WD 2013/ 000895PCT/ EP2012/ 062326 DHA and EPA in the reduction of oxidative
stress The present invention generally relates to the prevention or

t r eat mentwof2otbimagvder s rel ated to oxidative stress. For pex@mrpbie/ocisbe
present invention provides a conposition for use 5 in the prevention or
treatnent of oxjdative.siress related disorders under post-operative
conditions. Ond-enrBBdifent 1Bt “PRe BrBEaRP | RueRFFOR LS 2 EERRBsi ti on
conpri si ng docosahexaenoi ¢ acid (DHA) and ei cosapent aenoic acid (EPA) as
active jngredients for use in the trﬁztnen or prevention of 10, oxidative

stress ‘did/RreT el at 88 VEPSorders T hit es¥i nat Ad&tades ds° P TREGIE 16 i%Scheni a
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generation of reactive oxggen species (ROS) and ROS-nedi ated 20 danages
play a ceht Pl ®P6INe" i ATHE Bt hal | RS nj Ui es SORBAPE “fPBm arf THETSaS i n
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prglbnf Iozi(nl’rga olrvye et abol | néj?% errie,vleacfefdr on%sé)rré{:%risdoni c acid (i.e.

ei cosanoi ds). This eventually |eads to nmucosal injury causing increased
barrier__perneability which is partly respopsible for_ distant organ danages
and sur'gl cal - 36 *Corbl T CAEToRS < WbT301a J0b8OSBERFER201 3 062458 Thobrder to
reduce gdativierstgiess reliad edr6li sof decsmb ok bowi bgsi seherira oi.gperfuusi on,
for exanple, authors suggest a treatnment with anti-oxidants such as vitamn
C (LI obete@leflaPr o FASEBSF. Hpti 232 70h2C 1 page 0bsc9ndy .t B However,
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290-295) . Numerous lines of evidence suggest that the

generation of reactive oxygen species (ROS) and ROS-mediated

20 damages play a central role in intestinal IR injuries.

Apart from an increase in ROS production intestinal IR leads
to ROS-dependent and independent activation of and complex
downstream cascades which are not well understood. The outcome
of this activation is an increased expression of neutrophil
25 adhesion molecules, inflammatory cytokines and lipid
proinflammatory metabolites derived from arachidonic acid
(i.e. eicosanoids). This eventually leads to mucosal injury
causing increased Dbarrier permeability which is 9partly
responsible for distant organ damages and surgical

30 complications.



Hence, it was the objective of the present invention to provide the art
with a conposition that can be used to treat 15 or prevent disorders

rel at ed twoaridmvsose stress, for exanple after ischem arcemePediadsmre t hat
it easy and safe to admnister, is natural and has no unwanted side

effectzr The resgnt i nventors were su:ﬁgri ged to seejzt at tclge% could
achi eve t hP'$ “obf et v]éegyci%eogdb(isaeEtlv t P& OF 5t hE 20 Fiidepen@ent © ¢fai m
The dependantirg aigmhdmird hespslemed dpn | heodeaambltheapresent survertd en. The

i nventors provide a conposition conprising docosahexaenoic acid (DHA) and
ei cosaperftAendil kal i dLEPA I harta e BhEcEssTUI 3§ Beétased it (héobeeas neit

preventj;on %A%u%c?dl %jﬁtli oy of, dﬁé’l?\sée Sid_es; )and/ or rel ated disorders,

for exanpl’'e’in i'schem a-repe i on, and/or post-operative
conditions related thereto. WD 2013/ 000895PCT/ EP2012/ 062326 Di etary
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devel oprmentbandftarithe Ineduction ofileasdueeasdul arewhiseaseedeathsidh The
current worl dw de i nt ake aof EPA and varies greatly and correl ates well
with bErHe S i dedsss et ﬁﬁ%%lly be modified by increasing EPA
and DHA intake (review in Hi bbeln JRet al. Am J. din. Nutr., 2006 83:
1483-1493) The inventors report the effects of a dietary interventiaon based
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ocdPusirorevein tresertlekd ¢l are edyso18eTherghebatiots dandnastvat & tirieats /i ney eased
i nt ake %fr ElP%l%nrd i cwalr}lrgpr.ev netmirrucrosaelr%asrria e (\/fth)hout havi ng an effect
on neutprop it i1t ratio (J1\§I§ conaten%, owever, I't" reduces their
activity (ROS). In order to investigate the underlying nechanisns, the 20
invent%rs nmeasur ed .changes i

>, U ¢ 2N s i 0 agfxei daacfrég%/e Sstc{ ecsnsisnedi %fors (CAT & SOD) and
cyt oki nes FQFantit at1We anal yii'cal HOFS! ogi'és F619°owi ng intestinal IR
injury and after intervention with EPA and DHA were used to characterize
the i ct of aur dietary intervention o ti-infla tory eicosanoid
gener At GiCCe. g 2817, 16 EEPCAR TXES) © Tho Fedti TS 01 i §oStudy Show
benef i ¢J:d)viefd ecis aptMuGesala davmeesi Vi @n atheduclbirond Ny sxidabi we csid ess.
15 or prevent disorders related to oxidative stress, for example

after ischemia reperfusion, that it easy and safe to

administer, is natural and has no unwanted side effects.

