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SURFACE MODI FI ED.DRUG NANOPARTI CLES “fhi's” iiventidn rel é‘S“t"d“‘d‘f“ug
partuc;l;@, met hods f or the preparation thereof and.gli

5o
vz

cont aixfl ng the particles. This invention further feyaé. S fp “”*:*
partitles in pharmaceutical conpositions and net jpd 1105,:’%‘"@ $ ﬁgfr m‘ral s
Bi oavai l abil'ity i s the degree .t'o wHi e a-drug be A o1k ihe

target tissue after 10 admnistration. Many factors can affect

bi oavai | ability |n;cl h &#‘sspropertles,,eg ,

di ssolution.rate of t F&gﬁogggf&g J%aiéigggﬁ%/ 1's a significant -proble
encount ered in the devel opment of pharnaceutical conpositions, particularly
t hose ‘contai ni ng 15Thés isvemsiamgelddtenttae atng papsdcigssol ubI e in:water.

Poor | y waixgseridksuigbe QE@%eﬁaﬂtwﬁWMbﬂﬁ &é@ék@i&héy less it han “about
10 ng/. 91 é%%ﬁ&:gnsetﬂle a;;,[ (i This ipvention fuxther relates
. %0 the use of such part:.cle.s in pha.maceutical
 compositions and methods of treating mamals. '
' Bicavailability is the degree to which a drugy
baccmes available to the target tissue aftex
10 administration. Many factors cam affect bicavailability
' including the dosage form and various prbpertz.es, €.5.,
dissolutzon rate of the drig. Poox bzoavaxlab:.lﬁ.ty iz a
significant problem encountered in the develo?mnt of
pharmaceutzcaz. compositions, particularly those contain:.ng
“15 an active ingredient that is pooxly soluble in water. f
?oorly water soluble drugs, i.e., those having a !
aoluba.h.ty less than about 10 mg/ml, tend to e el:uninateh
from thé gastrointestinal tract.befozre being absoibed a.n'cb
the circulation. Moreover, poorly water soluble drugs
20 - tend to.be unsafe for intravenous administration
techniques, which are uged primarily in conjunctzcn with :
fully soluble dxug substances. ."
It is known that the rate of dissolution of a :
pa:cticu,late drug can increase with increasing surface :
25 agea, i.e., decreasing particle size. Conseguently,
methodd of making finely divided drugs have been studied
and efrm:ts have been made ¢0 coatrol the size and gize ;
ra.nge of drug particles in pharmaceutical cemposz.tions. &
- For esample, dry milling techniques have been used €£o ;
30 reduce . particle size and hence influence drug absorptionl-
Rowever, in conventional dxy milliag, as discussed by f
Lachman ex_al, The Theoxry. snd Practice of Ipdustrial ,
Bhargagy, Chapter 2, "Milling*, p. 45, (1986), the lm.id
of flneneSS is reached in the region of 100 microns
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from the gastr0|ntest|nal tract before belng absorbed into t
‘Nbr eover, poorly. water soluble drugs 20 tend to
admi Lstratlon t echni ques,
full¥ solubl e drug substances. It is known -t hat
a particulate drug can increase wtH nCreasing

decreasing particile size.

ACgR 3 doa

thhe rdt&’y

Cbnsequently nmet hods of making finely
drugs hav e and eff s have be to, c ol th
si ze rangg1§$ g‘f(ﬁgﬂ’% 'T"f ﬁgﬁﬁ %éﬁ %ﬁ Bﬂ‘g *Feor
dry milliHg e%%%rf"ﬁ?séé‘iﬂéi% is henasigdadi dbe siz
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| concerns! i agsociated with contamination.
: milling &echniQues have provided particlea rang;ng in

. polymers, e.qg., during emalsion po;yme:iz;ticn.
15

O of a ‘water-soluble high lecula:c substance using a wet

nge eetlo%%x 5&5& %4801 BhAE e B pldobidilRbALA!

b6 macrons (10 000" nm) owever, there tends to ba a bias
in the phaxmaueutical art against wet milling due 1 2
CQmmercxal airjet

average pazticle size from as low as about 1 t0 50 m %
(1,000 —i 50,000 nmj However, such dry milling techn;queé
can causé unacceptable levels of dust.

. ' Other technigues for preparing pharmiceutical
compositions include loading drugs into lxposomes or
However,
such technigues have problams and limitations. For
example,; a lipid soluble drug is often reguizec?. in
preparing suitable liposcmes. Further, unacceptably 1argq
amcunts of the liposcme or polymer are eften reguired to |
prepare unit drug doses. Further still, techniques fox
pxeparing such pharmaceutical compositions tend to be
complex.| A principal technical difficulty encéuntered
with emqlslon polymaerigation is the removal of
cantam;nants, such as unreacted monomer or 1n1t1ato:,
which c&n be toxic, at the end of the manufacturing
process.: :

3

s e sty e b i ¢ e 8 St

g U. S. Patent. 4,540 602 (Motoyama em.al)
disclosés a solid drug pulvarized in an aqueous solution

grznd;ng-machzne. Motovama et.ﬂl teach that as a result
Of such jwet grinding, the drug is formed into fxnely !
divided lparticles ranging from 0.5 pn (500 nm) or less to
5 um (5,000 nm) in Giametexy. Howewver, there is no
suggestion that particles having an average particle size
of. less ithan about 400 nm can be obrained. Atbtempts to
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of fineness is regched in the regi on of 100 ni crons S (100 0
when material cakés on the mlling chanber. Lachman .et al note tih

fl occdil ation restricts the | ower particle size:

grinding is benef|C| al in further reducing partB’cf*ve*s*r* &Wﬁ%ﬁ
m crons {10,000 nny. However, there tengds-to beja_bi SEAACERe

S E5ERD P b)ﬁtﬁ&’t

e

pharmaceutical art; against vvet mlling due to CONCErns associ at et
cont ani nati on, Cormerm al airjet nilling techniques have provide

ranging in
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i EPO 275,796 describes the production of E
celloida.ny dispersible systems comprising a substance iﬂ

the fom of spher:.cal particles smalldér than 500 am. -

Rmver;, 't:he method involves a precipitation efzected oy l
mixing spluticn of the substance and a miseible non- !
solvent for the substance and resules in the formation of

non-crystallzne nanoparticles. Purthermore, . pxec:.p:.tat:.cln

teahniques for preparing pa:t:.cles tend to provide
particles contaminated with solvents. Sach solvents are
often toxic and can be very difficuli, if not: impossihle
to adeqraately remove 0 phaxmaceuntically accepta,b].e lave
to be n:cactical.

' i V. 8. Patent 4,107,288 describes particles in
the size range from 10 to 1,000 nm containingia
biologlcally or phammacodynamically active matexial. .
ﬂowevex[, the particles copprise a crosslinked ! matxix of
mac:om{leenles having the active material supported on o;
n.n(:crpoz:ated into the matrix.

| . It would e desirable to provide stable
dispexsible d:ug particles in the submicron size range ;
which can be readny prepared and which do not app::ec:.abiy
floccubate or agglomerate due to interpa.xticle attzactive
fomes aad do not xequzre the presence of a crosslinked

S

v o h v mnnan ..D:-l.. ——

H
i

matriz.| Moreover, it would be highly desirable to proviqe :

pharmaoeutical compositions havnxg enhanced ;

_ b:cavaa.llab:.lity. . ' R

30

| wet mil*l;mg in the presence of grinding media in
conjundtion with a surface modifier. The particles can be

We have discovered stable, dispersﬁ.ble drug L.

nanopaﬁticles and a method for prepaxing such particles by |
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Cther technigies f&F prépariig ph“"'rr?’ﬁ SaviveAr coffposi ti on *rrctuttd | oadi ng
drugs into |iposongs or polymers, e.g., during emulsion polynerization.
However, 15 such techni ques have probl ens and Ilmtatlons .__For_exanple, a

lipid? soluble drug,ls often required in preparing [ L gsqnes
Furt her, unaccept abl y |l arge anounts of. t;ne.llpog ﬁ% "g FH%% %a*?“ often

requi red to prepare unit drug doses. Further stff};#- -t-_ alai qt_J,es__Lol 20
preparing such pharfmaceutical conpositions tend to be corrpl ex. A principal

techni cal digolcnglih ¥dwwmwﬁiihﬁm&&w§1@ﬂmﬁﬂ£ﬂﬁmg s the .
renoval of g&?,h 39 ?i?’ﬁl!ﬁ%"‘@i d nononer or |n|t|ator \M‘ll ch can
at

be toxic, uring 25 r ocess, S, Patent

3

4,540, 602 ( Mot oyama e%“°§‘P)5Eﬁ"s‘tﬁ16§3§Ya &|3F F‘G@cﬁuﬁﬁl'&’&ﬁ n an aqueous
sol ution invention, there are provided paxticles comsisting

B essentially of a crystalline drug substance ha.v:.ng a
suxface!mbdifier adsorbed on the surface thereécf im an
amount sufzici.ent o maintain an effecdtive average
particla gize of less than about 400 mm. ‘

This invention alse provides a stable dispersiqn
16 consisting essentially of a liquid dispexrsion medium and !
the a.bove—descnbed particles dispersed therein. !

! In anothex embodiment of the invention, thexe is
providétd a method of preparing the above-desciibed '
pazt;ules comprising the steps of dispersing a drug !

15 subatance in & liguid dQispersion mediun and applymg i
mechanxcal means in the preseace of grinding media to
reduce lthe particle size of the drug substance to &n
effective average particle size of less than about 400 mb
The pa:ticles can be reduced in size in the presence of a

20 suxface modifier. Alternmatively, the particles can be '

| coptacted with a surface modifier after attrition.
' l in a particularly valuable and important : -y

embod:.ment of the invention, there is provided a ;
phameeut:.cal composition comprising the abdve-describea

25 paxtn.clles and a pharmaceutically acceptable carrier '|
thexefor. Such phamceut:.cal camposition :.s useful in ;a
method of treating mammals. !

; It is an advantageous feature that a wide ‘

varieti' of surface modified drug nanoparticles free ©f i

30 unacceptable contamination ¢an be prepared in ac:t:e::::*d.-su:uc,naj
with tius invention. ;

! . T is another advantageous feature of this '

ihvenhj;ion that there is provided a simple axnd convanxent?

method for preparing drug manoparticles by wet milling in
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wett &

Y =sdt ubi € hi grr“mﬂ"ec'mar 'SUBstTance usi ng a wet grindi di ng machi ne.
Mot.oyar a, at al teach that as a result 30 of sgghw ~tthe drug is
formed'into finely divided particles ranging fl’%@@xﬂﬁénﬂ&ﬁ%ﬁ ¥ @ nm .or
less g0 5 [err]m (i5,000 nm in dianeter. Novvev? ., thgreLassiho ;uggestlon
t hat partlcl es havi ng an average partlclse si zelef-tess=FHan about: 400 nm
can be obtai ned. Atterrpts to - 3- r epr oduce the vvet; grindi ng
process descri bed 'by Mot oyama et.al resulted in particles having an-

aver age ‘par &bfh@ndt Zn e @' 88tfied bglidiLel Willcn™80:87 B0l 90 g jgri bes the
production ¢F éna&‘é’éﬂ:toaﬁal llgv SPS, uslte sy&ct'ecnésnvce%rzgrolnihn a su ‘%stance in
midling! techniques. ' :
i Ancther particularly advantageons feature of
5 +this inirent:.on iz that pharmacentical compositions are
provide? exhidbiting unaxpectedly high ?:ipavai;ability.

' | st3ll anmother advantageous featuxe of this
:.nventxen is that pharmaceutical com@osxtions containing
poorly wbater soluble drug substances are provided which |

- 10 are suigable for intrivenous administration techpiques. |
! . This invention is based partly om the da.scO\rery{
that drug particles having an extremely small effective '
averagea | part:.cle gize can be prepared by wet milling in
_ the presence of grinding media in conjunction with a
13 surface modifier, and that such particles are stable and: P
' do pot - appreciahly flocculiate ox agglcmerate dne o l
:.nterpmicle attractive forces and can be fomulated .mttL
phamacéuts.cal compositions exhibiting unexpectedly high !
b:.oava:.iabila.ty. While the javention is descxibed herein;
20 primarily in. ecomnection with its preferrved utility, i.e.,!.
with reépect to nauncparticulate drug substances for use il‘h'
phazmaqe_'utiaal compositions, it ig also believed to be
useful in other applicatioms such as the formulation of
paz:ucuiate cosmetic compositions and the preparat:.\.on of
25 partxcuigate dispersions for u.ae in- image "and magnet:.c
recordx.ng elements. ty
; The particles of this invention comp::ise .a drug‘
substance. The drug substance exists as a discrete,
('-:cystall:ane phase. The crystalline phase differs from a |
30 non-crystalhne or amorphous phase which resulis from _
prec:.pit:ata.on technigues, such as described in EPO 275, 796
cited ahove
: The ipvention can be practised with a wide
variecy iof drug substances. The dzug substancé preferably
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the form of “Spheii cal partlc'l"es §“”I‘1"‘ T HER” 500 "nhm  HoweVer;tHe~met hod
i.-nvol'ves a preci pitation effected by m xing a sol uti on of the subsit ance and
a miscible non- solvent for the substance and re§ULT é 1 Ch 16 ion of
10 non-crystalline nanoparticles. rurihgrpore, Iatr. pi i ﬁ)“eé ;r} gues
for preparing particles tend to provide particle rnntamf’fﬁfed WA L1
sol vents. Such sol vents are often toxic and can be very difficult,l if not

e 0l 2 N G %ﬁt‘?’tﬁg‘s%ﬂ;‘%%@%@t vel 2 19

range f rom f%g?‘é 1’B€Od 6‘&??5??"}??\ Sﬂ"l §°fn f)‘ﬁa‘?’?ﬁcodyr amical |y

active nat e Per%ekﬂ athdepskt Poe eﬁ-MﬁaMam»cr%sTM&ﬂy matjiri x of 20

macr ool eculsedubawr nge t e nREnity @hEBSkd adruguafmg{-,aﬂcenh@é gncorporat ed into

the MtriX. golubslity in the liguid dispersion medimm, e.g. water, Of

' less than about 10 mg/ml, and pxefe.rably of less than
about 1 mg/ml at processing te:nperature, e.g., room
tamperaugte. A preferred lignid dispersion medium is
water. .Howevex, the invention can be practised with other

10  1ligmid media in which a drug substance is poorly soluyble
and disgpersibdle including, for example, agueous salt
solutions, safflower oil and solvents such as ethanol, t+
butanol', hexane and gly.col'. The pE of the agueous
didgpersion media can be adjusted by techniques Xnown in '
15 the axt. '

Suitable drug substances can be selected from ta
vax:.ety of kaown dlasses of drugs including, For exampld,
analges;cs, anti-inflammatory agents, anthelmintics, ani:i.--
ari:hythinic agents, antibiotics (including pen:.c;llxns) '

20 anticoagulants, antidepressants, antidiabetic agents,

- antiepileptics, sntihistamines, antihypertensive a.gants ’
antimnscarinic agents, antimyccbacterial agents,
antineoplastic agents, immunosuppressants, antitbyroid
agents, amtiviral agents, anxiolytic sedatives (hypnotic&

25 and neuroleptics), émt::ingem.s, beta-adrenoceptor bloecking
agents, bleod products and gubstitutes, cardiac :.no«t:rop:ua
agents, contrast media, corticosteroids, ¢ough :
suppressants (expectorants and mucoiytics), diaguost:.c .

_ agents ‘diagnostic maging agents, diuretics,

30 dopeminergics (antipaxkinsonian ageats), haemostatics,’
immunologicel agents, 1lipid regulating agents, muscle
relaxants, pa:aaympathomma’cics, parathyroid calcitonin

and b;phosphonates, px:ostagland:ms, radio= .
phamace:utzcals, sex hormones (1_ncludxng stezroids), antfi-

e ]
——
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It mourd bé”dé§|rabfe to prOV|de stabl e dlsper5|b19 drug particlies in the
'submi-cron size range which can be readily preparé wq@psﬁggﬁﬂAgg;B@t
appreciably 25 {loccul ate or aggl omerate due toij nterpgel sk ttractive
forces and do not require the presenceg gf _a Cros¢$wﬁk9dvﬂn F%%«AHEFEOVEF
it would be hlgh y desirable to provide pharnaceutlcal conposi tijons haV|ng
enhanced bioavaikability. 30 we have di scovered stablie,

di sper si bl aiuigieangades ) domAlled aﬁa@%zf& creparing such darticles by
wet mllln%%ﬂ, lg[&n%g ence :%rln | a Conj.unction wtih a surface
nodi fi er. pan es %%h ctles, vasodliatols and |
_ xanthxhas. Preferred drug substances include those . b
intended for oral administration ahd intravenoiis - ¥
5 adminastxation. A description of these classes of drugs!
and a imst;ng of species within each ¢lass can be found' kn
Ma:t;ndale, The Extra abaznacqpoeza, fwenty-ninth Editloé. .
The Ehamaceut;ca.l Pxess, Loadon, 1989. The drug _
substaces are commercially available and/or can be &
10 preparéd by technigues known in the azt. f%
Representative illustrative species of drug !
aubStaqees.useful in the. practzce of this invention
J.ncludeh !
17wc-pregno~2,4-dign-2Q-yno~{2, 3~d}-1soxazcl-l7—ol
15 '. (n%nazol),
5¢,17a,~1 " -(methylsulfonyl)-1' H-pregn-zn-yno
[3Pz-c3- pyrazol~17-ol {8teroid Aa);
[6- methvzy—4~(1~methyletur1)-3-axo-1 2« :
benzisothiazol-z(sz)wyljmathyl 2, G-d;chlorcbenzoate
© 20 | 1,j-dioxide (WIN 63,394);

3 3-fms.no-1 2,4-benzotxiazine~1,4-dioxide (WIN 59, 0759
pxposulfang pipoaulfan~ camptotheein; acetcmmnopnen,‘
acetylsalicylic acid; amicdarone; cholestyramine; §§
co}est;pol- cromdlyn sodium; albuterol; sucralfate,-z

25 sulfasalazzne, minoxidil; tempazepam; alprazolam; ;1
'p:qpoxyphene, agragofin; erytbromycin; c¢yclosporine; |
acyclovzr- ganciclovizr; etoposide; mephalan; B
meéhotrexate‘ m;toxantxene. daunorubicin; 3
. ‘ " -doxorubicin: megeStezol tanoxifen; medroxy- 1
30 prdgesterone; ‘nystatin; terbutaline; amphotericin B”;
aspiriny; ibuprofen; naproxen; indomethacing .
didlofenac; ketoprofen; fiubiprofen; diflumisal; |
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ROy JHiBR R Sa Ro“-phar‘rf'::ice"L’r't'W‘caiT“‘'c'cTFrp05| 7ons exhibiting remarkably high
bi oavail abilitys: Mre specificall y I n accordafmt:hrrhmwent I on,
there ‘are provided particles consisting 5 esglenit rﬁ‘E;ETd‘FAEaﬁmy talline
drug substance having a surface nodifref adsor\bed OREEWRCEDr f acal t hereof in
an ‘anount suffigient to maintai'n an effedtlve=avef~age particre si ze of |ess

t han about 400 hIS entiaon.als stabl e dlspersron 10
consi sting esse%gl ‘% :r3¥ % gp€f§ g%”‘r?i?&?’ﬁﬁ‘??ﬁﬁ ©t he g ;

above- descrlbedl éfdlspersed thereln I n anot her enbodi rient: of the
i nventi on, thereauarlp-rtaysdhiheaaatyb.w.ﬂé)-mm&q ng the above-descri bed
particles conpr |§lr}g,dbggn§5 ac@'tﬁ@@r Y B @r‘,%g ;13ngsubstance.in a

a

ler?lrjlld?ngl ?‘rgglrzl ;)%_hmig_ u agl fl cxé g % Qf‘—pzl,%a,l ns I-n t-he P;resence of
trxzodobenzoylozy)acetaﬂe (WIN 16,318). ' te ‘
In prefer:ed enbodiments oi the invention, the
drug anstance is a steroid such asz Danazol or Steroid -%-
an aativizral agent, an anti-ianflammatory agent, an
10 antinegplastic agent, a radiopharmaceutical ox a %
' diagnostic imaging agent. P
i The parh:.ales of this inveation cogptain a
discres;e phase of a d:uq substance &8 described above _
having] a surface modifier adsorbed on the surface therei_ciif-.
15 Useful|surface modifiers are believed to include those
vhich physically adhere to the surface ¢f the drug
substance but do not chemically bond to the drug. -
Sunitable surface modifiers can 'pxefexably be :i
selected from kaown organic and inoxganic pharmacentical
20 exczpients. Such ex¢ipients include various polyners, 1cw
molecular vweicht oligomers, natural products and
surfactants. preferred suxface modifiers include ncmionic
and aruonic surfactante. Represeatative examples of
ezcxpients inclunde gelatin, casein, lecithin :'
3 (phospdatides), guln acacisa, chclesterol, tragacanth,
stea:c:.c acid, benzalkopium chloride, calcium stearate, ¥
glycer.y\l monostaarate, cetrostearyl alcohol, cetcmacrogol
" emnlsifying wax, sorbitan esters, polyoxyethyleme alkyl |
ethexs, ©.9., macxogol ethers such .as cetomacrogol 1000, . ;
30 polyoxthhylene castor - oil derivatives, polyoxyethylene ,', '
sorbztan fatty aecid esters, €.¢., the comtercially
availabz.e TweensT, .polyethylene glycols, polyexyethylene, :
st:eaxat'es, colloidol eilicon dioxide, phosphates, sodium :
dodecylsulfate,carboxymethylcellalose calcium, !

