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Chapter 11

VIRGIN OLIVE OIL As A SOURCE
OF ANTI-INFLAMMATORY AGENTS

Susama M. Cardose™”, Marcele D. Catarine’, Marta 5. Semiio’

and Olivia B. Pereira™™
'CERNAS. School of Asricuiture, Polvtechnic Instinate of Coimibra, Bencanta,
Coimhra, Partazl
*CIMO, School of Asricultore, Polytechnic Institate of Brazanca, Brazanca Portazal
"DTDT, School of Health Sciences, Polytechnic Mstinute of Brazanca,
Bragan(a, Partugzal

ABSTRACT

Vigin clive @il (VWOO) hes oony potential health bemeffs, chding the
ameliomation of Doy processes. In past, this & knows to cooor trough the
modification of the endethelial finction, kading to 2 decrwase of the lnsls of cell-
adhesion molecnles (CAM:), inceding the intor-cellnly adhgsion molecule 1 (TCAM-1)
amnad the vascular call :-:[h.n:mmnh-mlnl".'l:‘llr:l 1) Imporantly, wirgin olive oil i ahls
b;mhﬂmliﬂtm:ﬂmmﬁ.ﬂmhfﬂf-u;l.ﬂ:ﬂuikm c:.'mkmnm.r-:-:l:rl:ﬂmg
distinct fypes of ooll fonctions and a partioobr therameutic target for i
diseasgs. Momoover, fe wro and & wive asays with vEgn olve oil or i madn
componants. clearly ndrmamﬂndmuddm-:famﬂmlgpa‘ﬂmupr@lm;ﬂm
acthation of pro-inflamevortory mediators, mewdme the mekar eesoiptiona] Sobor MF-
iffh, the cybokimes intorloukin-1 (IL-1), end imterlenkiee# (IL-5), and the emerpmes
cycloorymaase-2 (COX-1), S-lipomyzenass (-LO) and indwcible nitric oxmide syndiose
(i . B o, the cellnlar and molecular ant -mfammaiory mockanizns |:|I:'1.'i:rl5i.1:| olivw
il have boon particular axcncited with its kigh ameunts of phanolic copspounds, as well
s bo i copsposition in mono and polyonsatersted £ty acds. 56l the available daia i
disparse and needs consolidsticn, in onder to allow solid comclusions on this isme. Tha
sfects of wogn olive oil in nfleriory promsses mmdor flamatory malaied-

'{.rm-F.“-;i:-_E nihor. Frmil: seardosrfenee pi
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dizeangs, as well 2 the mam virgin olive oil constitecnts associsted to the protection
procass and thedr exderhing meckanisnes, of action.

Eeywerds: Virgin obive ofl; inflammation; atherosclerosis; bowel dizeases: camcer;
hydroarytyrosel; oleic acid: cleeropedn; nmsapomifiahle fracton

INTRODUCTION

Mediterranean diet has besn associated to the preventon of distnct diseasss sach as
coronary diseases, bowul adlments, cancer and aging [1-3]. Olive oil & one of the prime
impredicat of the Mediturranean diot, dms playing an important comtribution for its banaficial
propearties. In particolar, the lather have besn clossly associated to VOO, Le., the ofl remitni
ooty fom the pressizg of olives [4].

The main benebcial properiy atinbuted to VOO is undonbiedly its capacity o provent
cardiovascalar disesses. The US. Food and Dmyg Administratics (FOA) mecomized that, duo
to s high comfunt in momoussatmated fxity acids (MUFAs, in partonlar oleic acid C1E:1),
tha daily ingeation of approxirasely tane tablaspooss (23 g) of VO cxarts hemafic affects an
tha mak of comenary heart divease [1]. Howewear, sepposing that those beneficial effocts would
coly be dus to the oil s MUFAs conbents, them any type of oleic acid-enriched wils (such as
rpewed oil) or amy MUFAs-rich food would have similar bealth benefits. As this & mot
chearmd, 1t was assamed st other V' components prest alvo contibute bo ity banaficial
affocts [6].

It has boen mggected that the VOO s minor compoments, in particelsr the phemolic
compoends, are 2 well key ageats contribmting for ity health henafit. Thase ars aluo balzned
to emart synergistc effects with BMUFA: [7). Besides thowe, interpemic dialochols,
phyiosberols, tocophercl:, Endrocarbens and wolatle and aromatic compounds aze -nq'l:uﬂ':.'
important i evtablizhing the VO s bioscthre properties [§]. The present chapier sump=arizes
the main claimed ant-inflammatory properties of VOO0 s, a well as the mdividual
consttents associated to this proparty.

1. Inflammatory Process

The inflameation is a body defemse mochemizr whose goal is to elimimate the Djory
caeved by pathogens or by the action of physical agents. Overall, the mflammatery process
COmMpaiees o Imercomnected defemse mwechanisms, is., an wmspecific rusponss (innate
mumity] and a kighly specific one (adaptive Imovenity) [B]. The cells of the Dmeate sysiem
residing in tsvees (o2 macropkages, fibroblasts, mast colls and dendritic cells) as wall az
circelating cells (e.g. menocytes and oemmophdls) sopres: patiem recogmition Tecepior
(PREs). ie. protaizs ahble to directly or mdirecthy recogmize pathogen-associsted molecular
pattarns (PAMP:) or damage-associated molecular pattems (DAMP:) that are released by
mjured cells [7]. When activated, FERS forms multi-subemit oligomenic cozoplexes which then
migger signaling cascades that balp to confain the infection and the acthvation of the adaptive
tmmung respomse [10]. In mm, the activation of tis imemne sywhens cawses the increpsent of
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muicrohdal-specific wukocyies {e.g. T and B cells), a process that is highly effective and
specific but that takes days to fally dewalop [10].

Hunce, overzll, the common hallmarks of inflapsmetion. is swelling, redness, pain and
haat are primarily mitiated by the innate respozsa. Motably, the calls of the adaptve imemmo
rwiponss Ao contrdtoie e and exmcerbeds thess wifects, but those of the nate imeoome
syiiem are also strcty astociaied to the Inflammation termines process [11].

