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A. Evyopiotieg

H mapovoa perét éhafe yopa oto Tpqua Ataitoroyiog — Alotpo@ng tov
Xapoxoneiov IMavemommuiov kar v Koapdoroyikry Kiviky tov Aaikod I'evikov
Noocokopeiov ABnvov. H perém ypnuotodombnke and 1o Ymovpyeio Avamtuéng,
I'evikn Tpappateio ‘Epgvvag ko Teyvoloyiag ko ev pépet amd v Unilever/Edaic
omv EALGOa. Amo ™ 0¢éom avt Ba MBela va gvuyoplotiow Ttovg KaONYNTEG K.
Kvpraxion ko Bottéa, dievbuviéc e Kapdioroykne KAwvikng tov Aaikod yuo tnv
TOPOYN] TOL YMPOL GTOV ONOI0 TPUYUATOTOWONKE N GLAAOYN TV €0EAOVIOV NG
peAétng kaBmg Kol 1 TUPaKOAOVONGY TOLG. XTn SldpKEW TNG UEAETNG £TLYO TNG
Bonbewog g ywTpod k. Ogplov kot Tov vocokOpov K. Iletpdxm otv omoiot pov
TPOGEPEPOY TNV TOADTIUN KMVIKT] Toug eumepia. Eiyo emiong tv evkopia va
GLVEPYOUOTA E TOV YTPO K. PaAAION TOV 0moio KOl EVYOPIOTO YOl TNV GNUOVTIKY|
BonBeta.

H e&aymyn pépouvg TV amoTeAeGUATOV QTG TNG HEAETNG TPAYLLATOTOMONKE
o€ gpyaotnpro Tov Kévipov Atatpopnc ko Acpdretag Tpoeipnwy tov Iavemomuiov
tov Surrey vrd v enifieyn Tov kabnynt Dr. Griffin, Tov omoio kot gvyoplotd Yo
N GLVEPYAGia Kol TIG EDGTOYEG TAPATNPNOELS CYETIKA LLE TN HEAETT).

‘Eva dtopo mov opeih va evyopiomom eivor 10 em. KaOnynmg K.
IMavvaxovpng. O k. Tavvakobpng Tapakorovdnce to cOHVOAO TG TOPEing LoV o1
SlpKelr TG MEAETNG Omd TN GLAAOYN TOV OEWYHATOV MG TN GLYYPUPY TV
EMGTNUOVIKOV dNpoctedoemVv kal pe Bonnoe o kdbe pov Prpa. Aev Ba Eexbow Tig
ATELEIMTEG OPES TOV HOPAGTHKAUE GLENTAOVTAG Y10 TNV TAPOVGO LEAETT).

O Kootog o TIétpofoc NMtav to ATOHO 7OV HE EWGNYOYE GTO EPYACTIPLO.
AAoée OV TPOTO LE TOV OTOI0 OVTIAQUPBAVOUOL TNV EMIGTNUOVIKY] YVAOON KOl UE
éuabe vor 00VAEL® GKANPA Yo TOVG GTOYOVG HOoL. ATTOTEAEGE o oveEAvTAnT TTnyn
YVOONG KOl OTOVTHGEMY GE OTOL0, EPMTNON ElY0 CYETIKA [LE TNV OVOGOAOYIOL KO TIG
TEXVIKEG TOL £PYACTNPIOV, KO NTAV CLVEYMG 0N YOG LOL Yol TOL ETOUEVA PUATA [LOV.

To va gvyoplotiom® ™V KaONYTP HOL K. LKOTOVAN &ivor mTOAD Alyo o€
oyxéon pe ta 6ca ¢ opeilw. ‘Hrav gkeivn mov vrootpiée T Tpoonddeies Lov amd
™V TPATN oTryun g HEAEg avtig. H kabodnynon g pov £édwoe v gukopia va
avartoE® TIG KavOTNTEG TOL YpellOpovy Yoo v emitevén g perémc. H
ocvvepyosio pov pali g amotéhese Tava TNV OOBNGN TPOG TOLG GTOYOLS LOV.

[Mog Ba pumopovca vo evyapIGTHCH TOV KOONYNTH LoV K. ZOUTELN, TOV OTOI0V

n ponBela frav TP amd amapaiTNTN Y0 TV TPAYUOTOTOINOT 0TS TG HeEAétns. H



emifreyn oL K. Zapmélo AEITOVPYNCE ®G AGPUACTIKY OWKAEId0 G€ OAEG OV TIG
npoonafeiec. H ocuvelspopd tov ftav mnyn éumvevong yu péva, eve to vo poboive

amd To oYOMa Ko TIG S1opHDGELS TOL OV £1VE TAVTO IKOVOTOIN ).
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I'. @eopnrikd pépog
KegpdAaio 1. ABnpookArpwaon
o. I'evikn emoxonnon
O 6poc aptnprockinpwon mpoépyetor and T EAAnvikég Aé€eig aptnpia ko
OKANP®ON Kol TEPLYPAPEL £V GUVOAO aGHEVEL®V TTOV TPOGPAALOVLY SLOPOPETIKA
TUNHOTO TOV OPTNPLIKOV OEVTIPOV, 0ONYMVTOS GLUYVA GE amdppacn Tov aptnpuov. Ot
ac0éveleg aVTEC TOKIALOVY amd TNV apTNPLOIOCKANPMOT), 1| OTOoio KOTUANYEL OE
EKQUMOTIKEG OAAOYEG KOl veon TOV WKPOV optnplov (apmnpidia), €og v
afnpookKAnpmaon, TV eKTETAPEV VOGO TOV HECHIOV Kot PEYOAOL HEYEBOLS HViKMV
apTNPIOV, KUPIOG TOV GTEPAVIOI®V apTNPIOV, TNG 0OPTNG, TNG Kop®TIONS, TOV
HEWlOVOV  apTNPI®V OV  TPOPOJOTOVV TOV EYKEQPOAO KOlU TMV OPTNPUDV OV
TPOPOOOTOVV TO TEPUPEPIKO aAyYEWKO CVOTNUA, KOTA KOPLo Adyo TG aptnpieg oV
ooV, OT®G Ol Aayovieg Kol empavelokes unplaieg apmpies. Katd cvvémeia, n
abnpookinpwon eivar n Kdpo artic OvnowodTag Kot voonpdttog TV AvTik®v
KOWOVIOV KaB®OG TPOoKaAel TO EUPPAYUO TOV HLOKAPOIOV, TO KOPOLOEYKEPAAKE

eMECO010, TO AOPTIKO OVEDPLGLLOL KOL TNV TEPLPEPELOKT] Oy YELOTAOELL.

p. IlaBopvoroloyia tne abnpookinpwons

H afnpookinpwon sivon pio ekpoiiotikny acBévela mov yopaktnpileTor amd
moAvap1Oov TapdyovteS Kvobvou mov oyetilovion pe v Evapén kot v eEEMEN
g vooov. [Tapdro mov €xel meprypaet oxeddv mpv and 150 ypovia (Virchow 1856
[1]) N mpoTapykn aitio TG vOGoL dev £xel akoun devkpvicbel. Evtovtorg, etvon mo
capég OtL M afnpookANpwon O0ev amoTeAEl amAd L0 EKPUAIGTIKY] GULVETELD TOL
YNPOTOC OAAG L1LOL XPOVIOL PAEYLOVAOON KaTaoTaon 1 omoia umopel va e€eiyBel og 00
KMvikd meplotatikd petd omd pnén g abnpopatikng mAGKag Kot emokoiovdn
Opoupwon.

"Eva kbp1o yeyovog mov yapaxtnpilel nv Evapén g adnpookAnpwong sivor n
oLGoMPELON HopiOV YoUNANg TLkVOTNTOG MmortpwTeivig (LDL) otov vrevoodniioko
x®po. H eglcodoc ¢ LDL otov vrevdodniokd ydpo pe mabntikn dudyvon yiveton
0T0 TAOIC. TOL PLGLOAOYIKOL TNG POAOV Yo TNV UETOPOPE YOANGTEPOANG GTO
KotTapo 6Aov tov copatog (Ewova 1). O pvuodg eiod66ov g LDL dwopéow tov
apTNPLOKOL TOlYOMOTOG e€apTdtol amd TPES Tapdyovteg: T cvykévipmon g LDL
oto mAdopa [2], v apmmplokn mieon [3] kot T S0mEPATOTNTA TOL APTIPLOKOV

TOLYMOUOTOG 1] omoia avEavel e TV Tpdodo g abnpockinpwong [4]. Oa mpénetl d®
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va onpelmBel 0Tt 1 S10TEPATATNTA TOV OPTNPLOKOD TOLYDUATOG EVOL SIAPOPETIKY GE
dapopeTikd onueio. Tov aptnPraKov dEvopov. Ta evoodniakd KbtTapa o TEPLOYES
TOV OpTNPIOV OOV 1) CIUATIKY PoN| €lvol cuveyng €ivol EALENYOELDN GE GYNMO KOt
evBuypappiopéva pe v katebBovveon g pong. To kOTTOPO GE TEPLOYES OPTNPLOKNG
SKAAO®ONG OOV M OUATIKY POT| OOTAPACCETOL EXOVV TOAVYMVIKO GYNUO KoL
aKa0OpLoTO TPOGAVATOAMGHO. AVTEG 01 TEAELTaiEG TTEPLOYEG TaPOLGLALoVY aENUEVN
dwmepatdTNTO 68 pokpopoptla 0nwg 1 LDL kot arotedodv Béceig mpotepardtntog yio
T0 GYNUOTICUO 0BNPOUOTIKNG TAGKAS [S].

H ovocdpevon LDL 6tov vevdodniiokd ydpo TpodyeL TNV TPOTOTOiNoT| TG

pécw o&eldmong, MmodAvong, TPMOTEOAVONG KOl GYNUOTICHOY Guooopatopdtov. H

Fluid
shear
stress

l’ w Transport

Permeability \y&m
gene exprassion, = o
EC NOS

— oS 0\

(HPETE)

f ,
\ i:I Trapping

Minimalby
oxidized LOL

Specific
ApoB interaction

Ewova 1. 'Evapén oynuoaticpov midkag. Fluid shear stress, diotatikny tdomn vypov;
phospholipid chol, yoAnotepoéin owceolmidiov; LDL, Amompwteivn younAng
nokvotntog; Apo, arolmonpwteivn; HDL, vynAng nukvotntog Mmonpwteivn; PONI,
mopaosovaon; permeability, damepatoOtnTa; gene expression, EK@paot yovidiov; EC
NOS, ovvbetdon wvitpwod o&oc evoobnioakwv kvttdpwv; ROS (HPETE),
avVTOPMOoES HOPPEG o&uyovou  (vdpomepolveikocatetpaevoikd o&v); Transport,
petagopd; Trapping, eykhoPiopodg; Matrix, pecokvttdplo  ovcio; Seeding,
evoomupnvwon;  oxidation, o&eidwon; specific ApoB interaction, €101KT|
aAnienidpaon arolmonpwteivig B; minimally oxidized LDL, pepikdg o&etdmpévn
MITOTTPMTEIVN YOUNANG TUKVOTNTOG.

Ewéva and Lusis 2000 Nature 407:233-241
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ocvooopdtwon ™ LDL dnuovpyet 1o pukponepiBdAlov péca oto omoio 1 LDL dev
TPOGTATEVETOL TAEOV OO TIG AVTIOEEWOMTIKES OVGIEC TOL TOPEXOVY AMOTEAECLATIKT
npootacio g LDL oto mAdopa 1 ta eEokvttapla vypd. H cvccopdtoon ekbétet
v LDL ota ofedmtikd mpoidvia TV KLTTtdpov TOov oyyelov kol Tpodyst To
oynuationd g «uepikdsg ofewmpévney LDL [6]. H ocvoompevon «UepKdC
oewouévney LDL deyeipel v mopoyoynq MG GEPES TPOPAEYLOVOODV HopimV
[7], popiwv mpookdAinong [8] ko avéntikdv mapaydviov [9] amd ta evoodnilaxd
KOttapa (Ewova 2).

Ta popo mpookOAANGNG TPodyovv TNV €10000 GCLYKEKPIUEVOV TOHTWOV

Aevkokvttdpwv oto aptnplokd toiyouo. To mpdTo oTAd0 NG TPOGKOAANONG, M

Prnllfer'atlnn
4.. Differentiation

o“

~+ M-CSF )

e F"n::atlﬂnc:agh_.l'l::ansJ -
e . ""-l:_.- I|
* Cytokines ~ © i

Macrophage

Ewéva 2. Tlpocéikvom Aevkokvttdpwv. Adhesion, mpookOAinom; Monocyte,
povokvttapo; Integrin, wreykpivn; MCP-1, mpoteivn  ¥MUEOTPOGEAKLONG
pnovokvttdpwv 1; proliferation, moAlamlacacudc; Differentiation, diapopomoinon;
Macrophage, paxpogdayo; Proteoglycans, mpaoteoyivkaveg; Cytokines, kvttapokivec;
minimally oxidized LDL, peptk®g 0&e1dmpévn MrompmTeiv YOUNANG TUKVOTNTOG,
Ewova amd Lusis 2000 Nature 407:233-241



12

KOMON TOV AEVKOKLTTAP®V KOTE UAKOG TNG EMLPAveLng Tov gvdodniiov kaboonysitan
and TG oehektiveg ov omoieg deopedovior 6€ VOATAVOPOKESG-CLVOETA UOPLOL TOV
Aevkokvttdpov [10]. Ta poplo mpookOAANONG: UOPLO TPOGKOAANCNG OYYELLKMDV
kuttdpov-1 (VCAM-1) kot Swakvttépro popo  mpookdOAnonc-1  (ICAM-1),
kafodnyovv v otabepr] TPOoKOAANGN HOVOKVLTTAp®Y kot T kuTttdpov oTO0
evooOnio [11]. Metd v €lcodo ©10 apTNPLOKO TOLYOUO, TO HOVOKVTTOPO
dwpopomorovvtor oe pakpoeaya. H wvttapokivy M-CSF eivar vrehBovn yu
JPOPOTOINGT  TOV  HOVOKLTTAP®V O  HaKpo@dyo Kot Tov  emokoiovbo
TOAMOTAQGLOGHO TV KuTtdpov. H «uepwcog o&edopévny LDL deyeipet v
nmopaywyn Tov M-CSF e cuvdvacud pe dAAa TpoPAEYLOV®OT LOPLOL OTTMG
avaeépOnke moparave [9] (Ewova 2).

H mepetaipo tpomomoinon g LDL evidg tov aptnplokod Tory®UOTog

napdyel évrova ofewdopéva poproe LDL. Ta popro avtd avayvopilovior and pio

2

ﬁﬁ;n% LD Cholesterol efflux

I%i{racel-luiér =
lipid, debris
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Ewova 3. Zynuatiopodg agppodmdv kuttdpov. Cholesterol efflux, amopdkpvvon
yolnotepoing; Fatty streak, Amapn Awpida, SMase, ocoryyopvelvaon; sPLA,,
ekkpwvopevn owopolmion A,; Enzymatic modification, gvlvpatikn tpomomoinon;
Highly oxidized, aggregated LDL, vynAd 0Eeldmpévn, cCLGCOPEVUEVT MITOTPMTEIV
yopunAng mokvotrag; Lipases, Mmdoeg; MPO, poghovmepoéeiddon; SRA, vrodoyéag
kaBaplotig whdong A; Foam cells, appdon wOttapa; Apoptosis, amdnTmon;
Necrosis, vékpwon; Extracellular lipid debris, e£oxvttdpro vmdieypo Mmidiov.
Ewova amd Lusis 2000 Nature 407:233-241
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OLLAdO VTTOJOYEMV YVMOOTOL G N €101KOT VITOd0YElS KaBaploTég (scavenger receptors).
Ta paxpoepayo ekppdlovv vodoyeils kaBoplotéc pécm TV omoimv TpocAapupdvouv
Ta. o&gdmpéva popla g LDL, odnydvtoag 6t HeTaTponmn Toug 6 appmon KOTTOPO.
H éxoppoon vmodoyéwv «kabapiotdv (scavenger receptors) pvOuiletor amd
LETAYPAPIKOVG TOPAYOVTEG OTO. GLVOETA HOPLO. TV omoiwv meptlopfdavoviot
ofelopévo Mmopd 0EE, KUTTOPOKIVES OTMG 0 TAPAYOVTOS VEKPOONS TOV OYKMV-0L
(TNF-a) ko n wvteppepdvn-y (IFN-y), kabng ka1 o M-CSF (Ewova 3).

Ot  oBnpopotikés mAakec og emdpevo othdlo g e&éMEng g
afnpookinpwong yopaxtmpilovior and avénon tov eéokuttdplov Amidiov (Tov
TPOEPYOVTOL OO TNV OMOTTOCT] TOV APPO®ODV KVLTTAP®V) Kol CLGCOPELCT AgiwV
poikov  kuttapov (SMCs) eéokvttdplag ovoiag mpoepyodpevng omd ovtd. Ot
KLTTOPOKIVES KO 01 AVENTIKOL TAPAYOVTEG TOV EKKPIVOVTOL O TO LOKPOPAYO, KO TOL
T wOtropa €xovv kaBopPloTIKO POAO YO TNV TPOGEAKLGN KOl TOV TOAAATANGIOCUO
TV Aclov pouikav kuttdpov Kabng Kot v mapaymyn eEokvttaplog ovoiag [12].
AVTOU TOV €100VC 01 «IVMOEIY) TAAKEG £XOVV TLMIKG £€VO VMOEG KOALUUO TOV
amotedeitan amd Acio puikd KOTTOPO Kol EEOKLTTAPLO OVGIO TOL TEPLYPAPEL TO. OpLaL
TOV VEKPMTIKOV TUPNVO, 0 0moiog eivar mAovotog o Amidia. Ot TAdkeg pmopovv va
yivouv waitepa oOvOeteg ota teAevtaio oTdd NG vocov pe aocPectomoinom,
e€EAKoN TG EMEAVEWNG TOL 0LAOD Kol ooppayio amd To aptnpidle Tov
OVOTTTOOOOVTOL €VTOG TNG TAAKOS OO TO HECOKVLTTAPLO YDPO TOL TOLYDUOTOS TOV

ayyeiov [13].
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KegpdaAaio 2. MNMapdyovTeg KivoUuvou
o. Airompwteives T00 0pov

H LDL yoAnotepoin eivar o kbplog mapdyoviag Kivovvov yio v ovamtuén
afnpookinpwong [14]. Ot amodeielg vy v abnpoyevetikdmmra g LDL
TPOEPYOVTOL OO HEAETEG GE TTEPAUATOLMOL, YEVETIKES LOPPES VITEPYOANCTEPOAALING,
mAnBucpakéc pevveg Kol KAWVIKEG peAéTeg o avBpomovg. Ta vymAd emimedo LDL
oTOV 0pO EMPEPOLVV TAYVTATN AVATTVEN 0BNPOCKANPWOONG GE LEAETES LLE OLOPOPETIKA
elon mepapatélowmv [15]. H oxéon g vepyoAnoteporatlpiiog Pe TNV oaUToA0Yio TNG
abnpookApmwong  vVmodElkvVETAL  EmionNg amd TNV EUGAVIOT]  TPAOUNG
abnpookAnpmwong  Kouu  otepaviaiag  vOGOL  6E  GTOMOL  HE  OIKOYEVN
vrepyoinoteporaipio [16]. Xe ocvppovia pe to mopamdve, acOevelc pe YEVETIKNG
attoloyiag vynAd eminedo LDL gpeaviovv mpoun otepaviaio vOco aKOUo Kot
KaTd TNV omovcio GAA®v moapoyoviov Kiwvdvvov [17]. Emonuoloyikég peréteg
KATOOEIKVVOLV T VYNAQ emineda LDL ®g aitioloyikd mapdyova yio T oteE@aviaio
voco [18]. Ot peréreg Framingham Heart Study [19], Multiple Risk Factor
Intervention Trial (MRFIT) [20], kou Lipid Research Clinics (LRC) trial [21,22]
avadEIKVOOLUV AUEST cLoyETion avapesa oto enimeda g LDL yoAnotepoing (kou
NG OMKNG XOANCTEPOANG), Kol TO pLOUO EULPAVIONS GTEPAVIOING VOGOV GE AVOPES KO
yovaikeg ywpic mponyovuevo otepaviaio enelcdolo. H id1a cuoyétion woydet yo v
EMOVEULPAVIOT] GTEPAVIOIOV EMEICOOI0V G dTONa [E gyKaTeaTNUEVN TN VOGO [23-25].
Meléteg o€ dropopeTikoHs TAnBLG v Voot pilovy 6Tt o1 TANBVCUINKES OUAOES e
VYNAGTEPO  EmIMEdD  YOANGTEPOANG eu@aviovv vyNnAOTEPO pLOUO  gpEdviong
abnpooxAnpmwong Kol otepoviaiog vocov omd ekeiveg pe yapunAotepa emimedo
YOANOTEPOANG [26-28]. Atopa mov petavactedovv omd mePoyEg Omov M péom
YOANGTEPOAN TOV 0POV GTO YEVIKO TANOLGUO elvar younAn o€ meployég pe vynAd
emimedo YOANOTEPOANG oTOvV TANOvopd, mapovoidlovy adénon TV EMTESWV
YOMOTEPOANG TOVG KabBmg mpooapudlovior 6to Kovovpylo tovg mepiBdiiov. Ta
VYNAOTEPO  EMimEdD  YOANOTEPOANG oLVOdevovIol omd  LYNAOTEPN GLYVOTNHTO
eupdaviong otepaviaiog vooov [29,30]. Téhog, khvikég peléteg €yovv dei&el OtTL 1
peiowon tov emnédwv g LDL tov opov péow tpomomoinong g dwatpoens [31] 1
eoapurokevtikng OBepameiog [32-34] peimwoe oe onuovtikd Pabud v epedvion

oTEPAVIOinG VOGO.
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[Mopdko mov M ovuPory TOV aVENUEVOV EMITES®V TPIYAVKEPOIWV TOL
TAAGUATOG GTOV Kivouvo avantuéng abnpockAnpmong amotelel BEpa dapmviag yuo
OPKETA YpOVIA, £&VOaG ONUOVTIKOG OoplOUOC OTOTEAECUATOV OO HEAETEG TOL
npoypaToromOnkay v tedevtaio dexoetioo vrooTPilel To POAO TOV EMTEOOV TOV
TPLYAVKEPOIWV G aveEAPTNTO TAPAYOVTA KIVOHVOL Y10 TO KOPOLOyYELKA VOGT AT,
[TpoonTiKéc EMONUIOAOYIKES LEAETEG OVOPEPOLY DL AVEEAPTNTI] GLGYETIOT OVALECOL
oT0. VYNAAQ emimedo TPIyALKEPWOIV Kot TV avENUEVI] oLYVOTNTO  EUPAVIONG
otepavwiog vocov [35,36]. H advvopio cvoyétiong avdueco oto eminmedo ToV
TPLYAVKEPLOIWV KO TNV EUEAVIOT GTEPOVIAING VOGOV TOL TOPATNPEITOL O KATOlES
amd TIc peAéteg elvarl og oplopévo Pobd amoTEAEGHA TS PUGIOAOYIKTG OLOKVUOVOTG
TOV GLYKEVIPOOEWV TMOV TPyAvKepdimv oto aipo [37]. Extoég avtov, ot pehéteg
apmplokng anewoviong CLAS ko MARS [38,39] otic omoleg ypnowomotOnkay
Tapdyovteg pelwons Tmv TptyAvkepdiov amodidovv v advvapio GuoYETIoNG oTHY
ETEPOYEVELN TOV MTOTPAOTEIVAOV OV €lvan TAoVG1Eg 6 TpryAvkepidta. Ot mTAoVG1EC O
TpryAvkepidln Mmonmpwteiveg TePLAUPAVOLY SLOUPOPETIKA €101 ATOTPOTEIVOV e
dpopeTikd péyeboc, mukvotnTa Kot ovvBeon o Auridio Kot Kvpaivoviol amd To
YOAOLKPA €m¢ TIG evoldpeons mokvotntog Amonpoteiveg (IDL). H pehétn MARS
OLCYETICE HOVO TIG MKPOU HEYEOOLS AMTOTPMTEIVEG TOAD YOUNANG TUKVOTNTOG
(VLDLs) kot 1ig IDLs (vmoAeppotikd copoatidi tov mAo0c1mv g TpryAukepiotn
MIOTPOTEIVOY) UE TNV EUOAVION, TN oofapdtto Kot TV  7TPOodo NG
afnpookAnpmong, LmodEKVOHOVTOS OTL HUOVO TO. VTOAEUUOTIKO COUOTIOWN TV
TAOVGIOV 0€ TPIYAVKEPIOIL MTOTPOTEIVOV givar abdnpoydva. AvAaueca ce dAPopes
HOPQEG  LIEPTPLYAVKEPIOOUIOG  YEVETIKNG  outoAoyiog, HOVO 1 OLKOYEVNG
dvofnroMmonpmteivonpuio, 1  omoio  yopaxtnpileton  omd avEnuéva  emimedo
VROAEUATIKOV copatdiov g VLDL, avédvel v mpodidbeon yio v epedvion
TpOWNG otepaviaioag vocov [40]. H mopatipnon ovty vrodnidver 011 1
abnpoyeveTikdOTTO TOV TAOVCIOV GE TPIYALKEPIO AMTOTPOTEIVOV avEdvel Kabdg
petovetor to pEYeBog Tovg Kol aLEAVETOL 1 TMEPIEKTIKOTNTO TOLG OE ECGTEPEC
yoAnotepoinc. Ta anotedéopata tov pedetdv Bezafibrate Coronary Atherosclerosis
Intervention Trial [41] ot Lopid Coronary Angiographic Trial [42] -
TUYOLOTIONNUEVES KAMVIKEG LEAETEG OTIG OTOIEC EPAPUOGTNKE GTEQOAVIOi0 ayYyEloypapia
Kol e&eTdotnke 1 emidpacn Tov EPpatdv — vrootnpPilovy T GYECT AVAUESH OTIG
TAoVGlEG GE TPLYALKeEPIdL AMmoTpwTEiveS Kol TNV aBNPOcKANp®oN. XTIC HEAETES

avTéG, M HElWON TV TPIYALKEPWIOV Y®PIC TOVTOXPOVE CNUAVTIKY] OAAOYY TV
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emmédov g LDL-yoAnotepoAng odnynoe oe peimorn tov puBuod eEEMENG g
aONpPocKANP®ONG TV GTEPAVIOI®V apTNPLOV TOGO GTIG AOIKTEG apTNpieg OGO KOl GTA
TUNHOTO 0LOPTOGTEPUVLIAIOS TOUPAKOLYTG.

Mo GE1pd TPOTEWVOUEVOV PINYOVIGU®V ETEENYODV TV aBNPOYEVETIKOTNTO TNG
vreptpryAvkepdopioc. Or VLDL, IDL kot to DTOAEpatikd copatiow Tov
YOAOUIKPOV givan dpeca abnpoydva kabmg Exovv TV KavOTNTA VO SOITEPVOVY TO
evooONMO ToV ayyeiov, KOTOKPATOVTIOL EVIOS TOL OPTNPLKOD TOTYDUUTOS KOl £XOVV
napopon dpdon pe v o&ewwpévn LDL [43]. Empocheta, n vreptprylvkepidoiptio
kabiotd Vv 101 v LDL meptocotepo abnpoydvo pe 1o v avEAVEL TV oVTOAAOYT|
TpyAuKepdimV yuo €0tépeg yoAnotepOAng avauesa otig VLDL kot tic LDL. Avtd
EXEL OC AMOTEAEGLOL TO GYNUATICUO TAOVCIWV G€ TPpryAvkepiota popiov LDL ta omoia
peTaTpEMOVTAL 68 «UIKPE kot Tokva» pope LDL péom g AmoAvtikng dpdong g
nratikng Mmdong [44]. H avéroyn avénon ot LETOQOopa E0TEPMV YOANGTEPOANG OO
v HDL o1g mloboieg oe tprylvkepidio Mmonpwteiveg odnyel ot peioon tov
emmédmv g HDL yoAnotepoing kot SikotoAoyel T CLGYETION YOUNADV EMTEODV
HDL yoAnotepoing kot veptpryAvkepdopiog [45].

Avapeca oto eminmeda HDL yoAnotepOAng kot tnv cuyvotnto £Ueaviong
oTEQPAVIOIOG VOOOL VLIAPYEL WO 1OYVPN OVTIGTPOPN CLGYETION, M omolo &lvon
ave€dptm amd AALOLG YVOOTOVUG Tapdyovies Kivovvou [46]. Meydhog apBuog
OTOTEAECUATOV EMONUIOAOYIK®OV peAeT®V [47,48] vrootnpilet 6Tt T younAd emineda
HDL yoAnotepding otov opd av&davouv tov Kivouvo eUQEVIong GTEQPAVIOing VOGO
avegapmta and aAlovg mapdyovteg. Meléteg oe avOpomovg [49] kan mepapatdlma
[50] pe yevetikng autoroyiog younAd emineda HDL yoinotepding vmootnpilovv
MEPETAIP® TNV OVEEAPTNTN EMIOPAOCT] TOV YOLNADV ETMEOOV YOANGTEPOANG OTNV
avantoén abnpookinpwonsg. H HDL Bewpeitor 6Tt mpoototevel €vovit TG
afnpocKANp®ONG TPOAYOVTOG TNV OTOUAKPVUVOY] TOV TAEOVAGLOTOS XOANGTEPOANG
amd To. LOKPOPAyo oL PPicKOVTIOL GTO APTNPLOKO TOIYMU KOl TNV EXAVAPOPE TNG
YOANGTEPOANG OVTNG OTO NIAP Y10 OMEKKPLIOT OTN YOAN], Lo Sl0dOIKAGI0 YVOOTH MG
avtiotpoen petapopd yoinotepoing [51]. H HDL Bewpeitanr gvpéwg emiong ot
Katéyel avToEedmTikég Wt tes [52]. H HDL £xet gavel va mpootatedel nv LDL
and o&eldwon mpokaAovEV HEG® YaAkoO og ex vivo mewpduoata [53]. H LDL
TOVTIKI®OV HE EMOEKTIKOTNTO YEVETIKNG OUTIOAOYIOG OTNV OVATTLEN afPOULATIKOV
TAOKOV NTav W0itepa EMOEKTIKN otV 00O HECH KVTTAP®V TOL OPTNPLOKOV

TOLYMUOTOG KOl LITOPOVGE Vo KATOOTEL avOEKTIKN 6TV 0&eidmon petd ond enmoaon pe
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arolmonpwteivn A-I in vitro [54]. H endaorn avOpodniveov evoodniokdv Kuttdpmv
pe HDL 7 oamoMmompwteiv A-I avéoteile v KavoOt)To TOV KLTTAPOV VO
ofewwwcovv v LDL [55]. Téhog, n HDL miotedeton 6Tt KaTEYEL OVTIQPAEYLOVOIELS
wwmtes. H endaon avlpdnivav evoodnAlak®y KuTttdpov eAEROS OUPAALOL ADPOL
pe HDL peimwoe v mpokoAovpeV) HECE® KLTTOPOKIVOV aOENCT OTNV £KOPOOM
popiov mpookOAinong onwg ta ICAM-1, VCAM-1, kou 1 E-oekextivn [56,57]. X¢
mepapata in vivo, avacvykpotnuévn HDL mov mepieiye avOpodmivn amolmonpmteivn
A-1 pelwoe v éxppaon VCAM-1 petd and tpovpaticpd g kopotidag oe
dtaryovidtakd movtikio pe EAAetyn g ond E [58]. [Tapdra avtd, ot dpdoelg avtég oev

emPBePordvovion amd To ATOTEAEGUATO AAADV LEAETDV.

B. [vrvotyro youning moxvotyrog Aimompwteivyg (LDL)

O Krauss ka1 Burke tav ot mpdtot mov mepiéypayay Eexmpiotd vogidn g
LDL avdioyo pe 10 péyebog tov copotdiov g mpv and mepiocotepa and 20
ypovia [59]. Amo tote, 1 LDL 1ov mAdopatog Bewpeiton éva etepoyevéc GhvVolo
copoTiov Ta onoia Totkilovv e péyebog, TuKvOTTA TEPLEYOUEVO GE MTid1L KO TN
duvatdTTa Vo TPodyovv TV avamtuén adnpookAnpwonc. Ta pikpd copotidie LDL
éxet Ppedel va eppaviCovrar pe avénuévn cvyvotnrta oe acbeveig pe otepaviaio voco
[60] ko €govv cvoyetioBel pe avENUEVO KATA TPELS POPES KIVOLVO Yo EULPAVION
EUPPAYUATOC TOL HLOKAPOIOV GE GUYKPIoN He Ta peydAo oe péyebog ko vYNANG
nokvotrtog copatidw LDL [61]. Mo oeipd TpoonTikadv HeEAET®V vootnpilel v
OopEN CLGYETIONG OVAUESH GTNV TOPOLGIN TOV HKPOV KOl TUKVOV COUATIOIOV
LDL kot tov avénuévo kivouvo yuo tnv avamntuén otepaviaiog vocov [62-64]. O
oyNUaTIopog TV PKp®v kot mokvav LDL kabopileton kupiwg omd ta tpryAvkepioln
TOV 0pov kot pvOuiletar amd TNV LRATIKY] ATAGTN Kot TN OpacTnPdTTe. TMV
TPOTEIVAOV LETAPOPAS ECTEPOV YOANGTEPOANG [65].

[ToAlol dragpopetiol punyavicpoi &xovv mpotabel pe otdyo TV €ENynom g
avénuévng abnpoyevetikdTrTog TOV UIKPp®V Kot tokvav LDL. MeAéteg mov e&étacay
v enidopaon g LDL og kaAlépyeieg avOpOTIVOV VvOPAAGTMOV DTOSEKVOOLV OTL TaL
pkpd ko mokva copotidie LDL éyouv peiopévn ovyyévelo pe Tov vmodoyEa TG
LDL o¢ ovykpion pe tig¢ LDL koavovikov peyéBovg, odnyadviag €161 oe avénuévn
TOPOUOVH TOVG 0TO TAAGHA [66,67]. AAAeG HEAETEG VTTOOEIKVOOVY OTL Ol HUKPEG KO
nokvég LDL o&eddvovtal mo ypnyopo o€ oYEom HE TIG UEYOAES KOl LYNANG
nokvotrog LDL [68,69]. EmnpocOeta, ot pikpéc LDL pmopodv va 10 aptnplokod
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Toiyopo pe peyolvtepn evkoAia [70] kot €xel @ovel 0Tl AAANAETIOPOVY GE HEYAAO

Babuod pe T1g TpOTEOYAVKAVEG TOL OPTNPLOKOV TorY®UaToG [71].

y. Amodimompwrteives A-1 ko1 B opov

H amoMmonpoteivn A-I eivonr 1 xopra mpwteivy g HDL, amotelmvrag
mepimov 10 70% Mg ovvolkng mpoteivng ¢ HDL. Ta emimeda g
anoMronpoteivig A-I 010 TAAGHO £xoVV cLGYETIGOEL aVTIGTPOPO HE TN GLYVOTNTA
EULPAVIOTNG OTEQUVIING VOOOU GE O1APOopeS EMONUIOAOYIKEG peAéTeg [72-75]. Meléteg
og dlyovidaxkd movtikia [76] kot kovvélo [77] emdekTikd oV afnpookAnpmaon
£oe1&av ot 1 ékppaon avBpomivng arolmonpwteivng A-I avactéliel v avémtoén
abnpooxinpwone. H emidpaon oot oyetileton pe ™V wKovoTTO NG
arolmonpmteivng A-I 610 va Tpodysl v amopdKpvuven TG YOANCTEPOANG Ao TO
KotTapa [78].

H amoMmonpwteivn B elvan 1 xopa mpwteivn tov LDL xor VLDL. H
aroMronpmteivn B e&unnpetel 1660 TN d1aTnpnomn TS aKEPOITNTOS TV COUATIOIMV
¢ LDL 600 kot tov éleyyo tov emmédwv g LDL yoAnotepding 6to mAdoua pécm
™G TPOGOESTG NG 6Tov VIodoyelg g LDL [79]. MeAléteg [72,80] vmodeikviovv Ott
o, VYNAQ emimeda oMkNG amoAmonpwteivng B ovoyetilovion pe avénuévo kivovvo
oTEQPAVINiNG VOGOV.

Toéco n amoMmonpwteivny B 660 kou 1 amolmonpwteivny A-I &éxovv mpotabel
®¢ TPOYVOOTIKOL TOpAyovies yw tov Kivovvo otepoaviaiog vocov [81-84]. Ta
OTOTEAECUATO  UEAETMOV  OlGTOVPOVUEVOYV — Opadwv  vmootnpilovvy 6Tt oL
armoMronpoteivec B ko A-I givan mbavd kaAdtepor deikteg e oyéon pe v LDL ko
v HDL yoAnotepdin yo t owdkpion petald acbevov pe otepaviaio vOco Kot
dropo g opdoag eréyyxov [85,86]. Xtn perétn Johns Hopkins Coronary Artery
Disease (JH-CAD) e£etdotnke 1 tkavdTTo TOV EMTEI®V TOV KOPLOV MITOTPOTEIVOV
010 mAdoua, OAKNG amolmonpwteivng B kot A-I, kaBmg kot tov kamviopatog, g
VIEPTOAONG, TOL GOKYOPDOON OafnTr, TG NAMKING KOl TOV VAL GTNV TPOPAEYT TNG
omapéng otepoviaiocg vosov 1 omoio TEKUNPLOONKE ayyeloypagikd ce 99 avdpeg
nikiog <50 etov kar 104 yvvaikeg nixiog <60 etov [87]. Metd amd avdaivon
TOALOTTANG TTOAVOPOUNONG, TA VYNAL eninedo amolmonpmteivng B tpoéPfreyav v
vmapén otepaviaiog vocov KaAvtepa amd 0Tt 11 LDL yoAnotepoin, eved ta younid

emimedo amoMmonpmteiviig A-I Nrav kaAdTEPOG TPOYVOOTIKOG deikTnG NG VTAPENG
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otepavwaiog voocov oe oyéon pe v HDL yoinotepoin. H amolmompwteivn A-I
OTOVG AVOPES Kal 1 amoMTonpTeivn B 0T1g yuvaikeg amotélecav Tovg 1o(vpOTEPOLS
TPOYVOOTIKOVG Ogikteg Yoo T otepaviaio voco. H pehétn Quebec Cardiovascular
Study eivor po axOun TPoomTIKy HEAETN OV LIOJEWKVVEL OTL N anoMmTonpmteivy B
etvar woyvpotepn g olkng kot g LDL yoAnotepding g deiktng Touv Kivovuvou
ayyelakng vocov [88]. H dwakpitikn 1oy g anoMmonpwteivig B oty extiunon
TOV KIVOUVOL GTEPOVIING VOGOV TOPEUEIVE GNUOVTIKT] OKOUTN KO LETE TOV EAEYYO YU
tpryAvkepiowe kot HDL yoAnotepoAn, evd avapeoca otig petafAntés ovtég m
armolmonpwteiv B amodeiybnke ovt) pe vV oyvpOTEPN OCLGYETION UE TN
otepaviaio voco. H pelétn Apoprotein-related Mortality Risk Study (AMORIS) givou
N T TPOSPUTY KOl LEYOADTEPT LEAETT] TTOL SLEPEVVA €AV 1| amoAmOTPMTEIVEG B Ko
A-I gtvan mpoyvmotikol dgikteg Tov KIvdOVOL gUEAVIoNS otepaviaiog vocov [89].
Yopeova pe to amoteAéopata HeAETg mov e&étace 175553 Zovndovg yuo dtdotnpo
5.5 etdv xatd HEGO OpO, Ol AVENUEVEG CLYKEVIPMOELS oamolMmonpwteivinig B o
OLVOLOGCHO HE HEIOMUEVEG GLYKEVIPDOGELS OMOAMTOTPMOTEIVIG A-I cupfdiilovyv otV
abénon Tov KwdLVOL oTEQOvVIiG VOoOou aveEapmnTa omd TS GLYKEVIPOGELS
YOANOTEPOANG Kot TplyAvkepdiov. EmmAéov, petd amd €heyyo yuo mAwkic, OAKN
YOANGTEPOAN Ko TPLYALKEPIOLX, Ol TIHEG TV amoAmonpateivav B kot A-I avédvovv
™V 16Y0 TOV HOVTEAOV GTO Vo TPOPAETEL TNV EUPAVION BavaTn@dpov EUPEPEYLOTOG
TOL HVOKAPOTOV.

H &&nynon oto ywati ov amoMmonpwteiveg B wor A-I givon oyvpdtepot
TPOYVAOGTIKOL TaPAYOVTES Y10 TOV Kivduvo atepoaviaiog vocov o€ oyéomn pe v LDL-
YOANGTEPOAN givor {omG TO YEYOVOS OTL 0 aplBUOS TV 0BNPoydVEOV COUATIOIMY TOV
MEPLEYOLY TNV amoMTOTP®TEIV] B ka1 tov oavti-adnpoydovov couatdiov mov
nepEyovy amoMmonpmteivn A-I elvor mo onpavticol Tapdyoviec 6e GOYKPIOT UE TNV
TOGOTNTO TV AMmdiov mov mepéyovior ovéd ocopatidio. H pétpnon tov
anoMronpoteivoy B kou A-1 oto mAdopa elvol kat’ exktipnon ovaioyo HE TNV
TOCOTIKOTOINCT  TOL  OplOHoy  TOV  AMOMPMOTEIVOV 7OV  TEPEYOLV  TIG
arolmonpoteiveg B kot A-1 avtictoya, kabhg 10 kdbe copatido mepiéyet éva pLovo
puoéplo amolmompwteivng B 1 A-I [90]. TIépa amd awtd mn ovyKEVIPpWON TNG
armoMronpoteiviig B pmopel vo ypnoipuedoer og SelkTng TG TLUKVOTNTOS TV
copatdiov ¢ LDL. H mocdmta g YOANOTEPOANG TOL TEPIEXETOL OTI
Mmompwteiveg mov TEPLEYOLV TV amoMmonpwteivn B pmopel va mowiier o peydro

Babud. Etot, yio o dedopévn cuykEvipmon yoANoTePOANS, 0 HeydAog aplBuds Twv
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MITOTPOTEIVOV IOV TTEPEYOVY amoMmonpwteivn B 1codvuvapel pe avénuévo apuod
HIKp®V Kot Tokvev copotidiov LDL, ta omoia €govuv cvoyetiobel pe avEnuévo

Kivduvo gpedviong otepaviaiog vocov (PAéne mokvotnta LDL).

0. Amolimompwreivy E, molvpoppiouos e amorimonpwreivyg E

H oamolmonpoteivny E elvar e mpoteivn pe péyebog 34kDa 1m omoia
TMEPLEYETOAL OTIG TAOVGIEG G€ TPLyAvkepidla Amonpwteiveg kot v HDL kot n omoia
amotelel oLVOETO HOPLO Yo TNV €KKOOAPION HEC® VTOJOYED GTO MTOP TOV
MITOTPOTEIVOV VTV amtd TV kukhoeopia [91]. H onpacia g anolmonpwteivng E
OTNV OHOLO0TOCN TNG YOANOTEPOANG YIVETOL QOVEPT] GE TEPAUOTO LE TOVTIKIOL WE
EMewyn g amolmompwteivng E, ta omoio avamticcovv abnpookAnpwon g
amotélecpa ™G cofaprig vmepyoAncteporoiog mov epeaviCovv [92]. Apeon
amodelln yio to poAo TG amolmonpwteiving E otnv ekkaBdpion TmvV DVTOASIUHOTIKOV
COUOTOIOV TOV MTOTPOTEIVOV 6TO NIap TapEYETal amd T HeAET tov Linton kot
ovvepyotav [93] n omola £0e1&e OTL N €KKOOEAPION TOV VITOAEWUUATIKOV COUUTIOIMV
HEG® TPMTEIVOV TTov cyetilovtan pe tov vodoyéa ¢ LDL e€aptdrar andivta and
v anoMmonpwteivn E. H amoAmonpwteivn E coppetéyetl eniong oty anopdkpuvon
™G YoAnotepdAng and ta kuttapa. H chykpion tov kavot)tov Tov TAAGHATOS Vo
OTOLLOKPOVEL YOANGTEPOAN OVAUESH GE OlYOVIOKA TTovTikia pe EAAewyn g apo E
Kol olyoviolokd movtikio pe €Alenym g apo E ouolvya yio v ékepoacmn Ttov
avBpomvov E3 ailniopdpeov emiPefordver 011 1 armolmonpwteiviy E cvppetéyet
OTNV OTOUAKPVVOT TNG YOANGTEPOANG amd Ta kutTapa [94]. [Iépa and to poAo NG
010 petafoloud Tov Mmodiov 1 arolMmonpwteivny E dtapopomotel m Asttovpyio tov
Aepgpoxvttdpov. H anoAmonpwteivn E eivon 1oyvpog avactoréag g evepyomoinong
KOl TOV TOALUTAOGIAGHOV TV AeppokvuTtdpmy [95]. Ta amoteAéopata pog in vitro
perétng &deigav 0tL M €kgpaon IFNy and ta T wkottapa avootdidnke kotd v
mopovsio cuvheTIKOD avaroyov g aroMmonpwteiving E [96]. [Ipdcpata, o peié
o€ ToYVCOPKOVG EVAMKEC OMOKAALYE WO OVTIIGTPOPY) CLGYETION OVOUECO OTO
enineda Tov 0pov g C-avtdpmcos TpoTeivng kat ¢ armolmonpwteivig E [97]. O
mhavoAoyobEVOG pOLOG TG amoMmonpwteivng E otn eAeypovn amottel mepottépm
depedvnon.

To yovidro mov elvarl vrevBvvo yia T cvvBeon ¢ armoMmonpwteivng E etvan
TOALLOPPIKO Ue Tpior OAANAOHOpPa T €2, €3 Kot €4 TOV TAPAYOLV AVTIGTOLYO TPELS

SPOPeTIKEG  1oopoPpPES ™G TPOTEvNS [98]. Ot J10pOpPETIKEG GOUOPPES TNG
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arolMmonpmteivg E aAANAemidpovv pe SopopeTikd TPOTO LE TOVG VTOJOYELS TMV
MIOTPOTEIVOY  £(0VTOS ®G OTOTEAECUO. TN OLLPOPOTOINGN TOV EMTEI®V NG
YOAMNGOTEPOANG OTNV KVKAOQOPIK aVAUESH OTIS SUPOPETIKEG 1oopopPEc. Ot popeig
TOV €2 OAANAOUOPPOL £YOVV WIKPOTEPN KAVOTNTO YO TO GYNUATICUO KOl TN
petagopd popiowv VLDL kot yvAopukpadv omd 10 TAACUO OTO Mmop, AOYO TNG
wKavOTNTOG TPAGOESNG TNG  OMOAMTOTPMTEIVNG 7Tov  ovvtifetor amd 710 €2
aAAnAopopeo. Avtifeta, ot popeig tov E3 kot E4 aAAnAdpoppmv €xovv peyalvtepn
KovOTT GTO Vo QEPVOLV €1 TEPAG TS Tapomave owdwkoocies. Evod ot
amoMmOnPMTEIVEG €4 KOl €3 TPOGOEVOVTOL LE EMOPKY GLVAQPED GTOVS VITOOOYEIS
Mronpoteivevy, N amolmonpwteivn E2 mpocdévetal pe Aydtepo amd to 2 1015 £KATO
avtng g ovvapelag [99]. 'Etol, oe obykpion pe tovg @opeic tov €3 ko &4
aAANAOLOPPOV, Ol POPEiS TOL €2 AAANAOUOPPOL ameKKpivouy TO Almog TG diontog
amo v KukAogopio pe mold mo apyd pvouod [100]. H dwwpopd otnv mpdsinym twv
LETOYEVHOTIKAOV AMTOTPOTEIVOV £XEL OC AMOTEAECLO, TN S1POPOTOINCT 6T pvOoN
Towv vrodoyéwv g LDL oto fmap, to omoio pe t o€pd 00 CLUUPAAAEL OTIG
SpopEs LeTaEh TV ATOUMV e OLOPOPETIKO YOVOTUTIO oTa eMimeda oAk g kot LDL
yoAnotepoing [101-103]. Emdnuoroyikéc pehéteg €xovv OSlEpPELVNGEL TNV GLECT
EMIOPOACT TOV TOAVUOPPIoUOD TNG amoMmonpwteivig E ot otepaviaio voco, kabag
Kol 6T eMimedo TG YoANnotepOANG. ‘Evag onuavtkog aptBudg HEAETOV DITOSEIKVIEL
OTL o1 Qopeig Tov €4 aAANAOUOPPOL elval 1O104TEPO EMOEKTIKOL OTNV avATTLEN
EKTETAUEVOV OONPOUOTIKOV TAAK®OV €VD €yovv avénuévo kivouvo Bavdtov amod
otepaviaio voco [104-107]. H e&fynon mov mpoteiveTat apopd TV VYNnAn cuvageela
TPOGOECTG TNG €4 1GOUOPPTIG GTOVS LITOJOYELG TV MTOTPOTEIVAV, 1 0TToio 00N YEL o€
avénUéEVN GLYKEVIPWON YOANCTEPOANG otov 0pd. Meléteg o ywpeg OMwG M
dulavdia, n Zkotio kKo 11 Bopeia Iplovdio £6e1&av 6Tt o1 TAnBuopol pe ta vynAodtepa
emineda YOANGTEPOANG Kol TOV VYNAOTEPO OeikTn BvnodTTag AOY®D OTEQOVIOING
vOGou £rovv avénuévn ocovyvotnta tov €4 aiiniopdpeov [108,109]. Tapdio avtd
vdpyovv peAéTec mov ovoyetifovv To €2 aAANAOHOpQO pE ovEnpévo kivouvo
eupdviong otepaviaiog vocov [104]. H ovoyétion tov E2 aAnlopdpeov pe
VYNAOTEPO  EMIMESO VTOAEUUATIKOV COUOTIOIOV MTOTPOTEVOV TAOVCIOV  GE
TpryAvkepidia amoterel mbavoTata TNV EMYNoM TG TO TAVE® GLGYETIONG.

Atya givon yvootd yuo T 6Y£6M TOL TOAVUOPPIoHOD TG aroMmonpmTeivig E
pe ™ @ieypovn. H pedétn tov Manttari kor cvvepyatdv [110] cvoyétice to €4

aAAnASpopeo pe youniotepa eninedo C avtidpdoos TpOTEIVIIG 68 Lot VTTOOUAdA TNG
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peiétng Helsinki Heart Study [111]. Avt) eivar 1 povadikn pelétn mov cvoyetilet

TOV TOAVHOPPIoUO TOL YOVIdiov TG amomonpwteivng E pe t gheypovn.

&. Aeikres pleyuovig

H dwdwkasio avamtuéng abnpookAnpwong omoteAeiton amd o oEpd
YEYOVOT®V OE KLTTOPIKO KOl HOPOKO EMIMESO TO OMOIOL UTOPOVV GULVOAIKA Vo
TEPLYPOPOVY MG U0, PAEYLOVAOING AVTIOPOUOT OTI CLGCOPEVCT YOANCTEPOANG GTO
aptprokd toiyopa [112]. H drnoyn avt) odfynce ommv avoalftnorn aldmotov
CUGTNUOTIKAOV OEIKTAOV TNG PAEYLOVIG TOV 0ONPOUATIKOV TAUKOV

H CRP egivar o povog deiktng mov cvoyetiletan aveEdptnta e ToV avénuévo
Kkivduvo gppdviong otepaviaiog vooov. Tlponyodueves khMvikég pehéteg Exovv Ppet
avénuéva enineda CRP oe acleveic pe épepaypo tov pvokapdiov [113,114].
Emunpdobeta, mpoontucég peréteg katadeikvoovy ta enineda s CRP oto mAdopo wg
aveEdptto mpodbecikd mopdyovta TOGO YL TNV OVOTTLEN  UEAAOVTIKOV
otepaviaiov enctcodiov [115] 660 kat yia v ékPacn acbevodv pe o&€a ote@aviaio
ovvopopa, aKOun Kot Katd v amovsio. PAGAPNG tov pvokapdiov. Ta emimeda g
CRP oyetifovtor pe 10 pokpompOfespo Kivouvo eUOAVIONG GTEPAVIOIOL ETEIGOSIOV
Kol TV Tpodiafeon Evavtt Tov Bovatov amd Kopoloyyelkd oitie, EVA TOPAUEVOLY
aveEdpTNTOC TPOYVOSTIKOG OEIKTNG 08 TOAVTTOPayovTiky avdAvon [116]. In vitro kou
in vivo peléteg vmodewvoovv Ott 11 CRP umopel va evepyomomcel v €K@paon
popiov mTPookOAANoNG amd ta €vOOONAOKG KOTTAPO, EMWOPAOVING GTNV TPOTEIVN
ANUEOTTPOGEAKVOTG povokuTTdpov 1 (monocyte chemoattractant protein-1, MCP-1)
[117]. Hopd t1c d1dpopeg VITOBESELS, OV LITAPYEL AALOC TEKUNPUOUEVOS UNXAVICUOG
pécw tov omoiov va eEnysitor M oyxéon g CRP  pe ovénuévo «ivouvo
afnpockinpmong.

