
US 20070092563Al 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2007/0092563 A1 

Desai et al. (43) Pub. Date: Apr. 26, 2007 

(54) 

(75) 

(73) 

(21) 

(22) 

(63) 

(60) 

NOVEL FORMULATIONS OF 
PHARMACOLOGICAL AGENTS, METHODS 
FOR THE PREPARATION THEREOF AND 
METHODS FOR THE USE THEREOF 

Inventors: Neil P. Desai, Los Angeles, CA (US); 
Patrick Soon-Shiong, Los Angeles, CA 
(US); Andrew Yang, Rosemead, CA 
(Us) 

Correspondence Address: 
MORRISON & FOERSTER LLP 
755 PAGE MILL RD 
PALO ALTO, CA 94304-1018 (US) 

Assignee: AbraXis BioScience, Inc., Los Angeles, 
CA (US) 

Appl. No.: 11/520,546 

Filed: Sep. 12, 2006 

Related US. Application Data 

Continuation of application No. 09/446,783, ?led on 
May 16, 2000, ?led as 371 of international applica 
tion No. PCT/US98/13272, ?led on Jun. 26, 1998, 
and Which is a continuation-in-part of application No. 
08/926,155, ?led on Sep. 9, 1997, noW Pat. No. 
6,096,331, and Which is a continuation-in-part of 
application No. 08/720,756, ?led on Oct. 1, 1996, 
noW Pat. No. 5,916,596. 

Provisional application No. 60/051,021, ?led on Jun. 
27, 1997. 

Publication Classi?cation 

(51) Int. Cl. 
A61K 31/337 (2006.01) 
A61K 9/20 (2006.01) 

(52) us. c1. .......................................... ..424/464;514/449 

(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 speci?c 
composition and preparation conditions (e.g., addition of a 
polar solvent to the organic phase), and careful selection of 
the proper organic phase and phase fraction, enables the 
reproducible production of unusually small nanoparticles of 
less than 200 nm diameter, Which can be sterile-?ltered. 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 
bioavailable (in the form of molecules bound to the protein), 
and part of the agent is present Within particles Without any 
polymeric matrix therein. 
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NOVEL FORMULATIONS OF 
PHARMACOLOGICAL AGENTS, METHODS FOR 
THE PREPARATION THEREOF AND METHODS 

FOR THE USE THEREOF 

FIELD OF THE INVENTION 

[0001] The present invention relates to methods for the 
production of particulate vehicles for the intravenous admin 
istration 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 (e.g., the anticancer drug Taxol®). In another aspect, 
dispersible colloidal systems containing Water insoluble 
pharmacologically active agents are provided. The sus 
pended particles may be formed of 100% active agent, or 
may be encased in a polymeric shell formulated from a 
biocompatible polymer, and have a diameter of less than 
about 1 micron. Invention colloidal systems may be 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-?ltered. 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 form of a 
redispersible poWder. Either form provides both immedi 
ately bioavailable drug molecules (i.e., drug molecules 
Which are molecularly bound to a protein), and pure drug 
particles coated With a protein. 

FIELD OF THE INVENTION 

[0002] The invention also relates to the method of use and 
preparation of compositions (formulations) of drugs such as 
the anticancer agent paclitaxel. In one aspect, the formula 
tion of paclitaxel, knoWn as Capxol, is signi?cantly less 
toxic and more ef?cacious 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 ef?cacy of 
treatment of cancers associated With such tissues. 

BACKGROUND OF THE INVENTION 

[0003] Intravenous drug delivery permits rapid and direct 
equilibration With the blood stream Which carries the medi 
cation 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 car 
riers Would alloW gradual release of the drugs inside the 
intravascular compartment folloWing a bolus intravenous 
injection of the therapeutic nanoparticles. 

[0004] Inj ectable controlled-release nanoparticles can pro 
vide a pre-programmed duration of action, ranging from 
days to Weeks to months from a single injection. They also 
can offer several profound advantages over conventionally 
administered medicaments, including automatic assured 
patient compliance With the dose regimen, as Well as drug 
targeting to speci?c tissues or organs (Tice and Gilley, 
Journal of Controlled Release 21343-352 (1985)). 

[0005] Microparticles and foreign bodies present in the 
blood are generally cleared from the circulation by the 
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“blood ?ltering 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 (typically 6-8 microns in diameter), and 
platelets (typically 1-3 microns in diameter). The microcir 
culation in most organs and tissues alloWs the free passage 
of these blood cells. When microthrombii (blood clots) of 
siZe greater than 10-15 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 10-15 microns in diameter, therefore, must be avoided. 
A suspension of particles less than 7-8 microns, is hoWever, 
relatively safe and has been used for the delivery of phar 
macologically active agents in the form of liposomes and 
emulsions, nutritional agents, and contrast media for imag 
ing applications. 

[0006] The siZe of particles and their mode of delivery 
determines their biological behavior. Strand et al. (in Micro 
spheres-Biomedical Applications, ed. A. Rembaum, pp 193 
227, 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 intravenous/ 
intraarterial injection, particles less than about 2 microns 
Will be rapidly cleared from the blood stream by the reticu 
loendothelial system (RES), also knoWn as the mononuclear 
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 ?rst capillary bed reached. Inhaled particles 
are trapped by the alveolar macrophages. 

[0007] Pharmaceuticals that are Water-insoluble or poorly 
Water-soluble and sensitive to acid environments in the 
stomach cannot be conventionally administered (e.g., by 
intravenous injection or oral administration). The parenteral 
administration of such pharmaceuticals has been achieved 
by emulsi?cation 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. 4,073,943 describes the administration of 
Water-insoluble pharmacologically active agents dissolved 
in oils and emulsi?ed 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. WO85/ 
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. 

[0008] An example of a Water-insoluble drug is Taxol®, a 
natural product ?rst isolated from the Paci?c YeW tree, Taxus 
brevifolia, by Wani et al. (J. Am. Chem. Soc. 93:2325 
(1971)). Among the antimitotic agents, Taxol, Which con 
tains 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 
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to inhibit the depolymeriZation process of tubulin, thus 
preventing the cell replication process. 

[0009] Taxol, a naturally occurring diterpenoid, has been 
shoWn to have signi?cant 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-l 
mammary tumors, and CS-1 colon tumor xenografts. Sev 
eral 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 cancer. The poor aqueous solubility of Taxol, 
hoWever, presents a problem for human administration. 
Indeed, the delivery of drugs that are inherently insoluble or 
poorly soluble in an aqueous medium can be seriously 
impaired if oral delivery is not effective. Accordingly, cur 
rently used Taxol formulations require a cremaphor to 
solubiliZe the drug. The human clinical dose range is 200 
500 mg. This dose is dissolved in a 1:1 solution of ethanol 
:cremaphor and diluted With saline of about 300-1000 ml of 
?uid given intravenously. The cremaphor currently used is 
polyethoxylated castor oil. The presence of cremaphor in 
this formulation has been linked to severe hypersensitivity 
reactions in animals (Lorenz et al., Agents Actions 1987, 7, 
63-67) and humans (Weiss et al., J. Clin. Oncol. 1990, 8, 
1263-68) and consequently requires premedication of 
patients With corticosteroids (dexamethasone) and antihis 
tamines. The large dilution results in large volumes of 
infusion (typical dose 175 mg/mz) up to 1 liter and infusion 
times ranging from 3 hours to 24 hours. Thus, there is a need 
for an alternative less toxic formulation for paclitaxel. 

[0010] In phase I clinical trials, Taxol® itself did not shoW 
excessive toxic effects, but severe allergic reactions Were 
caused by the emulsi?ers employed to solubiliZe the drug. 
The current regimen of administration involves treatment of 
the patient With antihistamines and steroids prior to injection 
of the drug to reduce the allergic side effects of the crema 
phor. 

[0011] In an effort to improve the Water solubility of Taxol, 
several investigators have modi?ed its chemical structure 
With functional groups that impart enhanced Water-solubil 
ity. Among them are the sulfonated derivatives (Kingston et 
al., US. Pat. No. 5,059,699 (1991)), and amino acid esters 
(MatheW et al., J. Med. Chem. 3:145-151 (1992)) Which 
shoW signi?cant biological activity. Modi?cations to pro 
duce a Water-soluble derivative facilitate the intravenous 
delivery of Taxol dissolved in an innocuous carrier such as 
normal saline. Such modi?cations, hoWever, add to the cost 
of drug reparation, may induce undesired side-reactions 
and/ or allergic reactions, and/or may decrease the ef?ciency 
of the drug. 

[0012] Protein microspheres have been reported in the 
literature as carriers of pharmacological or diagnostic 
agents. Microspheres of albumin have been prepared by 
either heat denaturation or chemical crosslinking. Heat 
denatured microspheres are produced from an emulsi?ed 
mixture (e.g., albumin, the agent to be incorporated, and a 
suitable oil) at temperatures between 1000 C. and 1500 C. 
The microspheres are then Washed With a suitable solvent 
and stored. Leucuta et al. (International Journal of Phar 
maceutics 41 :213-217 (1988)) describe the method ofprepa 
ration of heat denatured microspheres. 
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[0013] The procedure for preparing chemically 
crosslinked microspheres involves treating the emulsion 
With glutaraldehyde to crosslink the protein, folloWed by 
Washing and storage. Lee et al. (Science 213:233-235 
(1981)) and US. Pat. No. 4,671,954 teach this method of 
preparation. 

[0014] The above techniques for the preparation of protein 
microspheres as carriers of pharmacologically active agents, 
although suitable for the delivery of Water-soluble agents, 
are incapable of entrapping Water-insoluble ones. This limi 
tation is inherent in the technique of preparation Which relies 
on crosslinking or heat denaturation of the protein compo 
nent in the aqueous phase of a Water-in-oil emulsion. Any 
aqueous-soluble agent dissolved in the protein-containing 
aqueous phase may be entrapped Within the resultant 
crosslinked or heat-denatured protein matrix, but a poorly 
aqueous-soluble or oil-soluble agent cannot be incorporated 
into a protein matrix formed by these techniques. 

[0015] One conventional method for manufacturing drug 
containing nanoparticles comprises dissolving polylactic 
acid (or other biocompatible, Water insoluble polymers) in a 
Water-immiscible solvent (such as methylene chloride or 
other chlorinated, aliphatic, or aromatic solvent), dissolving 
the pharmaceutically active agent in the polymer solution, 
adding a surfactant to the oil phase or the aqueous phase, 
forming an oil-in-Water emulsion by suitable means, and 
evaporating the emulsion sloWly under vacuum. If the oil 
droplets are su?iciently small and stable during evaporation, 
a suspension of the polymer in Water is obtained. Since the 
drug is initially present in the polymer solution, it is possible 
to obtain by this method, a composition in Which the drug 
molecules are entrapped Within particles composed of a 
polymeric matrix. The formation of microspheres and nano 
particles by using the solvent evaporation method has been 
reported by several researchers (see, for example, Tice and 
Gilley, in Journal ofControlled Release 21343-352 (1985); 
Bodmeier and McGinity, in Int. 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. 

[0016] BaZile et. al., in Biomaterials 13:1093 (1992), and 
Spenlehauer et al., in Fr Patent 2 660 556, have reported the 
formation of nanoparticles by using tWo biocompatible 
polymers, one (e.g., polylactide) is dissolved in the organic 
phase, together With an active component such as a drug, and 
the other polymer, such as albumin, is used as the surface 
active agent. After emulsi?cation and removal of the sol 
vent, nanoparticles are formed, in Which the drug is present 
inside the polymeric matrix of the polylactide particles. 

