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1 PHARMACEUTICAL COMPOSITION COMPRISING

MICROCAPSULES OF STATINS SUSPENDED IN ALKYL ESTERS OF
POLYUNSATURATED FATTY ACIDS (PUFA) State of the Art 5 The

present invention describes a new pharmaceutical composition for the
administration of statins and the procesg of preparing them. The efficacy

of the statins in the primary and secondary prevention of cardiovascular

d BHA&MA@LU&@AIQ@KDW@@H&O NNGOMPRIBING [WlioRaCHPEIGEEREFESTATINS

statlns co’@?@e r§ ibﬁ‘ttga r I]:%B?%%RERLH?QA‘AF PRIAVALIBS (PUFA)

|on 0 systemic inflammatory
markers (Ridker P.M., et al.; N. Engl, J. Med. 344:1959-65, 2001) more
thae gptH@eAr@duction of cholesterol level. Even though it has not been
possible t Brove that there |§ é?ect relation of the anti-inflammator

mechalSmPePakiARVRRE rS8RARSR of Sl RUNGRE-A n&orPQP,a'Fﬁ’” for the
stinuiiesrhtnrecs HawTs diat trepieatmn ehprefdrisgttiesimproves  plaque

stabilityndegyct b e nteria H@fﬁffﬂﬂ?& o §§@&¥H%{Fy' BAIRINT of cardiovascular

subjected to 15 endarterectomy (Crisb et. al. Clrculatlon 103:;926-33,
%‘é@ﬂ%ﬁr‘i‘%ﬁﬁ‘?@rﬂ%ﬁ@f‘éﬁﬁ“ﬁﬁtw %f&tmgernoéﬁiﬂ”é‘?ﬁ#%%éﬂ%%%ﬁ%t&ét%‘?ﬂ%é%ggeStS
tiheet el gldtical bémfprmammwfnﬂw]mﬁayrmteramdemm $iectelaedan a reduction of

& tion,cont
%l%lon%%ﬁﬁ%%g%%%?ﬁ %eq‘rgeasé{ C/ébﬁp@ of\?n@feﬁé%ﬁr%}éﬁ $°. 2001)
ﬁﬁtﬁé’ﬁ%&%@%@%‘ﬁﬁ”tﬁé'&?l@ﬂ%@é|@Y§h@1’§§|8}9'€% hasaT [Reast Rgssible to prove

EEHOSCIEh Hf?é@ﬁ’?@a\(%@f@i@'a&@ ibfi@dnSatot() rﬂ@&?&nlgﬁr&%ﬁ@’ R&he reduction of
B3 JH&‘ésathé?‘teev%ﬁ?“¥e%‘é'r§ RS ave & oUv%V aonst ate‘% ﬂ? ?ailfrlmg? roves
eeﬂgect m% e preven’tlon 6] car |ovascular events ?Ej her Tp

Nrstiie mmmmoas) tb@sertﬂydbynﬂmnst@fyare@mmﬂanwﬁtemfsysublected to

SHHRERBRATE g‘M'a&h)ﬂh'ﬁiF&%ﬁh%@@Z@SﬁhQ&)ﬁt M-a&IR6A. therapy with
2002:100:-1 40 6; Billman GE, et al.; 25 Circulation 1999: 99: 2452-7)

T:B"i\‘f@?éHt%&?é‘ﬁ?@rﬁ%mog&bgndﬁ%%%tmfﬁﬂuﬁﬁ%%S’i%%sﬁﬂ%?c%fu‘f‘éaf‘ﬂammatory
keion, lsuidinasdor Mmpl,esnjaheaﬂdowoakagﬂpmmd&ﬁ ;?cBﬁ)aBB@/am t Wal A.C,, et a).;

f
SR RS PRI B e
ﬁﬁa@ﬁ%@éﬁiﬁt‘é&l@ﬁ'@fbéﬁl&h%@hﬁg 2 sfaiﬁﬂ@ﬁﬂ?raﬂmmb \Ygss, B} 28:1452-8,

pesribes a pharmaceutical composition of statins in the form of pellets

with an_enteric coating so as to grotect the (Product at low
Omega-3 type polyunsaturated fatty acids (©2-3 PUFA have demonstrated a

beneficial effect in the prevention of cardiovascular events (Bucher HC, et al.; Am. J. Med.
2002; 112:298-304), possibly by means of an antinflammatory, antithrombotic and
antiarrhythmic mechanism (Sethi S, et al.; Blood 2002:100:-1340-6; Billman GE, et al;
Circulation 1999: 99:2452-7).

Different patents have been published which describe pharmaceutical formulations of
statins, such as for example:

US 5,180,589 or US 5,356,896 which describe pharmaceutical composition forms for
the stabilization of statins at low pH.

US 6,235,311 describes a pharmaceutical composition combining a statin and
aspirin.

US 5,225,202 describes a pharmaceutical composition of statins in the form of
pellets with an enteric coating so as to protect the product at low pH.

WO000/76482, WOO00/57918 and WOO00/57859 describe pharmaceutical

compositions formed by lipid regulating agents in oils or in surfactants.
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WOO00/76482, WO00/57918 and WOO00/57859 describe pharmaceutical

35 compositions formed by lipid regulating agents in oils or in surfactants.

