"USE OF DHA, EPA OR DHA- DERI VED EPA FOR TREATI NG A
PATHOLOGY ASSOCI ATED W TH CELLULAR OXI DATI VE DANVAGE"
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to the use of an acid enriched in docosahexaenoic acid
(DHA) or eicosapentaenoic acid (EPA) or DHA-derived
EPA for manufacturing a drug for the treatnent of
processes that involve associ ated oxi dative danmage.
Background of the invention The onega-3 fatty acids
are necessary for maintaining cellular functiona
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al gae, is concentrated in the brain, in the

phot oreceptors and in the synapses of the retina.

DHA- enriched diets are initially netabolised by the
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t he phospholipids of the cell nenbrane, which have

effects on its conposition and functionality, on the
production of reactive oxygen species (ROS), on
nbrane [.i pi.d X|dat|og on transcription regul ation,
anoi ds and on intracellul ar
signal transduction. Furthernore, in the centra

nervous gyst emydie DHAcLs (nvolued in the development o

of the |earning capacity re the menory, in
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hBecphat9r eGepLeheelh! Sfor human health. Docosahexaenoic
acid (22:6 n-3, DHA), an important omega-3 component of
fish o0il and of marine algae, 1s 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 via the lipoproteins
in the blood in order to meet the needs of the wvarious
organs. The administration of DHA leads to an increase of
its concentration at tissue level, inducing also an
increase in the concentration of omega-3 eicosapentaenoic
acid (EPA) which in 1linked metabolically, whereas the
administration of EPA only increases 1its concentration
decreasing that of DHA at cell level.

In general, the DHA 1is incorporated into the
phospholipids of the cell membrane, which have effects on
its composition and functionality, on the production of
reactive oxygen species (ROS), on membrane lipid

oxidation, on transcription regulation, on the



and in transduci ng the signal dependent upon qui nase
protein. A potential dietary therapy woul d be based on
wa@eooretct’shg the optinum | evel s of onega-3 fat t pPCHEPZIS6/070016
to prevent certain pathol ogies fromoriginating or
progressing, such as inflammtory pathol ogi es, tunoral
processes, cardiovascul ar di seases, depression and
neurol ogi cal disorders. In the central nervous system
both the brain and the retina show an unusual capacity
for retaining DHA, even under situations of very
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20 apoptosis. Recently, it has been shown that DHA, found in
reduced amounts in the hippocampus of rats of advanced
age, 1s capable of protecting primary cultures of said
cells against the cytotoxicity induced by glutamate.

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
well 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 been 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 1in the photoreceptor and in the RPE cells is



phosphatidilserine . It is unknown to date if these
effects are entirely nediated by the DHA itself or by
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have been identified in the retina. Al though the

enzynmes involved in the synthesis of said derivatives

have not been identified precisely, sonme recent

results suggest the participation of an A 2

phosphol i pase (PLA2) foll owed3by a |ipoxygenase (LOX)

. The PLA 2 rel eases the DHA from the nmenbrane
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damaged or die, otore rfu ction deteriorates
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oxidative stress | eads to a deterioratjon of
rad gcaﬁ The?r hfgh chemical reactivity 1leads to the

oxidation of proteins, of DNA or of lipids. The superoxide
dismutase (SOD), 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
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
antioxidant system.

The DHA 1is 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 1light
promotes loss of DHA in the photoreceptors. For example,

when the RPE cells are damaged or die, photoreceptor



eyesi ght, particularly when the cells of the macul a
are affected, since it is responsible for eyesight

w@ewrnyl73dhe pat hophysi ol ogy of many retinal PCT/EP2006/070016
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degenerations (e.g., macul ar degenerations related to

age and to Stargardt disease) involves oxidative

stress that |leads to RPE cell apoptosis. Indeed, RPE

cell apoptosis appears to be the dom nant factor in

t he macul ar degenerati on obsefved with age. Such

studi es suggest that said cells have devel oped highly
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ative danmage. 'Many studi es rried
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age. TEhese 5@@@&é§céﬁgﬁgs@n%hﬁ§' S 0fq ther M Rave developed
co onents t her eof ivity or expreSS|on of the SOD,

AT LEPK @hZSmesye gl @atiosd deduct Bgghanisms  to protect
ghuhatiloasS- ﬂrfca(nsfh@IﬁS@l@fﬂld bive eencentr alidns®bw notable
8 unds gf %/nnlecular wei ght wi th anti oxi dant

P g@ rtFeS*PEGr “€xanpl e, an overexpression of SOD and

CAT i n DrFosophrhareel anbgasterat norgases Hatfeeen the free

d
PARSCLATOLDY SAPhALC, foicen dame fy JUOLELAL, based on
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i I lul ar oxi dative stress, ument ed as
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expesdeecatet he skhp ta@pression 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 carried out to
determine whether antioxidant defences decline with age.
These have included analysis of the main components
thereof: activity or expression of the S0OD, CAT, GPx
enzymes, glutation reductase, glutation-S-transferase and
the concentration of compounds of low molecular weight
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

radicals and other reactive oxygen species, leading to



ultraviolet radiation can give rise to acute or
chroni c danmage. Under acute conditions erythema or

whewis7oah be produced, while chronic over- expPSIYER2006/070016
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i ncreases the risk of skin cancer and agei ng.

Moreover, it is known that the cutaneous cells can

respond to acute or chronic oxidative stress by

i ncreasi ng expression of a variety of proteins, such

as the enzynes involved in médntaining cell integrity

and resistance to oxidative damage. In the art, it is
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teloneric |ength is required in order to keep
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I cant genetic changes
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contributing to the mainteinance of the chromosomic
stability.

In contrast with coding sequences which have a
semiconservative replication, the telomeres undergo a
progressive loss of its repetitive sequences during the
successive cell division. Nowadays, it 1is considered that
a minimum telomeric length i1s 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 association (TAS) and chromosomic
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

omega-3 fatty acids are considered to be molecular targets



oxi dative stress processes related to generation of
i pidic peroxides. Contradictory results have been

wobiogionysd however, in various studi es of PCT/EP2006/070016
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susceptibility to oxidative stress owing to dietary

suppl enents of onmega-3 fatty acids. Sonme studies in

humans have shown i ncreased oxi dation of the LDL,

whi |l e others have found no such effect. |In studies

with animals, treatnent with @nmega-3 fatty acids has

been found to |l ead to increased or reduced
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exposure rogen peroxi [ so been
ﬁ@@v@@@ﬁ,lbtihatw RPr axapaitepic cadimai sPlat Oon toe ettinglr hand,

Qﬁco&ﬁﬁﬁﬁ%%5¥gééf§ﬂuc%% |'9h9'cgﬂ§ﬁ9¥'d§hb@mvba then the
foetal brains of rats. has been suggested that this

?@%b@ﬁé@ap§ d6écreca SVF§§mrQéﬁc§?e§e§8€§@eﬂpn§h§ffé&@rs of
Mnaeaﬁédvahlanf@EhaB&ue&hdaﬁheanayaesfoénthﬁééeaSchB

t he anthg gnt ca%a0|t% of the, bralntgs |n§ogaagt %o%h A
the pri nE8gEnous "aef 8Hce afjai K&f " 6xi dative
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ant | oxl gant eﬁz nes. se contra % ct ory res
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Qltgalh£@%ﬁﬁcéhééﬁﬂﬂéﬁﬂﬂﬂ%| G €3HES Wi the numben@kased
doubl e bonds has, 1o L0 ¥iye, appligability,, Sifeg; oher
higher percentage of cell death due to apoptosis induced
by exposure to hydrogen peroxide. It has also been shown,
however, that intra-amniotic administration of ethyl
docosahexaenocate reduces lipidic peroxidation in the
foetal brains of rats. It has been suggested that this
response is due to a free-radical sequestering effect via
activation of antioxidant enzymes. An increase 1in the
antioxidant capacity of the brain 1is important for the
primary endogenous defence against oxidative stress,
because the brain is relatively rich in polyunsaturated
fatty acids 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

act to reduce oxidative damage, such as a three-



act to reduce oxidative damage, such as a
t hr eedi nensi onal structure of the onega-3 fatty acids

WO poovloz17B3 pi ds and | i poprotei ns of the nmenbrankCT/BR1006/070016
make the doubl e bonds | ess susceptible to an attack by
the RCS, an inhibition of pro-oxidant enzynmes such as
PLA2 or a greater expression of antioxidant enzynes.
On the other hand, the idea of associating physica
exercise with the production 0f free radicals cones
fromearly 80s due to the observation of the damage in
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20 physical effort (running a marathon) causes damage in DNA
which 1s evident for some days after the trial and also
causes damage 1in 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 60 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 urinary excretion of 8-oxo-dG, even those finding such a
damage, considered to be secondary to subsequent reactions
to the effort and not to the action of exercise over the
DNA in acute way.

The event of intensive physical exercise

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



The event of intensive physical exercise producing
oxi dative stress is very well known in the art,but its

w@eoogiom73s not well determ ned yet. Studies caPCT/8B2006070016
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with n-3 fatty acids related to sports performance
were focused on the antiinflanmatory effect and,

i ndeed, first assays tried to find the possible action
of these nutrients inproving the alveolarcapillary
absorption by dinnishing theintensive physica
exerci se-i nduced broncoconstriction . In that regard,
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Meh&bebotahgbnpﬁdwwdathatonaﬁyusyadmmnEst@hEngbéﬁﬁheg EPA

ggdpo§lgiVgurgﬁﬂlt%eglm%hepQ%X%Eﬁg mB% %ro @%%ki%e%hewere

anal yze dies i S due to the éval uat pati ent
ﬁbteﬁéétﬁﬁybﬁe@bﬁ@“%ﬂﬂiﬂﬂuﬁhﬁtpiﬁ%€®@%n0§e5NEh@da@ﬁeIL 1p

vascyhar e@rﬂgel ntLamartory jebhect g4 At the d%%'f%ats'ene’ln the
researches have been carried out based on

PEPRERFAGSEREBF PP cal Wohtept | HeAG-&4si ng~ ?reef%EEX)/ acids
aekdalbn pasdE above ﬁoﬁnpi#é @Qﬁﬁﬂﬁﬂjngnmkpébple showing

| ycogen i s used etence mnt rypto ha
PP REPr Raet  efiPle o7 Do TheTeataa W't hhpne TRAD  van
Bobseqguent ader estoniire thetease 3afnemyoamaWSMH@meﬂngestion
QEaBSQOEQaEQS %QEQ"e%etE%Qtr%boR%E 948" JaR5kORY carrying

uration sports regar known that n-
PEEL § aérasaéuﬁ?hﬁ@hlﬂhétaﬁﬁuﬁft@r fr éerPaRty A¥RESOTA-

pl asma predablsy-psegwatiitng d hecfatty ael dehe physical
oxi dation by activating the transcmygtlon nuclear

PSELOFMPPAR all HOWSverilahess assd due to the

evaluation of patients, not healthy people, and what it
has been searched are vascular and inflammatory effects.
At the same time, researches have been carried out
based on the following theoretical concept: increasing
free fatty acids in plasma above 1 mmol/L (occurring when
glycogen 1is used up), the competence with tryptophan
transport makes this to be increased with the subseqguent
serotonine increase, a neurotransmitter related to the so-
called “central fatigue” in long duration sports. In that
regard, it 1is known that n-3 fatty acids diminish the
amount of free fatty acids 1in plasma probably by up-
regulating the fatty acid oxidation by activating the
transcription nuclear factor PPARa. However, these assays
were not successful, since Huffman (2004) by using a dose
regime of 4 g of n-3 fatty acid (500 g capsules containing
300 mg EPA and 200 mg DHA) carried out a study in both sex



wer e not successful, since Huffrman (2004) by using a

dose regine of 4 g of n-3 fatty acid (500 g capsul es
waeoenwraryishg 300 ng EPA and 200 ng DHA) carri edPGIIEPZ06/070016

study in both sexrunners w thout finding any decrease

in free TRP nor a | ess perception of effort, nor any

statistically performance increase in the performnce,

al though there was a statistical tendency for

i mproving the performance in $ubjects whomn-3 fatty

acid were adm ni stered, |eaving open the possibility

ranagtrhons tthatt t hendauge aofy distneshéngt héree TRP nor a

istjica ower far-th tudy was the | ow n r. of.

2 %%ecté %%?éﬁ%%ﬁ(S(ﬁ%n §%§O§gmoneﬁ?r. ﬁ%@fhe%%%%lé%lcally

sabseguenter esearetsahenei he heeeftbirsacycof alBhaejlkls there

hebated o 100, per f oLHBOGE, Was, eVAlAl Pthdll gnBOb i mance

any significant differences using naize o
5 phagebdccRaashad adri ARStEr PRgIL V6T Sy a@mA“éﬁ&efe@4 geaving

Bblnpethday dorfs igaverns \P&Eksautﬂhcﬂrilmtfﬁaﬁd 8R¥ cause of

f oot bal | tad et al
Qe Bha ! ST N Rt < Spot 5116575 HCT) 125 31} T bheas the
dbvhenuhbad, ot sibjknoansthdtefir e maht yndcbdsomen) .
interferg wh, t @%b%se%c% 9l g ?gr&tﬁ' the 0y C'@hes'e'}%gcacy

its anal ogues at intracellular Tevel, ‘acyl - .
At ocBoldrlids insHiariad ttve @Wulv@réomhly@@o@éﬁa@@aluated did

ﬁbEhE@hb'%%yb%nQﬁQ@%HQntfdﬂfﬁ@¥éﬁﬁé§ §§iﬁ@|ﬁ5§§e 011 as a
gl ycogenol ysi s anzﬁgnyconeogene3|s causing a sno

RYBEFHPY c &Miea LAGr i A8 FHist i gt T nHedd, gtﬁ@AcdﬁFinho%é g DHA
adm kst Fati eavek-apokyyrsat driat adtf atlﬁ’lﬁ @@Iydin@)lﬂolv@@ent in

stin ps to |nta| e :
ggP%bgg%néﬂ‘iﬁ%ﬁ%e %eShoEE%E%' ase 3? éxhepg??%dlébelmed' Sci
15 Bporssal 867kndwh) thadb-aleconposition of fatty acids in

the mische ahiers,losulipsensitind tynoshowng thaleacacey
hi gh cont ent of pol yunsat ur'at ed fat acids in
BP&@ﬁaﬂﬂﬁfﬁ@ﬁﬁﬁanélFHpﬁéV%suﬁﬁs6ﬁing @ﬁ@ﬁ@lvﬁkyt%%dH@SCler

Bi gheCamtednHf o gt Ir at ed rfratilie 1a6i18s Progicesatpe-coa, in

opposite effect. Exercjse |ncreases 9Iucose upt ake
Eg||mgr chondria inhibit he pyruvate dehydrogenase

10

20 (inhibition by product), furthermore, stimulates
glycogenolysis and glyconeogenesis, causing a smooth
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 fatty
30 acids produces the opposite effect.

