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NOVEL FORMULATI ONS OF PHARMACOLOG CAL AGENTS, METHODS
FOR THE PREPARATI ON THERECF AND METHODS FOR THE USE
THERECF 5 FIELD OF THE | NVENTI ON The present
invention relates to nmethods for the production of
particul ate vehicles for the intravenous

adm ni stration of pharnacologically active agents, as
wel | as novel conpositions produced thereby. In a
particul ar aspect, the invention relates to nethods
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Taxo conmercial ly avail abl e
imme ‘Bﬁé‘b’ bg%%l@ﬂa%lq %u&m%kes é§p drug melgeulergykich argmalecaarkybound to a
proteirf}2dhiQlure Jirgg !ar‘tl%f‘e§cée@e it} fpdedip SSues after parenteral
admi ni stration thereb y increasing the efficacy of
treatnment of cancers associated with such tissues. 1
BACKGROUND OF THE HIEARQH THE INVENAZOdUS drug delivery
permts rapid and direct equilibration with the bl ood

StHeSA¥Rntion 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 formulation
Capxol, localizes in certain tissues after parenteral administration thereby increasing the efficacy

of treatment of cancers associated with such tissues.
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which carries the nedication to the rest of the body.
To avoid the peak serumlevels which are achieved
within a short tine after intravascular injection,

adm nistration of drugs carried within 5 stable
carriers would allow gradual release of the drugs

i nside the intravascul ar conpartnent following a

bol us i ntravenous injection of the therapeutic
nanoparticl es. BACKGRAMND ORTHRINVENTEDRase
nanoparticles can provide a pre-programred duration of

i S B SR B T BB 281 s
whichfafes thdnedivaioh AOBS r@Y 61 the BRKENtJ KOA thy pSERhSleedS Ghich are
.including 10 automatic assured patient

._medi.canment s, : ut orr assur, P
achieveg Wﬁﬁ“ﬂ%ﬁ%@%lﬁ%aﬂ% atEggaeulapgiseian, adminiration of dmggearried within
L g . ) .
s GHERB A U RREL el LR Rt o D
followfnigoBB)lys intrivienpepiajeciial efthatidrabeuteimgnopaaitias present in
the bl ood are generally cleared fromthe circul ation

i R Ao ROl Pl AR S oo I e PR R ron of

‘actionjrangiag froadags bl wedtts eompiiths B6mrAandi BRdtice! Ty also can offer

Smwﬁ%éyfic 1y 8 mcrons in 15 dianeter), white bl ood _
Pfen 139%"}"8’&?? gves c@niniiongHy afminiespbmediyamenty including
automf AdsQlr8d PatfechyRingMahde vhitiBthe Mb& @é’iﬁiegpas%@l"%tdﬁag triré-%gﬁ‘% o especiﬁc

] microcirculation in nost organs and tissues
tissuestqr ez ana EHegrenddfilley Wesrmabb/iSahioded SeleiNadrd4di 352l I85pabi i

(bl ood clots) of size greater than 10-15 microns are

: ' [ ' infarct i r

 DIREGRLAG Al HGUR b pRodd HEblobE Sl Bfored from the
circulatign he Hied blood dittegenogierns”] vatdlp theapidern dugs bhElitdrs Theparticulate

death. .l njecti into.the circul.ation of 20 rticles
master G5 mHeStialrgfore P peimtoeh e ke e Bmistons i
diametBR)SWhikeblavdélie dypibalie-BeMSions irpdimn&aﬁ}dnelp@éelé@%@pigmgn1-3

. (-8 mcrons, is however, relatively safe and haS beén
microng indiamgiery e geiriogisruation in giesk oraansiand fiesbs alloswthe fsee passage of

these bﬁﬂﬁ%ﬁs i W’h&bﬁxicfrmii @io%@%ﬁﬂg%f @iggr%rggﬂé} ?1 0§-15 microns are
n_ut [I tl Qnal _agents, an contrast la 1or I nmaglng
presentidpgltitdationg a sisk Fhafaitoa coblqphage of lthescapitidriesresultsnieattingofo

e S IS DS B 158 RSl v
particlofppdatet alianaiis] 5 @itrondin Rameey TherbRrel 8lsidR/avoldRE A'%E%%ﬁsion of
e

"%QQS%Q% have described the fate of particles to )
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pharm#RblogichRyadtR B APEEEH Shd 3% of 9?&5%9’165] Qﬁlc?é}ﬁlﬁgioﬁ@ ﬁuﬁi\’iﬂp{l ALLifts, and
capillaries following 1interstitial Injection, an
contraspigdie dytioweiwzrpylicationsr wi thin the | ynph nodes. After
intravenous/intraarterial injection, particles |ess

DRI 0P A0 30 6 (4 i

Strand ¢tRIES)n Médrephiresiioreslidah dppitrations b@ay. Repibagac B935325 ERC

‘Press (%ﬁ?’aﬁ%ﬁ%&@%ﬁﬁg%ﬂ%ﬁqﬁv@%@% gfk:) gfl:thengenEn.or? {h%{]rssiz\év.l E’lmlticles in the

size range of a few nanometers (nm) to 100 nm enter the lymphatic capillaries following
interstitial injection, and phagocytosis may occur within the lymph nodes. After

intravenous/intraarterial injection, particles less than about 2 microns will be rapidly cleared
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be trapped in the lung capillaries. After

intraarterial injection, particles are trapped in the
first capillary bed reached. Inhaled particles are
trapped by the al veol ar nmacrophages. 5 Pharnmaceutical s
that are water-insol uble or poorly water-sol uble and
sensitive to acid environnents in the stomach cannot
be conventionally adninistered (e.g., by intravenous

from ﬂhB,bR)@H s@Enoby Ok adticRibEhddthdliapéysh (REE) alRARMGE Me mononuclear
dm ni st rat| on of such pharmaceuticals has been
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be trafheli fin R 1 S}[l}?.?léé Qe ﬁ@éﬁgmﬂsfn Q&fo@ar%(ﬁ% Ar ﬁ'épﬂeﬁ ih B8 first

presence 0O actants or enul i on
capillayy beflireachet a bibeledipertislanarestrappsd byl e Bheskar matiophages nay
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& 6518 Shit aﬁ’gnm\ﬁ/ﬁ‘? “Brevent the assembly of tubulin,
Taxol is the only plant product known to inhibit the
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drug-réfractory ovarian cancef. Taxol has shown
of aCthlcmmetWSmntlbklfOWc foralamrdef thamltetlg/ smifidle. In contrast
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h Taxpl @% tlﬁ]e Bew anti cancer wonder-drug. |ndeed, Taxol
US PrveslineLe AEt (FPBERI POy oved by the Federal Drug
Adm ni stration for treatnent of ovarian cancer. The

[Taes], #EARRAUS oca@fintbditdrbanof hdsbeeh shdWVB\RTe siphiBisait s @

probl em faor human adm nistration. |ndeed, thée delivery
antineoplastic and anticancer effects in drug-refractory ovarian cancer. Taxol bas shown
excellent antitumor activity in a wide variety of tumor models such as the B16 melanoma, L1210
leukemias, MX-1 mammary tumors, and CS-1 colon tumor xenografts, Several recent press

releases have termed Taxol as the new anticancer wonder-drug. Indeed, Taxol has recently been
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of drugs that are inherently insoluble or poorly
sol ubl e i n an aqueous nedi um can be seriously
impaired if oral delivery is not effective.
Accordingly, currently used Taxol fornulations require
5 a cremaphor to solubilize the drug. The human
clinical dose range is 200-500 ng. This dose is
di ssolved in a 1:1 solution of ethanol:cremaphor and
approv¥ by iRAr e fal DEGY A&ﬁlﬂ%ﬂﬁ&?f&‘ éﬁ%eﬁp&%v% {ancér li{"gg 00T aqueous
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chemica’lfcrcmlﬁﬂ{ﬁrgatH@ﬂdenatured microspheres are produced from an emulsified mixture

(e.g., albumin, the agent to be incorporated, and a suitable oil) at temperatures between 100°C
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of heat denatured--m crospheres. The procedure for
preparing chemcally crosslinked m crospheres involves
treating the 5 enulsion with glutaral dehyde to
crosslink the protein, followd by washing and
storage. Lee et al. (Science 213:233-235 (1981)) and
U S. Patent No. 4,671,954 teach this nethod of
preparati on. The above techniques for the preparation

and 154°CPMOk %&o%&f&%@lﬁé@%aﬁ%d GAthY, 'sﬁfta?ol@golvent and storeTi L?ucuta et al.
harnacoggﬁlca |y active agents, although suitable
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protein matrix, but a poorly aqueous sol ubl e or
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protein matrix forned by these t echni ques.
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contaifihf aqudoh@piRke RV bS bzﬁfhppé’d \%thh@m ﬁsﬂfﬁﬁ@&&shm or Peat-denatured

evapor ating the emulsion sl ow er vacuum
proteiymptrigy biplagosrly Aguogus-sdletilent ¢1§fsolsbia hgens pahnst @mlneorpqmaied gnto a

Lon of the polymer in water is
pnﬁmﬁ%ﬁyﬁgfgéﬁég?YQ%gég Bﬁﬂ rug isinitially present in the
pol ynmer solution, it is possible to obtain by this
rfenehaay crdionglongsived for manilﬁacmﬁixg:ﬂrughemdm nanbggtidlesconipgises

scol SR I g d w n rtic osed of a meric
aisson i FARCER A4 O PP W Broltola A meR) 1 A atef
immisdibie @ﬂaéﬁtl (ScB Ss Biethysnd ghloH@e SN hlorRYRAiBhtRNoMRbMNEL
en reported by several resear chers (see, for

SOlVCﬂ'@x‘iﬁﬁﬁf vang the pharaecuticlbeaptive ageng s haag! Y@ﬁf Ohionorddeng a
surfactBﬁltt? ﬁl%f%ﬂ%)h%é@or?tﬁ@a l&%@h&s@%ﬁ?@%sg(?ﬁ «Qllnhé’ion bgfmtable

Phar maceuti cs _
means, amd 3vaPreiimg .thePtmulsmn ellowlmdzmaac@ams ) t;he aﬂ almp[mtsam zeffietently

small a?ll%i stab Wau%A'é] %Plé, A sg?]%elfll%lgﬂ %B%I%r | %‘%ﬁ%{ vl'\lrg[%{jls %bPa%lzeidl gince the
drug isSmeallefestar m&he polymet sdlitfontsqiissiBleQS Bbtaff: thid@dhod, a

orted the formati on of nanoparticles by usin t Wo
compomlg% E‘q élr%lps;%q gs arg ﬁ%trappgd within part1cle¥: composged of a

polymeric matrix. The formation of microspheres and nanoparticles by using the solvent
evaporation method has been reported by several researchers (see, for example, Tice and Gilley,
in Journal of Controlled Release 2:343-352 (1985); Bodmeier and McGinity, in /nt. J.
Pharmaceutics 43:179 (1988); Cavalier et al., in J. Pharm. Pharmacol. 38:249 (1985); and
D’Souza et al., WO 94/10980) while using various drugs.
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(e.g., polylactide) is dissolved in the organic phase,
together with an active conponent such as a drug, and
the other polymer, such as albumn, is used as the
surface active agent. After 5 emulsification and
renoval of the solvent, nanoparticles are fornmed, in
which the drug is present inside the polyneric matrix
of the polylactide particles. The properties of the

pahzmser ab OinWibMdteHii0 1309 XN 99 N aROS peARRhvfer BBHL! InXFri Fatent 2 660
are _very inportant to obtain the proper
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 Science i @F@%ﬂ{r )" paitRgor of ismonenly solyephgrecipitation

of the &@gsmlsﬁié ﬂfe%@%ﬁﬁﬁoﬁl@t’é 8Edhes, WAEE@®Inflc0R g&%@é@ Blel BB ed.

surfactant is used for the 6 preparation
nanogartlcles i n same enbodi nents of the invention

erin found thatethe sizq\efithelpasiicles isenainly isomtsolisl by e initial size of
the em1§!;18§ bicpBP IR g&dlp&?tﬂ it Hl‘?erggtfﬁg 1! ﬁc?tg that ﬁl%l il I?a{rél’éle size is reported

acet at I's surfacde act
to decrease with a decrease in the drug concentration in the organic phase. This finding is

contrary to the results reported herein, wherein no conventional surfactant is used for the
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tol uene, and hence may be oriented at the oil-water
interface; therefore the concentration of drug at the
interface is higher, thus increasing the potential for
precipitation. 5 Formation of subm cron particles has
al so been achi eved by a precipitation process, as
described by Calvo et al. in J. Pharm Sci. 85:530
(1996). The process is based on dissolving the drug

prepafafion) of nanBSRIEE@E sdbe AYdAHRG PN tHéTE'ifentlon) In addition, it is noted by
pol y-caprol actone) in nethyl ene chloride and

the a @frihe Sigpiepme paner petithe riglg uséd,§b¢)lgst¢rahaqetﬁte<a isstrfagpastivesin
h I 38 to._ ..
toluer$nBRheSORA B AtoRa B A Ak e REFore JiE b nodoign of arue
at the prte€es $s highapahdsanereatimg the pbt\eﬁnﬂ fa‘r@;r@qma&m. rations at
whi ch no enmul sion is fornmed. BACKGROUND COF THE

E |CN T
WP B RSt B ron PaBrRE b Ao bal it Y » SR onpraggss. s
describet byeB@nptial. il dXPharMASc;ERIBO Q. The POcAS 1sﬂfa§dzd’cﬁ1 dissolving the

ag ent agal nst dr ug-r efr act ory ovari an cancer cé&t
drug (R/B@zﬂqoéw@@ma) mldﬁb%pmlmwbﬂpolmamlﬂtf@ethﬂtM@tpﬂ ridg and

aceton(%ﬁﬂtm&f' ﬁ(ﬂln 'sB Wi inti} %Ee,bl}@ &%ﬁ%ﬁ{aﬂﬁﬁwﬁg@doxma

arian Ep |t I nt.
188), wazel@ ?1931111(:1339 8&): paﬂlcles ﬁ}iﬁem)s Hoseventhefpraessis pafemed ansblvent

nt i erein are incorporated by
°°n°61%”f“8‘r1 %Wgh e ‘“rm‘ﬂg‘ %’hl n full bel ow
Unfortunately, Taxol has extremely low solubility in

wat er, whi ch nBREKGROUND OPUIHE INVENTION de a suitable
dosage form In fact, in Phase | clinical trials,

| | t 0 d
o L o G P P BRow T0rl BB Un AR okt o gt
cancerCER EFS ¥k mpie) Takakidls beerl RuhdRS lﬁransa@ﬁ%bd%ehtt Apindit drh@AsHactory

one patient's death was caused an allergic reaction

ovariap ey MgCuneet abrige sTaxaky 4, U@ageeAm Meeplagictsent WithSignificant
Act1v1hﬁ&éa&'r%?Aﬁ€MfCE@@$ﬁﬁ£1 EREE A N AhshEY EA‘}B%'P Me@ ”% 1,273:279

persensitivity reactions. own - ef
(1989)i Alﬂ' pai¢nts seidiniol ar@lﬂ‘ﬁemd)gthﬁﬁk decioents Jlnﬂmucmvéhcrﬁm are incorporated
Infusign” J.of .2 n Oncol, Vol. 9 No. 7, pp.
by“ﬁqﬂgf?igg?y?@ﬁfgnigg%%Opbport on a Phase | Trial in
whi ch Taxol was provided as a 6-hour IV infusion
dﬂmﬁoytuﬂﬁelyté@@olvﬁa& bxxm:nqﬂy veshhadktyan waﬁ:il, wiath eakes it difficult to

recel 64 sse bl e X0 e patient
providf 8 5SiptEitnsni B Delatier TIgHEt QBial D 1yore el capactons were
caused¥y tﬁ@erﬁﬁ@iﬂefs@ﬂnﬂhﬁ@&ﬂ‘iﬁ EicBBn Rith t’['ﬁﬁol't@ Eéiﬁﬂ)éh@at@ﬂﬁ Taxol’s low

i mmedi ate treatnent to save the gguent S :

water St fl P dreh s ey penslvsti Febiqn induced by the
s JERC Bl S 00 AR5 A AR

hyperseizgtertyireactiomy, with 2 fatalities due to sepsis.
Non- hemat ol ogi c toxicity was of Grade 1 and 2, except

fI?row% ? alpat J‘E ﬂ]ase Itl'lllla.f;r tafi axo?leen At é’-ﬁour Intravenous Infusion” J of
Clin Oncol, Vol. 9 No. 7, pp. 1261-1267 (July 1991) report on a Phase I Trial in which Taxol

was provided as a 6-hour IV infusion every 21 days without premedication. 31 patients received

64 assessable courses of Taxol. One patient had a severe (or acute) hypersensitivity reaction,

‘which required discontinuation of the infusion and immediate treatment to save the patient’s life.
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and 2 patients wth G ade 3 neuropathy. The neuropathy
consi sted of reversible painful 5 paresthesias,
requiring discontinuation of Taxol in two patients.
Four partial responses were seen (3 in patients with
non-smal |l -cell lung cancer, and one in a patient with
adenocar ci noma of unknown primary). The maxi num

tol erated dose reported was 275 ng/n2, and the

AnotheP FAIHEOYEGHBAS Rypersenbifl i ﬁgctﬁ)‘ﬁsﬁlt‘i\%as%%§ sSTGABR s yc}% uire

i nci dence of hypersensitivity reaction was report
discortguing ﬂ?,ftlﬁﬁtmne Myeghesupemssionyvasidose-timiting, wish2 falnﬁmmn £ sepsis.

8%,10
Nor ¥ eftdie KRN e of S 138 2 ol SR GaS i s s
and 2 pytpatsseitts Gtade Btiguropaty. DhsneupspatiyTonsbtbdofvatsibR@dinful

remedi cati qQn despite prol ongation of infusion tines.
parestBsiiSerenyiang dispentiobptiongit Tareldt feq patieaic EEERY ek responses were

seen (B &1 PAtidAK hfthidon- aﬁﬁﬂﬂ-c‘%ﬂtlﬁlg?déﬁ@e?rdnﬁ%né L T T EdénQéaacmoma of

cancers, the efficacy he Taxol treatnents coul
unknow@prigearye {Tbe mharaum teleratodtdaeryrepyrtadrias 296 nag/m?, ahdtiod
at coho
TeCO: BH&&V%%E%ISI Na}%lgﬁaogm?{}ﬁl nlgg Slnb‘no ﬁg\%cg&en&% gfﬁﬁgr ser\lmlt%\ﬁ@ reaction
was rephﬂechﬂﬂx: Btlsideleattpcaiag evithartg A gotr 1Qf’ﬁsib'fas bbdrug BOvin@4 0% to 8%
d qlne escal ation ste? Kris et a goncluded t hat
inci eme/a PHRYPHEENSEVEY FEGHoRg It WangHsodFrariedithat frypesgengif ity reactions

persistWiBEHS@Mfut bﬁéhkﬂlcﬁﬁtﬁf:&ésﬁf%prolfoﬁéétﬂﬁ fof HiF@9én Q&es-r@iﬁﬂe théke Phase I

not indicated with ormulation on th
Studl%wﬂﬁeﬁp%du%ﬁuO@ﬁe@@h@bfull@aﬂﬂ@e@f@m Gomm ety dﬁ@pncersv&lle efficacy

of the g"gafollﬁk%atm%nts%ﬁld r&)?ggﬁet&% %{lnce early trials using a

ectron or s 3 hour) infusions induced
anaphylactlc reacti ons or other hypersensitivity
r lnsptnlydy, KfivetteheTaxol frfinektederith Canapled Biuin dehydravhd albohol was

t t dj cat i Wit h
siven L0 Pl e ST S e T PR S ett m 15
230 mg/aiacih niife edtadRARYGE ARTiB €Y al. coneluliél Mt &ﬁ@ﬁh@ﬁeﬁzeﬁ@%ﬂ aS
idine or ranitidine), and the infusion tine

unPredé%gfgf\fa@é thediyparsersifidtyirpackinss frbepesage okl axel ia@pLingisaled with this
drug fdl;ﬁﬁﬁatl%ﬁ bh @S ad?tﬁm?sltrlaﬁcgrgéc eduff ﬁ": 90 @ﬁnceyiﬁf{)af’ LI&R 5’%513 0! No. 5, May

Phase Il study results have been pu
1986. ut|I|2|ng 24- hour infusions of Taxol wth maxi mum
total dosages of 250 ng/n2, generally with the course

LIRS G0 A0 BRALS ERSSTLA B e

anaphytacie t¢adtiore or otlet hﬂﬁﬂrseaklhemgreepdheap ﬁHKhBlSstucfiésaN&B ﬁi‘mgd out in
of Taxol i.n Patients

which E@){ 3 %F@E%ﬁiﬂg‘# 013% @ er@F@F%mn with gleraids (such asV\Aexamethasone)
antihistah@Si(h@htk ﬂf}bhe ﬁanﬁﬁ@ a1 489 é&mst@@gclﬁs cinetifne or ranitidine),

MIler et al. portlng Resul ts of ncer
and therpBiiondine wasgriende hoyys inag pitcrm ¢ ehwinate thgmesisetieys

I &fons, Varidh JTR i i
s VD RS G 8 s
hour infgstae of Caxyd voth MSOOm\olal d@agdvkf 250 mgﬁﬂa)g,enerrdtyom'th thdsourse
being repeated every 3 weeks. Patients were pre-treated with dexamethasone, diphenhydramine,
and cimetidine to offset allergic reactions. See Einzig, et al., “Phase II Trial of Taxol in Patients

with Metastatic Renal Cell Carcinoma,” Cancer Investigation, 9(2) 133-136 (1991), and A. B.

‘Miller et al., “Reporting Results of Cancer Treatment,” Cancer, Vol 47, 207-214 (1981).
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routine prenedication in order to avoid the

significant nunber of allergic reactions believed to

be caused by the crenophor (polyethoxyl ated castor

oil) vehicle used for Taxol infusions. Patients 5

recei ved dosages ranging from 175 ng/n2 to 275 ng/ nR.

Wernik et al. in "Phase I dinical and

Phar macoki netic Study of Taxol," Cancer Research, 47,

2

2ABONP AP, G s AT SARI A1 LB qivn py rprged
InfusipmWithbwirPremedicaiol; ”I”aneec;hegs M$@03V&h &QMachhsl%Q)g .recommends

o S R S NSRS I by
caused‘f@y‘ 18 cheRitphbiipbletbx Qe& E‘@tdr QW dhidOWicd OBl MAGRAS) Patients

Doses were escal ate a mninmumof 3 patlents wer e

received dospgqs rangingetion 186@@%%?75%%@2 toxicity was

identified, and then 4-6 patients were treated at each

swhseRueat 1ﬂ “Pﬁ%e I (I-‘,rl Eﬁ@%&ﬁgﬁﬂgzﬁ lof Taxol,” Cagcr:%

neurotOX|C|t O enia were n1t|n
Rescanchet 7 éé&ﬁﬁ%dé@ynh é%%’i),l ﬂfscltneptat thd@émxmaﬁatlﬁﬁ of "ﬁgioﬂrﬁl areinophor

. i ation. her exgl t e
vehlclgf%\gf@g (Ee Moy ag O | perlo gﬁg?@i{ﬁes[ #%P’al%h%‘{] %%Elg')er?eﬁsﬂnilg/
reactioiirRatrad inct &bl 3asarss.’ Tﬁ@tarm@@ddsé lﬂﬁt&h&&ﬁ? wBP15 mg/m2 (one-third of
2478- 2481; Rowi nsky et al 'Phase |
the lowpssiopisloay nA9eD)- Stases, Ve excalaind, anl ReinBETR paiignts were treated

at eacH—cﬁiég ﬁ?!%plﬁ’!tll t&?dﬁ@%as REDGAES de fi2n 4@@% é%?e EHE at T2eh

G em et ., "Phase St udy axo

.Subseq}\mhlﬁbﬁd;t Ehte&ﬂu(bssoaclsﬂmhhatl ﬂefultqufmtmd lmpgngwcreﬁlose-llmltmg,

R O TR B P P2,

Taxol in Patients Wth Advanced Cancer " Cancer
Tothat axemplaRe godibson Vodol ri20idél Ledlan. et 3P, “Ph%déﬂrhdrqf Tazxol in

Motastii Flapae ol QraihgoAan o 8- B v g € e Tand

Pharmﬂfoﬂfh%ﬂb BefRlyQf ThX if\RBfrate) AR ISdu¥teRfas aﬁaﬂé&@esearch 49, 4640-
Vol . 10, (March; 1991) X(E]g '60. See al so

4647 (@ug flﬁea@) xg et ébﬁ%’i‘lﬁsedfsmﬂqft'ﬁﬁtﬁﬁlr iniftered as ShoudivsInfusion

Daily lf’btr 5 ﬁbrjr g?saggér}?g'ea%gﬁ?ﬁegglgf t\*o%”fl%%g__l%@%\xﬁ@@%?[%’)} IYdnehower et

al., “Phaeezbﬁmi o Jaxdd an PHesot With lAyiva:eg Daawrﬁiiaacﬁéﬂ“-rment Reports, Vol.

71, Nor oL W3k Bitbie, 38520eli5tncs ot 5, vppas? LSNBT PEFY) it g wih

MetastMQ:l Bre&st OHﬁcerZMBU)"’}Pra&Q&th thél.ﬁfm&%ﬁ&clét? BPCligidaltiRblogy,

s difficult to determine a reliable overall

Vol. 10, QUAGEnE P Yb et S aloiSinrey “Desenams of ASremo deaue
Produc®fat EH&Q\I&MO‘H@ VR LALSRRS, 7 Band g\ﬁ% gr a%?%? %Iaﬁ'&g Rﬁ%{&ﬁﬂ% £ 989) pp.

used, and the unknown degre 'uence
21-44 (@Whmhgﬁfﬁgnmheis itheft Tk onlydergrdul as adehaus infigsion).
prenedication has on HSR i ncidents. For exanple, of
SSSGIQ%L' %?HSP Sgl\’ 'ﬁ%ﬁ%@g Egﬁlﬁ%xop” u§na|i] QHEtinical Oncology,
Vol. 8 ;N'oe bl 52900 pp. lﬁﬁBdQﬁ&a@oﬂeé&iﬂm oM, dlfﬁhullt &) dudrynignereliable
even gher, doses over

atien adm ni s e
overall én%deﬂgfa?toh)%ersensﬂtlvsity reactions, &-I%li( dbecause 0 the wide variations in Taxol
doses and schedules used, and the unknown degree of influence that changing the infusion

scheduie and using premedication has on HSR incidents. For example, of five patients who
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infusion with no prenedication had a reaction.
Therefore, this suggests that prolonging the infusion
to beyond 6 hours is sufficient to reduce HSR

i ncidents. Nevertheless, Wiss et al. 5 found that
patients receiving 250 ng/ n2 of Taxol adm nistered via
a 24-hour infusion still had definite HSRs. Thus,
whi |l e prol onging drug infusion to 6 or 24-hours nay

" receive@Bibe id NS hbinSkfkRh aPfeatBCHie 1 IERAEMORith hihRmedication gxree had

concl usi on can not be confirned, since 78% of the HS
reactiqnsawhileory erccent pE0 paientsiagminisiened avandtgher dpses pvqta Grlgpur

mfusu%dl']\gn%ﬂ- i ?}erdeﬁlfg%?dn%d a%%c?lgn ' ﬁ‘ﬂé fa}ee ﬁ11§ a%g?stctg]tﬁaﬂ \P?&%}lélng {he

anne or the total u5|o
inﬁ;sidlﬂarﬁeyxgld Funtrdis sufficenicte méduat HSR infiddmx dNeverthélhe, Waiss et al.

*rona S5R39, ROL RS, 8 LN SO ionsi

definité MIFQUT hﬁmﬂllew&ﬁ%g&ﬁg Qfusibil 189 d4-KRts AR %diid thdBsk for an
u

mechani sm of Taxol nknown, it is also not clear
acute iRpGIOREISTARGHSIPR e ot bescqnbigmed, siceiZhds, of ghe HSR renstipisRscurred

Wlﬂ'llnq e ?ea z g r%{%m%?gdb%{xgmﬁgwfo%ggﬁp I'ﬁgdl}%%sg sﬁg@el%l?é}ﬁ of time

planneﬁd'dldhatot&emﬁlhlbn wouldfhaGenorbenying. Bmslpﬂ'rtc@ntdmm*atmm:@‘f'faibhin)the
remedi cat J.

infusi gt i A R ersB BFFY PO ABBPers L begis had Rsctons o

variouP 5APNYh-aL Hosagéd) iy, MASnIEE ﬂi@?ﬁé’&ﬁ&ﬁsm oF TQ}&)I HIR @ikh&wn, it is
no_known danger fromits use. The conflicting

also ngt gleghivbethert i asnkitsel 1t wduging BB Ravor idbaBERA pieglupte the ekcipient
(Crem%h%pﬁﬂl Badisap Anﬁﬁloﬂdgioﬁg Fg{ﬁ'\f}ﬂ ([B@S%&q_, gﬂ%hafen Federal Republic

ersensitivity rea en ‘usin
of Gerinphy)s iDEspithutha tiaersintyaasdo whhthet @alot plfemﬂﬂ‘cataaﬂ;addtay inffuence on

.in S|on done,ov si x-haur.period has |led to the ;
reducif b SRR G R Sk BRI RaR HaeReo Tt T thereis
no knoy dilger@fonTAx@e. i N a Cremaphor EL enul sion as an

accepted cancer treatnment protocol. Al though it

eaﬁﬁ.EOSS|ble %$ n1n|ghze the side effects of

CERS FrgomaeRfatiops iythe preragi (gpcoying 3@eier prepgdigation

shouldibRfub&d t@'ﬁvéild'}@?ér%mh‘/ﬂf rda@fhs 'vﬂfeﬁ I8P prIs Rkl 9ﬁ’u§.1§n duratlons and
i nconveni ent patients, and is expensive due

the lack peeffiseqy datp fapimiliusénms dbves Qigr b sirthouf periqdias badttp the t@e pﬁa 24-hour
i STUEN28 03154 2S00 W PE S o s

cancer kreatatentpretocoli ght in a hospital or treatnment clinic.

H gher doses of paclitaxel have al so been described in
| it t t t ol t
gl b s e BB e il R e it an

emulsi@yby oRRI2pORThALion Abfhtich, 3¢ Rink thfhabd ewesbdly irteh Alrdg &5
t opoi etic proanltor cell support AHPCSZ St emmer

patientggnn&s Fpenssteehipis hepeeddagergitor thy pa of the pntigx6 tg)24-hour
HlfllSlOﬁ"d%TlgIQ Sﬁurﬁﬁi: lihd l%ﬁg nfus‘féiﬁktﬁﬁ’tﬂﬂﬁ@%ﬁf@s 6 p2 ﬂa%s spbaPit %zﬂs{]one

aut ol ogous hefat opoi etic pr genlto support:

night i lma b@mﬁ@ dr trepgeht clinicl i n Oncol

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

10
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14:1463- 1472, 1996) have conducted a phase | trial in
forty-nine patients with poor-prognosis breast
cancer, non-Hodgkin's |ynmphoma (NHL) or ovarian cancer
wi th escal ati ng doses of 5 paclitaxel infused over 24
hours, followed by cycl ophospham de (5,625 ng/n) and
~cisplatin (165 ng/nR) and AHPCS. Dose-limting
toxicity was encountered in two patients at 825 ny/ng

et al (StbmBREBM, @48loni P&hPAt EERE a1dFReh-8sePaditthxed a1 @bhd@'ﬁlﬁe and
and the ot her developed grade respiratory, Ems

cisplatinpith awiglagens hemajgpotshic peagsniecell euppee: A phsise hisial. ob@knh @ncol
T

RRGRG  a  Ea T

breast (c:a‘l'lﬂiér mgh-kRgkih B Iyn;ap}hmwl@ﬁ}ﬂh)am‘iodma(tﬁaﬁ% wily/esdalatmugdoses of

ot B S R G B, YA o

(165 nﬁng)Cdnﬂ IAFSRChUboRAthitne Ecﬁucﬁ@vv%eh&hﬁt@aﬁnWb BhiAMEt 825 mg/m’
ghteen of 33 patients (54% wth breast cancer

of PaCH*@ﬁ?lleé‘cPaaerﬁa#qcﬁ oA muléepsndailurrend bpetisr daselopedigrade 3 respiratory,
CNS, hai %&1&1@ RRich88b eW @P dy'i\%own%{ﬁrope ¥E§1&/ &f@@& Eﬁytﬁ)umty

ovari an’ cancer
were aﬂmwémrvﬁl 6he N0 of dpmcdmbmfitmnm den‘enﬂ'mxdnto tatpadidtaed (1785mg/m?),

oxclogf T (oot Beat & Faquprun (1 Higd PPliaed LA, Rymsory

- polyndhﬁﬁﬁﬂ]ty&nﬂ Reicoditicivele @ﬁﬁﬁm@rﬁt tOWEARES Bkl WeikYevefdbik b ®lerable.

in 35% of t %hpatlents hburotOX|C|ty was reported in
Eightegn Oﬁ/é oratigatp (Telsvith bisass 654cst aghrvednpatiabepmonsmn diqgponses were
o oSHERLOEL b AUAD il o L9588 0B P gy
Pﬁﬁmwhtlents experienced neurotoxicity 20 for |onger

infusion tinmes of 24 hours while 54960f patlents

ot QX% Cli t or
S S5 SRR e E0y e PRI s
ina3 Hidug rdfosicho SHe: mﬁlsxpﬁ@kotbnﬁl‘keﬂeqtﬁlﬁsthé {1sd preriedit4giog and reports the
Eﬂgse rate. The opt] 53L ﬁ@gs and schedul es for

m"‘derf:?ﬁ% y@ﬁ’@?“sét}"éty&a}cpf’nﬂﬁ ro 9k, Iéatt’ieﬁtét Neprotoririty yeasagrorted in

51% of NicRQSEIhHchA §fpatibat eﬂf&%’eﬁ&ﬁ%ﬁéur&@ﬁ@xt& RUEORish YotBYoRfand 37%

i mportant in the induction di seas€ 25 response,
in the IRpedgsegronp. Birthaanemeid tragnotaf thabB/Rof Sicotsyexriexotimemrotoxicity

for lonE @ GhfubiBX Ghed 8E% Qﬁf () of Bit eﬂgl ehgédl“hseh 8 icity for the
ERLLRRERAb b LR i

enot her apy e avai
ﬂmﬁmﬁﬁa&eMﬂanlal data in the treatnent of ovarian
cancer and breast cancer. Their results suggest t hat

t-he r.el at.i onshi ective d| e
R S Rt B R SR ER PP ey SR ERE oo Rifer
responﬁba’ﬁtée fThe epmhalgiaulses antl a&hﬁtﬂeﬁ &drip¥clBa@DinkisGR lilhdeﬁlhﬁ\h:su gation. To
e of 022. . The rel ationship in breast

al
assess @lﬁﬁ&%ﬁlb% tha Pafiprebaots ARYERSity iRaytbeAmpoRans injihg insugtign ef disease
respondd REeQ41 oNCL@R B! BRIAR @%¥ d R%hx?ﬁl %%ﬁtéffeclj dbsk 1nteﬁ31ty

response rate was 13.2% and a ays,
Journaloyj Tefysiona Gf@g}gﬂ]@g@ymmgQ@ang%edIh@avaxlable phase II trial data in

the treatment of ovarian cancer and breast cancer. Their results suggest that the relationship
between objective disease response and paclitaxel dose intensity in recurrent ovarian cancer is
highly statistically significant with two-side p value of 0.022. The relationship in breast cancer
is even stronger, with a two-sided p value of 0.004. At 135 mg/m?%/21 days, the objective
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response rate seen at the internmedi ate dose of 175
nmg/ 2 was linear with the 135 ng/n2 and 250 ng/nk
results and the |inear regression analysis shows a
correlation coefficient for these data of 0.946 (Reed
et al, 1996). 5 In a study by Hol nes (Hol nes FA,
Walters RS, Theriault RL, et al: Phase Il trial of
Taxol , an active drug in the treatnment of netastatic

respng Sﬁ? @va 47 [ an Ngf(g%é Wgﬁ&aﬂé %@é l%g’cuﬁz 9&.7sp%fé§ Q%e; was 35.9%. The

reSponl;@pate men at the Rderhietimsealosaofi] 75rreyuﬁmaa tintar lndthethe 135 mg/m and 250

me/m SR 5 P A B R i ot Pl s gt of
0.946 Reedlet AI1190BH3- 1951, 1993), it was shown that higher
doses of TAXCL up 10 to 250 ng/ nR produced greater

P by Nelpes ohames A Waker RYTBetorial erd R pial of

Taxol r@lva%tlﬂpdru GMRe &%Bﬁl@gﬁtﬁ?ﬁjetﬁ%cﬁ)%aﬁ'cﬂﬂﬁ § R @afl%:r TRt 83:1797-

hese hi gher doses. These studies, however, bear proof
1805, ﬂ%‘)lt),lrﬁ@dpbwmcéﬂwmm%% Spludmaes\@b wewn fRAgetat: Paclitaxel and

recombﬂ%t%%ﬁ'%g g%ﬁﬁ%&tg rcoleﬁﬁ t'tléu?l])g(lff%faaop gse'mR{aF ¢ emo%%trz%pﬁr}‘a%?etastam

urre necessi es ove
breast shidys Joflit Ogcol 15:1p48-19511 1963) titwadhentigdt hightr dehdfIMAYOL up

o e ot RS Tt 815 i

approwRd €5Eri et | %eée%duﬁg HbW &, Hale ﬂ_&)b%n reﬂi-b%u&é?l dﬂg% ﬁlgher toxicity
associated with adm nistration of drug,, it

- at thesp highprdogess i Thess sudies, Hewavlen pear tirenfrio ﬂgmo@m’cl@lfmcrease 1n response

rateat%?éagéc?ﬁ%%és(fﬂ};%m gs not cause hypersensitivity
rea

ctions 'so desirable to devel op a
formul ati on of paclitaxel that does not 20 cause
nélneegiromedicatipn isSiequiaed‘Ifav("ﬁdtxoﬁ ey sitemsecassitage oearaightystays of the

patlen%é Eff ?Jé)?;?dll,?g}igﬁ Eae C at | og)pqeﬁglop agﬂ'gtuliagjpg (_5)?:é paclllrt]e];xlélzlsthgtnobviates

thens@ﬁ@ﬁ@ﬁmk@kﬁ&mpvernlght stays of the patient at the
hospltal it is highly desirable to develop a

rnulatl n of acllt ich would al | ow far
r {E‘f%fﬁ‘ﬁ?‘g Catign jtreqyitssia JF%HVQrT SHe SR geswntated yafsadmigistration

of the @u@,‘}ft id ﬁzﬁl‘il?%leﬁ%ﬂz td %E‘@:%ﬁ:t 4 RHeR LN fALBRL tﬁéf%@@s ok 1 cause

Taxol i eve inproved clinical responses albeit
hypersprsifiyaly reasiprs: tISIIS ajsp dﬁss,rab@ép detslap ¢ Hrjelaiompf mlchtaxel that does not
on of paclitaxel which can achieve these
cmme%éﬁes mﬁihout this toxicity. 12 Since it has been
denonstrated that the dose limting toxicity of Taxo
i Snedrasplrinfusmnslare rgennrdimb@idecyby pemiedicatési, am:lmtequit@post infusion

oo A B P B S0
hospitdb/ieiRbehtypddsiible ta e elop ia FornC4tRADE Badlitdxc PWhicH v RIHIRA for

..an . .
recipients to be treated on an out-patient basis.

Since it has been demonstrated that higher doses of Taxol achieve improved clinical
responses albeit with higher toxicity, it is desirable to develop a formulation of paclitaxel which

can achieve these doses without this toxicity.
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i ncreases the expense and duration of treatnment. 5 It

is also desirable to shorten the duration of infusion

of Taxol, currently admnistered in 3 hours - 24

hours to minimze patient stay at the hospital or

clinic. Since Taxol is currently approved for

adm ni stration at concentrati ons between 0.6 - 1.2

ng/ M and a typical dose in humans is about 250 - 350

. [

g mct L BER g A B B0 KRB pergrl and
neuroforicify,iibis degiablege ,deta}omioamlpﬁmgoﬂ;iacﬁtammiaaﬂeommemch toxicity,

paclitaxel that are stabIe at hi gher concentrations SO

aﬁ flgu egs% (%e%%gl%a.goxeg eruInf!l@ Prerlﬁefh dtnglt)rgslnffcfertﬁtt o %creg?es é’)ﬁl{é%ﬂt gfscomfort and
mcreakes‘the dxpbhdegnd ddrabagsf tedatbaitt | es due to the | eaching

of plasticizers by the cremaphor in the Taxol

| at o iis desirabl.e t devel for .on ]
of T SRt b iR B G0R S hopaSRn e Riered in
3 hourB 004 heas o Retigleipatidnt sth af 1A% h&spial @TcliicS f romt h e
conventionally used plastic tubings or bags used for
|ntr Venous |nfu5|on BRI EF DESCRI PTION OF T
sEwErent)t appeovad fsswinistetiop ag @npwémnsaﬁwean 0.6-1.2
mg/ml%l:i'a\{%lcaﬁ RBETRHAIMAAN 1§ i)(%]df 2?@t B%E%ﬁ&%a\\(tfmqgﬁlfuoﬁ&%%es

t axane, Taxotere, and t unmo ormin
typically E@ﬁﬁgb‘éuatl BOGML.hH s dhsieablmitvtredma deese Bfusin algigs, by developlng
th ce 0 dded enmul sifiers
fonnulra? ? f%latglltt%ge? tahéﬂg are g%bl% Sa?%'g er cgﬂcepg'ﬁ?crrgs sq ﬁ%{o y lge t}}c A of
mhmnd&u@nﬂellvery It is a further object of the present
invention to deliver pharmacol ogically active agents

npositiqn of. mcroparti.cles noparticle
oernfF LT exd tlmir S i bV oRBHgg bR or bottes due
to the lehéhihglof piixtibizeds by Yigt cr@ﬁéﬁhthe{n tROTRE f(ﬁfnulalttﬁ'l Rriﬁ&%ﬁﬁble to
i nvention to provide nethods for the f ornation of

develog gipgmeyl @tﬁ)nﬁg Pa¢ldaxel th@hdgeg pairhave pregiaplyr and does not leach potentially
toxic I’HEH&HE!E ﬁ 81;1% &)?lk’é Oﬁ&‘ﬁdj S dg ﬂ; lﬁbip%S 8} b%gﬂ%{seeﬁtfor 111 avenous
evaporation tec e m an ol er enu
lnﬁmmﬁone met hods use proteins as stabilizing agents. 13
Sorme nethods are performed in the absence of any
conventlonaIBﬁﬂﬁ;- R z PG of any
pol ynmeri c core pbj ects of
the invention mnll becone apparent upon revi ew of the
sPes iitfis embhjoct ofifids mvaition to cliver pletmaddordallyiattivetdgents (e.g.,

Taxol, %%gee, glimcc!)tg%/eregt}d/\tge Elfe\:/ﬁn Er%\riodlgecf ﬁ)%\lll% gg:ortrlll;]()as.gtlon that does not cause

allergic reactions due to the presence of added emulsifiers and solubilizing agents, as are

currently employed in drug delivery.

It is a further object of the present invention to deliver pharmacologically active agents in
a composition of microparticles or nanoparticles, optionally suspended in a suitable

biocompatible liquid.

