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57 ABSTRACT

In accordance with the present invention there are provided

compositions and methods useful for the in vivo delivery of

substantially water insoluble pharmacologically active

agents such as the anticancer drug paclitaxel in which the

pharmacologically active agent is delivered in the form of

suspended particles coated with protein which acts as a

stabilizing agent In particular protein and pharmacologi

cally active agent in a biocompatible dispersing medium are

subjected to high shear in the absence of any conventional

surfactants and also in the absence of any polymeric core

material for the particles The procedure yields particles with

a diameter of less than about 1 micron The use of specific

composition and preparation conditions eg addition of a

polar solvent to the organic phase and careful selection of

the proper organic phase and phase fraction enables the

reproducible production of unusually small nanoparticles of

less than 200 nm diameter which can be sterile filtered The

particulate system produced according to the invention can

be converted into a redispersible dry powder comprising

nanoparticles of water insoluble drug coated with a protein
and free protein to which molecules of the pharmacological

agent are bound This results in a unique delivery system in

which part of the pharmacologically active agent is readily

bio available in the form of molecules bound to the protein
and part of the agent is present within particles without any
polymeric matrix therein

31 Claims 2 Drawing Sheets
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5916596

1

PROTEIN STABILIZED

PHARMACOLOGICALLY ACTIVE AGENTS
METHODS FOR THE PREPARATION

THEREOF AND METHODS FOR THE USE
THEREOF

RELATED APPLICATIONS

This application is a continuation inpart of US Ser No
08412726 filed Mar 29 1995 now issued as US Pat No
5560933 which is in turn a divisional of US Ser No
08023698 filed Feb 22 1993 now issued as US Pat No
5439686 the entire contents of both of which are hereby

incorporated by reference herein in their entirety

FIELD OF THE INVENTION

The present invention relates to methods for the produc

tion of particulate vehicles for the intravenous administra

tion of pharmacologically active agents as well as novel

compositions produced thereby In a particular aspect the

invention relates to methods for the in vivo delivery of

substantially water insoluble pharmacologically active

agents eg the anticancer drug taxol In another aspect

dispersible colloidal systems containing water insoluble

pharmacologically active agents are provided The sus

pended particles are encased in a polymeric shell formulated

from a biocompatible polymer and have a diameter of less

than about 1 micron Invention colloidal systems are pre

pared without the use of conventional surfactant or any

polymeric core matrix In a presently preferred aspect of the

invention there is provided a method for preparation of

extremely small particles which can be sterile filtered The

polymeric shell contains particles of pharmacologically

active agent and optionally a biocompatible dispersing

agent in which pharmacologically active agent can be either

dissolved or suspended Thus the invention provides a drug

delivery system in either liquid form or in the from of a

redispersible powder Either form provides both immedi

ately bioavailable drug molecules ie drug molecules

which are molecularly bound to a protein and pure drug

particles coated with a protein

BACKGROUND OF THE INVENTION

Intravenous drug delivery permits rapid and direct equili

bration with the blood stream which carries the medication

to the rest of the body To avoid the peak serum levels which

are achieved within a short time after intravascular injection

administration of drugs carried within stable carriers would

allow gradual release of the drugs inside the intravascular

compartment following a bolus intravenous injection of the

therapeutic nanoparticles

Injectable controlled release nanoparticles can provide a

preprogrammed duration of action ranging from days to

weeks to months from a single injection They also can offer

several profound advantages over conventionally adminis

tered medicaments including automatic assured patient

compliance with the dose regimen as well as drug targeting

to specific tissues or organs Tice and Gilley Journal of

Controlled Release 2343352 1985
Microparticles and foreign bodies present in the blood are

generally cleared from the circulation by the blood filtering

organs namely the spleen lungs and liver The particulate

matter contained in normal whole blood comprises red blood

cells typically 8 microns in diameter white blood cells 65

typically 68 microns in diameter and platelets typically

13 microns in diameter The microcirculation in most
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organs and tissues allows the free passage of these blood

cells When microthrombii blood clots of size greater than

1015 microns are present in circulation a risk of infarction

or blockage of the capillaries results leading to ischemia or

oxygen deprivation and possible tissue death Injection into

the circulation of particles greater than 1015 microns in

diameter therefore must be avoided A suspension of par
ticles less than 78 microns is however relatively safe and

has been used for the delivery of pharmacologically active

agents in the form of liposomes and emulsions nutritional

agents and contrast media for imaging applications

The size of particles and their mode of delivery deter

mines their biological behavior Strand et al in
MicrospheresBiomedical Applications ed A Rembaum
pp 193227 CRC Press 1988 have described the fate of

particles to be dependent on their size Particles 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

intravenousintraarterial injection particles less than about 2

microns will be rapidly cleared from the blood stream by the

reticuloendothelial system RES also known as the mono
nuclear phagocyte system MPS Particles larger than about

7 microns will after intravenous injection be trapped in the

lung capillaries After intraarterial injection particles are

trapped in the first capillary bed reached Inhaled particles

are trapped by the alveolar macrophages

Pharmaceuticals that are water insoluble or poorly water

soluble and sensitive to acid environments in the stomach

cannot be conventionally administered eg by intravenous

injection or oral administration The parenteral administra

tion of such pharmaceuticals has been achieved by emulsi

fication of the oil solubilized drug with an aqueous liquid

such as normal saline in the presence of surfactants or

emulsion stabilizers to produce stable microemulsions

These emulsions may be injected intravenously provided
the components of the emulsion are pharmacologically inert

US Pat No 4073943 describes the administration of

water insoluble pharmacologically active agents dissolved

in oils and emulsified with water in the presence of surfac

tants such as egg phosphatides pluronics copolymers of

polypropylene glycol and polyethylene glycol polyglyc
erol oleate etc PCT International Publication No W085
00011 describes pharmaceutical microdroplets of an anaes

thetic coated with a phospholipid such as dimyristoyl

phosphatidylcholine having suitable dimensions for intrad

ermal or intravenous injection

An example of a water insoluble drug is taxol a natural

product first isolated from the Pacific Yew tree Taxus

brewfolia by Wani et al J Am Chem Soc 932325

1971 Among the antimitotic agents taxol which contains

a diterpene carbon skeleton exhibits a unique mode of

action on microtubule proteins responsible for the formation

of the mitotic spindle In contrast with other antimitotic

agents such as vinblastine or colchicine which prevent the

assembly of tubulin taxol is the only plant product known

to inhibit the depolymerization process of tubulin thus

preventing the cell replication process

Taxol a naturally occurring diterpenoid has been shown

to have significant antineoplastic and anticancer effects in

drug refractory ovarian cancer Taxol has 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 approved by
the Federal Drug Administration for treatment of ovarian
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