDA

l!':%

0.25 N.

0.315%

Ll,3,3aeinethoxt?rop.r. 0.991gnlnl

F.r. d?80
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2J.3 yo8E!JQSEAqEM

woltils asrol of diotdbiluic .cid 6 PGPGId !v nixi!8

l:l:l (wuvourcl.) 3ohnioo of l5% trichlott cctic &i4 O25 N hvdr..l oric rid

&d 0.3?5% thiobarllhric .cid.

2.7.4 !8OSDIEE

Bhla sr.rdrnl .!d spL ntb6 wG pr.!&!d a Edc

BLANK STANDARD SAMPIT

S'ORKINO
REAOENT

2el 2El

MDA STANDARD

SERI'M SAMPLE

DISTIITBD WATER I ttl

l. Th! con6t! ofrhc tub.s \,r€r! nix.d !!d l.rtcd i! . boiliog mt.r b6lh.t

loot tur 25 nintd.s.

2- TL irt r \r/!r! dlowd to @l !t roon idPdtl!! ttd 6titu8cd .t l50o g



I

,. 'Ib oLr, c.ldnd ryc4a ctrr |.9tt&d dd b lbroito6 na$$d

r&q.!rr $5 m- ioSidlrffi lrr4 $tm.

a75 r8llalll[0NlEgalBlI[l[lll&vE

I Dl x.hofX4,6od t nEolr. oft! d u.d tbdrd loltiod

rit 2 or of i!&S nr.d nr o..d b 6. Edd of ..Md.rt!.t
ffi htuFo.d|!fi.ba. ALat$. ofc..h of& d&d odrdE

dd.rff C c.qd@c.drr aomh !8D4.
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2J DETEB!4N4I!9N-9ESEBUU-!88!

Sdh iron w dtiMad by @ldin.tri. Dcllod lling *it @t. No,

sI 257 e4plicd by Rrldoi L$ontod6 trd. Ait|aFE, Uniad Kingdob.

2,8.r !!NCnIE
F.ric ion b disci.t d ftom ia @iq proilin, lnsf.Eiq in s

dd ri.did ed.lmuliFouslr rldtrod to lh. fdreu fom. Tbc f6M! ton it

rhct conpld.d eirh rh. chreooe.n, . !@itiE iM indic.lor, io ptdr. I bl,c

ch$nophorc. Thc .borbe€ of th! @lowd complc,( t. delgtrnined by !

2.8.2 BEACEltrS

3. Bufr.r

222''mVL

l.l moln.

Acq.l.Butrd 0.087 rDoYl, pE 4.65

Dim.lhyl Sulphdid.

2@ tldl.
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2.8.3 PBEPAEAIION.OI3EACEM

2.84 tB@ED!JB!

l. The bl6lq studrrd ed seM snd. tutB lre pr.p@d !! follos:

Dr!$lE th.6trr. ! of* vid ofR€{nrtrl2 witt !5nlof im-

f!. &ionir.d *!lcr. $!blc for 4 w.k! !t + 4 lo + Et.

All otha @gmts d. @dy for uc ,s elplllcd, SllbL to dpiry

dlt€ lrtcd 3ior.d !t + l5 ro + 25'c.

BIANK STANDAXD Gf) SAMPIE G)

BUFFER 2ml. 2 bl.

REDUCTANT 0.1nl. 0.1nI. 0.1Dl.

IRON.FREE
WATER 0.5 DL

IRON
STANDARD

SERT,M SAMPLE 0.5t.

2. 11.l coi!6t! of llc alovc tutB \{.n $orolrNy EU.d .ttd tlc initid

absorborc! of lh. rffi s|pl. $d 3tindtrd qlt i.td !8!iIn t!. FCc

bldrt ar 595 m in sFcrolhotd!€l.| R&M, s-200.

3. PiFtrb 0.1 El Chreeocm i! thc bLd., st ndnd dd ru sd. tub6.
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a. Tb. co.{.* of th tboE tibs *tt! ol|xcd lhdougll},.!d iautcl.l + 20

lo + 25t fo! 5 ninur.s.

5. Th. Fin r 6b$rt@c (A) of tlE ll!tr(l,ld 4d thc 3!hpL q@ 64erd

,slicrrt u86tl tnn* i! SFcrrophoroD.ra R&14 s-200 d 595 m
6. Sut!!.! iritid ab$rb6.e fiun fi l .bloib.re lo srE AA fd splc .nd

2.85 G4!4!JI4II0NS

Iren (psldl) - x Srarddd Conc.ntlatio. (Fsldl)
AA $.nd!d

2.86 !!q4B4IIQN_0EM&MiIt0Nl!r8yE

A olibr*ion c6! ll!! Flped by BinS tt im stard.rd!

clotlining 100,200, 300,400, ald 500 !8/dl. Absb'M of lhc aborc st rdrd!

lrar plodcd r8!i6t tlEir coGiiidio!! !r i! fi8|G5.
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2.e@
CA}ACITY ffTBC)

500 |l3/dl.

s.lm loirl iren binding clp&ity (ttsc) wll cnind.d by

@ldiD.tic m.rho4 uilg ldt cat No. TI l0l0 iplli.d ty Fsndot Ldomtori6

Ltd. Atrlnor!, Unicd Kingd@.

2,9.1 PRtNCtpt,E

An dc4 ofiM ir add..l to thc s.m io satunte thc iramfcring.

T!. u o|lnd ilon b Feipibtcd *irh t8ic mgB@ clthonllc. An !

@tif4did dF iM i! lh. ,4.dr! ir d.L@i..4

2.9,2 IEAQENIg

l. R.lgat5

Irm Soluli@:

2" Rag6t6

Baic MrgHiln C!rio!d! (Fed.r).

2,9.3 PBEPABAIION-OESOLUIION

Th. sg6t3 d r..dy for e All sgEots @ tt bL rp to lh! dd.

ofdpirdion s !p.cif.d i,ha 3bl!d d + 15 to + 25'C.
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2.9.4 IB@EDUE

l. Pip.tt ido l0 nl mtlft8. tu6.:

SRTJM SAMPLE 0.5 &1.

REACENT. S 1,0 n'1.

!. Mix Ed .llos b rlnd 6t t3o d@ d + 20 to + 25 c'

4 Ttar .dd 3Fld! tull (lSo ng) of bsic mlsrcdwn qloMtc Aom Ms6t

5. l, rbd for 3G60 mion . d + 20 io + 5'C' Dirite 6!$Efv dtdig tlis

p.riod.

5. Tb c.tiiintg. ftr l0 nidt6 d 3000 ltn

?. Rdv! dE st4..tdd Tb srpc.lltdt @ b' ndid ftr up 1o olc !oc'

8. Ut 05 nl of tuFrt.!.trt fd !t$y *iih s.tun lon kil6t No sI25?

r4pliaf by Bodo,( ttbo..coti6 Ud- Attu'G, U ud XiD€don'

2.95 REAOENTS

n,2nnaUl.

liDo .

3. B!frd

Ac.!bB|f.. 0 087 nor4 Pn4 65

DitD.ibyl SdP[oxidc
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4. St nd.rd

Ircn 200 lrEldl.

2.9,6 EEESABdIIQN.QEBEA@NI

Distrc tn. dtdts of @. vitt of Rtdudtlr 2 qirh r 5 d of im-

&€ dcionized w{d. sbbl. for 4 w.*5 at + 4 ro + 8'C

Alt odE @ea$ e rcldy fd u5c s suppli'd Srablc lo qpiry

drr. whd norcd at + l5 to + 25'C

2e.? ISOCEDUBE

| , Tlt bl.di, *andard ed stu @pt. tub4 ws. prcpcd a foUo*:

SAMPLE G)STANDARD (e)

IRON-FREE
WATER

2, Th. contots of rhc a!ov. tuhd qq! thdoughlv nix'd dtl

ateihorc. of thc *M sMple 6d llddard \'6 @d tgabd

tlank !t 595 !o. id SFctopiolomcet R&I4 s'200
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3. Pi!.it 0.l t Chroho€!{l ia lhc bladr itnd!.d.td &id sd' 1.ub6

4. TIl. mtmlt of thc $orc tubc. g@ nix.d tlolllghtv ed i@t'Ld d + 20

b + 25t ftr 5 oinu!..

