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{ SURFACE MODIFIED DRUG 'moeamxcmss- [ .

This invention zrelazes to drug partxcl:asr
. methods for the preparation thereoﬁ and d:.spezs:.ons
5 c¢ontaining the particles. This ipvention furthier relates
. t0 the use of such particles in pha.maceutical
_ compositions and methods of treating mamals.
' Bicavailability is the degree to which a drug |
: baccmes available to the target tissue aftex {
10 administration. Many factors can affect bicavailability :
' including the dosage form and various prbperties, €.Ge, |
dissolutzon rate of the drig. Poox bzoavaxlab:.lﬁ.ty iz a ‘
sigm.f:c:ant problem encotmterad in the development 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 hav:.ng‘ -3
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
29 - 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 40 coatrol the size and gize ;
ra.nge of drug particles in pharmaceutical compositions. &
- For esample, dry milling techniques have been used €£o ;
30 reduce . particle size and hence influence drug absorptionl-

u
i

Ewever. in convent.z.qnal dry milling, as discussed by |

Lachman et_al, The Theory. snd Rractice of Iopdustrial ,‘
Eharmary, Chapter 2, "milling*, p. 4S5, {1986), the 1m114

of flneneSS is reached in the region of 100 microns
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' restrict$ the lower particle size limit to appzfoxmatgly
10 microme (10,000 nm). EHowever, there tends to be a bias

: concerns ! i agsociated with contamination. cOmmerc:.al airjet
. milling ﬁechniques have provided pmiclea ra.ng:.ng in

O of a ‘water-soluble high lecula:c substance using a wet
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{109,000 mm) when material cakes on the milling chamber.
Lachman ﬁ‘v.t.,Al note that wet grinding is benaficial in

fuxthex :educ.mg particle size, but that floccdlats.bn

in the phamaceutica,l art against wet milling due 1 2

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

. Other technigues for preparing phamaceut.ical
compositions include loading drugs into lxposomes or
polymers, e.g., during emulsion polymerization. However,
such technigues have problems 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 ;
p:.‘eparin%g such pharmaceutical compositions tend to be i
complex.| A principal technical difficulty encéuntered
with emuils:.on polymaerigation is the removal of
ccntanun.ants, such as unreacted monomer or 1n.1tz.atcr,
which ca:n be toxic, at the end of the manufacturing
process.: :

3
3

i
i
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g U. S. Patent. 4,540 602 (Motoyama %:._al)
disclosés a solid drug pulvari.zed in an aqueous solution

gr:.nd:.ng machine., HMotovama e:h._al teach that as a result
Of such jwet grinding, the drug is formed into f:me:l.y !
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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xe.éroduci:e the wet grinding process deseribed h’ry Motoyama
et Al xesulted in particles having an average part:.cle
size mmh gxeatex than ] pm.

_ ' | EPO 275,796 describes the production of ;

5 callaida.ny dispersible systems comprising & substance iﬂ’
the fom of sphe::.cal particles smalldér than 500 am. P
Rmver;, 't:he method involves a precipitation efzected oy l
mixing a spluticn of the substance and a miseible non- !

_ solvent for the substance and results in the formation of
19 non-crystallzne nanoparticles. Purthermore, . pxec:.p:.tat:.cln
teahniques for preparing particles tend to provide :
particles contaminated with solvents. Sach solvents are
often toxic and can be very difficuli, if not: impossihle,i
to ade ately remove 0 phaxmaceuntically accepta,ble levelgs
15 +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. i
ﬂowevex[, the particles copprise a crosslinked ! matxix of

20 mac:om,’leenles having the active material supported on o:,‘
n.n(:crpoz:ated into the matrix. 5
| . It would e desirable to provide stable g
dispexsible dxug particles in the submicron size range ;
which can be readny prepared and which do not app::ec:.abiy
25 f].occubate or agglomerate due to interpa.xticle attzactive
fomes aad do not xequzre the presence of a crosslinked
matriz.| Moreover, it would be highly desirable to proviqe :
pharmaoeutical compositions havnxg enhanced ;
_ b:cavaa.lab:.lity. ' '
30 | We have discovered stable, dispersible drug |
nanopaﬁticles and a method for pPrepaxing such particles By
| wet mil*l;mg in the presence of grinding media in
conjundtion with a surface modifier. The particles can be

. A ah e ————
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fomla'qed into pharmaceutical compositions e:ehibiting :
::ematkably high bioavailabiliey. i
| More specifically, in accordance with-this :
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
anount sufzici.ent o maintain .an effective average
particla size of less tham about 400 nm,
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
provide'id a method of preparing the above-desciibed '
paz:ta.ules comprising the steps of dispersing a drug !

15 subatance in & liguid dispersion 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. Alternatively, the particles can be

' co_nta.céea with a surfece modifier after attrition. |
' l In a particularly valuable and important : A

embod:.ment of the invention, there is provided a ;

phameeut:.cal composition comprising the abdve-describea

25 paxtn.clles and a pharmaceutically acceptable carrier tl
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
30 unacceptable contamination ¢an be prepared in accardanc
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

{

i
.
]
]
{

]

{

{

This Sheet Has Been Repl

T




: . :"- A '-‘__— - 3 - _;:“ o4l RBAM S ’1.. ...‘-k‘O b‘)od—' o WA-:“' VO OOOV—U ';'-’ cw o
RCY BY:DREW & NAPIER 0= 2-96 2 s 95

NI (SNt o UATL bl ST LA A

e e e
D et

R e

[punbmauretdly

‘1

L 41 \i
1| THiS SHEET HAS BEH \f‘
4

By

W—*‘"" :
L O ey

|
i -5 ~ T
t !
| ¥
conjunciion mth a surface modifier, which does not res::i%c
in unaceeptable levels of dust as do conventio_nal d:cy ;
mlling: techniques. ' :
i Ancther particularly advantageons feature of :
5 +this inirent:.on iz that pharmacentical compositions are f
providegl €xhibiring uvnoxpectedly high bioava.ilability.
§till amother advantageous featuxe of this
:.nventxen is that pharmaceutical com@osxtions containing
poorly wbater soluble drug substances are provided which f
- 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 '
average iparticle gize can be prepared by wet milling in
the preéence of grinding media in conjunction with a
13 surface modifier, and that such particles are stable and: %
' do pot - appreciahly flocculiate ox agglcmerate dne o l
:.nterpmicle attractive forces and can be fomulated .mttL
phamacéuts.cal compositions exhibiting unexpectedly high 5
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 112:'
phazmaqe_'utiaal compositions, it ig also believed to be ;
|
i

i
i
!

