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LI POPHI LI C DRUGS FIELD OF I NVENTI ON The present invention relates to the
‘field of pharmaceutical fornulation science, in 5 particular with respect to
met hods of inproving solubility and bioavailability of |ipophilic

conpounds. We2epecidi c fornul ati on techni que of the prepeninbmwanhd on
relates to stabilised supersaturated solid solutions of |ipophilic drugs,
such as steroidal molecules and hormohes in general. The solid solutions
are suitable for being processed into tablets or other solid dosage forns.

10 BACKGROUND _Poor bioavailability of |ipophilic conmpounds is a well-known
‘probl em i nSPAPHHIEE? SVPERSALURARER ¥8hl% PE LEEPPBP&F $i stration, wherein

the conpound is to be dissolved in the gastric fluid and or intestinal
fluid before being absorbed fromthe gastro-intestinal tract 15 into the

bl ood ci r cukgd)iPhe ;hPERTISNE rate-limting step in the absorption of
conpounds from the gastro-intestinal tract is often the dissolution rate of
t he conpoundhe prevat ewveativeh refatesrto tHel fapud dfphameceltical ferrsulatidnagcieba, thhe ones
found in tshgagRabtatd fekRst toabihbdadimplyRiRY satibiRing biodvailabitlyamabdpgint he
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conmpound, either by sprayl he anor p gus " co gurd oft o an i nert c4Mier or
by microni SPHPERE %€ ?ﬁﬁgﬁﬁg?0"&5ﬁ%’F'°‘%§t€F%ﬁﬁfa?'err}g'i/'ée"PPe%rﬁceéF‘?cb‘ET"etablfté % ncl usi on
conpl exes wiother sl @PERgEXeFIsns. A common feature of the conventiona
technique® is that the conpound is in particulate form e.g. in anorphous
formor in crystalline form both fornms still require the 25 initial step of
di ssol vi ng Eaekgaouneul at e conpound bef ore bei ng capabl e of penetrating the
mucosa of the gastro-intestinal tract. Typical exanples on pharnaceutica
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formul ati on technique ains at so the em of providing controlled
rel ease fornmulations. 35 US 4 639 370 relates to the fornul ati on of powdery

conposi ti Onya@éﬁﬁ?m%tﬁrfﬁj i%r%mﬁpe solubility of a lipophilic compound have been suggested
20 and used in the past years. For example, attempts to increase the surface area of a

compound, either by spraying the amorphous compound onto an inert carrier or by
micronising the compound. Other attempts have heen directed to inclusion complexes with
cyclodextrins. A common feature of the conventional techniques is that the compound is in
particulate form, e.g. in amorphous form or in crystalline form, both forms still require the

25 initial step of dissolving the particulate compound before being capable of penetrating the

' mucosa of the gastro-intestinal tract.

Typical examples on pharmaceutical formulation techniques which results in particulate
forms of the lipophilic compounds in the final composition/dosage form rather than of
molecularly dispersed lipophilic compound as follows:

30
EP 0474 098 relates to the formulation of solid compaositions comprising a hardly soluble
drug substance co-precipitated with a carrier comprising a water-soluble excipient (PVP)
and a biocdegradable excipient (polyactic acid). This formulation technigque aims at solving
the problem of providing controlied release formulations.

35
US 4 639 370 reiates to the formuiation of powdery compositions comprising a poorly
water-soluble drug in combination with a water inscluble carrier (cross-linked PVP}, The
compositions are prepared by grinding/milling the drug substance and the cross-linked PVP
without dissolving the active drug.

40



wat er - sol ubl e drug in conbination wwth a water insoluble carrier
(cross-linked PVP). The conpositions are prepared by grinding/ mlling the
drug substance and the cross-linked PVP without dissolving the active drug.
40 NAO 2005/087199 PC771B2 0 05/0119 7 4 8 2 WD 03/04360 relates to the
formul at i onwof2eesist @ di sper si ons conprising a poorly watghypshl HEIJF% drug in
conbination with a carrier (PVP). The conpositions are prepar ecf

di ssolving the drug conmpound and the 2arrier (PVP) in a volatile soI vent and
then renoving the solvent. 5 US 6 027 747 relates to the fornul ati on of
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hydrophi I'i ¢, %{ jrer and evaporating the solvent to dryness to forma
co pr eci El tate of the drug with 10 the hydrophilic polymer. Khougaz 1< et
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es to the fornulation of solid dispersions conprising a hardly
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al rel ates Qr agtion of solid conpositions conprising indomethacin
and sil |1?atﬁe??1}1edp(ﬁ)r]? r?eg?ham nis physically mxed with the silica by

co-grindi n% or nelting 20 resulting in anorphous form of indonetacin
(Wat anabe Theggazfk etg} éﬂf"le? f%/thSF“ah’ﬁ’%BﬁBh%"’“F AP M OMPrIEB AP SaFtetPtiia h

silica, |ntdrig ohstenge tp@Bher20d1s capigyd BV 1wilarin theattdibe sdbsgancals aredeat ivs t o
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melting 2§ ? sultl ng in anorphous formof indonetacin (Watanabe T et al.
Prediction o apparent equi libri um soI ubility of indometacin conpounded wi t h
silica by 13C solid state NW' Pharm 248, 2002, pages 123-129).
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Pol yvi nyl pyrrolidone and silica nano particles as carriers for indomethacin
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25 resulting in amorphous form of indometacin {Walanabe T et 2l. Prediction of apparent
equilibrium solubility of indometacin compounded with silica by 13C solid state NMR”, Int J
Pharm, 248, 2002, pages 123-129).

Watanabe T et al relates to the formulation of seolid cormnpositions comprising indomethacin
30 and silica or PVP. The indomethacin is physically mixed with the silica or PVP by co-
grinding or melting resuiting in amorphous form of indometacin (Watanabe T et al.
Comparision between Polyvinylpyrrolidone and silica nano particles as carriers for
indomethacin in a solid state dispersion. Int J Pharm, 250, 2003, pages 283-286).

