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TITLE: POLYMER BASED NANO-CARRIERS FOR THE SOLUBILIZATION

AND DELIVERY OF HYDROPHOBIC DRUGS
FIELD OF THE INVENTION

The present invention is in the field of polymer-based nano-carriers for
the solubilization and delivery of hydrophobic drugs and relates to methods of
making said carriers, and to pharmaceutical compositions comprising said
carriers.

BACKGROUND OF THE INVENTION

Cyclosporine is a neutral, lipophilic cyclic endecapeptide with very low
water solubility (23 ug/ml). cyclosporine is the leading immunosuppressive
agent used primarily to reduce the incidence of graft rejection in recipients of
transplanted organs. In effect, the introduction of cyclosporine has greatly
improved the chances for long-term survival of the transplanted organ. Nearly
50,000 new patients worldwide who receive transplanted organs annually and
more than 200,000 transplant recipients in North America and Europe depend
on daily cyclosporine therapy to prevent organ rejection. Acute and chronic
nephrotoxicity is the most common side effect of cyclosporine.

Cyclosporine is one of the most effective modulators of drug resistance
in cancer, as well. Unlike other modulators of drug resistance, cyclosporine
potentiates chemotherapeutic drug cytotoxicity in certain sensitive cell lines.
Acute and chronic toxicities associated with the co-administration of
cyclosporine formulations and anticancer agents have limited the clinical
effectiveness of cyclosporine in cancer patients. Cyclosporine blocks the
biliary and renal clearance of énticancer agents through inhibition of P-
glycoprotein. It also inhibits cytochrome P450 which is involved in the
metabolism of a several anticancer agents.

In addition cyclosporine has been used to treat psoriasis, Behcet's
disease, inflammatory bowel disease, and rheumatoid arthritis.

The first approved formulation of cyclosporine, Sandimmune®, was
introduced in Europe in 1981 and then approved by Food and Drug
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Administration in the U.S. in 1983. Cyclosporine is produced by
Sandoz/Novartis and different generic pharmaceutical companies in two
forms:

1. Cyclosporine for injection (Sandimmune ® iv by Novartis) which uses
ethyl alcohol and cremophor EL as major components for solubilization
of cyclosporine. Cremophor EL and alcohol both have limitations in
terms of safety of the parental dosage form. Part of cyclosporine
nephrotoxicity is attributed to Cremophor EL. Hypersensitivity reactions
to cyclosporine after intravenous administration of Sandimmune® are
also due to Cremophor EL.

2. Cyclosporine oral solution or soft gelatin capsules (Neoral® by
Novartis) which is a micro emulsion formulation of cyclosporine. The
micro emulsion is miscible in water and provides improved
pharmacokinetic bioavailability for oral administration of cyclosporine. A
lower incidence of adverse events is observed for patients who
received Neoral® compared to those maintained with Sandimmune®.
The dose of the microemulsion is 10 to 20 percent lower than standard
cyclosporine. Limited stability and shelf life of the micro emulsion
formulation is of concern. Both formulations provide instant release
forms of cyclosporine after administration.

Because cyclosporine and other hydrophobic drugs, or water insoluble
or poorly soluble modulators of drug resistance such as PSC 833 (a
cyclosporine A analog) are often hydrophobic and toxic to humans, and
because they may enhance the toxicity of anticancer agents in co-
administration, there is a need for the development of pharmaceutical
compositions comprising formulations which are improved in relative toxicity
to the patient and in release properties for such agents.

One method of drug delivery that has been explored to address these
problems uses amp;hiphilic block copolymers that self-assemble in aqueous
environments to form polymeric micelles. These micelles can be loaded with
hydrophobic drugs and used to enhance delivery of hydrophobic drugs. Block
copolymer micelles can increase the therapeutic efficacy of drugs by



WO 2005/118672 PCT/CA2005/000835

10

15

20

25

30

-3-

preventing rapid drug clearance, decreasing their systemic toxicity and
enhancing release properties as well as improving their biodistribution and
avoiding immune detection and preventing immune reaction.

Various polymer components have been used to deliver biologics and
drugs to cells. Zastre and colleagues have used low -molecular weight
methoxy poly(ethylene glycol)-block-polycaprolactone (PEO-b-PCL)diblock
copolymers to deliver a P-glycoprotein substrate to caco-2 cells’ and Kim et
al. have used taxol-loaded block copolymer nanospheres composed of
methoxy poly(ethylene glycol) and poly(epsilon-caprolactone) as novel
anticancer drug carriers 2,

U.S. patent 6, 469,132, entitled “Diblock copolymer and use thereof in
a micellar drug delivery system” describes a PEO-b-PCL micellar system for
the delivery of biologically active agents. Although claiming block copolymers
of PEO-b-PCL with higher molecular weight, the patent discloses only a
method for making micelles with significantly lower PEO and PCL molecular
weights [PEO MW < 4000 Daltons, PCL MW < 3000 Daltons] Patent
6,469,132 also uses the organic solvent dimethyl formamide (DMF) for
loading the micelle preparation. DMF is highly toxic, causing liver damage and
embryo-toxicity. It is also a suspected carcinogen. Insufficient removal of DMF

can hence pose serious toxicity problems. The micelles of Patent 6,469,132

have a problem with micelle aggregation and the use of a potentially toxic

solvent.

US patent no. 6,322,805, entitled "Biodegradable polymeric micelle-
type drug composition and method for the preparation thereof describes
methods for the encapsulation of cyclosporine in nanoparticles of PEO-b--
PCL. The final size of the loaded nanoparticles (micelles) is not provided in
patent US6322805. The molecular weight of the amphiphilic block copolymer
used to form the micelles has a molecular weight in the range of about 1430
to 6000 Daltons. The low molecular weight of the block copolymers results in
water solubility of the polymer. However the low molecular weight of the PEO
block may also lead to aggregation in vifro, compromising the stability of the
particles in vivo.
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One of the challenges in optimizing micellar drug delivery is particle
size, while having sufficient amount of drug loaded in the micelle for drug
delivery. Smaller particles can escape uptake by reticuloendothelial system
(phagocytes of the immune system) more efficiently leading to reduced
clearance and increased blood concentrations of the encapsulated drug in
vivo.