3
H
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reduts” the partTcl’e si'ze of the dr g sSubstance ' to an effectlve average :

particle size of .| ess than -about 400 nm. The par t qud in~
size in the presepce of a 20 surface nodifier. A BRI
particles can be gontacted with a surfacé® H‘Ddlfleﬁ’ afté?-*’aﬂt*wir}tlon lina
_particularly val uhbl e and inportant enmbodi ment of TtThe T nAvVention,: t here is
provi ded a pharna eut osition conprising the above- descnlbed 25
particles and‘ix ﬁéé’gﬁ? 'gf?iﬁ oedpBapheteiasidnlosenef or . Sqdh L

phar maceut i G m@wﬂcehlnkomefmhzbﬁmmmmas@at i Ny rram‘ral s.iit is
an advant agdspmrdeginene1abehy e okar biLNafes VG ghia.‘a@ drug
nanopar ti cl ggayfy! %f unaccent ab mnalon C. eg red in .
accor dance w ! t:h IS i nvgﬁ?ﬂ)’%“ qq‘tumi"guﬂnﬁﬁ‘g‘f P&rqe of ithis :
5 nyl alcobkol {Pva), and polyva.nylpyzrolxaone (PVPL i
rmst oL‘. these ex¢ipients are described in detail in thel
- Handbook of Pharmaceutical Bxcipie::ts, published 301::1:13
by the American Pharpaceutical Bssociation and The " '
9hama¢eutzca1 Society of Great Britain, +be
10  Pharmaceutica) Press, 1986. The surface modifiers are
commercially available end/ox can be prepared by
technigues known in the art. Two or more surface
modifiers ¢caa be used ia combination. :
Particularly preferred surface modifiexrs inci\‘xd)e ?
15 polyvinylpyzrrolidone, tylozapel, polaxomers ,such as i
Pluronic ™ F68 and ¥108, which are block copolymers o£1
ethylenre oxide.and propylene oxide available from BASF, |
and poloxamines, such as TetronicTH 908 (T08), which 151
tetra.fl;u:ctional block copolymer dexived fzom seguem:n.all
20 addition of ethylene oxide and propylere oxide to i
ethylenedlamne available fxom BASPF, dextran, J.eci.thin,l‘
Aerasol OT™, which is a dioctyl ester of sodium
snlfosuccin:.c acid, available from American Cyanamid,
: Duponolm P, which ia a sodium lsuryl sulfate, ava.a.).abz.e
25 Srom DhPont, Triton™ X%-200, which is an alkyl aryl
' polyetizer sulfonate.. available from Robm and ‘Haas, Tweed
20 and! Tween 80, which are polyoxyethylene sorbitan fatdy
acid estexs. available from ICI Specialty Chemicals, P
. Carbaw;x'm 3350 apd 934, which are polyethylene glycols % ¢
30 available from Union Caxbide, Crodesta®™ F-110, which :z.s' a
mixtuxe of sucrose stearate and sucxose digtearate,
ava:‘.lai_;le from Croda Inc., Crodesta S§L-40, which is i
avai:!.ai]:le Lrom Croda Inc., and SAS0HCO, which is clga:,-;-f%
CHy (CON(CH3)CH2(CHOH) 4CE208)2. Surface modifiers which || -

& re e e oA Se s cne

H
i
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| nverttd on “t'trat ~t her e’ 1% Privi d&y’ £ 5iTpl € and conveni ent net hod: for

preparinpg drug hanoparticles by wet mlling in 2 6 conjunctlon with a
:surf,ace nodifi'er, which -does not result in unacggptabte 4ﬂﬁeks~ﬁ£:dust as
do conventional dry nilling techniques. Another pgf tHUSBETYHATRaRKgeous
feature of 5 thiis invention is that .pharaaceuticy conﬁbQLACEDS arq?

provi ded exhi bitiing unexpectedly high bioavail abi | Tty —Stri—another

advant ageous featjure of this invention is that pharnaceutical conp05|trons

cont ai Ni NghgeerigumB ity Leohbubl fesll410 s Weekanc escfide provi ded whi ch 10 Lare
suitable Tgbry PLEPHENONS OURLY FIEARRY 880" Becsenin. || T
The surface modifier as "adsorbed on the surfaqe
of the drug substance in an amount sufficient to maintaiq';
S ean effective average paxticle size of less than abowt 400
am.  The surface medifier does not ehemxcally react with‘
the drué substance oI ‘i tself- Furthermora, the i"
individuella adsorbed molecules of the suxface modifier f
are essentially free of intermolecular crosslinkages. X
10 § As used hexein, particle size refezs to a numher
avarage[paxtacle size as measured by coaventional part;cle
size measuring techniques well known to those skilled inmi|
the axt, such as sedimentation field £low fzastionation,::
phcton éorxelatiou spectxoscopy, ox disk centrifugat;on.;:
15 By “an éffective average particle size of less than about)
400 nm"it is meant that at least %08 of the paxticles ﬂ
have a qeight average particle size of less than about 400
nm when!measnred by the above-noted techn;ques. In gju
pxafe:xéd embodiments of the invention, the effective |
‘20 avexage lparticle size ie less than about 250 om. In zomé
epbodiments of the javention, an effective average {1_
paxt;cle size of less than about 100 nm has been achieved.
With reference to the effective avexage particle size, L?:'
is prefeérred that at least 958 and, mora prefexably, at |
25 least 998 of the particles have a particle size less than
' the effective average, €.g., 400 nm. Ia particulaxly ﬁ
' prefer:ed embodiments, .eseentially all of the particles ;
have a qize less than 400 nm, In soime embodiments, ¥
- essentialxy all of the particles have a size less than 25?
30 am. % :
' % The paiticies of thig invention can be pzeparedg
if' a method comprising the steps of dispersing a drag ‘
substanée in 2 liquid dispersion medium apd applying
mechanical means in the presence of grindiag media to

i 'L
i i
/ !

-
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R BY§ Jﬁ‘érﬁ YU s based: par'ﬁ yon THe i SCovery” jhat=—deug-partrgies having
an ext remely small -effective average particle sigerras-ae’ P&t ity wet
mlling in the presence of grinding nedia in confuncti®HWiGHY a | 5~?3- surface

b et}

nodi f.ier, and that such particles are_ sfjable and & “HEt—appr €c I’iTD y :
f1.occul ate or agglonerate due to |nterpart|cle attractive force<;and can be
formul ated into pharmaceutical conpositions exhibiting unexpect eqil y hi gh

bi oavai | abipkiiy I i %@r | fo2 prl ma,rl |y | n
connecti on \ﬁ“f%:i Wé %iﬁrleégﬁgt?%g £ %Se L-.Q?ﬁt?gé%ec? g _
nanoparti cu % %?l’ffsﬁeal?@@? ﬁ‘F gfEPn &b ent P?ﬁ?tcﬁ% lil ons,: it
is also beffha/ﬁéxtbcb%s A B wﬂwéﬁrmmﬂmabl the puebensetde '§or mul at i on

of parti culsdiragesivEificONDAIkbi0ae: RS, t-'%&e%&%&.éié@%&ﬁ Be |particulate
di sper s onaoaescuas el TPLR-200. BUGG h3eaLILRE SLETENT S

(=
A generxal procedure for p:epazing the parnicle[
of thisg :t.nvention is set forth below., The drug substanca(
selected is obtained commercially and/or prepared by ‘
tecbniques koown im the art in a conventional coarse form e 38
It ie preferred, but not essenmtial, that the pazticle si:#:ie
of the coarse drug substance selected be less than about ||
100 um as determiped by sieve analysis. If the coarse
particle size of the drug substance is greater than aboud
100 um, %hen it is preferred tbat the particles of the
15 dxug substance be reduced in size to less than 100 1m
using a convem:ional milling method such as airjet or
fragmentat:.on mlla.ng.
. The coarse drug substance selected can then be
, added toia liquid mediwm in which it is essentially
20 insoluble to form a premix. %The concentration of the drug
substance in the liquid medium can vary from about 0.1 « |
60%, and |preforably is from 5 - 30% (w/w). It is
prefexred, but not essential, that the surface modifier be!
present in the premix. The concentration of the surface
25 medifier can vary £rom aboux 0.1 to about 0%, and-
preferably is 1 — 75%, more preferably 20-60%, by weight
bas;ed. on §the total combined weight of the drug substance
and surféce modifier. The apparent viscosity of the

premix suspens:.on is preferably less than. about 1000
30 cen*tipo:.ge :

A

i
l
§
i

10

. The premix can be used directly by subjecting it
to mechanical means to zeduce the average particle size i
the dispersion to less than 400 nm. It is preferred that
the premix be used directly when a ball mill is used for

e e e & s e b pam et et b s e i 4 iR
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The partlcl es of -this invention conprise a drug substance. The dr
substance exists-as a discrete, crystalline phase. The crystallin
differs froma 30 non-crystalline or amorpho gqm::vmﬁfﬁ”f‘es I
preci pitation techniques, such as described i | ERO STETYS BEER )

i nvention can be practised with a wi de ¥ari et
drug substance preferably IS an organic su SEATTCE-present 1
essentially gure form_ The drug substance nust be poorly sol uble
di sper si bl 85FRiEEoRea AL taRAMEINGIY, s dangByubpiodide andubl e* it ;

I

that the dwgisuhsmncaé\aﬁzﬁaaesmth Yohil bdaddgtigbdlisspaad ¢

e.g. water 111&51& meda.um using sujtable agitation, e.g., & zoller
mill ox & Cowles type mixex, until a homogenzous
disz;ersien is observed im which there are. ne large
agglomeratee vieible to the naked eye. It is preferred
that the premix be subjected to such & premilling
dispersion step when a recirculating medias mill is used
for attr.:t_tion-

! .The mechanical means applied t0 reduce the

5

0

par,tic':le.' size o0f the drug substance convehiently can take '
Suitable digspersion mills):

the form of a dispersion mill.
include a ball mill, am attritor mill, & vibratory mill,
and medid mills such as a sand mill and a bead mill. A
nedia null is preferred due to the relatively shortex
milling tme required to provide the intended result,
i.e., the desired zeduction in particle size. For media
‘miYling,| the apparent viscosity of the premix preferably
is from about 100 to about 1000 ecentipoise. For ball
milling, the apparent viscosity of the premix preferably
is .from about 1 up to0 about 100 ceatipoise. Such ranges
tend to afford an optimal balance between efficient
‘particle: fragmentation and madia erosion.

' The grinding medja for the particle sige

15

20

23
spher:’.cagl or particulate in form having an average size

' less than about '3 mm and, moze preferably, less than abow
1 mmm. Such media desirably cap provide the particles of
the invention with shorter processing times and impart
less wear to the milling equipmeat. The selection of
material for the grinding media is not believed to be

30

critical. We bave found that zirconium oxide, such as 95‘&5:

2r0 stabilized with magnesia, zirconjum silicate, and
glags grinding media provide particles having levels of

of dREGL4UBSt ancey.

.reductioh step can be selected from rigid media preferablis

i

ug )

e phase’

ts from

llfabove. The

The

N

and :
(1's meant

on mediium

1
b
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| ess than about™ 10 ng/m, and preferably of Iess than about 1 ng/m a
processing tenperature, e.g., roomtenperature. A_QI’ eferred 1.i qui d

di spersion nmediumis water. However, the inventi n ,ﬁﬁmr%’fc“t: %Ed th
other -10 liquid nmedia in which a drug wbstancesl s 5 T BEEN, [

di spersi bl e including, for exarrpl e, aqueous salt :&el-u n@c%ffl jver oi |
and sol vents such q;m% hanol t- butanol, hexane and g%col nTﬁé"ﬁH of the
aqueous di sper si on media cgrf"ﬁ% ’éﬁfﬁ&e@ﬁd AT AT T WRiin 15 thf art.
Suitabl e drug suB s}ba g PoEPACRTS Wt Ey a “of known ¢l asfes of
drugs i ncl udi ng, A LER ah AR Sttt FAYATY aftRREBYy agents,

ant hel mintics, afPf-23%72FR FEfhifieed FEETHIP) PR ERRested r?@l’ﬂetjl ng

penicillins), ZOWICOEWPWSM Ueprdew&ntgﬁamt#Wa@GMC aggnt s
antiepileptics, émﬂm?,st am nes, anti hypertensn ve agents, i
. 3 The atirition time cen vary widely and depends
pz'inax::.ly upon the particular smechanical means and
pzoceSsing conditions selected. For ball mille,

10 processing times Of up to £ive days ox longexr may be
required, On the othexr hand, processing times of lesgs
than I day (residence times of one mipute up to several
hokrs) have provided the desired results using & high
ghear sedia mill. ;

is ‘ The particles muzt be reduced in size at a SE
temperathre which does not significantly degxade the drug' o
substance, Processing temperatures of less than about 30-; .
~ 40%¢ e.::e ordinarily preferred. If desired, the : '
prccessing equipment cah be codled with cocventional ; : )

20 coolirng eguipmenti. The method is conveniently carried out | A
uspdex copditions of ambient temperature and at pz_ocessingg: :

pressures which are safe and effective for the milling ;!
procesg.i ‘For example, ambisnt processing pressures are
typical 6f ball mills, attritor mills and vibratory millsi! -
25 Processing presstires up to about 20 psi (1.4 kg/cm?) are ;
typical. of media milling. R
. The surface modifier, if it was not prasent in SR

the ptmx, mst be added to the dispersion aftez
attyition in an amount as described for the premix above.
30 - Thereafthr, the dispersion can de mixed, e.g., ¥y shaking.
vigorousf_:l.y. Optiomnally, ¢he dispersion ¢an be ‘subjected ;‘
to a gonlcation step, e.q., using an ultrasonic powex
supply. ' For example, the dispersion can be subjected to |

;
1
¢
i
l
1
'
I
1
i

substance surtace MOQ1Iier GORDINATION Canl DE OPTIMIZEG ik

l
f
la
I
l
l
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ant i rescar tni“c agent s ““‘ant‘T“ﬁVcdbact &ricar agent s, anti ﬁ“’ piastrcag
imunosuppr essants, antithyroid agents, antivi raI ageft {

S GBI

u.gvrn. 5 ,_\‘I

WIS BEEN 5’5

sedatives (hypnotics 25 and neurol epti cs) astringent§g,, bet’ HH Siocept

bl ocki ng agents, bl ood products and substitutes, cardiac |notropi:

contrast media, corticosteroids, cough -su}-|§pr‘essant s (expectorantlsi and
mucol ytics),

dopami nergi cs (antiparki nsoni,an agents)

agents, |ipi @cFegaaace igiidydhes terBings ratioyRant BY HRARAS ikatdfoni et cs|

di agnostic agents, diagnostic imaging agents, di ur et

parat hyroi d elagitt enae eisl digpeasibanaxiihits ast fhdbernllatsion ok o-;
phar maceut i 33, 188% H95IERGRtHACLYSiPE SiPkablidked Uye. at 1ea¢t

5

10

15

29

25

30

15 miauvces, and praferably, at least two days or 1onge.$'

after preparation. % ;

cagent s,

ICS

The resulting d:.spexsian of this invention :i.a '

stable and congists of the liquid dispersion medium andn

the above-desc:ﬁbed particles, The dispexrsion of surtace
sodified drug. nanopmz.cles can be spray coated onto s gax
spheres or anto a phammaceutical excipient im a fluad-t>§d

spray coatex by techniques well known in the azt.

Pharmaceutical compositions according to.'chipf .

invention include the particles described above and a ||
pharmaceutically acceptable cagxier therefor. &:u:.'cemli
pharmaceutically acceptable carriers are well known to,
those gkilled in the art. These include noa~toxic

H
l:

physio'logically acceptable carziers, adjuvants or vehig Le's?
for paventeral injection, for oral administration in 8¢ 1ick
or liguid form, for restal administration, and the like.

- !
A method of tréating a mammal in accordance with. this !
invention comprises the step of administering to the .
mammal in need of treatment ap effective amount of the

above-described pharmacentical composition. The selecﬁbpd

dosage level of the drug substange for treatment is

" effective to cobtain a desirxed therapeuntic response foria.

particular composition and method of administration. ‘r;he

selected dosage level therefore, depends upon the L

par_tiﬁular_ .drug substance, the degsired therxapeutic eff

on the route of administration, on the desized duration ¢

treatment and other fsotoxs. As noted, it is a .

particularly advantagecus featuxe that the pharmaceutigal '
compositions of this jovention exhibit unexpectediy high. .

bicavailability as illustxated in the examples which
follow, Purthermore, it is contemplated that the drug

This Sheet Has Been Rep Taced
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al | er gr'c "agént.s;” sti nulants and anoretics, “Synpat honi netics, thyr0| d .
agents, vasodilators and Xxanthines. Pr eferred drug substances i ncl ude t hose
i nttended for oral administration.and intravenous 5 administration. 'A
description of these classes of drugs and a listingib &5 g|_ “leach
class can be found in Mrtindale, The Ex&Ba-Phar nmaca DHQI%P§§%: X\i% erh

f"A'L

Editi on, The Pharnaceutical Pressf London, 1989. Thdigrug-Subs ’a.gge&gre
connerC|aIIy avai | abl e and/ or can be 10 prepared by t echni ques known in
the art. RepPBEEAEIRS \RE Hbigs ARYRRtACR RISVEQePORR LERRID S §ﬂ1sef ut tn
the practi cedﬁﬁgthes;om\mr\tdmn. applick: ichs angr demcafsed gastric ! : f
, 4-di en- 20- ygesg gi] -isoxazol-17-01 15 . (Danazol); Slerr],.27[efr]
- (rrethylsulfonyl 1 Hopre ' o

1t iz ont %9&%28 teat the pharmaceutical |

5 compositions of this invention will be particularly nsejfwi?
in oxal and parenteral, including intravenons, 3 '
administration applications. It is expected that pocxl,y
water soluble drug .substances, which prior to. this

invention, could not have been administered intravenously,

10 may be administered safely in accordance with this f ey
invention. Additionally, drug substences which could 6y |
have been administered orally due to poor bz.oavailability*
may be effectively administered in accordance with this- :
invention. ~

1s ' . while applicants do not wish to be bouad by :
theoretical mechanisms, it is believed that the surface T
modifier hinders the flocculation and/oxr agglcmerat:.onxof
the particles by functioning as & mechanical or stexic nf
barrier berween the particles, mini.m.zing the eclose, .

20 :.nterpaxtacle approach nacessary £oxr agglomeration and ;
flocculation. Alternatively, if the surface modifier haa
ionic groups, stabilization by electrostatic ::epulsion'my.
result. Tt was surprising that stable drug particles o£ !
such a small effective average particle size and free bf '

25 unacceptable conrtamination could be prepared by the method:
of this dinvention.

l
i
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[3, 2- ¢1F Pyrazol"17- ol (Ster‘c?r’d"")‘ [~ 6~ met hoxy- d--fecdlonet hyl et hvl,)

--3-0x0-1,. 2- benzi sot hiazol - 2(3H) -yl 3nethyl 2, 6- cﬁil c;h;g(y_@gen; £l
1, 1-di oxi de (WN 63,394); 3-amino-1, 2 ,4- benzot rilazi Nepks; %aé i

i

fd

59, 075%); piposul fam piposulfan; canpt ot heci n; acét ump}ian

acetylsalicylic acid; am odarone; chol estiﬁra-m ne; col esti pol; croqrml yn

sodium al buterol; sucralfate; 25 sul fasal azi ne; m noxi dil;
t enpazepam al prazol am propoxyphene; auranofin; erythromycin;

H
N
!

)
g’

e

L}

"

4

(W§\1

i
!
i

cycl osporine; acyclovir; ganciclovir; etoposide; nephal an; nethotiriexate; (
m t oxant rone; . daunor uknhei ﬁclﬂ@mwhmhplemmlﬁmlilmm’ﬁrdﬁeelﬂxmdr OXy'*

30 prom _@. nNystatin, terbutaline; .anphotericin B, aspiirin;
i buprof en; naproxen; i “ndonet haci n; dicl of enac; ketoprofen; fl ubipriofén;

Example ) - BVE Modified Rapazol particles prepared_in 4 'Q

di fl uni sal
: 5

kAall mill S

A nancoparticulate dispexsiocn of banazol was
prepaxed using a DYNO-MILL {Model KDL, manufactured by
Willy A. Bachoffen AG Mas¢hinenfabrik).

t

}

16 The following ingredients were added to a gl&lé
vessel and agitated on a roller for 24 hours to di.ssol.vie L

the polyvinylpyzrolidone surface modifier.

.
&
:

1 N .
Polyvinylpyrrolidone K-15 (made by GA¥) ~ 98 g ; '
i

Bigh purity water - 664 ¢

! I
1s Subsequently, 327 grams of dry powdered Danajol ;
1 H

was added to the above solution and rolled foxr one wee l
Thig step aided in evenly dispersing the Dagazol in the

surface modifier solueien, thereby reducing the treatmei:ltt

time reguired in the media mill.

20 The Danazol was purchased in a micronized fo:&m

(average particls size of about 10 microns) fxom Sterlnqz

Winthrop Inc. The particles had been prepared by a l
conventional airijet milling technique.
- This premix was added - to a holding vessel an&

25 agitated with a conventional propellex mixex at low spaed’

to maintain a homogeneous mixture for the media milling
event. The media mill was prepared accordingly for th
media milling process. The mill grinding chamber was

partially £illed with silica glass sphexes and the premix’ .

30 was continuously recirculated through the media mill.
operating at the following conditions:

" This Sheet Has Been Re placed
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et hyl - 3, 5-di acet oant do- ﬁ 4,651 odo'benzoate (W'RN 8883); et“FlyI (3 5:bi s
(acetylam no)-2 , 4,6- tr| | odobenzoyl oxy)acetate. (WN_12, 901) ; and 5. :

et hyl -2-(3, 5-bi s(acetyl am no) -2, 4, 6- triiodobenzoy §’ox‘y
16,318). In preferred enbodi nents ot thell nventi on, ;‘ﬁthe tﬁﬁ
steroi d such as Danazol or Steroid A an&ntiviral dgent..and

§Lﬁ§§$%é ils a
L

riﬁ“’ nd !

anti-inflammatory agent, an 10 antineopl asti c agent, a radi ophar rraceut ircal

di screte phase of

or a diagnostic IEHQ&&%&?%F%&F The gartg ﬁs ég%%éigé/senstéé)eri C(?nt.a:l n e}

10

15

20

25

Pramix flow rate: 250 ml per minute .
Available volume of griading vessel: 555 ml- :
Media volume: 472 ml of glass beads b
Media type: size xange of 0.5 - 0.75 mm silica gliass
beads, unleaded (distributed by €len Mills, Inc.j |
Recirculation time: 240 min . ; :
Residence time: 60 min o
Impeller speed: 3000 RPM, tangential speed 1852 :
£e/min

i
!
i
{

(595 m/min) A
Grinding vessel céolant- water :
COolam: temperature: 50°2 (10°C) : :
: After recirculating the slurry fox 240 minute}s,
a sample of the dispersion was removed and evaluated for . i |
particile size distribution using a sedimentation ZLield @ - !
flow fracticnator (made by DuPont). The particles %vezé s
determined to have a number average diameter of 77.5 nm
and a weight average diametex of 135.6 nm. The pa:t:.cle
size of the dispersion ranged in size from 3 - 320 aom,

Example. 2 ~ PR medified Danazol particles prepared inia !
A nancparticulate dizpersion of Danazel was.
prepa.x:ed usiag a ball mill progess. A 600 ml cylmdx:.qal
glass vessge) (inside diameter = 3.0 inches (7.6 cm)) was
filled approximately halfway with the following gxind;ng
medias

!
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having a surface Todi fier adsorbed on the surface thereof .

u\"\? lh"K
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surface madifiers are helieved to include those which physi cal |y adhere to
the surface of the drug substance but do not chemically bond to the drug

Suitabte surface nodifiers.can preferably
and i norgani c pharnmaceuti cal
various polyners,
surfactants.
surfactants.

| ecithin 25

sel eged-from known g
20 exci pients. Suc';éxngapgptsAhnﬁ@
| ow nol ecul ar wei ght ol i goners,

Pref egida ﬂlféfn%é‘aaarmd'zwépﬁ 160 I

Repr esent at | eS0T “eXxci pI ent

I’lCUE eatln

nat ur a;]x-um{)dgct 5 ay

.casein,

( phos SREEEJRE G,

chol esterol,

tragacanth,

st earl C

aci d, benzal koni umdediiar sdae cl ESum 3t 38rahcdlapieiear vl

no.nost ear

ate

cet ost earyl
polyoxyethgl

1000,

.10

1s

20

28

30

al coholgedg@t QaBeRLI0! sgMehsi f yi ng-wax, sorbitan-esters,
ene aliptle Sb05LGang dhy 1ARELQ98heS NELS

this glass vessel: . _
10.8 ¢ .-

banazol (micronized):
Polyvinylpyrrolidope K-151 3.24 g ;
High purity water: 201.96 g, '

Danazol was purchasead ;n the micronized fot::n3

a%aeﬁ 9?:88&2:{}”3&6690'

{average part;cle gize 10 microns) from sSterling Wxnthrbp

Inc. and the polyvinylpyrrolidone was X-15 grade p:odn&éﬂ
by GaF. :

about its axis at 57% of the "critical speed”. The ;

The Cylindrical vessel was rotated horizontafily :

l

critical speed is defined as the zotational speed of the

grinding vessel when centrifuging of the grinding mediai
occuxrs. &t this speed the centrifugal force acting on
grinding sphersds presses and holds them firmly against
inner wall of the vessel. Conditions that lead to
unwanted centrifuging can be computed from simple phys
principles. :
After 5 days of ball milling, the slurry was !

che
rhe

el

1
i

separated £rom the grinding media through a screen and P

evaluated for particle size with the zedimentation field
flow fractionator.
meagured was 84.9 nm and the weight average particle
diaweter was 169.1 nm.