2 WO002/100394 and W003/103640 describe pharmaceutical

compositions formed by pure statin nanoparticles without any protective

coating dispersed in pharmaceutically @cceptable oils, however this type

of formulations have stability problems for statins if the temperature of

preparing@trisysem axceauoddI03amisdosdibeaphdanarestiosl compositions

#%rren%aéaﬁ'or.‘swse“é*t‘é‘ﬁ%ryng%h%r'ﬁ‘efeé‘.“v%‘ PRRdST U Sts Lessareh catied g i

out yth¥| ventors, a new Srmutation Has Bedn'deve oped con stlngpo{;

phavigieReiinally seeprinalie ofstatipisareslklisestess of PRI bRvehstability

ptabRIArevisolaiad frane eepiasiaitb BigrlkdrpsieROLPidhn BycdBdveans, as is
f a polymeric memprane that can be easily disintegrated in the

%gs?gﬁ%t[éléﬁﬂ%‘?trﬂé iBFﬁP%rI%%OESating provides stabilization of the statin,

slimmatingftthe gu@ntience of degradation products of the statin during the
procesges, QLBERRATAY D& I QGRRSY ISUSHPRENRIOBAN of NGRBAEAIIRSN has

the mentioned microcapsule suspension of statins in 15 alkyl esters of
RS AIRYSIRBPYYRBRSEP AR ThIBIEMITGRALID RRENRIOR Yeti T 4paldsesters of
harhgielatin ctapsu s atitabletsisprated s retcontace withoinghatlk@sester of PUFA by
pesResep e Gaied Ut ALAPMRCTAe GHeeRAngARC: Refflefhied in e
escription of the'Invention A new preparation for statins’has bee
RSP e A Eresiprisingly allows 20 avoiding the problems of
degradeiigrtaahgiphadduavsamieatibayor e dosprmaiahimaiiig RRSBBeR @hce of
I ity hioh pontent el kg estors of PLER: Therefore, aceording (0 8. apsuie
ﬁ?&r%s%é% [ astf)ect, the presen HhvEntio R reiates 8’ |r§ar‘?armgceut|caclr P
sorpenstnasithehdte iz dhn doét isemisnte dofracepspnsisnessipiéisigtins in
anRyrilitha Bf_gb@ﬁﬂt‘%ﬁt f?ﬁéi'%ﬁ_@}ﬁr%PfMM@éﬁFHéaﬁﬁ@ fBF%GE{d(%ﬁt gelatin
(PUFA) and microcapsules comprising at least one polymer and a statin.
ORGSR | Belh 5T, HESH e Y acABNER) Bfeler SR bdiHgho hese
thec3resga8d senies| tueptcacempes giveteeabbe dialgdiCfrom the group
B%%iéﬂ@egfzﬁb‘ﬁoﬁ%f’ﬁ?eoﬁ”v@ﬁmc acid, docosahexaenoic acid or

mixtures thereof. According 10 a preferred embodiment according to the
presenft iREENRETPAIRICB0TRIS/PEEERFBF PERA 8 RIRRGE dMhih BvERgiRINgy allows
sovigisting ©fpethydnisashykedreaiion that statins have when they are formulated in

the presence of oils with a high content of alkyl esters of PUFA.

Therefore, according to a first essential aspect, the present invention relates
to a pharmaceutical formulation characterized in that it is made up of a suspension
comprising an oil with a high content of alkyl esters of polyunsaturated fatty acid
(PUFA) and microcapsules comprising at least one polymer and a statin.

Said alkyl esters of polyunsaturated fatty acid (PUFA) preferably belong to the
Omegaa3 series, they are more preferably selected from the group consisting of the
eicosapentaenoic acid, docosahexaenoic acid or mixtures thereof.

According to a preferred embodiment according to the present invention, the
alkyl ester of PUFA is selected from the group consisting of ethyl, methyl, propyl,
butyl esters, or mixtures thereof.

Preferably, the statins selected from the group consisting of simvastatin,
lovastatin, fluvastatin, atorvastatin, cerivastatin, pravastatin, rosuvastatin or mixtures
thereof.

The polymer coating the microcapsules of statins is preferably selected from
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butyl esters, or mixtures thereof. Preferably, the statins selected from the
group consisting of simvastatin, lovastatin, fluvastatin, atorvastatin,
cerivastatin, pravastatin, rosuvastatin or mixtures thereof. 35 The polymer
coating the microcapsules of statins is preferably selected from 3 the
group consisting of polyesters, polyacryfates, polycyanoacrylates,
polysaccharides, polyethylene glycol, or mixtures thereof. More preferably,

the pehouer cealisgithg misfocameterd stafiblyisselested fpamdihoacrylates,
roup consisting of atin, carboxymethylcellulose, alginat

B R R R o e RS A e e prstgray. the

pelyines € erigio phenaliate capses pteinmistirplesiridsenp MiREREpP consisting of

g@ﬂiﬂﬁ'\alﬁﬁf%ﬂﬁiﬁm h}{m@flé,t(%!{ﬁﬁﬁ?ﬁr)éa??%@ta%)wa_r][s, pEec';iI‘r]\s, ethyl cellulose
ime aminoe e rylate copolymers udragit(r , the

AR R o R ory ISP e BT A L. croxypropy

RSN o imess _ahmamlymeﬂsylﬁda&_mc acid gtypplwrmmjs(sumagin@esl_ and S),

HREsR) 1A 3RtRARbh aRNatEnaceutigg) iarardation gegaraing o theg) the

&resent invention comprises an antioxidant, preferably vitamin E acetate.
IR B R FR R AP RHR T RPABRITH REHIRE PR BritloROlYMers
tinel pbpoipaees bt # docrantatjlycolo apdises mamiteiethBrederably, the

microc@%ﬁﬂl?aﬂf%%h%%%ﬁ@& %%mgtﬁ)ﬁé%%nﬁn t?c! &%.‘gﬁ?&ggﬁﬁﬂgention

the pharmaceutical 1 ation according to resent invention, an
EPRYIFEST SN IRKBIYTr aREBRiaDAT HRETHt dp STHB RIS cORTSNSEY HetweRtpierred

dfibabth &Q%a&xoverightopraterpliydhetivrentbanedOynBymaeiiicll formulation

rglr%tiﬂgeto é[hren ‘{t?r%al weight of the microcapsules. Preferably, the oil with a
ﬁlgi‘locon%enaf 0 arcf(yl esters of PUFA has a purity exceeding 60% in alkyl
ester oPRgRIDIR0tae doicliprpRs dgsrefiTeskaimbridiesent #cendifg%o ehdghe total

RESSRNGANE HiRInTRS RRYMSHAAENBHSSS BraIAg 1488 ?%ﬁawew@iﬁaﬁb%{nd the
those rﬂ)E]Iastlmz_er_s selected from the group consisting of triethyl citrate,

. e g
BURH BB AL P RS thisk81d AIFEP CRRITCalSaRIRIARSGr hrgween 1% and
poYyher waiybiptimeéshably ineorperatedmehiébimproveight facilitiotheo the total

ﬁ@@ﬁ%'ﬁ‘i@ﬂwI%ﬁ%%%ﬁ%%é@*b?érefr%ﬁkf%%%ﬂ’NHWENQ@Q&%t %galkyl esters of
erab d and

referably talc. The ratio between eicosapentaenoic acid an

HESsHAR R 265898 ISt &R Ta Bl TEEA B NAen 0.5 and 2.