35 GB 1 365 661 relates to the formulation of solid compositions comprising a drug substance
with low water solubility (Cholesteryl beta-glucoside) and a carrier (Silica (Aerosil™ ). The
composition is prepared by dissolving the betaglucoside in hot ethanol and subsequently
adding this solution to the aerosol powder and evaporate the solvent from the resulting
sturry. The resulting composition has a slower refease rate than conventional formulations.

40
Takeuchi et ai relates to the formulation of compasitions wherein the drug compound
(tolbutamide) is present in amorphous form {Takeuchi et al. Spherical solid dispersion
containing amorphous tolbutamide embedded in enteric coating polymers or colloidal silica



with low water solubility (Chol esteryl beta-glucoside) and a carrier (Silica
(Aerosil*M ). The conposition is prepared by dissolving the betaglucoside in
hot et hanol and subsequently adding this solution to the aerosol powder and
evaporate the solvent fromthe resulting slurry. The resulting conposition
has a sl owerydg aheasawr ate than conventional fornul ati O”Srcwﬁgqm ﬁi}ﬁm&chi et al
relates to the fornulati on of conpositions wherein the dr npoun

(tol butam de) is present in anorphous ¥orm (Takeuchi et aI Spheri cal solid
di spersion containing anorphous tol butam de enbedded in enteric coating
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by spray- dryipagzécecipvsgiue. Chem Pharm Bul | etin Pharm Soc Japan. 35, 1987,
pages 3800-3806). Chowdary I< et al. relates to the forrrul ation of solid
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di spersions conprising poorly water-soluble drugs and non- porous funmed

|Sln|dlofrg'[]hg§oﬁl k%ﬁ a Feh]aeee C% tF\I ‘f:‘\orm“\j?on 5#”‘5”?@ dnzpe?%ns Cfo%ﬁ g%;?'cl)o?lg watecli esoluBilg epar ed
by nelting. 9veh WH&WLBJP”‘E‘P F'hCOPﬁ'*a‘Fﬁ%eéél“‘eJ%’Héﬁﬁ W%@“afﬂg@rlso“ﬁﬁﬁ%‘sfs“’“s

2417- 2421) . ofiisdansihasmursd apse@idyindl naneparpusfumed sifieonfdinidls) atehbard Y nejting-
powder s of diraungPizemch Bulletar Phaem Sc( fapare d9s1991cpgges ThE7-a421g.- and the silica are
mechani cally m xed under addition of and an organic volatile sol vent

(acet one, 5 CRLQUHGE QBT QE amtamglt@% @M@&m@l%} findpHRR oflPuiirasplakral | the

drug in the sample., The é@%yn%%e e rs@e%wawg fﬁn&%dhﬂdgraﬁp?é&rﬁ% h
T S g ol e PISCLRL L ta e

e carrler

( Monkhouse f)gﬁf‘ Et’o'?ﬂ’e SR
di ssol ut i onthe. 9 PRl FANSHEE- ThASPIPHA AR 8varyREss| IAGNEYSSS: @ theigivent i§430- 1435) .
WO 01/ 52857evagbrataggo tdwrtehﬁeth’ﬁ cirynid pregivitale ostl thel cooap@iinkiens Deostpt-ilseng

dr ospi r enonef awsbeaniresthsogerent whiteigsotutien dricypim stoae Ansrm AsL | al |y

di ssol ved i faghisdeby @t 1and 15ipnasprayed 25 onto the surface of an inert
carrier. Qobviously, the adm nistration of a corrpound t hat |s in the
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Obviously, the administration of a cormnpound that is in the dissolved stage already by

administration may be advantageous in terms of ensuring high bicavailability.

For example, by dissolving a compound in suitable oil or another lipophilic medium.

30 Unfortunately, it is often found that the amount of drug which is dissolvable in the
lipophilic media is toc low for which reason the oil cannot be administered in an acceptable
form, such as enclosed in a capsule or the like.

Supersaturated solutions of lipophilic compounds are a known approach for making
35 sclutions containing fipophilic compounds in a dissolved stage. The concentration of
dissolved compound in a supersaturated solution is higher than the solubility of the
compound in the actual solvent at room temperature. However, the physical stability of the
compound in such a supersaturated solution is critical in that re-crystallisation of the
compound occurs. Therefore, this technique cannot be applied as a generally technique to
40 lipophilic compounds as such.

Therefore, pharmaceutical dosage forms having the lipophilic drug on readily dissolvabie
form and which also are physically stable (no tendency to crystaliisation of the lipophilic



form such as enclosed in a capsule or the |ike. Supersaturated sol utions of
| i pophilic conmpounds are a known approach for making 35 solutions
containing lipophilic conmpounds in a dissolved stage. The concentration of
di ssol ved conpound in a supersaturated solution is higher than the

solubility efodohgug7@npound in the actual solvent at roop&hﬁgﬂg@§%§{e.

However, the physical stability of the conpound in such a super at ed

solution is critical in that re-crystallisation of the conpound occurs.
Therefore, this technique cannot be applied as a generally technique to 40
| i pophi | i ¢ R@yyEadntizhasntsios he libbgiinf O in fahsmcacie highcahcetdosagendudt sevehavi ng
the |ipophithé grofiektd agddcbadiityotférss@niabl e formand which also are
physically stable (no tendency to crystallisation of the lipophilic WO 200
5087 199 PCT/IB2 005 /011117 4 1{ drug) and which contains the

|'i pophilic drug in satisfactorily high concentration would solve the

probl ens assqci at ] r techni ques. 5 SUMVARY OF | NVENTI ON The
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steroidal nolecule; and a carrier, such as anorphous silica, having a
speci fi c suriugde adirgaspast tretinteabigt re26€s W2y mpwdetyeromippsitidnecdmppigiptiel | ¢ nol ecul e
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second aspect , 1 Fc}nvenélon rel ates to a process for the preparation of a
powdery coRpBEHVSIFPEFCT Re® T9XF8Ht i on, the process comprising the steps of
Compounds of the invention are preferably steroidal molecules and hormones in general.
In particular, drospirenone and estradiol valerate.
25
1n a second aspect, the invention relates to a process for the preparation of a powdery
composition of the invention, the process comprising the steps of
a) dissolving in a solvent a lipophilic molecule having a solubility in water at 25°C lower
than 1 mag/ml, such as a steroidal molecule, in an amount that exceed the saturation
30 concentration of that steroidal molecule in the solvent; and
b) mixing the resulting supersaturated solution of step a) with amorphous silica having a
specific surface area of at least 250 m?/g.