26 to 340 ma. The amount and type of surface modifiex

The number average particle diametpr. |

i
The particles varied in size f;omf
bras

]

sufficient to provide colloidal stability €0 agglowaradipé

ana to maintain .2 homogeneous blend of ingredients
assuring precise material delivery during subseguent
procesging steps.

1 -
i
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30 pol yoxyet hyl ene castor oil derivatives, po‘T yoxyethyl ene s‘dr‘br*t“avrf?ﬁa_t’f“?“
acid.eaters, e.g., the commercially avail abl e Tweens[err], polyethyliene i

gl ycol s, pol yoxyet hyl ene stearates, colloidol sili cgaMdLquje&_ phggp_hgt es,
sodi um dodecyl sul f at e, car boxynet hyI cel l ul ose cal CI Ui THIS SHEE TM {_F,\

car boxymet hyl cel | ul ose sodi um net hyl cel4 2iose, digxyet gid,cfg ose
hydr oxypropyl cel I ul ose , hydroxypropyl met byl cel | ul o mhtham ;
noncrystal line cellul ose, nmagnesium alumnumsilicate, triet hanol anl ne,’ 5

pol yvi nyl al cohol (PVA), and p@IpavhyiaBAcIgY| ussr@zquovp) Most of these ' :
exci pi ents-are described in detail in the Handbook of Phaznrnaceutical :

zgi _pl)_ih:nt S, published. | %1%%%&;9;/»{&%?”%rb&na’kﬁh%%c%ﬂé' cal ASSOCI at | o.n .
nanopa,:ts.culate dispezsion desczibed above was compaxed to i

5 that frem & suspension of unmilled Danazol in fasted ma}.e _ :
beagle dogs. The unmilled matarial wag prepared as a , !
guspension in the same manner as the dispersion, with the - |

. exception of the ball milling process. Both formulations
wvere administered to cach of five dogs by ozxal gavage and _

10 plasma obtajned via a canunla in the cephalic vein. : o
Plasma Danazol levels were monitored over 24 hours. 'meg. '
zelative bicavailability of Danazol fzox the i i
pasoparticulate dispersion was 15.9 fold higher than from . 3
the Danazol suspshsion contaiaing Danazol particles navgng :

18 an avefcage particle size of about 10 microns prepared b:}- ) ,
conventional airjet miiling. Comparison of oral p].asm‘.- s
levele with dose corracted plasma levels followiag b
intravencus administration of Danazol gave a mean a.bsolute
bicavailability (& SBM) of 82.3 & 10 1% for the

20 capoparticulate dispersiocm and 5.1 % 1.9% fox the unmil.‘led
material.

m oy

1

25 " A nencparticle dispersion of Danazol was y
prepared using 1 mm dismeter glass griading media (.85~ |
1.18 mm from Potters Industries). A cylindrical glass| - |
vessel having a diameter of 2.75 inches (7.0 cm) with &
volmme of 400 @l was charged with 212 nl of unleaded g:lass

30 grianding media. The following ingredieats were added to

© +his ‘vessel: I
. 30.4 g of microaized Danazol ' L
. 9.12 g of Polyvinylpyrrolidone K-15 o
112.48 g of high purity water o

—_—
e

—_—
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Phar maceut i cal” Soci ety ot Great Brltal“n“‘f (8”10 'Phar macedficar Press, ™
1986. The surface nodifiers are comercially avail abl e. and/or can be :
prepared by techniques known in the art. Two or nor *su#ace::&adigﬁer_s can
be used in conmbination. Particularly preferred surf; cé“ﬁé‘&lﬁﬁ refs s @ﬁ% @de :15
pol yvi t xyl pyrrolidone, tyloxapol, pol axogers ,such fis_Pl URBTIACEDM! F68*‘and
F108, which are bl ock copol yners of ethyl ene OXI de and- P OpyTere=gxk P
avai | abl e from BASF, and pol oxam nes, such as Tetronic[err] 908 (T908),
which is a tetrafuncti ghes vadsaril %ﬁotgwwmbrxednﬁam ) Lideret st 180

addi ti on of eihyl eBg.oxi s 3adaRE0RM %ﬁéﬁﬁ%m ot iR Tigag | avai | abl e

from BASF, dextran, eC| Lch i st er @f
sodi um sul f oSHAGERi £59%9F ‘?\?‘3’?‘1‘3 ? ‘%%]?ﬁ ér}aem §'“%I§%(L)'r‘? X [err]
|

P, which is m&a#ﬂnmwammatmm oxBrding me ia and
5 evaluated for particle size and grinding media attrit:.on_ =

using inductively coupled pleasma emissjions (ICP). The
particle msize measured with a sedimentation field flow -
fxa.ctianatar yielded a aumber average diamerex of 112.7 m% '
and a we:.ght avarage diameter of 179.3 mm. The extent of ?
10 mecia attrition was measured to establish the purity of
the final dispexrsion using an indnctively coupled plasma-:
atomic emission spectroscopy wethod. The level of siuconé i
in the final dispersion was less than 10 parts of !.;
elemental silicon per million paxts of the sluzry. i
15 o
Example 4 - mwied_nmmm_am&mles b
A nanopart:.cle dispersion of Danazol was , P
prepared for clﬁ.nic:al evaluation using a ball muﬁ.ng f o
dispersion method. This dispersion was prepared by : .
20 wmilling with glase -griading media. The grinding media ;| |-
used wags ' L '
¥edia type: 0.85 - 1.18 mm unleaded glass spheres" :
Media quantity: 6100 mi L
The media was added to a 3 gallon porvelain jak. i‘pe :
25 . following ingredients were then added to the jars: ' |
- 1000 g Danazol (micronized)
300 g Polyvinylpyrrolidone XK-15 : j ::
3700 g high purity watex o
The -vessel waz rolled % days at a rotational speed' ':::E S
30 39.5 revolutions per mioute (S08 critical gpesd). The b ;
1iquid sluxry was separated from the grinding media withid !
sereen and used to prepare solid oral doses for cl:'mica_;‘\i _ 5
studies. -The dispersion was asseseed foxr particle size' . . |
uging tbhe sedimentation field fiow fractionatoxr and wafsg; P

H
1
1
i
i
1
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25 from DuPont Trlton[err] X-200,""Which Ts an “al kyl ary7 “pol'yether "=~
sul fonat e, avai I abl e from Rohm and Haas, Tween 20 and Tween 80, \/vhl ch are
pol yoxyet hyl ene sorbitan fatty acid eaters, avail abfe=fromfcF=Sgecralty

Chemical s, Carbowax[err] 3350 and 934, whi ch are po‘ll yethgHeneHgp ’ yEBINs 30
avai | abl e from union Carbide, Crodestajesy]= F-110, jhi ch 35140k turehof
sucrose stearate and sucrose distearate, ‘avail abl e fF6iT Croda ”T””’M o

Crodesta SL-40, which is available from Croda Inc., and SA90HCO,: which is
O err] H37- (Gl &iidd QENSHE s rnBebenubt G rdsiierr $0H 24 .9 Sun ik
oyt o PPN i Bl B gt e edosiuds o e
contamination £rom the grinding medi was neasured (by ! !
ILP) to be 36 parts of silicon per million paxts of S
5 dispersion. less than 5 ppm of aluminum was detected. | X—;
 zay powder diffraction data of the starting powder was !
compared with the dispersed Danazol 3and showed the crystal
. structure mwxphology ¢f the solid dispe:sed pazticlesg was
unchanged by the dispersion process. ; '
io :
Exanple 5 - PYP medified Danazol particles b
A nanopaxticulate dispersion of Danagol was .
prepared using & laboxatory medis mill and glass gxmding
media. The media mill was equipped with a 50 ml grinding :
15 chambexr and the mill was a "Mini™ Motoxmill manufacturl'efi
by Eiger Hachinexy Inc. f.
The medis mill was operated at the following px:oc%s

conditions: ; -
Bead charge: 42.5 ml glasa spheres . Pt
20 Rotoxr speed: 5000 RFM (2617 feet per m:umte (798:

n/min) tangential speed) R
Grinding media: 0.75 - 1.0 mm uanleaded gl.a.ss beatds :
{distributed by Glens Mills) f;

The dﬁ.spersién formula was prepared by i
25 dissolving 27 g of polyvipylpyrzolidone in 183 g of watex
and agitated in a steel vessel with a 50 am "Cowles® typya
blade pmtil the solution was clear and fzee of und:.ssoived
PVE polymer. The rotational speed of the mixer was | _
maintained. at 5000 KPM. 9¢ g of micronized Danazol was IR
30 slowl:,; added to this blend with the same mixing fox 39:
min. 200 cc of the premix was added to the holding tank
of the mill and recirculated for 5 houxs and 51 minutes. :

The final residence time in the grindimg zone was 40 ‘

minutes. |
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The surface nodifier is adsorbed on the surface of the drug substance n an
dmount sufficient tomintain 5 an effective average partlcle size:of |ess

t han about 400 nm The surface nDdlfler does not é& q1 - ng IUN¥.h t he
drug substance or itself. Furthernore, i ndi vi ‘P ' ‘ﬁbl%cules
-of the surface nodifier are essentially ? ee of |ngg£nb . -\
crosslinkages. 10 As used herein, particle size refers to a

Teasari gt ehnl ques VEIT TR > RERHE SR e P B 7
sedi ment at i oRetprRinet v heyet imavﬁéﬂend%wﬁﬂtaﬁforﬁsﬁem oscopy, or
di sk centri f agat aoaeigﬁ aterai ga qimagvefauua:gemo.ar kel @eaitdelék | ess -
than about 4QQ.Qgh if ifed 53k EP 49:{ 'n%?‘Strﬁg/ eﬁf&w&ﬁ&% have a
wei ght avera artlcle S|ze of bout en _measured. by t he
above- not d 3@%ﬁh the gzgnéang a and griéygng vags i
were msasuzed {by ICP) +o be 170 ppm of irom and 71 ppm‘ '
gilicon. The crystal sStructure was determxned by x-ray
diffraction to be unchanged by the dispersion procese. |
10 Example 6 - Lecirhin medified Steroid A particles ;
A nanoparticulate dispersion of Steroid A was
prepaxed by ball miliing with zirconinm oxide grinding
beads. The dispersion was prepared in the absence of 4
surface modifiex and a post addition of Lecithin and a'
15 scnication step ware reguixed +o stabilize the disperséﬁ
phase of Stereid a and prevent agglomerxation and rap;d
sed;mensation.
A Eipe pmicle diegpersion of Steroid A was
prepa:ed by ball milling the following zngredxents.
20 "5 g stez:oid A
9S8 ¢ higk purity wateéex !
Steroid A was in the form of unmilled coarse
gra;ns having a particile size of about 100 um and rang;ng :
in size up to about 400 m.
25 The following process conditions were used:
¥edia: 135 @l
Vessel volume: 240 0l
Media type: o.es - 1.18 mm Zixbsads (manufactured by
Zircoa Inc.) . ;
30 | %illing time: 4 days %
. Milling speed: 86 RPM (50% critical speed) |
After foux days of ball milling the sluxry was
separated from the grinding media through a.screen. éne
gram of this unstabilized slurzry was added to 10 g of an

—
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preferred enbodiments of the i nvention, the effectlve 20 aY/‘e‘F‘é‘g‘e‘”‘p‘a’rtlcT‘e
size.is less than about 250 nm In some enbodi ments of the |nvent|pn an
effective average particle size of less than about 1Q ‘“”’ﬁfajsf:‘e R,
achieved. "with reference to the effective ?verage pay T HE YIHTANAS BEEN G
preferred that at |east 95% and, -nore pré&f&fably, at 25 Ieé%t‘w@‘@n/@of tk!e (
particles have a particle size Iess than the effectivé avérage, e. 9.,

100, L parLicul | RSl L IRITR Ol cotpaatld by o betlphhc)
al | of the parthchighlpezity varer) ecithin RapuSaciwre iy ;?@fﬁﬁrélles of th| S
i nvention can beyRreRasssy, Tne. Tesdkd dnisaii biystigordes seepsingf, di spersing e
drug substance g E?_gwé q; @°§§SE§%&? 4@3 Pa-a8e gggwwgaém%@ cal meansg
in the presence 0 rrn )
5 uwltragonle ho:cn (Model 350 Braason Ultrasonic¢ .Power !
Supply. Eorp Diameter = 0.5 inch (1. 27 cm), Power setting
= 2). The slurzy was sized undez a m.ic:oscOpe. an '
Olympus BE-2 optical microscope equipped with phase -
contrast illumination vas used to observe the size and P
10 condition of the dispersion. 5
A dxop of the above dilvte sluzrry was slaced _
between a microscope slide and glass covex slip and L !
obsexved microscopically at bigh magnification (1,000 .
times) and compared to the slurry similarly diluted with
15 water only (no surface modifier). The unmodified L
_dispers:.on ¢xhibited ezxtensive particle agglomeration. ;
The particle size of the wnmodified dispersion was moré
than 10 microns and the unmodified dispexrsion exh:.bited no
. Brownian Motrion. Browmian motion' is theé oscillatory or. : |
20 3iggling motion exhibited by pavticles in a liguid that : "
fall in the size range of less than about 1 micron. 'rhe
YLecithin modified particles exbibited xepid Brownian |
motion.  The tlus cbserved dispersion had the Lo
characteristics and appearance consistent with a gumber !
25 average particle size of less than 400 am. Fuxthemofe,
it ip expected that additional milling would lead to
fuzrther particle size reduction. . i

v ¢

 Bxample 7 - Alkyl aryl polyether. snlfonate modified |
30 Steroid A . -
‘ Example & was repeated except that the Lecithin
wag replaced with Tritom x--200 (manufactured by Rolm and
Haas). Similax results were obsexved.
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reduce the_particle size of the drug substance” to an effectr‘ve”Me GRS
particle size of |ess than about 400 nm The particles can be reduced in
size in the presence of a surface nodifier. Altern tyr;_vgmuga_r%cl es
can be 5 Contacted with a surface nodifier 25ter at:trrtr E:Wigg@grﬁ‘r’
procedure for preparing the particles of this |nventr:r:e;n~»is\§»éﬁa"£bort /

bel ow., The drug substance sel ect ed is obtained corraercrm‘ym ;-J‘"
prepared by te AL Aameiiiiqach coarse foim 10
It is preferred, but not ma&sgik a|wa§fﬁpéd%%d06&&é§£etﬁé€etﬁ e apal se
drug substance %ﬁlfﬁ t et er m ned

si eve anal ysis é% e%gggrggé%awr%&%gg é;‘gg {'%i’ %" %@ﬁ%’?@eg _5‘ ¥‘ ’

greater than a imilar results were observ §'

5

Examplie. 8 - Sod f

- Example 6 was repeated except that the Lecitfaiﬁ -
was replacéd with sodium lawxyl sulfate {available as f
Duponol ME from DuPont, Ipc.). Similar resulte were }

10 obsgerved. !

Ezample © was repeated except that the Lecithin

13 was r_eplaced with Aerogol 0T (available from American |-
Cyanamid Chemical Products, Inc.). Similar zesulls wake |
observed., '

Esappla 11 -~ smmmmmmm;oﬁ :
. Ezample 6 was repeated excep: that the Iaeci-t:lii_n_

was xeplaced with Pluropic Fé68 (available from BASF
Corp.}. Similar results were obsexved. :

25 Ezamula 12 - WW&MMW
mwmﬁm |
A nanoparticulate dispersion of St,exoid A w[a.s
prepared by ball milling with zirconium oxide gri.nding
media for S days. 70 cc of grinding media were added. t0 a
30 115 cc vessel followed by: f '
2.5 g Sterold a !
0.75 ¢ of Pluromic FéS rl
46.75 g high purity water

o e s e e s e
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100 [err]m “then it s preferred that the particl s of the"'fL‘S’“‘d’l"Ug‘ .
substance bBbe reduced in size to less than 100 [err]musing a convent i-onal :
m | ling method such as airjet or fragrentation mi |4Wg-:-—-$J&E*:ﬁQ&ES~@ drug
subst ante sel ected can then be added to a I|qU| d d'*ﬂmaHE*:V\hmgfbﬂﬁq\ |§'s :
essentially 20 insoluble to forma prem xt 2he co € entra’tﬂmwfl) the rug :
substance in the liquid nmedium can vary f r om about = o ;
preferably is from5 - 0%(W/V2 is preferred, hut not essen |?I tha
the surface nodifier be PPEsEfRB ?‘M%MWXM%%WMFP&H of 4¥fie .
surface 25 nodidti &0%caf vhectivinadbaotatidndb speedt. OTMe. Linalpref er abl yi

i's 1h- 7f5% thDgﬁ g.aﬂbbé{s Z&Igtﬁ%eehyfi‘.’@h%lie hagediag hbBeikokadt conbi ned’
wei ght of the dr st an c a n S|ty

of the prem x l%é’rs?g"g 1éo‘lea ?‘e‘gy%# eblg?e 88 o5H Ex&hﬁf&
5 &. The c!s.sparsmn exh:.bj.ted rapid 3: an Motion and no :

particles wexe laxger than 1 micron. Most particles wgzg

iess thapn 400 am. ) Do

H

Exsmple 13 ~ Lecithin modified Sterold A packicies .. |

10 Bxample 12 was :epeated except that the Plaronic ?GS
was replaced with Centrolex P. No particles la:ger tha.n 1
micron waere cobserved mcroscop:_cally and mogt were less :
than 400 am, P

15 Ezampis 14 - Steroid A parxticles wedified with a block
sopelymer of athylane oxide and propylese oxide f
' A nanoparticula-ﬁe dispexsion of Steroid A w%xs
. prepared by a ball milling process. The following .
' ingredients were added ¢0 a c¢ylindrical 0.95 1 wvessel.
20 The vessel was filled approzimately halfway with the .
following grinding medias P :
Grinding media: 0.85 « 1.18 zm dzameter zixconiyam
oxide spheres (made by Zircoa) ‘; :
fThe following dispersion ingrediepts were added .
25 dizectly to the glass vessel: ' l _ .
18 g Sterosid A Co ’ ; ‘
4.5 g Pluzonic P68 (puxchased from BASF Cozp.) '
336.6 g high purity water L ;
Steroid A was purchased fxrom Stezling winthzop
30 Inc. in the foxm of unmilled tabulax crystals hav:.ng an
average particle size of approximately 100 pm.,
The vessel was rotated concentrically on zts ‘
axis at 50% critical apeed foxr 5 days. After this tme
4.45 g of Pluropnic 768 was added to the slurry and rolled
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30 centl| p0| se’ The prem x can be used di rectly by subj ecting it to o
mechani cat neans tb reduce the average particle l%ig&mﬁe" F&per &i on to

less tham 400 nm - It is preferred that the pre meawgea dﬁ " when: a
ball mll is used for -12- attrition. terntlvelﬁﬁ‘“’t- e~ 'lrug-subst ance
and, optionally, the surface rmdifier car be di M the liquid !
medlumusmg sui tabl e agitation, aroller mll or a Cowl es type

til a h 5 dj d |
o angl ot s JREROHEvE 5% ¢ r%’ % &5 SadaC r 3?’9%39?%@5%?&2% "

be subjected téhendisgharesd| a0 Feparated fm the 9zmdlng media | '
evaluated for particle sizo using, the sedimentation. ta,e].d !

flow fractionator. The nuwber average paxticle -size i ;
5 measured was 204.5 am and the weight average particle size
was 310.6 nm. The particle size distribution ranged from :
approximately 68 - 520 mm. The dispersion was exam:.ned
with an optical microscope. It exhibited excellent ;
pazticle integrity, free Of floccnlation &nd :
i0 agglomerstion. The dispersion particles exhibjted rapxd
Brownian motion. :
BIOAVATLABILITY TESTING ' ' }
15 Bicavailability of Steroild A fxom the ‘ _ ’
' nanoparticulate dispersion described above was compa:ea o |
that from a suspension of uamilled Stexoid A (heving a}n )
average particle size of about 100 i(m) in male beagle;
dogs. The unm.lléd materizl was prepared as a suspenéicn
20 dip. the same manner as the Gispersion, with the exceptian
of the ball milling process. Both formulations wexe , . i
adninistered to each of five dogs by oral gavage and ' '
plasma obtained via 2 cannula in the cephalic veim.
Plasma Steroid A levels wexe monitored over 24 hours.:. The
25 zelative bicavailability of Steroid 2 from the } i
nanoparticulate dispersion was 7.1 fold highex than fram :
the unmilled Steroid A suspension. Comparison of ox‘al
plasma levels with dose corrected pldsma levels fcllowz.ng
intravenous administration ¢f Stezoid A gave a mean |
30 absolute biocavailability (& SEM) of 14.8 = 3.5% for tﬁe :
nanoparticulate dispexsion and 2.1 * 1.0% for the unmill.ed ,
material. 3 : ;

1
]
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di spersion step when a reci rcui “at'i ng “nedia WYl i'$ used fo‘t‘“é‘f‘t"l‘?“t’r“on

The mechani cal neans applied to reduce the particle size of the driug -
subst ance conveni ent | y can take the formof a digpersion mll. Suiitable
di spersion mlls include a ball mll, an t.rltq} gr; “‘V“"I:bmt@rt‘*i( mill,

and nmedia mlls such as a sand m || and a bead ri;qll - HEBdREENM 1 | i s
preferred due to the relatively shorter mlling t&ne. r_eqw "FER to p ovi de

the intended result, i.e., the desired reduction in particle size? For
media mlling 1. : psity of the prem x preferably |slfrom
about 100 to ABHIATOR Se. For ball 20 nmilling, the apparent .
viscosity of the preni xkyﬁriél’@ifab% 9% Syanaidhduras BREPIFUDRR > '
centipoi se. il mENgAngt prdeéss abixr dimzonptunokidmn | gmriosting Méef ficient

particle f5r aGRROtAIIRA-A00 WEE Sreifiic0in the abseace of a au:fa.cei
nodifier and & post-gonication step was used to minim.ze
£locculation and reaggregation. ) :
A fine particle dispersion was prepared by .bafll
miiling the following ingredients:
10 5 g Steroid A
9% g high purity water
The followiang process conditions were used:
Grinding media: 135 ml !
Vegssel volume: 240 ml - : !
13 Grinding media: 0,85 - 1.18 mm Zirbeads XR
¥illing time: 4 days
liilling speeds 86 RPX (50% critical speéed) :
" After four days of ball milling, the slurxy was
- separated from the griading media through a scxeen. One.
20 gram of the nmtablized sluxry was blended with 10 gralps
of high purity water and mixed by vigorous shaking,
followed by a somication step for 20 seconds using an
ultradonic hoxn (Model 350 Bramson Ultrasonic Powez
Supply, Born diametez = 0.5 inch, Powex setting = 2). | The
.25 =lurxy was sized under a microscope. An optical P
microscope equipped with phase contrast illumipatioa wias
used to observe the coadition of the dispersion. - o
A drop of the dilute slurry was placed betwden a
microscope slide and a glass Gover slip and observed ait
30 1hnigh magnification (400%). The dispersion exhibited
severe. paxsticle aggregation. The aggregate eize was :
greater than 10 microns and exhibited no Brownian particle
movement . " o

Sy

!
H
:
i
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The gri ndi ng edia for the particle size 25 Tfeduction step Elém”Be sel éct ed
from .rigi d nedia preferabl y. spherical. or particulate in form having an
average size |ess than about 3.nmand, nore preferably, |ess t han _about 1
mm Such nedia desirably can provide the pgrtlcl es off h TIVENT tth
shorter processing tinmes and inpart 30 Wear toit GHT;L:‘? Egur anni
The selection of material for the grinding nmedia is riol.mb,e ey

critical. zirconi um oxi de, such as 95% Zro stabili zed |

Ve h%e fgﬁgdﬁhﬁ
wi th rmagnesi a i cate, and glass grinding nedia provide

particles having |l evel s @able 1 1B acenmmatrnafd gddibionalrexyeples At o be

accept abl e for #Hee invention.

