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WO 2007/ 147899PCT/ EP2007/ 056277 1 DHA ESTERS AND USE
THEREOF | N TREATMENT AND PREVENTI ON OF CARDI OVASCULAR
DI SEASE 5The present invention relates to

Qﬁ%m%genm c acid (DHA) esters with al COhP(':ﬁEPmom 56277
osen anong the group-B V|;an1ns or provitam ns suc

as nicotinyl alcohol (B3), panthenol (B5) or inositol
(B7), or isosorbide or isosorbide

nononi trate, andi nparticul arpyridin-3-ylnethyl 10
docosahexaeneoate, and the treatnent and prevention

agaa 385 ARTTRE Al N R RRnfl AXBEH Bhvyon or

acids, in partlculaeREP@w&HdHEHADadEaﬂmageously

purified and concentrated in the formof ethyl ester,

are known for their potential use in 15 the treatnent

of ceameaigraRindi ovasGiiah dseases Ndddbddt@xacncic acid
modul ati on of corresponding risk factors. In . _
P QAters Pheh aleoknbifiarerhemppeatmefiryfp-B vitamins

dYPBEb PLARM A, stl}zﬁaeracsl,wh@é&@mhenh@cm (B3), panthenol
hypertension. Cinical trials carried out wt

(B20r mubat | dpgstont ai KPAY a Rifgh i20seshééat r ari orsofsorbide
P et est {-S,..havi Suf
ﬂ%ﬁ%nﬂ%glgFAn Q%g gﬁo dQQ% fghfir cﬂxﬁ§{§gnéthyl

myocar farctlon elr :effectiveness-i
doa@@@hﬁgaﬂne©e¢¢¢yaadd1ﬁkm @@gtpéumame %uddendmwmtun the
These %sults attrlbute

HBEEerE g R T B P thER  Trad s topBases-
ventEheub&@g&aﬁdpomyﬁﬁgﬁtuxaﬁéa vwhitelh predent ihhearticular
peara of . mal i nant arrhythma in the presence of
sBRPRLADE Sy el d P AL A ' DERRERRICE B tne
forfnalcet | @ @r ddrexpesidrerb@ln mogel snavi CEOE@IPE[MUC@se in

such conditions. In addition, it is also known
tQ@c&F@ﬁﬁﬁePB BgtéﬁFtéena%%¥¢%ﬁﬁQ%ﬂ$1%D dnpazpaysasmd in the

mbhal 2 PNG, ang: ERA-8LbYbn 8SILr $16RN Do tused tH, pEzt%\f@QEular,

auricular fibrillation. However, surprisingly,
thaventagies ofnawie plﬁleseﬁbeaprilfleélétﬂﬁﬁﬁ hale divpeovépedenia,

niBat R and FRA A0 noly havg Lhe.same ef fepln oty trials

carried out with *formﬁlatiqns containing a high

concentration of EPA and DHA ethyl ester on patients having

Suffered a myocardial="infarction’ showed their reffectiveness™

in redu01ng mortallty and in particular, sudden death
These results “were attrlbuted in part to-‘a stablllzlng
effect on the cell membranes of ventrlcular cardlomyocytes,
which prevent:the“appearance of mallgnant arrhythm}a in the
presence of iseheﬁiczmyocytes, as seen in patients following
an infarbtion oF in experimental,models which reproduce such.
conditiens.

In addition, it :is also known according to patent.
application WO 2004/047835 that DHA and EPA ethyl esters can
be used to prevent auricular fibriliation. However,
surprisingly, the inventors of the present application have .

discovered that DHA and EPA do not have the same effect on

P
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WO 20071147899PCT1EP20071056277 2 auri cul ar
fibrillation: DHA has a nuch greater effect on
auricular fibrillation than does EPA. Thus, it is
tageous to use DHA al one than a mi x{
%&k%g?%M%@A in the treatnent of auricular ﬁxﬂsﬁa&&m&n77
fibrillation and, undoubtedlfy, 5 in the treatnent of
nost cardi ovascul ar -di sease. The group-B
vitam ns covers hydrosol ubl e nol ecul es bel onging to
werycdiffereébrithenioal OHAsSes, Hutuehl drsteg asffect on

mai n f nct i capability to control zymatjc 10
TRELGT L Tos Ty aPE I PR (T el 880 1AM THBSE: vi 4 anitfs more

aﬂeaﬂsﬁr@@bug hianidie i#8l)al onlebafaaVian riB2):ireNb8CHAR and EPA

} pant hot heni c_aci d (B5) %rldOX|ne (36), biotin

ess he oF Fe2 HRETH- @ﬁ%&%%ﬁ& Bl ki B, ¥sFREbtedly,

Of Otip= B M A+3HNnRS 02NElo PF OVA BN hAE advantages

related to their functions. In particular, nicotinyl

al cohol 1s the al cohol derived fromnicotinic acid

(vitam Ity i y t tip]

aci d |ﬁptE§%W§nEn géggﬁiﬁfcog?ﬂ¥%£agﬁﬁiﬁ}Q%%bgglIaéfecules

b@k&nqnng:;qavwaWEdl§ééubme @ﬁemﬂan)diaﬂsssnlhuthall having
n _be nt hesi zed fr tr

g?fe %X? P nct Qrl %Hé <¥P 8ﬁjﬁ€%ttb lCOHﬁfql agymatlc

i vé hera I'c I"oweri éro

| guiaintittices. sryymhﬁ&! zee Uoyiet h@tbﬂ:(ib)l.ls?ﬁhUS['hepsl‘eO\/&aS:aﬁrﬂns are

be Tessenti al |n t eting.25 . .chol ester and/ or |

T3NSty cef PRI 2g?ETnB%6% gg? Vo ne%%&nlsﬁPQQF“ (B3},
@umﬂidtrueslamadclldﬂh(sn)t S Ibﬁsldcstlaﬁase(@et) freeofattyssy, rolic
aci ds from adi pose tissue, eadlng to a decrease in

AR &Ny 286i 8YaURHIRA 1 IHE P ver. Since fewer fatty
acids are esterified 30 into triglycerides, fewer

will be incorporated in |lowdensity |ipoproteins
( LDLYhet hareureducV hgaims cheflesterditamdpes| Siavier . sdsantages

1341%%*&‘3% [E%‘i‘g %Eﬁ&tﬂé&é’t 'fﬁcpéxcdl%dlﬁ%reﬁﬁﬁégﬂl alcohol
.chol esterol Ievels. appreci ab y, nost
is the alcohcl derived from nicotinic a01d (VLtamln B3y. It

is rapidly converted into nlcotlnlc acid in the human body.
,Nlcotlnlc acid, also called niacin, 'is a water- soluble

g:bupsB: vitamin that can be 75ynthesized from tryptophan.

Howewer, the effectlve therapeutic doses for purposes:‘of

lowerlng cholesterol and lipids are higher than_ the

'quantltles synthe31zed by the body. Thus, an oral supplement

proves’ to:,be _essentlal in targetlng the lowering of
choleste{ol and/er triglycerides. | . )

In terms of action’ mechaﬁism, it is sus?ecﬁed, that
nicotinic acid inhibits thezrelease:of freé fatty acids from
adipose tissue,. leadiﬁg tp a decrease in tﬁe fatty acid
supply to the livei. Since fewer fatty acids are esterified
into triglycerides, fewer will be incorporated in Iow-
density lipoproteins (LDL), thus reducing LDL cholesterol
levels. It has alsc been noted that nicotinic acid increases

HDL cholesterol levels . appreciably, most likely by
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- peripheral vasodil ator. - Sur risin%gy

WO 2007/ 147899PCT/ EP2007/ 056277 3 i nhibition of the
catabolismof this formof HDL chol esterol. I n
particular, nicotinic acid has a strong peri pheral
W@%Aﬁb r effect. Thus, the intravenous in.i)@f/ﬂﬁﬁmsszw
of nicotinyl al cohal afteg its conversion InRtoO
nicotinic acid | eads to vasodilatation favorable to a
drop in arterial pressure. Nicotinic acid is

wi dely used in therapies for |owering chol esterol and
Linpidstidd®l t oHas tdleso dembodiewn tdfat thicoti Abemaciod  HDL
can_be _conpi ned with HMG CoA reductase inhibiters,
§E€ﬁeﬁge§? tins, for exanple, in cases in which the

| oner ingpett cheol £st ef oty ithess dHWaCoA & eebied as@ripheral
inhibiters does not prove to be adequate. Such a '
BARHHRR O S S5E -pehBEFci aftSheM g 8Upendtietion  of

hieprihe ebfeqist ofreach: CONBOMLE AI® SOUNtniddtinic acid
Eartlcu ar lowering LDL cholesterol with statins and
8148 ngoHDVae¢idl lededd ol WP hsd6t | 7P c faciepP | An  arterial

, ?gggg&ﬂgl nicotinic acid is suitable for the

reat ment of m xed dyslipidema and is thus capable
of i Mfiamniciingabethisheléstersiecand 20erppgtycers deowering
Level s. RPant henol "is the al cohol derivative of
%%%f%ﬁ %ﬁﬁ%:%&giggpﬁ%gé comonly known as vitam h i 35.
In the body, giant headh- shSwihr atisdtor medotiie acid can be-
ant ot heni qvaci d. .Pant ot hepi e aci.d,then becolNes a .
Bt i =GP e A 5 CaBpy e 2 i L
f&r obxpavid Culmr casder 85t whiticethall aswaetrapald Stholesterol
Indeed, It takes part in the_ netabolismof ripids,
Redr BRRSRIr BHEECoh d- Ut EISes  PAR R8BI dgPSonOT . Prove to be
PRl piat 8ci N at heodiOimBticdn 84n aget h&aholid@ianghen the
adrenal . steroids. It also acts in the ‘
Qﬁﬁ%ﬁ@qﬁ(ﬁﬁqmnﬁhﬁ @Eﬁ%ﬁ@ﬁ_%@ Bé@be§0ﬁﬁﬁum® ﬂé§i§éaﬁbéf in
B84 N AG QByering 1ol NORItQ Wit §ALA B /ML IZ8% 55ing
fats by preventing their accunulation. It also has an
Enxi dioftasteabllewt thi piser bl at @sid hel merddius. gystrgmotinic
{HE&thEJdﬁ%%ﬁlénfoit}ﬁ%“%féﬁ%ﬁént4o?'899e&”§ fﬁ’%&@%&a and
Tevel.” I'tis inplicated in an increase in rotonin ,
ixctivhuy, capdirlel off | ntx@oeddailgr daltdi umholesterol and
_gonggntratiog npi ntenance of cell menbrane potenti al
Ad &yEGSREI T Tssenbl y . | sosor bi de, "in

part ibadkBEnd BOSAY bitde MEDOShEY atdrivatavpover f Wantdthenic

_ , the o
FGHFent BPES hFABHPLEovER S t RGt HbtPEHhexdenot® ddidd o9y
dabiAknest 8ks twhhBrala&hol 5t€hpserod@NG. HQWR- Bantothenic
vitam'ns or provitamns such as nicotinyl alcoho]
3CBY) , tpant hererm¥B5)2 arfd IpdsFeBF (B75% oL withk ~ compound

doR039hbI de Ofnt spSadi de_ HRAANILIGLE 13 RRE I 4l Be11utar .