According to a preferred embodiment according to the present invention, the
polymer comprises a plasticizer additive, preferably those plasticizers selected from
the group consisting of triethyl citrate, butyl phthalate or mixtures thereof. Other
technical additives of the polymer can optionally be incorporated which improve or
facilitate the encapsulation process, such as, for example, fluidizing agents,
preferably talc.

The ratio between eicosapentaenoic acid and docosahexaenoic acid is
preferably comprised between 0.5 and 2.

According to a preferred embodiment of the present invention, the
microcapsule suspension is encapsulated by soft gelatin capsules for oral
administration. Said soft gelatin capsules preferably have an enteric coating.

The preparation of the microcapsules can be carried out following any of the
methods described in the literature. By way of description and without being limited
thereto, the different processes of obtaining microcapsules could be grouped into
the following categories:

A) Simple coacervation methods:
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According to a preferred embodiment of the present invention, the

microcapsule suspension is encapsulated by soft gelatin capsules for oral

30 administration. Said soft gelatin capsules preferably have an enteric

coating. The preparation of the microcapsules can be carried out following

any of the methods described in the liteyature. By way of description and
without being limited thereto, the different processes of obtaining
microcapauiﬁﬁ)muIchb@grmpetbij&mdhwfallwwipgmadaﬁwag &9 the polymer

Sim cer ation methods:; 4_A solution of the oI [ to etherw h
2 S ERRCe AT ey sl of O DERRN IR0l in saic

splujien l@étéﬁdawmat@mbasngﬂe&wrrpém @@iMﬂ@h@W@ddWﬁéﬂ%f@fOe the

ééiﬁ%@rtsel‘\/@ﬁ Sgﬁhﬁé?%)‘fsﬂlﬁ‘é iaErﬁgd&?s?eQI?fEQefﬁf@@éhﬁ tﬂ@@@%@ééb@es can be
er on e r StalS. EXam 0] ro Ses can be

B AR TR S A S S0oNa88aE L B D508 16 BF B4 870

346 878) ®nerpleacereairuatethatethod This method is based on the

interacfigr biewRsh fWoRRILRIdS NaagiReRREER SlRET AN AT SRR Chaving

generate an insoluble complex that is deposited on the particles of the
8?8@%6%%'%88&@5@8 SOty SERRIAErandtRALRIn ermebed Metiffposited
&xanplparot e e plneceasgst@aaseberfmpfmlatmtefmrdo@r:memmmmheamat will

@3? Jrg’?ﬁ ‘ﬁn@v Qﬁ%’é‘?e‘ér%'r‘ a0 H% @éeyﬁ%ﬁ”&g 18,09 ?ﬁ‘fpaa?%ﬂs&%umems

issolv ater of in a so utlon of Some other coadyuvant an
@Hﬁhlé‘ﬁl&?l@&?&%-ﬂon of the polymer and additives in a suitable solvent,

15 SUCb)ﬁ%‘[ﬂﬂ@é@‘mﬁtﬁﬁ diekHegamethane. The resulting emulsion is in turn

emulsified i orin an eous solytion .of an emulsifyin
such aﬁslﬁpofgv% Bﬁ:oen flpé?]}%% hIS s%sc%n @m\'\l’lqsel{)r?rlsmc%rr% totf gome other
seadiguant which eneuistischie potitine @Iﬁlﬁu@mwwm@@mdm ggitable solvent,

SR RIS CRYRRANSHRI G YRPRIRIAROFBUHAG URMISIIBIS @S I emulsified in water or

microcapsules are obtained directly by filtration or ev t%oratlon Examples

BraR ARG RN A RARB SR BG RIS I Pae RS YAASREc fpcadhgsecond
dnGBdondd cajicimylthe sulilsiaimmbitiotie: pdhendrugdaHecpisteipsulsged]issolved in

@%IRRW% W%Q&n@dgﬂ“&%@l@l%s%?l%%é&%ﬁth?ﬁén r&aﬁﬁt@qlr‘ﬁc%gﬁg}tes are

his solution is emulsified in water or in an emulsifier solution; such as

%WW@E%BY, TiFRiIOR ORURRAEALRIN ExRTenamAHERSS BPeRAE8s FabRIsg be found
inypeiiegtieumdii©such as US 4,652,441,

D) Simple emulsion methods:

The drug to be encapsulated, the polymer and the additives are dissolved together in
a suitable solvent. This solution is emulsified in water or in an emulsifier solution, such as
polyvinyl alcohol, and the organic solvent is eliminated by evaporation or by extraction. The
resulting microcapsules are recovered by filtration or drying. Examples of these processes
can also be found in patent documents such as US 5,445,832.

E) Solvent evaporation methods:

The drug to be encapsulated, the polymer and additives are dissolved together in a
suitable solvent. This solution is evaporated and the resulting residue is micronized to the
suitable size. Examples of this process can also be found in patent documents such as GB
2,209,937.

EXAMPLES:
Example no. 1: Preparation of microcapsules of simvastatin with gelatin and
carboxymethyl cellulose by means of complex coacervation processes.

