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EXHIBIT 1004 (Part 3 of 5)

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

GRANTED 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
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, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 

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.aov or call 
+1-202-482-6800. 
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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2 
Beschrcibung bspw, Oiclosporin, zu verabreichen. 

Als VerabreichungsroTRtcn werden Tabletten, Kapsein, 
Dragees und ahnliches vorgesclilagen. Zur ortHch begrea?.-
ien Verwendimg an betonders empfindlichen Kbrperberei-

s chen ist. diese Darreichtingsform aufgrund der Anwesenheit 
der zum Loslichmachesi der hydrophoben Wirkstoffe nol-
wendigen Losungsinitlei Ethanol bzw, Poiyeshylenglykoi 
jedoch niclsi gecigneL 

Die topische Verwendung vors hydi-opinoben Wirkstofi'en 

Die Erfindurig beirifft ein Araneimidel mil einein Gehait 
an Ciclosporin. 

Derartige Arzneimittel siod aSlgeniein zur Bebandlung 
von Transplantationspalientai bekannt. 

Der Wirksloft" Ciclosporin isE ein zyklisches, aus eif Ami-
nosauren bestehendes Fteptid, ink der Sumnienfbrniel 
CgaWnjN^Oia. Us wird auch sis Cyclosporin A (WHO) be-
zeichnet. UrsprUngiich wurde es aus Piken isoliert, Inzwi- 10 ist imnier dort besonders probiematisch, wo stark wasser-
schen sind auch Verfahren ?.u seiner symhetAsehen Hersiel-
kmg bekanat 

Ciclosporin ist ein sogenannter Immunmodulator mil. im-
munsuppressiverWirkung. Es blockien die Aktivierung von 
Heifer- und KiiJcraeUen des Inimunsysienis durch Inhibition JS 
der Lyinphokinproduktion. Ciclosporin unlerdriickt dsbei 
sowohl die hutsioraie sis auch die zetlufare Immunreaktioti, 
indem es die Freisetzung von Inierleukinen, insbesondere 
von IL-1 au$ Monozyten und IL-2 aos T-Helfer-Zellen in 
dert fruhsn Phaser, der Immunantwort tsntcrbsndet. 

haitige bzw. hydrophiSe Korperteiie behandeit werden soi-
Icn, da eins Vbrausse&ung Kur Aufijalune solcher Wrk-
sioffe in den Koiper dasin besieht, zunachst einen Xontaki 
zwischen Wjrksioff und KorperoberRache hersusieilen. 

Vor diesem Hintergrund isles die Aufgabe der Eriindimg, 
eira ArzKeitniEte! snit eir.enj Gehsit an Ciclosporin bereitsu-
steilen, das r.ur topischen \ferabreichung auch an stark was-
serhaliigen un(i/oder sehr empfindiichers Korperberaichefs 
gesignsst is;, und mi! dem eine gute WirkstofTaufnahme er-

20 mogiicht wird. 
Es ist. eine weitere Aufgabe der Erfindung, neye Anwen-

dungsgebiefe fJrein derartiges Amjsrfniitte] vorauschlfigen. 
ErfindungsgeniaB wird diest Aufgabe dadurch gdost, daS 

dss Ciciospoiifi if) dnsr Ol-in-Wasser-NaEJoeiBulsion vor-
2S iiegt. Unter einer Nanoemulsion im Sinne der Erftodung 

wird jedc Ol-irt-Was^r-Hiiiutsiori verefawterv, die 'iVopf-
cheiigrSBen itn Nanomeierbereich, also rait Durchntessem 
vor. kieiner als 1 JOT enibait. Derartige Nanoerauisionen ha-
ben eir:t5 dlige tew. Lipid-Phass und eine waBrige Phase, 

30 wohei die wafirige Phase Wasser ocier pbysiofogisch ver~ 
iragiiche wSBrige Ldsuiigcn wie bspw. pbysioSogisch? 
Kochsalzlosuag (0,9 Gcw.-'S Natritsrachlorid in Wasser) 
aufweist. 

Aufgrund diescr imnsimsuppressiven Wirkung wird Ci­
closporin zur Vorbeugung der Tl-arsspiantatabstoBung nach 
aiiogenea Transplantationen von Mere, Leber, Her?., Herz-
Lunge, Lunge und Pankreas sowie nach Knochennsark-
Transpiantationen eingesetzt. 

AuBerdem wird Ciciosporin zur Bebandlung der GrafV 
Versus-Host-Krankheil: eingesetzt. einer Rrankbeit, die bsi 
TranspianialioEispalienten nach Uberlragung fremder antrn-
unkompetenler Zellen ditrch zeliulare ImmunraaktioneD 
auftrilt. 

Weitere Anwendungsgebiete fiir Ciciosporin sind die Be-
handjung von schwerer endogener Uveitis, einer schweren 
Entzilndung der Aderhaut des Augea, sowie von schwersten 
therapietesisteaten Formen der Psoriasis (Schuppeaflecbie). 
Auch die tbexapeutische Wirksanikeit von Ciciosporiri zur 35 Wirkstoff Cictosporin in den witiaigen oligen Tropfchen ge-
Bebandlung des steroidabhangigen und steroidresistenten 
nephrotiscben Syndroins, also VOR NlerenedTafikungeB, die 
mit einem ausgepragien EiweiBveriHst emhsrgehen, sind be­
kannt. 

In einer dorattigcn Nanoejnulsion wird dts hydrophobe 

lost, die wiederura in der wiissrigen Phase dispeigicri sind. 
Sotnit ist der Wirkstoff Ciclosporin opdmal verteilL Bes ei­
ner Applikation in stark wasserbaltigen Korperbereicheai 
kann so eine besonders gute VeitdLutig von Ciclosporin und 

Basher wurde Cictosporin als InfusionslSsung sowie ais 40 dararit cine optimafc Wirkstoffaufnalimc onuichf. werden. 
TrinklSsung von der Sandoz bzw. Novartis AG, Basel darge-
reiciit. Da Ciclosporin ein hydrophobes Peptid ist, das in 
wSflriger L5sung nicht losbas- ist, enthielten die bisherigen 
Darrcichungsformcn ais Emulgalorcn bzw. L-oslichkoitsvcr-
mittler in groSea Mengesn Eshatioi (ca. 12 Voi.-%) sowie Li- 45 reich eine gegenuber herkdmrniieben Therapieformen we-
pide in Form von Maiskeimoi und Triacylglycerid-Deriva-

So zeigte sich in einer Ober seehs Monate andaoeroden 
Studie in der Universitatsklinik Tiibitsgen, daB die Vcrv/cn-
dung einer erfindutigsgem^en Nanoemsjlsion sowohi. im 
Bcrcich des hochcmpfmdfichcn Auges ais auch im Hautbc-

sentlicb verbesserte Wirksaiiikest smd Vss'trSgiichkeit auf-
weist. Dies ist vor allem durauf zuritckaitfiiiireji, daB auf­
grund der neuen Darreichungsfomi auf (fie Verwendung 
physioiogisch bedsnklicher bzw. unvettragiicher Losungs-

len. 
Die bisher bekannten Vferabreichungsformen von Cicto­

sporin sind lediglich zur systemischen Anwendung geeig-
net. Weno Ciclosporin in Form einer Trinklosung verab- so mittel voilstandig verzichtet werden kann, ohne daB dadurch 
reichl wird, so erfolgl die Aufnahytne in den KOrper fiber den 
Darni. Bei einer Infusion der Ciclosporin-Losung gelangt 
der Wirkstoff direkt ins Blut und verteik sich iiber das BUil 

die Wirkung oder Aufnalmitt von Cidosporin an den belKjf-
fenden Korperteiien beeintrachligt wird. 

Die der Erfindung zugrundeiiegende Aufgabe wird somit 
vollkommen gelfist 

In einer vorxeilhaflen Ausgestaltung wdst die Nanoemul-
sion TropfchengroSen von kieiner als etwa 500 nm auf, 

Diese MaBnahme hist, den Vorteil, daB der "Wirkstoff Ci­
dosporin besonders gut dispergieit wird und sich damii op-
Sirtiai auf GewebeoberflSchen verteilt und foigiich auch be-

im gesamien KSrper, 
Sine topische, d. h, orilich begrenate Anwendung von Ci- 55 

dosporin ist aufgrund seiner iipophilen Kigenscbaften, die 
die Verwendung von Ethanol und Lipiden zum Loslichma-
chen des Ciclosporins erfordern, probiematiscb, 

Eine andere pharmazeutische Zubereitung, die unter an-
derent auch fur Ciclosporin vorgeschlagen wird, ist in der ® soaders gut in das Gewebe aufgenommeti wird, 
US 5,154,930 bescbriebe.n, Diese Verabreichungsfortn um-
faGt ein saisfreies geladenes Lipid, wie bspw. Phosphaddy-
lethanolamin oder Phosphatdidylserin sowie ein Losutigs-
mittel wie Polyetliylenglykol oder Ethanol. Dabei biiden 
sich in der pbarmazeufischen Zusamn'.ensetzung Liposio 85 piden, die Derivafe entw«der von Glycerin oder von dem 
nien-Komplexe awischen dem WirkstofT und den Ldsungs-
miueln. Die beschriebene phamiazeutische Zubereitung er-
latabt es, besonders hohe Konxentrationen an Wirkstoff, 

In einer besonders vorteilhaften Ausgestallung weist das 
Arzneimittel einen Gehait an zumindest etnein Phospholipid 
auf. 

Unter Phospholipiden versteht man eifse Gruppe von Li-

komplexen Alkohol Sphingosin sind. PbosphoHpide enthai-
len im Aligemeinen zwei Feitsauran, die den hydrophoben 
Bestandieil des Phospholipids biiden, und eine sogenannte 
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poiare Kopfgruppe, die aus eiaem iibcr cino Phosphodtesfer-
gruppe gsbur.denen Alkohol besteht, Durch diese Strjklur 
siiid die Phospholipide aniphiphil, d, h, sie enihaken sowohl 
hydrophobe als auch hydrophiie Grappen. Dadurch sind sie 
besonders gut als EsnuEgaloren von hydrophoben Stoifen in 5 physiologische Kochsahdostrng sowie ggf. ein physiolo-
walkigen Phasen dnsetzbar. gisch vertragliches KonservierungsmitEei auf. 

Die Vsrweridung von Phosphoiipiden in dens erfindungs- Es hat sicb namlich in esner kiiaischem Studie mil dera 
genriSec Arzneimittel hat den Vbrteii, da8 Phospholipide arfiiidungsgeniaBen ArKneimiUeS herausg&steilE, dafi mil 
Beslandieiie aller Zelimembranen sind und somit eine be- dieser Zusammensetzung eine besonders gate Vet'lfaglicb-
sonders hohe physiologische VerUagHchkei: aufweisen. Da- 10 keit bei opiimater "Wirksloffaiiftsahsrie in den Korper erreicht 
durch isl das Araieisnitte! aueh an besonders seasibien Or-

samkeit vott Ciclosporin ereiek wird. 
Ir, einer besonders vorteiihaften Aasgeslaltung weisl das 

Arzneimittei 2Gcw.-% Ciciosporin, 5Gew,-% Lecithin, 
23 Gew.-% xnitteikelEige Triaeyiglyceride ursd 70 Gew.-% 

witd. 
ganen, wie bspw. dem menschiiciien Auge, einsetzbar. 

In einsr weileren vorleiiiiaften Ausgestaltung isl das 
Phospholipid Lecithin. 

Lecithin Oder Phosphatidylchoiin ist eines der am weite- is aUeii Vferabrdchungsfornien des erfiRdungsgemaBen Arz-
neiiniitels ersihalien sein konnen. 

In einer weileren Ausgestaitung liegt das erfindungsge-
maBe Araneimistel mit physiologisch v«traglichen IVager-
stoffen zum Auftragen auf die Haul vemiischt vor. 

Dstardge Tragersioflfe konnen bspw. Cremes, Gele odar 
Salbeii TEjii den ublichen Bestatidteiien sein. 

Der Zusaiz eines Konservienjsgsmitiels ist notwendig, 
weon das Arzneisnittei fflr langere Zeitspannen auftsewahrt 
werderc scsU, Es versteht sich, daB Konserviernngstsiifte] bei 

steu verbreiicscn Membranlipide des Menschen. Von der 
WHO ist dem Lecithin Unbedersklichkeif ais Lebenssriittei 
xuerkanni woiden, es wurden keine ADI-Weile (Acceptabie 
Daiiy Intake) zuerfcanni. Lecithin entspricht femer den Nor-
meR der IJS-ainerikanisehefi Behorde RDA und besitzt den 20 
GRAS-K'latus (Generally RecogHtzed As Safe, CFK Nr. 
i 82. KGQ/IS4.1400). 

In Fettemuisionen fiir die parenterale Ernahning wirci Le-
ciihin in Kliniken in groBera Uutfang eij-gesctzL 

Lecithin ist somit ein besonders gut verlrsiglioher Emul- 25 Haut vsrbessert, wird. 
gator, der aufgrund seines Vorkommens in menschfehen 
Zellen ohnehin Bestandtdl des menschlichen Korpers UDG 
damil gesHtsdhsitlich unbedenklich ist. Ais Emulgator von 
Ciciosporin isl es aufgrund seiner stark amphiphiisn Ein-
genschaften besonders gut gedgner. 

In einer weiteien Ausgestakfjng der Erfindung fcgt der 
Gehalt an Phospholipid ins Beieich von 0,1 bis 20 Gew.-%, 
vorzugsweise im Bereich von 1 bis 10 Gew.-%. 

Hierbei ist vorteiihaft, daB diese KonEentratlonen eine be­
sonders feine Btnulgierung des Ciciosporitts in einer waBri- 35 
gen Losung erlauben. 

In emer weiteren Ausgestdlung weist die Nanoenuslsion 
einen Gehait. an Triacylglyceriden, bevoraugl mittelkettigen 
TYiacylglyceriden auf. 

Triaeyiglyceride sind ncutrafc Lipidc, boi. derccn FcitsSu- W durchgefl'shEten Versuchcn wurdc nUmikb erstmais die lopi-
ren iiber Esterbindungen ars einen Glycerinrest gebunden sehe Anwendung von Ciciosporin zur Behandking von 
sind. Die Feltsauren konnen kurz-, mittel- oder iangkettig HautkraokeiteEi untei-suciit. Dabei stelite sich beraus, daB 
sein, sie kOnnen gesSuigt oder ungesattigt vorliegen. 'IWa- durcb die topische Verabrdchung von Ciciosporin gegen-
cyiglyccridc sind stark hydrophobe Stoffis und dicncn ?„ B. iiber den iibiicherwcisc vcrwcndcten llicfapici), insbeson-
ais Energiespeicher im K6rper, wo sie in den FettiieUsn ab- 45 dere der Verabreichung von Gortisonpraparaien, eine iiher-
gelagert werden. 

Die Verwettdung von Ttiacyigiyceriden, insbesondere 
mittelkettigen TMacytglyceiiden hat den VbrtdE, daB diese 
problemios in Arzneiraitteiquaiiiat erhaitiich und zum Inld-
sungbringen des Ciciosporin in einer Nanoemulsion beson- so Hautkrankheiten aufgnsnd der schweren Nebenwixkungen 

einer sysleiuischen Anwenditng nichi in Betrachi. Bei der 
systemischen Verabreichung kommt es aufgrund der iai-
inunsuppritnierendeti Wirkung des Cyclosporins naiiiHch m 
einer erhSiiien Anfailigkeit gegen Infckdonen jegllcher Ait. 

In einer besonders vorttsilhaflen Ausgesiaitung liegt der 35 Diese Nebenwirkimgen wurden bisher nur bei schweren, 
Gesamtgehal! an Lipiden im Bereich von 1 bis 5S)Gew.-%, 
bevorzugt im Bereich von 20 bis 30 Gew.-%. 

Dabei umfaBt der Gesamtgehalt an Lipiden sowohi rein 
hydrophoben Lipide wie Triaeyiglyceride ais auch amphi-
phiie Phospholipids wie bspw. Lecithin. 

Diese MaBnahme hat den VorEeil, daB bei einem mog-
iichst effizienten Emulgieren des hydrophoben Wirkstoffs 
Ciciosporin gleichzeitig eine Afsweadung an bydrophifen 
Oberflachen und eine gate Wirkstoffaisfnahme mSgiich ist, 

Ilierbei ist von Vbrteii, daB bei der Vferwendung der erfin-
dungsgsmaBsn Nanoemulsion auf der Haul oder einer 
Schleimhaut die Verteiiung sowie das Zurvickhaiten auf der 

Daraher hinaus wird die Anwendung des Arzneuniricls . 
fur d".n Patienten erleichtert. 

In einer weiteren Ausgestaltung weist das ArztseimilteL 
viskositatserhohends Zusaise auf. 

30 Derarfige Zusatzc konnen bspw. ZeiluSosederivate, Poly-
acrylale oder andere physiologiseh vertragliche Poiymere 
sein. 

Hierbei isl von Vorteil, daS der Verbleib des Wirkstoffs 
CSctosporin an dem Ort, wo er wirken soli, verlangert wird. 

Me Erfindong betrifft auch die Vcrwendung eises Arznd-
mitteis mir. eiaem Gehais an Ciciosporin in einer zur topi-
scben Anwendung geeigneten Galenik ?.itr jJehandlang von 
Hautlcnsnkheiten. 

Bei in der Hautklinik der IMversit&tsklimk Tubingen 

iegene therapeatiscfie Wirkung bei gleictszeitiger guter Ver-
Iragiichkeii. ereielt wird. 

Da Ciciosporin bisher nur systerrusch angewendet wurde. 
kam die Behandhmg von gewohnlichen iokai begrensten 

ders gut geeignet sind. 
Dies gilt vor ssUein danti, wenn der Gehalt an IHacyigly-

ceriden im Bereich von 10 bis 40 Gew.-%, bevoraugl im Be­
reich von 20 bis 30 Gew.-1® vorliegt. 

sonst nicht behandeibar&n Krankheitcr: in Kauf gcoortitnen. 
Galeniken, die bei eitier erfindutjgsgerttSBen Verwendung 

in Betracht kommeii, utnfassen z. B. die Fonnulierung ais 
Cremes, Gele. Safben oder such in Form von Liposornen 

60 oder Mtkroeniulstonen. 
Besonders bevorzugi ist jedoch die Verwendung von Ci­

ciosporin in Forra einer Nasioeaiiilsion, wie sic weiter oben 
beschrieben wurde. 

Hierbei ist vortdihaft. daS sich der \Virkstoff CMosporin 
In einer weiteren Ausgestaltung der Erfindung liegt der 65 bei einer Verabreichung als Nanoetsiulsion in der oberen 

Gehak ars Ciciosporin im Bereich von 0,1 bis 10 Oew.-%, 
bevoraugl im Bereich von I bis 3 Gew 

Hierbei ist vorteilhafi, daB eine gute dierapeutische Wirk-

Haiitschicht, der Homschicht. anveichert, Dadurch wird ein 
besoriders langer Wirkstaffverbfeib in diesen Hautbezirken 
erreicht, was erwiinscht ist, da bei den meisten Hautkrank-
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heiten die ohersten HautzeUschichEen befailen sind. 
In eirter besonders vorteiihafien AusgestaUung wird das 

erfindungsgeBnaSe Araneiniktel im Bweich der Mund-
schietinhaoi und/oder der SchSeimhauis des OenitalbeFeichs 
verwendei. 

isL Die Nanoemulsion verteilf. sich auBerdem itn Kanuner-
wasserseibst, das aucb die Lirtse und die Hornhau! umsptilt. 
Da diss Kammenvasser nur ca. aiie vies- Stunden i^usge-
lauseht. wird, kann Gclosporin besondurs dauerhafl aaf die 

S von dem Kaniraerwasser benelzlei'i Augenbereiche einwir-
Icen. So kann das Risiko von GewebeabsiaBsingen im Be-
reich des Auges sicher vetmieden werden. 

In klinischen Versucheti, bei deaen die Vsrwendung des 
esrfindungsgemafen Arzneimittels am Auge getestet wurde, 

schneli weggesplth wird, DieerfindungsgemSBeNanocmul- 10 kam es in keinem einxsgen Fail zu Sehbeeintraclitigungen 
sion sorgi. dabei far die Aniagerung von Ciciospodn an die 
Schleiinhaule und fordert somit eine sehneiie Aufnahme. 

Im Berejch dieser stark wasserhaltigen OberflSclien ist 
eine rasche Aiifnahnie des hydrophoben WErksi.offs zwin-
gend erforderiich, da cr an diesen Kojperoberflachen nicht 
anhaftel mid vor ailen! itn Mundbereich durch Speichei 

Oder einer Versiopfung der Schlemsn-Kaiiaie, die dem Ab-
ftieGen der TranenflJissigkeit in die Nase dienen. Dariiber 
hinaus wurdcn keine Schmeraftille beobachtet. In einer weitsren vorteiihafien Ausgescaitung wird das 

Arzneiraktd zur Behandiung von Lichen ruber eingeseizt, 
Diese Krankhei! isi sine sehr verbreitste eniziindiiche Er- is erfindungsgeinaJSe Araneiniittei zur Verhindemng von Ah-

stoBungsrsakisonen itacb Transpiantationsn, vorzugsweise 
im Bereicb des Auges, verwendet. 

Hierbei isi bspw. an die bereiis crwahnien Hornhauf-
TranspianUiijonen oder TYansplanEationen atiderer Besiand-

In einer besonders vorteilhaften Ausgestaltung wird das 

krankung der Haul und Schleimhaut, die aucb ais kieinpapu-
ioses Exanthem oder Fiechle bezeichnet wird. 

Zur Behandiung dieser Hautkrankheit wurden bisher le-
digiich Schaikuren mit Vitamin A-Saure und anschiiefiende 
Hydrocorlisonbehandiung odcr Behandiung snii. anderen 30 teiie des Auges, jedoch auoh an Haut-Transplatitationen zu 
CortisonprSparalen eingesetzt. Im Genital bereicb waren zur 
Behandiung von Lichen ruber bisher soga!' operative liin-
griffe erforferlich, die durch die topische Anwendung von 
Ciclosporin nan unterbieibec konnen. 

denkeri. 
Da der "Wirkstoff nun direkl am Zieiorl aufgejragen wer­

den kann und dort aucb gut aufgenommen wird, kann das 
Ciclosporin mit im Vergleicb zur systemischen Anwendung 

In einer weitsren Ausgestaitung wird das erfindungsge- 25 geringen Nebenwirkungen effizien! therapeutisch wirken. 
inisfie ArzneifnjUe! zur Behandiung von Neumdermilis ein- F;i einerri Verfahrsn zur Zubereitung des ertindungsgerea-

Ben ArzneimitteEs werden die foigenden grundsatzlichec 
Schritte durchgefuhrt: 

gesetzt. 
Bei einem Vsrgieich der Ciclosporin-Anwendung und der 

bisher Ublichen Hydrocoitisonanwendung konnten verbes-
serte Therapieerfoigs unit Ciclosporin bei der Behandiung 30 
von Neurodemiitis beobachtet werden. 

a) 1 xisen von Gclosporin in einer oiigen Phase; 
b) HinzurDgen eines Anieiis einer waBrigen Phase; 
c) Ruhrefi; 
d) HinzufUgen dts verbieibenden Anteils der waBri-
gen Phase; 
e) BefaandeSn des Gesnischs tnit UkrasdiaU; und 
f) SterilBltrieren. 

In einer weiteren vorteilhaften AusgesCaituqg wird das er-
findungsgemaBe Ansneimitiet zur Bebandiutig von Neuro-
derimtis ins Bereich des Auges verwencie;.. 

Hierbei ist voiteilfiail, daB Ciclosporin^ insbesondeiB 35 
wenn es in Form einer erfindungsgemaSen Nanoemulsion 
vorliegt, keine Reizungen irn Auge oder in den Beroiefecc 
um das Auge heram hervorruft, wobei es gieichzeitig gut 
aufgenommen wird, und daB es faoch effiziertt gegen Neuro-
dernsidden im Augesibcrcich wiriO, wie in an der Angcnkii- ohoc tcdxrischcn Amfwand hcrgestcllt wefden kann, 
nik der Univeiskatsbiinik Tubingen durchgefiibrten Versu-
chen mit Pari en ten nachgewiesen werden konnte. 

Die. Erfindung betrifft audi die Verwendimg eines Arsnei-
niittels mit cinein Gehalt as Ciclosporin in einer zur topi-
adieu Anwendurig geeigneten Galettik zur Behandiung von 45 eineni Magnetrtihrer oder mil einens Riigelrtihrer durchge-
AUergien. fiihrt werden. Es verstebt sich. d;s3 das erftHdungsgensSBe 

In einer an der Augenklinik der Uni versitaisklinik Tiibin- Verfahren unier sieriSen BedinguRgen dtirchgefiiha werden 
gen durchgefubrten Studie zeigie sich namlicb, daB Cielo- mu.B, wobei zwischen den einzelnen aufgefiihrten Schritten 
sporin bei topischer Anwaidung therapeutiiscb hochwirk- jeweils Sierilfillrationsschritte zwischengeschaltel werden 
sans gegen Ailergien eingesetzt werden kann. Ciclosporin 50 konnen. 
kann dabei in alien zur topisdsen Xfembreidiung gesigneten 
Galeaiben eingesetzt werden. Besonders bevorzugt ist dabd 
eine Darreschung als Nanoemuision, wie sie oben naher be-
schrieben wurde. 

Hierbei ist von Vortdl, da8 eine erfindungsgemaBe Na-
noemuEsdon mit CieiMporiJi in dnem ziigigen vferfaiiren 

Die olige Phase kann dabei z. B, Triacyiglyceride und Ix-
cithin, die wafirige Phase physioiogisc'he kodssalzlcfeung 
oder Wasser endialten. Das Ijijsen des Ciclosporins ia 
Schritt a) sowic das Riihrcn in Scbrilt c} kann z. B. durch auf 

Die Uitraschallbehandlung dient der Dispersion der oii­
gen Phase in der wafirigen Phase, wobsi die TropfchengrS-
8en in der entstehenden Suspension durch die Dauer der Ul-
traschallbehandiung and die Leistung besiimmt wird. 

Es vetsteht sich, daB die voistehend genannten und die 
nachstehend noch zu eriauternden Merkmale nicht nur in 

Insbesofidere bei einer Verabreichung von Gdosporin als 55 
Nanosinulsion zur Bekanspfung von Ailergien im Augenbe-
reich konnten hervorragende Therapieerfolge erzielt wer­
den. 

den angegebenen Kornbinationen, sondern such in anderen 
Kombinatiorten oder in Alleinsteilung eitssetzbar sind, ohne 
den Rahmen der vorliegenden Erfindung zu veriassen. 

Weiteitt Mesicinale und Vbrtcile der Erfindung esgeben 
sich aus den naehfolgetsden AusfuhrungsbeispieSen, 

In einer wejteren vorteilhatten Ausgestaltung wird das er-
fitidungsgensaBe Arzneiniittei zur prophylaktischen und/ 60 
oder iherapeutischen Behandiung des Auges verwendeL 

Hine Cterapeutlsche Behandiung des menschliehen Auges 
jnii Ciclosporin is!, z. B. bei Hornbmil-Transplarilationen zur 
Verhindemng von AbstoBungsreaktionen erfbrderiich. 

Bet der Verwendimg von Ciclosporin ate Nanoemuision S3 
verteilt sich der hydrophobe "Wirkstoff besonders gill isber 
den gesaroten Augapfel, so daB aufgtxtnd der groGen Re-
sorptionsflache eine opiimaie Wirkstoftaufnahme gegeben 

Beispiet 1 

HersseUungeinerCiclospbrin-Nanoeiriulsion 

Es wird sine Ciclosporsn-Nanoenmlsion herge.Hi.eUi, die 
aus 2 Gew,-% Ciclosporin, 23 Gew.-% Oleum neutraie 
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Durch den Binsalz von Ciclosporin bei der BehandSuE5g 
im Gesichtsbereicb konnten die bisher iiblirfien Schalkuren 
mis Vitamin A-Saure und anschiieBender Hydrocortisonbe-
handlung vsrntieden werden. 

S Bei der Verwendung itn Genitaibereich war es dariiber 
hinaus raogiich, auf die bisher iiblichen operativen Eingriffe 
21! vemchlen. 

DAB, 5 Gew,~%> Lecithin und 70 Gew.-% 0,9%iger Nalri-
unichioridiosung bcscehL Die fertige Emulsion ist u. a. zur 
Verwendung ais Augenlropfen geeignel. 

lahaitssioffe und ihre Bezugsqusllsn: 
Ciclosporin: Pirraa Synochejn, Hani burg; 
Oleum neutraleDAB (MIGLYKOL): FimtaHenkei, Diis-

seldorf; 
Lecithin (80 Qew.-% Phospkatidyichoiin): Finna Lipoid, Die erfindungsgemaBe Ociosponn-Nanoemutsion wurde 

Ludwigshafen; auSettieni zur Behandiung von Neurodennilis eisigeset&l, 
Natriumchlorid, 0,9tjew.-%: Firtna Braun, Melsurjgen. so Hier konnte dn verbessener Therapieerfolg ini VergSeieb zii 
Alfo verweadelen HiifsmitieE, bspw, BechergMiser, Rflh-

rer. Filter, usw. werden bei ]210C fur 15 Mnuten lang durch 
Autoklavieren sleriiisiert, 

Zunachs) wild tier lipophile WirkslofF Ciclosporin zissasn-
nien mil derm Lecithin in Oieum neotrale gelost. 

Dazu wsrders in ein sietiies Bcchcrgias 5 g Lecitliin, 2 g 
Ciclosporiss und 23 ml Qieu™ neuirate dngefiillt und rail ei-
nem Magnetruhrer in Losung gebraclu. 

Die liisung wird in ein zweiles Becherglas sledSfiiixierE. 
Dann werden 40 ml 0y9%ige Nalrtumchlcddlosung zuge- 20 
fiigt utsd fur 1 Stunde bei 400 upm (tJmdrehungen pro Mi-
nule) rail dnem HUgelrtihrer gerohrt, 

Dadurch wird eina Voremulsion eraeugt, die in eine sse-
rile DurchfiitBKelie gegssben und mit der restliehen Menge 
an Q,9%iger Natriumchforidlosung aufgefiilst wird. 

Diese Tiisung wird ffir 15 Minuten mi!. 70 Watt l^istung 
isi einem UiEraschallgenerasor (Firaia Braisson, SchwSbisch 
Gmund) beschaHt, 

Dabei wild cine Nanoemulsion mi! TropfchsrsgroBen von 
kieiner ais 500 nm ereeugl, (iie iiber einen 0,45 ^iiTs-Sieriifi!- 30 
Ser direkt in Augentropffiaschen abgefiillt wird, 

Alle Arbeitsschritte werden unter eir.er sterilen Werkbank 

einer Hydrocoslisonbehandlung erreicht werden. 
In der Hautklinik wurde das erfindungsgeimaBe Arznei-

miEtel sowohi stationar ats auch ambuiant esngeset?.'., Auch 
die Studien in der Haitlklinik dauem noch an, Dariiber hin-

is aus werden derzeii- Versuche zw Verabreichung von Ciclo­
sporin Kisr Behandiung von Hauikrankhciten in Form von 
Liposotnen durcbgefdhrt. 