It is yet another object 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.
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i nsol ubl e pharmacol ogically active agents can be

delivered in the formof mcroparticles or

nanoparticles that are suitable for parentera

adm ni stration i n aqueous suspension. This node of

delivery obviates the necessity for adm nistration of

substantially water insoluble pharnacologically

active agents (e.g., Taxol) in an emrul sion containing,
Some Bﬁfho@%( %@Bleﬁ@mferdhﬁ‘ 'EHE' abg&céeﬂmﬁﬁgoﬁ%ﬁgﬁél |sﬁtfa§:@an9sa§ﬁd3ﬁ1 the absence

, difuted in normal saline (see, for exanple

Ofaﬂymbtfmc@prﬂahatemln Abstracts of the 2nd Nati onal

Cancer Institute Wrkshop on Taxol & Taxus, Septenber

2 [ C

T and HCHObferf f L S Bl Lip o g e
specifisattbm andfcfaims.s. Thus, in accordance with the present

invention there are provided nethods for the 15

r mat i,on of. icles of har colo C
R RO, bSnTionr e dRRar S AR by Warer
insolukle bharﬁmwbgbalWhﬁd: arendcan 8e deliverdean th fedi beiieréfarticles or
exanpl e,  high shear forces (e.g

dit
nwop%ﬁ?lﬁ%%}?ﬁo 5 S‘HK’S&ﬁoﬂ?%%‘gﬁﬁlea%ﬁ’éﬁféfﬂniﬁﬁﬂ‘@ﬁus BEPEREN] iTkisymode of
dehve@a%vﬁ?es YEtbctRith BR adRBESPEBn BF s@% ér iR alble

Surfactants, and w thout the use any polyneric core
phamlmcamaﬂw attove agontse helaxmi)rin an efulsive coatampey; farekanple, ethanol

h
and polyBle s TS R 0ut G o B TPl Pl n
AbstradRofig@ . 2nil am@:aﬂtaaﬁk@snwe v ridbpes Twkd! o Bk heeptaer 23-24,
r forces, .sinply by selecting

- f
1992). n%tdéﬁaii‘éﬂn%agf’ Hfa%“cg PV AYBRSINODS & iR PropBRH (aPofuce allptpie side

effectsi Nvention further provides a nethod for the
reproduci bl e formati on of unusually snal
nanoparticles (less than 200 nrn diameter), which can
behus; g arqosdanre with die prerestigheniion, there ard prpvided metheds for the

formati '0? nbxf'o me@\é? @lega{lwcﬁte ﬁi@%@’ fégjﬁﬁftélvg orat

sol vent
techniquafefirubid mLsetve&et emgisnoh @rdpyed mﬂermr\gaamymf pha:]monst Iﬁer example,
d t he drug.concentration, i

f t n th )
high H3RE et (SR eaof B e oG PG AR A ) By b uged i the

absencs bZ gyt da;atredn%nalshif&fta{@é QndWithButdhe (e @F Bl HdllheriScoré maferial to
gr eat ortance and S|gn|f|cance since formul ati ons

form thgpatpix 0 apRpparticls. dpsteads BReBntS gnthurn seympminare employed
asa sta()ﬁxzﬁ’l sg@ﬁ . A]ter&eﬁﬂ@ ?rf ﬁé&@hﬂnbl@?ﬂm Ye ﬁ(ﬂﬂl\é& %l’.hgﬂteﬁle need
TeLhGd: suc clavin to the heat

as auto
for anyduglyshicart fomes, stmply @ypclo@tmmnat&plaht thatspootatkamsly fiwint microemulsions.
anot her enbodi nent of the present invention, we have

j Lo tul. f
YRR OS5 o BB b Pl
small nandpaviecl@gist than Em/ﬁﬁtdn@nihtﬁt)),lwiﬁéh ctzindﬁ%te@dhﬁﬁlt&rﬁ@through a0.22

. bst tlal er_ insol uble | ogj
micron Jifer, Ehi Lévv&y Adigm of ad’ifat?r%aﬁﬁ%asOE e e gl i oreenic
phase a&d W'c%ﬁﬂly%eﬁbﬁ{é the E{;‘)@ of Qfg\ﬁﬂﬁ rp’hﬁsesﬁ‘l@ Ehaée%ra@uél and the drug
crossl i nkéd bi oconpati bl e poly e polyneric
concentypiégn in thepreaiiaphage.s Thsttalityite |f¢r;n mpp;qmcles 0 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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i nsol ubl e pharmacol ogically active agents therein, can
then be suspended in a bioconpatible aqueous liquid
for admi nistration. The invention further provides a
drug delivery systemin which part of the nol ecul es of
phar macol ogi cal |y active agent are bound to the
protein (e.g., human serum al bumn), and are 10
therefore i medi ately bi oavail abl e upon adm ni strati on

U1 2@cdTBdhIB brith hREth &t dhefodRREt bPthe PlestR€nvention, we have developed
phar nacol ogi cal [y active agent is contained wthin

compogiginppusetil &1ds vive deliverpy!l whenetialy wetks inseliblnrbarmasolagically

. | .
i SR ol G RIAIRE AL SRR L DD s
active bgentor(ys padlidme diquidjresmtaired withiamgelymerioehelbf The polymeric shell is a

.C enti onal r macol ogi.cal | tive.agents circul ate
crosslitfe iocopsRaele PAGMET. Cogtitisns ellcoptaiane sbgieaialy weler
insolulflé PHABEEoIBMEHIBRARR Sreffs the@éih Coah Mhi@RGhiRAG iffa bidtofatible

the npst ~common exanple is serum al bum n. Invention
aqueoysdiguisifer anisbaisdsi ti ons produced thereby provide for

a pharmacol ogically active agent that is "pre-bound”

U he@n Qb Filthéd 6 PdeNa dltﬁg QE%? sfenPin M‘%ﬁﬁe part of the molecules of

interactions) prior to adm ration. pr esent
pharmapiolngicely pesivd @pem sterbaned thibe pradin (he, boansedes elbiinéy, and are
hoavai lability .20 f.or Taxol | i taxe
therofolfp ol G bR BBl il s s i SR b of e
pharmaoRigidally ésive agémis copdmadvathilkhambatitleatoated By flocan
qununications Ln Chem cal Patholo?y and Phar macol qgy
nanopagiiciesepniairgemihy pharmacelpginalcirtisn pgeat 15 BISFRLAF BRHISCTHE
compohdhY SHEHRNIRATh b5 1289 pol SR8 LA:L 0 Taxol, provides a
significant anount” of "'the drug in the form of

nmol ecul es bound to al bumin, which is also the natura
dalergespumber pironyentignaliphameacpiogisdlls eqtiva agempsciraylate in the blood

s R AR AL f DO b Gy o

commahrexgwplewhserim albnanc ebveitenaaghdilisiand yompositions prddnced thercby

..absorb on the surface of the . particles. Since al bumn
provia e 8 phuBReSF o ARGABE pimeiCis: B it TRieusoipig e
hydroph§ti of iR v@kradfiodsherioras gamingsteabyent ), formation of a

coll oidal dispersion which is stable for prol onged
riods i,s  facilitated, due to a conbinatjon_ of _ . L
A ettt disclogp deipanstaairg betifithe aboxes PR aeq BRdes pf biggvailability

for TaxdC@ALEBRIE abultRab 28 dRELESEMIe biBifRhE R hunldASERNAE B Ree, for
provi ded subm cron particles in powler form which

examplgJpuraarst ply, ip Bereardrisvivpunieions invehesricad Pagfallagyand Fhgrmacology

80:337 ‘e%ﬁr The h tc%h&ﬁﬂaﬁ‘&} &t a2l 9 Vﬂllveﬁfonw%}nec esbyo }:hared to Taxol,
F'yopfii I'i'zatd on.  Human serum al'bum n Serves 58 HHE

provides tarsignifional ancanpofthea irugfin thedoiEnm bhmektnledboumd ap albtuni, &ich is

an | so. as cryoprotectant and reconstitution aid.
also theppatur %PEﬁaf‘i’Fidﬁﬁlgf% PP 88 i | terabl e t hrough a

0.22 micron filter according to the invention nethod
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 to absorb on the surface of the
particles. Since albumin is present on the colloidal drug particles (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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as described herein, followed by drying or
| yophi l'i zati on, produces a sterile solid fornulation
useful for intravenous injection. The invention
provides, in a particular aspect, a conposition of
anti-cancer drugs, e.g., Taxol, in the form of
nanoparticles in a liquid dispersion or as a solid
whi ch can be easily 10 reconstituted for
A HcBhrdhdc@i@the PéSent RIvERRA fhicfe P& ARSHioVRIBd HbnGiBloh PaRicles in
drugs, e.g., Taxol, such conpositions can not be
powdag hera, wdirhepn eeily betreconstituted in/waier ensakins: Ehepawder ih obtgined after
I . ; I e c
remov Bk A0BHPRtork Thofln, A RLA v s WS GRPB Rponeat of
some ifigerdion ngacpart@les, Aldalto a5 ariywpanstdnd askreesatituion dide dhe

ey N (T N T
as des€&itedhetetn, FstlobyRbGAkYiNg m@%mﬁﬁaﬁbﬁrpr&dvi%_@sl 4 g !s!)lﬂi"f%ﬁnulation

size 15 for intravenous injection. ileit is

- useful ferdplgavenens ipisetionpar t i cl es produced according to the

i nvention can be either crystalline, anorphous, or a

MR i &tibA Bf R Res, ih b phiticd t 18ncbWtugs, e.g.

drug belprgsenf&in p?ﬁg %g%ﬁ§%5¥?gﬁ fﬁﬁéﬁggﬁgrpcgus &%, &8
Taxol,fin tha forfin pEnanopdrticlbsiad: liquiddisgrson ease sofid dhsbchube easily

bsor.ptjon, resylting. in better. bi oavail abiljt

recons BB 50 o e AT SRR et D, such
compod@iens canant bé ebtgihed TyAcaventBibisdobleni\t@pSradsitinbiBodSNVrely on the

has remarkable clinical activity in _a nunber of hunman
use of surfactants. (I, the presapcecd aous syrfaqias, yoryrlgrge Brugsystals (gy, size of
about $RARHAAY Seveh Afn Ao nﬁ@&‘&l) LeGbRikd Vpiglﬁ? deLyy ﬂ'ﬁx%tes of storage, after

| ynphomas. 1t 1s currently approve or the treatné%f
the prapfiratiompriosgss.c dhesinoofsuelneryetaists fypicabenucingreatabthaathic@lowed size
.aﬁin and for netastatic 25 breast cancer
al'l ed prior treatnent with one conbination

chenot herapy reginmen. The nmgjor limtation of Taxo

i Whil¢ 8 igpecognsmet tit batiylcapddodad sequding ko/tht hercBidn can be either

.ormul ati on contains, 50% Cremaphor EL and 50% et hanol .
crystalli, FHioRing e of £ g HEs ROt & SPRRY relpiregiihgt ipaara b présent n
the forfralafith &f drofinorpRdis dbrite Bls WBuldflle4Aas krichRexk Bhse dF aSQIIMRM AH

a concentration of 6 ng/m. Prior to intravenous
absorpHerhiresuliing e pgter biogyailabdityrul ati on nust be diluted 1:10

in saline for a final dosing solution 16 containing

0.6 my/ m of pRAY HESERIPTION SF TRERALpbNas been

linked to severe hypersensitivity reactions in

ani mals (Lorenz et al., Agents Actions 1987, 7, 63-67)

g antigraees agwsipgdlitatel GTAXOL, Brigpl Myerofguibb, BMS( hagremarkable

erin 38

clinical]z?cﬁ.sftﬁ #a xﬁﬁ%e? SPﬁlﬁﬂédae&hLéfs fn%glgin[ggéx)l(%ﬁs:{fﬁtg% %2&%%, %g%ag{ hung,

patients wt corticosterol
esophagust, hérdsind meclersgiofhtdadder grel Igimphoman It Bulreslyi apphaved éor the

e A ST SRt TRATEL SPLS
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
50% Cremaphor EL and 50% ethanol as the 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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hours. Thus, there is a need for an alternative |ess
toxic formulation for paclitaxel. Capxol TMis a novel,
crenophor-free fornul ati on of the anticancer drug
paclitaxel. The inventors, based on ani nal studies,
believe that a crenophor-free fornulation will be
significantly less toxic and will not require
prenedi cation of patients. Prenedication is 10
[
contalﬁlﬁg %%Srﬁ%/ﬁﬂ P {)% Zi?&)’(gfg Ctﬂ;sgfogéﬁgﬁi?fﬁ%b:eé% ?J&l%:éd %pgeere hyPersen31t1v1ty
reactidnk én mmnals denynzaq:ipal MMtsa{tﬁomtmt @,Cﬁ?)% a:(uﬂilllrﬁm l(Weise eal., J.

. ui fo aclltaxel is.a .
cin. i PP, 3ot PR e e e Bt e Fes oo At PRl
corticaebadind @kﬁzﬁﬁét@é&oné}vdﬁdﬂ antﬁ@éi@ﬂlﬁﬁé trHeagkgWaliiGh rSlts @Plafse volumes
aqueous nedi um such, as 0. 9% sodi um chl oride injection

of mﬁ@wnéwlcaled&w dSTmighy @ sptodriiteradinfusinn timenanging g Bhours to 24
hours. C’ﬁHSOI gl%lls §Héeﬁtfbroeﬂ1 a@tfenﬁﬁ% fegs‘r’% ffc Jﬂg %? C}%ghl&l?& 15

suspensi on nmay range m Ccrons
wth a preferred range of about 20-400 nm The two

nﬁ@mlwdm oonsh tesenadphAafigofoTiMilation offthe aitichetr pmglpatlﬂzav@ﬂ. The
v bbb i St R PR diona #any

significk@sly e tcﬁ@ﬂﬁiﬁ]mnﬂai)t quitd prededicitenalf phiidhitd, e@ediyation is
the solubility limits for HSA. Thus Capxol TM can be
necessry g FF;‘JPP? the aperresitivieend wARfeylHs BatRasHE pat FeHy of cremophor in
the curréHly!
e cuk 80 0O BT oyl .
Capxof™¥iis & {yophibir¢d pootdentes resonsiidwtion; astl rnaxavompus afiminastetonl aWben

' n |nvent40n he o
reconsffyhod s BHEBE Ml RS uch A0 Syo Bt Ry Rmtrtnany %
dextrosf injettidm) Gapsl™ forhiée stﬁlﬁé m)l(llﬁdzfl aolafian bf plcBRaxélhdhe Qﬂzeof the

admi ni stration_in _aqueo

.suitabl e for arent er al
colloidg OB ALY B 4T O b RH TP BTIEI FiSFETEsd ThEa B s 40-400
nm. TRYtwAmBet YdiRSonedt88f @%x)b[mraré ﬁnﬁo@ﬁé@ﬁé&ﬁ%&él%@ human serum

material, such as the protein al bumn. Use of

albumip {FEAD.| Sce Hipds freelp ﬁ@ublg itn whier, apkoleY yalrhe rbtpcmlsmgtedso any
des1rec§(9)¥1 é?lttﬁﬁoﬁ Pﬁﬁ@ﬁﬁﬁaﬁfgj uen SW Qélﬁélflf 1m1 r HSA Th]us Capxol™

Forexa
can be &tcbmmthtedmda widle yaigh ok ydrﬁblﬁdatlﬁ%taﬁgmg Iﬂom ditlitd (0 Eﬁig,{nﬂ pachtaxel)

t t  al
o oA DT oS 0! R SRR i B St et fmniststion,
Wor kshop on Taxol & Taxus, Septenber 23-24, 1992). A
dh sadydintegah Ofe preseht 1Ki’rHﬂWBn tﬁ@ﬁ'ﬁfbﬁir&h@élﬁcdnﬁaoblﬁﬁhi and methods

opensity to produce severe allergic and other side
: usefulg)r D % fp J

frepradelivery of biddogies ithihe form efpenerticleythatgre piitable dorc s
parentérzﬁ alRGnifeRHioh 8 cgans s%f%ﬁéléﬁ elrﬁl‘ﬁtﬁ)ﬁ%hl%g?lm)ﬂs%ﬁﬁxgnfe stabilized by

tar get I Ng to or as lver ungs,
a polythgrphapolymei iscutietoimpatiblamdtartal stighae tlmjpmteumalbhem Use of

k h b h . .
sl Do SRR AP oo
biologit®intteic %‘&Mﬂﬁmﬁleﬁ,@oﬂﬁ@ﬁﬁﬁe ﬁmk{ncg ené pﬂ@éiﬁbyk zded S o,

Si z e,

t.h t f h
diluted igy gﬁ)rlgmsai §q?151{: ?%rﬁ 1JB )glgsrﬂ)? }\%%E)IX :en t &Ab%@ptsm gﬁ: 2nd Natlgnal Cancer
Institutd WarRidh &h atxb1% 'Tﬁinﬁ, SR 2989, 1992). A disadvantage of such known

compositions is their propensity to produce severe allergic and other side effects.
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30

unexpectedly and surprisingly found to accunmulate in

ti ssues other than those containing the RES such as

the prostate, pancreas, testes, sem niferous tubules,

bone, etc. to a significantly greater |evel than

Taxol at simlar doses. Thus, it is very surprising

that the invention fornul ation of paclitaxel, Capxol,

a 10 nanoparticle formulation, concentrates in

t

o P e SRR 0 IRABR BB Fpar B3 orpencion allows
targeting i enigansrych rcthKRERr, langsasidegmn iyfmpham ¢1ycututlgin,emd lileadélte, due to the

o ORG99 B 4 o 2451

TargemagmehesRE&; coiigigglolBasMay bE tontl1Bd gheighahd msé@walhbl@m of varying
However, the distribution to nmany. other

0
size, aﬁg ﬁg%%l JERSHEALIOR PY fifferen pousts. divg wherkeiminisiesddp spte Capxol was
t:
s 3O 3y O 5 T T RS 1
RES spebsasghd priostatecpanorsas, testes,i sominiferdus tutiules, lpnmsettcatt@a siguifgantly

greate%%ﬁai%aglsﬂx%ﬁsm1 artl cle size of the fornulation

ﬁresence the protein albumn in
the fornmul ation mhlch may cause |ocalization into the
ptlost did wery émgthatoh@invanmi%mmﬂmmprtmn €hapadlsa

0, . 18, 13.and the lik is also likely
nanopdfifle FsimiHiions Al i Gouds e BUBSF IO gHEY e,
seminifd1adk t46u1ad, BoE, Bc TRy, BItRYnS RECddhtafdihy ﬂlEq{ESeﬁtta?élﬁnﬁcantly higher
tissues such as the prostate resulting in high al

level ﬂé@rﬁc@ﬁlﬂ?ﬁﬁ@ﬂ&ﬁﬁe @mp'atm efaelitakel sudheasd axpls Jlhes C‘aiQXd may be
uullze% fosﬁ’&l:a'i BIIS %?ﬂ]@geot%gﬁets \ith adlggﬁgr c cﬁij& ez‘ §t EIIE)WGYEH' the

|oconpat|ble material s are“con

_ distribsmmne nony tokties tissouseln sintlar foh qﬂipﬁiﬁl@hd Fdxol pibrefbirereapxodis expected

i tion a achi eve | o ncentrati ons of
o maif R Rigpert aeiiphl mtsgualid s SF EArGilGiome Bimes
cont ai ni ng paclitaxel and albun1n with a particle size

| Thettasis f@nieloodlizaGborhoihin e ptbst@b dofld BE a afsult bEMB PAMAICle size of
odi ment has al so been denponstrated to result

the forml}iqt}r)@ 4(0cipe) or e RECETICE o REpisInGHbYsRR . thg femulation ydich may
cause lﬁﬁlﬁﬁﬁﬁﬁntol‘thgg&?ytahé 1430 We DA emBRAHe ﬁa@%ﬁ@:@ 68 ¢p 18, gp

red to at eq t doses. Thes
13 andﬁhgg@) t Iteis;alﬁfr Mﬁ@amlbltmgpipmldc,ulmcbgmﬂahlhpcslymers other than

T A i

concentratidn ﬁi}iaﬁ]mtxel ﬁrl[ th\ﬂedisﬁl@s lak lﬁeshh) Gﬁthe @ﬁﬁﬁﬂi&? dédctibétbatofe. Such
cor.ona scul at ur e treatnent o 30

bioconiglg el s iemetef W@ SCRF B s i A preferred

embod ik bf #Xsthpdsitiol s é’é?ﬁgvb@ 1b&H @oﬂc%%d%h@@ﬂﬂdcﬁﬁﬁe@ﬁ th prostate is

much slower rate than when adm ni stered as
a fom@awontwgpwtﬁxelﬁdta@m weth@exart@m sizsain derrangeca{i 20140 nm,
o B LAY, P50 AARINRINE T SRS RPN Ml e
concenfra@oraehiffpailisdxel mdhd, parncadas, laﬂney, lung, heart, bone, and spleen when

compared to Taxol at equivalent doses. These properties provide novel applicati_dns of this
formulation of paclitaxel including methods of lowering testosterone levels, achieving medical
orchiectomy, providing high local concentrations to coronary vasculature for the treatment of

restenosis.
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‘severaldoss BFOPR Y WAL I\bawlbreactamﬁ&fe

5 equi val ent doses of paclitaxel, a nmuch higher degree
of nyel osuppression results for the Taxol group
conpared to the Capxol group. This can result in | ower
i ncidences of infections and fever episodes (e.g.,
febrile neutropenia). It can also reduce the cycle
time in between treatnent s which is currently 21
days. Thus the use of Capxol nay provide substanti a

S0 i O RS AL SO 4

slowesrald then Tawl when sdmisistbret asdl’agxuly élhusa]mpseasss'mrmsaﬁ ghticancer
. .C ed seve ersensitivit ctions and death in
activily gorgf’%er g Slé%ﬂewﬁﬁ%@ﬁ dsoﬁ?s of pa%@ﬁ ﬁc h reactions were

observed for the Capxol groups at equival ent and
hitdghdso dag empniﬁhglﬁlaﬁﬁbeiﬂ}:apxal :ﬁﬂ%bﬁr&e @c:lnmfséd?ﬁbﬂoirhtaluﬂ
of. the T vehi s of substantija
eqmvafiﬁvéﬂiea@gpa igxph, amiich Pisher dagyp 305 elogiapesia rosglefyr the Taxol
group CaRpAtd &le TaxRN gANB. qgﬁ"cﬁﬁ ﬁats@ﬁ ﬁﬂo%r ﬁﬁﬁ&c@& of 1nfect10nsyand fever

equi val ent doses "of Eac i taxel a nuch lower toxicit
cpisodes (g algbiilsmeutrapetiap b Farcalspygdient thacyTledihe mdetvesen dsaiosdt s

t
el 2 SR U ISE oA RS T N e over
Taxolpaclitaxel to be adm nistered to patients. There is

evidence in the literature show ng increases response

¢ B pubrahe R S ga e PR e e AR Riateg dn satine,

alone CHugdiRtroll® §5/8loBHréssioh @Méauts&?(ée%& ﬁr?é?&nﬁlﬂeﬁﬁﬂ:‘ﬁctﬁ%@ hed death in

is also
tiveghfos the Gapxol groups at
. | s .
i SR ks B S0 Rt 9 BB b e T
vehiclg s\of salistagliflfadvaniageconcent rati ons  ranging from but
~not limted to 0.1 - 20 ng/m . This offers substantia
LiNn oSt at: t.h
gﬁj}/saango rﬁsnrgt)ﬁgt vﬁhegl n(gq% a%d %diaxgll are d ﬁéedqo rate gt
equivamnedmmﬁpachmaba hiutlylovies mxﬁﬁtykmm fdrakie Cf@xel conspaeddl taTaxol as

the full potential of th qﬁ
12

oG BB N5 Y S e by

effectid\@hstNPI ARG AebasTRIsBiEPAbipafer®. MNRE ik bAtBlceliPthe literature
patients. 19 It is also surpfising that Capxol when

showingns1arsss espanse mitgsde igher daged ofpaeliaxaloeeCagxol formulation may
alow B EkElo S dat Mo RIS 1o T iSRG Pploic the fu

potentief éfahis shrugThe i nvention formul ati on further all ows the
adm ni stration of paclitaxel, and other 5

SRt LSRR I RERB AL A s,
paclitaxel, is stable when reconstituted 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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of liquid and requiring greatly reduced adm nistration
tinme relative to adm nistration volunmes and tines
required by prior art delivery systens. In conbination
with a bioconpatible polymer matrix, the invention
formul ati on (Capxol) allows for |ocal sustained
delivery of paclitaxel with |ower toxicity and

prol onged activity. 10 The above surprising findings

R8s ARotRlrisBlelREt ¢ golgu]%elﬁ:'ﬁgﬂéﬁg?t&xgd SRR ﬂ@ﬁﬁl@héﬁf doses of

i nprove the Tquali atients recelving

- paclitygelaisiiaasdeshowRaoesign dinevrdtoa v ty pdgle dlax olwyerCaidwa Fvkes shows

nanné&ﬁé&%&%lon_for Paclitaxel: Capxol TMis a |yophilized
powder “Contai ning only paclitaxel and human serum
al bumn. Due to the nature of the colloidal solution

f Breniadentipo formmiatios firthet albowsothe hdinisyratidn bf paelitaxélmand other

substa.gto < raé%r?%s{qflﬁe %@gpl > ;%oggzqailgjr gpﬁ\%fﬂg%gggg{l]@no r']%( Eil J?]élfg’l{]? er volume
of liqulJliﬂldRB@ﬂﬁlgagl@ﬁtﬁfh%dﬁ&ﬂ 'Mnfiﬁétﬁﬂo@ fimd e8Ik @8 lalim@fidration volumes

_solvents such as ethanol to solubilize the drug are
and timgsrequingd by prior mbAdiversysisrisc emul sifers will reduce
the incidences of severe hypersensitivity and

41 ABR¥IAG ﬁfict]fi %%ggbﬁﬁié%gﬁlrgﬁﬁn%‘ivﬁeﬁﬂf n@&?féhnﬁlgtict)%(Capxol)

products TAX no prenedi cati on w
allowsdopeil destama dehiveryios pagtitareb with oveantoxdcipednd ghrqdonged attovity.

adm ni stration of the drug. Due to reduced

t-Qxi ejt] . Vi LDlo /. 1D50 studjes

B i R Cp ALY o ekl U Brrove e

qualityldféife ethatitnte receivinppakitaiglpr essi on (as conpared with
the BMS fornul ation) is expected 25 to reduce the

poc S e S B e 54T e

adm ni stered at nuch hi gher concentrations (upto 20

o NUPRLIM egapiHzedpolnldet élﬁitzﬁ_wﬁ% b1k ped 1t Bnd RurfanSefuit Albumin.
In

al l om ng nuch | ower vol une ustons, and .
donsitaithanagire ehthasolieidal selutior frsued Beem rsconstinsion ofiy Iysphilized
| .

A b S R T e
ipofysenbate 80{hs inghd RhanetPosleho formubtivn of d€apxd) ashahsntscuch as

| eachi.n e utilized wi th any standard. .
R BRoBRRPRR o hapvEgiretl ey RaihadeBEpRliers will rduce
fied Moldedidef o LRt @INPESendti®ity andahapbaecticQtactibay thitirékdown to
crenpphor, contai ni ng solutions. The Capxo

fo5FHR BEodes BAX®o such 1imitations.

. In addition, no premedication with steroids and antihistamines are anticipated prior to

administration of the drug.

. Due to reduced toxicities, as evidenced by the LD / LDsg 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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A recogni zed problemw th TAXOL fornmulation is the
preci pitation of paclitaxel in 10 indwelling
catheters. This results in erratic and poorly
controll ed dosing. Due to the inherent stability of
the colloidal solution of the new fornul ati on,

Capxol TM the problem of precipitation is alleviated.
The adm ni stration of Taxol requires the use of in

|} i § . | reGli-pi tates ,.and t

oo G bR s Rl IR R B Srp S o mrm rgmpares
t with aleaBeBtfosididni (0¥ mgl), ditBvihg iReRidwee vehugResfusions, and
thﬁjegarti cles . in the | ow hundred nanoneter size range

p? HARRAS| A IHEVERQUS GRSt 0 tunors through | eaky

bl ood vessels at the tumor site. The colloidal

PRAKOR! B8y B inRREA bt difodiNRrifrpR Rl hRLIBH k&% §@Yo leaching
may therefore show a preferential "targeting effect,
gelgdastigizers dpoi signdahieinBisive’ tefife e the fonpaddtionaXiapxol shows no

Lhistered . in. ..th M5 formul ati.on. 20 Theref.ore, it
ﬁgg%“%?ﬁﬁw b&bﬁ“&‘é?f‘&%’ ?‘i’?’e&?ﬂf‘%ﬁ"g Sf%%z‘?%oﬁ‘ %%81%0 > only glass or
pctyolelin eonteier o nalbeided forGloringadil drérdofbr Edd@diniBg LGRS, The
t he abtove desirabl e characteristics. It is another
ohjnet fosnuiaten hasgospeh Fmdionson to provi de a new
formul ation of paclitaxel that localizes paclitaxel
| B r&REARE pobREUSEN TARSITCRYmMEEH {3y Blifiion of paclitaxel in
anticancer activity at these sites. 25 1t Is another
obfreeliing tathdtersi Bl mesubinintepratid andpsirbreopmaliddtdaxiap. Bue to the

ATER R PERC G o085 ot Fuifon o it Broblem

tdferécipiafibh Grllkdagdovi de a fornul ati on of paclitaxel
that is free of the Taxol vehicle. It is yet another
obj ect .of the invention to provide a fornulation of

dpriggration &f Taxalpeqpiressthe wee ofujaling filtere to yemove precipitates and
n - -
et T T S A

the results of int ravenous adm ni strati on of
paelliterated sugaestyghattpagichs in the low drondrbé aariongptarisize r4nge5

i.n_eac rou .shaqwi n C l.ete regressi of tunor
R 2in e gPoe FayetBrbh et et u Befmep e, The
golloidal Rettdlosl oTPadBhdeDih the LapAdi™ foahilyitist G ey thefifdre dhow a
tunpr growmh. is seen in the control group. Dose for . . .
referepial dargrtnegitstty sreatt s duging aleéfdefgfeﬁa &f pactifaxpl administered in
A BRIShEREGi&S an intravenous bolus for five

consecutive days. Figure 2 presents the results of

i ntraperitoneal adm nistration of paclitaxel
AAesRLeL it il aggimary object of the present invention to provide a new formulation of

paclitaxel that provides the above desirable characteristics.

It 1s another object of the present invention to provide a new formulation of paclitaxel

that localizes paclitaxel in certain tissues, thereby providing higher anticancer activity at these

It is another object of the invention to administer paclitaxel at concentrations greater than

about 2 mg/ml in order to reduce infusion volumes.
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in rats that have developed arthritis in their paws

follow ng intradermal injection of collagen. Paw

vol unes are neasured and indicate the severity of the

di sease. The paw volunmes are nornalized to 100% at

t he beginning of treatnment. Day O represents the

initiation of treatnent. 15 There are 3 groups -

control group receiving saline (n 2, shown as a thin

I I ty' ) ;

itqse?@t?r ea@&eE k &%rl%‘}l}n{l&etg 0‘% Oé%lflrf 3‘3‘(8fp R ek is fec of
the Tamalhwghaid. i cl es at a dose of 1 ng/kg (n=4, shown as a

heavy line and Iabelled in the figure as paclitaxe

t d d.t
oRaTHA phembigt e Mivstlichiso BRidh sy Oariptns fpastimel that
improff@ﬂﬂ@%l[dlllt)cbﬁﬁ"e ofpatidned @&%w‘ﬁf "Paxe! o tteOraattonP beSHALSONE

at a dose of 0.2 ng/kg ( , shown as a heavy line and
20 labelled in the fi "predni sone O 2 ng/ kg +
paclitaxel nakSdEFOESCIIPBION G THE FIGERESt o

treatnent groups show a dranatlc reduction in paw

VPilghiee| pedehitstthdRsultstdtitalbdfs adhBsiaasd Opaefitaxel nanoparticles to
arthritis, while the control group showed an increase

tumor bpArgige (FPen 69<breroun), shawmgretomdete RETRa$ipEDS tumor in the

TR0 Qe T SRR, S B

tumor gm:huh isTgen hﬁhaaorhmhgltoup ODbse ﬁ)ﬁﬂiemrehtyneﬂf groag s 20angkg bh
ect nde ing treatnent. with paclitaxel, said
pacmaffﬁlﬁﬁﬂ Effﬁ‘ﬁls V%&%f E‘ﬂi‘% rfiye ﬁ‘aﬁf‘Fﬁit’é’f’ d#¥sng sai d
paclitaxel to said subject in a pharmaceutically

alﬁgﬁﬁuqhéﬁnﬁ‘s G aehiatsiof hit@perostABadr@ihisBhtidreFPhclitHle] ARopBrticles
L an adm nj stration period of no greater than two
in rats g pave dgye PPFdIa?é@'GPEi HhEer pryhioflpwingiaisadermal iniestion o collagen.

Paw vlRESaR Elfeaﬁlré&’arﬁf RYAlE gle%{f%}ﬁg ?f {0 GiskE, TPE E;B{?‘ (/?]]%IQQ are

of substantially water 1nso e phar nmacol ogi ca
normalizedity éo%@hﬁ@ beginning of ireadmelws] Dy Oyrepregatsthenit thdidn of treatment.

There SRS T Hn @ oF O TaFalies a8 6P ook i 198 P il i the
figure ® f‘n(mQﬁcramuaﬂU)S aﬁmslt ltthatﬁﬁnt dromp relaeﬁ%cﬂgfpaﬂit@&ll narﬁbpﬁtllcleh’ at #dose of 1
osurfactant, that spaonta usy orma m.croemnul si on
me/kg G Ho0V8) A hgvy f&@e @q@eﬂﬁﬁ HHhE figye g nacligxglingpepagicles 1.0
mg/kg' USRI BatN@N QRAP Lt C S QmbiliEdn ﬂfetréﬁ&%f rﬁ)ﬁ&ﬁﬂel h#hoparticles
said water. In accordance wth a still furt

at a dogaRfdtt mefks aofl pradaispresa @dosd oflshmigks, (11=F41 shewi gs phawvy edand
labelle®in the figur¢ as “prednisone 0.2 mg/kg + paclitaxel nanoparticles 0.5 mg/kg”). The two

treatment groups show a dramatic reduction in paw volume with time, indicating a regression of

arthritis, while the control group showed an increase in paw volume over the same period.

DETAILED DESCRIPTION OF THE INVENTION

In accordance with the present invention, there are provided methods for reducing the

hematologic toxicity of paclitaxel in a subject undergoing treatment with paclitaxel, said method

- comprising systemically administering said paclitaxel to said subject in a pharmaceutically

acceptable formulation at a does of at least 175 mg/m” over an administration period of no

greater than two hours.
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drug delivery system conprising particles of a solid
or liquid, substantially water insoluble
phar macol ogi cal ly active agent, coated with a protein,
15 wherein said protein coating has free protein
associ ated therewith, wherein a portion of said
phar macol ogi cal |y active agent is contained wthin
said protein coating and a portion of said
p Iﬂ?ﬁ&@ﬁ%&%ﬁ?&lk ﬁffgé% Elteré dte M35 gl%gﬁfeﬁ e\fﬂotdg F&%ed
free protein, erern e averag lameter o
prepasitipgl opsubstintiallyg wager mo@:bbmhannachmglcalbpamiv& aganty fonirn 2D delivery,
d C%g%95|tlons produced by the above-descri bed net hods
sad MEOC SOMPrRENFar | y advant ageous as they have been
obper vesnbiginpr ovide a very low toxicity formof a
varlet% of pharmacol ogically active agents. Al so
e

descr | d r@r%gwwa%ve@t brsingnaaidvistize agenheigotiepd [tsaein;

toxicig aﬁ&g ically active agents,
e.g., aclltaxe a preﬁ&gged enbodi nent, the

averag@)dlanamﬁwmnﬁamhe above- descri bed partlcles is

no reaterﬁ%ﬁ&g about 200 nm Such particles are

partlcw arI égeous as they can be subjected to

sthef dpbftahddubly FbrinPAmidrb@f@biyn:pdi at i ng the need for

nore vigorous treatment to achieve sterilization of

sB) ut i isReViegsid iorganly sohvenide yialda syshensinicd naripericisy of said active
agent BGhld4Gat@9ent . As used herein, unless specified to the

contrary, the tern1"pac|itaxe|" enconpasses al

forms, nodifications and derivatives of paclitaxel,

elngﬁccordmsg tathe, Stlélrf@h‘them @lmbpcihe:lemz@ tlib;m@lntr fuvengionhiere is provided a

drug LT RN MR AR A Sl SR el By st

phannﬁhﬂm&a]lbﬂabﬁvd@elﬁl gba&adshﬂmimmih means of reference to
t ei n-coat ed gacllt xel nanopartlcles produced by
BB eHERTrn e fgihes dree ot pspRinted tepmaihy i et ary

N@Wérein GRARMYPKaif Pﬁﬁﬂa@élﬁ'ghlc ﬁl}l vOheenhR c@ﬁk&in@é‘ D&t@ln said protein
drug paclitaxel. [nventorsS, based on animl 5 studies,

coating and eRestiehel said rheanaselegicatly eetiveagentlisassaniated with ad free protein,
and Significantly less toxic and will not require
premnmedi cati on of patients. Prenedication is necessary
twhareid tieaveiage Hipmetes ofisiid partitlys iand graaten fayilabonitd thieadn.
occurs as a result of cremaphor in the currently

PSR SRR et Pactie b et 5% B pepteous s

they hp@wderl observed (OHONdE h ety lon t@neity foih 3Y £ Nalisy ofpharmacologmally
adm ni stratign. Each vial of Capxol TM cont ai ns

active ggenisg Alsqdeseribed hereipyarg EBFBWFWSEI%?%FH%’EE loy t8RicHy, Fpaws Sof
pharm&SIdEitaR} BiiflleRgenffIQ ggglgg,ggll tuted with a suitable

aqueous” nedi uh such 9% sodi um chl ori de injection
or 5% dextrose injection, CapxolTMforms a stable

db 2Pk ferasd eehodiment the aymsegeidiameser of fircabeve desoribedparticles is no
greatexrtﬁéﬂ fﬁiog@iOO%Qomﬁltﬂaﬁlc?e% are particularly advantageous as they can be subjected

to sterile filtration, thereby obviating the need for more vigorous treatment to achieve

sterilization of solutions containing the desired pharmacological}y active agent.

As used herein, 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

is typically less than 400 nm The nanoparticles are

prepared by high pressure honogeni zation of a

solution of USP human serum al bumin and a sol ution of

paclitaxel in an organic solvent. 15 The solvent is

then renoved to generate the coll oi dal suspension or

sol ution of paclitaxel in human al bum n. This

suspension is sterile filtered and |yophilized to

OBk ITCRARKO A ard¥8r thE %Bﬂﬂé}@i FRRuGAM B HiSndiReted QFA licants’

added excipients or stabilizers. The sterility of ﬁ%
assignges ddyeeseil feretps Caprd ™y merelns elptrlh@ndmnmsavdf raferengg to protem—coated

at |

pactitBiP SR BRO Blonithath it b4 ahERFRICY GBS P Bigery nov.
cremdphomiteesorrmitutidubafthaanticliRer drbh pﬁcﬂlté&@l l'lﬁﬁeﬂt@’s Jfoaegl on ammal

.s§%¥ble i n water %? onT can_pe reconstituted.to Y
studicehed Pt GG FARERE B el fiore Pill gt Psagly s EicAngymatl not
requirk Peenf@iddBb b patibh Pﬁ:nfe@i'&:aﬁ'(‘ﬁﬁs nddBtiary e PéRked Me g PeBisitivity and

reconstituted in a wde range of concentrations
anaphylenigithaj opquohasci Ileﬂs}tlfeof(ccenlaphgv uﬂthqjalcrleniﬂ)amt)ved @nd marketed BMS

T

(ant?ﬁﬁ?%? %hﬂk@%o%ﬁﬂaﬂc{%{fg %%%LI%ST%’I isg Woﬁh’f’%@i ﬁo‘%?dﬁ for

recondteut@inrand tﬂtmvblmuﬁndmmsvnaﬁm C@chwﬁﬂ ¥t CaipgbBMs:ohiaind 8D invesiy
..of ~a pharnmacal ogically 25 active agent y such routes
paclitglel arufAPRTCSHRately 9RO sg Ahhman e RS When eegp witha

sultablquﬁ@cﬁ@ ddRmEalch as bIYS RIaNLE éﬂlcndlé’lhfe@ﬂiﬂiﬁ&@"/ﬁﬁextrose injection,
i nhal ational, topical, transdermal, suppository

Capqu%@ggq; 3 stable §g]a319ral S()Luggn pitaplitakelt ﬂhe sireefthe Folloidal nanopartlcles
T T ——

of a solaticar ISP lehemSetum abunintandf soldsuoEpaofitaeldn an organic solvent.

ne-thousandth of a m|li 24 As us d herel
The sqlyt {sdeh egoyabifgaTBrde el Bl yssetislon gh s pgtaxel in
humasl§IBSmMOThaPRERGLBR YsterAd HiREre® fndlybifkizeliRo asmmagh\sﬁme The
way, the biological systeminto which it is
formu|agipp genteiayno wheradded exsinisptyensabilizessoThp Bf@nhty of the product is

assureﬁ I%? aﬂg&g Lo maﬁeﬂakﬁn@ﬁgg&s ng(ﬁ&tt?y it ﬁ Slﬁ e‘f'h&% %C?erﬂg’ br

pr actice o resent | nven on 1 nc
compthms nﬁanHOiETé"&lrd: ynmmdlﬁmbpaganelsmg ﬁltlmgn sm'nm_ altagan{HSAD Since
an

HSA i 15 %gélt S%lg{ilf: rl]lg tglra eg‘, lvl‘y ale, Fcéon]stll]tgr aa(lélaﬂ(yedes%cﬁ éErrJllcgira?lIm of

paclitaxeidligiesd sy Byihi @Mﬁ&ﬂltﬁlﬁn{tﬁfo@ HS A2 STk | Excanemmer}mﬁ&uted ina
I bupr.of en, naproxen sodium buprenor phi

wide rﬁl}g;,o(g @mcgpﬁr@@ns WS@S)@%‘?]@% R bmgan| ngelkitgesl) to concentrated (20

e Ry ek PEP LB AMARRRR | O

oxycodone hydrochlorlde codei ne phosphate
dihyasd derstie thedemi tiamive alpleverﬁ emfeasz@cieh@erh piz pavineedlogcally

active é%g]lla Xﬂ 5&3%'19[ ik)ad&%gt{'a%t ﬁ’as OII%Y %{tpat}gn ﬁg&tgnaetous intraperitoneal,

rola m ne sa ate,
mtrathbgalinmcdﬂumbmldle mhahﬁamaﬁ,rtbplcﬂpllrahsdémﬁab rsmipamiry (@ctal) Aiessary

. al i ne Iate al bi t.al nyl t ol oxam_ ne .
(vaginfl) dpig welbgy relbggl Hh G iRt éﬂgrrﬁiﬂ%&an 3 Sherfike.
C|nnanedr|ne
As used herein, the term “micron” refers to a unit of measure of one one-thousandth of a

millimeter.
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hydrochl ori de, neprobamate, and the |ike); anesthetics
(e.g., cyclopropane, enflurane, hal othane, isoflurane,
nmet hoxyfl urane, 15 nitrous oxide, propofol, and the
like); antiasthmatics (e.g., Azelastine, Ketotifen,
Traxanox, Am exanox, Cronolyn, |budilast,

Mont el ukast, Nedocrom |, Oxatom de, Pranl ukast,

Ser atrodast, Supl atast Tosylate, Ti aram de,

Zﬂg hge!dliﬁ?e?ﬁ ’thn.zl!c’k_r? Lh80, Ilﬁlgf't‘& Ogggcﬁgésofﬁlbst%%ﬁ Qﬁo&ﬁmt appreciably

xanet hasdne uni SO NTI nol one

alter oaaffeat lrearlyi ddedrse B@y,ahd biblogicalsysiem igto, whidoimpcintioduced.

strept omyci n, chl oranpheni col, cephal ospori n,
|II| tetra

Sl v B S bR e 208 SRS ) in e

practlch:y(ﬂrtlﬁmﬂ'}b&ht BecntRABXIRIParmdcE@zallp BRive MeERY; Alaphdste agents,

mtrjiptyline hydrochl oride, maprotiline

ageﬂt%ﬁf&%ﬁﬁp%}rvaa@ andihe Heq. Axamplasiof Bharmagraiirgliyaactiveagents include:

hydrochl ori de, nortriptyline hydrochloride, 25
tranyl aﬁﬁfg'éggﬂ/ﬁﬁllpﬁélnﬁﬂe% ﬁﬁlﬁﬁ%&ﬂaﬁﬁd@ﬁ&{ ?&Jﬁ’ﬂ'&‘éﬂ d8proxen sodium,

doxepln hydr ochl ori de i’'m pram ne drochlorid

i PHDBEnARIhiRS hysrashloside uppaxyphepe hmérocldnmlq, PPk yphene napsylate,
%géegl?meg{yﬁg%?lopdé %gra{og?ﬁ}ﬂ{ohg h?/ ?HJQIE& mto%hp € ﬁulfate oxycodone

rm
hl»(iﬂmlﬂ:ldrmlbj abdeina pﬁoﬁnhﬂe | dllk)el)rocoaﬂhe Bhlta‘ibﬁb,l pBﬁtaé@mlga hydrochloride,
uani,de hor npnes, | fon r.ea erlvatlv , . and )
N frﬁoa%tje it é;‘,i |taﬂaraén¥ 1upigal y Ola‘ﬁ}"ieégt%’lﬂt% pplbuphine

kigldescanaae) rﬁefeﬁéﬁﬂ'a %ﬁ%ﬁb@h&ol {éh/@aft@tchame SBRAAE, bdiatbital,
and the |ike); antihypertéensive agents (e.qg.,

mlﬁ’pﬂiﬂi‘l)’sﬂﬁun%@iﬁpfﬁf@ ydraminsicétrat, sicthatiimenthzing eimamedrine
%ﬁﬁ% %ﬁ#g@ﬁgﬁggg@ gﬂgtlate phenoxybenzani ne
or’

par gyl 1 ne drochl ori de, deserpi di ne,
d i azo mndﬁhetgs (amgt dryclahpr@an@ roBubkig helothand) dsofldiange, methoxyflurane,

EC|nna é@ a g oprusside, rauwol fi a

SBFpE apKQP &) 9} © phent ol ani ne nesyl at e,

r eser Rinfigsthiadtis (6L, J‘\ké‘l@s)tme Aot fen) FTiraBNBL, ArhRRar{oR; Gromolyn,
(non st er oi dal ) i ndonet haci n, napr oxen, i bupr of en,

iitasts Mastdukast, Nedocerril, leqt@mép,d’am)luk%b Srripdast, Suplatast

. o egﬁg PASORRe, 24 %@ %1&utoﬁ§8&%&ﬁ?ﬁ%{,,§é $20&wonide,

one, pre sdne
dpdamethipbast Flusls'élaiengmaniD]oacrﬁccmmde,mﬂ dphdspham de,
acting

cpi 1 UG RLeS o BT AR BE e ot Lor P G e Rporin,

ampicillin, penicillin, tetracycline, and the like);

antidepressants (e.g., nefopam, oxypertine, doxepin hydrochloride, amoxapine,
trazodone hydrochloride, amitriptyline hydrochloride, maprotiline hydrochloride,
phenelzine sulfate, desipramine hydrochloride, nortriptyline hydrochloride,
tranylcypromine sulfate, fluoxetine hydrochloride, doxebin hydrochloride, imipramine
hydrochloride, imipramine pamoate, nortriptyline, amitriptyline hydrochloride,
isocarboxazid, desipramine hydrochloride, trimipramine maleate, protriptyline
hydrochloride, and the like);

antidiabetics (e.g., biguanides, hormones, sulfonylurea derivatives, and the like);
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carbopl atin, carnustine (BCNU), nethyl-CCNU
cisplatin, etoposide, interferons, canptothecin and
derivatives thereof, phenesterine, Taxol and
derivatives thereof, 15 taxotere and derivatives

t hereof, vinblastine, vincristine, tanoxifen,

et oposi de, piposulfan, and the like); antianxiety

agents (e.g., lorazepam buspirone hydrochloride
hl
P a2 e Pyngtl 5l 82 CRRLLAR IS RCRLAL dBon SAARCRAWstatin,

p&mdmkhnzm&dﬁﬂ&yz|ne hydr ochl ori de, alprazolan1

droperld , hal,azepa 20 chl gr.mezanpne, dantro . .
and t HE WFé‘)enS‘YWiﬁ%é%%pP@Q%g%‘ afge#te%on@ewafprenofof Nifedipine,
Cié6drpiBB At Gapidhdhihs ARG }{)}ﬁnof‘j}béﬂidngh SRy dr&dhRife, pargyhne
(tacrollnuﬂg and the |ike) antim grai ne agents