Bach of the examples in Table 1 rTesulted

in particles having an effective average particle size of

5 less ‘thas 400 om,
TABLE 1 .o
DXug s Suxface . Particle
Ezample Class ths:anae_,___,_a_msliner_ . Size
15. apti-inflammatory 5% saproaen s¢ pvP . | 250iam
10  16. anti-jnflammatory 5% naproxen 3% Feés 267§nm
17. antjieipflammatory 5% indomethacin 1% Fé8 . 228.nm
18, anti-inflammatory 5% indomethacin 1% pva i 331 om
1%. anti-inflammatory 5% indomethacin 18 pve : 216 nm
20, anti-inflammatory 5% indomethacin 1% X108 235 om
15 21. anti-inflammazory 3% WIN 63,394 0.5% ¥68 262 am
22. anti-inflanmatoxy 4% WIN 63,394 3t F68 255 am
23. apti-inflammatory 3% WIN 63,394 10% Fés ;. 231 nm
24. antineoplastic 1% etoposide 1% Crodesta ' =300 om
. F~110 1
20 25. antineocplastic 18 etoposide 1% Crodesta ~300 am
' SL-40 o
26. antineoplaetic 1% etoposide 1% F68 ~300 nm
27. antineoplastic 1% etoposide 1% .F108 . ~300 mm
28..an#ineqplastic_ 1% etoposide 1% gun ecacia' ~300 mm
25 . 29. antineoplastic 1% etcposide 1% PVA : %300 nm
30. antineaplastic 1% camptothecih 0.68gun aeec:.af 29;8 nm
31. antineoplastic 1% camptothecin  1.1%8 PVA @ 236 mm
32. antipedplastic 1% camptothecin 1% T908 l 256 om
33. antineoplastic 5% piposulfam 1.25% czodesta =300 nm
30 e - F-110 co
34. antineoplastic 5% piposulfam 1.25% gum acacia ~300 mm
35. astineoplastic 5% piposulfam 5% PVA ' - 320 om
36. radiopbarmacentical 2.5¢ WIN 59,075 3% PVP | '

259 mm
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pr epar at' 6n “of” phar| facelt | cal” corrp05|'t|ons “Fowever, other nedia, ;such’as
st.ai nl ess ssteel, ti‘tania, alumna, and 95% Zr O stabl lized with yttrium are
expected to be 5 useful Preferred media have a densi ty greater than about

3 g/cnB. The attrition tine can vary w dely andi%p@nd&wuyxupon t he

particul ar mechani cal nmeans and processi ag3eond 5tr‘é’ﬁ§“ﬂrrem %m ot bal | -
mlls, 10 processing tines of up to five days qQr Ion@é?my« qui r ed.

On the ot her hand, processing tinmes of |ess thamay’i‘ﬁs,t 1t| mes of
one mnute up to several hours) hayegprovi ded the desigare r esul tslus.?a.gtacle
high shear medig, il - Thes particleg i e reduced i mssize

A A Y)
at' a ter'rper ature

S not_ sl gni

Processi ng t enper msﬁgcl%i%n :&%{)cant @\éa a %’a rug SUbStq‘%%?
agent ;
5 38. diagpostic imaging 20% WIN 8883 3.3%8 TS08 180 nm
sgent + .
39, diagmostic imaging 20% WIN 8883 3.3% T0S © 159 om
. agemt | (isotonic phosphate
' buffered saline,
10 pE= 7.4) :
40. diagnostic imaging 20% WIN 8883 3.3% T9OB 167 nm
agent . (0.1 phosphate |
buffer pH=7.5}
41, diagnostic¢ imaging 10% WIN 8883 1% SA90HCO 154 nm
15 agent 1% Tween 20
42. diagnostic imaging 10% WIN 8883 1% SAY0ECO = |- 193 mm
agent ;
43. diagnostic imaging - 40% WIN 8883  3.3% TS08 329 nm
agent : I
20 44. diagnostic imaging 10% WIN 8883 2% Tween 20 241 mm
agent ’ j
45. diagnostic imaging 10% WIN 12,501 2% T908 2ssf am
agent ’ i .
48. diagnostic imaging 208 WIN 12,901 3.3% T908 f 289 am
25 agent ' (phosphate '
beffexr, pE<6.5) =
47. diagnostic imaging 10% WIN 16,318 2% Tween 8 0 | 219 mm
agemt
_ 48. anti-inflapmatory 3¢ ibuprofen 2% F68 -250 aom
30 49, anti-inflammatory 3% ibuprofem 2% Fé8 ~375 nm
(in 0.1E BC1)
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- 40[ et € are” otdiari TV p“réf eh’éd “Tf"desifed, the procéssing. equ1 pient
can :be cooled wth 'convent i onal 20 cooli.ng equi prxynth The met hc hod is i

conveni ently carri éd out under conditions of anbl I ‘m;l at .
processi ng pressures which are safe and..ef;ﬁ,ectlve lfor tl ngr%j }*pt‘ocess.
For exanple, anbient processing pressures are typtsat=6f-ba LI s :

attritor mlls and vibratory mlls. 25 . Processing pressures up T.0 about 20
psi (1.4 kg/ cofipsarexdayplienaldenbnserite bt ke voe griddion padickiser ofi f i t

t it @l '
attritionin thb nﬁp&ﬂﬂni)séc r Igg%xf %Iﬁqﬁ.ggb?’g mx;g af)%%£§ rvﬂ:‘}.% etr°§af te I’é

attrition in ap anmount_as
the dispersi oﬁg'éﬁﬁeﬁe FiBASF 1Y s SERESEDLEISAT d‘ﬂﬁ jonally, the

di spersi on caRtBEoide; e%Q"@d-iPGIMthtgb epatiaepplantiiny ageadstr aso‘nl c
power suppéy. radiopXatfdesutibaldagaeis il adaghos6id] Beddithg agem.s :
having radically differeat chemical structures. )
Additionally, these examples demonstrhte that the invent:.on ?
can be practiced in conjunction with a variety of sux.face
modifiers and at a variety of surface modz.fiex i
10 conc:em:ratzons. % . ;
Furthermore, laboratory work has demonst:ated f
that particles prepared according to this jinvention hati*e -
‘exhibited a variety of unexpected properties, particularxly
with respect to increased biocavajilability. TFor example:, . i
15 as described above, pharmaceutical compositions comtaining L,
Steroid A and Danazol according to this invention have | :
unexpectedly éxhibited 7 and 16 fold inczeases in ‘ f
bicavailability compared to dispersions prepared by i
conventional techniques. Aqueous dispersions of WiN :
20 ' 63,3%4 prepared accoxding t¢ this invention resulted :x.n an
incxease in biocavajlability of 37-fold when compazed -eoi a,:
conventional dispersion of WIN 63,394. The dispersions
- were administered at a dose of 5mg WIN 63,394 per ki'loérain :
of body weight to three dogs in the fasted state as a two
25 way crossgver study. Sexial blood samples were withdra.wn
and analyzed by BPLC for WIN 63,394 concentrations. The
‘relative bicavailabilities were calculated from the area
. under the curve for corcentxaetion versus time plots. Such |
increased biocavailability ie particularly advant'ageousg
30-  ipasmuch as dfug substances in the form of the pa.ct:iclés' f
of the ipstant invention can achieve the same therapeutic
eft‘ec’t as substantlally greater dosages of drug substances .
' preparxed by prior art technigues.
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- 14 ultt dsonit eh ergy' h”a\/l‘ri‘g”‘a Freqtiéncty 817720 - 780 kHz for a ti me of
about, 1 ta 120 seconds. The rel ative anmount of g‘%ﬁbs:t&eee -and:surface

modi fier ¢an vary videly and the optimal Anmount jjof Bshﬁé?’wéfmm“gbdl fier
r
Syt

can depend, for exanple, upon the particul ar dr &éub‘%ﬁé Enan face
,nmodi fler selected, the critical mcelle.8ntentration ace
nodifier if it forns mcelles, etc The surface nodi fi er preferably is
present in an anmount of about 0. 1-10 %O square neter surface.area
of the drug substance. IFhédngPa%e Wﬁ? Cir ®®n an'anouynt iof
0.1-90% pref spabﬁ-#nmmylmmﬁtt&i&MQntﬁ.m hawe lextgibgitedof |- ¢

improved dose proporticnality and decreased fed-fasted
variability. Further, particlies of the invention

5 comprising napzexen or indomethacin, when administered
orally, have resulted in more rapid onset of actiova
cempared to tonventicnal naproxen and:indomethacin
formulations. Moreover, certain of the particles of '-x:hé
invention have been found to be extzacrdimarily wseful in

‘20 =x-ray contrast compositiox_as. :
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t he dry partlcle As indi cat ed by the f oll ow ng exarrpl es, not 15: every
conmbi nati‘en of surface nodif ier and drug substance provi des t he,desired
resul ts. Cbnseque nts have- devel oped a sinple screenlng
process whereby c ‘“@lmﬂ mﬁlmwﬁ modi fd e3s -and gl Uy SUbSTances an' be
sel ect ed which prow de stabt e sdi $persions of the 20'f @e?s N ed. ,:pai”r ﬁes. '

First, coarse particles of a selected drug substa ce Jil;ﬂ
dlspersed in a:,lja.n.nﬁld in which the drug is essentlaT[y imsol uble, ‘e.g.,

t t 5% (wW L der ith
\g?aﬁzia?d m | |(I i co gl t %Lrggc\/\%l ch ar ghg&i{:&%é%ﬁ;@!’i‘?% iﬁgun er \hi gh
fol lows. The g 1R3¢ 598 . sRstapte FaVAR & ﬁPﬁfﬁF?%‘? EN S surface

nodi fiers areaazaacueqwnmmcenshete@ 110 aan dmeees byufibigiendased on
the total sorrbiariadawaﬂteﬁﬁeatfieedéwz&wwemnéﬁaréﬁC.@eé@d&ﬁaxfrr The -
about 400 nam. . :

2. The particles of claim 1 hav:.ng an effective’
average paxticle size of less than 250 nm. %

3. The particleg of c¢laim.1 having an effect:.ve

10 average partiele size of less than 100 om.

4. The particies of claim 1 wherein said drag .
subgtance is selected from analgesics, anti-inflammato xy
agents, anthelmintics, anti-arrhythinic agencs, ! :
antibiotics, anticosgulants, antidepressante, antid1abe’c§.e

153 agents, antiepileptics, antihistamines, antihypertensive
agents, antimuscerinic ageants, aantimycobacterial agem:si.
amineoplasf.ic agents, igmmnosuppressants, antithyroid

agents, antiviral agemte, anziolytic sedatives, |
astringentg, beta-adrenoceptor blocking agents, blood :
l

20, products and substitutes, cardiac suppressants agents, |
conkrast media, corticosteroids, couvgh suppressants, .
diagnostic agents, diagnostic imaging agents, d:.unet:.cs ’
dopaminaxgics, .haemostaticsy, imnnologa.cal agents, 1ip:.d .
regulating agenks, muscle relaxants, pazasympathommet:.cs v

25 parathyroid calcitonin and biphosphonates, prostaglandins,
radio-pharmaceuticals, sex hormones, steroids, anti- |
allergic agents, stimulants and anoretics, 1
sympaéhomimetics, thyroid agents, vasodilators and

~ xanthines. . i

30 5. The particles of claim 1 whexein said drug
substance is selected from an antiviral agent, an anti-
inflarmatoty agent, an antineoplastic agent, a ;
radiopharmacentical agent, and a diagnostic imeging !
agent. !
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d| sper5| ‘ons” are then. som__aﬁégf__(,_m nute, 20 kHz) “to 30 di sperse : ;
aggl oner ates and subjected to particle size analysis by exam nation under}

an optical m crosﬂmﬂmﬂmﬂ mml fication). If st-able-di-sperston, i S
observed, then th paring the. partijcy QONmmbSi@npe
surface modifier cénbfnatidn an be optimiBed~in §i - 1E=pLACEDrdande with
t he teachi ngs above. By stable it is neant that thesdirspersrFor——exnrbits no

floccul ation or- particle aggloneration visible to the naked eye. at |east
15 minutes, and-preferalithe partiokss afuelddyslovhersimagadyl sfaug |

preparation. Thediagidd i:@@a@ié@@é&iﬁ%moinet Gréup BRGS0 T |
mnazol, Sa,17¢-1 -(methylsulfony-l)-l H-pxeg:t-zo-yno-
i3, 2-¢} apyXazol~17-0l, p:.pasulfam. “piposulfan, ;
$ camptothecin, and ethyl~3,5-diacetamido=~2,4,6~ ;
txiiodobenzoate. ; |
7- The particles of ¢laim 1 whereirn said surface
modifier iz selected from the group consisting of gelatin..
casein, lecithin, gum acacia, cholestercl, tragacanth, 1 :
10 stearic acid, benzalkoniur chlozide, calciwm stearate, | :.- .
glycexyl monostearate, cetostearyl alcohol, cetomaczogol .
emuleifying wax, sorbitan esters, polyoxyethylene alkyi
ethers, polyoxyethylene castor oil derivatives, '
polyoxyethylene goxbitan fatty acid estezs, polyethylene _
15  glycols, polyoxyethylepe stearates, colloidol silicon
da.oxide, phesphates, sodium dodecylsulfate, L
caxbaxymethylceuuloae calcium, carboxynethylcellulosal
sodinm, methylcellulose, hydroxyethylcellulose, P ’
hydroxypropylcellinlose, hydroxypropylmethylceliulose
20 phthalate, noncrystalline cellulose, magnesium aluminum
silicate, triethanclamine, polyvinyl alcohol, . f
polyvz.nylpyrxolidcne, an ethylene oxide-propylene oxide
block copolymer, an alkyl aryl polyether su lfonate, anq &
dioctylester of sodimm sulfosuccinic acid. o
25 8. The particles of claim 1 wherein said suxface
modifier is present in an amount of 0.1 4o 90% by wea.ght
based -on the total weight ¢of the dxy pasticle. '
S. Particles according to c¢laim 1 consisting
essentially of cxystailine panazol havirg polyvinyl
3¢ pyrrolidone adsorbed on the surface thereof in anm ax‘nount'
sufficient t0 maintain an effective average particle s:me
of less than 100 nm.
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st abl e 'and"consi st’s” “of th"e f'l qui'ddi Spersi on medi'um and t he “above-descri bed
partiel-es..» The di sperS| on of surface nodified drug nanoparticles can be
spray coated ont Nnﬂ E es or onto a pharmaceutic Ehit ina
flul d-bed spray Emu)m uﬂﬂ Imues wel | known in war" . é\éL\ |cal
conposi tions accor'di fig to % hiss Fnvention =i ¥t tde tj@ﬁgé}r%ﬁgﬁl gstles C[M
above and a pharmaceutically acceptable carrier there
pharmaceutical |y acceptable carriers re vvel I }é Q36 3 il Ised i n the
art. These incl ude ¥¥on- ESEFLELRG ST Gt Wnla adj uvant s

>
or vehicles f@sSRAtEMAdYapE| ﬁ}’-‘é%‘@ﬁb’riﬂef &3 &b‘bmﬁq‘ﬁ%‘iﬁlﬁ"rlﬁ?qyﬁ"é‘ol i d or

liquid form fﬁra-";ﬁ‘érg%L-zﬁdfh&l—ﬁi Jald BO111e-d1 havidg A embirddnef .
treating a ma | @S eistep o
adm ni sterisngrzﬁq[%%%géﬁg’?’hdege °fLJt nt %!n&sg; gt§§et§%0unt of the

sucfagte thereof in an amcunt su ficieat to ma:. :
effective average particle size of less zhan about 400 nm.:
11. A stable dispersion ¢ovsisting essent:.auy of a
liguid dispersion meditm and the particlies of any one of
claims 1~10. _ g
io 12. The disperéion of claim 11 wherein said ,
dispséxrsion medium is watez.
13, The dispersion of claim il wherein said i o
dispersion medium is selected from the group conszst.i.ng of 1
. safflower oil, ethanol, t-butanol, hexane and glycol. | E
15 14. A pharmaceutical composition cemprising the l :
particles of any one of claims 1-10 and a phamaceutic'a'lly; '
acceptable carrier thegefor. I S
15. A method of treating a mammal comprising thez
step of administering to the mammal an effective moum: of
20 the pharmaceutical compositioa of ¢laim 14. i Z
16. . A mathod of preparing the particles of claiu;x.]. i
comprising the steps of dispersing a drug substance 'inﬁ; a
liguid dispersion mediun and wet grinding said dxwg |
substange it the presence of rigid grinding media havzng . .
25 an average particle size of less than 3 mm and & snrfa:ce |
moditier to raeduce the paxticle size of said drug ; :
gubstance to an effective average particle size of less
than ahout 400 am. X
17. A method of preparing the pareicles of cla.:.n]z 2
30 comprising. the steps of dispersing a drug substance. z.:i! _a
" ligquid dispersion mediem, wet grinding said druy s*.:bs,t;ance
in the presence of rigid grinding medfa having an avez:;e.ge :
. particle size of less than 3 mm, and thereafter costacting
said drug substance with a surface modifiex by mixing fjsaid

b
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: Y Pl uru.; FENIN b 6'1'-’ ot St S
BoFEEEE &Y ed§ Dharh‘a'tem”l cal conposi tion. The sel ected do;getevel of

' he drug substance for tre is 25 effecti ‘ttt:r:""r Al | ,Et?@l Jed
therapeut I C restml nEﬁill cul ar conposi t HofErdiore T Eﬁfﬁl

admi ni stration age | evel 3¢ trer e ore d%p\e’ ét he
partlcul ar drug substance the desired therapeuﬁ Y=¢=ef T 6ct, on t he route of

adnmi nistration, on_.the desired duration of 30 treatnent and ot her factors.
As noted, it $UERGRMONIEEEF | Vit ARidagasneTHinn MesdigR, kol B‘Ehér maceuti cal
conposi ti ons pdrtivies Memhgommmuvanmewaﬁtucgb biigavai| abi | i ty as

il lustrated ifedd i @Bbes #69 Glis.f Ol low. Furthernore, it is corrterrpl ated

that the drug 346" gre method of claim 18 Further includixg the '
$ step of subjecting the dispersion medium containing saiid

drug substance and said surface modifier to ultrasonicfi‘

energy. N '

1$. The method of claim 17 or 18 wherein said }

grinding media have a déensity greater tham 3 g/emd. ,

10 20. The method of claim 17 or 18 wherein said 1

grinding media have an average particle size of less th

1 mm.

is5

-
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partit e%‘of“Th?'“TnVéﬁtldﬁ“deV“dé‘nDre rapi : f drug action in ora
rappl i cations and decreased gastric irritancy. /f (haf ST Q?#ahﬂg that the
pharnaceutical 5 conpositions of this |nvent|QN_mnh§ % o) Tu&wlarly usefu
in oral’ and parenteral, |nclud|ng i ntravenous;™ 5 on a pllcatlons.
It is expected that poog soluble drug substances, Whieh" priof t¢

this invention, could not ave Jﬁ ERnPRVG A ARTIGz@nous| y, 10 may

admi ni stered safely in accordance wiygga a&ah? i nvention. Additionaily, drig
s

subst ances. whi ch coul d not have been a tered orally due to.poor

bi oavail ability may be effectively adm nistered in accordance with this
i nvention. 15 Dispexviiblle aapl ééyg g_ not _wi sh to. be bound by
theoret|cahanﬂmuamm&naxubts&s&égij Y8 t ha lﬁﬁr?ﬁﬁﬁﬁtially of a

= \iy a
on the surface thersof in an o ey modifier. adsotbed~

& of 1ess:than about 400 nm,

conta;ning the particles.
containing the Particles ex
and are useful in methods

ons .

Ribit unexpected bicavailability . =
of treating mazmalg. 1 :

be

ancunt sufficlent to maintaih an |
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nodi fier hinders the floccul ati on and/ or aggloneratia égﬁ Q@rgﬁcp§s by
functioning as a nmechanical or steric barrier. betwee %hé’ 1o g

m nimzing the close, 20 interparticle approach necessary for

aggl omeration and flocculation. Aternatively, if the;surﬂébQFﬁDﬂﬁﬁler'has

i oni ¢ groups,

stabilization by electrostatic repulsionimay result. It \as
surprising that stable drug particles of such a snallieffective averagé

particle size and free of 25 unacceptablée contan1natlnn.couLdmbampnepaled
by the nmethod of this invention. 17 - The follow ng exanples further
Illustrate the invention.

10
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SURFACE MODIFIED DRUG NANOPARTICLES

This invention relates to drug paxrticles,
methods for the preparation thereog-and dispersions
containing the particles. This invention furthér-relates
to the use of such particles in pharmaceutical
compositions and methods of treating mammals.

