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[S7[ AUSTRACf 

In aeconl~1JC(: with the prc.""m invention, Ihcrc ~rc pffivided 
compositions and melhods useful for the in vivo delivery o f 
substantially water insoluble pharmacologically active 
agents (such as Ihe anticancer tlrug paditaxel) in whieh the 
phar",ac()l()gi~all y aclive agelll is lIelivereli ill Ihe f()rOI of 
suspended particles coated with prOiein (which acts as a 
stabi li:r.ing agent). [n particular, l)rOle in and phaffilacologi. 
cally active agenl in a biocompatibJe diS[lCr.; ing medium are 
subjected to high shear. in the absence o f any convenlional 
surfaclallls , and also in lhe alJscncc of a n ~' polymeric rore 
material for the panicles. The procedure yicld<; panicles with 
a tliametn ()f less than abou t 1 minon. The use of spt'dfic 
COmposition and preparalion O)ndilions (e .g., addition of a 
polar solvent to the organic phase), and care ful select ion o f 
the proper organic phas.: and phase fradion, enables Ihe 
reprod ucible production of unusually small nanopanieles o f 
less than 200 nm diamctt r, which ca ll be stnile· filtnctl . The 
parlicu lale .<;ySlcm pmdllce(! accord ing 10 Ihe inven t;oo can 
be convened into a rt:di spers ible dry powder comprising 
nanoparticles of water·insoluble drug coated with a prole in, 
and free prOlein to which molecules of the pharmacological 
agelll art: lx.ouod. 'Il,is resul lS ill a unique lic live ry system, ill 
which part nf Ihe pharmacologically aClive agent is readilr 
bioavailable (in the fonn of molecules bound 10 Ihe protein), 
and part of the agenl is present within parlicles without any 
polymeric matr ix there in. 

31 Claims, 2 Ilnlwing Shtocts 
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5,916,596 

PROH]N STA8IUZEIl 
PHARMACOI.<>G ICALLY ACTIVE AG ENTS, 

METHODS FOR THE I'REJ"ARATJON 
TlI EREOF A ND METHo ns FOR TIlE USE 

THEREOF 

RELATEr) AI'I'I J('A'n ONS 

This application is a continuation.in.pan of U.S SUo No 
08/412,726, filed Mar. 29, 1995. now issued as U.S. Pat. No. 
5.560.933, which is, in turn, a divisional of U.S. Ser. No. 
081023,698, fikd r",b. 22, 1993, now issued as U.S. Pat. No. 
5,439,686, the en tiTe contents of both of which are hneby 
incorporated hy rcfw;1"lCC herein in their entirety 

FI ELD 01-' T ilE INVENTION 

2 
orgallS arid tiss u~s allows thc free I",ssage of the!;t: bloocl 
celk When microthrombii (blood clol~) of size greate r than 
10--15 microns are present in circulation, a risk of infarc tion 
or blockage of the capillaries rcsults, leading to ischemia o r 
oxygen deprivation and possible tissue death. injection into 
the circuJa tiou of particles greater than 10-15 microns i" 
diametcr, therefore, must be avo ided. A su.~pcnsion of par
ticles less tban 7-8 microns, is how",vcr, rclatively safc and 
has been u~d for the deJiVtTy of pharmacologically acti~ 

10 agems in the form of liposomes and emulsions, nutritional 
agems, and comrast media for imaging applications. 

The size of panicles aoo thei r mode of delivery de ter
mines their biological behavior. Strand et a l. ( in 
Micro:;p/um:s·lJiUlIff!Jiclll Appii"Ulium, eu, A R~llll.J~Ulll, 

15 PI' 193-227, eRe I'rcss( 19t!t!) have described the fate o f 
parlicles to be dependent on their ~ir.c . Particles in the sir.c 
range of a few nanometers (nm) to 100 nm enter the 
lymphatic capillaries following ime[1;tit ial injec tion, and 
phagocytosis lllay ()!,:cur within the lymph uodes. After 

·lhG prescnt invention relates to methods for the produc. 
tion of panieul.te vehide~ for the intravenous administra
tion of pharmacologically active agents, as well as novel 
compositions produced thcreb~'. In a panicular aspect, the 
invention relates to methods for the in vivo ddivery of 
substantially water insoluble pharmacologically active 
agents (e,g., the anticancer drug taxol). In another aspect, 
dispersible colloidal s~'Slems oontaining water insoluble 
pharmacologically act iv~ agems ar", provilkd. The sus
ptonded part icles are encased in a polymeric she ll formulated 
from a hiocompatible polymer. and have a diameter of lcs,,, 
than about I micron, Invemion oolloidal systems arc pre
pared without the use of conventional surfactant or any 
polymeric <-"re matrix. In a pre!;t:lltly prt:fcrre ,j aspect of the ] 0 

invention. there is provided a method for preparation of 
extremely ~a!l particles which can be sterile·fi ltered. The 
polymeric shell cOn1ains panicles of ph3rmacologically 
a<-1ive agent, and opt ionally a biol.'Ompatiblc dispersing 
agent ill which pharlllaoolo~cally activc agent can be either 35 

diK..-.nlved Or ~u~pcfl(lcd. Thus, the invention providcs a dmg 
delivery system in either liquid form o r in the from of a 
redispersible powder. Either fonn provides ooth immedi
ately bioavailablc dru~ molccuks (i.<:" drug mokeules 
which arc molecularly bound to a pro tein), and pure drug 40 
particles coated wi th a prolein. 