pyri dr ne-3-yl met hyl docosahexaeneoat e p
medebos abexadndieedaci gt ( Diakesespart wiitth imheotmengbolism of

._I?%%QO' ), cﬂéﬁq}%ﬁé’a&e%i gniafrliéica%ré%iﬁ’é Ly Vﬂa&f&h&ﬁ%ge“ also

caf di ovasc sease. ccor di ngl _
phirtstimspect int hbee fogmprovnded acedyoshhbkaenand adrenal |

cid.ester._with_ an_al cohpl % se mong the ro%f . .
S?Sﬁg%g?in&tof:fs%aﬁfﬁgndPlo% %he ?éﬁ ﬂmmcﬁgl?%rﬁh gfpreion
bodies and in resistance to infection.

Tnositol (vitamin B7) mobilizes fats by preventing
their accumulation. It also has an anxiolytic effect, it

stimulates the nervous system and the liver and it decreases -




and isosorbide of the following fornmula : and

i sosorbide nononitrate of the follow ng fornula: 4a

| nasecondaspect, t her ei sprovi deda docosahexaenoi c acid

ester with panthenol. In a third aspect, there

is provided a nethod of preparation of

docosahexaenoi c acid ester 4as defined above by

transesterification of docosahexaenaqic, acid eLQyI :
blead ephiM e H-H2L alC6Hol dhosen racrease Lo
sef@@éﬁ?ﬂin%c@&v@@QFheQQﬁﬁnkﬁpsoébidQn@@@cb&Q&QébidQﬁlcium

nononi trate. In a fourth aspect, there is
coprovitedien phue ncerdreal cforfiosh t PeRLEINDr PetRgtial and
Cy?gg Sﬂ@&&?%ﬁg&ﬁﬂﬁ‘:d ester as defined above and at -

east” one pharmacéutically acceptabl e exci pi ent. .

I n asésdticdrspent ,pdhereailiss praovdadgd dg mononitrate, 1s a

docosahexaenoi c .acid ester as defined above or a
po%ﬁﬁf éﬁﬁ%éﬁﬁ“%%&ﬁﬁ§%ﬁﬁgﬁogécording to the fourth

aspeeipriHingisg astide drligventors have discovered that

| nasi xt haspect, t herei sprovi deda docos hexqfn iclaciqmseIl
doges arer@e el netfisho& ey pEri-Gifie- ¥ ne $ého s °
andRGOSANRYAGN03E amOfi s @ RhapPBGeHbhCat GRIMIOShEI Oficotinyl

according to the fourth aspect, for use as a _drug for .
alehizobr ebeniti operpRRETL t KBAY metd of NEELEPbvadtilrar or With
isgésfgfg r%h@teQSggoggfaé rydAR: il ot he prevendiontuiar

and/ or Treatnment of diseases represented by defects .
pyt hd Bhees £y metdndu cd ¢ ors dlre rpeocaratical {datdshep@encie acid
_prevention and/or. treatnent, o [ tiple ri fact ors.
(DHB} E&FGFoVas um&&°&%&g§§§%¢§hég A §ﬁﬁﬁb:65%% G Frcant
achypetfriglycesdgiant ao hyppeitensicanarhypsebspi dem a,

dyslipidema; for the treatnent and/aor  4b grinarx.grd

sechREAFY- pFErent o of LE3F diPGPESEUI dridiS%sehde PTOVIAEE @

dodeLinedafxom heard sdwd-hmydisosglesicall/ ofhd®¥n among the
treatment postinfarction.

grbnpsevent fbBpecf t her ei sprovi deda docosahexaenoi ¢
- §8£9h$ﬁ$froﬁst eff65¥$d1 V& 1Ry di ne-3- yl met hyl

ocosahexaenoa or a pharmaceutical conposition
according to the fourtkydspect, for use as a drug for

t he preventionPR? 0 eat mnt of aurjcul ar
fibrillation. \ A N, OH
o

r t
edl
7 Ch,

and

- isosorbide of the following formula :

HOQ H
|

- O
H OH
and

- isosorbide mononitrate of the following formuia:



Thus, the present invention relates to a
docosahexaenoi c acid ester with an al cohol chosen
anong the group-B vitam ns or provitamns,

-advant ageously conprised by: - nicotinyl alcohol of
the following fornmula: 7-_..panthenol of the
following formula: OH - indsitol of the follow ng
formula: WD 2007/ 147899PCT/ EP2007/ 056277 5 or

with isosorbide of tH& foktowing formula: H'OH or

I sosor bi de nononitrate ithe following formula: 1-10
5H ONQ2. Advant a y thhe ester according to
the present invention¥ys gyridn-3-ylnethyl
dacoSahexaeneoat e of fapt'owng general forrmula (1):

In a second aspect, there is provided a
docosahexaenoic acid ester with panthencl.

Inr a third aspect, there 1is provided a method of
preparation of docosahexaenoic acid ester as defined above
by transesterification of aocosahexaenoic acid ethyl ester
with the alcohol chosen among the group consisting of
'pénthenoi, isosorbide and iscsorbide monconitrate.

In a fourth aspect, there is provided a pharmaceutical
composition comprising docosahexaenoic acid ester as
defined above and &t . least one pharmaceutically acceptable
excipient.

In a fifth éspect, Lhere is provided a doccsahexaencic
acid ester as defined above or a pharmaceutical composition
according to the fourth-aspect, for use as a drug.

In a sixth aspect, there is provided a
docosahexaenoic acid ester as defined above or pyridine-3-
ylmethyl docecsahexaencate, or a pharmaceutical composition
according to the fourth aspect, for use as a drug for the
prevention and/cer treatment of cardiovascular diseases
related to heart rhythm; for the preventicn and/or
treatment of diseases represented by defects in electric
conduction in myocardial cells; for the prevention and/or
treatment of multiple risk factors for cardiovascular
disease, chosen among hypertriglyceridemia, hypertension,

hyperlipidemia, dyslipidemia; for the treatment and/or



(1) The present invention also relates to; a nethod
of 15 preparation of the docosahexaenoic acid ester
according to the present invention, in particular the
pyri di n-3-yl net hyl docosahexaeneoate (1) according to
the present invention, by transesterification of
docosahexaenoi c acid ethyl ester wwth WO .
2007/ 147899PCT/ EP2007/ 0562#F 6 an al cohol chosen
anong the group conprised of nicaotinyl,.al I .
PIpEALHerf 36 SOARTBY dB=TSBRbPBI de rrcoaynréiﬁ‘l%tv%%{agd%ﬁd disease
del 198kt of yor@dNantagaoMsh, Wi tdb Ri€qt | ayd/@t cabel .treatment
Transesterification can be carried out by nethods
possinfaBckndWwn to those persons skilled in the art.
Adv§gtaggousggveBEgnse§g§éé{;catﬁgﬂxgccqmglngggdvﬂdya a
present rnvention iIs carried out in the presence of a
docabahystenddvaatadeoasty, asudhf anedt A gEtr @ pyridine-3-
al kal Lne-netal carbonate or. al Kajl.ine- : ar 3
ylE&@Eﬁ%aé%ﬁﬁ?l N oA vicecl %6v§%t§%%%ﬁ% y}ﬁtég‘ﬁg ar Fution
adcationel tal kald nesumiral a gardignater orsal kal &ndrear ther the
carbonate to DHA ethyl ester is.in._the r@ngg of . 1/1
PrEgest1onAgVAAP RGEBRAYIEN Y (i RuTdrUrati 5 3F Thtdshdt - t o
DHAreLhyl eshgr ispidsdifie rangeeefidd 1 teebideseveno a
nore advant ageously the nolar ratio of nicotinyl. 15

doabsehekatnoDEA el fHyPsBet e¥ifR #R hethahgd: et /amqyy the
611 -Adyant ageously, [AASES A1} GRIILAR 15 ASkI M sed

grngcgrrYéi %ﬁﬁsi %kargé vé%ﬁ, 2dvant ageous! y cgosen G

pyamong di oxane or , THF;, advantageously THF is chosen.

