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NOVEL FORMULATIONS OF PHARMACOLOGICAL AGENTS,
METHODS FOR THE PREPARATION THEREOF AND METHODS FOR
THE USE THEREOF FIELD OF THE INVENTION The present
invention relates to methods for the production of particulate vehicles for

~ the intravenous administration of pharmacologically active agents, as well
as novel compositions produced thereby. In a particular aspect, the
invention relates to methods for the in vivo delivery of substantially water
insoluble pharmacologlcally actlve agents (e g the antlcancer drug
10Taxol(r) Nava: 2 (e Vil i
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. levels which are achieved within a short'time after intravascular injection,
At bl 8 Blfetenisn dutptleedearihomanslewaiadaumd o a

protelepaedqfuelditigstitisidedie witteyascitar compartment following a
bolus intravenous injection of the therapeutic nanoparticles.

FIELD OF THE INVENTION

The invention also relates to the method of use and preparation of compositions

{formulations) of drugs such as the anticancer agent paclitaxel. In one aspect, the formulation of

- paclitaxel, known as Capxol, is significantly less toxic and more efficacious than Taxol®, a

commercially available formulation of paclitaxel. In another aspect, the novel fonnulatlon

Capxol, Jocalizes in certain tissues after parenteral admlmstratzon thereby increasing the efficacy

of treatment of cancers associated with such tissues.
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Injectable controlled-release nanoparticles can provide a pre-programmed
duration of action, ranging from days to weeks to months from a single
injection. They also can offer several profound advantages over
conventionally administered medicaments, including 10automatic assured
patient compliance with the dose regimen, as well as drug targeting to
specific tissues or organs (Tice and Gilley, Journal of Controlled Release
2:343-352 (1985)). R | &f E)fﬁ' IQ 9(5 present in the
blood are generally lood filtering
organs”, namely the spleen, lungs and liver. The particulate matter

COREANFEAYR dHEdalivims ReBRIT it Ifedser epibibentions ighsieablips! stream
whichBierRESHE Aadameian ahia Blopdiells (yricallyiks %M&Qﬁl'f&vels which are

diameter), and platelets (typically 1-3 microns in diameter). The
achieved Wil a shish HPARASTIREAYeSaRaTRIsTEon RpiniNEtieR Ydugg eaicd within
stable ieserblood Cellswihrdnieraityombi {Rlgothsiatshofsizegsarteiment

10-1 |crons are resent in circulation, a risk of infarction or blockage of
followng @é? R AR TSR 2o %Y}iBFﬁP&‘BFd}&Pé’B Biivation and

possible tissue death. Injection into the circulation of 20 particles greater
thacta s oricnbled-ireldiamsterpiésisfore) prasidoe puojolegkatsiedpension of
action qfaﬂé’irﬁgjﬁérﬁe :?ﬁ%% 6%%9&11:5%%9%6%’ ﬁ%lg%%uﬁﬂ s%%gil %gﬂ?:aﬁo(}ﬁ;er

been used for the delivery of pharmacologically active agent
severabpidpuphich Hiecenieicnsy piatohapdganscrad hednmastin adibdorg

automANAHAG IR ANE S 28R Radisles angkihglrrgde aid %Pé%%g to specific

determines their bloliglcal behavior. 25 Strand et al. (in
tissues\irpessn édee sshidlimar Rt Srevetlled Rrispp a5 1098527
CRC Press (1988)) have described the fate of particles to be dependent

dvﬁtfnepasﬂmes%diﬁjeag'n thdisizerfanginahalipwdaagemetally (:mm)ctoﬁiiﬂ(ﬂ the
circulag O, thbelo%q'P ﬁ%ﬁ%i\fﬁ%ﬁgfﬁeﬂ)l n'}(p{‘}llgs %%glsiual m iggr e particulate

cyt05|s may occ
matter itn‘tn&vend) usfintrazlridhidtibiecd oomparks|est ﬂdssdhaﬁse(bmﬂlyrﬁcmsmdh
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system (RES), also kriown as the mononuclear phagocyte syst
mlcmn@ﬁm‘&’@i@fﬁf@ eThﬁdW%éﬁ@‘#%%?@h@?ﬁ!loméif hﬁﬁéﬁé‘mtﬁlm’}@(ﬁh@ﬁe@ea%age of

these biFRBR@AIN WAL CERIHES (AFES Mbidpsietial g?&%@%arp%t'g‘%ﬁﬁr&ls are
trapped in the first I(5:1ﬂ‘})|llary bed reached. Inhaled particles are trapped by

Pfesen%ﬁbcgwaa i dpBecspharhisckitraldhnstrifersamnisoradianio
1schemﬁﬂ£1ﬂ}k%ﬂi€&@;ﬁﬂ@lﬁ)ﬁﬁﬂcﬁﬁéﬁm\l@ﬂ%ﬁ@&ﬁﬁVllﬁj@Bﬂi%ﬂtﬁﬂﬂ thecstamaeh or

conyentionally administered (e. y intravenous injection or

. . cannotb
Pl g A R 2 EHEFA S dHT G FBIF O SURNCec. & spension of
particlephiarnizaeBicalifas, beﬁa\mtueveldtme@mksmﬁamm@ﬁheealfmmmm&y

1 an aqueous uch normal sa %’fge the presence of
pharma G S L S D TS Gt R HEIRL agents, and
contrasmmesferemammwtbmmjected mtravenously, provided the

components of the emulsion are pharmacologically inert. US Patent No.

073,243 faseiines e afmiisHAIoR, EERRRIHRIS biological %ehavior

in oils and emulsified wit

pharmacologlcally active agents dissolve
Strand g ahekn e el e st éﬁ?él%&%séég@ s sl PradhieRC

Press (i@gxgpm@@mwﬂi@ pyeseraiyealaaboabrRindans gxaal DONENER the
oleate, etc. PCT International Publication No. 15 W085/00011 describes

size range of & oW HAOAPRRIERS (RBRIEd U B sRige iR dvertisdiceeiilianies following
mtersmnﬂmanmmldrﬁi@la@ﬁdimﬁlﬁt@ybﬁb@swhﬁﬁﬂmemﬂﬁﬁ g guiable

dim n5|ons fo intfradermal or,intrav ection. An examp)e of a
IntravenQus Mraariers LT S tﬁﬁ% é BRI SRR 5) ‘tFigared

P_aC|f|c Yew tree, Taxus brevifolia, by Wanl et al. (J. Am. Chem. Soc.
93:2325 (1971)). Among 5



10

15

20

25

20the antimitotic agents, Taxol, which contains a diterpene carbon
skeleton, exhibits a unique mode of action on microtubule proteins
responsible for the formation of the mitotic spindle. In contrast with other
antimitotic agents such as vinblastine or colchicine, which prevent the
assembly of tubulin, Taxol is the only plant product known to inhibit the
depolymerization process of tubulin, thus preventing the cell replication

rocess. 25T oI ana ki iter (d ha een shown
from &Ea%fé) s‘l%snl aﬁ neor‘i‘iﬁl %c antj %’é%ncéﬁgﬁ f?iic S migio Fug- reﬁ%cf%ononuaear
phagomasmeﬁaﬁM)TMﬁas Istmwihaxebilehl antitons w&cﬂﬁ;ﬂymhrafmndes injection,
varlet of tumaor my els S the Bl m 1 a
be IS T R B A B R B e it
capillapybsd r@deh@bslhbale&eﬁiﬁr@&sr axdtappeddyidw alvtielsnsescwohdgssdrug.
Indeed, Taxol has recently been approved by the Federal Drug

%ﬁﬂﬁa%%@ﬁi@ﬂsfafatrﬁ%tm&&%@w@&%wwm@mma@ﬁ@@éﬁitive to acid
solubility of Taxol, howevey, presents a problem for h %,mmlstratlon

environpeats iR SO SPArLGS TREY HFER B AHBYRES R R o P EBtHe

injectidh &Moadudaelisisaeding e p@eseﬂ@.u stirimpaueshibosati phuﬂﬁxadsmhls has been

ective.. Accordin cur Taxol formulations yequijre a
achicy ] SIS S LT S TR AhE LR A B i s s noral
saline) &@Q}éﬁ&mg:e'ﬁf s;dﬁsemﬁschssmiubd}msm&ﬁzsml thiprodicetbahkl wieroaphbions.
Th diluted wubh sali e bout 3 1000(:111 f|UId iven | enousg

252 eﬁll Scl:(r)ema € Injecle 11 ave 011 jie [+ ¥ edCOIl'l tonen EH? C CMLSION are
phor currently used Is p oxy ated castor ol € presence
phannagbkwnmocuh M&Hmmmlérﬂﬁéé?%énsmhe@tm sbuersthafjsersEmsitivity
| i
msolublgﬁﬁgﬁglgﬁlé\;}l ?]'3‘1&19 nn%%) %ig%@lggglﬁii é%%g Qéﬂflze}x%ﬁng Zd %tﬁ@a@é}qn the
presenc@mfﬂm@émws@@l}u pes pratmetidiiles, @ﬂ\ﬁ&ﬁé}ﬁt@@ﬂﬁ%@ﬂ@é&ﬂ&ﬁm@ﬂm glycol
and poi@%ﬁ%ﬁ%@@%@ﬂ%@?@l?&&lﬂi%ﬁw eR. Thertaras.Ailkanr@sitiisiin lRege

volumes of infusion (fypical dose 175 m%ﬁﬂ} up to 1 liter and infusion

WOBS5/Ghd deseithgrrdmmassuis o yiaradiorde e et Geasterbivih 2
phosphaltsid a&m%@gﬁﬂﬁxs@ofﬁw@mﬂ&gcﬁaﬁhw@ui@ fnase helivicalisials,

Taxol(r) itself did naot show excessive toxic effects, but severe 15allergic
intradermal QLR RHERS L IMEHIBY the emulsifiers employed to solubilize the drug.

The current regimen of administration involves treatment of the patient

Vitresantipiseiminetsanddidrsidsipriot s dtfactivewitheoduabfictredirdediom the

Pacific %‘L%&%%é'?ﬁxﬁﬁ%%ﬁl%‘%&%@% i %%GH%MOSHPPJ%%??M?{?{ Among

solubility of Taxol, several investigators have modified its chemical

the antigyiotie resnith TaretiovkiFroulrnmadismat ermher st e esbibisiaunique mode

of actloﬁ‘mrgglgﬁ%%ﬁﬁ%mQéﬁgﬁﬂ@f@%g%y plivesitKinasion el sﬁ:’n@lc In contrast
Patent 5,059,699 (1991)), and amino acid esters (Mathew et al.,

ed.
with othsp @RI SEERIE YA WNETSRORT SRIAMERR %Bfég?eal%ﬁ%ﬁssembly of
tubulin Maghicatiansno predyredacvaisivaaly BigisRivaiMe fasliiRiRiBMrocess of tubulin,

intravenous dellvery of Taxol dissolved in an innocuous carrier such as
thus prexsptmg hairrl! SRERHBURESHSns, however, add to the cost of drug

preparation, may induce undesired side-reactions and/or allergic
: T@Ieh@tmﬁryd#mmmg decrpasedhbastiicianbyvof thbahaggnificEabtein
antineo 8%‘& E}?t"? BEERSRPRUE YR 1PR AR ARER RIS P has shown

armaco glc or diagnostic agents. Microspheres of albumin have been

excellerﬁréﬁﬁvéu)bgcénﬁ@méawdéHatmtartnfmbn@mﬁﬂéblS@@s@ﬁw@dqm@noma, L1210
leukemdENARI L INGFASP RRFS PRI AdYCah  Aharxe HE AT @3 press

albumin, the agent to be mcorporated and a suitable oil) at tem eratures
releasesfanfdenreader et TS0V ANESAIGHSHRRIEs dipe tHadesh disalbithrgoently been

suitable solvent and stored. Leucuta et al. (International Journal of

Pharmaceutics 41:213-217 (1988)) describe the method of preparation of

heat denatured microspheres. The procedure for preparing

chemically crosslinked microsphereg involves treating the 5emulsion with

glutaraldehyde to crosslink the protein, followed by washing and storage.

Lee et al. (Science 213:233-235 (1981)) and U.S. Patent No. 4,671,954

teach this method of preparation.
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The above techniques for the preparation of protein microspheres as
carriers of pharmacologically active agents, although suitable for the
delivery of water-soluble agents, are 10incapable of entrapping
water-insoluble ones. This limitation is inherent in the technique of
preparation which relies on crosslinking or heat denaturation of the protein
component in the aqueous phase of a water-in-oil emulsion. Any
%%Jeous-soluble agent dissolved in the protein-containing aqueous phase
appro

Drobehtispp i imnesissordat BrossRnkebosriRbsaepatidoor agueous
solubi RFPIFMAAKWRYER PRIEMALNRBUS SRS Rilhsaluble aoenticannel Bgivery

incorgora,ted into a_15protein matrix formed by these techniques. One
of drug s haE S RTINS PO G et ol B RB AERIFAHS e B et e fag seriously
impairéd ﬁlﬁllaféﬁieﬁlﬁfswlyii?@_: Rabdactc A@&d@ﬁgj}ﬁ]@ﬁ#&ﬂ@:ﬁﬁb’ﬁmﬁoy\i@ﬁﬁﬁulaﬁom require
insoluble mers) in a water- immiscibje solvent (such as methylene . )
a cremaphOr 1 SSBIHAF th e ANREHE B A PR RSB b BIOSEfoirdrose is
dissolvelanmdcesticsiy attveagentimnphepoky diptabiiibsaladdifigbaut 300-1000 ml of
. . 20surfactant tq the.oil phase,or the aqueous phase, forming an .
fuid B o R e PR R P R By T
presengtowiyamggoy actustolihthkoindropbets Ardsiifficiantly ismal it sighiections in
: i vaperati ' f the, rin is obtgin .
snim o T A a2 £, Oneol.
1990, HERkA-HY) wid methadentzorpasitiontirdiidnthépiisgtmeigcateteaneroids
(dexanRRRRRE L MItHIRHRAIGIRS CamPRSEI LA ACRAINDE! 2 Sdgj]l\x/;(g%fofinﬁlsion .

. _formation of microspheres and nanoparticles by using
(typicabdassoratiste mietiedhhditse endrapbrien thycssvesig dseafchars (e, Hoprs.

Thus, tR%eRRIecJiceanthEiliex 8 deypakebGamirlies Ralanse.:343-352
(1985); Bodmeier and McGinity, in Int. J. Pharmaceutics 43:179 (1988);

avalier.et.al., in J. Pharm.4ha ol. 38:249 (1985); and D'Souza et al.,
R 1G0R D R R L Ry Sk P ool e
allergicBiamaterialsd 3108dD (1108 nalndiSpeniplogué tetahbilizE tHeatent 2BH60Ourrent

. [ fi ion.of nanoparticles by using two . .
e ot S (o Sy Ba e RS s s prio

iocompatible polymers, one (e.g., po
to injechpasé the gatkde withenikeale dosigonEnttsuEthasmumpbeand the other
polymer, such as albumin, is used as the surface active agent. After
hemugiical oan@oderapenaboidhe BN AANQRAIFHCIR SR ARrNB eI hodificd
. which the drug is present nside the polymeric matrix of the polylactide
s chemyegbamerore Wl PG R a8 rond BbIgIRET SOIARGH MaH oL b Amon
them arpdiymefimanatrdeds fdvaeKaigsuar ¢imporSIR 40t 1bE FIope)), and amino
. emulsign in the first,stage,, For examp tide. (the polyme .
weid e I s T A L i AT iy bological
activity s iMiatb 6 cattivisytl fvtlicls sanmessiietiapidiadsecfticlitthe thofmtatmous delivery

ofl ethane- interface, causing r interfacial.tension (see,
o e U oA SRR R 8,
add to tpppehvelgiine prenssiticatiorrpiobessudesicitiods-thecfanseundse albieis

reactiongf,’Hﬂ@épﬂa§%\4@§a§§{m&i@%@&ﬁ§ﬁ pyeracts with the polylactide, and

penetrates into the polylactide nionolayer present at the oil-water
expected, based on the above 15 reference, that

énterface_. Therefore, it i ;i C
erﬁfﬁﬂiﬂ’é&ﬁ?éﬂ{ﬁﬁﬁ?jmﬁj’%‘ah{ﬁé’ﬁfi‘&ﬂé’i‘&W&ﬁ?'é‘x‘f&ﬁér%ﬁﬁﬁfﬁﬁgth‘aw}?°°1°glcai
or diagngsdatydavoretichyspiverpseseiicenth therstHaceraative POMNGTHRO WastsRon or
. _in the ngnaqueous prganic phase. In fact, the presence of polylactide is.
chemice] O R (R S R S ay H LB 0B O
(e.g., altofmiantpanicies bk snitatplersizd. sdd athetsplro od atvidtighistirasdctepeth£00°C
solvent evaporation method comprises dissolving ‘
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20 the drug in a hydrophobic solvent (e.g., toluene or cyclohexane),
without any polymer dissolved in the organic solvent, adding a
conventional surfactant to the mixture as an emulsifier, forming an
oil-in-water emulsion by use of sonication on high-shear equipment, and
then evaporating the solvent to obtain dry particles of the drug (see, for
example, Sjostrom et al., in J Dispersion Science and Technology
15:89-117 (1 ‘?ﬁgi’ﬂf Upon removal of the nonpolar solvent, precipitation
and 14EGt (f Bepig fRaifectesORRRERoh I duiRDls So wmb A Riprpshrhciuta ot al.
(Interragaiiainedq! ofﬂkm@baequm nd 3t thEsszg el padiclesds ﬁiapf&yarauon
fh ag ntr%lﬁ %r% |t|al size of the emulsion droplets. In addition, it is
oLhe 8‘?3 in thdt the final particle size is reported to decrease with a
decrease in the drug concentration in the organic phase. This finding is
cohrargorsitne frs suiparasorietivelyinrawioveid moceouherst oretlsesfaetting the
emulsiSit S IRARAADIGARIEUAN A RANE PRHEIC MR BT SRR Al co ot

invention). In addition, it is noted by the authors of thie Sjostrom paper that
al. (Scifrcaiglg edsd 3 SHORBr AR rasabé Hotive W%bl%h@e Aitnce
prepardi@y be oriented at the oil-water interface; therefore the concentration of

drug at the interface is higher thus increasing the potential for

pE%CIthg.‘tr!:O rt‘%ﬁorm of submgzrong)arc;[ cles has a 0 been achlevi

by & precipiation process. B5HEEcbEd B 8a|ml°é?s 3 2PrEnTS
pharm&ﬁzﬁ@ﬁ:éﬂ@961)\{3:'Iagep[sgaéﬂﬁ)l@h&mmrf@ﬁmﬂﬂhgcﬂy@ﬂwfa@uble agents, are
imeapiERPERAAN. DA 0 pAWMEL (oyseepiglagione) i melnone ChiRe of

aceto en pouring the solution into an aqueous p

prepargidpnaihiny Elmwmm(ﬁ&iogami@am@)atwawetdéumrm@msxmmtmﬂ gsthe
aqueo&gfiﬁagé@f A‘l%i’&vﬁ 055'@1195%?&?5}319 é &JEQ&E@B' Eré]}t%ipsggﬂfégqg %@ﬁ%tmn-

at'which no emulsion is formed. BACKGROUND OF THE INVENTION
containfag aAvserhaharsIR B Ces PRFgRESfhpdhiTithereTen srovinmder inerirwtured
proteirARAR,ABUERNEBHY G- &1aRIPIE: JRXALBRS.DEAN IRMAD RS BB AElYG1o o

agent against drug-refractory ovarian cancer by McGuire et al. See "Taxol:
protein fUerR |Wég piadtriaigest with Significant 15Activity Against

Advanced Ovarian Epithelial Neoplasms." Ann. Int. Med., 111,273-279

(@gegpmmgatemggmemwimmﬁﬂemrmgoﬂmg@odmmmmieme&npﬁses

b referen BrQ fuII b low

d;ssolv'ﬂngf% [ Q%Q}f? €< 5}1 er MlOCOI’ﬂ 0 v’v“s%tl bnﬁgllﬂ%?e ¥mwﬁ tec~:sr—|t

atel as extrem iy In W

1m18¢@bﬁ¢cﬂ91h@lﬁﬁ%%@barmﬂrd@1@ dbi@agle fmﬁlelmdennnt@halsehathnmarmsp
solvenﬁee(i%@i@i %rgfg ﬁﬁﬁ%’gﬁﬁ\’ﬁ[@ 206au% ag&p% e }? '%ﬁﬁﬁm%c &d

on with Taxol to compensate for Taxol's low water solubility; at

:ﬂ

INn con
surfactaphig éﬁé”éﬁﬁé’?ﬁ 'grdBafqraSaiiRse dioR i Aol dnraatorivEsady Isyitable

means, RS PSS tROSE UGN GBS DEER NeLEORANIAIRSLIRRS @ icienty

neurgpathy, and hypersensitivity reactions. Brown etal., in "A Phase | Trial

small agd a0l ¢SRiam BRROBHBLTF THERSASIROLR THRRISHDS o1 Paisrirs Ofamied/ ohre the

drug is Mtiallypprede? InkB6 p(uhe 1R de oL posaitibaserkariakimwhiethdaxol
' 21 days without

was provided as a 6-hour IV infusion eve
compogy g B o PR S e AT B R S BRSSO BP I A e
poiymeﬁatiemiﬂaacraﬂemﬁei@mmbhmn@ésens_lﬂuﬂwaeaemrbywbm@treq;@lkedt
evaporatio astlcl:g:t{{}?él h%‘b%ie}lhl%ﬁg#ed r}‘fggxgezl'g_l] g%ggalrac etre(a té}?aisn%} g 1%6 and Gilley,

in Joumal of Controlled Release 2:343-352 (1985); Bodmeier and McGinity, in Int, J.

Pharmaceutics 43:179 (1988); Cavalier et al., in J. Pharm. Pharmacol. 38:249 (1985); and
DSouza et al., WO 94/10980) while using various drugs.
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Another patient experienced a hypersensitivity reaction, but it was not so

severe as to require discontinuing the infusion. Myelosuppression was

dose-limiting, with 2 fatalities due to sepsis. Non-hematologic toxicity was

of Grade 1 and 2, except for one patient with Grade 3 mucositis and 2

patients with Grade 3 neuropathy. The neuropathy consisted of reversible

painful 5paresthesias, requiring discontinuation of Taxol in two patients.

Four partial responses were seen (3.in patients with. non-small-cell lung

AR St oA SRS GRS Sh K Shdin P &A™ 2 660
556, hbke opaxieauie foledaled cusasppoidkd bvasidg wodiscdnangibhepolymers, one

recommended Phase Il starting dose was 225 mg/m2. The incidence of
(o AR PLAE B S H AT o s e S R R SRR € o
drug, 2déhiotioinfusidnadf dirtigahalingin, 0%61ted8&cidindistenetiaf agent. After
emulsm&?gsneﬁdtlr\e/%\r%ﬁc%I&%Ssb:l%\é\ﬁ%sn%nlsg a%pc%t%(rjet o%n%pﬁlrsebqfszgwteydm is present

feactions persist with or without prenluje Ication despité prc\;fonga ion of
insideififagidprtirne seBincef the sePhatdel stdidies were conducted on terminally

ill patients suffering from a variety of cancers, the efficacy of the Taxol

tregiprpsEaUd hobbe Heterningd riA Y KISt lm AAXH formed are
formulated with Cremaphor EL in d_eh%drated alcohol was 15given as a

very IBnosaP PRI SRERED TRy ORI s dHgTisTretr 0B g @ hisiide (the
polymﬁf%?:ﬂ?éﬁl?%@em/ ﬂ;@ ﬂ&pﬂ@?i@ﬁ%maﬁ@?asle %&ndﬁﬁiﬁtﬁle&b, cenealudeddhativity

., "with the severity and unpredictability of the ersensitivity reactions, .
whiches S PRSI0 NSTSFLRLARE AR AT POH AMGER B ane
reducaidminiatialien e adu)éor SeanprnBentreatl. Refgngelu0ING356 (May)), which

n ﬁnn]i%lg)?ogeos% %Ce?n%?riycgglaqlp? ursom sa Olltli%ilt%gcﬂ%o nsg}r%g rr]e(:)sretagz'ﬁ:é Q %(l)"url)ld that Bovine
Infusions Iinduce anap )ﬁ’ac IC Teactions or othér ypersensiuvity

Serumrédponsed; $dharstusieswbeeobiiiettiounih nwhith Tauub Waspolylactide
monofggép aH}%%t%Re ag %@'Xﬁ%}g&? Eﬁ[@&ﬁ'&%a“ﬁﬁéé’f%bes}?{@ i eg?(g&rbgg’ed on the above

xamethasone), antinistamines (such as diphenhy ramine), and
referenqg. Hratayor st (o idesng the tameworshradisal caprptaeomfusibpdtipgreatly

favoreWdy tﬂétﬁf%gﬁgé%%@gﬂﬁc@a@m@wy(ﬁ&fﬁ%@gﬁﬁ ROSESRMEHSs SR anic

allérgic reactions. Various Phase I'and Phase |l study results have been
phase. jlfiashdbeunrsinee 24 PrblrHAsoRY 6ty AR caditen Bralde satyely

necess@F200 tMIHAR0S0ET AN WiRithe: cPursaelng repeated every 3 weeks.
Patients were pre-treated with dexamethasone, diphenhydramine, and

cimetidine to offset allergic reactions..See Einzig, et al., ‘Phase |l Trial.of. . .
e B R N R G S B R o e e RSonving

the drugestiatiohob(@yd 8er B6e(10dnaetcpl sheaanillevidonl. piReplrtiegdissolved

. _ r ! 7 = . .

in the GEI SN R LR oA (g a0 o Houtsiger, formin

an oil-pryigagedulsiosion WdticiinRasivr dichiebrrb e aemdisgs stdhBaGyapskagng the

solven{ MG @S Parf REQBMNER AR LB Hr B icaiRdR.AeN (A2 0l NS sion

significant number of allergic reactions believed to be caused by the

 Science pus pelsrolpon/enidxyidietP eabol Bty vennyal GE8s fanpales el REccipitation

of the BaHSNRISIRCEIYRS ANSRLLS JARBINGIQEDATRMPAMRIR AL PIEIHBE.-

Wiernik et al. in "Phase | Clinical and Pharmacokinetic Study of Taxol,"
ncer Research, 47, 2486- 93%&1 1, 1987), alsqQ r It t ey
TR RS R i S o bR SOTIRA B il size of
the empenodimppdeRhdseddtisaly itGy ater8stinigyip exse isiti ity freslqriotisl o staneatported

to decr%%%l ggﬁg WSes:d he %ﬁﬁg@gg@{%ﬁheimwaﬁ E&Q.’fﬁ%&gﬂ?&ﬁfgi’s

owest toxic Doses were escalated, an
contrarphipifreiresuisrepaitntderere whendd ae eaviviiasal sydhclat! i xigdfowabe
identified, and then 4-6 patients were treated at each subsequent level.
The study concluded that neurotoxicity and leukopenia were dose-limiting,
and the recommended Phase Il trial dose was 250 mg/m2 with
premedication. 6
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Other exemplary studies on Taxol include: Legha et al.., "Phase Il Trial of
Taxol in 15Metastatic Melanoma," Vol. 65 (June 1990) pp. 2478-2481;
Rowinsky et al., "Phase | and Pharmacodynamic Study of Taxol in
Refractory Acute Leukemias,” Cancer Research, 49, 4640- 4647 (Aug. 15,
1989); Grem et al., "Phase | Study of Taxol Administered as a Short IV
Infusion Daily For 5 Days," Cancer Treatment Reports, Vol. 71 No. 12,
(December, 1987); Donehower et al., "Phase | Trial of Taxol in Patients
preparapjirh o avanpet durberancanterdireatidribRiayertion o inzeifitiqgeitipnoted by
the autﬁ@%‘iﬁ‘ﬂ%{jo%%@bwm el rug &%,%Ho@&&&ﬁic@%'i%ﬁ)@&%i A

with Metastatic Breast Cancer (MBC)," Proceedings of the American
toluenes gpbiigTise OIS OiREBIbEY Y o1l Tl ehareteceo Sy e Bty Sweeafsgion of drug

at the iDftaess nlapvelopgeetabhntitymaeNatumrfrsadusimat the National
Cancer Institute,"” Gann Monograph or Cancer Research, 31 (1989) pp.

FhasfuhichIzcommends thal, Texgl anly b aiven,as.a asnous ivelon). o
S\WeisS et al.. mgﬁ-ﬁ/pgrsensnlwfy eactions from Jfgxoq,'ﬁjlgurnafl&r ’
describefibic&labacolagy; ¥ athe:mdc {3uig 096 hpl 1ope«E268, resdroaditratving the
etenn v e sensi
o e T s S ol
acetongeeldhrespusEd g dristhelignkABVR detes phitldereatharchEpginyg (Reloxamer
188), tfHsiPRLsRRGIHIS AL HRIRG PrRMsdicationhas /b gﬂ&%y}@gg%%n%@ Gt solvent
example, of five patients who_received Taxol in a 3-hour infusion at
concengiationst thah 400 hsgIEaRith Bt medication, three had reactions, while
only one out of 30 patients administered even higher doses over a 6-hour
infusion with no predagdicar oY @rréabtion VENTEDOFe, this suggests
that prolonging the infusion to beyond 6 hours is sufficient to reduce HSR

“Tﬁl/gﬁ 0LS: MEMEIINGIRSRNYRISS Shal: torid fhatpate '%I%Jﬁﬁ%%@@ #24 anti-

mg/m2 of Taxol administered via a 24-hour infusion still had definite
cancer deggstahgranipitiel groloifgiheraiayiAfehe AE GNP SRHGwE Hal yeueeectory
ovariatR8rdskHONMGRGULE: e agtionT RIS cCanCiUSIRNAGAMNQI A GO RIHIREw: 8IREnificant
.. 18% of the HSR reactigns occurred within ten minutes of initiating the
Activity AGAITTISTOATTFHICH A ARG et RO RASGR of tithe PlaMised o e o
(1989)infsinieniouidihave naibrRer g dhetheiceantenfeationeafhtaxalir theorporated
by ref 10infusi0ﬁ1 may alsg .nolti [@eﬁe a difference since substantial numbers of
yre ef:felt]t?gﬁtgsI 3 TEAioNS 1 VaNdls small Taxol dosages. Finally, not only is
the mechanism of Taxol HSR unknown, it is also not clear whether Taxol
itSelpigurdlging s Res, oty SR v lih éney ates, exieighenekes it difficult to
provide(grs‘%l%qg%sgéé ﬁﬁﬂ??ﬂ?ﬂ&?k%g& $9%(!e:1@mgfs'ﬁs%v@@‘§|:el’gic reactions were
Ludwigshafen, Federal Republic of Gefman)&.a Desglte the uncertainty as
caused foy ifetRBI DR HS P raieEredtiB s HAEnaHY ATt heseh i ForaRritsHg fgtel axol’s low

water sDRMEIILY; QF RUINBSRE phRRSIRARMAGLICHSI3RY: NaS Feeammandsshd by the
since there is.no known danger from its use. The ConﬂiCtinﬁr’% d
iéA

emulsifiggs RS T HHE S5 BT e CsHERRTINE RHERER bRevees
hypers&hi@iNgt peatsRG40 avoid hypersensitivity reactions when using prolonged
infusion durations, and the lack of efficacy data for infusions done over a

?Ea%“&%‘?[i%d}ﬁaﬁd%% fortag Hﬁ?a%?c%‘\‘f%ﬁ%%g%iﬁ%{&i ?&8&&1&8@&8&%%3” Jof
above 170'mg/m2) of Taxol in a Cremaphor EL emulsion as an accepte

Clin Ogeglc¥ptr@dinchiprdifcoll 2RRHAugH Hdppwars poadibectd FridimipdigieTaxol
was proViREHECE-REAAMINIRISHASERX Ol IDA0 SMHIHIOR-Me 486 Bh2 ANGIRHEIReived

duration, the Ionf infusion duration is inconvenient for patients, and is
64 assegsghdheRrEsatietd A nBBE RBHHE TG HeY atERES 1) thipeitipsiBViby reaction,

which RAtHRUrZRIHEIRR SRR HFRNTREEn ENENQ R AR UM O B IQR  SRUBR SNt s life.

that patients spend at least one night in a hospital or treatment clinic.
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Higher doses of paclitaxel have also been described in the literature. To
determine the maximal-tolerated dose (MTD) of paclitaxel in combination
with high-dose cyclophosphamide and cisplatin followed by autologous
hematopoietic progenitor-cell support (AHPCS), Stemmer et al (Stemmer
SM, Cagnoni PS, Shpall ES, et al: High-dose paclitaxel,
cyclophosphamide, and cisplatin with autologous hematopoietic
rogenitor-cell support: A phase. 1 trial. J.Clin Qncol 14:1463-1472, 1996) .
Amt A o RS S oo b gh e deine
disconbressg danténsinon-Mydgkipsbssiphomad(SHihongyaithr? cantaewitie to sepsis.
_ESGalatin ses of Spaclhitaxel infused over 24 hours.foyoxg? b .
Mo e B B R S S i
and 2 pagsetiimitingrediciyenmpahcolinereudriniiby patettd of 828 siggmaidhl
parestRREL(EL A0 ARLSALAAL AP L A9ANJllE, AN+ 40P RIS LENEIORET re

grade 3 respiratory, CNS, and renal toxicity, which resolved. Gra _
seen (HtyEgrbpatHywicaabecd onscanrsitgiens disopsheurved, sfgeonmTnoma of

unkno®htH brpatian WasHelemipedde:-Re,PREHIRXEL (4 [RMPMBY the
10cyclophospharnide (5,625 mg/m2), and cisplatin (165 mg/m2) followed
recom g0 P UL B A RIS e £ R BRRTHER vy Feaction

was refMEliRshduiHRatMRIRIENA! SiE QusinierablenRighieen-of Ba/RalLnts o 3,

(54%) with breast cancer. achieved a partial response. Respgonses were

incidenge g ERP HVARATSATE Bt Turis @b Brarikst St drrersgi duikriggactions

persistGaicer (ool prarpatiants) dE&is Ratemntb 64dr adasiepaeihause ®bse Phase |
stud‘esTa-XOI at doses 175 and ]1i35.{p§/[n2tad | istergd ina 3.hourfinfusion.ﬂ;l'heff
oS YIS GRSPSHS LR PP B B MR I RSB ects, the efficacy
of the Theidancemaithypeldeositibtaeactédns in 35% of the patients.
Neurotoxicity was reported in 51% of patients with 66% of patients
%%@wwfmywm@%ﬁfmﬁmmﬁﬁ QrOHRABAES 7 dBHNE QW HOSR! was

. group. Furthermore, it was noted that 48% of patients experienced
given a5 W 2BRIPTORGEY Hndaion fiiHe e rdmpisisd e s 4opanpaants to

230 m@HPehiensed-uamMRieXisHy fRkthe aheuslRBOWHTUSIRhe sevdREIEni$
evi in the literature that higher doses of paclitaxel result in a_higher

evidence higher
mpre%é%ﬂﬁ%@f&fs PYRESPHRERIBEES Ay Sehettiascml palisentdndisgipd with this
drug foumderiowestigatinmifseasasscihagossiibity ihaipackitaxe (Juse. MIENsItY, May
193¢, May be important in the induction of disease 25response, Reed et al of
" NCI (Reed E, Bitton R, Sarosy G, Kohn E: Paclitaxel dose intensity.
Journal of Infusional Chemotherapy 6:59-63, 1996) analyzed the available
PSRty At dlatesinaR dduatmeritar ensean Edriver dnbraasndegrser.
anaphyHRBY FERWE SHOGGS} RALING LalalionsRiIBREIWERRPRIGEIY G HISRRIRd out in
.. response and paclitaxel dose intensity in recurrent ovarian cancer is
which Fasgly anadaiainc g omoaHtan e misismion Wil deardsdpechmselexamethasone),
antihisth@kMNSHIR 1 IERSTIEANGAINS) 2RV BN -SHABESKYHHLR AVArRIFRGhE ¥AMStidine),
of 0.004. At 135 rg%mZ/Zl days, the objective response rate was 13.2%;

and the tpfisipn S5k W SEAIYRI L0 b Wi i ALlsHde humptechgsiens! spHaus

allergicrR2pUOLE ruteisee Pk endteinedibie.dosesatsIivabgsn guasin Q@ wih 24-

R R e b R

being rédgiepdtncyyly Welne 8 (Hinkmeste Ariialied W dEheratlisthc, eligicRhasenine,

- Ltrial of Taxo active drug indhe treatment of. getasiatic breast cancer,.

and i A B e G P
with M&esithtiaR dl, CridbiwardRamat’ dlzpeas|avatigadore 86 bidahih(ipaiy, and A. B.
Miller A0 IREYIR 3 PR BIHAURO AL EEENE DRI IR s (1951)

metastatic breast cancer. J Clin Oncol 11:1943-1951, 1993), it was shown

that higher doses of TAXOL up 10 to 250 mg/m2 produced greater

responses (60%) than the 175 mg/m2 dose (26%) currently approved for

TAXOL. These results however, have not been reproduced due to higher

toxicity at these higher doses. These studies, however, bear proof to the

potential increase in response rate at increased doses of paclitaxel.
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Since premedication is required for Taxol, that often necessitates
overnight stays of the 15patient at the hospital, it is highly desirable to
develop a formulation of paclitaxel that obviates the need for
premedication. Since premedication is required for Taxol, due to HSR's
associated with administration of the drug" it is highly desirable to develop
a formulation of paclitaxel that does not cause hypersensitivity reactions. It

is plsgdesitable 4 develqpa.ioruiatian @&Rﬂﬁ@%'oi'@ﬁgﬂ%%%qiéoéonged

20cause neurotoxicity. Since Taxol infusions are generally precede

20cal . . s y
InfusigraEbnuafisrmatisa EguirB peradinarb A piShitiring BiarrbcbPiRetssrigmends
routifdPhtRmn REGEe sSHiRIeS O WerahE siaysiofdha  RAEBE AlldheNRaPHAs deved to be

esirable to develop a formulation of paclitaxel which would allow

highly d uld a _
cause x&%m&%%&e@&f@aw% et PARRthiskussd ndatphiadusisn Patients
receivdgieastaiechthatbighersdases ab Daxahgehieve improved clinical

responses albeit with higher toxicity, it is desirable to develop a

f lation of paglitaxel which can.aghieve these d without,thi

o & B e e R RIS oy
RescagfhT 4Xob4$ eertir Vand nEX Otoicitypitrisitesininisttatidevdldpx@l in a cremophor
vehic%%@Hﬁﬂﬁ@sRI}Q@\@F@@MH@I}%&EE@%&@&&B&? Qirade ﬂﬁﬁ#%:?sensiﬁvity

eSirable to eliminate premedication since this irficreases pati

reactions esAwarand irfcrdasesthe igrinsandesalthathorsofemidrme/m” fore-third of
the 1oRISP EeRIGRICI0I8BOteR Tae Yuralon A nusioNQh TR o £H5eAMs were treated

administered in 3 hours -24 hours to minimize patient stay at the hospital

at caclydespievel ungiesiqiiy s gertiiady RSV FordemsitStrdtisticdat each
subseSRMELALERLIPRS Bedwesnchifed Ihdt MAMNRNG R JYPicakaossdiBmasIiiting,

about 250 - 350 mg, this results in infusion volumes typically greater than
and the GRe ARSI S AL 5 FhdRre it el e S UBIBFBS i tiveloping

formulations of paclitaxel that are stable at higher concentrations so as to
rétibcecthventitney ofulden imisTeatidmeludSiheghimfusiori BhidFaxbl isalimitEaked in
Met cigl ) \s<tehl . k : t leachi
elas{gt?clﬁslgo f?, %’loll G5 Hﬂé%g %%@a?g%%%bg%?%ﬁn& 5 1§ Bhrlt%eolfand

plasticizers by the cremapho ormulation, it iS desirable to
Phwmmq&Wﬁmpoa&ﬁﬁéﬂmme§ﬁdt¢¥é@@’t€@n§ﬁpﬁ@sw, 49, 4640-
4647 @QRS notileash prigrtially ‘t%é%é?i‘%E%H?'éffi%%f%ﬁﬁﬁﬁ¥%?é@%%>§ﬂ&%‘ii'v Infusion
n

lastic tubings or bags used for intravenous infusion. SUMM

Daily bpjedddpett, tHBreris srsweE R anetise oF 4 thivpdsitioss tatate Hdhutienghewer et

al., “PRi8 MEdicamenbion reating vastenasiacine aReposiiQR COPRRHSINOR eports, Vol.

nanoparticles comprising a pharmaceutically active agent coated with
71, Ne ARG e BRI TS LoRBBShdrPYeh S S Ega it

Metasaize g giate thBa abpric2@fimo B Bt RIBINAN QhithBncology,

NYENTI hus it ai oé‘%? embgodiments of this, invention 1o
Vol 1 e B o oy TS AETs (B AR kMUt RS sl
Producanat the Negpinlubmodifed farnT Gaarchiopgsitignothaisiee R aehaduse (1989) pp.

llergic reaction e to the presence of added emulsifiers and

214 B M A B S L AR ISERT, . s

further aim of the embodiments of the present invention to deliver

pWaithstalodicdiypsstrnsiiyenRarr doas dipuskivrlot Inwrspartdiaicay Oncology,
Vol. 8, Nanopgtiiciesogpiionahs SusRengesdn aauitalledifficult to determine a reliable
overall incidence of hypersensitivity reactions, HSRs, because of the wide variations in Taxol
doses and schedules used, and the unknown degree of influence that changing the infusion

schedule and using premedication has on HSR incidents. For example, of five patients who
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biocompatible liquid. It is yet another aim of the embodiments of the
present invention to provide methods for the formation of submicron
particles (nanoparticles) of pharmacologically active agents by a solvent
evaporation technique from an oil-in-water emulsion. Some methods use
proteins as stabilizing agents. Some methods are performed in the
absence of any conventional surfactants, and in the absence of any
1y;;g%/meric core material. These and other aims of the invention will

BrRbiBEpaheHE UpBHTReldirdEnbiapttihiaions wid elmenaiigation, three had

receiv

reacticReCOIRNGAMNIHR the Hresentidisciosurgsiyedave dissavased that a 6-hour

. Substantially water _insoluble pharmacologically active agents can be

infusiofefiiibrae FFF IR Rt B PAdirspelifte ST Hiaro st ar erslonmne fbe
infusiddaehiesali atipinisication. s e RAUSSISREASIA ] hiscmedeofdeliuek: al.

bviates the necessity inistration, of substantially water insoluble

 found R GaReuy ) PRUENES (AP TR HTEN RO Eo gt had

definittdigRanies, ethilegi-dDanthp styetintitaies €asor-hikudihieddiueetmalisk for an
saline (see, for example, Norton et.al., in Abstragt h d National
st R DI DA T LA RO LR F3Ioi g croumed
within désauirantagfiofsticly krolwmadenfpositjovisds théirapropentit/itagiiaducac
lferaic. si . N accordance with.the present disclo
R A R DR A R S o
infusiopiregresorsgivaly actilisrayertisosysabstivtal evaparatioriiestiigleciions to
variou@ShRH PG G S1aRRYE B Y R Skl A HONABSR Bhnown, it i
example, high shear forces (e.g., Sonication, high pressure

also nof gleps yeithen daxel Wseliiiep duain 8 SBedin titee dbSnews dratythe excipient
(Crem£HOY BMUEN: QU 2GR SrA N M R DR S eV BORITIRHG CREReral Republic

material to form the matrix of the nanoparticle. Instead, proteins (e.g.,
of Gergmihin! Sswith BHURRMIREHY ahipapethornaos MaBtifg Ayt any difluence on
reducindft@eNRVEENLRQEhUIA DO PRIIE|psMIaYabecfaragd, withewbihe ared fahaWere is
o kn. }%;g sheﬁgorces, simply by selecting materials that spontaneously form
10 K00 ¥ SEMHISBNES Ffe disclosure further provides a method for the
reproducible formation of unusually small nanoparticles (less than 200 am
diemsetdiic inlictremmibedstanieifilter pdioh rotigimee 0122 mietber fitemcdhistion
should BERIQVRY DY AR Ofsa WAFeE RaIR %vﬁ%vﬁﬁhg%ﬂﬂ&ﬁ@@&‘ m}gﬁgtﬁ%uraﬁﬂrés, and

. _organic 25 phase and by carefully selecting thetype of organic phase, t
the 13%?%@@??&&8&?5%@%%@&@%eéﬁtmwsrhmltﬂ@@@aﬁs»dqﬂfaébeme alidg-hour
infusiodQ kL RBQPRHIRIES 7f A size)tbatris fiter atiechstha2mmickan JHess 5 Qb cepted
reat importance and significance, since formulations which contain a _

cancer gfﬁ‘ﬁﬁﬁfﬁrﬁ’?‘&tﬁféﬁnt of any protein (e.g., albumin), cannot be sterilized by
- conventional methods such as autoclaving, due to the heat coagulation of

thighpngieinaptreasqordiriceowiihianatiies sthbeftiotest afithepsasgaxol in an
ermulsicl B OSHIS WS, NV SISy '9@&%%@9&;%8 Ruseful for invivo delivery of
Su stantlal?y W&tel‘ mso’}u e p(hérmacoﬁ)glcab active agents. bisc oseg
patientsgapdgosiismsicomisrisd substihtialiyivatteinsthubdop iarmuirelo gictour
infusioPEUME APERISARS alé%wgqaﬁgw%ﬁpmar}%qﬁépmﬁ&mﬁe&& el e
ible polymer. T

polymeric shell is a 5crossliniced biocompa polymeric

?r;?dl in the

night ingHIFREBhRTHFIgREIBsERIGally water insoluble pharmacologically active

agents therein, can then be suspended in a biocompatible aqueous liquid
Hipleehiunistaiatlitaxel have also been described in the literature. To determine the

maximal-tolerated dose (MTD) of paclitaxel in combination with high-dose cyclophosphamide

and cisplatin followed by autologous hematopoietic progenitor-cell support (AHPCS), Stemmer