5. ft. Finll $3o6.!c. (A) ol lhe 3trndld dnd tbc auPlc s'ru D'rsNd

rg.i!'tt!. r! g6t bhrt ir spc.toFoioodaR',tltl s-200 d 595 tn'

6 Slblra.r ilitltl sboft.n@ Eo!! 6El .t dtd@ to girc AA foi lPle 
'nd

2.9.8 eAI{-!l!4IIQN!t

TIBC (rsldl) = x st 
'rdlrd 

con cnmtion (lddl)

2.TO CAI.CIILATION OF TRANTERRIN

SAIIJRATION

Trdtfadn strdid nt!! c'loid'd tlo th' rdo olsrd im

@.cdlrdion to tot l ito!'bildln8qpa'itv s<ptta*d 6 ap'ftldagc t1021'

SR,TJMIRON

TCc (%) =
TIBC

x 100
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2IT DETERMINATION OF SERIJM IIRR.ITIN

Sffi Fdidn I 61is!td by sEvd' linLd imus'ssv

n llod Birs kit q! No. F 31545 $pPti.<t bv Clinotech' Diagostics &

!hr@tic!rs, bq Horsho. \vav Fichn@4 cltrd'

2. .1 SBIM;IPLE

TIE Fditi! i3 t solid phs dimt $tdwi'h cnzvme lint'd

imuo63sy (ELISA) mctltod. T[c ldples dtd dilut'd 
'ati_Fditin'HRP

conju€lr. !rc .dd.d lo th. *lk cod€d qi$ MAb lo lcrritin Fcrilin in th' Pltidtr

iru bind! lo of-rditin MAb o! lhc wll 
'nd 

th' tdi'F trilin-HRP s@nd

snrMy lhm bind! to Fditin Urboud pret'in 4d HRP @nj!str' e *!h'd ofr

by Mh bllll4 Upon thc addition of ih' $!3trd!' rtc int'Giv of @lor is

Foponiorul b rbc coGnmrion ofF.dtn in th' 3tmPl6

2.112 MATERIATS IROVIDED

l. Micbell odteil Fcriin MAb 0 2xEx l q!lb) Tord 95wlb

2. Fdili! stt!d&i! 6 vilb (0.7 bl G!'h) 0, 35' 80' 150' 250' 500 tg/'d'

3. Bn4te Conjusac I botde (12 nl)

4. TMB Sub6tdc: I hod. (12 rd)

5. Stop solut on: I boitl. (8 nl)

6. A/.th Coodtllc I bonlc (50 nl' 10x)'
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2,I I J RE{CENTS PRIIARATTON

Th. €g.nl! (Fditin St nddd, Enztnc Conjug.i., TMB Subs1nr..

rd Stop Soluti@) @ udy for e. All EasEnts e stablc up io the dlr of

oeirdion s sp.cified {h.n stoFd at 2 to 8' c.

Kep nicrowclk sal.d in a dry bag with d6i@6ts.

| 0r Was! Butrd Conhhcl

To pEpm mrkhg wsh bufld, add the coDr€n$ of

tE bord. ro 450 ml ofdinilLd wErd, sroF rr @E taryalluG

2,I I.4 ASSAY PROCEDUR!

Prid to agy, dlow ug.nt io srad !l @m &nFnrue

C.rrly Fix dl r@gcnts b.foF uq

l. Phe thc d6idd nMbd of @r.d $riF itrlo rlF holdd,

2. Pip.flc 20 d of Fmftin st nd!r&, cont ol ard pdimis $n.

3. Add I00 d ofcr4nc clljugdc io dl sUs

4. Cow rh. ptarc md incubor. fo! 60 mburcs !r m6 tenp.druE ( r 8.26' C).

5. RdoE liquid iotn dl wlb. Iill $!tb wirh Mh bufd. w'ri thc tiB.
Blol on ab$r!.!t p.pd towk.

6. A.ld 100 !l of TMB sbstar€ 10 .ll ells.

7. In@brc for I0 minur.s ar @n rdp6and.

8. ,rdd 50 Fl of stop soluljon to all wlls. Sh.L tle plate gcntly to nix rhc
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9. Rad d|.o|to@ on ELISA R.d.. d 2150 @ *ilhin 20 nimt! .fi.r

lddilg dt. n p?in8 $[tion.

2.1 1.5 cAI4UIAMN_o[8ESgrf, S

'nc lbrdatrl cur! b oaftet d a 6[ml
l Ct c!. F€nitid sLrdlnl v.lqc on.&h sllrd.rd vi.l.

2. To @Nnuc! rh. fird.ld cu|c, plot lh. lbsbaM fd thc Fdilin

3ed!id! (vqricd uit !!ru tb. Fdititr sl.!&(l co!.crtdtioE

(hdiDnlll dis) on ! litM gr.9h p.!s. D6w th. b.Bt clM thrcud th.

3. R.!d lh. lb3oib.ncc for coltob and clch urlnoM sdpl. nM thc c!ft.

R@!d 6. rdE fd 4n @0d d tDtlow $Dpte

2.u.5 SE!eAEAMN-oE!AUD8AI1oN!!rByE

A cdibdtion cle w!, pEFr.d tt sing lhc fdili! 3lDdads

contlitri.g 0, 35, 80, 150, 250, ed 500 ng/tr . Abrodanc. of thc lboE studdds

lr.! plo!.d lgrid tun conc.ntdio$ ,r in 6guF6.



o

a2
g
2ut
T

FIGT'IB'
CAIJANAUON CI'RVE FOf,, SEBIJM

ENnITIN

100 20 3dt 3,0

SBrrU I'IIIN (!th4
50o 6t'o
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AD DATAINAIJIE

Cq-bd. tdra c.dol hlty dlr..r! ad vrioo. 9q. of td*
rq! dt,!d trtto{lLil Sbd.n't ae R..rl!E! q!.d.r m4
stad.d D3\,id.. @). Tt Lld ol dgtr r.. 6 !l d P < 0IE.

.Lrintii{E Fe.n ddlst 8P8SddF!r@-



RESULTS
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T.blc I show thc disr.iburio' of subj@ts in diff@nt sreupa, ilrir

6aa !g$ and lh. t'ody ttB ind*. vslB e .xF!!scd a n6 + st n<btd

ddi.ti@ (SD). Coltol sr.'rp, wnich coaislcd of non dilbctic h.dthy $bjet!,

ircludcd 50 mal.s ard 50 &nalcr wilh n.s (+ SD).s. of46.04 * ll.6l ycaB,

hwing body hs indd (BMI) of24.6o a 1.63 ks/m'.

A totd of 410 pdi.nls *ft inEstiglt 4 th.v includ.d p.ticrtg

si&rirg Aoh dinb.t6 m.lliru, @redry han di!.@ otd th@ h!vi4.li!b.t s

s wll s @ron!ry hcsrt diss., dd wcE pl.@d in th$ grcups 4 fouM:

Orcup A - Plridr! vitb Dilbct s tullitus

Gbup B . Patiol3 with C@n !y Hdtt dis*

Greup C - Diabedc patidt3 hlving Colotury hcdl disce

Ctuup A includcd I90 palidts slfcring fton diab.l6 Dcllitu!. Olt

oflhir 95 wa fd.le .rd 9s s@ m.1.3. 1r'. .gp (o@ + SD) of lhis srcup M
45.43 + 12.06 F!l!, hwi!8 a body Ds hdrr of 24.27 + l.?5 lq/mr. No

,ignifcst .gc tud bady nrl! indlx diffffi@ B fould on @nrpdrirg th.

contol goup *ith tb. Crorp A pati@r8.

Grcup B cmpri*d of 140 FlicnB wilh cotun ty hott dis.,

"tit 
. d.l. !o feddc ratio of E6:54, Ue lge (nd + SD) of 46 + 7.69 y.a.s aod

body l|N indd of26.89 + 3,06 ks/nr, Cooiary hart di!@e p6lidG (Gbup B)

shosld r .i8!itr@t difef@ (P < 0j0D i! body ')a indc*, *nq|a A non-
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Tabh - r

COMPAFSON OF SE& AGE AND BODY MASS INDEK

valu6 .r.F*.d a m6 + SD.

GROUPS TOTA!

sD<
AGB BMI

(K/m1
MALE FEMALE

CONTROL 100 50 50 u.@+t,63

190 95 95
s

45.43 + t2.6 24.27 + 1.76

B 140 86 54
sY

46.38+7.69
et

26.89 +3.06

c 80 49 3l
*t+

19,80 + 9.09
eft

26A0 *2.77

o
T

o
s

Y

P < 0.01 .l cohped lo Contol 8b'4,

P < 0.001 a @npaEd to Cortol ereup,

P < 0.001 a coepnFd to Grcup A.

P < 0.005 .! cohpatld to Cmlp S.

Non-Sisnifidt a @hprld to Colt ol gmup.

Nq-Signift &1 a @hpled to G.oup A.

Non-SignifiMt a coFp.rld lo Orclp B,
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ligliidtdill.llc s 3@ in.gc *tleo @Bp.rcd wilh @niol !ubjet''

Thde wr. 80 diabaic pltidts h.ving @reDtry h.dt dil.e in Grcup c'

49 bci|e lElG ed 3t fcm.l., *ith n@ (. SD) asc of49.80 4 9.09 vs ard

body lts ind* 26.40 + 2.?7 kg/mz, Bolh lgc ard bodt t)6 inda in Greup C

paridi! showd a signifi.el diffd.. 3 obpdld to conEol $bj.c|!.

T.bL 3 3bow lhe 6nD.ri$! of ldcls of gllll*, iottl choLdaol

sditiglyccides b.t*@ lhc @trolslbj@ts sd d,ftEnt palidt Sroups kv.ls of

BlMsG, tollt cloldlml od tdslyqid6 gft sigDincady ieas.d in gotp A B

d C i! cortst b ib. Mtol $bj.cb.

Patiais $fiding nom di!b.16 o.Uitu iftltldc toth tvpd of

diEbetic potimts thrt is, paticnts vith Tn I diab.ls n llinl5 ed thosc wilh Tt!.

2 diab.l6 NllinB. T!!L 2 lbos cdFds of a€F, soq 3d body Ftls bd* in

borh gpe of di$et ! 6.lliis. olt of 190 diatElic patidns 100 hd TIF 2

diabcr6 b.llinE od 90 h.d Ttpe I diab.E mellitus. Md. to f.6de atio fot

TyF 2 di.b.t6 tullitls lrd TrF I diabctG n ltina P.ddc a 49:51 ed

46:14 cp.cliv6ly. Man !g. of pdi.nls solfditrs ftom Typ.2 di6b.!cs nellitu!

s 54.12 + 9.16 y.!$ rld th|t of Typc I diabclc! mcllitu w 35.78 + 6.04

y6. Agc of rhe Typ. I diab.t s mcllitB gMp M sigEili@dy low

(P < 0.001) whd @nplFd wilh tbat of Tt?.2 dilb.ks mcllnB sonp,

*nib ! nonaiSllfql dit[c!!@ w$ sn in th. body l]B iodd of borh tt?6
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Ttbl6 - 2

COMPARISON OT SE)g AGE AND BODY MASS INDEX
Bf,TWEEN TYPE 2 DIABETES MELLITOS AND TYPE I

DIABETES MELLITUS.

valB qffisd s md + SD.