A further aspect of the invention relates to a process for the preparation of a powdery
composition comprising a steroidal molecule molecularly dispersed in a solvent, where the
35 amount of lipophilic component dissolved equals the saturation concentration of that
lipophilic compound. In this aspect of the invention the process comprises the steps of
a) dissolving in a solvent a steroidal molecule in an amount that is lower or equals the
saturation concentration of that stercidal molecule in the solvent; and
b) mixing the resulting saturated solution of step a) with amorphous sitica having a
40 specific surface area of at least 250 m¥/g; and



a) dissolving in a solvent a lipophilic nolecule having a solubility in.
water at 25C lower than 1 ng/m, such as a steroidal nolecule, in an anount
t hat exceed the saturation 30 concentration of that steroidal nolecule in
the solvent; and b) mxing the resulting supersaturated solution of step a)
wi th anor phQusxgddsh @@ having a specific surface area of,at Least 250 n2/g.
A further aspect of the invention relates to a process for the preparation
of a powdery conposition conprising & steroidal nolecule nolecularly

di spersed in a solvent, where the 35 anount of |ipophilic conponent

di ssol ved equalspoizhieg stitauraatdf oime sdreaentrati on of that |ipophilic conpound.
In this aspect of the invention the process conprises the steps of a)
dissolving in a solvent a steroidal nolecule in an anount that is |ower or
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and WO 26@5#@8 e'I3CTII82005/001) 748 5 c) evaporating off a part of the
solvent. In a stillfurther aspect, the invention relates to a harnaceutlcal
dosage for nllnlans“f'ﬁ‘ér”?%r“ﬁﬁ’ecbfth"gF’éﬂﬂloéée‘ar&stt%lﬁ‘leé‘ﬁe ofARUPHLF &llictypitiha grgcific whi ch
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aspect, thespregentin esolveltat esupasdthetadsenehtratom: phous silica with a specific
surface area greater than 250 ne/g for inhibiting the re-crystallisation of
a conmpound that 1is present in a solvent in a supersaturated concentration,
10 DETAI LEDY BRSERbRTEdd 1P oo s MMEN ENN 1biv has been found that |ipophilic
conpounds can be provided in a highly water-soluble form using the
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Advantageougﬁy The | sso LIO rate 1s ver frst aspect,
the inventi L%Pat%g'ﬁ ™ ™88wdery conposition conprising a

may

Thus, in a first aspect, the invention relates to a powdery composition comprising a
25 steroidal molecule; and amorphous silica having a specific surface area of at least 250
m?/g; wherein the steroidal molecule is molecularly dispersed in a solvent.

A particular aspect thereof relates to a3 composition in the form of a powder comprising
drospirenone and amarphous silica having a specific surface area of at least 250 m?/qg,
30 wherein the steroidal molecule is molecularly dispersed in a solvent.

Another particular aspect thereof relates to a composition in the form of a powder
comprising estradiol valerate and amorphous silica having a specific surface area of at
least 250 m¥/g, wherein the steroidal molecule is molecularly dispersed in a solvent.
35
As used herein, the term "molecularly dispersed” or "molecular dispersion” is used to
describe any solid, semi-solid and liquid system in which the lipophilic compound is
dispersed at the molecular levet within or on a carrier. That is to say that the lipophilic
drug is present in dissolved form in the solid phase. That is to say that the lipophilic drug is
40 present in dissolved form in the solid phase. The lipophilic compound cannot be detected in
crystalline form, such as by X-ray diffraction, and the lipophilic compound is not detectable
by microscopy, such as light microscopy or electron microscopy or by other relevant



25 steroidal nolecule; and anorphous silica having a specific surface area
of at least 250 nR/g; wherein the steroidal nmolecule is nolecularly

‘di spersed in a solvent. A particular aspect thereof relates to a conposition
in the formof a powder conprising drospirenone and anorphous silica having
a speC|f|c\§8gI age area of at least 250 n2/g, 30 mherekgrﬁ gw§%§ﬂ9|dal
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| east 250 ndagysiswheieendeduhe debesph dedat k0L epuihet the lipadhacubapbyndds gfeersed in a
solvent.  3fyehsion BERIAG Rédint hNEpdrGhiBe fsamguinaer&rystsll.r%oﬁrﬁeﬂl fa@/ the MOl ecul ar

di sper si on'y dosui=hbna USPELHOS Akl d s 38 39hirdaan rthgamfoﬁyst em in

whi ch the I| Op%ﬁo ?[rrp p |sperse ecu eve vvlthl n or
on a carri ePOTHERE TP 5:e§a’1’§/ Sﬁ%‘t’te the I poph| I i c drug i s present -
di ssolved®formin the solid phase. That is to say that the |ipophi I i c drug
i's 40 presemtprivis tderolaviedisbersed’| qemphstians laradfoprhersey, coTietkly gispdiving theconpound
cannot be dgbgabietnippundhysidaleht, semEdnhes the delteatsstloy oXtireatipophifid doapbiran, and
the |ipophi dic6eds @REDAHAt itSat R84 be Blsamialk foorDdeniFe QS COMKequeHGY) tRSsdieght

