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LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
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from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
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SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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zus Behandiung von Hautkrankheften und zur Behand-
tung des menschlichen Auges vorgeschlagen. Bin Verfah-
ren zur Herstellung des Arzneimitiels wird ebanfalis be-
reitgesteit,

w
<L
o
£
v
&
w
oo
&3
g
EEY]
&
BLINDESDRUCKERE! 07.98 302 837/379M1 2%
BRICHD: <D 1ORI06EEAT_| > 0442




DE
I

Beschreibung

Die Brfinduag betrifft ein Arzneimiiie] mit cinem Gebalt
an Ciclosporin.

Deranige Arzoeimitie] sind sligemein zor Behandlsag
von Trapsplantationspatienten bekannt,

Trer Wirksstoff Clclosporin ist ein zykiisches, sus eif Amd-
nosduren bestchendes Peptid, mit der Semuuenformel
(,t,q?i. 1M 0. Es wird auch abs Cyelosporin A (WHO) be-
zeichnet. Umprzmgiich wurde o5 aus Plizen isolient, Inewi-
schen sind auch Verfabren zu seiner synthetischen Hersesl-
iumg bekannt.

Ciclosporin ist ¢in sogenannier Temunreodulator it im-
munsuppressiver Wirkung. Es blockiert die Aktivierung von

Telfer- und Killerzellen des Inumunsysisms durch Inhibition
der Lymphokinproduktion. Ciclosporin vaterdriichy dabel
sowohi die humorale als avch die zelisfire Immunreakion,
indem es diz Freisetzung vou imemuk inen, insbesondere
von -1 ans Monozyten uod -2 aus THelfer-Zellen in
den frithen Phasen der Immunan?'wn amﬂmmdm

Aulgrund dieser immunsuppressiven Wirkung wind Ci-
closporin zur Vorbougung der i;dr’spaa%..ab&mbmg nachs
allogenen Transplantationen von Niere, Leber, Herz, Herz-
Lunge, Lunge und Papkeeas sowie nach Kaochenmark-
Transplaniationen singesetzl.

AuBerdem wird Ciclosporin zur Behandiung der (raft-
Versus-Hos-Krankheit singesetzt, elner Krapkheit, dis bei
Transplaniationspatienten nach Ubernragung fremder imsa-
unkompetenter Zellen durch zelbulire Immunreaktionen
auftridt,

Weitore Anwendungsgebiete fiilr Clelosporin sind die Be-
handiung von schwerer endogener Uveltds, einer schweren
Hotziindung der Aderhaut des Auges, sowie von schwersien
therapieresistenten Pormen der Peoriasis {Schuppeafiechte).
Auch die therapeutische Wirksambeit von {lelosporin zur
Behandiung des stercidabhiingigen und slerotdresistenten
uephrotischen Syandroms, also von Nisrenerkrankungen, die
mit einem aysgeprigten FiweiBverlust cinbergehen, sind be-
kannt.

Bisher wupde Ciclosporin als Infusionslsung sowic als
Trinkldsung von der Sandoz baw, Novartis AG, Basel darge-

reicht, Da Ciclosporin ein hydrophobes Peptid ist, das in
witflriger Lésung nicht ¥sbar ist, enthiclten dle bishedgen
TDrarrcichungaformen als Emulgatoren bew, Léslichkeitsvor-
mittler in grofen Mengen Bihanod (ca. 17 Vol.-%) sowie Li-
pide i Porm von Maiskeimd® und Trizovlglycerid-Deriva-
ten.

Die bisher belianuten Verabreichungsformen von Ciclo-
sporin sind lediglich zur systemischen Anwendung geelg-
net, Wean Ciclosporin in Form einer TeinkiSsung verab-
reichi wird, so erfeigt dic Aulbabime in den Korper fiber den
Dacoy, Bei elner Infusion der Chelosporin-ldsung gelangt
der Wirkstoff direkt fne Blut und verteilt sich #iber das Bl
i gesarmien Kirper,

Eine &ﬁpi’sche, d. h, grtlich begrenate Anwendung von Ci-

elosporin ist aufgrund seiner lipophilen Big “nauhaff@n, die
die Verwendung von Hihanel und Lipiden zum Laslichma-
chen des Ciclosporing erfordern, problematisch,

Eine andere pharmazeuwtische Subereilung, die unter an-
derern auch {iir Ciolosporin vorgeschisgen wird, ist in der
U8 5,154,530 bescheicben, Diese Verabreichungsform am-
fafil ein salzfreies geladenes Lipid, wie bspw. Phosphatidy-
lethanclamdn oder Phosphatdidylserin sowie ein Losungs-
mitiel wie Polvethylenglykol oder Bthanol. Dabei bilden
sich in der pharmarentischen Zusammensetzing Liposo-
men-Komplexe zwischen dem Wirksioff und den Ldsungs-
mittein, Die beschrichene pharmazeutische Zubereitung er-
{aubt es, besonders hohe Konzenwationen an Wirksioff,
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bspw, Ciclosporin, zu verabreichen.

Als Verabreichungsformen werden Tabletien, Kapseln,
Dragees und ghnfiches vorgeschiagen. Zor drtlich begrenz-
{en Vﬁrwendmg an besonders e 1pfmd ichen Kirperberei-
ehen ist diese Dameichungsform autgrund der Anwesenheit
der zem Loslichmachen der hydrophoben Wicksioffe not-
wendigen Lisungsmitiel Bthanol baw, Polvethylenglvkol
Jedoch nicht geeipnet.

The opische Verwendung von hydrophoben Wirkstoffen
ist imumer dort besonders problematisch, wo stark wasser-
haltige bew. hydrophile K&rperteile bebandelt werden sol-
len, da eine Yorausselzung zur Aufnalune solcher Wirk-
stoffe in den Kérper darin bestehi, xunfichst einen Kontakt
zwischen Wirksioff und Xrperoberiliche herzustellen.

Vor dizsem Hintergrund ist es die Aufgabe der Briindung,
¢in Arzneimittel mit einem Gehalt an Clclosporin bersitey-
stetlen, das zur topischen Verabreichung asuch an stark was-
serhaiiigen undfoder sehe empfindlichen Kérperbereichen

eeignet 151, und mit dem eine guie Wirksioffaufnahine er-
mc‘giacht wird,

Hs ist eine weitere Aufgabe der Briindung, neus Anwen-
dungsgebiete fir ein derartiges Arenetmitie] vorzuschiagen.

Hrfindun pgema% wird diese Aufgabe dadurch gelost, daB
das Clclosporin in elner {B-in-Wasser-Nanoemulsion vor-
hegt, Umer einer Nanoernulsion im Sione der Erfindung
wird jede Ol-in-Wassse-Huulsion verstanden, die Tript- .
chengrben i Manometerbercich, also mit Durchmessemn
von kleiner als T pm enthalt. Derartige Nanoemulsionen ha-
ben eine Glige bew, Lipid-Phase und sine wilBlirige Fhase,
wobei die wilirige Phase Wasser oder physiologisch vere
whgliche wiiBnge Lisungen wie bapw ;ﬁysioi@gimhe
Kochsalzlosung (0,9 Gow.-% Natiumchlond in Wasser)
aufweist.

In einer devastigen Nancemulsion wird der hydrophobe
Wirkstoff Ciclosporin in den winzigen Sbgen Trdpfchen go-
ist, die wicderum in der wissrigen Phase dispergien sind.
Somit st der Wirkstofl Ciclosporin optimal verteilt, Rei ef-
ner Applikation in stark wasserhaltigen Korperbereichen
kz;m &0 eine besonders gule Yertetlung von Ciclosporin und
dampii cine cpdmalc ‘Mms offaufnabme ooreicht werden,

So zeipte sich in einer iiber sechs Monste andavernden
Sindie in der Universitiiskiinik Tibingen, daf die Verwen-
dung einer erfindungegermifien Nanoemulsion sowchl im
Bereich des hochompfindlichen Auges als aveh im Hautbe-
reich oine gegeniiber herkdmmiichen Thevepieformen we-

sentlich verbesserte Wirksarnkeit ond Verndglichkeit auf-
w-gx:,i Thes st vor dlem devsul sorlckeufiiren, dafl sof-
grund der meuen Darreichungsform auf die Verwendung
physiologisch bedenklicher baw, unverteighcher L8sungs-
mittel vollstiindig verzichiet werden kann, obne daB dadurch
die Wirkung oder Autishe vor Ciclosporin an den betref-
fenden Kérperteilen beeintrichiigt wird,

Die der Briindung zugrundeliegende Anfgabe wird somit
vollkommen gelist

In einer vorteitbaften Ausgestaliung weist die Nanoemul-
sion Trépfehengrifen von kisiner als etwa 300 nm auf,

Diese Maknahine hat den Voredl, dafl der Wirkstoff (-
closporin besonders gut dispergiert wird und sich damit op-
tmal auf Gewebeoberfiichen verteilt vad folghich auch be-
sonders gut in das Oewebe anfgenommen wird,

In einer besonders vorteiliafien Ausgestaliung weist das
Arzneimitie] einen Gehalt an zumindest efnem Phospholipid
auf.

Lipter Phospholipiden verstebt man eios Gruppe von Li-
piden, die Derivate entweder von Gkvmrin oder von dem
komplexen Alkohol 55 hmgss:r sipd. Phospholipide enthal-
ten im Allgemeinen zwel Feusiiuren, die den hydrophoben
Bestandiell des Phospholipids bilden, und eine sogenannte
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solare Kopfgruppe, die aus cinem iiber eine Phosphodiester-
gruppe gebundenen Alkohol besteht. Dusch diese Strukour
sind dlie Phospholipide amphiphil, d. b sie enthalien sowoh]
hydeophobe als auch hydrophike Gruppen. Dadurch sind sie
besonders gut als Hmulgatoren von hydrophoben Sioffen in
wilirigen Phasen einsetzbar,

Die Verwendung von Phospholipiden in dem erfindongs-
gemiBen Arzoeimittel hat den Voreil, dafl Phospholipide
Bestandielle siler Zelimembranen sind und somit eine be-
sonders hohe physiologische Yertsftglichkelt aufweisen, Da-
durch ist das Aczneimitte! auch an besonders seasiblen O
ganen, wie bspw, der menschlichen Auge, singetzbar,

In einer weiteren vorteiibafton Ausgestaltung ist das
Phospholipid Lecithin,

Lecithin oder Phosphatidylcholin ist eines der am weite-
sten verbrelicien Membrantipide des Menschen, Voo der
WHO st desm Lecithin Unbedenklichhelt als Lebensmitiel
zuerkannt worden, es wurden ketne ADER-Werte {Acceptable
Daily Twake) suerkannt. Leciihin entspricht fermer dea Nor-
men der US-amerikanischen Behtrde FDA und besitat den
{GRAS-Status ((Fenerslly Recognized As Safe, {FR Nr
182, 1400/184.3400).

In Fetternulsionen fiir die parenterale Bragthrung wird Le-
cithin in Xliniken in groBem Uhnfang eingesetat.

Teciihin ist somit ein besonders gut verriglicher Emul-
gator, der aufgrand seines Vorkommens in menschiichen
Fellen ohochin Bestandieil des menschlichen Kdrpers und
damit gesundheitich unbedenklich ist. Als Bmulgator von
Ciclosporin ist es aufprund seiner stark amphiphilen Ein-
zenschafien besonders gut gesignet,

In siner welteren Aovsgestalivng der Hrlindung Hegl der
Gehalt an Fhospholipid im Bereich von 0,1 bis 20 Gow.-%,
vorzugsweise im Bereich von 1 bis 10 Gew.-%.

Hierbei ist vorteithafl, dal diese Konrenteationen eine be-
sonders feine Bmulgierung des Clclosporias in einer wiiB-
gen Lisung erlauben.

In siner welteron Ausgestaliung weist die NManoemulsion
einen (ehalt an Triscylglyceriden, bevorzugt mitteliettigen
Triscylgiveeriden aufl

Triacylglyeoride sind neutrale Lipide, bei denen Fettstiu-
ren iber Esterbindungen an einen Glyecerinrest gebunden
sind. Die Feusiuren kdnnen kurz-, mittel oder langkettip
sein, sle kinnen gesitiigt oder ungesittigt vortiegen. Tria-
eylglyceride singd stark hydrophobe Stoffe und dicnen 2, B,
als Energisspeicher im Kirper, wo sie in den Fettzellen ab-
gelagert werden.

Pie Verwendung von Tracylglveedden, insbesondere
mittelkettigen Triacylglycedden hat den Vortell, daB diese
problemios in Arzneimitelgualitit erhildich und zom Inls-
sunghringen des Ciclosporin in siner Nanoemulsion beson-
ders gl geeiyned sind.

Dies pilt vor allem dann, wenn der Gehalt an Triscyiply-
ceriden im HBereich von 10 bis 40 Gew.-%, bevorsugt im Be-
reick von 20 bis 30 Gew.~% vorliegt,

In siner besonders vorleillafien Auspesialiung Begt der
{Gesamigehalt an Lipiden tm Bereich voa 1 bis 30 Gew.-%,
bevorzugt im Bersich von 20 bis 30 Gew.-9%.

Tiabel vmfait der Gesamigebalt an Lipiden sowohi rein
hiydeophoben Lipide wie Triacylglycerde als auch amphi-
phile Phospholipide wie bspw. Lecithin,

Tese MaSnahme bat den Vorteil, daB bel cinem mép-
fichst effizienten Emuigleren des hydrophoben Wirkstoffe
Cliclosporin gleichzeitlg gine Anwendung an bydrophilen
Oberilichen und eine gute Wirkstoffaufnshme mbglich ist,

In einer weiteren Avsgestaliung der Hriindung liegt der
Gehalt an Clelospordn im Bereich vor 4,1 bis 10 Gew-%,
hevorzug: im Berelch von 1 bis 3 Gew-%,

Hisrbed ist vorteilhafl, dafl sine gute therapeutische Wirk-

IBRICHRESAT |~

%

20

4

samkeil von Clclosporin erzielt wird,

In viper begonders vorteilbafion Ausgestaliung weist das
Arzneimittel 2 Gew-% (iclosporin, 5 Cew-% Lecithin,
23 Gew-% mitelketige Tracyighyeeride und 70 Gew-%
physiologische Kochsalxldsung sowie gafl ein physiolo-
gisch veririgliches Konservierungsmitie! auf.

Es kat sich nimlich in einer klinischem Studie mit dem
erfindungsgemifien Arzneimittel herausgestellt, daf it
disser Zusammensetzung eine besonders gute Yertriglich-
keit bei optimaler Wirkstoffaufnalune in den Kdrper erreicht
wird.

Fror Zusate eines Konservierungsmitiols ist aotwendig,
weon das Aveneimittel e lngere Zettspannen aufbewshrt
werden soil, s verstebt sich, daf Konserviermngemittel bei
allen Verabretchungsformen des erfindungsgeraniien Arz-
neimitiels enthalten sein kdanen,

In einer wolteren Ausgestaltung Hegt das erfindungsge-
mile Arzneimittel mit physiologisch vertriglichen Triger-
stoffen zum Aufiragen auf die Haut vermischt vor

Derarige Trigerswoffe kénnen bspw. Cremes, Gele oder
Satben mit den Gblichen Bestandieilon sein,

Hierbel ist von Vorteil, da bet der Verwendung der eriin-
dungsgemdlen Nancemalsion avf der Haut oder siner
Schieimbaut die Vertellung sowie das Purickhalten auf der
Haut verbessert, wird,

Davither hinaus wind die Anwendnng des Arzneimitiels
fitr den Patienten erleichtert,

In ciner weitcren Ausgestaliung weist das Arzneimittel
viskosit@ieerhthende Zusitze aufl

Dherartige Zusitze kinnen bspw. Zellvlosederivaie, Poly-
aorylate oder anders physiclogisch verteiipliche Polymere
sein.

Hierbel it vor Yortetl, dall der Verbleib des Wirkstoffs
Cielosporin an dem Ort, wo er wirken soll, verlingen wird.

e Briindung betrifft auch die Yerwendung eines Arznei-
miftels muit sinem Gehall an Ciclosporin in elner zur topl-
schen Anwendung gesigneten Galentk zor Bebandlung von
Hautkrankheiten.

Bel in der Hautklinik der Universitiisklinik Tibingen
durchgefiihiien Versachen wuorde nimlich erstmals dic 1opi-
sche Anwendung von (iclosporin zor Behandlung von
Hautkrankeiten uwntersucht. Dabel stellie sich hevaus, dal
durch die topische Verabreichung von Ciclosporin gegen-
siher den dblcherwoeise verwendoton Therapien, insbeson-
dere der Werabreichung von Cortisonpréparaten, eine b
fegene therapeutische Wirkung bel gleichzeitiger guter Ver-
wrigiichkeit ernzdelt wird,

Da Cielosporin bisher nur systemisch angewendet warde,
kam die Behandlung von gewbdhalichen lokal begrenzien
Hautkrankheiten aufgrond der schwersn Mebenwirkungen
einer systerpischen Anwendung nicht in Betrachl, Bei der
sysiemischen Verabreichung kommt es aufgrund der im-
munsuppeintierenden Wirkong des Ciclosporing ndmlich zu
siner erbShien Anfilligkeit gegen Infelrionen jeglicher Ast.
These Nebenwidangen wurden bisher nur bet sclweren,
gomst nicht behandelbaren Keankhelten tn Kauf gegommen.

(aleniken, die bei siner evfindungspemifien Verwendung
in Betracht kommen, umfassen z B, die Formuliernog als
Cremes, Gele, Salben oder asch o Form von Liposomen
ader Mikrocmulsionen.,

Besonders bevorzugt st jedock die Verwendung von Cie
ciosporin in Form einer Nanoesnulsion, wis sic welter ohen
beschrieben worde,

Hierbed ist vorteithal, daf sich der Wickstoff Ciclosporin
hel einer Verabreichung als Manoewmulsion in der oberen
Hautschicht, der Hornschicht. anveichert, Dadurch wind ¢ln
besonders langer Wirkstoffverbleib in diesen Hanthezirken
errelchi, was erwiinscht ist, da bei den melsten Hauthrank-
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heiten die obersten Hauizellschichien befallen sind,

In einer besonders vorteilbaflen Ausgestaltung wird das
erfindungsgemifie Arzochmittel i Bemich der Mund-
sehletmhan undfoder der Schieimbivte des Genitalbereichs
verwendel.

Im Bereich dieser stark wasserhaltigen Qberfldchen ist
cine rasche Aufnahme des hydrophioben Witksioffs zwin-
gend erfordertich, da er an diesen Komeroberfifchen nichi
aphafiet und vor allem im Mundbereich durch Speichel
schpel] wegpespiilt wind, FHe erfindungsgemiiBe Nanocmaul-
sion sorgl dabel fiir die Anlagerung von Ciclosporin an die
Schigimbiivte und frden somit eing schoelle Acfnahme,

In einer weitercn vorteilhafien Ansgestaltung wird das
Arzneimitte] zur Behandlung von Lichen ruber eingessiel,

Ihese Krankhei it cing sebr verbrediole entziindliche Bre
keankang der Haut und Schlelmbaut, die auch als kleinpapu-
itses Hxanthem oder Flechts bezeichnet wird.

Zur Behandiung dieser Hautkrankhel! wirden bisher le-
dighich Schiilkurep mit Vitamin A-SHure und anschlieBende
Hydrocortisonbehandlung oder Behandiung mil anderen
Contisonpripantien cingesetzt, Im Genlialbersich waren zur
Behandlung von Lichen ruber bisher sogar operative Hin-
griffe erfordertich, die durch die toplsche Anwendung von
Cliclosporin nun unterbleiben kSnnen.

In einer welteren Ausgestaliung wird das erfindungsge-
miifle Arznstmittel zur Behandiung von NMeurodermitis eine
gesetzi,

Tt etnem Vergleich der Ciclosporin-Anwendung und der
bisher Gblichen Hvdrocortisonanwendung konnien verbes-
serte Therapieerfolge mit Ciclosporin bet der Rehandiung
von Neurodermnitis beobachtet werden,

In einer weiteren voricilhafien Ausgestaliung wird das er-
findungsgemife Arenelmitel zur Bebandiung von Neuro-
dermitis im Bereich des Auges verwendet,

Tierbed st vorteilhadl, dal Ciclosporin, insbesonders
wenn 5 in Form efoer efindungsgeméen Nancemulsion
vorliegt, keine Reiznngen m Ange oder in den Bercichen
um das Auge herom hervorrufl, wobel es gleicheeitiz gt
aufgenpmmen wird, und dab es boch effizient gegen Neuro-
dormuitiden im Angenbereich wirkd, wie in an der Angenkli-
nik der Universititsldinik Tibingen durchpefithrten Versu-
chen ngt Patienten nachgewiosen werden konnte,

Die Erfindung betrifft auch die Verwendung eines Arznsi-
miticls mit einem Gehall an Cliclosporin in ciner zur toph
schen Anwendung gesigneten Galenik zur Behandiung von
Allerpien.

In einer an der Augenklinik der Universitiiskinik Tibin-
gen durchgellihrion Studie zeigte sich niimlich, dal Cicl
sporin bei topischer Anwendung therapeutisch hochwirk-
san gogen Allergien eingesetzi werden kann. Ciclogporin
kurm dubel in allen 2ur topischen Verabreichung geeigneten
(ialeniken eingesetzt werden. Besonders bevorrug! ist dabei
gine Darreichung als Manocemulsion, wie sie oben niher be-
schrieben wurde.

Insbesondere bei einer Verabraichung von Clclosporin als
Mancemulsion zur Bekimpfung von Allergien im Augenbe-
reich konnten hervomagende Theespiesrfolpe erzielt wer-
den.

In siner weiteren vorieilbafien Ansgostaltung wird das er-
findungspemiife Arzeimitiel zur prophyiaktischen und/
oder therapeutischen Behandlung des Auges verwendet

Hine therapeutischs Behandlung des menschlichen Auges
it Ciclosporia ist 2. B, bel Hornbaut-Transplaniationen zur
Verhinderung von AbstoBungsreaktionen erforderfich,

Bei der Verwendung von Ciolosporin als Nancemuision
verteill sich der hydrophobe Wirkstoff besonders gut Uber
den gesamnen Augapiel, so dab aufgrund der grofen Re-
sorptionsfldche eine optimele Wirkswoffaofoahme gegeben
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ist. Die Wanoemalsion verteilt sich auBerdera s Kammer-
wasser selbat, das auch die Linse upd die Hombhaut winsplit,
Dz das Eammerwasser nur ca. alle vier Swnden susge-
tauschit wird, kanp Cielosporin besonders dauerhafl auf die
von dem Kammerwasser benetzien Aupenbereiche sinwir-
ken. So kann das Risiko von Gewsbeabstollungen im Be-
reich des Auges sicher venmdeden werden.

In kiinischen Versuchen, bei denen dic Verwendung des
erfindungsgemiiizn Arzneimittels am Auge getestet wurde,
Kam es in keinem einzigen Fall zu Schbesintriichtigungen
ader einer Verstopfung der Schiemm-Kanile, die dem Ab-
fiefen der Trinenfifissighelt in die Nase dienen. Dariiber
hinaus wurden keine Schimerzfille becbachiet,

In einer besonders vortelthafien Ausgestaliung wind das
erfindungsgemile Arzncimittel zur Verhinderung von Ab-
stoBungsreaktionen nach Transplantationen, vorzugsweise
im Bereich des Auges, verwendet,

Hierbel ist bspw. an die bereits erwihnten Hornhaot-
Transplanisticoen oder Transplantationen anderer Bestand-
teile des Auges, jedoch auch an Haut-Transplaniationen zu
denlen.

Da der Wirkstoff nun direld am Zislon aufgemnagen wer-
den kann uad dost auch gut sufpencmaen wird, kaon das
Ciclosporin mit im Vergleich zor systemischen Anwendung
geringen Nebenwirkungen sffizient therapeutisch wirken,

In einem Verfahren sur Yubereitung des erfindungszomi- |
g (=3

den Arzoeimittels wenden die folgenden prundsitzlchen
Schrive durchgefiihr

a) Tdsen von Ciclosporin in einer Gligen Phase;

b} Hinzufigen eines Amells giner willrigen Phage:

o} Rihren;

d} Hinzufigen des verbleibenden Anteils der witliri-
gen Phase;

€} Behandeln des Gemischs mit Uliraschall; und

£} Stenifiltrieren,

Hierbet ist von Vortedl, dab eine erfindungsgemidfBe Na-
poemulsion mit Ciclosporin in cinem ziigigen Verfatven
ohae technischen Sufwand hergestollt werden kano,

Die dlige Phase kann dabel 2. B, Trecyiglyeeride und Le-
cithin, die wiBrige Phase physiologische Kochaalzltisung
oder Wasser enthaiten. Idas Lisen des Ciclosporins in
Schritt a) sowic das Rithron in Schritt ) kann z. B. durch auf
cinem Mapgnetrithrer oder mit einem Flilgelrithrer durchge-
fithrt worden. Bs verstelt sich, dad dez erfindungsgemife
Verfahren unter sterilen Bedingungen durchgelihn werden
mull, wobel zwischen den cinzelpen aufgefithrien Sclhiritten
ieweils Sterilfiltrationsschyitte 2wischengeschalier werden
kSnnen. -

Die Uliraschallbehandiung dient der Dispersion der 8H-
gen Phase in der witirigen Phase, wobel die Tedplchengrd-
Ben in der enistehenden Suspension durch die Dauver der Ul-
traschailbehandiung vnd dic Leistung bestiomt wird.

Hs versicht sich, dall die vorstehend genannten und die
gachsiehend noch zu exdiinternden Merkmale nicht nur o
den angegebenen Kombinationen, sonderm such in anderen
Eombinationen oder in Alleinstellung einsetebar sind, ohne
den Rahmen der vorliegenden BErfindung zu verlassen,

Weitere Merkmate und Vorteille der Frfindung ergeben
sich aus den nachfolgenden Ausfiihrungsbeispielen,

Beispiel 1
Herstelung viner Ciclosporin-Nanoemulsion
Hs wird eine Ciclosporin-MNanocemulsion hergestefls, dis

aus 2 0ew-% Ciclosporin, 23 Gew-% (lesm nentrale

0445

R



SOOCID: <BE,

DE 19810655 Al

7

DAR, 5 Gew.~% Lecithin und 70 Gew.~% (,9%iger Nari-
unchiorididsung besieht. Dic fertige Fmulsion ist w. a. zur
Yerwendung als Augeniropfen geeignel.

Tuhalissioffe und thre Bezugsquallen:

Ciclosporin: Firma Synochem, Hamburg,

Olearn neutrale DAB (MIGLYEOLY: Firma Henkel, Dils~
seidort;

Lecithin (80 Gew.-% Phosphatidylcholin): Firma Lipoid,
Ludwigshafern;

Natriumchlorid, 0.9 Gew.-%: Firma Braun, Melsongen.

Alle verwendeten Hilfsmittel, bspw, Bechergliiser, Rih-
rer, Filter, usw. werden bei 121°C U 15 Minuten lang dusch
Amtokiavieren sterdHsiart,

Zugiichst wird der ipophile Widstoff Ciclosporin susam-
men mit dem Leciihin in Qleum neutrale geldst

Daze werden in ein steriles Becherglas § g Lecithin, 2 g
Cielosporin ond 23 ml Olevm neutrale eingelUilt und mit ei-
nem Magneirithrer in Ldsung gebracht,

THe Libsung wird in ein aweites Bechergiss sieribfilicert.
Dann werden 40 ml §,9%dge Narivmchlorididsung zuge-
fiigt und fiir 1 Swade bei 400 npm (Umdrshungen pro Mi-
nute) mii einern Fiigelrithrer gerihn,

TDiadurch wird elne Yoremulsion erzeugt, die i elne ste-
rile DurchfluBzelle gegeben und mit der resittichen Menge
an §,9%iger Natrumehlorididsung aufgefiill wind,

THese TAsung wird fiir 15 Minuten mit 70 Watt {eistung
in einem Ulraschallgenerator (Firraas Branson, Schwibisch
Gmtind) beschatlt,

Dabet wind cine Nanoemulsion mit Tedpichengrilen von
kieiner als SO0 nm erzeugt, die iiber einen 0,45 pre-Sierlfi-
ter dirskt in Augenropifiaschen abgefiilt wird,

Alle Arbeitsschritie werden unter siner sterilen Werkbank
{Laminar Alrflow Bank, Firma Ehret, Emmendinpgen)
durchgefiibrt. Die Augentropfen sind bei einer Lagerteinpe-
ratur von 4°C i, deei Monatc lang steril.

Siudie mit Patienten an der Universitdskiinik Tiibiagen
1. Augeablinik

I der Augenkiinik der Universitiisklinil Tiibingen wur-
dan dic in Boispiel 1 hergestellten augentropfen fiir sinen
Zeitraum von sechs Monaien mit insgesamt Gher 200 Préps-
rationen bel Patienten it Hornhaut-Transplantationen sin-
gesetel, e Stndie davert noch an.

Tiber den gessmien Feitraum dor Behandiung von Patien-
ten it dem erfindungsgerniBen Areneimitiel in Form von
Augentropfen wurde kein eingiger Fall von Schmerment-
wicklung bei der Verabreichung der Tropfen becbushiet,

Ohwohl die Nancemuision ein milchiges Aussehen suf-
weist, kam es het der Applikation am Auge in keinem Fall
in Sehbeeintsichtipungen.

Die erdfindungsgemile Ciclosporin-Mancemulsion wurde
suBerdern 2ur Behandiung von Neurodermitiden im Bercich
des menschiichen Auges sowie zur Behandlung von Aller-
gien im Angenbersich eingesetzt. Bed boiden Krankbeitshil-
dern konnten iiberragende Therapicerfolge arreicht werden,
ohine dal s zu einer Bntwicklung von Schmerzen oder Seh-
beeinirichiipungen bei den Patienien gekonmunen wire,

2, Hauntklinik

Die Ciclosporin-Mancemuision wurde dariiber hinaus
vicr Monate lang o der Hantklindk der Undversitdisklingk
Tithingen zur Behaodlung von Lichen ruber i Gesichisbe-
reich und tim Cenitalbereich eingesetat,
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Durch den Binsa von Clclosporin bei der Behandiung
im Cesichisberetch konnten die bisher Ghlichen Schitkuren
i Vilarin A-Sdure ond anschlisBender Hydrocortisonbe-
handiung vermieden werden.

Bei der Verwendung im Genltalbereich war es dariiber
hinaus méglich, auf die bisher Gblichen operativen Fingnfie
2 verzichten,

Die erfindungsgemifie Ciclosporin-Nancemulsion wurde
alerders 2ur Behandiong von Nenrodermitls elngeset2d,
Hier konnte ein verbesserter Therapizerfolg im Vergleich 2u
einer Hydrocortiisonbehandlung erreicht werden.

In der Hawklinik worde das erfindungsgemiile Arzoei-
puitie] sowohl stationfr als auch ambulant eingesetzi. Auch
die Stadien in der Hautklinik davern noch an, Tiartiber hin-
aus werden derzeit Versuche zur Verabreichung von Ciclo-
spons zor Behandlung von Hautkrankhelien in Porm von
Lipozomen darchgefithe,

FPatentansprilche

1. Arznelnitie] mit einem Gehalt an Ciclosporin, da-
durch gokenmeeichnet, dall das Ciclosprorin in siner
Obin-Wasser-Nanoemulsion vorkisgl,

2. Arzoncimitiel nach Anspruch 1, dadurch gekenn-
seichnet, dal die NMancemulsion Trépfohengrbfen von
kleiner als etwa 300 nm aufweist.

3, Arzneimittel nach Ansprch 1 oder 2, dadurch ge-
kennzeichnet, dal es cinen Gehalt an zumindesi cinem
Phospholipid aufweist,

4, Arensimittel vach Aospruch 3, dadurch gekenn-
zeichnet, dall das Phospholipid Lecithin ist

5. Arzoeimitiel nach Anspruch 3 oder 4, dadurch ge-
kennzeichnet, daf der Gehalt an Phospholipid im Be-
reich von 0,1 bis B0 Gew.-%, vorzugswelse im Bereich
von 1 bis 10 Gew.-% Hegt,

§. Argneimitie] nach einers der Anspriiche 1 bis 5, da-
durch gekennzeichnet, dafl die Nancemulsion sinen
Crehalt an Tdacylglyceriden, vorzugsweise mitielketit-
gen Triseylglyceriden sufweist

7. Amncimditel nach Anspruch 6, dadurch pokenn-
zeichnet, dal der Gehalt an Triseylglyeeriden i Be-
reich ven 10 bis 40 Gew.~%, ingbesonders im Bareich
von 20 bis 30 Gew.-% Begt,

8. Arzncimiticl nach cinom dor Ansprilche 1 bis 7, da-
durch gekennzeichnet, daf der Gesarnigehait an Liph
den im Bereich von | bis 50 Gew.-%, vorzugsweiss lm
Berelch von 20 bis 30 Gew-% lizgl.

9, Arzneimittel nach einem der Anspriiche | bis &, da-
durch gekesnzeichned, dall der Cehalt an Ciclosporin
irt Bereleh von 0,1 bis 10 Gew-%, vorzugsweise im
Bereich von 1 bis 3 Qew-% Hegl

0. Arzoehmitiel nach einem der Anspriiche 1 bis 2,
dadurch gekennzeichnel, dall es 2 Gew.-% Ciclosporin,
5 Gew.-% Lecithin, 23 Gew.-% mittelkettige Triscyl
ghyveeride und 70 Gew.-% physiologische Kochsalzlé-
sung sowic pgfl oin physiclogisch verteigliches Xoo-
servierungsmitrel anfweist,

11, Arzneimitiel nach einem der Anspriiche 1 bis 18,
daciureh pekennzeichnet, daf os mit physiclogisch ver-
triglichen Trigerstoffen zum Aunfiragen aaf die Haut
vermischt vorliegt.