Solution A: A 1% solution of gelatin in water is prepared and the pH is adjusted so
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25 resulting microcapsules are recovered by filtration or drying. Examples
of these processes can also be found in patent documents such as US
5,445,832. E) Solvent evaporation methods: The drug to be encapsulated,
the polymer and additives are dissolved together in a suitable solvent.
This solution is evaporated and the resdting residue is micronized to the
30 suitable size. Examples of this process can also be found in patent
thaclimenisisoeh edeBthaz®9,937. EXAMPLES: Example no. 1:

Preparggﬁq%%féplgﬁc?)%aéﬁb%e %&Eﬁl—ﬂﬂ"&s tsa(;[i(p u%t%é]{%lg)’%i}pmaqu | cellulose i%g/ater is
carboxymethyl cellulose by means of complex coacervation %rocesses.
SeRaiethand sheopts b arin e dsiathahitvateaus! freparedieititrthé pH is

ad{ Uts_tQ@Q;ﬂlE c?MJEi&B AchH lt@h@]ﬁﬂrﬁ\aiégfuﬂ@ﬁ@ﬁr@ﬁ{&gg%& ﬁéj@éﬁ@% &%C. 1.2¢g
SOolution or.sodium carnoxyme celiulose In water | repared and.tne

PO SRR Al S o 1B e Jrusuas - 2l s AOWSECS Highereed and
andui (B mre obselvtiriie qte imirdidtent thehfetytondains. of . 2dgirey @fcetic acid. It is
P\%Wga?ﬁe'ﬂmﬁéét%ﬂiﬁéef&iﬁpﬁéﬁbﬁgtiﬂdk@ MxHEs: Whenabine asslenisooc, this

dispersed and no lumps are observed, the pH is adjusted to 4.0 b

SRR a8, @é@f@%&d?ﬁﬁ@%iﬁ%né&“dﬂ%? ShrfrrgleseR ﬂ%@J pigfaldehyde

hOvararnsidbesdthe solution is cooled to 10°C, this temperature being

maintained ther f. 0 lQn of de,in; .;

wator A e rpaspatych Tt $iad B S YA SulBining

ENGIREARSHHERRAY E IPREYB RIS BIEs PEiEsESRtaining 37% of simvastatin.

This mm@m&sd@%mw%waedii@@ﬂ&cﬂys@iepﬁ%bmi@%}g@mmmg 889 &fyylester of
of PUFA with an eicosap: ic acid (EPA)/doco xaenoic

D B S ST DneE s AR e S RS TN OO B2

Exavsieatn. Wit rslataiioy afeaimsotapstisim plestoaestettiontpraetsedyAneans

ePeinpiienRERRIAlR Mrovai&is prepared. 100 mL of this solution are
taken and 1 of_é)owder simvastatin is dispersed therein. Once all the

g
simvastatit AYLIBSH RBND0HPHE hPrePd &hturated solution of sodium
sulfatelibowate oartbisddedioit Erentikdairaad Underf shoridgrfemivhstatianiel dispersed

Fadii- efee 2 %Qé’/l%ﬁ%uig%ﬂr%géubae@d&@ya@éa ‘é@ﬁ‘?\%aéﬁ ﬁ@gﬁﬁa%@%olution of

formed microcapsules are collected by filtration, washed with water an
spfligm sulfate in water are added. It is maintained under stirring for 1 hour and 0.5 mL of a

50% solution of glutaraldehyde in water are added.

The formed microcapsules are collected by filtration, washed with water and dried
in a vacuum oven. The simvastatin content of these microcapsules is 45%.

The resulting microcapsule powder is dispersed directly in oil containing 70% of
methyl ester of PUFA with an EPA/DHA ratio of 0.8.

Example no. 3: Preparation of microcapsules of lovastatin with polyethylene glycol.

A 10% solution of polyethylene glycol in water with molecular weight 35000 (PEG-
35000) is prepared.

6 g of lovastatin are dispersed in this solution by means of intense stirring.

When a fine dispersion without lumps has been obtained, the solution is dried
by means of spray drying.

The obtained microcapsule powder has a 40% lovastatin concentration and is
dispersed directly in oil containing 85% of ethyl ester of PUFA with an EPA/DHA ratio of
1.

Example no. 4: Preparation of microcapsules of simvastatin with cellulose

acetophthalate.
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in a vacuum oven. The simvastatin content of these microcapsules is

45%. The resulting microcapsule powder is dispersed directly in oil

containing 70% of methyl ester of PUFA with an EPA/DHA ratio of 0.8. 25
Example no. 3: Preparation of microcapsules of lovastatin with

polyethylene glycol. A 10% solution of polyethylene glycol in water with
molecular weight 35000 (PEG- 35000) is prepared. 6 g of lovastatin are
dispergedoin $bisisnl oticodaynmestsphitiakense aiatdang Waenaa fing of simvastatin
dispersion without lu s been obtained. the solution is dried 30 by .
B IR T S R S TSI LBy e oy
neartaisraMcsyittation and is dispersed directly in oil containing 85% of

ethyl estRy QitEEAMER RPERAIBIHR T &igigfe ke HAERIE R®ikcontaining 85% of

P%E({)aratior? of microcapsules of simv.ast?|$1n with cellulose 35
E

85[’%%@8!:@ A& &ﬁ@(l%h‘%{%tbodﬂj %cetophthalate in water is
preparédaf glef simvdstatngpanad@marefsusperndeg$ole60 ofL efrtvigstatin - with

5019HQ8: OR LORAAG FHSPERHINIS SBIGH Y ARAAVRARFPIRY Y¥Fe ThGuIsion

obtained microcapsule powder iS dispersed directly in oil containing 85%
B HO SR P UFA with an EPA/DHA ratio of 0.5. Example no. 5:
Preparatiotosf Atickotasstastiohsonwasiatimvdithl poiy@aciic: olpeNiy adid)intrinsic

[tami imple [ od (oil in water)
Ry R B MR b R P S B Dy witn
intrinsi€OYisBoSiy o $MwALadin and lagtRiYyIronckafsigte argglissolved in 100
pieppseritisoMtion B: 5 g of simvastatin and 1 g of vitamin E acetate are

dissolved in 100 f solution A. Solution C: % solution.of polyvinyl
alconor IR 11 (s SRR S RES O TR Sl ety
and unt¥r inkepfssobtiiom§ t&re @ddathislowvly Brblnidet Otensi shitaiging H000 mL of

RildesmusieBntAlhig atirirg denlatiained, a nitrogen current is passed
through the previous emulsion for two hours to eliminate most of the

DCM. YU $HE1 RiRE BIR RN ORI AL SHTERH [HApRfige dhrough the previous

emulsion for two hours to eliminate most of the DCM.