I-[-H'[_-I-]'i'[-]%
e

LA : HD L ;r
et DTk —
i i
Pureascula: Lo BT e |:_!.|l -\-‘MIII
Frolegers i Wloreayie
ﬂvﬂmrq '.l-gll'll'l'l

100 e Wl B | Menfiopid

Numozhegs
| skaTETea

Figore 1. Cells and mediogoes of the innsie sflsmmsiony response. The injury o the pathogenic simuoli
oclivale de penvicsoalar sosrophiges o the sjured mee Thess begin io phagooyie the infamois
igrais md relemse inflarmatory sediniors o the Blood tat will moress: the permesbility of e vese|
il oo Faoes Beuteophils and monocyies. The leukocyies on the blood cross the vessel omd migre

b e Ebuired] BREs, Wiede Sns nma:g.-:aadm'mut it macroplitges whd, ogsther with neumophils,
they wall plageeyie the puthogssic sgents and peodiuce more inflesmetory medaiorn wsbl the
cheprance of the pathopenie.

Inflameaiion useally bagms in a localized ama, althomgh depending on the imjory’'s
savunty, it can quickly become systemic. The acuts phase of inflammation starts imesediztaly
upom injery {see Figore 1) and rapidly mms sevems but mobiy, it persist ooly for a short
period and is wemally bensficial to the host [12]. This & mainky characenzed by the mpid
imcrsass in bloed flow to the affected regicn, which is supplisd by the dilated artericles. The
capillaries also become mors purmsable, so that finid and blood proteins move imo the
imierstitial spaces, togeter with newirophils and posably some macopheges. Mot that
neuirophils are the most abundant leekocyis o the blood and they ropresent a Srst line of
attack of the e sysmo Likewise macrophages, they are capable of smitting phagocyies
cells {Figeme 1) [13]. Crhowrall, thess events allow the mmoval of the noxbons stinvahis via
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phagocytosis, which i then followred by the reschution of the mnflammeation. Sere throat fom
a cold or fln, 2 cof on the skin or a blow o typical conditions that cam mmlt In acuie
imflansmation [14].

On tho othor hamd, if the inflameation last for 2 leng pariod of e, a second siage (or
chremic ixfhrmmatios) is wifled and may predizposs thie bost to vanoms chronic mffaremadory
inoesses. The begimming of this type of mflawmmation is chamactenzed by the replacement of
noufrepkils by macrophages and cother cells, incheding the T caolls (also knowm as T
bophocyims is. 2 sob-class of lenkocyies that plays a key role in the mgulation of the
immune syuiem, in particelar the adaptiie) [13]. The evolbon of this comdifion is alwo

hiztologically associated with e prolifsmaton of blood vessels, Gkrosis and necrowis. Typical
uxarplies of chronic inflammation conditions inchuds, n between mamy, asthms mbaroalosis,
theumateid arthritis and npus [LZ].

Mottly, vascular and cellubr reactions of acute and chronic inflame=ation e medizted
by mamry chemical mediatm (proteins or plasma cally) which arg prodeced andior melessed by
tha calls of the imwmme sysem. Cneoe activated and'or relsased by the calls, most of those
mediators bawve a shost bfe and emert their tdological actiwity through binding to specific
mecupiors on target calls. although othern possess eorymabc acivity (hysosomal proteasaes).
Miobs that a mediator may ituelf stimvelate the roleass of other modiators by target calls. The
mvorit relevant infla iy mediators are farther demiled n belowr [14].

LI Chemical Medhasors

Inflameatery mediior can be gemarally grouped wTth respect to their origin- plasess or
cellnlar. While the former ame present in plasma in the form of precenon and soffer
activatton through a sumber of proteciytic cleavages. the celhilar mediator are nsually
preformsed and forther wiored in intecelnlar gamnks {e.g. hiviemme) or aliemnatvely,
nuthesized die moes (o5, prostagbmding and cytokines]) [17].

Ths two vasoactve amines histamime and serotomin, fogether with hnoscmal sorymmes,
comprise the most relevant preformed callular mediztors. Thess mwdiators zme stored In
secTebory grammios and are invohsed in the initial stage of the nflameeaory procass [18]. In
particniar, histaming i synfhesized by beasophili (2 subfype of gramnlocy®s keakocytes),
platelets, and especially by meat calls {resident cells of seveml ypes of thenes) and thiz
madiator act by ineractng with thres distinct receptors present on target calls, knem as H,
H; and H; [1%]. From thosa, e H; mcepior cense contaction of hromchia] wsmooth mmscle,
imfeting and uierns and noeees the permsability of venows capilliries. In torm, seroiosdn is
painby found i the linimg of the gui in plhixlets 2nd in contral nervons sysme. Such as
histamizg, weeotomin is a vasodilator 2nd moreasss vascular parmeztdlity [15]. I melsase Eom
the pliclats i miggemd by plamlet aggregaton, upom confact with collagen, thrombim,
adenosing diphoophate and antigen-axdibody complex [14]. [z mm., 25 previcmly mantoned,
byeosomal enrymes ame releassd by macrophages and newtrophils with the divect porposs of
desmoying the pathogemic agunts [14]

From the mewly symthecized inflarempiory mwdbiom, amachidomic acd (AA) and othar
pohymnsamraied fatty acids (PUFAS) phos thedr prodecs deverve spedcizl mention in view of
thait Tole in Wflewmmation, mesolotion of inflammation, amd inhibition of prodoction of
proixflammainry cyiokimes [20]. Arachidomic acid & a polyematmated acid pressnt in
phosphelipids of the plasme membrone (particularly in  phosplatdylcheline,

Complimentary Contributor Copy




VWingin Olive 01 As a Source of Anti-inflasmmatery Agent 191

phophatidylethenolaming and phosphatidylingsitides) that can be sorymatically mlsased by
tha action of enzyme sach as phospholipase A2 (PLAY) [21].