There is a need for improved carriers of hydrophobic drugs, for
improved micelle carriers that minimize aggregation have a better toxicity

profile, good drug load and superior biodistribution.

SUMMARY OF THE INVENTION

The present invention circumvents many of the problems present in the
prior art and provides methods and materials for the delivery of water
insoluble or hydrophobic drugs. The invention results in increased control of
drug release and less toxicity due to the use of less toxic drug formulations
and superior biodistribution as a result of reduced micelle aggregation. An
enhanced micelle drug delivery system for hydrophobic drugs and a new
formulation for cyclosporine and cyclosporine analogs such as PSC 833 that
may be used for immunosuppression or modulation of drug resistance has
been developed. Further, a new formulation for amiodarone, a benzofuran
derivative that blocks both the a- and B-adrenoreceptors, has also been
developed.

Accordingly, the present invention includes a new formulation or drug
delivery vehicle for the administration of hydrophobic biologically active
agents in micelles formed from self-assembly of poly(ethylene oxide)-b-poly(e-
caprolactone) (PEO-b-PCL). In one embodiment the micelles are composed
of copolymers of high molecular weight. In one embodiment, the PEO-b-PCL
copolymer used in micelle formation of the invention exhibits a molecular
weight of greater than 6000 Daltons and in another embodiment exhibits a
molecular weight of greater than 10000 Daltons. In one embodiment the
micelles of the invention are formed using copolymers of molecular weight of
about 7000-29000 Daltons. In another embodiment, formation of the micelles

involves the use of a water miscible solvent. In one embodiment, the
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resultant micelles have an average diameter of less than 100 nm in the
absence of agent, suitably 55-90 nm in size. In another embodiment, agent
loaded micelles have an average diameter of less than 200 nm, suitably 60-
125 nm in size. In one embodiment, more than one type of biologically active
agent is loaded into the micelle. In another embodiment the micelle of said
invention includes an inhibitor of P-glycoprotein or a modulator of drug
resistance. '

The invention also includes a pharmaceutical composition and method
of treatment that can be used, for example, to reduce graft rejection of
transplanted organs or tissues. In another aspect, the composition of said
invention is used, for example, to treat cancer or resistant forms of cancer or
infectious diseases. In another aspect, the composition of the present
invention is used, for example, to treat diseases that benefit from a blocking of
the a- and B-adrenoreceptors, for example to treat angina and arrhythmias.
Further, the compositions of the invention may be administered, for example,
by intravenous injection, or by oral or pulmonary routes. In addition, the
micelles and compositions of the invention are used to enhance the
permeability of drugs across the blood brain barrier or in the gastrointestinal
tract.

The present invention also includes a method for preparing PEO-b-
PCL micelles comprising assembling a PEO-b-PCL block co-polymer of the
present invention in a suitable aqueous medium under conditions sufficient to
minimize aggregation.

In an embodiment of the present invention, the method for preparing
PEO-b-PCL micelles comprises

a. obtaining a solution of PEO-b-PCL block copolymers in a water
miscible solvent;

b. combining the solution of PEO-b-PCL block copolymers with a
suitable aqueous medium under conditions sufficient to minimize
aggregation; and

c. removing the water miscible organic solvent.
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Other features and advantages of the present invention will become
apparent from the following detailed description. For instance, although not
wishing to be bound to any particular theory, the use of higher molecular
weight PEO polymers in the structure of block copolymer results in less
aggregation of micelle particles and modified biodistribution. In another
aspect, the invention provides a micelle of a small size with an enhanced drug
load which is better able to escape immune detection and avoid clearance
leading to enhanced blood concentration. It should be understood, however,
that the detailed description and the specific examples while indicating
preferred embodiments of the invention are given by way of illustration only,
since various changes and modifications within the spirit and scope of the
invention will become apparent to those skilled in the art from this detailed
description.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described in relation to the drawings in

which:

Figure 1A is a schematic representation of the synthetic formation of
PEO-b-PCL. Figure 1B is a spectral trace of a typical 'H NMR spectrum of
PEO-b-PCL.

Figure 2A is a graph showing the effect of temperature on the
percentage of e-caprolactone conversion to PCL in the synthesis of PEO-b-
PCL diblock copolymers at a catalyst to monomer molar ratio of 0.002. Figure
2B is a graph showing the effect of catalyst concentration on the percentage
of e-caprolactone conversion to PCL in the synthesis of PEO-b-PCL diblock
copolymer at 140 °C after 4 hours of reaction.

Figure 3 shows the fluorescence emission spectrum of 1,3-(1,1-
dipyrenyl)propane in micellar solutions of PEO-b-PCL (different PCL chain
lengths) in comparison to Cremophor EL as an indication of micellar core
viscosity.

Figure 4 is a graph showing the effect of solubilizing vehicle on the in
vitro rate of CsA release. Data is presented as mean + SD (n=3).
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Figure 5 is a graph showing CsA concentration-time profile in whole
blood after intravenous injection of CremophorEL formulation (Sandimmune®)
and CsA-loaded polymeric micelles. Micellar data is normalized to injected
dose of Cremophor EL and presented as mean + SD (n=4).

Figure 6 shows CsA concentration-time profiles in A) blood, B) plasma,
C) kidney, D) liver, E) spleen and F) heart following intravenous administration
of CsA in polymeric micellar formulation in comparison to CsA in Cremophor
EL (Sandimmune®) formulation. Micellar data is normalized to injected dose of
Cremophor EL and presented as mean + SD (n=4). * Denotes a significant
difference between concentrations at that time point (p<0.05, unpaired t test)

Figure 7 shows tissue to plasma concentration ratio (K,) time profiles of
CsA after intravenous administration of its polymeric micellar formulation and
Sandimmune® (CsA formulation in Cremophor EL). The data presents A)
kidney; B) liver; C) spleen, and D) heart to plasma ratios. Micellar data is
normalized to injected dose of Cremophor EL and presented as mean + SD
(n=4). .

