1 "USE OF DHA, EPA OR DHA- DERI VED EPA FOR TREATI NG A PATHOLOGY

ASSOCI ATED W TH CELLULAR OXI DATI VE DAMAGE" 5 Field of the invention
The present invention relates to the use of an acid enriched in
docosahexaenoi ¢ acid (DHA) O ei cosapentaenoi c acid (EPA) or

DHA- deri ved EPA for 10 manufacturing a drug for the treatnent of
processes that involve associ ated oxi dative damage. Background of the
i nvention 15 The onega-3 fatty acids are necessary for

mai ntai ning cellular functional integrity, and are necessary in
general for human heal th. Docosahexaenoilc acid (22:6 n-3, DHA), an

i nportant omega-3 conponent of 20 fish oil and of marine algae, is
concentrated i n t WeSEBIQH PEA|, NEP# OB PFRoPERERD EP Ao FOR| BREMHEING, Aapses
of the retina. DifyghiddhagseteiferWaThnohiediar BRi8ROLVS ashMagEt he
liver and afterwards distributed via the |ipoproteins in the blood in
order to nmeet the needs of the various 25 organs. The adm nistration
of DHA leads to an increase of its concentration at tissue |evel,

i nduci ng al spFa&1d s edee ihfeddorconcentrati on of onega-3

ei cosapentaendoi ¢ acid (EPA) which in |inked netabolically, whereas
the adm nistration of EPA only increases its concentration 30
decreasi ng that of DMReatPrasient| gygention relateg, gendpsl vhe*DHAI s
i ncor porated kpi® thakesphol ipi dsicebsthexsaidicenheade, Wih have
effects on itsg. i.tion.and cti lit J uckb@n
reactive oxyg%ﬁ&gg%%ﬁgtsée? ) a%g&mmne (%(rl ?[gh%ggrat;,gg beRN 8b
oxi dat i on, dift PAMSEIG LM &g Hraei 5HFoﬁf‘ﬁetr??BT%'§yrﬂfné§f%ce&I5es that

ei cosanoi ds angvelvd rissacebbed arxisiaghab darepeducti on. Furthernore, in
the central nervous system the DHA is involved in the devel opnent of
the | earning capacity related to the menory, in the excitable
functions

Background of the invention
15

The omega-3 fatty acids are necessary for
maintaining c¢ellular functional integrity, and are
necessary in general for human health. Docosahexaenoic
acid (22:6 n-3, DHA), an important omega-3 component of

20 fish o0il and of marine algae, 1is concentrated in the
brain, in the photoreceptors and in the synapses of the
retina. DHA-enriched diets are initially metabolised by
the liver and afterwards distributed wvia the lipoproteins
in the blood in order to meet the needs of the various

25 organs. The administration of DHA leads to an increase oI
its concentration at tissue level, inducing alsc an
increase in the concentration of omega-3 eicosapentaenocic
acid (EPA) which in linked metabolically, whereas the
administration of EPA only increases its concentration

30 decreasing that of DHA at cell level.

In general, the DHA is incorporated into the
phospholipids of the cell membrane, which have effects on
its composition and Zfunctionality, on the production of
reactive oxygen @ species {ROS}, on membrane lipid

35 oxidation, on transcription regulation, on the



5 of the menbrane, in biogenesis of the photoreceptor cells and in
transduci ng the signal dependent upon qui nase protein. A potenti al
dietary therapy woul d be based on correcting the optimum | evel s of
onega-3 fatty acids to prevent certain pathol ogies fromoriginating
or 10 progressing, such as inflanmatory pathol ogi es, tunoral
processes, cardiovascul ar di seases, depression and neurol ogi cal

di sorders. In the central nervous system both the brain and
the retina show an unusual capacity for retaining DHA, 15 even under
situations of very prolonged dietary defdciencies of onega-3 fatty
acids. Several studies have described the protective effect of DHA on
neurones, in whosyniledis presentosanaigsy dridghen evetsacdldrulaxargiigaali t
i's i{lVO! VedRi rermtaig&@&éiitdaﬁ tgﬁ%tﬂsy:ﬁﬁf@,l itcrﬁldth% fdeﬂ'ﬁ%:ﬂ@aﬁ@q:vkb‘usz%ystgm,
apoptosis. Recen i.t has heen sho und in reduce
anmounts in t h&hi Bﬁgcé?pdsmoofav sFof edv‘g%vcegg’%%%? iog cta%peagfeeargfmg
protecting prisaryltculntalegsdotostiiel maslory, affi Het axivd tahl ot Buidiops
ilnducgg Ey 4] BEaﬁﬁéemerhkﬁhaér{ée Q&OE)QBEQﬁ@fﬁ &?fofthteh@hbebi:@@ept[a%d&ass
al so een shown, t o _nodul.ate t evel s - a :

ant i apopt ot i c®pfot el nsFrSPsihﬁcélrﬁzl-%Bef a‘?ﬁ'c‘[mya.ci Tﬁ%;?%rg eg]rtnaflggré ment & of
the retinal phoetricepPorotentanh Abdbpai nthe@nrel youkd aPdi §ReR DARA
content than asyr&itiels type obtieid .1ckesDids idgnegansetarayedciast he

phosphol [ pi ds oL, Liie 30.hator ecaptas) SAULENT (LA Sopujala TRADI ages.

Reti nal dysfuﬁ I onS have been observed under conditions of reduction
of optimal 9 PFROYRTRIS r afPeh. 2Phel PRI WR CAF YR I C8pREhel THICTEL] |
(RPE) pl ays apvetyssset,i ve caebtovas dHArt akéisgpsesonsedentessiand and

transport. Thg Q'hgib%q@gﬁgigggg@fg. in the photoreceptor and in the
RPE cells is 3 mainly lLinked omains in_the rrenbranqbwibth. d
thatFh gee an

to
physi cal characteri stl%célhteh&tenﬁﬁ?] rFHUR St YERE™ o
receptors, ionhe clkannel shovarar ewrsisuatlc.capabiibe iforal m-adppodr PHie

r egkU| ate t h_ng 89@19?“&1;?@%&0“”@&@&*&%%%& di :v§§§i n_@:rolonged ditethsy
unknown to date_if. these effects e.entirel.y nmedia t

itself or by gﬁ??ﬁe‘?“a&i‘&si & fdé’lun |e93f_' v‘g%t&ycgrctlélfsh S‘r’%ggaijt i \yl%us&%fs Dg%_ie
have been i defes¢¥idbd nthherretesidveA eHeggh ThelEhz PhedeEgesedifn
10 the syntheghsciofisais gesdarad iivesrdigvaignt Loeels i dagy iddamghle, it

precisely, sog resu ’ h I.Ci LO

phosphol i paseg%P{_%%e%Q}fe g] ﬁg@gé%@/&%ﬁ%ﬁ%&yg%lﬁ%rgl( f%%!s %}%ﬁ I%ﬁz?y
rel eases t R BRRPEITH -t FecRBRbY ankt PHosfIsER SPEE ablie? t N0 uBAVER S
it into its lbettdbobhediiy fetitke deppyainmes.of rats ofThelvanced

reactive oxyggﬁ%,sg%i ?ﬁé’ﬁ%) A ep]mt%@taﬁﬁgegmngsyn%mr&@ bl akiq

functi oni ng. ) t he "super oxi de ani on h%dro en peroxide
and the oxydr FELISAIERSTTHRE r CHIGIR L RLRY cHIUCESc Py vETYE s to the

In the photoreceptors of the retina, DHA has also

25 been shown to modulate the levels of the pro- and anti-
apoptotic proteins of the Bcl-2 family. The external
segments of the retinal photoreceptor contain rodopsin, as
wall as a higher DHA content than any other type of cell.
The DHA is concentrated in the phospholipids of the

30 photoreceptor segment disc’s outer membranes. Retinal
dysfunctions have bheen observed under conditions of
reduction of optimal DHA concentration. The retina
pigmentary epithelial cell (RPE) plays a very active role
in DHA take-up, conservation and transport. The high DHA
35 content in the photoreceptor and in the RPE cells is



20 oxidation of proteins, of DNA or of lipids. The superoxide

di snutase (SOD), the catal ase (CAT) and the glutation peroxidase
(GPx) are the primary antioxi dant enzynes that protect against the
nol ecul ar and cel |l ul ar damage caused by the presence of ROS. The

oxi dative stress activates 25 many netabolic channels; sone are
cytoprotective, while others lead to death of the cell. Recent
studies indicate that an inbal ance between ROS production and
breakdown is a significant risk factor in the pathogenesis of nany
illnesses, in sone cases related to a deterioration of the 30
antioxi dant system The DHA is presented as a target of the ROS that
produces damageinbyt hénked | tof domeiphotior edeptreankmeget oitthe BWPE1iCThe
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factor in the nac degenerat| on observed with a $tud| es
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notabl e adapt | b¥e ﬁa@ ChhY¥sp ﬂéftga@&ermrm E@Plcfv?e'datﬂyonashlpp 8Be
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phosphollplds and the LOX converts it into its
15 metabolically active derivatives.

The reactive oxygen species (R0OS) are produced
during normal cellular functioning. The RO0S include the
superoxide anion, hydrogen peroxide and the oxydril
radical. Their high chemical reactivity leads to the

20 oxidation of proteins, of DNA or of lipids. The superoxide
dismutase (80D), the catalase (CAT) and the glutation
peroxidase (GPx) are the primary antioxidant enzymes that
protect against the molecular and cellular damage caused
by the presence of ROS, The oxidative stress activates

25 many metabolic channels; some are cytoprotective, while
others lead to death of the cell. Recent studies indicate
that an imbalance between ROS production and breakdown is
a significant risk £factor in the pathogenesis of many
illnesses, in some cases related to a deterioration of the

30 antioxidant system.

The DHA is presented as a target of the ROS that
produces damage to the cell of the photoreceptor and to
the RPE. The retinal degeneration induced by light
promotes loss of DHA in the photoreceptors. For example,

35 when the RPE cells are damaged or die, photoreceptor



respiration cause oxidative damage that accunul ates and |l eads to a
gradual |oss of the honeostatic nechanisns, 20 interference in gene
expression patterns and a loss of the cell's functional capacity,

| eading An interrelation exists between oxi dants, antioxi dant
protection oxidative 25 determine to ageing and death. the
generation of and repair of the with age. conponents thereof:
activity or expression of the SOD, CAT, GPx enzynes, glutation
reductase, glutation-S-transferase and the concentrati on of conpounds
of | ow nol ecul ar weight 30 with anti oxi dant properties. For exanple,

an over- expression of SOD and CAT in Drosophila nel anogast er
function deteriorates because the RPE cells are essential

for its survival. Thus, death of the RPE cell under the
effect of oxidative stress leads to a deterioration of
eyesight, particularly when the cells of the macula are
5 affected, since it is responsible for eyesight acuity. The
pathophysioleogy of many retinal degenerations (e.g.,
macular degenerations related to age and to Stargardt
disease) involves oxidative stress that leads to RFE cell
apoptosis. Indesed, RPE cell apoptosis appears to be the

10 dominant factor in the macular degeneration observed with
age. Such studies suggest that said cells have developed
highly effective antioxidant mechanisms to protect
themselves from their high DHA content and show notable
adaptive capacity.

15 Furthermore, the relatioanship between the free
radicals and ageing is perfectly well accepted, based on
the evidence that free radicals produced during aerocbic
respiration cause oxidative damage that accumulates and
leads to a gradual loss of the homeostatic mechanisms,

20 interference in gene expression patterns and a loss of the
cell’s functional capacity, leading to ageing and death.
An interrelation exists between the generation of
oxidants, antioxidant protection and repair of the
oxidative damage. Many studies have been carxrried out to

25 determine whether antioxidant defences decline with age.
These have included analysis of the main components
thereof: activity or expression of the S0D, CAT, GPx
enzymes, glutation reductase, glutation-S-transferase and
the concentration of compounds of low molecular weight

30 with antioxidant properties. For example, an over-
expression of SOD and CAT in Drosophila melanogaster
increases life expectancy by 30% and reduces damage by
protein oxidation. In this context, in vitro and in vivo
exposure of cutaneous tissue to UV rays generates free

35 radicals and other reactive oxygen species, leading to



increases life expectancy by 30% and reduces damage by protein
oxidation. In this context, in vitro and in vivo exposure of

cut aneous tissue to WV rays generates free 35 radicals and other
reactive oxygen species, leading to 5 cellular oxidative stress,
docunented as contributing significantly to agei ng. Excessive
exposure of the skin to ultraviolet radiation can give rise to acute
or chroni c damage. Under acute conditions erythema or burns can be 5
produced, while chronic over-exposure increases the risk of skin
cancer and ageing. Mreover, it is knowbthat the cutaneous cells can
respond to acute or chronic oxidative stress by increasing expression
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preservation of the chromosomic integrity, protecting the

f

coding DNA from the enzymatic action and its degradation,
20 contributing to¢ the mainteinance of the chromosomic
stability.

In contrast with coding sequences which have a
semiconservative replication, the telomeres underge a
progressive loss of its repetitive sequences during the

25 successive cell division. Nowadays, it is considered that
a minimum telomeric length is required in order to keep
the telomere function and when these reach a critical size
they have difficulties for the division in the mitosis,
generating telomeric asseciation (TAS) and chromosomic

30 instability. Said chromosomic  instability would be
associated with an increase in the probability of
producing errors capable of generating significant genetic
changes.

Owing to the multiplicity of double bonds, the

35 omega-3 fatty acids are considered to be molecular targets



6 for generation and propagation of free radicals during the

oxi dative stress processes related to generation of lipidic

peroxi des. Contradictory results have been obtai ned, however, in .
various studies of susceptibility to 5 oxidative stress owing to

di etary suppl enents of onega-3 fatty acids. Sonme studies in humans
have shown increased oxidation of the LDL, while others have found no
such effect. In.studies with animals, treatnment with onega-3 fatty
aci ds has been found to lead to increased or reduced 10
susceptibility to oxidation of the LDL. ©n the other hand, an

over -expression of the genes involved in the antioxidant defence
system has beéorfoemakationhendli vermgafim cef fogkeomagdicals during the

f'fh O'L'Snr'SQ??a@H¢%}J§Eﬁ§%Q{e@rggﬁggg% E@ﬁﬁh@ﬁnnf@ éﬁéﬂa%%ohn ?ﬁ .
vitro studi es_ wi a ce ar 0 ori ave_sho a
menbr anes ri cIJ1“iD fregBe3°¥d (%l ac(jf rﬁ’ldégﬁ%’?% sﬁ?g‘égﬁ °Yo IWBeen
oxi dati ve danag’ealrmmg-ftoefﬁn%upm ereaioasi ofudifes I@éséuewpisihmltlﬁ}fhi:@h
ConcenéI rati @naxpaaﬂl\b% r&s_&éstsewlﬁgl m@r @ﬁ%@ﬁrﬂr ﬁé’@éﬁlé}rfenklspldil ®mega-3
per oxi des in cu tu nd_a | gher. perc e

death due to %ﬁ%ﬁ %CJS oé“edrgﬁCU% Boéure ]Po %y o%e%gop%?olxﬁ &e%gHi
has al so beenOSh‘éWq’—tho?\évéhe tl{%{r itig- Rtiessi dlad’(?m Fowd af® ofUEh
et hyl docosahgraeipat enr edugess | wpilli enperioxi datdaamend thiehf eakah-3

brai ns of rat g, e% Jasdsb%sn éggrgelsoh%g EBaieé&'tfo §§CFS§Q&§'S& ﬁagysdto

a free-radica ueste act
enzynes. Ard |ﬁ‘é$%%%‘éﬂilr3rlf:ﬁet%rﬁ¥3&@itd8ﬁt of aihscil - 0Pt Hee ST rands
i nportant foratheoperratyrendoegenaifs defencgemgai nshvokiedat i re  the

stress, becaugg. s LR eekénéee's%t\éﬁ' Maé't?éf‘érf rfogghyyﬂsi%mqtv%qs@f

fatty aC|ds and relatively I'n ant1 oxi dant
These cont rad‘i“i:‘f%rfyedr &Suft Eg%g‘ﬁéstenﬁﬁ}?eq HjeleﬁyEBF h%%‘f‘ase BR8EBSon t he

prem se that oxidati @mroheanda, ty vacidus ncireasgsrwi t fitediesnuwbéh of
doubl e bonds bas1 i M Mie/ G aPPLFLabhEidiv v@cesmlaertrmt @rrétrdbabnes
mechani sns ma¥ ?3;% act to red:yc%g xi dative damage Drsuc as, %)

di nensi onal sttdtture 8F°FHe’ o 853’3? y a5F d"F t RB ‘F 5

| i popr ot ei ns efiddic vieedsmane. thengveka Wt@m@mtétb@m%flféwe cells
suscepti bl eht@l@ﬂ atibACkdirchieaR(Ens apsi NHaDbi teom wfd pie- Aricdanted
enzynes suc M 89,0 . r£ssi,o [ t
enzymes. fgvﬁLsAZo ﬁ”t%% %%Egglg%ﬁ ef? J'lhéq g%@%c%@% pﬁym cal
exerci se vmztohh%%e’-brﬁﬁﬁ%téﬁeof’ff Fedlr aa@%| %u%o%saH?Rﬂﬂséér Hypdaped
due to the obsﬁrafﬁdSﬁreo&oth@dda@ﬁnﬁpanmxﬁeabraﬂehés;nxkb tiafeinn@hown,

i schem a-rep e S I t vl e ,
Eur. J. App/ eﬂ‘%ﬁ&eo‘n N 195}‘?& 0 '3356 T ’%ea%f?l?ge) IO@At bef
sane time, an ‘P‘?ﬂﬁaé’ﬁé‘éepﬁa 6Fle E%éi-‘?eGSHlPBHibcwa%e HhEArani nipat the
muscl e cells feemll ewrddnstodl ratEESItehts DOBH; st8FE2)ed 26221, tiSen

CKet al., 23 - ARNsPRESIRk. £1984 5+ dd (iRl {eBids@Sring effect via
activation of antioxidant enzymes. An increase in the
antioxidant capacity of the brain is important for the
primary endogenous defence against oxidative stress,
because the brain is relatively rich in polyunsaturated

30 fatty aclids and relatively poor in antioxidant enzymes.
These contradictory results suggest that the
hypothesis based on the premise that oxidation of a fatty
acid increases with the number of double bonds has no in
vivo applicability, since other potential mechanisms may

35 act to reduce oxidative damage, such as a three-



15 well as in human bl ood (see MacPhail Db et al., Free Radic Res
Commun 1993; 18(3): 177-81, Gohil K et al. J. Appl. Physiol. 1988
Jan; 64(1): 115-9). Free radicals also affect DNA and acute physi cal
exerci se i ncreases danage in DNA, as evidenced by the increase of

8- 0xodG Exhausting 20 physical effort (running a marathon) causes
damage in DNA which is evident for sone days after the trial and al so
causes damage in i mmunoconpetent cells (which can be associated with
t he i Mmune decrease shown in sportsnmen after such a trial).
25However, other authors did not observer any effects (except for

m nor damage) after swimmng for 90 m nutes, running for 60 m nutes
or maki ng an dxhausiarmzg eftfrarcttulby wdwithg. ofegeh® Sambyt haids in the
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(oceurring MMEQuses damage in immunocompetent cells (which can be
associated with the immune decrease shown 1in sportsmen
after such a trial).

25 However, other authors did not observe any effects
{except for minor damage) after swimming for 90 minutes,
running for €0 minutes or making an exhausting effort by
rowing. At the same time, researches on trained and non-
trained sportsmen did not find any difference in the

30 uwrinary excretion of 8-0x0-dG, even those finding such a
damage, considered to be secondary to subseguent rxeactions
to the effort and not to the action of exercise over the
DNA in acute way.