PalentansprUehe 

1. Atzneinutiel mil einem Gehali. an Ciclosporin, da-
diircls geki'j>8w£ieJssi!£tf. daB das Ciclosprorin in einer 
Ol-in-Wasser-Nanoemuision voriiegt. 
2. Arzneimitiel nach Anspruch 1, dadurch gekenn-
zeichnet, daB die Nanoemulsion TropfchengroSen von 
kieiner als etwa 500 nm aufweist. . 
3. Arzneisnittel each Anspruch 1 oder 2, dadurch ge-
kennzeichnct, daB es einen Gebait ass zumindest einem 
Phospholipid aufweist, 
4. Ary.neirriittei nach Anspruch 3, dadurch gekenn-
zeichnet, daB das Phospholipid Lecithin ist. 
5. Aizndmiud nach Anspruch 3 oder 4, dadurch-ge-
kennzeichnet, daB der Gehalt an Phospholipid ira Be-
reich von 0.1 bis 20 Gew,-%, vorzugswedse itn Bereich 
von 1 bis 10 Gew.-% Siegt. 
6. Arzneimittel nach einem der Anspruche ! bis 5, da­
durch gekennzeichnet, daG die Nanoemulsion einen 
(Jehalt an Triacylgiyceriden, vorzugsweise mittelketti-
gen Triacylglyceriden aufweisL 
7. Atzndmittel nach Anspruch 6, dadurch gekenn-
xeichnet, daB der GehaU an Triacylglyceriden im Be­
reich von 10 bis 40 Gew,-%, insbesondere im Bereich 
von 20 bis 30 Gew.-% Hegi, 
8. Arzncimittcl nach cincm der Ansprflchc 1 bis 7, da­
durch gekennzdchnel, daB der Gesamtgehalt an IJpi-
ders im Bereich von 1 bis 50 Gew.-%, vorzugsweise im 
Bereich von 20 bis 30 Gew.-% iiegt. 
9. Arzneimittel nach einem der Anspriiche I bis 8, da­
durch gekennzeichnet, daB der Gehalt an Ciclosporin 
im Bereich von 0,1 bis lQGew.-%, vorzugsweise im 
Bereich von 1 bis 3 Gew.-% iiegL 
30, Arzneiinitiel nach einem der Anspriiche 1 bis 9, 
dadurch gekennzeichnet, daG ea 2 Gew,-% Ciclosporin, 
5 Gew.-% Lecithin, 23 Gew.-% miuelkettige Triacyl-
glyceride und 70 Gew.-% physiologische Kocbsaldd-
sung sowie ggf. ein physiologtsch vertragliches Kon-
servierungsmittei aufweist. 
11. Arsneimitie! nach einem der Anspmche 1 bis 10, 
dadurch gekennzeichnet, daB es mil physsologisch ver-
traglichen Tragerstoffen auri! Auftragen auf die Ham 
vermischt. voriiegt. 
12. Arzneimiitel nach einem der Anspriiche 3 bis 11, 
dadurch gekennzeichnet. daB es einen Gehalt an zu~ 
mindosl einem viskositatserhdhenden ZusatK aufweist. 
13. Verwendung eines Araneimitteis mil einen! Gehalt 
an Ciclosporin in einer zur topssehen Anwendung ge-
eigneten Gaienik, vorzugsweise aaeh einem der An­
spriiche 1 bis 12, zur Behandiung von Hautkrankhei-

25 

(Laminar Akfiow Bank, Firma Ehret, Emmendingen) 
durchgefiihrt. Die Augeniropfen sind bei einer Lageitempe-
ratur von 4'JC fQr, drei Monate lang sseril 35 

Beispiel 2 

Studie mit Patienten an der Unaversitalsklinik Tubingen 
4t) 

1. Augenklinik 

Iti der Augenklinik der Universitatsklinik Tubingen war­
den die in Bdspici 1 hergesEcLltcn Augcntropfcn ftir einen 
Zeitraum von sechs Monaien mit. insgesamt iiber 200 Prapa- 45 
rationen bei Patienten mit Hornhaut-TranspLantationen ein-
gsseUL Die Studie dauerl. noch an. 

Tiber den gesamtsn Zeitraum der Behandiung von Patien­
ten mit dem erfindimgsgcm&Ben Arzneimittel in Form von 
Augentropfen wurde kein einziger Fall vots Schmeraent- so 
wickiung bei der Verabreichung der Trispfen be«b«chlet. 

Obwofal die Nanoemulsion ein mtlcbiges Aussshen auf­
weist, kam es bei der AppUkation am Auge in keinem Fail 
zu Sehbeeintxachtigungen. 

Die erfindungsgemaSe Cidosporin-Nanoeniulsion wurde 55 
auBerdem zur Behandiung von Neurodermidden im Bereich 
des menschlichen Auges sowie zur Behandiung von Aller-
gien im Augenbereich eingesetzt. Bei beiden Krankheitsbii-
dem konnten iiberragende Therapieetfoige erreicht werden, 
ohne dafi es zu einer Entwickiung von Schmerzen oder Seh- 60 
beeintrachdgungen bei den Patienten -gekommen ware, 

2, Hautklinik 

Die Ciciosporin-Nanoemulsion wurde dariiber hinaus 65 
vier Monate lang in der Hautklinik der Universitatsklinik 
Tubingen zur Behandiung vots Lichen ruber hn Gesichlsbe-
reich und itn Geniialbereidi eingesetzt. 

SKJCID; cDS:. SSB50655AS J_> 
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ten, 
14. Verwesidung nacb Ansprueh 13 zur Behandiuog 
der Mundschlcimhaut und/oder der Schleimbaule des 
Genitalbereichs, 
15. Verwendung nach einem der Anspiiiche 13 oder 5 
34 zur Beliandlung von Lichen ruber. 
16. Verwendung nacb einem der Anspruche 13 oder 
54 ?.ur Behandlursg von Neurodernutits. 
17. Verwendung nach Ansprueh 16 zur Behandiung 
von Neuroderniitis hti Bereich des Auges. 10 
18. Verwendung eines Arzrseimitieis mil eirtero Gehali. 
an Ciclosporin in einer zur topischen Anwendung ge-
eigneten Gaienak, vorEiigsweise nach einera der An­
spruche 1 bis 12, zur Behandlung von ASlergien, 
19. Verwendung nach Ansprueh 18 zur Behandlung !-"> 
von Ailergien ijn Bereich des Auges. 
20. Verwendung eines ArzneimUtels nach eitiein der 
Arcspriiche 1 bis 12 zur prophylaktischen und/oder ibe-
rapcudsctten Behandlung des Auges. 
21. Verwenduag does Arzneintitteis nach einem der 20 
Ansprache 1 bis 32 zur Verhinderung von AbstoSungs-
reaktionen nach 'IVansplantationen, vorzugsweise itn 
Bereich des Auges, 
22. Verfahren zur Zubereitung eines Araneimittds 
nach dnem der Anspriiche 1 bis 12, gekeanzeichnet. 25 
durch die grundsSteSichen Schritte: 

a) Losen yon Ciclosporin in einer oligen Phase; 
b) Ilinaufflgen eines Anteiis einer waBrigen 
Phase; 
c) Riihren; 
d) Hinzufligen des vecbleibenden AnteiEs der 
waBrigen Phase; 
e) Behsmdein des Geirsischs rail. Ukraschail; und 
f) SEeriifiltrieren. 

30 

35 

40 

45 

SI) 

55 

60 

65 

30C!»I <OE. .19S10SKA1J_>-
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TECHNICAL FIELD 

Ths present invention relates to topical preparations containing cyclosporin: as a; raajor actiys eompo-
neht. The topicaS preparations containing eyctosporin iaeiude topical prefiaratiorts in the torrfi of an eETujlsion. 
or a non-smLiision, 

The terrn "cyclosporin" referred to In this application i$ intended 'fo: meari a single substanc® or a 
mixture of a group of cyclosporin sntibiotics which are described in detail in Japanese Patent Laid-open 
Publication (kokai) No. 2-17,127. 

10 BACKGROUND ART 

Cyclosporin is known as an immune inhibitor and it has exiensively feeert ernployed in -the field of the 
transplant of organs including the kidney. Recently, cyclosporin becomes apparent as being effective to 
various diseases that are caused mainly from autoimmune reaction, in addilion to: the: efficacy for the 

is transplant of the organs. A. number of literature has already been pMbpsfied whiph reports the efficacy ol 
cyclosporin forarthritis. -Autoimmune diseases to which cyclosporin has beers appiisd or proposed to be 
applied may include, for example, autoimmune blood diseases, ehmriic bronchial asthma, systemic 
erythematosus, polymyositis, systemic scleroderma, Wegner syndrome, myasthefiie gravis, psoriasis vul­
garis, autoimmune intestinal diseases (idiopathic ulcerafive colitis, Crohn disease), sarcoidosis, .multiple 

.so sclerosis, Juvenile diabetes mellitiss, uveitis, psoriatic rheumatoid, glomerulonephritis, and the like. 
As described hereinabove, cyclosporin contributes largely to the inhibition of rejection at the time of 

transplanting organs and autoimmune therapy; however, it is also known that it may often cause severeiy 
adverse affect upon the kidney when administered orally over a long period of time- so that this toxicity to 
the kidney has been the cause of suppressing cyclosporin from being extensively employed. It can be 

as noted that fhgre are many cases where morbid states are caused to occur at the skin, eye or joint to which 
topical preparations can be applied, in me ease of diseases that can be- administered with topical 
preparatipds, it is advantageous to s^-oid systemic administratipn that might cause disturbances to occur in 
the kidney, if the focus of -a disease is restricted to a layer of the dermis, topical administration through the 
epidermis is more advantageous than other ways of administration because it can says the amQUht of a 

so medicine to be adminlstersd and further the efficacy of the medicine- can be enhanced in ossociation with a 
local rise in the cQhcentrstion of the medicine, while systemic side effects cart be reduced. The way of 
administration in the form o? topical preparaiions car) tie said to be one of the most effective drag delivery 
systems tDOS) for cydosporin. 

On the other hand, it is extremely difficult to formulate cyefosporin into topseai prBparations so as to 
35 maintain its highiy iherapeutical effect, unlike water-soiubie or" low-mcieeisiar v^eight, pharmacetiticalb/ 

effective stjisstancses. One of the reasons for this diffieuity is because the cyclosporin is a igrge 
cyclopoiypeptide having a molecular weight ol larger than 1,200 so ttiat it suffers from the difffcuity in 
avowing cyclosporin to infuse or penetrate through the homy skin layer intp the focai site .present iri the 
dermis layer. Arioft'ier reason for the dittsculty is because the cyclpsporin is insSlubis in water and there is 

40 the restrlctiorrupor! the kihd of origaifc soivents In which the cyefosporin csri be dissoK'ed, As syph specific 
organic solvents, a lovv'er alkanoi such as ethane! or tsoprosanoi may be generaiiy ernpfoysd. However, 
such a lower aikanoi is too highly irritative to the skin when it Is employed for tqpicai pfeparatiems in a 
relatively high concentratien, so that safe topical preparaSons eannot be prc-vidsd. On the ether hand, when 
the lower alcohol is employed in a relatively low concenlration for topicaf preparations, the ability of the 

•*$ cyclosporin to be dispersed uniformly in the topfeai preparations may be impaired, thereby praviding no 
topical preparations with a highiy therapeutical effect. 

Reports on ciinicai research of cyclosporin ointments have bean ptjbiished to the effect that a 10% 
cyclosporin formulation -may be pharmaceuiticaliy effective or ineffiectlve, so that its pharmaceuftca! effects 
may or may not be reproduced. Some reports describe; specific iXHtiposilions of cyctesporin forrnuiafiohs 

50 yet no eisar pharmaceufcal effects therefor are described. 
For example, Japanese Patent Laid-open Pubiicatlon No. 2-17.127 discloses compositions which 

ajntain, as esseotiai -components, cyclosporin and a mono- or poiyunssturatsd fatt-y acid or an unsafuj'ated 
alcohol, each having from 12 to 24 carbon atoms. The mono- and potyunsaturated fatty acids may include, 
for example, vaccenic acid, iinoieic acid, linolenia acid, eiaidie add, erucic acid, and the like. The 

S5 unsaturated alcohol may include, for exampfe, vaceenyl alcohol, linoisyl sicohol. llnoleRyl aicohol, elaidyl 
aieohol, erucyl alcohol, and the like. Further, it describes the compositions are effective to various skin 
diseases; however, that publication does not specify its pharmaceutical effects and refers merely to the 
abiiiiy of the cyclosporin to Infuse or penetrate through the skin and to the concentrator! of the cyclosporiri. 
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Ths publication is thoroughly sitent gbout the extent, for exampie, to whic4~! thse cyclospprin is effective 
against psoriatic diseases. 

Severs! cases of skin diseases are repbfted; many csf the literature statss that cyciospcrin is effective 
against the skin diseases. 

For exempte. stopic dermatitis is feportsd in Acta. Derm, Veneroi.: Suppl. 144, 138 - 138 <1989) where 
an aiccholic oiiy gel of containing cyclosporin at the rats of 10% by weight is effective against atopic, 
.dermatitis. Further, Arch. Dewu: 125, p. 570 <1989} reports that an alcohoiic oiiy ge! of a 10% (by weig:htj 
eyclosporin (s sffactivs. 

There are reports of contacMyps dermatitis, for exampie, in Arch. Dermato-1: 125, 568 (1S89J which 
w- rsports to the effect that cyclosporin is empfoyed. for a .human DNCB test with no effect, Furfherj Contact 

Dermatitis: 19, 129-132 (1988) makes a review on three formulations: a 10% cyekssporin formulation in 
labrafii (polyoxyi-5-oteste, olive oi! and ethanof), a 5% cyciosporin formulation in casSor oil and: a 5% 
cyGiosporin "fbrmulstibii In castor oii containing 20% propyiene glycol; however, it states th©: results of this 
rtsview isifjs* not so satisfactbry that a more effecisve solvent is required, in addition. Contact1 Dermatitis, 20, 

;s 155-158 states that none of three formulations, or 0.1%, 1% and 10% cyciosporin foarujiatiQns, are effective 
at: ail against contact dermatitis. 

Pharmaceuticai effect of cyciosporin upon psoriasis is described, for example, in Clin:, Res., 34, 1007A 
(1986), in which it is described: that topics! administration of cyclosporin is not effactsve for the: therapy to 
psoriasis, although neither the concentration of cyclosporin nor the composition thereof are sjpecified. if is 

so also described in Lancet. 1, 806 (1987) that a 2% by weight cyclosporin (on ointment base) is as, effective 
upon psoriasis: as placebo, Further, J. Amsr. Acad. Dermatol,, 18, 378-379: (1988) describes that a 5% 
Cyc-lospdrin solution in olive oil is equal to the sole use of dlive"oi! that is efnployed as the base in the 
previous case. In: addition, j. Arter. Acad. Dermatol., 22, 126-127 (1990) states: that a gel Comprising 10% 
cyclospofin, 43% olive oil, 10% ethanol, 30% polyoxyPs-cieate and 7% coitoida! silica did not: produce any 

2S effect jpon psoriasis, Furtbermdre, it is reported in Brit. J. Derm., 122, 113-114 (1990) thai a 5% (by 
weight) cyclosporin ointment was not effective. 

Reports qri alopecia areata are made, for example, in Lancet, 2, 803-804 (1986} whore it is descritaed 
that a 2% cyciosporin oily Solution was effective. !n addition, Lancet 2, 971-972 (1986) reports that a 5% 
(wc) cyclosporin formuiaison in oii was effective against aiopscia areata. On the other hand, Acta, Derm. 

ao VenereoL, 69, 252-253 (1989) dsscEsbes that a 10% cycfosportn oiiy preparation was not etfective. 
FurthermoreT'i. Amer, Acad- Dermatol 22, 251-253 (t.983) reports that a 5% eyciosporin formuSation was 
effective against rnaie aiopscia. although no specific compositions are described therein. 

As-iotsg as Hteralure as d&seribad hereinabO'/e has been reviewed, it & considerably difficult to draw a 
Goncitision that cyciosporin is topicaiiy effective against the skin diseases as specified hereinabove. Even if 

,?s it could be said that cyesospqriri would be effective against the skin diseases, it can be said that cyciosporin 
should be employed in a considerabiy large amount, if cydospotiri preparations are not topically eifeciive 
against the. skin diseases or the effect is not satisfactory, it can be said in many occasions that the kinds of 
fbfwiulatson coiTtponents and the dosage are inapproprsate. In summafy, no: conventional topical cyciosporin 
pfeparations can achieve the object to-utilize cyclosporin.effectively as toftifial preparations. 

6 

40 

DiyGl.OSU.RE OF INVENTfON 

The primary object of the present, invention is to provide a topical preparation containing eyciosporlrv 
which acts effectively upon skin diseases, is useful therefor, and is highly safe. 

Another object of the present tnvenfion is to provide a tDpical preparation containing eyclosporin, which 
is icwer in the oortoentrafksn of a iower abotiol and high in safety. 

A further object of the present invention is to provide s highly safe topical preparation CGntaining 
cyclosporin, which doss not yet contain any quantity of a Sowar akxihol. 

As n result of extensive rBsearch and reviews on cyciospdrin-ebntaining topical preparations which are 
so supeFibr in the ability'of irifuslon or penetratkin through tfje skin orthe horny skin layer yet which are less in 

irrttason to the skin and high in safety, the present invention has been compietad on the basis of the new 
finding as will be described hefsihafier. 

One aspect of the present invention provides the tbptcai preparation containing cydosporin, which is 
characterized by (a) cyclosporin; (b) an organic solvent jn which the cyclosporffi is to be dissolved; (c) an 

as ester of an fatty acid with a mofiovaient aicohoi, which is in ilqusd state at 25 ' G and which has a total 
number of carbon atoms of 8 or morej and/or an aikgnol amine in liquid form at 25* C; (d) an oily 
substance-(ft a solid form at 25 ' C; and (e) a surfactantj wherein an amount of ttie cyciosporin ranges from 
0.1% by weight to 10% by "weight arid a'total amount of the ester of the fatty acid with the monovalent 

45 
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alcohot andfor the aSkanol amine ranges from 1% by weight to 15% by weight. 
Another aspect of 'ft© present invention provides a topical preparation containing cydosporin, which is 

characterised by (a) cyclosporin;..-^} a fower alcohol; (c) an fatty acid ester in liquid state at 25" C and/or an 
aikanol amine in liquid stale: at 25 * C; (d) an oily siibSftanesj in solid state at 25 • C; and (e) a surfactant, 

5 whsrein an amount of the cyclosporin ranges from: 0.1% by weight to 10% by weight, an amouot of the 
lower alcohol ranges from 2%; by weight to 15% by weights and s total amountof: the fatty aeid ;©Ster anci/or 
the aikanol amine ranges from 1% by weightto 15%: by weight. 

The oyclosporin-containihQ topical preparations according to the present invention are characterised by 
the features, that the con positions are: diffst'eht from :!hbse of the borivenfionai cyclosporirn topical 

io preparations as reported in the aforesaid litefature and if can achieve the objects of the present invention in 
an effective way by using a rsdtieed amount of cyclosporin. 

The topical preparations containing cyclosporin according to the present invention is provided with the 
features as follows; 

1. "They are superior in-therapeutic effect; 
2. They are highly stable (i.e., cyclosporin does not become free from the topical preparatiptis, no 
crystallization of cyclosporin is caused to occur, and no chemical reaction of cyclosporin is caused to 
occur with any other components of the compositions); 
3. They are easily .administered'topically; 
4. They contain cyclosporin in a. highly uniformly dispersed state; and 
5. They are highly safe. 
in order to determine the formulations of the topical preparations according to the present invention, the 

selection of sacb component of the formulation and the rates of the components are of significant factors. 
For example, when the topical preparations are employed in the form of ointment, the pharmaceutical effect 
of the ointment, the biological activity of the ointment, and the physicQChemicai stability of the ointment 

25 should be taken into account. Heretofore, in usual cases, a higher saturated fatty acid or an fatty acid such 
as- oleic acid or Ta-hydroxysiesric acid has been employed as: an ointment base. Among itsose fatty adds, 
lauric acid, myristic acid, palmitic add and stearic acid have been employed to form soap, together with an 
aifcalii particularly potassium hydroxide,which in turn helps emulsify the formulatsd medicine. 

It should be noted herein, however, that the fatty acid, whether ft is employed as It is or in the form of 
so potassium soap as an ointment base, for the cyclosporin-coRtainlng topicai preparations according to the 

preserst invention, is litile effective for emulsifying cyclosporin in the topical preparatiens, whereby no 
topieal preparafons with an highly pharmaceutical effect can fee provided, and the stebility of ointment may 
be impaired. 

J-5 

SB 

So BEST MODFS FOR CARRYING OUT THE INVENTION 

The topical preparations according to the present invention contains cyclGsporin, as a major active 

component, at a rate ranging from 0.1% to 10% by weight, preferably from 1% by weight to 7% by weight. 
It is to bs noted herein that the topical preparations of the present Invention can derrionstrate highly 

40 therapeutic effects in such a icsw ooncentrai on. 
The top'scai preparations according-to the present invention Gohtairts the organic solveht fpr cyclosporin, 

which: fs in liquid state at afnWsrit ^temperature. {25* C) arid which can dissolve' the cyeloSporir!. Such 
organic solvents may include an-aliphatic alcohol and a fatty acid ester with a polyvalent alcohol. 

As the aliphatic aicohQiS, there may be employed any lower aicohoi and higher alcohol as long as they 
45 are liquid at ambient temperature. The: aicohoi may be a straight or branched one or may be saturated .or 

unsaturated one. Specific examples of such aiiphatsc alcohois may include, a.-lower alCoho! such ats ethanol, 
propanoi, isopropanol, butanol, and the like, and a higher alcohol sufdi> as ocfyl alcohol, nonyl alfsjiioE, decyl 
aicohoi, 2-OGtyt dodscanol, S.S-dimethyl-̂ heptanol, oleyl alcohol, and the like. The branched higher -alcohol 
is preferably appropriate as She organic soiverti for the cyclosporin. 

The polyvalsnt alcohoi-fatty acid ester may be represented by the foiiowing formula-. 50 

R'GOOR-OH 

where 
R1 is an alky! group havihg from 4 to 12 carbon afemS, preferably ffortT 6 to 10 carfcon atoms; and 
R® is an aikyl group having from 2 to.4 carbon atoms. 
Specific examples of tha polyvalent afcohol-fa% acid ester may include, for example, propylene glycol 

caprySate, propyiene gtyco! caprate, butyleoe glycol caprylate, buty'ene glycol caprate, glycol butyrate, and 

55 
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propytens glycol butyrats. 
The organic solvents as described hereinabove may b$ employed sotely or in admixture with frie other 

organic: solvents. The mixtuee advantageousiy contains the Sower alcohol in the rarsp from approxirnateiy 
5% to 80% by weight preferably {rorh approximately 10% to 50% by weight. 

The organic solvents; may be adrriixsd with the cyctosporin .at the rate ranging from approximately 0,5 
part to 10 parts by weight, preferably from approximately i part to 5 parts by weight, per pari: by weight of 
cyclosporin. As -the organic solvents, the lower alcohol, particularly .ethanoJ,. is preferred. The lower- alcohol 
can serve as a solvent for the cycbspcrin as well: as acts for accelerating the ability of the cyclosporin to 
infuse or:penetrate through the skin. 

The rate of the lower alcohol to be admixed with the cydosporin may preferably be determined so as to 
amount to 2% by weight or more with respect: to the total weight of the topieal preparation, in order to. 
accslsrats the: ability of the cydosporin for in.ifU8tprt^\jpiieii!etr?itj«in. -fw^ogh' th$ skin. If the concentratkjn of 
the lower alcohol increases, the extent of irritation beeames: so ssverer that the concentration of the lower 
alcohol may be reduced to 15% by weight or lower with respect to the tots! weight oi the topical 

ts preparation. It is to be noted, however, that: the concentration of tile lower alcohol may preferably range 
from: 3% to 6% by weight with respect to the total weight of fh© topical preparation, in order to focus on 
improvements in the ability of the cyclosportn for infusion or penetration through fhe skin and a low degree 
of irritation. 

ft is noted that for the topical preparations according to the present invention, it is preferred to use such 
so- an organic solvent as having a boiling point of 160 * G or higher, prefsrably 180 " C or higher and being 

sparingly volatiie or volatilizabie. Such organic solvents may include,: for example, a higher aliphatic alcohol 
having 8 carbon atoms or more and a divalent: alcohoi-fatiy acid ester. 

The topical preparations according to the present i-veition contains the ester of the fatty acid in liquid 
•state at ambient temperature with the monevaient alcohol andfor the ai:ka!*so:i amine.:The fatty acid ester with 

8$ the monovalent alcohol may have 8 carbon .atoms or more, preferably 12 carbon atoms or more. 
The mancvsient alcohol component of the monovalent: alcQhol-fatty acid esters may be g residue of a 

straight- or branch-chained aliphatic alcohol haying from 1 to 22 oarboh: atornS, preferabiy from 2 to 1.8. 
carbon atqirss. The fatty acid oomponeht may toe a sfraight-chained or branch-Chained. rr:ortovatent or 
divaient fatty acid having from 4 to 22 carbon atoms, preferabiy from 8 to 18 carbon atoms. The monovalent 

•90 alcohol land fatty acid: ctjmpohents (nay in each case contain: an unsaturated bond,"The monovalent alcohol 
coraponent thereof may inGluefe* for example, ethanol. propanol, isopropanoi, butanoi. hexanol, octanoi, 
isooctand!, dodecanol, isododecanol, nriyristyl alcohol, cetyl aicohci,, hexadecyl alcoho!, 2-ethyShexyl alcohol, 
•2?oetyl dodecanol and the like. The fatty acid component may inckide, for exampte, a monovalent falty acid 
such as butyric acid, octanoic acid, nGnanefc acid, caprylie acidi Gapric acid, myristic acid, palmitic acid. 

ss steaic acid, lincieic acid, iinolic acid, and erucic acid, arid a diyaient fatty acid such as sucdnsc: add, adipic 
acid, pirnellc acid, suberic add, szeiaic acid, sebaeic acid, and dodeeane diaad. Prefened examples of ths 
fatty acid esters with the monovalent alcohols may include, for example, a morsovalerit fatty acid ester such 
as ethyl rnyristate, Isopropy! myristate, isotrideGyi myristate, isopropyl laurate, isopropy; caprylate, isopropyl 
palrnitale, isopropy! butyrate, amy! butyrate, and octyi butyrate, and a divalent fatly acid ester such as 

40 diethyl succinate, dilsopropyl succinate, dfethy! -adipate, diisopropy! adipate, diisooctyl adipate. dioctyl 
adipate, didecyl adipate, decyl isooctyl adipate, diethyi azefate, dtisopropyl aselafe, diisooctyE aselate, 
diethyi sebacate, diisonropyl sebacate, dibutyl sebacate, and dioctyi sebaeste. 

Specific examples of the alkano! amines may inchxte, for example, diethanol amine, Methanol amine, 
isopropanoi amine, triisopropanol amine, dibutanol amine, tributancf amine, and tha like. 

Th© monovalent alcohol-fatty acid est&r- and the alkanol amine can serve as improving the ability of Ihe 
cyclosporin solution in the organic solvents to inftise or penetrate through the skin as w«li as demonstrate 
the action o? homogeneously dispersing the cyciosporin. dlssoivsd in the organic solvents, in the oily 
substance in solid form. The rats of these compounds may range usually from appmximately 1% to 15% 
by weight, preferably from approximately 3% to 1.6% by weight, with respect to the total weight of the 

so topical preparation. Further, these compounds may be empfoyed at the rate ranging usually from approxi ­
mately 2 parts to 5 parts by weight, preferably from approximately 2.5 parts to 4. parts by weight, with 
respect to part by weight of the organic solvent or solvents. 

The topical preparations according to the present 'invention contains the oily substance in solid form at 
ambient temperature. It is noted herein that the term "solid'' referred to herein is intended to mean semi-

ss solid as well as solid. The oily substances may include, tor example, art alcohol, an fatty acid, an ester, a 
tritjiyceride, wax, vaseline, and the like. The alcohol may include, for example, palmityl sicohel, stsaryi 
•alcohol, elcosy! -alcohol, giycerine, poiyglycerin, and the jlfes. "The- fatty add- may snciud©; for example, 
palmitic acid, stearic acid, oleic acid, arachic acid, behenic add, rnontenic acid, meiissse acid, ssfeacic acid, 
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and UIG !ibc fbc ester may; Enclode, ioi oxampio, buSyi sioarato, iioxyl taisrate, iYsyrisly: inyrisiafc. riortooyi 
olsate, :2H3cftf!disdecyt myrlstats, hsxyl dscyl GctanoEte. cstyl teciate, giyeeryl caprate, glyceryl capriiate, 
and the site, As the triglyceride, there may be empbye^ a variety of rnaSefiats originatshg from sources 
such as animals or oaturaliy .occurriRg ptents or vegetabtes, which are generally caiied fats and oils and 

s which can be commereiaily available, ii may inciude, for example, a large vsristy of vegetabie Oils, cow fats, 
liver fats, lanoiix;, lard, and the like. Preferatife ones are vegetabfe osis, particularly olive oil, cafneiila oil, 
soybean oii, rapesesd ori, com oil, castor oil, saffiower oH, and the like. There may also be employed fish oil 
rich in eicosaiaentadeeanofc acid tfiat recently draws sncrsasing atsntiort d«e to its aotsoti for afEergy or 
maijgnant tumor. 

The rate of tile oily substance is not rsstricied Eo a particular one and may be fonrnylated at any 
arbitrary rate in accordance with the desired properties ot ihe topical pfeparstiooa ttefiwraiiy, the rate of the 
pily Substence may range from ajiproximateiy 1 part to 10 parts by weight, preferably frorn approxirnatsly ?. 
parts to 8; parte by weight, with: respect to part by weight of tha fetat weight of the orgarsic solvent and the 
nionovatefit aieohbl-fatty acid e^er and/or the afcanoi amine, which is in iiqsiid state at roora t©rnperatare. 

The surfactant is contained in the topical preparations accordirsg te the present invention. As the 
surfactents, there may be employed a variety of surfactants, induding snibnic, caSonic, non-ionic or 
amphoteric onss. The non-ionic surfactants may preferably be employad in terms of a low degree of 
irritation to the skin. As the non-ionic surfactants, there may be mentioned, for example, an ethylene oxide 
type surfactant a poiyhydrexy type surfactant^ a polymer type surfactant., and toe like. The ethylene oxide 

20 type surfactants may include, for example, an ethylene oxide adduct of a higher afcohol, an ethylene oxide 
addijct of a higher fatty acid, an efhytene oxide adduct of an alkyi phenol, an ethyfene o»de adduct of an 
fetiy acid amine, an ethylene oxide adduct of an fatty acid amide, an etnylene oxide adduct of a poiyvalent 
aicohoi, an fsthyleine oxid&'propi'iene ijxide block copolymer, and the like. The pdlyhydroxy type surfactants 
may •'include, lor exarapte, a glycerin monofatty acid ester, a pentaerythtitol fatty acid ester, a sorbiian fatty 

•as ecid estsr, a sucrose fatty add ester, an fatty acid amide of ethanol amihe and an alkyiene oxide adduct 
thereof, and the like. Among these pofyhydroxy type surfactants, there may be advahtageously empfeyed a 
polyoxy ethylene sorbttan fatty acid ester, a polyoxy elttylene glyceryl moriofatty scid ester, a polyosy 
propylene monofatty acid ester, the sorbitan fatty acid ester, a polyoxy ethylene afeoho! ether, and the ISke, 
These surfactants may be employed soleiy or in ad mature Avith the other surfactant or surfactants. 

The amount and the rate of the surfactant is not restricted to a particusar one and may vary depending 
upon the desired properties of the -Dpfcai prsparaHbn, although the surfactant may be generally contained in 
the range of from apprGximatsly 5% to 50% by weight, preferably from approximately 20% to 45% by 
weight, with respect to; the total weight of the topical preparation: in the case of. the topical preparation being 
of a non-erouision type and from appfoximateiy 1 % tq 23% by Wetghi, preferatily from approstimately 5% to 

as 15% by wsigrrt, with rsspect to the total weight thereof in the case of the topscai preparation being of an 
smislsion iype 

The topical preparation in accordance with the present inventiori may,, as desired, contain an additive 
such as a filler, an aid for dissolving cyclosporin, a thickening agent, a colorant, a flavor, water, liquid 
paraffin, squaiane, an emuisifleatlon stabilizer, a bactericide, a fungicide, and the like. The filter may be 

40 finely divided powdgr of arc organic type or of an inorganie type. The pasiicte size of the filler may range 
usually from approxirnaEoly 0.1 urn to 20 am. preferably from approximately 0.5 um to 10 am. Appropriate 
examples of the fillers may include silica, alumina, iitania, resin powder, silicate powder, cfay powder, 
sepioliie powder, rnorn morilonite powder, fluorinaled r?t:ca pcwder, hydrosypropyi cellulose powder, and ihe 
like. The aid of dlssoiving cyelosporin may include, for axampfe, an alkylene glycoi and a polyaikylene 

45 glycol such as ethyiene glycoi, propylene glycol, isopropylene glycol, polyethylene glycoi, polypropylene 
glycol, and the like. The rate and She ampunrt of the dissolving aid rnay range from approximately 0.2 part to 
5 parts by weight with respect to part of the total weight of ibe organic solverit. The alkylene glycol serves 
as accelerating the infusion or penetration of the cyclosporin through the skin. 