To apvroewég A tov opob (serum amyloid A, SAA) elvar po mpoteivn
ofelog @daong M omoiot GLVOVTATOL KUPIWE OTIS AMITOTPMTEIVEG LYNANG TUKVOTNTOG
(HDL). To fmop elvar n kdopro 0éon mapaywyng tov SAA av Kot TopdyeTol eTiong
amod TO HOKPOOAYo TV ofnpopotik®v mhoak®v otov dvBpomo [118]. H peiém
Physicians’ Health Study [119], amokdivye pia Betikn cvoyétion tov SAA pe tov
kivduvo euepdypatog tov pvokopdiov. O pdiog tov SAA oty avamTvén
abnpookAnpmong oev £xel akoun kotavondel. Mo oelpd peAetdv Tpoteivel T oyxéon
t0v SAA oto petaforiopd tov Mmdiov. To SAA elvon mbavo va emnpedlet v

wavotra g HDL va amokpivel t xoAnotepoAn and to KOTTopa, ovIIKaOIeGTOVTS
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mv anoAnonpoteivy A-I [120]. To SAA eivor emiong dvvatd vo emnpedlet
dpacTNPOTNTOL NG  aKLAOTpavePepdong  AekiBivng-yoinotepoing  (lecithin-
cholesterol acyltransferase, LCAT) [121], kot péo® ovthig TN OLYKEVIPMOON
xoAnotepoing otic HDL. Téhog, o podrog tov SAA oty abnposkinpwon agopd
mOavov dALeC dPACELS TOV OTIMG 1 CVOGTOAN TOV TOAAATAAGLOUGHOD AEUPOKVTTAP®V
Kol evoonlokdv kuttdpov [122,123] kot 1 ovaoToA TG TPOCKOAANGNG Kot
S1elGOVONG LOVOKLTTAP®V KOl AELPOKVTTAP®V o€ 16ToVG [124,125].

O mapdyovtag evepyomoinong oepds pokpopdywmv (macrophage colony
stimulating factor, M-CSF) givat évag mapdyovtag dtopoponoinong, TPosEAKVOTG Kot
TOALOTAQCIAGIOY LOVOKVTTAP®V/Lokpopdywv [126]. Exepdletor amd evéobnilaxd,
Aeilo poikd KOTTOPO Kot LOKPOPAY OTIG aBNPOUATIKEG TAAKES LETA TNV JEYEPCT A0
Tapayovieg Onwg N pepikmg tpomortompévn LDL, o TNF-a ko n IL-1, oyt 6pomg ko
OTO TOYOUATO TV ayYeimv yopic allowwoelg [127,128]. H tomikn ékgppacn tov M-
CSF otic abnpopatikég mAdKes evepyomolel TOV TOAAATAAGIOCUO TOV HLAKPOPAY®V
Kol TNV €KQPAOoT TOL VTOOoYEN KaBaplotn, UE OMOTEAEGUO TN YEVECST QPPOOIMV
kuttdpov [129]. H avaykoaodmta g vmopéng tov M-CSF omyv  avémtuén
aBNPocKANP®ONG KATAOEIKVOETOL OO o HeAETN og dlayovidtakd movtikia. Otav
movtiki pe éAhewyn tov M-CSF Swctavpodnkov pe dtayovidlokd movtikio e
EMewym g apo E, ot andyovor avéntuéav abnpookAnpwon ce moAd pikpd Pabuod
mopd To VYNAG emineda  yoAnotepoAng otnv  kvkAogopia [130]. Evtovroig,
ypewdlovtar mepartépw peAéteg yuoo ) depedvnon g oxéong tov M-CSF pe v
afnpoockinpwon.

H IL-6 avnkel otig kuttapokiveg mov eivar og peydro Pabud vredbOuvveg ya
™V avénuévn €KEpaoct JEIKT®OV GAEYHOVIG amd To Nap, 6nwg 1 CRP kot to SAA.
Ta enineda g IL-6 otov opd oyxetiCovion pe TOvV KIVOLVO EUEPEYLOTOS TOL
HLOKOPOIOV, EVM 1 GLGYETION TAPEUEIVE CLLOVTIKY OKOUT KOt LETA TOV EAEYYO Y10l TOL
eninedo g CRP [131]. H IL-6 ex@pdleton amd po Gepd KLTTAP®V GTO. OmOoia
mEPIAOUPAVOVTOL  TOL  EVEPYOTOMUEVO — HOKPOPAYO  KOU  AEUPOKVTTOPA  TOV
afnpopatikdv miakodv [132]. 'Exer mpotabel 6t n IL-6 peidverl v €kepocn tov
vrodoyéa kabapiotn amd to pokpoedya [133]. "Exet eniong Ppebet 011 1 IL-6 aw&avet

™V ékepacn popiwv TposkOAANoNg and 1o evoobnAto [134].
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ot. Mopio. mpookrolinong

H ovykévipoon wvttdpov tov avocomointikoh omd Tnv KukKAoeopio kot 1
emakoOAovOn dieicdvon dpéom Tov evoobnAiov paypatomoleiton oe peydio Padbuod
amd to popro mpookoAnong [135]. Ta emineda tv popiwv TPOoKOAANOTG £xovV
npoTadel ¢ YPNOYOG TPOdIAOEGIKOG TOPAYOVTOS Y10 KOPOLOYYEIKA ETEIGOOI0 TOGO
oTov VYU TANBVoUO OGO Kol 6 SAPOPES VOGOLS, TOPOAO TOL O TABOPVGIOAOYIKOG
TOVG POAOG mapapével adtevkpiviotog [136]. Mo celpd peAet®V o€ apyIKA VYIEIS
eBehoviég avédeite 1o ICAM-1 tov opod (SICAM-1) oyt 6pwg ko 1o VCAM-1 tov
opo¥ (sSVCAM-1) wg mpoyveotikd deiktn yio. LEAAOVTIKA KOPOYYEOKA ETEIGOOLN
[137-141]. H ovykévipwon tov sVCAM-1 kol og pikpotepo Pabud tov sICAM-1
oxetileton pe avéNUEVo  KIVOLVO  EHOAVIONG  KOPOLYYEWKADV ETEICOOIWV OF
SPOPETIKEG LEAETES deLTEPOYEVOVS TPOANYNG [142-144]. Ta pdpo. TpocKOAANGNG
otov opd €yovv emiong Oewpnbel Proynuikol deikteg g €KTOONG KOL TNG
coPBapomtag g abnpookinpwons. Téco 1o sVCAM-1 660 kar 10 sICAM-1
OLOYETICOMKOV LLE TO TAYOC TOL TOYMUATOS TNG KAPMTIONG, Eva OEIKTN TNEG TPOUNG
nopong adnpockinpwong [145]. Emnpdcbeta, 10 sVCAM-1 gpopaviCeton og deiktng
™m¢ coPapdtmrag ™G abfnpookAnpwong kabdg cvoyetiletor pe TV £KTAOT NG
abnpookAnpwong oty teprpepikn Kukroeopia [146,147]. Ta eninedo tov sSVCAM-1
ovoyetilovtor pe TNV EKEPOCTN TOL pHopiov ot peuPpavn TV evoodnAlak®dV
KUTTAP®V KOl £TGL 01 SIHALTEG GTOV 0PO HOPPES TOV HOPIOL TPOCKOAANGNG LITOPOVV
va BeopnBovv afdmotog deiktng g evepyomoinong tov gvdodniiov [147]. Ta
evoonAlaKd KOTTOPO, TO HOKPOPAYd Kol To Aglo poikd KOTTOPO 0ONPOUOTIKMV
mhok®V o  oavOpomveg aptmpieg  epeaviCovv  avénuévn  éxkepacr  popiov

nmpookOAAnong [11,148].
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KepaAaio 3. Ailatpo@n Kal TTapdyovTeG KIvOUvVou
o. Meooyeioxn diaita

O 6pog «Mecoyelokr| dlontay mEPLYPAPEL TIG SATPOPIKEG GLVNOELES TMV
EAALOTIAPAYWYIKAOV TTEPLOY®V NG Mecsoyeiov ota T€An tov 1950 kot Tig apyéc Tov
1960, 6tav o1 cuvémeleg TOV OEVTEPOV TTAYKOGUIOV TOAEHOVL elyav Eemepachel kot M
oLV €L TOV «TTPOYEPOL» PAYNTOV OeV £lye aKOUN PTAGEL OTIC TEPLOYES aLTEG [ 149].
H perét tov entd yopav (Seven Countries Study) [150] fitav n agopun ywo t0
EVOLALPEPOV TTOV dNUIOVPYNONKE YOP® OO TIS SUTPOPIKEG CLVNOELES TOV AadV TNG
Meooyeiov ouykpivovtag tovg dcikteg Bvnouodmtoag towv evniikov péong nAtkiog
avapeoa ot Popeta ko ™ voto Evpodrm. O tinbuopog e Kpnng Ppébnke pe tov
KaADTEPO deliTn LYElNG Kot TOVS YaUnAOTEPOLG deikTeg BvymTdTnTOS KOt BvnodTTOC
AMOY® otepoviaiog VOoOU Kol KOPKIVOL G€ GUYKPLION TOV EXTA YOPOV, OTWS EMIONG
Kol 6€ enOUEVN avdivon oty onoia TepIMNEOnkay 16 ywpeg petabh TV onoimv Kot
Y®pec ™ Meooyeiov [151]. O mapdyovtag otov omoio aroddbnke to dpiloto emimedo
vyelog Kot ot yapunidtepot deikteg Bvnoyotntoag NTov N dlaite Tov TANBLoHoV TNg
Kpnme.

[Ipoontucéc peréteg oe NMKIOUEVOVS VIOGTNPILOVV TIG EVEPYETIKEG OPACELS
™m¢ Meooyswokng dioutag. H vdmapén otoyeiov g Meooyswokng dilattag ot0
SUTOAOYI0 TOL AYPOTIKOL EAANVIKOL TANBLGLOL oyeTicOnKe pe onuaviikn peimon
tov Ocgiktn  OBvnowdmrag [152]. H omoteheopotiotnto  drontoroyiov  pe
YOPOKTNPIOTIKA TG Meooyelakng oloutag eEetdobnke o€ U1 UEGOYELOKOVS
minfocpovg e Aaviag [153] kar g Avotpaliog [154] ov omoiot epdapuocay ta
dwutoAdyl pe otdyo vo. omokAewotel n mbovy emidpacn GAAOV  GLYYLTIKGDV
napayévtov. To anoteAEGHATO TOV TOPATAVE LEAETOV emPEPaidVOLV TN GYEoT TNG
Mecoyelokng dlontog pe younid emimedo oAkng Bvnoyottog. AAAEC TPOOTTIKES
perétec eE€tacav Vv emidpoon evog MecoyelaKov-TOTOV S101TOA0YIOV TNV TPOOJSO
™G otepaviaiog vooov oe acBeveic vyniov kwvdvvov. H peiétne g Avov (Lyon
Diet Heart Study) etvor pa perétn devtepoyevodc mpoAnyng mov e&étace v €va
Meooyeiako-tomov dwattoddylo, oe cOykpion pe tn dioawto 1% PApatog (Step 1
American Heart Association diet), umopei vo. LEWOGEL TV ETAVEUPAVIOT) ELPPAYLOTOC
Tov pvokoapdiov [155]. H perétn €deiée peimon g cvyvomrog Bavatov katd 70%.
[Ipéopata, n pekétn Ivdo-pecoyelokng olotag (Indo-Mediterranean Diet Heart
Study) [156] £€de1&e Ot o dloto pe To YopaKTNPIoTIKG TG Mecsoyelokng dlontag
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oyetionKe Pe oNUOVTIKY pelmon NG Epeaviong un Bovatnedpov eREPAYUATOS TOV
pookapoiov, aevidoov BavaTov Kot OAKAOV KOPOKAOV ETEIGOOIMV GE ATOUO LE
avéNUéEVo Kivouvo avarTTuENG oTEPVIOing VOGOU

To xOpo yapoaxtnpiotikd ™G Mecsoyelokng dlattog elvar  agBovia pn
eMeEEPYACUEVOV  TPOPAV  QULTIKNG  TPOEAELONG  TOPAYOVTOL  TOMIKGL Ko
KOTOVOADVOVTOL PPECKN OTNV €moyn wpipovong tovs. To ghadiado amoterel tnv
KOploL YN AMmovg, T YOAOKTOKOUIKA 7TPoidvTa, KATOVOADVOVTOL KOONnUepvl o€
LKPEG TOGOTNTES, TAL YAPLOL KOl TO TOVAEPIKE KOTOVOAMDVOVTOL GE LUKPES E LETPIEG
TOGOTNTES, TO KOKKIVO KPENG KOTOVOADVETOL O HKPES TOGOTNTEG KOl TO KPOoi
KOTOVOADVETOL GE WKPEG PE UETPLEC TOCOTNTES GLVOOEVOVTAG TO. KVUPLOL YELLLOTOL
[157]. Ouv Jwrpopikéc avtég ovvnbeleg oonyodv oe  vynAn  oavoroyia
LLOVOOKOPEGTOV/KOPECLEVOL AITOVG, GYETIKG LYNAN OAKY] TPOCANYN Almovg, LYNAN

TPOCANYT OVTIOEEWMTIKOV PLrapivady Kot ETpla Tpocinymn oabavoing [158].

. w-3 hmopd oééa

L. ©-3 AMmapd o&éa pokpag aAHGov

'Hon amd 10 1953 vnpée evdlapépov yia v wwaitepa yapmAn Bvnopotnto Adym
Kapolayyelok®mv enclcodiov petaéd tov Eoxipuowov mg Ipotlavdiag, 1o €idog Tov
Mmovg ™ SoTpoPng TV omoiwv &ival TOAD OOPOPETIKO amd OVTO TNG OVLTIKNG
dtlartag, kabmg ekelvol Katavaldvovy meplocoOTepa HBolacoivd TAovol oTo -3
Mmopd  o&éa  poakpdg aAvcov  ewocamevtoevoikd o&y  (EPA)  (20:503) o
dokocaeEaevoikd 0&H (DHA) (22:6w3) [159].

[Mpoonticéc emdNUOrOYIKEG HEAETEG  ava@épouy  OTL Ol (vOpeS TOV
KATOVAA@VOY Yépt pia Tovddyiotov @opd v efdopdda epedvioy younidotepn
Bvnoomta ond otePaviaion VOGO GE GYEOT UE AVOPEG TOV OEV KATAVAAW®VOV WipL
[160,161]. Xt perén Chicago Western Electric Study [162], n katavdiwon yoapion
eavnke va &yel Betikn enidpaom ot Bvnowdmra ond otepaviaio vOGo HETE amd
nmopakorovdnon 30 etdv. H pedétn tov Zhang kot cuvepyatdv [163] cvoyétice v
KATovaA®on yoplov pe petopévn olkn Bvnowdtra, Bvnopdmmro and 1oyopuKo
Kapdlokd eMEIGOO10 KOl EYKEPOAIKO €MEIGOOI0 OTIG 36 YMPEG TOL CLUUETEIYAV OTN
perémn. Emnpocheta, oe perétn mov e&€tace lanwveg mov Lovoav oty lammvia 1 ™
BpaliMa [164], avaeépetor 00G0EEQPTMUEVY] OVTIOTPOPT CLGYETION HETAED NG
ovuyvoTNTog efdopadioiog KATavAA®MONG Woploy Kol TOV  KIvOLVO  EUOAVIONG

otepavioaiog vocov. Xt pehétn Nurses’ Health Study [165], mov mpaypotonombnke
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o€ YUVaiKeG, M TPOGANYN Yaploh Kot ®-3 AMmap®dv 0EEMV TAPOLGINGE AVTIGTPOPT
ovoyétion pe T ocvyvotnta Bavdtov and ctepaviaio voco.

Ta ®-3 Mmopd o&éa eeTaoTnKay emiong o€ LEAETEC OELTEPOYEVOVS TPOANYNG
™™g otepaviaiog vooov. X peAétn Diet and Reinfarction Trial, n oA Ovnopdmra
2 etov peiwdnke xotd 29% oe eml®OVIEG EUEPAYUATOS TOVL pHvokapdiov Tov
KOTOVAA®GAV Yaplo TAOVGL0 6 -3 Mmtapd o&éa TovAdyloTov 2 @opés v efdopudda
[166]. H peyoddtepn mpoomtikn LEAETN OV €EETACE TNV OMTOTEAEGLATIKOTNTO TOV ®-
3 Mmopdv 0EEMV 6N OEVTEPOYEVT] TPOANYN TNG oTEPaVIaiag VOGO givar 1 HEAETN
GISSI-Prevention Study [167]. Metd and mapakorovdnon 3.5 etdv, n opddo TOL
mPE 10 ®-3 Amapd 0EEa TAPOLGINGE CNUAVTIKY HEl®OT NG OAMKNG Bvnootntag,
Tov un Bovotneopmv EUEPAYUAT®OV TOV HLOKOPOIoL Kol Tov un Hoavatneopwv
EYKEPOUMKAOV ENEICOOIWV.

Ot unyavicpoi mov Bewpovvtal vrevBVVOL Yo TIG TOPATPOVUEVEG OPAUCELS
TOV ®-3 MTop®V 0EEOV HAKPAS OADGOV GTO KOPILYYEWKO GUGTNIO CPOPOVV HLd
oelpd omd 1W010TNTEG OTTMOC M LOTPLIYAvKEPLOauKn [168], n vrotacwkn [169], n avti-
Opoppotikn [170], n avti-appuBukn [171] kot n avi-eAeypovodong wiotrta [172]. H
vroTpryAvkepdaukn opdon tov EPA kot DHA éyer amocaenvicbei pe Pdon ta
aroteAéopata oelpdg peretav. H nuepnowa mpocinym 4 ypoappoapiov -3 Mropodv
o&émv mov mpoépyovion amd 1yBuéAalo LEIMGE TIC GLYKEVTIPADGELS TPIYAVKEPLOIWV TOV
opo¥ katd 25% pe 30% [168]. Ta ®-3 Mmapd o&ca pewwvovv v cvvBeon VLDL
TpLyAvKepOiV Ommg €0e1Eav HEAETEG KIVITIKNG o€ ovOpdmovg, €&idpmua NTatog
nepapatolmmv Kot aropovopéve nratokvttapo [173]. H aviipleypovmong dpdon
TOV ©-3 AMmap®v ofEmv HaKPAS 0AVGOV €£xel mEPLYpapel o peAéTeG TOGO ©F
nepapatolma 6co ko o avlpomove. ‘Evag apBuog peietov oe mepopotdloo
VTOOEIKVOEL OTL TO 1YBVLEAAIO HEIDVEL TN JPACTNPOTNTA TOV KVTTAP®V «PLOIKOi
eovelgy kol Tov kutTtapotolikdv T AgpeOKLTIOP®V, TOV TOAAATAAGIOCUO TOV
Aeppoxvttdpav kot v mapoymyn IL-2 ko IFN-y [BAéne 174-176 ywo ipAoypagikn
avackonnon]. Katd tov 1010 tpdmo, n GOUTANPOOT NG OTPOPNS VYDV EBEAOVTOV
pe -3 AMmopd o&éa mov mpoépyovior omd yBvéiawo oonyel otn peiworn Tov
TOALOTAQGLOGLOD TOV AEUPOKLTTAPOV, LEIMON NG ¥NUEOTUEING LOVOKVTTAP®VY Kol
0VOETEPOPIA®YV, petwuévn mapoywyn IL-1, IL-2, IFN-y, IL-6 ka1 TNF-a [177], kaBdg
Kol LELOUEVT Ekppaon TPOTEivOV o&elag paong [178] kat popimv TpookdAANoNG amod

T povokvttapa [179,180].
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. o-AMvorevikd 0&D

To a-Avorevikd o&O (ALA) (18:3n-3) eivar o petafoikog TpoOdPOUOS TOV M-
3 Mmopov o&wv pokpdg oaivocov EPA kot DHA. ‘Eva avéavopevo ocvvoro
OEQOUEVMV TTOV TTPOEPYOVTAL OO TPOGPOTEG EMONUOAOYIKES LEAETES VITOOEIKVVEL OTL
10 ALA ocvoyetiletor pe petmpévo kivouvo epedvionsg spepayprotog tov pookapdiov
Kot Bavatneopov toyatpikng koapdidnadelag. T pelétn EURAMIC study, to ALA
TOL AMIIMOOLE 10TOV TOPOVGINGE AVIIGTPOPT) CLGYETION HE TO GYETIKO Kivouvo yia
guppaypo Tov pookapdiov [181]. Xpnoyomoidvtag 10 EpOTNUATOAGYIO GLYVOTNTOGC
Katavdiwong tpoeipmv g 10etovg mapakoiovdnong ot peAiétn Nurses’ Health
Study, o Hu kot cvvepydrteg [182] avépepe o 60G0eE0PTMUEVT GUGYETION OVALEGH
otV pdcinyn ALA Kot 10 oyetikd Kivouvo Boavatneopov 1GYoIKOD ETELGOOI0V.
[Mapopota evpipata mapovsibdotnkay otnv peiétn Health Professionals’ Study, otnv
omoia n avénon g npdcinyng ALA cvoyetiomnke pe peiwon tov Kvovvov 0&Eog
EULPPAYHOTOC TOL pvokapdiov [183]. Téhog, otn pehétn National Heart, Lung, and
Blood Institute Family Heart Study, to ALA ocvoyeticOnke avtiotpopa pe tmv
omapén otepaviaiog vocov [184].

H ovoyétion tov ALA pe youniotepo kivouvo gppdviong otepaviaiog vosou
dev emPBePardOnie 6T0 GHVOAO TOV TECTAPWOV TPOOTTIKAV UEAETOV OV e€ETacAY TNV
aroteleopatikétro. tov ALA oty mpdinyn g vocov. H perémn Indian
Experiment of Infarct Survival [185] avagépel onpavtikn peimon Tov GLVOLOL T®V
KapOoKOV €Mecodimv yio v opdoa mov Elafe Addt and ondpo Gvamov To 0moio
napelye 2.9 ypapudpro ALA nuepnoing. Xt peiét mg Avov (Lyon Heart Trial),
Bpédnke onuovtiky peiwon tov Bavdtov ond Kopdlokd aitio Kabdg Kot TV pun
Bavatneopwv epgpaypdtov tov pvokapdiov [155]. MMapdia avtd, n wapatnpovUEVT
gvepyeTikn emidpaon eivar dVokolo va amodobel amoxkielctikd 610 ALA KaBdg
TOALGL AL BpemTiKd cLOTATIKA dlaPopoToONKaV 6T S1ApKeEW TNG UEAETNG. X€
avtifeon pe T Topamdve pelétec, n puehétn Norwegian Vegetable Oil Experiment
[186] €deige 6Tt M Katoaviiwon 10mL Awvelaiov avd muépa dev emmpéace v
EUPAVIOT VE®V oTEQOVIOinV ENEGOdIMV, T cvyvotnTa eVvidiwv Bovdtov Kot
OLUVOAMKN Bvnoyotto. X& ovueovic pe TNV 7o 7OvVEO HEAETN, 1M UHEAETN
Mediterranean  Alpha-Linolenic  Enriched Groningen Dietary Intervention
(MARGARIN) Study [187] €deiée 611 n kotavdAmon popyopivng Thovotag oe ALA

peimoe Tov ektyumpevo 10et kivouvo oyaytkov enelcodiov Hévo KoTd TOAD pKkpd
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Babuod, mov dev diépepe amd to PabUd PEI®ONG TOL TPOKAAEGE 1| GUUTANPMCN TNG
dlartag pe Averaixo o&p.

Ymv npoondbeia va eEnyndei n avtiotpoen cvoyétion avdapeca oto ALA kot
TOV KivOuvo ePOAVIONG GTEPOVIAING VOGOV OV TPOKLITEL OO TO. AMOTEAEGULATO TMV
EMONUOAOYIKOV UEAETAV, 0L GEPA KMVIKOV HEAETOV £E€TOCAV TNV EMOPACT TNG
StpoPIkng mpocoAnyns ALA oTIC GUYKEVIPDOGELS TOV AMTOTPOTEIVOV 6Tov 0pd. Ta
OTOTEAECUATO TOV HEAET®OV TOL TPoyHotomomOnkay oe vyielg ebehovtég e
QLO0A0YIKE emimeda Mmdiov gival cuykpovdueva pe v emnidpacn tov ALA va
nowilel amd vrolmdoayukn [188-193] émg kapid enidpaocn [194-197]. Emnpochera,
ol Topamdve peAETEG yopaKkTnpilovior amd po GEPE TEPIOPIGUAOV TOV OPOPOVV TO
oxedo o ¢ peAétng [189], t dwotntikn iy tpdcsinyng tov ALA [192], kot Tov
aplBpov TV ocvpueteyovtov ot peAétn [188-193] kdévovtag v eaymyn
ocvoumepoacpdtov akdéun mo JovokoAn. H wavémmra tov ALA va peidvel Tig
OVYKEVIPMOEL, TOV AMTOTPAOTEIVOV otov  opd  &xer  emiong efetachel o¢
dvoMmdapukovg eberovtég [155,187,198-202]. Ta omoteléopoto KOU QLTOV TOV
peAetdv elvar cvykpovodueva, kob®OG Kamoleg amd TG peAéteg dgv mapovoidlovv
enidpaon tov ALA [155,198,199], evdd dAheg eppaviovv peiwon TV
OLYKEVIPMOOEDV TV AMmdiov otov opd [187,200-202]. H avakoiovBia petacd tov
pHeAET®V pmopel TOLAGYIOTOV KOoTé £vo pEPOG Vo amodofel oTig OpopEg TG
nuepnotog tpdosAnyng ALA. IToAAég amd Tic mopamave peréteg yoapoktnpilovral and
TEPLOPICUOVE OV apopovv Ttov aplfud tov cvppeteydviov [198,200,202] 1 v
OmopEn GAL®V JTPOPIK®Y TOPAYOVI®MV Tov ennpedlovv v emidpacn tov ALA
[155,201], ko ot omoiot cupuPdAiovy exiong otnv mopatnpovueVn ovokoAovBia. ‘Exet
emiong mpotabel OTL M VoA UIKY Opdorn tov ALA mov mapartnpeital oe KATOES
a0 TG TOPATAVE® UEAETEG UTTOPEL VO 00O00EL GTNV AVTIKATAGTUGT TOV KOPEGUEVMV
Mmopov  o&éwv ¢ dlowtag. Xvumepaocpatikd, 1 emidpacn Tov ALA  otig
OLYKEVIPMOELS TOV AMTOTPOTEIVAOV TOV 0POV KOl Ol UNYAVICUOT LEGH T®V OTOI®V TO
ALA ¢ odloutag pmopel vo emnpedoel t0 PETAPOAICUO TOV MTOIOV GTOLG
avBpamovg ypetdleTat emmALov depedvnon.

[Tep1ocoOTEPO LVIOGYOUEVES OTO VO €ENYNOOLY TNV OVTIGTPOPY] GLGYETION
avapeoca oto ALA kot tov kivouvo otepaviaiog vOGou &ival ot avTIQAEYLOVAOOELS
w0trteg Tov ALA. To ALA Bpébnke in vitro va. ovoGTEALEL TOV TOAAATAACIOCUO
AePEOKLTTOPOV amd apovpoiovs kot ovOpodmovg [203-205] kot va peidvel v

napayoyn IL-2 and deyeppéva koutTopa TOovIK®V Kot avOpormv [206]. H yopriynon
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dtoutag mov mepieiye moAD vymAég mocdtteg Avedaiov, mAovowov oe ALA og
TEPOUATOL®A 001NYNOE CE UEIOWUEVO TOAAATAONGIOGUO AEUPOKVTTAPMV, UEIOUEVN
OpACTNPLOTNTA TOV KLTTAP®V «PLGIKOT POVEIDY Kal UelwpEvn amdvinon Eeviot oe
uooyevpa [207]. O apBpog tov peAeT®V OV Tparypotonomdnkay 6e avOpdmovg Kot
e&étacav v emidpacn tov ALA ot @leypovn givar mpog to mapdv pikpog. H
npdcbeomn AMvedaiov o omoio mapeiye mepimov 15 ypappdpia ALA avé nuépa, oe pua
dtonta younAn oe Aimog (cuvoAkn evépyela and Almog 29%) odnynoe o€ GNUAVTIKY|
peimon Tov TOAAATAAGIOCHOD TOV avOpOTIVOV AEUPOKVLTTAP®V NG KVKAOQOpPiag
petd oamd 6 efdopddeg, evd TO EMIMESA TOV KLKAOPOPOHVIOV OVTICOUATOV OgV
emmpedomkayv [208]. H mapaywyn IL-1B and povokdtrapa peidOnike onuovTikd Hetd
mv ewoaynyn ebeloviav oe pia dlaita Thovola oe ALA (9 ypoauudapia ALA/Muépa)
vy 2 gBfdopddeg [209]. EmmpocBetra, pie vymin o66on ALA (mepimov 15
ypoppapa/muépa) avaeépbnke oOtL pewwver v mapoywyn IL-1p kot TNF-a oe
avBpomovg [210]. Mo puikpotepn 66om 2 ypappoapiov ALA/Muépa Ppédnke va
HEIDOVEL TO EMMESN TOV OLOALTOV HOPO®V TOL HOPIOV TPOCKOAANGNG OYYEWKDOV

kuttdpov-1 (VCAM-1) xon g E-celextivng oto mhdopa [180].
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A. Tlewpapatikd pépog
KepaAaio 4. Eicaywyr — 2Ko1rdg epyaaciog

To avénuévo evolapEPoV OYETIKA e TNV EMOPAON TOV ®-3 AMmapdv ofémv
oV 0ONPOGKANP®OT TPOEPYETOL OO T 1O10ATEPO EVOLAPEPOVTUL OTOTEAEGHLOTOL
EMONUOAOYIKOV HEAETMV TOV OPOPOVV TNV KATAVAA®ON Yapltod. Ze ovtifeon pe Ta
®-3 Mmopd o&€a pokpag oAbGov, o1 YVOGELS pog givol meploptopéveg yia 1o ALA.
[Tapoéro mov vrdpyovv evOeiEelg TPoePYOUEVEG OO EMONUOAOYIKEG UEAETEG OV
vrootnpiCouv Vv avrti-adnpoydévo dpdon tov ALA [181-184], ta amoteléouata
KAMVIKOV HEAETMV OV GUVNYOPOLV GE pia avesdptntn oxéon tov ALA pe mapdyovieg
Kwvdovov vy v avdlmtuén abnpookinpoone. H eridpaocn g cvuninpoong g
dwtpoens pe ALA oto Amidw tov mAGopatog Oev €xel axoun Eexabapiotel.
Eleyydueveg peréteg amortovvral yo ) dweAevkoveon g enidpaong tov ALA ctov
HETABOMGUO TV MTIdimV.

H yevetum etepoyévela mov mapovotdler o kdbe mAnbuoudg avlpodrwmv
oyetileTon pe TV S-OTOUIKT SOKOLOVOT] S0QOP®V TOPAUETPOV TOV TANOLGLOV
avtod. Ot ToALHOPPIGHOL GE  GLYKEKPLUEVEG TEPLOYES Yovidimv  Bewpovvrtan
onuovtikoi otov Kabopiopd TV emmédwv VNoTeig Yo OAPOPOVS TOPAYOVTEG
Kwvdovou ¢ abdnposkinpwong [211]. Mropodpe yioo 1o AdYo avtd va Bewpricovpe
TOV TOADUOPPIGUO OYETIK®OV Yovdiowv o¢ mhovd ovuyyutikd mopdyovto Tov
EUTAEKETOL OTNV OVOKOAOVOIOL TV omoTeElecUITOV TV HEAETOV Yy To ALA ¢
dwtpoens. 'Etct, ypnoomomcape Ttov TOAVUOPOIGUO YOVIOI®V Yo TEPOUTEP®
éleyyo TV amotedecpudtov pog. EmmpocBeta, €xst mpotabel OTL M yEVETIKN
«motkiMay pmopetl var emnpedlel v ovtanokpion Tov €0AovIOV GE STPOPIKES
nmopeppacelc [212]. O molvpopeiopog g amomonpwteivng E givor €vog amd tovug
MO KOAG PEAETNUEVOVG YEVETIKOVS TOAVUOPPIGUOVG, KLUPIMG Yol TNV EMOPACT TOL
0T0 MTOOUKO TPOPIA Kot ToV KivOuvo gueavions otepoviaiog vooou evd glvat o
puoévog mov cvoyetiletor onuavtikd pe v ovamtuén g afnpookinpwong [213].
Ynrhpyovv evoeiEelg mov vmodelkviouy OTL 1 avTamoOKplon oTlS OpAoel; Tov ®-3
Mmopdv o&Emv kabopiletarl TovAdyotov o Kdmolo Pabud amd to YovoTLTO NG
arolmonpwteivng E [214]. Méypt onpepa dev €yt vmdpéet perétn mov va e&etdlet
v avtanoxkpion oto ALA o€ oyéon pe tov moAlvpopeiopd g amomonpwteivng E.

[ToAAéG amd TIG TPONYOLUEVES UEAETEG YO TN CUUTANPMOTN TNG OloTog UE
ALA dev g&étacav tn cuvolKY| dlouta TV GLUUETEXOVTOV 61N HeEAET. Eva cuyvo

AGBog apopd TV Kotdotoon KOTA TV omoio 1 JTPOPIKN TPOCANYTN AAA®V
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Opentik®V cvotatikdV mEpa amd o ALA dapépel HeTa&d TV opdd®mv TG HEAETNC.
‘Exer oM meprypagel 6t1 Opentikd ocvotatikd Omwg to Aimapd oféa [215], n
YoAoTEPOAN NG Olantag [216], ot Prrapiveg C kar E [217], ko ot St tikég iveg
[218] pmopovv va emnpedoovv  mopdyovieg KwoOOVOL Yyl TNV avAmTuén
afnpookAnpmong. APopég otV TPOGANYN QVTOV TV BPETTIKAOV GUCTUTIKMOV KOTA
mv évopén g mePLddov cuumAnpwong g olatoag pe ALA kaBodg kat ot oaAlayég
otV TPOGANYT TOVG KATA TN OdpKeLd TNG HEAETNG €lvor 1KAVEG Vo EMNPEAGOVY TV
avrondkpion oto ALA. TIépa and tov éheyyo TG GLVOAIKYG dlattac, To €100G NG
dtotag etvor por akéun moapdpetpog mov ypnlet mpocoyng. IloAréc amd Tig
mponyovpeveg peAéteg i v emidpaon tov ALA g oatpopnc o€ mopdyovteg
KWvoOVoL Yo TV anpookAnpwon mpayuatonomonkav oe €0ghovtég Tov omoimv 1M
dtouta glye O XOPOKTNPLOTIKA £VOG TLTKG SVTIKOTOMUEVOD SLOTOAOYIOV, EVD OF
e mepurTmdaoelg ot €0elovtég akolovbovoay daToAdYl0 ETwYO o€ Almog. Amotehet
Oépna mpog depegvvnon ebv N aviamokpion oto ALA enmpedletar and 1o €100G ™G
oLVOAIKTG dlautac. Ot perétec devtepoyevoig mpoAnyne Lyon Diet Heart Study [155]
kot Indo-Mediterranean Diet Heart Study [156] eofjyayav tovg €Behoviéc Tovg oe
dlotar pe yapoktnplotikd ¢ Mecoyelokng olottog epmiovtiopévng oe ALA.
[Mapodra avtd o1 Tapamdve peAéteg dev glval duVATO VO OTAVINGOLY GTNV EPATNON
OYETIKA e TNV EMIOPAOT EVOS O101TOAOYIOV MEGOYELONKOV-TOTOV GTIC OPAGELS TV -3
Mropov 0EEmV Kot ovykekpipuéva tov ALA. Aev vdpyel Tpog 10 Topov HEAETN TOV
va g€etdlel v enidpaon tov ALA og cvuvaptnon pe €va dtontordylo Mecoyeiakov-
TOTOV.

H épesuva yOpo amd v ortiodoyioa g 0ONpooKANpOoNS Tponyoye Tig
YVOOELS LOG KT TN O1dpKELD TG TPONYOVEVNS deKaETIOG KOl AAAAEE TNV dmoyn Yo
™ VOGO TPOg i xpovia eAeyLovadn owadwocio [112]. H katavénon tov kupiapyov
pOAOL NG QAeyHovG omnv Taboyéveon TG aBNPOCKANP®ONG OTOKUAVTTEL £Vl
apOud cvoyetilopevav mopaydviov. Ot mBavég avTi-AEYHOVAOIEIS WOOTNTEG TOL
ALA vroompilovtar and éva apBuo peietdv [208-210]. [Tapoia avtd, dev vapyet
TPOG TO TAPOV PEAETN oL Vo e€eTdlel TNV eMidPOOT TNG GLUTANP®ONG TG dlattag Le
ALA ot éva €0pog mapaydvimv mov oyetilovtal e TOVG UNYOVIGHOVS QAEYLOVIG TNG
ddkaciog avdmtuéng abnpockinpmong.

O o106)0¢ ™C Tapovoag PEAETNG NTav va eEetdoet TV emidpaon tov ALA oe
TOPAYOVTEG MOV EUTAEKOVIOL OTn Odlkacio g afnpoyéveons. Zvykekpiuéva,

oKomdG Hog NTav vo eEgtdoovpe Vv enidopacn tov ALA tng dtatpong ota emineda
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TV MTiov Tov TAACUATOG OLVCMTWOUIKOV acBevdv, poG opddoag mTov
tekunplopéva  Pploketor e vynkd  kivovvo  avamtuéng  abnpockApmong.
EminpocBeta, o10y0¢ pog Ntav vo e£€TAGOVUE TO EMIMESD PAEYLOVOODV OEIKTMOV TOV
ocvoyetilovtal pe TV €yKOTAoTOCN 0BnpockAnpwong petd omd yopnynon ALA.
Téhog, évag axOun oTdY0G HOC NTOV VO OEPELVICOVUE TNV EMOPAON €VOG

dwurtoAoyiov Mecoyegtokov TOmov oty avtandkpion oto ALA ¢ datpoprc.
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KegpdAaio 5. Anuocicuon 1

To a-Atvoreviko o0& ¢ daTpon|g petveL TV C-avTidpdcoa TpwTEIVT,
TO QUVAOELOEG A TOV 0PODV KL TNV WVTEPAELKIVN 6 GE OLGATIOUIKOVG
acBeveig

Hepiinyn

H oleypovn xatéyelt onuoavtikd poio otnv maboyéveon TG oTEPOVINING VOCOU.
E&etdoape v enidpaon g COUTANPOONS TG OO TPOPNG e O-Atvoreviko o0& (ALA
18:3w3) ota emimedo OEIKTOV QAEYHOVNG OLvCATIdOK®OV acBevov. MébBodor:
Yvykevipooape 76 dvocMmdoyukovsg dvopeg (péon mikio = 51 + 8 £étm) mov
akolovBovcav v Tumikn eAAnvikn dlaita. Tovg kataveipoape pe toyxoio Tpdmo oe
dvo oupdoeg wote va Aapouvv gite 15ml Awveraiov (mlovoio oe ALA) avéd nmuépa
(n=50) gite 15ml kapdaperaiov (TAovoto oe Avelaikd o0 (LA, 18:2w6)) ava nuépa
(n=26). O L0y0oc w6:03 otnv opdda mov Erafe to Avéroo Ntov 1.3:1 ko oty opdoda
mov €haPe to Kapdopérao 13.2:1. To ypovikd OSdotnuo ywo T0 Omoio Ot
ovppeTéyovteg otn MeAETN éhaPav ta 0vo oo opkece 3 pnvec. Ta emimeda
Mrwiov, C aviwpooag mpoteiviic (CRP), apvioedod o tov opod (SAA) xot
wteplevkivng 6 (IL-6) oto aipo mpocsdiopictnKav TPV KOt PETE TO TEPAUOTIKO
dtomuo g peréme. CRP kot SAA mpocdlopiotnKav HECH VEPEAOUETPIOG EVD M
IL-6 péow avocompoodiopiopov. Amoteléouoto: H copnminpoon g dlattag pe ™
yopriynon ALA peiwoe onuavtikd ta eninedo. CRP, SAA ko IL-6. O didpecog g
CRP pewwbnke xatd 38% (1.24 évavtt 0.93 mg/l, P=0.0008) tov SAA «atd 23.1%
(3.24 ¢évavtt 2.39 mg/l, P=0.0001) kou g IL-6 xotd 10.5% (2.18 évavtt 1.7 pg/ml,
P=0.01). H peiowon tov deikTtdV TG GAEYHOVIG NTAV OVEEAPTNTN TOV CAAXYDV GTO
emimedo tov AMmdiov. H ocvpminpwon g olaitag pe LA dev emmpéoce Tig
ovykevipooelg CRP, SAA xot IL-6 otov opd oAhd peiwoe ta emimedo g
YoAotePOANG. Zvumepaouaro: H copminpoon g dloutag pe ALA yia 3 unveg
peiwoe onuovtika to enimedoa CRP, SAA wou IL-6 og dvchmidoyukotvg acheveic.
Avt M avTipAeypovmong dpdon umopel va amoterel Eva mpoOcHeTO unyavicpd HEGH

TOV OToioL Ta ®3 TOAVAKOPESTO MIOPAE 0EEN QULTIKNG TPOEAELONG AGKOVV TNV
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EVEPYETIKN TOVG €MOPOOT TOCO KATO TNV TPMTOYEV] OGO Kot Tr OELTEPOYEVN

TPOANYN ™S oTEPOVINiNG VOGOU.

1. Ewcoyoyn

‘Evog onpavtikdg apuog mapatnprioe®v vmootnpilel tov KeVIpKO pOAO TG
QAEYHOVNG 0€ OAEG TIG PACELS TNG O100IKAGI0G CYNUOTIGHOD TNG ABNPOGKANPOTIKNG
niakag [1]. H mpododoc otnv katavonon g abnpookAnpmong emekteivel tnv
avtiinym vy ™ vOco mEpa amd TN ovocmpevon Amdiov. Klwvikég peléteg
ovoyetilovv mpwteiveg o&elog AT Ko KUTTAPOKIVEG TNG KLKAOQOPIag He avENUEVO
KIvOuvo Yio HEALOVTIKA OyyEWOKE €mEIcO010. Ko vrootnpilovv v mhavotto g
EVEPYNG CLUUETOYNG TOVS otV Tafoyéveon g vocov [2,3].

Ainn g dttpopng TAovoto o a-Atvorevikd o&0 (ALA, 18:3w3) £yovv avapepbel va
TPOTOTOLOVV OPIGUEVES PAEYLOVAOIEIS OVTIOPACELS GE PeALTEC pe Telpapatolma [4]
Kol KAvikég pehéteg [S]. To ALA etvon éva amapaitnto Mmapd 0ED Tov TePEXETOL GE
QLTIKE €hoto. Amotelel TOV TPASPOUO YO TO GYNUATICUO TOV HOKPAS OADGOV 3
noAvokdpeotov Mmapdv o&fwv (PUFA) swocanevtaevoikd o0&y (EPA) (20:5w3) ko
dokocaefoevoikd oy (DHA) (22:6w3) 1o omoia €govv v wkovotnto, vo
avTKa016TouV 10 apaydovikd o0&y (20:4m6) Kol Vo HEWWVOLY TNV TOPAYWOYT TOV
TPOPAEYLOVOODV  €IKOCAVOEWDV TpootayAavoivn E, kot Aesvkotpiévio Bs. To
apoyOoviKe 0&D TPoépyeTal amd TNV TPOSHNKN SMAGV dECUOV Kol ETUNKVLVGT] TOL
Mvehaixov o&éog (LA) (18:2w6).

Emdnuoroyikég pedéteg vmwodetkviovy pa avticotpoen cuoyEtion avipesa oto ALA
NG OTPOPNC KOl TOV KIVOLUVO EUEPAYUHOTOS TOV pvokapdiov [6-8]. Ztn perén g
Avov o Meooyelakn oloito mAovola ce ALA  amodelyOnke evepyetikn ot
devtePoyeV TPOANYN TOL EUPPAYHOTOS TOL pvokapdiov [9]. Evag apBudc peretmv
&xovv gfetdoel Vv emidpaon tov ALA ota enineda towv Mmdiov Tov oipatog Kot
VIOdEIKVVEL OTL o1 mBovEG oavtiaBnpoyoveg 1010t TeC TOL dEV OPeilovion o1
Beitiwon Tov Mmdoptkov Tpoeid [10-14].

Kobng dev vmapyet pekétn mov vo ovoyetiCelt to ALA g datpopng pe Oeikteg
QAEYHOVNG, EEETAGAE €AV M cvumAnpwon TG dloutag pe ALA emnpedlel ta eminedo
Tov Tpoteivov ofelag epdone C aviwwpmoa mpwteivn (CRP) kol apvAiogdég a tov
opov (SAA) xabng ko ™G KutTopoKivng tvtepievkivn 6 (IL-6) og ducAumdoarpucoig

acBeveis.
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2. YiMka kon pé@odor

2.1 Efclovréc

Ov eBehovtéc ovykevipobnkav amd v Kopdoroywkn Kiwviky tov  Adikov
Nocoxkopeiov ABnvav kol otn cuvéyeln aSloAoyOnKay oYETIKA LLE TNV KOTAGTOON
™G VYElag Tovg, TN XPNON PUPUAK®OV, TIG STPOPIKES GLVNBELES Kat T cuvhBgl va
ackovvtal. Atopo mov moapovoialov EAEYHOVY, Emacyov amd evOOKPIVY, NTOTIKNA 1
ayyelwoky voco, pe aptmplokn mieon > oand 145/95 mmHg, mov Ppiokoviav oe
QOPUOKEVTIKT ay®YN Tov emnpedlel T0 UETOUPOAMOUO TOV AMOMPOTEIVAOV, HE TN
ocuvnfsl va kotavoldvouy > ard 30 povades aikodr v gfdoudoda, mov Kamvilov
neplocotepa and 10 torydpa TNV NUEPA 1 TOV TPAYUOTOTOLOVCAY TEPIGCOTEPES ATO
6 dpeg Evrovng aoknong avd efoopddn amokAeiomkay and ™ perétn. H Aqyn avti-
QAEYLOVOO®MY  QOPUAK®OV, BUItopvdv 1 GAA®V  S0TPOPIKOV  GUUTANPOUATOV

amoyopevnke Kot T SLApKELN TNG LEAETNC.

2.2 2yed1aouog e UEAETNS

H pekétm pog Mtov o pedétn  mapéuPaong pHe TOPOAANAO  GYESOGUO.
AxoiovOnoape o avaroyio 2:1 v va oynuaticoope v opdda ALA (dropa mov
énafav ALA) xor v opdda LA (dtopo mov éhaPav LA) avtictoryga. H perém
dmpknoe 12 gfdopdoes. Ot eBehovtéic eetdodnkay Katd TV £6000 TOVG GTN HEAETN
®oTE Vo akoAovBoHV Hiol d1aTo TOV VO TPOGOLOUMVEL TO HEGO EAANVIKO O101TOAOY10.
ZnmOnke omd Tovg €0EAOVTEC VO S1ATNPGOVV TIG JOLTNTIKEG TOVG GLVIOELEG KOl TO
ouvnOn tpoémo {ong toug Katd T dtapkela TG neAétngs. Ot eBehovtég KataveunOnkay
HE Tuyoio TpOTO Mote va Adfovv éva amd ta dVo Elata, oynuatiloviag oVo OUAOEG:
v ouddo ALA, n omoia éhafe 15ml Mvedaiov ava nuépa mov mepieiye mepimov 8
vpappdpe ALA kot v opddo LA, n onoia éhaPe 15ml xapdaperaiov ava nuépa
nov mepieiye mepimov 11 ypappdpro LA. H tpdoinyn oyedidotke €101 dGTE 0 AOYOG
®-6:0-3 va yiver 1.3:1 yuo v opdda ALA wor 13.2:1 yuo v opddo LA kabdg kot
MOOTE 1| GLVOMKN TPOGAN YT Altovg va mapapeivel otabepn otig dVo opades. Avéralo
Kot kapdapéroto xopnyndnkav amd v etoupio Savant International, UK. Ta érona

Aappdvovtay 3 eopég TV NUEPQ, Lo KOVTOALL TOV Toaylov Tov Sml pe kdbe yedua.
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H ovAloyn tov detypdtov aipatog tpoypatortomdnke petd and 12mpn vnoteio. Amo
tovg eBehovtéc (nmbnke vo KpoToovv &va MUEPOAOYIO HE TO TPOPULO TTOV
KOTOVAA®GOV TNV MUEPA TPV Omd TNV TPOTN CUOANYIio Kol VO KOTOVOAMGOLY
axplPag Ta it TpdEL TNV NUEPA LETE TN OEVTEPT] AUOANYidL.

H ovotaon tov 600 ghaiov divetor otov mivaka 1. O oyedaopdg g HEAETNG
eykpinke amd Vv emrponn deovroroyiog tov Xapokoneiov Ilavemotnuiov kot ot
efelovtég €0moaV Ypamt cuYKATAOEoN Yoo T GUUUETOYN TOLG. Ol GLUUETEYOVTEG
OTN UEAETN EMOKEPONKAV TNV KAPOOAOYIKN KAWVIKY Tov Adikov Nocokopegiov o
Qopa To pnva 6mov Kot Tovg yopnynonkav ta hata. Ot coppetéyovteg Luyiomkay og
Kk60e emiokeyn Kol epOTONKAV CYETIKA HE TIC GLVNOEIEC TOV KATVIGUATOS KOl TNG

(QVGIKNG OPOCTNPLOTNTAG.

[Tivaxog 1
XHotaon Tov 000 ghaiov ava 100 ypauudpio

Awvédato KOpOAUEANLO
[MoAptied oo (yp.) 59 5.7
Xteapko o&o (yp.) 3.6 2.4
Apaydoviko oo (vp.) - 0.5
Elaiko6 o&o (yp.) 18.2 11.5
Ewocanevtagvoiko o&o (vp.) - 0.5
Awehaiko o0& (vp.) 13.9 74.4
a-AVOAEVIKO 0EL (Yp.) 54.2 0.5
OMxcéc oteporeg (yp.) 0.4 0.4
OMikéc TokoepOAES (Lyp.) 54.27 48.21
2.3 Aiouzeg

H dwrtpopucn oa&ordoynon PoocicOnke oe €va  epomUotoAdylo  cuoyxvotntog
KOTOVAAW®ONG TPOPiHmV ®ote va Kaboplotel n diouta tov eBedoviov. H cuyvotnrta
KATOVAA®ONG YOAOKTOS, WOUWOD, QPOVT®V, AQYOVIKOV, 00Tpimv, €AoOANOOV,
yopltov kot Kpéatog katoypaenke poll pe o dtutpogiky avdikinon 24wpov. H
STPOPIKN TPOGANYN OPENTIKOV GLGTATIK®OV And Tovg £0gAovTéC KOTd TN OdpKELn
™G HeAémg eréyyOnke péow evog 3NUEPOVL MUEPOAOYIOV KATAYPAPNS TPOPILMOV Yo
Ka0e pnva. Ot puépec mov kataypaenKov 6To NUepordyo Ntav 2 kadnuepvég ko 1
nuépa and to cafPartoxvploko. To MUEPOAOYLO KATAYPOPNG TPOPIL®Y avaALON KOV
pe ™ Ponbeia Tov voroyiotikoy mpoypdppatog NUTRITIONIST V (Version 2.1
First Data Bank Inc. USA). H mapakorobnon twv cvvnbeidv xonvicportog, tov

delktn pdlog cOUATOG, TG PLGIKNG OPACTNPLOTNTAG KOl TOV SUTPOPIKMOV GLVNOELDV
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TV efelovidv mpaypoatomomonke HECH TNAEPOVIKOV KANCE®V o QOpd TNV

gPoopAdn Kol HLECH TOV UNVIOI®V EMCKEYEDYV GTO VOGOKOUETD.

