- clains benefit of provisional applicati

.;e3e 68 ../,1j1767T68WD 99/ 49846 10 DEC TI ON AND METHOD OF
PREPARI NG M CROPARTI CLES OF WATERI NSQU%‘%@@HM%S Thi s aggl ngﬁt?eogz

. 60/ 079, 809 I Mar ch
“30, 1998, t‘h}?ggm@g osure of which is hereby*tedr por at ed bycrgdeshenage. This
invention relates to conpositions and procedures that yield sub-mcron and
m cron-si ze stable particles of water-insoluble or poorly soluble drugs or
ot her industrially useful insoluble conpounds. The conpositions of this
i nvention include conbinations of natural or synthetic phospholipids, a
charged surface nodifier such as a highly purified charged phospholipid and

a block c ACE ter
i nsol ubl e%%ioiuﬁ%nggﬁ @Fetsil.]gi#fggﬁm%@mﬁﬁ é)r%ggf g({}l’rﬁsa@g '&M’%’er
and bl ock copol yner allows the &B5P1i zation of the

sub-m cron and mcron size conpound particles-stabilized by the charged
phosphol ipid s : I L i I : k t abh4d datd and

t he bl ock copo%‘fﬁg sltlédmgllrlgl\'t}?ﬁf}es é??@eéggg)gﬁlaﬁgg%aﬁ%sgﬂéﬁg%tﬁgwedfst?)o?eﬁlgdr]event
t hese par iMarthe30,f1088ntixadisdladuee afwidhtis haelnyriagmporated by réferemceul at i on.
BACKGROUND OF THE .| NVENTI g\l There is.a crj ti%al ngled Jn the, pharnpaceuti cal
and ot her bi ol GGiSdRAYSPHOR Elpes 10 GAPPqsEions apdRrpergpogs Matyield sub-pigPR, i of

poor |y soliblog-sidfbRMafR1ds BF VafeRiEBILBE bPPSorfyQbluBletrugs! bt hstially

i nhal ation and ophthal'mc routes of delivery. Water insoluble conpdunds are
t hose haviusefulbospiutdecempdunds, The campesitions lefithis igventisn inglude cembipafions of ogi cal

.5-7. I g | wbi | | ' /
or ot or ool s of SRR losphfiont €}t Bt dfier 3y b e oy R0 e, o

a di sper sipafspholipie aid & Blodk tofRPidr catsll @ adisdRédonts tHegdrfses bfthé watet HBtuble-
desirable. As used herein, "mcro" refers to a particle havi n(% di anet er of
Y

f r om nanosePEPWNdinsrtigles, Bheombinatinn ef ciprged purfase modifier andcplork copolymeraliowst o
solid party of i - -SRher | aard -

For mul ot 1 disctoRiest ol abitedlon of A TR i Aler M CofBbutliBREes -
advant agestabitized byrthe ¢hirgedpHospiotipidatrface ancdificzend provide ¢letiostatiestabilidition

i ncl ude i rrprohv ral bioavailability g_f, drugs that .are poorly absarbed
from a t Ragthe Hpakeoplmme to provids sissic abilizatnnrand thersfre prsygnt thege pagticlesnt | y

avai | abl e (ol Yarfidle gfo%kh %@?ﬁ@ﬁioﬁx%’fﬂbcchﬁﬁénm“ c injectable formulations that
t] h >

are currently prepared 'w organi ¢ sol vents, sustained rel ease of

i ntramuscul ar i nj ect abBACKGROUNIHOFIRE ANVENEION adni ni st ered t hr ough
daily injectiog,or.*166166* ..1-~DEC2002 WD 99/49846 .PCT/ US99/.06746 const ant
0t Ui on and SPGB SETER T i HE PTG R B B R P TERARL o ¢ hat

ot her wi se feiillfle Hafer-BRoBleBd badrR/tkofuble §idSRAhces intd €dHnalatibSefor 64dl, if§éttable,
technol ogy for delivering insoluble drugs as described in US Patents