Exercise increases glucose uptake, capillary
perfusion, glycogen 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
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ratio, as well as Ca++ intracellular concentration and

ot her met abol i tes which could act as nessengers in the
cellular functioning regulation with exercise. In this
regard, Ca++ regul ates a great amount of intracellular
proteins, including cal nodul LA ki nase, protein kinase

C (PKC) and cal ci neurin which are inportant
mateboedtateshipht hewsiqgnadts of maétam@étmlah the cellular

ransd n ero exerC|se e
%aﬁ §x§ asg éggglgate% ﬁﬁﬁgklnase (i%bﬁ)rwﬁar%
Fegdsatesa @r op}nemtnral @mmc:oaOfevehsradeﬂﬂmﬂbrrtu mvgfotelns,

carni; ki ng Q%ﬂﬁ&&ﬂlr{aE§B§E@39@M§€éEﬁek£§§§étkﬁg (PKC) and
increase of fatty acid transport with

fRt6ERBRALTA PAGS pPéRot iTAGCFAERY aépaeé%neaiatarcsﬁ) in  the
A&/&Kaa@t i vat i @ﬁt@%&@quﬁla&ob@ewsldﬂ@ltu@a st DAHialgl ORerobic

of GALUT4 and hex se e Si on as
R Eahanas | SO DR R L SN 8%, Wit g by 2w
Athewat i(BMPK$ mbtichhéeansque waylrOpndepewrdentylefCoa levels,

?%%Hbﬁﬂltm rein, the ; ’éerg&ca}ﬁ?nltrsbgfee%ﬁnéP&{,?épo&}ﬁﬁg the

ucose rn skel etal . ra and Pessin
reBﬂéFlDQheh@CEﬁﬁmﬁ 275 (2ryy: 263d93-16328°08hoveldhin  the

hh@&cﬁ8n599563§ﬁubanBﬁogEH§O§§tE§SQ@ﬂ§eokﬂdEB§on)
nuscl e, indee here are séveral transcription

factors 8UEh as WMEFZR ! MEFSB &ETPyat img '@ UM andnclude

shoselhacbor SfaG@Ua@t L’;l\/lalt ﬁ@xb}(ﬂﬁ&%bC eS@reARioAGr @as@&ell as
scular nmmon i n obesi t sta;y AMPK

Bno RO RTERR ¢ e R St S Tl ¢ CPeTPhRLe S

obeseapeoplesismasSﬁﬁaammmnwwtmayn$uhdapeeéestanée;nsulin)
WHEE@?E I S ROLL TR hﬁc W £l actd Vfé%a&fls&a’&@' é'lﬂ%ose in

m t ol transferase atty aci ds under
é%?éatﬁénmu$ﬁé?e aee ¥PﬁéngnévP§éﬁé@s thatBiglri ¢iedi-et2000;

basn- gl ty acixd,1 eeven) WshbByaR idedease ofngkyesni all’l the
and i nsul i naem a é{bqpals of jnsulin resistance)

dtUGCPRs GFPROPECe VTS freff mt B AT ARG’ t EEGF%véF’eofseveral

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

An increase in intramuscular lipids 1is common in
obesity states and physical training, but the result is
that for obese people is associated with insulin
resistance, whereas 1in 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 insulinaemia (signals of insulin resistance), act at a
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; 209:
104-11) .
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present invention concerns the unexpected di scovery
that the adm nistration of docosahexaenoic acid
(herein also referred to as DHA) or ei cosapentaenoic
acid (EPA) or DHA-derived EPA, whether in free formor
incorporated into a triglyceidilde, anong others, acts
as a cellular antioxidant. In this way and taking into
account the netabolic relation between DHA and EPA

égsg&géggggrggoghg I%EQOEPA) , all effects
y for the admi nistration

of DHA niis¢ berapphicabheenhbtinnxedosystrens DHA/ ERAcgpected
8¥@Eoberyﬁaﬁ%%ﬂﬁﬁﬂ§n$dﬁWEﬁ§%¥56ﬁ0£¥%E auenstheugh EPA acid

|s not named specifically. An b*ect of the present
i(APERLNoA LSS a6 tthertised aécﬁéﬁﬁéﬁgéﬁéﬁénéépdaCld

flapat he oranuiaciwHiRg of E&Dmhafﬂﬁe@ﬁh&]’_f caincmﬂp@él tiFeRm or
for t he tgﬁgtnent of cel l.ul ar 0 i dati ve

ARGPREPTobFaci TGP Ph- T U9 1aReriTU | S ERES UsaS5F 25 2

detosabhexaendbgidehnd.( DHA) at a specific position of

the g'VC?EOEhQ%elngnﬁn&'F%ﬁi %:£%P$n59%088§|Ehgn%e%abollc

the gl yceri al so spec
EORPOSPTI diethement hield r eatdnmdiltA of( regrpgbarvesgiidat iafe DHA to

Q@ﬂ?geafif@EEE@Esomj%HldHé&h8b§é§§§&tﬁﬂ@#¥8d§¥§'§or the
he use of docosahexaenoic acid

DHA
ﬁﬁﬁ&FéEFE?Fh@n Oéoﬁ%%%ﬂ?%%ﬁl?%raéﬁkl%?%%%nﬁﬂt“%Fe@h§YStemS
cehlubar @ﬁldﬁknwetdanﬁgeo@dmﬁm&&nhev%bstbﬂspabtlqw@xu even
% ? dOCOSﬁhexae oic acic ? the application as
Bpgﬁeg &ageént "FR° hSPﬁS%u%SP %VOCess of telonere
short eni Ag amdeas anfi rifhicbi poeyemagentnveh tprenmat sir eherefore
SROCSCENG? Heceﬁgﬁgﬁggﬁeﬁcogcgﬁl%%lathgxhg%hE%%turlng of a

I's_al so an object resent invent
phérmaceutlcal composition for the treatment of cellular

oxidative damage.

Another object of the present invention is the use
of docosahexaenoic acid (DHA) at a specific position of
the glycerol backbone, the two remaining positions of the
glyceride being also specified in their composition for
the treatment of cellular oxidative damage.

A further object of the present invention is the
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
an inhibitory agent of premature senescence in a treatment
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

hereditary pathologies associated with disorders in the
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them tochondrial respiratory chain, as well as a
conposition for treating Down's Syndrone. A further
obj ect of the present invention is the use of
docosahexaenoi ¢ acid (DHA) for manufacturing a
conposition for the treatnenttZ2of the cellul ar
oxi dati ve damage associ ated with physical exercise. In
pacbrbuhdral heecyse raft odtgc asaliexaenoiwe ACI dshas composition
%BP'ECSSEQHga an, gngan8§r ggent in the sports

rf O Mance 8 as a eguPa 'ng agent of bl ood glucose
| eveI s dﬁrlfwgtbﬁyrsmmecetff@ft thet dresgingo anvebjeet of the

%E@ PE ESEM & d WEBMd QL & he Use Qbudpcosanexasnot bt thy a

manufacturing a conposition for enhancing sports
BEFPEFHARER, T welf ddRtevifosPfi oief of S hbif hthi Mixdgative
bbﬁ@geglamdt@tel w1 @t @hy@ﬁ)ﬁéﬂ?&lx%@é@sﬁé serhy preansular,
nistration of a

I d
b SRt o andos i ke bk et e bR T api 85 apy os an
gskdnbyrpeapketwhem doing physiical exefcisencel natle as a

h i dat i -
DESSEILLAYEan of B e ERSln SELLL o7 OEL Rl LG oo
@éﬁﬂéén the generation and degradation of cellul ar

oxi dant spegikes) b sﬂdea§@egso@rt%éog%@%@%t%ru%w@ntlon the
Sur pr| sin nventors of the pr esent | nventl on

g
Habe fBtind %%%?Sﬁﬁﬁﬁ?%“%h%abl%ﬁ%ﬁ |tﬁﬂ@ﬂt|@ﬂ?%ﬁﬂ?turlng a

pbmﬁus&i:@anoﬁoEeaﬁhame1akgyg@arsge@eeiom§5};ev whethern as a
to a en ent i.nduct i oxi des 0

GhbEPkrode® Nor e natiTirat y Blppt, CaleRe Fheivels after
phgducﬁﬂo&xe&csapeﬁnxuﬂgnanl@ﬁ,amdlnhgremheha@MLmﬂstration

bhe jderyed Spec ﬁ ﬁfyo%nahpfl‘&’ilt%tl'ev%d%%%‘i ation

stch as fér exanple a sign cant reduction
ﬁpﬁmd|@yplcally used y ~ people when doing physical

exercise.

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 endogenous or exogenous
origin.

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

the cell by inducing the expression of antioxidant agents,



peroxi dation. Furthernore, an increase in antioxidant
enzyne activity was found, which suggests an
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anti oxi dant agents, basically enzynmes, and by

repressing the expression of pro-oxidant agents such

as the A2 phospholipase . In one enbodi nent of the

present invention, said docosahexaenoic acid is

i ncorporated into a nonogl ycéRi de, di gl yceri de,

triglyceride, phospholipid, ethyl ester or free fatty

BeksdcalPi gf eérazbﬁyes,saiawhddobpsad@«aﬁmjmg achd isxpression of
Lagocponahed Lohe a Ll obucepids, An the mresent
nven cosahexaen0|c aci d° incor pora sdinto a

gl yceri déh iogiet gkdrpdiongreancéd rm@og?mmwemventlon, said

dbgbyggELdEn ot El %X‘aeE'sd%ncB'i‘?%E}B%Hp'l%oV\" ol oo 18281 1 de,
one of the three positions esterif h

dbgbgaRexdenoi er Heh W antie opFiteratiaf 1rad, Ieﬁ§?yéné9%W3f or

Eh@ereqat@i@gu@steWﬂéﬂéxbunxalt$@ﬂ§ fuebbenevhENo0BCacid is
acid sele om a,  short - or long-chain fatty

t
aBrFdT8R4° §h6§ ﬂo?lErégﬁgceﬁFg?erabl y, said glycero
is a tri@hydﬁmid@resﬁme choirept 0bnt r i glywerdldecasnoic acid

uc of  t dg.based o a ke
Egﬁk ?Eéﬁ m%ﬁ%% conpgfggﬁg%(§ |oa\/éajuI]El(’ﬁ)lg%f1 E% Rean 2
m@opgéw@galgeam digdmcentdat es tiragiheefrdaory of péwtomﬂhollpld

fSLBr 8¢ @QQ%Eh@hbpb@SthEr%%rE%tb%s@%h%%sa%@terlfled with a
triglycerides followng oral adm nistration, whic

ggﬁﬁﬁéFﬁéﬁéaoﬂﬁaﬁcﬂﬁe%ﬂ?wxﬁ&ﬁ%qn%¥%Y¢r%@l%%%??d@%e of the
péﬁaen&ﬁd aehtgheflbdoapashabbhstyfhhane&hew@ther one acid
referrgg enmbodi nent atEresent

a
REBRERH 208 & e S etihor o T S oRnaSF RV aacld and
pergémtag@ruw\Mﬁ@ﬂd of Pbefweehly, 0 &@ddlow%y¢erol is a

L gt :q.the total fatty acids, preferably between
Eg g gggﬁ%gbln relation to total fatty acids, and nore

pr ef er abTyesah® ig6cozbhéxagnsreraded 4 Fhemical structure
per cetd a@)ﬁAbque'b%@tedbeéWe%tﬁﬁ apdc200%dh el &th®N which

Egmégggé fat&? a%aoavallablllty' of four omega-3 acid
concentrates in the form of ethyl esters, phospholipids,
free fatty acids and triglycerides following oral
administration, which demonstrated that the re-esterified
triglycerides presented a higher bicavailability than the
other preparations.

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

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

structured lipid, for manufacturing a pharmaceutical
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structured lipid, for manufacturing a

phar maceuti cal conposition for the treatnent of

cel lul ar oxidative damage . Such a gl ycerol may

further conprise at |east one fatty acid and/ or one
phosphoric acid so that sai dldocosahexaenoi c acid

bei ng i ncorporated into a position selected fromsn-1,
somBoandisn- 3,foray the t herectamptt Sepfopteanallby, atkidative
I ﬁ? one acid selected froma shortand/ or md-chain

ga é acid and a phosphoric acid, and when

i ncor por aeed Bnod ke ogn@yposittiton negnpuishent least one

@QHE?' Ssmept bﬁﬁ%ky ok | %ﬁ%‘sp%%léc' dosel ected hem saig
aci phosphoric acid. In this regard,

ﬁﬁéﬁsﬁéﬁéﬁﬁpﬁgct oa%% PerAfopti GHERPRALEE SREGI dP b@osition
@egd@&@te@o&ﬂolaatsrsall i d Q@g@?@haxaﬁﬂcal ,C @@ydfugeaépor@&r@élse,
SItio el ect e roms n- n sSn \'/

BPt 6l P T hett coris be S | 8530 ot acrateel il e bhort-
Bndriva Shﬂiﬂﬂuﬁmd/datnydenhainahdthy atiodpaodt i@ acid, and
gﬁgﬁphﬁﬁ&grﬁgkgtegr Pﬁpgrm%ﬁg Rﬂ?t S éé tion ay further

OCOSQ exaenolic acid Incorporated |nto fhe Sn-ér1
pOBPLiLen, m@pp toronsetl yf,.ur therlc@oiprine arifeasstleniegti rom a

sgkected; BVQHHaa|9H9sﬁH@kﬂcf§EEM acid and a phosphoric
acid. Surprisingly, e inventors of the present

i nvent i oh”hat8Pour@IPR&r t HE'Use BFTStFtedure the term

gfpy@ehewyy\her eitn t%cﬂﬂf‘d ti ase of thecdocosahexamnpoi ¢ said
een, sel ect.ed ition of the re

IP-URe 2aRg0UAG BoGRd PO TRE I RorBr> FokAS o gn oo ected

tnexpect€d increased anm-3easdiytwrceodr Bverhdthrcopprise at
%Qgstche&?eoe% ééi%@é@yf‘}fo the use QL Lng/0r mid-chain

ocosahexaenoi ¢ aci d manu acturlng a
BRAEHRCEIT cald conpbeFPReRiforciNe tTeat HBpMEwbfe that said

@Sbbgbﬁéxgéh6§5|%ﬁuQﬁnﬁﬁ@erﬂ@?a@@ﬂ“@ﬂt@eﬁﬂﬂitéﬂn2 position
%Sgaggsngg E%&%hggngghggg%e at least an acid selected from
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
bound to the glycerol, leads to an unexpected increase, at
least twice or even thrice, the therapeutic efficiency of
the wuse of docosahexaenoic acid for manufacturing a
pharmaceutical composition for the treatment of cellular
oxidative damage.

