1 "USE OF DHA, EPA OR DHA- DERI VED EPA FOR TREATI NG A PATHOLOGY
ASSOCI ATED W TH CELLULAR OXI DATI VE DAMAGE" 5 Field of the invention
The present invention relates to the use of an acid enriched in
docosahexaenoi ¢ acid (DHA) or eicosapentaenoic acid (EPA) or
DHA- deri ved EPA for 10 manufacturing a drug for the treatnent of
processes that involve associ ated oxi dative damage. Background of the
i nvention 15 The onega-3 fatty acids are necessary for maintaining
cellular functional integrity,and are negessary in general for human
heal t h. Docosahexaenoi ¢ acid (22:6 n-3, DHA), an inportant onega-3
gorrponent 01;] 20 fiyse oF pand ebaneri mea-alas/ED EPAORORNTRBARING MAt he
rain, in the p t .
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afterwards distributed via the Ilpoprotelns in the blood in order to
meet the needs of the various 25 organs. The adm nistration of DHA
| eads to an Egcreas% EI its coEcentratlon at tissue |evel, inducing
al so an inct } i on of onmega-3 elcosapentaen0|c
acid (EPA) which in |linked netabolically, whereas the adm nistration
of EPA only Increasemt %Ic‘e%%%ntm&émép fecseasi ng tﬁh%t QgeDla% aln

cell level eneral, the I ncaorporated into
phosphollpld§g&ﬁ th@nEéF efenbtine, d?@ﬁ?ﬁ??ﬁ%ﬂ§oéFfecF§18n |ﬂQHA) or
conposi ti on andosupeticapabity, aondt heEproducttd orHE-deadcteidve Epgygefor

speci es (RE§%mn%%a%%E95§Be£id¥d$ for the treatment of processes that

involve associated oxidative damage.

Background of the invention
15

The omega-3 fatty acids are necessary for
maintaining c¢ellular functiocnal integrity, and are
necessary in general for human health. Docosahexaenoic
acid (22:6 n-3, DHA), an 1important omega-3 component of

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

25 organs. The administration of DHA leads tc an increase of
its c¢oncentration at tissue level, inducing also an
increase in the concentration of omega-3 eicosapentaenoic
acid (EPA) which in linked metabolically, whereas the
administration of EPA only increases 1its concentration

30 decreasing that of DHA at cell level.

In general, the DHA is incorporated intc the
prospholipids of the cell membrane, which have effects on
its composition and functionality, on the production of
reactive OXygen  species (RCS) , on membrane lipid

35 oxidation, on transcription regulation, on the



35 oxidation,ontranscriptionregul ation,onthe 2 biosynthesis of

ei cosanoi ds and on intracellular signal transduction. Furthernore, in
the central nervous system the DHA is involved in the devel opnent of
the |l earning capacity related to the nenory, in the excitable
functions 5 of the nenbrane, in biogenesis of the photoreceptor cells
and in transduci ng the signal dependent upon qui nase protein. A
potential dietary therapy woul d be based on correcting the optinmum

| evel s of onega-3 fatty acids to prevent zcertain pathol ogies from
originating or 10 progressing, such as inflammuatory pathol ogies,
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is involved in protecting the neurcnal cells from death by

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 Bgl-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 1is concentrated in the phospholipids o¢f the

30 photoreceptor segment disc’s ouiter 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 DEA

35 content in the photoreceptor and in the RPE cells is



5 phosphatidil seri ne. It is unknown to date if these effects
are entirely nediated by the DHA itself or by any netabolic
derivatives. Certain derivatives of DHA have been identified in the
retina. Although the enzynmes involved in 10 the synthesis of said
derivatives have not been identified precisely, sonme recent results
suggest the participation of an A2 phospholi pase (PLA2) followed by a
| i poxygenase (LOX). The PLA2 rel eases the DHA fromthe nenbrane
phosphol i pids and the LOX converts it inBo its 15 metabolically
active derivatives. The reactive oxygen species (ROS) are
produced durinkgmer nednkeld | ubarddmsnessi o nghe TherBOSnkencude ph§s1ca1
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(LOX}). The PLA; releases the DHA from the membrane
phospholipids and the LOX converts it into its
15 metabelically active derivatives.

The reactive oxygen species (R0OS) are produced
during normal c¢ellular functioning. The R0OS include the
superoxide anion, hydrogen peroxide and ithe oxydril
radical. Their high chemical reactiviity leads to the

20 oxidation of proteins, of DNA or of lipids. The superoxide
dismutase (30D}, the catalase (CAT) and the glutation
peroxidase (GPx) are the primary antioxidant enzymes that
protect against the molecular and cellular damage caused
by the presence of ROS. The oxidative stress activates

25 many metabolic channels; some are cytoprotective, while
others lead toc 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
ilinesses, in some cases related to a deterioration of the

30 antioxidant system.

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

35 when the RPE cells are damaged or die, photoreceptor



function deteriorates because the RPE cells are essential for its
survival. Thus, death of the RPE cell under the effect of oxidative
stress leads to a deterioration of eyesight, particularly when the
cells of the macula are 5 affected, since it is responsible for

eyesi ght acuity. The pat hophysi ol ogy of many retinal degenerations
(e.g., macul ar degenerations related to age and to Stargardt disease)
I nvol ves oxidative stress that |eads to RPE cell apoptosis. I|ndeed,
RPE cell apoptosis appears to be the 10 dom nant factor in the
macul ar degenerati on observed with age. Such studi es suggest that
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capacity. 15 ‘t et fror e
effect of oxidative stress leads to a deterioration of

eyesight, particularly when the cells of the macula are
5 affected, since it is responsible for eyesight acuity. The
pathophysiology of many retinal degenerations (e.g.,
macular 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

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

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

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

25 determine whether antioxidant defences decline with age.
These have included analysis of the main components
thereof: activity or expression of the 30D, CAT, GPx
enzymes, glutaticon reductase, glutation~S~transferase and
the concentration of compounds o¢f low molecular weight

30 with antioxidant properties. For example, an over-
expression of S0D and CAT in Droscophila melanogaster
increases life expectancy by 30% and reduces damage by
protein oxidation. In this context, in vitro and in vivo
exposure of cutaneous tissue to UV rays generates free

35 radicals and other reactive oxygen species, leading to



radi cals and ageing is perfectly well accepted, based on the evidence
that free radicals produced during aerobic respiration cause

oxi dati ve damage that accunul ates and | eads to a gradual |oss of the
honeost ati ¢ nmechani sns, 20 interference in gene expression patterns
and a loss of the cell's functional capacity, |eading to ageing and
death. An interrelation exists between the generation of oxidants,
anti oxi dant protection and repair of the oxidative damage. Many
studi es have been carried out to 25 detesm ne whet her anti oxi dant
defences decline with age. These have included anal ysis of the main
conponent s thenaeflaracbikyuhyitk expr&ss) onidfundeht e80DasCATonEPXbuting

oy, ) e loes, AUt e S anataragg.a0d LA s v
anti oxi dant prigpemicdst RF@digtampl ecanargoifer riexpites sicorieofo SO agrilc
CAT in DrosophidsgdeTeleiegasi@ite conditions erythema or burns can be
5 produced, while chronic over-exposure increases the risk
of skin cancer and ageing. Moreover, it 1s known that the
cutaneous cells can respond to acute or chronic oxidative
stress by increasing expression of a variety of proteins,
such as the enzymes involved in maintaining cell integrity

10 and resistance to coxidative damage.

In the art, it is well known that telomeres are
non-coding DNA regions located at the ends of eukaryvotic
chromocsomes. These are constituted by highly conserved DNA
sequences, repeated 1in tandem (TTAGG), and associated

15 proteins, and have a special structure which hinders the
ligation to the ends of other chromosomes, preventing the
telomeric Zfusion. They have an essential role in the
preservaticon of the chromoscomic integrity, protecting the
coding DNA from the enzymatic action and its degradation,

20 contributing to the mainteinance of the chromoscmic
stability.

In c¢ontrast with coding sequences which have a
semiceonservative replication, the telomeres undergo a
progressive loss 0f its repetitive sequences during the

25 successive cell division. Nowadays, i1t is considered that
a minimum telomeric length is reguired in crder 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

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

Owing to the multiplicity of double bonds, the

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



increases |life expectancy by 30% and reduces damage by protein
oxidation. In this context, in vitro and in vivo exposure of
cutaneous tissue to W rays generates free 35 radicals and other
reactive oxygen species, leading to 5 cellular oxidative stress,
docunented as contributing significantly to agei ng. Excessive
exposure of the skin to ultraviolet radiation can give rise to acute
or chronic danmage. Under acute conditions erythema or burns can be 5
produced, while chronic over-exposure ingreases the risk of skin
cancer and ageing. Mreover, it is known that the cutaneous cells can
respond to acidre heeBi0BhCafdi fabh¥®aStdieST [FceNehoashng eXpilesstian
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35 onega- 3 fa;tmylaaewésdame%on%@mwnt cﬁ@@lwﬁecataontafg‘eln@se cells
with high concentrations of DHA resulted in increased

levels of lipidic peroxides in the culture medium, and a
20 higher percentage of cell death due tc apoptosis induced
by exposure to hydrogen peroxide. It has also been shown,
however, that intra-amnictic administration of ethyl
docosahexaencate reduces lipidic peroxidation in the
foetal brains of rats. It has been suggested that this
25 response 1s due to a free-radical sequestering effect via
activation of antioxidant enzymes. An increase in the
antioxidant capacity of the brain is important Zfor the
primary endecgenous defence against oxidative stress,
because the brain is relatively rich in polyunsaturated
30 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
35 act to reduce oxidative damage, such as a three-



6 for generation and propagation of free radicals during the

oxi dative stress processes related to generation of lipidic

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

di etary suppl enents of onega-3 fatty acids. Sonme studies in humans
have shown increased oxidation of the LDL, while others have found no
such effect. In studies with animals, treatnment with onega-3 fatty
aci ds has been found to lead to increased or reduced 10
susceptibility to oxidation of the LDL. On the other hand, an
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20 physical effort (running a marathon) causes damage in DNA
which is evident for scme days after the trial and also
causes damage in immunocompetent cells {(which c¢an be
associated with the immune decrease shown in 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 reacticns
to the effort and not to the action o©f exercise over the
DNA in acute way.
The event of intensive physical exercise

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



On the other hand, the idea of associating physical exercise with the
production of free radicals cones fromearly 80s due to the
observation of the damage in nenbrane |ipids during

i schem a-reperfusion events in 10 hypoxic tissue (see Lovlin et al.,
Eur. J. Appl. Physiol. Cccup. Physiol. 1987, 56 (3) 313-6). At the
same time, an increase in the GSSH GSH rati o was observed in rat
muscle cells (see Lew H Et al. FEBS Lett, 1985; 185(2): 262-6, Sen
CK et al., J. Appl. Physiol. 1994; 77(5)s8 2177-87) as 15 well as in
human bl ood (see MacPhail Db et al., Free Radio Res Conmun 1993;
18(3): 177-8LutCahid okigeh ak.ndt #opl .adfhysiioled 3988 Jan 64(1):
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after a coronary syn ohgs €
based on the following theoretical concept: in¢reasing
free fatty acids in plasma above 1 mmcl/L ({(occurring when

25 glycogen 1s used up), the competence with tryptophan
transport makes this to be increased with the subsequent
serotonine increase, a neurctransmitter related to the so-
called “central fatigue” in long duration sports. In that
regard, it is known that n-3 fatty acids diminish the

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

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



The absence of positive results in the physical performance in the
anal yzed studies is due to the 20 evaluation of patients, not healthy
peopl e, and what it has been searched are vascul ar and i nfl amatory
effects. At the sanme tinme, researches have been carried out
based on the follow ng theoretical concept: increasing free fatty
acids in plasma above 1 mmol /L (occurring when 25 glycogen is used
up), the conpetence with tryptophan transport nakes this to be

i ncreased with the subsequent serotoni ne% ncrease, a neurotransmtter
related to the so-called "central fatigue” in |ong duration sports.
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of di m nishing the skapikes cahrbpedrent oresharsh udnewasnt Hée ownt fiurdsar
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wherein the effi ted to the perfornance was
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the use oflgFpcose 1H9The’ Musclxs-ince its anal ogues at
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pyruvat e deh drogenase 20 (inhibition by pro ér Nore,
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glyggnygnsgyyﬁg enggE%égagﬁgs quti A9, a%klngp&%dj ()rg%hyé%ogenase
{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 ¢lucose 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



25 gl ucose- 6- phosphatase at a hepatic level. It is also known that a
conposition of fatty acids in the nuscle alters insulin sensitivity,
showi ng that a high content of polyunsaturated fatty acids in

pl asmati c menbrane inproves insulin sensitivity and a high content of
saturated fatty 30 acids produces the opposite effect. Exercise

i ncreases gl ucose uptake, capillary

per f usi on, gl ycogensynt hesi srateandi nsulin sensitivity. During
muscul ar contracti on changes are produgced in tenperature,

intracel lular pH, ATP/ADP ratio, 35 as well as Caconcentration and
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i ncreases the response to ucose I n sKe nmusc Mor a
Pessin, J. Biitoctiwemrigogdhue7Brepaying §354y16328, cshonktCthat an
increase in the gl ucasexr esponseatiohhe rasRles | ndeeshariher e af€lude
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fatty acid, even wih;an dperegsesdl HlyeRm enand diNSuhéPa8ME ain the
(signal's Of éEﬂggs% &%%E%%%QC?% t%%tm%scﬁe, indeed, there are several
20 transcription factors such as MEF2A and MEFZD 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 1is
that for obese people is associated with insulin

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

30 insulin receptor level maintaining the level of GLUT-4
protein translocation, which has specifically showed with
DHA (see, Jaescchke H. Proc. Soc Exp Biol. Med 1995; 209:
104-11).

35



30 insulin receptor |evel nmaintaining the | evel of GLUT-4 protein
transl ocation, which has specifically showed with DHA (see, Jaescchke
H Proc. Soc Exp Biol. Med 1995; 209: 104-11). 1 1 Description of
the I nvention The present invention concerns the unexpected
di scovery that the admi nistrati on of docosahexaenoic acid 5 (herein
also referred to as DHA) or eicosapentaenoic acid (EPA) or

DHA- derived EPA, whether in free formor incorporated into a
triglyceride, anbng others, acts as a celjular antioxidant. In this
way and taking into account the metabolic 10 rel ation between DHA and
EPA (retroconversion of DHA to EPA), all effects disclosed observed

previously f t 1.ni.st i of.. . must be applicable to m xed
systens DHA/ Ripddfhnpst AL vl systens of EPA, even though
EPA is not named spe&€hfi cRFg§ensAR G} den oﬁopﬁérﬁﬁeséhﬁ i Avenpsorrd

is therefore dﬁs%ob&%@yofth%ca;mh@m&@ls@raea@Inf@f abeogan@lia@ﬁwd Nk of
a pharnaceu%i SQMQ %ItIO% Eor t he treggﬁfnt oe G aOXédaIagqj
damage. Ano 567 e & 58 FERETEFEs &Rt @ i 8h Pﬁgpﬁg 6ot 2t

docosahexaenoﬁ&ﬁaC|@I(DHW$fdﬁraV§§ecEPAc p@het¢@m oint héreg ycermt or

backbone, thelﬁd@pb@aabal ﬂgteogu krepsyebrifie, gl &@4'&@1&% NGASUs a
specified int o iti or the treatnent cel lul ar

oxi dati ve darf& ulﬁrf Fﬁ8?l§%T%Ct of the present invention is the 25
use of docosahexaenoiv &abid FBWApnflotakangf actor angoantonposiné t oo fior

the treat nent-qftiRE GRldudar Mdéﬁévﬁpﬁlag‘i@%r%o%éﬁaﬁ of! Baa to
particul ar, the use of docosahexaen0|c aci 1 cation as

protective agent i theShheatral b?ﬁ&%%%donFEFBﬁ%r§r§ﬁ6PP§ﬁYn§°§nd35§
30 an i nhi bi taeiminagenttodn ppénBHAr eusenesceppeitabbe tteaheed oOfstems

fﬁ{/leﬁ![ ?gnoi(h%ﬂ/ﬁ%’}kdatﬁag%veht 11.5 ﬂlloﬁgcéﬂpggéﬁt?t s?/fstgpxg pcgieS%@h, even
though EPA is not named specifically.

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

Another object of the present invention is the use

20 of docoszhexaenoic 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

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

30 an inhibitory agent of premature senescence in a treatment
of cellular oxidative damage.

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

35 hereditary pathcologies asscciated with disorders in the



use of docosahexaenoic acid for manufacturing a conposition for the
treatment of cellular ageing and 35 hereditary pathol ogi es associ at ed
with disorders in the 12 mtochondrial respiratory chain, as well as
a conposition for treating Down's Syndrone. A further

obj ect of the present invention is the use of docosahexaenoic acid
(DHA) for manufacturing a 5 conposition for the treatnent of the

cel lul ar oxi dative damage associ ated with physical exercise. In
particul ar, the use of docosahexaenoic acid has application as an
enhancer agent in the sports performance and as a regul ati ng agent of

bl ood gl ucosenﬂt%&losld@gannge@bygh@afy1@h@irﬁ Ords well as a bkbmb&sadsSth
an obj ect of presente |nvent$on t he use of docosahexaenoic acid

for manuf act rga 8ﬁﬁo§°??oﬁ %ﬁdﬁﬂ%an0|ng sports performance, as
well as a conp03|t|oﬁ flow theeirntodiimicig Al doe ghuscose | ewerd: ot grs 1i5he

physi cal exentdeseochy IR tixadi@iiRl Yacide @@m)ni 84F atkiLmAkcaria d1a
a dairy product or t abl e adnlnlstratlgn forn1tyf|caII¥ ug .%y
eopl ¢ whers dOTRG oo o Toxkie; SEC SBFHCL e prBsert SEEEY

expressi on " celragleara soed dattiede wiariage!ly stearls ew@rqmmmesSnthattlcular,
| nvol ves an idal goge 19t UeessL e JENAIAt hony and Legradatl ool as an

cel l ul ar oxi dant speci es of endogenous or exogenous ori gl
25Sur pri si nglﬂphﬂﬁ‘é?elrnvéﬁtefﬂts of t k8Spr EBBRES nB%ﬁWHPPrH%ﬁ/e FBUnP T hat
DHA i s capablmegaflairnhigbisgeng tdfe praduciiwioaf Ieacld véuoXxygephysical

speci es ( RP)or Mgt her

It is also an cbject of the presente invention the

use of docosahexaenoic acid for manufacturing a

composition for enhancing sports performance, as well as a

composition for maintaining blood gluccse levels after

15 physical exercise by means of, mainly, the administration

of a food, a dairy product or any suitable administration

form typically used by people when doing physical

exercise.