12, Arzneimittel nach einem der Asspriiche 1 bis 11,
dadurch gekennzeichnet, dafl 5 ginen Gebalt an 2
saindest einom viskosititserhdhenden Jusats anbweist,
13. Verwendung sines Arzneimittels mit einem Gehalt
an Ciclosporin in-ciner zur tfopischen Anwendung ge-
eigneten Galendk, vorzugsweise nach elnem der An-
speiiche 1 bis 12, 2ur Behandlong ven Hauthrankhei-

0446



IO <DE

DE 198 106535 Al

8

ten,
14, Yerwendung nach Aaspruch 13 zur Behandlung
der Mundsehicimbaut undfoder der Schleimbiuie des
GenHalbereichs.
15, Verwendung nach cinem der Ansprilche 13 oder
14 zur Behaosdlung von Lichen ruber.
16, Verwendung nach elnem der Anspriiche 33 oder
14 zur Behandhang von Nearodermitits,
17, Verwendung nach Anspruch 16 zur Behandlung
von Menrodermitis fm Bereich des Anges.
18, Verwendunrg cines Arzneimitiels mit einem Gehall
an Clclosporin in einer zur topischen Anwendung ge-
eigneten Ualenik, vorzugswelse nach efnem der Ane
spriiche 1 bis 12, zur Behandlung von Allergien,
19. Verwendung nsch Anspruch 18 zur Behandiung
von Allergien bin Bereloh des Auges.
20, Verwendung eines Arznsimiitels nach einem der
Anspriiche 1 bis 12 zur prophylakiischen undfoder the-
rapeatischen Behandiong des Auges.
21, Verwendung eines Arzneimiels nach einem der
Anspriche 1 bis 12 zor Verhinderung von Abstofunge-
reaktionen nach Transplantationen, vorzugswelse bm
Bereich des Auges.
22, Verfahren wur Zubereitung eines Acznenmittels
nach sinem der Ansprilche 1 bis 12, gekenunzaichnet
durch die grundsitelichen Sol
a} Lasen von Ciclosporin in elner dligen Phase;
b} Ihmzofiigen eines Anteils einer wiBivigen
Phase;
¢} Rithren;
) Hinaufigen des verbleibonden Ameils der
wiiBrigen Phase;
&} Behandeln des Gemisehs it Ulivaschall; vod
fy Reerilfilirieren.
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TECHNICAL FIELD

The present invention refales to topical preparations conisdning cvclosporin 88 a0 major active compos
rent. The topical preparations oonigining oyclosporn insiude topical praparations in the form of an emuision
or @ noreemulsion,

The term “oyclosporin® referred o in this applicaton is intended to mean a3 single substante or a
mixture of a group of cyclospadin antibictics which are described in detall in Japanese Patent Laid-open
Publication (kokaf) No, 2-17, 127,

BACKGROUND ARYT

Cyclogparin is known as an inwnung inhitiky and it hag edensively bean employed in the fiekl of the
ranspiant of organs including the Kidnev. Recantly, swolospanin becomes apparert as being effective
various dissases that aro caused mainly from aultimmune reacton, in addiicn © the sfficacy for the
transplant of the organs. & number of lfterature has already besn publshed which reports the efficacy
ovolosporin forarthritis. Autaimoung diseases 1o which cyolosporin has been applisd or proposed to be
spphed may include, for example, dulsimmune biood diseases, chronic bronchial ssthras, systemic
erythematosus, polymyvositis, systemic soleroderma, Wegner syndrome, myasthenia gravis, psoriasis vuk
gards, avicimrmune intestinal dissases {dicpathic uicerative colitis, Crohn dissass), sarcoidosis, rnultiple
soierasis, juvenile diabetes meliitus, uveilis, psoriatic rfheumatoid, glomerulonephitis;, and the like.

As desoribed hereinabove, ovolosporin contributes argely o the innibition of rejection &t the fime of
transplanting organs and auiolmmune therapy; howaver, it is also known that i may ofien cause ssversly
agdverse affect upon the Kidney when administered crally over & long period of Hme so that this toxicity 1©
the Kidney has been the cause of supprsssing cveolosporin from heing sxtensively employed. it can be
neted that thers ars many cases whers maorkid states am caused 1o oocur at the skin, eve or pint iy which
wpical prepaations can be applied. i the case of diseases that can be administered with topical
prepacatinns, it is advantageous 0 avoid sysiemic adrminisiration that might cause disturbances o ocor in
the Kidney. If the focus of a diséase i3 resticted o a layer of the dermis, topical administration through the
epidermis s more adventageous than other ways of administration bacguse it can save the amount of a
medicing to.e administerad and further the sificacy of the medicine can be enbancad In-association with a
local rise in the concentration of the medicing, while systemio side effacits can be reducsd. The way of
administralion in the form of lopical preparalions oan be said to be one of the most elfective drug dellvery
systams (Q08Y for oyclosporin.

O the other hand; #t is extremely difficult 1o formulate cyclosporin into topical preparations so a8 1o
maintain s highly therapeutical sffect, urlike water-soiible or low-mclecular weight pharmaceutically
gifective substannes. One of the reasons for this difficulty is becsuse the oyclosporin i 8 largs
cyclopolypeplide having a rnolecular weight of larger than 1,200 so that it suffers frorm the difficully in
allowing oyolosporin o fese or penelrale through the horny skin laver inlo the focal site present in the
dermis fayer. Another reason for the difficulty is becauss the cydlosporin s insoluble in water and there is
the restriction upon the kind of organic solvents in which the oyolosporin can be dissolved. As such specifis
organic solvents, a lower gikand! such as etharol o isopropanct may be generally employed. Howaver,
such a lower glkano! is too highly itative io-the skin when i is employed for {opical preparations in a
ralatively high concentration, 80 that safe fopical preparations cannot be providsd, Onthe other hand, whan
the lower slcobol is employed in a relgtively low concentration for topical pragarations, the abiiity of the
oyclosporin o be disparsed wiilonnly in the lopical preparations may be impaired, thereby providing oo
opical preparations with a highly therapeutical sffect,

Reports on clinical research of eyclosporin ointments: have been gublished o the effent that a 10%
cyclospndn formulalion may be pharmaceulicslly sffective or inelfective, so that its pharmansutical effects
fray o may not be repmoduced. Some repods deseribe spesific composiions of cyclosporin formulations
vat no clear pharmacsutical sffects therefor are described.

For sxample, Japanese Patant Laid-cpen Fublication Mo, 217127 discloses compositions wihich
contain, a8 essential componenis, cvclosporin and a mone- or polvunsatuiaisd fatty acid or an unsaturated
aloohal, each having from 12 to 24 carbon atoms. The mone- and polyunsaturated {atty scids may inchuds,
for example, vacomnic acid, fnolsic acid, lnolenic acid, slaidic acid, ewcic acid, and ihe bke. The
unsaiurated aloohel may includs, for sxample, vaccenyt alcohal, linolew aicohol. Enoleny! aicohol, elaidy
aloshol, srocyl alcobiol, and the Hke, Farther, it dessrbes the compusiions are effective To varinus skin
diseases; however, that publicalicn does not specify His pharmacsutical effects end refers merely 1o the
shifity of the cyclosporin B infuse or penetrate through the skin and ic the concentration of the nvolospaorin
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Tie publication s thoroughly silent about the exient, for axample, to which the cvclosporin is
ageinst paoriatic dissases.

Sovaral cases of skin dissases are reporfed; many of the Mersdure atstes that oyclosporin is effective
against the skin diseases.

For example, alopie dermatilis s reported in Adta. Berm, Veneroh: Suppl 144, 135 - 138 (1989 whare
an alcoholic oy gel of confaining cyclosporin af the rate of 10% by weight is effective against atopic
dermalitis. Further, &rch. Derns 185, p. 570 (1883} reports that an alooholic oily gel of 8 10% {by weight)
ayclosporin i effactive, o

There are reports of contact-type dermatitis, for exampls, in Arch. Dermato-i: 125, 588 (1888} which
raooris o the effect that oyclospornir is employed for a hurean RDNCE test with no effect, Further, Sontact
Darmatitis: 18, 128132 {(1988) makes a roview o three foymulations: & 10% cyoiosporin formulation i

flactive

[

cyeloaporin formulation in castor off containing 20% propyisne glyoal; howaver, it states the rasulis of this
savigw ars not so safisiaciory that @ more effective solvant s required. In adiition, Conteel Dermaiitis, 24,
155195 states that vone of thres formulations, or 0.1%, 1% and 10% cyciosporin formulatione, are stfactive
#h afl aganst contact dermatits.

Pharrmaceuticsl effect of cycioasorin upon psoriasis is descnhed, for sxample, in Clin. Res,, 34, 1007A
{1988}, In which it is described that topical administration of ocyolosporin is not efiective for the tharepy o
psadasis, although neither the concentration of cytiosporin nor the nomposiiion thereo! are specified. it &
also described i Lancat 1, 806 {1987} thal 2 2% by weight cyelnsporin {on ointment base)is as effective
upon pasriasie a8 placelio. Further, J. Amer. Acad. Dermatel, 18, 378878 (1388} deswribies that a 5%
cyalosporin sclution in olive off is egual to the sols use of diive oll that s amploved ag the base in the
previous case. v additfor, . Amer. Acad. Dermatol, 22, 128-127 (1890) statss that & gal compriging 19%
syslosporing 43% olive oil, 10% athancl, 20% polvonyiB-pieate and 7% colloids siiea did not produce any
slioct upon pugriasis, Furthenmorg, 1 s reporfed 0 Brill 4. Ueom, 122, 113914 (3900) thal a 5% by
weinhl} cyciasporin gintrhent was not affactive. T

Reporis on alopecia areats are mads, for example, in Lancat, 2/ 803-804 (1888} whare it iy describsd
that a 2% ocyoiosporin oily sciution was sffective. in addition, Lancet 2, 971-973 {1686y reports thata 5%
{wel cynlosporin formulation i off was eflective against alopecta areata. O the other hand, Acta. Derm
Veneraoh, €9, 282253 (1989 describee ithat & 10% cyolosporin oily preparsiion was not effeciive
Furthermere, o, Amer. &cad. Derraatol 22, 251-253 (1980} reports that & 5% cyciosporn formulation was
offecthe against msle alopesia, athcugh no specific compositions are rescribad therain,

As long a8 litersture se described hersinabove bas teen reviewed, it i& considerably difficult to draw a
conclusion that cyclosporin is topicsily effective against the skin dissasss as specified berginabove. Bven if
it coudd be said that cydiosporin would be effective against the skin dicsases, ¥ 2an be aaid thal cyniognorin
should be emploved in a considerably farge amount, | Cyolosparin preparalions acs not topically eifective
agsinst the skin diceases or the effect is not satistacioty, it can be sald In many ocoasions st the kinds of
formuiation components and the dosage are nappropriale. In sunwary, no conventional topical cycinspodn
preparationg can achiavs the obfect to utiiize cyclosporin effentively ag topical praparations.

BHBCLOSURE OF INVENTION

The primary object of the present invention is 10 provide & topical preparation containing cyoiosporin,
which aols sffectively upon skin diseases, is useful tharefor, and is highly safe,

Ancther ohiect of the present nvantion s to provids a topical praparation conisining cycleaporin, which
i iower inthe concantration of alower aicohiol and highin salaty.

A furiier ohjsct of the present invention is o provide & highly safe topical preparation containing
cyclosponin, which does not yel comtein any quantity of a lowsr aloobipl.

As 3 result of suiensive research and reviews On cyclogporin-containing topical praparations which ar
auperiar in the ability of nfusion or peneiration through the skin or the horny skin layer yet which areless in
irritation 1o the skin and high in safety, the present invention has been compisiad on the basis of the new
finding as will be described hersinafier.

Ome aspect of the present invention provides the opical preparaticn containing oyclosoorin, which is
characterized by @) cyclosporirg () an organio solvent in which the cyalosporin 8 1o be diasclvad; &) an
setor of an fatly acigd with 2 monovalent gicohal, which I in quid state &b 25° € and which has a tolg
nmber of cachon atormns of 8 of mors, andfy an alkene! aming In liguid form ar 25 G {d) an olly
subistance in a sofid form at 25° O and (&) a surfactant, whereir an amount of the cynlosporin ranges from
8.1% by weight to 10% by weight and & tolal amoud of the ester of the faitty acid with the mornovalent
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aloohol andfor the alkanc! aming ranges from 1% by welght o 15% by weight.
Another agpect of the present wention provides a oplcal preparaiion containing cyclosporing which is
sharacterized by {a) cyclosporing {6 & lowar aloahol; {o) an fatly -acid estar in liquid state at 25° C andfor an
aicanal amine in liquid stale at 28~ C; (@) an oily substancs v so8d sigle at 25° C; and {8} a8 surfactant,
wharsin an sropunt of the ovelosporin ranges fromi 0.1% by weight 1o 10% by weight, &0 amount of the
lower alcohol rangas from 2% by weight to 15% by weight; and a total amannt of the falhy acid egter andior
the alkanol aming résiges. from 1% Ly weight to 18% by wsight.

The oyclosporin-containing fopleal preparations according 16 the present invention ars charsdlerized by
rag that the compositions are un‘*an;m from those of the conventional oyclosporin topinal
preparations as reported in the aforessd Hlerature and it can achisws the obiects of the present invantion in
an sfiective way by using a reduced amount of cyciosporin.

The topinal preparaiions containing eycipeporin . sccording 1o the present invention is provided with the
features as follows:

1. Fhey are supedior i therapeutio effect;

2. They are highly stabie {l.e., oydlosporin does ot become free from the topical preparations, no
crystaliization of ¢yclosporin i caused fo oocur, and no chemicsl reaction of cyciosporin is caused o

ocour with any-other componsnis of the compositions);

3. They are easily administered tnpicedly;

4. Thay contain cyciosporin i & highly unifomaly dispersed stater and

5. Thay ara highly safe.

v order to determing the formulations of the topical preparations according 1© the presant nvention, the

sedection of each compenant of the formulation and the rates of the components are of significant factors,
For exampie, when the iopical preparatinns are ermpioyed in tha form of oiniment, the pharmaceutical effact
of the omtmant, the biglogical sctivity of the ointment, and the physicocheanical stabiliiy of the olniment
should be taksn info actount. Heralofore, In usuat cases, 3 higher saturated fatty acid or an fatty 2638 such
as oipic aoid or 12-hydroxysteanc acid has been employed a8 an olniment base. Among those fatly acidgs,
lawsic acid, myristic acld, palmilic adcld and stearic acid have been amploved t© b soap, together with an
aikall, particutarty polassium hydroxide, which in tern halps ermnuisify the formisiated medicine.
H should be noted heren, howsver, that the fally acid, whether it is employad as it iz or in the form of
pofassium soap as -an intment base, for the cyclogporin-containing fopical preparations according 1 the
present invention, iv Httle effactve for emulsifying oyclosponn in the opical preparations, whersby no
topical preparaons with an bighly pharmacsuiical effect can be provided, and the stabilily of olntment may
b irapaired,

BEST MODRES FOR CARRYING OUT THE INVENTION

The fopical preparations accowding 1o the prasent invention containg cyclogporn, as 4 major active
gomponant, at a8 rats ranging om 0.1% {0 10% by weight, praferably from 1% by weight 18 7% by wsight,
s o be noled herein et the topical preparations of the present invention can demonstrate highly
iherapeutic-effects in such a kw concanteation.

The topical preparstions according to the present invention containg the grganic solvent for cyclosporin,
which fs in fiquid state at ambient temperature (22° C) and which can dissclve the oyolesporin, Such
arganic sofverits may inciude an aliphatic alcchol and = fally acid ester with a polyvalent aicchiol.

Ag the aliphatic alcohols, thers may be employed any lower alcohol and highsr alcohol as long as they
are fiquid st ambient temperaturs. The alcohol may be a straight or branchsd one or may be saturated or
unsaturated one. Spesific examples of such aliphaiin alcohols may includa a lower alcohot such as sthanal,
propanol, isopropanct, butanol, and the like, and 2 higher aloohnt such as ooyl sfcohl, namyl stoohol, deayl

atcohol, Z-netyt dodecancl, 2.8-dimsthyl-$-haptanal, olay! alcohol, and the like. The branched higher alcohol
is praferably appropriate as the arganic solvent i the cyelosoorin

Thie polyvalent alochol-fatty acid ester may e represented by trxe following formula;

TEOORIOH

whare

R ig an allyt groud having from 4 1o 12 carbon atoms, preferably from' 6 to 10 cabon atoms; and

f* is an alkyl group having froms 2 to 4 carbon atoms,

Specific sxampies of the polyvalent skoohokiatly adld seler may include, for exemple, oropyiens ghveot
caprylste, propyiene glyveol caprate, botviens glyeol caprylate, bulylene glyeob caprate, ghyeo! bulyrate, and

054722941 1>
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propylens glyedl butyrate.

The organic solvents g2 described herainghove may be srployed solely or in admidure with the oiher
arganic solvents. The mixture advantagesusiy contains the lower altchol In the rangs from- apreosimataly
5% to 60% by weight, preferably from approximataly 10% to 0% by waight.

The organic solants may ke admiked with the cysiosporin st the rate ranging fom approximataly 0.5
part 1o 10 parts by weight, preferably from approximately 1 part to 5 parts by weight, per part by weight of
cyclosparin: As the grgards solvants, the lowsr alcehol, parficularly ethanol, is preferrsd. The lower alcohol
can serve as & solvent for the cyclosparin as well as acts for acesieraiing the ability of the cvslosporin ta
infusse or penetrate through the skir.

The rate of the lgwer siochal 1o be admixed with the oyclosporin may preferalily be determined 30 a8 o
amount to 2% by waight o more with respect to the totah weight of the topical preparation; in order to
acoelerais the abiity of the oyclosporin for infusion of peneiraion through the skin. i the concentration of
the tower aloohol incratises, the exisnt of iritation hecomes so severer thal Wis concsntration of the lower
alcohol may be reducsd 10 18% by welght or fower with raspect 0 the iotal Wweight of the topisal
preparation. it is to be nated, however, that the concentration of the ower alcohol may preferably range
from 3% {0 8% by wsight with respact (o the folal waight of the topical preparation, In order to focus on
imnprovements in the ability of the cyclosporin for infusion o penatration through the skin and a low degres
of irflation.

i iz noted that for the topical praparstions according to the present invention, it is preferred to use such
an organic sohent ag having a bolling pointof 160 O or highar, preferably 180~ € or highat and being
sparingly volatile or volatilizable. Buch organic solvents may include, Tor example, a highsr aliphatic alcohol
having B carbon stoms or morg and a divalent atcohol-fatty acid ester.

Tne topical preparations according to the present invention contains the ester of ihe fatty acid in liguid
stale &t ambient temperature with the menovatent aleohol andfr the atkanol aming, The fatly acid ester with
the monovaient aloohol may have 8 carbon sloms or more, preferaily 12 Sarbon aloms or more.

The monovalent alcohol component of the mongvalent alccholiatty acid esters may be a residue of &
straight- or branch-chained aliphatic alcohol having froim 1 o 22 carbon atoms, preferably from 2 to 18
sarbon atdms. Tha fatty achd component may he a straightchained o branch-ohained, monovalent o
divalent fatty acid having from 4 1o 22 carbon atoms,; preferally from 6 1o 18 carbon atoms. The monovalant
alcobalb-and fatty acid components may in each case contain an unsatwrated bond. The monovalent alochol
component theraol may include, for exampie, ethanol, propanol, isopropanal, butanol, hexandl, octandd,
iseoctancd, dodecancl, isododecancl, myristyl aloohol, cetyl alcohol, hexadecy! aicohal, Z-ethythexyt alcohol,
2-uotyt dodecans! and the Hke: The fatly achkd component sy include, e example, & monovalent falty acid
such as butyric acid, octanic acid, nonanoic anid, caprylic acid, capric acid, myristic anid, palmitic acid,
steanic acid, lincleic acid, finolic acid, and erucic ackd, and a divalent fatly acls such as succinic acid, adipic
acid, pirmslic acid, suberic acid, azelaic acid, sebacic acid, and dodecane diacid, Preferved examples of the
fathy achl esters with the monovalent alcohols may include; for exampls, 8 monovalent fatty acid ester such
as ethyl myristale, isopropyl myristate, isctridacyl myrisiate, isopropy! iaurate, isopropyl caprylats, iscpropyt
palmilate, isepropyl butyrate, amyl butyrate, and octyl butyrate, and a divalent fally acid ester such as
diethyl succinate, diisopropyl succinate, disthyl adipate, difsopropy! adipate, diiscoctyl adipate, diostyl
adipate, didenyt adipate, decyl isoontyl adipats, diethyl azelate, dilsopropyl azclate, diisocctyl azsiate,
disthyl asbacate, diisopropy! sebacate, dibutyl sebacate, and diociyl sebacate.

Specific examplas of the alkanol amines may Include, for example, disthanal amine, ethano! amine,
isooropanct amine, frilsopropanot aming, dibutanol aming, tribuianst aming, and the ke,

The monovalent slcohol-fatty acid ester and the alano! amine can sorve as improving the ability of the
cyslosporin solulion in the organia aolvenis 1o infuse or penstrate through the skin as well as demongirate
the action of homogensously dispersing the cyolosporin, dissolved I the organic sobents. in the oily
substance In solid form. The rate of these compounds gy range usually from approxdmalely 1% o 18%
by weight, preferably from approsimately 3% to 10% by weight, with réspent to the fotal weight of the
topical praparation. Further, thase sompounds may e employed al the rale ranging ususlly Fom approxi-
mately 2 pars fo & parts by weight, preferably from. approximately 2.5 parts 1o 4 pards by waight, with
respect 0 part by weight of the orgarie solvent o solvents,

The topical preparations acgording to the present invention containg the oily substance in solid form af
ambient lemparatre. It ig noted herein that the term "solid” refarred to hersin is inlanded to mean semi-
solid a3 well as solid. The oily substances may include, for exarnple, an alcchol, an fally acid, an ester, a
trighyosricle, wax, vasaling, and e Jike: The atcohol may include, for sxampls, palmityl dlcohdl, stearvl
alcoiol, eicosyl alcobiol, glycerine, polyglyveerin, and the fike. The falty acid may include; for exampls,
paimitic acid, steards acid, olele acid, arachic acia, behenic aald, mibntanic acid, malissic anid, sabacic acid,
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angd the like. The gater may inclods, for axample, butyl stearate, hexyl laueate, myristyl myristate, dogeoyl
olegte, Z-octyldodecyl mydstate, hexyl decyl octendate, celyl laclate, glycervl Saprals, glyceryl caprilate,
and the lke, As the trighycerids, there may be amploved a vardety of materials originstirgg from sources
such as animals o naturally occurring plants or vegeiablss, which are generally csiled fate and cils and
which can he commearcially avaflable. § may inclade, for example, a large vanety of vegetsble oils, cow fais,
fiver fats, lanolin, lard, and the lka. Preferalide ones are vegsiable ofls, parlicularly ofive o, cameliia i,
sovbean off, vapeseed ofl, com oil, castor off, safflowsr off, and the like. There may aiso be amployed fish ofl
deh in elocsapentadecansic aoid that recently draws Incraasing sttention due o #ts achon for wlergy or
maiignant tumor.

The rale of the olly substence is not rasticled 0 2 parlicular one and may be forwnulated at any
arbifrary rete in accordance with the desired properiies of the fopical préparations. Genesally, the rate of the
oy substance may range from approximately 1 parl io 10 parts by weight, prefenbly from approximatsly 2
paris to & parts by weight, with respact to part by weight of the folal weight of the organic sclvent and the
monovalant alsohok-fatty actd ester andfor the akancl aming, which iz in quid stats af roorn emperature.

The surfaciant is contained in the toplcal preparations according ¢ the pesent invention. As ithe
surfactants, there may be employed 3 variety of surfactents, including anionie, ¢afionic, nonsionic or
amphoteric opas. The non-ionie sirfaciants may preferably be employed in terms of a low degres of
irritation to the skin. As the nondonio swrfactants, there may he mentionsd, for example, an ethyiené awide
type sudactant & poivhvdroxy type surfactant, a polymar tvpe surfactant, and 4w ke, The ethylena oxide
type surfactants may include, for sxamply, an athylens oxide adduct of a higher aicohol, an ethylerie oxide
adduct of a bigher Tatly acid, an sthylene oxide adduct of an aliod phendl, an athylene oxide addust of an
fatty acid amine, an ethylens oxide adduct of an fatty actd amids, an ethwione oxide adduct of 3 pobnealent
alcohol, an ehviene oxide/propyiens oxide block copolymer, and the like. The polyhydrony fype suriactants
ray incClude, for example, a glycerin manofatty acid ester, 3 penfasrytniiiol falty acid asfer, a sorbitan fatly
aoid edter, @ suorose falty achd ester, an fally acid amide of sthanol amine and an alkyiene oxide adduct
thereod, and tha like. Among these pobdhvdroxy type surfactants; there may be advaniagsously smpioysd a
polvoxy ethylene sorbitan faity acid ester; 3 polvony sifwiene giyeery! monofalty scid ester, a polvosy
propylens monofatly acid ester, the sarbitan fally acid ester, a polvoxy ethivlens alcohol ether, and the ke,
These surfactants may be emplovad selgly o i adminlure with the other swifactant or surfantants,

The amaunt and the rate of the surfactant s not resticted v a padicular one and may vary depending
upor the desived properties of e opical preparation, although the surfactant may be generally contained in
the range of from approximately 5% 1o 50% by welght, preferably fromy approdimately 20% io 45% by
weighl, with respect fo the iotal weight of the topical preparation in the case of the fopical preparation being
of & nor-emudsion type and from aeprokimaledy 196 1o 20% by weight, preferably from appradimately 5% fo
155 by weight, with respect 1o the total waight thereof In the case of the topical preparation heing of an
sranssion tygs.

The topical preparation in acoordance with the present invention may, as desired, conlain an additive
such as a filler, an aid for dissalving cyclosporin, 2 thickening agent, a colovant, 8 flavor, water, liguid
paraffin, squslane, an emuisification stabifizer, a bactericide, a fungicids, and ihe like. The filler may be
firely divided powdar of an orgsnic iype or of an inorganic typs. The patticks size of the filler may rangs
ussally fromm approxmately 801 w10 30 um, preferably from spprokimately 8.6 wrn 1o 10 e Appeopriaie
exampies of the fillers may include silics, aluming, Hanla, resin powder, sificate powder, clay powder,
sepdofite powder, mommoriianite powder, Huorinated mica powder, hydroxypropyl celiulnse powder, and the
fike. The aid of dissolving oyCiosporin may include, for example, an alkylane glvest and a polyaikyiens
ghycol such as ethyiene glveol, gropyiene glyeol, isoprapyviens glycol, polysthyiens glvoal, polvpropylens
ghycol, and the like. The rate and the amourd of tha dissaiving aid may range from approximataely 0.2 part o
§ parts by weight with regpect to part of the total weight of the organic sobesnt The allovdene glveal serves
as aceelevating the infusion or penetration of the cyciosporin through the skin.

The fopical preparafions according to the present invention may be appliad in the foow of an ermulsion
or & non-emuision. When the fopical preparations are formuiated in a2 norvemnulsion form, they may
preferabily comprise tha fallowing composition:

a. Cyclosporin: from spproximately $.1% to 10% by weight, preferebly from approdimately 1% 0 7% by
waight;

b, Organio sotvent; from approximately 1% fo 40% by weight, preferably from aporoximatsly 2% 10 80%
by weight,

o Monovelent alochad-fatty acid esler in liguid stale al ambisnt ternperabre andior the alkano] aming:
fromn 1% 0 15% by weight, praferably from approximately 3% to 10% By weight;
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d. Oily substanos in solid state at ambisnt femperaturs: from spproximately 20% 1o 809% by weight,
preferebly from appradmately 38% to 0% by waight;
2. Surfactant: from approimalely 5% 10 80% by weight, preferably from spprovimately 20% to 45% by
wedght; and
T, Filler: from 8% to approximately 15% by weight, preferably from approximately 5% w0 10% by weight,

Whaern the lower alechol is emploved solely as the organic solvent for the fogical preparation of the non-
amuision typs, the lower alcohol may conveniently be contained &t a rate ranging from approximately 2 1o
15% by weight, praforably rom appradmalely 3% o 10% by weight, I this case, the surdactant may
conveniently be contained al 8 rale ranging from approximataly 20% to 45% Dy weight, preferably from
approximately 20% 1o 40% by weight and the oily substance may converdionally e containgd al 8 ralg in
the range of fiom approximately 35% to 60% by weighl, preferably from approximately 40% o 85% by
waight. Further, the surfactant o be employed may have an HLE of 8 1o 25, prafarably from B o 12,

The topical preparation of the non-smulsion type may be formulated by midng a cyciosporin solution in
the organic solvent snd the monovadent aloohol-latly acid oster in Bauid stade 3l amblent temparaiure andior
the alkanel amine, mixing e resulting mikture with He oily substance and the sudactant, and adding the
filler to the resulting mixkkire g needad, and hen homogenizing the mixture.

The fopical preparatipns in accordancs with the gresent invention in sn amulsion form may prefprably
comprise the composition as follows:

a8 Cyoicsporin: from approximately 0.19% 1o10% by weight, preferably from sgproximately 1% 10 7% by
waight;

b, Organic solvent: from approximataly 1% o 20% by weight, preferably from approximately 2% 1o 18%
By waight;

¢, Monovalent sleoholfatty acid exter in liquid stete at ambisnt temperalurs andior the sikanol amine:
from 1% o 15% by welght, preferably from spproximataly 3% 10 10% by weight

& Cily substance in solid stale at ambient femperature: rom. approximatsly 10% 16 38% by weighi,
preferably Trom approximately 15% 10 30% by weight;

¢ Suriactent fom approximately 1% 10 208% by weight, preferably from aporacdmataly 5% t© 15% by
walohi;

. Filler: from. 0% o approximatety 10% by weight, preferably from approximatedy 0,.1% 10 5% by welght;
s

g Steriized water: from: approximately 30% 10 78% by weight, preferably from aporaximstely 40% o
50% by waight.

The topical praparations in the jorm of an emulsion may be preparad by miking the sompanents {a) to
{f, inchushva, &t slevated temperature to give g@n oily miktre in 8 Hguid siale, wfered 1 heminafier as
"mixture A", snd adding sterilizad pore walsr, refered fo hateinsfior as "water B © the mixiure A with
stirting at slevated temperature, The water B may be added at g rate of from approsimately 30% 10 75% by
weight with respeat to the iotal weight of the mixture & and the water B. To the water B may in advance be
added an aid of infusion or pensiration of oyclospodn through the skin, a viscosity adiusting agsn, the
bactericide, & water-soluble substance such a8s an alkanol amins. The infusion or penetration aid may
include, for example, an gikylane glyoo! such as athylene giveot, propylene giveol, buiylene ghveol, and the
tike. The viscosily adjusting agent may include, for example, a polyalkylens giveol such as polyeihyiens
glyeol, polypropylens glyeol, and the fike; a polyvalent aloshol such as glyeerin and the like; and a watar-
sciphie polymer such as carboxyviny! polymer and the ke, The fopical preparations in the emulsion form
gy b6 of an cildwater fvpe and of & water/oll tvpe. For the fopical preparations of the ofwater type, the
surfaciand naving an HLE of 8 1o 18 may preferably be employad: for the topical prepacations of the
watarioll typs, the swfactant having an HLB of 2 to & way praferably be employed. To the topicd
preparations of the emulsion type may be added, as needed, a viscous oy substance soth as higuid
parafiin, glyoerin, vasaling, and the ke,

The iopical preparations. aceording 1o the present invention may be adminisiered by applving tham
dirgcily to the affactad part of the skin or by applving them 1n the form of a-paich, plaster, poulice, or the
fike {0 the aflected part thereof, severat fimes, 2.g. once o thrics, per day. The number-of applications may
appropriately he increased or reduced depending upon the extent of the disease to be applied.

In sccordance with the lopical preparations of the present inwention, a8 mikture of e cyclpsporin
solution in the organic soivent with the Hiouid monovalent slcohoi-fatty ackd ester andior alkanol amine i
contained in the cily subgtance in Hhomogengously dispersed manngr, Hence, the togical preparations 19 so
highly fikely 1o infuse or penetrate through the skin that they can demonstate highly tharspeidic effects
upnn autoimmuns or allsrgic shin diseases meraly by applying therm to the affected part of the shin, Further,
the topical preparations. are little iritative or exiremaly low In iritation 16 the skin so that they are highly
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sfions accarding o the present nvaption are highly effective for the therapy of

vartous dermial diseases such 85 siopic dermalitie, psoriasis, contast dermatitis allergic contact dermatitis,
alopecia, and the Bke. Further, they are affective for treating other dermal diseasss, such a5 scaid. The
5 lopical preparations can assist adapt a skin piece grafi‘ed o the sils of skin grafting.

The gresent invention will be described more in detait hy way of axampies.
Example 12
7o For o fopical preperation, thers were amployed the compenants as follows:

Cyelosporin
35% Ethariok
sopropyl myristate

% by weight
3% by weight
5% by weight

Otive ol 4B% by welght
Poivonyethyviens (5) glycervli monostearate: | 35% by weight
Finehy dividad silica {Aerosil 200 8% by weight
20 The topical preparation was Tornulatad by miding isopropyl myristale, polvoxyethylens (8} glyocery

monostoarate and. offive olf with st
cyclosporin in gthanot was added, and the resuiting mixdure heates

o give anpintment.

25 Example 2

A {opical preparation was preps

stirring at 50°

componsnis as itiows:

red in stbsiandiady the same

< o give a homogenous solution to which & solufion of
1o 30 ~ 35> C was mixed with aerosi

manner 33 in Example 1 using ihe

30

Cyolosporing

95% Ethanol:
Isopropyt rerisiste:
Clive oif

Polyonyelthylens (8} giveeryl monosisarate:

Finely divided silica (Aeroall 200)

1% by waight
5% by weight
59 by waight
47% Dy W"’EG £
35% by wailg
7% by waig i

ical preparation was preparsd B substantially

i sEme

manner 28 I Example 1 using the

Cyclogporin

Q5% Ed‘:anoi:
tsopropyl myristate:
Carnelja ofl;

Polyoxysthviens (8 glyceryl monostearaie:;

Finely divided gilica (Aarosil 200)

2% by weight
0% by weight
5% by weight
44%, by weight
32% by wsight
7% by weight

3§
Dxampie 3
41
A iop
nomponegnts as follows:
a8
55
Examnple 4
55

again, thereby causing

The efficacy of the lepreal preparsfions according o the prasent invention was observed with this

axpecimantal modal

After the sking of guines pigs were sensitized with dinffrofiuorobenzens (DNFB), DNFE were applied

the strong sdlergis reantion 1o emerge on the skins of the guinea pigs.
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Cyclophosphamide was infraparitonsally administered ot the rmats of 200 mg per kg three days before
the sensitization of male Hardlay guinea pigs, weighing from 40 grame ) 500 grams, and 50wl of 3 10%
CRFR solution n s 101 mixkture of acsions and olive oll} was applied to ong sarfobie of each of ths guines
g At day 8, a dose of 20 ulof 0.8% or §.1% DNFB selution ina 41 mbdure of soetone and clive ofl was

plied 1o the both sides of the depilated abdominal portions of the guinsa pigs, whereby cuntact dermial
ai\ raic reaction was induced,

After DNFB was then applied as an antigen 1o the coresponding sites of the both shdoming portions,
the: topicad preparations preparad in Example 1 {containing cyciosporin at e rate of 0%, 136 and 10%%)
were applied in the amount of 58 ul thersio. This application was repeated twice & day at an interval of 8
howrs. Tha first application of sach topical preparation was conducted immadiately after DNFB had bean air
dried.