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

of the glycerol and taking into account the intestinal
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pol yunsaturated fatty acids (PUFAs) are | ocated

preferably in the sn-2 position of the glycerol and

taking into account the intestinal absorption process,
triglycerides are hydrolized by lipases to free fatty
acids, di- and nonoglyceridegp fromwhich the free

fatty acids and sn-2 nonogl yceri des are absorbed
dbeeeptyobyipﬁdﬁﬁéguﬂ eph@hﬁbéﬁhdée||$J€naﬁﬁﬁdrollzed by

?”@Sr%yk%s redy H8INg docosahexaengic,, ﬁ%‘ %lyclerldes from

or orate I'nto a specl ic p05|t|ono
hhckborténe viaean Bstey bodnd, prdvisded arnomml:ea@eddes are

QbQéQBbMJt&&ré%&jdpc5§asfﬁké§%iﬂﬁﬂ.d%?&tﬂ%@&%@ﬁ'@@lf% named

the sane nol ar percentage I n respec t he whol e
anbaRPCBFSPatty acids present and a di m ni shed

dependengy aBihhe RAINIHIRIHAR @Sﬂgelh@ohs@j@@ﬁéd into a
with.the anti, |dant ef fect _of thg %V' exaen0|c
s

SBPGLFACT RO SgIYEer i te. ATV ANYSGES élﬁ nveht of§ ©Ster

bbuhte pmssenﬂe$nv3ntuonrbawedfobndathavltpe use dfhcreased

gﬁ%% bexgenal £ é{&d&?c%rp% éledsa!ﬂ%t OmQéBQSi%éP@eQ{age in
ycerol rom sn- sn-2 and sn-3, and
Q@ﬁp@ﬁél Wytbarcaegwp@éreolampumth@ﬁ compri sicAgsaPriesgstt and a

99%1@95He§e|§§b§§d55891ao§h0Eﬁe QﬂﬂMleéﬂfB6¥EHf1Jd§§@é in
aci d hori ¢ aci d, i des an increased

B?EQEFFVWHIE 5Hel ﬁBFéSé‘é&aﬁﬁt ieéiieél"énf)fprt&ee@ﬂ%ﬁaéﬁexaemlc
bbedsanetnel gl ypercaenstage in respect with the whole

anmount of .fat acids _present and a d|n1n|s ed

dependen%d £¥%%O%ﬁ§¥hisisgtldﬁ“ﬁ%&oﬁ§|r1fesﬁggt present
mhyhnthenahawemﬂMMmdeﬁH&ﬂﬁtMﬂ the docdsaberxaemercnoic acid
?ﬁbgrkgrggggghﬁESr 031%90ﬁd%%nkﬁ%e§qil%Toﬁh%elected from

i nventors o ent i nvention h ound h
@§elof3@0@o§%ﬁb%§éﬁbldﬂéélﬂth@@@bbYaﬁéédlﬁﬂ50§f§ﬁ Zurther

pespthenngf aa gkyeer eheandiapkiopakky ot gl yeerel- and/or
%E&tggglgoqgﬁh%;ngc?é e Staog%osphorlc acid, provides an
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 docosahexaenoic acid in the
glycerol.

Also advantageously, the inventors of the present
invention have found that the use of docosahexaenoic acid
incorporated into a sn-2 position of a glycerol and
optionally said glycerol further comprising at least one
acid selected from a long-chain fatty acid and a
phosphoric acid, provides also an increased biocactivity,
an 1increased antioxidant protection at the same molar
percentage in respect with the whole amount of fatty acids

present and a diminished dependency on the administration



acid selected froma long-chain fatty acid and a
phosphoric acid, provides also an increased
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the sane nol ar percentage in respect with the whole

anmount of fatty acids present and a di m ni shed

dependency on the adm ni strationdosage in respect with

the antioxi dant effect of the docosahexaenoic acid in

the glycerol. Preferably, acilds al so present in a

gl ycerol with the docosahexaenoic acid will be

sheetechann feﬁ@ac&nﬂwiik(Cih@S)aﬂtlﬁkddehaineffé¢y of the

88c éﬁgéga %41cor adphgsgggrgnyggl 4 since these have

i ona PVt y energetlc activity .
and thePeééeeabile aﬁ@tisc@ﬁrﬁ@t engadntt hen a glycerol with

‘E!H%O%l%'%@%%%%‘%a“en%‘i'cd adN@r ghofepStidd Mbe i n fatty acids

pref erably, present 1 nventions relates to the use

é?ldgébsﬁﬁeﬂaéh&hﬁ%ﬂniﬁﬁ@%xﬁ%kﬁ%té%9|%%% a%gl gc&pgIsphoric
whenei nsione ofhébe peskt iofNsreActiafd]lsnrct arief,r egudr only

dDb d-ch fatt id (C9-Cl4 .
SREHBLEdPY R M ealy TRy eed (e coppgee wien
ahd dncwhebhxsan@iposctdon i s occupi ed by functiona

DHA. Thu%he?e%&kél hEQD?E IHSE%gg?ﬁ%EQQQ%l a%ﬁgevi%esent

since it'Is nore efficiently a . .
investinap cetlateTheref ghe, vHe syht htim@sc“dfexaenow acid

%B&HQ&HE@QeQ'X%@%‘%& whenein JiherdocosabeyxaengiC a6idions
has been incorporated into any position of the
épyéeﬁ@l WHET | ?rloé%xﬁbto%oﬁﬁgPElﬁPtﬁﬂbt%eml@aFF9ln fatty
acids and- @mereudrttyhdﬂﬂﬁdmyinbeeatt@coap@aate@1+m$p or a
osi t.i,on _of thelg_L cerld when_it conpet
a

the sn-2.
AP RERP P Bage L@ Py B A Whioneb T rpF bt gectpied by
fehatedntd OH: .anthoxi dants’@ﬂﬂecltu@]melr tiherebore,of t DHA is

5 n@PLEf ££ﬁ%€“@¥hf95 WﬁﬁHﬁa%%%&bﬁ%n%l%O”HBébEb8$h A the

e treatnent of e oxi dative cellular "danage
Fﬁ@@ﬁtéﬁ§loﬁeﬂhé present invention have found that a

cel | enrighedrwith aneompesiddon Wi hsBHActllRed glycerides
wherein the docosahexaenoic acid has been incorporated
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,
therefore, it 1is 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 cell enriched with a composition with DHA, in
accordance with the invention, 1is better prepared to face
up to a new situation of oxidative stress and thus to
minimise the adverse effects that can derive therefrom.
That 1s, the presence of the DHA in the biomembranes
induces a cellular adaptive response to the oxidative

stress. Adaptive response 1s a cellular phenomenon by



accordance with the invention, is better prepared to
face up to a new situation of oxidative stress and
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therefrom That is, the presence of the DHA in the

bi omenbr anes i nduces a cellul ar adaptive response to

the oxidative stress. Adaptive response is a cellular
phenonmenon bywhi ch exposure to a toxic agent (in

sub-1 ethal concentrations) pddvokes a cell ul ar

response which will subsequently protect the cel

agatchst éh@oﬂ@t@tenkDUSaeffeck$cof ddpatt sameit oxismb-lethal
BIRELBLALELAG) . CONGRIILALLONS., 01y, PUL BOOLASY WVen will
'trs bene eftect unl eas e ow T evel
enpesquentéyanpagéﬁctt hilte i scebk mmaﬂatsml ghhd evellsterious

é@@b@t§t6§t%QBtOEaQ@Atgﬁgct%%eﬁgl|QMMEQh%@b§%%Q@d@ratlons,
advant ages: ) Increased cel'lul ar anti oxi dant
86t|@W¢yaﬂ?9h@%s%®%e of dél 1ulapneyt ot dki effgcat WwHeashed

dosageswadmilster edipdsyrfbsense 9festgohbtcant harmful at

gLéﬁr?tioEs to cellular oxidant status at the dosages
difi'ni'steréd; d ) Adaptive cellular antioxi dant
activityAdﬁME1t0rathonhe alfove,DHM a Ipneferckd following
gﬂggggﬁgggltgngBQEQQ% invention relates to the use of
ocosahexaenol ¢ acl manuf acturing a

phar nﬁt&ﬂqws%blﬁﬁisthadn Frori xvlen thg & Jpatthol ogy
aSSOCbﬁ@@%éMéJ‘6%'|@%§¢up%td%wﬁﬂ%d¥¥Bﬁﬁy g@l the dosages
pat hol ogy belsgﬁg neur odegener ati ve pat hol ogy,

prefera@ eI @EFf rom the group that conprises:

mul ti g} a@gﬁrﬁf@smfsﬁ /édlzﬁﬁiﬂmfair& diaS_Q:@&%tlBalrski rtss;on cfiellular
di sease, A otro i.c. | ater Ier05|s

dyst r opty* thé?s't ﬁ}'ané?ﬁ%% eﬁ% rn% the

pr esedi Ad&pnnvengelhel@athotogylassocaated1Myth t he

oxi dative damage is an ocul ar pathol ogy, preferably

one selected fromthe group that conprises pignentary
retinosi Bvenmieoul akl défenetetyon in a preferred embodiment

the present invention relates to the use of
docosahexaenocic acid for manufacturing a pharmaceutical
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
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
and cataracts, among others.

In yet another embodiment, the pathology
associated with the oxidative damage 1is an ischaemic
pathology, particularly a myocardial infarct, cerebral

infarct, etc.



and cataracts, anong others. In yet another
enbodi nent, the pat hol ogy associated with the
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particularly a myocardial infarct, cerebral infarct,
etc.ln yet another enbodi nent of the pr esent

i nvention, the pathol ogy associated with the oxidative
damage is an inflammatory process, preferably sel ected
fromthe group conprising arfhritis, vasculitis,

gl onerul onephritis and eritomatose | upus, anong

others. In anptther epreefrenr edeebbadmsent, the patdol egysent

ﬁs%t%ﬁ WD the h?xl' Al ve s%%”g%%ﬁﬂ Swith the oxidative
herosc él‘OSIS. er aspect Of the presen
favegei ohs i st henddempf tDHX aBraces ot ectisfergelit iselected

Ehgynat yral %%%S obohplroaeng shanteniing and &3, 1itis,
i nhi bitory agent of premature Senescence. The

feehanisRBECpRodtEPNg tePbiEPTe t 48806 FREFONSMPTASP LARES -
stlll unkﬂOW@n@@meih ﬁéﬁé&&éﬁCﬁeﬂﬂﬁﬁﬂﬂéﬁ@nttﬂﬂye@hk®@logy

t Id ted t d
AIPREanetuikD BrCoragRati Bonerass wh cRheyAEResFbaks -
the repebndvthersequencesfothBNArebanacteviestionf ais the use

Lol Bl es, taheéfgﬁ’eéﬁf\%' 'aé ﬂgoeﬂ? kﬁ@gtﬁé&%%ﬁeg%rogggs of

tel onerase is very activ tal cells
reEhnacei vishpritendddl t Etrt@ksueScelalns TTAS idver el depnt  of

gggﬂgthgenggﬁggcgeggs but they have been observed in
Infected cells by virus or tunmour cells. It has been

obser ved ?ﬁatm?%‘?‘%l”?%s a DFURes ve FEmiction ass @t ions

nuaber ofe i BLVILr Q,lri}@icﬁffﬁr]bﬁtreﬂﬁi [ &h@ﬂ@rs a$>f_wetthe a$resent
in Vi VO,

:
LD S PhAE B D pop g s aleBlaRa wicn &

defiivity iim thémseﬁmﬁmauﬂy Lmkemeseymeheta&DQOesef which
%gﬁtﬂégﬁggfﬁ,l kﬂggpbg%l@%é %‘rerg[@t'e%@etsh% ARG acteristic

bro ocytes rom cent ena ary
ﬁealtﬁ}omeﬁeénsthﬁa@bﬁgStéhhélalﬂeléherﬂenghbrtéﬁrﬁgf

during theei PeVbhéPase is very active in foetal cells, but
has not much activity in adult tissue cells. TAS have
seldom found in normal cells, but they have been observed
in infected cells by virus or tumour cells.

It has been observed that there 1is a progressive
reduction in the number of in vitro telomeric repetitions,
as well as in function of cellular ageing, in vivo, which
is associated 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 vitro
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

breakages of telomeres when inducing oxidative damage in



propagati on of the fibroblasts, as well as a reverse
correlation between the teloneric | engths and the
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naturally with the cellular replication, a premature
senescence and breakages of tel oneres when inducing

oxi dati ve damage i nthe DNA have been observed. The

tel oneres are nore sensitive to oxidative damge and

their breakages are |l ess effil@iently repaired than

ot her parts of the genone. This |eads to an
abeunoNat i anvef bekanevbecdarege WWhiech tprlotkdees aare more

L %ﬁ%%fc  hogLenin a‘é%‘en%afngge[’%'ﬁdr %ﬁ'e‘i raﬁo‘r%%k%g%%" LN 1ess
the cefl'ul ar replrcatirve I'rre expectancy. e reactive
exygencspéri esreROSY thear tdtdidarpar supef oxhdeganicons, This

hydrogen cperoxi de-and, oxd A4 | sadi cal snecap ageghgeal €hich
he losses in the telomeres during the replication of

t he : . |
BEABUEBF| I aF 2By pEs ShedreiRsUgAuEhey difso Phgugeprlication
peauetiHpe senescance dregaedhesstof et heitel dmi@-tancy. The
shortening . resent

Surprisingly, e.authors .of th .
PRoGheron mavatthumetiet e SRSt be R roxide
aciidngor thiyelrooeat mgrircofidehe ared | ubaidoxi daredécals, can
| eve ws.10 reduc t epj
gg?ggg{g%ﬁgNégﬁnné%égéid,l%heﬁé or:?£?%ﬁ$%$% tEgPQng the
cebliFarisenedcemse. CRel Wraasentre sweavor sthavehf sbhaad also

anhever ser&psFekat iQn hetaren theg.shoekeni By rate ofiomere
tel onmeres and the cellular antioxidant capacity in

AOPETEAART2 O fibrobl asts human strains. Mst of the
cel lul arspapanet egsypf thbesetppenabtr ehy agedent invention

i b t th t I i, f. th
Lappotasis pret D6 Sam ag e Aetml 29810 S A VEEE ine
thangesnin dthetigenice léxpressionjativihedhmbpeblast BNA level
?% Bw@ kBWEEdQBE'QKEdéﬂbr@%B§H§er%@%f%%”t%%ek%lomeres and,

oneres faster and vice vers he shortening rate

6RethRéorel ofBRePEs Rhgheplinlesl PSNRPERNES) oner
anti oxi dant defrenee.c Furthertore, hree radigdl a reverse
28%¥29gﬁggnr%éﬁﬁéégm%he shortening rate of telomeres and
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 (morphology, accumulation of
lipofuscin and changes in the genic expression). The
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.