5, 091, 188 inislatign angephikpdmis, rowtss afstelivesy,uWater insoluble cemppends asdbosagavngl | dr ug

particles w 4 t i (W) | ' ' t he
drug in ap\%ﬁt %6%@%& I‘?%%‘%‘Iﬁ a?‘[% %S%’Pg/gﬁ Qgﬂ@@ggolg%aﬂgﬂ géns g%‘l gélege?lgg g’%lgl i zed
W t h nat urvater@sluBidies 8yl ingtmicmpiegsdrtrably pi (B mglhle Ioik desiablitsadeaithgiges of

t hese forméL tions is that certai n,drugqﬂ%ﬁ_rti cles i@_,susg‘ﬁlsi on tend to
grow over S n ies asdigpersing etheradeadyenhilizador semyatriegiselid fo5m Mavdisomenon
known as tjhgrpfeswal d ripening” or particle growh, as the solvent becones
saturated wth solute, the larger particles grow and becone even | arger,
Luckham Pest i és uSsi hereif,1'08€p" Rfcrs @5 1Baticletmyingaliargienrad v nanemeliesdoi bed i n

2 355, So MiebB DA RS i TR ltE i Ut ORATS)
di agnost i @r gsiRRtal @Eﬁ?p&:ﬁ%ﬂﬁ&ﬁﬂox@%cﬁt Rind Whds@ Bficrbptirficlés prbANslsdad spbcifipdi f i er

i
and a non-crosslinked nonionic surfa_(??a.nt. The role of the cloud point
modi fi er iadvantageneves theainfirmulated ngnypaictonized diup pagigles.avhieminclide improed oartle

Crori || 2atiaap s EePhE e Brrbalort B Ry, B ndt R dubpRle 0o on

focuses oforpiudfiivhi fhEt &4 Bafréntl9AvAiRbIFIoAlyOR ofdl d6sapé fdring legstokigiimjgetable ombi nat i on
of electrostatic and steric stabilization using at |east one charged

surface nierylationgthat are crraently peapares MoRIOTZARKIoeRtE, suffaingd FRisass o es coat ed
w th a nat LRI i 1 A Si ze,
and honce SrausBlBSRARLHE s i g e BRI AEHRUIGR Al RRADEE O

el ectrostatic and steric stabilizing materials. The use of this particular

conbi nation of electrostatic and steric stabilizers in aimmummm‘mmu
nat ural phospholipid is characterized by its ability to Bl une

wei ghted nmean particle size values that are smaller than whatsssen be
achi eved usi ng phospholipid al one without the use of a surfactant with the
same energy input, and provide conpositions resistant to particle size

o, s o v o B o, o Y oy




“or spray drying, into powders, which can be resuspended ord{ilbgs into
capsules or converted into granules or tablets with the ad L od008i nder s
. and ot her excipients known in the art of tablet making. By industrially
“useful insqlubl g.ar poorly soluble conpounds we include bighaghsadrkey usef ul
conpounds, '1hagi'ng agents, pharmaceutically useful conmpounds and in
particul ar drugs for human and veteri nar¥ nmedi ci ne. Water insoluble
conpounds are those having a poor solubifity in water, that is less than S
ng/mM at a near neutral pH of S to 8, although the water solubility nmay be
|l ess than 1 ng/M and even less than 0.1 ng/m . Exanples of sone preferred
wat er -i nsol ubl e drugs incl ude | mm,nosucf)pressi ve_ agents such as cycl osporins
i ncl udi ng mﬂ%@aﬁ#&oﬁ@@&yﬁﬂ%aw ighalgd, OPWH%}%@FP%UMMS%JWWW VO
99/49846 %&1&&%&9&%&%@&&&%%%@%@:“ antifungal agents,

anti neopl astic agents, anal gesic and anti-inflammatory agents, antibiotics,
anti - epi | epti csCurzemé tchmstlogyfor dejiperintg insolubdediags asalsscribed inddy Batents 6,004,488;s,

I ti , i ts, . iolyti , ti | t ts,
ot agon st SOPAEE) &t 45 2SS BRQ R ofing sl s RPN YT P et | o
agents, angynfesie %s?haipmcbr Wblivﬁig‘ih@d}ﬁ@&ﬁa sutBblE APSFINK Grfer aRd forming

antiarrhythm cs, anti hypertensive agents, hornones, and nutrients. A
det ai | ed dasemylgion stabilized Wity nateralbreemisynthetictpiibspholipids) Onew( thealisadvanthgen