DETAILED DESCRIPTION OF THE INVENTION
The present invention describes a system of drug delivery for

hydrophobic or toxic biologically active agents such as amiodarone and
cyclosporine or analogs thereof, using PEO-b-PCL micelles and describes
new formulations of PEO-b-PCL micelles loaded with one or more biologically
active agents.
DEFINITIONS

Amiodarone — a benzofuran derivative that blocks both the a- and §-
adrenoreceptors.

Block copolymer - A polymer whose molecules consist of blocks of
different species that are connected linearly.

Critical Micelle Concentration (CMC) — The concentration above which
amphiphilic molecules including block copolymers self assemble and form a
supramolecular core/shell structure i.e., micelles.

CsA — cyclosporine A
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Cyclosporine (also cyclosporin) — mycotoxin that suppresses the
immune system and includes cyclosporine A, cyclosporine C, cyclosporine D,
cyclosporine G as well as analogs, such as analogs, derivatives and
pharmaceutical acceptable salts thereof.

Cyclosporine analogs — compounds that have a similar structure and
function to cyclosporine such as PSC 833.

Biologically active agent/Drug — used interchangeably herein and
includes, for example, any organic or inorganic small molecule compound,
polymeric species (including nucleic acids (DNA or RNA), proteins, peptides,
carbohydrates and derivatives thereof), lipids and mixtures thereof, wherein
said drug or agent is administered in vivo (in humans or animals) for the
treatment of any disease, condition or disorder.

DMF — dimethy! formamide.

Effective amount or sufficient amount of an agent - that amount
sufficient to effect beneficial or desired results, including clinical results, and,
as such, an “effective amount” depends upon the context in which it is being
applied. For example, in the context of administering an agent that is effective
for treating disease, an effective amount of an agent is, for example, an
amount sufficient to achieve such treatment as compared to the response
obtained without administration of the agent.

Hydrophobic drug or biologically active agent - a drug or biologically
active agent that has a lack of affinity for water, does not absorb water and
precipitates at concentrations greater than 10 mg/ml.

Micellization — A colloidal aggregation of amphipathic molecules, which
occurs at a defined concentration known as the critical micelle concentration
(CMC, see above).

Molecular Weight- as used herein refers to average molecular weight
and the units can be in Daltons or g.mol™.

MRT — mean residence time.

Palliating a disease or disorder means that the extent and/or

undesirable clinical manifestations of a disorder or a disease state are



WO 2005/118672 PCT/CA2005/000835

10

15

20

25

30

-9-

lessened and/or time course of the progression is slowed or lengthened, as
compared to not treating the disorder.

PCL - poly (e-caprolactone).

PEO- poly (ethylene oxide) also known as poly(ethylene glycol) or
PEG.

PEO-b-PCL - poly (ethylene oxide) — block - poly (e-caprolactone).

PSC 833 — cyclosporine analog (Novartis Pharmaceuticals).

Pharmaceutically acceptable — suitable for or compatible with the
treatment of subjects, in particular humans.

Subjects — includes all members of the animal kingdom and most
suitably is human. '

Treatment or treating - an approach for obtaining beneficial or desired
results, including clinical results. Beneficial or desired clinical results can
include, but are not limited to, alleviation or amelioration of one or more
symptoms or conditions, diminishment of extent of disease, stabilized (i.e. not
worsening) state of disease, preventing spread of disease, delay or slowing of
disease progression, amelioration or palliation of the disease state, and
remission (whether partial or total), whether detectable or undetectable.
Treatment or treating can also mean prolonging survival as compared to
expected survival if not receiving treatment.

Water-insoluble — molecules or materials which are incapable or poorly
capable of dissolving in water; a drug that precipitates at concentrations
greater than 10 mg/ml in water.

Water miscible organic solvent — organic solvents that can be mixed
with water and form one phase (not separated) such as acetonitrile,
ethylacetate, methanol, ethanol, propylene glycol, tetrahydrofuran (THF), etc.
DESCRIPTION

Amphiphilic block copolymers such as PEO-b-PCL self assemble to
core/shell structures, namely polymeric micelles, in aqueous environments
and effectively encapsulate hydrophobic biologically active agents. PEO-b-

PCL micelles are unique among drug carriers owing to the biocompatibility
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and biodegradability of the PEO and PCL block, nanoscopic dimensions and
distinct properties of the PEO /PCL core/shell structure.

The small size of polymeric micelles and the PEO shell can help the
carrier to stay unrecognized, as self, in the biological system. Other
advantages associated with nanoscopic dimensions of polymeric micelles
include the ease of sterilization via filtration and safety of administration. The
semicrystalline and hydrophobic PCL core of the PEO-b-PCL micelles can
take up, protect and retain hydrophobic biologically active agents such as
cyclosporine, leading to improved solubility / stability of the agents in vivo,
controlled release, reduced toxicity and attenuated pharmacokinetic
interaction with other substrates of, for example, p-glycoprotein including
anticancer agents.

The present invention also includes compositions comprising PEO-b-
PCL micelles and biologically active agents, a method of making said
compositions and a method of using said compositions in the treatment of
disease.

In one embodiment the present invention includes a safe replacement
for toxic ingredients in the commercial formulations of cyclosporine, e.g.
Cremophor EL and ethanol, while providing cyclosporine levels in aqueous
media that afe clinically relevant, a control over the rate of drug release, a
change in the normal biodistribution of cyclosporine, taking it away from its
site of toxicity, i.e., kidneys, and providing improved delivery of the drug to its
site of activity. In another embodiment of the present invention there is
included a formulation comprising amiodarone encapsulated within a PEO-b-
PCL micelle.
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PEO-b-PCL COPOLYMER

The present invention describes a method of making a PEO-b-PCL
block copolymer. The methoxy poly(ethylene oxide) (methoxyPEQO) used in
the formation of PEO-b-PCL block copolymer, have a high average molecular
weight, between about 5000-20000 Daltons, such as about 5000 Daltons.
Sources of methoxyPEO known in the art include those obtainable from
Sigma Chemical Company USA. (Catalog number M-7268).

e-Caprolactone monomers used in the present invention have an
average molecular weight of 114 Daltons and sources of e-caprolactone
known in the art include those obtainable from Aldrich Chemical Company
Inc. USA. Once polymerized with PEO, as described below, the molecular
weight of the e-caprolactone portion of the co-polymer is greater than about
5000 Daltons, suitably about 5000-24000 Daltons. In another embodiment
the molecular weight of the e-caprolactone portion is about 13000 Daltons.