These data are in concordance with those showing
an 1important role of the antioxidant enzymes, glutation
peroxidase and superoxide dismutase, 1in the shortening
rate of telomeres in human fibroblasts. These dates prove
that the length of telomeres is determined mainly by the

relation between the oxidative stress and the cellular



shortening rate of the telonere. These data are in
concordance with those showi ng an inportant rol e of
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superoxi de disnutase, in the shortening rate of

teloneres in human fibrobl asts. These dates prove that

the length of teloneres is determned nainly by the

rel ati on between the oxidative stress and the

cel I ul aranti oxi dant defence &&8pacity. Thus, the | ength

of agedependent telonmeres is an accunul ative

peasukedent odefdn&xhish@mwlm®-th@h@xidaﬂkyeldagﬁge of age-

é%?%g?aﬁglkeﬁ% erggerggne aﬁ@@&? fgt éeme su{emena of the

bet ween dati Ve Stress and's
haseoof vél mwﬂmm@mm flort her ediitahyps undergone
Rathgl egies;associ ated with disorders in the
m t ochondrial respiratory chain and for Down's
Syndrome® THEIEIOYE:1he ORityeent rekaffbhvbet weeifihe and
exbdathvegcekkul ar damageren BNA ardnt hedchel e¥Rr @ereditary

hortenir dit ffect t.h L1 ul
B B P B0 rRE ABLONaHEA RoROPETaRTd 48 & Poder Fufondr ial
peoepéctiveyagentni antthéonabuwal spsgoessmef tel onere

Shorteni@Qe?%%o?ﬁéagthghlQ&ggﬁxeqgenEePi?PéﬁnaEgEﬁng the

senescence. han e use enzynes
phedpeddact icen lofl agnegda®dat t ynacibdfenrdthedtbf| s tgdomere

§ﬁ5§&@hlagvaﬂaag%§ b@fé%%p%%t tWet Reatiher metheds hased 110w
on chem cal synthesis and, subsequent rocesses of

Bar|ursuecaii:fil%nd%ﬁ%%¥%%lﬁ%\bﬁu est s@p%r%\tPBH%r Thel eaqtactive
diyshil Lat Itﬁ@, natar)al prbeckat ber teeguicre exbireding and as

condlg §n§ agd Ei%h teggeratures which coul d

par tiafty 8£§t &l Prdbobi'é -Botnds & FEErs - of onega- 3
PUFAs byooxﬂdailomheby asdt r ame | seeerdizathegmes for the
g%gﬁﬂEEQBnodeBMng ?%ﬁgt The ; %lOfetnr(fL%'ﬂ@'dt 'o‘}ﬁ% %%%dg'ef\‘zeral

zymati c synthesrs ature | ower
edsaaﬁagﬁéséncﬁéﬁP@QF Wéﬁ@eﬁﬁ@?rpﬂ@ﬁh@é§ Raspht wet ichemical

a&he&egasve &@@SGEMﬂﬁQMﬁﬁﬁmpr|9k8@és§ééuchﬁfe %ﬁrlflcatlon

gﬁ%omat?&f@%h?%é? agekggéﬁﬁgﬁsﬁn %g e%h&%%tu%igtlllatlon,
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 bound. The soft
conditions used in enzymatic synthesis (temperature lower
than 50°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 nutritional
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

even by merely bringing the active ingredient of the



selectivity in the acyl glycerides, considered to be
t he nost favourable chem cal structure froma
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conposition conprising DHA can be found in the form of

an oil or an enul sion, which can be adm ni stered by

oral, sublingual, intravenous, intranuscul ar, topical
subcut aneous or rectal routes, or even by nerely

bringing the active ingrediegfl of themni croemnul sion of

the invention in liquid or vapour forminto contact
mﬁthoéhelshbacknﬁyt@égamSe&tﬁ@atedqaﬂiqhedenhraﬁapoof form

th%or%ﬁﬁh;%§°r% Lrachs. EH%%ct%?e ad i stratlon.can,, iy
8 RarFied out b y sprayi ng, ?on1sa i of

eherahceoenvlisi on;é'leor blyemhlaimmon Op@q:bﬂal | yThsaid the

RAAL ARGEYLEEB) %%ﬁp%%' tda%:lféﬁt&% H?”Eﬁké?%@ S%E%@Qng or
active ingredient. Simlarl ié har maceut | cal

ééﬁﬁé§ﬁ€ﬂ@ﬂ eénﬁhﬁsmhafEFmP hOBé 9§e€ylhnbﬁéaFé@H
I ndustryopeiohhelpyr pose ief enphshhfgetoodapr odueh®osition

e. | actic products such as hurts etc)
P ERnST RSP UPAR S8Rt FoRPOtRe agentoouchtae Bak:
Ther ef or gimi haahpt her ehbodi mehtiroficthe ippésent composition

Egﬁ??&%?ﬁ ?ﬁ%.&ﬁ%(”ﬁ%e%l 'i&OERgSH%>%P 18qustr for the
mste?e to a atlent O1S areaé)y receil vi
pwéﬁpﬁ@ntofag%mmhﬂarl%atfhgﬁowos@mu atedw thctic products

Qﬁbgatdsveygé‘lﬁ@ggs Aﬂﬁtlmer objectyieh thenpressnt antioxidant
invention is the use of DHA as an enhancer agent in

PHBNSpBFEE pérPBfmance and as a regul ating agent of
bl ood gl uceserbewel slrﬂuahaghphyse@:addﬁﬁémt ofl nthdi $resent
he aut hor s . of thel‘&ﬁ_L i nvention have

u¥% %Pﬂgﬁflﬁoﬁmf%W%ﬁe c%@ %% % on 1s administered
docasah@xaﬁnowduncuﬁ mhr$m@yphgsecain@xer¢msetmeadsa@ﬁlnst

gng0386§8§gs BsLhe %B?gﬁ%tHGEQEEQPQQQ aB};5i ni ng

Fevels ycem a ter such’physica
exerC|seA@QFhﬁéuPba@ﬁﬁnP§téh?n@rééﬁﬁéhyéﬁﬁﬁééPn is the use

of DHA as an enhancer agent in the sports performance and
as a regulating agent of blood glucose levels during
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 1n the sports performance maintaining blood
glucose levels (glycemia) after such physical exercise
(without administering carbohydrates).

On this context of the present invention, by
“Yamateur” or “non-competing sportsmen” 1s taken to mean
any person doing physical exercise in a sporadic way and
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 professional
level. Likewise, the terms ‘“physical exercise” and

“physical effort” are used in an eguivalent and



On this context of the present invention, by "amateur"
or "non-conpeting sportsnen” is taken to nean any
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non- prof essionally. And by "conpeting sportsnmen" or
"trained sportsnmen” is taken to nean any person doing
physi cal exercise in a regular way and/or at
prof essional |evel. Likew se, the terns "physica
exerci se" and "physical effokf" are used in an
equi val ent andexchangeabl e way, as well as the term
espbrhsaehlei sraysed sf oreIMemanchawnenn Sppbkssmen” is used
?ﬁgfgégaggg %8m8%Qer to evaluate sports perfornmance

ere are Several "paraneters which allowto give a

Spbuktat penfgbmancenhe i nprovenent of such a sports
performance. In sportsnen doing aerobic sports an
increase_in the performance i s considered when there

i s an i nERe&gEesf tohe i Edift ateP b S oRHEATHARF RURPCTE are

661R8 UANt b 2%¥E 2H8C Wil drhey N2 {angerebic viheeshabd) about
i nce VU2max hardlﬁF'ncreasenguriEgra conpetitive

EB%s%WPFHV$@?9tm8F|S i fed®Sport BreA” TPt Fe changes
in the péncepbagemeh \@Rier sartheéct kpeshel chrar éndatase in

ghéegék¥oEﬁhﬁE8diéocéﬁﬁhagEgﬁs%hEﬂ the performence. . ceo of
€ present 1 nventors have shown that a statistically
shgnkireantapacréas& yaknt e xgxypge iF ceevsniptaror (OveR) 1in the

bot b alsldit 8 (P<OCa LI o Bifd, rehatLveolRsO. B36)1valiWeSecases
to the weight in the ventilatory threshold 2 when ,
@Hﬁﬁﬁgingibagamp?FFéhﬁﬁlaﬁ%ﬁﬁ%ﬁt tFi alV$1 t "ehbse trained

epbiiefeaut rafdtare f eHangoeat s of hér eatrentt awiet ho PHXO ..., in

The increase of thi araneter. is_shown for both .
I PR RRT o ek D BB Tl r NN 00 S Bncrease in
thel pstspribenng.the difference in the latter non

statistieally significant, (figwe 24 A0S, chae

par aneter rel fo an increase in the sports
perfoFafgélys t ReoRAELEaBE i nirREeeardi aet the oxygen

consumption (VO;), both absolute (p<0.019) and relative
(p<0.036) values to the weight in the wventilatory
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
significant (figure 24)

Another parameter related to an increase 1in the
sports performance is the 1increase in the cardiac
frequency wherein the UV2 of the effort trial is set,
since 1in case the cardiac frequency increases 1n the
anaerobic 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 1increase in the cardiac
frequency in UV2 for p = 0.082 when comparing said

parameter obtained in the basal trial with that obtained



frequency wherein the UV2 of the effort trial is set,
since in case the cardiac frequency increases in the
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be capable of slightly increasing its ability of

keepi ng the aerobic netabolismin higher intensities.

The present inventors have observed an increase in the
cardi ac frequency in W2 for p = 0.082 when conparing

sai d paranmeter obtained in tBé basal trial with that
obtainedin the triangular trial after 4 nonths

¢ anstimg ng:rE)H@tgum'aﬁsetdaEES af eenotdabhynshewnc drp=<tn 1y) DHA.
j he r L Wi t hgh ¢ t|t|

‘rrg\e/éF I‘égg g%gsﬁot%?éﬁyt %&@ o 95? g '619 - dBTREe Sulfroup of
bmc&éase whthhe biige neeﬁeultaveeéeheﬂhéFsgaresﬁBtalIy
significant U2 (Figure 26) . Finally, the cardi ac

f requency,f af; e Same, ef{@éfe'?éelarﬂ S fin the time
sportsnen are aerobica trained. The present
Pﬁ@@ﬁ@r§ohéﬁ@f§eéﬁﬂ1h%ﬁa¢hs%y%¢l%Yssbéﬂhélﬁaﬁinpyﬁeréégufe
vy h DHA cardiac frequency decreases in a
statistically.signjficant way _(p<0.043) when_ conparin

t hese daFé“?iFYboF tFPéﬁ%aStfgﬁguﬁaFﬁtfﬂﬁeﬁ DEpSPTEmMET TOTt
censlUne s2008vait 02/ b riEingur exr2r)adtolchre bey capelitided The
fron1t eseﬁyg%g§§ that in <SpQrtsnen taklng Dyﬁiggg 4
foNnt RS “an ‘i ncrease |n " the & consunptlon 0 oxy €ne,
absohdtecand relti VA | pardeatVE(ger®EG08 dadreases in a

Q§9t9%§1c5@§9e05i?ﬁincaﬁﬂ 'ﬁ&%ggiﬁ«!ﬁwkﬂe GO comparing

being

correspondi n and a decrease in

thesearth e %Péqm *\?\ﬁéﬁ??,p@rtts f prédént€ham sportsmen
exyeene CODSUMPt bomDE 2009.rd /min (p<0.062) have been

b d., Al th t di cati .
ncr caselFn PHb BRor Horiet maRE afiTre t SRAQSS, 1Bt i
Eb@kﬁémhn(Gt@Bp@@léBﬂbffB@O frg ratnt409% byr wenghe¢gse in the
gég%?#@gﬁgg (o %x %% d°§§(§fﬂté1£EH“Pé}a§§%%, in the UV2

'es are expressed b .
N@ﬁOLDﬁﬁtaﬂKVepéﬁ-@hé,pﬂ@ﬁaﬁcnww@nthonan increase 1in the

charge corresponding to the UV2 (p<0.063) and a decrease
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
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 effort trials.

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

whole or as competing cyclists, without showing any



Several biochem cal variables related to oxidative
damage were al so anal yzed after effort trials. 1.-

we@sna7Idbt al Anti oxi dant Capacity (PTAC). ThePE&I/EB2086/070016

10

15

20

25

30

35

general and significant statistically increase of PTAA

(p<0.05) while carrying out rectangular trials. These

i ncreases are higher in sportsnen after being

adm ni stered DHA for three weeks, both considering as

a whol e or as conpeting cycl 8ts, wi thout show ng

anydi fference between basal trial and trial realized

af féereonsumatgudshiA b@EalhﬁﬁﬁjMBekﬁdbynﬁﬂﬁleﬁéallzed_ after
g I ehy

kTR By B al b el SHact 4t (Op oA B T gl @ gure

@é?OX|des produced by oxidative stress with

thi obar byt iyg, A6 thadd) dh ShoWnMAL. ashOniLi G most1y

i ncrease of OX|dat|ve damage plasmatic |ipids
earpyrAg BUPIEFF éﬁF@Ftr?@F§P§g(6%@l@3§)PeAP%éﬁeEHRrOduced

bgestidenifer s3 raeeksiixidatdyerislanmee: t @cldpi d8 is shown
ﬁ?l%e carr.ln ut the effort trla# is Igmgr theg t hat ‘
a heabeﬁlr% g 00, 053 i o f f ePENCR T ¥ nueR™age  to
pﬂ)aemiamborthhpicﬂs)r Whridiened agporitgmenuthaml I ore afmtteurctrials
t (H 3=, 80X 7, di hydr.o - -
?gggkégﬁghos%%gé%8%%%§0&@§%§9%E%&05% |s§aq%xH§L 'fgldatlve
demags Bicombikeds Thede i®@mivintcreate tbe oxdatt verial 1is

dafegechent RaaPNALWRhke LeafihviiRg Qk or.echangwliar 4i fference
effort trials (p<0.011). This oxidative dana

él?chskhe@OéffetellmaaﬁFﬁ%teW]hgtEﬁA“Ie@r §p%éﬁ§en than for
6ps0e035)poThisetecregseei Doy he oxidative stress is

nore inpgrtant i,n _non-: e cl,i ts than in.

L oyl i SenSnr SRR bvaranYs’ ot dhuPhgetine (8-
;ggggslrﬁagé;dglgmrhméﬂudiﬁa@ﬂrgtﬁ®$sGbyoenghestudhese is
BPf order ke $teudy, sbjqad, ggocilﬁ}ﬁ)asqﬁe '@%ejcﬁe%ﬁﬁ%ﬁ”%' %raﬁrylng

ort trial was carrie r ol

aufrexi SRfMTdiRrge RACATA ned @i \Xé>I<e9nt01tlé -a This oxidative

damage diminishes after administering DHA for 3 weeks
(p<0.035). This decrease in the oxidative stress 1s more
important 1in non-competing cyclists than in competing
cyclists, this difference not being statistically

significant (Figure 30)

Glycemia studies

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 VOymax calculated over the
maximum triangular effort trial, maintaning the slope
constant at a value of 2%. The time for the trial is 90
minutes and the consumption of water through the same is
carried out ad libitum.

Since beverage with carbohydrates were not

ingested, an hypoglycemia was expected. This hypoglycemia
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trial is 90 m nutes and the consunption of water
t hrough the sane is carried out ad libitum Since
beverage wi th carbohydrates were not ingested, an
hypogl ycenmi a was expected. This hypogl ycem aof second
extraction (twenty mnutes akber the end of the tria
in respect to the starting sanple obtained twenty
nfnaéethek&ﬁ&akhadmzmﬁ@entySmﬁhmMBimft@E thesend of the
f totri ex ted, Ho r
%?ne ?%%?géﬁ “ﬂaganggggg%g 6%I¥%fgf%§%glne?htwenty
@howtasstb@tﬁogta cth¢ yssieghi fi @awtslgwlcemna the first effort
MRk ot al nement . ool chioyas: dol Absetued RIAM OUSLYi 80 arter
represents a surgr|5|ng finding in the realized
F€§earEHA Geherartgiratseati steeal I1§P% gnifanddiit  show  a
Q@ét@@@@cél@$9 099§ﬂlﬁic§@fur@g§l@&ﬁ)§£ Ireviel 15 triun@ughoutyhich
rectan ar e fart triial is obseryed. However, the .
BERadPouPEFS P Rr BB CHEDEnAN G "on TERE SR of Surprising
$podtspennt ohberanalyzddrépsBr6B3): in the case of
usual |y cycli e S [ ca
Varlatl0§8¥%§%%?9dec%eé§%§t%§gﬁégal %%%ﬁ%ﬂ%y ﬂt %ecrease
tprak 800BUt cifn ssagm o@lm%ulewbm §b§ough@u§ec¥re§at§@gular

@%fekxce@waq!urll@g bhechasal. tHbakvks higher thanyiur s
usual I'y conpeting cyclists and after taking DHA for

3
ﬁééﬁ%rﬁptfoﬁﬁpﬁﬁ %H@ 8&i dtaecr ExBe vPﬁtuéPP}tsmen to  be
dhaap@ears pEoguoes 31lin32tiend &Fe T asilence @impeting