The allsrgic reaction was evaluated at 24 hours, 48 hours and 72 howurs afer the application of the
antigen in accordance with the following oriteria: Rating 4 = swell i1 red) rating 3 = coleed in red; rating 2
= colorad in pink rating 1 = a spof colored in pink; and rating © = no change. The valuss as shown in
Tabkie 1 below represent the mean valve plus or minus the standard arror (8EL

The statistical treatment was condocted with Sludent’s test, and a significant difference was jusiified if
e eror rate was <008,

The application of the 0.5% DNFB aciulion caused the strongest allergio resciion over the time cange
from 24 hours o 48 hours afier the application. The 0.1% cyclosporiyy ointrment suppressed the allergic
raaction o a considerable extent with no significant difference. On the other hand, the ointment containing
1% ovclosporin reduced the allergic ssaction to & remarkable extent at 24 hours with the significant
differance of p301. BEven at 43 hows and 72 hours, the sliergic reaction was suppressed with the
significant difference. Further, the ointment containing 10% cvclosporin demonstrated the significant
suppreasion of the aliergic, Hke the 1% cyciosporin cintment. As & control, the ointment basae only did not
sugpress the sllergic reaction at bl The resulis-are shown in Table 1 below:

TABLE 1
Tost Samples 24 nors 48 hours T2 Hours
Cyolosporin (36} No. of guinea pigs
0 8 3408 34202 2703
8.4 3 24303 27 E 03 8% 33
1.0 g 0.7 = 05" 1.0 0.8 1L 08"
4] 4 33=D3 33+ 03 33203
10 4 0.8 0.5 1.0:2 0.8 1008
foa 005
o< g

Wien the D.1% DNFE solution was applied, the strongsst allergic reaction was caused to appear =t 48
howrs after the application, The 0.1% cyclosporn topical prepargtion suppressed the alfergic reaction o a
rerarkable extent with the significant difference of p < B0 The allsrgic reaction was Tkewise suppraseed
gven at 48 howrs snd 72 howrs, On the other hand, the topical preparations containing 1% and 10%
cyclosporin showad the reduction in the allergic reaction with the significant difference, like the topical
preparation {’(‘i‘i('Ei"ﬂg 3.1% cycicsporin. As a conlrol, the cintment base only did not suppress the allergic
readtion at ail. The rastite are shown in Table 2 below.
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TABLE 2

Tast Sampiss 24 haurs 48 howrs 72 hours
Cyclosponin (86} | No. of guines pigs

0 8 242653 P e 251812

0.1 B g3x 02~ 10202 | 0BxO2

1.0 G 8.1 = g 0.4 = .37 0 Y 1 R

§] 4 20204 300 23203

10 4 (EENT 05 03 D8z 03
R 1 KI5

Example &
Case &t

A mgie patient, 27 yesrs oid, has bean aHectad with atople dermatitis since s age of 22 although a
temparary rernigsion had been gained at his age of 8 yvears tom the stopic denmalitis sines bis age of &
Various steroidal vintments were applied so far; they were found hardiy sffective. With the 10% cyclosporin
ointmient aceonding B the present inwention, an #oh on his skin digsppesrad Towr 1o five hours after the
application of the oindment ang the lichenized ewvibra peculiar in the atopic dermatiis disappesrad
sompletsly al day 3 affer fis application when the oiniment was apphiad twice per day.

A male child, & years old, has been affected with aiopic dermaliis since his age of 3 and was
administered with Azepiin, Zadiien, and Bizaben as well a5 sintments such as Rinderon V, Locorden and
Methaderm; howsver, no effect was racognized. The apphication of a 8% cyclosporin ointment according o
the present invertion elfminated an Heh to his skin within § hours after the topical administration and the
doh, ervihema and wet erasion of the affectad port had disappeared within 24 howrs after the application
theract.

Case &

A male gatient, 52 vears old, was affected with psoriatic arihritis, and the 1% cysiosporin cintment
according 1o the present invantion was applied to the wel arythema with @ clear borderling and the scaless
on the surface thareof. The 1% cyclosporin ointment improved the Auspitz phenomenan within 24 hours
after the application with the erythema disappearing at day 3 from the application of the cinimant.

Example &

i arder o dermonstate the efficacy of the topical preparations according 1o the present inveridion, the
sintments ware prepared fram the components ag shown in Table 3 below and the efficacy thereof was
svaluated in aubstantially the same manner a8 in Exampie 4. The svaluation resulis are shown in Tadle 3
blow.
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TABLE 3

Components Contsnts {% by weight
5 Expariment Nos.
1" 2 3 4 5 [ 7
Cyelnsporin 5 5 5 5 13 5 143
. 85% Ethanol & & 2 b3 LEE & LY
Isopropy! myristate 5 b & 5 5 G 3
Slive oll 48 48 45 45 35 izl 36
Polvoxysthylene ghyoo! monostearate | & 35 35 35 1 3% 4B 35
& Agrasi 5 7 & 5 g 8 8
Triethana! amins 2 5 8 ) 2 3 2
Efficacy Mane | None | Yes Yas { Yes Yoz | Yeg
20 " Compasative Examples

Comparative Exampieg:

]

Th@ following topioal preparations containing cyclosnorin were praparad for comperative purpnges |
conventional ranner

i A castar oil suspension containing 5% by-weight of cyolospordn,

. A suspension of 5% by weight of ovclosporin i castor off contairdng 20% by weight of propviene

giyook and

3¢ . e ‘
ifi. A pintment cortaining 10% by weight of oyclosporin, 43% by weight of olive o, 10% by weight of
gthangd, 7% Dy weighi of polyoxyethylene (8) oleats, and 0% by weight of silicon dioxide in codioidal
state.
The iopical preparaions prepared in the mannsr ag desaribed hereinabove were evalusted for their
25 pharmacestical eificany in substantially the same manney as i Examgple 4 howsver, none of them were
T foundg significantdy effective.
Example 7
" For g forkcal preparation, there were ermpioyed the compornents as follows:
Cyclosporin: 5% by weight
95%¢ Etharaol: 2% by wsight
isopropy! myristate: 7% by weight
45 Carmneliia o 48% by weight
Polyoxyethylane {8) glyceryh monostaarates 41% by weight
Finely divided silica {Aercsil 208} 5% by waight
s The topical preparation was formulated in substanially the same manney 28 in Exampls 1
faldy
Exampls &
A topical peeparation was prepired dn substantially the samé mannel as i Sxample 1 ousing the
components as foliows
85
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Cyniosporing 8% by weight
5% Ethanol 5% by weight
Isapropyl myrisiate: 5% by waight
« Carneliia oil: 38% by weight
i Polyaxyeitwlens {5 glivcaryl monostsarate: 3%% by weight
Finely divided sifica (Asrosil 200} 5% by weight

17 Example @

After sach of the topical preparations prepared in Examples 7 and 8 were siored i a closed state for 8
months at reiative lempsrature of 75% and temiporatire of 40 €, the content of cyolosporin within the
fopical preparstion was mpasued. A g mault, T was found thet oo substantal changes ware cheervad

15 betwesn before and afler storage. Thus, i is confhmed thal cyclosporin is sustained in a slable siste e &
fong period of time.

20 A mixture (A) was prepayed by dissolving 80 grams of cyelosporin, 70 grams of 2-octyl dodecanol, 30
grams of isopropy! miyristete, 20 grams of isotddscyt myristale, 10 grams of polyoryethylene sofbitan
monooleate (20}, 50 grams of polyoryethviens glyceryl monostearate (5). 10 grams of sorbitan maon-
netearais, 30 grams OF cetancl, 40 gramg of sebacate and 30 grams of olive ol af 80:C. On the other hand,
a mixture (B) was prepared by adding 30 grams of propylane giveol, 20 grams of disopropanal amine, 2
grams of carboayvinyl palymear, 1 gram of methy! prhydeexyoensats, and 1 gram of gropyl p-hydroxvben-
zoate to 598 mi of sterilized watsr and heating the mixiure 1o approximately 82+ G, As the two mixlures
reached e predetsrmingd temperatves, the mbdurs A was gradusily added with vigorous stirring 10 the
mixture B, thereby producing &n emulsion. Affsr the addition was completed, the healing was osased and
the temperattre of the smulsion was stirred and cooled down 1o §0° -~ 85°. Then, sterllized water was
30 acded 16 make the iotal volume of the mikiurg T kg, The whole mikture was affowsd 10 atand snd geivamed,
followed by filling In & vessel.
in the asbove composition, polyoxysthviens! glyceryt monostsarate B} can bs replaced by 2.0% by
weight of polyoxrysthviens (2 catyl ether sorbilan monostearate can be replaced by squalane SK; and
cetancd can be repldced by behanyl aloohol. Further, the 1ol volume of the sterllized water ussd for the
35 mixture {B) can be replaced by lguid psrafiin.

B
o]

Exarnpls 11

A mixture (A} was preparad by dissolving 50 grams of cyclosporin, 50 gramg of ethanol, 50 grams of
4. isapropyl myrisiate, B0 grams of polysthylene giveol (400), 30 grams of dithyl sebacate, 80 grams of olive
oil, 30 grams of polyouyethviene monostearate (5), 30 grame of polvethyviens glvool monostearate (400, and
20 grarng of sorbitan monostearais at aleveted temporsture. On the other hand, 2 mbxdure (B} was prepared
by digsolving B0 grams of polylhyiens glyool, 20 grams of dilsopropanol amine, 10 grams of carhoxyvinyd
polymer, 1 gram of methyl o-hydroxybenoate, and 1 gram of propyl prhydroxybenzesie in 528 mi of
25 sterilized water at elevaled lemperalure. The mixiure A was gradually added with vigorous stirring o the
midiure B, thereby producing an emulsion. After the sddition was completed, the totel volums of the mbdure
was ingreased o make 1 kg by adding sterilized waler t the misdurs.
in the above compositon, ethanci can be replaced by behenyl alcohol, and difsopropancl aming can b
repiaced by trigthandl amins.

Example 12:

A wixiure (A) was preparad by dissciving B0 grams of cyclosporin, 10 grams of acty} alcohel, 50 gramns

of olive ofl, 30 grams of isopropyl mivristate, 25 gramas of isotiidecy! myrisiate, 20 grams of polvoxysthylens

se sorbitan monooieate (20), 80 grams of polyoxyethvienal gyceryl monostearats (8, 20 grams of sorbitan
siearale, 30 grams of cetanol, 28 grama of slearlc acid, and 35 gramse of diethw] sebacats ot &0 O, Un the
other hand, s mdure (B} was prepared by adding and dissolving 20 grams of pulythyviene glycol, 20 grams

of diisopropancl amine, 2 grams of carboxyvinyt nolymer, 0.5 gram of methy! p-hydroxybenoats, and 0.8
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fgram of propyd prhydroxybenzoals {0-and inapproximately 400 mi of steriiized waler by heating the miklure
t6 82° C or higher. The mixture B was gradualy added with vigorous stining to the mixiurs &, thersby
producing an smudsion. After the addition was compielad, the heating was céased and sterifizad watsr was
added at 80 C to the resuliing mixture with stiving at room tempsrature, thereby incressing the total
volumms of the mixiure 1o make 1 kg The whole mixture was allowed to stand and defoamad; ther the
atnirnent in orearm form was Hlied in g contalner,

in the above composition, oprepy] myristate caa be veplaced by isopropyl palmilata.

Exampla 13

A mixturs (A} was prepared by dissolving 50 grams of oyclosporin, 30 grams of bees wax, 80 grams of
2 8-dimethyld-hepiancl, 33 grams of olive o, 40 grams of isolridscy! myrisiate, 20 grams of polvox-
yethylens solbitol hexastearate (205, 80 grams of polvanyethylens! glveeryl moncstearate {8), 20 grams of
nolyaxyethylens (80} hardened castor oif, 40 grams of catosteary! alcohad, and 40 grams of diethyl sshacals
at &3¢ C On the other hand, & mixtue (B} was prepared by adding and dissolving 30 grams of
poivathylane glyeol, 20 grams of dilsopropana smine, & grams of sarhoxwinyd polymer, 0.5 grame of methy
p-hydroxybencats, and 0.5 gram of propyl p-hydioxvbenzoate to and in §10 mi of steriized waler by
Beating the mixiire 1o 82 € or higher, The mixture {B) was gradually added with vigerous stivrding to the
mixture {A} mairtained at 80° C. After the addition was completed, the heating was ceased and the mbdurs
was copled down {o 80 - 85° O with stirring, Then, slenlized water heated to 80« C was addad to the
resuiting mbdure with stiing at room temperaiure, thereby increasing the iotal volume of the mixture 1o
make 1 kg The whole mixture was allewed o stand and defoamead; then the resulting mixture was filled ina
conlainer,

in e above camposition, the bess wax can ‘be replaced by polyoxysthylene lanolyl siochol or 4 bees
wax derfvative; Sotridedyl myristate can be replaced by 8.2% by weight of silicens ol pofyoxvethviersl
sorhitan dleate (20} can be replaced by polyoxyelhyienal sorbian-fatty acikd ester; sorbitan monestearate
can bs replaced by squslana SK and sterilized waler can be ragisCed by liquid paraftin,

Example 14:

& mixiure {&) was preparsd by miking 50 grams of oyclospordy, 83 grams of propylens giycod
monocapryliate, 30 grams of lsopropyl myristate, 30 grams of PEG monostagrate (8580, 30 grams of
pofysthyiere glvool, 20 grams of isotridecy! miistale, 20 grams of oefandl, 5 grarns of oiive off, B0 grams
of whale wax, 30 grams of sorbitan monostearate, 30 grams of polvoxyathylene glyceryl moncstearate {53,
3¢ grams of slearic acid, 26 grams of diisepropanal aming, and 40 grams of disthyl sebacate and heating
the resulting pixiure at 80° €. On the other Nand, & mibdure 8) was prepared by adding 30 grams of
gropyiene glyad, 15 grams of dilseproganol amine, 2 grams of carboxyviny! polpmasr, 05 gram of mathy p-
nydroxybencate, and 0.5 gram of propy! prhydroxybenzoats 1o apgroxdimately 400 mi of sterilized water and
heating the resutting mixtore o 82° € or higher, The mixture {(B) was gradusliy added with vigerous stirring
to the mixhire {A} maintaired at 80" C or higher. After the addition was compieted, the hasting was ceasad
and the mixtire was stired 16 ool the omperature of the mixture to 80 - 550 G, oliowed by adding
starilized water haated at 80° © o the resuliing mixiure o noreass he total volume of the mbdure 1o make
1 kg, The whols mixture was allowerd 1o stand and defoameed; then ths resuling middurs was filled In 2
cantainer.

Exampla 15:

A mikturs (A} 'was preparad by mbsing 50 grams of cyclogparing FO grams of 2-ochyl dodscanol, 30
grams. of ©oprena glyool, 40 grams of disthyl sebraeate; 30 grams of isopropyl myristate, 38 grams of
isotridecy! myristate, 60 grams of whale wax, 30 grams of cetanal, 40 grams of sleadc achkd, 20 grame of
FOE (8 ghvearyb monostearate, 20 grams of PEG monostearate (40E(). 10 gramns of sorbitan monosisarate,
50 grares of oiive oil, and T gram of propyiparaben and heating the mixites © 80° €. On the other hand, &
mixture (B} was prepared by adding 30 grams of butylene giveol, 20 grams of disopropanst aming, and 1
gram of mathylparaben to 480 md of steriized walsr and hasting the resulling mikiure to 82 C or highern
The mixture (B was gradually added with vigorous stirring 1o the mixiure {A) maintained at 80 C or higher.
After-the addition was compleled, the heating was ceasesd and the temperatuse of the mixiure was coolad
down to B0° - Bh° © with stirring. Then, stesrlized water headed gt 80° © was added (o the resulting
mixture, thersby increasing the total volume of the mikiure 0 make 1 kg, The whals mixture was alidwed to
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stand and defoamed; then the resulting midure was filled I 8 cortainer.
Example 16;

A solution of B0 grams of cydlosporn in 80 grarss of 2-0¢hi dodésanod was added 16 3 wanmesd mixture
of 40t grame of igopropyl myristale, 370 grams of olive dil. 378 grams of polvoxysthyiene (B givearyd
monostearate, 2 grams of polvoxysthylerie (8) lauryl ether, and 10 grams of sorbitan monostearale, and 70
grams of asrosil was addad o the resulting mixture, thereby vielding a topieal preparation of a nons
sruigion yps.

Example 17:
The sfficacy of the creamy ointmant contalning cyclosporin, preparsd in subsiantially the seme manner

as in Example 15, was confirmed by applving § 1o the transplant of the akin sentions of mics.
The skin sections of 10 mals TBA mice of § waeky were 3

ransplanted 10 male C3HHsN ming of the
same wesk, To the tranaplanted sites and the portions sumounding them was appdisd approximately 04
gram of the ointmerd praparsd b Bxample 12 two times per day until the Trangplanted sections aventually
fell off. The results are showr in Table 4 helow,

TABLE 4
Cyolosponn (%) | Perdod of Transplantation™ Effact of Extension ¢ Significant Difference™
50 >B4 =357 B < 0001
1.0 31.3.¢ 1438 07 o< (.00
0.0 {as controf} 15.1 2078 100 -

* mean value ¥ 8E
™ Student’s t-test

For a control group in which a cream without cyclosporin was applied, the fransplanted skin spacimens
fali off for an average periad of ranspleniation of 12.7 days, while a groug inowhich g cream contairdng 5%
cyelosponin was appliad had &l the transplanted skin sections grow for 80 days o longay, For & group in
which a oream conlaining 1% cyclosporin was applied, the period of fransplaniation for which ihe
transplanted skin sections grew was ewlender] with signficant differenioe 16 mean 31.3 davs.

Example 18:

Eight Hartley male guinea pigs weighing approximnately 300 grams were inraperifongally administerad
with 180 my/kg of cyclophosphamide, and 60 gl of g 10% disitrofiurchenzane (DNFEB)} solution was appliad
o one esarlobe of sach guinea pig in thres days sfier the infraperiionsal adminiswation. The DNFE solulion
was papared by discolving the predetarmined amount of the DNFB i a 111 minture of acsione with olive
oil. After 8 davs, the halreon the both abdominal parts were cut ofi and 20 wlof a 0.1 % DNFB solution was
applied 1 the depilated abdorninal parts of the guinea pige 1 induce contact dermal alisrgy. Immediately
therealter, the cyclosponin cintment prepsred in substantally the sarme manner as in Example 15 was
appiied to the parts to which the DNFB solition wag applind, followad by applving the cyelosporin eintment
theretn in B hours. To a gontral group, the base used in Example 15 without cyolosporin wag applied in
accordance with the sameg schedule ag desaibad hereinabova.

The aligrgic reaction was defermined in 24 hours, 48 hours and 72 bows after the application of the
DNFB solution as the antigen, and be raling was: 4 = swell in red: 3 = colored in red; 2 = inflammation
causing the skinto tarm pink 1 = inflammation cauging the skin o lum pale gink; and ¢ = no changs, The
resulis are shown in Table § below,

C5ATZRBAY ) >
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TABLES
Cyclosporin (%) Severlty of Dermal Reaction (mean value » SE)
s 24 Bours 44 hours T2 hows
1.0 o0 =007 8.3 = 52 SRR
A 0.3 = 0.8% 68 p2e 4.7 £ 08"
0.0 {contob B2 R 5T 3702 24 r0E
10
™ 3001 in Student’s tHest
in these axpermuants, the strongest allergic reaction was induced over the range sxisnding fom 24
i hours 1o 48 howrs after the application of the DNFB solution. The ointmsnt containing 1.0% cyclosporin
strongly suppressad the allergic reaction and the oinimerd containing 8.1% cydosporin suppressed the
alisrgic reaction with significant differenca.

Ciains

“ 1. A topical preparation comprsing @) cyclosporin; (B) an organic solvent in whichvsaid cyclosporin s to
be digsolved; {C) an ester of a fatty acikd with 2 monovalant aleohol having & totgl number of carhon
atoms of & or move andfor an atkano! amine, gach being in Hguid state at 25 G {d) an oy substance
it solid state st 36° Gand {8y g swrfactant; whereln sald cyolosporin i contained al & rals @nging

4 from approximately 0.1% o 10% by waight, and said aster anddor said alkang! amine arefls contained

° at & vata ranging from approxmately 19 10 15% by weight

2. A topical preparation as ciaimed in olaim 1, whersin sald crganic sohent is an aliphatic aloohict in lguid
wtate ab 25 O,

3 A topical preparation as claimad in clam 2, wherein suid aliphatic alcohol is & lower-alochak

4. A lopical preparation as claimed in claim &, whersin eald lower gloohiolis ethanal.

a5 5 A wpical preparation 88 claimed in olim 2, whersin said afiphatic slechol s a Righer alcohol having a

- branched Cchain and carbon aloms of 8 or more,

8.  Atopical preparation as claimed in claim &, wherain said higher gloohol iz 2-ootvidodanancl.

i 7. A toplcal praparation as claimead in claim 1, wherein said organic solvent 15 a {atty acid monocester with
a polyvalent alcohol, having iiquid state gt ambient temperature.

8 A lopical preparation as claimsd iy claim 7, wherein sald monoester s propyisnegivest monosaprate or
propylene giveol monocaprviata,

8. A lopical preparation as claimed in any one of claims 1 1o 8, wheraln said organic sofvsnt is containes
ata rata ranging from approximately 0.5 part w0 10 parts by weight with respent to part by waight of
sald gyclosporin.

- 10. A topical preparation as claimed in any ope of claims 1 1o 8, wherein sald fally asid ester with said

™ monovalant alochol s an eetdr of a monovalent fatty acid having carban atormns of 8 or more.

1. A lopical preparation ag chimed in any one of ClBims 1 10 9. wherain said fatty acid estar with said
rpcnovaient goohol s adisster of a divadent fally wold having carbon - atoms of 4.or more.

"y

I -1 opical preparating as claimed in any one of daims 1 0 8, wherein sald ialty acid sster with gaid
monovalent Alcoh! s & myristic acid ester andfor a sshagic acld diestar,

5
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& topisal prepavaion 28 claimed in any one of claims 1 to 12, wherein said oily subsiance is at least
nne member selectad from & group consisiing of & fatly acid having & meilting point of 25° € ar higher,
an alohol, 2o aster and 8 nglvesyide,

A topical preparation 43 claimad inSlaim 13, whereln said trighveeride is vegetable oil.
A topical preparation as claiaed i any one of Shdme 1 to 14, wherein said surfaciant is a noo-ionic
surfactant.

A topical preparation as claimed inany one of clairss 1 to 15, further comprising 8 filler.

A topical preparation ay claimed in any one of daims 1 to 18, furthey comprising an alkyisne glveol
and/nr & polyalkylens glyool

A topical preparation comprising {8 oyclosporing () a lowsr alcohal; (©) an ester of a falty acid with &
rapaovalert alvohol Baving a el numbar of cathor atoms of 8 or more andlor an glkanol aming, gach
being in Hgid state st 257 O {d) &n olly subsance in sofid state at 28 O and {8) & swrizclant;
wheteln said cyclosperin 18 sontained ot arate ranging from approximately 0.1% fo 10% by weight,
sgd lower zlechol is confained &t a rafe manging from approximalely 2% 1o 15% by weight, and said
astyr andfr sald alkano! aming areds contained &t a rate ranging from approdimately 1% o 15% by
weight

A topical preparation as claimed in claim 18, whergdn said pwer sloohol i3 selecied from af least one
membsr selectad from a group consisting of ethanol, isapropanc!, propanol and ischutancl.

A topicsi preparation as claimed In ciam 18 or 18, wherein said fatty agid esiar with said monovalsnt
alcohol is an esigr of @ siraight-chained or branched-chaln fafly anid having fom 8 to 24 carbon atoms,

A wpicd preparation as tlaimed in any oo ofolalms 18 20, wherein said oily substance i3 vegatable
oil.

A twopical preparation as claimed in any one of claims 18 10 21, whersin said surfactant is a non-ionic
suriactant,

& topical preparation as claimed in any one of claims 18 w0 22, further comprising a filler at a rate
ranging from approxiraately 5% 0 10% by weight.

A toplcal preparation compriging G1% o 10% Dy weight of cyclosporing 8% o (8% by weight of

sthanch; 1% to 15% by waight of isopropy! myristats; 35% o 80% by weight of olive il or cameliia oif;
20% 10 40% by weight of a strizclant; and 5% 1 10% by weight of silica.

D547Z20A7. ) >
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Description

This invention relates to pharmaceutical compositions for the administration of water-insoluble pharmaceutically
active substances.

There are a number of pharmaceutically active substances which are water-insoluble and which, as a result,
present a number of problems for their safe administration and bioavailability. Among such substances are the
cyclosporins, and water-insoluble peptides, antimicrobials and antineoplastics, for example. There have been many
proposals of pharmaceutical formulations for the administration of the cyclosporins, some of which are described in the
following patent specifications: W0O92/09299, GB-A-2015339, GB-A-2270842, WO094/08610, WO92/18105, GB-A-
2228198, US-A-4388307, GB-A-2222770, EP-A-0539319 and EP-A-0589843.

In general, because the cyclosporins are hydrophobic, pharmaceutical compositions containing them usually com-
prise lipophilic materials such as oils. GB-A-2228198 describes, for example, pharmaceutical compositions containing
cyclosporin in a carrier medium of a fatty acid triglyceride, a glycerol fatty acid partial ester or propylene glycoi or sorb-
itol complete or partial ester, and a surface active agent having an HLB of at least 10. These oil-based compositions are
not intended to be emulsified in water but are used as such, and are preferably free of ethanol.

Other cyclosporin compositions are known which contain not only hydrophobic oils but also hydrophilic materials
such as propylene glycol and ethanol in which cyclosporins are soluble. There compositions are in the form of emul-
sions. Emulsions have certain advantages over oil-based single phase compositions, and EP-A-0589843 describes
some cyclosporin emulsion compositions containing, as the carrier medium, a hydrophilic organic solvent, a mixed
mono-, di- and tri-glyceride or a transesterified and polyethoxylated vegetable cil, a polyoxyethylene sorbitan-fatty acid
ester surfactant, and an aqueous phase. The carrier medium with the cyclosporin but without the aqueous phase is
described as an emulsion preconcentrate.

In recent times, microemulsions have been developed for cyclosporin administration and these have provided pro-
vided further advantages over the prior known (coarse) emulsions, especially for oral administration formulations. 1t is
also known to provide so-called "microemulsion preconcentrates”. For example, GB-A-2222770 describes a pharma-
ceutical microemulsion preconcentrate composition comprising cyclosporin, a hydrophilic phase, a lipophilic phase and
a surfactant. This preconcentrate is converted to a microemulsion by adding water or another suitable aqueous
medium.

These and other microemulsions for cyclosporin are all made by dissolving the cyclosporin in a hydrophilic phase
e.g. propylene glycol, and then mixing the solution with the oil and eventually with an agueous phase. We have found
that there can be a tendency with these microemulsions for solid microfine cyclosporin to be formed during their use,
e.g. after administration. This is basically undesirable, and we have now found that microemulsions can be made in
which this tendency is very much reduced or totally absent.

In particular, we have found that if the water-insoluble active substance is first dissolved directly in the lipophilic
phase, rather than in a hydrophilic phase, and then the oil-in-water microemulsion produced therefrom, the substance
remains in solution in the lipophilic (oil) phase. This phase is distributed throughout the aqueous phase of the microe-
mulsions as very tiny particles, and it appears that in this way the substance can be taken up very easily and efficiently
by the body. In addition, there is no precipitation of the substance out of the oil solution.

In one aspect the present invention provides a pharmaceutical composition in the form of a stable oil-in-water
microemulsion, which composition comprises :

a) a water-insoluble pharmaceutically active material;

b) Cg to Cy fatty acid mono-, di, or tri-glycerides from a vegetable oil or any mixture of two or more thereof;

¢) a phospholipid and another surfactant; and

d) a hydrophilic phase; wherein component (a) has been wholly directly dissolved in component (b), component (b)
is dispersed as tiny particles in component (d), and the composition is free from ethanol.

The invention also provides a preconcentrate for mixture with a hydrophilic phase to form a microemulsion of the
invention, the preconcentrate composition comprising:

a) a water-insoluble pharmaceutically active materiai;
b) a Cg to Cyp fatty acid mono-, di-, or tri-glyceride from a vegetabile oil or any mixture of two or more thereof; and
¢) a phospholipid and another surfactant;

wherein component (a) is directly dissolved in component (b), and component (c) is such that, upon mixing the compo-
sition with a hydrophilic phase, a stable oil-in-water microemuision is formed in which component (a) is in solution in the
micro dispersed oil particles, the said preconcentrate being free from a hydrophilic phase.

The invention also provides a process for making a preconcentrate or microemulsion of the invention, wherein com-
ponent (a) is dissolved directly in component (b) and not in component (d). It is to be understood that component (a) is
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dissolved directly in component (b) rather than first being dissolved in another liquid and the solution then mixed with
component (b).

EP-A-327280 describes dissolving cyclosporin in a mono- or di-glyceride of a Cg - Cy fatty acid. The solution can
then be emulsified in an aqueous medium. However, these emulsions are not microemulsions and do not contain the
mixture of lecithin and another surfactant which is especially used, together with the particular triglycerides component
(b) all of which are necessary to obtain the significant advantages of the invention.

Microemulsions are transparent due to the very small particle size of the dispersed phase, typically less than
200nm. Such small droplets produce only weak scattering of visible light when compared with that from the coarse
droplets (1-10 m) of normai emulsions. An essential difference between microemulsions and emulsions is that microe-
mulsions form spontaneously and, unlike emulsions, require little mechanical work in their formulation. General reviews
on microemulsions are provided by Attwood, D. et al, J. Colloid Interface Sci. 46:249 and Kahlweit, M. et al, J. Colloid
Interface Sci. 118:436.

In the present invention, component (a) is a water-insoluble pharmaceutically active material. The invention is par-
ticularly useful with the cyclosporins, e.g. cyclosporin A, dihydrocyclosporin C, cyclosporin D and dihydrocyclosporin D.
It is also usefui with other water-insoluble substances such as, for example, taxol.

in the compositions of the invention, component (a) is in solution in component (b). Component (b) can be a single
glyceride or any mixture of glycerides (mono- and/or di- and/or tri-) derived from vegetable oils and containing Cg to Cyq
fatty acid residues. The preferred oils are coconut oil, peanut il and castor oil. The whole oils can be used or the refined
glycerides. The preferred glycerides are those containing C, to Cyg fatty acid residues, especially triglycerides, and
these are the major components of the preferred oils.

The compositions of the three oils are as follows:

r Qil:

Tryglycerides of: | ricinoleic acid | 87%
oleic acid 7%
linoleic acid 3%
palmitic acid 2%

stearic acid 1%

and dihydroxystearic acid in trace amounts
Coconut oil:

Tryglycerides of mainly lauric and myristic acids with smaller proportions of capric, caproic acid, caprylic acid, oleic
acid, palmitic acid and stearic acid.

Peanut oil:

Gilycerides of: | oleic acid 56%
linoleic acid 26%
palmitic acid 8.3%
stearic acid 3.1%
arachidic acid 2.4%
behenic acid 3.1%
lignoceric acid 1.1%

3
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and capric and lauric acid in trace amounts.

Component (¢} is a mixture of a phospholipid, preferably lecithin, and another surfactant to provide the stable micro-
emulsion. Those skilled in the art will be aware of many surfactants which can be used, but we prefer to use polyoxyl
40 hydrogenated castor oil, polyoxyethylene-sorbitan monooleate, polyoxyethyiene-sorbitan monopalmitate, polyox-
yethylene-sorbitan monolaurate or polyoxyethylene-sorbitan monostearate. These surfactants are extremely effective
with lecithin and are highly preferred. Any lecithin can be used but we prefer soya lecithin and egg lecithin. Hydroxylated
lecithins are particularly suitable, especially when component (a) is a clyclosporin, since lecithin per se can be lipophitic
to an extent sufficient to affect the desired spontaneous formation of a microemulsion.

In the microemulsions of the invention, component (d) is a hydrophilic phase. The preferred material is propylene
glycol, but other substances can be used. Ethanol cannot be present. Water can of course also be present but it is not
preferred. Despite the use of propylene glycol, component (a) remains wholly dissolved in the oil phase (component
().

In use, the microemulsion preconcentrates of the invention are diluted with aqueous liquid (eg. water, fruit juice,
milk, etc) to form an oil-in-water microemulsion, e.g. for oral administration. This aids in ready absorption as the surface
area of the globules is largely increased. The role played by bile salts in the initial step of fragmentation of fat globules,
essential for fat digestion, is circumvented.

In the compositions of the invention, the polar phospholipid lecithin aids in emuisification of the fat and absorption
of triglycerides into the GIT. The combination of HLB values of the polar lecithin and for example, the polyoxyl-40-hydro-
genated castor oil, is very suitable for forming a balanced microemulsion.

The rate determining factor for the absorption of drug in the vehicle is not the enzymatic metabolism of triglycerides
but rests primarily in the breakdown of the fat globules into micro particles since the enzymes (lipases) act mainly at the
surface of the fat globules.

in the preconcentrates of the invention, the amounts of the components, in percent by weight, are as follows:

Component General | Usual Preferred
(a) | active pharmaceutical 1-12% | 2.5-10% 7-10%
(b) | oil phase 20-80% | 30-60% | 40-50%
(c) | phospholipid 1-10% 3-8% 5-6%
other surfactant 10-60% | 20-50% | 35-40%

In the microemulsions, the weight percent of hydrophilic phase is generally up to about 75%, most usually from 15
to 50%, and preferably from 35 to 50%.