The PEO-b-PCL block copolymer may be prepared using methods
known in the art®*8. In general, PEO, for example methoxy-PEO, and -
caprolactone are combined in the presence of a catalyst, for example a tin or
aluminum alkoxide, such as stannous octoate or aluminum tri-isopropokide,
suitably stannous octoate, and the reaction mixture heated, for example at a
temperature of about 120 °C to about 180 °C, suitably about 130 °C to about
170 °C, more suitably about 140 °C to about 160 °C, for about 2 to about 8
hours, suitably about 3 to about 7 hours, more suitably about 4 to about 6
hours. Typically, higher reaction temperatures, result in shorter reaction times
to achieve sufficient conversion of e-caprolactone. In an embodiment of the
invention, a reaction time of about 3 hours and a temperature of about 160 °C
is used. In the preparation method used herein, the PEO was used as an
initiator, but higher and lower molecular weights of methoxy PEO or amino
methoxy PEO can also be used.

In one aspect of the invention the molar ratio of e-caprolactone
monomer to initiator is greater than about 8:1. In another embodiment the

ratio of e-caprolactone monomer to initiator is between about 50:1 to 250:1. In
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another embodiment the ratio of e-caprolactone monomer to initiator is 44:1,
114:1 or 210:1.

In one aspect of the invention, the PEO-b-PCL molecular weight is
greater than about 6000 Daltons. In another embodiment, the molecular
weight of the PEO-b-PCL is between 7000-29000 Daltons. In another
embodiment the PEO-b-PCL molecular weight is between about 10,000 —
29,000. In another embodiment the PEO-b-PCL molecular weight is about
18000 Daltons.

MICELLE FORMATION

The present invention includes a method for preparing PEO-b-PCL
micelles comprising assembling a PEO-b-PCL block co-polymer of the
present invention in a suitable aqueous medium under conditions sufficient to
minimize aggregation.

In an embodiment of the present invention, the method for preparing
PEO-b-PCL micelles comprises

a. obtaining a solution of PEO-b-PCL block copolymers in a water
miscible solvent;

b. combining the solution of PEO-b-PCL block copolymers with a
suitable agueous medium under conditions sufficient to minimize
aggregation; and

c. removing the water miscible organic solvent.

The PEO-b-PCL block copolymers are suitably those according to the
present invention as described hereinabove.

The water miscible solvent is suitably any water miscible organic
solvent with low or no known toxicity including, but not limited to, ethanol,
acetone, ethyl acetate and acetonitrile. In embodiment of the invention, the
water miscible solvent is acetone or acetonitrile, suitably acetone.

The aqueous medium may be any suitable polar solvent, for example
water, suitably, distilled water, or any aqueous medium suitable for in vivo
administration to subjects, in particular human subjects, for example normal

saline, 5% dextrose or isotonic sucrose.
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The conditions that influence aggregation of the micelles include, for
example, the molecular weight of the block copolymer, the ratio of the solvent
phase to the aqueous phase, the identity of the aqueous medium, the identity
of the water miscible solvent and the method of combining the two phases. A
person skilled in the art would be able to adjust these conditions to minimize
the formation of aggregates. Formation of aggregates can be monitored
using, for example, light scattering techniques as described in the Examples
below.

~ The ratio of the solvent phase to the aqueous phase can be adjusted to
adjust the size of the resulting micelles. For example, using a lower
proportion of the solvent phase results in smaller micelles. Suitably the ratio
of solvent phase to aqueous phase is in the range of about 1:1 to about 1:10,
more suitably about 1:2 to about 1:6. |

The aqueous medium and the solution of the PEO-b-PCL block
copolymers may be combined in any order. In an embodiment of the
invention, the solution of the PEO-b-PCL block copolymers is added to the
aqueous medium in small aliquots or small volumes as compared to the
amount of aqueous medium, such as by drop-wise addition. '

The water miscible solvent may be removed using any known
technique, such as, by dialysis or solvent evaporation. In an embodiment of
the invention the solvent is removed by evaporation under reduced pressure,
suitably at about 20 °C to about 30 °C.

In one embodiment, the invention includes an unloaded or empty
micelle produced by the method of the present invention. In one embodiment
the resultant micelles have an average diameter of less than 100 nm. In
another embodiment, the unloaded micelles have an average diameter of
between about 55 nm and about 90 nm.

If biologically active agents are to be loaded into the micelles, said
agents, suitably hydrophobic drugs, are added to the block copolymer water
miscible solution at step (a) or before step (b) above, and the said solution is
added to water or other polar solvent in a manner that reduces aggregate

formation, such as a drop-wise addition of the block copolymer dissolved in a
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water miscible solvent to water or other polar solvent. ‘In one embodiment,
the agent-loaded into the micelle also comprises as suitable pharmaceutical
carrier. Once again micellar characteristics and agent-loading levels may be
optimized through changes in the self assembly process. For example, for
CsA loading in PEO-b-PCL micelles, optimum drug solublization and micellar
size can be achieved with the addition of an acetone solution comprising CsA
and PEO-b-PCL to water at a final organic to aqueous phase ratio of about
1:6.

In one embodiment, one biologically active agent, optionally with one or
more pharmaceutically acceptable carriers, is loaded in the micelle, in another
embodiment, more than one type of biologically active agent, optionally with
one or more pharmaceutically acceptable carriers, are loaded into the micelle.
This is especially useful in combination therapies such as cancer. In one
embodiment, the invention provides drug-loaded micelles having an average
diameter that is less than 200 nm. In another embodiment the drug loaded
micelles have an average diameter between about 60 nm and about 125 nm.
In a further embodiment the drug loaded micelles have an average diameter
of about 100 nm. In another embodiment, the drug-loaded micelles have an
average diameter of about 120 nm.