Togkéf g gurin% the effort .trial at 75?6 f, VOZW%X th
F%SF nut 857 t Kot 8P nRi'Hg thEBéverage i th  * <

dacbehydraﬂ@sgﬁgpee$enniun1ﬁg ndhag tatiedls ,conmnectis: these of
@Q%h?“r during aphysical ?ff ca\‘n#ﬂ tcﬂﬁ}lng the
served a ove-nentioned in re at|

bﬁéﬁéasﬁ-ﬁfl@ﬂ i s uligeeseRSipni vitt yuswl%}m §OF1E@5FL§9 cyclists
gﬁ@d%ﬁﬁkﬂan@aﬁﬂhﬁ (908 oeonel yded st hat E%%r”Qh@§H$§r said

mechani s, ynder|ying,the response Lo glygose,in the,

The existence of normoglycemia during the effort
trial at 75% of VOmax 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
the increase of insuline sensitivity. In this regard,
Goodyear and Kahn (1998) concluded that the molecular
mechanims underlying the response to glucose in the
skeletal muscle by 1insuline or exercise, are different
after the publication in 1997 (Winder and Hardie) about
the fact AMPK (AMP- activated protein kinase) was high in
fibers TIia 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

different in sportsmen from that expected according to the
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was high in fibers lia during exercise, considering
that AMPK has a pleiotropic effect inhibiting
acetyl - CoA carboxyl ase and pronoting glucose transport
anong ot her actions. Perhaps, this may explain the
finding about a glycemc resgénse different in
sportsnmen fromthat expected according to thestudies
candied odtriadsedentar yepeophey Eéopﬂéhese st udi es

about the 361,90 0f DHOVEr e SROIS SRPLLETINCEun over

and glycen1a can conc OW ng

thei spoedrs m@m@urmmethedcgﬁwpﬁmas iifgest i oheofcoDigA uded
far mBiecl,hag.3 weeks produces an increase in the

Pllasma Tot al “Anti oxi dant Capacit PTAC) in a general

and stat?étFEaFﬁyb§?@nPFP8§ﬁttﬁé% %ﬁéoc@@FlPNOﬁﬁtHngeStlon

6 eNpetal tﬂdr?/an@iahd anaflegr w@éq::lsl HProdANS0, att h@n@xiﬁ% lhy_a the
na olip is.lo er ence i C

?3 ﬁﬁ?eglﬁﬁ&r@ﬂ&f‘?&9QHwnéé% Q%téﬂ%%g%hh% fopeneral and

amateéaticytliyst s)sigrAifmiaddnt, |twhys be@x 0sihdin t hath both

TP aebe Hr L o all B DUA [F LRree whoke: (<0 03 eive

daypape Has beehdpr ovedl e éf)ﬁ@r 04) rm&ﬂlrfsfecﬁence which 1is

&89&'”9@§§rt£8€5F&9F QEa@Héd.tE§o§EQﬁE§ p@m&@rmﬁﬂpe drteur
gher (increase of charge and cardi ac frequency

%Flll%sihen“&éflééfmaﬁg‘e %%Své?ﬁﬁxsuhﬁ%ét 2)theAﬁ§Eage to
aNat atdastireal |lyy sughhbiganta menrnog yeend@) | Betheases after

ffort a 90 m nutos , at .7 f VO2max carried
gﬁ%lP%uph%oﬁPﬁs P&EEr " 88%5 Rg @é&yhas been obser ved.

The assoz) atitonhefs bbehnef@E@vsd(aﬂmﬁnhaﬁCerin4trmpnths of
éBQEE uBSEfof (ﬁpdo%or ﬂlyQ; MBEHEEQQ r@ﬁnce is

erlo exercise) is a result Whic not expecte
bEhRAOMATCHCERE &t CH%HQQmﬁ%@r@ar@%a%oﬁrﬁqb@DCYr as well

genckuded that-dfti=gie of VOmax in the UV2). Also, a
statistically significant normoglycemia 1in the effort
trial for 90 minutos at 75% of VOmax carried out four
months later consuming DHA has been observed.

The association of both effects (an enhance in the
sports performance and normoglycemia during long period
exercise) 1is a result which was not expected nor known in
the art.

Furthermore, it could be concluded that this
association of effects is desirable and could Dbe
ergogenical aids still not known.

Another object of the present invention is the use
of docosahexaenoic acid for manufacturing a composition
for enhancing sports performance and maintaining blood
glucose levels after physical exercise administered by any
suitable means.

It should be considered that the European Union

Scientific Committee on Food recommends the following
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sports performance and mai ntai ni ng bl ood gl ucose

| evel s after physical exercise adm nistered by any

sui table nmeans. It shoul d be considered that the

Eur opean Union Scientific CoBftittee on Food recomends

the foll ow ngconponents for a conposition of beverage

tOmbenéaken tlori g adphysiicalorexerfci sevésege rmm;)be taken
//e europa , eu/f ood/f s/ / scf [ou .

407Ka9i 1 1000 il Ener gy “586 1keal / 1000 Pflae Pl ) (46055
hygte)y /Nacseunnph/ ¢u( 1050/ fig/ 3F/200/ ags At/ ky - maf ek

Gsnol arity 330 ng snml/kg water At |east 75% of

cal oric energy nust derive from carbohydrates with a

hi gh gl ycem c charge (glucose, maltodextrine, sucrose)
Vitam ne Bl 0,2 ng/ 100 ng carbohydrates In this

regard, The inclusi S aimed 1o
Realllqoo kqal L4000 ml

CORSUNPL da0n nf1) MuS

Ot% ¥ p{ } Sng&hﬁbl/it 1150 mg/1)
Zc' OHoSm COﬂSI er
dd’*dlle to the

tric enpt
di ‘i wiSh ar msmlﬁg%

generat i7Ay ctfhealpnrasemeze;yoﬁuscon@@m rabm msb@ﬁ/drates with a high
?ﬁfcgﬁgy&r% %glugdsséo%a%o%gxtug ;ulgl_eo ?el I ng Of gaSt rl c
I ness unde3|rab[y for a ot of sportsnen Por
ginguf ) F; 3 th a | cer

concenfratlon of carbohydrates by addi ng DHA could be
an ergogenic advanta%e of undoubted interest jn

sports peff GPAENEEI2TACcditfi gty SheR her ggﬁ@@hygrates is
hhﬁeﬁresemb;mmwamuuMergﬂyﬁgmnacnm.@h@éﬂﬁteubwcaﬂ the fast
(of0) 05| lon conprisin ch._can he used i [

R PRk g Py SPhT o e hBea Bt ¥ Lo ng Foggorid be
ppodudese@eﬁgkeddmaybppbducr% gachras waqh@wtsg'lﬂumanished

gLE) +W thea natwrale of osmolarity generating the presence
of concentrations of carbohydrates, associated with the
feeling of gastric fullness wundesirably for a lot of
sportsmen. Por consiguiente, preparing a beverage with a
loer concentration of carbohydrates by adding DHA could be

an ergogenic advantage of undoubted interest in the sports

performance.
Accordingly, another aspect of the present
invention relates to a pharmaceutical composition

comprising DHA which can be wused in the 1in 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
into 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
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its characteristics for before, during and after

physi cal exercise; energy-giving bar; ergogenica

bars; solids and preparations for provisioning;

di etetic suppl ement and polivitam nicpreparation (in

the formof, for exanple, capsSules, tablets, pills,

| yophilised form or any suitable nean of

adaparsttahi onjin ergegetocal aifds; foext ielkespliet,h capsules,
sule for bsor tion and a ot he
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EdgmneSEIaEﬁbett of DHLITBNcEN! r at BeAsiin t heeForkskin with

EQH&%{%%EQEG B Y gn a&ﬁ%r‘gﬁt racebhyl am geperat | %‘&1table

he cells were cultured in the preéesence of
PeRgl 9éepfBenWFER270%bY wei ght of DHA in relation to
the total fatty acids for three days prior to the
gxgerigeg#. %A% ROS detection was carried out with DHR
$3°08 Ps*tPBEPEd with 40 or 60 nM AAPH for 180
mn. The data show the nean of three independent

e_xperi meﬁéur& B)le heEfjleég tlcfg)%]\/l ?{]HARO%O\Q@CSencharﬂl q’l OLitn the

wth rea
Xanerikne/ x@ftHicne @lxl@alse systemf oror1 80then. iBfrragellular

Eneonparhser, rbhe @ﬁ%ac@@ﬁé'%%Qemkhht%Q@d”WEVE%%”b&e%ence
control) are incorporated. The data represent he

Reaf BFlﬂﬁﬁéerﬂﬁﬁeHéHHeﬂp e?ﬁeW?ﬁ@ﬁFSO FP&@réUZIQIatlon to

Cnapacathve ehtegt atitihe mbeporthn:ee OHaE)HA @fm@r to the
tri Foreski.n cells culture

I | de i
bhe E N atel 0] of Cgener SEi O of “ROBC ¢ AF UTHE clLIL iR 123
mer@aﬁﬂaanﬁhﬁthhet@réQemne of sHchAPH dlorcet@emfior The

gQEQe SHays Md OpeL 0 Lhe ent tcﬂé erTcﬁ‘@n‘Eo QEQ%E%HR%

n ean|S|steeqU|va
wWhehdgteetglycerdi d@haldhgcar DHd cont emt]@f CpoyPpyon cells

wekghtg %ﬁ%hdQﬂﬁ£tiéﬂtﬁﬂné¥¥éﬂ%ﬁhﬂéﬂék£@b§@t yet@mDHBI 180
123 on cells t%eated wi,. th 40 EM PH f 180(§1n. The
the with 100 uM

fata Pdpresentt comparison, ata obtaine
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
cultured in the presence of each triglyceride for three
days prior to the experiment. The concentration on the x-
axis 1s the eqguivalent 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
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

production of TBARS in Foreskin cells. The cells were
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70% Figure 3 . Effect of DHA concentration on the
production of TBARS in Foreskin cells. The cells
werecultured in the presence of a triglyceride with

70% by weight of DHA in relation to the total fatty

acids for three days prior t89%he experinent at the
concentration indicated. The oxidative stress was
condoceddwitrh 4Be MM AARM dcorob aﬂdl@ﬂyheﬁiddaatmﬁmw 70% by
The tage sent ne f three_i p nt

ek R e T
theefordesid npcemfs toul the ecnpdicaneoh tdte geaercamicemtafation

§HB§EQ%%Q9 &ﬂk?n%x158%19%||§tﬂﬁé§ %%'tufﬁﬁbé@dt%%th 40 mM
1gresence of atriglyceride wth

APHef&ET én t 022 Relt oftaloff ata Py dsTl”ﬁ%rd@%?eéeaé%ent the
méaﬁroEOthh@eexa@épaﬁabntTe@p@@&ﬁ@ht@n of super oxi de

ani ons s carri che ni scence
ot ar ERSSPEIL Sed ol Bt ar be T TRt b eris the
Ebthsﬁ@anbAAEH angh litursomeneskiper | nemt stha tbeneration of
f T n f 8
DB EnaE a8 Dol THERD 8118wt SR il p e presence
pﬁdépéﬁdéﬁvcé%séﬁiWéﬁbs70%i@Nr@GSAhtEﬁﬁe@ﬁAoﬂnDHRlatlon to

egacenbrali oryiRyt hgcgggeslflor,_; cehhgcCulbyie pRAidm QR the
SOD activity. The cells were cultured in the presence

8FP§r%P?§chQP?dQe%PFﬁl?ﬁ%9EyS%@?gﬁﬁléﬁ PRACRs was carried
bekatdonchemt hemt ot abehatt yraeids teary t hoeeodlays prdiGtative

to.th e mstat concentr t|o .5 .5

6%9118% 8 ?rk/l %IVI t%y S g%%ﬁysaefgﬁ) thoosome
enperem&hysbymanldfhe/spngsteheed@cfrela@emMnTtyhr@n or of 0.1875
ghe %ﬂﬂ”b%%g@ﬁSugeQﬁﬁﬁte%thseﬁ? 5 | upnol o as. & tative of

consequence of the endogenous activity.” Oxidative
Fhé@@t F@ﬁeﬁﬁ@@ahﬁéﬁeéwewtﬁh the 0.1 nM xant hi ne /

0.005 U ptg¥aat mne oxirdase systeant habnidamedi@t®hy in  the
%energt &5 SUPerox] de ani ons, The data are

gﬁﬁé eht &5 e dyl'm*%% me m on SOD 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 at DHA concentrations
of 0.5 (A), 5 (B) and 50 uM (C). The SOD activity was
analysed indirectly by analysing the decrease in the
chemiluminiscence generated by the luminol as a
consequence of the endogenous S0OD activity. Oxidative
induction was carried out with the 0.1 mM xanthine / 0.005
U/ml xanthine oxidase system that immediately generates
superoxide anions. The data are representative of three
independent experiments.

Figure b5B. Effect of DHA concentration 1in the

Foreskin cells culture medium on SOD 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. The SOD activity was



I ndependent experinments. Figure 5B. Effect of DHA
concentration in the Foreskin cells culture nmedi um on
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of a triglyceride with 70% by wei ght of DHA in

relation to the total fatty acids for three days prior

to the experinent. The SOD activity waseval uated on

t he non-induced cellular systemor the systeminduced

with 40 nM AAPH. The data aré80representative of three

I ndependent experinments. Figure 6 . Effect of DHA
coatentedt bantha hbe- EﬁdasbﬂnCe&ﬂbﬁaﬁtubtylﬂ;ltemﬁ’edi theo s y s tem

GP vt The cel r ul.tured [ n
e P N
tetaE|endEBenﬁentoeapefameytac|ds for three days prior

to the expgrigent. GPxeactivity was evaluatedondhen the

non-i nduced cetturar systemor the system|nduced with
HOrAfvkARPHS [TTe @Bt ia &t eMpeprBsent &tHverofiThree The cells

weaepeeQQe&eexaeflﬂ@@tgreEeguéeoE a BifegtyvedrDHA with 70%
ARPE- 1 ells on

1t | t di
BRe Fapracerl P hr gorst T11 B of© REES THE el P& HefE ds for
tokearedayn tdwel qgr esencehef axperghyoeri debx tattt?zﬁ%ﬁw was
@@5%558& QE'rAIthQ B%haghaﬂcga Eg%lh%? A)sfy$ttte¥1 ag! ‘3&% ystem

hree days detecti
efldRGdevaslt@arW etMotARA ¢ hT]DHRd@ZQ (e oremﬁﬁe@‘D@FDﬁ\e of

€§}e8n1935b§nﬁé§@t@Qp@kﬁﬂeﬂ@sor 60 nM of AAPH for 180
The_dat a represent the _mean of three i ndependent

experl meht QUL E| dur & gt ConPhr &y S TTFEL DF L PHALD  culture
peacent bat hapref oackniigl yeerhde iintt riale 1¢uwllbur e;emiedlattmon of

ARPE:19 cells on the in racellu ar neration_of

%@é: TﬁgeceFF er Zé“eéﬁltﬁ}lg&uu Fircl hénprgggncgrgfseél&?h of e
triglyceride farht Rée hdayreelp;rhtorof oDiiheiexpelbient. to the
IB%FSO%%‘E% rgitcjﬁ_e t%“ﬁf@%'y%% Isc‘d%Pﬁa§quV%|h%_kx%qtiment.
SROpARE] 6 LOFTI00 I WKIGHIAS THEE Bt @ceT bnvaFh ROBRWAES (A)
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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 three
days prior to the experiment. The concentration on the x-
axis 1is the equivalent that would be obtained with
triglyceride having a DHA proportion of 70% by weight. The
detection of ROS was carried out with DHR 123 on cells
treated with 40 mM de 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 9. Effect of DHA concentration on the
production of TBARS in ARPE-19 cells. The cells were

cultured in the presence of a triglyceride with 70% by



treated with 40 mM de AAPH for 180 m n. The data
represent the nean of three independent experinents.
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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 1in 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).
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cellular systeminduced with 40 nM AAPH. The data are
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Figure 13 . Effect of DHA concentration obtained by
chem cal 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 cells (C and D) .FiBgure 14. Influence of
purification degree of the oil obtained by chem ca
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stresprLnducegby DHA in ARPE-19 cells. Figure 16.
fect of DHA concentration on intracellul ar
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Figure 19. Influence of purification degree of the

0il obtained by chemical synthesis on the percentage of
cellular protection versus oxidative stress induced by EPA
in ARPE-19 cells. Comparative study with DHA.