Advant ly, THF.is d d i bubbl i ng.
- BosReOTe ARVIE LaebuSty e 06 CAETIBA M xture | <

heat ed under reflux, advantageously for at |east 14

houts. . | ?ﬂ%ther speci fic enbodi nent of the
i fjve on, e 1- catalyst of the
~tansgsterification nethod according to' the

N

>

~.panthenol of the £ollowing‘f¢rmulé:

OH H
H.C | R
" CH, ©

and

- inositol of the following formula:



10

15

Present invention is a |lipaSe, advantageOUsly a
.Candida 25 antarctica In particular, the |lipase is
in an i nmmobilized form Advantageously, the |ipase is

). sold by Novo Nordisk. Advant'ag
eﬂézgﬁ%#on takes place in_a nedlunwmnthout§§%$%%ﬁ?@ﬁn77

or in a solvent such as 2- n%thyl 2- but anol or
acetonitrile, advantageously in a 30 medi um w t hout
solvent in the case of nicotinyl alcohol and in a
sol Hént i nophe case of panthenol. Advantageously, in
inositol, the solvent used is an ionic
qu such as 1-butyl-3-nethylim dazoli um BF4
—~OW%p 2007/ 147899PCT/ EP2007/ 056277
3- et gyti.m dazol i um C(CN) 2. Advant ageously, the
reagbl on pekes place at a terperature higher than
room tenperature, advantageously at 60 C
Advant ageously, ethanol is elimnated durlpm)thﬁ 5
reacti on, advantageously under a vacuumor b
ni trogen bubbling, even nore advantageously By
‘nitrogen bubbling. In this way the conversi
i ncreased, the reaction IS accelerated and tHe : T
SItIC hyd a e ted. H OH
ﬁg J%hfﬁﬁgéuéfy ? nnﬁ%%q %8 o?r 1'¢ohol to DHA
et hyl ester |s betmeen 1 and 5, advantageously

bet we d ousl t he
Peea G B PO ME T Pdr Chey RBLTC A T 100
HOur sy advant ageously between 1 hour and 72 15 hours,
a anta ously between 1 hour and 48 hours, even nore
agvaniageously between 1 hour and 3 hours. In
anot her gpecific enbodi nent of the nmethod according
toQ@hé Present invention, the transesterification
_reactHon(DNOQKes pl ace in an anhydrous solvent, in a’
non- anhydrous: 20 solvent in the presence of a wat er
trap such as, for _ -exanple, .lithiumchloride,

My 2 or -Silica gel, or w thout solvent in a dry.

atnoéﬂﬁéﬂ%aquP%ﬁﬂssthe hyéi-6FysPECPE&ERT orfd s the Prééeﬂt
@ﬁeﬂ%@@hed iday ﬁf%&d%ﬁﬁyﬁyﬁb%thyl docoSahexaeneoate  of

follow1ng general formula (1):

()

The present invention also relates to. a method of

preparation of the docosahexaenoic acid ester accofding to
the presentl invention, in particular the pyridin-3-ylmethyl

docosahexaenecate (1) accerding toc the present inventicn, by

- transesterification of docosahexaenoic acid ethyl ester with
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. gont FAuGHST
chbelactiye tREredbBhbsteri ficdkigl &Te'tlﬁo@aﬁf%@bﬁdlng to’ the

- Advant ageously, the transesterification reaction
takes 25 place with pure docosahexaenoic acid et hyl
ester (at |east 95% pure, available conmercially or
b nmet hods wel | - known to those pers
W%oﬁ’h q?ggyt he art froma m.xture of ethyl Q{E%EPZOWOSQW
fatty acids) or with a m xture containing at | east
70% ol ar DHA ethyl ester. In the case 30 in which
the DHA ethyl ester used is a mxture, it is
advislathe 1t ochpudf yahdeg esher thIt@i.nthdnpfrdJsledvvidfg thectinyl

transesterification reaction
SRS cePETe £ph00  FoEBES Iy | Co0o%thi ds; gagmitrate and
inyents b Alveo thekatiesyt ¥ith pRafIEGEUt hCadhol .

ti on conprising the docosahexaenoi c acid ester

ggggrfﬁlrarﬁets&eff 16?8%%% Camvinit FT 1% Opar PY clifEROdhavell-

P& b Indseebbykodocosahpxaencaakeaagcording to the
5 present invention, and at |east one
phar AENERPEEPPY L Ec c bt aibias tekdifprahion  accorgiheg to the

phasdmceytieal i 6AMPASI U0ns caccordi ng to.d he present .
i nvention can be fornulated for adm ni stration in
PR S - | AT andiaupaveny  Dosldly vacheslustolidi By talkaline-
%ﬁllocéfk?ﬁarﬁmoranglﬁ& trhee e%r}%asc%rbg HSSt flagxr}]an“%a eously
se conpositions are prepared in SUch ay ~as o
B€0adm v strengecby 1.9¥ al the;uluiqlrazguatatmjb@lft a.mbmrsi,ne -metal

|ntra scul ar traveno I ocal

SRS 18t e I ERYEARNE A0SO T e St esipr is

ibe tadm rdrsfeerosd 1M um te/das%dmnrt&geéu$ly,a e Mot @atio
[ vehicles to an

ith conventional pharnmaceutical l's
aﬁ&%%ﬁﬁaﬁg DS ehBYL G dlo%ema&ﬁﬁnr@@g%t%rﬁlgrtﬁs 6/1,
em'éell UaR rer abdﬁ@ﬂt@gé@ﬁ@ﬁ{ suate asnchakl etsyigel @ i hicotinyl
capsul es, powders, anul es_and oral solutions or
llrsF(?nsDHASLﬁ)tmifﬂgu%ﬁt%‘hdl%r AN BBei BRRYT aPfoh/l to 6/1.
AR ag0ub 0P Cahe ERLHIAUSEH! Bloat iRl BXERQYS, is carried
i ptranasal or iptraocular admnistration formns- cang
degct & aadﬁi'ﬁlﬁiies‘,ltrrat@@‘rﬁrf@qm)usly ChNﬁ@rm aanpld ddioxane or

: ,W%Jan%@lgﬁuewp%d in tcﬁB %Q%tggg Ca;)ng@/HF is

active ingredient-is m xed Wi th arnace

deghisekd bmchlasogﬁﬁeﬂmbhlxﬂgaréwenlaoresedvanuﬁyuaMSmg} the
e um ar abi.c L lica.pr_ana e

SEEREPh rakite ITRERRR huader o £8e "R ETrpupt e for

amateasal$4GMnhhey can :be treated in such a way that

t hey_have del ayed or, extended. acti vi nd that they -
56Fe|5@§§éfé03c?f§?0éﬂd§teé¢mOr%d%aﬁfw@tjocrnr the®

Ereparatlon IS obtarned by: mxing the actiyve
PERGFREI erftySHittR%a 47| ent 18AgSt het PoGPERGUEHe 2 . Candida

aHtéE&'Efcé)bthg%%@ i ntrg s}géftp&umd ggbatifpeapsylesiy oy
WO 2007/ 147899PCT/ EP2007/ 0562779 -

immebilized form Adva}ntageously, the lipase is Novo.zyme®,-
sold by Nove qudis_k. Adyént’agedu’sly, the reaction 't—;akes
place ln a lmedium: without .solvent, or in a solvent such as-
2—me:th_yl—2~butanol or acetonitrile, advantageously in a
medium without solvent in the case of nicotinyl alcohol and
in a solvent in the case of panthenol. Advantageously, in
the. casé of inositol, the soleen:t uéed is an ionic polar

solvent such as 1l-butyl-3-methylimidazclium BF4 or l-butyl-
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A preparation in syrup or elixir formcan contain the
active ingredient in conjunction with a sweetener, an
antiseptic, as well as a flavoring agent and a

i JogPlassog 0l Ori ng agent. 5SPowders or granul epctRBdosv/0s6277
can be dispersed in water Cﬁn contain the active
ingredient in a mxture with dispersion agents,

wetting agents or suspension agents, as well as with
taste correctors or sweeteners.

Suppoky tiarides o twkinc hCAER) pr egeahved twioehubinder sh¢ hateaction

%Qk@?:éé?% rggtglt%%ggggﬁﬁﬂéehlﬁp§9 @5= 50698 b?éﬁgérature,

| ene are use

a@vamﬂaqﬂmusdwshtaﬁﬁon: O use in parentera
(intr I.nt ramus Iar et.c.), |ntrana a
|ntrég%%éun Fg%8 Prfstra |%%°5rel§queods et 83% diring  the
B&Eﬂﬁﬂvﬁ ongdveSoh@ s 1Sal uhdesol Ht i @S sterbye nitrogen
#&ﬁCtable sol utions contalnln? ) i
| SiCalMAF e MPATTFBPECUr SheP%i BB Lilige- In

weid | gy agedt Sonversion rathe Betiverdn@editort @Rden is
also formulated in the form of n1crocapsu|es
HtaiGFaed with onfdior RaFas U0 cadditdipdysis  reaction  is
Hdvantageousl y, t he- Phar maceut i cal conposi tion
according to the present invention is for
admi Aidsepaeger by~ "theomalagr raftpavénalcohoutiey DHA ethyl

tage y vVE€no { se of
A RS deb 1, AT S DR Rp e b b e 1.5 ana
%dhp03|t|on accordlng to the present i nvention can

i ncl ge o% er_.act IV%H redlents t at glv rls%

conpl efBht 37y 61 Possihl a§§n8?gﬁ§t 1% or Ketween
1Achant agebusiy, hchhﬂs,phsaime@telouanycwméeﬁl DnthES and 72
not incl.ude EPA es

%fﬁepﬁg%ﬂ’fff‘%%‘iﬁ%% r%t%leﬁl At BTt ARY dbt AU a &G More
et 05k 6hs BE G dickeh tonbhe BhesSBMours.

i nvention, |npart|cularSthepyt|d|n 3-yl met hyl
docoéRhekaehebatReakit diRPdidarte O&?’/ &%tmqtﬁw@nﬁ%*@rdlng

%r1ﬂﬁ§ present invention, the transesterlflcatlon reaction
takes place in an anhydrous solvent, in a non-anhydrous

solvent in the presence_Abf & water trap such as, Ifor

~example, Iithium chloride, MgCl, or -silica gel, or without

hydrOlYSlS reaction is ellmlnated

Advantageously, the transesterlflcatlon reaction takes
place with pure docosahexaen01c ac1d ethyl ester (at . least
95% pure, available commercially or purified by meﬁhods
well-known té those persons skilled in the"é%t_ froam a
mixture of ethyl ester fatty acids) or with a mixture
gontaining at least 70% molar DHA ethfl estef. In fhe case
in which the DHA ethyl ester used is a 'mixture, it is
advisable to purify the ester obtained following the

transesterification reactiocn.

solvent in a ‘dry atmoSphéfe In this way the parasitic '
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phar maceuti cal conposition according to the present
i nvention, for use as a drug. :
i nventioal sorel ates ntothe docosa

a0|%%2§?§% according to the_present |nvent|ogsﬁﬁﬁm&mgﬁ77
particul ar the pyridin-3- ylﬁethyl docosahexaeneoat e
according to the present invention, or the
pharmaceuti cal conposition according to the present
InvenTh@nprés&nMSEnEEnﬁidMWﬂ}SbomeﬂhEeprEweﬂtpbﬂrmaceutlcal

nd/ or, treat ment of cardlovasc | ar qh
88%%?%@%%9 GOTRT 4 €t 10%%9 h SF?S? “iiiai%oc-ﬁr efiGigp| yPSter
abybhel 6 sorslertneor prenduct i onvethisiairder sy, paefeg@ly the
chosen anmong auricul ar and/or ventricular arrhythm a,
P%’éh@t%r%r WIS Sr f RBFPTIRRNAGHEOREE t FEGPFENBAL i o the
graiont tr eaddentomf dirseases repisesenhed QMagﬁ&%&Itslcally—
In electric conduction in myocardial cells; for th
e eV IS 18AGREF treatnent of nultiple risk

faCtQﬂﬁzfoﬁhaIm ceutical compositipns according to  the
car di ovascul ar di sease, advant ageous| ychosenanong

- sl i gny@@trwrem:anh@ser@ml@@ttedolf@m @&dministration in

pertensi
T GORA%40L B eSS A ant BSOS EIPS o the

tteﬁumnﬁhﬂami tandher diacd®r M |qunspepact Ihéty dampositions

| ood 20 coagul ation; for. the t at ment. ang/or.
?)?rﬁﬁip?ﬁe etbndary Br &F&ntitor o T AU O558aFGr PY oral,
ditseasgader i vei;bcddayzébasdl sofidersnustehgs audahv@nous,
and/ or ventrlcular arrhyt hm a, tachycardi a,

Fasderieiont aﬁato?ret%%ﬁ%¥(§QUt@onchFPb% Gtectide active
iENCREnBY dBr0GsK dhahih@nGld o adMaRiAgeoUshY: or in a

2sudden death; and/or for treatnent postinfarction.