Then the resulting suspension is frozen and lyophilized.

A powder is obtained which is washed with abundant water to eliminate the
excess PVA and is dried under reduced pressure.

The resulting powder is dispersed directly in oil containing 85% of ethyl ester of
PUFA with an EPA/DHA ratio of 1.5.

Example no. 6: Preparation of microcapsules of simvastatin with carnitine
and polyethylene glycol

A 10% solution of polyethylene glycol in water with molecular weight 35000
(PEG-35000) is prepared.

5 g of simvastatin and 1 g of carnitine are dispersed in this solution by means of
intense stirring. When a fine dispersion without lumps has been obtained the solution is
dried by means of spray drying.

The obtained microcapsule powder is dispersed directly in oil containing 85% of
ethyl ester of PUFA with an EPA/DHA ratio of 1.

Example no. 7: Preparation of microcapsules of simvastatin with carnitine, vitamin E
and PLGA, triple emulsion method (water in oil and in water.)

Solution A: A 10% solution of carnitine in water is prepared.

Solution B: A 10% solution of PLGA in dichloromethane (DCM) with intrinsic
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A powder is obtained which is washed with abundant water to eliminate

the 20 excess PVA and is dried under reduced pressure. The resulting

powder is dispersed directly in oil containing 85% of ethyl ester of PUFA

with an EPA/DHA ratio of 1.5. Example no. 6: Preparation of

microcapsules of simvastatin with carnitime and polyethylene glycol 25 A

10% solution of polyethylene glycol in water with molecular weight 35000
(BESSit3 9009 bi® nrepareshio/ghebio vatrstatin prshdreiof carnitine are

disper ly th lution b ans of | tense.stirrin

cispor B G A S S TSR S S0EE A psovea n 200
Mleahsobitigpray drylng. 30 The obtained microcapsule powder is

dispersedlirecsyinonil cariaimngifee’h @bieibyl e sie Fg\‘éfa\ﬁ’éJ(ﬁ"f‘n‘e@HBeaéTwrlng with
§Yh@/DHA ratio of 1. Exam ,Ee no. 7. Pre E]‘Jatlon ofmlcrocagsul

t?i‘ﬂirﬁ% RRATRRIAR!: VEHRRUENG ST PP NS I ERTH @ﬁiﬁbﬁ?% mL of a
WetelutivoibfeddAmwater.) Solution A: A 10% solution of carnitine in water

Is prepgjig: Shring!iahRiahdd’a ﬁﬂlH?QH aifdren Phgé%'a'?ﬁ%ﬂ@ﬁhﬁ‘\%eprevuous

(DCM) with intrinsic 7 viscosity (1.V.) of 0.17 and lactic/glycolic ratio 1/1 is
prplPadOSH oM E o1 8 G"st‘gqmgfﬁt thedi@M- g of vitamin E acetate are

dissolveeemtA® Cegultingf saipdiasion .i2 BordnairsioldidiiZeére emulsified in

solutiop G oA SANEHR STLIRI I BAR WIALH A cpundant water to

homogenlzer e resulting emulsion is in turn emuls

2ypigaiation SPSHLWRRESS WW%ﬁirﬁ@%%ﬁﬁ?&ﬂéa,'%%@ég@ﬁ oven.
CUVYentrhbﬂ%ﬁFﬁﬁdhﬁW@&hﬂE@I@fW rﬁmulﬁmaf%ﬁmdwmm.on of 25% and

ellmlnate fthe CM Then s |s froz r@ﬁ
R R e R N e R A SR B AT raio
eblLiAdant water to eliminate the excess PVA and is drled under reduced

PXGASHEEHD. BVPRBATAQAYE BT Mie BReNGJUEEAGRBSHRPANIIE MR R rylic acid

simvastatin concentration of 25% and is dispersed directly in oil
CORPLYAMGG 85% of ethyl ester of PUFA with an EPA/DHA ratio of 1.2. 15
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acid and methyl acrylate) until obtaining a fine suspension. Triethyl citrate (plasticizer of
the polymer) is added to this suspension up to a concentration of 5%.

The resulting suspension is dried by means of spray drying .

The resulting microcapsule powder is dispersed directly in oil containing 85% of
ethyl ester of PUFA with an EPA/DHA ratio of 1.2.
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polysaccharides, polyethylene glycol, or mixtures thereof.

7.- A pharmaceutical formulation according to any of the previous claims,
characterized in that the polymer coating the microcapsules of statins is selected
from the group consisting of gelatin, carboxymethylcellulose, alginates,
carrageenans, pectins, ethyl cellulose, hydroxypropyl methylcellulose, cellulose
acetophthalate, hydroxypropyl methylcellulose phthalate, methacrylic acid
copolymers (Eudragit® L and S), dimethylaminoethylmethacrylate copolymers
(Eudragit® E), trimethylammoniumethylmethacrylate copolymers (Eudragit® RL and
RS), lactic and glycolic acid polymers and copolymers or mixtures thereof.

8.- A pharmaceutical formulation according to any of the previous claims,
characterized in that it further comprises an antioxidant, preferably vitamin E
acetate.

9.- A pharmaceutical formulation according to any of the previous claims,
characterized in that it further comprises carnitine.

10.- A pharmaceutical formulation according to any of the previous claims,

characterized in that the microcapsules represent between 1% and 60% of the total
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PHARMACEUTICAL COMPOSITION COMPRISING MICROCAPSULES OF STATINS SUSPENDED IN ALKYL ESTERS OF POLYUNSATURATED FATTY ACIDS (PUFA)


State of the Art


The present invention describes a new pharmaceutical composition for the administration of statins and the process of preparing them.