(lerdgochlasidgoleserpidine; dipzaxades gu@e&p@n@mnomwﬁgmpmdﬂde

I.C I .
QTR Sa5aP iRl sk U OSORE B P
(mesg/la,te, pmatmxlmamhﬂ thalike)pent obar bi t aI sodi um
secoba sodlu benzodi a

flura P B0 oA A0 e B 25 aK y Tbuprofen
maﬂ@féﬂ&zéﬁé ﬁm«dﬁ@&hl @fckdi®al) @RsdnB ek &hasond tHandbhal

agents (e.g., bet a- adrenergic bl ockers, cal ci um

cyarrrertispne predpisoloae, gredniseng, agd fledike);di | t i azem
hydro lﬂéd ga%hcsa(@ g a O@E?J&{é&) 801§#1§}c{s?1§a§1§g&%c@nmnycm, bleomycin,

ni troglycerin,
rxhlanaeblyhh dﬂ))t(mlllbld:lﬁ,t apabicinatrétonscint mefhbirexdte floemitacat e,

sl pusr e oe SR RED SBRPRACND, ARG, atsbodlae, itererons,

cﬁf érﬂQienﬁritiv@é ttéaak, PBendsRhige, "Fiﬁé] 4% derivatives thereof,
hydr ochl or i de, t hi ot hi xene, fl uphenazi ne

Hyenters R Aerivatives) thsprinaipblnginge varsring, tnpxifResiaposits,
hﬁg{gndhkq&%yopera2|ne hydr ochl ori de,

hil or promazi ne ydrochl ori de, perphenazine, |ithium
ci t r ataptiarkiqly egdntsdege laaicpan, msdiroﬂtehydirdoﬂa)o;ddamrimpmhp
agent.s (e.q. it oarbonat |arrh
Ritbitapule pyormittoth SPEARRE BBl il taepann,
ARSIt parhy, Qy&loﬂyzlﬂkehy@mmﬁfewpmz@mad@pdﬁlol halazepam,

hydr ochl ori de, dIgOXI d itoxin, mexiletine
?W%?%é@“r I§oﬁ@r phosphate procai nami de

hydr oghlbbdep reg’éﬂzé"zig@ht@‘%e i:act APorird) a%?*rﬂienﬁnzo ibine, FK506

gl uconat e, U|n|d|ne pol'yga ronate ecal ni
d@@n&mew)amiﬁw@kdb hydrochl ori de, |idocai ne
hydr og h%n?nréraqgé agen S (E: Ee crgoFarr}me tartrate, propanolol hydrochloride,
isometheptene mucate, dichloralphenazone, and the like);

sedatives/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

dinitrate, pentaerythritol tetranitrate, erythrityl tetranitrate, and the like));
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antiarthritic agents (e.g., phenyl butazone, sulindac,

penicillam ne, salsalate, piroxicam azathioprine,

i ndonet haci n, necl of enamate sodi um gold sodi um

t hi omal ate, ketoprofen, auranofin, aurothioglucose,

tolmetin sodium and the like); 15 antigout agents

(e.g., colchicine, allopurinol, and the like);

anti coagul ants (e.g., heparin, heparin sodium

warfarin sodiu nd t like);, thronbolytic agents

Cor o iflpfhbticleete s bpfmrenbi loxapng pieaukts Gxdline

| ngdeg chloriey thiokiBaimg ki bridaz@ BRESchiBrids, thiGRixeRs ARpRnezine

aci d); henorheol ogic agents (e.g., pentoxifylline); 20

anrdroshloride Huphenasis deeangate, fphenazpe capnshate, hiifluoperdzine
e h _ g Nt 6

Bl AUl kRl BAPMIRZAC i drace

prechierpenazing audd the like);onazepam pri m done,

phenobar.bi t .ol henohar.bi tol, sodium carbamazepi ne,

armbaraB.{@W&%%ﬁ%%g-»ﬁ@%wﬁ%ﬂ@ net har bi t al ,

mepho Q&Eiﬁkﬁﬂhnicﬂ&p%%ﬁyﬁm,tosym REdKoIMhy@iRechloride, verapamil

par anet hadi one, ethotoin, phenaceni de, secobarbitol .

sla’drqrgﬁ%onéF=oﬁnaa®§%teee@slnédeﬁa’é&§blouﬁ% digoxite digalarignmexilsiige

¢ SN S (o . e

iR, EpYRR 20 haR0 BRl ol i g SLHGAN Yl sulfat,

hyrdtriding Zlugenaty drinstinepdl sl actirptaen lycrizde metate, tocainide

SRR A PR e O R e
hydr ochtittiriie agéres feqnaticngbuterRepailihdie, penfdllahige, salsalate,

triprolidine hydrochloride, 30 carbinoxam ne nal eate,
ISR IATY RARFRenTivG. IRemethaniy mestofensmatn sedivm. galdsadivpythiomalate,

%ﬁip?&imﬂ%uraazﬁﬂ%_hﬁﬁh%}lwsg,namﬂéaainﬁ,, Ichoskbor i de,

dexchl or pheni ram ne eate, nethdilazine
hydr o@hlignuit dgentst (eignpolabicine, allopturiagl candribe tike; | i ke) ;

agent s ful for | ci.um regul ation o B .
ooTel EaliRRktd B R b aH Bl ek Bl spdivm, andghe tike);
ant i balwbmbbBtic agmnd (8.g(, @uwdkinasé Frk@okinassdlfoplage, and the like);
aztreona }gﬁ#ora heni col,, chl oranpheni co

pal ni PAUROTIMORTUG AZEHH G- BNRGAT UG ?RYe ci nat e,

ci pr ofke¥aebBgic Q%&ft@&t’g.,%énﬁﬁﬂ?ﬁibkﬂdawd n _
hydrochl oride, cl'i ndanycin palmtate, clindanycin
phos p atiatelebagenisi(el gz asnitin, pppiron astapthant yair el or i de,
gent anj.el s i LG QL . .
L e
podiymy donazBpan frintidone, Akknobarbisdl] phehbiatrisite ectlium carbamazepine,
Ca:?nlolbgrutgl s%(lililuin?hl%thsg)ggli er,] ?nelthlarkb?t)al, mephobarbital, mephenytoin,
phensuximide, paramethadione, ethotoin, phenacemide, secobarbitol sodium, clorazepate
dipotassium, trimethadione, and the like);

antiparkinson agents (e.g., ethosuximide, and the like);

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

_ hydrochloride, chlorpheniramine maleate, brompheniramine maleate, cyproheptadine

hydrochloride, terfenadine, clemastine fumarate, triprolidine hydrochloride,

carbinoxamine maleate, diphenylpyraline hydrochloride, phenindamine tartrate, azatadine
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antiviral agents (e.g., interferon gamm, zidovudi ne,
amant adi ne hydrochl oride, ribavirin, acyclovir, and
the like); antimcrobials (e.g., cephal osporins (e.g.,
cefazolin sodium cephradine, cefaclor, cephapirin
sodi um ceftizoxi ne sodium cefoperazone sodi um
cefotetan disodium 15 cefutoxinme azotil, cefotaxine
sodiun1 cefadroxi| nonohydrate, ceftazidine,

CHBRAL ey R NS M MRSy, et

cbfdooqlﬂqndcsnmpmnnedaﬁam and theddadh;um cef or ani de,

ceftri axgne .ceft |d| , ef adr oxi

cephr aaéle]i%use i r%%liq %naaﬁqlwéuq pﬁrgBhyrmd hormone, and
p@siikd)t | i ns (eg, anp|C|II|n anmoxi ci | lin,

penicillin G benzathine, cyclacillin, anp|C|II|n

sodi urntiprstariel pgenis (S22 emiseinsyifite aziseqriag, chloppmphenicol,

AR PLIRRE AP R AT BERE Y, BRI hein

thiydarchloride,relid dgoytinhydracil egicl ¢Iindamgdh pabmitas, blemiamyb]lnl n

sSQ enicillin u en|C|
PRl Bt Pl 2R B RepR BRI S fomyein
tiy@rdchlogille, teritinhieia @%ﬂﬂ?’dt@ (v@.ncg)mycﬁf WldRScAmYidE, holymyxin B sulfate,
et hyl succi nate, erythromycin, erythronycin estolate,

éWVﬂHP@W?%ﬁﬁmﬁﬁdﬁ@ﬁmbﬂﬁﬁﬁam@i ¢ HkDycin si earate, 25
erythr k :
et ne i B IR S lBh Bur R bl astadipe bydrochioride,
dﬁxwuymwnnkWhymkbh@hhﬁ]nocycl|ne hydr ochl ori de, and

aw o hisr SRR e 1eRb bipor bre. Slrial HEetnaeplradine, cetuclor,

(Rplihpiriresdidiven keftinexite do@ah, @d’fb{ﬁé@azon@'&i@ﬁﬁ Weft@APdisodium,
sul fate, terbutaline sulfate I soet hari ne, i soet hari ne’

el azqtidsefataima sodinm. safreihinenqhedrate peftpeistinge. cephalexin,

=T I
T R A R g

triefoaitinr setimm, ne’i’aqgrdﬁt»émgn otfopmideatedtriax@® segdivne ptftazivene,

e r jtar £ ntlch [ gi.c.agents (

BB fealbhi e o M BR b uARR e | Fndlgnin,
aytplidillih,enicitih &{Hdﬂkz&hlﬁ@,(]:lycﬁbﬂlfrﬂhﬁpmﬂﬂh Bt denfed)in G
mast . cel | lizers ( ro yn sodi un)

iPIRSTIUR+ Pl ilpc ORQUAISHYTY gl}ieéacglm SO({TD um, oxam?hn sodium, bacampicillin

fhkfﬂfobﬁlghﬂéj eRR&4ELIRARO REarbiliR] ﬂﬂidgﬁﬁtaglocﬁﬁﬁ sigh haRRARIllin
ropi onate nonohydrate), b5 sal butanol,

Bretivas pericillinsd pplasviam epensD) G progaing; opsthieilin sodium,

T L I NS -
tehyelophytinj argthrompdo estalnic| ergihebniytin hieﬁohi@hﬁh eerrﬁthﬂimycm siearate,
TR R T O —
ARy BRtchyclate, minocycline hydrochloride, and the like), and the like);

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

bronchodialators (e.g., sympathomimetics (e.g., epinephrine hydrochloride,
metaproterenol sulfate, terbutaline sulfate, isoetharine, isoetharine mesylate, isoetharine
hydrochloride, albuterol sulfate, albuterol, bitolterol, mesylate isoproterenol
hydrochloride, terbutaline sulfate, epinephrine bitartrate, metaproterenol sulfate,
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fl uoxymest erone, ethyltostosterone, testosterone
enani hate, nethyltestosterone, 10 fluoxynesterone,

t est ost erone cypi onate), estrogens (e.g., estradiol,
estropi pate, conjugated estrogens), progestins (e.g.,
met hoxypr ogest erone acetate, norethindrone acetate),
corticosteroids (e.g., triantinolone, betanethasone,
bet anet hasone sodi um phosphate, dexanet hasone,

g - :
R s e s
t xainﬁtmds fia k.o main@pked hind, dg;hyﬂﬁlembﬂayﬂomraﬁm Btﬂﬁllteg amjnophylline), mast
dni oIo e sodlu hat nmet hy] prednj sol one
ST e 2 ST lﬁf}ﬁﬁ ‘il cOHISRTEHRICS (B.87 nat e,
nﬁﬁrﬁmh@ab@aemé@lh.%s dﬁﬁ&ijzé&ﬁles HEéGbR@h&one BiblpiBhaRhGHIBydrate),
hexacat oni de, hydrocortlsone hydr ocorti sone

csppiugmal heclomstiasans|diprepionats (R tratopise brpsdde budesonide,
oF e‘%nl éogﬁ%ﬂ‘%laﬁ%f@%@ 'tefBlfa éﬁl‘fill %nﬁ'la}n%gd%) ,Stil% s‘phﬁ'lhtne

acetate, predniso one S0
hyedporomiltsbdiame nmmﬂrmmh eldfaaahbntemidﬂmh lide Jaml the21§ke)

t hyroi.d _hor ngpnes OXI ne sodi um and the

ke BoROP B R PIEOEH (s o A YPEREE.  hunan
BsterBHE, ieftyREstE:GHnd, Rstokicrone RMHihdtE odlBstosterone,

| nsu in, gl yburl de, chl orpropam de, glipizide,

t@%waﬁwreée, testsisteroneicalpionaie)e esitoaensi (R &) estradindl esppripate.c
L
pr o ﬁgsngig Z 5pt9 e@t‘é‘rﬁ (gg ag;ﬁﬁ{o&gﬁ%&%sﬁé&% c%t;%fy %Ethmdrone
mcdlate) ), werticostgroids Dhlg s ianwirglonasletarsetieasony belamdihasvnt asdym
dt I . d,,
33, B0nBat Ehime b bR dbha e

gﬁ&fnl}ﬂon@ )Rty 1PredhiBelbnttcBEtcdhention, B aREIRbIBhE Seetonide,
escri bed herein, and the |ike); agents useful for

ergthyipisgeselans pradpisplone $Q§1H1"€ Bhegphate methyinsestsiselqng podivm
At ditC & ﬁél%@&ltlgiﬁfe s &uﬁ%&éﬁaté ‘??éihylglfeaﬁgcgg gn.l{rhsuccmate,
oriae, an e

cl et di ran|t| i ne rocd
|tiifredinoldfe baxacatenids hmmtcamqneﬂaidrmrt(semgcypmmtel pzilmsolone,

JHRERRisPi et B aneliios R uriiehfe Bulate, prednisolone
tabbt%%ﬁﬁimmdlmwamﬁmﬂ%nb B&hﬁrh léﬁ()cmate and the like),

I-soI uble vitamns (e and
01d; é')wnﬁ‘érﬁ%lg 5leagthmmneégdlbmmd %l:% 4;5@) grtﬂ:the h&e

2} | prr e (OF; PahA RS B8%0c0 HRLRARY pir Ao
age@hn,glrbamdembﬂcapl@garmdp, gipiziden tqlhéalmdam)lazsnkd& anti ¢he like);
pres eﬁ]lt ypolipidemic 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 hydrochloride,
and the like);
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i nvention include ultrasound contrast agents,

radi ocontrast agents (e.g., iodo-octanes,
hal ocar bons, renografin, and the |ike), magnetic
contrast agents (e.g., fluorocarbons, lipid soluble 10

par amagneti ¢ conpounds, and the like), as well as

ot her di agnostic agents which cannot readily  be
del i vered wi thout sone physical and/or cheni ca
nodifigﬁﬁi t al | ter

i nsolu eaﬁ%f“&r e %‘%F{Ee?e@% %?&ﬁ%ln%sy%&hggﬁedet abYlP 48
npntochlbilmmineyahmeh)mnnte;mbmemdmﬁ@hydnmldrmletthetm'tmfﬁzinee

of the prese Jnvention include am no acids, sugars,
pﬁ@?&?ﬂ@h E%ﬂ%%Hygrates fat-soluble vitanmins (e.g.,
15 Vi t ginkdlabléwithhink(e. 4 vigfind AeD] F K€)and Eheflﬁta)
conblnatlons of any two or nore thereof. FORMATI ON

sQitlEs dss Nehigs mogﬂemsqdm:mwsw@ﬁ Key
d armacol ogi cal ly active
a%&%?%ﬁ%%%$gﬁﬁhgﬁggngﬁggﬁgheric shel |l according to
the invention and protein mcrospheres of the prior
aFxargples ¢frdi2tgnesti¢aigmteccoﬁemﬁlanedrﬁtrimminathdpltacte:efott‘ theel present

tat f 0 after formptio f the cIe
inventiehelpdd iR el s S sedi ity Seahus i st o;
halocaBbuds | refddrafi, ¥n@ e $RENS mia fisedic @bh@asa@eﬁtsq@ g| ﬂu@ﬁ@ﬂb(ﬁﬂ Nigsd soluble

with the present invention, the $
parampgnstig F?f)lpws ed thedike), phwel anather @aﬁttc %Pmé Mma@lqt geadily

 be delﬂbﬂah WﬁBﬁtasronfé% éléaﬂ Qﬂtﬁ’of Shehidl HRAHETRUb G RNIRARR RET -

Hi gh shear 1su to disperse a dispersing agent
Subﬂwmmﬁbawﬂmngﬁﬁﬂéemﬁmedﬁﬂﬂﬁsuspended phar macol ogi cal | y
active agent into an aqueous solution of a

L GATRA B, AARft SRL QA EE L LML K. e

inventmfn inclodesdming edldy ehgane proteind, oarbel, deates futl-sélubie vitinik é.8.,
.._.0of n@n-aque medi u The, hi ear conditi
vitamifly, AR A mor b CREST e DR Qe dore tereot

tremendous | ocal heating and results in the formation

A CFORMPRETION OF NANOPARBICIESUS BPG HISHEHEAR SROMUGHENIZA TION
the polyner, for exanple, by oxidizing the sulfhydryl

r SI d/ or sruptin sting disulfide bonds )
‘?l g’ﬁ%tﬁli(fé EWEEFBg‘ﬁHhﬁ‘E‘i‘%a%a ftye ntatged|ipa polymeric
shell a@&ﬂllﬁéﬁi tht Shviehtfon AWM PRItEA TniBHOSRRES of tHRPridF hr@bhredh the nature of
met hod of ?Iutara dehyde crosslinking'is_ nonspecifi
3

formatigmcangd dhetinal slpteypl ﬂ@awbmeﬁm formalinn ofdled Rasticlé:land ity ﬂ’@ihb/ to carry

poorly%ge%%gts?llu?le oEgutE{ag #g%éﬂ)gtgalei éﬁ%ﬁ%l Irb%rc[% 3 crc)as{ﬁg} the
presentunyergiognthe polaniet . ga,ra:brotem) eagrteichdsylirkled es srepillobBéxposure to high
h cture. .l.n contrast, disu .id farmatio . i

shear QiGN hie W RAORIOBEHAT. SUEH P BiPdo B PrSt o dispersing
agent &)ﬁfbﬁhﬂ%‘ﬂﬂséﬂﬂe\ﬁ ofl SipEAte® philhaBb18EBAINY: actife Q%ﬂt fntdPAh aqueous solution

articles of substantially water ’insol

ofa bl‘ﬁﬂﬁ)ﬁmﬁ‘ﬁb}@ pelymesl apjionptly ibgeringgahydrybordisuleds sppupsi(#2-aalbumin)
where éﬂell Qe Blft)@{hnj(écﬁ@lﬁﬁasig k:RKE gro%d ﬁﬁce@rtogfg:?sr@'hgﬁ G Jeous medium.

rotelrn mcros res o e prior ar ecause
The hlﬂoiil'gcmqndltmh:epﬂod}me@dumdn loy thie fhiguid 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 sulfhydryl residues (and/or disrupting existing disulfide bonds) to
form new, crosslinking disulfide bonds.
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i nvention process is relatively thin conpared to the
di aneter of the coated particle. It has been

determ ned (by transm ssion el ectron m croscopy) that
the "shell thickness" of the polyneric 10 coat is
approxi mately 25 nanoneters for a coated particle
having a dianeter of 1 mcron (1000 nanoneters). In
contrast ntcrospheres of the prior art do not have

ot but rath e pratei e
bR BiLE dery o2 puion Y Pl e FRESR R ssniing s
nonspeaiffcmhd am&tlaﬂytrbachhewﬁlh%ﬁ? Rucledphidt drip présent in the protein structure
phar ma gically active agent is_ dissolved. in_a
(e-g., agyipes &B‘& Ewgrehd@nﬁeebde@ammmpaﬁ oghthy theprgyjagsignificantly and
1rrever§imy%tbg%rot§ﬁﬁ¥’hctﬁ&e tIfi‘EShtra@l.t BRAGe fon]n%tl&?&f ?éﬁg;qﬁt@é by e present

di 0xane, butanol, butyl acétate, aceton
inventign doesmet suhstimtlaib'l degatiifedhé peofeinli hmtitlyilon,fpamﬂﬁm of eybstantially water

msolubq%)habfmafcx [ rlgallly%% r\genaegieﬁtg ! 81tathe ec& Xﬁ_gint ilﬁliﬁlf ex ﬁ—eglnmc.tré(stsfilﬂk%a or
heat deﬁ@tilfeﬂlmd)tai&leﬁcfo@phehﬁe)f ithie firfee aftfbaﬁduls@ﬂﬁe @f)lyhﬁﬁc plictisetduced by the
inventigg proces ARy G coBURER P D6 digmstar of B sapied BTl Tt has been
determfted Wtregishnssmln'ef&ff@ﬁ‘ ﬁn&béco}))g th&%ﬂ)e ‘%hglpﬁﬁ’dkﬁess@gf € Qolymeric

esters, C3-C20 ketones Vet hyl ene gl ycols,
coat is gprirptintately zfonawmetm:fafob 0 neatefhpamdt: having el digwgteh ofiricron (1000

nanom%%ﬁl ?E@%@%ﬁ%&ﬁ%ﬁ %E’e%gci e&?’tdog %8% ?lb Iv?: {fnsoé%lg %ﬁe?los, but rather,
have pioteimaisparsed thropghonigie volung: ofild micéesph@eaci d) s not
di ssolved in the solvent. The 0|I phase enployed in

pre a t|on of, i nvent.i on oSi ti |ca
e B R OBRS P st FRbr B S A g aacp ety BiEe aedht is
dissolveld ESOdutable selvaf (¥ eNEhlofEn, i@k @hMoride -cthyl a&tﬂt@'&thanol
serum al bunmin) is added (|nto the aqueous phase) t

tetrahygdrofurary, dipxaps; bytagel, buty] segtatey asptoniityie, aertoreodimetiiyh wlﬁxxlde
t
im0 DDA R n Bl k2 LAYy By oo ormor

thereof{ V\Addltlonnb s(dqummcatmhplgted formh@mrthmgactofe oﬁﬁm@cs@nﬁ%enuﬁﬁ/o
arti.cle

includep e ol R ol DA S O1e S er LT 1 e i

limonehesil, A1LO20 AlvaiRis, 89,CIU ditepd) I03-E200&1RE pohetyldee kiyicsls, aliphatic
gded to the m xture. 31 Next, an emulsion is formed

hydrocgonse fggeHs Eﬁrpatb%ﬁdalogwgﬁd Bydsacaifans andicombpations thereof.
forces. Such honogeni zation is conveniently carried

Oliké Boreh il ME@SSUOL RRif38kation LRIl Gk viactic acid
oper at edeat pressures PWY angealg? aljmoﬁlﬁ‘13 (xgo%oyac ic acid)

is not disgolge] Wohe gdvent. PRl ail plissy emplaxed in Sheprepasationanf é em@amn ed
composit'('t;c?nag%o psl?%ﬁ%gﬁ roiel f'l%lﬁ g&ﬁo %all?’%%ﬁ'\ze a%g?tl cgssHRrea th solvent.

smal | nanodropl ets of the nonagueous sol vent
N;‘@hta arat¢in de. ¢ hevmdrsssoim ethumph)as adicd (iot thamtqeom:phame toactasa
of the

stabiliz@a% 1¥t|f§rrkﬁ% ¥o§51étmnmatl sk'g:)@ algq?lgéli%g %b?ﬁ%talg 1%?d 249 a a concentratlon in

the randdsTRYE 02085 tb @ % (@MIdEorP taeufafa‘a?sn theR@ige iof @bdiit ¢I39s &R I(wrv).
and cavitation _such as h%g pressure hoanenlzatlon
P

Unlike gonygn ethpdssfos nanggaticle fompation; ngrsushielant (Fgpwdiuss uryl
sulfate, 3¥khin, tween 80, phuronic F-68 and the like) is added to the mixture.
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the like. 10 Finally, the solvent is evaporated under
reduced pressure to yield a colloidal system conposed
of protein coated nanoparticles of pharmacol ogically
active agent and protein. Acceptabl e nethods of
evaporation include the use of rotary evaporators,
falling film evaporators, spray driers, freeze
driers, and the like. Utrafiltration nay al so be used
fagr solvent. r val.. .15 Fol.l owi ng,evaporati on af, .
SPyeicrilien TR b obShsn B aREs PRt reich sheer
forces 2 SRENVEIRiogenizB MM i8 b tiveBichihecaphed SR &oh Blgh adskite A6thb¥@rizer,
. agent and protein. The resultin owder can be
typicall papespied afguesapreniythe sige af dhept %8 up §orQ9, 000t (Pypfiegbly, such

o 80y AL 52 A OOy 98, s
emulsiag icomprises vertyisoral nehodropleviofithe nesdquedusselventf (containing the dissolved

carbohydrates, or the |lik as .wel | conbi.natj.ons of
pherm ISR R ESte ) i oy g peiiiets A SORL eb BB Seent.
Acceptab Rt m@B&IsRE haglBhdhistien afiide preresssd Supaligastsshear and cavitation
contenpl ated for obtaining this powder include |
such ag high preseirs horgogeaizaton, digh shgar migersy yoaicptiqus highyghear impellers, and
the lik@ccor dance with another enbodi nent of the present
Invention, there is provided an alternative nethod

for the formation of unusually small submcron
panallye thesolventis peappiatdderier redeced prassure tocyield avlalleidalzysiem

comon 5580 £ SARBAELC By SRy YL o,

able o erng

 Acceptabe ri@hcds of eapotatich theduds plessse o rotdry @ vagairdtodsyfatling film

sterile-filter the. end roduct _of _the invention
evaporpioFS,FTaY TS Jreeediert.iand ﬁzeqﬁwem?#ava&q tPgY @sg by usedfor solvent
removgl €at i nportance since it is inpossible to sterilize

di spersi ons which contain high concentrations of

protein (e.g., serum albumn) by conventional neans

sistlewing eyapaatioaneliglventp thedi ppepgion Bragibg dried to obtain a powder

. Lot : . | L

conaih e SRABEIN FARALHAGH B bk, LSRR

redispateslsib heebnivenient Siplxsintare suithbly agiecoes medimnswil hesating dnitered

saline, iv%:te\é,o rllltf{ef%' %H@Hgf%%g gﬂﬁ%&g\élf Q]%bt{peaé;ig\t,lsﬁ "0%? ot \trita?i%/%s, solutions

of carbohVdriited, oF e 1Ak, 431wl LROGBMatials ANy tAe6ERYrelthdrBd NG obkin a
oi | phase conta“g%gg%the 5 pharnacolo%jcall active

p ve

suspengiga fftat cay feadpigds mesmyle Methodssonfrmplasdior Ohfainiag this
bORE i £or ticle formation, a

powdePﬁBMﬁ@ﬁb%%ymg,gsfpyl e IB% aézgi 3 Al

pol ynmer (e.qg. I's not dissolved in the
solvent. The oil phase enploged in the process of the

pres@rdancavith engfhereshodinnt ohthy prosent ipieatiom desrotsinsenidsd an
s M G R R g B i) e
particlggrvdatiesre idsathaa RO0 hadddéters 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
itis impossible_to sterilize dispersions which contain high concentrations of protein (e.g., serum

albumin) by conventional means such as autoclaving.

32




10

15

20

25

10 solubility in water, such as, for exanple, ethanol)
is added to the oil phase at a final concentration in
the range of about 1% - 99%v/v, nore preferably in

t he range of about 5% - 25%v/v of the total organic
phase. The water m scible organic solvent can be

sel ected from such solvents as ethyl acetate,

et hanol , tet rahydr of uran, di oxane, acetonitrile,

O 98 5208 0B0EH L 5L 5541881 e

phannpgulcvgmtallghanmeea,gemd 11111&11yhh§;sbllvk@m aAdubstenti iy weltey imtriiseible organic

e e R T P SohE e S 3 e
chloro€ir® e Kifh Odhcedtrdtiog, thetab et a6 kil phagCohtaghiso@pt 1 n

the m xture. Next, hunman serum al bum n or bl)(/ ot her
S

pharmagoleginlly astivaAsenty iSijable sivenskary &@é@ﬂho@wvabgv gpnventional

methogét ag?#??xﬁlaﬁ %@%P%P’o r@ﬂg& (e }%&}d St a‘@ (ifsS018&1 13 the

solvenh a’ﬁlmivibndiaett @nplﬁmd iolad prycesmofsthé presene m\reantmwmtltanfs dnhethe
nlcs vent (e. chloroform) 20 is
phmﬂﬁoi a@@% Y 48f déstﬁ{’}léf‘ééjg‘sghvggte to bring it close to
the saturation concentration. A separate, neasured
avedie wattr fnfdeibly @ganiCsovias @.4 hdobientiewinpoittabiBar db@ut 10%
phar macol o |cably active agent, the first organic

solubiliy|in WAter M o SuaE edagelnisadded tpdhe 9il phasg atrfingl o

' conceﬂtﬁﬁoﬁﬁlttﬁé #ngel o PAHARO LIS -PDASEY, mGe Iff!f%blﬁ;ﬁh?ﬂﬁt}éfg% of about 5% -

fraction of the organic phase is betvveen about

- 25% vissihg tetal axgdnmh@e EEheW@teaMIS,mltL@omemn sOl¥end ain B@/seldcved from

onog enI?zatl w sh

propyle:m’gljm)l @,(tyﬁ:@fqi,l duslhﬁgﬂ sulfogidy,atimethyl ibﬁnMﬁMS maﬁqu:@[‘rohdmone and
n the a

the hk% n%]d g*g}%lqyé?y,l dent | f(ﬁﬁd \gatgrdn%@gﬁs}lglﬁgqf)lg%g:v&ll 6Wé}66p1§,sc1b’le solvent
is prepRRIBBE oA c &1§§oﬁﬂlon'0@ tHepRatn@e o icafly Q&Rf’étag&lt GPRe WRxture.
to about 15,000 rpm This is foll owed

honn eni zation _under high pressure {i.e., in
Nexgdugrn sprym alymgpor ey etberevitgdostailiying Femt %@@p@beﬁ@bwe is

dlssolv(@?i X éﬂ’u@o&%n&ﬂm His Ecin mﬁc%ﬂ%%g 3 sﬁﬁﬁfzﬁilgrhg&?cl fFIt ?gormanon of

g., human serum al t he wat er’ nso
stable prnadnoplstsl (thmaailyy a atr,ﬁﬁlcmet agemt of thh @rst brgaticsolvert(t. gasidioroform)

e .second sol ent S rapi dl
is dlssoégeacllplg I agleots é’ gse t t%grm na tc%)\éfiﬁo Lﬁ(a sagm—e% o %qnagﬁ‘ragox A separate,
measurdil apetisiod me&)@drﬁd'fp}(a?@@i?li‘fﬂﬂmivﬁ&hﬁzﬂhé fhe l})ﬁﬁ'hia\i@ogllﬂ[}t actidélagent,
rotein) in the formof extrenely nanoparticl es

the ﬁfsg preanic sefxptiapy de spipnd Reganiiglyen) Sradde o the giyraled aguropsphase,
so that HeAHBbeShActibh BF the dFulR phb&ik bawkid bhed S‘VThﬁi‘}Q(zR/f &1d 16e

size range of the “particles is between about 50 nun -

such S(ﬁge%%%&%hﬁgggtﬁ WitinG [H&%ﬁgcﬁio an, C;r(a%eanc%to 6[8 gnoihaltcgtone,

preferablppetgendépandifg/on the fornul ation and operati onal

paranmeters. Coll oidal systens prepared in accordance

AL 0B EB AE RBhLD5l pEPDASLY on
low sher @rpesb;T hisy:mp foe: laccmatpihdmdon aypriety 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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10 drying at a suitable tenperature-time profile. The
protein (e.g., human serumalbumn) itself acts as a
cryoprotectant or |yoprotectant, and the powder is
easily reconstituted by addition of water, saline or
buffer, w thout the need to use such conventiona
cryoprotectants as mannitol, sucrose, glycine, and
the like. Wiile not required, it is of course

' : j O t
o1 54800 ek SORVERL Lol SHUPRA AL A0LH Tl
phannaﬁld)gital?l actigcfﬁct@gn, ::hfe fp&tablvfamﬁi.nd ggilemgbdnﬂ sahrr:htv @Fimpfiedolvent is

..allows for the delivery of high doses of the :
rapi P Rted B ORI P Bl isperua e Glaagalogicaly
active Weénit BB profeit) Sn Hethih 6@&&1@&%19%2111 ﬁhgﬁ?ﬁa&rd.e.%aﬁcles in the range
receiving large volumes of fluid and mnim zes
of abopp ks 00ragiameterdlieicnn b stexileeiliossd. Therefemed size range of the
. i r i I > A
prioBEL IR SEC 1 9% DRGSOt

paramethes. pol ynmer is a protein), resulting in substantially
no side effects fromthe 20 delivery system which is

[ hanp. contrast .o the.signi.ficant sjde effect

SR By eBied 1 sb ek P B BB hshl BFecioh By e further
convetlddia@aidebioem B9 r¥fByas oMy waker HERNE &.d. byt INephMiAfbh 66spray

of the Fresent invention for the formation of the

dryingggthp bl ceBARPUr g Arofils. r Bifeteme 2o (IBwpn s afpmin) itself acts
asa crﬁ@ﬁ@t@ctaﬁt% @}dﬁ%t@ctﬁlltﬁ%@‘fe%ogﬁep ﬁ'slela%ﬂ Edn¥ﬁuen%_g %S}tagi]_)iﬁon of water,

~ Essentially any polymer, “natural synt het c,
saline gphuftenavithoubiba needgo sd fush doptentiorsl pyoprotediaptslak imsenitol, sucrose,

. n thisn g ts. structure be ytilized for .th
eyeings M ek AVl e i o ERb TpiGrg e o i
cryoprp@@ttants g befaddadhs trarhtial foymmlati@fs if fosdukind. e

phar macol ogi cal ly active agents. The sul fhydryl groups

di sul.fide |inkages . reexi sti W thin the _ .
oEhepBp et PG Foe ey AHE era Uldisdd g dgivey of igh
doses Géhd ﬁﬂnﬂa@[@%@a@l@'acﬁ%@gfeﬁtﬁﬂ&élﬁﬁfdf Phall VRANR! ThisAfihRes patient
suc

) pol yners | as proteins, peptides, polynucleic
discontpyt girecqiving e trdwmercf fuid gnd mipimigeshashital slayy U wislition, the walls

ofthe AFAER 0} ) S5 ok P By OB, gty
enzymeso(e@n , wheen éhecrauiiginetas @ protain), sasehhinguodsubstestiadliymo ske@ftecta from the
. contenpl ated .for use . as ,st.abi.li.zing.agents in
deliverg SO R MRIGH i RPrRESTHPRUBIR Signieait v ctioaf cteed by curren
formulatidigm ns (which contain 35 cysteine residues),

i mmunogl obul i ns, casei-n, 5 insulin (which contain 6
cont ai n cystein

cystej nes), henogl obins (which [ e
r‘%@i“&b@é’% %@P?%E%! RS myds Fiyet e RHECETR ol e ppesent

inventied reh R &/dnBER polJriEBYBEN YBithl founds the substantially water
al pah-2-macrogl obul in, fibronectins, vitronectins,

insolulfle phrarmaepdegicallyiaptivseagentanBssenidallyi dug polpmmst.aiatvsal or synthetic,
optionzﬁﬁgeg:!éxsg’ssug@g&rgg%}l}naﬁ &@#éggg%g)%ggsavgﬂlg‘é ?[{ggéngc%érie %‘a%r be utilized for
the prepamti@ngfl aatigdifidectrossiskadshélhabouppatead of sabemttiatin water insoluble
pharmacologically active agents. The ‘sulfhydxyl 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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10 A presently preferred protein for use as a
stabilizing agent is albumn. Optionally, proteins
such as al pha-2-nmacrogl obulin, a known opsonin, could
be used to enhance uptake of the shell encased
particles of substantially water insoluble
phar macol ogi cal |y active agents by nacrophage-Ilike
cells, or to enhance the upt ake of the shell encased
p 1o r.. and . cifi
starch! &{lltuz) %%fedéé rmyal%flaetes hx? Ospt lple(%tg}ﬂ B%(agmpgl'c gg tﬁe like),
proteqpyrapalipémgbieins tand speg, afrd: canklidlagt E@REch 1i15d1ﬁ1:d’lﬁ)h.
functional proteins, such as anti bodi es or enzynes,

PR TR T AT,

invenSdrAiBtluiie Al BemiAL (“rlﬁblﬂcon‘t-?‘dlﬂ”[’ab By didine ﬁﬂﬂﬁﬁ?tﬂnﬁmﬁg 1¥PRINS, Gé&ns,
al so_good candi dates for formation of particles havi ng

insuligs (whig )Pﬁé‘iamcﬁ @Hisines), h@m%ai@hms Griichrentpin @Wsteme TghighessIpsr 226
unit), ég?zszg% r ﬁ@l%orﬁ’e{m BRI 2&%&1@ gesﬁfﬂﬁi) L?{%’) %ﬁﬁl?ﬁét alpﬁl 5 ?ﬁ]a%}dglobuhn

ates, poly roxyet
ﬁbronp@inyadtrgrﬂeictinsaﬁbmhogpnﬁ ]Apashgl,lanck ﬂﬁediklen Erote?ﬁh peptldes enzymes,

| antibogOI %1%(? ﬁ[,%lgltﬁ%] dxews 'E?SII%% %E%i%%c(;f& gr%%f) r%lp?/aﬁe@’r}grl use in the

pnxmﬁﬁﬁemﬂﬁblnatlons thereof are good candi dates for the
bi oconpati bl e polyner in the invention fornulation
Slnllarjy ié P&hetlc pol ypeptides are also g
cAmdrERbERCicard vkt for 3so aeiing agentin albuttin, “Optionay,

proteifbAsh erﬁlllblﬁil-i YhaWBERbulid) §KnbRh % Q)lﬂ%i' Fﬁ?@t@%eﬁ% l%%aﬁ&{]ﬁéﬁf&e of

?ents dition, contenp use 25 1n
the shel} ensesed @a@ﬁles hésqbrstesteahlw WﬂW@BﬂOﬂlﬁﬂlﬁ phaenanobigiaatly ectivlagents by

macro?fzasg%%%égaghéty e %Lpfﬁ 5@5 gf}ezﬂp é‘;gii R%rl?w%? gg?] 8‘16 liver and

spleenmSgedifieahtibodieomanbio be ﬁﬁlizeﬁ wh fanget thelnagispattRsesad dpdetfic locations.
di sul fi de groups; polyhydroxyethyl nmet hacryl ate

to, contain , free. sul fhydryl groups QJ. .
PO PRESGHIRNS Fob GRERPTE APRoUr R D dors TagHets treeting
of biolbgie@o 3 Gessrall ki dinyAlsIFOLRE a PO et §fJﬂhf: L BiLGIE PRSein.
polyethyloxazollne nodified to contain free

f.h | grou and/or disulfide gro
p§ Yﬁ%ﬁhﬂ%&@@aﬁw s plyogopd pangidates fex éggmta‘wé pgiticles having a
ymEEOWMRE, BHdRondhsiHiEER: g&&w@ iz, BRLA Gk Bhched Cgmy? , polyvinyl

yrrolidinone nodified to contain free sulfhydr

alcohogmbpgyhtﬂﬂ/ rolyhyidexlyethdemethauylste, Ipxéj'aﬁaﬂicwcﬂnpolgdetwlok@ollne,

polyacgﬁ llfdkf ge gr%l%giladl @l{mxﬁgsc ?::gfgv@ﬁ(/fj 0)1/1% nyg dl%ofylacnge/o fycohde and

the likpahy capbioitant Gref, a0¢ gdtﬂnﬂhdddﬁéﬁfot the bi@bmpatitidipblyf@r indthe
ta| free sul f hydryl groups and/or disulfide
mymm@pg UQE- wel | as mixtures of any two or nore
thereof In-the preparation of invention conpositions,

aBitiiahey, uith@lcyboDfpelida RieCal dBH0a c SRS fo I iRMES agedits for the

pend or dissolve the substantially water insoluble

Substalﬁwilmﬁl&s%g ubleinbgrmacelogicallpadiiye ﬁgentsalg afdiEomsapigmplated for use
in the (r2dtce @p{h@tp?éielft%'iveﬁﬁﬁl LB shdiEmBEAAS bscs%nﬂntetlé B{ﬁyﬁﬁﬁlﬁ Bias

I nvent Ion I nc
containing cysteine residues and/or dlsulﬁde groups; polyvinyl alcohol modified to contain free

sulfhydryl groups and/or disulfide groups; polyhydroxycthyl methacrylate modified to contain
free sulthydryl groups and/or disulfide groups; polyacrylic acid modified to contain free
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30

nonaqueous liquid that is capable of suspending or

di ssol ving the pharnacol ogically active agent, but
does not chemcally react with either the polyner

enpl oyed to produce the shell, or the

phar macol ogi cal |y active agent itself. Exanples

i ncl ude vegetable oils (e.g., soybean oil, olive oil
and the like), coconut oil, safflower oil, cotton seed

st SR b RS B8 e S BB e
sulfhythad grogplendlor Mﬁj& gmupﬁ‘ﬁpoﬁﬁc@lammmrﬁdd'ﬁd ahéontdin ﬁe@aﬂﬁydryl

cycl ohexane, toluene, benzene, .and t
groupy ?“Bzy%lsalfidﬁﬁéﬁ‘ﬁp&’ yViiyl gl e ot 1 5RtRIg ﬁ'ze sg/fhydryl
groupCAKIRR QisARIES rdis; onilyaﬂﬁz‘iéi‘i@ %lyco@ Rehdi e th béRin FRb 'sﬁ’lhﬁ’dbq groups

or aromatic_ esters havi ng 2- carbon atons (e
and/oréhswiﬂde@@wl el dagtigles, @nbfab@plld@anmlxchmlaacmya, oatdpylmers thereof,

modzﬁ?& iﬂ con fr?%ﬁ{lfhgilrﬁ& Er%u ez%nr ao'g'a ul% %r {%%n eﬁtﬁtg Wniitt%ree)s ?f any

twooﬁmmyﬂnﬁﬂfor aryI hal i des haV|ng 1 30 carbon atons (and
optionally nore than one halogen substituent, e.g.,

C1l d t.he | k ket
e Pt s GRPOtoRs & VRS OF QR e fign be
emploRite B@spedéh difelveitheSubstRalayghadr ﬁrseluglem@hﬁac()@ggauy active

pol yet hyl ene glycol, and the like), or conbinations
agent. d?rg@my miedig contepiplaged: fappssdn themsgsiied af thy prssent Everlipn include any

nonaql%éﬁgplﬁ HAR cgéaé) %asﬂﬁ% i gbmgéam@%@le ?Bzﬁﬁxaﬁ&iy%ﬁzfiﬁrydcﬁve

actice sent on typl
agent, hmﬁbeandj(ommmgll)pmmttmﬁf cither te paliymer etployaito prod209Ee shell, or

- the ol S S Rt R e Tee R CRGheRR o

olive olilymd thaﬁm) AdRoma i, $afovwdrled, dttof seedSl, YR MhS ofl Seindaave
degree of solublllty for the pharnacologlcalf

limonege f’}lxﬁélp%t@n eycloghighaficeorsmpmpicchyidrpcathensaying %3@ itben atoms (e.g.
n-dodedBfd H%(,eﬂ@llpﬂécq}le c?&l@ﬁ@;ané’“t&lﬁen% @gﬁ&%r aliRhER a,(ajz{lghauc or
lum Wen ed to

wei ght (1 ess vol at organic ne

aromatidcabiolsdraving gedfl carigd emmh @y, ocaesleandohatiké)ealiphiaii¢ onaeematic

esters ha%%n%vi ?O%réll)(}é/lg t(}.:)it?se esr;go,lo ﬁl | I%&lggf ; he getj' %9[{1]1%&' ail%/llla\./ryl or
cyclic etaat hadihg2-80 I&%ioﬁ BtosnsKe. gﬁ dieﬂlyllétﬁéﬂl, feﬁtaﬁjdﬂ@ft@ﬂﬁidlrﬂa@m{e) alkyl

n sol ution, the volatile conponent may
or aryl Eé%ga‘“gﬁé@éma@t% (efeﬂp?ntwﬁ%ﬁx lyowlaeerr?pone\hél?aﬁnﬁubsuwem e.g-
CH,Cl1 R@H%(L‘IQ |(§§|OP I-Bbiiraﬁaﬁ%llﬁ&) &edohds }élgﬁlg\g%(?(gl% a@tﬁﬁso@'gataggone

meri c shell, Pprepared 5 descri bed
methylgoy éetom, @nd:l&lleuhke} edlyalkylan@gimémmg;,rpqlwﬂylene glycol, and the like),

(ncomB{ ﬁ%ﬁ@%&#fkg)g, &%q&ﬂé quid. This liquid may be

on1ma |ne, a sol ution contai ni ng
approprlate buffers a solution cont ai ni ng
lﬁspfvdia:llqudbrragmmlﬂnaiﬂmh obwrgant mediacousmphtegdosyse in the practice

of the gt iol Bmubh ho s £ B eaTEy 1t e oniy Biap o 0BT, and

 includeevapt Dy Beliddsusk ¥ediohlofmetiaa) chic@610En, S5 adstate, 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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10 gels, crosslinked or uncrosslinked to provide
matrices fromwhich the pharmacol ogically active

i ngredi ent, for exanple paclitaxel, may be rel eased by
di ffusi on and/ or degradation of the matri x.
Tenperature sensitive materials may al so be utilized
as the dispersing matrix for the invention
formul ati on. Thus for exanple, the Capxol may be

agent infY) 186 bREnic Mnikeh Aethd i &Hsﬂ!rﬂl@hh&"thﬁ%te&ﬁ?usu%ﬂ?ﬁﬁ% Absfhing.

sensitive materital (e.g., copolyners- of
Folloveg iasotutioanthgeslatle @mgnm befrem@ved blyeaspoydtimndoptionally under
vacuw%ycols and pol ylactide/glycolides) which gel at the
imor site and provide slow release of Capxol. The
Capxol formul ation may be dispersed into a matrix of
t Peetid tronfphammrcblogiveldy bitive epP@bisbtiatep alnjnnmos)nﬁmcmhdi/ |pd@ared as

troll rel ease formul.ati on of clltax
deseriR 3B SEET RGBT LTSI DespRB A i Ths Haid
may bé Sl fFonk $aRe, satied a\ébﬁlﬁoﬁé’(ﬁitéxﬁlﬁé ﬁbﬁropﬁa@@&hﬁe?s laRoluf¥er
toxicity to brain tissue as wel [ ower systenic

containipg pgtritignal geeiiswigh seemine|agids. szearsrmr@er@wmhe qrafgs, yftamins or
fat. anFRHViRL, or ot her chenotherapeutic agents formul ated
a’an3|n1$%r to Capxol together with a bioconpatible
polymer matrix may be useful for the controlled |oca
dHiess/eipgongatiblsheatetidiemap else be emplepedinfsoverslpbasical gorms such as

umor.s i.n,the brai.n _and ri toneu var
ot R et B PP K PRl ey actve
ingredietty¥rxanijpie §chﬁ@[ﬁnlﬂi@tbeqﬁle§s&ﬂ Mkt IderbisemSand/o® d édaltlbﬂ”bf 186 matrix.

to the use of paclitaxel and may be_ utilize th
Tempegators S?}ftt}vét‘?/at%‘?aibﬁé}’ ﬁé‘% b B 783 [ap WCQ&PWEIEZ’E@HX for the invention

formulhégH, etiu8 MrexhApleUdi g ﬂﬂtr_r'ld EQﬁ%t}!@ ra i uld formulatlon of the
[ rTmJnOSUppr essi ves an oth enot era euti cs and the

temperpiugesenitiye meledel (el lcopadphers @tﬁsolamiatrﬂtcgps oomplobmmwof

pr GBI R B Ao RBN MBS B 6 W Gyl o

releaseajf €apeadli The Cdprd drmubetion mtaym&ahdpyrsa@ info a FlABREITShOdbov e

e SR S b oA Y ool S
which Biife rﬂ%fbrﬁ rti€of tﬁ’@@b}ﬁ(‘&ﬁfdn‘[miﬁﬁgﬁ F‘a‘l‘tﬁﬁimﬁ gééé&l'aﬁﬂ%}ﬂlfpachtaxel)

am no acids, optionall buf fered sol uti ons of
results iyt lower toxgicitybe bl@nvamssyc qullsaséqwgtﬂy@tpmmng@ﬂy sudfaqussed below.