The present inventors were surprised to see that they could
achieve this objective by the subject matter of the
20 independent claim. The dependant claims further develop the

idea of the present invention.

The inventors provide a composition comprising docosahexaenoic
acid (DHA) and eicosapentaenoic acid (EPA) that can
successfully be used in the treatment, prevention or
25 alleviation of oxidative stress and/or related disorders, for
example induced by ischemia-reperfusion, and/or post-operative

conditions related thereto.



Consequently, the present invention relates to a conposition conprising DHA

and EPA as active ingredients for use in the WD

2013/ 000896RCIB/EMAAS12/ 062326 treat ment, prevention or alPCEEPati2o6m306

oxi dative stress and/or related di sorders. The present invention al so

concer EPA as, active | %ints i n grggaration of
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i npact _of the resultéy_ oxi dative stress. g$%5|t|on may hence be
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for us®unbar iHospiit &M ZedC 56 ot F'oris FBF «%wet e CoMYosT i oR was

ShO“ﬂ o particcyhar gffegtiveif iNucont apnse EBA:and 5HA.4 ERARNd DHA
may be obtained fromany source. They may be synthe5|zed or purified from

nat ur allroERFoWTdsTeRSr Pr &her ﬂ%ﬁCttEheyfarae provddediaseavaatypal based
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and intestinal EPA and DHA content after 3 weeks and
conferring a protection against mucosal damages following
intestinal IR injury induced by temporary occlusion of

mesenteric artery.

15 The inventors demonstrate that increased intake of EPA and DHA
can prevent mucosal damage without having an effect on
neutrophil infiltration (MPO content), however, it reduces

their activity (ROS).

In order to investigate the underlying mechanisms, the
20 inventors measured changes in oxidative stress mediators (CAT
& SOD) and cytokines. Quantitative analytical methodologies
following intestinal IR injury and after intervention with EPA
and DHA were used to characterize the impact of our dietary
intervention on anti-inflammatory eicosanoid generation (e.g.

25 17,18-EEP and TXB3).

The results of this study show beneficial effects on mucosal

damages via a reduction in oxidative stress.

Consequently, the present invention relates to a composition

comprising DHA and EPA as active ingredients for use in the



froma |lipid source conprising marine oils, such as fish oil or from

m cr oor gani sns. As fish oils often have a taste and/or snell that nay be
per cei vedwaoisnpbsasant, the fish oil or the whole |ipi @¢CI/EroURO3EBY be
provided in an encapsul ated form Conpounds that are known to prevent the
generation of unwanted off-tastes or, pdors, such as |lecithi.n or the juice
oF i U FUTS " 18T CERANDl &5 hay Dot adaed 107 Phe ComBOsi titor® by ©°
conpri sexdtherrdligrads .dilrexanpl e, the 10 |ipid source nay conprise cocoa
butter, soybean oil, fish oil and/or sunflower oil. For exanple, the lipid
source may be adjusted to neet the nutritional needs of the subject to be
treat edchdaSr&xal LavéNei bhphdss0Ubee iRy GOId esRONsE t pnabauly #ph3%s for
exanmpl e 15 about 10% of the caloric content of the conposition. The

essent 28It R thHP FE P 1§ not eblee aeTPahdt aPphall RnePBRPE14éPa, fray the
corges out _3-5.5%. for t_ 4. 49 d 0. 1- % for
exa%pl29%%%E$e33§©6p?326%8%%églﬁgxg?Péﬁgﬁgg#ﬁ?ncéﬁ%fﬁ%l%%ggg%}E%%rg %
conposidaridfnr lneladdid idars Bk 20 and DHA nay be contained in the conposition
in an anount corresponding to about 0.2-0.4% for exanple about 0.3% and
about 0.1-0.3% for exanple about 0.2% respectively of the total energy

i nt ake.The dhmsopayibe achievedpbysseverialventienentsoidhawixt uvebe i ch 25
all can be used and whi ch may be sel ected according to taste or other

pr ef er SHCES.CHRGT lekaisd Wuch fa 14i dSodre MY cotpr iE addid Beng -

vei ght (9660608 BUtEer 418RQUL 497155 Meibghtiz % saybhean i | snabgut rMQreq
2013/056895PCT/EP2012/062326 15-25 weight-%fish oil and about 20-25

weilght -Dessunddowemdsil postThediadiid ss suprsk iy sconpri se about 7 wei ght %
cocoa butter, about 50 wei ght-% soybean oil, about 20 weight-%fish oil and
5 about 23 weight-% sunflower oil. Typically, such a |ipid source conprises
a m xt e ofxaw e ated pattytacieds,t nesounsataur atedafadt §iacirds randay
polyunzgtur%fedcfﬁity acids. The .anounts of these fatty acids may be
adj ust éd based Oh tthe *f0'Heéds bt t1he slbj ect to be treated. For exanple,
the lipid source may conpri se about 18-22 weight% saturated fatty acids,
about gpzﬁf me[g?g-@b nounsat ur at ed f?tté gcids and .about 50-55 me%ght-@b
pol yunsatulat'éd fatty “acids: 45" Oxi'ddt i V8- daftage 'S “of ted “hediat &d

reacti ver OXy ey §PaCI€sd 1 9UChs | eaclii ¥B Oxygen speciies nmayhbde fygeuadi cals,

for exanple. Consequently, the oxidative stress related di sorder may be
15 structures. his 1s counter-productive for a healing process,

e.g., after an operation. The present invention allows
treating, alleviating or preventing the negative impact of the

resulting oxidative stress.