The A4 i subsequenthy tramformed through cyclooxypemace (O0) and Bpexygenass
(LOE) pathorays to vesioms biologically active metebaolites (@5, prostaglanding, Somomboxang,
leukoinemes and Hpomms) collectively termed as cicosancids [22]. Note that sicosamecdd
production is considerably increased during nflameation and bod COX and LOX pathoeanys
are of clinical relevancs. Partienlar interost has been given o the iscanryme COX-2 [23] that
is primarily expressed at sites of inflamreation and prodeces pro-inflarsmatory eicosanodds
and o 5-LOX, which is the key soryms in leukbotriens hicsyothosis {comzidersd as poteat
mediators locally mlszsed 2t the inflansmetion site by leekocytes and other 5-LOX sxpmssimg
calls) [24].

Cytokimes, 2 diverse gromp of probeic medivtors (anti-inflapemstory and pro-
inflapsmatory), am also determinant m the inflameatory respomse [25]. Any dsorder in the
regulation of cytokines can lead to the developomnt of inflansmatory diveases [26]. Temor
necroais factor-o (THF-o) is one of the most important infhvromatery cytokines that controk
difforant types of cell functiems [27]. This & prodored = i active form mainky by
pacrophapges, but alic by cther meveme: cells mclnding mast calls, neutrophyls, T cells and
natural killer calls (ME, ie, efector hmphocytes of the innxte imevene systezn that liet the
spread of temors or microbial nfectoms). At the calinlar level, THF-a is 2 polent activator of
nemtrophils, mediatng adheticn, cellalar degranalation and chepvotais, s well as interacting
with the emdothelial cells to mdnce the appearance of adhesiom msolecules such as the
intercellular adhesion molscnle-1 (TCAM-1), S vascular call adhesions molecale-1 (WVCAM-
1) and E-salectn [28].

Ths pro-inflameatery effects of THF-2 ame mainly dee of in ability to acthvate maclear
factor kappa B (NE-3) [19], through a series of complex signaling cascade kading to the
degradation of the hdix (an imhibitor of NF-«B acttvaton). When actvated, the NF-cBH
tramslocates to the mocless, bnds to the promoter or enhancer megions of tazget geoes fo
wnhancs tanscrpton [26]. There ame many geoes kmown o be regularied by NF-H, ncluding
THFu¢ isslf apnd othen such = COX-2, F-LOX, mlladbesion melecules (TAM:),
inflamsmatnry cytolrings. and imdneible sitric cxdde symthace (INOE). Dne to ity cemtral role in
inflapsmatios process, this pathoray is a particnlar therapeutic targst [14].

Beaides the actiaton of WF-xB. THF-a is also capable of actvating the mditmgen-
activated protein kizoses (MAPES) pathway, a class of protins that am mweheed in the
regulaton and'or acthvation of 2 wexs of Anwcoption facton. In parttcular the P38 HIAFE:
arg ixvobved i oall difsrsntiation, apoptosis and autophaey [30].

Intarlenking (TL.) are also a central gromp of cyteldnes. These are prmarnily prodeced by T
balpar oalls (Ty or CD4 homphocyies ie, 2 specific populatiom of T cells), tut also by
mwomncytes, macToplages and eodothelial cells. They mainly induce the development and
differantiation of T calls 2z wall 2z of B cells (3 hmphocyte popelation whose main fnction
is the production of atibodies), Shroblasts and endothelial calls [¥]. Each I1. acts om a liretted
sot of cells which eapress the appropriste receptors [31]) The best chamctorized pro-
inflammainry ierleuling are the IL-1, IL-2, [L-§ and IT-8, while IL-% and IL.-10 are fwo
major ant-mflammabory e

Inmrforon gama (IFN-y) is another key cytokine, that is mainly prodeced by T cells, B
and NE calls. Is main function is the macrophage activation, rendering them abls to emert s
mucohicidal fanctions [3I] In additiom it also promods the differentiation of T helper
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bmaphocytes to the Thl subpopulaticm (the host imxmunity effectors against infraceliular
bactesia and protozoa). [FN-y induces the tamscription of many genes in macrophages,
imclading those for the producton of anfimicrobial molecules sach as oxygen fee radicals
and nitric oxide, which mpressnt one of the best sffecter mechamisps for slimiaton [32].
Mot that supwoxide amicm (0,7 bydrogen perexide (BL00.), singled oxymem {104,
indocihle mitric cxde (20), and other meactive cxygen speciks (RIOE) am indesd ke
madiators with an impestant role = vasenlar and cellular compemants of mflamsotory
reactioms [14]. Thewe are produced not only by macrophages., but alse by other momune cells
inclading activated neutropkdls and monocytes, T-cells, Eepifor call and giial calls [33].

1. Target: of inflammation by VOO

21 Ant-Infemmaiary Gemeral Wechanisms

Several smdies mport the fact thet VOO andier it componests hamper nemerons
inflammaiory processes. In fact, Enmer ot al. [34] obnereed thet kokocyies collecied fom
VO O-intestmally meated rats were lass msceptible to bpopelysaccharide (LPE)L

From all the Vs components, the phenolics, and in particular hydroxytyrosol, ae the
main pompounds associated fo the oil's ant-mflameaiory properties. Bscently, Pontoodern
[35] refemed that the VOO s phenolic faction was able o blodk the actrration of NF-8 and
consequenty, the sxpression of cytekimes, of LOX and COX, alwo affecting the production of
adhesion molecnles and sicosancids derivwed from arachidomic acid. [ turn, smdies performed
m LPE-stimulated muring maczophages (BAW 264.7 calls) treated with hydroxytyrosc] have
demozsiraied that &is phemolic iz 2ble to atkemads NOE md COX-I, and o decwass the
secretion of prostaglandin .y, plus of sevemal pro-inflameeatery citokynes (THF-o, IL-1 @ and
p. IL-f and IL.-12) and chemokinas {3 famity of spall cytokmes), 22 well a5 to reduca the
gune wxpreciiom of the motlloproteinase-9 (MBMP-2, a protesse of the MAMP 5 fandly, which
are closaly associzted o the inflameeatory poocess] [35-38] Morscver, it was alwo
demonstrated that this phenolic copspotmd sxerted 2 negative effect om NF-xB pathwray [1E,
3%]. Similar remls wure obfimed in phorbol 12-myriteds 13-acetzte (PRLA}-ctmealsted
hmen mooocyies. [ndesd, in s callular model, bydroxytyrosol was able to decreese the
manscription of iINOS and THF-a, the COX-1 exprecsion and the production of supearcxide
tom 2nd of prostaglandis PEG- [44, 41].

