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Tb.i.s inventi.on z:elaus -to.drug part.id~~, 
. methi:)d$ :f:or <the· pz-epaxati.OA theri!o:f"' &Ucl dispersj_on~ 

a ._ - • 

: S eont:aini.~g- the part:icles. t.rhia i.avention further r&late.s 
to tbe.u~e of such particles· in pharmaceutical 
eomposi~ious a1td methods of i:nat:t.~g ~ls. . . 

Bi.oavailabill"ty is the degree to Yhic!:h a <ir'.19' 
bee~$ availabie to the-1!a.r9et tissue •tt~r 

10 ad.m$.nistratJ.on·. .~ny £actors can a.~fect bioavai1abJ.l..i.ty 
:i.nc1~dinq the dosage·£ona and various p.ropert5.~# e.g .. , 
~is~olut~on ~ate of the d~g. Poor bioa~ailab~l~ty iS a 
s~g~if idant pioblem. ~n~ottntered in t~· develo~nt 0£ 
pha~eeutical c°'*pos~tions, pa~tienlarl¥ those QOntaining 

··1s an ~ctive izi~edient tb.at is poo:r:ly sol~le i.n water. 
J?oOO:ly "!a't.er solUble drags, i.e., those having- ~ 

so1Ubili.ty le•s than a.bout 1.0 mg/11\l ~ tend, to he el.imitJ.a-teb 
£ro'm th~ gastrointestinal t;raot. befoz:e bei.n.9 absor~d ~tb 
th• e.ir¢ulation. Moreover, poorly water so1uble drugs 

i 

2~ ··tend to: be unsafe fo~ ~nt~a~ou5 ad.tninisotration 
i 

te¢hniqile~, which a:t:e. ~sed p;r::Lmari1y in conjunction with l· . 
fuily soluble drilg $ttbstances~ . . 

rt i~ known that th~ 4ate of dissolution ~f • 
paiticailate drug can i~crease rit:b incl!'eas.ing surfaee 

.. . 
' 

25 ar~a, jJ .e ~ , decreasing parti.cle &ize. conseqµe:ntl.y 1 

methods 0£ mald.ll.g -f.:lnely div!lded. m:uqs have beexi studied I 
and G!fiorts have· ~ll: ma<le to control the siz& and sl.ze ' 

. i : . . . 
r~9"e of d~g parti.c1es in 'pham.a.ceu~ica.l. ~mpos.itions, i 

. I 

!'or ex~p1e, dry milli.ng tech:Oiques have been· used -Co l 
30 ~edu~~.partic1e size and hence 1n£luence d.rug absc~on~ 

' l:towever, in c::onven.t.ional dxy ai..1'15.ng, as di..sc\1.SSed. by ! 
Laebma.~ eLa.l, Tb~ean a.iid :era~ .tn.dostri·al i 
~r.ma..~, Chapter 2, ~Mi11in~·r p. 4S# {l99E), the lild.~ 
of fin~ness is xeache<i. in th$ region of 10~ lis.icrons 

I 

I 
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. l 
l ' l reprcdur~.tbe .wet·9r~din9 process described ~ Mot:oyama I 

trt_ · a~ Xf1S\11-\~ in partic1es J;iav.in9 
size m~ch g:eate: than l pm. 

~ • f 

an ave.rage. "1)8.rtS.c:le i 

I . • 
. ! EPO 275,796 desc::-ibes the px:oduction of .. · i : 

co1loid~-ly dispers.ib~Q systems compri.9S.ng .a. ~\1.b$tanea 
• J • I 

tbe fom of spheric:al particles sma11e~ :than ~oo nm. 
I . . • . 

Jlowever~ t~e :methOd involves a prec:Lpit&tion -~ffec1:ed. 

' i 
id 

: 

~ . . 
n'dxing • splution of the substance and a mi.sc~ble non-. l . . l 
$Olv~nti f~r t~e sub$tance and resu1ts in the f~~tion o~ 
noa-cry~talline nanoparticles. :rurthern:iore,.~ecipitatidn 

. I • • : 
teQbniqµes fo~ preparJ.ng part~cies tend to pz:Ovide '. 
patticl~.s conte.millated with solvent$. Such solveuts a~a ~ . : . ' . i 
often tj:>xi:c and can be ver::y diffi.cult., if not: i.mpos·sibl.e,i . . l 
t.o adetatel.y :ctmiove to·p~cauti.cally acce~a.ble leve4s. 
to:bQ Pfaetieal. l 

i . ; 
i u. s. Patent 4,107 ,288 descI:jbes ~i.c1es i.n ! 
: . \ 

the s!z~ ~ange f%:om 10 to 1,.000 run cont.ai.ning; a ~ 
bi.ologiba11y 6r pharmacQdymunicaJ.l.y active aa1:Etri.a1. 

i . . . 

SO"ileve.rlr the particles compr:l.se a. c:rossliliked!~tr.5.x of 
macromr¥ecttles having the active materi~l s1;1pPortad on o~. 
i~<:orpo~a'ted into the matrix. ! . 

I : ! _ It woul.d l:>e desirable to ~vid.e stal:>le 
d.ispex$l:u,le d:cv.g parti.cl.es in the submic:ron size range 1 

which daft be readily prepared. and which do ~ appreciabiy 
. . i ! i 

floooulla~e or ~gglomerate due to interpa:rticl~ attractiv~ 
~ I I • 

f o;:ces ~nd do not %equire the p.resence 0£ a c%osslinked l 
. I . • i 

matr:U·l ~reove~, it woul~ ·be hi~hly desira:bl.e to prcv.i.1e 
pb.~nna.<.ieutical composi.tions· having enhan~ ! . I . . I bi.oavaiil.ability. · · ; 

I i l we have discovered. stable, di~pers.u,>le drug 1 
na~op:t~iclas and a method fer preparinq sueh:partic1es ~Y 
""et mil1in.q in the presence of qrindi.ng media1 in l 
conjtt~~tion with a surface modifi~r. Th~ particles c~n ~ 

I i i 
i i I ; 

I 



"' •1J.-

10 

15 

20 

30 

·········--·--·---· 

. i 
! 

i 
i 

£ormula~ed into .pha.cna.ceut~cal compo~itions e~hi.b~t~n9 
.; ! 

=ema.r~ly h1.gh bioa.vai1abi.li ey. 
! 
: More spacifica.1ly, in accordance wi~h·-thi& 

iniient:tc?n:, there are p~~id.ed po'Articles consisting 
e•senti~lly of a erystalline d.ruq subst.ance having a 

. ! . 

eurf.ace!modifier adsorbed on t:.he surface ~hereof in an 
i • 

amQun~ ~ufiicient ~o maintain-an e££ec~ive average 
pa:rticl~ s~&e ot less than.about.400 mn. 

I 

This invention also p~ov1des a"st41.bio d~spers~4n 
oo~sist~ng *ssenti.ally of a liquid dispe;r$i0n.mediwn and j 
~he ~ee.descr.ihed partic;les dispex:sed therein. ! 

zn another embedimen~ of the inven~1on, there is 
provi.d~ a method of p.repllin9' the abOve-d.e$OXibed i 
pa~ti=~• COJDpri5iAg tha s~eps o~ dispersing a drug 
SUbstaD;~e in a liqUiQ di.SpersiOD, me<ti.W» and a~pl.yin.9 
me~hi!1lfk"i!cal. mecUlG in the preseace of 4Jr:i..ndi:ng- medi.a to 

reduce ~he part1cle $iZe Of the drUg substance to an 
. . I . . ' 

e~ec~~ve •ve~age pa:r1:.ic1e size of ~•ss than ~bout.400 rub. 
. . ; . . . ; 

'the pa~t.iclaa can .be re<tuced in si.ze ii\ the presence of a,. 
suxfac~ modifier. Alternatively, the particles can be 

cont&e~ed ~ith a surface modif~er after a~trition. 
! Xn. a ~axti.cularl.y valuable &xld im,pOrtant. 

i. 
! 
! . 
I 

; 

ei@od.~t of the S.nveni:ion1 there ~s prrivided. a 
I • • 

p~a=sM.beutioal compositio4 compr1sing the abOve-describeh 
. I . . . ; 

pa.rtic~-es and a pharmac::euticall~ ~oceptabie carrier ] 
. I 

~<a:ce~?r· 

~t:hod! of 

Sue~ pbaJ:maceutical .compp&~t~on ~~ ~seful ~n r 
tnat.S.ng :ma.-ial•- ! 

Xt is au advan~ageous feature that' a wid~ 
! . l 

"arie:ty o-f s.urface modified drUg naµopa~t~c1es £ree of i 
ttnaccep~~le conta.m.i~ation ean be pr.epared i~ acc:o~daneei 

: I 

with $is inveu-tiori.. ; 
: . 
· . It is another advan't~9't.il:OU$ ~eature: of th:i.s 

. l 

inventiion. that the:x;e i$ provided a silupl..a a.nd con'9enientl 
meth~ ~or preparing drug nanoparticles by wet milling ~n 
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conjunc~ion with EL'sul:£ace_modifier,. which does not resuik 
:t l 1 1n. unae~ept~le l.~vel$ of dust as do convent,.0.nal dry 
mill~u~!techniqc$S. 

~othe% particularly advantageous feature 0£ 
this ~Dtent~on ~s that p~ceut~ca1 eompositions·a~e 
provid~ exhil>1tin~ unexpec:tac!1y h.i.gh bi~v~~1ap~1ity. 

; . . ! Still another advante.13eous fea.tui:e of this 
invention is that phaJ:ma.ceu~~cai composit~ons ccn~ainin9 i . . 
poci:rly 'Water eoluble drug substances are provided wh.1.ch : . 

i .. 
' ! 

a.re sui~@J.e £or i.ii.oera"'1enous adJDinisot:rati.on. te;chniques.. . 
· t . This i.nv~ntioll is· 1'Ued partly on the d:iscov$xyj 

that ~~ .part.icles having ct.n ertremel;.y sma.11 effect.ive ; 
ave.rage [partiele 8.ize can be prepared. by ~t mil.linCJ in 
the pre4ence of grind.in9 ine<lia in conjunC:tion with a 
sur.f a.ce !l'l\Od.if i.er,. and that such particl.es are ~table and ' \ 

l ' do not · ~pp~iably 'flocculate or a.ggl.omerate d~e to I 
interpatt1c1e attractive fo,rcQS and can be fo~u1ated intb ' . I pharma~uUce.l· oompos.it:i.ODS eDibiti.ng Unalt.pect."e<lly high ~ 
bi9avai~abilit.y. While the in."enti.on is descr.ibed herein\ 
p:rimariiY in.eonileetion with its PJ:eferud uti.;Lity, i.e., j. 
wi~h rG~pect to ~ancpa.rt;icula~e dl:l.'li substances for use i*. 
phax:mac~u.tioa1 c011pOsi.t:i.ons, i.t: is also belle~d to be j . r . , 
useful ~n other appliQations such as the £0.rmulation of ~ 
panicu~a .. te cosmetic compositions and tha pxe~rati.on 0£ 
·pa.rticu~a~e disper~io'U8 for U$e in·imaie·and ma_gnet1c 
recordi~q el~ts. . 

= ! 

' The particles of t.hiS invention comprise.a dru9! i . . J s\Wst:;anqe. The <.trug . _su~stanee exists as a diserete, · ! 
' c:r;ystalli~e phase... ~e crystalline phase di.tfe:rs :from a 

non-c%y~talline or amorphous pl:tue which .resul~ from , 
' . l pret:ipi~tion techniques, such as described in zp0 275,7~6 ! ~ 

ei ted at.i\ova. 
. I 

; ·?."he invention cau be practised wi.th a wide , 
variety ;of ctrug· substance$. :!'he d.ru9 substance J?.re:fe.rabl~ 

! 