The efficacy of the statins in the primary and secondary prevention of cardiovascular diseases has been demonstrated in a number of clinical studies. Recent evidence suggests that the clinical benefit obtained with therapy with statins could be related to a reduction of systemic inflammatory markers (Ridker P.M., et al.; N. Engl, J. Med. 344:1959-65, 2001) more than to the reduction of cholesterol level. Even though it has not been possible to prove that there is a direct relation of the anti-inflammatory mechanism of statins in the reduction of cardiovascular events, recent studies have shown that the treatment with statins improves plaque stability and reduces the arterial inflammatory reaction in patients subjected to endarterectomy (Crisby M., et. al.; Circulation 103:926-33, 2001). In addition, therapy with statins in experimental models determines the reduction of expressors of the inflammatory lesion, such as for example of the macrophage infiltration content (Van der Wal A.C., et a).; Circulation 89:36-44,1994), of the release of VCAM-1, of interleukin-1( and of tissue factor in the arteriosclerotic lesion (Sukhova GK, et al.; Arterioscler Thromb Vaso Biol 22:1452-8, 2002).



Omega-3 type polyunsaturated fatty acids ((-3 PUFA) have demonstrated a beneficial effect in the prevention of cardiovascular events (Bucher HC, et al.; Am. J. Med. 2002; 112:298-304), possibly by means of an antiinflammatory, antithrombotic and antiarrhythmic mechanism (Sethi S, et al.; Blood 2002:100:-1340-6; Billman GE, et al.; Circulation 1999: 99:2452-7).



Different patents have been published which describe pharmaceutical formulations of statins, such as for example:



US 5,180,589 or US 5,356,896 which describe pharmaceutical composition forms for the stabilization of statins at low pH.


US 6,235,311 describes a pharmaceutical composition combining a statin and aspirin.



US 5,225,202 describes a pharmaceutical composition of statins in the form of pellets with an enteric coating so as to protect the product at low pH.



WO00/76482, WO00/57918 and WO00/57859 describe pharmaceutical compositions formed by lipid regulating agents in oils or in surfactants.



WO02/100394 and WO03/103640 describe pharmaceutical compositions formed by pure statin nanoparticles without any protective coating dispersed in pharmaceutically acceptable oils, however this type of formulations have stability problems for statins if the temperature of preparing the system exceeds 40ºC, as is the case for most oral preparations.


Summary of the Invention


As a result of the research carried out by the inventors, a new formulation has been developed consisting of a microcapsule suspension of statins in alkyl esters of PUFA in which the statins are isolated from contact with the alkyl ester of PUFA by means of a polymeric membrane that can be easily disintegrated in the gastrointestinal medium.



This coating provides stabilization of the statin, eliminating the occurrence of degradation products of the statin during the processes of preparing the microcapsule suspension and of incorporating the mentioned microcapsule suspension of statins in alkyl esters of PUFA in final system of administering the product (soft gelatin capsules, hard gelatin capsules, tablets, granules, etc.), even though these processes are carried out at a temperature exceeding 40°C.


Detailed Description of the Invention


A new preparation for statins has been developed which surprisingly allows avoiding the problems of degradation that statins have when they are formulated in the presence of oils with a high content of alkyl esters of PUFA.



Therefore, according to a first essential aspect, the present invention relates to a pharmaceutical formulation characterized in that it is made up of a suspension comprising an oil with a high content of alkyl esters of polyunsaturated fatty acid (PUFA) and microcapsules comprising at least one polymer and a statin.



Said alkyl esters of polyunsaturated fatty acid (PUFA) preferably belong to the Omega3 series, they are more preferably selected from the group consisting of the eicosapentaenoic acid, docosahexaenoic acid or mixtures thereof.



According to a preferred embodiment according to the present invention, the alkyl ester of PUFA is selected from the group consisting of ethyl, methyl, propyl, butyl esters, or mixtures thereof.



Preferably, the statins selected from the group consisting of simvastatin, lovastatin, fluvastatin, atorvastatin, cerivastatin, pravastatin, rosuvastatin or mixtures thereof.



The polymer coating the microcapsules of statins is preferably selected from the group consisting of polyesters, polyacrylates, polycyanoacrylates, polysaccharides, polyethylene glycol, or mixtures thereof. More preferably, the polymer coating the microcapsules of statins is selected from the group consisting of gelatin, carboxymethylcellulose, alginates, carrageenans, pectins, ethyl cellulose hydroxypropyl methylcellulose, cellulose acetophthalate, hydroxypropyl methylcellulose phthalate, methylacrylic acid copolymers (Eudragit® L and S), dimethylaminoethylmethacrylate copolymers (Eudragit® E), the trimethylammoniumethylmethacrylate copolymers (Eudragit® RL and RS), polymers and copolymers of lactic and glycolic acids or mixtures thereof.



Optionally, a pharmaceutical formulation according to the present invention comprises an antioxidant, preferably vitamin E acetate. According to a preferred embodiment according to the present invention, the pharmaceutical formulation comprises carnitine.



Preferably, the microcapsules represent between 1% and 60% of the total weight of the pharmaceutical formulation according to the present invention, and the amount of statin incorporated in said microcapsules is comprised between 1% and 80% by weight, preferably between 1 and 40% by weight in relation to the total weight of the microcapsules. Preferably, the oil with a high content of alkyl esters of PUFA has a purity exceeding 60% in alkyl ester of PUFA.



According to a preferred embodiment according to the present invention, the polymer comprises a plasticizer additive, preferably those plasticizers selected from the group consisting of triethyl citrate, butyl phthalate or mixtures thereof. Other technical additives of the polymer can optionally be incorporated which improve or facilitate the encapsulation process, such as, for example, fluidizing agents, preferably talc.


The ratio between eicosapentaenoic acid and docosahexaenoic acid is preferably comprised between 0.5 and 2.