MRS 1 E6r gePECEbhpR kAT sER L &6d hr veliitdaer ital animals

drode 4 rauhles suddy @88 ma%ltaeby&armm%wa%hon forms

arrhythm a such as atrial extrasystoles, regular

Taeriugle par@ﬁyéamﬁafgrmausu@wlaﬁ tapiketd atdedmtin capsules,
wRetlonal  Lag %%ar(‘} i SYS 53% qLa%ys ‘

E:Jounctl(’)na TFAC ycardi a or U&klnsonggﬁ tsuSpenSlons’

ay@ddngnel oandenbr$buledmtnmapMBMnansuf@mas . subcutaneous,

remat urevent.ricul ar ,contraction, ventricula .
t%gcﬁygardldjgtavgﬁFP}%ufar FP5F P PAL Y. 9ﬁ£ranasal oL

12003524780 9RAHI EPR2OOTL OEH2F8rhd ~and rectal administration

g%gguctlondlsordersconprlselnpartlcular bradycardi a.

When a solid compositioén - is prepared in-tablet-ferm;_,_
the primary active iﬁgtedient is mixéd with a pharmaceutical
vehicle such as "gelat}n, starch, lactose;” magnesium
stearate, talc, gum arabic, siIica or analogues. . Tablets can

be - coated with sucrose or other ‘suitable materlals or they

'Can be treated in such. a way that they have delayed or

extended activity and that they . continuously release a
predetermined quantity of the active ingredient. _

A gelatin capsule preparation is obtained by mixing the
ective ingredient with a diluent and then pouring ‘the

mixture obtained into soft or hard gelatin capsules.
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Finally,the present invention relates to the
docosahexaenoi ¢ acid ester according to the present 5
invention, in particular the pyridin-3- ylnethyl
C eneoate according to the present i i on N
g&ﬁﬁgﬂ?ﬁgr maceuti cal conpogition according ?’é?&%}éﬁ%ms'ﬂﬂ
present invention, for use as a drug for the
prevention and/or treatnent of auricular
fibrillation. 10Wthout being bound by theory, it
appeamstépﬁrdﬂhemdQnosaﬁﬁxﬁe@@i@1fxﬂmiE@t@rcaﬁcebﬁ&iﬁh the
0. the present invention, articular the
B?F?Yﬁr1%?%ﬂqﬂéﬁﬁﬁl d&co§8ﬂéﬁ%'%%ﬁhtéwﬁ@coﬁdlﬁ@e?BeFﬁéf an
phesesitid)vent i aal1r eheasesridvdiaghosyead cahal Anduitable
DHA, in particular 15 nicotinyl alcohol and DHA in
Fﬁ%p%%géeﬁﬁnﬁyrldln 3-yl net hyl docosahexaeneoate, via '
est ermsRIcAS! b¥ Iranlies, thhe deg0s8hexasnpiss ath dyater can
ester according to the present invention appears to
frere2 ithetrmanectalets vingredientni it uz embRUDHA whth dispersion
cahol S,al £0 L B.yi
%% or ppg%?#%ﬁ}h&e%gé %gco§gﬁg§g§ﬁ09 egg?d %ét%é{ﬂrhs with
anﬁnidxngetcotheOprsmwﬂﬂemmment|on W | have t he sane
effe as_a mxtu QUA and rQup am.n
prov%%’ﬁPSlt?¥le?So aﬁﬁ%ﬁr%r? gﬁepag % e ca%%ng?rs that
yrd dlaﬁ: Slermthy| miepesabexapnesatie, mco«tmcﬂy& butter or
alcoh is-tra sfo med_in the quy into-nicotinic 25
SR IHAETE nepyF PO . 3501 (EEHALAcoBERex HonBoaTer  reotal
atoendichg-tont he present invention appears to have
the saMe~. - activity as a_m xture of DHA and
ni coPni &5e- adifd:. FIHE @AMt adé "6FaVRROVas odi Ph@Ruscular,

&fd gt 191ftrah§9£ln'o‘i aGidabeul he g@lﬁin%fﬁﬁﬁ Upe agueous
distribution of DHA in the periphery, in
PEPENECHPRE, | he? e tasealbing rﬂqlal\téﬁeasornjsé@ribm Pfiectable

SYAILRT WeLILp dorslRsaenRotey ek GOV SLh o on
5 a@@@is14ﬁ89@PGWﬁEB@&D?#ﬁ5@277 12 The invention

wi || hetter unders eference t
and Fg tﬁgtexa %%F%é\ o?{ ke guregi r:%resen%s
oA EEJchonsin‘qnaazrstﬁerscent@gamlayf undititon @fe ti B8  more
f 7 exanples 3.1 (open tube), 3.2 (under 5 vacuum

dt3YS5 (under ni‘trogen bubbling) during the ‘

trangasaﬁag‘eo@ﬁyyqn r eagis on pﬁa&ﬁ@c@;ﬁ’@me ofcc&@%smlon

angordlng to the present 1nvent10n is for administration by

oral o1 1ntravenoas route, advantageously by 1ntravenous e

route in the case of treafment postinfarction.

The pharmaceutical composition according to the presentst
invention- can include other active “ingredients that give

rise to a cocmplementary or possibly 'eynergietic effect.

Advantageously, the pharmaceutical composition does not

include EPA ester.

The present invention also relates to the

docosahexaenoic acid ester according to the present

invention, in particular. the pyridin-3-ylmethyl

docosahexaeneocate according to the present invention, or the
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Novozyme(r) at 60 Cwith an alcohol to ester ratio of

3. The follow ng are given as non-limting exanples.

10 Exanple 1: Synthesis of pyridin-3- ylnethyl

eneoate using K2C33

ggpetﬂyl ocosahexaeneoate (purity hlgher thaﬁgﬁi%%WMSn77

supplied by Interchin) is placed in 5 m of THF

degassed by nitrogen bubbling in the presence of 1.53

g 15 (11 nmmol ) of ground K2CO3 and 1.06 m (10.9
nhekmaoéurﬁemminykm@beohbbn(punkmydhhghertdhamh@S@bpresent
£OV|Q ed by. Acr E% The reaction m xture is heated

undep +%ﬁ1tﬁp?(ﬁs 3 4nd"¥%en 0.76 g (5.5 mol ) of
K2003rtes addessamd heatvdrgiich conflisaued fQiztésh. to  the

OAfter cooling, the reaction mxture is taken up in

FRPCIGTHEAWET exbritt eBSHPY. BCRPFILRS! ate. e present

ohgandivphases; @re ded g AN MISO4 tni | teg%lamg 3-ylpethyl
t hen- cbheentrated t.o dryness. The''reS idue obtained

@%C?ﬁﬁh§%4§$39?t§iﬁP@QrﬁF%%ht%rﬁhﬁnﬁﬁﬁ§ﬁaﬁhan€PEK2§%- the

904 A cofeHR012/ eEBMonF@E&H € geadieNty 25t 1oy Nppecent

A clear oil is isolated (0.84g, yield 7 %

EﬁT@Qﬁ%Q@sI f¢tC1603Fa2541N@rGH :@Dilchﬁtﬁﬁiﬂ%mwiﬁm, and/or
S

Bt ot R IEhle Wiorsageonay zelaces

té pasart rhythmAl(preée:cabnnsrlaytsurcaﬂisceﬁﬂmt dm @éonduction
gnetlc m xi n at the

|sco ti nuous_ m xi ng. .reactor
R T enper AT - e tha g pEonS worer Bt ' Bhasor
RO00Hi 1471329 BCThEPRADL | OB Wi-ak3diiZhanpy eduetsrusied ion; for
re: a mxture of, ethyl esters enriched to 70%in
%%%E%‘gﬁﬂ eSterat BiA- EBPASENG ) HodaseRerficpapsented by

dd ok shameaniees fief @ohadct fo@Sin MRYeIAHuiEE %%ti% jLor the
m xture:" 5- Novoze(r), imobilized formof Cand | da
RIRVERCEPBa FYade §6RALISNINODS NBYdilske misdot Fagtors for

dﬁﬂ&i@@hscl@&rr63@5589531Xtué&véﬁtéﬁédﬁ@iy chosen among
a medi um w t hout solvent which uses only the

- hypertriglyceridemia, hypercholesterolemia, hypertension,

hyperlipidemia, dyslipidemia, advantageousgly mixed

dyslipidemia, and/or facter VII hyperactivity in blood

coagulation; for. the treatment and/or primary or secondary

prevention of . cardiovascular digease derived.- rhythm

" disorders; such as auricular and/or ventricular arrhythmia,

i tachycardia, fibriilation and/or electrical conduction

22

30

defects induced' by myocardiil infarction, advantageousiy.
sudden death; and/or for treatment postinfarction.