10



10

15

20

25

30

The disclosure further provides a drug delivery system in which part of the
molecules of pharmacologically active agent are bound to the protein
(e.g., human serum albumin), and are 10therefore immediately
bioavailable upon administration to a mammal. The other portion of the
- pharmacologically active agent is contained within nanoparticles coated
by protein. The nanopatrticles containing the pharmacologically active
nt are present as a pure active component, without dilution by any

et al (§%e%ﬁ§ﬁ§%é}ﬁgnom PJ, SmpatyEInefab Jgflmﬁﬁbﬁépl cyclophosphamide, and

cisplaBRarmReainsicAibLasive BaeRIBceMIBIE- I g IR0 Lpale PP oVng i ol
carrier proteins (throu%h hydrophobic ar ionic interactions) of which the

14: 1480 L CorhinBhiays ug%%mhaa?&mwnﬁ%&wg@a RABSAISIE RrRpor-proguosis
breastcRipeSiaSaRcheadHpbky PUEYIHS: Whraphamvacelagicalliagivsses of

paclitgiil g ér%‘é;%vs‘%f%??@“”iféﬁgw’é?ﬂ R SR R

(165 thgth phitieAdbRus: c{esmbedtmgdeﬁoﬁybmamdabthtyeawtwd' patidnts at 825 mg/m”
Pac taxel n anticancer C le of hinding to h eru
ofp ac unflnlteséa%?g%rﬁelgr%% e, %{ i afl%ailll_mm %lglsea%rxc %ﬁn N o:r%\gel%‘ﬁnmmry’
CNS, @h@@mht@&iﬁml&@?@ndsghadnét@b@qﬁmoﬁi@@ﬁﬁhd@&h@WNs toxicity
were 3995‘8%&&%&9“1@ NPHIUR BN k% %%%Leﬁetgf%“@e%f RO ; 8}%%% (775 mg/m?),
the form cules

provides a significant amount o g In of mo oun

 cyelophoatbarmie (i mma,tmmmmw@mmhbfawwmeﬁmﬁw Sensory

polw&f@}%ﬁr)zﬂ@ AHALRR, @Q%%%éﬁt%t&gtaﬁtmw RLOYRNLg tolerable

serum albumin to bind Taxol, as well as other drugs, which enhances the
BightcsadBiipeaentaset to) andohscat tlacstrdte st thapatiemensindeatpussinyere
also ob3dNRaeALAR:E waloWa, divg particded i adduRaR e naval @RHSE two
organlc solvent), formation of a colloidal dispersion which is stable for
patien§)o|onged periods is facilitated, due to a combination of electrical
repulsion and steric stabilization. In accordance with the present
dlé%lﬁmm5tﬁété&$eaisﬁqﬁmﬂdedfs’tmmﬁat@hq@amﬁeaadrilm)wgenzmuhninistered
a e T wder i
R R IO o e
mmde@@s/e%m@wewucm F@ﬁ@bﬂﬁp@méﬁf/m%@ﬁ@amm@éwmp@ﬁmégemd in
51% oSBT AEH YREEIANEARELECRRRIHLIAN A ThS mm[%?l. oup and 37%
to the dlsc%r

articles filterable through a 0. 22 mlcron filter according osed

in the jowiey a%oa%sgﬂﬁéﬁfﬁ’é%fémt TetouRser Bl TPE PRSPHIRZRBAPRGS R R Xicity

for lon@SBAIRISR ALY BrUIAtRRAMSAHM: 01 INHAYANAIS JIRRERTL nediBfxicity for the
disclosure provides, in a particular embodiment, a composition of

shorter,} hous 8USIAgs, e.g., Taxol, in the form of nartoparticles in a liquid
dispersion or as a solid which can be easily reconstituted for -
abministraiibmeDiretho kppesific: phapagies dfseertbnaditags), resglt haxbigher

respon§éjpilecofﬂ8%%§&ﬁf&%@s%d %heﬁi%@%rgz SRv§ong Tﬁ&"‘f‘”évesu ation. To

evaporation ods that rely on the us SUI’ actants. res

assess g sy Hat pasisavelyltargotensity erysthisufmertagize meab@mt@n of disease

responSRIGERAS JC,PEY RIGT hraclred MQRS)S%&W‘QQM'H]'@chf%&%éﬁ&%%%t&ﬁsuy
storg}g}% after the preparatlo% grocess THe size of such crystals is

Journabaibdyipmab R matberapartthe-alolPad) sl yeed haveiisbls phestibririal data in
the treaWiUIR HrisvRneoNIRed hatnastickasRroducad-acnerdingtodherisciaaurehip

can be either crystalline, amorphous, or a mixture thereof, it is generally

betweep ehigs iye ARG TAPRPHE G BaF A th ARSI oSHT SR pHascancer is
highly Bmmu&h@ wgukﬂcheadvtmgmamee@s@l@é df@ﬁk@thha%iaﬂbﬁﬂmﬂﬁibreast cancer

maB

_IS evenlrﬁ%u t|n ett(a[i; Eégﬁ |IabI|t fé?éﬁ E%%RIPTI% a%?:.rgeg%gpge

Squibb, BMS,) has remarkable clinical activity in a number of human
cancers including cancers of the ovary, breast, lung, esophagus, head
and neck region, bladder and lymphbmas. It is currently approved for the
treatment of ovarian carcinoma where it is used in combination with
cisplatin and for memstatic breast cancer that has failed prior treatment
with one combination chemotherapy regimen. The major limitation of

Taxol is its poor solubility and consequently the BMS formulation contains
EN0/A Cremanhnr El and BEN04 athannl ac the ealithilizina vvehicle Each vial
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containing 0.6 mg/ml of paclitaxel. This formulation has been linked to

severe hypersensitivity reactions in animals (Lorenz et al., Agents Actions

1987, 7, 63-67) and humans (Weiss et al., J. Clin. Oncol. 1990, 8,

1263-68) and consequently requires premedication of patients with

corticosteroids (dexametbasone) and antihistamines. The large dilution

results in large volumes of infusion (typical dose 175 mg/m2) upto 1 liter

and infusion_times ranging. from »3_hours to 24 hours. Thus, there is a
respORRdA ot i AtChr A B CSOHE T3 Rt P B RESEE1oe Fa g% The
respois@rie vetncrainaphonidefatmeation ofghe’ antidanee mdiuthpashtagn® and 250
in ma-pe%d[}ge né%%, P aﬁ:%rerdeon s%lnolmalait%{j Igﬁé“tr)se zlll%\c/)e tpa%tdna c%%%@&gxﬁ%ltrt%gsc data of

formulation W|If e &gﬁ?ﬁcan?lfﬂe SoXic and will riot require
0.946 gRembdiehti§AOf patients. Premedication is necessary to reduce the

hypersensitivity and anaphylaxis that occurs as a result of cremophor in

the, GUEEADHY, aRIRNG Rt NAKeIsHBMS, (BristohMNErSSAUBRse 1T trial of

formulation of paclitaxel. CapxoiTm is a lyophilized powder for _
TaxolygpaRtAYA BASHFATRTEGE BATHLE SN SRAteh bEBRtRIcSE Wi 1797-
1805, 993k g,aGu 8 o3 IsIIedBIFhE146 BES S:Res08NT £RIeN A INiest OPa6litaRe] and

m%extroge injection, CapxolTM forms a,statble collaidal sojution of paclitaxel.

recompipant; gL pBiRsYA SRR S HEOH AN PRI SO 6 ¥ ohgnctastatic
breastwiiicar preftier €shtangk Bi4abmsti 20590f) i masThematdigmhes mipeneNTAG{OL up

CapxalTM are unmodified paclit d hym erumpajbumi SA).
SRSt S R R R e S SR
approdesired AdHeenFatien-afupadiitexetd) hrtechanbye dyrtpeodoteititye limitglior toxicity

HSA, Thus CaprolTm can be reconstituted i ide range,of . ;
a thed g R S P R Berene i sponse
rate at(@@rragérhiipreslitbreditPhak can result in fairly small volumes of

administration. In accordance with the present disclosure, there are

ProvidesaRANPARHIqRSAnG A elhedsdsaiubirinaivesaelven:of fiokegiess the
._in the form. of nanoparticles that are sui able%or parenteral administration .
patienf i BASRYaldria SRy ASERLSH GRS SFE HARPt P aE LTS By Rviates
the nepdpmeeEnidde:gdymer is a biocompatible material, such as the protein
albumin. Use of disclosed compositions for the delivery of biologics

oby] g%&ﬂs&%m@xég&%%i%&@a;ioahgwi@&qg’igm&%a%ﬁgﬁ%mﬁm
vehicles, for example, ethanol and polyethoxylated castor oil, diluted in
of the dgmal dighlysdasirh eledapromioiesridatin i pasditaeldst dreonef cause
hyperdd@d Eé&ﬁ%s!nﬁti%é/\ﬁ%hﬁﬂ%&cpﬁ‘ei@éﬁ 'a%q%ﬂﬁi&%ﬁﬁé@ﬁ%%% does not
1992). A disadvantage of such known compositions is their propensity to
cause peplifEdBvere allergic and other side effects. It is known that the
delivery of biologics in the form of a particulate suspension allows
t&igetifigd ofyaivssuchgascthitivexdimids; ppieedidytiophaii reiycintapiensinfusion
monit GG 1% 'Jé?%r%%e 9 theg;&é%ﬁ%&%@%%ﬁ- IRV ?fébs%"%%@gs Y0 e
reticafoendot eﬁgﬁ)&gE system of ce fS: argfélt%g {0 the RES COR aining
hospitgdyguindigidy desicantrol daviiopugfothel sisenoff parlictesiofvahyinegn i sitesy for
recipieﬁ%dtéri)r@hl e%d(mims&{ﬁl%%ﬁ% glifferent routes. Mit when administered_ to
rats, Capxol was unexpéctedly and surprisingly found to accumulate in
tissues other than those containing the RES such as the pragstate,

pafcrdbasaeEdlaTonitirs d det dibeiecdeon of d s qbaseryRiBRmMY G rinies!
respontRy @l by Hia kol ik sl 0@ se8eshiabf: 16 BevenpSUIRiaing thad fiPeclitaxel which

disclosed formulatjon of paclitaxel, Capxol, a 10nanoparticle formulation,

can ac%’&?ﬁ%ghe&%fg)ﬁﬁ‘ﬁggﬁ‘é%é%ﬁ(}ﬁxé?%e prostate, pancreas, testes,
seminiferous tubules, bone, etc., i.e., in organs not containing the RES, at
a significantly higher level than a non-particulate formulation of paclitaxel
such as Taxol. Thus, Capxol may be utilized to treat cancers of these
tissues with a higher efficacy than Taxol. However, the distribution to
many other tissues is similar for Cap]>gol and Taxol, therefore Capxol is
expected 15 to maintain anticancer activity at least equal to that of TAXOL
in other tissues. The basis for the localization within the prostate could
be a result of the particle size of the formulation (20-400 nm), or the

presence the protein albumin in the formulation which may cause -
lacalization inta the nroctatie ticeerie throirinh enecificr memhrane recentnre



It is also very surprising that paclitaxel is metabolized into its metabolites

at a much slower rate than Taxol when administered as Capxol. This

represents increased anticancer activity for longer periods with similar

doses of paclitaxel. It is also very surprising that when Capxol and Taxol

are administered to rats at 5equivalent doses of paclitaxel, a much higher

degree of myelosuppression results for the Taxol group compared to the

Capxol group. This can result in lower incidences of infections and fever

&%aé‘zheé.g?%ﬂb%%&afﬁé&%ﬁ £ Aessiaie sdanicinnt rabisirsechial and

neuroRENMBE Rt e enapls vy hiskiisy cusantiaddndmyaciing e UegktamXRoxicity.

may provide substantial advantage over Taxol. 10It was surprisingly found
that the Taxol yehicle,. Cremophor/Ethanol diluted in saline, alone cause
e R SR oAt B B0 ST Fy DSBS o 7 e ogaton and
increasertideathainsevé turadsefioegisiaftmice. No such reactions were
observed for the Capxol groups at equivalent and higher doses. Thus _
CarrakAdaimuiation.ofpraliaelibatipifiaciol te Taxolyaisle i ahistered in
substantial advantage. 15It is also very surprising that when Capxol and
3 hourp 5041 hrerniminsrars b st eldbr/brspidossdiwitpaclitaxel, a much

lower toxicity is seen for the Capxol compared to Taxol as evidenced by

s}';@ﬁdfwam i {thﬁ“&ﬁﬁ @a%mmsfgrbaﬁrmm s legﬂ/aﬁmé)hiﬁﬁﬁétm%i%etwegm 0.6-12
therapeutically effective doses o itaxel to be administered to patients.
g PG PR e Sl e GRGA S (b TR
typicaliighentdptes aDpadlitévelddhatlapxeldamnidatiofiziay Zatew yeieveloping
- ministration of these higher doses due to lower toxicity and.thereby.
form g S AT S ChaRoer PR et B iy TE Aimst
adminfgratioation of the substantially water-insoluble drug, paclitaxel, is stable
when reconstituted in an aqueous medium at several different

concenrRtoNFANIINgsTomkR ¥ BRt linoiteddo.0rk v20ne/ '511%‘3'%? 8If§5ﬁ%es du

substantial advantage over Taxol 25during administration of the drug as |
to the Jeashing inf sastieizms siohe arummpioovehsohss! iRsfammiptissui dsideswab ot
develop b 98HRHERADPIREIRIAUGRAL AYOIdS DS HSE AL AT INANRE AL Ptentially

. Infusion line. Thus Capxol greatly simplifies and improves the
toxic maderpls frafoi o F o ¥ stiaiestic tubingsonhagsais &g tmygnous
infusiogapxol when administered to rats at equivalent doses of paclitaxel as
Taxol, shows no sign of neurotoxicity while Taxol even at low doses
shows neurotoxic effects. The disglosedkformulation further allows the
administration of paclitaxel, and other 5 substantially water insoluble
pharmacologically active agents, employing a much smaller volume of
lidnieranspest ihdrg soreatileddbiuetsd b painforiivorictithe rakatfeenus of a
medicBIN IS alipmylmRs ANtk imesiaariteth YRk A daliNe R RYSIENS: I
h combjnation with a biocompatibrlg %?ll_ymer matrix, the disclosed .
PhampAERRIRRNSHF TE RO SHRIRISTTOP FORUP S SYATHER BB RIBHAT PadhiiacmAsition
have jpwwerrtgxicity o predended astiviBp0i@The above surprising findings for
Capxol offer the potential to substantially improve the quality of life of
patients receiving paclitaxel. .

BRIEF DESCRIPTION OF THE INVENTION

Thus it is an aim of the embodiments of this invention to deliver pharmacologically active agents (e.g.,
Taxol, taxane, Taxotere, and the like) in unmodified form in a composition that does not cause

allergic reactions due to the pres'ezice of added emulsifiers and solubilizing agents, as are

currently employed in drug delivery.

13



Potential Advantages of the Capxolrm formulation for Paclitarel:
CapxolTM is a lyophilized powder containing only paclitaxel and human
serum albumin. Due to the nature of the colloidal solution formed upon
reconstitution of the lyophilized 15 powder toxic emulsifiers such as
cremophor (in the BMS formulation of paditaxel) or polysorbate 80 (as in
the Rhone Poulenc formulation of docetaxel) and solvents such as ethanol
. .to solubilize the drug are not required. Removing toxic emalsifers will )
s a fudhor Aol S RRERACBI SV BTRSIE FEBHERT IR s HYP PSRy atarically active agents in
a compraséttionSithiatopretkinn tenopatticies) kgdisatd [¥ Axsphdaditnadiition, no
bioco r?@l%qmgt{ifm with steroids and antihistamines are anticipated prior to
dministfation of the drug. Due to reduced toxicities, as evidenced by the

. LDio / Lpso studies, higher doses may be employed for greater efficacy.
It ispiepansiraridi o theyenbedisrs Siohe aseohpasdwrPidBmshods for the formation of

submicfOHPHEHRR)ISAMEGIRL PorBHa I8 IINEREYQc0L g@%ﬂ@@@@&%@%ﬁ@a oration

. (currently 3 weeks) and improve the therapeutic outcomes. CapxolTM

techniqe freym 49 QiniBREEr SERISKIRhRITEF Rttt areieses sobiiing eents.
compared with the BMS formulation (0.6 mg/m1), allowing much lower
volume infusions, and administration as an intravenous bolus. TAXOL
may be infused only with nitroglycerin polyolefin infusion sets due to
leaching of plasticizers from standard infusion tubing into the formulation. ..
Capxol shows no leaching and may be utilized with any standard infusion
tubing. In addition, only glass or polyolefin containers are to be used for .
storing all cremophor,containing solutions. The Capxol formulation has no
such limitations A recognized problem with TAXOL formulation is the
precipitation of paclitaxel in indwelling catheters. This results in erratic and
poorly controlled dosing. Due to the inherent stability of the colloidal
solution of the new formulation, CapxolTm, the problem of precipitation is
alleviated. The administration of Taxol requires the use of in line filters to
remove precipitates and other particulate matter. Capxol has no such
requirement due to inherent stability. The literature suggests that particles
in the low hundred nanometer size range preferentially partition into
tumors through leaky blood vessels at the tumor site. The colloidal
particles of paclitaxel in the CapxolTM formulation may therefore show a
preferential targeting effect, greatly reducing the side effects of paclitaxel
administered in the BMS formulation. Therefore, it is a primary aim of the
embodiments of the present disclosure to provide a new formulation of
paclitaxel that provides the above desirable characteristics. It is another
aim of the embodiments of the present disclosure to provide
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a new fonnulation of paclitaxel that localizes paclitaxel in certain tissues,
thereby providing higher anticancer activity at these sites. It is another aim
of the embodiments of the disclosure to administer paclitaxel at
concentrations greater than about 2 mg/ml in order to reduce infusion ~
volumes. It is also an aim of the embodiments of the disclosure to
provide a formulation of paclitaxel that is free of the Taxol vehicle. It is yet
another aim of the embodiments of the disclosure to provide a formulation

Some gpeilods A PR TRS SY A PRIFISAIRG B9 RS PRAARA T ReEm g Td b e pbsence

of amytipeiireativentoheanigr. BRIEF DESCRIPTION OF THE FIGURES
Figure 1 presents the results of intravenous administration of paclitaxel

”afh%ﬁ? HiGISS A0SO REAND MG AER N %[Sgi}e%&(%%é\t} wing,a

complete regression of tumor in the treatment group (.)compared with a

specifgetimobgiodgireceiving saline (0). Virtually uncontrolled tumor growth is
* seen in the control group. Dose for the treatment group is 20 mg/kg of

LOpagiareladinistesRt ASIARIMERVE DAL DS TN CONSEEYIIVS,

Figure 2.presents the results of intraperitoneal administration o
P?FX

ABiGakIIEE 1A reta i rans A ierabisdacaAm RS mitrenpines or
nanopASHAII MBI deA iRiesiienihrelaaeRr RAW MOlHRBRAHEPRRASH Cfhis mode of

. and indicate the severity of the disease. The paw volumes are hormalized
delivery ohyiuies ithBBESHIRING IiRLFERD Syt iraprlyakticniaseinhifion of
pharm@fdgieslly Lofihe i e @ ¢(0Td6t) AR LRI [aaiMid SRING ARAPR, ethanol
d fh(ﬁ\{vn z?]sta thin line_ang Iabiflled in the fgurf a "non-treatment”); a first
2l DoAY 67 G PE Y PR BB LB e BT SR BPEORGH i
Abstrabird); BB owe Me: R g aytipe asehlabptieds iy ihe: ffunee 8706 iRK&Imber 23-24,
t group receivjng

n rticles 1.0.m é and a secand treatmen u _
1992). R oy o BRI L BT EOLE 6 s s sic
effectsprednisone at a dose of 0.2 mg/kg (n=4, shown as a heavy line and 20

labelled in the figure as "prednisone 0.2 mg/kg + paclitaxel nanoparticles

GG KeEdrdhhe: Wieh HIRAIPAR AL BEOURS S 2 8RMALA Fedstion impaw

.. volume with time, indicating a regression of arthritis, while the control
formatigrpfpanensictss piabaseareioalv i dmiE DIemin b Ba s vseiBwporation -
technigBEFM-BRPESCRIPHAN Qp b H QNG cearancs Wil Bemple,

.. present invention, there are provided methods for reducing the = ) _

hugh shogHoREt G RINRAP B HEL REREMN PROSRFiNTe Rl S eanaL he Wiad in the

absencdpeCiitgxinsaiti snefRog-emplisidd-sysientiealls of miisIBANGSA6ke material 1o

: aclitaxel to said subject in a pharmaceutically acceptable formulation at a

form (E ALY of (B PRORSHG i S BURE P AT B B MOR B FBH Bbls cmployed

as a statiiafidyvageoiurin an alfirasdosdasthedyithntipamirtsantinve MiamkdRegoar ehe need
Isp provided methods for the preparation of substantiall er insoluble _ |

foramy B R S Ao PR HoR R Bl Teroemulsons

rmaco

comprising:
The disclosure further provides a method for the reproducible formation of unusually

small nanoparticles (less than 200 nm diameter), which can be sterile-filtered through a 0.22
micron filter. This is achieved by addition of a water soluble solvent (e.g. ethanol) to the orgaxﬁc
phase and by carefully selecting the type of organic phase, the phase fraction and the drug
concentration in the organic phase. The ability to form nanoparticles of a size that is filterable by
0.22 micron filters is of great importance and significance, since formulations which contain a

significant amount of any protein (e.g., albumin), cannot be sterilized by conventional methods

such as autoclaving, due to the heat coagulation of the protein.
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a)combining 5i)an organic solvent having said active agent dissolved
-therein; ii) water or an aqueous solution; iii) a surfactant; and iv) a
cosurfactant that spontaneously form a microemulsion; and 10b)removing
said organic solvent to yield a suspension of nanopatrticles of said active -
agent in said water. In accordance with a still further embodiment of the
present invention, there is provided a drug delivery system comprising

particles.of a solid or Jiquid, substantjal]ly water insoluble
T S S R A S s sslope
comp GBI CRAING RS /S A LE)D ASIRLIAteR ResWilo 1 bIVSISIN Blo gically
G ortion Do,f said pharmacologically active agent is contained within SEIIC% .
active %%ﬂfém CBARMY SBPA ST BP LG SHAPHAROMGHE 21 Wkl asgrasripgically
active agsmieied witli 52 LIRS GateiRdIAhMNESSIPHeE AYRIROeHI BBISIRL Rl shell s a
cmssligﬁ%gartlcles |sgti|o %reater than aE)out 1 micron. 20Compositions
O DS A TR B I 5 BBVERGE s LABEAFRATE AL Hre it davialia gensers
e akmacolauicay acive stente, Al desmiibed s s bihes Bpaebi
armacologically active agents. Also described herein are other
a‘quew%nlep g 2o A %%S\Wltoxicity forms of pharmacologically active agents,

I
0ds 6f MAaKing
e.g., paclitaxel. In a preferred embodiment, the average diameter of the
Shodischrsurs ysdoparavides rdvs 2skiyeaterstimirabooh RO0itheSughcules of
harmRaMlicie [ . can be subjected to steril

D e B e
ther efoa%m@&@inﬁae%@smmgdmmﬁm@tmwmwmmmf the
pharm@%lh@c@@' Hetive ASHISHRRIRI mﬁ%&?&% &e@cé%%@%gtra}géigf] efgm |

aclitaxel" encompasses all forms, modifications an Ves 0

anPa&%M@Wgt%@@wﬂqﬁémﬁwcﬁve A ROrTIvRISTIAS B ademaakivdor
compoﬁagtpﬁﬁhigmqmgﬂ&g@i%tgmﬁgg{py Applicants’ assignees. As.

used herein, CapxolTM is merely a shorthand means of reference to

rotein-coated paclitaxel. nanoparticles produced by the method of
N i e e A
stream hq@@qmmr drogipadfitaxeh Wh@i@@&ﬂﬁﬁrﬂﬂm@w‘iﬁﬁ@ the most
commorUFHALIALAAIGIRARRC TSR I MR L RS SRR EPR LA

and will no ‘ .
provide for a phannacolqgically active agent that i “pre—bound” to a protein (through

- hydrophobic or fonic interactions) prior to administration.

_ The present disclosure demonstrates both of the above-described modes of bioavailability
for Taxol (Paclitaxel), an anticancer drug capable of binding to human serum albumin (see, for
example, Kumar et al., in Research Communications in Chemical Pathology and Pharmacology
80:337 (1993)). The high concentration of albumin in invention particles, compared to Taxol,
provides a significant amount of the drug in the form of molecules bound to albuzﬁin, which is
also the natural carrier of the drug in the blood-stream. ‘

o In addition, advantage is taken of the capability of human serum albumin to bind Taxol,
as well as other drugs, which enhances the capability of Taxol fo absorb on the surface of the
particles, Since albumin is present on the colloidal drug particies (formed upon removal of the |

organic solvent), formation of a colloidal dispersion which is stable for prolonged periods is

facilitated, due to a combination of electrical repulsion and steric stabilization.
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require premedication of patients. Premedication is necessary to reduce
the hypersensitivity and anaphylaxis that occurs as a result of cremaphor
in the currently approved and marketed BMS (Bristol Myers Squibb)
formulation of paclitaxel. CapxolTM is a lyophilized powder for
reconstitution and intravenous administration. Each vial of CapxolTM
contains 30 mg of 10 paclitaxel and approximately 400 mg of human
Bestdradhteminh Whesssaconsiiutednitha sliiahioiaquroRs e dimRIsuEh
~as 0.9% sodium chloride injectjon qr. 5% dextrose injection, CapxolTM,
powder el WP GAUHARY SHTUROH BF DO TRIRE P PR G L 5 R e aaiained afier
removahafepaitielsdshiipiaily IERsdhanA0H Mankh eAeRepaktiGREsMel component of

some diRIERAES OB PrESSHLe homagenizatio Qngfrgﬁgm&%gnogi# SR human

serum albumin and a solution of paclitaxel in an organic solvent. 15The

preparation ok Rertclrvfilarhis Bep s e hétdrictar Hacerer Sag e Hsidisdrsedmabnab f
clitaxel i man,albumin. This ension is sterile filtered ]
s dess e R s e o R Forgppion

useful fexuipieteer isjatilizers. The sterility of the product is assured by an
aseptic manufacturing process and/or by sterile filtration. The two major

THROMRYIGR 9&1&@%@%%@5%%@%%@@@5@%&@!mmm&em& eg.,

7 albumin (HSA). Since 20HSA is freely soluble in water, CapxolTM can be
Taxol, ipdbs e pbaaeranicles iea Levdshtremaanampaainaké e aearhy eiilbe
momﬁ&ﬁWﬂfhﬂiﬂE%Mb@@J@ﬂﬁsﬁe%m@ﬁ%&ﬁ@s% repansitpedip apwide such

range of concentrations ranging from dilute (0.1 ing/r_nlpaclitaxef to

compos{Rans SAR 3Rl d B ARFIRY SLaERtar sl el PraRaT T RS Hipaiorekn s the
use of sgﬂfiiam'tmi ?ﬂsaﬁﬁprﬁ@usleﬁhﬁﬁsi@ésﬂw@ém;'%ﬁ%\@:@@ﬁﬁﬁ;}é‘ﬁ@fﬁfﬁé%_, size of

. delivery of a magolpgica active agent by such routes o
about 5 e S AT BHE R BB (R P EHh L ftorage, afe
the prepintitidheeadcintrainuses s sichalatanals togiiedlytransdasnal, (BUPPRSHOSWed size
for intral re(g%) j)e%ﬁggry (vaginal), intra urgthral, intraportal, intrf';lhepatic,

. metlrla-aritn fal, intraumoral,and the like. As used herein, the term

"micron” refers to a unit of measure of one one-thousandth of a millimeter.

Vil doid ersnizethibaoeridhs eoisatBrevdbucionbe dselapureid trihdoes
crystaliROlARRIBCIAL Y AlIRrALAHRGEST 3N £9S WRYe 108 RIRIRICRh SYRISMsent in

into which it is introduced. Substantially water insoluble pharmacologically

- the formplation ip ap AErERRSHT R foRbEEWHHfad e erexcsrine Hrdissalufine Ardn

absorptithc ke@iRirrmasertalamiveyagents, diagnostic agents, 5agents of
nutritional value, and the like. Examples of pharmaceutically active agents
include: ang |ﬁgr&g¥ ICS, (8.0 aSpiL inophen,

- ibuprofen, nap%tgegfsoulum, Uf{f)@l&fbﬁn € %%%ﬁwe propoxyphene

| hydrochloride, propoxyphene napsylate, meperidine hydrochloride,

Thyarsinmenasentparbimmelide’ ok Brigdares SayttdBidS.,) has remarkable

 climical kashiarids. cadeneaRnsakale i pCoEIns P Al Realazqgine

hydrochloride, 10hydrocodone bitartrate, fevorphanol tartratef diflunisal,
esophagye heriedane Fagondihisisisiradarabnmmeltiscrarmiicanpreyed for the
treatmenbBRARRRARLIBIKGHR whAliR iRaley Al R IR RREDIRISX M6 metastatic

~ citrate, diphenhydramine citrate, methotrimeprazine, cinnamedrine

breast canger at s dall Feptob SRR AR e fikeipbmation cherppiBetpRYisesimep, The
major lifSieHRRrePane] ity e sbalbthgned sefssanedalb Bl YraRf AR EBHSIns

oxide, ofol, and the like); e s
50% Cremapho E%ndo gO%/a.e ano!l as)i:he solubilizing vehicle. Each vial of this formulation

]

contains 30 mg of paclitaxel dissolved at a concentration of 6 mg/ml. Prior to intravenous
administration, this formulation must be diluted 1:10 in saline for a final dosing solution
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antiasthmatics (e.g., Azelastine, Ketotifen, Traxanox, Amlexanox,

Cromolyn, Ibudilast, Montelukast, Nedocromil, Oxatomide, Pranlukast,
Seratrodast, Suplatast Tosylate, Tiaramide, Zafirlukast, Zileuton,
Beclomethasone, Budesonide, Dexamethasone, Flunisolide, Trimcinolone
Acetonide, and the like); 20antibiotics (e.g., neomycin, streptomycin,
chloramphenicol, cephalosporin, ampicillin, penicillin, tetracycline, and the
like); antidepressants (e.g., nefopam, oxypertine, doxepin

contﬁﬂﬁ@@@%yﬁl %@%ﬁ%@l R340 @ﬁ%ﬁﬁﬂﬁ%%@&’& li e, 1 ypersensitivity
chlo

ydrochlorlde maprotiline hydro de, phenelzine su ate esip FAmine

reactiong iR @mgﬂﬁiem@gmwr@é%ar@cﬂ)MhmMmss et al., J.
cszmnr@@ygir%om%q%ﬁg Juylep <ERIBARIIOS SRS
yI|ne hydrochlorid

imipramine pamoate, nortrlptyllne amlt e

Comqgﬁﬁﬁ?@ﬁéﬁé%&%ﬁa%m@ﬁ%%%ﬁ% Thwipramiifetiontendss in large volumes

f infREIH Eoehy 5 Ridia
Zom_s Q%rlnuiclg):r?%| ﬁ%ﬁﬁ%nylur&%r&%ﬁ@ {gﬁ%in?he |kelggtﬂ&%ageantlFLH g mgﬁf‘é“‘s to24
(e '

Bfﬂﬁlﬁ%%éﬁﬁ@w%%ﬁﬁéféﬁﬁrngHN%P&tiﬁQrﬁaﬂeﬁ@Gin and

the like); antihypertensive agents (e.g., propanolol, propafenone,
oXyresitols Alfediiognie ﬁbdiﬁiﬂ&; fﬁm@lﬁﬁ@h antbatasaieer drug paclitaxel. The

. oxybenzami rlde I|n loride, .deserpidine,

inven mi%’mgé) guanefifn%e J}'}’ i E??P}/(i% E ftion

Signiﬁﬂmmltsatdmmnwmﬂhmmqmﬁag:m@érﬁxmﬁmf@aﬁeﬁmamﬁiﬁam@.ﬁmt@, ‘
the like tizinflammator e ., (hon-steroi

nw%g%ﬁr&%cm ng oxélﬁisﬁ% ro (§r11 ﬂy éﬁ%ﬁas ?)ﬁ%aﬁgﬁfmm@ hor in

the Gu(‘s@?b’i dap)r@m{ismdenmm B@ﬁs@?rmt@hldyamﬁtqﬂﬂb%/ﬁdfﬁﬁﬂﬁﬁﬁﬁ@@pachtaxel

nd ki antlneo lastics,
Cap Xﬁmqg?@gé}ﬁ h%%ﬁg)hosp aﬁr% %ngr)%llycm mﬂ?/cma%méhgﬁn%ln%m

adriamytin, cyclo

Teconsgiigwsaividing ggmhimqumngmy@mpmmhm@maﬁmmmﬁmﬂmajmmw 5%
dextrosR USRS @S)M“l)‘ PRI GHN otRIPLN BI9PSS) gli ey glr es&e of

camptothecin ‘and derivatives thereof, phenesterlne fivatives®

colloiqylsrensista poa ERaR fen JHHves ﬁnmr@ms/mmgréwmsgn ef about 20-400

nm, W&'E&oﬂﬁﬁﬂ%ﬁ@nﬁ'@?@dﬂf&xﬁrﬂﬂe%&ﬁhed paIBRBNGEY RSN Serum
: (e.g., lorazepam, buspirone hydrochloride, prazepam chlordiazepoxi e
albomiy (S A o SHE &b ap e ErsT bl B eSO evadepavansituted o any

desxredlyﬁtﬁeé@tﬁﬁexpaf@ﬁ%ﬂﬂ%ﬁﬂélﬂﬁ)hwEﬁ@@&ﬁ'ﬁ*ﬁtﬂﬁf@é%@ﬂoﬁﬁﬂg@@xolm

can be halazepa ZOChIanezanone dantrolene, and the like
a0 OCIRARY f&dfb%é’f %giéﬁmﬁ@% ?ﬁ?d{%‘l'ﬁf‘e(%?tﬁoﬁﬁih@aﬂﬁaxd)
to condeKbRBd (@0ral itpaclie-thg. IKek can RAHMIYIRINE SOBNSIEES of administration.

ergotamine tartrate, propanolol hydrochloride, isometheptene mucate,
qncgc‘!%xaéig)n@% Gfome p?érgedny}hsc osgf‘e, there are provided compositions and methods

useful for in vivo delivery of biologics, in the form of nanoparticles that are suitable for

parenteral administration in agueous suspension. Disclosed compositions comprise stabilized by

a polymer. The polymer is a biocompatible material, such as the protein albumin. Use of
disclosed compositions for the delivery of biologics obviates the necessity for adrﬁinistration of

| biologics in toxic diluents of vehicles, for example, ethanol and polyethoxylated castor oil,
diluted in normal saline (see, for example, Norton et al., in Abstracts of the 2nd National Cancer
Institute Workshdp on Taxol & Taxus, September 23-24, 1992). A disadvantage of such known

compositions is their propensity to produée severe allergic and other side effects.
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25sedatives/hypnotics (e.g., barbiturates (e.g., pentobarbital, pentobarbital
sodium, secobarbital sodium), benzodiazapines (e.g., flurazepam -
hydrochloride, triazolam, tomazeparm, midazolam hydrochloride, and the .
like); antianginal agents (e.g., beta-adrenergic blockers, calcium .
channel blockers (e.g., nifedipine, diltiazem hydrochloride, and the like),
nitrates(e.g., nitroglycerin, isosorbide 30dinitrate, pentaerythritol

%etgaﬁif‘alﬁ&h@fgthlﬂlwﬁ@%rﬂiuialegmdﬁm lﬁk@)oﬁ adpaamu'h I'tmyd chefiensiganiiows
. (e.g., haloperjdol, loxapine succinate, loxapine hydrgchloride, thioridazine, .
targeting 6 AT R AR R O PR T, YRR aa R PR o oF og;?,ge, diEto the
uptake flpbenazinge, A€ denoatiz]dLiphtrazita braddtiaiésl fRESpemzmef cells.
.hydrgchlaride, chlorpromazine hydrochjoride, perphenazine, Jithi _ .
Targetq i o AR TR AT o R I B s ot s o varying
size, and dithonghtedminisantiar iy tiffics{ ecgtebr&irtiviretosiiitasiond dolats, Capxol was
rochloride, verapamil hydr ide; ami : inide. . oc .-
e smiaimng the

RES sughashisqiesiateqaineamiy éosipdr somiodidenug itdivse earic. toquitipifieantly

" qpale Hf %&% QIQB/ %{acturonate, flecainide acetate, tocainide
g f_:r %}%irc)'c%or?ge,% ocaﬁne ﬁ%/ rochloride, and the like); antiarthritic
%g&r:ts (e.g., phenylbutazone, sulindac, penicillamine, salsalate,

it AR RSt TR AR diaRiobaid
R T AL TS S T S S S S0
. ..soaium, an e like); Loantgout agents (e.d., COIC ne, allQpuyinol,
semini e Uy g on (S T A WA SR i A e

jevel thanddhe plaruthrorohplyiicongdisc(Bg sl volcnakexobtrEpiok@seal may be
... .altoplase, and the like); antifiprinolytic agents (e.g. in roic acigl);
wtlized fy REgh s B L O DA S A ey e i
distribud@ptoinamptiie; wsodptinsimildstfier ayol andTticoh\hiseiors Gagxoladmrgiected
._acid, divalproate sodium, phenytoin, pheryiQip-sodi epam,
o main B R A R PO BB UF PARO S W
- amobarbital sodium, methsuximide, metharbital, mephobarbital, =~
The brsiajesthe poratisasion wehisaiamRetRiati cReIdR bR Redarighs, size of
the formBARRACIAbERY By fle %ﬁ%@%@t@é%@_@ﬁ%ﬁ%ﬁﬂm&@ﬁﬁiﬁﬁﬁ@ﬁ%ﬂ% may.
-like); antiparkinson agents (e.g., ethosuximide, and the like); » -
cause los?%ﬁﬁ%@gﬁﬂwe@faﬂwﬁﬁﬂiw@.%ﬁmw%wﬁ}&%ﬁa fors (gp 60, gp 18, gp
13 and RGN YORRNERYPIRahiarideislarphr doihgmaldatgolymers other than

concent:@iRResyHaTeding Rydeckigideaphenindafiieeptapedtes dzatisidebove. Such.

biocompatible materials are contemplated within the scope of this disclosure. A preferred

R e T

20

embodiment of a composition to achieve high local concentrations of paclitaxel in the prostate is
a formulation containing paclitaxel and alburnin with a particle size in i:he_ range of 20-400 nm,’
an.d'fm_e of cremoﬁhor. This embodiment has also been demonstrated to result in higher level
concentrations of paclitaxel in the, pancreas, kidney, lung, heart, bone, and spleen when
compared to Taxol at equivalent doses. These properties prbvide novel appiicatiéns of this
formulation of paclitaxel including methods of lowering testosterone Ievelé, achieving medical

orchiectomy, providing high local concentrations to coronary vasculature for the treatment of

restenosis.
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maleate, tripelennamine hydrochloride, dexchlorpheniramine maleate,
methdilazine hydrochloride, trimprazine tartrate and the like); agents
useful for calcium regulation (e.g., calcitonin, parathyroid hormone, and
the like); 5antibacterial agents (e.g., amikacin sulfate, aztreonatn,
chloramphenicol, chloramphenicol palmitate, chloramphenicol sodium
succinate, ciprofloxacin hydrochloride, clindamycin hydrochloride,
clindamycin palmitate, clindamycin phosphate, metronidazole, .
meffohitke ore RyERE NS Hl PedHefiitimeahatizeiebripapstabolites at a much
sloviydraciigtitexdpRiRmycn sl tata, avangealy dnibyehesbios iterpeddnyiarBer
. Sulf te1 10colistimethaﬁe so%l%rg, colis[ﬂga t%lfat , and the like); antiviral
acti i T PREST BRSSP H GRS SOV LA A fantadine hydrochloride,
ribavirin, acyclovir, and the like); antimicrobials (e.g., cephalosporins
(e.gt icelmzotin sohismedépluddin&apathenst Tesphapifinusisigrd to rats at
equ&%{%’&ﬂ@aﬁ (ﬁﬂﬂ&i%‘éﬁfg%&FH%&%@%WE@%&%@QW@SHHS for the Taxol

15cefutoxime ‘azotil, cefotaxime sodium, cefadroxil monohydrate,

grougeFeaRaIHTEiodBp kARSI SEBBh Al Bth T Bt hit cefsaiRF P Ry LB Hens and fever

epishaepphydrateicatamadole natale. cefexitip sedin. watomicichsesytments

_ceforanide, ceftriaxone sodium, ceftazidime, cefadroxil, cephradine,
whicleftfarRE SHHIRY: aHPEBAES OpEARImeaers vl SHfrn s kidninge over
Tax@enicillin G benzathine, cyclacillin, ampicillin sodium, penicillin G

20potassium, penicillin V potassium, piperacillin sodium, oxacillin sodium,

bacainpicillin hydrochlorids xacillin sediyumsti illin-disodivg: : .

e e e P SR B n e,
alonpemisittirrGn ovgilveuppetkititinsoxiess srfoilliyposimyliad eietipes)and death in
sevefIVHIEQ %}%?jﬁkso(@rrgce? D ERPRYEID BSRY IS HCCIRRLE, I YEPIREY SR ] groups at

_erythromycin estolate, erythromycin lactobionate, erythromycin siéarate,
equipgeny ndhighen dpisbemaw ahad fRenileljoretiaardiimed faags free of the Taxol

vehiletracydline: hweioghiorids, doxycycline hyclate, minocycline hydrochloride,
and the like), and the like); anti-infectives (e.g., GM-CSF);

bronchqdialators (e.g., sympathomjmetics ., epinephrine
yOh GRS Y TSR B LB A S At o
equiistathésiee shpsyliateslisomtindrioey 30bydiochlseibeloatbat€npksuifateared to Taxol as
. ,albuterol,. bitalteral late isoproterenol hydroghlorde,.terbutali :
ovid g A R AR DR M R O berapenticaly
cffeatipindpiesind pithitwatelo handhotivtnyit lagenesite. Jhapsr Eryplans oo thidéyprature
xanthi Kol ' li !ﬁ!;{gﬂ% , t .
shovxgﬁ% m&‘%ﬁc‘ﬁﬁﬁe sp%'ﬁy@?ﬂ i%a’]g ferd eg%& at [ARS! efﬁ@@aﬁ%ﬁ%rmuiaﬁon may

nophylline),"mast ce molyn-sodium), inhalant
allove drticdmavsiosion. of thessdutliebdesensatHadenerdipispiomddhereby exploit the full
poteMIgmg}gﬁ%ne d?prop?onate monohydrate), _ESsaIbutamoI, _
beclomethasone dipropionate (BDP), ipratropium bromide, budesonide,

trd b S REABE 1 25e, ANt SIS B mslabl o

pacliftris@lisiabrnohtherdd@)stituted in an aqueous medium at several different concentrations
ranging from, but not limited to 0.1 - 20 mg/ml. This offers substantial advantage over Taxol
during administration of the drug as it results in smaller infusion volumes, overcomes instability
issues known for Taxol, such as precipitation, and avoids the use of an in-line filter in the

infusion line. Thus Capxol greatly simplifies and improves the administration of paclitaxel to

patients.
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hormones (e.g., androgens (e.g., danazol, testosterone cypionate,
fluoxymesterone, ethyltostosterone, testosterone enanihate, -
‘methyltestosterone, 10fluoxyinesterone, testosterone cypionate),
estrogens (e.g., estradiol, estropipate, conjugated estrogens), progestins
(e.g., methoxyprogesterone acetate, norethindrone acetate),
corticosteroids (e.g., triamcinolone, betamethasone, betamethasone
sodium phosphate, dexamethasone, dexamethasone sodium phosphate,

diviaristasmisnzahta i aprebiwisone]mueitigipddd migo b nguacdtataloses of
. on, triamcinolone ac ida, . W?Qyi%?‘f]@@%glgﬂ% i e
P adm%%g%%%ss&)gfenﬁg%l%%(%%%%?éﬁé&io lum succinate, hyﬁ%%%%t%%gﬁ&eg
neurotepligffesisccinate, methylprednisolone sodiwn succinate, triamcinolone

hexacatonide, hydrocortisone, hydrocortisone cypionate, prednisolone,

flugrasQuiisaneaasiale: MaRMARASaPeAGRIale A stpispiaRe lghuiate,
prednisolone acetatehprednisolone sodium phosphate, hydrocortisone

substagliatly sy dige sseleble phammatRloSis ol AT hBRFREh SLPLL YDA B Swipker volume

 of liquRPshidrRdqanch therlike) raneb baedikiistraliyp eiglycernic egantsie Geatltimales

a6 insulin, purified beef insulin, purified pork insulin, glyburide,
and M XeaRSE YR I TGS VRS Ye, tolazamide, and the like);

hypolipidemic agents (e.g., clofibrate, dextrothyroxine sodium, probucol,
|dvastabinzitaciitharidotemtiked 2By orsinet(egheNeaseddiyinakéion (Capxol)

allows YoPfo it Igu%tgiﬁn&u&gﬁsgy 5 ea'a?fﬂg(gi' % qbvpéfct@&ﬁ)g iﬂﬁi &Gﬂ%%ﬁsa%tgrity.
anti-sense nucleic acids enco Ing any therapeutically useful protein,
including any of the Ero(eins described herein, and the like); agents useful

fEPeARPIYS SEIBERMNE Aorepa affensbromriztiatiin cubsiAttiaty improve the
quality?@eiitsdepasciamnetidingGineatidiee, ranitidine hydrochloride, 30and the

Iike)_; aritihauseants/anti(_ametics (g.g., meclizine hy_drochloride, _
ot A RS PSR, BIPRR ne croeore.

vitamins A, D, E, K, and the like); and 5as well as other drugs such as )
. fADTRNe, visdmbﬂm@pnwmmm@mmé@sﬂlﬁﬁiM%WbM-

%t?e to ﬂl@ﬁ%m{;@ 54 &%@8@&85}'80?&%&%&% Mﬁ%@%iﬂﬁ%WO%e lyophiiized

practice of the present invention include ultrasound contrast agents,

pRfideoirasragéniviesychioasromepa (mibe ANhrranabearmt ragkitanel) or
?8@;)5&39&9 QUG LORURS RAGIR B IR che HIHAALAMROHEIHRIGRANURIE solvents such as
pa ‘

ramagnetic compounds, and the like), as well as other diagnostic
sHened trelleibian dis dae y6 SRR EE WRABGY S s RFaris em aydt reduce
ghemisalinadiicalige I9pesammenaiadha ssiishant adycuate HRasERIBBwn to

nature thereof
occur in products TAXOL.