~ ---- . : 
I:-
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1a a.~ o~gani~ substance present in ~ &$A~nt~a11y pure 
":fot:a. ~h~ drug subst;mce muS't be poo:tll''" s.oll:U>le a.n.d 
di.~gergU>:te ·in at l~a~t one ·ii.quid ~i,,rln. ay "~i:ly 
solubl.a.; it is meat.kt: that the <b:'uq su.bs"=.ance bas El 
soiubili:ty .in th• liqui.d. dis~ion ~dimn, e~g. water, 
l•ss than about 10 m.g/Jtil., a11d prefar~bly of less than 

j 
=I 
: i 
: I 

. I 
t 

a.bOut. 1 'mg-/t111. a-c processin9 t:.eq>erattt~, e .. g., room : I 
tempera~un. A prefe%red liquid dispersion medium. is I 
water •. ;se>WeV&J:', the inventi.on can l)e praotis&d wi.th oth~r 
liquid iiaedia J.:z. which' a -dng substance is .pcx>r1y· soi"bl~ 

1

1 

and d.ispersible 1ncJ.udin9", for example, aqueous. salt 
1 

so1'Uti.o*8, saff1ower Oil and solven:ts su-cll as ethano1, -ti 
b\ltan.ol ~ hexane and ql~ol·. 'l'llei pH of t.b.Et aqueous . ! 
di\tpe:t'$i<>n media can l>a ad;usted ~ teehni.ques Jtnl';JWn in· i 
the a•t~ . ~ I 

sui.tal>J.e dng subst.ancas can ba selected ~ran 
! 

vuiet:y:ot, known dlasaes of <tcugs inc;:luding, :for ex.ampl.e 
-~alges;Lcs, all;ti.•inf1~~ory e.gent~, anthelmintics ,. an-ti 

arrhyt~c agents, antibiotics {:Lnclud:in9 pe~cillins); 
antic~gulahts, ant14epreasauts~ autidi~tie agents, · 
a.ntiep~~ep~~s, antih~s:tamines,· anti.hypertens~~e agants~/ 
antima$Carinic aq&Jlt.a, a.ntll\YCObacteria.l a99'nts, ! 

ant.i.neoplastic a9ents, imnmnos11ppressants,. antithyroid ·J 

s,g~nts, il1i3tivira.l. a.~ents, .anxio.lyti.c seda.ti.ves (hypnoti.ct 
and ne~roleptios) , astriuse~t.s, l>eta-adrenoceptor bloeki 9 
agents~ b~oo<l produets and·substitute~, card~ac inotropi 

a9ent$ '· contra~t media,. corticosteroids, eouqh 
-•~ppressents (expectorants and nmcol.yti.cs) , diagnostic 

ag~ut•i ·diagnostic ilnagin.g agant.s, diiaret.ics, l 
30 dop~er9ics (antipukinsoni!M agentii)r ha~os,-t.ati.Ql!J,: I 

1*unoio9ice.1 af..Glri.ts, lipi.d. -regula"t:inq agents, m.us·cle l 
reiaxm?-ts, pa.x;a.Gympathomimatics, pare..thyroi.d ca1e:lt.onin j 
and. ·biPbO$:phona.tes, prostaglandi.ns , radio- . 1 

p~axma6eutieals, sex h0%1110?es (including ste~oids), ant~-
~ i 
'. i 
· 1 

l 
. 1 

I 
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I . i 
t : 1 

a.ilergkc ag~nt$; s-timulants and a.Qoretics, . l 
. I 1 

spipat~imet.ic:s, thyroj.d. agents,. vasodil.atora and · j 
~-t.hi~s. l?l:e1!er~d drU-i subst.anc.tes include those . : 1 

inteztd~d f01: oral adm.inistratj,on at.ld intraven.o'd.s - l l 
s ••u~trat.ion. A descri.pUon of ithese classes of druc;s!. . 

and· ~ iisting of species 'Wi tM.n each ~lass can :be tound '. .k.n : 
. • i .. . . I 

Mart~n4ale1 The Extra PbaDll.acopoeia~ fW'enty-ninth EditiQ~, . 
~e Ph~ceutica.1 Press, .to:a<lon, 1989. The ~rug : ! I .. 
s11bs~anees are commercially available and/ o:r can be · i 

H> p~epar~d by techniques known · i.21 th.e a:r:t.. : ;, · I . P.epr~sentative illust;i;~tive species o~ drug : ! 
substances.useful in ~be.practice of this invention i . I . I 

iracludei:: · . · \ 
· 1i\-~-pre9110-2,4-dien-zo-yno-[2,3-d]-isox~~ol-l7-ol ·1 

. l . I 
15 {~nazol); . . · 

Soj, l 7c;t.,-1 '-(m.et.hylsul£onyl)-l' a-preCjn-20~yno ; l 
[3~2-c.)- Pt:ra.~01-17-oi (Steroi.cl A); ; \ 
I6!-methe>xy-4 ... (l-metl'l,y1etby+)-3-oxo-:t .. 2- . : 1 

~aisothiazol-2(33)-Y.l]methyl 2,0-dichl~robenzoate;\ 
20 1,~-dioxide (WIN 63,394)1 'i 

3-f.uno-i .. 2*"4-benaotXiasiDe-1,4-:-d:ioXide tWIN. 5$', O'JS ~1;. 
piposulfam: piposulfaru c&iLptothecin; acetcmJ.noph•nt, I . . . ; 
ac~tyl.sali.eyli.c. acid; ami<>ci&1:0tle; chol.estyrami.ne.; ; l 

J • ' ; l 
eo~~st:ipol.; cromolyn sodium; al..b~terol.; sucral.fate; : ; 

. l. . '; 
25 $1ilifa.sa.lazine; minoxidil; tempa.:tepam; a.lp.razolam;. : ; 

I . l 
· prqpoxyphene; auanofin; ez:ythromycin.; eyclospo.rine: i 

I . . ' 
aej-cl.ovir; 9anc.ie1ovu1 ei:oposid.e; •Pb~la.n; ~ 
~hotrexata; ~toxani:rone;. da.u~o~t>.ic.in:. .1 
-do~orubicin;- megesterol; taA\O.Zif~; aedroXy-- · · 

t . • ~ ; 

30. ~g-estei:one; :nyst:a~n~ ter.bui;a.lUle; ampb.ote~icin .:S~! ! 
_u~irin; i.bl2.profen1 napl!'OXen; iudotnethacin; 1 j 
di~lofenac:.J ketop~fenr flubiproJ:eu; ·diflllnis.,...l; 'l 