Rhythm disorders comprise in particular sinoatrial node

troubles such g5 simnus tachycardia; atrial arrhythmia such

as atrial extrasystoles, regular atrial tachycardia or
auricular fibrillation; Junctional tachycardia such as
paroxysmal junctional tachycardia or Wolff-Parkinson-White
syndrome; or ventricular arrythmia such' as premature
ventricular contraction, ventricular tachycardia or

ventricular fibrillation.
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10substrates; or an organi ¢ nmedi um usi ng
vari ous solvents.- The solvents used in this organic
rredi um are: 2-nethyl-2-butanol (2M2B), a noderately

(mﬁgiyent that allows the joint solubili %’%%rh:g%o%s&w

15 conpounds SﬂCh as pol yunsaturate
fatty acid esters and hydrophilic conpounds such as
ni cotinyl al cohol; or acetonitrile, for the
same reasons as for 2M2B. The reaction conditions are
sumetdrzba-tilonf ol | oMispgd20s abl ecdmprisgabl e'il: particular

Egg&tl opdlcondl tions tested for the
Feri¥ication. O f. 70% DHA-EE esters with

ni cotiimdllgl, cohoke . pAlecehal N&nﬂaﬁﬂionl709©£&ﬂ%éEE to  the
Total vol unme

esters cohol ] (m
%?%%?ﬁfi%"@%%’ﬁml%?“i at FO-RF co?Fﬁ?FdJafF%ohBP Olgihi cPresent
{2408 cand aceatoni trpedticular the pyridin-3-ylmethyl

docosahexaeneoate according to the present invention, or the
pharmaceutical composition according to. the present
invention, for use as a drug for the prevention and/or
treatment of auricular fibrillation.

Without being bound by theory, it appears that the
docosahexaenoic acid ester according to the present
invention, in particular the pyridin-3-ylmethyl
docosahexaeneoate according to the present invention,
releases in the body alcohol and DHA, in particular
nicotinyl alcohol and DHA in the case of pyrldln 3~ylmethyl
docosahexaeneoate, via esterase act1v1ty. Thus, the
docosahexaenoic acid ester according to the present
invention appears to have the saﬁe'activity as a ndxture of
DHA and alcohol.'Thus, 1f this alcohol is a group-B vitamin

or provitamin, the docosahexaenocic acid ester according to

the present invention~will have the same effect as a mixture.-::

of DPn and a group-B v1tam1n or provitamin. Tt also 2ppears

' that, in the case of pyrldln 3 “ylmethyl docosahexaeneoate,

nicotinyl alcohol‘ls “transformed in the body into nicotinic

acid. Thus, - the pyridin-3-yimethyl. docdéahexqeneoate

activity ds a mixture of DHA"énd nicotinic’ ‘dcid. The
advantage of the vasodilator effect of nlCOtlnlC acid is the
most satisfactory dlstrlbutlon of DHA in the periphery, in
particular in the case of intravenous injection of pyridin-
3-ylmethyl docosahexaeneoate, after conversion of nicotinyl

alcohol into nicotinic acid.

e e S o
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' 0.43 0.64 12 1.5 Solvent-free 1.5 4.5 3.5 3 25
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condition was incubated with 200 ng of Novozyme(r) at
wfﬁ tions in 2M23 carried out in open

?‘Q)ﬁ ume hood) were tested at 60 C wth m&gwosszw

of hKNozyne(r). Regul ar 500 pl sanples are taken
until the reactions 5 are conplete. The reaction
process i s quenched by centrifugation for 5 mnutes
at 13N®80hngnﬁJQMI@Wﬂhgbﬂﬁb$¢ﬁ@wwundﬁrsthedimnnbéfézemte to
nzy from Lum _All s.a stored at 4 C
% fe% ZéQ%OWEHe exm@%i r&thgac ?%%s wi t hout
enzynEngurt cmrﬁdgﬂeaeaaetDﬁﬁsEEOcmnsﬁmpﬁlon percentage as a

¢o substrate %nlcotlny al cohol re run in para
u?ﬁﬁﬁ@%e%% e"per Por fEE™ByStisitng t\WBeRP.g u%eﬁetﬁo§s(under
tashng arADi |28 1000Qlser @S rappar abusy1 AGHOr NG ® the
the follow ng 15 paraneters:
transesterification reaction in the presence cof 200 mg of
Novozyme® at 60 °C with an alcohol to ester ratio of 3.

The following are given as non-limiting examples.

Example 1: Synthesis of pyridin-3-ylmethyl docosahexaeneoate

using K>CO4

1 g (2.8 mmol) of ethyl docosahexaeneoate (purity

higher than 95%; supplied by Interchim) is placed in 5 ml of
THF degassed by nitrogen bubbling in the presence of 1.53 g
(11 mmoi) of ground K,CO0; and 1.06 ml {10.9 mmol) of
nicotinyl alcohol (purity higher' than 98%; provided by
Acros). The reaction mixture-is heated under reflux for-7 h
and then 0.76 g (5.5 mmol) of KoC0:; is added and heating is
continued for 7 h. . a

After cooling, fhe reaction 'mixtﬁre is. taken up in
water and then extracted with ethyl acetate. The organic
phases are dried on Mgsoq, filtered and Lhen‘cbﬁdentrated to

dryness. The: ‘residue obtalned is- purlfled by szllca flash

“chromatography (CH:Clss 90/10 CHxﬂg/ethyl acetate_gradlent

for 15 min), A clear oil is 1solated (0.84g, yield 71%).
Silica gel ‘TLC 60 F 254 Merck 90/10 CH,Cl,/AcOEL,

 Rf=0.35.

Examplé 2: Synthesis -of pyridin—-3—-ylmethyl docosahexaeneoaté

using a lipase

All reactions are carried out in a discontinucus mixing
reactor (magnetic mixing)} at the optimal temperature for

each enzyme.

© e wee—: - ot o
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Met hod 1 Zorbax SB-Cl18 colum (4.6 mm X 25 cm)
Tenperature: 40 C 20- Flowrate: 1 m/mn El uent:.
0. 02% net hanol /acetic-acid Detection: refractonmetry

drL-Aas 15 minutes Method 2 . 25- Zorb i
vﬁb‘ 0H7?f 6 mm X 25 cm Tﬁgperature: 10 C EF%/\%E?O%&GZW
0

rate 3 mM/mn Fluent: acetonitril e/ acetone
Detection: refractometry 30- Run duration: 15 minutes
The sanpl es taken during the various reactions are
di | utlfée befonehandsed areconcentration | ess than 100

mMin a / 78 | EP /0 7 5.0.02% .
met hanol / ace%gggagﬂ d %%xﬂ E %QQ% e%@éscéeéf rret ﬁ[{d 1 DHA
and i n acetlonestiart eHEaBR) of(spdtthdd Zrdesulhseiared Ltd.)

di scussi on:, STv0 specl g3 BRPERM A I8 HE corer mixture;”

- Novozyme , dimmobilized form of Candida antarctica
lipase sold by Novo Nordisk;

- nlcotlnyl alcohol.,

The reaction mixture is either:

- a medium without solvent which uses only tLhe
substrates; or

-~ an organic medium using various solvents.

The solvents used in this organic medium are:

- Z2-methyl-2-butancl (2M2B), a moderately polar solvent
that allows the joint sclubilization of hydrophobic
compounds such as-polyunsaturated-fatty acid esters
and hydréphilic compounds such as nicotinyl alcochol;
or |

- acetqnitrile, for‘the same reasonsg as for 2M2B.

The reaction conditions are summarized in Zfollowing

table 1:

Table '1: Reaction COHdlthHS tested for the

fransesterlflcatlon of 705 DHA-EFE esters with nlcotlnyl

alcohol.
70% |- Total
' - ) ‘Alcohol/ester
. Alcohol Medium DHA-EE | [Alcohol] | volume . ‘
_ . : molar ratio
‘esters] (M) | . © (ml)
o Organic (2M2B .
Nicotinyl . 0.43 0.64 12 : 1.5
and acetonitrile) | :
alcohol
Solvent—-free 1.5 4.5 3.5 3
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reaction. The first is eluted at 4.15 m nutes and
corresponds to the ester hydrol ysis product and the
second is eluted at 4.85 m nutes under anal ysis

w89h-hiRes. The latter conpound corresponds Eeyggﬁmwﬂﬁrﬁ
0

product of 10 transesterifigation between the

DHA- EE esters and nicotinyl al cohol. Here, only one :
product is expected, as the nicotinyl al cohol has

only a single primary hydroxyl. The conversion

per cé&ntcagesndbt abmeda uniderukidtedy aricbug0f esgtdDrilovozyme® at

itions . are given,in. follow ng tabl.e 2: 15 Ta
ngnﬁ%nvé%%ﬁ%ﬁgnﬁeﬁ%én%%%% 8%f5¥%gdoaﬁrﬁ§g% eé EMJP ?under a
furansestigr wbireatesredfa 70 DMAWEEhe 2R | me st 2riowa Ame®.

ni cotinyl al ol (*:_in this case, the tuhe is left .
open%FgﬁéﬁFo%ﬁgVéﬂor%?ﬂ%ﬁﬂ%faf%eigkﬁ8n6¥l oddtegreactions
£y | ngokbee 20, r eagki omeaddi®act i procosdi t enNS quenched by
Conver si on  percent ages of  DHA-EE i nt o _DHA- ni eoti nyl
CAGHENGAEEPBNI TPF] e B1BFHATE h 2WveBl4790F nfR® h 2llowing

ANERB A 0P aihd 60 bN 1184 heRobMentrbrea bl %ddi 2. A1l
h Solvent-free in open air* 100%in 72 h ,
samples are stored at 4 °C until analyzed.

Control reactions without enzyme and control reactions
without c¢o-substrate {nicotinyl alcohol}) were run in

parallel.