® In addition, no premedication with steroids and antihistamines are anticipated prior to
administration of the drug. | |
e Due to reduced toxicities, as evidenced by the LD o/ LDs, studies, higher doses may be

employed for greater efficacy.

® The reduction in myelosuppression (as compared with the BMS formulation) is expected
 to reduce the period of the treatment cycle (currently 3 weeks) and improve the

therapeutic outcomes.
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Examples of agents of nutritional value contemplated for use in the
practice of the present invention include amino acids, sugars, proteins,
carbohydrates, fat-soluble vitamins (e.g., 15 vitamins A, D, E, K, and the
like) or fat, or combinations of any two or more thereof. A. FORMATION
OF NANOPARTICLES USING HIGH SHEAR fIOMOGENIZATION Key
differences between the pharmacologically active agents contained in a
polymeric shell according to the invention and protein microspheres of the
pror art.are in, the ,nature of.farmatj > fi f@ '

s R L M R A RS G SPRUR compared
avithahs Bl Hteronlatibstéhially aty ebosiitsohtideasvelumaindostmicand
with the present invention, th 1er.(e.g., a protein) may be
cﬁ%ﬁﬁ%ﬁ%@ag %s%ﬂegég%gﬁ%% high shear conditions in a high
pressure homogenizer. High shear is used to disperse a di_spersingﬂa?lt%?nt

°  chARlngerdiviest eulypEBtrpEiemiRaryaiy ateventiinenni dpaching
g&%ﬂ%&%ﬁ@&&é&ﬁ@@m@%ﬁg e aaptipRalbaang sl he

r disulfide groups (e.g., albumin) 25 whereby a shell of crossliniced

pRAiagiETOMIE P arsEdNERB) RIS h SHERRI B B PR ARGK glass or
58&?5&%@9%@(9% paVilalion Mdhe: IaviddhabEa ERRATEMERTIONSns. The

local heating and results in the formation of superoxide ions that are
capRm e b Rt th e P HREHTEF-example, by oxidizing the
sulthydryl residues (and/or disrupting existing disulfide bonds) to form
® NeWegastinlsionl diswiEeborus. formulktien i astiadydtaisanifomclitaxel in
process, the prior art method of glutaraldehyde crosslinking is nonspecific
el e BRARR R BT GFOG D BIBLL R e pels e
stitieteEe stebilicpoTinRscansididuiutits) ofibatdentimatiotvaiauglith b eroblem
prior art si nifiCarlﬂﬁl% antd é:reversibly alters protein structure. In contrast,
oﬁ’fmgfgﬂﬂﬁﬂ% OHtEl plated by the present 5invention does not
substantially denature the protein. In addition, particles of substantially
s VEtendnsolsbitiphaffacol ogioily thetive eljeriiscHeatriedamerinpasiifates and
- Wi emdigasinlied o Aieel ARNBUIRA AIAIEADIERRADSHGE Sh{ baullEy
art because the polymeric shell produced by the invention process is
relatively thin compared to the diameter of the coated particle. It has been

°  dEheimrEEpsanss b pasticles ot e lRWRRGY fRCMRE S Hgh range

thickaesas 9 Y RS i HBEOM i AP RERY IR W RIS ROMERE R FGHS. The
coated particle having a diameter of 1 micron (1000 rianometers). In_ -
coipadi! Pitiep RERSSIBRIRLTD S GAPER) ot RV PGB SHETR B Eio @
rathRrehayaRiialn dinRersrdipredahayitbeidelsfetobifadiiarebpieitistered in
Thus, in accordance with the present invention, a pharmacologically active
é&@ﬁh@soq%%wm a suitable solvent (e.g., chloroform, methylene

chloride, ethyl acetate, ethanol, 15tetrahydrofuran, dioxane, butanol, butyl
dbeteliae dit stemitnieryatetofibe dinvethypkesulfdidereirnedhylfomnamide,

to proVRRIR Y SRR NG PR RGUC G AP UG R SN EHEES QF BNV AUA R IREE

It is another aim of the embodiments of the present disclosure to provide
a new formulation of paclitaxel that localizes paclitaxel in certain tissues, thereby providing

higher anticancer activity at these sites.

It is another aim of the embodiments of the disclosure to administer

paclitaxel at concentrations greater than about 2 mg/ml in order to reduce infusion volumes.
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thereof). Additional solvents contemplated for use in the practice of the
present invention include soybean oil, coconut oil, olive oil, safflower oll,
cotton seed oil, sesame oil, orange oil, limonene oil, CI-C20 alcohols,
C2-C20 esters, C3-C20 ketones, polyethylene glycols, aliphatic 20
hydrocarbons, aromatic hydrocarbons, halogenated hydrocarbons and
combinations, thereof. nlike conventipnal methods for nanoparticle
forAfSh 28 HBohias ‘EE‘%"‘%’S&WE&%E Sgﬁﬁﬁz’s&i‘{gt ﬁigzéo(;’l@g& in the solvent.
formiheionl @haskiteripleyedire théhpepalatbnlof invention compositions
typically contains only the pharmacologically active agent dissolved in
solvent. Next, a protein (e.%, human serum albumin) is added (into the
aciSO(RE PREEE Y alha sAPoSEEMiof e A5EIRSIBF (RPTRHfation of stable
a fonanecseplais Rrateimisgdoed ak g coincefiratidpaiethereangegdT abo itr
the 99 E%tzo gé%évg/v), more preferably in the range of about 0.5% - 5% (w/v).
thn ike conventional methods for nanoparticle formation, no surfactant
(e.g. sodium lauryl grifatepiesithiprivee b B S piLERRieRES8 and the like) is

- added to the mixture. Next, an emulsion is formed by homogenization

under high pressure and. high.shear forces. Such homaogenizationis .

TR MR LI ST e, Ao N BH GRS P Al pamopartcis t
tumordperaig hixte{ressiirescln ghaygbewih plhauhd, 0 updni60 AQGR6tin the

Preferably, such processes are carried out at pressures i range of :
reatm e o SR O e P FECRTS S BrRIAN Lo A yapgeontrotled
tumor graditin anseropiehs cfrthrel nenaguBatsfsotie nteftmata iming the@lingMyed .

. acologically active agent),and very.small nanedraplets of the protein

Pl e e

processes imparting high shear and cavitation such as high pressure

hBiRIG Rz atrots Highesméerfimsersrisomskampiiianionepaiendmmaparticles
in .ratstﬂﬁtwf@fe]&‘:.f@@lﬂkfd TQ%QQ’E{EWQI%@%J%%j@ﬁ%?ﬁ%ﬁ@lagen.

yield a colloidal system composed of protein coated nanoparticles of

Paw VBRI 266 RGTERIRA A R digap e ot nt the dissaapie RraB g lymes are

normaBYapPRyatonisctig e dhinnise sifirelantavapsy ateksretallia eh T OMAROS AR S ment.
There g%r\?y driers, freeze driers, and the like. Ultrafiltration may also be used for

AP HTho FaT RS EBRASG e B of- SOVERASR EIRY RS aed fblifshin the
figure m&ywherdsiecto phidirseupawder gontaisiegyihe phatmacolagiealilaaciivaiose of 1
ent and proteip. The resulti der,cap be redispersed at any .
g/ 10 TG oA kL b oAk dURLT S e e By
mg/kg_’ébﬁsr_lé,a/_sa@eudmﬁ_mrmagnepm:ﬂirédgaccsnhiﬁm@dﬁanpijnof@eiﬂﬁasﬂlnﬁmmﬁicles
ot dof YABING BOLORS SLCAbONQLaIcs @5 06 116,05 MELRS. o per line and

combina any two or more thereof, 10 suspension

labelledam the fgwniristéreditonahirasidetipedstantiemppattcdod.o ik, tibe two
treatm BRSO ERS2E:0IAG ERAY SV DI ANANE KE: i i ~
i _accordance with anot er em%osgﬁjmeﬁt of the p?evélzglt flr%v’eiﬁﬁgra?,'ut]ﬁearécg ession of
arthritiyrgbide thenoaterhngmive shetrrsdifointneatorm aawryolupramsisaliesiarad period.
submicron particles (nanoparticles), i.e., particles which are less than 200
nanometers inpghamaten SUGCRAMGIEs we caIahisefhemng 25

sterile-filtered before use in the form of a‘liquid suspension. The ability to
terile-filter the end product of the.invention formulation pro i.e., the
e e B TR T R R e e
hematoffigiretsidvitywhipiciomtdin higihcohredtrgtiopsrehipreteimitepgeliserelnsaid method
compﬁ@@@mmmgmw Qzﬂﬁ 5&?@%&8@5@“&%& in a pharmaceutically

acceptable formulation at a dose of at least 175 mg/m’ over an administration period of no

greater than two hours.
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In order to obtain sterile-filterable particles (i.e., particles <200 inn), the
pharmacologically active agent is initially dissolved in a substantially water
immiscible organic solvent (e.g., a solvent having less than about 5%
solubility in water, such as, for example, chloroform) at high concentration,
thereby forming an oil phase containing the 5 pharmacologically active
agent. Suitable solvents are set forth above. Unlike conventional methods
for nanoparticle formation, a polymer (e.g. polylactic acid) is not dissolved
ilnthesvertwithdhsipphiastiemplopethinethe plocpsy sicthmghede fier the

preparifl G SRRRINS %&%@ﬁ&&ﬁ%ﬁ%@ﬁ@g%ﬁw%&%%%E%WY:‘?QI’% delivery,
solvent. Next, a water miscible organic solvéent (é.g., a solvent having

said meftastepntmaisiaBout 10% 10solubility in water, such as, for example,
efhanol) is,ask to the oil phase at a final concentration in the range of
about 1% - 99% v/v, more preferably in the range of about 5% - 25% v/v
of the tékal orgarfiEeppisselveRERSIRE T et it EDEARE Be
seIecte;i)from SHeh solvenisassathiytiagetate, ethanol, tetrahydrofuran,
dioxane, acetonitrile, gutanaol, acetone, propylene glycol, glycerol, dimethyl
sulfoxidd) dima i FaciaATde, methyl pyriolidinone, and 15the like.
Alternaiively, theosiptistanof water immiscible solvent with the water

ra:isgible_ tsolvenF isggrepareg (1)‘ir£%t1El fg{l)lglweg by dissolution of the
R FRGRRNERLY L e TEERPRARS Thiliire. Next, human serum albumin

drjany othenvsuitskitbostabilizoly agéenyabidesnpbedcabreiopigsdhved faid active
asent ia%léu%o\%ij%erpedia. This component acts as a stabilizing agent for the
B mation of stable nanodroplets. Optionally, a sufficient amount of the first
organic solvent (e.g. chlorofoiu ) 20is dissolved in the aqueous phase to .
drrgederes titha Sall fkutiess eBhediERioh s BESERAIRY FHUGR fsge 1s provided a
drug dameynhyefihe arganis Phaseltwbichsoanoeortan S ibepitalnacaiogicalible
active agent, the first organic splvent and the second organic solvent) is
pharmagelog 'Yh@%&?&%ﬁ%ﬁd%&fféfo‘ﬁ RSy that the phase fraction of the
OKgianin: phidsedshetwern BholrtOhsteinlbbaistedticmait, preferably
between 1% and 8% v/v, 25Next, a mixture composed of. micr, . .
el R e B LR I s procin
coatinpendcopmiplishéshid phvariatylofinaisacis canaddslitysbeidtisnufib g ay fivggeotein,
of skill in the art, employing, for example, a conventional laboratory
homogenizer operated in the range of about 2,000 up to about 15,000
rpierThidisaoiioasd aneksmbiehnatiolsus der Birgiepeasaheyi b mifrte
range of about 3,000 up to 60,000 psi). The resulting mixture comprises
aDoAGUeRIbEPpAtaIR &OhitIoR (B@«-Hurnasendthodioanpa)fitheaiatelvantageous as
insoluble pharmacologically actiye agent, the first solvent and the second
they D508 TR SORENIE TAa B SO St VAL 8 iR el
active aghiaid ah tisdessitirdiisteim (phahmracclogis afyraiive lagdnk sy Broteind in
han_ﬂgh{(?kf)olrmkpf a%xtrerg% teraII nane Qg&icles (i.e., particles in the range 5of
P Aol 380 % diarfiaten that can be sterile-filtered. The preferred
size range of the particles is between about 50 nm - 170 nm, depending
ont ﬂr@fféwﬁn@ﬁ(aﬁ%p%wwp%m%ﬁme ey foasrirdeniEcics is no

greatePIERAISHIN @FEATIRNEE Wi Ihe R paaRiiRYRNIBRMAKAS ARSI can be subjected

converted into powder form by remagval of the water therefrom, eﬁi’ by
to steri{5ofpi RIS TSPy 4 GG ST SUTRRE T LR S E th & ST “The
steriliRIRASHT £61GtiohY MAREERgThalbusmia piisetfactsgically active agent.

and

As used berein, unless specified to the contrary, the term “paclitaxel” encompasses all

forms, modifications and derivatives of paclitaxel, e.g., taxotere, and the like.

23



10

15

20

25

as a cryoprotectant or lyoprotectant, and the powder is easily
reconstituted by addition of water, saline or buffer, without the need to use
such conventional cryoprotectants as mannitol, sucrose, glycine, and the
like. While not required, it is of course understood that conventional
cryoprotectants may be added to invention formulations if so desired.
15The colloidal system of pharmacologically active agent allows for the
delivery of high doses of the pharmacologically active agent in relatively

strratk ool m g Tadsmaitifirbs patldmdiScomidioatedeaiirkstied e Applicants’
assign¥QURET 1 HuldiAne uRimZe 5, BoAP 3L SiRnINAAALIOR JREWRIIS BEG-coated

polymerlc shell or coatln% are generally completely degradable in vivo by
paclityypbiemopie éioy rieduee g btk metopehramiia lorStamy T sttiprgrrctary new,
cremaShiistRRIBHM NG RIF S GHe Glfi AT RuRQAsI VAR SYSieRs Y Nk Bl SRR

contrast to the significant side effects caused hy current formulations. A
studies, bliser Siahp crsmpridid o R tioay ik b simisanitis piorgcadiflaot
reqmr@f@ﬁﬁ@vﬂxkfﬂiﬁiﬂﬂiﬂbﬁ@éﬂﬁ@ fermaianfiihenpolyras e s&tﬁib&\fdh@h@eﬁeﬁmﬁsﬁy and
e supstantially water ns ubIe arm cologica actlve
anaph, %’éér‘iﬁ%‘lfif‘élﬁ"y %%W?é‘ ﬁ‘“r%a ‘gﬁ%lgt%?ﬁéﬂy ﬁ’&afketed BMS
(Bmstcsuﬂhyﬂryhgﬂm)[fsmnﬁmwﬁldémohﬂswltﬁupﬂslwmwephﬁ&&n@uwmdoﬁor
reconsmlgsc{a r%l arglt?argvolflc%sd [asﬂllf Ifide Cr{) SS“%C[E Shfe”ta(l? S%Ut EW“C' tssn(l)ff 30 myg of

y water msolubie p%armaco oglca ive agen
paclitagglfyd eppgroups ey diutfiged ﬂmhagvesemaya&iwpmemmmltmd with a

su1tabl@%%5@8ﬁssltﬁg§%es%ﬁ%¥) Wys&ﬁt} c?x%i%?edxg Gizy '5?@'? 8@5&%&%‘5}!{1 ecllon

fication. For example, natura olymers s ch as protelns peptl
Capxop3iyaueseiciabl %%@19%%&14@%@&1:(@@&%% detlglobe caBsatﬁahaamparﬂdes

is typi AlANRIESHENH06 . PERURYAIHIORIC.ACIHe3NE DS i ﬁ?é@éﬁ%ﬁfg%nzanon

lipoproteins, and so on, are candidates for Such modification

ofa SOB&fﬂ%fp‘iEiB Wﬁ%@ﬁ%ﬂfﬁﬂ@%@éﬂ%@%ﬁfd&ﬂgﬁ@ {nitR fiepie sehyent.
The sdR¥ENEARNEMAR @lly @Hﬂ@réﬂ&ﬂl@b@ﬂ&@ﬁsﬁ%@ﬂﬁ@imﬁ $68I6LIES) paclitaxel in

noglobulins, caseins, 5insu hic aln cystein
sy PR S B A PR HGEL P U LR o™, The
fomuﬂmymdmmam&mﬁtmmmum)sjrfl“m;msteglabualmlse product is

ha 2- macrg%ﬁ)@hp fibronectins (}//ltr (Et'nf' tﬁfi? @oge% li ases and
assme%g ke Bro eins, pep%e%pé%czymes ar?i ees and combinations najor
compotiveite of, GapxgEiferal olassbs of Mabﬂhz@r&lddmmmﬂamm fdbursm miﬁm): Since
HSA le?e%?Eéﬂ}ﬁQF%/a g‘?@ eaily. Rrefered aral 8&%%9%%3?1%& &f”c‘%ﬁ'&!ﬂ%n of

agent is alboumin. Opfionally, proteins such as alpha-2-macroglobulin, a

paclitagablipiisdsohirhcel sobd ke ing e imdhe - uptakdCeprat Siven batessadtituted in a
wide r&@é‘%@&é&%ﬁm WRIRGINGONDIS. PR MR ARG BIM ACUNEAORRES 20

y macrophage-like cells, or to enhance the uptake of the shell encased
mg/ml é’é?ﬂi’éf’&lpnt&ﬁé‘*‘i‘ﬂ/é‘i’%ﬁdﬂsﬁl’é}é’rﬁ‘@He\éﬁlé@ﬁtﬁ@é@?%@&o be utilized
to target the nanoparticles to specific locations. 150ther functional
prateinsd ,hStHIhl, &s:aamibfjﬁhi e@oﬁemﬁa&fmmrdd@w@fam ipatmtatg&fgiganj/
active Q ol ic SEICJ?C rQu EIErSe [}3%80 e U mt?a?vggcm u cu an mtr entoneal
%aBIthng protein. ParTy syn tic pdlymers are’also goodo na daes
mtrathf:@altonmmcscdfaparﬂnaﬂ@smltrgmcqjoﬂmrehnmﬂdhppoadm@mprb]ymmwe
(oginy S5 (eSO RRTSER SR RO sehal PAURETKARS
polyhydroxyethyl methactylate, polyacrylic acid, polyethyloxazoline,
20polyacrylamides, polyisopropyl acr%/Iamldes polyvmyl yrrolidinone,

p%maﬁlbg@wéhﬁég% &mcron refers to a unit of measure of one one-thousandth of a

miHimeter.

24



the like, and combinations thereof, are good candidates for the
biocompatible polymer in the invention formulation. Similarly, synthetic
polypeptides are also good candidates for stabilizing agents for the
substantially water insoluble pharmacologically active agents. In addition,
contemplated for use 25in the practice of the present invention are such
materials as synthetic polyamino acids containing cysteine residues
and/or disulfide groups; polyvinyl alcohol modified to contain free

stiifhehyicorou P dertiobaisoifivd iglSUbscpbiyhyarostysthisndthaonylatpreciably

alter o ABEMISH 10,00REHA (a6 SHLfRYSRY: ciouRR ANAIS LAY A Jrups

ed, .
polyacrylic ‘acid modifiéd to contain free sulthydryl groups and/or glsulflde
loxazoline modified to_ contain free sulfhydryl groups

oups; p Iyeth%/ D _
SR MO R e KR RIREC A ARt BReBS S o eyaRye in the

practicgdubs jposkor idizuifice igtourss pehvieytipyiolidine ageme difigd Jaic aptais,

T L T T TGN
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polylactides, polyglycolides, polycaprolactones, or copolymers thereof,
modifie@beeoiedintiraectatlydnagioupsaatiootisuliiergpbop sapoyeslkodium,

B PRNBHRSETRRY MR QL ,3@%@@5yhyaf&ﬁ?matmp%&%%ﬂmpsyim,
compositions, a wide variety of organic média can be employed to
EpEistirshafsshietide éﬁg@mﬁhwayém%ﬁmemwﬂé@ﬁswwdme

aglvecARagentoRiganikoRedia eaiemplatet InfwsadnJheRIRANICR 8 N8 oride,

resent invention include any nonaqueous liquid that is capable of )
SRR BiIERaiIRY (R B A G b SREGE AL B o By Hthine
tlydrowady deaat tvitinaiheld i paimen empleyesbimpradugathsshsttaor
tt]%gt]?or Xaﬁg%ggicﬂarll .2 five ?&?ﬁ?t itself.. Exam Iteg,énclude vegetable oils
(G Y SOYBEAR SIF Ve GF "SRG THAES) U8t AT BR T URGHTEIofiiL 8t rine
$edoboillcsesamepoibanatigendikhéJike)onene oil, aliphatic, cycloaliphatic,
or aromatic:hydrocarbans, having 4-30,carbon atams (e.q., h-dodecane
e R e P o
ah‘pimiéﬁé}ieammﬁ@l_eﬁcéhwiha}zing 2-30 carbon atoms (e.g., octanol,
and the,ekaliRhalic or Armalic-eRIar: RAVINg.2i35 CREAAR.AIME (Sudiyn,

ethyl caprylate (octanoate), and the like), alkyl, aryl, or cyclic ethérs
HAHgso Blorshemtalivdecamsil Qemomidpdiraatvknsiopetaradasinduplatast
likey alkyhePenary hsideshavinad B ® cashamatems sandeptignally
ore than one halogen substituent, e.g., CH3C1, CH2C12,
@ BiertaeRe R HdIdayMesrslings Rssintideamd ipbkioms (e.g.,
athonanltiBEﬂﬂgid a;:gy,l lkaimyel,d > l';f@@lemgﬁya)}, I@ﬁ_lMﬁiﬁw}ﬁfﬁﬁﬁcﬁb{@@b‘heﬁ&yﬂ}@rﬁn,
olyethylene glycol, and the like), or combinations of any two or more
ﬁ%negrllecc}‘)ﬁ.}/ Iﬁgﬁg%éﬁ%ﬁ%e & ‘ééflgo?%g?ﬁ‘g;f&'}ﬁ% of organic media contemplated
for useamtitteprpsamiisdAbohitfiepre sepimies tiar dy i tallydohlei dehailitgipine,

Nt Qf reater than about 200 nd,include volatjle liquids such.as
L A R I SR
bhﬁyﬂg@@tatéfaé@di‘thi@ﬂmmhé;{(k@blémt_islmmﬂﬂmlfmhi@tddsgkeédpf
%M%r&%H%%ﬁ@zﬁ&*@&&l%ﬁ%ﬁl%%ﬁﬁ%%ﬁﬁ%ﬂ AE SRR IS crmine
other organic medium employed), along with a higher molecular Weignt
mediocidnitie) BriparrinseamATY RERENHEE e ptarcdrsdmih oride,
Bomeasivmidhess,volatilerddritives: helr:tmiiua b & sRUBIRA QIR Bne

harmacologically active
ydrochlonde, and the like);

antidiabetics (e.g., biguanides, hormones, sulfonylurea derivatives, and the like);
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agent into the organic medium. This is desirable since this step is usually
time consuming. Following dissolution, the volatile component may be
removed by evaporation (optionally under vacuum). Particles of
pharmacologically active agent associated with a polymeric shell,

prepared as 5described above, are delivered as a suspension in a
biocompatible aqueous liquid. This liquid may be selected from water,
saline, a solution containing appropriate buffers, a solution containing
nutritionali AgRAISSHLH (2% AMIRBcACINS, BUaRRERICIRSIRAtHORYB) atesatin,
vitamins, or fat, and the like. These biocompatible materials may also be
@m@a@& 4 dbe ii%hysical forms such as 10gels, crosslinked or
uncrossiinkefdiacprd dgamaiiice srapanvhic pityen fnany) acyiogicdly, Bictadépine,
ingredient, for example paclitaxel, may be release diffusion and/or
RS T R A B RRm e A e
utyhitrechhsithe disppiding dvatosidor gheniribeintioméonsifatiomimexidifor
?é&%ﬁn@e‘? s%@Rég ln@t%ét%gsl@%? %%Q/Hl'f?a g%&tﬂ@ﬂ'@%ﬂi&%m&lmim
temperature sensitive material (e.g., copolymers of polyacrylamides or
copolatnerssobiBpelyhikykeki:glycols and polylactide/glycolides) which gel
atthe tuﬁaﬁfnﬁaﬁaﬁ{a@oa@\(@gasd%rﬁlﬁéﬁr%}%ﬁeﬁf%ahﬁnweb, ibuprofen,

formulation may be dispersed into a matrix of the above mentioned
BRSSPI PFEI R8s (P PO 6 U ESRE SRR MSIB S fo fHEFASIN of
@@gﬁ&gﬁsw{y’%gmg@@mﬁ@mm&@@xol formulation (albumin

associated with paclitaxel) results in lower toxicity to brain tissue as well

as lowePSySRIR t Aoty 4436 S LMBRPLITHIS GBI GEH Ypomyein.
Qapxalibicathes.chebiai) efapeidio, agemis o mudaiodesian] atuoreamip|

together with a bigco ible polymer iX may be useful for.the
BT VB o R e A S e i rons.
teimpits tirethe darhdlerarud peritenenfipovevienmeafiaer) antiderilodales thereof,
lications o other salid tumors., These combjnation f latj re not
o S e ST e
m&mggttﬁigﬂﬁf@ﬂi;ve 25ingredients including antiinfectives,
IMMUNQRHRRLESS YES ANE. OB SBEMP KIRIARSER AR Bl frazcpam,

Particles colloidal substant ally completel contained within a polymeric
stisiarerade briseddendedmemwin ?fgféﬁ%ﬂ@éa dpiastiBetiiensim,
HGIASHVERE S RS OR ARURD ARG AF BRUSHANSIAN LS IO cRBpRALBIhalazepam,
medium. This medium may be selected from water, buffered aqueous

T AR slartplereARE hsHSAally buffered solutions of amino
acids, qpfienalhupptieied selutiqes: ot peaigiosnepliandlydndfeiedribive, FK506

solutions of sugays, gptionally buffered solutions of carbohydrates,
6&?6??3ﬁ§%uﬂégraé{&?é§%tions of vitamins, optionally buffered solutions of

synthetimpeigrars afipics containingering siansc andytheolikd:Binadaititn,
the coboidal particles &%ﬁlSPﬁ'qg‘e%'é%?b%ﬁa&?@ﬂ{%‘i’il? a suitable agent,

wherein the agent is’ assodiated with the polymeric layer through an '
optionatehiateritpontc el dathionaisoorte pplttedfoals pentdbibtalssodium,

&JHQ%&?J%&M; w@@a%a&@tgg?rmgszez%ﬁ@ﬂ%rmo}@a&aﬁymﬁs,

i
phosphate ester, sulfate ester, and ike bonds. Suitable agents

domasensiate aidrapiand pridrahnodsi caddhedils polymeric shell include

syntheti polymars.Relyelkylsng-Aevsels (FodkclifRalALRERRRERRE: (c.g.,
polyethylene glycol), polyviny| alcohol, polyhydroxyethyl oo )
nifedipine, diltiazem hydrochloride, and the like), nitrates (e’g., nitroglycerin, isosorbide

dinitrate, pentaerythritol tetranitrate, erythrityl tetranitrate, and the like));
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methacrylate, polyacrylic acid, polyethyloxazoline, polyacrylamide,
polyvinyl pyrrolidinone, and the like), phospholipids (such as phosphatidyl
choline (PC), phosphatidyl ethanolamine (PE), phosphatidyl inositol (P1),
sphingomyelin, and the like), proteins (such as enzymes, antibodies, and
the like), polysaccharides (such as starch, cellulose, dextrans, alginates,
chitosan, pectin, 15hyaluronic acid, and the like), chemical modifying
agents (such as pyridoxal 5'-phosphate, derivatives of pyridoxal,

dialdehygdgs, SiRsRiHR-AEIRr S, antuiRe ke lorhsaBRInatBsief afietwo or

more thereof Variatjons orn the general theme of stabilized colloidal .
e R A e e
ageniclilaibiocnipipatibicedispersing Agsvnacind 2ahdusad (inoplaesaf a

iocompatble dispersing ageny coniaiming dissalved bisiagic) 9 produce a
polymeric shell containing dispersing agént-suspended particlés o

ploldgiaptmaathe rawd this Jitlegs polymeric shell could contain a saturated
solution Iﬁ{&é%ggﬁigﬁiﬂ%&éggﬁﬁ% r%g:%;gb&qééther variation is a polymeric
core o

shell containing a’soli iologic produced by initially dissolving the

biologicitizrhsthtiticvtganiereoiient (asyjalserstaple] Hotmahdptide polyaperd
shalland 228 vansmaHNg e YRUG RONGIN RIS NAH UM @ 8n, I1h8ietine

evaporator, spray drier or freeze-drying the entire Suspension. T’hjs_ results
wydreshletife Hisongansdtighospbdrdiansaieastfobyiieshinridp ayirdine sulfate,
gaﬁ{idwséia&t&(a@%hﬁﬁdﬁpﬁsﬁiﬁgﬁm%ﬁ%atﬁ@@@ﬁ@é%é&ﬁtéﬁ%ﬂi@h

0

ses of biologic in a relatively small volume. In some cases, the

bisksriitielderaina bratmailp il <Heithp BkEkhe core could itself be a
therapewutic:gitliaanesticagephetdbutaihie: casmaidnsstio) Gehinbjchlmae,

be delivered as. part of a polymeric shell formed in the process descrihed
RSO A1 G TG PR R0 g LB B Pl e
theogedifr\aafadiiol agiotigwglutvthetcasaiokadidoadied thsed¢nr targeting,

or in the case of hes lobin, which be delivered art of a
polyme?flgléﬂléﬁlaﬁ)%rﬁrﬁsg%gﬁi’t %Cﬁﬁggbrﬁqlﬁ%?g Pai?ti%%%pﬁrlgﬁeﬁs "described

above, théveluprdvitiag beblood lsutstitstdivavingréehiy deinmngléabgﬁky);

for oxyqeRyabieReSEertin kprhadl ieeoonira i alapeibyaiialios,

are possible within the scope and spirit of this aspect of the invention. The
organicRiEHINRe Mt RELAE FolimIBHROSHBIPIRAYIBE varied, a large variety

of pharpacolRgicaly active@geys R IRHuized, and a wide range of

proteins as well as other natural and synthetic polymers may be used in

the forfEtRIATEIFtRE W85 @ HBH B s AR B ARAMBRE R also

fairly wigigisangingn@tber, thaprbiomedicalatRapplicationpisushoas fenytoin
deljvery of drugs, diagnostic agents (in imagi ications), artificial .
SR R A B R R N M hpaepine
thadbueittiDsbdiay hedheaxpaiatethétiarbdsmeatiphappitdationsdualytam skin
creams or.hair care products, in perfumery applications, in.presskre ,
S e s B Re e AR R BRI lopgocoate
dgserbedintgreciteddetaiiy thefélkence to the 15following non-limiting
exampl&%immBFaﬁents {(e.g., ethosuximide, and the like);

antihistamines/antipruritics (e.g., hydroxyzine hydrochloride, diphenhydramine

_ hydrochloride, chlorpheniraming maleate, brompheniramine maleate, cyproheptadine

hydrochloride, terfenadine, clemastine fumarate, triprolidine hydrochloride,

carbinoxamine maleate, diphenylpyraline hydrochloride, phenindamine tartrate, azatadine
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Preparation of Nanoparticles by High Pressure Homogenization 30 mg
paclitaxel is dissolved in 3.0 ml methylene chloride. The solution was
added to 20 27.0 ml of human serum abumin solution (1% w/v). The
mixture was homogenized for 5 minutes at low RPM (Vitris homogenizer,
model: Tempest 1.Q.) in order to form a crude emulsion, and then
transferred into a high pressure homogenizer (Avestin). The emulsification
was performed at 9000-40,000 psi while recycling the emulsion for at least
makeles uThdcresuinghsysteitonds, tansfierdadintorank atalyaey apoidibeine
nd methylene chloride was rapidly 25removed at 40C, at reduced
gl (gsrgﬁ%i?{g%’nﬂﬁ’ W&ffl?gvr{laé%?%%%ﬁ glsqg}’he resulting dispersion was
translueceotama il ddy pidaibdianeietiof (he. residiing pactittixsbophitictesne, and
%%Sﬁ%{ -220 (Z-average, Malvern Zetasizer). The dispersion was
further fjophilized for 48 lus without adding any cryoprotectant. The

resultingrthiel e lebet eipstly Tedoredttrbe coprerign ah vy rmcpy
adition et stesilgvaiaror sRlngplde-pRElgle Rt alietreqrpaliulan was

" the same as before lyophilization. Elample2 5Use of Conventional

Sridraetipisiardimluteice Reboniof o HiadumeiLaphel el dapgamyetpe
fﬂU@ﬁﬁiﬂﬁe?fﬁﬁEﬁﬂlﬁi%&?Hﬁ%@&ﬁ&a&lﬁ&ﬁ%ﬁb&ﬁaﬁﬁéﬂ@eﬁkﬁﬁ%@@@tﬁﬁﬂ{ﬁiqm@éﬁlyﬁn
Sse

u in the conventional solvent evaporation method, A series of ‘
S HEREe Iy BN BT RIBS Y S R AP IS EABuUR YEHRaR B sulfate,
denshbethinckExanmple-dii b @usatdaatamhsrbas Tween 80 (1% to

1010%) is.added to the organig solvent. It was found that after remaval of .
the metiIE RIS LIGE UG B SN e e S g agioride
hibavigia naydsagessid ehoflike<d; micron, as viewed by light microscopy and
under polarized,light, The crystals grow, within_a few hours to form ver
p e R S R R
simﬁapiphaqdmpngﬂﬁ@@bg@ry@@mtmfm@rmﬁmm@dtm&m
%%ﬁﬁ&%’é%%@i‘f ER8 bl oniG o ket ado TIGRABRRI &k %Qfﬂa%ﬂhﬁéf- cephalexin,

rom these results it can be concluded that the coriventional solven

soaiEpstiorsoH Mo scniinking Sorvshlonds sumabramtcisdammidalsoilien
aRten suehas alhuminisnet sultablsdordhefaunationehsumisinne,
drug particles (e.g. Paclitaxel) withgut a polymeric core, while usinga _ . .
sefateshberphsdinmathyiRHIERRIYE) B8 ksl renigdling (c-g.» ampiciliin,
eROXRIR)atuiliasans:Alone: Resultslin Renmalinn Bihang ey sial &

This exam Ie_d@go strates that jt is Wo&ible to fOﬂP nar'&éq ar%i)cles cilli
RATESHEMd EB VR toRSI S L RE A i O A Bb AR SO R atdi g Picttin
\Witfrgtiaondes ellogieallinaotiuen, ticarcillin disodium, azlocillin sodium, carbenicillin

indanyl sodium, penicillin G potassium, penicillin G procaine, methicillin sodium,

c&faolor,

nafcillin sodium, and the like), erythromycins (e.g., erythromycin ethylsuccinate,
erythromycin, erythromycin estolate, erythromycin lactobionate, erythromycin siearate,
erythromycin ethylsuccinate, and the like), tetracyclines (e.g., tetracycline hydrochloride,
doxycycline hyclate, minocycline hydrochloride, and the like), and the like);

anti-infectives (e.g., GM-CSF);

bronchodialators (e.g., sympathomimetics (e.g., epinephrine hydrochloride,
metaproterenol sﬁlfate, terbutaline sulfate, isoetharine, isoetharine mesylate, isoetharine
hydrochloride, albuterol sulfate, albuterol, bitolterol, mesylate isoproterenol

hydrochloride, terbutaline sulfate, epinephrine bitartrate, metaproterenol sulfate,
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25agents which are soluble in polar, water immiscible solvents (e.g.
chloroform). 30 mg Taxol is dissolved in 0.55 ml chloroform and 0.05
ml ethanol. The solution is added to 29.4 ml of Tween 80 solution (1%
w/v), which is presaturated with 1% chloroform. The mixture is
homogenized for 5 minutes at low RPM (Vitris homogenizer, model:
Tempest 1.Q.) in order to form a crude emulsion, and then transferred into
a high pressure homogenizer (Avestin). The emulsification is perfonned at

WQRAASA00:-plphie.erxeing) theRRyksiopitol et ieast 61§yﬁigﬁmm Bromide),

resulting system was transferred into a Rotary evaporator, and t

CHIBRIRST vea S THRRAY LR deR itsomstaRigirerehrulbalfaipinoriniling), mast
f@élﬂ-ﬁa%ﬂlﬁléi@;{iﬁg 5?811@3' Iﬁ?@h&f&@ﬂd |Sﬁ§£&lﬁﬂd&?§z&§@@@fﬂﬁ (8¢l colntamed
e-like stals [ rug. The init Slze t crystals
S R R T e o e,y aPe e faohydrate),
chslbatmm foccdevethhdand@broan ¢dBIPRYaipradadito hitthéddrisiéasaide,
t It le 4 OP ti f
ck&s%aﬁ 2%16%9 ef“‘s%‘é‘% eOB%“iO “%agéi:{g" i 'OQfa%%cm i gt "’?8% e

LSSt ter artopar IS exam
dwonmlasmmsm@ypmﬁ;hmm@fm@mmemﬂrufgapa:tir;imérthbélke)

Obtai”eﬁ'o%{b s %9 |on o8 35 @' solyed i 9e§§s¥élr&m%5%‘8ﬁ£}§”d 0.05

ml ethano e Sso d10 29.4'ml uman Se umin
JorguBR iRy Fikvifetdsiprasateremser aByrtinibateerdid FeatoFigeone,

'B%Hg(‘?nls%ﬂé%ﬂ@ 9eRERddRE SyminieR @&JQ&&Q%Q@EM&?&%B%%

model: Tempest 1.Q.) in order to form a crude emduision, and then
(FARBIEHEHET S Ml IR RSSEDT & bR BAYer YacHssany, 2rRaternarsthinstione

isRero MR ARANA40.008 Rsicilsn e Y Gl InSnAS SENHIsIAIfsBhieRH En

cycles. The resulting system is transferred into a Rotary evaporator, and
tHI%OEPFFSF%fS?ﬁ?‘f%GFBﬁW’r6??&6’\1)‘881%&0&6é"%‘t"r’é&ﬁﬁ%‘ﬁ?eQ%ﬁ?@?%‘%ﬁ‘%ﬁ acetate,
aﬁbdm)séﬁé The80 pindiBslchkaasutngpaisparsitmisiieloalsantnang the

|\¥fp etozgof th%eg t|n S\xol E$rtlce |sl 0116 lm Zav 1,1[%1
grﬁr ’rfr e |sperS|on isHitered rougﬁilpr TCrER
(Mdhmate)hyﬁth@utiwS«ghtﬁnanwhamg$®thmmﬁdn;@mmmmmsmcmate
'_tyfa 1%8%%{(’? E&Q&é@t 1) § #ﬁ@gégﬁ %Ve%‘%g tp&h”&% y#e thO/ rgzlﬁls%lone

Ol was recovere tration t OVIdIng a ste Taxo
dlgpm@mﬁozsﬁh@%ﬁen@@@ﬁm@mwy@um@dmmﬁﬁ&f@@lﬁé@meﬁmmione

wilhodt Softihe ‘é R61BAd S JeRUIRGRARIGAMARE LRSI the like),

reconstl uted to the origina dlspersmn by addition of sterile water or

dhyrad TpEneaidre Sidevatter eatsriediunt b ek e fbiktsre
lyophilizgfiepvExamalems CrepanatianatliasHitan@B8PRsulin, purified pork

insulin, glyburide, chlorpropamide, glipizide, tolbutamide, tolazamide, and the like);
hypolipidemic agents (e.g., clofibrate, dextrothyroxine sodium, probucol,
lovastatin, niacin, and the like);
proteins (e.g., DNase, alginase, superoxide dismutase, lipase, and the like);
nucleic acids (e.g., sense or anti-sense nucleic acids encoding any therapeutically
useful protein, including any of the proteins described herein, and the like);
agents useful for erythropoiesis stimulation (e.g., erythropoietin);
antiulcer/antireflux agents {(e.g., famotidine, cimetidine, ranitidine hydrochioride,
and the like);
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Sterile-Filterable Nanoparticles This example describes a process by
which sterile-filterable drug particles call be 5obtained. Thus, 225 mg
Taxol is dissolved in 2.7 ml chloroform and 0.3 ml ethanol. The solution is
added to 97 ml of human serum abumin solution (3% w/v). The mixture is
homogenized for 5 minutes at low RPM (Vitris homogenizer, model:
Tempest 1.Q.) in order to form a crude emulsion, and then transferred into
a high pressure homogenizer (Avestin). The emulsification is performed at
9000-4@A00pshnbietecyaiingd e enusionipl-atteasts wiglese 10The

resulting system is transferred into a Rotary evagporator, and. the .
SRR e BT A e B S S el e R
ferdbolafinsuté shd hikkeyesulting dispersion is translucent, and the typical

diameter.of the resulting Taxol particles,i -160 -average,
Malverno%g'?zg1 %%ggr]).a%ges |é%’e§1§%rﬁnllss itse[g.é ’tﬁ’foal?gh%é%% r‘ﬁcg:ron filter
(SartorigsweHrtolpthar 30aYs withoutraitytsigrificaine Hahgetiostwdoidity, or
PaKicle ﬁﬁes’,’@hfﬁi@ﬁ%‘,yaﬁlﬁ gfthe.Taxol 15content typically revealed that
70-100% of the Taxol could be recovered after filtration, depending on the
conditions employed. Thus, a sterile Taxql dispersion was obtained. The
StEATBRATS 0& FTIFHS SRCAMPHNE I (o ieriRg BiSoLagTag Arife present

inventily® pluligRcWitbouibedingsanyearyopiaiesiant: Iharesutingdkakeaseuld be

asily reconstitute t riginal dispersion by addition of sterile water qr
haloca R TH e 15 P O S RO W e oS ey P sotuble
paramdyoghilizatipruidxamplé 8liNanepacdicie dthemitiproef @aitatetBidkganndd@eadily
.ma.lsoraserpine (a;model drug) is dissolved.in. 3.0 m| methylene, chloride.
be cet S AR S SR e RS
substangially Paeeninaeinble 2Bunethegehized for 5 minutes at low RPM (Vitris
homogenizer, model. Tempest I.Q.) in order to form a crude emulsion, and
theRiasieHechin e aunabRIPSSME-bRRASaRIATH (ANSHINL Jh&ice of the present
) .emulsification is performed at 9000-18,000 psi while recycling, the,
inventigf s BRI IBEE 5 R ST TR Sten s R iR R 62
vitamifRotary, €vaperaiohc ditd)roethy lene eiveridenis sapiglyre oravet: ai-44E, at
reduced pressure (30 ram Hg), for 20-30 minutes. The resulting dispersion
A IRGRIAURNG SRARROIPIGR HIIPRIBL AL BTERHKINE IRIIERRIBANIEIAT 1oN
was 120-140 nm (Z-average, Malvern Zetasizer). The diSpersion was
%ﬁgred hrough a 0.22 micron filter iMi,IIipore). The sterile dispersion was
REH BT RS AR RPN S SRpSBISABAART peolymeric
shell adesuditipgcakdsenitbhesbsiicrcanstipiegtoothaosignahdispergiondire of

addition of sterile water or saline. .The particle size after reconstitutjon was
forma L ] A8 ) Eh DL AN RBILCS. ATy ot LI © camy
poorly Bgemoatieniwith @ MbdiehDalig aqueous-insoluble agents. In accordance with the

present invention, the polymer {e.g., a protein} may be crosslinked as a result of exposure to high
shear conditions in a high pressure homogenizer. High shear is used to disperse a dispersing
agént containing dissolved or suspended pharmacologically active agent into an aqueous solution
of a biocompatible polymer, optionally bearing sulthydryl or disulfide groups (e.g., albumin)
whereby a shell of crosslinked polymer is formed around fine droplets of non-agueous medium.
‘The high shear conditions produce cavitation in the liquid that causes tremendous local heating
and results in the formation of superoxide ions that are capable of crosslinking the polymer, for
example, by oxidizing the sulthydryl residues (and/or disrupting existing disulfide bonds) to

form new, crosslinking disulfide bonds.
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10The effect of ethanol addition on reducing particle size is demonstrated

for Isoreserpine. Thus, 30 mg Isoreserpine is dissolved in 2.7 ml

methylene chloride and 0.3 ml ethanol. The solution is added to 27.00f

human serum abumin solution (1% w/v). The mixture is homogenized for

5 minutes at low RPM (Vitris homogenizer, model: Tempest 1.Q.) in order

to form a crude emulsion, and then transferred into a high pressure

homogenizer (Avestin). The 15emulsification was perfcnined at

R8RS hhiefesYRlRg the RBHisIoRAanAbIeastD(198e TRBslinking is

resulting system was transferred into a Rqtary evaporator, and methylene
nonspect{fafe-iiaR B ARATERTOVED HABRS SPRit SE P RISSTHe T3Bo AR By SR e
(e.g., adido3QaNinVdesIde rasyliagaispeisianags tanstusantaanthichiigahd

. iameter of the resultin clitaxel ti as 90- 110 nm (Z-average,
imevers o AR PP P L O pon e e Pl yesent
imventio2Q{d4illiporebstantiblie dtanterdibpensiainwhsddditien, | yephilized fob#ghfiedly water
. without addin cryoprotectant.. The resultin uld be easi

imsal R B R R A R R B GBS or
heat dersdilired. prhiipantiolesplracafté tire ponstit orpwadhthpdameiasisdfpreduced by the

inventid) &H&@%L%iagx%vgwﬁl&}%av&ﬁ&% Wﬁ}%&@%&%&%ﬁ%&ﬁéga& been

Supersaturate rug - Not Suitable for Invention Process

g
determinesh@iidranspursion meoteommseresoPyAthnisheonbehtkisbresshanhgmmbameric
coat is a% xaliln hotcempligieMSQIER!e AeIoARE ARSI AU AR AISPERSIORn (1000

e dispersion is added to 29.4 ml of human serum aburnin solution (1%

nanomefGrs). PheFRAlENSRIRBGE ARG RSIOS AR ARYSARISH Atsbut rather,

have pré\eimagpaizer.inoseloliampasthQ Jfimerdridepiemm a crude dispersion,
and 5then transferred into a high pressure homogenizer (Avestin). The

. ul§l|§1i7]: igg t(i)cr)cr:l]ais P %}rf%r e d r%g%%qgﬁérgdgg 9 %ﬂa\{yn@go[g C%%ﬁ?'%égge at%ent is
emulsion for at feast 5 cycles. The resulting System Is transferred into'a
dissol veR @i yuatrdbosaborn blivd thehbttdpsh i suethidipeshlonidd, athydactateedbeeel,

tetrahy R ESSHISHAAUB AT L0 20 MiDUtESRaesilting disnarsionipaicle

size Is extremely broad, ranging from about 250 rim to several microns.

dimethy] Gopaardaisiebnbpymed densseb e iévre afeythapraseree by o or more
thereof)Pa(Hales aNddvRIGa oaedisishaned e stale pflbaxebilihese-Rattipleswsre

too large for intravenous.injection. This experiment demonstrates that the

include SUEPL GO B S 'ETR SO P HFE ST SR AN SERI O th Sk il pgange oil,
limoned@¥ENIQNHPERSS SRS Ultsindhettesnaion ok darge paticiasivithevRiy Hrandatic
hvd q%?rtide size diggéiputior%and a%jsuch cannpt be used a(%one ar the ¢
ydrocaom R BRTBHE AY ST HAIRETIEIT A B saLons anticamy aeinpdbgiset

use of water miscible solvents when used alone for the dissolution or

didger simrvoftiprabimgilesmpomenormricin fumisioprosebgneagsise pehdectic acid)
is not diSHAYEON B SoWRRD %@%mﬁgé@&r{w%M%@ﬁ?ﬁé&@lﬂafma%nﬁon

i

immiscible solvents to allow production of the invention nanoparticles.
compositigaiyricely sopfatarrmutisnibrrrsiosisthie g aerbdisialved in solvent.