2.4 Xvlloyn Oeryudtv oiuatog Kol EpYasTHPLOKES TEYVIKES

O eBelovtég emokePOKay TV KapoloAoyikn KAvikn Tov Adikod Nocokopeiov yio
TN GLAAOYT OELYHATOV OiHoTog 000 POPES, GTNV apyN KOl TO TELOS TNG TEIPUATIKNG
nePLOdoL. Ze KAbe emickeyn ko petd amd 12wpn ynoteia, cuykevipdOnkay delypota
aipartog otig 08:00 to mpwi. O eBeloviéc Eanimaay og vmtia Béon Yo 10 Aemtd wpwv
™ ovAioyn aipatog. To aipo cvykevipobnke ce yvdlva coAnviplo yopic pHEGo
ocvvtnpnong (Vacutainer tube, Becton Dickinson) ywa tov mpocdiopiopd tov AMmodiov
KOl TOV QAEYLOVOOI®V deKTOV Tov 0poV. OAeg ot arpoinyiec mpaypotomotdnkoy
yopic amoxieopd e eAEPag. Ta cowinviplo GLAAOYNG TOL aipatog dtotnpnOnKay
o€ mAYo Kot 61N ovvEyeld euyokevipnOnkav otig 3000 otpopég avd Aentd ywo 10
Aemtd kou otovg 4° C, evtdg 2 wpdv and v arpoinyio. Ta deiypoto Tov opov
arobnkedTnKay otovg -80° C Yo Tepottép® avaAvon.

Ta enineda oMk YOANGTEPOANG, TPIYAVKEPIIIOV KOl TNG XOANGTEPOANG GTIC VYNANG
mokvotntog Mmonpowteiveg (HDL yoAnotepding) oto mAdopo TpocsdlopicTnKay pe ™
ypnon  evlopotikng  ypoupatoypagiog o avtopoatorompévo avaivty  ACE
(Sciapparelli Biosystems Inc., USA). O mpocdtopiopdg oAMKNG YOANOTEPOANG Kol
TpryAvkepdiov meptéhafe ovtdpaocelg vopoéAvong ko ofgldwone. H avédivorn g
ovykévipoong g HDL yolnotepding otov opd mpoypatomomdnke pHECE
avTiOpPOOoNG OVOGOKATOGTOANG VLYPNG ¢@dong. H  yoAnotepdin tov yopuning
mokvottog Amonpwteivaov (LDL yoAnotepoin) vroroyiotnke péom g e&icmong
tov Friedewald [15].

H avédivon g CRP zmpoypatomomfnke péoo  vyning  evoucOnociog
avocoveperopeTpiog evioyvouevng péom ocoupatdiov (N Latex, Date-Behring
Marburg GmbH, Marburg, Germany) pe gdpoc mpocdiopiopov and 0.175 émg 1100
mg/l. To SAA petprifnke emiong pécw avocovepelopeTpiag eVIGYLOUEVNG UECH
copatwiov (N Latex, Date-Behring Marburg GmbH, Marburg, Germany) pe €bpog
wpocdopopod  and  0.75 éwg 1000 mg/l. H IL-6 mpocdiopiotnke pEGH
avocoevlupkng texvikng otepeng ¢dong (R & D Systems Europe Ltd, Abingdon,
UK) pe edpog mpocdiopiopod oamd 0.156 é¢wg 10 pg/ml. H dwaxdpoavon evidc kot
petald tov avoivoewv yio. CRP kot SAA frav <5% kot yia v IL-6 <12%. Okec ot



42

AVOADGEIS TTPOYUATOTOMNONKAY amd €va avoAvt o omoiog dev yvoplle TO XpOVO
Myng tov Ogtypatog kKot to €id0¢ TG owtpopikng mapépPacng. Ot petpnoelg

mpaypatoromonkay 6to froynuikd epyactnpilo tov I'evikod Nocokopeiov Nikaiog.

2.5 Yranionikn avaivon

Ta dedopéva yioo t CRP, 10 SAA wor v IL-6 ta omoia dev &iyov KOVOVIKY
Kotovoun ekepdotnkay pe ypnion tov dwopécov. Ot dopopés 6Tovg Oeikteg g
QAEYHOVIG eVTOG Kol HeTall Tov opddwv avaibnkav pe avdivon Wilcoxon signed
rank test ko Mann-Whitney U-test, avtictoya. Ot dtapopég yia Tig petaffAntég mov
TOPOVCIOCOV KAVOVIKT KATOvOoun avoivdnkov pe v ovaivon Student t-test. O
delktng ovoyétiong tov Pearson ypnotpomombnke yo va a&oroynbet m vmopén
oLoyETIoNG avdpecsa otic petafAntég. O un cvveyelg petafintég avolvdnkav pe
yprion g pefddov extympidv tov x°. Twés Tov P <0.05 Oeophfnkay onpavTikéc.
H otatwotiky avdivon mpaypatomombnke pe 1t xpNHoN TOL  GTOTIGTIKOV

npoypéapparog Stat View' ™ I1.

3. Amoteréopata

3.1 Xopoxtnpiotixd kotd v évopln

76 eBehovtég olokAnpwaoay T pekétn. Ot opudoeg ALA kot LA dgv diépepav oG Tpog
mv nlxia (50.4£7.3 évavtt 52+7.7, P=0.33) xou 10 Odcgiktn pdlog ocmpATOg
(28.42+3.44 ¢vavt 2843.19, P=0.63). To m0c0016 0V Kamviot®dv (<10 torydpa avd
nuépa) NTav mapopolo otig dvo opddes (24 évavtt 23%, P=0.85). Kaveic and tovg
OCUUUETEYOVTEG TNG MEAETNG Oev GAA0EE TIG KOTVIOTIKEG TOL ouvhbeleg Katd T
dwpkeln g peAétng. O Adyoc m-6:0-3 Mrav cvykpioyog otig dlateg Tov dvo
opdowv mpv TN yopnynon tov eraiov (7.5:1 ko 7:1) evd petd m yopnynomn ot Adyot
dAha&av o 1.3:1 wor 13.2:1 omg opddeg ALA wor LA, avrtictorya. [Mopd
xopnynon twv elaiov, N TpoSANYN Bepuidwv péow Almovg ftav mopdpotla otig 600
opdoes. Emumpdcobeta, dev mapoatnpndnkov owgopéc otnv mpocinym Opentikdv
OLOTOTIKOV ovapeco otic opadeg ALA xor LA, oe 6An 11 dwdpKelo TG HEAETNG
(ITivaxag 2). To Mmdopikd Tpoeid Kot ot deiKTeG TG PAEYLOVIG KaTd TV €vopén

™G HeAETNG oIS 600 opdodeg Tapovotdletor otov ivaxa 3.
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[Tivaxog 2
Méon OoTpo@ikn mPOGANYN EVEPYELNS KOl BPEMTIKOV GLUGTATIKMOV Y10, GTOUO UE
dvoMmdopia oe diouteg eumiovtiopéveg pe ALA ko LA

Alorta Oupdoa ALA Opdoa LA P-tyun
(nécoc = T.A)) (uéococ+ T.A))
IIpwteiveg % 15.1+2.4 14.9+2.2 0.564
YdatdvOpakeg %o 47.7£3.8 47.8+4.2 0.613
Aimm % 35.9+4.1 35.9+4.4 0.477
AXKOOA % 1.3+0.4 1.4+0.4 0.524
Evépyea (Oepp.) 2181.8+243.1 2183.2+237.6 0.638
[Mpwreiveg (vp.) 82.4+10.3 81.3t11.5 0.356
YdatdvOpakeg (yp.) 260.2+20.6 260.9£21.8 0.672
Aimm (yp.) 87.0£11.1 87.1+£10.7 0.521
AAKOOA (yp.) 4.1+1.1 4.4+1.3 0.395
XoAnotepoin (Lyp.) 216.4+£27.0 218.3+£30.6 0.449
Kopeopéva Amn (yp.) 22.842.6 23.2+2.8 0.518
Movoaxopeota A (vp.) 46.5+4.3 46.6+4.8 0.753
[ToAvaxodpeota Ainn (yp.) 11.9+1.2 12.0+1.4 0.687
a-Atvoreviko oV (yp.) 0.9+0.2 1.0£0.2 0.524
Ewoocanevtagvoiko o&o (vp.) 0.3+0.06 0.3+0.08 0.373
Aoxocae&oevoiko o&o (yp.) 0.2+0.05 0.2+0.04 0.465
Burapivn C (nyp.) 120.1£14.6 120.7£15.3 0.316
Aronmtikég tveg (yp.) 25.4£3.0 25.243.6 0.759

3.2 Mimidio. kou OEIKTES PAEYUOVIIS GTOV 0PO UETO. TNV OLOITHTIKY TOPEUSOcH

Avagpopikd pe to eminedo tov Mmdlov oto TAAGUHA, To Emimedo YOANGTEPOANG
napépevay apetdfinta oty opdda ALA, evd peiwbnkov oty opdda LA (P=0.04)
(ITivaxkag 3). And Vv AN pepid, ta emineda g HDL yoAnotepding peiwbnkov
otV opdda tov ALA (P=0.005).

Ta enineda g CRP, tov SAA kot g IL-6 mapovcioacov oToTIGTIKE ONUHOVTIKY
petmon petd v yopnynon tov ALA (ITivaxag 3). H peiwon tov didpesov frav 38%
yw T CRP, 23.1% v tov SAA kot 10.5% vy tnv IL-6. Ot dgixkteg tng @Aeypnovig
dgV TOPOLGINCOV Kaplo OTATIGTIKN Ol0popd petd ) yopnynon tov LA (ITivaxag 3).
Emumpbdobeta, ovykpivape tig owpopés (A=eminedo mprv-eminedo  peTd TNV
napépPacn) g CRP, tov SAA kot g IL-6 otnv opdda tov ALA pe tig dtopopés
g CRP, tov SAA xot ¢ IL-6 otv opdoda tov LA. Or ACRP, ASAA kot AIL-6 ¢

opdoag tov ALA O1é@epav oNUOVTIKA Omd TIG OvVTIOTOL(ES OPOPES GTNV OUAdN
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[Tivaxog 3
Aumdopuko TpoeiA, deikteg eAeypovg Kot ogiktng palag copatog (BMI) pwv kot
petd t yoprynon ALA kor LA

Metofintéc Ipwv Meta P tyun
Opada ALA (n=50)

Ol xoAnotepoAn (mg/dl) 232434 226+36 0.27
Tprylvkepidwa (mg/dl) 155+84 163+87 0.16
HDL yoAnotepoin(mg/dl) 42.7£10.4 41+10.2 0.005
LDL yoAnotepoin (mg/dl) 154+37 152436 0.59
CRP (mg/l) 1.24 (0.72-3.7) 0.93 (0.56-1.8) 0.0008
SAA (mg/l) 3.24 (2.3-5.3) 2.39(1.7-3.9) 0.0001
IL-6 (pg/ml) 2.18 (1.35-3.9) 1.7 (1.3-2.8) 0.01
BMI (kg/m2) 28.42+3.44 28.40+3.44 0.25
Opédoa LA (n=26)

OMxn yoAnotepoin (mg/dl) 234+46%* 218+46 0.04
Tprylvkepida (mg/dl) 173+113* 156+86 0.13
HDL yoAnotepoin(mg/dl) 39.2+7.4%* 38.3+8 0.25
LDL yoAnotepdin (mg/dl) 154+43%* 149+44 0.36
CRP (mg/l) 1.54 (0.62-3.1)* 1.25 (0.64-1.7) 0.35
SAA (mg/l) 3.52 (2.1-4.9)* 3.34(2.15-4.4) 0.58
IL-6 (pg/ml) 1.77 (1.3-2.7)* 2.2 (1.1-2.7) 0.69
BMI (kg/m2) 28+3.19%* 28+3.22 0.8

Ot Tipég y1o. tovg deikteg pAeypovic eivan didpecsort pe to 25° kan 75° ekatooTnuop1o.
LDL, younAng mokvétrag Mmonpwteivny; HDL, vynAng mukvottog AMmonpwteivn;
CRP, C-avtopaooco mpwteivn; SAA, apvroedég A tov opov; IL-6, wrepAevkivn-6;
BMI, deixktng palog codpotoc.

* P=MX (Mmidwo, pAeypovodels ogikteg ko BMI oty opdoa LA évavtt tov
avTIoTOY®V EMITES®V MOV, PAEYLOVOOIDV dekTdV Kot BMI g opddag ALA)

LA (0.525 (-0.13-2.46) évavt 0.04 (-0.41-0.4), P=0.01, 0.75 (-0.03-1.91) évavt 0.04
(-0.6-0.59), P=0.03 wxor 0.19 (-0.04-1.46) évavti 0.04 (-1.05-0.48), P=0.04,
avticTorya).

H peiwon tov preypovodav deiktdv otnv opdda tov ALA ftav aveEaptnt and Tig
oAAaYEG TV AMTdimV Kabmg dev vIPEE GNUAVTIKY] GLGYETICT OVALEGO OTIC OAARYES
TOV SEKTOV TNG PAEYHOVNG Kat TIG aAlayég ota AMmiola (ITivakag 4). Ot adhayég Tov
K@Oe deiktn @Aeypovig otnv opdda tov ALA cvoyetiotmkov pe Tic aAlayég TV
vnoAoimwv deiktwv (ACRP évavti ASAA, r=0.62, P=0.001, ACRP évavtt AIL-6,
r=0.53, P=0.0001 xor ASAA évavtt AIL-6, r=0.62, P=0.001).
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4. Xvinmon

H pehétn pog €06ei&e 011 dropa pe dvohumdaipio Tapovstdlovy onNUAVTIKY peioon
TOV JEIKTAOV TNG QAEYHOVNG OTav Ttapéyeton ot dlontd toug ALA Oyt dpmg kot LA
v dSdotnuo 3 pnvav.

> peAétn dev ypnotpomomdnkay akpiPmg ot ideg mooodtTeg ALA war LA v T1g
onades ALA wotr LA, avtictoyya. H oxompdtta Tov yeyovdtog avtold agopd tnv
emdimEN va LELWGOVE TO AOY0 ®-6:0-3 € PEOMOTIKA eminmeda. TOY0G OGS NTOV VO
HELOGOLVUE TO AOY0 ®-6:m-3 otnv opdada tov ALA kot va avérjcovpe 10 Adyo 0-6:m-3

otV opdda tov LA. 'Etol, pe tic moocomteg tov ALA xou LA mov emAéEape

[Tivaxog 4
SVOYETION AVAIEGH OTIC OALUYEC TV TIUMV OEIKTOV OAEYUOVNG Kot Amidimv oto 50
dropa wov éAafov o ALA

r P tyn
A CRP évavtt A yoAnoTEPOANG -0.07 0.63
A tprylokepidiov -0.25 0.09
A LDL yoAnotepoing 0.015 0.92
A HDL yoAnotepoing -0.093 0.52
A SAA évavtt A yoAnoTEPOANG -0.068 0.64
A tprylokepidiov -0.18 0.21
A LDL yoAnotepoing 0.014 0.93
A HDL yoAnotepoing 0.03 0.83
A TL-6 évavtt A yoAnoTEPOANG -0.28 0.06
A tprylokepidiov -0.30 0.07
A LDL yoAnotepoing -0.16 0.27
A HDL yoAnotepoing -0.14 0.31

Ot tpég A etvon Tipég kaTd Tpv — TEG HETA TV St Tkt TapépPaon.
Yuvtopoypapieg Onwg oTov mivaxa 3

emoyope €va Adyo 0-6:-3 1.3:1 omv opdda tov ALA xor 13.2:1 omnv opdda tov
LA. EmmnpocBeta, ov yopnyodueveg mocdTNTES €Aoimv mTov ypnoipomodnkay
mopelyov moapopoln wocdtNTa Oepuidwv péowm Aimovg otig dVo ouddec. Avtd sivan
ONUOVTIKO KOOMG 01 d10popEG GTNV OAKT TPOSANYT AlTovg pmopovv va exnpedlovv
TIG PAEYLOVAIELS avTdpdoetg [16].

H mpoctatevtikny dpdon tov tpoedv mov eivar mhovoteg oe ALA €xel avagpepbei oe
UEAETEC TOCO TPMTOYEVOVS OGO KOl OEVTEPOYEVOVG TPOANYNG TNG CTEQAVIAING VOGOU.

O Ascherio xou cvvepyateg [7] Ppnke o avtioTpoen GLGYETION OVAUEGO GTNV
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npocinyn ALA kot Tov Kivouvo gpeavions otepaviaiog vooov. X perétn tov Hu
Kol ovvepyat®dv [8], n otk npdoAnyn ALA efetdobnke oe oyéon pe tov
Kivduvo Bovatneopov 1o oUIKoD ETEIGOOI0V LETOED TOV GUUUETEXOVTI®V TNG LEAETNG
Nurses’Health Study. Zopgova pe ta amoteAéopata avtc ™G HEAETNG 1| VYNAOTEPY
npoonyn ALA oyxetioOnke pe yopnAdtepo oxeTikd Kivouvo Bovatnedpov
WOYOUKOD €melc0diov. XN peAétn g Avodv omov po Mecsoyelakob tomov diouta,
mhovowo. o ALA yopnynbnke oe emldvieg &vOg TMPOTOL EUPPAYUATOS TOV
HLOKOPOIOV  EUEOVICTNKE ONUAVTIKY] UEIOON NG  EMOVEUPAVIONG  KOPOLOKDOV
emec0dimVv Kot TG oAMkng Bvnoottog [9].

"Exovv mpotabel d1dpopor unyaviopol pe otoyo va e€nynbel o mpoctotenTikog poAog
tov ALA [17,18]. Meléteg oe okOAovg £de&ov 0Tl 1 Aueon yopnynon ALA pmopet
VO TPOGTATEWYEL EVOAVTL TNG VOONG TOV KOUMOV TNG KApdLdg Tov TPOKOAEL 1) toyotio
[19,20]. Ztig evepyetkég Opdoelg tov ALA mepihapfdvetor m PeAtioon g
avVTOmOKPIoNG TOV optnpldv [21], n pétpla peimon g aptnplokng mieong [22] ko
avti-opometodokn opaon [23]. Téhog, €xel mpotabel por avti-QAeypHoOvV®OONG dpdion
to0v ALA [24] 1 omoia vrootnpiletar amd to amoteAéopato TG LEAETNG LOGC.

H afnpookinpwon Bewpeitar po xpodvia dotapayr] Tov yopokmmpiletot amd pkpov
BaBuod o@Aeypovn tov ayyeiov [1,2]. Ot @Aieypovodels deikteg eppavifoviot
avénuévol og acbeveig pe ypovio otabepn otnBAyyn Ko 0EER GTEQOVIOINL GOVOPOLLNL
eva €xel avapepbel 0Tl Katéyovv TpoyvmaoTtikn a&ia yio TNV ELeAvion enakorovdmv
oteQaviniov enclcodinv [25-27].

>t perém pog, 1 CRP, to SAA «ot n IL-6 mapovsiocav onuavtiky peimorn petd
and yopnynomn ALA yia ypoviko ddotnua 3 unvov. Zopeava pe ta 6ca yvopilovpe
ot tvot n TPAOTN PEAETN TOL avapEPETal oTo, evpruate avtd. H peimon avt mov
nopatnpeiton gtvor aveEdptn and tig oAhayég tov Mmdiov. O akpiPrg unyovicpoc
HEG® TOL OTOioL pEL®VOVTOL Ol deikTeg TG PAEYHovNG gival dyvwotoc. O Caughey
Kol ovvepydteg [28] avagéper 0Tt o dloita mhovola oe ALA avéotelhe v
TOPAYWOYN TOL TopdyovTo VEKpwong twv Oykmv a kKot v IL-1B og vyieig eBehovtéc.
[Teprocotepa dedopéva vhpyovy e GYEoT HE TO ®-3 TOAVAKOPESTO Amapd o&€a
nmov mpoépyovtar amd ybvéhowo EPA war DHA. Tlapodio avtd, Oa mpémer va
onuewwdetl 6Tt to ALA eivon mBavo va punv avamapdyel 115 0pacelg tov yybveiaiov
[17,29]. H cvouminpwon g dloartog vyuwv efeloviav pe 1ybvélato yio 6 efoopdoeg
petmoe v mopaymyn IL-2 and to nepipepikd povomdpnva kotrapo [30]. O Kremer

Kol ovvepydteg [31] avapéper peiowon ™e mapaymyng IL-1 and ta pokpo@dya kot
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Agvkotpleviov B4 amd to ovdetepdpiia 6tav yopnynonke tybvélaio oe acbeveig pe
evepyo pevpartocdn oapbpitida. Xe GAAn pedétn [32], n ocvumAnpwon g olaitog
oV efeloviav pe ybvéhaio mEPLOPIoE TNV KAVOTNTO TGOV HOVOTUPNVOV Vo
ovvBétovv IL-1P, IL-1a kot mapdyovta VEKP®ONG TV OYK®V-a in Vitro.

‘Evag mBovog punyovicpudc mov e€nysl v HEWOUEV TOPAYOYH OLTOV  TOV
KUTTOPOKIVAV — QpOpd TV TPOTOTOINGN 1TNG TOPOy®YNS HETOPLOAMTOV  TOV
apayovikov o&éoc. Ta ®-3 moAvakopeota Mrapd 0EEa TPOKAAOHV aALAYEC OTO
napdywyo Tov evidpov kvkloofuyevaon kar Amofuyevaon Ommg M pelowon g
TOPAYOYNG TG TPOooTayAavdivng Ex kot tov Aevkotpiéviov By [4]. Kot ot 600 avtol
uetafoliteg avéavouvv v ameievdépmon IL-6 in vitro [33]. Aviiotpoems, N peiwon
QVTOV TOV EIKOCOVOEW®V umopel mbavd va eénynoet m peiwon g IL-6. H IL-6
gtvor por mAgotpomikny kvuttopokivny [34], n omola eAéyyel v mapoywyr] CRP ko
SAA and 1o nrap [35,36]. 'Etot, eivar edAoyo va Bewprncovpe 0Tt | GUUTANP®CN TG
dtartag pe ALA kataotéAder apyikd v ancievfépwon IL-6, 1 omolo ot cvvEyela
neplopiler mv mopaywyn CRP kot SAA. H evdeyduevn abnpoyevetikdomro tov
dewt®dV G QAeypovrg, Omwg m CRP [37], evioyder v vmdbeomn Ot 1
avTIpAEYHOVOONG emidpacn tov ALA oviikotontpilel mBova o EVEPYETIKY OVTL-
abnpoydvo dpdon.

H ovuniipowon g olotag pe LA peloce onupoviikd to  emimedo  OAKYG
yolotepoins. To edpnua avtd €xel emapkdg tekpumprmbel ko givor yvootod Ot
opeidetal v awénuévn ovvlBeorn vrodoyéwv g LDL. ITopdia avtd, n yopnynon
ALA dgv emnpéace to eminedo TG OAMKNG YOANOGTEPOANG EVAD GLYYPOVOG LEIMTE TO
enineda ¢ HDL yoAnotepoAne. Ymdpyovv kot GALES HEAETEG TOL VITOJEIKVOOLY OTL
dev  velotatolr vmoAmdoykny Opacn tov ALA. Zvuykekpiuéva, o1 UEAETN
MARGARIN, 1 omoia cuykévipmoe 0ehoviég pe TOALUTAOVG TaPAyOVTES KVODVOD
v Kapduayyelokég vooovg, ta emineda tg HDL yoAnotepding ftav yopnAdtepa
otV opdoa wov AduPave 10 ALA og oOykpion pe v opdda wov AduPave to LA
[10]. To ebpnuo w16 €ival 6€ GLUEMVIO [LE TA ATOTEAECUATO AAANG LEAETNG 1| OTToln
€0e1e 0Tl o dloutar mAOLGLL 0g AvEAoo Kol YOUnAn o€ Aimog mov mopeiye 20
ypappdpe ALA nuepnoiog ywo éva punve, odynce oe youniodtepo emimedo HDL
YOAMNGOTEPOANG, O CLYKPION UE TN Oloita eAEYXoL (TAOVGIO GE KOPESUEVO MITapd
ofén) kot pa dlota TAovolo oe EAalo ehanokpauPng (mhovolo oe ehaikd o&v) [21].
[Mopora avtd, ce GAAN peAéTn o AVOpes HE QLOOAOYWKE emimeda Mmdiov, 1M

emidpaon Mg olotog mAovowg o ALA ota emimedo ¢ LDL kou HDL
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YOANOTEPOANG dev d1Epepe amd TV enidpaon pog diattag mtAovotag oe LA [14]. Katd
OUVETELD, Ol EVOEIEEIC GYETIKA LE TIG KOPOIOTPOGTATELTIKESG 1010TNTEG TOV ALA, 08 0TL
apopd TN PeAtimon Tov TPoPiA Twv Mmdiwv, oev givol TEIGTIKEG.

H napodoa perém yopaxmmpileton and opiopévovg Teplopicrovg ot omoiot Oa mpémet
va avaeepBovv. Tlpota and Oha, dev PapUOCUUIE TO GYEOIACUO OLUGTOVPOVUEVOV
opddwv 0 omoiog elval 1GYVPOTEPOG GTNV OTOKAALYN GTOTICTIKOV OOPOPDOV CE
oyxéon pe po mapéuPaon mopdiiniov oyxedtacpuov. H amdpaon pog opeidetar oty
mOAvVOTNTO ELPAVIOTG TOV PUIVOUEVOL TNG TOPOULOVIG EMOPACEDY OO TPOTYOVLEVO
YPOVIKO dtdotnpa kabmg 1 Teplodog «amoTo&ivwoney Tov amotteiton dev pUmopel va
npocdloptofel yio peAéteg mov agopovv Awmidwa. YmoAoyilovtag pior eVOLAUEST
EP1000 «OMOTOEIVMONG» TOVAAYLIGTOV 2 UNVAV, 1| GUVOALKY] d1dpKeLa TG HEAETNC Ba
énpene va emunkovvlel otovg 8 unves. ‘Evag tétotog oyediacudc Bo dnuovpyovce
TPOPANUOTA CUUUOPP®ONG TV €0EAOVTAOV, GUVLTOAOYILOVTAG OTL 1| GLUUOPPMOT)
O0TOV EAMNVIKO TANBLGHO givarl oYeTIKA YapunAn. AgvTtepov, o1 d0CELS TV ®-3 Kot ®-6
MTOp®V 0EE®V TOL YOPMNYNCUUE LEGH TOV CUUTANPOUATOV TOV dOONKAY GTN HEAET
pog etvar dvokoro va emrevyBovv pécm pog cvviBoug odlattoc. IMapdia avtd,
TPOIOVTA OTMG Hopyopiveg EUTAOVTICUEVEG e TO KOTAAANAO Amapd o&éa pmopovv
va mapayBodv amd T oyetikn Popnyoavia. Ot popyopiveg avtég pmopovv vo
OVTIKOTAGTNGOVV OAAEG TNYEC TPOSANYNG Almovg otTn Oloito LIEPATIOOUIKDV
acOevav.

SOUTEPACUOTIKA, 1 cvumAnpwon g oloitog pe ALA pewdver to eminedo tov
OEIKTAOV QAEYUOVING O VLRIEPMIOOUIKOVG 0ooOeveic. AVt M QVTIPAEYHOVAOING
eMidpaon mapEYEL Eva. uNyavicpod mov mhavaotato eENYEl TNV EVEPYETIKY| EXIOPACT] TOV
ALA omv mpwtoyevny Kot O€LTEPOYEV] TPOANYM NG otepaviaiag vocov. H
EAKLOTIKOTNTO TNG LTOBESN G QTG EVIGYVETAL OO TNV aENON TV evIEiEemV OTL O

QAeYHOVOOELS deikTeg oyetilovtat pe TNV Tabfoeuotoioyio TG aBNPocKANPOCTC.
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KegpdAaio 6. Anuocicuon 2

H enidpaon dioutog eUmTAOLTIGUEVNG O A-AVOAEVIKO 05V GTal d1aAVTA

LOpLoL TPOGKOAANGNG € SQLCAMITIOALUIKOVS aoOeVeig

Iepiinyn

Ocwpio. H mpookdAInon kot 1 €10000¢ TV AEVKOKLTTAP®V SIUUESH TOL €vOoONAioL
OmOTEAOVV  OTAOWL  KPITIKNG  onuaciog o1n  odlkacsio.  oynUaTIoHod TV
aBNPOCKANPOTIKOV TAOK®OV TOV TPOYUATOTO0VVTOL 68 PEYdAo Babud amd to popla
npockOAANong Tov kuttdpav (CAM). Eéetdoape edv 1 counAnpwon g dlaitog pe
a-Atvorevikd o0 (ALA, 18:3w-3) emnpedletl ta emineda TV S0AVTOV HOPPOV TMV
CAM og dvohmdarpukovg acbeveic. Mébodor: Zvykevipooape 90 dvopeg aobeveic
pe dvohmdaipio (péon nikia 5148 €tn) mov akoiovBodoav o TVTIKY EAANVIKN
dtota. Ot cLUUETEYOVTEG OTN UEAETN KoTaveunOnkay pe Tuyaio Tpomo gite og 15ml
Mvedaiov (mhovoio oe ALA) ava nuépa (n=60) 1 oe 15ml kapdapeiaiov (TAovclo ce
AMvelaiko o0& [LA, 18:2w-6]) avé nuépa (n=30). O Adyog ®-6:0-3 otnv opddo mov
éhafe 1o Mvéhato NTav 1.3:1 kot oty opdda mov Ehafe To Kapdapéiaio ntav 13.2:1.
H datpoewn mapépPaon ompkece 12 fdopddes. Metpndnkav to eninedo Amdiov,
SWALTNAG HOPENG TOL dlaKLTTAPLOL popiov mpookOAAnong-1 (sICAM-1), daAvtnig
HOPONS TOL Hopiov TPOooKOAANoNG ayyelaK®dV Kuttdpwv-1 (SVCAM-1) kot dtaAvtig
popong g E-cekextivne. Aroteléouara: H copminpoon g dlortag pe ALA peiooe
oe onuovtikod Pabud ta eninedo SVCAM-1 (peiwon dapécov 18.7% [577.5ng/ml
évavtt 487ng/ml, P=0.0001]). Zmv oudda mov érafe to LA peiwdnke emiong to
sVCAM-1 og pkpdtepo Opmg Paduo (peiwon dwpéoov 10.6% [550.5ng/ml évavtt
496ng/ml, P=0.0001]). Metd amd éieyyo yo tn cvvifeld TOv KOTVIGUATOSG, OEV
Bpétnkav onuavtikés dtapopég ot peiwon tov emmédov tov sVCAM-1 avdapeca
oTlg 000 opddeg (P=0.205). H peiwon tov sVCAM-1 ftav aveEdptmm ond T1g
aAayég Tov Amdiov Kol otig 000 oudde. Lvumepdouara: H copminpoon g
dtoutag pe ALA yuw 12 gfdopdoeg peimoe oe onuovikd Pobud to eminedo tovL
sVCAM-1 cg duchmdapukovs acbevelc. H emidpaon avty amotekel éva mibovod
UNYOVIoUO PECH TOV OO0V T -3 TOALAKOPESTA MTOPA 0EEN PLTIKNG TPOEAEVONG

O00KOUV TNV TPOCTATELTIKY TOVG OpAcT &vavtl TG avamtuéng otepaviaiog vocov.
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Emutiéov, n copumiqpwon tng dlowtag pe LA peiowoe og onuovtikd fabuod ta eminedo

sVCAM-1, o opaon mov xpelaletor TeEPIGGOTEPT SEPEVVIOT).

1. Ewcoyoyn

H oleypovadng oamdvinon £€xer Kevipikd poro o€ Oheg TIC QACES NG
abnpooxkinpotikne dwdwoacioag [1]. H mpookdAAnon AevkokvTTOpOV  GTO
evooOMAlaKO KOTTOPO KOl 1 €makOAOLON peTagopd Tov amd TV KLuKAoPopio 6To
ayyelKo Toiyopo Stopéom Tov evoonAiov amotelel yeyovog KPITIKNG onuaciog oty
moboyéveon g Evapéng kal g eEEMENS TV afnpookAnpotikeov tiakov [2,3]. H
dadkacio avTn £pyetal €1¢ TEPNG o€ HEYAAO Babud HEC® TV HopPi®V TPOSKOAANONG
tov Kuttdpov (CAM) ta omoio exppdlovtar otn pepPpdvn tov evooOnAloK®V
KUTTOPOV GE OVTOTOKPLoN GE APopa PAEYHOVOIN epediopata, 6mmg 1 C-avTidpdoa
npoteivn (CRP) kol mpogpAeypovmdelc kvttapokiveg [3]. To dwakvttdpio poplo
npookOAnong-1 (ICAM-1) xou 10 pOPlO TPOCKOAANGONG OAYYEWKOV KLTTAP®V-1
(VCAM-1) eivar 800 pEAN NG LIEP-OWKOYEVELNS TMV OVOGOCPALPIVAV OV £XOVV
OMUOVTIKOVUG GAAG SLOPOPETIKOVG POAOVS GTNV TPOCKOAANGT] TOV AELKOKVLTTAP®V
0T0 ayyeloko evoodnio [4]. Mia doevtepn opdda CAM, 1 opddo TOV GEAEKTIVOV,
nepiopPdavel v E-celextivin n omolo @épvel €1¢ mEPAG TV TOPOSIKY] LETOPOPA
HEG® KOAIONG TOV HOVOKVTTAP®OV KATA UNKog Tov evoodniiov eved ta VCAM-1 kot
ICAM-1 viomowodv t otafepn) TPOGKOAANGN TOV HOVOKVLTTAPOL GTO £vOOOMALoKE
KotTapa [S].

Meréteg g moBoroyiog g abnpookAnpwong €&xovv aviyvevcer CAM  og
avOpoOTVES aBNPOCSKANPOTIKEG TAGKES [6,7] evd O100yOVIOOKA TTOVTIKIOL PE EAAELYT
tov CAM oavantdccouv Aydtepeg aOnpookAnpmTikéc TAGKEG e oyéomn He Ta
euotloroykd movtikia [8]. [Ipdceateg pehéteg vrodekvoovy eniong éva mbavd poro
TV S10AVTOV popp®v Tv CAM (sCAM) oty tpdyvmon g otepaviaiog vocov [9-
14].

To a-Atvoleviko o&0 (ALA, 18:3w-3) eivar éva amapaitnto Amwapd o&d mov PpiokeTon
oe éloo omoOp®V ELTIKNG TTpoéAevong. Eivar o mpdopopog yio 10 oynUOTIoHO TV
HaKpAc aAVGoV ®-3 ToAvakopestv AMmapmv o&émv (PUFA), eikocamevtagvoikd o0&y
(EPA) (20:50w-3) ka1 dokocaesaevoikd oy (DHA) (22:6w-3) to omoio pmopovv va
AVTIKOTAGTNOOVY TO 0paydovikd 0&0 (AO) (20:4m-6) Kot vor HELOGOVY THV TALPAYOYN

TOV TPOPAEYUOVOIDV EIKOGAVOEW®MV TpootayAavdivn E; kot Aevkotpiévio Bs. To
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AO mpoépyetonr amd TNV OTOUAKPVVOT OTADV OECUMV KOl TNV EMUNKLVGT TOV
Mvelaikov o&€og (LA) (18:2w-6). Ta Ainn tng dtatpoeng mov givor mhovowo oe ALA
Exel avapepbel OTL TPOTOTOIOVV TNV EAEYUOVAOON omdvinon o€ mepapatolma [15]
Kot avOpomovg [16].

Emdnuoroyikéc pehéteg vmodekvoouy 0Tl LITAPYEL AVTIGTPOPT GUGYETICT OVALESH
o010 ALA ¢ datpo@ng Kot Tov Kivouvo gUQAVIONG ELPPEYLATOS TOV HVOKaPdiov
[17-19]. Ztv mapovca pueAétn, eEETAGOUE €AV 1) CUUTANP®OT NG dolattag pe ALA
nov odnyel og pelwon Tov Adyov ®-6:0-3 oe mepimov 1:1 emnpedlet ta enimeda TV
dwwrvtav popeov Tov ICAM-1 (sICAM-1), VCAM-1 (sVCAM-1) kot E-celextivng

(sE-oghextivn) og duchmidokotg acheveis.

2. Yka kon péfodor

2.1 Efclovréc

Ot €0ehovTéc mOV GUUUETEIYOV OTN UEAETN GLYKEVTIPOONKAY OO TNV KAPIOAOYIKN
KAvikn] Tov Aaikobv Nocokopeiov AOMvav kot 6t cuvéreld aEloAoYNONKAY GYETIKA
HE TNV KOTAGTOON TNG VYELNG TOVG, TN YPNON QUPUAK®OV, TIG OUTPOPIKEG GLVIOEIEG
Kol T cvvnBela va ackovvtal. Atopa mov moapovsiolayv Tpobndpyovca GAEYHOVI N
VIEPTOOT], TOV PPICKOVIOV GE QPUPUOKEVTIKT Oy®YN 7oV €NNPedlel TO0 LETAPOMOLO
TOV MITOTPOTEIVOV, Ue TN cuvnbsia va katovaldvouy > and 30 povades aAKoOA TV
efdopdoa, mov kdmvilav mepiocodTepo amd 10 torydpo TV Muépa 1 TOL
TPAYUATOTOOVGAY TTEPIGGOTEPES Omd 6 Mpec €viovng Aoknong avd efdopdda
amokAsioTnKay amd T HEAETN. H Aqyn avil-QAeyHOVOODV QapUAK®V, amoyopendnke

KT TN O1bpKELN TG LEAETNG.

2.2 2yed1aouog e UEAETNS

H perét pog Mrav por  pedétn  mopépPoong pe mopdAANAO  OYEOOGUO.
AxorovOnocape po avaroyio 2:1 yo va oynuaticoope v opdda ALA (dtopa mov
éhoPav ALA) ko v opdoa LA (dropa mov éraPav LA) avtictoya. H perétm
dmpknoe 12 gfdoudoes. Ot eBehovtéic eetdodnkay Katd TNV £6000 TOVG GTI HEAETN
®6TE VoL aKoAoLOOVV ol dlonta TOV VoL TPOGOUOIMVEL TO PEGO EAANVIKO SLOTOADY10.

ZnmOnke omd Tovg €0EAOVTEC VO SLATNPGOVV TIG JOLTNTIKEG TOVG GLVIOELEG KOl TO
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ouvnOn tpoémo {ong tovg Katd T didpkela TG neAétngs. Ot eBehovtég KoTaveunOnkay
HE Tuyoio TpOTO Mote va Adfovv éva amd ta dVo Elata, oynuatiloviag oVo OUAOEG:
mv opudda ALA (n=60) xar v opddoa LA (n=30). H opdda ALA éiaPe 15ml
Mvehaiov avd npépa mov mepleiye 8.1 ypappdpiow ALA ko 2 ypoppdpo LA. H
OLVOMKN ®-6 TpocAnyn dAroée amd 10.4 ypoapudpro (9.1 ypappdpla rav LA) og
12.4 ypopudpia ove MpEPO €VO 1M OCLVOAIKY] TPOGANYTN ®-3 dAraEe amod 1.5
ypoppdpta (0.9 ypapudpio ntav ALA) og 9.6 ypappdpia avé nuépa. Avtd odnynoe
oe oAlayn tov Adyov ®-6:®-3 amd 7:1 oe 1.3:1. H opdoa LA £éroPe 15ml
kapdaperaiov avé nuépa mov mepieiye 11.16 ypappdpro LA, 0.075 ypappdpro AO,
0.075 ypappdapioa EPA kou 0.075 ypappdpro ALA. H cuvolikn tpdcinyn w-6 dAhate
and 10.5 ypappdpra (9.3 ypappdpro ntav LA) oe 21.735 ypappdpio ava nuépa evo 1
oLVOMKN TpdoAnym ®-3 diiate oamd 1.5 ypappdpro (1 ypoppdpro frav ALA) oe
1.65 ypoppdpro ava nuépa. Avtd odnynoe oe aAlayn tov Adyov ®-6:®-3 and 7:1 oe
13.2:1. H ocvvolikn mpdsAnymn Aimovg mapépeve otabepn otig 000 opdoes. Atvélato
Kol Kapoapédaio yopnyndnkav amd v etaipio Savant International, UK. Ta élona
Aappévovtay 3 eopéc v NUEPa, Ho KOVTOAA Tov Toaylov Tev Sml pe kdbe yeovpa.

H oVotaon tov 600 ghaiov divetor otov mivaka 1. O oyedaopds g HEAETNG
eykpinke amd Vv emrponn deovroroyiog tov Xapokoneiov Ilavemotnuiov kot ot
eBelovtég E0woav ypamt cvykatafdeon yuo T GUUUETOYN TOLGS. Ol GLUUETEYOVTES
ot UEAETN emoKePONKAV TNV KAPOIOAOYIKN KAWIKY Tov Adikov Nocoxouegiov puio
@opd TO pnva Omov Kot Tovg xopnynonkav ta éhota. Ot cuppetéyovieg Luyiotnkoy og
K@Oe emiokeyn Kol EpOTNONKAY GYETIKA HE TIC CLVNOEIES TOV KOTVIGUOTOG Kol TNG

(QULGIKNG OPOCTNPLOTNTOG.

[Tivaxog 1
Xvotacn TV 0Vo elaimv avd 100 ypapudpio
Mvéhlaio KopOoUELOLO

[ToApitiko oo (yp.) 5.9 5.7
Yteaptkd o&v (yp.) 3.6 24
Apaydovikd oo (yp.) - 0.5
E)laiko o&0 (yp.) 18.2 11.5
Ewocanevtaevoikd o&o (yp.) - 0.5
Awelaikd o&p (yp.) 13.9 74.4
a-Atvoreviko oo (yp.) 54.2 0.5
OMég otepodres (vp.) 0.4 0.4

OMxcéc Toko@epOAeS (Uyp.) 54.27 48.21
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2.3 Aiouzeg

H dwrpopikny oa&ordoynon PoocicOnke oe £€va  epoUOTOAOYI0  cLYVOTNTOG
Katavdimong tpopipov wote va kabopiotel n dlota tov gbshovidv. H cuyvomta
KATOVAA®ONG YOAOKTOG, WOUWOD, QPOVT®V, ANYOVIKOV, 00TPimv, €AUOANOOV,
YopLdV Kol KpENTog kataypaenke poali pe por otpo@ikn avakinon 24mpov. H
STPOPIKN TPOGANYTN OPENTIKOV GLOTATIK®V Amd TOVG £0gAoVTEC KOTd TN O1dpKELn
™G HEAETNG eAEYYONKE HEG® €VOG 3MUEPOV MUEPOAOYIOV KOTAYPAPNS TPOPIL®V Yo
KéOe pMva. Ot pépeg mov KataypadenKov 6To NUEPOAOYIO NTav 2 Kabnuepvég Kot 1
nuépa and to coapPatoxvplaxo. To NuepoAdYLO KaTaypaens TPOPiL®my avalvonKay
pe ™ Ponbeia tov vroroyiotikov mpoypappatog NUTRITIONIST V (Version 2.1
First Data Bank Inc. USA).

2.4 20iloyn 01yt oiuoTOS KOl EPYATTHPLOKES TEYVIKES

Ta detypata aipoatog cuykevipdbnkay otig 8 10 mpwi petd and 12mpn vnoteio, oty
apyn Kot to T€Aog TG TEPAUOTIKNG TtepLddov. Ta detypoata euyokevipiOnkoy oTig
3000 otpo@éc ava Aemtd yw 10 Aemtd ko otovg 4° C, eviog 2 opdv omd Thv
aponyia kot amodnkednkay otovg -80° C yio mepautépm ovaivo.

Ta enimeda 0OMKNG YOANGTEPOANG, TPIYAVKEPIOIOV KOl TNG YOANCTEPOANG OTIC VYNANG
nokvomtog Mmonpwteiveg (HDL yoAnotepdAng) oto mAdoia TpocdlopioTnKay e T
ypon  evlupatikig  ypopoatoypagiag o€ avtopatomoinpévo  avaAvt] ACE
(Sciapparelli Biosystems Inc., USA). H yoAnctepoin tov youning mukvotntog
Mronpoteivoy  (LDL  yoAnotepoin) vmoloyiommke péow g eElowong Ttov
Friedewald [20].

H avédivon tov sICAM-1, sVCAM-1 kot E-celektiving mpaypatortomdnke péom
TOGOTIKNG 0voGoeVELUIKNG TeXVIKNG otepeng edong (R & D Systems Europe Ltd,
Abingdon, UK). H dtakdpavon evidg kat petald tov avardoemv yuo to SCAM frav
<10%. Okeg ot avardoelg mpaypatoromOnkoy amd £va avaivt] o onoiog dev Yvapiie
T0 ¥pOvo AYMG Tov Oelypotog kot to €idog ¢ Oatpoeikng mapéuPfaong. Ot
peTpnoelg mpaypatoromonkav oto Proymukod epyactiplo tov I'evikov Nocsokopegiov

Nikatog.
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2.5 Yranionikn avaivon

Ta dedopéva yro to SICAM-1, 10 sSVCAM-1 kot v sE-celektivn ta omoia dev giyov
KOVOVIKT KOTAvVOuUY ekepdotnkay pe xpriion tov dwpésov. Ot dapopés otoo CAM
EVTOG Kot HETOED TV Opddwv ovalvdnkav pe avdivon Wilcoxon signed rank test kot
Mann-Whitney U-test, avtictotrya. Ot d1apopég yia TI LETOPANTEG TOV TapOVGiNcHY
KOVOVIKT] Katovoun ovoAvdnkav pe v oavaivon Student t-test. Ot Oeixteg
ovoyétiong tov Pearson kot tov Spearman ypnoipomomdnkoy yo va agloroyndel n
VopEN CLGYETIONG AVAUESO OTIG LETOPANTES LLE KOVOVIKT KATOVOUN KOl GE OVTEG LE
UM KOVOVIKN Kotavopr], avtiotoya. Ot cuoyeTicelg HeTa&D TOWTIK®OV UETOPANTOV
avoABnKay pe T xphon e pedddov ekTiunTpdv tov ¥ TEhoc, ol Slpopéc
avapeco otg opddeg ALA wxar LA oe oxéon pe tg tpég tov sVCAM-1
alohoynOnkav pe T ypHoN TOAVTOPUYOVIIKAG OVOAVONG TOV SOKVUAVEE®Y, LETA
and éleyyo v ™ ovvhfela tov Kamviopatog. Tyég tov P <0.05 OewpnOnkav
onuoavtikéc. H otatiotikn avédivon mpayuatoromnke e tn ypnon Tov GTOTIGTIKOV

npoypdupoatog STATISTICA 2002, Exdoon 6 (StatSoft, Tulsa, Oklahoma).

3. Amoteléopata

3.1 Xopoxtnpiotixd kotd v évopln

Oyd6vta-tpelg amd Tov 90 eBehovtég mov elcayOnKay oAoKANpOCAY TN HEAETN (TéVTE
eBelovtég eykatéretyav omd v oudda tov ALA kot 600 and v opdoa tov LA).
Emniéov, névte eBerovtég (Tpelg omd v opdda tov ALA kot 600 amd tnv opddo Tov
LA) epgpdvicav cvykévipoon CRP peyordtepn amd 10mg/l oe pio and 11 600
alpoinyiec, mboavotota AOY®m AavOdvovucag AEYLOVIG KOl OMOKAEIOTNKAY OO TNV
avéivon. [épa and avtd, 600 eBerovtég (tng opddag ALA) amoxAeiomnkay amd
HEAETN AOY®D EAAElyMC TV Oetypudtov opov. T'ta 10 Adyo avtd avagépovpe To
aroteAéopato v 76 gBeloviav mov mapéusvay (50 g opddag ALA wor 26 g
ouadag LA). Agv mopoatnpnOnkov oTOTIOTIKE CNUAVTIKEG OPOPEG OVAUESOH OTIG
opdoeg ALA xou LA wg mpog v nikio tov eBehoviov (50.4£7.3 évavtt 52+7.7,
P=0.33). EmunpocBeta, 10 1060016 TV KOmviotdv (<10 totydpa avd nuépa) Nrav
nopdpolo ot dvo ouddes (24% évavtt 23%, P=0.85). O Adyoc w-6:-3 nrav

OLYKPIGIHOG oTIS dlonteg TV 600 OpAd®V TPV TN Yopnynon tov eilaiov (7.5:1 kot
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7:1) eved petd ) yoprynon ot Adyotr dAra&av oe 1.3:1 ko 13.2:1 otig opnddeg ALA
kol LA, avtioctoya. [Hapd ™ yopnynon tov elaiov, n npdcsinyn Beppidwv pécw
Mmovg NTav mopdpoto otig dvo ouddec. Emmpocheta, dev mopatnpnOnkay dtapopég
oTNV TPOCANYN BPENTIKOV GLOTATIKOV avapesa oTig opdoeg ALA kot LA, og 0An
dwapketar g perémg (Ilivaxag 2). To Amdaipkd mpogid kot 1 sSCAM kotd v

gvapén g peAéng otig dVo opddeg mapovotdletal otov [ivaka 3.

[Tivaxog 2
Méon dwtpo@ikny TpOSANY”N eVEPYELNG Kol OPENTIKOV GLOTATIKAOV YloL OTOUO E
duohmdapia og dlonteg eumhovtiopéves ue ALA kon LA

Alorta Onaoa ALA Opada LA P-tiun
(nécoc+ T.A.) (nécog = T.A.)
Evépyela (Oepyt.) 2181.8+243.1 2183.2+£237.6 0.638
IIpwteiveg % 15.1+2.4 14.9+2.2 0.564
YoatdvOpakeg % 47.7£3.8 47.844.2 0.613
Aimm % 35.9+4.1 35.9+4 .4 0.477
Kopeopéva Amn (yp.) 22.842.6 23.2+2.8 0.518
Movooaxkdpeota Almn (Yp.) 46.5+4.3 46.6+4.8 0.753
[Tolvaxopeota Ainn (yp.) 11.9+1.2 12.0+1.4 0.687
a-AVOAEVIKO 0EL (Yp.) 0.9+0.2 1.0+£0.2 0.524
Awelaiko o&p (yp.) 9.1£1.2 9.3+1.1 0.463
XoAnotepoin (Lyp.) 216.4+£27.0 218.3+30.6 0.449
AXkooh % 1.3+0.4 1.4+0.4 0.524
Awntnrikéc tveg (vp.) 25.4+3.0 25.243.6 0.759

3.2 Mizidio. ko OEIKTES PAEYUOVIIS GTOV 0PO UETG. TV OLOITHTIKY Topéufoocn

Avoagpopikd pe to emimedo TV AMmdiov o100 mAAoU, TO EMimEdO YOANGTEPOANG
mopEpevay auetafAnta otnyv opdda ALA, evd peiovbnkov oty opdoo LA (P=0.04)
(ITivaxag 3). And v dAAn pepd, ta eninedo ¢ HDL yoAnotepoing peiodnkav
otV opdada tov ALA (P=0.005).

Ta enineda tov sSVCAM-1 mopovciocov OTATICTIKO CNUOVTIKY HEI®ON HETA TNV
xopnynon tov ALA (Ilivaxag 3). H peiwon tov didpecov nrav 18.7%. Emnpochera,
otV opdda tov LA, ta enineda tov sSVCAM-1 peiodbnkav eniong onpovtikd kot m
oxetikn peimon tov ddpecov Ntav 10.6%. Otav cvykpivape T1g d00 opddeg dev
EUPOVIOTNKE GTATIGTIKA GNUOVTIKT dtapopd oe oyéon pe ta enimedo tov SVCAM-1,
HETA amd ELeYYO Y1 TIG KATTVIOTIKEG GuVIBElEC TV cvupeteyovimv (P=0.205).

H peiwon tov sVCAM-1 otig opddeg tov ALA kot tov LA ftav aveEdptntn amnod Tig

aALOYEG TOV MBIV KaODS 0eV VIPEE ONUOVTIKT GUCYETION AVAUESH OTIG OAANYEG
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00 sSVCAM-1 kot 11g aAAay€g oTa AT 6TIC avTioTO(ES OLASES (TO AMOTEAEGLOTOL

dev mapovcidlovion).

[Tivaxog 3
Aumd oo TpoeiA, S10AVTA popila TPocKOAANoNG TV KLTTdp®Vv (SCAM) kot
delktng pdloc oopatog (BMI) mpv ko petd ) yopriynon ALA xor LA

Metafintés IIpw Meta P
Opédoa ALA (n=50)

Ol xoAnotepoin (mg/dl) 232+34 226+36 0.27
Tpryhvkepidwo (mg/dl) 155+84 163+87 0.16
HDL yoAnotepoéin(mg/dl) 42.7£10.4 41+10.2 0.005
LDL yoAnotepoin (mg/dl) 154+37 152436 0.59
sVCAM-1 (ng/ml) 577.5 (530-655) 487 (437-521) 0.0001
SICAM-1 (ng/ml) 206 (177-236) 205 (182-248) 0.26
sE-cehextivn (ng/ml) 44.6 (37-54) 42.7 (36-55) 0.25
BMI (kg/m2) 28.42+3.44 28.40+3.44 0.25
Opédwoa LA (n=26)

Ol yoAnotepoAn (mg/dl) 234+46* 218+46 0.04
Tpryhvkepidwo (mg/dl) 173+£113* 156+86 0.13
HDL yoAnotepoin(mg/dl) 39.2+7.4%* 38.3+8 0.25
LDL yoAnotepdin (mg/dl) 154+43* 149+44 0.36
sVCAM-1 (ng/ml) 550.5 (509-622)* 496 (450-554) 0.0001
sICAM-1 (ng/ml) 191 (181-219)* 200 (183-223) 0.18
sE-cehextivn (ng/ml) 42.9 (39-53) * 42.8 (37-54) 0.65
BMI (kg/m2) 28+3.19* 28+3.22 0.8

Ot tipég yio tae SCAM givon Sudpecot pe 1o 25° kan 75° ekotosTnUopio.