i . ! 
i ·I 
I : 1' l . I 

i : l 
l ' I ~ i 
i : i 
i ; j 
;.· '! l . ! 
i } i 
i ; l I 1 1·. 
1 i ! 

~~~_____.! i! 
I ~ 
l 
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I 
ethy1-3,S-di~cetoamido-2.t,6-tr~iodo~en2oate 

hn:s ssa3 >; · 
l 
fthyl-(3,S-~ia(~t.ylaatino)-2,4,6-

l::iiodo~:n.2oyloxy)a.oetatAll (Wl'li 12 1 901}; and· 
' . . . 
'tbyl-2-(3,S-bia(acety.La:a>iuo)-2,4,6-

l 
. ' 
: ~ 

1 
! . : 
1 

I . ! 
: . tri.iodobel','lSoYlOXy)aeet.ate (WDI 16, 318) .. l .. : 

i xn prefer.red embod.iments of tha inventi.on, tha · 
drug ~Qbstance is a. s~oid such ae banazo1 or steroi~:+, 
an al)..tjiviral agent1 an ·airti-illf'lemma~oey aqent, an ' 

I . . 
ant1uepplastic ·ag~t, a·radiopharma.c~uti.cal o~ a 

I . 

di.agno~tic itaaging agen~. 
j The partioleS· of tllis invention coutain a 

d1ecre~e phase of • 4ruq sul:>Stance as described above , . 
bavingja surface mocli.~ier adsox:bed o~ tha sur£ace tberedf~ 

I •' 

Usefu1 \ surface modifiers a;:e be.13.eved to include those ! 

which phys:i.c&l1y adhere t.o the surt:ace of tbe d:rug 
l 

su~stance but do not chemically bOnd to the dru9. 
l Suitable surface modifiers can preferably .be . , 

seleet~d ~rem known orqallic and ino.:rganic phax:m.a.e·euti.cal! 
I . . 

excipi~nts.. such eltcipients ic.el.ude variotts pol.yme;r:s, 1~ 

moleouiar weight oligomera~ natural produc~s and 
sur:fa(;..J.an.ts. i>refured $Uf ace modifier$ inc1ude noniotJ.ic · 
and an~onic surfac~~nt.e... ltepxeS$nt&t~ve ex~l.es of 
exoipients i.nc1ude gelatin, casein, lecithin 
(phosp~atidQ.s), 9'~ a.c&c.ia., c::Jiol~sterol, traga-cantb., 

. 1 . . ( 
stea:ci'] a.cl,d, benzalkonium chloride, c:alciwn stearate, : : 

! . . ! 
9lyceryil iu.onostaazate, c:etostea.ryl alcohol, ceto.ma.cr090~: 
emul$if\y1ng wax, sorb-i:ta.ta es-ten, po1yoxyethylece alkyl ; 

ethers,.! e.-9., m.ae~ol. ethers su.cll .as c:e.tomacx:oqol 1000, ; 
polyo~thylene Ciiilstor ·oil derivat:i.ves, polyoxyethylene . , 
scrbitah tatty acid esters,. e.9., the c:ommercia.l.l:Y i 

l . . . 

ave.-.i.la.t>;i.e 'l-WeensTM,. . pol.yet.h]"lene- glycols, po1yoxyethylentii!i 
stea:rat~s, colloid9l silicon di.oxide, phosphates,. sodiillll.'.; 

! 'I 
dodeoylfulfate,ear!)o.zyme~hylcell~lose oalc~um,. 

I 

I . l 

i 
l 

\ 
i 
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l i: 

carborthylc~llulose sOdiUll1, methyl.ee11ui.osa1 I j 
bydro,,~hylcellulose, h::yd.roxypl:opyl.Cel1ul.ose, · ' j 
byd~~p~oi>l'linethylcel1ulose phthalate,. nono~ta11~ne!1 
cellu se, ma.9neei.um. aluminum sil~ca.te, t:ci.et~a~ol.~n~ ~ 
poly . yl a1cobol (PVA), and polyviuy-lpyz:r.olidone (PVP ~ l 
MO$t ~ ~heae excipients are described ~n de-t&~1 :f.n th~! 

-i'la.tl.:t:j>k or Ph~ceut.ie~l ·BXCi.pient,8, published. joint~~ 
~ the· Ameri.cau Pha::anaceu.t:i.cal Assooiat:S..on aud ~e ! ! 

• I 1: 

Pl1a.rmapeuti.cal Socl.ety of Great Bx-itai.1'.l, tbe ; i 
I I·, 

1'ha~Feu-t:ic:al Pre$e, 1986. The surface modi:fi.ers a.re l l 
• i . I : I oOB!ltterfia.lly a-vai~abl.e an.d./o:r: can l>e prepared by ~\ 

techniques· known in the art.. TWO or JXl.Qre siu::fa.Qe ; 1 
. I : ~ 

modi£i~.r& c~ be used i:t.t Combination.. · . ! Part.icul.arly preferred surfa.ee modifier$ ine~~die 
po1yvif:Yli>r•rol.idone, tylozapol, p~lcutoine:r:s ,~n.\Cb as j ! . 
Plu:r:oJlic m F68 and P108, which are block e--.lymers ot :I ! .. · I -r- ... 
ethylere o~de.and propyiene o~ide availab1e.~rom ~SF,ij · 
~nd po~OXaJD1~GS., SllCh as '1'et2:0nicT.K 908 (1'903), which .i~j S 

tet.r~p~tiona.l 1'lool< copolymer derive<! £rom seq~ent~a1\ j 
add:i.ti.fll ~f ~i;.hY1•ne ox:ide and proPYlene O%id• to ! l 
etbyle~ed1anu.ne available from 'BAS!', dextran, lecithin,I: 

I • . ~ : 

J\.el:oso~ OT'l'K, whi.ch a a dioctyl -ester 0£ sod.ium i j 
sul.:f01'~ccin.i~ a.eid ~ i\v.Ulab.le from Amerj.C'An Cyanamid, l i 

1 · : I Duponol'rM P, :which i.s . a socU.um la~l su1fate, a.<v&il.abl~; 
! 1 l 

from l>CPont.., Tritofi!i'H X.-200, w~ieh is an alkyl. aryl ! 1 I . . . . I I 

pol~et~er sulfonate1 availabl.e :from. Rohm u.d:aaa9, l:'WeeM 
20 analtrween ·eo, which are polyoxyethyiene $Orbitan fat~ 
acid ekters, avail.able ·from ICJ: Specialty Chemi.c::als, i) 
CQ!.:bo'w~~ ~3SO and 934, which .ar.~ polyethylene glycols \ \ 
a.vai1ahle from Union ca:bide, crodesta~ .F-110, w:Q.ic::h .i.! a I . I I 

mixt'1re o:f sucxose stearate and sucxose distearate, . : 
availa~l.e fr~ CrOda l:nc., C%'adest.a S:L-40 r •. "hieh' i.~ i) 
a.va.i.141e .f!:r;Ottl. Ctf;Xla. Inc.~ and SA90BCO, wh1ch i.S CieH37 i 1 

CK2 (CON.(CR~)Ctl2(CBOH)4CR20R)2. $ur£ace modifiers whi<::h I: 
l i l I : , 
I ! ; 
! : ! 

ii1iiiflir 

! ; 
I J 
! : 
l: 
l: 
! ~ 
!: 
i 
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ha.~e fo~nd ~o :be· ~icul.a::l.y 1:u•efu1. 1ncl.ude . · 

polY:vintlpyrrol.1,~~e,. l'l~ie !"-6'8, and lec:L-th:in. ; 1 . 
I . , 1 

I The Surfaoe moclilier. is .. a.dso.t;bed on ·-the surfaqa 
I - • . . - . ' I 

of .'the cjing sltbst.anc:e in an. aJUOU.nt suf f i.c:i.etit t:.o mainta.~~ 
an e~fe¢t~ve .a.verage p~~cle siz~ of l~~s tba~ abowe 40~ 

I . . i I 
nm:• ~h~. su:rfa.ce ~fie% aoes. not ch.emi-ca1ly re.act wi-t;h!' 

·th~ dru+ subs<ee.nce Ol:" ·itseif. Pttrt.hemore, the . i: .. 
1ndi vidtkall.y adsorbed molecule• of the sudace llrOdi:fi..er : ! 

I ' I 

a.re a$~~'tially ~~~e o.f·~nte::moleculaz crosslinkages. !'. 
' . I, 

i As used ha:r~n, particl~ si~e •efez:fi' to a n~r· 
i . : . 

~verageiparticle $ize as meaeu~ed by conventional part~c~~-

si-:e measuring techniques well lalown to those skill.ed in; ! 
I . : : 

the art; such as sediment.a-ti.on. £ield f10w £racti.onation1:: 

photon tlorrela:ti.ou spe~oscopy, o;i: Ql.sk. Qell'b:'i1:uge.ti.on. ; ! 
By '"an ~ffective aver~ge- pa~icl.e size of l.ess than -abou~j · 
400 ran• lit. is ll\eant that at lea$t 90\ of the puticles ! l 

. l .. 

have ~ light average puticle sue o~ less ~han about 4~p .: 

nio. when 1J.12eil.S~ed ·by tlie above-noted techniques. In i ; 
pre£e::~J.d embod.ilftents of t:be 1%.lvent.ion, 1:he ef;fec;t.i i,-e : i . 
..-xa;:jpa.-tic:le·siae u lees i:ll= aboui: 2so ""'· :rn eom&! 
embOcl .niea of the inven.t.i.on, an ef:fective avel:'.age ~ ·: 

pax"tJ.cl~ size of .les~ than abo"Gt 100 ma has been achieva~~ 
-Wi~h re~erence to the e~fective a~ax~ge part.iole size, i~; 
i.$ pref~rred that a.~ least 9Sti an.ct, more preferably, at i . 

I • . 

least 9~% of the particles have a paxtic1e si~e les~ th~'. 

the: eff~tive average, .e.g., 400 .na. J:n parttcula:r:ly : ; 
. I • 

p:r~:fu~d ~di.ments, .. esaenti.al1y all o:f the pa:rt:icles : 1 

have a ~ize les~ '.than 400 ma. %n soma ~ts, · ,. 

~-8~nti~lly a11 of .. t.he paxti.oles have a s~2e less than 2SO 

nm. I : I 
' : : 
I T~e paiticl.es of this inventic>n can be pr~pared\ 

.i.ri·a.me~hcd cam.prising tha steps o~ d~~zsin9 a drug 

substan~e in a 1iquid d.1spersio~ med.in~ and app+y.ing· 
meehan~dai means -~n ~he prese~ce 0£ grindi.~9 med1a to 

~ ! 
I I 

! '.I 

~ : 
I. 
: : 
: ! 
I! 

11i1iiiiraf 



'>J•> '>4·6 8B59- f:i5-rl:j;_.1UbtioJ•1fJ.<> 
:10- 2-90: 4:30AM: ... - - - <J•~._,._,_,_,_,..,....,_,.._, • ·--

RC\' BY: DRE\\ & NAP I ER l ,, •• I .._,.,...,,.,..., I , ... ".... , ... , , ........ ....,_,__ '..., ------i~--····, 
• '-"' U-' .a....1"""'-'" .. ...,,.~u _... -tr~~~:-=.:.::'"..:::::::=:::...:.-,-... .-....... -----~T~-··1, 

o" 

-~ THIS SHE~T ~1-:s BEp~ · \! 
"fl Rr:o' i>.,,, ·~·<) · : l) ·i ·. :.i..~ §:..r,-,l\J~,..., .. 1- ~ ·'1 . 
1
, _-1....t:::=' 

- 11 -
· ·~---·---:::::==-=--=-___.;;r-1 · 

ii 
: I 
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. I; 

reduce f-b.e put:icl~ ~iz:e of the drug snl>.sitance t.o an ! : 
i!!f£ecti~e average partiole siae o.f J.esa than about 400 z# .. · 
~b& paJ:i::icles can be •ed~ced in size in the pr,scu1cfit of ~ 

. .... . ii 

s~rface '.mod:i.fiel:'. Ali:erll.ati.vel.y # -the part.icJ.es can: ))e \ ! 
5 eontO!lct~d wi.th a surface mo<J.i£ier afte~ attx~UQn.. \ l 

. '; :, · A 9en6¢al. procedure %or pJ;~pa.ri.~9 the p;&rt.i.cl.~s 
' ' 'I 

of th.is invention is set foxth bel.ow.... 'th• drug substan~ ; 
I l 

se~ec::~~ i& o~ained commercially ~/Qr prepared by \i 
teehzU.q~•s:: known in the a.~ iD. a c::onventi.onal coar*e :fodt~ .. 

lO It i.s. p~-efer::ect, but not essential., that ehe pUtic1e sit+' 
o;e tlle C!Oax-se druq snbs-t:anoe selected. })e less than @out i l 

· I I 

l·O:O .i.rm a~ detepnined by sieve analysi~. U t.be CQarse J l 
part.icl.e.: si21:le of the dxu-g sW>stance is .greate·r than abou~ j 
l <>O µal# ;;hen it is p:refez.red that the parti.elee of the \ \ 

. i: 
15 dxug sub$ta.nc:e be re~u.ced in si.ze to less than 10.0 µm. ii 

using a ~nvantd .. onat !llll.i.ng mathod suc;h .as a:.trjet or I l 
fr~gitlentlt=eion Jni.liing. ! ! 

. : ~ha co~se ·drug substance selected can tb.en be!! 
. . I; 