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

25 Surprisingly, the inventors of the present
invention have found that DHA is capable of inhibiting the
production of reactive oxygen species (R0S), whether
related to a dependent induction of peroxides or
superoxides. More specifically, it reduces the production

30 of superoxide anion and therewith of all the derived
species produced in the oxidative cascade, such as for
example a highly significant reduction of 1lipidic
peroxidation. Furthermore, an increase 3in antioxidant
enzyme activity was found, which suggests an adaptation of

35 the cell by inducing the expression of antioxidant agents,



related to a dependent i-nduction of peroxides or superoxides. Mre
specifically, it reduces the production 30 of superoxide anion and
therewith of all the derived species produced in the oxidative
cascade, such as for exanple a highly significant reduction of

| i pi di c peroxidation. Furthernore, an increase in antioxidant enzyne
activity was found, which suggests an adaptation of 35 the cell by

i nduci ng the expression of antioxidant agents, 13 basically enzynes,
and by repressing the expression of pro-pxidant agents such as the

A2phosphol i pase. I n one enbodi nent of the present

i nvention, sadachl%m@ah@%mc aeihd s k@ﬁ@é@@i thntél{];a:ess:mn of
nnnoglycerlde %ﬁ¥%er|de trlg?ycer égg oI| ethyl .ester
or free fattﬁ”ﬁbﬂﬁ f 885BF§, S8&F 310 sfﬁ

i ncorporated into a ffni gingceamilgagliment of tharmr¢ﬁemnesew¢ntnm9nt$@hi

"dOCOSahexaer@c%s%@ﬂe@&a'eﬂ%@lfngl%@@ieﬂs' nﬁ@o@p&!ay&e%f 1148 1S mbakeny Loy 1BaN

a 10 nonogl ride, diglycer] tri ycerld phasphol i W th at
| east one o *ﬁ%%ﬂ?Fé@gpos?ﬁ%%hﬁf |f? {3 H Bt ocﬁggﬁgx§?ﬁSFc or

acid and, optimsalfiattvatadiebstPmafereblyhe seédadncngabstaendiedacid is
posi tions fngAyg}ﬁ@r%Qegngn@glg §§1§p%§gfﬁfon1a short-, md- or

| ong-chain fatty acid phosphoric acid. Preferably, sai d
glycerol is a trlglyéérlEﬁﬁ present invention, “docosahexXaencic acid

incorporated into a glyceride” is taken to mean a

10 monoglyceride, diglyceride, triglyceride, phospheolipid,
with at least one of the three positions esterified with a
docosahexaenoic acid and, optionally, at least one of the
remaining esterified positicns further with c¢ne acid
selected from a short-, mid- or long-chain fatty acid and

15 a phosphoric acid. Preferably, said glycerol 1is a
triglyceride.

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

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

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

30 docosahexaenolc acid is in a percentage by weight between
66 and 106% in relation to total fatty acids.

In another preferred embodiment, said
docosahexaenoic acid 1is incorporated into at least one
specific position of a glycerol via an ester bound, a

35 structured Llipid, for manufacturing a pharmaceutical



The choice of triglyceride as chem cal structure of the DHA is based
on data taken froma study which conpared the bioavailability of four
onega-3 acid 20 concentrates in the formof ethyl esters,
phosphol i pids, free fatty acids and triglycerides follow ng oral

adm ni stration, which denonstrated that the re-esterified
triglycerides presented a higher bioavailability than the other
preparations. 25In a preferred enbodi nent of the present invention,
sai d docosahexaenoic acid is found in a percentage by wei ght of

bet ween 20 and 100%in relation to the total fatty acids, preferably
bet ween 40 a%nﬂgﬁﬁ%thﬂ:nr elfatd onHeo talealtnkatt yoaci dellandrnobRidative
preferably sa 30 docosahexaenoic acid is in a percentage by wei ght
bet ween 66 anfmﬁ%ﬁéln relation to total fatty acids.

I nanot her pr ef er r edenBs@hmenglygrdclotoyahexbendi comri ¢ sat least one
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oxi dati ve darsgected from Budh eemgld/cardl smay, fuey hénrcoapr csepratse,

:jeast gne fatotph@@ﬂagl nd/ of qraeﬂa&h%?@gra&t@clsgléet%@atf%}d :3 %h?rt—
0oCosanexaenaol C. acCl nc orate InNto, a positl on S$el ecte rom
S ARy T At e LB BER Se 20t 7 DRBPEYRCELC] Ghat ore

aci d selectemhbmonuacshpotaaﬂd/onnnldt@ha|an%%ﬂtgpsmnnmnandaa further
phosphori ¢, @cishsrand, WQ%&.%B%Qﬁeor%h?dléégé’&H@ agla %%abkggpr@%%m a

further 10 conprise, ,optiqgnal east one acid selecte om a

fatty acid aﬁ@téypﬁﬁéﬁhﬁ??c aﬁgépphorlc acid.|n this regard, when
referring to the terimopthonal kggairtl, shendd beefunderss oot t higte Satskm

docosahexaenqi¢ ;3gaLdi,ncor perat g, k0 a,Rosi {180, SELEF €dinat  saiq
docosahexaenoic acid incorporated into a position selected

15 from sn-1, sn-2 and sn-3 may or not further comprise at
least one acid selected from a short- and/or mid-chain
fatty acid and a phosphoric acid, or otherwise that said
docosahexaenoic acid incorporated into the sn-2 position
may or not further comprise at least an acid selected from

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

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

25 bound to the 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.

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

35 of the glycerol and taking into account the intestinal



15 fromsn-1, sn-2 and sn-3 may or not further conprise at |east one
acid selected froma short- and/or md-chain fatty acid and a
phosphoric acid, or otherw se that said docosahexaenoic acid
incorporated into the sn-2 position may or not further conprise at

| east an acid selected from20 a |long-chain fatty acid and a
phosphoric acid. Surprisingly, the inventors of the present
i nvention have found that the use of structured glycerols wherein the
position of the docosahexaenoic acid hasitheen sel ected and the
conposition of the rest of the conpound 25 bound to the glycerol,

| eads to an uhexpected i norease, attdiedSicetwdee Olareverhsdydideesd hey
therapeutic afilj.bency ¢fcbheuse gt dacosahexpangGoaghdeffice, from
manuf act uri ng a pharmaceutical conposition for the trea ment o

cel I ul ar oxi d&tiPe thtmdece 30 Ycorrioh derd nisti-en RElatles ord dpat sire

cont ai ni ng f atisyraeddsideaiied by Speektisaposblii-ansian the 1gl yoenda
backbone. i, i with the in vivo fatty acid biodistribution,
t he Iong-c%ieﬁk%}jgg%éfur_at ed fatt}g;aci ds (PUFAs) are | ocated
preferably in the snP? p&siei 8ACSsabExadw iy yakid| ingrracidtsg iimto a
ﬁcgoulnt tgebis@lteestﬁaabosﬁiabs?nfpttih@n gqg,%@g&, Hawé&w@er :v%s aa{j Qster
ydrolize ipases_to free fatty acids, di-_and nonoglycerides,
from whi ch tﬁguf?r e Fa ‘flyCIeaSci 88 aHIFSHSS onbTyeeFi des afe HESTISEE
directly by ipteskidantepindigicitabncett sthaamedes ent&r opptresntage in

By using dacegabexaenots agd duhdCOrNRyAeds BLOtd SPEGLTLLNAS ti N 4
of the glycer,.l .baacll§b§nec%]e Vi a, an ester pound es . an increased
S

., pravid .
ARiPhEPe Ht9%Ydant prt e@tq“gwrﬁ]la?ttrtaﬁéogan’éo?ﬁﬂ%r in

bi oactivity, "an"Incre
percent age i AegDerbspeth Wie hanteowitbing afdant of fadtgoassdsepreesdat

and a di m ni shed dgpendency-om dhe adm nistration dosage in respect

wth the anti oxi dant_effect of the docosahexaenoic acid in the
gl yceri de. Advantageously, the inventors of the present

15 invention have found that the use of docosahexaenoic acid
incorporated into a position of the glycerol selected from
sn-1l, sn-2 and sn-3, and coptionally said glycercl further
comprising at least one acid selected from a short- and/or
mid-chain fatty acid and a phosphoric acid, provides an

20 increased bicactivity, an increased antioxidant protection
at the same molar percentage in respect with the whole
amount of fatty acids present and a diminished dependency
on the administration dosage in respect with the
antioxidant effect of the docosahexaenoic acid in the

25 glycerol.

Also advantageously, the inventors of the present
invention have found that the use of docosahexaenoic acid
incerporated into & sn-2 position of a glycerocl and
optionally said glycerol Ffurther comprising at least one

30 acid selected from a long-chain fatty acid and a
phosphoric acid, provides also 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



Advant ageously, the inventors of the present 15 invention have found
that the use of docosahexaenoic acid incorporated into a position of
the glycerol selected fromsn-1, sn-2 and sn-3, and optionally said
gl ycerol further conprising at | east one acid selected froma short-
and/or md-chain fatty acid and a phosphoric acid, provides an 20

i ncreased bioactivity, an increased anti oxidant protection at the
sane nol ar percentage in respect with the whole anount of fatty acids
present and a di m ni shed dependency on tie adm ni strati on dosage in
respect with the antioxidant effect of the docosahexaenoic acid in

the 25 gl ycerddsaghl sonadvadieageousky, the baveBkonsnof dhmqir esentthe

i nvention ha%ﬁ)Q%%%d that .t he use. of docqs%%%é enoi ¢ acid

i ncorporated Tnto aegﬁ?ﬁoﬁgs?%fonl%fu§§§1ybero ‘and optionally said
gl ycerol further conpefsehgbhy, | eabds onksAPresanselece edl Yeomla with
I ong-chain faéﬁey_@@&aa@a@n@h@smgtai q\{i_aqi %dea%lwiﬂ&?caﬂrigfﬁt% acids
same ol ar beRGehPAgE™i A AECReer ArERT: At Hhok 6o Srbbint obr o1 AP TP RETis
present and a&didyi riistred dependbary on thecadeinailstacativany, 16wdosagey
in respect widderiaeiantd@ihdant Ll eatnal fdhe, dggasahgxaengiferaci i
the glycer0|fhe docosahexaenoic acid,
Therefore, still more preferably, the present
10 inventions relates to the use of docosahexaenoic acid
incorporated into a glycerol wherein one of the positions
sn-1 and sn-3 are free or occupied by a mid-chain fatty
acid (C9-Cl4) or short-chain fatty acid (Cl-C8) or a
phosphoric acid and in which sn-2 position is occupied by
15 functional DHA. Thus, a still higher increase of DHA is
achieved since it 1s more efficiently absorbed in the
intestinal cells.
Therefore, the synthesis of structured glycerides
wherein the docosahexaenoic acid has been incorporated
20 into any position of the glycerol when it does not compete
with other fatity acids and wherein the DHA has been
incorporated into the sn-2 position of the glyceride when
it competes with at least one fatty acid, shows
improvements related to its antioxidant effect and,
25 therefore, it is a preferred way for manufacturing a
composition for the treatment of the oxidative cellular
damage.
The inventors of the present invention have found
that a c¢ell enriched with a composition with DHA, in
30 accordance with the invention, is better prepared to face
up to a new situation of oxidative stress and thus to
minimise the adverse effects that can derive therefrom.
That 1s, the presence of the DHA in the biomembranes
induces a cellular adaptive response to the oxidative

35 stress. Adaptive response 1is a cellular phenomencn by



Preferably, acids also present in a glycerol with the docosahexaenoic
acid will be short-chain fatty acids 5 (C1-C8) or md-chain fatty
acids (C9-Cl14) or a phosphoric acid, since these have no functional
activity, but only energetic activity and, therefore, will not
conpete with the docosahexaenoic acid. Therefore, still nore
preferably, the present 10 inventions relates to the use of
docosahexaenoi c acid incorporated into a glycerol wherein one of the
positions sn-1 and sn-3 are free or occupied by a md-chain fatty
acid (C9-Cl14) or short-chain fatty acid (Cl-C8) or a phosphoric acid
and in which &ich pogkg;b@@rés QGﬁUpaiaEd GV ENSS fﬂ@@ﬁt onadi nDHAs uFhusE hall
still higher incre e DﬁA > Ac hleved Si$% r%% nor e effl%pentiy
absorbed in fh@qeﬁtegtﬁﬁaf éFiv ereforep t'Re synt esl’s
of structuredusperendés whepeser t Héledocesdhexzmhuite abed Haseberipus

'nCOprfatede%Qéc@%Oo@nXhBQSbthntééiéfEhéHﬂ“&%*ﬂeﬂWB@ncbhcéﬁ@ﬁaf&%ns,
conpete with other fatty acids and wherein

i ncor por at et 9t PHhe™SHEH G ¥ 4 oht o*stﬂebﬁflﬁgéﬁ?jg %g%c?tu%ﬁm%
wi th at | eastbyore et thevadi df shpwsuraptovenenagsntethiedis ohatmsful at
antioxi dant effgct.gRds 25 therefore, it is a preferred way for
manuf acturing a conposition for the treatment of the oxidative

cel lul ar damage. The®fRVBREBFREIAN t hePlor es®tft | iY@t | o havel PHIAHE T
that a cell enmmahedlmﬂthdaannmpas1t|on W th DHA in 30 accordance

th th t d i tuati
W e ifnyen 'Ogé iaricd%%h BEQB%E aﬁ& >?§c?ac]+’cgrse efl? W st tuation

of oxidative stre mnimse Cts that can
derive therefrom PTHfsgrge tﬂ% preddEnés d?Y§9R9%3%&tﬁh the the dosages
bi onenbr anes i nducesadmiceldtlrar;adapti ve response to the oxidative 35

stress. Adaptive E?%ﬁ%ﬂﬁﬁx§50§ CEH&H&?%C£WF”%HE%&%tQ%HS to cellular
oxidant status at the dosages administered;
15 d) Adaptive cellular antioxidant activity.

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

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

25 sclerosis and muscular dystrophy, among others.

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

30 and cataracis, among others.

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



17 which exposure to a toxic agent(in sub-Ilethal concentrations)
provokes a cellul ar response which will subsequently protect the cell
agai nst the deleterious effects of that same toxic agent at |ethal
concentrations, 5 or, put another way, it is a beneficial effect
unl eashed by a |l ow | evel of exposure to an agent that is harnful at
hi gh | evel s. Adm ni strati onof DHAhast hef ol | ow ng substanti al
advant ages: 10a) Increased cellular antioxidant activity; b) Absence
of cellular cytotoxicity at the dosages mgm ni stered; c) Absence
of significant alterations to cellular oxidant status at the dosages
gﬂniniStF{Edh 153) Adaptiy@tCEEh@EﬁSragg£§Xkﬂ&@htﬁCtbﬂitﬁhe present
etoall the a preferred enbodi nent the.pre i.pv ion
relates to the' usgC i do%%sa efgléjr%&gg a%SiScP?lanC irant g%t ﬁﬁen °& Ve
phar maceut i calar2@<cohpositt i @nfﬂGM@t@aYl PE g P at h@lﬁg@ﬁ@é@dfm aeb@Cted

with cellularsQx datdnee danaasg. Sélb ogyazlﬁrrigi@ Lo Jasculitis,
Compr i see AR IoRrEPeLt AL g ﬂéma&o%%éigsa%?%%ﬁ%ﬁéﬁn%t "
di sease, am otrophi cIhaterath&s sn:leélemsesl asdboodsoeriar  dyst r pphyology

anmong ot hers. a33001ated wh@hagﬁéh§%1&3%¥¥g'Hﬁﬂég%f Eh§t9é§§§%ﬁer081s
i nventi on, t he pat 0 associ at ed he oxi datl ve arrage IS an

ocul ar pat hol ogy, @’P@%QBFya%ﬂ%‘zge‘F%&@d HRSGRthe "gPBapOEhat the use
conpri ses pi g:rﬁsnmfamyaseta nossissctitacul aferdegenerati oratld@aantrocess of

cataracts, ) Qmong,pther s Jyavetanot heremhadi ment, 1 Aepathal o0y gent  of
premature senescence.

The mechanisms producing telomeric associaticns
{(TAS) are still unknown but the authors of the present
invention suggest that this could bhe associated with a

15 deficit in the activity of enzyme telomerase which
synthesizes the repetitive sequences of DNA characteristic
for telomeres, thereby stabilizing the length thereof,

The telomerase is very active in foetal cells, but
has not much activity in adult tissue cells. TAS have

20 seldom found in normal cells, but they have been observed
in infected cells by wvirus or tumour cells.

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

25 i3 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 ¢entenary healthy persons, having
found & telomeric shortening during the in vitro

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

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

35 breakages c¢f telomeres when inducing oxidative damage in



associated with the oxidative danmage is an i schaem c pat hol ogy,
particularly a myocardial infarct, cerebral infarct, etc. 18

In yet another enbodi nent of the present invention, the pathol ogy
associated with the oxidative danage is an inflamratory process,
preferably selected fromthe group conprising arthritis, vasculitis,
5 gl onerul onephritis and eritomtose | upus, anong others.

I n anot her preferred enbodi nent, the pathol ogy associated with the
oxi dative danage is atherosclerosis. 19 Anot her aspect of the
present invention is the use of DHA as a protective agent in the

natural processe of;i0 trehemeresshorbeaifgy andrras %’él‘oﬂ@r’@'st oayeag@&e
of memﬂwesmm%mn% 3 Jirmcans qu?gtaom

associ ati ons {oFRS afe &t K ARENEWITBIT® t Qhﬁ' t5F“CHESpPESent®®
i nventi on sugyEsitcitehdtl vt iepadoelld thenassberapediwi 0h 8h45gdedinei t This

the activity gfaenzyme tg onerasg. whiich syat h%%'léﬁ%r&.?e LERE ét'x)éﬁlch
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cells, but hasdatinguchhactdadiltyairn aepl tcdtiissuelcéél szaxp‘lé%&ah@yfz 2Che
sel dom f ound Adk Aariml og%éﬁ ?E%L{-cﬁékey (R%%ff bﬁggé} : nggiﬁﬂ&&'

cells by virus or tumur een ob erve
there is a pﬁHUﬁ%§§|Vé“KEH@@P|oﬁeFﬁxﬂﬁé néifer °8tdFhlvi FReieal dmerfen
repetitions, ascaieldatas ighd uncddsws ofircel the ar cap@hdiss | Ndvk MOy  the

whi ch 25 'foars%q%%t@%n Iteh S%Qhe%@'ﬁulgg Qppyﬁ g%mﬁgﬁﬁm Igé%i 1¥eo

in the senesce i Kewi se, authors o resen
have studled-ﬁﬁ%K¥%lBﬁﬁ$@%u¥%n6ﬁﬁeﬁﬁeﬂFBrdﬁﬁﬁ@ﬁ&e&ﬁd Py nptiGey Fesome i
centenary healddn:«pargons, having found a teloneric shortening durlng

the in vitro 30 propagati.on, of the f|br asts, wel |l as._a.reve
correl ati on between g% PFEPOHEH ¢ Tahgth igmﬁﬁh th%ﬁoﬁgfsgng ghven £h
Al t hough tkmahaﬂeoﬁ@WENthb¢@@thg oseurs rénagsaiegaencic 2cid for the

15 treatment of the cellular oxidative damage at DNA level
allows to reduce the shortening rate ¢f the telomeres and,
therefore, inhibit the cellular senescence.