LDL, youning mokvémrag Mmonpwteivny; HDL, vynAng nukvotrog Amonpwteivn;
sVCAM-1, dwhvtd poplo mposkOAANoNg ayyelokav kKuttdpwv-1; SICAM-1, dtodvtd
drakvttdplo poplo tpookdAAnone-1; BMI, deiktng palag coparod.

* P=MX (Mmidwa, popua tpookdAAnong kot BMI oty opdoa LA évavt tov
avTioTOY®V EMIEd®V Mmdimv, popto tpocskoOAAnons kot BMI g opddoag ALA)

4. Zointon

H pehétn pog deiyver 6t po diouta epmiovtiopévn o ALA v 12 gfdopddes peimoe
onuovtika ta enineda tov sSVCAM-1 oe dvohmdayukotg acbevels. Emmpdoberta, 1
cupumAnpoon g dlowtag pe LA peimoe onpoviikd to enineda tov sVCAM-1.

Kobng mponyobueveg peréteg [21,22] avépepav mOKIAIL EMOPACED®V  TOL
kanmviopatog ota enimeda twv SCAM (avénon tov sICAM-1, kapia enidpacn oto
sVCAM-1), emdé€ape va amokAeicovpe amd T HEAETN dAtopa mov  kAmvilov
neplocdTepa amd 10 Torydpa nUeEPN IS He GTOYO VO, TEPLOPICOVUE TNV EMIOPOCT TOL
kanviopatog. [lapd ) pikpn mocdra Kot v 010 avoroyio KATVIGTOV OVALESH

oT1g 000 OUAdES, TPAYLATOTOW|GOUE L0 EMTAEOV TOAVTOPAYOVTIKY OVOAVCT GTNV
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omoio. mepthdfape TG cLVNBELES KAMVICUATOS KOl SOMIGTAOCOUE OTL OEV VINPYOV
dwpopéc avdpeca ota amoteAéopota Tov Ppédnkav petd v avaivon Kol To
OTOTEAECUATO TTOV TAPOVGIALOVUE EOM.

2t peAétn oev ypnotpomombnkay axpifag ot 1deg mocodtnteg ALA ko LA Yy Tig
onadeg ALA wotr LA, avtiotoyyo. H oxompdtnto T00 Yeyovotog avtod agopd tnv
eMOIOEN Vo LEWOOOVUE TO AOY0 ®-6:m-3 G€ PEAAICTIKA EMIMEdA. XTOYOG LG MTOV VL
HELOGOLE TO AOY0 ®-6:m-3 oty opdda tov ALA kot vo avérjoovpe 10 Adyo 0-6:m-3
omv oudoda tov LA. 'Etol, pe tic mocdmreg tov ALA xou LA mov emAé€ape
emtoyape €va Adyo ©-6:-3 1.3:1 omv opdda tov ALA ot 13.2:1 omnv opdda tov
LA. EmmpocBeta, ov yopnyodueveg mocdTNTEg €Aoimv mov ypnoipomodnkay
mopelyov mopopol wocdtNTa Oepuidv péocw Aimovg otig dVo opddec. Avtd sivan
ONUOVTIKO KOOMG 01 d10popEG GTNV OAMKT TPOSANYT Almovg pmopovv va ennpedlovv
TIG PAEYHOVAIELS avTdpdoetg [23].

H mpoctatevtikn dpdon twv tpoedv mov givar mhovoleg oe ALA éxer avopepbei og
HEAETEC TOGO TPWTOYEVOVG OGO KOl dEVLTEPOYEVOVS TPOANYNG TNG OTEPOVINING VOGOL
[17-19]. "Exovv mpotabel Oowdpopor upnyovicpoi pe otoxo vo eEnynbel o
TPOCTUTEVTIKOG pOLOG TOV ALA 01 0moiotl apopovV TV avTi-QAeyYHovVAdN dpdon [16],
mv avi-appuluikn opaon [24], ™ PBeitioon g avtandkpiong Tov aptnpiov [25],
™ pétpla peiwon g apTnplakng mieong [26] ko v avti-oponetookn opaon [27]
tov ALA.

Yndpyer mAn0og omodeicewv OTL M @Aeypovi] €xel  Kevipikd pOAO otV
afnpookinpmwon, kabmg OAa Ta oTddo TG aBnposkAnpwong yopakpiloviatl amd
SLVOUIKY] CAANAETIOPOOT TOV KVTTAPWOV TNG PAEYUOVIG, TOV KVTTAPOKIVOV KOl TOV
YNUEOTOKTIKOV TOpoyOVI®mV Tov Bpiokovtal eviog Tov aptnplakol totydpotog [1].
‘Eva amd ta kupiapya yeyovota g EvapEng e adnpookAnpotikng dtadikaciog ival
1N TPOGKOAANGN HOVOKVLTTAP®Y 6T vO0ONALaKE KOTTOP 1 OOl £PYETOL E1G TEPOG
o peyaro Bobud and ta CAM. H éxkgpaon tov CAM egivor oyetikd younin ota
(QUGLOAOYIKA AyYELOK( KOTTOPO EVD QEAVETOL LETE amd didpopa epebiopata dmwg ot
Kuttapokiveg Kot ot o&gdmtikol mapdyovies. Ta SCAM mpoépyovton amd amofoin M
TPMTEOAVTIKY AOGYION TV Popiwv oL Ppiokovial 6T HEUPPAVES Kot LITOPOLV Vi
AmOTEAECOVV OEIKTEG TNG EVEPYOTOINOMG TV EvoodnAlakmv Kuttdpwv [28]. Adpopeg
UEALTEC £XOVV AVAPEPEL GVOYETION TOV HOPI®V TPOGKOAANONG UE TNV €maKOAOVON
EULPAVIOT oTEPAVINING VOGOL GE VY1 ATOUO EVA VITAPYOLV EVOEIEELS Y10l TPOYVMOGTIKY|

a&ilo tov SCAM yo to o&éa otepaviaio encieoota [9-14,29].
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>t peAétn pag, to enineda sSVCAM-1, oyt 6pmg kot tov sSICAM-1 kou E-celextivrg,
mopovciocoy onuavtikny peimon petd and yopnynon ALA yia ypovikd ddotnua 12
gfoopddwv. Xoppovo pe to 6co yvopilovpe ovty elval 1 TPOTN HEAETN TOL
OVOPEPETOL GTO EVPNULATA AVTE. YTTAPYEL LIKPOS aplOUOG HEAETMV LE AVTIKPOVOUEVL
ATOTEAECUATO. GYETIKA pE TNV EMiOpacn TV ybveraiov ota CAM. [Topdra avtd, Oa
nmpémel vo, onuelwdel 0Tt ta ybvélona gival mbavo va unv avamapdyovy TG dpACELS
tov ALA. O Seljeflot kau cuvepydrtec [30] avépepav 0TL 1 yoprynon ybveiaiov yio 6
gfdopades avénoe ta emineda sVCAM-1 kan sE-cehextivng. H vd0eon tovg ivon dti
AT 1 OLGUEVNG EMOPOOT) TOV ®-3 MTapdV 0EEmV etvan mBavo va oyetileTon pe v
ToPAy®YN OEEWMOTIKOV TOpayOVTI®V Ol 0moiol e TN CEPA Tovg &lval dvvatd va
gvepyomotovy tov mupnviko moapdyovta-kB (ITI1-kB) o omoiog eivol évag onpovtikog
petaypaeikds  mopdyovroc. M GAAN  peiétm [31] avoaeéper  peiwon  tov
ovykevipooemv T0v SVCAM-1 povo otovg Gvdpeg mov ftav peyodvtepor omd 55
ETMV Kol O)L TOVG veOTEPOLG Avopeg (<40 eTmdV) Tov Ehafav cuopmAnpoua ybveiaiov
vy 12 efdopdidec.

O axppng unyoviopos pésm tov omoiov petdvetor o sSVCAM-1 petd ) dwatpo@ikn
yopnynon ALA egivar dyvootog. Xe mpornyovpevn pedétn [16], avaeépape OtL M
ocvumAnpwon g olautog pe ALA pelwoe to enimedo pAEYHOVOI®OV OEIKTOV, OTMG M
CRP ka1 1 IL-6 oty 1010 opdda acBevav. ‘Exet emiong Bpedet 611 1 CRP pmopel va
nmpokoAécsel onuovtiky ékepoacn CAM ota avBpomivo evdobnAlaxkda kottapa [32].
‘Etot, pmopovpe vo Bswpnioovpe 6tt n peiwon tov CRP mov mpoxkAnOnke amd
copmAnpwon g olawtag pe ALA pumopet vo odnynoet oe petwpévn ékppacn CAM.
[Mapora avtd, etvar oA mOavo 6t Ta ®-3 Mmapd o&éa emnpedlovv T EAEYLOVOON
dwdwkacio pe éva mo mwoAvmAoko Tpomo. O De Caterina ko cvvepyateg [33] £oeiée
o6tt n mpooOnkn DHA o kaAliépysia evOOINAMOKOV KLTTAPOV OVECTEILE TNV
ékppaon VCAM-1 ko E-celextivnig mov mpokAnOnke omd wvttapoxiveg 1
Mmoo vcakyapiteg. Emmiéov, o Weber ka1 cvvepydteg [34] é6eiée 6Tt to DHA
avECTEIAE TNV gvEPYOTOInom Tov petaypapikov mapayovta III1-kB. ‘Etol, pmopovue
va vroBécovpe OTL 1 cvpuminpwon ¢ dlortag pe ALA peidvel ta enimedo Tov
sVCAM-1 péoow tov petafoirtov tov, 6mwg to DHA, mov avactélier tnv
evepyomnoinon tov [II-xB, to petaypapikd mapdyovia mov anotedel ToV TEAMKO KOO
moapovouaotn g Ekppacng CAM.

‘Eva axoun edpnpa g peAétng pog nrov n onpoavtikn peioon tov sVCAM-1 petd

cuopmAnpwon tng olontag pe LA, av kot n peloorn out) fTav pikpotepn oe oxéon pe
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10 ALA. To evpnua avtdé Mroav oe éva Poabud pn ovapevouevo, Kobmog o€
mponyovprevn HeAET [16], dev mapovsldcape avTIQAEYHOVOIN ETidpacn g dlortag
mov Nrav mAovotla oe LA. TTapdia avtd, €xer Ppedel [35,36] 011 oe mepduata
EMOOOTG eVOOOMAMOKOV KuTTtdpov pe tvtepievkivn-la, w-6 PUFA 6nwc to AO
avéotethay Vv ékepoocn VCAM-1 av kot oe pikpotepo Pabud oe oyxéon pe 1o ®-3
[TOAA. "Eyel mpotabel 011 0 peyarlvtepog aptBpdg dumhav deoumv tov ®-3 PUFA og
ovykplon pe o ®-6 PUFAs gival kaBoptotikdg yio v peyaAdTepn 1KOVOTNTO GTNV
OVOLGTOAT TNG EVEPYOTOINoNG Tov gvoobniiov.

Ye Ot aeopd To emimedo AMmdiwv TOL TAAGUOTOG, TOPOTNPNCOUE UHEI®ON TOV
EMMEI®V YOANOTEPOANG LETA TN CLUTANP®OT TG olontag pe LA o puo peioon tov
emmédmv g HDL yoAnotepoing petd amd 1t yopnynon ALA. Ta evpiuata avtd
VIodeKVOoLY OTL M Yoprynon LA odnyel ot Pektioon tov Amdopkod Tpodil, Kt
nov Ogv mopatnpeiton petd ™ copmAnpoon g dlowtag pe ALA. To gopnuo avtod
elval og coppovia pe To OmOoTEAECUOTO GAADV HEAETOV TOL OElYVOLV OTL Ol OIONTECG
mov givon epmAovtiopéveg o ALA dev €xovv vmoyoAnotepoiaipiky) opaon [37,38].

H napodoa perlém yopaxmmpileton and opiopévovg Teplopicpovg ot omoiot Oa mpémet
va ovaeepbovv. Ilpota amd Ola, epappocape po mopéppacn  mwapdAAnAov
OYEOOGLOV OVTL Yo pior LEAETT] S100TOVPOVUEVOV OPdd®V M omoia givor 1oyvpOTEPT
TNV OTOKAAVYT GTATICTIKOV dtopopdv. H andpact pog opeileton oty mbavotnto
EUPAVIONG TOV (QOIVOUEVOL TNG TOPOUOVIG ETOPACENDV OO TPOTNYOVUEVO YPOVIKO
dwonuo kaBmg m mepiodog «amotoLivwongy mov amatteitor Ogv  pmopel va
npoodoptobel Yoo pEAETEC OV a@opolv Awmidwa. YmoAioyilovtag piot €vOLAUEST|
EPL000 «OMOTOEIVMOTNG» TOVAAYLIGTOV 2 UNVAV, 1| GUVOAIKY] d1dpKeLa TG HEAETNS Ba
énpene vo emunkuviel otoug 8 unves. ‘Evag tétolog oyedaocuog Bo onpuovpyovoe
TPOPANUOTA CUUUOPPWONS TV €0gAOVTAOV, GUVLTOAOYILOVTAG OTL 1| GLUUOPPMOOT)
oToV EMMNVIKO TANOLGUO elval oXeTIKA YoUNAn. AguTEPOV, 01 BOGEIS TV ®-3 Kol -6
MTOp®V 0EE®V TOL YOPMNYNCAUE LEGH TOV CLUTANPOUATOV TOV dOONKAY GTN HEAET
pag etvar ovokoro va emtevyfovv pécm pog ocvviboug diourtag. Tlapoia avtd,
TPOIdVTA OTMG Hopyopiveg EUTAOVTIGUEVES e TO KOTAAANAO Amapd o&éa pmopovv
va mopayBovv omd tn oyetkn Pounyavio. Ot papyopive avtég Umopovv vao
OVTIKOTAGTNGOVV OAAEG TNYEC TPOSANYNG Almovg otTn Oloito LIEPATIOOUIKDV
acOevav.

SOUTEPACHOTIKA, T SLUTANp®on TG Oloutag pe ALA peudver 1o emimeda tov

sVCAM-1 oe vrephmdoykovg acbeveic. Avty m emidpaon eivor mbavo va
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aviikatontpiler éva mBovod oviiaOnpoydovo pnyaviond mov GupPaiiel otV
evepyetikn emidopaon towv ®-3 PUFAs @utikng mpoéievong otnv mpdAnym g
otepaviaiog vocov. EmmpocHeta, m ovuminpwon g olautog pe LA peimoe
onuovtikd to  enimeda Tov sVCAM-1. H evepyetikn emidpaon twv 600
ocopumAnpopdtov ota eminedoa tov SVCAM-1 deiyvel 0Tl amouteiton mepoutépm
depedvnon wote va PertiotonomBel o Adyog w-6:®-3 g dilattag mov mapEyel TV

KOADTEPT) EMOPOCT) GTOVG PAEYUOVADOELS OEIKTEG SOVGMITLOAUIKDV AGOEVDOV.
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KegpdAaio 7. Anuoacicuon 3
H dilotta ennpedlet v avit-QAEYLOVAOON 0pAGT] TOL 0-AVOAEVIKOV 0EE0C
6€ OLVCAMITIOOLULIKOVG

Hepiinyn

Ta pokpdc aAdoov ®-3 moAvokdpeota Amapd oEfa mov Tpospyovtar amd tydvéiaia
elvatl yvootd 0TL Katéyouv avti-eAeyHovadels opacels. Eetacape v enidopacn tov
a-Atvoreviko¥ o&éog (ALA), mpddpopo Tov pakpds aAvcov ®-3 Mmopdv oémv, ot
EMIMEOD PAEYLOVAOOIDV OEIKTMV Kol SIOAVTOV HOPi®V TPOCKOAANGONG TOV KLTTAP®V
(sCAM) ot0v 0p0 duCMTBAYK®OV avop®V, ce oyéon pe T dlotd tovg. Ot
OLUUETEXOVTEG OTN  HEAETN Katoveundnkav o€ 000 opddeg avaioyo pHE TIG
STPOPIKES TOVG GLVNOELEC: A: EIKOGIEVO QVCATIOUUKA ATOMO TTOL 0KOAOVLOOVV Lo
Mecoyetaxot/Kpntikod tomov dilatta kot B: dekagvvéd SOVGMTIOOUKE GTOpo TOv
axolovBovcav €va duTiKomompéVo eAMVIKO dtatoddyto. Orot ot eBelovtég Ehafoav
ocvunAnpopa 8.1 ypappapiov ALA nuepnoiong yio 12 ¢foopddes. [Ipocdiopicape tig
OLYKEVIPMOELS TOL OUVAOEWOVG A Tov 0poV (SAA) ™ C-avTidpdoag TPMTEIVIG
(CRP), tov mapdyovio evepyomoinong oepdg pokpopdywv (M-CSF), g
wteprevkivng-6 (IL-6), Tov d1aAvtod popiov TPosKOAANONG AyyElOK®OV KVTTAP®V-1
(sVCAM-1), tov d1o0AvTod d1aKkvTTdptov popiov tpockdAinong-1 (sSICAM-1) kot g
dwAvtng E-cedektivng oty apyn Kot To TEA0G TG TEPLOd0L yopnynong tov ALA. Ot
OLYKEVIPMOELS KOTA TNV évapén TV QAEYHOVOI®V deikTdv kol twv SCAM ntav
TAPOUOLEG GTIG dVO opdodeg pe TG drapopetikes dlantes. To €ldog g dloutag elye
ONUOVTIKY EM{OPOACT GTNV OVTATOKPIOT TOV PAEYUOVOIMV OEIKTMOV GTN YOPNyNnon
ALA. Zvykekpuéva, n opddo mov akolovfodoe T dvTikomompuévn eAANvIKY dlouta
TOPOVGIOGE CNUOVTIKY pHelmon towv cvykevipooewv Tov SAA (P<0-001), tng CRP
(P=0-002), tov M-CSF (P=0-005) kou g IL-6 (P=0-04). H opdda mov axorovBovoe
10 Meooyetoakod/Kpntikod tHmov d1o01toddylo Topovsiase onuovtiky peiowon povo
tov ovykevipooewv tov M-CSF (P=0-003). Ot ovykevipwocelg tov sVCAM-1
HEIOONKOV ONUAVTIKO TOCO OTNV Opado 7ov oakoAovBohoe TO OLTIKOTOUUEVO
eAMvikd  dtutordylo (P = 0.001) 6co kot ommv opdda mov axorlovBovce To
Mecoyetaxod/Kpntikov thmov dtoautordyro, (P = < 0.001). H mapovca perétn €deiée

ot n yopnynon ALA peiwoce oe peyardtepn €Ktoom TO EMIMEON TOV PAEYLOVOOIDV
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JEIKTAOV GTOV 0pO OTOV M diaiTo NTay TAOVGIO 68 KOPESUEVA AMTapd 0EEa Kot OTMYN

o€ LOVOOKOPESTA Aapd o&a.

Ewayoy

H xatavdioon dwitwv mlovoiov ce ®-3 Mmapd oféa €xel ouvdebel pe younAn
ocvyvotnTa epedvions abnpookAnpwong (Ascherio et al. 1995). Emmiéov, ta ®-3
Mmopd o&éa Exovv ypnoyorombel otn Oepameian S10POPOV YPOVIOV QAEYLOVOOIDV
KOTOOTOCEDV KOl TO OTOTEAECUATO TOVG TPOGOIOOVV OVTIL-QAEYLOVAOES 1O1OTNTES
(Calder, 2001). Ta «OTTOpO TOL OAVOGOTOUTIKOD GUOTHUOTOS OTOTEAOLV
aVOTOOTOGTO PEPOG TV PAEYHOVOODV YEYOVOT®V OV oeTI{ovTol LE TV avATTTUEN
Kot v €EEMEN g abnpooknpwong. H mpookdAAnon tev povokuTtdpmv g
KuKAogopiog oto evoodnilokd KOTTapa Kot 1 emakolovdn dieiocdvuon Tovg JapESH
TOV ayyelKoL evoodnAiov amoteAovV amapaitnta 6tadle otnv tadoyéveon tng vOGou
(Ross, 1999). 'Exet mpotabel 4Tl 01 avVTI-QAEYUOVAOOEIS 1O10TNTEG TOV -3 ATOP®OV
oféwv e&nyobv dLVNTIKA TN GLOYETIOY] TOVG UE TN YOUNA SvXvOTNTO EUEAVIONG
afnpookinpwong (Calder, 2001). [Tapdra oavtd, GAleg peAéteg o€ avOPMOTOVS OV
emMPePaIOVOLV TIG QVTI-QPAEYHLOVAOIES OPACEIS TOV M-3 TOAVAKOPEST®V MITOPDOV
o&éwv (PUFAS).

[Tponyovueveg peréteg €de1&av d1bpopa amoteAécpata 6tav eEétacav TV enidpaocn
TOV ®-3 TOAVOKOPESTOV MTOp®OV 0@V OTNV TOPOy®YN KLTTOPOKIVOV oo
povorupnve KOTtapo. MeAETEC CUUTAPOONG TNG OloNTAG LE EIKOCATEVTOEVOIKO 050
(EPA) ko dokocaelaevoikd o0& (DHA) £dei&av peimon g ovvBeong tov mapdyovta
vékpwong Tov dykwv-a (TNF-a), ¢ wrepievkivng-1p (IL-1B) kot g wvrepAevkivne-
6 (IL-6) amd ta povokvttapa vyuwv gfehovidv (Endres ef al. 1989; Meydani et al.
1991; Caughey et al. 1996). AvtiBeta, dhleg pedéteg eppoavitouv Elhenym emidpaong
tov ©-3 PUFAs ot ocbvBeon tov idtwv kuttapokvev (Schmidt et al. 1996; Blok et
al. 1997; Yaqoob et al. 2000). H enidpacn tov a-Atvorevikov o&€og (ALA), tov
npodpopov twv EPA ko DHA, otovg o@Aeypovddels deikteg elvar  emiong
OVTIKPOLOUEVO. ZVYKEKPIUEVA, amd TN o pepld €xet avoaeepbel 6TL M mopaymyn
TNF-0 wor IL-1B oamd povoxvttapa vyuwv eBelovidv mov deyépbnkav pe
MromoAvcakyopitn peiwdnke petd and vynin doon dwutntikov ALA (Caughey et
al. 1996).
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Emunpdobeta, oe mponyoduevn pog perétn (Rallidis et al. 2003) n yopnynon ALA
peiooe T1g ovykevipwoelg IL-6 ko C-avidpaococ npwteiving (CRP) otov opd. And
™V GAAN pepld, dAdeg peréteg €dei&av 0tL to ALA dev emmpéace v moapaywyn TNF-
a, [IL-1pB, IL-6, IL-2 1| wteppepdvnc-y (IFN-y) and povorvpnva kvttapa (Thies et al.
2001). Ilpoéceata amotelécpata VTOdEKVOOLY OTL 1| TPdoAnyT < 9-5 ypappoapiov
ALA/Mpépa 1 < 17 ypappdpro EPA+DHA/MuéPa dev S10popomTo1ovy TV Topaymyn
KUTTOPOKIVAOV OO HOVOKVTTAPO KOl AEUPOKVTTOPA TAPOAO 7oL M ohvOeon TV
LOVOTOPNV®V KLTTApV € Mmapd o&éa dAloée oe onuavtikd Pabud (Kew et al.
2003).

‘Evag ap1Buog in vitro peEAETOV LTOOEIKVOEL O KATOGTOATIKY €MiOpOoT TOV ®-3
Mropov 0EEmV otV EKEPOCT HopimV TPOCKOAANONG OTa KOTTOPO TOL £vOoONAioL
tov ayyeiov (De Caterina et al. 1994; Weber et al. 1995; Khalfoun et al. 1996;
Collie-Duguid & Wahle, 1996). Ilapoia avtd, To OTOTEAECUOTO HEAETOV TOL
YOPNYNOOAV GLUTANPOUOTO 6€ avOpmdToLg givar avtikpovoueva. Kdamoleg amd Tig
puerétec avtég €oeiEav 6t EPA ovv DHA pelocav Tic ouykevip®oelg SloAvTdV
pope®v TV popiwv tpockdAinong oto mAdopa (Abe ef al. 1998; Thies et al. 2001),
evo dAleg avapépouvv to avtifeto (Seljeflot et al. 1998; Johansen et al. 1999).

Ta amoteléopota peretadv g emidopaong ybvekaiov otic cvykevipmoelg CRP 6to
mAdopa elvar emiong aviwpovoueva. Ilapdho mov éxer PBpebel por avrtiotpoen
ocvoyétion ovapeca ot ovykévipwon e CRP kot tov mepieyopévov tov
KokKlokvttdpwv oe DHA (Madsen et al. 2001), wo npdoceotn peAétn and v 10w
EPELVNTIKY opddo améTuye vo. emaAnfevoetl avtd to gupnua (Madsen er al. 2003).
Koatd avtiototyia, n yopnynon -3 PUFAs og vyieig eBeloviég dev dlapoponoince ta
enineda g CRP oto mAdopa (Vega-Lopez et al. 2004).

Evdeitelg amd 1o 1950 vréoei&av ot o ydpeg g Mecoyeiov Bpickovror LETOED TmV
YOPOV LE TIG YOUNAOTEPES GLYVOTNTEG EUEAVIONG YPOVIDV VOSTUATOV LE TOLG
avtiotoryovg Oeikteg mPocdoKiov emPimong vo elval petald TV LYNAOTEP®V
(Nestle, 1995). Xe po mpdo@atn HEAET) TOL TPOYUOTOTOM|ONKE OTOV EAANVIKO
mAnBoopd, m vwoBétmon evog dtautoroyiov Mecsoyelokod TOMOL OO ATOUO. UE
petafolikd cHvOopopo oyetiodnke pe onuavtikn Hel®on Tov Kvobvov avAmTLENG
oféwv otepaviainv eneicodiov (Pitsavos ef al. 2003).

O otdyoc pag NTav va eetdoovpe v enidpactn tov ALA g dtotpopng ota emineda
QAEYLOVOOMV OEIKTMV Kol JWALTOV HopPaV popiov mpockdAinons (sCAM) mov

oyetiCovion pe v abnpockAnpwon ce cuvaptnon pe 1o €idog g dlotag. o to
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oKOTO 0VTO, GLYKEVIPMOOUE €0EAOVIEC TOL akoAovBovGav &ite €va SLOITOAOYIO

Mecoyelakod/Kpntikod TOmov 1 po SuTikomompévn eAANviK diatta.

EO@ghovtéc ko pébodor

EOcloviéc

O1 eBehovtég TG perétng cuykevip@Onkav omd T povada e SOKIHLAGI0G KOTMGENMS
oV Kopdoloyikny KAk tov Adikod Nocokopegiov petd amd a&loAdynomn Ttov
WIPWKOD  TOVG  1OTOPIKOV,  QUOIKN  €EETOOM,  MAEKTPOKOPIIOYPAPMUA KO
EPYOUOTNPLOKEG AVAAVOELS. ZVYKEVTPpOONKaY Tevivia dvdpeg eBehovtéc nhkiog 35 e
67 £, pe ddyvoon dvchmdaipiog, xopic évoeEn otepaviaiog vosov (CHD). Ta
Kputpo. EmA0YNG mepAdpupavay emninedo oAKNG YOANoTEPOANG VYNAOTEPO amd 5-20
mmol/L, ko] HDL yoAnotepoing yaumAdtepa amd 1:03 mmol/L. Atopo pe £voeién
AOTH®ENG I GLVLTIAPYOVTOG CAKYOPDOOVS OLOPNTY, VIEPTACNC, VEPPIKNG, NTATIKNG 1)
QAEYLOVAOO0VG VOGoL amokAeiotnkav amd tn peiétn. Eniong amoxieiotkay, dropa
0€ VIOMMOUUIKT] ay®Y, cuvion Kotavaioorn 30 povadmv aAkoOd avd gfdoudoa,
Kémviopa meplocotepwv and 10 torydpov v nuépa, 1 cuvndn €viovn Acknomn yuo
TEPLGGOTEPO amd 6 Mpeg TNV ROOUAdA. ATO TOVG TEVIVTA GVOPES TOV EYYPAPNKOY,
EVOG  EYKOTEAEWYE TPW TNV OAOKANPWON NG UEAETNG AOY® YOOTPEVIEPIKNG
dvuopopioc. Ao evvéa dtopa gite eykatéhenyov gite amokAeiotnKay amd tn HeEAET
KaOdGg dev CLUHOPPOONKAY HE TO TPMOTOKOAAO oTn dtdpkeld Tov 12 gfdopddmv.

‘Eto1, capdvta dropa ohokANpmcay T HEALTN.

2xed10.0UOGC THG UEAETNS

H perém pog Mrov po pedétn poving mopépuPaong pe mapdiinio oxedaouo. Ipv
™V TopERPacn TPoyHaTomoOnke S1aTpoPIkn aE0AOYNoT OGTE Vo Kataveunfodv ot
eBedovtég og dvo opdodeg avaroya pe ) dtontd Tovg. H mpdtn opddo amotelodviov
and dropo mov okolovbovoav pio dlouto HE YOPAKTNPIOTIKG TNG OVOROLOUEVNC
Mecoyelaxng/Kpntikng dlontag 0nme avt teptyplenKe ot LEAETN TOV EXTA YOPDOV
(Kafatos et al. 2000) (n 21). H debtepn opdoa amotehovviav omd GTOMHO TOV

axolovBovcav po dutikomompévn eAAnvikn dtota (n 19).
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Olot ov eBehovtég €loPav 15ml Avehaiov/muépa yuoo 12 gfdopddes. To €lato
neplapPave mepimov 8 ypoappapio ALA (®-3) kou Aappavotav 3 opég v nuépa,
pio KoutaAld Tov toaylol Tov Sml pe kédbe yevua. ZntOnke and toug Beloviic va
JTNPNCOLY TIG STNTIKES TOLG GLVTBELES Kot To cuvi O Tpdmo LMNG TOVS KOl TOVG
oLOTHONKE VAL ATOPVYOLV TN AYN OVTI-QAEYLOVOOIDV QOPUAK®V, BITApVOV 1 GAA®V
CUUTANPOUATOV  JTPpoPNS kotd TN  Obpkeld ™G MeAéng. Ot eBehoviég
eMPAEEOM KAV GE OTL APOPA TIG ATPOPIKEG TOVS GLVNOELES, TNV KOTAVAAMOT] AAKOOA
KOl T QUGIKN TOLG dpacTNPOTNTA HECH TNAEPOVIKOV KANGEWV o Qopd TNV
efdopdoa Kot HEcm TV emokEYe®Y 610 vosokopeio. Ta dtopa {uylomnkav po popd
to pnva. Katd m ddpkelo tov emokéyewv 6To voookoueio yopnynonkav to Eloa.
To vyoc ko 10 Bépog peTpndnke pe toug €0eAovTEC oe ELAPPD POLYICUO KO HETA
amd aPoipesn TV mOTOLToL®V. To Awvédato yopnyndnke amd v etoupio Savant
International, UK. H e&aymyn tov Awvehaiov £ytve pécm yoypng mieong Katw omd No.
H amobnkevon tov €ywve og okovpdypouo provkdia otovg 4° C. Agv Tpoctédnkay
avToEedmTikd 6to €hato. H ohvBeon tov ghaiov og Mmapd o&éa divetarl otov mivoka
1. Ot eBehovTéc €dmaaV YPOTTH) GLYKOTAOEST Y10 TN GULUUETOYY| TOVG GTN HEAETT EVOD
T0 €PELVNTIKO TPOTOKOALO eykpidnke omd tnv emrpony] Segovroroyiog TOv

Xapoxoneiov [Mavemotnuiov.

Iivaxag 1. Z0vBeomn tov Avelaiov oe Mmapd o&éa, OAKEG OTEPOAEG KOl OMKES
tokoPepPOAES (ava 100 ypappdpiar).

2votatika

[MoAptuco oo (vp.) 59
Xteapikd o0& (vp.) 3-6
EXaikd o&o (yp.) 18:2
Awehaikd o&O (vp.) 139
a-AvoAeviko o&D (Yp.) 54-2
OMxég otepodheg (yp.) 0-4
OAikéc TokoQepOLES (Lyp.) 54-27

Alouteg

H dwtpogikn a&lohdynon PacicOnke e mMoTOTOMUEVO EPOTNUATOAOYIO GLYVOTNTOG
KOTOVAA®ONG TPOPiL®mV mov mepAdupave tpdQuo g Mecoyelokng mTupapidog
(Trichopoulou, 2000). H cvyvomta KotavdA®mong YOAOKTOG KOl YOAGKTOKOMK®OV

TPOIOVTOV, YOUD, @PovTOV, AoYOVIKOV, 00Tpi®v, €hodrodov, Yoplov,
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TOVAEPIKMV, KOKKIVOU KPEATOG Kol TPOIOVI®OV KPEATOG KaBMG Kol KPAGlov
KOTOYpAONKE €VO LWOAOYIOTNKE TO OKOp pnvioiag kotavdimong tpoeipwmv. H
ovuvBeon g dlotag TV dV0 opAd®V o BPEMTIKA GLOTATIKA TOPOLGLALETOL GTOV
nivaxko 2. H datpoikn mpocAnyT Opentikddv cuoToTiK®V €AEYYONKE HEC® TPLUOV
AMuepv nUepoAoYimV KaToypaeng Tpoeipnwy (éva yio kdbe 4 efdopddeg). Ot puépeg
OV KOTOYPAENKOV OTO TMuepoAdylo Mrav 3 kadnuepwég ko 1 nuépa amd T0
cafPatoxvplaxo. Ta nuepordyla Kataypapns tpo@inmy avaivdnkay pe ™ Pondeia
0V VoAoyloTikoy mpoypappatoc NUTRITIONIST V (Version 2.1 First Data Bank
Inc. USA) 6mwg avtd tpomomodnke yio tTov eAAnviko mtaAnbucpd (Yannakoulia et al.

2003).

Epyoaotypioxés teyvirég

Ot gBerovtég mpoonABav oy kapdoroyikny kKAMvikny tov Aoaikod Nocokopeiov cg
000 TEPWTTMOOELG Y10, TN GLAAOYY| GiHOTOC, OTNV OpYN Kol TO TEAOG TNG UEAETNG. Xe
K&0e emiokeyn ta delypato aiplatog cuykevipdOnkay otig 8 to mpwi petd amd 12wpn
vnotela tov eBedovtdv. H cuiloyn tov aipotog £ytve og yodhva coAnvéplo xwpig
uéso cvvrnpnong (Vacutainer tube, Becton Dickinson Labware, Franklin Lakew, NJ,
USA) 7o tov mpocdopiopd temv QAEYUOVOOOV OtV ToL opov. OAeg ot
aonyiec mpaypatomomOnkayv ywpic amokiewopd e eAEPas. Ta cwinvapio
GLALOYNG TOL aipaTog dttnPNONKAV GE TAYO KOl GTN] GLUVEXELL PLYOKEVTPNONKOV
otig 3000 otpo@éc ava Aemtd yio 10 Aemtd ko otovg 4° C, gvidg 2 opdv and T
aolyia. To deiypota tov 0pod amobnkevmkov otovg -80° C yio TEpAUTEP®
avéivon. Ta emnineda CRP kot apvlogldodg A Tov 0pov TPOGOHIOPIGTNKAV UE TN
¥PNON VYNNG evocOnciog avosovepelopeTpiog evioyvouevng pécm copatidiov (N
Latex, Date-Behring Marburg GmbH, Marburg, Germany) pe €0po¢ mpocsdlopiGrov
a6 0.175 éwg 1100 mg/l kot 0.75 g 1000 mg/l, avtictorya. H IL-6 ko o M-CSF
nmpocodlopiotnke pEcw avocoeviukng teyvikng otepeng edone (ELISA) (R & D
Systems Europe Ltd, Abingdon, Oxfordshire, UK). H dwoxdpaveon evidg kot petadd
tov avaidoeov yioo CRP, SAA kot M-CSF frav <5% xot yw v IL-6 <10%. To
SWALTO HOPLO TPOGKOAANCTG AYYELNK®V KVTTAP®OV-1, TO O10AVTO S10KLTTAPLO HOPLO
TpookOAANoNG-1 ka1 dwAvt| E-oedextivny avaivdnkav péocw mocotikng ELISA (R
& D Systems Europe Ltd, Abingdon, Oxfordshire, UK). H dwoxdpavon evidc ko

petald tov  avoddoewv yuoo 1o CAM nrav <10%. Oleg ot  avardoelg
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TpaypaToTomOnKay 000 Qopég amd €va avalvty o omoiog dev yvopile T0 YpOVO

M1 Tov delypatog Kat to €100g ¢ dlattag. Ot peTpnoels Tpaypatomromdnkay 6to

Broynuko epyactpro tov ['evikov Nocokopeiov Nikotog.

MMivaxag 2. HvOeon tov 600 daitwv o Opentikd cuoTaTIKA.

Aiouto.: Meocoyetakot/ Avticomompévn
Kpntikod tomov eAMVIKN dloutal
dlota

Méoog (TA) Méoog (TA) P-tyun
Evépyewa (joules) 9169-86 (1118-46) 9154-32 (959-28) 0-348
[Ipwteiveg % 13-:2 (3-1) 16:0 (1-8) 0-009
YdatdvOpakeg %o 47-8 (3-8) 44-4 (4-4) 0-007
At % 377 (4-8) 382 (42) 0-467
SFAs (yp.) 22:3 (2°5) 38:6 (3-2) 0-018
MUFAs (yp.) 495 (5-8) 32:6 (49) 0-034
PUFAs (yp.) 13-7 (2-0) 12-1 (1-7) 0-171
a-AVOAEVIKO 08D (Yp.) 0-9 (0-3) 1-1(0-2) 0-215
EPA (yp.) 0-3 (0-05) 0-3 (0-08) 0-249
DHA (yp.) 0-4 (0-04) 0-3 (0-05) 0-311
XoAnotepoin (Lyp.) 214-8 (24-4) 370-1 (31-0) 0-004
AloOA % 1-3(0-3) 1-4 (0-4) 0-741
Burapivn C (nyp.) 122-4 (13-0) 117-8 (18-4) 0-002
Avontnrucég tveg (vp.) 267 (3-3) 224 (4:1) 0-021

SFAs, xopeouéva Mmapd o&éa; MUFAs, povoaxdpeoto Amapd o&éa; PUFAS,
noAvokopeota Mmapd o&éa; EPA, swocanevtoevoikd o&; DHA, dokocaelagvoikod
0&.

2TaTioTiK) avaloon

Ta KAMvikd Kot StontnTikd YopoaKTNPIoTIKA EKEPACTNKOV LE TN (PNON TOL LEGOL Kot
™G TUMIKNG OmOKAMONG €KTOG edv OnAmveton To avtifeto. Ta dedopéva yuoo Tovg
QAEYLOVOOELS OeikTeg KOl TOL LOPLOL TPOGKOAANONG SEV EIYOV KAVOVIKT] KOTAVOUT| Kol
ekQpaotnkay pe yprion tov douécov kot Tav 25° ko 75°° ekatootnuopiov. Ot
SPOPES TOV KAWVIKAOV KOl SOTPOPIKMV YOPAKTNPICTIK®OV KOTA TV évapln g
HEAETNG avApecso oTIS Ouddeg HE TIG OPOpPeTIKEG dlonteg avoAlvOnkav pe v
avéivon aveEdptntov dstypatov Student t-test (petd amd AoyaplOuxn petatpomnn),

pe v efaipeon TOL KAMVIGHOTOS Yoo TO omoio ypnotipomomnke m péBodog
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KT TPV TOV . Kabde To Se80pEVE Y10l TIC GUYKEVIPOOELS SEIKTAOV QAEYHOVIC
kot SCAM 0dev elyav kovovikKy] Kotavour okKOUn kot Hetd v AoyoplOukn
TPOTOTOINGCT TOV TIU®V, O TPOSIOPIGUOS TOV SOPOP®Y KATA TNV Evapén Kot Tpv
Kot petd tn xoprynon ALA €ywve pe pun mapapetpikés avorvoels (Mann-Whitney U-
test ko Wilcoxon signed rank test, avtiotoyo). H avéivon Mann-Whitney U-test
ypnoomombnke emiong 7y TN CLYKPION TOV TOCOCTIH®V  SAPOPAV  TOV
OVYKEVIPMOEMV TMV OEIKTOV QAeypoving kot SCAM mpwv Kot peETA TNV TEPiodo
xopnynong ALA avdpecsa otig opddeg pe Tig dwapopetikég diateg. H mocootiaio
Jlpopd  LVTOAOYIOTNKE ®G O OJWIUEGOS TMV  TOGOCTIH®Y  Slopopdv TV
eCatopikevpévov tipov. To eminedo oTATIOTIKNG onuovtikotrog tédnke oto P
<0.05. H otatotikn] avaivon mpoypotomomnke pe tn xpNHon TOV GTATIGTIKOV
npoypdupoatog SPSS (SPSS fro Windows, version 10.0.5; SPSS Inc., Chicago, IL,
USA).

Amoteléopata

Xopoxtypiotike. kotd tpv Evopén

Ot eBelovTég mov eyypdonkay 6T 0V0 OUAOES OEV EPEPAY S TPOS TNV NAKia, TO
BMI, v aptplokn mieon kot Tov aplBud KOKKIOKLTTAP®V, AEUPOKVTTAPOV 1
LOVOKLTTAP®V-KOKKIOKLTTAp®V. O aptBpog kanvictov (Aydtepa and déka Totydpo
avd nuépa) ftav mopdpotlog otig dvo opddss (Iivakag 3).

To ocopotikd Pdpoc kot o aplBudg AELVKOKVLTTAP®V, AEUPOKVLTTAP®Y Kot
HLOVOKLTTAP®V-KOKKIOKLTTAPWV OV O10(pOPOTOONKaY ONUOVTIKG KOTd TN SldpKeLn
™m¢ nehétg. H avaokdmmon tov nueporoyiov Kataypaens tpoeitmy £0eiEe 0Tl M

dtota TV eBehovidv Tapéusive otabepn oe OAN T SLapKELL TG LEAETG.

Aeikteg pAeyuovig oto aiua

O1 d1dpecot tov tuev SAA, CRP, M-CSF kot IL-6 tov 000 opddwv, mptv Kot HeTd
tov yopnynon ALA mapovcidlovtatl otov mivaka 4. O povog deikTng GAEYLOVIG TOL
TOPOVCIOCE CTATIOTIKA CNUOVTIKN UEIMOE KOl OTIG dVO OUAOES HETA TN Yopnynon
ALA 7Mtav o M-CSF, evo CRP, SAA kot IL-6 pewwbnkav onuavtikd povo otnv

opada mov akoAovBovoe TV dvTiKomompévn eAAnviky dlowta. H dwapopd oty



77

avTOTOKPION TOV OEIKTOV QPAEYHOVIAG otn yopnynon tov ALA otig 600 opddeg
emPBeParddnke HEG® TG GVYKPIONG TOV TOCOGTIONMV doPop®V VTOG KAbe £vOG amod
TiIc ovo opddeg (Ewova 1). O mocootoieg aArayéc tov SAA ko g CRP oty

opada mov oKoAOLVBOVGE Tn OLTIKOTONUEVY] €AANVIKY] SloTa MTOV  OMUOVTIKA

Mivaxag 3. KAwvikd dedopéva tov opddwv mov akolovBovcay Tic 600 d1apopeTIKEG
dtontec.

Mecoyetakov/ Avticomompévn
Kpntuov EAMNVIKY] dlaita
tOmov diaito
Merofintéc (n=21) (n=19) P-tyun
Hlwdo (€tn) 50-2 (6-3) 487 (8-3) MX
BMI (khé/p%) 286 (3:6) 27-8 (3:6) MZX
AK (x10%) 6-4 (1-6) 7-3 (1-9) MX
Agppoxvttapa (x10°) 2:2(09) 2:3(0-7) MX
Movoxvttapo & 4-3(1-0) 5:0 (1-7) MX
Kokkiokotrapa (x10°)
Aptmpuokn migon
2VGTOMKN 126:6 (16) 125:6 (16:7) MX
Al0oTOMKY 80-8 (11) 80-2 (11) MX
Koanvietég (var/oyn) 4/17 4/15 MX

Ot Tég TV YOPAKTNPIOTIKOV KATd TNV Eévapén gival ot HEGOL LE TIG TUTIKEG

tovg anokAicelg (TA) otic mapevhéoets, pe v e£aipeocn TOV KOTVIGT®V OOV

0L TIHES apOopoVV aplBud eBehovtdv.

BMI, d¢eixtng pnalag copotoc; AK, Agvkoxvttapa; MZ, un onuavtiko.

JlpopeTikég  amd TG  oAloyég oty oudda  mov  akoAovBovoe  TO
Meooyelakot/Kpntikov tomov dwotoddylo (P=0-005 wor P=0-038, avrtictoya).
Kopid onuovtikn cvoyétion oev Ppédnke avdueoa otn yoAnotepdin g dlotag, ta
Kopeopéva Mmopd o&éa (SFAs), ta povoakodpeota Mmapd o&éa (MUFAS) kot ta
PUFAs pe toug dgikteg @Aeypovig mov eEETAGTNKAV 0 Kapd amd Tig V0 ORAOES.
EmnpocOeta, n cvoyétion avapesa ot Prrapivn C g dloutog Kot Toug OeikTeg

(QAEYLOVTG OEV NTAV GTATIGTIKO CT|LLOVTIKY.

A10A0TES LLOPPYES HOPI@V TPOTKOAANGNS TV KOTTAPWV

Ta enineda tov sVCAM-1 peiwdnkav onuoaviikd pe tn yoprynon ALA kot otig dvo
onades (P<0-001 otnv opdda mov axkoilovBovce 10 Mecoyelakob/Kpntikod tomov

dwrtoAdylo kot P=0-001 otnv opdda mov axorovBodoe 10 SVTIKOTOMUEVO EAANVIKO
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dwutoroyo). Ta emineda tov SICAM-1 wor g sE-cehextivng mapépevav

adrapopomointa kot otig dvo opddes (Iivaxag 5).

IMivakag 4. ZvyKevVIpOGES QPAEYUOVOIMV OEIKTOV GTOV 0pO  SUCGAITLOOUK®DV
acBevodv mov akoAovBolv dV0 OAPOPETIKES SIANTES, TPV KOl LETA TNV YOPNYNo™n O~
MVOAEVIKOV 0EEOC.

MetafAntég IIpwv Metd %A P-tym

Ouédoda Mecoyestakov/
Kpnrtikov dioutoroyiov

(n=21)

SAA (mg/L) 2-51 (2:20-4-5) 2-40 (1-70-3-00) -3-6 0-16
CRP (mg/L) 0-96 (0-54-1-82)  0-99 (0-56-2-10) 20 0-51
M-CSF (pg/mL) 283 (257-309) 258 (226-292) -15-0 0-006
IL-6 (pg/mL) 2:0 (1-12-3-15) 1-66 (0-99-2-13) -4-5 0-08
Opdda dutikomompévng

eMNVIKNG dlotag

(n=19)

SAA (mg/L) 3-65 (2-5-5-8)F 2-38 (1-:39-3-40)  -36'4  0-0002
CRP (mg/L) 1-8 (1-19-4-4)F 1-10 (0-59-1-60)  -36-1 0-002
M-CSF (pg/mL) 279 (237-328)F  232:0(195-284-0) -21-9 0-005
IL-6 (pg/mL) 2-28 (1-34-4-80)1  1-70 (1-26-2-40) -7-9 0-03

Ot Tipég ivan dauecot pe to 25° ko 75° ekatootnudpro.

SAA, apvroedég A touv opov; CRP, C-avtidpwca mpwteivn; M-CSF, mapdyovtog
gvepyomoinong oepdg pakpoeaywv; IL-6, vtepAevkivn-6.

* % A: d1dpecoc TocooTioimV dlapopdv TPy Kot Petd [(v2-v1)/vl]

TP=MZX (pAeypovaddelg deikteg g opdoag Mecoysiokov/Kpntucod tomov
dwutoAoyiov  évavilt TV OVTIOTOY®V  QAEYHOVOOMV OEIKTAOV NG OUAd0C
SVTIKOTOMUEVOD EAANVIKOL O101TOA0YIOV)

Xvlqton

Ta amoteAéopatd Hog OmOKAADTTOVY OTL 1 AVENUEVN doTn Tk TpdoAnyn ALA y
3 unveg NTOV 1KAVY VO UEIDGEL OTIS GUYKEVIPADGEIS QAEYUOVOODV OEIKTOV Kol
OWALTAG HOPPNG TOL  HOplov  TPOOKOAANONG  OYYEWKAOV  KLTTApwv-1 o€
duohmdapukos acBeveic. H enidpaon avty Ntav meptocOTEPO 10YLPN GTNV ORAdA
OV AKOAOLOOVGE TN JVTIKOTOMUEVT] EAANVIKY| dlonTo € CUYKPLON LE TV OUAO0 TTOV
axolovbovce 10 Mecsoyelakov/Kpntikov THmov d101toroy1o.

H mpdoinyn Bpentikdv cuoTatiKdv NToV 01popeTIKy oTIc 000 opddes. H opdda mov

axolovBovce TN duTiKomomuévn eAMNVIKY| dlonta ep@dvice LYNAOTEPN TPOGANYM
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Ewova 1. [Tocootiaieg d10popéc TV GUYKEVIPOGE®V TWV PAEYLOVOOIDV OEIKTMV
HETG TNV YOPNYNON O-AVOAEVIKOD 0EE0G Y10l TIC OLO OLOPOPETIKES OUAOES OVAAOYOL [LE
TO JOTOAOY10. OXTUOVTIKY S1POPA aVAUESH OTIG OVO opddeg P<0-05; @Znuavtikn
dwpopd avapeca ot 000 opddeg P<0-01. H obykpion t@v mocootioimy dopopdv
npoypatotomdnke pe tv ovéilvon Mann-Whitney U-test. % A: dudpecog
TOCOGTIOH®MV J1POPOV TPV Kot HETA [(V2-v1)/vl]

SAA CRP M-CSF IL-6
10 r
0 —. T . T T . ]
-10 B Mcooyeioki diarta
AvTikomompévn
20 k diarta
30 F
40 L @) ®

[NocooTtiaieg drapopég (%A)

TPOTEIVAOV, EVO 1 TPOCANYN LOATOVOPAK®V NTOV YOUNAOTEPT] GE CUYKPIOT HE TNV
onada mov akoAovBovcoe 10 Mecoyetakob/Kpntikov tomov dwotordyo. H mpdoinyn
KOPEGUEVOV MTOPAOV 0EEWV Kol YOANGTEPOANG MTAV CNUOVIIKG LYNAOTEPN OTNV
opdoo NG OVLTIKOMOMUEVNG EAAMNVIKNG OlaTag G€ OYECN HE TNV OHAdQ TOL
Meooyetaxod/Kpntikod tomov dwotoroyiov. Ilepimov 10 16% g GvVOAIKNG
EVEPYEWNG OTNV opdda TG OvTiKomomuévng eAAnvikng olortag mponibe amd
Kopeopéva Amapd o&éa, pa TpdoAnyn mov pmopel vo OempnBel vynAn oe cvyKpion
LE TIC GLOTACELS TOV OUEPIKAVIKOL OpYyoviopol yio v Koapdid (Adult Treatment
Panel 111, 2001). A6 v GAAN pepid, n opdda tov Mecsoyetakov/Kpntikod tomov
dwatoroyiov mapovcioce avEnpuévn mpdoinyn MUFAs, Prropiving C kot gutik®v
wov. Ov mpooqyelg avtéc eival oe ocvppwvio pe t0 Pacikd opiopd g
Meocoyelaxng/Kpntikng dlaitag (Kafatos et al. 2000) kot tov «AvTIKOTOMUEVOLY

St tikoV wpopid (Lewis et al. 1981), avtictorya.



80

Mivaxkag 5. Zvykevipooelg SWALTOV HOpiwV TPOCKOAANONS T®V KLTTOPOV GE
duohmdapukovs €0edovtég mov akolovBovoay dVO OloPopeTIKE €101 dtaitoloyiov,
TPV KO LETA TN YOPNYNOTN A-AtvOAEVIKOD 0EEOC.