?&2338855 gfﬁég%ghré)&rﬂérg:égxﬁ xtpg ¥Rt By a#& 9&@&&5&4% Qéén%?rﬂd%

that the Pj pO cﬁ; nously 08 r\‘ rie qfﬁtée carnergﬁ heo o?cup équﬁQ‘hat is % Sgpq hattgh
particul at e‘HOB'P Fﬁ ??B?POP 5 SE‘P VEEaM qnrfisspsschior i ‘ﬂ“ﬁéf""e'ftr?é’sc’rg‘?dp%?\ e ¢
conpound i ssusieesefihe sayrigi- Jhismbenamanet dfers tald fipephiicaemneendieder t he el ectron
m cr oscope molepdartyi didpesseit 1 tlesolvemdcarrierl N praxi s "nol ecul arly di spersed”
conpositions are forned by conpletely dissolving the 1ipophilic conpound in
a sol vents Hoets) n;ﬁae&mycam%a* e VsRinch i h@m%lblew&emgwe wixceeds

tsgfvg‘m)un;[ Sthrﬁ]]% rméa‘moijeﬁular C?sperélgn moleﬁufn?ﬁtd?ss \J anﬁi Chols ul?alred%so utnony ]néhgel ng

di st ri but edM8PEFELF CSHWXEWEHS%Q{B?I'S%Y d&ﬁ%bedf'ﬁﬁd s'D?‘F‘grEBg diseol P‘}*Fé‘"ggﬁj nokr  at

t he nol ecul kg uideisstod aplpggimple ligyd salytienagtknewe in thegdphi | i ¢ compound is still
present on dissolved formin the solvent absorbed onto the surface of the
carrier. 20hr% phenemEBRe sbetiei"ss Lsedtth dedcHpop Bdlbtich @otEpiiyacddedrigtion of

mol ecul ar | yidiigesii @mbBurld Bt tROIV&Moh &t i @fuat td BhelSRodrRbMontBRLREHHERT | ¥

di spersed”, %%@n&éa“ﬁ%e %fv@d at ,%oﬁﬁec@rl}\ elia&n%"%h%é}l FJngﬁ‘aé%ﬁﬁé‘J?cln colbdpftatd{1e terms

mt
"nol ecul ar di sper'sion m) ecul ar y di sso ecul ar di sso nI ution"

In the present cont ext the term "nol ecul arl y di ssol ved" and "nol ecul ar
di ssol ut i on¥heRET I'SUrBsAtURRSed, A Foedh e deseitpR ¥R GPH2EHR Gt i on as known

in the arb.cpertiation ef e ligephlicapagowy| thati ivhiohgrdharsitgisateradeseontesdratiors ol ut i on
cont ai ni ng andcwReen ttieafull @mooht of the compound is still completely dissolved. Thus, even with
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detected by powder X-ray diffraction analysis nor by other methods. Basically,

supersaturated solutions are expected to be thermodynamically unstable leading to a
30 saturated solution containing recrystallized or precipitated (particulate) compound.

The term “stabilised supersaturated solution” is used to describe a supersaturated solution
wherein neither re-crystallized drug nor precipitated {particulate) drug can be detected by
powder X-ray diffraction analysis.

35
When applied to powder X-ray diffraction, absence of diffraction peaks corresponding to
those of the crystalline drug indicates that the drug is present in a non-crystaltine form
such as a molecularly dispersed form,

40 As mentioned, Scanning Electron Microscopy may be used to detect as to whether the
lipophilic drug is present in a molecularly dispersed form in that no particles may be
observed in an electron microscope having a sensitivity below the "nano” size range.
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As said, a compound of the invention is typically a steroidal molecule or otherwise a
hormone of which can be mentioned:
30 + androgens, such as testosterone and esters thereof (testosterone enanthate,
testosterone undecanoate, testosterone cypionate, testosterone propionate)

« estrogens / anti-estrogens, such as estradiol and esters thereof (estradiol valerate,
estradio! enanthate, estradicl cypionate, estradiol undecylate), estriol, estrone,

35 conjugated estrogens, equilin, ethinyl estradiol, fenestrel, mestranol, nylestriol,
quinestrol, clomifene, estrogen receptor alpha agonists, estrogen receptor alpha
antagonists, estrogen receptor beta agonists, estrogen receptor beta antagonists,
estrogen receptor downregulators.

40 « Corticostergids, such as cortisones and glucocorticoids, e.g. beclomethasone
dipropionate, betamethasone, betamethasone valerate, budesonide, clobetasol
propionate, clobetasone butyrate, cortisone acetate, dexamethasone, fludrocortisone
aceiate, prednisolone, prednisone.
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It is to be understood that the compositions of the invention may comprise more than one
active drug substance, e.g. a combination of two ore more drug substances. For example,
a composition of the invention may comprise a therapeutic effective dose of drospirenone
and a therapeutic effective dose of an estregen.

30
In currently interesting embodiments, the compound of the invention is estradiol valerate
and/or drospirenone.

As said, the composition of the invention comprises a carrier, preferably a
35 pharmaceutically acceptable carrier, which is characterised by having a high surface area.
it has been found that the carrier should have a specific surface area greater than 200
m*/g, preferably greater than 250 m?*/g. More preferably the carrier should have a specific
surface area greater than 300 m?/g. Obviously, the surface area may have an upper limit.
1t is generally acknowledged that the upper limit of the surface area is at the most 1000
40 m*/g, such as at the most 800 m%/g.

It has been found that such a carrier with a high specific surface area may be silica dioxide
in amorphous form with a specific high surface area of about 300 m?/g, such as the silica
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25 dispersed form. That is to say that the compound has been completely dissolved in a
suitable soivent, which solvent then is adsorbed onto the solid carrier. Optionally, the
solvent may be evaporated or otherwise reduced in an amount so as only sporadically
amounts of the solvent remains in the composition. In the resulting composition it is to-be
understood that the compound is molecularly dispersed within the remaining solvent,

30 which are adscrbed as a thin film onto the carrier; the high surface amorphous silica.

It is also to be understood that in the compositions of the invention the molecularly
dispersion of the compound is meant to define that the compound is in fact dissolved in
the solvent, also after the solvent has been adsorbed by the carrier of the invention. In

35 one embodiment of the invention, the compound is present in the solvent in a
supersaturated concentration before the solvent is adsorbed onto the silica carrier
material. The degree of super-saturation may vary. Typically the degree of super
saturation is above 1.1, such as above 1.2, In general it is not possible to reach a degree
of super-saturation greater than 2.5.