The present inventors have found a reverse
correlation between the shortening rate of telomeres and

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

25 fibroblasts with a lower antioxidant defence shorten their
telomeres faster and vige versa. The shortening rate of
the telomere is higher in c¢ells with a leower antioxidant
defence. PFurthermore, free radical scavengers reduce the
shortening rate of the telomere.

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

35 relation between the oxidative stress and the cellular



with the cellular replication, a premature senescence and 35

br eakages of tel onmeres when inducing oxidative danage in 19 the DNA
have been observed. The teloneres are nore sensitive to oxidative
damage and their breakages are less efficiently repaired than other
parts of the genone. This |l eads to an accunul ation of teloneric
damage which 5 produces a faster shortening during the DNA
replication reducing the cellular replicative |life expectancy. The
reactive oxygen species (ROS), particul ardy superoxide anions,

hydr ogen peroxide and oxidril radicals, can accelerate the | osses in

the tel oneres @ytiRg-hhe dOrdRR | S%é@{‘tff $QUE, Cea'k!e“' ?éne%fyrpe%f SV
t hough they al so i nduce premature senescence_regardl ess

tel onere shoeERPAGRE telomeresgip,pnsprghput “'E‘We"%uﬁ‘%%f%?eft%éi’f the
present i nventisapriavd froendxtibat itvhedasegof tidocosabtexhenos cuads tydrar
the 15 treatngnt, o .the;egl lul ar oxidative damage at DNA | evel allows
to reduce the's 8}ten|ng rate of the teloneres and, therefore,

inhibit thedcellul arfseréddantddion betweethe predehive nvEnEsPs hav
found a revers&@r«t@hﬁ_elgatao@ bet pebsmdies el ernnghbahefot hetoderas

and 20 the c II n I RACIL Y, an, 20 t
human stralng tﬁgﬁ g?gt esggf%t$§‘§ aréﬁﬁ?ﬁ?%gg ?hggé mr%%%ﬁgﬁéﬁigi
aged fi brobl &sepizpEorkiechane %@itw rRemivals agerngnef these cells

(nor phol ogy, accurrulahaaia@f@fe Ip@fﬁ@scwmf&tchaf@&ﬁtlldhtf&@mrp the
i s with a | ower ef e

expressio S5 _fibrobla t OXId d c
shorten tﬂg? gﬁ%ﬁg?escﬁ éPZPrangayﬁgg véPsa%&%h rf%ﬁ?ngg?gﬁQ§§ﬁ
t he tel oner e sihoriteghes Bndcetssepedt ail ower cadtlivdricdaatedeteereeallow

Furthernore, ff egd adiLaloseanenoris ileduaq the shosteping ﬁ%@e@émve
the telonere. 30These gata are n conco rd%pce with thgse showi n

i nportant rolP8°8f tRe ARt PBkIHA t%%%%ﬁ?e& JAPEEE 6 SPeF bXT tfa% cf‘s
super oxi de dissminadseitbnyt hgeshorf emergtuatesehetetoo®res i n hunman

fibrOblaStf% These d@ﬁeﬁﬂﬂgo¥€her hand, the use of enzymes for the
production of omega-3 fatty acid-enriched oils has several

advantages in respect with other methods based on chemical
synthesis and subsequent processes of purification
(chromatographical separaticns, molecular distilliation,
20 etc.). The latter require extreme conditions of pH and
high temperatures which could partially destroy all doukle
bounds all-cis of omega-3 PUFAs by oxidation, by cis-trans
isomerization or migration of double bkound. The soft
conditions used in enzymatic synthesis (temperature lower
25 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 1in the structural
selectivity in the acylglycerides, considered to be the
most favourable chemical structure from a nutritional
30 point of wview.

The pharmaceutical composition comprising DHA can
be found in the form of an 0il or an emulsion, which can
bhe administered by oral, sublingual, intravenous,
intramuscular, topical, subcutaneous or rectal routes, or

35 even by merely bringing the active ingredient of the



that the length of telonmeres is determined mainly by the 35 relation
bet ween the oxidative stress and the cellular 20 antioxidant defence
capacity. Thus, the length of age-dependent teloneres is an
accurul ati ve neasurenment of the history of the oxidative damage that
a cell has undergone along its life. 5A correl ati on between oxidative
stress and shortening rate of tel oneres has been shown for hereditary
pat hol ogi es associated with disorders in the mtochondri al
respiratory chain and for Down's Syndrope. Therefore, the existent

rel ati on between the 10 oxidative cellular damage in DNA and the
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mol ecul ar distillati@mi@®kidwx. ). Sded | atpexrmarpitriecadxt r esmenposition
condi tions O%uP'Ehé‘Pdc&h&Pléé?éTpaers%tc%‘}ﬁsa\é’BiGQ corldipardially destroy

all doubl e bounds all-cis of onega-3 by oxidation, by cis-trans
i somerization or ni gtHMRF6F douttE bouﬁBaIWﬁ%@%B¥?a%ond|??Wﬁﬂﬁlﬁ§€6
in enzynatlcCsmpthesmg permMrenatay endeaivein 26h¢ hano80Cndpki: 6v 8 fand the
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t he orlglnal ure o an increase in
structural sé}lé‘ét e tliquﬁl%% d&‘)ﬂl}"gl yeerl desth cangiadered tft‘fltt?é”‘?t”r‘i’émt
nost favour abkenchemticads stHacture froma nutritional 30 point of

vi ew. The pﬂ?r”’ﬁ‘f‘:e““ CJa_'Ill CoaRgsL L ?Wd%ﬁ%%;' ne gg«A gares%%t

found in the form of &an oi an enuIS|on stered
by oral, subiEhrguaioni ﬁ@#évéhéﬁ@ac¢‘h¢¥%s@ﬂm¢81tﬂ@m defl ,administered

subcut aneaus t@r af @grtaleneouh@sisoalaéa@yeﬂe@lmgela/ @Eéartgrlé’i& thRinst
active Ingre%'gQEh Iogy associated with oxidative damage.

Another object of the present invention is the use
of DHA as an enhancer agent in the sports performance and
as & regulating agent c¢f blood glucose levels during

20 physical effort.

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

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

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

30 non-professionally. And by T“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 T“physical exercise” and

“physical effort” are used 1in an equivalent and



21 mcroenul sion of the invention in liquid or vapour forminto
contact with the olfactory organs situated at the entrance of the
respiratory tracts. Thus, the adm nistration can be carried out by
spraying, msting or 5 atom sation of the mcroemnul sions or by

i nhal ati on. Opti onal |y, sai dphar maceut i cal conposi tion
further conprises a second active ingredient.
Simlarly,thepharmaceuti cal conposition conprising DHA can be used in
the food industry for the 10 purpose of sgnriching food products (e.g.
| actic products such as yoghurts, mlk, etc) with a natural

ant | O?(' dant %Q@E'«éngé@}?l@swgﬁﬁ' as . well as Jﬁ@r@éﬂ{ e‘?sﬂcﬂ:@s'}%tnheri_s used
enbodi nent of the present 1nvention sald pharmaceutical conposition

i s adni ni st ef@d 16"t A PAE¢®nt who is already receiving a treatnent
agai nst a pasheokegypassechaieasd W t h oxi dati ve damage.

Anot her object of the present invention is the use of DHA as an
enhancer agent in the sports performance and as a regul ati ng agent of
bl ood gl ucose | evel sITHUPFAYE 20° pAYy3+ealte esROFES Perf@rmancel%h@ﬁﬁsafe
way, the autBeksref bheapeesentwhivendiniw hayeyisw i i ed Ngdat ifoduntbout
t hat the usetgg §ald dqgo;g@g§%§ngf%'% i.d guréggbgg¥5|cal exerci se

MProve C orL nee.
| eads to an i'ncrease’ i n the spof%s ertormance nai ntai ni ng bl ood 25

gl ucose levels (gl yckm apoateren sdehnphgsredlc erepErseapwiitifganse in
adm ni st eri ngheapbehyghat€s)is Quidli@reant,axh ehetdei Pro&seicrease of

invention?ﬁ?%he percentage of oxygen maximum consumption %VOpm.x in the
UV 2 (anaerobic threshold), since VO max hardly increases
during a competitive season in very well trained
sportsmen. Little changes in the percentage o0f VOsmax in
the threshold are data directly related to an increase in
15 the performance.

The present inventors have shown that a
statistically significant increase of the oxygen
consumption (VO0;), both absolute (p<0.019) and relative
(p<0.036}) wvalues to the weight in the wventilatory

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

25 gignificant (figure 24)

Another parameter related to an increase in the
sports performance is the increase 1in the cardiac
frequency wherein the UV2 of the effort trial is sei,
since in c¢ase the cardiac freguency increases 1in the

30 anaercobic threshold, the sportsmen are considered to be
capable cf slightly increasing its ability of keeping the
aercbic metabolism in higher intensities. The present
inventors have observed an increase in the cardiac
frequency in UV2 for p = 0,082 when comparing said

35 parameter obtained in the basal trial with that obtained



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

prof essional |evel. Likew se, the terns "physical exercise" and
"physical effort"” are used in an equivalent and 22 exchangeabl e way,
as well as the term"sportsnen” is used for nen and wonen. Sports
performance 5l n order to evaluate sporbs performance there are
several paraneters which allow to give a valoration about the

i nprovement of sygh @r§99§u§apertfrq'éqan§@cer 4 monthd NcSRSLHSAEN DHA .
doi ng aerobic sports an i ncrease fornance, 1s consi der ed

when there it %ﬁelﬂ%?%%s%“%ﬁ“ﬁ@hﬁﬁéSﬁ@ﬁ@eﬁ?é@e05¥)oy@dgﬁ*ﬁEQQﬁﬂﬁp of
consunpti on 96YD2saKs iwitthes Mg Camaerodbicet heesholHgurs e . VO2max
hardly increases during a conpetitive season in very well trained

sportsmen. sLittle clandes é”ré Sr PO LN AL, Ohy VIRBRXaLO [heche time
t hreshol d are data directly refated to an Increase t he ‘
per f or mance. needed to reac the statistically 31gn1flcant UVZ (Figure

26) .
FPinally, the cardiac frequency for the same effort
level is lower if gsportsmen are aerobically trained. The

10 present invetors have seen that in c¢ycliists being
administered with DHA <cardiac frequency decreases in a
statistically significant way (p<0.043) when comparing
these data for both trials at the point when sportsmen
consume 2000 ml O0/min (Figure 27)

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

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

25 daily dose for 4 months. Said quantities are expressed by
way o0f example and non-limitative of the present
invention,

Several biochemical variables related to oxidative
damage were alsc analyzed after effort trials.

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

35 whole or as competing cyclists, without showing any



The present inventors have shown that a statistically significant

i ncrease of the oxygen consunption (V02), both absolute (p<0.019) and
relative (p<0.036) values to the weight in the ventilatory 20
threshold 2 when conparing basal triangular effort trials with those
carried out after four nonths of treatnment with DHA. The increase of
this paraneter is shown for both conpeting cyclists (p<0.047) and
non- conpeting cyclists, being the difference in the latter non
statistically 25 significant (figure 24psAnother paraneter related to
an increase in the sports performance is the increase in the cardi ac

frequency whaterarthes Uﬂat%ehh%a%faflorﬂrltam alnd stgehl SehgezkA %@%@r
the cardi ac fre%uenﬁ% %%ﬁr ases int ekSObanaeroblc t hr eshol d, El

sport smen ar ECBRET Yerdd* a%e%Hﬁﬁ BieE X5t ¥ PHREFYT | PR EaEiFy (fighre
ability of k&&ping the aerobic netabolismin higher intensities. The

present | nve”t ors have 0@1%.%&69%@&1&%@@5611\4'Dﬂ)t heygar disace & e%%%@
in U2 for 0,082 when conparing said 35 paranmeter obtained int

basal tri al5 RPFﬁlF%%tPB%‘%‘é?%étftefs ﬁeﬁ‘cttﬁégt H—@hﬁtﬂ: a?eﬁ?ﬁlﬂesafﬁré’tdu&?@
nont hs consubiyngxDiiA: i Theserdss es: an et Inotkahiby tsfrdwn acp<0. @17)isi rshioclke

subgroup of gyclists With;a; bLgh CONPRIAL V&4 evgli L € ZRkge  to

plasmatic lipids while carrying out all effort trials

(p<0.035}). After DHA ingestion for 3 weeks, oxidative

10 damage to lipids while c¢arrying out the effort trial is

lower then that at the beginning (p<0.05). This difference

is much more important for trained sportsmen than for
amateur sportsmen (Figure 29)

3.- B~oxo-7,8-dihydro-2-' —-deoxyguanosine (8-

15 oxodG). 8-oxodG is a oxidative stress biomarker. There is

an increase of oxidative damage Lo the DNA while carrying

out rectangular effort trials (p<0.0l11). This o=xidative

damage diminishes after administering DHA for 3 weeks

(p<0.035). This decrease in the oxidative stress is more

20 important in non-competing cyclists than in competing

cyclists, this difference not being statistically

significant (Figure 30)

Glycemia studies
25

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

30 maximum triangular effort trial, maintaning the slope
constant at a vaiue of 2%. The time for the trial is 90
minutes and the consumptiocn of water through the same is
carried out ad libitum.

Since beverage with carbohydrates were not

35 ingested, an hypoglycemia was expecied. This hypoglycemia



5In this regard, there is an increase in the tinme needed to reach the
statistically significant UV2 (Figure 26). Finally, the
cardi ac frequency for the sane effort level is lower if sportsnen are
aerobically trained. The 10 present invetors have seen that in
cyclists being adm nistered with DHA cardi ac frequency decreases in a
statistically significant way (p<0.043) when conparing these data for
both trials at the point when sportsnmen consune 2000 mM 02/ mn
(Figure 27) 151t can be concluded from these studies that in
sportsmen taking DHA for 4 nonths an increase in the consunption of

oxygene, absabuLecNd LELALLVE, | fhR PR LRSS QAN RQAGE chno

respectively), an increase in e correspon
( p<0. 063) anaraaaeéped§§9ﬂyqrﬁ?héhﬁaﬁ Péélpgeééﬁﬁ&? Wﬁ§ﬁ1§6§rﬁ§ﬁ@ﬁy
presents an fxygess eetisyaptihen far2000 i /ghow: pxo. aﬁa)fhaee ke r e

observed. Al hese, reltoawgg%ﬁééi’c@gwﬁ}gggﬁén hQEBe%ﬁa‘%alQ % ter

sports perfornancé Sfter ta (6 capsules of
at 70% by erft), D@%strﬁ@ﬂﬁﬂ%ﬁtﬁﬁtBOQS d&eT y d%%%’fomoﬂtﬁﬁnth§““8alé

quantities agezexXptesSETy bﬁl\@ﬁﬂﬁaﬁﬁar@iﬁc@fl@ nmalhtmh@méme ofwhiile@
present invention, ver al bIOCh

me bles reI d t.
oxi dative darrﬁaen\?v% ghg lé‘éecg eyvzleodls%‘s"t f‘go r| S s perlﬂ]Slglﬁa
Tot al Antloxﬁdadnn@apECWQW'KQZEQGFd Tﬁ@ﬁérpb a gener al and S|gn|f|cant
Stat|5t|ca||y |anea§éhéHaﬂTEAA @p<théﬁsﬂ%ﬁéﬁiyﬂaéﬁﬁhﬂgl@#ﬁt decrease

rect angul tri I NCr eas are f rt snmen

bei ng adni éPéﬁeﬁ%?IeA B SPRPEoIAERES DBUR EoHSTURTING g g Hauier

whol e or e@ﬁpetlngrcqu|$$s,OWHQﬂWﬁﬂ: shHowengranythe behaviour is
different depending on the type of sportsmen to be
analyzed (p<0.003): in the case of wusually competing
cyclists, there was no significant wvariation in the

15 decrease of glycemia during the trials, but in case of
amateur cyclists, the decrease of glycemia during the
basal trial is higher than in usually competing cyclists
and after taking DHA for 3 weeks or four months, said
decrease virtually disappears (Figures 31, 32 and 33).

20 The existence of normoglycemia during the effort
trial at 75% of VOmax for 80 minutes without drinking the
beverage with carbohydrates represents a finding which
connects the behaviour of DHA during a physical effort
with that observed and above-mentioned in relation with

25 +he 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 insuline or exercise, are different
after the publication in 1997 (Winder and Hardie) about

30 the fact AMPK (AMP- activated protein kinase) was high in
fibers Iia during exercise, considering that AMPK has a
pleiotropic effect inhibiting acetyl-CoA carboxylase and
promoting glucose transport among other actions. Perhaps,
this may explain the finding about a glycemic response

35 different in sportsmen from that expected according to the



24 difference between basal trial and trial realized after consum ng
DHA for three weeks by amateur sportsnmen (Figure 28) 2.-

Mal onyl di al dehyde (MDA). MDA is the nostly 5 obtained product after
reacting |ipidic peroxides produced by oxidative stress with

thi obarbituric acid. It is shown that a significant increase of

oxi dative damage to plasmatic lipids while carrying out all effort
trials (p<0.035). After DMA ingestion for 3 weeks, oxidative 10
darmage to lipids while carrying out thesgffort trial is |ower then
that at the beginning (p<0.05). This difference is nmuch nore

i nportant fogihhakRedasPosd SIRN itrharqkataapebessisportsnen (Figure

29) 3.- 8-0x0-7,8-dih dro-é-'-deoxgguano |nﬁ(8- 15 oxodGQ. 8-8 odG is
a oxidative stress bjoHar kBFSCTREFEIFS AR°FhcréEse®of Bki ght Py ©ver
damage t o t hehBNApwhi:be pearfoymagceutndectanguiar eff orhh they atsicluded
(p<0.011). This 95193&1%%:danage di mnishes after adm nistering DHA
for 3 weeks (p<0.035%. I's decrease in the oxjdative stress is nore
20 inportam in non-tonpetihPSreNe RRATI APRoRpREH AP e cHiEastion
this differenceDHat thei ngpret atiast i3 atdakssipgriduiceantan( Rirngueas30)in the

dycem a Stugh§$l¥1a2§otal ﬁntioxic@ar% d%p&c%tﬁ) U(%gp.')o q g Qa%e:a'l?‘éﬁ'ds
a rectangul ar effort trial was carried out on a bicycle roller wWith a
nmaxi num char §é2hashtadhbd eqdi-9al Ehtcto a Yare coPrBsPohdi ngt o P!

of VO2max cakewupat etiover anlle 30at@xi mepctit kasgul@rsef f one tdsdialative

mai nt ani ng A pe _const.ant val u 9 ' r otk :
trial is 3(9 %gﬁ% gs%gngﬂts%lg&co%su%% ?J(:)nqgf%vé %r-l(-?%;f%%g%n% ewégﬁ% i'S
carried out BETeibiMrgxtant for traingidhcerpevEreye thiaph for amateur

car bohydr at esywei ecop! BSnhnpgst ed, had B¥pPAJENESAT anWas te¥peckgde to
Thi s hypogl yﬁﬁﬂi a, %5rof %ecounrd e>$:tra}ﬂcti on ( B\Qentoémm nut es %fter h%
end of the trial A Pe?%e (o toj‘tni?eysté"ﬁki ng ar%l Obt R HEG Fife €
m nutes bef okeking Barfdr tlyreshowekisn (pKe-939st effort trial, as it
was expectigd. However) datanobt aidaed gfd®dd that after 4 months of

continuous 1ingestion of DHA, the sports performance 1is
higher (increase 0f charge and cardiac frequency, as well
as ther percentage of VOmax in the UVZ). Also, a
statistically significant normoglycemia in the effort

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

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

25 the art.