MetafAntég [Ipwv Metd %A P-ym

Opdda Mecoyeiaxov/
Kpntuot diairoroyiov

(n=21)

sVCAM-1 (ng/mL) 610 (534-787) 543 (487-601) -10-1 <0-001
SICAM-1 (ng/mL) 201 (173-232) 204 (173-254) 1-7 0-19
sE-cehextivn (ng/mL) 44-2 (35-0-55-1)  44-0 (37-5-55-1) -39 0-99
Opdda dutikomompévng

eAMNVIKNg dlotag (n=19)

sVCAM-1 (ng/mL) 592 (506-625)t 495 (430-570) -18-3  0-001
SICAM-1 (ng/mL) 219 (196-264) ¥ 222 (192-279)  0-1 091
sE-cghextivn (ng/mL) 47-8 (31:6-65-9) + 47-8 (31:6-67-1) -29 0-31

Ot Tipég ivan dauecot pe to 25° ko 75° ekatootnudpro.

sVCAM, dtoAvtd poplo mposkOAANoNG ayyelak®dv Kuttapwv-1; SICAM-1, dtadvtod
JLKKVTAPLO LOPLo TPOoKOAAN O G-1.

* % A: d10eG0G TOCOGTIOIMV dtapopadv TPty kot petd [(v2-v1)/vl]

TP=MZX (uopra TpookOAAN NG TG opadag Mecoyetakov/Kpntucoh tomov dtoutoroyiov
EVavTL TOV ovTioToy OV Hopiov TPoGKOAANGNS TG OLASOS OVTIKOTONUEVOL EAANVIKOD
dtotoroyiov)

H afnpoockinpwon givar pa ypdvia Ay LOVAOING dtotapayr| Tov yopaktnpiletat amd
SUVOIKY]  OAANAETIOpaOT,  KLTTAP®OV NG  QAEYHOVNG,  KLTTOPOKIVOV KOt
ANUEWTOKTIKOV TTapayoviwv (Ross, 1999). H mpockdAAnomn towv AevKokuttdpmy ota
evooOnMaxd kdtTapa Kot 11 emakdAovOn Oteicdvon Olapésm Tov gvdoobnAiov, elvan
£va eVOPKTIPLO YEYOVOHS NG J0IKAGTIOG TNG 0BNPOCKANP®GCNG TOL TPOYLOTOTOLEITOL
oe peyaro Pabud and o CAM (Price & Loscalzo, 1999). Ta sCAM mpoéyovtor amd
amofoAn 1 TPOTEOAVTIKT AmOGYIoN TOV Hopiwv ov Bpickovion oTig pnepPpdveg Kot
UTOPOVV VO OTOTELEGOVV OEIKTEG TNG EVEPYOTOINONG TOV EVIOOMAIKDOV KLTTAPWV
(Gearing & Newman, 1993). Amnd tv d&AAN pepld, avéavopeves evdeilelg
VTOOEIKVOOVV OTL PAEYLOVDOELS OgikTeg 0w 1 CRP pmopovv emiong va £xovv dpeco
mofoyevetikd poAo otn dadikacio g adnpookAnpwong (Pasceri ef al. 2000). AALot
QAeyHovooEls deikteg omwg 10 SAA, o M-CSF xar n IL-6 eivon mopdvteg otig
afnpopatikég mAGKeS Kot LILAPYOLV HEAETEG TOL BewpPOoVV OTL 01 deikTeg avTOl XYoLV
poro otV avartuén tov abnpopotikeov TAakov (Clinton et al. 1992; Meek et al.

1994; DeGraba, 1997). Ta evpnuoto ovTd  LTOJEKVOOLY TN  ONUACiA

TPAYUATOTOINONG UEAETOV TTAPEUPACTC TOV VAL GTOYELOVY GTY| UEIMON TOV OEIKTOV
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QAEYHOVG, Helwon 1 omola pmopel vo petagpaotel oe KAMVIKO 60@erog 6g OTL 0popd
™V TPOANYN TNG OTEPAVIAING VOGOV.

Onwg avagépape og mponyovuevn perdétn (Rallidis et al. 2003), n copumAnpwon g
dtoutag pe ALA peiooe TiIc ovykevipdoelg eAEYLOVmOdV dektav. [Tapdia avtd o
UNYOVIopog mov  givol vmedBuvog Yy TV HEIMON TOV  GLYKEVIPMOGE®V TOV
QAEYLOVOO®V OEIKTOV PHES® Tov ALA mopapével dyvwoTtog, av Kot 1) KOTOGTOAN TNG
TOPAYOYNS EIKOGOVOEO®MV givor mlavd 0Tt oyetileton (James ef al. 2000). 'Exyovpue
npoteivel o€ GAAN peAétn 0Tt M pelwon g mopaymyng mpootayAavoivng E, kan
Aegvkotpleviov By kaBdc kot M emakdiovdn peiwon TV TPOPAEYHOVEOOIDV
kuttapokvav IL-1 kow TNF-a peudvel v anelevbépwon IL-6, n omoia pe ) oepd
™m¢ pedvel v nratikn wopaywyn CRP kot SAA (Rallidis ef al. 2003). Ot IL-6 ko
TNF-a givar yvootd 6t mpokorodv onpavtikny avénon g napayoyns M-CSF tdéco
amd evoodnilokd 6co Kot omd Aelo pVIKA KOTTOPA TOV AyYeiwvV G€ KLTTOPIKEG
kaAMépyeleg (Clinton et al. 1992), kot katd cvvémeia eEAEyyoVV TV EKQpact tov M-
CSF. EmupocOeta, ta CAM exkeppalovtor ot pepPpdvn tov evoodniiov oe
amdvinon o€ dbpopa Preypovadm epebicpata, 6nwg n CRP kot ot mpo@Aeynovmoels
rkutrapokiveg (Price & Loscalzo, 1999).

H mopodco perétn oyedidotnke ®ote vo €EETAGEL TN GULGYETION OVAUEGO OTIG
AvVTIPAEYHOVMOELS Opacels Tov ALA kot Tig dwutpopikés ovvhfetes. Tapovoialovpe
€0 O HEYOADTEPN OVTOTOKPIOT TMOV QAEYHLOVOOIMV OEKTMV OTNV OUAdN TNG
dutikomompévng eAANViKng dlawtag. Eviovtolg, dev PBpénke cuoyétion avapeca ot
JTPOPIKN TPOCANYT GLYKEKPUEVOV OPETTIKMOY GLOTOTIKMV KOl TI GLYKEVIPMON
eAeypovodmv  dciktwv. Ilapdia avtd, peAéteg oe  mepapatolma  Edei&av
KOTOOTOATIKEG EMIOPACELS GUYKEKPIUEVOV BPENTIKOV CLOTATIK®V, OTMOC TO EANIKO
o&0 mov ennpéace TV avocoAoYIK arokpion in vivo (Yaqoob, 2002), evéd o dlota
nhovolo oe MUFAs odnynoe oe peimon g €kepaong Hopimv TpockOAANoNG otV
EMPAVELL aVOPOTIVOV TEPLPEPIKOV HovOTOpNVeV Kuttdpwv (Yaqoob et al. 1998).
‘Evog pkpog aptfpog HEAETOV VTOOEIKVVEL AVTIQAEYLOVAOON Opdon g Prrapivng C.
‘Exet avoapepBei cvoyétion avapesa oty éddetyn Prropivig C ko ) dvoiettovpyio
o0V avocomomnTikoy (Schoenherr & Jewell 1997). Ot cuykevipdoelg g CRP otov
0po &xovv cvoyetioel apvntikd pe T1g cvykevipmoelg g Prrapivng C otov opd oe
dropo pe meprpepikn ayyelokn voco (Langlois ef al. 2001), ko acBeveig oe kpioun
Katdotaon ¢ vyelag tovg (Schorah er al. 1996). Ilapdio mov o1 TPOCANYELS
MUFAs kot Prrapivng C Ntav doe@opetikés avapeoa ot 000 OUAdES HE TIS
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JLPOPETIKEG OlOTEG TTOL UEAETNOOUE, TO. OMOTEAEGUOTE HOG OEV OMOKOADTTOLV
GLECT) GLGYETION OVAUEGO OTNV OTPOPIKN TPOCANYN TV OPENTIKOV 0VTOV
OLOTOTIKAOV KOl TNV AVIIPAEYHOVDOT 0pdon tov ALA.

‘Evag meplopiopdc g mapodoog perémng eivan mn Elhewymn opddag eréyyov. ‘Evoag
de0TEPOG TEPLOPIGUOG €lvar OTL dev avaivOnke 1 ocbvBeon TOV EOCEOMTISIWY TOL
nAdopatog o AMmapd o&ga. ' 1o AdYo avTo, dev UmOPEGOV Vo TparyaTonowm oy
OVGYETICEIS OAVALESO OTA ATAPA 0EEN KOl TOVG PAEYUOVAOOELS OgikTeg. Ta dedopéva
™G OuTNTIKNG TPOSANYNG Amopdv o&éwv, mov PacicOnkav ota MUEPOAdYLL
KOTOYPOONS TPOPIL®MV T®V GULUUETEXOVI®OV OTN UEAETN O&V amokdAvyav Kopio
ovoyétion. EmmAéov, kopio cvoyétion dev mapatnpndnke avapeoca ot Prrapivy C
KOl TOVG QAEYHOVAOOELS Oeikteg, MOPOAO 7OV TO OPemTIKA OLTO GLOTATIK
KATOVOADONKOY GE OLPOPETIKEG TOGOTNTEG OTIG OVO OUAOEG HE TIS OLUPOPETIKES
dtoutec. [Tapdrho TOV O AMOTEAECUATA LOG VITOSEIKVOOVV OTL OPIOUEVOL PAEYHOVAIELS
deiktec pewwdnkav oe peyarvtepo Padbud o6tav 1o ALA yopnyndnke oty opdda g
SVTIKOTTOMUEVIC dloTag o€ GUYKpLon e v ouddo g Mecsoyelokng dlottag, to
dedopéva pag oev pmopovv va emPefordoovv 0Tt 1 Mecoyetaxn dlorta Kot el po
EYYEV OVTIQAEYLOVAOON dpdon.

Yvumepacpatikd, Oewpovpe 6tL n yoprynon ALA givar SuvnTikd mo anoTteAEGUATIKN
ot HelwoN OPIOUEVOV OEIKTOV QAEYHOVIG OTav ot acBevelc akoAovBovv pua
dvtikomomuévn olaita oe oyéon pe po Mecoyelokn olaita eAAnvikov tomov. Ot

punyoaviopol wov e€nyobv v TapATHPNON QVTH TOPAUEVEL VO SlEpELYTHOVV.

Evyaprotieg

Ot ovyypageic gvuyopiotovv tovg ywrpovg E. Kaprmodivr, E. ®gprod kot to
TPOCHOTIKO NG KAPOOAOYIKNG KAWVIKNG Tov Adaikobd Nocokopeiov, v ) Pondeia
otV mopakoAovOnon tev gbeloviav. Embupodue eniong va guyapiotioovpe tov

Ap. N. Tlavvakovpn (Xapoxonelo [Tovemomo) yio v eneéepyacio Tov KEWWEVOL

aTNG NS dnuocievong.
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KegpdAaio 8. Anuoacicuon 4

O yovotumog g amoAmonpwteivng E og duocMmdaipuikods acheveig Kot
1 ovTaTOKPIoT MITOI®V TOL OUIATOC KO OEIKTMOV PAEYLOVTG GTO

a-AVOAEVIKO 0ED

Hepiinyn

27toyos H emidpaon ¢ yoprynong a-Atvorevikov o&éoc (ALA) ota Amidwe Tov
alLOTOG KO TOVG OEIKTES PAEYLOVIG, OE GYECT LLE TO YOVOTLTO TNG OMOAMTOTPOTEIVIG
(apo) E. Zyeotacuog O dlonteg mevivio SUCMTOALUIK®Y 0vOP®V GUUTANPGOONKAY LE
I5ml Aweloiov ovd nmuépa, vy 12 gfdopddec. Avadpopikd, PBpédnkav Tpelc
dwpopetikol yovotvomor g apo E (e2/e3, n=7; €3/e3, n=33; &3/e4, n=10).
Amoteléopara Aev Bpédnkov O0popés oe Kapio amd TG UETAPANTEG KATA TNV
évapén g peAETNG avapeca oto dtopo pe OlapopeTikd yovotumo g apo E. H
yopriynon ALA odnynoce oe pukpn oAAd onUOVTIKY] HEl®on g XOANGTEPOANG NG
VYNNG Tokvotntag Amonpwteivng (amd 1.12 mmol/L og 1.08 mmol/L, P=0.008) xou
TV emmédwv ™S apo A-I (amd 1.28 g/L oe 1.24 g/L, P=0.036) otovg opoluydteg
€3/e3. Emumpdobeta, m yopnynon ALA odfynce oe onuavtiky Ueiwon Tov
OLYKEVIPMOOEWDV OUVA0EW0VS A T0Lv 0pov (SAA) (P=0.014), g C-avtidpacog
npwteivng (CRP) (P=0.013), tov mapdyovta evepyomoinong cepds pakpopdywv (M-
CSF) (P <0.001) kot g wreprevkivng (IL)-6 (P=0.028) ctov 0pd. Ta enimeda SAA
kot M-CSF tov opov peiddnkav eniong ommv opdda €3/e4 (P=0.005 ko P=0.017,
avtiotorya). Avtifeta, to ALA dgv emmpéace Kavéva omd Tovg OEiKTeG QAEYLOVNIG
otV oudoa €2/e3. Zoumépacua To ALA sivon duvatd va emnpedlel uepyeTikd
QAEYHOVY| 6€ SLCAMTTIOALUIKOVG TOV PEPOVY TO YOVOTLTO apo €3/€3 Kot apo €3/e4, Oyt

OL®G Kot 6€ POPELG TOL €2 AAANAOLOPPOV.

Ewsayoyn

H dvochmidonpio etvor £vog mapdyovtog Kivobvou yio TV avamtuén adnposkAnpwong
mov éyer  tekunpwbel  emapkdg (1), Emmpdobeta, m  evepyomoinom  Tov
OVOGOTOUTIKOY GUGTNUATOG OvayVOPILETOL TAEOV OC CNUOVTIKOS TOPAYOVTOS TNG

abnpoyevetikng owowkaciog (2). H amolmonpwteivn (apo) E éxer omuovtikod
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TPOCTOUTEVTIKO POLO GTNV ABNPOCKANP®GN KOl 1 YEVETIKY TOIKIAOTNTO GTNV TEPLOYN
TOV YOVIO10V TNG CLUVOEETOL LLE TNV EMOEKTIKOTNTA GTNV ayyelokn voco (3,4). H apo E
elval Kuplwg yvooTr| yio To pOAO NG TN S10THNPNON TG IGOPPOTING TOV EMTEIMV TNG
YOANoTEPOANG oT0 TAdoUe. H mpwteivn avtr tov mAdcopatog Agttovpyel g GUVIETO
noplo yro. Tovg LVIOdOYElG MTOTPOTEIVOV TV Kuttdpwv. [lapdia avtd, npéceaTa
dedopéva vrodekvoovy 0Tt 1 apo E elvar duvatd va givol Tpootatevtiky Evavtt g
aBnpooKApmoNG HECH UNYOVIGU®V oL gival aveEaptnTol e TNV KavOTNTA TG Vo
emnpedalel to emimedo YOANOTEPOANG ©TO TAGCUM, Om®G M pvduion  yPOHVILV
QAEYLOVOOMV  OMOVINCE®V 7OV  TPOYUOTOTOOVVTIOL UECH  UOKPOPAY®OV Kot
Aepopoxvttapav (4,5). In vitro pehéteg oe kuttapa £0e&av Ot 1 EKppaon g apo E
Oyl LOvo Tpomomoleitol GAAO EMIONG TPOTOMOIEL TNV TOPAYWYN KLTTOUPOKIVAOV TOGO
amd pokpo@dya 6co kar ond T-Aeppoxvttapa (6,7). ‘Etor, n apo E ogoivetor o0t
emnpedlel Aueco TG OMOVINGES TOL OVOCOTOWTIKOV 7oL givar PEPOS NG
afnpoyevetikng drodikociog.

H yevetkn mowilorta ¢ meployng tov yovidiov g apo E agpopd tpia
aAAnAdpopea mov gival Kowvd otov TAnBucud (€2, €3 kot €4), To omoio KOIKOTOOUV
TPELG ICOUOPPEG TPMOTEIVAOV TOL SLOPEPOVY GE €vo. LOVO optvo&D Kol TO MAEKTPIKO
TOVG QPOPTIO. AVT M TEAeLTAin O10POPA CLUPAALEL GTN OLAPOPETIKY] CLVAPELD TOV
TPLOV IGOLOPPDV LE TOVG VTTOd0YEIS 1 omoia elval mBava vrevBouvn Yo T cLoYETION
o€ EMONMOAOYIKEG HEAETEG avapESH GTOV YovOTUTTO TNG apo E, ta enineda Amidiov
otov opd Kot Tov kivduvo ayyswkng vocov (3,8). To oAAnidpoppo &4 Exet
ocvoyetiobel pe avénuéva eminedo OAKNG YOANGTEPOANG, YOANGTEPOANG YOUNANG
mokvotntog Amonpateivav (LDL) kot apo B otov opo (8,9). Xe ovpupovia pe avtd,
&xel mpotadei 0Tt Tt emineda g LDL-yoAnotepding o€ dropa pe to aAAnAOpopeo &4
etvar o evaicOnta oe aAloyég g dlattag o oyéon Le to eminedo o€ ATOMOL LE
SpopeTIKd € OAANAOHopa (10,11).

Meybreg emdnuoloykés HeAETEG TapEyovv  evoeilelg OtL M SITPOPIKN
npoéoAnyn o-Awvorevikov oféog (ALA; 18:3w-3) oyetileton avrtiotpopa pe TOV
kivovvo Bavatmedpov otepaviaiov ensicodiov (CHD) (12,13). H perétn g Avov
é0ele Ot o dloto Meosoyeloakod tomov mAovolwe o ALA Mtav mepliocdTEPo
OMOTEAECLATIKY] GTNV TPOANYN TNG EMAVELPAVIONG KOPOIYYELOKDY EMEICOSIMV GE
oxéon pe M ovvnbwg TpoTEWVOUEVT] «UETA-Ep@paypaTiky  oloita (14). H
Mecoyewaxn dlotta €xel 16topikd cvoyetiobel pe yapunin Bvnowomta and CHD oe

nepoyéc 6mwg n Kpntn 1t dexoetio tov 1960 (15). Apydtepa PBpébnke 6t o1
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Kpnrikoti elyav 3 popéc vyniotepn cvykévipwon ALA oto mAdopa o€ oxéon e TOVG
OLUHETEYOVTEG 0TN HeEAETN oto Zutphen (OAAavdia) (16). Tlapodia avtd, ot KAVIKEG
puerétec mov eEérocov TG emdpacel tov ALA ota Amidwe tov aipotog eiyov
avtikpovopeva anoterécpata (17-20). Amod v GAAn pepid, vapyovv evoeifelg 0Tt
10 ALA «xatéyelt ovtipleypovmodelg 100treg (21,22), vmodewkvboviag OTL Ot
evepyetikég opaocels tov ALA eivon mbavd aveEdptnteg ond 10 petaforopd g
YOANGTEPOANG.

H mBavomta pn ewdwol deikteg g ypoéviag pikpov-Pabpod eAeypovig va
npoPAémovv Tov Kivouvo otepaviaiov emelcodiov vrootpiletor and €va aplBuod
peretov (23). H C-avtwwpooa tpwteivn (CRP) éxel cuoyetiobel pe v dmapén ko
coPapotnta g abnpookAnpwong kol £xel Ppedel va mpoPArénetl ta o&éa otepaviaio
eME0O010. 68 TPOONTIKEG peAéteg (24,25). Alhor deikteg @Aeypovig Omwg To
apLA0EEG A Tov 0poVd (SAA), 0 TOPAYOVTOG EVEPYOTOINGNG GEPAS LOKPOPAYMV
(M-CSF) kot n wepAevkivn-6 (IL-6) £xovv aviyvevbel o abnpockinpmtikég mAdKeS
Ko givol mOavo va £xovv pOLO GTNV AVATTLEN TOV ABNPOCKANPOTIK®OV TAAK®V (26-
28).

Kobog m apo E oaivetor va €xet éva  moAvmapoyoviikd polo otnv
abnpookinpwon katl vo oyetiletal pe ) eAeYHovadn dwadikacio, vrodécape 0Tl 0
molvpopPiopog g apo E Ba umopovoe va emmpedlet v aviamokpion oto ALA. T
70 AOYo avtd e€etdoape TO OMOTEAECUA TG OAANAETIOPAONG AVAUESH GTO YOVOTUTO

¢ apo E kot 10 ALA o¢ deikteg g pAEYHOVNG, G€ OLGAMITIOUUIKOVG GVOPEC.

M£0ooor

Ef¢ghovtéc

50 évdpeg nhkiog 35 pe 67 £, pe ddyvoon dvAmdorpiog yopic Evoeién CHD
amotédesov tov TANBVGHO TG peAétng OXotl o1 GLUUETEYOVTEG GLYKEVTPOONKAY Ao
TV UHOVAOO JOKIHOGIONG KOMMOEWS TNG KAPOOAOYIKNG KAWIKNG TOL  A0iKov
[Mavemomuoakod Nocokopeiov ABnvav, petd amd aloAdynon Tov 10TpKod Tovg
10TOPIKOV, QULGIKN €EETAOT, NAEKTPOKAPIIOYPAPTLL KOl EPYACTNPLOKES AVAAVCELS.
Ot eBehovtéc amoxielotnkay omd ) peAén oty mepintwon Vmoapéng evog omd to
TOPOKATO: AOTUMEN, EVOOKPIVIG, NTATIKY], OYYEWOKN 1 QUOGTATIKY VOGOS, VITEPTAGT,
ayoyn mov emnpealel 10 petafolopd tov AMmdiov, cvvndng katovaiwon 30

povadwv aAkoorh (1 povado=8 ypappdplo OAKOOA) avd €ROOHAON, KATVIGHO
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neplocoOtepov amd 10 towydpov v nuépa, N ovvnbng évtovn doknomn Yo
nePLocoTEPO amd 6 dpeg v efdopdda. Ot doutnTikéc cvvndeleg Kot 1 ELGIKN
dpacmpromnta  afohoyndnkov pe T ypnon  epotnuotoroyiov. ‘Oiot o1
ouppeTéyovteg  aSoroynnkav Katd v €icodd TOLG OTN  UEALT BOTE VO
aKoAovBovV 10 PEGO EAANVIKO dtoutoAddyo (PAEme dtatpoeikn a&toddynon). To vyog
Kol to Papoc petpnOnkov pe tov acbevelg oe ehaepd povylopd Kol HETE TNV
apaipeon TV Tartovtoldv. H apmplokt| mieon oe kabiotn Béon petpndnke petd amod
10 Aemtd npepiog oe dvo Eeywprotés ypovikésg otrypes. Olot ot eBehoviéc Edmoay
YPOAMTY| GLYKOTAOEST GUUUETOYNG TN HEAETN, M omola €YKPiOnKe amd TV emiTpom

de0VTOAOYI0G TOL VOGOKOUEIOV.

Y eO00NOG TNG HELETNS

Olot o1 eBehovtég éhaPav 15ml Awvedaiov/mpépa mov mepilauPave mepimov 8.1
ypoppdpta ALA (o-3) v 12 gBoopades. To élao Aappavotav 3 @opéc v nuépa,
pio KoutaAld Tov toaylol Tov Sml pe kdbe yevua. Zntnke and toug Beloviéc va
JTNPNGOLY TIG STNTIKES TOLG GLVTBELES Kot TO cuvi O TpdTo LMNG TOVS KOl TOVG
oLOTHONKE VA ATOPVYOLV TN AYN OVTI-QAEYLOVOOIDV QOPUAK®V, BITApvOV 1 GAA®V
CUUTANPOUATOV SoTpoPNG KaTA TN ddpkeln tov 12 gfdopddwv g perétne. Ot
efelovtég emPAEQOMKAV amd SLUTOAOYOVG-EPEVVNTES GE OTL OPOPE TIC SUTPOPIKES
TOVG GLVNOELEG, TNV KOTAVAAMOT OAKOOA KOl T QLGIKN TOLG OPACTNPLOTNTO HUECH
TNAEPOVIKOV KANGEOV o @opd v €Pdopdda Kot HECH TV EMOKEYEWV GTO
vocokopeio. Ot eMOKEYEIS TPAYHOTOTOOVVTAV pio opd TO Uiva Kot 6T dldpKeLo
ToVG YopMnyovviav to EAato. H coppopepmon twv eBeroviav a&loloyndnke pécm g
EMOTPOPNG TV Gdewwv pmovkoMav. Ta dtopa Quylomkav oe kébe emiokeyn.
Avodpopkd, HeETA TO TEAOG TG TEPLOOOV TTapéUPacng, eAEyyONKe 0 TOAVLOPPIGUOC
oV yovidiov g apo E otovg ebehoviéc, ot omoior koTaveundnkov ce OpAdES
avéroya pe to yovotumo g apo E. To Awvélato yopnynonke amd v etaipio Savant
International, Leeds, UK. H c0vBeon tov glaiov oe Mmapd oéa diveTon otov mivaka

1.

AwTpo@iki a&rordynon
H dwatpogikn a&loddynon PacicOnke 6e epOTNUATOAOYIO GLYVOTNTAS KOTOVAAMGNG
TPOPIL®V Kol o dTpoPikn avakinon 24dpov. H cuvyvomta katavédimong

YOAOKTOG, WOULOD, PPOVT®V, AUYOVIKOV, 00TPimV, EAAIOAAS0V, YoPLDV Kol KPEATOG



91

0€ GLUVOLOGUO LE TNV OOTPOPIKN avAKAN O™ 24MPOov, Hog eMETpeye vo. emAEEove
efelovtég ov axolovbBovoav 10 HECcO EAANVIKO dwotoAdylo (PAéme Ilivoka 2). H
oLppOpEmon ot dlotta eEAEYYONKE UEow TPV 4MUEP®V MUEPOAOYIMV KATOYPAPNS
Tpopipmv (éva yuo ke 4 eBdondoec). Ot pépeg mov Katayplenkay 6To NUEPOASYLO
ntav 3 xoabnuepwvég kot 1 nmuépa oand to caffarokvplaxo. Ta mupepordya
KAToypaens tpoeipmv avolvinkoav pe t Pondeio Tov VTOAOYIGTIKOV TPOYPAUIOTOS
Nutritionist V Diet Analysis software (Version 2.1 First Data Bank Inc. USA) 6mmg
avTd TPOTOTOONKE Yoo TOV EAMNVIKO TANBVOUO, OTMG TEPTYPAPNKE TPOTNYOLUEVOS

(29).

Epyootnprokég teyvikéc

Ot eBghovtég mpoonAbav otnv Kopdloroykn kAwvikny Tov Adikov Nocokopeiov og
V0 TMEPUTTMOOELS YO T GLAAOYN GIUATOG, OTNV apyn Kol TO0 TEAOG TNG MEAETNG. &
k60e emiokeyn ta delypata aipatog cvykevipodnkayv otig 8 to mpmi petd amd 12mpn
vnoteio Tov ebeloviav. Ot eBelovtég mapéuevay Eamiwpévol og vrtio Béom yo 10
Aentd mprv TNV apoAnyio. H cuidoyn tov aipotog £yive o€ yudivo coAnvapla yopic
néso ovvtmpnong (Vacutainer tube, Becton Dickinson) yw tov mpocdiopiopd twv
MTioV Kol TV QAEYHOVOOMV JEIKTMV TOv 0pov, kol o€ cowinvipioe KsEDTA
mv amopovoon tov DNA. Olec ov awpoAnyieg mpoypotomomdnkav ywpig
amokAEGHO TG EAEPaG. Ta cwAnvéplo GLALOYNG TOL aipatog dtatnpROnKav Ge Yo
Kot ot cuvexela puyokevtpnOnkay otig 3000 otpoég avd Aemtd yio 10 Aemtd won
otovg 4° C, evtog 2 opdv and v opoAnyio. Ta deiypata tov opod amobnkedTnKay
otovg -80° C vy meportépom aviivon. To emimedo olMkng yoAnotepOANG,
TPLYAVKEPIII®MV KOl TNG YOANOCTEPOANG OTIG LYNANG TukvoTNTaG Mmontpwteive (HDL
YOMOTEPOANG) o©TO0 TAAGHO TmpocdopioTnKav pHe TN xpnon  eVOLHOTIKNG
ypouatoypoeiog oe avtopatonompévo avaivti ACE (Sciapparelli Biosystems Inc.,
USA). O mpocdopiopdg tov ocvykevipooemv apo A-I ko apo B otov opd
mpaypatorombnke péow vepelouetpikng ovoocokadilnong oe avaivty ACE. O
dywpiopds o vrotdEewv g LDL mpaypatomrombnke pécm vrepeuyokévipnong,
OGS VTN TEPLYPAPNKE TPOonYoLupéVmg amd tov Griffin kou cuvepydreg (30).

Ta enineda CRP kot apvrogidodg A Tov 0pod TPOcdIOPIcTNKAY LE TN YPNOT VYNANG
evaoOnoiag avooovepelopetpiag evioypopevng uéow copatdiov (N Latex, Date-
Behring Marburg GmbH, Marburg, Germany) pe €bpoc npocdiopiopov and 0.175
¢ong 1100 mg/l wor 0.75 éwg 1000 mg/l, avtictorya. H IL-6 xor o M-CSF
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npocdopioTke PECHO avocoeviLIKNG TEXVIKNG otepens ¢aong (R & D Systems
Europe Ltd, Abingdon, Oxfordshire, UK) pe gdpog mpocsdiopicpov and 0.156 émg 10
pg/ml xou 25.3 éwg 1715 pg/ml, avtictoyya. H daxdpavon evidg kot petald tov
avaivoemv Yoo CRP, SAA koar M-CSF frav <5% xat v v IL-6 <10%. Okeg ot
avaALGElS TpaypatotomOnkay €ig durhodv. o meplopiopd g SakvHOvVoNS, To
detypota wptv Ko petd tnv yopnynon ALA petpnbnkov oty id1a avdivon.

To yevouiké DNA oamopovodnke amd tov muprivo Aevkokuttdpov pe T pébodo
eCayoyng péow dratoc (31). O yovotvmog tng apo E mpocdiopictnke péowm
aAcOOTg avtidpaong moivpepdong (AAIT) ko emaxdAovdn méyn pe €vlvpo
nepropiopov Hha 1 (New England Biolabs), dnwg meprypdonke and tov Reymer kot

ovvepyareg (32).

YTaTI6TIKI] avdivon

Ta KAvikd Kot S1onTiKd YopoakPIoTiKa Kobdg kot o enineda Mmdiov 6tov opod
EKQPPACTNKAV HE TN YPNOYN TOL HEGOL Kot TNnG TLmiKNG omdkiong (TA) extdg eqv
dnAovetar 1o avtifeto. Ta dedopéva yio TOLG PAEYLOVAOIELS OEIKTES EKOPACTNKAY LIE
yprRon tov dopécov kar tov 25” kot 75°° exatootnuopiov. Ot Sopopéc TmV
KAMVIKOV KOl S0 TPOPIK®OV YOPUKTNPIOTIKOV KABMG Kol TOV EMTEOOV TOV ATV
OTOV 0pO KATA TNV &vapén TG UEAETNG OVAUEGO OTIS OUAOEC UE TO SLOPOPETIKO
yovotumo apo E avodlvOnkav pe v otatiotikn Welch, dote va cuvumoioyiotovv un
opotopopeeg dokvudvoels. H ocvoyétion avépeso 610 KAmviopo Kot T0 yovotumo
a&lohoynOnke pe ™ ypnon tov ehéyyov Fisher’s exact, Aoy® Tov LiKpov aptOpov tov
ovppetexovtmv otn peAétn. Ot dtpopég ota emimedo AMmdiov Tov opod TPV Kot
petd tn yopnynon tov ALA mpocdiopiotnkay pe T ¥pnon g ovAALoNG CYETIKMV
detypatmv Student t-test, pHeTd amd EAEYXO KOVOVIKOTNTAG LE TN XPNON TOL EAEYYXOL
Wilk’s test. To dedopéva yia tpryAvkepiote, apo A-I kot apo B tpomomou)Onkav
AoyoapOukd yio vo dopfwhel m pn Kavovikn TOVG KOTAVOWY|, YPNOLLoToOnkay
OUMC Ol U1 TPOTOTOMUEVEG TIUEG TOV UECHOV Yo O1EVKOALVGT TNG EPUNVEILNG TOVG,.
KobBnhg ta dedopéva Yo TG CLYKEVTIPMOGELS OEIKTMV PAEYLOVIG OV €lY0V KAVOVIKT
KOTOVOUN OKOUT KO HETA TNV AOYAPIOLUKT] TPOTOTOINGT TOV TYL®V, 0 TPOSOI0PIoHOS
TV dpopmv katd v évapén (Mann-Whitney U-test) ko mpwv Kot HETE T
yopriynon ALA (Wilcoxon signed rank test) €ywve pe pn mopopeTpikés avaAVCELS.

Tipég Tov P pukpodtepeg tov 0.05 Beopnbnkav wg onpavtikés. H otatiotikn avédivon
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TPOYUATOTOMNONKE HE TN YXPNON TOL OTATICTIKOD Tpoypdupotoc SPSS statistical

software (SPSS for Windows, release 10.0.5).

Amoteréopata

H xatavopn Tov yovotomtov 6 apo E kot ta yopoktnplotikd katd v évapén

Ao tovg 50 dvohmdapikovg e0eAovtég Tov cLpETElYAY oTn peAéTr, 33 fTav
opolvuyot yia to cuyvoTePO eUPOVILONEVO aAANAOpOpPOo €3 (YovoTtumog €3/€3), entd
nrav eopeic Tov yovotumov €2/3 evd déka giyov yovotumo €3/e4. Kavéva dtopo dev
napovcioce yovotomo £2/€2, €2/e4 1) e4/e4. H katavoun tov aAAniopdpeov ftav: €2,
7.0%; €3, 83.0%, €4, 10.0%.

Ta dropo pe dlapopetikd yovotumo ¢ apo E dev diépepav g mpog to deiktn
nélog ocopatog (BMI),  péon aptnplaxn mieon, tov apfud Asvkokvtrapwv (AK)
Kot v ovvnBeta Tov kanvicpatog (ITivaxoag 2). Emmpdcheta, dev vmipyay dtopopés
OTNV KOTOVAA®OT OPENTIKOV GLOTOTIKMV OVAUESH OTIS OUAOES HE OLUPOPETIKO
yovotumo g apo E, mepilopPavopévov kot tov ALA kot GAA®V TOALOKOPESTOV
Mropov oféwv (ITivakag 2). Ta nuepoldyla Kataypaensg TPoeipnmv £dei&ov 0Tl M
dtouta tov eBehovidv mapépeve otabep| oe OAN ) ddpkew TG pekéts. Emmiéov,
10 GOUATIKO BApoc, N aptplokn mieon Kabag kot o apfuog AK tov eBerovidv dev
dAhae onpoavtikd otn dtapkela TG HeEAETNG (To dedopEVa dEV TPOLGLALoVTaL).

O mivakag 3 Oeiyvel 11g péoeg TWEG OAKNG yoAnotepoing, LDL yoAnotepding,
mokvotrog g LDL, HDL yoAnotepding, tpryAvkepidiov, apo A-I ko apo B mpwv
Kot Hetd v yoprynon ALA 1660 yio tov mAinBucpod g HeAEng 6To GHVOAO 0G0 Kot
Yo TIS VITOOUASEG TOV YovOTLTOVL TG apo E. Xe cuppovia pe ta Kprmpla E10aymyng
ot ueAétn, ot e€Behovtég mapovciacav avénuéva emimedo oAkng kot LDL
YOANOTEPOANG, TpryAukepdinv kot apo B (5.98 + 0.87 mmol/L, 3.97 £ 0.95 mmol/L,
1.74 £ 0.95 mmol/L and 1.22 £+ 0.14 g/L, avtictoyya) Katd tnv évapén. Ot péoeg Tipég
TOV EMTEO®V MTOTPOTEIVAV, apo A-I kot apo B tov 0pod kabmg kot g mukvotntag
¢ LDL, xotd v évapén ftav mapopoteg petald tov Ipiov yovotumev g apo E.
210 oVvvoro TV gBehoviav (n=50), n yopnynon tov ALA 0dMynce o€ GTATIOTIKA
onuovtiky peioon katd 3.7% (P=0.011) kot 3.1% (P=0.030) tov smnédov HDL
YOANGTEPOANG Ko apo A-I Tov opov, avtictorya. H peiwon yua tic HDL yoAnotepoin
kot apo A-I mapatnpnfnke emiong otmv oudda apo €3/e3 pe peidoeg kotd 4.1%

(P=0.008) xar 3.8% (P=0.036), avtictoyo. Agv mopatnpriOnkav orArhayég TOGO TNV
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ouada apo €2/e3 6co xor oty opddo &€3/e4. Kopd onuoviikny dweopd tov
OLYKEVIPMOOEWMV OMKNG yoAnotepOAng, LDL yoAnotepding, tpryAvkepidiov kot apo B
oTov 0pd Kabmg Kot TG mukvotntag g LDL dev mapatnprdnke petd tn yopnynon
t0v ALA 16060 610 0UVOLO TV €0ElOVI®OV OGO KOl GTIC VTOOUAOES TOV YOVOTLTTOV
¢ apo E.

O wivakag 4 deiyvel v emidopaon g yopnynong ALA otig ocvykevipmoelg SAA,
CRP, M-CSF kot IL-6 oe 50 duvoMmidtapikovg €0eAOVTEG Kl OTIS VITOOUAOES TMV
yovotonwv. Ta enimeda T@V PAEYHLOVOODV JEIKTOV Katd TV évopén NTav Tapopoto
petald tov yovotvmwv ¢ apo E. Ta emimeda 1o SAA otov opd peimdnkoav
onuavtika petd tm yopnynon ALA oto cbvoro tov mAnBvopod (P<0.001). Ztnmv
avéivon avt) amokAeicape 0Vo dropo pe emineda SAA xatd v Evapén mhve oo
10 98° gkatootnuoplo (>50 mg/L). [lapdra avtd, ta anoteréopato HTay Topduolo
o6tav To dVO avTA dtopo TEPIANQONKav oty avdivon. H peiowon tov SAA
ekdNAwOnke otig opddeg €3/€3 (P=0.014) ko €3/e4 (P=0.005) xatd 15.9% won 28.8%,
avtiototya. Mo mapdpota tdor mapotnpnonke oty opdoa twv £2/€3 atOU®V AV Kol
n pelwon (16.7%) dev Mtav otatiotikd onuavtikny (P=0.24). H avtondkpion tov
aTOU®V PE TO YovoTuTo €2/e3 motkilet wWaitepa and avénon katd 37.2% £wc peimon
Katd 39.4%, evd 10 cVuvoro tov atouwv £3/e4 mapovciace peimwon tov SAA mov
Kopovotay amd 18.6% £mc 58.4% (Ewdva 1).

H yopiynon ALA peiwce tov M-CSF tov o0pov. Xnuovtikn peioon
napatnpinke 610 ovvoro TtV atdpmv (P<0.001), otig vmoouddss apo €3/€3
(P<0.001) ko €3/e4 (P=0.017), 6y dpwg kot oty opdda €2/e€3 (P=0.18). I[Mopdra
aVTA, 01 S1POPES AVAIESH GTOVG QOPEic €2/3 Ko €3/€4 dev NTAV GNUAVTIKEG LE TOVG
TEPLGGOTEPOLVG OO TOVG POPELG TOV AAANAOLOPPOL €2 Vo eppavifovy peiwon tov M-
CSF an6 0.9% £wc 32.9% (Ewdva 1).

H ovykévipoon tov SAA peiwdnke oto ocbvorlo tov eBeloviodv petd
yopnynon ALA (P=0.002) Aoym kvpimg TG onUavTIKNG peiwong ot dropa €3/€3
(P=0.013). Avrifeta, dev mopatnpOnNKov OTOTICTIKA ONUAVIIKEG OLPOPES OTA
dropa pe yovorvmo apo E €2/e3 wou €3/e4. H IL-6 tov 0pod peunbnke emiong
ONUOVTIKA 6TO0 6UVoAo TV g0glovidv (P=0.024) katl TV VITOONAd0 TOV YOVOTLTTOL
€3/e3 (P=0.028) petd to ALA, ev®d ot ouddeg €2/e3 ko €3/e4 dev mapovsiacav
oAy,
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Yvlntnon

Y perémn e€etdoape €dv o moAvpopeopds g apo E  emmpedler v
AVTOTOKPIoT TV MLV TOV OiOTOg KOl TOV PAEYHOVOODV OEIKTMOV GTN XOP1NYNon
ALA (8.1 yp.muépa yio 12 gBdopnadeg), oe o opdda 50 SLCMTIOOUUKOY avOpOV
péonc niwiag. Ioapatnprioope o0tL 1 yopnynon ALA oyetiotnke pe onuovtikng
peimon TV cLYKEVTPMGE®MY 0ToV 0p0 Yo To SAA kot tov M-CSF o115 vmoopddeg
v €3/€3 kot €3/e4 atdpmv, v GUYYPOVOS pelmbnkay ta enineda CRP kot IL-6 ota
dropa €3/€3. Tlapora avtd, 1o ALA dev oyeticOnke pe Tovg EAEYUOVAOOELS deikTeg
oV oudoa TV atopv mov £pepav to €2 ailinAdpopeo. Emiong, dev Bpédnkav
evePYETIKEG emdpdoelg Tov ALA ota emineda v Mmdiov vnoteiag Tov opov Tov va

elval e101KEG Yo cLYKEKPUEVO YovOTLTTO TNG apo E.

Ta -3 moAvakdpeota Mmapd o&éa paxkpdg oivcov (PUFA) mov Bpiokovtal ota
yBvéhaia, cvykekpyéva 1o ewooanevtoevoikd oy (EPA) kot 1o dokocaeaevoikod
oy (DHA), éyouvv ektetopéva peretnfel v 11 emdpaoels Toug 6To Amidl Tov
aipatog ko &xel Tekunplobel 6TL Kat€yovv vIoTpryAvkepOopKeS 1010t TeS (33) Ko
OTL pewdvouy ) otepaviaio Bvnodmra (34,35). e vyniég dooelg, ta ®-3 PUFASs
LEWOVOLVY €MioNG TN YOANCTEPOAN Kot £XOVV OVTL-OpOUPOTIKES KOl AVTIPAEYLOVAOIELG
dpdoelg (36). To katd mdéco 10 ALA katéyel mopOUoleg EVEPYETIKES OPACELS OTIG
OLYKEVTIPAOOELS TV AMTdimv Tov 0pol dev gival akdun yvootd. Meléteg pikpng
dwpkelng oty mpwtoyevn (17,37,38) ko 1t devtepoyev mpdinym (14,39) odev
éoe1Eav emidpaon g yopnynons ALA ota emimeda vnoteiog tpryAvkepdiov Kou
YOANGTEPOANG 6TOV 0pO. Oty GLUVEKPIVOY TO KOPIAUEANLO, TO NAEANLO, TO ALVEALO
Kot 10 yBvérato, o Kestin kot cuvepydreg (17) kot o Singer kot cuvepydteg (38) dev
TOPOVGIOGOV dPOPE TNG OAKNG YoANoTEPOANGS, TG LDL yoAnostepoing 1 tng HDL
YOAMNOTEPOANG TOV OPOV UETA OamOd YOPNYNON AWVeEAOioL ©€ VIEPATIOAUKOVG
acBeveic. 'Exet mpotabel 011 to ALA dev emnpedlet ta Tprylukepidia Tov aiplotog eV
pewwvet v LDL yoAnotepoin mbavotata 6tav avtikadiotd Kopespuévo Mmapd o&éa

(33).

Ot peréteg mov e&étacav v enidpacn Tov ALA otovg dgikTeg TG PAEYLOVIG
etvar avticpovdpevor. [T ovykekpévo, amd ™ pio pepd éxer mpotabel OtL 1
napaywyn TNF-a kot IL-1B and povokdtropa vyiwv eBehovidv mov deyépOnkav
pécw Amomolvoaxkyoapitn peiwdnke petd and vynin d6on ALA om dlatta (40).
EminpocOeta, oe mponyoduevn perérn pog (22), n yopnynon ALA peiwoe 115



96

ovykevipooelg IL-6 kot C-avtidpdoog mpmteivng otov opd. Amd v GAAN pepid,
dAAeg peréteg £dei&av O0tL o ALA dev emmpéace v mapaywyn TNF-a, IL-1B, IL-6,
IL-2 N wreppepdvne-y (IFN-y) amd ta povomdpnva kvttapa (41). Tlpodoceata
ATOTEAECUATO. VTOOEKVOOLV OTL M TtpocAnyn < 95 ypoppapiov ALA 1 < 17
ypappopiov EPA+DHA/Muépa dev emmpéace v mopoywyn KLTTOPOKIVAOV oo
HOVOKDTTOPO KOl AEUPOKVTTAPO TOUPOAO TOV 1] GVOTOCT TV LOVOTUPNVOV KUTTAP®V
o€ Mmapd oEEa aAlace onuovtika (42).

H apywn avdivon mov mpaypotonom)dnke 6to cuvoro T@v 50 SucAMTSaUKOV
ATOUMV OV GUUUETEYOV OTNV TAPOVGO HEAETN OC LKL OHOYEVIS OMAON OTETUYE
EMIONG VO ATOKAAVYEL KATOLM VITOTPIYAVKEPIOOUKT 1) VITOYOANGTEPOLOUIKT] dpdion
tov ALA (22). Z& ovvaptnon pe ™ ovpPoin g apo E otov petafoiioud tov
MITOTPOTEIVOV Ko TG EMOPAGELS TOL YovaTumov TS apo E ota enimeda vnoteiag tov
Mmdiov (8,9) Kot TV avTamdKpion ToV MTOTPOTEIVOV 6 SUTPOPIKES TAPEUPACELS
(43), amopoacicape vo avoAvcovpe EAvE TO OTOTEAEGUOTO MOC GE GYECN HE T
AAANAOLOPPA TOV YOVIdiov avTov. ALt M avdivon o PTopovcE Vo ATOKAAVYEL
mBavég avtamokpioelg oto ALA, 1dkég yio cuykekpipévoug yovotumoug g apo E,
01 0Toieg deV AMOKOADTTOVTOL OTAV TO OEOOUEVA AVAADOVTOL XWOPIG O TOAVHOPPIGUOC
™ apo E va AapPdavetor vroyn. EmmpocOeta, oe po mpoceatn pelétn n omoia
TOPOVGIOGE CNUOVTIKY] VTOTPLYAVKEPIOAUIKY Opaon g Afyng ybveiaiov oe 50
dropo pe abnpoyovo Amompwteivikd @avoturo, O Minihane kot cuvepydteg (44)
AVEQPEPAY CNUOVTIKY €MIOPACT TOL YOVOTLTOL NG apo E omv avtondkpion tov
MTdioV oTIG dTPOPIKES TAPEUPACELS, e TOVG QOPEIS TOV €2 aAAnlopdpeov (n=8)
va eLeoviCouv oMUAVTIKY HEI®MOT NG UETOYELUOATIKNG OOENCNS TOV TPLYAVKEPLOIWV
o€ oY£0M UE TO ATOHO TTOL OeV MoV Popeic Tov €2. [Tapdha avtd, otn HeEAETN pag Ogv
Bpétnkav evdeitelg mov va vrootnpilovv gvepyetikn Opdomn tov ALA ota Amidia Tov
aipatog mov va ivor 101K Yo suykekppuévo yovotomo tng apo E. H yopnynon ALA
o)l LOVO OTETVYE VO TAPOLGLAGEL EVEPYETIKT) OPACT OTO EMIMEIN TPLYALKEPLOIOV Kot
YOANGTEPOANG TOV 0pOV AALN 0dNYNGE Al TNV GAAN LEPLA GE LKPT| CAAL GTOTIOTIKG
onuovtiky peioon tov emnédov HDL yoAnotepding ce cuvovacud pe onUovTiKY
peimon tov emnédwv g apo A-I, 610 chvoro twv ebehovidv Kot v opdda €3/€3.
Ov pewwoeig avtég €xovv avapepbel oe mponyovueveg perétec Omov 1 dlorta
eumiovtiomnke pe ALA (17,45). Ot peiwoelg tov emmédwv ™ HDL yoAnotepoing

Kot G apo A-I dev gppaviotnroy otig opddeg e yovotumo €2/e3 ko €3/e4.
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Kapia cvoyétion dev Bpébnke avapecsa 6to yovotumo ¢ apo E kot to emineda
vnoteiog tov Amdiov Katd v évapén. Avtd épyetar oe avtifeon pe 01t xet
mopatnpnbel otovg mePLGGOHTEPOVG TANBVoUODE avOpOTWV, GTOLG Omoiove TO
aAAnAdpopeo €4 teivel va avéavel ta eninedo olkng kot LDL yoAnotepoding otov
opO, ev®d TO OAANAOUOpPEO €2 €xel 1o avtifeto omotédecpa (8,9). H éddewyn
OLOYETIONG TOV OAANAOHOPPOL €4 pe avéEnpéva emimeda YOANCTEPOANG 0poL £xel
emiong mapatnpnOel oe dAdeg eBvommteg (46,47) wor eivor mBavo vo  eEnyel
ToVAdloTOV o€ €va Pabud yoti 1o €4 aAAnAdpopeo dev awv&dvel tov Kivouvo

enpdviong CHD kot epgpdypotog tov puokapdiov 6tov eAANviKO TAnfucuod (48).

Ye avtiBeon pe to Mmid Tov 0pov, TOPATNPNONKE ELEPYETIKY| €MIOPACT TOL
ALA ot deiktec AEYHOVIG Y10 TOVS OLGATIOOUIKOVS £0eA0VTEG TG peEAETNG. 'Exovpe
avapepel o Tponyovpevn perétn (22) ot ta emineda tov SAA, g CRP ko g IL-6
oTNV KVKAoQOpio, petmOnKoyV onuovtikd petd amd o 3pnvn mepiodo mapépufoaonc
(xatd 23.1%, 38.0% xar 10.5%, avtictoyya). Ed® avapépovpe yio mpdTn popd OTL TOL
eninedo tov M-CSF otov op6d peiddnkov emiong petd and yopriynon ALA (kotd
23.8%, P<0.001). O M-CSF mictevetan 0Tt £t oNUavTKd pOA0 GTNV dapopomToinom
TOV LOVOKLTTAP®V GE HOKPOPAYX GTO apTNPLoKO Toiymua, Eva omd To EVOPKTINPLO
yeyovota g afdnpookinpwong (49). To evpnua 6t 0o M-CSF ekppdletar oTig
aONPoSKANPOTIKEG Oyl OUMG Kol TIC QLGLOAOYIKES avBpamiveg aptnpieg (27), oe
ouVOLOGCHO HE TOV KEVIPIKO POAO TOV UAKPOQAY®V OTNV  afnpockApmon
vrodekviel 6Tt 0 M-CSF avrkel icm¢ 6Tig 014¢popec KLTTAPOKIVES TOL EAEYXOLV TNV
EVEPYOTOINGT T®V HOVOKLTIOP®OV KOTA TN Owdpkeld g abnpoyéveons. Ot
avVTIPAEYHOVMOELS 1010tNTeS Tov ALA mov mapatnpndnkav mibavotata Ppickovton
oM amd TIC EVEPYETIKEG TOV OPAGELS GTIV TPMTOYEVI KOl OEVTEPOYEVT TPOANYN TNG
CHD (12-14). ITapéro avtd, o pnyavicpodg pécw tov omoiov m yopriynon ALA
TPOKOoAEl pelmoN TV OEIKTOV NG QAEYHOVNG TAPOUEVEL AYVMOGTOG, OV KOl 1
KOTOGTOATN TNG TAPUYMYNG EIKOGAVOEW®MV glvar mbavo ot epmAéketat. 'Exet mpotabel
ot ta ®-3 AMmapd o&€a 00 yoHV Ge KoTaGTOAN TG 6VvOeong Bpopfosdavne A, amd ta
povokvTTapa, Kot autd 0dnyet o€ peimon g obvBeons tov Tapdyovia VEKPOONG TOV
oykwv-o (TNF-a) kot g IL-1B (50). O Caughey kot cuvepydreg (40) £0e1&av 0Tt pua
dlatta gpumAovtiopévn pe Avéhono, mov mapeiye 13.7 ypoppdpio ALA avd nuépa,
pmopetl va avaoteidel v ex vivo mapaywyr TNF-a kot IL-1f xoatd 30% ot téooepig

gfdopades. Ot kutrapokiveg avtég glvar YvooTd OTL TPOKAAOVV GMUOVTIKY adENON
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g ékppaong M-CSF 1600 amd ta evdodniiokd 660 kot amd to Aeio poikd KuTTOp
Tov ayyelov oe koAMépyewa (27), ko Katd cvvémewo Oewpeitar 0Tl EAEYYOLY TNV
éxppaon tov M-CSF. Eivau v to Adyo avto wiaitepa miboavo to ALA va pmopel va
pewwoet ta enineda tov M-CSF péocw e KataoTOANG TG TOPAYmYNG EIKOGOVOEWDMV.
Emunpdobeta, to ALA pmopet va peidoet m ovvBeon IL-6 pécm KoTaoTOANG T™NG
mopaywyns TNF-o ko IL-1, xabbdg n IL-6 amehevbepdvetan o€ amdvtnon ot
d€yepomn amd aLTEG TIG KLTTOPOKIVEG TOV TTPpoépyovion amd povokvttapa. H peimon
Tov emnédov g IL-6 6tov opd mov gueavictnke otnv mopovca PeEAETN gival o
CLUHQOVIO PE TIG avagopég Yo Ta -3 Amapd oféa ot Piprloypaeia, Ommg avt
avaokomneitoan amd tov McCarty (51). H IL-6 givou pua mAglotpomikn kuttapokivn (52)

OV UE TN GEPA NG EAEYYEL TNV NIaTikn Tapoymyq SAA kot CRP (23).