The composition may hence Dbe for wuse wunder hospitalized

20 conditions for example.

The composition was shown to be in particular effective if it

contains EPA and DHA.

EPA and DHA may be obtained from any source. They may be

synthesized or purified from natural compounds.

25 Preferably, they are provided as a natural composition or as

an extract thereof. For example DHA and EPA may be provided



linked to the presence of free radicals in a body such as 20 the superoxide
ani on; H202, hydrogen peroxide; OH, the hydroxyl radical; ROOH organic
hydr oper owOde13/8@&95 al koxy radi cal s; ROO peroxy radi calPsT/HHOG2/062326
hypochl orous acid; OONO- , peroxynitrite; and/or NO . Many organs can be
either:§irectlﬁ.or i ndirectl danaged b§_25 oxi dative stress. _lndirect
damage ' ent8&8n S T énot ot and 9t BRFGWThY reperFUsioR® SUER i%di rect
damage d:5 frpbhemtdeanidncan lead, e.g., to a multiple organ WO

2013/ 000895PCT/ EP2012/ 062326 di st urbance syndronme follow ng intestine

i schem a reperfusion. Otentines the lung may be affected by indirect
danmage.asThei ganposi ¢ i ef t@fn thevpr esenisktBventd porr edces the o iskyfee such
direct or indirect damage of organs and may consequently 5 be used in the
t r eat MERT S eV Rt | BAPbEaBRNBat | Ve ddieije 106 1i nPéstthe, Wieks , Uimg

heakt, 'gggy, or. [ P i dat i tr ted di sorder may be
anygsuéﬁ§ |SOP§§?§Q?5?§§Q2%$ gsl?ﬁ%q%§#%§%?6§§§fﬁ%§§ﬂrelated di sorder may
be 10 selected fromthe group consisting of an inflammatory response to

e R e N R e 2 P

at axi a,ofifartt atee dyskynésira, braim d4j leceshsduch rastschenta, oskcntrus
phot oagi ng, reperfusion _injury 15 or stroke, nyocardial infarction,
hypert 0% Hédr 80 Gre Ml psie Sy per honocyst ei nemi a, physi ol ogi cal
senescence, sepsis, stress follow ng organ transplantati on or conbi nations
thereof. The inventors have denonstrated experinentally by neans of 20
exanpl & fsi FgTROFodent Mirel CPRAE LERe Addtpost tPoASof Fite DFaBBAE- i MPénti on
canovery uecessiud | yobecused e ldgtda itestd nal o dagnges Lol kowng iy
i schem a-reperfusion (TR), e.g., in the splanchnic area. Consequently, in
parti culrat/oni sgerfalowsrgansl .may be protected by the conposition of the
present 25 invention. The effectiveness of the conposition of the present
invention foll ows a dose-response curve.

For example, the lipid source may be adjusted to meet the

nutritional needs of the subject to be treated. For example,
the 1lipid source may correspond to about 7-13%, for example

15 about 10%, of the caloric content of the composition.

The essential fatty acids, linoleic acid and alpha-linolenic
acid, may correspond to about 3-5.5%, for example about 4.4%,
and about 0.1-0.5%, for example about 0.3%, respectively, of
the total caloric content of the composition. In addition EPA
20 and DHA may be contained in the composition in an amount
corresponding to about 0.2-0.4%, for example about 0.3%, and
about 0.1-0.3%, for example about 0.2%, respectively of the

total energy intake.

This may be achieved by several different o0il mixtures, which
25 all can be used and which may be selected according to taste

or other preferences.

For example such a lipid source may comprise about 5-10

weight-% cocoa butter, about 45-55 weight-% soybean o0il, about



In therapeutic applications, conpositions are adm nistered in an anount
sufficient to at |least partially cure or arrest the WO

2013/ 000896RCIB/@MARS12/ 062326 synpt ons of the di sease an@#CriEP2@ienpiseeat i ons.
An ampount adequate to acconplish this is defined as "a therapeutically

effectiy se". Amount fective for_.this rpese wll depend on a nunber
of facth ofgdin%%gﬁﬁ th gjes f OKi | PPN THe' s gﬁt Bguc‘ﬁe]a%h? he seVerity'of the
di seaseyiand t he wei ght and general state of the patient. In prophylactic

applications, conpositions according to the invention are admnistered to a
patient susceptible to or otherwise at risk of a particular disease in an

anount ftrhat1 151 d0ssub-tecielt dongiti $€asbopar t7i aldiyHeduceotbe buusk of,
devel opi ng a di sease. Such an amount is defined to be " hylactlcally

ef f ect AR Wose? . el - { ARV PPEDi 96 lamsiits déperi Bhta: ntifber 06f part ent
spegi fig, factor %eﬁi as thepatd.ent;';s state of health and weight. 15 The

conp05|t|ons of present invention may be administered in a a
t herapeutically effectlve dose or a prophylactlcally ef fective dose.