This cdRfih 87380 F&a%bgfl ]p%ﬁ 2 tfiteiraﬁs i fJgV&E?Q%YaQ£@§1 ar to l(iat/)xol

opt 1 onal ere amns

_ togetheln uﬁtﬂlelrtnobont}:tatihlb ipol)&leoinaﬂ‘y}mhpb&: asefid |f(ylffbdi Sontrolled local delivery of

t [ | 5 |
chemotyypiti Aaeitn o G el i i reGu g (gragin cancen)

and in I50#liabplectibs 18 ofier bAl 1andEe Nthesd @I Aion FoRIRBIBAS ark S0t limited
assocl ated with the polyneric |ayer through an

to the usp of Rackiiaxelcpd mesrtbepdifided il amédn varigbrf pherorcelopicalieertive
1ngredzgx% 111%1'119“@1 dnﬁ gl-ﬁ}élﬂﬂ(?su §‘s ves %&?&1&1‘ ﬁléﬁl%&‘ﬁeutws and the

ed
ester, seé

like. phosphate ester sul fate ester, and the | i ke bonds.

Sui tabl e agents contenpl at ed f or this optiona

g;gﬁ SEA %gﬁ gaﬂ s%ﬁt%lﬁggﬁgoﬁ{ﬂe tely conpa?nleld with ‘i‘i{ i go i Qiebl 1zmg

VITBrS (
layerl, or associated therew1th prepared as described herein, are delivered neat, or optionally as a

suspenston in a biocompatible medium. This medium may be selected from water, buffered
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10 glycols (e.g., linear or branched chain

pol yet hyl ene gl ycol ), polyvinyl alcohol,

pol yhydr oxyet hyl net hacryl ate, polyacrylic acid,

pol yet hyl oxazol i ne, pol yacryl am de, pol yvinyl
pyrrolidinone, and the like), phospholipids (such as
phosphati dyl choline (PC), phosphatidyl ethanol am ne
(PE), phosphatidyl inositol (PI), sphingonyel|n, and

aqueo%sﬁec#i:%, E@g‘fﬂ po ysa%g'ﬂ P {cii&ehsaﬁ?suc gg&g arch f%ﬂ{ E}%b S’o@g{,&naﬂy

bufferetisotutians of mbigins aiptional rintfesesolyient offisugds, dpylaha]lydmffered

soluio € RS ol BB ChuPran by Aifires

solutiog afsj@h&ﬁ@poiyﬁelasmplwcantaﬁﬁ@r@nulm hftethb nﬂs@) or

conbi nati ons of any two or nore t hereof. Vari ations
gg t he ge er gﬁpene of stahilized colloidal particle
@ddigeg;t padesian ontionallyibs anqsiafied by asitghle agent, “wherein
he agdRPR n
e
bonds @nnéwlgtsd] @ragmnk@mﬁlmlnder@tem tlsw) welbiany, iestglr @inidepsecondary or

T N N L —

for thid dpﬁonzﬂ (ﬁh@d‘i@d’ahﬁn shidk bol@ﬂiéhd sigdiihélidle §mrtit p%tyﬂﬂﬁ (polyalkylene
not her

| bi
elycol§ Bt Mg pmses e e hBF ENeBH B AIRY 218066 Peligrsyeibyl
methac‘?frlatg' ﬁﬂlﬁ&kﬂlc%ﬂd ?&hfl%x&zﬁhﬁé ﬁl)llyifcrglaﬁﬁ&l gb]%n%felé}@rohdmone and

In a vo organi c Sol vent

the Lk aherprplipis (o ghpirdsphatiiet dhotinei(PED, mamnayn cgmobeine (7E),

| phosph%ﬁ!iﬁ'iﬁo&ﬁof@b rph#nrgémg/gﬂ 4 ;‘I& ﬁl; rﬁk{:ﬁ b 61{13 Fsgc A evaﬁgr atﬁn ibodies,

rrer
and the'llﬁdci pbgzsadchmden (scls by starchircelltiasy, ﬂ@;ms,@uglﬁhtmﬁlﬁmin pectin,

d b | Thj s |
hyalursfi e 2 5. E BP0 B 505 (S8 o PRt gt

derivatiie§ bf FORIBRa1 OdialdBlhyAO AiBpikiR cBtefsChif thy 8ky), mhiblﬂé‘ﬁbh’{'ﬁ' -any two
I'n sone cases, the bioconpatible material formng t

or morgtherepf.about the core could itself be a therapeutlc or
di agnostic agent, e.g., in the case of insulin,

wﬁboﬂma d?@ ek Ml%ﬁl%%g@éblﬁl eco?@lggg Vgah%ﬁgﬂrgg hﬁé'

fornmed in the process descri
SUSPGH%%@HQMIWI of pba!rn‘fagmlngln@j agbrﬁ is h &ldcompatitde 1ha;ndr$mg meCouId

i I [ bi olo
be used D3 LS @Ipalthe sk Gl P i ool b0 % produce
polymd’ﬂe rshxgl @htdininyiispdisiiB ¥z dde sEhpeided paficled Bf BRdldgid fIndther words, the
ric shell formed in the ultrasonic irradi ati on

PolymeﬁP 6% coufbeantaina gtupisd solutipr pEipglogis p dispermige aseito Agother
Varlatlo?xtipﬂ)blﬁzﬂféﬁc El?éﬂ' doftafhitl SLb1Ai B (ﬁ%uﬁ?%@ Fddbeddy iRAMES HISFolvmg

hosé skilled in the art wl | ze that severa

the bloloalmlla@ ivolatleargangrosdient (. anberiziene)t fwnmcib@polmnchcs@eﬁ japd

evaporfﬁmg \?‘Okﬁﬁg goclf/en(g eg %%c!ﬁlglﬁe Qfg‘a%%gv%e; H%Eoggs%}a% cglgé{ Sléfrré:eze—drying
the entmeasus}mnyloﬁf Thhaésmi@ﬁi Dgheird havﬁﬁﬁ a s/cﬁada;@ﬁﬂif%ml‘a%ic b@rounded by a
pr ot el ns aS we

de rang
polymes sy 1R mend' qﬁ]é%rﬁfcadwtw?@% toralgiveeing i doses of
biologié e feREVEY s@A1 961ubdR€ 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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wal | s of the polyneric shell. Applications are also
fairly wide ranging. Qther than bionedical 10
appl i cations such as the delivery of drugs, diagnostic
agents (in imging applications), artificial blood
and parenteral nutritional agents, the polyneric shel
structures of the invention nmay be incorporated into
cosnetic applications such as skin creans or hair care
f
other c%é%gfl%tpélgnjlleﬁ Ecgﬁfuggﬁlg@% ell c%ﬂEl eﬂa&%ﬁ ag@iglsthéé (ﬁcle%lﬁglsscffld biologic, e.g., in
the caserpfentibaslieswistd fon thgdﬁleg,ctufsm theloast df| rhegngiabmr whieh aialy b ylehvered

os part RS GirsPel Emed By e RED R Po B GBS, thercy
providRigessusdsubkigtiegaiing athigibindfy Bapapiacior brygh. | s
dissolved in 3.0 mM nethylene chloride. The sol ution
ded, 1o, 20 27,0 m .of human ser.um abum n soI u
Wﬁzﬁe g}f‘ﬁid mheart il freeenigrhH SR A akene 3fe BYSSife iﬁlélsthe scope
and sp@ﬁt oJf ek Eﬁf%t@f"tﬁeﬁh@enﬁmréﬁﬁe meBHR] withig 'iﬂ%%)%‘lyﬂlerfe shell may be

in order to forma crude enulsion, and t
varieds ¢ lyrgervaripyef ipharmaaolhglgﬂlymc@g%mtsmyd@emhzgi and a wide range of

proten&% 8&2 619 %3818;]- H@P%Iv]\%ldl gﬁﬂpg@é yﬂ&(ﬁ;}ner\gﬁag%% rufs Od; %ﬁ @Bnatlotn of the
walls cbf&%polﬁnery@iheﬂ- AphEcatibesart tise iy siderangsg. t Ohasthed biethedical
to a,Ro evap rator and. net hyl ene chloride. . was .. .
aPPhC?t%?BF P 25 el e cisengiticagenit 6n i pgug FpLiC tiggolntificial
blood i) pardr@éraldftritibndl 4peht8Sthe FHISMERS éﬂell'sﬁ'gct&‘é Bfthe 'uﬁﬁntl(\ﬂ‘?ﬁay be
transl ucent, and the typical dianeter of the resultin

| mcomgra@ri|mta%@$m%@rapphqa§gnwgh asHiporgaryor haitaeepuodugts, | mery

apphc%g)%gjlgﬁﬁggmgé% ou? gaﬂﬁ'ihce' 182 was further Iyophilized

rS W th ng any cryoprotectant. The

resul ting cake could be easily reconstituted to the

dﬂﬁ@&&pmt of heievepiion wili new té tésonbalf in graater detaildy esference to the
icle size after reconstitution was the

fouowglgnon%mlglég %’?aén tkif ophi lization. Exanple 2 5 Use of
Conventional Surfactants and Proteins Results in
Formati on of Large CrystBtanplhe fol |l ow ng exanpl e

dermonstr at es the effe t of addi rfactants which
AROpA H brati on

met hod. A series of exggﬁb%{ioﬂ\as conduct ed
enpl oy| ng a simlar procedure to that described in

% gxgt a surfactant such as Tween 801»&1 %to
m %chiaéie diserlyedl inpd) i gaviene ehlordn.  Thersolpbign patipdsied to
27.0 mi Bﬁ{ur&gnts@fun[ SRR bolBfiod (16, WRH NYhE RSt vishdfrogenized for 5

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

VA

S,

emulsion, and then transferred into a high pressure homogenizer (Avestin). The emulsification

: was petformed 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 40°C, at reduced pressure (30 mm Hg), for 20-30 minutes. The resulting dispersion
was translucent, and the typical diameter of the resulting paclitaxel particles was 160-220 (Z-

average, Malvern Zetasizer).
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a large nunber of paclitaxel crystals is obtained

havi ng an average size of 1-2 mcron, as viewed by

| i ght m croscopy and under polarized |ight. The
~crystals growwithin a few hours to form very |arge

needl e-li ke crystals, wth a size in the range of

about 5-15 mcron. A simlar phenonenon is observed

with ot her commonly used surfactants, such as Pl uroni c

ron h o 1 d Bri
Tl?e dl%es%n \}V&éssfurtﬁg* l;,'cfpslic éz’ﬁd or% g ?(ﬁgg a:ph éyoprotectant The

resultlﬁg aal&mbuldrba |ea§k§vi recnktitatca mabhgimlﬂikﬂmbn b additiinR sterile water
. enti onal, rfactants, in conbination with a protein

or salie HiCHETAIG R H1F SRS OEBITeE Sapmsres DRETS PRARHAD of
subm cron drug particles (e.g. Paclitaxel) wthout a
pol yneric core, whil e ugkﬁ_@lazpol ar solvent (e.g.
nmet hyl ene chl ori de). Exarrp e 3 Use of Convent i onal
Sur f act ant ¥saplae '—":—'_L pulacknisanaroteins Besullgr ge
Crystals This exa o : t |t i's not
possible to form %lg%p u??@ﬂé@w?’(—se—ﬁ%
conventional surfactants, wthout a pol yrrerl C core
nﬁteefbllawipgwkmhplp demonstratcs gie@febtyofatddim eurfe@f'anaagdricls are used in
whi ubl e M. SCi

the coff ity B riipofuoR iR A SR dPRIBRyDY S FRgUEE! froloying

a snml@hﬂn@t@lfu&r ot deddriB&d HlEx@npRIQ but ﬁﬁfaﬁ@hﬂ&bl@ﬁb Tﬁeen@d@% to

o @fﬁ‘g‘ldfm of Tween 80 solution (1% w v)
10%) 15 P16 B cBinig YR ORI ROTUNG R Ser ekt g egiyiene chiloride,

a largel'lﬁlm)gleaf PR takQle géta'ig i9 HEt%ﬁm@ha\Hgg\’mBE\Mga(g\é'ssz lof 1-2 microp, as viewed

om)genl zer, in order to form
by light migrashopy aud widsnpolanigdighth Eheanstals grow witltina fevh hghrs to form

& re.h n St i | sifi c
very RS o R T it FRirliior s E5Fliyy Ry ifla °
phenoefondé obsefvad w1&totﬂlee asimonBy B surfatiaats) @8hibé PINgoniy/BHRPluronic
into a Rotary evaporator, and the

s transferr
F-127, F‘BPE}T"S?# W§§1 dly renoved at 40C, at reduced
pressure (30 mmHg), for 15-30 minutes. 5 The

rFesMm| thdst PesditS 1o €aShIdn¥RGeRATHE corBfki chal ol REE ab&aléh method
needl e-| i ke crystal s of the drug. The initial size of

utilizingienyeniigna serfcmten geabiptden wigh a@r%@n Feh qsm;jwemn i suitable
for the Jorfriatiol b &ubhicroh ﬁﬁlggﬁrtf&est(?gc}’a‘éh tﬁ&lt oyt 3}e while

hours at room tenpérature crease I n
using agprojatsalvesti (z.,, metiglengichlondt)el y t o pr eC| p| tat i on.
Exanple 4 10 Preparation of Less than 200 Dm

- Sterile-Filterable Nanop@}[agﬂ % S
Use of Conventional Surfactants Alone

Resulis in Formation of Large 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 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
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Thi s exanpl e descri bes a process by which

sterile-filterable drug particles can be obtained.

Thus, 30 ng Taxol is dissolved in 0.55 m chloroform

and 0.05 m ethanol. The solution is added to 29.4 m

of human serum abum n solution (1% wv), which is

presaturated 15 with 1% chloroform The mxture is

honogeni zed for 5 mnutes at low RPM (Vitris

. [ Tei ke [ I f .
L) O e Uik R ol o500 A ek SR BB
(Avespn)e sSEhgreendriiiagemisperfofiodss £000-40,epsé whils iebyadm itlenenndsion for

rfar at _9000- 40, 000, psi ile recycling the
ot ea GO e Bheulirisuslin e uiten iod AR gy Sacpe
chlorofémt wanapidhy eehol &t £ 46°C, RotedlidbdGHEB&E 8 (0khm H@gfdr h6-30 minutes.
chloroformis rapidly renoved at 40C, at reduced

The respléing dispergion wirppaaupg)d compingdlagy nepderike crystals of the drug. The

" e r o
R e e B L e
dispersinn (& -savezal dgars aMrlowetemp&etuee 161 zefultherlihercaiic spenysthlosizel, snd
. filtered through a 0.22 mcron filter (MI1ipore),
uhmn&?¥h%ﬂ?“%&?°§ignificant change in turbidity, or
particle size. HPLC anal ysis of the Taxol content
reveal ed that nore than B{f&msié 4t he Taxol was
recovered after filtration, thus providing a sterile
Taxol di sper si on. ~EBAFEAN QL Loe% AYLHBr s on was

further Iyophili Z%@erﬁ@Fihé&bféNaﬁmﬁéﬁ iyt adding any
cryoprotectant. The resulting cake could be easily
reconstituted to the original dispersion by addition
o hig exgmnledesgriis agrocgsy hynwhich perilsflterablacdryg partiples ean be
eo ti . ' _ i ' o
oot OB | IRRERLIR 0S5 81 SIS oGP LB e
soluticBtie pdded 1-29.4 el abheniteseopaathincih eslufiba €l % wév)pwhich is presaturated

. ri pes rQcess which,sterile-filterahl r.u
with 195SILRER. IRRBHSR3s Bpdtni Rriintiss g Ry g
homog@hB6Q model: iTempest 110.) i@ drdbr & R atigcQnihldibn, @hdBRA kransFeed into
..solution is added to 97 nil of_ human serum abum n )
a high rgstre Bemoesmasy (yvestiple The srulseicption 1p geriprarsH #63000A0,800 psi
while 1ERhE $hePdmliQUh fFM 1634 Bl ded Ofﬂéggs’ﬁ!tfr%rsgst%qﬂ énsﬁ:%%ﬁ &b a
. Q) in order to forma crude enulsion, and then

Rotaryrqvaprefiter, aadi thershlorefoimt shrapdiysemoecdnd 4876 at wduced pressure (30 mm

] T. | si.fication i f t oo
0, 850 18 TS0 B0 InISL i B gl gt o
resultiﬂ_@"tﬂasiol ﬁaéfi?lei 8940-160 ﬁﬁte{zmasltagz,n\{lﬂvay ﬁf{e&fﬂi%@). tTiRnBdpRfsidids
0 orary ev oraror, ang e cnlororormis,
fltered ggigh g 0-%2éﬂ%wofﬁ (Mpleporey withet @y sigpifleari changgdn frbidity, or
particlé ke, HPLC kralGs SRRV S cdliént r&SMbl HAOmESBE! §7998¢ theSaxol was

translucent,” and the typical dianeter of the resulting
recoverpghadiier fildations s proyidinga steolenfaxplalispeesienye,

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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Mal vern Zeta Sizer). The dispersion is filtered
through a 0.22 mcron filter (Sartorius, sartobran
300), without any significant change in turbidity, or
particle size. HPLC anal ysis of the Taxol 15 content
typically reveal ed that 70-100% of the Taxol could be
recovered after filtration, depending on the

condi tions enployed. Thus, a sterile Taxol dispersion
was obt ai ned. The steril ' rsion was aseptically
filled into sterile glasgzggégg and | yophilized

wi t hout addi ng aBsepemtiopodiastiant?00 dine resul ting cake

could be easily r%&OQS%iEuiig:to thelorigina
di spersi on by addi : 2 %r or saline. The

particle size after reconstitution was the 20 sane as

bEhie eanhple pésctibesat prodess Bx ahieh etefilNalRRFAE Erug Iprticles can be
_ngyr tion of a(gb el Drug 30 ng Isoreser£|ne (a node
obtai -ugl?lﬁ &2pg dardl éydipselvgdan &7 mlbiorgiorn an i gicthenolyide
l v » u uf -
solutictAk YidedRo D’I?’ nﬁ‘?\fﬁtﬂn&@seﬁﬂn leﬁ?nngf)llug&g?a/hw ! 'Th@ﬁﬁ‘)gﬂu% s

solution (1% wv). The mxture onvgeni ze
homogenirgd &y SaninktseaHPM KRN (Vitss homegpeivier erodeloibipest Tépzsirder to
enul si.on, and t

oy S P SRS s A, e

- emulsifibatiisitis perfortied at €00LREN 00T Whilk reSydiag tHeremdkia for at least 6 cycles.

%800-18 OODhggi whjl e recycling the emul sjon for at .
The repylting systegy s tgasforregjgtoaRofpry; syapasgter, @pd the chlogpfempisiapidly

removed Iltqolac,%?tr&fu}ée@ﬁ‘r@ﬁgfeétg@ nm 813§ R0 ARRtSIraL %é%glnh dispersion

rapidly renoved at 40C, at Treduced pressure

- is tranglpgent, and thegyrdenl diametas of thghesulting Maxphgrtdtilesge t 4)- 060 nm gZ-average,

LS huecent,. an typical. di t.er t .
MalvehEz it SR TRE @t bt EhieBin A5 Ehon il ipgpis, saobran
300), xfaiﬂfjuag@asigiﬁﬁmt lrilhaﬁg% 'ﬁlsrizlﬂﬁjii)y, oﬂiha%et.icldd': sipe rI?KAHF laili\ﬂﬁsis ())f the Taxol

Iltered tnr a. U, Cro Ilter | pare).,
conteny-jypicaily FfiVFQefﬁ ﬁjgb*é(?f 15 o6he Tagphcnuld beyengnieied 3¢y igstiong
dependih$ onvtieRetditi GEktintilo @AY ThuS b XRBICT 861 &MersiddW@ad Sbidthéd. N9

cake coul d be easily reconstituted to the origina

di spersion by addition of sterile water or saline.. )
shail¢ slispeasion was aepligally diblsdhinio sterile glpsyueiglsiend pphitizedwithout

S MR R R B S5 B

dispersierhizpnasiditinadifisieore water adaltien § hp prtticksl sizesitizeretaustitution was the

smneagggggéghguﬁgﬁggrdlsoreserpine. Thus, 30 ng

L.

| issolved in 2.7 mM nethylene chloride
and 0.3 m ethanol. The solution is added to 27.0 ni
of human serum abumi n soExdn@dag (1 % W v). The m xture
'S Nanoparticle Formation of a Model Dru

30 mg Isoreserpine (a model drug) is dissolved in 3.0 ml methylene chloride. The

solution is added to 27.0 ml 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 psi 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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~ honogeni zed fors mnutes at low RPM (Vitris

honogeni zer, nodel: Tenpest |.Q) in order to forma

crude enul sion, and then transferred into a high

pressure honogeni zer (Avestin). The 15 enul sification

was perfornmed at 9000-40, 000 psi while recycling the

emul sion for at least 5 <cycles. The resulting system

was transferred into a Rotary evaporator, and

. | a
s tan B S5 e S0 Wb E Mok SRR Brfllct Vs 181 140 om 2
averagecMalveinigptasdies p dihe dpervias was diftstcd tlenogh ah@2 tdigob fijercal
Oﬂﬂhd'%nEter of the resulting paclitaxel particles was 90-
urn (Z-average, Ml vern Zetasizer). The dispersion
was filtered through a 0.22 micron filter 20
("Niel dtérﬂﬂdx@%ersﬂih@;as ﬁﬁmiei @oplhsmrfsid ‘amhmmmbw dddig any
11 ze or 48 Wi t hout addin ny .. . )

Cryopre%%ﬁr Jihs Eqsuling onecBLER lrecane it Ip dhesuiciad Ajspersion by
addmthﬁ"s’ﬁﬁId \iféi&&ﬁi shithel Mthe Phitidl\Ble HePREEMAMOR Was ARAEHE Qibefore

of sterile water or saline. The particle size after
lyophilizsgionst i t uti on was the same as before |yophilization.

25 Exam |l p e 10 Use of a Water mi scible Solvent Al one,

Supersaturated with Drugg b Suitable for Invention

Process 43 30 ng Taxol igiggggﬁrsed in 0.6 mM ethanol

At this céntemelySmaiiPattide Fophratiyn withe MadebDrug s not

conpl etely soluble and forns a supersaturated

sp ers ed t.0.29. 4
A TRRAeR 7 ) B BB e 1 ol A8 Tpgescine
Thus, 300np Gendszeihefiotistolvadiy QE]SmBﬁqethb@ﬂe EXEbAideVinkdr). Bml ethanol. The
Tenpest n order to forma

. h
solutiop I?%%g‘g 'Fé%?re‘? m Bﬂlma%sew Iflrsa‘?%?lé(r @/ Vntlge BIKpEHS
homog@ﬁﬁeﬁﬁﬁé{' € HIRERIRNL% ﬁPM gV Bisd lﬁd?ﬂcﬁgﬂ— e, RIEHLIS "lfehfg@t'l N inDrder to
performed at 9000-4 00 psi e’ recyclin
form asmge singlsidng pndathen @a@tfer@daytolaésgh Mhssuredwmogemgerdpaessimy. The
emulsﬁ‘ ?q%lokgxﬁgigl%nn%g F o4 (ﬁﬁ)t %(fluj?)lﬁg}?crlat e den%ﬂ%on IEor at least 5

S rapl y rendve

cycles. pTlmnsmrIEng Setenmvidgyansfenred irfie 3Rotdry Hiap&rato?fmldr mahyltne@loride

e SRS B B 8 LY B et
dispersithdeds ﬁaﬁﬁu&@n@ raﬁ§ ﬁ%:&ﬁ‘fﬁéﬁ&& Jrie 1@§1ﬁ1§1?g'}9a%11ﬁ§(el| ;ﬁf‘tﬂ:?es was 90-
I Ca

particles an needl e shaped crystals of
110 nipigxgjieragenidalye qtasezeﬂs "hhe dispemsion|vegs didtered thriongh 210.8A suieron filter
GMﬂhpb£$?Ct'°n' This experinent denonstrates that the use
sol vents such as ethanol that are freely m scible
in water in the invention process results in the
fTbe n'@tileaﬁsmfsidnawgsefupthq:rtlymhﬁdi;zemﬁm«ﬂﬁixlm yithowaddipg ety cl e

cryopr(?tec%al}t h hSt r%lﬁﬁg 5 eﬁloglg éag ea51 ﬁg%o%?n e edlin/ &,?;Jo?%ﬁla? higlg]e?sion by
addition of sterile water or saline. The particle size after reconstitution was the same as before

lyophilization.

Example 10
Use of a Water miscible Solvent Alone, Supersaturated with Drug

- Not Suitable for Invention Process
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15 process specifically excludes the use of water

m sci bl e sol vents when used al one for the dissolution

or dispersion of the drug conponent. The invention

process requires that such solvents, when used, nust

be m xed with essentially water inmscible solvents to

all ow production of the invention nanoparticles.

Exanpl e 12 20 Determ nation of Physical State of

Pagl it l: 0 Yy

o P AR IR0 ol AT ool 80 Hmi Tl
is not esmpletel selubleagne domisysdupbrsatafatedalisperspns mhe shspérymh ¢sedddyd to 29.4
ml o g By ENERR GHOR (0 By G BORoaers BRip e for S mftutes o
low RPRMIVRLS hymegdizoMBRsR): TémgdsyBbdiSodESio I%l%% 8 eltude Hlsﬁérglgn, and

above a few nmicrons due to 25 potenti al bl ockage of
then trgpgierradaintoddhish preguen hanngenieerd Aveitinhi The smdsifigating is performed at

s i A

transfdrrﬂdlmiwlaﬁ@tary latfap@xmflsmaml thel athancd nsnapndt)membtied & 48PC @t reduced

. oadi he d | at
pressu 30Tk PR 8515 0Py A P bipE aipiiomhadicl S s Pl bty
broad, lrﬁfgr@%‘:@@ﬁab&msoMntbﬁe@dal%ﬁ&@ﬁﬁous that the

formul ation contain the drug in essentially anorphous

éﬁ] 44 X-Ray powder diffraction was used to
debssrififm urdes themisroseqpefevegled Hsresepes ﬁlmﬂﬁemﬁskea%d typical
needle%ageaewsﬁa@g@mxex tl"h%sé %agméé M@%&Qf@@%y ]Leywbestmﬁem This
| om ng sanpl es re anal yzed 1 -
eXperlmanﬂ dmnﬁiatqsdhm&he uSS,@ﬁmleenzs suchysyﬂhaﬂoil ﬂetjars éreglymiscible in water

in the %vgnlf aorﬁe%s aﬁtg 1%3'1.%3?1211%1% o 81'%3% Z & vsbl ag)?gﬁa 831%016 size
distribiddaandagphed caBsotbe Dsdday@id b 18R chifonjftoess. hem- tHdWﬂJv&&lon

Ka radiation, _an acceleratlng vol t age
procesg %&F%ﬂ clydes thepse pLwatgrmigeibls splveRehen Hap%eﬁlergtfar the

dissohftfofl ¥t 8ishdr®iBn bf 18 dRfe BnfhoR&R OTHS inRERticRlRRess I%Qﬁﬁpés%& such
showed strong peaks typical of a crystalline sanple.

solventphwhenyesed,i rapst he mixedovith essantialhe whter iawiskibésssobigntstto Bllaw
d broad hunps typical of
pmﬂmﬁmhg?ﬁbas na eﬁmépaﬂ ggnple 3 showed | argely the broad
hunps of Sanple 2, but in addition, the peak at 5.1
2-theta 10 of pacl i t axelExampleViZsi bI e. Sanple 4, the
fornul ated p 1} _ )
crystalllnltv tenatign o, pacttt & and

appeared i dmhbmhclé Bm%awm.% Pdvmé!r D@tﬂawoﬂ he
presence of substantially anorphous pharnacol ogically

ent in the fornulated s The amqr phous,
Hatli Paterighis ol ipersert %Psﬁ@%ngﬁp%%ﬁtalﬁ nngngﬁ@es
typlcaliwédn@jﬂﬁi ﬁﬁ?c?ns' The Efe‘é&ﬁ& of @A’ a Hﬁlgtfﬂﬁmﬁﬁtﬂﬁ%f fhtravenous

produced by ot her ods desciibed in the art for
injectigzyig @bpydy detrimental 1f crystals are present in size above a few microns due to

potential 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 known that as the loading of the drug in a formulation is
increased, the tendency for crystallization also increases. Thus it is advantageous that the

formulation contain the drug in essentially amorphous form.
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15 nanoparticles. For exanple, the use of grinding
techni ques, as described in U S. Patent 5,145,684
(Liversidge et al.), and as described by

Li versi dge- Meri sko et al., Pharmaceutical Research
13(2):272-278 (1996), produces a substantially
crystalline product. Examlp e 13 Preparation of
Nanoparticl es of Cycl osporine (Capsorine |I. 20 by

5%{ SS %O §’*u&1 "Jég gprr{é%ﬁw gé?n%rﬁﬁ% %'gt!aﬂiﬁag 8{: h&T r'tin;ct%I}]inc nature

of paclilsml Imethea\yhp@dlzed pdmdez Yorﬁluﬂdtlonf Thel fcﬂ]ows:g samphds bwend malyzed

sampif {1 s PORSTr R 7 ¢ Fo e BRI P IB il agbysica

mixturk OQ)échltheDz&ﬁQlllblﬁlﬁn f 8 TS‘aﬁlpIéTMi%nnﬁﬁiéH PhiaxeB MBhchRBMple was x-
transferred into a high pressure honogeni zer

rayed from @S {q 7° 2-thele anghes using Cuke tﬂdlazlanwa@%ﬁféwﬁ@mgrréﬂtam of
40Ke@%4§st%£glzep§f' O.q!}‘ ﬂ—t‘ﬁel%%ﬁ & ldhtggcé}ﬁs‘?n&%«? LPo sé)c:r ndd per step.

| east cles. "The "resulting systemwas transterre
Sampl¢ hsloveedRoiony pgaka tiobicabofa/dresiallinhbapipilel eTiwanost mienih pachtaxel peak

wes oG FEAS: 2 e 0 ST B R S0 bt

Sampl& B gish ddd ematlyansibro Aehivpy df@ leTBLER 2@ditibRehe faktlat 5.192-theta
ycl osporine particl es was 0-220 (z- aver age,

of pad%?fes’/ giap Visihle syamplg 4, th%fonﬁ@a@ri%‘értgx phoxzed np videege of
crystall iBPtHabdctrSid OF paé_l_ A Yhd a ﬁ%]teﬁ Qi A Q%léﬂ%% mdlcatlm)g the

cryopr ot ect ant resul ting cake cou
presen¢eegfonsttintiatly dmpphtimpheriapohgically sgaresipeon ibthe dottiddtahsample.
of sterile water or saline. The particle size after

r L1t Ut | th e lyo hi | zaf |

é[?%%n%ﬁ)ghfﬁg gﬂ@}e\éxggl} 1 2§ o&a?tr@es%oczu&gg %cfcg{c%n tf) ¢ fidention stands in
direct Optrhad sgthe iprmiu(;t@@pgsinbam dhametinyds dbko@(?eﬂn&}iéhhé €or producmg
oo T S e AR R hoRy e o

5,145 @mqn@@rsmge)et alhhndsRldudchios b)SLfvgl%ngé-‘Mé'ﬂ;kb ) %Zm%zbuucaz
human serum al bum n ‘sol uti on (I'% v/ The mi xture

Researr’s_liéh%@e%ﬁz@ 894)oproduqes asebstangially @wtﬂhm proddeati s
honogeni zer, nodel: Tenpest 10 I1.Q) in order to form

a crude enul sion, and then, %kq?sferred into a high

pressure honngenlzer (AvVesTin The emul sification is
per f or n ) ‘ Cynh

enuIS|oﬁ‘for at Iﬁa th.D c‘ S, Thq‘resultfng

di spersi on had aJFyﬁigg?—%é;#§¥é¥ﬂ%¥i%%0 220

(Z-average, Malvern Zetasizer). The dispersion could

36 mpsedlodporaetis fisslvddyin ploithi mettylems ch@ideo dths sbiyttion is then added
into 27.%ptf %al la}'ll sgr%gll ariltglmm 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
was 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
40°C, at reduced preséure (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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15 suitable cryoprotectant. The resulting cake could
be easily reconstituted to the original dispersion by
addition of sterile water or saline. B. Formation of
Nanoparticles Using Sonication Simlar to the use of
hi gh shear honogeni zation, the use of sonication to
form protein- coated nanoparticles of water insoluble
phar macol ogi cal ly active agehts is believed to operate

P%‘%l 9?1'0{ 8 u%ﬂ ﬂlkgtg X‘%}& dzg;d S lféﬂ]r %#\%wﬂh a%k? ! Egﬁy gr?rolg"otectant

The resdlvlagl tai@e:suld\be reasilyaeqnititnted td the I’(’bj’l@iﬁ@hﬂlkperﬁdiﬂo)mcﬂihon of stenle

eni.zati on technjques descri bed bove a
water 8ai?§r1?y PTG Sl tes FcoRstHelion RS okt 5 balopely B2 Pt

Wth respect to the organic solvents, proteins, and
non- pr ot ei naceous pol yneE&miphat4 may be used in the
_sonlcaglpn nethod, referenge us nade to tho%F

hi gh shear honogeqi of-the same
conponents are exﬁ@%?‘éLﬁmyﬁBBB Iué%b ly well in both

met hods. 46 This aspect of the invention will now be
d&mglcwﬂsnormgis@a%@lwefﬂ@t%@ nl b§/a $leifabl6®|ﬂdeesame pheontaining 10%

orange ;L R M A P S B B glyign 1% v

The mmammnmai ol lammemmm IRPMD Wmﬁﬁiﬁébgﬁ??ﬁaihedel Tempest
.USI rOpartl cle. te ues VAR effective

1Q) if gidsiiodpi Ly poyfsipng 6{;3& o Faiares it pbigh prespure hpmggenizer

(Avestih)t Tha eﬁbﬁfﬂéhﬁ’(ﬁi is HEdd8indeB -a89600-4U00PEL RESRBRing the emulsion for

becl onet hasone di propi onate, budesoni de,
at Teastid cyahtst TAe easulling Higneraion hada typical dirwitenpOHE-20dZanires,
Nhhmﬁﬂﬂﬁ&ﬁ%f ike), a dry formulation is prepared of
appropri‘ate particle size and release characteristics
to ensure efficacious delivery in the respiratory
st dispersiah C'ﬁhkﬁ Heorsedidlisdctly or lyspliitiegifioed8 beirnby optionally adding a

soni cat chni ues I zati
suitabl 3obhecPil i Sutiitons rod PR Bl Fensuplindbusrsipy
disperditn ByjatRigtich q@mhwwao:lr@alw to forman enulsion of
nanoparticles. This emulsion is then evaporated to
B ] 0 active drug coated with
: SR SOPET FerRPSIEEEREI d sanpl e contai ning the
col | oi dal drug partlcles is measured by Ml vern
Kiindlal 1o elic w6 Af High €Beaf hdma¥RAAN6n, Sherde OF sotditibh 1 folh potein-
preferred 15 enbodi nent, the range of sizes of these
coated gaRqpaTisles op it bselgble phanmsgelogigally wtige AgAnts#p beliryedto operate by
I
s} BB e 0 0y by W A LRIy 1
advantggeg overrthe prior art enjoyed by the high shear homogenization techniques described

-above apply equaily 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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not limted to) mannitol 0.5-15% I actose 0.1-5% and
mal t odextrin. At this stage, the resulting solution
of active drug, protein, and excipient can be either
spray-dried or |yophilized and mlled 20 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 m The preferred size range for these
p [ t
o?ﬁ% .a%ﬂ_egtsof' the ﬂ\h/iégloégapggb \rIMIee sc?lbga)fnegr&?ag&taﬁ{aﬁ% .réig%gge to the
ﬂﬂkwvnghmnhmﬁmgwpmawEscarrler pomder Agai n, severa
carriers are available, including |actose, trehalose,
Phar mat ose 325 M sucro tol, and the 25 |iKke.
The size of the carriersg%%ggrfis S|gn|f|cantly | ar ger

t han t hat oForthgatfonrfoiinhilesbrosfuchtiAsthmeliEBre- 63- 90 m
for Iactose 40-100 m for Pharmatose). 47 The

eff t he dr owder fornulation is denppstrated
bé’%ﬁ%ﬁ at“i‘?a%’ﬁ ‘iﬂ?%%ar‘@ i’ﬁeﬂ REFRAE ‘?E“&g‘%lcﬁ%’é"&“é echniques to
yield éﬁﬂ@&ﬁé RFmulResHs!fb oWIRARRMrs [DPIR! Sta@With 4 deéiBidal drug (e.g.,
partlcle fractlo PF) of -60%  This Indicates a

beclomsthpye: brelemethione eipspianaiss bydesenide, dexamsfipsenss {lanisilige,
mmcﬂ&&%_aEQBmP§%ﬁl gl‘%tl&re}' dgfﬁ)%hfah I?IS g}&)taﬁeg%f a 13 %a*tle %anrtlcle size

surprising is aresu
and retpaseuhgratienstics batnsbrecdfitaaions dddletyan died resparatppsystemh.es of
the drug within larger formul ation particles Thi s

homs t.he. appl.i cro articl.
W?Hrﬁé\lf}go & p{egglﬁﬁ Iualag g(g)l}l?]a%f)ﬂ éechlblﬁl&ee%r waatlon it which the
active dﬁfg)dﬁﬂ;dh@ddﬁ scﬁifr@ht,n@ MpérsédQﬁmﬂn&ﬁhm§ fnfd&fm &ﬂﬁtﬁkﬁﬂb form an
ivery via DPlI. The hig FPF results shown indicate

emul&&ﬁ Oé%l?f-} aitirlshs Thi amﬁlsww%mﬁa HppTaAdn ragpvepplvents, leaving the
active @ﬁfg@éh@& WRRDrotE ARk Tl lﬁ%@%@l@éon‘ﬁﬁn&ﬁﬁ%@{]&y drug

Preferred Manufacturing Proc tarting
particlpgig Imq.a%urei baMalviesn Bisifer epbgivesa B%ef@te sl af2odnm. Toa preferred

embodthech, B e foiel s R VAR ot e iy g more

pwﬂxﬂﬁyﬂughﬂh4&lmﬁjle 0. 22m Nal gene di sposabl e
filterware. Keep at 4C until used. 15 Wigh out 1.0 g

acl i t.axel ass bo tle. an
iR S G obthe SRR AL bb il SO ES Gl (but are
not limed toyehdnnitdin.$-ns%Aagbdetoax 86, aridaliodedan MAt efis §th&, the resulting
chl orof ornf et hyl al cohol m xture. Agitate to ensure

solutiog|of agfiye|dryga REHCHR a9d GK&IBISNG Gan e ighansprayrdried ot lgpphilized and milled

to ylelg ﬁ gﬂl Iﬁcﬂfﬂg{; PAQ%% agit ng?[l.%g 21)&?{1%4 i€ d%@x%lﬂ@d ﬂy Maflermn

Masteltslzssaslﬂ(e@ Spacﬁ hbduax4dl0 isal ’Dme pmfenad tiberaggafs theot particlenid d.S-
t he HSA sol & ? the 20 Sentry M croprocessor
15 pmayithp Moge pRe “F §m§§8 P¢ %80/ HSA sol ution. Wen the

solution is m xed,
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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pour the contents into the chanber of the Honobgeni zer.
Cycle the m xture through the honogenizer at a
pressure until the desired particle size is obtained.
Col I ect the honpbgeni zed sanple in a sterile Kontes
round bottom flask. Attach the flask with the fina
sanple to the Rotary evaporator. Turn on the vacuum
and 25 the rotation to maxi mumin the rotavapor and

eTReP&ﬁ@fIc? of IR B PaRiG f&%ﬁlﬁf&l is cﬂﬂl&nsfrﬁé&'w' &sﬂl Vt/itﬂ’?an Andersen

col | oi dal solution of paclitaxel in human al

eight-%se@ascaé@nmmfstor hResults phiznse rm&qﬂhQmee mrtacﬂwfsacgothPF) of
L T

' deposid:oh I @h:{B FPR 1&88L$p1m1nglﬁhnghfaﬂdl ltslangsu\Hﬂﬁ‘Slﬁd forrfmalston coddflosi€ibn that

filtered sanpl.e for. analysis HPLC for paclitaxe
contaigs GoUGidB AT BRI IBBt "V Bt fygrisien phogsta; - 30
ng (or other derived anpbunt) of paclitaxel per 5 vial.

FThik fdrielatibe shdves thé hipticasilisdMRliropaicle ahd ﬂﬁ&ﬁ&%echmqucs in the
Wheaton 30 m vials at approximately 17 each

procesgigg apdicamposig A fry revestes fqrmalajipey for ogresel é%lt"@@[ vgBFL The high
FPF re¥f1eahoin BRhR in
re:approxmaté Iy %iéﬁcﬁ%#@%@% |taxé$1¥k@khﬁ§P?ggg?ﬁgﬁ6 '
sanples in the FTS System Stoppering tray |yophilizer
using a predeterni ned |Brappldiézation cycle. After the

sanpl es e I il hzed topper th viaLs 10
and seal T ORI bR e%—@ﬁ%‘ﬁﬁw@“ﬁg&i’%%mn
Wheat on al unmi Stumitigewith 0fGran Paslitatd bethe BIFS sanpl es
approprlately The entire process is carried out in a

ks 7 2AS R SPa Tonl 2 o 2SR clbwCnGrane s Bl Ve

inj ectuﬁﬂ- Q@Qzﬁﬁ%u@ﬂ? aR®fiRer tRE &N@IARIGuFPI AeRRD. 2209 ﬁ?ﬂ%&v}}e;c%&gsable

ppm 15 Final Product Sterile filtration:
filterwprgmbeap atof"Cawtiveser. by evaporation, the coIIO|dw
solution of paclitaxel in the flask is sterile

ki f%ﬁtdl 68 ?P?&ht&e?@rﬁgé@k%?er . Oél%fn% - GHCILES Myt alconol in

ste|I|Z|n UthﬂISCO

‘appropiiate ropogidns én hemk evliawdl.sTethe Ipaclftintell exddilB Bﬁ ml IM) thel

chlorofBieliy el aif e ofeaR | RErs Appepiesdihosnlved i wivioa. Fittes

the solwtioal thro@giea bl2amtietoadteniid Tefibn)filet 81d doBleslith h GRAR RS baME,
stoppered under the nitrogen 20 blanket. It is of note

ressur onoge tiQn processes are .
erths Jatbty Rt g et Set pdd the Ry Aotolion. Use the
Sentry 8Mtioprob&ssrdhi@fto hikehs pLABKEIMSA 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 flask.