[0017] The properties of the polymer solution from Which 
the polymeric matrix is formed are very important to obtain 
the proper emulsion in the ?rst stage. For example, poly 
lactide (the polymer commonly used in the preparation of 
injectable nanoparticles), has a surface activity Which causes 
the rapid adsorption thereof at the dichloromethane-Water 
interface, causing reduced interfacial tension (see, for 
example, Boury et al., in Langmuir 11:1636 (1995)), Which 
in turn improves the emulsi?cation process. In addition, the 
same researchers found that Bovine Serum Albumin (BSA) 
interacts With the polylactide, and penetrates into the poly 
lactide monolayer present at the oil-Water interface. There 
fore, it is expected, based on the above reference, that 
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emulsi?cation during the conventional solvent evaporation 
method is greatly favored by the presence of the surface 
active polymer (polylactide) in the nonaqueous organic 
phase. In fact, the presence of polylactide is not only a 
su?icient condition, but it is actually necessary for the 
formation of nanoparticles of suitable siZe. 

[0018] Another process Which is based on the solvent 
evaporation method comprises dissolving the drug in a 
hydrophobic solvent (e.g., toluene or cyclohexane), Without 
any polymer dissolved in the organic solvent, adding a 
conventional surfactant to the mixture as an emulsi?er, 
forming an oil-in-Water emulsion by use of sonication on 
high-shear equipment, and then evaporating the solvent to 
obtain dry particles of the drug (see, for example, Sjostrom 
et al., in J. Dispersion Science and Technology 1189-117 
(1994)). Upon removal of the nonpolar solvent, precipitation 
of the drug inside the solvent droplets occurs, and submicron 
particles are obtained. 

[0019] It has been found that the siZe of the particles is 
mainly controlled by the initial siZe of the emulsion droplets. 
In addition, it is interesting to note that the ?nal particle siZe 
is reported to decrease With a decrease in the drug concen 
tration in the organic phase. This ?nding is contrary to the 
results reported herein, Wherein no conventional surfactant 
is used for the preparation of nanoparticles (in same embodi 
ments of the invention). In addition, it is noted by the authors 
of the Sjostrom paper that the drug used, cholesteryl acetate, 
is surface active in toluene, 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 precipi 
tation. 

[0020] Formation of submicron particles has also been 
achieved 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 (e.g., indomethacin) and the polymer 
(poly-caprolactone) in methylene chloride and acetone, and 
then pouring the solution into an aqueous phase containing 
a surfactant (Poloxamer 188), to yield submicron siZe par 
ticles (216 nm). HoWever, the process is performed at 
solvent concentrations at Which no emulsion is formed. 

BACKGROUND OF THE INVENTION 

[0021] Taxol is a naturally occurring compound Which has 
shoWn great promise as an anti-cancer drug. For example, 
Taxol has been found to be an active agent against drug 
refractory ovarian cancer by McGuire et al. See “Taxol: A 
Unique Anti-Neoplastic Agent With Signi?cant Activity 
Against Advanced Ovarian Epithelial Neoplasms.” Ann. Int. 
Med., 111, 273-279 (1989). All patents, scienti?c articles, 
and other documents mentioned herein are incorporated by 
reference as if reproduced in full beloW. 

[0022] Unfortunately, Taxol has extremely loW solubility 
in Water, Which makes it dif?cult to provide a suitable 
dosage form. In fact, in Phase I clinical trials, severe allergic 
reactions Were caused by the emulsi?ers administered in 
conjunction With Taxol to compensate for Taxol’s loW Water 
solubility; at least one patient’s death Was caused by an 
allergic reaction induced by the emulsi?ers. Dose limiting 
toxicities include neutropenia, peripheral neuropathy, and 
hypersensitivity reactions. 

[0023] BroWn et al., in “A Phase I Trial of Taxol Given by 
A 6-Hour Intravenous Infusion” J of Clin Oncol, Vol. 9 No. 
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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 assess 
able 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. Another patient experienced a hypersensitivity reaction, 
but it Was not so severe as to require discontinuing the 
infusion. Myelosuppression Was dose-limiting, With 2 fatali 
ties due to sepsis. Non-hematologic toxicity Was of Grade 1 
and 2, except for one patient With Grade 3 mucositis and 2 
patients With Grade 3 neuropathy. The neuropathy consisted 
of reversible painful paresthesias, requiring discontinuation 
of Taxol in tWo patients. Four partial responses Were seen (3 
in patients With non-small-cell lung cancer, and one in a 
patient With adenocarcinoma of unknoWn primary). The 
maximum tolerated dose reported Was 275 mg/m2, and the 
recommended Phase II starting dose Was 225 mg/m2. The 
incidence of hypersensitivity reaction Was reported to be 
schedule-dependent, With 6 to 24-hour infusions of drug 
having a 0% to 8% incidence of hypersensitivity reactions. 
It Was also reported that hypersensitivity reactions persist 
With or Without premedication despite prolongation of infu 
sion times. Since these Phase I studies Were conducted on 
terminally ill patients suffering from a variety of cancers, the 
ef?cacy of the Taxol treatments could not be determined. 

[0024] In a study by Kris et al., Taxol formulated With 
Cremaphor EL in dehydrated alcohol Was given as a 3-hour 
IV infusion every 21 days, With the administered dosage 
ranging from 15 to 230 mg/m2 in nine escalation steps. Kris 
et al. concluded that “With the severity and unpredictability 
of the hypersensitivity reactions, further usage of Taxol is 
not indicated With this drug formulation on this administra 
tion schedule.” See Cancer Treat. Rep., Vol. 70, No. 5, May 
1 986. 

[0025] Since early trials using a bolus injection or short 
(1 -3 hour) infusions induced anaphylactic reactions or other 
hypersensitivity responses, further studies Were carried out 
in Which Taxol Was administered only after premedication 
With steroids (such as dexamethasone), antihistamines (such 
as diphenhydramine), and H2-antagonists (such as cimeti 
dine or ranitidine), and the infusion time Was extended to 24 
hours in an attempt to eliminate the most serious allergic 
reactions. Various Phase I and Phase II study results have 
been published utiliZing 24-hour infusions of Taxol With 
maximum total dosages of 250 mg/m2, generally With the 
course being repeated every 3 Weeks. Patients Were pre 
treated With dexamethasone, diphenhydramine, and cimeti 
dine to offset allergic reactions. See EinZig, et al., “Phase II 
Trial of Taxol in Patients With Metastatic Renal Cell Carci 
noma,” Cancer Investigation, 9(2) 133-136 (1991), and A. 
B. Miller et al., “Reporting Results of Cancer Treatment,” 
Cancer, Vol 47, 207-214 (1981). 
[0026] Koeller et al., in “A Phase I Pharmacokinetic Study 
of Taxol Given By a Prolonged Infusion Without Premedi 
cation,” Proceedings of ASCO, Vol. 8 (March, 1989), rec 
ommends routine premedication in order to avoid the sig 
ni?cant number of allergic reactions believed to be caused 
by the cremophor (polyethoxylated castor oil) vehicle used 
for Taxol infusions. Patients received dosages ranging from 
175 mg/m2 to 275 mg/m2. 

[0027] Wiemik et al. in “Phase I Clinical and Pharmaco 
kinetic Study of Taxol,” Cancer Research, 47, 2486-2493 
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(May 1, 1987), also report the administration of Taxol in a 
cremophor vehicle by IV infusion over a 6-hour period in a 
Phase I study. Grade 3-4 hypersensitivity reactions incurred 
in 4 of 13 courses. The starting dose for the study Was 15 
mg/m2 (one-third of the loWest toxic dose in dogs). Doses 
Were escalated, and a minimum of 3 patients Were treated at 
each dose level until toxicity Was identi?ed, and then 4-6 
patients Were treated at each subsequent level. The study 
concluded that neurotoxicity and leukopenia Were dose 
limiting, and the recommended Phase II trial dose Was 250 
mg/m2 With premedication. 

[0028] Other exemplary studies on Taxol include: Legha 
et al., “Phase II Trial of Taxol in Metastatic Melanoma,” Vol. 
65 (June 1990) pp. 2478-2481; RoWinsky et al., “Phase I and 
Pharmacodynamic Study of Taxol in Refractory Acute Leu 
kemias,” Cancer Research, 49, 4640-4647 (Aug. 15, 1989); 
Grem et al., “Phase I Study of Taxol Administered as a Short 
IV Infusion Daily For 5 Days,” Cancer Treatment Reports, 
Vol. 71 No. 12, (December, 1987); DonehoWer et al., “Phase 
I Trial of Taxol in Patients With Advanced Cancer,” Cancer 
Treatment Reports, Vol. 71, No. 12, (December, 1987); 
Holmes et al., “Phase II Study of Taxol in Patients (PT) With 
Metastatic Breast Cancer (MBC),” Proceedings of the 
American Society of Clinical Oncology, Vol. 10, (March, 
1991), pp. 60. See also Su?‘ness. “Development of Antitu 
mor Natural Products at the National Cancer Institute,” 
Gann Monograph or Cancer Research, 31 (1989) pp. 21-44 
(Which recommends that Taxol only be given as a 24-hour 
infusion). 
[0029] Weiss et al., in “Hypersensitivity Reactions from 
Taxol,” Journal of Clinical Oncology, Vol. 8, No. 7 (July 
1990) pp. 1263-1268, reported that it Was di?icult to deter 
mine a reliable overall incidence of hypersensitivity reac 
tions, HSRs, because of the Wide variations in Taxol doses 
and schedules used, and the unknown degree of in?uence 
that changing the infusion schedule and using premedication 
has on HSR incidents. For example, of ?ve patients Who 
received Taxol in a 3-hour infusion at greater than 190 
mg/m2 With no premedication, three had reactions, While 
only one out of 30 patients administered even higher doses 
over a 6-hour infusion With no premedication had a reaction. 
Therefore, this suggests that prolonging the infusion to 
beyond 6 hours is su?icient to reduce HSR incidents. 
Nevertheless, Weiss et al. found that patients receiving 250 
mg/m2 of Taxol administered via a 24-hour infusion still had 
de?nite HSRs. Thus, While prolonging drug infusion to 6 or 
24-hours may reduce the risk for an acute reaction, this 
conclusion can not be con?rmed, since 78% of the HSR 
reactions occurred Within ten minutes of initiating the Taxol 
infusion, Which indicates that the length of time planned for 
the total infusion Would have no bearing. Further, concen 
tration of Taxol in the infusion may also not make a 
di?‘erence since substantial numbers of patients had reac 
tions to various small Taxol dosages. Finally, not only is the 
mechanism of Taxol HSR unknoWn, it is also not clear 
Whether Taxol itself is inducing HSRs, or if the HSRs are 
due to the excipient (Cremaphor EL; Badische Anilin und 
Soda Fabrik AG [BASF], LudWigshafen, Federal Republic 
of Germany). Despite the uncertainty as to Whether or not 
premedication had any in?uence on reducing the severity or 
number of HSRs, prophylactic therapy Was recommended, 
since there is no knoWn danger from its use. 
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[0030] The con?icting recommendations in the prior art 
concerning Whether premedication should be used to avoid 
hypersensitivity reactions When using prolonged infusion 
durations, and the lack of e?icacy data for infusions done 
over a six-hour period has led to the use of a 24-hour 
infusion of high doses (above 170 mg/m2) of Taxol in a 
Cremaphor EL emulsion as an accepted cancer treatment 
protocol. 

[0031] Although it appears possible to minimiZe the side 
effects of administering Taxol in an emulsion by use of a 
long infusion duration, the long infusion duration is incon 
venient for patients, and is expensive due to the need to 
monitor the patients for the entire 6 to 24-hour infusion 
duration. Further, the long infusion duration requires that 
patients spend at least one night in a hospital or treatment 
clinic. 