The topical preparafions according to the present invention may be applied in the form of an emulsion 
so or a non-emulsion. When the topical preparations are formulated In a non-emulsion form, they may 

preferably comprise the folfowlng composition: 
a. Cyclosporfn: from approximately 0.1% to 10% by weight, preferably from approximately 1% to 7% by 
weight; 
b. Organic spSyent: from approximatety 1% to 40% by weight preferably from approxirnatsly 2% to 20% 
by weight; 
C- Monovaient afcobol-fatty acid ester in .liquid state at ambierrt temrperafure and/or the alkanol amine: 
from 1% to 15% by weight, preferably from approximately 3% to 10% by weight; 
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d. Oily substance In solid state at arnbignt iefnperaturs; from approximateiy 20% to 80% by weight, 
prefensfoiy from appEoxImateiy 35% to 80% by weight; 
e. Surfactant- ffefn apprGximaMy 5% to 50% by 'weight, preferably from approximately 20% to 45% by 
waight: and 
f. Filter: from 0% to approxsmateiy 15% by weight, prefersbSy frorr; approximately 5% to 10% by weight. 
When the: tower aleohol is empioyed sclely as the organic soivent for tie topical preparation of the non-

emtision type, 8ne iower alcoliD! may conveniently be contained at a rate ranging from approximatsiy 2 to 
15% by weight, preferably from approidmaiely 3% to 1Q% by weight. In ihis case, the surfactani may 
conveniently be contained at a rats ranging from apprexjiTtateSy 20% to 45% by weight preferably from 

ro approximately 20% to 40% by weight and ths oily substance may convenSonalJy be oootsrined al a rate in 
the range of from approximately to 60% by weight, preferably from apprcxirnately 40% to 55% by 
weight. Further, Itse surfactant to be empioyad may have an HLB of 8 to 25, preferably from S to 12. 

The topscal preparatjon of the non-emuisioh type may be formulated by mixing a cyclosporin solution in 
the organic, solvent and fee mbncw'^^t.afbohol-latty acid ester in Bquid state at ambient temperature snd-'or 

?s the alhanol amine, mixing the resuiting mixture with the oily substance and the sufactant, and adding the 
filler to the resuiting mixture as meeded, and homogenking the mixture. 

The top^eaf: preparations in accerdanoe with the present invention in an emulsion form may preferably 
comprise the composition a:; foliows; 

a. Gyciosporin: from approximately 0.1 % to 10% by weight, preferably from appim'matety 1% to 7% by 
weight; 20 

12% : fro: 
by weight; 
c. fifonQvalerst atoohol-fatty acid ester in liquid state at ambient temperature and/or the aikarvoi amine: 
from T% to 15% by vielght, preferably from ^pproxknate^y 3% to t0% by weight; 
d. Oily substa'ritee in solsef state at arhbiertt temperature; from approximatoiy 10% to 35% by weight, 
preferably from approximateiy 15% to 30% by weight; 
&. Surfacterrt: from approximatefy i% to 20% by weight, preferably from approximately 5% to 15% by 
weight; 
f. Filler: from 0% to approximately 10% by weight, pr®ferBb!y from approxsmatefy 0,1% :tc 5%' by weight-
and: 
g. Sterilized water:: frorti: approxlf?lat©ly 3D% to 75% by weight, preferably from: approximafely: 40% to 
50% by weight. 
The topiCai :preparations iri the form; of an emulsion may be prepared by mixing the components {a) to 

(f), inclusiv®, at efeyated temperature to give an oily mixture in a Squid state, referred to hereinafter as 
35 "mixture A" and: adding sterilized pure water, referred to hereinafter as "water B" to the mixture A with 

stirring at eieyated teriiperatiife. The water B may be.added at a rate of frern.approximateiy 30% to 75% by: 

weight with respect to the total weight of the mixture A and the water B. To the water B may in advance he 
added an aid of irifusiorv of p.enetratjGn of cyclosporin through ths skin, a viscosity adjusting agent, the 
bactericide, a water-soluble substance such as an afkanoi amine. The infusion or penetration aid may 

40 include, for example, an alkylene glycol such as ethylene glycol, propylene glycol, botyiene .glycol, and the 
like. The viscosity adjusting agent may include, for example* a poiyalkyiene glycol such as poiyethylene 
glycol, polypropylene: glycol, and the like; a polyvalent alcohol such as glycerin and the like; and a water-
solutiie polymer such as Darboxyvlnyl polymer and the iike. "The topical preparations in the emulsion form 
may b© of ari oil/water type and of S vyater/oil type. For the topical preparations of the oil/water type, the 

4B surfactant having: an HLB of ® to 18 may preferably be empSpyed: for the topical preparations: of the 
WatsKoil type,: the surfactant having an HLB of 2 to 8 may preferably be employed. To the topical 
preparations of the emulsion type may be added, as needed, a yiscous oily substance such as liquid 
paraffin, giyceriri, vaseline, and the like. 

The topical: preparations accbrdihg to the present inventipri may be administered by applying them: 
so directly to th« affected' part of the skin or by applying them In ths form Of a patch, plaster, pouiticie, or the 

like to the affected part thereof, several times, e.g. once to thrice, per day. The number of applications may 
appropriately be increased or reduced: depending upon the extent of .the disease to be. applied. 

in accordance with the topical preparations of the present invention,: a mixture of the cyclosporirv 
solution in the organic soiwent with the liquid monovalent alcohoHatty acid ester and/or aikanoi amine is 

ss contained in the oiiy substance in. homogeneously dispersed raanner, Hence, the topica! preparations is so 
highly likely to infuse or penetrate through the skin that they can demenstrate highly therapeutic effects 
upon atitoirr.murie cr slle-gic skin diseases merely by applying them to the affected part of the skin, fyrther, 
the topicai preparations are little; ifritative or extremely- tow in irritation to the skin so that they are highly 

25 
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safe. 
The topical preparations, secoreiing to she present Inventiort- are: highly effective for the thsrapy -pf 

various dermal diseases: such: as atopic: dsrmatitie, psoriasis, contact dermaiitlS; aSiergic contact dermatitis, 
alopecia, and the like, further, they are sffsctive for treetirsg other dermiaS ciiiseasSs. such as scaid. The 

s topica! preparations can assist adapt a skin piece grafted to the siie of skin grafting. 
The present invention will he deseribed more in detaii by way of sxampies-

ExampSs! 1: 

For a topica! preparation, there were employed the components as foiiows: 70 

Cyciosporin: 
95% Sthanol. 
isopropy! myrisfafG: 
;0!i:Ve bii:: 
Poiyoxyethylsns (S> gSyceryi monostearate: 
Firieiy divided siiica {Aerosfi 200) 

! % by weight 
3% by weight 
5% by weight 

48% by weight 
35% by weight 
8% by weight 

us 

The topicaS preparation was forrnuiated by mixing isopropyi myristate, poiyoxyethyfeiis (5) glyceryl 
monostsarate and. oiive ei! with stirririg at 50 * G to give a homogenous soiuiion to which a solution of 
cyciosporin in'sthanol was added, and the resulting mixture heated to 30-s - 355 C was mixeci with asrosH 
to give an ointr:snt. 

20 

j?s Example 2: 

A topics! .preparation was prepared in substaraiaily the same roanrser as in Example 1 using the 
components as foiiows: 

30 Cyciosporin: 
85% Ethaioi: 
Isopropyi. myristate: 
Olive oii: 
Poiyoxyethyten!-; :{S^ glyceryl monostearate: 
Finely divided siiica (Aerosii 200} 

1 % by weight 
5% by weight 
5% by weight 

47% by weight 
35% by weigiit 
7% by weight 33 

Example 3: 
40 

A topical preparation was pr&parsd in substantially the same manner as in Example 1 using the 
components as foiiows: 

Cyclosporin: 
8S% Ethano!: 
isopropyi myristate; 
Cameilia cil: 
PplyoKyethyjerie (5) glyceryl mqnostearate: 
Finely divided siiica {Aerosii 200) 

2% by weight 
10% by weight 

5% by weight 
4-4% by weight 
32% by weight 

7% by weight 

4S 

so 

Example 4: 

After the -sfeins of 'guinea pigs were sensitized with dinrfroffuorobafasne (DNFB), DNFB were applied 
again, thereby causing the strong allergic: reaction to emerge on the Skins of the -guinea pigs. 

The efficacy of the tepieal preparations according to the prssent invention was observed with thift 
experimenta- model. 

55 
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Cypiophosphainide was intraperitoneally administsred at Eh© rate or 200 mg per kg three days before 
the sensifeation oi.msfe Hartley giJipea pjgs, weighing frorn 40 grams tQ 500 grams, and 50 til of a 10% 
QNFB soiution in a 1:1 mixture of acetone and oiive oil) was applied to orse earfobe of each of the guinea 
pigs. At day 8, a dose of 20 tti or 0.S% or 0,1% Df-iFB solution in a 4:1 niixture of acetone and ofive oil v,'as 

o applied to ths Boti"! sides of the dspijated aiadomtnal portions of the guinsa pegs, whereby contact cfeimaf 
aitergic reaction was. induced, 

After DNFB was then appiied as an antigsn to the corrsspondiog sites of the both abdominal portions, 
toe topical preparatiorss prepared in Example 1 (containing cydosporsn at the rate of 0.1%, f% and 10%) 
were appiied in: the amount of 50 ui thereto. This application was repeated twice s day at an interval of 8 

to hours. The, first application of eaeh topical preparation was Gondiicted imroediateiy after DNFB had been air 
dried. 

The aiiergic reaction was evaiuated at 24 hours, 48 hours and 72 hours after the application of the 
antigen in accordance with the foisowing criteria: Rating 4 - sweff in. red; rating 3 « colored in red; rating 2 
= colored in pink: rating 1 = a spot colored in pink; and rating O = no efrange. The values as show in 

JS Table 1 belov,- represent the mean vatue plus or minus the standard error (SE), 
The statistical treatment was conducted with Student's t-test, and a sigmficant difference was justified if 

the srror rale was p<{}.05. 
The application of the 0.5% DNFB solution caused the strongest alfengie reaction over the time range 

frorn 24. hours to 48 hours after the application. The 0.1% cydosporiri ointment suppressed the afiergic 
20 reaction to a considerable extent with no significant difference. -On the other hand, the ointrnent. CGntaining 

1% cyclosporin reduced' She allergic reactioR to a rerTiarkable extent at 24 hours with the significant 
difference of p<0.01. Even at 48 hours and 72 hours, the aitergic reaction was suppressed with the 
significant difference. Further, the ointment containing 10% cyclosporin demonstrated the sighifeart 
suppression of the aiiergic, like the 1% cyclosporin ointment As a control, the osritmefit base only did not 

25 suppress the allergic reaction at all The results are shown in Table l below. 

TABLE 1 

Test Samples 24 nojrs 48 hours 72 hours 
so 

No. of guinea pigs Gyciosporin (%} 

3,4 ± 0.2: 2.7 ± 0.2 9 3.4 s 0.2 0 

2.4 ± 0.3 1.8 ± 0,3 0,1 8 2.7 1 0,3 
35 

0.7 ±0,3"* 1.0 0.3* 1,0 i 0.3" 1.0 8 

4 0 3.3 K 0.3 3.3 0.3 3.3 .t 0.3 

1.0 -Sfc 0 5 |: 10 0.8 ± 0.5' 1.0 ± 0.6* 

4p: ' p< 0.05 
" p < 0.01 

When the 0:1% DNFB .solution was appiied, the strongest ajiergic reactson was caused to appear at 
hours after the application. The 0.1% cydosportn topical .preparation suppressed' the allergic reaction to a 

' remarkable extent with the significant: difference of p < 0.01, The aiiergic reactson was likewise suppressed 
even at 48 hours and 72 hours-. On 'the other hand,- the. topical preparations containing i % and 10% 
cyclosporin showed the reduction in the aiiergic reaction with the significant difference, like the topicai 
preparation containing 0.1% cyc:03pc:.in As a con;.-!)!, the oiritment base only did not Suppress the aitergic 
reaction at ail. The results are shown in Table 2 below. 

ss 
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TABLE 2 

24 hours 48 tours Test Sarapies 72 hours 

No. of guinea pigs Cyclosporin {%) 

2 1 i 0,3 0 3.1 x 0.2 2.5 t. 0,2 

0.3 -- 0.2" 0.8 ± 0.2" O.J 8 1.0 £ 0.2" 

0.1 ± 0.1" O.l t 0 1" 1.0 8 0.4 £ 0 3°* 
if; 

2.3 -t. 0.3 2.0 i 0.4 3.0 i 0 0 

0.3 ± 0.3* 0 i O"- 0.5 i 0.3X 10 

' p < 0.05 
"** p < 0.01 •is 

Exa-npte 5: 

r. • , Cass 1: 

A mate patient, 27 years old, has been affected with atopic derrriatitis since his age of 22 although a 
tempGrary remission had been gained at his age of 8 years from the atopic derraatifis since his age of 3, 
Various steroidal ointrnsrits were applied so far; they were found hardly effective. With the 10% cyclosporin 
Dircfenent aceording to the present iivvenEiori, an itch on his skin tiisappearsd four to five hours after the 
application of the ointment and the ischenized erylhra peeuSiar in the atopic dermatitis disappeared 
•compfetely at day 3 after its appjibation when the ointment was appiisd twiGe per day. 

Cass 2: 
30 

A male child, 8 years old, has been affected with atopic defftsatitis: since his age of 3 and was. 
administered with Azeptin,. Zaditen, and Rizaben as well as ointments such as Rinderon V, Locorten and 
Methaderm; however, no effect was recognized. The appsication of a 5% cyclosporin ointment according to 
the present invention etiminatsd an Itch to his skin within 5 hours aftsr the. topiceil edministratiOft and the 
itch, erythema and wet erosion of the affected part had disappeared within 24 hours after the appllcatiGn 
thereof. 

Case 3: 

40 
A male patient, 52 years old, was affected with psoriatic arthritis, ::and the 1% cyclosporin oinfelent 

.according to th0 present invsntidfi was applied to the wet erythema with a clear bdrderline and the ScSies 
on the siiflsce -hereof. The t% cycicKporin ointeent improved the Ausffltz phenomenon within 24- hours 
after the application with the erythema disappearing at day 3 from the application of the ointmant. 

Example 6: 

in order to demonstrate the efficacy of tre topical preparations according to tte present "invention, the. 
ointments were prepared from the componente as shown in table 3 below and the efficacy thereof "was 
evaluated in substantially the same manner as in Example 4. The evaluation results are shown in Table 3 
below.: 

46 
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TABLE 3 

Contents (% by weight) Components 

Experiment Nos. .5 

3 4 

10 Cyclosporin S 5 S 5 10 5 

!0 95% bthano! 0 0 2 S 10 
•10 

3 5 5 0 Isopropy! myristate 

Oifveoi! 

5 

48 45 36 48 35 '36 48 

36 Polyoxyethyiene giycoi monostearate 35 35 35 35 36 35 
•/s 6 Aorosii 5 5 

2 TrigGnanol amihs 0 0 0 3 Q 

Efficacy Nens HQhe Yes Yss Yes Yes Yes 

1 Comparative Examples so 

Comparative Examptes; 

The foliowiirig topical prepafations coptstping cyclospofin were prepared for' ccmparativ# purposes in 
convetitfenai manner;. 

s. A caster oil siispension eorfeiriing 5% by weight of cyciosporin; 
ii. A susp&fision of 5% by waight 'qf cyciosporin in castor Of! eoniasning 2Q% by v/eight of propytene 
glyco!; and 
iii. An ointment containing 10% by weight of cyctesjDorin, 43% by weight of oHve oil, 10% by weight of 
ethanol, 7% by weight of poSyoxyettiyiens (5) oieate, and 3Q% by weight of sileon dioxide in colloidal 
state. 
The topical preparations prepared in the manner as: described hereinabove were evaiuated for their 

pharmaceutical elficscy in substantially the same manner as in Exampte 4; however, none Of them were 
•found significantly effective. 

25 

30 

as 

Example 7: 

For a topical preparation, there were employed the ̂ components as follows: 
40 

Cyclosporin: 
95% Ethanol: 
Isopropy! myristate: 
Camellia oil: 
Polyoxyethylene (5) glyceryl rnonostsarate: 
Finely cSvided silica (Aerassi! 26G) 

S% by weight 
•2% by wBight 
7% by weight 

40% by weight 
41% by weight 
:S% by weight 

• he topical preparation was formuSatsd in ssjbstantislly the same mahner as in Exarnpis 1. 
so 

Example 8: 

A topical preparation was prepared in subStantfany the same manrsef :as in Example t using tha 
components as follows: 

55 
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CydGsporin: 
05% Ethano!: 
Isopropy! myristate: 
Camellia oil: 
.Potyoxyethyiene (5) giycsryl monostsarat î' 

Pinely divided silica. (Aerbsil 200) 

S% by weight 
5% by weight 
5% by'weight 

33% tsy weight 
39% by weight 
5% by weight 

5 

JO Example 8: 

After each of tie topical preparaSons prepared in Examples 7 ancT B were stored En a closed state for 6 
months at reiative temperature of 75% and temperature of 40* G, the content of cyGiosporin within the 
topicai preparation was measured. As a result, ft was found that oo stibstairtai changes were observed 
between; before and after storage. Thus, it is confirmed that cydosporin: is sustained in a stable; sfate for a 
iorcs period of 'time. 

75 

Exmpia 10:: 

A mixture (A) was prepared by dissolving 50 grams of cydosporin, 70 grams of 2-octyj tiedecanol, 30 
grams of isopropy! myristate, 20 grams of isotndecyE myristate, TO grams of poiyoKyethylene sortoitsn 
monooleats (20), 50 grams of poiyoxyethyiene gfyceryi manostearate {5), 10 grams of sorbitan mon" 
osfearate, 30 grams of cetanoi, 40 grams of sebacate and 30 grcms of olive oil at SO C. On Six.- oflief hand, 
a mixture (B) was prepared by adding 30 grams of propylene giycoi, SB. grams of diisopropanoi amine. 2 

as grams of carboxyvinyl polymer, 1 gram of sriettiyi jj-hydrOKybefioate, and 1 -gram of propyl p-hydroxyben-
zoate to 598 mi of sterilized water and heating the mixture to approximateiy 82" C. As ihe two mixtures 
reached the predetermined temperaturesj Sse fBtxtars A was gradually addeti with vigorous stirring to the 
mixture B, thereby producing -an emuisioR. After the; addition was completed, the heating was ceased and 
the temperatute: of the ernifisian; was stirred and cooled down to 80 • - 55*. Then, sferiiiied watef was 

30 added td make the jstaf yQiume of the mixture 1 kg. The whole mixture was allowed to stand and defoamed, 
foliowed by fiiiing in. a vessel. 

in the above composition, poiybxyethylenel glyceryl monostearate (5) can be r©p:ao®d toy 2.0% by 
weight of poiyoxyethyiene (2) cetyl ether; sorbllan monostearate can be replaced by squatane; SK; and 
cetanol can b© replaced by behenyl alcohol. Further, {he total volume of the- sterilized water used for the 

as mixture (B) can be replaced ay liquid paraffin. 

20 

Example 11: 

A mixture. (A) was prepared by dissolving 50 grams of: cyclosporin, 50 grams of ethanol, 50 grams of 
•40- isdpropyl myristate, SO grams of polyethylene giycoi (400), 30 grams of dithyl sebacate, 80 grams'of olive 

ail, 30 grams of poiyoxyethyiene monostearate (5), 30 grams of pQlysthylene glycol monostearate <^}>, and 
• SO grams of sorbitan monostearate at elevated temporature. On the other hand, a mixture (B) was prepared 
by -dissolving 50 grams of polythyiene giycoi, 20 grams of diifsopropanol amina, 1Q grams of carboxyvinyl 
polymer,, 1 gram of methyl p-hydroxybenoate, and 1 gram of propyl p-hydroxybenzoate in S28 ml of 

45 sterilised water at elevated temperature. The mixture A was graduaiiy added with vigorous stirring to the 
mixture B, thereby producing an emulsion. After the addition was completed,: the total volume of the "mixture 
was Increased to make 1 kg by adding sterilized water to the mixture. 

in the above composition, ethano; can be replaced by behenyl alcohpi; and diiSbpropahol amine can be 
replaced by triethanol amine. 

50 

Example 12: 

A mixture (A) was prepared by dissolving 50 grams of cyclosporin, 10 grams of octyl alcohol, 50 grams 
of olive oil, 30 grams of isopropy! myristate, 25 grams of isotfidecyi myristate, 20 grams of poiyoxyethyiene 
sorbitan monooleate (20), 60 grams of poiyoxyethyiene! glyceryl monostearate (5), 20 grams of sorbitan 
stearate, 30 grams of cetanol, 25 grams of stearic acid, and 35 grams of diethyl sebacate at 80 •• C. On the 
other hand, a mixture (B) was prepared by adding and dissolving 20 grams of polythyiene glycol, 20 grams 
of diisopropanoi amine, 2 grams of carboxyvinyl polymer, 0.5 gram of methyl p-hydroxybenoate, and 0.5 

$5 
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griam of propyl p-hydroxybsnsoata to and in: appj-Gxiinateiy 400'ml Of steriiized wstef by heating the rriMtirB 
to 82° G or higher. The mixture B was graduaiiy added with vigorous stirring to the mixture A, thereby 
produeirsg an emuision. After ths addition was cbinpieted, thR heating was ceased and Sterifized water was; 
added at 80° C to the resulting mixture with stirring at room: teffiperature, thereby mereassng the total 

s volume of the mixture to make i kg. The whole mMure was aiiowed to stand and: defdamed; then the 
ointment in cream form was fiiied in a container. 

if) the above com portion, isopropyi mydstate can be replaced by isopropyi paimitate. 

Example 13: 

A mixture {A} was prepared by dissolving. 50 grams of cyclosporin, 30 grams of bees wax, 80 grams of 
2,6-dimethyt-4-hepianol, 30 grams of oiive oil, 40 grams of isotridscy! myrisiate, 20 grams of .potyox-
yethyiena splbitol hexastearate £20), 80 grarris qf poiyoxyethylene! glycsryi monostearate (5), 20 grams of 
poiyoxyethylene (SO) hardened castor oil, 40 grams of cefosteary) aicphfjli anci 40 grams of diethyl sebacate 

is at 80" C. On the other hand, a mixture (B) was prepared by adding and dissolving 30 grams of 
poiysthyiene glycol, 20 grams of diisopropanoi smine, 2 grams of carbOxyvinyl polymgr, O.S gram of methyl 
p-hydroxyhenoate, and 0.5 gram of propyl p-hydFaxybensoste to and in 510 ml of sterilized v/ster by 
heating the mixture to 82° C or higher. The mixtUr'S: {B) was graduaiiy add$d with vigorous stifrlrsg io 
mixture {A} maintained at 80 * C. After the addition was compieted, the heating was ceased and the mixture 

20 was cooled down to 60" - 55s C with stirring, Then, sterifeed water heated to SO* C was added to the 
resulting mixture with stirring at room temperature, .thereby increasing (tie total volume of the rnixture to 
make 1 kg. The whole mixture was allowed to stand and dsfoarned; then the resulting mixture was filled in a 
container. 

In the above composition, the bees wax can be replaced by poiypxyethytepe lanolyl aicohoi or a bees 
25 wax derivative; isotrideeyi myristate can be replaced by 0.2% by WBight of silicone oil; poiyoxyethylenel 

sorbitan pleats (29) can be replaced by polyoxyethylenei sorbitan-fatsy acid ester, sorbltan monostearate 
can be replaced: by squalane SK; and sterilized wafer can be replaced by liqusd paraffin. 

w 

ExaiTipte 14: 
so 

A mixtiire ^A) was prepared by mixing 50 grams of GyelosporiFi, 80 grams of propylene glycol 
.moROcaprytab, 30 grams of isopropyi myristate, 30 grams of PEG monosfearate (25EO), 30 grams of 
polyethytene gfycol, 20 grams of. isotrideeyi myristate, 20 grams of cetanof, 50 grams of olive oil, 80 grams 
of whale wax, 30 grams of sorbitan monostearate, 30 grams of polyGxyethyiene glyceryi monostearate (5), 

as 30 grams of stearic acid, 20 grams of dlisopropanoi amine, and 40 grams of diethyl sebaeate and hejating 
the resulting mixture at SO" C. On the other hand, a mixture {8^ was prepared by adding 30 grams of 
propyiesie gfyooi, 15 grams of dilsopropanol amine, 2 grams of carboxyvinyi poiyrnsr. 0.5 gram of msthyi p-
hydroxybsnoate, and 0.5 gram of propyl p-hydroxybenzoate to approximately 400 mi of sterilised water and 
heating tire^ resuitlng mixtiire So 82' C or higher. The mixture (B) was gradually added with vigorous stirring 
to the mixture (Aj nnaintained at 801 C or higher. After the addition was cdmpleted, the heating was ceased 
and the mixtijr& was stirred to cool the tornpersiurs of the mixture io 60* - 55* C, followed by adding 
stsriilsed water heated.at 80 * C to the resulting mixture to increase Ihe total volume erf the mixture to make 
i kg. The whofs mixture was altowed to stand and defoamed; then the resulting mixtura was filled in a 
container. 

45 

Example 15: 

A mbaure (A) was prepared' by mixing 50 grams of cyclosporin, 70 grams of 2-octyl dodecanoi, 30 
grams of isoprene glycol, 40 grams of diethyl sebaeate, 30 grams of isopropyi myristate, 30 grams of 

so isotrideeyi myristate, BG grams of whale wax, 30 grams of cetanoi, 40 grams of stearic acid, 20 grams of 
PQE (5) glyceryl mdnosiearate, 20 grams of PES monosteafate (40EO): 10 grams of sorbitan monostBarate, 
50 grams of olives oil, and i gram of propylparaben and heating the mixturs to 80' C, On the aiher hand, a 
mixture (B) was prepared by adding 39 grams of butylsne giycoS, 20 grams of diisopropano! amine, and 1 
gram of metttylparatjen to 480 mi of sterfeed water and heating the resulting mixture to 82 * C or higher. 

55 The mixtere (8) was gradually added with vigorous stftring to the mixture (A) maintained at 80 * C or higher. 
After-the addition was completed, the heating was ceased and the temperature of the mixture was cooled 
down to 80* - SS * C with stining. Then, steriiked water headed at 80" & was.-.added to the resulting 
mixture, thereby increasing the total volume of the mixture to make. 1 kg. The whole mixture- wa$ allowed to 

13 
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stand and de-foamsd; then tJie resulting mtxtur© was filled sn a container. 

Exampie !6: 

A solution of SO gram® of cyclosporin in SO grams of 2-bctyi dodecanoi: wss added to a warmed mMure: 
of 40 grams of isopropyi myristate, 370 grarns of olive oil, 378 grams of poiyoxyethylene {5} glyceryl, 
rheihostearats, .2 grams of poiyOxyethySsne (9) laury^ ether, and 10 grams of sorbitan monostearate, and 70 
grams of aerosil was added to the resuiting: .fixture, thereby yteiding a 'topical preparation of a non-
emulsson type. 

6 

TO 

Example 17: 

The efficacy of the eraamy ointment containing cyclosporin, Rrsps^ed in substantially the same mariner 
as in Fxampie- IS, was confirmetl by applying it ib the transpiant of the skin sections of mice. 

The skin sections of 10 male C8A mice of 5 weeks were transplanted to male CSH'HsN mice of the 
same week. To isie transplanted sites and the portions sunounding them was applied approximately 0.1 
gran-! of the ointment prapareti in Example 12 twc- times per day unfeT the transplanted sections eventually 
fell off'. The results are shown in Table 4 below. 

ts 

20 TABLE 4 

SignifiGant Oifferencs"" Period of Transplantation* Effect of Esfterision Cyclosporin (%} 

5.0 >60 p <: 0.00 i >397 
25 p < o.oo; 31.3 * 1.43; 207 1.0 

0.0 (as controi) 15.1 ± 0.78 100 

1 mean value ± SE 
" Student's t-test 

30 

For a control group in which a cream without cyclosporin was applied, frie transpianted skin specimens 
fell off for an average period of transpiantation of 12 ? days, while a group in which a cream containing 5% 
cyciosporifj was applied had all the transplanted skin sections grow for 60 days or longer. For a group in 

•35 which a cream coniafaing 1% eyelosportn was applied, the period of transplantation for which the 
transplanted skip sections grew was estendsd with significant differsree to rnean 31.3 days. 

Exampls 18: 

Eight Hartley male guinea pigs weighing approximately 300 grams were intFaperitonealiy administered 
with 150 rng/kg of cyclophosphamide, and 50 ul of a 10% dinitrofkjrobemans (DNFB) solirtion was applied 
to one sarlobe of each guinea pig in three days after the intraperitonsas adiriinistratiGn. The DMFB solution 
was prepared by dissolving the predetermined amount of the DNFB in a 1:1 mixtare of acetone with olive 
oil. After 8 days, the hairs on the both abdominal parts were cut oft and 20 wi of a 0,1% QNFB solution was 

46 applied to the depilated abdominal parts of the guinea pigs to induce contaof dermal allergy. Immediately 
thereafter, the cyclosporin oirstment prepared in .substantially the same manner as in Example 15 was 
applied to the parts to Whieb the DNFB solLrtion was applied, folipwed by applying the eycfosponn ointment 
thereto in S hsurs. To a osnfrot group, the base used in Example 15 without cyclosportn was applied in 
aeeordance with the same schedule as deseribed hereinabcwe. 

"Hie allergic reaction was determined in 24 hours, 48 hours and 72 hours after the application pi ihe 
DMFB solution as the antigen, and tee rating was: 4 ~ swell In red: 3 = colored in red; 2 = inflammation 
causing the skin to turn pink; 1 - inflammation causing fee skin to turn pale pirsk; and 0 - no change. The 
results are shown in Table 5 below. 

40 

so 

So 

14 
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TABLE 5 

Severity of Dermal Reacfiors (mean value ± SE) 

72 hours 

Cyclosporin {%} 

,'S ;24:'.h6Urs 48 hours 

0.0 £ 0 0" 0.3 ± 0.2" 0.1 £ 0.1" 1.0 

0.3 ± 0.3** 0,7 ±.0.3** CU 0,8 ± 0.2" 

2.2 f. 0.3"* 0.0 (control) 3.1 s 0.2** 2.4 f. 0.2" 
ye 

** p < 0.001 In Student's t-iest 

In these experiments, the strpngest iiliergjc r&aQtbn vvas induced over the range extending from 24 
hours to 48 hours after the appliqation of the 0NFB solution. The ointmsnt containing 1,0% cyclb'spbrtrt 
stroriQily Suppresssd the ailergic reaetiprt and the ijlrrtmsnt containing 0.1% cydosporin supprsssed the 
lallei^ic reaction with significant difference, 

Ciaiftss 

so 1- -A topfcaS preparation comprising (a) eyelosporin; (bj an organic solvent in which said cyclosporin Is -to 
be dissolved; (c) an ester of s fatt^ acid with a monovalent a-caho! having a totai number of carbon 
atoms of 8 or more and/or an aikarsc! arriine, each being in liquid state at 25" C; (d) an oily substance 
in solid state at 25 * C; and (es) a surfsctant; whsreih said cydosporin is contained at a rats ranging 
from approximately 0.1% to 10% by weight, and ssdcl ester and/or said alkano! amine are'ss contained 
at a rats ranging from approximately 1% id 15% by weight. 25 

"Z A topical preparation as claimed: ia claim 1, whereiri said organic solvent is an aliphatic aic»h;o( in liquid 
Sftate at ; 25" C. 

30 3, A topical preparation as claimed in Glffim 2, whss-dn said sliphatic alcohoi is a lower atcohol-

4. A topical preparatiof! as -claimed in claim 3, wherein said lower atcohol is ethanoi. 

A topicai preparation as claimed in cfeam •% wherein said aiiphaiic alcohol is a higher alcohol having a 
bran died chain and carbon atoms of 8 or more. 

5. 
3S 

8. A topical preparation as claimed in claim 5, wherein said higher alcohol is 2-octyldodecanol. 

7. A topical preparation.as claimed in claim i. wherein said organic solvent is a fatty acid monoester with 
a. polyvalent alcohol, having liquid state at ambient temperature 

8. A topical preparation as claimed in- claim ?, v,'herein said monoester is propy'enegtycol monooaprate or 
propylene glycol monocapryiate. 