Besides hydmosytyrosol, olewropein and'or olowropem glecoside ples other VOO s
phsoolic: weme also eporied o connberact inflammatory events. [n this seose, Visioli ot al.
[36] demcostrawd that hydrexytyrosel and oleuropein shomed smat biological actvities,
imclading the ability to inkikit platelet agzregation, as well as o scavemge hypochlomows acid,
suparoxide oo and other KOS, ovenall resnltng in an increased plamma antioxidant capacity.
Motably, the authors coochided that these compounds were more sffectve than betylated
bydmoxyinluene (BIT) which is a polnt synthetic antoxidant. Also, De b Poarta et al [42]
reported that hydroxynrosel oleuropein, caffeic acid, and tyrosel could inhibit 3-LOG
activity, thes diminishing the leukotmiens B, prodection ca rat pesttonea] leukocytes, while
Miles ot al [43] reporied that cleuropein glycosida, caffeic acid and kasmpfero] cansed a high
imbibition om the [L-1§ and PEG; production levels, on kuman blood culteres. Furthermoma, as
demomstrated by Dell Agli ot al [44]. olsuropein iz alwo 2n interveming phenolic on the
redncad axprassion and secrefinn of MAMP-2, a5 dapsonstrated i THEF-z-stinmlayted monocyte
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(THP-1) calls. The authors showed thar this offuct was des to the iwpairing offect of
cleuropsin on the NF-«E signaling padmeay [44].

Additomally, alescanthal {another VOO s potent antomxidant) is being a arpet of e
dus to ity sirong ant-mflameatory propertes. Thin phnnnlhasl:-mp:nﬂdt-:-hw- el
inhihitory effects on the prostaglandin bisnmthesis by bamponing the activiny of CON-1 and
COR-Y, mimicking the anti-inflamrmatory affects of the wll-imowm dreg treprofen. Fran
more, for equimnlar concenimtions, olescantha] axhibited preater inhibdtory effects om COX
than Jtuprofea [9, 45].

Fecantdy, the work of Cardeno ot al. [46] has demopsmated, for the frt tme, the -
inflarenainry and antoxidant propertes of the W00 s mnsapopifiable faction. oo 2 LFPS-
sEmubed muring macropiages modsl In parficnlar, the aethers chowed tiat thiv fachon
uperied a sirong imhibitory shility on nirecelielar BOS and WO prodoction This alwo
deczeased the capmeszion of CON-1 and INOS and, more aportantly, it mdnced down-
regulaton of the NE-5 sigzaling and MAPE phophorylaton pathamanys.

Additomal stedies alio reporied the ant-inflameatory effects of wome mdividnal
unsaponifizhle composenis. One of those componends & o-ncopbarel, which has been showm
to inhibit the expression of 5-LOX, COX-2 and IL-15 [37, 47, 48]. Fusthermsons, f-sitevisaal,
the maim V3 s phyinskml was shown tv infloence the redection of ROS production amd
arachidomic acid mlszse, as well ax TOX-2 actvity and PGE prodoction in phorbal sster-
indoced macroplages [49]. Thes meuls e I agresmant to those of Mosemo et al [30],
whiom verified that ROS and WO prodocticn, arschidomic acid mlesse and amchidonic acid
mambolites synthesds (through the CON and LOX pathmays) woe impeined n Phid-
simmbied macrophages RAW 2847, when sxposed to f-udtostere] and fwo cther minor
compomends. of YO0, e, wgoalens and frosol

22 Amherosclerosis

Atherosclarnsin is the main iflarmainry disease m which W00 is claiesd to exer
beneficial efects. Inflammation in atherosclerosis is doe to injery or change of endothalmm
foniction that might be tigeered by several causes (tep 1 in Figume 1), mcloding an excess of
reactive 0EYESD Species, of the axporme o toxic agents (8.9 oxdized low damsiry lipoprotein
cholesterol, oxl.IVL.}, to nfections agenis or advanced ghycosylaied end products (e menk of
an oxidation maction with ghcose that memlts in a type of oxdent commonty fomnd = the
blood of diabetics) [J1, X)L

The miamoed endotheliues than capresses salectrw adhesion mwolecules. namoly tho
WCAM-1 and ICAM-]1 respectivaly (step I in Figure 2). As a remlt and in oppositicn to the
nompmal gpithelinee, the mflamed one iz 2blke fo bnd vadem chse of lukbocyies (iep 3 .
Figurs X)), which in tom am sxponentially recreimd by the moeased sxprescion of specific
cytoking: and of thoir pro-inflasmatery downstream events, ef. NFaB, COX and LOX
(smps 4 amd 5 in Figers 1) Increased sendothelial siress also stmnbiss the arerial smooth

erzacle calls tepmﬁip.'etq-cg]jnns-ﬂ:.ﬂ are abls to bind and metmin lipoprotein particles and
incmase ther omidathve mpdification, alw comidbotng for the rednforcement of the

inflarmainry process [33].
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Figure 2 Endodhelaom dysfunction end atheroma formabics. Foaetons as resctive corygen species (ROS),
msdized LDL cholestesnl (oalDL) or ofer infction agets con peomote endothelium dysfomcncs