Rem ngt on' s. .Phar.maceuti cal, Sciences. 18th edition 9 Mack Publishing Co
phi | adel phi AR OR ARt BanTar T RpapisiesThbhdPion dendo slover He

phosphol i pbetadse offthetdigserution aﬁ)h@%ﬁélpﬂtdtilah @BenofRi® krithvh as Hec'Ostald peigebn as
"conmerci al " _phosphol i pi ds, such as egg or soybean phospholipid or a

conbi nat i oPRTtFe BERh, aite selvsatheermesisaturasd with soliite. dke larectipastiglesgrow and

hydr ogenat i JNAe Ty Ak sem synt hetic or

synt het i C'ﬁe%ggl%g?égfsltd ’%&mré?%??gcggg??agﬁé%ﬁ%sphol i pids include but are
not limted to Angsgherapsphdl, apdedaited iiPBseies af mtdntshisgs a dloywbpaintiRéifidr(spdnd) ;

and 55% puDs: Sadsanh SUF PRy R POE R AR Powl aitis s The

amount  of &Q@-ﬁ:@i"@é'  ihsRf Loli Iul?f: ‘Bgtﬁil%%?& L;Sb‘i‘htrn?daﬂ?eg hd AR ciddsiifid P
50% prefera ylfré()e%%s%%?ﬁégo%iog/os B gc copoﬁtd ners use ai n E?lec@r;lsvlenti on
di spl ay a imigghe $urfactanintThefrole iofithe clond poinembdificrin ¢b iporsaselthecloudpdint of the

stabilizatiop to the ticles. Suitable block copol r.s incl.ude

Pl axorrer sSureie: S R enfite nipicides g refipnE RESTETE iz ORI T b

copol yrer sgtedliAtibyatanec©@xi de and propyl ene oxi de avail abl e from BASF; and
pol oxam nes, such as TetronicT"" 908 (T908, T707, T909, T 1107 and T 1307),
whi ch are tetrafuncti onBESERIRKIQN O THEANVENTIQN from sequential addition
of ethyl ene oxi | i Q. -di anl ne. ] om
BASE. T o pr of CrBaat hIof R ol rebift abh ol B AR Sr 2 b AT ind

f or nul at i ogmntngiof@$ eleetthstdtio andteridkstabilfpatiymesing it ldast dng ehdrglbsuafapomddifier The

f bl k | i b .0l % and ,20% f bl.y. f ,0. 1%
TR o S TN IS MR R Y M A VRS R
hi ghl'y purhﬁhrfé@ﬂﬂ'k?m@fé&'ti@l% s&b,tapgmeﬁc%@{o%g%fitaa{lfemm%ﬂéd By Reditgtas OF

prepared syntheti ca or exanp commerci ally avail abl e
phosphat i dgdnchindtionef clectrestatic and stenid stabplézingmatagas.of char ged phosphati des

and phosphat | di Ersie aPinfriaulss BpRGRa gl e A HERE RBT TSt AP e
pal m t oyl - @laatkural pho%bh(@lgjgidag%a\é\gﬁgﬂ 8BNS iR Qe weighted mean

phosphati dyl - gl ycero OPG and dimristoyl phosphatidyl cerol sodium
sal t ( DVPQarticle pig¢ Malu¢schat aes smahlar @@uwbmsrpémq%qugumpmgﬁw& alangese

material s ar esent i n i vel I r .

BT e = PR URSEEhch Pl R e A cho BB So A BECN AR Bl
phosphol i piodarticlgasgrbivenosteragd/olh order %chiadk the edvantbts/offthoprestndmbedtionit 0%
It is thought that some of the functions of the conbination of surface

modi fi ers Bdesassarpthat e nayral phaspholipidand stabiizers all oe prasent st e e i Pamiclces s
of GCswal d ﬁ%ﬁgg&#gn%pgm£&§;§xpre mai ntai ning the particle size, (b)

i ncreasi ng € storageé stability, mnimzing aggl onerati on and
sedi nent ati on, and decreasing the particle growh during |yophilization and
reconstitution; (c) adhering or coating firmy onto the surfaces of

wat er -i nsol ubl e drug particles and therefore nodifying the interfaces
between the particles and the liquid in the resulting formul ations; (d)
increasing the interface conpatibility between water-insol uble drug
particles and the liquid; and (e) possibly orienting preferentially

t henmsel ves with the hydrophilic portion sticking into the aqueous sol ution
and the lipophilic portion strongly adsorbed at the water-insol uble drug

o o . - . Y b1




“met hod can conprise, consist essentially of or consist of the steps set

forth with such materials. The invention is further explainaf mb E
- reference to the followi ng preferred enbodi nents. The follo ng g d@WZ|
procedure Wgpoyaqds f Or the exanpl es; exceptions are noted. pd¥reapghs on of
prem x. Commercial phospholipid, mannitol, charged surface nodifier and
bl ock copolynmer were first mxed with wajer using a hand m xer. The drug
was added afterwards to the m xture, and mxed for 10 min-30 mn at room
tenperature. In the case of cyclosporine, the pH was adjusted to 7.5-8.0
using 1IN NaOH, and the prem x was cooled to 12C using an ice bath. The