The eventl of intensive physical exercise

35 producing oxidative stress is very well known in the art,



25 glycogen is used up), the conpetence with tryptophan transport
makes this to be increased with the subsequent serotonine increase, a
neurotransmtter related to the so-called "central fatigue" in |ong
duration sports. In that regard, it is known that n-3 fatty acids

di m nish the 30 amount of free fatty acids in plasma probably by
up-regulating the fatty acid oxidation by activating the
transcription nucl ear factor PPARa. However, these assays were not
successful, since Huffrman (2004) by using a dose reginme of 4 g of n-3
fatty acid (500 g capsul es containing 358300 ng EPA and 200 ng DHA)
carried out a study in both sex 9 runners w thout finding any
decrease in fiee TRP qwigia Lessopercidpiedbarvinet fyett, nor any
statistically perfor mngeR ckNeHeas84i euﬁhm@@rﬁ%m &t ihough dcler e
was a statlstlcal tendee&y for _inprovi % perftg1 N nnfi tor
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35 as vell as Ca++ inkraggl Lghar: GNCeRLEA LML #3Ge0LBES carried out
based on the following theoretical concepi: increasing
free fatty acids in plasma above 1 mmol/L {occurring when

25 glycogen is used up), the competence with tryptophan
transport makes this to be increased with the subsequent
serotonine increase, a neurotransmitter related to the so-
called “central fatigue” in long duration sports. In that
regard, it i1s known that n-3 fatty acids diminish the

30 amount of £free fatty acids in plasma probably by up-
regulating the fatty acid oxidation by activating the
transcription nuclear factor PPARa. However, these assays
were not successiul, since Huffman (2004) by using a dose
regime of 4 g of n-3 fatty acid (500 g capsules containing

35 300 mg EPA and 200 mg DHA) carried out a study in both sex



10 nmetabolites which could act as nessengers in the cellular
functioning regulation with exercise. In this regard, Ca'+ regul ates
a great anount of intracellular proteins, including calnodulin

ki nase, protein kinase C (PKC) and 5 cal ci neurin which are inportant
internediates in the signals of intracellular transduction. During
aerobi c exercise, acetyl-CoA carboxylase is deactivated by AWVP ki nase
(AWPK) which |eads to a drop in malonyl-Coa |evels, deinhibiting
carnitine palmtol transferase with the 10 resulting increase of
fatty acid transport within the m t ochorftiri a (thus pronoting fatty
aci d oxidation). AVPK activation effects probably include
stinul ati on oFUREA% HheRFEXokiMHI® St edxqreisead nwefyeeastRP nor a
m t ochondri a eazyneserkbopevert, Sﬂrpreﬁblagl y, nAMPK sty acétamidtdral Sy

not the uni qug.YAY; (Jfdep e0f; 4 naﬁée ggrwa%' 3, t@gégé@gﬁi exe

i ncreases the response to ucose 1n | efal muscl é
Pessin, J. BiBfS ﬁ?tiﬁwalzﬁ?”@?ﬁy fBQZSmRB‘B‘Q@g stlfﬁﬁ/\e%ertﬁr?éfnaaﬁe

increase in3he gihpose mesponse fattiyhechusedes adndeedtetdiir eeaveéng
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GLUT4 and those factars re a ti vage fmgexer
i ncrease in i AtPHRREGRarY E{/MBA TN 5%SF1P?/ §F‘é‘?3ésw?ﬁ1dthe

physi cal trai h¢ngiunigr Pﬁesm@mtts issuthad (omenbese peuplee)i.s

associ at edfvvnth lnSUthtiﬁérrgﬁb%@ftﬁﬂf Wa%ﬁ Iw‘me%e@ﬁt%ﬂen etffﬁggéﬁat
activity of ,c tine o ol hransferase nmakes fatt u 0
bet a oxi dati oﬁf héere éjr%e s?l'rl(:)ngi 1%aalwt&’anéjes CRATTEE Y %edlaétuatﬁg S’ng
fatty acid, eVeh Hinch aay |Sﬁ€Pé5%<éaftﬁ %fﬁééﬁi’lfae%mﬁﬂif?ﬁsmallﬁaeﬁih as a

(signal s of ipEaddio. r eziastancefmimidteating 3060nguUEPA EREEPLOL ¢ eved

malntalnlngt I l- .Qf rotei ransl tiLon,-

specifically %‘éﬁ%vo\gaf FofhS %{% ﬂ“%e %ae(g%:& hrﬁoqi Iﬁqgg 59 g%}o%%me%é 1“
Med 1995; 209f°°f6’4313}1)Planste(§@Pr pFeGAtet ehe ailnvérﬁﬁnén . Hhed SciThe
present i nvéndpamrtscdfe@r nd (e 25rexpect ed di scovery that the

adm ni stration of doggsaRpgx o d ( d S
DNA) or eicos ‘%c tage m? gc?ﬁlﬂQEP&igh gt hL e?ﬁ%d E%]A%tevﬁ%%(ﬁ fg&
free form or FHEHT pot aetref(?r‘entwdL gluft,eer‘? YeI1uifsify Bt hePe, m&%’?]seras

a cel lul ar anginee darst .anadoghes way iahdatcelkiuigri ritecreaccaumbcwm in
met abol i ¢ 10 trrﬁJ atrhmdmm@@a Dlziﬁhm ERA 1 §:9%l%\éer ey a@bgdNisd 0
EPA), all ﬁ thfslbd Iose observ 1grew oys %j};or t he
adm ni stra rrust Be appli 8%1 e t 0" M XEE SV St ens SHHAFEBR Dr
even to nnnocﬁalrm‘@ﬁéﬁ?llé?s% emdf HERAcneesneticugh cEPAING nat sewth
speci ficall y.hyperglycemia during fasting, indeed, the continuous
administration of polyunsaturated fatty acids during
fasting helps to maintain glycemia, by maybe activating
25 glucose-6-phosphatase at a hepatic level. It is also known
that a composition of fatty acids in the muscle alters
insulin sensitivity, showing that a high content of
polyunsaturated fatty acids in plasmatic membrane improves
insulin sensitivity and a high content of saturated Ffatty
30 acids produces the opposite effect.

Exercise increases glucose uptake, capillary
prerfusion, glyvcogen synthesis rate and insulin
sensitivity. During muscular contraction changes are
produced in temperature, intracellular pH, ATP/ADP ratio,

35 as well as Ca" intracellular concentration and other



15An obj ect of the present invention is therefore the use of
docosahexaenoi ¢ acid for the manufacturing of a pharnaceuti cal
conposition for the treatnment of cellular oxidative damage. Another
obj ect of the present invention is the use 20 of docosahexaenoi c acid
(DNA) at a specific position of the glycerol backbone, the two
remai ni ng positions of the glyceride being also specified in their
conposition for the treatnment of cellular oxidative damage. A further
obj ect of the present invention is the 25 use of docosahexaenoic acid
(DHA) for manufacturing a conposition fap the treatnent of the
cellular oxidative damage at DNA level. In particular, the use of
docosahexaenoinet aico Ui thegss wihiehapphid¢ atdtorasasne@spnotest ivettagamllppat he

natural procesgnof ; &8l B LINOLESN NG adrassd0 aR £ bidgry, aggnt
of premature senescence in a treatnent of elhgkggﬁggﬁgqglve anmage

It is al so anTBBeCt®Df & hdF5PEselFvertd ot SRS
docosahexaenoiiochedihd ora rerfldot rinngea eoepobi t komgorCt HBKC) and
tr teﬁt g?nt 3f5 esh&&&k%&i@ggmggﬁn%@é hepedt b y i{?ﬁ%&ﬁb@ﬂ&@&s asgoctased
Wi i sorders.in {he .M.t oC rial respiratory chain, a . _as
a conpositi onsf‘g?ah eacﬁlnd%lﬁbaﬁe Vivdr Bﬁ%?gém%lon){ YU hzare\élggt%ct
of the presenex¢peistti oacksy I HAuseadioxidessahicx agpdficivaded (IDHARMF or
manuf act uri NngxanSs& oAt wANcH Oleddde tbr easif@ntiromatlbay Tatdaullarels,

oxidati ve danage, ASsqqlal ed bt DY Sl (BXCT €L8s s d L AAr Lhel! ke
the use of docosaheXaenoi c acl has pplicati on as an enhancer agent
in the sporkbsrperticiifnéBCERPasCh rid§Grat3dig afERESRAT | Vo uEbte
| evel s duri ngmpbysharalrik0 (efht®rgromoting fatty acid oxidation).

AMPK activation effects probably include
stimulation of GLUT4 and hexokinase expression, as well as
mitochondria Enzymes. However, surprisingly, AMPK

15 activation is not the unique way (independent of insulin)
wherein the exercise increases the response to glucose in
skeletal muscle. See Mora and Pessin, J. Biol. Chem. 2000;
275 (21): 16323-16328, showed that an increase in the
glucose response in the muscle, indeed, there are several

20 transcription factors such as MEF2A and MEF2D activating
GLUT4 and those factors are activated by exercise.

n increase in intramuscular lipids is common in
obesity states and physical training, but the result is
that for <obese ©people 1is associated with insulin

25 resistance, whereas in sportsmen the great activity of
carnitine palmitol transferase makes fatty acids undergo
beta oxidation. There are strong evidences that a rich
diet in n-3 fatty acid, even with an increase of glycemia
and insulinaemiz (signals of insulin resistance), act at a

30 insulin receptor level maintaining the level of GLUT-4
protein translocation, which has specifically showed with
DHA (see, Jaescchke H. Proc. Soc Exp Biol. Med 1995; 205:
104-11).

35



It is also an object of the presente invention the use of
docosahexaenoi ¢ acid for manufacturing a conposition for enhancing
sports performance, as well as a conposition for maintaining bl ood
gl ucose level s after 15 physical exercise by neans of, mainly, the
adm nistration of a food, a dairy product or any suitable

adm nistration formtypically used by people when doing physi cal
exercise. 20ln the present invention, the expression "cellular

oxi dati ve danage" nmeans any process that involves an inbal ance

bet ween the generation and degradation &L cellul ar oxi dant species of
endogenous or exogenous origin. 25Surprisingly,the inventors of the
present invention have found that DHA is capable of inhibiting the

producti on of pkgaLidMeO%¥I8he SBR&ENES0LRCS), whether related to a
dependent induction Qf _peroxides ar sugeroxides. NbreFﬁgecifical%g%
|

it reduces the productionP3B°B1" suUpEFBX UL &M G BRd ther WTHEGH
the derived spegtesyy ddhadedhien adnenbxtiuidtione of adeqadeahaiashoas poid
examﬁl e a highhyrsignifdcanrtizeredactd ods aiaal)i ra:irdiecic@@apdri@@trﬂo?a. agid
Furt her nore, i ncrease, j.n anti oxi t en ctivit s foun
whi ch suggestggg%)adﬁbtaf?bﬁeg%v%é t e’ceﬁ%¥g§e$ndﬂ%iﬁéxi eforH or
expressi on Ofigﬁqxﬁggqygﬁtia@@ngsprigkyceride, among others, acts as a
cellular antioxidant.
In this way and taking into account the metabolic

10 relation between DHA and EPA (retroconversion of DHA to

EPA), all effects disclosed observed previcusly £for the
administration of DHA must be applicable to mixed systems
DHA/EPA or even to monocomponent systems of EPA, even
though EPA is not named specifically.

15 An object of the present invention is therefore
the use of docosahexaenoic acid for the manufacturing of a
pharmaceutical composition for the treatment of cellular
oxidative damage.

Ancther object of the present invention is the use

20 of docosahexaencic acid {DHA)}) at a specific position of
the glycercl backbone, the two remaining positions of the
glyceride being also specified in thelr composition for
the treatment of cellular oxidative damage.

A further object of the present invention is the

25 use of docosahexaenoic acid (DHA) for manufacturing a
composition for the treatment of the cellular oxidative
damage at DNA level. In particular, the use of
docosahexaenoic acid has the application as a protective
agent in the natural process of telomere shortening and as

30 an inhibitory agent of premature senescence in z treatnment
of cellular oxidative damage.

It is also an object of the present invention the
use of docosahexaenoic acid for manufacturing a
composition for the treatment of cellular ageing and

35 hereditary pathologies associated with disorders in the



basically enzynes, and by repressing the expression of pro-oxidant
agents such as the A2phospholi pase. I n one enbodi nent of the
present invention, said docosahexaenoic acid is incorporated into a
nonogl yceride, 5 diglyceride, triglyceride, phospholipid, ethyl ester
or free fatty acid. Preferably, said docosahexaenoic acid is
incorporated into a triglyceride. In the present invention
"docosahexaenoic acid incorporated into a glyceride" is taken to nean
a 10 nonogl yceride, diglyceride, triglyceride, phospholipid, with at

| east one of the three positions esterifized with a docosahexaenoic
acid and, optionally, at |east one of the remaining esterified

posi tions furmheschwridrieie raspiirsedbgctaadihy opsawghbrés , a nechpaeition

| ong-chai n fat}y g@gétfy@dngﬁnasggﬁ§gggglc aci d. Preferably, sald
glycerol is atrigly ch0|ce of tr| cerid gﬁe

er
chemical structure o§* ¢H§tﬁﬁﬂ OEJBSEeroﬁ %aPﬁ??%ﬂ&qu lﬁnsfﬁd
whi ch conpar eds¢heohi davesdtabidenvycofadidur (RiPgaiGr agiagugecturing a

concentrat ess bemw&ﬁl%mmr ety t,e@a@{(e%t plrospiol EQi MSLaf rea daat by
aci ds and trlgﬁécerl owi_n n istrati

denonst r at ed £9% h%s?wmsttegrl %gd Pi%ryls §FYcertaes e’slennt%abrqé‘cﬁilaﬁér
bi oavai | abi | i £pet hgr the dphesahR @saAPAC cm-d 25%|5n arptdadrioad as  an
enbodi nent Ofehﬂ@mﬂﬁﬁseﬁknhnveﬂtlQme &akdtéoc s ahexmaiRy Ca&@ldabs a

found in a peggggcg?}_g&gbya L INe 012,% %%Qand %0 Bfl L ny to

the total fatt era ionto
total fattylag ﬁ%rtand nor e preferably sald 30 docosahexaen0|c aci d
is in a percentage bytwesghlsdhetmwediie66 andcikO@Meisantel atveortiba toéal

fatty acids. jpanotfier p&@é@éi}%&%@h@@&ﬁe@m%a' dfgpcoﬁéﬁﬁféé\flﬁ'ﬁgac'

is incorporated into at [east one specific posifion o cerol via
an ester boung® m%??ﬁ?%??rSBFU?%RFWqﬁﬂgdSP?EﬁSrﬁﬁﬁfPﬁ@?ﬁ??Tuf%a ell as a

pharnaceut|catomggbltlon for maintaining blood glucose levels after
15 physical exercise by means of, mainly, the administration
of a food, a dairy product or any suitable administration
form typically wused by people when doing physical
exercise.

20 In the present invention, the expression “cellular
oxidative damage” means any process that involves an
imbalance between the generation and degradation of
cellular oxidant species of endogencus or exogenous
origin.

25 Surprisingly, the inventors of the present
invention have found that DHA is capable of inhibiting the
production of reactive oxygen species (ROS), whether
related to a dependent induction of peroxides or
superoxides. More specifically, it reduces the production

30 of superoxide anion and therewith of all the derived
species produced in the oxidative cascade, such as for
example a highly significant reduction of 1iipidic
peroxidation. Furthermore, an increase in antioxidant
enzyme activity was found, which suggests an adaptation of

35 the cell by inducing the expression of antioxidant agents,



conposition for the treatnent of cellul ar oxidative danage.

Such a glycerol may furt-her conprise at |east one fatty acid and/or
one phosphoric acid so that said 5 docosahexaenoi ¢ acid bei ng
incorporated into a position selected fromsn-1, sn-2 and sn-3, nay
further conprise, optionally, at |east one acid selected froma
short-and/or md-chain fatty acid and a phosphoric acid, and when

i ncorporated into the sn-2 position may further 10 conpri se,
optionally, at least one acid selected froma fatty acid and a
phosphori c aci d. In this regard3 when referring to the term
optionally, it should be understood that said docosahexaenoic acid

i ncor por at ed bastcal hpsettpmesel eed edbylSdforens $mg 1 then<Xpards sor 30fmy

or not furthep, GopPrdaf ahchfasiuaN&saehd sebrsdadifibaera short-
and/ or m d-chain fat%y acid and a ghosg?orbc acid, or,otherw se thgt
sai d docosahexaenoi ¢ aci s GOPSPEACF nEdSt RECEHD HOSHHGR meyor
not further cdapeiahexpenodgstcht bxiihoseberaieaf fingm 20mandorireatigien
fatty ?C! d @d_i@lp&&&j@é?ri@rf@ﬁfr?ﬁépripﬁb@fghaliﬁl@,i n&ﬁmlf)rés@éaftbe
present invention bave foun a e use_ af, sir e yecerols.
Pherein the: pobie; BRYGy ' FHRE | ciek BB Y Codls, oG H EECR LS 3o
and the conpodneperrigitachdntest wrialyeeeddpound 25 bound to the
glycerol, |eads to amnungxgpepkedehtiCraasrtidi, | eastodanetaenbi€vanid

thrice, the tk j fficlLen e d h enqai.¢ acid
forlnanufactu?ﬁ%%agﬂit%?ﬁaégg%icgy @%ﬁ%%gﬁgfon9%or8%%%?tﬁéﬁt%%h% o%l

cel lul ar oxiBPRQRL ERaRige: 3BFREYIHASn dEFIRIYGSFAIPel aPRISRRPIREE,
cont ai ni ng f atiyh axi dsdsacahedot ntlspeatirkecppoitiitdnensstarifieedywicer al

backbone. By ghaldafddaendibhathe LiViyabakiyyacid Riadi gl Byt iAo,
t he Iong-chalg ﬁohﬁﬁpsaturateg,n?t%%sﬁgkggs(aggt %rargi£gcaﬂgp acid
preferably i nTeREEND FEEFETbIE
gselected from a short-, mid- or long-chain fatty acid and
15 a phosphoric acid. Preferably, said glycercl is a
triglyceride.

The choice of triglyceride as chemical structure
of the DHA is based on data taken £from a study which
compared the biocavailability of four omega~3 acid

20 concentrates in the form of ethyl esters, phospholipids,
free fatty acids and triglycerides following oral
administration, which demonstrated that the re-esterified
triglycerides presented & higher biocavailability than the
other preparations.

25 In a preferred embodiment of the present
invention, said docosahexaenoic acid is found in a
percentage by weight of between 20 and 100% in relation to
the total fatty acids, preferably between 40 and 100% in
relation to total fatty acids, and more preferably said

30 docosahexaenoic acid is in a percentage by weight between
66 and 100% in relation to total fatty acids.

In another preferred embodiment, said
docosahexaencoic acid is incorporated into at least one
specific position of a glycerol via an ester bound, a

35 structured 1lipid, for manufacturing a pharmaceutical



35 of the glycerol and taking into account the intestinal 15
absorption process, triglycerides are hydrolized by |lipases to free
fatty acids, di- and nonogl vcerides, fromwhich the free fatty acids
and sn-2 nonogl yceri des are absorbed directly by intestinal
epithelial cells, naned 5 enterocytes. By using
docosahexaenoi ¢ acid incorporated into a specific position of the

gl ycerol backbone, via an ester bound, provides an increased

bi oactivity, an increased antioxidant protection at the sane nol ar
percentage in 10 respect with the whol eianount of fatty acids present
and a di m ni shed dependency on the adm nistrati on dosage in respect
wi th the anti ornpasitiaff ediorof thhe doesvarexaedoi ceatvtlay n ghglative
gl yceri de. Adgaﬂgﬁgeously, the inventors of the present 15 invention
have found that the e_of docosa xaeno'c Cld inco %g%- |ntona
position of the glycef 5P éeﬁggF%HO rB s egncam%ﬁH£ SERG °n¢
optional | y saifdtgyycadisl Rod!aer @tﬂrpmhgﬁﬁfgo@tc | ésdtl ope adiar said

sel Sct ed f_rgﬁuac{%‘tﬂ%éxae&ﬁdboradigd Hehalgh filorpoastsh andr@ BhqsphakLibs
acl provi de I ease iQagti |t n r n I.dant
protection at g?ﬁgcfgeanefllcrf{) ‘}fn gér cgln ag\él |)r°§hr 2sp%%§ ggfﬁ%’ﬁ éé\ﬁ%xllgg

anount of fat PRtiRtals or edkntle@dd L0 nPAtSheglaepehddirey on tshert-
adm ni strati oandbsageidnchaispetitini tdcidheamdt boxihdaphoeid eatiaf the

docosahexaenoj,fie 2C1 16h o PE?Qt@éS Q'nléserf%e élnsg aﬁa’sal'lﬁ%geoﬂééyfutz@ﬁer

inventors of the presenf invention have found that the_ us
docosahexaefof "R ¥ /i nris8eat &d Fﬁt&eésgnoﬁep8§F?|éﬁlﬁFt%Fgﬁﬁ%%r%I
and optional | yasay cegldyeedod dhodobericoapidsi ng at | east one 30 acid

sel ected froma | ong-ghaichifat t¥sAc,d andna PBESPNQIY C +ACT dnePr QYLHeS
al so an i ncreagg%%%ngactIVIEy, should be understood that said
docosahexaencic acid incorporated into a position selected

15 from sn-l, sn-2 and sn-3 may or not further comprise at
least one acid selected from a short- and/or mid-chain
fatty acid and a phosphoric acid, or otherwise that said
docosahexaenoic acid incorporated into the sn-2 position
may or not furxther comprise at least an acid selected from

20 a long-chain fatty acid and a phosphoric acid.