Nanoparticle Form by X-Ray Powder Diffraction

Next, a protein (e.g., human serum albumin) is added (into the aqueous phase) to actas a

stabilizing agent for the formation of stable nanodroplets. Protein is added at a concentration in
the range of about 0.05 to 25 % (w/v), more preferably in the range of about 0.5% - 5% (w/v).
Unlike conventional methods for nanoparticle formation, no surfactant (e.g. sodium lauryl

sulfate, lecithin, tween 80, pluronic F-68 and the like) is added to the mixture.
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Paclitaxel raw material is usually present as needle shaped crystals of

varying sizes typically between 5-500 microns. The presence of crystals in

a drug formulation for intravenous injection is obviously detrimental if

crystals are present in size above a few microns due to 25potential

blockage of capillaries. In addition, the solubility of drug crystals in general

would be lower than for amorphous drug, thereby lowering the

bioavailability of the drug following intravenous administration. It is also

knewnthahasithe deaging Y edugimacoumeation isrinsreasedhiBe shear
p t%ndeﬁ% for crystallization also tiB{creas.e . Thus it Is advantageous that
orees. (iR O RBRTHEHE GHTG Y E¥ZH ™ SRR
typical pospdendiftgetiomwas: tsechigclefabning, e ofysidiii@o® psiomretfesiblinsich

nature of litaxel in the lyophilized powder ation. llawi .
proces g e e R S G A T resuting
emulsidry ophiiecs serysmalbumirirGdrtptd tie agphystcaisrikiene ©bpaditaxtie dissolved

in; 4 - lj: mple X=

B e e s L O e AT AR e
Acceptpbleagetit BoK BBzl etap dixe of G053 tnprittnichigh ateacadisiioiation

such adiig O & Q2800005 RELELRP h@%%%ﬁﬁ&&%@ﬁgﬁﬂﬁ,ﬁﬁgﬁ%ﬁw%E%{l@rs, and

_crystalline sample. The most intense paclitaxel peak was [ocated at
the likey_theta. Sample 2 showed broad humps typical of amorphous material.
Sample 3 showed largely the broad humps of Sample 2, but in addition,
thiaqibakbatsblicat hetajtafidaalilaxelduashpsiterS ampledd thHoidal system

formulated paclitaxel showed no evidence of crystallinity characteristic .of
compo g L R W RS ey
Acceptsblosteathiadycdimamphaimphdmmatoiegicallyo s tive agentois, thl foghilttated

evapor%%P4§ﬁ§%j@Q%@&%L&i@é%t%‘?d%é'}&@a Qﬁ‘iit%‘%é%l? rrﬁ%fggg Qgﬁgégiﬂg solvent

to the invention 'stands in difect contrast to the products uced by other
removapethods described in the art for producing 15nanoparticles. For example,
the use of grinding techniques, as described in U.S. Patent 5,145,684

(Liviersidgeepati@ndrasideasiheigidlsveysicioa-Mefiskaet®do obtain a powder
contai I?hatilma euticallReCSéflrchtls(azg:zzz- 78 (t1996 prodlg]%es a su%stantiglly
O SERIRNE BISAU Y BRAMplEcE et and Protetty 4 88 FERO R BESHHE R C
redispeR@dyaHigh déressiue Homageniaatihhe3Quaousyctdsparineh adiatobédfifered _
saline, %"&gﬁm lbm%péﬂ%ﬂgegnlsorlﬁggfa:rpoqu%%gél89 all%itlli](? gc%js?gglutions of vitamins, solutions
of carbohydrates, or the like, as well as combinations of any two or more thereof, to obtain a
suspension that can be administered to mammals. Methods contemplated for obtaining this

powder include freeze-drying, spray drying, and the like.

In accordance with another embodiment of the present invention, there is provided an
alternative method for the formation of unusually small submicron particles (nanoparticles), i.e.,
particles which are less than 200 nanometers in diameter. Such particles are capable of being
sterile-filtered before use in the form of a liquid suspension. The ability to sterile-filter the end
product of the invention formulation process (i.e., the drug particles) is of great importance since
it is impossible to sterilize dispersions which contain high concentrations of protein (e.g., serum

albumin) by conventional means such as antoclaving.
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into 27.0 ml of human serum albumin solution (1% w/v). The mixture is
homogenized for 5 minutes at low RPM (Vitris homogenizer model:
Tempest 1.Q.) in order to form a crude emulsion, and then transferred into
a high pressure homogenizer (Avestin). The emulsification 25was
performed at 9000-40,000 psi while recycling the emulsion for at least 5
cycles. The resulting system was transferred into a Rotavap and
methylene chloride was rapidly removed at 40C, at reduced pressure (30
Mo ddg)tdob2ih 3&riinfitesablhpaesidtitoedisperdisr- s nan shacent and
pharma SOV SIBCRCIEL L Ie heRy G RUEIORAAIRE DRINFIER NS ARRERR: organic
a(Cf-a erade, ahern Ze asnze?ﬁ. The Ispersion was further
solventiyophitizetyfot WS nguess thith b addinephrbyidryoprotestsush Fhdaesxatingde.
cbiorof%%? £ angégfll%{&%%&té 90:10.186.009 PRIAIShRLSIaROp addition of

sterile water or saline. The particle siz€ after reconstitution was the same

pharmagglpgiksdylyeipriipzsion S Ehlasplents ap echfardahsRiakbdiles rogsntional
methodSI RS- ARG HARIOHM S, b&%{%‘%ﬁi@%’ IS AMRORRIBANABE dissoBMd the
mi o

cyclosporine is dissolved in 3.0 ml of a suitable oil (sesame oil containing

solventy (JepARG e ITIIHESISPIO RSP AT 27 BN HifRHOSSF ihT

pharmAKLENAISPHLI0R (1% whadsidheiAixtuEgtis homogenized for 5 minutes at
low RPM (Vitris homogenizer, model. Tempest 101.Q.) in order to form a

ude emulsion, and then transferred into a.high pressure ho enizer 1 no
AV i e BT EAS 8 et 3 00B-40 DO b WA o1 10%
solubili@dyowng:mmcémsu§¢mr¢ﬁf@matd,e€aba®ljyble@.im Fh%uitiggadbs@erﬁnﬁ had a
concengﬂigﬁlig 'AELE e%gﬂa%giggc%(ez@%W,%ngl%wréﬁg%%ﬁgrange ofq_- Bt 5% -

Ispersion could be used directly or lyophilized for 48 hours by optionally

25% viidditg trbstiraiterbiyoploretant. mhse blssengiry ccutecebiid be shgilyd from
such sdiSERRSIURH %%%%i%@i,quyr@g%g%% lle-nataliMol, acetone,

saline. B.Formation of Nanoparticles Using Sonication Similar to the
propylensesbrenlgrlepiaal HunsdyéamidAe sl brsammtfomgigpyrolidinone, and
the likddIARIMERMEH ManoRaRcEvalovaiphiRsgk ke phasitia ol egieal iigsihve solvent
. agents is believed to operate by. 20 crosslinking proteins through the .
TS S T RS Y

the prior art enjoyed by the high shear homogenization techniques _
désdribedaberenpblyreyvakytother sotibitivpbhethe dsctbse dbwdibrdgiove is

dissolv¥fitH LGSPGELIRIE QTge0iSRENS. BRSNS, ADH P A0RIGLR HROSPMS on of

polymers that may be used in the sonication method, reference is made to

stable npppdreRipith dreties dbs aribEic KBS PN o5 e SpE T TifeSAIYFRS K gr chloroform)

is dissdMuNGgaRizationmathedo Aol Ine SRS NRAREM BhecarRE6IEdAQeparate,
work equall% well in both methods. This aspect of the inventi?n will

measure P HeddHBOMER BRRT CERGNE PefaRdtHEs iy BlemfsiRg cally active agent,

the ﬁrsﬂ@fgéiﬂﬂﬁﬁgr@ﬁaﬁﬂplﬁé second organic solvent) is added to the saturated aqueous phase,
so that the phase fraction of the organic phase is between about 0.5% - 15% v/v, and more

preferably between 1% and 8% v/v.

Next, a mixture composed of micro and nanodroplets is formed by homogenization at
low shear forces. This can be accomplished in a variety of ways, as can readily be identified by
those of skill in the art, employing, for example, a conventional laboratory homogenizer operated
in the range of about 2,000 up to about 15,000 rpm. This is followed by homogenization under
high pressure (i.e., in the range of about 3,000 up to 60,000 psi). The resulting mixture
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Example 15 Formulation for Inhalation of Anti-Asthmatic Dru
5Anti-asthmatic pharmaceuticals have been prepared using microparticle
techniques to yield effective formulations for dry powder inhalers (DPI).
Starting with a steroidal drug (e.g., beclomethasone, beclomethasone
dipropionate, budesonide, dexamethasone, flunisolide, triamcinolone
acetonide, and the like), a dry formulation is prepared of appropriate
particle size and release characteristics to ensure efficacious delivery in
compritire 78 Sgiratos\paYsia I UDFhe. formutaticrrisipripansed, Uking aonicstionle
pharm{EGBIGHES, Q6AAMAgeRZAORIR WG e Alivg dHR- ISR Bvcnt s

solvent, Ispersed into an aqueous protein solution to form an"emulsion

rapidlyofvaanasal ok, VERIBIeHuIs I dsehlerdah dipieperien tostemaorelngically
active L%QM{%&%?O@&HY%%Q&%&?QMH']W@@%QH'ﬁﬁ%ﬂé&@ﬁle@@%ll%&%@l@gqﬁlﬁle range

containing the colloidal drug particles is measured by Malvern Zetasizer
of aborrdReS Y 2R PRSI pets i et e POUBSL TR R (he
particléQRIRQf =i a5k Hiess calioidal, PRpialas do R B HoPRnl 08 D oRBEhIALE
preferably about 70-400 nm. In this liquid form, other excipients may
paramyryissolved. Such excipients include (but are not limited to) mannitol
0.5-15% lactose 0.1-5%, and maltodextrin. At this stage, the resulting
Jotlivatebfyattive mepgredroteinoahd@xeificht pagydng witheti @pragy ddddrdrer

converhé&E’mé%%é}‘%ég{%%gé%g%ﬂ? tﬂed%{%?ﬂég%ﬁéﬁ%g%%%‘?%%%z 06:Y spray

particle’size 1s rmined by Malvern Mastersizer a of about

drying 3t Bowiab P henmeatswedisizeteliige Toe rotdiptirtc e ssIuns Panmiihigel! acts
as a cr{BRFG UG UEH SpRAGRELD £:8 t@é@o&wde}@ SRR RRWISLIRINGR of water,

~ mixed with an ‘excipient carrier powder. Again, several carriers are
saline of biffgnevifiaubibgnerdde aseraii 69By PHARHADSE S ES ISt pogitol, sucrose,

glycindnaiinitellirndwhaig alikesqledsizesaithaucartistpavwsienis sigriigantly
larger than that of the formulated druq particles (-63-90 p.m for lactose,
cryoprofeciaiBtviBs pilhiatbsestion orREltRes & S Ety powder
formulation is demonstrated by testing with an Andersen eight-stage
Chscadidap aptmmREphirmet ihogaeidy witiks show allfine fsatiicldfixetionf high

doses dF {he 2)192[&1@90%%&351&“9&8%%9& {gﬁg{&ﬁ@ﬁl veleieaendd pﬂﬁ%ﬁmimg Ratient

] appropriately sized for respiratory deposition. This FPF is surprisingly hig
discomdpid 35 rgaising biraserrdvmetad b semon £pak ot atay- cbilafdafion, the walls

of the ARRRANIGES &féhaiqu/F@hE}Aﬁmﬁﬁgr&Wa@ﬂa@aﬁmﬁ&im by B tcolytic

formulation shows the applicability of microparticle and_spray-thy
enzYmEg (iqtiasn #%@%@ééé%ﬁw@%ﬁal{caﬁﬁw% JPorbriiyldarsithaitnion the
deliverfosyaaiasaheieliuehy siamPRhikkethigh fRiesilisishowndogicatebgturrent
. efficacious and promising approach to DPI formulations. Exampleh
fo’m“li mmary of the Presently Preferred Manufacturing Process: Starting
with 1 Gram Paclitaxel as the BDS Prepare a 3% HSA solution. To
5Y il Becatbpabiv copid 3o 3omy harerifbryie de tibhpiikeh ofcbg brgsent

inventi@_ﬁ‘%ﬁ lie fgﬁlﬁﬂwigfqtﬁyﬁ?&%ﬁt%gﬁ Qiaep %W&nﬁedéﬁgﬁﬁﬂﬁﬁly water
filterware. Keep at 4C until 'used.
insoluble pharmacologically active agents. Essentially any polymer, natural or synthetic,

optionally bearing sulfhydryl groups or disulfide bonds within its structure may be utilized for
the preparation of a disulfide crosslinked shell about particles of substantially water insoluble
pharmacologically active agents. The ‘sulfhydryl groups or disulfide linkages may be preexisting
within the polymer structure or they may be introduced by a suitable chemical modification. For

example, natural polymers such as proteins, peptides, polynucleic acids, polysaccharides (e.g.,
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15Weigh out 1.0 g of paclitaxel in a glass bottle. Combine CHCI3 and
ethyl alcohol in appropriate proportions in a vial. Mix well. To the
paclitaxel, add 13.33 ml of the chloroform/ethyl alcohol mixture. Agitate to
ensure all paclitaxel dissolves into solution. Filter the solution through a
0.22 micron sterile Teflon filter and collect in a sterile glass bottle. To the
dissolved paclitaxel solution in the glass bottle, add the USA solution. Use
the 20Sentry Microprocessor mixer to mix the paclitaxeUHSA solution.

starch, \ighatp tedss Hitsn A& i s tn 8 CHRtdRl tmBitms iEnannks bikthe

proteoipRgeRiEaLIENSlaibevixture didduaR e Remogenzasaha pressure
until the desired particle size is obtained. Collect the homogenized sample

132, 315tile Kontss raynd bottom fiask, Atiacy the flask with tne na

ZINE aoents 1 accordanc e nresent
sampie to otary evaporator. urngbrjlg e vacuum ang E% e r(ﬁatlon

inventign imakirreatbinntine (etasiapontand vaponatedtiduosyaniosohgoiiulfiniscaseins,
e i .calloidal: ti i ' in, -
R e
unit), Igsraitdithielcemieiial Sseyatiore usiivy etk ilenguasgnbylins filehaRdresliegpbulin,

ﬁbroné&éﬁ&?tﬁw&q%ﬁﬁg\ﬂﬂgrﬂﬁ%%ﬁk §€é{§s med fillered sample fananalysis by

_ HPLC for paclitaxel concentration. Determine the fill volume to obtain 30
antibodigs B¢ fmebiBeiresdhaisehrycepaieiers st saiizan cavdcatalyediftara in the
presenSARUNEIATO autoclaved Wheaton 30 ml vials at approximately 17 ml each

(based on assay). Close the vials with autoclaved Wheaton serum vial

sfoppers.,Each vial. should contain approximately 30 mg of paclitaxel.
oD R e S R R B QB B
proteingsingd: aspriptiet2nmined lylopghilizdtion e pplenifiectid samplas bidvadvagrtake of
il | S vial imping them with
v sSR0SI IR L e
macropispeopiatells. Thio entiragsrbeanydkecelrisdloul meassiéanrvetaminto the liver and

spleen COYIQREGHHSANET ASERNG GOREAIRAS, tare NG MPRDNZEH SAMRIRSific locations.

contain residual solvent at levels <1000ppm, and more preferably <500

ppm, ar even <100 ppm. 15Final Proguct Sterile filtration: Followin )
eR AT eBane i}lé’\%ﬁ%Pﬁt%ﬁ{bﬁgeéﬁo%ﬁ%?uﬂ’&cﬂfﬁﬁ b dresctine

of biolflaskds: skevilelfiieredthisubb @abmbination: 0461012 smibloARiehizing
filter. The filtered solution is collected in a sterile beaker and sterile filled

i@fﬂ}i@&ﬂﬁls\f@ﬁct}éi@lﬁ%@ﬁ@ plagc &BWC%%MQQQW%M{%Wiagpamcles having a
completion”of the lyophilization cycle the vials are blanketed with dry
polymeste shelhitid ger iR arty Yo prs el erla ée- thd b gE R oDiethrestin), pabyginyl
alcohoRhBRE Rt Wa&@mm@@%, BIGESSES m,tgtllgf%ﬁké@oxazonne,
rupture and kill bacterial and other cells_to extract their contents, Example
polyacrdamides, polyisopropyl acrylamides, polyvinyl pyrrolidinone, polylactide/glycolide and
the like, and combinations thereof, are good candidates for the biocompatible polymer in the

mvention formulation.

Similarly, synthetic polypeptides are also good candidates for stabilizing agents for the
substantially water insoluble pharmacologically active agents. In addition, contemplated for use
in the practice of the present invention are such materials as synthetic polyamino acids
containing cysteine residues and/or disulfide groups; polyvinyl alcohol modified to contain free
sulfhydryl groups and/or disulfide groups; polyhydroxyethyl methacrylate modified to contain
free sulfhydryl groups and/or disulfide groups; polyacrylic acid modified to contain free
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Preparation of Protein Shell Containing Oil 25Three nil of a USP (United
States Pharmacopia) 5% human serum albumin solution (Alpha
Therapeutic Coiporation) were taken in a cylindrical vessel that could be
attached to a sonicating probe (Heat Systems, Model XL2020). The
albumin solution was overlayered with 6.5 ml of USP grade soybean oll
(soya oil). The tip of the sonicator probe was brought to the interface
between the two solutions and the assembly was maintained in a cooling

sulfhy@f;nfgxghgp%J&@ﬁmm@lwmoawbﬁafmﬁg&woﬁmmlk
urned on for 30 seconds. Vigorous mixing occurred and a whjte mi
sty R A BE DO S SR A GG SR RGRAd st
groups saline. dspididicleaguniel (Raniphe OAtinSystenisti&lzonentMadek 28GR
was, utilize determine size distribution and concentration of
sroums S e <R S AL DRI eSS e
and/or thshHide gmgximolyl ariddss,gediighablitne psignapfdbdotds, 35 cOptdymers thereof,
. micron [ rafi fermine e e '
o B st A Py
two or pretetheidief-not form a stable miocroemulsion when subjected to ultrasonic
irradiation. This result suggests that the protein is essential for formation
o ﬁl@b@%ﬁ?@ﬁ@lﬁ-oﬁﬂﬁzéﬁiﬁﬂﬂ&mﬁ&%ﬁ%ﬁﬂd@ @h@ﬁff#@iﬁb&%ﬁf@@fﬁ@ﬁa&;’iﬁ be
transmission electron mjcrograph studies as described below. Ex e 18
ctnploy eI GREROA PO LA BRI LB LG DB PR paReAly ctve
agent. Uaxalivas:diissolvedpnidSRuwgiadim soypeaticeibatie peneantiatiativoitude any

mg/ml. 3 m| of a USP 5% human,serum,albumin solution was taken in
nomac T R SR 5 CURRAInS Hom i e

agent, lalbdoeimsohiton sty waet laitb ra thevitheG:8l yni afesgylbpahtoipibdnot the shell, or

the phaégﬁc‘?é‘l‘éiﬁ‘iﬁalﬂbfcﬁ%ogﬁtiéh‘? i%&’é?%ca%%ﬁg&%‘?@ﬁ%?@%%%ﬁf@ﬁ%%ﬁ "8ean oil,

_~ between the'two solutions and t e assembly was maintainec _
olive ogquifishatikendatmnsbeic st eterat oprtom3gaskebridsigokousngixiig

limoneRCGHTRH RN & SLARIB TS DY MAPRARILWES AR AIned 1hRLERRIRIAGT (e.q.,

protein-walled polymeric shells enclosing the oiUTaxol sélution. In order to
n-dodegiigiR-dKgseR 1R BYdrhEHe et damrEd bt SRk IR G4

aromat223ebent fevite olensiheaikg (Mpwbishihedmadmen sonsiderbbsmatic
higher solubility) can be mixe?k with th(§- oil Providedégifi olvent

i
esters g A HRORIUR YR S 8engi b Al th (rfgnoati eBtb ity et o
cyclic aliginaday G othartassese i mbstibe cemovacibydefaporaidniafiike), alky!
iquid under v m following preparation of the polymeric¢ shells. [t i
or ey R e TG e s BB Rt .
CH,Clth#lghlysicHb Chefagtdsistibthotiit, ikntentomfonmiiationdbBhatbividgigalacetone,

i jat i Is farmulation_of hig I rati :
ety e R SR U e i,
or comiyeitasiowertéweisen@sdhessdd LD50, decreased myelosuppression,

5decreased cerebral toxicity) associated with higher efficacies is '

iRgRpemdagtRiibemathosichmanuiasiyre:dixampigidi9ted for use in the practice
of the present invention typically have a boiling .point of no greater than about 200°C, and
mnclude volatile liquids such as dichloromethane, chloroform, ethyl acetate, benzene, ethanol,
butanol, butyl acetate, and the like (i.e., solvents that have a high degree of solubility for the
pharmacologically active agent, and are soluble in the other organic medium employed), along
with a higher molecular weight (less volatile) organic medium. When added to the other organic

medium, these volatile additives help to drive the solubility of the pharmacologically active
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Preparation of Nanoparticles by Sonication 20 mg paclitaxel is dissolved

in 1.0 ml methylene chloride. The solution is added to 4.0 10ml of human

serum aburnin solution (5% w/v). The mixture is homogenized for 5

minutes at low RPM (Vitris homogenizer, model: Tempest 1.Q.) in order to

form a crude emulsion, and then transferred into a 40 kHz sonicator cell.

The sonicator is performed at 60-90% power at O degree for 1 mm (550

Sonic Dismembrator). The mixture is transferred into a Rotary evaporator,
agerdmgd cibthylsne: chidride. i hapisiieseahby sdcattiBGteatiretiuaiy thressuneiming.
F oiiéwﬂ?msmgdégﬂﬁ{ez\%ﬁglg‘é@ &3‘%‘%%8%&8%8 gva &Jﬁcﬁ?{l{'%&}gonaﬂy under

paclitaxel particles was 350-420 nm (Z- average, Malvern Zetasize
vacupig. dispersion was further lyophilized for 48 Ms without adding any

cryoprotectant. The resulting cake could be easily reconstituted to the

Origﬁiﬁb%pepﬁ&{hbc}bm&ﬁﬂp fiBletiewales@itsahnieh 4 el patticleisideprepared as
d constlt the same as hefore I %lﬁhlllz@alon 20Exam§ eT%O‘ liaquid

eSCFh ‘é’uda“‘é?t u}’.%fﬁ DPCTOLHRED B2 SHBAN ORI g d- This liqu

may Péhjmiapmdr&om wheed eat.éam;msmhﬁiummimamndgmpphspﬂhmlbmfﬁﬁlqwdlution

entra d WI'[ in teln olymeric sh lls after intravenou eq
cont S e D RS i o
fat, Ehildrﬁ@ri@erwn albumln (HSA) protein polymeric shell and used as a

marker. Thus, rubrene was dissolved in toluene, and albumin shells

contalRingdQlBpastldbrane ere. praparedas Heserbes @hoye Bital forms such as

ultrasonic jrradiation, The resulting milky suspension was diluted five

gels. FRNSSIiAKAS PhUP SRR e LT B e anaifiset s mouhish frarhatmenalgeicaly active

1r10rdﬂliﬁlthﬁ)rtﬁz{bid©l!& phditatovent Odninieg. t@mﬁfﬂf@iﬂiﬁhﬂm ﬂagﬂfcﬂ@ﬁdlﬁéf the matrix.
Te hour after in ectlontanqanoth rzg hc% gfter injection, me tlr .

R IARESSRIONE BAGHE VY By Uada S bR e alpigidhe mntion
formekaimin éﬁlmﬂnreazﬁhu;ﬁﬁem%mmmﬁgmﬁeﬁwcmé mremnﬁéfoﬁ-pxﬂlgtmem the

shell- entraﬂﬁed 5f|uor £sccent dg/e1 or reIe

temperatirg sensiive maleria ers o Pa am nseop 8{9 rb ers of
majorltyo epoymerl Ehelld 2 %mearedt % le., ap% gmgas

polyikgletly 8lyordsedgpbiiticlalsigl alobdes) Whmbrgdlahﬂﬁéu)pmthmat@domde slow
releafA& G ANANRF AL 4 RRHIR SRS AV vas Ahsaned Amm'\{,?'ih& PG,

spleen, and bone marrow. A general staining of the tissue was also

mentgpsdrhgoRmERIMBOlERMSSPIOT iRl efntellselyeirese onardakan darglitaxel,
whicHigested (Rag-the dye Jibgrated, fromywithiRod MibieshWesi SRR Bhctitaxel)

10with expectations and demonstrates the potential use of invention

resultsoih KT GRE Y tebasad ST TEb A loNas Y drarcdAtAjipas discussed below.
This pbaBRAGEH T agenbeugkashdasMempedic Zents formulated similar to Capxol

together with a biocompatible polymer matrix may be useful for the controlled local delivery of
chemotherapeutic agents for treating solid tumors in the brain and peritoneum (ovarian cancer)
and in local applications to other solid tumors, These combination formulations are not limited
to the use of paclitaxel and may be utilized with a wide variety of pharmacologically active
ingredients including antiinfectives, immunosuppressives and other chemotherapentics and the

like,

Particles colloidal substantially completely contained within a polymeric stabilizing
layer, or associated therewith, prepared as described herein, are delivered neat, or optionally as a

suspension in a biocompatible medium. This medium may be selected from water, buffered
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Toxicity of Polymeric Shells Containing Soybean Oil (SBO)
Polymeric shells containing soybean oil were prepared as described in
Example 15. The 15resulting suspension was diluted in normal saline to
produce two different solutions, one containing 20% SBO and the other
containing 30% SBO. Intralipid, a commercially available TPN agent,
contains 20% SBO. The LD50 for Intral pid in mice is 120 ml/kg, or about
4 ml for a 30 g mouse, when injected at 1 ce/min. Two groups of mice
aqueou{ﬁlﬂ&@a[’fm&lmtﬁﬁm@rwmeeapﬁdmgswe&qhmlﬁbambﬂﬁh@)wm'ﬁs optionally
ated th| ventlo on t mln BO as foll
buffere(ﬁ; eOWa% jecte ns i Iin?ﬁ)g %"S%e"g‘éﬁé’ d'suspéensior t1§ Hih ol
solutiorS Bﬂm@nt@cmmgspommmlwmee scivtmesiiferitefone epbombadeiistthe
solution oI s s P Co %}Qghﬁ?d/ %&%a?mié’%@&%%%@ﬁ{@@% I‘ﬁtéhe other group
fecene pension containing 30% SBO. All three mice in the group
recelvmg the suspension containing 20% SBO survived such 25 .
Troadtidn, ﬁﬁ&%ﬁ%ﬂﬁéd’% JrosancRinyby s died By 3guRbIRAegRt wherem

the age@DSREEE RREWREKSHSHPBR K8RIMeshLRlypHeal e dhiedaitelothient
group receiving suspension containing 30% SBO dled‘gﬁﬁr |n%ec

bonds cppisplaledifer BRI ALHULE LT ot ESntATNEH TR Bollherié
tertiary SRaHs, @m@pﬁtﬂg etﬁdxb exﬁfﬁs@etdfg vedtiba iknebddxicSai bk DS doseteawplated

|| il t tral
e R R T T
glycols me@mwmomm@minn@mmwmmh@mmﬁtcgh@n pSltydroxyethyl
methac% Vtvﬁiréeal g‘z?éa eXce ﬁt ;S? g%%%%ﬂﬁg @&Q@i%ﬁ?&%(ﬂ%lﬂﬁ%ﬁﬁ Qone, and

sages com rC|aIIy available emulsions.

the likehEkasmppldipRs lﬁswh/@seinwaﬂaémtyi@ﬂise%@bm@méﬁe%\%eal#tﬂlﬁmme (PE),
phosphﬁﬂlyml%gﬁél'ﬁ?!ﬂrﬁ e%gﬂ%go\i\fgém QRIS SIRIRING Hheh SO S USRI cs,

reléase of po ell- enclosed material foIIowm?ﬁthe injection of a

and thedilepenrdisnes %Wﬁ{éﬁ@ﬁe%fﬁ%}ocﬂ%lﬂﬁﬁo@eﬁéﬂ% iBifsghitosan, pectin,

hy aium@ir@a%éhﬁ%ﬁ@ BEtRY), @Bﬁaﬁemywt@%@@gmer(@@wwﬂme§Wm
8130) were prepar f%by sonication as des \}&5 d above. he resu tpa%y o

deﬂvat‘§ﬁéﬁéﬁ§fbﬁ‘?6? ot ei B BRI PR TRt s o 88 AP alPﬁé‘i%Sé’
or mordipgk&rspension containing 20% oil. Five ml of this suspension was
injected into the cannulated external jugular vein of rats over a 10 minute

Rﬁﬁ%ﬂo&l%%va@%rfe?&ﬁesﬂefwm%a@almw%@gw&e% A

owing the injection
suspension of fine particles of pharmacological agent in a bioccompatible dispersing agent could

secondary or

be used (in place of a biocompatible dispersing agent containing dissolved biologic) to produce a
polymeric shell containing dispersing agent-suspended particles of biologic. In other words, the
polymeric shell could contain a saturated solution of biologic in dispersing agent. Another
variation is a polymeric shell containing a solid core of biologic produced by initially dissolving
the biologic in a volatile organic solvent (e.g. benzene), forming the polymeric shell and
evaporating the volatile solvent under vacuum, e.g., in an evaporator, spray drier or freeze-drying
the entire suspension. This results in a structure having a solid core of biologic surrounded by a
polymer coat. This latter method is particulasly advantageous for delivering high doses of
biologic in a relatively small volume. In some cases, the biocompatible material forming the
shell about the core could itself be a therapeutic or diagnostic agent, e.g., in the case of insulin,

which may be delivered as part of a polymeric shell formed in the process described above. In
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15and the level of triglycerides (soybean oil is predominantly triglyceride)
in the blood determined by routine analysis. Five ml of a commercially
available fat emulsion (Intralipid, an agueous parenteral nutrition
agent---containing 20% soybean oil, 1.2% egg yolk phospholipids, and
2.25% glycerin was used as a control. The control utilizes egg
phosphatide as an emulsifier to stabilize the 20emulsion. A comparison of
serum levels of the triglycerides in the two cases would give a direct

other cagppdhfibol BrIHerBIBR Airabind corlh ewiicarate faribids biamel abiatiifos.2. in

the castONgEHSEROSIA RIRAYOBRHCoNRIRLCORAINING2AM4mal wHithah A S AP R ered
of 0|I containin &g’/menc shells in saline at a final concentration of 30%

as part Of R IR InFBEtb@rmarbirdte werestris dRdation srerestriles ghed paovenghereby

providhleadieye e inighicaildes ibaashaasepieitapolatggdn Table 1, given in
units of 25mg/dl. Table 1 GROUP SERUM TRIGLYCERIDES (mg/d1)

Pirl?og‘e@a%@é 1%4t11her 34 Wi l%c%rglll?%reathp dsecx:zgin Eroax(lzggﬁssa?g) Igossﬂ)ie within the scope
and spirit of this aspect of the invention. The organic medium within the polymeric shell may be
varied, a large variety of pharmacologically active agents may be utilized, and a wide range of
protemns as well as other natural and synthetic polymers may be used in the formation of the
walls of the polymeric shell. Applications are also fairly wide ranging. Other than biomedical
apphications such as the delivery of drugs, diagnostic agents (in imaging applications), artificial
blood and parenteral nutritional agents, the polymeric shell structures of the invention may be
incorporated into cosmetic applications such as skin creams or hair care products, in perfumery

applications, in pressure sensitive inks, and the like.

This aspect of the invention will now be described in greater detail by reference to the

following non-limiting examples.

Example ]
Preparation of Nanoparticles by High Pressure

Homogemzation

30 mg paclitaxel is dissolved in 3.0 ml methylene chioride. The solution was added to
27.0 ml of human serum abumin solution (1% w/v). The mixture was homogenized for 5
minutes at lov\} RPM (Vitris homogenizer, model: Tempest 1.Q.) in order to form a crude
emulsion, and then transferred into a high pressure homogenizer (Avestin). The emulsification
was performed at 9000-40,000 psi while recycling the emulsion for at least 5 cycles. The
resulting system was transferred into a Rotary evaporator, and methylene chloride was rapidly
removed at 4_0°CJ at reduced pressure (30 mm Hg), for 20-30 minutes. The resulting dispersion
was transluicent, and the typical diameter of the resulting paclitaxel particles was 160-220 (Z-

average, Malvern Zetasizer).
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11.4 941.9 382.9 15.0 8.8 23.8 Polymeric Shells (20% SBO) 24.8 46.7
43.8 29.3 24.2 43.4 Polymeric Shells (30% SBO) 33.4 56.1 134.5 83.2

34.3 33.9

The dispersion was further lyophilized for 48 hrs without adding any cryoprotectant. The
resulting cake could be easily reconstituted to the original dispersion by addition of sterile water

or saline. The particle size after reconstitution was the same as before lyophilization.

Example 2
Use of Conventional Surfactants and Proteins Results

in Formation of Large Crystals

The following example demonstrates the effect of adding suffactants which are used in
the conventional solvent evaporation methed. A series of experiments was conducted employing
a similar procedure to that described in Example 1, but a surfactant such as Tween 80 (1% to
10%) is added to the organic solvent. It was found that after removal of the methylene chloride,
a large ﬂumber of paclitaxel crystals is obtained having an average size of 1-2 micron, as viewed
by light microscopy and under polarized lght. The crystals grow within a few hours to form
very large needle-like crystals, with a size in the range of about 5-15 micron. A similar
phenomenon is observed with other commonly used surfactants, such as Pluronic F-68, Pluronic

F-127, Cremophor EL and Brij 38.

From these results it can be concluded that the conventional solvent evaporation method
utilizing conventional surfactants in combination with a protein such as albumin is not suitable
for the formation of submicron drug particles (e.g. Paclitaxel) without a polymeric core, while

using a polar solvent {e.g., methylene chloride).

Example 3
Use of Conventional Surfactants Alone

Results in Formation of Laree Crystals

This example demonstrates that it is not possible to form nanoparticles while using
conventional surfactants, without a polymeric core material, with pharmacologically active

agents which are soluble in polar, water immiscible solvents (e.g. chloroform).

30 mg Taxol is dissolved in 0.55 ml chloroform and 0.05 m! ethanol. The solution is
added to 29.4 ml of Tween 80 solution (1% w/v), which is presaturated with 1% chioroform.

The mixture is homogenized for 5 minutes at low RPM (Vitris homogenizer, model: Tempest
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Blood levels before injection are shown in the column marked 'Pre'.
Clearly, for the Intralipid control, very high triglyceride levels are seen
following injection. Triglyceride levels 5are then seen to take about 24
hours to come down to preinjection levels. Thus the oil is seen to be
immediately available for metabolism following injection. The suspension
of oil-containing polymeric shells containing the same amount of total oil
as Intralipid (20%) show a dramatically different availability of detectible
1.Q.) intdglyeasitieinabase ssmisidie dayehsisesdaabainlyice: s fosmat ¥athiegenizer

and.js maintaiped.at this level fqr rs, indicating g .slow or .
et A Bt B AR I o B QRIS e i amotsion o
at leastrforpedds. THeegrsupingasiing wilscomtdining podyniarierskelsdiavingral%e oil

hows a hi r level o tiP{, ride (:oncomitanrtg ith the higher .
ehloro R S A e S AT 908 -0 it

The resyidog (Byeisobtriglyepritie, dohotrisieasagromicidhile thisigloupthe drug. The
initial &9@6@%@@6%1?@9&%85%%8%9& ﬂEﬁ‘l}p@asTé!‘ﬁﬁ&%Podﬂ%%E 2 of the
the slow arid sustained 15availability of the oil from invention composition,
dispersigRiEoT Frls el tnges lemagaiiied Whnderbesippiefibib sty dlsig b fand
ultimatBIREIREGERIENEd within the polymeric shells and availability over an
extended period at acceptable levels. Clearly, drugs delivered within
polymeric shells of the present inventi nxvould achieve these same
advantages. Such a system of s@%l-containing polymeric shells
could be suspended infaep2RaguedlissolutioPO0framnino acids, essential

electrolytes, vitamins, aélgnjg_%aﬂ%rta%&ogn a tgjtTalLf%grenteral nutr|t|on (TPN)
agent. Such a TPN ca ently available fat
emulsions (e.g., Intralipid) due to the instability of the emulsion in the

grassnarRie decibridPraesesp e sreirnidieatls tigentinlansan be
obtaincROlYRAS! OShe TS L N AIBINE, 1 SO C pne:RloRiermasg wtigali A8HME!. The

ot Agent Another method of deIiverir}%a poorl v,vater;)soluble dr,u?b,such as
solutio- Iuldga e & 5 BYI P TEIAEREINE {5 HraD AP ShEV b pon T FriiRsAated
with 1°@aronod f:solideug aare iSuehogadpraleifoco atadi el ugl parkeip Mayrie
obtained gﬁ_folllows. TP rocedure described in Exa}m le 1 |§ regeatted .

homogeract, é‘h“o?gan?éné’gﬁﬁehﬁ' LRSIV PERGT SN STRHUAR g then transterred into
a high pesueairativgeSobtvd Ateegererblly aseldifmatorganjesisuchias PeHzeHS00 psi

e i : » h r | lj ]
ik B Tl O B o

Rotary sygpansionist eighteréoshelis audtaining eidsoiiE € Taxelenel gitesed ¢¢30 mm
Hg), fol 9910 AR The resulting dispersion is translucent, and the typical diameter of the

resulting Taxol particles is 140-160 nm (Z-average, Malvern Zeta Sizer). The dispersion is
filtered through a 0.22 micron filter (Millipore), without any significant change in turbidity, or
particle size. HPLC analysis of the Taxol content revealed that more than 97% of the Taxol was

recovered after filtration, thus providing a sterile Taxol dispersion.

The sterile dispersion was further lyophilized for 48 hrs without adding any
cryoprotectant. The resulting cake could be easily reconstituted to the original dispersion by
addition of sterile water or saline. The particle size after reconstitution was the same as before

lyophilization.
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saline. This suspension is placed in a rotary evaporator and the volatile
organic removed by vacuum. The resultant suspension is examined under
a microscope to reveal opaque cores, indicating removal of substantially
all organic solvent, and the presence of solid Taxol. The suspension can
be frozen and stored indefinitely and used directly or lyophilized at a later
time. 15Alternatively, the polymeric shells with cores of organic
solvent-containing dissolved drug are freeze-dried to obtain a dry crumbly
powder that can be resuspendediasalieié (or other suitable liquid) at the
time of use. Although the.presenptly-prateied aigigin for use in the
formation of the polymeric shell is albumin, other proteins such as
a-2-macroglobulin, a knt#k oBuEsableNanepatiEsay to enhance uptake of
the polymeric shells by macrophage-like cells. 20Alternatively, molecules
like sk Snpbaitiddoeibec arparatac intd itle spaiticiébcdahbeablug e At pbly n3erte:

. shell with increased circuylation time,in viva.,C. Emmatipnqf
obtain D A T S Gro R A0, s . e
solutiomanellarticlds withd uthenuserof senigatiohithig{3Shedr hohhegenizsation, or
therhigh- ifue. it i ible to. i
romes LIRSS D AR

form a pletreniloepnandidaly sratiareminlo e igfcpsenstiahigfoganeesr (Avestin). The
emulsiERRINRREUANMER @éb@%%%@g&%ﬁ@&@@%ﬁ?hma@&%r IR {08t 6 cycles.

absence of the use oftgg_h shear equipment or other substantial agitation.
The respliéne snitngioh s s etmsaImRRy Benespeiar - opd diechierotpay repidly

removddanaparent RutianshireanteigrRemusians conprisa.e digneraadiphaaspersion
in which the typical droplet size is below 1000 Angstrom _(Ag)‘,%hence thei
ar

. ! | elr

is transpyeeab g Hap Riiel SRS R QD IR TP PO TINRST AvdH)piclmp (Z-average,

MalversphieiiSaleth otighddpersinilustare scdubhvaghel oryaied eyl ifidar Sar@rius, sartobran
feasible. (For further discussion. see, e.g., Rosof, Pr in Surface.a

300 v A S LS OB A AR (16765 Lt 0L ol

contentDyppeitorSeled dentnith 1 Tethmitlogy a 6ol 3dNd 1888 pveredstiilfiieaghown
helow,the present inventi jizes. t i risti f.the

s U TSRO DI et S e o e
nanoparticles, after removal of the oil phase. 10As described earlier, )

6%‘3 diseesriamurdpariised caHd T Higdln g assioes prodeydulized without
adding aMQigdiemeithe. SPharbaviapadamiMEbadsiTNisInaioekist aseskidnal

) rinciple, .on formatign of a simple oil,in water emulsion, in the presence of
cispers i P RO A GUH ORI pERG FGR MRS TOvE AL grom v the
same aybefors]gophjiinamssuch as rotor-stator mixers, sonicators, high pressure

homogenizers, colloid mills, etc. After forming such an emulsion, 15which
contains a polymer and a drug dﬁggﬁ@@g’n the dispersed oil droplets, the
oil phase is

By HD Bd e

Nanoparticle Formation of a Model Drug

30 mg Isoreserpine (a model drug) is dissolved in 3.0 ml methylene chloride. The
solution is added to 27.0 m! of human serum abumin solution (1% w/v). The mixture is
homogenized for 5 minutes at low RPM (Vitris homogenizer, model: Tempest 1.Q.} in order to
form a crude emulsion, and then transferred into a high pressure homogenizer (Avestin). The
emulsification is performed at 9000-18,000 ps1 while recycling the emulsion for at least 5 cycles.
The resulting system is transferred into a Rotary evaporator, and methylene chloride is rapidly

removed at 40°C, at reduced pressure (30 mm Hg), for 20-30 minutes. The resulting dispersion
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removed by evaporation, typically at reduced pressure and elevated
temperature, and micoparticles or nanoparticles of the dissolved drug and
polymer are formed. Obviously, the size of the particles is dependent on
emulsion droplet's size; the smaller the droplets, the smaller the resulting
particles. Small emulsion droplets can be achieved only by applying very
high 20 energy, and even then, by using the most advanced high pressure
homogenizers such as the Microfluidizer, it is not practical to achieve
is transbrerisienddhepigtcd elouv Abr MBI nce: king ifsiclis ariepirh elentlys udSkdblenm (Z-
average B@E‘%”%m %%%é*z&g%é’%ﬁé%% SRR, A99E cg%%o{t‘(%@rgf%}f’tﬁter
Coalescence, th lvent evaporation processes for such emulsions may
(Millippseldlt in larger particles. The new method, which overcomes the
problems associated with application of the 25solvent evaporation method
ImEORveRtRA-GaAsIR TarienBsphtuerde Ilm/tifmtaast: addin@any
Dlssolvm the water insoluble drug | a solvent which has low solubilit
cryorr i ay b s Al eLatEn b

HESHRSAb8 S0P grBesay %ﬁ%%‘i’%&?&" 85‘%“8
addmow&hgtuh&rwaaﬁﬁhﬂeﬂa’a@omm etittibiadier, dltraeginsuchihinder hardne: as before -
1y0phﬂpz esent in principle. b. Mixing the solvent with a proper surfactant(s)

ZA8 % water soluble cosurfactant(s) c.Adding a suitable amount of water
or aqueous solution to this mixture, thus spontaneously forming an
oil-in-water microemulsion, withdétamelade of any high shear equipment.