Furthermore, it could be concluded that this
association o¢f effects is desirable and could be
ergogenical aids still not known.

Another object ¢f the present inventicn is the use

30 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 shouid be considered that the European Uniocn

35 Scientific Committee on Food recommends the following



5 the DHA admi nistration for four nonths show a statistically
significant glycem a maintai nenent, which was not observed previously
and it represents a surprising finding in the realized research.
Generally, a statistically significant decrease 10 (p<0.0009) of
serum gl ucose | evel s throughout rectangular effort trial is observed.
However, the behaviour is different depending on the type of
sportsnen to be analyzed (p<0.003): in the case of usually conpeting
cyclists, there was no significant variatsion in the 15 decrease of
glycem a during the trials, but in case of amateur cyclists, the

decrease of %Mﬁ@ﬂé@tgurﬂcﬁg thechasadi dildnal oks highelgd hap ke usuakhy
conpeting cy Ilsts and after taklgngHA for 3 weeks or. four nonths,

sai d decreas8™iPPual |y difsappear ¥(FiGhres 31, $F&NdS53). 20 THES
exi st ence ofhnopnﬁgéqcemmqpahﬂuﬂﬁyowHéSéﬁﬁéscfiwmwﬂ4jﬂn'@ﬁ%ﬂof VO, max
for 90 m nutes w thout drinking the beverage with carbohydrates
represents a finding which connects the behaviour of DHA during a
physi cal effort with that observed and above-nentioned in relation
with 25 the increase of insuline sensitivity. In this regard,
Goodyear an Eygmﬂ/&%ggg) concl i
under | yi ng the—response—to gt
or exercise 2%P@ﬂd1ﬂF%W@ﬁ@)aft
Har di e) aboltoc3fbshheg fiaed: AMPK :
high in fib=rslha dgglng géer0|se conilggrlng t hat ﬁyPK has .
pl ei ot r opi c| &F feci °bi T fig° atet Y MESACEATDO SEEOHAT BT O%}fl *ngo
gl ucose tra1sb®¢?caﬂﬁwg otyvere avtl foRsriRerdiapss) this nay explain the
findi ng abopt::a.:9L e ejTh Ggl 88 PRANSSLRRadidf erent in sportsnmen fromthat
expected acCording to the 26 studies carried out In sedentary

peopl e. From t hese studi es about the action of DNA over the
sports performance dml ghycendegrdt Wen belowichuded darddhgidrenkagis

51) It is begﬁm&ﬁOﬂgdmébﬁ%aiﬁet&&ﬂﬁifﬁgﬂﬁé'1%9%&%@9”t%faQNAdTQEe”QEQt
than 3 mee 8§0 uces an jncrease in the Plasma Total Antij oxi dant

Capaci ty (PTAGISTIP G Yerith 41U3Hd 25t APAsEPRAFTY S Y99 Cantt Rpuid Pe
(p<0.05) in bomhl®®nﬂﬁtthetw&amM@o&&akﬁﬂrgayttistsmpAb$ng tcigninished

oxi dative 105dampge.fQ Ehgkg§sés £0$§$ &EQ%xEQ%tz%reQ%% %Qn%é

more inportant for frai Sport stren th amat eur
Finally, it fls %@@ﬁn§ﬁéﬁhoﬁﬁapft h%a’ﬂ%@@gattﬁssr%tﬁt@@ b‘y i AARY
mar ker (8- oxod&dimecrorasgasatier takinegsDHAndesitdwee weeksa lot of

(p<0.035) 15198 r ddndlBS PEEN-BLOYES: LNAL, ALLEL A PUNEOL nge 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
20 invention relates to a pharmaceutical composition
comprising DHA which can be used in the in the food
industry for the purpose of enriching food products (e.q.
dairy products such as yoghurts, milk, etc) with a natural
antioxidant agent such as DHA, or further, incorporated
25 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 Dbars; solids and ©preparations for

provisioning; dietetic supplement and polivitaminic



continuous ingestion of DNA, the sports performance is higher
(increase of charge and cardi ac frequency, as well as ther percentage
of VOmax in the W2). Also, a statistically significant

nornmogl ycema in the effort 20 trial for 90 m nutos at 75% of VO, max
carried out four nonths |later consum ng DHA has been observed.

The association of both effects (an enhance in the sports performance
and nornogl ycem a during | ong period exercise) is a result which was
not expected nor known in 25 the art. »g Furthernore, it could
be concluded that this association of effects is desirable and coul d

be ergogeni calahdst st !l | ]gﬂ'i’t HROWE rinOLRer ebjectyofpide pIfsenkes,

invention is the use 30%8 i

docosahexaenoi c acid for manufacturing a
conposi tion &P 8hhanBt Sspgy?%h S &td 918l it 'ﬁ& Bﬁéngf

gl ucose | eveksmaht strphysical erxegegseicm ni st@esed byeanylsait abliéh
means. nano%%;i:?%ieéh@%d 8 reonsigerad At haly |t QQyE%g:@lggg%lH@a%@e

35 Scientific _Co ee, on Food recomrends the tfollown
conponent s ¥ BE28 ebnpRItIYFr B Beverage to be taken during a
physi cal exercise (see,

http://ec.eukgﬁg.gg/%ﬁ@d%{&ﬁéggscf/out64_en.pdf). 5 In
ern

this regard, clusi on” of carbohydrates is ainmed to naintain the
glycema in order to avoid the fast 10 consunption of nuscul ar and

hepatic glycogen. |trshotd dhe egnstderedl towe deanbasksaofogasid i @he
enptyi ng dim.ni shed due the_increase of osnplarity generati t.he
presence O(FESHE%E%?atFSEESOfc@éFBéﬁdeﬁ?&E? gg?ocﬂhe%d %é%é%%%%%ulgr
feeling of gasteretienr| pesROUndas ceblly Wereachotunid 15" s tymmsgnce

Por consi gui gt g, t PY @Dk PO PEMErage b Bight 08 sERCENtFatdARnoko
carbohydrate?Bb ni c ,advant age of

undoubted in gs?gg%f?h a C?g%%ﬁgff%Eﬁgagggg%cc%?%ﬁnd?@g%ﬁoﬁﬁbrthe
aspect of thexpeesmeait. (A) ROS detection was carried out with DHER 123
15 on cells treated with 40 or 60 mM AAPH for 180 min. The
data show the mean of three independent experiments. (B)
The detection of ROS was carried out with CDCFDA on cells
treated with the =xanthine/xanthine oxidase system for 180
min. By way of comparison, the data obtained with 100 uM
20 Vitamin E (control) are incorporated. The data represent
the mean of three independent experiments.
Figure 2. Comparative effect of the preoportion of
DHA of a triglyceride in the Foreskin cells culture medium
on the intracellular generation of ROS. (A) The cells were
25 cultured in the presence of each triglyceride ZIor three
days prior to the experiment. The concentration on the =x-
axis 1is the equivalent that would be obtained with a
triglyceride having a DHA content of 70% by weight. The
detection of ROS was carried out with DHR 123 on cells
30 treated with 40 mM AAPH for 180 min. The data represent
the mean of three independent experiments. (B)
Representation of the antioxidant protection in relation
to DHA concentration in the o0il of 20, 50 and 70%.
Figure 3. Effect of DHA concentration on the
35 production o©of TBARS in Foreskin cells. The cells were



20 invention relates to a pharnaceuti cal conposition conprising DHA
whi ch can be used in the in the food industry for the purpose of
enriching food products (e.g. dairy products such as yoghurts, mlk,
etc) with a natural antioxidant agent such as DHA, or further,
incorporated 25 into a suitable adm nistration formselected fromthe
group conprising a beverage in all its characteristics for before,
during and after physical exercise; energy-giving bar; ergogenical
bars; solids and preparations for provigikoning; dietetic supplenment
and polivitanmnic 28 preparation (in the formof, for exanple,
Cgp'su! es, tabligtsredi |i|r153tkle?’0§f%§ér$@ﬁ Ia._@lr@ OF i %e&qldbab&iﬁtm?@%otoy
adm ni stration);. ergag cal aids; textiles,wth nanocapsul es.for
2K absor pt FEhERRASany bt b - SARERBIS. SOnEdl of*Wi SrLrYafrbHS. K8gs
of the figurébréegapesl piEffrecto of hHAxpontBALF atorkhien ¢dreserGration
_Frﬁr esk: In cel Hﬁd?@a{a%é’cﬁ?d@'ﬁg' ttt%ai%tti% Iéﬁfe?scﬁl%a% alrina@esgatwﬁtrﬂlhmi?% 5{;@
e cells e cul_tur in presence of a triglyceride w y
wei ght of DHASFR F8Fabi 6n 306 e R dial LAHGY -aciis PP (HREE GRS the
prior to themexpestnemtee (AdREBdgateekpenimastzarri ed out wth DKR
123 15 on cell's treaied, it 4050¢60 i AN fab,180: 1 f: ol he ot

show t he nean of three Tndependent experinents. (B) e detection o
ROS was carr i 88Sdbt™ wi ¢R- EDCFBAl g CelMediYeat®d Wihteh tdf@eration  of
xant hi ne/ xantshpaecokia asel st ahef er1180wara. cBytuwesd afn corpatresence
t he data t akned. W 100, Q... Vitham tr ol I .
incorpora?@daET%et%%§2¥repf%ggﬁ%étHg°g%gn§%§§?ﬁr%€i%ﬁgégéﬁﬁgﬁFlon ko
experi ments. the total Hafifre AcidsnpaPati veresf edvof RHEr dor £h6n
of DHA of a &xp@tyseti deria ddidkapeskifnsapklox Cad tan 1 diaumerrt he

nuracel ula6,08007 aian 0B, (A, Thgcellsr v 28 GHl! Wia0ate

the presence 0 ch trig . .
experiment. Th@uegbkrentafat C8A otelle %i&Ri s40 s wheRrd§Hi var@éntint hgpme

wo_ulﬂ beTg_lat akpes: mbA s ?i%gby@@ébdﬁgegwngoa_mth D}ﬁ%fﬁlggi ok 6?:%31930
wei ght . e ectiqn o was_ car r out_ Wi on cells
reated withoB0 MV RAR TS o0 T0N | TRE GAA' 117 cboRECRRCRESFF of
t hree i ndepehidesr xdrdndemts expByiReptesent ati on of the anti oxi dant

protection in rel atimn:@ DA, Cofc@Md abkomid thaceht-2£:149, 30 and

70% Figur . Effect _of DHA concentration on_the
0% gure goreskﬁg ceils cufture meggum onrn 30D activity. The cells

20 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 (&), 5 (B) and 50 pM (C). The 30D activity was
analysed indirectly by analysing the decrease in the

25 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

30 independent experiments.

Figure 5B. Effect of DHA concentration in 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
35 three days prior to the experiment. The SOD activity was



35 production of TBARS in Foreskin cells. The cells were 29 cultured
in the presence of a triglyceride with 70% by wei ght of DHP in
relation to the total fatty acids for three days prior to the
experinment at the concentration indicated. The oxidative stress was

i nduced with 40 nM5 AAPH for 6 h and 24 h of latency. The data
represent the nean of three independent experinents. Fi gure
4. Effect of DHA concentration in the Foreskin cells culture nedium
on the generation of superoxide anions. sphe cells were cultured in
the presence 10 of a triglyceride with 70% by wei ght of DHA in

relation to %k}‘élEQE@H FRtENe %zﬂslrfcﬁfcehhl'c%§19§¥§ Qj}éQémt&rt{}% system
experi nment . det ect.i gf)ln of superoxi de anl ons was carried out

chemi | unmi ni s&@ﬁ&@efinﬁ%& atel Y™ of oM ngRBxida5RT V& & MRS SER S 6’ftlf’ée0f
cells with 4@hmwaA@ch1aemldemt somerimeaxperi ments in the presence of

10 mM Tyron or of 0. ﬁ@g@&éﬂVéﬂ-@%f@éQQQQPU%xé@DcoIE@ngﬁééléﬁe in g&e

representative of three_rndependent experinents. ure
Effect of DVECEBRA&ERt P&tlﬂ-énciuﬁttﬂﬁ% ﬁ@PéE% RPcEPRs AGHITGd - medicurfcdrt S
SOD acti vit yweThe ctelhgedO inweneec ricseadel @ ft e t;m@sl@meldfe &ith 70%

trigl yce“debyezqg §9@ By wehobt, of,DMA ntée%ﬁé 410 fan?cr#% Alasf 3Ly

acids for thr ior to the experinment at concentrations of
0.5 (A, 5 (B}lraﬁd W%MPF@,Pr The S@? aé#P@F%IVe%s éﬂ’ail y§§HlVltY was
indirectly b)évamahyéungntﬂee dest-eastided the1dDaeheds tahli du SCGENGS/stem

aetivity. RAPPoY TAReron ki Earr 8 OE Wi (RETG AT Tve of

activity. uction was carried out
xant hi ne / 0:tb@sesUlnderendenhexpardasatsyst em t hat i nmedi atel y

gener at es SUper0X|deFﬁﬂhQ957 TE@f@@ﬁaoﬁr@H@eﬁkﬁﬁ%&EQEtYSnoﬁnthﬁﬁ&d@%

i ndependent exper.i ? % B. Effect of DIVAlf {,:crentratrl%elr £

t he Foreskin 8@?]”5 ¢ %]r?g I PsCBCa it At G T he BT e ©

cultured in RRE. pr'élsenc@ebls a veigl yowertiugedw th 7@% bypxes gyite ofo fDMVA

inrelation tQiLhectet@l fatiy7@€i e fOfght of DHA in relation to the
total fatiy acids for three days prior to the experiment.
(A) The detection of ROS was carried out with DHR 123 (A)
or with CDCFDA (B} on cells treated with 40 or 60 mM of
AAPH for 180 min. The data represent the mean of three

20 independent experiments.

Figure 8, Comparative effect of DHA concentration
of a triglyceride in the culture medium of ARPE-19 cells
on the intracellular generation of RO5. The cells were
cultured in the presence cof each triglyceride for three

25 days prior to the experiment. The concentration on the x-
axis 1s 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

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

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

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



35 three days prior to the experinment. The SOD activity was 30

eval uated on the non-induced cellular systemor the systeminduced
with 40 MM AAPH. The data are representative of three independent
experinments. Figure 6. Effect of DHA concentration in the 5 Foreskin
cells culture nmediumon GPx activity. The cells were cultured in the
presence of a triglyceride with 70% by weight of DHA in relation to
the total fatty acids for three days prior to the experinent. GPXx
activity was evaluated on the non-induced cellular systemor the
system 10 i nduced with 40 mM AAPH. The data are representative of

three indepepdenhtexperpf®nNta. relation toFHgﬂietgtaﬁf%QEEYOECQHQ for
concentration |n culture nmedi um of ARPE-19 cells on the jntrac

generation ofPREB. FRES cetTCMer® chffurePIn e pPesehl® of? cfste

triglyceride cmtbn%%bynmeT@énto:oifddﬁlmleAsntmesel abs onndocedesidt A0 mM
fatty acids f@pyt e i 0, Xpey | detgctian
of ROS was c&?‘ﬁ egro‘% 60'%’ r{HDI—?FQI 1ﬁ23§ atgr wtnﬁ%DéjFa(Dt,? (% on CZCI IHSP%
treated wi t%m@GnonGBhWﬁnWQ%‘: f@@’eﬁﬂﬁe“?ﬁe data represent the

mean of three 20 IndEp@tﬁl:d@ntz{EXpEffﬁEﬂt $f DHA condeirgitae i8n in the

Conparati ve %EEECE é'g"'AsCOQﬁ%%%&ét' e 'g't%%e” ddL iy

cul ture nedi um of on the i ntracell ular eration of
ROS. The cel Isslpﬁépéléﬁl AR | N R CPrSs sigee @Pléaéﬁdt%lﬂ gT—%eE?JF%FéﬁTC@r
three 25 daysspei @ﬁ:ltg@ybégl@e(pﬁeiwem; pkhereGOREEBET ﬁHAOﬂnOﬂeIéﬂtﬁlon to
X-axis is f equi_ v nt .t hat woul obt ned W|thtr| cerlde
havi ng a dl—d;%ﬁ‘leopig??f’lg S?L]]%%%?/l ig it %fe det ec¥| on 01' lf?()st
carried out wePRrDHRNL23Tos @@tqa@tthreatfe@metchxmemu@nwfczﬁrrr@@
EﬂB)n RThe dat t@au{te%ﬁsfﬂ%rﬁfﬁpurﬁ{}?l%e?flrﬁnhitﬁ%*deﬂ@epﬁfﬂ%:ﬁlr@}xﬂ@fidmt@
epresent.ation, o i oxi_dan ro on . in re i on

concentration? fchttﬁgnoﬁfe ?HQO,C% San ?@bh 10 m& g{ﬂ gagﬁf e8¢t
of DHA concenkepatsentanitvaeoprooust ime@ﬁnﬁBARSexmemtl@ cells. The

cells were 35 culturgd ifthe presesce Qfe aphhi doitaiide tWichh 79%dne
ARPE-19 cells culture medium on GPx activity. The cells

were cultured in the presence of a triglyceride with 70%

by weight of DHA in relation to the total fatty acids for

three days prior to the experiment. GPx activity was

20 evaluated on the non-induced cellular system or the

cellular system induced with 40 mM AAPH. The data are
representative of three independent experiments.

Figure 12. Effect of DHA concentration in the

ARPE-19 c¢ells culture medium on S0D 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 c¢ellular 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 ¢ells (& and B} or Foreskin
35 cells (C and D).