Biocavailability is the degrée to which a drug
becomes available to the target tissue after
administration. Many factors can affect bicavailability
including the dosage form and various properties, e.g.,
dissolution rate Of the drug. Poor bicavailability is a
significant problem encoﬁnteréd in the development of
pharmaceutical compositions, particularly those containing
an active ingredient that is pooxly soluble in water.
Poorly water soluble druge, i.e., those having a
solubility less than about 10 mg/ml, tend to be eliminated
from the gastrointestinal tract before being absorbed into
the circulation. Moreover, poorly water soluble drugs
tend to be unsafe for intravenous administration
techniques, which are used primarily in conjunction with
fully soluble drug substances.

It is known that the rate of dissolution of a
particulate drug can increase with increasing surface
area, i.e., decreasing particle size. Conseguently,
methods of making finely divided drugs have been studied
and efforts have been made to control the size and size
range of drug particles in pharmaceutical compositions.
For example, dry milling technigues have been used to
reduce particle size and hence influence drug absocrption.
However, in conventicnal dry milling, as discussed by
Lachman et_al, The Theory and Practice of Ipdustrial
Pharmacy, Chaptexr 2, "Milling", p. 45, (1986), the limit
of fineness is reached in the region of 100 microns



5 Exanple 1 -

PVP Modi fi ed Danazol particles preparadwpgwaw
nanoparticul ate di spersion of Danazol was prepared usiifiF: A
KDL, manufactured by WIlly A Bachoffen AG Haschlnenfaurrk)"“lo T

The followi ng ingredients were added to a gl ass vessej g g ;ag%g onja
roller for 24 hours to dissolve the ponV|nyIpyrroI|done Ut Pace’’fidi

a;+_+ﬁ44_7g
\ DI SEEETModel

fiter.

Pol yvi nyl pyrrol i done K-15 (nade by GAP) - % Hi gh pUrLLy wat-ef.-~--6641g 15

Subsequently, 327 grans of dry powdered Eanaz

“was added to the above

solution and rolled for one week. This step aided in eventy-di-spersing t he
Danazol in the surface nodifier solution, thereby reducing the treatnent

time required in $3Q°

AR Ao rhenomateridl cakes apcthe, AR SB5PERased

in a n1cr0n|zed flagiuran et al note that wet grinding is bemeficial in

10

15
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further reducing particle size, but that £loceculation
restricts the lower particle size limit to approximately
10 micxrons (10,000 nm). However, there tends to be a bias
in the pharmaceutical art against wet milling due to
concerns associated with contamination: Commercial airdet
milling technigues have provided particles ranging in
average particle size from as low as about 1 to SO0 um
(1,000 - 50,000 nm). However, such dry milling techniques
can cause unacceptable levels of dust.

Other techniques for preparing pharmaceutical
compositions include loading drugs into liposomes ox
polymers, e.g., during emulsion polymerization. However,
such techniques have problems and limitations. For
exanple, a lipid soluble drug is often reguired in
preparing suitable liposcmes. Further, unacceptably large
amounts ©f the lipOSQme or polymer are often required to
prepare unit drug doses. Further still, techniques fox
preparing such pharmaceutical compositions +end to be
complex. A principal technical difficulty encountered
with emulsion polymerization is the removal of
contaminants, such as unreacted monomer or initiater,
which can be toxic, at the end of the manufacturing
process. :
V. S. Patent 4,540,602 (Motoyama e%t_al)
discloses a solid drug pulverized in an agqueous solution
Oof a water-~soluble high molecular substance using a wet
grinding machine. Motoyama et _al teach that as a result
of such wet grinding, the drug is formed into finely
divided particles ranging from 0.5 #m (500 nm) or less to
S ym (5,000 nm) in diametex. Bowever, there is no
suggestion that particles having an average particle size
of less than about 400 nm can be obtained. Attempts to



(average particle size of about 10 microns) from.Sterling. VVnthrop I nc.

The particles had been-prepared by a conventlonakrarrjet Tnﬂ

This prenix was added to a hol di ng vessel and 25 ag4Lated?mr

ﬂ}gﬁtechnlque

¥

i

convent i onal propel l er m xer at |ow speed to nawntaln a honngeredps m xture
for the media nmilling event. The nedia mll_was | prepaﬁduaacﬂﬁﬁd4 Agly for
the media mlling process. The mll grlndlng cha er_was parthlly filled
with silica glass spheres and the pren1x 30 mas'contlnuously reC|rcuIated

t hrough the nedia m || operat

e foll ow Rg- |nd|n
vessel : water jERREIHS t‘%‘?n?"ﬁg ngc RERHETS d;%%}%%ed B3 notoyan g

er_al resulted in particles having an average particle

-

size much greater than 1 um.

EPO 275,796 describes the production of

S colloidally dispersible systems comprising a substance in
the form of spherical particles smallér than 500 nm.
However, the method involves a precipitation effected by
mixing a solution of the substance and a miscible non-
solvent for the substance and results in the formation of

10 non-crystalline nanoparticles. PFurthermore, precipitation
techniques for preparing particles tend to provide
particles contaminated with solveats. Such solvents are
often toxic and can be very difficult, if not impossible,
to adequately remove to pharmaceutically acceptable levels

15 +to be practical.

U. S. Patent 4,107,288 describes particles in

the size range from 10 to 1,000 nm containing a

biologically or pharmacodynamically active matexial.
Howevex, the particles comprise a crosslinked matrix of
20 macromolecules having the active material supported on or

incorporated into the matrix.

It would be desirable to provide stable
dispersible drug particles in the submicron size range
which can be readily prepared and which do not appreciably

25 flocculate or agglomerate due €0 interparticle attractive
forces and do not reguire the presence of a crosslinked
matrix. Moreover, it would be highly desirable to provide

pharmaceutical compositions having enhanced
bioavailability.

30 We have discovered stable, dispersidble drug
nanoparticles and a method for preparing such particles by

wet milling in the presence of grinding media in

conjunction with a surface modifier. The particles can be
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"Premix flowrate: 250 mM per minute Avail able vqunEHinark T Eisel

555 M- 5 Medi a volune: 472 m of gl ass beads Nedi a type swze range
-of 0.5 - 0.75 mmsilica glass beads, unleaded (dlstrhbuyéq g;en MIls,
Inc.) Recirculation tinme: 240 mn Resi dence ti ne: 01n1n‘10 Inpeller
speed: 3000 RPM tangential speed 1952 ft/rnd1 (595; NI~ Grndi-ng Vessel
cool ant: water Cool ant tenperature: 50F (1D[err]C 715 _ quer

recirculating the slurry for 240 mnutes, a sanple of the dispersion was
[eToued and, CUAKBETLa B LSk enlan T EBLL O Y anedagen o
remarkably high bzoavamlability.

Morxe specifically, in accdbrdance with-this
invention, there are provided particles consisting

5 essentially of a crystalline drug substance having a
surface modifier adsorbed on the suxface thereof in an
amount sufficient to maintain an effedtive average
particle size of less than about 400 nm.

This invention also provides a stable dispersion

10 consisting essentially of a liquid dispersion medium and
the above-described particles dispersed therein.

In another embodiment of the inwvention, there is
provided a method of preparing the above-described
particles comprising the steps of dispersing a drug

15 substance in a liquid dispersion medium and applying
mechanical means in the presence of grinding media to
reduce the particle size of the drug substance to0 an
effective average particle size of less than about 400 nm.
The particles can be reduced in size in the pxesence of a.

20 surface modifier. Alternatively, the particles can be
contacted with a surface modifier after atrtrition.

In a parxticularly valuable and important
embodiment of the invention, there is provided a
pharmaceutical composition comprising the above-described

25 particles and a pharmaceutically acceptable carrier
thexefor. Such pharmaceutical composition is useful in a
method of treating mammals.

It is an advantageous feature that a wide
variety of surface modified drug nanoparticles free of

30 unacceptable contamination can . be prepared in accordance
with this invention.

It is another advantageous feature of this
invention that there is provided a simple and coanvenient
method for preparing drug nanoparticles by wet milling in



deternined to have a nunber average dianeter of 77 . 5 nm 20 and a wei ght
average diameter of 139.6 nm The particle size of Lhe di.spersion. ranged I n
si:ze from3 - 320 nm Eanple 2 - PVP nodified Danazo )R EP; F%‘T@@\@' ?ed in

N LodA

a hall ml| at low solids. 25 A nanoparﬁlq a%euérsp%fkﬁ n of
Danazol was prepared u5|ng a ball mll process. A @OQ m c |ndr|éﬁh i gl ass
vessel (inside dianeter 3.0 inches (7.6 ca)y wast fiil 18§53 pnnwlgarely
hal fway with the follomnng grindi ng medi a: - 10§ GLlndlnq nedi |

zi rconi um oxi de gridlingspheres (nmade by Zircoa, Inc.) h

conjunction with a surface modifier, Which does not result
in unacceptable levels of dust as do conventional dry
milling techniques. ) T
Another particularly advantageous feature of
5 «his invention is that pharmaceutical compositions are
provided exhibiting unexpectedly high Pioavailability.

Still another advantageous feature of this
invention is that pharmaceutical compositions containing
poorly water soluble drug substances are provided which

10 are suitable for intravenous administration techniques.

This invention is based partly on the discovery
that drug particles having an extremely small effective
average particle size can be prepared by wet milling in
the presence of grinding media in conjunction with a

15 surface modifier, and that such particles are stable and
do not appreciably flocculate or agglomerate due to
interparticle attractive forces and can be formulated into
pharmaceutical compositions exhibiting unexpectedly high
biocavailability. While the invention is described herein

20 primarily in.connection with its preferred utility, i.e.,
with respect to nanoparticulate drug substances for use in
pharmaceutical compositions, it is alsc believed to be
useful, in other applications such as the formulation of
particulate cosmetic compositions and the preparation of

25 particulate d15pe:sxons for use in image "and magnetic
recording elements.

The particles ¢of this invention comprise a drug
substance. The drug substance exists as a discrete,
crystalline phase. The crystalline phase differs from a

30 non-crystalline or amorphous phase which results £rom
precipitation technigques, such as described in EPO 275,796
cited above.

The invention can be practised with a wide
variety of drug substances. The drug substance preferably
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Redia size: 0.85 - 1.18 nmdianeter Media volume: 300 i¥ ,fﬁqamrig
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followng dry ingredients were added directly to this qﬁését e { =k ¥ajol
(m-croni zed): 10.8 g . Polyvinylpyrrolidone K-15: 3.24 {g ngh purit ﬁ@ter:
201.96 g. 10 Danazol was purchased in the nlqropvgaﬁch@mﬂr=g
(average particle size 10 nmicrons) from Sterking Wnthriop I nc. ~ dnd { e” ﬁ

pol yvi nyl pyrrolidone was K-15 grade produced by GAP. The ‘tytindricat vbs%el
was rotated horizontally 15 about its axis at 57% of the. eritical speed

The critical speed is defined 3as . .the rotatlonal eed of ih nding "
vessel when cent® PRgPREABI (TRPIHARTE R ﬁ%‘ﬁ"ra“‘o@ §seﬁ?}'?§l€ “’é%d t he

centrifugal ford®zacti Mjeodrufesubstance must be poorly soluble an
dispersible in at least ope liguid medium. By "poorly
soluble” it is meant that the drug substance has a

5 solubility in the liquid dispersion medium, e.g. water, of

less than about 10 mg/ml, and preferably of less than
about 1 mg/ml at processing temperature, €.g., Xoom
temperature. A preferred liquid dispersion medium is
water. However, the invention can be practised with othex

10 1liguid media in which a drug substance is poorly soluble
and dispersible including, for example, aqueous salt
solutions, safflower oil and solvents such as ethanol, t-
butanol, hexane and glycol. The pH of the agueous
dispersion media can be adjusted by technigues known in

15 the art.

Suitable drug substances can be selected from a
variety of Xnown classes of drugs including, foxr example,
aﬁalgesics, anti-inflammatory agents, anthelmintics, anti-
arrhythmic agents, antibiotics (including penicillins),

20 anticoagulants, antidepressants, antidiabetic agents,
antiepileptics, antihistamines, antihypertensive agents, .
antimuscarinic agents, antimycobacterial agents,
antinecplastic agents, immunosuppressants, antithyroid
agents, aptiviral agents, anxiolytic sedatives (hypnotics

25 and neuroleptics), astringents, beta-~adrenoceptor blocking
agents, blood products and substitutes, cardiac inotropic
agents, contrast media, corticosteroids, cough
suppressants (expectorants and mucolytics), diagnostic
agents, diagnostic iméging agents, diuretics,

30 dopaminergics (antiparkinsonian agents), haemostatics,
immunological agents, lipid regulating agents, muscle
relaxants, parasympathcmimetics, parathyroid calcitonin
and biphosphonates, prostaglandins, radio-
pharmaceuticals, sex hormones (including stercids), anti-



gr}nding spheres presses and holds themfirnly against the 20 inner wall
of the vessel. Conditions that lead to unwanted centyddiQifgrean Bemy
of iy -&%}.ﬁ?};aﬁﬁi, the

T1d hold Gl A
conputed from sinple physical principles. After 5 day 'ﬂ%"ﬂ
slurry was separated frromthe grinding nedia through: aj screen and 2% |
eval uated for particle size with the sedimentation f{eld2&owrfHa6tijonator.
The nunber average particle diameter measured yas 84; 9. nm and the %eﬂght
average particle dianeter was 169.1 am The particles Varied i size fir om
26 to 340 nm The ampunt and type of surface nodifiet.was 30 . sufficiént to

provi de col | oi dal g3hakightt ¥géPe£0F3BRN.abLE Na hrddFe¥RiBl @i N a honbpgeneous
D ot " SO OS2 RURL O RLCC 3G BRR L4 Bl 1P LR 1 QL RTa Y DS e auent
xanthines. 2Preferred drug substances include those
intended for oral adminjistration ahd intravenous -
5 administration. A description of these classes of drugs
and a listing of species within each ¢lass can be found in
Martindale, The Extra Pharmacopoeia, Twenty-ninth Edition,
The Pharmaceutical Press, London, 1989. The drug
substances are commercially available and/or can be
10 prepared by technigues known in the art.

Representative illustrative species of drug
substances useful in the practice of this invention
include: '

17-a-pregno~2,4~dien~20-yno-{2,3~«d]-isoxazol-17-0l

15 ' (Danazol): '
Sa,17a,-1" -(methylsulfonyl)-1'BE-pregn-20-yno
[3,2-¢}- pyrazol-17-ol (Steroid a);
[6-methoxy-4~-(1-methylethyl)-3-oxo-1,2~
benzisothiazol=2(3K)~-yllmethyl 2,6-dichlorobenzoate

20 1,1-dioxide (WIN 63,3%4);
3-amino~-1,2,4-benzotriazine-1,4-dioxide (WIN 59,075);
piposulfam; piposulfan; camptothecin; acetominophen:;
acetylsalicylic acid; amiodarone; cholestyramine;
colestipol; cromolyn sodium; albutexol; sucralfate;

25 sulfasalazine; minoxidil; tempazepam; alprazolam;
propexyphene; auranofin; erythromycin; cyclosporine;
acyclovir; ganciclovir; etoposide; mephalans;
methotrexate; mitoxantrone; daunorubicin;
-doxorubicin; negesterol; tamoxifen; medroxy-

30 progesterone; pystatin; terbutaline; amphotericin B;
aspirin; ibuprofen; naproxen; indomethacin;
diclofenac; ketoprofen; flubiprofen; diflunisal;




- 20 - BI QAVAI LABLI TY TESTI NG Bi oavai l ability of Danazol:: Fromgt
nanoparticul ate di spersion described above was conpared'tOWS;:f ;
suspension of unnilled Danazol in fasted male beagl e dogs. The unnlwr§d |
material was prepared as a suspension in the sane mann rsaS/VﬁapdhagﬁrS|é
with the exception of the ball mlling process. Both fqrdulatlons were; |

¥

o % i 7

adm ni stered to each of five dogs by oral ga¥age and 10 5Tasna”bbra%ﬂéd
via a cannula in the cephalic vein. Plasma Danaazol |evels were ggpltoreﬂ
over 24 hours. The relative bioavailability of Danazol fromthe T

nanoparticul ate di spé'S¥ai3nasdaaceFqagigon; ofi e~ FFAPIERZPRE S Danaz ol

suspensi on cont ai ni ng(WIn&88B)Yparticl es having
ethyl-(3,5-bis(acetylamino)-~2,4,6~-
triiodobenzoyloxy)acetate (WIN 12,901); and’
5 ethyl-2-~(3, S—bzs(acetylamlno)-z 4,6~
triiodobenzoyloxy)acetate (WIN 16,318).

In preferred embodiments of the invention, the
drug substance is a steroid such as banazol or Steroid A,
an antiviral agent, an anti-inflammatory agent, an

10 antinecplastic agent, a radiopharmaceutical or a
' diagnostic imaging agent.

The particles of this invention contain a
discrete phase of a dtug.substance as described above
having a surface modifier adsorbed on the surface thereotf.

15 ©Useful suxface modifiers are believed to include those
which physically adhere to the surface of the drug
substance but do not chemically bond to the drug.

Suitable surface modifiers can preferably be
selected from known organic and inorganic pharmaceutical

20 excipients. Such exéipients include various pclymers, low
molecular weigﬁt oligomers, natural products and
surfactants. Preferred surxface modifiers include nonijionic
and anionic surfactants. Representative examples of
excipients include éelatin, casein, lecithin

25 {(phosphatides), gum acacia, cholesterol, tragacanth,
stearic acid, benzalkopium chloride, calcium stearate,
glyceryl monostearate, cetostearyl alcohol, cetomacrogol
emulsifying wax, sorbitan esters, polyoxyethylene alkyl
ethers, e.g., macrogol ethers such as cetomacrogol 1000,

30 polyoxyethylene castor oil derivatives, polyoxyethylene
sorbitan fatty acid estexrs, e.g., the commercially
available Tweens™, polyethylene glycols, polyoxyethylene
stearates, colloidol silicon dioxide, phosphates, sodium
dodecylsulfate,carboxymethylcellulose calcium,



x-f.;.

15 an average particle size of about 10 mcrons prepar ied by ‘Cfrﬁveﬂtwf@fﬁal‘

airjet mlling. Conparison of oral plasma levels with d s %a{rected plsa$ma
| evel s follow ng intravenous adm ni stration of Danazol gga:ve wa:bs@l it e
bi oavailability ( SEM of 82.3 10.1%for the 20 nanopartlculwat,e ,

di spersion and 5.1 1.9%for the unmilled matgrial . ExanpLe.3. - PVP |
modi fi ed Danazol particles perpared in a ball nill at high-solis- 25 ]
A nanoparticle dispersion of Danazol was prepared using 1 mm di ameter gl ass

Jessel having a anet*é*“ SpFTESLANIRY EBhTul *{%lwluégfﬁké“ﬁ o0
was charged with Yaﬁ?éﬁ‘&lﬁfegl &y BYdioRd H&H??I.’ The fol | owi ng
i ngredi ents were Iammophmvmnulose phthalate, noncrystalline
cellulose, magnesium aluminam silicate, triethanolamine,
5 polyvinyl alcchol (PVA), and polyvinylpyrrolidone (PVP).
Most of these excipients are described in detail in the
- Handbook of Pharmaceutical Excipientb, published jointly
by the American Pharmaceuntical Association and The
Pharmaceutical Society of Great Britain, the
10 Pharmaceutical Press, 1986. The surface modifiers are
commercially available and/ or can be prepared by
technigques known in the art. Two or more surface
modifiers can be used in c¢ombination.
Particularly preferred surface modifiers include
15 polyvinylpyrrolidone, tyloxapol, polaxomers ,such as
Pluronic ™ F68 and F108, which are block copolymers of
ethylene oxide and propylene oxide available from BASPF,
and poloxamines, such as TetronicT¥ 908 (T908), which is a
tetrafunctional block copolymer derived from sequential
20 addition of ethylene oxide and propylepe oxide to
ethylenediamine available fxom BASF, dextran, lecithin,
Aerosol OTI™™, which is a dioctyl ester of sodium
sulfosuccinic acid, available from American Cyanamid,
Duponol? P, which is a sodium lauryl sulfate, available
25 from DuPont, Triton™ X-200, which is an alkyl aryl
polyether sulfonate, availéble from Robm and Haas, Tween
20 and Tween 80, which are polyoxyethylene sorbitan fatty
acid esters, available from ICI Specialty Chemicals,
CarbowaxT™ 3350 and 934, which are polyethylene glycols
30 available from Union Carbide, Crodesta™ F-110, which is a
mixture of sucrose stearate and sucrose distearate,
available from Croda Inc., Crodesta SL-40, which is
available from Croda In¢., and SASOHCO, which is CjygH3z7-
CH2 (CON(CR3)CH2 (CBOH)4CH,0H)2. Surface modifiers which



30.4 g of mcronized Danazol 9.12 g of PonV|nyIpyrroI|done R-15 112. 48 g

of high purity water -21- This vessel was rotated hpmdzﬁnIaFJ.%on Lts
axks at a controlled rotational speed of 80.4 revol utiongper:. nLHUFei;gl
of critical speed) for 5 days. The -slurry was |nnedwately séparat-ed;from
the grinding media and 5 evaluated for particle size an gpvﬂﬁLB yedrai
attrition using inductively coupled plasna em ssions QI #&ltlﬁ
size neasured with a sedinentation field flow1fractlohatUPﬁwﬂﬂémﬂ~aeﬂwnber
average dianeter of 112.7 nmand a wei ght .aygrage di aneter of 179.3 unf The
extent of [

have found to be particularly useful include
polyvinylpy:rolidcne, Pluronic F-68, and lecithin.

The surface moQifier 1s “adsorbed on the surface
©of the drug substance in an amount sufficient to maintain

5 an effective average particle size of less than about 400
nm. The surface modifier does not chemically react with
the drug substance or itself. Furthermore, the
individually adsorbed molecules of the surface modifier
are essentially free of intermolecular crosslinkages.

10 As used herein, particle size refers to a number
average particle size as measured by conveptional particle
size measuring techniques well known to those skilled in
the art, such as sedimentation field flow fractiocnation,
photon correlation spectroscopy, or disk centrifugation.

15 By "an effective average particle size of less than about
400 nm” it is meant that at least 908 of the particles
have a weight average particle size of less than about 400
nm when measured by the above-noted technigques. In
preferred embodiments of the invention, the effective

20 average particle size is less than about 250 nm. 1In some
enmbodiments of the invention, an effective average
particle size of less than about 100 nm has been achieved.
with reference to the effective average particle size, it
is preferred that at least 95% and, more preferably, at

25 least 99% of the particles have a particle size less than
the effective average, e.g., 400 .onm. In particularly
preferred embodiments, -essentially all of the particles
have a size less than 400 nm. In some embodiments,
essentially all of the particles have a size less than 250

30 nom.