added. t.o;a l.iquid ~diwn in which it is essentially li 
. i; 

2 o insolabl'!I to fo~ a premix. Tbe concentration o~ otba druf;l 
. . l l, ~ 

sustance in 'the liqu1Cl mediwu can vary from about o .. 1 .. i .1 
~Ot ,· and l prefe~ably. is froa 5 - 30 i: (w/w). · lt is 1 l 
pJ:~fGu•d., but not ~ssent,i.al, tlkat the surface modifiel: ~\ ·. 

. . ! i 
pr&sent in the p;re.mix.. ~a concentration of the surface \ : 

2.S modifier :can vazy froirt abou-t. 0 .. 1 to abOut 90~.. a.ud· \ l 
• • • f 

p~eferabiy.is 1 - 75%# JTlOre p~ferably 20-6oi .. by we~ght !! 
.ba~ed ~n. \th~ tota~ coJlU)ined wei41ht Qf the drug $1l})$tq.nee \ \ 

aud sur.fac:e Ul.Qdi~ier~ '?lle appc;u:ent viscos.ity 0£ the i ! 
; l i 

premix s~spension is prefe~ably less than· about 1000 I ( 
30 e~tipoi~e I j 

. The pr-.1.x can be used direetll'" by subjacti.ng it~ 
to mecha~ical means to reduce 1!he average pa~tiele ·size in\ 
the dispexs~Qn to l~$S than 400 nm. Xt is preferred tha~ ll 
tha· pr~X. be used directly wben a bal.l. Jt\.i.ll is· us~d .fox- ! ! 

I I l 
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a.ttr2.t.i<>il.. Al.t.ertii:Uvely .. the <lrug stlbStance an.d, • · 
. l? 

opt~nalfY, the surface acxti:-1.ter, c~ be dispersed i.n the! ; 
l 1. 

l~quid ~dium using suitQble ag~tat1on, e.g., •-J!'011ar !! 
: . .. '· .. ~ : 

mil.l o;r; ~ Cowl~s me mixer, until. a homo~t;JU I : 
d~1tpersi.e?n .is obs.axved iD which. there are. no large ii 
agc;loiner.tes visibl.e to 1:he naked eye.. It. j.9 pre£erred I ~ 
that·the'.p~etzd.X ~ subj~ed to sQCll ~ prendl1i~9 !: 
d:i.spersion step when a .recil:ctllating media m.i.l.l. .is used I ; 
tox attr,1.:tion. i 1 

• I: 

l . ne me·chanical means applied to reduce the i: 
i: 

Par:t~c1e size 0£ the d.%u9 sUbstance conveniently ean take!~ 
. I' 

the foi::m' 0£ a d1spe:rsion mill. Suitable di.spersi.on mil.ls i : 
' include a ball mill, an attritor mi.11, a vibratory mill, 1: 

. • I 

aad l?ledi.~ m.i.lle- .such as a. sand mill and a bead m:i.11.. A l : 
I I' 

ni.ed~a nii~l is pre~e:red due to the xelatively $horter !: 
milli:nq t.bae :required to provide the inteiided result, I~ 
i.e., th~ d~sired .red.UctiO>l in particle sj.z.e.. For zned.ia I; 

i i ~ 
· m.i:l:l.iDg, ~ t.he apparent 'W'J.scosity of the premiJ;c .pre~erably I ~ 
is .from ~bout 100 to abOUt 1000 cantipoige. For ball I, 
mill.i.ng,' the apparent viscosi.ty C)j! the premi.z p%e:ferabiy j_ l 
ia .from ~out 1 up to about lOO ae:o.t.ipoise. such ranges h 
tend to ~ford a"G optiJnal bala:Z).ce be1:Wee1l .ef£ic~ent. I. 

· particle~ f.ragmentat:ion and media erosion.. I ! 
I. 

Tbe griudi~g media··£o.r the parti.Cl~ sue I: 
reductic:>~ st~p can be selected from rigid media pr~fa:cab1jf; 

. . i 

spherical or particulate in form having az:f average si..ze \ : 
less than .about · 3 mm and, more pre.tera.hl.y, 1ess · than. al)ot)~ . 

1 -.. ~ch media desi.rahly can p:rovid• ~he pa:Ucias ot j l 
the iDVeP,.t.icn with shorter ~sin.g 1:.iAl:eS and. impart l ~ 
less ·wear to the millinq equipment. 'l'he se1ect1.0Jt of ii 

I• 

ltUlter~a.1_ £or tbe gxi:n~g JDe<lia is not believed to be l, 

cr.itic:al:. We bave found that zirconi.um oxide, such as 95~ 
Z%0 stabi1ized with magnesia.,_ zirconium si1i.cate, and 
g1ass grinding media pro\l'ida part~c1es having le~e1s of 

j I 

I 1 
! ; 
i. 

i 1 I, 
': I; 
I! 
i: 
f. 

.. - . 
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contaminat~on vbich are l>e1~0ved to be aceeptable for 
prapeu;~t~on o:t ~ceatioal QOalPOSition.s. ~.r; 
oth•r -mebia, soeh as stainless .i;tee"l., t1t.ania, alUi.b&, ' : 

t .. - .. i : 

i; 

and 95' ~ro sta.bUi~ed with yt~ium, .an e;gpect:ad to be l i 
USl!Ulr 'ireferm modi.a U\'t a dtuH:.y gl!utar f:h.an @ou:ti 

l : 3 g/etA •· ! 
. I • 

; 'l'he at~rition time- ee.ll vary' wid.el.y azad depends i 
erima~S.J.y apon t.he part:i.ev.14'2: 1118C::hanical means and 
p~ocess~g ccnd:i.t;iot'l.& $eleetGd. li'or ball m.ill.s,, 

processin9 t:imes Of up to five days o:i: ~o~ger inay J>Q 

:ceqttiredi. OU i:he et:hex band~ ·proc:essiru;· t:imes of leee 
ot;han l d.it.y (res~d~:nce t.imes o~ one mJ.nute up to severai 
hobrs) have in;ovi~ed the desized resul~s ~s±u9 a biqh 
shea.r me~ia mtu •• • 

! 
! I 

· ·I· 7he. particl-es must: be :teduc::ed .iii size at:· a 
' I 

tempera~~rQ v.bi.eb"does nO't $igni£~cantly de~a4e th~ drug'. 
substanQ~. :P.r:ccesdng- ~~atu:ree: of less t:ha.u ·about 301 ! 
.- 40oC '*e ordinar.ily preferzed. If desired, the ; 1 
process~q equipment cab be coolea W~th cOz:..,.At~ODal 1! 

• • I• 
cool:i.n9 ~qu:i.pment;. ThE: method is convetrl.Emt1y oa.r:rj.ed. · ·ou~ 
tt~de~ CopditiO~$ of amb~ent temper•tUee elld at prccessiu9f ~ 
pressn:relil wb:i.eb are sa:fe and. effective ;fo~ tbe Dlilling \ \ 

; ; 
process.! ·For example, ~el1t p:roceseinq presauxee au , 
typic::ai ~f ball ml,11s 1 attritor mi.~ e.nd vib:cato:cy millsL: 

. . I: 

ProcessUig P.J:li!S&tttea up to ·about 20 pSi. (1.4 kg/am.2) are i ! 
' 'I 

typ1~aJ.. Ff media ·milling. ; ; 
T-he su~fae4!t D10difiu, i:f it was 11ot present:: in : i 

the premix, muse be added t.o the dis{>erSiOn afi:e~ 
' . I 

att~;;.t;:lcm in an aount as delilc:ribed for the prc=iix alx>ve .. f 
30 · ~hez&afte:, tbe dispersioli can be mixed, e.g., l>Y shaking-~ 

v.i.gorous~y. Opti.onauy. 1:b$ dispers~on can be · 9ubject.e<l I 
to a i!LOl\~cat.ion a~ep, e.q., usin9 u ult:asoui~ povex 
suppl.y. i For ~;:ui..mple, tb.e dispexaion cian be subjeQted t:o 

! ' 
I' 

! i 
! i . ' 

i 
I' 
} ! 
(: 
o I 

' t . . . . ' 

: I 

sabs~41.n~e surl:ace moai%~er comDinat~cn can .oe op~l.ml.zea •~ 
! i 

t; 
I' 
i 
; 
I. 

I 
.I 
I 
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11 ; 
I! 

lS 
l: 
ii 

ac:cord.an.ee wit~ the tEM.c:hings @eve~ 'B:f stebl.e i. t i.s ! ~ 
meant :~hat the dis~:rsion exhibits no f1oceulation ox ; : 

. Ii 

particle agqlomere.tion vj.s.ible to the naked e.y:~-- at l(;a$1; 

15 miau.~s, and pl:'eferably ~ at least two days er -lon9~) 
after p;;eparation. ! t 

. 'I 

The res.u1ting d1!iperSion of. th:is. invent.ion .i.j:l; 
• I' 

s~al>1e and co~ist:.G Q:f tlle l.i.qui.d disper&i.on met;li.um. anf ! . 
tb.e abcve-de!~r.ibed particl.es. The d.i.s~rsi.on 0£ surte.ce. 

modifi.ed drug ."nuopaI.:ticl.es can. be spray eo;ated onto s*~u; 
. I, ; 

sphe%es or OJ)to a phazma.ceutical exci.pi.ent ·:in a. :fluid-Jt)ed · 

spray CQ4\te:: }",)y teehnitr.ie~ well .knew in the a.rt.. I : 
Pha:rma.ceutical compositio~s accord.inq to.~hi~ 

invent:ion .inel"QdPp tbe part:tcles described. above and. a i l 
! I 

phaxmaceutically acceptabl.e ca.niez tbuefor. Suitab1•! 
! i 

pharmaceutically accept.able carriers are well known tol! 
tb.OSe skilled in the art. These include non-toxic ! i 
pbyaio.lcgi~e.lly acceptable car:t'iers, adjuvants or vehi.~~~s; 
fo:c paxenteral injection, for oral administratj.o-n j,n. s~~U.d 

I' 

or liquid fom., for rect.a1 administration, ~nd . tha lik·~ . . 
I. 

A method of t,:eating a uuma:nal in accordance "'f.i th. t.his i ! 
. . • i 

invention comprises the step of !1.dmi:Ust.e%inq to the 11 

m.amma.l in need of treatJnent an effeeti ve al'lOunt of tha ! l . 

above-described pba.Xllla~eu.-ti.cal composition.. 1.lhe seleci~d ! 

do.sage level. of tbe drug· subs.tari.ce for treatment is Ii . I . 

effective to ~btai~ a de$ired therapenti.c •e&ponse ~or!~ .. 
paxti.cul.&J; p_ompos i t:ion and method of admini•-t:~at:ion.. t~e ; 

selec~ad dosage leve·J. therefore,. ~epends upon the· ! i · ' 
pa~tieulaz:. drlig s11.bSta~ce, the de~i.red therapeuti.c: ef£fft!; 

on the rout.e ()f administration, on the. desu~ dtu=ati.cfll ~"f 

<t.J:eatment and other factors • As n.oted, J.:t. is a i ; . 
part:i~la~ly ad~anta~eous ~ea.tu~e that ~he pha~ceuti~r~ . 
co.m.pos~tions of this i~~ntion exhibit unexpeet&dly hi~. , 

bicava.ilability as· i1lustrated in tha examples which !l . 
£ollow. !'ntthe·:cmo.re, it i$ contemplated -that the druc;! '. 

'I t: 
! 

11 
I: 
I! 
I• 
} ; 
i: 

! ~ .. 
I. 
I 
! 

! 
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Partic1es of this invent1CQ provide-ai:aore rapid on$et oi: 
. I. 

d"g action in ora.1 applications atid de~e4 gastric ; : 

.S.rritaricy. 
lt is contemt>~ated that 'the pba.z::maceutical 

5 oom.pos·i tio11s of this in-rent.ion w.ill be particululy -ns~~ui ~ 
in oxal an~ parenteral, including int~avenons, ! . 

f' 

administ:r:a.tion appl.ication.s. X't is · ~~ that pooxJty 
-water sol.uRl.e drus -substances, which· prior to ·this , , 

I. : 

invQntion, eoulei not. have been administered intravenou~O.y', ; 
. I' ' 

10 may be adininis<t:ered safe1y in accordance Wi't;b 'l:~i.s I: ' · 

).nvention. .Add.itiona.ll.y, dxug- substuce• whieh coul.d Ii~: 
' I' 

have been administered. o:all.r due to.poor_~ioava~labil~iy 