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 .
recordz.ng elements. .
. The particles of this iavention comp::ise a drugf '
substance. The drug substance exists as a discrete, g
crystalline phase. The crystalline phase différs from a |
30 non-crystalhne or amoyphous phase which zesults from _l
prec:.pit:ata.on technigues, such as described in EPO 275, 796
cited ala';ove :
: The ipvention can be practised with a wide
varlety of drug substances. The dzug substance prefera.blyi:
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is an organic substance present in an essgntially pure

dispersible in at least one liguid mediwin. By ‘boorly
soluble* it is mesnt that the drug substance has a
solubility in the liguid dispersion msd;um, e.g. water, dr
less than about 10 mg/ml, and pxeferably of less than
about 1 mg/ml at processing temperatuze, e.g., roocm
temperatu;e. A preferred lignid dispersion medium is
water.  Howeverx, the javention can be practised with othex
ligmid media in which a drug substance is poorly soluble
and disgpersibdle including, for example, agueous salt
solutions, safflower oil and solvents such as ethanol, t+
butanol; hexane and glycol} The pE of the agueous
didgpersion media can be adjusted by techniques Xnown in '
the axt. '

Suitable drug substances can be selected from é
vaxxety of kaown dlasses of drugs including, For exampld,
analges;cs, anti-inflammatory agents, anthelmintics, anti-
arkhythmic agents, antibiotics (including penzc;llxns).
anticoagulants, antidepressants, antidiabetic agents,
antiepileptics, sntihistamines, antihypertensive agents,
antimnscarinic agents, antimyccbacterial agents,
antineoplastic agents, immunosuppressants, antitbyroid
agents, amtiviral agents, anxiolytic sedatives (hypnotic£
and neuroleptics), ést:ingents, beta-adrenoceptor bloecking
agents, bleod products and gubstitutes, cardiac 1n0tropac
agents, contrest.media, corticosteroids, ¢ough :
Buppressants (expectoxants and mucoiytics), diaguostzc
agemts, diagnostic imaging agents, divzetics,
dopaminergics (antipaxkinsoniam agents), haemcstatics,’
immunologicel agents, 1lipid regulating agents, muscle
relaxants, paxaaympathomxmetics, parathyroid calcitonin

and b;phosphonates, prostaglanﬂlns, radio=
phaxmaceutzcals, sex hormones (1nc1udxng stezroids), antz-
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allergic agents, stimulants and amoretics,
sympathomimetics, thyroid ageats, vasodilators and
xanthites. Preferred drug substances include those .
inte‘adéd for oral administration and intravenois -

i
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i
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admin;stxation. A description of these classes of drugs!

and a %mst;ng of species within each ¢lass can be found' kn

Ma:t;ndale, The Extra abaznacqpoeza, fwenty-ninth Editleé. .

The Ehaxmaceut;cal Pxess, Loadon, 1989. fThe drug

stbstarces are commercially available and/or can be

preparéd by technigues known in the azt.
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

(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

1, hm;oxide (WIN 63,394);

3-¢mino-1 2,4-banzotxiazine~],-dioxide (WIN 59, 0759
pxposulfang pipoaulfan~ camptotheein; acetominopheny

acetylsalicylic acid; amicGaxone; cholestyramine,

Co}estlpol- cromolyn sodium; albuterol; sucralfate;'!

sulfasalazzne, minoxidil; tempazepam: alprazolam;
'p:qpoxyphene, aurapofin; erythromycin; ayclosporlne

acyclovzr- ganciclovi:, e¢toposide; maphalan,

meéhotrexate‘ m;toxantxene. daunorubicin;

" -dozorubicin; megestezol tamozifen; medroxy-

!

T
1
.
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pragesterone; ‘mystatin: terbutaline; amphotericin Bﬂé

~agpirirn; ibuprofen; naproxen; indomethacing
diclofenac; ketoprofen; flubiprofen; difliunisal;
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ethyl-3,5-diacetoamido~2, 4,6-triicdobenzoate

(WIs 2883} ; -
ethyl-(3,5-bis(acetylaming)-2,4,6-
-i;ruodobenzoyloxy)acetate umq 12,901); and‘
5 ethyl-z—(3,5-—bia(acety1amino)-2;4,6~ . ‘ :-
trijodobenzeyloxy)acetate (WIN 16,318). *
J In prefer:ed embediments oi the invention, the
drug substance is a steroid such as banazol or Steroid -%-
an aativizral agent, an anti-ianflammatory agent, an
10 antinegplastic agent, a radiopharmaceutical ox a :
' diagnostic imaging agent. .
i The parh:.ales of this inveation cogptain a
discres;e phase of a drug substance as described sbove .
having] a surface modifier adsorbed on the surface therei_ciif-.
15 Useful|surface modifiers are believed to include those
vhich physically adhkere to the surface ¢f the drug
substance but do not chemically bond to the drug. .
Sunitable surface modifiers can 'pxefexably be ‘ '
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
" emulgifying wax, sorbitan esters, polyoxyethylene alkyl i
ethexrs, ©.g9., maczogel ethers such as cetemacrogol 1000, .
30 polyoxthhylene castor - oil derivatives, polyoxyethylene ,', ’
sorbztan fatty aecid esters, €.¢., the comtercially
availabz.e TweensT, .polyethylene glycols, polyexyethylene,
st:eaxates, colloidol silicon dieoxide, phosphates, sodium
dodecylsulfate,carboxymethylcellalose calcium,