batch size for | osporj n.was 200, for prsodi ol 50 and for fenofibrate
200 6. Pr ocessi AP AR B bisdeat pfintpd ingOS s dBn o ost efetting

t enper at urRhdorhRRHIE &ugxu&&lw stIOHR cPEIBSHOHA Bs WP AJ T8 Qbsibe Ritmb BPthese
subjects the fornulation to shear, cavitation, inpact, and attrition, that

is in eitHowdgrspfosinstancg i theformrof gomprrssgdiabletsgnd the like. Surprisingly we have

Nachi neopar ity Be HBE R B R 0y L B ARG SRR RS 5 2t
honogeni zefoROWE.810Ur sodi ol Avestin G5

honogeni zes10D1813Fenof i brat eM crof | ui dji zer ML10H50185 A "pass" is defined
as one cycl e ofAlfiodeh W famgt wish ta be Roypt by My Rarticuler dkerveit @ppadtsdhasithese

processin i ’ ¢ Qr : j j I : 1
b b E ¢ 2080 B raDs Ry g SPh iy jureidda SRE R HRE AR el BROM NS
pl aced i n surfaeds of dagpadictes) dndrfa)raneesligophilit & hydraphdici seefades withdnorensedext a
heat exchanger, .t hen pack to inlet reservoir. |t is the honogenj zation
PR T R RS AT MR T

I mpact  andeaiibibh stabillzatith 1 thd doncehtatidid oMl fkd ABdifiersiusédih thitiroddsl @ideibed0
passes of the bypass | oop, defined as follows: inlet reservoir to auxiliary
pr ocessi nghenpate nermadly labeite thsic eritingbmiceleconpentrations (CM@tand berer Vasilitate Tee

resulting fornul atign is then put through f.he interagtion, chapber | oop,
ot med SdomhionRt stlmicor {35McRi et b Robifing e ShBipaties ARl e 0o

i nteracti ordtplesveitdedppadgagntnanger then back to inlet reservoir. it is
in the interaction chanber where the fornulation is subj ect to the forces

of shear, cavi tPhosrbglipidapd surfagn sogifier(skarordsonbed prsithesupfpess o6 diug gartisles fn

formul ati o ,“It- i i il A i wm | MP"
i ndi cat es Os%’lﬂ‘(r:@%f)gr [ |1§ﬂg§g\@gﬂﬁ-ﬁ£é§§m&g ﬁ%°W’ ﬁézd“?%%gé a?)%g%ﬂ@gic}t{eogl%géén&? grt%ns.
The five dio0fietoanb-niiyipR andimicbméiid paryclésdFtone aF @nithimationh bEthethods lalowaia the

Stability TestDescriptjion4CSanpl e stored at 4C (tenperature,

cont r ol | et Stshanspnicationy hagnogenization milings pugroflwdizefinn, BrerigHation®ss r el at i ve
hum di ty) i R i %F[T)ﬁ . ¥

onl y40CSa%f;’g§él'§i ore %5? 1;eg%ﬁcggg?‘%htefrrrper tEbtrné1 Eégglﬁltdﬁ 0 egﬁﬁgﬁgﬁbnlg%gdﬁp%?g%g@g down
on its si dizequarticlesivalsibrgquenbbtorage assukpeasion omsaiid Hessgefamnur e. The shaki ng

speed was at 1 rpm 110 rpm Th . .Cycl.ingOn c] e defined.as.foll.aows:
sanpl e stored a ez{%"f"i 1093 Efea%fﬁg’?ﬁ?ﬁe‘%eé‘f““hg‘éy g%ﬁp{eé! ﬁ'gd§¥g°pg*ﬁ}ﬂnEh'il

Ef fect of &lspay | i1t pb&@&ks, SvHiIP6aR bERdiidpeded of Filledintd edpSulés cFRofiveetegt | on.
These experinents show that in the presence of phosphollﬂd a conbi nation

ef fect of iBtoggranulesoy tablesy wishi theradditipn ofhindess apd other expipipnts knewnindhg arpef ti cl e
Si ze, tha'\aﬂ&rﬂﬂig@ either alone. In all

By industrially useful insoluble or poorly soluble compounds we include biologically

useful compounds, imaging agents, pharmaceutically useful compounds and in particular drugs
for human and veterinary medicine. Water insoluble compounds are those having a poor
solubility in water, that is less than 5 mg/ml at a near neutral pH of 5 to 8, although the water
solubility may be less than 1 mg/ml and even less than 0.1 mg/ml.