GROUP.A T0TAL

SEX
AOE BMI

(Kshl
UALE FEMALE

T}?c 2 DM t00 49 5l 54.t2+9.16 21.t1 + 1.87

TrF I DM 90 46
T

35.78 + 6.04
6

2$8r 1.62

t P < 0.001 !l coDplr.d to Trlc 2 DM.

S Ncsiifi@t c @nped lo TyF 2 DM

Nota DM = DiaH.s Mclliru.
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TrbL - 3

. FASIING BI,OOD GLUCOSE AND BLOOD IJPIDS
IN CONTROL SUBJECTS AND IN VARIOUS GROIJPS OF

PATIENTS'

VdB mtlsrcd a nd + sD.

GROUPS
GLUCOSE

(m/dD
TRIOLYCERTDES

(meidl)
CHOLESTEROL

(nydt)

CONTROL
(r = l0o)

90.58 * 8.05 t28_42 + 14.63 t75.66+ t8.61

(n = 190)

+
184.87r40.92 t94.U + n.93

+
217.82 ! 10.38

B
(n- !40)

93.?3 4 8.53 tE2.6E + t7.37 26.25 t 12.98

c
(n = 30) 228.30 + 44.32 2t9.8t + 47.J7 298.57 4 38.91

.t P < 0.001 s cdFEd io Conhl ebj*li
Q P<0.0{5 amporcdlo Contllrubjdts
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Cmpeis of lsl of liD.!6lcis io @Ed goup adl in grcuF

A, B ed C Datmls is shoM in T.bt.4. Th. ldels of hig! ddBitv liFlFt in

choletdol rhoeld r highly signifiqt d.cFdr (P < 0 001) in all thc grcup3 thrl is

A B &d C. s @mDoEd ro dE @!!l sbjcc$, ehe@ a tlghly signific{lt itr'le

(P < 0.001) in thc l4b of low ddily lipoproGb chol.staol, &d v.ry low

ddsity lipoFot in clol6l@l E ob6.rcd in P.lidts of 3I lh. gtoa! lh|r b A

B, dd C .s conplr.d to @ntlol $bjcclt. Thc lcv.l ofblood sluco.., lipi& ,nd

lipopblciB in pati@t Eroups a mldd b contbl gol4 @ d,to {!n di.hnl in

Thc Bults of lh. icun rulondirldchrdc, iro4 ioirl ira binding

crp..i9 GIEC), tusfatu slludion .rd fdilin l*b c $oM in Tlblc 5 qhich

shds! lisriicar ill.te$ in lh.lacl of.borc $jd p.mctd i! ptti6$ nd

g$up A, B, lrd C i! @tu!31 t\. ih. subj@b h thc onirol cDup. ftis @ b. cl61v

sl in fulrt 10, I l, 12 atd 13.

A hisNy 3isni6@t ii.Ile (P < 0.@l) in tlF Isvcls of @ gl@' tobl

ctol6r..ll ed tiglyqida M obs.ntd (t blc O i! ilc Ftiatb of both thc

$bgroup of diahic !!li6i! lhlt is Typ. 2 disb.G nellitB .rd IvPc I diabct6

mllitu s conped io lh. @.tt!l subj@E Significmdv low la.l3 of ffi

8lll.@ dd ttlt cboldcrcl *€F fou.t in pdridc wi$ T}?. I diobedcs qhen

o!!@d to Typ. 2 di.b.{ic pdi.lt , !rtt@ no ,i8!m@t cbegc $4, sccn h $.
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TrbI. ' 4

COMPARIIION OF LIFOPROTEINS IN PATIENI CROI'PS
AND CONIR,OL SI'BJECTS.

v.l6 expcg.d E me + SD.

t P < 0.001 a co! D.nd lo Contol gtluP.

OROUPS
tIDL.
(hddD

!DL.c
(n8idl)

VLDIj
(mddl)

CONTROL
(n = loo)

54.2E+7.29 95.93 t t1.37 25.551296

(r - 190) 39.r8+2.93 139.55 + 30.08 tE.9 + 5.5?

B
(!=r1o) 35.79 * 3.E5 19392a32-43

+
36.56 + 3.68

c
(. = r0) 35.20 * 5.93 219.47 +41.4E 44.00 + 935



FIGI'RX-7
SERUM GLUCOSE LIPIDS AND
LII'OPROTEINS IN CONTROL

SUBJECTS AND GROUP A PATIENTS.

"{".{..d""
tr' .Pt'
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FIGURE{
SERTJM GLUCOSE I,IPIDS AND

LIPOPROTEINS IN CONTROL SUB'ECTS
AND GROT,JP B PATIENTS.

d.'"da
".o'^.-d'Cd- d-

EICONTROL OGROUP B
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FIGI'f,.E"g
SERIIM GLUCOSE LIPIDS AND

LII'OPROTEINS IN CONTROL SIJBJECTS

AND GROUP C PATIENTS.

Ju.".d""u*'
d- d-

dn.fld

acoNraor OGROU? C
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Tablc _ 5

BLOOD LEVEIS OF MALONDIALDf,IIYDE AND IRON
INDICES IN PATIENT GROIIPS AND CONTROL SUBJECTS'

V.lG dDtlssd d Dd + SD.

GROUPS
MDA

tuEoL4)

IRON
GddD

ltBC
(P/dl)

TRANSFERRIN
SATURATION

(v')

r!RRITIN
(igl.n!)

CONIROL
(n = 100)

228 +O.41 79.45 + 10.86 3n.09 +5143 22.08+ 5.78 81.51+ 14.9?

(i - 190)
5.30r 0,99 94.56 * I1.62 340.28437,85 28.1846.09 99,0?112,01

B
(n- 110)

3.8? * 0.49 85.38+ 17.39
o

lJ4.5l +38.10 24-9r t 1.81 105.26 * I1.78

c
(n - 80)

t
83.82 + 18.39

o
353.r0+ 38.07

*
2+e+4.50 110.5?+ 13.89

i

+

P < 0.05 s conP6tld to C@lrol 3ubiels.

P < 0.01 s cdPdld to Control 5!bj6lJ

? < 0.00t 4 conped lo Conrol $bjeds

P < 0.001 ts @mp!t d lo Contol !ubj@E'
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FIGI,REIO
SERI'M MAI.ONDIAI.DETryDE IN

CONTROL ST.IBJECTS AND IN GROTJP A' B
AND C PATIENTS.

ITMDA

GROT'P C
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FIGI'RE11
9ERUM IRON AND TOTAL IRON BINDING
CAPACITY IN CONTROL SUB'ECTS AND

GROTJP A" B AND C PATIENTS.

CONTROL GROI,IP A GROUPE GROUPC
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FIGI'RE-12
TRANSFERfiN SATURATION (O/O) IN

CONTROL SI'B]ECTS AND CRO1JP & E
AND C PATIENTS'

E"I"* 6 GROUPA E GROTJPB ;..t*q

E ZLs'zh

2L9t,E%
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FICIME.13
SERTJM FERRITTN IN CONTROL SIJBJECTs

AND GROIJP A B AND C PATIBNTS.

CROTJ?A GTOUPB
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Trble.6

FASTING BIIX)D GLUCOSE AND LIPDS IN CONTROL
SI'EJDCT{; AND TYPE 2 DIABETFS MET,LITUS AND TYPB 1

DIABETES MELLITUS.

Vdes aFwed a od 1SD.

cRouPs GLUCOSE
(ngdl)

TRIOLYCERIDES
(mddD

CHOLESTEROL
(oddl)

CONTROL
(i = 100)

90.58+8.06 t28.42t 14.6J 175.86 + 18.51

TyF 2 DM
(n = rd)) 2t9.26 t 22.98 195.19 r 3,t.46 237.40 +22.95

Typ. I DM
(i = 90)

146.67 + 12.79
+s

t94.45* I8.31
+t

196.07+ 21.55

t I < 0.001 s conr@d lo Conrol grcw.

I P < 0.001 as @mpord lo Typc 2 DM.

C Non-sigdfic{ s @mpar.d to TtF 2 DM.

Note DM = DiaLr.s M.lliru.
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lel oftigltldide on onpltis ir both Ty!.2 disb.tics and TyF I dilb.tic

T.blc 7 giv6 coDF i$n of lipormtciB in @ntrol subidi!! T}?. 2

did.ti6 ud Tl?c I didctic pdidls. Both lrw ald bigh d.Eity lipopot in

.hol6!@l l.v.ls re signifiddy hj8h (P < 0.001) vna* hidddity

liroprotcin l*l M foDd sisniti@tly low (P < 0.00t ) in borh ty!.s of di.bcric

p.ti.nB !3.mp6cd to.onirol goup. No sigtrifiqt difqwe E ob66rd in

l*ls of high od verylow deosity lipopbtcin .holdterol on compdinS T}?. 2

diabctics sith TtF I diatctic p!ti.nt!. Thc ld.l of bl@d g1@., lipid! dd

lipoFot ia in TyF. I dd Typc 2 di.bctic p.tiet goups .s.orprld ro 6rd

Srr|9 !! rlso w[ diddt in fuuls l4 sd I5.