45 9. A topical preparation; as claimed in any one of claims 1 to 8. wherein said organic solvent is contained 
at a rate ranging from approximately 0.5 part to 10 parts by weight with respect to part toy weight of 
said cydosporin. 

10. A topicai preparation as claimed in any one- of claims 1 to 9, wherein said fatty acid ester with said 
monovalent alcohol 'is an sster of a monovalent fatty acid having carbpo atoms of 8 or more. 

40 

so 

11. A topical preparation as claimed in any one of cJaims 1 to 9, wherein said fatty acid ester with said 
monovauent alcohol is a diester of a divalent fatty aa'd having carborr atoms of 4 or more. 

12, A topicai preparatiof: as claimed in any one of claims 1 to 9, wherein said fatty acid ester wilh said 
monovalent cUcohoi is a myrisfe'c acid ester and/or a sebacic acid diester. 

15 

•>JSDCCIDl -.ep 0547aS9ft1 I ..> 
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13. A topical prepsmiion as claimed in any on'e of ciaiffls 1 to 12. wherein said oily substance is at least 
one member selected from a group consisting of a fatty acid having a meWng point of 25 ° G or hilgher, 
an alcohol, an ester and a triglyceiide. 

s 14. A topica! preparation as.claimed in claim 13, wh@f6iri:M4 trlglyGeride is vegetable, oil, 

15, A topica! preparation as claimed in any one o{ cteims 1 to 14, wherein said surfactant is a non-ionic 
surfactant. 

is 16. A topical preparation as claimed in any one of eiairns 1 to 15,, forth©?' comprising a filter. 

17. A topical preparation as claimed in any one of ciaims 1 to 16, fonhsr compfisirsg an alkyteng giycoi 
and/or a polyalkyiene .giycoi. 

18. A topical preparation comprising (a) cyclosporin; :(b);a lower alcohol; <c) an ester of a fatty acid with a 
rriorsovaient alcohol having a total number of caflaen ajor?is of 8 or mors and/or m alkanoi amine, each 
being in liquid state a! 25" C; (d) an oily substance in solid stats at 25* C; and fe) a surfactant; 
whe'fein said cyclosporin is cOEitained at a rate ra-^jing from approximately 0.1% to 10% by weight, 
said iowsr aScohol is contained at a rate ranging from approximateiy 2% to 15% by weight, and said 
ester artdfer said aikano! amine ara'ls contained at a rats ranging frorri approximately 1% to 16% by 
weight. 

rs: 

20 

mesitrar saiscted from a group conisssting of etftariQl, isopropaRoi, propano! and isobutanoi. 
25 

20. A topical preparation as claimed in claim 18 or 1.9, wnerein said fatty acid ester with said rnonovaient 
alcohol is ah ester of a sfraight-chained or branched-ehain fatty acid having from 8 to 24 carbon atoms, 

21, A topical preparation as cteimed in any one of claims 18 to SO, wherein said oily substance .is vegetable 
oii. 30 

22, A topical preparation as claimed in any one of claims 18 to 21, wherein said surfactant is a non-ionic 
surfa etant, 

23. A topical preparation as ciaimed in any one of claims 18 to 22, further comprising a filler at a rate 
ranging Irom approximately S% to 10% by weight 

•SS 

24. A tbpicai preparation compfising 0.1% to 10% by weight of cyclosporin; 2% to 15% by wesight of 
etiiano!:; 1% to 15% by weight bf j'sopropyl myriState; 35% to 80% by weight of olive dl or cameiila oil; 
20% to 40% by weight of a surfactant; and 5% to 10% by weight of silica. 40 

45 

so 

55 

16 
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(54) Oil-in-water microemulsions 

(57) Water-insoluble pharmaceutically active sub­
stances such as cyclosporin are formulated for adminis­
tration in the form of an oil-in-water microemulsion, 
wherein the active substance is fully dissolved in the 
dispersed oil particles. The oil is Cg to C20 fatty acid 
vegetable oil glycerides, and lecithin and another sur­
factant are included to form and stabilise the microemul­
sion in which the hydrophilic phase comprises 
propylene glycol. A preconcentrate comprising the 
above components but free from any hydrophilic phase 
can be utilised to make up the compositions, which are 
most suitably soft gelatine capsules or oral administra­
tion fluids. The glycerides are preferably from castor oil, 
coconut oil or peanut oil. 
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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: WO92/09299, GB-A-2015339, GB-A-2270842, W094/08610, WO92/18105, GB-A-

10 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 glycol or sorb­
itol complete or partial ester, and a surface active agent having an HLB of at least 10. These oil-based compositions are 

is 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 

20 mono-, di- and tri-glyceride or a transesterified and polyethoxylated vegetable oil, 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. It is 

25 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. 

5 

These and other microemulsions for cyclosporin are all made by dissolving the cyclosporin in a hydrophilic phase 
30 e.g. propylene glycol, and then mixing the solution with the oil and eventually with an aqueous 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 
35 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 
40 microemulsion, which composition comprises 

a) a water-insoluble pharmaceutically active material; 
b) C8 to C20 fatty acid mono-, di, or tri-glycerides from a vegetable oil or any mixture of two or more thereof; 
c) a phospholipid and another surfactant; and 
d) a hydrophilic phase; wherein component (a) has been wholly directly dissolved in conponent (b), component (b) 
is dispersed as tiny particles in component (d), and the composition is free from ethanol. 

45 

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

50 

a) a water-insoluble pharmaceutically active material; 
b) a C8 to C20 fatty acid mono-, di-, or tri-glyceride from a vegetable oil or any mixture of two or more thereof; and 
c) a phospholipid and another surfactant; 

55 wherein conponent (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 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. 

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 

2 
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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 C6 - C10 fatty acid. The solution can 
then be emulsified in an aqueous medium. However, these emulsions are not microemulsions and do not contain the 

s 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 normal emulsions. An essential difference between microemulsions and emulsions is that microe-

(o 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. 

is It is also useful 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 C8 to Cgo 
fatty acid residues. The preferred oils are coconut oil, peanut oil and castor oil. The whole oils can be used or the refined 
glycerides. The preferred glycerides are those containing C^ to C^ fatty acid residues, especially triglycerides, and 

20 these are the major components of the preferred oils. 
The compositions of the three oils are as follows: 

Castor Oil: 

25 

Tryglycerides of: ricinoleic acid 87% 

oleic acid 7% 
30 

linoleic add 

palmitic acid 

stearic acid 

3% 

2% 

1% 
35 

and dihydroxystearic acid in trace amounts 

Coconut oil: 
40 

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: 
45 

Glycerides of: oleic acid 56% 
50 

linoleic acid 

palmitic add 

stearic acid 

26% 

8.3% 

3.1% 

arachidic acid 2.4% 55 

behenic acid 3.1% 

lignoceric add 1.1% 

3 
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and capric and lauric add in trace amounts. 

Component (c) 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, pdyoxyethylene-sorbitan monopalmitate, polyox-

s 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 lipophilic 
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 
io glycol, but other substances can be used. Ethand 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 
(b)). 

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 

15 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 emulsification 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: 

zo 

25 

Conponent General Usual Preferred 

(a) active pharmaceutical 

oil phase 

phospholipid 

other surfactant 

1-12% 2.5-10% 7-10% 

(b) 20-80% 30-60% 40-50% 
30 (C) 1-10% 3-8% 5-6% 

10-60% 20-50% 35-40% 

35 

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 
40 

only. 

EXAMPLES 1-4 
45 

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

50 

55 

4 
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Preconcentrate 1: 

Component Parts 
5 

Castor oil 

Coconut oil 

Polyoxyl-40 Hydrogenated Castor oil 

Lecithin 

a- tocopherol 

Cyclosporin A 

3.0700 

1.6050 

3.7500 

10 0.5650 

0.0100 

1.0000 

15 

Preconcentrate 2: 
20 Conponent Parts 

Castor oil 

Arachis oil 

Polysorbate-80 (Tween 80) 

Lecithin 

a- tocopherol 

Cyclosporine A 

3.1450 

1.5425 

3.7500 2S 

0.5525 

0.0100 

1.0000 
30 

Preconcentrate 3: 35 

Component Parts 

Castor oil 4.1484 

Coconut oil 

Polyoxyl-40 Hydrogenated Castor oil 

Lecithin 

2.0416 
40 

2.5000 

0.3000 

a- tocopherol 

Cyclosporine A 

0.0100 

1.0000 45 

50 

55 

5 
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Preconcentrate 4: 

Component Parts 
5 

Castor oil 

Coconut oil 

Polysorbate-80 (Tween 80) 

Lecithin 

4.690 

1.500 

2.500 

10 0.300 

a- tocopherol 

Cyclosporin A 

0.010 

1.000 

15 

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 (250C ± 20C), Ref, 40°C-80% RH and 45c,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. 

20 

25 

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

30 

Pump 
Detector 
Injector 
Column 

35 Thermostat 

: Waters -510 HPLC Pump 
: Waters -484 tunable absorbance detector 
: Waters -715 ultra wisp sample processor 
: 4.6 mm x 25 cm column with LI 6 packing 
: 70° - For capsules 
50° - For oral solution 
: Filtered and degassed mixture of acetronitrile, water, methanol and phosphoric acid (550:400:50:0.5) 
: 1 ml/min of the eluant 
: Waters -746 

Eluant 
Flow rate 
Integrator 

40 

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. 

Examples 5-9 
45 

Microemulsions 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. 

50 

55 

Example 5: 

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

6 
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Component Parts 

Castor oil 

Coconut oil 

Polyoxyl-40 Hydrogenated Castor oil 

Lecithin 

a- tocopherol 

Propylene glycol 

Cyclosporin A 

1.7200 
5 

0.8000 

3.3512 

0.4200 

10 0.0088 

1.5000 

1.0000 

15 

Example 6: 

Preparation of O/W microemulsion for administration as oral solution: 20 

Component Parts 

Castor Oil 

Arachis oil 

Polysoit>ate-80 (Tween 80) 

Lecithin 

1.2700 
25 

0.6050 

3.7500 

0.5525 
30 a- tocopherol 

Propylene glycol 

Cyclosporin A 

2.0100 

2.8125 

1.0000 

35 

Example 7: 

Preparation of O/W microemulsion for administration as oral solution: 40 

Component Parts 

Castor oil 

Coconut oil 

Polyoxyl-40 Hydrogenated Castor oil 

Lecithin 

a- tocopherol 

Propylene glycol 

Cyclosporin A 

1.3550 45 

0.6450 

3.7500 

0.5525 
50 0.0100 

2.6875 

1.0000 

55 

7 
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Example 8 

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

5 

Component Parts 

Castor oil 

Coconut oil 

Polysorbate-80 (Tween 80) 

Lecithin 

0.800 

0.200 
10 

2.490 

0.300 

a- tocopherol 

Propylene glycol 

Cyclosporin A 

0.010 

5.200 is 

1.000 

20 

Example 9 

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

25 

Component Parts 

Castor oil 

Coconut oil 

Polyoxyl-40 Hydrogenated Castor oil 

Lecithin 

a- tocopherol 

Propylene glycol 

Cyclosporin A 

1.200 

0.300 
30 

2.490 

0.300 

0.010 

4.700 35 

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 (250C ± 20C), Ref, 40°C-80% RH and 450C 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. 

40 

45 

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. 

50 

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 ml (or a glassful) of orange-flavoured cordial. The mixture was 
stirred and was then ready for oral consumption. 

55 

8 
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Claims 

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

5 

a) a water-insduble pharmaceutically active material; 
b) Cg to C20 fatty acid mono-, di- or tri-glycerides from a vegetable oil or any mixture of two or more thereof; and 
c) 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. 

10 

2. A pharmaceutical composition in the form of a stable oil-in-water microemulsion, which composition comprises 
15 

a) a water-insoluble pharmaceutically active material; 
b) Cg to C20 fatty acid mono-, di-, or tri-glycerides from a vegetable oil, or any mixture of two or more thereof; 
c) a phospholipid and another surfactant; and 
d) a hydrophilic phase; 

20 

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

3. A composition according to claim 1 or 2, wherein component (a) is a cyclosporin, or another water-insduble pep­
tide, or a water-insoluble antimicrobial or antineoplastic substance. 25 

4. 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. 

30 

5. A composition according to claim 1,2,3 or 4, wherein in component (b) the glycerides are of C12 to C18 fatty acids. 

6. 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. 

35 

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

8. A composition according to claim 7, wherein in component (c) the lecithin is hydroxylated lecithin. 
40 

9. A composition according to any of claims 1 to 8, wherein in component (c) said surfactant is polyoxyl 40 hydrogen-
ated castor oil, polyoxyethylene-sorbitan monodeate, polyoxyethylene-sorbitan monopalmitate, polyoxyethylene-
sorbitan monolaurate or polyoxyethylene-sorbitan monostearate. 

45 10. 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. 

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

50 

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

13. 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. 

55 

14. A process according to daim 13, wherein a preconcentrate composition as claimed in claim 1 is mixed with com­
ponent (d). 

9 
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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. 5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 
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£P%44£  mn At 

Ths {wsi^on reiafes to 0:phts8)mie pfep^ra-
tjons suMste for fe tmatmsm ^ glaucoma, 
ihrough Im&sS&s irtra-sculsf prsssori© sa frumm 

, beings aad anlmais. 
Patent Spedfteslis^ 08 1824408 f^slss to 

oU-h^glmie composlksi® comprfsing 1-t-
foutyismi tw-S-{4-raOfpbciSso-l .^.S-thisdlssoS-S-
yio>:y>2i3?«paf*Li)| h'/c!roQ«o mateats iSm&Sol ma5-
aats) togstef Wish m c<s>f5ShaSfflk cast©? in fh$ 
fofits of a solid; a vegelafeSs csiS, or a buffesd 
isstorslc Ifqytd, or in wNcfc lbs carHer is a ssW 
wstsr-ssSyb^ poiymsf. to praesce ©ompe^ 
tkm aiwsys cofiSain buffedng sgsots snd pmowfr 
Svss, Ssjitsbis wtim'SQW® bufeiog agsnfs ar© 
&il<SiS mM and sikalifie-sartH m^af carbo^afes, m 
phosphafgs, bssarfcotssKsSj dirates and bsFatsft. 

sodium phosphsfe, citrate:, bofste, acstete, 
bicsrfssnste and carbo^at®. Thas® ag«nfe may tos 
pmssnt io imauots suffieSsnt to obtain s pH Q! tlta 
system of betwssf! S.S to 8.0, The suitsbte: water* so 
s«iobfe preservatives that may bs incliided ars 
t^'pscaly SQ^Ium bi:S«iphats, sodfcm Shiosulphatei 
ss£}0ft53tet t®ft2a!lcor!iym extends, c^fom^uta^ol, 
tiimarosai pferiyfirsssjurafe aostate, phsrsykrw-
eurie borate, psj'absns, issnzyt aicohoi and p-henyf 
gibanoi 'Bms agsnts may fee pressnt in amsurds 
srfr&m 0,001% to ss much as S% by w&ight 

Tte eosnpasitbns am l« mutti-dosa torn. All 
ophMmic ps-aparatsos^s, whefer drops, kjdons or-
sintmsfits.. ars racsiiirad fct b» stariia; {he purpsaa of 
the ps'esasvaiiv'ss, vsfsich sj'8 Sypicaliy ba^2aiko«iom 
chisrida {Q.S1%) or phenylmereaffc nitrst® 
(0,5X52%) is to maj^aln stani'sty attar tss seaisd iid 
or seated screw cap of th® mislti-dose container 
has been fef»sef®& Contefrsinattoi? of thss mi<iti-
dos© eootaiasr oasuts sasiiy. due both to Ihs antry 
of aSmosphenc mfercs-ofggojsjfis whan the hoitfe is 
openeC aaO mors ^plcally dua to contamination of 
{he ey®-d*Qpp«f irivangisiy touches iha aye 
sydsca or sy^dte dunng appiicalion of tho drops, 
ssJch syrfcees baiftg typic&iiy rjosi^steriia, 'The con* 
teminated eya-ds^ppaf, whk^ is aitachsd is the 
&zm cap, is thsn os-insajtas} into tha muiti-doas 
cofilairser for ctosnre. in m attempt to avakt shs 
growfs gtese contamifiatsng micre-orgsjniama, a 
high concea&ste of pmwstives must b« uaed. 

"Hie presewstives m ass in ophtssSmic :;oit:-
tsorss are powsrfei disssi&ctanfe, fypicaiiy quatar-
nary &mmo?"ssyr« {iisinfactanis s.uch as bsrw.a!-
konium chbiids which may produce hypgrseasstiv- ss 
fly after repaastap appiicistfons artd ii> ateo ocajsion-
aiiy imtant. Additsonally, sinse tsar sscretiGrss dr^ft 
into the smti esvity; smaii amounts of ihs com-
pasillon ars ganeraliy ahspf ba-d inio ti>a systernio 
ciraJafef! fsm top coRfWRCtiv^ vsssais or from the SS 
nasai mucosa, Ophthaimie ©otedng ^ 
nasal cavity njay itself tsgn rffain feto ft© mo«® 
and vflii avanfuaSly ha sbsorhad tfsrouph ths ht«;al 

mucoss <sr swsliowsd arsd sbsorbad shrough the 
gastfic mucosa, 

Sseausa the tmknml of faisad W&QWHW 
pm$m> tmds long-tofm repea^sd admifsistfatian 

s patisnt is expesad to ths risk of stiwrn Iscisi 
or systemic effacts fesrs tfta prsservatlvas, a situ­
ation which fs ciasriy undgsirsbls. 

The fevmlion prsvidas m ophthsimsc prapars-
ijori csmpnsisig an aqosous or salina-scpaous solts-

w 8oo of ismoteS mateato frt yni-dosa form sn tta 
afessfica of arsy pmsaryativa or hutfedng agent. 
If® pmparatsors rrtay iriclyd® sadiuiTi chlorkto or 
anoSiar raagesi to incrsass tsa toriidtY of the soly* 
iloo or to mate it isotonic. 

Tho mailiod of praparatioa is simpie isrsd tm* 
con's piicatad, fsqtssring of timolol rosh 
eate «KS sodium chlorida in wasar fcr inlscioa or 
soms aimiiar stariia pyrogan-fres wstar, and adjust­
ing v^efa mcasssry ths pH to 7.0 limits of 
6.S • '?.§) with sodium hydfoxSda soiution or soma 
similsr accaptabia magent, making to vo&ms Hitar" 
i«§ and ffiag. 

Th® praparation may bs supplied in a plasfea 
contair®?, pmfersbfy of pofypfstpylsrss or pdyafeyl-

ss ens, far topicai appiisation as singia dasa ays 
drops, ThB-confaiftsrs may ha farmad into a shsaf 
by iha felow-fiil-ssai prooess osifig a Rofrsm^ag 
(Trade Mark) or simSiar machins to maka up a pssk 
comprsamg a number of wit Ptoses, Th® maehins 

aa comprfaas a mouid v-^hich is fed with tharoiepiaalics 
matanal in tubular or granyiar forrsi. The mouip is 
ctossd, and a special mandref is in«rodiiC§d to te« 
a container by biowing, A mstared amount Qf pfod-
«ct soiu^on, for sxampto 0,1 to 0,3 ml,, pmferahiy 

,ss 0.2 mi, is forced into tfss con^a^. Yha martdi'ei ia 
rstmcted, and saaSng jaws cioss ths cofltssisf, A 
vacuum is formed, so the OiXfteiner is harmstlcaHy 
sa&iad, Tha sheat may be madssd with dosage, iot 
tmtim, mpfc? date and/be oshar sofafmagof)- A 

48 sheat or strip oomprising say ten istit doses assists 
patient compiisjice. 

Sines fha uni-dass cmtelnsf {§ Sited and her-
maticstiy sasied sindar stasfia csnditiofis and fs-> 
mains so until the msmsnt belpre uso, Ihs stortiity 

«5 of tfsa ophihaimio soioHon whso delivarod to the 
patient, is assyrad. tisa yndasirahls pressrv&lwas, 
with tha consapuanf pestefigai nsk of syatomsc or 
fopioai advarss alf^ts, e®i Iherefora fee safely 
omitted, Simiiady, bocaosa lha pB of th© solutior? is 
adtusted by m acoaplahis simpfe reagent such as 
sodium hydroxide,, the pyftariog agents may also 
be omitted with oonfkfsrioo that bacsuso tha pH is 
at rteistf&l srsd thorofsrs physioksgfcal tev'eist no 
yndua stinging, amartiiig or Iniiallan of toe eye will 
accyr. 

Ailar frsstiiSalion into the aye {or eyes) of the 
prssenbad ooa or two drops tha unkjose container 
with soy remaining unusasj ophtoafmic sslu^on 
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maMs aqusoys solufei is adiustsd to frsm 
8 J to 7,6 fey Sm a<ldst!on of sodasn hycSros^de, 

steisld ije discarded. Typksyiy, or^ a midi 
smcurft of op^ShafctsIc solulkso should be pt'sssfit in 
each uni-ilosa cogt^rw so thsi my rem^ng un-
assd portion Is wt so gfest «s to tempt t<<& patsem 
i$ retain the famainsng wo&gd pcss^on for tm at a s 
tetsr date wis? alt tse risks of Sjgrfari&s contsmifsa-
tion m ths mesntims. A dose of %m 0,001 So 
S.0 mg, and from 0.®5 So M m§, and 
espedai:y torn O.d0S to i,0 f«8 of matsate 
in a sterite pmsemitsv^-ffsss ssid butler-fres soiufon r« 
is gmm®# appiisx^ to the tosMr* eys for th« 
fmfoim# ©S fedijcisig wfeeQi htm'Qcutm passmrs. 

A oompoaite acc«Rj!ng to w? pmeedtng 
dsim ch^ac^sed m that it is suppiisd In 
poiVP^pySsna or pofyethyigne ynHS»& c-o»n-
t^rwrs which m fomwd by ths btew-ll-sast 
poesss using a Rommsteg or like mmfrim 
flifed under stenis conditions ami hermeficaltv 
sssisd at the moment of tsiiing. 

4# 

§, A composit'tsn gcajfdiag to elasm 4 chmic-
terised ?n tiiat asch carftakusr contains ft&m 0,1 
to 0,3 ml of tha solutiori. Exampis 1 

sa 
A compostSon sccosrfsng to any preceding 
cialsf! ctsaractedssd ir? that tt contains frw 
0,001 to 5.0 mg of iimotoi maisate>. 

ty.iOg SmoSoi m^sat® fcass giRd i?.BQ g s&> 
diutfi <i)iaraie diissoived >?*> '4S00 ml pus^od 

water. Tt?s pH is ad|U$&t$ to 7.0 {<- 0.1) by sdditiof? • 
Of CM M sodte hydrnwda Tho Snas* w&ifm & 
sdjusted to §000 ml by adding pudM water at so 
20" O. TM s»Mon is sferiiised dy liilraliOfK and 
kept protscted irom light. Tfte tooieity of the ao!u» 
iior? is pi5yslelegicat or asar-pfsysioiogfcs", fceifsg 
sppmxfmstaly isoiofiic wl&s nofrTia! ssiirie, and has 
an active ingresissnt content of 8-5 mg par ml ss 
0.2S% w'v. it is fed into poiypropyiena ursMoss 
contasnars wilh a tilt votyme of 0,2 ml. 

S, 

Esc&mple 2 
so 

M.SS 0 tlmobl maiosts feas« ®sd 3S.80 § so* 
<&sro chlorkte am dissoivad in 4800 ml purifed 
mim. "Hss pH is adliistsd to 7>0 (+0,1) by additiori 
Ol 0,1 U sodium bydrosids. The flo&s vnium® is 
adis-istod to Si)i>3 ml by ssJdfeHS purifi&d water at 3$ 

20* C. 'Ths- solufcn is s^rlfiassd fcy tiltra&ri, and 
kept protected from light. The tonicity of fte scsly-
tlen 1$ physioioglcsi of aw^ys&tfogteal, baing 
espproKisfsalsly Isotonic v^th norma!, ssiisw, asd has 
m sctlva ingredigfit oorttesit <-f §.0 m§ per ml, 0,$% ^ 
wty ft Is led ittio poiypfopyieos yrtl-doss conlaloers 
with a fill volume of 0.3 mS» 

Claims 
45 

An ophthaimle composition oomprismg an 
uqimm soltiltoo of timoio! matsale chsmc-
terissd in toat tte composition is in 
form s«d ts Irsse fror?> any bylferfrsg aggni or 
ptesarvaUvs. 

1 

ss 

£ A cDmpositson a«»rd!ng to claim i jjharao-
tosisad in that ii festtisr incfudas sodium chi&-
rida to inerea-M 8te tofticity of the solution at 
to mafcs It isotonic. ss 

A composition sccoi-difig to claim t or cfairo t 
ehamderis^l in that the pH of Iho iSmoloi 

3. 
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The oiss Shaj cam be ussd in th© ff^assRuilsksns «fth® invents indtfd® caster 08 (U3P grade}, tm®m 
ofi; sunHower seed 08, mfosrai ol, and o^JSf nort-voislife oils, Th« pmferred dass of oils that sm used in Ihe 
invsfitiDn am th« fixed siis (U., noswDlale 08s of y&g^tsbfe Ddgin). Castor og s prnfomd because of 
tepoxalin's gmatef soSobiliSy tfiefSifK aod bemuse devious pftsifttiacsulica! us«s of castor ol! have demcmstfai* 

5 sd Sis ssfsty and efficacy. Irs ssiecting the oiS to b« ussd, it is not necsssary that Si« oil ggr so dissoSva topoxalln, 
bscausa same oils in which taposcalins is not solu&le to any great degrae wii! form an sqissoos microsmtiision 
wftfc a surfactant such lhat ths aqueous emulslofi wiii dissolve safSeisnt tepoxalio for ma microsmuioion to ba 
usefui, Minsml oil is an iilusfratlvs esamplo of such ao <siS. 

Ths propoftlons of oil and wator empioysd in the microemuision are not narro^y critical, Tha oii is usad 
fs to an amount sufficisnt to dissolve anough tapoxaiirt so that ths final cooeentration of the tepoxalsn in the mlcro-

emoision will bs suflkJeot la impart aniMntevnsidry propef̂ as to the «oK slooage ŝ uanliSgs {e.g. , !h)m 00& 
to threo drops of 8?® micfoemyision). This ctmceMrafion of ispoxslin is ususiiy within th& range of from about 
0,0S weight por cent to about 1.0 weight percarti of the total weight of the aquasua aoiulslon of the Invention, 
The ypper limit of oil conceotration is that conoe:itratlGn thatwi begio to irnpart imtstiori properties to the eyes 

>"s cfl patisBts, or that oaoeefttration that wl he loo high to tortr* a roleroso^uisioo, Oensraiiy, oil/watar pmpoillons 
of from about 1/93 to about 43/61 (v>V} wli prove to h® uselul. in padictilar cases, optirnum prriportiDns of ol! 
and water can be defcrmfrsed fey routine sxperioientation. 

The o^icmarfsoisions of-ma inventios'! aiso eantsin susTaefants, additivas to Impart the proper tonicity to the 
mlaroomulsion, byffers, pr8Setvglivg$i end otbsr such additives and gdjuvaats that am kncMn io ths art. Beam-

ae pies of sorlactants t?at can bo used ir?c.iude sorbstan msmo-daate, NF (Span 80). s&rbitsn monostaarate |Spao 
80), which are sorbita:i fatty sold asters, pdyoxyathylene 20 sdrhitan o^onostearata (Tweeft 80), 
pclyossyeihyiaha 20 sarhilao manodaata (Twsan 80), which are pelyoxyeihytena sartsitan astars, Pforonifi 
F12?,, which Is a polyoxyethytefm-polyoxypropyiene bioak copoi^nen sucrose stearate (Crodssta F-180}, 
which Is a sugar/fatty acid ester, and the like. The experfmental seetion below gives illustrations of the types 

25 and pmpssfticms of surfactan ts and otiw addilivaa that can be asrsptoyed in the mieroamuisferis; of the Inveo^da, 
The microesrsulskm emplcyad so the invention can ha preparad by first sKssiOivtog topoxalio In She oil, rriixSog 

the oiS/tsspoxalih solu^on with a siirfactarst to fosro a hernagensoys soiotio!? which Ss than mixed with water to 
form an oil/water mixture which is men subjected to appropriate energy such as somcatiort to form the micro-
emulstoc, tf desired, additional tepoxsl lc can be added to the oii/watsr mixture after the mfcroemufslan forming 
step. The fcliowlng Is a represensative prgparation pfocsjdura of a miaoesnalsion oftfta Invemion wherein the 
energy applied to form the mlcroemyision Is sonic energy: 

Osnsraj firocadure for PrepsrlnQ a Tspaxaiin Mic^amylslon 

The oil such as castor oil is presatorated with tepoxalin (64,(16:1 wM oil to drug) by stirring the mixture at 
SCFC «nt8 aii the matsrisl is dissolved (about 18 hours). 

The oil and surfactant (e,g„ s poiyoxyethyierse sorbltan fatty acid ester such as Tween 80) are mkad 
together with a msgneSo stir bar in a suitahls confalner such as a pisstlc te.g,t poiymethylpentene) beaker at 
ambient tampenaturs ontii a homoganous solution is attained. The oii phase is than misad with miter and stirred 

48 until hormxpnous (cloudy srndsiion). 
The mixture is sonicstsd in a suitable container such as a 40 mt clear plsstic beaker for .30 minutes with a 

sonlcator such as a "VlbraCeir aonfcsator set at maximum: output with a 30% duty cycie (puis® rate); the puSser 
switch is set to the "on" position (turns the duty cycle on or Inllisstas a disc&oisnoous mle of so^icatten). The 
hsaker Is kept at a constant ternperakiro via a water iatfet fssntrtiiied a t a cms! tamparahife such as about 540. 

4$ A low temperature In me jacket is rseceseary in order to prevent the contents of ths beaker ton? excead^g an 
optimum lemperafure needed forfoftrsatioo of the m!cr«em<Jsion (a higher or lower tempereiur® in the beisker 
^lll prolong the time to form the microemulsion), Ths rn ixture is sonicated for abut 30 minutes or onfil ths mixiur® 
becomes translucent, which Is the indication that a mlcmomaiskm has fermed. The temperature of the emulsion 
is not allowed to rise above a temperature within the range of from about 4S'!€ io about SS^C, Additional 

m tepoxs-lin (sufficient to bring ths concentration of tspcxaiin in the rnlcrosmulsion up to about 0.1%, by «fsk|ht) 
is added to ths emulsion and the mixture Is stifrsd until ail the partides of the drug have dlssoivod. The eoiulsion 
is then flifered through a 0,2 p. membrane filter to remove any residual particles, 

D&editrm edetate (that is, the dlsodium salt of ethyienedisminetetrsaceflc acid) is slowly added to the emui-
sion while stlsting untii totally dissolved, Dls^xllum edetate is a rnetai-chelatsj!- osed to prevent the Segmdation 

sa of Sepoxalln in the fermuiatiea Agueous 8AK (Senzalkonlum chloride - 5C'% w/v), HaCi, and buffer salts are 
then added to the mlcroemuision, In the following sequence: 

The NaCl is added after B.AK ta adjust for tonicity in the range of 200 to 330 roOsm. The buffer is prepared 
in situ by adding arid dlssoiving Oiirlo acid hrsl: and adjusflrig the ^rsii Ph with N%HPO* to 4,S 7,0., Tbii finai 

35 
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aim fcaff 70%. 

Frsgsrstion of Mkxoemuision Usir^ Twssn SO as Surfat^tf 

pTOsdum A - (ftex&i® procsdum thsi aSSows for changes sn pH, etfc) - Castof oli Is presaUiraisd 
with fspoxalin fey mixing 100 mS of ths oil with 1.5 g of tspoxalm for 18 hours & S0c"C. An aliquot of 0.3 mi of 
ttis oi and 0,8 ml «f: Twsen 88 am nsssed togsthsr to a homogenous sotatior? (as daaafead above) and thso 
are mixed with 28,82 mi of watsr givif-g a doudy emoisson. 