[0032] 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 cyclo 
phosphamide and cisplatin folloWed by autologous hemato 
poietic progenitor-cell support (AHPCS), Stemmer et al 
(Stemmer S M, Cagnoni P J, Shpall E J, et al: High-dose 
paclitaxel, cyclophosphamide, and cisplatin With autologous 
hematopoietic progenitor-cell support: A phase I trial. J Clin 
Oncol 14:1463-1472, 1996) have conducted a phase I trial in 
forty-nine patients With poor-prognosis breast cancer, non 
Hodgkin’s lymphoma (NHL) or ovarian cancer With esca 
lating doses of paclitaxel infused over 24 hours, followed by 
cyclophosphamide (5,625 mg/m2) and cisplatin (165 
mg/m2) and AHPCS. Dose-limiting toxicity Was encoun 
tered in tWo patients at 825 mg/m2 of paclitaxel; one patient 
died of multi-organ failure and the other developed grade 3 
respiratory, CNS, and renal toxicity, Which resolved. Grade 
3 polyneuropathy and grade 4 CNS toxicity Were also 
observed. The MTD of this combination Was determined to 
be paclitaxel (775 mg/m2), cyclophosphamide (5,625 
mg/m2), and cisplatin (165 mg/m2) folloWed by AHPCS. 
Sensory polyneuropathy and mucositis Were prominent tox 
icities, but both Were reversible and tolerable. Eighteen of 33 
patients (54%) With breast cancer achieved a partial 
response. Responses Were also observed in patients With 
NHL (four of ?ve patients) and ovarian cancer (tWo of tWo 
patients). 

[0033] US. Pat. No. 5,641,803 reports the use of Taxol at 
doses 175 and 135 mg/m2 administered in a 3 hour infusion. 
The infusion protocols require the use premedication and 
reports the incidences of hypersensitivity reactions in 35% 
of the patients. Neurotoxicity Was reported in 51% of 
patients With 66% of patients experiencing neurotoxicity in 
the high dose group and 37% in the loW dose group. 
Furthermore, it Was noted that 48% of patients experienced 
neurotoxicity for longer infusion times of 24 hours While 
54% of patients experienced neurotoxicity for the shorter 3 
hour infusion. 

[0034] There is evidence in the literature that higher doses 
of paclitaxel result in a higher response rate. The optimal 
doses and schedules for paclitaxel are still under investiga 
tion. To assess the possibility that paclitaxel dose intensity 
may be important in the induction of disease response, Reed 
et al of NCI (Reed E, Bitton R, Sarosy G. Kohn E: Paclitaxel 
dose intensity. Journal of Infusional Chemotherapy 6:59-63, 
1996) analyZed the available phase II trial data in the 
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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 signi?cant 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/m2/ 
21 days, the objective response rate Was 13.2%; and at 250 
mg/m2/21 days, the objective response rate Was 35.9%. The 
response rate seen at the intermediate dose of 175 mg/m2 
Was linear With the 135 mg/m2 and 250 mg/m2 results and 
the linear regression analysis shoWs a correlation coef?cient 
for these data of 0.946 (Reed et al, 1996). 

[0035] In a study by Holmes (Holmes F A, Walters R S, 
Theriault R L, et al: Phase II trial of Taxol, an active drug 
in the treatment of metastatic breast cancer. J Natl Cancer 

Inst 83:1797-1805, 1991), and at MSKCC (Reichman B S, 
Seidman A D, CroWn J PA, et al: Paclitaxel and recombinant 
human granulocyte colony-stimulating factor as initial che 
motherapy for metastatic breast cancer. J Clin Oncol 
11:1943-1951, 1993), it Was shoWn that higher doses of 
TAXOL up to 250 mg/m2 produced greater responses (60%) 
than the 175 mg/m2 dose (26%) currently approved for 
TAXOL. These results hoWever, have not been reproduced 
due to higher toxicity at these higher doses. These studies, 
hoWever, bear proof to the potential increase in response rate 
at increased doses of paclitaxel. 

[0036] Since premedication is required for Taxol, that 
often necessitates overnight stays of the patient at the 
hospital, it is highly desirable to develop a formulation of 
paclitaxel that obviates the need for premedication. 

[0037] Since premedication is required for Taxol, due to 
HSR’s associated With administration of the drug, it is 
highly desirable to develop a formulation of paclitaxel that 
does not cause hypersensitivity reactions. It is also desirable 
to develop a formulation of paclitaxel that does not cause 
neurotoxicity. 
[0038] Since Taxol infusions are generally preceded by 
premedication, and require post-infusion monitoring and 
record keeping, that often necessitates overnight stays of the 
patient at the hospital, it is highly desirable to develop a 
formulation of paclitaxel Which Would alloW for recipients 
to be treated on an out-patient basis. 

[0039] 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. 

[0040] Since it has been demonstrated that the dose lim 
iting toxicity of Taxol is cerebral and neurotoxicity, it is 
desirable to develop a formulation of paclitaxel that 
decreases such toxicity. 

[0041] It is also desirable to eliminate premedication since 
this increases patient discomfort and increases the expense 
and duration of treatment. 

[0042] It is also desirable to shorten the duration of 
infusion of Taxol, currently administered in 3 hours-24 
hours to minimize patient stay at the hospital or clinic. 

[0043] Since Taxol is currently approved for administra 
tion at concentrations between 06-12 mg/ml and a typical 
dose in humans is about 250-350 mg, this results in infusion 
volumes typically greater than 300 ml. It is desirable to 
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reduce these infusion volumes, by developing formulations 
of paclitaxel that are stable at higher concentrations so as to 
reduce the time of administration. 

[0044] Since infusion of Taxol is limited to the use of 
special I.V. tubing and bags or bottles due to the leaching of 
plasticiZers by the cremaphor in the Taxol formulation, it is 
desirable to develop a formulation of paclitaxel that does not 
have cremaphor and does not leach potentially toxic mate 
rials from the conventionally used plastic tubings or bags 
used for intravenous infusion. 

BRIEF DESCRIPTION OF THE INVENTION 

[0045] Thus it is an object of this invention to deliver 
pharmacologically active agents (e.g., Taxol, taxane, Taxo 
tere, and the like) in unmodi?ed form in a composition that 
does not cause allergic reactions due to the presence of 
added emulsi?ers and solubiliZing agents, as are currently 
employed in drug delivery. 

[0046] 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. 

[0047] 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 emul 
sion. Some methods use proteins as stabiliZing agents. Some 
methods are performed in the absence of any conventional 
surfactants, and in the absence of any polymeric core 
material. 

[0048] These and other objects of the invention Will 
become apparent upon revieW of the speci?cation and 
claims. 

[0049] In accordance With the present invention, We have 
discovered that substantially Water insoluble pharrnacologi 
cally active agents can be delivered in the form of micro 
particles or nanoparticles that are suitable for parenteral 
administration in aqueous suspension. This mode of delivery 
obviates the necessity for administration of substantially 
Water insoluble pharmacologically active agents (e.g., 
Taxol) in an emulsion containing, for example, ethanol and 
polyethoxylated castor oil, diluted in normal saline (see, for 
example, Norton et al., in Abstracts of the 2nd National 
Cancer Institute Workshop on Taxol & Taxus, Sep. 23-24, 
1992). A disadvantage of such knoWn compositions is their 
propensity to produce allergic side effects. 

[0050] Thus, in accordance With the present invention, 
there are provided methods for the formation of nanopar 
ticles of pharmacologically active agents by a solvent evapo 
ration technique from an oil-in-Water emulsion prepared 
under a variety of conditions. For example, high shear forces 
(e.g., sonication, high pressure homogenization, or the like) 
may be used in the absence of any conventional surfactants, 
and Without the use of any polymeric core material to form 
the matrix of the nanoparticle. Instead, proteins (e.g., human 
serum albumin) are employed as a stabiliZing agent. In an 
alternative method, nanoparticles may be formed Without 
the need for any high shear forces, simply by selecting 
materials that spontaneously form microemulsions. 

[0051] The invention further provides a method for the 
reproducible formation of unusually small nanoparticles 
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(less than 200 nm diameter), Which can be sterile-?ltered 
through a 0.22 micron ?lter. This is achieved by addition of 
a Water soluble solvent (e.g. ethanol) to the organic phase 
and by carefully selecting the type of organic phase, the 
phase fraction and the drug concentration in the organic 
phase. The ability to form nanoparticles of a siZe that is 
?lterable by 0.22 micron ?lters is of great importance and 
signi?cance, since formulations Which contain a signi?cant 
amount of any protein (e.g., albumin), cannot be steriliZed 
by conventional methods such as autoclaving, due to the 
heat coagulation of the protein. 

[0052] In accordance With another embodiment of the 
present invention, We have developed compositions useful 
for in vivo delivery of substantially Water insoluble phar 
macologically active agents. Invention compositions com 
prise substantially Water insoluble pharmacologically active 
agents (as a solid or liquid) contained Within a polymeric 
shell. The polymeric shell is a crosslinked biocompatible 
polymer. The polymeric shell, containing substantially Water 
insoluble pharmacologically active agents therein, can then 
be suspended in a biocompatible aqueous liquid for admin 
istration. 

[0053] The invention further provides a drug delivery 
system in Which part of the molecules of pharmacologically 
active agent are bound to the protein (e.g., human serum 
albumin), and are therefore immediately bioavailable upon 
administration to a mammal. The other portion of the 
pharmacologically active agent is contained Within nano 
particles coated by protein. The nanoparticles containing the 
pharmacologically active agent are present as a pure active 
component, Without dilution by any polymeric matrix. 

[0054] A large number of conventional pharmacologically 
active agents circulate in the blood stream bound to carrier 
proteins (through hydrophobic or ionic interactions) of 
Which the most common example is serum albumin. Inven 
tion methods and compositions produced thereby provide 
for a pharmacologically active agent that is “pre-bound” to 
a protein (through hydrophobic or ionic interactions) prior to 
administration. 

[0055] The present disclosure demonstrates both of the 
above-described modes of bioavailability for Taxol (Pacli 
taxel), an anticancer drug capable of binding to human 
serum albumin (see, for example, Kumar et al., in Research 
Communications in Chemical Pathology and Pharmacology 
801337 (1993)). The high concentration of albumin in inven 
tion particles, compared to Taxol, provides a signi?cant 
amount of the drug in the form of molecules bound to 
albumin, Which is also the natural carrier of the drug in the 
blood stream. 

[0056] 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. 

[0057] In accordance With the present invention, there are 
also provided submicron particles in poWder form, Which 
can easily be reconstituted in Water or saline. The poWder is 
obtained after removal of Water by lyophiliZation. Human 
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serum albumin serves as the structural component of some 
invention nanoparticles, and also as a cryoprotectant and 
reconstitution aid. The preparation of particles ?lterable 
through a 0.22 micron ?lter according to the invention 
method as described herein, folloWed by drying or lyo 
philiZation, produces a sterile solid formulation useful for 
intravenous injection. 

[0058] The invention provides, in a particular aspect, a 
composition of anti-cancer drugs, e.g., Taxol, in the form of 
nanoparticles in a liquid dispersion or as a solid Which can 
be easily reconstituted for administration. Due to speci?c 
properties of certain drugs, e.g., Taxol, such compositions 
can not be obtained by conventional solvent evaporation 
methods that rely on the use of surfactants. In the presence 
of various surfactants, very large drug crystals (e.g., siZe of 
about 5 microns to several hundred microns) are formed 
Within a feW minutes of storage, after the preparation 
process. The siZe of such crystals is typically much greater 
than the alloWed siZe for intravenous injection. 

[0059] While it is recogniZed that particles produced 
according to the invention can be either crystalline, amor 
phous, or a mixture thereof, it is generally preferred that the 
drug be present in the formulation in an amorphous form. 
This Would lead to greater ease of dissolution and absorp 
tion, resulting in better bioavailability. 