)
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carboaﬁp'mthylcglluloae sodium, methyleellulose,
hydroxyethylcellulose, hydroxypropyleelluloee,
hydro propylmethyicellulose phthalate, noncrystalline
celluinse, magnesium aluminum silicate, triethanolamxn
5 polyvinyl alcobol {PVa), and polyv:.nylpyzrolxaone (.?v.?j
Most oL‘. these ex¢ipients are described in detail in thel
-aandbo%ﬂ: of Pharmaceutical Bxcipie::ts, published 301::1:13
by the American Pharmaceutical Bssociation and The ‘ '
9hama¢eutzca1 Society of Great Britain, +be
10  Pharmaceutica) Press, 1986. The surface vodifiers are !
commercially available end/ox can be prepared by
technigues known in the art. Two or more surface
modifiers can be used ia combination.
Particularly preferred surface modifiexs incig&d)e !
15 polyvinylpyzrrolidone, tyloxapol, polaxomers ,such as S
Pluronic ™ F68 and ¥108, which are block copolymers of
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 from BASF, dextran, J.ecithin,;

PP
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Aerasol 0T, which is a dioctyl ester of sodium
snlfosuccin:.c acid, available from American Cyanamid,
: Duponolm P, which ia a sodium lauxyl sulfate, availablel
25 £xom Dﬂilzront, 'rz'z.ton’m R=200, which is an a.lkyl aryl f
' polyether sulfonate, available from Robm and Haas, rweep
20 and% Tween 80, which are polyoxyethylene sorbitan fatyy
acid egters, available from ICI Specialty Chemicals, ||
Carbm«rgx'l‘ﬁ 3350 and 934, which are polyethylene glycole % :
30 available from Unjion Carbide, Crodesta® F-110, which :z.ls a
mixtuxe of sucrose stearate and sucxose digtearate, :
ava:‘.lai:le from Croda Inc., Crodesta §L-40, which is e
avai:!.ai]:le Lrom Creoda Inc., and SA90HCO, which is clga:,-;-f%
CHj (CON(CH3)CH; (CHOH) 4CE20R)2. Surface modifiers which ||
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have found to be particularly useful include ¥
961YV1nyipyrrblidana, Pluronjic F-68, and lecithin. :y
% The surfage modifier is’ "adsoibed on the surfaqe
of the drng substance in an amount sufficient o maintaiq ;
S ean effective average paxticle size of less than abowt 400
am.  The surface medifier does not ehemxcally react with‘
the drué substance O atself- Purthermore, the i:'
individuella adsorbed molecules of the suxface modifier i
are essentially free of intermolecular crosslinkages. 5
10 § As used hexein, particle size refezs to a numher
avarage[partacle size as measured by coaventional part;cle.
size measuring techniques well known to those skilled inmi|
the axt, such a8 sedimentation field f£low fzastionation,:‘
pacton corxelatiou spectroseopy, ox disk centrifugat;on.i
15 By “an éffective average particle size of less than about!
400 nm"it iz meant that at least $0% of the particles ﬂ
have a qeight average particle size of less than about 400
nm when \measured by the above-noted techniques. In gg"
pxafexréd emboditents of the ipvention, the effective S
‘20 avexage particle size ie less than about 250 nm. In somé
embodimdnts of the javention, an effective average SN
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, more preferably, 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 om. % &
' % The particles of this invention can be pzepared
i# 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
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reduce the partivie size of the drug substance to an i
effective average particle size of less tharn about 400

O~

'E‘)bUUtj:'J-J L)

The paxticles can be reduced in size ip the presence of 'a '

surface modifier. Alternatively, -the partieles can be i
coptacte.d with a surface wmodifier after attriticn. %

'_ A generxal procedure Zor p:epazing the parnicle‘[
¢f this invention is set forth below.. The drug substanaa
selected is obtained commercially and/or prepared by
tecbniques koown in the art in a conventional coarse form
It ie preferred. but not essential, that the pazticle si+
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
dreg substance be xeduced in size to less than 100 pm
using a convem:ional milling method such as airjet or
fragmentat:.on mlla.ng.

. The coarse drug substance selected can then be
added toia liguid mediwm in which it is essentially

!
{
IR
|

el T"“"‘ )

insoluble to form a premix. The concentration of the drug

substance in the liquid medium can vary from about 0.1 -
608, and |preferably is from 5 - 30% (w/w). It is

prefexrred, but npot essential, that the surface modifier be "

present in the premix. The concentration of the surface

i

t

]

modifier can vary from abou 0.1 to about 20%, and: ’1

preferably is 1 - 75%, more preferably 20-60%, by weight
based on ithe total combined weight of the dxug substance
and surféce modifier. The apparent viscosity of the

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

. The premix can be used directly by subjecting ii
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

3
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attrition. Alterfidtively, the drug substante and, ;
ogtionallyr the surface modifier, can be dispersed in the
liguid meda.um using suitable agitat:ion, e.Ge, & ::oller
mill ox & Cowles type mixex, until a homogenzous
5 diSPersien is odserved in which theze are. ne large

agglomeratee vieible to the naked eye. It 4s preferred
that the premix be subjected to such & premilling
dispersion step whea a xecirculating media mfll 43 used
fox attr.:t_tion-

1o ! .The mechanical means applied t0 reduce the ;
particle size of the drug substance convehniently can take!| -
the form of a dispersion miil. Suitable dispersion mills!!
include a ball mill, ap attritor mill, & vibratogy mill, |
and media milly such as e sand mill and a bead mill. & |

15 media mill is preferred due to the relatively shorter ! e
milling tme required to provide the intended result, Lo
i.e., the desired zeduction in particle size. For media
‘miXling ,j {c_he apparent viscogity of the premix preferably
is from about 100 to about 1000 ecentipoise. For ball .