Attach the flask with the final sampie 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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Exanpl e 17 Preparation of Protein Shell Containing Ol
25 Three m of a USP (United States Pharnacopia) 5%
human serum al bum n solution (Al pha Therapeutic
Corporation) were taken in a cylindrical vessel that
could be attached to a sonicating probe (Heat
Systens, Mddel XL2020). The al bum n sol uti on was
overlayered with 49 6.5 ml of USP grade soybean oi |

( e 0 h i cat or ht

{ BT g s bty R Gl B a8 Ry A e

coHecﬁS&@fﬂﬁiltyremaSmg&bﬁblal Sae€l~i3ml af Gherel BEmplafdt aakly296y HPLOSor
emwas allowed to equilibriate and the sonicator

pa‘:hwt’%f BERUPYr 30 seconds. Vigorous i xing occurred
and a white m | ky suspensi on was obtai ned. The

SD&ReRinE R lBolathé 1 Mfhid 35 n%a% b \RTIVBY ar @it 6 paél\%taxel per

. article counter (Particle Systens, El zone
vial. }g@ theptyrilgflered sample o tuttoqi@‘teér\?ﬁlw@mwz@ virlstat agpaviioately 17 ml
t
o (1 SPRCEN: RN A b BREELNIR,0E 8\ Pty oo via

shouldcontaii approximatsly-¥eog bOpmlitadélmensi on of about = 1. 35
0.73 microns, and the total concentrati on determ ned

L B 518 <SS o AR Y 2
predet@tmicl Ipophdiadtiontydar Afa 5 @ltdptes HivOBERGOPhSI-N, WPRBr the vials

ubjected to ultrasonic irradiation. This result
and Seél ek bycHaping hen pathdhe,2 @n%gaé?ﬁaammmtetrmfﬁﬁﬁpﬁoﬁabd the

samplééfapﬁ'oﬁﬁélél@'h qhe %nttrggt (fis CORLA LOEA 2 Rkt f(ﬁ)ﬁ[‘éxﬂ%omnent under
el ectron m crograp transm ssion el ectron
aseptiordopdiignaph st udi es as described bel ow. Exanple 18 15
Preparati on of Polyneric Shells Containing Dissol ved
I Y% ' P SO bean
o e e SR G phf e el g Ay
preferdbbynef00gpimy or eddowttidd ppml uti on was taken in a
cylindrical vessel that could be attached to a

Th b | |
) PR RR My e RO Pedntivab ot SBy et Py R e ECEI
colloidalf solhene® pacgmr inphohakWasekle Rl m@ugmscdrﬁttlﬁzttfoamsm 2

micron AR AT HOBRATT SR BACelRd & 6 AP SHcar vl flled into
30 ml \flél'é @@a@ﬁﬁm lace/rRE H}\}:'\)g ﬁ %ll%ﬁl% R0t ofiths gﬁ}ﬂhtﬁlzatmn

white m | ky sus ensi on ai ned that “cont al ne
cycle the vielsiare blariketsd thﬂ dryreterils nitegengasan epperpdtunder the nitrogen
blanke fl | / Taxol solution. In order to obtain a higher
"oadi ng of drug into the crosslinked protein shell, a

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

-bacterial and other cells to extract 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 XL2020). The albumin solution was overlayered with
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25 solvent for the oil and the drug (in which the drug

has a consi derably higher solubility) can be m xed

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 renoved by evaporation of the 1iquid under

vacuum fol | ow ng preparation of the polyneric shells.

' [ V, i ff n h

65 miRR e drii R50RH o tyb 2} B ol Dot S he
interfagé béthveen the émo salntidns and thetassemblyWwes lbiatadgid ¢dh cooling bath at 20°C.

- The S}E%ggegs%:%ﬁivgﬁ?t? %fu%l teg:eﬂ\il\/idt { hicr%@r g}(}éegllu,plrgpi g(gse?:zm si. lg(grous

mixing SEcREtR LR a WhikdmilRARGEHE&RRN WAMtaindd! TR YuspARA Wasdfiluted 1:5
well as lower toxicities (increased LD50, decreased

with nggesl salingp Acpstidmcountes ERarticls BatacBisishs alElzensx Meidel 380 PC) was
utili L.ated - thhi ' ' is indene nt  of
RS NS SR8 ARy, o
resultifiaprofxan stiells wsrebigteBoinied &1 hove a2faximuipacdsk-sectiohalidimension of about

issolved in.1.0 met hyl ene, chl ori de. - The solytion .

135 <R b sl borer ot e Sbiodis 450 el b B opeinat
suspenk®¥ W v) . The mixture is honpbgenized for 5 minutes at

| ow RPM (Vitris honbgeni zer, nodel: Tenpest 1.Q) in

order to forma crude enulsion, and then transferred

i Heoptph tha gPoxeFRTBRANERISAS¢N! thrpsotginflid aobforma stable
miocrdeffuf i PEknalib R0 I RAIRAWRIC ifthdiBtiord ?ﬂﬁﬁ%lep%u estd at(tﬁélgrotein is

Sonic Disnentrator). The mxture is trans EFfed into a
essentiglfor foymetierpefimaicrasphesgsd Tingst ik yordirmed by scandimgictecirenpinddrygraph and

40C, _at .reduc essyre (30 mmHg), 15
transmis%ii&ﬁ%%?g@{ Ignuc(r%?ﬁm 31 SHhe at*‘?‘%?“%@’@ g%ﬁﬁet er of the
resulting paclitaxel particles was 350-420 nm ( Z-
average, Ml vern Zet asi Bxanpleli®e di spersi on was

further IyophiIiZﬁd for 4Sﬂbﬁs mdtﬁogt addi ng any
cryoprotectant. al Cedul d be easily
reconstituted to ¢hRaifmbDisdlvediPafifsiss on by addition
of sterile water or saline. The particle size after
éggonsti,utépn,mas the sanme as_before |yophilization.
@%ﬁﬂt@o 8¢ IMURE ednrdea ¢if #asosrengptiay ofkmeided ml ofa
USP 5RHikfth Rerdhe]ibiinin GoMigh Rhi'ken &l 8 AR Fesd@ ﬂ%%@&lg‘bg Gitached
t he uptake and biodistribution of Iiquid entrappe
to 2 sonifating prehico flée albpwin sedytion washekbflayersdtvath 6.5l af svydbesn 0il/Taxol

sonch AR 0y S ASSTL Ea R SRE e HLARD S s

- and the(dsi@Mblpvas siintoddymeqiilibiie bhd B donisaet taed oNBsHe® 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 (c.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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Thus, rubrene was di ssolved in toluene, and al bum n

shells containing tol uene/rubrene were prepared as

described above by ultrasonic irradiation. The

resulting mlky suspension was diluted five tines in

normal saline. Two m of the diluted suspension was

then injected into the 51 tail vein of a rat over 10

m nutes. One animal was sacrificed an hour after

i B [ .

LR it SRt Slterc md ety b b B B Pt B piysical
characigyigtiprorfaheviay erdign ienmelatena Fha bblaghcibproperfibsmsasaedhtvith this

formmo 46 PP R Ao ng GRS Gl R T et ung ancges,bone,

~ kidneyy heart) @i tvell i Bywio pexiditios (Bdcrdaber TID3QY H&fr&e@ecﬁﬁ%lb@pﬁﬁssmn,

appeared tqQ be intact (i.e., appearing as bri y
decreatd eree itergcipd peseeiaied Vﬂéh ghistetiagiris a}dew@ﬁ%ttcgrtbq rigther of
manufk@gRted in the lungs and liver. At 24 hours, the dye
' was observed in the liver, lungs, spleen, and bone

marrow. A general staining of the tissue was al so

observed, indicating thdtxampte Ehell wall of the

pol ynmeri c shel , N, di ted,..and.t he dye

i berated fr orgmi"jm3 Paﬁlgﬂg?;&:;?(g&a?tgczeﬁﬁ)? Sv(\’élcrg%%si stent 10

W th expectations and denonstrates the potential use

030 g peditixehis clinsplyed ini lohml frethythak ahledder Thecohttioalid @ided to 4.0

rel ease of, an entrappe arjaceyti cal agent ch as
mt of Sy S GERTE ) SR ot hor iz or S utes a
low RIEMAY&tB horgogeaies aibdel: | TdniBO1.GP nydrBEr 16 f6ried &rfide emulsion, and

cont ai_ni ng soybean oil were prepared as described in
then trensfgrysd dnte g 40-kklz sonisatopegh (The gowcaiprdn sedormed st 60-POXe@gwer at 0
4 : ) o Lt . .
e e g SRR, e PR R LB SRR RS,
evaporgRO.andl methyldngichloride soapidlyabmbyed a¢aid, abtedude@rasgen (30 mm Hg),

o S0 PR P L AR L o1

average,¥slotraeakizdr)cc/ mn.  Two groups of mice (three mce
- in each group; each nouse wei ghi ng about 30 g) were 20

FE R IE SRR L

resultin @REEAd BIEREN SdcBRstRilte DR iR HisprsiR! Bition of sterile water
| s. Each nenber of one group received the

she
or saling, dhe paitigls sizsatar rsronstintion sBOthewrns es befots Iyenhlizatiorn.

the other group received the suspension containing

30% SBO. All three m cegyh,hRR®pdroup receiving the

suspensi on cont ai ni ng 20% SBO survi ved such 25

t r eat ment , fndfivle Bioshstrbution of € jiked EidtginiShellny ti ssues

or organs when obsqééﬁd one uek %fter SBO treat nent.

Only one of the three—%P%%F#iﬁ¥ﬂ%Lﬁﬁoup recei vi ng

suspensi on cont ai ni ng 30%

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 albumin (HSA) protein polymeric shell and used as a marker.
Thus, rubrene was dissolved in foluene, and albumin shells containing toluene/rubrene were
prepared as described above by ultrasonic irradiation. The resulting milky suspension was

diluted five times in normal saline. Two tml of the diluted suspension was then injected into the
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SBO di ed after injection. These results clearly
denonstrate that oil contained within polyneric

shells according to the present invention is not toxic
at its LD50 dose, as conpared to a 52 commercially
avai l able SBO formulation (Intralipid). This effect
can be attributed to the slow release (i.e

controlled rate of becom ng bioavail abl e) of the oi

h | [ hel | .. | .el
il vehf SR 08 R 7 Ry SAS i Bt By SRR anotre

24hom@nﬁﬁagéakm.the high oil dosages attained with
commercial l'y avail abl e enulsions 5 Exanple 22 In Vivo

vai | |I|t Rel ased om Pol nerlc
SHAF Rrorsn skt e Merokini BRI o
examiféBindene fudrelceRshicRbcdpR fOTBE pescnbebt p&ﬁﬁé@ﬁl@ﬂ-@ﬁﬁ%b@'
following the injection of a suspension of polyneric

fluoresgeat dye of Frlessedwdyep A eae haw, the maiomtn f the pelymerie shells arpsdred to be
intact g:) 3% é&l‘l&? FPME%@%)MEESH%FQIMQF ((Ef B%OEI.hlellniC§0 C&Qﬁl@ﬂe I ZEI% located in

an o wer e prepare soni Cat 1 on- &
the lungse smi liverd A4Bé heurs,'lthedyee\sasl dbisa‘rgecsimshmmmr dongsf sphédn; and bone

cont ai ni i.c_shel s diJuted.in sali to
marroy eﬂgﬁgﬁaﬁgﬁgﬁ%ﬁm %?Sﬁgs o3orrssd gyl gl g i pafor e
polym8tiSHRNS h&Tbesr di fgbétbd? Gh&theldgt Gbdriied GRRIWIRL S ThR*¥ERItRAL consistent
jugul ar vein of rats over a 10 mnute period. Blood

with emta%mﬂ f@étdé@wﬂ%ms heenpentigh use gf H@@vwompﬁﬁowph@@ayed or
controfl&i 1le aﬁar%ﬁtr!z ﬁérﬁﬁcéhlﬁcﬁ et glgchl Ja n?llo f

trig ycerl ean I s°predom

triglyceride) in the bl ood determ ned by routlne
anal ysis. Five m of a dhmnmkﬁlally avail abl e fat

phOSph0|IpIdS and 2. 25@6glycer|n) was used as a
clyhymaric. shﬂimccmmnng)koybtaﬂ dilresre pepaet as deatibetbindsample 15. The
Itenulsn‘Jer tg1 bilize $$e 20 e Isioa1 A conparison
resultify SUsgonsion vy dflBieg m Rarial safing (Porepdhide Sve HITEFRal Foll e
contaiMBE @ GBCRarl HE b6t confaiBas0s et the bicavailability
of the oil as a function of tine. In addition to the

AP, “Sagteec G ST AP it BERRS 85andbe &b o

Intraliidkd MRe i#208mlkd) 8t aRNE ﬁﬂtféraatj%gﬁses@%ﬂnj echBSt 8bShin.

injected. Two rats were used in each’ of t hree
gEoups The bl ood | evel s of trlglycerldes |n each case
o grappen eftraige (thre ggedn pachogrowm engh mpwse sveighingaborgdtig) were

treatedWithidPdrRiont 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.

All 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 dicd after injection. These resuits 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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GROUP SERUM TRIGLYCERIDES mdl Pre 1 hr 4 hr 24 hr 48
hr 72 hr Intralipid Control 11.4 941.9 382.9 15.0 8.8
23.8 (20% SBO) Polyneric Shells 24.8 46.7 43.8 29.3
24.2 43.4 (20% SBO) Polyneric Shells 33.4 56.1 134.5
83.2 34.3 33.9 (30% SBO Bl ood |evels before
injection are shown in the colum marked "Pre'.
Clearly, for the Intralipid control, very high
commieFdi k& 8ild ﬁﬁﬁ'#' | | L e
Tri glyycer ibgis%;ggg@l@{gﬁfﬁe t 1Igjr?l rgggé\%@gé%e]l%%% oﬁct1 tOZtHe slow
releas, ¢y, sontgolied rte ¢bbgsomingdriedvajlade)i b thd @lfedrs withiube pblgmeric shell.

il I i ately available fo t abol i sn
Such b S Bl R hTER el R0 PPl B e
dosaggoditaived mdthsheinesciadlbndvailablaigntilsionsame armount of tot al

oil as Intralipid (20% show a dramatically different

avai lability of detecti bée triglyceride in the serum

The level rises to about ts normal value and is

mai nt ai REgdvEBichMiBbiliBYEH SoyBEan BN kel BobSPoliRdicat i ng

a slow or sustained release of triglyceride 1nto the

bl ood at levels fairly cldd¢€ll$o normal. The group

recei ving oil-containing polynmeric shells having 30%

O l¢ ' tri ri . ;

(A sk YN Berforhiof WPdetriniticihe Ghwidh \bUERA AR ot polymeric shell
enclospdymateripbfoHowinglthaminjehtion of48submumsion oCpapmerj@shelis inkethe blood

| f .1 gl id ' .. .
D N M AR D ——

(SBO)gvareiprepared by khigcatioh bedldsprilikd abbié B@attingRdifendies ot dE
.8l ow and .sustai ned.15 avajlability of the oil from
contaiqifg BRYMGHC g‘&i‘éa@ﬁ iR Igelesioreing sepeneipa sorigiainecii% oil. Five
! of 1B} QliéieRfon HADH | OBy '
m. ° cont gaijieneglnvw t hl?e?]:&taﬁllé%rg}g ym@%%@%ﬁtgﬁgghgﬂgvf\% fﬁgdgi%]lv?rtaym
minutegResiod o Blaodtvens ¢eldeciralrfrase these ratsoe ptvatsl tmicgomtsioll@lvimg theyinjection

o S AR RS 52470 0 i

by rouBucdnalyssy st em of soybean oi |l - cont ai ni ng pol yneric
shells coul d be suspended in an 20 aqueous -sol ution

. amneo acids,. essentjal. electrolytes, vitam ns, and
3{5‘5%‘?11 ntpyprially Bt e Snsliiei epepHagenicral
nutritichggeit---Sutlinig T sepRaObI1L e %, %@g}%lﬁtpﬁ&jpﬁb £ Whd £0540Ylycerin)

wasusg%al | abl e, fat emrul sions (e, g. ntralipid) due to the

S aemil ylhseoptiel wilizessies Phosphetide as pe smplsiicsfo stabilize the
emulsi&d. 64 CoRAb¥iRA of 2ufIARR! & tfedriglycerides in the two cases would give a direct

comparison of the bicavailability of the oil as a function of time. In addition to the suspension of
polymeric shells containing 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 1, given in units of
mg/dL.
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Preparation of Protein-Walled Polyneric Shells
Containing a Solid Core of Pharmaceutically Active
Agent Anot her method of delivering a poorly

wat er - sol ubl e drug such as Taxol within a 5 polyneric
shell is to prepare a shell of polyneric materia
around a solid drug core. Such a “protein coated
drug particle may be obtained as follows. The
Prfpgedure described in Exanple 16 is repeated using
an organic solvent to dissolve Taxol at a relatively
high concentration. Solvents generally used are

GROWPr gani cs such as benzene, SEBUMBTBIGhEXBREDES (thy/Hl)

et her, chl orof prmPreal cohd hrand tar | ilke24 irol yngs he 72 hr

Intraliil €bhisolar e proguceddas desgr9 bed sgmoExanpsg I6. $Fgve| 233
(209 SBO)the 10 n{ |l ky suspension of polyneric she!ls

Polym&®SIRNIGT NG i S5OT ¥ggd Taxolear e dijsige {5030 S5 434
Cﬂg@gggb salinef This suspension is pldced in fa rotary

ror it i T orgaf reroyet-b
Rﬂmn§§§§§ﬁ§ Thedpgshrsgﬁg susggﬁsiininsexan$ﬁgd ﬁnaéﬁ a 33.9

( A0 f\rr\f] + b avi~A anlaaa < ridi catina renpnval
e LA AL LAY Ils T O AT

oo Va
Mmoo UsSvuopt—1T4uU v ooy \"A A BAVE 1 L n~

of substantially all organic solvent, and the presence
of solid Taxol. The suspension can be frozen and

BlostRvilnbebieiheeton ROshowaeis thH dohihh Maled kMO NEbARL for the
later time, 15 Alternatlvelza;H the pol yneric

.at a . ; . ne p A .
mﬁalll%fﬁw%?ﬂ”@n?ﬁ@ﬂﬁl&%%%ﬂ%k@%lﬁiaze ssa] fpllawingdnieetioni Agiglyceride levels
thetl &RR vl {080 Wry i
e SR KR0 20,088 RGOSR, il i son
be immgtiataly aelabla frendtateplism)follewinp énjedtion. of use. Al t hough
the presently preferred protein for use in the

LoR of- th . Lc shell is_ albumn, other .
AP bt 8 B R RO Bt b Gl B o sfpot ot o
as Intradipid: (lﬁo%ﬁshweﬂ diamr?ﬁﬂﬂkylrdis‘emm%ﬁabﬂggbgl &et&ﬂib}éﬂﬁ@iyﬁeﬁd& in the
el.ls nmacropnage: Il i1 ke cel l s, 4 lternati vely,
serum. ﬁ'ﬂ}eéj&‘iﬂ‘ Blesly RRPUBRESE B PRmILVALHE #idye Pameamedat dhis feel for many
hours, Baichtind £8ow Or RisRANLFeBascRP YdIRlcHae HiGiHe gyoﬁlﬁt 1eREs BAFF Hose to

circulation time in vivo. C~ Formation _ _
normal NThe group redewingnsil-apiainiag polyment shadle davisg 30eloil shewah bigher

' - i B t f by
LT e R ———
48 hourlsi Pincengirg yhet lodthlevgleof fFighyseridd do it AesSsstrohemically rihis @roup,

compa*rg(?J f?pgt’ﬁg Ig(:a»n%%)é g%)?xg f_(:)crewgrgg @B’g]\é\gfg{ D%gﬁg,sigc%tcaittgsl tlh>e/ sl%\%ra%d sustained

‘availabilibesMeael it ZECiak dnfios LalbEsi®s WhiPha$ HtaaMarkddRE of Soiding

fornmed ~spontaneously when all it's conponents are ~
dangerqypely ugh blped lsvels af materialj qontained atihénibe polymenie shalls and availability
R QRIS IR AL GOl 0 S ' I 220
oves sn Y BASHEFOA SCUCBTBIL 9008y U 1 A A0 st o
the presehidyvention woakhisishicenthesy sameadsinggent . M cr oenul si ons
conprise a di spersed phase, in which the typica
[ ' | 1000 Angst A t hei
g%%pzlcs?ﬁte 'r(gf%(s) bZerag ﬁl&—y%\.évntam?ng pol Rericdhelld go‘ul eens%gpengg& Irn 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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The droplets in the mcroenulsion are typically

spherical, though other structures such as el ongated

cylinders are feasible. (For further discussion see,

e.g., Rosof, Progress in Surface and 5 Menbrane

Sci ence, 12,405, Academ c Press (1975), Friberg S.,

Di spersion Sci ence and Technol cev, 6, 317 (1985).) As

will be shown bel ow, the present invention utilizes

the unique characteristigs gﬁeﬁie m croemul sion as a

first step towards obt ai remely smal

nanopar tRrepaationafitPestcineialial Padjmeridhetls Copladimy a 10 As

descri bed ear |e o.artlcl- and nanopartlcles

can be formed>H¥ 2 yieallyActiveagent t nem t he

sol vent evaporatlon nethod This nethod is based, in

pAndS’tﬁd:rﬂh&hodei‘f defiodritipta poorl9fvaterSbhiBleQir®d duch As Matd? kvithin a

i in the presence of surface active agent,
POIWWH‘? $hé listoprsnarry sheld 1ot aplameris Blatsaig] 259un¢beawéld<simw¢ obigh a
PeMio ASvh s X ,
o B O ey e SRt 3 Rl The proc AL AL in Fxample
16 is rénepieil neing hrmc solvkgitodissd & Wﬂotb ht mhnaelmshlgn qond:qntmmn
rse

+ sotverffnfiafl WS SRFL 0 ah PRy i B e T pregpiom,

alcohot esllthe ﬁk@ rl&ﬂﬁﬂé@c shaflls g @uRIueEl dseIRPRIbad U Bxangiél15. Flve ml of the
m co artlcles or nanoparticles of the dlssolved dr

milky sHsReTiompieplyaenc erllsetmiioma dseivgd Taxd aradibieddp 10 in normal
saline. pﬁh& hl&b@r&dﬁs 91%9&11?1%'}& ﬁ%_aija\%i* il ﬂ ngaﬁfe c.ﬁ%eﬁﬁczl%mo%@by

| er the droplets, resu
Vacumpa |Th¢ teiseléant Sispérsicaris bmmdimdp# aams:ramnpdm raodal qque cores,

I and e
ndicaY ) 3P RIS o gk S0 BRSBTS e
suspension ardlse fréven aMl stoakiliidefinz€ly and isddslildedy QII9SHHIRRM at later time.
achleve enul sion droplets below 75 nm Since enul sions

Félge glér tgg tgh %gtagemé dsﬁ y%%e%ﬁarg%ggﬁggd Tt co%tammg dissolved

drug are FRASGRAAE oblatifs &9 clﬁﬁﬁﬁl%/ 9@@9&* tRdt 'c%ﬂb@fe@ﬁsgp%ﬁ@ea ih Mline (or other
such enmul si ons_ may resul | arger particles. The new

suitablg gwidhat thifinapolnser ddihpush thep);@sfmﬂw laeismeteat @@ us infthe
formatfol Q)If 'th%?]to aﬁfgﬁrﬁfshélFﬁ altg:émﬁ OAtlYe? :ﬂ} &4 V? 0{1% or2m Pﬁ)gulm a known

convent' Si ons, ’‘cons he"fo
opsonis,tcepie:beasedosahdnce ﬁgtakdﬂ&f mab&lﬁmleﬁﬁ sHellb b nﬁbﬂ@hagﬁs lﬂce cells.

AT AL s e SR
polymddics88l WaR intdabQidircaVioR et pal  pol ymeri ¢ bi nder,

al t hough such bi nder can be present, in principle. b.

NIX|ng the solvent with a proper surfactant(s) and a
ermatiop of Nanepagticles vSnonteneans Micremalsiongdi ng a

sui tabl e anount of water or aqueous solution to this

M 2% b ﬁossfﬂi‘élt% foRR AMAIRRILS WthbeYr t?é 0 oF Qoﬁhzlu pﬁts}?é'ar
m cr oernul si on, w thout the use any
homegemzat:on or any other high-energy technique. Thus, it 1s possﬂole 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 it’s components are brought into contact, in the absence of the use of

high shear equipment or other substantial agitation. Microemulsions are substantially non-
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equi pnent. The aqueous sol ution may contain

el ectrolytes, am no acids, or any other additive

whi ch nmay affect the formati on of the m croenul sion
during the first preparation stage. 5 d. Optionally
adding a protein solution to the m croenul sion. e.
Renovi ng the sol vent by evaporation at reduced
pressure, thus causing precipitation of the drug in

opaaefel G A By B T T A DR R PORESE AP e phasc, in

whlchmbd‘ttypmhleﬁotﬂét ﬁd&l 1§bﬂbﬁ960@AﬁgéﬂﬁOﬁp@3§)§Eﬁlcaﬂﬁmﬁ)ﬁ)ﬂ&ﬂ kradrency.
ous nedi um whi ch cont ai ns surfact ant,

The diopleffyip theghiis ocmul¥engse hically sphsrierlcbppsheotheyshpauiss sychre
clonga?&i RS BS fea%ﬂﬂ@r@or ﬁl}tﬁer ACLEREPRE % FBROQE P Odress in Surface and

evaporatl on i nclude the use of rot ary evaporators,

g, il LA0BAgedemaicdiress (K375 Frienget. sDisparsiey Scidnoeend,
Tédm@@g%qtfoﬁgkgﬁpardfevapotatlon equi prent typically

Optionally one may renove the
surfactant and cosurfactant by di al ysi s,
uAt wél bd shoatibolow, &[éqmeqahﬁ iaventiet QtlllzdS ﬁt&rﬂxi]ie&hﬁliactgnstlcs of the

I h
micro B G e RS Ris P eA TGl ot g alfer redhoval of
the oilghsgeer si on of nanoparticles may be drled to obtain a
powder contalnlng t he pharnacol ogi cal agent and
agtlo Iy the protein, which can be redlspersed into
sesersdsanicn apigropatigies AR asRpaEclensanhe fommerhyyvarious

proces%t Shongaén BE sdil&R evzfpgraug? bR b2 TRISREAS 8 'Bageﬁaﬁ:l gle on

be’ adm nistered to a orm having a particlers
formatie)| b w skgyele Ollﬂmygter @n@ISlOAuodtﬁ rabdescaelt sncfoee wmfivoigeal, mhlig

4 freeze-dr spra 20 and
oty BP0 LSRRI Pl SRERY i o
somcatt»ﬁ;’ hrgh ebsiny hbmogémjersz adlicidimills tic O USter ﬁfrﬁ‘lﬁ@s@&lﬁ% ékﬂﬁl&on
hich ﬁﬁded suc a@nanltol | act ose, al bu
which g "BB&%/ YR e 4hr5$ wlveddn thpdismprssg pid roplai the oil phase is

removéPbyt &ApNrhfidd) $ypn§ﬂll§ua9fedﬁ&ti¥)?és@&le ﬁﬁ@el%zﬁﬁﬂggggﬁﬁé@ g?d

nanopartlcles can"be further m xed wt [t on
micopastielppirannepagticlerenfithodissobvie duig awdpelyinet sre formesk ddrvigwly, the

) i.gh
size o J%\k/tg: %agﬁﬁ%?g%é 8% ?1?10 Fo\ﬁ dﬁ pg%tesa%ztee thfgglaller the droplets, the smaller
the resulhag pm‘tlelres s$tnals emalsion drapl@ctande achiegaisdnly By hpplfifg vaﬂjlthlgh

be introduced. to the manmal s as
e“ergyt |eé’? &Ydfsglgy thepgftyage @gtl PESTHe hefpogenizers &kleh as the
Mlcroﬂmz@rﬁﬁsﬁ{& prad @D id RRicke Eﬂﬂsﬁh'ﬁbl&@ﬁelﬁh%'rﬁﬂ Cﬁﬂ&e emulsions are
advantages over the previously used nethods f

- inhererglyaimatable siterny, andrjsegairesesses aneh asiaggrspationi a@d dsopleimd

coalescreH@e Hﬁ%o&gn@vﬁjgcggtﬁ% éﬁ QBsts e suclp%ng Irs:noﬁé I%S &l't nlarggr %artlcles

contentrate re are nany advan age Teall
usi ng the invention process. The mcroemulsion is

fle mrevel bl whisbuogkrpome the hmbtﬂrmsocmmmwmleappélcmml of the
solvent e%aﬁo%t?o% maﬂgd }nhc%gn(?enlnona emuiaslons conSISts %? 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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cost equi pnent and energy input. The droplet size is
smal | er about an order of nmagnitude than the small est
enul si on dropl ets obtai ned by high shear equi prment,
and therefore extrenely small 5 nanoparticles can be
obt ai ned. The m croenul sion is thernodynam cal |y
stable, and therefore the usual problens which are
associ ated with emrul si on |nstab|I|ty (and thus a tinme

d d : h
Sp en ﬁﬁ&g&?} S %atbP earﬁ;hun? V\ﬁ\g?tt T % ra(rg}e}fzoglg s?lgg?};ﬁtgﬁﬁ tu)e thus

spontzﬁieﬁﬂiﬂl}eformm’grantoﬁianamteﬂiltﬂoeﬂﬂlsm@lMtﬁdnﬂ Sk beMy high shear
evapqrati on nethod, and | ess sensitive to various

equipments bE agueoussioltion dpay coBfalectalYips, gming acids.qrray other additive
whichtrh$y FFRE@E Forndaln MRBE BidrBEiISioh AGEy 4 ﬁpsg F&Pﬁltah&{‘stage

volunmes is very sinple, conpared to emnul cation

wit h e@Hﬁ%ﬁﬁﬁﬁd@u&hpﬁﬂﬂms@hﬁmﬁhéhnnhunmgémmzer Slnce

t
chial |- REhS e o8 AR R torllon L B UFRLRCNE B &SP
precipithtioresfiihadrag inihe dorfrost fﬁtrahblb/errfall|atrfoqﬂioﬁmmanbbﬁﬁcles having a
roce is very effective, wthout

. steriliz o
wpieafigpelant TAE e doBE Tt PR SSiekgessti pion o
aqueoldYaEAaRSFhitH ddntAtd BRFfaRER SR actBR nh 'o?fb rdt&:ﬁ%e agents such

during the filtration process. Since there re no %
as profginghsughs afic.f deespiablenmatheslseffayapofationinichriethowe s otariier e

d | si f
evapo%ﬁoég?%lhﬂ gx?géea \c;fgiﬁc}r qﬁ;%g%éké & gregzrel r§,\e?g2il ezéésgrt g.ﬁio %r’gporatlon

amﬁxmmﬂ@g@&ﬂgumﬁ1hhﬁhﬂmm/ i nvention nmethod. The drug in
tﬂe li id ﬁornulatlon of the present invention_ has

cread Y% BaY remoxp he Waﬁ%‘%f A0< eosuffagta byidindysis,

ultrafiRiafiOe 8 QAptAN ol 2 fHuk 6@ HifOnR dﬁzﬁﬁ'elé@wﬁ@ﬂ Xl%@%a‘bﬁ%éi by the protein.
m croenul si ons that contain di spersed nanodr opl e

ige. , Fowingrppaationdasetventn ﬂietbaw@i qmsparsm qfnzumartqiﬁsdnay be
- \V/
et 848 00 SRS LSRR RSP ot s i

can begbdispecat] irgo alsuitableagasos mh“dwrﬁ sidhiLils aﬁlmnbﬁfm:pmtad addthe like, to
are |i UIdS

| t |
ot B8 AN S B B o o o0

Angsuamab lARSeptabid mstheds afobtahﬁngdﬂysgﬁ)dwaer ¥Ry FrSzSPhind, §R5PUSing,
ranu

fornms, such as tablets es and capsul es,

and the. |, Jf the copvesson i 3 il onwsmea%nmdsb)dﬁgpfnhzahon various
[ G

cryoproR R BE R R SERGARLL BLOR, alo Wil B BL SRR BB b
POIYVIE)dmphéleey\mallmdctems landfonpelyetheemaglyiall e si ze, ensures

i ncreased adsorptlon of the drug, in a nanner nore

uﬂleéfgl%e@gh a%rb%qﬁnﬁ T %11?%%\?{?]9 Fl@%%ﬁé%ﬁp%n%’ o’ rﬂgtgg—rfgrqmng
materltﬂs aavalet anh)bltam y divg delipare kptem AlitHiigl biocaVedlabX i dUn@s1led release
h _e sent%d in the foll owm ng ; %tlon refer to two water
characfeptstgs, gndrothgiondy, E%'%HCJPW@ PRAFAEPEIOGT BAY bafigeced to the
mamm&R Ak 8 YA} @fslld) r&endHREH liqhiB, Jrike eeparation of 30

nanopartlcles |nclude but "are not |limted to drugs,

di_.agnosti c agents, ents of thera eutic value,
ndemreseiayen @%ﬁ?tﬂ%l pijhasfagnificaat advapiages|oves the pepvicusly used

method¥/fofréBarSRine I WA spar R H@ ARQUPHTCILD GhIEE useSF microemulsions or

“pre-microemulsion concentrate.”
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~as the mtl@g(ﬂ.}Sé%lC](DSﬁhﬂ

but are not limted to all of the conpounds |isted

above for use in the high shear honbgeni zati on aspect

of the invention. The solvents described in the

foll owi ng exanpl es are toluene and butyl acetate,

however, any solvent or slvent mxture which is

capabl e of dissolving the required drug will be

suitable for 5 use in the invention process, provided

t MakreArddh BRIVt B L&l B uGRth O R bR debd. e thifroemulsion
. renoval of "the solvent. Such solvents can be
is formaed spoateprawstynd theyireprs compenentiare ssldeied, anddhet & no tzed fir high

s i Rrapyl et.at .
cost B ATRY MM i DR o BRENREp s
the sniedlpdi @me]sicanrtdreiets obtained by hiphlslitar equipmts, gidthaefore extremely small
anol ., tetr of.uran, . di gxane, acetonjtril.e,

ro r
nanopgtiles e beo‘i’%f‘% e iFiogmisistongs HistRgynpgicAly tade, and therefore
the usORpRIerRy#hich bt BRRRtedSPMPERNsBA instabARP R tkQ aQinhe deipendence of

_castor oil, olive oil, safflower oil, cottonseed ol
the sizgiof Siegpsilige regilesh wilbbeprepentz) Theathotrgocesgis@a@h more simple
2 -V C ' ' r .atomatic
than (X KGR M ik e, R BROA el A FR B E oS
paramersiSiateionlyssimple mering isindollybkinl th&grocdhahtstaling t6 Mg
1 xture of several proteins) used in this process .
produg ol i< ek SeRls; Comped R e A EamprcAGSICh s high
shear hdthddelzem Silhdégh@%arﬁ’élé 538 obiRRe @M PR mal P8k c8d iR 88 smAID &F Srder of
are many 15 such proteins, including albumns (e.g

magnifydg less{an thepgye sigeatapembranes|usedion stetilgGliration; basterilization
: _ . . . -
o PO ALy RS0 BRI D

increasgddiliratidnepresapwaldnd hidh &pphtsaderingsthy fiftatioh p@ceds) Since there are no
resence of a suitahle

. . Jn-water. mcroemul sions, in the
high shesg 795 dp MisEmRif ey Bibessy iR GLA© tacipafery lemperature daring
emulsific@€dnD hiBthrefor®éveh RnpratEredendifife REAL @hBe gi'dcceﬁE:@ 8¢ Melnew
) The surfactants can_be nonlonlc@éTmeen, 20 Span, "~
mventignipeihed. Ahgdarg is helinudfopaalaben exthe presens intontha Has fnsyeased
B85, SR DR 85p SR nSEREROL AR Shin
microgmmisiois thatchhteini dispersadtanotlfuplets, ke) more cheinfdabrenctiting take place in
L It hi 1 no_aci.ds nd the |i . _The, . . .
iouid ey tansBT S St bl A rre by episa e fpereasd
chemidad stabdilityCis@eify fmansontdiipdrEeto cdfVREbAM nstoERERAE that are liquids
wi t hout Qau3|n% precipitation of the dissolved dru

jogthBass: The solydsfogpelatien gnables tnelysionel %16 drug in
o . ; ! 1 ol
i S P, O 5 I R @ oo
microespilsignser “pgahicesmplsicreohcenpaiopy i ag yresdnt inoeliquid form. The

- D anqgl ... and.the like. 59 The.canversion of
very nfiP 2 RO RREE Eopinfy i Vi ok Rl St niased
adsorptigwphthé tizg} inQmariyr 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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require the addition of cryoprotecting agents, such as
mannitol, | actose, am no acids, proteins,

pol ysaccharides, and the like. It is clear that the
principles described in this invention can be applied
in several 5 variations of the process, for exanple:
1. The formation of the drug particles nay be induced
by dilution of the mcroemulsion in a proper solvent,

but ark ﬁoﬁ’ﬁﬂn@éﬁl thaf o? e‘é@ﬁll ollllrﬁlg rﬁFt%? LRV folh E: 1§&@?}%§hf%ﬁ18{ng§emzatmn

sol vent . has I'n ma
aspecipaidhd invention. d|Iute t he n1croenuIS|on to such an extent
that the solvent will be belowit's solubility Iim:t

[ vent and.optional | h

| Bos s e T e MRS oBIREY B B0e dnd %1 agst, however,
any scéﬁne 01t slmt axttoaciiact is\ehpable da@solvii 1kl wgatedeirth®iltiditable for

3? surfactan&wﬁ?g cosurfactant may be renoved hy
use in fhe ‘P&WIPP PERCESnPr thafja proger PCREBIS e 78 formed pribr o
removaBbake §diodnt. 0§udhRe1vMN 0 E@&ﬂ(ﬂ{)ﬁ)‘hﬁ' ﬂethﬁ!eﬂp.l:lﬁ oLyl avetate,

is also an option. 4. The fornulatio ont ai
butyl whlae, sohlaeriets. APy lacqiate, ta@bg@a@hﬁ cfher, btlltaaoll ropylen glycol,

ol ARSI Sl S LRSS B

acetomﬁdmmﬂiyl sibfoxfdenditrethlyy formamidef ﬁh@&ﬁl}i)&rohhﬂlbné; a@yﬂeﬁxﬂﬁxﬂ toconut

fi d h |
o, caigp b five B salo5Y G colirec£on Hebhelh i 1629mcwn G2iG2Guletones
C3—02@aﬁ><ﬁ9etﬁﬁhr&w%1ﬁc§1@% i o'te@ﬁ?rd}ﬁbé?ﬁbﬂiaé{-oﬁétﬁcef?}drécﬁﬁaoﬁ? "ﬁ%ﬁgex%%d

di agr am of mul sion (el ectrol ytes, etHhan
hydrogarkony, d-Empegssi Qﬂn@lnqﬂlﬁmsthwnﬁm thediget he rati o between
the various conmponents to give the optinmal drug | oad.

TThel{6t neﬁ‘xg@flﬁ AROAHDFRIMHA ! Bt&ﬂﬂ ul&l ?h agpf]é%gss Rffould be such that

per for at a temperature ot
does npémrp‘aplmt@dmng the ouitchd mmmg af ‘ﬂlﬂ‘ﬂtg thehevapdnaﬁen sthgeg Thore(a@dithany

s o AR OORLLLBER, AR o 30 00 5L P

enzymes) 1awc%1(tﬂmﬁnt@s¢iﬁrsay pfoteind afd fetike.(i N et hoxyl at ed
surfactants) to change t he systen1fron1an 0|I-|n wat er

ter-i m.cro enul si ossi bl e
tﬁ"efa\éka g q&?ﬁﬂﬂbﬁé%‘?%ef{tlen FlFféﬂ‘g'Eﬂ ‘iﬁéﬁhle Bﬁ &n?wsldrfa@mg oil-
in-watérGnidf defftlsidrRin the 983Rtd S dulithite OdsuliGafiaHd sollht, without causing

particular, addition of an oil such as Soybean oil, to
Pr%lpléﬁmaﬁ’é theglrag or thp ot (ibpresand The Slp'f@ta@@tcan e nomiougc (Twmn,
n t d red. 3
Span, G AHon ol RS sl R A D PRy NI SR
deoxydhelatds, %Ey Et’&x’&’)soatps, antiehfsldtev,&jatlomc (dagﬂihhﬁthy‘l\/alhhlohimﬁl ¢hiotitle, and

the liktga oF Z\p\iﬁte%(o)gi% (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 crystalline 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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60 10. The stabilization and solid-form properties nmay

be altered by the addition of a water sol uble polyner

other than the protein (CMC, guns, and the like) to

t he external aqueous phase of the m croenul sion. 11.

The flow properties of the resulting solid form powder

may be altered by addition 5 of colloidal particles

(e.qg. silica) as a filler, or addition of

I eROGsHVE '

Pl AR S AL hcplltites i yoph BB e
require ghefadditionaf eryoproteatiheagsatst such esmaniidl dacpmef oninD lagds; Ipeoteins,

Eﬂ! Lfi stage in the conposition range in which
poiysag %Fééral-%%heglkie m croemul sion is fornmed. The process

can be used, for exanple to formextrenely small
pIth déar the thegaineipbdselsscrib8d mxaiihentian BineRahpliédin soferal
rticles, of | osporin A 115 ng Cyclosporin A
Vmathseo S RGPS H?& butyl acetate, and mixed with 2

gr.ans e PBrmdtioh oF ﬂ{elﬂrhé’ﬁarﬁéles-r Folafy 88 1r?&uééﬁgofﬁlﬁﬁ5§9%e

cl ear systemis obtained vvater I s added

- microgRHaR §ea PiRpg selvent, ghwhigh §1¢§R L is mlwldar Fagiekarnpleyid thersolvent

has a IH%VCSBRE)HHJ/ f @E’t f&ﬁvﬁbﬁ[ﬁ&SlPﬂeqﬂ t%flgte % %?oe%lﬁ%%l 10 );g%he?ﬂ extent

solution is
thatthbemimuﬁswﬂlbagbib{xrytsm‘ihmtitylfﬁlneuhuﬁtyﬂ acet ate is renoved

at, 40 C,. 80 .. The system becones
c%nm e ﬁ%ﬁ‘e"ﬁlﬁ optigyally fh ﬁ%@ﬂ@géo X ctaptran Pg gerpgyed by
using PEdclne éﬂfabﬁhﬁﬁhﬁﬂ dsRamt IRSIAPHe dhig. Was found that the
Z-average size is 25-33 nm while the size by nunber
ot vo|Ih?éue?ﬁ@@m|aa®9¢8@rfa¢tgnt@mﬁ)@begemnvedrw ulmﬁltratmesrhﬂe using
rosc
flters RS £ R Y R R MG b RAE Mipic 0l Bl g tion
o’-f cr yHIeefbmmmalcmanay @inesn ol eompepent v@hldpﬁ’é at@@ptablk for the

okl S TRBRE o LSRRI, 5t e g oo e

their repiidval. ned, vvhi ch, upon reconstitution in water, Yyielded

a clear _system simlar to that prior to
130phi Sinin% ¥» Gasurfppiants shat pe remginza theyfinah prpduct, such as glycerol,

benzylra%ﬁélsétbtﬂ—lﬁfﬁeééﬁm e was 25 very simlar to that of
the original formulation, Z-average about 40 nm and

i anetldie afigition bivesicuawdiensotiige meblegtiles phichamagtttenthe phase

dlagrarill?)féé quéﬂ)emEi(s on (Iefégtiolyé:s eth%%glre%c grﬁogsflblem{ﬂ %El%rolfmge aw ratio

ospori
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 is 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. '
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119 ng of Cyclosporin Aare dissolved in butyl acetate,

and mxed with 2 grans of a 4:1 solution of Triton

X-100: propyl ene glycol. A clear systemis obtained. 7

g water is added dropwi se, while slightly shaking. A

clear oil-in-water mcroenulsion is obtained. 7 g of

1% casein solution is added, while slightly shaking.