The particles of this invention can be prepared
in a method comprising the steps of dispersing a drug
substance in a liguid dispersion medium and applying
mechanical means in the presence of grinding media to



10 nedia attrition was neasured to establish the purity of the final
di spersion using an inductively coupled plasnma- atom c em ssion

spectroscopy nethod. The I evel of silicon in the final dispersi-en.was.|ess
than 10 parts of elenental silicon per million parts of the!8lACFVENTSS
Exanpl e. 4- PVP nodified Danazol partices A nanoparticle di §persion—of-

Danazol was prepared for clinical evaluation using a ball; sllﬁiﬁaHQQ"’

di spersion nethod. This dispersion was prepared, by 20 miling S.
-grinding nmedia. The grinding nedia used was: k@dia type: ©+85-=..1.18 mn
unl eaded gl ass spheres Media quantity: 6100 mi The nedi a was added to a 3

gal | on porcel ai N | B, Jf%d parescad OH AN chd0BEH Hss MELE TR Ided L

effective average particle size of less than about 400 nm.
The particles can be reduced in size in the presence of a
surface modifier. Alternatively, -the particles can be

5 contacted with a surface modifier after attrition.

A general procedure for preparing the particles
of this invention is set forth below.: The drug substance
selected is obtained commercially and/or prepared by
techniques known in the art in a conventional c¢oarse form.

10 It is preferred, but not essential, that the particle size
of the coarse drug substance selected be less than about
100 ym as determined by sieve analysis. If the coarse
particle size of the drug substance is greater than about
100 pm, then it is preferred that the particles of the

15 drug substance be reduced in size to less than 100 im
using a conventional milling method such as airjet or
fragmentatiop milling. }

_ The coarse -drug substance selected can then be

added to a liquid medium in which it is essentially

20 insoluble to form a premix. The concentration of the drug
substance in the liguid medium can vary £rom about 0.1 -
60%, and preferably is from 5 - 30% (w/w). It is
preferred, but not essential, that the surface modifier be
present in the premix. The concentration of the surface

25 modifier can vary from about 0.1 to about 90%, and
preferably is 1 - 75%, more preferably 20-60%, by weight
based on the total combined weight of the drug substance
and surface modifier. The apparent viscosity of the
premix suspension is preferably less than about 1000

30 centipoise

The premix can be used directly by subjecting it
to mechanical means to reduce the average particle size in
the dispersion to less than 400 nm. It is preferred that
the premix be used directly whén a ball mill is used for



1000 g Danazol (m cronized) 300 g Polyvinyl pyrrolidone K-15 3700 g hi gh
purity water The vessel was rolled 5 days at a rotational speed of 30 39.5
revol utions per mnute (50%critical speed). The liquid slurry was
separated fromthe grinding media with a screen and usgg:-te-prepare solid
oral doses for clinical studies. The dispersion was aas&sggﬂ?TGT‘
size using the sedinentation field flow fractionator gnd Was~—-22:27
nmeasured to have a nunber average dianeter of 134.9 n ?nd a welghtlig

dianeter of 222.2 nM  The level of contam gation from he? GriF@i
was neasured (by J o

attrition. Alternatively, the drug substance and,”™
optionally, the surface modifier, can be dispersed in the
liguid medium using suitable agitatzon, e.g., & roller
mill or a Cowles type mixexr, until a homogeneous

§ dispersion is cobserved in which there are no laxge
agglomerates visible to the naked eyes It is preferred
that the premix be subjected to such a premilling
dispersion step when a xecirculating media mill is used
for attrition.

10 The mechanical means applied to reduce the
particle size of the drug substance conveniently can take
the form of a dispersion mill. Suitable dispersion mills
include a ball mill, an attritor mill, a wvibratory mill,
and media mills such as a sand mill and a bead mill. A

15 media mill is preferred due to the relatively shorter
milling time required to provide the intended result,
i.e., the desired reduction in particle size. For media
'milling, the apparent viscosity of the premix preferably
is from about 100 to abont 1000 centipoise. For ball

+ 20 milling, the apparent viscosity of the premix preferably
is from about 1 up to about 100 centipoise. Such ranges
tend to afford an optimal balance between efficient
particle fragmentation and media erosion.

The grinding media for the particle size

25 reduction step can be selected from rigid media preferably
spherical or particulate in form having an average size
less 4¢ban about 3 mm and, more preferably, less than about
1 mm. Such media deéirably can provide the particles of
the invention with shorter processing times and impart

30 less wear to the milling equipment. The selection of
material for the grinding media is not believed to be
critical. We have found that zirconium oxide, such as 95%
Zr0 stabilized with magnesia, zirconium silicate, and
glass grinding media provide particles having levels of



XCP) to be 36 parts of silicon per mllion parts of 5 dispersion. Less
than 5 ppm of alum num was detected. X- ray powder diffraction data of the
starting powder was conpared with the dispersed flanazol._and showed the
crystal structure norphol ogy of the solid disperseg- par§£c+es»ﬁ@ Lrechanged
by the dispersion process. 10 Exanple 5-PVP nDdlfled SOE pat fer A

na oparticul ate dlsperS|on of Danazol was prepared;u ing a Iaboratory medi a
mll and glass grinding nedia. The nedi a mll was tqu1 i phe g f%bajéS m

grinding 15 chanber and the mll was a ' M-np% Mot pr manuf act yr ¢d by

. Ei ger Machinery Inc. The nedia. nill was operated at the folTowW g} process
conditions: Bead charge! 42.5 m gl ass spheres bt s

contamination which are believed to be acceptable for the
preparation of pharmaceutical compositions. However,
other media, such as stainless stegl, titania,j?l@miga,
and 95% ZrO0 stabilized with yttrium, are expected to be

5 useful. Preferred media have a density greater than about
3 g/cm3. ‘

The attrition time can vary widely and depends
primarily upon the particular mechanical means and
processing conditions selected. For ball mills,

10 processing times of up to five days or longer may be
required. On the other hand, ‘processing times of less
than 1 day (residence times of one minute up to several
hours) have provided the desired results using a high
shear media mill.

15 . The particles must be reduced in size at a
temperature which does not significantly degrade the drug
substance. Processing temperatures of less than about 30
- 40°Cc are ordinarily preferred. If desired, the
processing equipment can be cooled with conventional

.20 cooling equipment. The method is conveniently carried out
undexr conditions of ambient temperature and at processing -
pressures which are safe and effective for the nilling
process. For example, ambient processing pressures are
typical of ball mills, attritor mills and vibratory mills.

25 Processing pressures up to about 20 psi (1.4 kg/cm?) are
typical of media milling.

The surface modifier, if it was not present in
the premix, must be added to the dispersion after
attrition in an amount as described for the premix above.

30 Thereafter, the dispersion can be mixed, e.g., by shaking
vigorously. Optionally, the dispersion camn be- subjected
to a sonication step, e.g., using an ultrasonic power
supply. For example, the dispersion can be subjected to



20 Rotor speed: 5000 RPM (2617 feet per ninuf@- (798 -atni-n).
tangential speed) Ginding media: 0.75 - 1.0 nm unl gad iuﬂ&ﬁﬁ§? ¢
(distributed by dens MIIs) The dispersion fornul& mas préﬁare -%
di ssol ving- 27 g of pol yvinyl pyrrolidone in 183 g of; wat ﬁEE_

steel vessel with a 50 nm"Cow es" type bl ade unti If the SO i ‘B
and free of undissolved PVP polyner. The nouatkonah Speed-of~t.he _ni xer was
mai nt ai ned at 5000 RPM 90 g of mcronized Eanazol*was 30 slowy added to
this blend with the same mxing for 30 mn. 200 cc of tThe
to the hol di ng waskagbnibeendddy nAGihgCh I Exdciendyl OF 20houss kBEZ Hdr a

m nutes. The fiQﬂher8§iQ§8&§ figgalba LQ&b&HQI“ﬁ ng zone was 40 m nutes.
The relative amcunt of drug substance and
suxface modifier can vary widely aidd the optimal amount of
5 +the surface modifier can depend, for example, upon the
particular drug substance and surface .modifier selected,
the critical micelle concentration of:the surface modifierx
if it forms micelles, etc. The surface medifier
preferably is present in an amount of about 0.1-10 mg per
10 square meter surface area of the drug substance. The
surface modifier can be present in an amcunt of 0.1-90%,
prefexably 20-60% by weight based on the total weight of
the dry partiecle.
As indicated by the following examples, not
15 every combination of surface modifier and drug substance
provides. the desired results. Consequently, the
applicants have developed a simple screening process
whereby compatible surface modifiers and drug substances
can be selected which provide stable dispersions of the
20 desired particles. Pirst, coarse particles of a selected
drug substance of interest are dispersed in a ligumid in '
which the drug is essentially insoluble, e.g., water at 5%
(w/w) and milled for 60 minutes in a DYNO-~MILL undexr the
-standard milling conditions which are set forth in Example
25 1 which follows. The milled material is then divided into
aliquots and surface modifiers are added at concentrations
of 2, 10 and 50% by weight based on the total combined
weight of the drug substance and surface modifier. The
dispersions are then sonicated (1 minute, 20 kHz) to
30 disperse agglomerates and subjected to particle size
analysis by examination under an optical microscope (1000
x magnification). If a stable dispersion is oObserved,
then the process for preparing the.particular drug
substance surface modifier combination can be optimized in

@3




-23 The final average particle size was neasured ed t
nunber average dianeter of 79.9 nmand a wei ght a , _ﬁﬁbg ~@ﬁ 161. 2
nm The particles varied in size from30 - 415 ﬁnk “The Tevet “%ﬂtrltlon
5 fromerosion of the grinding nedia and grlndln vesggl é@ nja#ured (by
ICP) to be 170 ppmof iron and 71 ppm silicon. crysf&" Budt yre was
determ ned by X-ray diffraction to be unchanged by “the~di-sper sfon process.

10 Exanple 6 - Decithin nodified steroid A ﬁaLLLEnghéifanopa ticulate
di spersion of Steroid A Was prepared by ball nllllng W um oxi de
grindi ng beads. atwrdiadper @i oR RS HE¥acpangs avovdie apsevaplefia ssirface
modifier and a pESln@qelal' 2Re ChidfsidilnNe@ihAs no £locculation or
particle agglomeration visible to the naked eye at least
15 minutes, and preferably, at least two days or longer
5 after preparation.

The resulting dispersion of this invention is
stable and consists of the ligquid dispersion medium and
the above-degcribed particles. The dispersion of surface
modified drug nanoparticles can be spray coated onto sugar

10 spheres or onto a pharmaceutical excipient in a fluid-bed
spray coater by techniques well known in the art.

Pharmaceutical compositions according to this
invention include the particles described above and a
pharmaceutically acceptable caxrier therefor. Suitable

15 pharmaceutically acceptable carriers are well known to
those skilled in the art. These include non-toxic
physiologically acceptable carriers, adjuvants or vehicles
for parenteral injection, for oral administration in solid
or liguid form, for rectal administration, and the like.

20 A method of treating a mammal in accordance with this
invention comprises the step of administering €0 the
mammal in need of treatment an effective amount of the
above-described pharmaceutical composition. The selected
dosage level of the drug substance for treatment is

25 effective to obtain a desired therapeutic response for a
particular composition and methoed of administration. The
selected dosage level therefore, depends upon the
particular drug substance, the desired therapeutic effect,
on the xoute of administration, on the desired duration of

30 +treatment and other factors. As noted, it is a
particularly advantageous feature that the pharmaceutical
compositions of this invention exhibit unexpectedly high
biocavailability as illustrated in the examples which
follow. Furthermore, it is contemplated that the drug




15 sonication step were required to stabilize the dlspersed phase of
Steroid A and prevent aggl oneration and rapi d sedi nent at +en
particle dispersion of Steroid A was prepared by ball m1?

i ngredi ents: 20 "5 g Steod A 95 g bigh purity maté ; - LA ;
the formof unmilled coarse grains having a particle size jof about 100 £
[err]mand ranging in size up to about 400 [err]m 25 § i 2*’8ECT§§; i

foll owi ng process conditions were used: Nbd ? 135 m Vessel volune
m Media type: 0.85 - 1.18 nm Zirbeads (mandufac
MIling tine: 4 days

particles of this invention provide more rapid onset of

drug action in oral applicatioms apd decreased gastric
irritancy. - - -
It is contemplated that the pharmaceutical
5 compositions of this invention will be particulaxly useful

in oral and parenteral, including intravenous,
administration applications. It is expected that poorly
water soluble drug substances, which prior to this
invention, c¢ould not have been administered intravenously,

10 may be administered safely in accordance with this
invention. additionally, drug substances which could not
have been administered orally due to poor bioavailability
may be effectively administered in accordance with this
invention.

15 While applicants do not wish to be bound by
theoretical mechanisms, it is believed that the surface
modifier hinders the flocculation and/or agglomeration of
the parxticles by functioning as a mechanical or stexic
barrier between the particles, minimizing the closé,

20 interparticle approach necessary £or agglomeration and
flocculation. Alternatively, if the surface modifier has
ionic groups, stabilization by electrostatic repulsion may
result. It was surprising that stable drug particles of
such a small effective average particle size and free of

25 unacceptable contamination could be prepared by the methoqd
of this invention.



MIlinc speed: 86 RPM (50%critical speed) After four days of ball mlling

the slurry was separated tramthe grinding nedia through a“screen One gram
of this unseabilized slurry was added to 10 g of an; %rwygﬂmw' R~ “%
aqueous solution of Lecithin (1% Centrolex "P" by m@i Aty
wat er, .Leci thin manufactured by Central Soya Cbnpany Il nc. ) and n1»e Y
vigorous-shaking, foll owed by a sonication step for; 20 SE6 gNds Urs i iy

ul trasonic horn (Mdel 350 Branson U tragsogycC. Power SUppIy, Hor n EMaﬁeter =
0.5 inch (1.27 cm, Power setting - 2). The slurry mas sizedundetr—a’

m croscope. An O ynpus BR-2 optical mcroscope equi pped.with .phase

The following examples further illustrate the
invention. - -

-

5 Example 1 -~ RVR Modified RDanazol particles prepared in a
ball midl ;

A nanoparticulate dispersion of Danazol was
prepared using a DYNO-MILL (Model RDL, manufactured by
Willy A. Bachoffen AG Maschinenfabrik).

10 The following ingredients were added to a glass
vessel and agitated on a roller for 24 hours to dissolve
the polyvinylpyrrolidone surface modifier.

Polyvinylpyrrolidone K-15 (made by GAF) - 98 g
High purity water - 664 g

15 Subsequently, 327 grams of dry powdered Danazol
was added to the above seolution and rolled for one week.
This step aided in evenly dispersing the Danazol in the
surface modifier soclution, thereby reducing'the treatment
time required in the media mill.

20 The Danazol was purchased in a micronized form
(average particle size of about 10 microns) £rom Sterling
winthrop Inc. The particles had been prepared by a
conventional airjet milling technique.

_ This premix was added to a holding vessel and

25 agitated with a conventional propeller mixexr at low speed
t0 maintain a homogeneous mixture for the media milling
event. The media mill was prepared accordingly for the
nedia milling process. The mill grinding chamber was
partially filled with silica glass spheres and the premix

30 was continuously recirculated through the media mill
operating at the following conditions:



contrast illum nation was used to observe the size and 10 condition of the
di spersion. A drop of the above dilute slurry was.pl acgg-between-au ...

m croscope slide and gl ass cover slip and observed nichQEDéCE?ﬁﬁﬁ‘gﬁgngh
magni fication (1,000 tinmes) and conpared to the slurry C
with 15 water only (no surface nodifier). The unnodified §k3§§5§%9n5
exhi bited extensive particle aggl oneration.- ige-particke|sizg?* ttve

et

[siffTarty-di-f uted)
)

unnodi fi ed di spersion was nore than 10 microns and theguhﬁBdLLLedemwd 3
di spersi on exhi bited no Browni an Mtion. Brownian notipn is the oscillatory

or 20 1i9gling moti OBz X B (bt PaLhEEL Sadibrdd beULAIEES STaLL +1-1 he
size range of less than about 1 mcron. The Lecithin nodified particles
exhi bi ted rapid BPB®RPREN notion. The thus observed di spersion had the

characteristics and appeatarntiovw gratiest eBb0vnl Iper minbse .-
Available volume of grinding vessel: 555 ml-
S Media volume: 472 ml of glass beads
Media type: size range of 0.5 - 0.75 mm silica glass
beads, unleaded (distributed by Glen Mills, Inc.)
Recirculation time: 240 min
Residence time: 60 min
10 Impeller speed: 3000 RPM, tangential speed 1852
£t/min
(595 m/min)
Grinding vessel céolant: water
Coolant temperature: S50°F (10°C)

15 . After recirculating the slurry for 240 minutes,
a sample of the dispersion was removed and evaluated for
particle size distxibution using a sedimentation field
flow fractionator (made by DuPont). The particles were
determined to have a number average diameter of 77.5 nm

20 and a weight average diametex of 139.6 nm. The particle
size of the dispersion ranged in size from 3 -~ 320 am.

Example 2 - PVP modified Danaznl particles prepared in a
ball mill at low solids. |

- 25 A nanoparticulate dispersion of Danazol was
prepared using a ball mill process. A 600 ml cylindrical
glass vessel (inside diametexr = 3.0 inches (7.6 cm)) was
filled approximately halfway with the following grinding
media:



25 average particle size of less than 400 nm Furthermore, it is expected
that additional mlling would lead to further partlcle,elze, g 2

Exanple 7 - Alkyl aryl poiyether sulfonate nodified 30 ts%eran . anp]
6 was repeated except that the Lecithin was repl aced mntggTrlton X-200: ;

(manuf act ured by Rohm and Haas). Sinilar 1d8urts were pbservedzC %% 25 -
Exanpl e 6 was repeated except that the Lecithin was replaced wth gunn 5
acacia (avail able from Eastman Kodak Co.) Simlar results were obs"”ved
Exanple 9 - sodi nmGxindghg shédiae modcohben Gs granding spheres

(made by Zircoa, Inc.) T
Media size: 0.85 - 1.18 mm diameter .
Media velume: 300 ml - - -
s The following dzry ingredients were added directly to
this glass vessel:
Danazol (micronized): 10.8 g
Polyvinylpyrrolidone K=-15: 3.24 g
High purity water: 201.96 g
10 Danazol was purchased in the micronized form
(average particle size 10 microns) from Sterling Winthrop
Inc. and the polyvinylpyrrolidone was K-15 grade produced
by GAF.

et iy g,

¥

The cylindrical vessel was rotated horizontally
15 about its axis at 57% of the "critical speed®. The
critical speed is defined as the rotaticnal speed of the
grinding vessel when centrifuging of the grinding media
occuxrs. At this speed the centrifugal force acting on the
grinding spheres presses and holds them firmly against the
20 inner wall of the vessel. Conditions that lead to
unwanted centrifuging can be computed from simple physical
principles. |
After 5 days of ball milling, the slurry was
separated from the grinding media through a screen and
25 evaluated for particle size with the sedimentation field
flow fractionator. The number average particle diameter
measured was 84.9 nm and the weight average particle
diameter was 169.1 nm. The particles varied in size from
26 to 340 mm. The amount and type of surface modifier was
30 sufficient to provide colloidal stability to agglomeration
and to maintain a homogeneous blend of ingredients
assuring precise material delivery during subsequent
processing steps.



Exanpl e 6 was repeated except that the Lecithin was replaced with sodi um
lauryl sulfate (available as Duponol ME from DuPont, Inc.). Simlar results
were 10 observed. Exanple 10 - Steroid A nodified w th-a.di.octylester of
Exanpl e 6 was repeated except that the Lecithin 15 vvag%g@f“

B

Aerosol OT (available from Ameri can Cyanami&® Cheni cal i Produe-tl”é - AC LT
simlar results were observed. Exanple 1l - sreroid a n'i)dlfled W t h a Iock

copolymer of 20 ethylenr oxide and propyl ene oxide Exér‘rﬁefﬁ:@v&%repeat ed
except that the Lecithin was re@I&w&IMEMUE§ﬁW§“¢168L(ayaLI abl e friod
BASF Corp.). simlar results were observed. 25 r?ple 12 - ster0|d

modi fied w th a bl ock copglynEr, of AIAYLEB.oxiske AN RERPY! ene-oxi de

nanoparticulate dispersion described above was compared to
5 that from a suspension of unmilled Danazol in fasted male
beagle dogs. The unmilled material wag prepared as a
sugspension in the same manner as the dispersion, with the
exception of the ball milling process. Both formulations
were administered to each of five dogs by oral gavage and
10 plasma obtained via a cannula in the cephalic vein.
Plasma Danazol levels were monitored over 24 hours. The
relative bioavailability of Danazol from the
nanoparticulate dispersion was 15.9 fold higher than from
the Danazol suspension containing Danazol particles having
15 an average particle size of about 10 microns prepared by
conventional airjet milling. Compariscen of oral plasma
levels with dose corrected plasma levels following
intravenous administration of Danazol gave a mean absolute
biocavailability (+ SEM) of 82.3 + 10.1% for the
20 nanoparticulate dispersiocn and 5.1 *+ 1.9% for the unmilled
material. '

Example 3 -~ BYR modified Danazpl particles prepared in a
ball mill at high solids
25 2 nanoparticle dispersion of Danazol was
prepared using 1 mm diameter glass grinding media (.85 -
1.18 mm from Potters Industries). A cylindrical glass
vessel having a diameter of 2.75 inches (7.0 cm) with a
volume of 400 ml was charged with 212 ml of unleaded glass
30 grinding media. The following ingredients were added to
+his vessel:
30.4 g of micronized Danazol
9.12 g of Polyvinylpyrrolidone K-15
112.48 g of high purity water



A nanoparticul ate di spersion of Steroid A was preparedfby bﬁLfg*”’yj:f )
zi rconi um oxi de grinding nedia for 5 days. 70 cc of grrhdrngg“ Y e
added to a 30 115 cc vessel followed by: 2.5 g Steroiid{A 0.75 g of 1§ %
Pluronic F68 46.75 g high purity water - 26 - The §e$uuzéngrmwmturm Mas
ball mlled for 5 days at 50% of the criticgE rotatlopa speed.  The fji nal
di spersion was separated fromthe grinding dia and n1cr0sdbﬁlcahiy §

eval uated for particle size as in Exanple 5 6. The disper5|on exhlblted

rapid Brownian Mtion an%mgs vessel was rotated horizontally on its axis
at a controlled rotational speed of 80.4 revolutions per
minute (S50% of critical speed) for 5 days. The -slurxy was
immediately separated from the grinding media and’

5 evaluated for particle size and grinding media attrition
using inductively coupled plasma emissjons (ICP). The
particle size measured with a sedimentation field flow
fractionator yielded a anumber average diameter of 112.7 aom
and a weight average diameter of 179.3 nm. The extent of

10 media attrition was measured to establish the purity of
the final dispersion using an inductively coupled plasma-
atomic emission spectroscopy method. The level of silicon
in the final dispersion was less than 10 parts of
elemental silicon per million parts of the slurry.