ScM lftls of loill iron binding c.9!.ity was sisifi@tly low

$trcms nalondialdebyd., ircn, imf.nin etualion 6d fcrilin 9e found ro bc

Bigrinq{y hi8! 9{€n both typcs of diabctid qft conpd.d ei$ @nrol

$bj@i3 (Lbl. 8). High sicrin@t LEh of iron Plofl. (dicpr slM fcnirin)

q!.6r ! significrdly low (P < 0.02) l.El of hrlondidd.lyd. $!! oblcnEd in

TyF I diabctic grcup in @nprison ro TtF 2 dirb.ric grcup of Ftidtl. ftir car

b. cl.3rly sr i! fgr 16, l?, lE ard | 9.

Blood clu@e, totd cholcslcrol, and t iglycside l€v.lr of soup A

@ cmped ei[! C@p B ed gFup C prtimti in l.blc 9. BI@d elu@s of

pdi.'t! in rrorp B * .iifanly lffi (P < 0-001), qi.dt of lh@ in
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Tabl' - 7

COMPARISON OF LIPOPROTEINS IN CONTROL SUBJf,CTS
AND TYPE 2 DIABf,TES MELLITUS AND TYPE I DIABETES

MELLITUS.

vdu6 apcs.d a h€an + SD,

GROIJPS
HDL.
(!'Ydl)

LDL4
('i/dl)

VIDL{
(m/dl)

CONIROL
(i = lo0)

54.28 +1.29 95.93 t t7.37 25.65 r 2.96

Typ2 DM
(n = 100)

39.30 t2.71 t59.06 * 2l.42 39.04 4 6.8?

TyF t DM
(n = 90)

is
39.05+3.16

if
I 18.08 r 20.42

*$
38.93 * 3.65

* P < 0.001 a conp.r.d to Co.l'ol grcuP

* I < 0.001 s conps!.d !o TW. 2 DM,

$ Non-Sigoittc. s comPed to Typc 2 DM

Notlr DM = Diablt* Mcllitu5.
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FTGtJREl4
SERT'M GLUCOSB, LIPIDS AND

LIPOPROTEINg IN CONTROL SIJBJECTS

AND TYPB 1 DIABETES MELLITUS

".--".d""-tr"e- c}'

t9".t

ECONTROL trTYPE 1 DM

PATIENTS.
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FIGIJRE.ls
SERIJM GLUCOSE, IIPIDS AND

UPOPf,OTEINS IN CONTROL SUB'ECTS
AND TYPE 2 DIABETES MELLITUS

PATIENTS.

"E.od"of"",d- dl"

d* trt' *ot'

ecoNrRoL OTYPE 2 DM
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Tlble - 8

COMPARJSON OF MAIONDIALDEEYDE AND IRON
INDICES IN CONTROL SIJBJECTS AND TYPE 2 DIABETES

Mf,LLTTUS AND TYPE I DIABETES MELLITUS.

V.lu6 qpGs.d $ m@ + SD.

oRou?s MDA
(pmol4)

IRON
(trgdt)

TIBC
(p/dl)

TRANSFERRIN
SATURATION

(%)

FERRITIN
(n/nD

coNTr.oL
(i - lo0)

2.28 +0.47 79.45 + 10.86 172.09i5t.4.1 22.08 + 5.7E 83.51i 14.97

TlT.2 DM
(n- too) 5.44 + 1.06 90.55 + l r.l3 334.40+39.04 t03.17 + t0.74

TyF I DM
(n - 90)

ii
5.14+0.90

*+
98.01+ 10.53

*E
346.8r + 35.56 29.08 + 5.67

*t
94.53 + I1.76

+ P <0.001a @mp@d ro Conlrolgrcup.

O P < 0.025 s @tup&rd ro TrTG 2 DM.

t P < 0.02 6 @np€r.d to T}?. 2 DM.

t P<O00l aqtrFt d toTypc2 DM.

$ Non-Signficjrt as @pu.d ro Tn 2 DM.

Nor.: DM - Dirb.r6 M.llitue
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rIG['B&15
SERUM MALONDIALDEHYDE IN

CONTROL SIJBJECTS AND TYPE 1 AND
TYPE 2 DIABETES MELUTUS PAfiENTS.

CONTROL TYPEII'M ryPE2DV

t jy; 
-J
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FIGURE.l7
SERIJM IRON AND TOTAL IRON BTNDING CAPACTTY

IN CONTROL AND TYPE l AND TYPE 2 DIABSIES
MELIJTUS PATIENTI}.

CONTROL TYIN1DM TYPE2DM

f119t__9'". I
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FIGURElS
TRANSFERIIN SATI.TRATION e/o) IN CONTROL

SUB'ECTS AND IN TYPE l AND TYPE 2 DIABETES
MELLITUS PATIENTS.

E D.oa,tvh

E coNTRoL O TypEl DM E tyrts2DM
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NGUREI9
SERI'M FEN,RITIN IN CONTROL SIJBJECTS

AND TYPB 1 AND TYPE 2 DIABETES
MELLITUS PATIENTS.

tdt

-/

N
4

s I

coNtaoI TYIE 1DM TYIE 2 DM
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Teblc - 9

COMPARISON OF TASTING BII)OD GLUCOSE. AND
BIIX)D IIPIDS IN GROI'P A, AGAINST GROT'E E AND

GROI]P C PATIEII'TS.

Vals qDr.!$d & n@ + SD.

t P < O00l ir coqcd 0o Crolp A.

GROI'PS CLUCOSE
(or/dl)

TRICLYCERIDES
(odd)

CIIOLBSIEROL
(DddI)

181,81 ! 40.92 194.84 + 27.93 2t7.82 + 30.38

B
(! = tro)

t
93.7! r EJ3 t82.68+ t7.37

t
2(,25+32.98

c ztE,30 + 46.32
t

ztg.Et +47.31
T

298.6? + 38.91
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gbup C it w sigriti.etly hiel (P < 0.001) a @npat d to th.t of SouP A

p.li.nts. Tot l cholet rcl w fobd ma*.dly iettsd (P<0.C41) in bolh

gop B sd C p.lidts 6 @6td.d lo lhoe in grorP A, T.igltqidd s@

ob6erv.d to h. sislifi@dy de@d (P < 0.001) i! greup B .nd si8.ficody

i!64s!d in gmup C patidls s 6bped to goup A!€!a$.

TIF l6d! of lipolior.i! cholaldol in goup A @ @rpdcd with

solD B ed srq c i! rrbL lo A si8nifcor dd* (P < 0.001) in tE lcvrl ofli8h

ilc$ily liloproidn cl$l61dol in gDl9 B $d C Flimts a cmplld to lh. eMp A

pdisis ld{*ity lipopreicin clolBi.ol i! boir gmp B &d C, ad ds verylow.

ddtsity lipoFotcir choLsqol i! coup C @ sic'lif@rdy inc.d (P < O00D G

s4@d to grow A ldios.

Tl|Bultsgimh t blc ll shN! significlnl d..|t4(P<000D

h rElo.didddDdc, ioA dd tEddit ntu don $n@r signifca v beh ffi

rord im bibdiog cq.ciry.nd fditin l.EI! \'lla sl in srq{ B 6d C !.ii6ts a

omp@d ro Sroup A pdidts,

T.bL 12 sboB th. cqnD.rilotr ofblood gle3c tiglrtdidc dd tital

clolcd@l Lidr i! grorp B 6d C pdiat glqc Tlc Flt tltal t si8Di6@t

il'oa$ (P < 0.00D in blood gluco!., tiglycdidd ad iottl cholBt ml in golP C

!6ticnb s cdpsd ro cFu! B D6iidt!. In T.bl. 13 a nodigniliqn d.cee M

s..a i! c.s. of hirll dsity lipoFrobin clbl6leol stE(lat . si8nif@n iffila!.
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Trbl. - l0

OOMPA.RISON OF LTFOPROTEINS IN GROI'P A AGAJNST
GROIJP B, AND GROUP C PATIENTS'

VdM cxFqs.d a ne.tr + sD.

t ? < 0.001 ,! cmparcd to OFUP A

OROUPS
HDL{
(n8/dl)

LDLc
(m8/dl)

VLDL{
(6ddl)

(i - t9o) 39.r8 + 2.93 r39.65 4 30.0E 3E.9+ 5.57

B
(r - t10).

T
!5.79+3.85

I
19t.92+ 32.43

I
35.56 + 3.68

c
(n - 80)

t
15.20 r s.9

t
2t9,47 +4444

t
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Ttblc - ll

BI,OOD LEVELS OF MALONDIAIJEEYDE AND IRON
INDICES IN GROI'P A AGAINST GROIJP B' AND GROI]P C

PATIENTS.

Vdc qF*Gd c na + SD

FEF&NN
(IdmD

TRANSFERRIN
SATUMTION

(%)

TIBC
(|rc/dl)

IRON
(f/dl)OROUPS

9.07r 12.0128.38 i 6.09340.2E r 3?.E594.0E + I1.455.10+0.9

T
105.26* llJ824.91r7.47

T
3t4.51*38.10

t
85.36+ U.39

t
3.87 + 0.49

t
110,57+ t3,8924.64 * 8.50353.10+ 3E.0?

t
83.82 * 18.39

t
4.E0 + 0.79

T ! <0.0{1 6mp6rcdb OrcuP A

r < 0.01 s cdFr.d to OrcuP a.
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Ttbl''12

COMPARITNN OF FASTINC BLOOD GLUCOSN' AND

nroon r,nms nrrwrw GROUP B' AND GROT P C
PATIENTS.