Examples of some preferred water-insoluble drugs include immunosuppressive agents

such as cyclosporins including cyclosporine (cyclosporin A), immunoactive agents, antiviral



> cases, the total weight percent of surface nodifiers (comercial
phosphol i pi d, bl ock copol yner, charged surface nodifier) is kept constant.
. Table 1.1 - MP Cyclosporine data (5% w w nicroni zed cyci ospdr§3EC 2020

" Mannitol ) 3odofat ches, processed on honbgeni zer Avesti npCrhRodaamal e W wWoo
Li poid E80 w weo DMPG W We6 Pl uroni ¢ F68 # passes Particle size (mcrons) 1 1

00 0 209 2.62 oo, 2 e o .
S9.5 - I 4.5
T T e
T T T 217
1 0 177, 704 anifungal agents; antiteoplagicagents-arl geic and sntnffammiatory agents, — — %7 0

S s, it s g g
Gai ' (| crRGsFisaptichglingrdic 3 ghoinomimetic gepts, pntimyscartOaR rhuarinid oo 01 01
Avest i n CabtGaingesi¢ abantigrohydhriiss) ahtilypEiRiai vesagdits] bormones; a®Dfutrents. A

assesPartjcle siz m ¢rons) 12. 40
E27 1. 36 deta{led gescr?pti(on o(t: these gn%l other su?table drugs may be found in Remington's

i- é_- -+ - -Pharmaceutical Sciences, ESth-edition,- 1990, Mack Publishing Co. Philadelphia, PA.
e _ The phosphalipid may be any naturally occurring phospholipid or mixtures.of, .

1 8 50' 8. 1%Kcsphohplds, sometlmesrefcrred t:o:h:er'c?n: as "commmercial™ phospholipids, sich ds’'eggor * ~ "~ °

g- o soybean phospholi-pid or-a combination thereof. . The.phospholipid may be salted or desalted,
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1.34...... (Pfanstiehl), Lipoid E80 (Lipoid);.and hydrogenated soy phospholipids Phospholipon 90H and
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The data for cyclosporine, ursodiol and fenofibrate show th [ppﬁg ¢UZ si ze
reduction is maximal in phospholipid coated mcroparticles In ‘g sence
of charged swydomosyenodi fier and a bl ock copol ynmer. EXAMPLEpérickéoastssof t he
presence of steric and charged stabilizers on the rate of particle size
reduction. As the fornul ation passes thréugh the honbgeni zes, the average
di aneter of the fornulated particles reduces in magnitude. An enpirical

rel ati on has been found that relates the average dianeter to the pass
nunber: Average dianeter = K/ (pass nunber)a The above equation can al so be
used to depl&rspﬁamdylhgiycamr(DOBG}:aﬁt:‘duintnstcf;rkplmsblmndylgs'cmmodgﬁn shl(DVIRG).t O
reduce to l{‘Tl]acron of passes fqQ reac ~~e. These data
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w w Fenonrate . 5% Manni t Rate of particle size reduction -
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t he Avestl n honogeni zer W% L1 pol E80 w W% DPPE Wl Wb Tet roni c

908 Cal cul parede #uqhsss @nd (t))pretemmg aggreghﬁoﬂ@f)tﬁé) Small part1cles back to larger particles

1.6_.._........ Consxderable variations-as to the identities and types of .charged surface modifier and
0 ........ espedially the block copolymer should be expected depending Tpon the drug or active agent
|358 ' selecjce_d_ at_s 'the surface Qrfnpert_lgs_o_f _th_e_se small—partlcles are different. The most advantageous
2.0_...... agents.for the msoluble drug will be. apparent followmg empirical tests to identify the

system/combination resulting in the requisite particle size and particle size stability on storage
over time.