20 wmilling, the apparent viscosity of the premix preferably !|
is .from about 1 up t0 about 100 centipoise. Such ranges |.
tend to afford an optimal balance between efficient
‘particle: fragmentation and madia erosion.

' The grinding medja for the particle sige ,

25 xreduction step can be selected from rigid media preferably!
spher:’.cagl or particulate in form having an average size

' less than about 3 mm and, more preferably, less than about
1 sm. Such media desirably cap provide the particles of ;.
the invention with shorter processing times and impart

30 less wear to the milling equipmeat. The selection of
material for the grinding media is not believed to be :
cxiti:cali. We bave found that zirconium oxide, such as 95@;
2r0 stabilized with magnesia, zirconjum silicate, and L
glags grinding media provide particles having levels of

1
L

e L
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contamination which are believed to be accepteble for the
prepazat.ion of pﬁamceutioa.l compositions. However, g ;
othex mgia, such as stainless steel, titania, alumina,
and 95% Zro stabilized with yttrium, are expectad to be ¥

usefol. ' Proforrad mpdia have & dem;ty greatar than aboq-b b

3 g/emd.. ¥
E The atirition time cen vary widely and depends
pz'inax::.ly upon the particular @mechanical means and
pzoceSsing conditions selected. For ball mille,
processing times of up to f£ive days ox longex may be
required, On the othexr hand, processing times of lesgs
than 1 di&y (residence times of one minute np to several
hobrs) have provided the Sesized results usiug a high
ghear media mill.: ;
1- The. particles must be reduced in size at a

i 1,
temperatiire which does not significantly degrade the drug :
substance. Processing temperatvres of less than about 30'- :

-~ 4¢%¢ e.::e ordinarily preferred. If desired, the f

prccessing equipment caly be cosled with cooventional "
cooling aguipmenti. The method is conveniently carried out
undex conditions of ambient temperature and at pz_ocessingg,-
pressures which are safe and effective for the milling ;!

i
process.! 'For example, ambient procesging pressuxes are

typical pf ball mills, attritor mills and vibratory millsi

Processing presstres up to about 20 psi (1.4 kg/cml) are
typical. of media milling. H
. The surface modifier, if it was not prasent in ;
the ptmx, mst be added to the dispersion aftez
attxition in an amount as described for the premix above.
Thersafter, the dispersion can de mixed, e.g., ¥Y shaking:
vigorously. Optiomally, the dispersion can be’ subjected | ”
to a sonication erep, e.qg., using an ultzasonic powex .
supply. | For example, the dispersion can be subjected to

i
!
bi

substance sSurtace mOUiZier CORMPINATLION Can de opTimizea g

1
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accordance with the teachings apove. By stable it is |
meant that the dispersion exhibits no flocemlation o |;
particle. agglomeration visible to the naked eye. at least
15 misutes, and prefersbly, at least two days or —J.'ongeJ:f '
5 after pzepaxation. % .
The resulting d:.spexsian of this invention :i.a B
stable and congists of the liquid dispersion medium a.ndl '
the above~degoribed particles, The dJdispersioen of sur%ace:
modified drug. nasoparticles cam be spray coated onto s\Lgaz
10 spheres or onto a phammaceutical excipieat im a fluid-»éd
spray coatex by techniques well known in the azt. ;
Pharmaceutical compositions according to.'chip%
invention include the particles described above and a ||
pharmaceutically acceptable cagxier therefor. &:u:.'cemli
15 pharmaceutically acceptable carriers are well known to;
those gkilled in the art. These include noa~toxic ;
physio'logically acceptable carziers, adjuvants or vehig leg
for paventeral injection, for oral administration in sg e
or liguid form, for restal administration, and the like.
20 A methed of treating a mammal in accordance with this f ;
jnvention comprises the step of admiaistering to the )
mammal in need of ireatment an effective amount of the ;
above-described pharmacentical composition. The selecﬁbpd
dosage level of the drug substange for treatment is .
25 effective to obtain a desired therapeutic zesponse foria
particulax composition and method of administration. The :
selected dosage level therefore, depends upon the P
part icular_ _drug substance, the desired therapeutic effect,
on the roate of administration, on the desized duration of :
30 treatment and other factors. As noted, jt is a . i
particularly advantageous featuzxe that the pha_::maceutic%al |
compositions of this isvention exhibit unexpectedly high. |
bicavailability as illustxated in the examples which
follow, Purthermore, it is contemplated that the drug

H
!
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particles of this inventica provide more rapid onset of" A
dzug action in oral applications apd decreased gastric
izrztancy. . . : :

It is contemplated thkat the phamaceutical !
compositions of this ipvention will be particularly useffwi?
in oxal and parenteral, including intravenons, ? .
administration applications. It is expected that pocxl,y
water soluble drug .substances, which prior to this
invention, could not have been administered intravenoué@iy,g
may be administered safely in accordance with this A
iovention. Additionally, dxug substances wkich could nm; '
have been administered orally due to poor bz.oavailability*
may be effectively administered in accordance with this-
invention.