Analyses are performed by using two HPLC methods (using
an Agilent 1100 series apparatus) according to the following

parameters:

Method 1
- Zorbax SB-C18 column (4.6 mm X 25 cm)
- .Temperature: 40 °C '
- Flow rate: 1 ml[min
- Eluent: 0.02% methanol/acetic.acid
- Detection: refractometry
- Run duration: 15 minutes
Method 2 '
- Zorbax SB-C18 cglumn (4.6 mm X 25”cm}
= fémperatﬁre: 40 °C
- Flow rate: 3 ml/min
-~ Eluent: 50/50 acetonitrile/acetohe
- Detection: refractometry
- Run duration: 15 minutes

The samples taken during the various reactions are

diluted beforehand to a concentration less than 100 mM in a
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Conversion rates are higher when the reactions are
carried out in open air; the ethanol produced
evaporates WD 2007/ 147899PCT/ EP2007/ 056277 16 whi ch

[ equi | i brium of the reaction towar =
‘§§%@ﬁ§§%§ﬁof DHA-ni coti nyl .al cohol . These Serfefborioserrr
transesterification reactions are acconpani ed by
heavy bl ackeni ng of the reaction m xture. 5Hydrolysis
products appear preferentially when 2M2B is used as a
¢ bt | mettsololepicetHowewed, ra aweak Hydrigleysisse eattmerhod 1
Iga alsq prezent i p, 2 ppdi um without ;sol vent. Thus it
appears tha water 7s also present in the nicotinyl
al cohol used or that amnbient npisture causes this

‘§agﬁ§jtic 1%.reaction:_ The feasibility of

Fhdds FEF FLEaET O T ract i ons of 70% DHA- EE esters

Wi t h Riccotdpayi el cofpleshas heangdermprst rat:e@eandrs@chation
reacti ons show advant ageous conversion rates near to

6P Griédrer Ttan 9B95C i nipar iELPEr Wien ‘etifandiinutes and
QI 0dueRealS tdurdig dde-F eRedd ONyd:Ss ghidinat edhd rom second
the reaction .mxture. However, a parasitic o
HydeSEYRY s AFedbti-onmdlieted LRESHr ederioeisf srndrtioms. The
the ol vert:s, dised and,prod oAbl ent,moi sfure ,iogqucr  of
interferes wth these syntheses. It thus appears of
imreceseridiceyicn avefdedhe Qe paf@si t PEATRRIr obyigdss  and
- N d. l e ydr ol.vent s
S R e S e e T e S
@ my cotit nyhesecslanke haeacinlons. singldeppimesendgdofoxg? .

water.trap (lithiumchloride 2.o0r silica gel, :
Fox SREMREY=E 6 R esee Ay O ANERL yrges (e various
fypdtabystsnd: t 25boratderiRiec@otinnybl absohg| +IDHA est er
synthesi s reaction, ethanol produced during the
reacti on appears 'to be anelenment that limts the

M=2aet PONBonl & ss £hi BMd Rk ghibbia:Lhe &aridd iHum of
the reaction towards t-he synthesis of the esters

(e ONSPAPEATLTHEAOR 14F | KD ndUisdll BLRBL opTi RS & AR 5 30
BldoWiR3i 9N N0t apty Mhen, ;GarLybng QUt A SYNtNeSeS: open to
under teduced pressure. This allows rapid evaporation
agdflogt REABPranton s Hre iatdragderirndread tduimpddds.
I@g%%gggég47899PCT/EP2007/056277 17 Exanple 3:
Synthesis of pyridin-3-ylnethyl docosahexaeneoate
using a’lipase; .transesterification optim zation;
evapor at i op—ef—et-hanel-proeduged—during—the—+eagti on
and el imnation of oxidative Eﬁﬂmﬁﬂﬂf%m?ﬂy§$ﬁthesis-,
reaction sj miactisPcotifioR! €XIMHLL-E a6 DIBAL | ed out
usi ng the [sane starting proddcts (nicotinyl al¢ohol, -
70% DHA- EH ester mixture, NovozyReEpdny alcabel negi um

wi t hout sqfverr = T e preqe f—2007] ng of
Novozyne(r in'éﬁk%)gghol to este?ﬁ(g?ﬁg&%f 3. | The

react or 2M2B. 47% m48h .
SMIBinopenaict | 0% m 118k
Solvent—free 11%in72h
Solventhree in open air* 100% in 72 h

Conversion rates are higher when the reacticns are

carried out in c¢pen air; the ethancl produced evaporates
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10 used is the sanme as that of exanple 2 and the
anal ysis nethods are the sane. Exanple 3.1: The
only difference conpared to exanple 2 is that the 15

I was carried out in an open receptac <
‘{I(Sg@;h].l&ggegsul ts (figure 1.) 16 The LSHEP&%OD&W
transesterification reaction is "slow, " taking nearly
80 hours in total. Oxidative browning is present.
"Strong" parasitic hydrolysis is present. .20 Exanple

wWizh Thiel Ord ytdef fegpuedder¢omparfedthe exanplien? ticgrards the

th the .. reaction carried out under vacuum
TR i gure 1) 257Rera P B¢l erattGRgf “the These
treackisoprconpat Bsh t orexanpdres 3. drdbut atctonidrEiddS by heavy
"slow, " taking nearly 48 hqurs in total. '
b&&&%ﬁ%ﬁgl Py, O%F d%??‘%lfelﬁ’inoﬂjrixﬁﬁéﬁdpar asitic hydrolysis

per stigtro80s EXappb&ud: 3: appear Thee il andidfiflgr ened 2mM28 is
conpared to exanple 2 is that the reaction was .
USECri 88 cut TEREER OR| t?%b‘éﬁfl%ubﬁlo?“ﬁﬁ.erfv@ weak hydrolysis
20074 LA7899RCTLER20Q./05627 7, 18ciReshl # StKdi: W Mnt . Thus

it appears that water 1s alsc present in the nicotinyl
alcohol used or that ambient moisture causes this parasitic
reaction.

The . feasibility of transesterification reactions of 70%
DHA-EE esters with nicotinyl alcohol has bkeen demonstrated
and such reactions show advantageous conversion rates near
to or greater than 90%, in particular when ethanol produced
during the reaction is eliminated from the reaction mixture.
However, a parasitic hydrolysis reaction due Lo the presence
of water in the solvents used and/or to ambient nmistﬁre
interferes with these syntheses. _ .

7 It thus appears of interest to try to avoid the
parasitic hydrolysis reaction obéerved. Completely anhydrous
solwvents could be used, for example. It is”also'possible to

carry out these same reactiors in the presence of a water

- trap (1ithium Chloride,ngCié or silica gel, for;éxémple) to

eliminate any possibility of hydrolysis."
For the nicotinyl alcohol-DHA ester synthesis reaction,

ethancl produced during the reaction appears to be an

element that limits the reactions. Its elimination shifts

the equilibrium ¢of the reaction towards the synthes;s of the
esters cohsidered, Thus, it is advisable to optimize this
elimination, notably when carrying out syntheses under
reduced pressure. This allows rapid evaporatibn of ethancl

and thus an inc¢rease in reaction speeds.
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There is very significant acceleration of the

reacti on, which becones total in Iess than 3 hours
because of instantaneous elimnation of the ethano

W SRYSEdeduring the 5 reaction and an i nprovgg@repootiosesr?
m Xt ure. The absence of oxhgatlve browni ng i s noted.
Parasitic hydrolysis is-strongly decreased.

Exanpl e 4: Synthesis of DHA ester w th pant henol

using a 10 |i pase The experinental and
Eyampieié:cﬁwgthﬁshs af epyhed Smrd-jplane thydx giogbealexaenecate
d%ﬁ_,'t fgr tfﬁi. S L 1&@, o__ ) --t'sization,

v, & C WATAY

evablozalioReant | (chaﬁmdl tgmmzdee:!st darfiog ties reaction and
r.anse terlf cat' n of 0% DHA- EE esters with

-EE. esters] (M

[ Al C.@h%Iy]nthE@&al réakdiBn. s(fl)aAl ecohahbester dmlmilc 2 was

rati o Pant henol , .
carried out using the same starting products (nicotinyl

alcohol, 70% DHA-EE ester mixture, Novozyme®) in a medium
without solvent at 60 °C in the presence of 200 mg of

Novozyme® in an alcohol to ester ratio of 3. The reactor

~used 1is the same as that of example 2 and the analysis

methods are the same.

Example 3.1:

The only difference compared to example 2 is that the
reaction was carried ocut in.an open receptacle (open tube).

Results (figure 1):

The transesterification reaction is “slow,” taking
nearly 80 hours in total. Oxidative browning is present.

“Sfrbng” pafasitic hydrolysis is présgnt;

‘Example 3.2:

The only dlfference compared to example 2 is that the

react@on was carrled O'th under VB.CUU.I‘I"[

Results (figure 1}: .

‘ There 1is acceleration. of the reaction compared to
example 3.1 but it remains “slow,” taklng nearly 48 hours in
total. ‘

Addi?ionally, oxiﬁati?e browning and parasitic

hydrolysis persist.

Example 3.3:
The only difference compared tc example 2 is that the

reaction .was carried out under nitrogen bubbling.
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Organic (2M2B anctacetonitrile) -0.43 1.28 12 3 20
Results and di scussi on: Two species ara el uted

at 3.9 mnutes and 4.14 m nutes under anal ysis
v@ﬁ%i?hhg%s' Pant henol has two primarY al cohol,g,ethdSeser77
the production of several .products (three HHXIHUH?
coul d be envisaged. However, for the control 25

wi t hout co-substrate (panthenol), the peak at 4.14

m nut es appears. Said peak woul d thus correspond to

et hylReestler lydgotgysils: rel ated to the presence of

wat er..in the solveng AV igngﬁgﬁig%ngIggPZ?O§£056277t.

19 uSEFCTHPs "PEXCcET R T Bbs iad By OFn Ofh&he reaction,
wHrgsemneeooksenzynel in Tonsedimant | B, owlyst heecause of
first peak corresponds to pant henol - DHA ester ,

T ERSTS OB The  BORVEr &1 o palTaTiPages GBEarRET HHELRY the

A tvahi aHa hseachhodv&ondidtees are summari zed in
follow ng table 4. Table 4: Conversion percentage
obt ai'REd2RBFT Y ?hedtrtidest BFPIPERTi 6h B TbH% DHA- EE

et hylpseater sc Wi frdQ Pantikengkobglyi fedhi SsL&Ase, the
tube is left -open to allow 'evaporation of the
et hanol produced during the reaction).

Example 4: Synthesis of DHA ester with panthenol using a
1i2ase

The experimental and analytic conditions are the same

as in example 2 except for the following differences:

Reactlon conditions are summarized in following table

Table 3:; Reaction conditions tested for the

transesterification of 70% DHA-EE esters with panthenol.