The producton of cellule sdbesoon mobseules (CAM) allow the beding of blood ceculsieg
lekoeyizs, which in tam wall migrabe imo the sbse end farther relesse S anmatony setuors. The

mscenphages s 1o phgooyte the ol DL particles, dhus forming foam cells and, of dhe e mme,
more leskiosyies are recniibsd by the inomss this amplifang e (nflarmsascey mafioneen As dae

inflaresation and e depoainon of foam cells grow, the ssonth muscle celly glor o mignge o fom &
ot arveared e injunsd @

In particolar, monocyis differentiste into mocrophage: and capress the wcavenging
recuptons, 2llowmg them to bind and engulf thoese mediBed lLpoprotuins, leading to the
formation of Hpid-laden macrophages 16 foam cells (step & m Figure 1) Mycrophages and
cthar leukocytes alvo mlssse cytoldne: and grown factors that ame central for stmubating thae
mngration and probiferaten of moct omscular cells (vep 7 i Figurs 1), soding up with the
formatiom of 2 typical dense sxtracellalar patrix [ 54].

Betides its cracial role in inttistion and ewtablishment of atheroma, onoe honld heghleghd
that inflapnadory processes are also decivive m the acute thrombotic complications of
atheroma, as the combined action of macrophages and bhmphocyies conmibete for the
production of prowinases mch as MMP-8, which degrade extraceliular mairx proteims
mcluding collagen and slatm and bence camse the narowng of the fibrous cap, renderimg it
suscapible to mupime [33].

On the other hemd lierwime data wepport the fct that VOO and'or s compoment
bampar mumermus athernsclarsis-ruland inflarsmsinry processes. In particalsr, Camargo ot
al. [35] mported that a Mediteransan dist soriched @m VOO can indectly mhibit the
exprestion of MF-5 and that of metlloprommass MMP-5. Momover, in highmodivm-nok
cardicvescalar discase patiemts, the admintsttion of VO has mahed D 2 medocfion of
whits blood cells, as wull as of the endothofem ICAM eoepretion, pointing for an
amalioration of the sndothelrem fonction [56]. Additomally, Urpi-Earda et al. [57] reported
that a Modirranean diwt eoriched in VO3 promoted the medection of IL-f and ICAM
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molecnles on plasma of high-risk cardicvascular diveass paticats. The IL-4 redwction effect of
WOO bas also bean shown by Fits ot al. [38], in a similar test modal.

According to hiumrers dam, health-promoting VOO s components in atherosclamods-
related mflammatory processes maimly eoclowe cleic acid, as well 25 some phemolics and
tarpezes. Oleic acid & very wall known for its ability to medncs the blood levels of ROE, LDL
and it exidatve meodification mnte oxl.DL cholesterel (Figure 33 [39-61]. Momsover, the
consumption of oleic acid by Man bas besn described to imcreess the leasls of HOL
cholestarnl and to protect it against cxidstiom [62]. Mot that while RO and oxl.DL
cholestarnl ams kmearn to increass the dsk of athercsclercads, slevated HDL cholastaral lenals
are balieved to amalicrate the bpid «flux from $e foam calls to the HDL and bemca, o
counteract the imflammatory athernsclerotic process [4] (Figurs 3). HDL particles mn alwo
transport anbineidint eprymwes that can break down oxidized Hpids and menmalis ther pro-
imflammanry affects [33].

Furthermore, incorporation of oleic acid in torl cell lipids of an ov were wearc acid-
induced modal of sarly stherogenssis cansed & decrsass on the incotporation of this &t acid
in the phospholipids, as wwll as a decrenwat of NF+8 actiation, twemeby dows-regulating
the sxprussion of sevemal sndothelial and lenkocyt adhesion moleceles, among which the
VCAM-1 and ICAM-1 (reprossmted in Figurs 3) [63, 64]. This was reinforced by the @k of
Samadgol et al [63] which reported the suppressed sxpression of the tao CAM:E oa LPS-
stimmbyvied bomam boms masrowr endothelia] cells troated with oleic acid

Figore 3 [nflesce of odele seid snd HDL eholesternl on the sthenome Semation. (e seid promotss

the: mcrexse of HDL cholegieml levels, witich ot interifere wath renctive oxygen species (ROE) md
block g coddeiion of the LDL isio oxl DL HDL cholesizen] also mapesrs e sdbegion of e

lesakoeeyias oo e endodelum, preventing Sueir stcamulanon in the atheroma Moreoves, it cen inhibs
the releie of inflarsasiory madison end imerecy wal the fomms cells, by promating the Lipsd «fus
o the cefls b the bicodstrean and beace sroediorats the inflarmmescey condition
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Eepaniing the protecttes effects of polyphenols, Covas et 2l [§6] have shown that the
intale of polyplencls-szmiched W decrmassd the lewsls of LDL cholesterc] and it
smmbameomly mowesed thowe of HDL cholesterol. Moreoser, 2 smular stedy reporied an
moreassd mp-regulation of several lipdd efhux related geunes mcleding peroxizome probferator
activated mosptors (PPARs)=, ¥ and &), ATP-binding cassett tansporter-Al (ABCAL) and
COX-1 [52). As 2 consequence of the actvation of FPARs, the asthers kave descabed an
moreass om the HDL chelesirel levek and a down-regnlatican of CO4H-ligand expression and
of its melated products, such as vascular endothelial gromth Ssctor, ICAM-]1 and IFM-y [S7,
&a].

Armsongst the WOO s phemolic constimeats, bydresytyrose] & by fr the mwost associzted
to ity claiesd protectiee effect on atheresckrosis. In mom demil, Zrelli ot al [§Y] described
tiat knydroxyiymosol was abls to indece an mdirect dose-depandant inhihifion of the NF-+H on
vascilar sndothelimm calls. Furthermoers, this polypbenc]l wms shown to inhiter MMEP-Q
releass, an efect that was poteatizted = the pressoce of oleic acid [7].