m;ay be effect.i.vel.y admini.ste%ed in acecrclance wi.th t:.hi.a. 

! 

inventi.on. ; . 
I: 

15 While applicants do not wish to w ))ound by ! 
i 

theoi:etical :mechanisms, it is believed that the surface• 
. I 

lllOd.ifi.er hin~ers the ~locaulation and/or agglomerationio~ 
the particlee by_fun~tion.1.ng as.. :aiecha~eal o~ steric!' 

. ! 

barrier between the particles, miuim.izing- the clo&e, , 

2 o interpa:;tic:J.e ·approach ·n..eeessuy for aqgl.omerati.on and : . 
floeculation. Altet'native1y,, if the sun:aee mod1f;te: ~as . ' . 
ion~c 9roups, stabil~zation by a1ect%ost•tic :epulsio~!mayl 

• < I 

result. I~ wa:s su:z:prisin9 that stabl.e drug parti.oles ~f ; 
! 

sllch a small effective averaqe particle size aD.d free ~~ . 

2:5 unacceptable contamination could be prepared by the ·me~~ 

of this ~nvention. 
i 
I' 
I: 

'. 

~i1iflf 1irlii 
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i; 
I' 

i ! 
I' i; 

~he fo1lo~g examples ~urthe~ i11ustrate th.I 
l l. . . - i : 

Example 1 - WE Modi fist! J)anazol ,,pan..iCleS....J;lrepa:Jit~ 
I: 

t' Mll m:ill 

A ns.nopar~iculate diapeXs~o\1 of t>anazol. was i l 
prepared u$in9 a 'OYNO-Mu.L (Mod.el. UL, man~faetured l>y ! ! 
Wi.lly A.. Eacboffen AG Ma:schinenf ab.rik). I ! 

The following iu9redients vei:-e ad.deci to a 91.#Sl 
vessel and agi.uted on a rol.ier ~or 24 h.ou~s to dS.ssoli~ . 

the po;3.yvinylpyrroli.d.one su:r:face modifier.. \ ~ 
I 

POlyvinylpyrrolidotle tt.-15 (JUade t>y GM) - 99 g I ~ 
~gb purity vate% - 6G4 ~ I! 

Subsequently, 327 qr.ams of d~ .. PoW'Clered :c>anaJ91 
uas added to the above . solt1t.ion and rolled. fox- ol'le -wee~ .j 
This step ai~ed in evenly dispers~nf1 the Danuol .in th~! .= 

surf~ee modifi~~ so1u~i¢n, thereby reduci~g ~he treatmeiJt. 
time r~ired in the media mill. I ! · 

The Dan~aol was pu~chased in a Jnicron1~ed fo~ 
! l .. 

(avera.9'e particle size of about 10 mie:rons) from Starl~nq, 
I! Winthrop Inc. The particlas had been p~epared by~ !; 

conventionl airjet milling- techniqtte. I l . 
. . This pxqix w~$ added·t.o a. holding ...-es.sei an4l 

agita~~d with a. conveutional p~opel1e~ m:.Lxe~ at lo~ s~·d· 
.to maintain a hoaogeneous mix..ture for the media m.i11~n~ ! 
event.. The ~dia mill was pnpared accordingly fox thd ! 
=ectu iai11inq prooeffs.. i'he m.11 n.r'Al<ling chamber 'Wi;l,$ I I . . .,. I! 
~t~al1y £i1led Vi.th silica q1asa s~he%e!J and tbe p~~: 
was co:t1tiftuously r-ecirculated throuvh the med.i~ alill · l 1 

I' 

opeI:a.t.ing a.t the following conditions~ ! l 

I 
I 

i 
! 
t 

i 
I 
I 
I 

I 
I 
I 
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Gr1nding vesstll.; W"atel: j_a.cketed stal.111.ess st.eel 

chat.>er 
Prtindx flow ra.~e: _250 ml per m.:i.nute 

555 "111.l. -
t. 

Media V'ol.'Qlae: 4 i 2 mi ot ~1.a•~ b-Qa.ds • 
i ' 

MecS.ia t.ype: si.ze range 0% o .s. -. ,o .• 75 mm silica 93.fiss i 
~ads~ u.nlead.ed (distr1J:>u't.ed by Glen MJ.11s, In<:.] 
aeci:rcu1ati.on time: 240 min 

Residence .t.iJne: 60 min 
Impel.ler.speed: 3000 xrM, tan9ential speed 1952 

£tJ=.in 

Grindinq vessel coolant: water 
Cool.ant temperature: so'OJ!'. ( 1ooc) 

After recirculating the slurry £ox 240 mi.nut~$,.' 
. I 

a e«mp~e of t..he dispersion was removed aud eval.ua:bed fcr1: 

partic1~ size-distribution µsinq a sed::Lmantat~on tie1d: 
• I 

f 1ow fractionator (:ma.de by DuPont) • The part.icles wer~ 
• . I 

d&t•~ed to have a nlUDbez average di~~t~r o~ 7?.S mtj. 
and a iwei9ht averag-e diametex of 139.6 nm. The pa:cticie 
siz.e of the di$persion ranged in size from 3 - 320 nm~ j: '_ 

! 

E'@~...-2. .. ?n JDRdifieti. ~ partiel~~~areo. aJA 
i 

bal 1 mi lLa..t_'L.ow sol ids. 

25 A na:nopart:iculate d:i.&pe•si.on ()f nan.azol Wl!;ls .. 

prep~ied :nsing a ball IU.ll process. A 600 ml c;yl;i.Ddri~al'. 
i. 

glass :ve$Sel (ins~de dia:aeter = 3.0 ~nches (7.6 cm)} ~~ 
I; 

£illed.appro~J.mate1y halfway ~th the fo1iov1n9 grind~~9 

media:. 

~ . 

i. 
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.G~indi~g media: airconium oxide 
(made by zircoa, ~nc.) 

i. 
I. 
I: : ; 

i. 
I 

m''?X~~~-is~.~~1:~As.-t~~~l';. 
~i R.r!=pL· {!.""·r::o I i; b IJ_,. Ji.'\.10:.... •• 1, 

gt1n=a=-1-n-~-~es··t=F=~ 1 : 
! : . 

i ~ 
I: 

Media sige! o.ss - i.ia ~ d~am.$teh 
Kedia volttme: 300 Ill. 

I' ! . 
j' 
I• 
I' 

!l'he foll~ing ch:y ingred~ents were added direetl.yito 
I, 

.thi&. g1ass ve9sei: i 
l' Danuol (microni~ed)i 10.S g l! 

:rolyviny_lpyrrol.idone x-lSi 3 .. 24 g I: 
Hi9'h puxity. watez:• 201 ... 9' 9': I;· 

l>ana30l was pu.rebasad i~ the rtd.c::roni~ed fot:=f ! 
{averaqe ~uti<:+e size 10 mic.rona) ~rom. ste~l.S.ng Wititht~P 
Inc. e.nd the polyvinylp;rrzolidone Tola\$ X-15 grade p):odu~hd . 

I ' ~ 

by' .GAF. . I~ ~ 

.. The ~~indrical ve$ael was rota~ed horizonta~1r: 
a'bout i.ts axi.s .. at 57% of t;he ilcritic:al speed". The ! ~ · 

crttical speed is define<l as the .;;otati.onal speed of ti* 
c.tJ:il:idin.g- vessel when e~ttifu.g~q o~ t.he grindi.n9 med.if l 
OCC.UJ:'S.. At this speed the ~ent~ilugal fo:ce acting on j ~~a 
qr.ihdin9 spheres presses and holds ~he.m firmly a.gains.tit.ii~ 

I 

inner wall of tbe vessel. condi.tl.ons T.ha.t lead to l: : 
un•auted centrifuging can be ccmpu~ed from silllple ~hysfp~~ 
p.i:.1.ruuples. ! : : 

Aft.er s days of ba.11 mill1ng, the s.lu.rry wa~ ! : 
I: 

$e~arated f:o. the grinding media through a sc~een aud[ ' 
evalua~ed f~~ pa~icie siae with ~he se~~tatiofi fie~ 
flow fra.ctionator. ·~he ~Wnbe~ avera9e·Pa.rtieie diametl=Jr: 
fJWU.$1l~ed waa 8.4. 9. nm and ttMa weic;i>.t average particle I i ' 
diamete= was 1"69.1 nm.. ~b.e parti.e1es varJ.ed in si.ze f~m.l 

. I' .. 
26. ~o 340 z=. The a.mouitt · ~nd type of surface modifier! ~s 

sufiic1ent. to provide.·c01loidal stabi1ity <to aqgl.o:merafi~n 
an~ to aaiuta~n.a bomoguueoqs ~1end ot ~nqxed1ents l · 

. ' 
a.ssuri.ng prec:.\se material. delivery du.rug sub:aiequent l: 
proces$ing steps. I ~ 

i. 
t 

1 ~ 
' . . ' 
j. 
I' 
i ~ 

i . 
! : 
I, 
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. - 2.0 ... 

2ioavaila.bility of ·l>anaZOl frt;'$ ~he 
nano~1e\\late dispex:aion d.eacribetl aboVe was comp~red ~<;> 

• I. 

·s tha-t froa a suspension of umailled Da.nuol. in fast«i ·tnale · 
• I 

10 

beagle dogs. 'l'he uNllilled lll&terial w~ pz:epuect as a i ~ 

su~sion in the san'le manner as tbe di:epersion. with th~· 

exception cf tbe ·bali tilling p::ocess. ·Both fo:mu.l.ation~ 
we:e adJD:inistered to each of five dogs by o:ra.l gavage an~ 
pl~.sma ~btain~ vi.a a· cann1;1la :lb. the cepha1ic: vein. 
P1as•'Danac:ol l•v•ls were monitored~ 24 hov.rs. 
%&lQ~iV.e b1()S.vailab~lity of Dana201 fz:om th• 

I 

i. 
I 

nanoparti.ettlate dispusion was 15. 9 :fold hiqher than f:~ . 

the oanazol snapensioA containin;·Danazol particle$ ha~ing '. 
15 an avera9e particle size of a!X>ut 10 micxons prepared ~*: 

conve11~iotial. a.irjet milling. Compa.rj.son o'f oz:al plas&na!: · ·' 
. ' 

1e'G"els· witll .dose correct:ed plasma .levels :foll.OWiD.g · ·i 

intxa~nous a~i.StretioA o~ I>anazol g~ve a mean abso1ute i 
J • ! 

bioa.vailability (± SSK) of s2.:a ± io.1t for the ; : i 
~O ·nanoparti,culate disl,)6%'sion and S .. l ± 1.9\ fo;c the unmi.Ued; 

i 
1.11Ate.rial.. 

~).e.....3. - Pn? >nodjfied ~ZQ.1...,partii;lea,.__p~;in La 
baJ_l m.111 at hig:ts sQ.lj.$J,A 

. . . 
25 A A&nopart1cle cU.spe%siGn of Dana~ol was 

• • I 

pr~red u.siJlg l l'tllll diame~er glass 9;rin.din9 media < • $ 5 ' - · ; 
• • • . t 

l .. 18 mm from PQtters Zndv.stries)~ A cylindrical glassj. ·. i 
ves.s.~1 havil:N} a diameter of 2. 7 5 inches ( 1 • O a.) with ~· 

vo1ume o:t :400 ml was·cb.Uged with ii~ mi"of unleaded. 9la$$ .. . ' 
30 qrindi.:lg media. '?he- folloWing ingredients wera added ,to·· 

thts·-veaa&l: 
. 3 O • 4 g of microni2ed t>anuol 

: ~.12 g of ~olyvinylpyrrolidone .~-15 
112.48 g of high ~uzity water 

I. 

· . 
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! I : 
Tb.is vessel WilS ~otated horiz<>D.t.ally on i;1t·s a::<is I 

~ . ! ' . 
at-. ~ cont.i:olled. rc1:atio=a1 speed of ao.4 ~evoJ.uti.on!!J: per: : : 

m.1.n'Gte ( 501 of cr1ti-aal speed) for S da~s.. The -s.J.-ur~ w~~ ; 
it=ed.iate1y sepai:ated ~rem the qi:i.Dding media ail.d - .. 

evaluated for ~:r:t.:1c1-e s:i.~e .au4 g.r:i.ndinq media attri.~i.on.1: 
usii\9' induct.i."l'el.y eoupl.ed pl.a.sma. W.ss;J.ons (.tCP).. ~he 

partic+e sise mea$Ux-ed w.it.h a. sedil'lleu1;ation f 1.eld. flow 
; i 

£racti.ona~or y1.elded an~ average Cltamate:r of 1:12. i ~= 
; : 

and a wetsht average diameter of 179.l mn.. The e7:.tent <>i'f 

media attrition vas measu:red to establish the p't!X~~y of:: 
the ~inal di~persion using an inductively oou~1ed pias.m~­
atomi.e emissi.on spectroscopy .etli.od. ne level of s:ll.i~c:)n1 

in the f~nal dispersion was less tha~ 10 parts 0£ 