BRIEF DESCRIPTION OF THE INVENTION 

[0060] The anticancer agent paclitaxel (TAXOL, Bristol 
Myers Squibb, BMS) has remarkable clinical activity in a 
number of human cancers including cancers of the ovary, 
breast, lung, esophagus, head and neck region, bladder and 
lymphomas. It is currently approved for the treatment of 
ovarian carcinoma Where it is used in combination With 
cisplatin and for metastatic breast cancer that has failed prior 
treatment With one combination chemotherapy regimen. The 
major limitation of Taxol is its poor solubility and conse 
quently 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 administra 
tion, this formulation must be diluted 1:10 in saline for a 
?nal dosing solution containing 0.6 mg/ml of paclitaxel. 
This formulation has been linked to severe hypersensitivity 
reactions in animals (LorenZ et al., Agents Actions 1987, 7, 
63-67) and humans (Weiss et al., J. Clin. Oncol. 1990, 8, 
1263-68) and consequently requires premedication of 
patients With corticosteroids (dexamethasone) and antihis 
tamines. The large dilution results in large volumes of 
infusion (typical dose 175 mg/m2) up to 1 liter and infusion 
times ranging from 3 hours to 24 hours. Thus, there is a need 
for an alternative less toxic formulation for paclitaxel. 

[0061] CapxolTM is a novel, cremophor-free formulation 
of the anticancer drug paclitaxel. The inventors, based on 
animal studies, believe that a cremophor-free formulation 
Will be signi?cantly less toxic and Will not require premedi 
cation of patients. Premedication is necessary to reduce the 
hypersensitivity and anaphylaxis that occurs as a result of 
cremophor in the currently approved and marketed BMS 
(Bristol Myers Squibb) formulation of paclitaxel. CapxolTM 
is a lyophiliZed poWder for reconstitution and intravenous 
administration. When reconstituted With a suitable aqueous 
medium such as 0.9% sodium chloride injection or 5% 
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dextrose injection, CapxolTM forms a stable colloidal solu 
tion of paclitaxel. The siZe of the colloidal suspension may 
range from 20 nm to 8 microns With a preferred range of 
about 20-400 nm. The tWo major components of CapxolTM 
are unmodi?ed paclitaxel and human serum albumin (HSA). 
Since HSA is freely soluble in Water, CapxolTM can be 
reconstituted to any desired concentration of paclitaxel 
limited only by the solubility limits for HSA. Thus CapxolTM 
can be reconstituted in a Wide range of concentrations 
ranging from dilute (0.1 mg/ml paclitaxel) to concentrated 
(20 mg/ml paclitaxel). This can result in fairly small vol 
umes of administration. 

[0062] In accordance With the present invention, there are 
provided compositions and methods useful for in vivo 
delivery of biologics, in the form of nanoparticles that are 
suitable for parenteral administration in aqueous suspension. 
Invention compositions comprise stabiliZed by a polymer. 
The polymer is a biocompatible material, such as the protein 
albumin. Use of invention compositions for the delivery of 
biologics obviates the necessity for administration of bio 
logics in toxic diluents of vehicles, for example, ethanol and 
polyethoxylated castor oil, diluted in normal saline (see, for 
example, Norton et al., in Abstracts of the 2nd National 
Cancer Institute Workshop on Taxol & Taxus, Sep. 23-24, 
1992). A disadvantage of such knoWn compositions is their 
propensity to produce severe allergic and other side effects. 

[0063] It is knoWn that the delivery of biologics in the 
form of a particulate suspension alloWs targeting to organs 
such as the liver, lungs, spleen, lymphatic circulation, and 
the like, due to the uptake in these organs, of the particles by 
the reticuloendothelial (RES) system of cells. Targeting to 
the RES containing organs may be controlled through the 
use of particles of varying siZe, and through administration 
by different routes. But When administered to rats, Capxol 
Was unexpectedly and surprisingly found to accumulate in 
tissues other than those containing the RES such as the 
prostate, pancreas, testes, seminiferous tubules, bone, etc. to 
a signi?cantly greater level than Taxol at similar doses. 

[0064] Thus, it is very surprising that the invention for 
mulation of paclitaxel, Capxol, a nanoparticle formulation, 
concentrates in tissues such as the prostate, pancreas, testes, 
seminiferous tubules, bone, etc., i.e., in organs not contain 
ing the RES, at a signi?cantly higher level than a non 
particulate formulation of paclitaxel such as Taxol. Thus, 
Capxol may be utiliZed to treat cancers of these tissues With 
a higher ef?cacy than Taxol. HoWever, the distribution to 
many other tissues is similar for Capxol and Taxol, therefore 
Capxol is expected to maintain anticancer activity at least 
equal to that of TAXOL in other tissues. The basis for the 
localiZation Within the prostate could be a result of the 
particle siZe of the formulation (20-400 nm), or the presence 
the protein albumin in the formulation Which may cause 
localiZation into the prostatic tissue through speci?c mem 
brane receptors (gp 60, gp l8, gp l3 and the like). It is also 
likely that other biocompatible, biodegradable polymers 
other than albumin may shoW speci?city 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 contem 
plated Within the scope of this invention. A preferred 
embodiment of a composition to achieve high local concen 
trations of paclitaxel in the prostate is a formulation con 
taining paclitaxel and albumin With a particle siZe in the 
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range of 20-400 nm, and free of cremophor. This embodi 
ment has also been demonstrated to result in higher level 
concentrations of paclitaxel in the pancreas, kidney, lung, 
heart, bone, and spleen When compared to Taxol at equiva 
lent doses. These properties provide novel applications of 
this formulation of paclitaxel including methods of loWering 
testosterone levels, achieving medical orchiectomy, provid 
ing high local concentrations to coronary vasculature for the 
treatment of restenosis. 

[0065] It is also very surprising that paclitaxel is metabo 
liZed into its metabolites at a much sloWer rate than Taxol 
When administered as Capxol. This represents increased 
anticancer activity for longer periods With similar doses of 
paclitaxel. 

[0066] It is also very surprising that When Capxol and 
Taxol are administered to rats at equivalent doses of pacli 
taxel, a much higher degree of myelosuppression results for 
the Taxol group compared to the Capxol group. This can 
result in loWer incidences of infections and fever episodes 
(e.g., febrile neutropenia). It can also reduce the cycle time 
in betWeen treatment s Which is currently 21 days. Thus the 
use of Capxol may provide substantial advantage over 
Taxol. 

[0067] It Was surprisingly found that the Taxol vehicle, 
Cremophor/Ethanol diluted in saline, alone caused strong 
myelosuppression and caused severe hypersensitivity reac 
tions and death in several dose groups of mice. No such 
reactions Were observed for the Capxol groups at equivalent 
and higher doses. Thus Capxol, a formulation of paclitaxel 
that is free of the Taxol vehicle is of substantial advantage. 

[0068] It is also very surprising that When Capxol and 
Taxol are administered to rats at equivalent doses of pacli 
taxel, a much loWer toxicity is seen for the Capxol compared 
to Taxol as evidenced by signi?cantly higher LD5O values. 
This may alloW for higher more therapeutically effective 
doses of paclitaxel to be administered to patients. There is 
evidence in the literature shoWing increases response rates to 
higher doses of paclitaxel. The Capxol formulation may 
alloW the administration of these higher doses due to loWer 
toxicity and thereby exploit the full potential of this drug. 

[0069] It is also surprising that Capxol, a formulation of 
the substantially Water-insoluble drug, paclitaxel, is stable 
When reconstituted in an aqueous medium at several differ 
ent concentrations ranging from, but not limited to 01-20 
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 ?lter in the 
infusion line. Thus Capxol greatly simpli?es and improves 
the administration of paclitaxel to patients. 

[0070] It is also surprising that Capxol When administered 
to rats at equivalent doses of paclitaxel as Taxol, shoWs no 
sign of neurotoxicity While Taxol even at loW doses shoWs 
neurotoxic effects. 

[0071] The invention formulation further alloWs the 
administration of paclitaxel, and other substantially Water 
insoluble pharmacologically active agents, employing a 
much smaller volume of liquid and requiring greatly reduced 
administration time relative to administration volumes and 
times required by prior art delivery systems. 
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[0072] In combination With a biocompatible polymer 
matrix, the invention formulation (Capxol) allows for local 
sustained delivery of paclitaxel With loWer toxicity and 
prolonged activity. 

[0073] The above surprising ?ndings for Capxol offer the 
potential to substantially improve the quality of life of 
patients receiving paclitaxel. 

Potential Advantages of the CapxolTM Formulation for Pacli 
taxel: 

[0074] CapxolTM is a lyophiliZed poWder containing only 
paclitaxel and human serum albumin. Due to the nature of 
the colloidal solution formed upon reconstitution of the 
lyophiliZed poWder toxic emulsi?ers such as cremophor (in 
the BMS formulation of paclitaxel) or polysorbate 80 (as in 
the Rhone Poulenc formulation of docetaxel) and solvents 
such as ethanol to solubiliZe the drug are not required. 
Removing toxic emulsifers Will reduce the incidences of 
severe hypersensitivity and anaphylactic reactions that are 
knoWn to occur in products TAXOL. 

In addition, no premedication With steroids and antihista 
mines are anticipated prior to administration of the drug. 

Due to reduced toxicities, as evidenced by the LDlo/LD5O 
studies, higher doses may be employed for greater ef?cacy. 

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 thera 
peutic outcomes. 

CapxolTM can be administered at much higher concentra 
tions (up to 20 mg/ml) compared With the BMS formulation 
(0.6 mg/ml), alloWing much loWer volume infusions, and 
administration as an intravenous bolus. 

[0075] TAXOL may be infused only With nitroglycerin 
polyole?n infusion sets due to leaching of plasticiZers from 
standard infusion tubing into the formulation. Capxol shoWs 
no leaching and may be utiliZed With any standard infusion 
tubing. In addition, only glass or polyole?n containers are to 
be used for storing all cremophor containing solutions. The 
Capxol formulation has no such limitations. 

[0076] A recogniZed problem With TAXOL formulation is 
the precipitation of paclitaxel in indWelling catheters. This 
results in erratic and poorly controlled dosing. Due to the 
inherent stability of the colloidal solution of the neW for 
mulation, CapxolTM, the problem of precipitation is allevi 
ated. 

The administration of Taxol requires the use of in line ?lters 
to remove precipitates and other particulate matter. Capxol 
has no such requirement due to inherent stability. 

[0077] The literature suggests that particles in the loW 
hundred nanometer siZe range preferentially partition into 
tumors through leaky blood vessels at the tumor site. The 
colloidal particles of paclitaxel in the CapxolTM formulation 
may therefore shoW a preferential targeting effect, greatly 
reducing the side effects of paclitaxel administered in the 
BMS formulation. 

[0078] Therefore, it is a primary object of the present 
invention to provide a neW formulation of paclitaxel that 
provides the above desirable characteristics. 
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[0079] It is another object of the present invention to 
provide a neW formulation of paclitaxel that localiZes pacli 
taxel in certain tissues, thereby providing higher anticancer 
activity at these sites. 

[0080] It is another object of the invention to administer 
paclitaxel at concentrations greater than about 2 mg/ml in 
order to reduce infusion volumes. 

[0081] It is also an object of the invention to provide a 
formulation of paclitaxel that is free of the Taxol vehicle. 

[0082] It is yet another object of the invention to provide 
a formulation of paclitaxel that improves the quality of life 
of patients receiving Taxol for the treatment of cancer. 

BRIEF DESCRIPTION OF THE FIGURES 

[0083] FIG. 1 presents the results of intravenous admin 
istration of paclitaxel nanoparticles to tumor bearing mice 
(n=5 in each group), shoWing a complete regression of 
tumor in the treatment group (I) compared With a control 
group receiving saline (O). Virtually uncontrolled tumor 
groWth is seen in the control group. Dose for the treatment 
group is 20 mg/kg of paclitaxel administered as an intrave 
nous bolus for ?ve consecutive days. 