Ski | | bl t th
i o et Bt gt ouY ded Repern Shd 1 he” SRS of TTE paut ent. 20 FT exdnpl e,

t he conpﬁshtﬁﬂninayabeytOeﬂexﬁdnlnmshenedatnraﬂeannunﬁjgorrespdadlngmio a

conbi ned daily dosage of EPA and DHA are of at |east 400 ng. EPA and DHA
may be B5HoHFSd i &asy 5odt5Y%, 29615 -exanpl e in a weight ratio in the range of
10:1 to 1:10, for exanple 7:1 to 25 1:1, e.g. about 5:1 to 1:1. Preferably,
EPA and DHA are conprised in the conp05|t|on in a melggt ratio in the range

of aboudth®:aM s 10f VeR§Sgoda trds GItisl e dift s HedS WeEhPashei gRt t&ti o of

EPAgand, JddA id¥ the range of abett 3icdtedO 2013/000895PCT/EP2012/062326 I n
clinical settings the conpositions may be to be adm nistered in anounts

corresponding to a conbined daily intake of EPA and DHA of about 2-5 g for
exanpl €3 eAXaQn 1 goéhé)eﬁ 1@subtscltns QQMH%QEGaB%u%d%mz% %zreltg}&ec

conpositions of t present i nvention consecutively over a period
sever als daysurdfednfepératiconis,s gihannezl) - ahdwemgbarﬁlm@hamnﬁEUMIaUmmenia-

reperfusion is fioresegn ANe, adanistration my begln {furated fatey

acids.

15 Oxidative damage is often mediated by reactive oxygen species.
Such reactive oxygen species may be free radicals, for

example.

Consequently, the oxidative stress related disorder may be
linked to the presence of free radicals in a body such as «077,
200 the superoxide anion; H;0,, hydrogen peroxide; +OH, the
hydroxyl radical; ROOH, organic hydroperoxide; RO+, alkoxy
radicals; ROQe, peroxy radicals; HOCl, hypochlorous acid; OONO~

, peroxynitrite; and/or NOs.

Many organs can be either directly or indirectly damaged by
25 oxidative stress. Indirect damage is often seen in remote
organs following reperfusion. Such indirect damage 1is

problematic as it can lead, e.g., to a multiple organ



exanple 7 days, 3 days, 2 days or 1 day before the operation 10 as
preventive neasure. For exanple, the admnistration nay begin 3 to 7 days
bef ore arwonbevosesssi on. The administrati on may al so be eCarred2iomsedi at el y
after the operation and/or ischem a-reperfusion. 15 The conposition may be

to be adm nistered dai ove eriod.of at.l|east days, for exanple at
plegh ettt e S Cheatal el kR T O L e Rt

I nvent ict gy nes tthdba adrinti s iRy ed ety patienitreckheipalgeent may be a
human or 20 aninmal patient. The aninmal nmay be a conpani on animal such as a
dog or a cat. The conpositions may be to be adm nistered topically, orally,

ent er aline aforRss €0t €6Al by. the prEyRInGalilnel i€ 0rP@SEEE0BEeWlils D& or
adm ni stered orally with 25 the normal food intake. WO
2013/ 0GOBYEPCTY EP2022/ 082326 CSheamd deche Incriied N § ovdd i e Hk EOBE CABETBASSI bl e,

t he-.conpositi on. e m_ni st nterakly, . . Vi e
feeging¥3§%£%% %gsg?g E%gggﬁe%%engZﬁﬁ%ﬁ%héiﬁﬁ;é#s%?é??gﬁvfsaﬁg%%%bgéibIe
or not iacthdssedheparlentear,alllyng,5 Hanags és dofeypareent/ermalskadm ni strati on t he
conposition usually does not contain a carbohydrate source, but

car bohydrates may be adm nistered separately, via a glucose drip, for

exanpl e&nhdypixcial by, howerers sthe «bapesi t dor amyche naalm mist ened sasca f ood
product or as a drinkable conposition. 10 As such, the conposition may be
sel ect €4 5915 he group consisting of a food product, a pet food product, a
nutraceutical, a drink, a food supplenment, a powdered nutritional formula
to be reconstituted in mlk or water, or a nedjcanent. 15 Those skilled in

the artfSWi |$XeRE&Fst ahdSt REE AheyV @ ad trEea v ©ofbffe Ja190 FEaE urdY of & he

pragentsdinventd on- descrd bed,her eing i Wt hgup rdgpac hirRg ke the Seopg Of the
invention as disclosed. In particular, features described for the uses of
t he prdsentxidednticons haygsise applicedned t e gsgrepedgiidron ofl tdie 2@ preesent

inventtﬁpegquﬁkﬁgxﬁgrsa. Furtg riad%€?t9ggi aTd fg§tuQ isgf th%ﬂgggﬁfnt
inventiorlu1 re appareﬁff%@%ﬁ%%é) of | %g gﬁpFég. Exa%pl & "8 ek ol d
mal e Spyague-dHaM ays ratsr{Lnae] €s- Ri ¥eaxiafFranedive dyskynesia, brain
injuries such as ischemia, skin photoaging, reperfusion injury
15 or stroke, myocardial infarction, hypertension, heart failure,
epilepsy, hyperhomocysteinemia, physiological senescence,
sepsis, stress following organ transplantation or combinations

thereof.