The system becones slightly turbid. The 5 sanple is

did ut . | Qr vent. evapor at i.on,

Th buEheabitllit W Bl B BoplReS Rt BE USRS i@on of o
water Stubterpblymeil bibersthiat hopheio (ESI(E guipk.eind e 1ilepRrthe Sttkisal aqueous
h %&gess al i@ ﬁi elded extrenmely small nanoparticles:
phasc 51 G SPI9E™US%"m  and di aneter by vol ume and nunber

dist riDw fleRplopertids Sithe f@@ﬁuh% Whdkorh $ORES Y t¥f alleRA$F addition

nanoparticles was | yOEJhI l'i zed, after adding’l actose
of collpig} particloy (wg. siicaias & flles of addlitinnt efireeanstitaisonintisdggbaneration aids.

j ch, ' q [ 4 el ded,. | ear

oyt orn HEAR pRAAPE itdlib &l s e fhon b HETRIGHE G vater

solublpparticles, evhsle performitdihs enmisdiivativh shgdinsbamingposiion ralge € which a

w8 oS b e S e R vty
small stoteid hddparaass bet ween 9-11 nm 15 Exanple 26

Cycl ospori ne nanoparticles M croenul sions were nmade

with the follow ng conpositions: 50 ng Cycl ospori ne,

0.5g butylacetate, 3.045ampied? 80: propyl enegl ycol

(1:1), and 6 pRdrafieh Bf Narklberis oP EUbslonl Avas

evaporated to give a clea qui g5 nmyn

of cyclosporine. In a control experinment, 20 perforned

v [oHng faclagpetie AcorgispdvrdsindymEibityl ecetrits iand mitndiwith 2 grams of a

slobtaxlr]o

. i . \/ A7 .. r .
1 sollt OB ROPR o, X PRl i sl B g s addes
dropwisesehileislightlyeshakiog. Auddanaoil dmntsgiter nficloadulsidn fodbtsiacd) atesof 1%

i URST 10580 R B3t BRS8N . s b

' ace.tatdils fgkoved ﬂp@fdd’@]b,sat Upt Or InESHe. TRARRISRLLME &gkl lear.

etc.), sodiumglycolate bile salts,” ethoxyl ated 25

stor.oil, sodiumstearoyl-lactylate, ethoxylated
fCPFTIEE W HyTGapured bR aReiPR pIEltipntspecifosestipy] 4t was found that the

Z-averhd®'dide)is 2594 bﬂﬂhﬂﬁgﬁﬁﬁlze%ylnﬁmgﬁor(\rg@e distRHutdiSs IOhKI% nm. No

, so, in general, biopolyners such as starch,
particlegarase phserved unddroptical avi¢rostope.ewr endsr polasizdidighs eThis Adssld
ST L i.Qn all acceptable food grade
1nd1patésﬁt?1 acﬁ%é%eta}gs%%ﬁ’égﬁédgp&ég “as wel | as surfactants
presented i n McCut cheon Handbook of 62 Surfactants or
Qe AqliddbspersRosHithrse naopativien vas biophitised, kAatadding 14cdse (2%

the m croenul si on include
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
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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propyl ene glycol, ethanol, glycerol, butanol, oleic
acid, and the like. Examl||l e 27 Preparation of
Nanoparticles of BHT 5 110 ng butyl ated hydroxy
toluene (BHT) is dissolved in 1 m toluene, and m xed
with 2 nil 4:1 solution of Triton X-100:n-Butanol. 32
g of 1% casein solution was added, and a '
m croemul si on was spont aneously forned. The
o R T ERAORRER £ AR LU Rl € S ibye R Ml of a4
soluticprnd TriganuX 1 10Agropatent glyes!. isscle@-systomringheaidl. rihy wateaiveilded
nd _punber .di str.ibution is 16. and .15 r
aropw ¥ Y Ble B ha B A et Bl ks BermicB s obtainéd ™ g of 19
casein Malnt@aistatlddde s/hidé s1BiHTly AhdkifiC B s§éterh bagonieR slifidty turbid. The
i bed in exanple 24 was perfornmed, while using

o]
sample s ipted i jo¥ dhwalsh, PESS s lvee) dyepesaiona ke buisy apéitaisirgRoved in a
t | ST i .
rotovaplat 40&, @PnATRIEOThd eﬁlyt%t:&ﬂésbc%g@gsﬁeelﬁ Egﬁgrléhég@ébé}g alRo Paelded

-average size of -10 nm 15 Ex tron o
extremlyrioprdirmahepagticlest ZPaskigedfaim, 30d digmefer predlnmaxed nwvebe
-1 Gk SSOl in 2 mM butyl acetate, and added to 4 grams
mmnb%?%ﬂgiYS$fiton x-100: propyl ene glycol. 40 m water
wer e added, and the systemwas slightly turbid. After
eNlmpoual dispersidohe tsoss hempheicka®vas bphiib&l, yied sdding lactose (2%
y Z-average size was 6 nm size by 20 volune and
WW)- nunbered distribution was 7-9 nm The sane size was
neasured after one day at 4C. D. M scel |l aneous
Ex a/ipe, esliRalaRyiangad dhtahdd, MaichOslon bcobRQIRA thivedt&, vielded a clear

: F ti le 30 ldentification of M croenul’sion
systempﬂogggr igr tlgl% S ALIRN oy i

| B PEAGo2porbdiraten  Therarticle €2q indis recoadityipd eample was

close td/ {Hal 6F tHR & QRS SR ARn 2—%‘;%&15@&1:10@5 B8, i didnf & ty%olume and

obtai n nanoparticles by the“solvent €evaporation
numbepgisiibutionfheeccn 8ridowit | ons shoul d contain a 63 water

m sci bl e sol vent capabl e of dissol ving hydrophobic

nol ecul es, an aqueous s@l utj as the continuous

medi um surfactants, an k%%@%%ély cosurfactants.

M croemnul si ons of lytlpkporime hakdpaititlegat er can be forned

at various conpositions which are described by phase

%:mgﬁ)re%%io(nbm elema‘ril eevtvﬁltx ﬁ'lelfg‘lloc{mliigg gc')rLf;o%l 'o%g’: §(? lln\é%ytclovsmpég]ne, 0.5g

accept a
butylacetate, 3.04g Tween 80:propyleneglycol (1:1), and 6.8 g water. The microemulsion was

evaporated to give a clear liquid containing 5 mg/ml of cyclosporine. In a control experiment,
performed with the above components by simple mixing, but without butylacetate, even after 17

hours, cyclosporin was not dissolved.

There are several possibilities for surfactants, including polysorbates (Tween), sorbitan

- esters (span), sucrose esters, lecithin, monodiglycerides, polyethylene-polypropylene block

copolymers (pluromics), soaps (sodium stearate, etc.), sodium glycolate bile salts, ethoxylated
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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5 residual concentration in the final product).

Furt hernore, both surfactant and cosurfactant are

used in food and pharmaceutical applications: Tween 80
(et hoxyl ated sorbitan nonool eate) and propyl ene
glycol. Prelimnary experinments were conducted by
usi ng BHT as a nodel hydrophobic nol ecul e, yielding
di spersions of particles in the size range of 20-50

Surfad@:ﬁits NMNEBTA Idek ! P@:Jsib@é'bcﬁglv@xtgomofsﬁﬂf&%% of"ﬁlg li‘ﬁmrl)@x?lﬁ’sf?)g include

he BHT passed the nbr ane. Phase di agrans
propyk?:m Ploeal @bﬁmi:rgé‘)tcﬁ@hémtmols gkfmnhnnd thedilef act ant were
obtai ned by vortexing the solvent with a m xture of
surfactant/cosurfact ant d prior to the mxing
with the solvent, at V&T“%%I‘%Zﬁrj;tl os), followed by
dropwi se additi drremafratimtoéit\{an&ﬂaeucﬁesrdﬂBHTy of t he
vari ous conpositions along the "water |ine" was

P 5 s REPH5, Bha Ebpe gristin

ml 4:1sohitibe bf T1ﬂt0nB§AlOG3h—fletzmaI | 2UBof 134 &SN Eidh WRBhdded, and 2
surfactantl| cosurfactant, the areas in the phase

microgpulgipn ias JoptaResHsy tgreedy hesripoemplsieg wasraaparafedhwnder eguced
pressuféi’ Bb Mm@H%nﬁMb"@ H.{K'Bf‘ft b@émﬁe@‘?ea? e’![‘ﬁ&&f@oﬁﬂé‘%%ﬁﬂ%\gaghﬂlgsé is: Z-

ded m croemnul si ons) same procedure
averagﬁféﬂ ngyétaewtﬁr DM Vﬂhﬂ@fansmnmghsmlwmnue 6 amd Hutm) respectively.
acetate prior to conducting the phase diagram
experinments. The "filter ' of the m croemnul sion
and nanoparticles whi chi%%nh%—%ithe BHT, was 20
eval uat ed by coBpgraratign bhNatdpashebaof BHIN spectra
before and after 0.2 mfiltration The nanoparticl es

VR R B YRS KRB s BB B e
mstead dircaseginsuliitionh & fdh @{f@oﬁﬁl@ﬁ es£)°0osthinghHE N kyseavbaaRR klear,
gz&e used. . The m croenul sion systens were identified
having g7-ayerags g Wel08BF ul for oral delivery. n-Butyl
acetate was chosen as a solvent. The foll ow ng

- surfactants and cosurfagxa,g?§29ere 25 eval vat ed at
various rati 0s: Tvveen 8 ycerol 5 1 Tvveen 80 :

G ycerol 4:1
A ycerol 2:1 64 Tvveen 80 GI ycer oI 1 1 Span 80
gOMﬁ@B@acﬂta%el v@?@&xs&a@ved% ¥ %ﬂrbg&yl cetate, AT R0 4 grams of 4:1

Pr opyl ene
Triton x-1 00 propylene g?/ col. 40 mI water were added, and the system was slightly turbid.

vm\

After evaporation, the system became completely clear. Z-average size was 6 nm, size by
volume and numbered distribution was 7-9 nm. The same size was measured after one day at
4°C.

D. Miscellaneous Examples Relevant to All 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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5 Tween 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 : Propyl ene glyco
1:2 10 ((Tween 80 + Span 80) 7:1) : Propyl ene glyco
3.5:1 ((Tween 80 + Span 80) 7:1) : Propylene glyco
1:1 ((Tween 80 + Span 80) 8:1) : Propylene glycol 4:1
((Tween 80 + Span 80) 5:1) : Propylene glycol 1:1

wate | : 1uti
s EgR8Se Sy CAS IR B YGBoT ot MBREAL) o kBl Biion s e

continpaesamediomagirfactants.faad passiblp peburfpctay.l ene gl ycol as a
cosurfacant at ratio 1:1. The full phase di agr am was

e . .yl
o D RBioh PO peqUENETAE Sk i g B Gulites whion
are deywribed by pha_lgﬁ dlagmm (biatyydceateah falaglﬁdﬁrhstsel%ntmdﬂt/lhgh acceptable
cetat e se dia or these systems were the
rsido i enBrae o i ST e e e o By g ctant o
used iR fdodlanll pR&aTadéifical BABRMALISHL: ‘TWARY) &H&ﬂ&t&’@éﬁh‘b%ﬂﬁ%&no&leate) and

wat er was eval uated further. The neasurenent
propylsas glyeqle Prdlimingry expepignestirmsirecashpied by usive BHTes 230wl

hydroﬂﬁ)%fc%(%lga[lé F))r%idmg & %@5% e\ffﬁxglﬁgeg ;]; 'ém%g ranfgo ?»ﬁg@ Sgﬂm After

filtratipn by 8 2qumvéiters CibduiCt08el dfihe BHTagded ltﬁbiﬁéxﬁﬁla@e dye, Sudan

11, at concentratl on of about 10 ng in | g butyl
agfta e 5@6? aceﬁate, % surfactant/ PG 72%
a8y f1asy 1ptions of surieptapisosurigeiant MstRRbtainldy

 vortexBRNBOSdn€ L@ afnﬂkfﬁ?é 6f‘%ﬂrf9crté}ﬁ/%§§zrﬂ@{§madpl%9fﬁ@ ?ﬂ%% fh ng with

BHT at concentration 100 ng in 1 g buty etate
the solyprsat van@grratmsb deliawaddysirenveng mhlstlcuhslfevamrn dle tuﬁadlty cil'the
Q< f nd| n
varioos b Blion SROHE 0 At L OB cRet0Et ARSI R At vieidea
transluBeﬂf syuttms Wen&cﬁmltee dnal{zbd by dighf scudrivg. Byusingddadoustratick®df solvent-

sutue e o s e S Bbsei » Bk bl i b

identiffEAqHAY aGmall nifmBér of eSRRIAH cORpSHenRUSATed thicrdMafilsions). The same
observed. However, when the sane exXperinent was

procedyie, Wasr e fopsyshensHT “(111@03% veitisselvel iy buiyd actainprier. 16 copducting

the phRE di wrfactant/ PG no dissolution of BHT was
P obslea ved. pfﬁt tﬂgs st age evaporati on was perforned

%;mper ature 40C, pressure about 60 nm Hg). The
filtersbility off tpamiciasimalsidwadmenoparticlsaniptiespntain the BHT, was

evaluated by comparing the UV absorption spectra before and after 0.2 pm filiration. 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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was performed before and after evaporation. Z average
of about 20-50 nm and 30 nmwas found for the
sanpl es before evaporation and after evaporation,
respectively. 5 The sanples after evaporation were
filtered through 0.2 mfilters, and the concentration
of the BHT before and after filtration was neasured by
UV absorption. It was found that there is no

dirhbel ancerybgbiveep the two sanples. This result is
obviously an indication of the very small size of the

Bgﬂ'aang%grblcl es; Two sanples were prepared (the
o) 1100 9f tHese sanpl es: sanple no. 1. 4% butyl
1 acetate; 14%surfactant/PG 80% water; sanple no 2:

Bﬂﬂeg@g’o@% 1@[@ &queltate 5% but yl acetate; 18%
Y\%tler) Exanple 31 Alternatives in

f [ nt Process equi pnent used to
éJeg(pjtfﬁ ﬁir ctﬂlifpgﬁes will be scal ed-up for
clinic Rl; X %\Cgé e.

1 There are several
aylenelyeehilel i n the choice of larger scale

tPr?@flene@%? I¥M pr oduction. Some of these
er nat | Y listed bel ow. Equi pnent Category
AE%%% E EB%‘%{QS; 1I3’r ApYishe glystle M &, Rot ost at or
englyh 13 : Bewvlsresbyeel gh Plessure
%Tma@ﬁ%ﬁean(fs@@slﬂ. Rropylene glofelui di 4%, Stansted),
SERveem &5 Spanct) 5:13y Bropmispe Sotelent Rénmoval Equi prent
Rot ary Evaporators, Continuous Flow Evaporators,
Wipeea 86i:I( (ﬂ)w&‘p@@ﬁ@}é Glyesht: 12y apbit at or s,
Recirculting Concentrators, Utra fi Itration
I 4 , [ #
OR YRS oS RIE ik KORDLY IR0 1 Y LOXEH Rt g,
propylﬁre(HiY@l Yaa c&nsuyfa@fnt Mocpter 1:41 §' hé& ﬁllﬂiﬂﬁsentﬁh@mina#zs eusiegted o the

sYstem n- Eutﬁlé %@%‘1 e, ﬁ'lgvggn ﬂ%&t}),}r@? Y S%:at;/t;g ﬁ%ﬂ? X(?c{ltlonal ﬁéf/en?sewere
tested: ps%l:-)blﬂt’y@ B(}Hta&él End ﬂéﬂl‘tﬂ@d addislet Tﬁ‘e f)ﬁalé@dlagl%s @rakse systems were the

St.andar d _nedi cal
same as for that with n-butyl acetate. The system n-butyl acetate, Tween 80 : propylene glycol

1:1, water was evaluated further.

The measurement of particle size for the sample 7% butyl acetate, 30% surfactant/PG,
63% water was performed. Z average of about 20 nm was found. The nanoparticles formation
process was conducted for a water insoluble dye, Sudan 11, at concentration of about 10 mg in 1
g butyl acetate (5% butyl acetate, 23% surfactant/PG, 72% Water). Particle size of about 17 nm
was found. The nanoparticles formation process was also conducted for BHT at concentration

100 mg in 1 g butyl acetate. 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 IIT and BHT were conducted. 14.4 g of water was added
to 10 mg Sudan Il and 4.6 g of surfactant/PG was added to the mixture. The sample was stirred
for 24 hr with magnetic stirrer. Dissolution of Sudan III was observed. However, when the

same experiment was performed with BHT (100 mg BHT in 9 g water and 4.3 g of
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grade tubing is known to contain hydrophobic noieties
on the inner surfaces thereof. These novieties are
thus available to come in contact with the injection
solution. Indeed, such tubing is 5 specifically
tailored, as are the catheters, to present hydrophobic
noieties in contact with the treatnment solution so as
to reduce the absorption of aqueous material to the

b noi.eties
surfack i BRUTEeor DY Y PE-BRRE” T G55 Fonfli Vs performed
(tempeatuned BC, pmhnungaboanﬁb mihhHE). CHhigpeneitsetfof paicltalide\f8r te samples
9@8 sult, a substantlalagortlon of a
was Pﬁﬂmg}? and Alier eHapaiatign. o4 Py Sragefi Rt Jeitnme4nd BE aByEas
found¥&aHEe @&hekdre bR otAHds and\BhdrevRiordtlg, ﬁeﬁ@cﬂgel at heter
10 and delivery vessel. Consequently, e dosing of

¥drophob|c phar macal ogi cal |y active agents can be
hesanplessiltarevagorstion warst ﬂl@rec#jbmgb fA-2gim filers sganditheeconcentration

orbed to t he t.ubi

of the BB berbR In S A T AR RSBl B TP atifergn, s ke i there i
no diffeymhce pétebercthp has saase0 ditgadekylt ﬁ@bvi%ﬁsly ag tdicatisn HSHBE vér9 small

é¥ g%pa di sease, a significant reduction in the
size ofthe BET RABOREdest act i ve agent can lead to a

therapeutic failure. The failure is part|cularly

STwb kaglchere p@dm{re@)(ﬂfég:ohﬂﬁﬁé’lﬁ&?éﬁth@se]s ?reg -Sdanf¥e ¥4)1C % butyl

uire that the active agent resen aboveé a

acetatss dupfasta G Bpi weie SFIHElﬁalpéutB 123 meabuty anctetenii butyl

acetatd 189, tﬁqﬂ i ntravenous introduction of a

. ydro:EtfﬂEﬂi g?%QgJF gically active agent has now
been developed By protecting the hydrophobic noieties
of the active agent, tﬂbmughaﬁbsociation with the

hydr ophobi ¢ Les of b|o at bl.e coating (e.qg.
20 al burmi n), tgﬁlaUVes nC 1ce 1 nt, gent to

becone attached to the tubing is dramatically
r Brderse equifithers usddnie ppodusetiie curestibhiches eilldial seﬁed-hp fofStinical
i,nation wt

S SR R AT A

CapxolMass®RStion. NSoMY SithdsBaltehiives lfe IRIQAREMWED and therefore
not absorbed onto the surface. The invention nethod

conpri-ses—placing—-a protective coating of a

SOBPmsLEatedony nol yoer (lEGiPment QRHP®) ar ound t he
RyEsBhobi ¢ 25 drug and BladaMirgrtRrsostasstMidiang
l’%@%ﬂ ediquipment hy dr ophidigh Preseirg Meniogen adrs (Avagtin,
system The invention |Mdicnaftisdias, Stankied)e BomieatomfHbite
of inproving the delivdrSysteinsa vari ety of hydrophobic
SolserFeutavekEquipaent | y € BaaryPvapdaietsy SotifoufBlokd t axel
67 Chromat ogr aphi ¢ Syst|emapbiRlos, VEPLATBRAE vaforb@ASFlash
Sol vent Delivery Syst €M Evaporators, Recirculting Concentrators, Ultra
filtration

Dehydration Equipment - | Lyophilizers, Spray Dryers

Example 32

Intravenous Delivery Systems Formulated
From a Variety of Materials
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Shi madzu SIL-10A Auto Injector Shimdzu SCL-1 OA
System Control er 5 Shi madzu SPD- MLOAV Di odear r ay

Det ector Shi madzu CTO 10A Col umm Oven Col umm:
Curosil-PFP, 5m 4.6 mmx 25 cm Phenonenex; or C 18
Mobi | e Phase: water/acetonitrile 65:45 Fl ow Rate:
isocratic, 1.0 m/mn 10 Detection: 228 nmldentity
of Paclitaxel Bul k Drug Substance (BDS) The paclitaxel

: ' 99. 9% Ha .
B AR50 Sl PRI B Bk may b potmer
(e.g., eplyzetityilenas pobelinyldpat gobpsdehel mliigg,leahd fmetllﬂdg%,e)r anek. | SthelatEdedical
| of 1. ny

jnto.the HPLC separ,ately. . /m
- grade J]?J‘EE’IgilT S0 BNty Yﬁ!{?PﬁO%? meieites gy Pheiinngr sirdacpsjthereof. These

moietiBPat tHud % edilabR W86 ioBELEHith Ha8niE&IRANbIEBN! HiBedbudiNBbing is
dom nant peak of paclitaxel BDS matches the retention

specificaletaidrod, lie apshe Fatlstess, te prasent hpidroplobic-moities inRontertoyith the
3] Litaxel BDS and, standard

Gl sp R e T i R e Koo BRI SRR, frowerer,

any hydinphebic Totipoirethe yreaimepaolutioaxell likels bitdrto voth thasitt@ubing

R N R MU CCN JA

pharm&daRRandadielab et bechRWEdeYeRl @ tHenRt wRASHf ha¥Bing catheter

BDS The chronat ographi ¢ system described above 1s
and deliygsy pesselo Coppagmetlyn dealosing bf hyssenhobicomawiacalogicaliesctive agents

o< M0y gy T o R Rl A AL vt o

the tubkigl (n snyjtsdagtherapsutioti@uhes, wher thbkyddbplobichamaplogicalNy active
t.glr:!ofi Iﬁ_ vi\:/as.25 det.erm ned .the relative pea§ ar ea.

agent A\ Bpat B Ay 2 EnBgurrdktion Gy eripss st #ie agent can

lead tostthctaitle S@lubd. I THeFailBOis phtulabig QirilddPwRGHenlH Oyig Hkkabentic

. .were prepared by quantitatively dissolving paclitaxel
moictiggrydiichregugg-ibat thy petiveapsas by presempbevs amsrtaindevelitystithe therapeutic
windowd dafwl © - 100 g/m in paclitaxel concentration. The

standard sol utions and Capxol TM sanpl es were spiked
wi t h cephal omanni ne as an internal standard foll owed
Byn®sl ngthp ferdhEutraeenpiipntroducion bfjuhydrPhladi fhatmanoidginlly

active {3 iR Bl P Ween RARALEL %Y plolleRlE i RYBopH il FESerdeSOr B0 abdlve
agent, through association with the hydrophobic moieties of a biocompatible coating (e.g.,
albumin), the propensity of the active agent to become attached to the tubing is dramatically
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 Analysis of Paclitaxel
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preparati ons and Capxol TM sanpl e preparations into the
HPLC to neasure the peak response ratio between
paclitaxel and the internal standard cephal omanni ne. A
calibration curve was generated by the ordinary | east
square regression on the results fromthe standard
injections. The potency of paclitaxel in Capxol TMis
determ ned by conparing the peak response ratio of the
ChromhtbgPHRR! §stei:€ctions with the standard injections.
Impurity "Profile of Paclitaxel in Capxol TM Capxol TM
was subj ected to the Solid Phase Extraction or Liquid

HPLCphase mpdestliohOAs Selvendddingrydessisme i nj ection into
the H [ paclitaxel extracted from
Capxoﬂ?’%ﬂa&g émﬁbécjt\%t%%go&% hvest i gate the inpurity
profi IS&nmsdzatSﬂlelOASyﬁezhladehlase Extraction A Capxol TM

s el M Ay Dios S Mol umn. Bond. B ut |
(C 18hih&dAQ-DATRMM DPeat er . The col umn is

. | oaded with the sanple which is pulled through the
Columgp| umClwgalthPa Sy A GrmmTHES el imomencxhaC-8ished wi t h

tion of paclitaxel with
MObﬂ%m@% on| alg%%ﬁrﬁéégﬁgate cont ai ni ng extracted 20
Flow Ruee | | tl:ﬁ:X:ﬁithJ ho attatipnotrile is injected on the HPLC
hase Extraction A Capxol TM sanple is

Dete"t‘roécongtzgtnﬁ’t ed to approximately 100 g/m in saline. To
IdentitRBPPRKtABE BN D2EDSikiaAte gzhb%) sanpl e is added 800 | of

acetonitrile. The m xtur vortexed for 30 seconds
and t hen centrlfuged at 3,000 g for 5 minutes. The
ks epeltiwsh BDSsaﬂﬂémﬂéhtaaﬁ@tazQardéW 2%t BauseMGhenpionl| Retsedreh,

INC., E&%#@?@ﬂ%&r@ qaé}ﬁltéta@@ cﬁé&lﬂv@? u???:gtotnﬁglee 58 cttef'cﬁn%oﬁtéeﬁPLC

repeate secon er na I'S poole
separaté]yr so m ShEOp mg/lﬁhbaektaﬁa(BDFb sndcC TG E6L 2.6 £ig/nilystandard paclitaxel
tion  fol |l owed % injection on the HPLC. 5
were “’B& cgetgniiopdppg of the dgmigarpsulk Pftﬁ?@lﬂ@ﬁelt%l)m&cbw the retention

thneof@é%zﬁ:!h%cb%rﬁ%q{rﬁﬂ%%ﬁ (PCS) The particle size
: di stribution of reconstituted Capxol TM was anal yzed by

oton 5 correl ati on spectroscopy (PCS) on the Ml vern
POteﬂCZ@f%@?P%P BRA| vem I nstrunents Ltd. The Zetasizer was
cal i brat ed by NI ST traceabl e NanosphereTM Si ze

%a peange Bﬁgkasd §Fah@zﬁ‘ £ah€axeqaae%@&wﬁm tﬁ@ %@&%Mn%ed

for neasuring pxol T particle si"ze on
above. Ade petepey of pachtaxel was derived based on the peak area ratio of the paclitaxel BDS

over the standard paclitaxel and the known potency of the standard paclitaxel.
Impurity Profile of Paclitaxel BDS

The chromatographic system described above is capable of providing a high resolution of
taxanes, 10-20 pl 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

determined by the relative peak area.

Assay of Potency of Paclitaxel in Capxol™
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i ncluded setting the foll ow ng paraneters:
Tenperature.: 20.70C, 10 Scattering angle: 90
Refractive Index dispersant: 1.33 Wavelength: 633 um
Vise. (Auto): 0.99 Real refractive index: 1.59 15

| magi nary refractive index: O After preparing the
Zet asi zer, next determne the dilution of the sanple
needed for a good size neasurenent fromthe kcts/sec

CanE R [uERSIdo 180, ALY B0 Pl UK, i,
quantjativelyl chgblvingl paelitagk] A inl 3% HIS\Aat’er)CapEd)lm Eanil&s were diliied in
ol der inside the Zetasizer and start

to the
Salmelﬁg ai?ﬂ %%F%\i ﬂ@fﬁ@égﬁﬁéceﬁﬁm erhetandqrd selytions@nd f@pxol™ samples
were SPPFaSif &Ehzﬁpfﬂﬁtﬁl‘ﬁjle aﬁ%t@%a%%ﬂd@t@gﬁ%%d 15{ %ﬁplggﬁ%%é‘%’ctmn or

choose play rate meter
LiquldrthSﬂ rirantige (0 @elow?.Sﬂeﬂeﬂteiy fgect eqial volamea (20-30sulpof the tandard

prepaigf Oyl Cofrt T s eiepBE o ety BeRLG geppe (e pealdesponse
ratio Heﬁﬁ&ﬁgﬁad:lltbﬂeeﬁhd e MtGhdl Maﬂﬁ&d%@ﬁiﬂ@ﬁﬁi}nﬂév A 3A6Ri8H Burve was

recorded by nultinodal analysis after three Auto runs.

generatpbbyrihs Rrdigary leeptequare ecerresion 86t resus fonf the stagdapdingdvtions. The
Ca
potenyof FABNBel ] Cobntt R TR erpita A Rl 0 ok ot 2l e

_samplﬁmmmmaswmmman&:&dmmre wi dely accepted as a

viable therapeutic option (at the present time, over
0 e t,r.apsf er..proposal s have been approved by
hnpurﬁl?’ and?foga el]’?@\sé} boards) one of the barriers to
overcome in inplenmenting this therapeutic approach is

t Oepxol™ wistsabjeded © HSBold Plakse Begdotibs of Diquidase Extraction (see
' corporatlon of‘ﬁenetic material into the genone of a
E‘r

below befpreipictionntovhs HES. 49 bl phnb el Becliisrslextatiei romiaprol™
was m?écﬁa'ﬁsto ﬁ%&iglggg‘?% ﬁﬁuﬁﬁ, Ofg{%ﬁﬁojs b2l vectors in gene

herapy, es e treatment of non-Iethal,

_.non- %enetlc dlseases are unaccept abl e.
Solid Rlgso Exitassioel y, pl asmi ds transferred without the use of
a viral vector are usually not |ncorporat ed into the

SRR e 3B ) B i e

extractior @limn tﬂmdkﬁmt}((l—fﬂ) t&on&t@ﬁﬂm’vﬁll whiefl Tiad doiini & 1bAARd with the

|on f gene therap as
sample nBJCﬁ i pu le throug?l thegcolumn using a¥ra<:(uum The column is then washed with

water followed by elution of paclitaxel with acetonitrile. 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

. approximately 200 pl of this sample is added 800 pl of acetonitrile. The mixture is vortexed for

30 seconds and then centrifuged at 3,000 g for S minutes. The supernatant is removed and
collected. The peliet 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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10 well as antisense therapy, which is a reverse form
of gene therapy, where a nucleic acid or

ol i gonucl eotide is introduced to inhibit gene
expression) has been the inability to effectively
deliver nucleic acids or oligonucleotides which are
too large to perneate the cell nenbrane. The
encapsul ati on of DNA, RNA, plasm ds, oligonucleotides,
enzynes, and the like, i tein mcrocapsul e
shell's as descrlbed heré%%‘é§%£$a0|lltate the|r

t ar get edartisld Sieg  Phos > %

| ynph and bone marrow. Th n accor dance MAth t he
present invention, such bﬂgggglcs can be delivered to
intracel lular | ocations without the attendant risk
dblsqeirtitiesizedisthbitiven ofrs@nstituted CapxolBTk ey alyZéd By phoreh

corre i 85 RPy i e bRl i 1SS erreNa Y tastmyite in e
Zetasifdr Q@Q caibrfaldy RISTRaesik NaRbsphdier M'ﬁs?e Sﬂaﬁ&a?ds'@ﬁnﬁ!: Scientific

cells by intramuscul ar injection, by di fect
Corporafipic Therosaduts formensiiring ﬁaﬁvmﬂ"’ma@mle mﬂhg Mdlvern Zetasizer
ucl ear receptors can be used to
Hwhﬂ@ﬂ%hggghfﬁméﬁé 8ﬁ& te% product to the nucl eus of
certain cell types. Diseases that can be targeted by
Tempasatute.: dﬁﬁgfﬁucts i ncl ude di abetes, hepatitis,
&, cystic fibrosis, nmultiple sclerosis,
&mﬁmﬁ%ﬂﬁ%rs I'n general, flu, AIDS, and the |ike. For
Refracixalidbedispdrant:ges® for insulin-like growth factor
%%ﬁ?- can be encapsul ated into protein shells for
Wavel 5 for the treatment of diabetic periphera
Visc. (B8 Q?OQgphy and cachexi a. Genes encodi ng Factor |X and
or VIII1 (useful for the treatnent of henophili a)
Realr@é'l@ﬁtl‘t?emdf&r det%d to the liver by encapsulation into
capsul e shells of the present invention.
Inmgmgﬁﬂ%ﬁ&ﬂvgﬂ eagene for the low density |ipoprotein
(LDL) receptor can be targeted to the liver for

tAleaprapatingthe Zetasizasodxe desinsindthe ddngapsuhadangle ndeded for a good
rotein ul e heI s of the present invention.

size b R b HELCBEER TROPES (eafhr Bkt 300 8 of e Biuuvett
then diluiV &1tk h}?ﬂoﬁﬁﬁte ﬁﬁ oPfibs E.mr e tﬁ'ltEﬁ}éP at sﬁE ed @gtegogracg the cuvette

i nmune espons agal nst ancer ce or ex
into th&acntvbig@lmzldsmslrdeahe BiasiBT and etaxt msilrdayeﬂﬂl\lé\ne@m meﬁﬁdelhéht starts,
i ncor dinto rotein she
the CofgifloF e Tt ARB i SaI Par PP ™ R mot. Shooth AREIHY Jais Fietsra The rate

should bH ifDthe (fedidbh RBgal Bk zsocka@xaeé I e id éithtef‘f%othw ,tod RS,
antigen will recruit to the tunor s&p0|f|c cel

PfeParW@ﬁf wrplettdighseon lover dibttion yespedtinely. The gize of lLec@)stltuted
Capxolh‘lﬂ a’tas ﬁrﬁﬂﬁ@& AvB8edd YR ec%r?eﬂrbqr%ul{n?ﬁ) g§ s SR YERL Auto runs.
As “anot er exa asn1 al ni ng
The mq@:o pafltlghsslzcﬁivas t851aml ér?énmsfsnlﬁ Maﬂx&s of @moﬁén ome are
contenpl ated for encapsulatlon into protein
m crocapsul e shel |l s of he [esent i nvention. In
addition, protein nicro shells of the present
i nvent i diohoasriciBhells adCirfierd €br Rodynut et dCeHsirGets,

Enzymes and Vaccines
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10 genes to CD8+ T cells, for adoptive i mmunotherapy
against a variety of tunors and infectious diseases.
Protein shells of the present invention can al so be
used as a delivery systemto fight infectious

di seases via the targeted delivery of an antisense
nucl eotide, for exanple, against the hepatitis B
virus. An exanple of such an antisense oligonucl eotide

:o%ls ggﬁ%g}t’ PROFREAL elt \md?f}taﬁcép%dag% Ve %Q@P?udig .option (at the

I on Sigha he atItIS

 presertipieeover 40 blunan génetttaesfor mpmﬁalslhavemcmappmaeﬂ I@} NIH hel/or FDA

r elivery of the cystic  fibhr
rewevsfuﬁoglﬁ%sﬁmo gﬁ’é’ ogFrcP@gTrR)rX;agﬁgluﬂgﬁ% rqu%t}gl qparoach is the
reluctdnde o @e Wﬁ‘aﬂﬁ%ﬁ‘ir@ﬁ)r eheShddgporhtidd TeRetic\MMt&rihl ﬁﬁ@ﬂﬁ%enome ofa

treated by nebulizing protein mcrocapsule shells of

human ¢ell. Jiigsesare inhgrmtly gr¥ic. comsdhariskg entrdledimtie yeernd viralgctors in
gene t%éggi%)e ety ffrihdirdd tﬂ{gl&lt bPford- 1HRRE noﬁ %egé?i@{f%gseg AWe &a?geptable

I'"'vered using e proteln shell e presen
Unforﬁunwtelm plesmidsornsfardmilimnt thh @seofzyvin] vEhAses usnally ixe incorporated

ot B A S LB o A T3 Hpanice e
finite mm&b Pthp bed R TisusOA gaticfdl mitafiQfloaRe eliémer®MiondF t&h&%by (as
sui tabl e antibodj es to the exterior of the pol ymeri c

well aggpuisense (heegiynwhict avn v ese fam of gergiberapy.eheran wicleic acid or
oli gonﬁ&édfﬂfe hd ﬁitrU%C Stg gcﬁfeﬂigg)gteg%ngé(ﬁr&%oﬂm %@ {hg YIE{B Iit)(? I e%fégtlvely

used for

delivet micleivasndsug oligbringlotidesBxtuctpire t@Qatgo ¢<ap¢mmate Tireeczetl nagmibrane.

of Brain Tunnrs and Tunnrs within the Peritoneum 72

eu ant s lly to a
B P i GO AT R Bl R YoPan i Bl o TR, o
proteirdimnisgooapiul eshellnasdezintgd (Hle&ﬁl dalnl’fhdllltﬁ& théicl@rgtdiettitery I @e liver,

bj oc tibje materi di scussed above nmay al so be
une, B12E PR b G TN, S anCiS e, SRR TS S e

biologik O6Shd dHiQete@to MRREMERE |JRKRHs MRBIOYE FendRit sk gs%o&ﬁtgg\mth the
whi ch theggharnacologlcall active 5 ingredient, for

use of giga] rrgftersp déis typscef formvdgtidnelagibitates gim:nq;nyspgcuﬁc ugta]gemr endocytosis
of the Igﬂ%%c & ﬁ§ %Flk%gn{)rr%te Hb%d q&&{nﬁ% tlBe 42 g{er@S me[o muscle cells

I'sperse Ioconp
by 1ntramu&eulaainj ftc(lomrcm\biydﬁrea: iguctioniine dumse) Bﬁalehtfc@lt fivh@dlérmahantibodies

. of paclit for t treatment of bra
N ‘h%useﬁgqﬁaf%ﬁ Encanlptgd @6\33? e dueesof cetain
cell typ@gd netastatic diseases). Tenperature sensitive

materials may also be utilized as the dispersing
gﬁtrlxéﬁor t e invention formul ati on. Thus for .
SPTSANAL CAR OQ rasishon supgonsELgthingkide diapeies hepagitis,dremophilia,

cystic ﬁtﬁbﬂy Il sélf:ro%x@ Sah&IPRI RhULE NRCATHS, UG HEHET Fal éample, the
gene for msuhn like growth factor (IGF-1) can be encapsulated into proteln shells for delivery
for the treatment of diabetic peripheral neuropathy and cachexia. Genes 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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copol ymers of pol yacryl am des or copol yners of

pol yal kyl ene gl ycols and polylactide/glycolides and
the like) which gel at the tunmor site and provide sl ow
rel ease of Capxol. The Capxol fornulation may be

di spersed into a matrix of the above nentioned

bi oconpati bl e polyners to provide a controlled rel ease
formul ati on of paclitaxel, mhich through 15 the

LL jes _of .the Capxol .fo0
DORBE Rlrel ot U RS oo Pt b e RS whigh repiutate
the botlp s hiaiufe tdspeise aginstearlcetisellb. ORET exsinpleS AtgehP0kE bd MLASB7,
ed below Thi s _conbj nati on of Capxol, or_other
eﬂcodedwélhﬁ opfERAd 18 2 lemid crpbsricorPartestintoladiotety sbelpeihe present

invenfidadt i?lf‘é'ctﬂ% bffeRly b Q ﬁdﬁl £ a%glr%’daﬁéerg%éde)in {HERYmBE the
useful "for the controlle | ocal I ver
antigeg N@Hmcnet ‘@ﬁbtutlmmr mrﬁcsx-‘:ﬂs)whxchektvmghelwal of tytokines (esg., IL-2)
rltoneun1 ova n cancer) 20 and in
that e 36 (B B0y AR AL ARRENAM Hadl) TS0 Theoe
conbination formulations are not limted to the use
ofs paxthdrteaxaple griskntidyconeinihg pinzieds v thdadenviaskdciatdiviruy genome

e oD BB i O DA S o 0o, 1

additici) BRI ﬁﬁ@ﬁ@é}b&l&lg ShelQ & i3 %resk:ﬁtl‘iﬁvenﬁﬁﬁeﬁd te Redtb deliver therapeutic
Stablllty of “Capxol TM Fol'l ow ng Reconstitution

genes (oeBkT ITjcely fandepfive immymathsrapy againstayariey of smiarsiamsiinfectious
ggth sterile normal saline to concentrations of 1, 5,
and 15 ng/m and stored at roomtenperature and
under refrigerated conditions. The suspensi ons was
fRyoteth shellpef the prsgent @U@Btidnmanaisolbealstd dshar debivelgpgstem trefight
condition rt|c e SI nmeas
infeetiBlE San M LBEed by Bl B B En TR AR Bordcemalpgatst the
hepatﬂhsnB 36usi A. extingilé obaith o antNenderadighicledtit O3 ASm&§HIsphorothioate
er_these conditigns. This stability is unexpected
agmnmﬁ§e§ﬂbﬁﬁv@§@8%§§n 3 ob hedwpatiisdb¥irst ed with Taxol, which
precipitates in within about 24 hours after
rB6RnSHellH b tRO pbent I eARMUIBRISE usQI LML rd@ltnlréi?ﬁ ar @b B oystic
0.6-1.2 ng/m . In addition, reconstituted Capxol
fibrosig ‘ﬁrafkﬂﬂ@mbﬁafﬁﬁ%@ﬁ@e(cé‘fmd e rI@nnmpdao}cmrthJ@ gmﬁbqiqvglop cystlc

ﬁbrosﬁr%}génﬂ é}xjnsb l%cé ?? éltglg.{rl]léﬂlg &)rétle Sglfc%o%a éﬂ% s%gﬁégdﬂtrﬁl;{]@‘esen mventlon
contairifig ﬁlel@Td{ me,oandanhaehng dgectiyvsto tHaboaps. whi ch is limted
to pol yethyl ene infusion sets and gl ass infusion
Ca xU o

ni. t For, f.or
S s R Pl e DR RRREn SR s Ry e or
exampkyiheahheng EEBAseRHﬂSbe&nd@ﬁlﬂ&&d and delivered to the lung. Similarly,

diseas

* 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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the pr%é@ﬁ pEde ppxa) éor@wéqtlon(ﬁ

10 dosage can be filled in a suitable container and

| yophilized to obtain a powder containing essentially

al bumi n and paclitaxel in the desired quantity. Such

containers are then reconstituted wth sterile norma

saline or other aqueous diluent to the appropriate

volunme at the point of use to obtain a honbgeneous

suspensi on of paclitaxel in the diluent. This

r [ irect.l m.ni s

B%ﬁ%ﬂlgfcg%lﬁ&hgr?% l‘f.ll"tlc I H O%%‘Bﬁg ﬁ, l‘lgFlOI‘ IF]¥IEJ§ %:var{eﬁ'loﬁ q’or long
term e&pmckﬂbdhd drug wihilé uﬁmlﬁﬁ]zni@dﬁs‘etlﬁmtdlgmlaﬁéﬂfdct@ TheGars@bdiillc

be p ared a froze ready, to use solutjon in
ma‘ﬁﬂﬁ&%ﬁ&%‘i@%%"ﬁg&g A0 TRE ey FEaLRRY sigal TPRES Rchas B,
crosslk&d SMfhcRsRIkYd RUFHNES AR f‘r@mtvnﬁc}plﬁte bﬁé}hacc;'ﬂi‘%éally active

avoi ds the |yophilization step in the manufacturing

lngredmﬂécf@rs@iamvte nasht@?é@iymgub@rele@sqd@ytdﬁmmd/qr Idegnadam)nto:f the matrix,

Capxcﬁ B{a aI IS h%g aig\gghl;[ PP pacf)ﬁthax gq]ccr)]msetm%ﬁe 1Hatﬁn%1ﬁ% Proggée a SélStallled

releas@fonm}lbtlmsomjmbmd dor the sedtinent d@ibrdif @umolaxl tugoAUPithin the

perof SRS o e e e S BB LS 2ty

also b&Ri15R6 8Sthe AisPersink AR for ARULTRBR fdhruldibn C RAuPLP 9xample the
reduce the cycletime in between treatnents which

Capxol mhey b injsetaiin @digyid fpimiatigneofhetempenphiae soasitiue ineterials (e g,

copolﬁ%?@lsﬂo%agﬂﬁaﬁmﬁéseoq%r gcq?m%%% E_goly%l yl%lé%gl%(é(gr St gt weeks

I nvent IS C C
polylactrde}’@mhd& aall Itlm/hk&gwhmh mbﬁtehfelilﬁﬁc k1te\/z&1dtpr<&&den§@\kr réledse of

Cers. t he us f phar.naceuti.ca osi tions
Capxo} a@&aéaé’&o BBV HEE S fipdaduae T A o Gigymentioned
blocorg;aﬁuleqﬁlﬁﬁ&ﬁoqﬁ&waé a SShtRNEREL0Y RImIBKOH of p a'émﬁal ®hR through

Oral Delivery of EXU%S Taxol is very poor

beminpgyaciated witlepdcit sashlini lower

e e
T T
of Capkol nmthttrl chasotbérapaxticiapeneformpubdrsadildr he @H@h)l tth@ther Wlth a

| si on/ evaporat i rocess usef for.5
viocorffaib AR Sy g2 weetll BE Bespradlel stalighyenor
chemoftRfapbItRL dg0its WrttRaidesofid frah & ipihic BRSn 84 RS0l (Mvanan cancer)
andln§§hance the oral bioavalability of these drugs.