The compositions can consist only of the components described, or they can contain other substances. For exam-
ple, in order to prevent oxidation/rancidification of the natural oils, an antioxidant, e.g. a-tocopherol can be used. Propyl
gallate may be used as an alternative.

In order that the invention may be more fully understood, the following Examples are given by way of illustration
only.

EXAMPLES 1-4

Microemulsion preconcentrates were made of the substances indicated, by simple mixing. The cyclosporin A was
completely dissolved in the oil phase in each case.
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Preconcentrate 1:

Component Parts
Castor oil 3.0700
Coconut oil 1.6050
Polyoxyl-40 Hydrogenated Castor oil | 3.7500
Lecithin 0.5650
«- tocopherol 0.0100
Cyclosporin A 1.0000

Preconcentrate 2:
Component Parts
Castor oil 3.1450
Arachis oil 1.5425
Polysorbate-80 (Tween 80) | 3.7500
Lecithin 0.5525
o- tocopherol 0.0100
Cyclosporine A 1.0000
Preconcentrate 3:

Component Parts
Castor oil 4.1484
Coconut oil 2.0416
Polyoxyi-40 Hydrogenated Castor oil | 2.5000
Lecithin 0.3000
a- tocopherol 0.0100
Cyclosporine A 1.0000
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Preconcentrate 4:
Component Parts
Castor oil 4.690
Coconut oil 1.500
Polysorbate-80 (Tween 80) | 2.500
Lecithin 0.300
a- tocopherol 0.010
Cyclosporin A 1.000

When diluted with water or propylene glycol, or another hydrophilic substance, oil-in-water microemulsions formed
spontaneously. There was no evidence of any insolubilisation of the cyclosporin.

The microemulsion preconcentrates were filled into bottles to be administered as a drink solution using a syringe
or more preferably with the aid of a metered dose pump with a droper actuator. The formulations were also encapsu-
lated in soft gelatin capsules.

The compositions described in Examples 1 to 4 were subjected to stability examinations under accelerated condi-
tions of temperature and humidity. The solutions were stored at RT (25°C + 2°C), Ref, 40°C-80% RH and 45°C after
filling into flint glass vials.

Simultaneously with the examination of solutions prepared according to the process of the invention, the stability of
the commercially available Sandimmun Neoral capsules containing 100 mg cyclosporin A per capsule was also exam-
ined.

The guantative determination of cyclosporin A was performed by using HPLC method under the following condi-
tions of chromatography:

Pump : Waters -510 HPLC Pump

Detector : Waters -484 tunable absorbance detector
injector - Waters -715 ultra wisp sample processor
Column 1 4.6 mm x 25 cm column with L16 packing

Thermostat : 70° - For capsules
50¢ - For oral solution
Eluant : Filtered and degassed mixture of acetronitrile, water, methanol and phosphoric acid (550:400:50:0.5)
Flow rate -1 ml/min of the eluant
Integrator : Waters -746

it was observed from the above examinations that the stability of solutions prepared according to the process of the
invention did not differ from the stability of the commercially available composition.

Ex | -

Microemuisions of the invention were made of the compositions indicated, by dissolving the cyclosporin A in the
oils and then forming the oil-in-water emulsions. The procedure was:

(a) dissolve the cyclosporin A in the mixture of oils with slight warming and under stirring to obtain a clear yellow
liquid. Confirm the complete dissolution of the drug by microscopy.

(b) add the surfactant and hydroxylated lecithin in that order, with stirring.

(c) add the propylene glycol with stirring. Stirring was continued for an hour to ensure the formation of a homoge-
neous translucent to opalescent microemulsion.

(d) add the alpha tocopherol and mix thoroughly.

Example 5:

Preparation of W/O microemulsion for administration in Soft Gelatin capsules:
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Preparation of O/W microemulsion for administration as oral solution:

Example 7:

Preparation of O/W microemulsion for administration as oral solution:

Component Parts
Castor oil 1.7200
Coconut oil 0.8000
Polyoxyl-40 Hydrogenated Castor oil | 3.3512
Lecithin 0.4200
a- tocopherol 0.0088
Propylene glycol 1.5000
Cyclosporin A 1.0000

Component Parts
Castor Qil 1.2700
Arachis oil 0.6050
Polysorbate-80 (Tween 80) | 3.7500
Lecithin 0.5525
«- tocopherol 2.0100
Propylene glycol 2.8125
Cyclosporin A 1.0000

Component Parts
Castor oil 1.3550
Coconut oil 0.6450
Polyoxyl-40 Hydrogenated Castor oil | 3.7500
Lecithin 0.5525
o~ tocopherol 0.0100
Propylene glycol 2.6875
Cyclosporin A 1.0000
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Example 8

Preparation of O/W microemuision for administration as oral solution:

Component Parts
Castor oil 0.800
Coconut oil 0.200
Polysorbate-80 (Tween 80) | 2.490
Lecithin 0.300
a- tocopherol 0.010
Propylene glycol 5.200
Cyclosporin A 1.000

Example 9

Preparation of O/W microemulsion for administration as oral solution:

Component Parts
Castor oil 1.200
Coconut oil 0.300
Polyoxyl-40 Hydrogenated Castor oil | 2.490
Lecithin 0.300
a- tocopherol 0.010
Propylene glycol 4.700
Cyclosporin A 1.000

The oral solution which is filled into bottles can be administered using a syringe or more preferably with the aid of
a metered dose pump with a dropper actuator.

The compositions described in Examples 5 to 9 were subjected to stability examinations under accelerated condi-
tions of temperature and humidity. The solutions were stored at RT (25°C + 2°C), Ref, 40°C-80% RH and 45°C after
filling into flint glass vials.

Simultaneously with the examination of solutions prepared according to the process of the invention, the stability of
the commercially available Sandimmun Neoral capsules containing 100 mg cyclosporin A per capsule was also exam-
ined.

The quantitative determination of cyclosporin A was performed by using HPLC method under the conditions previ-
ously noted (Examples 1 to 4).

It was observed from the above examination that the stability of solutions prepared according to the process of
invention did not differ from the stability of the commercially available composition.

Example 10

A drink formulation was made by taking an appropriate amount of the preconcentrate of Example 1 (to give the pre-
scribed dose of cyclosporin A) and adding about 50 mi (or a glassful) of orange-flavoured cordial. The mixture was
stirred and was then ready for oral consumption.
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Claims

10.

11.

12.

13.

14.

A pharmaceutical composition in the form of a preconcentrate for mixture with a hydrophilic phase to form a micro-
emulsion, which composition comprises:

a) a water-insoluble pharmaceutically active material;
b) Cg to Coq fatty acid mono-, di- or tri-glycerides from a vegetable oil or any mixture of two or more thereof; and
¢) a phospholipid and another surfactant;

wherein component (a) is directly dissolved in component (b), and component (c) is such that, upon mixing the
composition with a hydrophilic phase, a stable oil-in-water microemulsion is formed in which component (a) is in
solution in the micro dispersed oil particles, the said preconcentrate being free from a hydrophilic phase.

A pharmaceutical composition in the form of a stable oil-in-water microemulsion, which composition comprises

a) a water-insoluble pharmaceutically active material;

b} Cg to Cyq fatty acid mono-, di-, or tri-glycerides from a vegetable oil, or any mixture of two or more thereof;
¢) a phospholipid and another surfactant; and

d) a hydrophilic phase;

wherein component (a) has been whoily directly dissolved in component (b), component (b) is dispersed as tiny
particles in component {d), and the composition is free from ethanol.

A composition according to claim 1 or 2, wherein component (a) is a cyclosporin, or another water-insoluble pep-
tide, or a water-insoluble antimicrobial or antineoplastic substance.

A composition according to claim 3, wherein component (a) is cyclosporin A, dihydrocyclosporin C, cyclosporin D
or dihydrocyclosporin D, or desmopresin, calcitonin, insulin, leuprolide, erythropoetin, a cephalosporin, vincristine,
vinblastine, taxol or etoposide.

A composition according to claim 1,2,3 or 4, wherein in component (b) the glycerides are of C45 to Cy fatty acids.

A composition according to claim 1,2,3,4 or 5, wherein component (b) is whole castor oil, peanut oil or coconut oil,
or is derived therefrom.

A composition according to any of claims 1 to 6, wherein the phospholipid in component (c) is lecithin, preferably
soya lecithin or egg lecithin.

A composition according to claim 7, wherein in component (c) the fecithin is hydroxylated lecithin.

A composition according to any of claims 1 to 8, wherein in component (¢} said surfactant is polyoxyl 40 hydrogen-
ated castor oil, polyoxyethylene-sorbitan monooleate, polyoxyethylene-sorbitan monopaimitate, polyoxyethylene-
sorbitan monolaurate or polyoxyethylene-sorbitan monostearate.

A composition according to any of claims 1 to 9, wherein the weight ratio of component (a) to component (b) is from
1:1 to 1:10.

A composition according to any of claims 1 to 10, wherein the weight ratio of component (a) to said phospholipid is
from 1:0.5t0 1:5.0.

A composition according to any of claims 1 to 11, wherein the weight ratio of component (a) to said surfactant is
from 1:1t0 1:5.0.

A process for making a composition according to claim 2, which comprises dissolving component (a) in component
(b) optionally with component (c), and then mixing the resulting solution with component (d) and component (c) if
not included earlier.

A process according to claim 13, wherein a preconcentrate composition as claimed in claim 1 is mixed with com-
ponent (d).
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15. A soft gelatin capsule which comprises a composition as claimed in claim 2, or as claimed in any of claims 3 to 12

when dependent on claim 2.

16. An oral administration fluid which comprises a composition as claimed in claim 2, or as claimed in any of claims 3

to 12 when dependent on claim 2.
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swde banade, pmaizes‘s hanzyl alue 'm% and phaeryl
sihnel. Thesw agents may he pressnt in wmournds
oof frory L0019 1o 8s sunl 35 5% by waight

The compusitions wis in owllidose foras, &8
sphthaimic prapanstiony, whether drops, lotiona or
sinhmanls, we squired 1o be viasle the ;:s »* oes of
the pravarvalives, which ara fyplcally banzalonium
chiride Q0% o phanvimarowrdle oivate
LO0R%%} I8 by maindaln sty afier the soulad $d
or seuled soew cesp ‘\f the mudtise container
fay bosn braached Contamination of tey muli
guse oonbasr conay ausily, due il o the ey
of slrospheay ricre-viganisis when the bollls 3s
openad, snd org fypieally dus o contamination of
the sye~droposs wiich lovariebly ouches the eys

§
B

o,

fave o svellde dudng 8;3"3?&&30“ af t“o draps,

Ea}

auch suuoey el Hygio ‘a‘-‘\' noreshenis, The oo
twnhuatsd eyed wg;} we, wideh {8 aftachugd o e

soraw A, i then oeingented inle e multisloss
corlaing fo nlesuwre. I an slivepl © aeid the
grovh of these conteminating mipro-orgaisms, 3
high concantration of pragsnatives mest be uesd,
The prosenvatives i ese in ophthalalis sole-
dove sre poweriul disiniactents, hoitally quades
sary  amwnomione disinfestanty ek sy heneab
fonfurt chiteide whinh may grodics hypersensitie-
ity sftor ropesied anplivationy ard 15 aleo socasion-
ally irtant. AddiBonstly, date ey setralions draln
iohe the ousal castly, sl smpente of e oon-
posiion s geoarelly whsorbed iolo the syalemic
ciroulvtion o the oonjuniotheal veseals or imm the
assal mucosa. Ophihalmic solstion @
nasal cavily may Bxell then dogin into B d
and witt aveniually be shaothed Heough the hunged

3

v,
A4
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&~

o)

A5

m

£
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&8

N

mucose o swallowad and sheorbad Uwough the
gastin munosa.

Bavause the trashrmant of sised
presawe needs longetenn roposied Sdadaistation
the paient iv exposed o the ok of adverss locsl
or systemic affacts fom e presorvstives, & she
ation which fs dearly undasiahis,

The lovenion provides an ophthaimiv prepare
Hon eomposing 8n Sgoeous o saling-agquanus sole
fon of Gmokd velbwly nouanbdoss fomm I e
shsancs of Sny peag 8{*&323‘@ or  buliadng agent.
Toy peaparation way bolpde sodbsn Sialds o
snother veagent to Incraase the tondolly of the salu-
Han or o ks ¥ sptonde,

Tha mathod of proparalion iy shnple srgd W
samplivated, oaquiring *issz:m‘u*z g b ol sk
mafe and sodiun obbbdue I waler for njsctivw o
somy vimilar alerls pyrogen ?w‘m water, angd adiush
g whee rasessary e aH fo 0 Gwith Emigg of
8.8 - T 5 wilh sadim hedroxide solution & soms
similar anceplabls reagent, makisg o valume flter
ing and Biing.

The proparaion may be supplied n 3 plastics
contalner, prefurably of pohpropyizne or polyalivd
sne, i iopicul appiisufion a5 single doss e
grons. The cordainey may be foonsd inte 3 sheet
by e biowiibassl provess g Remosday
{'?a*aﬁ'es &?&%:5 or giniler manhing o make up a pask

ek
i

comprising a number of unll doses. The machine
\::tsm;dis\c & ool wikch ia fad with thermaplasting

3

miaterial In tubular or granudar form. The rould iz
slossd, wnd & S&stii? mandred is intraducsd fo o
&G o} G. & matered amount of prod-
wot ‘aimcn, s:f DA “?{335“ 8.1 w43 o4, graferghiy
0.2 e, fe foroad {nfe s contsingr, The owandel iy
s‘%&fﬁiﬁd, and sosling faws closs the containgr, &

vasuurt i formed, s he oonfeiney It hermsdinadly
«med The sheat may be maced will dosags, it
rimber, ouplyy date andr ofhwer infrmstion. &
sheat or SHp comprining say on ol doses saside

s
£

5

patiam compiianes.
Since the unidoss mrsissm i fiagd and hee
mutically sealad mdw stertie condiinng and o

ms.m a0 anii the moment h&« re uge, e stenlity
he uphthy img seluBan whan deliverad & z?‘
patient, s asawesl The undesira $ o .
with the coosaquend polsniizd sk of aysiam.%ﬁ o
fopical sdvarsy effenis Das %hsar*s@s‘s pa sl

srdtied, Simitady, betwuse the oH of the solulion s
acdiusied by ant secaphabin smpée séagent suoh a8
sodfiuny hydrosid wiforiong agonds may alse

o
L2
5%

{Zl

i, e X
be omitlad with conlidenns thet tseraw tha oM fg
3t nowtral and tarslore pheshiagical vels, o
prghed ainging, Smanting o :mkimn s;f. e oye will
PRRETHE

Sfter inal iias‘ nfo the ave v By )s} of the
prasoribad ong of bes drogs the urivdoss container
with any remaémw unuger aaﬁﬁmim; sudulion

fnfra-otidar
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should be discardsd. Typloally, only & small nxisals sguacus soldtion i adjusiad o from
et of snr-ihatm scdulicn should e prasent in §.5 1o 78 by tha addition of sodium bydroxida.
gach uni-dose containy 0 thel Xy el G Ut
aeed portion is rot s grast 85 1 opd e patilent 4 A composiion soncafing R any preveding
i rataln the renaining m&ma potton fr use @ a8 cldim ahwashedosd o el B Oy wupplisd In
falar dals with gl e vigks of Datterial mriams pofypropylens or polvethybme unbdoge oo
fon in the mamlima, & w* dass of fom J.0M ivers which ae formed By He bow-ibsasl
50w, and proferably frore 8.005 {0 38 g, ;md ;:@s SRS using S‘wme@ or Ike muching
Supedially fmf'z 408 o 1.0 sg of ol malests fittod urder siar % hermaficaly
i a storile praservalhvedron and hullerfigs sohation ¢ s:eaﬁsﬁ at tha mamm\ o f' fie

s ge "xwaﬁ\ spplind ke the humwn syve for the
reatrnat of reducing rafsed invaocular praseurs.

2p

£33

A gomposion "(m}mwg, o clain 4 ohyras-

terised In that sach conlainer gantaing Foam 83
Sxampls ¥ o3 miol the v emm.
&
F.i0g tolel malvale base and W52 g - & A somposifion ai:cmdéwg s my praceding
than chindde aoe diasolvad i 800 mi perifisd claim charactorisad in Hw \: # aoatains from
water, The pH i acliusted 1o T (0.1 by wdgition SO01 s &0 mg of Hmo t { “e

of Dot M sodiure hydroxids 'i““ss finad vplume fo

adjustasd 1 5008 od by adding porilied wader &t 20

3070 The solution b sterilized by Bivalide, and

kept protectad Fom fight. Tho ieointy of the soies

fion iy physiological o ‘af\zrvpt y\..,(ﬁmx“& E}t

approdmtely oo Wil aaling, Ha

an aolive ingrediant ::m“ SRR mg; pwr ol 88
Q.30% wiv, # g fed ol polvpropyians snidoss

sonlsiners with 3 @ v:ss.-, e at 14 b

&xamgia
"""""""" &
3450 i tmalsl realeade hase and 3BO0 g so-

gl ohitids ws ﬁ:sssaiwd in aidf}\, ol puarified
water, The pH s adiusisd A0 {3001 by addition

of .3 M sodhe hydiaide, The ol volume g
aofushegd o DO o by e.m“m el water 88 33
237680 The sohsion iy Roriond By Sivgtion, ang

kept protected from lght. The Rainity of e sols

tion is physiclogical o neae-physiotogival, being
sporenivnaluly isslonic with sormed saling, and bas

& aotive ngrodisnt conlent R S0 g oy i B8N W@
weivs 3 s fad inte polypogyians- erbdass containers
with 2 B volume of 0.8 sk

aims
I
1. An ophthalimic  copposition compriging &
anquacus solulicn of fimeld! malsale charags
warised i Pl the composilion i in wnbdoss
farre avgd i free fom any bulfering agesl or
popvarvative: 55
& oomposnton sropding ~:§ dm 1 chavan
ferisad o thal B furtheyr includes aodiem ohine
rigy I fneresse e knicly of e solution o
f make it isstonic, 4

A compozition sconsding o claim 1 or e 3
charasierised in that e i o Be fimplo
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The ineaniicn rolades i agueenus ophibalmis minrosmuisions of lnpnsalin,

Background OF The Invantion

Tepoxatin, whoss formad chemica! name i 3S-atlorophend)- Hd-methoxyphensl -3 pyearohvibi-hyd
roce-Neamathyigropanamida, fs @ nonsteroidal enti-nflammatory drug. s 8 patentinhibilor of the eydooxygen-
use andiipoxigenass pathws ys :hv as‘a»:?si‘,«m i &rsﬁ;r’a@mm’r whan adiminisiarad topioally or paesnisadly,
The drug is pressally belag de #& gt og ! Sudly adivdnistered éﬂf5-~""-‘§&€?‘;‘t‘i«itﬁ»3‘y EngEio.
Toepoxalin is neady insaiubis nwater, “ vy gttempls have been made with various swiaciania, oydiodexiing,
ate) B anbance Rs squaos asiubility ir *ue‘ o achisve 3 hamuogehous solulion i vihan & suspansion,
Theve xismpls have i}fzeh fargaly unsucceseul, Teptdin, iowevsr, ouch mom solubls i olls Ban nwater
and & procedurs indisparss the ofl i a0 sguesous shass ualng sorfaciants has been discoversy and ke the
basis of this rvantion,

A digpersion of of inwaler (ofe) can iss dafined ay sither g masrcemulsion or 8 micrmevwision. & mag
rogndsinn b g oloudy habid composition with an oll-droplst slze of }‘b 0 ?w {Ba. ersams»;\mmﬂaw are usuaily
unstable & minyoamulsion v s §$‘831§$&(9:~ Ui tomsparani oo iy having A w;ssa of Q005 to 8.5 v,
Microamdsions sre usually siable Qg E. Friberg and Flarrg Sothorsl Minroamudslona 1 Structurs and
{Jmamgg;js,_ URG preay, Ino., Bova Ralon, Flonds, 1887, page 1845 Tha compong at:' & generats an amulsion
inciude ‘m‘ A0 GrEards sobvent, soaiactand, and possibly = posswriaciant, The ofw syslam s tilraled with
the surfastantis} 1o 8 hydroghiic-lpophilic balaros (HLEB) o oidain 2 "ons-phase ranagarent ofw dspersion”
HL R sang, JL. Gavallo and GUR Lyons, Chaptay 18, Minres muissm ystama. vod. 24, ad. H.L. Rossno and
M. Clause, Matcel Dakiar, no., New York ang Basel, 1387 gage 301 Thannodynamioally stabia rioreamit
Rians can foanr uetr miking with the propa saempasition of wades, off, aod sunibctanty, Tiher peidsions regqulre
a high inpdof snerqe by mﬁ ination, by hamogsnization, or by SM wr, (AL Lidgate, RO, Fuand J.8. Flsitman,
§ o Suloher, 18BY, page “b},

The potential advaringes of 8 srwisien Toomuelalion versus aqupons g snharoed sokebility for
bydraphioble drugs (A B-Baved and & Repds, IntJ, Fhan,, 13 (1803} 303}, enharncad stabiilty for hs deadylic
drugs [P Gerover, BhD. Thasis, The tinwemzt}f fi? 13 ecﬁmt 18R], and & usgln&dnressase %}sm isting

o

w3

]

of g dneg ouwl ol the ol phass [R Davis, Pharm, Techasl, ¥ (May 19811 B Madar, Pham ‘Jm:
FURGH. For the abovn Bradoms, many invey sg;um %&3\«3 sxarninegd the pharmaosatioat ues of e ui -(-\'s&z asls
Hhsirated by the following cltations:
{a} aphthaimic fm: fovalen praparaliun, Mizushis Ws‘ . kamole, M, Sugle, S Yobuyama, B, Suvams,
T.. Tohme, M., 0 wfzufa, 8. Kordehy, Vi, nhilaws, Ko (ahan Fhanaaceutiond Co, LTR, Burogsan patey
Ag:gie:at:am .
by deysmaiiastng avelste, O, Yuiohi, 8. Takuall, ¥, Riichire (Shissids Co., Lid Y Jpn. Kokat Tokkys Kaha

Yo 18 darc THRE, P Apgl. 8BS0 215, U March 1888; po. @",

{v} iﬁfﬁi}i’“étf‘ . B Nakafima {Shissido Co, Ltrj,} on, Kokad Tobken Nohg J&
—553‘3:»38.“a-u {Sh 80?;?3 0, 3*3 ?»-‘}ay ‘15383: Appl, B 2,17 Nov 1988, pega ) 5 rrs.

i {Shissido To., L.} Jon. Kokal Tokkyve

udpﬁﬁifid

1
revas losted s
P

snd castor oll, Initlal tox Cii‘y giudies with nest asim a:i ;ﬁﬁ:caiea' Frigtiontoth ¢ ;
B Fapeaiug i d&m?{s ‘ 5 statis avwisions condaining tepoxalin v ide hape thal they would s ~*he Eritat
g, Scute snimal with th miceoemuisions made i ronardanes with his invantion showad noaye

iritation,

Beied Summary & the venting
¥

The invention provides sn ophthalmic composition suifable for ipicsl application o e eve comprising an
it i wales iicros “uisimx wierent e micrdamuigiog containg apoxsivtin an antb inflavmnaliony affetive core

ganteading, The & batoed in the ol phage, e sflisudactantiweder interface, and the water phass.

¥

Datailed Dasoviption of he pvestion

Tha pharnasciocically sctive componsst of the ophthadinic somposiinns of the wenlion e tepaxaling or

SfE-{d-ohlorophemd i T-{d-methoxypiienyi-3- gsramiv%}z\bhy roxy-N-nsiiniprapanamide, “{sp\;m iy s ita
pf&'sg}ﬁraiim ara descrivad in \“x'?:%hi%k‘ stal, U8, Patand No. 4,828 B84, the distiosure of which is oorparaied
it

¥
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The olls thatcan beusad b

7 e micenermubyiong afthe iny
o, and other nony sat

off, sunflowser sped ofl miez;.rai . The 2 $ Q ;
vantion are the fesd ofls (o, non-volaliie oy of vagaiable ongind. Castor of & prefaved Densuse of
inpnxalin's greatarsy s‘bsiwm rai, ang bacauss pravious phanmaceutiond wes of caslor ofl ?sa\«se:i*.‘mas\.sm‘:i

ouf e safety ang eificany. b selscing the off I to wead, v oot necoseary hat the off por su dissnlva topoxalin,
bacauss some nils I which taposelin i nod aciuble o any greal degres Wil form an aQuenus migroshwlaion
with & sufastarnt suoh B the & LBOUR %mwam will dissplve suilficient tepaxstin for iTe minrosmulsion ta be
uesfal, Mineral off by an igtralive sxarapls of sushoanail

The grapontions of off and vty simploved in the micrpsmuliaion are nol ety oriticel, The
i an amound suffciant i dissohes anough tepoxalin so that the final soncantration of the tepoxatin in the mitie-

Wanvnsiory pupaties o e wnit dosnge quantilies (9.Q., o Lan

e will be suflicient i hripad andi

fo three drops of the microsrmuls ean}\ Tils concantration of tzsm,. fo usuaily within the raoge of from about
£.08 waight par cent 1o aboul 1.0 waight percant of the fotal waig he aquasus svudsion of the :awemm,

The upper ot of ol soncentration s*hat connantration thalw i§§b §'{‘ o impart ivitatian proparties i the ayes
of patients, of that opnoenirstion Hhal will be oo high I Sy 8 reloresmulsion. Generally, oileater proportions
of fronny about T2 o aboet 43181 (oiv) will prove fo e oselid. In parlinulay cases, optimum progoriinns of o
and wator can be delerminagd by routing axpsrimeniation,

The microarulsions of e inveniion glss oonigin m’f clands, additi-ves o ‘r pas‘t ii‘:e prapes toniciy o the
sicenemiabsion, butfees, pr %@ws;r'&sm v othae s 3

1

)
e
2
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&,
=2
P4
o0
kv
B
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Pord
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{’
plas of surlfactanis that can be used ingiude sorbRan mong vcaa‘ia NF aS:w t’,\.-;.s& ::§§;em rnnnsinarats (Span
&0, whish gre surbitan faity MG astars, Dolvosyetiiene 20 sirhiten monvstsarate {Twasn Sti}}.-
pobaryaihylane 20 sabifan monaoleate Twean 804, whioh ave palvoxyeth fiené sm%asta 9%*9;“‘ Ply
FA27, which s 2 polyoxysthdenspobyaxyprepyiens hlonk cope ij'm.;?; tHE
wivch s 8 sugarfalty soid m:@r and the §s§<e The sxpedmenial sen
and propovicns of swrfactanis and other addivas that can | «*amsis
T‘hmmcsmmwsm &nmh}« i e rvardion cun be pm:}&:aac:‘j"" '
the olfftepoxaiin solution with sur*‘ s“"sm fos Fomy & BOMDESTIScuR $0
FONEY an «'}i*»“water miirs which fe e subjected o appropriate energy sun h AR t:«mai Do m i ths: oo
ulsion, i fiﬁak?i‘i‘}. adéitima vp{s caiin cun be gddad o the oiffwater mikture sfter the mitrosrudsion faeming

Ny
step. The fellowing e % veprosendative prepanaiinn preoaduns of & mismemalsion of thy dnvvention whereln the
anaray appiisd o foan the microamudsion i sonle stergy

aral Procsdurs for Frepaving & Tapocalin Micvesmilsion

whw, ol o drug) by stirving the mixtre o

T

The uitasush as \.as;s'm of ia prssaturaisd with tepo
S antll ot the msterial s dissobved {aboal 18 baar \s}

The off and surfagt 8{%2 & polyngyathviens sorbiten faity soid ester auch & ‘f’wem 801 are minad
gether with & magrelie sty barin & suitebls container sych as & plastio {a.g., polymethviperdanal beaker &t
armbisnt amperaiure untll 8 hoamoganous solution is stisined. The of phase ie then mixed whith water and stived
syl mwag»nm foloeh

The midhure s soninsied s suliable nonainer such as 2 A0 id nlear plastic
gorticatar such 58 &8 Vikalel® sonivaior setwf magimur oulpul with ¢ 30% du‘t\ 3 the pul
switol 15 aed 1o the "or® position {ume the Suly ovcle on ov iniaies u dis omrzzwm s of sanialicol T
heaker is bepl aba oonatant iamperahere via 8 waley ackat oonirolind sl codd tamperabers sueh as aboat B0,
A& low temperaturs in e fackst is nocessary in arder o provent the pontonts of the beabsr fom satcsading an
optiviam eageraties nesded focfonration of ths icroarauision {2 higher or lower temparaluine i the beakar
will profeng the time o form the mvroemiuision). Thambilure is soniosed R abet 30 minutes or ondil he miciums

alirs {84,050

4;{»
5 R

bacomes ransiunent, which § the Indination thet amisrosmulsion hes formnsd, T w i:&m aratorg of the smulsion
is not allowsd o vise above & lenperature within the fange of fms"s S'\wt 45°0 fo about 83°C. Adiditional
reparaln {suflicient il mg; e cononniration of isss}m}h‘s iy e rodorosadsion o o about SO, by wesighty
hyadded B the emuisken son themixture is stieve yntil & e pasticlag oft i’EE‘ drug Tave diventved, The sonudsing

pa then Hllars a*hrmgh ] &.z @ membrane ey i remove any residual particies,
Disodiunt adatate (el ls, the disodiun seli of atfvisnediaminetelragcstin acid) s slowly added to the s

"5

53':‘

sion witde slivving unll lolally dissolved. Disodium sdadate s 3 madal-chelsdor uved b prevent the degradation
of tepoxatin i e ormolation. Agueous BA&X (Henzathoniuom ohloride « 5% wivh, Nall, and by salis am

then addad o tha micrnemulaion, i the kilowing saguenee
The Nalll is aoded after B8K
sl by sdding snd dissobving ¢

7

o adiust for tosieity i e rangs of 2006 &0 330 eDam. The hutier s prepared
Slirie aoid sl and adiusling the fing! Ph with NapBRQ i 4.5 - 7.8 The ingd
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forrmdation s then fitored Shmagt 3 0.2 mices mermbrane oy into storie containers, 3#‘« ::imsw of the micen
amdsion is determined by p W irsnsniiance sl 520 e HLL. Rosano Al Caalio and G B Lyons, Chaglar
it‘s Micvoamuision Systams, sdited by ML Rassno and M. Clausss, Marcal Dakkar, g naw Yok and Baasl,
DEyright 1807, The banantlianceg iy pralerbly gragtar than 70
The Exsmiples sef forll Defow furlbver Busttals the heatian, in thae Exsmpdes, the folowing mateniads angd
squipmant wave uaed:

Rlaterials and Bguipaments

3

Truga, chamicals, aad reagents ussd far the praparalion of Sie microerudsion forulation of teposalin wre

=

fislad hadow with thedr gources,

i: Distilled water

2. Tepoxalin Srihe
3. Castor oil CasChex, Inoe
{Gold Bond QLY conforms to USSP XIX)
4. ‘Pween &8 Sigue Chawmical
S Tween 80 {polysorbate 88 Us®) Fishey
. Soctinm Chloride Crystals AR Hallinckrodt
7. DRimcdium BEdetats USSP Ciba Gelgy
8. Benzalkonium chloride 87% USP (BAX) Henkel
G, Clbtric suid UsP, powder anhy. Pfizer
0. Bodium Phosphats Didbasic use {anhy. ) Mallinockrodt

The saoicaior eaed in the Examples 16 form the mivrosmulsinpns was & Sonios argd Mad
raoddel VOR0E The sonicaior probe v a B8 Ingh E};\;Evmt\m&m t wetie o end fypa with a tianiy
smulshen ay i be kaptat 3 consisel mpevalung dun . The civulating syudsm u
AALEA ype REG sRngs ~30 b HE0N0) aooher ?h‘\z“t:r SBiE x 50,

Madifisd Ussing fyps chambays (HF. Edelhauser, LR Holfert, PO Fromm, Invest Qphithalrnd, Vis, St

G

SRR ‘i(uW

4"2“33»2%(?8 3 }«d saigned with 2. 8addonrand 2 ‘W}i rooeivar calls (separaiad by the corneg which s moun-
fad batwaen fwd & aﬁ i@ Tngs) sre usead Ry the smmas v determing panatration of the cornes hy the minro-
enubsions of the fvention. The syetemn i 2ohamberad o viked colln) (ser Figure ¥ aod o designed kumaonit
the penstration of dey g aniiffes avosy bioloegic Emsmi ranas. Usually the calls ar famperaturs aontrafied by
mmeans of an sxisrior watsy jankel; the alining of the dosing and recaiving solutiona in the cells i uohlaved by
bobbiing s ges through the calis, b the case of the sumes, the gas is & rixiure of 8% O, hadanced with Gxvgen
ain physivlogical Ph.

Madifisd Ghaathinne Bicarbunate Bingars solation (GBR} {R.O. Schosnwald and H.8. Huang, JPham
FEOHTROIRGEN 1365127 s rashiy prafiarad for the studies, by mikiog ey uaiwimm\:{ b sfek audulk
frean be stoved wp 8 wenk iy g refrige :silus sl wae. After recnratitution the solution shoud nobe e
usad for approcimately § bours, During uss, pi* of the mixturs should be :wws:am G at¥.4 by bubbling a
5% Q0. ixiure frough B The msmmi wad for the preparation of GBR ara listed Dalow,

&
B
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Shogk Selution

NaCl 14,3 ¢ Fisksy
Rl {0,716 @) Figher
Yal. PO, OB g} Pisher
REY N {4,908 o3 Fisher
watar diluts to 1 liter.

Caltlly o 2RO (0.3 ¢} Fisher

Motly o BHLO (0.318 o) Fiaker
i+ Y-glucose {180 @) Rigma
Reduced glutathione {0.184¢ g1 Sigwma
water - dilute to 1 liter.

Tha corness are ohivined from adi® albins rabbils of hoth saxes, weighing approcimately 3 Ky,
Tha anabysis of fspoxalin Tor the in vilrp comeal Baﬁ&t"mii}ﬁ studiias uses the following equinment
Pamg - Mode! 8G0E Ryslers o ey frers Widers Associales;

3 Autnesmpler ~ TTIWASP fram Walsrs msmaﬁeu

megmtur ~ BP427G from Spevten Physios;

. Datecior - Parkin Elmer LS-58 Luminssoance Spactrophatonater or 8 Walsey D80 Mhoiodivde Avay
e:i S 33{%

8, Columg - ;:BN\{}?;\% 18 { 30 o Lo & B LD from Waators Aasoniales,

§\

5 z;;z o gx» 1 _.:.