e1ein.ental s~l~~ pe% million part~ of the slurry. 

2.umPJ..~-. :PYP 1 1\'!Qt1i:f:!.ed })anaZA,l ~as. 

i; 
i. 

: i 
: j 

A·n~no~rticle di:!lpersi.ou 0£ Dana.zol was. 

p~epare~ ·for cl~nica1 $'Valuation using a bal1 mi.ll~n9 
c.U.spe~i.oil iuethod. nis dispersio1>. was prepared by ; '. 

1123.llinq with glass · 9x-inclii19 Ded:la. The· grinding media f : 
I. 

I 

i 

i 
I' 

used was~ t: 

Media typet o,. as - l.18 mm unleaded q~.a.ss spheres! : 

Medi.a. quant:it:.y: 6100 ml 

The :iiedia was added to a 3 qallon po;rcelain jat­
foll.owing ing-~iettts -were then add.ed -co the jar: 

1000 g Dau~~ol (micn::oniaed) 

300. g l\Olyvinyl.pv;rolidoti& x-15 

i 

I; ' 

!!'he 
: ! 
~ ! 

I 

'. I, 

; : 
37.00 ig hi~h pu.rity watei; i: 

The -vessel was ro1led !> days at a. ;cl)t.ati.ona1 speed! 6* ' 
i . . 

30 39 .s re~lntiona par minut.e (SOt c:ritiaal $peed). The ; : : . 

J.;1qo.i.d a·lw:.y wa.s sCi:lParated fJ:Om tba 9r.indin9 med.i.a. vi:t.~i ~ 

scxeen &.Qd. used -to p.repa.:i:e solid oral doses fo.t: clinj.eaf 
. I, 

S:t.iad:J.es. ·The d.i$p&rsion was a$ses•ed for ~.icle ~.:i.ge! ~ 

t.ts.ing the sedimentat:1o>1 f iel.d £low fractionator .and ~as! i 
! 

I. 

J 
I 

i 
I' 

i11liiii1i1rf 
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measuxed. to . ~ve a num))ex a.vera9e di.a:aeter Of 134.. 9 mu and. : 
! 

a weigh~ aV$Xage cli.amet.er of 22:2 .. 2 . ri:a. ·. The level of 
I' 

i:ont.amicat.iou from the gzind.1.ng media was JDeasured. (by ! 

I.Ci') 't9 ))e 36 ~rts of· silicon pei JDi..llion pa.its· ox· i · 
i; 

ciiepers·io-a. x.ess ~an 5 ppm o~ alum.iJ)wn. was detected. : ·x-. 
. . . . i 

ray pcN(ler diifra.ctio:>. data o! ·t.ha si:art.i11q powder wae '. 

compared W.i.tll the dispel:'sed X)a.n4:Z01 4JJ.d. showed ~ C.z=jr~t.al. 
.. 

stru~ture ·moxpbology Cf tbe solid dJ.sperMd pa1;ticl.ea "".~s 

un~hanged ·'by the disper~ion pxc>eess. i' 
! 
t . 

.EnmPl.e 5 - .pyP Jl!¥lifie'l ~ZQl part-icl as t . . ' 
A nanopartieulate di.spersioD. of t>e.nazol· was , 

prepaJ:ed using a laboratory mec:lie DU.11 and gl.~s gx:-indiilg 

media. The ltledia mill was equipped with a so m1 qrind~ng 

chuber and the .Ul was a. •xi.Di" Moto~l1 manufactu.red. 
! ! 

by .E'iCJ&%' Machinery xnc. ! . 
'the media m:i.11 was operateci.a.t tbe following p~~ss 

conditions: . · 
' 

Bead. charget 42 .s in.l gl.a.sa sphexes . t · 
• • I 

ttotor $peed: 5000 1Wl'! (2617 ·feet per ainu~e (79~· 

m/l'Un) tangenti.a.l speed) ! . 
Grinding media: 0.7s - 1 .. 0 mm '1nl¢aded. glass be~4s· ; 

(d.i:s.tributed by Clens Mills) · 

~he clispexs1on foxmula w~s prepa.J:Qd by 

di$$Qlv1.n9 27 g of polyviDylpyr:olido~e in 1S3 q of wate~· 

and a:.9itated ill a steel ·"Vessel. with « ~o _mm "C:owiee .. ~yPe. 

~lada uut~l th~ soiutio~ 9a:.s clear and ~ee 0£ uaaissqi~~ 

PV.P polymer. The ·%otat~onal speed of tile :mixer wa.S 
main.tai.ned. at 5000 DK. 90 q c£ mi.cronized tJanazo1 was ' : 

• 
I I _: 

sl~ly add~ to· tbi$· l:>lencl with the same mixing fox- 30; 
. i ~ 

m:i,.n.. 20.0 ce 0£ t.h~ pr~ was a.dd.ed ·-t.o ot.~e ho1din9 t,;;aik · 

of tbe mi.11 and recixeulate<l f()r 5 hours and 51 ndnut~s. · 

The f:i.na.1 :resi.dence tilne in the 9:cindi.n~ zone was 40 1 • 

mi.nutes. 

I. 
; 
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' 
The f:Lna1 average:paxtic1e e~ze was measured and 

. I 

deteXD!i.ned to have a. number average diamet:ex of 79.·9 nmi 

af!d a "ei.~ht: average <!i~r o'f lU.2 nm. Th~-P~i.cl.•s · 
. i 

var19d. in si.ze ~rom 30 - 415 :cm... If~ 1ev~l.. of·~at.ic:r:l:tio~ 
5 frcnn erosion of the qrind.ing media and 9r~na~ng veesel ~ 
~e measu:ed (l>y ~CP) tc 1>e 170 ppm <?f iron an.d 71 ppm; 
sl1icon. ,,.he ccysta.l structure was detentin~d. by x-.ray; 
dt~t~act~on ~o be unchanged ~ the d~spexsion process. 

10 E.DmplaJ - ~.1.th:t.n ~1j!ift.d s;:~~clas. . 
A n~opa.rtieu1ate dispersiOD of Ste.roi.d.A va~ 

prepaJ:ed ~ ball m.1.1i1.:ng· wii!h a.trconi1lfll oxi..de 9ri.u.cU .. ng : 
~ds. ~?le dispersion 1111as pxapared. in th& absence of a 

' 
s~xtac:e U\Odifie~ and~ po•t addition of T.,ecithin and a 1 

. . 

lS son~cation s~ep were rec;i:u~ed to s~abi1i3e the dispersed 

20· 

25 

30 

pb4t.se of Sterc~d A and.prevent a~9l01:12era~ion and rapidi 
sedil'alen.tation. 

Steroid A was in the torm ot unm.il1ed eoars~ 
grains he.v.ing a. panicle si.¥e of about 100 J..ISll a.ud. ra.n;:iru~ : 
.:i.n si.ze up to alxntt 400 µm .. 

The tol.lowinc; p:r:oc:ess c:onClit.ions ware used.: , 
! 

~e<tia: llS ml j 
Vessel voluma: ~40· 101 i 

Media type~ .o.es - l.~s mm zirbeads (marauf~ctur~ :by 
Zircoa xuc •. ) 
l_(illing- ti.met 4 da.!'$ 
Mi.lli.ng SpQed.: SC)" UH, (50% CZi.tiea1 speed) . 

After foux .days of bal1·milliJ1.9' the sl~xxy ias 
separated f~omthe q:1ndi.nq me-di.a thl:ou9h a.screen. Qn~ 

(Jr.am of this unstabi1b:ed $lurey vas added to 10 9 Of: a.~ 

_____ _,___.· . 
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aq,ueous solution of Lecithin (1i cec.troJ.ex "~"' by weigh~ 
i.1f .hi.9b. pm:i~y ··waur, Leci."thin lDanuf~ctii~ l:1Y Central 

1

1 

soya Company, Xnc.) aad Jllixed I>,- vi90rous shak;p.~_r . 

fclloWd. l>y a scnication etep ~or 2.0 seoonCls us.1.n.g an 
ultra$oaio bo~n (Kode'- 3SO Bre.Qson 'Oltrasonie .. POWer , .. 

Supply., Bcl:ll Diameter a O.S J.nob. (1.27 cm), Power settipg! 
. . . l ; 

~ 2) ~ The s·lurry Ya& s.ized. u.nde: a m,iex:oaeope. Azl· · · 

Ol~s BB-2 optiea1 ~crosc:Ope equipped with phase 
1 

contrast 1111lltJ.i~a~ion was used ~o observe the sue ·~d '. 

conc.U.t~on oi: t.he di.spe' n.tcn. I 
. I 

~ dxop 0£ ~he above d.iluta.s1urxy was . .placed.; 
between a :m.icro5Gq?e. s1ide and glass oover $lip an4 : 

. . . l 
ob~d microscopi.cally at bigb saagni£i..catiQn ( l, 00-0 ; 

time$) and c:o=pared t0 the sl.ur:cy $im:l.1arly d.il'1ted wi~h 
water only (no surface moct.i.fier) • 'lb.e tuuaodi%ied · 

.disper~ion exhibited ex~ns~ve parti.ele a9glom:era~ion.: 

The particle si.ze of tile uru:locli£i.ed dispersion was zoort: . ; . 
than 10 microne aud. the umnodi:fied daper$ion exhil:>ite~ r;o· 

I . 

Brow.rU.an Mo;ion. Browniu mot:ic11 · is thfi osci.llatory o~ . 
. I 

j1q9.lin.g r.ot.ion exhibited l>]' pf.1;ti.cle$ lli a l.iqu:ld that : 

:fall :1.n the ~d.ze range Of less· than about. 1 micron. l'~e i 
Lec~thin .modified particle$ exhibite<:t x:api.d Brownian . ; . 

. ~ion.· The thus obserured dispers:i.on had the 
I 

ohaiacteJ:istics and appeannce consistent witb a t.nunbel~ 

ava%age paxti~le size of less 'than 400 nm. !'11...'""'thanao:Je, ! 
. . I . 

i~ ~s·egpected that ~dditional milling would lea4 to 

futt~er particle size reduction. 

. ltxmapl.e 1 - Alkyl axyl ~~r s.uJfQnat.e: modified 

Exampl.e G •• xepeated exc~pt that the Zeci.tl1in.· 
I . 

waw replaced With 'triton x-200 (ican,ufactured by JtobrA and 
. ' I • 

Haa.s).. Similar results wel!e observ-ed. 

i 
I 
i 

I 
I 
i 
i 
i 
I 
i 
1 
i 
I 
! 
' i 

I 
I 
I 

I 
i 
l 
I 
I 
' 

~ 
I 

I 
i 
i 
! 

I 
j 
I 

I 
I 
! 

I 
I 

I 
I 
I 
! 
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ExaD'fPJ.e a_ - Gum. ara.w ~i.f..:f..Aa s..~is3 a. --r 
• I . . I 

. E~1e 6 was repeated eze•pt i:hat the Leeit~.1.n· 
was replacact. with gw:a ae.cia (available fJ:'Ol:ll .sas~an xo~~~ 
eo.) Similar :resu~ts were QJ)s~~. j: 
~ t - SQdJmn lanal aulfa+;st ~ified &~OtmJ.d A I 

Bx~le 6 was .repe&ted uc:ept. -that. 'the Lecit~i.n 
. l I 

w•s repla.c$~ w:i.:th sO<Uum law:y1 $ulfate ( ava.il.-able. as ! 
I 

DUp<):nol ME :from t>uPont.,. l:nd. >.. Similar 3:esults were ';/ 
Ob$eXved. 

EJcample..J..O_- ~id A m<)ditjed 1dth a 
SJ:)..di nm S.11.l.fASU~C~ niC ad.~ 

i i. 
d.iOCt.YlU~ p:f. ~ · . ~ I 

t 
l. 

Exe.mpia 6 we.s repeated exc;ei>t that. the Lec:i t~i~ 
was :replaced. with Aeroeol o~ (available from Attter.icau I. . ! . 
Cyanamid Chem.icai·PrOduots. xne.). $imi.lar :esuits we~e 

1 · observed. 
l 1. 

"&Xa~l - s~~ifiAd ·Jt.U.h a. b.lQ.Ck t:¢poJyme~ ·o~ 
~n.e cxi de and.4;1r.onlene orldft 1 · 

l: £xampl.e 6 -was :r:e.peatet\ ezeept that. the r,&e.:l'ft.hin 
was replaced With PJ.uroiiic !'68 (availab1e from BASF l · 

I 
I corp .. ).. similar res11lt.s were obsexved. : 
l. 
j. 

EK~ l >_ .. ~tt A mQ.d.1fi.~h a. ~ c"~J :a»e:;. o.f 
et.by1e,u~i.de and pre,p~~ su:-'de I. 

. I . A.nanopartic;u1ate di.sper$•on of Stexo~d A w~s 
prepared. .by bal.l mi.111.ng with zircon.tum oxi.de. gr.inclinf 
madia fo: S · days. 70 co of .grinding media we:re added I to a 
115 c~ Ve.$$el £ollowad. ?>y: / · 

2.s g Steroid .A 1 · 
o.1s g of Pluroni.c F,9 I 

! 46.15 9 hiqh purity ,.,~ter i 
I 
l 
I 

r: 
i 
I. 
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T)'le reiblting mixture was ~a11 l'Di.iied ~or·, ~ays 

a~ 50% of the cxitical ~ota~ional speed. ~he ~~nal 

dispe:r$1.on wa.s separa1:.ed f::r;om th~ .. gr.1.udiag ~;i.~ all;(i , 