31 weight of DHA in relation to the total fatty acids for three days
prior to the experinment at the indicated concentration. The oxidative
stress was induced with 40 mM AAPH for 6 h and 24 h of |atency. The
data represent the 5 nean of three independent experinents.

Figure 10. Effect of DHA concentration in the ARPE-19 cells culture
medi um on the generation of superoxide anions. The cells were
cultured in the presence of a triglyceride with 70% by wei ght of DHA
inrelation to 10 the total fatty acidsshor three days prior to the
experinment. The detection of superoxide anions was carried out by

chem | um ni scence i ”ﬁeﬁgfé ey, flc}lﬂl%‘@'n%g Q¥ Qékkfﬁcé@%&?téé&é@( df&ne

cells wth AAPH 40 are representatlve hr ee

i ndependent &kperdréitrsd 15F; ﬁl%ﬁr%“ial B @S ot %AtESn(P@ﬁFﬁéF?Sﬁ ok
t he ARPE-19 cellslsdl pusesdeibrumarsEPyxadhutvireystddes celdiscanenss DHA
cultured in Ege gﬁs?@c(re ﬁ a triglyceride with 70% by wei ght of DHA
inrelation to the tot atty acids for three days prior to the
experi nent.> GPx act i B494rsiaks 2 0l ivalangte P forf e afdn-StidgEedec e Hhar
system or theeeebhthgs sysb@mungﬂcgﬂﬁleméﬁdm v ARPH x iThe: idat & @ s

representatiye of de . ments. Fi gure 12.
Ef fect of DHA ggnc&e%fe?l%ugn fP‘%{!{E%”E %ﬁ@ cells culture nedium on
SOD activity. The celiguss wepe clfifgcéd iaf t heHpr esoncendtagion on
triglyceri delw'cmc@%mr Vo i n 10fa tRIgh bR g@h@éi;pcsh t On tAvepd-Otalofatt y
acids for h&eﬁl ys_prior ta t he exper.| gg@ SOD activity was

eval uat ed on O%el U RESSSCar ©5 mor the cellular system

i nduced with 40 niV m_ﬂhe_aatalalﬁéuBOCﬁeproefsermmuakelmf t Heee nove

i ndependent G¥REhESEOtSn the percen%%é%”éﬁjé%lﬁﬁfégn AedtAon versus
concentrati on ogéal ned b%eeschem cal ént gl s (A and C) Qr enzymatl c

synt hesi s (B°&n E)}V%nStt DMLy RY et 1B protécti®on ver sus
oxi dative stress in ARREe9 téll| sEfA=and B)E orDMresbnneBBraeibs (€n
and D). 32 lntracellgiﬁwrebéﬁbedﬂﬁéﬂ&%%ced%f QH. firGati on e%&ﬁ%sﬁ

the oil obtai neg by_chem cal ﬁ?/nt hesis on the per cent age of cel
protection vBFSUS' oXFUHHTRAE &fr éd¢ Pﬁﬂﬁ%@ﬂeb?/f@W| n ARPE-19 cells.

Figure 19. Infiuvence of purification degree of the

oil obtained by chemical synthesis on the percentage of
cellular protection versus oxidative stress induced by EPA

20 in ARPE-19 cells. Comparative study with DHA.
Figure 20. Effect of EPA concentration on the

percentage of cellular protection versus oxidative stress
in Foreskin cells. Comparative study with DHA.
Figure 21. Effect of EPA concentration on

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

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

30 with the percentage of cell protection.

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

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



5Figure 15. Influence of chem cal structure on the percentage of
cellular protection versus oxidative stress induced by DHA in ARPE-19
cells. Figure 16. Effect of DHA concentration on

intracel lular concentration of glutation in ARPE-19 cells. 10

I nfl uence of the presence of BSO. Figure 17.1nfluence of glutation de
novo synthesis on the percentage of cellular protection versus

oxi dative stress induced by DHA in ARPE-19 cells. Figure 18. Effect
of DHA concentration on 15 intracellul arysconcentrati on of glutation
in Foreskin cells. Influence of the presence of BSO Fi gure

19. Infl uenC%r%tn P | fér&%}rda%cde%@@c@f Jike ofloohtainedigpyreheni caly
synthesis on t ercenta e:§ cel | b@ protection versus oxidative
I

stress |nduc€8nﬁ§gEPﬁ 28H “'s. Conparative study with
DHA. Fi gur ef'26m EhéedhgoteEPAtcannenmeabbearmadthbat at the

percentage of cel 'éHr?crerFErr%tt%B' Or’ch‘éerﬁé{scé}?%a‘?g%t 'ch? Eﬁ%%ééti@n FB%eséﬂe“

cells. Cbnparatlve st ud g
EPA concenﬁ?é@?@ﬁaBﬁX?gnPh?réEéﬂI&P&PrEBH%E%@réP Bntéﬁ @ﬁn%u??ﬁ%ﬁ%?n
Foreskin cel log. | fl uenigeeafidehe peeseacersad) BSO in partldamaﬂe 2%

is a conparati, géggérgggphggoﬁgmgﬂrgkgﬁ qegf& hi0h % QQKQ§Q_

in a structureé non-structured tri eat O0Sa es
in respect 3Gifeeh ki gier E8ARade ST @glﬁ-pgéY@%¥Pﬁﬁ CS@Félﬂﬂgﬂr@QEZ
shows the surpiistngetiesghts of the object of the present addition
\(A'??:’]gfgggr rddg)g] a non Stsruuc%t ug e%l%l X’Cerééje %Qempcr%lteséttrl%%t uﬂ;eercentage
indicates the relationship bketween the difference in the
intracellular concentration of reactive oxygen species of
control cells and those treated with DHA in respect with
the control cells, both subjected to the same oxidative

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

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

Said figure 23 shows the surprising results of the

25 object o©f the present addition at observing that in
presence of DHA under oxidative stress conditions, the
telomere shortening 4index 1is lower in respect to the
control or without DHA.

Figure 24 is a graphic representing the absolute

30 oxygen consumption in the “wventilatory 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 UVZ for competing, non-competing and all

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



with the sane structure wherein sn-1 and sn-3 positions 35 have been
replaced with caprylic acid (structured), both 33 froman enzymatic
source with two starting levels in content of DHA of 20 and 70%
Fromthe figure, it can be observed that at the sanme concentration,

t he percentage of protection of the 5 docosahexaenoic acid
incorporated into the sn-2 position of a glyceride (structured), in
particular, a triglyceride, shows an efficiency which is
approximately 3 tinmes higher than that a&fs a gl yceride containing
non-structured DHA. 10In such a figure 22, the protection percentage

i ndi cates the rel atipg@%g@ bﬁi\/\@%n Ehegﬁﬁﬁﬁ e%%rbaehhﬁng the ~time

intracel |l ul ar entration o ctl e ox%/ s ecies of contro

Cc
cells and th8§88F edfed SHth tﬁSﬁA L hé‘%rﬁor%“&élﬁl gnd
bot h subj ect ed1t oythessanet dxa ket |l\ﬁere1.5ast1r eé‘seex@rrecsrstécb iteking DHA.

percentage. |n ot herF%Q%P@ zbh%sexéslg%{%ﬁl@f r@FEEQEﬁEEh tB@r el age

indicates in the tr s.a significant statistica | ess
i ntracel | ulafT§EHBREY | GHT &R BARL FQ%SWQ/HE‘?P Pect WY iRt rr%ls‘beQ?t W e
the control . v2@FEiyater?3thseshelhparatdowpegiaphi coshownmer tdve saveraage

| ength of th%IyE%Q r§t' JuHTa. fd,br.ohl %%‘cér 'IE&‘{% %ngo)ﬂ{ﬂat' ve

stress with I ncor porated vs.
cel lul ar popul at i ons%ﬁ&:l_@ﬁgu%% £3 HHRAE: % hée%{ﬁiﬁfi‘%"t% FBguIRlssgp
the 25 obj ectrohlt hentpreesentn taddipd @it at fobsefdmp@gmb;at hdh-PERGRGRY

of DHA “”Oﬁed’ %' datiy o'%%EI[%éE %9”9!;1& P”erv tf' O{Fﬁﬂgt ”'t’}%
index is l'ower inres e con or V\Ar% ou I gure ZiL
a graphi c repHésehti AgCl herhsotifte® 3¢ SRpgentEBn3uRPPR bR Gtahi@CltY
"ventil at OFYbbEb_e&hOtIiaﬁt (Hel‘éa) ten conpetdrig.oxiaaneonpebi g And faleh-
cyclists at q%__ngLtlggref eaggort rlaTt hs taki ng DHA.

Figure 29 is a graphic representing the oxidative

15 damage to plasmatic lipids according to MDA concentraticn
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
ocxidative damage after (right bar) the effort trial.

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

25 oxidative damage after {right bkar} the effort trial.

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

Figure 32 is a graphic representing the glycemia

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

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

35 months.



Figure 25 is a graphic representing the cardiac frequency in U2 for
conpeting, non-conpeting and all 35 cyclists at basal |evel and after
4 nonths taking DHA. 34 Figure 26 is a graphic representing
the tinme needed to reach the UV2 for conpeting, non-conpeting and al
cyclists at basal level and after 4 nonths taking DHA. Figure 27 is a
graphic representing the cardiac 5 frequency during the consunption
of 2000 M/mn 02 in the ventilatory threshold for conpeting,
non-conpeting and all cyclists at basal 5lkevel and after 4 nonths

t aki ng DHA. Figure 28 is a graphlc representing the plasm
total antioxidant capacity for conpeting, non-conpeting 10 and al
sportsnen at basal level and after 3 weeks taking DHA. In each case,
there is shown the antioxidant capacity before (left bar) and the
ant i oxi dant capaci ty‘rk&’éteiroi(llbiw@hf; betgmpihe ehtor tiddliwled Fogurea?9 cifs
a graphic re%ﬁ EQE&PQV% Xl atl'n,%%t%%&%@%% P Asmald %nveg\'t%fl
accordi ng §$ R CONCENt ratt on n- conpetlng an

sport smen basal |evel and after 3 meeks taklng DHA. I n each case,
there i s sho&#ampeedxi dati ve danage before (left bar) and the

oxi dative damage after (right bar) the effort trial. 20 Figure 30 is

hi
oxi dative ot FRLSREALE I BrdiGIR, o6R BOTEQEL]

all sportsnmen at basal |evel and after 3 weeks taklng DHA I n each
case, therng b@lghgw@tgpgsoxidatlve damage before (left bar) and the
25 oxi dative damage ter right bar he effort trial

Figure 31 is a graph kﬁﬁiﬁr feSgl PEBi a"¢Te cdipifig  celis
sportsmen duﬂungiéfgwgmmxﬁmedﬁfapuﬁewmaldidihDOblaktsl}#CRﬂ Ai7db)i t ahdr

3 weeks or 4 AppLhs. Jehaur e 32 s %Maw eQﬂS?@k@é‘iH‘.}Q EQES' y%%m-
30 in non- coggggs?gpsportsnen durlng ysica

t ake DHA or br1BEhetke™ of R %Tﬁﬁ+ﬁ?n Type Cu#ﬁ%ﬁﬁe??%@ﬁ9§lﬁﬁ
graphi c redpresentehy thetgtysenere i kegonpet suik @it norewooMetridigions
sportsmen dupkngefpRPYSied! (PfIY! 0cOhleRPlat AP ¥} Undiflnlilaster

3 weeks or

0.

(95 } in an incubator specially designed for this purpose.
The ARPE-19 cells were maintained in growth up to
confluence of 0.3x10° cells/cm® in culture flasks with

20 DMEM-F12 medium (Biological Industries) supplemented with
10% bovine feetal serum, penicillin antibiotics (100
U/mL), streptomycin (100 ug/mL} and glutamine (BRiclogical
Industries). The CRL-2076 fibroblasts were kept growing in
culture flasks 1in Iscove’s modified Dulbecco’s medium

25 (Biclogical Industries) supplemented with 16% bovine
foetal serum, penicillin antibiotics (100 U/mL),
streptomycin (106  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

30 or %6-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 wvarious concentrations (0.5-50
35 pM) starting with the DHA-TG enriched with 20, 50 and 70%



35 nonths. 35 The foll ow ng exanples are included by way

of illustrative and non-limtative exanples of the invention. 5
Exanpl es MATERI ALS AND METHODS FOR EVALUATI NG ANTI OXI DANT ACTIVI TY
10 Cell cul tures The cell ul ar nodel s used were Foreskin

cells (undifferentiated epidermal fibroblasts, CRL-2076) and ARPE-19
cells (retina pignentary epithelial cells, CRL2302) obtained fromthe
Anerican Type Culture Collection. 15 The cell cultures were kept in
suitable growth conditions of tenperatursg (37C), CO2 concentration
(599 and humdity (95% in an incubator specially designed for this

p]thr gogelolhe iSRE/E'cﬂe%sQLQM SQ ¥ eg?lﬁwt al:n@@téhltg gcﬁ%chl%ﬂmgt Otéﬁ@n%h!]lerl%
0 X cells/c ure flasks w medi um

(Bi ol ogi cal Fi G‘QP['rTQgI sttg)ﬁplseﬁ?éiﬁe%o ™0 t}%n AP Gmthe
penicillin ambirbiogi ssl(liO@nUnL)a Silrteptomedinn( 20Oppysdlyiandserum.
glutam ne (Biglocisals | POMS! bhethredne: CRL-AAEA ROl anbs ent.dnt

growing in culture flasks 1n Iscove's nodif Dul becco's nedi um 2
(Bi ol ogi cal® FRdust FF¥S)28upplenment ed wi th 10% bovi ne
foetal serum penicillinantibiotics(100U/ m), streptomycin(100

pg/ m.)and gl yt.am BLelogieal dpdustries). The cells were
transferred lf’l'(tglr ggﬁgrence to the substrate 24 h at 37C fromthe 75 m

flasks to 6, 12 30V8FL96swelrfuptateslis eterveedpboablectd EhPr geolt
t he experinepki@i@6veelts/nl).

10
a) xanthine/xanthine oxidase system 0.8 mM/1072
U/mL that catalyses the oxidation of
hypoxanthine and =xanthine tc uric acid, with
reduction of 0 to 0-7% and H,0,.

15 b) 2,2'-azobis- (Z-amidinopropane)
dihydrochloride (AAPH) 1-100 mM widely used as
a hydreophilic initiateor of free radicals by
inducing lipidic and protein peroxidation. The
AAPH oxidises the DNA, the proteins and the

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

deactivates the key enzyme, the S0D, thereby
losing the protective capacity of the CAT and
25 the GPx.

Generation of reactive oxygen species (ROS)
The ROS level was measured in primary cultures of
human skin CRL-2076 fibrcblasts and in ARPE-19 retinal
30 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,

35 this is an unspecific measurement of R0OS generation. The



Integration of the DNA into the cells DHA- TG was added at
various concentrations (0.5-50 35 pM starting with the DHA-TG
enriched with 20, 50 and 70% 36 (oil density 0.92 g/ni), nade by

di ssolving the oil in ethanol for the stock solution (1:100) and
preparing the working solutions in a culture nmedium prepared with
serum The cells were cultured with supplenmented DHA- TG nedium 5 for
3 days at 37C. Inducing oxidative stress Various inducer cells
were used to stress the cells oxidativelys 10 a) xanthine/xanthine
oxi dase system 0.8 mM 10-2 U nL that catal yses t he oxi dation of

hypoxant hi ne ggféé%ﬁ’g gj %a%egr rBCIChy W Cééfﬁ 010204 Océ)rl_lész/

and H202. 15b azo m di nopropane ydr ochl ori de
1- 100 mM wi déy ased ainal h?ﬂ‘ﬁ%%‘?ﬁlﬁfcquhlotl étooPMof TF?eEEF%H‘?%%?%C%Wf
i nduci ng | i pittiec oadidilaeat girbbper axi, dat:momoidsnﬂl%@mdlae;s 1 dua n A,

the proteins 3ad the 20.1Jpids through dhe action of the formed .. o,

per oxi | radica acts o enous ence syste
since it de%@ﬁpvéﬁéécﬂh@ak‘é%/e%?fyrﬁaf 48e nsoandt REr 8By SF 631 n‘ga*f%ength
protective capactty aimthe CAlnapftoStdte ERX. Gemer atrhen @iucﬁﬂ@é‘ddd&

Ul fures of  RORER"EK n ‘GRL-BOFE 1151 bl AEEs Sd | R T O RA ey
determinations by the MTT spectrophotometric technlque
outlined below.

10
Cellular viability
Cellular wviabllity studies were carried out in
order to evaluate the cytotoxic effect of various samples.
This method consists of adding the MTT reagent (3-(4,5-
15 dimethylthiazol-2-y1)-2,5-diphenyltetrazoyl bromide,
Sigma}, soluble in aqueous medium, to the incubaticn
medium. The viable cells metabolise this compound and it
is converted into formazan salt. This salt is a
colorimetric compound insoluble in aqueous medium, soluble
20 in DM3SO and usable for measuring cellular viability. The
method consists of adding 20 pl per well of a 7.5 mg/ml
(in excess} MTT sclution. This is incubated for cne hour
at 37°C so that the wviable cells metabolise the compound
and produce the formazan salt, while the non-viable ones
25 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 opitical density percentage in relation to
30 the controls, taking the iatter to have 100% wviability.
Cellular wviability curves were drawn up on 26-well plates
by sowing about 20,000 cellis per well (fcllowing analysis
cf the suitable number o¢f cells in function of their
growth ratio) with an approximate volume of 200 nl of
35 medium per well. The study of the efficiency of the



30 epithelial cells by enploying the fluorinetric techni que using

di hydr or odam ne 123 (DHR123, Mol ecul ar Probes) and

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

fl uorescent probes in a continuous system nmeasuring every 30 mn
until 180 mnutes. In both cases, 35 this is an unspecific

measur enent of ROS generation. The 37 fluorescent probes were added
to the cells (axle cells/ nL) at a final concentration of 10 uM The
fl uorescence of the oxidised probes (2, &#gichlorofluorescein and
rodam ne 123) was neasured in a Mthras fluorescence reader at an 5

excitation vayelength of 488; am 8ad aitcedi ssion evelivnotbiol 525 v

in function orescence o talne |s npdul at ed mnth
the cel | ul ar BFCEBCE t ¥ Odet é¢ni Rat it8ns 2by SPREI RIS §pect ¥ uphot RS | ©F
t echni que outddnredthekowvns 100 Cethdl alie viabid idy ICm The efedtirhartal

viability studigs were cansiedoquioi Brordel: togeyal datesd rhf G ORI

ef fect of various sanp consi st
reagent (3-{£15+ 15- HlnﬁPhy@??ﬁ%ﬁRﬂQ:2®m5 icshdlﬂﬁéﬁ?ﬁéet?éZOVWG DHA
broni de, Si gMhcesekublkeni meﬁms%@tigr mesli M@Hub@ tre | fcabation sEdidna

The vi abl e celhi net%bo%bse %hls JEHP% C%trglconverted into
formazan sal " THi'S saIt fs'a co orlnetrlc conpound insoluble in

aqueous nedium soluble 20 in DMSO and usabl e for neasuring cellular

viability. 'Hy%ﬂg&hhggtggﬂsbstﬁrgﬁeiggﬂ ng 20 pl per well of a 7.5
ng/m (in g cess) Nﬂg solﬁtupn IS 1s i,ncub teg for_one hfur ﬁgt§§@3
so that th% viahl e c&f EiéﬁHFpgélPﬁe compotind=and P odGiee T HE

formazan sal tdetwhitient hednonat ¥l abban wifkissa2s cdo ofiothe Abrere i me ubktll g

for one hour fhe~gekhks afﬁlplrc%wlaabat ediand £l +abnDVER@ Aaddeh 1 ows
which will dissolve the fornmazan salt.  Finall t he .absor bance at 550

nmis read o®RHrAFe ﬁﬁhdé?a THESOPEHT | i ) rééaPngaréagﬁ Féssed aé
an optical densicentperdent agagen o€l at boh0t @g3dlt hfloonnebhsd wakbng

the 'atterzé%ef&%\é%olo%f“ g+1|'twhl&?| §ul qred\é'c@@' IB;}%H&H@%H@%@ in
drawn up on 96-we | at es sow about 20,000 cells per we|

(fol | owi ng aﬁéﬁ?§ﬂ§eoﬁm¥ﬁémhu??aSPe ndWH%rPBFP%%IF§aFﬁlP néFPSHCSflS
t heir grow h flcatmed) ¥t thanl aapphoxs fratte@ovahalredfe 200£plB@E 3Hthedineam

per well. Th%u%&%ﬂ% ggntheTﬁéf%§£5¥u§6fﬂbl%h%om§§ex absorbs at 562 nm.
By means of a calibration curve an eguation can be
20 cbtained, with the results expressed in ng/mL of proteins.
The commercial kit used is the MicroBCA from Pierce (No.
23235).