P < 0,001 !! codf.!.d lo O'o+ B

Vrlt|6 dF!..Gd 6 tD@ * SD

CEOI.ESTEROL
(mddl)

TRIOLYCEA,IDES
(inldl)

OLUCISE
(Fc/dl)

2t625 r32:9Etr2.6E + l7J7L73 * 8.51E

298.67 +3t9r2t9.Ar+q,17u30+4.32
(n - 80)
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T.rt '13

COMPARISON OT UPOPROTEINS DETWEEN GROI'P B'
AND GROI'P C PATIENTS.

t P < 0.001 !t comPrtd b GrouP B

S No*Sielificdt s c!ry.ltd b GtotD B'

Vdua crer..scd u u*d . SD.

OROUPf|
llDLc
(FCdI)

LDL{
(nddl)

vLDt {
(d/dl)

(n - l4o)
35.79 + 3.85 r%.92+ 32.41 35,56 + 3.6E

c
(r - r0)

t
3520 + 5.91

t
219.41 + 4.48 44.00 * 9.45
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Trl'L ' l4

COMPAnISON OF MAIONDIAI,DETYDf, AND IRON
INDICES BETWEf,N GROI'P B' AND CROIIP C PATIENTS.

V.l'E! c,.pasd a 66 a SD

TRANSIERRIN
SATUAATION

(%)

TIBC
(FddD

105.26 + I l.?8u9t +7.87354.51t38.1085.3E+ 17.393.87 + 0.49

1t0.57+ 13.89u.64!4.50
c

353.10138.07
s

83.82+ 1E.39
T

480+0.?9

t

s

P < 0.001 u comldld io Gotlp B.

P < 0.01 u odP.r.d !o Crolp B.

Not|.sigliffcll tt comPdld !o Co'rP B
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(P< 0.001) $E! gn ln fre let of low d.ntltv liPoFoEin cboLltcrol l)d vsvnow'

dariiylipoprot in.lDlstcrol h grolpcpdidn3 in dqaiMbgloupBFdl' s

Sdln Elo.diald6d.' nlq bdl irc ttddi!8 cqdry' t@dn

.d!dio! .!d tufiin i! ItotrP B dd C r' !l|oM in Talb 14 Tt' 6tlb of

brlordidd.lrtdc .nd tolidn ihow . hlblv !8ri6c.nt in(''!c in golP C Fiiall in

dnFis b golp A pdat*'nE bt/d! of ffi i!04lotl n6 tidtr ctlditv

dtddab !fillliodctt l t Gi8!if.d difrE c notd td gqp B od



DISCUSSION
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Diab.tls i5 inc@inely comot dd @.tcs a snbalanlitl bud.n of

sffaing 6d c6t A go*ing body of.vi.t ne 3ug8$n rhtr 4lid d.rccrion .nd

rrldmt of hl,F.rgly@it {d Elatd ncblolic abro@litiB @v h.

bqcficid lllc dcSt c dd duEtioE of hvF.gl]ladia @ eiatcd * n ihe

d.etollrc of di@veule cohpli6lio.s, *hich cd be an nut d bv intcmiv'

r.ducliotr of Uood du@s. HtTaglrlMia is a&o asiatc.l with lhc

ddtlopDa{ of !|],.@euld dilas [103]. Dttrtd Fdlitu i! t'om b b'

uddtlpoti.d d delh c.nifi€la ud hd@ @ddBtihild bv ltdond ootulrq

st ristiqe IlO4l, Diah.ts is ,as@i.l€d wfth in@6s€d noiality 6d ndbidit du'

to Elcdd @mpliolio$ [105, 106]. Mo3t oftlE cf*ls ofdilbdd ddtitus' borh

tyF I diah!6 n.llitu! and tyF 2 diab.td dcllirus, oo dE tt),@vtldrlat@ is

rt n$lt of d o@Lrsnd of slhswlcrosb ed it'.l!e in thenh4is Il04'

Dilt dc ildividab h.E 0n ill.g.d ftk for d4.lopins lthm$lctolic dilca€

'Illis i! in lan a co$cqu@ ofhc ssociation of dilb€les tncllit{s wilh oilq

dhfts.ledis list factoB Ol, 1081. AilE$clcMiB 0@6 calia in diabclics

rhd M{i.b.b*, ir! $witv ! ond gdi.r' tt'd ilt dimibuli@ b t|@ diIftE

tl09l. Abcr@Lrolic cdplidnoB e the ladins '$$ 
of d'sth in Foplc wilh

diab.Gs [110]. Mev llldis he sloM thtl ditbetcs ncllilta is cmistanuv

sscirl€d {ilh c!u8.s in pbsra lipid! ald liPopbt'i ed 0t* oltdanoi' e

of ilt ilst bc.!s of $cn posiblc mle h lhc cbologv of tbc ino!8'd

€rdio!.rcdrt drsasc llsiard vilh ditb.t6 tl l ll'

@@on t!. of lipid lbmlnditic! c!'ouni'&d in a

tullilu N .lewted plasm! ldcls of idglraid's'
Th. mon
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qy lov d.$ity liFprot in chol6rad, l@ d.osity liFproLi!

cholesleml and liFprot in(.), dd dd.ed hid dcGity lipoprei.ii

cholcs@l @n@di6 Pl, loE, I l2l.

Tbc Bttlc ofihc pr6d 3tudy slostd lsignif€ cl6rli@i!t[.

I*l of idelrldide, v6y low dGig lipoFotcin cholet rcl ald td .lc8ity

lipoprclcin choldt tul, ud ! si9if!.&r detle in high ddlity liFpFi.in

cholcaidol in di.bai. patiq|t! d conpaEd io tltc @!rot subj@ts. Th* rsut g

c i! aS'lddt with thc rc* of Schq'ite .l d. 0 081.

Alepovic ad cqqork F [tl3l report d sigtrifi@tly high

co!@htiotu of tiglyqida hn rcnn l lcEl. of roal choleicrct in diabctic

pltida in comfdilon wirh nonnilb.ric contlot subj.cts I! diab.tic plti.nr3 rlF

@lldtrrion of Ery low dsity tipo!rcLi! chot6ta.t !s signiforty 6ighd

ad 0E conc. Etion of high dsiry lipoprobi. choldlerot srs showins !
dglifidt d@r. thd in conrtol subjers howlq, !l'dt blr nor sic.ifcsit

il'.d!. B sn tn low .lcruiy tipopFtcin chot.st rol ia dilh.lic p.ticnt . A3 f.r

as tiSlr.ridca, vlry low ddsi9 tipoproLin cholesrcrol, rd high ddBity

lipopret i! chol6i.rol, aE @ca!.d rh. sult3 of 1ti! 3fudy e in lin. wilh ihc

.foreEdti@d wbrk6. On thc othd hrld thc aigritiqt incras. in totll

cb.ldraol ed low dcEiv lipo!rercin cboldarcl i! dilt lic pnidls of rhc

prcst ltu(ty is ir .c.odec. with th. ob.wdioB of Rmircz ald hb gtuup [71].



t04

Diabete mellitor is @n!ftld.d to be onc of. rolk of fr.. hdiol

dba36. Th. din M ofht!.relycldi! prcdle indss€d oxidrriE $e vi.

noFn4rwic glyetior! d@$ Ntd'dari6, ed ali@tim in polyot t thsy

adivity with 3ubsqucnr influcncd on nle {hol. orSanim [ll4]. Thc indtascd

qidatirc stca h diabct6 n.llirs 15, 116l is e..howtcdgcd plrhogoic

m@bads i! dia!.tic couplietioqr Htqgtrt*mit is a eidcly kroM cas. of

.n!ac.d Ace Edicat conc.tulnon [117, ll8]. Diahca nellirus is Mompgnicd

by q ircl!& itr s.l@ conjug.t d dim .nd n.loldiatd.,hrd. l4l s wll a by

6 ift@!.d h.lodi.ld.hrd. qMtdnion in 
'!d blood ells tt!91. rl'@scd

lipid p@xidatioa @6 in di.b.td icllitB. nds h duc b e.ttcrd lnrtaeltut&

rdio b€tE6 fi!. ndiclb and dioxidart syd!fu ll20l. Typc 2 dilh.rcs melitu

LlE highd Lv.b of pl6r rhiohalliruic &id @.rivc sub!r.n6 the mm.l

individurts. Ihc rhiotdbituic eid b$!d asay is thc Fos Fpuls and 6iat
m€thod u€d d m itrdiclor of lipid paoxiddrion lnd fit. lldicat icrivity in

biologiol $trpl6. nc tow dc$iry liFoImr,tin hE ta G?ort { to bc nG ,{onc

lo oxld.tio! in dia!.cs ncltitu! [l2t ].