Surprisingly, the inventors of the present
invention have found that the use of structured glycerols
wherein the position of the docosahexaenoic acid has been
selected and the composition of the rest of the compound

25 bound to the glycercl, leads to an unexpected increase, at
least twice or even thrice, the therapeutic efficiency of
the use of docosahexaenoic acid for manufacturing a
pharmaceutical composition for the treatment of cellulax
oxidative damage.

30 The common definition relates to fats containing
fatty acids located in specific positions in the glycerol
backbone. By similarity with the in vive fatty acid
biodistribution, the long-chain polyunsaturated fatty
acids (PUFAs) are located preferably in the sn-2 position

35 of the glycerol and taking into account the intestinal



an increased antioxidant protection at the sanme nolar percentage in
respect with the whole amount of fatty acids present and a di m ni shed
dependency on the admnistration 16 dosage in respect with the
anti oxi dant effect of the docosahexaenoic acid in the glycerol.
Preferably, acids also present in a glycerol with the docosahexaenoic
acid will be short-chain fatty acids 5 (C1-C8) or md-chain fatty
acids (C9-Cl14) or a phosphoric acid, since these have no functional
activity, but only energetic activity and, therefore, will not
conpete with the docosahexaenoic acid. Yherefore, still nore
preferably, the present 10 inventions relates to the use of
docosahexaenoﬁ@s%ﬁﬂﬁiqnncdﬁﬁﬁﬁﬁﬁed Lt ol ecsfifesr olarghetwidiodheadf bhe
posi tions sn-lipieksnced M@ ffheeyoscDgsupiied apy Aonbet ehaiilebat t¥om

act d, (% CLO uALehonl chaln A3ty a0kd (Gl GB)oradiosphosle acld

and i n which sn- osition i s ocC nction

still higher ﬁlaefflé%?s% SFCTHEA i sblhchli‘@f’édn§llnc%’31tfleﬂéa¥mlcéle$fl eﬁew y
absor bed i n &t eterdestisnal cel | s. Therefore, the synthesis

of structured gl ycerfag;e%s\msreb@ogéf;exqeﬁeeehgée&n%r%%&qt &S;QB&%
i ncor porated 20 |:go an 205|t| ycer ol oes no
conpete with BeHeEr HQaﬁﬁé ¢PBs®and %h@f%ﬁ?FQHuPQ3%R°H35 B&anan ester
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with the inveption, ‘tﬁebSicheerm%r epar ed to face

Advantageously, the inventors of the present
15 invention have found that the use of docosahexaenoic acid
incorporated into a position of the glycerol selected from
sn-1, sn-2 and sn-3, and optionally said glycerol further
comprising at least one acid selected from a short- and/or
mid-chain fatty acid and a phosphoric acid, provides an
20 increased biocactivity, an increased antioxidant protection
at the same molar percentage in respect with the whole
amount of fatty acids present and a diminished dependency
on the administration dosage in respect with the
antioxidant effect of the docosahexaenocic acid in the

25 glycerol.

Also advantageously, the inventors of the present
invention have found that the use of docosahexaenocic acid
incorporated into a sn-2 position of a glycerol and
optionally said glycerol further comprising at least one

30 acid selected from a long-chain fatty acid and a
phosphoric acid, provides also an increased bicactivity,
an increased antioxidant protection at the same molar
percentage in respect with the whole amount of fatty acids
present and a diminished dependency on the administration



up to a new situation of oxidative stress and thus to mnimse the
adverse effects that can derive therefrom That is, the presence of
the DHA in the bionmenbranes induces a cellular adaptive response to
the oxidative 35 stress. Adaptive response is a cellular phenonmenon
by 17 which exposure to a toxic agent(in sub-Iethal concentrations)
provokes a cellul ar response which will subsequently protect the cell
agai nst the deleterious effects of that same toxic agent at |ethal
concentrations, 5 or, put another way, it is a beneficial effect

unl eashed by a | ow | evel of exposure tolén agent that is harnful at
hi gh | evel s. Adm ni strati onof DHAhast hef ol | ow ng substanti al

advant ages: 1@ayadacrisasedsresit uvarh athpoxdrddokident viafifech) Hbséhee

of cellul ar cygbggga(ﬂé‘,;geylogg gggddlqlsaggsgmlrglstered c) Absence
of significant alter ar_.oxI dant staf us_at t he cilosa es

adni ni stered; 15d) A aﬁ %gg%’l I?ﬁ rS EAEPoREGARTT act i Vi FHYCer°
Due to all théh9b§9@°5$hﬁ>&*%§1|°é?elaﬁé@ gibbdbereAkor eehwri@s et tyneeads on
rel ates to thecusesoforlociosahexaenst &y andidst qroranyf agt W i fipsdhoric

phar maceut | calog0, cQupos’ LAODL fALyd 81 HG A ALl ay, 25082 By

with cel lul ar oxidatfive dama e sai d B
neur odegener afPGEIPah Ggy' pfr érer ab 9r%3=é?li,9ctéfﬁlflr G‘fﬁtt Wé’mﬁf—“éﬁpwf—h%t
conpri ses: mukhe plecsehexasnsic Alczliei mer' s di sease, Parkinson's

di sease, a”iOtrOphiCTBQEQEQ%e, still more preferably, the present

10 inventions relates to the use of docosahexaencic acid

incorporated into a glycerol wherein one of the positions

sn~1 and sn-3 are free or occupied by a mid-chain fatty

acid (C%-Cl4) or short-chain fatty acid (Cl-C8) or a

phosphoric acid and in which sn-2 position is occupled by

15 functional DHA. Thus, a still higher increase of DHA is

achieved since it is more efficiently absorbed in the
intestinal cells.

Therefore, the synthesis of structured glycerides

wherein the docosahexaencic acid has been incorporated

20 into any position of the glycerol when it does not compete

with other fatty acids and wherein the DHA has been

incorporated into the sn-2 position of the glyceride when

it competes with at least one fatty acid, shows

improvements related to its antioxidant effect and,

25 therefore, it is a preferred way for manufacturing a

composition for the treatment of the oxidative cellular

damage.

The inventors of the present invention have found

that a c¢ell enriched with a composition with DHA, in

30 accordance with the invention, is better prepared to face

up to a new situation of oxidative stress and thus to

minimise the adverse effects that can derive therefrom.

That is, the presence of the DHA in the biomembranes

induces a cellular adaptive response to the oxidative

35 stress. Adaptive response is a cellular phenomenon by



25 sclerosis and nuscul ar dystrophy, anong ot hers. In

anot her enbodi nent of the present invention, the pathol ogy associ ated
with the oxidative danage is an ocul ar pathol ogy, preferably one
selected fromthe group that conprises pignmentary retinosis, macul ar
degeneration 30 and cataracts, anong others. In yetanother

enbodi nent, t he pat hol ogy associated with the oxi dative damage is an
i schaem ¢ pat hol ogy, particularly a myocardial infarct, cerebral
infarct, etc. 18 In yet anot her enbodi nent of the present
i nvention, the pathol ogy associated with7t he oxi dative danmage is an
i nfl ammatory process, preferably selected fromthe group conprising
arthritis, vasbuthti $xpbsgkenerww onephtpkic amderti t ofimt oseuld-ptbal

anong ot hers. concentratildhsFNPRRLKRE eherdad @abodiiBBhset heipat hehogy
associated with the o |dat|vetdq€a%g is %gherosclqgo%hs. q .
Anot her aspect BFeTHE PresBRP FTRventForC s t AR AT of "BHAIGE b rious

protective agefifeths tdfe thatusahe ptoties agefit 14t tldtdrdr eospertatiingsand

as an inhibig gky BEENhn&EndY BREBLUNE SENESIRACEicial effect! NBileashed
mechani sns prgdUCIT?ﬁtf%ég?ﬂgg:e%s%oglglééﬂg% gTéS% E etstélﬂagﬂ}kgomg
but the authof¢ 6f e present TAVENtT on sugggéP t hat - thi s could B
associ ated wi PR Y5'déf-icit in the activity of enzyne tel onerase
whi ch synt hesi zes t hadmepebttdvrsequancessnf Dhs chasiget erihiowiher

t el omer es, thgﬁg?gﬁﬁgﬁgy ghﬁagg%%ﬂg | engt h thereof. The

tel omerase is very active tal cells, but has not much activity
in adult ti'dsue cel)l SNCHRSHKaFEL 2D 3| FOAPKOTTRE iAFTHILAHF cel|'s, but
t hey have been obse®riesknage | nfeceédutat | sybytwsiaisyorat unbar doekbss
It has been observed;4halidteekg;i s a progressive reduction in the

nunber of in vitro teloneric repetitigns, as well as in functign of
cel l ul ar agei ng i%? Qﬁpcqwhpgh significant alterations to c¢ellular
oxidant status at the dosages administered;

15 d) Adaptive cellular antioxidant activity.

Due to all the above, in a preferred embodiment
the present invention relates to the use of
docosahexaenoic acid for manufacturing a pharmaceutical

20 composition for treating a pathology associated with
cellular oxidative damage, said pathology being a
neurodegenerative pathology, preferably selected from the
group that comprises: multiple sclerosis, Alzheimer’s
disease, Parkinson’s disease, amiotrophic lateral

25 sclerosis and muscular dystrophy, among others.

In another embodiment of the present invention,
the pathology associated with the oxidative damage is an
ocular pathology, preferably one selected from the group
that comprises pigmentary retinosis, macular degeneration

30 and cataracts, among others.

In yet another embodiment, the pathology
asscciated with the oxidative damage is an ischaemic
pathology, particularly a myocardial infarct, cerebral
infarct, etc.



25 is associated with an inhibiton of the telonerase activity in the
senescence. Likew se, the authors of the present invention have
studied the teloneric length in fibroblasts and | ynphocytes from
centenary healthy persons, having found a tel onmeric shortening during
the in vitro 30 propagation of the fibroblasts, as well|l as a reverse
correlation between the teloneric | engths and the donor's age.

Al t hough the telonere shortening occurs naturally with the cellul ar
replication, a premature senescence and 35 breakages of tel onmeres
when i nduci ng oxidative damage in 19 tA8 DNA have been observed. The
teloneres are nore sensitive to oxidative damage and their breakages
are less efficiently Irepaveed ehanher heempadimerdf tef g&hSne . PrEFESE

| eads to an agguamtadd,ontné t@k@&%@p daeBgea i Chibn producesi dtive
faster shortening during, the JI?EIA repl ca% Oocnesrsedu fe@%ra%‘?ﬁer A%l%lc%
Vv

in
replicative II eg%xpectancy reacti 0Xygén Speci €s

particul arly $uperoxiie asitéHus, h?ﬂﬂﬁ@éﬁnﬁer0&#?&?%&HérOX|Yﬁ$QUlltlsf
radi cal s, c&ngaaﬁéiﬁxdﬁeph&ﬁelko&ﬁaﬁhﬂlmomheOﬂéﬂummaéeSamhmqru;mehe 10

replication of sone %ﬁJ|gh%f%%%pgiefﬁyﬁ$%tQﬂMngﬁ al.5gQ lﬁggﬁaiogy

premat ure senescence regar | orer € shor't eni n
Sur pri si ngl y, 26RecHRitatbrd thf thperprdeddie FHAIR |l§naH%'?/’é°5f @St Rat
t he use of docosahexaemaherassskedoroft tbelbrésadat mantnoiod hics ddlel ukar

oxi dative danpge pah QSAA ey@éteaétllqws atg%neeqlacechteh%a%la%&eriyr'ageéét g Of
the telomeres and, therefore, .inhib the cell ul senesceénce.

The presentd FGEPEDrS hERAF HEGdRE aanve?§e %%rré? HR0 et REEAT h&T

shortening rapecndtiwd cepreseaed. 20 the cel lular antioxi dant capacity
in nore than 20 f|er@k@S&§c sSt §%dﬁblnybsﬁefgméEh@ cgbdddiattions

par aneters of e roblasts are the same as the
normal agei ng $§{h8 ngﬁﬁi Fﬁ%F%ﬂ%l%éP %agcuHngf?oﬁ Flﬁgfﬁggpn
and changes |hnv¢ﬁﬁxﬁﬂu%ﬂ%ﬁﬂﬁ%s%h%ﬁothqmecgﬁiﬁlb@o@ﬁé@@BaWﬁﬁrW%ﬁhoaer
anti oxi dantisdetenee: shof t ehet heict ivet pneses érﬁ%er s@lonvd eV ERBdch

The short eni ng ﬁéﬁeSlﬁgJ Qﬁ t?éé%%aéﬁée sggg é %fC%hhscMQ§£ﬂ%Lé§%?%

ant i oxi dant defeénce scaveq%grs re
short eni ng r afer ofekaneresl oﬁ%?@bieﬂﬁééblﬂldt?a tarelPRIEDICG 8ahce with
t hose showi ng an i npankapklodde el itsheeapt aoxivdanh eozyaesgelglsut ahton

has not much activity in adult tissue cells. TAS have
20 seldom found in normal cells, but they have been observed
in infected cells by virus or tumour cells.

It has been observed that there is a progressive
reduction in the number of in vitro telomeric repetitions,
as well as in functicn of cellular ageing, in vive, which

25 is associlated with an inhibiton of the telomerase activity
in the senescence. Likewise, the authors of the present
invention have studied the telomeric length in fibroblasts
and lymphocytes from centenary healthy persons, having
found a telomeric shortening during the in vwvitro

30 propagation of the fibroblasts, as well as a reverse
correlation between the telomeric lengths and the donor’s
age.

Although the telomere shortening occurs naturally
with the cellular replication, a premature senescence and

35 breakages of telomeres when inducing oxidative damage in



per oxi dase and superoxi de di snutase, in the shortening rate of
telomeres in human fibrobl asts. These dates prove that the | ength of
telonmeres is determned mainly by the 35 rel ati on between the

oxi dative stress and the cellular 20 antioxidant defence capacity.
Thus, the length of age-dependent telomeres is an accunul ative
measurenent of the history of the oxidative danage that a cell has
undergone along its life. 5A correl ation between oxidative stress and
shortening rate of tel oneres has been shown for hereditary

pat hol ogi es associated with disorders insthe mtochondri al
respiratory chain and for Down's Syndrone. Therefore, the existent
rel ati on bet ween t bga 1heowi datene dedduvledr damagedlomBhds argrd hevore

telomere shorteRing; 4Ndd txi8AELEL ddhaljaeane! Lullar p3enRScENCE-Alilqw
to use the doco%ahexaenm c acid as a powerfu I‘Otﬁctl ve alg)ent in. the

d ful .
natural proce§SToF Rt oher®23n6rt ERThHIFF &875R PANFBT t BT, Kgerdt 8t
premat ure seneseéaceto 150n tdmwonhetitandif t Heloserdt edemamss fabrichhe

production of ,0pBG8ss hatdh¥tasi @h@ﬂ{éﬁh@f Aldihghashes emel alepdivantages
in respect wth other met hodg_lbgsed on.c eE}hcal synt hESIeS and
subsequent pr GESEEEY of PRuriF EART of PERFS ‘f%grlé%ﬁi SAPeSERAr At i GRS,
mol ecul ar di sttebbaivon cxggeet sPecithe (RAX)er payjuiqud aantyr estperoxide
condi tions of apkbagd higitdeempepatykase WHeh erubdipar tidldal sjesteay
al | doubl e boynds) all-cls,of qmRdasS BUFARBy oxjdalian. Byiels-Lpans
i sonmerization or mgr.aeil ofi of doubie bound. Thé soft conditions tsed
in enzymati¥® §¢AL RO (EmFERSt GPeL R TRt YES Sy hgReBOROYHY G-"BYaRdso

| ess chem cal ineagentspmptoré desnassymidetégaallleanadf veheonsarcwieng

t he ori gi nal ?BBPEéHng.Of onega-3 PUFAs with an increase in the
structural selectivity in the acyl %:e%/ceri des, considered to be the
nost favourabl e chen‘i%’&lpréﬁm‘@tl(rré: GHFRCTRIt t5henRIFS 38 hotHiengfon
Vi ew. ha¥he Zphad mhceut tbal veenpbsdbcomicomenescngcDBAfoan the

found in the ftormpdnan,oi Lhor cat eyl sb0ma ok cRakage Pgradihnistl gl ed
by oral, subli Egual ,. int ravenous, | ntranuscul ar ’oft %lecglelomeres and

subcut aneous BF 7%t TEGUEEsthg shortening rate

therefore, inhibit the cellular senescence.
The present inventors have found a reverse
correlation between the shortening rate of telomeres and

20 the cellular antioxidant capacity in more than 20
fibroblasts human strains. Most of the cellular parameters
of these prematurely aged fibroblasts are the same as the
normal ageing of these cells (morpholegy, accumulation of
lipofuscin and changes in the genic expression). The

25 fibroblasts with a lower antioxidant defence shorten their
telomeres faster and vice versa. The shortening rate of
the telomere is higher in cells with a lower antioxidant
defence. Furthermore, free radical scavengers reduce the
shortening rate of the telomere.

30 These data are in concordance with those showing
an lmportant role of the antioxidant enzymes, glutation
peroxidase and superoxide dismutase, in the shortening
rate of telomeres in human fibroblasts. These dates prove
that the length of telomeres is determined mainly by the

35 relation between the oxidative stress and the cellular



35 even by nerely bringing the active ingredient of the 21

m croemnul sion of the invention in liquid or vapour forminto contact
with the ol factory organs situated at the entrance of the respiratory
tracts. Thus, the admi nistration can be carried out by spraying,
msting or 5 atom sation of the mcroenul sions or by inhalation.
Optional |y, sai dphar maceuti cal conposition further conprises a second
active ingredient. Simlarly,thepharmaceutical conposition conprising
DHA can be used in the food industry for the 10 purpose of enriching
food products (e.g. lactic products suchoas yoghurts, mlk, etc) with
a natural antioxidant agent such as DVA Therefore, in

anot her enmbodinendxinfarthedgfesentcdpaednyyi orthsal d {lear beead | ¢l age-

conposi tion ige éHtSth'erl%Q\e}QSt Ds aaﬂpaéé&@mwe% Sm@ééﬁ%%arteﬁﬁ' vhag

a treatnent against a ol ogy assocj at e oX| ftlve %
Anot her obj ecPi®fOthepridse REIFAVEYR i 98 thETuReC gone

enhancer agentlomytites dpdets perfornmance and as a regulatlng agent of
bl ood gl ucose 'evelSﬂﬂuréaﬁkéﬂat@BMSlQ@kwgéﬁorbxldatlve stReddli Sav@y,

the authors of the present inyention have s nd th t the
use of said ABRCEHBTEoRare Gkt UUPFRG PhySIeen SEREPLTSe TGRdecrs an
i ncrease in thetquHQM§Spesﬁgcn%uﬂﬂawmahnda$¢wdﬁ}5bhoouhQSmgﬂQﬂhmﬁérlal
| evel s (glycegégglﬁggdyy eHEn PhS is6! DeXer £iss@akvhé hout adnlnlsterlng
car bohydrates). t%h%rgggégft %H t'E%;%ES%E”tref éﬁgﬂ O%btwgen the

10 oxidative cellular damage in DNA and the telomere
shortening and its effect in the cellular senescence allow
to use the docosahexaenoic acid as a powerful protective
agent in the natural process of telomere shortening and as
an inhibitory agent of premature senescence.

15 On the other hand, the use of enzymes £for the
production of omega-3 fatty acid-enriched oils has several
advantages in respect with other methods based on chemical
synthesis and subsequent processes of purification
(chromatographical separations, molecular distillation,

20 etc.}. The latter require extreme conditions of pH and
high temperatures which could partially destroy all double
bounds all-cis of omega-3 PUFAs by oxidation, by cis-trans
isomerization or migration of double pbound. The soft
conditions used in enzymatic synthesis (temperature lower

25 than 530°C, pH 6-8 and less chemical reagents) provides a
synthetic alternative conserving the original structure of
omega-3 PUFAs with an increase in the structural
selectivity in the acylglycerides, considered to be the
most favourable chemical structure from a nutriticnal

30 point of view.