[70% Total

: : . Alcohol/ester
Aleohol | Medinm DHA-EE. | [Alcohol] | volume
: molar ratio
-esters] (M) o . (ml)
Organic (2M2B
‘Panthenol - b 043 - 1.28 212 3
and acetonitrile) - :

Results and discussiocn:

Two species- are. eluted at 3.9 minutes and 4.14 minutes
under anaiysis conditions. Panthencl haé ‘two primapj
alcchols. Thus the production cof sevéral .products (three
maximum)} could be envisaged. Hoﬁeﬁer,' for ihe control
without co-substrate {panthencl), Lhe peak at 4.14 minutes

appears. Said peak would thus correspond to ethyl ester

" hydrolysis related to the presence. of water in the solvent
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Reaction conditions Conversi on percentages of DHA-EE
i nto DHA- pant henol Acetonitrile 68%in 136 h 2M2B
76% in 115 h 2M2B in open air* 88%in 96 h

q§&ﬁ%gg s that the conversion percentage OfP@B%@mmmmyn77
-esters |ncrease§ when the reaction1's

carried out in open air. Indeed under this

condi tion, the ethanol. produced ... - during the

reacti on evaporates. The equilibriumof the reaction

dss=d.huShshi freedttonarids pheesysd hesilyg dfn pahéhenalsence of

DHA esters. Moreover, these conversion val ues are

N i'nly 20 underestimated due to the joint

evaporakegicnf 1 2M2Bosoy vetiie . ( fedstum senicentsatdQbnds  to

eff ct). These transesterification reactions are also

QﬁlgaAb?S%%%v§Y B&deéni ng of the reaction

mxt whe. cHiecheashbidddienebqgtEansestgelf i@akiconthe various

reactions of 70% 25 DHA-EE esters w th pant henol has

Heas igenbABEE Bl @ aiet sERardaeri onstShigring table 4:

advant ageous conversion rates near to or greater than

90% in particular when ethanol produced during
Table 4: Conversion percentage obtained during the

transesterification of 70% DHA-EE ethyl esters with

panthenol (*: in this case, the tube is left open to allow

-evaporation of the ethancl produced during the reaction).

Conversion percentages

Reaction conditions | of DHA-EE into DHA—

panthenol
Acetonitrile 68%1in 136 h
IM2B 76% m 115 h
2M2B in open air*® 88% in 96 h

It appears that the conversion percentage of 70% DHA-EE

.esters increases when the reaction is carried out in open

_;a;r. Indeed, under this Conditien, ~the ethanol prodﬁged-

dufinq the reaction evaporates. The equilibrium of the
reaction is thus sﬁiffed towards. the synthesis of panthenol-
DHA .esters. Moreoﬁer, these conversion values are certainly.
dnde;estimated due to the joint evaporation df 2M2B solwvent
(medium concentration effect). These transesterification

reactions are also accompanied by heavy blackening of the

reaction mixture.

The feasibility of transesterification reactions of 70%

DHA-EE esters with panthencl has been demonstrated and such

reactions show advantageous conversiecn rates near to or

greater than 90%, in particular when ethanol produced during




10

15

20

25

30

- fypES &F

WO 2007/ 147899PCT/ EP2007/ 056277 20 the reaction is
elimnated fromthe reaction m xture. However, a
parasitic hydrolysis reaction due to the presence of
the sol vents used and/or to anbient

%ﬁ&?ég%s with these syntﬁgses 5I't thus apgggéﬁLM? 26277
|nterest to try to avoid the parasitic hydrolysis
reacti on observed. Conpletely anhydrous sol vents
coul d be used, for exanple. It is also possible to
tée 1 yweaut: ibheséssapeineagtednsttan t Héepr esentéoof aixture.

ter trap (Lithiumchlorjde, |I| a [,

B angl BF PO 10° ek T e A5G4 Orn FFL § Sofie Presence
Hydroleyssi $n the &FOIvdiies pavédenalsDHA test @fibient moisture
synthesis reactjion, ethanol produced during the

HQ§§€FP6ﬁSaBbE%rEh?§Fkﬁ¥9%?e§F§nent that limts the

reactionghust sagbddpnatdron ishiféset ey equiy i B uayeld  the
the reaction towards the synthesis of the esters 15

rEGASiLGeFeBYITALES LT t TRACHRA A% S -o MRl 26t Ki gnhydrous
Lhiahpat Icgnldn%afalswh@arc@&%ﬂ@ ot synthesesossible to
under reduced pressure. This allows rapid evaporation

cofrret rmﬁoltw t hke anedpet@sseln ntheadriesanspeadds.a water

tiye1esyl ac n

AR Aad DR i PP oot acer oncaeont  Bnd HRAS) €2
sdnmaueieubay @m$ﬁlbiananf hdec¢msdsac action
pot e t|a i.s_the basj ect.rical it .of excitable
card? %IP%H§% ?%g%gsenter ﬁgnggfﬁ&ﬁt eﬁgkl?n’ ethanol
p&ewebaa Ummeﬁgo&heonxehannelspmesmsn$DMhefan eIEment that
vari ous ghases of the action potenti al D'ffg

aé??sﬁl%%en{“r%l%hd‘blr”ra&slﬁéln&htlétau Fier SﬂPlllb“um

ogar ¢haC egicensn thusaakkoweng seguentiad adfl the esters
coordinated activity in these regions. For this : .
cregigRreRy 1 THUSot asidi uniethaAfEF§aPEBded 030 WhimHge this

HENORL 08D, ok & &XPF eSard, Oy A ndUr behe LLAsHNEs@8d under
are responsible for the ultrarapid potassium current

refhead) pikicehract ShiLA tHd oMepdlaaTicz st TP IGTt itoe of ethanol
aﬂHrkﬁHsagna£ﬁéfgbse in’ reactlon speeds

Example 5: Comparative results of the action of EPA and. DHA

on ultrarapid. potassium current and thus on auricular

" fibrillation.

- The .eardiac action 'petentiéif ig™ the basic electrical--
un1t of excitable cardlac cells and represents the act1v1ty
of several types of ion channels responsible for the various

phases of the action potential. Different types of action

) pOtentials correspond to different eerdiac ‘regions, ‘thus

allowing seqnential end Coordinated activity in these
regions. For this reason, Kv 1.5 potassium channels, coded
by the KCNA5S gene, are expressed only in auricle tissue and
are responsible for the ultrsrapid votassium current (Tgey)
which acts in the repolarization of the -auricular action

potential. This highly localized expression cf Kv 1.5 is in
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potential. This highly localized expression of Kv 1.5

is in WD 2007/ 147899PCT/ EP2007/ 056277 21 fact a

target of choice in the treatnment of auricular

w6 Bdorh +7§§d on, a pathol ogy in which changes 'PCT/EP 007/056277
auricular action potenti aI? are observed. Thus e
effects of DHA and EPA on k wer e studi ed. 5 For

this purpose, the human i soformof the Kv 1.5 channel

" (hKv 1.5) was transfected in a stable manner in HEK

f&@:& (bumaareatbr yoni chkidaey)n celhles andatimmicufenturicular
suI(LéL tg fromthe Tll V|ty of thq% e channel S.Was_. . .lar
Lféh §fng B SIS 8K " PAt ARG echni glie. 710
adatiemi @Ioseaﬁdanetﬁmlsw\@nﬁe@nance of the cell line.

HEK 2 3- hKy 5 cells are 0 r dard

condrrt8ns P@?eéfecﬁéuﬁgt #{Aat %‘dquZ I‘!‘}‘%)‘tzf“)fAe prudied.
Feal oot s 1puebsdes tRet auBlfo cenfbuance. EH&-;GYKWE 3 héffannel
renoved and cultured in 35 nm petri_di shes contai ni

PR foPl owWfdy EGPREFRCHREYI dm T)I\/EWF‘PiLﬁvﬁtar%’ﬁen)m 1@%%

(fh%'hﬁln b%flforﬁef um&bey; 1 1:RQ€R) ; add m&burcﬁl&ferﬁporesultmg
Um penicillin 0 pg/ L streptomycin and 0.25

Ty tl@¢ utaéﬁqlﬁeté’l rﬁﬁ t EBGER) Chande20 PS5 ALAiedf using a
neti.ch q actde aati biotic.
e%t r%pgyfgl 0 ogd?/1 asﬁi In, I's studied using the

V\:hO| e-cell ' patch-cl arrp -. technique at anbient.

u ( The pipette nmedi um contai ns:
MpSaRiady: égﬁar?gﬂ%gd 20 MM KC1, 10 nM EGTA - .25 5 nM
MdEREShabcavb My R;e 111 riiMnMgClZl pH 7.3 (KC]—|) The
extr [ d| u cont.ai ns: 140 nM Nacl ,

TepelER 5 hR B9 gPucdie s ke, THeHa GREEFE T findard
Cw@lzﬂ_oﬁbl {34 (@ba:hcubamu I8t i yElIcRd aeve sy 3:62) in Falcon
seconds by 300 ns, +60 nV 30 depol ari zi ng pul ses from

GSBEE P hdlodi A® pStBLUERCSF ol T owed B§ - Bepiycemoved and

~epakapi zati o khepappl i tidecef thecgimient tpeaksbSlowing

establ i shed fromthe naxi nrum current
culture medium: DMEM (Invitrogen); 10% fetzal bhovine serum

(Invitrogen); .a mixture of 2100 U/ml penicillin, 100 ug/m}

streptomyeiﬁ and 0.25 mg/ml glutamine (Invitrogen); and

1.25 mg/ml of Geneticin® as a selective antibiotic. .

Electrophysiology.

Teur is studied ‘using the whole-cell ‘patch-clamp
technique at ambient temﬁeraﬁure' (19-22 °C). “Tﬁeh_pipetté '
medium contains: 125 mM K-aspartate, 20 mM KCl, 10 mM EGTA, -
5 mM HEPES, 5 m¥ Mg-ATP, 1 mM MgCl,, pH 7.3 (KOH) . The
extracellular mediuﬁ' contains: 140 mM NaCl, '20 mM HEPES,

5 mM D(+)-glucose,- 5 mM KCl, 2 mM CaCly, 1 mM MgCly, pH 7.4

(NaOH) .