•• i 

mieroscopie•lly evalueted ~or paz:tigle s~ze as i--n E;x.aznp1e 

6. The dispers.ion·e~ibited rapW >x-owntan MOt.icn and;nf? 

particles were laqer t.han 1 moron. Most particlas ~ze 
less tba.n 400 1'm· 

Ex.amp.la 13 - Lec:it.bin mQdifiM si:,eroia A ~s 
. ' 

Sxample 12 was repea-ted exeept ·-t:hat the Plu:ronic ;F6$ · 
• I • 

~as replaced witb cen~lex P. No par.t.ic1es 1a%ge~ t~an: 1 

mio~on WGJ:e observed. .microscopi.ca.J.1y and ~st. we1"e l~~' 

tha.~ 400. im. 

a bl~· 
l 
' I 

' 
A nanopaxticula~ disper$~on of Steroid A w~s 

I 

prepared by a ball milli.ng p~ocess. The fo1l.Owing 

ing~ediel'.lts were added.'tO a <:7lindrical 0.9S l vessel+ 
Tbe Wissel wa$ ·filled approzillia.tel.y hal.fway w.ith the ; 

• . i 

£ol~O\fi~g 9~ind.il1g media: I 
~inding J:Udia: o.es ... 1.1e mm d.J.ameter zi.%c:'t;>ni.-pm 

oxi.de sphe.res (:made by Sircoa) 
~he :followi.ng ~i&penion ing::cedieuts were addee1 

directly to tbe g-lass vesseb 

lS 4J Stex;o.td A 
4.5 9 P1-uronic 1'68 (purchased from SASF Cc:cp.) 

. . . 

336 .. 6 g big~ i>ux~t.Y· water 
I 

Steroid Awa& purcbased ~rom Sterl~ng w~nt~op 

Inc. in the fQ:;m of Wlln.S.lled tabular ccyeta.l.s hav~ng an 

a.~.t'~ge. particl.e $i.ze of e.ppzo~imately 100 pm. 

cu.is 
4.45 

The vessei Ya$ ~~a~ed eoncentr~cally on iis 
. ' 

at SO% cri.ti.cal speed "fol: s d.ays. After thi.s t.~e: 

9 of Plurouic F68 was auded. to the siurry and rql1ed 

111111nr 
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; 

f.07: .S·mo:r':i' days at: >ehe same c:onditions. 'l'he slurxy wa~ 
tben..ai.scharqed. and. se.paxated. f~ the s::indill.9 medi.a. ~nd . . 
evaluated for pa.r~~cle s~ze us~ng.th~ sediJne»~~~~o~-~~ela 

• I 

flow f:aetionator. ~e number a"Yel:'age pa.xticl.e -si.:e ! 
s measured 'Illas 204. o :am a»~ the weight a.-Yera.ge partj.c1e ;s1'.Ce 

was 310.6 nm. The putie1e sif;e dist.t"ibuoti.on ranged irom 
I I. 

appt'OXi.Ulately 68 - 520 tun. -:ha cU.SPfersiOD Wa$ examined. : 

w~th an optd.ea.1 t4:lc.r09<:ope. It eXh.tbited axcel1ent 

~iele integxity, 'free o:f flcecule.tion and 
I 

10 agg1ome:ration. '!'he dispersi.on parti.eles exhibj.ted rapid 
Brownian IllOt~on. 

lS B~oava:i.l.al:>ili ty o:f S-tex:oid A from the ! 

nanopartieulate dispersion described above was eom,par~ to 
that £roic. a. suspension of ut.uAS.11ed steroid A (havi.ng al'l 

l 
ave,;a9e particle !5.ize Qf about. lOO ,_,.) i.n ma.le ?>eagle i . 

d09s. !!!he unmil.led :iaaterial was pr~a.red a.s a su.spen~icn 
20 in. the same manner as the dispersion, with the ex~ptio~ 

of th~ ball m.i11ing process.. Soth foI:mU.latit>ns wex:~ 
administQred to each of £~ve dogs by oral 9ava9e and 

p1asma. obtained via a cannula in the cepbal~e vein. 
P1asma St.e:roid. A levels were mc>nitored over 24 hours,. Tbe 

~s ~elat~ve bioavai~ility of stero~d A frOm.the 

nanopartic~late d1.spersi.OQ was 7 .. l :fold hiqher than f~om 

~he WllDilled Stero;d A suspension. Compa%1$0n o~ orai' 
plasma levels w~th dos~·co~rected plasma 1evel.s fo110.Jri.nq 

intrav~nOu$ administration of Stero~d A gave a mean ! 
30 absolute bioa.vailability (± SEK) ox 14.8 :!:: 3 .. 5% for t~e · 

l 
nanopartj.cula~e dispexsion and 2.1 ± 1.0% for the ~Dmfl1ed 
·ll'lai:eria1. 
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! . 
A .d.ispers.i.OA.O~ ke%Pi.d A '8'a,S prepa~ed·usi.D~ ~ ' 

ball :aill.i.ng process w.i<th zirconi. oxirle gri~~in_g ~a.Ci~ .. ; . . 
The dispe4sion was prepared in the absence of a su..rfacei · 

. I 
Jn0d1:fie: a.nd • post-9onication step was used t.o minimia~-

f loeculati.on and reag-g%eqation.. 
1 

j 
.A. fine particle dispersion was pr$pared l:>y 1'111· 

millinc; <che foll.owit1g ~gredie.u~s: i 

9S 9 high ~r~ty ~ater 
The foll.o'f~af procesa conditions were used: 

Grinding media: 135 :ral­

VeS$el volume: 24.0 1f1l. 

Grj.ndit&g media: 0.8$ - 1 .. 18 .mm Zi.rbeads XR 

Milling tiJae; 4 days 
Mj.J.ling speech 86 UM (SO~ criti.ca.1 speed)- 1 

i. 
I 

I .. 
I 

· After fou.r ~ys .0£ baJ.1 ml.Ung, the siui:ey i.ras . . 1 · 
separ~ted from the qrind.1119 me<U.a. through a sc:xeen. Ol'jle . 

. . l 

CJ~aDl of the unatabli.:ced sl-u,;:cy was blended with .10 qr. 
I 

of high purity Wlli\ter and. mixed by 'V'igarou& shaking, l 
l 

folloved by a sonicati~n step fox 20 seconds u$ing a~ i 

ultrasonic born (Model 350 Branson uitrasonie ~r I 
Supply, Bon di.a.meter - 0. 5 inch,, Power sett.inq ee 2) • j ~he· 

1 

slurry was ~i.zed und~r a micx-oscopec... At'l optical [ , 

mi.oroscope eqc~pped vith phase cont~a.st il1mnina~ion ~s­
used ~o obse~ the <:Oa~t~on of the d~ipers~on- · l · 

A -drop of ~e dil.ute alm:J:Y was placed bet~G: a 
i. 

mic:roscope_sl.id.e and a ·glass ·covex slip and ol:>sexveCl ,t. . 
high .agnitic:ati.on ( 4 OOX).. -.rbe dispersion e.xhibite<i j 
s.avere. P•:;ticle' a.ggregatj,,on. The aggregate si:?:e was . : 

I .. 
q~ater thtm 10 microns and._ exhibited. _no Brownian p~.ic::1~ 

moveJOent. 

~ 
; 
) 

i i. 
i. 
i 
i 
1 
i 

iiiii1iff 
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B~amples l~-4t 

T~le l is a swm.aaJ:Y of additional exa:mples bf . . . : 

the iu...-ent1on. ·aach of t.he e34mp:tas in '.ta.bl• l . ~&$\11 ted 
~n pa:tt~clas havicq an effective averag-e par1:±eie size: of 

s less ·than tOO·nm. 
41'~1 

J>Xl;ag su:rj!ace . Particle 
~MOP le Cl.ams Sllt>Jtt;ax'I~ liQd~f:ie:c s.:i z~ . 
15. an~i-in~l~tory St naproxen S& VVP 2so;mn 

I 

10 l,. aut~-~uf lammatory 5% nap~oxen 31i. F'S 267;mn 

17. &J'lti•infl~to~· St indometha.ein lt !'iSS 22a:nm 
i 

18. ant~~in~la.ll!tQato:ry si il\dometha.el.n 1\ F'lA 33l;mn 
19 .. anti-inflammatory 51 iudcxaetlia.ci.n lll PV'J? 210.nm 

: 
20. ant~-inf la.nat.ol;'Y St indomethaci.n l% !'108 235:mu 

15 21. anti-inflamiia.toxy 3-% WIN 63, 3.94 0 .S-% F6$ 26~ All1. 

22 .. anti-in~lGJ:nmato.xy •a WDf G3,3~4 3' FoS zss· nm 
23- an~i-i21f1ammatory 3% ~IN 63 r ~94 l0\.F6S .2311 nm 

I 

24. ant.i.tleoplastie 1% .etoposide 1' Cz:odesta. "':'30'1 nm 

F-l.10 
20 zs. antilleoplastic ll etoposide 1% crodesta ...;.3()1.) tl.i"n. 

SL~40 
I 

26. Gtineopla&tiQ 1\ e1:oposide 1% F69 -300 run 
27. anti neoplastic 1% et.O.PQSide lt.FlOa ':"'300 nm 

I 

28 •. antin~last~c 1t etOpOS.ide 1 t. 9WD e.~ae.ia ' -.30c;j :nm 
25 29. ·anti~eopiast~~ lt etopoi; ide l' PVA ' .;.,..300 nm 

30.. autineoplasuc lt c:ampt.othacin 0 • 6t~ ace.c:i.8 
I 

2918 :run 
31. anti~eoplasi:i.c 1% ce.mptothaein l.1t !'VA 236 nm 

' 
32. anti neoplastic:: lt c~othecin 1% "1'908 256 nm 
33. ut.ineopl_a$tic 5% p.iposulfai:n i. 2si ei.-odet;.ta ;30'l n:n. 

' 30 ·F-110 i . 
34. antj.neoplastie 5& pipoeul.fam 1. 2S% S'~ e.ca~ia -30p nm. 

I 3S. ant.i,neopl.a~tic: 51. p1posulfam 5t. PVA 320 n.m 
36- xadiopha.rmaeeuti.eal 2.st ltl:N 59,075 3\ 1!VP 3~9 nm. 

' 

1iiiiiilf 
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37. diagnostic ilu.9i.n.g 101l wnr $883 

a9en.t 
38." diagnostic :!magi.ng 

ac;eni: 
39 .. dia.gncst~c ima9ing 

~geut 

4:1>. di.agnosi:.i.c: imaging 20%: WD 8883 

agen'I: 

41 .. d.iagnost.ie imaging 

a,g-ent 

42. diagnostic ima.9in9 10t WIN 8893 

ag~nt 

43.. diagno&tic: imaging .. 40t WIU seas 
agent. 

44. cli.agnoetio ;Unaging lOt WIN 9883 

aqent 
45. diagnostiQ imag~ng 

a99n.t 

46. dia.gnOt'tie ima9.ing 20% WIN 12.,901 

~gent 

47. diagnos~ic i.magi~g 10t WIN 1,,318 

a.gent: 

48. al:lti-~~lamAU.atox:y li ibUprof en 
49. anti-inf lammatox:y 3% ibupro£en 

i 

I 
! . 

I 
3.3~ '1'908 

Part:~:el& 

su~ 

166;nm 
i 

iso·nm 

i · iS9; nm. 
! . 

(iSotouJ.e pho$~h.ate 
buffered sa1ide, 

l 
pB• 7 .4) I 

I 3 .. 3. T90S 

(0 .. lM pho$pha~e 
l 

l>uffei: p:il•7.S~ 

1* $A.110HCO i 
l 

1\ ~ll 20 . l 

lt SA90BCO I . 
! 

l 
I. 
i. 
I. 

i 
2t 'I'W'eetJ. 20 ! 

i' 
I 
! 

i 
' i 
l 

l (ph~sphate 
I 

l:ra~fer, pS=6.~) 
I 

2% fJ:'weer:i e. o l 
i 

! 
2, F68 I 
2t F,8 I 
(in O.lM E!Cl) I 

I· 
i. 
i 
! ; 
! 
I 

1G7~nm. 

194· nm 

~ 

193. nm 

; 

239· nm 

289', DlD. 

-25~ mn. 

-375 nm. 



RC\! BY: DREW & ~AP !ER 
I ~.6-> ...... _. A,.,.l'-'U ~V· ...,'-I 

• <> 

10 

15 

31 

Thes.~ examplas demonstrate that the wet grind:tng p.roce~s ox 
this invention i$ broa41y applic:.able to a wide varietr '.of~ 

• I . 

classes of poor1y-soluble dr<&g substances inciud.ing i 

steroids, ·anti-i~la:.maatory e.geJ:1.te:, atlt:i.D.eop.la.~t;;c ..._ge~ts'., 
.rad~oPha:cma.ceutical agents and di.a9nost1c: ima9in9 agents 
havin9 ra~ically different ohemtca1 st~et~res. ' 
Addit:ionally,. these examples demotAstr~te that the .inventJ.on 

I I • 

oan be practiced .in eon.junction with a variety 0£ sux-.fQ.ee: 

i 
conc:e·n1:ra ti.012.s.. i 

i'w:th':cmore, lal>o:rato:ry·wo.i:J;: has demons~rat~ 
that .particles pz:epared accordin~ to this inventioD ha't& 

. I 

· exhibi:ted a va.riety of u~expect:ed p~ope.rties * particul~.rly 