‘Eva. axoun véo gbpnua g HeAENG pog eivar OTL 1 YEVETIKN TOWKIAIDL TOL
yovidiov ¢ apo E emnpedler v avtamoOKpion TV QAEYLOVOODV OEIKT®V O
yopriynon ALA. XOpowva pe ta 6co yvopilovpe, SV LIAPYEL TPONYOVEVT] LEAET
mov vo, e&eTdlel TIc mOVEC GLOYETIOEIS OVALESH GTO YOVOTUTTO TNG apo E kot v
aVTOTOKPION TOV OEIKTOV TNG PAEYHOVIG ota ®-3 Amapd o&éa, evd dV0 HEAETEC
(53,54) &yovv dgi&el onpavtikny enidpactn TG EUVOTLTIKNG TokiAiag g apo E ota
enineda g CRP otov opd. O Manttari kot cvvepydreg (53) avépepe cvoyétion
avapeca otov moAvpopeiopd g apo E kot ta enineda g CRP 6e duchimidapikong
avopeg péong mMxiog, pe tovg opolvydteg €3/e3 va moapovcstalovv vYNAOTEPQ
enineda CRP otov opd ce cuykplon Le toug Qopelg Tmv €2 kot €4 aAlnlopdppav. Xe
AN perémn, n omolo £0e1&e piar apvnTik ko aveEdptntn enidpacn g apo E otig
ovykevipooelg ™ CRP og mayboaprovg eviiikeg, o Back-Ngohou kot cuvepydteg
(54) avépepe OtL 10 emimeda g CRP otov opd ovoyetioOnkav 1oyvpd Kot
avtiotpoga pe to enimeda ¢ apo E otov opd pudévo oty vmoouddo tov otOU®V
€3/€3, evd dev vIMPYE ONUOVTIKY GLGYETION otV vroopdda €3/e4. Ta amotedéopoTa
QLTOV TOV HEAETMOV DTOOEIKVOOLV L0 OOV EO1KT ETIOPACT] TWV IGOUOPPAOV TNG
apo E ot oAeypov). Tt peAém pog oe dvoMmdaipikovg acbeveic, oev Ppébnke
OTUOVTIKY] GLGYETION TOL YovoTuToL NG apo E pe ta enineda g CRP 1 1o enimeda
g IL-6, tov SAA kot tov M-CSF katd v évapén, av Kot 1 LEYOADTEPT) EVEPYETIKT
emidopaon g yopnynong ALA otovg deikteg g QAEYUOVIG TOPOLGLAGTNKE GTO
dropo pe yovotumo apo E €3/€3 ko €3/e4. TTo ovykekpiuéva, eved Bpédnke onuoavtikn

ueiwon tov emmédwv tov SAA kot tov M-CSF petd 1o ALA otig opddeg €3/€3 ko
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€3/e4, oe GLVOLAGHO e oNuavTiK) peimon Tov emnédwv g CRP kot g IL-6 ota
€3/€3 atopo, deV EUPAVIOTNKE EVEPYETIKN OAAAYN TOV SEIKTMOV TNG QAEYLOVIG OTNV
VTOOUAON TOV POPE®V TOV €2 AAANAOUOPPOV. To amOTEAEGHATO AVTE VTOOEIKVOOVY
ot o vymAn Tpocinyn ALA eivor mbBavo vo pnv Bonba duvchmdapuxd dropa pe
10 €2 OAANAOLOPPO, TOVAAYIGTOV GE OTL APOPE TNV KOTOGTOAN TV KLTTOPOKIVAV Kot
™G eAeypovadovg amdvinone. To svpiuatd poc, mapoia ovtd, Pacilovionr oe
OYETIKA IKPO aplBpd @opémv Tov €2 aAiniopdpeov katl ypetdlovtal empPefaimon

om0 TEPAUTEP® PEAETEG.

Q¢ amotélecpa Tov PiKpov aptBpod atdpmyv og KAOe pio amd T VITOOUAdES e TO
dtapopeTikd yovotumo g apo E, dwaitepa otig opddeg tov opéwv tov €4 ko €2
AAANAOUOPP®V, M 16Y0C TG MEAETNG VO OVIYXVEDEL SLOPOPES TOV TOPAUETPOV TOL
efetdoape mpv Kot petd tnv mepiodo moapéuPocng MTOV TEPLOPIGUEVT YO TIG
avoADGES OV £ytvay ot vmooudoes. Tlapodlo avtd, to yeyovdg OtTL elyope ™
duVaTOTNTO VO OVIYVEDGOVE CTOTIGTIKA CNUOVTIKES OLLPOPES GTI UIKPT] OUAO TV
Qopémv Tov €4 aAlnilopoppov eEacporilel e opiopévo Babuo v aélomotio TV
AmOTEAEGLATOV OV Tapovsitdloviat. o mpémel va onpewwdel 0TL N KaTavoun TV
aAniopopewv ¢ apo E omv opdda tov SucMmdauk®dv mov eEETAcopE OV
dpepe amd v Kotavou mov €xel avaeepBel mponyovpéveg oe por opdda 240
vyov EAMveov (48), kot givar exiong Topopoto e TV KATOVOUT TOV AVAPEPETAL GE

GAAEG peréteg yio mAnBvcpovg g votwag Evpanng (55,56).

Eivor onuoviikd oto onueio oavtd vo avagepbodue ot onuocio g
SPOPETIKNG KATAVOUNG YOVIOI®OV Kol dlontag HETAED SPOPETIKOV TANBuoUDV o
otL apopd Vv abnpoyéveon. [lpaypott, n Katovour TV aAAnAopopemv g apo E
oTovV eAMVIKO TANBvopd (57) eivor onupovTiké Ol0POPETIKN G OYXEON UE TNV
Katavoun oe mAnBvopovc g Popsiog Evpomng (58). Emmpocheta, n dlouta tov
eEAMVIKOD TANOLGHOL €xel TOAAEG Slopopég o cOykplom pe TN Olouta TV
Bopetogvponaiov (59). Eivon xoatd cvvéneia dwitepa mbavd ot n enidpact Ttov
yovotomov ¢ apo E oty avtamdkpion tov dekTtdv TG PAeypovic oto ALA va
etvar 101K KOl CLYKEKPLUEVT Yol TOV EAANVIKO TANBvono. o cuykekpipéva, eivar
duvatd Ot AAANAETOPAGELS YOVISI®MV Kot STpoPrg va. YOV TOLAGYLIGTOV LEPIKMDG
TIG OLOPOPES TTOL TTOPOTNPOVVTOL AVALESH G€ TANBVOUOVS O TPOG TNV AVTUTOKPIoT
tovg otn olota (60). H évvoln g aAdnAemiopaong yovidiov Kot OoTpoeng

TEPLYPAPEL TNV TPOMONOINGCT 1TNG EMIOPOCNG OCLOTATIKOV NG dlotag oe €va
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OLYKEKPIUEVO QOVOTLTO (Y10l TOPAOELY LD TN GVYKEVIP®ON TOV ATISI®V 6TO TAUGCLLOL)
and éva  YEVETIKO TOALUOPPIOHO. Evoiloaktikd, mn  évvown avaeEpetor oty
tpomomoinon omd TN olonto pog EmOpOoNS TNG YEVETIKNG TOWKIMag o€ éva
YOPOUKTNPLOTIKO TOV PavotOmov. [Tapodro mov vdpyet Evag apBiog LEAETOV Yo TV
emidpaom g oAAnAemidpacng yovidiov kot dTpoPng otV ovamtuén vocwv, 1

OAANAETIOpaOT YOVIOIWV Kol S10TPOPNG XPEWILETAL TEPALTEP® dEPEHVNON.

Ot poprokol pnyovicpoi mov eUTAEKOVTOL GTNV OAANAETIOPACT] OVAUEGO OTIG
1oopopeég TG apo E kot v Aeypovadn amdvinon givatl dyveootot, To yeyovos Opms
6t 1 apo E gumiéketor oty poBuon g eAEYHovVAOdOLS omdvtnong (4) VIodEIkvyEL
OTL 1 oA Aemidpaon avtn pumopet va woybvet. In vitro peéteg £xovv 0giet 6timn apo E
avaoTéALEl Tov moAlamAaciacpd tov T Aspgoxvttdpov (61) xor pmopel va
Kataoteiker tov morromiactoopnd CD4 kow CD8 T kvttdpov mov gvepyomoteitan
péow ptoyovov (7). To amoteAéopata oUTOV TOV UEAETMV LTOOEIKVOOLV (LLECT
OLGYETION AVAUESOH GTNV OVOGTOATIKY] IKOVOTNTA OLPOPETIKAOV ATOTPOTEIVOV Kol
mv meplektikdoTto toug oe apo E. Eivor 1dwitepa onuovtikd oOtt avt m
KOTOOTOATIKY] OpAon TOL TOAAOTAMGLOGHOL dgV €ival Uiot KUTTOPOTOEIKY| EMIOPOOT
kaBdhg emmpedlovtatl katd tov 1010 Tpdmo AL amoteAéopato TG JEYEPONG HECH
pitoyovav ommg eival n mapaymyn IL-2 kot wvreppepdvne-y and ta T Agppoxvttapa
(4,7). Hopdra avtd, oev eivar axdun EexabBapo mov kot twg dpa n apo E dote va
OVOOTEALEL TNV AVTOTOKPICT] TOV AEUPOKVTTAPW®V 1 MG YEVIKOTEPO TPOTOTOIEL TNV
eAeypovadn dwdikacia. Teportépm peiéteg yperdlovrar dote va devkpvicBodv Ta
(ntuoTo VT Kot v TEPLypapel 0 TPOTOG LE TOV OTOi0 Ol WGOHOPPES NG apo E

UTOPOVV VO, TPOTOTOLOVV TIG OPACELS TOV ®-3 MTap®OV 0EEMV GTN PAEYLOV].

‘Evag ap1Buog meploptopdv g mapovoog perétng Bo mpémetl va avaeepbel. [pota
amd OAa, M HEAETN lvar ol AA-TUQAT HEAETT TOPAAANAOL GYECLOD LE PO
EIKOVIKOD (QOPUAKOL ovTl Y10 (ol LEAETT SLOGTOVPOVUEVOV OUAd®Y dV0 QAGEMV M
omoia etvat 1oyVPOTEPN GTNV ATOKAALYN GTATIGTIKAOV dtapopadv. [Tapdia avtd, Evag
OYEOOGOC SLOGTAVPOVUEVOV OUdd®mV B NTav duvATO Vo 00NYNCEL GTO PUIVOUEVO
NG TOPOLOVIG EMOPAGEDV OO TPOTYOVUEVO XPOVIKO AT KAODS dEV vITapY oLV
JEOOUEVOL OYETIKA [E TNV TTEPT0O0 «ATOTOEIVIOGTG» TOL OanTeiTal LETE TNV YOpnYNoN
ALA. "Evog 0e0tepog meplopiopodg g HEAETNG apopd TNV nuepnota doon tov ALA
OV YOPNYNOOUUE LECH TOL Atvelaiov 1 omoia eivar SVOKOAO va emtevybel péow piag

ovvnBovug dlantag. ITlapdia ovtd, mpoidvia OT®MG papyapiveg EUTAOVTIGUEVES LE TO
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KatdAnAa Amapd o&éo pmopovv va mapayBodv Yoo T0 6Komd avTd Ao TN GYETIKN
Bopnyavia. ‘Evag televtaiog mepropiopdg a@opd tov pikpd aplfud atdpmv oTig
ondoes twv Qopémv TV €2 Ko €4 aAAnAopdpemv. Avtdg eivar €vag Kowdg
TEPOPIOUOG  TOV  UHEAETOV mapéuPacng o©Tlg omoieg 1M GLUUOPE®OY|  TOV
CUUUETEYOVTOV EVaL YOUNAN.

Yvumepacpatikd, to omoteAéopotd pog £dsiav ott m yopnynon ALA oe
dvoMmdopukovg eBelovtég eixe evepyetikn emiopaocn otov M-CSF kot dAAovg
GLOTNUOTIKOVG OelKTEG TG QAEYHOVIG VD O yovotumog tng apo E emnpedler v
avTomdKplon o€ AT TV St tiky Ogpaneio. Adyw® TOL TEPLOPIGUEVOL aplOIOD TV
QopéV TV aAAnloudpeov €2 kot €4, To omoteAéopoto avTd  ypetdlovion
emPePaioon amd peyoardtepn HEAETN otV omola 0 EAEYY0G TOL YovoTtvmov Ba elval
TPOOTTIKOG Kot Ba ypnolponoleiton yio TNy mA0Y TV €0eAovI®V TG HEAETNC. AVTO
Bo empéyel v vmopén opddwv pe tov 010 aplBud aTOH®V HE OLPOPETIKO
YOVOTLTIO Kol £TG1 Q0 LLEYIGTOTOWOEL T GTATIOTIKY] 1% Tov povtéAov. [Tapoia avtd,
N HEAETN HOG TTOPEYEL TPOKATOPKTIKEG EVOEIEEIC TOV VTTOJEIKVDOVY TNV VTAPEN POAOL
TOV TOAVHOPPIGHOV NG apo E otn pubuion tov emdpdcemv tov -3 Mmapodv oEéwv,

evpnua mov edv emPePorwbei Bo Exet SuvnTiKd KAVIKT onpacio.

Evyopiotieg

Evyapiotodpe tov ebBehoviéc mov ovppeteiyav ot perémn. Ot ovyypoageig
guyoplotovy emiong tovg yrpovg I'. Avaoctacidon, E. Kaprodivn kot E. Ogprov
KaOdG KOl TO TPOSOTIKO TNG KAPIOAOYIKNG KAVIKNG Tov Adiko¥ IMavemomuokon
Noocoxopeiov, yia ) foneta mov mopeiyov.
H perém vroompiybnke and 10 eAAnvikd vrovpyeio avantuéng, [N'evikn I'pappateio
‘Epevvag ka1 Teyxyvoroylag (ypnuatodotmon 97EA-55) wor pepikdg omd v
Becel/EAaic.
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IMivakag 1. XHvOeon tov Avehaiov oe Mmapd 0&€a, OMKES GTEPOLEG KOl OMKES

tokopepOAES (avd 100 ypoppdpior).

20OTOTIKG,

[ToAptiko oo (yp.) 59
Xteapko o&p (yp.) 36
ELaikd o0& (yp.) 18-2
Awehaiko o0& (yp.) 139
a-Atvoreviko oo (yp.) 54-2

OMég otepores (vp.) 0-4
OMxcéc Toko@epOAeS (Uyp.) 54-27

Hivaxkag 2. Xapokmnpiotikd Kot chvOeomn ¢ dloutog avaioya e 1o yovotumo s apo E.

XHvoro €2/€3 €3/€3 €3/e4
MerofAnth (n=50) (n=7) (n=33) (n=10) P-tyun
Hlwio (¢tn) 504 +7.3 51.1£5.0 52.0+7.1 47.6 £6.8 0.031
BMI (khé/p%) 28.4+3.4 27.6 £2.5 28.5+3.9 28.7 £2.6 0.70
Yvotolkn AIT (mm Hg) 121.8 £12.0 120.7£11.0 1224 +12.7 120.7+11.2  0.68
Awctorkn AIT (mm Hg)  79.2 +8.5 79.3 £7.9 79.3 9.3 78.5+7.1 0.75
AK (x10°) 6.8 £1.9 74124 6.9 £2.0 6.1 £1.2 0.23
Konviotég (vavoyt) 22/28 4/3 15/18 3/7 0.53
Awautntixn mpooinyn
Evépyela (joules) 2181 £243 2213 £262 2177 £250 2196 231 0.49
[Mpwteiveg % 15.1£2.4 15.0+£3.3 152 +54 149 +4.4 0.59
YdatdvOpakeg %o 47.7 £3.8 48.3+6.3 47.5£12.4 48.0 £7.5 0.77
Aimm % 35944.1 36.5 +4.6 35.7 £8.5 37.14£53 0.63
SFAs (yp.) 16.1 £3.6 16.2 3.2 16.1 £3.4 16.1 £3.5 0.30
MUFAs (yp.) 14.9 £3.3 145434 14.7 £3.2 15.5 £3.7 0.39
PUFAs (yp.) 55+1.2 53+1.6 5.5#1.3 55+14 0.47
ALA (yp.) 0.9 £0.2 1.1£0.3 0.9+0.2 1.0£0.3 0.53
EPA (yp.) 0.3 £0.06 0.4 £0.10 0.3 £0.09 0.4 £0.06 0.62
DHA (yp.) 0.2 £0.05 0.3 £0.07 0.2 £0.06 0.2 £0.08 0.82
XoAnotepoin (uyp.) 216 £27.0 2154293 216 +28.2 214 £26.4 0.73
AAKoOA % 1.3+04 1.3+0.3 1.3+0.4 1.4+04 0.57
Burapivn C (uyp.) 120.1 £14.6 12024233 119.7+18.1 11934204  0.46
AroutnTikég tveg (yp.) 254 £3.0 25.8 +4.5 252 +4.2 24.7 +4.5 0.38

BMLI, deiktng pélog oopatog; All aptnpiaxn wieon; AK, Aevkokbvtrapa BP, SFAs,

kopeopéva Mmapd o&éa; MUFAS, povoaxopeota Mmapd o&éa; PUFAS, moAvakdpeota

Mmapd o&éa; ALA, a-Avorevikd o&y; EPA, eicocomevtoevoikd o&h; DHA,

dokoocaegoevoikd 050
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ITivaxkag 3. [Ipoeik MmompmTeivdy 0po) SLGMTIOAUKAOV ATOU®V TPV KoL PETE TN
yopriynon ALA yw 12 gBdouddec ko otig vroopdoeg mov opilel o yovotvomog g apo E.

Ipwv Meta
Merafintn Méooc + TA Méooc + TA P’
Ol yoAnotepoAn (mmol/L)*
XHvoro (n=50) 5.98 £0.87 5.84+0.95 0.27
€2/€3 (n=7) 5.70 £ 1.02 572+1.32 0.94
€3/€3 (n=33) 6.12 £ 0.83 592 +0.85 0.16
€3/e4 (n=10) 5.72 £ 0.86 5.66 £ 1.06 0.89
LDL- yoAnotepoin (mmol/L)*
Yvvoro (n=50) 3.97+0.95 3.90 £ 0.92 0.33
€2/€3 (n=7) 3.74+£0.79 3.48+£0.76 0.29
€3/e3 (n=33) 4.16 +0.79 3.95+0.91 0.10
€3/e4 (n=10) 3.89 +£0.83 3.88+1.10 0.57
mokvotnto LDL (g/mL)*
Yvvoro (n=50) 1.029 £ 0.003 1.029 £ 0.004 0.88
€2/€3 (n=7) 1.028 £ 0.004 1.028 £ 0.004 0.56
€3/e3 (n=33) 1.029 £ 0.003 1.029 £ 0.004 0.91
€3/e4 (n=10) 1.030 £ 0.004 1.030 + 0.003 0.65
HDL- yoAnotepdin (mmol/L)*
Yvvoro (n=50) 1.10 £ 0.27 1.06 £ 0.26 0.011
€2/€3 (n=7) 1.13£0.29 1.10 £ 0.27 0.51
€3/€3 (n=33) 1.12+0.26 1.08 £0.28 0.008
€3/e4 (n=10) 1.00 £ 0.28 0.97£0.18 0.53
Tprylvkepidwo (mmol/L)*
>vvoro (n=50) 1.74 £ 0.95 1.83 £ 1.01 0.38
€2/€3 (n=7) 1.60 £ 0.47 1.70 £ 0.67 0.20
€3/€3 (n=33) 1.83 £ 1.01 1.95+1.15 0.39
€3/e4 (n=10) 1.51 +1.01 1.47 £0.45 0.83
Amo A-I (g/L)*
Yvvoro (n=50) 1.27+£0.15 1.23+0.17 0.030
€2/€3 (n=7) 1.20+0.18 1.16£0.14 0.18
€3/e3 (n=33) 1.28+£0.14 1.24 £ 0.18 0.036
€3/e4 (n=10) 1.25+0.16 1.24 £ 0.16 0.88
Amo B (g/L)*
>vvoro (n=50) 1.22+£0.14 1.21 £0.18 0.60
€2/€3 (n=7) 1.20 £ 0.14 1.17+£0.22 0.48
€3/€3 (n=33) 1.23+£0.13 1.20+£0.16 0.64
€3/e4 (n=10) 1.20+0.18 1.26 £ 0.22 0.26

ALA, a-Atvoreviko 0&0; ATo, OTOAMTOTPOTEIVN

* Mn onUovTIKéEG dlopopEs avapesa oTig opades tov apo E katd tnv évapén

* P-tipéc amo t-tests yio oyetilOpeves Tipéc. AoyopiOuikn tpomonoinot £yve yio Tig

TIWES TPpryAvkepdimv apo A-I kat apo B wpv v avaivon.
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Iivaxag 4 Eninedn de1KT®V AEYHOVIG GTOV OpO SQVGATIOOUK®OV OATOUMV TPV KOl LETA TN XOPT YN oM

ALA y1a 12 gBdopadec kat oTic vroopddes mov opilel o yovdtumog g apo E.

IIpw Mezad
Aldpecog Aldpecog
[25°-75° [25°-75°
Meroapinty Mécog + TA EKOTOGTNUOPLO] Mécoc + TA EKOTOGTNUOPLO] P-tyuf”
SAA (mg/L) *
2Hvoro (n=48) 44+4.1 3.2[2.3-5.3] 3.0+2.7 2.4[1.6-3.8] <0.001
€2/€3 (n=7) 44+42 2.9[2.1-4.4] 3.7+£33 2.3[2.1-3.9] 0.24
€3/e3 (n=31) 4.7+4.7 3.0 [2.3-54] 3.1+£29 2.4[1.5-3.9] 0.014
€3/e4 (n=10) 34+ 14 3.2 [2.0-4.3] 23+1.1 2.1[1.4-3.2] 0.005
CRP (mg/L) *
Xovoro (n=50)  3.01 £3.95 1.2410.71-3.70] 1.57 £1.65 0.93 [0.56-1.93] 0.002
€2/€3 (n=7) 3.23+£2.73 1.43 [1.07-5.78] 1.85+1.28 1.84 [0.53-2.98] 0.091
€3/€3 (n=33) 3.29 +£4.54 1.24 [0.62-3.37] 1.69 £ 1.88 0.99 [0.56-1.79] 0.013
€3/e4 (n=10) 1.94£2.19 1.09 [0.66-2.48] 0.97£0.77 0.71 [0.35-1.68] 0.33
M-CSF
(pg/mL)*
>vvoro (n=50) 310 + 84 295 [258-364] 25075 241 [193-280] <0.001
€2/€3 (n=7) 323 £ 84 304 [225-403] 276 £ 99 262 [196-339] 0.18
€3/€3 (n=33) 319 £ 87 295 [265-365] 253+ 77 248 [192-281] <0.001
€3/e4 (n=10) 272 + 66 2551[232-307] 221 +36 229 [192-242] 0.017
IL-6 (pg/mL) *
>Hvoro (n=50) 32+28 2.2[1.4-3.9] 24+1.7 1.7 [1.3-2.9] 0.024
€2/€3 (n=7) 27+1.0 2.5[1.7-3.3] 24+1.2 2.1[1.6-3.4] 0.61
€3/€3 (n=33) 34+£33 2.3[1.3-4.3] 25+1.9 1.7 [1.3-3.0] 0.028
€3/e4 (n=10) 25+1.8 1.7 [1.2-4.5] 1.8£1.0 1.6 [1.2-2.3] 0.37

ALA, a-Avorevikd o&0; SAA, apvroedég A tov opov; CRP, C-avtidpmca npoteivn;
M-CSF, napdyovrag evepyomoinong oepdg pokpoedywv; IL-6, tvtepAevkivn-6
* M onpavTikég O10popEG aVAESH OTIG OLAdeS Tov apo E katd v évapén pe v

avdivon Kruskal-Wallis test

* P-tiuég pe un-rapopetpikf avéivon (Wilcoxon) test
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Ewova 1. Tipég ovykevipdoewv apvAogldovg A tov opov (SAA) kot Tapdyovia
gvepyomoinong oelpds pakpoedywv (M-CSF) mptv kot petd ) yoprynon o-
Mvorevikov o&€og (ALA) yia 12 gBdopadeg Tmv atOU®V 6TIC OUAdES [LE YOVOTLTTO

arolmonpmteivng E €2/€3 kou €3/¢4.

EZ'E3 E3E+

M-ZHF (pomi)
@
1
2
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Dietary a-linolenic acid decreases C-reactive protein, serum amyloid
A and interleukin-6 in dyslipidaemic patients
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Abstract

Background: Inflammation plays an important role in the pathogenesis of coronary artery disease. We examined whether dietary
supplementation with -linolenic acid (ALA, 18:3n-3) affects the levels of inflammatory markers in dyslipidaemic patients. Methods:
We recruited 76 male dyslipidaemic patients (mean age = 51 £ 8 vears) following a typical Greek diet. They were randomly assigned
either to 15 ml of linseed oil (rich in ALA) per day (n=350) or to 15 ml of safflower oil (rich in inoleic acid (LA, 18:2n-6)) per day
{n=26). The ratio of n-6:n-3 in linseed o1l supplemented group was 1.3:1 and in safflower oil supplemented group 13.2:1. Dietary
intervention lasted for 3 months. Blood lipids and C-reactive protein (CRP), serum amyloid A (SAA), and interleukin-6 (I L-6) levels
were determined prior and after intervention. CRP and SAA were measured by nephelometry and [L-6 by immunoassay. Results:
Dietary supplementation with ALA decreased significantly CRP, SAA and [L-6 levels. The median decrease of CRP was 38%(1.24
vs, 093 mg/l, P=0.0008), of SAA 23.1% (324 vs. 2.39 mg/l, P=0.0001) and of [L-6 10.5% (2.18 vs. 1.7 pg/ml, P=0.01). The
decrease of inflammatory markers was independent of lipid changes. Dietary supplementation with LA did not affect significantly
CRP, 5AA and [L-6 concentrations but decreased cholesterol levels. Conclusions : Dietary supplementation with ALA for 3 months
decreases significantly CRP, SAA and IL-6 levels in dyslipidaemic patients. This anti-inflammatory effect may provide a possible
additional mechanism for the beneficial effect of plant n-3 polyunsaturated fatty acids in primary and secondary prevention of
coronary artery disease.

) 2002 Elsevier Science Ireland Ltd. All rights reserved.

Keywords: a-Linolenic acid: C-reactive protein; Dyslipidaemia; Interleukin<6; Linoleic acid; Serum amyloid A

1. Introduction

There is substantial evidence that inflammation plays
a central role in all phases of the atherosclerotic process
[1]. Our understanding of atherosclerosis has evolved
beyond the view that it is a bland lipid storage disease.
Clinical studies show correlation of circulating acute
phase reactants or cytokines with increased nsk for
future vascular events and raise the possibility of active
contribution to their pathogenesis [2,3].

* Corresponding  author.  Addresst 74 Thermopylon  Street,
Argyroupolis 16451, Greece. Tel/fax: + 30210-992-9106.
E-maif address: rallidis@ath forthnet.gr (LS. Rallidis).

Dietary fats rich in a-linolenic acid (ALA, 18:3n-3)
have been reported to modulate some of the mflamma-
tory responses in experimental amimal models [4] and
clinical trials [5]. ALA is an essential fatty acid present in
vegetable oils. It 1s the precursor for the formation of the
marine long chain n-3 polyunsaturated fatty acids
(PUFAs) eicosapentaenoic acid (EPA) (20:5n-3) and
docosahexaenoic acid (DHA) (22:6n-3) which can dis-
place arachidonic acid (20:4n-6) and reduce the produc-
tion of proinflammatory eicosanoids prostaglandin E;
and leukotriene B;. Arachidonic acid is derived by
desaturation and elongation of linoleic acid (LA)
(18:2n-6).

Epidemiological studies indicate that there is an
inverse assoclation between dietary ALA and risk of

DOZ1-9150/02/S - see lront matter © 2002 Elsevier Science Ireland Lid. All rights reserved.
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myocardial infarction [6—8]. In the Lyon Diet Heart
Study a Mediterranean diet rich in ALA was beneficial
in secondary prevention of myocardial infarction [9]. A
number of studies have also investigated the effect of
ALA on blood lipid levels and indicated that its possible
antiatherogenic properties are not due to the improve-
ment in blood lipid profile [10-14].

As there 15 no study to correlate dietary ALA with
inflammatory markers we investigated whether dietary
supplementation with ALA affects the levels of acute
phase reactants C-reactive protein (CRP) and serum
amyloid A (SAA) and the cytokine interleukin-6 (1L-6)
in dyslipidaemic patients.

2. Materials and methods
2.1. Subjects

Subjects were recruited from the Department of
Cardiology of ‘Laiko’ Hospital and were then screened
regarding their health status, medication usage, diet and
exercise pattern. Subjects with presence of infection,
endocrine, liver or vascular disease, blood pressure =
145/95 mmHg, on medication known to affect lipopro-
tein metabolism, habitual consumption of = 30 units
alcohol per week, smoking habits ( = 10 cigarettes per
day) or habitual undertaking of =6 h of vigorous
exercise per week were excluded from the study. Intake
of anti-inflammatory drugs or vitamin or other dietary
supplements was forbidden during the experimental
period.

2.2, Study design

Our study was an interventional study of parallel
design. We followed a 2:1 process to form the ALA
(subjects supplied with ALA) and LA (subjects supplhed
with LA) group, respectively. Experimental period
lasted for 12 weeks. Subjects screened at entry to be
following the average Greek diet. They were asked to
maintain their dietary habits and usual lifestyle. Subjects
were randomly divided into two groups and assigned to
one of the two oils supplementation: ALA group 15 ml
of linseed o1l per day containing approximately 8 g of
ALA and LA group 15 ml of safflower oil per day
containing approximately 11 g of LA, The intake was
designed to be such in order to achieve a n-6:n-3 ratio of
1.3:1 in the ALA group and 13.2:1 in the LA group as
well as to keep the total fat intake constant in both
groups. Linseed and safflower oils were provided by
Savant International, UK. Supplement was taken three
times per day, one teaspoon of 5 ml per meal. Blood
samples collection was carned out following a 12-h fast.
The volunteers were asked to keep a record of what they
consumed the day before the first blood collection and

Table 1
Oils composition per 10 g

linsead oil salllower oil
Palmitic acid (g) SRY 37
Stearic acid (g) 3.6 24
Arachidonic acid (g) 0.3
Oleic acid (g) 18.2 115
Eicosapentaenoic acid (g) 0.3
Linoleic acid (g) 13.9 744
a-Linolenic acid (g) 342 0.3
Total sterols (g) [ 04
Total tocopherols (mg) 3427 4821

they were also asked to consume exactly the same meals
the day before the second blood collection.

The composition of the two oils is given in Table 1.
The study design was approved by the Ethical Commit-
tee of the Harokopio University and the volunteers gave
their informed consent. The subjects visited the Depart-
ment of Cardiology at ‘Laiko’ Hospital once a month
and the oils were provided to them. The subjects were
welghed at each visit and were asked for their smoking
and physical activity habits.

2.3, Diets

Dietary assessment based on a food frequency ques-
tionnaire was used to define the background diet of the
subjects. Frequency of milk, bread, fruits, vegetables,
legume, olive oil, fish and meat consumption was
recorded together with a dietary 24 h recall. The
subjects’ dietary intake during the intervention period
was checked by one 3-day dietary record per month. The
recorded days comprised of 2 weekdays and 1 weekend
day. The diet diaries were analyzed by the NUTRITION-
1sT v program (Version 2.1 First Data Bank Inc. USA).
Supervision for smoking habit, body mass index,
physical activity and dietary habits was checked by
phone calls once a week and by monthly visits to the
hospital.

2.4. Blood sampling and laboratory methods

The volunteers attended the Department of Cardiol-
ogy at ‘Laiko’ Hospital twice for blood collection, at the
beginning and the end of the experimental period. At
each wvisit, and after a 12-h overnight fast, blood samples
were collected at 08:00 h. Subjects laid supine for 10 min
prior to the blood collection. Blood was collected into a
glass tube without preservative (Vacutainer tube, Becton
Dickinson) for serum lipids and inflammatory indices
determination. All samples were collected without
occlusion. The Vacutainer tubes were kept on ice and
were then centrifuged at 3000 rpm for 10 min at 4 °C
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within 2 h from blood collection. Serum samples were
stored at —80 °C for further analysis.

Plasma total cholesterol, triglycerides, and high
density lipoprotein (HDL) cholesterol levels were deter-
mined using enzymatic colorimetric assays on an ACE
analyzer (Sciapparelli Biosystems Inc., USA). Total
cholesterol and triglycerides determination included
reactions of hydrolyzation and oxidation. Analysis of
serum HDL cholesterol concentrations was carried out
by a liquid stable reagent-immunommhibition method.
Low density lipoprotein (LDL) cholesterol was calcu-
lated by the Friedewald equation [15].

CRP was assayed by high sensitivity particle-en-
hanced mmmunonephelometry (N Latex, Date-Behring
Marburg GmbH, Marburg, Germany) with a range
from 0.175 to 1100 mg/l. SAA was also measured by
particle-enhanced immunonephelometry (N Latex,
Date-Behring Marburg GmbH) with a range from and
0.75 to 1000 mg/l. IL-6 was assayed by enzyme linked
immunoassay (R & D Systems Europe Ltd, Abingdon,
UK) with a range from 0.156 to 10 pg/ml. The intra-
assay and inter-assay coefficient of varation for CRP
and SAA was < 5% and for IL-6 < 12%. All samples
were assayed by a single operator blinded to the timing
of sampling and type of dietary intervention. The
measurements were performed at the Biochemistry
Laboratory of General Hospital of Nikea.

2.5 Sraristical analysis

The data on CRP, SAA and IL-6 which were not
normally distributed were expressed as medians. Differ-
ences of imflammatory markers within and between
groups were analysed by Wilcoxon signed rank test
and Mann-Whitney U/-test. Differences for the normally
distributed variables were analysed with the Student :-
test. Pearson’s correlation coefficients were used to
assess relationships between variables. Discontinuous
variables were tested by a contingency x*-test. A P value
< 0.05 was considered significant. The Stat View™ 1l
statistical package was used.

3. Results
3.1 Bascline characteristics

A total number of 76 subjects completed the study.
ALA and LA group were matched for age (50.447.3 vs.
524 7.7, P=10.33) and body mass index (28.42 +3.44 vs.
284+3.19, P=10.63). The percentage of light smokers { <
10 cigarettes per day) was similar in the two groups (24
vs. 23%, P =0.85). None of the participating subjects
changed his smoking habits during the intervention
period. The n-6:n-3 ratios were comparable in the
background diets of the two groups (7.5:1 and 7:1)

while after the supplementation the ratios changed to
1.3:1 and 13.2:1 in the ALA and LA groups, respec-
tively. Despite supplementation the calories intake from
fat i both groups was similar. In addition, no differ-
ences in nutrient intake between ALA and LA groups
were observed, during the intervention period (Table 2).

Lipid profile and inflammatory markers at baseline in
the two groups are shown in Table 3.

3.2 Serum lipids and inflammatory markers after dietary
intervention

Regarding plasma lipid levels, in ALA group choles-
terol levels remained unaltered whereas in LA group
they were decreased (P =0.04) (Table 3). On the other
hand, in ALA group, HDL cholesterol levels were
decreased (P =0.005).

CRP, SAA and IL-6 levels showed a statistically
significant reduction after administration of ALA (Ta-
ble 3). The median decrease of CRP was 38%, of SAA
23.1% and of IL-6 10.5%. Inflammatory markers did not
show any statistical difference after the administration
of diet rich in LA (Table 3). In addition, we compared
changes (A =levels prior-levels after intervention) in
CRP, SAA and IL-6 in ALA group with changes in
CRP, SAA and 1L-6 in LA group. ACRP, ASAA and
AIL-6 in the ALA group differed significantly from
corresponding changes in the LA group (0.525 ( —0.13-
2.46) vs. 0.04 (—0.41-04), P=0.01, 0.75 (—0.03-1.91)
vs. .04 (—0.6-0.39), P=0.03 and 0.19 (—0.04-1.46)
vs. 0.04 (—1.05-0.48), P =0.04, respectively).

The reduction of inflammatory markers in the ALA
group was independent of lipid changes since there was
no significant correlation between changes in inflamma-
tory markers with those in lipids (Table 4). Changes in
one inflammatory marker in the ALA group were
correlated significantly with changes of each other
inflammatory marker (ACRP vs. ASAA, r=0062, P=
0.001, ACRP vs. AIL-6, r =0.53, P=0.0001 and ASAA
vs, AIL-6, r =0.62, P =0.001).

4. Discussion

Our study indicates that dyslipidaemic patients de-
monstrate a significant reduction in inflammatory
indices when supplied with ALA but not with LA diet
for 3 months.

We did not use exactly the same amounts of ALA and
LA supplements in the ALA and LA groups, respec-
tively. This occurred because we were aiming to lower
the n-6:n-3 ratio at physiologically realistic levels. Our
target was to decrease the n-6:n-3 ratio in the ALA
group and to increase the n-6:n-3 ratio in the LA group.
Therefore, with the amounts of ALA and LA that we
chose we achieved a n-6:n-3 ratio in the ALA group of
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Table 2

Mean daily intakes of encrgy and nutrients for dyslipidaemic subjects on ALA and LA enriched diets

Diet ALA group (mean+5.D.) LA group (mean+S.1.) P value
Proteins %o 151+2.4 149422 564
Carbohyvdrates %6 477438 478442 613
Fats " 3539+4.1 59+44 0477
Alcohol % 1.34+0.4 1.4+04 .524
Energy (keal) 2181842431 2183242376 0.638
Proteins (g) 824+10.3 81.3411.5 336
Carbohydrates (g) 26024206 26094218 0.672
Fats (g} 87.0+11.1 8714107 0.521
Aleohol (g) 41411 44413 0395
Choelesterol {mg) 21644270 0.449
Saturated fats (g) 22842.6 518
Monounsaturated [ats (g) 465443 1753
Polyunsaturated [ats (g) 119+1.2 0.687
a-Linolenic acid (g) 09402 0524
Eicosapentacnoic acid (g) 0.3+0.06 0.373
Docosahexaenoic acid (g) 024+0.05 + 0.465
Vitamin C (mg) 1201 4+14.6 120074153 316
Dictary fiber (g) 254430 252436 0.759

1.3:1 and 13.2:1 in the LA group. In addition, these
dietary supplementations that we used provided a
similar intake of calories from fat in both groups. This
is Important since differences in total fat intake can
modulate the inflammatory responses [16].

The protective effect of foods rich in ALA has been
reported both in primary and secondary prevention of
coronary artery disease. Ascherio et al. [7] found an
inverse association between intake of ALA and risk of
coronary artery disease. In the study of Hu et al. [8], the
dietary intake of ALA was examined in relation to the
risk of fatal ischaemic heart disease among participants
in the Nurses’ Health Study. According to the results of
this study a higher intake of ALA was associated with a
lower relative risk of fatal ischaemic heart disease. In the
Lyon Diet Heart Study when a Mediterranean ALA rich
diet was given in survivors of the first myocardial
infarction there was significant reduction of recurrence
of cardiac events and overall mortality [9].

Several mechanisms have been proposed to explain
the protective effect of ALA [17,18]. Dog studies have
shown that acute infusion of ALA can prevent ischae-
mia-induced ventricular fibrillation [19,20]. Other ben-
eficial effects include an improvement in arterial
compliance [21], modest blood pressure reduction [22]
and antiplatelet effect [23]. Finally an anti-inflammatory
effect has been proposed [24] which is supported by the
results of our study.

Atherosclerosis 15 considered a chronic disorder
characterized by low-grade wvascular inflammation
[1.2]. Inflammatory markers are found elevated in
patients with chronic stable angina and acute coronary
syndromes and their prognostic value for subsequent
coronary events has also been reported [25-27].

In our study CRP, SAA and IL-6 showed a significant
reduction after the 3-month dietary intervention with
ALA. To our knowledge this 1s the first study to report
these findings. The reduction was observed indepen-
dently of lipid changes. The exact mechanism of
suppression of inflammatory markers is unknown.
Caughey et al. [28] reported that diet enriched in ALA
inhibited the production of tumor necrosis factor-x and
IL-1p m healthy volunteers. More data exist from diets
enriched with marine n-3 PUFAs EPA and DHA.
However, it has to be specified that ALA may not fully
reproduce the effects of fish oils [17.29]. Dietary
supplementation with fish oil in healthy volunteers for
6 weeks suppressed 1L-2 production from peripheral
mononuclear cells [30]. Kremer et al. [31] reported a
reduction in macrophage IL-1 and neutrophil leuko-
triene B4 production when dietary fish o1l was provided
in patients with active rheumatoid arthritis. In another
study [32], dietary supplementation with fish il in
healthy volunteers suppressed the capacity of mono-
nuclear cells to synthesize IL-1[, IL-lx and tumor
necrosis factor-= in vitro.

A possible mechanism for the decreased production of
these cytokines is the alteration in the type of arachi-
donic acid metabolites. n-3 PUFAs induce changes in
both cycloxygenase and lipoxygenase products such as
reduction in production of prostaglandin E; and leuko-
triene By [4]. Both metabolites enhance the release of IL-
6 1n vitro [33]. Conversely, a decrease in these eicosa-
noids could explain the reduction of IL-6. IL-6 15 a
pleiotropic cytokine [34], which controls CRP and SAA
hepatic production [35,36). Therefore, it is plausible to
speculate that dietary supplementation with ALA pri-
marily suppresses IL-6 release which secondary sup-
presses CRP and SAA production. The atherogenic
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Table 3
Lipid profile. inflammatory markers and body mass index (BMI) before and after the dietary intervention in the ALA and LA groups
Variables Before Alter P value
ALA group (noe 51}
Total cholesterol (mg/dl) 23243 226436 027
Triglycerides (mg/dl) 155484 163 +87 0.16
HDL chelesterol (mg/dl) 4274104 41+10.2 0.005
LDL cholesteral {mg/dl) 154+ 37 132436 0.539
CRP (mg/l) 124 (0.72-37) 093 (0.56-1.8) 0.0008
SAA (mg/l) 324(23-53) 239(1.7-39) 0.0001
1L-6 {pg/ml) 218 (1.35-39) 1.7 (1.3-28) 0.01
BMI (kg/m*) 28424344 28404344 0.25
LA grovup (ne= 26}
Total cholesterol {mg/dl) 2344+ 46* 218446 0.04
Triglveerides (mg/dl) 1734+113* 156486 0.13
HDL cholesterol (mg/dl) 392474 348 025
LDL cholesteral (mg/dl) 1544 43# 149 +44 .36
CRP (mg/l) 1.54 (0.62-3.1)* 125 (0.64-1.7) 035
SAA (mg/l) 352(21-49)* 334 (215-44) 0.38
1L-6 {pg/ml) 1.77 (1.3-2.7)* 22(11-27) 0.69
BMI {kg.v'mz} 2843.19* 2843.22 0.8

Values of inllammatory markers are expressed as median and 25th and 75th percentile. CRP, C-reactive protein: HDL, high density lipoprotein:

IL-6. interleukin-6; LDL, low density lipoprotein: SAA, serum amyloid A.

# P NS (lipid, inllammatory markers and BMI of LA proup vs. corresponding levels of lipid. inflammatory markers and BMI of ALA group).

potential of the inflammatory markers, such as CRP
[37], favors our hypothesis that the anti-inflammatory
effect of ALA may reflect a beneficial anti-atherogenic
action.

Supplementation with LA decreased sigmficantly
total cholesterol levels. This finding 1s well documented
and 1s known to be due to an increased synthesis of LDL
receptors. However, supplementation with ALA did not
change total cholesterol levels but 1t decreased HDL
cholesterol levels. Other studies also suggest that there is
no hypolipidaemic effect of ALA. In particular, in the
MARGARIN Study, which recruited subjects with
multiple cardiovascular risk factors, HDL cholesterol

Table 4
Correlation between changes in inflammatory markers and those in
lipids in 30 subjects with dictary supplementation with ALA

r P value
ACRP wvs. Acholesterol 0.07 0.63
Atriglycerides 0.25 0.09
ALDL cholesterol 0.0135 0.92
AHDL cholesterol 0.093 0.52
ASAA vs. Acholesterol 0.068 0.64
Atriglyeerides 018 021
ALDL cholesterol 0.014 0.93
AHDL cholesteral 0.03 0.83
AlL-6 vs. Acholesterol 0.28 0.06
Atriglveerides 0.30 0.07
ALDL cholesterol 016 0.27
AHDL cholesterol 0.14 0.31

A values are values al baseline
Abbreviations as in Table 3.

values after dietary intervention.

levels were lower in the ALA group than in the LA
group [10]. This comes in accordance with another study
which showed that a flaxseed oil/low fat diet providing
20 g of ALA daily for | month, resulted in the lowest
HDL cholesterol levels, in comparison with the control
diet (rich in saturated fatty acids) and a diet supple-
mented with canola oil (rich in oleic acid) [21]. However,
in another study, the effects of an ALA-rich diet on
LDL and HDL cholesterol levels did not differ from the
effects of a LA-rich diet, in normolipidaemic men [14].
Therefore, the evidence regarding the cardioprotective
properties of ALA, as far as the improvement of hipid
profile 1s concerned, is not conclusive.

Few limitations of this study have to be addressed.
First, we did not apply a cross-over design which is
imherently much stronger than a parallel interventional
study. We did 1t because a cross-over design has the
problem of camryover effect as the wash-out period
cannot be specified in lipid interventional trials. Count-
mg an intermediate wash-out period of at least 2
months, the total study period should be prolonged to
8 months. This design could raise compliance problems,
taking mnto consideration that complhance in Greek
populations is relatively low. Second, the doses of n-3
and n-6 that we provided by the supplements in our
study are difficult to be achieved by the usual dietary
intake. However, products like spreads fortified with the
appropriate fatty acids can be produced by relevant
industries. These spreads can substitute other sources of
fat in the diet of hyperlipidaemic patients.

In conclusion, dietary supplementation with ALA
decreases inflammatory markers in dyshpidaemic pa-
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tients. This anti-inflammatory effect may provide a
possible mechanism for the beneficial effect of ALA in
primary and secondary prevention of coronary artery
disease. The attractiveness of this assumption is enforced
by the growing evidence that inflammatory markers are
pathophysiologically involved in atherogenesis.
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Abstract

Background: Leukocyte adhesion and transendothelial migration, the critical pathogenic components in the development of atherosclerotic
lesions, are largely mediated by cellular adhesion molecules (CAMs). We examined whether dietary supplementation with a-linolenic acid
(ALA, 1830 — 3) affects the levels of soluble forms of CAMs in dyslipidaemic patients. Methods: We recruited 90 male dyslipidaemic
patients (mean age = 51 £ & vears) following a typical Greek diet. They were randomly assigned either to 15ml of linseed oil (rich in
ALA) per day (n = 60} or to 1 5ml of safflower oil (rich in linoleic acid [LA. 18:2n — 6]) per day (n = 30). The ratio of n — & — 3 in
linseed oil supplemented group was 1.3:1 and in safflower oil supplemented group 13.2:1. Dietary intervention lasted for 12 weeks. Blood
lipids, soluble intercellular adhesion molecule-1 {(sICAM-1}, soluble vascular cell adhesion molecule-1 (sVCAM-1) and soluble E-selectin
mselecting were measured. Reswlts: Dietary supplementation with ALA significantly decreased sVCAM-1 levels (median decrease 18
3775 ng/ml versus 487ng/ml. P = 0.0001]). In the LA supplemented group, sVCAM-1 was also significantly decreased but to a lesser
extent (median decrease 10.6% [550.5 ng/ml versus 496 ng/ml, P = 0.0001]). After controlling for smoking habits, no significant difference
was observed in the reduction of sVCAM-1 levels between the two treatment arms ( P = 0.205). The decrease of sVCAM-1 was independent
of lipid changes in both groups. Concfusions: Dietary supplementation with ALA for 12 weeks significantly decreases sVCAM-1 levels in

Ll

dyslipidaemic patients. This effect presents a potential mechanism for the beneficial effect of plant # — 3 polyunsaturated fatty acids in the
prevention of coronary artery disease. In addition. dietary supplementation with LA significantly decreases s\ CAM-1 levels. an effect which
requires further investigation.

0 2004 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction eral inflammatory stimuli, such as C-reactive protein (CRP)

and pro-inflammatory cvtokines [3]. Intercellular adhesion

Inflammatory response plays a central role in all phases
of the atherosclerotic process [1]. Leukocyte adhesion
o endothelial cell and subsequent transendothelial mi-
gration from the blood to the arterial intima is a critical

pathogenic component in the initiation and progression of

atherosclerotic lesions [2.3]. This process is largely me-
diated by cellular adhesion molecules (CAMSs), which are
expressed on the endothelial membrane in response 1o sev-

* Corresponding author. Tel.r +30-3210-992-9 106;
mobile: +30-6974410591: fax: +30-3210-992-9106,
E-mail address: rallidis@ath.forthnet.gr (L.S. Rallidis).

molecule- 1 (ICAM-1) and vascular cell adhesion molecule-1
(WCAM-1) are two members of the immunoglobulin super-
family that play important but different roles in the adhesion
of leukocytes to the vascular endothelium [4]. A second
group of CAMSs, the selectin group, includes E-selectin that
facilitate transient rolling of monocytes along endothelium
while VCAM-1 and ICAM-1 mediates a firm adhesion of
monocyles to endothelial cells [5].

Pathological studies have detected CAMs in human
atherosclerotic plaques [6,7] while knock-out mice deficient
in CAMs develop fiewer atherosclerotic lesions than normal
mice [8]. Recent studies have also suggested a possible

0021-9150/% — see front matter © 2004 Elsevier Ireland Ltd. All nghts reserved.

doi: 10, 1016/.atherosclerosis. 2004.01.013
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rale for soluble forms of CAMs (sCAMs) in the prognastic
stratification of coronary artery disease [9-14].
a-Linolenic acid (ALA, 18:3n — 3) is an essential fatty
acid present in vegelable oils. It is the precursor for the
formation of the marine long chain n — 3 polyunsaturated
fatty acids (PUFAs), eicosapentaenoic acid (EPA) (20:5m —3)
and docosahexaencic acid (DHA) {22:6n — 3) which can
displace arachidonic acid (AA) (20:4n — 6) and reduce the
production of pro-inflammatory eicosanoids prostaglandin
Ez and leukotriene By, AA is derived by desaturation and
elongation of lincleic acid (LA) (18:2n—6). Dietary fats rich

in ALA have been reported to modulate the inflammatory
response in experimental animal models [ 15] and humans
[16].

Epidemiological studies indicate that there is an inverse
association between dietary ALA and risk of myocardial
infarction [17-19]. In the present study, we investigated
whether dietary supplementation with ALA that lowers the
n — G — 3 mtio to approximately 1:1 affects the levels of
soluble ICAM-1 (sICAM-1), soluble VCAM-1 (sVCAM-1)
and soluble E-se ecting in dyslipidaemic pa-
tients.

ectin (sE-se

1. Materials and methods
24, Subjects

Subjects were recruited from the Department of Cardiol-
ogy of “Laike”™ Hospital where they were screened regard-
ing the health status, medication usage, diet and exercise
pattern. We excluded subjects with coexistent inflammatory
disease or hypertension, on medication affecting lipopro-
tein metabolism, habitually consuming =30 units aleohol per
week, with smoking habits (=10 cigarettes per day), or ha-
bitually undergoing =6 h of vigorous exercise per week. In-
take of anti-inflammatory drugs was discouraged during the
experimental period.