The inventors have demonstrated experimentally by means of
20 example using a rodent model that the composition of the
present invention can very successfully be used to 1limit
intestinal damages following ischemia-reperfusion (IR), e.g.,
in the splanchnic area. Consequently, 1in particular visceral
organs may be protected by the composition of the present

25 invention.

The effectiveness of the composition of the present invention

follows a dose-response curve.

In therapeutic applications, compositions are administered in

an amount sufficient to at least partially cure or arrest the



25 were used. Animals were received two weeks prior to dietary intervention
for acclimatation in our animal facility. Al animals were kept under 12 h
| i ght / darwoeyr3/m@essat constant roomtenperature in speci Prce/Rratihogsnes f r ee
conditions. They WO 2013/ 000895PCT/ EP2012/ 062326 had free access to a
commonl y used bas di et (AIN93 d tap water. After two weeks, rats
ter o T RS e el GIGHP oF PRVbe it PR GAbeprient A grolipe Y neg
per greouRqdate {b) aShampdighouprid his @rGUpawasaPr ovi ded ceriutalcdilgt for
3 weeks and underwent a sham surgical procedure; (ii) I/R group- this group

was pr GAIEET 8ot k1S et Asrung she s SO VGwed By 1R SSuigiideslSSpr otidcdlol  and
a5 BTy L q We s - ed di | holte
W th a TR Brens T Res et Baa Hal o Py e i et wa R

sur §i calrprotobok sattltdesend raft dicef atyei ntierases | and thAte tweiend ehd he
third week under control or NRC suppl enented diets, animls underwent

ei t her ga?nsq{% pgrtc?dt@dtﬂi RUS é’r?tll/qﬁtg'ur gi cal protocol, which consists of a 30
mn 15 ischemc period followed by a 3h reperfusion period (as described in
Yoshida N. et al. Ml Md e%grt,, 2011 4. 81-86%., At the end. of the

reper f USt o7 YRRV OEC TR IR Wef 618a6ri 1GTEN t hehO86r & Eri Gt yansOwére

col | ectigfer¥aigi enance. A 93M digt €onk abng: 107 ok ot &b - epargy: pr e ded
20 as fat. The essential fatty acids, linoleic acid and al phalinolenic acid
provi dethexrwipearrd 0513% off therd ot afubaergyseatakenr egpeapiyg| yhaltn itshe NRC

i nterventd | di t : ue I 0SS t.0..C r ol
W Elﬁ assupfefgll llecnq;nﬁéaondavﬁeis(%%%e%g%gf%gviyl ?F?gagt ?%% %E]i]ear%]% aﬁe Oﬂle%tabsent
in 25 thelicorddol et af eapsovt ded dafthedsuppbeneat ed ogihgtl aigt iaaiunt s
that are close to fish oil, - 0.3%and 0.2% of total energy intake,

r espectSVEGE I ot Sl 493 it est i feP pP ot 8Fn2SHPEPoXFHE i SRurfad@rPer

catal asgs pitrahe /sJudiFie, (MRG cont enthon AGHHYI HEes Were neasdred 30
with comrercially available kits (from Roche, Sigma or Cayman). EPA and DHA

i ncor pdreatlitdn anet evamedsur ed with standard HPLC et hods and adequat e
commercially avail abl e standards. WO 2013/ 000895PCT/ EP2012/ 062326

15 The compositions of the present invention may be administered
in a a therapeutically effective dose or a prophylactically
effective dose. Skilled artisans will be able to determine
these dosages based on the information provided herein and the

state of the patient.

20 For example, the composition may be to de administered in an
amount corresponding to a combined daily dosage of EPA and DHA

are of at least 400 mg.

EPA and DHA may be provided in any ratio, for example in a
weight ratio in the range of 10:1 to 1:10, for example 7:1 to
25 1:1, e.g. about 5:1 to 1:1.

Preferably, EPA and DHA are comprised in the composition in a
weight ratio in the range of about 2:1 to 1:1. Very good
results were obtained with a weight ratio of EPA and DHA in

the range of about 3:2.



Ei cosanoi ds were quantified by HPLC-MS/ M5 wi t h adequate comrercially

avai |l abl e standards as described in Pouteau E. et al. Nutr Metab, 2010 7:8.
Al'l the debaomresst ed herein are expressed as nmean SERCTEPSaapers2son of
the three groups was nade using Student's t-test for unpaired data when

iate. Dtf i dered statistically significant for P
val ue 40° 05 L Wb 701 3F600BSSRET/ EBY015/ 083376 ReSil T s “Tabl 671 a and B'gi ve

the |i pichibliend @descriinpt benuand naburespbnfiahly a6i da codnaiinesd &aillsi pid
bl end conposition Control (% of total fat) NRC blend (% of total fat) Corn
oi | 35 intedn®bhitherays DHA of about 2-5 g, for example, 3-4 g.

For best results it is advisable to administer the
5 compositions of the present invention consecutively over a

period of several days.

If an operation is planned, and in particular if an ischemia-
reperfusion is foreseen, the administration may begin for
example 7 days, 3 days, 2 days or 1 day before the operation

10 as preventive measure.

For example, the administration may begin 3 to 7 days before

an intervention.

The administration may also be started immediately after the

operation and/or ischemia-reperfusion.

15 The composition may be to be administered daily over a period
of at least 3 days, for example at least a week or at least

two weeks.