40
Further it must be understood that when measuring the dissolution rate of a composition
according to the invention the dissolution rate is very fast. The fast dissolution rate is due
to the fact that the molecularly dispersed compound is already present in a dissolved state
and that once the composition has disintegrated the release of the compound takes place
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30 The ratio between the solvent and the carrier may be critical in terms of achieving a
powder with good powder flowability and stability of the compound. Thus, in some
embodiments the weighed ratio between the solvent and the carrier is ranging between
1:100 and 1:0.2, preferably between 1:50 and 1:0.5, more preferably between 1:20 and
1:0.5. Dependent on the type of solvent, the weighed ratio between the solvent and the

35 carrier is normally in the range of 1:5 and 1:0.5, preferably about 1:2, 1:1 and 1:0.7.

The powdery compositions of the invention may in addition contain surfactants and co-

solvents, which may be added to the above-mentioned solvents so as to modify the

physico-chemical properties of the solvent so as to increase the solubility of the lipophilic
40 compound of the invention in the solvent,

Suitable surfactants include but are not limited to:
a) Lecithine
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the 35 carr s norrrally inthe range of 1:5 and 1:0.5, preferably about

1:2, 1:1 an&gsf . The powdery conpositions of the invention may in
addition contain surfact ants and co- solvents, which my be added to the
above- ment | JREE 13 BPYEYIE" YBPOLEMENS of B MupNdHe theAeePTHOLHEMIE SSpPoper t | es of
t he sol vetft compagdidsodrineraeased ehigas G0ULIY Weightef therdsodnirpopieiib the 40 conpound
of the i nverbmpositian it Hiesch@ki wehin th&(irs &phiseutstisifiaett@tdissoiuttoh wdendoutingasse not
limted to: the dissolution medium 900 - 1000 mL of a medium ensuring sink condition, such as water

or an agueous solution of sodium dodecyl sulfate (0.4% sodium dodecyi sulfate)

equilibrated at 37°C, and as the dissolution apparatus a USP apparatus equipped with

30 paddles rotating with a speed of 50 or 100 rpm.

Generally, the composition of the invention includes the following superior properties, but
are not limited to one or more of the following:

1. high bioavailability

fow degradation of compound in gastric fluid or a fluid equivalent thereto

high absorption from the gastric mucosa

high in-vitro dissolution in dissolution media simulating the gastric fluid and/or
intestinal fluid.

high in-vitro dissoiution in water

improved blend uniformity

improved dose uniformity

improved flowability of the powdery composition

high load of compound in the compositions of the invention

35
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a) Lecithine WO 2005/087199 PCT /1B20115/000718 11 b) bl ock copol yners of
et hyl ene oxi de and propyl ene oxide such as Pluronic(r) and Pol oxamerpp
grades c) glycerol esters, and pol yoxyethyl ene glycerol esters, and m xtures
t hereof such as Gelucire(r)O grades 5 d) sucrose fatty acid esters such as
Sucr oest er syo pds@y7imorbitan fatty acid esters, and pol yegxygbhyigpagsor bi tan
fatty acid esters, and m xtures thereof such as Span(r)O and Tween@ gr ades
f) pol yoxyethylene fatty acid esters,i2pol yoxyethyl ene fatty al cohol ethers,
and pol yoxyethyl ene nono-, di- and triglyceride esters, and m xtures
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powdery conposition of the invention exhibit fast dissolution of the
compoundol B4 Bale, 2MRRG fePheBrdP il i BliioHTSRL [SRENE YRSnAbRROLNEN ML NI 0 the
first 5mnutes of "di'ssol u IOH’ tlzngf This, 10 a tp@rttlculfar e (?dl ment of
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and at | ea§wleggedim isweiesit o selvant dy dEiPersekt?ied FICEHEY R onposi tion s

di ssolved within the first 5 mnutes of in-vitro dissolution testing using
as the di sisobubinentaged uie @0&nt inkKDn Ahat &f prévides Ginlaah e maguisdan K

condi ti OB, i3HEkbneHh WRESHN ofd pAleAGHRAUSH BOLILdN MRl wadiiFededaey! sul fate

(0. 4% sodi H%%g 63 IneS Wb Helkine BHLILL B Ly BinPdbed ARSaBR OB iSR! Ul ! 0N
6 9

apparatus a ppar at us “equi pp paddl es rotating wth a speed of
50 or 100 P tgﬁg?rally, the conposition of the invention includes the
foll owi ng superior properties, but are not limted to one or nore of the
f ol | owi ng: Thus, i gyfvrihieoasrart His inyanjiosBlates fogifadeageetitat JospooPmen Mhshdee i n
gastri c Aol i ghe osrmaoffdranudiese g iabiet] @ ndpstibesret @l tHat cdmmgizeabeqgoptiergn from t he
gastri Cc Nue@ssosition as defined herein.

The powdery compositions or the pharmaceutical dosage forms comprising the powdery
compositions are preferably formulated in @ manner allowing the compositions to be per
orally administered. That is to say that in one embodiment of the invention, the

25 composition of the invention [s contacted with the gastric fluid following administration. In
another embodiment, the compositions are formulated in 8 manner allowing the lipophilic
compound or the compositions to pass the gastric fluid without being contacted with the.
gastric fluid, such as formulated with enteric coating material.

The composition comprising the molecular dispersion can, optionally, further comprise
30 excipients selected from the group comprising of disintegrants, lubricants, glidants,
artificial sweeteners, bulking agents, colorants and one or more flavorants.

The composition comprising the molecular dispersion can be produced in solid dosage
forms. Solid dosage forms include tablets, film coated tablets, granules, pellets, pills,

35 capsules and powders including for example any modified release form of said dosage
forms such as dosage forms with delayed release coatings, sustained release coatings,
enteri¢ coatings, immediate release formulations, effervescent dosage forms and chewable
forms. Capsules include e.g. soft gelatine capsules, hard gelatine capsules, hydroxyprapyl
methyl! cellulose (HPMC) capsules, and carragenane capsules.