S
Tﬁa magmwm gy i w:an Yy tapoxaiin in OBR was ﬁsmz opad uaing revarasd-phaas gh pafonnanca
yand Buorezcent datection, & GBR % mpumn dning tepovadin is quantiisd Wy
E\A- mmv«smsd&ws to the samgde, mixing and injacting an el qa\:xt intg the H?L
lard iy plolled against is ;\ % wastandard congeniiations

sl chupmatogsa “‘r';
atﬁésw\“h interyvad atan ao:i 1
& vatio of peaks heighta 8;
i oldain x oadibration oo
Tha chemicals us@d aen 2-proganat foe the mobile phase ang 4.5 ;phr\ﬁyi yidazole 8% for the intersal
standard, The infemal standard s ¢ referanos compound (o tepoxaiin used inthe assay m compensale for any
varkafions thad g tghtui)ws i1 the measuraerd of tapasatin v ssmpis o sample. Tha vebie phase partitiong

e analies v and oul of e slalineary p? vase (i e arahvtics! oblure,

.Es
v

o
7!',
f}
,,5
‘I!:r
4
o]
jos s
%z,
533
2.
7

Proparation of & fspoxalin microsmutsion by aohicstion

Tha oaglor off Is presaturates wilh i&“t‘i‘&’(ﬁﬁ“i {84,861, wiw, oftio Srogd by stieving e mitare o SIFGwnd
all the {npoxalin b desolved {stowt 18 hours

The ol and surfastant {a.g. Twean 8 am nixad ina *a:‘ia A 12 wiv with & magnelic sy bar in a plastin
{e.q. polvanibyipeniens) basker al am mem N‘}y?mm\‘e ardil g homoganous solubion i stisied. The ol phase
b then mixed with wadey ot siived untl homogenous {clowdy {,rmiws'tz

The mixiurg s aoniosted s 40 m% dsar lastin &&swr for 30 minutes with the VibraCall” sonicator st
atmakivr oufpul with 3 30% duty' olai; the pulser i@ s o ithe "an™ posilian., The besker s kept al g onhstant
bevnperabers i o vder robed contrediad & 356, The mxture & seniested for 3 mvinotes or undi the adcheen
b&wmf‘s wunsiucent { ¢ mioroemalsion b The lsmperative of the mwwm i ol affowsd o plss aldve 8290,
Tepoxalin & added o the mivrosmulsion sng s&%mc‘ unit sl the particl the drug have dissalved, The smwb
sion is then Thered Hrotgh 3 008 ¢ Tuffrys Membrane fer & ranove m},« rexigual padidies,

‘*}iﬂ-'\(iiurs* Edasate B slowly added iv %’s\a srosion while sliving il Dialy Siseolved) BAK (G5 whad,

ol and buffer salts arn then addad, in s sequanne. The Nall & added aher the BAK 1o adiust for foniily
n ih.-s range of 200 10 330 mUsm. The buffar ‘s pragavad in sty by adding aad dissolving oifric acid first and
adjusting the tinal pHwill NapHPO e 4 4 7.0 The Tinal formdation i then fif'ﬁf&\a isssmsgh £33 molon Tulfen
RMambrane irdo sherlle nontainers. The glarity of the mitrosaadsion s Selanmined by poveen! bansmitlsnce 8t
L. Roaann, i au‘aﬁ:u and QLB Lyons, Chs ;\*er 18, Microsmulaion Systams, sdited by HoL Bosang
e, Marosd Dekber, oo, New ork sod Basel, Copyight 1887} The ranadtisne shoudd be grw
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atey fran TO%,

Frepavation of Micpemuision Us

Froos ﬂ‘;jm &~ {loxitde prooedurs that » §§0wsz for changes in pH, bnlalty, elnd - Caster of b prasatursied
m hie i y‘ﬂ%x'« i) ma mf re off w h i, 1}* ie'\exa r **ar 15 Murs ai *"‘\""»m ,*\n asqu*}t m‘f‘ B-a‘*

sre dxed with 23 2w *33’ waker ¢ }zw.; vi miy s"zuisz%f'x;*
The eﬁuis an s then soninated as previousdy de

afirred with 1.03 g of fspoxalin for abaut 1 howr un

and L0 g of dsudiug Edalate: 30 ol of BAK {30, g d Ra G g o s:ii‘trh: oid and QRS g of

KaZHPFGL ars &dd@de*s-“ zmi %ﬁm :i’ta nioroemuisinn 10 ghee e toniclly and g desoribied praviously,
Procadura B - {Leass flaxibls provedure for making sadjusinants, butis m»is t use for the preparation of

isrnemaiaion s
CH R pam'%&s vsmaini;'g, Tha solution is Hitared,

the microamuisiont ~ 33 nd o ?‘ a § rof s mived wdth 8.8 vl of Tw ea“ &0 and stived st smblent eoperatne
until humagentus. The temperature of e ol mixkure 15 reived o 30T and m 8 a? fapoxaiin is addad witdle
stferingg. The off sontinues 10 b slivad &l §5°C ontll & e topoxalh s conmpleinly diseolvad {approximately 1
how),

Thy aguacus phase that will bembed with hend mixtura in srdar o foon the
8.3 Mal, D088 g o¥aise des}m Edetais, 8007 g cifvio zoig, BOO8 ¢ :

¥4

BAK {80%) I 38w wadar, The sohalion s atfred wni alind tue‘ sx\,spmi*« xE as ohes
o the aqusous phass and niked wall unill a cloudy amuis
ol of eyt 0 o witibe sliming.
The crsds ermulsion ssonfosted &y & minroemy
The following table displays & summarny of soid

@
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Takle
HP~g-Cyal

$ 3 g g .
foaE O ls, Surfachants,

ok

FUSOUS Tepoxgiin
. onoentratiosn Rolubility
e BRE DAY - . —tRrrsent {pagc«nv;

Water Ngat {3.830044

Twean {48
Twaen 20
Tween &0

¥ £

ls SETARS Neat a8
P§§~u' Nent 1.8
pinersl Haat 3.6
suufiawpr Sand Kaat 3,4
Cutionzeed Haat #.08
porfluare~decalin Naat Q.0
“=n“ﬁn L Peii% 5% wiw 0,088
Ploronis P13y &% §. 8358
Tween 80 &% 4,128
Twaan R0 1, 098
Toanan &% G, Q8%
Torgen {9 Qa8
BE&
53
TR

L K e T
B A ]
[ e

N
<&

£y

Surfag
HE~R=C HP-B-C, &%
Twaan 3» 2% G, Q97
R S 10%
Tween &0 1% $.113
G1ll, Burfeactany
Mivrossulsion sagtor oll, 3% G108
Pluronic F10% %
castoy ofl, 1%
Tween 80 2% D O8%
B

{teposalin iz adﬁaé
after mdovosmslision)

xa:t o all, 2%
Pwsen 89 2% 2,108

castor oll, i%
Tween 86 3% G187

{epoxwaiin s added
afore smnlsion is
prepared)

meioy oil, 1%
Twean &0 3% 1,18

0493
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s Twean 80 @ the Susfactan 2 88 as the Cosurfss-

F‘*R’Pc‘i s

& Togoxalin

P TG prspe 8 misroersdsin willy Twasn 8 Span 80 & identios! o the Twaeny £ ernulsdon

The procatiu 3

smepwgmf B added s ; st after Rnration of the rangucent solution with Tweea B0, A‘smie*wats\ el syslem
i“tfaiuﬁf Wi the surfactant and cosurfactantio gt ‘ftimpm a-inonhills balanse é’r«"t ) fo obtain 2 “one-phasa
wans ‘mi Seetisparsion” (ML Busane, L1 Cavslie, and 6B, Lyons, Ohapter 18, Micrserauigion Syalams
aditer M4, Hosano and M Clauge, Marcel Debker, o, Now York and }'3321558?,‘§ 87, page 2714
§squat of 3.2 mi of custoe off {toniaining tapasaliind and 0.58 od of Twean 30 are prominad to 8 homogen-
OUR S0 i wtion, The aolulion is praparad es desoribad pravicusly 1o a microay ‘suis on amia wHng tepoxaling Snali-
guot of 40% mf sf'é»‘s:sars diYis Han added i‘c B srdorcaandsing, and ihe soriosded furthers e

srinutes. The microsnadeinn §

,

ek
wd, 2»
kY

& s deaaiad with disodiom Edatate, BAR, Nalil s dt’w,s‘ of sadts a¢ deswribad above,

in virg Qomesd Tranaport of Tepoxalin Waa 0.1% Suspenaion or 2 0.1% Microamudsinn

The ayerwere ameinadad with e corjunctivnd sac o Hide aliached. The ctrnss vk oxclead and s
fed using the Dibsteln ang Mauwies Teshaique (8, Diisteln and DA Mauries, 221 P TRTR)

The ohambers were prepared by squithvating them al 33°C, by owans f‘ SEHEH jsc-ka
and doans k\a al the chigronber waen aevaied and miked Wil &0 oxygeniearbon dinkide {
maintaing ti‘ M of the modifiad ghathions binartonats §3*mgm sGhation ;\'z RiatpH 74 cm:s orovides m i
t::ft.«,sw*iumas\‘?m mounted comans wers sassmbled in the charaber) the recaiver sids fillad with 35°C navaled
GBR angd the dongr side filles wilh e test oumpound i GER.

R0 pf Allguots were samgdad from (e reoaiver side-cvar & d-hour poviod {3 15, 30, 458, 80, 80, 128, 180
and 240 minutes). The volums of e chamber was maintained by replenishing with 682‘% {hapt 8t 3890 tiurmg
the sludy) sfied esch ssople, The samples weds immagiately frozen in diy D 8o 88 1 Dravent any furdher
matnbolt :E'ﬂ acmrrra; Al the snd of e sludy, e Btk dongy aod vesstves vohemes were collecied and slse
chmeskwere removed frors the colle and the percardage hydrston calnulated by walghing
‘,esﬁ .s«sw ﬁs«fm 2 g after drving {ihe comeas ware placad in an ovan svarnight at 45°C) This hyd
of the oomshition of Hsaue {preforshis range 78 b 3%, Undreated cornsas wera susss

b4
.
a3
©w
N
.
Eapo<d
e
i
bt
RS
eod)

v
m o3
4
o
m
rad
&
a
&
k2
4
b4

%

‘1‘)

[

Bloanalyloal Aasay for Topoxalih in BBR

The susay rvolvas seversed-phase high perfamsocs fiquid chroraatography (HPLEDY using Nunmvesnd
ds}&s— shican, T plang i selat o Bow rateof 1.0 mfmin,, the sutossmnglar i st with an if;ie‘c Hinn vohame of 18
niegrator s sot with an alanuation of 8 millivolis fulbs: aez and the Suoromater s set with a iy w‘aie

3\ sh exoitaiion wavelangth of 283 wm and an swission wavatength at 418 nys, The O & c&iumﬁ s kapt
az‘npzen*z mparature during analysis. The mobils phass is prepa ﬁd‘w mixing § Ki}ma fsopropano! a;‘iii,.as}?
of M, B0, with water o 80 od. Tha pb g the wadim*@e:i o L0 with 1 W \m&}im aad the final valurme g difution
with water fo 1 e, The moldds phase is degassad by fitration rough g AT g Nelon-88 filar {from Ralain
instrumanis Us,, o) under waouun

Stardiarde for ,i'se aitration curve are pragared i balanced eall sokatinn (B3

' i el sanples are pragared for HPLD apabesis by fram f&’i‘m‘l(; i andosamphar
¥ the sampls and 100w of e intemal slandard 4. 5-diphanvlimidazele

o

wisthe i 100 gha
fuf frayfol). The viste arg sapped and milved by 8 Vortey ralvsy (Aansdvan Solendills Produsta). Thernler sping
the cantents of s visd vapidiy oF Sausas & wade {olventar siting},

Py

goburr Ms- deug can be detest
wvaienglo al S8F am and an emd
than uia~viclat
& GBR sxnple iy prepaved for HRELE analysis by banslening an sligua o sa sulcssmpdervind, adding the
Intemsl aiﬂ:}d&z\i Secliphonvibidaeaie, capping s miding the vial & Sow ssle of 1.0 miimin will slute the
ntsmal standsrd Iy about $.0 wimutes and the drugip am\, ‘;“&i,b minuies. & calibration curve with stan **rznéﬁ
hatwasn 'C.« i¥ fung 80 painl will ghve g Bnesr curve using Tuorssosnns dutaction with 2 curslation puelficis
o ) BOUE {2 B0ETY, a YV rderonpl = QDUEE sod & slope = 1240, Minivwars spasitivily i abot 8028 ug fmi

of 0% isopropanal {IPA) und a phusphate bulfer adiuvied &0 oM 300 A T8 cohumn with ¢ h»sa\:‘iar card unaiaad
af & rnohile phiase condaining | more polas or (}‘-mit. sm«». ah{eg. meifianl) will ot wlute the drug off e 18
vt

arg o by Buorescencs. {sxaltading

saton 8t -:3»?8 fm*‘ *‘*wre e d&*ec*‘;sn ahout 10 Umes more sensive

o

5
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Sntubiifly Exparinonds with Te

The low 8quasus
pyi-Det

R L

Taig reproseniative i

atahility, drug stabiity, ag

volodexisn, ang
fopoxatin -“mi'@n*t of grawba
& Twaen {polysorhata) An o

snce of adding, roixing, snd 8

The above v diluled 30 ol with punh

tatg

EP oS80 e &Y

&,
i
Eeld
.
S

o i
2 < £

£ 4 LR
o T
Eor R oo S

o3
>

Py
o

o2
<

7
bse S
o

ad watar,

The rarnaising s

pad

Anuts Maliple-Dose Taxkislty 8

Oautar ritansy Testing)

Fipyacute pritancy of *he‘ Ve

fonting the robbils o mull

sgpwp;ﬁat& contrals. The tmimc; 9? *i‘xs fQE‘i‘“'E&“‘SQﬁ was

Meal caslor ol g'aw

SO7, exclpinal in Vasadidin® »

‘; \
‘mm R r(’r&i bv\ sEn 1 a C§ AN

::mg:x*% minutas for 8 &

YT o R
o Thess &

3 te.&iu\i: e ettt

ot

[ I 40

(e >
[ o ] "
o W

GB

¥ Sxpetio
wemsmi\z RO B

| mitroemulsion 4
ﬁs il fu*mz: franshsgent
e is Inportan 13;:'32&83;&:336;:1 AT

ml

wmi

[Co R - Yo S o)
o)

<3

Span 30 and ke Twvenn 80 micmemehvions wens pvaiuated by sub-
wi Torepdations and othey
feminad by the manbher of rmbbis {3 mbbitsfor
ng, faaring, 203 ke ore day, o dw«s or ihyee
A anore of 1 was

oAl Giher fomuiations and the
ygave ascore of 1 {soe Tabls ?\

ESH »‘;'e., hmm‘xmﬁ

USRI «-c:'&"\‘ of th

st irvitating and &

0495



EP oS80 e &Y

et X0 b o 2 4 s yird * P
P [ i, e s i o 3 B
oo s [ b fad G
@ Vogd 3 ot
g B
[ 2T -
PRSI T I < S I ~ I
Wy ke ] I w5 oy 7y g e}
ol terd s o~
S U W
G ™
“omo. ”
B LD s
i1 S SR S T S R 2 %
h QQ F ¥ ks g b
nE 1 e 3 oy o o
h i w s fa] £ 772
v B
G .y
oo )
O B 1/ Y
3 % P
el -0 TR S T TR S 1 4 =
s v 41 % b & g3 73 % %
B2
25
hnvm 1 H e,
o 5] o o %
b &g el ) [ e
o I P o3 1 £ o
P &= (Y & et 5D b
&= * b R
2 fiod 34 pc e £ Fod
< Ll 4 W 0o < ] w o7
L) <k - e 5 % i pely i e wrh s
Al Pecd [s 3 ol 853 e o~ B R 1 b7
e b Th oo 7%y ot £ 5 o o W ek ok oo
[ 3 by W |» e %y b4 3 L e ] o o]
8 ¢ koA e e 25 £ 43 i3 2 o~ e @
% ] 4 oS 4 e ] P 0} P ] [A 3 & O &
fipy [ bt o $ 73 o) ¥ ] o] =
P s e o T2 &3 ) ronf © ] B P ] =3 3 b
2 o4 o - N R R o & @ o
3 $oe =% gl o et s o 2t 2 B v S g foi < ]
b S O o < ped m o s P Py I SO B« MR B R
oI R T P #hk B g U o Emh et ol
P S oo WY et e fod O 7 23 i ) 75 & @ 2% 2%
4 L wes Ao @D B & 7 x - A A e
Y- R S UL e T S VR By 73 oW A Lo Do oo
S8 s E g o4 S < - 4 S W SR fa Db
%M wea @6 B B4 W0 E e et e 5@ \m i 2 )
b 2 et 4 & [ e % o g 3 3B AL e D
o B % O oW ot 0 Lu #t o 4 % Ey s
e o 27 Yt 7 B @l u e e " P
L I v vy g % I 8 v 3 B 7 B o E X
w5 fincd ool - P Ao gt .\«W F3 < Lol » b 1“ < Rt A%{ em.\
S s B pac b4 b T e P v R A < I < R R

P £ 2] < % « b L KY4 2%
> 22 b3 4t o p2A 2 &4 =% 21 &

Y
55

"
o

0496

16



5

o
[

e

bl

£953

o

RAS

4%

5
L)

EP oS80 e &Y

*‘nur wHorosuisin f sruiationg s:m**‘ gz spoxatin and hres sonts i
£ cadls (ombiya, moesel & doRerospunse uve wak stosiniiad o delarmaan il . ‘
sach forsnulation that” rssg‘ e e fingl t\ﬁﬂfu ey proladn by 20, 80 and 8% in compasaan with that of the
contreh wella” {from a report isaued m{}{s Rhusaon on March 23, 1890 from Jane Sresves, Sandra Raading
and Clive Wilson, Departmeatof Physioloqy snd Phavmacciogy, Medical Schanl, Quaen's Madics) Cantrg, Not
fnghe m RGT 2UHL, Theodain \h*ms‘i {3 enhaneed toxicily with formulations containdngy BAK, {b) a# the o
mulations were more odds han e contrd Pluronie Fi.a ) the s-.umémuiﬁsa w‘ii*; Twean $08pan 88

&p;}& = shighly bess tokic than Twean 80, shd i) srndsions with lepudalin ave more foxis han thoss withoud

e

o of Teporatin and e Micropsmalaion

ha fivst study invalved thrae for

4 infTwens S0fcantor ol/BAKMNGTI
{2y 0.1% G?zﬁi nfTwgan S S e s Masior oliBAKNaT
(& o Twemar: BIEpan S%ouaior oliBAKNal

Tha s ‘<§s,s it isﬁfais,&e revad probderns with e forrmdations and diffarnnnes bebweasn the Tosnuladinns,
Ermulsin wd dry ma&zsi‘i\;s sorhed o faver the Tween 88 surfactant withoob 2 po-swefactant. Tha rale
of degtadation e‘segm alin al 450 seemed 10 be mush graster Han al roo lemparature snd 3520, Simidlarly,
e ora img} of the amadaion setrnnd K oo rhuch faster st S84 wont rowm teviperabury ang

The resulls of the firstslabiity sludy prompled an investigstion for & way o sefarmulate, Tepoxalin sgpears
& hydrolvee gt the side group in fa osshoxylie acid. Sna ef pade 53 procedurs hes bean developad I
obsanve his degradaion within 18 houss. The sampls v analyred by veversed-phase HPLD using 2 divd® avay
e deteoian, & sedes of expadments Jullowing seclion suggesied the use of 8O divodiens Rdelsde i the
fas‘muix\t:' ot Wih disodios Bdelate in e microawnidsion, the dhg degraded aia ¢3§}J\'€‘ oH T senrsdation
2 5.8, 8.5 and §4. Thus, 8 ssoond stabiiity study weas bagun with 0.03% disodium BEdetate

d

s

5

s.J

b

the o adiusied 1o 5.8 - 801 with 2 oivlo soi¥fsodium ahy csphmie dibaaiv huffer,
T%‘;s’s sss:.(sné si"a%i%‘rii Fduady amploves teae Rumulatians:

{4} 2. 1% tepoxaiin Tween Blcasior ciiBAK Nallidisadium Edsinteldiinie acidiNaHPQfwater
{8} 1% lepueaiind Twsan B0 Epan Bl innsior BAKNa T dvadiun Edelateleline acidiNa MPQdwales,

Thass is thres wonihs of date. The deug stabifly doig v ancoplatis sl rowm i‘%mpm‘di\,?@ gt 3850 for s
mutation {41 The latter fovmulation {8} with TweanBSpandl renudtad in tepoxalin concentrations below tha
usonuphable B0% lavel i 12 weaks a1 359 the Tepoxalin stncardotion st 18 we ak ® &t roorn anneralive was
Q4% The phy for oth formulstions have drapped Fom §.8 1o 4.88 « 878, dapanding on e inmperahes
The paroent ranamiftancs appeay to have dropped alightly slroom terperahics and 35°6G iy b@thfaxmma&ms,
SUASC, the drop has been signifisant.

Experoaniy o Enhancs Statdlily of Tepaxaiie Mioreanwdsion

A pumber of *’Xﬂéf??ﬂﬁﬁﬁs wars patformad it sucnsesion in order o elucidats a mechanism for ihe degrs
dation of epoashin I wate and in he misronenulaion and ammmém optimurn condiions iy the tepossiin
mé&:mr srndsing Ti‘m drugyis &ss:s;seded af valnersb ity i soll and bass cabdysin ol i N NGwdmxymethvi amide
fFnuR *aymmg g carboxylin askd, The sxperimants arad results:

{8} 1% tedoxalin wis Weaniviad i S000 water: athaodl o aliguats wabe g adjuvsiad with 18 NaOH

B0 8.0, 7.0, 8.0 and 138 The aliguoty waed healed indgpped raantion Vials ke 18 hours o PG,

Tha HFLD chromatograms show @ degradation pesk aluling aller topoxalin insamplss Al pH 8,7, 8, 128
but'not s pH 5.4

{BY Do tepaaalin was prepaesd with castar o, Twaen 80 and & oitndeiphasphsds bufler {1 MY in the fom

& mivrosmudshan, Two deg ;su‘ 184 cifrie said solulien were added 10 40 albgunt {1 il angd the i was

**a spbed with L0 Mhsodiun phosphate dibagio to g4 5.0, 8.8, 7.8, and 7.8, The samples were headad a8

=

halors,
T%y:“w\m«\z\sgws T Ehow viaper degtadution products) ane aluding belies dpnxalirarnd snuther aller,
The degravaiion oogurs greﬁm\ ;zH S5 and 7.8

{0} The pravious expedmant {b) was repeatad narrowing the oM vangs belesen B and TOBO, 82, 84,

88,88 and 7.0
The eptionen pi appedary belween pH 8.3 and 8.4, bul thes s wtill signicant degradating.

1

0497



3&

$u
2

e
un

€23
<&

4%
RAS

A

5
L)

EP oS80 e &Y

The pravious sxperiment o) was ragaaind with discdivm Edelats §.03% i sach samphy and with the
sane ok range

:}egr siation is miniral sl o &0 and moreases with pH i 7.0, The pressnos of the second dagradate that
m‘%? tspoxalin s alsg pinhasl

ettt {0} v ropeatad wit %- & b ag: v o range: B30, 85, 80, 80 7
r:«::‘ai:an was puinimal af gH 2.0, 8.8, and 8.0, Peah areas and heighis for i@sma%iﬂ-at these pis ware;

kE_Areas Poak Helghis

5.8 Q. 58144 §.7887
5.8 2. 55158 0. 823523
s 2. 58784 ERE Ry

3

33887 ¢, 5558

and reflach cptimum slabilily bebrsen 8.5 and 8.0, The degradation peaduct was sot sleardy evident axespl &t
ph ¥, {},

y Vilre Corpesd Feastradion Shedies:

The peastrsdion snd maisholiam of lepoxalin sorass the rabhitoomes as g sﬁgmsm atdi%andasa
raisrosandalng ab 8.1% were comnparad by s in vilvg provenure using the madifien bisdng Chambeary (HUF,
Edethauser, LR, Holfer, &, s'\ ?mﬂm inveal Qphihalml Vis, S('.i., 4 {1585 230:.288). The samplas were
renoved st appraptiste e intervals fron & up 1o 440 minutes snd frozan & ~70°0 unill analysie by HRLGS
flucrascance,

& plat of the somount ~‘§$‘egmta§ @ oroRung the comen againgt toe showed thedaug perelaiing the sumen
froen both Tarmiabationg, The chromatogiams of the samples tehen from the reopiver te?is sso show olher
mataboiteadegradates ;gmssﬁt ¥ig hoth formuigtions. The metaboilesiegradates sould ba chemical and
anzysi hedealysix of the NaNSwdrosymettvlamide gaup B & carblegdio anid, The lepuxain Duxes T both

fowradations ave listad helow

{pr/omd-nin)
SugpsEnsion G OGB4
Hicroemulsion 0,08 ES

The fiux was oxloudaled using the ollowing squatinn {0, §
545} {?999‘ 343-445:
Fiux EEAT u&i; {HAY, where

=y *ma wur‘&n@ axposed to fhe duig, O3 omd
Fretha Buspennias, e slops way delsmmined hohenern 48 and 180 vdmutey; Tor the miwosmudsion, bie
bwsan 00 and 248 misas;\esz:,.

Efficasy Studisg in Latw

i e 8.1% fnpoxalin microsmudsion aontalning
Twaen ‘ﬁ'\pan it tha Z’ } and oonirol saline n tha feft ave ?i oais are anssthetized
,,fe;e(. mpia& 7 \ff iﬁ 'E aF A Y irides ave subjacted to a0 argon iuser. The
By aitlamg, The anims madei 1 mod nfor

Ffact ﬁawwem 3 afsd S ?’QLN
pig My ;3&{&:‘1;8 thare was a sigrifionnt aisdistical efect i the rasiad syes over contrads al 4, 8, and 8
hatrs, thees wag no ditfensnos in 'i\ﬂ fated ayng i onbol eves &l &4 s,

Foriris adems, there was g significant sloticliosd offect In the i*’e-:atss{* ey‘e’w G houns,

An ophthehric micvcamulsion forraudation Wit ia:\».- aiin would noniain {soncanirations are wivl
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{1} an ol hranisoible with waterab Q0% §o 2%

{2} nonfonde surfastant Al D o B

{3} a non-onie s:c»sam‘ ::m* A 00 A%

iéi.s

EGRS

{8 8 Tha con-
canifration :s?‘ we VY feam ﬁ ia s“zssmmiaf‘

{7 waw O muwe preseraiiives al 0 3E e DT and

{8 & siabliizer for the micrpenwizion andfer the dng 818 ‘35 0%,

The above materials sre vdead b such s manner by @

7

N

rication, z*y *mmugw flon, oy hysimhmu using
Yol

s aimrofiuilisr, ooabiahn | uosiuosal B oanscarsal micoardsien {ransmithinoe sd 535 nrn v esiQ

The

LIy

materialy, which are hvied for i

w\m i

?’w Hantrative formulations sre the following

formlation . a

P
o

[
24

o tepoxalim
2. cantor oil
3. Twasn &8 2.0
. HagCl .67
5. disodivn sdetate 0.03

fake
>
i

£, BA&K .03

¥ citric anid 9,003

&, N BPQ, 14038 willimoler; O.0187

9. wihey diluted to L liter:

romaining axvipients and difuent are ax Bsled shove for Fapuiation &,

Qne o hot hfammi iong have heen tested for drug stability, emuision stabilily, foxdoity {iliation }, i
el panatesdina, and f:‘fi A0Y.

The materiade vead for the shove beo Busirative amidsions can be roplaced with the Tollowing substibede
Huslrathee purposea;

mireral ol
sunfinowar seed of

perfiuce-dacalin

alencnd off NF
apricot karnet off
avanade of

oncarad off
orosn-aseertial R
manhaden of

mink of
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oliva off

arange roughy of
axifiower off USP
wheat gann

SURFACTANTE and CO-BURFACTANTE

“{waem 2 o
aorditan auls $
Pluronics {(¥84, B, FUITY
”i“@;ramf-

Orodesias {Combibation of sunwse stearate and susrase distsarale, su
tenithin,

TONEUTY AGENTS

avatic aud,
bane aud,
Bydeantdorio acid,

;;fsi;zss Agy ssira;&
putasaiam phusghales,
sodinm '&i‘&ﬁt“‘.
sodiurn Soashonab,
sodium biphuaphate,
ot bovals,
RO O 1‘3}\«\-&1{3‘,
sodium oifvats,
sockiur hydroxride,
sodivm phusphata.

PREJERVATIVER

heresikoniam shlorids,
hienast %imi rz chinsisde,
ahlorobutan
phervdrarourio gosiate,
phenghmercario nifvaly,
thimarosal,
mathylnaraben,
prapnduaraten,

G banzaste,
aurids aoid,

phanyiathy alcohal,
bt ad,

gantamicin solfals,
Bandracia,
polyminin B sulfats,
Neormyals,

14



5

o
[

e

bl

£953

o

RAS

4%

5
L)

EP oS80 e &Y

is‘raw*ﬁw hydroahinedde,
sythromseain,
»E‘a&&&?i‘h{f @ andham,
fnbranein,

ciric agid {reduaing sasal),

sadiunt vaiabisuiite (npducing sgani)
aecorhic 308 freduning agent),

avatyl aysialne freduning agsntl,

bubvisiad hydroyanissle {mdical scavengar),

JSdidertratvbeeconsol Padical seavengadd,

vitamin B {radioa! scavengerl
Solubiliy expariants with formulations & aod 8 suggest that rassh of the doug s locatad in the ntarface

ehwerh the off droplat, susfaciantis], and waler, Masimum Bpoxalin sclubilily for castor o i 1.8%, ang 1%
of e off i dHiepersed i e amalslen, Tms\ LN -\Eé“‘fs sfb At .% qu in the emubion rosides in the inlets am
The firat slability study ; s 5, wers not buffere
and had no siabiizers, ALASC varsus room *;e; taraiurs amﬁ a C, poth the conoedirations of espoxalin m’sd
fhe ansvdliances of Hi9 wrnisins declingd dramaticaly. All i}f P formndationsg ipsiad §’c:-s‘ ancelnrated
fnpoxalin stab ity fallad within bwo works & A28 {halow S0% of nitist conoanlystionsy an
waska at 3\"&. Armsthod, herefre, was deva %spee;i 1o nveatiga azm dagradation of tapaxali

rostale & absbhis product

inthisl atabiity sxperunaniy sermed 1o ndicats thal thy emolion systom is soonlorating the dogradalicn of
feporaling Reving e rogior hy-prochott aavass e plrangs of 0 7.8, minimum degradation stdum el 63
- &4, Degradation of iza:sa,m«w i watevialuohal gave ons sl preduntal pH 80 oy Nigher, Edelute in the
srubsion slabilized bosalinin the p ran@ of 58 - 80 and 1 =3y‘ one mafor hy-product was abranvad.

A seoond aishity shudy 18 be rg condunted with o Ranolatione, both containing edetile ang o buffer,
pH 8.8 801 As bafurs, te g:ecsxa}'iiﬂ nd ;mﬁm sgrdfinanty faater of 380 than af room levpeates wnd 385
After thraw months of dat i portent samainig of lepoxalin i signflinantty bigher comparsd i the
pravious study, Tha mrs:eni*a fons o *e sriga for npoxalin o 3890 1v soneptabie sl 80.3% using Twesn §0 and
at oo temperatioe, ol 88.3%: percant reraining st 45°C i3 TO.9%, Sheifte Tor the Wwo formidatiors will he
detenvined af emperstres lower an 45°C

Th shability of lepogaiht and the phys Ea

fatad and degendent on
t'\mmf{ sharn, The daly from both slatulity ssi
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voshudies v sit\ mcimx fhat at highey
temperahirey ihe smulsions are ovacking fasier and the dru gv‘ de \rﬁtﬁms The ?as‘muiab arvg with Twaen 80 a8
comparad o forauiaions with Twesn B0 i boih shudies sre mare slable i hoth aspacda. In additinn, reformu
bdines with edelate and buffer does stabilize botlr the druy sﬁd the aepulsinag
The aculs multiple-dose toxiclly ta&t» basinally indicate thet the fomtlations coniaining Twoaesn 88 or Tween
B Span B gre nort-otgting. The D VNS oviciowinRy tesls e more discnivdinaling, showing thal the mivra-
Srvghsions with bepogalin sudior {:\AK reore ovineieadn foafiolay desdh) Bar wilhoud. The dffermans badwaen
the fomuizlions contelting Twaen 80 az}ti Teeon 308 pan 30 is not significant conaidaving the stundand devlk
ations,
The afficacy studiey basivally ehow thal the 519 ispoxalln amiuision v effective for e reduction i ivlg
sweling & Shous and b hypeeaoia 24 4, B, aad § hows n eyes Tnwnatized by an swgon Bser

3

Clalms

4. Anophihsimincomposition auita bia jor topleal applination o the aye somprizing an ofl in water misroemul

SN2 camamss}g fepaxalin ey solb-bNamsio Oy affactive conoenteation.
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Tha ophihalmin composition of Glaim 1 whorein e o v g Sad ol

Tha ophthalmin composttfon of Glaim § W‘hemin the microemulaion sddiionally condaing & nonvlonis sur
faciant in an amount sffeciive 1o stablize the micrcsmulsion.

ampeeiing of Clalim 1 whoreln He micreemoehaion sdditionally contalns tonioly sgena,

Tha ophihicimin composiion of Tlaim 2 wherelhvihe o

Tha ophihalmin composition of Glaim 3 whereln the noreionio stefactant s & polyacrbats,

The aghthadmic composition of Chalm 4 whersin the micresrnuidor oonlains soslur ohiends g amount
sefficierd to adiusi tordoily baleeen 208 and 338 wilam,

The ophthaimin namposition of Jlg &
sufficignt o enhante the siuhility of ma ﬁapaxaﬁn contsined §

.v\\\

Tha ophthabmin compoesition of Qlaim & whereln the micrcamuizion containg 8 phosphats buffar to adjust
the pH hebween about 40 and V.0

Giagims for the following Contracting Stete 1 B8

e

bl

£953

o

RAS

4%

5
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A meathos for prepaning an sphihalivic coraposition suitable for fopical application ks the aye, which rasthud
campasas the step of fowmdng e off in wiater micreermulzion santaining tagoxalin in an andiafammatony
sifective concantrstion.