The pharmaceutical composition comprising DHA can
be found in the form of an o0il or an emulsion, which can
be administered by oral, sublingual, intravenous,
intramuscular, topical, subcutaneous or rectal routes, or

35 even by merely bringing the active ingredient of the



"amateur” or "non-conpeting sportsnen” is taken to mean any person
doi ng physical exercise in a sporadic way and 30 non-professionally.
And by "conpeting sportsnen” or "trained sportsnen” is taken to nean
any person doi ng physical exercise in a regular way and/or at

prof essional |evel. Likew se, the terns 'physical exercise" and
"physical effort"” are used in an equivalent and 22 exchangeabl e way,
as well as the term"sportsnen” is used for nen and wonen. Sports
performance 5In order to evaluate sports performance there are
several paraneters which allow to give &t val orati on about the

| nprovenent of such a sports perfornmance. I n sportsnmen doing
aer obi ¢ sportsiamwamdséase oifn thie ipeehbiemnie ILsyecbhspderepowheform

there is an Imtrc,eaé@n&fctlowme PRE CENEAGEQf OXNGRN HBXIJUE at the
consunption VVI%? in the ﬁB%anaeroblc threshggcp S|n%g VCQnE%P
hardly increa¥¥ q@&?lngog coMBRti t TSR EEEEHA | n- VTS el F PP ai n
sportsmen. Lizdiigishzagesni gan e pmrgértaget oby VO 4y200, n i Aking or
threshol d aseaglatidadibaCHE ytﬁeelnat:@deﬁ@leaﬂ@nlsnefelagsemﬁ"alhilbhe

per f or mance. The rgsent ent t

statistically s ni f PREAT” %% fease %o gﬁirﬁgéﬁnggﬁgﬂ Q%%ﬁgfkkﬁﬁn
bot h absolutef%ﬁég9r0$9TPEﬁﬁFﬁwﬂ serged %FQ}W§36?9%%@%R2$ ‘to the wei ght
in the ventilatory similarly, the pharmaceutical composition

comprising DHA can be used in the food industry for the

10 purpose of enriching food products (e.g. lactic products
such as yoghurts, milk, etc¢) with a natural antioxidant
agent such as DHA.

Therefore, in another embodiment of the present
invention said pharmaceutical composition is administered

15 to a patient who is already receiving a treatment against
a pathology associated with oxidative damage.

Another object of the present invention is the use
of DHA as an enhancer agent in the sports performance and
as a regulating agent o¢f blocd glucose levels during

20 physical effort.

In this way, the authors of the present invention
have surprisingly found that the use of said
docosahexaenoic acid during physical exercise leads to an
increase in the sports performance maintaining blood

25 glucose levels (glycemia) after such physical exercise
(without administering carbohydrates).

On this context of the present invention, by
“Yamateur” or “non-competing sportsmen” is taken to mean
any person doing physical exercise in a sporadic way and

30 non-professionally. And by “competing sportsmen” or
“trained sportsmen” is taken to mean any person doing
physical exercise in a regular way and/or at professicnal
level. Likewise, the terms “physical exercise” and
“physical effort” are wused 1in an equivalent and



20 threshold 2 when conparing basal triangular effort trials with
those carried out after four nonths of treatnment with DHA. The

I ncrease of this paraneter is shown for both conpeting cyclists
(p<0.047) and non-conpeting cyclists, being the difference in the

| atter non statistically 25 significant (figure 24) Another paraneter
related to an increase in the sports performance is the increase in
the cardiac frequency wherein the UV2 of the effort trial is set,
since in case the cardiac frequency increases in the 30 anaerobic

t hreshol d, the sportsnen are consi deredzio be capable of slightly
Increasing its ability of keeping the aerobic netabolismin higher
intgnsi t}eS- Jhandeessnt wayeniorseilavwe gﬁsewﬁd ‘aépdmmeazei's Méde
cardi ac frequency in V. p = 0.082 en conparing said 35

par anmet er obt%?ﬁé‘rﬁﬁ%ghéoﬁﬁghl trial with that obtained 23 in the
triangul ar trSRREYE PREERTAIRGShs consuni ng DVA. These dates are

not ably shown (p<0.017) in the subgroup of cyclists with a high
competitivesl evel (Fhgubesds)coSlfnilics L0REL pdifGabeanlicSRSE

in the tinme needed to reach t statistica i gni ficant 2 (Figure
26) . several parameters which allow toygfvé)a véiorat%g% boé{

the improvement of such a sports performance.

In sportsmen doing aerxcobic sports an increase in

the performance is considered when there is an increase of
10 the percentage of oxygen maximum consumption %VOzmx in the

UV 2 ({(anaerobic threshold), since VOp;max hardly increases

during a competitive season in very well trained

sportsmen. Little changes in the percentage ©f VOzmx in

the threshold are data directly related to an increase in
15 the performance.

The present inventors have shown that a
statistically significant increase of the  oxygen
consumption (VOz), both absolute (p<0.019) and relative
(p<0.036) values to the weight in the wventilatory

20 threshold 2 when comparing basal triangular effort trials
with those carried out after four months of treatment with
DHA. The increase of this parameter is shown for both
competing cyclists (p<0.047) and non-competing cyclists,
being the difference in the latter non statistically

25 significant (figure 24)

Another parameter related to an increase in the
sports performance 1is the increase in the cardiac
fregquency wherein the UV2 of the effort trial is set,
since in case the cardiac frequency increases in the

30 anaerocbic threshold, the sportsmen are considered to be
capable of slightly increasing its ability of keeping the
aerobic metabolism in higher intensities. The present
inventors have observed an increase in the cardiac
frequency in UV2 for p = 0.082 when comparing said

35 parameter obtained in the basal trial with that obtained



Finally, the cardiac frequency for the same effort level is lower if
sportsnmen are aerobically trained. The 10 present invetors have seen
that in cyclists being adm nistered with DVA cardi ac frequency
decreases in a statistically significant way (p<0.043) when conparing
these data for both trials at the point when sportsnen consune 2000
m 02/mn (Figure 27) 151t can be concluded fromthese studies that
in sportsnmen taking DHA for 4 nonths an increase in the consunption
of oxygene, absolute and relative, in the U2 (p<0.008 and p<0. 015,
respectively), an increase in the charges corresponding to the Ul2
(p<0.063) and a decrease 20 in the cardiac frequency when sportsnen
presents an oxXygene caniaugplaontefal0@@tet/ i mdmp=s 06&)sunaive bRiem

observed. Al ITﬁgﬂsees%aggs AL aﬂ%%ﬁﬁ%&&ﬁf@%% iﬂ:?r@%'s%uiaﬂrla%goofng

sports performance after taking 2. DH h iG capsul of

at 70% by wei Gt S L] ‘gﬁ?tﬁjtw%i ﬁ°§P%%lfdé’|€| yeiRs el G E ?rght hs. Said
quantities are expressed by way of exanple and non-limtative of the
present invéntion. In this Segerdl thesehém eal ivareéadpt esn rehant vidnet o

oxi dative danpggiwene ksenapatyes afdiek) 8§ f odnidicahs. u90l (ridllasm
Total Antioxidant Capacity (PTAC). There is a general and significant

statisticall);2 ncrease of PTAA (p<0.05) while carrying out
rectangul ar trials. FTheskli.ndheasasdiae freghency nfapdmessencatfiert

bei ng adni ni sigfead iBHA @l LA e@ovesksn O hadxbsicdelyNgrasnad 35rhe

e oA RS L g D ae00 A sty fifderne,

weeks by amataiinggberefrenithi Qiite TBdizc. WMEIURYFYi AEGERFERS (MDAR

MDA is the nosddtystically significant way (p<0.043) when comparing
these data for both trials at the point when sportsmen
consume 2000 ml O;/min (Figure 27)

15 It can be concluded from these studies that in
sportsmen taking DHA for 4 months an increase in the
consumption of oxygene, absolute and relative, in the UV2
(p<0.008 and p<0.015, respectively), an increase Iin the
charge corresponding to the UV2 (p<0.063) and a decrease

20 in the cardiac frequency when sportsmen presents an
oxygene consumption of 2000 ml/min (p<0.062) have been
observed. All these are parameters indicating an increase
in the sports performance after taking 2.1 g DHA/24 h (6
capsules of 500 mg at 70% by weight), distributed in 3

25 daily dose for 4 months. Said quantities are expressed by
way of example and non-limitative of the present
invention.

Several biochemical variables related to oxidative
damage were also analyzed after eiffort trials.

30 1.- Plasma Total Antioxidant Capacity (PTAC).
There is a general and significant statistically increase
of PTAA ({p<0.05) while carrying out rectangular trials.
These increases are higher in sportsmen after being
administered DHA for three weeks, both considering as a

35 whole or as competing cyclists, without showing any



5 obtained product after reacting |ipidic peroxides produced by

oxi dative stress with thiobarbituric acid. It is shown that a
significant increase of oxidative damage to plasmatic lipids while
carrying out all effort trials (p<0.035). After DHA ingestion for 3
weeks, oxidative 10 danage to lipids while carrying out the effort
trial is lower then that at the beginning (p<0.05). This difference
is much nore inportant for trained sportsnmen than for amateur
sportsmen (Figure 29) 3.- 8-o0x0-7,8-di hydro-2-'-deoxyguanosi ne(8- 15
oxodG@ . 8-o0xodGis a oxidative stress btdbmarker. There is an increase
of oxidative damage to the DNA while carrying out rectangular effort
trials ( p<0.@dfereTkes botiwdati besdhmigéadi andi shéslafreatized after
adm ni st eri ngcddAnfiay Buneeks (<. Q38ks Jhismabdecr easeridhehn@rigure
oxi dative str% s is nore 20 inportant in non-conpeting cyclists than
in conpeting @cl ists, this difference not being statistically
significant (Figure 30y Gaecanidiatdriivde MPA). MDA ipp HrdeRosoly
study bl oodsghmicased evelsca dmetrargdtaineffigitiitrbatodiar sC pbiesedut

on a bicycle roller, w, I char. i i .aqui-yalk en a
rate corres pobrr\aionxgldta\o%%g‘yg B@%%n%?xh ?gﬁlgﬁﬁg?iegj%v?g%%ﬁ ﬁé %% %gx%%‘%nl
triangul ar efft & | HLIPAALR NI NP ARES8| 0P coRtatiteat daMIEF uetDf

2% The tine gxasrzhect rigdidss €018 nubesyianrd the ecdnsuapfamon ofiavt er

t hrough th.e Sﬁ:%.'o%s??r rAiet%rouBH@d J.lnngé{HEH for 3 weeks, S'oQ@@ative
beverage w th ‘carbohydrates were _not "35 | ngested, an ogl ycem a, was
expect ed. FHi W@ty cERIES B SEEHHYD x?'ﬂ%c{:?%ne?%(‘g’éﬂt Hnut%es
after the endiofert hdetr ihit iat ridepbeginminchepsPadbl ndisianglié fobemined
twenty mnutes; bgfiore fohe st@didrkants oWk dihcihesdddtshetfl fiofh tdal ,
as it was expected. However, data obt% ned after 5 the DHA

adni ni st rat i FHPFEHTF SBPE B h' "eRBOF a“ St at i stical |y signifi cant

gl yceni a nui nt ai nemedtT whi&tragad - BodilabiroZed-peexyangsiopiand it (8-
represent _51§| fﬁ&Hd@ar)i.Sia?gxéh@dgélga i &idﬁibeabgiﬁﬁb rgkjﬁi&ﬁ?rr&br. Ceperal iy,

a statistica significant decrease < RUM

| evel s thr ougah%u nc?ceegtsgnogl 3’?1‘% ort d%‘rglaég e o %e%@eﬁ?l%vﬁ%?,&t e
behavi our is @it f seemnapependififgrsn THeleyp@<6f 08pbr t Sheh rcsigative
anal yzed (p<d3) dimidiesheadseadierusaahinisoeapeyi mMiryedt st3s, weédler e
vas no st onit | Lanlsal | ahi QNalD- LI 19, 94 CA5R.05,01 YEPMLE MMIAOL,
the trials, but in case of amateur cyclists, the decrease of glycem a
during the2Bas®onteps| % MCGREPTEHENY ok s EBﬁﬁetJirthE?gﬂy’srigs
and after takingiBHA,forclBianeekstderdraer moit hs pedagd decrteasecally

virtuall'y di sappeanig.hEl g fsre3%0)32 and 33).

Glycemia studies
25

In order to study blood glucose levels a
rectangular effort trial was carried out on a bicycle
roller with a maximum charge maintained equivalent to a
rate corresponding to 75% of VOmax calculated over the

30 maximum triangular effort trial, maintaning the slope
constant at a value of 2%. The time for the trial is B0
minutes and the consumption of water through the same is
carried out ad libitum.

Since Dbeverage with carbohydrates were not

35 ingested, an hypoglycemia was expected. This hypoglycemia



20 The existence of nornoglycem a during the effort trial at 75% of
VQ2mex for 90 m nutes w thout drinking the beverage with
carbohydrates represents a finding which connects the behavi our of
DHA during a physical effort with that observed and above-nenti oned
inrelation with 25 the increase of insuline sensitivity. In this
regard, Goodyear and Kahn (1998) concluded that the nol ecul ar
mechani ns underlying the response to glucose in the skeletal nuscle
by insuline or exercise, are different after the publication in 1997
(Wnder and Hardi e) about 30 the fact AMPK (AMP- activated protein
ki nase) was high in fibers ha during exercise, considering that AWK
has a pl ei ot repi seffdeekticabi bird | tgrentet yhinfods catteaxyhasenansf the
promoting gl ucass LI ANSDGIdoAMNG. Al NEa AGLONSaTE! BRRS inddl Bulily

explain the fi'nding abou cem c_response erent In

. y
sportsnen fromMRYES é%?&@é?e&%ﬁc@(’ilaaithg t® chevn 267 sthEi 4T hr FFEW out
in sedentary fpeigql,e.as it was Erpmtdiesdicstavdiresdabsubbtatnadt 8 Oremof

DHA over thg rtguRer f i mncerapthgl Yeer a,sddr CapoRensonghiged 4 he
foll owi ng: 51 been pr_ovegﬁ(t:hat t he continuous_jngestion of .DVA

It Is

for nore t har® BAASERSHFBdFEEELEACTIE r FAYESTIF t HELPFANNE SFdr al “Pich
Ant i oxi dant Gegracicdty opPFAG)d inreyigenty adndarid searéstntemld purprising
significant weydiRg04105nd nhAtiRcgopPeddddnt,ve and amateur cyclists.

Al so, the oxidative 10 dam%e I Lg)itds I Sai vvers.%g.<9.ga5gt (ggegig‘{seence
which is nore inport 3RES¥ O Yr af nedh PS¢ Efen’ ¢ RAR T 0T Anat ear
cyclists). 1Fi frdd.P00Bt hésseran showss Havelhetlreheiouto IERAATRAN ed
by urinary maskeyri( 8+exeUdG)igeaheasesdaf tivevaki ngriHA Hedvibuge is

weeks (p<0.035)...152) | heen _pro t after S

cont i nuous in(gl?efsfteir%ﬁ)cof &ﬁdﬂgﬁe §g0r¥l§gpeé}?’%r né%lcesffdbsrrﬁ%?%ﬂer% _be
(increase of @FWgedantPtlrd®3ac fieqidfeytask Wl | vasather CRBPEEHISAge
of VO max in dhaidvz). Ahere aast atbststalilficahgni faciattion in  the

nor mogl ycentayd e &ff oft, RAibr idl-1hgr 3 MAUEES 8l 79% afaMC2HHaX
carried ouft four nonths |later consum ng%DIVA gﬁs een observ
e t

ed.
The associ at i SHRTEMIhoEFE S Eet sthn %8R EBoft SYerforthince
and nor nogl ycesdzd duriiadg dsomggperi tdaexéncirsedlls compesabt whrthsias
not expected Ny kpawn LoxZ2R; tBEaakbr 3 weeks JHUMEOSF MBESEnd,t O d
be concl uded that thi s.ass%gl{ atj,on_ of eff%pts S 3plle5| r.abl g %d coul d
(Fig . 327 3n .

be ergogeni caleHedSesV %o RASRRPS3*S ures

20 The existence of normoglycemia during the effort

¥
aln

trial at 75% of VO,max for 90 minutes without drinking the
beverage with carbohydrates represents a finding which
connects the behaviour of DHA during a physical effort
with that observed and above-mentioned in relation with
25 the increase of insuline sensitivity. In this regard,
Goodyear and Kahn (1998) concluded that the molecular
mechanims underlying the response to glucose 1in the
skeletal muscle by insuline or exercise, are different
after the publication in 1997 (Winder and Hardie) about
30 the fact AMPK (AMP- activated protein kinase) was high in
fibers Iia during exercise, considering that AMPK has a
pleiotropic effect inhibiting acetyl-CoA carboxylase and
promoting glucose transport among other actions. Perhaps,
this may explain the finding about a glycemic response
35 different in sportsmen from that expected according to the



Anot her obj ect of the present invention is the use 30 of
docosahexaenoi ¢ acid for manufacturing a conposition for enhancing
sports performance and nmai ntai ni ng bl ood glucose | evels after

physi cal exercise adm ni stered by any suitabl e neans. I t
shoul d be considered that the European Union 35 Scientific Conmttee
on Food recommends the following 27 conponents for a conposition of
beverage to be taken during a physical exercise (see,

http://ec. europa. eu/ food/fs/sc/scf/out64 _en.pdf). 5 80 kcal /1000

m 350 kcal /1000 mM 20 mmol1/1 (460 ng/ 1) mol/1 (1150 ng/ 1) 200
nOsm / kg wat er 330 nOsm / kg water At | east 75% of caloric energy nust
derive from cerdsb®edcaresediadt darhpgenfianvemieorthar ge (gl ucose,

mal tﬁdext rine, suErO%%T\fthaQé n?t@é—ie% ﬁaﬁm!tlo&&ga&@robﬁwﬂrmze%ver
In this regar t he i.nclusion of car rates is, ai to i.nt aj
the ol yoera the iRt GSaRISERE FRC T e Re st Fon 5r siBelidd
and hepatic gihedgddowingshoul d be considered the drawbacks of

gastric errpt;s%i ng di mypi stlfeils diient @rbbhed i ease g&mosrrmhﬁr iihYestion
generating the ence c ntr s . y :

associ at ed mﬁ?%gﬁﬁgzgﬁéﬁ%ﬁg g?%gaét?%%Qgu?ﬁ%%%%su%geg%?%§?§ef%ﬁ Epﬁ(n
of 15 sport snefsmPoToédhsPRbi @Rt thCapartng FEVerligé WePATE: | &t
concentrat i onsteft icaibahydr at esgiyfiadadi-ng bBEKA capkd. b®) an &1 gogesulc

advant age of Lntgrest € kS . PelfQy Mpce. uidats
Accor di ngl Xe %%%g&g‘s’é ecat%dofér?dh%utr?ecs%%ﬁ?&i %/lesﬁi'i on r elox%_%atﬁ%e a
i h

phar maceut it 8 2GFpdd t+dHConigt i 947 DIBA BES S d* 137 in
the food i ndusiney fopottmtpulposerefinedr isphrhgnémodhpnodimct safatenr

dairy products,3Uchsps gl s, itldds 1Rie) sWolblh @8nbat ¥Rl damage to
anti oxi dant Egﬁgnméggggegsb@H%kiggr§u£gr€gf téugﬁg%gsa%%greases after
taking DHA for three weeks (p<0.035).

15 2) It has been proved that after 4 months of
continuous ingestion of DHA, the sports performance is
higher (increase o0f charge and cardiac frequency, as well
as ther percentage of VOmax in the UVZ). Also, a
statistically significant normoglycemia in the effort

20 trial for 90 minutos at 75% of VOmax carried out Zour
months later consuming DHA has been observed.

The assoclation of both effects (an enhance in the
sports performance and normoglycemia during long period
exercise) is a result which was not expected nor known in

25 the art.

Furthermore, it could be c¢oncluded that this
association of effects is desirable and could be
ergogenical aids still not known.

Another object of the present invention is the use

30 of docosahexaenoic acid for manufacturing a composition
for enhancing sports periormance and maintaining blood
glucose levels after physical exercise administered by any
suitable means.