40
In some embodiments, the powdery compositions may be suitably formulated for buccal or
sublingual administration.



4. high in-vitro dissolution in dissolution nedia sinulating the gastric
fluid and/or intestinal fluid. 5. high in-vitro dissolution in water 40 6.
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artificial sweeteners, bul king agents, colorants and one or nore flavorants.
Suitable glidrants inclfluch:' pygoge%c siFica, talc and tﬁe %ike.

25
Suitable bulking agents include xylitol, mannitol, compressible sugars, lactose, calcium
phosphate and microcrystalline celluloses.

Suitable artificial sweeteners include saccharin, cyclamates and aspartame.
30
If desired known flavorants and known FD & C colorants can be added to the composition.

In a further aspect, the invention relates to the use of amorphous silica with a specific
surface area greater than 250 m?*/g for inhibiting re-crystallisation of a compound that is
35 presentin a solvent in a supersaturated concentration.

Process for preparing molecular dispersions of lipophilic drugs

40 Generally, super-saturated solutions can be prepared by dissolving a drug compound in a
solvent in an amount exceeding the saturation concentration of the drug with respect to
that solvent by means of heating, ultrasonic treatment, stirring and/or high speed mixing.



The conposition conprising the nol ecul ar di spersion can be produced in solid
dosage forns. Solid dosage fornms include tablets, filmcoated tablets,
granul es, pellets, pills, 35 capsules and powders including for exanple any
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A still further aspect of the invention relates to a process for the preparation of a powdery
25 composition comprising a steroidal molecule molecuiarily dispersed in a solvent, where the
amount of lipophilic component dissolved equals the saturation concentration of that
lipophilic compound. In this aspect of the invention the process comprises the steps of
a) dissolving in a solvent a steroidal molecule in an amount that is lower or equals the
saturation concentration of that steroidal molecule in the solvent; and
30 b) mixing the resulting saturated solution of step a) with amorphous silica having a
specific surface area of at least 250 m?/g; and
¢} evaporating off a part of the solvent,

The process may be applied to the lipophilic compounds defined herein, in particuiarly

35 applied with respect to steroidal molecules drospirenone and estradiol valerate. Likewise,
any solvent, any carrier and any ratio between solvent and carrier as defined above may
be applied in the process.

A preferred process for preparing stabilised supersaturated solutions of lipophilic drugs
40 such as sex steroids is described in examples 1-4 and 6.

From example 6 it will be understood that various formulations according to examples 1 to
4 exhibit very fast in-vitro dissolution rate with respect to estradiol valerate and much
faster than that of the micronised estradiol valerate (Dsy<5pm). Thus, in-vivo dissolution



Suitable artificial sweeteners include saccharin, cyclamtes and aspartane.

30 If desired known flavorants and known FD & C col orants can be added to

the conposition. |In a further aspect, the invention relates to the use of

anor phous silica with a specific surface area greater than 250 nR/g for
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in a supersaturated concentration. Prqcess for preparing nol ecul ar

di spersions of lipophilic drugs 40 CGenerally, super-saturated solutions can
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t he conpositions of nvention may be prepar ving a drug
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sol ution w was veriied pe weewy edwdardiffregtion Byo suiisle quanbé joued épemete Hin of f a part
of the salovent supersaturated solid solution is forned. 10 Therefore, a
further aspect of the invention relates to a process for the preparation of
a powdery conposition conprising a |ipophilic conpound of the invention,
such as a steroidal nolecule, nolecularly dispersed in a solvent, the
process conprising the steps of a) dissolving in a solvent a lipophilic
conmpound (such as a steroidal nolecule) in an 15 anount that exceed the
saturation concentration of that |ipophilic conpound (such as a steroidal
nol ecule) in the solvent; and b) m xing the resulting supersaturated
solution of step a) with a carrier as defined herein, such as anorphous
silica having a specific surface area of at least 250 m/g. 20 The process
may optionally further conprise the step of reducing the anmount of solvent,
such as by evaporation off the solvent so as to achieve a thin film of

sol vent adsorbed onto the surface of the carrier. A still further aspect of
the invention relates to a process for the preparation of a powdery 25
conposition conprising a steroidal nolecule nolecularly dispersed in a

sol vent, where the anount of |ipophilic conponent dissolved equals the
saturation concentration of that |ipophilic conpound. In this aspect of the
i nvention the process conprises the steps of



a) dissolving in a solvent a steroidal nolecule in an anount that is | ower
or equals the saturation concentration of that steroidal nolecule in the
solvent; and 30 b) mxing the resulting saturated solution of step a) with
anor phous silica having a specific surface area of at |east 250 ne/g; and

c) evaporatwggoRfs713 part of the solvent. The process ”?h}?ﬁmﬁi?@bh@d to the
| i pophilic conmpounds defined herein, in particularly 35 applie

respect to steroidal nolecul es drosplnenone and estradi ol valerate.

Li kew se, any solvent, any carrier and any ratio between sol vent and
carrier as defined above may be applied in the process. A preferred process
for prepariExpmeplebi | i sed supersaturated solutions of lipophilic drugs 40
such as sex steroids is described in exanples 1-4 and 6. Fromexanple 6 it
wi |l be understood that various fornulations according to exanples 1 to 4
exhibit ver§a®&Zin-vitro dissolution rate with respect to estradiol
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di si ntegi@tion tinme of the conpound. Exanple 7 shows the sane result for
dr ospi renonexyangid2t he above nentioned conclusion was verified by X-ray
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estradi ol te|n t roomtemperature, 5
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super sat 4P aftetP® gomﬁrleﬁlr‘it“?ﬁ"q“é’s'f W&'th\}épépgpgppﬁg@)r}rﬂgggp 8 ARPEPSEH vi ng 91
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The resul ti fogmbiagen cbntgnan sogEswmpdidl val@B0=.g Aeroperl (r) 300 to give a powder
w t h honogeneously absorbed liquid. 24 ng of the described stabilised
super sat ur aggg,fogmul ation contains 1 ng Estradiol valerate. 10 Exanple 2
20 When dissolving estradiol valerate in medium chain triglycerides (MCT) at room
temperature, the saturation concentration was found to be approx. 27 g/L. A
supersaturated solution of estradiol valerate is prepared by dissolving 45 g estradiol
valerate in 1000 mt medium chain triglycerides by stirring at 55°C. The resulting liquid is
mixed with 1000 g Aeroperl® 300 to give a powder with homogeneously absorbed fiquid,
25 44 mg of the described stabilised supersaturated formulation contains 1 mg Estradiol
valerate,

Example 4

A saturated solution of estradiol valerate is prepared by dissolving B9 g estradiol valerate
30 in 1000 mL ethanot by stirring at room temperature. The resuiting solution ts mixed with

1000 g Aeroperi® 300 giving a dry powder by partly ethanol evaporation. 16 mg of the

described stabilized supersaturated formulation contains 1 mg Estradiol valerate.