The biologically active agent may be any such agent that one wishes to
load into a micelle, in particular for administration to subjects. In an
embodiment of the invention the biologically active agent is any organic or
inorganic small molecule compound, polymeric species (including nucleic
acids (DNA or RNA), proteins, peptides, carbohydrates and derivatives
thereof), lipids and mixtures thereof, wherein said drug or agent is
administered in vivo (in humans or animals) for the treatment of any disease,
condition or disorder. In a further embodiment of the invention, the biologically
active agent is a hydrophobic drug, including but not limited to cyclosporin A,
PSC 833, amiodarone, amphotercin B, nystatine, diazepam, verapamil,

indomethacin, taxol, rapamycin, etoposide and estradiol. In still further
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embodiments of the invention, the biologically active agent is cyclosporine A
and/or one of its analogs, for example PSC 833 or amiodarone.

In one embodiment the invention includes a PEO-b-PCL micelle that is
unloaded or loaded with a biologically active agent and is water insoluble. In
another embodiment, the micelles have an average molecular weight of
greater than 6000 Daltons. In another embodiment, the invention includes
PEO-b-PCL micelles that have a PEO and PCL block length of about 5000
Daltons for PEO and 2000-24000 Daltons or 13000 Daltons for PCL. Not
wishing to be bound by a theory, higher PEO block lengths may avoid
aggregation of block copolymer micelles in vitro and lead to better stability in
vivo.

PHARMACEUTICAL COMPOSITIONS

The polymeric micelles of the present invention were shown to modify
the pharmacokinetics and tissue distribution of cyclosporine A (CsA).” Drug-
loaded methoxy poly(ethylene oxide)-b-poly(e-caprolactone) (PEO-b-PCL)
micellar solutions in isotonic medium were prepared and administered
intravenously to healthy Sprague-DawIey rats. Blood and tissues were
harvested and assayed for CsA, and resultant pharmacokinetic parameters
and tissue distribution of CsA in its polymeric micellar formulation were
compared to its commercially available intravenous formulation
(Sandimmune®). In the pharmacokinetic assessment, a 6.1 fold increase in
the area under the blood concentration versus time curve (AUC) was
observed for CsA when given as polymeric micellar formulation as compared
to Sandimmune®. The volume of distribution and clearance of CsA as PEO-b-
PCL formulation were observed to be 10.0 and 7.6 fold lower, respectively,
compared to the commercial formulation. No significant differences in ti or
MRT could be detected. In the biodistribution study, analysis of tissue
samples indicated that the mean AUC of CsA in polymeric micelles was lower
in liver, spleen and kidney (1.5, 2.1 and 1.4-fold, respectively). Similar to the
pharmacokinetic study in these rats the polymeric micellar formulation gave
rise to 5.7 and 4.9-fold increases in the AUC of CsA in blood and plasma,

respectively. These results show that PEO-b-PCL micelles can effectively
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solubilize CsA, at the same time confining CsA to the blood circulation and
restricting its access to tissues such as kidney, perhaps limiting the onset of
toxicity.

The micelles of the invention may, therefore, be suitably formulated
into pharmaceutical compositions for administration to human subjects in a
biologically compatible form suitable for administration in vivo. Accordingly, in
another aspect, the present invention includes a pharmaceutical composition
comprising micelles of the invention, in admixture with a suitable diluent or
carrier.

The compositions containing the micelles of the invention can be
prepared by known methods for the preparation of pharmaceutically
acceptable compositions which can be administered to subjects, such that an
effective quantity of the biologically active agent within the micelles is
combined in a mixture with a pharmaceutically acceptable vehicle. Suitable
vehicles are described, for example, in Remington's Pharmaceutical Sciences
(2003 - 20th edition), in The United States Pharmacopeia: The National
Formulary (USP 24 NF19) published in 1999 and in the Handbook of
Pharmaceutical Additives (compiled by Michael and Irene Ash, Gower
Publishing Limited, Aldershot, England (1995)). On this basis, the
compositions include, albeit not exclusively, solutions of the micelles in
association with one or more pharmaceutically acceptable vehicles or
diluents, and contained in buffered solutions with a suitable pH and iso-
osmotic with the physiological fluids. In this regard, reference can be made to
U.S. Patent No. 5,843,456. As will also be appreciated by those skilled,
administration of substances described herein may be by an inactive viral
carrier. In one aspect the pharmaceutical compositions of the invention can
be used to enhance biodistribution and drug delivery of hydrophobic drugs.

In accordance with the methods of the invention, the described
micelles of the invention, may be administered to a subject in a variety of
forms depending on the selected route of administration, as will be
understood by those skilled in the art. The micelles of the invention may be

administered, for example, by oral, parenteral, buccal, sublingual, nasal,
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rectal, patch, pump or transdermal administration and the pharmaceutical
compositions formulated accordingly. Parenteral administration includes
intravenous, intraperitoneal, subcutaneous, intramuscular, transepithelial,
nasal, intrapulmonary, intrathecal, rectal and topical modes of administration.
Parenteral administration may be by continuous infusion over a selected
period of time.

A micelle of the invention may be orally administered, for example, with
an inert diluent or with an assimilable edible carrier, or it may be enclosed in
hard or soft shell gelatin capsules, or it may be compressed into tablets, or it
may be incorporated directly with the food of the diet. For oral therapeutic
administration, the micelle of the invention may be incorporated with excipient
and used in the form of ingestible tablets, buccal tablets, troches, capsules,
elixirs, suspensions, syrups, wafers, and the like.

A micelle of the invention may also be administered parenterally.
Solutions of a micelle of the invention can be prepared in water suitably mixed
with suitable excipients. Under ordinary conditions of storage and use, these
preparations contain a preservative to prevent the growth of microorganisms.
A person skilled in the art would know how to prepare suitable formulations.

The pharmaceutical forms suitable for injectable use include sterile
aqueous solutions or dispersion and sterile powders for the extemporaneous
preparation of sterile injectable solutions or dispersions. In all cases the form
must be sterile and must be fluid to the extent that easy syringability exists.