It should be considered that the European Union

35 Scientific Committee on Food recommends the following



25 into a suitable adm nistration formselected fromthe group
conprising a beverage in all its characteristics for before, during
and after physical exercise; energy-giving bar; ergogenical bars;
solids and preparations for provisioning; dietetic suppl enment and
polivitamnic 28 preparation (in the formof, for exanple, capsules,
tablets, pills, lyophilised form or any suitable mean of

adm ni stration); ergogenical aids; textiles with nanocapsul es for
skin absorption and any other suitable 5 nmean of adm nistration. Keys
of the figures Figure 1. Effect of DHA Zbncentration in the 10
Foreskin cells culture nediumon the intracellular generation of ROCS.
The cells wereomugdrented for t he gmessptéonf of the¢dnassr i e wiet htHoHm by
wei ght of Dl'wﬁﬂﬂr{gel ationgo the tpgg,g_{cglatty acid&riceket hree dayse,

prior to the g ciio rie t with DHR
123 15 on cel¥} R/é&?eﬁ“ﬁgli’% E%SPS%%}W/%K%?W%QJ&% dg?: The data
show t he nean of t hree i ndependent experinents. (B) The detection of
ROS was cargied out with CDCFDA on cells treated with the

xant hi ne/ xant hi ne oxi dase systemfor 180 min. By vvay of conpari son,

t he data obt

I} al c©

m§5?ﬁﬁﬁﬁWhﬁﬂht

§tso%omhelnm@mti on
| % prdi ym.on th
‘re

i ncor por at ed \s
e;(peDlr_liA\rre]pts 20 mmlol/l (4sdd:hgure :
(0] of alft I In the

i ntracel | ul a1r2r°b g‘n%rggfl og of ROS Fi'ured in
t he presence 5f 188Nt 19 gy eEr | e oF gtest HresE® days CEﬁDP‘tYP“aF?P tHé a high
experiment. [Theetnnagender ghhds:, ORLfohexcina@Xhi@rdss) t he equi val ent t hat
woul d be_obtjaj: ngd, Wt B 285b Lo Gy YGEIhHE.RAVI Ng @ DHA content of 70% by
wei ght. The detectTom of "ROS was-Tarred out—wthDBDRR 123 om ctetts-30
treated with 40 mM AAPH for 180 min. The data represent the nean of
three independent experthbntsegarE) Représehtsitdrormiofcarhehpdtate dant

pBO/t egt ' on I ghlrnfgfdattbomaaﬁtﬂ% ﬂwgﬁ?trcéﬁia Ofh Ia}mtege 5%. |a;79fld (Z:ere ﬁ@s]@nd
% Figu u
ToARs 1 OEEp SiapangEt o8 ot meediRe i s t8 SlVestR 98 ek Pe

considered the drawbacks of gastric emptying diminished

(0]

due to the increase of osmolarity generating the presence
of concentrations of carbohyvdrates, associated with the
feeling of gastric fullness undesirably for a 1lot of
15 spertsmen. Por consiguiente, preparing a beverage with a
loer concentration of carbohydrates by adding DHA could he
an ergogenic advantage of undoubted interest in the sports
performance.
Accordingly, another aspect of the present
20 invention relates to a pharmaceuvtical composition
comprising DHA which can be used in the in the food
industry for the purpose of enriching food products (e.g.
dairy products such as yoghurts, milk, etc) with a natural
antioxidant agent such as DHA, or further, incorporated
25 intc a suitable administration form selected from the
group comprising a beverage in all its characteristics for
before, during and after physical exercise; energy-giving
bar; ergogenical bars; solids and ©preparations for
provisioning; dietetic supplement and polivitaminic



cultured in the presence of a triglyceride with 70% by wei ght of DHP
inrelation to the total fatty acids for three days prior to the
experinent at the concentration indicated. The oxidative stress was
i nduced with 40 nM5 AAPH for 6 h and 24 h of latency. The data
represent the nean of three independent experinents. Fi gure
4. Effect of DNA concentration in the Foreskin cells culture nedium
on the generation of superoxide anions. The cells were cultured in
the presence 10 of a triglyceride with 70% by wei ght of DNA in
relation to the total fatty acids for t¥ee days prior to the
experinment. The detection of superoxide anions was carried out by
chem | um ni scergedamiedi at ety dhed | daeng @i ddorveekageict,i oapbulde

cells with 40 M&%PH a@@s' n1§m1%§eexesfmn%}sa 1;;1 de 1B ESRESE Of

10 mM Tyron or _of exo he data are

represent at i v%drb‘fmtsﬁr‘:é@l??]b'epenﬁ’é%‘fge@gﬁ@ i meArss EEREIleR gurEt B
Effect of DNAnmuneestiesi dori mkine sbspeskion cand sapul poher msdl tabln

SOD activity. dhe fehbsigf-e8ogul tured in the presence of a
triglyceride with 70% by weight of DNA in relation to the total fatty

acids for three days prior to the experinment at DNA concentrations of
0.5 (A), 5 (BfewmndisGhpMigyresThe SOD activity was anal ysed
indirectly by anal ysing the decrease in the 25 chem | um ni scence

generated by the Iu%nol as ,a c%%g&uegge %At@%nﬁggﬁggglo#lsn%g)the

activity. Oxidative carried out wt
xant hi ne / 10. 00 Wial LEALE| né’uéki"él%sem%mqrhattfiemre]ditéﬁé%lular
gener at es sup@ér@ﬁadeoanbﬁn}sos JTimedatdl anexepnésentatin ehef ptasee<30

i ndependent exp gﬁgceﬂ&y dﬁu%BmEfﬁC% l%tDBlf\ ﬁ@@qwﬂe@gw@n%

t he Foreskin ce ure me m on wtg he cells werg}&
cultured in tHe prtéé‘élllce dFtw AG-GPycERy dé: £Bh 9898 byP WeTghFCof i8I A
in relation texgdrdnkotal (AatRQS agitdstfor W35 threeedayst priitbr DR lZde

experiment 1 sThe SR AGLIMELY Wash 30 8yahua£@dmmtb@r nogo i RLuCethe
cellular system or .the stem.in AAPH. The

d t
represent at i V&G $iPed end‘b%‘é’nc?& %&%\nerlf‘ﬁ%%‘?n §f i HiRHEL 2 7

The detection of ROS was carried out with CDCFDA on cells
treated with the xanthine/xanthine oxidase system for 180
min. By way of comparison, the data obtained with 100 uM
20 Vitamin E {control) are incorporated. The data represent
the mean of three independent experiments.
Figure 2. Comparative effect of the proportion of
DHA of a triglyceride in the Foreskin cells culture medium
on the intracellular generation of ROS. (A) The cells were
25 cultured in the presence of each triglyceride for three
days prior to the experiment. The concentration on the x-
axis is the equivalent that would be obtained with a
triglyceride having a DHA content of 70% by weight. The
detection of ROS was carried out with DHR 123 on cells
30 treated with 40 mM AAPH for 180 min. The data represent
the mean of three independent experiments. {B)
Representation of the antioxidant protection in relation
to DHA concentration in the oil of 20, 50 and 70%.
Figure 3. Effect of DHA concentration on the
35 production of TBARS in Foreskin cells. The cells were



Figure 6. Effect of DVA concentration in the 5 Foreskin cells culture
medi um on GPx activity. The cells were cultured in the presence of a
triglyceride with 70% by weight of DHA in relation to the total fatty
acids for three days prior to the experinment. GPx activity was

eval uated on the non-induced cellular systemor the system 10 i nduced
with 40 MM AAPH. The data are representative of three independent
experi nents. Figure 7. Effect of DVA concentration in

cul ture nmedium of ARPE-19 cells on the intracellular generation of
ROS. The cells were cultured in the pred®nce of a 15 triglyceride
with 70% by weight of DMVA in relation to the total fatty acids for

t hree days préwktunsd higr eikiper Presance AT The tdbybetdgiieofwiRds Wes by
carried out wdiyHRHR £ 28a4 Alnorrem&tfbra&c%é Bro®dn cebtisy tseadLdray th
40 or 60 mv ofh AAPH, for 13_80 rmtno ;I'Ipee %xé ggrce%%ntthtehecorg%%g ggttg1r ee
20 mdependen‘f experl arative ef
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cells on the AKHHaKbG:l leulrarargerar at iogn 1ateip. T el sepeesestl tiy ed
in the pr ese;}ﬁ fe@ﬁpeérirgléb%g%ﬂg é@er&%ﬁ@s% days prior to the

experi ment. concentration axis I's the equival ent that
woul d be obt ai ned WEhSHR-gJ@ceFﬁE%C%aﬁfngD@ DFRPEFBpET Hi%n oF 78% by
wei ght. The dsimekiion oblROS swvastwear r mediaur aw t EHoHR gE28renicel |f

treated with %%qae%ﬂiﬁsor The0ca1 1 W-Q}% @aﬁ @-uf@?rﬁls%'?ﬁé %Qeéé}ﬁ:e
mean of thr I ndependent exper,i ge%g 5 B) ﬁg ent at.i on Q

anti oxi dant p‘?%taeé'lrllg YPRETA AT StoRE Rt rRth o T f‘ﬁéo%lqo of
20, 50 and 70%%ke total fHFtgure@cIdsEffart tbfrePMAdayhcanticati b orhe he
production ofexHRARRehA. ABP& dle%e%ehbﬁ ofl NRiRebk Sades 8 o3 e:ugtaaﬁdlédw

t he presence of tri Wlt 70%
relation to the fbo‘f a?}g?lx e n‘f%rl%relat&éywoqqom?% Pﬁldatlve

y “aci e S prior
experinent atindwetiadi calt edheorraditsr aviBh. 1PhemMbxPA&H! vandt AassSames

i nduced wi uﬁ A einddPS Lo the NpaaskZd hoOf10 aientyronTher det a0. 1875
represent t [ e t e
‘%J [i‘aacpf Dﬁa&{% &8s ndgpengent 4 iiﬁgg%ér ntative of

Fi gure 10. Ef ncenttati on |n T Gr'e
nedi um on théhg‘@ﬁeﬂa@?wc%ﬁntsﬁﬁé?wwsam ons The cells were
cultured in the presehpe=f 5a. t rAffeycerdafdeDRh t kon@dmnbyawiirghtnoft HaHA

i relation 1,48 heckoldl ?éfk{&ﬁe adflnd Oh_ UBbCEARYS: P! I Al LA Tie

experinment, The det ﬁrﬁt‘l on o gerom anions vas carri out W
cheni | uni n?8c¢&t6e SHBES Gt &Py BRI PERR Y So v d 4t iNre I KagEt e'on“”d-fh P&
cells with AARHwQghM cTheiEAlaira @letiepr eseptattioraloffathyeecids for

i ndependent exReELi MBYESprior to the experiment at DHA concentrations
of 0.5 (&), 5 (B) and 50 pM (C). The SOD activity was
analysed indirectly by analysing the decrease in the

25 chemiluminiscence generated by the luminol as &
consequence of the endogencus SOD activity. Oxidative
induction was carried cut with the 0.1 mM xanthine / 0.005
U/ml =xanthine oxidase system that immediately generates
superoxide anions. The data are representative of three

30 independent experiments.

Figure 5B. Effect of DHA concentration in the

Foreskin cells culture medium on 50D activity. The cells
were cultured in the presence of a triglyceride with 70%
by weight of DHA in relation to the total fatty acids for
35 three days prior to the experiment. The 380D activity was



15Figure 11. Effect of DHA concentration in the ARPE-19 cells culture
medi um on GPx activity. The cells were cultured in the presence of a
triglyceride with 70% by weight of DHA in relation to the total fatty
acids for three days prior to the experinment. GPx activity was 20
eval uated on the non-induced cellular systemor the cellular system

i nduced with 40 nM AAPH. The data are representative of three

i ndependent experinents. Figure 12. Effect of DHA
concentration in the ARPE-19 cells culture nediumon SOD activity.
The cells 25 were cultured in the presedte of a triglyceride with 70%
by weight of DHA in relation to the total fatty acids for three days
prior to the experdteenbn 8SOGD mmi-ividuyedassldvdkbyaspetean arhéhe system

non-induced cgldudedl «Sitst &0 v tAepiceld4d ala Sy shremddpdeced et {4 490 MM
AAPH. The datgh are .3Q representative of three independent

experiments, “R¥ee INCSPERGERE PIPEELPRAYS of DHA concentration obt ai ned
by chemi cal synthesi Eigwrand.-C) Edfeethz yiat PEA syenRrestsat®andnD) thm
tA gngirg cenlt I@gpofAHskq%I IBdéllaé Ewwﬁé i @%%mr Isams apy datdivetgt rgﬁé t@lls

-19 cells an r .Foreskin ce . .
Figure 14. Inf rueenff:ugtc‘f)Fegurl I'f i_tggt Fon- degr eéeéo% %%&q 3’? %r%)%%arln%% [N
cheni cal synthiesisiohk CheDBar tenrebptisn ¢el Fhe atotmrlotieditivoacyes strr
oxi dative stregssd nduged diobMid ntARPERXRrGabhs. BFxguaetibity was
| nfl uence of chem_cal r N pP&GeALage £eld yhar
protection veer%aﬁlgga%%fidg%li glgé ﬁo%eggdﬁggﬁcgdq%ytamyﬁe ARPE- 19 gsé T%m

Fi gure 16. lBf¥ekicest "OMR AohcBhtA4RH o t6n dater 4581 ITFPEPSEBRRENIS &85 on
of gl utation thredRRhdZPesdddts experinéhitence of the presence of BSO

Figure 17. Influencepof, gl uyatEpp.de HOVOSYNRSIS 2000k hen PeLEetage

of cellular protectigm versus oxi.dative stress induced by DHA, I n
ARPE- 19 col | SeHuPE ABTEEHT G 167 DR OHEGREP AT T o7 GIFEBecion of

i ntracel | ul arR@onc&ber atebls ofwegleut apl oerddh Eor eSke n regdegce| néf uence
of the presencs AfcBSQie with 70% by weight of DHA in relation to the

total fatty acids for three days prior to the experiment.

(A) The detection of ROS was carried out with DHR 123 (A)

or with CDCFDA (B) on c¢ells treated with 40 or 60 mM of

AAPH for 180 min. The data represent the mean of three
20 independent experiments.

Figure 8. Comparative effect of DHA concentration
of a triglyceride in the culture medium of ARPE-19 cells
on the intracellular generation of ROS. The cells were
cultured in the presence of each triglyceride for thxee

25 days prior to the experiment. The concentration on the x-
axis is the equivalent that would be obtained with
triglyceride having a DHA proportion of 70% by weight. The
detection of R0OS was carried cut with DHR 123 on cells
treated with 40 mM de AAPH for 180 min. The data represent

30 the mean of three independent: experiments. (B}
Representation of the antioxidant protection in relation
to DHA concentration in the oil of 20, 50 and 70%.

Figure 9. Effect of DHA concentration on the
production of TBARS in ARPE-19 celis., The cells were

35 cultured in the presence of a triglyceride with 70% by



Figure 19. Influence of purification degree of the oil obtained by
chem cal synthesis on the percentage of cellular protection versus
oxi dative stress induced by EPA 20 in ARPE-19 cells. Conparative

study with DHA Figure 20. Effect of EPA concentration on
t he percentage of cellular protection versus oxidative stress in
Foreskin cells. Conparative study wi th DHA. Figure 21.

Ef fect of EPA concentration on 25 intracellular concentration of
glutation in Foreskin cells. Influence of the presence of BSO Figure
22 is a conparative bar graphic show ng3the effect of the DHA
percentage in a structured and non- structured triglyceride at

di fferent dosagbsghi nof eBpectin3@elkt ot heo peheentbgk 6bttel hecids for

protection. Said.figure 22-810Wsot henSULREESIRghy esul tsnof sthaecabbgct
of the present addition en co ring a non- structured %I. er deM
cheni cal stru%?‘&ﬁ%lt(rtattllaf‘yc%‘? d’réj%%\ﬁtfget%%ressfnﬁ'agtfﬁ%‘fciﬁde \%gr 3%] n
sn-1 and sn-33ppisifomrs Barithed eard repkaced Wie MHatgpmgpiresaet dthe
I(Strluct_ured)s, T@ﬁ h:)off %%{ﬁé{)?ﬁ@l%ﬁér@@%}%”gﬂ:&rﬁ@%ﬁ:@e \Ilz\nrt h Evvo fS_tarti ng_t
cg\r/\ebz Iolr)]sg?\r/]eg t hat T4 EReSane 1% aﬁ%%er?%e?\ﬁat%Hgn,ccfrhcg%péragg?\ ;%glr thé
protection of ARFRr- 18 dowsddahexadnvie ale@iUthciportdted 9SRLE2ERRN sRD
position of asgbesessicdeahséRsICtIHLd))lE Neday iduthasd #n titiegbyeeende,
shows an of i ¢} ency. WD | 5. APRLOYLEDE Gl e Skl BB DB Of1PrehdRRohES
of a glyceride contai*nrng non-structureée . ,

10 the total atty acids for three days prior to the
experiment. The detection of superoxide anions was carried
out by chemiluminiscence immediately following oxidative
induction of the cells with 2APH 40 mM. The data are
representative of three independent experiments.

15 Figure 1l1. Effect of DHA concentration in the
ARPE~19 cells culture medium on GPx activity. The cells
were cultured in the presence of a triglyceride with 70%
by weight of DHA in relation to the total fatty acids for
three days prior to the experiment. GPx activity was

20 evaluated on the non-induced cellular system or the
cellular system induced with 40 mM AAPH. The data are
representative of three independent experiments.

Figure 12. Effect of DHA concentration in the
ARPE~-19 cells culture medium on SOD activity. The cells

25 were cultured in the presence of a triglyceride with 70%
by weight of DHA in relation to the total fatty acids for
three days prior to the experiment. SOD activity was
evaluated on the non-induced cellular system or the
cellular system induced with 40 mM AAPH. The data are

30 representative of three independent experiments.

Figure 13. Effect of DHA concentration obtained by

chemical synthesis (A and C) or enzymatic synthesis (B and

D} on the percentage of cellular protection versus

oxidative stress in ARPE-19 cells (A and B) or Foreskin
35 cells (C and D}.



10l n such a figure 22, the protection percentage indicates the

rel ati onship between the difference in the intracellular
concentration of reactive oxygen species of control cells and those
treated with DHA in respect with the control cells, both subjected to
the sane oxidative 15 stress expressed in percentage. In other words,
the existence of a protection percentage indicates in the treated
cells a significant statistically less intracellular generation of
reactive oxygen species in respect with the control. 20Figure 23 is a
conparati ve graphic showi ng the averagesztength of the telonere in
human fi brobl asts cul tured under oxidative stress with or w thout DHA
i ncorporated vs. theFQQﬁSenumbGR1QﬁeﬁeélaﬂEpurﬂﬁmuhﬂidﬁﬂﬂbgrgaidfft@mre

23 shows the sy pBJbééﬂ&hcf eg%wgl? hf‘sy%?h%%f%agfthéh%%g e

addition at observin resence -0 ati ve stress
condi ti ons, t‘Fl"él]t%a&nﬁr@tsﬁ‘bﬁrbﬁeﬁﬁuﬁnﬂ’él;@altswleoﬁ/EFe?*‘f’l IERsELL PY BPhe
control or w ilm@ARPEMIA cEllgire 24 is a graphic representing the

gbsol ute 30soxygen ceRgypptiHn nnfltu:aﬁc eVERL Lhah{ a t&&%&@ew &dﬁﬁé\ﬁ)
or conpeting, non-conpet.i ng, 7 uflar pr%éc I Sts _at basal, Fei\l{ge and

after 4 nont RTEAYRGEDRA. © GareR 25eT %

representi ng indvasar Byabii riggd&REy 1P ncaMZ .f or conpeti ng,

?OE cormDatA ing and al I;lé&r@ychsstggate@@sabfl ﬁmh a%n@éﬁ@fatﬁo{ﬁﬁnt%}ﬁ
akin ure is a gr Le. [ epress i me
needeg to reaéﬁnfﬁe163&a¥oréhc%%5r gt 9 ﬁagéﬁ% ¥ g’ a ﬁ? Fsts
at basal | éfeln&ngngpt ef Wmteﬁ§nf’%.k‘?ﬁ'l@%| A. Figure 27 is a graphl C
representing the cardi&erd flequemﬁflldéﬂdeng dihe §DRSAUIPMI OOl ZHR0

and al1 oycl i SHLTERIE of BpY bpraRited, 2" sETRRL Moarats G PELY
Figure 28 is %J&aéﬂﬁ?csﬁi’é‘iﬁsesl@ﬁﬂ:ﬁ% k't’fihém}fﬁ'*l &§n%R?%'t]a9| C&ﬁtlﬁom dant
capacity for conpeti Rijgureon- t®npeEffigetl0 ahd BHA sSpontsmeratdionbasal
level and abtgf 3ceeeksat ak&&g:e%éatm eagh CaSR.:LBAr LS shon tbhe

anti oxi dant c cit fore eft bar) and the ant| oxi dant capacity
after (right %égﬁ)s tﬁggglf?rb‘?etglf 8¢ . pr‘gsence of BS0

Figure 19. Influence of purification degree of the
oil obtained by chemical synthesis on the percentage of
cellular protection versus oxidative stress induced by EPA

20 in ARPE-18 cells. Comparative study with DHA.
Figure 20. Fffect of EPA concentration on the

percentage of cellular protection versus oxidative stress
in Foreskin cells. Comparative study with DHA.