Example 5
35 Formulations according to the examples 1 to 4 were investigated in an in-vitro dissolution
test according to USP XXVIII Paddie apparatus 2 using 1000 mL of an 0.4% aqueous
solution of sodium dodecy] suifate as dissolution medium to ensure sink condition (37°C,
75 rpm). The amount of formulations to be tested was selected so that the composition
contains approx. 1 mg of estradiol valerate. As reference, 1 mg unformulated estradiol
40 valerate was investigated.



When di ssol ving estradi ol valerate in peanut oil at roomtenperature, the
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Exanpl e 4 Arsatusiahedcasdhdlto @mple 3tatadi ol vaker at.eoi s gsepaned byo.99
di ssol vi ng 8§ ngufhhadr@hg béaéx%ﬁ@iéﬁx (e8Rnbi 108@21L @kBand.sdy sidof I'i Hgoat

room t enperattre—Ttheresu-ting-sotution s mxed wth—1606—7g Aeroperi(r)
300 giving a dry powder by partly et hanol evaporation. 16 ng of the

descri bed stabilized supersaturated formul ati on contains 1 ng Estradi ol
valerate. BEX#HMIEE 5 35 Fornul ations according to the exanples 1 to 4 were

i nvest i gat ed satwratad peluiiin of orabirsgohe tsi poeparedist dissolyinadi 7ngP @ drobiBRNMOSVIN | Paddl e
appar at us s2 106t g «1HB0! vylstieingan rébnd M@ OeS Thes@bultimgsviafon sosiixadwaadecy|

sul fate as dbssgletdpefemdighngturg RewEs b%lprakaycamotm olaBdC61 Mo RE) . The
amount of Formy @éét%’t‘ﬂﬁse %u&?ﬂt@é&ﬁ%r t%ﬁlcgrﬁégg %e 4 e Irekél% Co”pos' tion

cont ai ns approx estra val erate unf or mul at ed
estradi ol 40 vaI er ate was investigated. WO 211115/0 8 7 1 9 9
PC171132005F8007€18 17 Fornul ati on Rel ease estradiol valerate [ng] 3 min 6
mn 10 mi® £3 rd of tBefamnnlatigseqcardinglto v @xemple § wecinvrstigeidy inGerain-vordt1 0. 47
0.67 0.76 Hoeesstudmt tegin:sag 0P ailng wateréxztpbe rim). PEESollO0i)g Beshils @e®mZohd58 0. 63
0.68 For nulpagdpRéncie Getsed grtbios AARP] 180, 2P EARM: 9idod, fef s Chid51d9.3£8, 0. 79
0.80 For nul,a§ LR& RCHRAL bt 0 exanple 3 (MCT) 0.86 0.90 0.91 0.97 0.99
Fornulation according to exanple 4 (ethanol) 0.92 0.88 0.88 0.89 0.90

Exanpl e

15 Example 8
The formulation according to example 6 was investigated by X-ray powder diffraction
(XRPD). Crystals couid not be detected.
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A saturated solution of drospirenone is prepared by dissolving 17,56 g
drospirenone in 5 1000 nL ethanol by stirring at roomtenperature. The
resulting solution is mxed with 1000 g Aeroperl @300 giving a dry powder
by partly ethanol evaporation. 61 ng of the described stabilised
supersatura ormulation contains 1 ng drospirenone. Exanple 7 10 57 ng
t he formul ab’?@ﬁtt(’%@%g% ding to the exanple 6 was investi gat’ 'EBPH"'H?{"'i”ﬁ-vi tro
di ssolution test using 900 nL of watery;g 37C, 50 rpm. The followi ng results
were found: Drospirenone released after 5 mn: 97.1% after 10 mn: 99. 9%
after 15 mn: 100.3% and after 30 mn: 100.6% 15 Exanple 8 The

formul ati oncpgaes ding to exanple 6 was investigated by X-ray powder
diffraction (XRPD). Crystals could not be detected. 20 WD 2005/ 4)8719")
PClYl1l f320(15/0t10748 1s CLAIMS 1. A powdery conposition conprising a
steroi dal ol ecpivelrramtnasitiopbousisgigld sarohlavinolgeude; aopeoicfilous silifadeeingrrea  of
at least 250 nhédric svbeEcirBa bhat 1846090 Balg; MbkRGLLhe siesoitta nttdtli@rnd yolebularly

di spersedsln a;$Q¥@Ma scvenfNe conposition according to claim1l, wherein the
steroidal nolecule is selected from the group consisting of estradiol and

esters thergofy  ef AL .nERESARL A ca®Pl) MARLEH . £SbLIARNSud RSERSLEFORe and

of

esters thereof, cyproterone o] renone, .etonogestrel ., . ,desogestrel,
gest odene, |e\}<’3%8'¥’§%§ r}s'eﬁ%f‘g HE?Sé'iaaE%L?rédp%sﬁeerg ,therrle(?r?'geg@'t“f}r?wssiliraecj'Olh%orn '&?lﬁaﬁdrone, 10