Compositions for nasal administration may conveniently be formulated
as aerosols, drops, gels and powders. Aerosol formulations typically comprise
a solution or fine suspension of the active substance in a physiologically
acceptable aqueous or non-aqueous solvent and are usually presented in
single or multidose quantities in sterile form in a sealed container, which can
take the form of a cartridge or refill for use with an atomizing device.
Alternatively, the sealed container may be a unitary dispensing device such
as a single dose nasal inhaler or an aerosol dispenser fitted with a metering
valve which is intended for disposal after use. Where the dosage form

comprises an aerosol dispenser, it will contain a propellant which can be a
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compressed gas such as compressed air or an organic propellant such as
fluorochlorohydrocarbon. The aerosol dosage forms can also take the form of
a pump-atomizer.

Compositions suitable for buccal or sublingual administration include
tablets, lozenges, and pastilles, wherein the active ingredient is formulated
with a carrier such as sugar, acacia, tragacanth, or gelatin and glycerine.
Compositions for rectal administration are conveniently in the form of
suppositories containing a conventional suppository base such as cocoa
butter.

The compounds of the invention, may be administered to an animal
alone or in combination with pharmaceutically acceptable carriers, as noted
above, the proportion of which is determined by the solubility and chemical
nature of the compound, chosen route of administration and standard
pharmaceutical practice.

In an embodiment of the invention, the pharmaceutical compositions
are administered in a convenient manner such as by direct application to the
infected site, e.g. by injection (subcutaneous, intravenous, etc.). In case of
respiratory infections, it may be desirable to administer the micelles of the
invention and compositions comprising same, through known techniques in
the art, for example by inhalation. Depending on the route of administration
(e.g. injection, oral or inhalation, etc...), the pharmaceutical compositions or
micelles or biologically active agents in the micelles of the invention may be
coated in a material to protect the micelles or agents from the action of
enzymes, acids and other natural conditions that may inactivate the
compound.

In addition to pharmaceutical compositions, compositions for non-
pharmaceutical purposes are also included within the scope of the present
invention, such as for diagnostic or research tools. In one embodiment, the
biologically active agents or micelles comprising said drugs can be labeled
with labels known in the art, such as florescent or radio-labels or the like.
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APPLICATIONS

The present invention includes a delivery system that can be used to
deliver biologically active agents or formulations or pharmaceutical
compositions. In one embodiment, the invention includes the delivery of
hydrophobic biologically active agents. In another embodiment, the invention
includes delivery of hydrophobic biologically active agents by loading them
into micelles comprising a hydrophobic core and a hydrophilic outer surface,
thus improving their delivery in aqueous mediums, such as blood and body
fluids. In other aspect, the invention includes the delivery of biologically active
agents that can reduce their toxicity profile. The invention also includes a
method for reducing aggregation of the micelle delivery vesicles of the
invention. As such, it provides for better biodistribution of biologically active
agents resulting in decreased toxicity and/or improved therapeutic efficacy.

Another aspect of the invention includes a method of delivering
biologically active agents to treat a disease, condition or disorder in a subject
in need thereof comprising administering an effect amount of an agent-loaded
micelle of the invention to said subject. In one embodiment, the agent is
cyclosporine, CsA or analog thereof. Accordingly, the disease, condition or
disorder is one that benefits from the administration of CsA or an analog
thereof. Such diseases, conditions or disorders are known in the art and
include use as an immunosuppressant, for instance in mammals receiving an
organ or tissue transplant. In another aspect, the disease, condition or
disorder is cancer or drug resistant cancers, infectious disease or an
autoimmune disease. In a further embodiment of the invention, the agent
amiodarone and the disease, condition or disorder is one that benefits from
the administration of amiodarone. Such diseases, conditions or disorders are
known in the art and include angina and arrhythmias.

The dosage of the micelles of the invention can vary depending on
many factors such as the pharmacodynamic properties of the micelle, the
biologically active agent, the rate of release of the agent from the micelles,
the mode of administration, the age, health and weight of the recipient, the

nature and extent of the symptoms, the frequency of the treatment and the
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type of concurrent treatment, if any, and the clearance rate of the agent
and/or micelle in the subject to be treated. One of skill in the art can
determine the appropriate dosage based on the above factors. The micelles
may be administered initially in a suitable dosage that may be adjusted as
required, depending on the clinical response. For ex vivo treatment of cells
over a short period, for example for 30 minutes to 1 hour or longer, higher
doses of micelles may be used than for long term in vivo therapy.

The micelles of the invention, can be used alone or in combination with
other agents that treat the same and/or another condition, disease or disorder.

In another embodiment, where either or both the micelle or biologically
active agent is labeled, one can conduct in vivo or in vitro studies for
determining optimal dose ranges, drug loading concentrations and size of
micelles and targeted drug delivery for a variety of diseases.

The following non-limiting examples are illustrative of the present
invention:
EXAMPLES
MATERIALS AND METHODS

Stannous octoate (96% pure) and biphenyl (99.5%) were obtained from
Aldrich (Milwaukee, WI, USA). Methoxy polyethylene oxide (average
molecular weight of 5000 gmole™), e-caprolactone, amiodarone HCI (98%),
and cyclosporine A (CsA) were purchased from Sigma (St. Louis, MO, USA).
Acetonitrile and chloroform were supplied by Fisher Scientific (Nepean,
Ontario, Canada). All other chemicals were reagent grade. Sodium chloride
injection 0.9% was obtained from Abbott Laboratories (Montreal, PQ,
Canada). Heparin sodium injection, 10,000 IU/mL was purchased from Leo
Pharma Inc. (Thornhill, ON, Canada).
Synthesis and characterization of polyethylene oxide-block-poly(e-
caprolactone) (PEO-b-PCL) block copolymers - PEO-b-PCL block
copolymers were synthesized by ring opening polymerization of e-
caprolactone using methoxy polyethylene oxide (Molecular Weight of 5000
g.mol‘1) as an initiator and stannous octoate as a catalyst (Figure 1A).