Figure 21. Effect of EPA concentration on

25 intracellular concentration of glutation in Foreskin
cells. Influence of the presence of BSO.

Figure 22 is a comparative bar graphic showing the
effect of the DHA percentage in a structured and non-
structured triglyceride at different dosages in respect

30 with the percentage of cell protection.

Said figure 22 shows the surprising results of the
object of the present addition when comparing a non-
structured glyceride chemical structure (triglyceride)
with the same structure wherein sn-1 and sn-3 positions

35 have been replaced with caprylic acid (structured), both



Figure 29 is a graphic representing the oxidative 15 danmage to

pl asmatic |ipids according to MDA concentration for conpeting,
non-conpeting and all sportsnen at basal |evel and after 3 weeks
taking DHA. In each case, there is shown the oxidative damge before
(left bar) and the oxidative danmage after (right bar) the effort
trial. 20 Figure 30 is a graphic representing the oxidative danmage to
DNA using the oxidative stress bi omarker 8-o0xodG for conpeting,
non-conpeting and all sportsmen at basal |evel and after 3 weeks
taking N-1A. In each case, there is shod# the oxidative danmage before
(left bar) and the 25 oxidative damage after (right bar) the effort
trial. frofri gur eeBdynafia gsapiiec vwepr edent i sigpttheggl yas@mtisa im
conpeting Sporhsteiy G ipRE & Py singahogffort who did not take DHA or
did it for 3 weeks or, 4 ths., Figure 32_is,a graphic.representin
the glycemia 30 in n&“ﬁPE‘g?%%& isfﬁauggbrtlgnﬁﬁndﬁ?i% Sgr%%%l/s?lgaa etffiél}l?
who did not takme Depnegntdiadiion, f ghe3 RRFERETFe 40hpREAESCLion of the
Figure 33 i $ ao@saiiixachepEeaendl ﬂc&ftﬁaﬁl}ﬂt}é@?‘mnaoi RheOEERi rp@saEdon
non- conpeti ng_sportsne ri. a ort.ywho ; ake

or did it forog weeks r}gc%riggmnlt?gggc%eﬁs’ . lMTh%A%&%gge\%hg 2
exanpl es are FREJIREFiFE. wahOWT 31 IeFSL phencit G ndh- FPRPdfpely 3
exanpl es of themdfvanghen. thakxamaktesof VATERIyARS: AND cVETHONS:-Chon-
EVALUATI NG A“g1£§ﬁé%?¥5 AGAIVITY 10 Cell cultures The

cel lul ar nodel's used were Foreskin cells (undifferentiated epidernal
fibrobl asts0 CRL- 20768} aFPARPESIGUERI P4/ (106 i PigpieRPaRproentage
epithelial celbhdicd@Rs2302) wikaineshfy dmettWweenAntel chiffeypecult urise
Col l ection. intracellular concentration of reactive oxygen species of
control cells and those treated with DHA in respect with
the control cells, bkoth subjected to the same oxidative

15 stress expressed in ©percentage. In other words, the
existence of a protection percentage indicates in the
treated cells a significant statistically less
intracellular generation of reactive oxygen species 1in
respect with the control.

20 FPligure 23 is a comparative graphic showing the
average length of the telomere in human fibroblasts
cultured under oxidative stress with or without DHA
incorporated vs. the pass number of cellular populations.

Said figure 23 shows the surprising results of the

25 object of the present addition at observing that in
presence of DHA under oxidative stress conditions, the
telomere shortening index is lower in respect to the
control or without DHA.

Figure 24 is a graphic representing the absolute

30 oxygen consumpticn in the “wentilatoxy thresheld 27 (UV2)
for competing, non-competing and all cyclists at basal
level and after 4 months taking DHA.

Figure 25 is a graphic representing the cardiac
frequency in UV2 for competing, non-competing and all

35 cyclists at basal level and after 4 months taking DHA.



15 The cell cultures were kept in suitable growh conditions of
tenperature (37C), CO2 concentration (5% and humdity (95% in an

i ncubat or specially designed for this purpose. The ARPE-19 cells were
mai ntained in growmh up to confluence of 0.3x104 cells/cn2 in culture
flasks with 20 DMVEM F12 nedi um (Bi ol ogi cal I ndustries) suppl enented
wi th 10% bovi ne foetal serum penicillin antibiotics (100 U nlL),
streptonmycin (100 pg/nL) and gl utam ne (Biological Industries). The
CRL- 2076 fibroblasts were kept growing in culture flasks in Iscove's
nodi fi ed Dul becco's nedium 25 (Bi ol ogi ca Industries) suppl enented

wi th 10% bovi ne foetal serum penicillinantibiotics(100U/ ),
streptonyci n(100 pg/ Aiyuaad 26 utiani me@Bephdgi calpresdnsing edhe Thine

cells were tragsi&l red f&rc@%m@e ﬁo tclaa §’e|p§c§raﬂc§1-%mbeﬁ-lng?7&d
fromthe 75 rri

able to carry®b qlﬁré E'-fﬁ?p%F I?Taesfﬁ?i (lfﬁ% e‘—T“? % erﬁorh? aolrgn O%OI%%

DIMinto the cel I s Figure 27 isDHA-TGRES aftﬁfé-‘@séfltfé/agl 6he cardiac
concentrat i gnsrd&idhn cﬁélaM tBé aé&ﬂmpwlbh bhezw TG e ioghedl whd h

20, 50 and 70% qatthm I tg Oyd (J,I:D %ﬁ%& bé.(o | Ssq) vgﬁg 1he

oil in et hanoY 1? stoc ar | n

wor ki ng sol ut $oRsists atchpsa eleﬁ’édl Eﬂﬁip?%p%ﬁ édmaﬁlhs §@r1i}ﬁf3 R cel I s
were cultured with seppheserged DHA- 'E;Gapﬁdd: urebréeent3irdayshat pBa&ha

I nduci ng oxi dagive s Efc?:&qant R Sﬁhdr”d!/" =138l S WRIRoHBEH: 4P

stress the cells oxidativ i ne/ xant hi né oxi dase system

0.8 nM 10- éo(ﬁ?haltlhagtpoc’,féfﬁ??s%% 4y 1o>%ieéi§h6%d AL 1R o dFeHFnE2 A
xant hi ne to ubiz. aci @ézchi thse edireireons ofh®h ttheOanfiandiaR202apacity

before (left bar) and the antioxidant capacity after
(right bar) the effort trial.

Figure 29 is a graphic representing the oxidative

15 damage to plasmatic lipids according to MDA concentration
for competing, non-competing and all sportsmen at basal
level and after 3 weeks taking DHA. In each case, there is
shown the oxidative damage before (left bar} and the
oxidative damage after (right bar) the effort trial.

20 Figure 30 is a graphic representing the oxidative
damage to DNA using the oxidative stress biomarker 8-oxodG
for competing, non-competing and all sportsmen at basal
level and after 3 weeks taking DHA., In each case, there is
shown the oxidative damage before (left bar} and the

25 oxidative damage after (right bar) the effort trial.

Figure 31 is a graphic representing the glycemia
in competing sportsmen during a physical effort who did
not take DHA or did it for 3 weeks or 4 months.

Figure 32 is a graphic representing the glycemia

30 in non~competing sportsmen during a physical effort who
did not take DHA or did it for 3 weeks or 4 months.

Figure 33 is a graphic representing the glycemia
in competing and non-competing sportsmen during a physical
effort who did not take DHA or did it for 3 weeks or 4

35 months.



15b) 2, 2' - azobi s- (2- am di nopr opane) di hydrochl oride (AAPH) 1-100 niM

wi dely used as a hydrophilic initiator of free radicals by inducing

| i pidic and protein peroxidation. The AAPH oxi di ses the DNA, the
proteins and the 20 lipids through the action of the forned peroxil
radicals. It further acts on the endogenous defence system since it
deactivates the key enzyne, the SOD, thereby |osing the protective
capacity of the CAT and 25the GPx. Generation of reactive oxygen
speci es (ROS) The RCS | evel was neasured in primary cul tures
of human skin CRL-2076 fibroblasts and gm ARPE-19 retinal 30
epithelial cells by enploying the fluorinmetric techni que using

di hydror odam ne 123 (DHR123, Ml ecul ar Probes) and

2, 7-di chl orof | uorescei n di acetate (H2DCFDA, Mol ecul ar Probes) as

£ uorescent probes in a continuous system neasuring every 30 nmin

until 180 minutes. |APBot¥Plle¥wéss FXARIES| £ iRy way of
nmeasur enent of LIREErgenerasndmonHléemi 8t ftaiaxespbas @f dbes ineert added
to the cells (1x106 cells/ mL) at a final concentration of 10 pM The
fl uorescence gf. 1he-0xi di sed probes (2, 7-dichlorofluorescein and
rodam ne 123) asured in a Mthras fluorescence reader at an 5
excitation wavel ength of 488 nmand an em SSI on vvavel ength of 525 nm
in function OCEAXERIALSHAND THRTHADSO FOB CRYRIAIA] A yAGY Y
the cellular viability determ nations by t he MTT spectrophotorretrl C

t echni que qut d low. 10 Cellular viability Cel | ul ar
viability gp é?‘{gfi}@?g *B8rried out in order to evaluate the cyt ot oxic
effect of various safpeescelilarneinpdelonsicst swefe adthiasihe MLs
reagent (3-(4(mdikFedeneidydd hisgaabrdayl)fidbrobdepbenyldrat-2azeyl and

brom de, 'Si gMBipe S9 a‘lb)é 8 J ”(lta%di%%”gp’ﬂ%gﬂ# %FEPﬁeifh‘i”b@éifé‘ nEgi um

The vi abl e ce I's net |se i s converted i nto
for mazan sal t230/j £bsgipeflsTHoR obl TACEN ¢ SHpD R FUFSo I GPdf-8cHon -
aqueous nedbuthe sedlubloei20rés OAMRO Jeapdt Usnabletiiore neasuh rgndétiaedaar

viability. The neifiadacansi pieof, addiaocahephipor PRl ol fudidiey

mg/ M (in excess) solution. This is.jncubated. fo hour
so that the vizfle lE‘eF‘Pslﬁlr‘é‘E}%?diﬂ §88Fh%llc%ﬁﬁédﬁae%n@rpr%’d&cgum%se

f ormazan sal tThenhiARPE+-hE nomils abtareonesintained in growth wup to
confluence of 0.3x10% cells/cm® in culture £lasks with

20 DMEM-F12 medium ({Biological Industries) supplemented with
10% bovine foetal serum, penicillin antibiotics (1090
U/mL), streptomycin (100 wg/mL)} and glutamine (Biolegical
Industries). The CRL-2076 fibroblasts were kept growing in
culture flasks in Iscove’s modified Dulbecco’s medium

25 {Biological Industries} supplemented with 10% bovine
foetal serum, penicillin antibiotics (100 U/mL),
streptomycin {100 ng/mL) and glutamine (Biological
Industries). The cells were transferred for adherence to
the substrate 24 h at 37°C from the 75 ml flasks to o, 12

30 or 96-well plates in order to be able to carry out the
experiment (10° cells/mL).

Integration of the DHA into the cells
DHA-TG was added at various concentrations (0.5-50
35 pM} starting with the DHA-TG enriched with 20, 50 and 70%



25 do not. After incubating for one hour the cells are precipitated
and 100 pl of DVSO added, which will dissolve the formazan salt.
Finally, the absorbance at 550 nmis read on a plate reader. The
viability results are expressed as an optical density percentage in
relation to 30 the controls, taking the latter to have 100%
viability. Cellular viability curves were drawn up on 96-wel |l plates
by sowi ng about 20,000 cells per well (follow ng analysis of the
sui tabl e nunmber of cells in function of their growh ratio) with an
approxi mate vol unme of 200 pl of 35 nedi & per well. The study of the
efficiency of the 38 product is carried out after exposing the cells
to the productofbrdg@sity nda®Buffiki.enrdde Wwelediaglevigiy the oil in
Conceg_t rat i gn:[étﬁﬁdcli %xlt h&xevasltﬂ&kofso!l%Qﬁ Thﬁ;l@mer&dﬁfrﬁx@ga&e?@l tBe
are adjusted to the Hi eguatj on usi.n e Signa 0 :
det er mi ne t he" 705G égﬁﬁﬁégn%§”fﬁécﬂﬁﬁ E%Hg%nu%apfg aﬂ%%égggrfgfgm'
reduce the vi8gl ceylaf vehe eulterd t 680 EPIEatrdn DHY~ThHe medium
control. Detsefsi matdag@ et prateins 10The determination is based on
colorinetric detection and total quantification of the proteins with
an optim sed dizinconinic acid fornulation that allows proteins to be
measured in dfPEHER% &FPABEIYSH XS fcentrati on range of 0.5-20 pg/ni.
The met hod uses a Vardetectiotuder <aMs waltechsesd tedstessdythHeecells
proteins in a+§fﬂa€y%eHEQiunlto Cu+2. The purple reaction product is
formed by chelation of "two nolecules of BCA with the cuprous ion. The
wat er - sol uBile conpl ex absorbs at 562 nm By neans of a calibration
curve an equation can xe@tB@nebtaitiece wkifiathe wsesnl Ds8eipfeEsed in
pol . of BroLshne: U cORBLC! alakbydlsed Lo nMokoBin frem
i erce : : rect. anal ysis o generation asurenen
of generation of Iiﬂﬁﬁﬁ%@n%9ﬁ?%péP8x?agghlne to urlﬁhgcﬁgasﬁ% rent of
mal oni | di al dehyde( NBaAucsaonepf Py sates werd dked as a marker of
| i pi di c penexidatiqp by UV-Vis spee}rophiagel?yanidiecPbpang) t he 4-
30 hydroxyal kenal s jHA%kogﬁﬁggﬁﬁguﬁﬁﬁ geiLyﬁgrﬁggghéﬁg Bgégxggation
iy Fer ec

of pol yunsaturated Tatty aci ds and ted esters.
measur ement s of thesehgfERidds christiietaresfa Bon erd&rfiadisndek of
| i pi di ¢ peroxidati GmduAiahr 0apgeid Caneagentid Neaidiylat2ophenyd - i ndol e
in acetonitrile) WhGh oyijqises the DNA, the proteins and the
20 lipids through the action of the formed
peroxil radicals. It further acts on the
endogenous defence system, since it
deactivates the key enzyme, the SOD, thereby
losing the protective capacity of the CAT and
25 the GPx.

Generation of reactive oxygen species (ROS)
The ROS level was measured in primary cultures of
human skin CRL-2076 fibroblasts and in ARPE-192 retinal
30 epithelial c¢ells by employing the fluorimetric technique
using dihydrorodamine 123 (DHR123, Molecular Probes) and
2, 7-dichlorofluorescein diacetate {(B2DCEDA, Moleculaxr
Probes) as fluorescent probes 1in a c¢ontinuous system
measuring every 30 min until 180 minutes. In both cases,
35 this is an unspecific measurement c¢f ROS generation. The



35 reacts with the MDA at 45C was enpl oyed, using the 39 commerci al
| i pi dic peroxidation kit from Cal bi ochem (No. 437634). The
condensati on of one nolecule of MDA with two nol ecul es of the
chronogeni ¢ reagent gives a stable chronmophore with maxi num
absorbance at 586 nm with the 5 detection limt being 0.1 pM The

i nduction was carried out for 6 h with 40 mM AAPH and 24 hours of

| atency. The cells (107 cells/nL) were |ysed by neans of cycl es of
freezing and thawing in liquid N2. The sanples were fractionated in
order to nmeasure MDA and protein. The 187results were expressed in pM
of MDA/ ng of protein. Measurenent of generation of superoxide anion
Di rect measur ehesitesefenthersbper exrdezddédntovashecacellesd 6wl Wy cabans

of the chenil ypj et echni 3o 5o A abg reTo )Y
| um nol (Cal b#g}c%mcae%%a%&%%&éﬁg%&l %ﬂ lﬁl\iE%‘?ﬁHencee1[le‘:(;lr3‘§dcjiret egt i ?1?;% he

super oxi de anFBh PEH SECAFCGEE" (€ed WHOFOF LLOTHRBHT &°% FPGEF T ng
access to all1zhe was resssduredarnsiat @8 tbfFasupbuanasdengenaepate¢onat due
to the highsspecifdiGichy wRbe I t1E2E U8R Mhtdhd UR BRLssidie wReNthbfml
intracel | ul ar %og (I:fflt and the i n.creasje::d %[ens%tl Vi t% in leul ation to
ot her cheni caP*t eétni éﬂesl.n | 91985 8% orf Phe™ ¥ifper 0RF det AIRE6R S
oxi di si ng | untpicdined a ¥eachddniatest pridducadhephoidisiler | ivgabihhith

are qui ckly neasdvfcha@iodsStindand ildunspeset@hotbietdic t @kBnigue
used 25 a chem Ifirpleréeggﬁnce reader on mcroplate fromELI SA, M THRAS

and further rm?'é? gl ven Reé short half-life of the radical , an
enhancer wa§ used to increase the sensitivity of the test and anplify
t he response. cdhiwiarcadaebiifeyy be used on living cells, since it is

not ‘toxic and does nel; 301 denghupeiiile seheald ulate Syatemaomraney s.

The capacity for inhibiting the production superoxi de ani on_was
al so investi gaf&F dSi ﬁ(}faéu%b%c‘m‘% CYEQpeF b i eqhi gh various samples.
sequest er i ngalieid , dytrhoot 4;dradistpd edx yadti3gbehee ¥ Tdirsalgphbni (6 -4€i T
o oduct i on e e e F e S e,
di snut ase (Scf)}g‘%l)gnnfoa)g}%l%séﬁ a@q’é?Puesnz{}‘ﬁ%“BT’ocE& , a&%nsftnﬂlé??f(‘ﬁ%n a
first-1ine enegdiswi.n Thse wWielbdgernobds anetdhdldsnt thébencppomid and it
cheni [ uni ni scencecMMASMRITENtoN tdemeehhs sabii tteghd 0 salt is a
colorimetric compound insoluble in agueous medium, soluble
20 in DMSO and usable for measuring cellular viability. The
method consists of adding 20 pl per well of a 7.5 mg/ml
{in excess) MTT sclution. This is incubated for one hour
at 37°C so that the viable cells metabolise the compound
and produce the formazen salt, while the non-viable ones
25 do not. After incubating for one hour the cells are
precipitated and 100 ul of DMSO added, which will dissolve
the formazan salt. Finally, the absorbance at 550 nm is
read on a plate reader. The viability results are
expressed as an optical density percentage in relation to
30 the controls, taking the latter to have 100% wviability.
Cellular viability curves were drawn up on 96-well plates
by sowing about 20,000 cells per well (following analysis
cf the suitable number of c¢ells in Zfunction of their
growth ratio) with an approximate volume of 200 pl of
35 medium per well. The study of the efficiency of the



5 the AAPH oxidative stress inducing treatnment was anal ysed every 60
seconds for a total tinme of 4100 seconds, at a frequency of 120
sec/cycle. The results were expressed in UA of chem | um niscence / ng
protein. 10 Determ ning antioxidant enzyne activity Measuring

gl utation peroxi dase (GPx) activity GPx catal yses the
reducti on of hydroperoxides to reduced glutation, the function being
to protect the cell 15 from oxidative damage. It uses glutation as

| ast el ectron donor to regenerate the reduced form of sel enocystei ne.
The indirect neasurenent of GPx is obtaBsed by coupled reaction with
glutation reductase. The oxidated glutation (GSSG produced by the
reacti on w t hptbéudtydt 9opensxiaesoby aﬁtamtéxppsﬁnqruhd}helksrtmyth@d
toits reducegréa@é@f b £ Rﬁ%%:ﬁt agj,on, r eduGtasentsy ngul\é%DPlziaage

coenzyne. Oxidation fraom o. NADP+ IS acgo reduct
of T4 absor bENEE T BAG ANEO TRE A GFIPEqE: FOR- of h%xpfofsla'%s’a%@e
at 340 nmis des&iﬂd)ﬁqawmdonsteﬁatotthalﬂ;l@Pﬁqggta@nluﬁﬂn@ Ghet fégma

sanpl e. The fEp{ $A mH G opbat @e%@&h@phﬁé OnRtsgl c é@f&néaor@é:aytmﬁn HiNo.
703102) was used for detectin

t % t edC Sat ea & rrtar he
cul tures. TheCRRFFEIRETE c TS Féarﬁy gdhergﬁse'ﬁ t he™'s

24 h at 37C. ¢hétw%ﬂItOIﬁ@étenvwﬁiaﬁbpalh@dﬂﬁyc§§ﬁreht|on 30 in Trls 50
MM pH 7.5, EDTA 5 nMand DIT 1 nM The activity of the GPx is

obt ai ned by det t he .chan f A340 nm/m n (AA340), expressed
as nanonol es ﬁﬁfﬁﬁv Q% gf '?o EI% fromthe sanple. 35 Measuring

the super oxide dlsnuﬁﬁ§e é&ﬁ@#ﬂﬂ?a%iﬁl» isg4pbased on Tpgglorimetric
chemi | uni nesceseectiRidheddl agyai sylasedieat ide cinahyspsotofinSOPith an

activity in the SHRRINalanS eehiylar Losgel AN k9oh DORRLI V11ons
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By means of a calibration curve an equation can be

20 obtained, with the results expressed in ug/mL of proteins.
The commercial kit used is the MicroBCA from Plerce (No.
23235) .