The emulsion is then sonic-sted as previously dasenbsd to a transltsc-ent sduto. The micfoemuisien Is 
fs stlcred wilh 0.03 g of Ispoxaiin for aixsut 1 hour urst'ii Ihsm are no partides remaining. The solution Is filtered, 

and 0,009 g of d&odiufft Edelata, 3»6 of BAK f3Q%)> 0.20 g of NaCI, 0.001 >3 of sitfic acsd ami 0.005 § of 
Ma2HF,04 am addsd/tisrsSsd "snto the microsmuisSon to §iy« tho tonicity and pH dgscribsd pr&viously, 

Piocadura S - (Less flaxifeie pmcedum for making adjystosnls, but is easl&r to usa for the prepafatlon of 
ths mioo^nulsksn) 0.3 mi of sssioroi! Is msxed with 0,6 STJ! of Twesn 80 and stirred at smbiert tsmperstum 

>"s untsi homcsgsftoys, Tbs fsmpsrakffs of Ifta off .mixium is mfaad to SQ^C and 0,03 g of tepoxaiiii is addad whiie 
stlfrlog. The ail continues to bs stinsd at 50*0 un® ail the tepox^in 'is comptetfely dissolved (a^prnximateiy 1 
hour). 

The agu&oua phass thai will fee mixed with the oil mb&ur« Irj ordsr to font^ the aimlsidn is mads :by dissolving 
0,2 g NaC3» 0,009 § of disodiom Edatais, 0.(301 g cllrio wM, 0,005 g dibasfe s&cliym phosphate., and 12 jil of 

ae BAK {§0ti) In 25 mi watar. Ths selytiori is stirred ««t8 a'!! of th« oxcipisnts disstsive. The oii mlKSum Is th§?r added 
to ths aqueous phass and mixed weii until a doudy amuislon Is formed. The solutiori is diutad further with 5 
mi af watsfr to 30 .m! whils atifflfig. 

The crud® emulsion is sonleatsd to a mteroetnu&Rm as dsaserlbsd in Proc«d«rs A. 
The foiiowliig tafsie dlspiays a summary of solubility studios oas-dad out on tepoxals'n In various s'shicies: 

25 

30 
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Table f Sol^Mlity of Tepoxalio in Various Otis, Burfacfeants 
HP-B~Cy«lo;lsxtr.ln<t aod Co^blnatioxss Thes&of* 

Aqueous pox a 1. In 
Corscent ra t ion So luM 1 i ty 

i^asafeL .Mafed^ m 
Water Seat 0,00044 

Oils 8e«t. 
Meat 
Heat 
Heat 
Meat 
Re&t 

0.4 
osstor 
ssi nera 1 
sunflower Saed 
Cot torssesd 
peri1uo ro-decaiin 

1.6 
0.0 ts 
0x4  
D - CH> 
0.0 

Surfsetants J-M«ronic ?~XS5 
Ploronto F-IS? 
IVesm 80 
Tvsfisa SO 
Tween 80 
'tween 80 
Twssn 40 
Tween 20 
Twsea 60 

6% w/w 0,0§$ 
6'% 20 0.035 
61 0,120  

8»0$9 3% 
2% 0,089 

0,030 
a:«066 
e,os:5 
0.0'?$ 

if  
2% 
21 25 
n. 

Surfactant 8r;4 
BP-S-CD Ssslutiorj HP~0-"CI3 f 

Twesn ao 

HP~8™CD^ 
mseer; SO 

SI 
2% 0,09? 

101 
xs 0.113 

Oi 1,. Surfactant 
M i c r o© ss u 1 s i on csstor oil, 

Plyronic P-i0$ 

castor oil, 
TW88f5 80 
•(•:t«p9Xiaiili» is added.. 
after Msrosasuls I on) 

castor oil* 
Twsen 80 

castor oil, 
T^esrs SO 
{t«.pOxaiin is &ddi->d 

bssfore eauission is 
prepared} 

castor oil( 
Tween SO 

3% 0,108 
53 ?% 

n 
n 0 .085  

48 

2% 
2% O.XOi!  

:X% 
2% 0.14? 4$ 

1% 
0.15 S% so 

ss 

T 
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Pmpsrsfen of a T&poxajin MScmsmuiSion using Twe&o 80 as She Suffeotast and Span 30 as tha Casurfac-
tarst 

Ths pmcsdus'e to pf'«psfs a mism^owSskio with Tween SO/Spafi 88 is kJeote! fo Twsen 8') ajtmlsfon 
s exceps Span 80 is added )usl after formation of the srsnsSucent soiuifon mt?> Twsen 80. An oilM'ater {ote) system 

is titrated with the surfactent and cosurfactaRt to a hydmphilic-itpoptiyic balsncs {HLS} to obtain a '!or>s-phsss 
tefiSpamnto/w dispsrsiort" {H.L Rosarso, XL CavsiG, and 6.8. Lyor5s< Chapter 16, ^icroemuSsion Systeffls. 
YCSL 24, sdilaf Hi... Rosano a«d M. Csaijsa, yarcei Bekksr, Inc., New Yssfc and Bass!, 1S87, page 271 i. 

An aiiquotof 0,3 ml of castor oil {containing iepoxaHn) and 0.55 mf of Twean 80 me pr®mfc«d to a homogan-
fs cm solution. lbs sdution: is fsepared as desoribsd previously to a mierosmulskm containing tspoxaSln. An aii-

^uot of 0.05 mi of Span 80 is the;) acfetel to ths microsmulsiof!, and the mixture is s^sfcated forthsf for 10 
mlfiutss. The mkmsmtekm is Seated with dlsodium Sdatate, 8AK, HaOf, and buffarsaite as dsseribsd abova. 

in vitro Cornssi TrsnsportofTepoxaiin Via a 0.1% Stipension tx? a.Q.1% Miao^nwi^ 
>"S 

The i&fm were snucfeai&d with the cos^ynctivai sac and lids atfaeted. The cornea wm axcis&d and moun­
ted using the Dlkstsin and Msurtes Toch:iique (S, Distsin and 0.M. Mausica, J. Physioi.. 221:23-41 (1ST2)}. 

The chambgrs warn prsparsd bf s^uiiferating them at: SS-'C, by maans of a water jacket Both the recaivar 
and doRor sidss of tho chamber wssra aersied 'snd rnLxed with as oxygamearhon diaxide {95:5} mixture'; this 

ae -msintains iN pH of tft>s srsod^ gtutathione Ptcarbonato Ringsfs solution (GSR) at pH 7A ssnd pstwidas mixing 
of tha volumes. The mounted corneas were assembled in the chamber; the recesvar side filled with SS^C aerated 
GBR and the donor side filled wiifc the test sampouod in G8R. 

100 $ Aliquots were sampied from tfc® tm&bm side mm a 4-hour psjr iod (0.1S, 30,45,60,80, 120, 180 
and 240 minutes}. The volume of the ohambar was maintained by repienishing with GBR (kept at 35t;€ during 

25 the study}:, after each sample. The samples were immadiately frozen in dry ice, so as to preves'st any fyftfter 
meiaboiissm ocajntng. Al th« end of tea sludy, tee hulk donor and rac«ivef voiumes were eoiteeied and also 
trogen. The mounted corneas wpre refnoved frem the cells and the percentage hyd ration caiaylated by weighing: 
the isolated tissue before and after drying (the corneas war® ptaead in an oven overnight at 45*0). This hyd-
rafet value is indicative of tbe cofidltion of tissue (prefersbis range 75 to 83%). Untreated corneas were asass-

m sed as controls. 
The samples were maintained at -70*0 until anaiyais fey HPLC. 

Bioanalytisai Assay for Tgpoxalln in GBR 

The assay invoives reversed-phase high performance liquid chromatography fHFLG} using fborssoent 
datesixsi), lbs p«tr\p is sat at a Sow rate of 1.0 mi/mifu ihe aotissamplsf is sat with an injeciion volume of 10 
pi, tha Integrator la sat witb an sttenuation of 8 mifisvolts (fuli-soaie} and the fiyoromater Is s@t with a for scale 
of 30, sn excitation wavelength of 282 nm and an smission waveissgth at 418 nm. The C1S cofomn is kept at 
ambient temparatere during anaiysla. The mobila phase is prepared by mixing 400 ml of Isopropanol and 2 ml 

48 of HjPQji with: water to 800 mi. Tbe pH is then adjusted to 3.0 with 1 M NaOH. aad tbe floal voiume iisa dilution 
with water to 1 liter. The rnoblie phase Is dagassed fey itratlon through a 0.45 pm Mylon-'SS filter (from Rainin 
instejments Co., inc..) under vacuum. 

Standards for tee cstibfation curve are prapared in balanced sal! soiutkxi (BSSi at 0,030, 0,060, 0,1S0. 
030 and 0,80 pgltri, The standards and .samssies arc prepamd for HPLC analysis by tansforting io autosampiaf 

4$ vials (limited volume inserts} 100 j»i of the sample and 100 M of 'the Interna! standard 4,§-dipbsnyiimlds2oie 
(at 8 pg/mi). The vlala are capped and mixed by a Vortex mixer (Amedean Scientific Preducis). The mixer spins 
the contents of s vial rapidly or oauses a vortex {circutar moilon), 

The chromatography invoivas pBONDPAK C1S column with 10 ism partides and tba mobila phssa consists 
of 40% isopropanol (IPA) and a phosphate buffer adjusted to pH 3.0. A CIS column with a heaviar carbon-load 

m 'or a mobile phase contairiing a more polar organic solvent fa.g, methanol} w® not elute the drug off the CI 8 
coiornn. The drag can be detected by ultra-violet absorbanoe (254 cm) or by fiuorescence (excitelion 
wsvetength at 282 nm and an emission at 518 nm}. Fluorescent detection is about 10 times more ssnsitsve 
than ultra-violet 

A G8R sample is prepared for HPLO analysis by transters'ing an alkusot to an autessmpiar vi&s, addsig the 
ss interna! standard 4<§~diph8nyi!mlda<:ofe, capping and mixing the vial, A flow rata of 1.0 ml/min will sluts ths 

internal standard in about 4.0 minutes and the drug in about 118 minutes, A caiibration curve with standards 
batwaen 0,030 and 0,80 pg/ml wiii give a linear curve using fluorescence detection with a cosraiation coefficierst 
of r^O.SSSS (r®»9»9W), a Y-intsrespt-*0.0059 and a slope a 1.240. minimum sansltfyity Is about 0,025 ug/ml. 

as 
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Summary of Multidose Irritancy Studies in 
Rabbits, There are three rabbi ts/fonsu I at ion that can pass the 
grading system for ths first day, the second day, and th© third 
day. 

TABI,E ..2.. 

JlaxJ.ii. §sg£& 

castor oil, I3SP 0 0 0 10 ?:3 

10% Twseji 80 3 3 

10% PlurorJc Fi2? 

0»1% tepoxslin (Tween SO Micro-
emulsioa} 

0,1% tepaxalirs (Twesn SO Micro-
esKulsion) 

Microesssulsian w/c drag, 
(Tween B Q )  (no  BAK) 

^*Ani«al  resaoved fross test? brok« its b&cjt in retainer) 

3 3 X 

3 >"S 1 

<?)*! 2 

se 3 3 3 

M 
8m~izi Qm...li± Smm 

0 • 1 % Hiccoesaulsion 
(Tween SO/Span 80} 

Tveen B0/Span BO Microemulsion 
(w/o drug) 

0.1% Hicroemslsion (Tween SQ} 

10% Solution of Pluroftic f i z? '  
(Mo BM in formulations} 

3 1 

3 .1 30 

i 

1 3 35 

&mJ2}  Mx-iax Smm 
10% ^l^rorsic F127 3 48 

0.1% tepo%alin ^ pulsion 
(Tween 60, SAK & EDTA} 

1 

Placebo ^ e^aJsi.an 
{"Pawm S0» .BAK & EDTA) 

3 3-
4$ 

0»11 tepoxaiin p emdsion 
ftVeeB 80f Span 80, E^K & KDTA) 

1 3 

0.1% tepoxaiin .u essulsion 
{!P»<ec:n 80, SptsX) 80) 

1 
so 

0.1% tepoxalin p msulsion 
(fveen 60) 

3 

s§ 

m 
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Irs Vifrs Oytotosidty Tsgj:ing of Tepoxsjim Misrogfi^Ssioos 

Four mtcroemulsiofi formuiaSions confining tspojtaiin arid three sontrote were festsd for cytotossc^y to SIS-
LI c«ls (ambryti, mouse}, A doss-Tss^ftse cutvs was eoostructsd fo determine ihe I&20, IOSO and ID80 of 

s sash i&tmlztfm Shat ''rsdussd ths ftrsa! totaS cfilSuiar proisif; by 20, SO arid 80% In companson with Shst: of tfts 
control weISs" (frosn a report issued to D.6. ^ussor? on March 23,1980 fam Jam Sresves, Sandra Raadifig 
and CSivs Wiisofi, Deparfensatof Physiology and Pharmacdogy. Medical School . Quean's Radical CeoSs, Mot-
tinghsm, NG7 2UH}. Th® data showed (») «i5h8rK>sd toxiclfy wish formo^stioris contasnlng 8AK, (b) all the for-
mfJaihfss mi* more toxic tbsn ths control Piuronk; F127, fo) the microsmylsiofi wiih Twesn 80/Span 80 

fs appears slightiy fess toxic lhao Tween 80, and {d} 8mo!sk>«3 with tepoxsSm am more toxic, than Jhosa without 

Stability Studies of Tapoxallo sn<{ tbe fvlscmsmuteson:: 

Two stability studies have bean perfoFmsd with the second stlli ors-going. The first study invesved three for-
>"s msiSations; 

|1} 8,1% fepoxsiln/Twess 8{3/castor oO/BAKiNad 
(2) 0.1% tepoxailn/Tween gO/Spsn 80/csstor oi/8AK;MsCi 
(3) 0.1% tepoxailnj'Twean SO/Span 80/csstor Ofl/SAK/NaCI 
Ths study damoris&'aiBd savemi pmfelams with the formulatsons and diffsfsocea btimm the fomssjlaiioos, 

ae EmulsiOfs stability and drug stahiitty saemed to favor the Tweeh 80 surfactant without a co-su rfactant The rata 
of dsgrsdatioR of tepoxsiirs at 4§*C seemed to be much gmatef than at room temperature arsd 3S'C- SimiaHy, 
ttia cs'aftkirtg of the amulsisxi seenBd ijfs aosur rhuch faster at 45<>C os^r-room tardpei'Siure and 35'5C, 

The results of the first stahlity study prompted an Investigation for a wsy to reformuiatc, Tepasailn appears 
to hydroiyza at the smlde group to form a csrbaxylie add. An accelerated procedure has been developed to 

25 qbserve this degradation within 18 hosirs. The sample is anaiyzed by s'sverssd-shass HPLG using a diods array 
for datectiao. A aeries of axpefistsarits ifoilowing sactiorf} suggested ttie use of 0.03% disiOdlum Edeiate in the 
fcmwiatiori. With disodlum Edetats in tha ttsierosmuisioR, ths drtsg degraded at and above pB 7,0; degrada^on 
was minima! st pH's 5.0, 5,5 end 8.0. Thus, a second stability study was bagun wlti 0.03% disedium Sdetata 
in tha formulatlors and the pH adjusted !o 5.9 - 8.1 with a citric acid/sodium phosphate dibasic buffer. 

The -setxmd sfsbiilty study smpteyed two ?onTiuiatiof?s; 
(4) 0,1% tepoxaiin/Twean 80/castor oii?BAK7MaCi/disc,dium Edotafa/citrk; sdd/NajHPO,t%8fer 
{5) 0,1% tepoxailnffwean 80/Span aQfessior oii/BAK/NaCi/disadium Edetatefcitric acidfMajHPO^/waier, 
Thsm Is three months of data. The drug stability data is accaptafese at room tempsratwe and 35aC tor for­

mulation (4), The latter tormuiato {6} with TweanSO/SpanSO resulted in tspoxaim ooncentratioos below tha 
$$ acceptable §0% iavai at 12 weeks at 35*0; the Tepoxailn coneenlra&on at 12 weeks at tmm fempsratura was 

94,4%. The pH's for both formuiations have dnsppad fism 8,0 to 4.85 - 5.76, dfrspendlog on ttm temparate;. 
The percent trans?nittanoe appear to have dropped si ightiy at room temperature and 35^0 for both formuSatlons; 
at 45;iC> the drop has been significant. 

48 Expehmenis to Enhance Slabilily of Tepoxaiin Microemulsion 

A number of experiments were performed IP sycoession in order to eiucidete a mechanism for tha degra­
dation of tepaxsiim in wafer and in the miorosmuision and to defecmina optimum oondiSons for the tepoxaSIn 
microamuision. The d rug is suspscted of v«{ nersbiiity to acid and base oafeslysis of its N .N-bydmxy mathyi amida 

4S group forming a carboxyiio acid. The experiments and results:: 
{a} 0,1% tepoxalin was diasoived in S0;SQ water: ethanoi and ali^uots wars pH adjusted with iy MaOH ts 
5,0,8,0,7.0,8,0. and 12,6, Tha aiiQuofs wsm heafad in capped mactlon vials for 16 hours at 100*0, 
Tha HPLC chromatogrsms show a degradation peak aiutinp after tepoxatin in samples at pH 8, ?, 8,12.8 

but not at pH 6,0, 
pj) 0,1% tepoxalin was ps^pamd with caatcsr oil, Twean SO and a citrnte/phosphats biiffe? (1 M) in tha fom 
of a misroemwisisn. Two drops of 1M citrfc acid sokdsao were added to as aliquot {1 m!) and the pH was 
edjusted with 1,0 M sodium phosphate dibasic to pH 5.0,6,0, 7.0, and ?.$, The samples ware heated as 
before. 
The chroiBafograms show two nsajor dagmdaiiorf produda; one eluting before tepoxaiin and another after, 

sa The dagradstion occurs greatest at pH 5.0 and 7.8, 
(o) The pravioys expenmant (b) was repeatad narrowing the pH range between 8,0 and 7,0 {0,0,6,2,8,4 
6,8, 8,8, and 7,0), 
The optimum pH appeans between pH 8,2 and 8.4, but thers is stiti signsficiirsi: degrsdatiori. 

so 
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(1) an oiS immsscibte with waS^r at: 0.1 is 2%; 
{2) a non-ionic surfactant at 0.1 to 4%; 
(3) a rson-Sooie oo-surfsciant at 0.0 to 4%; 
(4) fepoxalsn at 0.05 to 1%; 
{§) tofsiciiy agem: at 0.25 to 2%; 
(8) a buffenng system to ad|yst tha pH bgftwsen 4-0 .and 78 (above pH 7.0, She drug dageades). The con-
centetton shoiiid vmyftom 0 to 3.0 miimota^ 
(?) ofis or more: pressfvalivss at 0.02 to 0.7%; and 
(8) a stebii&ar for ths mscrosrmiteiors and/or the drug tsi 0.0 io 10%. 
The above materials are mixed in such a manner by soRicato, by homogenkation. or by a technique using 

a misrofioidiser. to obtain a tmnsk&sftt to tmosparerf! micmeimiisiOE? (iysnsmiitesK:® at §20 ofi) is 
Two islustrativs formuiations tm tfto foilowirsg: 

fS 

1. tepoxalin 
2. castor oil 

3* Tween 60 

*. HaCl 

&, <3isodiu® edetate 

6« BAK 

7 <• citric acid 

>"S 
0 . 1 %  

•1.® 

2 . 0  
ae 0  „  6 ?  

0 - 0 3  

0 , 0 3  

0 x 003 25 
HastHPO^ 1«18 mi 11 ifflolar0 .016? 

water 

gf 

diluted to 1 liter; Cj 

50 
ESll5Uiatioa...l 

I. tepoxalin 

2< castor oil 

3 - Tveen 80 

4v Span 80 

0 < 

1 . 0  
35 1 . 8 3  

0,166 

The remaining sxcipisnts and diiuant am as Sisted above for PtxmjtMm A, 
One or both fosffiuisttons have fesen tested for drug stabiiity, ©muisiop! stabii!^, teicify (irsitatton}, If. v)tfs 

i>:>rn«3t psfistration, and fefftcsey:, 
Ths matetiats used for the above two teJmSvs smuisions can bs rsptec^d vvith ths Mowing substifoig 

mataHais, w^sici'! am listed for ISyetrative purposes; 

^ OiLS 

sssame oii 
asstor oil 
rrsifierai oii 

m su^flDwef se«d osi 
p^fluofo-dacaiiR 
ainxsiid ail NF 
apricot karns! oii 
avocado oii 

sa coconut oii 
D"oss-essoritia! SPO 
menhaden oil 
mirik oii 

13 
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2. The ophltiaimic cmpo^lort of Claim 1 whsrsirs the oil is 3 fixsd ol 

S, The ophthalmic, composstkm of Claim 1 '(.vheroir? the mlsmemuteion addltiorssSSy contains s noiviofsic- sur-
facisnl in an amount effective to stabike the mtcsoemulslon. 

The ophthalmic composlstof! of CSasm 1 whorosn the micfosmuiskm additionally Qonlalos iomsity agents, 
buffers, and stahllffiss-s. 

8> The. ophthalmic cos'ftpssitksn of Claim 2 whsrsin fho oil is castor oil. 
m 

The ophthalmic compcssition of Claim 3 whorsin Ute ncn-ionlc suffaetsnt is a polysoiljate. 

7. The aphthaSmic comixBitkin of Claim4 wherein iho mfctwemtiisiori cofilains sodtom chkifids |R ars amount 
sotficierd to ssdjust tcmksty between SQO and 330 mOsm, 

>"S 
8, The ophthsimiocofnposilof! of Claim 4 wh«rein the mteresmulsksn cofites nsdisodium ©dstate in an amoiiRt 

sufficient to enhance the stsfeify of the tsposaiin containsd in said composition. 

8> Th« ophthalmic compositloii of Qsim 5 whsmm th« mfcro&muislon contains a phosphate buffer to ad]ust 
the pH between about 4,0 and 7,0, ae 

©aims f<tr th« faftowiof Confracimg Stete ; SS 

i .  A  method for an ophthaimlc compesitien suitable for topical application to the aye, which method 
eampdses the step fcmifog an oil irt water micfoemuislon containing tspaxaiin in an antMfsfiammatory 
sffec.tivs corsceoiTatlon. 

25 

2, A method according to claim 1 whensln ibe oil is a fixed oil. 

$< A msthod according to clsim 1 of 2 whcsfssn fh© microom^ision additionaiiy contains s non-sonic syffgcisnt 
in an amount affective to ai-abiftee the microemuision. 

4> A msShod according 10 claim 1,2 or 3 whsresn the microemuislof! additionally oontains iooieity agents, buf­
fers, and sfabilizam. 

35 
S, A srsethoa according to any pracedlag claim whefsin the oil is castor oil. 

fc A mathod according to claim 3 wharain tha non-ionic surfactaai is a polysorfeate. 

5̂ ?, A method according to aay preceding claim wbefeln the mlcroemuislor! contains sodium chloride in an 
amount sufficient to adjtM tonicity between 21)0 and 330 mQsm. 

8. A method according to any preceding claim whersin the micmesmdsion contains dlsodium edstsite in an 
amount suSioiect to enhance the stability c! the tepoxalln contained In said composition. 

4$ 
$, A method according to. any preceding claim wfmmln the microamuision contains a phosphate bu^sr'to 

adjust Siha pH between about 4.0 and 7,0. 

so 

ss 

IS 
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* 

(Modified Usslng Chamber) 

0sty9S'rt̂ &?t»ft Diox^s jSS:$} 
Gas ShM 

| Ox^sft:Caffcon Oksx-kfe $$$} 
<3as Infei ' / \ i  S^jsSSSV-

! 
/. i \ / /  

// ( j i f ..„j /z 
% \N .<•'/ \\ ff j—i /,' 

/ / .  Ill 
f 

t~™lr 
adjuslsr̂ s 

I { 
'> 2,Sml S.Sml 

I 1 sdjusSif̂  
I sow 

| i 

M 

fyyii 
! f ^bunted 

/ C&fnesa RSf-sg^t Rir^srg s i Omg 
Sofytjoft'Suspsfistofs 

(BR 
ReceK'ing Sofytfes 

fesuiaisd wafer jscket SS'C 

Figure 1> 

IT 



0504

C-.^ 
3 

J 

'
 

j 
O
 'siO v-J 

^
 <r< »-< 

2?! 
H

i 
HI 
d
'l 

cr> 
j 

^
0
 I 

o
 

»»> 

.1 
d

 
p

 
§1 
li i s

 
*
»

&
 

•—
! 

C7> 
I
 

iw
s 

f 
 ̂Jŝ
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(57) Abstract 

A pharmaceutical composition is disclosed in the form of a nonirrtating emulsion which includes at least one cyclosporin in admixture 
with a higher fatty acid glyceride and polysorbate 80. More particularly, the cyclosporin may be cyclosporing A and the higher fatty acid 
glyceride may be castor oil. Composition has been found to be of a high comfort level and low irritation potential suitable for delivery 
of medications to sensitive areas such as ocular tissues with enhanced absorption in the lacrimal gland. In addition, the composition has 
stability for up to nine months without crystallization of cyclosporin. 
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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. 

5 

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. 

10 

15 

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. 

2 0  

As hereinabove noted, cyclosporin comprises a 
group of cyclic oligopeptides and the major component 

thereof is cyclosporin A (C62H111N11012) which has been 
identified along with several other minor metabolites, 
cyclosporin B through I. 
synthetic analogs have been prepared. 

25 

In addition, a number of 
30 

In general, commercially available cyclosporins 
may contain a mixture of several 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 

35 
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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. 

5 

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. 

10 

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

ment or restoring of lacrimal gland tearing. 

15 

This activity can be enhanced if it is possible 
to enhance the absorption of the cyclosporin in the 

The present invention provides for a 
20 

lacrimal gland, 
formulation and method that produces optimal cyclo­
sporin A concentrations in the lacrimal gland and 
other ocular surface tissues. 

25 
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 composition containing cyclosporin 
dissolved in an aqueous medium. 

30 

As reported, the solubility of cyclosporin in 
water is between about 20 /ig/ml to 3 0 /ig/ml for 

cyclosporin A. 
tions incorporating cyclosporin have been prepared as 
oily solutions containing ethanol. 

Hence, heretofore prepared formula-35 

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. 5 

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. 

10 

Surface active agents such as polyoxyethylated 
castor oil have been utilized as solubilizers to in-15 

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. 

2 0  

25 

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. 

30 

35 
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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 aqueous 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. 

5 

Conceptually, the purpose of dissolving the 
cyclosporin in an aqueous 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. 

10 

15 

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. 

2 0  

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. 

25 

30 

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 . 

35 
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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 oil, 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. 

5 

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 

10 

15 

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. 

20 

It may be possible to minimize the problems 
related to unpleasant sensation and syndrome exacerba­
tion by reducing the oil content and dispersing the 
oil phase in water into an emulsion. 

25 

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. 

30 

The present invention is directed to an emulsion 
system which utilizes higher fatty acid glycerides but 
in combination with polysorbate 8 0 which results in an 
emulsion with a high comfort level and low irritation 

35 
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potential suitable for delivery of medications to sen-
Further , the sitive areas such as ocular tissues. 

present invention provides a pharmaceutical composi­
tion and method for causing preferential absorption of 

That is, for a cyclosporin in the lacrimal gland, 

given instillation of the composition into an eye, a 
greater amount of absorption occurs in the lacrimal 
gland for formulations made in accordance with the 
present invention than heretofore utilized formula­
tions. 

5 

10 

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 
More particularly, the composition may comprise 

cyclosporin A and the higher fatty acid glyceride may 
comprise castor oil. 

15 

20 80. 

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. 

25 

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. 30 

When cyclosporin is dissolved in the oil 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, 
cyclosporin emulsion is formulated in such a way that 

35 

Moreover, the 
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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-

In this 
5 

sporin in the lacrimal gland of the eye. 
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. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 
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 

20 

25 

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. 

30 

DETAILED DESCRIPTION 

35 
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. 5 

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. 
could not have been anticipated on the basis of con­

ventional thinking. 

The selection of these components 10 

For example, although it is well known 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. 

15 

20 

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. 
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. 

25 There 

30 

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-

35 
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~ 9 

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®. 

5 

Pemulen® is a polymeric emulsifier having a CTFA 
name of Acrylates/C10-30 Alkyl Aerylate Cross-Polymer 
and is discrived in th "Carbomer 1342" 
the USPXXII/NFXVII. 

10 

monograph in 

In addition, the tonicity of the emulsions can be 15 
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. 

20 

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 potential. 

25 

30 

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. 35 
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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% 

5 1.00% 1.00% 1.00% Polysorbate 80 1.00% 1.00% 

0.05% 0.05% 0.05% 0.05% Pemulen® 0.05% 

2.20% Glycerine 2.20% 2.20% 2.20% 2.20% 

NaOH qs qs qs qs qs 

Purified water qs qs qs qs qs 

10 7.2-7.6 7.2-7.6 7.2-7.6 PH 7.2-7.6 7.2-7.6 

Example 2 

A B C D 

15 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 31 31 qs qs 

20 Purified water qs qs qs qs 

7.2-7.6 7.2-7.6 7.2-7.6 pH 7.2-7.6 

Example 3 

25 A 

Castor oil 2.50% 

Polysorbate 80 0.75% 

Carbomer 1382 0.05% 

Glycerine 2.20% 

30 NaOH qs 

Purified water qs 

7.2-7.6 PH 
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Exaxnple 4 

A 

Castor oil 5.00% 

Polysorbate 80 0.75% 

5 Carbomer 981 0.05% 

Glycerine 2.20% 

NaOH SE 
Purified water qs 

7.2-7.6 pH 
10 

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. 

15 

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. In 
addition, the cyclosporin containing castor oil emul­
sion, as hereinabove set forth in Examples 1A-1D, was 
also tested for ocular bioavailability 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. 

20 

25 

30 

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

35 
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 oil, peanut oil and the like may also be 
utilized with the polysorbate 8 0 with similar results 
regarding biotoxicity. 

5 

The following examples demonstrate the activity 
of the composition in accordance with the present 
invention for enhanced absorption of cyclosporin A in 
the lacrimal gland. 

10 

Materials 15 

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). 

20 

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. 

25 

The compositions of the six formulations tested 
are listed in Table A. 30 
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TABLE A 

Miglyol 
Oil-in-
Water 

Emulsion 

Castor 
Oil-in-
Water 

Emulsion 

Polyoxyl 
40 with 
Edetate 

Aqueous-
a Cyclo-
dextrin 

Polyoxyl Castor 
Oil Ingredients 

40 

0.10 0.20 0.20 0.20 0.05 0.05 Cyclosporin-A 

14 Cyclodextrin 

Castor Oil 99.8 1.25 

20 Miglyol Oil 

Pluronic L121+P123 0.75 

1.00 Tween 80 

2.20 Glycerin 2.20 

Pemulen® TR-2 0.05 

Carbopol 981 0.05 

Polyoxyl 40 
Stearate (mg) 20 20 

0.3 HPMC 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 QS QS QS QS 
Batch Size 1 9 5 g i g s g J- g i g 

The radiolabeled formulations were formulated to 
ensure that the radioactivity was homogeneous 
throughout the vehicle. 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. 

5 
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Analvsis of Test Drug Formulations 

The test fonnulations were analyzed in triplicate 
by HPLC to determine the concentration of CsA and 
radiochemical purity of the CsA dosing solutions 
(>93%) before dosing, 

of the test formulations were quantified by liquid 
scintillation counting (LSC). 

5 
The radioactive concentrations 

Chromatographic Conditions 10 

Beckman Model 12 6 (Beckman 
Instruments, San Ramon, CA) 

Pump: 

Mobile phase: Acetonitrile: 0.03% H3P04 in water, 
pH 3 (65:35 v/v) 

1.0 ml/min 

Supercosil C8, 7.5 cm x 4.6 mm, 
3 /xm (Supelco, Bellefonte, PA) 
Superguard LC-8 (Supelco) 
Column heater (Bio-rad, Richmond, 
CA) at 60-70"C 

15 

Flow rate: 

Column: 20 

25 
Injector: WISP 712B (Waters Associates, 

Milford, MA) 

14 Radio Isotope 171 
(Beckman Instruments) 

C detector: Detector 
30 

Scintillant: Ready Flow 
Instruments), 
"4 ml/min 

III 
Flow 

(Beckman 
Rate of 

35 
UV detector: Model 166 (Beckman Instruments) , 

202 nm 

Data processor: Beckman System Gold 
Instruments) 

(Beckman 
40 

Run Time: 15 min 

Retention Time: 6 min (cyclosporin A) 
45 
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Animals 

Female New Female New Zealand albino rabbits were 

obtained and quarantined for at least five days before 

Animals were housed in temperature- and 

Food and tap water were 

procedures. 

humidity-controlled rooms. 