Figure 20. FEffect 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

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 1in a structured and non-
structured triglyceride at different dosages in respect
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

have been replaced with caprylic acid (structured), both



Figure 22 is a conparative bar graphic show ng the

ef fect of the DHA percentage in a structured and
woordrures ured triglyceride at different dosagPGI/EP2006/070016

respect with the percentage of cell protection. Said

figure 22 shows the surprising results of the object

of the present addition when conparing a nonstructured

gl yceride chem cal structure (triglyceride) with the

sane structure wherein sn-1 &3d sn-3 positions have

been replaced with caprylic acid (structured) ,
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respect with the control.
20 Figure 23 1s 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 1index 1s lower 1n respect to the
control or without DHA.

Figure 24 1s a graphic representing the absolute
30 oxygen consumption in the “ventilatory threshold 27 (UV2)
for competing, non-competing and all cyclists at basal
level and after 4 months taking DHA.

Figure 25 1s 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.



presence of DHA under oxidative stress conditions, the

tel omere shortening index is lower in respect to the
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representing the absol ute oxygen consunption in the

"ventilatory threshold 2" (UV2) for conpeting,

non-conpeting and all cyclists at basal |evel and

after 4 nonths taking DHA. Figure 25 is a graphic
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10

15

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 1is 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 1is 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.
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not take DHA or did it for 3 weeks or 4 nonths. Figure
32 is a graphic representing the glycema in
non- conpeting sportsmen during a physical effort who
did not take DHA or did it for 3 weeks or 4 nonths.
Figure 33 is a graphic represénting the glycenmia in
conpeting and non-conpeting sportsnen during a
physi cal effort who did not take DHA or did it for 3
weeks or 4 nonths . The foll ow ng exanples are included
by way of illustrative and non-limtative exanpl es of
t he i nveBbéonfoBExanples aVATERISAL SaARD METHODSAFORy way of
EVAL UTL NG, ANT} 0 DANT ACTLVE 3. CRLhotbbt bresnINenvention .
['ul ar nodel's used were Foreskin cel
Eundlfferentlated epi der mal flbroblasts, CRL-2076) and
Scells (retina pignentary epithelial cells,
CRL- 2302) obtained fromthe Anmerican Type Culture
Col | ection, res_were in._suitab
MAA' LALS AND, MEEHQDSfEQRQEXALUATIHGrgNTIGKIDANT AGTIVITY
concentration (5% and hun1d|ty (9596 i n an incubator
ggiglabh¥ ggglgned for this purpose. The ARPE-19 cells
vere faintarned in growh up to confluence of 0.3xI10 4
cel | s/ cnTRei ncelltulpe fhadkssw theDVENEER2 mediegmin cells
(Bhal egbeahel adust T LEShesHRR em&%l}@s&@ 10%@%@&% and
foetal serum peniciflin antibiotics
SRPEptOmMIs Y 1d@eﬁgPﬁL)P3a9‘fﬁie©¢®lﬂérrﬁﬁétPBllélaégl ¢atls, CRL-
bBdust thes) netine {GRL-2QY 6arhd BT @bk a@!;/@ev\@m@t&@@t Collection.

oW n ulture flas in | scove's
B ROEEld S clsa ot LT aUSEEPUS) Sk s eeRfdd Lons
wift hehPearbovirne (30€al, $enrunpnpenteiklibn abti)bieod ¢smidity

0, Ul |
(5081 ogfichn TREARCPRECrPtad IerPEisRR Bl 3PN pyrooce.
fbe a@ﬁ@ﬂeﬁ@e tt¢lls were maintained in growth up to

confluence of 0.3x10° cells/cm’ in culture flasks with
DMEM-F12 medium (Biological Industries) supplemented with
10% bovine foetal serum, penicillin antibiotics (100
U/mL), streptomycin (100 npg/mL) and glutamine (Biological
Industries). The CRL-2076 fibroblasts were kept growing in
culture flasks in Iscove’s modified Dulbecco’s medium
(Biological Industries) supplemented with 10% Dbovine
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 6, 12
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
uM) starting with the DHA-TG enriched with 20, 50 and 70%



the substrate 24 h at 37C fromthe 75 m flasks to 6 ,
12 or 96-well plates in order to be able to carry out
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DHA into the cells DHA-TG was added at vari ous
concentrations (0.5-50 M) starting with the DHA-TG
enriched wth 20, 50 and 70%oil density 0.92 g/nL) ,
made by dissolving the oil in ethanol for the stock
solution (1:100) and prepari #§ the working sol utions
in a culture nmedium prepared with serum The cells
ete cldrred oibh sypplemented BHA-dGsedvunyfahed oil in
du oXi I, S V u nduc
e R e
xankhhoepsranthpne oxi dagelléf,y@EemeollamnMrE@a{@dummh serum.
that catgal yﬁ@?et %l%r% ' Qﬂtgf shu)f)%)@r{étnm Qﬁg TG medium
xanthine to uric acid, wth reduction of Q2 t 2
afd Feeevs Bt)32°C2 ' -azobis- (2- an1d|nopropane)
di hydrochl ori de (AAPH) 1-100 mM wi dely used as a
E¥%rog ilic.initiator of free radicals by inducing
PAFBIaRELARSEEPNS5EFSRi dati on. The AAPH oxi di ses
t he DNRarthesprioteices ared thewdi@i dsetihtougitrtdss the cells
ggga p;9f %he formed peroxil radicals. It further acts
e ené genous defence system since it deactivates
the key enzyme, the SOD, thereby |osing the protective
capaci ty ofartche Ak and ithe o@@as@@@één@ﬂ) of mM/lO 2

reacti ve oxygen species (ROS) | evel
measur &d T priffdry GRYAUNEE D hidian s??hd%$&990760f

fi br obhgslos aarth iink A@RRE ianretneal tepukhel izalidel Wsthy
S?ELS¥%P%-%E?HQ'% (D95, Rerecirar Propes) and
2,2' —azobis- (2-amidinopropane)
dlhydrochloride (AAPH) 1-100 mM widely used as
a hydrophilic initiator of free radicals by
inducing lipidic and protein peroxidation. The
AAPH oxidises the DNA, the proteins and the

lipids through the action of the formed
peroxil radicals. It further acts on the
endogenous defence system, since it

deactivates the key enzyme, the SO0OD, thereby
losing the protective capacity of the CAT and
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-19 retinal
epithelial cells by employing the fluorimetric technique
using dihydrorodamine 123 (DHR123, Molecular Probes) and
2, 7-dichlorofluorescein diacetate (H,DCFDA, Molecular
Probes) as fluorescent probes 1in a continuous system
measuring every 30 min until 180 minutes. In both cases,

this 1is an unspecific measurement of ROS generation. The



2 ,7-dichlorof luorescein diacetate (H 2DCFDA
Mol ecul ar Probes) as fluorescent probes in a
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m nutes. In both cases, this is an unspecific

measur enent of ROS generation. Thefl uorescent probes

were added to the cells (IxIO6 cells/ nL) at a fina
concentration of 10 mM. The fluorescence of the

oxi di sed probes (2, 7-dichloBaf |uorescein and

rodam ne 123) was neasured in a Mthras fluorescence
feadeesatnan pextidsatiere wadekeangtch e 4881hm andlani cells/
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$p8 t&z%%h%é%[@}fé& Iﬁcﬁnm%%r%lét@lﬂﬁ%&%é%%e Cellylarac an

viability Cellular viabil é studi es were carried out
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88£ﬁ§ ggtgggghse this conpound and it is converted
I'nto Pornazan salt. This salt is a colorinetric

compound i nsol ubl e in aqueous nedium soluble in DVBO

@ggluggglelggglg@?suring ceIIuIar viability. The
nmet hod consists of adding 2 per well of a 7.

mg/ M (i ReekBe’E) WP Skt | iR MerPnouBREMr gt Lo

enachoup atza%@gso thgabyﬁ:beo‘ﬁé}labeféeH S)fﬁ&b\c’;.\fﬁ@lulss%amples.
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s e P St S Bar 1R | b iBhA 02 (. 5-
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orbance at 5 nmils rea on a ate rea
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ter to have 100% vi abil it Cel [ ul ar vi abi
6T REF SCaFAIROHE on 8B HBE prafigeots Meditth, soluble

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 solution. This is incubated for one hour
at 37°C so that the wviable cells metabolise the compound
and produce the formazan salt, while the non-viable ones
do not. After incubating for one hour the <cells are
precipitated and 100 pl 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
the controls, taking the latter to have 100% wviability.
Cellular viability curves were drawn up on 9%6-well plates
by sowing about 20,000 cells per well (following analysis
of the suitable number of cells in function of their
growth ratio) with an approximate volume of 200 ul of

medium per well. The study of the efficiency of the
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200 m of nedium per well. The study of the efficiency

of theproduct is carried out after exposing the cells

to the product for 72 h in a sufficiently w de range

of concentrations to find the value of 1C50 . The

experinental results are adjusSted to the Hill equation

using the Sigma Plot 8.0 to determ ne the | C50,
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pepexlidat ban. AnehraregeRiGuble complex absorbs at 562 nm.
By means of a calibration curve an equation can be
obtained, with the results expressed in pg/mL of proteins.
The commercial kit used is the MicroBCA from Pierce (No.
23235) .

Direct analysis of ROS generation

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 -
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 1in acetonitrile) which
reacts with the MDA at 45°C was employed, wusing the



reagent (N-nethyl-2-phenyl-indole in acetonitrile)
whi ch reacts with the MDA at 45C was enpl oyed, using

wo b@comtes ci al |ipidic peroxidation kit from CetDEP&O0016
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(No. 437634) . The condensati on of one nol ecul e of MDA

with two nol ecul es of the chronobgeni c reagent gives a

stabl e chronophore w th maxi nrum absorbance at 586 nm

with the detection limt being 0.1 nmM. The induction

was carried out for 6 h with340 mM AAPH and 24 hours

of latency. The cells (10 7 cells/nL) were |ysed by
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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
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
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

blocking assays on ROS production, being permeable to the



di sul phonic acid, Sigma) frequently used for in vitro
bl ocki ng assays on ROS production, being perneable to
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baSEdDOOfthﬁe GPx is recycled to its reduced state by the

15

20
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 obtained 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 Aji nm
/min (AA340), expressed as nanomoles NADPH/min/mg of

protein from the sample.

35 Measuring the superoxide dismutase activity (SOD)




anal ysis of SOD activity in the supernatant cell ul ar
inrelation to a positive control of SOD (Cal bi ochem

wOR007874390) . The presence of SCOD in the xant PCTEP2006/070016
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oxi dasexant hi ne- |lum nol systemleads to a reduction

of the chem | um ni scence produced as a reduction of

di smut ation of the superoxide anion proportional to

the SOD activity. The analysis is carried out on a

M THRAS il lum noneter at intédvals of 50 nsec up to a
final reaction tine of 520 sec. The superoxide
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beel lwlar loysated previgeysh¥d as the quantity of enzyme
required for dismuting 50% of the generated superoxide
anion. In order to detect SOD in cellular lysates from
primary cultures a Cayman kit (N. 706002) was wused
following the protocol optimized by the manufaturer. The

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

Determination o¢f intracellular endogenous antioxidant

concentration

Measuring the reduced glutation intracellular

concentration (GSH)

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

tissues. Its role is detoxifying xenobiotics and removing



deproteinized wth sul phosalicylic acid (Sigma-Al drich
CS0260 kit). GSH causes a continuous reduction from

WG 28740783 hi obi s (2-nitrobenzoic) acid (DTNB) POI/BP10hé/@70016
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(2- nitrobenzoic acid (TNB) and the GSSG forned is
recycled by glutation reductase and NADPH. TNB i s
spectrophonetrically nmeasured at 412 nm But hi oni ne

sul foxi m ne (BSO) specifically inhibiting
ganmagl ut anyl cyst ei ne synt het@se was used as a

synthesis inhibitor . EVALUATI ON OF THE ANTI - OXI DANT
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N Vivo response, otenti al tic appllcat
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ect cellular viability in studies at 3 days.
NePtRéFOhas cellular viability affected for the
studles ofOX|dat|ve stress with the xanthlne/xanthlne

SBINNMDEEa culture of Foreskln ceIIs for 3 days does

not significantly increase the cellular oxidative

| evel neasured as cel|lular fluorescence associ at ed
with twiIn this in vitro assay Foreskin cells

(undifferentiated epidermal fibroblasts, ATCC CRL-2076)
were used as cellular model, being a suitable cellular
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 vivo response, for a potential

cosmetic application of the DHA.
Results

The conditions were laid down initially to achieve
an active cellular model under all study conditions. This

means that the results obtained refer to metabolically
active cells. Prior studies had already shown that in
Foreskin cells concentrations of less than 1000 uM of DHA
did not affect cellular viability in studies at 3 days.

Neither was cellular viability affected for the studies of



probes, di hydrorodam ne (DHR 123) and 2, 7- dichl orof
| uorescein (H 2DCFDA) , nore specific for superoxide

wa@riooi7Eeesl for the detection of hydroperoxi despCT/EP2006/070016
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respectively. Once these conditions had been

establi shed, the general antioxidant capacity of the

DHA i ncorporated into the nenbrane of the Foreskin

cell s was eval uat ed agai nst oxidative stress induced

by xant hi ne/ xant hi ne oxi dase48r by AAPH. \When i nduci ng

a noderate oxidative stress with 40 mM AAPH and usi ng
DkRi281ias ROBedet edtar theheabitA iskowsnah inehiokiitdiarg system
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%ﬁis@ﬁc§h@wé3/a @@@@eﬁl@rﬁimgcm@e@tom had bﬁyge@stabllshed

FBACHMR 1SPeCh 88: o PRI SUPEHa%h €8 H OMh@NBHA incorporated
hydr oper oxi des generated in the oxidative_process

EBhpa ?%@ FERETCox Pdant ™ %aﬁ&%@§}lpn Fel&fi dif o eyaluated
kypopbt! i exaakioxkcdart regeh asdvickam pyvE &EinghinB)/ xamhine
obs rve tha% §g¥ exercise simlar protection kinetics
?Xl Ki Bft'ng cel lul ar oxidation by 33.46% and
vitam n Ehby 30¥cifbe apmotdeotdton dkkhddticve espoase gfith 40
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et ween mnutes after carrying o
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BMQ&QB@VOXb@%§ a%&.Suﬁﬁi0X¢@Kbéﬁ&£5t§@wue§£erong uM  (59%
g% %82% 08§ %%% at b5 The ??%Jogégggétlon) showing a lower
effect at 10 uM (26% protectlon) or no effect at 50 uM of
DHA (Fig. 1A). 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 uM
concentration (40% protection) and 5 uM (29% protection),
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
xanthine/xanthine oxlidase (Fig. 1B), which shows a
sequestering effect on the oxygen reactive species, both
superoxide anion and hydroperoxides 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 inhibiting cellular
oxidation by 33.46% and vitamin E by 30%).



behavi our is critically dose-dependent, since
i ncreasing the concentration thereof |eads to a | oss
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concentration having the nost effective anti oxi dant
capacity. In this regard, another critical paraneter
interns of optimsing the efficiency of the systemis

the proportion of DHA in relation to total fatty

acids. As shown in Figure 2 44at identica

concentrations of triglyceride, a reduction of the
proportimneoerHActmoﬁokdmear%(HéﬁﬁdﬁgdIgfreﬂeceﬂAtheways
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exclusively on the concentration thereof, but also it
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i prdic peroxi its actionbein the inverse
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its molecular localisation, in this case 1ts distribution
in the structure of the triglyceride.