The aqueoug SpUTIQD SAAYIGORIRIR BlRGHAMIER BT NRAZIHS QT any other
additive which may affect the formation of the microemulsion during the

i(st preparatign st Optionally add roteln solut t
B S B L Ea B At A apoerine
Thus, We@mﬁﬁth@m@amﬁmgopmblpltaﬂmﬂ otdiﬂ\glehnﬂ@htnthﬁ:fmdrﬂcﬂ‘ extrderely The

Solutloilsaalét? Q?%e'l partlc aaEId I%Il’lh g}‘:{ﬁrﬁ%? %Bk?gl!l% 142 Q%?WTE%% fure is

n stroms es att IS stage are |spersed and’stabllized in an
homo gaqae:bﬁs fediuteswhiol BahvaStsatiaotagrnvesurfadelint arekggtidnaflprder to

form a BFRAE VG RILUSUER dORFRIQIGINS 2 SHIR e Sler ARGRPIRRIS MANQAER) O The

evaporation include the use of rotary .evaporators, falling tilm eva orators

emulsifighugrarpe perfreasd ar98R-AndWtins shilsdsra S bRl dauisrteast 5
cycles. MHE A HRRAIRADAYSIE rans fefr SARHONANKEREMANFABIONRIRRBYIEAC@Nbride

and cosurfactant%dlalyss ultrafiltration, adsorptlon etc thus obtaining

was ron ERAL S e 2SR PEETBY RSO SRORRE 15 PO HRptes. | e Tesultng
dispersﬁﬂﬂmfaﬂa@lﬁxfes@I\Aﬁﬂtﬂm@iiwatdtwﬁmfmmmfmanﬁpgﬁwﬁamwah&ﬂ@afhs 90-

tg, obtain a der gontaini armacolo a
110y R IR aR BE o BT e SURANE SHULSUE AL cron e
(Millipsth as saline, buffer, water, and the like, to obtaln a suspension that can
be administered to a life-form, having a particle size below 1000

AROSIEATRS ?:QB}PQL% Reids Bﬁi}@dmﬁtﬁmﬂtﬁﬁﬁ HRiRY any
freeze-dr |ng ray % ng, 20a the like. If the conversion into a solid

CryoprgBig xbhesavhriseenssiuidtedhs e gy $epersion by

addmoa@@laénw@atascmm&olﬁﬁ@t@@ﬁa@layéruﬁeﬁa&@symmmglmme as before
polyvinylpyrolidone, maltodextrins, and/or polyethylene glycol. These

Iyophilizafigiarticles can be further mixed with additional excipients or
matrix-forming materials, in order to obtain a drug delivery system, with
high bioavailability, controlled relizasgRSdharacteristics, and protection in
gastric jyige, e finplRrodictimay ba jptodygerie e mammals as a
tablet, capsule reconstituted I|qU|d or the Tike. The present invention
formulation has significs@it-adizrage drapdioiiously used methods
for preparation of nanopartlcles and mlcropartlcles and the use of
microemulsions or "pre-microemulsion concentrate."
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There are many advantages realized by using the invention process. The
microemulsion is formed spontaneously, if the proper components are
selected, and there is no need for high cost equipment and energy input.
The droplet size is smaller by an order of magnitude than the smallest
emulsion droplets obtained by high shear equipment, and therefore
extremely small 5nanoparticles can be obtained. The microemulsion is
thermodynamically stable, and therefore the usual problems which are
ddbogj diedivitligrusisian instabdibafahdithiissadmentiefen d&h oegohithéhe Taxol
is not SESALMS R0 PAAIe S WL RS AIMADIer; N DI RIGERSS Ided fo 20.4
mug sn}ﬁp?er than the conventional emulsion-solvent evaporation met od,
ml of handuessiseabitivis wiidoud Ppardmeldrenitios srilpwraphézaiing iminutes at
low Rﬁlm?{)’iﬁ%,'ﬂomgg%%e??%&@&U’Péﬁ@;‘é@ﬂﬂ@.ﬁ@&r@épmavéﬂ&ﬁ'@ Wffrsion, and

Overy simple, compared to emulsification with equipment such as hig
then traydr oo genebarrsseehpaqasricre Gvestilained ppuilisatirpispssiommed at
9000-48080 AR S agniHdRiessH ihanibesRYe Size1Rf FORIMRENREM is

used for sterile filtration, the sterilization process is very effective, without

transfepishime RREsEEERPHITMhiBr SlBb ket ¥ rergic ardibgat reduced
pressufdrstignaessie Apd MighidrughesssduningitbefilatinnMeceasisSineanely
there are no high shear forces in the emulsification 15process, there is no
broad, fapeing, ?ﬁ%@?ﬂ}igg%@&ﬁﬁ%em}gm%ﬁon, and therefore even
temperature-sensitive drugs can be processed by the new invention
fdtvoctiPhaterdtin lukier_nfqmdefmmla_qﬁ@w mfth@pﬁrﬁémmvmm h_a@ typical
needle BEIRASGYENEMHGALSIAAMOFLARS | GRUY RS USRLiSadRARRPAFIEIRS. This

compared to conventional microemulsions that contain dispersed

experipapctapretieethah Breuseiiehiveastghastakenabtheiandirg ¥aygcible in water
in the igvéﬁmﬁ&r BRIsti MRS folid 20statednananarticigdicERaRressiNEMaBLe size

as increased chemical stahility as a dry formulation compared to

distribytipn aptighet b RAUAhRISISHE ARAE P8 HGIRIE UL thrRETin s the invention

procesfisFOEMS O PhastciRe soliddemiwaiongnatlestisglusioniohtferdig
. . in varioys solid dgsage forms, such as fablets, granules and capsules,
disso i B S EB A SHSFER RIS o B eI SRRy At such
solvensondentiate spiwhbehrdreprageatsimaaliguic tormudibe e sp hantowo sitew
glistri ion CO{nbined 25Witp very low average patrticle size, ensures
producfion of the nixg:n i0 .nano?%ﬁtlc C?S' : :
Increased adsorption of the drug, in a manner more uniform than
microparticles and nanoparticles prepared by conventional methods, thus,
increased bioavailability is expegt?e@‘.-‘pi—‘”ﬁlthough the examples
presented in therfpliemingisactiormiafes o wa ralaiingepikible molecules,
the pharmacological a contemplat | in the preparation
of 30nanoparticlesaeitr g8 nostic agents,
agents of therapeutic value, nutritional agents, and the like. A non-limiting
|Btaditaielgoategeriebiansiebyposed ssmchitle simptedrerysbtlimfteel Yonglbiobs
typicaﬂ SEUW E%O%@gé Jﬁ?&?&é‘b‘ﬁ{g 1;%?&5%5 elgf{%s%g&& Q%E{lg?mg%_gﬁt@ﬂmravemus
spect of the Invention. e solvents described inthe following

injectiasxgrnpréerabedeiaaelant byl a e RIesHOWea?, RNy So Rrantirreph/dt to
pot@ntigy&%ﬁaﬁ@méﬁiﬁﬁﬁ@@l%ﬁcﬁiﬁﬁﬂlymg dheveryiseddpgwithbe sétaPliPwould be

or use in the invention process, provided that a grq er microemulsion

lower thap e FBIOREY T RsHEVArSenRe Sbriintvailn iy 0E e &ag fllowing

intravepBlerafaimsmetiylang ehiotdewatint aseiateaivlybpaaidi®g in a formulation is
isobutylacetate, propyl acetate, tert-‘butylmetgi(éether, butanol, prop}\{[ﬁl&%

increasgd, (B tRAtRE I GG b Sy FTEh RS Bdhb1 ApYBRRRETS ¢

formulteisakydratutiand digxasscadelignititepeasténey. dimethyl sulfoxide,
dimethyl fonnamide, methyl pyrrolidinone, soybean oil, coconut 100il,
castor oil, olive oil, safflower oil, cottonseed oil, alcohols CI-C20, esters
C2-C20, ketones
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C3-C20, polyethylene glycols, aliphatic hydrocarbons, aromatic
hydrocarbons, halogenated hydrocarbons, d-limonene, combinations
thereof, and the like. The protein (or a mixture of several proteins)
used in this process should be such that does not precipitate during the
initial mixing or during the evaporation stage. There are many 15such
proteins, including albumins (e.g., BSA, HSA, egg), gelatin, collagen, IgG,
various enzymes, lactoglobulin, casein, soy proteins, and the like. The
sthfagtpmisiertii dEddnah isanventiondshonlc décapabliéicf spomtargstaBiye nature
ing.pUlin- [ ' in the,pr ' .
ot pac e S e B afyeca

SamplplotBasl{iipreserderThanlefdcthiepbdndesnonictoimyéemmoSparphysical
mixture 6&2@9@%&@?@1&8 palglyceral %§’4ﬂ%ﬁ%§1%%§)§ai%lﬁ.(%9§r LRSS x-

an deox_zﬁcholates, fatty acid soaps, and the like), cationic (cetyltrimethyl
rayed fegmdo iuth’ chibeigansld wagike) st Afitire aic geelerHNa YHHE2SEs,
40K e vVALiReliks) size ditrnsosutiactant shruddavethe @hllibY 100 seconds per step.

ontaneously form intcroemulsions with the selected surfactants, without

S X
Sampiecga%‘ﬂ‘i%ﬁéf&%aﬁ%}ﬁ binia! gk sRaR it miscLIdE fershiBiee pagiaxel peak
was lodatesant) | apdhmth Riniptuz iy fasiation ohlpgesysa o rpaasialatthial.

cosurfactants can be either water.soluble or oil solyble, such as butangl
S AL 8 15 O RO O BB, BRI, (hE Frl Bl 10 2 theta
of paclicamlerssorisiflthestiquid djspefsianbfitd @ndinopadicesdia aphikzatfon
may require the additiqn of cryoprotecting agents, such as mannitol
erystal e B R TR TR o
presencsl@ésthsittite! hrimviplds depbribed dlothislipvetiio ngan ibdlapoliodlinted sample.
several Svariations of the process, for example: 1.The formation of the
dnidapRItices: May-befaducarbyeileti o ghdhe i ieemu giemiReAtion stands in
) proper solvent, in which the solvent is miscible. For example, if the solvent
direct cpalast R RSIIERIRG SR RAHET PO B Bods et it art for producing
nanopaffitdsee P siomif:s teknre exientithatdbimplent vildmdabiow i sialubility

imit in water. 102.The solvent an jonally,the surfactant a .
JRE ekt ek e e s T
Researciol }liBsRe2ATiR(dPAq), prodBcdhessistacially andtebsurfactawet. may be

removed by ultrafiltration, while using filters having a cut-off below that of

the MW of the protein. Simple diglysigidsialso an option. 4. The
formulation may contain only components which are acceptable for the
15intendddsgaaEemd HagopsrHalea sl S KAlREIRERS (S RISPIRR X)) etc.),

thus there is no need gorihgirieavaliomoguigifiitarly, cosurfactants that

can remain in the final product, such as glycerol, benzyl alcohol, etc, may

98 Hlsgecd}fclosporrinc is dissolved in 3.0 ml methylene chloride. The solution is then added

into 27.0 ml of human serum albumin solution (1% w/v). The mixture is homogenized for 5
minutes at low RPM (Vitris homogenizer model: Tempest L.Q.} in order to form a crude
emulsion, and then transferred into a high pressure homogenizer (Avestin). The emulsification
was performed at 9000-40,000 pst while recycling the emulsion for at least 5 cycles. The

resulting system was transferred into a Rotavap and methylene chloride was rapidly removed at

40°C, at reduced pressure (30 mm Hg), for 20-30 minutes. The resulting dispersion was

translucent and the typical diameter of the resulting cyclosporine particles was 160-220 (Z-

average, Malvern Zetasizer).
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6. The addition of various water soluble molecules which may affect the

phase 20diagram of the microemulsion (electrolytes, ethanol etc.) is

possible, thus controlling the ratio between the various components to

give the optimal drug load. 7. The spontaneous emulsification step

may be performed at a temperature other than room temperature, in order

to affect the phase diagram (and the component proportions that leads to

foimation of a microemulsion). In particular, it could be possible to use the

t@mpdisptuse 2 Self dottliar &thohijiatd dos i dctan] syithonhaddja ghasysieprotectant.

n_oil-in- r t0.a water-in-oil.microenaulsiop. . 8.t is possible to .

e e e M R oy BRI UF e
water ¢yisalvedlablitpotithe dreighitn ysamistifmtioaddit dre sfian oiltsdicts issbijlzetion.

oil, to enhance oral absorption, and to protect the drug from chemical and

enzymatic degradation is prefergagh,g09.Gimilarly, the addition of a

matrix-forming polymer (such as PVP) to the solvent, together with the

drug m;l;gg@g f Nanadsoplets of Qe e (Can (ra .

a"'g O fab AR eSS m yedderties
may be altered by the additionofirevaigiogehibieqpolymer other than the
protein (CMC, gums, and the like) to the external aqueous phase of the
BICHOCOIS BB ine is b JOES O BrARSHIGS RIHNS,IE %%PZ% g Jor e 109
pow egmayé%bg %1 tlesresgsby adtﬁ\t?’on 5of col ofdgal pgrtiézlegs e.é%sci |3%a)ugrslgam/{’

orangefilibr, bhaglitism of veeoristeditisn/Anf-mh gfdmermtisraiddbumin sphitiee (1% viw).
The mﬁ%ﬁf@@ﬂ&%&%ﬁﬂ%ﬂ&@%ﬂ e IO '@iﬁ%@%&ﬁ?&é’éﬁzt&fﬁ{éﬁéi" a‘i%'inpest

_soluble particles, while performing the emulsification stage in the _
LQ.) ingydgsdeifism raryd s WHIEACa A @ERBNTRTErd drnidhshiprsmua diomegenizer
(AvestRIOCESS SN DECHEEE i pegxanRAle ufpran @dogmealn el RIIE Me emuision for

nanoparticles. 10Example 22 Preparation of Nanoparticles of Cyclosporin
at leastyy CyClgh o EYOsBTRTA S ik bR iﬂlﬁf%tﬁﬁamﬁ&c%%&é%yaﬁm&ed
Malvenwiffetdsggains of a 4:1 solution of Triton X-100:n-Butanol. A clear system is
obtained. 10 g water is added dropwise, while slightly shaking. A clear
AL RWALES SRICHORTBYISIOR ORI 0904 ko ﬁi&%ﬁ? SOIHEON IS addi
] added,%éhﬁe slightly sha_kinglt Th% sy t0 mllg%(éoznr%/e[}s%s‘ Ig tl%uogé)%@»gaddmg N
suitablgciyppreitaianis Idnmeveling saetevuls e aoily repndhtuteg. Witkesyigaml

dispersRECHMRIREBMBIRIEH CIPAEr or sdiiR Particle size was measured by photon
correlation spectroscopy. It was found that the Z-average size is 25-33

R Wpile the size b&/. number o volume distribution is only 9 run. No
B. Q 101 of Nanopariicles Usin 1cafl .
croscope, nor under polarized

light. This result 20indicates the absence of crystalline particles. The liquid

cspiasiortsrisreebhigindisarfcme sragniophihizede afterraenting fadeoseprotein-

coated fl%%palﬁcles of water insoluble pharmacologically active agents is believed to operate by

crosslinking proteins through the formation of inter-molecular disulfide bonds. Many of the
advantages over the prior art enjoyed by the high shear homogenization techniques described

above apply equally to the sonication methods described below.

With respect to the organic solvents, proteins, and non-proteinaceous polymers that may
be used in the sonication method, reference is made to those components described above with
respect to the high shear homogenization method. All of the same components are expected to

work equally well in both methods.
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w/w). A white, solid material was obtained, which, upon reconstitution in

water, yielded a clear system, similar to that prior to lyophilization. The

particle size in this reconstituted sample was 25very similar to that of the

original formulation, Z-average about 40 nm, and diameter by volume and

number distribution between 10-12 nm. Example 25 Preparation of

Nanopatrticles of Cyclosporin A 119 mg of Cyclosporin A are dissolved in

butyl acetate, and mixed with 2 grams of a 4:1 solution of Triton

X egpesp pliche igivasionwiBawsybeatesisibbidingsa®ryiviaidrisciduack to the

followﬂf@ﬂ&‘ﬂﬁ%ni’i’i%eeﬁmm%shaking' A clear oil-in-water microemulsion is

obtained. 7 g of 1% casein solution is added, while slightly shaking. The

system becomes slightly turbid. The S%ample is diluted 1:1 with water,

prior to solvent evaporation. Th ate is removed in a rotovap, at

40 C, 80 mm Mg:hhkisysteniietomesiconmpletglyafiedn-dhis process

also yielded extremely small nanopatrticles: Z-average 45 nm, and

. isaﬁmxt@ﬂ%mqtmmRs&%@%@g&&a B iSRRI chmiques to
iIspersion of these nanoparticles was lyophilized, after adding lactose

yield effgiyowrmyulations fiidsy soliclenmbriars B8 bbtairéaswinitle, sipoilal drug (c.g.,
bmlorﬂ&ﬁgﬁgﬁméﬁ?&@hé’w&% SV SIE e MRS INAUPHRAR lide,

_lyophilization, The particle size in this reconstituted sample was close to
triameigplpng featoRigiantotin lition Iz Averabdiob Sutrorrrah O hmePEEHmStrpcle size
and rel¥RH NRABR TR Sligrlutions Rew@rer Y hRutdnRGMRIeEA.

Cyclosporine nanoparticles Microemulsions were made with the

following compasitions: 50 mg_cyclosporipe, 0.5q butylacetate, 3.04g. .

e B R LG (e LA DhAlAr T AL Tt WA bt o
active uapdieidi«d igive ealsardigsidedontaiming Eemg fmbtoficydidspotinernina
emulsi§R ¥ RhEXREHNEN LA El?l‘ﬁUB{HﬁeiQ WAPIDS AROVE FAMRBIDSHSRY SURRIS: the

_mixing, but without butylacetate, even after 1/ hours, cyclosporine was
active diyedieaisihsdtmhelamiesebiviiral posslisiniibsaroplsgaaieiaimns thscodemént drug

particl RAYRQERAIES (T WeR yS2ERItAR, SR8 18 (SPRAR) o SHAIRSE B I G0 RGN 0 preferred
monodlglycerldes,.polyethylene-fc%gﬁ)ropylene block copo%mers
colfaida

embodimenb i ngeapsiredafirssealratdd arc ks dnabryhtbit bnersgg more

prefer:BI0OXWALed-400 nm.

In this liquid form, other excipients may be dissolved. Such excipients include (but are
not limited to) mannitol 0.5-15% lactose 0.1-5%, and maltodextrin. At this stage, the resulting
solution of active drug, protein, and excipient can be either spray-dried or Iyophilized and milled
to yield a dry powder. After spray-drying, the dry particle size is determined by Malvern

Mastersizer as D(v.0.5) of about 1-10 pm. The preferred size range for these particles is 0.5-

15 pm, with a more preferred range of 0.7-8 pm.

This spray dried powder‘is then mixed with an excipient carrier powder. Again, several
carriers are available, including lactose, trehalose, Pharmatose 325 M, sucrose, mannitol, and the
like. The size of the carrier powder is significantly larger than that of the formulated drug
particles (~63-90 pm for lactose, 40-100 pm for Pharmatose).
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25castor oil, sodium stearoyl-lactylate, ethoxylated fatty acids (myrj),
ethoxylated fatty alcohols (Brij), sodium dodecyl sulphate (SDS), and the
like. Also, in general, biopolymers such as starch, gelatin, cellulose
derivatives etc. may be used. Also for oral applications, all acceptable
food grade surfactants may be used as well as surfactants presented in
McCutcheon Handbook of Surfactants or CTFA Index. Possible

cosolvents or cosurfactants for the microemulsion include propylene
grye@lffeﬂwmﬂ thyl vew ot widet nohdisiendsideranuistrieetide, Estaraprelpa Aodersen

elght—SPéHQ: bNanonetcles.e rﬁgd&é%ﬁimautmggmf%w&i@m of

is dISSO ved in 1 ml toluené, and mixed with 2 ml 4:1 solution o

~60%. ﬁh@nwwesmBwlaﬁcﬂf@ztgf%f@i%%%’mﬁ%‘éﬁméﬁwﬁebfeﬂzmrd’espﬂmw

depositiBiErGSRUSION WasSRANARRAUSTY formad UIeHiieraRMmHIRIRBMASItion that
evaporated under reduced pressure, 80 mm Hg, at 40C, untll it became

containg|gefoirbraneParifes a5 sat bR 5e %&f@*&@%@g@% tiameter by
volume and number distribution is 16 and 15 RIM respectively. 10Example
2&iPleparation dfd\iaﬁbpap@ﬁlaﬂ)bﬁﬁbmicrogapﬁobessl similadip tdehtiques in the

processnef G ed In c?s?fxel[ mf(?l 24 P Forltr%%%% 8115 'lea 1%'9(9 giv feL rﬂp\?tde %IOfThe high

ca e|n solu: poratlon at 0 mm Hg, the system became
FPF regiiashhaw mgiapmeé@@@m@ ehdiramsing Bxprensie t DBk épranalibionst
Nanoparticles of Paclitaxel 30 mg of paclitaxel were dissolved in 2butyl
acetate, and added to 4 grains af uhpléitan x-100:propylene glycol. 40 ml
water were added, and the syst m W?S I ghtly tyrbld Af er evaporation,
tTIET Yoetered Manu L8 size by
20 volume and num:kxamadvdtﬁtmhﬁmgnmaaﬁca amhd BB Same size was
measured after one day at 4C. D.Miscellaneous Examples Relevant to All

ds 94 NeRRAGlS, Fermation, Exesaple 3 ldantificasion of water for

I\/IIC oemulsion Phase Diagrams 25Compositions were identified which

injectioyie Minitrerenaiisiond, i thasehdipheiniided tsolsta? Handpliais éssmﬁable
filterwine ?@4}459{ vapargtigpgmethod. These compositions should contain a

Weigh out 1.0 g of paclitaxel in a glass bottle. Combine CHCl;-and ethyl alcohol in
appropriate proportions in a vial. Mix well. To the paclitaxel, add 13.33 ml of the
chloroform/ethyl alcohol mixture. Agitate to ensure all paclitaxel dissolves into solution. Filter

the solution through a 0.22 micron sterile Teflon filter and collect in a sterile glass botile.

To the dissolved paclitaxel solution in the glass bottle, add the HSA solution. Use the
Sentry Microprocessor mixer to mix the paclitaxel/HSA solution. When the solution is mixed,
pour the contents into the chamber of the Homogenizer. Cycle the mixture through the
homogenizer at a pressure until the desired particle size is obtained. Collect the homogenized

sample in a sterile Kontes round bottom f{lask.

Attach the flask with the final sample to the Rotary evaporator. Turn on the vacuum and
the rotation to maximum in the rotavapor and evaporate the organic solvent. This results in the
colloidal solution of paclitaxel in human albumin. Save ~ 3ml of this rotavaped sample for

analysis of particle size.
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water miscible solvent capable of dissolving hydrophobic molecules, an
agueous solution as the continuous medium, surfactants, and possibly
cosurfactants. Microemulsions of butyl acetate in water can be formed at
various compositions which are described by phase diagrams (butyl
acetate is classified as solvent with high acceptable 5residual
concentration in the final product). Furthermore, both surfactant and
cosurfactant are used in food and pharmaceutical applications: Tween 80

(ethioxylated shobitafiitache eldhiglebndypiapylemne stlyico . P&l ibpimafijter and
experiments were conducted by using.BUT as a modgel hydrophobi
coltec TG b e o AL UK Pl DR o
paclitaddtertilnatisroby 01 f/M filters, about 100% of the BHT passed the
membrane. 10Phase diagrams of various combinations of

ssefastantisesuifasiant wess:ehtainggd Ry Yae A tReSRINEN IR Braxel per

) mixture of surfactant/cosurfactant épre ared prior to the mixing with the
vial. Fihihesterde el 1amsl) miwe %fyf%%%@é\ ABamisiebraharerowmgtely 17 ml
each (b4 ditaahihe CasioUBCAMPAsIiARG IR W cHalelhie WHBSIGRRSEVathch vial
bould and the com .osit_%sf\{vhich{yielcged trianslucent systems were further
should cpniRID SRR S attePgS BY GG various ratios of solvent- 15

surfactant/cosurfactant, the areas in the phase diagrams which yielded
Hiordetizaltionsovdee lid8riifiEd fomlyna Snyabringtber obrhdisetesied 2
predetcFATMRORRIMSSIIGH. &(Oﬁ%é#ﬁ%@ng@?h%@)@%@ﬁ%gﬁgﬁﬁ%@§t HRL vials

systems in which BHT was dissolved in butyl acetate prior to conducting

and seaj{berakdngrange dsannmidh ihcPRemVehaping Alymivemiersof gisionLabel the
sample@RShRARARALTICIeR: Which GaRLaIN{Re-Bld huigs: 2R EVAMAEH B¥nment under

. comparing the UV absorption spectra before and after 0.2 p.m filtration.
aseplic H4®8particles were obtained by vacuum evaporation of butyl acetate
(60 mm Hg, 40 C). It should be emphasized that throughout the whole

pltechspnbeit)kashder @onpmentiwhsalead af heehicrbditpisioansystems
preferaw@sﬁféémegr‘@%%hﬁ%ld %% useful for oral delivery. n-Butyl acetate
0

asc n’as a solvent. The following surfactants and cosurfactants
were 25evaluated at various ratios: Tween 80 : Glycerol 5:1 Tween 80 :

ERldrarded relanBoteny cabryinermmenad ol el evaporation, the

colloidal solution of paclitaxel in the flask is sterile filtered through a combination 0.45/0.2
micron sterilizing filter. The filtered solution is collected 1n a sterile beaker and sterile filled into
30 mi vials. Vials are then placed in the lyophilizer. Following completion of the lyophilization
cycle the vials are blanketed with dry sterile nitrogen gas and stoppered under the nitrogen |
blanket.

It is of note that high pressure homogenization processes are utilized to rupture and kill

bacterial and other cells to exfract their contents,

Example 17
Preparation of Protein Shell Containing Qil

Three ml of a USP (United States Pharmacopia) 5% human serum albumin solution
(Alpha Therapeutic Corporation) were taken in a cylindrical vessel that could be attached to a
sonicating probe (Heat Systems, Model X1.2020). The albumin solution was overlayered with
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2:1 Tween 80: Glycerol 1:1 Span 80 : Glycerol4:1 Span 80: Glycerol3:1
Tween 80: Propylene glycol 4:1 5Tween 80 : Propylene glycol 3:1 Tween
80 : Propylene glycol 2.5:1 Tween 80: Propylene glycol 1.5:1 Tween 80 :
Propylene glycol 1:1 Tween 80: Propylene glycol 1:2 10((Tween 80 +
Span 80) 7:1) : Propylene glycol3.5:1 ((Tween 80 + Span 80) 7:1) :
Propylene glycoll:1 ((Tween 80 + Span 80) 8:1) : Propylene glycol4:1
((Tween 80 + Span 80) 5:1) : Propylene glycoll:1 Tween 80 : ((Propylene
6.5 ml gh/déP+e@lrcardipdn bi2Y 2rgta DA Slitatipeot Gmpositiannpasbfownstminghaie the
interful QR HEER BlAA SUIRAROLABA RPN AERU3R ACORUIRGANL: 20-c.
at ratio 1:1. The full phase diagram was ‘evaluated for the system f-buty
The sygjearates aiipusd Bocapropyihad|ieoionitaipaternciys itifiotedadivefigprous

mixingWeEelesiad seaRuMbRcsIRIR ANHISH s Acetate. Jﬁﬁeﬂ%ﬁ%ﬂ%@ﬂﬁ@é 1:5

.. for these systems were the same as for that with n-butyl’acetate. The
with nospaabsnling, Ay Pagisdseounive sradtrladrapyRaste s ddrone.: Madgk@BOBS) was

utilizeEMAeRtea U ghedistribhNB RRASHHRRAGALISE PRUICICSIZ6 I Hhe:SAIRIEsT %ne
. butyl acetate, 30% surfactant/PG, 63% water was performed. Z average

resulting DRI Ser T ERIT RAYOP ARG R FERstiGHepRICk d4ngazion of about
1.35 + 0oBdunieadora wateninsehdbie: dye: Sudandtd & soncontRiRMOERIMriginal

10 mg in 1 g butyl acetate (5% butyl acetate, 23% surfactant/PG, 72%
Smpen%%r%ér). Particle size of about 17 nm 25was found. The nanoparticles
formation process was also conducted for BHT at concentration 100 mg in
Dy bepyhabdtmabairecpmasacatagraranfohehisossistatil welsformtermihéd.

miocroB NG| SIZR CLARAYE Qs 28 :R5Bas found, deranding o Qu%gglsqg MROSLIBRstein is

.Cantrol experiments with Sudan [l and BHT were conduc 14490
essentiy), fo5 foraetuRidty penigesudai i emdinme 4 lor sarpismplyPewaistograph and

ransmidsidadtedos mixbyaphha.sanplewastsirseh0for 24 hr with magnetic
stirrer. Dissolution of Sudan Ill was observed. However, when the same

experiment was performed Wlthglagl (%q% mg BHT in 9 g water and 4.3 g

of
Preparation of Polymeric Shells

Containing Dissolved Paclitaxel

Taxol was dissolved in USP grade soybean oil at a concentration of 2 mg/ml. 3 mlofa
USP 5% human serum albumin solution was taken in a cylindrical vessel that could be attached
to a sonicating probe. The albumin solution was overlayered with 6.5 ml of soybean oil/Taxol

solution. The tip of the sonicator probe was brought to the interface between the two solutions

- and the assembly was maintained in equilibrium and the sonicator turned on for 30 seconds.

Vigorous mixing occurred and a stable white milky suspension was obtained that contained

protein-walled polymeric shells enclosing the oil/Taxol solution.

In order to obtain a higher loading of drug into the crosslinked protein shell, a mutual
solvent for the oil and the drug (in which the drug has a considerably higher solubility) can be
mixed with the oil. Provided this solvent is relatively non-toxic (e.g., ethyl acetate), it may be
injected along with the original carrier. In other cases, it may be removed by evaporation of the

liquid under vacuum following preparation of the polymeric shells.
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surfactant/PG) no dissolution of BHT was observed. At this stage

evaporation was performed (temperature 40C, pressure about 60 mm

Hg). The measurement of particle size for the samples was performed

before and after evaporation. Z average of about 20-50 am, and 30 nm

was found for the samples before evaporation and after evaporation,

respectively. 5The samples after evaporation were filtered through 0.2 pm

filters, and the concentration of the BHT before and after filtration was

micis seeegoireUNiah beoali dnferana s fdunts thay Heenapdopoddiffeckinge the physical
characRERRERARR M- SAMRIERARR Aot ioRYIoHS AR GaURn, RO Bk

small size of the BHT nanoparticles. wo samples were prepare

formulgfienoihishsiionabr tresrisainsas seeamisieraen siteprua darptoraereas, bore,

kidneyl #%rdUdacianid RéaicB Q30 WAL (i SamRIR N9 2) %&?&@&m@/g@%@&%ﬂw
5% butﬁl acetate; 18% surfactant/PG; 77% water). Example

decreagegl oA ORI RIS s Hghifp Ad ?ﬁqt%@éxgé%ﬁnﬁﬁméﬁﬁ%wﬁwd of

manuffpyeetice the current batches will be scaled-up for clinical 15manufacture.
There are several alternatives available in the choice of larger scale
equipment for CapxolTM produoﬂog 0 of these alternatives are listed
below: Equ’ 'mein Ca e: ory Es urp’en?%gg%ns Premlxer Blade Mixer,
Rotostator Mixer Higfir@aBe MHSFE Bresire Homogenizers

(Avestin, Microfluidics, Stansted) Sonlcators (Heat Systems) Solvent

RempvaldRasiEMmeanitsolved in 1.0 mi methylene chloride. The solution is added to 4.0

m! of human serum abumin solution (5% w/v). The mixture is homogenized for 5 minutes at

tow RPM (Vitris homogenizer, model: Tempest 1.Q.) in order to form a crude emulsion, and
then transferred into a 40 kHz sonicator cell. The sonicator is performed at 60-90% power at 0
degree for 1 min (550 Sonic Dismembrator). The mixture is transferred into a Rotary
evaporator, and methylene chloride is rapidly removed at 40°C, at reduced pressure (30 mm Hg),
for 20-30 minutes. The typical diameter of the resulting paclitaxel particles was 350-420 nm (Z-

average, Malvern Zetasizer).

The dispersion was further lyophilized for 48 hrs without adding any cryoprotectant. The
resulting cake could be easily reconstituted to the original dispersion by addition of sterile water

or saline. The particle size after reconstitution was the same as before Iyophilization.

Example 20
In Vive Biodistribution of Crosslinked Protein Shells

Containine a Fluorophore

To determine the uptake and biodistribution of liquid entrapped within protein polymeric
shells after intravenous injection, a fluorescent dye (rubrene, available from Aldrich) was
entrapped within a human serum altbumin (HSA) protein polymeric shell and used as a marker.
Thus, rubrene was dissolved in t.oiuene, and albumin shells containing toiuene/rubrene were
prepared as described above by ultrasonic irradiation. The resulting milky suspension was

diluted five times in normal saline. Two ml of the diluted suspension was then injected into the
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Rotary Evaporators, Continuous Flow Evaporators, Wiped Film

Evaporators, Flash Evaporators, Recirculating Concentrators,

Ultrafiltration Dehydration Equipment Lyophilizers, Spray Dryers Example

32 Intravenous Delivery Systems Formulated 20From a

Variety of Materials The materials used for the preparation of

intravenous delivery systems may be polymeric (e.g., polyethylene,

polyvinyl, polypropylene tubing, and the like), or glass. Standard medical
tail veigreicreratibirey 19 kmiownstoamtaimhlydrsshobiicmeieties afitheyneiem and another
24 hou@é@?@?@ﬁ’_@@ﬁﬁ%@’f 'I_'hese moieties are th_us a_lvailable_ to come in contact with

the |njec{|on solution. Indeed, such tubing is 5specifically tailored, as are

the catheters, to present hydrophobic moieties in contact with the

LSS BRAR P ST RS F@H%c‘évﬁfeké“g%rﬁﬂ?é‘i%fa&&&é’&ﬁ%?&i‘é’FfB
examirifeubiing fdewerat miykysie phabicpredatie sipdiateatRantsolipben
fl Willtli ely hind to (iath thet catheter tt bin%‘.and o(t;t} r co onenias ?f the diob
voTeSeR Y5 Yy SR AL e IR S AT S A SR NS pBBIE appeared to be
ntact (phanmacolog by ghdyvivagsningapeiiedonné dequéstérach idi thetafemddisited in
the jun ! 118 IWRING.SAINRIGE L9and, delivery vessel, GanseausAlY. thedosing,of

ydrophobic pharmacdlogically active agents can be’erratic, Since a

marroveuBsgantial pertion of the istivevagelst cdncbesbmdiasur ted tectitelvatil of the

polymé?fct Df-fbing blﬁ%r? H%&Qé@,%@@&fé%@%@%%&ﬁm‘ﬁl‘%ﬁaﬂie fl&é@&%&ﬂ?@& consistent

pharmacologically active agent is Used to treat a disease, a significant

with expegiiiing mnertenrativesdbeedraiitveagbinveniiorsenmoditaraps detayed or
controlfell R38Rl R s RA AR SiHkKIDG WD SMPIeRY therapeutic

15moieties which require that the active agent be present above a certain
level, yet the therapeutic window, is nayraw. A novel method for the
intravenous introduction of a hy\%r)%%lﬁ%ﬁirpharmacologically active agent
has now b&exndbveldobdn8ic Rotheting y

active agent, through association with the hydrophobic moieties of a

bigSRRRAURIEI COAING 6 oy B RA!BHMD: 1he RIPRNRINHA D 688N e 15. The

_agent to become attached to the tubing is dramatically reduced. Thus, the
resulting SRR S HidHsb B Ot selgiaiy R arsphdbiersrt grlufipns, one
containG@TUNAER0 Wilh stantlardomedical gredsmelymers and hydrophobic

glasses, in which the drug

a 3 1
CY\VG

Intralipid, a commercially available TPN agent, contains 20% SBO. The LDs, for

Intralipid in mice is 120 ml/kg, or about 4 ml for a 30 g mouse, when injected at 1 cc/min.

Two groups of mice (three mice in each group; each mouse weighing about 30 g} were
treated with invention composition containing SBO as follows. Each mouse was injected with 4
ml of the prepared suspension of SBO-containing polymeric shells. Each member of one group
received the suspension containing 20% SBO, while each member of the other group received

the suspension containing 30% SBO.

Al three mice in the group receiving the suspension containing 20% SBO survived such
treatment, and showed no gross toxicity in any tissues or organs when observed one week after
SBO treatment. Only one of the three mice in the group receiving suspension containing 30%
SBO died afier injection. These results clearly demonstrate that oil contained within polymeric

shells according to the present invention is not toxic at its LDsg dose, as compared to a
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is protected and therefore not absorbed onto the surface. The invention
method comprises placing a protective coating of a biocompatible polymer
(e.g., albumin) around the hydrophobic 25 drug and placing the resulting
composition in a hydrophobic polymeric delivery system. The invention
methods are therefore capable of improving the delivery of a variety of
hydrophobic therapeutics. Example 33 HPLC Analysis of Paclitaxel

Chr mat tem HPL S S li
comm e R A R B s S B S e e tow
releaseﬂinﬂtr@tetrﬁ@ni maﬁqﬁbS@mwgl@Aaﬁ@Hddehmfaymmvsﬁlmakﬂqgolymeric shell.
Such SB&QC?E% lﬁ%‘&’éﬂ@ 8¥ G0 %é’##ﬁ@ %t%q%?l’ﬂ &: ’0%8{? iy @0%5&( t%sth nﬂigh oil

henomenex; or C ile Phase: water/acetoriitrile 6545 Flow

dosageRafﬁénsﬁcmﬂb,chmm oDetde B8 Hhm Identity of Paclitaxel Bulk

Drug Substance (13DS) The paclitaxel BDS and the paclitaxel

standard (99.9%, Hauser Chem_@ﬁg_g_@rch INC., Lot 1782405-5) were

quantitat ve]J/y di |

separatety: ol i i 7-thg/ml

standard paclltaxel 15 were |njecte$i1enl9e retention time of the dominant

peak of paclitaxel BDS matches the retention time of the paclitaxel

stafdard ot dAAUS RS- RRIGNARY ALRAIEXEIBIARA relcasl B8 RAGHIEXE sheil-

BDS and standard paclitaxel were injected into the HPLC as déescribed

enclosghgteriphéoPevanshsfipietiaxel daspiarkiadobasbarsrckbeps ey blood
stream GO @%ﬁﬁﬂ@ﬂo@@ﬁ@@ﬂ%ﬁﬁ)t%ﬁﬁ BaBrd pacliiaxel andifieKa9%en oil

potency of the standard paclitaxel. Impurity Profile of Paelitaxel BDS
(SBO) were prepared by sonication as described above. The resulting suspension of oil-

containing polymeric shells was diluted in saline to a final suspension containing 20% oil. Five
ml of this suspension was injected into the cannulated external jugular vein of rats over a 10
minute period. Blood was collected from these rats at several time points following the injection
and the level of triglycerides (soybean oil is predominantly triglyceride) in the blood determined

by routine analysis.

Five mi of a commercially available fat emulsion (Intralipid, an aqueous parenteral
nutrition agent---containing 20% soybean oil, 1.2% egg volk phospholipids, and 2.25% glycerin)
was used as a control. The control utilizes egg phosphatide as an emulsifier to stabilize the
emulsion. A comparison of serum levels of the triglycerides in the two cases would give a direct
comparison of the bioavailability of the o1l as a function of time. In addition to the suspension of
polymeric shells contatning 20% oil, 5 ml of a sample of oil-containing polymeric shells in saline
at a final concentration of 30% oil was also injected. Two rats were used in each of the three
groups. The blood levels of triglycerides in each case are tabulated in Table I, given in units of

mg/dl.
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The chromatographic system described above is capable of providing a
high resolution of taxanes. 10-20 pi of 1.0 mg/ml paclitaxel BDS in
acetonitrile which falls within the linear response range of our HPLC
system was injected into the HPLC. The impurity profile was
25determined by the relative peak area. Assay of Potency of Paclitaxel in
CapxolT™M The standard solutions (60, 100, 120, 140 and 160 ug/mL)
were prepared by quantitatively dissolving paclitaxel BDS in 3% HSA. The
CapirdITM samples were diluted in saline to -100 pg/m1 in paclitaxel
concentration. The standard solutions and CapxolTM samples were

Grouspiked with cephalgmannine as argprerneirsiandcdpiowe dhy Holid

Phase Extraction of SLigid Phiasejbytragtion (gee below), Sepakgigly 72 hr

Intralipid €en@@ual volumes (29130 p.1) aifhe st in@%@!gore pargfignsiancg g 23.8
(20%am0}TM sample preparations into the HPLC to measure the peak

Polymdi@S8RESE ratio betweempaclitakel agg the integnal stangand 4.2 43.4
(20%epBalpmannine. A calibration curve was|generated by the ordinary least

| PolymesQUBHEIREgression pn thg results fregnithe| standard [njegtions.| Theypotencyss.g

(309 prclitaxel in CapxolTM is determined by comparipg the peak response

ratio of the 10sample injections with the standard injections. Impurity
Profile of Paclitaxel in CapxolTM CapxolTM was subjected to the Solid

P % ion, (see below). hefor cti
into ?g}agﬁléPLékggg%%?' %%g?@i‘é{ﬁ“%{a?ﬁé%l(éa&ga rtﬁ? i %apx%ﬁ;lﬁ Wgog the
Intrailpidje@m@@kwﬂvé@ﬁ@m@mmm}sm@me@aﬁbﬁv@lmmp Hagdyceride levels

are ther@@éﬁ% Phke ab&x%@ﬂé\@o%??ﬁ' AR FEEPEHHUADOARR NN seen to

g /m1l in saline. A soli aghase extraction column, Bond-Elut (C-18) is
be immedaiitnAealalith fareriapAbsELfaHIFSIRIRSEWith the sample which is
pulled through the column using a vacuum. The column is then washed

Whih svaietdohaied -bymitian pblpaciitaxabidtbvacetonitiie sdhie hsate of total oil
xtract d 20pa |t cetopotrile 1S, ont e HPLC
o e Rl L S R SR R B e
serum. érﬂmtwmawg/t&@qu@]ﬁwmmtsaMmaﬂ' vahppnodimans iy 2081 piktes thisl for many

hours, xﬁﬁmﬁlﬁd% @%@?9&9&%9& ?5959@% & (%g@rmg(wg ﬂ%e‘é%g?f(ﬁqefx%lég Pa;ri close to

seconds and then centrifuged at 3,0 5 minutes. The supernatant is
normal r&h@ﬂéﬁlﬁﬁ@p%nﬁnﬁé&@@tammlmmsh@mg@guﬁffz@@lbs@maﬁﬁegher

level ofaaglya@rﬁagg%@%ﬁi@&f%ﬂﬁ?{ﬁ@h@h@r%ﬁﬁﬁm@ﬁ&e@éﬁa{aﬁa&q@ﬁam&az within

the first. The pooled extract is concentrated by evaporation followed by

48 houry; &R ind e ped | eekinpis grdsssele SedissiatiisunsrcalPRbsheroup,
comparkDibelM QM EHesHOS e ving Intralipid. This again, indicates the slow and sustained

availability of the oil from invention composition, which has the advantages of avoiding
dangerously high blood levels of material contained within the polymeric shells and availability
over an extended period at acceptable levels. Clearly, drugs delivered within polymeric shells of

the present invention would achieve these same advantages.

Such a system of soybean oil-containing polymeric shells could be suspended in an
aqueous solution of amino acids, essential electrolytes, vitamins, and sugars to form a total
parenteral nutrition (TPN) agent. Such a TPN cannot be formulated from currently available fat

emulsions (e.g., Intralipid) due to the instability of the emulsion in the presence of electrolytes.
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(PCS) The particle size distribution of reconstituted CapxolTM was
analyzed by photon 5correlation spectroscopy (PCS) on the Malvern
Zetasizer, Malvern Instruments Ltd. The Zetasizer was calibrated by NIST
traceable NanosphereTM Size Standards, Duke Scientific Corporation.
The procedure for measuring CapxolTm particle size on the Malvern
Zetasizer included setting the following parameters:  Temperature.:
20.70C, 10Scattering angle: 90 Refractive Index dispersant: 1.33
Wavelength: 633 nm Vise. (Autd=888S2al refractive index: 1.59
15ImaginapyetaitaniiverintexnOwalldfterpreparigiihe desasizes next
detennine the dlng' the ple neede for a\god S|tze measurement
from the kcts/sec S 2fiple into a cuvette
then dilute with approximately 2 ml of 0.22 um filter filtered distilled water).