Acmaihag according to el 1 whersin e of is 8 Sred oil,

»

_."§m*£s> 2 whensin the mincemulsion addilionatly conlain & nun-onic susfach
o atabifiza the pvoroermsion

!X
“r

Anethod ancording e clain 1, 3 or 3 whavreln the micreamuision sdditionaliy containg inninlty sgends; buk

s

A tnedhad sueording B0y predading claih whersin the off & ousior il

e

& mathod ancording o olaim 3 wharain the honslonis surfactant is & polveorbate.

& method avcording fo any preceding olalm wherein the mivreamulsion sontaine sodium shiorids inan

f ¥

arnnund sufficent o adjust lomaly betwesn HMhand 33 Qe

A mathod according fo any precading olal whoral tha microomulsion containg disodivrm adatate in an
araunt sufficient to anhanos the stability of the tepovalin containad i sald soviposition.

»m

& mosthod aceording e any praceding sbem wharels tha wiorepmidsion contsing @ phosphate bhulfer da

19
adius! e pH hetevesn about 4.0 and ?“f}\
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LACRIMAL GLAND SPECIFIC EMULSIONS FOR TOPICAL
APPLICATION TO OCULAR TISSUE

This application is a continuation-in-part of
pending US patent application SN 08/243,279 filed May
17, 1994.

The present invention generally relates to novel
pharmaceutical compositions incorporating chemicals
which are poorly soluble in water and is more particu-
larly related to a novel ophthalmic emulsion including
cyclosporin in admixture with castor oil and polysor-
bate 80 with high comfort level and low irritation
potential.

Cyclosporins are a group of nonpolar cyclic
oligopeptides with known immunosuppressant activity.
In addition, as set forth in U.S. Patent No.
4,839,342, cyclosporin (sometimes referred to in the
literature as ‘"cyclosporine") has been found as
effective in treating immune medicated keratoconjunc-
tivitis sicca (KCS or dry eye disease) in a patient
suffering therefrom.

As hereinabove noted, cyclosporin comprises a
group of cyclic oligopeptides and the major component
thereof is cyclosporin A (CgaH111N717015) which has been
identified along with several other minor metabolites,
cyclosporin B through I. In addition, a number of
synthetic analogs have been prepared.

In general, commercially available cyclosporins
may contain a mixture of severzl individual cyclo-
sporins which all share a cyclic peptide structure
consisting of eleven amino acid residues with a total
molecular weight of about 1,200, but with different
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substituents or configurations of some of the amino

acids.

It should be appreciated that reference to the
term "cyclosporin" or “cyclosporins" is used through-
out the present specification in order to designate
the cyclosporin component in the composition of the

present invention.

However, this specific reference is intended to
include any individual member of the cyclosporin group
as well as admixtures of two or more individual cyclo-
sporins, whether natural or synthetic.

The activity of cyclosporins, as hereinabove
noted, is as an immunosuppressant and in the enhance-

ment or restoring of lacrimal gland tearing.

This activity can be enhanced if it is possible
to enhance the absorption of the cyclosporin in the
lacrimal gland. The present invention provides for a
formulation and method that produces optimal cyclo-
sporin A concentrations in the lacrimal gland and
other ocular surface tissues.

Unfortunately, the solubility of cyclosporin in
water is extremely low and as elaborated in U.S.
Patent No. 5,051,402, it has been considered not
merely difficult but practically impossible to prepare
a pharmaceutical cbmposition containing cyclosporin
dissolved in an aqueous medium.

As reported, the solubility of cyclosporin in
water is between about 20 ug/ml to 30 ug/ml for
cyclosporin A. Hence, heretofore prepared formula-
tions incorporating cyclosporin have been prepared as
oily solutions containing ethanol. However, these
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preparations limit the bioavailability to oral prep-
arations and this is believed to be due to the separ-
ation of cyclosporin as a solid immediately after it
comes into contact with water, such as in the mouth or
eye of a patient.

In the case of injectable preparations of cyclo-
sporin, they first must be diluted with physiological
saline before intravenous administration but this is
likely to result in the precipitation of cyclosporin
and therefore may be considered undesirable for
intravenous administration.

Surface active agents such as polyoxyethylated
castor oil have been utilized as solubilizers to in-
ject preparations in order to prevent cyclosporin from
separating. However, this also may give rise to
safety problems (see U.S. Patent No. 5,051,402).

The practical usefulness of cyclosporin would be
greatly enhanced if administration thereof could be
effective; for example, cyclosporin's effectiveness in
the treatment of ocular symptoms of Behcet's Syndrome.
However, if it is administered orally for the treat-
ment of these symptoms, the accompanying side effects
due to systemic circulation may cause adverse reac-
tions such as hypertrichosis or renal dysfunction.

On the other hand, if oily preparations contain-
ing cyclosporin are applied directly to the eyes, ir-
ritation or a clouding of visual field may result.
This plus the difficulty in formulating cyclosporin
limits its use in formulations that would be useful
during keratoplasty as well in the treatment of
herpetic keratitis and spring catarrh.
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Heretofore, as for example in U.S. Patent No.
5,051,402, attempts have been made to dissolve suffi-
cient cyclosporin in an agueous solvent system so as
to reach an effective concentration for treatment.
Importantly, this solvent system does not contain any
surface active agent such as polyoxyethylated castor

oil.

Conceptually, the purpose of dissolving the
cyclosporin in an agqueous solvent system is to enable
contact with body fluids which would merely constitute
dilution of the aqueous solvent system which hopefully
would eliminate the immediate precipitation of cyclo-
sporin when contacted with the water content of the
body fluids.

For direct use in the eye, cyclosporin has been
formulated with a number of pharmaceutically accept-
able excipients, for example, animal oil, vegetable
oil, an appropriate organic or aqueous solvent, an
artificial tear solution, a natural or synthetic poly-
mer or an appropriate membrane.

Specific examples of these pharmaceutically
acceptable excipients, which may be used solely or in
combination, are olive oil, arachis oil, castor oil,
mineral oil, petroleum jelly, dimethyl sulfoxide,
chremophor, liposomes, or liposome-like products or a
silicone fluid, among others.

In summary, a great deal of effort has been ex-
pended in order to prepare a pharmaceutical composi-
tion containing cyclosporin dissolved in an aqueous
medium or cyclosporin prepared as an oily solution.
However, successful formulations have yet to be accom-
plished as evidenced by the lack of commercial prod-

ucts.
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As hereinabove noted, it has been reported that
cyclosporin has demonstrated some solubility in oily
preparations containing higher fatty acid glycerides
such as olive o0il, peanut oil, and/or castor oil.
These formulations frequently produce an unpleasant
sensation when applied to the eye because of stimula-
tion or the viscousness which is characteristic of
these oils.

Another drawback of these formulations is that
they contain a high concentration of oils, and oils
exacerbate the symptoms of certain ocular surface
diseases such as dry eyes, indicated by cyclosporin.
Therefore, these oily formulations may not be clini-
cally acceptable. Additionally, these formulations
often suffer from physical instability due to cyclo-
sporin's propensity to undergo conformational change
and crystallize out. The crystallization problem has
been noticed in formulations containing corn oil or
medium chain triglycerides. Lastly, these formula-
tions often have a low thermodynamic activity (degree
of saturation) of cyclosporin which leads to a poorer
drug bioavailability.

It may be possible to minimize the problems
related to unpleasant sensation and syndrome exacerba-
tion by reducing the o0il content and dispersing the
0il phase in water into an emulsion. However, it is
not an easy task to formulate an ophthalmic emulsion
because one indispensable class of ingredients in an
emulsion system is emulsifiers, and the majority of
emulsifiers is highly irritating to the eyes.

The present invention is directed to an emulsion
system which utilizes higher fatty acid glycerides but
in combination with polysorbate 80 which results in an
emulsion with a high comfort level and low irritation
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potential suitable for delivery of medications to sen-
sitive areas such as ocular tissues. Further, the
present invention provides a pharmaceutical composi-
tion and method for causing preferential absorption of
cyclosporin in the lacrimal gland. That is, for a
given instillation of the composition into an eye,Aa
greater amount of absorption occurs in the lacrimal
gland for formulations made in accordance with the
present invention than heretofore utilized formula-

tions.
SUMMARY OF THE INVENTION

In accordance with the present invention, a non-
irritating pharmaceutical composition with high com-
fort level and low irritation potential suitable for
delivery to sensitive areas such as ocular tissues
comprises cyclosporin in admixture with an emulsifying
amount of a higher fatty acid glycerol and polysorbate
80. More particularly, the composition may comprise
cyclosporin A and the higher fatty acid glyceride may
comprise castor oil.

Preferably, the weight ratio of the castor oil to
the polysorbate 80 is between about 0.3 to about 30
and a weight ratio of the cyclosporin to castor oil is
below 0.16. More preferably, the weight ratio of
castor oil to polysorbate 80 is between 0.5 and 12.5,
and the weight ratio of cyclosporin to castor oil is
between 0.12 and 0.02.

When cyclosporin is dissolved in the o0il phase in
accordance with the present invention, the emulsion is
found to be physically stable upon long term storage.
No crystallization of cyclosporin was noticed after
nine months at room temperature. Moreover, the
cyclosporin emulsion is formulated in such a way that
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the drug has reasonably high thermodynamic activity,
yet without the crystallization problem.

Importantly, the composition of the present in-
vention provides for enhanced absorption of the cyclo-
sporin in the 1lacrimal gland of the eye. In this
manner, the activity of the cyclosporin in restoring
lacrimal gland tearing is increased. That is, since
a greater amount of cyclosporin is absorbed into the
lacrimal gland, more of the cyclosporin is effective
in producing lacrimal gland tearing than heretofore
possible.

BRIEF DESCRIPTION OF THE DRAWINGS

The advantages and features of the present inven-
tion will be better understood by the following
description when considered in conjunction with the
accompanying drawings in which:

Figure 1 is a bar chart of conjunctival concen-
tration of cyclosporin A after a single topical
instillation of various formulations in a rabbit eye;

Figure 2 is a bar chart of cornea concentration
of cyclosporin A after a single topical instillation
of various formulations in a rabbit eye;

Figure 3 is a bar chart of ciliary body concen-
tration of cyclosporin A after a single topical
instillation of various formulations in a rabbit eye;
and

Figure 4 is a bar chart of lacrimal gland concen-
tration of cyclosporin A after a single topical
instillation of various formulations in a rabbit eye.

DETATILED DESCRIPTION

As hereinabove noted, cyclosporin is available as
a mixture in which the principal ingredient is cyclo-
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sporin A with significant, but smaller, quantities of
other cyclosporins such as cyclosporin B through I.
However, as also hereinabove noted, the present inven-
tion may be applied to either a pure cyclosporin or to
a mixture of individual cyclosporins.

The discovery on which the present invention is
founded relates to a combination of a higher fatty
acid glyceride and an emulsifier and dispersing agent,
polysorbate 80. The selection of these components
could not have been anticipated on the basis of con-
ventional thinking.

For example, although it is well Xnown that
cyclosporin may be used in combination with castor
oil, this combination is irritating to sensitive
tissues such as the eye. Thus, conventional teaching
in the art is away from a formulation which utilizes
a higher fatty acid glyceride, such as castor oil, and

cyclosporin.

Stated another way, there is no way of deducing
that the use of an emulsifier and dispersing agent
such as polysorbate 80 will reduce the irritation po-
tential of an emulsion utilizing castor oil. There
are no examples of polysorbate in combination with
castor oil which, when admixed to cyclosporin, pro-
duces an emulsion with a high comfort level and low
irritation potential suitable for the delivery of

medication to sensitive areas such as ocular tissues.

The present invention achieves a stable solution
state of cyclosporin. This stable solution state is
another important performance characteristic differ-
entiating the present invention from the conventional
oil systems. Cyclosporin is notorious for its ten-
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dency to precipitate out in conventional oil systems
in which it is fully dissolved initially.

In accordance with the present invention, the
emulsions can be further stabilized using a polyelec-
trolyte, or polyelectrolytes if more than one, from
the family of cross-linked polyacrylates, such as

carbomers and Pemulen®.

Pemulen® is a polymeric emulsifier having a CTFaA
name of Acrylates/Cl10-30 Alkyl Acrylate Cross-Polymer
and is discrived in th "Carbomer 1342" monograph in
the USPXXII/NFXVII. ’

In addition, the tonicity of the emulsions can be
further adjusted using glycerine, mannitol, or sorbi-
tol if desired. The Ph of the emulsions can be ad-
justed in a conventional manner using sodium hydroxide
to a near physiological pH level and while buffering
agents are not required, suitable buffers may include
phosphates, citrates, acetates and borates.

While the preferable medications in accordance
with the present invention include cyclosporin, other
chemicals which are poorly soluble in water such as
indomethacin and steroids such as androgens, predniso-
lone, prednisolone acetate, fluorometholone, and
dexamethasones, may be emulsified with castor oil and
polysorbate 80 resulting in a composition with similar
low irritation poteﬁtial.

The invention is further illustrated by the
following examples with all parts and percentages
expressed by weight. The cyclosporin used in the
examples was supplied by Sandoz.
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Example 1
A B C D E
Cyclosporin A 0.40% 0.20% 0.20% 0.10% 0.05%
Castor oil 5.00% 5.00% 2.50% 1.25% 0.625%
Polysorbate 80 1.00% 1.00% 1.00% 1.00% 1.00%
Pemulen® 0.05% 0.05% 0.05% 0.05% 0.05%
Glycerine 2.20% 2.20% 2.20% 2.20% 2.20%
NaOH gas gs gs gas as
Purified water qgs gs as gs qs
pPH 7.2-7.67.2-7.67.2-7.617.2-7.6{7.2-7.6
Example 2
A B C D
Castor oil 5.00% 2.50% 1.25% || 0.625%
Polysorbate 80 1.00% 1.00% 1.00% 1.00%
Pemulen® 0.05% 0.05% 0.05% 0.05%
Glycerine 2.20% 2.20% 2.20% || 2.20%
NaOH gs qgs as gs
Purified water gs gs gs qs
pH 7.2-7.6|7.2-7.6{7.2-7.6(7.2-7.6
Example 3
A
Castor oil 2.50%
Polysorbate 80 0.75%
Carbomer 1382 0.05%
Glycerine 2.20%
NaOH gs
Purified water gs
PH 7.2-7.6

0516



WO 95/31211

10

15

20

25

30

35

PCT/US95/06302

Example 4

A
Castor oil 5.00%
Polysorbate 80 0.75%
Carbomer 981 0.05%
Glycerine 2.20%
NaOH as
Purified water gs
pH 7.2-7.6

The formulations set forth in Examples 1-4 were
made for treatment of keratoconjunctivitis sicca (dry
eye) syndrome with Examples 2, 3 and 4 without the
active ingredient cyclosporin utilized to determine
the toxicity of the emulsified components.

The formulations in Examples 1-4 were applied to
rabbit eyes eight times a day for seven days and were
found to cause only slight to mild discomfort and
slight hyperemia in the rabbit eyes. Slit lamp exam-
ination revealed no changes in the surface tissue. 1In
addition, the cyclosporin containing castor oil emul-
sion, as hereinabove set forth in Examples 1A-1D, was
also tested for ocular biocavailability in rabbits; and
the therapeutic level of cyclosporin was found in the
tissues of interest after dosage. This substantiates
that cyclosporin in an ophthalmic delivery system is
useful for treating dry eye as set forth in U.S.
Patent No. 4,839,342.

In addition, no difference in toxicity was found
between formulations with cyclosporin (Examples 1A-1D)
and formulations without cyclosporin (Examples 2-4).

The formulations set forth in Examples 1-4 were
found to be physically stable upon long term storage.
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With regard to formulations 1A-1D, no crystallization
of cyclosporin was noticed after nine months at room

temperature.

Further, other higher fatty acid glycerides such
as olive o0il, peanut o0il and the like may also be
utilized with the polysorbate 80 with similar results
regarding biotoxicity.

The following examples demonstrate the activity
of the composition in accordance with the present
invention for enhanced absorption of cyclesporin A in

the lacrimal gland.
Materials

The [Mebmt-3H]-cyclosporin-A (lot #TRQ6553) was
prepared by Amersham International (Buckinghamshire,
England) with radiochemical purity of -98% (by
reversed phase HPLC) and specific activity of 2.6
Ci/mmol (2.16 mCi/mg). The 3H-label is a metabolic-
ally stable position as shown by the asterisk. The
radiolabeled CsA was supplied as an ethanol solution
(1 mCi/ml). All organic solvents used in the
procedures described in this study were "HPLC grade".
all other chemicals and reagents were analytical grade
unless otherwise noted.

The compositions of the six formulations tested
are listed in Table A.
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TABLE A
Castor _|Miglyol
: Castor | Oil-in- |BAdQueous Oil-in- |Polyoxyl Polyqul
Ingredients R a Cyclo- 40 with
0il Water dextrin Water 40 Edetate
Emulsion Emulsion
Cyclosporin-A 0.20 0.20 0.10 0.20 0.05 0.05
Cyclodextrin 14
Castor 0il 99.8 1.25
Miglyol Oil 20
Pluronic L121+P123 0.75
Tween 80 1.00
Glycerin 2.20 2.20
Pemulen® TR-2 0.05
Carbopol 981 0.05
Polyoxyl 40
Stearate (mg) 20 20
HPMC 0.3 0.3
Butylated
Hydroxytoluene 0.001 0.001
Ethanol (9200 proof) 0.1
Sodium Chloride 0.73 0.73
Sodium
Monophosphate 0.2 0.2
Disodium Edetate 0.1
Water Qs os | os 0s 0s
1 ] x> | x> 1 > | ¥ | 95 |
Batch Size lg 5 g lg 5 g lg lg

The radiolabeled formulations were formulated to

ensure

that
throughout the wvehicle.

the

radioactivity

was

homogeneous
The expected radioactivity

concentrations of the radiolabeled drug formulations
were 1-2 mCi/ml. The expected specific activity of
radiolabeled cyclosporin A (CsA) formulations was 0.5-
2 mCi/mg. All test articles were stored at ambient

temperature.
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Analysis of Test Drug Formulations

The test formulations were analyzed in triplicate

by HPLC to determine the concentration of CsA and

radiochemical purity of the
(>93%) before dosing.

CsA dosing solutions

The radioactive concentrations

of the test formulations were quantified by liquid

scintillation counting (LSC).

Chromatographic Conditions

Pump:

Mobile phase:

Flow rate:

Column:

Injector:

14c getector:

Scintillant:

UV detector:

Data processor:

Run Time:

Retention Time:

Beckman Model 126 (Beckman
Instruments, San Ramon, CA)

Acetonitrile: 0.03% H3PO, in water,
PH 3 (65:35 v/v)

1.0 ml/min

Supercosil C8, 7.5 cm x 4.6 mm,
3 um (Supelco, Bellefonte, PAa)
Superguard LC-8 (Supelco)

Column heater (Bio-rad, Richmond,
CA) at 60-70°C

WISP 712B (Waters Associates,
Milford, MA)

Radio Isotope 171 Detector
(Beckman Instruments)

Ready Flow ITT (Beckman
Instruments), Flow Rate of
"4 ml/min

Model 166 (Beckman Instruments),
202 nm

Beckman System Gold (Beckman
Instruments)

15 min

6 min (cyclosporin A)
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Animals

Female New Female New Zealand albino rabbits were
obtained and quarantined for at least five days before
procedures. Animals were housed in temperature- and
humidity-controlled rooms. Food and tap water were
provided ad libitum. Fifty-eight rabbits (2-3 kg)
were selected from the colony to minimize bias. They
were individually identified by ear tags and appeared
to be healthy.

Dosing

The animals were divided into six groups of nine
rabbits; each group was treated with one of the six
CsA formulations. During dosing, the lower eyelid of
each rabbit was gently pulled away from the eye and
35 ul of the formulation were administered in the
lower conjunctival cul-de-sac of each eye. After
dosing, the upper and lower eyelid were handheld
closed for "5 seconds and released. The animals were
observed visually for any signs of tearing or ocular
discomfort.

Sampling

Tissues were collected at 20-min., 6-hr. and
24-hr. post-dose for each group. Three rabbits (six
eyes) were used at each time point. At the specific
sampling times, the animals were euthanized by an
intravenous injection of 0.5-1 ml Eutha-6 (Western
Supply Co., Arcadia, California) via marginal ear
vein. Each eye was then rinsed with normal saline.
The aqueous humor ("200 pl) was removed by means of a
0.5 ml tuberculin syringe. The orbital lacrimal gland
(7400 mg), upper and lower bulbar conjunctivae (~50 mg
each), corneal (750 mg) and iris-ciliary body (" 50 mg)
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were dissected. The tissues dissected were blotted
dry and weighed. Ocular tissue and aqueous humor

samples from both eyes were collected from four

untreated animals to be used as blank samples.

Analvsis of Radiocactivity

An aliquot of aqueous humor (50-175 ul) was
counted directly in 10 ml of Ready-Solv HP by LScC.
Tissue and blood samples were weighed into combustion
cones prior to combustion in a Model 307 Packard
Tissue oxuduzer (Packard Co., Downers Grove,
Illinois). After combustion of the tissue samples,
3H20 was trapped in the Monophase-S solution (Packard)
and the radioactivity of the samples was determined by
LSC in a Beckman Model 1801 or 3801 scintillation
counter (Beckman Instruments, San Ramon, California).

Data Analyses

Excel software (version 4.0, Microsoft Corp,
Redmond, Washington) was used for data analysis.
concentrations of total radiocactivity in the tissue
samples were expressed as dpm/g or dpm/ml and
converted to ng equivalents (eq) of CsA/g or ml, using
the specific activity of the dosing formulations.
Mean, standard deviation (SD) or standard error of the
mean (SEM) was calculated according to standard
methods. Radioactivity levels were not considered
significant unless the dpm was greater than twice that
of background b=(blanks).

Comparisons of tissue drug concentrations at each
time point for the formulations were determined by
one-factor ANOVA. All statistical comparisons were
made using StatView® (version 1.03, Abacus Concepts,
Inc., Berkeley, California). the Fisher and Scheffe
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F tests were used to determine significant differences
between formulations at the 95% level (a = 0.05). The
rejection criteria for excluding any outlier data was
based on standard outlier tests. No more than one
outlier was eliminated from any data set.

Results and Discussion

The radioactivity concentrations in ocular
tissues at 20 minutes, 6 hours, and 24 hours after a
single topical application of various formulations are
depicted in Figures 1-4. 1In general, the concentra-
tions in the ocular tissues were greatest at the earl-
iest time point of 20 minutes as reported in previous
single dose studies (2, 3). The radioactivity concen-
tration was highest in the conjunctiva and cornea for
each formulation. The relatively low agqueous humor
and iris-ciliary body concentrations suggest low in-
traocular absorption of CsA, consistent with the low
CsA corneal permeability of -1.0 x 1075 cm/sec (6).
The decline of radioactivity concentrations from the
cornea was slower than those from the conjunctiva,
lacrimal gland, and aqueous humor. The observed blood
radioactivity concentrations (<3 ng-egq/ml) were much
lower than trough plasma CsA concentrations of
80-250 ng/ml observed after oral dosing to humans (1).

The dependence of CsA corneal and conjunctival
penetration on the formulation was interpreted in
terms of CsA concentration in formulation and the
release rate of CsA from formulation into tear film.
The aqueous formulations demonstrated a greater
propensity to release CsA for diffusion across the
surface tissue epithelia. The 0.2% straight castor
0il was formulated below the CsA solubility and
therefore the release rate could be hampered by the
less than maximal CsA thermodynamic activity (5).
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The ocular surface tissues contained a higher
fraction of the CsA dose than the other tissues and
was used to discriminate among the aqueous, emulsion
and the straight castor oil formulations. The poly-
oxyl 40 formulation produced higher ocular surface
tissue concentrations than the emulsions and straight
castor oil. The emulsions were also effective in
delivery of CsA to the tissues of interest, lacrimal
gland, cornea, and conjunctiva. The castor oil emul-
sion showed higher lacrimal gland concentrations than
the modified Santen and the miglyol emulsion. The
straight castor oil showed the lowest concentrations
in surface ocular tissues. Apparently, the factors
influencing CsA penetration into the lacrimal gland
and the surface tissues are different.

Although there has been hereinabove described a
particular pharmaceutical composition in the form of
a nonirritating emulsion for the purpose of illustrat-
ing the manner in which the invention may be used to
advantage, it should be appreciated that the invention
is not limited thereto. Accordingly, any and all mod-
ifications, variations, or equivalent arrangements,
which may occur to those skilled in the art, should be
considered to be within the scope of the present in-
vention as defined in the appended claims.

0524



WO 95/31211

PCT/US95/06302
-19-
WHAT IS CLAIMED IS:

1. A composition comprising a nonirritating
emulsion of at least one cyclosporin in admixture with
a higher fatty acid glyceride, polysorbate 80 and an
emulsion-stabilizing amount of Pemulen® in water
suitable for topical application to ocular tissue.

2. The pharmaceutical composition according to
claim 1 wherein the cyclosporin comprises cyclosporin
A.

3. The pharmaceutical composition according to
claim 2 wherein the weight ratio of the higher fatty
acid glyceride to the polysorbate 80 is between about
0.3 and about 30.

4. The pharmaceutical composition according to
claim 3 wherein the higher fatty acid glyceride com-
prises castor oil and the weight ratio of cyclosporin
to castor oil is below about 0.16.

5. A pharmaceutical composition comprising a
nonirritating emulsion of at least one cyclosporin in
admixture with castor oil and polysorbate 80 in water
suitable for topical application to ocular tissue.

6. The pharmaceutical composition according to
claim 5 wherein the cyclosporin comprises cyclosporin
A’

7. The pharmaceutical composition according to
claim 6 wherein the weight ratio of castor oil to the
polysorbate 80 is between about 0.3 and about 30.
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8. The pharmaceutical composition according to
claim 7 wherein the weight ratio of cyclosporin to

castor oil is below about 0.16.

9. The composition according to claim 1 wherein
the higher fatty acid glyceride and polysorbate 80 are
present in amounts sufficient to prevent crystalliza-
tion of cyclosporin for a period of up to about nine
months.

10. A stable, nonirritating ophthalmic composi-
tion comprising cyclosporin in admixture with an
emulsifying amount of a higher fatty acid glyceride
and polysorbate 80. ’

11. A pharmaceutical emulsion comprising
cyclosporin A, castor oil, Pemulen®, glyceride and
water in amounts sufficient to prevent crystallization
of cyclosporin A for a period of up to about nine
months, said pharmaceutical emulsion being suitable
for topical application to ocular tissue.

12. The pharmaceutical emulsion according to
claim 11 wherein the cyclosporin A is present in an
amount of between about 0.05 to about 0.40%, by
weight, the castor o0il is present in ana mount of
between about 0.625%, by weight, the polysorbate 80 is
present in an amount of about 1.0%, by weight, the
Pemulen® is present in an amount of about 0.05%, by
weight, and the glyceride is present in an amount of
about 2.2%, by weight.

13. A pharmaceutical emulsion consisting of
between about 0.05% and about 0.40%, by weight, cyclo-
sporin A, between about 0.625% and about 5.0%, by
weight, castor oil, about 1.0%, by weight, polysorbate
80, about 0.05%, by weight, Pemulen®, and about 2.2%,
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by weight, glycerine in water with a pH of between
about 7.2 and 7.6 suitable for topical application to

ocular tissue.

14. A pharmaceutical composition suitable for
instillation into an eye, said pharmaceutical
composition comprising a nonirritating emulsion of at
least one cyclosporin and castor oil in an amount
causing enhanced lacrimal gland absorption.

15. The pharmaceutical composition according to
claim 14 wherein the cyclosporin comprises cyclosporin
A.

l6. The pharmaceutical composition according to
claim 15 wherein the cyclosporin is present in an
amount of between about 0.20 and about 5.0% by weight.

17. The pharmaceutical composition according to
claim 15 further comprising an emulsion-stabilizing
amount of Pemulen® in water suitable for topical
application in the eye.

is. The pharmaceutical composition according to
claim 17 wherein the cyclosporin is present in an
amount of about 0.20% by weight, the castor oil is
present in an amount of about 1.25% by weight, and the
Pemulen® is present in an amount of about 0.05% by
weight.

19. The pharmaceutical composition according to
claim 18 further comprising Tween 80 in an amount of
about 1.0% by weight, and glycerin in an amount of
about 2.20% by weight.

20. A pharmaceutical composition suitable for
instillation into an eye, said pharmaceutical
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composition comprising a nonirritating admixture of at
least one cyclosporin and castor oil in an amount

causing enhanced lacrimal gland absorption.

21. The pharmaceutical composition according to
claim 20 wherein the cyclosporin comprises cyclosporin
A.

22. A method of causing enhanced absorption of
cyclosporin A in the lacrimal gland of an eye, said
method comprising the steps of:

admixing cyclosporin A with castor oil;
and
instilling the admixture into the eye.

23. The method according to claim 22 wherein the
step of admixing includes forming an emulsion of

cyclosporin A, castor oil and water.

24. A method of causing enhanced absorption of
cyclosporin A in the lacrimal gland of an eye, said
method comprising the steps of:

forming an emulsion of cyclosporin A,
castor o0il, Pemulen® and water; and
instilling the emulsion into the eye.

25. The method according to claim 24 wherein the
cyclosporin is present in an amount of about 0.20% by
weight, the castor o0il is present in an amount of
about 1.25% by weight, and the Pemulen® is present in
an amount of about 0.05% by weight.

26. The method according to claim 24 wherein the
emulsion further comprises Tween 80 in an amount of
about 1.0% by weight, and glycerin in an amount of
about 2.20% by weight.
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{57) Abstract

Disclosed is a solid dispersed preparation for poorly water—soluble drugs, which is prepared by dissolving or dispersing the poorly
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SOLID DISPERSED PREPARATION OF POORLY WATER-SOLUBLE DRUG

CONTAINING OIL, FATTY ACID OR MIXTURES THEREOF

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a solid dispersed
preparation for poorly water-soluble drugs or biologically
active substances. More particularly, this invention
relates to a solid dispersed preparation which allows
poorly water—-soluble drugs to be increased in the uptake
efficiency in the gastro-intestinal track and is convenient

to make in a pharmaceutical formulation.

Description of the Prior Art

A goodmany drugs poorly dissolve inwater. When being
administered to a body, these poorly water-soluble drugs
have so low solubility and releasing rate in digestive
juices as to réﬁard their absorption, resulting the
bicavailability decreased. Inorder tosolve thisproblem,
various prepaiationlnethods were developed with the aim of
solubilizing these poorly water-soluble drugs and
increasing their releasing rates. For instance, there
have Dbeen reported many methods for improving the
bioavailability of drugs, including micronization,
formation of micelles byv use of surfactant, solvent

deposition, utilization of dry elixirs, co-precipitation
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by use of inert water-soluble carriers, solid-dispersion
and formation of inclusion complexes using cyclodextrins.
In conducting these methods, however, the drugs to be
administered do not show a constant increase in solubility.
Thus, they are problematic in terms of preparation,
commercialization, and efficiency.

For the poorly water-soluble drugs, which are also
poor in internal uptake, there have been made attempts to
enhance their bicavailability upon administration.
However, the dosage forms developed thus far, are of
semi-solid or liquid form, giving disadvantages in
pharmaceutics, especially in formulating, molding and

processing.

SUMMARY OF THE INVENTION

We, the inventors made the intensive and thorough
research on the formulation of poorly water-soluble drugs,
to improve the Dbicavailability of the drugs upon
administration. As a result, we found that the dispersion or
solution of the poorly water-soluble drugs in oils, fatty
acids or mixtures thereof, followed by mixing with a
water—-soluble polymer matrix allowed the drugs to
efficiently release in the gastro-intestinal tract and the
mixture can be formed into a solid form.

Therefore, it is an object of the present invention to

provide a solid dispersed preparation which improves the
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bicavailability of poorly water-soluble drugs by enhancing
the release of the drugs in the gastro-intestinal tract.

It 1is another object of the present invention to
provide a solid dispersed preparation which can be prepared
by simple and convenient process with an economical
benefit.

According to the present invention, a solid dispersed
preparation for poorly water-soluble drugs is prepared by
dissclving or dispersing the drugs in an oil, a fatty acid
or a mixture thereof, mixing the solution or dispersion in

a water-soluble polyol matrix and drying the mixture.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a graph in which the plasma concentratiocn of
cyclosporine is plotted against the times after
administrating the solid dispersed preparations of the
present invention (closed rectangle and closed triangle)
and a commercially available preparation (Neoral, closed
lozenge) ;

Fig. 2 is a graph in which the plasma concentration of
aceclofenac 1is plotted against the times after orally
administrating aceclofenac powder (closed circle) and the
solid dispersed preparation of the present invention (open
circle, oleic acid 5%) to rats;

Fig. 3 is a graph in which the plasma concentration of

cyclosporine is plotted against the times after

W
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administrating the solid dispersed preparation of the
presentinvention(closedcircle,capsulecontaininglOOn@
of the preparation) and a commercially available
preparation(opencircle,AirtalcapsulelOOrmﬁ to bealgle
dogs;

Fig. 4 is a graph in which the plasma concentration of
aceclofenac is plotted against the times after orally
administrating the solid dispersed preparation of the
presentinvention(closedcircle,capsulecontaininglOOn@
of the preparation) and a commercially available
preparation (open circle, Airtal capsule 100 mg) to humans;
and

Fig. 5 is a graph in which the plasma concentration of
cisapride is plotted against the times after orally
administrating the solid granular preparations of the
present invention (open circle, bead 10 mg) and a
commercially available preparation (closed <circle,

prepulsid 10 mg) to humans.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, the present invention will be described

in detail.
In accordance with the present invention, there is
provided a solid dispersed preparation for poorly water-

soluble drugs, which is prepared by dispersing or

dissolving the drugs in an oil, a fatty acid or a mixture

PCT/KR99/00341
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thereof, incorporating the dispersion or solution into a
water-soluble polymer matrix and drying this mixture.