nor et hi ndr one S&FBIREESIRTREATRPAD GF18YS tNEEPTy Y PIOHERY: SHSPIHEOPE tonogestrel,
medr ogest one, destagsloNygrstagent.clepenergastieanercthiptergesst apropgimaipinosetbindiepones,
epl erenon®, Ccawrahioatose acetatpl enemhenodie!Cchdreesdingte, nengeendahedrogasbirenoat e,
epost ane, NMeSphERRYRLogeQERNERORLIR, progPitedh& RPRNEHCISRNED EBRAMBNe, REAFREREE,
asopri snil, = DeghRlsidaRpaGAY REABhORE! Forenbifl ABLNAS AR rABHATRLRASAO

e, cl.obet C ut

val erate, budesoni . asol_propionat e _li) otgeto%sopeo utyrate,
cortisone acet®l & Y SRS FPIHPSEEPPT PEHEMACECLF & PTORENE i sol one,
predni sone, aifeRIAFRIA0T PEANLIFaT ¥rIerates Prqsenids. CRREtPE PEAPIYREY . 3. The
conposi tiidn acdabetdiserg hutyrgteaicontioneisetotd, exdnetkasere fdaiocortisane #cetates
dr ospi renone madhisstonestredrisaie, stecacidtblecal@@did, cAltilera engosditriobn according to
any one of clains | to 3, wherein the steroidal nolecule is present in the
solvent in 3 SYRELSBLMiGH REBAPEEBEMAL] Qkreir thel B oRBIMMORENE RMIrSLHORHENT tO
any one of cl aéng}sorjesltrgdicﬂ,va phereéin the solvent is ethanol;
20
4, The compaosition according to any one of claims 1 to 3, wherein the steroidal molecule
is present in the solvent in a supersaturated concentration.

5. The composition according to any one of claims 1 to 4, wherein the solvent is ethanol;
partial synthetic triglyceride; or a vegetable oil.
25
6. A process for the preparation of a powdery composition comprising a steroidal
molecule, the process comprising the steps of
a) dissolving completely in a solvent a steroidal molecule in an amount that exceed
the saturation concentration of that steroidal molecule in the solvent: and
30 b) mixing the resulting supersaturated solution of step a) with amorphous silica
having a specific surface area of at least 250 m%/g.
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partial synthetic triglyceride; or a vegetable oil. 25 6. A process for the

preparati on @irsobudtessy conposition conprising a steroidal nolecule, the

process conprising the steps of a) dissolving conpletely in a solvent a

steroidal nolecule in an anmount that exceed the saturation concentration of

that steroidal nmolecule in the solvent; &nd 30 b) mixing the resulting

super sat urat ed sol uti on of step a? wi th aporphous silica having a specific

surface ar eaZofhedrogesnaccopdinafp £§im 85, 4lheey thestrisidpone'aglg & selectegfiom

Pr ocess haCCOﬂﬂlga@upt tﬁbn@isﬁh@bﬁfestraﬂﬂﬂraﬁd Astefictheteof, @kitlay| estrhdich) Icmlrxlg;atael ect ed
rom the gro con S an in

estradi ol , Ssx)%&a%ﬁ Z%s%ste n% éﬁs sEeﬁ‘g‘:l}ere e&gﬁoéérghg, éer %RBMH Jtono}ggstrei

cypr ot er one, deﬁeo@@tei,@est@enexlewyemsrreh noretiustorpass, molrgestjg@te dorathindrone,

| evonor gestr ﬁéretmwrs—'wa&&a(eon@.%thylaeaﬁﬁ%udz@mate QE@E&\-Qd%QHﬁgesth% et hi ndrone
acetate, norethynodrel, norgestinate, norgestrel

est one,
medr oxy pr oge SEEFOHRIOGESLERONE aCRiatR) SERISIHE, §Eif°r“8ﬁ6'f°&€? c?%@s‘en"éﬁl AnEsoAte,
canrenoate, canrenopppdieirerting] rscam@ate profaeatd, @pogiiy, enssairenonepogirentate,
mespi r enone, a [TpTel) oprisnil,
becl onet hasonpe opéneo?' g'p%pefmxf-’ §(me gl:(ﬁg'?rr@? h%ss%gh&ﬁ?(gé‘?a tthﬁé@gne vgip'é%%t e,
budesoni de, betamtr@gme,me@whame velepiet @@Gﬁ@*d%lﬁbwﬁﬁ@ PreRipndteciinbetisenat e,

dexanet hasonsuwﬁdtydaoﬁ%hblaa&aee %ﬁsa&@as&@eﬂlmrswr%e acPa gl Rk&RRBione,
al facalcidol, calcif calcitriol. a. The process

accor di ng t oPEadRispRe aﬁaﬁﬁ{%‘f’@r ﬁa'?'FﬁQ @t@‘%ﬁ?rab?“qﬁﬂ'cété'ﬂ'l e i s drospirenone and/ or

estradiol valerate. 9. The process according to any of clains 6 to 8,

wherein the ﬁojr%eo%%‘és.s; LN to Bithl7 @Jhereﬁﬁ{%%@érh%giﬁ%%l:t}fg ?sr&rggplre%negar*d or g

veget abl e oi ery conposi tion obtaine € process

in any of cl aiitﬁ%jlfé"ﬁ@"age 11. A pharmaceutical dosage formin the form of
granules, a tablet, a capsule, or a pill conprising t he conposition as
defined in a fc QuUS siljcawith a
specific sur %c ea‘?rg‘éeséraéﬁqrgpgiﬂé’ﬂyfgﬁaiW/ t°f§rwq‘efﬂﬁ%b‘1p?q gt ethdib partial
re-crystall i swithetiv toblyaerides ragiadedgetablecailill e that is present in a solvent In a
supersaturated concentration. 36519 PC 01

10. A powdery composition obtained by the process as defined in any of claims 6 to 9.

1i. A pharmaceutical dosage form in the form of granules, a tablet, a capsule, or a pill
comprising the composition as defined in any of claims 1 to 5 or 10.

12. Use of amorphous silica with a specific surface area greater than 250 m?¥/g for
inhibiting re-crystallisation of a steraidal molecule that is present in a soivent in a
supersaturated concentration.

36519 PC 01