MNotwithstanding, bydroxyiyrosel is not the ooy polyphenol capable of mbdbiting MILP-
% a5 oleoropeim was alic obeerved to hmve wmiler preventve effect om  this
ewtalloproteinase [3]. Besides, it was alio mporied that hydroxytyroscl bas the abdity to
restrain platedet agmegation and the synthecds of eicosancids in human blood, 2 wll as the
redncticn of the sxpression of VOAM-1 in endothelial cells [70, T1]

The powot antomdant actvity of bpdzexytyroscl was also shown to preveat inceasing
lewls of BOS formation in pulmenary artery endothalial cells o the presescs of H;05 [72
Thiz ROE preventing ability was reinforced by Scodit et 2l [3] o a study showing thas
pdmxytyrosel and cleoopeim camsed the deceame of the imimcellnlar levels of ROS
formation, as well a5 2 redncticn of the acthvation of NF-«H, im PMA-stinwslated braman
ucsbilical wean sodothelial cells (HUWVEC). The amtheors alio fested the ahilily of these
polyphsnols to counteract the expressica of COX-2 in the same HUVEL modsl, concluding
that both bydeoxytymosol and oleuropein wece 2ble to comse a decease of 5% co the
expreszica of this soryme, without affecting the constitutive sxpression of COX-1.

Ancthor stedy focusing the offects of clewvpsm, hydromyfyrosel and bomscvamiliyl
alcohol oo HUNEC surface and om the mRMA expression of thme adbesion molecales
(ICAM-1, VCAM-1 and E-wlectn) comcloded that the two fmt pelyphenols indwced a
decrament oo the ICAM-1 and VCAM-] cxpmssion (orfaces and =RMA), whle
hommamillyl alcobal camsed 2 reducton on the cell mrface sxpresiion of the thres adbesion
mxolecules, 2khrugh oo efect was obsarved for thedr coerusponding =BMNA lewls [73].

Moreover, axpression of surface scavemper meceptors on LT ~stimvelated pocrophagus
was showa to be reduced in the presence of the phanols tyrose] aad Epdsesytyrosel axd of the
bydzecarbon sgualens, tms lowenng the macropbages lbpid ke [74]). Momsover,
sxparimantal tests parformed co mbbits smhedted to an atherosclerotic dist agaimat dists with
sgmlsos or bydromytyresol weme compared, mawaling that the polypbsoc] mduced the
endothelmes nflampatory activation whils the Iydrocashen decmeassd e Bbrosis [73].

The emsaponifiable fraction of the WOO is alws dbch in axticaddant and axti-indflapsmatory
compoemnds. @-Tocophere] has a geat potential 2 it can inflnence mamy pro-inflansmatory
mwolecules. An inhibitory effect om LOL-indwced cytoldnes and on the expression of adhesion
molecules was attzibmted to @-tocophercl. In fct, this compoend alvo redneed the sxpmssion
of ICAM-1, VCAM-1 and E-sqlectn in IL-] f-stimmlated endoshelial cells [ 76].
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Meorgover, a grest nembaer of experiments have besn carried owt to elncidaie the effect of
mikrpene: on athorothrombotic mik faciors sech aa Hpid profile, cmdative streas,
byparglycamia, endothelial dysfunction, kypertension and inflammation [34]. In this context,
the consemption of wierpane-eoriched VOO (particelardy in ckanchc ackd) doproved
endothelizl fonction In sponfemcows hypericmsive rats, by mowming the endotholial H0-
madiated relaxation of aortic rngs through an enhanced GMOS axpmession [77]. MMomsowmr, a
decrease of COX-2 gene expressiom was moted In hemen activated monocytes of sebject
subenitied oo 2 diet rich in oleanclic acid [78]. Additcmally, malnic acid has shoon a potext
dows-dependent anticxidant affect on o chuamical modsal of LDL peroxidation, whereas wraal
and erythrodio] acids sxhibited both anticxidand and antithrombotc activites [79).

11 TUlcerative Calitiz (UC) and Crohs's Dizease (CD)

Ulcerative colitis (UVC) and Crohn’s diseass (CIY) are the tan madn types of inflapematory
bowal disezses. While UC is charscterised by diffnse mucosal imflameation linsted to the
colom, the CT is characiorised by patchy, tneemmral inflasmmation, which may affect sy pari
of the gasooimtestmal tract [B0].

Evidemcas point that gemetic factors. snberic microflom and host response am the camses
of inflameation in the o diseaces [E1]. LPS soomb of the bactriz kad to the cleavage of
hBaz and v the comcomitant acthaton of WF-xB i the epithelial calls (Fignre 4). This in
tom triggers the fbmmatery cell signeling patvereys (COX-2 and LOX uxprecsicn), the
mlsass of chamokings and pro-inflimeabory cyickines THE-n, IL-1f, IL-6 and IT.-§, thes
prooeoting the recruitmeant of other lencocyies [B2]. At this point, e chamctestistics of Husus
damage will defime one of two Inflamreation pagways: an sxcessive T belper 1 (Twl. as
siabed befors, are imemnity efecton amaimst mraceltolar baciera and protozoa) respomse,
which is asseciated with D) or altemattraly, an excessive Ty 2 phanotype that iz Bnked to the
development of UC. Secretion of cyiokimes infhwmces T hmphocytes matumatiom. In
particular, the everproduction of I.-12 shifis the imnmme esponse in 2 Tyl dimction, and the
concomitant increxed production of IFN-y, THF-, IL-1§, IL-2, and IL-f, resulting in a self-
sustaining cycle of activation. In torm, an excessive T2 cell responss o assoctated with
imcreaned secretion of IL~<, IL-5, IL-10 and IL-13.