[0084] FIG. 2 presents the results of intraperitoneal 
administration of paclitaxel nanoparticles in rats that have 
developed arthritis in their paWs folloWing intradermal 
injection of collagen. PaW volumes are measured and indi 
cate the severity of the disease. The paW volumes are 
normaliZed to 100% at the beginning of treatment. Day 0 
represents the initiation of treatment. There are 3 groupsi 
control group receiving saline (n=2, shoWn as a thin line and 
labelled in the ?gure a “non-treatment”); a ?rst treatment 
group receiving paclitaxel nanoparticles at a dose of 1 mg/kg 
(n=4, shoWn as a heavy line and labelled in the ?gure as 
“paclitaxel nanoparticles 1.0 mg/kg”), and a second treat 
ment group receiving combination therapy of paclitaxel 
nanoparticles at a dose of 0.5 mg/kg and prednisone at a dose 
of 0.2 mg/kg (n=4, shoWn as a heavy line and labelled in the 
?gure 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 

[0085] 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/m2 over an admin 
istration period of no greater than tWo hours. 

[0086] [[also parrot other independent claims]] 
[0087] In accordance With the present invention, there are 
also provided methods for the preparation of substantially 
Water insoluble pharmacologically active agents for in vivo 
delivery, said method comprising: 

[0088] 
[0089] i) an organic solvent having said active agent 

dissolved therein; 

a) combining 
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[0090] ii) Water or an aqueous solution; 

[0091] iii) a surfactant; and 

[0092] 

[0093] 
[0094] b) removing said organic solvent to yield a sus 
pension of nanoparticles of said active agent in said Water. 

[0095] In accordance With a still further embodiment of 
the present invention, there is provided a drug delivery 
system comprising particles of a solid or liquid, substantially 
Water insoluble pharmacologically active agent, coated With 
a protein, 

iv) a cosurfactant 

that spontaneously form a microemulsion; and 

[0096] Wherein said protein coating has free protein asso 
ciated thereWith, 

[0097] Wherein a portion of said pharmacologically active 
agent is contained Within said protein coating and a portion 
of said pharmacologically active agent is associated With 
said free protein, and 

[0098] Wherein the average diameter of said particles is no 
greater than about 1 micron. 

[0099] Compositions produced by the above-described 
methods are particularly advantageous as they have been 
observed to provide a very loW toxicity form of a variety of 
pharmacologically active agents. Also described herein are 
other methods of making loW toxicity forms of pharmaco 
logically active agents, e.g., paclitaxel. 

[0100] In a preferred embodiment, the average diameter of 
the above-described particles is no greater than about 200 
nm. Such particles are particularly advantageous as they can 
be subjected to sterile ?ltration, thereby obviating the need 
for more vigorous treatment to achieve sterilization of 
solutions containing the desired pharmacologically active 
agent. 

[0101] As used herein, unless speci?ed to the contrary, the 
term “paclitaxel” encompasses all forms, modi?cations and 
derivatives of paclitaxel, e.g., taxotere, and the like. 

[0102] CapxolTM is the trademark for the paclitaxel for 
mulation to be marketed by Applicants’ assignees. As used 
herein, CapxolTM is merely a shorthand means of reference 
to protein-coated paclitaxel nanoparticles produced by the 
method of Example 1. CapxolTM is a proprietary neW, 
cremaphor-free formulation of the anticancer drug pacli 
taxel. Inventors, based on animal studies, believe that a 
cremaphor-free formulation Will be signi?cantly less toxic 
and Will not require premedication of patients. Premedica 
tion is necessary to reduce the hypersensitivity and anaphy 
laxis that occurs as a result of cremaphor in the currently 
approved and marketed BMS (Bristol Myers Squibb) for 
mulation of paclitaxel. CapxolTM is a lyophiliZed poWder for 
reconstitution and intravenous administration. Each vial of 
CapxolTM contains 30 mg of paclitaxel and approximately 
400 mg of human serum albumin. When reconstituted With 
a suitable aqueous medium such as 0.9% sodium chloride 
injection or 5% dextrose injection, CapxolTM forms a stable 
colloidal solution of paclitaxel. The siZe of the colloidal 
nanoparticles is typically less than 400 nm. The nanopar 
ticles are prepared by high pressure homogeniZation of a 
solution of USP human serum albumin and a solution of 
paclitaxel in an organic solvent. The solvent is then removed 
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to generate the colloidal suspension or solution of paclitaxel 
in human albumin. This suspension is sterile ?ltered and 
lyophiliZed to obtain CapxolTM. The formulation contains no 
other added excipients or stabiliZers. The sterility of the 
product is assured by an aseptic manufacturing process 
and/or by sterile ?ltration. The tWo major components of 
CapxolTM are unmodi?ed paclitaxel and human serum albu 
min (HSA). Since HSA is freely soluble in Water, CapxolTM 
can be reconstituted to any desired concentration of pacli 
taxel limited only by the solubility limits for HSA. Thus 
CapxolTM can be reconstituted in a Wide range of concen 
trations ranging from dilute (0.1 mg/ml paclitaxel) to con 
centrated (20 mg/ml paclitaxel). This can result in fairly 
small volumes of administration. 

[0103] As used herein, the term “in vivo delivery” refers 
to delivery of a pharmacologically active agent by such 
routes of administration as oral, intravenous, subcutaneous, 
intraperitoneal, intrathecal, intramuscular, inhalational, topi 
cal, transdermal, suppository (rectal), pessary (vaginal), 
intra urethral, intraportal, intrahepatic, intra-arterial, intrau 
moral, and the like. 

[0104] As used herein, the term “micron” refers to a unit 
of measure of one one-thousandth of a millimeter. 

[0105] As used herein, the term “biocompatible” describes 
a substance that does not appreciably alter or affect in any 
adverse Way, the biological system into Which it is intro 
duced. 

[0106] Substantially Water insoluble pharmacologically 
active agents contemplated for use in the practice of the 
present invention include pharmaceutically active agents, 
diagnostic agents, agents of nutritional value, and the like. 
Examples of pharmaceutically active agents include: 

[0107] analgesics/antipyretics (e.g., aspirin, acetami 
nophen, ibuprofen, naproxen sodium, buprenorphine 
hydrochloride, propoxyphene hydrochloride, pro 
poxyphene napsylate, meperidine hydrochloride, 
hydromorphone hydrochloride, morphine sulfate, oxy 
codone hydrochloride, codeine phosphate, dihydroco 
deine bitartrate, pentaZocine hydrochloride, hydroc 
odone bitartrate, levorphanol tartrate, di?unisal, 
trolamine salicylate, nalbuphine hydrochloride, mefe 
namic acid, butorphanol tartrate, choline salicylate, 
butalbital, phenyltoloxamine citrate, diphenhydramine 
citrate, methotrimepraZine, cinnamedrine hydrochlo 
ride, meprobamate, and the like); 

[0108] anesthetics (e.g., cyclopropane, en?urane, hal 
othane, iso?urane, methoxy?urane, nitrous oxide, pro 
pofol, and the like); 

[0109] antiasthmatics (e.g., AZelastine, Ketotifen, Trax 
anox, Amlexanox, Cromolyn, Ibudilast, Montelukast, 
Nedocromil, Oxatomide, Pranlukast, Seratrodast, 
Suplatast Tosylate, Tiaramide, Za?rlukast, Zileuton, 
Beclomethasone, Budesonide, Dexamethasone, 
Flunisolide, Trimcinolone Acetonide, and the like); 

[0110] antibiotics (e.g., neomycin, streptomycin, 
chloramphenicol, cephalosporin, ampicillin, penicillin, 
tetracycline, and the like); 

[0111] antidepressants (e.g., nefopam, oxypertine, dox 
epin hydrochloride, amoxapine, traZodone hydrochlo 
ride, amitriptyline hydrochloride, maprotiline hydro 
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chloride, phenelZine sulfate, desipramine 
hydrochloride, nortriptyline hydrochloride, tranyl 
cypromine sulfate, ?uoxetine hydrochloride, doxepin 
hydrochloride, imipramine hydrochloride, imipramine 
pamoate, nortriptyline, amitriptyline hydrochloride, 
isocarboxaZid, desipramine hydrochloride, trimi 
pramine maleate, protriptyline hydrochloride, and the 
like); 

[0112] antidiabetics (e.g., biguanides, hormones, sulfo 
nylurea derivatives, and the like); 

[0113] antifungal agents (e.g., griseofulvin, kelocona 
Zole, amphotericin B, Nystatin, candicidin, and the 
like); 

[0114] antihypertensive agents (e.g., propanolol, pro 
pafenone, oxyprenolol, Nifedipine, reserpine, tri 
methaphan camsylate, phenoxybenZamine hydrochlo 
ride, pargyline hydrochloride, deserpidine, diaZoXide, 
guanethidine monosulfate, minoxidil, rescinnamine, 
sodium nitroprusside, rauWol?a serpentina, alseroxy 
lon, phentolamine mesylate, reserpine, and the like); 

[0115] anti-in?ammatories (e.g., (non-steroidal) 
indomethacin, naproxen, ibuprofen, ramifenaZone, 
piroxicam, (steroidal) cortisone, dexamethasone, ?u 
aZacort, hydrocortisone, prednisolone, prednisone, and 
the like); 

[0116] antineoplastics (e.g., adriamycin, cyclophospha 
mide, actinomycin, bleomycin, duanorubicin, doxoru 
bicin, epirubicin, mitomycin, methotrexate, ?uorou 
racil, carboplatin, carmustine (BCNU), methyl-CCNU, 
cisplatin, etoposide, interferons, camptothecin and 
derivatives thereof, phenesterine, Taxol and derivatives 
thereof, taxotere and derivatives thereof, vinblastine, 
vincristine, tamoxifen, etoposide, piposulfan, and the 
like); 

[0117] antianxiety agents (e.g., loraZepam, buspirone 
hydrochloride, praZepam, chlordiaZepoXide hydrochlo 
ride, oXaZepam, cloraZepate dipotassium, diaZepam, 
hydroXyZine pamoate, hydroXyZine hydrochloride, 
alpraZolam, droperidol, halaZepam, chlormeZanone, 
dantrolene, and the like); 

[0118] immunosuppressive agents (e.g., cyclosporine, 
aZathioprine, miZoribine, FK506 (tacrolimus), and the 
like); 

[0119] antimigraine agents (e.g., ergotamine tartrate, 
propanolol hydrochloride, isometheptene mucate, 
dichloralphenaZone, and the like); 

[0120] sedatives/hypnotics (e.g., barbiturates (e.g., pen 
tobarbital, pentobarbital sodium, secobarbital sodium), 
benZodiaZapines (e.g., ?uraZepam hydrochloride, tria 
Zolam, tomaZeparm, midaZolam hydrochloride, and the 
like); 

[0121] antianginal agents (e.g., beta-adrenergic block 
ers, calcium channel blockers (e.g., nifedipine, dilt 
iaZem hydrochloride, and the like), nitrates (e.g., nitro 
glycerin, isosorbide dinitrate, pentaerythritol 
tetranitrate, erythrityl tetranitrate, and the like)); 

[0122] antipsychotic agents (e.g., haloperidol, loxapine 
succinate, loxapine hydrochloride, thioridaZine, thior 
idaZine hydrochloride, thiothixene, ?uphenaZine 
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hydrochloride, ?uphenaZine decanoate, ?uphenaZine 
enanthate, tri?uoperaZine hydrochloride, chlorprom 
aZine hydrochloride, perphenaZine, lithium citrate, 
prochlorperaZine, and the like); 

[0123] antimanic agents (e.g., lithium carbonate); 

[0124] antiarrhythmics (e.g., bretylium tosylate, 
esmolol hydrochloride, verapamil hydrochloride, 
amiodarone, encainide hydrochloride, digoxin, digi 
toxin, mexiletine hydrochloride, disopyramide phos 
phate, procainamide hydrochloride, quinidine sulfate, 
quinidine gluconate, quinidine polygalacturonate, 
?ecainide acetate, tocainide hydrochloride, lidocaine 
hydrochloride, and the like); 