The composition of the present invention may be to be
administered to any patient. The patient may be a human or
20 animal patient. The animal may be a companion animal such as

a dog or a cat.

The compositions may be to be administered topically, orally,

enterally or parenterally.

Typically, the compositions will be administered orally with

25 the normal food intake.



Soybean oil 50 50 Fish oil 0 20 Sunflower oil 0 23 b. Lipid blend
conposition Control (% of total fat) NRC blend (% of total fat) SFA 21.7
20.1 WO 2013/000895 PCT/EP2012/062326

Should the normal food intake be not possible, the composition
may be to be administered enterally, e.g., via tube feeding,
or 1n severe cases, where enteral administration 1is not

possible or not advised parenterally.

5 1In cases of parenteral administration the composition usually
does not contain a carbohydrate source, but carbohydrates may

be administered separately, via a glucose drip, for example.

Typically, however, the composition may be administered as a

food product or as a drinkable composition.

10 As such, the composition may be selected from the group
consisting of a food product, a pet food product, a
nutraceutical, a drink, a food supplement, a powdered
nutritional formula to be reconstituted in milk or water, or a

medicament.

15 Those skilled in the art will understand that they can freely
combine all features of the present invention described
herein, without departing from the scope of the invention as
disclosed. In particular, features described for the uses of
the present invention may be applied to the composition of the

20 present invention and vice versa.

Further advantages and features of the present invention are

apparent from the following Examples.

Examples:

8 week old male Sprague-Dawley rats (Charles-River - France)
25 were used. Animals were received two weeks prior to dietary
intervention for acclimatation in our animal facility. All
animals were kept under 12 h 1light/dark cycles at constant

room temperature in gspecific pathogen-free conditions. They

10



MJUFA 26 23.2 PUFA 52.1 52.9 Oher 0.2 3.8 WD 2013/ 000895PCT/ EP2012/ 062326
Tabl e 2 summari zes bi ochem cal neasured nmade with ani mals (n=8/group).
Assays SH®I2013R0D$IR + |ipid blend (* when statisticallyPdirfiPesient23té om

had free access to a commonly used basal diet (AIN-93M) and

tap water.

After two weeks, rats were randomly assigned to one of three
different experimental groups (n=8 per group) i.e. (i) Sham
5 group- this group was provided control diet for 3 weeks and
underwent a sham surgical procedure; (ii) I/R group- this
group was provided control diet for 3 weeks followed by I/R
surgical protocol and (iii) I/R+ NRC 1lipid blend group- this
group was provided diet supplemented with a lipid blend
10 (described below) for 3 weeks and underwent I/R surgical

protocol at the end of dietary intervention.

At the end of the third week under control or NRC
supplemented diets, animals underwent either a sham procedure
or an I/R surgical protocol, which consists of a 30 min
15 ischemic period followed by a 3h reperfusion period (as
described in Yoshida N. et al. Mol Med Report, 2011 4:81-86).
At the end of the reperfusion period, animals were sacrificed

then sera and organs were collected.

Maintenance AIN-93M diet contains 10% of total energy provided
200 as fat. The essential fatty acids, linoleic acid and alpha-
linolenic acid provide ~ 4.4% and 0.3% of the total energy
intake respectively. In the NRC interventional diet, we kept
these values as close as possible to control with a specific
blend described below. In addition EPA and DHA while absent in
25 the control diet are provided in the supplemented diet in
amounts that are close to fish oil, ~ 0.3% and 0.2% of total

energy intake, respectively.

Total small intestine protein, superoxide dismutase, catalase,
nitrate / nitrite, MPO content or activities were measured
30 with commercially available kits (from Roche, Sigma or
Cayman) . EPA and DHA incorporation were measured with standard

HPLC methods and adequate commercially available standards.

11



| /R group) Total protein (ug/ng of intestine tissue) 4.88 0.26 4.45 0. 27
4.900.36 * SOD Units /100 ng intestine tissue 408.4 18.9 371.4 41.6
476. 416. 5w0 20E8%oosys| / m n/ 100 ng i ntestine tissue PCT/EP2012/062326

Eicosanoids were quantified by HPLC-MS/MS with adequate
commercially available standards as described in Pouteau E. et

al. Nutr Metab, 2010 7:8.

All the data presented herein are expressed as mean * SEM.
5 Comparison of the three groups was made using Student’s t-test
for unpaired data when appropriate. Differences were

considered statistically significant for P value <0.05.

12
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Results

Table la and b give the lipid blend description and nature of

fatty acid contained.

a.

380 66.9 372.6 62.1 482.390.6 * Nitrate / Nitrite uMg intestine tissue
27.4 19.5 37.6 29.5 13.79*

MPG ng/ng intestine tissue 43.3 9.3 98.1

PCT/EP2012/062326

Lipid blend

Control

NRC blend

composition (% of total fat) (% of total fat)
Corn oil 35 0
Cocoa butter 15 7
Soybean oil 50 50
Fish oil 0 20
Sunflower oil 0 23
b.
Lipid blend Control NRC blend
composition

(% of total fat) (% of total fat)
SFA 21.7 20.1
MUFA 26 23.2
PUFA 52.1 52.9
Other 0.2 3.8

13




36.6 103.7 32 ROS(MFI) Neutrophil nean fluoresence intensity 41.3 5.5 47.8
3.7 42.54.8 WD 2013/ 000895PCT/ EP2012/ 062326 Non-esterified EPA (ng/ ny
ti ssue) NWO2B/BOBS. 827. 1 492. 3 240. 6 PCT/EP2012/062326

Table 2 summarizes biochemical measured made with animals
(n=8/group) .