Various procedures can be used to produce these stable sub-micron and micron size
particles including mixing the insoluble substance with charged surface modifier and block
copolymer followed by sonication, milling, homogenization, microfluidization; or precipitating
from a solution of the substance using antisolvent and solvent precipitation in the presence of
the phospholipid and surfactant(s). Mannitol and other disaccharides and other agents may be

added to adjust the final formulation to isotonicity as well as acting as a stabilizing aid during

drying.
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2. __.embodiments. .The follo;\.{iﬁg_general procedure. was used for the examples; exceptions are
?:.5._:::'._'_'1:0?‘15:::::::::::::'_:::::::'_'b:é ............. e L
1 7| Proparation of premix: Commercal phospholipid, mannitol chatged Shface

3_.._._. . .modifier.and block copolymer.wers first mixed with water using a hand mixer. The drug was

% O ytied afterwarts to'thé mixtirg; arid-mixéd fof 10 fniri-30 fuisi dt 700t tempetature—ri the " *
é g;_ y _case ofcycl;spo;mc,thejpﬁwas adjusted to-7.5-8.0 using 1N NaOH, hnd the premix was

and for fenofibrate 200 g.
Processing conditions. The premix was processed at a constant temperature and
pressure by using high-pressure instrumentation that subjects the formulation to shear,

cavitation, impact, and attrition, that is in either a microfluidizer or a homogenizer.

Total Average Average
Formulation Passes at | Pressure Temper-
type Processing Machine Operating (kPsi) ature (C)
Pressure
Cyclosporine | Avestin C-50 homogenizer 200 18 10
Ursodiol Avestin C-5 homogenizer 100 18 13
Fenofibrate Microfluidizer M110OH 50 18 5

A "pass" is defined as one cycle of the formulation through the different elements of the

processing machine. The "pass" or cycle for each machine is as follows:



-53 4 8.7 0.45 0.95 1.08 1.24 51 ~0 ~0 a ~0 a a The conbi nation of effect of

steric and electrostatic stabilizers provides best stabil it vent s
- or mnimzes particle growh due to bothGstwald ripening %@?@@9

aggr egat i oRyglosphe! Table 3.2 - MP Ursodiol data (10% W W ddsedbpdr4e- %0
Manni tol ) Particle size at 4 CSanple w w¥ Li poid E80 w w¥% DPPEW W% Tet roni ¢
908l nitial sizeFinal sizeDays(mcrons)(microns)l 2.4 001.361.5230.........

115 T Avestm C-.S(.) and—G-S—Formulatlon is .pt.ac.:e:d. in m]et reservoir then pass%s s fie0 0.8
1. 20. homo _gemzatxon valve, next.a heat exchanger.then back to.th@Rlefreservoir.. It is the .
o 3 :héin'g'gén'lz'a'tlbﬁ vaive that subjects the formulation to the forces df 'shea'r,'c'aw'n'tdtlbh ‘impact —
T e ST

..... 1. 33 -..Mil10H; The formulation is first | put through 70 passes of the bypass.loop, defined as .

0.28_.. Zféltowvn.lét??sser.Wl.rP wilsry proséssing ol 16 hét édchivigaf th bick't it "
1. gg, || reservor: The resuing formulaton is thp pyt hrough the ntracton chamber loop defined

as follogvg: 1 mlet)reservm_r to auxiliary processing module to mt_emct_an chamber to ,h_eat ______

o4 exchanger then backto'inlet feservoir ‘itis i the interaction chamber whte the formlation 18

e L subject to the forces of shear,.cavitation,. xﬁpﬁhtmdéaﬂttrﬁ'ﬁn*'Followmg processing, each
N E P able 3.3 - MP Ursodi ol

data ( 1094emlatios 3as sPllectsdzngd Riskd ip aw}sferp%%btﬂw rt%n@g 2'3\4%' indisatas

Si 26 nal TSTOBRLOIEY Mk BN e B SR Ottt ot roni e SO8TRITLA

01. 3b1. 5130. . . The five different types of stability tests are described as follows:

2. . L ~
1.6 - f SwbiltyTest - T — Deserpfion ]
SR o s 4:C * —'|"Samiple stored—at 4°C-(temperature controled)
25C Sample stored at 25°C (temperature controlled, 60% relative
humidity)

25C(2) Sample stored at ambient room temperature -cyclosporine only

40C Sample stored at 40°C (temperature controlled)

Shaking Sample laid down on its side on a shaking table at ambient
room temperature. The shaking speed was at 100 rpm-110
rpm.

Thermal One cycle defined as follows: sample stored at 4°C for 2-4

Cycling days, then at 40°C for 2-4 days.