[0125] antiarthritic agents (e.g., phenylbutaZone, sulin 
dac, penicillamine, salsalate, piroxicam, aZathioprine, 
indomethacin, meclofenamate sodium, gold sodium 
thiomalate, ketoprofen, aurano?n, aurothioglucose, tol 
metin sodium, and the like); 

[0126] antigout agents (e.g., colchicine, allopurinol, and 
the like); 

[0127] anticoagulants (e.g., heparin, heparin sodium, 
Warfarin-sodium, and the like); 

[0128] thrombolytic agents (e.g., urokinase, streptoki 
nase, altoplase, and the like); 

[0129] anti?brinolytic agents (e.g., aminocaproic acid); 

[0130] hemorheologic agents (e.g., pentoxifylline); 

[0131] antiplatelet agents (e.g., aspirin, empirin, ascrip 
tin, and the like); 

[0132] anticonvulsants (e.g., valproic acid, divalproate 
sodium, phenyloin, phenyloin sodium, clonaZepam, 
primidone, phenobarbitol, phenobarbitol sodium, car 
bamaZepine, amobarbital sodium, methsuximide, 
metharbital, mephobarbital, mephenyloin, phensuxim 
ide, paramethadione, ethotoin, phenacemide, secobar 
bitol sodium, cloraZepate dipotassium, trimethadione, 
and the like); 

[0133] 
like); 

[0134] antihistamines/antipruritics (e.g., hydroXyZine 
hydrochloride, diphenhydramine hydrochloride, chlor 
pheniramine maleate, brompheniramine maleate, 
cyproheptadine hydrochloride, terfenadine, clemastine 
fumarate, triprolidine hydrochloride, carbinoxamine 
maleate, diphenylpyraline hydrochloride, phenin 
damine tartrate, aZatadine maleate, tripelennamine 
hydrochloride, dexchlorpheniramine maleate, methdi 
laZine hydrochloride, trimpraZine tartrate and the like); 

[0135] agents useful for calcium regulation (e.g., calci 
tonin, parathyroid hormone, and the like); 

[0136] antibacterial agents (e.g., amikacin sulfate, 
aZtreonam, chloramphenicol, chloramphenicol palmi 
tate, chloramphenicol sodium succinate, cipro?oxacin 
hydrochloride, clindamycin hydrochloride, clindamy 
cin palmitate, clindamycin phosphate, metronidaZole, 
metronidaZole hydrochloride, gentamicin sulfate, lin 
comycin hydrochloride, tobramycin sulfate, vancomy 

antiparkinson agents (e.g., ethosuximide, and the 
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cin hydrochloride, polymyxin B sulfate, colistimethate 
sodium, colistin sulfate, and the like); 

[0137] antiviral agents (e.g., interferon gamma, Zidovu 
dine, amantadine hydrochloride, ribavirin, acyclovir, 
and the like); 

[0138] antimicrobials (e.g., cephalosporins (e.g., cefa 
Zolin sodium, cephradine, cefaclor, cephapirin sodium, 
ceftiZoxime sodium, cefoperaZone sodium, cefotetan 
disodium, cefutoxime aZotil, cefotaxime sodium, 
cefadroxil monohydrate, ceftaZidime, cephalexin, 
cephalothin sodium, cephalexin hydrochloride mono 
hydrate, cefamandole nafate, cefoxitin sodium, 
cefonicid sodium, ceforanide, ceftriaxone sodium, 
ceftaZidime, cefadroxil, cephradine, cefuroxime 
sodium, and the like), penicillins (e.g., ampicillin, 
amoxicillin, penicillin G benZathine, cyclacillin, ampi 
cillin sodium, penicillin G potassium, penicillin V 
potassium, piperacillin sodium, oxacillin sodium, 
bacampicillin hydrochloride, cloxacillin sodium, ticar 
cillin disodium, aZlocillin sodium, carbenicillin indanyl 
sodium, penicillin G potassium, penicillin G procaine, 
methicillin sodium, nafcillin sodium, and the like), 
erythromycins (e.g., erythromycin ethylsuccinate, 
erythromycin, erythromycin estolate, erythromycin 
lactobionate, erythromycin siearate, erythromycin eth 
ylsuccinate, and the like), tetracyclines (e.g., tetracy 
cline hydrochloride, doxycycline hyclate, minocycline 
hydrochloride, and the like), and the like); 

[0139] anti-infectives (e.g., GM-CSF); 

[0140] bronchodialators (e.g., sympathomimetics (e.g., 
epinephrine hydrochloride, metaproterenol sulfate, 
terbutaline sulfate, isoetharine, isoetharine mesylate, 
isoetharine hydrochloride, albuterol sulfate, albuterol, 
bitolterol, mesylate isoproterenol hydrochloride, terb 
utaline sulfate, epinephrine bitartrate, metaproterenol 
sulfate, epinephrine, epinephrine bitartrate), anticholin 
ergic agents (e.g., ipratropium bromide), xanthines 
(e.g., aminophylline, dyphylline, metaproterenol sul 
fate, aminophylline), mast cell stabilizers (e.g., cro 
molyn sodium), inhalant corticosteroids (e.g., 
?urisolidebeclomethasone dipropionate, beclometha 
sone dipropionate monohydrate), salbutamol, beclom 
ethasone dipropionate (BDP), ipratropium bromide, 
budesonide, ketotifen, salmeterol, xinafoate, terbuta 
line sulfate, triamcinolone, theophylline, nedocromil 
sodium, metaproterenol sulfate, albuterol, ?unisolide, 
and the like); 

[0141] hormones (e.g., androgens (e.g., danaZol, test 
osterone cypionate, ?uoxymesterone, ethyltostoster 
one, testosterone enanihate, methyltestosterone, ?u 
oxymesterone, testosterone cypionate), estrogens (e.g., 
estradiol, estropipate, conjugated estrogens), progestins 
(e.g., methoxyprogesterone acetate, norethindrone 
acetate), corticosteroids (e.g., triamcinolone, 
betamethasone, betamethasone sodium phosphate, dex 
amethasone, dexamethasone sodium phosphate, dex 
amethasone acetate, prednisone, methylprednisolone 
acetate suspension, triamcinolone acetonide, methyl 
prednisolone, prednisolone sodium phosphate methyl 
prednisolone sodium succinate, hydrocortisone sodium 
succinate, methylprednisolone sodium succinate, tri 
amcinolone hexacatonide, hydrocortisone, hydrocorti 

11 
Apr. 26, 2007 

sone cypionate, prednisolone, ?uorocortisone acetate, 
paramethasone acetate, prednisolone tebulate, pred 
nisolone acetate, prednisolone sodium phosphate, 
hydrocortisone sodium succinate, and the like), thyroid 
hormones (e.g., levothyroxine sodium) and the like), 
and the like; 

[0142] hypoglycemic agents (e.g., human insulin, puri 
?ed beef insulin, puri?ed pork insulin, glyburide, chlo 
rpropamide, glipiZide, tolbutamide, tolaZamide, and the 
like); 

[0143] hypolipidemic agents (e.g., clo?brate, dex 
trothyroxine sodium, probucol, lovastatin, niacin, and 
the like); 

[0144] proteins (e.g., DNase, alginase, superoxide dis 
mutase, lipase, and the like); 

[0145] 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); 

[0146] agents useful for erythropoiesis stimulation 
(e.g., erythropoietin); 

[0147] antiulcer/antire?ux agents (e.g., famotidine, 
cimetidine, ranitidine hydrochloride, and the like); 

[0148] antinauseants/antiemetics (e.g., mecliZine 
hydrochloride, nabilone, prochlorperaZine, dimenhy 
drinate, promethaZine hydrochloride, thiethylperaZine, 
scopolamine, and the like); 

[0149] oil-soluble vitamins (e.g., vitamins A, D, E, K, 
and the like); and 

[0150] as Well as other drugs such as mitotane, visadine, 
halonitrosoureas, anthrocyclines, ellipticine, and the 
like. 

[0151] Examples of diagnostic agents contemplated for 
use in the practice of the present invention include ultra 
sound contrast agents, radiocontrast agents (e.g., iodo-oc 
tanes, halocarbons, renogra?n, and the like), magnetic con 
trast agents (e.g., ?uorocarbons, lipid soluble paramagnetic 
compounds, and the like), as Well as other diagnostic agents 
Which cannot readily be delivered Without some physical 
and/or chemical modi?cation to accommodate the substan 
tially Water insoluble nature thereof. 

[0152] Examples of agents of nutritional value contem 
plated for use in the practice of the present invention include 
amino acids, sugars, proteins, carbohydrates, fat-soluble 
vitamins (e.g., vitamins A, D, E, K, and the like) or fat, or 
combinations of any tWo or more thereof. 

A. Formation of Nanoparticles Using High Shear Homog 
eniZation 

[0153] Key differences betWeen the pharmacologically 
active agents contained in a polymeric shell according to the 
invention and protein microspheres of the prior art are in the 
nature of formation and the ?nal state of the protein after 
formation of the particle, and its ability to carry poorly 
aqueous-soluble or substantially aqueous-insoluble agents. 
In accordance With the present invention, the polymer (e. g., 
a protein) may be crosslinked as a result of exposure to high 
shear conditions in a high pressure homogeniZer. High shear 
is used to disperse a dispersing agent containing dissolved or 
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suspended pharmacologically active agent into an aqueous 
solution of a biocompatible polymer, optionally bearing 
sulfhydryl or disul?de groups (e.g., albumin) whereby a 
shell of crosslinked polymer is formed around ?ne droplets 
of non-aqueous medium. The high shear conditions produce 
cavitation in the liquid that causes tremendous local heating 
and results in the formation of superoxide ions that are 
capable of crosslinking the polymer, for example, by oxi 
diZing the sulfhydryl residues (and/or disrupting existing 
disul?de bonds) to form neW, crosslinking disul?de bonds. 

[0154] In contrast to the invention process, the prior art 
method of glutaraldehyde crosslinking is nonspeci?c and 
essentially reactive With any nucleophilic group present in 
the protein structure (e.g., amines and hydroxyls). Heat 
denaturation as taught by the prior art signi?cantly and 
irreversibly alters protein structure. In contrast, disul?de 
formation contemplated by the present invention does not 
substantially denature the protein. In addition, particles of 
substantially Water insoluble pharmacologically active 
agents contained Within a shell differ from crosslinked or 
heat denatured protein microspheres of the prior art because 
the polymeric shell produced by the invention process is 
relatively thin compared to the diameter of the coated 
particle. It has been determined (by transmission electron 
microscopy) that the “shell thickness” of the polymeric coat 
is approximately 25 nanometers for a coated particle having 
a diameter of 1 micron (1000 nanometers). In contrast, 
microspheres of the prior art do not have protein shells, but 
rather, have protein dispersed throughout the volume of the 
microsphere. 

[0155] Thus, in accordance With the present invention, a 
pharmacologically active agent is dissolved in a suitable 
solvent (e.g., chloroform, methylene chloride, ethyl acetate, 
ethanol, tetrahydrofuran, dioxane, butanol, butyl acetate, 
acetonitrile, acetone, dimethyl sulfoxide, dimethyl forma 
mide, methylpyrrolidinone, or the like, as Well as mixtures 
of any tWo or more thereof). Additional solvents contem 
plated for use in the practice of the present invention include 
soybean oil, coconut oil, olive oil, sal?oWer oil, cotton seed 
oil, sesame oil, orange oil, limonene oil, Cl-C2O alcohols, 
CZ-C2O esters, C3-C2O ketones, polyethylene glycols, ali 
phatic hydrocarbons, aromatic hydrocarbons, halogenated 
hydrocarbons and combinations thereof. 