According to a preferred embodiment of the present invention, the microcapsule suspension is encapsulated by soft gelatin capsules for oral administration. Said soft gelatin capsules preferably have an enteric coating.



The preparation of the microcapsules can be carried out following any of the methods described in the literature. By way of description and without being limited thereto, the different processes of obtaining microcapsules could be grouped into the following categories:



A) Simple coacervation methods:



A solution of the polymer together with the possible additives of the polymer in a suitable solvent is prepared. The drug to be encapsulated is suspended in said solution of the polymer and a non-solvent of the polymer is added so as to force the deposit of the polymer on the drug crystals. Examples of these processes can be found in patent documents such as ES 2009346, EP 0 052 510, or EP 0 346 879.


B) Complex coacervation method


This method is based on the interaction between two colloids having opposite electric charges so as to generate an insoluble complex that is deposited on the particles of the drug to be encapsulated, forming a membrane that will isolate the drug. Examples of these processes can be found in patent documents such as GB 1393805.



C) Double emulsion methods:



The drug to be encapsulated is dissolved in water or in a solution of some other coadyuvant and is emulsified in a solution of the polymer and additives in a suitable solvent, such as for example dichloromethane. The resulting emulsion is in turn emulsified in water or in an aqueous solution of an emulsifying agent, such as polyvinyl alcohol. Once this second emulsion is carried out the solvent in which the polymer and the plasticizer were dissolved in is eliminated by means of evaporation or extraction. The resulting microcapsules are obtained directly by filtration or evaporation. Examples of these processes can also be found in patent documents such as US 4,652,441.


D) Simple emulsion methods:



The drug to be encapsulated, the polymer and the additives are dissolved together in a suitable solvent. This solution is emulsified in water or in an emulsifier solution, such as polyvinyl alcohol, and the organic solvent is eliminated by evaporation or by extraction. The resulting microcapsules are recovered by filtration or drying. Examples of these processes can also be found in patent documents such as US 5,445,832.


E) Solvent evaporation methods:



The drug to be encapsulated, the polymer and additives are dissolved together in a suitable solvent. This solution is evaporated and the resulting residue is micronized to the suitable size. Examples of this process can also be found in patent documents such as GB 2,209,937.

EXAMPLES:


Example no. 1: Preparation of microcapsules of simvastatin with gelatin and carboxymethyl cellulose by means of complex coacervation processes.



Solution A: A 1% solution of gelatin in water is prepared and the pH is adjusted so that it is equal to or greater than 7.



Solution B: Another 1% solution of sodium carboxymethyl cellulose in water is prepared and the pH is adjusted so that it is equal to or greater than 7.



100 mL of solution A and 100 mL of solution B are mixed and heated to 40°C. 1.2 g of powder simvastatin are dispersed in the mixture. When all the powder is dispersed and no lumps are observed, the pH is adjusted to 4.0 by means of adding acetic acid. It is maintained under stirring for 1 hour at 40°C and then the solution is cooled to 10°C, this temperature being maintained for another hour. 1 mL of a 50% solution of glutaraldehyde in water is added.



The resulting suspension is dried by means of spray drying, obtaining a microcapsules powder containing 37% of simvastatin.



This microcapsule powder is directly dispersed in oil containing 88% ethyl ester of PUFA with an eicosapentaenoic acid (EPA)/docosahexaenoic acid (DHA) ratio of 1.2.


Example no. 2: Preparation of microcapsules of simvastatin with gelatin by means of simple coacervation processes.



A 1% solution of gelatin in water is prepared.


100 mL of this solution are taken and 1 g of powder simvastatin is dispersed therein. Once all the simvastatin has been dispersed 30 mL of a saturated solution of sodium sulfate in water are added. It is maintained under stirring for 1 hour and 0.5 mL of a 50% solution of glutaraldehyde in water are added.



The formed microcapsules are collected by filtration, washed with water and dried in a vacuum oven. The simvastatin content of these microcapsules is 45%.



The resulting microcapsule powder is dispersed directly in oil containing 70% of methyl ester of PUFA with an EPA/DHA ratio of 0.8.


Example no. 3: Preparation of microcapsules of lovastatin with polyethylene glycol.



A 10% solution of polyethylene glycol in water with molecular weight 35000 (PEG-35000) is prepared.



6 g of lovastatin are dispersed in this solution by means of intense stirring.


When a fine dispersion without lumps has been obtained, the solution is dried by means of spray drying.



The obtained microcapsule powder has a 40% lovastatin concentration and is dispersed directly in oil containing 85% of ethyl ester of PUFA with an EPA/DHA ratio of 1.



Example no. 4: Preparation of microcapsules of simvastatin with cellulose acetophthalate.



A 2% solution of sodium acetophthalate in water is prepared. 5 g of simvastatin powder are suspended in 100 mL of this solution. The resulting suspension is dried by means of spray drying.



The obtained microcapsule powder is dispersed directly in oil containing 85% of ethyl ester of PUFA with an EPA/DHA ratio of 0.5.



Example no. 5: Preparation of microcapsules of simvastatin with poly(lactic-glycolic acid) (PLGA) copolymer and vitamin E. Simple emulsion method (oil in water)



Solution A: A 10% solution of PLGA in dichloromethane (DCM) with intrinsic viscosity (I.V.) of 0.17 and lactic/glycolic ratio of 1/1 is prepared.



Solution B: 5 g of simvastatin and 1 g of vitamin E acetate are dissolved in 100 mL of solution A.



Solution C: A 1% solution of polyvinyl alcohol (PVA) in water is prepared.


100 mL of solution B are added slowly and under intense stirring to 1000 mL of solution C until obtaining a milky emulsion.



While stirring is maintained, a nitrogen current is passed through the previous emulsion for two hours to eliminate most of the DCM.



Then the resulting suspension is frozen and lyophilized.



A powder is obtained which is washed with abundant water to eliminate the excess PVA and is dried under reduced pressure.



The resulting powder is dispersed directly in oil containing 85% of ethyl ester of PUFA with an EPA/DHA ratio of 1.5.