2.2, Study desigr

Our study was an intervention study of parallel design.
We followed a 2:1 process to form the ALA (subjects sup-
plied with ALAYand LA {(subjects supplied with LA} group.
respectively. Experimental period lasted for 12 weeks. Sub-
jects following the average Greek diet were screened atentry.
They were asked to maintain their dietary habits and usual
lifestyle. Subjects were randomly divided into two groups
and assigned to ALA (n = 60) or LA (n = 30) enriched
diet. The ALA group was supplied with 15 ml of linseed oil
per day which provided 8.1g of ALA and 2g of LA, The
total # — & intake changed from 104 g (9.1 g was LA) to
124 g per day and total # — 3 intake changed from L5 g
(0.9g was ALA) to 9.6 g per day. This resulted in changing

i

the # — 6:n — 3 ratio from T:1 to 1.3:1. The LA group was
supplied with 15 ml of safflower oil per day which provided

Tahle 1

il composition per 1

Fatty acid Linseed oil Safflower oil
Palmitic acid (g} 59 57
Stearic acid (g) kX 24
Arachidenic acid () - 0.5
Oleic acid (g) 18.2 11.5
Eiccsapentaenoic acid (g) = 0.5
Linoleic acid (g) 139 744
a-Linolenic acid (g) 54.2 05
Total sterols (g) 0.4 04
Total tocopherols (mg) 54.27 48.2

Il.l6g of LA, 0,075 g of AA, 0,075 g of EPA and 0.075 g of
ALA. Totalw — 6 intake changed from 10.5 g (9.3 g was LA)
tor 21.735 g per day and total s — 3 intake changed from 1.5 g
(lg was ALA) to 165 g per day. This resulted in changing
the # — Gin — 3 ratio from 7:1 to 13.2:1. The total fat in-
take was kepteonstant in both groups. Linseed and safflower
oils were provided by Savant International, UK. The sup-
plement was taken thrice per day. one teaspoon of 3ml per
mea

The composition of the two oils is given in Table 1. T]
study design was approved by the Ethical Committee of t
Harckopio University and the volunteers gave their informed
consent. The subjects visited the Department of Cardiclogy

e

e

at“Laiko™ Hospital once a month and the oils were provided
to them. The subjects were weighed at each visit and were
asked for their smoking and physical activity habits.

2.3, Diets

Dietary assessment based on a food frequency question-
naire was used to define the background diet of the subjects.
Frequency of milk, bread, fruits, vegetables, legume, olive
oil, fish and meat consumption was recorded together with

a dietary 24 h recall. The subjects” dietary intake during the
intervention period was checked by one 3-day dietary record
per month. The recorded days comprised of two weekdays
and one weekend day. The diet diaries were analysed by the
Nutritionist ¥ program (Version 2.1, First Data Bank Inc.,
LISA).

2.4, Bload sampling and laboratory methods

Venous blood samples were obtained at 8h after a 12-h
overnight fast, at the beginning and the end of the exper-
imental period. Samples were centrifuged at 3000 rpm for
[0min at 47C within 2h from blood collection and were
stored at —80°C for further analysis.

Serum total cholesterol, triglycerides and high density
lipoprotein (HDL) cholesterol levels were determined us-
ing enzymatic colorimetric assays on an ACE analyser (Sci-
apparelli Biosystems Inc., USA). Low density lipoprotein
{LDL) cholesterol was calculated by the Friedewald equa-
tiom. [20].
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sICAM-1, sVCAM-1 and sE-selectin were measured by
quantitative sandwich enzyme immunocassay (R&D Systems
Europe Ltd., Abingdon, UK). The intra-assay and inter-assay

coefficient of variation for sCAMs was = [ 0%, All samples
were assayed in duplicate and by a single cperator blinded to
the timing of sampling and type of dietary intervention. The
measurements were performed at the Biochemistry Labora-
tory of General Hospital of Nikea.

2.5, Statistical analvsis

The data on sICAM-1, sWCAM-1 and sE-selectin which
were not normally distributed were expressed as medians.
Differences of sCAMs within and between groups were
analysed by Wilcoxon signed rank test and Mann—Whitney
U-test, respectively. Differences for the normally distributed
variables were analysed with the Student’s paired #-test.
Pearson’s correlation coefficients were used to a
tionships between normally distributed variables and Spear-
man correlation coeflicient was applied to assess correlation
between skewed variables. Associations between qualitative

5

ess rela-

variables were tested by the contingency x~ criterion. Fi-
nally, differences between the ALA and LA group regarding
sVCAM-1 values were evaluated using multivariate analy-
sis of covariance (MANCOVA), after controlling for smok-
ing habits. A P-value <0.05 was considered significant. The
STATISTICA 2002, Version 6 (StatSoft, Tulsa, Oklahoma)
statistical package was used.

3. Results
3.1, Baseline characteristics

Eighty-three of 90 initially recruited subjects completed
the study {five sulyjects dropped out from ALA and two from
LA group). In addition, five subjects (three from ALA group
and two from LA group) had CRP concentration greater
than 10mg1 at one of the two blood collections, probably
due to occult infection, and were excluded from analysis.
Furthermore, data from two subjects (ALA group) for whom
serum sample was missing were excluded. Therefore, we
report results from the remaining 76 subjects (ALA group,
50 and LA group, 26). No statistically significant differences
were observed between ALA and LA group regarding age
of the participants (50.4 £ 7.3 versus 52 £ 7.7, P = 0.33).
Moreover, the percentage of light smokers (<10 cig
per day) was similar in the two groups (24% versus 23%,

arettes

P =10.85). The m — 6w — 3 ratios were comparable in the
background diets of the two groups (7.5:1 and 7:1) while
after the supplementation, the ratios changed to 1.3:1 and
13.2:] in the ALA and LA groups, respectively. Despite
stpplementation, the energy intake from fat in both groups
was similar. In addition, no differences in nutrient intake
between ALA and LA groups were observed, during the
intervention period ( Table 2).

Table 2
Mean daily intakes of energy and nutrients for dyslipidaemic subjects on
ce-linolenic (ALA) and linoleic acid (LA) enriched diets

Dhet Mean + S.D. Paalue
ALA proup LA group
Energy (keal) 2181.8 £ 2431 21832 + 23746
Proteins (%) 151 £ 24 149 + 22
Carbohydrates (%) 477+ 38 478 £ 4.2
Fats (%} 350 + 41 359+ 44
Saturated fats (g) 228+ 2.6 232 + 28
Monounsaturated fats (g) 46.5 + 4.3 46,6 + 4.8
Palyunsaturated fats (g) + 12 20+14
ce-Linolenic acid (g) + 0.2 1.0+ 02
Lincleic acid (g) + 1.2 93+ 1.1
Chalesterol (mg) 7 2183 £ 206
Alcohal (6] 14 &+ 04
Detary fibre (g) 252 £ 36

Lipid profile and sCAMs at baseline in the two groups
are shown in Table 3.

3.2. Serum lipids and sCAMs after dietary intervention

Regarding plasma lipid levels in ALA group, cholesterol
level remained unaltered whereas it decreased in LA group
(P = 0.04) (Table 3). On the other hand, in ALA group,
HDL cholesterol level decreased { P = 0.005).

sVCAM-1 levels showed a statistically significant reduc-
tion after administration of ALA (Table 3). The relative me-
dian decrease of sVCAM-1 levels before and after the ALA
administration was [8.7%. Moreover, in the LA supple-
mented group, sWCAM-1 levels were also significantly de-
creased and the relative median decrease was 10.6%.. When
the two dietary interventions were compared, no statistical
difference was observed as regards sVCAM-1 levels, af-
ter controlling for smoking habits of the participants (P =
0.205).

The reduction of sVCAM-1 in the ALA and LA groups
was independent of lipid changes since there was no signifi-
cant correlation between change in sVCAM-1 with those in

lipids in the corresponding groups (data not shown).

4. Discussion

Onr study shows that diet enriched with ALA for 12 weeks
significantly reduces sVCAM-1 levels in dyslipidaemic pa-
tients. In addition. dietary supplementation with LA signif-
icantly decreases sVCAM-1 levels.

Since previous studies [21.22] have reported a variable
effect of smoking on sCAMs levels (increase of sICAM-1,
no effect on sVCAM-1), we preferred to exclude individuals
who smoked =10 cigarettes per day in order to minimize the
smoking effect. Despite the small proportion and matching
of light smokers between the two groups, we performed an
additional multivariate analysis including smoking habits,
and no differences on the presented results were observed.
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Lipid profile, soluble cellular adhesion malecules (sC AMs) and body mass index (BMI) before and after the dietary intervention in the ce-linclenic {ALA)

and linoleic acid (LA) groups

Vanahles Before dictary intervention After distary intervention Povalue
ALA group (n = 50)
Total cholesterol (mg/dl) 232+ M 226 4+ 36 27
Triglycerides (mg/dl) 155 + 84 163 + 87
HDL cholesterol (mg/dl) 2.7 £ 104 41 £ 102
LDL cholesteral {mg/dl) 152 + 36

sWCAM-1 (ng/ml)
sICAM-1 (ng/ml)
sE-selectin (ng/ml)
BMI (kg/m?)

LA group (2 = 26)
Total cholesteral (mg/dl)
Triglycerides (mg/dl)
HDL chalesteral (mg/dl}
LDL cholesteral {mg/dl)
sVCAM-1 (ng/ml)
sICAM-1 (ng/ml)

234 £ 46°
173 + 113°
392 £+ 74°
154 & 43°
550.5 (509-522)°
191 (181-219)*

42.9 (38-53)"
28 & 319"

sE-selectin (ng/ml)
BMI (kg/m?)

487 (437-521)
205 (182-248)
2.7 (36-55)
2E40 + 344

218 £+ 46

156 + 86

ELAURE ]

149 + 44
406 (450-554)
200 (183-223)
428 (37-54)

28 +=3.22

Values of sCAMs are expressed as median and 25th and 75th percentile and lipid and BMI values as mean &£ S.D.. sICAM-1, soluble intercellular
adhesion molecule-1; sWVCAM-1, soluble vasaular cell adhesion molecule-1: sE-scledtin, soluble E-selecting HDL, high density lipoprotein and LDL, low

density lipoprotein,

' P =NE& (levels of lipids, sCAMs and BMI of LA group vs. corresponding levels of hpids, sCAMs and BMI of ALA groupl

We did not use exactly the same amounts of ALA and LA
supplements in the ALA and LA groups, respectively. This
occurred because we were aiming to lower the n — 6 — 3
ratio at physiologically realistic levels. Our target was to
decrease the n — 6in — 3 ratio in the ALA group and to
increase the w —6:n —3 ratio in the LA group. Therefore, with
the amounts of ALA and LA that we chose, we achieved
n — b — 3 ratio in the ALA group of 1.3:1 and 13.2:]
in the LA group. In addition, this dietary supplementation
provided a similar intake of calories from fat in both groups.
This is important, since, differences in total fat intake can
modulate the inflammatory responses [23].

The beneficial effect of foods rich in ALA has been re-
ported both in primary and secondary prevention of coronary
artery disease [17-19]. Proposed mechanisms for the pro-
tective effect of ALA are anti-inflammatory effect [ 16], an-
tiarrhythmic effect [24], improvement in arterial compliance
[25], modest blood pressure reduction [26] and antiplatelet
effect [27].

There is extensive evidence that inflammation plays a
central role in atherosclerosis, since, all stages of atheroscle-
rosis are characterized by the dynamic interaction of inflam-
matory cells, cytokines and chemokines in the arterial wall
[1]. One of the key initial events in the atherosclerotic pro-
cess is the adhesion of monocytes to endothelial cells which
is largely mediated by CAMs. The expression of CAMs is
relatively low in normal vascular cells and is upregulated in
response to various stimuli, such as cytokines and oxidants.
sCAMs originate from shedding or proteclytic cleavage
of membrane-bound molecules and may serve as markers
of endothelial cell activation [28]. Several studies have

reported an asscciation of adhesion molecules with subse-
quent incidence of coronary heart disease among healthy
individuals and there is also evidence suggesting a prognos-
tic value of sCAMSs in acute coronary syndromes [9-14,29].

In our study, the levels of sWCAM-1 but not of sICAM-1
and sE-selectin showed a significant reduction after the
[2-week dietary intervention with ALA. To our knowledge.
this is the first study to report these findings. There are only
a few studies with conflicting results regarding the effect
of fish oils on sCAMs. However, it should be emphasized
that fish oils may not fully reproduce the effects of ALA.
Seljeflot et al. [30] reported that supplementation with fish
oils for 6 weeks increased the levels of sVCAM-1 and
sE-selectin. They hypothesized that this adverse effect of

m — 3 PUFAs could be related to the production of oxidants
which in tum could have activated the nuclear factor-xB
(NF-kB} which is an important transeription factor. Another
study [31] reported a reduction of sWCAM-1 concentrations
only in males =55 years but not in young males { <40 vears)
who received a fish oil supplementation for 12 weeks.

The exact mechanism of sVCAM-1 reduction after di-
etary intervention with ALA is unknown. Ina previous stuchy
[1&]. we reported that dietary supplementation with ALA
decreased the levels of inflammatory markers, such as CRP
and IL-6, in the same group of patients. It has also been
shown that CRP can induce significant expression of CAMs
in human endothelial cells [32]. Therefore, we could spec-
ulate that reduction of CRP produced by dietary supple-
mentation with ALA could result in reduced expression of
CAMs, However, itis more likely that s —3 fatty acids affect
the inflammatory cascade in a more complicated fashion.
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De Caterina et al. [33] showed that DHA added to cul-
tured endothelial cells inhibited the expression of VCAM-1
and E-selectin induced by cytokines or lipopolysaccharide.
In addition, Weber et al. [34] showed that DHA inhibited
the activation of the NF-kB system of transcription factors.
Therefore, we can hypothesize that dietary supplementation
with ALA through its metabolites. such as DHA, reduces
sVCAM-1 levels by inhibiting the activation of the NF-kB
system which appears to be the final common denominator
of CAMs expression.

We also found in our study, a significant reduction of

sVCAM-1 after dietary supplementation with LA, although
to a lesser extent than with dietary supplementation with
ALAL This was, to some extent, an unexpected finding be-
cause, inour previous study [ 16], we failed to demonstrate an
anti-inflammatory effect with diet enriched with LA, How-
ever, it has been shown [35.36] that in endothelial cells in-
cubated with interleukin-la, n —6 PUFAs such as AA, could
inhibit expression of VCAM-1 but to a lesser degree com-
pared with m — 3 PUFAs. It was suggested that greater num-
ber of double bonds of # — 3 PUFAs compared with n — 6
PUFAs is critical for the greater activity in inhibiting the
endothelial activation.

Regarding plasma lipid levels, in this study, we observed
a reduction in cholesteral levels following LA supplemen-
tation and a decrease in HDL cholesterol levels at the end
of the ALA supplementation period. These findings sug-

gest that LA supplementation result in an improvement of

plasma lipid profile, something that is not observed with di-
etary supplementation with ALA. This is in accordance with
other studies which showed no hypocholesterolaemic effect
of ALA enriched diets [37,38].

Some limitations of this study need to be addressed.
Firstly, we applied an intervention study of parallel design
instead of a cross-over design which is inherently much
stronger. We did it because a cross-over design has the
problem of carrvover effect, as the wash-out period can-
not be specified in lipid intervention trials. Counting an
intermediate wash-out period of at least 2 months, the total
study period would have been prolonged to 8 months. This
design could raise compliance problems, taking into consid-
eration that compliance in Greek populations is relatively
low, Secondly, the doses of B — 3 and n — 6 PUFAs that
we provided by the supplements are difficult to be achieved
b the usual dietary intake. However, products like spreads
fortified with the appropriate fatty acids can be produced
by relevant industries. These spreads can substitute other
sources of fat in the diet of hyperlipidaemic patients.

In conclusion, dietary supplementation with ALA for 12
weeks decreases sWCAM-1 in dyslipidaemic patients. This
effect may represent a possible antiatherogenic mechanism
contributing to the beneficial effect of plant n — 3 PUFAs in
the prevention of coronary artery disease. Inaddition, dietary
supplementation with LA significantly decreases sVCAM-1
levels. The favourable effect of both diets on sVCAM-1
levels shows that there is need for further investigation to

optimize the n — 6w — 3 ratio in the diet which will provide
the best effect on inflammatory markers of dyslipidaemic
subjects.
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Long-chain n-3 PUFA from fish oils are known to have anti-inflammatory effects. We evaloated the effect of a-linolenic acid (ALA),
precursor of n-3 Tany acids, on serum infammatory markers and soluble cellular adhesion molecules (sCAM) of dyslipidaemic males,
relative Lo their background diet. Participants were assigned w two groups, based upon food intake paterns: (a) twenty-one dyslipidaemic
subjects who habitally ate a Mediterranean —Cretan-type diet, (b) nineteen dvslipidaemic subjects who normally ate & Westemised Creek
diet. All were supplemented with 81 g ALAS for 12 weeks. We determined serum amyloid A (SAA), C-reactive protein (CRP), macro-
phage colony-stimulating factor (MCSF), IL-6, soluble vascular cell adhesion molecule-1 (sVCAM-1), soluble intercellular adhesion mol-
ecule-1 and soluble E-selectin concentrations at the beginning and the end of the ALA supplementation period. Serum baseline
concentrations of inflammatory markers and sCAM were similar across the diet groups. Twpe of diet had a significant impact on the
response of inflammatory markers o ALA supplementation. The Wesiemised Greek diet group showed a reduction in SAA
(P=0.001), CRP (P=0:002), MCSF (P=0.005) and [L-6 (P=0{4) concentrations. The Mediterranean—Cretan-type background diet
group showed a significant reduction only in MCSF concentrations (P=0-003). The sVCAM-1 concentrations were significantly reduced
in both the Westernised Greek diet group (P=0.001) and the Mediterranean - Cretan-type diet group (P-<0001). The present study demon-
strated that ALA supplementation lowered the serum conce ntrations of infammatory markers more profoundly when the background diet

was rich in saturated fany acids and poor in MUFA.

we-Linolenic acid: Mediterranean diet: Inflimmatory markers: Cellolar adbesion molecoles

Consumption of diets rich in #-3 fatty acids has been linked
with low prevalence of atherosclerosis (Aschero er al
1995). Furthermore, n-3 fatty acids have been used to
treat various chromic inflammatory conditions and have
been shown to have anti-inflammatory properties (Calder,
2001). Immune system cells are inherent parts of inflam-
matory events involved in the development and pro-
gression of atherosclerosis. The adhesion of circulating
blood monocytes to the endothelial cells and their sub-
sequent transmigration across the vascular endothelium
are prerequisite steps in the pathogenesis of the discase
(Ross, 1999). It has been proposed that the anti-inflamma-
tory properties of n-3 fatty acids can explain the correlation
with the low prevalence of atherosclerosis (Calder, 2001 ).
However, other human studies do not confirm the anti-
inflammatory effect of n-3 PUFA.

Previous studies have shown variable results when
reporting effects of #-3 PUFA on cytokine production by

mononuclear cells. Dietary supplementation stdies with
EPA and docosahexaenoic acid (DHA) have shown a
decrease in monocyte synthesis of TNF-o, IL-13 and
IL-6 in healthy subjects (Endres et al. 1989; Meydani
et al. 1991; Caughey et al 1996). In contrast, other studies
documented a lack of effect of n-3 PUFA on the synthesis
of the same cytokines (Schmidt er al. 1996; Blok er al.
1997; Yagoob et al. 2000) The effects of a-linolenic
acid { ALA), the precursor of EPA and DHA. on inflamma-
tory markers are also controversial. In particular, on the
ong hand. it has been reported that the production of
TNF-oe and IL-1P was suppressed by lipopolysaccharide-
stimulated monocytes of healthy volunteers after a high
dose of dietary ALA (Caughey et al. 1996). In addition,
in our previous report (Rallidis er al 2003), supplemen-
tation with ALA reduced serum IL-6 and C-reactive pro-
tein (CRP) concentrations. On the other hand, other
research has demonstrated that ALA did not affect the

Abbreviations: ALA, a-linolenic acid; CRP, C-reactive protein: DHA, docosahexacnoic acid; MOSF, macrmophage colony-stimulating factor; SAA, scmm

amyloid A; =CAM, soluble cellular adhesion malecules.
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production of TNF-o, IL-1{, IL-6, IL-2 or interferon-vy by
mononuclear cells (Thies er af. 2001). Recent evidence has
documented that intake levels of =905g ALA/dor =1 7g
EPA+DHAAM did not aler the production of cywkines by
monocytes and lymphocytes although the fatty acid com-
posiion of mononuclear cells was significantly altered
(Kew et al. 2003).

A number of in vitre studies suggest a suppressive effect
of r-3 fatty acids on adhesion molecule expression by vas-
cular endothelial cells (De Caterina et al. 199%4; Weber
et al. 1995; Khalfoun er af. 1996; Collie-Duguid &
Wahle, 1996). Results from human supplementation
studies, however, are inconsistent. Some have shown that
supplementation with EPA+ DHA reduced the plasma con-
centration of soluble forms of adhesion molecules (Abe
et al. 1998; Thies et afl. 2001), while other studies repart
the apposite (Seljeflot ef al 1998; Johansen er al. 1999)

Results of fish oil experiments on plasma CRP concen-
trations also are inconsistent. Although a significant inverse
correlation between serum CRP concentrations and content
of DHA in granulocytes has been demonstrated (Madsen
er al. 2001), a recent study by the same research group
failed to reproduce this finding (Madsen et ol 2003). Simi-
larly, the administration of 5-3 PUFA to healthy individuals
did not alter plasma CRP levels (Vega-Lopez er al. 2004).

Evidence since the 1950s has demonstrated that Mediter-
ranean countries display rates of chronic diseases that are
among the lowest in the world with corresponding life
expectancies that are among the highest (Nestle, 1995).
In a recent study conducted in the Greek population. the
adoption of the Mediterranean diet by subjects with the
metabolic syndrome was associated with a significant
reduction of the risk of developing acute coronary events
(Fitsavos er al. 2003).

Our ohjective was to examine the effect of dietary ALA
on inflammatory markers and soluble cellular adhesion
malecules (sCAM) related to atherosclerosis with regard
to a dietary variable. For this purpose. volunteers were
recruited who followed either a Mediterranean - Cretan-
type diet or a Westemised Greek diet.

Subjects and methods
Subjects

Subjects were recruited from the treadmill test unit in the
Department of Cardiology of Laiko Hospital after screen-
ing by medical history, physical examination, electrocar-
diograph, and laboratory analysis. Fifty male volunteers
aged 35 to 67 years, first diagnosed for dyslipidacmia,
without evidence of CHD. were recruited. Entry criteria
for recruitment inchided a total cholesterol concentration
higher than 5-20mmaol/l, and/or an HDL-cholesterol con-
centration lower than 103 mmol]. Subjects with evidence
of infection or coexistent diabetes mellits, hypertension,
renal, liver or inflammatory discase were excluded. In
addition, subjects taking lipid-lowering drugs, habitually
consuming more than thirty units akeohol per week. smok-
ing ten or more cigarettes per d. or habiwally vigorously
exercising at the level of =6hfweek were excluded. OF
the fifty men enrolled, one withdrew before completion
of the study because of gaswointestinal discomfort.

An additional nine subjects either withdrew or were
excluded for non-compliance during the 12-week interven-
tion. Thus. forty subjects completed the entire study.

Study design

A single intervention of parallel design was carried out.
Dictary assessment was performed before the intervention
to allocate volunteers according to ther background diet
into two groups. The first group was a group of subjects
habitually following a diet characteristic of the so-called
Mediterrancan-Cretan  diet as described in the Seven
Countries Study (Kafatos et al. 20000 (n 21); the second
group of subjects habitually followed a Westernised
Greek diet (n 19).

All subjects were supplemented with 15 ml flaxseed oil/d
for 12 weeks. Supplements contained approximately 8g
ALA (n-3) and were taken three times daily, one 5 ml teas-
poondmeal. The subjects were asked to maintain their diet-
ary habits and usual lifestyle and were instructed to avoid
the intake of anti-inflammatory drugs, vitamins or other
dietary supplements throughout the intervention period.
The subjects were supervised in respect of their dietary
habits, alcohol consumption and physical activity habits
by phone calls once per week and by wvisits to the hospital.
The subjects were weighed monthly. At the time of the
patient visits, they were provided with the oil supplements.
Heights and weights were measured with the subjects in
light clothing and shoes removed. Flaxsead-oil supplements
were provided by Savant International (Savant Distribution
Ltd, Leeds, UK). Flaxsced oil was extracted by cold press-
ing under Na. It was stored in brown bottles at 4°C. No
addiional antioxidants were added. Fatty acid compaosition
of the oil is given in Table 1. All subjects provided written
informed consent, and the study protocol was approved by
the ethical committee of Harokopio University.

Diets

Dictary assessments were based on a validated food-fre-
guency questiomnaire that included food items from the
Mediterranean diet pyramid (Trichopoulou, 20000 Fre-
guencies of milk and dairy products, bread. fruits, veg-
etables, legumes. olive oil, fish. poultry, red meat and
meat products, and wine consumption were recorded and
a monthly food consumption score calculated. Dietary
compositions of the two groups are depicted in Table 2.
Dictary compliance was assessed by a total of three 4d
dietary records (one every 4 weeks). The recorded days

Table 1. Fatly acid, total stercl and 1tal tocopheral composition of
1he flaxseed ol (per 1004)

Constitvents

Palmitic asid (g) 59
Stearc acid (g) 36
Oleie acid (q) 18.2
Lincledc acid (g) 139
a-Linolenic acid (g) 54.2
Total sterols (g) 0-4
Taotal tecophars (mg) 5427




Diet, ee-linolenic acid and infammation

Table 2. Mutrent composition of the twe diels
(Mean values and standard deviations)
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Diet. .. Maditeranaan-Cratan- Waslemised Graek
Type diel diet
Mean S0 Maan D Fvalua

Energy (J) 9169-86 1118-46 915432 959.28 0348
Proteins (%) 13.2 31 160 1.8 0009
Carbohydrates (3&) 478 3.8 444 4.4 0007
Fals (%) T 4.8 38.2 4.2 0457
SFA (g) 2.3 2.5 386 3.2 0018
MUFA (g) 49.5 5.8 3246 4.9 0034
FUFA (g} 13.7 20 1241 1.7 171
a-Lindenic acid (g) 09 03 11 0.2 02158
ERA (g) 03 005 03 008 0248
DHA (g) 04 004 03 005 0311
Cholastarol {mag) 214.8 24.4 37041 31.0 0004
Alcohol % 13 03 1.4 [ 0741
Vitarnin G (mg) 122.4 13.0 117.8 18.4 o002
Dietary fivre (g) 2.7 a3 22.4 41 0021

SFA, satwrated fany acids; DHA, docosahexaenoie sk,

included three weekdays and one weckend day. The diet
diaries were analysed using the Nutritionist V' Diet Anal-
ysis software (version 2.1, First Data Bank Inc., San
Bruno, CA., USA) as modified for the Greek population
(Yamakoulia et al. 2003).

Analytical procedures

The volinteers attended the Department of Cardiology
at Laiko Hospital on two occasions for blood collection:
at the beginning and end of the experimental period. At
each visit blood samples were collected at 08.00 hours
after the subjects had fasted ovemight (12 h). Blood was
collected into a glass twbe without preservative (vacutainer
tube; Becton Dickinson Labware, Franklin Lakes, MJ,
USA) for the determination of serum inflammatory indices.
All samples were collected without occlusion. The
vacutainer tubes were kept on ice until centrifuged at
3000 rpm for 10min at 4°C within 2h of blood collection.
Serum samples were stored at — B0°C for further analysis.
CRF and serum amyloid A (SAA) were assayed by par-
ticle-enhanced immunonephelometry (N Latex:; Date-Behr-
ing Marburg GmbH, Marburg, Germany) with a range
from O-175 to 1100mgd and 075 to 1000mg/l. respect-
ively. IL-6 and macrophage colony-stimulating factor
(MCSF) were measured by high-sensitivity ELISA (R & D
Systems Europe Ltd, Abingdon, Oxfordshire, UK). The
intra-assay and inter-assay CV owere <5% for CRP.
SAA and MCSF and < 10% for IL-6. Soluble vascular
cell adhesion molecule-1, soluble intercellular adhesion
molecule-1 and solible E-selectin were assayed by quanti-
tative sandwich ELISA (R & D Systems Europe Ltd).
The intra-assay and inter-assay CV  for sCAM  was
< 10%. All samples were assaved twice by a single oper-
ator blinded to sample timing and diet category. To mini-
mise variability, samples before and after the ALA
supplementation for each subject were run in one assay.
All measurements were performed at the biochemistry
laboratory of the General Hospital of Nikea.

Statistical analysis

Clinical and dietary traits are expressed as mean values and
standard deviations, unless otherwise stated. Data on
inflaimmatory markers and adhesion molecules were not
normally distributed and therefore were expressed as the
median and the 25th and 75th percentiles. Differences in
the baseline concentrations of clinical and dietary traits
between diet groups were assessed using  Student's
independent samples + tests (after log transformation),
with the exception of smoking status where the ¥ test
was used. Simce data on  inflammatory markers  and
sCAM concentrations were not normally distributed even
after the logarithmic transformation of the values, non-
parametric  analyses  were  performed  to determine
differences at baseline (Mamn—Whimey [/ testh, and
before and after ALA supplementation (Wilcoxon signed
ranks test). The Mann-Whitney U test also was used to
compare percentage differences of inflammatory markers
and sCAM concentrations before and after the ALA sup-
plementation period between the two diet groups. Percen-
tage difference was calculated as the median of the
percentage differences of individual values. Statistical sig-
nificance was set at P<<0405. Data were analysed using
SPSS statistical software (SPSS for Windows, wersion
10.0.5; SPSS Inc.. Chicago, IL, USA).

Results
Baseline characteristics

The subjects enrolled in the two dietary groups did not
differ in regard to age, BML blood pressure and leucocyte,
lymphocyte, or monocyte - granulocyte count. The number
of light smokers (less than ten cigarettes per d) was similar
across the two groups (Table 3).

Body weight and leucocyte. lymphocyte, and mono-
cyle —granulocyte counts did not change significantly
during the course of the study. A review of diet diares
indicated that the subjects’ background diet remained
unchanged throughout the study.
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Table 3. Baseline clinical data of the two differant backgreund diet groups
[Mean values and standard deviations)

Diat.... Mediterranean—Cratan- Wastarnised Graak diet
typa dial (n21) (n19)

Wariable Mean S0 Maan &0 Fyalue
Age (years 50.2 63 8.7 83 NS
BMI (kg'm 28.68 36 o8 36 NS
Leucocyles { x 107 64 1.6 73 14 NS
Neutrophils (» 10%) 3.8 141 41 1.3
Lymphocytes | x 107) 2.2 09 2.3 0.7 NS
Manacytes [ x 10°) 032 012 037 014 NS
Blood pressure (mmHg)

Syslolic 1266 18 1256 16.7 NS

Diastolic 808 11 B8y-2 11 NS
Light smokers: yes (n) 4 4 NS

na () 17 15

Blood inflammatory markers

Median values of SAA, CRP, MCSF and IL-0 of the two
dietary groups before and after the ALA supplementation
are presented in Table 4. The only inflammatory marker
o present a statistically significant reduction in both
groups after ALA supplementation was MCSF, while
CRP, SAA and IL-6 were decreased significantly, but
only in the Westemised Greek diet group. The difference
of response of the inflammatory markers to the ALA sup-
plementation in the two background dicts was confirmed
by comparison of percentage differences within each of
the two diet groups (Fig. 1). Percentage changes of SAA
and CRP in the Westernised Greek diet group were signifi-
cantly different from changes in the group following the
Mediterranean - Cretan-type diet (P=0003 and P=0038,
respectively). No  significant correlations were  found
between dictary cholesterol, saturated fatty acids, MUFA
and PUFA, and the investigated inflammatory markers in
the two groups. Furthermore, correlations between dietary
vitamin C intake and inflammatory markers were not stat-
istically significant.

Saluhle celllar adhesion molecules

Levels of soluble wascular cell adhesion molecule-l
decreased significantly with ALA  supplementation in
both patient groups (P<<0001 in the Mediterranean
Cretan-type diet and P=04001 in the Westemised Greek
diet). The levels of soluble intercellular adhesion molecule
and soluble E-selectin also remained unaltered in both
groups {Table 5).

Discussion

Our data reveal that an increased dietary intake of ALA for
3 months was sufficient to reduce inflammatory markers
and soluble vascular cell adhesion molecule-1 concen-
trations in dyslipidaemic subjects. This effect was more
evident for the group following the Westemised Greek
diet compared with the group following the Mediterra-
nean - Cretan-type diet.

Nutrient intakes were different in the two diet groups.
The Westernised Greek diet group showed higher intakes
of protein, while carbohydrate intakes were lower

Table 4. Seum concentrations of inflammatory markers in dyslipidaemic voluntears falowing two different background diets befone

and afler a-linclenic acid supplemantation”
(Median values and 25t and 75t percantiles)

Belomet Aler
Variables Madian 25lh=T75th percantile Meadian 25th="75th percantile Parcentage differances Pvalue
Mediterranean=Cratan-typa diet group (n21)
Sa4 (mafl) 251 2.20-4.5 2.40 1.70-3.00 —38 018
CRP [mg/l) 098 0-54-1.82 0.99 0-56-2.10 2.0 051
MCSF (pgimil) 283 257=309 258 225292 —1540 0006
IL-6 {pg/ml) 20 1.12-3.15 1.68 099-2.43 —4.5 ooa
Westemised Greek diel groug (7 19)
SAA (ma'ly 365 25-58 2.38 1:39-3.40 — 364 00002
CRP (mg/l) 18 119-4.4 1.10 0-59-1.80 — 381 o002
MCSF (pg/rmi) 279 237-328 2320 195.0-284.0 —-219 0005
IL-6 {pg/ml) 228 1:34-4.80 170 126240 =789 003

SAA, serum amylod A; CRP, C-reactive prolein; MCSF, macrophage colony-stimulatng facior.
* Faor details of subgects and dists, see Tables 1- Sanapp B50-852.
T The median values of the inflammatory markers for the Mediterransan—Cretan-type dist group were not significantly dfferent from the comresponding

values for the Westemised Greek diei group at baseline.
1 Percentage difference was calculated as ihe median of the perceniage differences of mdiidual values.
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Fig. 1. Parcantage diflerences of concentrations of inflammatory
markers after the a-linclenic acid supplemantation of subjects with
the two different background diets, the Maditermnean—Crelan-lype
diet (W) and the Weslernised Greek diet (). SAA, sarum amyloid
A CRP, C-reactive protein: MCSF, macrophage eslony-stimulating
factor. Percentage difference was calculated as the median of the
percantage differences of individual values. The comparnson of per-
canlage differences was made by the Mann-~Whilney U test. There
ware significant differences batween the two diet groups: © P=0.05,
P 001

compared with the Mediterranean—Cretan-type diet group.
Intakes of saturated fatty acids and cholesterol were signifi-
cantly higher in the Westemised Greek diet group than the
Mediterranean~Cretan-type diet group. Approximately
6% of energy intakes in the Westemised Greek diet
group came from saturated fatty acids, a pattern that
would be considered high when compared with the Amer-
ican Heart Association recommendations (Expert Panel on
Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults, 2001). On the other hand, the Med-
iterranemn — Cretan-type diet group showed a higher intake
of MUFA, vitamin C and dietary fibre. These intakes are
in accord with the basic definition of the Mediterransan
Cretan diet (Kafatos er afl 2000) and the “Westemised’
diet profile (Lewis et al 1981), respectively.
Atherosclerosis is a chronic inflammatory  disorder
characterised by a dynamic interaction of inflammatory

cells, cytokines and chemokines (Ross, 1999). Leucocyte
adhesion to endothelial cells and subsequent transendothe-
lial migration, an initial event in the atherosclerotic pro-
cess, is largely mediated by cell adhesion molecules
(Price & Loscalzo, 1999). The sCAM originate from the
shedding or proteolytic cleavage of membrane-bound mol-
ecules and may serve as markers of endothelial cell acti-
vation (Gearing & Newman, 1993} On the other hand,
there is growing evidemce that inflammatory markers
such as CRP may also play a direct pathogenic rolke in
the atherosclerotic process (Pasceni er af. 2000). Other
inflaimmatory markers such as SAA, MCSF and IL-6 are
present in  atherosclerotic  lesions and research has
suggested that these markers play a role in the development
of atherosclerotic plaques (Clinton er all 1992; Meek er al.
1994; DeGraba, 1997). Such results indicate the import-
ance of interventions aimed at the reduction of inflamma-
tory markers, which may be translated in clinical benefit
regarding the prevention of CHD.

As we have previously reported (Rallidis er af. 2003),
dictary ALA supplementation reduces the concentrations
of inflammatory markers. The mechanisms responsible
for the suppression of the concentrations of inflammatory
markers by ALA, however, remain unknown, although
suppression of eicosanoid production may be involved
(James et afl. 2000). We have proposed elsewhere that
the reduction of prostaglandin E; and leucotriens By pro-
duction and the subsequent reduction of pro-inflammatory
cytokines IL-1 and TNF-o decreases IL-6 release which
in tum reduces the hepatic production of CRP and SAA
(Rallidis et af 2003) IL-1 and TNF-o are known to
induce a large increase in MCSF secretion from both vas-
cular endothelial and smooth muscle cells in cultures
(Clinton er al. 1992), and thus control MCSF expression.
Moreover, cellular adhesion maolecules are expressed on
the endothelial membrane in response to several inflamma-
tory stimuli. such as CRP and pro-inflammatory cytokines
(Price & Loscalzo, 1999),

The present study was designed to investigate associ-
ations between the anti-inflammatory effect of ALA
and background dietary pattems. We report here a
greater responsiveness of the inflammatory markers in the

Table 5. Soluble cellular adhesion molecule concentrations in dyslipidaemic volunteers Tollowing two different background diets before and

afler a-lindenic acid supplemantation”
(Median values and 25th and 75th parcantles)

Beforat Afler
Varables Madian 251h=T75lh perceantile Median 25lh=T5M percantile Parcentage differancet P valug
Maditerranean—Cretan-type disl group (0 21)
SWCAM-1 (ng/ml) 610 534787 543 487601 —-1041 < 0001
slCAM-1 (ng/ml) 201 173-232 204 173-254 1.7 019
sE-salectin (ngdmi) 44.2 35:0=55:1 37.5=551 -39 099
‘Westemised Greek diel groug (n 13)
SVCAM-1 (ng/mi) 592 506625 495 430-570 —-18.3 0001
sICAM-1 (ng/ml) 219 196264 222 192-279 01 [i2:3]
sE-salactin (ng/mi) 478 31-6-659 AN6-6T1 —29 031

aWVCAM-1, soluble vascular call adhesion malecula-1; sICAM-1, soluble intercellular adhasion molecule-1 ; SE-selectn, soluble E-sslactin.

*For details of subgects and dista, see Tables 1-3 and pp. 650852,

T The median values of the soluble celiular adghesion molecules for e Mediterranean—Cretan-type dist group were not significangy different from the correspond-

ing values for the Westemnised Greek diel group at baseline.

1 Percentage difference was cakoulated as the median of the percentage differences of indivadual values.
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Westemised Greek diet group. Still, we found no corre-
lations between the dietary intake of specific nutrients
and concentration of inflammatory  markers.  Animal
studies. however. have demonstrated suppressive effects
of individual mutrients, such as oleic acid on in vive
immune responses [ Yagooh, 2002), while a high-MUFA
diet resulted in a reduction in the expression of adhesion
malecules by human peripheral blood mononuclear cells
(Yagoob et al 1998) A limited number of studies have
suggested an anti-inflammatory effect of vitamin C. An
association between vitamin C deficiency and immune dys-
function has been reported (Schoenherr & Jewell, 1997).
Serum CRP concentrations have been correlated negatively
with serum vitamin C concentration in peripheral arterial
disease (Langlois et al. 2001 and critically ill patients
{Schorah et al. 1996). Although intakes of MUFA and vita-
min C were different in the two diet groups we imvesti-
gated, our data do not reveal a direct correlation between
the dietary intake of these nutrients and the anti-inflamma-
tory effect of ALA.

One limitation of the present study is the lack of a con-
trol group. A second limitation is that plasma phospholipid
fatty acid composition data were not collected; therefore,
associations between fatty acids and inflammatory markers
could not be drawn. Stll, our data on dietary fatty acid
composition, based upon participants’ dietary diaries,
revealed no association. Furthermore, no sssociations
were observed between vitamin C and  inflammatory
markers, although these nutrients were consumed in differ-
ent quantities by the two dietary groups. Although our data
indicated that some inflammatory markers were decreased
more when ALA was supplemented in Westemised diets
compared with a Mediterranean diet, our data could not
confirm that the Mediterranean diet possessed an intrinsic
anti-inflammatory effect.

In conclusion, we speculate that ALA supplementation
would be maore effective in the reduction of some
inflammatory  markers if patients were consuming a
Westemised diet, rather than a Greck-Mediterranean
type of diet. The mechanisms for these effects remain to
be elucidated.
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Abstract

Objective The effect of alpha-linolenic acid (ALA) supplementation on blood lipids
and inflammatory markers, in relation to apolipoprotein (apo) E genotype. Design
The diets of fifty dyslipidaemic male patients were supplemented with 15ml of
flaxseed oil per day, for 12 weeks. Retrospectively, three apo E genotype variants
were found (€2/€3, n=7; €3/€3, n=33; €3/e4, n=10). Results No significant differences
were found between apo E genotypes in any variables at baseline. ALA
supplementation produced a small but significant decrease in high-density lipoprotein
cholesterol (from 1.12 mmol/L to 1.08 mmol/L, P=0.008) and apo A-I levels (from
1.28 g/L to 1.24 g/, P=0.036) in the €3/e3 homozygotes. In addition, ALA
supplementation resulted in a significant decrease in the serum concentration of serum
amyloid A (SAA) (P=0.014), C-reactive protein (CRP) (P=0.013), macrophage
colony stimulating factor (MCSF) (P <0.001) and interleukin (IL)-6 (P=0.028).
Serum SAA and MCSF were also significantly decreased in the €3/e4 group (P=0.005
and P=0.017, respectively). In contrast, ALA produced no effects on any of the
inflammatory markers in the €2/e3 group. Conclusion ALA may have beneficial
effects on inflammation in dyslipidaemic carriers of the apo €3/e3 and €3/e4
genotypes, but not in carriers of the €2 allele.

Key words: alpha-linolenic acid, apolipoprotein E polymorphism, inflammatory
markers, serum lipid levels, dyslipidemia
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Introduction

Dyslipidemia is well established as a risk factor for the development of
atherosclerosis (1). In addition, immunological activation has now been recognized as
an important component in the atherogenic process (2). Apolipoprotein (apo) E plays
a protective role in atherosclerosis and genetic variation at this locus has been linked
to susceptibility to vascular disease (3,4). Apo E is best known for its role in the
maintenance of plasma cholesterol levels. This plasma protein serves as a ligand for
cellular lipoprotein receptors. However, recent data indicate that apo E may be
atheroprotective by mechanisms that are independent of its ability to alter plasma
cholesterol levels, including regulation of macrophage- and lymphocyte-mediated
chronic inflammatory responses (4,5). In vitro cellular studies show that apo E
expression not only is modified but also modifies both macrophage and T-lymphocyte
cytokine production (6,7). Thus apo E appears to directly influence the immune
responses that are part of the atherogenic process.

Genetic variation at the apo E locus results from three common alleles in the
population (g2, €3 and €4), which code for three protein isoforms that differ by a
single amino acid and their charge. This latter property confers different receptor
binding affinities on the three isoforms that may underlie the epidemiological
associations between apo E genotype, serum lipid levels and vascular disease risk
(3,8). The €4 allele has been associated with elevated serum total cholesterol, low-
density lipoprotein (LDL) cholesterol and apo B levels (8,9). In accordance with this,
it has been proposed that LDL-cholesterol levels in subjects with the €4 allele are
more sensitive to dietary changes than those in subjects with other ¢ alleles (10,11).

Large epidemiological studies provided evidence to suggest that the dietary intake
of alpha-linolenic acid (ALA; 18:3n-3) is inversely associated with risk of fatal
coronary heart disease (CHD) (12,13). The Lyon Diet Heart Study showed that a
Mediterranean diet rich in ALA was more successful in preventing the recurrence of
cardiovascular events than a usual, post-infarct, prudent diet (14). The Mediterranean
diet has been historically associated with low CHD mortality in such regions as Crete
in the 1960s (15). Subsequently, Cretans has been shown to have a 3-fold higher
concentration of plasma ALA than the participants of the Zutphen study (Netherlands)
(16). However, clinical studies reporting the effects of ALA on blood lipids have
produced inconsistent results (17-20). On the other hand, evidence exists on the anti-
inflammatory properties of ALA (21,22), suggesting that the beneficial effects of
ALA may be independent of cholesterol metabolism.

The possibility that non-specific markers of chronic low-grade inflammation
might predict the risk of coronary events is supported by a number of studies (23). C-
reactive protein (CRP) has been associated with the presence and severity of
atherosclerosis, and has been found to predict acute coronary events in prospective
studies (24,25). Other inflammatory markers like serum amyloid A (SAA),
macrophage colony stimulating factor (MCSF), and interleukin 6 (IL-6) are present in
the atherosclerotic lesions and they may play a role in the development of
atherosclerotic plaques (26-28).

Since apo E appears to play a multifunctional role in atherosclerosis and to be
implicated in the inflammatory process, we hypothesized that the common apo E
polymorphism could influence responsiveness to ALA. We therefore aimed to
evaluate the effect of the interaction between apo E genotypes and ALA on
inflammatory markers, in dyslipidaemic males.
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Methods

Subjects

The study population consisted of 50 men, aged 35 to 67 years, diagnosed with
dyslipidemia, without clinical evidence of CHD. They were all recruited from the
treadmill test Unit in the Department of Cardiology of Laiko University Hospital,
Athens, after screening by medical history, physical examination, electrocardiograph
and laboratory analysis. Subjects were excluded if any of the following were present:
infection, endocrine, liver, vascular or haemostatic disease, hypertension, medication
known to affect lipoprotein metabolism, habitual consumption of more than 30 units
alcohol (1 unit=8g of alcohol) per week, smoking more than 10 cigarettes per day, or
habitual undertaking of more than 6 h of vigorous exercise per week. Dietary habits
and exercise pattern were assessed by questionnaire. All study participants were
screened at entry to follow the average Greek diet (see diet assessment). Height and
weight were measured with subjects in light clothing and shoes removed. Sitting
arterial blood pressure was measured after 10 min rest on two separate occasions. All
subjects gave their written informed consent to the study, which was approved by the
local Ethical Committee.

Study design

Subjects were supplemented with 15 ml of flaxseed oil per day containing
approximately 8.1 g of ALA (n-3) for 12 weeks. The supplement was taken three
times per day, one teaspoon of 5 ml per meal. All participants were instructed to
maintain their dietary habits and usual lifestyle and to avoid intake of anti-
inflammatory drugs, vitamins or other dietary supplements throughout the 12-week
experimental period. Research dietitians supervised the participants for their dietary
habits, alcohol consumption and physical activity habits by phone calls once a week
and visits to the hospital. Visits were held once a month and subjects were provided
with the oil. Compliance was assessed by the return of empty bottles. Subjects were
also weighed at each visit. Following the intervention period, and retrospectively,
subjects were screened for the apo E polymorphism and they were allocated into three
groups according to the apo E genotype. Flaxseed oil was provided by Savant
International, Leeds, UK. The fatty acid composition of the oil is given in Table 1.
[Table 1]

Dietary assessment

Dietary assessment was based on a food frequency questionnaire and a dietary 24-
h recall. Frequency of milk, bread, fruits, vegetables, legume, olive oil, fish and meat
consumption together with the 24-h dietary recall, allowed us to select volunteers
following the average Greek diet (see Table 2). Dietary compliance was assessed by a
total of three 4-day dietary record (one every four weeks). The recorded days
comprised of three weekdays and one weekend day. The diet diaries were analyzed
using the Nutritionist V Diet Analysis software (Version 2.1, First Data Bank Inc.
USA), modified for the Greek population, as previously described (29).

Analytical procedures

The volunteers attended the Department of Cardiology at Laiko University
Hospital on two occasions for blood collection, at the beginning and the end of the
experimental period. On each visit, blood samples were collected at 8.00 am after 12
h overnight fast. Subjects laid supine for 10 min prior to the blood collection. Blood
was collected into a glass tube without preservative (Vacutainer tube, Becton
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Dickinson) for serum lipids and inflammatory indices determination, and a KszEDTA
tube for DNA isolation. All samples were collected without occlusion. The tubes were
kept on ice and until centrifuged at 3000 rpm for 10 min at 4° C within 2 h of blood
collection. Serum samples were stored at -80° C for further analysis. Serum total
cholesterol, triglyceride, and high-density lipoprotein (HDL) cholesterol levels were
determined using enzymatic colorimetric assays on an ACE analyzer (Sciapparelli
Biosystems Inc., USA). Serum concentrations of apo A-I and apo B were determined
by turbidimetric immunoprecipitation assays on the ACE analyzer. LDL subclasses
were separated by density-gradient ultracentrifugation, as previously described by
Griffin et al (30). CRP and SAA were assayed by particle-enhanced
immunonephelometry (N Latex, Date-Behring Marburg GmbH, Marburg, Germany)
with a range from 0.175 to 1100 mg/L and 0.75 to 1000 mg/L, respectively. IL-6 and
MCSF were measured with high sensitivity enzyme linked immunoassay (R & D
Systems Europe Ltd, Abingdon, U.K.) with a range from 0.156 to 10 pg/mL and 25.3
to 1715 pg/mL, respectively. The intra-assay and inter-assay coefficient of variation
was <5% for CRP, SAA and MCSF and <10% for IL-6. All samples were assayed in
duplicate. To minimize variability, samples before and after the ALA supplementation
for each subject were run in the same assay.

Genomic DNA was extracted from leukocyte nuclei by the salting-out method
(31). Apo E genotype was determined by polymerase chain reaction (PCR)
amplification and subsequent digestion with Hha 1 (New England Biolabs), as
described by Reymer et al (32).

Statistical analysis

Data on clinical parameters, dietary intake and serum lipid levels are expressed as
the mean and standard deviation (SD), unless otherwise stated. Inflammatory markers
are also expressed as the median with 25™ and 75" percentile. Differences in baseline
levels of clinical, dietary and serum lipid traits between ApoE genotype were assessed
using Welch statistic, in order to account for the unequal variances. The association
between smoking status and genotypes were assessed using the Fisher’s exact test due
to the small number of participants. Differences in serum lipid levels before and after
the ALA supplementation period were determined by Student’s paired samples z-tests,
after controlling for normality using the Wilk’s test. Serum triglycerides, apo A-I and
apo B values were log-transformed to correct for skewed distribution, but
untransformed mean values are presented for ease of interpretation. Since data on
inflammatory markers were not normally distributed even after logarithmic
transformation, non-parametric analyses were performed to determine differences at
baseline (Kruskal-Wallis test) and before and after ALA supplementation (Wilcoxon
signed ranks test). P-values less than 0.05 were considered as significant. Statistical
analyses were performed using the SPSS statistical software (SPSS for Windows,
release 10.0.5).

Results

Apo E genotype distribution and baseline characteristics

Of the 50 dyslipidaemic subjects studied, 33 were homozygous for the most
frequent €3 allele (€3/e3 genotype), seven carried the £2/€3 genotype while ten had the
€3/e4 genotype. No individual expressed an €2/€2, €2/e4 or e4/e4 genotype. The allele
distribution was as follows: €2, 7.0%; €3, 83.0%, &4, 10.0%.

Subjects with different apo E genotypes did not differ in body mass index (BMI),
average sitting blood pressure, white blood cell (WBC) count, and smoking status
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(Table 2). In addition, there were no differences in the consumption of nutrients
between the apo E genotype groups, including ALA and other polyunsaturated fatty
acids (Table 2). The diet diaries indicated that subjects’ background diet remained
unchanged throughout the study. Moreover, body weights and blood pressure, as well
as the WBC count of the volunteers, did not change significantly during the course of
the study (data not shown).

[Table 2]

Table 3 shows mean values of total cholesterol, LDL cholesterol, LDL density, HDL
cholesterol, triglycerides, apo A-I and apo B before and after the ALA
supplementation for the study population as a whole and in each apo E genotype
subgroup. In accordance with the entry criteria for recruitment, subjects exhibited
elevated levels of total and LDL cholesterol, triglycerides and apo B (5.98 + 0.87
mmol/L, 3.97 £ 0.95 mmol/L, 1.74 £ 0.95 mmol/L and 1.22 £+ 0.14 g/L, respectively)
at baseline. Mean baseline levels of serum lipoproteins, apo A-I and apo B, as well as
LDL density, were similar across the three apo E genotypes. In the subjects group as a
whole (n=50), ALA supplementation resulted in statistically significant decreases of
3.7% (P=0.011) and 3.1% (P=0.030) in serum HDL cholesterol and apo A-I levels,
respectively. Reductions in HDL cholesterol and apo A-I were also observed in the
apo €3/€3 group with decreases of 4.1% (P=0.008) and 3.8% (P=0.036), respectively.
No differences were shown in either the apo €2/¢3 or the €3/e4 groups. There was no
significant difference in the serum concentration of total cholesterol, LDL cholesterol,
triglyceride, and apo B or LDL density either in the whole group or the apo E
genotype subgroups after ALA supplementation.