Cillou .trd ceortd U22l daedtin d ihc matodidd.hyd.

l.vc! in TtF I dilbct6 hcttitB 8d TyF 2 di.b.l6 tultins plriot& &d

showd a signili@t itrct@. i. ihc Lv€l of mal@dl.ld.hyd. in borh rr!6 of

dirbaic pati.lrs s coDpolld b M.dia!.ric @!!l slbjccrs Ho\rcE, rh.

odl@di.ldchydc lcv.ls bet$/.co Typc 2 dj.b.ta nclitus ed TrT. I dirtcrd

rclinu patiots @rc nor sisnificsdy ditrcMi Aliorc 68t his eroup II20]

rqbrt d significtur inc@ in Lipid phxid.tion dd Fodocr attcd
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drlodialddryd. in poorly @ltlDlld dirb.tic p.lidts a @Dpl&d io lh. @!-

di.h.tic @nrrol $bj@i!. Grimachd 6d hh Btoup [ll5l de r.portcd

sigrincaldy .ldat d l.v€ls of thio-barbinlic eid twlirc $bn.!et i. borh

ttTB of di&.tic p*i@ts a @np.r.d io th! @Drrol rubjeB, but ir @n!!n

G.lld dd o-ftlkcrs tl22l, foud signitiotly hrslcr l*ls of thiebubituic

eid @criv. subdrarc.s itr Tr?e 2 diabetd mcllilus tho in TlTe I dilter.s

DcllinE Fd.rts. S6s*r d.l 0231 ald RoE$.I ct al 02/|l oh.d.d signific-a ly

incrced lw.k of maloididdchyde id Typ. 2 diab.r.s m.llins plricnts s
@nP8Fd lo trc onhol $bjers wh.6 @ thc othd hed S.dicri ct d. II25l

&utrd sigific&{y higha la.l ofthc lde por.neler in Typ€ I diabcGs mllid$

!6licnb on c.mpa.to. with tbc @nrrol sbj4t' PdeSlu .rd .otldgu.s 1126l

ob6.*rd irct8cd ld.ls of n.londidd.hy.L i. ndly disgM.d typ. 2 di.b.ric

,!d th@ rype 2 dilbdic ldicnt3 on ohl a jdiabcric !gdt3 s @nD!,!d io

haltlry sbjc.G. FGits el at. fl271 3ho{Ed signifi@ y in@.!.d l4l of lipid

Fonddid iD rodolipiddic TtF 2 dilbcr6 dcllitus Flidrs tb6 coftol

$bj@is. Thcy *d. ulablc to show dy @frl.don of dilondialdchydc wirh

&nitrg blood gluos, rot'l chold@l $d triellcddd. Mdboob ad oltoclc3

lt2El ob$nEd a signi6@l .lfrrion of ndondirldchydc @nGratior itr bolh

nulc sd f.tulc Typ.2 diah.tic patenrs in cornpuisn ro rcn.dilbctic conroh,

On compldng bolh tn6 of diab.fi. palidts SIat dd silg.iror! [129] foud

significildy hidd Dalddidd.hyd. @lMlr.ti@, pnft s ei6 both ryp6 of

diab.tic p6ticnts wE @nped for nDlondid&hy.lc orccntrarioB wirh th.

connol $b.iets, significrDl inclle B obeftd only in Typ. 2 diabcrca Nllirls

Ftiat& Tbc Flst rcsulls ol$ show siglific&dy itFMsd lcrcls of sfu



t06

ndondidd.hydc in di$.iic plridll a cdFlld !o tb. lodiab.tic co.tll

greup, Both Typ. 2 diabctcs nellitur &d Type I diab.ls mcuitu. palicnb od

onpodson sil[ olllll $bj€ts 3howd siificstly i!@!.d la.k of

lElondial&hydc wh.Ea 3iglincdly cl.vsted lel offic n.londi.ld€tyd. w
found in Typ. 2 diab.lics tha the 1ypc t di.!c c p.tidts G sb.M in rll snrdy

of Slclu ald Hilgcnova (1291.

Frcc ion is .apablc of njmulatine thc pdducrion or tu 6dic.ls

which o& oxidgtiE d.Mgc tuh s! lipid Floxidation ll30l. 'n g.u.t cfcct

of etrlylic ircn is to coEt poody H.tiE ftE radicd3, srch s HrOi inro

hi8bly hctivc on.., sh !e th. hydsxyl ndic.l. lnc@.d &cMuhrion of iretr

.fi.ds i.lulin 9 [6i. lrd sraio in rb! D@r6 ard ilrcrfcG *irh thc

in.uliNxtlcting capacity of rh. livd. kon dep$irior in mNdc ddr.5s.e gl@s

uptrrc b.c.6c of ruclc ddagc. Conrlrscl, iDlulin siDutlrcs ccluld uprrkc

thrcud imre$cd ttulfdrh M.ptor dlcmlizstion. Thus, in$lin ed iFn @

nuhuily FIdtiltc thcir .llds lading, ond a vicioB cyctc, ro ireutin Bist&e

od diabet ! Il311. Ore oflhc ndt inpotrut nc.heis ofdtioxid4r dcf6c is

lhlr th. 3!gBrr.li@ of iM in ! Gdox-ine{rc fod by rrtrsfdir I!301. IDn

chclatinc !g6t! atd blood .tonrrio a prc@1rhc d.Elopmdr of dilbct6 in

te|!tusidrd ircn owload. Blood ldilg is oDlnonly uscd ir the h.aiDdr of

hsn@lFm.iosir !d hs tcc! @sillcndy d.mruF.tdt ro loE im slot$ ud

10 b. $f. in individuh eith dialele! [l3l ].
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Epi.Lniologlcd studica 032, 1331, Ne.l.d fur ilcFs.d iren

soB Fldictcd thc d.wlopdtor of di.h.r.., howE lo!€r pE\d.@ of

di$cld wa rc@rd€d mola frequcir blood donoa by Fa@hini [134], Ou rcsutrs

slDwrd sigifi.r ly ind!!!.d ld.k of iM in lic6 i! Fticnts {irl ditb.c!

n.llitu! rhe thc nomd cotrnol subj4ts Borh typ€ I 6d t}?. 2 dilb.ric p.tiots

sn ! @Dpd.d eirt @ord gml9 sho*rd d i!cd!. i! lh. iM Fdnc&F. 
,ftc

typ. 2 dirldic Ddi6l! trlr h.viag sigtin@dy low cdc.ftnrioN of alt lhe ion

i!di6dc./lorffi f.nirirt4lrlvnichrefolidiot 3ieDif@dyLishin

crmpuison io fttt in Tt?c I diab.lic pdridl!. Mlimls.ad olLlguB [1351

di$ov.Fd Dn signifiorn 
'$.i.tion bd$/!cr clcvltcd ffi ir.Efdin

$tu tion and rhc dcrclopn.d ofdiab.rcc. Atsat.h dd his grcup tl36l fowd no

siglifi@t diflqae i! tfuB bt@d l*ls of iM in policnrs eith gdrtion l
di.bct ! &d conrol F.errlt *on.n. Ttbn.s !!d $@id!$ Il3I 3hosld

FtrdcE ofclevd.d trllsftdin srmrion e 35%), \rnich ,v!, 34 fotd hista ir
patiq$ wirh diab.i6, coinFrcd {llh hjsroric.t pdrlde de3oib.d iD lhc

gd|Gd A'Btdliar popttuion. 'n ry dlo Fpoild .Lrd.d iro, idic6 irctudin8

$run fditin. iron, Eanldrd ib! bind'rg @p.city dd tEllfcdne sirJnrion i.
di$clics B comtoEd lo co tol g.ncr.t popul.lioo. A tmbd of t.seEh gmups

1138, 139, 140, l4ll foud sisnific$dy .ldaled lcv.ls of$nltn f.djtin ln Ty!.2

diab.tic FtioB .t cdp&qt io bdtrhy mrbl $bjccts, Coturt ,.d Bo.iac!

ll39l ds cotrfimcd $at *rum fditii {s inftsed ir di.b.tic Dofidr! !s long

n slrbic @td i5 mr !.hic!td. C.tto aid co[.g6 It42] cmp&lrt ffi
f.nitin cor.cntltic in poody conrottcd Typc I diabetic p6li6i3 and in non-

dirt dc mtol lubjerg lrd forDd .tML<r rdck of suo fdiin h Tr I
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di.b.tic plti.nts. Obr .r .1. 0431 FEL4 n6 lelds of tu fdiriq

8ly@yladrd fditia ed non€ly@lyl.tcd {ditin, od p.tqt glycosylat d

fditin did ool difd 3ipif@dy bct*d Typ. 2 dillclic p!d@a wi0Fut

rctinopaihy ed heslrh cont ols. Tdtd dd *w*.a 0441 rcponed eld6r.d

@!|@t!d@ of non od tobl i@ bindi.g apeiv ir born mdc dd fmdc

dilb.lic p.ticnb rs conpdrd to @niioh. Eknck 
'o8lu 

ct al. [14sJ conpdd thc

l4l of s.h te .l@ts inctuding iM in *ioL bloo4 blood phsina

.rylhmtra 6d lFphociB of t}?. 2 diaberic p.ti. ! ed contlol $bj4rs, ftcy

disvd.d significsdy highc' levrl3 of imn in lFphocrid of diabcric 8ro!p.

wh.l6 in g.rc.rl, no cGiddbL dir.@.6 coutd tr found *hd 6dp6ins

U. olha fiaclioN b.tw.n paricnr soup &d @ rck. Ekir dd oltasuca [145]

folrd nigh6 l.vcl ofi6n h typc 2 dilbai6 tb6 rh. @r!ol grco9, Erp.rimnlt

on d3 by Fujimoto et al 04?l shovld lowr concoralion ofstu iron 0!d

TISC in di&.ft Ets th6 lh@ of @nirol iar sd4 or rbc orh4 [d4 Li! rnd

a@iates fl481 rcpodcd decrca$d ld.k of mn irctr in DiddlFagcd sd !g!d

p€opl. with slidt dd s.EE di.b.&s in coFpa.isor ro @!Dl group.

Clrdiowul.r di$sc is ! sious thr€ar lo tifc dd hcalrh,

.ccouling fd 44% of lhc ndio.'r noi.lity rld mwh of ii! nolbidiq [t49].