Direct analysis of ROS generation
25
Measurement of generation of lipidic hydroperoxides

The measurement of malonildialdehyde (MDA} con cell
lysates was used as a marker of lipidic peroxidation by
Uv-Vis spectrophotometry. The MDA and the 4-

30 hydroxyalkenals (HAE) are products derived from the
peroxidation of pclyunsaturated fatty acids and related
esters. Direct measurements o0f these aldehydes constitutes
a convenient index of lipidic peroxidation. A chromogenic
reagent (N-methyl-2-phenyl-indole in acetonitrile} which

35 reacts with the MDA at 45°C was employed, using the



product is carried out after exposing the cells to the product for 72
hin a sufficiently wde range of concentrations to find the val ue of
| C50. The experinental results are adjusted to the Hill equation
using the Signma 5 Plot 8.0 to determne the ICH defined as the DHA
concentration necessary to reduce the viability of the culture to 50%
inrelation to the control. Determ nation of proteins 10The

determ nation is based on colorinetric detection and total
guantification of the proteins with an optim sed di zinconinic acid
formulation that allows proteins to be nmeasured in diluted sanples in

? Coglcent rat 'c%'ﬂm'é%@gﬁlo‘cll%l@'l%o ﬁ&/o@ldaihgnn'ﬁ‘{&'ﬂoch%%ﬁscaﬁik%@cd%ﬁctw
or an-

roteins I n | ne
Orea The’ purpi 8383 ac i COPORUEE TP of noee bY° HETYL | oh T (e tovo
mol ecul es of mBCAcwilel t hé cupeoushromgchie waktegesol ubheesorrpl extable
absorbs at 562.lool-AEaNS 10T il DAL MArET V8. AD0EUNRL | G et e

20 obtained, wth the results expresse gg proteins. The
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anal ysis of RQ$ generati onii2b Measuremehtarof Yenesats onf ofatemptydi CThe
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aci ds and | at ed.esters. [ A5 Uh n t ydes
constitut e{s(?a cog\i;gnf‘rgﬁ D% ggé I i p| cg%pgrﬁégkaa{} ﬁ ggedlerﬂrormgeni C
reagent (N-nethyl -2- phenyl - ndoI e in acetonl trile) which 35 reacts

wi th the MDA alz456mens BRPLONESE:: USI NF (heerdRigenupighal lipidic

per oxi dation kit Tro&} c{)l oceherlr} % 437t63 )ne The conde&saghggno was
one nol ecul e of MDA W tHR"T wd Tl & lrjnieeg chi¢ geni ¢ reagent

gi ves a st ablcerehednophoby meahs n@%tﬁﬁnmltmn@@sa@nssetﬁmnww on
t he 15 microplate measured by luminol (Calbiochem, No. 574590).

Chemiluminiscence for detecting the superoxide anion is a
technigue used due to its potential for gaining access to
all the intracellular sites of superoxide generation, due
tc the high specificity of the reaction with luminol, the
20 minimal intraceliular 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 cof light which are quickly
measured on a standard illuminometer. In our tests we used
25 a chemiluminescence reader on microplate from ELISA,
MITHRAS and furthermore, given the short half-life of the
radical, an enhancer was used to increase the sensitivity
of the test and amplify the response. This reagent can be
used on living cells, since it is not toxic and does not
30 denature the subcellular system components. The capacity
for inhibiting the production of supercxide 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 vitre
35 blocking assays on ROS production, being permeable to the



5 detection |imt being 0.1 pM The induction was carried out for 6 h
with 40 mM AAPH and 24 hours of latency. The cells (107 cells/nL)
were |ysed by nmeans of cycles of freezing and thawing in liquid N2.
The sanples were fractionated in order to nmeasure MDA and protein.
The 10 results were expressed in pMof MDA/ ng of protein. Measurenent
of generation of superoxide anion Direct neasurenent of

t he superoxi de anion was carried out by neans of the

chem | um nescence techni que on 15 m croplpat e nmeasured by | um nol
(Cal bi ochem No. 574590). Chem | um ni scence for detecting the
super oxi de aniQn g LRENNL QYe sUsEedo s t Q1 bhSt PO entbal falyr@ai ning
access to all the intracellular sites of superoxi de generation, due
to the high 56 f REi t 37 of A e BLPFERT wi tHPIUNiTH %t he 2B R i ndle
i ntracel | ul arntzgxieci tin andhéhe endleeased semsiibkydayti n dedleateon tThe
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t he r esponseUAThifs cheagénnighscdncauseddoRrPEGiAg cells, since it is
not toxic and does not 30 denature the subcellular system conponents.
The capaci#gdqu i nhi.bi ting.the $r§duction of,sugeroxide ani on was

al so i nvesty JREEGTIREAY AP EPRETFIE ST AGEXAFEn

sequest eri ngagent, Tyron(4, 5-di hydr oxy- 1, 3- benzene di sul phoni ¢ aci d,
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roauctl! on, el n er nea e 0 e C ne r e n super . oxi de
B ot ase [ SoD 3 PoEP% apa el ger et B B gk oy SR G ng

first-1ine enzgmecinstihéaendogenbesiantibxi destngdefenoetefte the cell

chem | um nj Scenge JFAsYE 6BeREmk et Ner CRLLS ?H?E‘ééfc%’ 490 Bidihe. ARHon
oxi dative stress |ndu0|n%%treatnent was analysed every 60 seconds for

a total timeGPCE10P sERDTURTALR ANFr EGHBARY SPTT2P SedflyRPeys Hhge -
resul ts were Texpriessiettdin Wheairatwem | uff GPscenceobtapgnpd obgi ncouled

Det erm ni ng %%c@;ebqaa&tﬁnama@%hv&&xué’ka?@é.ur&w GLHALd P 1utation
per oxi dase (GPx) activity , , ,

(GS3G) producCed by the reaction with the hydroperoxides by

20 action of the GPx is recycled to its reduced state by the

glutation reductase using NADPE as coenzyme. Oxidation

from NADPH to NADP* is accompanied by reduction of its

absorbance at 340 nm. The rate of reduction of the

gbsorbance at 340 nm is directly proportional to the GPx

25 activity of the sample. The ELISA microplate

spectrophotometric kit from Cayman (Nc. 783102) 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 M and DTT 1 mM. The activity

of the GPx is obtained by determining the change of Ajy nm

/min (ARz40) , expressed as nanomoles NADPH/min/mg of

protein from the sample.

35 Measuring the superoxide dismutase activity (S0D)




GPx catal yses the reduction of hydroperoxides to reduced gl utation,
the function being to protect the cell 15 from oxidative damage. It
uses glutation as last electron donor to regenerate the reduced form
of sel enocysteine. The indirect neasurenment of GPx i s obtained by
coupled reaction with glutation reductase. The oxidated gl utation
(GSSG produced by the reaction with the hydroperoxi des by 20 action
of the GPx is recycled to its reduced state by the glutation

reduct ase usi ng NADPH as coenzyne. Oxi datii on from NADPH to NADP+ is
acconpani ed by reduction of its absorbance at 340 nm The rate of

reduction of the abS@éP@”&@erﬁthﬁﬂQ}e@,%hﬁedhé@B&Jié’l&j@pﬁtﬂa@ﬁa&i dr0 thie
GPx 25 activit¥}of t he s e, The ELI SA

spect r ophot oft€ Velgi €5 3K & EHﬁ”@Nbln7gé fﬁpﬁégaﬁgaa f§fiular in
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| ysat e was Obtalgla% ¥ sonication 30 iin Tris 50 5 M
t

and DTT 1 mVE@th WHV%ﬁ%%%%@XF?%mﬁﬁwﬂb%ﬁﬁgﬁﬁm the
change of A34Bemilhimimi{dABZ0) presyrasses as manombes NARPH I tarign

of protein feemth@esﬁﬁg%gldQSaﬁ’islas}yf&ﬁs&mmasiupﬁf Pt Aes g Samﬁlaaecy

activity SCD% nescence nethodol ogy i
based on theT&RaPyet¥ssf SBDFAEFITHtIUE nOR he %Hﬁ@ﬁﬁ%l%&&uWﬁﬂqmﬂPﬁF iy
relation to anpesivélyeo€ontr elseef WBOD 4 Cal bineherehNotib7459f. oThe20
presence ofy, gp in the xant hi ne oxi dase- 5 xanthi ne-lum nol system
| eads to a reduction of the chenilum njscence produced as a reduction
of disnutation of thE*Sup&PBRFEEIARI 0N SFEEaFEI oAt the &E9P)  in
activi t?/ Tpeeamalysu S llyS;a@:%l‘srl Q@ Ouhe8fisa M:THRA® i | kuatnoskt erusatng
intervals o t n reaction.time of 520.10 s
super oxi de dF%gﬁng§£“§§t|§F t Cf%ln c&Heﬁﬁanlységggoﬁy% aﬁ?mifa?ﬁe
reaction u3|ﬁgﬂ@é@?%§o¢YLﬁﬁﬁﬁﬂ#Q§ ford desedbyPagaupere xd - amdissalbsen
getner ated jlsyzxa@taé?@rme%iﬁsan{rhm@?bageeo%ﬁiﬁ&nrh@@a&:e% llée@l %0 a
eterm ne n_s rophot onetric,ne i.s used on_a te
measuri ng th@l§r$§g Eogoﬁeeéﬁrzﬂgsé% ﬁﬁ %Xf?%nafFégQCDﬁp 1 Foﬁs
cytosolic andnnf®bchundFeabPl) Onehami ts oty 8GR 1is defd medt@shdriverial) .

quantity of gRAgYRRifeqyEr eb of s diePhiRd 20%AL (R ASRST A ed enzyme
super oxi de
required for dismuting 50% of the generated superoxide

20 anion. In order to detect SCD in cellular lysates from
primary cultures a Cayman kit (N. 706002} was used
following the protocol optimized by the manufaturer. The

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

25 Determination of intracellular endogenous antioxidant
concentration

Measuring the reduced glutation intracelliular

concentration (GSH)
30

Direct kinetic assay for measuring reduced
glutation (GSH) in cellular lysates. Glutation can be
found inside the cells mainly in the reduced form (90-55%
of total glutation), being the main antioxidant in

35 tissues. Its role is detoxifying xenobiotics and removing



20 anion. In order to detect SOD in cellular lysates fromprimry
cultures a Cayman kit (N. 706002) was used follow ng the protocol
optim zed by the manufaturer. The dynam c range of the assay is
0.025-0.25 SOD units/mM . 25 Determ nation of intracellul ar endogenous
anti oxi dant concentrati on Measuri ngt hereducedgl utati oni ntracel | ul ar
concentration (GSH) 30 Direct kinetic assay for neasuring reduced
glutation (GSH) in cellular |ysates. Qutation can be found inside
the cells mainly in the reduced form (9Q-95% of total glutation),
being the main antioxidant in 35 tissues. Its role is detoxifying

xenobi otics aRd LEEEPYLNGe s 420 ha@ngp%@g des $Q1831LP K@&&xt@%te The
cel lul ar redox state The .t echni que enpldﬁﬁf neasures the, t

glutation (GESENRIERR) FRILYEFoIBGISEEF Ss t?E%&|aFaFaFy%%té?SSG *
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di t hi obi s(2- r obenzoi c 1o(2- nitro en20|c acl d
(TNB) and thé&SEB86 KéfFedCGrE Fé@?@ﬁeﬁ 59“5+%ﬁ%&?cﬁ?4¥ﬁﬁkﬁﬁﬁ§¥9ﬂuﬁ 5=
NADPH. TNB |sn&peebmpheﬂirﬂtfcbw{ﬂq&dreasuabedat 402NBM  Bud hi opv 1rei dl@ -

sul f oxi m ne %B§Q)Db§gggl lgé‘l Yo S B td r%%egé%’égk%rﬁgé{' CYSIEL M ed by

synt het ase was "usé SI S n
glutation reductase and NADPH. TNB is
spectrophometrically measured at 412 nm., Buthionine
10 sulfoximine (BS0) specifically inhibiting gamma-—

glutamylcysteine synthetase was used as a synthesis

inhibitor.

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

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

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

25 cosmetic application of the DHA.

Results

The conditions were laid down initially to achieve

30 an active celilular 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 puM of DHA
did not affect cellular viability in studies at 3 days.
35 Neither was cellular viability affected for the studies of



EVALUATI ON OF THE ANTI - OXI DANT ACTIVITY OF DHA IN A HUMAN 15 SKI N
MODEL I nt hi sinvitroassayForeskincells (undifferentiated epidernal

fi broblasts, ATCC CRL-2076) were used as cellular nodel, being a
suitable cellular 20 type due to their good in vitro response to

vari ous oxidant inducers, in addition to being a primary culture with
normal nutritional requirenents and culture conditions, thus
constituting a good in vitro nodel extrapolable to the in vivo
response, for a potential 25 cosnetic appdication of the DHA. Results
The conditions were laid down initially to achieve 30 an active

cel lular nodejyiunderecakk 85y eRNERS I 0Nech iHRI/SMRARgt BALdAde system
results obtained refer taholically active_cells. Prior studie
had al ready $fown"t'Hat %ﬁp ore ﬁin%@@ I§§Eﬁﬁceﬁ??%tiéﬁgw8fI%&éﬁtléh?
1000 pM of DHAcdirgometiahf ect DE@l kpl ao & alviddenyrinistudifeslamM3 in a
days. 35 Neitdhgr . was c&# ! uldroukaRilideiiaffegted Hor Ghes studies ofor
43 5 significantly increase the c¢ellular oxidative level
measured as cellular fluorescence associated with two
prches, dihydrorodamine {DHR 123) and 2,7-
dichloroflucrescein {H.DCFDA) , more specific for
superoxide anion and for the detection of hydroperoxides,
10 respectively. Once these conditions had been established,
the general antioxidant capacity of the DHA incorporated
into the membrane of the Foreskin cells was evaluated
against oxidative stress induced by xanthine/xanthine
oxidase or by AAPH.
15 When inducing a moderate oxidative stress with 40
mM AAPH and using DHR123 as ROS detector, the DHA shows an
inhibiting effect on the generation of the reactive oxygen
species, Dboth at the concentration of 0.5 uM (59%
protection) and at 5 pM (33% protection), showing a lower
20 effect at 10 uM (26% protecticn) or no effect at 50 nuM of
DEA (Fig. 1A). When the cells are submitted to severe
induction with 60 mM AAPH, the DHA shows a protective
effect against the generation of RO3, both at 0.5 uM
concentration (40% protection) and 5 uM (29% protection),
25 but losing it at higher concentrations of DHA (Fig. 1A).
We might also note the protection that 0.5 uM DHA
exercises against the oxidative stress induced by the
xanthine/xanthine oxidase (Fig. 1B}, which shows a
sequestering effect on the oxygen reactive species, both
30 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
35 oxidation by 33.46% and vitamin E by 30%).



oxi dative stress with the xanthi ne/ xant hi ne oxi dase systemor wth
AAPH. It has al so been shown that the incorporation of DHA up to a
concentration of 50 pMin a culture of Foreskin cells for 3 days does
not 5 significantly increase the cellular oxidative |evel nmeasured as
cellular fluorescence associated with two probes, dihydrorodam ne
(DHR 123) and 2, 7- dichl orofl uorescei n( H2DCFDA) , nor especi fi cf or
super oxi de anion and for the detection of hydroperoxides, 10
respectively. Once these conditions had fpeen established, the general
anti oxi dant capacity of the DHA incorporated into the nenbrane of the

Foreskin cells was e'x‘ﬁéU@E@Qeég%ﬁlsh%ﬁP@tié@poﬂéeeﬁﬁf 'ﬂQéJCI%h ballways
xant hi ne/ xant hi ne oxi dase or by AA 15When i nduci ng
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the DHA showsniamtieshiaiitbirngaetfeoy onttheegememati@mycﬁhmmedemﬁnﬂnqua

t 0 ti.of
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prot ect i on)5 SrINGSERFERE atCES-‘@GﬂIVIYOf ‘Iﬁ-IA treg. DHAY . Wihsh t ARtEef}
are subm tteddhavsever e d natict i @ W t@owdﬁwe@q@adt t hei A shensasing
protective eff i he _gener n ROS, .ot h at
concentratlon 40¢?%}§¥§%i%o§ %g ggbﬁl §gop otgctgonfigﬁk Eﬁ% §OS
losing it at SeiyREteEdAGenErBRFDRS fw1[§|l1A (tReg. 01A) . #M  concenggation

m ght al so nok&ikle tn{ept ﬁ@ét oafEEatheSaaMDkled@;@r @egaglagai net dhe
oxidativewgéress i,n uceq ¥ xan hlneéx Qghlne OX|dase (E %hmlsgn
whi ch showk’ &°8&q0esFOPIRG eFFéE% Bh PREVBXyGen Tt eact Vel s pdRt gas g
bot h 30 supertdei de Fgitencand thydeo perserindés gégeratandritd ophef DHA in
oxi dative proeassioRomRarddig it hfa@ﬂw%w@nta@am@wﬁylhn riglati on to

a lipophilic I,oxi dant such as,vitam observe th
They” omor of odBmrdtal A Wonsabl B2 Kak AR e sty larih: | o e On' 18
cel lul ar 35 dxiedatrbonrbyoB83c86R4amntb Ak am 2 0E Uya3®@&allﬁ4reduces the

The protec{d Qi kingti Caﬁﬁ%ﬂ&%%to“céﬁ@m% al Ay tpr £SEOLSs aFRAMHY
anti oxi dant effect hetween 60-120 mnutes after carrying out the

i nduction, tRF® @8A8EPRg At sat®F at$on BSHREShy GPEFERBXF BEQ &g These
super oxi de amie@mnlts appear to indicate that the cellular antioxidant

effect of the DHA does not depend exclusively on the
concentration thereof, but also it is a decisive factor

20 its molecular localisation, in this case its distribution
in the structure of the triglyceride.