While applicants do not wish to be bouad by :
theoretical mechanisms, it is believed that the surface i
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 close, .
:.nterpaxtacle approach nacessary £oxr agglomeration and ;
flocculation. Alternatively, if the surface modifier haa
ionic groups, stabilization by electrostatic ::epulsion'my.
result. It was surprising that stable drug particles o£ !
such a smidll effective average particle size and free bf
unacceptable contamination could be prepared by the method:
of this dinvention.

l
i
|
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The following examples fuxther illustrate thé!
invention. - - - :

Exasple 1 - HVR.Modified NHanazol particles prepaxed_in g 'Q

kall mill o ;

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

The following ingredients were added to a gl
vessel and agitated on a roller for 24 hours to dissolv%'
the polyva.nylpyrrolidone surface modifier. b

Polyvinylpyrrolidone K~15 (made by GAF) - 98 ¢ i
Bigh purity water - 664 ¢ i‘

Subsedquently, 327 grams of dry powdered Danazol
was added to the above solution and rolled for one wee J
Thie step aided in evenly dispersing the Danazol in t:haf!
surface modifier solution, thereby reducing the treatma;:fx

time reguired in the media mill.
The Danazol was purchased in a micronized fo:&m

—

(average particls size of about 10 microns) fxom Sterlnqz.g{' :

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

agitakred with a conventional propellexr mixex at low spe{ed' :

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 spheres and the pregiix

“ I
war contifiwously recirculated through the media mill i
operating at the following conditions: ;
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Grinding vaétiel: water jacketed stainless steel . . ‘;
chamber S

Premix flow rate: 250 ml per minute oo L :

Available volume of griading vessel: 555 ml- :

5 Media volume: 472 ml of glass beads b
Media type: size xange of 0.5 - 0.75 mm silica gfass
beads, unleaded (distributed by €len Mills, Inc.) |
Recirculation timas: 240 min
Residence time: 60 min -

10 Impeller speed: 3000 RPM, tangential speed 1852

£e/min f

i
!
i
{

(595 m/min) I :
Grinding vessel coglant: water : :

Coclant temperature: 5092 (10°C) : :
15 . : After recircuiating the slurry foxr 240 minute}s,
'~ a sample of the dispersion was removed and evaluated for . . |
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
20 and a weight average diametex of 139.6 nm. The pa:t:.cle

size of the dispersion ranged in size from 3 - 320 nm. ‘ C

Example 2 ~ Wmammmawmm :
ball mil) ar low solids. - L
25 A nanoparticulate dizpersion of Danazel was. :
prepa.z:ed using a ball mill process. A 600 ml cyl,uzdx:.qalf F
glass vessel (inside diametex = 3.0 inches (7.6 cm)) was ‘',
filled approximately halfway with the following gxind;ng
mediaz : ’

i
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. Bxinding media:
{made by zZircoa, Inc.)
Media sizeé: 0.85 - 1.18 mm diametex . -
!;edia volégas: 300 ml " - -
The following dry ingredients were added directly
this glass wvessel:
banazol (micronized):
Folyvinylpyrrolidone K-151
High purity water: 201.96 g,
Danazol was purchasead ;n the micronized form
{average Qart;cle gize 10 mic¢rons) from sStesling winthy

10.8 g 1
3.24 g

Irnc. and the polyvinylpyrrolidone was RK-15 grade produg

The cylindrical vessel was rotated horizonta
about its axis at 57% of the "critical speed". The

-
zirconium oxide grinding gpheres =

to

critical speed is defined as the zotational speed of the
grisding vessel when centrifuging of the grinding medial

occuxrs. &t this speed the centrifugal force acting on
grinding spheres presses and holds them firmly against
innex wall ¢f the vessel. Conditions that lead to

unwanted centrifuging can be computed from simple phys i.ca.ll

principles.

After S days of ball milling, the slurry wasg,

che
rhe

t

separated £rxom the grinding media through a screen and!' ' |

evaluated for particle size with the zedimentation field
The numbexr average particle diameter: !

flow fractionatox.
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

i
The particles varied in size fﬂ:omf

vas

sufficient to provide colloidal stabjility 0 agglo:neradipr;;

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

1 -
i
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BIOAVAILABILITY TESTING P ;

Bioavailability of Dapazol frem the . o i
nanoparticulate dispezsion Qogcribed above was compaxed to :
thar from 3 suspension of umpilled Danagol in fasted ma}.e :
beagle dogs. The unmilled material was prepared as a i
guspension in the same manner as the dispersion, with the - |

wvere administered to cach of five dogs by ozxal gavage and _
plasma obtained via a canawls iz the cephalic wvein. A
Plasma Danazol levels were monitored over 24 hours. 'me;f. '
zelative bicavailability of Danazol fzox the i i
pasoparticulate dispersion was 15.9 fold higher than from . 3
the Danazol suspension ¢entaianing Danazol particles navgng :
an avefcage particle sige of about 10 microns prepared b:}; ' ,
conventionzl airjet miiling. Comparison of ozal plasma;. -
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
manoparticulate dispersion and 5.1 * 1.5% fox the unmil.‘led
material.

A nancparticle dispersion of Danazol was ]
prepared using 1 mm dismeter glass griading media (.85~ |
1.18 mm from Potters Industries). A cylindrical glass| - !
vesgel having a diameter of 2.75 inches (7.0 cm) with a
volmme of 400 @l was charged with 212 nl of unleaded g:lass
grinding media. The following ingredieants were added to
this ‘vessel: b

30.4 g of microanized Danazol ' L
. 9.12 g of Polyvinylpyrrolidone K-15 o
112.48 g of high purity water SRR

—_—
e
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This vessel was rotated horjizontally on its axin d
at a controlled rotatiopal speed of 80.4 revolutions pex' '
minute (50% of critical speed) for $ days. The —slur;cy vak;
immedidtely separated from the grinding media and ! -

5 evalvated for paxticle size and grinding media attrition . -
using inducts.vely coupled plasma emissions (ICP). The |
particle size measured with 2 sedimentation field flow ;-
fractionator yielded a aumber average diametex of 112.7 ;nm
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 silicon o
in the final dispersion was less than 10 parts of !
elemental cilicon per million paxts of the slurry. i