Cor@lry hcrn di!.r$ is e eu& dbcrs. @u.d by the long lcin d.posjl of blood

lil& i! @fu6ry .rc.i.r" ladirg to lrh@slcuis lrd n.ftsis of tlE lP{rt

lissc 0501. Ath.rsclNtic cardioveule diFs. h d sreqjrs pbbtd b.c5u$

of ll. .ging popul.lion. ln(li.lrios e rbd alh.o€ct.totic c{trtiotsdd di!.o!.

tu a genenliad pbBs th.l involvca thc h.i4 kain, ud pqiphml dteiia, [t49].
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ftc 6ah.ht in hyB.did iilldion is rh. @lEbn of c@n ry ur..y wirh !
lhsdb!.. I! sm. of th.!c 

'.dividuk, 
dJogcnou lhrcmbotylis o@E wjthin

hinurB ro b@!r Dfuis ir @6ncd b ln. sh.ndandiM dd . mn-Q ww
itrfa.did oco$, $hda in orh6 thc @ctuivc tlmDbus D6i!r3 for houn lo

d!rs, Brltilg i! . q'mv. iddrrio! [93].

h W*r.o @htri6, it ha ber lhou thsr coMlry h.an disa$

ie Eln d b high sfu br.t chot4rqll lacls,In ls &vcloped @!tindt!,eh

a Alia ad Anic!, cM tipid lercb e td .nd coM!ry h6tt di*.s! ieidcie
k DDb loE a complr.d wi& V.!Ga @6trid Vitb g6wi!8 orbalizrion

.nd iodBtialiation h tuia, ir hls b6n shoM 0ut ihdc is a @ncolnitlrt ikc in

Itr l€rd of ffi tot t cbolBr.rel dd wirt il lic in colory !..!r di$e. I! dl
thc Alid couttid, ffi !or.t chotc$.rl ldeh alt de high* in rhe ubd
conplr.d wirb rh. ual poputdiotr tt5u. Molir.ho ard.o_m*d t93l shoecd

no sigiifc$t cha'lee in rhc pllsru mc6 nrion! of rord chol6i!@t,

ldebcddd, vdy low dd3ily I'pop6r.in chot.staot, tN d.uily lipopbrcin

chol6laol dd hid d.n iry lipoprocin chol.scrcl in nya€tdi.t infsr.iion

pdidrs with a palcnt infdd nlrcry and rho$ wi0r e @ludcd art ry. HargMvcs

tl52l d!o:r.d e Glation of3e@ chol.st rol to @Mry rtdl diic.$. Ec ,orc{t

no sjsninco diftl!!@ in rhe stu chola1.tot of $bjer! with corolry han

disa$ lnd 0Bc wilhoul @biary hdl dhcsc wh.Fs, ih. tow d.Niiy

lilo!rcrcin chol6r.Fl @ncclrltio$ m signiff6 y hig!.! .d tish d@ity

lipopol.in chol$tcrcl concorlli@s xls signifidtty loE in pdients wi{1

c@Ey h4r dtu6$ a @mp!..d to the wirltott cduary h..n di$e, He
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showld th botlr ! Eisd low dcGity lipopreGin choleddl @martdion ed r

low higlt d.tuity lipopotein chol.st rel cotr@ntlti@ N conributory to th.

d4clopn.nt of @@ary hdl diwr.

s.rtl!| chol€st€ol hrs h.cn *idely eeptcd a ! ftk flctor for

otondy hcdt dise! .lthougrr hid @nqtntiN of cholBldol in lhc low

daaity lipoprocin nadion rad dccB.d !oou$ of cholBLbl in ihc lti8h

ddity lipoprcr.in ft!.tid e norc FEdictiE of @M!ty hed dis.d. 1531.

\vu dd ,ssiatd 0501 found no sigrif@t diflaqp in tobl

choleldl, iriel,@idcs rld low d.Gity liFprcr.in cboLst rol @6E ioN in

@F dy hdt di$e patiats dd ir conlll $bjccts. HoM, th.y cponcd

loM higl d.Biry liFpror.in choldldol ed lpoliFpretcir Al, ad hi!)Er ld.lt

of apoliloprotcin B md lipoprobin (!) in @bDdy hcan dise$e pa{eni!. In th.

Unirld Strlca, the Fmindlin Hc.d Snldy (cit d by lm.! and Goto) tEEl hrs

shom 6!t tbc ircid@ of c@nuy h6n dige i5 posirircly Mi.r.d *ii[

fficl'ol6t@ll*ls

Srldtmp ed ccqo*.E [l54l rlported si8linmily incMcd

conc4rntioN of toi.l cholcstcbl, low dcnsity lipoPrcl.in cholcatdol.

Wlipoprotcid B hd lipoFor€itr (!) c.nccntratiom, ed dma!.d @mcnlniion

of hish &Bity lipopFt i! cholcstcrel rd lpolipoprotein Al in @Fndy h.d

dige pdi6r3 rhd in cdrr.l !ubj.c6. Ihc 6ults of thc ptlgt sndy als 3lbw

t 3irlifc&i incrle in loid chol6r6l tigbsidc, low d@ity liFpFrcin
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choLsr.ol, lnd v.ry low d.Eity liFpbtcio choleGFl eh.m, high dcGity

IipopbLin cbol.sr.Dl w tulld ro bc signifi@{y low ir Fri6l! wirh @rna.y

b6tt di$e a @mpded io @nt l $bjcct3. The 6ults e ia e.oidae qith

lhe rcFds of dli.r wkd.

Myeadid b.hdi. d Bult 6om r nuhb.r of €86.

b.n@i. q 6dr tom aftco$l.dtu d rbtunb€mbolisr! or 6 bc prcdued

duinS TCcd i.&rcotios sb s, F{la@B ltollmiDl @ondy

egioplaly, @tun ry.r&.y bypas or ne3phlrrdo!. \vh.t4d h thc soNe of

i$h!mi., coru.qu.nce rE alu's lI. sm, l&k of oxygcn ollhc nyocardild

and ! bcL ofsillbL subsli.lB fo. 6cb!oli!0 0 551. An e|d. ororey @luiot

vtuch dgh Fosa b nccllns md s
liss fomtion. Ttl@boMc th.o!y, 3DodarFB EF tuiol! or ollrtdrl

blood tlow 6 nodify tle elolu$on of e eutc nyocrdial inletion dd my

sdv.g. ischdically injur€d my@ardim. Rcn@$o! of @oDry blood flow my

lh.EfoF lcld lo & improtqor in $gm.nr'l c@tr&tilc ftstid in $rc
pdidte but proE incfociir itr tF6c wirh colDpl.r.d iiu.y [156]. O<ygln te
ndical! hav. b..n idllic$cd in .ltdie i$t@ic injuy. Thc* frcc Bdi.rls

(sup.r oxidc uioB ad lydro,(yl Edical!) i& ploducld in rh. body by rcduction

of oxlr.n, In nmd circu$lrlM rhcy @ morrd by rh. difcEnl rcavasd

syscs FBdt in blood ed lisd. In ce of Dyclrdi.l is{:h6i. *iich ci!

la4 to hyo.!(lid infn iior! dcxsi* fir. ddi€b dy bc g6.r.t d I lt4.
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O.n .ad @rcrkd n58l dbe.d lioific$ily iia!.!.d levck of

lipid pdxi.lca in patiall suf.rirs tom @rmry hcrn dis@ B 6np.r!d ro tt!
cont$l $bjes. B.lch 6d aeci.Ls 57l sho*d didde or incFacd fr6

ddicd rdiai9 in paliats wirh nto.ltdid isllmia tblr rhc ontrol .ubjc.rs.

ftit snny de show sic.i6co{y incrorcd ododdidddydc tad! io c@Dry

han diealc Fli@ts 6 cdFr.d ro rh..on!!l subj6rs, *ticb e i. sgr6n6t

wilh 6c q!d. of B.lcb .l at. 0 51.

lrcn is sdli.l for iey phyliologic.l p@c&q .xcBs iron 6
lcld b lisu. by prcdeing thc gd@tior o{ @tiv. dygln lFeics. Ibn is

cqablc of supponing lipid D.didltid. s@ldlion of lthct@t$k

d4lopddt ba ba postuLtcd a . potati.l dalrds ty wnich ion oglold

ruy inclle rn rist of i$h.nic c!diov.!cd.!. dars. Irotr Dy de h^r

dclcidioB .ffccls m vdcdd tunction. Lo.atly .nlned v!$uld pbduction of

tlacli!€ oxygd speci$ dccr€r$s th. bioavlibbility of nihic oxide, impairing

veFldltion 6d Fooorins pl.rcl.1 .dh.sion dd aggeg.rior ThcEfor., a

dyMic inllndion cxisrs b.tsEn cdothclid nDdio 6d $enbosi!. borh of

liich mly bc inf@c.d !y oridlrivc srlss ll591.

Strdl.r ed @UcasuB [9?] u!.d the mininally inltsivc L.h qu.

of clc.ilbn plmagn€1ic resolllc. (ERP) rp.ctlo@py dd inductircly couplcd

PI!!M tust sFctrs@ly (ICPMS) lo qldiry iron i! q viw hcalttty hmo

uleiiB ed clroiid l6ioa. Ti.y dctcctcd stltistiQlly elwltcd lcrch of iron in rh!

indnr of l6ioc @np.r.d with hcllhy mrols. M.tElti cr .1. 1160] sho*ld
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3c'u iren @n-signific.ntly .Lcd*d i! pdist! with icft ny@&dj.l

inr.rction. ln ! lludy conducr.d by Bod sd his 8tuup [16l] flilcd lo show iron

d.ficidcy 6 dcfin d by low Felfdin s.luDtion ro bc Prolcclive agai.sl rcut

n oc{dial ilf&ltioi. They @ncludcd by syiEg tblt th.t obstslios do nol

$ppon rh. hyFrhesb r&d @sn ry ddy dis.e risk is Fltlcd to irc! 3101ts.