Assays SHAM I/R I/R + lipid
blend

(* when
statistically
different from

I/R group)

Total protein 4,88 £0.26 4,45 +0.27 4,90 +0.36 °
(ug/mg of
intestine
tissue)

SOD 408.4 +18.9 371.4 +41.6 476.4 +16.5

Units /100 mg
intestine
tissue

CAT 380 £66.9 372.6 £62.1 482.3 £90.6

umol/min/100
mg intestine
tissue

*

Nitrate / 27.4 +£19.5 37.6 £29.5 13.7 %9
Nitrite

uM/g intestine
tissue

MPO 43.3 £9.3 98.1 £36.6 103.7 £32

ng/mg
intestine
tissue

ROS (MFI) 41.3 £5.5 47.8 £3.7 42.5 $4.8

Neutrophil
mean
fluoresence
intensity

14



* Non-esterified DHA (ng/ng tissue) 73.228.3 69.623.3 152.2 69.6 *
17, 18-EEP (ng/ng tissue) 0.30.2 0.20.1 3.1 2.1* TXB3 (ng/ng tissue)

0. 140. 08 WODR43/08898. 50 0. 37 * PCT/EP2012/062326
Non-esterified 95.2+444.8 69.8427.1 492 .3 +240.6 *
EPA

10

15

(ng/mg tissue)

Non-esterified 73.2%£28.3 69.06x23.3 152.2 £69.06 *
DHA (ng/mg

tissue)

17,18-EEP 0.3+0.2 0.240.1 3.1 £2.1 *

(ng/mg tissue)

TXB3 0.14£0.08 0.14+0.03 0.50 £0.37 *

(ng/mg tissue)

Conclusions

Our study demonstrate that our particular lipid blend enriched
with omega-3 fatty acids can (e.g., when incorporated in a
food matrix) 1limit e.g. intestinal oxidative stress related
damages following ischemia-reperfusion (IR) in the splanchnic
area. Interestingly, NRC lipid blend fed animals display a
higher expression of enzymes of the oxidative stress machinery
and lipidomic analyses of intestinal tissue clearly show
global increase of antiinflammatory lipid metabolites. The
present results show for the first time how a dietary
intervention can modulate eicosanoid formation and limit

events associated to IR damages.

15



Concl usi ons Qur study denonstrate that our particular lipid blend enriched
with onega-3 fatty acids can (e.g., when incorporated in a 5 food natrix)
limt e.gwoint3wbsonal oxi dative stress rel ated damages PaolriEPeI12©62326

i schem a-reperfusion (IR) in the splanchnic area. Interestingly, NRC lipid
bl end fed animal s display a higher expression of enzynes of the oxidative
stress machinery and |ipidomc ana£§%§2§e+ intestinal tissue clearly show
10 gl obal increase of antiinflammtory |ipid netabolites. The present
results show for the first tinme.how a dietary jntervenption.can nodul ate

G cosano; t-f ST trt-Ghat PPRF E S A0 gn P L STt SR e T o5 K Bk Ee =18 o

2013/ 000895RCH EP2012h062326: £Eakment 1. pLOIPASE bhonCoAPIESE AY: BHA and EPA
as active ingredients for use in the treatnent, prevention or alleviation
of oxi dati veXtdedss anditdiestel anell i sddertsq ndz{;cwd@rs induced by

5isghenia-r k{ i _0l . -Q§ition for use in accordance with claim1
DRt Dk erfer (R

conpri si ng na welght ratio in the range of about 2:1 to 1:1
preferably about 3:2. 3. Conposition for use in accordance with one of the

10precedi ng ¢l al T8 wher &l . DHA aﬁi’ %@’&f&g Béo%ﬁgﬁdcgﬁi’m ? o %‘hss%rgce
conprising marine oils, such as fish oil. 4’ Conpositiron for use in
accordance WHM obdi DHA, iwher eicni dihe tapid saurte camre seS ebocoa hbutlt er

soybean oil, fish oil and sunflower qil. 15 5. Conposition for use in
accor dance W% M ci-aithsA S haereid® e 1%90i d source conpri ses about 5-10
wei ght - % cocoa butter, about 45-55 wei ght-% soybean oil, about 15-25

wei ght-%fish oil and about 20-25 wei ght-% sunflower oil. 6. Conposition
for us€-in &CEBCFARCE W thP €l &SR 3, Lwhefefprdance with one of  the

10 preceding claims wherein DHA and EPA are provided from a

lipid source comprising marine oils, such as fish oil.

4, Composition for use in accordance with claim 3, wherein
the 1lipid source comprises cocoa butter, soybean oil,

fish 01l and sunflower oil.

15 5. Composition for use in accordance with claim 4, wherein
the lipid source comprises about 5-10 weight-% cocoa
butter, about 45-55 weight-% soybean o0il, about 15-25

weight-% fish o0il and about 20-25 weight-% sunflower oil.