4
Bml.a.i_ mwied_nmmm_pm&mles o
A nanoparticle dispersion of Danazol was I
prepared for clﬁ.nical evaluaticon using a ball muﬁ.ng
dispersion method. This dispersion was prepared by
20 milling with glass -grizding media. The grinding media
used was: '
Media type: 0.85 - 1.18 mm unleaded glass gpheres: . .
Media quantity: 6100 mi L
The media was added to a 3 gallon porcelain jax. i‘,tte -
25 | following ingredients were then added to the ja¥s ' |
1000 ¢ Danazol {micronized) i
300 g Polyvinylpyrrolidone X~15 ' .
3700 g high purity watex if :
. The -vessel was rolled 5 days at a rotational speed' ':::E _
30 39.5 revolutions per mioute (S08 critical gpesd). The L 5
1iquid sluxry was separated from the grinding media withid !
scxeen and wsed to prepare solid oral doses for clinical :
studies. -The dispersion was assessed fox particle size‘
using the sedimentation field £low fractjonator and was!

s

v
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messured to have a numbex average diameter of 134.9 mm i;a'nd :
a weight average diameter of 2223.2 mm. ' The level of '
wntamnation from the grinding media wag measured (by |
ICP) to be 36 parts of silicon per million paxts OFf .
5 dispersioa. less than 5 ppm of atuminum was detected. :?x—;
 zay powder diffraction data of the starting powder was !
compared with the dispersed Danazol 3and showed the crystal
. structure moxphology of the solid dispe:sed particles u_'a;ts
unchanged by the dispersion process. K
i _ .
Example 5 - BY2 modified Dapazol particles L
A nanoparticulate dispersion of Danazol was .
prepared using & laboxatory medis mill and glass gxmding
media. The media mill was equipped with a 50 ml grinding :
15 chamber and the mill wae a *Mini" Motoxmill manufacturl'efi
by Eiger Machinery Inc. .
The media mill was operated. at the following px:oc%s

conditions: i' .
Bead chaxge: 42.5 ml glass spheres . Lo
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 :
{@istributed by Glens Mills) e

The dﬁ.spersién formula was prepared by P
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 RPM. 90 g of micronized Danazol was N

30 slowly added to this blend with the same mixing for 30 '
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. |

i
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The finel average.paxticle size was measured and
determined to have a number average diameter of 79.9 nm
and a weight average diameter ©f 1&l1.2 am. The paxgicl@s '
varied in size from 30 - 415 am. The level of-artrition
from erosion of the grinding media and grinding vessel !
were measuzred (by ICP) ®o be 170 ppm of irom and 71 ppm
gilicon. The crystal sStructure was detemned by x-ra.y
diffraction to be unchanged by the dispersion processe. .

{

Bxample 6 - Lecithin modified Stexoid 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'
sonication step ware raguired +o stabilize the disperséd
phase of Stereid a and prevent agglomerxation and rap:-.d
sedamentation.
A Eipe pmicle diegpersion of Steroid A was _
prepa:ed by ball milling the following ingredients: |
"B g Stez:oid a ; '
9S8 ¢ higk purity wateéex :
Steroid A was in the form of unmilled coarsz—.,\
gra:.ns having a particile size of about 100 um and rang;ng :
in size up to about 400 m. ;
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.) . ;
Milling time: 4 daye %
. Milling speed: 86 RPM (50% critical speed) |
After foux days of ball milling the sluxry waa‘
separated from the grinding media through a.screen. c}vne'
gram of this unstabilized sluxzy was added to 10 g of an

—
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‘ agnaéus solution of Iecithin (1% Centrolex "P" by weigh{.
in bigh puxity water, Lecithin manufactured by Cemtral
Soya Compapy, Inc.) and mixed by vigorons shaking,
followed Dy a scnication step for 20 seconds using an

5 ultragonic hoxn (xodel 350 Branscon Ultrasonid 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 was used to observe the size and i ||
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 .
_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 : i
20  3iggling motion exhibited by pacticles in a liguid that ‘ ‘
fall in the size range of less than about 1 micron. 'rhe
tecithin modified particles exhibited xapid Brownian |
motion. The thus observed dispersion had the o
characteristics and appearance consistent with & mnnbér :
25 average particle size of less than 400 am. Fuxthemofe,
it ip expected that additional milling would lead to
fuzrther particle size reduction. . i

 Bxample 7 - Alkyl aryl polyether. snlfonate modified |
30 sSteroid A : P
‘ Example 6 was repeated except that the I.ec:.thi.n
wag replaced with Tritom x--200 (manufactured by Rolm and
Haas). Similax results were obsexved.
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-Bxample 6 was repeated except that the Lecitlin

was replaced with gum acacia (available from sastman xoafais :

Co.) &imilar results were observed. 3 - s'f_

- i

h)":"‘lwv:-
i .

Example 6 was repeated except that +he Lecitﬁiﬁ -

. : i i
was replacéd with sodiom lanxyl sulfate (available as |
Duponol ME from DuPont, Inc.). Similar resulte wers |
observed. ,

Ezample © was repeated except that the Lecithin
vas réplaced with Aerosol O (available from American |- _
Cyanamid Chemical Products, Inc.). Similar results weke
obsezrved. '

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

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

Examula 12 - WW&MMW
mwmﬁm E
A nanoparticulate dispersion of St,exoid A wa.s

prepared by ball milling with zirconium oxide gri.nding
media for S days. 70 cc of grinding media were added. to a
115 cc vessel followed by: '

2.5 g Staxeid A

0.75 g of Pluromic FES

46.75 g high purity water
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The réShlting mixture was bail milled for 5 days |
at 50% of the critical rotational speed. The final @
dispersion was separated f£xrom the garinding media and |
microscopically evaluated for particie size as in Example

5 &. The Aispersion exhidbited rapid Brownian Motican amdi no
particles wexe laxger than 1 micron. MOSt particles were
less than 400 nm. ; i

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 : §
mioxon were observed mc::oscoplcally and mogt were less ‘ ;
than 400 am, P