8l applisatignie othes selitiumors , Theprzsambination Hprmpylafions are ‘ot limited
[
o e R e N e RS Do RO R R
ingredignts inchiskigy autiindectiots, ithmunosnppiessives pad bihtwohemotherapeutics and the
like formul ati ons. Exanples of ion pairing agents include
" but are not Iimted to trichloroacetate,

trichloroacetate salicylate, naphthal ene 10 sul phonic
acid, glycine, bis-N, N—@xamp@Banlnoethylene car bonat e,
n-al kyl sul f gnat.es, X sulfates Exanpl es of
menbr ane per#e i e ‘ hr e not
limted to Sodi um
Lyophilized Capxol in glass vials was reconstituted with sterile normal saline to

concentrations of 1, 5, 10, and 15 mg/m! 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 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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Caprate, acyl glycerides, poloxyethylene al kyl ethers
acyl carnitines, sodiumchol ate, sodium taurochol ate,
sodi um t aur odi hydr of usi dat e, EDTA, sodium salicyl ate,
sodi um et hoxysalicylate. A non-limting list of
surfactants and lipids that can be used for the

i nvention formul ati ons have 15 been descri bed herein.
Exanple 40 Mode of Admi nistration of Capxol and

entlo formul at i ot e The. i nventj on
and o pFEAGREY AR e MR L élapﬁglpf IET IR dbout 24 hours after
reconsdtivhtithi 20 the rbddhiAtRIBOBShcettidhs of (6-1 2RR%/kd oneal

injection intraarterial i njection, intraportal

ection, PatIC enbol i zation, 20 intratunora
H @&t}oarﬁea?ns drPaeh Wi stabi inrserqero diffasgns pplyaierie pubing

materiaﬁrbhél'pik%ﬁ(ﬁi Silastif tﬁoﬂ'@ﬂﬁ/ﬁ!ﬂk Ay 6ﬂ1hﬁ:‘r:6thﬂ';k anﬁ%%?gg Ribtng

|nJeCt|0n |ntrat ecal |nJeC|0n [ation o
materiglswdais ipp mm@dvazn@cge olgrgiaxd! wihigh isHimitddde pOIEE&Erbhemﬁ.Blon sets

andg%ﬁﬁnﬂ%mﬁ%géﬁé to target Angi ogenic Vascul ature 25
I ogenesi s 'has been inplicated as a causative and/or

exacerbatlng factor in the progression of diseases
such as cancer, rheunmat dixngi¢®8iti s, and retinopathy.
We have surprisingly found that Cagﬁﬁi can reverse or
reduce the severiﬁﬁiﬁpﬁﬁﬁggﬁﬁiéﬁgﬂg itis as well 75
as cure tunors in animal nodels. It is therefore

pﬁslsdobis@:ré;ﬁﬁtﬂ aCapyphilizas ?@ﬂddr%ﬂﬁﬂaﬁgﬁ BuifabRCdizeY IThMs a ddsred
ective than, it is possible

f
o R G G eSS e i S

essent@Hy tal%laﬁlﬁl abﬁlﬁﬁelﬁﬁth%ggifgd uEtRIPS &R Bftaitdfi hrthen reconstituted
tide 1s argl nine-g I ne- aspartic amd?l ﬁ%
with S@E:ewonpdmah@e@ offietr Rqusions ﬂaarenatotﬂwappyopm;e wdureg atabehptdnt of use

5ol .ar ot.her. 5 y.the inven
to obtdP s KR8 el eBtinn o o5 Wil el Ele futon can
be dlrdaﬂy aﬁﬂmsmrsd wrashtibyt cithevsitjeoidl orBRRSH HethRAhladt . infusion
need thereof. Exanple 42 Use of Capxol TM for Treat nment
SelS. of Liver disease End stage hepatocel | ul ar carcinoma

-and ot her cancers of the liver may be treated by 10

AR AitiSH, T ApREI TR D prdplared RO b fidkdny rea&?’ﬁ?ﬁdezs@hhgﬁl in bottles or
directly into the |iver greatly enhances the dose

bags tl}aéyewldrb@ thayeedaf thetime of vseiand simalyradetiniperst e thepatientt Khis avoids
Ig Qﬁxi Jized to treat the
ﬂwly%ﬁ@gggé'%%?gﬂgﬁ?gﬁgentrg%m%%g suitabl e targeting

agents such as proteins or peptldes that localize in
Tt isevierst ugpsisingrthgt viden damiovention fibrtrtulaBapend Taor agradatisistered to

rats at E&%zﬁ%@ %geg OFE)JC 1?al.xglr,]g¥1uch 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 is 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 mEy provide substantial advantage over Taxol.

Example 39
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E. Exanples involving or Directly Pertainincr to

Preclinical Studies 15 Exanple 43

Toxi ci ty/ Myel osupor essi on study of Paclitaxe

Conpari son of BMS Formul ati on and Capxol TM for Single

Dose Adm nistration Study in Rats A summary of the

study is presented below. 20 Schedule: 1X, Single dose

i ntravenous infusion (Day 1) Aninals: Sprague Daw ey
Oral Rﬁ mal es, 40 fermales 5 rats/sex per group

; *L 50 g Study duration: 15 days 25
Treatment Groups: BMS (1 vehicle + 3 treated groups)

Capxdi lisMry ﬂnodtﬁ’mb@dnﬁéd by e bf @ s ]Eﬁi@cﬂmﬁé forfAQBE6as SBbSas Capxol
[ kg) Capxol TM (O, ,, and 12

may agiifﬂwg?haﬁse %&é@%ng%@ﬂs% He awac@taeelnﬁn midlkl%n he ingicgtion
fonn%ﬁs Uf%a'e'ﬁ@%xel ?\@a{e&?ﬂn’o@%h tho mléréelmllls%ﬂ)ev%%r 1o kgéc@%%e useful for

5, and 2 nfusion rate:
oral uptak@oﬂﬁmm Thgluke ¢ ctaigs DowebRetivr with. thﬂse fmﬁmlﬂtlom surprisingly
enhan%:?iga poral olat Ilr.) a%lﬁ@h%%%}le%{érgxg% Sﬁel u%BS @ftugs s ?%eemhlbltors
permektion &hambhs iddqaringeiggitt, Shctdbdyism 1dhibidors %cre&ur;ﬂﬁﬁlgﬁ&o_(lﬁd to

. ehi cl repar,ed by .identical  praocess descrlbed in
increa ﬁtfi'l 5?3 @fzﬁ%rrﬁ@ng’géww%ﬂw P%?Elfaﬁél fespdptiqnsn Examoplesafiiop pairing
agentsaiﬁ@ih@lé Bl o ndR Bdited ﬂ%ﬁkhlbﬁm@éﬁﬂe tiReh1drobd Lﬂlc?la&e‘lnzijihhﬁiene

Myel osupnr essi on Hemat ol ogi ¢ Toxicity Stud Pri
Sulphqméaquhu siceei i NoIN- ctlbtéylﬁmm«mﬂhyl@nmb;bmatqomaﬂwl stlfodgtesiianth n-alkyl

r
s, ESptef of A ARE Qe BB Taclede Bl b gl B sodium
Caprat;tsardrl wayserfilesygokg yethylene alkyl ethers acyl carnitines, 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 invention 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, intravenous
bolus, intraperitoneal injection, intraarterial injection, intraportal injection, hepatic embolization,
mtratumoral 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 target Anpgiogenic Vasculature

Angiogenesis has been implicated 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 rtheumatoid arthritis as well
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15 with a dosing volune of 7 m/kg. The dose was given
as an intravenous bolus through the tail vein. The
results of this study are summarized in the graph (see
Fi gure 3) which shows the percent change in WBC
counts (an indicator of myel osuppression) for each
formulation as a function of tinme. Conclusions of
Pil ot Myel osuppression Study: 20 The data shows
as curs ingidrk m:z&ﬁmhl}md)dﬂﬂa it MEKSreforeHossible R CiapsDDhasd dimhﬁg&‘og%h@ activity.

ared to.the Capxol TM group 1 ndjicating a
To m%?@%@’é‘fﬂ e Srectiyedhayy it pessibicin target apgigsenmyasculature by

- attachir@l sihiag b@aﬁdem@a&m YR BE 828 ?g,eptﬁfe lsﬁi@% ’\ga%ﬁmﬁl\@’ycme—

maxi mum WBC suppr ession o <309 r- Capxol T
aspartiragid) s Mang ptheh peptidesvishn mlaaa@way sty ibe attiohed tog@apbmbqrwher

< 0. 05 twe the t
arugs ficpaRi 89 hflerfion pRedss 1HERA i, s BB ab R oy be
administeretby b(ﬂweﬂltﬁ)nﬂﬁnélfns%ﬁﬁtﬂﬁﬁ i eedviesred. W thin 6 days in
the group receiving Capxol TM while 14 days are
required for recovery nor. VWBC |l evels in the BMs
group. This indicates a 1 antly reduced

hemat ol ogi calysé exCEIxbY™Mifer Tieament mﬂrér @éeﬁ@'el ar results
are seen in human clinical trials, ata may
s est that t cycle tine currentgg 3 _weeks for
?tege) e%tewglgﬁ C%raﬁg@a@@%? 1 eaneds of the ivermpas hedrpated by
adnunf?sﬁilr'ing dﬁﬁxﬁ'lﬂﬁpﬁhﬁﬂmﬁxﬂbc&ﬁ%ﬁﬁr&ﬂ? ﬁ‘%aﬁﬁle Yﬁvéﬁrgagﬁﬁeﬁh%ces the

or even 1 week | ess en usi ng
dose repghipg tles livgr.ubhyadditionmich hitaber d&fsks ha yorﬁelﬁtmnarfaxol lnhpbe utilized

T e L 1T e A A —

that locafhzg @slivan dsﬁlfefmegiaﬁ)com'lﬁhﬂd WiheCdpRAIYG) grémEethéaPpdulio effitiency.
subcut aneously wth the MX-1 mammary tunor and the

T OXT et e 3 FFG hrs2oeearred by day
12 and the treatment was |n|t|ated on day 13 after
initial seeding. Capxol EMapt 43econstituted in saline
to obtain a coll oidal solutlon of 10 nanopartlcles of
pacl it axel . (Migelostipgrs pirdveofiBachitaxeler e treat ed

Wi th re%_ﬂ%@hgmmws @aﬂmhtw zﬂltd @agséasﬁ fsirtoe PBLEK
(denote y , given by VEeIn rnjection

every day for flvi'uswsnu-w~u£ dallats The control
t unor bearlng group (n=5) recelved only saline on the

Asmn&i gpmggﬁa§%% &y Of the tunors was nonitored as
a e

unctlon control group showed a
Schedule:e h¥n%iogle dbseoneazeousrinfusion(Dael)ght to a nedi an of

im0 G500 R b SRS, S T 5 SL0uE v
5 rats/sgk pEPeroip t he ot her hand
Weight: 30050 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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showed remarkabl e efficacy and all animals had no
nmeasur abl e tunors by day 25. The animals in this
group were all sacrificed on day 39 at which tine they
showed no evidence of recurrence and no evidence of
tunmor. The results are shown in figure 4. Conclusion:
20 This study showed remarkable antitunor activity for
Capxol TM Thus, the antitunor activity of paclitaxel

Dose CondRE8SRmY % ﬁlg%ﬂ(@pﬁ@)TM formul ati on. This study
indicates that the infravenous adm nistration of

Dose yolpapaPMT(18s5,.d0pbtmikaxel can be as efficacious as
ag nist BRI t r in the soluble form Thus,
g%@ﬂﬂ\f??h@\?\és’ea???ggg%g nd potent anti-tunor activity

Infusign tabeo Apprveniately @78 fd/ae (4l ragEn i n t he approved and

D rtk_e{,gd?g%enaphrr-.cont ai ning BM5 25 fornul ati on.

OSC NOtlE: - BadBBSION # Y& at ure data, and on experience of

© Clin oBR 1X/@gpt hern Research Institute) scientists, it has

. .been established that the maxi numtol erated dose (MID)
Clin Path: Days () (bptete tgptseeat)y b, 7nt dil budpr std.dst for NCI Tox Branch

Bod -rgﬁga_ le 0 ich is the same diluent used in
© y\tglﬁl BN?A?%rlﬁ%’lh%t%f l(])nn Wiqs 22.5 nmg/ kg 78 for this
(* Vehmb s mmpmg b?gd@lllnflﬂ plocatd tleml rﬁ)eﬂiiiclﬂlanliﬁbétﬁﬁﬂge@ﬁﬂic;q, iw?]th the exception
0 .ne .di §sol vi ng paclitaxel at a nuc i gher
thatm%S%(glé?ﬁgf#létﬁxéﬁsﬂmuﬁgﬁt 12 conpared to the marketed
BMS formul ation (BMS paclitaxel, 6 nmg/m in

cremaphor/ et hanol ). Thi SEiasy to mnimze the

amount of g¢remaphor/ et hanol “adm nistered to the mice

to avoid vEHeidMpelesuppsession HematologicFuxiciyiStody: 5 5

ng/ kg, paclitaxel in diluent 12 has simlar efficacy

1%idr Bhe hiti SRR EHMoARA 6 iR idhraeat
Rheumat of d Arthritis In Fudy I cFud) S th SRR e ol™ group
and 3 1pigdn theBMP grampovasiperfoineddds dfteanioe bitagmes. i Tidulveeused was 5 mg/kg

. -4 b in vai.n rat s used. t.o test .
with a SR Yt UEREL ThE oo HA AR bn PSR RS G Iiieh dhe
vein. "B regults of thissstudbteee panmaiizddn de drip (soeT@fire8Nwalch shows the

i mals (e m)?i tored to, eval uate the seriousness of
percenthatis i WHCcopats CnyiBdicitonef myosaressia jorcefepalition as a
functiohw$tadel y -9- 10 days after collagen injection), the

experinmental animals were divided into different

roups_to receive either paclitaxel nanoparticles
Cond”%ﬁﬁﬁ‘ E@Plfﬂ%@ﬁfosﬁl’l’rﬁsﬂﬂnisﬁ‘é@é’él nanoparticles 0.5ng/ kg +

predni sone 0.2ng/ kg g.o0.d. (combination 15 treatnent)

ITh ﬂaﬂaend_nwﬁglﬁhb%%lg%w& WBEEDunts LGB SDI RS e Bﬁ/gs g@g&

for three weeks. e paw sizes were neasured a

- compargd {9 thaiGagxdt™ grovn indigsting d gyeaty degree efimyqosuppressidiefod the3MS

formul i (ﬁﬁkm%@@&pression 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 human clinical trials, this data

may suggest that the cycle time (currently 3 weeks for Taxol®) between subsequent cycles of
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group received only normal saline as control. By the
end of the experinent, the group receiving paclitaxe
nanoparticles achi eved a 42% reducti on of paw size,
the conbination treatnment group showed a 33%
reduction of the paw size, while the control group had
about 20% i ncrease of the 20 paw size. Oiginal paw
size before arthritis was induced was 50% The results
e
treatm@ﬁtecoﬁliag)\)ég Qn@%cn fggllr']éfiﬁce%l éé&b@%{& \P gn‘r ﬁ:%%ls we?k cgless when using
Chpmﬂ%%rapeut|c ef fect on arthrltls To avoi d side
effects of long termuse of both paclitaxel and the
steroid, it is probably betﬁe to choose a
conbi nation treat ment t&iggpj§£%1lar effect but only
hal f the dosage qﬁk@g@ﬁyozﬁnﬁmﬂgrEﬁx@lep e 47 The :
Effect of Canxol on A«tery Restenosis 79 Abnor nal

| t h [ if t VVSMP
B8 B saarpt Tesshav e Sadb islor v e SR Bfvaspertormed f
deternBAdYBE O8E BbRThRues ﬁﬂd)@ﬂ\i‘; g%gs ITRe mlé@(iil TOSer REPMARE %‘tﬁﬁtaneously

procedures Abnor mal is a conmon conplication of
with thed¥ vk mpasgsy menendie ﬁaatlmir whdinifiatedridico pheompr reached

appro s 08 s P T oA oyt ShERRY AR Wik bffhted on
day 13mﬁtghmasa,l é@dﬁl@"/&ﬂapfdﬂl‘hw?ns ﬁcmﬁtdﬂéd in 'Eﬁlﬁlegb ghtéiAﬂtﬁtcﬂilelftﬁlésoluhon of
reogccl usi on associ wth PT as le
nanop%fﬁcl 3 + g, funics DGaTiRg T TS %isf?etreakﬁd illseatafged
CapxoBMGit & B@se%@ 20 ﬁ{yﬁf{deﬂﬁ&f‘ﬁﬁvm 1P, rﬁye%rﬂy tolus tﬂ‘@elﬁ 9{1 L@i0h R%ry day

study describ he use of Capxol in inhib ng
for five eapseantis daysolThe egnitg] tumdrbaring grows(noh) lteh@vedr QféY faline on the

S
s A S TE PR BRI B8 f iy f Rt o
showeRe l:rpmnracmusi irfchease ingiuhocweighito eatdlidntbfatdre A§00 mg axdals 8@ animals
t nt t
i this g8UR tF P LT GRPISHD oY oI e aP A iR AR ey gher hand

showe@ﬁ:n[ﬁhl%%fﬂmy tind 211 GiRARHH nd hRdfFatld intds BY H&gz 9. tHUhimals
causi ng CrUSh |njur to the vagus or associ at ed

this gy egrall wetifisedam dguAgial which tithedheyshiowed ne eviderpe ofgecurrence

-andnolé(iﬁ@&!%%‘fhﬁ'ﬁ %@?&Hﬁsﬁﬁ@ﬂ&wﬁﬂﬁ egment of the

vessel gauge needl e atta ed to a 3 way stopcock
is first |nserted and then pulled out of 15 the | ower

‘Conclugige: of the isolated segment to make a hole on the wall

of the vessel, and then inserted to t he upper end for

'ﬂs%ﬁdg&ﬁowgd t%n'm-kagfe zﬁﬂﬁ.ﬁxﬁn %Et?mgﬁfg lTs’al’f‘l{ﬁ% thg‘ antitumor

|nject to rinse out InSId

- activity (ﬁqiadltexbl sggoented thedaixbEMIomamytatinmo ﬂmmrudy&ndluﬁtmﬁat the

onnection t Iated ourc
imtrave R P EUBRNAR bl nikbgaRe oo bR biafi i BF 1 iBsskipus spagminisiring
the druffid e €dlubls fHas SBths 2 HRGI™ 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 (MTD) 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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the lunen of the vessel for 3 mnutes to produce
drying injury of the endothelium The segnment 20 is
then refilled with saline prior to renoval of the
needl e fromthe vessel. Before the clanps are renoved
the needl e holes on the vessel wall are carefully
cauterized to prevent bleeding. A swab danpened with
saline can be used to press on the needle holes to

o b R LT P el PRy el o«

much higbei owe@bnalh‘eorsmrcglabgt ldesmphisd tb thb ovaekeerBIIE fslamdia.tidnc(BMS

Y

cremapmmmaml adfinistthed to i -reipe toatvaldl vehitalartdxicigeraia d@§e srehis
control.. The eerrlnentaI groups received different

mg/kg, pachitayghip difuent d¢ haymiley ¢ffigacy 10 tagef Crpxel tabest
treatnment: Paclitaxel 5 ng (w 100 ng Human
Al bum n)/kg/ week, V. 8@ M 2: Low dose Capxol

treatnment: Paclltaxel - _
Al bumi n) Tteglngnbel R jtis drag del it r ol .
Hurman Al bumi n 100 ng@%ﬁ{mg%$ LV.. clgSThe carotld artery

bi opsy sanples are lin and then
cross sections (8 wum are cut fromparaffin bl ocks
ahigk @lllagﬁme'ddw'etl Iarthm'tisahoﬂe}l Ini the BnalvaBosit was ilded to test the therapeutic

CrOSs-section are e bl qod ssel | ayer,s
etect B R B S b R T e S o TP B pppals were
monitdr8d ' edluGiRied é.e@ﬁo&g’rk@dfgﬁhhﬂs the control group showed

remar kabl e accunul ati on of intiml snooth nuscle

| s. and VSMC |n [ basenent nenbrane
o‘g'J@?ré]P‘? tléﬂ?éﬁ%l ‘ift‘!e]&f’e‘% Wéuﬂi!arﬁ 10k days alder; call%sepémctmn) the
experiMERaRRAS Grer i Gidbd ﬁl% G8RlenfhBHRS o ShRNRE I;]tﬁer pachtax?l nanoparticles

statistically significant decrease in the int

Img/kgalord, phpaskirerpmopmielee@iSme/ke Hepredmigono D, 2@6@1)4)3 @u:ambmatmn
Skl f oparticlhes orat i
el B TR GSILR 3 AACREE LD B LASREFRETAED e o i
were naasirbbali tbsbeganﬂygmreaﬂ:ﬁenp @y itlesd evely @abdel Ref wdehjected. One
sugars, .polys hari des, d the [i into th
group {?F%F%Cf SpLE Bt 5581? o Fightich o Berend of ﬁ@ exXperiment, e giopp geceiving
paclitak €l faAéAeiclERRRieldCa £Ioh BRIutibrl SFHaBAE; thERbSbindhi&ekiRbent group
ability can be wutilized for t her apeuti c or di agnostic

showe%g PpoJeductipn ghible awgize, 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 Artery Restenosis
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Anti body Targeting of Polyneric Shells 20 The nature
of the polyneric shells of certain aspects of the
invention allows for the attachnment of nonoclonal or
pol ycl onal antibodies to the polyneric shell, or the
i ncorporation of antibodies into the polyneric shell
Anti bodi es can be incorporated into the polyneric

shell as the polyneric mcrocapsule shell is being
f Abmﬂ:,al msctﬂﬁltsinhmdi mﬁscﬂ,‘w'}ﬁobﬁra&ibh AUHRI) iststdeeqiiokyHrer i c
shel | aft paration thereof. Standard protein

cardioyssclar disrders Spehiga TORElERosis hypeensiBgadgpost frdovassular

proced¥idsP @3RornT 'V SRR @motdr ddnfiRk rbf ?b&ﬁﬁﬁ&ﬁé ﬂjaﬁs?mmnal coronary
pr epar ed fron1a(§rote|n such as a 'arg

anglomwb@TCes‘f) dhe insidgnegfshomiq mtezaisimmwtmgyfmm & Sﬂs&fo@luwmg PTCA
has bell fepgl¥%i tjo%gl gﬂras g t‘j% \DR, 3%f | tably nodified

an exanpl e, antl ? agents can be
dellvered to a tunor by 81 |ncorporat|ng anti bodi es
a't}zd nght intcﬁendemfwasciular wottlesipoispodatbd with @ITIC Adlsasiléd ﬂoslevelopment
for or antibqdi es against the tunor_c
of in vl ftfﬁ%st%’ﬁlﬁ g SR or a$%t0|@reé(s%frlhtﬂt??3ﬂowmg study
descrilidd ﬁ{tﬁﬁé of Gapx o O RibIting Festdlois f&%ﬁn%fnﬁﬁﬂpﬁ'ﬁn%f tR€artery.
dellvered to specific cells (e.qg., epatocytes or

mcells in the bone marro
el St T R atb 6P Riyam i e repesthetized with
Ketamlrﬁaﬁﬂ@on%l afd the rfgh@ PR CASHR bty :pl)seﬁsfoﬂ zﬁldllstﬁn&%f A% cm.

formed, or anti bodi es agai nst receptors on t
The adpesentdissussin clsared to dbivetva BIRTRICHohicnebilklog hikips ad bfelnlaced about

2o A D8 L B PORESLE it i
cervicd] gaggion ahe syaneatpsiv catde Nobragihes ark rdsbft altag gy Segnﬁilt of the

I Ex le 50 10 Targeting
vessel §l e prealec bacAEhS ey Sopshrkis i Bacrcsddaddhenguilpgout of
the lowdR BABYRRO1481atRl SeUBEN tPFnaki0d HATE bh heSRAT dSERRLAT Dl %Il inserted

Such Agents | nmmunosuppressive agents are extensively
to the ypperenddpr Bigcken. c+-gan of pmbatahuﬁcmd; salingis infeeted to rinse cut all the

blood ]Bglﬁ%/ &@Eéo?ﬁe@gegfﬁ%htetﬁéﬂ t?g 3- s?o 3ok 1| R ¢ Igﬁgt:%x?r dom_JL%ctlon toa

ospor I he SPGB R e
regulatpd siuocegs cbimpresmd\allrv al geﬂtle airéaing efwii QStﬂﬂ&P&ﬂhﬂiﬁte}S is passed along

v g AR SR ST PRI S, RO T

 is then REBIR] S1MDABHR PR o feﬁho%ilﬁﬂ‘rﬂ%%%edl%% IEWREsRl, BeFHdMhd Mamps are

and to a greater extent, cell nediated reactions such

removeglsheipqedlgrtipfes onrthy syl wiall agreqassfolly eappreizedivgirevent blgeding. A swab
dampm?egl%fﬂ JRAL &ly l#rdsga o) pﬁes% %ﬁ%@e&l@fx@ies % %%%Efe%ﬁnga@o. The skin is

uvant arthritrs, Versus SeaSé iIn
closed Wﬁh)’i Semimmbtabdips iand wﬁshed m&ﬁataﬂin&. of organs.
Successful 20 kidney, |iver and heart allogeneic

LOARR Qllﬂﬁmssrebel ed tﬁ’ée s%rllg &y [ief:s%rrlge abo@e Qﬁj(mie sacngcela%t 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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cycl osporine. Cyclosporine is currently delivered in
oral formeither as capsul es containing a solution of
cycl osporine in alcohol, and oils such as corn oil

pol yoxyet hyl ated gl ycerides and the like, or as a
solution in olive oil, polyoxyethylated gl ycerides,
and the like. It is also adm nistered by 25

i ntravenous injection, in which case it is dissolved

Group Bt Bow @bt C@RoPhkeadhfanol (approximately 30% and
cremaphor (pol yoxyet hyl ated castor oil) which nust be

dipheiitec] L adQwi/20 dhg HbhahMIB@hRke/weak, e or 5% dextrose
prior to injection. Conpared to an intravenous (i.V.)

Group Rf Daigofehicldwnatbsol ute bioavailibility of the oral
solution is approxi mtely 30% ( Sandoz Pharmaceutica
Cotupab lb@hin 108/ tgatdonySDl -ZI O (A4), 1990). In
general, the i.v. delivery of cyclosporine suffers
from 82, inilgr probl enms as the currently practiced |
i . ‘?Cfﬂeﬁlff LY DIOPSYISERIBEes ofe preserved dp Hormadinjagd theg cross sections (8

um) afd du@ﬁ‘ghu%areffﬁﬁlﬁfob%dl%%hﬂe@\(ﬁﬂil Ifeﬁlaﬁﬁ ﬁﬁ' gnd Qi & he cross-sectional
Cremaphor, the delivery vehicle e oyed For the 1.v.

areas ¢igherhload vessel leyersdidtimd, orediar vl adwentriaparoggandtieidvery of
drug (e.g., cyclosporine) encapsul ated as described
h - ' -QUS e l,s | i atel .
¢ oh s el CagHTAREHEL R (BRERSHBLAGHh WBKE Fern TS} B iplation of

intima¢ empeth inssrle ofllscnd VSMC ynvaviah bfbdsemégtmmaphtatneo Mhefoverall thickness
cycl aspor.ine with the ove-descri bed encapsul ated | |

of the iafl of Shrolid affery ﬁ{frqoﬁgle@hiﬁ%tﬁe%mmt\z&% ViR Sakistcally significant

decread€ akihb Rk “ﬂaﬁﬂﬁbl&n&fg c@hﬁf)hl@§ BPihk B@nﬂ‘dTmS diately
following injection. In order to avoid probl ens
associ ated with the cremaphor, cyclosporine contained
within polyneric shell E ri bed above nay be
delivered by i.V {Rioe&kddiRe of NafBMriRf:sdi Ssol ved in a
10 bi oconpati bl e oiT or a nUnmber of other solvents
following which it may be dispersed into polyneric
sRe cerpetation of eatainiaregtngiogistiphrigh abpreteins| antidddics, icorymes,

: i : t . del j I AQ cyclhaspaori ne (or
peptdfp oLFRLIAR. HKAS RAGal Ruide) il R, FXELEPRAGD Pt e
nanopartieles, ady pogsibdetoargbiopedifit sitog @i the bodiy ETliotaugitiak abitify dal®e
uﬁhzé ﬁ}gﬁted Hate.ial Qi the RES systemin the liver.

g™ Uty BT YAHOSUSHERIS®S- avoi d systemic toxicity and
reduce effective dosages due to |ocal 15 targeting.
Exanpl e 51 Use of CapxolExkfhlest i body targeting

Monocl onal anti bodi es_a arious_tunors or
tissues may be 2pubgdybartetmecfPolymarig Shellsap| e tar geti ng
of Capxol or other drugs prepared by the invention
PTIRGRSEe bPtht PelyRietie shelb oPQrdiSRB&Ss of tRE inS¥AHR!fows for the

anti bodi es agai nst ovarian cancer attached to Capxo
attachrgerd of tenpglenad pepplyclonal antibodies to the polymeric shell, or the incorporation of

GG iy

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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intraperitoneally woul d have great benefit to ovarian
cancer patients. Exanple 52 Intravenous Adm nistration
of Therapeutics Intravenous adm nistration of
t herapeutics, for exanple, drugs, imging agents, and
the 25 |ike, predisposes the therapeutic to at | east
one pass through the liver. As that therapeutic is
filtered through the liver, a significant portion of
mcmpommgtahemmugmﬁsmﬁe fualoe htd e POHMELE URSE AiLld bbig fdrhRd, or
| ver, and therefore, not available for ﬁéften1c

antibagics BRI thgHmonE s AkRched f e paleierig shadl a herepftrﬁwt}lereoﬁ As
anothértexhraplb' $BL YrddAcR Sad Bl (?elﬂ%ﬂeﬁ speBiid cglﬂf( r§ attécggs or certain

nmet abol 1€ byproducts o genera
stem celix inghe bers, mByove)ﬂwapeupcaﬁmHMhedldr agginst recdphyes on the target cells

into thle:}gf e%%tsh?cll 95%?15 bﬁgllgr{a p?roe}ngpﬁtﬁc ordi n%e%ﬁP&EW%she target cells

can bd dttelicdse dim)lyﬁﬁdrlccshelum prdplafafive fRbSf. BcHIdNoS ] héidcRMal

i.s alleviated. Al bumn, for exanple, is known t o pass
antiboglics against PHElearirereptogs fan b gscdhie tayast éhfaﬁmcwsalage@rpr%iweta the nucleus
(ﬁcmﬁmy&mgﬂggt the patient. Thus, the sequestration of

al bumin by the 5 liver does not occur to the sane

degree as toxic conpounds or drugs which have hepatic

receptors (or other mechEmpds0 which initiate

Processog oWk oGfF Hofiibdup) %s!lfl:%&er& ?o”Pr‘éﬁ‘ig Igtgf Ee%%rtg%];fe

bl ood str&a By protectrng the tnel

coat i ndJsifg Iatrwenou_gmeimem & Rmhﬂe‘fEFSh_(@__s Qont mngmﬁmn

al bum n coating), the drug t hen bypasses the |iver and

is generally distributed gh all organ systens.

In accordance with one aspect of the present

i Mﬁm{dsﬁlfpresfsﬁe lagenitsSarp EA¢hsHey sl PBIwinDordh Retkplaffation for the

§S|n the Ijver, which conprises encapsul ating a
PreVﬂn&PE g f%ecg% EprBaees Iﬁé}aﬂéﬂukﬁ&rﬁYﬁlosnce@emqten mymanosuppresswe agent,
prolongf'bh% s@hAal 684110 E}{Hﬂ’.ol?ﬁﬁﬁl)mts hﬂzot“fslﬂ\?%e%{' %cﬁ‘ie? afné}@as bone
beconmes avail abl e for system ¢ théra

marrowalh iplesting, ablunginranimds @yraospahnéo hasypeer dmihtmsmatergto suppress

se in t f nmet.abol

soue YA e 5 BT ol B Bt s e G e
rej ectld;)ﬂg de]lag@i l@@ﬁ;emsétlwﬂy; M@Eﬂ%ﬁ]ﬁtﬁ&ﬂl leBdiél e&ﬁpﬁa@cﬁﬁﬁlﬂh@, Freund’s adjuvant

ypr.odycts o r met abol i sm provj de a synergistic
arthirit r?% Frihsins hestdistasean syay apma Fregies foriaabisty of prgans. Successful
Kidneyl v Hef fliopatic @AkFAMS hhw: Rbh pSEdtaRAd AR %5151 g' S

that are encapsulated in human g [ bum n. Exam |
cyclospsihgei ngMyel osuppr essi ve (Hemat ol ogi ¢ Toxi city)

Effects and Ceneral Toxicity of Drugs 20 Severa

L BEIA o oxicit '

FARTREBAD B LA S HO50 P LRl fuion

of cyclpsposine irademhol erd i sichhs surs bil gpadyaxyethylhed chaatidisahé thedike, or

as a solufioh i olive oil, polyoxyethylated glycerides, and the like. It is also administered by

intravenous injection, in which case it is dissolved in a solution of cthanol (approximately 30%)
and cremaphor (polyoxyethylated castor oil) which must be diluted 1:20 to 1:100 in normal
saline or 5% dextrose prior to injection. 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 i.v. delivery of cyclosporine suffers from
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currently approved formul ati on of cremaphor/ethanol,
Taxol produces nyel osuppressive effects that limt
the repeat adm nistration of the drug and precl ude
retreatnent 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 25 due to the
non-toxi c bioconpatible nature of the drug carrier of

simila€§oblRing ad 8RR GErSntBf pridiRed!. fr‘ S(féﬁ{rery g T%EHI jQn ’anii//dhglacmmrbllerglc
al bumin, the toxic side effect of nyel oslppression may

| Teactl%é b@‘rt‘éfail foybe dugde ﬂ@dirersm@gube d%iweeyvqhwﬂ%emsdowdgbmém iv.

formul%?l ']Ela‘f& 1gir1 gché Vi n%k%k%iv%l A Cr n ( SII;:/ 8{;%05%181 ejncaps{ﬁated as

descriﬁladmermbtds rdam@i“(ms Ipeak tloodikvdlaxainkdiatlypiolpeing ddmﬁrﬂstﬁyion of
dru nlnvet|on met hod_.as n o%gé% cles wth _al bum
& A10B | PIRPBIED GG rErent fgranylgiions firioyg)gfpgrine with the
above—ld&icﬁ'ééd ERapshlaMdTBHE oFIQR B shEYR] shofved®a FREKEId WBSease in peak blood
adm ni stered for the Taxol formul ation, whereas two
levels gloryslossriredmptedstabyfollgwingdnieetiony/ kg wer e adni ni st er ed
for the invention fornulati on. The white bl ood cell

y - v
QRS 0 R R O P 14 oy i
polymerfreshTlas| defayibet hlavieamay(Hs: dutji&gd by i v \mﬁ;ecticmu Atimbynbd dikdodved in a

unt.s dr 47..6 nd 63..5% on day,.1 and.
biooorfllots S0 &S nRITouRY sol s T RS SR v i 985 o
polymérhﬁhelllsﬁy}egmicafbﬁ QY desdriblell @ovat 19 a&ﬂfﬁt’ldﬁg an hﬁﬁ)ﬂéﬁ@(ﬁ@ﬂﬁé@to
| ncreased, by 14. 7% and 2.4%on day 1 and day 2
dehverrﬂéscaé@ﬁﬁ’w&or qthar INFENASUGRISSTYRAESTY) ivRglymec shells has the
Iy
cdvanti A LGk et TBighs of bl G FGHAMT e RRSFRAh thelver
This mﬂié@ éom%mmtsavloldﬂyﬁam@ mhmtyghd)retdudsee&ffnctwe dosages due to local
targem{%el osuppression is greatly reduced by adninistering
he drug in the present invention formulation. Another
i ndi cator of general toxicity is the body wei ght of
Exampl&81 ani mal . Body weights of the rats were al so
Use of nitl re foII Wi ng adm nistration of paclitaxel. At a
15 Taxol formulation resulted in
a reduction of body wei ght by 10.4% in 3 days
ﬂ\@dﬂo@l@lnﬁllganﬁﬂcbﬂwﬁ ARbinslvaBibus WARELHSI b n&3HR ablfH8d to Capxol to

of pac er ni stered in the invention fornul ation
enable Redeing ol Chrob At G dgugsonrenasist onthe Sgnties Rypgess to the sites of

diseasel e} Ak aﬁﬁ%dgars &@dihf oﬂ&%‘:&qcér%ﬁé&'e& Yo € px‘épﬁﬁl administered
i nventi1on formulatron. I's very surprisin when
intraperifoaediiyweavld bavefaeatrbémsfit tmo\andn Taxed patiemgs.adm ni st er ed
to 20 rats at equival ent doses of paclitaxel, a mnmuch
hi gher degree of nyel os on results for the
Taxol group conpared toE l§%bentl on fornul ation
group. This clatravepsud Adininidtenien of Tidrgenties of

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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i nfections and fever episodes (e.g., febrile
neutropenia). It can also reduce the cycle tine in
bet ween treatnments which is currently 21 days for
Taxol (r). Wth the use of pharmaceutical conpositions
prepared according to the present invention, this
cycle tinme may be reduced to 2 25 weeks, 1 week, or
less allowing for nore effective treatnent for
systeni@ & RAiSes. E?l&c%)_bﬁatﬂﬁgeth@ HrugR JEHPARHHEGR! agERTR 9 eb4tin@ S cording
prepared according to the present invention may
to the Jywertjonde-gs uHBE antaten suednag ﬂfbag@n)oh@r sqguesiratios Bp@Ex imtrpyenous

i 140 00,0 B BB e g

become grmallyi distriBME] fhosughbattthopatisht. Thuey therpinestragbnafdbymin by the
lhmrdgann9t betqﬂninig%%ged as.an intr vqu#s bal.us. This
P 08T Y HE G LIS 18T SRIRAUPSS JrdrpgTer Wehhaegepatic
receptoiB (@othiep Slekhhidniy) SAICA MR PRIVLRE vhfch &R Lk ARE +&R6kval from the
requires patients receiving the drug to be
blood $fpegmydty; Rrateeiinaiie thempeitisi wikh 2 eetingiof e hivcorapatiblapplyther (e.g., 2
. 3 _ . L ) A o,
s NI R0 o WSSO oL A CH R % o
organ sy4temgu rsaccotdanaeonitl @staspdcoofhk ptdsan smentia, thefdispeovided a novel

esent .inyention,.due to the use of a _non-toxic _, .
method {oF Byiggssing I v Whifh CAmepiss e g fien ¢ B4R verslbumin
(essentiillylafhy SivieRiRbIScoRPotignt). | Inhis wal), BoRF tRAIrESS ofnl8yvallable for

hour) 10 without the toxicity problenms seen in _
Systemﬂfafﬁﬂaw-) Infadditign i@ the incrensed awldggw of therdragtheye isgodpprease in the

- ' . i . )
productFoChlFeh 3pRRRR: Bl nhREHHLEY Ul SleysBBl; S5 g ipprgase in
liver bypasd andtdepreaby inbyrbducty ofeivaymstabélsaeproVide als ey giktisinippovement
; o) dpm nistered,at. a fina dosi ng co ntratjon of
in the o}l diueefieseyy e R ﬁtﬁcrlﬂf G Rl Sves ety fhpt are
encapsulatet! MehiAageh@hin. about 300- 1000 m . I n contrast,

i nvention fornul ati ons do not have these limtations

and can be 15 adm ni stered at a desired concentrati on.
Thi s enabl es cIinicianséﬁﬁﬂﬁﬁéét patients by a rapid

i nt r avenersciBEMS]diliessRE d_i@mﬂ@img [ ﬁxﬁrjﬁgﬁﬁ&@s
little as a few mnutes. For exanpl€, 1 e
i nvention fornul atidfenesal floaisityof Pmgsd t o a dosi ng

concentration of 20 ng/m, the infusion volune for a

50t HAREhEhp PR dRRN ne dce ‘ﬁﬂh%n xt%ég Fhe to their myclosuppressive

respectively. This I's a great a nta In c
effects.pFayel (peelitagd)) Exalnstip exaniife fedhol tidorg. | Whdvadndhisteralfin its

|t | _in,.the. Nanoparti cl For nul.ati on ar ed
curren535hich B P b PORRBRH =R THE! B s AR iggrave ofecs
that limfreth¢ icpeat@bimiidiratibs o OB TRIgGnd IprdcRideyétadat@dht WE & 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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cremaphor/ethanol (i.e., Taxol), has extensive
toxicity which results in severe anaphyl actic 25
reactions and requires patients receiving the drug to
be pre-nedicated with steroids, antihistam nes, and
the like. The toxicity of the BVMS fornul ati on was
conpared to the nanoparticle fornulation of the
present invention. 86 Thus, the fornulations were
by an inPérRioh SetHJAL A AUCTPAHRA S Wil ALt BSH BBl vRie {BrfiRistered by
. Mmce at different dose levels and toxic effects were
tail veigdnjegtinne ot Hyslg dprerlavel 6bs melkea wasredofinistersd ferfthe Taxoh formulation,

[N ' I LK uni f or m
wherefs TR ARSI SRR apd 2 B Bhos S BRSSO i G Y
formulatdon. riltetwhitei bbond deti cotidte oftheeatdlwse, mdnfitered aaidp aftériadinnistration as

.dfor | ation according to the invention showed no
mFm-%ﬁﬁﬁﬁ SUPRIRSOef f ect s. The nanoparticle fornul ation

at a dose of 103 ng/ kg showed sone reduction in body

Vil gt Tembl fohulbliGers hykg)av ®as fodhé tHat BB WRS @RS ddgped by

. %ﬁ%hald Doses of agprOX|naLer_1000 ng/ kg, 800 no/ kg
47.6% apdi5581 gnglar J andday 4 pften adpyeistration, gprep@yalngvhiersas forghe o

. o ¥t I r 4
b 1 R LT B 15120 o
day 2, fespartively.i Ber the higheratoss invbaion fosnulgiongt b2itgllas thetWBE counts

. L KQ. is therefqre,clear.that the | ethal dose

increasg By R B ok O AT 2 AeSRBDE ¢ e 1o
substantially higher than that of Taxol fornulation
Thics: taadts guddaite thiagshoft it@ AN elbduppleksidiCia loreafly aalub &by

. .where_ higher doses of chemmt herapeutic drugs may be
admini Wgﬁhgtj&géﬂﬂ?ed%msﬁﬁtrl Vfé’ftlf’gg‘i“?”\‘/‘éﬁu%ﬂc-ol ytic activity
with greatly reduced toxicity. 15 Exanple 56
Reioterindfaion Bf Sdnetdd oxkdA$As ihe bMEE Fefelf of ERX MimbY. @tluﬁ%ights of
e

by Ilnvention t hods and, Taxol™ Foll owing a Sin
the rats)gre alse pogrored foniing admpipistationeof pregaest. psl@qep%ﬁ mg/kg, the

Taxol f;al;gul?ﬁlﬁﬁticﬁﬂgsﬁt@& il a fegﬁ&izo fof BE&Y \%%ﬁt ARIPLAL following

. _ovvlng a Sl ng I nt rravenou admnlstratlon.
administegtigh, wiferes8 theDlamgidose afiaeliterses ddmidstdred axbé indestem fofmulation

rethe%glbo)?%}foam %;ﬁ%b% %nss‘lée"o;‘gly ﬁ?%t,%é%cgﬁll gé_gﬁ é%{ltfynrt&g%g %0){1[%;}1@ the

_inventigafokmtlaKi@l. for Taxol. The dose for human al bumin, the

vehicle for Capxol TM was only tested at 4.94 g/kg
corresponds t.o, a,dose.of 548 ng/m, Capxol T because
R SRR UG Sht G iisaPrulogtuipton 210 Bl iraAGmmE=d to
ts at c40FERnt RSELST pholitatdler MadtOligh@ REskEof K& i
rats at QR Rt 5. 25 I;f..g, 58, et %/ﬁg@v\hi c B%gsr“f%é{f%%wnsdforthc
Taxol greypregwaregfto the invention fogmglatigm propp. Thisgarkrgsaf in Jower incidences of

infectioR@&d fe@%i’%isodes (e.g., febrile neutropenia). It 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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respectively. Three to four mce were dosed with each
concentration. The results indicated that paclitaxe
adm nistered in Capxol TMis |less toxic than Taxol or

t he Taxol vehicle thereof adm nistered alone. The
LD50 and LDIO for Capxol TM were 447.4 and 371.5 ng/ kg
of paclitaxel, 7.53 and 5.13 ng/kg of paclitaxel in
Taxol, and 1325 and 794 ng/ kg of the Taxol vehicle, 87

(corresponds to a dose ofy 08,and 9.06 ng/ kg Taxol ).
I'n this study, the LD50 T%OITM\ABS 59 tinmes

great er tidy ] £ Nagomeaticle Forhasintione Taxol
vehi cl e al one. The LD o for paclitaxel in CaponTM

o e ichhGF Al FRS oL BIR PRRH TR sl R T

cremaphériathaaol, satmesixomkiibisterdda am,rmhvafoub belub.OKhi6 istdie @ the extensive

. Jaxol . It . 5 seen that the ce recei ving Taxol and
toxicit 3t e vsbiie PR RS AEtIn P ePy HE reactigns apddequires patients
receiviigiRE GRP % bd eitﬂedld&@d(iﬁﬂf-‘ﬂergws %hﬁﬁfanﬁhé@karﬂh:h@hke The Taxol®

coloratlon shortly after adm nistration. such

Formulatige {5 SR EISIed@e AR fnbieveriows Dapi lwngr&dymg ﬁioi’ﬂl\ll hour to 24 hours,

Tab
T —
can be(atglikigfered toh p#tziecnf reddiSugsvinviatravea b9 (D¢., mAl]ieHBdl Bess than 1 hour)

LD1 nvention 822 3 3 0
withogf ¢ ish} Bigb e 6 in TE RGBS folak Guthatis 8504 nigaly iodoy.
O 100 Taxol 20.1 4 4 0 7.53 5.13 13.4 4 4 0 9 3 2 33

6T148 difeétive dbsd oPpdlithxellfor 4 pRfRat fpR ARG Rtvien C00500 Y

dm ni stered as bolus injections and represent
depengl H% on ale pagent t;body weight or body surfa{ce Taxol® has to be a%nnmstered 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
intravenous 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 is a great advantage

in clinical practice.