As regards specific inhibition of ROS production,
we analysed the generation of lipidic peroxides (TBARS)
and of superoxide anions. The results obtained showed
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 proteins (Fig. 3). As
expected, incorporation of DHA into the membrane of the
Foreskin «cells slightly increased the basal cellular
lipidic peroxidation in dose-dependent form (0.5, 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

generating membrane hydrolipidic peroxides, 1its action



anal ysed. Foreskin cells submtted to an oxidative
stress with 40 mM AAPH generated a superoxi de ani on

w@e@dactBdn 2.5 tinmes greater than the non-i ndeCEEP2006/070016
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cells, which maintai ned a constant superoxi de ani on

level (Fig. 4 ) . In the absence of oxidative

i nduction the cells with integrated DHA do not show a

hi gher | evel of intercellular superoxide anion in

relation to control (Fig. 4 %5 Under oxidative stress
conditions (Fig. 4 ) the DHA inhibits generation of
bhéngupef oxinde anivensby ddnddntata @l @ondednddnton tgfoe. The
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TRELAbX P nuRtcheni afithY scBREELALHI ebBdUaFEBF 13 agent of
secondslfinoaroxddaitosei dendaat oo was of extracellular SOD

(first-line enzyme 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
integrated, in the presence of exogenous SOD or of Tyron,
was totally inhibited and achieved basal values (Fig. 4).
Finally, we analysed if the DHA underwent its
antioxidant activity by modifying the activity of the
first-line cellular antioxidant enzymes. The activity of
the SOD and of the GPx in Foreskin cells with or without
integrated DHA 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 msec.). The results obtained

showed a good oxidative induction with rapid kinetics,



interpreted as an indirect and qualitative measurenent
of SOD activity (Fig. 5A) . Wthout DHA integrated,
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/ 106 cells in a system pre-incubated with DHA 0.5 nmM
(52% anti oxi dant protection) (Fig. 5A). The

anti oxi dant efficiency was naintai ned at 52% and 42%
protection in cells treated #icth 5 and 50 nM of DHA,
respectively (Fig. 5A) . Furthernore, know ng that

AAPH @&ir@i@e&ﬁd@emﬂ%od hef pdoteunst aod the higpigs dayiction
ffusion of enerated r ox radical s, t.he DHA

gs an?l%% d}éncﬁ révent ggactI]ilA\/}é n?onh of” %eﬁléq§a5mscence
enhigzedd aftdr d|1§>rm$@©®@¢hs offndie supdpoxivde amiwniion was
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def ence of the cat al ase and the glutation peroxidase.
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pasaraspateast Savdest éaéricenpigriténs oh PHALlCup rea tEG71ith

gt a%dm\éd umbyt foall s offsate high, concent 5ay i ong (-12Q%ore,

at Thi s behaV| our is maintained intact in an
BQPHéWvé tr de 5t ar kd 3(%‘?% té)? Dﬁﬁeséﬂi’eesm?%e%%%gé% the

Eh@&dEhByDHAfQQEhaBObate&ewgbhekﬁee@n@@g©&ausradlcals, the
es to disnutatio

dant . def |
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entruetedng@udﬂn cohcenttradtiicons ¢est ede amdpesoalide anion,
ﬁggﬁgg§n9ﬁ C?Ht%HE|'%gltQ%eg%%%r%%h%ﬂsoantlox1dant defence

roper ox des at noderate concentrations, since It
pﬁc ra&s €5 T sectdnd t yh EVALUATE ON OFe THEL ANTE OXITDART aspect

ASTIMNEY ride dDHAY | N A RETENA  GlalebdiAR MIDEL- 4 Dy 1 8 S 1 kN shown
vitro sﬁ?udy the celJul ar, nodel was based on ARPE- 19

BBF1 $°( Brgmeitiary bt ithdba &p t Ref 13| #ith DHA being present
(-10/-15%), but loss of SOD activity inherent to the

oxidative stress process 1s inhibited with DHA being
present keeping or even increasing SOD activity (10/20%).
As for GPx activity (Fig. 6), this is found to be
increased in cellular basal state at modest concentrations
of DHA (up to 17% at 5 uM), but falls off at high
concentrations (-20% at 50 uM). This behaviour 1is
maintained intact in an oxidative stress state (Fig. 6).
These results suggest that the DHA collaborates with the
endogenous antioxidant defence system as relates to
dismutation of the superoxide anion by generating SOD 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.



cells, ATCC CRL-2302), being a suitable cellular type
due to their good in vitro response to various oxi dant
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normal nutritional requirenments and culture

conditions. It also constitutes a good ocul ar nodel,
since it keeps the biological and functiona

properties of the retinal pignentary epithelial cells.
Results The assay carried ou/with this cellular line

is simlar to that described for the Foreskin cells in
EVRALPUAELONI OF THEt ANIIOXDBANZSACTIVNUYr OFeDHA TNrRA RATINA

e Lnor ton to keeping cellular viability under
gﬁﬂﬁu ﬁbekt'nditions (effect of the DHA, of
oxi dative stress) . Neither did incorporation of DHA

at the deges.ianal ysedy i pygl ved, &ny +$i0nbEi €80Ly model was
alteration in the basal_ cellular oxidative state. On
ti
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hawet cebheet Al 3G M (A% prot ectigol of PHA(HLL. 8 2150
. en the ce are submtted to severe I nduction
GPRATLE0UANEAAPH, 9oh@ DHAI Ehowsnadgk ot exittice dftf edieeps the
8981 Bt cROS gerer atiRni Rlalt hep oo M eoONCcent r ahbon retinal
(13% protectign) and_ | ower at hi gher concentrations of
PHANERFGIY7RP1LFRAsR L €8LULEs are sinilar to those

obtained with the Foreskin cells, although one notable
giffﬁgential effect is the | ower protectionobserved

SSP £ a severe oxidative induction. By using for the

ROS detection, the CDCFDA nore specific to peroxides,

it is al r L e . Dro t that: th :pHﬁ : :
exercisezgggg¥gg¥-tE%ngf?%a%?gehgﬁpegguf%d%%ed ‘irAkﬁﬁe e
EFnglarB)to thet pAgceeired Kidtettles dPreR&iDHAlsy 1n the

Bk¥BY¥8ing section. The basic requirements were the same in

relation to keeping cellular viability under all working
conditions (effect of the DHA, of oxidative stress).
Neither did incorporation of DHA at the doses analysed
involved any significant alteration in the basal cellular
oxidative state.

On 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, at the concentrations of 0.5 uM (43% protection)
and 5 uM (32% protection), but with a lower effect at 50
uM (4% protection) of DHA (Fig. 7A). When the cells are
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. 7A). These results are similar
to those obtained with the Foreskin cells, although one

notable differential effect 1is the lower protection



presents a maxi mum anti oxi dant effect 60-120 m nutes
after carrying out the induction, denoting a

wa@atoanat’ddn in the DHA' s hydroperoxi des and SPEEEP2006&70016
ani on sequestering capacity. Quantitatively, the
anti oxi dant capacity is critically dose-dependent,
since when DHA concentration is increased there is a
| oss of ROS sequestering capacity, with the 0.5 mV
concentration being the nost 4éffective in its
anti oxi dant capacity (Fig. 7A and 7B) . In this
bbspeeéd anpthﬁ:caitdavﬁrepabamahetvér1ﬁmﬂun&umm_ By using
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generation of lipidic erOX|des (TBARS) (Fig.. 9 nd
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%otB@rﬁﬁﬁﬁﬁth@1@§||ﬂﬁ@ﬁ b@%a|t$|@@dQ©op9£9§hﬂ§¢¢9@tly and
Lhough bnthe cells subritted to oxi datyg Inductian o p
20 capacity at the optimum concentrations (0.5-5 uM),
rendering it equal to the high concentrations (Fig. 8A 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 does not
25 depend exclusively on 1ts concentration, but also a
decisive factor is its molecular localisation, 1in 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
higher concentration of substances reactive to

35 thiobarbituric acid (TBARS) and of superoxide anions in



cel lular antioxidant activity inhibiting themfrom
generati ng nenbrane |ipidic hydroperoxides in an
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with DHA was 64% for 0.5 mM DHA, 58% for 5 nM and 42%

for 50 MM DHA (Fig. 9 ) . Ceneration of the superoxide
anion was then anal ysed. In the absence of oxidative

i nduction, the cells with integrated DHA do not

present a higher |evel of int#Pacellular superoxide

anion in relation to the control (Fig. 10A) . An

oxidat bue tst relss wohh i40unbcAARH generatesirecorporation of
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activity is not found be i ncreased basal state
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intact in oxjdative induction state, which
E?éééntwsltél 2L LR thi Bﬁér d@Pﬁ%%tP%???nFFlag hll‘ilk)er level

As IDnth@c@BS@l@f thepdoseskd n oelds, ittheselresuhtsto the
part of |ts a

S oxi dant
su%gg{) by' ﬁgdurnglang gﬁgrog{:l?j% ity of thHE ewagél I apP AAPH
gehtubaesenz pupesysticn anmom(mantuccjﬂfcﬂnciémwFL@Eplﬁ:Etlally
S I MY \
TRRNTIEELS MR NS ATLOUONE ATLATY 57 P18 5o
W r o TR Sayi NHARPEL 110 ¢t | 51 ( CONICRE CpingRentidty SOD activity

gpithheltzal peehs, r%_E@(ﬁtCRk—F%%OZ)lO@Wd Faseskinicekhs is not

undlfferetlate epi der mal i brobl ast s,
ound 1ncré%sed na basa state with DHA being

present (-10/15%), but as in Foreskin cells, loss of SOD
activity inherent to the oxidative stress process 1is
inhibited with DHA ©being present keeping basal SOD
activity.

Finally, an analysis was carried out to find
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
also presents a 2.5 times higher GPx activity (Fig. 11).
As 1n 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.



ATCC CRL-2076) were used as cellular nodel, being
suitable cellular lines due to their good in vitro
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triglycerides (DHA20% TG, 20% nolar in DHA) or oil
derivatives enriched with 50 or 70% nol ar in DHA

(DHA50% TG and DHA70% TG obt ai ned by chem cal nethods
(CHEM or enymatic methodes (ENZ) were used an active

i ngredient. Results Wen ind&@i ng a noderate oxidative
stress with 40 nM AAPH in ARPE-19 cells and using
DNRLORNCE BRDEYNAEES IROMETHOMCEY | THEr ANFIOXIDANT ROTIVITY

Bgt Hflﬂl E%E%Qg g@l‘oaﬂdiEgLYg C f) orated into a
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DHA7 0% TG CHEM) showsnian mhnbﬂtmy affant iARAEhd 9 cells
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EE'A %‘”%‘%’éﬂ% (F'&{A)lg oli”dé‘r%bgﬂ%s%%{gxcwe&hmth 50

skin cel results were even nore surpris
¢ﬁe7@roﬂ@>&|adratl1f\/é3%t wwosh%@mawitﬁﬂaﬁﬂ\%o%mocﬁawed by

aﬂ@m%lé\@%&%ﬂéw @hEn grbrdoe%ﬁylﬁgtgcl:ﬁ@tW%ENZ) were

anti oxi dative at al concentratlons with oils with
BAZGnati 8<brii§i hn%ﬁm@%TG ENZ and DHA50% TGENZ)
(Fig. 13D) . The renoval of intrinsic polyners of oils
%gt a'%ged chem cally by neans of chronat ographic

&s (DHA70% Tg- BPM causes a decrease even
greater ofantioxidative activity in aRPE-19 cells,

b t d
oo TP B Al oot s (o o

Vi
" e¥get a%@dARﬁﬁolg tq@]gh%/c@ﬁijdélsé@tgalmf%% erzymaETer as

aynt fl@fdr%deil&il%@c higherc a8, | east 1w Ge)1 than tdata203-10)
shown ‘?}X Dha .i ncor por at ed |nton ot her chen cal

gPPUCt s SU%H: %ﬁqﬂﬂ into a chemically obtained

triglyceride (DHALS0%-TG-CHEM and DHA70%-TG-CHEM) shows an
inhibitory effect in the generation of the reactive oxygen
species, both 0.5 uM and 5 uM concentration, showing a
lower effect at 50 uM (figure 13A). This effect depends on
the content of DHA, being DHA70%-TG-CHEM > DHA50%-TG-CHEM
> DHAZ20%-TG. At the same concentrations (0.5, 5 and 50
uM), enzimatically obtained oils show a higher activity at
all DHA contents (DHA70%-TG-ENZ and DHA50%-TG-ENZ) (Fig.
13B). In a similar study with Foreskin cells the results
were even more surprising. The pro-oxidative activity
shown with DHA70%-TG-CHEM and DHA50%-TG-CHEM at high dose
(Fig 13C) becomes antioxidative at all concentrations with
0ils with enzymatic origin (DHA70%-TG-ENZ and DHA50%-TG-
ENZ) (Fig. 13D). The removal of intrinsic polymers of oils
obtained chemically by means of chromatographic methodes

(DHA70%-Tg—BPM) causes a decrease even greater of



esters, free fatty acid o fatty acid linked to serum
al bumn (Fig. 15) . The cellular antioxidative

w@ea7eit7y3 shown with the incorporation of DHA PGI/EP2006/070016
related to all the aspects previously considered such
as mai ntaning SOD and GPX enzymatic activities, but
also to an increase in glutation intracellul ar
concentration (GSH) . In ARPE-19 cells (Fig. 16), DHA
i nduces an increase in the GSH intracel |l ul ar
concentration directly related to GSH de novo
syﬁthesdstsmce ahelaﬂﬂyti oin of BB {speciddid s, becoming
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Entracellular concentration (Fig. 15). A similar behaviour

10

15

20 1s shown for Foreskin cells (Fig. 18).

The improvement obtained in the antioxidative
activity of DHA Dby an enzymatic synthesis 1s also
applicable to another omega-3 fatty acid such as
ecosapentaenoic acid (EPA). In a study with ARPE-19 cells,
25 EPA obtained enzimatically (EPAT70%-TG-ENZ) are shown to
have an antioxidative activity, though wvery 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 (EPAT70%-Tg-ENZ) obtained enzimatically shows in Foreskin
cells a remarkable antioxidative activity even higher than
that for DHA (DHAT70%-TG-ENZ) (Fig. 20), related to, Jjust
like for DHA, the increase of GSH intracellular
concentration (Fig. 21).
35



their good in vitro response to various oxi dant
i nducers, in addition to being a primary culture with
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conditions. Furthernore, it is a good ocul ar node
since it keeps the biological and functiona

properties of the retina pignentary epithelial cells.
As an active ingredient there has been used structured
triglycerides derived fromtGaa oil (DHA20% TG 20%
nmolar in DHA) or oil enriched with 70% DHA (DHA70% TG,
70% nol ar in DHA), wherein through enzymatic net hods
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é2Ye.taRHAABEE, TG Results (see figure 22) Wen
Tnduci ng a noderate oxidative stress with 40 mM AAPH

and using DHR123 as ROS detector, the DHA incorporated
into a normatnhisgi ghyceﬂﬂleo(talmé TEEnd DHAE%sTO) (retina
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concentration) or higher (for 5 nM and 50, nM
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Foreskin cells
pos?tlons %ave been replaced with octanoic acid. In these

new compounds, the molar content of DHA is 7% in the
DHA20%-TG and 22% in DHAT0%-TG.