EXAMPLE 1

Effect of steric and charged surface modifiers on particle size reduction. These
experiments show that in the presence of phospholipid a combination effect of steric and
charged stabilizers gives a smaller terminal particle size, than by using either alone. In all
cases, the total weight percent of surface modifiers (commercial phospholipid, block

copolymer, charged surface modifier) is kept constant.
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sanpl e (exanple 4) prepared with a conbination of charged and steric
surface nodifiers showed good stability under all conditions. The presence
of a charged and steric surface nodifiers during the formation of mcron to
sub-m cron si zed phospholipid coated mcroparticles provides for the high
rate of production



of mni mal |y sized particles. Al so, the conbination of effect of steric and

el ectrostatic stabilizers provides best stability and prevegt hd M Zes
particle growth due to both Ostwald ripening and particle a—ggﬁgﬁm

Further, chwo9edosssir f ace nodifiers appear possibly to contpdRuémegRet!y to
particle size reduction whereas stericipodifiers contribute nostly to
stability. The above data denonstrate the presence of a charged and steric
surface nodifiers during the formation of mcron to sub-mcron sized
phosphol i pid coated microparticles provides for a high rate of production
of mnimally sized particles. The follg@vng materials were used in the
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TABLE 2 — List of Suppliers
Name Supplier Location
Cyclosporine North China Pharmaceutical China
Company
Ursodiol Tokyo Tanabee Tokyo, Japan
Fenofibrate Laboratorio Chimico Milan, Italy
Internazionale s.p.a.
Lipoid E-80 Lipoid GMBH Ludwigshafen, Germany
DMPG, DPPE Avanti Polar Lipids Alabaster, Alabama, USA
Tetronic and Pluronic BASF Mount Olive, New Jersey, USA
Block Polymers
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| 7109¢& () -B 1.710(@&'11{\3)(1{0% of increasing the rate of microparticle formation in a
pharmaceutical composition comprising particles of a water-insoluble or poorly soluble
drug having phospholipid coated surfaces, said method comprising homogenizing or
microfluidizing to produce the phospholipid coated drug particles in the presence of a
charged surface modifier and a block copolymer, wherein the charged surface modifier
provides electrostatic stabilization and the block copolymer provides steric stabilization
against Ostwald ripening and particle aggregation resulting in particles having a diameter

of about 0.05 to about 10 microns.

2. A method of increasing the rate of particle formation in a pharmaceutical
composition comprising particles of a water-insoluble or poorly soluble drug, comprising
homogenizing or microfluidizing the particles in the presence of a mixture of 0.01% to
50% wt naturally occurring phospholipids, 0.01 to 5.0% wt of charged surface modifier
and 0.01 to 20% wt of a steric stabilizing block copolymer, wherein the charged surface
modifier provides electrostatic stabilization and the block copolymer provides steric
stabilization against Ostwald ripening and particle aggregation resulting in particles

having diameters of about 0.05 microns to about 10 microns.

3. A method of increasing the rate of microparticle formation in a
pharmaceutical composition mixed with water comprising particles of a water-insoluble
or poorly soluble drug having phospholipid coated surfaces, said method comprising
homogenizing or microfluidizing said drug to produce coated drug microparticles in the
presence of natural phospholipid, a highly purified charged phospholipid surface modifier
and a block copolymer of ethylene oxide and propylene oxide, wherein the charged
phospholipid surface modifier provides electrostatic stabilization and the block
copolymer of ethylene oxide and propylene oxide provides steric stabilization against
Ostwald ripening and particle aggregation resulting in particles having a volume
weighted mean particle size diameter of about 0.05 to about 10 microns, and wherein in
the presence of said natural phospholipid, a combination effect of said steric stabilizing

block copolymer of ethylene oxide and propylene oxide and said charged phospholipid
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about 10 microns of a water-insoluble or poorly soluble drug, the particles coated with a
mixture of 0.01% to 50% wt naturally occurring phospholipids, 0.01 to 5.0% wt of a
highly purified charged phospholipid surface modifier and 0.01 to 20% wt of a block
copolymer of ethylene oxide and propylene oxide, wherein the highly purified charged
phospholipid surface modifier provides electrostatic stabilization and the block
copolymer of ethylene oxide and propylene oxide provides steric stabilization that
minimize particle size growth caused by Ostwald ripening and particle aggregation and

provides for small particle formation.