It is aleo balieved that a deficient produection of tramsforming erowth facter (TGEF)-5, IL-
10 amd other imemme-inhibdtory cyiokings by T,3 and T regnlatory 1| calls (T 1) precipitaies
the Joss of tolerance of the mmeoosa, tarming it semsithve to ordinary antigens of de microdflom
[B2, B3]

Some sudies have showm that 2 disary rich i V0O can attermate bowe] inflasmmation.
Hagazi ot al. [B4] demoostrated that the intreducticn of VOO in the diet of IL-10 kmock-ot
mxices cansed modalation of chreadc colitts, inkihiting the: exprussion of CONA-2 and decraased
dysplesia, an sarly sizge of pre-tancer lesion. In deximan sodinm suiphess (DESmdnced
colitis mats, the inmke of V0 remlmd in a mduction of BOE and WO levels, dus to thae
mbdhiton of IN0S. Morsover, o the samws model bt fud with (p-3) PUFA-sonched VOO
exhibited decressed sxpression of INOS and of LPS-medizied THF-=, together with the
imhibitinn of the WF-xB signaling which iz a fendamental piecs in the gene activation of the
previous medixtors [B3].
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Phenobic comspounds bowe besn closely associated to imyaiment of inflapmsiory
processes in bowel diseases. Focent sindics demomsirated the atality of an V0 extact
anriched in polyphenok (ag. olenropein aghyooms, hydroxyorowol, fymosol, eic) to
sigmificantly reduce the sxpression of TWF-o and COX-Z, INOE and a chemokize that
promvoies the mipation and inflraton of mmmocyss (the chemotactic profein (MCF-L), o
DSE colifis-indured mice. The authors alsc refermed ®hat dorng the same teatment, the
activation of MAFE: (particularly p38 and JNE MAPEs) and the degradation of hdBo wem
both dimimished, while the achivity of the peroxnome prolifsmbor scveied mecepior o
(FPARY, a kuy ranscription factor in maintenance of gut homeosasis) was mcreesed [E5, B7).

The previcus results are n apeement with earlier sndies thet sttwsied 2 sigmificemd
tmprovement on the prodocten of IL-10 and an inhitatory effect oo iNOE and COX-2
expresiicn, and p3E MAFE acthation in colith-induced mice fed with bydromytyzescl-
anniched WO, thus suggesting that hydroxyityrescl i one of the VOO compounds
rexpansihla for modnlsting thewe protedns [1]. Gimer ot al. [22] mecanthy proved that clsemopain
imeracts In the fhmmatery pathoreys associsted to bowsl dbcases. Thedr stady
demossiraied thet the prodoction of the pro-inflammedory mediziors [L-5 and IL-1§ was
sgnificantly decmezssd in oleuropein-treatwed DES chronic colitis-induced mice, whils the IL-
11} levals wars increased [BE).
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Figure 4. Developing of bowel inflammation. The pathogense stimulo peomotes the depradasion of e
lufla, thus releosmg e MFxB When sctiveisd, this suclesr marcenipion fwcior migreis oo e
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Addiiomally, the testment of chromic colifn mnces with oleuropein lowured the
expreasioms of CO0-2 and INOE, the decreass phesphorylaton of p36 sub-unity of MAPE
pathwzy and the mdocten of NF-xB acthaton It was also coochrded that olemropedn
remarkably stimuiated the production of Annexisn Al, a potest endogenous anti-inflamematory
apsat capable of mhibdting COX-2 and 2N0E, = injured colon tisses [88].

A recent stody demonsitraied, for the first tiew, the prowctine sffects of e VOO
unapcmiSable factica oz bowse] dissases. Saochez-Fidalge ot al [B9] demczutrated that
unsapomifable eoriched dists wure able to block the actvation of THF-o axd MCP-1 and ako
padiate COX-2 and MNOS dowzmegelation, thes amwlionting the first shage of ulamtve
colitis. In addition, the aathors refurmed a blockage of the BLAPE: and of NF+B pathorays,
thromgh decramant of the pif activation and IvBo degradation, respecitvely. The comuegment
rednction of the exprecsion of ofer mediators (o.g COX-X, THF-o, INOS) wes equalhy
showm.

Beeuides that sody, other anthor: have reporied the anti-inflarsmsiory propariiss of soms
pxinor componsots of the VOO s nosaponifisble fraction in colitis osodels. For instance, o-
tocophere sffocts were ssessed in ulcentive colibs mics modsls demomstrating mppression
of sarm 1L~ and serum kinase C, & well as promotion of sermm I1-10, overall resulting in a
decreased colozic damage [#)]. Also, P-sitosterc] bas besn demcosimted to mbitdat the
expresgion of TWF-a, [L-15 IL-6, COX-E as wall as the actvation of MF-«B, = 14,6
trimitrobenzeneselfonic acid (THES)-inderad colitic nvice colozs [45].

1.4, Other Effects

Cameer

Chromic inflarmation also plays an importest role o the dewelopment and progression of
phencmeza milated with cazcer and was estmated to contribus to L3-20% of all cancers [71,
22]. The mloancs of mflammeation in carcino geness wes Gty proposed i the 1%th centumy
by Bndelf Virchowr after verifying the pressnce of ledkocytes within temars [93]. Preseatly, 2
i pememally acoepted that inflameation is izvobeed at distoet stages of carciocgeoesis,
particnlarty in fmor inifisten (utations, genomic matability, and epigenetic modifications]
and alomg progmession, by acovating fisene Tepair msponses, promoting cells smesdllnes and
prolifention of premalipnant cells, by eohancing el smvival and comsing localived
immumesnppresiion and acommiation of addiiomal mmiations, o befwean others [84).
Momeover, the microsoviromment of mmor &n characterized by the pressaces of severzl
inflapemadory cells such as ooutrepkdls, eosmophils, hymphocyss, mast calls, dendritic calls,
remor-aseocizgd macropbages (TAM) and MEralls. Thoss calls produce PLAT, COX-2, 5-
LOY, MMTP; and serize and cysteine proteases, = wel a5 membmms perforating agsnts,
mactive oxygen and mitrogen species and also severs]l cyickines (TMF-w, -1, -5, IL-E,
imterferoms, chemsokings) that are masccizted to DMA damages, inczease of oootaticn mtes,
develope=nt of mmor gprowth a2nd promotion of metastasin geoomic imswbidity. The
activation of tamscripton facmoms sach as NF-«B, muclear factor erythroid 2 related factor 2
(W2, which regalates sovironmsntal streas reaponss by activating the sxpoession of genes
for antoxidint and detoxification eoeymes) or sigmal tensdwceors and activaioss of
tramscrpion-3 (STAT3, a profeim of the STAT famdly that medbes the orprason of a

Complimentary Contribuior Copy




1040 Sosaza M. Cardose, Marcelo D, Catarms, Maria 5. Sconillo et al.

vanaty of pemes In response to cell stmuli and thes plays 2 key mole in mamy cellnbar
procenses such as cell growth and apopinsk]) ane invohoed in thess affects [95].