As regards specific inhibition of ROS preoduction,
we analysed the generation of lipidic peroxides (TBARS)
and of superoxide anions. The results obtained showed

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

30 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

35 generating membrane hydrolipidic peroxides, its action



5 sequestering capacity of the DHA. The anti oxi dant behaviour is
critically dose-dependent, since increasing the concentration thereof
| eads to a | oss of ROS sequestering capacity, with the 0.5 pM
concentration having the nost effective antioxidant capacity. In this
10 regard, another critical paranmeter in terns of optimsing the
efficiency of the systemis the proportion of Di-IAin relation to
total fatty acids. As shown in Figure 2, at identical concentrations
of triglyceride, a reduction of the propertion of DHA to 50 or 20%
drastically reduces the 15 cellular antioxidant capacity, and it

revelrts to b@eatagp_r@]a %ih%an%?]@étr%éﬁwceﬁf?pﬁsaﬁ@i&%%fegmrﬁn@%g@%et. T?ﬁée
resu S appear O 1 ndlcate a e ar _a | OXl da
the DHA does PFGESGEPBRAYEXEI QY v ER gﬁﬁtEBICBn eﬁprgﬁ90n8gﬁe§8ﬁfg Bl

also it is aatecis8hvéeéotatbopM2UHA4T: nidligocuBar | ocalisation, in this

case its diStribUtiOQ%hQr££§b€tL§§:L%ﬁgCﬁg&ﬂ&%éﬂﬁdgly%ﬁﬁ%ﬁg'ﬁﬁ§ then

regards specific inhibition o production, we anal ysed the
gener at i on ORORLFFAAe BEFBskHRsCE MRS URING (G dfh&Toieladiivenstrens
resul ts obtaiwned sttowad 2&rEhatntheteel ks sipeabeddw tahiAAPH genetatead

a higher concentrat]j 0 a r ti t Lobarbhjturic i
( TEARS) when%égnpg%gggmﬁ%ﬁé%ﬁ%Engﬁﬁﬁhdﬁggd %g?Lg?&g%%geéggdg%s S@ﬁgg
MDA/ g of pr &BéPR3ipEiga gpnshankexpere etk idancoripsr dEved dfF iBHAY) nt &7
the menbrane tak t hes30ckor eski n:gelats vel | ghtibycibar eased theilbasakth

cellular Ijpi.di i dati,on i;n dose-dependent_form (0.5, and 50
pM (Fig. g?}%F%g?%égéelﬁ%hgubgPttégj 0 §§P8atf%e %ﬁgég ioé%ﬁ% 48f
mM AAPH, the iDHARrpEésehEs aguperoxide anion in relation to control

(Fig. 4). Under oxidative stress conditions (Fig. 4) the
DHA inhibits generation of the superoxide anion by 16.5%
at a concentration of 0.5 upuM, by 10% at a concentration
15 0of 5 uM and by 9% at a concentration o¢f 50 upyM. The
specificity of the method was confirmed by the addition
of Tyron (4,5-dihydroxy~1l,3-benzene disulphonic acid, a
compound which is permeable to the cellular membrane that
operates as a highly specific seguestering agent of
20 intracellular superoxide anion) or of extracellular 30D
(first-line enzyme blocker in the endogencus antioxidant
defence wvia dismutation c¢f the intracellular superoxide
anion}. The production of the supercxide anion in cells
stressed with AAPH, with or without DHA ©previously
25 integrated, in the presence of exogenous S0D 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
30 the 50D 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 (tectal measuring time 520
sec., measuring every 50 msec.}). The results obtained

35 showed a good oxidative induction with rapid kinetics,



antioxidant activity protecting the fibroblasts from 35 generating
menbrane hydrolipidic peroxides, its action 45 being of the inverse
concentration-dependent type. The protection with DHA was 87% for 0.5
pM DHA, 85%for 5 pMand 48% for 50 pM DHA-TG (Fig. 3). Generation of
t he superoxi de anion was then 5 anal ysed. Foreskin cells submtted to
an oxidative stress with 40 mM AAPH generated a superoxi de ani on
production 2.5 tinmes greater than the non-induced cells, which
mai nt ai ned a constant superoxi de anion lsavel (Fig. 4). In the absence
of oxidative induction the cells with 10 integrated DHA do not show a

hi gher |evel \afcni ntigkee! ldbsdrvadRBAO¥ENR 1 8RLOAL LS I Shat heA- b Lo G 1]
(Fig. 4). Und oxi dative, stress condi%ons Fingj 4) Bhe. .inhibits
generation of’t he®> SiperoXide AREBA" by 'T5 598 R L onE8RTF ArTHA BEH S
pM by 10% atackievndera¥aad ohS15agforBlspMzerd byides ave a iogncsabnatviagn

of 50 pM Thgspegkbi-eht ¥sobnt hedreLbRedhaS cGaNE L £ AEGL b4 hier additt ign
of Tyron (4,5-di hydroxy-1, 3-benzene di sul phoni¢c acid, a conpound

Whi ch i 5 pes MORbFE Y e BAB uPk - mEABRARG PRAt COpErIH e as S 1% Yy
speci fic sequest elli.Ag ageamim_ﬁmzﬂim&rrcaecel/mmar csliper onede aacligvest,
of extracellulan 6D (J1ish-1d.0¢ &l Bliagkeento the gndogenous, -

antioxi dant defence via disnutation of the intracellul ar superoxide
ani on). The FY6dGEt i DR oF TH2 S helokPdPHhi Onoi ttEel (P€ 3st pREEH- YAt
AAPH, with opretthaubnPHA(DPI®Vi Gasl.y 2hei ndregiratietntl nefhiecpeesences
of exogen - r i.nhihi ted ' .
basal val Siézm?g?éggﬂ & V758 mF%%alaE{JQ%ev?gqggal gsggﬂg?a‘?ﬁée‘%g{ﬁmth
underwent it &9 d&ﬁtoﬁcpﬁ%ityeﬁyeﬁ%ﬁY¢¥¥n§F¥he ek i vineyt e,
first-1ine cehbubag ankiopirdantcxadZyEeS chEh@NAGt ittt prafteddst hedSWRe
and of the GRx_i.n_Foreski ells wth or wthout integrate

onal vsed 1 niRatE PL R E R ot e LR pePhE Ol oL S8 T e,
used as i nst &HParcbusneasidnr BRYsIpPFEVERitd et torve tiret & measuriay

time 520 serentiBaBUAI NgieMer ¥ibdubBeton . dhe frsul §spohlaied 3dion,
showed a gOO%ﬁQéEQ?&EX& Rthcéiéghf“éﬁé'é%@d%e%EHStESEioxfﬁént defence
of the catalase and the glutation peroxidase. This aspect

is confirmed in figure 5B, wherein S0D activity is shown

not to be increased in basal state with DHA being present

20 (=10/-15%), but 1loss of SOD activity inherent to the

oxidative stress process 1is 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

25 of DHA (up to 17% at 5 uM), but falls off at high
concentrations (-26% at 50 uM). This behaviour is

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

30 dismutation of the superoxide anion by generating 3S0D 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.



with direct observation of disnutation and non-production of

super oxi de ani on. The maxi mum chem | um ni scence achi eved after 15
seconds from oxidative induction was interpreted as an indirect and
qualitative neasurenent of 5 SOD activity (Fig. 5A). Wthout DHA

i ntegrated, values of 310 U A chem | um niscence /106 cells were
achieved, falling to 150 U A chem | um niscence / 106 cells in a
system pre-incubated with DHA 0.5 gM (52% anti oxi dant protection)
(Fig. 5A). The antioxidant efficiency was 10 mai ntai ned at 52% and
42% protection in cells treated with 5 and 50 gM of DHA, respectively

(Fig. 5A). Fuvhhert®oRr, okneid NovEiiToATHABK ¢ € Sok her DWW A R@rrna

proteins and | Dy _diTTusion of the generated peroxti
radi cal s, thg&E&RLgE uég%xi dant nmay prevent deactivation of the SOD

15 entrusted wth disnutation of the superoxide anion, nmaintaining in
the cell the endogengys wantd oxjdant: def ence, of nbhe-catalase,gad; the
gl utation oxi gase. Thi s §S£ect 5;5 confirmed in figure 5B, wherein
SOD acti vi tY PPEEEhoWh HEtER 0 e CRALF eaSRPHG t5dal *etaral wi il hgd 1al
bei ng presente20s(- A0LC16%.-2B0R) | Ossimf SO BCIBM taelinhienrentypso duke
oxi dative strgss ess.LS 1 hhibi Wi bel ng epj_n

or even incrretgsi ﬁgé%%b %?:ét)?vi?@ ?ﬁ%{%%o%r%gﬁsgﬁégr E@x g%:‘?;f(\%? yko((%ﬁdga.n%
6), this is fBHHASTD b8Si HEléaséd beirgeld MEmaFys A1ldugee Wt nowasel
concentrati onst25t obndHArbupi temd% abnd uMrubst chakb siehE . atchixgho

concent r atjpps, (¢ 20% &8 5 gMgﬁ TBLg behavlany, | 8, RLnt gL neg Lt act

in an oxidative_stress stat . These result's sug
Di-1A col | abBrates it h ¢he ehdogeknm! amiaparddss deffenddesy stedrhnad

rel ates to 3pidnsnudad i anifeltilka supeesoxi de ani on by generating SOD
over the entire range of concentrations tested, and is al so capable
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concentrati oR8Suktfice it increases GPx activity. 47 EVALUATION OF
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On inducing a moderate oxidative stress with 40 mM

25 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 pM (43% protection)
and 5 uM (32% protection), but with a lower effect at 50
M (4% protection) of DHA (Fig. 72&). When the cells are

30 submitted to severe induction with 60 mM AAPH, the DHA
shows a protective effect against ROS generation, at the
0.5 uM concentratiocn (13% protection) and lower at higher
concentrations of DHA (Fig. 7A). These results are similar
to those obtained with the Foreskin cells, although one
35 notable differential effect is the lower protection



20 conditions (effect of the DHA of oxidative stress). Neither did

i ncorporation of DHA at the doses anal ysed involved any significant
alteration in the basal cellular oxidative state. On inducing a
noder at e oxi dative stress with 40 mM 25 AAPH and usi ng DHR123 as RGOS
detector, the DHA shows an inhibiting effect on the generation of the
reactive oxygen species, at the concentrations of 0.5 pM (43%
protection) and 5 pM (32% protection), but with a lower effect at 50
pM (4% protection) of DHA (Fig. 7A). Werg the cells are 30 submtted
to severe induction with 60 mv AAPH, the DHA shows a protective

effect agai nsauoseﬁeger@raaﬁliﬁﬂ,a at;e{r@@e00§€_9M9@@C%%E&@Eii:_@ﬂ. ( ! Yusing
rotection) d | r i r _concentrati I g. .
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48 observed agaiBsted SRMAMRtOXEEAL 4@ abRIVE! IQesBY LshNES Opyt Neipy
ROS detectisort .t he DA nore specific to peroxides, it is also

reveal ed t he 6&8er on that the DHA exerci ses agai nst the oxidative
stress induced by AAPk: protection kinetics of the DHA also always

presents a maximum antioxidant effect 60-120 minutes after
carrying out the induction, denoting a saturation in the
DHA"s hydroperoxides and superoxide anion sequestering
10 capacity. Quantitatively, the antioxidant capacity is
critically dose-dependent, since when DHA concentration is
increased there is a loss of ROS sequestering capacity,
with the 0.5 pM concentration being the most effective in
its antioxidant capacity (Fig. 7A and 7B}). In this
15 respect, another critical parameter in terms of optimising
the efficiency of the system is the ratio of DHA to total
fatty acids. Reducing the proportion of DHA in relation to
total fatty acids from 70% to 50-20% significantly and
non-proportionally reduces its cellular antioxidant
20 capacity at the optimum concentrations (0.5-5 uMy),
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 1its concentration, but also a
decisive factor is its molecular localisation, in this
case its distribution in the structure cf 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 thicbarbituric acid (TBARS) and of superoxide anions in



5 (Fig. 73). The protection kinetics of the DHA al so always presents
a maxi mum anti oxi dant effect 60-120 m nutes after carrying out the

I nduction, denoting a saturation in the DHA s hydroperoxi des and
super oxi de ani on sequestering 10 capacity. Quantitatively, the
antioxi dant capacity is critically dose-dependent, since when DHA
concentration is increased there is a loss of ROS sequestering _
capacity, with the 0.5 pMconcentration being the nost effective in
its antioxidant capacity (Fig. 7A and 7B)g In this 15 respect,
another critical parameter in terns of optimsing the efficiency of

the systemi ?cetjmlbatl& Of??rjﬁfggigt@ﬁ@édf@éi)lsicmﬂé} Ry &E}gt&gg S5,
grgﬁ?;flcgﬂt FyD andmtoon %r%p%?‘?ﬁ%ﬁ? I 9§r 5% ééﬂg &gelcle&ﬁﬁr 5%%%99
20 capacity atosehdeppridaumligondénbrat bonsfd. 5589 pMY) increases the
cellular basal lipidic peroxidation, though in the cells
5 submitted to oxidative induction, the DHA presents a
cellular antioxidant activity inhibiting them from
generating membrane lipidic hydroperoxides in an inverse
ratio to their concentration. The protection with DHA was
64% for 0.5 uM DHA, 58% for 5 uM and 42% for 50 M DHA
10 (Fig. 9). Generation of the superoxide anion was then
analysed. In the absence of oxidative induction, the
cells with integrated DHA do not present a higher level
of intracelliular superoxide anion in relation to the
control (Fig. 10A). An oxidative stress with 40 mM AAPH
15 generates a superoxide anion production that is partially
inhibited by the DHA (20-16% at concentrations of 0.5- 50
M) . This inhibition is in concordance with $SOD activity
with DHA being present (Fig. 10B). SOD activity is not
found to be increased in basal state with DHA being
20 present (-10/15%), but as in Foreskin cells, loss of SOD
activity inherent to the oxidative stress process is
inhibited with DHA being present keeping basal SOD
activity.
Finally, an analysis was carried out to find
25 whether the DHA altered the activity of the GPx enzyme as
first-line <cellular antioxidant (Fig. 11) . The GPx
activity is increased in cellular basal state at all the
concentrations of DHA tested (12-40%), and this behaviour
is maintained intact in oxidative induction state, which
30 also presents a 2.5 times higher GPx activity (Fig. 11).
As in the c¢ase of the Foreskin cells, these results
suggest that the DHA exercises part of its antioxidant
effect by modulating the activity of the endogencus
cellular enzyme system antioxidant defence.
35



rendering it equal to the high concentrations (Fig. 8A and 8B),

t hough unlike to the Foreskin cells at no proportion does the DHA
becone pro-oxidant. These results confirmthat the cellular
anti oxi dant effect of the DHA does not 25 depend exclusively on its
concentration, but also a decisive factor is its nolecul ar

| ocalisation, in this case its distribution in the structure of the
triglyceride. As regards specific inhibition of ROS production, 30

t he generation of |ipidic peroxides (TEARS) (Fig. 9) and of
superoxi de anions (Fig. 10) were analysed. The results obtained are
very simlar INFUUENSE OFt SYmTeEsTshMErsoborRsSkin agrioxIdieT cattsviTy
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super oxi de amised pnodacivenindwdientpartially inhibited by the DHA
(20-16% at concentrations of 0.5- 50 pM. This inhibitionis in
concor dance #ith SOD activity with DHA being present (Fig. 10B). SOD
activity is RBEYblnd to be increased in basal state with DHA being
20 presentl¥ -10/15%, but as in Foreskin cells, loss of SOD activity
i nherent to the oxi Lve. pro .S, 1 nhipited with DHA bei
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i ncreased in [ bas state at all, the concentrations of DHA
t est ed (12-48@?, g% 1:_thigggcé %@?%ﬁﬁ&islﬁﬁPntélneﬁ Fﬁfﬁﬁk?fn Satdarede
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by modul at | gL TRE Gt PUFEy (o (b Biogenbis CEEFPUI AT iizy neh ey Stent
anti oxi dant #efepceifect at 50 puM (figure 13A). This effect depends on
the content of DHA, being DHA70%~TG-CHEM > DHAS50%-TG-CHEM

25 > DHA20%-TG. At the same concentrations (0.5, 5 and 50

MM) , enzimatically obtained o¢ils show a higher activity at

all DHA contents (DHA70%-TG-ENZ and DHA50%-TG-ENZ) (Pig.