15 Exaopie 14 - Stereid a pacsicles medified with a block
copolymer_of athylene oxide and propylese oxide §
' A nanoparticulate dispexsion of Steroid a w%xs
. prepared by a ball milling process. The following ;
' ingredients were added t0 a cylindrical 0.95 1 yessel.
20 The vessel was filled approzimately halfway with the .
‘follwing grinding medias ; ; :
Grinding media: 0.85 - 1.18 zm dzameter zzu:conium
oxide spheres (made by gizgoa) g
the following dispersion ingredieants were added .
25 directly to the glass vassel: ' i ;
18 g Steroid A '
4.5 g Pluronic F68 (pu:chased from BASF Cozp.) ' )
336.6 g high purity water o
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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for 5 more days at the same conditions. The slurzy wa:s
then. discharged and sepaxated L£IOm the grinding media and
evaluated for particle sizo using, the sedimentation. ta,e].d
flow fractionator. The number average paxticle -size i
measured was 204.8 am and the weight average paxticle s;l.ze
was 310.6 am. The particle sige dzstr;buticm ranged from
approximately 68 - 520 mm. The dispersion was exam:.ned
with an optical microscope. It exhibited excellent ;
pazticle integrity, free Of floccnlation &nd :
agglomerstion. The dispexsicn particles exhibjited rapxd
Brownian motion. ,
BICAVAILABILITY TESTING i
Bicavailability of Sterold A f£xom the ‘
nancparticulate dispersion descrived above was compa:ea to
that from a suspension of uamilled Stexoid A (heving a}n )
average particle gize of about 100 (m) in male beagle;
dogs. The unmilled materizl was prepared as & suspension
in the same manner as the Gispersion, with the exceptian
of the ball milling process. Both formulations wexe ,
administered to each of five dogs by oral gavage and !
plasma obtained via 2 cannula in the cephalic vein.
Plasma Steroid A levels wexe monitored over 24 hours.. Tha
zrelative bicavailability of Steroid 2 from the ,’
panoparticulate dispersion was 7.1 fold highexr than fram
the unmilled Steroid A suspension. Comparison of ox‘a;
plasma levels with dose corrected plasma levels fclloéri.n'g
intravernous administration ¢f Stezoid A gave a mean |
absclute bicavallability (& SEM) of 14.8 2 3.5% for the
nanoparticulate dispexsion and 2.1 * 1.0% for the unmill.ed

material.

1
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fompararive Example B - o
A dispersion.of Steroid A was preparxed using A -
ball milling process with zirconium oxide grinding bead:&- :
5 'he dispersion was prepared in the absenca of a surface|
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 REPM (502 critical speed) -
" After four days of ball milling, the slurxy was
separated from the grinding media through a scxeen. Or,xe ,
20 gram of the nmtablized sluxry was blended with 10 gra:ps
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

!
H
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Examples 15-49
Table 1 is a summary of additional examples of
the invention. Bach of the examples in Table 1 Tesulted .
in particles having an effective average particle size of '
5 2less ‘than 400 nm, : :
FABLE 1 S

[N,

DXug s Suxface . Pazticle
Fsample  Clags _ Suhatangs . Medifier | 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
12. anti-inflammetory 5% indomethacin iz pvp : 216 nm
20, anti-inflammatory 5% indomethacin 1% X108 235 om
15 21. anti-inflammatory 3% WIN 63,394 0.5% ¥68 262 am
22. anti-inflammatoxy 4% WIN 63,394 3% Fé8 255 om
23. apti-inflammatory 3% WIN 63,394 10% F68 ;. 231 nm
24. antineoplastic 1% etoposide 1% Crodesta ' =300 om
. F~110 5 1
20 25. antineocplastic 18 etoposide 1% Crodesta ~300 am
' SL-a0 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 0.6%8gun acacia 29;8 nm
31. antineoplastic 12 camptothecin  1.1% FVA t 236 om
32. antipedplastic 1% camptothecin 1% T908 ; 256 om
33. antipeoplastic 5% piposulfam 1.25% czodesta =300 nm
30 e - F-110 co
34. antineoplastic 53 piposulfam 1.25% gum acacia ~300 pm
35. antineoplastic 5% piposulfanm 5% PVA ! 320 on
36. zadiopharmacentical 2.5% WIN 59,075 3% PVP ' 285 mm
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: . Drug Suxface " Pazticle
Example . Glass. _ Shpatange.  Modifier Size
37. diagnostic imaging 10% WIN 8883 2% T908 - 166, nm
agent ’ T
38. diagpostic imaging 20% WIN 8883 3.3%8 TS08 180 am
agent .
39, diagmostic imaging 20% WIN 8883 3.3% T0S 159 pm
. agemt | (isotonic phosphate
' buffered saline,
pB= 7.4) :
40. diagnostic imaging 20% WIN 8883 3.3% T9OB 167 nm
ageat (0.1 phosphate '
buffer pH=7.5}
41, diagnostic¢ imaging 10% WIN 8883 1% SA90HCO 154 nm
agent 1% Tween 20 :
42. diagnostic imaging 10% WIN 8883 1% SA9OHCO 193 am
agent )
43. diagnostic imaging . 40% WIN 8883  3.3% TS08 329 nm
agent ' '
44. diagnostic jmaging 10¢ WIN 8683 2% Tween 20 241 am
agent 3
45. diagpostic imaging 10% WIN 12,901 2% T908 238 am
agent ' : o
46. diagnostic imaging 20% WIN 12,901 32.3% %908 {289 om
agent ' (phosphate :
beffexr, pE<6.5) =
47. diagnostic imaging 10% WIN 16,318 2% Tween 8 0 | 219 mm
agemt
48. anti-inflammatory 3% ibupzofem 2% F68 -250 am
49, anti-inflammatory 3% ibuprofem 2% Fé8 ~375 nm
(in 0.1¥ HC1)
) ’ .
; .
P
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Thesé examples demonstrate that the wet grinding p::oceés 'cf
this invention is broadly applicable to a wide variety. of
classes of poorly-soluble drug substances including '
steroids., anti-inflampatory agents. ant:.neoplastic aqeﬁts:,
radiopharmaceutical agents and diagnostic imaging agenes
having radically differeat chemical structures. o
Additionally, these examples dmnstrhte that the invent:.on
can be practiced in conjunction with a variety of sux.face
modifiers and at a variety of surface modz.fiex
concentrations.