Example no. 6: Preparation of microcapsules of simvastatin with carnitine and polyethylene glycol


A 10% solution of polyethylene glycol in water with molecular weight 35000 (PEG-35000) is prepared.



5 g of simvastatin and 1 g of carnitine are dispersed in this solution by means of intense stirring. When a fine dispersion without lumps has been obtained the solution is dried by means of spray drying.



The obtained microcapsule powder is dispersed directly in oil containing 85% of ethyl ester of PUFA with an EPA/DHA ratio of 1.


Example no. 7: Preparation of microcapsules of simvastatin with carnitine, vitamin E and PLGA, triple emulsion method (water in oil and in water.)



Solution A: A 10% solution of carnitine in water is prepared.



Solution B: A 10% solution of PLGA in dichloromethane (DCM) with intrinsic viscosity (I.V.) of 0.17 and lactic/glycolic ratio 1/1 is prepared.



Solution C. 10 g of simvastatin and 1 g of vitamin E acetate are dissolved in 100 mL of solution B.



20 mL of solution A are emulsified in solution C by means of intense stirring with an Ultra Turrax homogenizer. The resulting emulsion is in turn emulsified in 1000 mL of a 1% solution of PVA in water.



While stirring is maintained, a nitrogen current is passed through the previous emulsion for two hours to eliminate most of the DCM.


Then the resulting suspension is frozen and lyophilized.



A microcapsule powder is obtained which is washed with abundant water to eliminate the excess PVA and is dried under reduced pressure in a vacuum oven.



The resulting microcapsule powder has a simvastatin concentration of 25% and is dispersed directly in oil containing 85% of ethyl ester of PUFA with an EPA/DHA ratio of 1.2.

Example no. 8: Preparation of microcapsules of simvastatin and a methacrylic acid copolymer


10 g of simvastatin are suspended in 100 mL of a suspension of Eudragit FS 30D® (30% suspension in water of copolymers of methacrylic acid, methyl methacrylic acid and methyl acrylate) until obtaining a fine suspension. Triethyl citrate (plasticizer of the polymer) is added to this suspension up to a concentration of 5%.



The resulting suspension is dried by means of spray drying .



The resulting microcapsule powder is dispersed directly in oil containing 85% of ethyl ester of PUFA with an EPA/DHA ratio of 1.2.

CLAIMS


1.- A pharmaceutical formulation characterized in that it is made up of a suspension comprising an oil with a high content of alkyl esters of polyunsaturated fatty acid (PUFA) and microcapsules comprising at least one polymer and a statin.



2. A pharmaceutical formulation according to claim 1, characterized in that the PUFA belongs to the Omega3 series.



3.- A pharmaceutical formulation according to any of the previous claims, characterized in that the PUFA is selected from the group consisting of eicosapentaenoic acid, the docosahexaenoic acid or mixtures thereof.



4.- A pharmaceutical formulation according to any of the previous claims, characterized in that the alkyl ester of PUFA is selected from the group consisting of ethyl, methyl, propyl, butyl esters or mixtures thereof.



5.- A pharmaceutical formulation according to any of the previous claims, characterized in that the statins are selected from the group consisting of simvastatin, lovastatin, fluvastatin, atorvastatin, cerivastatin, pravastatin, rosuvastatin or mixtures thereof.



6.- A pharmaceutical formulation according to any of the previous claims, characterized in that the polymer coating the microcapsules of statins is selected from the group consisting of polyesters, polyacrylates, polycyanoacrylates, polysaccharides, polyethylene glycol, or mixtures thereof.



7.- A pharmaceutical formulation according to any of the previous claims, characterized in that the polymer coating the microcapsules of statins is selected from the group consisting of gelatin, carboxymethylcellulose, alginates, carrageenans, pectins, ethyl cellulose, hydroxypropyl methylcellulose, cellulose acetophthalate, hydroxypropyl methylcellulose phthalate, methacrylic acid copolymers (Eudragit® L and S), dimethylaminoethylmethacrylate copolymers (Eudragit® E), trimethylammoniumethylmethacrylate copolymers (Eudragit® RL and RS), lactic and glycolic acid polymers and copolymers or mixtures thereof.



8.- A pharmaceutical formulation according to any of the previous claims, characterized in that it further comprises an antioxidant, preferably vitamin E acetate.



9.- A pharmaceutical formulation according to any of the previous claims, characterized in that it further comprises carnitine.



10.- A pharmaceutical formulation according to any of the previous claims, characterized in that the microcapsules represent between 1% and 60% of the total weight of the formulation.



11.- A pharmaceutical formulation according to any of the previous claims, characterized in that the amount of statin incorporated in the microcapsules is comprised between 1% and 80% by weight, preferably between 1 and 40% by weight in relation to the total weight of the microcapsules.



12.- A pharmaceutical formulation according to any of the previous claims, characterized in that the oil with a high content of alkyl esters of PUFA has a purity exceeding 60% in alkyl ester of PUFA.



13.- A pharmaceutical formulation according to any of the previous claims characterized in that it further comprises a plasticizer additive of the polymer, preferably those plasticizers which are selected from the group consisting of triethyl citrate, butyl phthalate or mixtures thereof.



14.- A pharmaceutical formulation according to any of claims 3-13, characterized in that the ratio between eicosapentaenoic acid and docosahexaenoic acid is comprised between 0.5 and 2.



15.- Any formulation of the previous claims, characterized in that the microcapsule suspension is encapsulated by soft gelatin capsules for oral administration.



16.- A formulation according to claim 15, characterized in that the soft gelatin capsules have an enteric coating.


PHARMACEUTICAL COMPOSITION COMPRISING MICROCAPSULES OF STATINS SUSPENDED IN ALKYL ESTERS OF POLYUNSATURATED FATTY ACIDS (PUFA)


ABSTRACT


The invention relates to a pharmaceutical composition comprising a suspension consisting of an oil with a high concentration of alkyl esters of polyunsaturated fatty acids (PUFA) and to microcapsules comprising at least one polymer and a statin.