In particular, this invention provides two types of
fomulation, i.e., the solid powdery preparation and the
solid granular preparation.

The preparation method of the solid dispersed powders
comprises the following steps; Dissolving or dispersing the
poorly water-soluble drugs in an oil, a fatty acid or the
mixture thereof; mixing with the water-soluble polymer
matrix; drying the mixture; and grinding the pellet into
powders.

In addition, the preparation method of the solid
dispersed granules comprises the following steps;
Dissolving or dispersing the poorly water-soluble drugs in

an oil, a fatty acid or the mixture thereof; mixing with the

water-soluble polymer matrix; spraying onto a
pharmaceutically acceptable nucleus, resulting the
granules. In apreferred embodiment, the pharmaceutically

acceptable nucleus may be a sugar sphere.

The solid dispersed powdery preparation or the solid
dispersed granular preparation of this invention can be
formulated into the pharmaceutically acceptable medicines
for internal use such as powders, granules, tablets and
capsules.

Hereinafter, the word “solid dispersed preparation”
means “solid dispersed powdery preparation’”, Vsolid

dispersed granular preparation” or the both.
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In this regard, the oil, the fatty acid or the mixture
thereof may be used alone or in a form of an emulsion or
microemulsion inclusive of itself. When dispersing or
dissolving poorly water-soluble drugs in the oil, fatty
acid or mixture thereocf, a surfactant may be added together.

Further, the water-soluble polymer matrix may be used
alone or in combination with another water-socluble matrix.

Illustrative examples of the o0il that can be used in
the preparation of the present invention include lipid
additives, such as a-bisabolol, stearyl glycerrhetinate,
salicylic acid, tocopheryl acetate, a mixture of water,
alcohol and Perilla extract, sodium hyaluronate,
panthenol, propylene glycol and apple(Pirus Malus),
propylene glycol and pineapple, ivy (Hedera halix) extract
and 1, 3-B.G, peach (Prums persica) leaf extract, hydrolyzed
soy flour, wheat (Triticum Vulgare) protein, birch (Betula
alba) extract and 1,3-B.G, burdock (Arctium majus)extract
and 1,3-B.G; liposomes; phosphatidylcholines; esters, such
as glyceryl stearate, captylic/capric triglyceride, cetyl
octanolate, isopropyl myristate, 2-ethylene isopelagonate,
di-Cl2-13 alkyl malate, ceteatyl octanoate, butylene
glycol dicaptylate/dicaprate, isononyl isostearate,
isostearyl isostearate, coco-captylate/caprate, cetyl
octanoate, octyldodecyl myristate, cetyl esters, Cl0-30

cholesterol/lanosterol ester, hydrogenated castor oil,

monoglycerides, diglycerides, and triglycerides;
hydrocarbons, such as beeswax, canauba wax, suctose
6
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distearate, PEG-8 beeswax and candelilla (euphorbia
cerifera) wax; mineral oils such as ceresin and ozokerite;
vegetable oils such as macadamia ternifolia nut oil,
hydrogenated hi-erucic acid rape seed o0il, olive oil,
jojoba cil, hybridsunflower (Helian thus annuus) oil, neen
(melia azadirachta) seed oil, dog rose (rosa canina) lips
0il with preference to mineral oils, squalene, squélane,
monoglycerides, diglycerides, triglycerides, medium-chain
glyceride, myglyol, cremophor, hydrogenated caster oil,
corn oil, Perilla oil, cotton seed oil and lipid-soluble
vitamins.

As for the fatty acid, it is preferable to use oleic
acid, cetyl alcohol, stearyl alcohol, stearic acid,
myristic acid, linoleic acid or lauric acid. DMore
preferable is to use oleic acid, linoleic acid, or
isopropyl myristate.

As the water-soluble matrix, polyethylene glycol
(PEG),carbowaxorp@lyvinylpyrrolidone(PVP)isavailable.

Aforementioned water-soluble matrix may be used in
combination with other matrixces, examples of which include
water—-soluble matrices such as gelatin, gum, carbohydrates,
celluloses, polyvinyl alcohol, polyacrylic acid, inorganic
compounds and mixtures thereof; and enteric matrices such
as hydroxypropylmethylcellulose acetyl succinate (HPMCAS),
cellulose acetate phthalate, shellac, =zein, polyvinyl
acetate phthalate, Eudragit L100, Eudragit S100, sodium

arginate and poly-L-lysine.
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In order to enhance the dispersion or dissolution of
poorly water-soluble drugs in the oil, fatty acid or their
mixture, a surfactant may be added, which is selected from
the group comprising glyceryl stearate, polysorbate 60,
polysorbate 80, sorbitan trioleate, sorbitan sesquioleate,
sorbitan stearate, PEG-20 glyceryl isostearate, ceteth-25,
PEG-60 hydrogenated castor oil, nonoxynol-15, PEG-6-
decyltetradeceth-20, dimethicone copolyol, glyceryl
diisostearate, ceteth-24, cetearyl alcochol,
polyoxylethylene nonyphenyl ether, PEG-40 hydrogenated
castor o0il, cetyl dimethicone copolyol, polyglyceryl-3-
methylglucose distearate, PEG-100 stearate, sorbitan
isostearate, sodium lauryl glutamate, disocdium
cocoamphodiacetate, lauric acid diethanolamide, coconut
fatty acid diethanolamide, N,N-bis-(2-hydroxy ethyl)-
cocomide, and cocoamidopropyl betain.

The solid dispersed preparation of the present
invention can be applied for all the poorly water-soluble -
drugs and preferably for ketoconazole; itraconazole and its
derivatives; cyclosporine; cisapride; acetaminophen;
aspirin; acetylsalicylic acid; indomethacin; naproxen;
warfarin; papaverine; thiabendazole; miconazole;
cinnarizine; doxorubicin; omeprazole; cholecalciferol;
melphalan; nifedipine; digoxin; benzoic acid; tryptophan;
tyrosine; phenylalanine; aztreonam; ibuprofen;
phenoxymethylpenicillin; thalidomide; methyltestosterone;

prochlorperazine; hydrocortisone; dideoxypurine
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nucleoside; vitamin D.; sulfonamide; sulfonylurea; p-
aminobenzoic acid; melatonin; benzylpenicillin;
chlorambucil; diazepin; digitoxin; hydrocortisone
butyrate; metronidazole benzoate; tolbutamide;
prostaglandin E1(PGE,); fludrocortisone; griseofulvin;
miconazole nitrate; leukotriene B, antagonist;

propranolol; thephylline; flubiprofen; sodium benzoate;
benzoic acid; riboflavin; benzodiazepine; phenobardital;
glyburide; sulfadiazine; sulfaethylthiadiazole; sodium
diclofenac; aceclofenac; phyniroin;
hioridazinehydrochloride; bropirimine;
hydrochlorothiazide; fluconazole; acyclovir; bucillamine;
ciprofluoxacin; acetyl-L-carnitine; baclofen; sodium
alendronate; lovocarnitine; nimodipine or nimodifine;
atenolol; provastatin sodium; lovastatin; isotretinoin;

etidronate disodium; doxifluridine; fosfomycin calcium;

sctepine; epinastine hydrochloride; carvedilol;
epinastine hydrochloride; carvedilol; fosinopril;
trandolapril; etretinate cap; metergoline;
mercaptopurine; vancomycin hydrochloride; cefixime;

cefuroxim axetil; dirithramycin; and dadanosin and more
preferably for ketoconazole, itraconazole and 1its
derivatives, cisapride, cyclosporine and nifedipine.

Over conventional methods, the present invention has
an advantage, in that, the solid dispersed preparation can
be prepared with ease and show high efficiency in absorption

and release.
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First, a poorly water-soluble medicine is
homogeneously mixed and dispersed in an oil, fatty acid or
their mixture and added in water-soluble polymer matrices
molten at room temperature or about 60-80 °C, after which the
resulting mixture is cooled rapidly to room temperature and
dried in an oven for 12 hours or more. The dried pellet is
powdered in a mortar and passed through a sieve to give
powder which is uniform in particle size. As
aforementioned, when the drug is dispersed or dissolved in
the o0il, fatty acid or their mixture, the 0oil, fatty acid or
their mixture may be emulsified or micro-emulsified. 1In
this case, a surfactant may be added to the solution.

Rlternatively, after the homogeneous dispersion of
the poorly water-soluble drug is added in the water-soluble
polymer matrix molten at about 60-80 °C, it may be sprayed
to pharmaceutically acceptable nucleus to give a granule.

As a consequence of an examination which was made on
the solubility of the solid dispersed preparation in
distilled water, artificial intestinal Jjuice and
artificial gastric juice, the solubility of the solid
dispersed preparation is found to be better than those of
poorly water-soluble drugs themselves. Particularly, a
great advance can be brought into the solubility of poorly
water~soluble drugs when they are incorporated into a solid
dispersed preparation containing oleic acid or micro-
emulsified oleic acid.

The data obtained from the experiments in which the

10
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solid dispersed preparations of the present 1nvention are
eluted in artificial gastric juice and artificial
intestinal juice, show that the solid dispersed
preparations of the present invention are superior to the
poorly water-soluble drugs themselves in releasing rate.
A significant improvement in releasing rate is observed
when a solid dispersed preparation containing oleic acid or
microemulsified oleic acid 1is used. 1In the artificial
intestinal juice, a severer condition in which for drugs to
dissolve, rather than in the artificial gastric juice, the
improvement in the releasing rate by virtue of the solid
dispersed preparation is more apparent.

Through an experiment which is conducted for examining
the uptake efficiency of poorly water-soluble drugs in the
gastro-intestinal tract, the superiority of the solid
dispersed preparation according to the present invention is
also demonstrated. Even when only a water-soluble matrix
is used, the uptake efficiency of the drugs is minutely
increased. 1In particular, the uptake efficiency of drugs
in the gastro-intestinal tract is remarkably improved when
they are incorporated in a solid dispersed preparation
using oleic acid-containing microemulsions.

In addition, comparison of the plasma concentration of
target drug molecule after oral administration between the
solid dispersed preparation and conventional preparations,
is helpful in understanding the present invention. As a

result, similar levels are observed, suggesting that the

11
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solid dispersed preparation of the present invention can
substitute for conventicnal preparations when account is
taken of pharmaceutical aspects.

A better understanding of the present invention may be
obtained in light of the following examples which are set
forth to illustrate, but are not to be construed to 1imit the
present invention.

Following are the compositions of emulsions and

microemulsions used in Examples.

EMULSIONS
PREPARATION EXAMPLE I
Waxes Composition (%)
KALCHOL 6870 1.800
EMERSOL 132 1.000
Multi-Wax W-445 1.700
Emulsifiers
ATLAS G-144 1.800
ATLAS G-610 1.900
ATMOS 370 0.800
KM-105 2.000
Oils
CRODALAN SWL 1.500

12

0546



10

15

20

25

WO 00/00179

Agqueo

Waxes

LEXOL GT 865

NIKKOL CIO

SEPERIOR JOJOBA OIL

SF 1202

KF-96(100CS)

DRAKEOL 7

Squalane
dl—-a-Tocopheryl Acetate

POLYOLPERPOLYMER-2

us Phase
DI-WATER
glycerin

P.G

NATURAL EXT.AP
LUBRAGEL CG
Carbopo 1940
KELTROL F

NaOH

PREPARATION EXAMPLE II

KALCHOL 6870
EMERSOL 132

Multi—-wax W-445

13

4.000
4.000
1.000
0.200
0.300
5.000
2.000
0.100

0.200

60.852
2.000
7.000
0.500
0.200
0.100
0.020

0.028

1.800
1.000

1.700

PCT/KR99/00341
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Emulsifiers
RHEODOL AO-15
RHEODOL MS-162
RHEODOIL TW-35120

KM-105

Oils
CRODALAN SWL
LEXOL GT 865
NIKKOIL CIO
Macadamia ternifolia nut oiil
SF 1202
KF-96(100CS)
DRAKEOL 7
Squalane
dl-a-Tocopheryl Acetate

POLYOLPERPOLYMER-2

Aqueous phase
DI-WATER
glycerin
1.3-B.G
NATURAL EXT.AP
LUBRAGEL CG
Carbopol 940
KELTROL F

TEA

14

0.800

2.000

1.900

2.000

1.500
5.000
2.500
1.000
0.300
0.300
7.000
0.500
0.100

0.100

61.780

2.000

6.000

0.300

0.200

0.100

0.020

0.100
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PREPARATION EXAMPLE III

wWaxes
KALCHOL 6870 0.500
EMERSOL 132 0.500
Beeswax 0.400
Emulsifiers
ATLAS G-114 2.200
ATLAS G-610 0.800
ATMOS 370 0.800
KM~-105 0.700
Oils
CRODALAN SWL 0.500
LEXOL GT 865 3.000
NIKKOL CIO 3.000
SUPERIOR JOJOGA OIL 0.500
SR 1202 0.200
KF-96{100CS) 0.100
DRAKEOL 7 3.000
Squalane 0.500
dl-a-Tocopheryl Acetate 0.100
POLYOLPERPOLYMER-2 0.200
Agueous phase
DI-WATER 74.146

15
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Waxes

Glycerin

P.G

NATURAL EXT.AP
LUBRAGEL CG
Carbopol 940
KELTROL F

NaOH

PREPARATION EXAMPLE IV

KALCHOL 6870
EMERSOL 132

Multi-Wax W-445

Emulsifiers

Oils

RHEODOL AO-15
RHEODOL MS-165
RHEODOL TW-S120

KM-105

CRODALAN SWL
LEXOL GT 865

NIKKOL CIO

2.000

Macadamia ternifolia nut oil

SF 1202

16

.000

.000

.500

.200

.100

.020

.0336

.400

.500

.400

.800

.200

.800

.600

.500

.000

.000

.400
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DRAKEOL 7
Squalane
dl-a-tocopheryl acetate

POLYOLPERPOLYMER-2

Agueous phase
DI-WATER
glycerin
1,3-B.G
NATURAL EXT.AP
LUBRAGEL CG
Cabopol
KELTROL F

TEA

MICROEMULSIONS

4.500
0.500
0.100

0.100

73.480
2.000
6.000
0.300
0.200

.100

[ ]

.020

0.100

PREPARATION EXAMPLE V

Waxes

Cetyl Alcohol

Emulsifiers
NIKKOL HCO-60
RHEODOL Tw-0120

Cremophor EL

17

3.000

5.000

5.000

20.000

PCT/KR99/00341
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Qils
I.P.M

CAPTEX

5 Agqueous phase
DI-WATER

Ethanol

PCT/KR99/00341

5.000

5.000

52.000

5.000

PREPARATION EXAMPLE VI

10
Emulsifiers
NIKKOL HCO-60 5.000
RHEODOL TW-0120 5.000
Cremophor EL 5.000
15
Oils
I.p.M 5.000
Lanolin oil 5.000
CAPTEX 5.000
20
Aqueocus phase
DI-WATER 50.000
PREPARATION EXAMPLE VII
25
Surfactant
LABRASOL 15.000

18
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Surfactant Aid
Polyglyceryl oleate

PLURL OLEIQUE

0Oil phase

LABRAFIL M1994CS

Sub-Solvent

Transcutol

Agueous phase

Phosphate buffer (pH 6)

PREPARATION EXAMPLE VIIT

0il phase
GELUCIRE 44/14
GELUCIRE 48/09
Surfactant

LABRAFAC CM 10

Surfactant Aid
LAUROGLYCOL

Transcutol

5.000

5.000

4.500

5.000

64.500

11.429

11.429

10.714

7.143

59.285

PREPARATION EXAMPLE IX

19
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Agueous Phase

Water (Buffer)

Physiological Saline Solution

Glucose

Propylene Glycol PEG 300,400

Glycerol

011 Phase

Fatty Acid Esters

Modified Vegetable 0Oil

Silicon 0il

Surfactant Aid

Long Chain Alcohol

Glycol Derivative

Propylene Glycol Derivative

Polyglycerol Derivative

Surfactant

Non-ionic Surfactant

0il Phase

Oleic Acid

PCT/KR99/00341

57,050
4,000
1,000
5,000

5,000

5,000
0.500

0.500

3,750
2,500
1,200

4,500

10,000

PREPARATION EXAMPLE X

20

6,250
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Surfactant

Tween 80 12,500

Surfactant Aid

5 Transcutol 8,750

Agueous Phase

Water 72,500
10 PREPARATION EXAMPLE XTI
0il Phase
Captex 5,000

15 Surfactant

Cremophor 12,500

Surfactant Aid

Transcutol ’ 6,250
20
Agueous Phase
Water 76,250
COMPARATIVE EXAMPLE I
25

After being melted at about 70 °C, 90 g of PEG 6000 was

added with 10 g of ketocconazole, cooled rapidly to room

21
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temperature and dried in an oven for 12 hours or more.
The dried solid dispersed preparation was milled in a
mortar and passed through a sieve to give a powder which was

uniform in particle size.

EXAMPLE I

In 5 g of oleic acid were homogeneously mixed and
dispersed 10 g of ketoconazole which was, then, added into
85 g of PEG 6000 which was molten at about 70 °C. After being
cooled rapidly to room temperature and dried in an oven for
12 hours or more, the dried sclid dispersed preparation was
milled in a mortar and passed through a sieve tc give a powder

which was uniform in particular size.

EXAMPLE IIX

In 5 g of oleic acid and 5 g of Tween 80 were
homogeneously mixed and dispersed 10 g of ketoconazole
which was, then, added in 80 g of PEG 6000 which was molten
at about 70 °C. Using this mixture, a dispersed powdery
preparation was obtained in the same procedure as in Example

I.

EXAMPLE III

In 5 g of isopropyl myristate was homogeneously mixed

22
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and dispersed 10 g of ketoconazole which was, then, added in
80 g of PEG 6000 which was molten at about 70 °C. Using this
mixture, a dispersed powdery preparation was obtained in

the same procedure as in Example I.

EXAMPLE 1V

In 5 g of liquid paraffin was homogeneously mixed and
dispersed 10 g of ketoconazole which was, then, added in 80
g of PEG 6000 which was molten at about 70 °C. Using this
mixture, a dispersed powdery preparation was obtained in

the same procedure as in Example I.

EXAMPLE V

In 5 g of cremophor was homogeneously mixed and
dispersed 10 g of ketoconazole which was, then, added in 80
g of PEG 6000 which was molten at about 70 °C. Using this
mixture, a dispersed powdery preparation was obtained in

the same procedure as in Example I.

EXAMPLE VI

In 5 gof cremophor and 5 g of Tween 80 was homogeneously
mixed and dispersed 10 g of ketoconazole which was, then,
added in 80 g of PEG 6000 which was molten at about 70 °C.

Using this mixture, a dispersed powdery preparation was

23

0557



WO 00/00179 PCT/KR99/00341

obtained in the same procedure as in Example I.

EXAMPLE VII

5 In 5 g of isopropyl myristate and 5 g of Tween 80 was
homogeneously mixed and dispersed 10 g of ketoconazole
which was, then, added in 80 g of PEG 6000 which was molten
at about 70 °C. Using this mixture, a dispersed powdery
preparation was obtained in the same procedure as in Example

10 I.

EXAMPLE VIII

In 5 g of liquid paraffin and 5 g of Tween 80 was
15 homogeneously mixed and dispersed 10 g of ketoconazole
which was, then, added in 80 g of PEG 6000 which was molten
at about 70 °C. Using this mixture, a dispersed powdery
preparation was obtained in the same procedure as in Example

I.

20

EXAMPLE IX

In a microemulsion containing 5 g of cremophor, 5 g of

oleic acid, 35 g of alcohol and 1 g of transcutol was

25 homogeneously dissolved and dispersed 10 g of ketoconazole,
followed by evaporating the alcohol. The solid residue was,

then, added in 43 g of PEG 6000 molten at about 70 °C.

24
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Using this mixture, a dispersed powdery preparation was

obtained in the same procedure as in Example I.

EXAMPLE X

In a microemulsion containing 5 g of cremophor, 5 g of
oleic acid and 1 g of transcutol was dissolved 10 g of
ketoconazole which was, then, dispersed in 35 g of distilled
water, followed by evaporating the distilled water in an

10 oven. The solid residue was added in 43 g of PEG 6000 molten
at about 70 °C. Using this mixture, a dispersed powdery

preparation was obtained in the same procedure as in Example

I.
15 EXAMPLE XI
In 5 g of oleic acid was homogeneously mixed and
dispersed 10 g of ketoconazole. 40 g of

hydroxypropylmethylcellulose,anentericn@trix,wasadded
20 in 40 g of PEG 6000 molten at 70 °C. Using the mixture of
the above two solutions, a dispersed powdery preparation

was obtained in the same procedure as in Example I.

EXAMPLE XII
25
In 5 g of oleic acid was homogeneously mixed and

dispersed 10 g of itraconazole which was, then, added in 80

25
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g of PEG 6000 which was molten at 70 °C. Using this mixture,
a dispersed powdery preparation was obtained in the same

procedure as in Example I.
5 EXAMPLE XIII

In 5 g of oleic acid was homogeneously mixed and
dispersed 10 g of itraconazole. 40 g of
hydroxypropylmethylcellulose, anentericmatrix, was added

10 in 40 g of PEG 6000 which was molten at 70 °C. Using the
mixture of the above two solutions, a dispersed powdery
preparationwasobtainedjj1thesameprocedureasjlexample

I.

15 EXAMPLE XIV

In 5 g of oleic acid was homogeneously mixed and
dispersed 10 g of an itraconazole derivative (Dong-A
Pharmacy Co., Ltd., Korea) which was, then, added in 80 g

20 of PEG 6000 which was molten at 70 °C. Using this mixture,
a dispersed powdery preparation was obtained in the same

procedure as in Example I.

EXAMPLE XV

25

In 5 g of oleic acid was homogeneously mixed and

dispersed 10 g of cyclosporine which was, then, added in 80

26
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g of PEG 6000 which wasmolten at 70 °C. Using this mixture,
a dispersed powdery preparation was obtained in the same

procedure as in Example I.
5 EXAMPLE XVI

In 5 g of oleic acid was homogeneously mixed and
dispersed 10 g of cyclosporine. 40 g of
hydroxypropylmethylcellulose,en1enteric1natrix,Vﬁﬂsadded

10 in 40 g of PEG 6000 which was molten at 70 °C. Using the
mixture of the above two solutions, a dispersed powdery
preparation was cbtained in the same procedure as in Example

I.
15 EXAMPLE XVII

In 5 g of oleic acid was homogeneously mixed and
dispersed 10 g of cisapride which was, then, added in 80 g
of PEG 6000 which was molten at 70 °C. Using this mixture,

20 a dispersed powdery preparation was obtained in the same

procedure as in Example I.
EXAMPLE XVIII

25 In 5 g of oleic acid and 5 g of Tween 80 was
homogeneously mixed and dispersed 10 g of cisapride which

was, then, added in 80 g of PEG 6000 which was molten at 70

27
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°C. Using this mixture, a dispersed powdery preparation

was obtained in the same procedure as in Example I.

EXAMPLE XIX

In a microemulsion containing 10 g of cremophor, 5 g
of oleic acid and 7 g of transcutol was homogeneously
dissolved and dispersed 10 g of itraconazole, followed by
evaporating the alcohol in an oven. The solid residue was,
then, added in 43 g of PEG 6000 which was molten at about 70
°C. Using this mixture, a dispersed powdery preparation

was obtained in the same procedure as in Example I.

EXAMPLE XX

In a microemulsion containing 10 g of cremophor, 4 g
of captex and 5 g of transcutol was homogeneously dissolved
and dispersed 10 g of cyclosporine, followed by evaporating
the alcohol in an oven. The solid residue was, then, added
in 43 g of PEG 6000 which was molten at about 70 °C. Using
this mixture, a dispersed powdery preparation was obtained

in the same procedure as in Example I.

EXAMPLE XXI

In a microemulsion containing 10 g of cremophor, 5 g

of oleic acid and 7 g of transcutol was homogeneously

28

0562



10

15

20

25

WO 00/00179

dissolved and dispersed 10 g of cisapride, followed by
evaporating the alcohol in an oven. The solid residue was,
then, added in 43 g of PEG 6000 which was molten at about 70
°C. Using this mixture, a dispersed powdery preparation

was obtained in the same procedure as in Example I.

EXAMPLE XXII

In 5 g of oleic acid was homogeneously mixed and
dispersed 10 g of ketoconazole which was, then, added in 80
g of molten PVP. Using this mixture, a dispersed powdery
preparation was obtained in the same procedure as in Example

I.

EXAMPLE XXIII

In a microemulsion containing 5 g of oleic acid was
homogeneously mixed and dispersed 10 g of ketoconazole
which was, then, added in 80 g of molten PVP. Using this
mixture, a dispersed powdery preparation was obtained in

the same procedure as in Example 1.

COMPARATIVE EXAMPLE II

After being melted at about 70 °C, 2.5 g of molten PEG
6000 was added with 1.75 g of aceclofenac, cooled rapidly to

room temperature and dried in a freeze—-drier for 24 hours or

28
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more. The dried solid dispersed preparation was finely
milled in a grinder and passed through a sieve to give a

powder which was uniform in particle size.
5 EXAMPLE XXIV

In 0.25 g of oleic acid and 0.50 g of Tween 80 was
homogeneously mixed and dispersed 1.75 g of aceclofenac,
and then, the solution was added in 2.5 g of PEG 6000 which

10 was molten at about 75 °C. After being cooled rapidly to
room temperature
And dried in a freeze—-drier for 24 hours or more, the dried
solid dispersed prepa;ation was finely milled in a grinder
and passed through a sieve togive a powder which was uniform

15 in particle size.
EXAMPLE XXV

In 0.25 g of cemophor and 0.50 g of Tween 80 was
20 homogeneously mixed and dispersed 1.75 g of aceclofenac
which was, then, added in 2.5 g of PEG 6000 which was molten
at about 75 °C. Using this mixture, a dispersed powdery
preparation was obtained in the same procedure as in Example
XXIV.
25

EXAMPLE XXVI

30
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In 0.25 g of labrasol and 0.50 g of Tween 80 was
homogeneously mixed and dispersed 1.75 g of aceclofenac
which was, then, added in 2.5 g of PEG 6000 molten at about
75 °C. Using this mixture, a dispersed powdery preparation

5 was obtained in the same procedure as in Example XXIV.

EXAMPLE XXVII

In 0.25 g of transcutol and 0.50 g of Tween 80 was

10 homogeneously mixed and dispersed 1.75 g of aceclofenac
which was, then, added in 2.5 g of PEG 6000 molten at about

75 °C. Using this mixture, a dispersed powdery preparation

was obtained in the same procedure as in Example XXIV.

15 EXAMPLE XXVIII

A mixture of 10 g of aceclofenac, 2.5 g of oleic acid,

2.5 g of Tween 80, 5 g of talc and 10 g of PEG 6000 was heated

at about 80 °C and homogeneously dispersed in 150 ml of an

20 alcohol. With the aid of a fluid bed-coating machine
(nozzle; 0.8 mm), the resulting solution was sprayed at a

rate of 4 ml/min onto 35 g of sugar spheres to give a solid

dispersed granule.

25 EXAMPLE XXIX

10 g of aceclofenac, 2.5 gof oleic acid, 2.5 g of Tween

31
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80, 3 g of talc, 25 g of Eudragit (Rhompharm, Germany) RS30D
and 25 g of Eudragit L3CD were homogeneously mixed. With
the aid of a fluid bed-coating machine (nozzle; 0.8 mm), the
resulting solution was sprayed at a rate of 4 ml/min onto 35

5 g of the sugar spheres prepared in Example XXVIII.

EXAMPLE XXX

10 g of aceclofenac, 2.5 g of oleic acid, 2.5 g of Tween

10 80, 3 g of talc and 50 g of Eudragit RS30D were homogeneously
mixed. With the aid of a fluid bed~coatingmachine (nozzle;

0.8 mm), the resulting mixture was sprayed at a rate of 4

ml/min onto the sugar spheres prepared in Example XXVIIT.

15 EXAMPLE XXXI

A mixture of 2.5 g of cisapride, 2.5 g of oleic acid,

2.5 g of Tween 80, 5 g of talc and 23 g of PEG 6000 was heated

at apout 80 °C and added with 150ml of a mixture of acetone

20 and water (acetone:water, 1:1). With the aid of a fluid
bed-coating machine (nozzle; 0.8 mm), the resulting mixture

was sprayed at a rate of 4 ml1/min onto 100 g of sugar spheres.

EXAMPLE XXXTT

25
2.5 g of cisapride, 2.5 g of oleic acid, 2.5 g of Tween

80, 3 g of talc, 25 g of Eudragit RS30D and 25 g of Eudragit

32
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L30D werec homogeneously mixed in 150ml of acetone. With the
aid of a fluid bed-coating machine (nozzle; 0.8 mm), the
resulting mixture was sprayed at a rate of 4 ml/min onto 70

g of the sugar spheres prepared in Example XXXI.

EXAMPLE XXXIII

Aceclofenac, lactose, starch and talc were mixed to
give a tablet in accordance with the established method.
2.5g of aceclofenac, 2.5g of oleic acid, 2.5g of tween 80,
3g of talc, 25g of Eudragit RS30D and 25g of Eudragit L30D
were homogeniously mixed. With the aid of a fluid bed-
coating machine (nozzle;0.8mm), the resulting mixture was
sprayed at a rate of 4ml/min onto the said tablets to obtain

a solid dispersed tablet.

EXAMPLE XXXIV

Cisapride, lactose, starch and talc were mixed to give
a tablet in accordance with the established method. 2.5g of
cisapride, 2.5g of oleic acid, 2.5g of tween 80, 25g of
Fudragit RS30D and 25g of Eudragit L30D were homogeniously
mixed. With the aid of a fluid bed-coating machine
(nozzle;0.8mm), the resultingmixture was sprayed at a rate
of 4ml/min onto the said tablets to obtain a solid dispersed

tablet.
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EXPERIMENT I : The Drug Solubility of Sclid Dispersed

Preparation In Water and Artificial Intestinal Juice

In this experiment, the solubility of poorly water-
soluble drugs in water and artificial intestinal juice was
investigated for the solid preparations obtained in
Comparative Example and Examples. In this regard,
suspensions of 2 g of the solid dispersion preparations of
this invention in water or artificial intestinal juice were
filtrated througha 0.2 uym filter paper (Millipore, Waters,
Milford, MA, UsSA) and the filtrate was diluted for the
convenient quantification of the drugs. The solubility

results are given in Table 1.

TABLE 1
Solubility of Ketoconazole in distilled water and

artificial intestinal juice

Solubility (pg/mP)
Solid Artificial
Dispersed Preparatio [DI-Water |Intestinal Juice
Ketoconazole Powder 0.10 2.08
Comparative Example 3.77 -
Example I 41 .4 44 .8
Example II 73.9 -
Example ITII 2.47 -
Example IV 2.28 -
Example V 8.02 -
34
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Example VI 12.0 -
KExample V11 6.31 -
Example VIII 12.2 -

Example IX 72.8 50.7

Example X 63.6 37.8

As apparent from the data of Table 1, the solubility of
the drugs in distilled water was significantly improved
whentheywereincorporatedinsoliddispersedpreparations
containing oleic acid. Particularly, the drugs in the
solid dispersed preparations prepared from microemulsions
containing oleic acid showed a great advance in the
solubility in water as well as in artificial intestinal

juice.

EXPERIMENT II: The drug-releasing Rate of Solid Dispersed

Preparations in Artificial Gastric and Intestinal Juices

The solid dispersed preparations comprising
ketoconazole or <clsapride,respectively, obtained in
Examples, were tested for releasing rates in artificial
gastric juice and artificial intestinal julce.

According to the paddle process described in Korean
Pharmacopoeia VI(KP VI), this releasing test was carried
out in artificial gastric juice and artificial intestinal

juice at 3720.5 °C while the paddle was rotated at 50 rpm.

35

0569



10

WO 00/00179

PCT/KR99/00341

At an interval of a predetermined period of time, samples

were taken from the artificial juices and filtered through

0.2 ym Millipore paper and the filtrates were measured for

plasma concentration of drug.

The releasing levels and

percentages of the poorly water-soluble drugs against

artificial gastric and intestinal Juices are given in

Tables 2 and 3.

TABLE 2
Releasing Level (pg/ml) and Percentage (%) of Poorly
water-soluble Drugs in Artificial Gastric Juice
Time (hours)
Prep.
0.25 0.5 0.75 1.0 1.5 2.0 3.0 4.0 6.0
Keto. [432 437 436 436 434 439 437 435 437
Powder |(72.0) (72.8) (72.7) (72.6) (72.4) (73.2) (72.7) {(72.5) (72.7)
Exmp. (46.7 49.4 50.5 50.8 50.8 50.6 50.4 50.5 50.5
I (95.9) (101.5) (103.8) (104.3) (104.3) (104.1) (103.6) (103.7) (103.8)
Exmp. [49.5 51.6 52.7 53.1 53.5 53.4 52.9 3 53.0
1I (108.9) (113.5) (115.9) (116.9) (117.7) (117.4) (116.4) (116.4) (116.6)
Exmp. [51.6 51.6 52.7 53.1 53.5 53.8 53.0 53.4 53.0
111 (107.5) (107.6) (109.9) (110.8) (111.6) (112.2) (110.6) (111.3) (110.7)
Exmp. [51.7 51.4 51.4 51.2 51.6 52.0 51.5 50.9 51.8
v (112.3) (111.8) (111.7) (111.3) (112.2) (113.0) (111.9) (110.6) (112.6)
Exmp. [50.3 50.9 50.4 50.7 50.9 50.8 50.8 60.0 50.7
[V (111.9%) (112.7) (111.7) (112.3) (112.7) (112.4) (112.4) (112.9) (112.3)
Exmp. [45.8 46.3 46.2 46.2 46.2 45.8 45.6 45.1 45.8
VI (99.0) (100.0) (99.8) (99.9) (99.9) (98.9) (98.5) (97.5 (99.1)
Exmp. [48.6 48.8 48.9 48.9 49.0 49.9 49.9 50.2 50.1
VII (10C0.4) (100.4) (100.4) (100.6) (100.9) (102.5) (102.7) (103.2) (102.9)
Exmp. [46.5 45.8 45.9 45.5 46 .4 46.4 45.8 45.3 45.6
VTTT  |(104.3) (102.2) (102.9) (102.1) (104.2) (104.1) (102.8) (101.7) (102.3)
Cisa- |- 5.249 - 5.492 5.914 6.243  6.173 - £.446€
pride {51.57) (54.51) (58.63) (61.81) (61.22) (65.80)
Powder
36

0570



10

15

WO 00/00179 PCT/KR99/00341
Exmp. |- 3.323 - 8.74 .12 .79 g.13 - 9.230

VII (85.27) (84.09) (37.9) (84.54) (87.81) (83.47)
Exmp. |- 9.84 - 9.74 10.03 9.93 9.76 - 9.68

VIII (103.2) (102.1) (105.2) (104.3) (102.4) (101.5)

As shown in Table 2, ketoconazole, although it can be

released in the artificial gastric Julce to an extent

because of its acidic property, 1is relatively further

improved in the releasing level and percentage when it 1is
incorporated in the oleic acid-containing solid dispersed
preparations.