B.ykd .r at. 62l r€poncd ai.r a 45 d.y follow-up snrdy, stu iron

cott@sation to t@h thft ldimM on rh. I' pon mtoqldial infetron &y,

s|u fdirh ld.l stdt d to i!lc!a$ filn lb. lrtofsid d.y ofdE p?didr3 .nd

3howld r Dd pcrk valw @ the 3d dry dd d6@s.d to .-Fininm l@t on th.

45d ddy. O! lhc coni!0ty, tbe tra fcnin lev€l sldtcd to d.cEa!. on th. I'day,

d.crcs.d to mininh lcvel on th.3n.by ed @ iN.d rppmximEly lhc srlnc

l*l util th. 456 &y. Alned dd ,srociltd !63] fo@d sigif@dy ircB.d

ld.ls of sru iF , h.sfdin stlt tio. dd $t@ f.ditin i! bolh groups rhd i!

lmokd hlvirs @roEry h.rn disce sd 
's 

th! sbj*B *ilho( dy mjor dsk

farlor. 11 totd ircn binding ce!.ity w!! foud to bc si8'lifi@Uy lw in dB

srouF Efl@tils hrsE Fl'e of ircn. Th. hish l@k ot stoltd iD! tuud i! lhc

3ubj6ls of @renary h.art disc wilh soking ftk facto!, a5 @dp6Fd with

conttob $88ret th't rh.rc is a cMulitiv. sk of high sl,o€d i.on in thc

dddopo@t of @bDry bart dig&. 'mcy sle ob*Frd 0l't in the mlry
hdt disa$ wilhout ,!y Erjor dst fador sloled ion wa8 dro si9ific$tly

inftd.d ihd in controls, $Sgciing that storcd i@ bry bc itrrLpod@t rbk for

coren'ry h.{n disce. Borh grcup! H.id{i et .1. [24] dd Bozini cr rl. [164]

tt?oied siinca ly i.cE .d ldcls of *m fditi! iD @reray hatt dis.e

pltidte a codp.tld ro nomal @ntol $bj6r5. Haidui !d hb soup [24] .bo
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obrftd a 3ignif@dy irc@lcd lcv.l of glu ftdtin in m6 qith @ondy

lan dis$ t[e lonul halhy nm; on l[. o{E t&d lh.y @uld @t 6(l .

3ignitr6t difc|6E in tu ladtin conhrr tid wn ! lolm vilh @Fn ry

tad dis€@ sw @bped wilh h.lfthy mm.n wilh m @rcuty hdt disa$.

Ou Fsults & abo in agElrdr wih afoF-mdrion .l wt rs, shovilg ffi

iron and tbsfdin sat@1ion sigDificanily hid, whem total ibn bindine

crprci9 ers foud !o b. 3ignilicdtly lov in coronrry hdt dbee p.tidls a

cmp.rd to onbol $bjccts.

clinn'l .omplics$oN of dirD.r.s Dcltirls @ .ffcct ei6d l.rg. or

Dcdim dLri6 ladilg ro c@n ry hdt di3d$ .Dd Fiph@l anat dist s, or

o.ll dhi6 ceing didciic nicroegioD.thy - Ftinopdhy-ald !.phoFlhy

tl6t. Dirb.t s is .ssi.t d wit! 
'@ldLd 

dh.rcslc$is ,!d $bs.quall

clrdioteula dis6c. P6plc with di.bciB e d lE to fourfold guter ist of

dcEloping clrdiovBcula dis@ lhe Fopl. without d'.b.t6, and th. m.jodty

of ttT. 2 diab.tic paticnts dic of athcb$l@tic diedq The n4haoiMs

utderlying diaba.s{cc€l.n!.d lth.rosclmlis e poorly udcBlood. Di.betica

he hlFrsl}tdia, in H$d Lwls of r@tiv. oxyeo sF.ics, FodudioD of

dmccd gbstion dd poduci! &d 8lt!.ri@ ol lipoprcreim, ed lipid

lbnomditi6 [| 561. Incdscd lddr ollipid pdo:id4 h.E beo implidlcd in th.

pdloS€r6is ofdiab.{ic odplic{do 1164. F@ dySo ndi..ls @ @c ofthc

tuioB *nich paniciFl. vi.lipoFoxidd i. rh. dmlopdat of .thcoeld3is,

Arhdoscl<oric conplicadod !frot l{9. prlp.nion of didedc p.lidts 0231.

FEc iren sd6 d a elalyst for lipid rnd pbLin oxiddid od thc tumlion of
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d.tirc oxyso s!@i€ 03?1. Hr?ditrdued oxidat st'* dy hac a reI. in |!.

psthogdca's of di!b.r4 0 681.

B.rbagallo srd Ns grcup [169l E?on d higld lotal choldlcDl,

rirtyc.ridca, lw d6ity lipoprci.h .hol.sr..ol, alolipopretci! B ald low hi8!

ddity lipo!rct i! choldarl &d .polipopreLin Al BIB ir di$.tic p.lic.ls

*iU com$ry hatt disee s conprFd ro rtoe dhbetic p6ti.nts withoul

co.orrfy had dis6e, Th. pr.gt !tudy yicldcd simihr FluLs a tl8t of

BubdSrllo $d his ercup tl69l. Ilrc diabcdc patidl wilh coronary hcd dieclre

lhoqld 3ignifi@t .l.vatiotr of roral cholet ol. lriglyqidc, low da$ily

lipolmain cbol*tctul, od ldy lw d*ity [poFoleh cholBcbl, .d

3igrificrntly low coltdtdlid of bid dtrity liFproain clolet rol lcttk i!

.mFrid ro di.h.ric patiots withon @rcMy hr,ti drsc.

Oatlou md co-m*.m tl22l rcpon d sisriffcsitly highd

ndondiltdchydc l*ls in diabciic plticnE wilh 6a@s9op.thy s @hPed io

oE diibcric !.tidts silh do va3.d!r codplicdioa. Au.lL ald his goup 061

.bo rllorLd incEed nrlddi.ld.hyd. Ia.ls in dideiic pllidc aith oFay

hdt di*e th8 tlw di.baic wirhout corcnrry hdt di$e, Th. r.sulB ofth.

pEs.nt 3tudy e.l$ in a@ddc. with Urc obs.rvatos of Abdclla.l d. [157]

ond odlou d .l lt22l.

$nieEar dd hi! group tl?01 ddcftr.d labilc pl$tD iron

oE ocihird of .ll dilb.iic idividlab penli.g wilh rdt
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d,@adid inlrrcrioD ard rhil ir k & il(t.!.nddt dd po*lrtul pndidor of

nondity in diabetic individuak Fs.ntiig with lcute myocadial i.fltdior. M.n

&d collogud P3l obwed a non-rignifrcet d.@6c ir thc lw.l of sdm ircn

ild totd ircn bindiae eFcity wtr@ a r signifi@l iltcl@s i! 3.N fditir

lcvcb in di&clic a'd noFdirtaic pdicrB eit! !.de nydlrdi.l inbrction.

M.rstti .r .l. [60l .le cpon d . m{igni6@rr d..!t& in ffi ircn

@n@lrlrior in dia6.ric plridte wiln euL nyocrrdial inflictio! a @nped ro

Mt l grolp. Ou Esdrs showld 3igtrificlnr inc@ in the onc.nlrltion of

8qM i!on, Irssfctrh sat@lion dd fdiiin whffi . siglifi@t da|!e in totd

iron bindinB crpocity v!, sectt in dilbelic, eilh coron ry han disc$c as

cmporld ro tudd oftsl talrhy sutjccrs Psridts *ith eut nyoc.rdid

i!toclioo !G lssirt d qilh s bt8. nq of $!u ircn dd t!. ilt &cuub. im

,iorB 062, I7ll. L-.bile pl!!ln. iretr y bc .lcvdcd 0o a grcatd dLnt in !@lc

my@.diat irfarctid poridts wirh dl.b.1d du io both a clang. i. ihc pbr.ire

thd noddly sqest* ibn 6d .n indedc in glycation of*M pbt iN such a

dbmin, thftby inEing their .fiinity for ibn ll?01.

F oo a!ov. E@li@.d EFtu ir is @ludcd rbrt dirt t s hcuin8

ud @mrdy ndt dis$ .r! rsro.id.d wiih gEd.r lhd mm.l lipid

pdoxi&iion. I is also obs€!rcd that diab.tcs mcllitu! d co.oi.ry l|can dh.$.

can dlllr iren status. ElMr.d srum mdondilldehyde, ircn @n cniEiion dd body

ton iot,cs ($M fdilin dd trosfdin $iDliotr) in di.h.lic pati.nB rv.d a

posibL rcl. ol iron irdi6 in rh. dacloph.r of @rcn ry .thdsclGis.

Tl&Efor., it is $ggdtcd by rhis !tudy thlt l*ls of tulondi.ldchyd. r
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bioch@ical E!rk6 oftody iM nolt, (s.im fditin.nd li.sf.nin r.brlliod)

@ t u.d s 6 arly inv6ii8ldE lool for alhd*lfttic 66&t dray

di!c.!c crpccidly in prriots wilh di.t 16 m.llin&
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