w.ith respect to .1fJ~&ased bioavail~i1~ty. 'l"o'& e~.ampl~, : 

as ~escribed above, pha:cmace~tical COPlp<,;Jsit~ons coDtairling 
I 

Steroid·A ana Dana~ol according to ~h~s invention have! 
Ullexpec:tealy eXhibited ·7 and 1~ :fol.d j,ncJ;eases in I 

l>ioavailabi1ity compared. ~o cli.Sper$ions prepared by 

conventional i;echntques. Aqueous dispersions of W:tN 

2<> '63, 394 prepared ae<:ordi~g to this 1nvention ra$ulted iri .aJJ. 

increasa 1n bioavai1«b1l.ity·of 37-fold When c~~ed to al 
. . i 

c~nva~tionai di$persion of WIN 63t394. The dispe~sions . 
were· administered at a dose of SDJ WIN 63#39-4 per kil~.rain 

. I • 

m; body wei9~i: to thr~ doqs_ i.D th4! fa$ted state as a ~wo· 

25 way a:r01Js~ $tady. sax.ie.l. J)~ood samples were withdc~Wil 
and. ane.ly~ed by BPLC £or WD1 63,394 c;:oneentrat.i.01ui • 'l'!ie : 

. . I . 

relat1ve. bioavailabilitt~s .we:::e calculated from. 't.he ar~a 
under the curve £or concentx-at.ion wn:sus tille p1.ots.. Such 

' 
increased bioavailabil.ity ~-particularly advantac;reoas: 

. . . l 

30· inasmuch as d~g sube~ances in the fonn cf the particl~s 
Of tha iD~tilnt invent.S.Otl can 4CIUE!'Ve the S~ therapeu,~iC· 

• • I 

e£feet as s~bstan1:J.al1y gre4ter do$ages of drQg substa4oe$ 
preg;>a.red by' pr.ior art techni.qQefl. 
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lO 

x~ add~ti~n, phaxmaceut~ca1 coinpos~t1ons 

co:nta.i:nJ.ng- partic1es of· tbi.s. invention have eJrhi.b~t:ed 
.improved dose p~oport.ional.ity and decreased fed~fa$ted 
V'artal>il.ity. J'Urther,. pu-tiel.es of tbe :iDvent.t~s:r 
compxis~ng :a.a.proxen or indo.tQethacin, when a.dminis~eraci 
oraily, have mau1ot.ed in lDOre rapid o~set of cict~on 
compared to eonve»t.ional uaproxen e.nd•·indo&etba.c:i.n 

... •• t .. 

i 
I 

l 
i. 
! 
! . 
'. 
1 

! 

i . 

'. ! . 
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· 1. ·Particles consist:iug ees.entie.lly ct: a . 
crystalli.~e csrug. $UJ:)&t.~nce hav.ing i:\. sur.face ~~t';;.e.r 

' 

; 

adsorl:>ed on the su~faee tbereof in~an ~unt suf:f:i.cien~ to 
ma.in~ain an eff'ect:i.ve aVEU;age paJ:ticle size of lass th~ 
about 400 nm. 

• 
2. The pa.rticlea of cl.aim l having an effoective; 

average paxtic1e s.ize of less thau 250 nJl\. 

3. ~he P•rt:icles ot cla:im.l having an effective: 
averaga pazt.ic1e si~e cf 1ess than 100 nm. 

; 

4. The particles of c1a.ilrl 1 wherein sa1d drug 
i 

$UbStance is. seleet9Cl fi:om a.n•lgesics, Gti-i.ni:J.a:mm.atoey 
I 

agen-te ", antJ:ielm.inti~s, Ui:J.-srrh.yt:htai.c a9en.1:9 , · 

a~tib:i0ti<::$,, anticoagulan~s, antidepressant:&, a.nt.idi.~b~tio 
agent$, antiepilept.ics, anioihistazoines, antihypertensiv.e 
agen~s, antimuscar~nic ag&nts, antiJnyoobaeter~ai agen~~, 
antineoplast.ic ag-ent:s, immunosupp~ssa.nt.s, antithyroid ! 
age~ts,· antiviral a9ents, an:~olytio sedatives, \ 
ast:J:ingents, k>eta-adretiocepto% blocking agents, blood 
pi-oduots and sUJ>sti~utes, cardiao suppressant$ agent$, 
con~J;"&St media, corticosteroids, cough suppressants, j 

I 
diaqnosttc agents,·diagliost~c i.1!>.a9in9 a~ents, diuretic$, 

. I 
dopami~e%'9ics, . haemostat.ic;:s, iJmmu~ol09ical agents, li.pj.'d . 

• ' I 

reg'lil.atin9 agents, muscle rel~nt~, paz:as~t.ho~t~sr 
parathyroid calciton1n and biphoaphonates, p~os.taglan~s, 
ra<U.o-phamace1.1ticals, aex b~nes, steroids, · anti-
a.l.le.r9~c a.gen-ts, sti.Jnt;i,l.an-t& and anoretios, 
~a.thomi rae=tics, i:br.ro:id aqen~e, vasod.ila:t.ors and 
xanthihes. 

s. 'l'ht!!I particles of claim l wh.erei.n said dxu.s-· i 
. I 

$Ubstan.ce is selected fxioiu an antiviral ag-ent1 an anti.-; 

rad~opiut.z=maceutiQal aient, and a diagnostic i.Jnagin9 
agent. 

--

! 
' 

iili~f 
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· 6 • 'l'be particles of claim. 1 whe~ein said d~9. 

siibstahce 1$ $e1ected f ::OGI the group consatil.lg of 
J:>a~a=ol, ~~;17~-1'-<me~nylsulfoDJi..>·l·K-p::eg~-20-yAo~ . i 
[3,2-:¢J•py:ra~ol-l7-ol, pi.po.Quam, p1.poslllfa.n, 
camptotb,eci.n ,: ·and ethyl .. 3 ~ S-cliaeetamido-2 ,4 ~ 6-

triiodobenz.oate. , 
7 - The particles of c1aa 1 w!lerei.n said surfac. · 

. . I . 
modifier i.s selected trotQ the group consisti.ug o:f gela:t;in-, 

• I 

casein,. is.cithin, 91lZl1 acacia, choJ.esterol, traqacanth,. i 
. I 

s<t:ea_r;ic ac:id, Qe~a.lkc:ni'tll'Zl chlo:r:i.de, Qalcium. s-t.eara.t.e, i. 
i 

g'lycexyl mouos-teara~e~ cetcsteaxyl alcohol, eei:~~og~l 
emu.lsi~ying waz, so%bitan esters, polyoxyetbyl.ene alley~ 
ethers, polyoxyethylene casto.r oi1 derivatives, 

,. I 

PQlyo~ethylene ao%bitan fatty ac~~ esters, polyetby1en~ 
. I 

glyc:ol5, polyoxyethylerie stearates., colloidol $ili.eol1. ' 
! 

dio~i.de, phO$phates, $odium dodecyl.~ulfa.te,. i 
. . . I 

carboxymethylcellul~e c;alci.um., car1X>xymethylcellul.ose i ' . . I 
s0dim:111, methyl.cellulose, hydroxyethyl.cel.lulose, ! 
hy4:o:cypropylce1lu1ose, hydX"CXYPropy~hylceli~lose : 

. i 

phthalate, noncrystalline ee1lulose, :inagnesium almni.n~ 
silicate, triethanolamine, polyvinyl alcohol, 
polyv~nylpyrrol~done, an ethyiene ox.i.de-propylene oxid~ 

•. I 

:bl.Ock. copcl.:y.t:llQr, an &.J.kyl. aeyJ. pol.yetheJ: sulfona-t:.e, and: a 
I 

diO<::tylester 0£ sOdiom. sulfosucciu~c acid. · 
I 

8. The parti.cl.es of cl.aim l. wh~rei.n S•id s'U:l:fac;:e · 
. ! 

mOd:i.f.ier ~s pzesent in an ~uo.t 0£ C>.l to 90% by W'e!.i9ht · 
. I 

based·on the to~al imaight of the d.r.y particle. i 
9. Part~cles aocordin9 to c1aim 1 eonsistin9 i 

essen~~a11Y 0£ c::ystalline na.na.~oi having polyviny1 l 
I 

pyrrolj.dona a.ds9rbed en the surface thereof in an amount. 
i 

s~tficient to maintaiu an effective averaqe particle s~~e 
of less ~han 100 nm. 

I 

I 

'. 
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. 10... l?a::t.i<:les accordin9 to claia.: l co»si.st.iu9 ! : . . ' 

essentially of c:ystalliJle 5a,l7a,-1 -(m.ethylsul~onyl>t· 
. i 

l"a-pre9n-20-:y~e-t3,2-0J-pyra201-1~-ol hav.i.n9 -an ethy1ene 
! 

ox.id& propyl.ena-031;:lde l>lock copolymer adsorbed -on- th& i 
. I 

~nu;~e.ce thereof in an amount suff ic.ient to maintaia an j , 
aff.ect:ive avera9e paJ;tiele siae of le~s than a.bout 400 i nm .. · 

11. A stable. dispersi.ou cons:lstbg essenti:aUy o~ a . 
. i 

liq~id di.spe.rsion Jl\editmt. U4 thQ pa.t:tiele& of. any one Qf · 
. : 

claillts i-10. 1 
! 

12. The ~epe:z;ai.on 0£ claim. 11 whez:ei.n said 

disper$;i.Qn raedimn is wate:-. 
13. The dispers.ion o:f elaiJa 11 wherei.D said I . 

~iepex:s.ion medi.um. :is selected from ~:h.6 group oonsist;.i.n~; of 

safflower oil, ethanol,. t-bu-t;:anol, hexane. and glycol. ! 
14. A phumaceutieal composit:ion eomprisinq t~e ! 

I 

particles of any one of ola.j,ms l-10 and a phex:ma.ce1ltic:~'ll.y: 
I 

~cceptab1e carrier therefor. ! 
. i 

15.. A llletbod 0£ -.:i:ea-t;ing a. Jrlammal c:omprising ~hei; 

step of a~in~stering to the mammai an effective a.moun;t o~ 
tbe pha.nua~ut:.ica1 eomposit.ion oi: claim 14- j 

16. . A method of pre!'W'lJ:.iQ9 the part.ic:1e$ of cl.aim l. · 
IF- I· 

comprising the steps of dispersing a drtt.g substance·i~ a 

11quid d.S.spersion medium and wet grindinq sai-d d;r;t,tg : 

S\):bSt&AC:e in the presence cf rigid g:x:inding'media hav:ilng 
• t. 

au ~verage partic1e s~~e of less than 3 mm· and a aurfajrie 
• I 

l&\Cd:i.f ier to reduce the pau::'ii::ic::l.e $;iae 0£ said dru.9 I . 
I. 

substance'to a.n effe<:t.ive avera9e particle sise of: le~s 

than a~at 400 llll\~ 

17. A m&thod of preparin9 the ~iel.es of 

I . 
i . 

c1ailil l 
. I . 

comp~ising.the *t~p& o~ dispe::s~g a drug •Ul>•tance.1~·a 

liquid di.spersion medium., wet ;ri.Ddi.nq saiCl .~b::ug s'\ll)s.t!ance 
• • . I 
.l.ll ~he p:i:esence oi r.:1...gi.d grinding media ha;vi.ng An aveJ.tage · 

· part..iele size of less than 3 mm., and thereaf.tar c·onta~t~ng 
~ai~ druq sub$tance with a surface modif~ez- by mixinqjsa~d 

111111~r 



$ 

10 

15 

I IHIHI llllll llllt lllll ll lllt 
* C L M S * 

.--:::;::;;:.-:-..:;:;:.::;::;;::;;:::-_,__..:::;--=-;:J-··-,·· 

\\ --1 l'S S!-\Ffl HAS Bc:~N "\\ ,[\ l 1~' ' ~ -· I .: ' 

- 36 - \tl . HEPU\CED : _} 
~~-_..;----·-:;- --~~~r--:::..._ . 

j 

sur:face modifier with saia dj.sper$~On medi.wn to .fo~ i · 
~cles hav~n9 an e~~ec'ti•e average pa~t~cie s~Z$ o~ 

. I 
less than about 400 nm. ~ . _ i 

ie. T.h• method of c:laU. 18 ~urt~e.r i.ncliidag.th~ 
~tep of subjecti.ng the dispersion m&d.iuza containing s~id 
drug sW,,.Sta.nce and sai.d surfac:e modifier to ultrasonici · 

I 
~~. ' ! 

.19'. 'rb.e method of claim 17 oi: l8 wherein said \ · 

9r.i11din9 inedia. have a density greater t.ban 3 g/CJ!J.3.. :. 
1 2:0 The method ·of cla.im 17 or 18 vherein s~.id · · • 1 • 

g'l:indi.ng It\Qdia have an average pa.rt~e~e s1ze of less t~.n 
' 
i 
I 
I 
i 
I 

I· 
I 
I 
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