Direct analysis of ROS generation
25
Measurement of generation of lipidic hydroperoxides
The measurement of malonildialdehyde (MDA} on cell

lysates was used as a marker of lipidic peroxidation by
Uv-Vis spectrophotometry. The MDA and the 4-
30 hydroxyalkenals (HAE) are products derived <from the
peroxidation of polyunsaturated fatty acids and related
esters. Direct measurements of these aldehydes constitutes
a convenient index of lipidic peroxidation. A chromogenic
reagent (N-methyl-2-phenyl-indole in acetonitrxile) which
35 reacts with the MDA at 45°C was employed, using the



generated by xant hi ne oxi dase/ hypoxant hi ne system has been 15 al so
determ ned. An spectrophotonetric nethod is used on a mcroplate for
nmeasuring the 3 types of SOD (Cu-Zn-SOD; M-SOD and Fe-SOD), that is
cytosolic and mitochondrial). One unit of SOD is defined as the
gquantity of enzynme required for disnuting 50% of the generated
superoxi de 20 anion. In order to detect SOD in cellular |ysates from
primary cultures a Cayman kit (N 706002) was used follow ng the
protocol optimzed by the manufaturer. The dynam c range of the assay
is 0.025-0.25 SOD units/m . 25 Determ naPion of intracellular
endogenous anti oxi dant concentration
Measur i ngt her edusedgialt atirmiiet mecekidh birorc oridenfra | Gailicshey (BO.
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by glutation reductase and NADP l§ pectrop grretrlca y
measur edat Wl?eﬁ‘hlrtsBd’cel‘?eoﬁf‘ﬂEeSSEd b “M o2 Ribh/mgPo2 Broteln.

Measurement of generation of superoxide anion

Direct measurement of the superoxide anion was

carried out by means of the chemiluminescence technique on

15 microplate measured by luminol (Calbiochem, No. 5745%0}.
Chemiluminiscence for detecting the superoxide anion is a
technique used due to its potential for gaining access to
all the intracellular sites of superoxide generation, due
to the high specificity of the reaction with luminol, the
20 minimal intracellular toxicity and the increased
sensitivity in relation to other chemical techniques. It

is based on the superoxide anion oxidising luminol in a
reaction that produces photons of light which are quickly
measured on a standard illuminometer. In our tests we used
25 a chemiluminescence reader on microplate £from ELISA,
MITHRAS and furthermore, given the short half-life of the
radical, an enhancer was used to increase the sensitivity
of the test and amplify the response. This reagent can be
used on living cells, since it is not toxic and does not
30 denature the subcellular system components. The capacity
for inhibiting the production of superoxide anion was also
investigated using a specific superoxide anion
sequestering agent, Tyron {4,5-dihydroxy-1, 3-benzene
disulphonic acid, Sigma) frequently used for in vitro

35 blocking assays on ROS production, being permeable to the



10 sul foximne (BSO specifically inhibiting gammagl utanyl cystei ne
synt hetase was used as a synthesis inhibitor. EVALUATI ON OF THE
ANTI - OXI DANT ACTIVITY OF DHA IN A HUMAN 15 SKI N MODEL
I nt hi si nvitroassayForeskincells (undifferentiated epi dernal
fibroblasts, ATCC CRL-2076) were used as cellular nodel, being a
suitable cellular 20 type due to their good in vitro response to
various oxidant inducers, in addition to being a primary culture with
normal nutritional requirenents and culture conditions, thus
constituting a good in vitro nodel extrapolable to the in vivo
response, for a potential 25 cosnetic application of the DHA. Results
The condi ti onselkr echiatghedownd | nixpeidiylet glizophieve 360An adtrake was
cel lul ar node|,sundeys abl stiithheCORdLLEONS . IhES: (RARY thats e -1ine
results obtained refer to t'abolically active cells.” Prior studjes
had al ready sRBWA™E hat™i n*R8r e SRPAIERTYS cﬁh‘b’é’rﬁ‘ﬁ%ﬁ??ongeg?n?%’ss han
1000 pM of DHéhehdlumwinistkect eekbutement abi | thy icalss udbbnibited to
days. 35 Neid bge x@su ClddérakeVisablid t Indffiast edel fiedharast Udae§sed
43 every 60 seconds for a total time of 4100 seconds, at a
frequency of 120 sec/cycle. The results were expressed in

Ua of chemiluminiscence / mg protein.
10 Determining antioxidant enzyme activity

Measuring glutaticon peroxidase (GPx) activity
GPx catalyses the reduction of hydroperoxides to

reduced glutation, the function being to protect the cell
15 from oxidative damage. It uses glutation as last electron
donor to regenerate the reduced form of selenocysteine.
The indirect measurement of GPx 1is obtained by coupled
reaction with glutation reductase. The oxidated glutation
(G3SG) produced by the reaction with the hydroperoxides by
20 action of the GPx is recycled to its reduced state by the
glutation reductase using NADPH as coenzyme. Oxidation
from NADPH to NADP' is accompanied by reduction of its
absorbance at 340 nm. The rate of reduction of the
absorbance at 340 nm is directly proportional to the GPx
25 activity of the sample. The ELISA microplate
spectrophotometric kit from Cayman (No. 703102) was used
for detecting the GPx in cell lysates of primary cultures.
The cells were cultured by adherence to the substrate for
24 h at 37°C. The cell lysate was obtalned by sonication
30 in Tris 50 mM pH 7.5, EDTA 5 mM and DTT 1 mM. The activity
of the GPx is obtained by determining the change of Az nm
/min  (AAage), expressed as nanomoles NADPH/min/mg of

protein from the sample.

35 Measuring the superoxide dismutase activity (S0OD)




oxi dative stress with the xanthi ne/ xant hi ne oxi dase systemor wth
AAPH. It has al so been shown that the incorporation of DHA up to a
concentration of 50 pMin a culture of Foreskin cells for 3 days does
not 5 significantly increase the cellular oxidative |evel nmeasured as
cellular fluorescence associated with two probes, dihydrorodam ne
(DHR 123) and 2, 7- dichl orofl uorescei n( H2DCFDA) , nor especi fi cf or
super oxi de anion and for the detection of hydroperoxides, 10
respectively. Once these conditions had been established, the general
anti oxi dant capacity of the DHA incorpotated into the nenbrane of the
Foreskin cells was eval uated agai nst oxidative stress induced by
xant hi ne/ xant hi ne oxiTdasechemnbyumisppicendy\matroddietngi o basger anethe
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cel lul ar 35 oyengaeEited by 3RnUdeRncandidpsaripoRapyhBos)systep has been
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with the 0.5§, concentration having the nost effective_anti oxl dant
capacity. pﬂ o8 - In order to detect S0OD in cellular 1lysates from
primary cultures a Cayman kit (N. 706002} was used
following the protocol optimized by the manufaturer. The

dynamic range of the assay is 0.025-0.25 SOD units/mi.

25 Determination of intracellular endogenous antioxidant
concentration

Measuring the reduced glutation intracellular

concentration (GSH)
30

Direct kinetic assay for measuring reduced
glutation (GSH) in c¢ellular lysates. Glutation can be
found inside the cells mainly in the reduced form (90-95%
cf total glutation}, being the main antioxidant in

35 tissues. Its role is detoxifying xenobiotics and removing



10 regard, another critical paraneter of optimsing in at of the
proportion of DHA to 50 or 20% drastically reduces the 15 cellul ar
anti oxi dant capacity, and it reverts to being pro-oxidant at |ow or
noderat e concentrations. These results appear effect of the to

i ndicate that the cellular antioxi dant DHA does not depend

excl usively on the

42

hydroperoxides so as to keep the cellular redox state. The
technique employed measures the total glutation (GSSG +
GSH) in a biological sample (cellular lysate) previously
deproteinized with sulphosalicylic acid (Sigma-Aldrich

5 C80260 kit). GSH causes a continuous reduction from 5,5 -
dithiobis{2-nitrobenzoic) acid {DTNB) to 5-thio(2-
nitrobenzoic acid {TNB) and the GS3SG formed is recycled by
glutation reductase and NADPH. TNBR is
spectrophometrically measured at 412 nm. Buthionine

10 sulfoximine (BS0O) specifically inhibiting gamma-
glutamylcysteine synthetase was used as a synthesis
inhibitor.

EVALUATTION OF THE ANTI-OXIDANT ACTIVITY OF DHA IN A HUMAN
15 SKIN MODEL

In this in vitro assay Foreskin cells
{undifferentiated epidermal fibroblasts, ATCC CRL-2076)
were used as cellular model, being a suitable cellular

20 type due to their good in vitro response to various
oxidant inducers, in addition to being a primary culture
with normal nutritional requirements and culture
conditions, thus constituting a good in vitro model
extrapolable to the in vive response, for a potential

25 cosmetic application of the DHA.
Results

The ceonditions were laid down initially to achieve

30 an active cellular model under all study conditions. This
means that the results obtained refer to metabolically
active c¢ells. Prior studies had already shown that in
Foreskin cells concentrations of less than 1000 M of DHA
did not affect cellular viability in studies at 3 days.
35 Neither was cellular viability affected for the studies of



also it is a decisive factor in this case its distribution in the
structure of the triglyceride. As regards specific inhibition of ROS
production, we anal ysed the generation of I|ipidic peroxides (TBARS)
and of superoxide anions. The results obtai ned showed 25 that the
cells treated with AAPH generated a hi gher concentration of
substances reactive to thiobarbituric acid (TBARS) when conpared with
the non-induced cells, expressed as pMof MDA/ ng of proteins (Fig.
3). As expected, i.ncorporation of DHA into the nenbrane of the 30
Foreskin cells slightly increased the bd8al cellular lipidic

peroxi dation in dose-dependent form (0.5, 5 and 50 pM (Fig. 3). In
the cells subpkidatlteo stxiedat vieh | fiducendhinvgtdarntdin®] gaikse [$¢SDRA

presents an apti oyk@ant aaehi vi ty phatectigg theehi bsablkASt §nht OMihe
incorporation of DHA up to a concentration of 50 M in a

culture of Foreskin cells for 3 days <does not

5 significantly increase the c¢ellular oxidative level

measured as cellular fluorescence associated with two

probes, dihydrorodamine (DHR 123} and 2,71-
dichloroflucrescein (H-DCFDA) , more specific for

superoxide anion and for the detection of hydroperoxides,

10 respecitively. Once these conditions had been established,
the general antioxidant capacity of the DHA incorporated
inte the membrane of the Foreskin cells was evaluated
against oxidative stress induced by xanthine/xanthine
oxidase or by AAPH.

15 When inducing a moderate oxidative stress with 40
mM AAPH and using DHR123 as ROS detector, the DHA shows an
inhibiting effect on the generation of the reactive oxygen
species, both at the concentration of 0.5 uM (59%
protection) and at 5 pM (33% protection), showing a lower

20 effect at 10 pM (26% protection) or no effect at 50 nM of
DHA (Fig. 1lA}. When the cells are submitted to severe
induction with 60 mM AAPH, the DHA shows a protective
effect against the generation of ROS, both at 0.5 pM
concentration (40% protecticon} and 5 uM (29% protection},

25 but losing it at higher concentrations of DHA (Fig. 1A).

We might also note the protection that 0.5 uM DHA
exercises against the oxidative stress induced by the
zanthine/xanthine oxidase (Fig. 1B), which shows a
sequestering effect on the oxygen reactive species, both

30 superoxide anion and hyvdroperoxides generated in the
oxidative process. Comparing the antioxidant capacity in
relation to a lipophilic antioxidant such as vitamin E
(Fig. 1B), we observe that they exercise similar
protection kinetics {with DHA inhibkiting cellular

35 oxidation by 33.46% and wvitamin E by 30%).



35 generating nenbrane hydrolipidic peroxides, its action 45 being
of the inverse concentration-dependent type. The protection wth DVA
was 87% for 0.5 pM DMA, 85% for 5 pMand 48% for 50 pM DMA- TG (Fig.
3). Ceneration of the superoxide anion was then 5 anal ysed. Foreskin
cells submtted to an oxidative stress with 40 nM AAPH generated a
super oxi de anion production 2.5 tines greater than the non-induced
cells, which nmaintained a constant superoxide anion level (Fig. 4).
In the absence of oxidative induction the cells with 10 integrated
DVMA do not show a higher level of interééllular superoxide anion in
relation to control (Fig. 4). Under oxidative stress conditions (Fig
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As regards specific inhibition of ROS production,
we analysed the generation of lipidic peroxides (TBARS)
and of superoxide anions. The results obtained showed

25 that the cells treated with AAPH generated a higher
concentration of substances reactive to thiobarbituric
acid (TBARS) when compared with the non-induced cells,
expressed as uM of MDA/mg of oproteins (Fig. 3). As
expected, incorporaticn of DHA into the membrane of the

30 Foreskin «c¢ells slightly increased the basal cellular
lipidic peroxidation in dose-dependent form (0.3, 5 and
50 uM) (Fig. 3). In the cells submitted to oxidative
induction with 40 mM AAPH, the DHA presents an
antioxidant activity protecting the fibroblasts from

35 generating membrane hydrolipidic peroxides, its action



10 mai ntai ned at 52% and 42% protection in cells treated with 5 and
50 11M of DHA, respectively (Fig. 5A). Furthernore, know ng that AAPH
oxi dises the DNA, the proteins and the lipids by diffusion of the
generated peroxil radicals, the DHA as anti oxi dant may prevent
deactivation of the SOD 15 entrusted with disnutation of the
superoxi de anion, maintaining in the cell the endogenous anti oxi dant
defence of the catal ase and the glutation peroxidase. This aspect is
confirmed in figure 5B, wherein SOD activity is shown not to be
increased in basal state with DHA bei ng4present 20 (-10/-15%, but

| oss of SOD activity inherent to the oxidative stress process is
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detector, the(BH%stsiowe a&pzyme blocker in the endogenous antioxidant
defence via dismutation of the intracellular superoxide
anion}. The production of the superoxide anion in cells
stressed with AAPH, with or without DHA previously
25 integrated, in the presence of exogenocus SOD or of Tyron,
was totally inhibited and achieved basal values (Fig. 4},
Finally, we analysed 1f the DHEA underwent its
antioxidant activity by modifying the activity of the
first-line cellular antioxidant enzymes. The activity of
30 the S0D and cof the GPx in Foreskin cells with or without
integrated DBA was analysed. In the first case, the
xanthine/xanthine oxidase system was used as instantaneous
generator of superoxide anions (total measuring time 520
sec., measuring every 50 mwmsec.}). The results obtained
35 showed a good oxidative induction with rapid kinetics,



inhibiting effect on the generation of the reactive oxygen species,

at the concentrations of 0.5 pM (43% protection) and 5 pM (32%
protection), but with a lower effect at 50 pM (4% protection) of DHA
(Fig. 7A). Wien the cells are 30 submtted to severe induction with
60 mM AAPH, the DHA shows a protective effect agai nst ROS generation,
at the 0.5 pMconcentration (13% protection) and | ower at hi gher
concentrations of DHA (Fig. 7A). These results are simlar to those
obtained with the Foreskin cells, although one 35 notable
differential effect is the |ower prot ectPon 48 observed against a
severe oxidative induction. By using for the ROS detection, the
CDCFDA nor e sﬁé@hf%ﬁ@ p&%&"’éésonl ?Il%l%%tﬁéveapédn?%@%hcéé?? on
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knowing that AAPH oxidises the DNA, the proteins and the

lipids by diffusion of the generated peroxil radicals, the
DHA as antioxidant may prevent deactivation of the 30D
15 entrusted with dismutation of the superoxide anion,
maintaining in the cell the endogenous antioxidant defence
of the catalase and the glutation peroxidase. This aspect
is confirmed in figure 5B, wherein SOD activity is shown
rnot to be increased in basal state with DHA being present
20 (-10/-15%), but loss of 30D activity inherent to the
oxidative stress process is inhibited with DHA being
present keeping oxr even increasing S0D activity (10/20%).
As for GPx activity (Fig. 6), this is found to be
increased in cellular basal state at modest concentrations
25 of DHA f{(up to 17% at 5 pM), but £falls off at high
concentrations {(-20% at 50 pM}. This behaviour 1is
maintained intact in an oxidative stress state (Fig. 6).
These results suggest that the DHA c¢ollaborates with the
endogenous antioxidant defence system as relates to
30 dismutation of the superoxide anion by generating S0D over
the entire range of concentrations tested, and is also
capable of controlling the generation of hydroperoxides at
moderate concentrations, since it increases GPx activity.



20 capacity at the optimum concentrations (0.5-5 pM, rendering it
equal to the high concentrations (Fig. 8A and 8B), though unlike to
the Foreskin cells at no proportion does the DNA becone pro-oxidant.
These results confirmthat the cellular antioxidant effect of the DNA
does not 25 depend exclusively on its concentration, but also a
decisive factor is its nolecular localisation, in this case its
distribution in the structure of the triglyceride. As regards
specific inhibition of ROS production, 30 the generation of lipidic
peroxi des (TSARS) (Fig. 9) and of superéXi de anions (Fig. 10) were
anal ysed. The results obtained are very simlar to those obtained
with the For eBX2LUATIONS OF TREE ANTIOXTPANTY ACTHVIIEY ANPHP I Y At BERINA

hi gher concentemivi®r sbpsubst ances reactive to 49 relation to the
non-i nduced cells. The incorporation of DHA into the nenbrane of the
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0.5- 50 pM. This inhibition is in concordance with SOD activity with
DHA bei ng present (Fig. 10B). SOD activity is not found to be

i ncreased in B#f%dtSstate with DNA being 20 present (-10/15%, but as
in Foreski hScells, loss of SOD activity inherent to the oxi dati ve
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| NFLUENCE OF HE I N THE ANTI OXI DANT ACTIVITY OF DHA

| NCORPORATED | NTO AQer@_dngRgm moderate oxidative stress with 40 mM

25 AAPH and using PHR123 as ROS detector, the DHA shows an
inhibiting effect on the generation of the reactive oxygen
species, at the concentrations of 0.5 uM (43% protection)
and 5 puM (32% protection), but with a lower effect at S0
M (4% protection) of DHA (Fig. 7A). When the cells are

30 submitted to severe induction with 60 mM AAPH, the DHA
shows a protective effect against ROS generation, at the

0.5 uM concentration (13% protection) and lower at higher
concentrations of DHA (Fig. 72). These results are similar
to those obtained with the Foreskin cells, although one
35 notable differential effect is the lower protection



In the present in vitro assay, ARPE-19 cells (retina pignmentary

epithelial cells, ATCC CRL-2302) and 5 Foreskin cells
(undifferentiated epidermal fibroblasts, ATCC CRL-2076) were used as
cellular nodel, being suitable cellular lines due to their good in
vitro response to various oxidant inducers. Tuna oil triglycerides
(DHA20% TG 20% molar in DHA) or oil derivatives enriched with 50 10
or 70% nolar in DVA (DHA50% TG and DHA70% TG obtai ned by chem cal

nmet hods (CHEM) or enymatic net hodes (ENZ) were used an active
ingredient. Results 15 Wen inducing a fBder at e oxi dative stress with
40 mM AAPH in ARPE-19 cel|s and using DHR123 or H2DCFDA as ROS

i ntracel | ul ar “B8EEDrag2INRE fat BP BT DMK YIHIATE%ITEPCRARN t hBY using

i ncorpor at ed Eoto @hech@discabityeothiai, nedh20 ¢rdrgiaycrorde SpelelC to

( DHAS0% TG CHEM andh ARAT0% TG (FEMe vshous alk 'quagglg&ﬂkﬂe/ Cttnﬁl Buh he

generation of the reactive oxygen specles,
concent r at | on*EHOWSTg 399 B4 eb¥i gt ’S’G p‘f\ﬁ’-’(eﬁsguﬁfféiuﬁﬂ) bWh%PH
ef fect depel®d$Fion tHe .content of DMA, bei ng DHA70% TG CHEM >