6. Composition for use in accordance with claim 3, wherein

20 the lipid source comprises about 18-22 weight-% saturated
fatty acids, about 20-25 weight-% monounsaturated fatty

acids and about 50-55 weight-% polyunsaturated fatty

acids.
7. Composition for use in accordance with one of the
25 preceding claims, wherein the oxidative stress related

disorder is linked to the presence of free radicals in a
body such as +0°7, the superoxide anion; H;0,, hydrogen

peroxide; +OH, the hydroxyl radical; ROCH, organic

16



20 the lipid source conprises about 18-22 weight-% saturated fatty aci ds,

about 20-25 wei ght-% nonounsaturated fatty aci ds and about 50-55 wei ght-%
pol yunsatwoabshobsst y aci ds. 7. Conposition for use in actmpdanmesaéth one
of the 25 preceding clains, wherein the oxidative stress related disorder

is linked to the presence of free radicals in a.bo su s 02-, the

super oxi de i}ﬁ%nqppel%%,dceﬁydr &4en pe?g;ﬁoéé; Olt—flgfﬁﬁg%ﬂ/dr;% "t adiFEA1 % RooH,
organi ¢ WO 2Q13/200895RCT1 FP20412/06232m hyss oper oxinde; R@e @ :kaxradiccal s;
ROO, peroxy radicals; HOC, hypochl orous acid; OONO-, peroxynitrite; and/or
NO.. 8. ConpésitdToAG'or use in accordance with one of the 5preceding clains
in the treatnment or prevention of oxidative danage to intestine,liver,|ung,
heart, kidney, and/or skin. 9. Conposition for use in accordance with one
of the Srecéd@Mmysdltai 8, Hwher &iTet hé oxFEatT ¥enst¢ e¥s Flel aedl 20diSbeder is
sel gcted from tcfégaig{egoupclcaoﬂﬁé stiNg.9fc ap, lnf gomat of F‘%%D\PQE%JO% oxicdative
stress, retinal degeneration, mtohornesis, atherosclerosis, anyotrophic

| at eral scl ersosils t(AlS)damaldd pt e sclrereasiisng,MS)1ivwer dr éueh’, s atesaxita,
tardive dysl?/,nesi a, brajn injuries 15 such as ischem a, skin photoaging,
reper f usi on TR %Y oke Thyocardi al infarction, hypertension, heart
failure, epilepsy, hyperhonocysteinem a, physiological senescence, sepsis,
stress foll ow ngaor,gan transpl antati on or conbinations thereof. 20 10.

Conpositi on SUFP GSe FhO&cclor dance® wi-th dNECS 3 RE Sprietedi My el &ifns 86 1i mit

intestinal dammges Jp| Lowing, | sghert anreprr fugiaatliB) . s€rdss Ik 1lheq
spl anchnic area. 11.” Conposition for use in accordance with one of the
prdfedi ng cldism,dasherei nsEPAchad DHP rar ¢y ovirdes | poas2s5tdandy doserof at

| east 400 ”gmflfamwcﬁ osition for use igxal_c&or dance with one of the

precedi ng clains, erein fﬁ%p(%lr?peom i 58S T 6" be “Adni hi st er ecicetfaliqayl over

a period of aigdreasitidrdaysitbabrexanpl e athdéeastlarweek, orangiodeastii d wo
weeks. WO 2013/ 000895PCT/ EP2012/ 062326 13. Conposition for use in
accor dance Wa¥FiGHe ofCtR&EprecedifgSer ai mBiltePbe adiftistered téSHuman or

pets, for exanpl g compani gpanimals, spch a3,499%e95 CalSrain injuries
15 such as ischemia, skin photoaging, reperfusion injury or
stroke, myocardial infarction, hypertension, heart

failure, epilepsy, hyperhomocysteinemia, physiological
senescence, sepsis, stress following organ

transplantation or combinations thereof.

20 10. Composition for wuse 1in accordance with one of the
preceding claims to 1limit intestinal damages following

ischemia-reperfusion (IR), e.g., in the splanchnic area.

11. Composition for use in accordance with one of the
preceding claims, wherein EPA and DHA are provided in a

25 daily dose of at least 400 mg.

12. Composition for use in accordance with one of the
preceding c¢laims, wherein the composition 1s to be
administered daily over a period of at least 3 days, for

example at least a week or at least two weeks.

17



14. Conposition for use in accordance with one of the 5preceding clains to
be adm nistered topically, orally, enterally or parenterally. 15.

Conposi t iwo 2bmwooo®e i n accordance with one of the prece#cmErediaions2eher ei n
t he conposition is selected fromthe group consisting of a food product a

pet fo oduct nut raceutical, a dri a food_suppl e
Powder o Ut TR S € BPmA als 3 e s dRREPE BN T FB- D Gmdr B
medi cament. preceding claims, to be administered to human or pets,

for example companion animals such as dogs or cats.

14. Composition for use in accordance with one of the
5 preceding claims to be administered topically, orally,

enterally or parenterally.

15. Composition for use in accordance with one of the
preceding claims wherein the composition is selected from
the group consisting of a food product, a pet food

10 product, a nutraceutical, a drink, a food supplement, a
powdered nutritional formula to be reconstituted in milk

or water, or a medicament.
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