5 

Fifty-eight rabbits (2-3 kg) 

were selected from the colony to minimize bias. 

provided ad libitum. 

They 
were individually identified by ear tags and appeared 

to be healthy. 10 

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 

3 5 fil of the formulation were administered in the 

lower conjunctival cul-de-sac of each eye. 

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. 

15 

After 
20 

Sampling 25 

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 /il) was removed by means of a 

0.5 ml tuberculin syringe. The orbital lacrimal gland 

("400 mg), upper and lower bulbar conjunctivae ("50 mg 

each), corneal ("50 mg) and iris-ciliary body ("50 mg) 

30 

35 
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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. 

5 

Analysis of Radioactivity 

An aliquot of aqueous humor (50-175 Ml) was 

counted directly in 10 ml of Ready-Solv HP by LSC. 

Tissue and blood samples were weighed into combustion 

cones prior to combustion in a Model 3 07 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). 

10 

15 

Data Analyses 

20 

Excel software (version 4.0, Microsoft Corp, 

Redmond, Washington) was used for data analysis, 

concentrations of total radioactivity 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 

Radioactivity levels were not considered 

significant unless the dpm was greater than twice that 

of background b=(blanks). 

25 

methods. 

30 

Comparisons of tissue drug concentrations at each 

time point for the formulations were determined by 

All statistical comparisons were 35 one-factor ANOVA. 

made using StatView® (version 1.03, Abacus Concepts, 

the Fisher and Scheffe Inc., Berkeley, California). 
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F tests were used to determine significant differences 

The between formulations at the 95% level (a = 0.05). 

rejection criteria for excluding any outlier data was 

based on standard outlier tests, 

outlier was eliminated from any data set. 

No more than one 

5 

Results and Discussion 

The radioactivity concentrations in ocular 

tissues at 2 0 minutes, 6 hours, and 24 hours after a 

single topical application of various formulations are 

depicted in Figures 1-4. In 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 aqueous humor 

and iris-ciliary body concentrations suggest low in­

traocular absorption of CsA, consistent with the low 

CsA corneal permeability of -1.0 x 10-6 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-eq/ml) were much 

lower than trough plasma CsA concentrations of 

80-250 ng/ml observed after oral dosing to humans (1) . 

10 

15 

20 

25 

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 

The 0.2% straight castor 

oil was formulated below the CsA solubility and 

therefore the release rate could be hampered by the 

less than maximal CsA thermodynamic activity (5). 

30 

surface tissue epithelia. 

35 
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Th e 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 4 0 formulation produced higher ocular surface 
tissue concentrations than the emulsions and straight 

5 

The emulsions were also effective in castor oil. 

delivery of CsA to the tissues of interest, lacrimal 
gland, cornea, and conjunctiva, 
sion showed higher lacrimal gland concentrations than 
the modified Santen and the miglyol emulsion, 
straight castor oil showed the lowest concentrations 
in surface ocular tissues. 

The castor oil emul-
10 

The 

Apparently, the factors 
influencing CsA penetration into the lacrimal gland 
and the surface tissues are different. 15 

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. 

20 

25 
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WHAT IS CLAIMED IS: 

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. 

1. 

5 

The pharmaceutical composition according to 

claim 1 wherein the cyclosporin comprises cyclosporin 

2 . 

A. 

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 3 0. 

3. 

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. 

4. 

A pharmaceutical composition comprising a 

nonirritating emulsion of at least one cyclosporin in 

admixture with castor oil and polysorbate 8 0 in water 

suitable for topical application to ocular tissue. 

5 • 

The pharmaceutical composition according to 

claim 5 wherein the cyclosporin comprises cyclosporin 

6. 

A. 

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. 

7. 
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The pharmaceutical composition according to 

claim 7 wherein the weight ratio of cyclosporin to 

castor oil is below about 0.16. 

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. 

9. 

5 

A stable, nonirritating ophthalmic composi­

tion comprising cyclosporin in admixture with an 

emulsifying amount of a higher fatty acid glyceride 

and polysorbate 80. 

10. 

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. 

11. 

5 

The pharmaceutical emulsion according to 

claim 11 wherein the cyclosporin A is present in an 

amount of between about 0.05 to about 0.4 0%, by 

weight, the castor oil 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. 

12. 

5 

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%, 

13. 

5 
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glycerine in water with a pH of between by weight, 

about 7.2 and 7.6 suitable for topical application to 

ocular tissue. 

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. 

14. 

5 

The pharmaceutical composition according to 
claim 14 wherein the cyclosporin comprises cyclosporin 

15. 

A. 

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. 

16. 

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

17. 

The pharmaceutical composition according to 
claim 17 wherein the cyclosporin is present in an 
amount of about 0.2 0% 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. 

18. 

5 

The pharmaceutical composition according to 
claim 18 further comprising Tween 8 0 in an amount of 
about 1.0% by weight, 

about 2.20% by weight. 

19. 

and glycerin in an amount of 

A pharmaceutical composition suitable for 
instillation into an eye, said pharmaceutical 

20. 
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-22-

composition comprising a nonirritating admixture of at 

least one cyclosporin and castor oil in an amount 

causing enhanced lacrimal gland absorption. 5 

The pharmaceutical composition according to 

claim 20 wherein the cyclosporin comprises cyclosporin 

21. 

A. 

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; 

22. 

and 5 

instilling the admixture into the eye. 

The method according to claim 22 wherein the 

step of admixing includes forming an emulsion of 

cyclosporin A, castor oil and water. 

23. 

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 oil, Pemulen® and water; and 

instilling the emulsion into the eye. 

24. 

5 

The method according to claim 24 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. 

25. 

5 

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. 

26. 
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SOLID DISPERSED PREPARATION OF POORLY WATER-SOLUBLE DRUG 

CONTAINING OIL, FATTY ACID OR MIXTURES THEREOF 

BACKGROUND OF THE INVENTION 

5  

F i e l d  o f  t h e  I n v e n t i o n  

T h e  p r e s e n t  i n v e n t i o n  r e l a t e s  t o  a  s o l i d  d i s p e r s e d  

p r e p a r a t i o n  f o r  p o o r l y  w a t e r - s o l u b l e  d r u g s  o r  b i o l o g i c a l l y  

a c t i v e  s u b s t a n c e s .  M o r e  p a r t i c u l a r l y ,  t h i s  i n v e n t i o n  

r e l a t e s  t o  a  s o l i d  d i s p e r s e d  p r e p a r a t i o n  w h i c h  a l l o w s  1 0  

p o o r l y  w a t e r - s o l u b l e  d r u g s  t o  b e  i n c r e a s e d  i n  t h e  u p t a k e  

e f f i c i e n c y  i n  t h e  g a s t r o - i n t e s t i n a l  t r a c k  a n d  i s  c o n v e n i e n t  

t o  m a k e  i n  a  p h a r m a c e u t i c a l  f o r m u l a t i o n .  

1 5  D e s c r i p t i o n  o f  t h e  P r i o r  A r t  

A  g o o d  m a n y  d r u g s  p o o r l y  d i s s o l v e  i n  w a t e r  .  W h e n  b e i n g  

a d m i n i s t e r e d  t o  a  b o d y ,  t h e s e  p o o r l y  w a t e r - s o l u b l e  d r u g s  

h a v e  s o  l o w  s o l u b i l i t y  a n d  r e l e a s i n g  r a t e  i n  d i g e s t i v e  

j u i c e s  a s  t o  r e t a r d  t h e i r  a b s o r p t i o n ,  r e s u l t i n g  t h e  

2 0  b i o a v a i l a b i l i t y  d e c r e a s e d .  I n  o r d e r  t o  s o l v e  t h i s  p r o b l e m .  

v a r i o u s  p r e p a r a t i o n  m e t h o d s  w e r e  d e v e l o p e d  w i t h  t h e  a i m  o f  

s o l u b i l i z i n g  t h e s e  p o o r l y  w a t e r - s o l u b l e  d r u g s  a n d  

i n c r e a s i n g  t h e i r  r e l e a s i n g  r a t e s .  F o r  i n s t a n c e ,  t h e r e  

h a v e  b e e n  r e p o r t e d  m a n y  m e t h o d s  f o r  i m p r o v i n g  t h e  

2 5  b i o a v a i l a b i l i t y  o f  d r u g s ,  i n c l u d i n g  m i c r o n i z a t i o n ,  

f o r m a t i o n  o f  m i c e l l e s  b y  u s e  o f  s u r f a c t a n t ,  s o l v e n t  

d e p o s i t i o n ,  u t i l i z a t i o n  o f  d r y  e l i x i r s ,  c o - p r e c i p i t a t i o n  

1 
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b y  u s e  o f  i n e r t  w a t e r - s o l u b l e  c a r r i e r s .  s o l i d - d i s p e r s i o n  

a n d  f o r m a t i o n  o f  i n c l u s i o n  c o m p l e x e s  u s i n g  c y c l o d e x t r i n s .  

I n  c o n d u c t i n g  t h e s e  m e t h o d s ,  h o w e v e r ,  t h e  d r u g s  t o  b e  

a d m i n i s t e r e d  d o  n o t  s h o w  a  c o n s t a n t  i n c r e a s e  i n  s o l u b i l i t y .  

T h u s ,  t h e y  a r e  p r o b l e m a t i c  i n  t e r m s  o f  p r e p a r a t i o n .  5  

c o m m e r c i a l i z a t i o n ,  a n d  e f f i c i e n c y .  

F o r  t h e  p o o r l y  w a t e r - s o l u b l e  d r u g s ,  w h i c h  a r e  a l s o  

p o o r  i n  i n t e r n a l  u p t a k e ,  t h e r e  h a v e  b e e n  m a d e  a t t e m p t s  t o  

e n h a n c e  t h e i r  b i o a v a i l a b i l i t y  u p o n  a d m i n i s t r a t i o n .  

1 0  H o w e v e r ,  t h e  d o s a g e  f o r m s  d e v e l o p e d  t h u s  f a r ,  a r e  o f  

s e m i - s o l i d  o r  l i q u i d  f o r m ,  g i v i n g  d i s a d v a n t a g e s  i n  

p h a r m a c e u t i c s ,  e s p e c i a l l y  i n  f o r m u l a t i n g ,  m o l d i n g  a n d  

p r o c e s s i n g .  

1 5  SUMMARY OF THE INVENTION 

W e ,  t h e  i n v e n t o r s  m a d e  t h e  i n t e n s i v e  a n d  t h o r o u g h  

r e s e a r c h  o n  t h e  f o r m u l a t i o n  o f  p o o r l y  w a t e r - s o l u b l e  d r u g s ,  

t o  i m p r o v e  t h e  b i o a v a i l a b i l i t y  o f  t h e  d r u g s  u p o n  

a d m i n i s t r a t i o n .  A s  a  r e s u l t ,  w e  f o u n d  t h a t  t h e  d i s p e r s i o n  o r  2 0  

s o l u t i o n  o f  t h e  p o o r l y  w a t e r - s o l u b l e  d r u g s  i n  o i l s ,  f a t t y  

a c i d s  o r  m i x t u r e s  t h e r e o f ,  f o l l o w e d  b y  m i x i n g  w i t h  a  

w a t e r - s o l u b l e  p o l y m e r  m a t r i x  a l l o w e d  t h e  d r u g s  t o  

e f f i c i e n t l y  r e l e a s e  i n  t h e  g a s t r o - i n t e s t i n a l  t r a c t  a n d  t h e  

m i x t u r e  c a n  b e  f o r m e d  i n t o  a  s o l i d  f o r m .  2 5  

T h e r e f o r e ,  i t  i s  a n  o b j e c t  o f  t h e  p r e s e n t  i n v e n t i o n  t o  

p r o v i d e  a  s o l i d  d i s p e r s e d  p r e p a r a t i o n  w h i c h  i m p r o v e s  t h e  

2 
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b i o a v a i l a b i l i t y  o f  p o o r l y  w a t e r - s o l u b l e  d r u g s  b y  e n h a n c i n g  

t h e  r e l e a s e  o f  t h e  d r u g s  i n  t h e  g a s t r o - i n t e s t i n a l  t r a c t .  

I t  i s  a n o t h e r  o b j e c t  o f  t h e  p r e s e n t  i n v e n t i o n  t o  

p r o v i d e  a  s o l i d  d i s p e r s e d  p r e p a r a t i o n  w h i c h  c a n  b e  p r e p a r e d  

b y  s i m p l e  a n d  c o n v e n i e n t  p r o c e s s  w i t h  a n  e c o n o m i c a l  5  

b e n e f i t .  

A c c o r d i n g  t o  t h e  p r e s e n t  i n v e n t i o n ,  a  s o l i d  d i s p e r s e d  

p r e p a r a t i o n  f o r  p o o r l y  w a t e r - s o l u b l e  d r u g s  i s  p r e p a r e d  b y  

d i s s o l v i n g  o r  d i s p e r s i n g  t h e  d r u g s  i n  a n  o i l ,  a  f a t t y  a c i d  

o r  a  m i x t u r e  t h e r e o f ,  m i x i n g  t h e  s o l u t i o n  o r  d i s p e r s i o n  i n  10 

a  w a t e r - s o l u b l e  p o l y o l  m a t r i x  a n d  d r y i n g  t h e  m i x t u r e .  

BRIEF DESCRIPTION OF THE DRAWINGS 

1 i s  a  g r a p h  i n  w h i c h  t h e  p l a s m a  c o n c e n t r a t i o n  o f  Fig. 1 5  

c y c l o s p o r i n e  i s  p l o t t e d  a g a i n s t  t h e  t i m e s  a f t e r  

a d m i n i s t r a t i n g  t h e  s o l i d  d i s p e r s e d  p r e p a r a t i o n s  o f  t h e  

p r e s e n t  i n v e n t i o n  ( c l o s e d  r e c t a n g l e  a n d  c l o s e d  t r i a n g l e )  

a n d  a  c o m m e r c i a l l y  a v a i l a b l e  p r e p a r a t i o n  ( N e o r a l ,  c l o s e d  

2 0  l o z e n g e ) ;  

2 i s  a  g r a p h  i n  w h i c h  t h e  p l a s m a  c o n c e n t r a t i o n  o f  Fig. 

a c e c l o f e n a c  i s  p l o t t e d  a g a i n s t  t h e  t i m e s  a f t e r  o r a l l y  

a d m i n i s t r a t i n g  a c e c l o f e n a c  p o w d e r  ( c l o s e d  c i r c l e  )  a n d  t h e  

s o l i d  d i s p e r s e d  p r e p a r a t i o n  o f  t h e  p r e s e n t  i n v e n t i o n  ( o p e n  

c i r c l e ,  o l e i c  a c i d  5 % )  t o  r a t s ;  2 5  

3 i s  a  g r a p h  i n  w h i c h  t h e  p l a s m a  c o n c e n t r a t i o n  o f  Fig. 

c y c l o s p o r i n e  i s  p l o t t e d  a g a i n s t  t h e  t i m e s  a f t e r  

3 
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a d m i n i s t r a t i n g  t h e  s o l i d  d i s p e r s e d  p r e p a r a t i o n  o f  t h e  

p r e s e n t  i n v e n t i o n  ( c l o s e d  c i r c l e ,  c a p s u l e  c o n t a i n i n g  1 0 0  m g  

a n d  a  c o m m e r c i a l l y  a v a i l a b l e  o f  t h e  p r e p a r a t i o n )  

p r e p a r a t i o n  ( o p e n  c i r c l e ,  A i r t a l  c a p s u l e  1 0 0  m g )  t o  b e a l g l e  

5  d o g s ;  

4 i s  a  g r a p h  i n  w h i c h  t h e  p l a s m a  c o n c e n t r a t i o n  o f  Fig. 

a c e c l o f e n a c  i s  p l o t t e d  a g a i n s t  t h e  t i m e s  a f t e r  o r a l l y  

a d m i n i s t r a t i n g  t h e  s o l i d  d i s p e r s e d  p r e p a r a t i o n  o f  t h e  

p r e s e n t  i n v e n t i o n  ( c l o s e d  c i r c l e ,  c a p s u l e  c o n t a i n i n g  1 0 0  m g  

1 0  o f  t h e  p r e p a r a t i o n )  a n d  a  c o m m e r c i a l l y  a v a i l a b l e  

p r e p a r a t i o n  ( o p e n  c i r c l e ,  A i r t a l  c a p s u l e  1 0 0  m g )  t o  h u m a n s ;  

a n d  

5 i s  a  g r a p h  i n  w h i c h  t h e  p l a s m a  c o n c e n t r a t i o n  o f  Fig. 

c i s a p r i d e  i s  p l o t t e d  a g a i n s t  t h e  t i m e s  a f t e r  o r a l l y  

a d m i n i s t r a t i n g  t h e  s o l i d  g r a n u l a r  p r e p a r a t i o n s  o f  t h e  1 5  

p r e s e n t  i n v e n t i o n  ( o p e n  c i r c l e ,  b e a d  1 0  m g )  a n d  a  

c o m m e r c i a l l y  a v a i l a b l e  p r e p a r a t i o n  ( c l o s e d  c i r c l e .  

p r e p u l s i d  1 0  m g )  t o  h u m a n s .  

2 0  DETAILED DESCRIPTION OF THE INVENTION 

H e r e i n a f t e r ,  t h e  p r e s e n t  i n v e n t i o n  w i l l  b e  d e s c r i b e d  

i n  d e t a i l .  

I n  a c c o r d a n c e  w i t h  t h e  p r e s e n t  i n v e n t i o n ,  t h e r e  i s  

p r o v i d e d  a  s o l i d  d i s p e r s e d  p r e p a r a t i o n  f o r  p o o r l y  w a t e r -2 5  

s o l u b l e  d r u g s ,  w h i c h  i s  p r e p a r e d  b y  d i s p e r s i n g  o r  

a  f a t t y  a c i d  o r  a  m i x t u r e  d i s s o l v i n g  t h e  d r u g s  i n  a n  o i l .  

4 
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t h e r e o f ,  i n c o r p o r a t i n g  t h e  d i s p e r s i o n  o r  s o l u t i o n  i n t o  a  

w a t e r - s o l u b l e  p o l y m e r  m a t r i x  a n d  d r y i n g  t h i s  m i x t u r e .  

I n  p a r t i c u l a r ,  t h i s  i n v e n t i o n  p r o v i d e s  t w o  t y p e s  o f  

f o m u l a t i o n ,  i . e . ,  t h e  s o l i d  p o w d e r y  p r e p a r a t i o n  a n d  t h e  

5  s o l i d  g r a n u l a r  p r e p a r a t i o n .  

T h e  p r e p a r a t i o n  m e t h o d  o f  t h e  s o l i d  d i s p e r s e d  p o w d e r s  

c o m p r i s e s  t h e  f o l l o w i n g  s t e p s ;  D i s s o l v i n g  o r  d i s p e r s i n g  t h e  

p o o r l y  w a t e r - s o l u b l e  d r u g s  i n  a n  o i l .  a  f a t t y  a c i d  o r  t h e  

m i x t u r e  t h e r e o f ;  m i x i n g  w i t h  t h e  w a t e r - s o l u b l e  p o l y m e r  

m a t r i x ;  d r y i n g  t h e  m i x t u r e ;  a n d  g r i n d i n g  t h e  p e l l e t  i n t o  1 0  

p o w d e r s .  

I n  a d d i t i o n ,  t h e  p r e p a r a t i o n  m e t h o d  o f  t h e  s o l i d  

d i s p e r s e d  g r a n u l e s  c o m p r i s e s  t h e  f o l l o w i n g  s t e p s ;  

D i s s o l v i n g  o r  d i s p e r s i n g  t h e  p o o r l y  w a t e r - s o l u b l e  d r u g s  i n  

a n  o i l ,  a  f a t t y  a c i d  o r  t h e  m i x t u r e  t h e r e o f ;  m i x i n g  w i t h  t h e  

m a t r i x ;  

1 5  

p o l y m e r  s p r a y i n g  w a t e r - s o l u b l e  o n t o  a  

p h a r m a c e u t i c a l l y  a c c e p t a b l e  n u c l e u s ,  r e s u l t i n g  t h e  

I n  a  p r e f e r r e d  e m b o d i m e n t ,  t h e  p h a r m a c e u t i c a l l y  g r a n u l e s .  

a c c e p t a b l e  n u c l e u s  m a y  b e  a  s u g a r  s p h e r e .  

T h e  s o l i d  d i s p e r s e d  p o w d e r y  p r e p a r a t i o n  o r  t h e  s o l i d  2 0  

d i s p e r s e d  g r a n u l a r  p r e p a r a t i o n  o f  t h i s  i n v e n t i o n  c a n  b e  

f o r m u l a t e d  i n t o  t h e  p h a r m a c e u t i c a l l y  a c c e p t a b l e  m e d i c i n e s  

f o r  i n t e r n a l  u s e  s u c h  a s  p o w d e r s ,  g r a n u l e s ,  t a b l e t s  a n d  

c a p s u l e s .  

H e r e i n a f t e r ,  t h e  w o r d  " s o l i d  d i s p e r s e d  p r e p a r a t i o n "  2 5  

m e a n s  " s o l i d  d i s p e r s e d  p o w d e r y  p r e p a r a t i o n " ,  " s o l i d  

d i s p e r s e d  g r a n u l a r  p r e p a r a t i o n "  o r  t h e  b o t h .  
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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. Inapreferred 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”, “solid

dispersed granular preparation” or the both.
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I n  t h i s  r e g a r d ,  t h e  o i l ,  t h e  f a t t y  a c i d  o r  t h e  m i x t u r e  

t h e r e o f  m a y  b e  u s e d  a l o n e  o r  i n  a  f o r m  o f  a n  e m u l s i o n  o r  

m i c r o e m u l s i o n  i n c l u s i v e  o f  i t s e l f .  W h e n  d i s p e r s i n g  o r  

d i s s o l v i n g  p o o r l y  w a t e r - s o l u b l e  d r u g s  i n  t h e  o i l ,  f a t t y  

a c i d  o r  m i x t u r e  t h e r e o f ,  a  s u r f a c t a n t  m a y  b e  a d d e d  t o g e t h e r .  5  

t h e  w a t e r - s o l u b l e  p o l y m e r  m a t r i x  m a y  b e  u s e d  F u r t h e r ,  

a l o n e  o r  i n  c o m b i n a t i o n  w i t h  a n o t h e r  w a t e r - s o l u b l e  m a t r i x .  

I l l u s t r a t i v e  e x a m p l e s  o f  t h e  o i l  t h a t  c a n  b e  u s e d  i n  

t h e  p r e p a r a t i o n  o f  t h e  p r e s e n t  i n v e n t i o n  i n c l u d e  l i p i d  

a d d i t i v e s ,  s u c h  a s  a - b i s a b o l o l ,  s t e a r y l  g l y c e r r h e t i n a t e ,  1 0  

s a l i c y l i c  a c i d ,  t o c o p h e r y l  a c e t a t e ,  a  m i x t u r e  o f  w a t e r .  

P e r i l l a  e x t r a c t ,  s o d i u m  h y a l u r o n a t e .  a l c o h o l  a n d  

p a n t h e n o l ,  p r o p y l e n e  g l y c o l  a n d  a p p l e ( P i r u s  M a l u s ) ,  

p r o p y l e n e  g l y c o l  a n d  p i n e a p p l e ,  i v y  ( H e d e r a  h a l i x )  e x t r a c t  

a n d l , 3 - B . G ,  p e a c h  ( P r u m s  p e r s l c a )  l e a f  e x t r a c t ,  h y d r o l y z e d  1 5  

s o y  f l o u r ,  w h e a t  ( T r i t i c u m  V u l g a r e )  p r o t e i n ,  b i r c h  ( B e t u l a  

a l b a )  e x t r a c t  a n d  1 , 3 - B . G ,  b u r d o c k  ( A r c t i u m  m a j u s ) e x t r a c t  

a n d l , 3 - B . G ; l i p o s o m e s ;  p h o s p h a t i d y l c h o l i n e s ;  e s t e r s ,  s u c h  

a s  g l y c e r y l  s t e a r a t e ,  c a p t y l i c / c a p r i c  t r i g l y c e r i d e ,  c e t y l  

o c t a n o l a t e ,  i s o p r o p y l  m y r i s t a t e ,  2 - e t h y l e n e  i s o p e l a g o n a t e  ,  2 0  

d i - C 1 2 - 1 3  a l k y l  m a l a t e ,  c e t e a t y l  o c t a n o a t e ,  b u t y l e n e  

g l y c o l  d i c a p t y l a t e / d i c a p r a t e ,  i s o n o n y l  i s o s t e a r a t e .  

i s o s t e a r y l  i s o s t e a r a t e ,  c o c o - c a p t y l a t e / c a p r a t e ,  c e t y l  

o c t a n o a t e ,  o c t y l d o d e c y l  m y r i s t a t e ,  c e t y l  e s t e r s ,  C 1 0 - 3 0  

c h o l e s t e r o l / l a n o s t e r o l  e s t e r ,  h y d r o g e n a t e d  c a s t o r  o i l ,  2 5  

d i g l y c e r i d e s ,  m o n o g l y c e r i d e s ,  t r i g l y c e r i d e s ;  a n d  

h y d r o c a r b o n s ,  s u c h  a s  b e e s w a x ,  c a n a u b a  w a x ,  s u c t o s e  
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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 thereof, a surfactant may be added together.

Further, the water-soluble polymer matrix may be used

alone or in combination with another water-soluble matrix.

Illustrative examples of the oil 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; phosphatidylicholines; esters, such

as glyceryl stearate, captylic/capric triglyceride, cetyl

octanolate, isopropyl myristate, 2-ethylene isopelagonate,

di-C12-13 alkyl malate, ceteatyl octanoate, butylene

giycol 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, and triglycerides;

hydrocarbons, such as beeswax, canauba wax, suctose

6
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d i s t e a r a t e ,  P E G - 8  b e e s w a x  a n d  c a n d e l i l l a  ( e u p h o r b i a  

c e r i f e r a )  w a x ;  m i n e r a l  o i l s  s u c h  a s  c e r e s i n  a n d  o z o k e r i t e ;  

v e g e t a b l e  o i l s  s u c h  a s  m a c a d a m i a  t e r n i f o l i a  n u t  o i l .  

h y d r o g e n a t e d  h i - e r u c i c  a c i d  r a p e  s e e d  o i l .  o l i v e  o i l .  

j o j o b a  o i l ,  h y b r i d s u n f l o w e r  ( H e l i a n  t h u s  a n n u u s )  o i l ,  n e e n  5  

( m e l i a  a z a d i r a c h t a )  s e e d  o i l ,  d o g  r o s e  ( r o s a  c a n i n a )  l i p s  

o i l  w i t h  p r e f e r e n c e  t o  m i n e r a l  o i l s ,  s q u a l e n e ,  s q u a l a n e .  

m o n o g l y c e r i d e s ,  d i g l y c e r i d e s ,  t r i g l y c e r i d e s ,  m e d i u m - c h a i n  

g l y c e r i d e ,  m y g l y o l ,  c r e m o p h o r ,  h y d r o g e n a t e d  c a s t e r  o i l .  

c o r n  o i l ,  P e r i l l a  o i l ,  c o t t o n  s e e d  o i l  a n d  l i p i d - s o l u b l e  1 0  

v i t a m i n s .  

i t  i s  p r e f e r a b l e  t o  u s e  o l e i c  A s  f o r  t h e  f a t t y  a c i d .  

a c i d ,  c e t y l  a l c o h o l ,  s t e a r y l  a l c o h o l ,  s t e a r i c  a c i d .  

m y r i s t i c  a c i d ,  l i n o l e i c  a c i d  o r  l a u r i c  a c i d .  M o r e  

1 5  p r e f e r a b l e  i s  t o  u s e  o l e i c  a c i d ,  l i n o l e i c  a c i d ,  o r  

i s o p r o p y l  m y r i s t a t e .  

A s  t h e  w a t e r - s o l u b l e  m a t r i x ,  p o l y e t h y l e n e  g l y c o l  

( P E G ) ,  c a r b o w a x  o r  p o l y v i n y l  p y r r o l i d o n e  ( P V P )  i s  a v a i l a b l e .  

A f o r e m e n t i o n e d  w a t e r - s o l u b l e  m a t r i x  m a y  b e  u s e d  i n  

2 0  c o m b i n a t i o n  w i t h  o t h e r  m a t r i x c e s ,  e x a m p l e s  o f  w h i c h  i n c l u d e  

w a t e r - s o l u b l e  m a t r i c e s  s u c h  a s  g e l a t i n ,  g u m ,  c a r b o h y d r a t e s .  

c e l l u l o s e s ,  p o l y v i n y l  a l c o h o l ,  p o l y a c r y l i c  a c i d ,  i n o r g a n i c  

c o m p o u n d s  a n d  m i x t u r e s  t h e r e o f ;  a n d  e n t e r i c  m a t r i c e s  s u c h  

a s  h y d r o x y p r o p y l m e t h y l c e l l u l o s e  a c e t y l  s u c c i n a t e  ( H P M C A S )  ,  

2 5  c e l l u l o s e  a c e t a t e  p h t h a l a t e ,  s h e l l a c ,  z e i n ,  p o l y v i n y l  

a c e t a t e  p h t h a l a t e ,  E u d r a g i t  L 1 0 0 ,  E u d r a g i t  S 1 0 0 ,  s o d i u m  

a r g i n a t e  a n d  p o l y - L - l y s i n e .  
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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 oil, olive oil,

jojoba oil, hybridsunflower (Helian thus annuus) oil, neen

(melia azadirachta) seed oil, dog rose (rosa canina) lips

oil with preference to mineral oils, squalene, squalane,
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 jJlauric acid. More

preferable is to use oleic acid, linoleic acid, or

isopropyl myristate.

As the water-soluble matrix, polyethylene glycol

(PEG) , carbowax or polyvinyl pyrrolidone (PVP) is available.
Aforementioned water-soluble matrix may be used in

combination with other matrixces, examples of which include

water-soluble matrices suchas gelatin, gum, carbohydrates,

celluloses, polyvinyl alcohol, polyacrylic acid, inorganic

compounds and mixtures thereof; and enteric matrices such

as hydroxypropylmethylceliulose 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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I n  o r d e r  t o  e n h a n c e  t h e  d i s p e r s i o n  o r  d i s s o l u t i o n  o f  

p o o r l y  w a t e r - s o l u b l e  d r u g s  i n  t h e  o i l ,  f a t t y  a c i d  o r  t h e i r  

m i x t u r e ,  a  s u r f a c t a n t  m a y  b e  a d d e d ,  w h i c h  i s  s e l e c t e d  f r o m  

t h e  g r o u p  c o m p r i s i n g  g l y c e r y l  s t e a r a t e ,  p o l y s o r b a t e  6 0 ,  

p o l y s o r b a t e  8 0 ,  s o r b i t a n  t r i o l e a t e ,  s o r b i t a n  s e s q u i o l e a t e .  5  

s o r b i t a n  s t e a r a t e ,  P E G - 2  0  g l y c e r y l  i s o s t e a r a t e  ,  c e t e t h - 2 5 .  

P E G - 6 0  h y d r o g e n a t e d  c a s t o r  o i l ,  n o n o x y n o l - 1 5 ,  P E G - 6 -

d e c y l t e t r a d e c e t h - 2 0 ,  d i m e t h i c o n e  c o p o l y o l ,  g l y c e r y l  

c e t e t h - 2 4 ,  d i i s o s t e a r a t e .  c e t e a r y l  a l c o h o l ,  

p o l y o x y l e t h y l e n e  n o n y p h e n y l  e t h e r ,  P E G - 4 0  h y d r o g e n a t e d  1 0  

c a s t o r  o i l ,  c e t y l  d i m e t h i c o n e  c o p o l y o l ,  p o l y g l y c e r y l - 3 -

m e t h y l g l u c o s e  d i s t e a r a t e ,  P E G - 1 0 0  s t e a r a t e ,  s o r b i t a n  

s o d i u m  l a u r y l  g l u t a m a t e .  d i s o d i u m  i s o s t e a r a t e ,  

c o c o a m p h o d i a c e t a t e ,  l a u r i c  a c i d  d i e t h a n o l a m i d e ,  c o c o n u t  

1 5  f a t t y  a c i d  d i e t h a n o l a m i d e ,  N , N - b i s - ( 2 - h y d r o x y  e t h y l ) -

c o c o m i d e ,  a n d  c o c o a m i d o p r o p y l  b e t a i n .  