[0156] Unlike conventional methods for nanoparticle for 
mation, a polymer (e.g. polylactic acid) is not dissolved in 
the solvent. The oil phase employed in the preparation of 
invention compositions typically contains only the pharma 
cologically active agent dissolved in solvent. 

[0157] Next, a protein (e.g., human serum albumin) is 
added (into the aqueous phase) to act as a stabiliZing agent 
for the formation of stable nanodroplets. Protein is added at 
a concentration in the range of about 0.05 to 25% (W/v), 
more preferably in the range of about 0.5%-5% (W/v). 
Unlike conventional methods for nanoparticle formation, no 
surfactant (eg sodium lauryl sulfate, lecithin, tWeen 80, 
pluronic F-68 and the like) is added to the mixture. 

[0158] Next, an emulsion is formed by homogeniZation 
under high pressure and high shear forces. Such homogeni 
Zation is conveniently carried out in a high pressure homog 
eniZer, typically operated at pressures in the range of about 
3,000 up to 60,000 psi. Preferably, such processes are carried 
out at pressures in the range of about 6,000 up to 40,000 psi. 
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The resulting emulsion comprises very small nanodroplets 
of the nonaqueous solvent (containing the dissolved phar 
macologically active agent) and very small nanodroplets of 
the protein stabiliZing agent. Acceptable methods of homog 
eniZation include processes imparting high shear and cavi 
tation such as high pressure homogenization, high shear 
mixers, sonication, high shear impellers, and the like. 
[0159] Finally, the solvent is evaporated under reduced 
pressure to yield a colloidal system composed of protein 
coated nanoparticles of pharmacologically active agent and 
protein. Acceptable methods of evaporation include the use 
of rotary evaporators, falling ?lm evaporators, spray driers, 
freeZe driers, and the like. Ultra?ltration may also be used 
for solvent removal. 

[0160] Following evaporation of solvent, the liquid sus 
pension may be dried to obtain a poWder containing the 
pharmacologically active agent and protein. The resulting 
poWder can be redispersed at any convenient time into a 
suitable aqueous medium such as saline, buffered saline, 
Water, buffered aqueous media, solutions of amino acids, 
solutions of vitamins, solutions of carbohydrates, or the like, 
as Well as combinations of any tWo or more thereof, to obtain 
a suspension that can be administered to mammals. Methods 
contemplated for obtaining this poWder include freeZe 
drying, spray drying, and the like. 
[0161] In accordance With another embodiment of the 
present invention, there is provided an alternative method 
for the formation of unusually small submicron particles 
(nanoparticles), i.e., particles Which are less than 200 
nanometers in diameter. Such particles are capable of being 
sterile-?ltered before use in the form of a liquid suspension. 
The ability to sterile-?lter the end product of the invention 
formulation process (i.e., the drug particles) is of great 
importance since it is impossible to steriliZe dispersions 
Which contain high concentrations of protein (e.g., serum 
albumin) by conventional means such as autoclaving. 

[0162] In order to obtain sterile-?lterable particles (i.e., 
particles <200 nm), the pharmacologically active agent is 
initially dissolved in a substantially Water immiscible 
organic solvent (e.g., a solvent having less than about 5% 
solubility in Water, such as, for example, chloroform) at high 
concentration, thereby forming an oil phase containing the 
pharmacologically active agent. Suitable solvents are set 
forth above. Unlike conventional methods for nanoparticle 
formation, a polymer (e.g. polylactic acid) is not dissolved 
in the solvent. The oil phase employed in the process of the 
present invention contains only the pharmacologically 
active agent dissolved in solvent. 

[0163] Next, a Water miscible organic solvent (e.g., a 
solvent having greater than about 10% solubility in Water, 
such as, for example, ethanol) is added to the oil phase at a 
?nal concentration in the range of about l%-99% v/v, more 
preferably in the range of about 5%-25% v/v of the total 
organic phase. The Water miscible organic solvent can be 
selected from such solvents as ethyl acetate, ethanol, tet 
rahydrofuran, dioxane, acetonitrile, gutanol, acetone, pro 
pylene glycol, glycerol, dimethyl sulfoxide, dimethyl for 
mamide, methylpyrrolidinone, and the like. Alternatively, 
the mixture of Water immiscible solvent With the Water 
miscible solvent is prepared ?rst, folloWed by dissolution of 
the pharmaceutically active agent in the mixture. 

[0164] Next, human serum albumin or any other suitable 
stabiliZing agent as described above is dissolved in aqueous 
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media. This component acts as a stabilizing agent for the 
formation of stable nanodroplets. Optionally, a suf?cient 
amount of the ?rst organic solvent (e.g. chloroform) is 
dissolved in the aqueous phase to bring it close to the 
saturation concentration. A separate, measured amount of 
the organic phase (Which noW contains the pharmacologi 
cally active agent, the ?rst organic solvent and the second 
organic solvent) is added to the saturated aqueous phase, so 
that the phase fraction of the organic phase is betWeen about 
0.5%-15% v/v, and more preferably betWeen 1% and 8% 
v/v. 

[0165] Next, a mixture composed of micro and nanodrop 
lets is formed by homogeniZation at loW shear forces. This 
can be accomplished in a variety of Ways, as can readily be 
identi?ed 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 
comprises an aqueous protein solution (e.g., human serum 
albumin), the Water insoluble pharmacologically active 
agent, the ?rst solvent and the second solvent. Finally, 
solvent is rapidly evaporated under vacuum to yield a 
colloidal dispersion system (pharmacologically active agent 
and protein) in the form of extremely small nanoparticles 
(i.e., particles in the range of about 10 nm-200 nm diameter) 
that can be sterile-?ltered. The preferred siZe range of the 
particles is betWeen about 50 nm-170 nm, depending on the 
formulation and operational parameters. 

[0166] Colloidal systems prepared in accordance With the 
present invention may be further converted into poWder 
form by removal of the Water therefrom, e.g., by lyophiliZa 
tion or spray drying at a suitable temperature-time pro?le. 
The protein (e.g., human serum albumin) itself acts as a 
cryoprotectant or lyoprotectant, and the poWder is easily 
reconstituted by addition of Water, saline or buffer, Without 
the need to use such conventional cryoprotectants as man 
nitol, sucrose, glycine, and the like. While not required, it is 
of course understood that conventional cryoprotectants may 
be added to invention formulations if so desired. 

[0167] The colloidal system of pharmacologically active 
agent alloWs for the delivery of high doses of the pharma 
cologically active agent in relatively small volumes. This 
minimiZes patient discomfort at receiving large volumes of 
?uid and minimiZes hospital stay. In addition, the Walls of 
the polymeric shell or coating are generally completely 
degradable in vivo by proteolytic enZymes (e.g., When the 
polymer is a protein), resulting in substantially no side 
effects from the delivery system, Which is in sharp contrast 
to the signi?cant side effects caused by current formulations. 

[0168] A number of biocompatible polymers may be 
employed in the practice of the present invention for the 
formation of the polymeric shell Which surrounds the sub 
stantially Water insoluble pharmacologically active agents. 
Essentially any polymer, natural or synthetic, optionally 
bearing sulfhydryl groups or disul?de bonds Within its 
structure may be utiliZed for the preparation of a disul?de 
crosslinked shell about particles of substantially Water 
insoluble pharmacologically active agents. The sulfhydryl 
groups or disul?de linkages may be preexisting Within the 
polymer structure or they may be introduced by a suitable 
chemical modi?cation. For example, natural polymers such 
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as proteins, peptides, polynucleic acids, polysaccharides 
(e.g., starch, cellulose, dextrans, alginates, chitosan, pectin, 
hyaluronic acid, and the like), proteoglycans, lipoproteins, 
and so on, are candidates for such modi?cation. 

[0169] Proteins contemplated for use as stabiliZing agents 
in accordance With the present invention include albumins 
(Which contain 35 cysteine residues), immunoglobulins, 
caseins, insulins (Which contain 6 cysteines), hemoglobins 
(Which contain 6 cysteine residues per a2[32 unit), lysoZymes 
(Which contain 8 cysteine residues), immunoglobulins, 
alpah-2-acroglobulin, ?bronectins, vitronectins, ?brinogens, 
lipases, and the like. Proteins, peptides, enZymes, antibodies 
and combinations thereof, are general classes of stabiliZers 
contemplated for use in the present invention. 

[0170] A presently preferred protein for use as a stabiliZ 
ing agent is albumin. Optionally, proteins such as alpha-2 
macroglobulin, a knoWn opsonin, could be used to enhance 
uptake of the shell encased particles of substantially Water 
insoluble pharmacologically active agents by macrophage 
like cells, or to enhance the uptake of the shell encased 
particles into the liver and spleen. Speci?c antibodies may 
also be utiliZed to target the nanoparticles to speci?c loca 
tions. 

[0171] Other functional proteins, such as antibodies or 
enZymes, Which could facilitate targeting of biologic to a 
desired site, can also be used as components of the stabi 
liZing protein. 

[0172] Similarly, synthetic polymers are also good candi 
dates for formation of particles having a polymeric shell. In 
addition, polyalkylene glycols (e.g., linear or branched 
chain), polyvinyl alcohol, polyacrylates, polyhydroxyethyl 
methacrylate, polyacrylic acid, polyethyloxaZoline, poly 
acrylamides, polyisopropyl acrylamides, polyvinyl pyrroli 
dinone, polylactide/glycolide and the like, and combinations 
thereof, are good candidates for the biocompatible polymer 
in the invention formulation. 

[0173] Similarly, synthetic polypeptides are also good 
candidates for stabiliZing agents for the substantially Water 
insoluble pharmacologically active agents. In addition, con 
templated for use in the practice of the present invention are 
such materials as synthetic polyamino acids containing 
cysteine residues and/or disul?de groups; polyvinyl alcohol 
modi?ed to contain free sulfhydryl groups and/or disul?de 
groups; polyhydroxyethyl methacrylate modi?ed to contain 
free sulfhydryl groups and/or disul?de groups; polyacrylic 
acid modi?ed to contain free sulfhydryl groups and/or 
disul?de groups; polyethyloxaZoline modi?ed to contain 
free sulfhydryl groups and/or disul?de groups; polyacryla 
mide modi?ed to contain free sulfhydryl groups and/or 
disul?de groups; polyvinyl pyrrolidinone modi?ed to con 
tain free sulfhydryl groups and/or disul?de groups; poly 
alkylene glycols modi?ed to contain free sulfhydryl groups 
and/or disul?de groups; polylactides, polyglycolides, poly 
caprolactones, or copolymers thereof, modi?ed to contain 
free sulfhydryl groups and/or disul?de groups; as Well as 
mixtures of any tWo or more thereof. 

[0174] In the preparation of invention compositions, a 
Wide variety of organic media can be employed to suspend 
or dissolve the substantially Water insoluble pharmacologi 
cally active agent. Organic media contemplated for use in 
the practice of the present invention include any nonaqueous 
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liquid that is capable of suspending or dissolving the phar 
macologically active agent, but does not chemically react 
With either the polymer employed to produce the shell, or the 
pharmacologically active agent itself. Examples include 
vegetable oils (e.g., soybean oil, olive oil, and the like), 
coconut oil, sa?‘lower oil, cotton seed oil, sesame oil, orange 
oil, limonene oil, aliphatic, cycloaliphatic, or aromatic 
hydrocarbons having 4-30 carbon atoms (e.g., n-dodecane, 
n-decane, n-hexane, cyclohexane, toluene, benZene, and the 
like), aliphatic or aromatic alcohols having 2-30 carbon 
atoms (e.g., octanol, and the like), aliphatic or aromatic 
esters having 2-30 carbon atoms (e.g., ethyl caprylate 
(octanoate), and the like), alkyl, aryl, or cyclic ethers having 
2-30 carbon atoms (e.g., diethyl ether, tetrahydrofuran, and 
the like), alkyl or aryl halides having 1-30 carbon atoms (and 
optionally more than one halogen substituent, e.g., CH3Cl, 
CH2Cl2, CHZCIiCHZCl, and the like), ketones having 3-30 
carbon atoms (e.g., acetone, methyl ethyl ketone, and the 
like), polyalkylene glycols (e.g., polyethylene glycol, and 
the like), or combinations of any tWo or more thereof. 