9. A pharmaceutical composition comprising electrostatic and steric-
stabilized particles having volume weighted mean particle size diameters of about 0.05 to
about 10 microns of a water-insoluble or poorly soluble drug, said particles having
phospholipid coated surfaces and being stabilized with a combination of a highly purified
charged phospholipid surface modifier and a block copolymer of ethylene oxide and
propylene oxide, wherein the volume weighted mean particle size diameter of said
particles is greater than 50% but less than 100% of the volume weighted mean particle
size diameter of particles comprising said poorly soluble drug and said phospholipid
coated surfaces prepared by otherwise identical means in the absence of said combination

of highly purified charged phospholipid surface modifier and block copolymer of
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phospholipid surface modlﬁer provides electrostatic stabilization and the block
copolymer of ethylene oxide and propylene oxide provides steric stabilization that
minimize particle size growth caused by Ostwald ripening and particle aggregation and

provides for small particle formation.

10. A pharmaceutical composition comprising electrostatic and steric-
stabilized particles having volume weighted mean particle size diameters of about 0.05 to
about 10 microns of a water-insoluble or poorly soluble drug, the particles coated with a
mixture of 0.01% to 50% wt naturally occurring phospholipids, 0.01 to 5.0% wt of a
highly purified charged phospholipid surface modifier and 0.01 to 20% wt of a block
copolymer of ethylene oxide and propylene oxide, wherein the volume weighted mean
particle size diameter of said particles is greater than 50% but less than 100% of the
volume weighted mean particle size diameter of particles comprising said poorly soluble
drug and said naturally occurring phospholipids prepared by otherwise identical means in
the absence of both said highly purified charged phospholipid surface modifier and said
block copolymer of ethylene oxide and propylene oxide, and wherein the highly purified
charged phospholipid surface modifier provides electrostatic stabilization and the block
copolymer of ethylene oxide and propylene oxide provides steric stabilization that
minimize particle size growth caused by Ostwald ripening and particle aggregation and

provides for small particle formation.

11.  The pharmaceutical composition of any of claims 7-10 wherein the
volume weighted mean particle size diameter of said particles is 78% of the volume
weighted mean particle size diameter of particles comprising said poorly soluble drug and
said phospholipid coated surfaces prepared by otherwise identical means in the absence
of said combination of highly purified charged phospholipid surface modifier and block

copolymer of ethylene oxide and propylene oxide.
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of said combination of highly purified charged phospholipid surface modifier and block

copolymer of ethylene oxide and propylene oxide.

13. A pharmaceutical composition comprising a powder of electrostatic and
steric-stabilized particles having volume weighted mean particle size diameters of about
0.05 to about 10 microns of a water-insoluble or poorly soluble drug, the particles coated
with a mixture of 0.01% to 50% wt naturally occurring phospholipids, 0.01 to 5.0% wt of
a highly purified charged phospholipid surface modifier and 0.01 to 20% wt of a block
copolymer of ethylene oxide and propylene oxide, wherein the highly purified charged
phospholipid surface modifier provides electrostatic stabilization and the block
copolymer of ethylene oxide and propylene oxide provides steric stabilization that
minimize particle size growth caused by Ostwald ripening and particle aggregation and

provides for small particle formation.

14. A pharmaceutical composition comprising a powder of electrostatic and
steric-stabilized particles having volume weighted mean particle size diameters of about
0.05 to about 10 microns of a water-insoluble or poorly soluble drug, the particles coated
with a mixture of 0.01% to 50% wt naturally occurring phospholipids, 0.01 to 5.0% wt of
a highly purified charged phospholipid surface modifier and 0.01 to 20% wt of a block
copolymer of ethylene oxide and propylene oxide, wherein the volume weighted mean
particle size diameter of said particles is greater than 50% but less than 100% of the
volume weighted mean particle size diameter of particles comprising said poorly soluble
drug and said naturally occurring phospholipids prepared by otherwise identical means in
the absence of both said highly purified charged phospholipid surface modifier and said
block copolymer of ethylene oxide and propylene oxide, and wherein the highly purified
charged phospholipid surface modifier provides electrostatic stabilization and the block

copolymer of ethylene oxide and propylene oxide provides steric stabilization that
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phosphatidylserine, phosphatidic acid, or combinations thereof.
19.  The pharmaceutical composition of any of claims 7-14 and 18 wherein the

highly purified charge phospholipid surface modifier is present in an amount of 0.05% to
1.0% wt.

20.  The pharmaceutical composition of any of claims 5-19 wherein the block

copolymer is present in an amount of 0.1% to 10% wt.

21.  The pharmaceutical composition of any of claims 5-20 in sterile,
injectable form for intravenous, intra-arterial, intra-muscular, intradermal, subcutaneous
intra-articular, cerebrospinal, epidural, intracostal, intraperitoneal, intratumor,

intrabladder, intra-lesion or subconjunctival administration.
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