Epddemiclogical siudies wsing VOO have evidenced Sedr proveative effect oo some
typss of cancer, including the breast cancer [%6-58). In particular, VOO was able to Inprove
tha efficacy reatment of letrozols and azastromele, tane commercially avadlable therapies for
warly amd lete stages of breast cancer, as shown in the beman breast cancer MCF-7 oells
mxodel. In the same model, a2 wmilar teatment promeded e mdtochondral mleass of
cytechrome © and apoptosds, which were mediated by a depletion of reduced glutathione
lewals, disrmption of remsbrans pokatial md te mcmesce of Hpid peresidation [99].

The antitemor activity of VOO was alvo observed in SEFr3, MCF-7 and TIMT-1 broast
cancer cell lines, with ICy valees ranging froms 200 to 300 pg'ml, as messured by MTT
assay [100]. Morsover, V00 has a chemopreventive effect m the ulceative colifis-ssocirted
colorecial cemcer, as demostaied I a CITELS mice mpdel Amiraly fed with VOO
presexted a nxinor mamber of dyuplastc macroscopic lestons, a redwction of THNF-u, IL-6 and
IFi-y amd C0N-1 kvals and a decreased sxprectica of INOE in the colozdc tissee [L01].

Apsongst VOO s pebyphemols, Enydroxytyrosal and clesropein have been recognized as
baing azti-inflapematory and also modulators of seweral signal cansdection pathwans
associated with cell surdval, proliferaticn and apopiosis. The meckaniums of hydnoaytyrose]
imclede the decreased cxpmssion of 5-LON. redeced synthesiz of prostaglandin F2 and
alteration of temour sicosancdd bdosynthesds. Apoptowis prometion amd provestics of
cxidative DNA damage are other devcribed peachanisms for bydrcarytyroscl and clearopedn,
as conchided from stadies parformed in huran tumsour-call lings, blood moncmmelear calls az
HL&} cells (the laftor 2 Inman leokerdy cells) [102-104]. Moreover, = coltemed endothalial
cells, Iydroxytyrosol and cleurcpsin bave promeoted a seppresdon of e inflamsmadory
angiogemasis through MMP-2 dovnregalaticn, together with an inhihitory effect om COX-2
exprecsios and on the BOS Levals [103]

At last, the anficancer effects demonstated for an emsaponifiable fracton of VIO (o
HT-2% baman colom ademocarcinoma cells) have besn aswocizied to it shility =
dowzmogniacing COX-2 throwgh FPARy and NF-E signaling pathwrays., apoptosds promotion
and modubation kiels of pil seppessor promin (3 oeclar protein that fomctions s a
regnlator of transcaption]) [LOS].

MNewrodegeneraive Disegres

Meditermanean-ityle diet kos alio besa melated to decreased miks for newrodegemarative
dizeases [107, 108] and in particular, the distary component VOO, mcladed in Meditermansan
dit, bz baan reporied fo promotes beneficial newroprotective effects n Alrheirar's and
Parkimson's diseases, siroke, tampatic brain injery and mmitiple sclarnsiz [102, 109]. Mot
alse that the protective rols of Mediterransan diet against cognitere decling has been related to
the attenmation of inflhremation [110]. A described mechanivm inclades the decrease of C-
reactive protuin levels, which is an inflarmatery marker upregnlated n Alrhgimer’s dissase
associaied to the presence of nearitic plagees and neurofbeillary tamgles [111].

Diuspite the promctve effects of VI m nomodegesertive-inflammatory related
procenses are soll scarcely studied, s wrvo axpariment in the meamss mods]l SAMPE chowed
that VOO sigmificansty imsproved learning and memaery [110]. Morsover, oleocanthal, which
as sinied before exmri ant-inflameatory propertes thmoagh COX-1 and COX-2 inhihiton
[111], % alse an inhibitor of Af-ammyloid olipomsers and of Ghrilizton of te-protein,
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counteracting fencticoal damage i symapees and the formation of meerofiboillary tamgzles,
respectvely [113-118]. Beuides that, olkuropsin is known to form a noo-covalent consplex
with Af-amryledd peptids, thms deceasing or proventing the Af-agsegation, and
consequantly, it conmteracts the deposition of thess nemrotoxic strectmres [117].

CONCLUSION

VOO hes become recopmired as an imsportast mgredisat of Meditermnsan diet doe to ifs
clamed bealth benefits. This chapr summarizes sxisting information om the benaficial
propartiss. of W3, or of i% compobemt:, in Dflamatory-related diseass sech as
atharosclenouis, bowsl dissasss, cancer and seumodegunemtive dsordars.

The anti-mflammatory activitios of VOO inchdes the mhitdtiom of NF-«8 actvation,
together with the wxpression decrement of cytokmes amd chemokimes, LOX and COX-2
somymes, with concomitant lowwring lewels of prostaglandies,  lenkotricmes and
thremboxanes. Cther mechanism inclodes the decrsass of miracellolar omidethve siress.
Creamall, the main V005 compensots that has been associakd to ity ant-inflapsmatory
uifects wnclose the clkic acd, pheoolic compounds (particalacly hydroxyiyrosol, oleuropein
and cleccanthal) and some unsapomifiable compomemts, pamsly the m-tocophemel and f-
sitostarol
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