[0175] Especially preferred combinations of organic 
media contemplated for use in the practice of the present 
invention typically have a boiling point of no greater than 
about 2000 C., and include volatile liquids such as dichlo 
romethane, chloroform, ethyl acetate, benZene, ethanol, 
butanol, butyl acetate, and the like (i.e., solvents that have a 
high degree of solubility for the pharmacologically active 
agent, and are soluble in the other organic medium 
employed), along With a higher molecular Weight (less 
volatile) organic medium. When added to the other organic 
medium, these volatile additives help to drive the solubility 
of the pharmacologically active agent into the organic 
medium. This is desirable since this step is usually time 
consuming. Following dissolution, the volatile component 
may be removed by evaporation (optionally under vacuum). 

[0176] Particles of pharmacologically active agent asso 
ciated With a polymeric shell, prepared as described above, 
are delivered as a suspension in a biocompatible aqueous 
liquid. This liquid may be selected from Water, saline, a 
solution containing appropriate buffers, a solution contain 
ing nutritional agents such as amino acids, sugars, proteins, 
carbohydrates, vitamins or fat, and the like. 

[0177] These biocompatible materials may also be 
employed in several physical forms such as gels, crosslinked 
or uncrosslinked to provide matrices from Which the phar 
macologically active ingredient, for example paclitaxel, may 
be released by diffusion and/or degradation of the matrix. 
Temperature sensitive materials may also be utiliZed as the 
dispersing matrix for the invention formulation. Thus for 
example, the Capxol may be injected in a liquid formulation 
of the temperature sensitive material (e.g., copolymers of 
polyacrylamides or copolymers of polyalkylene glycols and 
polylactide/glycolides) Which gel at the tumor site and 
provide sloW release of Capxol. The Capxol formulation 
may be dispersed into a matrix of the above mentioned 
biocompatible polymers to provide a controlled release 
formulation of paclitaxel, Which through the properties of 
the Capxol formulation (albumin associated With paclitaxel) 
results in loWer toxicity to brain tissue as Well as loWer 
systemic toxicity as discussed beloW. This combination of 
Capxol or other chemotherapeutic agents formulated similar 
to Capxol together With a biocompatible polymer matrix 
may be useful for the controlled local delivery of chemo 
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therapeutic agents for treating solid tumors in the brain and 
peritoneum (ovarian cancer) and in local applications to 
other solid tumors. These combination formulations are not 
limited to the use of paclitaxel and may be utiliZed With a 
Wide variety of pharmacologically active ingredients includ 
ing antiinfectives, immunosuppressives and other chemo 
therapeutics and the like. 

[0178] Particles colloidal substantially completely con 
tained Within a polymeric stabiliZing layer 1, or associated 
thereWith, prepared as described herein, are delivered neat, 
or optionally as a suspension in a biocompatible medium. 
This medium may be selected from Water, buffered aqueous 
media, saline, buffered saline, optionally bu?fered solutions 
of amino acids, optionally bu?fered solutions of proteins, 
optionally bu?fered solutions of sugars, optionally bu?fered 
solutions of carbohydrates, optionally bu?fered solutions of 
vitamins, optionally bu?fered solutions of synthetic poly 
mers, lipid-containing emulsions, and the like. 

[0179] In addition, the colloidal particles can optionally be 
modi?ed by a suitable agent, Wherein the agent is associated 
With the polymeric layer through an optional covalent bond. 
Covalent bonds contemplated for such linkages include 
ester, ether, urethane, diester, amide, secondary or tertiary 
amine, phosphate ester, sulfate ester, and the like bonds. 
Suitable agents contemplated for this optional modi?cation 
of the polymeric shell include synthetic polymers (polyalky 
lene glycols (e.g., linear or branched chain polyethylene 
glycol), polyvinyl alcohol, polyhydroxyethyl methacrylate, 
polyacrylic acid, polyethyloxaZoline, polyacrylamide, poly 
vinyl pyrrolidinone, and the like), phospholipids (such as 
phosphatidyl choline (PC), phosphatidyl ethanolamine (PE), 
phosphatidyl inositol (PI), sphingomyelin, and the like), 
proteins (such as enZymes, antibodies, and the like), 
polysaccharides (such as starch, cellulose, dextrans, algi 
nates, chitosan, pectin, hyaluronic acid, and the like), chemi 
cal modifying agents (such as pyridoxal 5'-phosphate, 
derivatives of pyridoxal, dialdehydes, diaspirin esters, and 
the like), or combinations of any tWo or more thereof. 

[0180] Variations on the general theme of stabiliZed col 
loidal particles are possible. A suspension of ?ne particles of 
pharmacological agent in a biocompatible dispersing agent 
could be used (in place of a biocompatible dispersing agent 
containing dissolved biologic) to produce a polymeric shell 
containing dispersing agent-suspended particles of biologic. 
In other Words, the polymeric shell could contain a saturated 
solution of biologic in dispersing agent. Another variation is 
a polymeric shell containing a solid core of biologic pro 
duced by initially dissolving the biologic in a volatile 
organic solvent (e.g. benZene), forming the polymeric shell 
and evaporating the volatile solvent under vacuum, e.g., in 
an evaporator, spray drier or freeZe-drying the entire sus 
pension. This results in a structure having a solid core of 
biologic surrounded by a polymer coat. This latter method is 
particularly advantageous for delivering high doses of bio 
logic in a relatively small volume. In some cases, the 
biocompatible material forming the shell about the core 
could itself be a therapeutic or diagnostic agent, e.g., in the 
case of insulin, Which may be delivered as part of a 
polymeric shell formed in the process described above. In 
other cases, the polymer forming the shell could participate 
in the delivery of a biologic, e.g., in the case of antibodies 
used for targeting, or in the case of hemoglobin, Which may 
be delivered as part of a polymeric shell formed in the 
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ultrasonic irradiation process described above, thereby pro 
viding a blood substitute having a high binding capacity for 
oxygen. 

[0181] Those skilled in the art Will recogniZe that several 
variations are possible Within the scope and spirit of this 
aspect of the invention. The organic medium Within the 
polymeric shell may be varied, a large variety of pharma 
cologically active agents may be utiliZed, and a Wide range 
of proteins as Well as other natural and synthetic polymers 
may be used in the formation of the Walls of the polymeric 
shell. Applications are also fairly Wide ranging. Other than 
biomedical applications such as the delivery of drugs, diag 
nostic agents (in imaging applications), arti?cial blood and 
parenteral nutritional agents, the polymeric shell structures 
of the invention may be incorporated into cosmetic appli 
cations such as skin creams or hair care products, in per 
fumery applications, in pressure sensitive inks, and the like. 

[0182] This aspect of the invention Will noW be described 
in greater detail by reference to the folloWing non-limiting 
examples. 

EXAMPLE 1 

Preparation of Nanoparticles by High Pressure 
HomogeniZation 

[0183] 30 mg paclitaxel is dissolved in 3.0 ml methylene 
chloride. The solution Was added to 27.0 ml of human serum 
abumin solution (1% W/v). The mixture Was homogeniZed 
for 5 minutes at loW RPM (Vitris homogeniZer, model: 
Tempest IQ.) in order to form a crude emulsion, and then 
transferred into a high pressure homogeniZer (Avestin). The 
emulsi?cation Was performed at 9000-40,000 psi While 
recycling the emulsion for at least 5 cycles. The resulting 
system Was transferred into a Rotary evaporator, and meth 
ylene chloride Was rapidly removed at 400 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, Mal 
vern ZetasiZer). 

[0184] The dispersion Was further lyophiliZed for 48 hrs 
Without adding any cryoprotectant. The resulting cake could 
be easily reconstituted to the original dispersion by addition 
of sterile Water or saline. The particle siZe after reconstitu 
tion Was the same as before lyophiliZation. 

EXAMPLE 2 

Use of Conventional Surfactants and Proteins 
Results in Formation of Large Crystals 

[0185] The folloWing example demonstrates the effect of 
adding surfactants Which are used in the conventional sol 
vent evaporation method. A series of experiments Was 
conducted employing a similar procedure to that described 
in Example 1, but a surfactant such as TWeen 80 (1% to 
10%) is added to the organic solvent. It Was found that after 
removal of the methylene chloride, a large number of 
paclitaxel crystals is obtained having an average siZe of 1-2 
micron, as vieWed by light microscopy and under polariZed 
light. The crystals groW Within a feW hours to form very 
large needle-like crystals, With a siZe in the range of about 
5-15 micron. A similar phenomenon is observed With other 

Apr. 26, 2007 

commonly used surfactants, such as Pluronic F-68, Pluronic 
F-127, Cremophor EL and Brij 58. 

[0186] From these results it can be concluded that the 
conventional solvent evaporation method utiliZing conven 
tional surfactants in combination With a protein such as 
albumin is not suitable for the formation of submicron drug 
particles (e.g. Paclitaxel) Without a polymeric core, While 
using a polar solvent (e.g., methylene chloride). 

EXAMPLE 3 

Use of Conventional Surfactants Alone Results in 
Formation of Large Crystals 

[0187] 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). 

[0188] 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% chlo 
roform. The mixture is homogeniZed for 5 minutes at loW 
RPM (Vitris homogeniZer, model: Tempest IQ.) in order to 
form a crude emulsion, and then transferred into a high 
pressure homogeniZer (Avestin). The emulsi?cation is per 
formed at 9000-40,000 psi While recycling the emulsion for 
at least 6 cycles. The resulting system Was transferred into 
a Rotary evaporator, and the chloroform Was rapidly 
removed at 400 C., at reduced pressure (30 mm Hg), for 
15-30 minutes. The resulting dispersion Was opaque, and 
contained large needle-like crystals of the drug. The initial 
siZe of the crystals (observed also by polariZed light), Was 
0.7-5 micron. Storage of the dispersion for several hours at 
room temperature led to further increase in crystal siZe, and 
ultimately to precipitation. 

EXAMPLE 4 

Preparation of Less than 200 nm Sterile-Filterable 
Nanoparticles 

[0189] This example describes a process by Which sterile 
?lterable drug particles can be obtained. Thus, 30 mg Taxol 
is dissolved in 0.55 ml chloroform and 0.05 ml ethanol. The 
solution is added to 29.4 ml of human serum abumin 
solution (1% W/v), Which is presaturated With 1% chloro 
form. The mixture is homogeniZed for 5 minutes at loW 
RPM (Vitris homogeniZer, model: Tempest IQ.) in order to 
form a crude emulsion, and then transferred into a high 
pressure homogeniZer (Avestin). The emulsi?cation is per 
formed at 9000-40,000 psi While recycling the emulsion for 
at least 6 cycles. The resulting system is transferred into a 
Rotary evaporator, and the chloroform is rapidly removed at 
400 C., at reduced pressure (30 mm Hg), for 15-30 minutes. 
The resulting dispersion is translucent, and the typical 
diameter of the resulting Taxol articles is 140-160 nm 
(Z-average, Malvem Zeta SiZer). The dispersion is ?ltered 
through a 0.22 micron ?lter (Millipore), Without any sig 
ni?cant change in turbidity, or article siZe. HPLC analysis of 
the Taxol content revealed that more than 97% of the Taxol 
Was recovered after ?ltration, thus providing a sterile Taxol 
dispersion. 
[0190] The sterile dispersion Was further lyophiliZed for 
48 hrs Without adding any cryoprotectant. The resulting cake 
















