Example 55
Reduction in Toxicity of Paclitaxe] in the Nanoparticie

Formulation Compared to Taxol

It 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.
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equi val ent of approximtely 80 - 2000 ng/nR2 dose in
humans. The LDlo or maxi mumtol erated dose of
Capxol TMin this study is equival ent to approxi nately
1000 ng/n2 in humans. This is significantly higher
than the approved human dose of 175 ng/n2 for Taxol.
15 To our surprise, it was found that the vehicle,
Crenpphor/ Et hanol , al one caused severe

" e . e al ‘
R TRTAIAIN L SOLLAT A0 400 By ALY i A5 i
at dif@teoh@)ss tevels ahdh tutxid ¢ffec’s voonmbolierredbby genara obsexiation bfmice after the
Capxol TM and significantly contributes to the

' mJecqugXI city of Taxol. It has been unclear in the

literature, the cause of 88 hypersensitivity, however,
b Bs€Thxol) atdoesef dangke was ﬁﬁfdrﬁllﬁlemlaﬁhﬂhﬁg rﬁmﬁt@ﬂ obi@itravenous

attrib to the Taxol vehicle. npl e
admingsliato %%W dog, gheyanepariiel M%?@u@fwlr@s@etdelrs todhfginvention

- showelawQbpdreht (oMt Bfect® Tl dahflaficdidord ﬁﬁ&&‘& dose o g?g/lé s(;jhowed

Adm ni stration. The LD50 ‘of Capxol TM an BVS-

some fefujtiondabed v eighiraf tsumisartaticte|this highglost wed ot Iethal Doses of

I Strati t ot al
epprol bl RRR e E ROP R b 33 el 06 s dnd ol Gime o
lethaliay) vhich3ammpt Ibgt\wen e f@dh?ﬂik ﬁiiﬁﬂ s i’ii‘hlu}i tﬁflegfai IRe o{ ch invention
nsecutive, da xol Wt ac i taxel doses o
form“%%m@‘sgi%at% %%%Z%ﬁ@ 2 hyg/less thaa S 8% st ered daily for
5 consecutive days. 10 Four mce were dosed with each

CR ﬁwtﬁ&%fc@é t1edt- thareRdAkthsl @€ othe 5RBAIERS follmflaorDaclitaxel is
Tabl e Mul tiple |ntravenous Admi nistrations G oup

substapsGally highst than ghat DEEPIOL COpmBRUQIEE GUNTED Bkt signgieRegs: n dlinical

MR ST B SR, il Bl

oncolytig adtivity4with SredtlyPre@@ed Goxdeity. 75 4 4 0 100

Example 56
Determination of the LDso in Mice for Taxol Produced b

Invention Methods and Taxol Following a Single Intravenous

Administration

The LDsg 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 alburmin 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 mI/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 resufts indicated that
paclitaxel administered in Capxol™ is less toxic than Taxol or the Taxol vehicle thereof
administered alone. The LDsy and LD, 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/kg of the Taxol vehicle,
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The results indicated that Capxol TMis | ess toxic than

Taxol. The LD50 and LDI O of Capxol TM 15 were 76.2 and

64.5 ny/ kg of paclitaxel, respectively, conpared to

8.07 and 4.3 ng/ kg of paclitaxel in Taxol,

respectively. In this study, the LD50 for Capxol TM was

9.4 times higher than for Taxol. The LDI O for

Capxol TM was 15 tines hi gher for Capxol TMthan for

T ™

(corred R4 toacib%e BFFSJM shd Pb6 Itn%)an Taxzyhﬁghg V\Eﬁ%sthé hat, ﬁ)p@ap 81 was

XO TMis less toxic t adm ni stere
59 timies, gmﬂer theh d'axql 6839 timeg auemyr than Grevizixel, veﬁ@leakm [Tihe L5, for

F
L G e IR RS 050 o e
this staﬂyf suggesys thit thiaPasell thla xedponsbld fomeudbaiXied (dMchy of Taxol. It was

icle in fem|e at mce_inplanted wth
seen tggt lﬂhﬁﬁﬁq‘fewmﬁ%wlaangﬁolf‘fe&&m@gfe C@p%@ SOF ST ce
hyper@B&HviEh8icHled Sgbh@ﬁﬁﬂﬂ@%léﬁh&%hbﬁg&f@f a(gﬁmégbt}aﬂ No such

fornul'ati ons VR-4 at doses
reactiopsv sy fod the GaprolB™ dad/Sapxol Yuyshicts groupsi Resulisiaee prbeoted in Table
9 each given intravenous injections of Taxol at doses
" of 13.4, 20 and 30 ny/kg/day for five days. A control
group of ten mce was treated with an intravenous
i njection of Capxol TM vehilgble2control 10 (Human
Al bum n, 600 ny/ kg/day) for 5 days. Eval uati on

o annal ot A + e

trave

par d-lgl‘n: were—t Iflfd Il-u TUCH UI COmMpTr Tt uitoln
T

rnn

LIo LILA 7 OO T Ut —ot AT AN — T T < T OO TTUTI
] 3

Gropp, o rﬁq‘sggﬂ%ghl‘vor ntl tiffor r éciHTiglcles, Dso MTD or
Treatment with Ca &FBF#TVI torPathit i bn VR- 3 rlestn@k® iln LDuw
compl et et umor 9@%‘8&@) ons_at all| _dose levels. The (mgkg)

Inventiopo h$Zfhest dosesd resulted in 10000 survi valdddik er 13315
days| 34Gapxol TM 18 fornul a#i on VR-@0resultegd in
conp| #7% tunor fagressiopldin the ftooee hi ghest doss
groupH)3 and 60%3regress|ons at 13100 ny/ kg/ day.
Survidml rates aBter 103]days werej@wonewhat | ess than

Taxol WM t hl 2. prul at i pp VR-4. Taeat ment| yu th TaxXcis;al 30,513
20, Jaws 13. 4 nof kg/ day regul ted inO103 day, survival
rat essg of 40% ZJg/o and 2D90 r espect4yel y. Treat ment

with & he control 4vehiclel had no effect orf tunor

gro i] and the apimals weée sacrlf ed aftler 33 t

47

Dosage CR/ Total TSKF/ TR DCR (days) I\Ionspem fic
(mg/ kg/ day) Deat hs/ Tot al

These high doses of Capxol™ were administered as bolus injections and represent the

(0]
(| ] o " o
days— Resul-t-s—are—20—p abte—4-—Tabte—4

equivalent of approximately 80 - 2000 mg/m” dose in humans. The LD} or maximum tolerated
dose of Capxol™ in this study is equivalent to approximately 1000 mg/m” in humans. This is

significantly higher than the approved human dose of 175 mg/m? for 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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VR- VR TAX VR- VR~ TAX VR- VR TAX VR- VR TAX 45 5/5

5/5 NA 5/0 3/2 NA >88 >73 NA 0/5 0/5 NA 30 5/5 5/5

4/4 5/0 5/0 2/2 >88 >88 >56 0/5 0/5 1/5 20 5/5 5/5

4/ 4 1/4 2/3 1/3 >51 >47 >57 0/5 0/5 1/5 13 4/5 3/5

4/5 0/5 0/5 1/4 10 8 >29 0/5 0/5 0/5 CR = Conplete

tunor regression; TFS = Tunor free survivor; 90 TR =

Tunor recurrence; DCR = days of conplete regression
hyperstRG& AL RO BRE etk dAdhak rdQ(a, #k Baidve ﬁ‘kéllt HIRSN\OW R utributed to the

i ncreased efficacy for the two Capxol TM Tormulations
Taxol gegiglar ed to Taxol . In addition, h| gher doses of

paclitaxel are achieved in the 5 Capxol TM groups due

to lower toxicity of th tion. These high doses

were adm nistered as b )Ia&r ﬁg%ﬁctl ons. Exanpl e 40

Bl ood IKteretination afithe Til5 ireMi¥esif MakolRi i Tarol Biftowangol (1)

and Capxol TM Fo A gl e | ntravenous Dose

in the Rat Two StHd | Mngpisialions conpare t he
phar macoki neti cs and t| ssue d| stribution of

SFheIdns, ot @Xgdol ™MantHMS -Gt blhndaRN afddr aree &ﬂﬁ&%ﬂd following single

Injecti.on Concentrate. Fourteen male rats were

intraveppy aEnsiaiops. fiteial P24 hn&@ WigF RepdoCaprplPhyish paglitaxel doses
of 30, %) ah @183 Werd adfBinlstred' 5'}31[11%4 c%&§ec§tl‘i_‘f%§¢gx o?a)?0r11 wtlti[']le

i ntravenotsfy 1 njected VVI
paclitagdj slpeesof 40 9, 154 lamd@0d mg/kgmh adhnhmwrcchdhlb'afot $ vortsycuginel days.

I b
Four Sy bk A ARG A Cog A BIRE Bound aordref R ST or
3H Capxol TM However, the levels of both total

radi oactivity and paclitaRabledire significantly | ower
foll ow ng adm ni stration of 3H Capxol TMfollowi ng a

simlar 3H Taxo This | IS nore
rapi dly distri b%ggﬁ%@grag@ouﬁﬁgﬁgpgﬁomzo The bl ood

HPLC profile shows a simlar pattern of nmetabolismto

Grotp ghl y potear | metidol i §e{&)Ddatis [bot | 0B HF ﬁlapxnbw and MTD or

3H Taxghg/kgowevehimilfe |rat e of net@belhism apReREs LDy
| CapxoBMgni fgzcant I y| g1 ower 7oy 3H CapXql as 44,127 of DI opgy
radijogctivity|jemains ag paclitgxgl 24
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 LD;q 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 LDs, 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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hours post-dose versus 27.7% for 3H Taxol. The
excretion of radioactivity occurs only mnimally in
the urine and predominantly in the feces for

3H Capxol TM which is simlar to 25 reported excretion
patterns for 3H Taxol. The bl ood kinetics for total
radi oactivity and paclitaxel following IV

adm ni stration of 3H Capxol TM or 3H Taxol at 5 ny/kg
are presented in Table SExg%;l'ﬁQljg 5 91 Treat nent
AUCo_24 (ng Extrapol ate served Cbserve d tl/2(3
(hr) eq. hr/ mBoxeatyend Efficacypt Two Famyulationsi e / (L
Total 6.1 7.6 4.2 OMMHWW 10.2 19.7
13. 5 0.03 19.7 3H Pacl i t axel 3H
3.7 0 4.0 0.03 11.4 Capxol TM3H 5.4 17.1 11.8 0.03
7A23md}’a§@© perferancdite defernincliboatfidavy of/CdpaeEMsTarol, ahil gleatapxol™

i L RO B A P b goements

ppm ratios are hi gher in all tissues for 3H Capxol TM
dOsmgs aftt midesactswtiegithanthviears ligedioas bP@gxoFHbnulations VR-3

TRy
given HitrB@dnbbs fkAens o?MaRaiGk bbRX 6F 15 HEULALE %g{fg/&z‘f}f%f’h\@ﬁays A

shows a simlar pharnacoki netic profil
controhgrepp phige migeowaireated withranmiattarepoys mmtldrmf@apmﬁ”‘ vehicle control

0 L) pm rat i
(umE QNI 86 meltdlast] 7 § 8o, INAREG o fpnies 3G e b of
compléto temoriregredsions, thomain dmdlmbmph;e I%Qfessuﬁigl RtfdriiMe survivors, and
tm treated animals than for Taxol (r) treated aninmals in
THYRTPCH nut e post adninistrati on 10 bl ood sanpl e
indicates that the 3H Capxol is nore rapidly
di rﬁattﬁﬂebﬂﬁﬂﬂcgﬁéolm‘ffofd&ﬂatmrp@H 3 reﬁ@ﬂé@\&%omﬂl&@ tiRérSe@Essions at alt

g& Ilsma ears Si qul cantly slower fo
dose leygs wrulisddn 400% é%t"iawﬁfﬁf 193 daysn Cagsol™

formulQ@&i VR@&%&UI@H 1@&% ﬁ%rf?&jg%@gm ?'{aer tﬁIee?l%h\é&rd%Hesg%gp@ and

for 3H Taxol xol
60% f@ﬂﬁsﬁﬂlﬁ%ﬁ ng 4a11w ky daw i Sweival rntw afterfloB riwjrsawre Rorhewlzsat hisethan with

tormul 34 R 1Bl it PoxgR Ao} 015 45 ks 0 103 o
survivad mmad%aao%yamfzmmsp&uww Tteatrient REHERS &t FdEa€ Mad no

for the treatpent of
effect on tumor growth ancﬂEe 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

145 5/5 15/5 |NA |50 |32 |NA |>88 [>73 |NA |0/5 [0/5 |NA

30 5/5 |5/5 |44 |50 |50 (22 |>88 |>88 |>56 |0/5 |o/5 | 1/5

20 /5 |5/5 |44 |1/4 [2/3 11/3 [>51 [>47 {>57 |0/5 |0/5 |1/5

13 45 [3/5 14/5 |05 |05 |14 |10 |8 >29 10/5 10/5 10/5°

CR = Complete tumor regression;
TFS = Tumor free survivor;
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primary tunors or netastases in organs with high | oca
concentrations. Tissue distributions are presented in
Tabl e 6 bel ow. The data represent the nmean and
standard deviations of 10 rats in each group
(Capxol TM and Taxol ). Table 6 20 Radi oactive Residues
in Tissues of Male Rats Expressed as ppmfollow ng a
single intravenous dose of 3H Capxol TM and

3R Far@hdridcudlen&; N0/ kg 92 Sanpl e Capxol TM Mean f SD

TB@RJ dRaerto ewya%gg SpVval ues Brain 0.106 0.008 0. 145
. 020 Heart 368 0. 063 0.262 0.037 Lung 1.006 0.140

0.694 0.057 Liver 1,192 0.128 1.37 0.204 Ki dney
ollgpe urexpagiedangd AgraispEgesuli siovearpingeased .eﬂ“BIaCﬁfOSS@ two CapxolTM

A 7 243.
formuBligbopihushha Thxd): BpidRich el ddths(or fdias R Shiche Trime
Capxolifrgrags d0e EO6WOr ©XRitY ofitht f@nfifdiion Bahesehi ditdosés W8 administered
asbolO .297.0. 051 Spleen 0.912 0.131 0.493 0.070 Prostate
U in5eifSa56 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 daampRew significantly higher
| evel s of accunulatlon of CaponTM in the severa
organs when co#89¢-8: 5 Distripition ofr gans i ncl ude

prostate, pancVﬁ@qhx&@ﬁ%ﬁX%ghﬂﬂ@Fd@ﬁéhé? bone, and
spl een. Thus CapX0 ive than
Taxol (r) in the Smekthmmwm_weﬂ}s&a_s of these

organs at equivalent |evels of paclitaxel.

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 3H—CapxolTM. 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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Levels in the prostate tissue are of particular
interest in the treatnment of prostatic cancer. This
surprising and unexpected result has inplications for
the treatnment of prostate cancer. Table 7 bel ow shows
the data for individual rats (10 in each group)
showi ng i ncreased accunul ation of paclitaxel in the
prostate for CaponTM as conpared to Taxol(r) The

Treatﬁ%@&t' S S&"cho‘iﬁ;%ﬂgf 'E’;F% AR rbt%é‘iex‘v@&” e %r?é‘c'id‘c t1/2B (hr)
0-

coul d &nsn ze _
), or b esenc&™t pr ot ein

for mJI
19.0

Ttald.l UUIII I III LIIC T h 60ﬁ
i ntjo 't he prost &t c tissue rough
%hdlo E’a? %5] mor anel %etept ors [(I§p 60, gp|9d3 gp 13 pkY7
3HC %1 Ke). It is also |ikelty that other
H-Tagolyconpat.ibl e bilodegradahl 6 polyners ot her than

Paclitaeh 3l h3#ay show | Bpeci fici t{y-Q o certal A.08i ssues SLch
Capxcd® $he| prost at e rigdul ting in 1hisgh | ocal 0@dncent raf7.on
Taxolof 15 paclitaxel |in these tiissues as al|result of the

properties described above. Such bi oconpatible
material s are contenpl ated to be within the scope of

t d enbodi pent o
Eh%%%s}q%/ ’F 'a?tg“%(éﬁ%\ﬁé %r.sEﬁ frlieng %r?@aﬁ?%ﬂqlre%trahon than *H-

Taxol Ba@lridt@N6n for rlzfoh €4 REO&L AR tisﬁe%l&gf ﬁhb?ﬁe h er in all tissues
cont ai n| ng paclitaxel and albumn wth a particle size

for *HiGaprpld " dasedanigralop-tholdoed levelanan lowere Tois suppcmmbwpld
t denonstr
aisteibhnp o FRCAHTR ol the B (P AL ARERIEEAR) B i care
pancreas ki dney, lung, heart, bone, and spleen when
C dieriléEdiet formalaict ImCap)mtfm shawentindls pbamzﬁco‘kamhe piofﬂhtoa?H—

ot TSR o055, NGRS 5 hs o
metabdlistOrhtdd dEe? sighifRa@tlyl A dignilicOfif 1dwddlevel of fal faddShctiditBRp
Capxof'rM treate:cl'l 211511?1'1%1sothe?;n5 for ]Ta)Zoglg) t?eated 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 *H-Capxol™ 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 (Capxol™ 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 mg/kg
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1.676 1.18 Mean 1.728 Mean 1.103 SD 0.36 SD 0. 16
This data shows that the l[ocalication of Capxol TMto
the prostate is about 150% conparied to 10 Taxol (r).
Thi s unexpected | ocalization of paclitaxel to the
prostate in the Capxol TM fornul ati on nmay be exploited
for the delivery of other pharmacol ogically active
agents to t he prostate for the treatnent of other

i Sease 3 hat—orga clIIlI bigtits
Sampff S22 m %}}”ﬁ’?or L %%ﬂ for the t?,;e’l@ma? =5b

of +t ha
\>

~—+

| L nf

Pt Ub[ all 1 III I afe afRea—h+e T

Brampr ostate Eger apeut i ggg%nts 15 efq’yg‘ilve for [th@0

Heart{' oot meni %gP% beni gn atic hyper8#&phy maybe 0037
gn py

Lung ¢ or nul at ¢ él pﬁ a sinilpfl#shion ti06¥hi eve hi giP-9%cal

leerdeI i very Hilarly, t%é2&urprising!-3drding t hat0.204

dnegapxol T™ Bﬁo"?n des hi gh0-1l®cal conclehttations tqg a8
Musclgeart cah0#e2 expl oi t ef0f20 the trea®dnt of rest®ISsi s
Gl Traeg wel | p8.802t her oscl p0.874 ¢ di seas|e0.898 cor onary] 0.243

| Testesvessel s. | 263 i t axel ha@.0bh¥en denonsi.zzt ed to have4y

Pancrd¢aber apeut 0.66f f ect i n| 0.R&7 preventi|ayn4esf rest endg.@oand
Carcagat her osc| esesi s and Capgwd TM t hus figsan 94 i dedlg.o65
Bone Vehi cl e. | figgt hernore | 16@s been degmpstrated tihpdsy
SpleerPOl yneri ggdial bum n preferentially %@3nds to infd @f@j&d
Prosta?endOt hel | phhyessel s poggsdl y through,gp60, gp 1

emin 3 rec rs. Exa 0 Bl ood tics and % ue
E,esmlgpst ri butlﬁg%?of 5 Pac| 1’ a3SeI Fol | ovv| ng Ml tipl g 27

Blood ntravenod’l?3 Dose Leve f CapxoliT, 'ln the Rat| T
st udy us ‘5]9 H-Capxol '}ff(ﬁgs suppl g ed by treﬁtQ g

n

Plasmam-r acd gr-oups—ol ratswilth?? sj ngle hokY
dose of 9.1 ng/kg, 26 4 nmg/ kg, 116.7 ng/ kg, and 148.1
nmg/ kg of paclitaxel in Capxol TM Bl ood was coll ected
fTignaatd Botvai émﬁ’cﬂhigy &%ﬂeﬁl@@els%fg@u@ﬂxlm ST eprdiat fne ﬁlveral
24 10 hours, bl oo |l es were collected, extracted
organsapencREDPERe i Faxoi®); Eb@Séd)rgms mlvly@e pmsm@l; pmaae, kmhtw lung, heart,
f I
bone, S Blce TR Ao R B ey P 18 Tl T e
of thes&orgaov\ntmguilv‘adeaidnvain citpaalitaod). of 3H— Capxol T™ are
presented in Table 8. Table 8 G oup/ Dose AUCo_24

BPUVERRP &%Sa?o%ta%t%s%ﬁe\:/ z%‘g o%asr?ur:ﬁigrqn‘gg}e/sg i?l the treatment of prostatic cancer.

This surprising and unexpected result has implications for the treatment of prostate cancer.

eatment of cancers

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 is 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 composition to achieve high local concentrations of paclitaxel in the prostate is a formulation
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(mg/kg) ( g eq.hr/mM) Co Crax T. (hr) e /mM e/ n

(hr) A/9.1 11.5 10.2 7.19 0.03 22.3 B/26.4 43.5 44.8

29.5 0.03 16.0 C/116.7 248.9 644.6 283.3 0.03 8.48

D/ 148.1 355.3 1009.8 414.2 0.03 9.34 15 As the dose

of paclitaxel was increased, the area under the curve

was proportionally increased. The | evel of parent

conpound after 24 hours was increased by a factor of
contan%gg gﬁc?%&télh agﬂ%umlg with bt ecle %XQ% frﬁngﬂrlé F058 %{‘% A0 %8d free of
cremopkar e hiswatbdiment hEtSH@OF@Rm d¢mgnstratem ssﬂfm@mhxn]eﬁl/lcomedtrauons

o g BN LB ARG AT S T

eqmva:lmxd@slei.y of Capxol TMfollowng a single 1V
admnistration in male and fermal e rats. Capxol TM was
adm nistered to 6 nale an (i emale rats at doses of
5, 9, 30, 90 and 120 ng/ k§2!®ke hal f of the ani mals

from each dose gropga¥&1® ra8l SRAIZRY and necropsi ed
on Day 8. The remaining ani mals were necrop3| ed on Day
31. The 5 results of2esagues/kpaditeatled ani nal s were

conpared to the results of normal saline and vehicle

control gng 3 510 esutts—of—gni mal s
treated w 55 :szé’%’u g7 Tﬂi‘?‘lg\u. —ARtrabs were
exam ned | |ately after dgls , 1 hour and 4 hours
 past adm’r|§t4at|on and ong ily thereaftegr. Bl ood
was col | egt from each ani nd?¥or” hemat ol ogi cal and
serum det ¢r rﬁ Hatl on prior tg lei?t hanasi a. 10 Thirteen
deat hs oc¢dr¥8d during the 3d-Hay observation period.

Al 12 aniife@?*8 treated witH kol at a dose|of 30
my/ kg pacl ilt®&Rel di ed by day 1403 Only one ani rfal
treated witli$63Capxol TM di ed.| (¥fe Capxol TM tr gat ed

ani mal recéi’8d 90 ny/ kg padld.94axel and was flound dead
on day 15] 1KG6ot her ani nal s [tIrated w t h Capxol TM di ed
at the 90| Meadr 1729 ng/ kg dadean tihenefore the death
Is not thogpht bpagebe treat manip relpaked. 15 Dyring the
first four hour ©observation period, pifoerection and
staggering gait were

This data shows that the localication of Capxol™ to the prostate is about 150% comparied 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 treatment 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™ thys is an
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observed in the majority of animals treated with
Taxol, possibly due to the al cohol content of the
drug. Piloerection was noted in a few animals treated
with Capxol TM Animals treated with Taxol at a dose
of 30 ng/ kg paclitaxel were observed with piloerection
and | ethargy and were found dead by day 4. No overt
signs of toxicity were observed in Capxol TM treated

ideal whicte| ButhdGn@X @B bde Heﬁoﬁﬁfﬂtéd&ﬁét%@gﬁ%ﬁzéﬁ albumin preferentially
erection at the 90 /M and 12 ng/n1 dose

. il ) ]
binds jodpHpaed qgothglial vesrelspoasiblyidiraughegigPy gnd Biand enl3askeptors.
treated animals. Gross necropsy results for day 8 and

day 31 were normal . Signﬁ{é%%gggdose rel ated changes
were seen in the male reproductive organs in aninals

treated with CBloodKErgtics and fsamrRisiribntigmol vacuol ati on
of epididy ithelial cells. aften
10 hle Infravenols

acconpani ed by oG al =1 It et 2 MPhocytic 25
infiltrate, was obkewkiad CaphaleinWis RanCr easi ng severe
atrophy of sem niferous tubules seen in the testes as

R RN ORI T SN

with atshgle g doPsoHUal/ve2 08 afisl LAdl4R. 1 HRAL litaxel
'tQ 9, 30, 90, and 120 n?/‘g Capxol TM These cﬁggsgglmm
I B%

. W A
in Capral%) Blagdaves collestedeliram Eiedeil vein andithe i Ce vaptalpated. At 24

hours, bRt §2mpllHEeR cofifang é’&?elle lﬂ?’!mi '
Omganina sptﬂat fgcelvégﬁﬁlgdé?hgggggﬁ%}ﬁ%g%go Lq&?damnmw
the levehefipgest @8nwaené irsthe bldod. t he testes from untreat ed

control animals, vehicle control aninals, or those

t t Wt heT .ulhis. finding. is expe and .

B L Rt PRl B RETV g tration of
H-Capuodt ave picsentdd in@ablerge dependent cancers such as

prostate cancer. Renoval of the testes (orchiectony)

is a 5 therapeutic appro o the treatnent of

prostate cancer. Capxol T esents a novel
formulation for the treatnment of this disease by

Group@wse eViAPCHY, gh | oGatragsdiie®n| OBEdredd OF P@Bidricaxel | pfyp
(mg/kdhhat ik g.cqiyndysicgi ned act|gity of theractive (hr)
I ngredient, by reﬁyggh@ﬁ)of h?€5¥ﬁﬂhai @Epction angr

W thout;tche toXi T ' A PR
AS.L [ e TOXI ¢ henuphor | yghr ot e Trggiment witly

1 A4 | J..] v rabl{ifAF L A ol o

Capxul ZUTTaS  ar Or—T€nu OoT—n 1S+
BQﬁA*esto:ﬁgéﬂne and gé\“r andruzzg hornnn@@&glo Cer-afd
C/116'Zr\rfi d Zlﬁg-ﬁacr osi ~6%\ 2’83-319 mid b8 | eyel |gF48

D/148.0pe 113803 eat el 1804 8ml s | 42 mmy ebPhin 1 he | 934

deaths of the animals treated with even hi gher doses
of Taxol. No cerebral |esions were seen in aninals

LARRL Gt P b&li@ﬁgf(‘?és-ri%rgge& th@Gia Qhad g(fé?&@é wgs:ﬁrﬂaoﬂio?ally

) neur ol ogi ¢" t OXI CI I'S surprising and has sig can
increaspdypl iecdavdl ofiparentrromptimd dfter 24 banmwns imfeabrddiyna facwpbes.5 (0.04

ppun - G PEpi 88 il R0 J0%F 4 LR 4B e To 30 - 00
nmg/ 2 dose i n humans)
Example 61

Determination of the Toxicity in Rats of Capxol™

and Taxol Following a

Single Intravenous Administration
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To summari ze, Capxol TM was consi derably | ess toxic
than Taxol. No Taxol animals survived at the doses

hi gher than 9 ng/kg. Wth the exception of an
incidental death at 90 ng/ kg CapxolT™M all animals
whi ch recei ved Capxol TM survi ved at doses up to and

i ncluding 120 ng/kg. There was a hi gh dose-rel ated
effect of Capxol TM on the male reproductive organs and

aTROoGELBINE 65 Mk @Rid Wal R @ihRshe theioa ity o'f‘@ﬁﬁio@m RiIswiieS single
not denonstrate any toxic effects fromt

IV adrgigsstration ingpale andsfemalegnis) @l@pml“ﬁ*@%@rmplstf:tﬁdan @ male and 6 female
rats at 'dagés W5y Bé?ba IIQP mﬂhﬁ God W H b MRS EE e ESm each dose group were

dm ni stere jections and represen
eutharwduanéh@n@psafd c&(Day 8 OhenghaiingeaanilnwhremeaspsikkanPhe31. The

sl SR PR s R Dol SR B e and vt
control Qbﬁpsvﬁﬁﬁﬁlllsasw tHefttsults 8f drdfals FeNBRWith BN9 Whd Ko Sendimmune
LV. (Formul ation Currently I\/arket ed by Sandoz 97

rticles of cyclgsporine (Capsorine I.
%‘@Hgﬁgé’&efsgmd@gﬂ ingaglialplypler dosingpl baur and 4aktﬁars past wer e
adminfs@ARMS hrid ¢He8 dailythsRhfdie RIS @&%gé&écﬁﬁ&ﬂ chéh QHIL%I
roup of 3 Sprague Dawl ey rats by 1 ntravenous bo

hematiogied ondl synmisteohingtiomprionie ewhagiasien  Sandi mmune | . V
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Caproltl G e § S i Fmaarociied S0 dr b b Giang s found dead
on dadeI Ndﬂﬂik&@mnﬂi@tr@l'&dchméﬁpx%mvﬁai eyl gtailo (9191‘2@3&1@5( Hose
as_foll ows: Deca%/r COver Tinme AUC, ng-h

theref%f‘gﬂlﬁldeatksa%% Honghtito be trggimpmigelateds3  Sandi mmne I

7,791 2,606 In addition, due to toxicity of the

?mﬂﬂll

o bl . il o
observerbindpamaiosiheoffanimals bfcatW(t@Mrpmablly due Jo the akephidlvgntem of the

drug. Islib%recf?%r?\%g@ﬁotédq%ﬁ%rf? Wi SinWS a t S é‘%]@ treated with
Taxol dt ardosd d’(3|0011]g/((§pmﬂﬂtm1m&e bbéén)ed vﬁ&ﬁ;ﬁﬂde&cﬁoﬁ&ld lethargy and were
P %5 cokipetic PK t.a for cl osdporl

ound %Egﬁ +ohNg overt igns of toxicity were observed in Capxol™ treated animals,

except for a few incidences of piloerection at the 90 mg/ml and 120 mg/ml dose levels.

No abnormalities were reported in Capxol™ treated animals. Gross necropsy results for

day 8 and day 31 were normal. Significant dose related changes were seen in the male

reproductive organs in animals treated with Capxol™. A degeneration and vacuolation of
epididymal 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

96



10

15

20

25

15 (Capsorine Oral) Followi ng Oral Adm nistration
Conparison with Neoral (Fornulation Currently
Mar ket ed by Sandoz) Nanodroplets of cycl osporine
prepared above were adm nistered in orange juice, to a
first group of 3 Sprague Dawl ey rats by oral gavage.
A second group of 3 rats were given Neoral, a
commercial Iy avail abl e microenul sion fornul ation

were SO frAthB s ﬁﬂhﬁl wbitrbht8d Sontd bfifafll {&kid1OPond1 4flmaf atﬂgﬁose treated

uice, also by oral gavage. Each group YECEIVEé

with legele dose of 12 nmy/ kg cycl osporine in an |dent|cm

vol une of orange juice. Blood sanples were taken at

aﬁlgi@ixgﬁ?aﬁ mi]e?pec?’é?l &ﬁ‘hﬁ%&r@%}% t gi%ga ir_lltéczlimr?f'{:%ﬁo‘r%%gglae?’@eament

of honmnedax:am darbyrsisﬁ&lﬁs parthté maalReatevamfmfeneaE§(ovmeetomy) isa

therap e AR I g BRSPSl SO e CoRT™ IR D,
formul@bifor t@SréaBERIOF s Excake By dBRvdhi %g@@ﬂ%bn&lgﬁtﬁ)n%achtaxel
S

Thus, the nanodroplet formulation orine O al
at thatysiie, byrsestained potivenof te agmgrad@nmby mdumn qﬁmawlmﬁm@on and

I
wibo b5 EEATES AL KA, SRl LA GG e R0
levelsdjjemstbmasammmm%mmes.rat| onal e for selecting
t he initial dose for Phase 1/II trials will be based

Pt oA AR sk Pl @i dosR ISR ol Bt iol el Shimals.

This nfagferplail the teathBhe th ahdlfireatd #ah avaloper dowk 68T8®].t Rakerebral
initial dosjng |evels of Ca on TM for Phase 10 |/

lesiongyrgiserd ipjapimaliseeaiqdovidueamel 'Yhed MID (maxi mum
tol erated dose) for paclitaxel in the Taxol

foHieEeR bf QiRcbriias 6Bl glcnExicHy fs %thpn R Ghd Hés“s?%;mﬁ’c%hﬁmﬂhtcanons

is anticipated at this tinme that "t he cllnlca

in bothyfhy Ereatmppoifhsin fapare andibp pbilind tovickievalagh systaniinilpses enging from
5. 120915%%%31‘( Me%%diffafdo% 'dS{ %%mn%gj ni stration of

faxel” 'deter mne eqw ose o Capxol TMto
Taxol - i.e., to determ ne the dose at which

e“épﬁunahfe‘me @mxptTMwms comsroatd elcsstosivtthaniBakol. ae Taxol animals

1
survivet e Bl il DR e 9B ftpld oot neidhils? ol bcho morke
CapxoB¥, alhﬁﬂmnﬂs Sitbfchi re v ed\Gapx 610 Bursived hedosBeiky ©G8d (relullio1n0

or., bol us)
mg/kg, Ji“hcre was a high 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.

Exampleg 62

Pharmacokinetic (PK) Data for Cyclosporine Nanoparticles
(Capsorin 1.V.) Following Intravenous Administration

Comparison with Sandimmune LV.

(Formulation Currently Marketed by Sandoz)
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There are many potential advantages of the Capxol TM

formul ation for paclitaxel. CapxolTMis a |lyophilized

powder containing only paclitaxel and human serum

al bum n. Due to the nature of the colloidal solution

formed upon reconstitution of the Iyophilized powder

toxic 20 enul sifiers, such as cremaphor (in the BMS

formul ati on of paclitaxel) or polysorbate 80 (as in

t

o O g e S o P RSt e (Eramles
13 anghbb) vyase mcm@s@tutﬂemvlmgmd estninisserad i f Buskgronp of T Bprage Dawley

es sever e ersen5|t|V| an
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contaips' ﬂdmalblﬁar/lethlaﬁol'l'ﬁe@ Hilutlon iAddine] ®ach Broupreecamel tiakine dose of 2.5
and anti hi stam nes are anti ci pated pr

stero ﬂf
ke ytlop oG SRRpIDHESHakRAt Higy0. 085 BImBssacatdd?, 4. 8,24,
36 and @(11 @dnts) ESoveRSf @Wl&sﬁ&%‘@m*@ﬂe lSlBSd %Qe%!arWH?L@%& Bypical PK
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paralnghe@ame deieiined yTheT’JKecm@bowcdﬁypmalr@ae&mwp timess fadlows:
(as conpared with Taxol) is expected to reduce the
period of the treatnent cyﬁgﬁ kﬁ&%iﬁﬁ%'y 3 weeks) and

I mprove therapeutic Hes .AU.T.. cat—be
Cqmoadnhplstered at nu ngonce (up to 20
San dﬂﬁ%ﬁg Vconpared MA axol (0.6 gﬁ , allow ng nmuch

¥ Vol ume infusi’e and possi 96adn1n|strat|on as
an intravenous bol us. A recogni zed problemw th Taxo
is the precipitation of paclitaxel in indwelling

In addBidh\@leQb Soxichiyi of tHeESulifmin? I8V IfafnhiatRR02 BOP fdtg/m that group died
control | ed dosing. Due to the inherent stability of

within fhoppreaficn foséngd afhius Bledpnensrtistc foraulation @wpmnnath\b gecording to the
I, . .
presenifiRiRlohthotf gRAGHABE Bl RIBALE) kR tb e LR Pbaital
formulatiod(SeddimmmomedVe). si ze range preferentially partition
into tunors through | eaky bl ood vessels at the tunor
site. The colloidal panrticles.of paclitaxel in the
Capxol TM f or nul ati on aréiﬁﬁggépore expected to show a
pref er enPhahla&ﬁqﬁ@ngK) Dﬁta%ﬁf (eﬁﬁOSDQﬁMzmﬁdf(@wﬁml ng the
i a n1n|stered |n the BMS

f or nul &t afn ; ;
Trial Desi Wéoral hﬁﬁ!ﬁﬂl(ﬁ‘f‘(lur%}lﬂ ﬁ'ﬁét@&b Sﬁfd% t cancer

Nanodroplets of cyclosporine prepared above were administered in orange juice, to a first

group of 3 Sprague Dawley rats by oral gavage. A second group of 3 rats were given Neoral, a

‘commercially available microemulsion formulation containing emulsifiers, after dilution in

orange juice, also by oral gavage. Fach 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 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/mi Cmax, ng/ml
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Dosing plan: The rationale for selecting the initia
dose for Phase 1/11 trials will be based on the
significantly |lower preclinical toxicity data (Single
dose LD1O data in mce) for the Capxol TM fornul ati on
conpared to the BMS fornul ati on. The single dose LD O
in mce is determned to be 398.1 25 ng/kg. Conversion
of this dose to a surface area basis (3 tinmes the
CapsoREé gval ue) gives apys estimate 0gg1194.3 or about
21200 ng/ n2. A cons 2@§ive starti@ dose 1/10th of
this value for humans results ina dose of 120 ng/nt.
However, it is already well established that
paclitaxel is 100 safe at a dose of 175 ng/n2 and
Thus, thesedodsoplet fpinnditiont(Cdysoving Drdlapbchd Privbenb meitipnlshuws a similar PK

nmyel osuppression i, s, .a.dose of 175 ng/nR2 shoul d
bdmv%%ﬁgﬁ?8£$@Wmﬁwgaﬁﬁ%&%ﬁ%ﬁWﬂ@Fﬁdﬁ@@?&n. The Capxol TM
solution will be delivered in approximtely 15-30

mnutes or less, if posgiphpledxanple 66 5 Qutline of
Capxol TM C i ni cal . Devel opnent Program Conbi nati on

Phase 1111 Dose Ulinical ingestigating axoBY: Ef fi cacy Tri al

th Ca
Pat i ent s/ Pur pose: @3%%§ﬂ£§mQ@thgwg%yanced br east
nmetastatic disease Terrac andard therapi es.
The goal of this trial will be to establish the
r Bpetienale far eelectingthsinitigivioss fox Phdse 141 wiglsevill de baseidron the

' i t:h: .c-hreast c er. sing - e
drama R L ol BRI ol SR Gl oPlparef BB
fonnulhti(rm lfﬁmmetginﬁﬁl ddeeationt &ldicatids :tliat bﬁtizlﬂ ﬁ(@si@l&%l/s Hﬁgfilpﬂdﬂm for Phase

tol erate ose (ML or Paclitaxe 175 mg/ nR2). ..

Vi stugis § H%é‘ﬁ{w Suegrh (Baxiutn fosgrelad fosepBypagiipe! iiths Taxol
formulbtiéh. Wded §n 1RREREH prebhfics ditd |t iPSidipRal 'a?ﬂﬂ}dsiin?é th8AR 8 clinical

. .of the initial Capxol TM dose | evels, expanding to 6
objectipest foemeskehapproval wite Wielimitate the peedfonpremedioatic® prive to

- P . n rse event .

aamin 3o S8BT oot O D0 e LB A BB o dccn
the dosahabwhick eq@ivaentrmtimmpatdspmiss isoabitaindd; Gnddlindinga e reed for

. _dose |.evel i bit de 3.non- el osuppressi ve:
continftg§ o1 Sign TR hop ) e BN BLBIN AT R4 RY 1 he
adminiWHBoh @%&:Ghich shEAtrgtriodsI(Re KRS 8r bdtis)Capxol TM wi | | be

desi gnated as the dose 1 medi ately precedi ng the dose

which the trial was discontinued. A ternative
Edtt manypotentizhadydniaaesal thg Faprol ¥ denmudatiog Apn gacktaxclor
Capxol24 iZDlyBfizdd HoW AR n IR i 1Rk AREABRALY
P based- on ﬁ%eq&esultg ofn$ﬁ§9pﬁﬁ¥§§F%ﬁglng e o§g ? Dueto
the natyyg IO_ﬁ thesoHeidul selutiph frmed ckomestorsttutibn of the lwphidided powder toxic
emulsiigég%,:‘sgféﬁ n%acr%%%pﬁéll‘ (il? ﬂ%rﬂﬁg %(rlmr}l :a}tfo(r:i 0 %)ell'lc‘iii}/ax\é\i) Iolr p&?sorbate 80 (as in

the Rhone Poulenc formulation of docetaxel), and solvents such as ethanol to solubilize the drug,

Neor

- 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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serum drawn at appropriately designated tinme points.

Paraneters such as t12 ((x and (3 phase), AUC, C. .,

Cl earance and vol une of distribution will be

determ ned. 25 Patients - Phase Il Conponent: Having

establ i shed the MID, breast cancer patients simlar to

those used in the original Paclitaxel trials wll be

selected for the Phase Il conponent. The nunber wl|l

bpubaseduen t&xhﬁtléﬁe% &BddnleEBy @RI IRV Eﬁﬁ@fmdfe@ Sﬂ?g&? Boses may be

rate with acceptable precision at the 95% confi dence
employed which agll w@hmm@elsqfﬁaa,cm Il be single arned with

t he goal of establishing 101 equival ence with standard

CORL e S 8 BRE ORISR ANl e
periodfi éheagaimeent cydeafiiuaestiy® wasles) and intprive: tRE&-apatit entcsmes.
which is comon for t he Phase Il conponent of a Phase

1%%03{%% Pe %%%ﬁ‘gsé&g %:l}‘%’i% ORER g AP o ?@aig/rgﬁ compared

with 'I}amll (@6tnsg/mlNaliddhg inath ldvhse vhIui® ihRsibRs RANS®sibHUdd@tih@Ration as
res nse and survival time will be nonitored.
anmtr%‘éﬁ“@‘c‘il Sthe treatment will also be evaluated from
adverse event rates and changes in standard

| Ab@fo@ﬁl@éd’p@ﬁl@ﬁﬂﬁfﬂ?l‘@ml #Ohe prRcipdBionZot padfRaxeB R ind@ellitd?2
CLAI VE: .. Use of a conposition for the manufacture

cathetegs. Hﬂﬁéﬁ‘é}ﬂ&%ﬁéﬁﬁtuf #d paodlaconigolled sipsing sPye tortheinherent stability of
the col?(ﬁ{m 93151{1619&’ tﬁ?Pa{r T{iftnfﬁgatﬁﬁn@ [ fTM,;t!thg §ro%?egﬁ5f ap%'e%&ta?lon i3

har maceut i ca Ve age
allewafedz The use accordl ng to claim1, wherein the
pharmaceutical agent is a taxane. 3. The use

Lm 2. . wherein the taxane
PR St S il G3h Belop dinty R BEmefarsise ranee
preferentiall epAatitidieintotimoss theugh I@.k}’ﬂhl%bd vessels at the tumor site. The colloidal
particles of paclitaxel in the Capxol™ formulation are therefore expected to show a preferential

targeting effect, greatly reducing the side effects of paclitaxel administered in the BMS

formulation.
Example 65
Outline of Capxol™ Clinical Trial Design
Indication:

Metastatic Breast cancer

Dosing plan:

 The rationale for selecting the initial dose for Phase U1 trials will be based on the sighiﬁcantly

lower preclinical toxicity data (Single dose LDyg data in mice) for the Capxol™ formulation
compared to the BMS formulation. The single dose LD;o 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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5. The use according to any of clains 1-4, wherein the
protein is albumn. 6. The use according to claimb5,
wherein the albumn is human serum al bumin. 15 7. The
use according to any of clainms 1-6, wherein the _
nanoparticles in the conposition have an average size
of | ess than about 200 nm 8. The use according to any
of clains 1-7, wherein the conposition is

safe atsiosé ant7sahgin’ bfi®Based on agllmwﬁﬂéapx%lmghﬁwhﬁ%%wer

according to any of clai wherein the

myelogupRissupt NgaLs; asd@e BE1 B rrEﬁs;wmldé’e sfe for(ﬂﬁfeﬁﬁmw fogaulation. The
Capxoi’QI solli¥6n YIPp@GARERURG A éﬁg}ﬁﬂx\é g} %géhlrflﬁltgs m’leﬁqs ook %osgrgle

he conposition i s sul ei ng
|ntravenously or intraarterially. 11. The use
according to claim 10, MxempladG he conposition is
sui tabl e fEYﬂP%I’ ) QQ}B.st‘ _dibnt(. -nously 30 103
12. The usg 3
conposition is anﬂaaﬁhen Pﬁ)e[seME m@e Fslmdi st er ed

Ily. 5_10_15 20 104
'ntraarterially. S & Limsed Eicars Trial

Patients/Purpose: Patients having advanced breast metastatic disease refractory to
standard therapies. The goal of this trial will be to establish the response rate to Capxol™ as a

single agent in patients with metastatic breast cancer.

Dosing - Phase I Component: The initial dose to be used in the Phase I component of the trial
will be the known maximum tolerated dose (MTD) for Paclitaxel (175 mg/m?). Subsequent
doses will be escalated in 25% steps until the MTD is reached. There will be 3 patients at each
of the initial Capxol™ dose levels, expanding to 6 patients at the MTD. The ability to move to
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
serum drawn at appropriately designated time points. Parameters such as t'? (o and B phase),

AUC, Cpyy, Clearance and volume 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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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 Il component of a Phase V1T 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:

1. Use of a composition for the manufacture of a medicament for treating restenosis, the

composition comprising nanoparticles comprising a pharmaceutically active agent coated with a

protein.

2. - The use according to claim 1, wherein the pharmaceutical agent is a taxane.

3. The use according to claim 2, wherein the taxane is paclitaxel.

4. The use according to claim 2, wherein the taxane is docetaxel..

5. The use according to any of claims 1-4, wherein the protein is albumin.

6. The use according to claim 5, wherein the albumin is human serum albumin.

7. The use according to any of claims 1-6, wherein the nanoparticles in the composition

have an average size of less than about 200 nm.

8. The use according to any of claims 1-7, wherein the composition is substantially free of

surfactant.

9. The use according to any of claims 1-7, wherein the composition is substantially free of

Cremophor.

10.  The use according to any of claims 1-9, wherein the composition is suitable for being

administered intravenously or intraarterially.

11. The use according to claim 10, wherein the composition is suitable for being

administered intravenously.
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12, The use according to claim 10, wherein the composition is suitable for being

administered intraarterially.
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