1s
Example 4 - PVP-moAified Danazol particles

| A nanoparticle dispersion of Danazol was
prepared for clinical evaluation using a ball milling
dispersion method. This dispersion was prepared by

20 milling with glass .grinding media. The grinding media
used was:

Media type: 0.85 - 1.18 mm unleaded glass spheres

Media quantity: 6100 ml

The media was added to a 3 gallon porcelain jar. The
25 following ingredients were then added to the jar:

1000 ¢ Danazol (micronized)

300 g Polyvinylpyrrolidone K-15

3700 g high purity water

The vessel was rolled 5 days at a rotational speed of

30 39.5 revolutions per minute (50% critical speed). The
liguid slurry was separated from the grinding media with a
screen and used to prepare solid oral doses for c¢linical
studies. The dispersion vae assessed for particle size
using the sedimentation field f£low fractionator and was



particles were larger than 1 mcron. Mdst particles were | ess than 400 nm
10 Exanpl e 12 was repeated except that the Pluronic F68 was._replaced

with Centrolex P. No particles larger than 1 m cronjwel e rgbms rvgq‘;‘}:"“‘

nmi croscopical ly and nost were |ess than 400 nm 15 :Exaniple™i4d—.~Eferoid a
particies nodified with a bl ok copol ymer of ethyl ede joxi de and propy| ene

oxi de A nanoparticul ate dispersion of Steroid A Was; pr ep&r BHCHY R | aj |
mlling process. . The follow ng ingredien § were add___e___(\jw_t__mg_“__zg___gyﬂl___wi__m_,n_ilri cal
0.95 1 vessel. 20 The vessel was filled apffoxi mately halfway with the
followi ng grinding nmedia: Ginding nedia: 0.85 - 1..18.mm.dianet-er..zi-f coni um

oxi de spheres (1ade 2¥ &"158% o inbSl | NG LERELELL S LY Sl 2P

a weight average diameter of 222.2 nm. The level of
contamination from the grinding media was measured (by
ICP) to be 36 parts of silicom per million parts of

5 dispersion. less than 5 ppm of aluminum was detected. X-
ray powder diffraction data of the starting powder was
compared with the dispersed Danazol and showed the crystal
structure morphology of the solid dispexsed particles was
unchanged by the dispersion process.

10
Example 5 -~ PYP modified Danazol particles
A panoparticulate dispersion of Danazol was
prepared using a laboratory media mill and glass grinding
media. The media mill was equipped with a 50 ml grinding
15 chamber and the mill was a "Mini" Motormill manufactured
by Eiger Machinery Inc.
The media mill was operated at the following process

conditions:
Bead chaxge: 42.5 ml glass spheres N
-20 Rotox speed: 5000 RPM (2617 feet per minute (798

n/nin) tangential speed) .
Grinding media: 0.75 - 1.0 mm unleaded glass beads
(distributed by Glens Mills)

The dispersion formula was prepared by
25 dissolving 27 g of polyvinylpyrrolidone in 183 g of water
and agitated in a steel vessel with a 50 mm "Cowles™ type
blade until the solution was clear and free of undissolved
PVP polymer. The rotational speed of the mixer was
maintained at 5000 RPM. 90 g of micronized Danazol was
30 slowly added to this blend with the same mixing fox 30
min. 200 cc of the premix was added to tl;e holding tank
of the mill and recirculated for 5 hours and 51 minutes.

The final residence time in the grinding 2one was 40

minutes.



i_

25 directly to the glass vessel: 18 g Steroid A 4;5 g«Pﬁgﬁﬂﬂﬁ F68-—
(purchased from BASF Corp.) 336.6 g high purity wat RIS TG Wﬁﬁjg%;
purchased from Sterling Wnthrop 30 Inc. in, the forniof unn1|led qaqular
crystal s having an average particle size of apprOX|nbth H@ﬁJ] tThe
vessel was rotated concentrically on its caxis at 500 trltTCai ﬁor 5
days. After this time 4.45 g of Pluronic E68§awas add di-t-o-t-he- s%u%ﬁy énd
rol | ed -27- for 5 nore days at the sane condltlon§ The slurry masﬁthen
di scharged and separated fromthe grinding nedia 111 R —

The f£inal average particle size was measured and
determined to have a number average diameter of 79.9 nm
and a weigh:s average diameter of 11.2 nm. The_ particles
varied in size from 30 - 415 nm. The level of-attrition

5 from erosion of the grinding media and grinding wvessel
were measured (by ICP) to be 170 ppm of iron and 71 ppm
silicon. The crystal structure was determined by X-xay
diffraction to be unchanged by the dispersion process.

10 - Example & - I=cithin modified Steroid 2 _particles
2 nanoparticulate dispersion of Steroid A was
prepared by :all milling with z2irconium oxide grinding'
beads. The dispersion was prepared in the absence of a
surface nmodifier and a post addition of Lecithin and a
15 sonication step were reguired to stabilize the dispersed
phase of Staroid A and prevent agglomeration and rapid
sedimentatios. _
2 fine particle dispersion of Steroid A was
prepared by »all milling the following ingredients:
20 5 g stexoid A
95 g hich purity water
Steroid A was in the form of unmilled coarse
grains havizg a particle size of about 100 um and ranging
in size up to about 400 um.
25 he following process conditions were used:
Media: 135 ml .
Vessel woluma: 240 ml
Media =ype: 0.85 -~ 1.18 mm Zirbeads (manufactured by
Zircoz Inc.)
30 Millizg +3ime: 4 days
Millinc spsed: 86 RPM (50% critical speed)
25vexr four days of ball milling the slurry was
separated frtm <he grinding media through a screen. One
gram of this upstabilized slurry was added to 10 g of an



evaluated for particle size using the sedinentation Fbgkd“}ﬁ Ay e—
fractionator. The number average particle-size 5 neas R vﬂ% N2 0 =
the wei ght average particle size was 310.6 nm The p rtlcle S|ze'w“$ ]
distribution ranged from approxinmately 68 - 520 na. he dig vas
i
1

Y.a’u\..»a e.//w

exam ned with an optical mcroscope. It exhibited eer{Ieht paf t'i°¢l g ]
integrity, free of flocculation and 10 aggloneratlop “The-dirspersi-on
particles exhibited rapid Browni an noti on.248l-OAAI LBILI TY TESTI NG 15

Bi oavailability of Steroid A fromthe nanoparticul ate di spersion descti bed
above was conpared to that froma suspension of unmlled Steroid A (having

an average paréd&écﬁzss 'sé&u@ioﬁ%ﬂbe%@@hiﬁr( 1$cent 30k e bﬁagi:f “eggnt The
S0 et oL g e SBg ety LoBNRRENUBRAR eukla BY°cBREEaT NS 28
Soya Company, Inc.) and mixed by vigorous shaking,
followed by a sonication step for 20 seconds using an
5 ultrasonic horm (Model 350 Branson UltrasonicC Power
Supply, Eorn Diameter = 0.5 inCh (1.2? cm), Power setting
= 2). The slurry was sized under a microscope. An
Olympus BE-2 optical microscope equipped with phase
contrast illumination was used to observe the size and
10 condition of the dispersion.

A drop of the above dilute slurry was. placed
between a microscope slide and glass cover slip and
observed microscopically at high magnification (1,000
times) and compared to the slurry similarly diluted with

15 water only (no surface modifier). The unmodified
dispersion exhibited extensive particle agglomeration.
The particle size of the unmodified dispersion was more
than 10 microns.and the unmodified dispersion exhibited no
Brownian Motion. Brownian motion is the oscillatory or

20 jiggling motion exhibited by particles in a liquid that
fall in the size range of less than about 1 micron. The:
Lecithin modified particles exhibited rapid Brownian '
motion. The thus observed dispersion had the
characteristics and appearance consistent with a number

25 averagé particle size of less than 400 om. Faorthermore,
it is expected that additional milling would lead to
further particle size reduction. '

Example 7 - Alkyl aryl polyether sulfonate modified
30 Steroid a
Example 6 was repeated except that the Lecithin
was replaced with Triton X-200 (manufactured by Rohm and
Haas). Similar results were cbserved.



of the ball mlling process. Both formul ati ons were ad' I.f ‘”é‘r{mﬂtr@reaéh of
five dogs by oral gavage and plasma obtained via a cahn °a~rﬂ~¢hew02ﬁhallc
vein. Plasma Steroid A levels were nonitored over 24 /hg uré The 25 P
rel ative Bioavailability of Steroid A fromthe nanoparJ abE

cﬁE'ﬁpersﬂon
was 7.1 fold higher than fromthe unmlled Steroid Ais spension. CQ_rrparlson

of oral -plasma levels with dose corrected glsasma | evels fol | ow ng
i ntravenous adm nistration of Steroid A gave a nean 30—abselut.e..
bi oavailability ( SEM of 14.8 :: 3.5%for the nanoparticul ate dlsperS|on

and 2.1 1.0% ggbmblie #nm |difl adRkeRiBbdified Hteroid 2
‘Example 6 was repeated except that the Lecithin
was replaced with gum acacia (available from Bastman Kodak
Co.) Similar results were observed. T
Example 9 - Sodium lauryl sulfate modified Steroid A
Example 6 was repeated except that the Lecithin
was replaced with sodium lauxyl sulfake (available as
Duponol ME from DuPont, Inc.). Similar resulte were
10 observed.

Example 10 - Stexoid A modified with a3 diociylesker of
soinm_sulfosuccinic acid
Example 6 was repeated except that the Lecithin
15 was replaced with Aerxoscl OT (available from American

Cyanamid Chemical Products, InC.). Similar results were
observed.

Example 11 - Steroid A meodified with a bhlock copolymer of
20 ethylene oxide and_propylene oxide
Example 6 was repeated except that the Lecithin
was replaced with Pluronic F68 (available from BASF
Corp.). Similar results were observed.

25 Example 12 - Stercid A modified with a bleck copolymer of
ethylene oxide and propylene oxide
A nanoparticulate dispersjion of Steroid A was
prepared by ball milling with zirconium oxide grinding
nedia for 5 days. 70 cc of grinding media were added to a
30 115 cc vessel followed by:
2.5 g Steroid 2
0.75 g of Pluronic F68
46.75 g high purity water



A dispersion of Steroid A was prepared using a baII n1II|ng pr0tp55 W th
zirconi um oxi de grinding beads. 5 The dispersi on V\B.S‘/ prepared ini the
absence of a surface nodifier and a post-sonicatjohn step was” dsed ‘to
mnimze floccul ation and reaggregation. A fine bartlcle drsper3|@n was

prepared by ball mlling the follow ng ingredients. 10 5 gi ‘Steroid A
95 g high purity water The foll owi ng proces2é6cendit i ons WeTerused! Gri ndi ng
media: 135 ml Vessel volune: 240 M - 15 Ginding nedia: 0.85 - 1.18

mm Zirbeads XRmlling tinme: 4 days MIling speed: 86 RPM (50%critica
speed) After four days of Thaltesdldinggmikbere wias paddsmilled for 5 days

at 50% of the critical rotational speed. The final
dispersion was separated from the grinding media and
microscopically evaluated for particle size as in Example

5 6. The dispersion exhibited rapid Brownian Motion and no
particles were larger than 1 xmtcrcm.i Most particles were
less than 400 nm. :

Example 13 - Lecithin modified Stercoid A particles

10 Example 12 was repeated except that the Pluronic Fé8
was replaced with Ceantrolex P. No particles larger than 1
micron were observed microscopically and most were less
than 400 am.

15 Example 14 - Steroid A paxticles modified with a block
copolymer of ekhylene oxide and propylene oxide
A nanoparticulate dispersion of Steroid A was
prepared by a ball milling process. The following
ingredients were added to0 a cylindrical 0.95 1 vessel.
20 The vessel was filled approximately halfway with the
following grinding media: '
Grinding media: 0.85 - 1.18 mm diameter zirconium
oxide spheres (made by Zircoa)
‘The following dispersion ingredients were added
25 directly to the glass vessel:
18 g Steroid a
4.5 g Pluronic F68 (purchased from BASF Corp.)
336.6 g high purity water
Steroid A was purchased from Sterling Winthrop
30 Inc. in the form of unmilled tabular crystals having an
average particle size of approximately 100 pm.
The vessel was rotated concentrically on its
axis at 50% critical speed for 5 days. After this time
4.45 g of Pluronic F68 was added to the slurry and rolled



# e e s

separated fromthe grinding nmedia through a screen. Hﬁhé;ghﬁiwiﬁjﬁ’_ﬂﬁ
unstablized slurry was bl ended with 10 granms of hi é purity-water _f' €

by vi gorous shaking; followed by a sonication step ff or 2Q, %@ Q{l 1S gsing an
ul trasonic horn (Mdel 350 Branson U trasonic Power; up R% ovn‘dianeter -
0.5 inch, Power setting = 2). The 25 slurry was swzédmundenwa nlaroscope
An optt cal m croscope equi pped with phase- &t ast §| | I um nati on was USed to
observe the condition of the dispersion. A drop of “the-ditute-sturry: was

pl aced between a m croscope slide and a glass cover slip and observed at 30
hi gh nmagni fi catﬁ'ccm 5( £06X) dayd het dibepsase ocomidtiivinsed Thecrdupnytvase

aggr egati on. éPin%QﬂE@géﬂ Zgnd\aepak8Rba  £4ditnk0 oiaHORG BEdi&XEhG t ed
no Browni an pareValu%tré%v%gE particle size using the sedimentation field
flow fractionator. The number average particle -size
5 measured was 204.6 am and the weight average particle size
was 310.6 nm. The particle size distribution ranged from
approximately 68 - 520 nm. The disp;ersion was examined
with an optical microscope. It exhibited excellent
particle integrity, free of flocculation and
10 agglomeration. The dispersion particles exhibited rapid
Brownian motion. '

BIOAVAILABILITY TESTING

15 Biocavailability of Steroid A from the
nanoparticulate dispexsion described above was compared to
that from a suspension of unmilled Steroid A (having an
average particle s:.ze of about 100 im) in male beagle
dogs. The unmzlled material was prepared as a suspension

20 in. the same manner as the dispersion, with the exception
of the ball milling process. Both formulations were '
administered to each of five dogs by oral gavage and
plasma obtained via a cannula in the cephalic vein.

Plasma Steroid A levels were monitored over 24 hours. The

25 relative biocavailability of Steroid A f£rom the
nanoparticulate dispersion was 7.1 fold higher than from
the unmilled Steroid A suspension. Comparison of oral
plasma levels with dose corrected plasma levels following
intravenous administration of Steroid A gave a mean

30 absolute biocavailability (+ SEM) of 14.8 *x 3.5% for the
nanoparticulate disperxsion and 2.1 + 1.0% for the unmilled
material.



- 29 S Table 1 is a snmary of additional exanples
of the invention. Each of the exanpl es in Table Lwlesulted in particles

havi ng an effective average particle size of 5 IE$§?§4ﬂi éﬁ;itﬁngABLE 1

Dr ug Sur f ace Particle Exanpig it ““ <

ubst ance Modi fi er Size 15. antl-lnflannatory 5@6ﬁaproxen

5% PVP 250 nm 10 16. anti-infl"ad®nat of y: 5% haFCO%ER 3%
F68 267 nm 17. anti-inflamrmatory 596|nﬂohetha0|q - 1&6&68

228 nm 18. anti-inflammatory 5% i ndonet haci n 1% PVA T4 331 nm
19. anti-inflamuatory 5% i ndonmet haci n 1% PVP  f .216_nm 20.

anti -i nf | anmat cFSREARAtdRenBERaRLa A 1% F108 235 nm

A dispersion of Steroid A was prepared using &
ball milling process with zirconium oxide grinding beads.
5 The dispersion was prepared in the absence of a surface
modifier and a post-sonication step was used to minimize
flocculation and reaggregation. ;
A fine particle dispersion was prepared by ball
milling the following ingredients:
10 S g Steroid A
95 g high purity water
The following process conditions were used:
Grinding media: 135 ml
Vegsel volume: 240 ml
15 Grinding media: 0.85 - 1.18 mm Zirbeads XR
Milling time: 4 days
Milling speed: 86 RPM (50% critical speed)
After four days -of ball milling, the slurry was
separated from the grinding media through a screen. One
20 gram of the unstablized slurxy was blended with 10 grams
of high purity water and mixed by vigorous shaking,
followed by a sonication step for 20 seconds using an
ultrasonic horn (Model 350 Bramson Ultrasonic Power
Supply, Horn diameter = 0.5 inch, Power setting = 2). The
25 slurry was sized under a microscope. An optical
microscope equipped with phase contrast illuvmination was
used to observe the condition of the disbersion.
A drop of the dilute slurry was placed between a
microscope slide and a glase cover slip and observed at
30 high magnification (400X). The dispersion exhibited
severe particle aggregation. The aggregate size was
greatexr than 10 microns and exhibited no Brownian particle
movement.



15 21. anti-inflammatory 3% WN 63, 394

0. 5% F68 262 nm
22. anti-inflammatory 4% WN 63, 394 3% F68 255 nm 23.
anti-inflammatory 3% WN 63, 394 10% FB8 i s e Aok QRTpd!
anti neopl astic 1% et oposi de 1% Cr odes thans ;.,Aud B hmEEI0 20
25. antineopl astic 1% et oposi de 1% Cr:odest a -30Q inm SL-40
26. antineopl astic 1% et oposi de - 29 - 1% F6§ 36 DD ®EP0inm 27.
anti neopl astic 1% et oposi de 1% F108 L - 300 nm .
28. . antineopl astic 1% et oposi de 1% gum ataci-a~~"=300 nm 25 29.
ant i neopl asekamplesl¥Getnposi de 1% PVA  §  ..-300.nm.30.
ant i neopl astic 1% 5371t ot | Rummafl, G2 228opm 31.
antineoplastic . 1%, canpt gt eg rr%th % %/@%%%ﬁ&:il e:amplZiéGOEm 32.
ant i neopl asthg 1overRieRyyL kadh ofthe Sipmpieg in Table 1 resfifeq . 53
ant i neopl astircpartiZkesi paving am effective ayeupa® REFdg1Ie s39® ?fn 30

F-110 5 1less than 400 nm.
PABLE 1 .
Drug ! Surface Particle
Example odifier Size
15. anti-inflammatory 5% naproxen 5% PVP 250 om
10 16. anti-inflammatory 5% naproxen 3% r68 267 am
17. anti-inflammatory 5% indomethacin 1% Fé8 228 nm
18, anti-inflammatory 5% indomethacin 1% PVA 331 nm
19. anti-inflammatory 5% indomethacin 1% BVP 216 nm
20. anti-inflammatory 5% indomethacin 1% Fl08 235 om
15 21. anti-inflammatory 3% WIN 63,394 0.5% F68 262 nm
22. anti~-inflammatoxy 4% WIN 63,394 3% F68 255 nm
23. apti-inflammatory 3% WIN 63,354 10% Fé8 231 nm
24. antineoplastic 1% etoposide 1% Crodesta ~300 nm
F-110
20 25. antineoplastic 1% etopeside 1% Crodesta ~300 om
SL~40 -
26. antineoplastic 1% etoposide 1% F68 ~300 nm
27. antinecoplastic 1% etoposide 1% F108 ~300 nm
28.. antineoplastic 1% etoposide 1% gum acacia -300 am
25 29. antineoplastic 1% etoposide 1% pva ~300 nm
30. antineoplastic 1% camptotheci'n 0.6%gum acacia 2%8 nm
31. aptineoplastic 1% camptothecin 1.1% pVa 236 nm
32. antineoplastic 1% camptothecin 1% TOo08 256 nm
33. antineoplastic 5% piposulfam 1.25% cCrodesta ~300 nm
30 F-110
34. antineoplé.stic 5% piposulfam 1.25% gum acacia =300 am
35. antineoplastic 5% piposulfam 5% Pva 320 nm
36. radiopharmaceutical 2.5% WIN 59,075 3% PVP 359 mm



34. antineoplastic 5% pi pbsul fam 1.25% gumz"‘é‘" a,c;{‘a, 300

&

anti neopl astic 5% pi posul f am 5% PVA el @-szﬁm
radi ophar maceutical 2.5% WN 59,075 3% PVP o 359 nM 30-
Dr ug Sur f ace Particle 37. dua G‘,S/t«lf*(}'"ri rr@gl gi 10%
W N 8883 2% T098 - 166 nmgpent 5 38. dl gglostlc |mag| ng 20%
W N 8883 3. 3% T908 180 nm agent T el 39
di agnostic imaging 20% WN 8883 3.3% T908 fg 159 nm agent _,}
|(o:—|-SOt702|)C phosphate buffered ssl ge, Surface particle
Example.  Class ___Substance Modiftier Size
37. diagnostic imaging 10% WIN 8883 2% T908 - 166 nm
agent ) T
5 38. diagpnostic imaging 203 WIN 8883 3.3% T908 180 nm
agent ;
39. diagnostic imaging 20% WIN 8883 3.3% T908 159 nm
agent (isotonic phosphate
buffered saline,
10 pBE= 7.4)
40. diagnostic imaging 20% WIN 8883 3.3% T908 167 nm
agent (0.1M phosphate
buffer pE=7.5)
41. diagnostic imaging 10% WIN 8883 1% SA90BCO 194 nom
15 agent 1% Tween 20
42. diagnostic imaging 108 WIN 8883 12 SA90HCO 193 mm
agent
43. diagnostic imaging - 40% WIN 8883 3.3% T908 329 nm
agent
20 44. diagnostic imaging 10% WIN 8883 2% Tween 20 241 nmm
agent
45. diagnostic imaging 10% WIN 12,901 2% T908 238 nm
agent ' _
46. diagnostic imaging 20% WIN 12,901 3.3% 7908 289 om
25 agent ' (phosphate
buffer, pB=6.5)
47. diagnostic imaging 10% WIN 16,318 2% Tween 8 O 219 npm
ageat
48. anti~-inflammatory 3% ibuprofen 2% F68 ~250 nm
30 49, anti~inflammatory 3% ibuprofen 2% Fé68 ~375 nm

(in 0.1M HCL)



40. diagnostic imaging 20% WN 8883 -3.33 T908 167 nm agent

(0. ML phosphate buffer pH7.5) 41. diagnostic imging 10% WN 8883 It
SA9CHCO 194 nm 15 agent ?“““W“‘ T
Tween 20 42. diagnostic imaging 10% WN 8883 1@6Sﬁ9@@éb- Y -iﬁ&g

agent 43. diagnostic imging 40% WN 8883  3.3% T908 ”“”“””"““8?9%nn1
agent 20 44. diagnostic imaging 10% WN 8883 ZW&TweepEQBF j | 241
nm agent 45. diagnostic imaging 109 WN-13;901 2@6T908 BH é38 nm
agent 46. diagnostic imaging 20% WN 12,901 3. 3@6T§08‘“"r =www~mM289gnn125
agent (phosphate buffer, pkh6 5)

R een,

These examples demonstrate that the wet grznding proce§§“6f
this invention is broadly applicable to a wide variety of
classes of poorly-soluble drug substances including
steroids, anti~inflammatory agents, antineoplastic agents,

5 radiopharmaceutical agents and diagnostic imaging agents
having radically different chemical structures.
Additionally, these examples demonstrate that the invention
can be practiced in conjunction with 3 variety of surface
modifiers and at a variety of surface modifier

10 concentrations.