Therefore, these data are consistent with

those of Experiment I. In the meanwhile, cisapride was
released to an extent by virtue of its solubility, but also
considerably increased in the releasing properties when it
was used in the solid dispersed preparations of the present

invention.

TABLE 3

Releasing Level (ug/ml) and Percentage (%) of Poorly

water—-soluble Drugs in Artificial Intestinal Juice
Prep. Time (hours)
0.25 0.5 0.75 1.0 1.5 2.0 3.0 4.0 6.0
Ketoco [1.84 1.89 1.91 1.92 1.94 1.99 1.98 2.05 2.08
azole [(0.092) (0.095 (0.096) (0.096) (0.97) (0.099) (0.099) (0.103) 0.104
Powder )
C.Exmp {3.05 3.38 3.69 3.71 3.75 3.84 3.87 3.87 4.32
(4.99) (5.53) (6.05) (6.08) (6.14) (6.29) (6.33) (6.34) (7.08)
Exmp. |4.89 5.14 5.68 5.80 5.17 5.2 5.2 5.32 €.00
1 (10.05) (10.56 (11.67) (11.91) (10.61) (10.68} (10.68) (0.92) (12.33
)
Exmp. [3.55 3.61  3.71 3.98 3.7 3.97 4.09 4.11 4.29
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11 ](7.82: (7.94) (8.15) {3.75) (8.13) (8.73) (8.98) (9.04) (9.42)
Exmp . 1.44 1.45 1.46 1.67 1.77 1.92 1.95 2.14 2.36
III (3.00) (3.04) (3.05) (3.47) (3.69) (3.99) (4.06; (4.47) (4.92)
EXmp . 1.03 1.27 1.31 1.3% 1.45 1.48 1.57 1.63 1.69
v (2.23) (2.76) (2.84) (2.95) (3.15) (3.21) (3.41) (3.54) (3.67)
Exmp . 2.21 2.23 2.21 2.27 2.31 2.33 2.47 2.38 2.40

v (4.89) {(4.94) (5.03) (5.10) (5.15) (5.4¢) (5.2¢6; (5.34) (5.30)
Exmp . 2.78 2.53 2.42 2.54 2.19 2.41 2.3 2.34 2.45
VI (6.00) (5.47) (5.23) (5.49) (4.72) (5.21) (4.97) (5.06) (5.29)
Exmp . 2.09 2.03 2.1 2.20 2.07 2.2 2.16 2.08 2.08
VII (4.28) (4.16) (4.31) (4.51) (4.26) (4.52) (4.43) (4.26) (4.26)
Exmp . 2.26 2.51 2.42 2.64 2.58 2.57 2.42 2.52 2.59
VIIXI (5.07) (5.61) (5.42) (5.92) (5.77) (5.76) (5.41) (5.64) (5.81)
Exmp . 3.55 3.95 4.12 4.27 4.28 4.34 4.38 4.38 4.36
IX (10.70) (11.89 (12.41) (12.86) (12.88) (13.08) (13.19) (13.20) (13.13

)

Exmp . 2.37 2.48 2.39 2.14 2.78 2.67 3.42 3.61 3.63
IX (6.75) (7.05) (6.79) (6.08) (7.92) (7.60) (9.72) (10.27) (10.33
Cisa- |- 0 - 0 0 0 0.005 0.028 0.0745
pride (0) (0) (0) (0) (0.047) (0.27) (0.618
Powder

Exmp. |~ 2.43 - 3.22 2.70 2.66 2.64 3.10 3.99
XKVII (20.15 (26.7) (22.42) (22.1) (21.94) (25.73) (33.12

)

Exmp. |- 6.34 - 6.75 6.56 6.55 6.69 6.74 6.96
KVITII (63.0) (67.01) (65.15) (65.05) (66.46) (66.9) (69.05

The effect of the solid dispersed preparations on
improving the releasing rates of the two drugs is more
apparent 1in the artificial intestinal Jjuice, a more

5 difficult condition in which for the two drugs to dissolve.
As shown in Table 3, the releasing properties of drugs are
better when they are incorporated in the solid dispersed
preparations using fatty acid and o©il than when they are
used alone. A better improvement effect was obtained from

10 the solid dispersed preparations containing oleic acid.

Further, the use of microemulsified oleic acid brought
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about a great advance 1in the releasing properties.

In a ddition, the solid dispersed preparations
containing itraconazole, itsderivatives, and cyclosporine,
respectively, was tested for the releasing properties in
the artificial gastric and intestinal juices. The results
are given in Table 4. Also, the data of Table 4 demonstrate
that the drugs in the solid dispersed preparations are

superior to the drugs alone in the releasing properties.

TABLE 4
Releasing Level (pg/ml) of Poorly water-soluble Drugs in

Artificial Gastric and Intestinal Juice

ITime (Min)

Prep.

Artificial Gastric Juice IArtificial Intestinal Juice

5 15 30 60 90 120 5 15 30 60 90 120
Itra' 14.4 16.4 17.4 16.7 0.05 0.05 0.05 0.05 - -
Exmp.XII 292 293 321 331 130 95.0 146 102 - -
FExmp.XIII 138 160 179 192 246 214 204 203 - -

Itra Drv.?[96.9 156.218%.2 211.0216.7 - - - - - -

Exmp.XIV (204.5198.6 232.6 252.9 259.8 - - - - - -

Cyclo.’ ~ - 1.8 1.7 - 1.9 |- - 2.1 2.3 - 2.5
Exmp . XV - - 111.4 94.8 -~ 71.7 |- - 102.8 99.4 - 91.0
Exmp.XVI |- - 11.1 10.8 - 9.8 595.0 66.3 - 56.7

! Itrakonazole powder

* Itrakonazole derivative

‘ Cyclosporine

EXPERIMENT III: Uptake of Poorly water-soluble Drugs in
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Rabbit 's Gastrointestinal tract

The solid dispersed preparations containing
ketoconazole, prepared from Examples, were tested for the
uptake in rabbit's gastrointestinal tract. The results are
given in Table 5.

In this regard, first, a rabbit was killed by introducing
air in its ear vein and its stomach, duodenum, jejunum,
ileum, c¢olon and rectum were excised and washed with
physiological saline solution at 37 °C. These organs were
fixed between the receptor and donor of a Franz diffusion
cell. In the receptor, a physiological saline solution
warmed to 37 °C was poured, and stirred with a magnetic
stirrer while the solid dispersed preparations obtained in
Examples were added in the donor. Samples were harvested
from the receptor at predetermined times for 6 hours while
the receptor was supplemented with a fresh physiological
saline solution in order to constantly maintain the total
volume in the receptor. The samples taken were measured for

their plasma concentrations of drugs.

TABLE 5

Uptake (ug/cm’) of Ketoconazole in Rabbit's GI tract

Prep. Time (hours)
0.3 0.67 1 1.5 |2 3 4 6
C. Exmp |0 0.92 2.45 |4.50 |4.67 5.15 |5.56 5.95
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Exmp. I |0 .72 [3.44 {5.46[9.10 [10.2 |11.6 [13.2
EXmp . 11|o.5o |2.78 5.50 ‘9.83'15.5 !16.3 l18.6 |22 4

It is apparent from the data of Table 5 that the uptake
of the drug in the GI tract is much better when it is
incorporated in the solid dispersed preparation using oleic
acid than when it is incorporated in the conventional
dispersed preparation which uses a water-soluble matrix
merely. Particularly, a significant improvement in the
uptake of ketoconazole in the GI tract was brought about by
the use of the solid dispersed preparations obtained from
microemulsions containing oleic acid. These results are

consistent with those of Experiment I and II.

EXPERIMENT IV: Comparison of the Plasma Concentration of
Drugs Formulated into a Solid Dispersed Preparation and

Commercially Available Ones

Before an experiment, male mice (Sprague-Dawley
lineage) weighing 250-310 g, purchased from the Korea
National Institute of Health, were adapted to new
circumstances for 1-2 weeks. After the mice, which were
starved from one day before the experiment, were etherized,
their left femoral arteries were inserted with cannulas
connected to syringes containing 80 IU/ml of heparin.
After 2 hours, the mice came out of the ether and were

administered with a suspension of the cyclosporine-
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containing solid dispersed preparation of the present

invention and a commercially available preparation with the

aid of a sonde. At an interval of a predetermined period of

time, blood was taken from the left femoral arteries and
measured for the plasma concentration of drug.

With reference to Fig. 1, the cyclosporine level in
blood are plotted against the times after administration
for the solid dispersed preparations of the present
invention and a commercially available preparation. As
shown in the graph, the plasma concentration of the solid
dispersed preparations according to the present invention
are similar to that of the commercially available
preparation, Neoral. Although being a little bit lower
concentration than that of Neoral as a whole, the solid
dispersed preparations according to the present invention
are thought to have the initiatives to substitute for the
conventional preparations which contain liguid drugs, in a
pharmaceutical aspect.

Solid dispersed preparations according to the present
invention and a commercial available preparation, all
containing itraconazole as a medicinally effective
ingredient, were administered to beagle dogs in an oral
route. After a blood sample was taken from their veins at
an interval of a predetermined period of time, the plasma
concentration of drug was measured. The results are given

in Table 6.
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TABLE 6

Itraconazole Level {pg/ml) in Blood According to Times

Preo. Time (hours)
1 2 3 4 6 8 15 24
Exmp. XII 0 0.03 [0.03 [0.04 |[0.03 |0.02 |C.02 }0.02
Starved
Dog Exmp. XIII [0.02 {0.06 |0.07 (0.08 |0.10 {0.07 |0.04 [0.03
Purchased 0 0.06 [0.04 [0.03 [0.09 |0.03 |0.06 10.03
Non- Exmp. XIII [0.12 {0.41 {0.38 |0.44 |0.43 |0.43 [0.42 [0.36
starved
Purchased 0.30 0.60 [0.79 [0.58 |[0.54 [0.44 {0.41 [0.30

As apparent from Table 6, a similar pharmacokinetic
pattern was observed between the plasma concentration of

itraconazole fromthe solid dispersed preparations and from

the conventional preparation (itazol) when starved beagle

dogs were administered therewith, while the lower value
shown 1in case the preparation of Examp. XII was
administrated. In non-starved beagle dogs, the drug
reached a high maximal level in blood within a fast period
of time when the commercially available preparation was
administered whereas the preparation of Example XIII
maintained the plasma concentration of drug constantly,

owing to its solubilization in the gastro-intestinal tract.

EXPERIMENT V: Solubility of Aceclofenac in Various Vehicles

Excess aceclofenac was added 1in 5 ml of a vehicle in a

test tube, which was then voltexed to an extent that the drug
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was not dissolved further, and incubated for 3 days in a 37
°Cc water bath. The resulting solution was filtrated
through a 0.2 ym filter paper (Millipore, Waters, Milford,
MA, USA) and the filtrate was diluted for the convenient
quantification of the drug. The solubility results are

given in Table 7.

Table 7

Solubility of Aceclofenac in Vehicles

Solubility

Vehicles (mg/mP)
Transcutol 149.34
Labrasol 114.83
Tween 80 98.70
Tween 20 85.71
Cremophor EL 40.92
Cremophor RH40 23.34
Oleic acid 4.59
Linoleic acid 5.44
Triacetin 18.01
Castor oil 13.21
Sesame oil 2.83
Corn oil 2.20
Mineral oil 0.34

As apparent from the data of Table 7, large values are
found in the solubility of aceclofenac in fatty acids,
triacetin, castor oil and cremophor. Particularly, the
drug is dissolved at great amounts in transcutol, labrasol

and Tweens.

EXPERIMENT VI: Releasing of Aceclofenac in Solid Dispersed

Preparations Against Artificial Gastric and Intestinal
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Juices

The solid dispersed preparations comprising

aceclofenac, obtained in Examples XXIV to XXVII, were

5 tested for releasing properties against artificial gastric

juice and artificial intestinal juice in a similar manner to
that of Experimental Example II.

The releasing levels and percentages of the poorly

water—-soluble drugs against artificial gastric and

10 intestinal juices are given in Tables 8 and 9.

Table 8
Releasing Level (pg/ml) and Percentage (%) of

Aceclofenac in Artificial Gastric Juice

Prep. Time (hours)

0.25 0.5 0.75 1.0 1.5 2.0 3.0
laceclofenac 0.46 0.53 0.57 0.60 0.61 0.69 0.73
Powder (0.23) (0.26) (0.28) (0.30) (0.31) (0.34) (0.37)
Exmp . 1.01 1.16 1.29 1.33 1.35 1.43 1.38
IXXIV (0.51) (0.58) (0.65) (0.67) (0.67) (0.72) (0.69)
Exmp . 1.68 2.38 2.43 2.51 2.68 2.65 2.70
XXV (0.84) (1.19) (1.22) (1.25) (1.34) (1.33) (1.35)
Exmp . 1.61 1.88 1.96 1.98 1.99 1.95 2.08
IXXVI (0.80) (0.94) {0.98) (0.99) (1.10) (0.98) (1.04)
Exmp . 1.76 2.04 2.36 2.51 2.61 2.70 2.63
XXVII (0.88) (1.02) (1.18) (1.26) (1.30) (1.35) (1.31)
lAirtal 0.93 1.02 1.18 1.23 1.32 1.34 1.39

(0.46) (0.51) (0.59) (0.61) (0.66) (0.67) (0.70)

15
As shown 1n Table 8, the releasing of aceclofenac in

the artificial gastric juice was much improved when it was
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in the solid dispersed preparations of the present

invention relatively to the other preparations.

TABLE 9
Releasing Level (ug/ml) and Percentage (%) of

Aceclofenac in Artificial Intestinal Juice

Prep. iTime (hours)

0.25 0.5 0.75 1.0 1.5 2.0 3.0 5.0

IAceclo. [88.37 117.34 121.65 126.64 128.10 131.70 136.55 136.55

Powder (44.19) (58.67) 60.82 (63.32) (64.05) (65.85) (68.27) (68.28)
[Exmp . 152.97 157.43 161.90 160.40 162.66 164.09 165.27 166.71
MXXIV (76.49) (78.72) 80.95 (80.20) (81.33) (82.05) (82.63) (83.35)
Exmp . 151.72 163.33 161.72 163.11 162.26 165.57 166.16 166.16
XXV (75.86) (81.67) 80.86 (81.55) (81.13) (82.79) (83.08) (83.08)
[Exmp . 148.21 152.40 154.58 154.95 154.49 155.48 157.97 159.74
XXV I (74.10) (76.20) 77.29 (77.47) (77.24) (77.74) (78.99) (79.87)
EXMp . 138.83 150.41 155.85 161.51 161.63 163.29 164.22 167.36
XXVII (69.41) (75.21) 77.92 (80.75) (80.81) (81.64) (82.11) (83.68)

Airtal 133.76 136.54 136.62 137.70 142.55 145.72 143.66 142.34
(66.88) (68.27) 68.31 (68.85) (71.28) (72.86) (71.83) (71.17)

As known from Table 9, aceclofenac, although it can be
released in the artificial gastric juice to an extent
because of its basic property, is relatively further
improved in the releasing level and percentage when it is

formulated into the solid dispersed preparation.

EXPERIMENT VII: Comparison of Plasma Concentration of
Aceclofenac Between Solid Dispersed Preparation and

Conventional Ones
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Before an experiment, male mice (Sprague-Dawley
lineage) weighing 250-310 g, purchased from the Korea
National Institute of Health, were adapted to new
circumstances for 1-2 weeks. After the mice, which were
starved from one day before the experiment, were etherized,
their left femoral arteries were inserted with cannulas
connected to syringes containing 50 IU/ml of heparin.
After 2 hours, the mice came out of the ether and were
administered with a suspension of the aceclofenac-
containing solid dispersed preparation of the present
invention and a aceclofenac powder with the aid of a sonde.
At an interval of a predetermined period of time, blood was
taken from the left femoral arteries and measured for the
plasma concentration of the drug.

In the meanwhile, the aceclofenac-carrying solid
dispersed preparations of the present invention and a
commercial available preparation were orally administered
to beagle dogs and volunteers. At predetermined times
after oral administration, blood was taken from the beagle
dogs and the volunteers and measured for the drug levels.

After the oral administration of the aceclofenac-
carrying solid dispersed preparations of the present
invention, an aceclofenac powder and a commercial available
preparation to mice, beagles dogs and volunteers, the
plasma concentration of the drugwith time were compared and
are plotted in Figs. 2 to 4.

As shown in the graphs, the solid dispersed preparations of

47

0581



10

15

20

WO 00/00179

the present inventionmaintain higher levels of aceclofenac
in blood for all of the testees than the commercially
available preparation. In addition, the use of the solid
dispersed preparation according to the present invention
was affirmed to increase the maximal value of plasma
concentration and area under the curve, which are
pharmacokinetic parameters, by 1.5-6 times.

After the oral administration of the aceclofenac-carrying
solid dispersed preparation of the present invention, a
commercially available preparation and an aceclofenac
powder, the plasma concentration of aceclofenac was
monitored with time and the results are given in Tables 10

to 12, below.

TABLE 10

Aceclofenac Level (ug/ml) in Blood of Rat

Prep. Time (hours)

0.25 0.5 0.75 1 1.5 2 3 4 6

Exmp. XXIV 11.11 |14.30 [12.%6 |8.01 4.45 3.38 2.60 0.70 0.85

aceclo. 1.85 [0.71 Jo.44 [0.15 [0.03 |[0.16 J0.21 j0.27 [0.13
Powder

It is apparent from the data of Table 10 that the

aceclofenac level in blood is significantly improved when
the drug is administered by use of the preparation of the
present invention relative to when aceclofenac 1is

administered alone.

TABLE 11
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Plasma Concentration (rg/ml) of Aceclofenac

in Beagle Dogs

Time (hours)

Prep.

—
[
W
D
[98]
wn
~d
o]
—
K]
N
Lo

0.25 0.5 0.75

b=
—
o
Ne)
IS
w
[\
N
N
[
(a2
—
—
-
—
w

Exmp. (4.3 41.1 {74.1 81.8 |93.0 [326.5 |7
XXIV

Inirtal |4.6 15.1 [28.9 |35.7 [50.8 |43.2 {31.9 [16.6 (8.8 6.4 3.9 0.8

The data of Table 11 demonstrate that the
aceclofenac~carrying solid dispersed preparation of the
present invention 1s superior to the conventional

preparation in the plasma concentration.

TABLE 12

Plasma Concentration (pg/ml) of Aceclofenac

in Human Blood

PCT/KR99/00341

Time (hours)

Prep.
0.25 0.5 0.75 1 1.5 2 3 5 7 9 12

Exmp.
XXIV [0.16 4.67 {10.98 (18.12 }12.99 6.93 |2.97 1.02 [0.67 0.56 ]0.42

Inirtal0.85 [1.75 13.84 5.51 5.48 8.34 |3.44 0.48 10.29 0.14 [0.10

As apparent from the data of Table 12, higher levels of
aceclofenac in blood are maintained when the solid
dispersed preparation of the present invention 1is

administered than when the commercially available

preparation 1is used.

EXPERIMENT VIII:.: Releasing of Cisapride From Solid
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Dispersed Preparations Against Artificial Gastric and

Intestinal Juices

The solid dispersedpreparation comprising cisapride,
obtained 1in Examples XXXI, was tested for releasing
properties against artificial gastric juice and artificial
intestinal juice in a similar manner to that of Experimental
Example IT.

The releasing levels and percentages of the poorly water-
soluble drugs against artificial gastric and intestinal

juices are given in Table 13.

TABLE 13
Releasing Level (ug/ml) and Percentage (%) of Cisapride

in Artificial Gastric and Intestinal Juice

Juice [Time (hour)

0.5 1.0 1.5 2.0 3.0 4 5 6 8 12
Gastric 14.9 |26.2 32.0 43.4 58.5 - 84 .7 - - —
Intestina 8.1 16.5 25.2 38.1 48.5 62.1 - 72.7 87.8 98.0

The amount of the drug released from the solid
dispersed preparation was increased almost linearly in both
artificial gastric and intestinal juices, showing a zero

order-like kinetics.

EXPERIMENT IX: Comparison of Plasma Concentration of
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Cisapride Between Solid Dispersed Preparation and

Commercially Available Ones

At an interval of a predetermined period of time after
the oral administration of Dbeagle dogs with the
cisapride-carrying solid dispersedpreparationobtainedin
Example XXXII and a commercially available preparation,
blood was taken from the testees and measured for plasma
concentration of drug.

With reference to Fig. 5, the cisapride levels in blood are
plotted against the times after administration for the
sclid dispersed preparations of the present invention and a
commercially available preparation, Prepulsid tablet. As
shown in the graph, the plasma concentration of the solid
dispersed preparations according to the present invention
are greatly improved relative to that of the commercially
available preparation. These drug concentrations are

numerically shown in Table 14, below.

TABLE 14
Plasma Concentration of Cisapride (pg/ml)

in Beagle Dog

Prep. ITime (hours)

0.5 0.75 |1 1.25 1.5 |2 3 5 7 9 12 |24

Exmp. XXXII [48 80 68 82 97 151 {271 284 {152 104 83 }63

Prepulsid 45 61 70 83 102 184 201 134 |75 58 46 |41
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As shown in Table 14, the plasma concentration of
cisapride is maintained at higher levels when the solid
dispersed preparation of the present invention is used than

when the conventional preparation.

As described hereinbefore, the solid dispersed
preparations of the present invention are improved in the
solubility of poorly water—-soluble drugs in the gastro-
intestinal tract, in detail, the releasing of the drugs
against the gastric and intestinal juices, resulting in a
great increase in the biocavailability of the drugs. 1In
addition, the solid dispersed preparations of the present
invention give the pharmaceutical solutions to the problems
that the conventional semi-solid or ligquid preparations
possess, enabling medicinally effective, poorly water-
soluble compounds to be formulated, molded and processed,
guickly and in an economically favorable manner without use
of any organic solvent.

The present invention has been described in an
illustrative manner, and it is to be understood the
terminology used 1is intended to be in the nature of
description rather than of limitation. Many modifications
and variations of the present invention are possible in
light of the above teachings. Therefore, it is to be
understood that within the scope of the appended claims, the
invention may be practiced otherwise than as specifically

described.
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WHAT IS CLAIMED IS:

A soliddispersed preparation for poorly water-soluble
drugs,preparedkn/dissolvingcn:dispersingtjuadrugsin
an oil, a fatty acid or a mixture thereof, mixing the
solution or dispersion in a water-soluble polyol matrix

and drying the mixture.

The solid dispersed preparation as set forth in claim
1, wherein the solid dispersed preparation is obtained by
pulverizing the driedmixture togive a dispersed powdery

preparation.

The solid dispersed preparation as set forth in claim
1, wherein the mixture is dried in such a way that the
mixture is sprayed to pharmaceutically acceptable

nuclei to give a dispersed granular preparation.

The solid dispersed preparation as set forth in claim
1, wherein the 0il, the fatty acid or the mixture thereof

is used in a form of an emulsion or a micro emulsion.

The solid dispersed preparation as set forth in claim
1, wherein the oil is selected from the group comprising
o-bisabolol, stearyl glycerrhetinate, salicylic acid,
tocopheryl acetate, sodium hyaluronate, panthenol,

propylene glycol and apple (Pirus Malus), propylene
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glycol and pineapple, 1ivy (Hedera hallix) extract and
1,3-B.G, peach {Prums persica) leaf extract, hydrolyzed
soy flour, wheat (Triticum Vulgare) protein, birch

(Betula alba) extract and 1,3-B.G, burdock (Arctium

majus) extract and 1,3-B.G, liposomes,
phosphatidylcholines, glyceryl stearate,
captylic/capric triglyceride, cetyl octanolate,

isopropyl myristate, 2-ethylene isopelagonate, di-Cl2-
13 alkyl malate, ceteatyl octanoate, butylene glycol
dicaptylate/dicaprate, isononyl isostearate,
isostearyl isostearate, coco-captylate/caprate, cetyl
octanoate, octyldodecyl myristate, cetyl esters, C10-30
cholesterol/lanosterol ester, hydrogenated castor oil,
monoglycerides, diglycerides, triglycerides, beeswax,
canaubawax,suctosedistearate,PEG—Bbeeswax,ceresin,
ozokerite, macadamia ternifolia nut oil, hydrogenated
hi-erucic acid rape seed oil, olive oil, jojoba oil,
hybridsunflower (Helian thus annuus) 0il, and dog rose

(rosa canina) lips oil.

The solid dispersed preparation as set forth in claim
5, wherein the oil is selected from the group comprising
mineral oils, sgualene, squalane, monoglycerides,
diglycerides, triglycerides, medium chain glycerides,
myglyol, cremophor, hydrogenated caster oil, corn oil,

perillaoil,cottonseed(ﬁj_andlipid—solublevitamins.
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7.

10.

1.

The solid dispersed preparation as set forth in claim
1, wherein the fatty acid is selected from the group
comprising oleic acid, cetyl alcohol, stearyl alcohol,
stearic acid, myristic acid, lincleic acid and lauric

acid.

The solid dispersed preparation as set forth in claim
7, wherein the fatty acid is selected from the group
comprising oleic acid, linoleic acid, and isopropyl

myristate.

The solid dispersed preparation as set forth in claim
1, wherein the water-soluble polymer matrix is selected
from the group comprising polyethylene glycol (PEG),

carbowax and polyvinyl pyrrolidone (PVP).

The solid dispersed preparation as set forth in claim
1, wherein the poorly water-soluble drugs are dissolved
and dispersed in the oil, fatty acid or their mixture in

the presence of a surfactant.

The solid dispersed preparation as set forth in claim

10, wherein the surfactant is selected from the group

comprising glyceryl stearate, polysorbate 60,
polysorbate 80, sorbitan trioleate, sorbitan
sesquioleate, sorbitan stearate, PEG-20 glyceryl

isostearate, ceteth-25, PEG-60 , PEG-60 hydrogenated
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12.

13.

14.

castor o©oil, nonoxynol-15, PEG-6-decyltetradeceth-20,
dimethicone copolyol, glyceryl diisostearate, ceteth-
24,cetearylalcohol,polyoxylethylenenonyphenylether,
PEG-40 hydrogenated castor oil, cetyl dimethicone
copolyol, polyglyceryl-3-methylglucose distearate,
PEG-100 stearate, sorbitan isostearate, sodium lauryl
glutamate, disodium cocoamphodiacetate, lauric acid
diethanolamide, coconut fatty acid diethanolamide,
N,N-bis- {(2-hydroxy ethyl) -cocomide, and

cocoamidopropyl betain.

The solid dispersed preparation as set forth in claim
1, wherein the water-soluble polymeric matrix is used
alone or in combination with other water-soluble

matrices.

The solid dispersed preparation as set forth in claim
12, wherein the other water-soluble matrix is selected
from the group comprising gelatin, gum, carbohydrates,
celluloses, polyvinyl alcohol, polyacrylic acid,
inorganic compounds and their mixtures,
hydroxypropylmethylcellulose acetyl succinate, shellac,
zein, polyvinyl acetate phthalate, Eudragit L100,

Eudragit S100, sodium arginate, and poly-L-lysine.

The solid dispersed preparation as set forth in claim

1, wherein the poorly water-soluble drugs are selected
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from the group comprising ketoconazole, itraconazole

and its derivatives, cyclosporine, cisapride,
acetaminophen, aspirin, acetylsalicylic acid,
indomethacin, naproxen, warfarin, papaverine,

thiabendazole, miconazole, cinnarizine, doxorubicin,

omeprazole, cholecalciferol, melphalan, nifedipine,

digoxin, benzoic acid, tryptophan, tyrosine,
phenylalanine, aztreonam, ibuprofen,
phenoxymethylpenicillin, thalidomide,

methyltestosterone, prochlorperazine, hydrocortisone,
dideoxypurine nucleoside, vitamin D,, sulfonamide,
sulfonylurea,  p-aminobenzoic acid, melatonin,
benzylpenicillin, chlorambucil, diazepin, digitoxin,
hydrocortisone butyrate, metronidazole benzoate,
tolbutamide, prostaglandin E1l (PGE,), fludrocortisone,
griseofulvin, miconazole nitrate, leukotriene B,
antagonist, propranolol, thephylline, flubiprofen,
sodium benzoate, benzoic acid, riboflavin,

benzodiazepine,phenobardital,glyburide,sulfadiazine,

sulfaethylthiadiazole, sodium diclofenac, aceclofenac,

phyniroin, hioridazinehydrochloride, bropirimine,
hydrochlorothiazide, fluconazole, acyclovir,
bucillamine, ciprofluoxacin, acetyl-L-carnitine,
baclofen, sodium alendronate, lovocarnitine,

nimodipineorrﬁﬂwdifine,atenolol,provastatinsodium,

lovastatin, isotretinoin, etidronate disodium,
doxifluridine, fosfomycin calcium, sotepine,
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15.

16.

epinastine hydrochloride, carvedilol, epinastine
hydrochloride, carvedilol, fosinopril, trandolapril,
etretinate cap, metergoline, mercaptopurine,
vancomycin hydrochloride, cefixime, cefuroxim axetil,

dirithramycin, and dadanosin.

The solid dispersed preparation as set forth in claim
13, wherein the poorly water-soluble drugs are selected
from the group comprising ketoconazole, itraconazole
and its derivatives, cisapride, cyclosporine,

nifedipine and aceclofenac.

Medicines for internal use such as powders, granules,
tablets and capsules, prepared using the solid dispersed

preparation of claim 1.
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CYCLOSPORIN FORMUILATION

This invention relates to improved pharmaceutical compositions for
the administration of water-insoluble pharmaceutically active substances
especially, but not exclusively, cyclosporin.

In our European patent specification no. EP-A-0760237 there is
described a pre-concentrate microemulsion composition comprising a water-
insoluble pharmaceutically active material; a Cg - Cy, fatty acid mono-, di- or tri-
glyceride from a vegetable oil or any mixture of two or more thereof; and a
phospholipid and another surfactant. A stable oil-in-water microemulsion can be
formed by mixing the preconcentrate composition with a hydrophilic phase.
Unlike prior art microemulsion compositions, the microemulsion compositions of
EP 0760237 are made by directly dissolving the active material in the oil phase
and then dispersing the oil phase in the hydrophilic phase. This has certain
advantages. For example, in the case of cyclosporin microemulsions, it eliminates
or vastly reduces the tendency for solid microfine cyclosporin to be precipitated

during use of the microemulsions, a problem encountered with many of the prior

art microemulsions.
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Whilst the microemulsions disclosed in EP-A-0760237 are generally
very satisfactory in many ways, we have found that there is an upper limit to the
bioavailability of the active material in the compositions of EP-A-0760237. We
have now discovered that by judiciously alternating the components of the oil
phase in the compositions of EP-A-0760237, the bioavailability of the active
material can, surprisingly, be increased. The present compositions thus possess the
advantages of the compositions of EP-A-0760237 together with, in addition, the
advantage of increased bioavailability of the active material.

According to the present invention, there is provided a
pharmaceutical composition in the form of a preconcentrate mixed either with a
liquid hydrophilic phase to form a stable oil-in-water microemulsion or with a
solid carrier to form a stable, solid blend of carrier and preconcentrate, which

composition is substantially free from ethanol and comprises:

a) a water-insoluble pharmaceutically active material;
b) one or more propylene glycol esters of a fatty acid;
c) surfactant; and either

d) a hydrophilic phase, wherein component (a) has been wholly directly
dissolved in component (b) and component (b) is dispersed as tiny
particles in component (d); or

e) a solid carrier.

There is also provided a process for making a composition according
to the invention, which process comprises dissolving component (a) in component
(b) optionally with component (c), and then mixing the resulting solution either
with component (d) or with component (e), and component () if not included
earlier.

In the case of a microemulsion, the method of the invention thus
comprises first forming a preconcentrate by directly dissolving component (a) in
component (b), the preconcentrate also containing component (¢) but being free

from hydrophilic phase, and then mixing the preconcentrate with the hydrophilic
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phase, to form a stable oil-in water microemulsion, the composition being free
from ethanol.

In the case of a solid composition, the method of the invention
comprises first forming a preconcentrate by directly dissolving component (a) in
component (b), the preconcentrate also containing component (¢), and then mixing
the preconcentrate with the solid carrier, to form a solid, table composition of
preconcentrate and carrier, the composition being free from ethanol.

In its broadest aspect, the present invention therefore encompasses
two different formulations of the basic preconcentrate mixture. Both of these
formulations possess the advantage of increased bioavailability of the active
material.

Thus, in a first aspect, the invention provides a stable oil-in-water
microemulsion composition wherein components (a) to (c) above have first been
formed into a preconcentrate by wholly directly dissolving component (a) in
component (b) optionally in the presence of component (c) (i.e. component (¢)
may be added later), and then mixing the preconcentrate with a hydrophilic phase.
The microemulsion composition is generaily liquid at room temperature and can,
therefore, be advantageously provided in, for example, a soft gelatine capsule or as
an oral solution such as an aqueous drink, for instance.

In a second aspect, the invention provides a stable, solid formulation
comprising a blend of the basic preconcentrate mixture with a solid carrier. In this
way, the preconcentrate mixture having increased bioavailability of the active
material can, for example, be formulated into a free-flowing powder which, in turn
can, for instance, be put into a hard gelatin capsule or compressed into a table. We
gencrally prefer to formulate the composition of the invention in this way rather
than as a microemulsion, since the solid formulation is simple to process and has
excellent stability.

In the present invention, component (2) is a water insoluble

pharmaceutically active material. The invention is particularly useful with the
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