T h e  s o l i d  d i s p e r s e d  p r e p a r a t i o n  o f  t h e  p r e s e n t  

i n v e n t i o n  c a n  b e  a p p l i e d  f o r  a l l  t h e  p o o r l y  w a t e r - s o l u b l e  

d r u g s  a n d  p r e f e r a b l y  f o r  k e t o c o n a z o l e ;  i t r a c o n a z o l e  a n d  i t s  

2 0  d e r i v a t i v e s ;  c y c l o s p o r i n e ;  c i s a p r i d e ;  a c e t a m i n o p h e n ;  

a s p i r i n ;  a c e t y l s a l i c y l i c  a c i d ;  i n d o m e t h a c i n ;  n a p r o x e n ;  

m i c o n a z o l e ;  w a r f a r i n ;  p a p a v e r i n e ;  t h i a b e n d a z o l e ;  

c i n n a r i z i n e ;  d o x o r u b i c i n ;  o m e p r a z o l e ;  c h o l e c a l c i f e r o l ;  

m e l p h a l a n ;  n i f e d i p i n e ;  d i g o x i n ;  b e n z o i c  a c i d ;  t r y p t o p h a n ;  

i b u p r o f e n ;  p h e n y l a l a n i n e ;  2 5  t y r o s i n e ;  a z t r e o n a m ;  

p h e n o x y m e t h y l p e n i c i l l i n ;  t h a l i d o m i d e ;  m e t h y l t e s t o s t e r o n e ;  

h y d r o c o r t i s o n e ;  d i d e o x y p u r i n e  p r o c h l o r p e r a z i n e ;  

8 
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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 alcchol,

polyoxylethylene nonyphenyl ether, PEG-40 hydrogenated

castor oil, cetyl dimethicone copolyol, polyglyceryl-3-

methylglucose distearate, PEG-100 stearate, sorbitan

isostearate, sodium dauryl glutamate, disodium

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 andits

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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n u c l e o s i d e ;  v i t a m i n  D - . ;  s u l  f  o n  a m i d e ;  s u l f o n y l u r e a ;  p -

a m i n o b e n z o i c  m e l a t o n i n ;  a  c  i  d  ;  b e n z y l p e n i c i l l i n ;  

d i a z e p i n ;  d i g i t o x i n ;  c h l o r a m b u c i l ;  h y d r o c o r t i s o n e  

m e t r o n i d a z o l e  b e n z o a t e ;  t o l b u t a m i d e ;  b u t y r a t e ;  

5  p r o s t a g l a n d i n  E l f P G E J ;  f l u d r o c o r t i s o n e ;  g r i s e o f u l v i n ;  

l e u k o t r i e n e  m i c o n a z o l e  n i t r a t e ;  a n t a g o n i s t ;  B,  

p r o p r a n o l o l ;  t h e p h y l l i n e ;  f l u b i p r o f e n ;  s o d i u m  b e n z o a t e ;  

b e n z o i c  a c i d ;  r i b o f l a v i n ;  b e n z o d i a z e p i n e ;  p h e n o b a r d i t a l ;  

g l y b u r i d e ;  s u l f a d i a z i n e ;  s u l f a e t h y l t h i a d i a z o l e ;  s o d i u m  

a c e c l o f e n a c ;  1 0  d i c l o f e n a c ;  p h y n i r o i n ;  

h i o r i d a z i n e h y d r o c h l o r i d e ;  b r o p i r i m i n e ;  

h y d r o c h l o r o t h i a z i d e ;  f l u c o n a z o l e ;  a c y c l o v i r ;  b u c i l l a m i n e ;  

c i p r o f l u o x a c i n ;  a c e t y l - L - c a r n i t i n e ;  b a c l o f e n ;  s o d i u m  

a l e n d r o n a t e ;  l o v o c a r n i t i n e ;  n i m o d i p i n e  o r  n i m o d i f i n e ;  

a t e n o l o l ;  p r o v a s t a t i n  s o d i u m ;  l o v a s t a t i n ;  i s o t r e t i n o i n ;  1 5  

e t i d r o n a t e  d i s o d i u m ;  d o x i f l u r i d i n e ;  f o s f o m y c i n  c a l c i u m ;  

e p i n a s t i n e  h y d r o c h l o r i d e ;  c a r v e d i l o l ;  s o t e p i n e ;  

c a r v e d i l o l ;  h y d r o c h l o r i d e ;  e p i n a s t i n e  f o s i n o p r i l ;  

t r a n d o l a p r i l ;  e t r e t i n a t e  m e t e r g o l i n e ;  c a p ;  

v a n c o m y c i n  h y d r o c h l o r i d e ;  2 0  m e r c a p t o p u r i n e ;  c e f i x i m e ;  

c e f u r o x i m  a x e t i l ;  d i r i t h r a m y c i n ;  a n d  d a d a n o s i n  a n d  m o r e  

p r e f e r a b l y  f o r  k e t o c o n a z o l e r  i t r a c o n a z o l e  a n d  i t s  

d e r i v a t i v e s ,  c i s a p r i d e ,  c y c l o s p o r i n e  a n d  n i f e d i p i n e .  

O v e r  c o n v e n t i o n a l  m e t h o d s ,  t h e  p r e s e n t  i n v e n t i o n  h a s  

a n  a d v a n t a g e ,  i n  t h a t ,  t h e  s o l i d  d i s p e r s e d  p r e p a r a t i o n  c a n  2 5  

b e  p r e p a r e d  w i t h  e a s e  a n d  s h o w  h i g h  e f f i c i e n c y  i n  a b s o r p t i o n  

a n d  r e l e a s e .  

9  
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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;

sotepine; 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 its

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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p o o r l y  w a t e r - s o l u b l e  m e d i c i n e  i  s  F i r s t ,  a  

h o m o g e n e o u s l y  m i x e d  a n d  d i s p e r s e d  i n  a n  o i l ,  f a t t y  a c i d  o r  

t h e i r  m i x t u r e  a n d  a d d e d  i n  w a t e r - s o l u b l e  p o l y m e r  m a t r i c e s  

m o l t e n  a t  r o o m  t e m p e r a t u r e  o r  a b o u t  6 0 - 8 0  0 C ,  a f t e r  w h i c h  t h e  

r e s u l t i n g  m i x t u r e  i s  c o o l e d  r a p i d l y  t o  r o o m  t e m p e r a t u r e  a n d  5  

d r i e d  i n  a n  o v e n  f o r  1 2  h o u r s  o r  m o r e .  T h e  d r i e d  p e l l e t  i s  

p o w d e r e d  i n  a  m o r t a r  a n d  p a s s e d  t h r o u g h  a  s i e v e  t o  g i v e  

p o w d e r  w h i c h  i s  u n i f o r m  i n  p a r t i c l e  s i z e .  A s  

a f o r e m e n t i o n e d ,  w h e n  t h e  d r u g  i s  d i s p e r s e d  o r  d i s s o l v e d  i n  

t h e  o i l ,  f a t t y  a c i d  o r  t h e i r  m i x t u r e ,  t h e  o i l ,  f a t t y  a c i d  o r  1 0  

t h e i r  m i x t u r e  m a y  b e  e m u l s i f i e d  o r  m i c r o - e m u l s i f i e d .  I n  

a  s u r f a c t a n t  m a y  b e  a d d e d  t o  t h e  s o l u t i o n .  t h i s  c a s e .  

A l t e r n a t i v e l y ,  a f t e r  t h e  h o m o g e n e o u s  d i s p e r s i o n  o f  

t h e  p o o r l y  w a t e r - s o l u b l e  d r u g  i s  a d d e d  i n  t h e  w a t e r - s o l u b l e  

p o l y m e r  m a t r i x  m o l t e n  a t  a b o u t  6 0 - 8 0  0 C ,  i t  m a y  b e  s p r a y e d  

t o  p h a r m a c e u t i c a l l y  a c c e p t a b l e  n u c l e u s  t o  g i v e  a  g r a n u l e .  

A s  a  c o n s e q u e n c e  o f  a n  e x a m i n a t i o n  w h i c h  w a s  m a d e  o n  

1 5  

t h e  s o l u b i l i t y  o f  t h e  s o l i d  d i s p e r s e d  p r e p a r a t i o n  i n  

a r t i f i c i a l  i n t e s t i n a l  j u i c e  a n d  d i s t i l l e d  w a t e r .  

a r t i f i c i a l  g a s t r i c  j u i c e ,  t h e  s o l u b i l i t y  o f  t h e  s o l i d  

d i s p e r s e d  p r e p a r a t i o n  i s  f o u n d  t o  b e  b e t t e r  t h a n  t h o s e  o f  

p o o r l y  w a t e r - s o l u b l e  d r u g s  t h e m s e l v e s .  P a r t i c u l a r l y ,  a  

g r e a t  a d v a n c e  c a n  b e  b r o u g h t  i n t o  t h e  s o l u b i l i t y  o f  p o o r l y  

w a t e r - s o l u b l e  d r u g s  w h e n  t h e y  a r e  i n c o r p o r a t e d  i n t o  a  s o l i d  

2 0  

d i s p e r s e d  p r e p a r a t i o n  c o n t a i n i n g  o l e i c  a c i d  o r  m i c r o -2 5  

e m u l s i f i e d  o l e i c  a c i d .  

T h e  d a t a  o b t a i n e d  f r o m  t h e  e x p e r i m e n t s  i n  w h i c h  t h e  

1 0  
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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 roomtemperature 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 oil, fatty acid or their mixture, the oil, fatty acidor

their mixture may be emulsified or micro-emulsified. [In

this case, a surfactant may be added to the solution.

Alternatively, 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 juice 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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s o l i d  d i s p e r s e d  p r e p a r a t i o n s  o f  t h e  p r e s e n t  i n v e n t i o n  a r e  

e l u t e d  i n  a r t i f i c i a l  g a s t r i c  j u i c e  a n d  a r t i f i c i a l  

s h o w  t h a t  t h e  s o l i d  d i s p e r s e d  i n t e s t i n a l  j u i c e .  

p r e p a r a t i o n s  o f  t h e  p r e s e n t  i n v e n t i o n  a r e  s u p e r i o r  t o  t h e  

p o o r l y  w a t e r - s o l u b l e  d r u g s  t h e m s e l v e s  i n  r e l e a s i n g  r a t e .  

A  s i g n i f i c a n t  i m p r o v e m e n t  i n  r e l e a s i n g  r a t e  i s  o b s e r v e d  

w h e n  a  s o l i d  d i s p e r s e d  p r e p a r a t i o n  c o n t a i n i n g  o l e i c  a c i d  o r  

5  

m i c r o e m u l s i f i e d  o l e i c  a c i d  i s  u s e d .  I n  t h e  a r t i f i c i a l  

i n t e s t i n a l  j u i c e ,  a  s e v e r e r  c o n d i t i o n  i n  w h i c h  f o r  d r u g s  t o  

d i s s o l v e ,  r a t h e r  t h a n  i n  t h e  a r t i f i c i a l  g a s t r i c  j u i c e ,  t h e  1 0  

i m p r o v e m e n t  i n  t h e  r e l e a s i n g  r a t e  b y  v i r t u e  o f  t h e  s o l i d  

d i s p e r s e d  p r e p a r a t i o n  i s  m o r e  a p p a r e n t .  

T h r o u g h  a n  e x p e r i m e n t  w h i c h  i s  c o n d u c t e d  f o r  e x a m i n i n g  

t h e  u p t a k e  e f f i c i e n c y  o f  p o o r l y  w a t e r - s o l u b l e  d r u g s  i n  t h e  

1 5  g a s t r o - i n t e s t i n a l  t r a c t ,  t h e  s u p e r i o r i t y  o f  t h e  s o l i d  

d i s p e r s e d  p r e p a r a t i o n  a c c o r d i n g  t o  t h e  p r e s e n t  i n v e n t i o n  i s  

a l s o  d e m o n s t r a t e d .  E v e n  w h e n  o n l y  a  w a t e r - s o l u b l e  m a t r i x  

i s  u s e d ,  t h e  u p t a k e  e f f i c i e n c y  o f  t h e  d r u g s  i s  m i n u t e l y  

I n  p a r t i c u l a r ,  t h e  u p t a k e  e f f i c i e n c y  o f  d r u g s  i n c r e a s e d .  

i n  t h e  g a s t r o - i n t e s t i n a l  t r a c t  i s  r e m a r k a b l y  i m p r o v e d  w h e n  2 0  

t h e y  a r e  i n c o r p o r a t e d  i n  a  s o l i d  d i s p e r s e d  p r e p a r a t i o n  

u s i n g  o l e i c  a c i d - c o n t a i n i n g  m i c r o e m u l s i o n s .  

I n  a d d i t i o n ,  c o m p a r i s o n  o f  t h e  p l a s m a  c o n c e n t r a t i o n  o f  

t a r g e t  d r u g  m o l e c u l e  a f t e r  o r a l  a d m i n i s t r a t i o n  b e t w e e n  t h e  

2 5  s o l i d  d i s p e r s e d  p r e p a r a t i o n  a n d  c o n v e n t i o n a l  p r e p a r a t i o n s .  

i s  h e l p f u l  i n  u n d e r s t a n d i n g  t h e  p r e s e n t  i n v e n t i o n .  A s  a  

r e s u l t ,  s i m i l a r  l e v e l s  a r e  o b s e r v e d ,  s u g g e s t i n g  t h a t  t h e  
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solid dispersed preparations of the present invention 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 acidor

microemulsified oleic acid is used. In 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 inventionis

also demonstrated. Even when only a water-soluble matrix

is used, the uptake efficiency of the drugs is minutely

increased. In 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 levéls are observed, suggesting that the

1i
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s o l i d  d i s p e r s e d  p r e p a r a t i o n  o f  t h e  p r e s e n t  i n v e n t i o n  c a n  

s u b s t i t u t e  f o r  c o n v e n t i o n a l  p r e p a r a t i o n s  w h e n  a c c o u n t  i s  

t a k e n  o f  p h a r m a c e u t i c a l  a s p e c t s .  

A  b e t t e r  u n d e r s t a n d i n g  o f  t h e  p r e s e n t  i n v e n t i o n  m a y  b e  

o b t a i n e d  i n  l i g h t  o f  t h e  f o l l o w i n g  e x a m p l e s  w h i c h  a r e  s e t  5  

f o r t h  t o  i l l u s t r a t e ,  b u t  a r e  n o t  t o  b e  c o n s t r u e d  t o  l i m i t  t h e  

p r e s e n t  i n v e n t i o n .  

F o l l o w i n g  a r e  t h e  c o m p o s i t i o n s  o f  e m u l s i o n s  a n d  

m i c r o e m u l s i o n s  u s e d  i n  E x a m p l e s .  

1 0  

EMULSIONS 

PREPARATION EXAMPLE I 

C o m p o s i t i o n  ( % )  1 5  W a x e s  

1  . 8 0 0  K A L C H O L  6 8 7  0  

1 .  0 0 0  E M E R S O L  1 3 2  

1  . 7 0 0  M u l t i - W a x  W - 4 4 5  

E m u l s i f i e r s  2 0  

1  . 8 0 0  A T L A S  G - 1 4 4  

1  .  9 0 0  A T L A S  G - 6 1 0  

A T M O S  3 7  0  0 . 8 0 0  

K M - 1 0 5  2  .  0 0 0  

2 5  

O i l s  

1  .  5 0 0  C R O D A L A N  S W L  

1 2  
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4 . 0 0 0  L E X O L  G T  8 6 5  

4 . 0 0 0  N I K K O L  C I O  

1  .  0 0 0  S E P E R I O R  J O J O B A  O I L  

0  . 2 0 0  S F  1 2 0 2  

0  .  3 0 0  K F - 9 6 ( 1 0 0 C S )  5  

5  .  0 0 0  D R A K E O L  7  

2  .  0 0 0  S q u a l a n e  

0 . 100 d l - a - T o c o p h e r y l  A c e t a t e  

0  . 2 0 0  P O L Y O L P E R P O L Y M E R - 2  

10 

A q u e o u s  P h a s e  

6 0 . 8 5 2  D I - W A T E R  

2  .  0 0 0  g l y c e r i n  

7  .  0 0 0  P  . G  

0  .  5 0 0  N A T U R A L  E X T . A P  1 5  

0.200 L U B R A G E L  C G  

0 .  1 0 0  C a r b o p o  1 9 4 0  

0 .  0 2 0  K E L T R O L  F  

0  .  0 2 8  N a O H  

2 0  

PREPARATION EXAMPLE II 

W a x e s  

K A L C H O L  6 8 7  0  1  . 8 0 0  

E M E R S O L  1 3 2  1  .  0 0 0  2 5  

1  . 7 0 0  M u l t i - w a x  W - 4 4 5  

1 3  
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E m u l s i  f i e r s  

0  . 8 0 0  R H E O D O L  A O - 1 5  

R H E O D O L  M S - 1 6 2  2 . 000 

R H E O D O L  T W - S 1 2 0  1  .  9 0 0  

2  .  0 0 0  K M - 1 0 5  5  

O i l s  

C R O D A L A N  S W L  1  .  5 0 0  

L E X O L  G T  8  6 5  5  .  0 0 0  

2  .  5 0 0  N I K K O L  C I O  1 0  

M a c a d a m i a  t e r n i f o l i a  n u t  o i l  1  .  0 0 0  

S F  1 2 0 2  0  .  3 0 0  

K F - 9 6 ( 1 0 0 C S )  0  .  3 0 0  

D R A K E O L  7  7  .  0 0 0  

1 5  0  .  5 0 0  S q u a l a n e  

d l - a - T o c o p h e r y l  A c e t a t e  0  .  1 0 0  

P O L Y O L P E R P O L Y M E R - 2  0  .  1 0 0  

A q u e o u s  p h a s e  

6 1  . 7 8 0  2 0  D I - W A T E R  

g l y c e r i n  2  .  0 0 0  

6 . 0 0 0  1 . 3-B. G  

0  .  3 0 0  N A T U R A L  E X T . A P  

0  . 2 0 0  L U B R A G E L  C G  

C a r b o p o l  9 4 0  0  .  1 0 0  .  2 5  

0  .  0 2 0  K E L T R O L  F  

0  . 1 0 0  T E A  

1  4 

10

15

20

25

WO 00/00179

Emulsifiers

Oils

RHEODOL AO-15

RHEODOL MS-162

RHEODOL TW-S120

KM-105

CRODALAN SWL

LEXOL GT 865

NIKKOL CIO

Macadamia ternifolia nut oil

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

Q.200

0.100

0.020

0.100

PCT/KR99/00341

0548
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PREPARATION EXAMPLE III 

W a x e s  

K A L C H O L  6 8 7 0  0  .  5 0 0  

0  .  5 0 0  E M E R S O L  1 3 2  5  

0  .  4 0 0  B e e s w a x  

E m u l s i f i e r s  

A T L A S  G - 1 1 4  2 .200 

A T L A S  G - 6 1 0  0  . 8 0 0  1 0  

A T M O S  3 7 0  0  . 8 0 0  

0 . 7 0 0  K M - 1 0 5  

O i l s  

0  .  5 0 0  C R O D A L A N  S W L  1 5  

L E X O L  G T  8  6 5  3 .  0 0 0  

3  .  0 0 0  N I K K O L  C I O  

0  . 5 0 0  S U P E R I O R  J O J O G A  O I L  

S R  1 2 0 2  0 . 2 0 0  

K F - 9 6 ( 1 0 0 C S )  0 . 1 0 0  2 0  

D R A K E O L  7  3  .  0 0 0  

0 . 5 0 0  S q u a l a n e  

d l - a - T o c o p h e r y l  A c e t a t e  0  .  1 0 0  

P O L Y O L P E R P O L Y M E R - 2  0.200 

2 5  

A q u e o u s  p h a s e  

7 4 . 1 4 6  D I - W A T E R  

1 5  
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2  .  0 0 0  G l y c e r i n  

6 .  0 0 0  P  .  G  

0  .  5 0 0  N A T U R A L  E X T . A P  

0  . 2 0 0  L U B R A G E L  C G  

C a r b o p o l  9 4 0  0  .  1 0 0  5  

0 .  0 2 0  K E L T R O L  F  

0 . 0 3 3 6  N a O H  

PREPARATION EXAMPLE IV 

1 0  

W a x e s  

K A L C H O L  6 8  7  0  0 . 4 0 0  

0 . 5 0 0  E M E R S O L  1 3 2  

0 .  4 0 0  M u l t i - W a x  W - 4 4 5  

1 5  

E m u l s i f i e r s  

0  . 8 0 0  R H E O D O L  A O - 1 5  

R H E O D O L  M S - 1 6 5  2 .200 

R H E O D O L  T W - S 1 2 0  0  . 8 0 0  

0  .  6 0 0  K M - 1 0 5  2 0  

O i l s  

0  .  5 0 0  C R O D A L A N  S W L  

L E X O L  G T  8  6 5  3  .  0 0 0  

2 . 000 N I K K O L  C I O  2 5  

M a c a d a m i a  t e r n i f o l i a  n u t  o i l  1 . 0 0 0  

S F  1 2 0 2  0 .  4 0 0  

1 6  
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4 . 500 DRAKEOL 7 

0 . 500 Squalane 

0 . 100 dl-a-tocopheryl acetate 

POLYOLPERPOLYMER-2 0 . 100 

5 

Aqueous phase 

73.480 DI-WATER 

2 . 000 glycerin 

6. 000 1,3-B.G 

NATURAL EXT.AP 0 . 300 10 

0 .200 LUBRAGEL CG 

Cabopol 0 . 100 

0 . 020 KELTROL F 

0 .100 TEA 

15 

MICROEMETLSIONS 

PREPARATION EXAMPLE V 

20 Waxes 

Cetyl Alcohol 3 . 000 

Emulsifiers 

NIKKOL HCO-60 5 .000 

RHEODOL TW-0120 5 .000 25 

Cremophor EL 20.000 

17 
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O i l s  

5 . 000 I . P.M 

5 . 000 CAPTEX 

5  A q u e o u s  p h a s e  

52.000 DI-WATER 

5 . 000 Ethanol 

PREPARATION EXAMPLE VI 

10 

Emulsifiers 

NIKKOL HCO-60 5 . 000 

RHEODOL TW-0120 5 . 000 

5 . 000 Cremophor EL 

15 

Oils 

5.000 I . P .M 

5 . 000 Lanolin oil 

5 . 000 CAPTEX 

20 

Aqueous phase 

50.000 DI-WATER 

PREPARATION EXAMPLE VII 

25 

Surfactant 

15.000 LABRASOL 

18 
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S u r f a c t a n t  A i d  

P o l y g l y c e r y l  o l e a t e  5 . 000 

5 . 000 PLURL OLEIQUE 

5 

Oil phase 

LABRAFIL M1994CS 4 . 500 

Sub-Solvent 

Transcutol 10 5 . 000 

Aqueous phase 

Phosphate buffer{pH 6) 64.500 

15 PREPARATION EXAMPLE VIII 

Oil phase 

GELUCIRE 44/14 11.429 

GELUCIRE 48/09 11.429 

20 Surfactant 

LABRAFAC CM 10 10.714 

Surfactant Aid 

LAUROGLYCOL 7.143 

Transcutol 25 59.285 

PREPARATION EXAMPLE IX 

19 
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Aqueous Phase 

Water (Buffer) 57,050 

Physiological Saline Solution 4,000 

1, 000 Glucose 5 

Propylene Glycol PEG 300,400 5, 000 

Glycerol 5, 000 

Oil Phase 

Fatty Acid Esters 5, 000 10 

Modified Vegetable Oil 0 . 500 

Silicon Oil 0 . 500 

Surfactant Aid 

Long Chain Alcohol 3, 750 15 

Glycol Derivative 2,500 

Propylene Glycol Derivative 1,200 

Polyglycerol Derivative 4, 500 

20 Surfactant 

Non-ionic Surfactant 10,000 

PREPARATION EXAMPLE X 

25 Oil Phase 

Oleic Acid 6, 250 

20 
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S u r f a c t a n t  

12,500 Tween 80 

S u r f a c t a n t  A i d  

8,750 Transcutol 5 

Aqueous Phase 

72,500 Water 

PREPARATION EXAMPLE XI 10 

Oil P h a s e  

5, 000 Captex 

15 Surfactant 

12,500 Cremophor 

Surfactant Aid 

6,250 Transcutol 

20 

Aqueous Phase 

76,250 Water 

COMPARATIVE EXAMPLE I 

25 

After being melted at about 70 0C, 90 g of PEG 6000 was 

added with 10 g of ketoconazole, 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. 

5 

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 0C. 

cooled rapidly to room temperature and dried in an oven for 

10 After being 

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 particular size. 

15 

EXAMPLE IX 

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 20 

at about 70 0C. Using this mixture, a dispersed powdery 

preparation was obtained in the same procedure as in Example 

25 EXAMPLE 1X1 

In 5 g of isopropyl myristate was homogeneously mixed 

22 



0557

PCT/KR99/00341 WO 00/00179 

and dispersed 10 g  of ketoconazole which was, then, added in 

80 g of PEG 6000 which was molten at about 70 0C . 

mixture, a dispersed powdery preparation was obtained in 

the same procedure as in Example I. 

Using this 

5 

EXAMPLE IV 

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 0C. 

mixture, a dispersed powdery preparation was obtained in 

the same procedure as in Example I. 

Using this 10 

EXAMPLE V 

15 

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 0C. 

mixture, a dispersed powdery preparation was obtained in 

the same procedure as in Example I. 

Using this 

20 

EXAMPLE VI 

In 5 g of cremophor and 5 g of Tween 80 was homogeneously 

mixed and dispersed 10 g of ketoconazole which was. 25 then. 

added in 80 g of PEG 6000 which was molten at about 70 0C. 

Using this mixture, a dispersed powdery preparation was 

23 
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obtained in the same procedure as in Example I. 

EXAMPLE VII 

In 5 g of isopropyl myristate and 5 g of Tween 80 was 5 

homogeneously mixed and dispersed 10 g of ketoconazole 

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

at about 7 0 0C. 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 

homogeneously mixed and dispersed 10 g of ketoconazole 15 

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

at about 70 0C. Using this mixture, a dispersed powdery 

preparation was obtained in the same procedure as in Example 

20 

EXAMPLE IX 

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

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

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 0C. 

24 
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Using this mixture, a dispersed powdery preparation was 

obtained in the same procedure as in Example I. 

EXAMPLE X 

5 

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 

The solid residue was added in 43 g of PEG 6000 molten 10 oven . 

at about 70 0C. Using this mixture, a dispersed powdery 

preparation was obtained in the same procedure as in Example 

15 EXAMPLE XI 

In 5 g of oleic acid was homogeneously mixed and 

dispersed 10 ketoconazole. 40 of of g g 

hydroxypropylmethylcellulose, an enteric matrix, was added 

20 in 40 g of PEG 6000 molten at 70 0C. 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 

2 5  
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g of PEG 6000 which was molten at 70 0C-

a dispersed powdery preparation was obtained in the same 

procedure as in Example I. 

Using this mixture, 

EXAMPLE XIII 5 

In 5 g of oleic acid was homogeneously mixed and 

itraconazole. 40 of of dispersed 

hydroxypropylmethylcellulose, an enteric matrix, was added 

10 g g 

10 in 40 g of PEG 6000 which was molten at 70 0C. Using the 

mixture of the above two solutions, a dispersed powdery 

preparation was obtained in the same procedure as in Example 

EXAMPLE XIV 15 

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 

of PEG 6000 which was molten at 70 0C . Using this mixture, 

a dispersed powdery preparation was obtained in the same 

20 

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 was molten at 70 0C . 

a dispersed powdery preparation was obtained in the same 

Using this mixture, 

procedure as in Example I . 

EXAMPLE XVI 5 

In 5 g of oleic acid was homogeneously mixed and 

of cyclosporine. 40 10 of dispersed 

hydroxypropylmethylcellulose , an enteric matrix, was added 

in 40 g of PEG 6000 which was molten at 70 0C. 

g g 

Using the 10 

mixture of the above two solutions, a dispersed powdery 

preparation was obtained in the same procedure as in Example 

EXAMPLE XVII 15 

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 0C. Using this mixture. 

a dispersed powdery preparation was obtained in the same 

procedure as in Example I. 

20 

EXAMPLE XVIII 

In 5 g of oleic acid and 5 g of Tween 80 was 25 

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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0C. Using this mixture, a dispersed powdery preparation 

was obtained in the same procedure as in Example I. 

EXAMPLE XIX 

5 

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 

The solid residue was. evaporating the alcohol in an oven, 

then, added in 43 g of PEG 6000 which was molten at about 70 10 

0C. Using this mixture, a dispersed powdery preparation 

was obtained in the same procedure as in Example I. 

EXAMPLE XX 

15 

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 solid residue was, then, added the alcohol in an oven. 

in 43 g of PEG 6000 which was molten at about 70 0C. 20 Using 

this mixture, a dispersed powdery preparation was obtained 

in the same procedure as in Example I. 

EXAMPLE XXX 

25 

In a microemulsion containing 10 g of cremophor, 5 g 

of oleic acid and 7 g of transcutol was homogeneously 

28 



0563

PCT/KR99/00341 WO 00/00179 

dissolved and dispersed 10 g of cisapride, followed by 

The solid residue was. evaporating the alcohol in an oven. 

then, added in 43 g of PEG 6000 which was molten at about 70 

0C. Using this mixture, a dispersed powdery preparation 

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

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. 

preparation was obtained in the same procedure as in Example 

10 

Using this mixture, a dispersed powdery 

EXAMPLE XXIII 15 

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 20 

the same procedure as in Example I. 

COMPARATIVE EXAMPLE II 

After being melted at about 70 0C, 2.5 g of molten PEG 25 

6000 was added with 1.75 g of aceclofenac, cooled rapidly to 

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

29 
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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. 

more . 

EXAMPLE XXIV 5 

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 

was molten at about 7 5 0C. After being cooled rapidly to 10 

room temperature 

And dried in a freeze-drier for 24 hours or more, the dried 

solid dispersed preparation was finely milled in a grinder 

and passed through a sieve to give 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 

homogeneously mixed and dispersed 1.75 g of aceclofenac 20 

which was, then, added in 2.5 g of PEG 6000 which was molten 

Using this mixture, a dispersed powdery 

preparation was obtained in the same procedure as in Example 

at about 7 5 0 C .  

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 0C. Using this mixture, a dispersed powdery preparation 

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

EXAMPLE XXVII 

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

homogeneously mixed and dispersed 1.75 g of aceclofenac 10 

which was, then, added in 2.5 g of PEG 6000 molten at about 

75 0C. Using this mixture, a dispersed powdery preparation 

was obtained in the same procedure as in Example XXIV. 

EXAMPLE XXVIII 15 

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 0C 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. 

EXAMPLE XXIX 25 

10 g of aceclofenac, 2.5 g of 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 L30D 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 

g of the sugar spheres prepared in Example XXVIII. 5 

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 

With the aid of a fluid bed-coating machine (nozzle; mixed. 

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

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

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 about 80 0C and added with 150ml of a mixture of acetone 

20 With the aid of a fluid and water(acetone:water, 1:1) . 

bed-coating machine (nozzle; 0.8mm), the resulting mixture 

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

EXAMPLE XXXXI 

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 were homogeneous 1 y 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. 

5  

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, 10 

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;0.8inm), the resulting mixture was 

sprayed at a rate of 4ml/min onto the said tablets to obtain 

15 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 20 

cisapride, 2.5g of oleic acid, 2.5g of tween 80, 25g of 

Eudragit RS30D and 25g of Eudragit L30D were homogeniously 

With the aid of a fluid bed-coating machine mixed. 

(nozzle; 0 . 8mm) , the resulting mixture was sprayed at a rate 

25 of 4ml/min onto the said tablets to obtain a solid dispersed 

tablet. 

3 3  
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The Drug Solubility of Solid Dispersed EXPERIMENT I 

Preparation In Water and Artificial Intestinal Juice 

In this experiment, the solubility of poorly water-

soluble drugs in water and artificial intestinal juice was 5 

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 through a 0.2 fim filter paper (Millipore, Waters, 10 

Milford, MA, USA) and the filtrate was diluted for the 

convenient quantification of the drugs. The solubility 

results are given in Table 1. 