Furthermore, laboratory work has demonstrated
that particles prepared according to this invention have
exhibited a variety of unexpected properties, particulacly
with respect to increased bioévailability. For example,

15 as described above, pharmaceutical compositions containing
Steroid A and Danazol according to this invention have
unexpectedly exhibited 7 and 16 fold increases in
biocavailability compared to dispersions prepared by
conventional techniques. Aqueous dispersions of WIN

20 63,394 prepared according to this invention resulted in an
increase in bioavailability of 37-fold when compared to a
conventional dispersion of WIN 63,394. The dispersions
were administered at a dose of 5mg WIN 63,394 per kilogram
of body weight to three dogs in the fasted state as a two

25 way crossover study. Sexial blood samples were withdrawn
and analyzed by HPLC for WIN 63,394 concentrations. The
relative biocavailabilities were calculated from the area
under the curve for concentration versus time plots. Such
increased bioavailability is particularly advantageous

30 inasmuch as drug substances in the form of the particles
of the instant invention can achieve the same therapeutic
effect as substantially greater dosages of drug substances
prepared by prior art techniques.
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47. diagnostic imaging 10% WN 16, 318 2% Tween 8 O
48. anti-inflavmatory 3% i bupr of en 2% F68

219 rm agent
-250 nm 30 49.

anti-inflammatory 3% i bupr of en 2% F68 -375 nm(in 0.1M

HC1) 31l These exanpl es denpbnstrate that the wet-
this invention is broadly applicable to a wide varggthi(d

exanpl es denmonstrate that the invention_ 5,
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In addition, pharmaceutlcal compositions
containing particles of this invention have exhibited
improved dose proportionality and decreased fed-fasted
variability. Further, particles of the invention
comprising naproxen or indomethacin, when administered
orally, have resulted in more rapid ogset of action
compared to conventional naproxen and:indomethacin
formulations. Moreover, certain of the particles of the
invention have been found to be extraordinarily useful in
X-ray contrast compositions.
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can be practiced in COﬂjUanTfWTVWT+Ffrﬁ%w¢eL¥_Of surface nodifiers and at

[ e
. ___.._.___,‘_,___

a variety of surface m)difie m" ons. E‘Eféﬂ IO ageRat ory
work has denonstrated that p ﬂim ’izzl acqpr % Jﬂfﬂ’fﬁ@ﬂﬁ\ﬁgntlon
have exhibited a variety of unexpecte ti eskpa uﬂ L?y WLyh
respect to increased bioavailability. For exanple 1@; S 5 €4 - ,
phar maceut i cal conpositions containing Steroid A and; k¥ ] TQBQ% ;ﬁg to
this inventi-on have unexpectedly exhibited 7 and 16 j‘oia”lncre‘a‘S‘ES‘"nni
bi oavail ability conpared to dispersions Py pared by manvqubgg
techni ques. Aqueous di spersions of WN 703 37394 prepareé rd?ﬁg*t this
invention resulted in an increase in bloavallablllty Jf~—37—f-ol.d_wheh
conpared to a gonventional dispersion of WN 63, 394.i The di spersions yere
adm ni stered X ose of 5ng WN 63, 394 per kllogramw e e 4

1. “‘Particles consisting essentially of a

crystalline drug substance having a surface modifier
adsorbed on the suxface thereof in-an amount sufficient to

5 maintain an effective average particle size of less than
about 400 am.

2. The particles of claim 1 ha;ing an effective
average particle size of less than 250 nm.

3. The particles of claim 1 having an effective

10 average particle size of less than 100 nm.

4. The particles of claim 1 wherein said drug
substance is selected from analgesics, anti-inflammatory
agents, anthelmintics, anti-arrbythmic agents,
antibiotics, anticoagulants, antidepressants, antidiabetic

15 agents, antiepileptics, antihistamines, antihypertemnsive
agents, antimuscarinic agents, antimycocbacterial agents,
antineoplastic agents, immunosuppressants, antithyroid
agents, antiviral agents, énxiolytic sedatives,
astringents, beta-adrenoceptor blocking agents, blood

20 products and substitutes, cardiac suppressants agents,
contrast media, corticosteroids, doﬁgh suppressants, .
diagnostic agents, diagnostic imaging agents, diuretics,
dopaminergics, haemostatics, immunological agents, lipid
regulating agents, muscle relakants, parasympathominetics,

25 parathyroid calcitonin and biphosphonates, prostaglandins,
radio=pharmaceuticales, sex hormones, steroids, anti-
allergic agents, stimulants and anoretics,
sympathomimetice, thyroid agents, vasodilators and
xanthines.

30 5. The particles of claim 1 wherein said drug
substance is selected from an antiviral agent, an anti-
inflammatory agent, an antineoplastic agent, a
radiopharmaceutical agent, and a diagnostic imaging
agent.
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6. The particles of claim 1 wherein said drug
substance is selected from the group consisting of
Danazol, 5«¢,17u,-1'~(methylsulfonyl)-l1 H-pregn-206-yno-
[3,2~c}-pyrazol~17-0l, piposulfam, piposulfan,
camptothecin, and ethyl-3,5-diacetamido-2,4,6-
triiodobenzoate.

7. The particles of claim 1 wlerein said surface
modifier is selected from the group comnsisting of gelatin,
casein, lecithin, gum acacia, cholesterol, tragacanth,
stearic acid, benzalkonium chlorxride, calcium stearate,
glyceryl monostearate, cetostearyl alcohol, cetomacrogol
emulsifying wax, sorbitan esters, polyoxyethylene alkyl
ethers, polyoxyethylene castor oil derivatives,
polyoxyethylene sorbitan fatty acid esters, polyethylene
glycols, polyoxyethylene stearates, colloidol silicon
dioxide, phosphates, sodium dodecylsulfate,
carboxymethylcellulose calcium, carboxymethylcellulose
sodium, methylcellulose, hydroxyethylcellulose,
hydroxypropglcellulose, hydxoxypropylmethylcellulose
phthalate, noncrystalline cellulose, magnesium aluminum
gilicate, triethanolamine, polyvinyl alcohol,
polyvinylpyrrolidone, an ethylene oxide-propylene oxide
block copolymer, an alkyl aryl polyether sulfonate, and a
dioctylester of sodium sulfosuccinic acid.

8. The particles of claim 1 wherein said surface
modifier is present im an amocunt of 0.1 to 90% by weight
based on the total weight of the dry particle.

9. Particles according to claim 1 consisting
essentially of crystalline Danazol having polyvinyl
pyrrolidone adsorbed on the surface thereof in an amount
sufficient to maintain an effective average particle sgize
of less than 100 nm.
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i 'npr oved dosﬂlﬂlﬂmﬂllmmnmk and decreased fed-fasted variability.

Furt her, par ention 5 conprising H&@LOX&D.QI i.ndonet haci n,

when adni ni st er ed oraIIy, have=tesutted=F¥inor e rap$§w1 ey g@ﬁy n

conpared to conventi onal papm&t{rﬁ*&mﬁ Bhfdérrpt haci n{ f grnu 'aﬁi@r’\& eover,
Ef t h&EPhA@RPi on Have been found to be

certain of the particles ,
extraordinarily useful |n=%6=%Fay conttast corrposli DEC %6EAl I\/Ejs

conposi tion conprising particles consisting essentiallY. of_ (a) aj
crystaliine drug having a solubility in wed%r of lless than [ O rrgF ;I and
(b) a non-crosslinked surface nodifier adsorbed-on-the-surf.ace of the
drug in an anount of 0. 1-90% by wei ght,

10. Particles according to claim 1 comsisting
esisem:ially of crystalline 5a,17¢,-1"'-(methylsulfonyl)-

1’ B~-pregn-20~yno-[3,2-c]-pyrazol-17-ol having an etbylene
oxide propylene-oxide block copolymer adsorbed -on- the

5 suxface thereof in an amount sufficient to maintain an
effective average particle size of less than about 400 nm.

11. A stable dispersion consisting essentially of a
liquid dispersion medium and the particles of any one of
claims 1-10.

10 12. The dispersion of claim 11 wherein said
dispersion medium is water.

13. The dispersion of claim 11 wherein said
dispersion medium is selected from the group consisting of
safflower o0il, ethanocl, t-butanol, hexane and glycol.

© 15 14. A pharmaceutical composition comprising the
particles of any one of claims 1-10 and a pharmaceutically
acceptable carrier therefor.

15. A method of treating a mammal comprising the
step of administering to the mammal an effective amount of

20 the pharmaceutical composition of claim 14.

16. A method of preparing the particles of claim 1°
comprising the steps of dispersing a drug substance in a .
liquid dispersion medium and wet grinding said drug
substance in the presence of rigid grinding media having

25 an average particle size of less than 3 mm and a surface
modifier to reduce the particle size of said drug
substance to an effective average particle size of less
than about 400 om.

17. A method of preparing the particles of claim 1

30 comprising the steps of dispersing a drug substance in a
liguid dispersion medium, wet grinding said drug substance
in the presence of rigid grinding media having an average
particle size of less than 3 mm, and thereafter coantacting
said drug substance with a surface medifier by mixing said
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wbherein..at |east 90% of the particles have a wei ght average particle siZe
of less than about 400 nm 2. The conposition of claim1, wherein the
particles have an effective average particle size of |ess than about 250
nm 3. The conposiTon of crarf=t=wherei n tth'_,__” » —have-an
effective average partlgl*e‘@ﬁ‘z“g&bfmﬁ &$ENt han about |4 Y0 A J—%’% S E-""-i‘:"?'he
conmposi tion of claim 1, iLwher et t’ﬁejdrug i*s sel ect; eci from anal geSf cé anti -
i nflarmmatory ﬂgem—s—amher-l—m—nifl CS, anti-arrhyt hmfc 8gent:s want | [ bl otics,

anti coagul ants, s anti di abetic agergt s, antl éﬁl ?ept § cs,
antrim stani nes, ﬂﬂ QFm I IH
anti mycobacteri al+ ag ) copi asti c agss t-5 nnunosuppr essant sf

agents, anti rrusca)rl ni-cTagent-g;- i
: [
anrtithyroid agents, antiviral agents, anxiolytic sedatiVes, "astTi ngent S,
bet a- adr enocept or bI oci ag agents, contrast nedia, corticosteroids, cough
suppressants, diagfisd mbdagest Svivh 3gnaséispéermiginageddont 5o thaw etics,
dopani ner gi cs, géf%te%t hS95nd Tdr2eRH08! 2 ARG pakck PLle 80U e NG

agents, nuscle axant's g ‘i/f{ r;_@gt hom neti cs,” parathyroid cal citonin,
pr ost agl andi ns, 1PSRIiTha ﬁQ sex hornones, anti-allergic agents,
stinul ants, synpat hok8 nﬂbecsethquﬁ Glag@nlg,.%m Hacdreing P ant hi nes.

5 step of subjecting the dispersion medium containing said
drug substance and said surface modifier to ultrasonic
energy- :

19. The method of claim 17 or 18 wherein said

grinding media have a density greater than 3 g/cmd.

10 20. The method of claim 17 or 18 wherein said
grinding media have an average particle size of less than

1 mm.

15
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S. The conposition of claim1, wherein the drug is selected from an
antiviral agent, an anti-i nfg-amnaator. ent.. . an;aqgln;gyﬂ Stie—t ient, a
radi ophar maceuti cal agent, taﬁdm&wdyégﬁﬁggg_ﬁﬂ%ag A, -gg ENT Q’ﬁﬁiﬁ- The
conposition of claim1, mheéeln thﬁpﬂk@gbls sdl e téa"tronftﬁe'gtoup

consi sting of Danazol, SC. *7FeftT=mt+~tﬁf${&;ultoéyhjé,\ c0n
[err]-pregn-20-ynO-[3 ,2-cl-pyrazol- 1 7-ot, pi pé)sulfam“’"ﬁi’ b’dg lif an,
canpt ot hecin. and ethyI 3 ,5-di acet am do- 4 6- ¢rirod@beﬂ%eaee~ 1. The
conposition of claiml, mherein t he surf ce nDdlfler is selected firom the
group consisting.of geatarin, casein, lecithin, gum acacia, Thotesterol,
tragacanch, stearic acid, benrzalkoaluntchlorlde caIC|untstearace

gl yceryi ronostearate, cSPSERERHAPIEIEDHBRUC MANGRARTACEES emmul si tyi ng
wax, , sorbitan esters, polyoxyethytenggldtWy et hers, polLyoxyethyl ecne
caster oil derivatives, polyoxyethylene sorbitan fatty acid esters,

pol yet hyl ene gl ycols, polyoxyethylene stearates, colloidol silicon dioxide,

phosphates, sodi uma dedepkksibi@tfarticles consisting essentially of a
crystalline drug substance baving a surface modifier adsorbed
on the surface thereof in an amount sufficient to maintain an
effective average particle size of less ' than about 400 nm,
methods for the preparation of such particles and dispersions
containing the particles. Pharmaceutical compositions
containing the particles exhibit unexpected biocavailability
and are useful in methods of txeating mammals.
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e "“““ﬂﬁ%

car boxyt r net hyl ceH—trI”ose cal ci m\‘l\!ﬂr boxynet hyl cel | ul ose SOdI um o

met hyl cel | ul ose, t hydr oxypropyt-e€
‘hydr oxypr opyl net hycgmmmu noncrfqgg f\ﬁ@‘% I 4

al umi num silicate, triet‘hafiol ani ne, pol yvi nyl | eﬂh'o“’r"“" TyV| yl pyrrolidone,
an et hyl ene oxi de-propyl ene oxi de bl ock copol _- -8k B £y aryl polyether
sul fonate, and a dioctyl ester of sodi §5} suf f osucki i 6 aéﬁ cf . The
conposition of claiml1l, wherein the particles [13J..5L~ee=s—e1'rt’1"al I'y of
crystal line Danazol having pol yvi nyl % ol i dome adsor bed oljj_é surface
thereof in an anount sufficient to in anieffective av average particle
size of |less than about 100 nm 9. The corrp05|t|on of claim1, wherein

t he part icles consist essentially of crystalline 5G

[err] " (et hyl &ul fohy¢r9md81-&0prcerpptzﬁagyuw%qbﬂ}tca@@m&w@m%\’/ﬁ ng an et hyl ene

oxi de propylene oxi de bl rne SOr hereof in
an amount suf f§ | enatc.‘tlsgalﬁ% P‘nglf vvga?ea\(}gfrgg;g&p%# Smgl ze of less
than about 400(®m ddba-crosili zﬂ&eabch&csltrﬁ@@esad@mmmmmge ashbetig many of a
l'iquid dispersion nediumand the particles of any one of clairns [-9. 11
The di spersion of AuAt A L- W@Pél‘”ﬁ‘%ﬁl d di spersion nediumis water. 12.

Tﬂe di sper si onwRire@laiedd 6%, MMRRIRIReS AL 20l SHR hr428 paidieire bblessehact ed from
t he

'!

about 400 am.

2. The composition of claim 1, wherein the particles have an effective average

partcle size of less than about 250 nm.

The cormposition of claim 1, wherein the particles have an effective average

particle size of less than about 100 om.

4, The compesition of claim 1, wherein the drug is selected from analgesics, ant-
inflammatory agents, anthelmintics, anti-arrhythmic agents, antibiotics, aaticoagulants,
antidepressants, antidiabetic agents, antiepileptics, antihistamines, anthypertensive agents,
antimuscarinic agents, antimycobacterial agents, antineopiastic agents, mmunosuppressants,
antithyroid agents, antiviral agents, anxiolytic sedatives, astringents, beta-adrenoceptor blocking
agents, contrast media, corticosteroids, cough suppressants, diagnostic agents, diagnostic
imaging agents, diuretics, dopaminergics, haemostatics, immuriological agents, lipid regulating

N agents, muscle relaxants, parasympathomimetics, parathyroid calcitonin, prostaglandins, radio-
pharmaceuticals, sex hormones, anti-allergic agents, stimulants, sympathomimetics, thyroid

agents, vasodilators, and xanthines.

3. The composition of claim 1, wherein the drug is selected from an antiviral agent,
an anti-inflammatory agent, an antineoplastic agent, a radiopharmaceutical agent, and a

diagnostic imaging agent.



35 group consist ing of safflower oil, ethanol, t-butanol, hexane, and

glycol. 13. ceutlcal corrp05|t|on COF_];__sJ,.ag—L—he— ALt cles ot any
-one ofclairs 1- 9 azhm Wﬂﬂmal |y accept@%%{‘é@ INEhitatefor. 14. A
met hod of preparin f claim]l F-St g THE ™ slt ps of: (a)
dlspersmgacrystalllne druglnallqwd dlse5|onﬁ€g and (b) wet
grinding said drug in the presence of rigid gni I‘ldl’-ﬁd % ha‘v iing an
average particle size of less than 3 Afth and aznq__ cr,assl+nk~ed‘ surface

nodifier to reduce the particle size of said jrug to an effecti Ve average
particle size of less than about 400 rnm 15. hed—*crf"prepari ng the

particles of claim] conprising the steps of J er
crystalline drifg i nTe Praestpndl sipist bl"ﬂﬁfcﬁ’e@?@fﬁg‘s(sblf“e t@\‘ﬁ? @ﬁ%gf’ng said drug
o o G kB S 7Y Al Ry ) ARG 80 RUBIAGyRAIILI T 1 ze of

| ess t han
piposulfam, piposulfan, camprothecin, and ethyl-3,3-diacetamido-2,+ ,G-miiodobenzoate.

7. The composition of claim |, wherein the surface modifier is selected from the
group consisting of getatin, casein, lecithin, gum acacia, cholestersl, tragacant, stearic acid,
benzalkonium chloride, calcium stearate, glycery! monostearate, cetostearyl alcatial,
cetomacrogol emulsifying wax, sorbitan esters, polyoxyethylene alkyl ethers, polyoxyethyleae
caster oil derivatives, polyoxyethylene sorbitan fatty acid esters, polyethylene glycols,
polyoxyethylene stearates, colloidol silicon dioxide, phosphates, sodium dodecylsulfate,

N carboxymethyleellulose calcium, carboxymethylesliulose sodium, methyleetlulose,
hydroxyethylcellulose, hydroxypropylcellulose, hydroxypropylmethycetlulese phthalate,
goncrystalline cellulose, magnesium aluminum silicate, tiethanolamine, polyvinyl alcobol,
solyvinylpyrrolidone, an ethylene oxide-gropylene axide block copolymer, an alkyl aryl

polvether sulfonate, and a dioctylester of sodium sulfosuccinic acid.

8. The composition of claim 1, wherein the particles consist esseudally of crystalline
Danazol having polyvinyt pyrrolidone adsorbed on the surface thereof in am amount sufficient to

" maintain an effective average partcle size of less than about 100 am.
9. The composition of claim 1, wherein the particles constst essentially of crystailine
Se, 17¢,-1'-(methylsulfonyl)-1"H-pregn-20-yno-pyrazol-17-0l having an ethylene oxide
propylene-oxide block copolymer adsorbed on the surface thereof in an amount sufficient to

maintain an effective average particle size of less than about 400 nm.

10. A stable dispersion consisting essentially of a liquid dispersion medium and the

particles of any one of claims {-9.
[l.  Thedispersion of claim 10, wherein said dispersion medium is water.

(2. The dispersion of claim (0, wherein said dispersion medium is selected from the



(c) thereafter contacting said drug w th™ a non- crossl i nked surface
nodi fier by mXing said surface nodifier wt epegrqmﬂq‘m medi um to

“formparticles Hﬂa‘ébﬁl&}ﬁ%éﬁi@ﬁ%ve average é e’* ¢56t*lless than about
400 nm 16. Th ﬂ ! lmam 14 or cl ai ht‘;LS further |ndludi ng the step

of subjecting th di um cont ai ni ng sanqtlgzmrtmyarid said surface
modi fier to ultr 17. TrETeEbrreth@dgof cai m 14 wheriei n said
grinding nmedia have an average partic si z¢ 6f—tess than 1l fm 18. The
met hod of claim 14wherein said grinding rreér a have a density greater than
3 g/cnerr] T

group consisting ot safflower oil, ethanol, t-butanol, hexane, and gtycol.

@

3. A pharmaceutical composition comprising the particles of any one of claims [-9

and a pharmaceuwtically acceptable carrier therefor.

4. A method of reating a mammal comprising the step of administering to the

mamumal an effective amount of the pharmaceutical composition of claim 14.

15, Amethod of preparing the particles of claim | comprising the steps of:
(a)  dispersing a crystalline drug in a liquid dispersion medium; and
W, (6)  wet grinding said drug in the presence of rigid grinding media having an average
particle size of less than 3 mm and a non-crosslinked surface modifier to reduce the particle size

of said drug to an effective average particle size of less than about 400 nm.

16. A method of preparing the particles of claim 1 comprising the steps of!

(& dispersing a crystalline drug in a liquid dispersion medium,

(®) wet grinding said drug in the presence of rigid grinding media having an average
particle size of less than 3 mm, and

(© thereafter contacting said drug with a non-crosslinked surface modifier by mixing
said surface modifier with said dispersion medium to form particles having an effective average

particle size of less than about 400 nm.

N 17. The method of claim 15 or claim 16 further including the step of
subjecting the dispersion medium containing said drug and said surface modifier
to ultrasonic energy.

13.  The method of claim 15 wherein said grinding media have an average particle

size of less than | mm.

19.  The method of claim 15 wherein said grinding media have a density greater than 3

glem’.
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group consisting of safflower oil, ethanol, t-butanol, hexane, and glycol,

13. A pharmaceutical composition comprising the particles of any one of claims 1-9

and a pharmaceutically acceptable carrier therefor.

14. A method of preparing the particles of claim 1 comprising the steps of:
(a)  dispersing a crystalline drug in a liquid dispersion medium,; and
(b)  wet grinding said drug in the presence of rigid gnndmg media having an average
particle size of less than 3 mm and & non-crosslinked surface modlﬁer to reduce the particle size

of said drug to an effective average particle size of less than about 400 nm.

15. A method of preparing the particles of claim | comprising the steps of:
(a)  dispersing a crystalline drug in a liquid dispersion medium,
(b)  wet grinding said drug in the presence of rigid grinding media having an average
particle size of less than 3 mm, and
(¢)  thereafter contacﬁng said drug with a non-crosslinked surface modifier by mixing
said surface modifier with said dispersion medium to form particles haviné an effective average

particle size of less than about 400 nm.

16. The method of claim 14 or claim 15 further including the step of
subject;ing the dispersion medium containing said drug and said surface modifier

to ultrasonic energy.

17. The method of claim 14 wherein said grinding media have an average particle

size of less than | mm.

18. The method of claim 14 wherein said grinding media have a density greater than 3

g/cm’.
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SURFACE MODIFIED DRUG NANOPARTICLES
ABSTRACT

Dispersible particles congisting esseﬁiiélly of a
crystalline drug substance having a surface modifiexr adsoxrded
on the surface thereof in anr amount sufficient teo maintain an
effegtive average particle size of less:than about 400 nm,
metheds for the prepaxation of such particles and dispersions
containing the particles. Pharmaceutical compositions
containing.the particles exhibit onexpected bicavailability
and are useful in methods of txeating mammals.