Placthesensthasted el verene aeats! notdierndidde de 2 suabise T amd widin a
polmgﬁ%%ﬁerﬁ%%e%%%m%%wm%a@f@ £0the Calralalar GaRtralch a

display will appear. From the menu, choose display rate meter. The rate

proteigﬁaaieﬁbéwgm@“ﬁlﬁ&dm bangeinet asisbots/be Prasdysdss dhebingsample
16 is réiERQArIARI QW oPERRBIR REATCE SR AN GNLFRI HeMERGNUEIRBentration.

respectively. The size of reconstituted CapxolTM was ana &pﬁd averaged

Solveniy eReral RIS H T ATGATST TR 2 RROZH0E IHSEA NS Fing St?ﬁééﬁﬂomf‘m
alwhoD@ﬁHQl&: size: Was ARbinsh 23N fﬁb&ﬁ&%@h@&ﬁb&aﬂmwbias Exa@mplgl of the

Polyme heIIs a rriers far P I ide.Con ruc
milky R LGk RGOV AR SLTBITER MOrb TGy Sbepat 48 porma
saline. Vidtites thptapew tic poptan(atther prespatatimendvisr Mdﬂﬂmgagenemoved by
vacuurl] PFRCLQIRROsAlS have baen approved by NIt andior ERAISVIEW o cores,
oards). one of the Darmers (o overcome in implemeanting thie tﬂ% peutic
indicatappronehelotharsiudialic eltongseivivelveattard fbe thesincorgordiiohasbl. The

suspen@SHHE RAISUA IHQ e ASNOMmE;R) AARumangell % BURfpIRA ezé@ NELATY time.

toxic. Thus, the risks entailed in the use of viral vectors in gene therapy,
especially for the treatment of non-Jethal, non-genetic diseases, are

Roaptabie NORPIATEET It GeriansrrRRr WG s Hamp ligsolved
drug andifadRcioeane tbtally not ¢ﬂﬁﬁb@@p@tﬁddrﬂ£ath@rgﬁﬂ@m@p@flﬂée takgBheed: other
. tion, as.with conv nal gs suc have a_finite ha
sitabl B RS, GG A SoEEh ST RONCah B B e
formattbe tﬁpye(psljhawedl shelaint aiensmth&hapymwmmwlaa@ayezwfmmcﬁf@am known

Opsonutl %E)%P&/ bgvlgs%r {6 ohh %IE(I)(@: S&Izﬂ(e of the polymeric shells by macrophage-like cells.

Alternatively, molecules like PEG could be incorporated into the particles to produce a

polymeric shell with increased circulation time in vivo.

C. Formation of Nanoparticles by Spentaneous Microemulsion

It is also possible to form nanoparticles without the use of sonication, high shear
homegenization, or any other high-energy technique. Thus, i is possible to form a suspension

{or dry powder) of essentially pure drug, if desired.

A microemulsion is a thermodynamically stable emulsion system that is formed
spontaneously when all its components are brought into contact, in the absence of the use of high

shear equipment or other substantial agitation. Microemulsions are substantially non-opaque,
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oligonucleotide is introduced to inhibit gene expression) has been the

inability to effectively deliver nucleic acids or oligonucleotides which are

too large to permeate the cell membrane. The encapsulation of DNA,

RNA, plasmids, oligonucleotides, enzymes, and the like, into protein

microcapsule shells as described herein can facilitate their targeted

delivery to the liver, 15lung, spleen, lymph and bone marrow. Thus, in

accordance with the present invention, such biologics can be delivered to
opaquenteaciiylaklveationsnvithvatstinecatteniant tisksassociajadbwitditpersisepbiise, in

. . \yiral vectors. This type,of formulation facilitates,the ngn-specifi take or

which B R G S o T e R DR ey
The drgelts aof the IRES cimtdsir stidypadts b tragal, Seekgh inflestivnicorby sdivk es
elongalIESHRAIQ HPIQLE; N @dg %%emﬂél‘&‘s‘é?&?%@é] %F%?Fi§;%o%9§ﬁﬂ&%& WK ce and

receptors can be used to target the encapsulatéd roduct to te_ nucleus

Membisfe SeiniceclPigpbsAcadmiisclises (5 Aribereydiisne

Techndgyde _@qut@%g,)_?epatitis, hemophilia, cystic fibrosis, multiple sclerosis,
cancers in general, flu, AIDS, and the like. For example, the gene for

insulin-like growth factor (IGF-1) can be encapsulated into pyotein shells

101 GBI O P T S BB GUR RN QRS Aoy g of the
microegagdhienia Senesgneeding Fataiombeanehiche tondlll b (usefuldes, th®er removal of
the oil trgg%ment of hemophilia) can be targeted to the liver by encapsulation into

Bro?ein microcapsule shells of the present invention. Similarly, the gene
for the low density lipoprotein (LDL) receptor can be targeted to the liver

1O ttentiheh cafigthBHSERarBsies Iy H@mﬁﬁqfé’@i%?ﬁﬁﬂ@ﬁ%?@ﬁf’ by various
procesdQCEARARIMISS helis Pl dhe-PissembinyRatien. TR sl-arRES BIaeiUiNiiiple, on

practice of the present invention are genes which re-stimulate the bodgff
1iC

formationaf éi‘f*&lﬁé’ 38 %@%%‘PBEH%H%‘PE PRESTRSEh B%faﬁﬁﬁﬁﬁﬁ%aﬁ%h &
applyind bApiBshcaneadediyyni2iA sontanrddnipridaseiich sarphe-iaorpaiaied

. _into a protein shell of the. present inyentjon for injectjon directly intoa _ .
sonicat Ko ey RS A IR T @ fonop S BN SR Bk
which ¢orthenunpolyspacifid eelispristl eléwatbdiapereldofityofdinesie gl dhad) is
removl B SELINS, twpor, A Jardel foLITITUNG SYSIEM, AlIack oradh% ANOMer

exa?rmpl%), p?asrﬁi&[spcon?{alnmg portPons' ofet#({e adeno-assotiated Virus

micopagériene areoporiielptitbd dinseived doudatidrpivionsrotei fomisb capsisesly, the
size of %@%@él@%@s%ﬁﬂkm\&%&s&%ﬂgﬂi% 8&%2%%9: WHCRGARE %ﬁﬂg@ l%Qfsmaller

the present invention can be used to deliver therapeutic 10genes to CD8
the resuftiag Ratriei opHol FRIHERBIHORIYY cidifSCaIgPbRPOTRY MUYy Agyery high
energy RIRCHQUSIIRCRP 8Sing thERMSIRRNABHSN IR REESAhINEELIARAARAISA B

_ . used as a delivery system to fight infectious diseases via the targeted .
Microfiyidizsr I AR RTASEIA I RIISSE FESIoBAARRIRS BEa JOtHE h PR Isions are

inhererMifUmsfiblexaaanlR, ofnsusiian epiizense aligonuglealidads ad Rkt
phosphorothioate 15a atitis B

coalesc\fiﬂﬁ% _thc soltvent evaporzgt?olrra] ?}E‘(gggs e%l c%"ds%rc]ﬂ/ Ig;'[:{ll?l SLiSC;gQ ?nla?rfrteg%lp S}p larger particles.
The new method, which overcomes the problems associated with application of the
solvent evaporation method in conventional emulsions, consists of the following steps:
a. Dissolving the water insoluble drug in a solvent which has low solubility in water,
and has higher vapor pressure than water. The drug is dissolved without any additional
polymeric binder, although such binder can be present, in principle.

b. Mixing the solvent with a proper surfactant(s) and a water soluble cosurfactant(s).
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Protein shells of the present invention can also be used for the delivery of

the cystic fibrosis transmembrane regulator (CP1R) gene. Humans lacking
this gene develop cystic fibrosis, which can be treated by nebulizing

protein microcapsule shells of the present invention containing the CFTR
gene, and inhaling directly into the lungs. 20Enzymes can also be

delivered using the protein shells of the present invention. For example,

the enzyme, DNAse, can be encapsulated and deliyered to.the lung.
e B RO ROt Bl g
spontaprotsiys@nvirgsinfécted detl sibyatitadhiny suitablstentisodiesytbighehear
equipr%&é{ﬁ”?ﬁ(? Lﬁ?&)gg %’Rﬁgﬁ ?,I Icio\éaﬁﬁ 'anl%%% S&Hﬁ(}e&?&p %‘1’6?&? %‘{Wé}o additive

) ymeric microcapsules of the present invention and used ‘
which sipcifignebadonsipaniidcutis oemavanbus g divaryt Exampiersgage.

Localizes, fraatirential Braindymergand dumarsouithis:the Peritoneum

Delivering che_motherg&eutlc agents locally to a tumor is an effective
nfethod B6PIBTBa dirsebsBibive tanprating gt wislhe sAipRIE Ty tHes eatisiitng

precipRifiR eHfegls dhhea binsespalitiematevialstisehssad ARAVE MAVIBISARG g a

. employed in several physical forms such as gels, crosslinked or o
typical jis SEMRKAT {1 prstitmA B i fikhtheeprariTaesrsedinhtiznd in an
aqueo' ngfé¢idienthioh exanpie paaliaxetomaydareifasetaiifibseo aRAGEM s such

d dati ft trix. C | be di : ithi trix of th
2 Do RS ST PR LA RGO

evaporpachidxidnfofithectrgatrment, ephrainitimdrsean drwmpisdrthin shedard evaporation

. H;l)eri oneal cavit ova&ian cancer and metastatic diseases). Temperature
equipment tynica) r%?f 1tls 1 19} ustrP/. . . . .
sensitivé nraterials may atso be utilized as the dispersing matrix for the

irfyen_tio@zﬂiomlll;aﬂon Aﬂmmethtéamt_l@@apwmamtﬁw iddsted in
ultrafiBrAGSfRmHaHonOf §he IMBRIAHEGS %H?&i'é’%ﬂ%‘i%!fe‘%.t&%iﬂz?gcbgi the protein.

copolymers of polyacrylamides orcopolymers of polyalkylene g

polylactivdigkios|iyepoaniedthel ety anhidts bepisk dispamno ot ibarmpd: pedvidey be
dried t51OWiRIE B8 Al CapXAlinteRRXALEITIIALION. PhaY L& HisReRs L KR, which

matrix of the above mentioned biocompatible polymers to provide a _
can be ghifraer oo tihHtaHER S AR IR R Subiira BHer and the like, to

obtain RraReeiesPithe-fpapxakionmidalian {alpumimasseeiateshwiticRacitaksl) 1000
results in lower toxicity to brain tissue as well as lower systemic toxicity as

Angstgiag, AN L ShARIBR Grpapscest @F&%éﬁﬁ%%%%r%’ﬁ%ﬂ&mgv

and thagentd ffarmuiatedisimilar iadlidsel: iogethemadb albipbdmpadiblearious

olymer matrix, be yseful for.the controlled local delivery o

cryon S R SoRD Tor VA LA BPS T B cluose

polyvipdrnjonedme(onaitiate damserp @0apdlyrtindat@apbkoations to other solid
tumors. These combination fommlations are not limited to the use of

pacliaxelanshmay g vilizadwithewide vaisiymal PhapRacUedicall forming
active ingredients including antiinfectives, immunosuppressives and other

materi@ﬁeiﬁ]gfﬂgrgb%@ﬂ&%g sl hggy system, with high bioavailability, controlled release

characteristics, and protection in gastric juice. The final product may be introduced to the

mammals as a tablet, capsule, reconstituted liquid, or the like.

The present invention formulation has significant advantages over the previously used
methods for preparation of nanoparticles and microparticles, and the use of microemulsions or

“pre-microemulsion concentrate.”
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Example 37 25Stability of CapxolTM Following Reconstitution

Lyophilized Capxol in glass vials was reconstituted with sterile normal

saline to concentrations of 1, 5, 10, and 15 mg/ml and stored at room

temperature and under refrigerated conditions. The suspensions was

found to be homogeneous for at least three days under these conditions.

Particle size measurements perfoimed at several time points indicated no

change in 30size distribution. No precipitation was seen under these

condiienss iy ssiitgeies uprdigsd die dsiaadhoverecoivespprotienidie microemulsion
is foRSSPGRIAGWIR T e oh BRICRRIGHIRIAES AR Wiibinabaw A4 DRUES Alier for high

reconstitution at the recommended concentrations of 0.6-1.2 mg/ml.’
cos! SRHNRIBFN rARDANHIHERPEApHS ARl St ahR TP pRbise Ry e bPHifepéagnitude than the

smal RelReIISHBIogIonAIs e SeMian llanilpsin: ROl ABMERE EORL]y small
and. gther standard infusion tubing 5materials. This is a major advarI;rt%ge

nanoBCES B MRRICHAL fhit e SEIy R IRS it ISehearasaly siableiAnssiBrrefore
the ubaitlps A& B8rd inicDiesdgei fhaimgsion Gistabilg@l (Hd@apxotiiie dependence of
repared as.a lyophilize der in vials of suitable size. Thus a desire

e A SR R A0S el B SHaer tan

convpaivdel Qlonlsimifsglemtbyaaﬂnumﬂha(h@m&ﬂmmmm ecdesired parameters.

Sincg%%:g%’l %Q %ng%g I&%@I\%ﬁﬁxﬁqﬁg ?&c%@itlﬁ%tegs‘é"éfﬂlsﬁriker T%Orltg &c%?c!hn\?olulnes is
or other zgqueous iluent to the appropriate volime atthe point of use 10

very sieain, ahepasyensoutssieparsiothohpasicakeih dyédigiudenr Thigogenizer. Since

the phEGABSHIMIGH SR GaRRe Alectly.ad mﬂ;ﬁ%}%e&&&%%@gmé%@ewm the pore

. injection or infusion"with standard i.v. infusion 15sets.  In"addition, '
size Q@ AHEBPTMShsPEH Ep P e B g Hrercrbizayom nisecsvintsry ipfisettiss without
probleags:ibad waidieifanadal g din e Rhuse RIG MBI AMMINSIRHRI A} high

the patient. This avoids the Iyﬁglillzation step in the manufacturin

drug fp¥cduing e SRS LOR pHERE thai R Bt A0 BB Atieh BTkl g?-?opma%aﬁc ation

procRECIBEINIRIStanReige A0 EaiperitaivaientaasesafipacitaBbreédnuehn ;
____higher degree of myelosuppression results for the Taxol group cogmpare
oD TBHT G R Ta RO R GG PR AR TSR R B b dfcipin the
liquidrfieaiidascand ey ereepisoges ferghatahtileaneliepacidjtdbian wsaisedueatiains

. the cl}lcle tiwe in betweer& {reatments which is cur{entlg/ gl_dalys., With the

dispersed ?ncﬁ)a 1¢les comparea to conventional nmicrogmulsions t %l B tain dlsep(;[rsed
use of pharmaceutical compositions prepared according to the presen

nanofingelationcthisooy clemimal neastibesradea oo ¢or?l wedksaor (essr@dalbduw)ivgrsus solid

state fﬁéﬂ@é’éﬁl‘éﬁ?cﬁg pﬁé%@éﬁ% ?&Jﬁﬁ&?ﬂ&ge{écr&ﬂ%é ’Cﬁé%l%sa? é-t)Iﬂp ng&g]sadcgll#é&)%lnulaﬁon

1
compositions prepared according to the present invention may provi
compgg%g@ﬁgaygymiag@r@@mum@ﬂ =k am m@gg as the continuous microemulsion

phase. The solid formulation enables inclusion of the drug in various solid dosage forms, such as
tablets, granules and capsules, compared to conventional microemulsions or “pre-microemulsion
concentrates,” which are present in a liquid form. The very narrow size distribution, combined
with very low average particle size, ensures increased adsorption of the drug, in a manner more
uniform than microparticles and nanoparticles prepared by conventional methods, thus, increased

bioavailability is expected.

Although the examples presented in the following section refer to two water insoluble
molecules, the pharmacological agents contemplated to be useful in the preparation of
nanoparticles include but are not limited to drugs, diagnostic agents, agents of therapeutic value,

nutritional agents, and the like. A non-limiting list of drug categories and compounds include
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Oral Delivery of Drugs Taxol is very poorly absorbed by the oral route.
Particulate formulations such as Capxol may greatly enhance the uptake
of drugs such as paclitaxel. In addition the invention formulations of
paclitaxel prepared through the microemulsion/evaporation process are
useful for 5oral uptake of drugs. The use of surfactants in combination
with these formulations surprisingly enhance the oral bioavalability of

SRR s 5 LB SETED, e TS B ton

aspect fefithd itorimekease the oral absorption of the mventlon paclitaxel
formulations. Examples of ion pairing agents include but are not limited to

theRlgupAGRiate. MiehIoraacRints sRlicyiaisDarvbalens. /o5 M%ﬁt@%@wew

glycine, bis-N,N-dibutylaminoethylene carbonate, n-alkyl sulfonates, and

any SO]rY—"éik?T §Qiﬁ5ﬁé§ll£%ﬁm¢é%$ FoePhls ahdipoirisatimrentesscdmeindlbrsuitable
for usebHHﬁé@n@@ﬁﬂi@%‘Eﬁ@J&§9fiiUﬂh@%@% @[@Arﬁ YRR BSIoRAAKYE VR rior to

alk¥l ethers acyl camitines, sodium ate, sodium taurocholate, sodium

remov bt SRRRGHFSHsRISIES EYSTA CaB Rk ATy TA AN SBUERR TRIFESSaHL gt

buty! abefies) HoHtingalistef, %ﬁg@@d}ﬁ@ﬁéﬁﬁi@@l&h@ﬂ@a@m@ qﬁﬁﬁlt@rgr@yme glycol,
mvenr?j)n formula%lgyg have 15been described he xample 40 Mode .
f

heptang s aR il TRt SRE T BP CpRaIAHAT eﬁf%’r?%%»rﬁfiﬁﬁ Bt gy acctonitrile,
acetond, ikvieitenBolfdoiaudationsifiambeidd narista red oy dbitavenoiein foisjooconut

oil, cas&{ra o eol?f)§a%ﬂlnt%%%elrlt%?te%lslgjc?a Salegh g aéfr&' INISCIORY 0 ketones
ntraportal injection, hepatic’emboli zatloh mor’a |njec ionor

C3- CZDTWMM@'Qtﬁ’aﬂ'}@mfﬂlmﬁhﬂmwimnmptmmesﬁbydnmbsnulaalogenated
hydroc ISSHOD. 1§UB afgq:% dggg%gqq?ggﬁagggqgg inigction, inhalation of dry

powder or ne ized liquid and Exam e 41 Use of Capxol to
target Angiogenic Vasculature 25Angiogenesis has been implicated as a

TR/ PEX IR RS SRHY FRRIBICHASHE B Sy HRSHERF &F daudd &6 sfdhthat
does 11@:%3@1&1@1%@@@%@&1@%&{@%%@& WW&MaH@M%tﬁgépﬂﬁi%%e many

s DI LER ARTELRS Ao et PRbIE T S IETORS pOEdee

enzmmah&mmhhascamar@@gﬁnmpwathmake Capxol even more
effective than, it is possible to target angiogenic vasculature by attaching

sHiteR|erRepHda IR C AP M&%&Iﬁ%@%ﬁ*&@t&%ﬂ%&%s}y forming oil-

(arginine- glycmeaspartlc acid). Many other peptides with similar acfivity

n-walghEyosReBAGHRY bttspirstycsthe o Htlg s Prapisiad Bydrel isvbritighput causing
precipiliRGes8 iRy dArgetantBriRRY (i f hereptidaiCapkelmay.he roministeren,

conventional means to patients in need thereof.
Span, Triton, Pluronic, polyglycerol esters, and the hike), anionic (SDS, cholates and

deoxycholates, fatty acid soaps, and the like), cationic (cetyltrimethyl ammonium chloride, and

the like) or zwitterionic (lecithin, amino acids, and the like).

The cosurfactant should have the ability to spontaneously form microemulsions with the
selected surfactants, without causing precipitation of the dissolved drug molecules (or protein, if
present), and without inducing formation of large crystailine material. The cosurfactants can be
either water soluble or oil soluble, such as butanol, propylene glycol, benzyl alcohol, propanol,

and the like.
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Example 42 Use of CapxolTM for Treatment of Liver disease End stage
hepatocellular carcinoma and other cancers of the liver may be treated by
10administering Capxol intraportally. Embolization directly into the liver
greatly enhances the dose reaching the liver. In addition much higher
doses than conventional Taxol may be utilized to treat the disease more
efficiently. Also, suitable targeting agents such as proteins or peptides that
localize in liver tissue may be combined with Capxol for greater

thekhpeotiveesiiciehtye EqEMaﬁalp@‘siMﬁmglmdbmms Pertgipindizttion may
requﬁ*’é%g %&ﬁti&@@@%@of %%%tsT%ﬁ'%MXﬂ%‘lj H%&ﬁg'%ﬁg%\éﬂ% proteins,

Paclitaxel - Comparison Formulation and CapxolTM for Sing
poly pedendiniatsttitiokStudy in Rats A summary of the study is presented

below. 20Schedule: 1X, Single dose intravenous infusion (Day 1) Animals:

Spraiguéakey ¢ pisndpl e dlesriddfamialemberaisisex perngpiup Weighti
vari aé(()%gsg Eges}}’tr%ggsd,goa}tgn: ﬁe,days 25 'I;reatment Groups: BMS (1 v.ehicle +

reated ¢ oups)g apxo (1 vehicle* + 3 treated groups) Doses: BMS

(0,13, 6, ahig: Jomgrkighr Cogbr eyl (8)1i6]c9 readbt 2mahgbd) pylddis@on of the
micr: rﬁ%ﬂé?%%%&)'(%%{%ﬁ%ﬁrg’ r(-gl’l’ltg-a]é'l’ %ﬁ%@%ﬁy@&mﬁﬁ%gﬁe@% 015 exla%él%, if the solvent
has a low solubility in water, it would be possible to dilute the microemulsion to such an extent
that the solvent will be below it’s solubility limit in water.

2. The solvent and optionally the surfactant and cosurfactant can be removed by
using a selective extractant which does not dissolve the drug.

3. The surfactant and cosurfactant may be removed by ultrafiltration, while using
filters having a cut-off below that of the MW of the protein. Simple dialysis is also an option.

4. The formulation may contain only components which are acceptable for the
intended use of the final formulation {(whether oral, IV, topical, etc.), thus there is no need for
their removal.

5. Similarly, cosurfactants that can remain in the final product, such as glycerol,
benzyl alcohol, etc, may be used.

6. The addition of various water soluble molecules which may affect the phase
diagram of the microemulsion {electrolytes, ethanol etc.) is possible, thus controlling the ratio
between the various components to give the optimal drug load.

7. The spontaneous emulsification step may be performed at a temperature other
than room temperature, in order to affect the phase diagram (and the component proportions that
leads to formation of a microemulsion). In particular, it could be possible to use the temperature
effect (in ethoxylated surfactants) to change the system from an oil-in-water to a water-in-oil
microemulsion.

8. It 15 possible to add other components to the solvent phase, in order to affect the
bioavailability of the drug. In particular, addition of an oil such as soybean oil, to enhance oral
absorption, and to protect the drug from chemical and enzymatic degradation is preferred.

9, Similarly, the addition of a matrix-forming polymer (such as PVP) to the solvent,

together with the drug may be done.

60



10

15

20

25

Infusion rate: Approximately 0.75 ml/hr (all rats) 5Dose Route: I.V.

infusion, tail vein Clin obs: 1X/day Clin Path: Days O (before treatment), 1,

3, 7, 1l, 15.- Do std. List for NCI Tox Branch Body weights: Days-I, 1, 3, 8,

and 15  (* vehicle is prepared by identical process described in

manufacturing section, with the exception 10that the addition of paclitaxel

is omitted.) Example 44 Pilot Myelosuppression Hematologicicit

Stydy: Priar_fo the initiation of the formal study, a pilot study with 3 rats

rithe CAPRSITRAGGR 2o Pt QiR IRBnSTS GrotpReiephhbHetidgion of a
water sidtétnpetyautcomashdihtelpsedis dM@S:briRgisd tl With & dasi@mal aqueous

hase V?L%Qeiggoéiml{ggghe dose was given as an intravenous bolus through

P the TailvVéin The ¥8sults of this study are summarized in the graph (see

Fidure 3)iwhlokv ghowstitse peércest thayrgd dfoB Gosalgntsaabeinticaddryafddition

I ression).for.eachformulatian.as a.functi f time.. Conclusions .

ool G B A A I s

WBC collrmtsamepmneis ) desthid@BMSlgronyeobmpangydeaphiad dpkolfiwater
solublgmigg'%tﬂé%érﬂ{%\ﬁ%' t‘ﬂ@%ﬁ%&ﬁ&”ﬁ%‘éﬁ%QE;Pﬁ?ﬁ%é%é A Sl M§ge in which a

formulation (maximum WBC suppression of >70% for BMS; maximum
water-(ypit 18isprEndiends eomsiol capRetThInAsalsasisior trerepieale howsestremely
small gl@tigtiaallypsignificant difference (p <0.05) between the two groups for all

data points except for day 0, 13 and 14. In addition, normal levels 250f

WBC are recovered within 6 days in the group receiving CapxolTM, while

14 days are required for recovergfb@@%fﬂ%l WBC levels in the BMS group.

This indicates a digmificaiotiyofethnopdrticlesatdOgibabtakicity for CapxolTM

If similar results are seen in human clinical trials, this data may suggest

thasthe exciedmen(auireniadyvesks for M@@ét%%&@&ﬁéﬁ%%g%&ams ofa

cycles of treatment could be significantly reduced (possibly to 2 weeks, or
4:1 solgljen qf W@é@@&ﬁb%%ﬁé%mg Seprtn Beknpiedas Opiveistigpdded
dropwiItikpMEIEfigacy-REHOrAQ 0 Hitlationofhe aheveistudvoapilat Wdr 19
. with CapxolTM was performed to determine the target dose ranges an
casein SRy Tl i o8 (Yo e BN a8t SOl B R ith theditx e buty!
acetatdaramaritimatandihe feEatmsntivad dnitated whendhadeyaomnigaehedear.
approximately .15.(.)-300 mg in size. This_ o_c_curred Ipy day 12 and the
”ﬂ?etﬁlﬁ{}a\é’@&é%@tﬁ%a%ﬁr@%ﬁﬁﬁﬁﬁé {@L&S&E’é@ﬁr&@@ﬁ@?%‘é&%m that the

reconstituted in saline to obtain a colloidal solutio
Z-~average size 15 25-33 nm, while the size by number or volume distribution is only 9 nm. No

particles were observed under optical microscope, nor under polarized light. This result

indicates the absence of crystalline particles.

‘The liquid dispersion of these nanoparticles was lyophilized, after adding lactose (2%

W/w).

A white, solid material was obtained, which, upon reconstitution in water, yielded a clear
system, similar to that prior to Iyophilization. The particle size in this reconstituted sample was
very similar to that of the original formulation, Z-average about 40 nm, and diameter by volume

and number distribution between 10-12 nm.

Example 25
Preparation of Nanoparticles of Cyclosporin A
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10nanoparticles of paclitaxel. The tumor bearing mice (n=5) were treated

with reconstituted CapxolTM at a dose of 20 mg/kg (denoted by VP/-I),

given by bolus tail vein injection every day for five consecutive days. The

control tumor bearing group (n=5) received only saline on the same

schedule. The size of the tumors was monitored as a function of time. The

control group showed a tremendous increase in tumor weight to a median

of more 4500 mg and all the animals 15 in this group were sacrificed

betl@areghy- 28 epgiang 3% difwkredimbuyhrsoidternidastserigng grams of a 4:1
solutRhioyredismrrkablie silicacanrdialkaninalsshad e vngastralemarsdiktd

day 25. The animals in this group were all sacrificed on day 39 at which
dropyiige el sHENEY S8kt e Cledf H et NP S W R B oF 8 Of 1%
caseihREIEIMITS algahanikiBlfiatieshalGonclusionsed THusstudyighawetbid. The
rema li?ébl antitumor activity for CapxolTM. Thus, t% ntitumor activi'%/ of .
sl (UL LRI @SR P YCTIABRAB TS BRI e B Acmayed in 2
rotovif}e #ntavENSQsmadc minidihatignah hatepeaytickeslefepacldaxclldapiledsas also yielded
exneGLEASIoNs asadministerng the diug, n the seluble form. Thus, CapiolTM

shows efficacy andt poterit ant-funmor acavi y Without the toxic effetts seen
distriputher apptowed and marketed cremaphor-containing BMS 25formulation.

Note: Based on literature data, and on experience of SRI (Southern

Reggarchilnstipia) sriantisis niihps-hern walablishes dhalihe.mmdmisbse (2%

tolerated dose (MTD) of paclitaxel dissolved in diluent 12
W’f"")(cremaphor/ethanol, which is the same diluent used in the BMS

formulation) is 22.5 mg/kg for this particular strain of athymic mice. This

reulvistebtalidednyridissahvihgipad|itdxeh atppmgchniigherconeetziratiolded a clear

in diluen compared;to the.marketed BMS formulation (BM litaxel
syt B R RS T o e R e v
closegretietph chicthiziul! ddrminisiere d-tov thezpribeublavoid yedhitiatagteokicivplyine and
numi08s6:8h 220 mRalkg opaclitaxel in diluent 12 has similar efficacy to that

of CapxolTM above. Example 46 Treatment of Rheumatoid Arthritis in an

Animal Model with Paclitaxel Nangpatrticles The collagen induced

arthritis model in the Louvain rat Wa8BRE#% test the therapeutic 10effect

of Paclitaxel nanoparticles gixcartbeitise haerpaicsezes of the experimental

animals were monitored to evaluate the seriousness of arthritis. After

Fh.?vﬁ‘{m&ﬂ%i\é‘{@ﬁsf%fe%é{&ﬁ?ﬁﬂ tﬁéf%ﬁ%i%%ﬂ/%eg . Sige Oﬂjlﬂ'%e{}closporine, 0.5g

injection), the experimental animals were Into different groups to

butylpsetive it paeiitdferprvepmiterdd Inhy/iedd S &, witpachited@icroemulsion was
evaphaNRANRILIes Q%ﬁﬂi*&ﬁéﬂﬂﬁ?@%gﬁ@ﬂtﬂ{@c drifcompinaiigR l&periment,

treatment) intraperitoneally for 6 doses, then one dose per week for three
perfojaek¥ithibepRRG seaprsaihby simels 1B BYITHIRG B ORBAIREHE-(GuRR after 17
hourd))- 9616 s8¥aR: rRedbeidrsg was injected. One group received only normal

saline as control. By the end of the experiment, the group receiving

PagliaxeLnangpaticles apniayed i reduslion oLBa SIZC: e cen) sorbitan

combination treatment group's oWed A 3395 FedlitiBn o the paw size,’
esters\silentheucostrobgreupcithihabouododcmctensolptind @0pmlysigpylene block

copo&%%@r?#@%?&ﬁ DEfor BB RISNATNGUs SR YRR IR A DBAESHIS Bffoxylated

castor oil, sodium stearoyl-lactylate, ethoxylated fatty acids (myrj), ethoxylated fatty alcohols

(Brij), sodium dodecyl sulphate (SDS), and the like. Also, in general, biopolymers such as
starch, gelatin, cellulose derivatives etc. may be used. Also for oral applications, all acceptable

food grade surfactants may be used as well as surfactants presented in McCutcheon Handbook of
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Figure 2. In conclusion, the pachtaxel-containing nanoparticles
demonstrated therapeutic effect on arthritis. To avoid side effects of long
term use of both paclitaxel and the steroid, it is probably better to choose
a combination treatment to get similar effect but only half the dosage of
each 25drug. Example 47 The Effect of Capxol on Artery Restenosis
Abnormal vascular smooth muscle proliferation (VSMP) is associated with
cardiovascular disorders such as atherosclerosis, hypertension, and most

SurfaciapigovdsEihisicceBoreblomonotverib vsmmigateamipohconmicatiivafinclude

propyléh%@li@ﬂ%ﬁﬁﬁ%ﬂlé@maﬁ%&n8(%@@9;9{0 vH(AREA). The incidence of
chronic restenosis resulting from VSMP following PTCA 5has been

reported to be as high as 40- SOOér) wﬂE:n g -6 months. The high
incidence of vascular reocclusiof ed with PTCA has led to
development of in vivecgamiminnedtiehoprastkredi8HiAd the search for
agents to prevent it The following study describes the use of Capxol in

mmteﬂmwﬁ&ea W&Q HEAHTAUMR QLG 3HGNGINAIE and mixed with 2
prague- Dawle ats (Charles |ver w T/?hlng 350-400 gm are

mi 4:1 &?%é%ﬂ?&fz@ﬂt%tﬁiéﬂérm%d%ﬁemﬁh sitheoinnceRsrisle darestia
microe@ﬂeqwﬂmgemdaﬁ@gllﬁseﬁ@@ of i3 et RRsRINQ et dﬁékh%elﬁﬁlﬁé’xr Rliuced

ow tyvo DI ICH micro bulldog clamps to be placed about 2 cm
pressurgy @rf‘%{?’otﬁ/ ) o N.h%ae&&ﬁ%%g%%rfiﬁfﬁ%@ﬁ%l@g@aealﬂs is: Z-
averag@%@matﬁﬂr%ﬂﬁaﬁw@&mwai@mlb@ﬂcﬁﬁﬁlﬁ}tﬁﬁﬁ&éh@i&ﬁwﬂnﬁiprbé’ﬁé'&ﬁ@%r.
are present along this segment of the vessel. A 30-gauge needle attached
to a 3 way stopcock is first mserﬁeg %p @en pulled out of 15the lower end
of the isolated segment to make a hole on the wall of the vessel, and then
inserted to the upper &3 t IR Yy dsphate-buffered saline
IS injected to rinse out aII the blood |nS|de the isolated segment then the
A W@}é@wﬂﬁﬁlﬂﬁ is thinaehtaiaathe asBativaspAHeAURIOEiROWIGS Rhter
resse air. A gentle stream of 5 ml per. te) is passed along
nstead R R R VLRSS AL Lo or e HRyNG MR e e
having eZdatbelgemizd he-sdgment is 20then refllled with saline prior to removal of
the needle from the vessel. Before the clamps are removed the needle
holes on the vessel wall are cargfully.¢asiterized to prevent bleeding. A
swab dampened with saline can be use"d“to press on the needle holes to
stop bleeding alsottFRE fion. of Naneeayiskey of Reslitmeth clips and
washed with Betadine. All the animals received the surgery described
abm@oﬁrpdcﬂlmsabwhmedhﬂbmedfmwe ity Racdaye adiet aldgery 4‘@%@113 of 4:1
tld artery on.ea h side were retriev olo c examlna The
Triton Xnon 3) Jerate %ﬁﬁ&’é‘%iv:.u“?eﬁ‘/é” as seif e lrc:or‘?’frflo(lfl ‘?“Ee exp rlfinﬂenW Sh p’éturl%
After emﬁimuhfmeﬁmmﬂmmmﬁ@m@m%avﬁ@a siosw@ai)m size by

volume%&%%%rg@ﬁl%&magwbqgﬂnQ‘M:%Q @Q %ﬂg@{gg{ﬂg& aﬁer one day at
4°C.

H ."d

D. Miscellaneous Examples Relevant to Al Methods of Nanoparticle Formation

Example 30
Identification of Microemulsion Phase Diagrams

Compositions were identified which yield microemulsions, and that may be utilized to

obtain nanoparticles by the solvent evaporation method. These compositions should contain a
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Group 2: Low dose Capxol treatment: Paclitaxel 1 mg (w/20 mg
Human Albumin)/kg/week, IV. Group 3: Drug vehicle control. Human
Albumin 100 mg/kg/week. IV. 5The carotid artery biopsy samples are
preserved in Fonnalin and then cross sections (8 pm) are cut from
paraffin blocks and stained with hematoxylin and eosin. The
cross-sectional areas of the blood vessel layers (intima, media, and
adventitia) are quantified. The injured carotid arteries in the control
water igraull shdwed cgmizidkabiésadein ilatioplobintimddsritopth musele gdiison as the
contin&gg Xa%%\ﬂu%lg\ﬁ%(wn% tz)t% e@%{%{%mcerp]#ﬁg&gﬂghe overall thickness 100f
the wall of Carotid artery aré doubled. The treatment groups showed a
statistically significant decrease in the intimal wall thickening compared to
tEEORRIBIS Eaph PR G o riats i Wy 68R §ofoNBrb phFfitRus gyepositions which
are desIEUIPOLAIORLEELHAAD (RiE8 HRSANOICHRSH A SAHRIR IRKhANERadiesiable
. nzymes, 15peptides, oligonucleatides, sugars, polysaccharides, and the
feﬂduﬁwgflﬁ%fﬁ%%f&ﬁfeﬁéﬁﬁ@da?%epﬁghaﬁ%%faegﬁ & B6eshatSsgagtant are
used inspedifiasiRaimtberatynpliisitargelingalility-tank Patudizestormonooleate) and

th tic,or di ti .E le 49 Antib ti f
Propy S GG o SRS 0N REn RS o7 HE L AHC BB Leh i e
hydropbbthernmientionysdldivg dompthre attachmentafimbeectonalgr galgeiOnah. After

-..... antibadjes ta the polymeric.sh k)o incorporation of antibodies into the
ftmats b T B B e ol o

the polymeric microcapsule shell is being formed, or antibodies can be
dthaeh dgprmeab almRER cshkinatfaas srctvalationt/ Hesre bl Briaapd proteih by
vortex iR MRRIERLPHBCIAIRUES 6RRLPEUSAML IRN NS 4P RHPRSE PHok BX A RI&ing with

with protein microcapsules prepared from a protein such as albumin, a

the solysrberhtitfigRt BHamine! rothR%rr R aaitiRay sihwaissidlis tyreidity of the
variouvaiipbiaitai attaghment ks utiab iy osibed aniadiesnpsabaxamRleyiclded

antitumor agents can be delivered to a tumor by incorporating antihodies

transtugHi ST WiroH e e paRhry eebhaintderiegs BiNgRgNmE sratios of solvent-
surfactanfibediés-agaihstdredsimbe shisddi atiachachiol iRty miticcshdti@ftavere

enicFREIRIoN Thersot As noiner example, aene pragucts.canbe delvpref.
0 Specitic cells Féng, hepatocytes or certain stem cells’in the bone

procedmarreywsioy nceygenatingvantin Bdidsvegalsst reckptomyb nctiet¢tanget toaltsducting
the pha§érﬁ9a%?8§&!¥%iﬁ£‘&q§4)e" as it is being formed, or antibodies against

receptors on the target cells can be attached to the polymeric shell after
preparation thereof. In addition, monoclonal antibodies a%ainst nuclear

role ptbie ity e e icesgRtienehddpagrarissiodich erem g ety was
evaluatll S RINHRhYPEITV absorption spectra before and after 0.2 um filtration. The

nanoparticles were obtained by vacuum evaporation of butyl acetate (60 mm Hg, 40 C). It

should be emphasized that throughout the whole process no high shear equipment was used.

The microemulsion systems were identified which could be useful for oral delivery.
n-Butyl acetate was chosen as a solvent. The following surfactants and cosurfactants were

evaluated at various ratios:

Tween 80 : Glycerol 5:1
Tween 80 : Glycerol 4:1
Tween 80 : Glycerol 3:1
Tween 80 : Glycerol 2:1
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Example 50 10Targeting of Immunosuppressive Agent to Transplanted
Organs Using Intravenous Delivery of Polymeric Shells Containing Such
Agents Immunosuppressive agents are extensively used following
organ transplantation for the prevention of rejection episodes. In
particular, cyclosporine, a potent immunosuppressive agent, 15prolongs
the survival of allogeneic transplants involving skin, heart, kidney,
pancreas, bone marrow, small intestine, and lung in animals. Cyclosporine
Hascoréh dehyoersiratet! to suppress some humoral immunity and to a
reater extent, cell mediated reactions such as allograft rejection, delayed
r%ngﬁ\’ﬁf’f"bxpérﬁnental allergic encephalomyelitis, Freund's
Rt gﬂﬁ?ﬁf@ and'§raft versus host disease in many animal species
Pra vagga%of 0 ans[ Su‘cgelssful 20 kidney, liver and heart allogeneic

wee

%6 s}h %lenee%l e rined in humans using cyclosporine.

? %8”]’}?1,0 gnre Y (5 ed in oral foiin either as capsules
‘i’ c §qorlne in alcohol, and oils such as corn oll,

;%ﬁé% é g‘ gnd the like, or as a solution in olive oil,

W%Whﬁggg VG &‘3?51 Qnd the like. It is also administered by

25intravenous |nJect|on in which case it is dissolved in a solution of
glirareh(@pprepdmalgly: B0%randeaeamaphor (polyaxyethylated castor oil)
Wik gst-bepdiuger71120 teudi10Q ivwaimal seline or 5% dextrose prior
tginjestign Cipmpaned 1y apripyaaengivso(i.v.) idtusion, the absolute
lOaxaiilsility BHih&®rad 1golbtigyisnappyoximately130% (Sandoz
Pharmaceutical Corporation, Publication SDI-Z10 (A4), 1990). In general,
the¢an Selivehppfleyelglspolhéibiferd rdm) simiflar problems as the
currently practiced i.v, delivery of Taxol, i.e., anaphylactic and allergic
rga,ﬁmeﬁz behgyedila hediria ibeCemaphor Thedeyasy efilent and

ployed for the i.v. formulatio n the intravenous deliver
DroDYI G ey SDLB ORI PR S il A R B MBS AD SRR Al for th
systemdﬁhggt(austﬁeﬂkdaéeﬁ)dGe\;etﬁajmmeghﬁtely f D,I Iwmimrg ‘Adminidinatiensofvbnts were

tested: sec?gg %fr?r(]:g aic t (?1?61%% nggtgtOf rep allableff Or{ﬂ u'é tslos gms were the

& above-described & cap su%\gtreénform of cyclosporine
same asltmm wifive-teity dectemseline peakmlmbv@ltbé\ﬂe:tgm @wﬁmﬁﬁmempyiene glycol
11, wé[&}’ﬁ%ﬁ@%ﬁ{aﬁ%ﬁ%ﬂﬂﬁﬂnjedion- In order to avoid problems associated
ith the cremaphor, cyclosporine contained within polymeric shells as

described above may he delivered by i.v. jnjection. |t may be dissolyed in

d &%’B?GEWBWEW&J%%%&BF%?JZ&MA FoHAinG sty &
63% wherdispgyaeshngs. pobweriie Shﬁﬂﬁﬁy@ﬁmmﬁﬁldm thedibeses Brmation

addition, (2N |H1gortant advan e r# F%/clos orlncg~ (n[ Qt%er |
Procesy Wn?ucr?gsﬁf)te ngﬁ |n pcﬁ rlc shells SR ag% o focaling in
g butyltargetin@ tuetg upiake @B%\etirfmmdmd Hﬂaﬁéﬂ%h@dahe RESIsystemfiabtivg 17 nm

his ma 0 xtent avoid s ste m|c toxi .
f “The o9 Fofn FAS B gq ﬁ?“ eptrat
was Om%ict-lgl/elgmsggélsc dueto o I1}11;\-§)targetlng xamp e %se of CatXol for "
100 mgAntibpdyitdayestitg The phase diagram for this system was determined. Particle size of

about 20-50 nm was found depending on the composition.

Control experiments with Sudan III and BHT were conducted. 14.4 g of water was added
to 10 mg Sudan I and 4.6 g of surfactant/PG was added to the mixture. The sample was stirred
for 24 hr with maggetic stirrer. Dissolution of Sudan III was observed. However, when the

same experiment ‘;?vas performed with BHT (100-mg BHT in 9 g water and 4.3 g of
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Monoclonal antibodies against various tumors or tissues may be attached

to Capxol to enable targeting of Capxol or other drugs prepared by the

invention process to the sites of 20disease. For example, antibodies

against ovarian cancer attached to Capxol and administered

intraperitoneally would have great benefit to ovarian cancer patients.

Example 52 Intravenous Administration of Therapeutics Intravenous

rplnl tratlon of therapeutics, for example, drugs, imaging agents, and

surfaciHBl Ao presgi §B8§é’£ B mesplistiteth At IdustiBRR PaREARSLYRTRE ormed
(temp hmﬁré\esﬁﬂ?[atpﬁl&%&t&%mﬂ s(ittendd dhraug mthedivein sigaticantipe IBQ&@Eamples

tthe utic | en up and se estered?g theCB and ther
was D RO BE e TPy et BB o N TSR Sl kB iy e s
foundlivethit ssiikblylteftie snetabmilizeddanikthe rgsuating ragiatioktybyproducts
often have general systemic toxicities. By encapsulating the drug or other

thﬁ’i@@%ﬂﬂ&@%@é@aﬁo‘%%&%&8%'{91‘9@ (008 1DV E 94 Bncentration

protein such as albumin), liver sequestration tpon mtravenous

of the ZxdihietpationdisltmdVisban Mpummiasfd dxdmprbsikowr tty pafaind that there is

no diﬁ@f&ﬂﬂmme@¥QE@%%ﬁ%-@§ M?@Mﬂ@&ﬁ%ﬁ%ﬁ%ﬁﬁ%&ﬂ“& %@é}gf small
Thus, the sequestration of albumin by the 5Sliver does not occur to the

size 0@%@%@@1@@%‘%&%& compounds or drugs which have hepatic receptors
(or other mechanisms) which initiate processes which result in their
réfovalirdes thedpeqdstt ¢ameBypprideatiightie thegspeusicnyithna. 1 4% butyl

acetatqy Of’}f&P%lP %’yblassesgﬁlg IY‘\’/%% élnmer generaﬁlgllgién ?E bg% té:fug%':&%) bmyl

acetatsy&&mﬂm@cd@@aﬁ% witlirpne aspect of the present invention, there is
provided a novel 10 method for bypassing the liver, which comprises
encapsulating a drug in a humar:liveraiimin (essentially a physiological
component). In this way, more of the dru becomes available for systemic
therapy. In additioR 63HYFER Havika-of ~‘=’-'-‘-4‘.-o there is a
decrease in the production of metabollc byproducts of hepatocellular drug
degragatqupBeth theldincpeade intivenidoypdescandvdd dre asedir-loy fro dirgis:|

g li nergistiG improv ment 15in the ayera

man S R P S R or

CapxofiYtrapdushioapSulaed! il¢ramisnmabenine Exahipto®3 Reducing
Myelosuporessive (Hematologic Toxicity) Effects and General Toxicity of

egsshpeverabshemotherapeulis, hyes: bR glose Timiting toxicity due
tprtheixdnyelosuppressive effecigzjhaxalfRackiaxellils aekassic example
aiisuah @i Eodpesradministergeginritsscusenthiarprave ddossmgation of
cremaphor/ethanol, Taxol produceg meldisHpfessiyy efactsdRatiimit the
repeat administration of the drugsaagpseclude retreatment of a patient for
ddrast Baveskshiqopdemto allovrRblaodibepoistefstiépatenitoleturn to
normal. It was postulated that | Evaporators, Wiped Film Evaporators, Flash
Evaporators, Recirculating Concentrators,
Ultrafiltration

Dehydration Equipment Lyophilizers, Spray Dryers

Example 32
Intravenous Delivery Systems Formulated

From a Variety of Materials
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25due to the non-toxic biocompatible nature of the drug carrier of certain

aspects of the present invention, viz, human albumin, the toxic side effect

of myelosuppression may be greatly reduced. Sprague dawley rats

were given paclitaxel in commercial formulation (available from Bristol

Myers Squibb (BMS) in cremaphor/ethanol, hereinafter referred to as

Taxol) or prepared by an invention method as nanoparticles with albumin.