Results (see figure 22)

When inducing a moderate oxidative stress with 40
mM AAPH and using DHR123 as ROS detector, the DHA
incorporated into a normal triglyceride (DHA20%-TG and
DHA70%-TG) shows an inhibitory effect in the generation of
the reactive oxygen species, both 0.5 uM and 5 uM
concentration, showing a lower effect at 50 uM (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)

or higher (for 5 uM and 50 uM concentrations) in the case



(undi fferentiated epidermal fibroblasts, ATCC
CRL- 2076) were used as cellular nodel, being a

wa@oiovambi7es cel | ul ar type due to their good in vPCT/BP2006/070016

10

15

20

25

30

response to various oxidant inducers, in addition to

being a primary culture with normal nutritiona

requi renents and culture conditions, thus constituting

a good in vitro nodel extrapolable to the in vivo

response, for a potential cosAetic application of the

DHA. Met hodol ogy Cell cultures The cellul ar nodel s
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@%Féﬁ@@ abh@ DN, Hhige proteivne dsgpronse, for a potential

cosmetic application of the DHA.
Methodology

Cell cultures

The cellular models wused were Foreskin cells
(undifferentiated epidermal fibroblasts, CRL-2076)
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
flasks in Iscove’s modified Dulbecco’s medium (Biological
Industries) supplemented with 10% bovine foetal serum,
penicillin antibiotics (100 U/mL), Streptomycin (100
ng/mL) and glutamine (Biological Industries).
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radicals. It further acts on the endogenous defence
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thereby losing the protective capacity of the CAT and
the GPx. Measurenent of the length of the telonere The
tel omeric regions constituted by high repetitive DNA
can be evaluated by in situ hibridation techniques.
The in situ hibridation nethéd with fl uorescence
(FI'SH) using conplenentary probes to the teloneric
Sequeneesoal bowedet ordetect the peésence or absence of
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RethByOlRRAing the protective capacity of the CAT and the
GPx.

Measurement of the length of the telomere

The telomeric regions constituted by high
repetitive DNA can be evaluated by in situ hibridation
techniques. The in situ hibridation method with
fluorescence (FISH) using complementary probes to the
telomeric sequences allowed to detect the presence or
absence of telomeres, as well as quantify the telomeres
per cell or per chromosomic group. The method called flow
FISH uses flow citometry 1in combination with the FISH
technique using a pan-telomeric PNA (peptide nucleic acid)
as a probe and allows to measure, using the fluorescence
intensities, the average telomeric lengths at the
chromosome ends in individual cells. For our purpose, the
fluoresce intensity of PAN labelled with chromosomes at

metaphase. The results are expressed as telomere



hand, the incorporation of DHA at a concentration of
0,5 nmM, which has been proved to increase the cel
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respect to its value w thout DHA. Furthernore, the

i ncorporation of DHA is capable of reducing the

tel omere shortening index, even in respect to the

normal control of fibroblasts.1l CLAIMS 1.- Use of

docosahexaenoi ¢ acid or ei co$apentaenoic acid or

DHA- deri ved EPA for manufacturing a pharmaceutica

fmnposbtbﬁnecnaﬁacuammme@dnrddpﬁndmﬂgidkmmSQm@xaenmi&b of

9 elcgg ﬁg%ggn0|c acid or DHA-derived EPA is

or ora 0 a ronogl yceride, diglyceride,

trlglycerlde phosphol i pid or ethyl ester, - is found

RBs@1percentage by wei ght between 2 0 and 100% i n

relation to the total fatty acids, for treating a

pat hol ogy associated with ceIIuIar oxi dati ve damage.

2.- Use @egngdingird 0 1l Bivkrageharasyeni sed ideltdi@dres in

al d docpsahexaenoi ¢ aci or ei cosapent aenai acid or
ST i Lt TR R A (i sl T G T
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cosahexaenoi ¢ "aci d or elcosapentaeno acid or
BrAlderi ré¢ EFALdsidm hepeeeentige Iynaiel ght betamenes and
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Use_according to claim1 characterised in that said
BB o¥aREx W esoi dtoe éﬁ@é@épéﬁ%aéﬁﬁlé@%ﬁ%ﬁ%ﬁons can be

DHA=derbyad ERAJLS i neoOr ppeatced dralre ashmnNogh eer i fdeex. In
Use, .ac
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avi degreebcosdpennaencrd laded orf rPHA- dedived sEPAsicselerate
hBE?EQQE?EequQt%eﬁo%%&%ly§§5£g§ning index. On the other
hand, the incorporation of DHA at a concentration of 0,5
uM, which has been proved to increase the cell antioxidant
defence, reduces said index by 50% in respect to its value
without DHA. Furthermore, the incorporation of DHA 1is
capable of reducing the telomere shortening index, even in

respect to the normal control of fibroblasts.



6.- Use according to claiml1l , characterized in that
sai d docosahexaenoi ¢ acid or eicosapentaenoic acid or
wokhwderByed EPA is specifically incorporated PEL/BPRD6/070016
| east one position of a glycerol via an ester bound, a
structured lipid, for manufacturing a pharnaceutica
conposition for the treatnent of cellular oxidative
damage .2 7 .- Use according to claim6 ,
characterized in that said glycerol further conprises
at least a fatty acid and/or a phosphoric acid. 8.-
Use according to clainms 6 GLAIMS characterized in that
sai d docosahexaenoi ¢ acid or el cosapentaenoic acid or
DHA-derived EPA is incorporated into a position
sel ectedlfrom sAsg, sn-Z and ¢ecSsalamchopeional | gcsdid or
ghycetpbntuEhBEL GOARI b3l BAAkcledsh 088 36kl rseheekatdring
froma short- and/or md-chain fatty aci
BhBEéﬁ@ﬁF@uééPél gomP€§étéeﬁoPH?ﬁ@c¥6réFﬁﬁn%“6tBﬁt7 :
charact eri Z@dld n dto%tga&@lx@e@@g@saﬁéﬁéggﬂﬁ C cAGiola@entaencic
ei cgsapent a C. aci r erive
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h ¢ted, %Eon1a fatty acid and a phosphoric acid. 10.-
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short -chai Asf ateyndcid iss pegleCzadat by awdidihtiibetween 20

aggondbngihorehat MA toCEﬁéaEB§5iZ%Qtt9 Lhagssaid
md-chain fatty acid js a C9-Cl4 fatty acid. 12, -

Use |
accordlng f8rcl diTR® 1NEharPact BRF2BHOPH t HaiSQaiared  with
decosahexaenakeiaei dafhgei cosapent aenoi c acid or
DHA- derlged %PA i's |nc§ﬁ%ora%ed i.nt.o a trlé%%cerl

13.- Use“accordi ng“te” t hé& 5rdtedi ng a?ﬁsrlsed

thataﬁaedlﬂedosahehaensapdad@dogahexa@ﬁ@pena@e@ooc acid or
%hﬁ‘—’é@??%éerﬂ% acidor, Db denived ERA IS abtabnedeen 40

and 100% 1n relation to the total fatty acids.

-

3.- Use according to c¢laim 1, characterised in
that said docosahexaenoic acid or eicosapentaenoic acid or
DHA-derived EPA 1is in a percentage by weight between 66
and 100% in relation to the total fatty acids.

4.- Use according to c¢laim 1, characterised in
that said docosahexaenoic acid or eicosapentaenoic acid or
DHA-derived EPA is incorporated into a monoglyceride,
diglyceride or triglyceride.

5.- Use according to c¢laim 4, characterised in
that said docosahexaenoic acid or eicosapentaenoic acid or
DHA-derived EPA is incorporated into a triglyceride.

6.- Use according to c¢laim 1, characterized in
that said docosahexaenoic acid or eicosapentaenoic acid or
DHA-derived EPA is specifically incorporated into at least
one position of a glycerol via an ester bound,
structured lipid, for manufacturing a pharmaceutical
composition for the treatment of cellular oxidative

damage.



14. - Use according to any of the precedi ng cl ai s,

characterized in that said docosahexaenoic acid or
wer@esapent aenoi ¢ acid or DHA-derived EPA i s oPCHEPIA6/070016

enzymatically . 15.- Use according to any of the

precedi ng clains, characterised in that said

phar maceuti cal conposition further includes another

active ingredient. 16.- Use according to any of the

precedi ng clainms, characterised in that said

phar maceuti cal conposition is3 admnistered to a

patient Whe st;eaebwkdgnq t teatatenim agai nstacettettred in
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aSSOCIated wi th oxidative damage is atherosclerosis.
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the group conpris
that said short- chaln fatty acid is a Cl1-C8 fatty acid.

11.- Use according to claim 8, characterized in
that said mid-chain fatty acid is a C9-Cl4 fatty acid.

12.- Use according to claim 6, characterized in
that said docosahexaenoic acid or eicosapentaenoic acid or
DHA-derived EPA is incorporated into a triglyceride.

13.- Use according to any of the preceding claims,
characterized in that said docosahexaenoic acid or
eicosapentaenoic acid or DHA-derived EPA 1is obtained
chemically.

14.- Use according to any of the preceding claims,
characterized in that said docosahexaenoic acid or
eicosapentaenoic acid or DHA-derived EPA 1is obtained
enzymatically.

15.- Use according to any of the preceding claims,
characterised in that said pharmaceutical composition
further includes another active ingredient.

16.- Use according to any of the preceding claims,

characterised in that said pharmaceutical composition is



pi gmentary retinosis, macul ar degeneration and
cataracts. 24.- Use according to claim 19,

w@b@rattes i sed in that said i schaem c pat hol ogRCT/BPZ06/070016

nmyocardi al infarct or cerebral infarct. 25.- Use

according to claim 20, characterised in that said

pat hol ogy is one of the group conprising arthritis,
vasculitis, glonerulonephritis and eritomatose | upus .

26.- Use according to any clatns 1 to 16,

characterized in that said use of the docosahexaenoic
admdnmetekedsanenaaqnﬂtﬁnaciﬁhor:DHAr@e@ﬁw&@gERAiuzeatment

caLtled 8¥5E§5a¥H§%§ lvénggﬁa par maceuti ca
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aci d or eicosapentaenoic acid DHA- deri ved
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aracteri ze in th %‘ gal d d%cosahg enoic acid
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prhidbitorydagept o0f pnematilee penbstepge. 29.- Use

accordi ngot 0 glai m-24, 46 r%BtSE zgd E%etgﬁgc%gﬁgg claims,

tel onere shor?enlng I'S asgoqlate wth he . .
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31, characferized Isard e’ 1s car
Qbar§cpe@@g@ﬁs_ln that said pathology assoc1ated with

oxidative damage is atherosclerosis.

22.- Use according to claim 17, characterised in
that said neurodegenerative pathology is one of the group
comprising multiple sclerosis, Alzheimer’s disease,
Parkinson’s disease, amiotrophic lateral sclerosis and
muscular dystrophy.

23.- Use according to claim 18 characterised in
that said ocular pathology is one of the group comprising
pigmentary retinosis, macular degeneration and cataracts.

24.- Use according to c¢laim 19, characterised in
that said ischaemic pathology is a myocardial infarct or
cerebral infarct.

25.- Use according to claim 20, characterised in
that said pathology is one of the group comprising
arthritis, wvasculitis, glomerulonephritis and eritomatose
lupus.

26.- Use according to any c¢claims 1 to 1o,
characterized in that said use of the docosahexaencic acid

or eicosapentaencic acid or DHA-derived EPA is carried out



33.- Use according to any clains 1 to 16,

characterized in that said use of the docosahexaenoic
w@eiod/oor73ki cosapent aenoi ¢ aci d or DHA-deri ved BEPEEPR06/070016

carried out for manufacturing a pharnaceutica

conposition for the treatnent of the cellul ar

oxi dati ve damage associ ated with physical exercise.

34.- Use according to claim 33, characterized in that

sai d docosahexaenoi c acid or %i cosapentaenoic acid or

DHA- derived EPA is used as an enhancer agent in the

spor tsapefdotmahce .2 3pbharsecacdondi ngomposiai 33 ,or the

%98 agLerized, jn Eh§%u§g| d d°88§ah§’<§§§8i8 agl gh8rDNA.
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37. - ccording to clai m 34, aracterized in that
Sl 0 onpaRee R AT B, (IR AR el iRbed in
tbatheaadadbobsahehaesbmbdacaa orUsec@ea@edma@nbac acid or
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for the same effort |evel. 40.- Use according to claim
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?h&?cgngréﬁ;aEESP gﬁéﬁfydg Felse the oxidative damage
to DNA. 42.- Use accordiing t boclcdienm34;7 chahactetezeded in

Eﬂat said telomere shortening is associated with Down’s
Syndrome.

31.- Use according to any of the preceding claims,
characterized in that said use of docosahexaenoic acid or
eicosapentaenoic acid or DHA-derived EPA is carried out in
the food industry.

32.- Use according to claim 31, characterized in
that said use is carried out in dairy products.

33.- Use according to any claims 1 to 1o,
characterized in that said use of the docosahexaenocic acid
or eicosapentaenoic acid or DHA-derived EPA is carried out
for manufacturing a pharmaceutical composition for the
treatment of the cellular oxidative damage associated with
physical exercise.

34.- Use according to c¢laim 33, characterized in
that said docosahexaenoic acid or eicosapentaenoic acid or
DHA-derived EPA is used as an enhancer agent in the sports
performance.

35.- Use according to c¢laim 33, characterized in

that said docosahexaenoic acid or eicosapentaenoic acid or



that said enhancer agent decrease the oxidative damage
to plasmatic lipids. 43.- Use according to clai m 35,

w@b@rattes i zed in that said regul ati ng agent prPONBPES6/670016

nor nogl ycem a . 44.- Use according to claim 33,
characterized in that said use of docosahexaenoic acid

or ei cosapentaenoic acid or DHA-derived EPA is carried

out in the food industry . 45.- Use according to claim

44, characterized in that said use is carried out in

dairy products. 46.- Use according to claim 33,
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or any s&ﬁtabwéenéahﬂhmiﬁvh1hpsﬁﬂ@ﬂmbh34 characterized in

that said enhancer agent increases the time to reach the
anaerobic threshold.

39.- Use according to claim 34, characterized in
that said enhancer agent decreases the cardiac frequency
for the same effort level.

40.- Use according to claim 34, characterized in
that said enhancer agent increases the Plasma Total
Antioxidant Capacity (PTAC).

41.- Use according to claim 34, characterized in
that said enhancer agent decrease the oxidative damage to
DNA.

42 .- Use according to claim 34, characterized in
that said enhancer agent decrease the oxidative damage to
plasmatic lipids.

43.- Use according to claim 35, characterized in
that said regulating agent promotes a normoglycemia.

44 .- Use according to claim 33, characterized in
that said use of docosahexaenoic acid or eicosapentaenoic
acid or DHA-derived EPA is carried out in the food
industry.

45.- Use according to claim 44, characterized in
that said use is carried out in dairy products.

46.- Use according to claim 33, characterized in
that said docosahexaenoic acid or eicosapentaenoic acid or

DHA-derived EPA is administered through a suitable mean
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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.

47.- Use according to claim 46, characterized in
that said dietetic supplement and polivitaminic
preparation are in the form of a capsules, tablets, pills,

lyophilised form, or any suitable mean of administration.