DHA50% TG CHEM 25 > w%@i&t&ntmng@{@sceﬁcwbr ald0ng1 £9- élr%y@nd
50 pM, enzi |caI obtained oil.s s ow a %%éer aﬁl Vlt ut%ts gfter

contents (DHA eeFéSEﬁZ R tiloms DTtop aed

carrying out the 1nductlon, denotlng a saturation in the
DHA"s hydroperoxides and superoxide anion sequestering
10 capacity. Quantitatively, the antioxidant capacity 1is
critically dose-dependent, since when DHA concentration is
increased there is a loss of ROS sequestering capacity,
with the 0.5 pM concentration being the most effective in
its antioxidant capacity (Fig. 72 and 78). In this
15 respect, another critical parameter in terms of optimising
the efficiency of the system is the ratio of DHA to total
fatty acids. Reducing the proportion of DHA in relation to
total fatty acids from 70% to 50-20% significantly and
non-proportionally reduces its cellular antioxidant
20 capacity at the optimum concentrations (0.5-5 M),
rendering it equal to the high concentrations (Fig. 82 and
8B), though unlike to the Foreskin cells at no proportion
does the DHA become pro-oxidant. These results confirm
that the cellular antioxidant effect of the DHA Jdoes not
25 depend exclusively on its concentration, but also a
decisive factor is its molecular localisation, in this
case its distribution in the structure of the
triglyceride.
As regards specific inhibition of ROS production,
30 the generation of lipidic peroxides (TBARS) {Fig. 9) and
of superoxide anions (Fig. 10) were analysed. The results
obtained are very similar to those obtained with the
Foreskin cells. The cells treated with AAPH generate a
highex concentration of substances reactive to
35 thiobarbituric acid (TBARS) and of superoxide anions in



13B). In a simlar study with Foreskin cells the results were even
nore-surprising. The pro-oxidative activity 30 showmn with

DHA70% TG CHEM and DHA50% TG CHEM at hi gh dose (Fig 13C) becones
antioxidative at all concentrations with oils with enzymatic origin
(DHA70% TG ENZ and DHA50% TG ENZ) (Fig. 13D). The renoval of
intrinsic polynmers of oils obtained chem cally by neans of

chr omat ogr aphi ¢ net hodes 35 (DHA70% Tg- BPM causes a decrease even
greater of 51 antioxidative activity in aRPE-19 cell s, becom ng
prooxi dative at high concentrations (5 44d 50 uM (Fig. 14). The
antioxidative activity of DHA incorporated into a triglyceride
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cells (Fig. 18g§lysed. In the absence of oxidative induction, the
cells with integrated DHA do not present a higher level
of intracellular superoxide anion in relation to <the
control (Fig. 10A). An oxidative stress with 40 mM AAPH
15 generates a superoxide anion production that is partially
inhibited by the DHA (20-16% at concentrations of 0.5- 50
uM) . This inhibition is in concordance with SOD activity
with DHA being present (Fig. 10B). SOD activity is not
found to be increased in basal state with DHA being
20 present (-10/15%), but as in Foreskin cells, loss of SOD
activity inherent to the oxidative stress process is
inhibited with DHA being present keeping basal SOD
activity.
Finally, an analysis was carried out to find
25 whether the DHA altered the activity of the GPx enzyme as
first-line cellular antioxidant (Fig. 11). The GPx
activity is increased in cellular basal state at all the
concentrations of DHA tested (12-40%), and this behaviour
is maintained intact in oxidative induction state, which
30 also presents a 2.5 times higher GPx activity (Fig. 11).
As in the case of the Foreskin cells, these results
suggest that the DHA exercises part of its antioxidant
effect by modulating the activity of the endogenous
cellular enzyme system antioxidant defence.
35



The i nprovenent obtained in the antioxidative activity of DNA by an
enzymatic synthesis is also applicable to another onmega-3 fatty acid
such as ecosapentaenoic acid (EPA). In a study with ARPE-19 cells, 25
EPA obt ai ned enzimatically (EPA70% TG ENZ) are shown to have an
antioxidative activity, though very lower to that observed with DNA
(DHA70% TG ENZ), whereas EPA obtai ned chemcally and free of polyners
(EPA-70% TG BPM is shown to be very prooxidative (Fig. 19).
Furthernore, EPA 30 (EPA70% Tg- ENZ) obtai ned enzimatically shows in
Foreskin cells a remarkabl e antioxidativé activity even higher than
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Results

15

When inducing a moderate oxidative stress with 40

mM AAPH in ARPE-19 cells and using DHR123 or H,DCFDA as
ROS intracellular detectors, the natural DHA (DHAZ20%-TG)
and that incorporated into a chemically obtained

20 triglyceride (DHAS0%-TG-CHEM and DHA70%-TG-CHEM) shows an
inhibitory effect in the generation of the reactive oxygen
species, both 0.5 pM and 5 uM concentration, showing a
lower effect at 50 uM (figure 13A). This effect depends on
the content of DEHA, being DHA70%-TG-CHEM > DHA50%-TG-CHEM

25 > DHAZ0%-TG. At the same concentrations (0.5, 53 and 50
KM}, enzimatically obtained oils show a higher activity at
all DHA c¢ontents (DHA70%-TG-ENZ and DHAS50%-TG-ENZ) (Fig.
13B). In a similar study with Foreskin cells the results
were even more surprising. The pro-oxidative activity
30 shown with DHA70%-TG~CHEM and DHAS0%-TG-CHEM at nigh dese
(Fig 13C) becomes antioxidative at all concentrations with
oils with enzymatic origin (DHA70%-TG-ENZ and DHAS0%-TG—
ENZ) (Fig. 13D). The removal of intrinsic polymers of oils
obtained chemically by means of chromatographic methodes
35 (DHA70%-Tg-BPM) causes a decrease even greater of



Results (see figure 22) 25Wen inducing a noderate oxidative stress
with 40 mM AAPH and using DHR123 as ROS detector, the MA
incorporated into a normal triglyceride (DHA20% TG and DHA70% TQ
shows an inhibitory effect in the generation of the reactive oxygen
species, both 0.5 pMand 5 pM 30 concentration, showi ng a | ower
effect at 50 pM (figure 22). This effect depends on the content of
DVA, being DHA70% TG > DHA20% TG. At the sane concentrations, the
structured oils, with a real DNA concentration 2-3 tines |ower, show
the sanme activity (for 0.5 pM concentratﬁon) 35 or higher (for 5 gM

M trati t he case of DHA20% TG. In the case
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ASSOCI ATED FOPTHESAGE!#N ALPRRAN SKieeVODERan that shown Dby Dha
incorporated inton other chemical structures such as ethyl
esters, free fatty acid o fatty acid linked +to serum
albumin (Fig. 15).
The cellular antioxidative activity shown with the
10 incorporation of DHA 1is related to all the aspects
previously considered such as maintaning SOD and GPX
enzymatic activities, but also to an increase in glutation
intracellular concentration (GSH). In ARPE-19 cells (Fig.
16), DHA induces an increase in the GSH intracellular
15 concentration directly related to GSH de novo synthesis
since the addition of BSO (specific inhibitor of GSH
synthesis) eliminates the protective effect of DHA (Fig.
17y in a dixect relation with a decrease in the GSH
intracellular concentration (Fig. 15). A similar behaviour
20 is shown for Foreskin cells (Fig. 18).

The improvement obtained in the antioxidative
activity of DHA by an enzymatic synthesis is also
applicable to another omega-3 fatty acid such as
ecosapentaencic acid (EPA). In a study with ARPE-19 cells,

25 EPA obtained enzimatically (EPA70%-TG~ENZ) are shown to
have an antioxidative activity, though very lower to that
observed with DHA (DHA70%-TG-ENZ), whereas EPA obtained
chemically and free of polymers (EPA-70%-TG-BPM) is shown
to be very prooxidative (Fig. 19). Furthermore, EPA

30 (EPA70%-Tg-ENZ) obtained enzimatically shows in Foreskin
cells a remarkable antioxidative activity even higher than
that for DHA (DEA70%-TG-ENZ) (Fig. 20), related to, Jjust
like foxr DHa, the increase of GSH intracellular
concentration (Fig. 21).

35



101 nt hi si nvi troassayForeskincells (undifferentiated epi derna
fibroblasts, ATCC CRL-2076) were used as cellular nodel, being a
suitable cellular type due to their good in vitro response to vari ous
oxi dant inducers, in addition to being a pr imary culture 15 with
normal nutritional requirenents and culture conditions, thus
constituting a good in vitro nodel extrapolable to the in vivo
response, for a potential cosnetic application of the DHA. 20

Met hodol ogy Cel |l cultures The cel l ul ar nodel s used were
Foreskin cells (undifferentiatedepi der n@?fi brobl asts, CRL- 2076) 25
obtained fromthe Anerican Type Culture Collection. The cell cultures
were kept in SU|tabIe gromﬂh condltlons of tenperature (37C3 Cco2
concentrati onEYVE ' HE AT DA s

desi gned for tmn'cemwxﬁm @bmﬂ@&ﬁ!ﬁﬂbbfuﬁﬁ'e@&bﬁﬂﬁ N
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(Bi ol ogi cal I W&U’@‘F‘I‘E‘SI’Jjb—S'U'ppl enented with 10% bovi ne foetal serum
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pigmentary epithelial cells. As an active ingredient there
15 has been used structured triglycerides derived from tuna
0il (DHA20%-TG, 20% molar in DHA) or oil enriched with 70%
DHA  (DHA70%-TG, 70% molar in DHA) , wherein through
enzymatic methods the fatty acids in sn-1 and sa-3
positions have been replaced with octanoic acid. In these
20 new compounds, the molar content of DHA is 7% in the
DHAZ0%-TG and 22% in DHA70%-TG.

Results (see figure 22)

25 When inducing a moderate oxidative stress with 40
mM  AAPH and wusing DHR123 as ROS detector, the DHA
incorporated into a normal triglyceride (DHAZ0%-TG and
DHA70%-TG) shows an inhibitory effect in the generation of
the reactive oxygen species, both 0.5 EM  and 5 uM

30 concentration, showing a lower effect at 50 u (figure
22). This effect depends on the content of DHA, being
DHA70%-TG > DHA20%-TG. At the same concentrations, the
structured oils, with a real DHA concentration 2-3 times
lower, show the same activity (for 0.5 UM concentration)

35 or higher (for 5 puM and 50 M concentrations) in the case



15 the lipids through the action of the formed peroxil radicals. It
further acts on the endogenous defence system since it deactivates
the key enzynme, the SOD, thereby losing the protective capacity of
the CAT and the GPx. 20 Measurenent of the length of the telonere
The teloneric regions constituted by high repetitive DNA can be

eval uated by in situ hibridation techniques. The in situ hibridation
method with 25 fluorescence (FI SH) using conplenentary probes to the
tel oneri c sequences allowed to detect the presence or absence of

tel omeres, as well as quantify the tel oféres per cell or per
chronnsontc group. The nethod called flow FI SH uses flow citonmetry in
conbi nati on with FRECET SR 367t ERRinFABR BSi REA 05t NG oPRA ©f
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results are eRpressedtasict endnkees EHefHaperdoendehaniour TFU)
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cosmetic application of the DHA.

20 Methodology

Cell cultures
The cellular models used were Foreskin cells
{undifferentiated epidermal fibroblasts, CRL-2076}
25 obtained from the American Type Culture Collection. The
cell cultures were kept in suitable growth conditions of
temperature (37°C), CO; concentration (5%) and humidity
(95%) in an incubator specially designed for this purpose.
The CRL-2076 fibroblasts were kept growing in culture
30 flasks in Iscove’s modified Dulbecco’s medium (Biological
Industries) supplemented with 10% bovine foetal serum,
penicillin  antibiotics (100 U/mL), streptomyecin (100
pg/mL) and glutamine (Biological Industries).



56 Clainms: 1. Foodstuff conprising docosabexaenoic acid (DNA),

ei cosapent aenoic acid (EPA) or DHA-derived EPA incorporated into a

gl yceride, wherein said DNA, EPA or DNA-derived EPA incorporated into
a glyceride is obtained enzymatically; and wherein said DHA, EPA or
DHA- derived EPA is in a percentage by wei ght between 40 and 100% i n
relation to the total fatty acids; or wherein said DNA EPA or
DHA-derived EPA is incorporated into a sn-2 position of the
glyceride; for nutritional use as an antioxidant. 2. The foodstuff
according to clairril,wherein said foods*uff is administered to a
subj ect affected by ceI | ul ar oxi dative damage 3. The foodstuff
accordi ng to cidiearetignheteithet REACHIIQUILAE 6R1Hati ve damage is
associated with Ewz platdical byi sphtisoridietli OHASES et dvdy crddrgieiang,
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8. The use according to any one of clains 4 to 7, wherein said use is
carried out in the food industry. 9. The use according to any one of
clains 4 to 8 wherein said use is carried out in dairy products. 10
The use according to clains 6 or 7, wherein said DHA, EPA, or

DHA- derived EPA into a glyceride is adm nistered through a suitable
nmeans sel ected fromthe group conprising a beverage in all its
characteristics for before, during and after physical exercise;
energy-gi ving bar; ergogenical bars; solssds and preparations for

provi sioning; dietetic supplenent and polivitarninic preparation;
ergogeni cal aifdspreexdéndesinitt HTEFENOCcApSIipeanding kit w5 APtl op; oand
any other suitable; ppan Qf adpLpi stration. 11. The use according to
claim 10, wherein said dietetic supplenent and pol yvitam nic
preparation are in the formof capsules, tablets, pills, Iyophilised
form or any &estudbse nmeans of admi nistration. 12. The use accordi ng
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the use according to clalm rein e ce Ul ar oxi dative
damage conprises the production of reactive oxygen species (ROS). 58
16. The foodstuff according to claim2 or 3, or the use according to
claim 13 or 14, wherein the ROS is the superoxide anion. 17 The
foodstuff according to claim2 or 3, or the use according to claim 13
or 14, wherein the cellular oxidative damage conpri ses the shortening
of DNA tel onmeres. 18. The foodstuff according to claim2 or 3, or the
use according to clainml3 or 14, wherein the cellular oxidative damge
conprises the premature cellul ar senescence.
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Claims:

1. Foodstuff comprising docosahexaenoic acid (IDHA), eicosapentaenoic acid
(EPA) or DHA-derived EPA incorporated into a glyceride, wherein said DHA,
EPA ot DHA-detived EPA incorporated into a glyceride is obtained
enzymatically; and wherein said DHA, EPA or DHA-derived EPA is in a
percentage by weight between 40 and 100% in relation to the total fatty acids; or
wherein said DHA, EPA or DHA-derived EPA is mcorporated into a sn-2
position of the glyceride; for nutritional use as an antioxidant.

2. The foodstuff according to claiml,wherein said foodstuff is administered to a
subject affected by cellular oxidative damage.

3. The foodstuff according to claim 2, wherein the cellular oxidative damage is
associated with

a physiological condition selected from ageing, physical exercise, hypoglycemia
during or after physical exercise; or

a disease selected from a neurodegenerative pathology, an ocular pathology, an
ischaemic pathology, an inflammatory process, atherosclerosis; wherein said
neurodegenerative pathology may be selected from multiple sclerosis, Alzheimer's

disease, Parkinson's disease, amiotrophic lateral sclerosis, and muscular
dystrophy; wherein said ocular pathology may be selected from pigmentary
retinosis, macular degeneration, and cataracts; wherein said ischaemic pathology
may be selected from myocardial infarct and cerebral infarct; and wherein said
inflaimmatory process may be selected from arthritis, vasculitis, glomerulonephritis, and
eritomatose lupus.

4. Use of docosahexacnoic acid (DHA), eicosapentaenoic acid (EPA), or DHA-derived
EPA incorpotated into a glyceride, as an antioxidant, wherein said DHA, EPA or
DHA-detrived EPA incorporated into a glyceride is obtained enzymatically; and
wherein said DHA, EPA or DHA-derived EPA is in a percentage by weight
between 40 and 100% in relation to the total fatty acids; or wherein said DHA,
EPA or DHA-derived EPA is incorporated into a sn-2 position of the glyceride.

5. Use of DHA, EPA, or DHA-derived EPA, incorporated into a glyceride, as a
cellular anti-ageing agent, wherein said DHA, EPA or DHA-derived EPA
incorporated into a glyceride is obtained enzymatically; and wherein said DHA,
EPA or DHA-derived EPA is in a percentage by weight between 40 and 100% in
relation to the total fatty acids; or wherein said DHA, EPA or DHA-derived
EPA is incotrporated into a sn-2 position of the glycerid

6. Use of DHA, EPA, or DHA-derived EPA incorporated into a glyceride, as a spotts
performance enhancer in individuals subjected to physical exercise, wherein said DHA,
EPA or DHA-derived EPA incorporated into a glyceride 1s obtained enzymatically;
and wherein said DHA, EPA or DHA-derived EPA is in a percentage by
weight between 40 and 100% in relation to the total fatty acids; or wherein said
DHA, EPA or DHA-detived EPA is incorporated into a sn-2 position of the
glyceride.

7. Use of DHA, EPA, or DHA-derived EPA incorporated into a glyceride, for
maintaining blood glucose levels in individuals during physical exercise, wherein said
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DHA, EPA or DHA-derived EPA incorporated into a glyceride 1s obtained
enzymatically; and wherein said DHA, EPA or DHA-derived EPA is in a

percentage by weight between 40 and 100% in relation to the total fatty
acids; or wherein said DHA, EPA or DHA-derived EPA 1s incorporated into a
sn-2 position of the glyceride.

8. The use according to any one of claims 4 to 7, wherein said use is carried out in the
food industry.

9. The use according to any one of claims 4 to 8, wherein said use is carried out in

dairy products.

10 The use according to claims 6 or 7, wherein said DHA, EPA, or DHA-derived
EPA into a glyceride is administered through a suitable means selected from the group
comprising a beverage in all its characteristics for before, during and after physical exercise;
energy-giving bar; ergogenical bars; solids and preparations for provisioning; dietetic
supplement and polivitaminic preparation; ergogenical aids; textiles with
nanocapsules for skin absorption; and any other suitable mean of administration.

11. The use according to claim 10, wherein said dietetic supplement and polyvitaminic
preparation are in the form of capsules, tablets, pills, lyophilised form, or any suitable
means of administration.

12. The use according to any one of. claims 4 to 7, wherein said use is carried out in
cosmetic applications.

13. Use of DHA, EPA, or DHA-derived EPA incotporated into a glyceride for
manufacturing a pharmaceutical composition for treating cellular oxidative damage,
wherein said DHA, EPA or DHA-derived EPA mcorporated into a glyceride is
obtained enzymatically; and wherein said DHA, EPA or DHA-derived EPA is in a
petcentage by weight between 40 and 100% in relation to the total fatty acids; ot
wherein said DHA, EPA or DHA-derived EPA is incorporated into a sn-2
position of the glyceride.

14. The use according to claim 13, wherein the cellular oxidative damage is associated
with

a physiological condition selected from ageing, physical exercise, hypoglycemia
during or after physical exercise; or

a disease selected from a neurodegenerative pathology, an ocular pathology, an
ischaemic pathology, an inflammatory process, atherosclerosis; wherein said
neurodegenerative pathology may be selected from multiple sclerosis, Alzheimer's
disease, Parkinson's disease, amiotrophic lateral sclerosis, and muscular dystrophy;

wherein said ocular pathology may be selected from pigmentary retinosis,
macular degeneration, and cataracts; wherein said ischaernic pathology may be
selected from myocardial infarct and cerebral infarct; and wherein said inflammatory
process may be selected from arthritis, vasculitis, glomerulonephritis, and eritomatose
lupus.

15. The foodstuff according to claim 2 or 3, or the use according to claim 13 or 14,
whertein the cellular oxidative damage comprises the production of reactive oxygen
species (ROS).
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16. The foodstuff according to claim 2 or 3, or the use according to claim 13 or 14,
wherein the ROS is the superoxide anion.

17 The foodstuff according to claim 2 or 3, or the use according to claim 13 or 14,
wherein the cellular oxidative damage comprises the shortening of DNA telomeres.

18. The foodstuff according to claim 2 or 3, or the use according to claim13 or 14,
whetein the cellular oxidative damage comprises the premature cellular senescence.