Both formulations were administered by tail vein injection. A single dose

|Ele hoftEriaig kg avias e micpsteried tdrithevEaxos folinatatigsicwhergabawol ymeric

dose levels of 5 mg/kg and 12. mg/kg .were inister the, | ion 4
e o B R S B
grade tulfiog acdknimistratiomtag H ahdnbek ofwiybtssupiressiorsurfaceohaseof akbpse
moieﬁ%ﬁ%%%ﬁamgm%@@?cmm W@i Eﬁ@j &g&%@&ﬁa{o Bﬁfe@cﬁﬁtf% Q%’ing is

nd 63.5% on day | and day 2 after administration, respectively, whereas

specifigaii¥raiiprrentivprecha catirserat s nrgaag hirkonipbic Bipitd shisrsastagtoyith the
treatmekf sG1aRING S A% QBadaY cand Haod I8 ivehation therdiahshdopRwever,

invention formulation at 12 mg/kg, the. WBC counts 10increased by 6.5%
any hydiapbeegatedisy 1 diraagrsnaepbiemei ikehr hiadd bgtdhmeatipieHging

and otheheshigoNLAYY 61aBY RRIESSIGN dRare Aty keaucetysadminisieingthedtigphobic
in the, present invention f%rmulation. A chgeir indicator of $el51er%l. i
phamaepel AR S AP HETIRCE IS AFiEAICEE D WRigRES BRIeTLrs Wajas catheter

and delalsoyrmanidioreddadtpwinty ateninistiationydf gacliaxdlada doge Mo ongkggzents

the 15Taxol formulation resulte a reduction of body weight 4% in
can b G e N S, WRCPEAE TRCDLoel el S pEaL b i Wl of
the tubagministeéred thetapeirvertiomfotsmulbticrire byitag elon lyhar 81994 ayoplip active
agent ib&%\é \fy)etlx%m ol Q%I&?sté,ng ‘E;ﬁf:%ﬁl')’eﬁ%gﬁgﬁ g'h I%%&HQ?C!E%’SPH&R@ agent can
formulation. It is very surprising that when the invention formulation and

lead to Taherarstisdivilbisields falporasartisylinziamkausesor paplitaye herprenic
moietidIARRTHIRHEE ALMYEIASHRIESRION 1{5?6%911&53{9{\7@5 kxRl BRRUPEoMPAI&Hpeutic

~ to the invention formulation group. This can result in lower incidences of
windoW iR -and fever episodes (e.g., febrile neutropenia). It can also reduce
the cycle time in between treatments which is currently 21 days for
TPaxole] Mathddhéuge: dftpharmacabticaldompibsitphsphcdparddraccoidmncpily
active 42 RVESETENYRLAN, sy Ble I, MAY DeEaasd 18 R ASURRISadive
eek, or less allowing for more ‘effective treatment for cancers. Thus the

agent, thsmgh phraistiosutichitcomydogitiobts prejstirsd beborchmpabhecpativarie-2.,
albumil)VERRDJ0RY Prvide. Sbsiantal Advaniads A1el IR X TRlGrGtically
Administration”of Bolus Dose of Nanoparticle Formulation
reduced. Thus, the present invention enables the use of highly hydrophobic drugs, in
combination with standard medical grade polymers and hydrophobic glasses, in which the drug
is protected and therefore not absorbed onto the surface. The invention method comprises
placing a protective coating of a biocompatible polymer (e.g., albumin) around the hydrophobic
drug and placing the resulting composition in a hydrophobic polymeric delivery system. The
invention methods are therefore capable of improving the delivery of a variety of hydrophobic

therapeutics.

Example 33
HPLC Analvsis of Paclitaxel
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The anticancer drug, paclitaxel, in its commercial BMS formulation with
cremaphorlethanol, cannot be administered as an intravenous bolus. This
is due to the extensive 5toxicity of the vehicle which results in severe
anaphylactic reactions and requires patients receiving the drug to be
pre-medicated with steroids, antihistamines, and the like. The Taxol(r)
formulation is administered as an intravenous infusion lasting anywhere
from | hour to 24 hours. In contrast, formulations according to the present
Chromitegnatibie, Yuéeto: the use of a non-toxic carrier, can be administered to a
patient readily as an intravenous bolus (i.e., in a period less than 1 hour)
HpLC;1Owith%§ﬁk@gg>g@tyfmgb3@m§n§m‘ieg gyeitph formulation that is used
clinical gtod %@Cﬁ The effectlve dose of paclitaxel for a patient typically
lies be fﬁ@ on the patient body weight or body

surfacaﬁ@gaﬁﬁ)gml@}agegiemr@iﬁf@mﬁt a final dosing concentration of

300-1000 HHLH SO0 AHRFISHALANS do ot have thess

limitatidisnantheaiTBel 3a0ohimist€rach at a desired concentration. This

~ enables.clinici trea atlent id intraveno olus that can
COlmmkl)e ad %I: ie%? ?ri g%nﬁt eas'a eavé) an SR &’a?n%lsel if the invention

MobilefBhanalatimarisdeconsti@@d 3o a dosing concentration of 20 mg/ml, the
Flow erfltSIon volugne f%r }otal dose of 200-500 mg is only 10-25 ml,
respecﬂvefy ]%hls IS a great advantage in clinical practice. 20Example 55
DetectiReduct?@8 imiToic't of Paclitaxel in the Nano sarticle Formulation
[ at the anticancer drug, paclitaxel, in
Idemt}ﬁgq{g?nﬁ{rﬁeqrma%muI%tglgﬁ%vufgéggfr}n§§phorlethanol (i.e., Taxol), has
extenswe '[OXICI which results in severe an egp lylactic 25reactions and

aediin g Eeerrl § B eddr i idates it dgsearch,

INC., [anti h@amme)swaﬂﬁqtkwﬂi{@m?ﬂyeﬁw@w of thetBMS o ilpdiori was the HPLC
ulatl of the present invention.

compared to the na opar m
%Pafafﬁlﬁu tHb‘ﬁL) it Wﬁ%@% 9 é@éﬂdﬁ&@%?&%{aﬂ e rar i
were mﬁéﬁ%BL m&:&e&hdtﬁeﬁ(ﬁﬁﬁ dﬂ&e Rrelseanseiaxic pitteis svBresaonidarethdyetention
bsrervat L of %e after the injection. For Taxol, a dose of 30
was unl?nrrerlﬁy SthalWithiin 5 minutes of intravenous
5adm|n|strat|on For the same dose, the nanoparticle formulation
PotencpetBrdligsd HldSnvention showed no apparent toxic effects. The
nanoparticle formulation at a dose of 103 mg/kg showed some reduction
mllbqﬁmm&dgmpﬁtﬂﬁirﬁiﬁﬂahmp@ﬁ&mmi&&i@mﬁ@aﬁﬂé&stﬁ@HEIb@hsf&gﬁ%ed

rOX|ma 000 m 550 mg/k II Iet
above. G RIS oA CRCES Rl R0, et el BDS
over ﬂmstalﬁammmttaedeahdltﬂekemmpetmemﬁmhcmiodmd Iptidinaischreater than
103 mg/kg but less than 550 mg/kg. It is therefore clear that the lethal

Impurit§986QL hepinypRtigmiggmulation of paclitaxel is substantially higher than
that of Taxol formulation. ThIS has great significance in clinical practice

her do es of che utic drugs be a lnlster d for
e G AL DBy AL Ry Dotk resoluion of

taxanes. 10-20 LLI. of 1.0 mg/ml paclitaxel BDS in acetonitrile which falls within the linear

time of%ae Rac

response range of our HPL.C system was injected into the HPLC. The impurity profile was

determined by the relative peak area.

Assay of Potency of Paclitaxel in Capxol™
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15Example 56 Determination of the LD50 in Mice for Taxol Produced by
Invention Methods and Taxol Followa S le Intravenous Administration The
LD50 of CapxolTM, Taxol and their carrier vehicles was compared
following a single 20intravenous administration. A total of 48 CD1 mice
were used. Paclitaxel doses of 30, 103, 367, 548, and 822 mg/kg were
tested for CapxolTM and doses of 4, 6, 9, 13.4, and 20.1 mg/kg paclitaxel
for Taxol. The dose for human albumin, the vehicle for CapxolTM, was

oy igsted-atadatkadcosespondmiana mgggaﬁ@}%vaﬂgm&@awm)

because human albumin is not considered toxic to humans. The dos

quantifglysly st e Rar VRIS S BmepHY E Lo Wvapsa s, Sf‘@i’lfss‘”fé‘"ﬁ&"é“&ed in
saline £5MIGGWRIE MGRIBSRENELIR G9ses0f ﬁhéﬁtélcﬁﬁl@omr@aﬁdmpﬁ samples

paclitaxel, respectively. Three to four mice were dosed with ea

were s qe&f?éemﬂaﬁewl&hfe%ﬁﬁﬁﬁa|Eﬁ?éﬁﬂ{ﬁm§&.fa%gwgérh¥n$&éﬁ%’&?ﬁe Extraction or
Liquid3arseHidsiessstteitian Saxahelihedaxghyelialetigreofo ) of the standard

administered alone. The LDso and LDIO for CapxolTM were 447.4 and
prepargtqns and feepsphaciiaRl PrBaairsiaty fg/RdTr pacreaserife st rammgnse
ratio b&ﬁﬂ&zﬁﬁﬁbE%MH%@EH&E@X&MA@%@@MQ&H@&Q% ds albeeke ofirve was
15,06 and 9,06 mg/kg Taxol). In this study, the 0 for Capx
cenerag i o P T AP SB i SIS A HE TR L befgions. The
potendl oﬁpaéﬂh&hﬂﬂ@fipmﬂé@l itadebimizepkelddhpasg htiped grgatercthaiv of the

aclit xel |n evi e\% of. aI the data in this study suggests that the

16115,
sampl axol ve |cIe IS r%gagn Jf:or much of the toxicity of Taxol. It was 5seen

that the mice receiving Taxol and Taxol vehicle showed classic signs of
ImpuriggFapd sy diadHarsl ity Srieeited by bright pink skin coloration shortly after

administration. No such reaction was seen for the CapxolTM and

Capsaifiwehiclgegtatipsthik 8stii P hascHesactied an [lighlé PhakaletZction (see

below)%:)n clx?e Ix%'é%ggg ?rlljt% %%rﬁﬁf?&r.a%ﬁh%rfoy E’ rggﬁn% i)rzrtlcgﬂ(agc)e{ieg{ragted from Capxol™

was mnjected to investigate the impurity profile as above.
Solid Phase Extraction

A Capxol™ sample is reconstituted to approximately 100 pg/ml in saline. A solid phase
extraction column, Bond-Elut (C-18) is conditioned with water. The column is loaded with the
sample which is pulled through the column using a vacuum. The column is then washed with
water followed by elution of paclitaxel with acctonitrile. The eluate containing extracted

paclitaxel in acetonotrile is injected on the HPLC.
Liquid Phase Extraction

A Capxol™ sample is reconstituted to approximately 100 pg/ml in saline. To
apprbximately 200 pl of this sample is added 800 pl of acetonitrile. The mixture is vortexed for
30 seconds and then centrifoged at 3,000 g for 5 minutes. The supernatant is removed and
collected. The pellet is resuspended in 200 pl of saline and the extraction step repeated. The
second supernatant is pooled with the first. The pooled extract is concentrated by evaporation

followed by injection on the HPLC,
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Animals sssss (n) # of Deaths % Survival LD50 (mg/kg) MID or LDio
(mg/kg) Invention 822 0447.4371.5 548 O

Example 34
Particle Size Distribution by Photon Correlation Spectroscopy

PCS

The particle size distribution of reconstituted Capxol™ was analyzed by photon
correlation spectroscopy (PCS) on the Malvern Zetasizer, Malvern Instruments Ltd; The
Zetasizer was calibrated by NIST traceable Nanosphere™ Size Standards, Duke Scientific
Corporation. The procedure for measuring Capxol™ particle size on the Malvern Zetasizer

meluded setting the following parameters:

Temperature.: 20.70°C,
Scattering angle: 90°

Refractive Index dispersant: 1.33
Wavelength: 633 nm

Visc. (Auto): 0.99

Real refractive index: 1.59

Imaginary refractive index: 0

After preparing the Zetasizer, next determine the dilution of the sample needed for a good
size measurement from the kets/sec readings (lo start, aliquot 200 pl of sample into a cuvette
then dilute with approximately 2 mi of 0.22 pm filter filtered distilled water). Place the cuvette
into the cuvette holder inside the Zetasizer and start measurement. Once the measurement starts,
the Correlator Control display will appear. From the menu, choose display rate meter. The rate
should be in the medium range 100 - 250 kcts/sec. If the rate is either too high or too low,
prepare another sample at higher or lower dilution respectively. The size of reconstituted
Capxol™ was analyzed, averaged and recorded by multimodal analysis éﬂer three Auto runs.

The mean particle size was 155nm £ 23nm for 25 batches of Capxol™,

Example 35
Polymeric Shells as Carriers for Polynucleotide Constructs,

Enzymes and Vaccines
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As gene therapy becomes more widely accepted as a viable therapeutic option (at the
present time, over 40 human gene transfer proposals have been approved by NIH and/or FDA
review boards), one of the barriers to overcome in implementing this therapeutic approach is the
reluctance to use viral vectors for the incorporation of genetic material into the genome of a
human cell. Viruses are inherently toxic. Thus, the risks entailed in the use of viral vectors in
gene therapy, especially for the treatment of non-lethal, non-genetic diseases, are unacceptable.
Unfortunately, plasmids transferred without the use of a viral vector are usually not incorporated
mnto the genome of the target cell. In addition, as with conventional drugs, such plasmids have a
finite half life in the body. Thus, a general limitation to the implementation of gene therapy (as
well as antisense therapy, which is a reverse form of gene therapy, where a nucleic acid or
oligonucleotide is introduced to inhibit gene expression) has been the inability to effectively

deliver nucleic acids or oligonucleotides which are too large to permeate the cell membrane.

The encapsulation of DNA, RNA, plasmids, oligonucleotides, enzymes, and the like, into
protein microcapsule shells as described herein can facilitate their targeted delivery to the liver,
lung, spleen, lymph and bone marrow. Thus, in accordance with the present invention, such
biologics can be delivered to intracellular locations without the attendant risk associated with the
use of viral vectors. This type of formulation facilitates the non-specific uptake or endocytosis
of the polymeric shells directly from the blood stream to the cells of the RES, into muscle cells
by intramuscular injection, or by direct injection into tumors. In addition, monoclonal antibodies
against nuclear receptors can be used to target the encapsulated product to the nucleus of certain

cell types.

Diseases that can be targeted by such constructs include diabetes, hepatitis, hemophilia,
cystic fibrosis, multiple sclerosis, cancers in general, flu, AIDS, and the like. For example, the
gene for insulin-like growth factor (IGF-1) can be encapsulated into protein shells for delivery
for the treatment of diabetic peripheral neuropathy and cachexia. Geneé encoding Factor IX and
Factor VIII (useful for the treatment of hemophilia) can be targeted to the liver by encapsulation
into protein microcapsule shells of the present invention. Similarly, the gene for the low density
lipoprotein (LDL) receptor can be targeted to the liver for treatment of atherosclerosis by

encapsulation into protein microcapsule shells of the present invention.
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Other genes useful in the practice of the present invention are genes which re-stimulate
the body’s immune response against cancer cells. For example, antigens such as HLA-B7,
encoded by DNA contained in a plasmid, can be incorporated into a protein shell of the present
invention for injection directly into a tumor (such as a skin cancer). Once in the tumor, the
antigen will recruit to the tumor specific cells which elevate the level of cytokines (e..g., I1.-2)

that render the tumor a target for immune system attack.

As another example, plasmids containing portions of the adeno-associated virus genome
are contemplated for encapsulation into protein microcapsule shells of the present invention. In
addition, protein microcapsule shells of the present invention can be used to deliver therapeutic
genes to CD8+ T cells, for adoptive immunotherapy against a variety of tumors and infectious

diseases,

Protein shells of the present invention can also be used as a delivery system to fight
infectious diseases via the targeted delivery of an antisense nucleotide, for example, against the
hepatitis B virus. An example of such an antisense oligonucleotide is a 21-mer phosphorothioate

against the polyadenylation signal of the hepatitis B virus.

Protem shells of the present invention can also be used for the delivery of the cystic
fibrosis transmembrane regulator (CFTR) gene. Humans lacking this gene develop cystic
fibrosis, which can be treated by nebulizing protein microcapsule shells of the present invention

containing the CFTR gene, and inhaling directly into the lungs.

.Enzymes can also be delivered using the protein shells of the present invention. For
example, the enzyme, DNAse, can be encapsulated and delivered to the lung. Similarly,
ribozymes can be encapsulated and targeted to virus envelop proteins or virus infected cells by

attaching suitable antibodies to the exterior of the polymeric shell. Vaccines can also be

‘encapsulated into polymeric microcapsules of the present invention and used for subcutaneous,

intramuscular or intravenous delivery.

Example 36
Localized Treatment of Brain Tumors and Tumors

within the Peritoneum
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6 75 4 100 10 These high doses of CapxolTM were

administered as bolus injections and represent the equivalent of
approximately 80 - 2000 mg/m2 dose in humans. The LDIO or maximum
tolerated dose of CapxolTM in this study is equivalent to approximately

1000 mg/m2 in humans. This is significantly higher than the approved
human dose of 175 mg/m2 for Taxol. 15To our surprise, it was found that
the vehicle, Cremophor/Ethanol, alone caused severe hypersensitivity
rBalitionsgaricidetihripestiveainmioke 4o tps aimice ak RE&HISO datiastofaheng

o G L B
materiaindiearsiedhddiverany elstheccausiewsid hy persahsltiving! Homsvaghasgdson
crosslitRES SRR WS REIANE IR BRI CATRE RN G SR NG LRl MBSl ve
ingredient, for example paclitaxel, may be released by diffusion and/or degradation of the matrix,
Capxol may be dispersed within a matrix of the biocompatible material to provide a sustained
release formulation of paclitaxel for the treatment of brain tumors and tumors within the
peritoneal cavity (ovarian cancer and metastatic diseases). Temperature sensitive materials may
also be utilized as the dispersing matrix for the invention formulation. Thus for example, the
Capxol may be injected in a liquid formulation of the temperature sensitive materials (e.g.,
copolymers of polyacrylamides or copolymers of polyalkylene glycols and
polylactide/glycolides and the like) which gel at the tumor site and provide slow release of
Capxol. The Capxol formulation may be dispersed into a matrix of the above mentioned
biocompatible polymers to provide a controlled release formulation of paclitaxel, which through
the properties of the Capxol formulation (albumin associated with paclitaxel) results in lower
toxicity to brain tissue as well as lower systemic toxicity as discussed below. This combination
of Capxol, or other chemotherapeutic agents formulated similar to Capxol, together with a
biocompatible polymer matrix, may be useful for the controlled local delivery of
chemotherapeutic agents for treating solid tumors in the brain and peritoneum (ovarian cancer)
and in local applications to other solid tumors. These combination formulations are not limited
to the use of paclitaxel and may be utilized with a wide variety of pharmacologically active
ingredients including antiinfectives, immunosuppressives and other chemotherapeutics and the

like.

Example 37
Stabii_ity of Capxel™ Following Reconstitution

Lyophilized Capxol in glass vials was reconstituted with sterile normal saline to
concentrations of 1, 5, 10, and 15 mg/ml and stored at room temperature and under refrigerated
conditions. The suspensions was found to be homogenecous for at least three days under these
conditions. Particle size measurements performed at several time points indicated no change in

size distribution. No precipitation was seen under these conditions. This stability is unexpected
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Fiamle517 Determination of the LD50 in Mice of Taxol(r) and
Taxol Following 5Multiple Intravenous Administration. The LD50 of
CapxolTM and BMS-Taxol and their carriers were compared following
multiple intravenous administrations. A total of 32 CD1 mice were used.
CapxolTM with paclitaxel doses of 30, 69, and 103 mg/kg were
administered daily for five consecutive days. Taxol with paclitaxel doses of
4, 6,9, 13.4, and 20.1 mg/kg was achninistered daily for 5 10caonsecutive
and OVALRAGS RIPRFERS ARSPS BB WillPEhoN Eoh BasiRfF: Reaaliig dhgot 24 hours after

reconsftesentechinrdablendndaiolend dviiitiple kittavarug Administrations Group
Dose (m/0_5 0 10369 30 # of 4 4 4 Animals # of Deaths 4 1 0

In addition, reconstitated Capxol was stable in presence of different polymeric tubing
materials such as teflon, silastic, polyethylene, tygon, and other standard infusion tubing
materials. This is a major advantage over Taxol which is limited to polyethylene infusion sets

and glass infusion bottles.

Example 38

Unit Dosage Forms for Capxol™

Capxol is prepared as a lyophilized powder in vials of suitable size. Thus a desired
dosage can be filled in a suitable container and Iyophilized to obtain a powder containing
essentially albumin and paclitaxel in the desired quantity. Such containers are then reconstituted
with sterile normal saline or other aqueous diluent to the appropriate volume at the point of use
to obtain a homogeneous suspension of paclitaxel in the diluent. This reconstituted solution can
be directly administered to a patient either by injection or infusion with standard i.v. infusion

sets.

In addition, Capxol™ may be prepared as a frozen, ready to use solution in bottles or
bags that would be thawed at the time of use and simply administered to the patient. This avoids

the lyophilization step in the manufacturing process.

It is very surprising that when the invention formulation and Taxol are administered to
rats at equivalent doses of paclitaxel, a much higher degree of myelosuppression results for the
Taxol group compared to the invention Formulation group. This can result in lower incidences
of infections and fever episodes (e.g., febrile neutropenia). It can also reduce the cycle time in
between treatments which 1s currently 21 days. With the use of pharmaceutical compositions
prepared according to the present invention, this cycle time may be reduced to 2 weeks or less
allowing for more effective treatment for cancers. Thus, the use of pharmaceutical compositions

prepared according to the present invention may provide substantial advantage over Taxol.

Example 39

74



10

15

20

25

# of Survival 0 75 100 LD50 (mg/kg) 76 MTD or LDio 64 CapxolTM
Taxol 20.1 97tC 0 8.0 4.3

Oral Delivery of Drugs

Taxol is very poorly absorbed by the oral route. Particulate formulations such as Capxol
may greatly enhance the uptake of drugs such as paclitaxel. In addition the invention
formulations of paclitaxel prepared through the microemulsion/evaporation process are useful for
oral uptake of drugs. The use of surfactants in combination with these formulations surprisingly
enhance the oral bioavalability of these drugs. The use of lipids, surfactants, enzyme inhibitors,
permeation enhancers, ion pairing agents, metabolism inhibitors were surprisingly found to
increase the oral absorption of the invention paclitaxel formulations. Examples of ion pairing
agents inchude but are not limited to trichloroacetate, trichloroacetate salicylate, naphthalene
sulphonic acid, glycine, bis-N,N-dibutylaminoethylene carbonate, n-alkyl sulfonates, and n-alkyl
sulfates. Examples of membrane permeation enhancers include but are not limited to Sodium
Caprate, acyl glycerides, poloxyethylene alkyl ethers acyl camitines, sodium cholate, sodium
taurocholate, sodium taurodihydrofusidate, EDTA, sodium salicylate, sodium methoxysalicylate.
A non-limiting list of surfactants and lipids that can be used for the mvention formulations have

been described herein.
Example 40

Mode of Administration of Capxol and invention formulation of other drugs

The invention formulations may be administered by intravenous infusion, infravenous
bolus, intraperitoneal injection, intraarterial injection, intraportal injection, hepatic embolization,
intratumoral injection or implantation, intraurethral injection or iontophoresis, intramuscular
injection, subcutaneous injection, intrathecal injection, inhalation of dry powder or nebulized

liquid and the like.
Example 41

Use of Capxol to tareet Angiosenic Vasculature

Angiogenesis has been tmplicated as a causative and/or exacerbating factor in the
progression of diseases such as cancer, rheumatoid arthritis, and retinopathy. We have

surprisingly found that Capxol can reverse or reduce the severity of rheumatoid arthritis as well
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as cure tumnors in animal models. It is therefore possible that Capxol has antiangiogenic activity.
To make Capxol even more effective than, it is possible to target angiogenic vasculature by
attaching suitable peptides to Capxol. Examples of such a peptide is RGD (arginine-glycine-
aspartic acid). Many other peptides with similar activity may be attached to Capxol or other
drugs prepared by the invention process for targeted therapy. The peptide/Capxol may be

administered by conventional means to patients in need thereof.

Example 42
Use of Capxol™ for Treatment of Liver disease

End stage hepatocellular carcinoma and other cancers of the liver may be treated by
admunistering Capxol intraportally. Embolization directly into the liver greatly enhances the .
dose reaching the liver. In addition much higher doses than conventional Taxol may be utilized
to treat the disease more efficiently. Also, suitable targeting agents such as proteins or peptides

that Jocalize in liver tissue may be combined with Capxol for greater therapeutic efficiency.

E. Examnles involving or Directly Pertaininer fo Prechnical Studies

Example 43
Toxicity/Myelosuporession study of Paclitaxel -

Comparison of BMS Formulation and Capxol™ for Single Dose

Administration Study in Rats

A summary of the study is presented below.

Schedule: 1X, Single dose intravenous infusion (Day 1)

Ammals: Sprague Dawley rats, 40 males, 40 females

5 rats/sex per group

Weight: 300+£50¢g

Study duration: 15 days

Treatment Groups: BMS (1 vehicle + 3 treated groups)
Capxol™ (1 vehicle* + 3 treated groups)

Doses: BMS (0, 3, 6, and 9 mg/kg)
Capxol™ (0, 6, 9, and 12 mg/kg)
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100 15The results indicated that CapxolTM is less toxic than Taxol. The
LD50 and LDK, of CapxolTM were 76.2 and 64.5 mg/kg of paclitaxel,
respectively, compared to 8.07 and 4.3 mg/kg of paclitaxel in Taxol,
respectively. In this study, the LD50 for CapxolTM was 9.4 times higher
than for Taxol. The LIDio for CapxolTM was 15 times higher for CapxolTM
than for Taxol. The results of this study suggests that the CapxolTM is
less toxic than Taxol(r) when administered in multiple 20doses at daily
Dose {raponisiti@yatpregaiielivity)and Efficacy of Two Formulations of
Dose fARE! TMADA Taxqlg @ﬁ%ﬂygyvas performed to determine the efficacy of
CapxolTM, Taxol, and the CapxolTM 5 vehicle in female athymic NCmu
nticasmiplatad dith:ppd 2 mammary tumor fragments. Groups of 5
InfusidhiegLas! Bt 5 injections of CapxolTM formulations
VR-3 or \?Iggf{at_ dgrs%gg ?)g 13.4, dé'go,yéa’t()g,)(le mg/kg/day for 5 days. Groups of
Dose oo lerd sty edat] ¥t intravenous injections of Taxol at doses of
Clin 0o88.4,32@3nd 30 mg/kg/day for five days. A control group of ten mice was
Clin Ptrt atgd wi hgr}intravenou injection of CapxolTM vehicle control 10
arvar AISERTRS BOB HitRalddy) tof 5! day S Orirhilii S peratdieire

Body theghtemberyet campl&textidr®r regressions, the mean duration of complete

* veh 64" sion. tymor-free survivors, and.tumor recugrences.  Treatment .
v SN T e R S R R v ey el s exception
that thepdilidoseflgeclsihes twaittighest doses resulted in 100% survival after

103 days. CapxolTM 15formulation VR-4 resulted in complete tumor

regression in the three highest dg§%@9p¢p§, and 60% regressions at 13.4
mg/kg/day. Survival rates after 103 days
formulation VR EEQREREGSOT He OO0 HRIIUIH g/kg/day
resulted in 103 day survival rates of 40%, 20%, and 20% respectively.
Thdatrvethewithahencdittrofrehit kudadanol effect o ithrAongrawtb ansktier group

and 3 é@m%?e‘%‘ﬁﬁ% %ﬁﬁm '&%9 ﬁ%&n%%&%%k%%%ﬂﬁoeu }:J(LE]SﬂieasreThe dose used was 5 mg/kg

with a dosing volume of 7 mi/kg. The dose was given as an intravenous bolus through the tail

vein. The results of this study are summarized in the graph (see Figure 3) which shows the
percent change in WBC counts (an indicator of myclosuppression) for cach formulation as a

function of time.
Conclusions of Pilot Myelosuppression Study:

The data shows significantly lower WBC counts (mean + SD) in the BMS group
compared to the Capxol™ group indicating a greater degree of myelosuppression for the BMS
formulation (maximum WBC suppression of >70% for BMS; maximum WBC suppression of
<30% for Capxol™). Analysis of the data shows a statistically significant difference (p < 0.05)
between the two groups for all data points except for day 0, 13 and 14. In addition, normal levels
of WBC are recovered within 6 days in the group receiving Capxol™, while 14 days are required
for recovery of normal WBC levels in the BMS group. This indicates a significantly reduced
hematological toxicity for Capxol™ If similar results are seen in hurnan clinical trials, this data

may suggest that the cycle time (cwrrently 3 weeks for Taxol®) between subsequent cycles of
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20presented in Table 4. Table 4 Dosage t/kg/da CR/Total TSF/TR DCR
(days) NonSpecific Deaths/Tota VR VR TAX VR- VR TAX VR- VR- TAX
VR VR

treatment could be significantly reduced (possibly to 2 weeks, or even 1 week or less when using

Capxol™,

Example 45
Pilot Study of Antitumor Efficacy

Prior to the initiation of the above study, a pilot study with Capxol™ was performed to
determine the target dose ranges and efficacy. The mice (n=10) were implanted subcutancously
with the MX-1 mammary tumor and the treatment was initiated when the tumor reached
approximately 150-300 mg in size, This occurred by day 12 and the treatment was initiated on
day 13 after initial seeding. Capxol™ was reconstituted in saline to obtain a colloidal solution of
nanoparticles of paclitaxel. The tumor bearing mice (n=5) were treated with reconstituted
Capxol™ at a dose of 20 mg/kg (denoted by VIV-1), given by bolus tail vein injection every day
for five consecutive days. The control tumor bearing group (n=5) received only saline on the
same schedule. The size of the tumors was momtored as a function of time. The control group
showed a tremendous increase in tumor weight to a median of more 4500 mg and all the animals
in this group were sacrificed between day 28 and day 39. The treatment group on the other hand
showed remarkable efficacy and all animals had no measurable tumors by day 25. The animals
in this group were all sacrificed on day 39 at which time they showed no evidence of recurrence

and no evidence of tumor. The results are shown in figure 4.
Conclusion:

This study showed remarkable antitamor activity for Capxol™. Thus, the antitumor
activity of paclitaxel is preserved the Capxol™ formulation. This study indicates that the
intravenous administration of nanoparticles of paclitaxel can be as efficacious as administering
the drug in the soluble form. Thus, Capxol™ shows efficacy and potent anti-tumor activity
without the toxic effects seen in the approved and marketed cremaphor-containing BMS

formulation.

Note: Based on literature data, and on experience of SRI (Southern Research Institute) scientists,
it has been established that the maximum tolerated dose (IMTD) of paclitaxel dissolved in diluent

12 (cremaphor/ethanol, which is the same diluent used in the BMS formulation) is 22.5 mg/kg
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for this particular strain of athymic mice. This result is obtained by dissolving paclitaxel at a
much higher concentration tn diluent 12 compared to the marketed BMS formulation (BMS
paclitaxel, 6 mg/ml in cremaphor/ethanol). This is done to minimize the amount of
cremaphor/ethanol administered to the mice to avoid vehicular toxicity. At a dose of 22.5

mg/kg, paclitaxel in diluent 12 has similar efficacy to that of Capxol™ above.

Example 46
Treatment of Rheumatoid Arthritis in an Animal Model with

Paclitaxel Nanoparticles

The collagen induced arthritis mode! in the Louvain rat was used to test the therapeutic
effect of Paclitaxel nanoparticles on arthritis. The paw sizes of the experimental animals were

monitored to evaluate the seriousness of arthritis.

After the arthritis was fully developed (usually ~9-10 days after collagen injection), the
experimental animals were divided into different groups to receive either paclitaxel nanoparticies
Img/kg g.0.d, or paclitaxel nanoparticles 0.5mg/kg + prednisone 0.2mg/kg q.0.d. (combination
treatment) intraperitoneally for 6 doses, then one dose per week for three weeks. The paw sizes

were measured at the beginning of treatment (day 0) and every time the drug was injected. One

‘group received only normal saline as control. By the end of the experiment, the group receiving

paclitaxel nanoparticles achieved a 42% reduction of paw size, the combination treatment group
showed a 33% reduction of the paw size, while the control group had about 20% increase of the

paw size. Original paw size before arthritis was induced was 50%. The results are shown in

Figure 2.

In conclusion, the paclitaxel-containing nanoparticles demonstrated therapeutic effect on
arthritis. To avoid side effects of long term use of both paclitaxel and the steroid, it is probably

better to choose a combination treatment to get similar effect but only half the dosage of each

drug.

Example 47
The Effect of Capxol on Arterv Restenosis
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Abnormal vascular smooth muscle proliferation (VSMP) is associated with
cardiovascular disorders such as atherosclerosis, hypertens-ion, and most endovascular
procedures. Abnormal VEMP is a common complication of percutaneous transluminal coronary
angioplasty (PTCA). The incidence of chronic restenosis resulting from VSMP following PTCA
has been reported to be as high as 40-50% within 3-6 months.

The high incidence of vascular reocclusion associated with PTCA has led to development
of in vivo amimal model of restenosis and the search for agents to prevent it. The following study

describes the use of Capxol in inhibiting restenosis following intimal trauma of the artery.

Male Sprague-Dawley Rats (Charles River) weighing 350-400 gm are anesthetized with
Ketamin and Rompun and the right common carotid artery is exposed for a distance of 3.0 cm.
The adherent tissue is cleared to allow two DIETRICH micro bulldog clamps to be placed about
2 cm apart around the carotid without causing crush injury to the vagus or associated superior
cervical ganglion and sympathetic cord. No branches are present along this segment of the
vessel. A 30-gauge needle attached to a 3 way stopcock is first inserted and then pulled out of
the lower end of the isolated segment to make a hole on the wall of the vessel, and then inserted
to the upper end for injection. 2-3 ml of phosphate-buffered saline is injected to rinse out all the
blood inside the isolated segment then the 3-way stopcock is turned to another connection to a
regulated source of compressed air. A gentle stream of air (25 ml per minute} is passed along the
lumen of the vessel for 3 minutes to produce drying injury of the endothelium. The segment 1s
then refilled with saline prior to removal of the needle from the vessel. Before the clamps are
removed the needle holes on the vessel wall are carefully cauterized to prevent bleeding. A swab
dampened with saline can be used to press on the needle holes to stop bleeding also. The skin is

closed with 7.5-mm metal clips and washed with Betadine.

All the animals received the surgery described above and be sacrificed at the fourteenth
day after surgery. The carotid artery on each side were retrieved for pathologic examination.
The non-operated side will serve as self control. The experimental groups received different

treatment as follows:

Group 1. High dose Capxol treatment:

Paclitaxel 5 mg (w/100 mg Human Albumin)/kg/week, IV,
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0/5 0/5 1/4 10 8 >29 0/5 0/5 0/5 CR = Complete tumor regression; TFS =
Tumor free survivor; TR = Tumor recurrence; DCR = days of complete
regression These unexpected and surprising results show an increased
efficacy for the two CapxolTM formulations compared to Taxol. In addition,
higher doses of paclitaxel are achieved in the 5Capxolw groups due to
lower toxicity of the formulation. These high doses were administered as

Gmupk%olﬁbwl%%téqpas%ﬁ_ ﬁgmﬁa %ffto Blood Kinetics and Tissue

Distribution on axol(r) and CapxolTM Following a 10Single

IptauaRQUsOSE 0 the Rahan AToMmaIRies werewperformed to compare
the pharmacokinetics and tissue distribution of 3H-paclitaxel formulated in

Group Gajixakl Miarid daxalllnjection Concentrate. Fourteen male rats were
intravenously injected with 10 mg/kg of3H-Taxol and 10 rats with 4.9

rhtyign Tehumald Patsgbgavintkavehously injected with 5.1 mg/kg
3H-Capxol in the above study.

The carotid artery biopsy samples are preserved in Formalin and then cross sections (8
um) are cut from paraffin blocks and stained with hematoxylin and eosin. The cross-sectional

areas of the blood vessel layers (intima, media, and adventitia) are quantified.

The injured carotid arteries in the control group showed remarkable accumulation of
intimal smooth muscle cells and VSMC mvasion of basement membrane. The overall thickness
of the wall of carotid artery are doubled. The treatment groups showed a statistically significant

decrease in the intimal wall thickening compared to the control.

Example 48
In Vivoe Tareeting of Nanoparticles

By incorporation of certain targeting moieties such as proteins, antibodies, enzymes,
peptides, oligonucleotides, sugars, polysaccharides, and the like, into the protein coating of the
nanoparticles, it is possible to target specific sites in the body. This targeting ability can be

utilized for therapeutic or diagnostic purposes.

Example 49
Antibody Targeting of Polymeric Shells

The nature of the polymeric shells of certain aspects of the invention allows for the
attachment of monoclonal or polyclonal antibodies to the polymeric shell, or the incorporation of
antibodies into the polymeric shell. Antibodies can be incorporated into the polymeric shell as
the polymeric microcapsule shell is being formed, or antibodies can be attached to the polymeric
shell after preparation thereof. Standard protein immobilization techniques can be used for this
purpose. For example, with protein microcapsules prepared from a protein such as albumin, a
large number of amino groups on the albumin lysine residues are available for attachment of

suitably modified antibodies. As an example, antitumor agents can be delivered to a tumor by
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15Levels of both total radioactivity and paclitaxel decline bi-phasically in

blood of rats following 5 mg/kg 1V bolus doses of either 3H-Taxol or

3HCapxolTM. However, the levels of both total radioactivity and paclitaxel

are significantly lower following administration of3HCapxolw following a

similar 3H-Taxol dose. This lower level is more rapidly distributed out of

the blood. 20The blood HPLC profile shows a similar pattern of

metabolism to highly polar metabolite(s) for both 3HCapxolTM and
incorp@iatiiiarotitddivevernsidhatenatrndabo lisiyappe ahsbigriffisdsthe dlowed, or
amiboi?éékg&%l?ﬁ% bt Gtv RIRAL Ja0iRa iy LAmales AsPRRIAMAbA thereot. As

ours post-dose versus 27.7% for 3H-Taxol. The excretion of radioactivity

anothepestirg bn BepsinivEIfys samh baudie dad toravsfimestty arethcratesy sy or certain
stem coGARXOBENMEWIISRVS ﬁWﬂ%@%@%@%(ﬁéQ%ﬁ%ﬂ%ﬁ@%f% the target cells
or to

) 3H-Taxol. The blood kinetics for total radioactivity and paclitaxel followin
into thppelypssic fagibas dfateap e FHntbogdicn a2 I SRiosT Qedhedargst cells

can be haRieR 1S aleSyiieatmem MIGhepA 4108 BRI Rdrang At ehal

eq/mL) Opserved Cmax QTT eq/(mL) Observe d T(hr) timi 00 Total
antibo%r%g%gg{ﬁsﬁx)mcgar receptors can%e useg t(o tafget the encapsuﬁatf):d product to t%e nucleus

of certain cell types.

Example 50

Targeting of mmunosuppressive Agent to Transplanted Oreans

Using Intravenous Delivery of Polymeric Shells Containing Such

Agents

Immunosuppressive agents are extensively used following organ transplantation for the
prevention of rejection episodes. In particular, cyclosporine, a potent immunosuppressive agent,
prolongs the survival of allogeneic transplants involving skin, heart, kidney, pancreas, bone
marrow, small intestine, and lung in animals. Cyclosporine has been demonstrated to suppress
some humoral immunity and to a greater extent, cell mediated reactions such as allograft
rejection, delayed hypersensitivity, experimental allergic encephalomyelitis, Freund’s adjuvant
arthritis, and graft versus host disease in many animal species for a variety of organs. Successful
kidney, liver and heart allogeneic transplants have been performed in humans using

cyclosporine.

Cyclosporine is currently delivered i oral form either as capsules containing a solution
of cyclosporine in alcohol, and oils such as com oil, polyoxyethylated glycerides and the like, or
as a solution in olive oil, polyoxyethylated glycerides, and the like. 1t is also administered by
intravenous injection, in which case it is dissolved in a solution of ethanol {(approximately 30%)
and cremaphor (polyoxyethylated castor oil) which must be diluted 1:20 to 1:100 in normal
saline or 5% dextrose prior {o mmjection. Compared to an intravenous (i.v.) infusion, the absolute
bioavailibility of the oral solution is approximately 30% (Sandoz Pharmaceutical Corporation,

Publication SDI-Z10 (A4), 1990). In general, the 1.v. delivery of cyclosporine suffers from
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similar problems as the currently practiced i.v. delivery of Taxol, i.e., anaphylactic and allergic
reactions believed to be due to the Cremaphor, the delivery vehicle employed for the i.v.
formulation. In addition, the intravenous delivery of drug (e.g., cyclosporine) encapsulated as
described here avoids dangerous peak blood levels immediately following administration of
drug. For example, a comparison of currently available formulations for cyclosporine with the
above-described encapsulated form of cyclosporine showed a five-fold decrease in peak biood

levels of cyclosporine immediately following injection.

In order to avoid problems associated with the cremaphor, cyclosporine contained within
polymeric shells as described above may be delivered by i.v. injection. It may be dissolved in a
biocompatible oil or a number of other solvents following which it may be dispersed into
polymeric shells by sonication as described above. In addition, an important advantage to
delivering cyclosporine (or other immunosuppressive agent) in polymeric shells has the
advantage of local targeting due to uptake of the injected material by the RES system in the liver.
This may, to some extent, avoid systemic toxicity and reduce effective dosages due to local

targeting.

Example 51
Use of Capxol for Antibody tareeting

Monoclonal antibodies against various tumors or tissues may be attached to Capxol to
enable targeting of Capxol or other drugs prepared by the invention process to the sites of
discase. For example, antibodies against ovarian cancer attached to Capxol and administered

mfraperitoneally would have great benefit to ovarian cancer patients.

Example 52
Intravenous Admimstration of Therapeutics

Intravenous administration of therapeutics, for example, drugs, imaging agents, and the
like, predisposes the therapeutic to at least one pass through the liver. As that therapeutic is
filtered through the liver, a significant portion of that therapeutic is taken up and sequestered by
the liver, and therefore, not available for systemic distribution. Moreover, once taken up by the

liver, it is likely to be metabolized, and the resulting metabolic byproducts often have general
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tissue radioactivity levels are higher following 3HCapxolTM administration

than 3HTaxol administration for 12 of 14 tissues. The tissue/blood ppm

ratios are higher in all tissues for 3HCapxolTM dosed animals as the

blood levels are lower. This supports the rapid 5distribution of

3H-Capxoltm from the blood to the tissues suggested by the blood kinetic

data. 3H-Paclitaxel formulated in CapxolTM shows a similar
systemisHaxmeetsskiBetinprodil o She-dreg axdrefdhenatmde imgTiatdol ¢y foting according

to the i%?/j&ﬂm(g. Q%mgaé%r&%iéﬁ%eé?'889:&851’1{%'&05%&1%@&8%_ _mnr@ztﬁénous

iffer significantly. A significantly lower level of total radioactivity for

adminigygBepeilipeiated anibrasHanfRiRoRAnpaa del Rashiaetiehties iver and
becomdWERRIPP LIRSt dQhieod sammpieindigates faat the3h-Gansal iy te

more rapidly distributed out of the blood. However, the rate of metabolism

liver dags gabpccyp indhe MPSARRESERT SHE SPRBMNIaS e PRISBAITER BEmRGC
receptofSdRifG asRAEHRek pk BA N Gk R Qsbadminigiiali Ve I UB28 ol from the

blood s?r‘é‘e;r;l—l?)%)jlf(pfotecting the therapeutic with a coating of a biocompatible polymer (e.g., a
human albumin coating), the drug then bypasses the liver and is generally distributed through all
organ systems. In accordance with one aspect of the present invention, there is provided a novel
method for bypassing the liver, which comprises encapsulating a drug in a human liver albumin
{essentially a physiological component). In this way, more of the drug becomes available for
systemic therapy. In addition to the increased availability of the drug, there is a decrease in the
production of metabolic byproducts of hepatocellular drug degradation. Both the increase in
liver bypass and decrease in byproducts of drug metabolism provide a synergistic improvement
in the overall drug efficacy. This improved efficacy extends to all drugs and rnate_riais that are

encapsulated in human albumin.

Example 53
Reducing Myvelosuppressive (Hematologic Toxicity) Effects

and General Toxicity of Drugs

Several chemotherapeutic drugs have dose limiting toxicity due to their myelosuppressive
effects. Taxol (paclitaxel) is a classic example of such a drug. When administered in its
currently approved formulation of cremaphor/ethanol, Taxol produces myelosuppressive effects
that limit the repeat administration of the drug and preclude retreatment of a patient for at least 3
weeks in order to allow blood counts of the patient to return to normal. It was postulated that
due to the non-toxic biocompatible nature of the drug carrier of certain aspects of the present
invention, viz. human albumin, the toxic side effect of myelosuppression may be greatly

reduced.