Furthermore, labeoratory work has demonst:ated .
that particles prepared according to this jinvention hati*e -

"exhibited a variety of unexpected properties, particulacly

with respect to imecreased bioavailability. For example, .
as described above, pharmacentical compositions containing
Steroid A and Danazol according to this invention have |
unexpectedly eéxhibited 7 and 16 fold increases in ‘
bicavailability compared to dispersions prepared by

conventional techaniques. AQueous dispersions of WIN

i

‘63,394 prepared a¢cording t¢ this invention resulted in am

increase in bioavajlability of 37-fold when compazed -aoi al
conventional dispersion of WIN 63,394. The dispersions

- were administered at a dose of 5mg WIN 63,394 per ki'loérain

oZ body weight to three dogs Jin the fasted state as a two
way crossover 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 tke curve f£Or concentration versus time plots. Quch

incressed bioavailability ie particularly advant'ageousg

inasmuch as drug substances in the form of the particles
of the instant inventson can achieve the same therapewtic
effect as substantially greater dosages of drug substances

' preparxed by prior art technigues.
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. In addition, pharmaceutical compositions
containing particles of this. invention have exhibited
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 xapid ounset of action
cempared to tonventicnal naproxen and:indomethacin
formulations. Moreover, certain of the particles of the

' invention have been found to be extracrdimarily wseful itn
10 x-Tray contrast compositions. : L
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Claims . .

"1, -Particles comsisting essentially of a )
crystallise drug substance having a surface modifier !
adsorkbed on the suxface thereof in-an amoyunt Sﬁffﬁ.c.lent to

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

2. The particles of claim 1 haw;ng an effective’
average paxticle size of less than 250 nm. i

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

10 average particle gize 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 agents, antimycobacterisal agem:sf.
antinecplastic agents, irmmnosuppressants, antithyroid i
agents, antiviral agemte, anziolytic sedatives, :
astringentg, beta-adrenoceptor blocking agents, blood :

i

|

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

25 parathyroid calcitonin and biphosphonates, prestaglandins,
radio-pharmacventicals, sex hormones, steroids, anti- '
allergic agents, stimulants and anoretics, 1
sympathomimetics, thyroid ageats, vascdilators and

~ xanthines. .

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. !

s
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6. The particles of ¢laim 1 wherein sadd drug
substance is selected from the group copsisting of b
mnazol, Sa,17¢;=1 -(methylsulfony-l)-l H-pxeg:t-zo-ynO-
{3,2-¢}-pyxazol~17-ol, p;posulfamm pﬁposulfan. ?

$ 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, |
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,
caxboxymethyicellulose calcium, ca:boxynethylcellulosa
sodimm, methylcellulose, hydroxyethylcelliulose,
hydroxypropylcellinlose, hydroxypropylmethylceliulose i
20 phthalate, nomerystalline cellulose, magnesium alumnum
silicate, triethanclamine, polyvinyl alcohol, Lo t
polyvz.nylpyrxolidcne, an ethylene oxide-propylene oxide
block copolymer, an alkyl aryl polyether su lfonate, anq &
dioctylester of sodinm sulfosuccinic acid. b
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
30 pyrrolidone adsorbed or the surface therecf in an amouhi:'
sufficient t0 maintain an effective average particle s:me
of less than 100 nm.

!
IR
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. 10. <Particles sccording to claim 1 consisting ¥ ?
essentially of arystalline 5a,17¢,-1 ~(metnylsultony1)1-
1 B-pregn-20~yno~{3,2~0)-pyrazol-17-o0l having an ethylene
oride propylene-oxide block copolymer adsorbed -on- the g

5 suxfade thereof im an amount sufficient to maintain an!

effective average particle size of less zhan abcout 400 'nm
11. A stable dispersion ¢ovsisting essent:‘.‘auy o% a

liguid dispersion meditm and the particlies of any one of

clasms 1-10. o

1o 12. The disperéion of claim 11 wherein said ,
dispséxrsion medium is watez.

13, The dispersion of claim 11 wherein said '
dispersion medium is selected from the group conszst.i.ng of 1
. safflower oil, ethanol, ¢-butanol, hexane and glycol. |
15 14. A pharmaceutical composition cemprising the n :
particles of any one of clajms 1-10 and a pharmaceutichlly |
acceptable carrier thexefor. ! S
18. 2 metlhod of t:eating & manmmal comprising th {
step of administering to the mamual an effective a.moum: of

20 the pharmaceutical compositioa of ¢laim 14. j :

16. . A mathod of preparing the particles of claiu;x.]. i i
comprising the steps of dispersing a drug substance in 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. ;

17. A method of preparing the pareicles of cla.:.n]z 2

30 comprising. the steps of dispersing 2 drug substance in'a

' liguid gispersion mediem, wet grinding said drug sm_ss,t:z&nce
in the presence of rigid grinding medfa having an average -
- particle size of less than 3 mm, and thereafter cont-ac}ting
said drug substance with a surface modifiexr by mixing isaid

b
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surface modifier with said dispersion medium to form |- ;
particles baving an erfective average pa:ticle size of
less thaa about 400 nm.

18. The method of claim 18 further includixg .the

5 step of subjecting the dispersion medium containing sa%:td

drug substance and said surface modifier to wltrascnic -
energy. *

1$. The method of claim 17 or 18 wherein said
grinding media have a déensity greater tham 3 g/emd.

l
|
!
grinding media have an average particle size of less th

io 20. The mothod of claim 17 or 18 whezein said
1 mm. .
i5
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