13B). In a similar study with Foreskin cells the results
were even more surprising. The pro-oxidative activity
30 shown with DHA70%-TG-CHEM and DHA50%-TG-CHEM at khich dose
(Fig 13C) becomes antioxidative at all concentrations with
oils with enzymatic origin (DHA70%-TG-ENZ and DHAS50%-TG-
ENZ) (Fig. 13D). The removal of intrinsic polymers of oils
obtained chemically by means of chromatographic methodes
35 (DHA70%-Tg-BPM) causes a decrease even Jgreater of
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| NCORPORATED | NTO A TRI GLYCERI DE In the present in vitro
assay, ARPE-19 cells (retina pignentary epithelial cells, ATCC
CRL-2302) and 5 Foreskin cells (undifferentiated epidernal
fibroblasts, ATCC CRL-2076) were used as cellular nodel, being
suitable cellular Iines due to their good in vitro response to
various oxidant inducers. Tuna oil triglycerides (DHA20% TG 20%
nolar in DHA) or oil derivatives enriched with 50 10 or 70% ol ar in
DNA (DHA50% TG and DHA70% TG) obtai ned by chem cal nethods (CHEM or
enymati ¢ net hodes =i BNE) vaer Ea{tltS:Bﬂdl@'] aghi veammmi e@ellBeSW bScdding

When i nduci n i ve 9

cells and us%r% %%%%gbg QEl)il A %éﬁ%%% a}r%lroglcel F1 &7 det eéf&rsE%%'e
nat ur al %&AZ@WT@P%HW%MWF neriporat ©f PHPolaceheategdyinto a
obt ai ned 20 ttrmgﬂyeeﬁ:hde ( B¥e0%e d GSHEM raRchabhIAT7 0%y 1 En EHIEY) 3‘.5%"0%1@1

i nhibitory e g tion.of . the reactive oxygen sp C|e
both 0.5 [1% A}%%teg gahle g%%%%nt E‘Ewtll o%n SHEWi ngtkéeﬁ Wé& OBt f eg)
fAM (figure J}BlﬂPrP‘I’ﬁ%e@f #@’é@nd‘é‘tﬁﬁMSChﬁmlM@é contehtires HNY du@mfglyl

DHA70% TG CHEM:2 rBHASH% T Gf@lEIEIM 25 71y DIAZEYRG. 1AL ot he SATR to  serum
concentrati ons (10 5, (1:5 and ) AM, enzimatically obtained oils show
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obt ai ned by enzynatic synt hesrs is al's
synthesis) @eéliminates the protectlve effect of DHA (Fig.

17} in a direct relation with a decrease in the GSH
intracellular concentration (Fig. 15). A similar behaviour
20 is shown for Foreskin cells (Fig. 18).

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

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

30 (EPAT7(0%-Tg-ENZ) obtained enzimatically shows in Foreskin
cells a remarkable antioxidative activity even higher than
that for DHA (DHA70%-TG-ENZ) (Fig. 20), related to, Just
like for DHA, the increase of GSH intracellular
concentration (Fig. 21).

35



5 higher (at |east twice) than that shown by Dha incorporated inton
ot her chem cal structures such as ethyl esters, free fatty acid o
fatty acid linked to serumalbumn (Fig. 15). The cellul ar
antioxidative activity shown with the 10 incorporation of DNA is
related to all the aspects previously considered such as mai ntaning
SOD and GPX enzymatic activities, but also to an increase in
glutation intracellular concentration (GSH). In ARPE-19 cells (Fig.
16), DNA induces an increase in the GSHimtracel lular 15
concentration directly related to GSH de nova synthesis since the
addition of BSO (specific inhibitor of GSH synthesis) elimnates the

protective effaGlad Eﬂ (I.EFg At bRt re%tc.IrI?ég.&i ongﬁ thefe  pEa
decrease in the Intrace
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I nprovenent HIAULAR MDDEhe anti oxi dati ve activity of DNA by an
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invitro res onse 0 vari ous oxidant. i nducer
lgmentary epithelial cells. As an active ingredient there

15 has been used structured triglycerides derived from tuna
0il (DHA20%-TG, 20% molar in DHA) or oil enriched with 70%
DHA (DHAT70%-TG, 70% molar in DHA), wherein through
enzymatic methods the fatty acids in sn-1 and sn-3
positions have been replaced with octanoic acid. In these

20 new compounds, the molar content of DHA is 7% in the
DHA20%-TG and 22% in DHA70%-TG.

Results (see figure 22)

25 When inducing a moderate oxidative stress with 40
md  AAPH and wusing DHRI23 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

30 concentration, showing a lower effect at 50 u  (figqure
22) . This effect depends on the content of BHA, 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 LM concentration)

35 or higher (for 5 pM and 50 UM concentrations) in the case



10 in addition to being a primary culture with normal nutritional
requirements and culture conditions. Furthernore, it is a good ocul ar
nodel since it keeps the biological and functional properties of the
retina pignmentary epithelial cells. As an active ingredient there 15
has been used structured triglycerides derived fromtuna oi
(DHA20% TG, 20% nolar in DHA) or oil enriched with 70% DHA
(DHA70% TG, 70% nol ar in DHA), wherein through enzymatic nethods the
fatty acids in sn-1 and sn-3 positions h&/e been replaced with
octanoic acid. In these 20 new conmpounds, the nolar content of DHA is
7% in the DHAX%BAKZ Endr@22%n nt DHAZQ¥ TG Remiits TGseaHd gaf i 2y of
25When i nduci I Lve. stress w 40 n i
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triglyceride QPO FECRAd (HA709 TEhdsRowdan Pwhi BiteorSelerfieetr gt
the generati ongef dodecheaati¥esoxygemy&esd e o hsBohipy andgbngM1

30 tratiaon,. s 1 o] ef fect, at 50 Lgure 22). This
of f oot dopends 1ot Ao 2o SR BF bras Shal G BHRT0s 165 Bnoboe TG A

the sane concentrations, the structured oil s, vvi_th_a real DHA
concent r at i OEVALYANINES TeWdHA Showvrie sane asdtdmidirve Heel™® &M mar

concent T at! O exiuObr"a9Ek ok 254 AMr o YrEOREEN A" BiAN 'Sk
MODEL

10 In 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 toc various
oxidant inducers, in addition to being a primary culture

15 with normal nutritional reguirements and culture
conditions, thus constituting a good in vitro model
extrapolable to the in vivo response, for a potential
cosmetic application of the DHA.

20 Methodology

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



53 of DHA20% TG In the case of DHA70% TG the efficacy of the
structured triglyceride is slightly |ower than optimum concentrati ons
(0.5 i.dvi and 5 1.04), but the behaviour at high concentrations is
inverted (50 "AM showing in general 5 a nore stable and | ess
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the cells (AAP was used to stress the cells oxidatively at a

concentration of 40 mM, widely used as a hydrophilic
initiator of free radicals by inducing lipidic and protein
peroxidation. The AAPH oxidises the DNA, the proteins and
15 the lipids through the actieon o¢f the formed peroxil
radicals. It further acts on the endogenocus defence
system, since 1t deactivates the key enzyme, the 350D,
thereby losing the protective capacity of the CAT and the
GPx.
20
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
25 flucrescence {FISH) wusing 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 in combination with the FISH
30 technique using a pan-telomeric BNA (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
35 metaphase. The results are expressed as telomere



Enzymatically synthesized DHA-TG 70% was added at a 0,5 pM
concentration, made by dissolving the oil in ethanol for the stock
solution (1:100) and preparing the 5 working solutions in a culture
medi um prepared with serum The cells were cultured with suppl enent ed
DHA- TG nedium for 3 days at 37C. Induction of oxidative stress

102, 2' - azobi s- (2- am di nopr opane) di hydrochl oride (AAPH) was used to
stress the cells oxidatively at a concent ation of 40 mMM w dely used
as a hydrophilic initiator of free radicals by inducing |ipidic and

protein peroxidation. The AAPH qxidises_the DNA, the pr ins and 15
the |ipids thr;louuog § 158 Gt o‘r%ltuﬁec%%fﬁ%%%%%%?a?gdfﬁi@ ° ft& of
further acts mpratidigsdégénvasedef ence system since it deactivates
the key enzyne, the SOD, thereby |losing the protective capacity of

t he CAT and H@e S 20 Measurenent of the length of the tel onere
The tel oneri ¢ ¥egidns constituted by high repetitive DNA can be
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chronosone ende i pabadiminat o€l | sel FraroUpcPULROSEns | hardd ual escgne
intensity of el i.t.h 0 S a nmet aphase. The
results are é@%ﬁé@%@d%ﬁ?ﬁﬁﬁ%ﬁhﬁi@as d%r%écgﬁgerﬁ TCoFTRYy can be
cor r espondi ngrEREEtPRY I3 rECkB Yofa s dfer i tgimiersl oErsniResulndex. In

human fibroblasts, the treatment with AAPH, which induces

15> an excess of intracellular free radicals, accelerate
noticeably the telomere shortening 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

20 without DHA. Furthermore, the incorporation of DHA is
capable of reducing the telomere shortening index, even in
respect to the normal control of fibroblasts.



5 Changes in the average length of telomeres in human
fibroblasts cultured under oxidative stress conditions with or

W t hout i ncorporated DHA were anal ysed by flowFISH (figure 23). A

| i near regression was used to 10 anal %ge the rel ati on between the

| ength of telonmeres and the pass nunber of cellular populations. For
all the &laimgsed cultures, the slopes in the regressions can be
under st ood directly as the telomere shortening index. In human

fi brobla s% treat malﬁ \ﬂth AAPH, which induces 15 an excess of

i nt racel Fulicorahgraengigidcld) O HA) pigpsapeiasnpip rid ¥ of REA-dergied EBA,
short eni ng ineuhgorate@intd hglyottids; fdrandas 4 deHulanaoipop@eat i on of DHA at a
concentrati e.cell
anti oxi dant " gaaned P e L B AR n PR K e 8 B RERSR g
val ue 20 WPRBERUCEANB. Furthermore, the incor por ati on of DHA is
capabl e of wiegtie baig DHre Brel, orBXHA-8h10vet BPIANG i Jlﬁisi‘%anta%‘é%? wellzhi B&RE&T 44 O

t he nor ml aﬁ@nbtﬁf’%lm Pelatfo'n%ﬁ lt?t%f:,%ty ac5§s Clains 1. Docosahexaenoic acid

(DHA), ei cosapentaenoi ¢ ac DHA- derl ved EPA, incorporated
into a glyceride, for use as a cell uI ar ant i oxi dant; wherein said

DHA, EPA2. ayHRHEP dedriDied defffed PEQLRJFAI LM dldihQ, ALELHGRE b8 ir Scell
obt ai ned enzymati cal | y; wherein said EPA, or DHA-derived EPA is

in a percenf1 & by wei ght between 40 and 100%in relation to the
total fatty acids. 2. DHA, EPA, or DHA-derived EPA according to claim

1, wheregn 3he mSe drHHA-dRrie&l BpL qﬁ&%c@ate@mt% o8y foPliseAcHRIIAMGE-

EPA i ncorporated into a glyceride, use as a cellular anti-agelng
agent ; \Aheraé?lﬂg%%ﬁna DHA, EPA, or DHA derlved EPA incorporated into a
gl yceri de, wisrenbsaad Déih, &2y maDHCaldrived WRAririonp @ akd inbié\glyEdAle, Blobtained
DHA- deri ved, ERfMlS1;,n a percentage by wei ght bet ween 40 and 100%in

relation to the to%g%%% aci ds. or DHA-derived EPA
i ncor por at Sthersih 1 A H%DHFAoﬁiefD’% Egé 1%11’\1 Bd?ﬂh%ﬁEaéF by st beiwearedo
sports per faod h@016 &) rebutioaso then@giubay adids. agent of bl ood gl ucose | evel s
during physical effort; wherein said DHA, EPA, or DHA-derived EPA

i ncorporat ed into a J%gerl de, is obtained enzymatically; wherein
sai d DHA} EPKYL B mq% dpijead PR ipeprpanated i aelifecige. oy uskes ghenhancer

bet ween 40 agad inlBO%pdits peboahimes, dras k kgulaah@hgehastblodCitdose levels during
physical effort;
wherein said DHA, EPA, or DHA-derived EPA incorporated into a glyceride, is obtained
enzymatically;
wherein said DHA, EPA, or DHA-derived EPA is in a percentage by weight between 40
and 100% in relation to the total fatty acids.

5. DHA, EPA, or DHA-derived EPA according to claim 4, wherein said use as an enhancer
agent in the sports performance increases the percentage of maximum consumption of
oxygene, absolute and relative, in the anaerobic threshold.

6. DHA, EPA, or DHA-derived EPA according to any one of claims 1-5, wherein said DHA,
EPA, or DHA-derived EPA incorporated into a glyceride, is specifically incorporated into
at least one position of a glycerol via an ester bound, a structured lipid, wherein said
DHA, EPA, or DHA is incorporated into the sn-2 position, and optionally said glycerol
further comprises at least one acid selected from a fatty acid and a phosphoric acid.



5. DHA, EPA, or DHA-derived EPA according to claim4, wherein said
use as an enhancer agent in the sports performance increases the
percent age of maxi mum consunpti on of oxygene, absolute and rel ative,
in the anaerobic threshold. 6. DHA, EPA or DHA-derived EPA according
to any one of clainms 1-5, wherein said DHA, EPA, or DHA-derived EPA

i ncor por dt dthaimacouiecabtoromsitde comprispe DA, &KL yr DHaedgpioeAERA, intdrporated

| east one pRSitd : . |

ot d, wher oo WRAE B Sl RodihheR] BnE b RE it Hid Mol
position, and bATEhaROFidantageyt ycerol further conprises at |east one
aci d sel ectveldtrdin eaidl ®HAEPA, ac DHl Aate hvad BRasiptpirated ditéla glyodride, is obtained
Phar naceutiegg}l,mﬁggmgsi tion conprising DHA, EPA, or DHA-derived EPA,
incorporated 1nto a glyceride, for use_in the food industry for the
pur pose of EKF§iR Fﬁlﬁi@?“ff%ﬂf’plob@ﬁk‘*t'éefweﬂ KP4 ip it apeatentase bpselcizhhbetagents
wher ei n saiatld Db iERAstioano Diodeity edddd=PA i ncorporated into a
glyceride, is obtained enzymatically; wherein said DHA, EPA, or
DHA-derived EPA is in a percentage by wei ght between 40 and 100% i n
rel ati on8t dbe h’éal’ﬂ@{?@:ltlcﬁ]alopwoaéwSQCOBEi/ng'I?h elaph3r whoelntsiid M H.6 opfyosir DFA
accordi ng tderiddaE A TacoMbdR& iftoSAdIfccRe) is FRAfALY iREAFSHI $tlo EAust one

i ncor por at ed .}.nto a ncor porated | nto at

| yceride, 1s specifically’i
| east one Ié;g%l oy e %L? 0%019‘11@?:93?86? %WIEEQHI‘“&‘FE(% x?)‘gu‘ﬁ]&‘?r ig sy fdp ity or
li pid, wheldilf isiatdpOriad iEPAe sor2 Pisiionsandrptoedly atid glicatod fitrther Simpises
posi tion, ana.QBhé AHALdIYciSPlo REeIH aJdLé?hla hofi0FRAI ses at |east one
acid selected froma fatty acid and a phosphoric acid. 9. The
phar maceuti cal corrpos'i tion ac_corqi ng to any one of claims 7-8,
wher ei n 9.h&ht pbanpradivaltcenpogtidasccyrdpread usy sne df@laimhh @-Splracraimceifond al
conposi ti on . accardi ng. to aay one of clainms 7-9, wherein said DHA,
EPA, or DI—&E%ISH \E/leddAEBE ? S ?éncorporat ed in a suitable adm nistration
form sel ected fromth_e group qonpri sing a beverage in all its
char act erd. gt pharfn.amdmeilcmmpoduam mo@n@ tabhesncityBifal-9ewREeinSeid DHA,
energy-gi V'E@QL, glafJHAte(ﬁgngg @PﬁaiL iIR?lEJ%T&CtF%CﬂlIr'iqgitat%i]edad%il%gggtla@%lfgl%%s seflec():_{ed from
provi sioning; ‘dietetic supplement "an go yvitamnic preparation,”
er gogeni calherel), capprisigra hexeragd nrellikrberagsinties for efosk dwisgmdragei on.
11. The ph@_ﬁm@euxdlra@é; eﬁ@g@@ﬁﬁiﬁg: R, RECpRRIdAINErst fifak ahdpréfhrativne FQ nf
sai d dietet {'o%'s%cgﬁzp ;%ﬂc‘%eq}c sal‘nqelggnt%v%t (ﬂmipal GiniBh eer%aragt L Snilcrﬁ a} S;eor orm
of capsul e$,” tabiets,” pl T e “OF FYO P VISEH POrMaITS k&
phar maceut it@4les cotrpuspedporesdoc dinlbvgiptionany one of clainms 10-11,
wherein said pharnmaceutical conposition is admnistered to a patient

who is a dy, recei vi a treat nent,. agai nst at hol agy. associ at ed
wen oxi baaReERgtARe oS fEMaBda e O Botr e HisthE Semdim
t o cl ai m 12pd phigyisinnnicipecpprtiho isag yhedoso of @padesyptabletsp gilld atrilyephdmedipen.
is selected froma neurodegenerative pathol ogy, an ocul ar pat hol ogy,
an i schaem t hol ogy,. an infl ammatory process,  atherosclerogsis;
wher ei n g:.l‘ge EE%?%B%’%&ﬂéP&PP%EOIb%FP%I%d9 a‘?ﬁéonseé%fél?ilﬁﬂl‘?'?ﬁﬁﬁ’l}ﬁﬁ‘% "9 e
scl erosi s, pMroheduties] congbsgas s adRarikemd ard wmtidhtseasie alreddly otdedfily €

| ateral sc i : el ai d ocul ar

pat hol ogy :tl‘ségtgglltzaégt&glg% ﬁ%ﬁ#@%ﬁ%‘%{ﬁ%%ﬁ%@?é‘ ?lln%%egul ar
degeneration, and cataracts; wherein said ischaem c pathology is
sel ect ed! ¥ ddphiseerudrdicomppsien acsprdingse clage d pprherein Hrepathplogy gepociated
wher ei N saiwdthi dxidaflteBdredog iPieReITronsa S&lretkettrdiveFhRbloBy, dnicSular
vascul i ti Spat‘ﬁl oner %Iigmggh.ri { nd .etitomatose | u

ology, a nic pat'h%fogy% Y9 1A mmy Ory Process, Qtllllgr'osclemsis; wherein
said neurodegenerative pathology is selected from multiple sclerosis, Alzheimer's disease,
Parkinson's disease, amiotrophic lateral sclerosis, and muscular dystrophy; wherein said
ocular pathology is selected from pigmentary retinosis, macular degeneration, and

cataracts; wherein said ischaemic pathology is selected from myocardial infarct and



14. The pharnmaceutical conposition according to any one of clains
12-13, wherein the oxidative danage conprises the production of
reactive oxygen species (ROS). 15. The _pharnmaceutical conposition
according to claim 14, wherein the ROSSi s the super oxi de ani on, 16.
The pharnmaceutical conposition according to any one of clains 12-13,
wher ei n t hecetskiad atfees addwhgeinceivfpnflzematbhyeprettes tseeliectgd frbmRNAritis,

tel oneres. hbulifhgIRhGLITRERNEL CAL ARARASE 1iAR according to any one of
claims 12-13, wherein the oxidative danage conprises the premature

cel lul ar senescence.
14. The pharmaceutical composition according to any one of claims 12-13, wherein the

oxidative damage comprises the production of reactive oxygen species (ROS).

15. The pharmaceutical composition according to claim 14, wherein the ROS is the
superoxide anion,

16. The pharmaceutical composition according to any one of claims 12-13, wherein the

oxidative damage comprises the shortening of DNA telomeres.

17. The pharmaceutical composition according to any one of claims 12-13, wherein the

oxidative damage comprises the premature cellular senescence.