20 intravenouS/int raartc rial injection, part icles lc.~s than about 2 
microns will be rapidly clcared from the blood stream by the 
reticuloendothelial system (RES), also koown as the mono
nuclear phagocyte system (MPS). Panicles largt:r than about 
7 microns will. after intravenous inject ion, be trapped in the 

25 Inng capi llaries. After intraarter ial injection. panicles arc 
trapped in the first capillary bed reached. Inha led particles 
an;: tra pped by tht alvcolar macrophages. 

I'harmaceuticals that are water-insoluble or poorly water
s.olublc and !;t:nsitivt; to acid environmcnts in lbe stQlmch 
cannot be conventionally administered (e .g .• by intravenOus 
injecti'," or oral a"mini.~tration) The parentera l admini...rl1l
tion of such pharmaceuticals has been achieved by emulsi
fication of the oil solubilized drug with an aqueous liquid 
(such as nunnal saline) in the prescnce of surfactants or 
emulsion stabilizcrs to produce st.ble microcmulsions 
These emulsions may be injected intravenously. pTm' ided 
the components of the emulsion arc phannaoologically iocrt 
U.s. Pal. No. 4,073,943 deS<.Tibcs the admi rl istrati,)O of 
water-insoluble pharmacologically active agents d issolved 
in oils and emu lsified with WJter in the presence of surfac
ta nlS such as egg phosphatides, pluronics (copolymers o f 
polypropylene glycol and polyethylene glycol), polyglyc
erol olcat~ , ~tc, I'cr internatiollai l'ublic~tjon No, WOOS! UACKUROUNIJ 0 1' TI lE INVENTION 

Intravenous dmS delivery permits rapid and direct tquili - ~5 

oration with the blood .~ ream which carries the medication 

OlIO! I describes pharmaceutical microdroplets of an anaes· 
thetic coated with a phospholipid such as dimyristoyl 
phospbatidylcholine having suitable dimensions for intrad-

to the rest of the body. To avoid the peak serum levels which 
arc achieved within a shor1tim'" after i01rava!;Cuiar injection. 
adm inistration o f dru~ carried within s table carriers would 
allow gradual release of the dOl £.-" in~idc thc intravasculM 
companment following a bolus intravenous injection of the 
the ra peutic nanopart icies. 

Injectable controlled_release nanoparticlcs can provide a 
p re-p rogrammed du ration of action. ranging from days to 
weeks to months from a single injection_ They also can ofier 
sevtral profound adva01ag~s ovcr C()n\'cntionally adminis
tered medicalf)en ts, including automati" assured patient 
eomlllial"lCC with the Onse regimen, as well as dmg targeting 
to specific tissues or organs (l Ice and Gilley, Journal Of 
C()fJ{rolled Release 2:343-352 (1 985). 

Mieroparticles and fo reign bodies pre.se01 in the blood are 
generally cleared from the circulation by the "blood filtering 
organs" , namely the spleen. lungs and liver. The particulate 
lllal1~r contained in nurlll~l ",hoI<: blood <.:ompriso:s [~d blOO!l 
cdls (typically 8 microns in diameter). whit'" blood cells 
(typically 641 micro ns in diameter), and platelets (typically 
1- 3 microns in diameter). The microcirculation in most 

",noal or imrav~nous injt:ction. 
i\n example of a water-insoluble drug is taxol, a natural 

produd first isola ted from the Pacific Yew tree, lilX"~' 

SU br~ifofjlf, by Wani et a1. (J. Am. ellclII. SIX. 93:2325 
(1 971 »). Among the anlimitotic agcn l~, taxol, wh ieh contains 
a diterpene carbon skeleton, exhibits a unique mode of 
action on microtubule proteinS responsible for the fonnation 
of the mitotic spindk. I" contrast with o ther antimitotic 

5S agems such as vinblastine or colchicine, which prevent the 
assembly of tubulin, taxol is the o nly plant product known 
to inh ibit the depolymerization IITOCeSS of tubulin, thus 
pr-.:v~lltillg the wll replkation proccs.s. 

TaxoL a naturally occurring diterp.::noid. has been shown 
60 to have significant antineoplastic and anticanct:r dfe"bi ill 

drug-refractory ovarian cancer. Taxol has shown excellent 
antitumor activi ty in a wide variety of tu mor models such as 
the H!6 melanoma, U210 leukemias. MX-J mammary 
tu mors, and CS-I culon 1l!lllor xcnografbi. Se"eral rc~"'n t 

65 press re leases have termed taxol as the new amicanccr 
wo ndcr.dmg I"'lccd, taxol has recently necn approved by 
the Federal Drug Administration for trea tment of ovarian 
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