TABLE 1 15 

Solubility of Ketoconazole in distilled water and 

artificial intestinal juice 

Solubility (fig/mP) 
Solid Artificial 
Dispersed Preparatio Dl-Water Intestinal Juice 

0. 10 2 . 08 Ketoconazole Powder 

Comparative Example 3.77 

44.8 Example I 41. 4 

Example II 13. 9 

2.47 Example III 

Example IV 2 .28 

8 . 02 Example V 

34 
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12 . 0 Example VI 

6.31 Example VII 

12.2 Example VIII 

5 0  .  7  72 . 8 Example IX 

3 7  .  8  63 . 6 Example X 

As apparent from the data of Table 1, the solubility of 

the drugs in distilled water was significantly improved 

when they were incorporated in solid dispersed preparations 

5 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 

j uice. 

10 

EXPERIMENT XX: The drug-releasing Rate of Solxd Dispersed 

Preparations in Artificial Gastric and Intestinal Juices 

The solid dispersed preparations comprising 

15 ketoconazole or cisapride,respectively, obtained in 

Examples, were tested for releasing rates in artificial 

gastric juice and artificial intestinal juice. 

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 20 

juice at 37±0 . 5 0C while the paddle was rotated at 50 rpm. 

3 5  
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At an interval of a predetermined period of time, samples 

were taken from the artificial juices and filtered through 

0.2 jam Millipore paper and the filtrates were measured for 

plasma concentration of drug. The releasing levels and 

percentages of the poorly water-soluble drugs against 5 

artificial gastric and intestinal juices are given in 

Tables 2 and 3. 

TABLE 2 

Releasing Level (jag/ml) and Percentage (%) of Poorly 10 

water-soluble Drugs in Artificial Gastric Juice 

Time (hours) 
Prep. 

6.0 2.0 3.0 4 . 0 1.5 0.5 1. 0 0.75 0.25 

437 435 437 439 437 436 436 434 432 Keto. 
Powder (72.4) (73.2) (72.7) (72.5) (72.7) (72.0) (72.8) (72.7) (72.6) 

50. 5 
(103.8) 

50.5 
(103.7) 

50. 6 
(104.1) 

50. 4 
(103.6) 

50. 8 
(104.3) 

50. 8 
(104.3) 

46.7 
(95.9) 

49.4 
(101.5) 

50.5 
(103.8) 

Exmp. 
I 

53 . 0 
(116.6) 

82. 9 
(116.4) 

52 . 9 
(116.4) 

53.4 
(117.4) 

51. 6 
(113.5) 

53.1 
(116.9) 

53.5 
(117.7) 

49.5 
(108.9) 

52.7 
(115.9) 

Exmp. 
II 

53.0 
(110.7) 

53.0 
(110.6) 

53 . 4 
(111.3) 

53.8 
(112.2) 

51.6 
(107.6) 

53. 1 
(110.8) 

53.5 
(111.6) 

51. 6 
(107.5) 

52 . 7 
(109.9) 

Exmp. 
Ill 

51. 8 
(112.6) 

51. 5 
(111.9) 

50. 9 
(110.6) 

52.0 
(113.0) 

51.4 
(111.8) 

51. 6 
(112.2) 

51. 7 
(112.3) 

51.2 
(111.3) 

51 . 4 
(111.7) 

Exmp. 
IV 

50.7 
(112.3) 

50.8 
(112.4) 

60. 0 
(112.9) 

50.8 
(112.4) 

50. 3 
(111.5) 

50. 9 
(112.7) 

50.7 
(112.3) 

50. 9 
(112.7) 

50. 4 
(111.7) 

Exmp. 
V 

45.8 
(99.1) 

45. 6 
(98.5) 

45.1 
( 9 1 . 5 )  

45.8 
(98.9) 

45.8 
(99.0) 

46.3 
(100.0) 

46.2 
(99.9) 

46.2 
(99.9) 

46.2 
(99.8) 

Exmp. 
VI 

50. 1 
(102.9) 

49.9 
(102.7) 

50. 2 
(103.2) 

49.9 
(102.5) 

48.8 
(100 .4) 

48.8 
(100.4) 

49.0 
(100.9) 

48 . 9 
(100.4) 

48.9 
(100.6) 

Exmp. 
VII 

45.6 
(102.3) 

45.8 
(102.8) 

45.3 
(101 .7) 

45.8 
(102.8) 

46.4 
(104.1) 

46.5 
(104.3) 

45.5 
(102.1) 

Exmp. 
VIII 

45.9 
(102.9) 

46.4 
(104.2) 

6.446 6.243 
(61.31) 

6.173 
(61.22) 

5.249 
(51.57) 

Cisa­
pride 
Powder 

5. 492 
(54.51) 

5. 914 
(58.63) !65.80) 
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9.12 8.79 

<84.54) 
8.74 
<84.09) 

8. 33 
(85.2^! 

Exmp. 
XVII 

S . 13 
(87.81) 

9 . 30 
(89.47) (37.9) 

10.03 
(105.2) 

9.93 
(104.3) 

9. 84 
(103.2) 

9.74 
(102.1) 

Exmp. 
XVIII 

9.76 
(102 . 4) 

9.68 
(101.5) 

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

released in the artificial gastric juice to an extent 

because of its acidic property, is relatively further 

improved in the releasing level and percentage when it is 

incorporated in the oleic acid-containing solid dispersed 

preparations. Therefore, these data are consistent with 

5 

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 10 

was used in the solid dispersed preparations of the present 

invention. 

TABLE 3 

Releasing Level (|ag/ml) and Percentage (%) of Poorly 15 

water-soluble Drugs in Artificial Intestinal Juice 

Time (hours) Prep. 

3.0 6.0 4 . 0 2 . 0 0.25 0.5 0 . 75 1 . 0 1. 5 

2 . 08 1. 98 
(0.099) 

2.05 
(0.103) 0.104 

1 . 99 
(0.099) 

1 . 84 
(0.092) 

1.89 1.91 
(0.095 (0.096) 

1 . 92 
(0.096) 

1. 94 
(0.97) 

Ketoco 
azole 
Powder ) 

4 . 32 
(7.08) 

3 . 87 
(6.33) 

3 . 87 
(6.34) 

3. 69 
(6.05) 

3.84 
(6.29) 

C.Exmp 3.05 
(4.99) 

3 . 38 
(5.53) 

3.71 
(6.08) 

3.75 
(6.14) 

6.00 
(12.33 

5.2 5.32 
(0.92) 

5.2 5.14 5.68 
(10.56 (11.67) 

4.89 
(10.05) 

5.80 
(11.91) 

5.17 
(10.61) (10.68) (10.68) 

Exmp. 
I 

) 

4.09 4.29 4.11 3 . 97 3. 61 3.71 3.55 3. 98 3.7 Exmp. 
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(7.94) (8.15) (8. '5) (8.13) (8.73) (9.04) (9.42) (8.98; (1.82! 1 1  

1.45 
(3.04) 

2.14 
(4.47) 

2.36 
(4.92) 

1.46 
(3.05) 

1 . 92 
(3.99) 

1 . 95 
(4.06) 

1 . 67 
(3.47) 

1 . 77 
(3.69) 

1.44 
(3.00) 

Exmp. 
Ill 

1 .27 
(2.76) 

1.31 
(2.84) 

1. 63 
(3.54) 

1 . 69 
(3.67) 

1.48 
(3.21) 

1. 57 
(3.41) 

1 . 36 
(2.95) 

1.45 
(3.15) 

1.03 
(2.23) 

Exmp. 
IV 

2 . 23 
(4.94) 

2.21 
(5.03) 

2.38 
(5.34) 

2.27 
(5.10) 

2.40 
(5.30) 

2.31 
(5.15) 

2.33 
(5.46) 

2.47 
(5.26) 

2.21 
(4.89) 

Exmp. 
V 

2 . 53 
(5.47) 

2.42 
(5.23) 

2 . 54 
(5.49) 

2.34 
(5.06) 

2.3 2.45 
(5.29) 

2.19 
(4.72) 

2.41 
(5.21) 

2 .78 
(6.00) 

Exmp. 
(4.97) VI 

2.03 2.1 
(4.16) (4.31) 

2 .20 
(4.51) 

2.08 
(4.26) 

2 . 2 2.16 
(4.43) 

2. 08 
(4.26) 

2 . 07 
(4.26) 

2.09 
(4.28) 

Exmp. 
VII (4.52) 

2.51 
(5.61) 

2.42 
(5.42) 

2 . 64 
(5.92) 

2 . 52 
(5.64) 

2.59 
(5.81) 

2.58 
(5.77) 

2 . 57 
(5.76) 

2 . 42 
(5.41) 

2 .26 
(5.07) 

Exmp. 
VIII 

3.95 4.12 
(11.89 (12.41) 

4 .38 
(13.20) 

4 . 27 
(12.86) 

4 . 34 
(13.08) 

4 . 38 
(13.19) 

4 . 36 
(13.13 

4 . 28 
(12.88) 

3 . 55 
(10.70) 

Exmp. 
IX 

) 

2.48 
(7.05) 

2.39 
(6.79) 

2 . 14 
(6.08) 

3 . 61 
(10.27) 

3. 63 
(10.33 

3.42 
(9.72) 

2 .78 
(7.92) 

2 . 67 
(7.60) 

2 . 37 
(6.75) 

Exmp. 
X 

0 0.028 
(0.27) 

0 0. 0745 
(0.618 

0. 005 
(0.047) 

0 0 Cisa­
pride 
Powder 

(0) (0) (0) (0) 

2 . 43 
(20.15 

3. 99 
(33.12 

3.22 
(26.7) 

3. 10 
(25.73) 

2. 64 
(21.94) 

2 .70 
(22.42) 

2 . 66 
(22.1) 

Exmp. 
XVII 

) 

6. 96 
(69.05 

6. 34 
(63.0) 

6.74 
(66.9) 

6.75 
(67.01) 

6. 69 
(66.46) 

6.56 
(65.15) (65.05) 

6. 55 Exmp. 
XVIII 

The effect of the solid dispersed preparations on 

improving the releasing rates of the two drugs is more 

apparent in the artificial intestinal juice, a more 

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 

5 

preparations using fatty acid and oil than when they are 

used alone. A better improvement effect was obtained from 

the solid dispersed preparations containing oleic acid. 10 

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

In a ddition, the solid dispersed preparations 

containing itraconazole, its derivatives, and cyclosporine, 

respectively, was tested for the releasing properties in 

the artificial gastric and intestinal juices. The results 

Also, the data of Table 4 demonstrate are given in Table 4 . 

that the drugs in the solid dispersed preparations are 

superior to the drugs alone in the releasing properties . 

TABLE 4 10 

Releasing Level (jag/ml) of Poorly water-soluble Drugs in 

Artificial Gastric and Intestinal Juice 

Time (Min) 
Prep. 

Artificial Gastric Juice Artificial Intestinal Juice 

30 60 90 15 120 5 15 30 5 60 90 120 

16.7 14.4 16.4 17.4 0.05 0.05 0.05 0.05 Itra 

331 292 293 321 130 95.0 146 102 Exmp.XII 

192 138 160 179 246 214 204 203 Exmp.XIII 

Itra Drv. 2 96.9 211.0 216. 7 156.2 189.2 

204 .5 198 . 6 232 . 6 252.9 259.8 Exmp.XIV 

Cyclo.3 1 . 8 1 . 7 1. 9 2 . 1 2 . 3 2 . 5 

111.4 94.8 71.7 102.8 99.4 Exmp.XV 91 . 0 

11.1 10.8 9 . 8 595.0 66.3 Exmp.XVI 56.7 

Itrakonazole powder 

" Itrakonazole derivative 

15 Cyclosporine 

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

The solid dispersed preparations containing 

ketoconazole, prepared from Examples, were tested for the 

uptake in rabbit's gastrointestinal tract. The results are 5 

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, colon and rectum were excised and washed with 

physiological saline solution at 37 0C. These organs were 

fixed between the receptor and donor of a Franz diffusion 

10 

cell. In the receptor, a physiological saline solution 

warmed to 37 0C was poured. and stirred with a magnetic 

stirrer while the solid dispersed preparations obtained in 

Samples were harvested Examples were added in the donor, 

from'the receptor at predetermined times for 6 hours while 

15 

the receptor was supplemented with a fresh physiological 

saline solution in order to constantly maintain the total 

The samples taken were measured for volume in the receptor. 

their plasma concentrations of drugs. 20 

TABLE 5 

Uptake (p.g/cnr) of Ketoconazole in Rabbit's GI tract 

Time (hours) Prep. 

0 . 67 1 6 0 . 3 2 3 1 . 5 4 

0.92 2.45 4.50 4.67 5.15 5.56 5.95 C. Exmp 0 
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1.72 [3. 4 4 5.46 9.10 10.2 11.6 13.2 0 Exmp. I 

2.78 5.50 9 .83 16.3 15 . 5 18.6 22.4 Exmp . IIP.50 

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 5 

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 

10 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 

15 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 20 

starved from one day before the experiment, were etherized, 

their left femoral arteries were inserted with cannulas 

connected to syringes containing 80 lU/ml of heparin. 

the mice came out of the ether and were After 2 hours, 

25 administered with a suspension of the cyclosporine-

4 1 
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containing solid dispersed preparation of the present 

invention and a commercially available preparation with the 

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

time, blood was taken from the left femoral arteries and 

measured for the plasma concentration of drug. 5 

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 10 

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 15 

are thought to have the initiatives to substitute for the 

conventional preparations which contain liquid drugs, in a 

pharmaceutical aspect. 

Solid dispersed preparations according to the present 

20 invention and a commercial available preparation, all 

containing itraconazole as a medicinally effective 

ingredient, were administered to beagle dogs in an oral 

After a blood sample was taken from their veins at route. 

an interval of a predetermined period of time, the plasma 

concentration of drug was measured. 25 The results are given 

in Table 6. 
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TABLE 6 

Itraconazole Level {(ag/ml) in Blood According to Times 

Time (hours) Prep. 

6 2 3 8 4 I 0 24 1 

0 . 0 3  0 . 0 3  0 . 0 3  0  .  0 4  0. 02 0 C .  0 2  0.02 Exmp. XII 
Starved 
Dog 0. 10 0.02 0.06 0. 07 0 . 08 0 .  0 7  0 .  0 4  0 . 0 3  Exmp. XIII 

0 .  0 9  0.06 0 .  0 4  0  .  0 3  0 .  0 3  Purchased 0 0.06 0 . 0 3  

0 . 4 1  0 . 3 8  0 . 4 3  0 . 4 3  0 .12 0  .  44 0 . 3 6  0  . 4 2  Exmp. XIII Non-
starved 

0 . 5 4  0 . 4 4  0 .  3 0  0. 60 0 . 7 9  Purchased 0  .  5 8  0 . 4  1  0 . 3 0  

As apparent from Table 6, a similar pharmacokinetic 

pattern was observed between the plasma concentration of 

itraconazole from the solid dispersed preparations and from 

5 

the conventional preparation (itazol) when starved beagle 

dogs were administered therewith, while the lower value 

shown in case the preparation of Examp. XII was 

In non-starved beagle dogs, the drug 10 administrated. 

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. 15 

EXPERIMENT V: Solubility of Aceclof enac in Various Vehicles 

Excess aceclofenac was added in 5 ml of a vehicle in a 

20 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 

The resulting solution was filtrated 0C water bath. 

through a 0.2 |J.in filter paper (Millipore, Waters, Milford, 

MA, USA) and the filtrate was diluted for the convenient 

5 quantification of the drug. The solubility results are 

given in Table 7. 

Table 7 

Solubility of Aceclofenac in Vehicles 

Solubility 
(mg/mP) Vehicles 

14 9.34 
114.83 
98.70 
85.71 
40 . 92 

Transcutol 
Labrasol 
Tween 80 
Tween 20 
Cremophor EL 

23 . 34 
4 . 59 
5.44 
18.01 
13 .21 
2 .83 
2 .20 
0.34 

Cremophor RH4 0 
Oleic acid 
Linoleic acid 
Triacetin 
Castor oil 
Sesame oil 
Corn oil 
Mineral oil 

10 

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 

15 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 

intestinal juices are given in Tables 8 and 9. 10 

Table 8 

Releasing Level (jag/ml) and Percentage (%) of 

Aceclofenac in Artificial Gastric Juice 

Time (hours) Prep. 

0.75 1.5 2 . 0 3.0 0.25 0.5 1.0 

0. 69 
(0.34) 

0.46 
(0.23) 

0.53 
(0.26) 

0.57 
(0.28) 

0.60 
(0.30) 

0. 61 
(0.31) 

0. 73 
(0.37) 

Aceclofenac 
Powder 

1.16 
(0.58) 

1.29 
(0.65) 

1.33 
(0.61) 

1.35 
(0.67) 

1.38 
(0.69) 

1.01 
(0.51) 

1.43 
(0.72) 

Exmp. 
XXIV 

2.43 
(1-22) 

1. 68 
(0.84 ) 

2. 38 
(1.19) 

2.51 
(1.25) 

2. 68 
(1.34) 

2.65 
(1.33) 

2.70 
(1.35) 

Exmp. 
XXV 

1.88 
(0.94) 

1. 96 
(0.98) 

1 . 95 
(0.98) 

1. 61 
(0.80) 

1.98 
(0.99) 

1.99 
(1.10) 

2.08 
(1.04) 

Exmp. 
XXVI 

1.76 
(0.88) 

2.04 
(1.02) 

2.36 
(1-18) 

2.51 
(1.26) 

2. 61 
(1.30) 

2.70 
(1.35) 

2. 63 
(1.31) 

Exmp. 
XXVII 

0. 93 
(0.46) 

1.02 
(0.51) 

1. 18 
(0.59) 

1.23 
(0.61) 

1. 32 
(0.66) 

1 . 34 
(0.67) 

1.39 
(0.70) 

Airtal 

15 

As shown in 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 (^.g/ml) and Percentage (%) of 5 

Aceclofenac in Artificial Intestinal Juice 

Time (hours) Prep. 

3.0 1.0 1.5 2.0 5.0 0.75 0.25 0.5 

131.70 
(65.85) 

136.55 
(68.27) 

121.65 
60. 82 

126.64 
(63.32) 

128.10 
(64.05) 

136.55 
(68.28) 

88 . 37 
(44.19) 

117.34 
(58.67) 

Aceclo. 
Powde r 

164.09 
(82.05) 

165.27 
(82.63) 

161.90 
80. 95 

160.40 
(80.20) 

162.66 
(81.33) 

166.71 
(83.35) 

152.97 
(76.49) 

157 . 43 
(78.72) 

Exmp. 
XXIV 

163.11 
(81.55) 

165.57 
(82.79) 

166.16 
(83.08) 

166.16 
(83.08) 

163.33 
(81.67) 

161.72 
80.86 

162.26 
(81.13) 

151.72 
(75.86) 

Exmp . 
XXV 

155.48 
(77.74) 

157.97 
(78.99) 

154.95 
(77 .47) 

154.49 
(77.24) 

159.74 
(79.87) 

148.21 
(74.10) 

152.40 
(76.20) 

154.58 
77 .29 

Exmp. 
XXVI 

161.51 
(80.75) 

161.63 
(80.81) 

163.29 
(81.64) 

164.22 
(82.11) 

167.36 
(83.68) 

155.85 
77. 92 

138.83 
(69.41) 

150.41 
(75.21) 

Exmp. 
XXVII 

145.72 
(72.86) 

143.66 
(71.83) 

142.34 
(71.17) 

136.62 
68 . 31 

137.70 
(68.85) 

142.55 
(71.28) 

133.76 
(66.88) 

136.54 
(68.27) 

Airtal 

As known from Table 9, aceclofenac, although it can be 

released in the artificial gastric juice to an extent 

10 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 

15 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 

After the mice, which were circumstances for 1-2 weeks. 

starved from one day before the experiment, were etherized. 5 

their left femoral arteries were inserted with cannulas 

connected to syringes containing 50 ID/ml of heparin. 

the mice came out of the ether and were After 2 hours. 

administered with a suspension of the aceclofenac-

containing solid dispersed preparation of the present 10 

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 15 

dispersed preparations of the present invention and a 

commercial available preparation were orally administered 

At predetermined times to beagle dogs and volunteers. 

after oral administration, blood was taken from the beagle 

dogs and the volunteers and measured for the drug levels. 20 

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 

25 plasma concentration of the drug with time were compared and 

are plotted in Figs. 2 to 4. 

As shown in the graphs, the solid dispersed preparations of 
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t h e  p r e s e n t  i n v e n t i o n  m a i n t a i n  h i g h e r  l e v e l s  o f  a c e c l o f e n a c  

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 5 

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 10 

powder, the plasma concentration of aceclofenac was 

monitored with time and the results are given in Tables 10 

to 12, below. 

TABLE 10 15 

Aceclofenac Level ((xg/ml) in Blood of Rat 

Time (hours) Prep. 

0.25 0.5 0.75 1 1. 5 2 3 4 6 

12 . 96 3.38 11. 11 14 . 30 8.01 2 . 60 0.70 4.45 0.85 Exmp. XXIV 

Aceclo. 
Powder 

0.44 0. 15 1.85 0.71 0.03 0.16 0.21 0.27 0.13 

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 

20 present invention relative to when aceclofenac is 

administered alone. 

TABLE 11 
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Plasma Concentration (j.ig/ml) of Aceclofenac 

in Beagle Dogs 

Time (hours) 
Prep. 

0.25 0 . 5 i . 5 0.75 1 7 9 12 24 

93. 0 9 6.5 4 . 9 4 1.1 74.1 81.8 71.1 49.4 32. 2 21.6 1 . 3 11.1 Exmp. 
XXIV 

50. 8 Airtal 4 . 6 15.1 28 . 9 35.7 31.9 16.6 8 . 8 43 . 2 6.4 3 . 9 0.8 

The data of Table 11 demonstrate that the 

aceclofenac-carrying solid dispersed preparation of the 5 

present invention is superior to the conventional 

preparation in the plasma concentration. 

TABLE 12 

Plasma Concentration (p.g/ml) of Aceclofenac 10 

in Human Blood 

Time (hours) 
Prep. 

0.75 3 5 7 12 0.25 0.5 1.5 2 9 1 

Exmp. 
XXIV 1. 02 0 . 67 0.16 4 . 67 10. 98 12. 99 6. 93 2. 97 0 . 56 0.42 18. 12 

0.48 Airta 0.85 1.75 5.48 8 . 34 3.44 0.29 0 . 14 0.10  3 . 84 5.51 
1 

As apparent from the data of Table 12, higher levels of 

aceclofenac in blood are maintained when the solid 

15 dispersed preparation of the present invention is 

administered than when the commercially available 

preparation is used. 

EXPERIMENT VXXI: Releasing of Cisapride From Solid 
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Dispersed Preparations Against Artificial Gastric and 

Intestinal Juices 

The solid dispersed preparation comprising cisapride, 

5 obtained in Examples XXXI, was 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 intestinal 10 

juices are given in Table 13. 

TABLE 13 

Releasing Level (jag/ml) and Percentage (%) of Cisapride 

in Artificial Gastric and Intestinal Juice 15 

Time (hour) Juice 

2 . 0 3. 0 6 1. 0 1. 5 4 5 8 12 0 . 5 

43.4 58 . 5 84 . 7 14.9 26.2 32 . 0 Gastric 

38 . 1 25.2 48.5 62 . 1 72. 1 Intestina 8 . 1 16.5 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 20 

order-like kinetics. 

EXPERIMENT IX: Comparison of Plasma Concentration of 
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Cisapxide Between Solid Dispersed Preparation and 

Conunercially Available Ones 

At an interval of a predetermined period of time after 

5 the oral administration of beagle dogs with the 

cisapride-carrying solid dispersed preparation obtained in 

Example XXXII. and a commercially available preparation. 

blood was taken from the testees and measured for plasma 

concentration of drug. 

10 With reference to Fig. 5, the cisapride levels in blood are 

plotted against the times after administration for the 

solid 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 15 

are greatly improved relative to that of the commercially 

These drug concentrations are available preparation. 

numerically shown in Table 14, below. 

TABLE 14 20 

Plasma Concentration of Cisapride (/j.g/ml) 

in Beagle Dog 

Time (hours) Prep. 

12 1.25 1.5 5 7 9 24 0.75 1 3 0.5 2 

63 68 82 97 271 284 152 104 83 48 80 151 Exmp. XXXII 

83 102 134 75 58 46 41 49 70 201 61 184 Prepulsid 
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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. 

5 

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 10 

great increase in the bioavailability of the drugs. In 

addition, the solid dispersed preparations of the present 

invention give the pharmaceutical solutions to the problems 

that the conventional semi-solid or liquid preparations 

possess, enabling medicinally effective, poorly water-15 

soluble compounds to be formulated, molded and processed. 

quickly and in an economically favorable manner without use 

of any organic solvent. 

The present invention has been described in an 

20 illustrative manner, and it is to be understood the 

terminology used is intended to be in the nature of 

Many modifications description rather than of limitation. 

and variations of the present invention are possible in 

Therefore, it is to be light of the above teachings, 

understood that within the scope of the appended claims, the 

invention may be practiced otherwise than as specifically 

25 

described. 
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WHAT IS CLAIMED IS: 

A solid dispersed preparation for poorly water-soluble 

drugs, prepared by dissolving or dispersing the drugs in 

a fatty acid or a mixture thereof, mixing the an oil. 5  

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 10 

pulverizing the dried mixture to give 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 1 5  

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 oil, the fatty acid or the mixture thereof 20 

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 

a-bisabolol, stearyl glycerrhetinate, salicylic acid. 2 5  

tocopheryl acetate, sodium hyaluronate, panthenol. 

propylene glycol and apple (Pirus Malus) , propylene 

5 3  
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glycol and pineapple, ivy (Hedera haiix) 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 

and 1,3-B.G, 1iposomes, majus) 

phosphatidylchoiines , 

captylic/capric triglyceride. 

extract 5 

glyceryl stearate, 

cetyl octanolate. 

isopropyl myristate, 2-ethylene isopelagonate, di-C12-

13 alkyl malate, ceteatyl octanoate, butylene glycol 

dicaptylate/dicaprate, isononyl isostearate, 10 

isostearyl isostearate, coco-captylate/caprate, cetyl 

octanoate, octyldodecylmyristate, cetylesters, C10-30 

cholesterol/lanosterol ester, hydrogenated castor oil. 

monoglycerides, diglycerides, triglycerides, beeswax. 

canaubawax, suctose distearate, PEG-8 beeswax, ceresin. 15 

ozokerite, macadamia ternifolia nut oil, hydrogenated 

hi-erucic acid rape seed oil, olive oil, jojoba oil. 

hybridsunflower (Helian thus annuus) oil, and dog rose 

(rosa canina) lips oil. 

20 

The solid dispersed preparation as set forth in claim 

5, wherein the oil is selected from the group comprising 

6. 

mineral oils, squalene, squalane, monoglycerides. 

diglycerides, triglycerides, medium chain glycerides. 

myglyol, cremophor, hydrogenated caster oil, corn oil, 25 

perilla oil, cotton seed oil and lipid-soluble vitamins. 
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T h e  s o l i d  d i s p e r s e d  p r e p a r a t i o n  a s  s e t  f o r t h  i n  c l a i m  

1, wherein the fatty acid is selected from the group 

comprising oleic acid, cfetyl alcohol, stearyl alcohol, 

stearic acid, myristic acid, linoleic acid and lauric 

acid . 5 

The solid dispersed preparation as set forth in claim 0 

7, wherein the fatty acid is selected from the group 

comprising oleic acid, linoleic acid, and isopropyl 

myristate. 10 

The solid dispersed preparation as set forth in claim 9 

1, wherein the water-soluble polymer matrix is selected 

from the group comprising polyethylene glycol (PEG), 

carbowax and polyvinyl pyrrolidone (PVP). 15 

The solid dispersed preparation as set forth in claim 10. 

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. 20 

The solid dispersed preparation as set forth in claim 11. 

10, wherein the surfactant is selected from the group 

comprising glyceryl polysorbate 60, stearate, 

polysorbate 80, sorbitan trioleate, sorbitan 25 

sesquioleate, sorbitan stearate, PEG-20 glyceryl 

isostearate, ceteth-25, PEG-60 , PEG-60 hydrogenated 
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castor oil, nonoxynol-15, PEG-6-decyltetradeceth-20, 

dimethicone copolyol, glyceryl diisostearate, ceteth-

24, cetearyl alcohol, polyoxyle thylene nonyphenyl ether, 

PEG-40 hydrogenated castor oil, cetyl dimethicone 

copolyol, polyglyeery1-3-methylglucose 5 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. 10 

The solid dispersed preparation as set forth in claim 12 . 

1, wherein the water-soluble polymeric matrix is used 

alone or in combination with other water-soluble 

matrices. 15 

The solid dispersed preparation as set forth in claim 13 . 

12, wherein the other water-soluble matrix is selected 

from the group comprising gelatin, gum, carbohydrates. 

celluloses, polyvinyl alcohol, polyacrylic acid. 20 

their inorganic compounds and mixtures, 

hydroxypropylmethylcellulose acetyl succinate, shellac. 

zein, polyvinyl acetate phthalate, Eudragit L100, 

Eudragit S100, sodium arginate, and poly-L-lysine. 

25 

The solid dispersed preparation as set forth in claim 14 . 

1, wherein the poorly water-soluble drugs are selected 
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from the group comprising ketoconazole, itraconazole 

and its derivatives, cyclosporine, cisapride. 

acetylsalicylie acetaminophen, aspirin. acid. 

papaverine. indomethacin, warfarin. naproxen. 

thiabendazole, miconazole, cinnarizine, doxorubicin. 5 

omeprazole, cholecalciferol, melphalan, nifedipine. 

tyrosine. digoxin. benzoic acid. tryptophan. 

ibuprofen. phenylalanine, aztreonam. 

thalidomide. phenoxymethylpenicillin. 

methyltestosterone, prochlorperazine, hydrocortisone. 10 

dideoxypurine nucleoside, vitamin D sulfonamide. 2 r 

melatonin. p-aminobenzoic acid. sulfonylurea, 

benzylpenicillin, chlorambucil, diazepin, digitoxin. 

hydrocortisone butyrate, metronidazole benzoate. 

tolbutamide, prostaglandin EICPGE-L), fludrocortisone. 15 

griseofulvin, miconazole nitrate. leukotriene B4 

antagonist, propranolol, thephylline, flubiprofen. 

riboflavin. acid. sodium benzoic benzoate. 

benzodiazepine, phenobardital, glyburide, sulfadiazine. 

sulfaethylthiadiazole, sodium diclofenac, aceclofenac. 20 

bropirimine, hioridazinehydrochloride. phyniroin. 

hydrochlorothiazide, fluconazole, acyclovir. 

ciprofluoxacin. acetyl-L-carnitine. bucillamine. 

sodium lovocarnitine. alendronate. baclofen. 

nimodipine or nimodifine, atenolol, provastatin sodium. 25 

disodium. isotretinoin. etidronate lovastatin. 

fosfomycin calcium. doxifluridine. sotepine. 

57 



0592

WO 00/00179 PCT/KR99/00341 

epinastine hydrochloride, carvedilol, epinastine 

hydrochloride, carvedilol, fosinopril, trandolapril, 

etretinate cap, metergoline, mercaptopurine, 

vancomycin hydrochloride, cefixime, cefuroxim axetil. 

dirithramycin, and dadanosin. 5 

The solid dispersed preparation as set forth in claim 15. 

13, wherein the poorly water-soluble drugs are selected 

from the group comprising ketoconazole, itraconazole 

derivatives, cisapride. its cyclosporine. and 10 

nifedipine and aceclofenac. 

Medicines for internal use such as powders, granules, 16. 

tablets and capsules, prepared using the solid dispersed 

preparation of claim 1. 15 
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FIG. 4 
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FIG. 5 
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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. The composition is substantially free from ethanol. £ 
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CYCLOSPORIN FORMULATION 

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 - C20 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. 



0602

WO 01/32142 PCT/GB00/04143 

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 water-insoluble pharmaceutically active material; 

one or more propylene glycol esters of a fatty acid; 

surfactant; and either 

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 

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 (c) if not included 

earlier. 

a) 

b) 

c) 

d) 

e) 

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 (c) 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 (c), 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 (c) 

may be added later), and then mixing the preconcentrate with a hydrophilic phase. 

The microemulsion composition is generally 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 

generally 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 (a) is a water insoluble 

pharmaceutically active material. The invention is particularly useful with the 