[Table 3]

Table 4 shows the effect of ALA supplementation on SAA, CRP, MCSF and IL-6
concentrations in the 50 dyslipidaemic subjects and in the genotypic subgroups.
Baseline levels of inflammatory markers were similar across apo E genotypes. Serum
levels of SAA were markedly decreased after ALA supplementation in the study
population as a whole (P<0.001). In this analysis, we excluded two subjects with
baseline levels of SAA above the 98" percentile (>50 mg/L). However, similar results
were obtained when these two subjects were included in the analysis. The reduction in
SAA was evident in the €3/e3 (P=0.014) and €3/e4 (P=0.005) groups by 15.9% and
28.8%, respectively. A similar trend was observed in the group of €2/¢3 individuals,
but the reduction (16.7%) was not significant (P=0.24). The response in subjects with
the €2/e3 genotype was highly variable ranging from an increase of 37.2% to a
decrease of 39.4%, while all €3/e4 individuals displayed reductions in SAA ranging
from 18.6% to 58.4% (Figure 1).

[Table 4]
[Figure 1]

Decreases in serum MCSF were also apparent following the ALA
supplementation. A significant decrease was observed for the group as a whole
(P<0.001), the apo €3/e3 (P<0.001) and €3/e4 subgroups (P=0.017), but not for the
€2/€3 group (P=0.18). In this case, however, differences between €2/e3 and €3/e4s
were unremarkable, with most of the €2 allele carriers displaying decreases in MCSF
that ranged from 0.9% to 32.9% (Figure 1).

The concentration of serum CRP decreased in the whole group in response to
ALA supplementation (P=0.002) due, in the main, to a significant reduction in the
€3/e3 subjects (P=0.013). In contrast, no statistically significant differences were
observed in those with the apo €2/e3 and &3/e4 genotype. Serum IL-6 was also
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significantly decreased in the whole group (P=0.024) and in the €3/e3 genotype
subgroup (P=0.028) in response to ALA, while €2/e3 and €3/e¢4 showed no change.
Discussion

We investigated whether the common apo E polymorphism influences the
response of blood lipids and inflammatory markers to ALA supplementation (8.1
g/day for 12 weeks), in a group of 50 dyslipidaemic middle-aged males. We found
that ALA supplementation was associated with a significant reduction in the serum
concentration of SAA and MCSF in the subgroups of €3/e3 and €3/e4 subjects, in
addition to a significant reduction in CRP and IL-6 levels in €3/e3 individuals.
However, ALA was not associated with inflammatory markers in the group of &2
allele carriers. We also found no apo E genotype-specific beneficial effects of ALA
on fasting serum lipid levels.

The long chain n-3 polyunsaturated fatty acids (PUFAs) found in fish oils,
namely eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), have been
extensively studied for their effects on blood lipids and it is well established that they
possess hypotriglyceridemic properties (33) and reduce coronary mortality (34,35). In
high doses, n-3 PUFAs also lower cholesterol and have antithrombotic and anti-
inflammatory properties (36). Whether ALA also exerts similar beneficial effects on
serum lipid concentrations is yet not clear. Short-term studies in primary (17,37,38)
and secondary prevention (14,39) showed no effect of ALA supplementation on
fasting serum triglyceride and cholesterol levels. When comparing safflower,
sunflower, linseed and fish oils, Kestin et al (17) and Singer et al (38) reported no
change in serum total cholesterol, LDL cholesterol or HDL cholesterol after linseed
oil supplementation in hyperlipidaemic patients. It has been proposed that ALA does
not affect blood triglycerides and it lowers LDL cholesterol probably only when it
replaces saturated fatty acids (33).

Studies on the effect of ALA on inflammatory markers are controversial. In
particular, on the one hand, it has been reported that TNF-a and IL-1p production
were suppressed by lipopolysaccharide-stimulated monocytes of healthy volunteers
after a high dose of dietary ALA (40). In addition, in our previous report (22)
supplementation with ALA reduced serum IL-6 and C-reactive protein (CRP)
concentrations. On the other hand, other research has demonstrated that ALA did not
affect the production of TNF-o, IL-1B, IL-6, IL-2 or interferon-y (IFN-y) by
mononuclear cells (41). Recent evidence has documented that intake levels of <9-5 g
ALA/d or < 17 g EPA+DHA/d did not alter production of cytokines by monocytes
and lymphocytes although fatty acid composition of mononuclear cells was
significantly altered (42).

Initial analysis performed for all 50 dyslipidaemic participants of the present
study as a homogeneous group also failed to reveal a hypotriglyceridemic or
hypocholesterolemic effect of ALA (22). In view of the contribution of apo E on
lipoprotein metabolism and the effects of the apo E genotype on fasting lipid levels
(8,9) and on lipoprotein responsiveness to dietary manipulations (43), we decided to
reanalyze our results in relation to allele variants of this gene. This could reveal
potential apo E genotype-specific responses to ALA, previously undisclosed when the
data were analyzed without considering the apo E polymorphism. Moreover, in a
recent study showing a significant hypotriglyceridemic effect of fish oil
supplementation in 50 subjects with an atherogenic lipoprotein phenotype, Minihane
et al (44) reported a striking impact of apo E genotype on lipid responses to this
dietary intervention, with €2 allele carriers (n=8) displaying a marked reduction in
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postprandial incremental triglyceride response relative to non-g2 carriers. However,
no evidence for an apo E genotype-specific beneficial effect of ALA on blood lipids
was found in our study. ALA supplementation not only failed to exert a beneficial
effect on serum triglyceride or cholesterol levels, but also resulted in a small, but
statistically significant, reduction in HDL cholesterol levels, consistent with a
significant reduction in apo A-I levels, in the overall and apo €3/e3 group. These
reductions have been previously reported by other studies where diet was enriched
with ALA (17, 45). Decreases in HDL cholesterol and apo A-I levels were not nearly
so apparent in the €2/e3 and €3/e4 genotypes.

We also found no relationship between apo E genotype and baseline fasting lipid
levels. This is in contrast with what has been observed in most human populations, in
whom the €4 allele tends to increase serum total and LDL cholesterol, whereas the €2
allele has the opposite effect (8,9). The lack of association of the &4 allele with
elevated serum cholesterol levels has also been observed in other ethnic groups
(46,47), and it may explain, at least in part, why in our population the €4 allele does
not increase the risk of CHD and myocardial infarction (48).

In contrast to serum lipids, a beneficial effect of ALA on markers of inflammation
was observed in this group of dyslipidaemic subjects. We previously reported (22)
that circulating levels of SAA, CRP and IL-6 were significantly reduced after the 3-
month intervention period (by 23.1%, 38.0% and 10.5%, respectively). Here we
report for the first time that serum levels of MCSF are also significantly reduced in
response to ALA (by 23.8%, P<0.001). MCSF is believed to play a key role in the
differentiation of monocytes to macrophages in the arterial intima, one of the earliest
events in atherosclerosis (49). The finding that MCSF is expressed in atherosclerotic
but not normal human arteries (27), together with the central role of the macrophage
in atherosclerosis suggests that MCSF may be one of several cytokines that modulate
monocyte activation during atherogenesis. The observed anti-inflammatory properties
of ALA may underlie its beneficial effect in primary and secondary prevention of
CHD (12-14). However, the mechanism(s) underlying the reduction of inflammatory
markers following supplementation with ALA remain unknown, although suppression
of eicosanoid production is likely to be involved. It has been suggested that n-3 fatty
acids lead to a suppression of thromboxane A, synthesis in monocytes, and this results
in a decrease in tumor necrosis factor-a (TNF-a) and IL-1 synthesis (50). Caughey et
al (40) demonstrated that a diet enriched with flaxseed oil, providing 13.7g ALA per
day, can inhibit the ex vivo production of TNF-a and IL-1B by 30% in four weeks.
These cytokines are known to induce a large increase in MCSF secretion from both
vascular endothelial and smooth muscle cells in cultures (27), and thus are supposed
to control MCSF expression. It is, therefore, quite possible that ALA can reduce
MCSF levels by suppression of eicosanoid production. Furthermore, ALA can reduce
IL-6 synthesis by suppressing the production of TNF-a and IL-1, as IL-6 is released in
response to stimulation by these monocyte-derived cytokines. The decrease in serum
IL-6 levels shown in the present study is consistent with reports in the literature on n-
3 fatty acids, as reviewed by McCarty (51). IL-6 is a pleiotropic cytokine (52), which
in turn controls SAA and CRP hepatic production (23).

Another novel finding of our study is that genetic variation in apo E gene locus
influences responsiveness of inflammatory markers to ALA supplementation. To the
best of our knowledge, no previous studies have explored potential associations
between the apo E genotype and the response of inflammatory markers to n-3 fatty
acids, while two studies (53,54) have indicated a significant impact of the phenotypic
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variation in apo E on serum CRP levels. Manttari et al (53) reported an association
between apo E polymorphism and CRP levels in dyslipidaemic middle-aged men,
with €3/e3 homozygotes exhibiting higher serum CRP levels compared to carriers of
the €2 and &4 alleles. In another study showing a negative and independent influence
of apo E on CRP concentrations in obese adults, Bach-Ngohou et al (54) reported that
serum CRP levels were strongly and inversely correlated with serum apo E levels
only in the subgroup of €3/e3 subjects, while no significant correlation was found in
the €3/e4 subgroup. The results from these studies suggest a potential specific effect
of apo E isoforms on inflammation. In our group of dyslipidaemic subjects, no
significant association of apo E genotype with baseline CRP levels, or with IL-6,
SAA and MCSF levels was observed, but the greatest benefits in inflammatory
markers following ALA supplementation were evident in apo €3/e3 and €3/e4
individuals. More specifically, while a significant reduction in SAA and MSCEF levels
in response to ALA was found in the groups of €3/e3 and €3/e4 subjects, in addition to
a significant reduction in CRP and IL-6 levels in €3/e3 subjects, no significant
beneficial changes in inflammatory markers were detected in the subgroup of €2 allele
carriers. These results indicate that a high ALA intake may not benefit dyslipidaemic
subjects with the €2 allele, at least in terms of cytokine suppression and the
inflammatory response. Our findings, however, are based on a relative small number
of €2 allele carriers and need confirmation from further studies.

As a consequence of the smaller number of subjects in each apo E genotype
subgroup, especially in the groups of €4 and €2 allele carriers, the power to detect
differences in the parameters examined before and after the intervention period was
decreased in the subgroup analysis. However, that fact that we were able to detect
differences of statistical significance in the small group of €4 allele carriers provides
reassurance regarding the validity of the data presented herein. It must be noted that
the distribution of apo E alleles in our group of dyslipidaemic subjects was not
different to the one which was reported previously in a group of 240 healthy Greek
subjects (48), and it is also quite close to that reported elsewhere for other southern
European populations (55,56).

Here, it is critical to point out the importance of the difference of gene and diet
distribution between different populations on atherogenesis. Indeed, distribution of
apo E alleles in the Greek population (57) is markedly different from the distribution
in the Northern European populations (58). Furthermore, the diet of the Greek
population has many differences in comparison to the diet of the Northern Europeans
(59). 1t is therefore quite possible that the effect of apo E genotype on the response of
inflammatory markers to ALA is specific for the Greek population. In fact, gene-diet
interactions may account at least in part for the differences noted between populations
in the dietary response (60). The concept of gene-diet interaction describes the
modulation of the effect of a dietary component on a specific phenotype (e.g. plasma
lipid concentration) by a genetic polymorphism. Alternatively, the notion refers to the
dietary modification of the effect of a genetic variant on a phenotypic trait. Although
there is a number of studies on the impact of gene-diet interactions on disease
development, the insight of gene-diet interplay still remain to be elucidated.

The molecular mechanisms involved in interaction between isoforms of apo E
and the inflammatory response are unknown, but the fact that apo E has been involved
in the regulation of the inflammatory response (4) suggests that such links could exist.
In vitro cellular studies have shown that apo E inhibits the proliferation of T
lymphocytes (61) and can suppress mitogen-activated proliferation of both CD4 and
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CD8 T cells (7). Data from these studies show a direct correlation between the
inhibitory activity of different lipoprotein fractions and their content of apo E.
Interestingly, this anti-proliferative activity is not a direct cytotoxic effect, and other
outcomes of mitogen stimulation are equally affected, including T lymphocyte I1L-2
and interferon-y production (4,7). However, it is not yet clear where and how apo E is
acting to inhibit lymphocyte responsiveness or how in general it modulates the
inflammatory process. Further studies are needed to clarify these issues and to
delineate how apo E isoforms could modulate the effects of n-3 fatty acids on
inflammation.

A number of limitations of the present study need to be addressed. Firstly, the
study is a single-blind, placebo controlled parallel study instead of a two phase cross-
over dietary intervention that is inherently more powerful to reveal statistically
significant differences. However, a cross-over design might raise the problem of
carry-over effect, since there is lack of data on the wash-out period needed after ALA
supplementation. A second limitation of this study is that the daily dose of ALA we
provided by the flaxseed oil is difficult to be achieved by the usual diet. Nevertheless,
products like spreads enriched in the appropriate fatty acids can be produced for this
purpose by relevant industries. A last limitation refers to the small number of subjects
in the groups of €2 and €4 carriers. This is a common problem of intervention studies
in which compliance of participants is low.

In summary, our data show that ALA supplementation to dyslipidaemic subjects
has a beneficial effect on MCSF and other systemic markers of inflammation and that
the apo E genotype influences responsiveness to this dietary treatment. Due to the
limited number of €2 and &4 allele carriers, these results need confirmation in a larger
study in which genotyping is prospective and used to select subjects. This would
allow equal numbers of genetic variants to be tested and thus maximise statistical
power. Nevertheless, our study has provided preliminary evidence to suggest a role
for the common apo E polymorphism in modulating the effects of n-3 PUFAs on
inflammation, a finding that, if confirmed, may have potential clinical significance.
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Table 1. Fatty acid, total sterols and total tocopherols composition of the flaxseed oil
(per 100 grams).

Constituents

Palmitic acid (g) 59

Stearic acid (g) 3.6

Oleic acid (g) 18.2
Linoleic acid (g) 13.9
alpha-linolenic acid (g) 54.2
Total sterols (g) 0.4

Total tocopherols (mg) 54.27
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Table 2. Characteristics and diet composition of the subjects according to apo E genotype.

All subjects €2/€3 €3/€3 €3/e4

Variable (n=50) (n=7) (n=33) (n=10) P-value
Age (yrs) 50.4 7.3 51.1 5.0 52.0£7.1 47.6 £6.8 0.031
BMI (kg/m2) 28.4+3.4 27.6 £2.5 28.5+3.9 28.7 2.6 0.70
Systolic BP (mm Hg) 121.8 £12.0  120.7 +11.0  122.4+12.7 120.7+11.2  0.68
Diastolic BP (mm Hg) 79.2 £8.5 79.3£7.9 79.3 £9.3 78.5 7.1 0.75
WBCs (x103) 6.8+1.9 7.412.4 6.9 2.0 6.1 £1.2 0.23
Smokers (yes/no) 22/28 4/3 15/18 3/7 0.53

Dietary intake

Energy (Kcal) 2181 £243 2213 £262 2177 £250 2196 £231 0.49
Proteins % 15.1£2.4 15.0£3.3 152154 149 +4.4 0.59
Carbohydrates % 47.7 £3.8 48.3 £6.3 475 £12.4 48.0 £7.5 0.77
Fat % 359 +4.1 36.5 +4.6 35.7 £8.5 37.1+53 0.63
SFAs (%) 16.1 £3.6 16.2 £3.2 16.1 £3.4 16.1 £3.5 0.30
MUFAs (%) 149 £3.3 14.5+3.4 14.7 £3.2 15.5 £3.7 0.39
PUFAs (%) 55#£1.2 53+£1.6 55%1.3 55%1.4 0.47
ALA (g) 0.9 +0.2 1.1 0.3 0.9 £0.2 1.0 £0.3 0.53
EPA (g) 0.3 £0.06 0.4 +£0.10 0.3 +£0.09 0.4 £0.06 0.62
DHA (g) 0.2 £0.05 0.3 £0.07 0.2 £0.06 0.2 £0.08 0.82
Cholesterol (mg) 216 £27.0 2154293 216 £28.2 214 £26.4 0.73
Alcohol % 1.3+0.4 1.31+0.3 1.31£04 1.4 +0.4 0.57
Vitamin C (mg) 120.1 £14.6  120.2+23.3 119.7+18.1 119.3+£204  0.46
Dietary fiber (g) 25.4+3.0 25.8 +4.5 252 +4.2 247 +4.5 0.38

BMI, body mass index; BP, blood pressure; WBCs, white blood cells, SFAs, saturated

fatty acids; MUFAs, monounsaturated fatty acids; PUFAs, polyunsaturated fatty
acids; ALA, alpha-linolenic acid; EPA, eicosapentaenoic acid; DHA,

docosahexaenoic acid.
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Table 3. Serum lipoprotein profile of dyslipidaemic subjects before and after a 12-week

ALA supplementation period and in subgroups determined by apo E genotype.

Before After
Variable Mean + SD Mean + SD P-value®
Total cholesterol (mmol/L)*
All (n=50) 598 £0.87 5.84 £0.95 0.27
€2/€3 (n=7) 570 £1.02 5.72+1.32 0.94
€3/e3 (n=33) 6.12£0.83 5.92+0.85 0.16
€3/e4 (n=10) 5.72 + 0.86 5.66 £ 1.06 0.89
LDL- cholesterol (mmol/L)*
All (n=50) 3.97+£0.95 3.90+£0.92 0.33
€2/€3 (n=7) 3.74+£0.79 3.48 £0.76 0.29
€3/e3 (n=33) 4.16+0.79 3.95+£0.91 0.10
€3/e4 (n=10) 3.89 +£0.83 3.88+1.10 0.57
LDL density (g/mL)*
All (n=50) 1.029 £0.003 1.029 + 0.004 0.88
€2/€3 (n=7) 1.028 + 0.004 1.028 + 0.004 0.56
€3/e3 (n=33) 1.029 £ 0.003 1.029 £ 0.004 0.91
€3/e4 (n=10) 1.030 + 0.004 1.030 +£ 0.003 0.65
HDL- cholesterol (mmol/L)*
All (n=50) 1.10 £ 0.27 1.06 £ 0.26 0.011
€2/€3 (n=7) 1.13£0.29 1.10 £ 0.27 0.51
€3/e3 (n=33) 1.12+£0.26 1.08 £0.28 0.008
€3/e4 (n=10) 1.00 £ 0.28 0.97+0.18 0.53
Triglycerides (mmol/L)*
All (n=50) 1.74 £ 0.95 1.83 £ 1.01 0.38
€2/€3 (n=7) 1.60 £ 0.47 1.70 £ 0.67 0.20
€3/€3 (n=33) 1.83 £1.01 1.95+1.15 0.39
€3/e4 (n=10) 1.51 £1.01 1.47 £ 0.45 0.83
Apo A-I (g/L)*
All (n=50) 1.27£0.15 1.23+£0.17 0.030
€2/€3 (n=7) 1.20£0.18 1.16 £ 0.14 0.18
€3/€3 (n=33) 1.28+0.14 1.24 +£0.18 0.036
€3/e4 (n=10) 1.25+£0.16 1.24£0.16 0.88
Apo B (g/L)*
All (n=50) 1.22+0.14 1.21 £0.18 0.60
€2/€3 (n=7) 1.20£0.14 1.17+0.22 0.48
€3/e3 (n=33) 1.23£0.13 1.20 £ 0.16 0.64
€3/e4 (n=10) 1.20+0.18 1.26 £ 0.22 0.26

ALA, alpha-linolenic acid; Apo, apolipoprotein

* No significant differences among apo E groups at entry
* P-values by paired #-tests. Logarithmic transformation was performed for
triglycerides, apo A-I and apo B values before analysis.
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Table 4. Serum inflammatory markers levels of dyslipidaemic subjects before and after a 12-week ALA
supplementation period and in subgroups determined by apo E genotype.

Before After
Median
Median [25%-75%"
Variable Mean £ SD  [25™-75" percentile] Mean + SD percentile] P-value®
SAA (mg/L) *
All (n=48) 44+4.1 3.2[2.3-5.3] 3.042.7 2.4[1.6-3.8] <0.001
£2/€3 (n=7) 44+42 2.9 [2.1-4.4] 37433 2.3[2.1-3.9] 0.24
£3/e3 (n=31) 47+47 3.0 [2.3-5.4] 31429 2.4[1.5-3.9] 0.014
£3/4 (n=10) 3.4+ 1.4 3.2 [2.0-4.3] 23+1.1 2.1[1.4-3.2] 0.005
CRP (mg/L) *
All (n=50) 3.01 £3.95 1.24 [0.71-3.70] 1.57 £1.65 0.93 [0.56-1.93] 0.002
£2/e3 (n=7) 3234273  1.43[1.07-5.78] 185+128  1.84[0.53-298]  0.091
€3/e3 (n=33)  329+454  1.24[0.62-3.37] 169+1.88  0.99[0.56-1.79]  0.013
€3/e4 (n=10) 1.94 +£2.19 1.09 [0.66-2.48] 0.97£0.77 0.71[0.35-1.68] 0.33
MCSF
(pg/mL)*
All (n=50) 310 + 84 295 [258-364] 250 + 75 241[193-280]  <0.001
£2/e3 (n=7) 323 + 84 304 [225-403] 276 + 99 262 [196-339] 0.18
€3/e3 (n=33) 319 £ 87 295 [265-365] 253 £ 77 248 [192-281] <0.001
£3/e4 (n=10) 272 + 66 255 [232-307] 221 + 36 229 [192-242] 0.017
IL-6 (pg/mL) *
All (n=50) 32428 2.2 [1.4-3.9] 24+ 1.7 1.7 [1.3-2.9] 0.024
£2/e3 (n=7) 27+ 1.0 2.5[1.7-3.3] 24412 2.1[1.6-3.4] 0.61
£3/63 (n=33) 34433 2.3 [1.3-4.3] 25+19 1.7 [1.3-3.0] 0.028
£3/4 (n=10) 25+18 1.7 [1.2-4.5] 1841.0 1.6 [1.2-2.3] 0.37

ALA, alpha-linolenic acid; SAA, serum amyloid A: CRP, C-reactive protein; MCSF,
macrophage colony stimulating factor; IL-6, interleukin-6
* No significant differences among apo E groups at entry by Kruskal-Wallis test
* P-values by non-parametric (Wilcoxon) test
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Figure 1. Individual values for serum concentrations of serum amyloid A (SAA) and
macrophage colony stimulating factor (MCSF) before and after a 12-week alpha-

linolenic acid (ALA) supplementation period in the apolipoprotein €2/€3 and £3/e4

genotype groups.
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E. Zvunepdopoto

H mopovca perétn eEétace tig emdpdoelg tov ALA, tov Tpoddpopov twv -3
Mopdv 0E€wv og pa oelpd Topayoviov kivovvov yio CHD. H vroBeon pog givar otu
n awénuévn tpocinyn ALA umopel va gival avaroyn g pétpuog tpocinyng EPA
kol DHA o¢ 611 apopd v guepyeTikn enidopacn otnv abnpoyevetikn dtodkocio. e
avtiBeon pe ) pétpra mpdésinyn EPA ko DHA, o mpdsinyn ALA avaioyn pe v
TPOCANYT OV XPNCHOTOMONKE GTNV TOPOVGH UEAETN OV emmpedlel v in Vvitro
emdektikomto ™G LDL oty ofeidowon [219,220]. Avtd oamoterel €va mbavo
mheovéKTNUa, TG xpnong owutntikov ALA oe oOykpion pe ta EPA xou DHA.
[Tponyovpueveg peréteg €dei&av 0TL 1 IKOvOTNTA TOL ALA NG S10TPOPT|g VoL AOKEL TIG
avti-afnpoyevetikég Tov dpacelg e&aptdtat amd T petatpony] Tov o EPA ka1t DHA
[209,210]. Xxed1boape ot T UEAETN LE OTOXO VO PEATIGTOTOU|COVIE TIC GUVONKEG
Y10 TN LETATPOTN] QLLTY.

To ALA petotpénetoan o EPA w1t DHA péoco pio ogpds ovidpacewmv
TPOcHNKNG STADV SECUMV KOl EMUAKVVOTG THG avOpakikng aAvcidag. To Avehaixkod
0&0 (LA) ypnowyonotel 1o 1010 petafoikd «povomdtyy yio ) ohvieon twv Mrapdv
ofémv pe peyalvtepn aAvcida Kot TEPIEOTEPOVS OMAOVS decpots. Katd cuvéneia
o -3 Ko ©-6 Amapd o&€a avtaywviCovtan yia to 0o évivpa mov tvan vreHOvva
Y 11§ avtpdoelg mov mepropilovv 10 puOUd oto petaforikd «povordt. [laporo
mov 10 ALA givar to mpotyumtéo vmootpopa yio v A6-desotovpdon (éviupo
vevBouvo Yoo TV apykn avtidpacn wpocsOnkng duAov decpod mov mEplopilel TO
pvOud) to mAedvacpa tov LA ot1ig tumikég Oloute TV avOpoOmwmv oonyel o€
HeYOADTEPN GLVOAKG peTatpomn Tov LA og ouykpion pe 10 ALA, mbavotato Aoyw
0V VYNAOD Aoyov LA mpog ALA mov vmdpyel ota kottapa. Ta Amapd o&éa g
STPOPNG EVOOUOTOVOVTOL GTO POGPOMTION TOV UEUPPOVOV TV KLTTAP®V HE
T€T010 TPOTO MOTE 1 GVVOEST TOV LEUPPOVOV GE MTIO10L VOL AVTOVOKAG T S1OTPOPIKT
toug mpdoinym. To Amapd oféo TV POGEOMTOIOV TV HEUPPOVOV ATOTEAOVV
VIOGTPOLOL Y10 OVTIOPAGELG TEPALTEP® TPOGHNKNG OIMADV JECUDV KOl EMUNKVVOTG.
O Aoyog -3 mpog w-6 g dloutag, Kot o cvykekpiuéva o Aoyog ALA/LA, €yxet
ONUAVTIKO pOAO GTOV KOOOPIOUO TNG OMOTEAECUOTIKOTNTAG TNG UETOTPOTNG Tov ALA

oe PUFAs peyolvtepng aivcidoc.



154

O mAnBvopdc mov emhéynke ywoo T UHEAETN OmOTEAOVVTIOV OO dTOUO e
dvoMmdopia, to omoia &ivonl teKunplopévo O0tL PBpiokovtalr oe vynid kivovvo
avamtuéng adnpookinpwong [18]. H emdoyn avt) €ywve dote va e£00QAMOTEL OTL 1
TPOTYOVUEVT] OTOTUYIOL VO TOPATPNGOVUE ONUOVTIKY UEIOON TOV EMITESDV TMOV
Mmdiov oto mAdopo petd t yopnynon ALA dev avtikatomtpiler TV QULGIKN
VTIOTOON TOV QUGIOAOYIKAOV GLYKEVIPOGE®MY TOV ATSi®V 610 TAGCUO HECH
OUOLOGTATIKMOV UNYOVICUOV TOL HETABOMOUOD €vovTl pog emmAéov peiwong. Xt
Baon g oTaTIGTIKNG 16YLG LIoAoYicae OTL £vag aplipdg 25 atdpwv oe kbbe opdada
Ba pog emtpéyet va aviyvedoove d1apopég Tov 5% oTa enimeda YOANGTEPOANG KoL
TpryAvkepdiov 6tov opod pe po mbavotta Tpocsdlopicpod 95%. 76 and 1o cvHvoro
tov 100 atépmv TOV apyIKd YYPAENKOYV, OAOKANP®OAV TN LEAETY.

Me 1 xpnon dTpoPikng a&loldynong mptv v Tapéufoot, KaTaveipoue Tov
mAnBuopd ¢ HEAETNG o€ dVO opddeg avdioya pe TN dlotta mov akoAovBovoe. H
TPATN OpLdda okoAovOOVoE ol dlonTol LE YOPOKTNPIGTIKA TNG EAANVIKNG EKOOYNG TNG
Meooyelokng dlottog, OTme oty TEPLYPAPNKE Yia Tovg Kpnrikovg mov coppeteiyav
om Mekétm tov Entd Xopdv m dekaetio tov 1960 [150]. H dlota g dAANG
opadag NTov €vag SLTIKOTONUEVOG TUTOG TG eAANVIKNG dlontag. H vioBétnom evog
dwutoroyiov  Mecoyelakov tomov  €xel Ppebel va  pewwvel TV EUEAVION
Kapolyyelok®mv enelcodiov [155], evd 1 ocuvnng dlatta otig yopes e Mecsoyeiov
&xel ovoyeTiobel pe petwpévo kivovvo ya otepaviaio voco [28]. Amd v dAAn pepid,
n dlota TV SuTIKGOV Kowmvidv oxetiletoar pe avénuévo kivovvo yio CHD [27]. H
oLYKPLON TOV dVO0 OPASMV LE TIC OLOPOPETIKES OIONTEG YPNOUEVEL MG 1OAVIKO LOVTELOD
v v g&étaom g mbavig enidpaong evog douutoroyiov Mesoyelakov THmoL ot
dpdion Tov ALA ¢ d1atpoPng 6€ TapdyovieS KvoHVou yia TV afnposkAnpmon.

SoumAnpocape Tig dionteg Tmv €0eAOVTIAOV e 000 SOPOPETIKA EANLO PUTIKAOV
ondpov: Awélato, mAovolo oe ALA kot kopdapéioto mhovoo oe LA. To
KOPOAUEANLO YPNOIHOTOONKE G TO A00 TNG ORAOAG EAEYXOV Yo TPELS AOYOUG: )
N evépyela mov TPogpyOTaY amd moAvakopesta AMmapd oféa Ba mpémel vo givar i
oT1g 000 OMAdES, KAOMDS 1 GUVOMKT TPOGANYN TOAVOKOPESTOV MITAP®OV 0EEMV EXEL
Bpebel 611 emnpedlel TIG CLYKEVIPAOOEL TOV ATOTPOTEIVOV 61OV 0pd [221] Ko Tig
dpboelg tov Mmapodv o&émv oe deikteg ™ eAeypovng [222], B) To LA éyxer eite
0VOETEPN 1] TPOPAEYLOVAOON dpdion 6To avOp®dTIVO avosomomtikd cvotnue [223] oe
avtifeon pe 1o €loikd o0&V, TO GAALO KOW®MG YPNOLUOTOOVUEVO AMTopd o0&V otV

opada eréyyov, to omoio £xel mBava avTipAEyHovdOElS dpdoelg [224]. Adyw twv
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avtifetov dpdocov tov ALA kot LA 6Ti¢ anavtioelg Tov KuTTApOV TG GAEYLOVNIG,
to LA elvar wkavd vo ypnolevoel o¢ Mmapd o0&y eAéyyov yio v e&€taom g
emidopaong Tov ALA og deikteg TG QAEYHOVNIG, ¥) ZTOYXOG LG NTAV VO EEETAGOVLLE TIG
EMOPACELS OWPOPETIKOV  AdywV ®-6/®-3 otOovg moapdyovieg KwvdHVOL  TOL
eréyyOnioav. H yopriynon LA oty opdda eréyyov oomynoe oe Aoyo LA:ALA 13.2:1.

Yrapyet £vog meplopiopldg mov apopd 10 oxedtacud g perée. H peiém
elval po amAn-ToeAn PeEAETN TOPAAANAOL GYESIOGHOD LE XPNON EIKOVIKOD QOPUAKOV
avti Yo o LeAETN S1aoTOPOVUEVOV OUdd®V 000 PAce®V 1 omoia ivar 1yvpoOTEPN
oTNV amOKAAVYY OTOTIGTIKOV dtapopdv. H amdpacn pog PBacicOnke oy EAdeym
otoyEimVv Yo v mePiodo «amotoéivaong mov arotteiton petd ™ yoprynon ALA. Ot
ovykevipmoelg Tov EPA ota goo@oAimiole Tov TAAGLOTOS, TMV OUOTETOAWMV Kol
TOV HOVOTUPNVAOV KLTTApOV Ppédnkav avénuéveg petd amd 1t yoprynon 9
vpappoapiov ALA/Muépa yia 4 eBdopddeg [209]. Tapdra avtd, dev vapyovv péypt
onuepa OedOUEVOL Yo TN OLAPKELD TNG TTEPLOOOL KOTA TNV OMOi0 Ol GVYKEVIPADGELS
EPA 11 DHA pmopotv va mapapeivouv ovEnpéveg petd to téhog g yoprynong ALA.
O oyedlacpog ductowpovpeveav opddwv dev emléynke dote vo amopevydel to
QOVOUEVO TNG TOPOUOVIG EMOPACEDV OO TPONYOVUEVO YPOVIKO  O1AGTNLAL.
Ymoloyiovtog o evoldpeon mepiodo «amotolivawonc» tovAdyiotov 2 unvav, n
dwapkeln g perAétng Oa émpeme va empumkuvlel and tovg 3 otovg 8 unvec. ‘Evog
TETO10G OYEOOOUOG Ba dnpovpyovce mPoPALATO CUUUOPEMOONS TOV €BELOVIDV,
ouvumoAoyiloviag OTL 1 GLUUOPE®OT] GTOV EAMVIKO TANBLGUO givar oyeTIKA
XOUNAN.

‘Evag dALOg meploptoplog g mapovoag HEAETNG glval OTL dev avoribOnke M
oVVBEDT TOV POGPOATIOI®V TOL TAAGUATOS KoL TOV HeUPpavav og Mmapd oéa. [Ma
10 AOY0 0VTO, dev Umopécaple vo egtdoovpe Tov abud evoopdtmong tov ALA ota
QOGPOMTIOI TV pepPpavav petd m yopnynon ALA. ITapdia avtd 1 cuoppudpemon
tov gfeloviav aloroyndnke péow NG EMOTPOPNS TOV AOEIMV UTOVKOAIDV TOV
ehaiov. [To onuovtikd elvar to yeyovog OTL Oev UTOPECOUE VO GUYKPIVOVLUE TIG
OLYKEVTIPAOOELS opaydovikov o&éog kot EPA ota powoeoimidin tov pepppovov
petald tov opddwv mov Ehapav ta dtapopetikd Elata. ‘'Htov katd cuvémeia adbvato
VO QmOdMGOVUE GUEGH TIG d0POopES oL TapatnpiOnKay petad twv oudd®mv mTov
ENoPav T SLLPOPETIKA GUUTANPOUATO OTIC OPOPES TS oVVOEoN S TV HEUPpavdv
oe Mmapd o&éa kol TV emakOAovON mapaywyn eikocavoewd®v. Emmiéov, dev frav

duvatd vo mpaypotonombel avdAvon g cLoyETIoNg ovapesa ot obvbeon TV
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POGEOMTIIIOV TOV TAACUATOG Kol TV HEUPpavOV og Mmapd o&Ea Kot To emimeda
Mrwiov 1 deiKt®V @Aeypovig oto mAdopa. H opdda mov axorovBodoe 1
Meooyelakot/Kpntikov tHmov dlaita yopokmpiotke omd avénuévn mpodcAnym
LOVOOKOPESTOV Mmap®dv 0&EmV (Kupimg eraikod 0EE0C) HECH TNG KATAVAA®GONG
eAaOA0O0V. ATTO TV AN pepld, M opddo mov akoAoVBOVCE TN OLTIKOTOUUEVN
eMnvikn dlota epeavice avénuévn mpoOoAnymn Kopecpéveov Amapov o&fwv. Ot
Slpopég oV TPOCANYN AMIopdV 0EEMV  OVAUESH OTIS V0 OUAOEG OLVNTIKA
OVTOVOKADVTOL GT1 GUVOEST] TOV POGPOMTIOIMV TOL TAAGLOTOG KOl TV UEUPPOVOV
oe Mmapd o&€a. 'ETot, 1 ouoyétion Tov emmédmv Mmidiov Kot SEIKT®V GAEYLUOVIG GTO
mAdopa pe 1 obvleon tov poceoMmidiov tov pepfpavov ce Mmapd oféa Ha
UTOPOVGE Vo, TOPEXEL Lo EVOEIEN TNG OXEONG TNG OLONTOG LUE TOVG TOPATAV® OEIKTEC
Kot va eényel mepatépw v enidpoon g dortag oTnV avTIAEYHOVAOST dpdon Tov
ALA.

Ta eninedn TV poKpAg aAVCOV ®-3 MTOPOV 0EEWV GTO OLUOTETAALO KOl TO
TAdcopa eaivetal 0Tt ennpealoviot T0co and to enimedo tov ALA ot dlotta 660 Kot
amo 10 Adyo Tov g pog to LA [225]. M nuepnoa d6om 9.5 ypappapiov ALA y
6 pnves, pe Aoyo LA:ALA 1.4:1 éxel avaeepBel 60tL av&avel v avoroyio tov EPA,
oyt 6pwg ko tov DHA ota poceoAnidwe tov mAdopatog [220]. Mo advénon kotd
2,5 popéc mepinmov g ovykévipwong Tov EPA ota pocpoimidol tov TAAGHATOS Kot
TOV OVIETEPOPIAMV TapatnpOnke emiong petd amd yopriynon 13.7 ypoppopiov
ALA v nuépa vy 4 gBdopddeg kor Aoyo LA:ALA 0.6:1 [197]. TTapopoing, N
Katavaimon oloutag pe Adyo ALA:LA 1:1.2 ko muepriow mpoécinyn ALA 12
ypoppopiov TpmAacioce To TEPIEXOUEVO TOV QOCOOMTIIIOV TOV UOTETOMOV G
EPA [226]. And v GAAN pepid, n copunAnpwon g dloutog pe pétpro 06on ALA (2
ypappdpa/muépa) oe cuvovacpud pe Adyo LA:ALA 3.5:1 anétuyxe va avénoet Tig
ovykevipooelg Tov ALA, EPA ka1t DHA oto ¢ocpolmide Tov TAACUATOS Ko TMV
povomvpnvev kuttdpwv [180]. Ta mapamdve dedopéva vTodekvoovy OTL HOVO [
avénuévn tpdoAnyn ALA g 14éng tov 9 ypaupoapiov ava nuépa, o€ GLVOLOGUO LE
xopnAo  Adyo LA:ALA eivor wov vo avénoet Vv TEPLEKTIKOTNTO  TOV
POCPOMTIOIOV TOV TAACUATOG Kol TOV HEUPPOvVOV paG GEPAg Kuttdpmv oe EPA.
YvvomoAroyilovtag mpornyovueveg perétec yuuo 1o ALA ¢ dwatpoeng Kot tnv
duvaToTTe. KAWVIKNG €QOPUOYNG TOV OTOTEAECUATOV HOG KOTOANEOUE O Mo
nuepnow d6om 8.1 ypappopiov ALA pe Adoyo LA:ALA 1.3:1.'Evag nepropiopdg tov

TPOTYOVUUEVOV UEAETMOV NTOV 1 UIKPN O1dpKewo TG TEPLOSOL YOopNyNoNs, Kotd TNV
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omoia glvar dvvatd to ALA va unv xotdeepe vo avénoet 115 ovykevipmoelg EPA
ko] DHA otovg 1otovg. o to Adyo avtd emhéybnke o wepiodog yopnynong 12
ePOOLAdWV.

Ot eBehoviég ¢ piog and TG opadeg TS mapovoag HeAETNG emAEyxOnkay
®ote vao akoAovBovv éva dtattoddylo Mecoyetakod/Kpntikov tomov. H dratpoikn
a&loAOYN o OmOdEYINKE IKOVOTOMTIKY] GTNV OVOYVMPLoT QLTAOV TOV OTOU®OV OTTMG
TPOKVTTEL OO TIG EKTIUNOELS TNG SLUTPOPIKNG TPOCANYNG OPENTIKOV GLOTATIKADV TOV
Baciotnke ota oTol el TOV NUEPOAOYI®V KATOYPAPNG TPOPIL®V KAODS Kol LEG® TNG
oVYKPLONG UE TN OLTIKOTTOMUEVN EAANVIKY dlatta. Oa mpémet emiong va onuelmOel 0Tt
N a&loAdynon yo T GLUUOPPMOGCT HE TO XOPOKINPIOTIKA NG Mecoyslakng dlattag
&yve o€ [ opdda Tov eAANVIKOL mANBuouov. Xe Ot apopd Tov TANOBLoud, £xel
avapepOel 611 PEPOog TOL CVYYPOVOL EAANVIKOL TANBLGHOV £xEl SUTPOPIKES
ovvnbeleg o1 omoieg mpocopoldlovv otevd v Meosoyelakn dlouta [227], OTmg vt
meptypaenke ywo toug EAAnvec oty Mehét tov Enta Xopav [27]. To yeyovog avtd
elvat 1Wwitepnc onuaciog yo v akpifeto g a&loAdynong g Mecoyetokng dlontog
o OTL 0QOpPA TIS EMAOYEG TPOPIL®V KOl TN CLOTACT TV TPOPIN®V o€ OpenTiKd
GLOTATIKA.

YOoppova pe to amoteAéopatd pog, to ALA g dwrtpoeng dev  eixe
EVEPYETIKY] OPACT OTO EMIMESN MTOIWV KOl ATOAMTOTPOTEIVOV 1| TNV TUKVOTNTO TNG
LDL evo Bpébnke va peiwvet ta enineda g HDL yoAnotepding otov opd. Amd v
A pepid, n yopnynom LA pelwoe ta enineda oAkng yoAnotepoins. Ta mapamdveo
ATOTEAECUATO. EVICYVONKOV TEPAITEP® HETA TOV EAEYYO Y10 TOV TOAVLLOPPICUO TOV
yovidiov g apo E. e cuvdvaoud pe ahlec mpdo@oTeg HEAETEC, M UEAETN LOG
OVUPAALEL OV OVATTLEN MG VEOS YEVIKG amodektng dmoyng o0tt to ALA dgv
emnpealel ta eminedo TOV Mmdiov Tov TAACUATOS Kol OTL Ol EMOPACT TOL GTNV
afnpookAnpwon eivar aveEdptntn tov peETofoAcpov Tov Mmdiov. Eival dwaitepa
evoropépov 0tL To ALA Bpébnke va peldvel o enineda dEIKTOV PAEYUOVIG GTOV 0pO,
(evod 10 LA 0dev eiye wapia emidpoon) yopic vo emnpedler tov oplBud tov
Aevkokvttdpmv oty kukhoeopia. H opdon avt oyetietor pe m dlonta mov
akolovBovcav ot ebegloviéc g pedétms. Ta dtopo mov akoAovBovoav Eva
dttordylo Meooyetokov/Kpntikod tHmov dev mapovsiocay dapopd ot emimeda
TOV OEIKTOV NG QAEYHOVNG petd TN yopnynon ALA. Avtifeta, to emimedo TV
JEIKTAOV NG PAEYUOVIG UEIDONKAY CNUOVTIKA GTO ATOMO TOL aKoAovBoLGOV Lo

dutikomomuévn  eAMviky] olouta. Atdpopa otoryeie ¢ Mecoyswokng dlottog,
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OLYKEKPIUEVOL 1 QLENUEV] TPOCANYTN LOVOOKOPEST®OV Amapmdv o&émv [228],
avTIOEEWOTIK®OV Prrapuvav [229], dtutntikeov vov [218] kot n petopévn Tpdsinyn
Kopeopuévov Amaponv ofémv [230], €yovv ovoyeticobel apvnTikd pe TOPAYOVTES
Kvovvov yw  afnpookAnpwon. Ilapdéia avtd, n &&étaon tov emdpdocmv
SPOPETIKMOV BPETTIKOV GUOTUTIKMOV GE TOPAYOVTIEG KIVOUVOL TNG 0lBNPOoSKANPOGONG
Nrav mépa omd ToVG oKOTovE TG Tapoveag HeAETNG. Mo akOun TopatnpNno Tov
€Yve OTN HEAET LOG NTAV 1 GLGYETIOT TOL YOVOTLTOV TNG apo E pe v avtamdkpion
TOV SEIKTOV TNG PAEYLOVIG 6N yopnynon tov ALA. To ALA peiwoce to enimeda tomv
QAEYLOVAOOIMV OEIKTOV GTO ATOUA TTOL £PEPAV TOVS YOvOTLTOLS €3/€3 ko €3/e4, Oyt
OULMG KOl GTO ATOLO TTOL £PEPAY TO €2 AAANAOLOPPO.

SOUTEPOAGLOTIKE, TOL OTOTEAECUATA LLOG EIVAL OE CLUPOVIO LLE TNV AVTIGTPOPT
ocvoyétion avapeso 6to ALA kot tov kivovvo CHD mov €yet poavel oe mponyodpeves
pueiéteg [181-184]. ITwo ovykekpipuéva, vmootpilovpe v 10éo OTL Ol OVTL-
aBnpoyodvec 1010tTec oL ALA o@eilovion OTIC OVTIPAEYLOVMOELS OPAGELS TOV.
EmnpooBeta, n dlorta ko o yovotumog g apo E Bpédnkav va ennpedlovv 1 dpdon
00 ALA ot @Aeypovi). Ot Topoatnpfoels auTéG LTOGEIKVOOLV TIG GUVOETEG GYEGELS
OPENTIKOV GLOTATIKMOV Kol YOVISI®mV 6T AELTOVPYio TOL OVOGOTOMTIKOD GLGTHILOTOG.

H pelovtikn épevva oto medio avtd Oa mpémer vo emkevipwbel oe 600
egpomoels: [Ipotov, molor &ivar ot gvdoKLTTAPIOL UNYOVIGHOl HECH TV OToimV
HEIOVOVTOL TO EMIMESD TOV OEKTOV TNG QAEYUOVNG HeTd TN yopnynon ALA;
[Ipdopateg avakaAdyels 610 medio g poprakng Proroyiog mov e€etdletl To YeVETIKO
vtoPabpo ¢ abnpockAnpwong EpEay MG 0T oNUAGio TG PUBUIONG TG EKEPAONS
yovidiov Bewpavtag v o¢ mbavd pnyovicpd vredbuvo TV ovVTUPAEYHOVOODV
emdpacemv tov PUFAs. Mo cglpd SlopopeTIK®V TOAVAKOPEST®V AMTAP®OV 0EEDV
e€etdotnrov kot BpéOnKoy vo. TPOTOTOIOVV TNV EVEPYOTOINGT TOV TOPAYOVTO TOV
mopnva. kB 1 va Agltovpyodv ®G ouvoeTd pOploL Yoo TOLG LTOOOYEIG OV
EVEPYOTOOLVTOL OO  TMOPAYOVTIEG MOV  EMAYOLV TOV  TOAANTAACIOCUO  TOV
vrepo&elcopdtov. Ot TpoovapepBEVTeg HETAYPAPIKOL TOPAYOVTES AELTOVPYOVV MG
pLOUGTEG TG QAEYHOVAOOOLS omdvtnong. Meldovtikéc peléteg pe OloyovidloKd
TOVTIKLOL KOl TPOGEYYIOT TNG AEITOLPYING TOV YEVETIKOD DAIKOD OTOLTOVVTIOL OGTE VoL
dtevkpvicBel o pnyaviopdg péow tov omoiov to ALA pmopel vo emnpedost v
EKQPOOT YOVIOI®V MOTE VO AOKNOEL TIC AVTI-00NPOYOVES KOl OVTIPAEYLOVAOIELS TOV

dpdoelc.
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Mua dgvtepn epdTNON 0popa T0 Katd mdco i diota mhovota oe ALA givat
wKavi] vo. OpAoEL EVEPYETIKA GE OTL apopd TNV vyeia Tov YeEVIKOTEPOL TANOLGLOD.
MeAOVTIKEG UEAETEC TOV OLPOPOVV GTPOTNYIKEG GYEOACHEVEG VO aLENGOVY TNV
npocnyn ALA pe 1pdmo peaAloTikd Yoo Hakpoypdvia ¥p1ion 610 YeVIKO TANOLGLO
Ba mpémel vo vAomomBobv. H epoappoyn tétolmv oTpatnyikdv agopd tnv ypnon
TOlKIA0G TpoPitmV TTov gite glval pLoKd TAOVGLA gite glval eumAovtiopéva o ALA.
Ta emdeypéva tpopa Bo mpémel va eivarl KOHPLOL GLOTATIKA UG TUTIKA EAANVIKNG
dtontag, 7y mopddetypo TPOPUE TOL  KOTOVOAMVOVIOL GLYVA Kol Oyl Kotd
dwotuota. Tpo@ua mov YPNCHOTOIOVVTOL OPKETE GTNV TAPUOOCIOKY EAANVIKN
dlatta, yoo mOPAdEYHO TO TPAGIVOL QLAAMON Aoavikd kot to dyplo yOpta Oa

UTOpOVGOV VO ¥pNGLULOTOIN 000V Yo TO GKOTO avTO.
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XT. epiinym

O o10)0G ™G Tapovoag dTpPnc NTav vo eEETAGOVUE TNV EMIOPAOCT TOL O~
AMvorevikov o&éog (ALA) g dwrpopng oe mopdyovieg mov oyetifovior pe
SdIKOGIoL GYNUATIGHOD TNG 0ONPOUATIKNG TAAKOG. XVvYKEKPUEVa, €EETACOUE TNV
enidpaon tov ALA oto eninedo Mmdiov, QAEYUOVOI®V OEIKTOV KOl SOAVTOV
HOPOOV TOV HOPIOV TPOGKOAANCNG TOV KLTTAP®V GTO TAAGUO OVGAITIOOUIKDOV
aTOU®V, (OGS ORAdag mov Tekunpuopéve Ppioketor oe vymAd xivovvo avamtuéng
abnpookinpwong. Ot emdpacels tov ALA eg€etdotnrav eniong o€ GuvapTNON LE TO
€100¢ Tov dratoroyiov kot To yovoTumo TG amolmonpwteivig E.

O eBerovtég éhaPav 8.1 ypapudpia ALA nuepnoiong yio 12 efdopddeg, péow
I15ml Avehaiov. H opdda eréyyov éhafe 11.2 ypoappdpio Atveraikod o&éog (LA)
péow 15ml kapodaperaiov. O Adyog LA:ALA omv opdda avaeopds ntav 1.3:1 evo
otV opdda erEyyov ftav 13.2:1.

Ot ovppetéyovteg otn peAétn kataveundnkav eniong o€ opdodeg avaioyo.:

A. pe 1g dwtpogikég tovg cuvhbetes: a) opdda ATOU®V TOL aKOAOLOOVV Lo
Meooyetaxobt/Kpntikod tomov dlouta kat ) opddo atopmv mov akoAovbovv &va
SVTIKOTOMUEVO EAANVIKO O1ouTOAGY10.

B. pe to yovotumo g amolmonpwteivig E: a) oudda €2/€3, f) opndda €3/€3, y) opdda
€3/¢e4.

H yopnynon ALA dev enmnpéace ta enineda TV AMmdimv ToV TAAGLOTOS, LEIwTE
Opmg onuavtikd to enineda C-avidpocag npoteivig (CRP), apvrogdods o Tov opov
(SAA), mapdyovta gvepyonoinong cepdg paxpopdywv (M-CSF) kou vtepAevkivng-6
(IL-6). Ze 0t apopd TIG SIAVTEG LOPPES TOV HOPIOV TPOGKOAANONG TV KLTTAP®V,
petwdnkov to eTineda TOL SIOAVTOV HOPIOV TPOCKOAANGNG OYYEWKOV KLTTAPp®V-1, N
Helwon ovTn OU®G Oev OEPEPE OVALESH GTNV OUAdO OVOEOPAS Kol TNV Ooudda
eréyyov. H peioon tov deiktdv ™G @AeyHOVAG MTav HEYOADTEPNG £KTAONG KoL
a(POPOVCE TMEPIGCOTEPOVG OEIKTEC GTNV OUAON TOV OTOU®MY TOL akoAovBovcav Eva
SVTIKOTOMUEVO EAANVIKO JLTOAOY10. ATtd TV AAAN pepud, ) xopriynon ALA peiwoe
TO, EMMESA TOV PAEYUOVOODOV OEIKTOV oTo. Atopa pe yovotomo €3/e3 ko €3/e4, oyt
OL®G Kot 6TOVG QOPEIS TOV €2 aAANAOUOPPOV.

Yvumepacpotikd, n peiwon tov Adyov LA:ALA péow g yopnynong ALA
QoivetTol vo aoKel OVTIPAEYLOV®OT dpacn 6€ OTL APopd Ta EMITEDD LEGOAAPNTMOV TNG
QAEYMOVIG OTO TAGOHO OvCAmdoK®OV atopmy. H dpdon avtr elvar dvvotd va
oyetileton pe To €id0g TG dlontag Kabdg Kol TN YEVETIKN TPOOLAOEST TV ATOU®YV.
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