Sprague dawley rats were given paclitaxel in commercial formulation (available from

Bristol Myers Squibb (BMS) in cremaphor/ethanol, hereinafter referred to as Taxol) or prepared
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This finding for CapxolTM is surprising and provides a novel formulation to
achieve sustained activity of paclitaxel compared to Taxol. Taken together
with local high 15concentrations, this enhanced activity should result in
increased efficacy for the treatment of primary tumors or metastases in
organs with high local concentrations. Tissue distributions are presented
in Table 6 below. The data represent the mean and standard deviations of
10 rats in each group (CapxolTM and Taxol). Table 6 20Radioactive
by an lwmglﬁﬁf%%é@ep waeREts) dkpressdépdsipprvisiiowingra @ﬁngmstered by

o B 5 b

whereag t_’Eszsd@S@’jBVﬁlé S ogkorag 42 me/ke were administered for the mventlon

formulation. The white blood cell counts of the rats were monitored daily after administration as

an index of myelosuppression.

For the Taxol formulation (5 mg/kg) it was found that the WBC counts dropped by
47.6% and 63.5% on day 1 and day 2 after administration, respectively, whereas for the
invention formulation at 5 mg/kg, the WBC counts increased by 14.7% and 2.4% on day 1 and
day 2, respectively. For the higher dose invention formulation at 12 mg/kg, the WBC counts
increased by 6.5% and 3.6% on day 1 and day 2, respectively,

These results indicate that short term myelosuppression is greatly reduced by

administering the drug in the present invention formulation.

Amnother indicator of general toxicity is the body weight of the animal. Body weights of
the rats were also monitored following administration of paclitaxel. At a dose of 5 mg/kg, the
Taxol formutation resulted in a reduction of body weight by 10.4% in 3 days following
administration, whereas the same dose of paclitaxel administered in the invention formulation

resulted in only a 3.9% drop in body weight, indicating the greatly reduced toxicity of the

invention formulation.

It is very surprising that when the invention formulation and Taxol are administered to
rats at equivalent doses of paclitaxel, a much higher degree of myelosuppression results for the
Taxol group compared to the invention formulation group. This can result in lower incidences of
infections and fever episodes (e.g., febrile neutropenia). 1t can also reduce the cycle time in
between treatments which is currently 21 days for Taxol®, With the use of pharmaceutical
compositions prepared according to the present invention, this cycle time may be reduced to 2
weeks, 1 week, or less allowing for more effective treatment for cancers. Thus the use of
pharmaceutical compositions prepared according to the present invention may provide

substantial advantage over Taxol.
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0.262 0.037 Lung 1.006 0.140 0.694 0.057 Liver 1.192 0.128 1.37 0.204
Kidney 0.670 0.110 0.473 0.068 Muscle 0.422 0.120 0.386 0.035

Example 54
Administration of Bolus Dose of Nanoparticle Formulation

The anticancer drug, paclitaxel, in its commercial BMS formulation with
cremaphor/ethanol, cannot be administered as an intravenous bolus. This is due to the extensive
toxicity of the vehicle which results in severe anaphylactic reactions and requires patients
receiving the drug to be pre-medicated with steroids, antihistamines, and the like. The Taxol®
formulation is administered as an intravenous infusion lasting anywhere from 1 hour to 24 hours.
In contrast, formulations according fo the present invention, due to the use of a non-toxic carrier,
can be administered to a patient readily as an intravenous bolus (i.c., in a period Iess than 1 hour)

without the toxicity problems seen in Taxol® formulation that is used clinically today.

The effective dose of paclitaxel for a patient typically lies between 200-500 mg,
depending on the patient body weight or body surface. Taxol® has to be administered at a final
dosing concentration of 0.6 mg/ml, requiring large infusion volumes (typically in the range of
about 300-1000 ml. In contrast, invention formulations do not have these limitations and can be
administered at a desired concentration. This enables clinicians to treat patients by a rapid
miravenous bolus that can be administered in as little as a few minutes. For example, if the
invention formulation is reconstituted to a dosing concentration of 20 mg/ml, the infusion
volume for a total dose of 200-500 mg is only 10-25 ml, respectively. This 1s a great advantage

i clinical practice.

Example 35
Reduction in Toxicitv of Paclitaxel in the Nanoparticie

Formulation Compared to Taxol

1t is well known that the anticancer drug, paclitaxel, in its commercial formulation with
cremaphor/ethanol (i.e., Taxol), has extensive toxicity which results in severe anaphylactic
reactions and requires patients receiving the drug to-be pre-medicated with steroids,
antihistamines, and the like. The toxicity of the BMS formulation was compared to the

nanoparticle formulation of the present invention.

86



10

15

20

25

Gl Tract 0.802 0.274 0.898 0.243 Testes 0.265 0.023 0.326 0.047
Pancreas 0.963 0.357 0.468 0.070 Carcass 0.596 0.070 0.441 0.065
Bone 0.531

Thus, the formulations were injected mtravenously through the tail vein of C57BL mice
at different dose levels and toxic effects were monitored by general observation of mice after the

injection,

For Taxol, a dose of 30 mg/kg was uniformly lethal within 5 minutes of intravenous
administration. For the same dose, the nanoparticle formulation according to the invention
showed no apparent toxic effects. The nanoparticle formulation at a dose of 103 mg/kg showed
some reduction in body weight of the mice, but even this high dose was not lethal. Doses of
approximately 1000 mg/kg, 800 mg/kg and 550 mg/kg were all lethal but differing in time to
lethality, which ranged between a few hours to 24 hours. Thus, the lethal dose of the invention

formulation is greater than 103 mg/kg but less than 550 mg/kg.

It 1s therefore clear that the lethal dose of the invention formulation of paclitaxel is
substantially higher than that of Taxol formulation. This has great significance in clinical
practice where higher doses of chemotherapeutic drugs may be administered for more effective

oncolytic activity with greatly reduced toxicity.

Example 56
Determination of the LDsq in Mice for Taxol Produced by

Invention Methods and Taxol Following a Single Intravenous

Administration

The LDsy of Capxol™, Taxol and their carrier vehicles was compared following a single
intravenous administration. A total of 48 CD1 mice were used. Paclitaxel doses of 30, 103, 367,
548, and 822 mg/kg were tested for Capxol™ and doses of 4, 6, 9, 13.4, and 20.1 mg/kg paclitaxel
for Taxol. The dose for human albumin, the vehicle for Capxol™, was only tested at 4.94 g/kg
(corresponds to a dose of 548 mg/ml Capxol™) because human albumin is not considered toxic to
humans. The doses tested for the Taxol vehicle (Cremophor EL®) were 1.5, 1.9, 2.8, and 3.4
ml/kg which correspond to doses of 9, 11.3, 16.6, and 20.1 mg/kg of paclitaxel, respectively.
Three to four mice were dosed with each concentration. The results indicated that paclitaxel
administered in Capxol™ is less toxic than Taxol or the Taxol vehicle thereof administered alone.
The LDsg and LDy, for Capxol™ were 447.4 and 371.5 mg/kg of paclitaxel, 7.53 and 5.13 mg/kg
of paclitaxel in Taxol, and 1325 and 794 mg/ke of the Taxol vehicle,
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{corresponds to a dose of 15.06 and 9.06 mg/kg Taxol). In this study, the LDs, for Capxol™ was
59 times greater than Taxol and 29 times greater than the Taxol vehicle alone. The LDy for
paclitaxel in Capxol™ was 72 times greater than paclitaxel in Taxol. Review of all the data in
this study suggests that the Taxol vehicle is responsible for much of the toxicity of Taxol. It was
seen that the mice receiving Taxol and Taxol vehicle showed classic signs of severe
hypersensitivity indicated by bright pink skin coloration shortly after administration. No such
reaction was seen for the Capxol™ and Capxol™ vehicle groups. Results are presented in Table

2.

Table 2
Single Intravenous Administration
Group Dose (mg/kg) #of #of % Survival EDsy MTD or
Animals Deaths (mg/kg) LDy
sssss (n) (mg/kg)
Invention 822 3 3 0 4474 371.5
548 4 4 0
367 3 0 100
103 3 0 100
30 3 0 100 |
Taxol 20.1 4 4 0 - 7.53 5.13
13.4 4 4 0
9 3 2 33
6 4 1 75
4 3 0 100

These high doses of Capxol™ were administered as bolus injections and represent the
equivalent of approximately 80 - 2000 mg/m* dose in humans. The LDy or maximum tolerated
dose of Capxol™ in this study is equivalent to approximately 1000 mg/m” in humans. This is

significanily higher than the approved human dose of 175 mg/mzrfor Taxol.

To our surprise, it was found that the vehicle, Cremophor/Ethanol, alone caused severe
hypersensitivity reactions and death in several dose groups of mice. The LD50 data for the
Taxol vehicle alone shows that it is considerably more toxic than Capxol™ and significantly

contributes to the toxicity of Taxol. It has been unclear in the literature, the cause of
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Blood 0.131 0.010 0.181 0.020 Plasma 0.131 0.012 0.196 0.026 The
data show significantly higher levels of accumulation of CapxolTM in the
several organs when compared to Taxol(r). These organs include
prostate, pancreas, kidney, lung, heart, bone, and spleen. Thus CapxolTM
may be more effective than Taxol(r) in the treatment of cancers 5of these
organs at equivalent levels of paclitaxel. Levels in the prostate tissue
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each group) showing increased accumulation of paclitaxel in the prostate
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size in the range of 20-400 nm, and free of cremophor. This embodiment

Table 3135 also been demonstrated to result in higher level concentrations of
paclitaxel in the pancreas, kidney, lung, heart, bone, and spleen when
compared to Taxol at equivalent dagds35Table 7 Data for 10 rats in each

group
Multiple Intravenous Administrations
Group Dose #of # of Deaths # of LDsq MTD or
(me/ke) Animals Survival (mg/kg) LDy

Capxol™ 103 4 4 0 76 64
69 4 1 75
30 4 0 100

Taxol 20.1 4 4 0 8.0 43
134 4 4 0
9 4 2 50
6 4 I 75
4 4 0 100

The results indicated that Capxol™ is less toxic than Taxol. The LDsg and LDy of Capxol™
were 76.2 and 64.5 mg/kg of paclitaxel, respectively, compared to 8.07 and 4.3 mg/kg of
paclitaxel in Taxol, respectively. In this study, the LDy, for Capxol™ was 9.4 times higher than
for Taxol. The LDy for Capxol™ was 15 times higher for Capxol™ than for Taxol. The results
of this study suggests that the Capxol™ is less toxic than Taxol® when administered in multiple

doses at daily intervals.
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Dose 5 mg/kg paclitaxel INVENTION-Taxol Taxol(r) 1.228 1.13 2.463
1.04 1.904 0.952 1.850 1.42 1.660 1.31

Example 58
Toxicity and Efficacy of Two Formulations

of Capxol™ and Taxol®

A study was performed to determine the efficacy of Capxol™, Taxol, and the Capxol™

vehicle in female athymic NCrnu mice implanted with MX-1 human mammary tumor fragments.

Groups of 5 mice each were given intravenous injections of Capxol™ formulations VR-3
or VR-4 at doses of 13.4, 20, 30, 45 mé/kg/day for 5 days. Groups of 5 mice were also each
given intravenous injections of Taxol at doses of 13.4, 20 and 30 mg/kg/day for five days. A
control group of ten mice was treated with an intravenous injection of Capxol™ vehicle control
(Human Albumin, 600 mg/kg/day) for 5 days. Hvaluation parameters were the number of
complete tumor regressions, the mean duration of complete regression, tumor-free survivors, and

fimor recurrences.

Treatment with Capxol™ formulation VR-3 resulted in complete tumor regressions at all
dose levels. The two highest doses resulted in 100% survival after 103 days. Capxol™
formulation VR-4 resulted in complete tumor regression in the three highest dose groups, and
60% regressions at 13.4 mg/kg/day. Survival rates after 103 days were somewhat less than with
formulation VR-4. Treatment with Taxol at 30, 20, and 13.4 mg/kg/day resulted in 103 day
survival rates of 40%, 20%, and 20% respectively. Treatment with the control vehicle had no

effect on tumor growth and the animals were sacrificed after 33 to 47 days. Results are

presented in Table 4.
Table 4

Dosage CR/Total TSF/TR DCR (days) NonSpecific
(mg/kg/day) Deaths/Total

VR- | VR- [TAX | VR- | VR- | TAX | VR- | VR- | TAX | VR- | VR- | TAX
45 5/5 15/5 INA |50 |32 INA |>88 |>73 |NA [0/5 |0/5 |NA
30 5/5 |5/5 14/4 |50 |50 |22 |>88 i>88 :>56 [0/5 |0/5 |1/5
20 5/5 |5/ |44 |14 [ 2/3 |13 | >51 [ >47 | =57 10/5 |0/5 | 1/5
13 4/5 13/5 |4/5 |0/5 (0/5 [1/4 |10 |8 =29 10/5 10/5 |0/5

CR = Complete tumor regression;
TFS = Tumor free survivor;
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1.246 1.08 1.895 1.03 1.563 0.95 1.798 0.94 1.676 1.18 Mean

TR = Tumor recurrence;
DCR = days of complete regression

These unexpected and surprising results show an increased efficacy for the two Capxol™
formulations compared to Taxol. In addition, higher doses of paclitaxel are achieved in the
Capxol™ groups due to lower toxicity of the formulation. These high doses were administered

as bolus injections.

Example 40
Blood Kinetics and Tissue Distribution on

3H-Taxol® and Capxol™ Following a

Single Intravenous Dose in the Rat

Two studies were performed to compare the pharmacokinetics and tissue distribution of
*H-paclitaxel formulated in Capxol™ and Taxol Injection Concentrate. Fourteen male rats were
intravenously injected with 10 mg/kg of *H-Taxol and 10 rats with 4.9 mg/kg. Ten male rats

were intravenously injected with 5.1 mg/kg “H-Capxol in the above study.

Levels of both total radioactivity and paclitaxel decline bi-phasically in blood of rats

- following 5 mg/kg IV bolus doses of either *H-Taxol or "H-Capxol™. However, the levels of

both total radioactivity and paclitaxel are significantly lower following administration of *H-
Capxol™ following a similar *H-Taxol dose. This lower level is more rapidly distributed out of

the blood.

The blood HPLC profile shows a similar pattern of metabolism to highly polar
metabolite(s) for both *H-Capxol™ and *H-Taxol. However, the rate of metabolism appears
significantly slower for *H-Capxol as 44.2% of blood radioactivity remains as paclitaxel 24
hours post-dose versus 27.7% for *H-Taxol. The excretion of radioactivity occurs only
minimally in the urine and predominantly in the feces for *H-Capxol™ which is similar to
reported excretion patterns for *H-Taxol. The blood kinetics for total radioactivity and paclitaxel

following IV administration of *H-Capxol™ or *H-Taxol at 5 mg/kg are presented in Table 5.

Table 5
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for Hﬂaﬁ@@i%ﬂm@d @aimlat@jhﬁ\b@d levels are lower. This supports the rapid
distribution of *H-Capxol™ from the blood to the tissues suggested by the blood kinetic data.

*H-Paclitaxel formulated in Capxol™ shows a similar pharmacokinetic profile to *H-

paclitaxel formulated in Taxol® for Injection concentrate, but tissue/blood ppm ratios and

metabolism rates differ significantly. A signtficantly lower level of total radioactivity for

Capxol™ treated animals than for Taxol® treated animals in the 2 minute post administration

blood sample indicates that the *H-Capxol is more rapidly distributed out of the blood.

However, the rate of metabolism appears significantly slower for 3H-CapxolTM as 44% of blood

reactivity remains as paclitaxel at 24 hours post-administration versus 28% for *H-Taxol®.

This finding for Capxol™ is surprising and provides a novel formulation to achieve

sustained activity of paclitaxel compared to Taxol. Taken together with local high

concentrations, this enhanced activity should result in increased efficacy for the treatment of

primary tumors or metastases in organs with high local concentrations.

Tissue distributions are presented in Table 6 below. The data represent the mean and standard

deviations of 10 rats in each group (Capxof™ and Taxol).

Table 6

Radioactive Residues in Tissues of Male Rats, Expressed as ppm following a single intravenous
dose of *H-Capxol™ and *H-Taxol® at 5 me/ke
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10hours, blood samples were collected, extracted, and the extract injected
on HPLC to determine the level of parent compound in the blood. The
blood kinetics for total radioactivity and paclitaxel following 1V
administration of H-CapxolTM are presented in Table 8. Table 8
Group/Dose AUCO24 Extrapolated Observed Observed Tu2p (mg/kg) (i .
g eq.hr/m1) Co C. T. (hr) (Ix g eg/ml) Oi g eq/(m1) (hr)

Sample Capxol™ Mean | £ 8D Taxol Mean = 8D
Values Values -

Brain G.106 0.008 0.145 0.020
Heart 0.368 0.063 (.262 0.037
Lung 1.006 0.140 0.694 0.057
Liver 1.192 0.128 1.37 0.204
Kidney 0.670 0.110 0.473 0.068
Muscle 0.422 0.120 0.386 0.035
G Tract 0.802 0.274 0.898 0.243
Testes 0.265 0.023 0.326 0.047
Pancreas 0.963 (0.357 0.468 0.070
Carcass 0.596 0.070 0.441 0.065
Bone 0.531 0.108 0.297 0.051
Spleen 0.912 0.131 0.493 0.070
Prostate 1.728 0.356 1.10 0.161
Seminal 1,142 0.253 1.20 0.237
Vesicles

Blood 0.131 0.010 0.181 0.020
Plasma 0.131 0.012 0.196 0.026

The data show significantly higher levels of accumulation of Capxol™ in the several
organs when compared to Taxol®. These organs include prostate, pancreas, kidney, lung, heart,
bone, and spleen. Thus Capxol™ may be more effective than Taxol® in the treatment of cancers

of these organs at equivalent levels of paclitaxel,

Levels 1n the prostate tissue are of particular interest in the treatment of prostatic cancer.
This surprising and unexpected result has implications for the treatment of prostate cancer.
Table 7 below shows the data for individual rats (10 in each group) showing increased
accumulation of paclitaxel in the prostate for Capxol™ as compared to Taxol®. The basis for
the localization within the prostate could be a result of the particle size of the formulation (20-
400 nm), or the presence the protein albumin in the formulation which may cause localization
into the prostatic tissue through specific membrane receptors (gp 60, gp 18, gp 13 and the like).
It 1s also likely that other biocompatible, biodegradable polymers other than albumin may show
specificity to certain tissues such as the prostate resulting in high local concentration of
paclitaxel in these tissues as a result of the properties described above. Such biocompatible
materials are contemplated to be within the scope of this invention. A preferred embodiment of

a composttion to achieve high local concentrations of paclitaxel in the prostate is a formulation
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A/9.111.510.27.19 0.03 22.3 B/26.4 43.5 44.8 29.5 0.03 16.0 C/6.7
248.9 644.6 283.3 0.03 8.48 D/148.1 355.3 1009.8

containing paclitaxel and albumin with a particle size in the range of 20-400 nm, and free of
cremophor. This embodiment has also been demonstrated to resuit in higher level concentrations
of paclitaxel in the pancreas, kidney, lung, heart, bone, and spleen when compared to Taxol at

equivalent doses.

Table 7

Data for 10 rats in each group

Dose 5 mg/ke paclitaxel

INVENTION-Taxol Taxol®
1.228 1.13

2.463 1.04

1.904 0.952
1.850 1.42

1.660 1.31

1.246 1.08

1.895 1.03

1.563 0.95

1.798 0.94

1.676 1.18
Mean 1.728 Mean 1.103
SD 036 SD 0.16

This data shows that the localication of Capxol™ to the prostate is about 150% as compared to

Taxol®.

This unexpected localization of paclitaxel to the prostate in the Capxol™ formulation
may be exploited for the delivery of other pharmacologically active agents to the prostate for the
treatment of other disease states affecting that organ, e.g., antibiotics in a similar formulation for
the treatment of prostatitis (inflammation and infection of the prostate), therapeutic agents
effective for the treatment of benign prostatic hypertrophy maybe formulated in a similar fashion
to achieve high local delivery. Similarly, the surprising finding that Capxol™ provides high
local concentrations to the heart can be exploited for the freatment of restenosis as well as
atherosclerotic disease in coronary vessels. Paclitaxel has been demonstrated to have a

therapeutic effect in the prevention of restenosis and atherosclerosis and Capxol™ thus is an
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under the curve was proportionally increased. The level of parent
compound after 24 hours was increased by a factor of 8.5 (0.04 ppm -

0.34 ppm), going from the 9 mg/kg dose to the 148 mg/kg dose. Example
61 Determination of the Toxicity in Rats of Capxol(tm) and Taxol
Following a Single Intravenous Administration
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As the dose of paclitaxel was increased, the area under the curve was proportionally

increased. The level of parent compound after 24 hours was increased by a factor of 8.5 (0.04

ppm - 0.34 ppm), going from the 9 mg/kg dose to the 148 mg/kg dose.

Example 61
Determination of the Toxicity in Rats of Capxol™

and Taxol Following a

Single Intravenous Administration
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25infiltrate, was observed. There was increasing severe atrophy of

seminiferous tubules seen in the testes as the dose of Capxol(tm)

increased. In the pathologist's opinion, there were significant lesions

observed in the male reproductive organs of the animals treated with 9,

30, 90, and 120 mg/kg Capxol(tm). These changes involved diffuse

degeneration and necrosis of the testes. These changes were the most

ﬁﬁh alent in animals that received higher doses of Ca é)xol(trTn

GRS e ] LD R A I M e £ S P X S i e simgle
v adnmmtreham nmaisle@rnmﬂﬁﬂaleaated &»ﬂplicl"avxalas adnlistinding dsimexpestiRthale
nd h icant t eutj I|c r the treajment of hormone

rats ot G S T TR o 0 A R Bt B th e RABee erocp were
euthamémrt mmgnggsschﬁﬁtlﬁtﬁﬁe (e approdchtatdstreatnectopbiptbatdiay 31. The

results SPRSBLFRBONTLISpIESSole A BYEL TR (o e GAErt Of e
clitaxer & by

|se y achlevmg ‘local concentration of pa site,
conﬁoiﬁ@t&méﬁ%tumodhm@samﬁé ingradidreatey wad Tt andf 3@ stiglitail axol.
function and without the toxic cremophor vehicle. Treatment with
Q@Qﬁ@létwarmﬂh@a&sﬁgﬁégﬁt&y%w deyels ofisstaatesansandpther
androgen hormo bllT erebral cortical necrosis was seen at the mid
DTl 81 P HLY Bl

adminigjpio te AHfnbRaTHINSHE] BRpIRe R ERAHRS of the

hematofiifoal ardeataech WitkreMentidigpao dosaestahdsaxol. No cerebral lesions were
seen in animals treated with Capxol(tm) This lack of cerebral or

AERlRGIE ARXISIN IS ARSI gg LBIgAIL ﬁ%ﬂgggegcama 'ﬁl%b Seseated

treatment of brain tumors an t ity to ac Iev systemic

with T%m%Wﬁ%@ma@mﬂ%gﬁﬁeiah@@m%%n@nﬁ:@@ner@@ma@nﬁ@t@bw@hn
CapxolMIRIBNS) RO CAIRATIBNIZS RPN MRS LONH %}q{%lﬁg’c fEedaNS MR%ound dead

Taxol. No Taxol animals survived at the doses er than 9 mg/kg. With
on day fp. Nerathioavgral irfatféﬁféﬁlb%aiﬁ%?’é@?ﬁ@Ma@é}pk@)mrha%ngémrﬁa@
therefomvhiiehdeageivad @amsplindsubvved.aldeses up to and including 120

mg/kg. There was a high dose-related effect of Capxol(tm) on the male

SRR YR PIOANS. AP SR A0 BRSNS, POCY B L e AR
rats emonstrate any toxic e fsp rom ithe a m|n| l% %?
observed ap et PV axi BosEanimpals werdckhetibitgreR Pongiy diheséhighadiobesntent of the

drug. PEES-ASMIRIRISIREAR Q?Qd?dﬂi&%ﬁ@&éa%%?@%ﬁme Hﬁsﬂ%%%?é&&%ﬂ]

700 mg/m2 dose in humans. Example 6 rmaco netic

Taxol afplosmed I8 reyeroapditHe NeHe ﬁéﬁﬁ@f@é \zg{nﬁab@mﬁwwﬂﬂtbwmgand were

found dbHABMEMBIE. m@&@rﬁgﬂﬁoﬁgﬁ@%}' IRer: WS iR Yreated animals,
% ulation Currently Marketed andoz) Nanopartlcles of
except b%f?e%o

Ad&panridssH b RHEcTF Y pra é’é%@%éﬂ‘%éa%@(}é (EaeRS 13

and 14) were reconstituted in saline and administered to a first group of 3
ﬁprdgw@ﬁﬁ@ewm@@ommmﬁmmmd%ﬁm&g Bupsofed s/ wexdts for

day 8 m%&i}@f‘%'{@%}ﬂ,%ﬂ ol %989@1%?&{; Eﬂgghor/ hanol, after dl|g1tlon

In saline. Each group re elve the same ose of 2 mg?ﬁg cy osporine.
reprodugliygdpisanioie snpants tagaedar ifeepaoB 15\ a@g@mmne;s)ar@immmzatmxﬁof

epididyx%ﬂi ductal epithelial cells, often accompanied by multifocal interstitial lymphocytic
infiltrate, was observed. There was increasing severe atrophy of seminiferous tubules seen in the
testes as the dose of Capxol™ increased. In the pathologist’s opinion, there were significant
lesions observed in the male reproductive organs of the animals treated with 9, 30, 90, and 120
mg/kg Capxol™. These changes involved diffuse degeneration and necrosis of the testes. These

changes were the most prevalent in animals that received higher doses of Capxol™. No changes
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36 and 48 (hours). Levels of cyclosporine in the blood were assayed by
HPLC and typical PK parameters were determined. The PK curves
showed typical decay over time as follows: Decay Over Time AUC,
mg-hr/mlICmax, ng/ml Capsorine 1.V.12,2282,853 Sandimmune
IN.7,7912,606 In addition, due to toxicity of the Sandimmune 1.V.
formulation, 2 of 3 rats in that group died 10within 4 hours after dosing.
Thus the nanoparticle formulation (Capsorine 1.V.) according to the
were s b Hid e tiB AR Nelierle g roater] AU En o ¢locls ey damivais dordhhee treated
with Teesmmercially available formulation (Sandimmune 1.V.). Example 63
Pharmacokinetic (PK) Data for Cyclosporine Nanodroplets 15(Capsorine

TR AR AR RS CYRE B e reamen

of honmepal@dmiam/mwm adisistereddrokang guiceatofaiiy stgeo (tpc(bﬁc&tomy) isa

erap QRESHERAPHIS b 01Al Gavage, A secopd rgun of Jals were e
eoral, a CommerC|a Yy aval e mlcroemuIS|o ormuiation containing

formul aiel§ifidhs tefrendillniohiindk@ sy echifoen slsghbly oriat gavageti@acipaclitaxel
at that &E@%@&?A&% e same 6ese @f L maf %gtcgg'&%%{ B& 49 t%&f@lﬁgé ﬁ%mon and

volume of orange juice. Blood samplées were taken at times O, 5

withoutihiptrsis) cemepaber vehgrloa Taganentgith Sigrsiol b ef eysl bupervetim in
levels SpeRioQd e asuer A% LR Lorabddypical PK parameters were

determined. The PK curves showed typical decay over time as follows:
ver Time AUC, m hr/mIC ral3,195887

Ry R RO R et i e e e

This mpyesem’hmﬂmﬂmms béve ansimilat-Bkcdelidvioetcibeecdmmsertibdlyol. No cerebral

lemn%vg t%zgnf’;;l@n%ag jon (Neoral), E’éﬁ;@ﬁlﬁ_m 5Clinical Investigation with

This lack of cerebral or neurologic toxicity is surprising and has significant implications
in both the treatment of brain turnors and the ability to achieve high systemic doses ranging from

5 -120 mg/kg in rats (equivalent to 30 - 700 mg/m” dose in humans)

To summarize, Capxol™ was considerably less toxic than Taxol. No Taxol animals
survived at the doses higher than 9 mg/kg. With the exception of an incidental death at 90 mg/kg
Capxol™, all animals which received Capxol™ survived at doses up to and including 120
mg/kg. There was ahigh dose-related effect of Capxol™ on the male reproductive organs and a
suppression in male body weight. Female rats did not demonstrate any toxic effects from the
administration of Capxol™ at doses up to and including 120 mg/kg. These high doses were

administered as bolus injections and represent the equivalent of 30 - 700 mg/m” dose in humans.

Example 62
Pharmacokinetic (PK) Data for Cvclosporine Nanoparticles

{Capsorin 1.V.) Following Infravenous Administration

Comparison with Sandimmune LV,
{Formulation Currently Marketed by Sandoz)
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Objectives and Advantages The rationale for selecting the initial dose
for Phase /1l trials will be based on the dramatically lower preclinical
toxicity data for the Capxol(tm) formulation compared to Taxol formulation.
The preclinical data above indicates that initial dosing levels of Capxol(tm)
for Phase 10I/1l studies will use the established MTD (maximum tolerated
dose) for paclitaxel in the Taxol formulation. Based on the current
preclinical data, it is anticipated at this time that the clinical objectives for

MaReedsinoVaF WP e te e (fripsenh b Yie eoctor st eprisdicingmpeior @oxamples
13 and A4NIRIRIERLONGhRACHIRAGE RIS UG QORI AL E AR89 GARGIEM B awiey

Taxol - i.e., to determine the dose at which equivalent antitumor response
rats by @i isnoua bahit-efrifitand G el L BEBn NGB Send TR InY3 Yhizh

contaifd Qumafopagliaxehasnamisicatianand. r%@pgrbyp@@as@mbﬁﬁﬁ%aiﬁéf%se of 2.5
much shorte(ﬁperlods (< 1 hour or bolus). here are manggapotent

me/ke GYRIATRIGRS ’ﬂ%ie%ﬁ%ﬂm%?ﬁmhaﬁ%ﬁpsc tarBiCeapiishkgis & 4 8 24
36 and W®philized Devetiesfaortaipinighe Wwblﬁade&@edsbwaamsﬁmm albﬂfﬁﬂibai PK.
% eto th ature é’”itfq glmdal S utlog Iorm ddu on reca ”St'tUt%
parameees ‘%’b |ze powder XIC EGISITETs8uE aes Srémaphor
BMS formulation of paclitaxel) or polysorbate 80 (as in the Rhone Poulenc
formulation of docetaxe 3 - olubilize the
drug, are not required. RéM@vm@%@mlemuléﬁ@%mﬂ/?@duce the
Capsorjgiliélnces of severe hypEtsdisitivity and anépﬂ%ﬂactlc reactions that are
SandingRigRgd 9 occur from prodetd like Taxol.  2:60% addition, no
premedication with steroids and antihistamines are anticipated prior to
25administration of the drug. Due to reduced toxicities, as evidenced
In additigrthénk DO EBSE diadiesiihigher dosdsmmalatieneioyad wiiekt wiblp died
sult i in re ter efficac The reduction |n pres
within B R e e R T S 0 e
presentawl@ﬁmmbﬂw 3 m@ks&@@dmdm%th@apm&ddm@mmﬁ@m&@(m@ﬂabie
fonnulgt%h%aﬁgm{f} stered at much higher concentrations (up to 20 mg/ml)
compared with Taxol (0.6 mg/ml), allowing much lower volume infusions,
and possibly administration as an intravenous bolus. A recognized
problem with Taxol is the preci aclitaxel in indwelling catheters.

This resultgharemsadiciwond ﬂﬁQTIEmﬁHﬂUEdI@kiﬁiﬁﬂc Rusottdpretinherent

;tr?)?)lllgyéef 10@53(32”?;!% 1&)0|fogog Igflth new &mu@g&gn&?agxolégm) the
particles in thald @ rtatigikiarketod nrSterdtially partition
into tumors through Ieaky bIood vessels at the tumor site. The colloidal

M&d@@%@@pm@g&%@p@z@i Groviordatipn.anetherelpre RXRREIEd 4 first

to show a preferential 15tar(;11et|ng effect, greatly reducing the side effects
group of PSR DAt InTatE PP TRl Y B S Ao AP of 3 rats were given Neoral, a

commercially available microemulsion formulation containing emulsifiers, after dilution in

orange juice, also by oral gavage. Eachl group received the same dose of 12 mg/kg cyclosporine
in an identical volume of orange juice. Blood samples were taken at times 0, 5, 15, 30 (minutes),
and 1, 2, 4, 8, 24, 36 and 48 (hours). Levels of cyclosporine in the bibod were assayed by HPLC
and typical PK parameters were determined. The PK curves showed typical decay over time as

follows:

Decay Over Time
AUC, mg-hr/ml Cmax, ng/ml
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Example 65 Outline of Capxol(tm) Clinical Trial Des Indication:
20Metastatic Breast cancer Dosing plan: The rationale for selecting the
initial dose for Phase /1l trials will be based on the significantly lower
preclinical toxicity data (Single dose LD10 data in mice) for the Capxol(tm)
formulation compared to the BMS formulation. The single dose LD10 in
mice is determined to be 398.1 25mg/kg. Conversion of this dose to a
surface area basis (3 times the mg/kg value) gives an estimate of 1194.3
CapsorgiedPrslit 1200 mg/m2. A 8df8ervative starting®bse 1/10th of this value for
Neoral humans results in a dose3e#1820 mg/m2. Howfer, it is already well
established that paclitaxel is safe at a dose of 175 mg/m2 and based on a
pilot study with Capxol(tm) showing lower myelosuppression in rats, a
Thus, thi@ﬁmoﬁﬂdgﬁeﬁfgtmﬁlstﬁmu(@m@aie mmhef@&gmlﬁm)rf%mwﬁﬁmﬂ Reimilar PK
behavi %J)%\‘e o!!%'gl p \{A/‘!,Ié eféfj |ver dt{(r}n rox1l ately 15-30 minutes or
s POSSI amp 3 %ll}‘t ine o apxal(tm) Clinical Development
Program: Comblnatlon Phase I/ll Dose Finding Study / Limited Efficacy
Trial Patients/Purpose: Patigala&ding advanced breast metastatic
disease refractory tocgtandargihetapiss witeragahakhthis trial will be to
establish the response rate to Capxol tm as a 10smgle agent in patients
with metastatic breast caffo# : SHageld€omponent: The initial
dose to be used in the Phase I component of the trial will be the known
ke iatismato| &nateld dioga /R ) Fdp faOhtBixel o L TEmaL/ mi) S bbsequethi
will be esc d in 5 S until th D isreached. The
drama T B T L R Bl Yo
fonnuiqimen’féuapth@lmqabdath@iab'myndmmﬁéetbm@mém Hosk w‘\@&wmlﬁéfor Phase
Vil sm&a@é@ﬁx%&hﬁ@é&%ﬁ&@&%ﬁmmmwﬁam&%&y MPFQ&%QF@% 990l

whenever 2 or more patients out of 6 at a particular dose level exhibit

formul a5 pae 33558 v g ssispE Pseinieskiday- o @@&&@p@%@té@@ﬁwﬁhﬁ@e clinical
ob;ectn?@é(l‘é‘ﬂ{rf&ﬁéh@ﬁ\/&'{@ Taxisityosgaleh.khednse for fapxaldminplibeio

deS|gnated as the dose immediately preceding the dTose at which the trial
admini gl U RRTHRS  ATRETTRIRG S Sealiielost AFGGRIANInISHAtTOh; bhef dlstermine

the dosél atlwm&lofqaﬂva@hoamﬁﬁmq&gmys@ig@mﬁwI@&aélmﬁ@@&ﬁa@eea&aed

n the resul the initial, single d bol hedule.
contmugus ;P v.1n s}8n0{3 to £4 ﬁ ?g pac?stgxel a gﬁc’;%st?atyon and replace by

administration over much shorter periods (< 1 hour or bolus).

There are many potential advantages of the Capxol™ formulation for paclitaxel.
Capxol™ is a lyophilized powder containing only paclitaxel and human serum albumin. Due to
the nature of the colloidal solution formed upon reconstitution of the lyophilized powder toxic
emulsifiers, such as cremaphor (in the BMS formulation of paclitaxel) or polysorbate 80 (as in
the Rhone Poulenc formulation of docetaxel), and solvents such as ethanol to solubilize the drug,
are not required. Removing toxic emulsifers will reduce the incidences of severe

hypersensitivity and anaphylactic reactions that are known to occur from products like Taxol.

In addition, no premedication with steroids and antihistamines are anticipated prior to

administration of the drug.
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Pharmacokinetics: For selected patients, a full pharmacokinetic study will
be performed using serum drawn at appropriately designated time points.
Parameters such as t1/2 (a and phase), AUC,Clearance and volwne of
distribution will be determined. 25Patients - Phase 1l Component: Having
established the MTD, breast cancer patients similar to those used in the
original Paclitaxel trials will be selected for the Phase Il component. The
number will be based on the desire to establish tumor response rate with

dtrciptadstecprdesionicn tie9dopccdnfitdsddlavil.Dhs Sudiesthicbeudpsrilmay be

employR8 sigleaimed.with dhagpaiebestablishing equivalence with standard
Paclitaxel by showing that the confldence interval contains the expected

se rates for xol atient size used WI|| e 30
R aR SR ABTOP e PARRSETF O SRR BRASH fhfcuce the
period sftidytrbeasurepsnicdinmityiharebytendienpitiveclibhadentobiespaase
rate (CP/PR) for the enrolled 5patients. In addition, the time to response,

PUrAtoN QL FESPARS G R SUPYH ARG WL BR SRS S fly SR80S RS compared

treatment will also be evaluated from adverse event rates and changes in
with Tagel{8dr épiBBiatdgipagarvebdiayv el galsmeinBigomsand ressily admmiggation as
an intra9kALe9mpgsition for the manufacture of a medicament for treating

restenosis, the composition comprising nanoparticles comprising a

harmaceu ica Ig actlv co ted with. I um| ?rel the
reco em w1 V%rec np 1011 0 ac el 1n 1nd }lfﬁg
hanoparicie e comp05| on a average BiYe 8 d greate n

cathetembdlit 268nits. llﬂefﬁfl&l usé poodydiogital lethinsingvidreiro the inherent stability of
the coilB%%!r%ﬁﬁt% %?"tﬁ@%%'?oﬁﬁ%%% L%%MS&eacgggmg 2P A9 C'a”ga%

e taxane Is paclitaxel e usé ac w erein
alleviatgide taxane is docetaxel. 5. The use according to claim 1, wherein the
albumin is human serum albumin. 6. The use according to any of claims

Tk whiareie dhesnae @m@m{eaé@ AhepmPRsiien havereaa erags size of

than about 200 rim. é cordin of claims 1-6
prefere Ly BB ALRER 1 CHBRAT H S S A AR S Leeoloidl
particleao€ peding-tel amhe tipii3™ formdisieateelcosipe sitiprisisobstantaily ferential
targetinfé%?fect, greatly reducing the side effects of paclitaxel administered in the BMS

formulation.
Example 65
Outline of Capxol™ Clinical Trial Desien
Indication;

Metastatic Breast cancer

Dosing plan:

The rationale for selecting the initial dose for Phase VI trials will be based on the sigﬁiﬁcantly
lower preclinical toxicity data (Single dose LDy data in mice) for the Capxol™ formulation
compared to the BMS formulation. The single dose LDy in mice is determined to be 398.1
mg/kg. Conversion of this dose to a surface area basis (3 times the mg/kg value) gives an
estimate of 1194.3 or about 1200 mg/m®. A conservative starting dose 1/10th of this value for

humans results in a dose of 120 mg/m®. However, it is already well established that paclitaxel is
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of Cremophor. 9. The use according to any of claims 1-8, wherein the
composition is suitable of being administered intravenously or
intraarterially. 10. The use according to claim 9, wherein the composition
is suitable of being administered intravenously. 11.The use according to
claim 9, wherein the composition is suitable of being administered
intraarterially. ABSTRACT NOVEL FORMULATIONS OF
PHARMACOLOGICAL AGENTS, METHODS FOR THE PREPARATION
safe at THEREQE AN METHOD SIFORAtHRAY SET HERBIGEshowilg lower
myelos@HLARNGE WLh LS RIESPRY INVerian.iaere are RioYided LIPRASIANS on. The

and methods usefid for the in vivo delivery of substantially water insoluble
Capxol Bheptufip i sidchratrs dyaprsordiiaichs e Artianitssr detty haentls) in

which the pharmacologically active agent is delivered in the form of

suspended particles coated witlEpueigins@vhich acts as a stabilizing

agent). In paglc%gé, (H_reael}po \ pn?cra 6%% |calelx %tlve a_en_t ina
biocompatibl r, in the

absence of any convemtinnatisufaatants he absence of any

polymeric core materia%fl%mﬁp ggffﬁ 03 %qgtedure yields particles

with a diameter of less than about 1 micron. The use of specific

composition and preparation conditions (e.g., addition of a polar solvent to

HéSrgAnephadaticmyhaiarduBetbRrBIHEGroEFR ShaRt pRae iRy
standar®BR$SHfEACHOR, RARBIRRIthe /PRINdkable it eHO FegidRUshaIY AlbI™ as a

. nanagparticles of less than 2%0 nm diameter, which can be sterile-filtered.

single aggpl BLRAUERL & USRS BE TR 4885 ing to the invention can be
converted into a redispersible dry powder comprising nanoparticles of

Dosing whbesinéatutyiendntig Brateitisitess [rowicdftieBlprotbirompwhigtof the trial

will be ROIGRHIGHALIBRRANBIRACRIOUC RIS ERELAMAG) AHS RS 1Bifbsequent

unique delivery system, in which part of the pharmacologically active

doses walhbpersHatd Bioavaiabie s MbRivratdrbulBs Botiibbe dipaticnts at each
of the iRIAIAIRAY@NE: ra@g%@&t@g,%gssﬁ&%@r@S@f@&M@&ﬂﬁ@M@@wwﬁe Whany to move to
g

~ polymeric matrix therein. (No suitable fi ure2 . .
the next dose level will be based on the adverse event pattern. That is, the study will be

discontinued whenever 2 or more patients out of 6 at a particular dose level exhibit Grade 3 non-
myelosuppressive toxicity or Grade 4 myelosuppressive toxicity (on the WHO Toxicity scale).
The dose for Capxol™ will be designated as the dose immediately preceding the dose at which
the trial was discontinued. Alternative schedules of drug administration, such as daily x 5 or 24
hour infusion may also be explored if necessary, based on the results of the initial, single dose

bolus schedule.

Pharmacokinetics: For selected patients, a full pharmacokinetic study will be performed using

172

serum drawn at appropriately designated time points. Parameters such as t' (o and 3 phase),

AUC, Coay, Clearance and volumne of distribution will be determined.

Patients - Phase Il Component: Having established the MTD, breast cancer patients similar to
those used in the original Paclitaxel trials will be selected for the Phase II component. The
number will be based on the desire to establish tumor response rate with acceptable precision at

the 95% confidence level. As such, the study will be single armed with the goal of establishing
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30

35

40

equivalence with standard Paclitaxel by showing that the confidence interval contains the
expected response rates for Capxol™. The patient sample size used will be 30 patients, which is

common for the Phase I component of a Phase I/l study.

Measurement: The primary outcome will be the tumor response rate (CR/PR) for the enrolled
patients. In addition, the time to response, duration of response, and survival time will be
monitored. Safety of the treatment will also be evaluated from adverse event rates and changes

in standard laboratory parameters.
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CLAIMS

L. Use of a composition for the manufacture of a medicament for treating restenosis,
the composition comprising nanoparticles comprising a pharmaceutically active agent
coated with albumin, wherein the nanoparticles in the composition have an average

size of no greater than about 200nm.

2. The use according to claim 1, wherein the iﬁhaﬁnaccutical agent is a taxane.

3. . Theuse éccording to claim 2, Whérein the taxane is paclitaxel.

4. The use according to _cﬁaitirh 2, wherein the taxang is dqcetaxel.
5. Tﬁc use according to claim 1, wherein the a}lbumin is human serum alburmin,

6. The use accbrding to any of claims 1 -S, wh:erein the nanoparticles in the ‘cpmposition

have an average size of less than about 200 nm.

7. The use according to any of claims 16, wh‘érein the composition is substantially free

of surfactant.

8. The use according to any of claims 1-6, wherein the composition is substantially free

of Cremophor.

9. The use avcording to any of claims 1-8, whérein the composition is suitable of being

administered intravenously or intraarterially.

10.  The use according to ¢laim 9, whérein the composition is suitable of being

administered intravenously.
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1. The use according to claim 9, wherein the composition is suitable of being

administered intraarterially.
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ABSTRACT

NOVEL FORMULATIONS OF PHARMACOLOGICAL AGENTS,
METHODS FOR THE PREPARATION THEREOF AND
METHODS FOR THE USE THEREOF

In accordance with the present invention, there are provided compositions and methods
useful for the in vive delivery of substantially water insoluble pharmacologically active agents
(such as the anticancer drug paclitaxel) in which the pharmacologically active agent is delivered
in the form of suspended particles coated with protein (which acts as a stabilizing agent). In
particular, protein and pharmacologically active agent in a biocompatible dispersing medium are
subjected to high shear, in the absence of any conventional surfactants, and also in the absence of
any polymeric core material for the particles. The procedure yields particles with a diameter of
less than about 1 micron. The use of specific composition and preparation conditions (e.g.,
addition of a polar solvent to the organic phase), and careful selection of the proper organic
phase and phase fraction, enables the reproducible production of unusually small nanoparticles
of less than 200 nm diameter, which can be sterile-filtered. The particulate system produced
according to the invention can be converted into a redispersible dry powder comprising
nanoparticles of water-insoluble drug coated with a protein, and free protein to which molecules
of the pharmacological agent are bound. This results in a unigue delivery system, in which part
of the pharmacologically active agent is readily bioavailable (in the form of molecules bound to
the protein), and part of the agent is present within particles without any polymeric matrix

therein.

(No suitable figure)
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