‘ Tger is induced every 15 seconds by 300 ms, +60 mV
depolarizing pulses from a —80 mvV helding potential,
followed by -50 mV repolarization. The amplitude of the
current peak 1is established from the maximum current

obtained during the first 100 ms cf the depolarizing pulse.
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obtai ned during the first 100 ns of the depolarizing
pul se. WD 2007/ 147899PCT/ EP2007/ 056277 22 The
anplitude of the current at the end of the pulse is

I-0ed during the last 20 ns of the depo I
V%S%géghggeagents. HA and EPA are su%%ﬁ?é@gﬁgan7
Sigma. Stock solutions 5 ( mV) are prepared in
et hanol and the final concentration of solvent is
0.25% Results: Results are summarized in follow ng
Thab| &bl i thicTabf e the Rerrgemtt iathi bhei emdofoTKuhebyulse is
DHA and EPA at various concentrations. (15 WO , _
SO 4 789OBETHEPII0 T 02 1 33 CEPALS] fgRT1g 17 ing pulse.

rdegeaases peakanplitude (maxi mum i nhibition of

~17.56.4% n=10, p<0.05 at ip ﬁN@ and, end- of
E7FBo4©

. ul se ,
curr GHP afsl i Ehle T, :éﬁ’p§69@%'aﬁﬁ§§ibhf?lutlons
(PHARMPhiBLt $rBpakednin ampkhbudenBY tBe MBXHAUNM:Bhcdntration
58. 113. 6% (n=5, p<0.005) and that of end-of-pul se
ouBPeEnanpFi ¢ uefes by 86.53. 4% (n=5, p<0.005) at 25
la. M Conclusion: These results show that the
application of DHA 10 inhibits, nore strongly than
RepnliAd in a concentration-dependant manner, the
ul tr b 0. pot.assi ren v 1.5
chan%%?‘gi??a%s esf:t%e rﬁ%eﬁEE(EZ%Q%%eY%g? %aclgt's ,
"preferentially on end-of -pul se current, suggesting an

Te fec%é?}.@e%%?%. nlan%tijb\{iactiio%no I;ifuvr %ySDggaannnc?lﬁleA at various

concentrations.

DHA |
Peak T - End of pulse Iy
Concentration Mean SEM Mean SEM "
1 pM 82 63 | 101 5.8 5
3.2 M 109 6.9 145 6.5 5
5.6 uM 154 4.8 33.7 78 6.
ouM- | - 226 4.0 780 42 - 6
25 uM 581 136 - | 8.5 | 34 5
B |

Peak Igur End of pulse IKu.r
Concentration Mean SEM- Mean SEM .
T M 14.6 7.7 | 14.9 .5 5
3.2 pM 16.1 | 3.1 1%.9 4.4 | s
10 pM 17.5 6.4. 36.6 7.2 10
25 uM 5.4 6.8 61.6 7.3 5
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15 effect is acconpanied by a decrease in peak T _Kur
(contrary to . that observed for EPA), potentiating
Ticur inhibition by DHA. These effects on 'Ku,

' ' a beneficial action of DHA on auric
V*"?gdroﬁﬁ{ﬁ%% on. 24 CLAI M 1230\ docosahexaenoi CHQ@F%ZWWSQW

ester wth an al cohol chosén anong the group

consisting of: 5 - panthenol of the follow ng fornula

: and - isosorbide of the following formula : 10

and Eriasosoiphidey noiranicbsate péakheldiol lapwiligude (maximum

formula: 2. ogahexaepoi ¢c_acid est .t h e
ssr. o 11 SR80 T e AR e Bt b EPar b wpe ena-os

daces ahexaanghep aCt HestaAr. eadCcordi ngst oocd Aimak Q5 2AM) .

by transesterjficati on of docosahexaenoi ¢ acid ethyl

est e.PH%! t ﬁnPﬁ%lB'Fcoﬁ’]%Ei&crﬁj%ﬁén aéﬂ]igﬁéugﬁe §¥oup maximun  of

ansgiist. kg @Espantdienels) isesortitdes@ndnd-of-pulse current

amplitude by 86.5:3.4% (n=5, p<0.005} at 25 pM.

Conclusion:

These results show that +the application o¢f DHA
inhibits, more strongly than EPA and in a -concentration-
dependant - manner, the ultrarapid potassium current (Iger) of
human Kv 1.5 channels transfected in HEK 293 cells. DHA acts
preferentially on end-cf-pulse current, suggesting an effect
on  Tthe inactivation of Kv 1.5 channels. Moreover; this

effect)is_accompanied by a decrease in peak Ixe (contrary to

. that observed for EPA), potentiating Ik, inhibition by DHA.

These effects on Tk, indicate a beneficial action of

DHA on auricular fibrillation. .
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20 isosorbide nononitrate. 25 4. A et hod
according to claim3, wherein said nethod is carried

out in the presence of a catsad yst. 5. A
met hod according to claim4, wherein the 5 catal yst
is a lipase. 6. A nethod according to claimb5,

wherein ethanol is elimnatedrdgring the reaction.
107. A nethod according to clTaim5 or claim6®,
~wherein the reaction takes place in an anhydrous
sol vent oy W haul é%%éﬂﬁyt'd&f%.%%%e%t%gﬁﬁh%realcohol
8. A pharnaceutical conposition conprising 5
ddocusalecaenadine gcictkpe stoers iatcordiofg to claim 1 or 2

and | east one pharmaceutically _acceptabl e
—é§@¥§ﬁ5ﬁFﬁ'°f the goég%ﬁ&@&égﬁgyﬁéﬁoFc aci d ester

according to claim1l or or a pharnaceuti ca
conposition acc C%%ﬂg tgclaign 8 20 for use as a
drug. 10° cysahexaengi C aci d egpr according
to claim1 or 2 or pysidi .?ﬁrme?ﬁfof '
docosahexaeri oat ¢f (Ir { a phdrmaceutical conposition
according to claim8,CHHor (se 25 as a drug for the
prevention and/or treatirent of cardiovascul ar
2flyseases related to heart rhythm for the prevention
and/.or treatnent of diseases represented by ..defects
-i hsekeeblde o6nduet Fonlbninyocardiiak eells; for the
prevention and/or treatnent of nmultiple risk factors

BN

30 for cardiovascul ar gipeasg, chosen anong
hypertriglyceridem a, "hygertegnsi on, hyperlipi dem a,
dysl i pidem a; for the trea and/ or primry or

secondary prevention of,cardﬁoya cul ar di sease
~derived fromheart rhyth QL?QL ers; and/or for
treatnment 35 postinfarcti*n.: .

H oH

and

- isosorbide mononitrate of the following formula:

2. A docosahexaenoic acid ester with panthengl.

3. A method ofhpreparatién of docoséhéxaenbic adid.
ester according to claim.l or 2 by transesterification of
docosahexaencic écid ethyl ester with the alcohol chosen
among the group consisting of panthenol, isosorbide and

isosorbide menonitrate.
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35

26 11. Docosahexaenoi c acid ester according

to claiml or 2, or pyridin-3-ylnethyl

docosahexaenoat e, or a pharrceuti cal conposition
according to claim8, for use as a drug for the
prevention and/or treatnent of auricular 5
fibrid. & imethod accortidngDdoosdhéradnoiwbeaeid estidrmethod

accordi.ng, to._cl.aiml1 or .2 or ridin-3-yl net hyl

FoGeatietahbatt GIpRaFTGEEG: Pear EONBOEPLT on

according to claim'8 for the 10 use according to

claim 10 wherein the cardi ovascul ar di seases related

to hear ® PRyDRMH ESCORESEA ARDAG2AUr feulBrrand/ bhe
t-ri.cul.ar _art m a, tachycardi a and/ or

d%igﬁﬁkﬁaﬁgoﬁ.i%@%&E'DocosahexaenOic acid ester

according to claiml1 or 2 or pyridin-3-ylnethyl

doco%ah xaenoat e or ggarnaceut'cal onposi ti.on ,

accofdi AgmEoRefaPfAFErFoPdt he GsB8 Hceor HPRESLD BFERRAPL is

el9mwherebnat hengatdbovageuliah, di sease derived from

heart rhythm di Sorders is auricular 20 and/or

ventricular arrhythm a, tachycardia, fibrillation

and/ gr el [ cal n I pn fects induced b .

myocar draf bR drerPRRAEY: 88 B SR eRhentt tmaty dnerein

tast epzaetérdtfgetopthabmd 25 @fih¥dPbus solvent or
pyridi n-3-yl met hyl - docosaheXaenoat e or pharmaceuti ca
W&%HﬁBEiFP%ﬁe%%cbﬁd?n@rfpaEmaFB$%r$or the use
according to claim 13 wherein the drug is for the
"treatnent and/of primary or secondary prevention of
suddén Heptdrmaceutical compeosition comprising

docosahexaenocic acid ester according to claim 1 or 2 and

at least one pharmaceutically acceptable excipient.

9. Docosahexaencic acid ester according to claim 1 or’
2 or a pharmaceutical composition according to claim 8,

for use as a drug.

10. Docosahexaenoic acid ester according to claim 1
or 2 or pyridin-3-ylmethyl docesahexaenoate, or a

pharmaceutical composition: according tao claim 8, for use

as a drug for the prevention and/or treatment of

' cardiovascular diseases related to heart rhythm; for the .

prevéntioﬁ and/or treatment of diseases represented by

"defects in electric conduction in myocardial cells; for

the prevention and/or treatment of multiple risk factors
for cardiovascular disease, chosen among
hypertriglyceridemia, hypertension, hyperlipidemia,
dyslipidemia; for the treatment and/cr primary-or
éecondary prevention of cardiovascular disease derived
from heart rhythm disorders; and/cr for treatment

postinfarction.
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11. Docosahexaencic acid ester according to claim 1
or 2, or pyridin-3-ylmethyl docosahexaenoate, or a
pharmaceutical composition according to claim 8, for use

as a drug for the prevention and/or treatment of auricular

. fibrillaticn.

12. Docosahexaenoic acid ester according to claim 1
or -2 or pyridin-3-yimethyl doccesahexaenoate or
pharmaceutical composition according to claim 8 for the
use according to claim 10 wherein the cardiovascular
diSeéses related to heart rhythm is chosen among-auricular
and/or'ventricular arrhythmia, tachycardia and/or
fibrillation.

13. Docosahexaenoic acia ester according to claim 1
or 2 or pyridin-3-ylmethyl docosahexaenoate‘or |

pharmaceutical composition according to claim 8 for the

‘use according to claim 10 wherein the cardiovascular

disease derived from heart rhythm disorders is auricular
and/or ventricular arrhythmia, tachycardis, fibrillation

and/or electrical conduction defects induced by myccardial

infarctiormn.

14. Docosahexsdenoic acid ester according to claim 1

o;_Z or‘pyridin—3—ylmethyi'docosaheXaenoate or

_pharmaceutical'composition according to claim 8 for the

use according to claim 13 wherein the drug is for the
treatment and/or primary or secqﬁdafy prevention of sudden

death.