Methoxy PEO (5g), e-caprolactone and stannous octoate were added to a
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previously flamed 10 ml ampoule, nitrogen purged, then sealed under
vacuum. 'H NMR spectrum of PEO-b-PCL in CDCl; at 300 MHz (Figure 1B)
was used to assess the conversion of e-caprolactone monomer to PCL and
determine the number average molecular weight of the block copolymers. The
percentage of e-caprolactone conversion to PCL was determined comparing
peak intensity of -O-CHy- (6= 4.223 ppm) for e-caprolactone monomer to the
intensity of the same peak for PCL (3= 4.075 ppm) in the 'H NMR spectrum of
PEO-b-PCL. The effect of reaction time, temperature, and catalyst
concentration on the percentage of e-caprolactone conversion to PCL was
assessed to optimize the conditions of the reaction further. Different e-
caprolactone to methoxy PEO feed ratios were used to prepare PEO-b-PCL
block copolymers with varying degrees of g-caprolactone polymerization. The
reaction product was dissolved in chloroform, precipitated, and washed with
an excess of cold methanol, followed by centrifuge collection. Comparison of
peak intensity of PEO (-CH.CH.0O-, & = 3.65 ppm) to that of purified polymer
PCL (-O-CH2-, 6 = 4.075 ppm) provided an estimate for degree of e-
caprolactone polymerization. Prepared polymers were characterized for their
average molecular weight and polydispersity by gel permeation
chromatography. Samples (20 ml from 10 mg/ml polymer stock solutions in
THF) were injected into a 4.6 x 300 mm Waters Styragel® HT4 column
(Waters Inc., Milford, MA). A 1 mL/min THF mobile phase, set at 35 °C,
allowed the detection of the polymer using refractive index/light scattering
detectors (Model 410, Walters Inc.). The calibration curve was prepared using
polystyrene standards.

Preparation and characterization of PEO-b-PCL and Cremophor EL
micelles - Assembly of block copolymers was achieved by co-solvent
evaporation whefe PEO-b-PCL (10 mg) dissolved in acetone (0.5 mL) was
added in a drop wise manner (1 drop/ 15 sec) to stirring distilled water (1 mL).
The remaining acetone was removed by evaporation at room temperature
under vacuum. Cremophor EL micelles were prepared by direct addition of
the low molecular weight surfactant to water.
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Mean diameter and polydispersity of self-assembled structures in
aqueous media were defined by light scattering (3000HSA Zetasizer Malvern,
Zeta-Plus™ zeta potential analyzer, Malven Instrument Ltd., UK). The
concentration of block copolymers and Cremophor EL was 10 mg/mL.

A change in the fluorescence excitation spectra of pyrene in the
presence of varied concentrations of block copolymers was used to measure
the critical micellar concentration (CMC). Pyrene was dissolved in acetone
and added to 5 mL volumetric flasks to provide a concentration of 6 x 107 M
in the final solutions. Acetone was then evaporated and replaced with
aqueous polymeric micellar solutions with concentrations ranging from 0.05 to
500 mg/mL. Samples were heated at 65°C for an hour, cooled to room
temperature overnight, and deoxygenated with nitrogen gas prior to
fluorescence measurements. The excitation spectrum of pyrene for each
sample was obtained at room temperature using a Fluoromax DM-3000
spectrometer. The emission wavelength and excitation bandwidth were set at
390 and 4.25 nm, respectively. The intensity ratio of peaks at 337 nm to those
at 333 nm was plotted against the logarithm of copolymer concentration to
measure CMC?®. This experiment was repeated for Cremophor EL solution at
concentrations ranging from 0.5 mg/mL to 10 mg/mL.

The viscosity of the micellar cores was estimated by measuring
excimer to monomer intensity ratio (le/lm) from the emission spectra of 1,3-
(1,1-dipyrenyl)propane at 373 and 480 nm, respectively. 1,3-(1,1-
dipyrenyl)propane was dissolved in a known volume of chloroform to give a
final concentration of 2 x 107 M. Chloroform was then evaporated and
replaced with 5 mL of PEO-b-PCL or Cremophor EL micellar solutions at a
concentration of 500 mg/mL and 10 mg/mL, respectively. Samples were
heated at 65°C for an hour and cooled to room temperature overnight. A
stream of nitrogen gas was used to deoxygenate samples prior to
fluorescence  measurements.  Emission  spectrum  of  1,3-(1,1-
dipyrenyl)propane was obtained at room temperature using an excitation

wavelength of 333 nm, and an emission bandwidth was set at 4.25 nm’.
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Optimization of the self-assembly and encapsulation process - As
mentioned above, a co-solvent evaporation method was used for self
assembly of PEO-b-PCL block copolymer and also for drug encapsulation.
The applied organic solvent, the ratio of organic to the aqueous phase, and
the order of addition of the phases in the co-solvent evaporation method were
changed to optimize the preparation method in terms of micellar size and
encapsulation efficiency. At the end of encapsulation process, the micellar
solution was centrifuged at 11600 x g for 5 minutes, to remove CsA
precipitates. Mean diameter and poly dispersity of prepared polymeric
micelles were defined by light scattering (3000HS, Zetasizer Malvern, Zeta-
Plus™ zeta potential analyzer, Malven Instrument Ltd., UK) at polymer
concentration of 10 mg/mL in an aqueous media. An aliquot of the micellar
solution in water was diluted with 3 times of acetonitrile to disrupt the micellar
structure. Encapsulated levels of CsA were measured using reverse phase
HPLC. The HPLC instrument consisted of a Chem Mate pump and auto-
sampler. The HPLC system was equipped with an LC4 column (Supleco) with
a mobile phase of KH2PO,4 (0.01 M), methanol and acetonitrile (25:50:25).
The flow rate and column temperature were set at 1 mL/min and 65°C
(Eppendorf CH-30 column heater), respectively. CsA concentrations were
determined by UV detection at 205 nm (Waters 481) after injection of 100 L
samples. The calibration samples were prepared at a concentration range of
0.1 to 10 pg/mL. Each experiment was conducted in triplicate. Cyclosporine
loading and encapsulation efficiency were calculated from the following
equations:

amount of loaded CsA in mg

CsA loading (w/w) =
amount of polymerin mg

moles of loaded CsA

moles of polymer

CsAloading (M/M) =

amount of loaded CsA in mg

Encapsulat ion efficiency (%) = x 100

amount of CsA added in mg
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Cyclosporine A (CsA) encapsulation in PEO-b-PCL micelles by a co-
solvent evaporation method - PEO-b-PCL block copolymer (20 mg) and
CsA (2 or 3 mg) were dissolved in acetone (1 mL). This solution was added to
2 mL of either distilled water or normal saline in a drop wise manner. After 4 h
of stirring at room temperature, vacuum was applied to ensure the complete
removal of the organic solvent. The micellar solution was then centrifuged at
12,000 rpm for 5 min, to remove unloaded CsA. An identical method without
CsA was used to prepare empty PEO-b-PCL micelles. The hydrodynamic
diameter of PEO-b-PCL micelles with and without CsA was measured by

dynamic light scattering (3000 HSa Zetasizer Malvern, Zeta-Plus™ zeta

potential analyzer, Malven Instrument Ltd., UK) at a polymer concentration of
10 mg/mL.

An aliquot of CsA loaded polymeric micelles was treated with 3 times
volume of acetonitrile to disrupt the micellar structure. Level of encapsulated
CsA was measured using a reverse phase HPLC method. Stock solutions of
CsA (200 pg/mL) were prepared by dissolving 2 mg of CsA in 0.5 mL
methanol, followed by addition of 9.5 mL distilled water, to create calibration
standard curves. Biphenyl at a concentration of 0.5 mg/mL was used as
internal standard. The HPLC instrument consisted of a Chem Mate pump and
autosampler. 100 mL samples were injected to Hypersil C4s column (250 x
460 mm; Phenomenex, Torrance, CA, USA) with a mobile phase of
acetonitrile: water (75:25, pH of 3.1 adjusted with phosphoric acid) running
through column at a flow rate of 1.2 mL/min. The column was heated at 72°C
using an Eppendorf CH-30 column heater. CsA concentrations were
estimated by UV detection at 210 nm (Waters, model 481). Cyclosporine
loading and encapsulation efficiency were calculated using the formulae
presented above.

In-vitro release study- CsA was dissolved in water at a concentration of 1
mg/mL with the aid of ethanol (40 % v/v). Aqueous solutions of Cremophor EL

and polymeric micellar formulations at a similar CsA concentration
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(corresponding to a concentration of 13 mg/mL for Cremophor EL and 8-11
mg/mL for block copolymers) were also prepared. One mL of each sample
(ethanolic solution of CsA, Sandimmune®, or the polymeric micellar
formulation) was placed in a Spectrapor dialysis bag (M.wt. cut-off = 12000-
14000 g.mol™). The dialysis bag was located in bovine serum albumin (BSA)
solution (4 % w/v, 60 mL) while stirring at 37 °C. Samples of 0.5 mL were
taken from the BSA solution after definite time intervals, and replaced by
identical volume of fresh media. This experiment was also performed at room
temperature. Level of released CsA in each sample was measured by HPLC
after drug extraction. Amiodarone at a concentration of 10 mg/mL was used
as internal standard. The internal standard solution (60 mL), deionized water
(1.75 mL) and sodium hydroxide solution 1 M (200 mL) were added to release
samples. Drug and internal standard were then extracted by ether-methanol
95:5 solution. After vortex mixing and centrifugation, the organic layer was
removed and evaporated. The residue was solubilized in acetonitrile-0.5 % v/v
phosphoric acid (65:35) and washed with hexane. Samples of 30 uL from the
aqueous lower layer were injected into the HPLC system, (Chem Mate pump
and Auto sampler) which was equipped with an LC¢ column (Supleco) with a
mobile phase of KH,PO,4 (0.01 M), methanol and acetonitrile (25:50:25). The
flow rate and column temperature were set at 1 mL/min and 65°C (Eppendorf
CH-30 column heater), respectively. CsA concentrations were determined by
UV detection at 205 nm (Waters 481). The calibration samples were prepared
at a concentration range of 0.1 to 10 mg/mL. Each experiment was conducted
in triplicate. The percentage of released drug for organic solution of CsA,
Sandimmune®, and polymeric micellar formulation was calculated and plotted
versus time.

Assessing the pharmacokinetics of cyclosporine A formulations in
healthy animal models - Sprague-Dawley male rats with body weights
ranging from 250-300 g were used to examine the effect of solublizing vehicle
on the pharmacokinetics of CsA. All rats were housed in a temperature-
controlled room with a 12h light/dark cycle for at least one week. The day

before the pharmacokinetic experiment, the right jugular veins of all rats were
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catheterized with Micro-Renathane tubing (Braintree Scientific, Braintree, MA)
under halothane anaesthesia, as previously described®. The cannula was
flushed with 100 UmL™ heparin in 0.9% saline. After surgery, the rats were
transferred to regular holding cages and allowed free access to water, but
food was restricted overnight. The next morning, rats were transferred to
metabolism cages. Animals were divided to two groups: control group
received CsA in Cremophor EL formulation (Sandimmune®, Novartis) and test
group received CsA in polymeric micellar formulation.

CsA in Cremophor EL formulation was diluted with normal saline for
intravenous injection. The rats were given between 0.6 to 1 mL of each
sample as intravenous bolus within 5 min. The actual dose of CsA injected to
animals for Cremophor EL and polymeric micellar formulation was 5.0 and 2.5
mg/kg, respectively. Each sample was tested in 4 rats. After dosing, serial
blood samples (~0.2 mL) were obtained from the cannula for up to 24 h after.
Sampling was performed at 5, 20, and 40 min, then 1,2, 4,6, 9, 12, and 24 h
after drug administration. Between sampling, 0.2 mL of heparin 100 U/mL
solution was used to maintain patency of the cannula. After collection, each
blood sample was transferred to new glass tubes and stored at —20° C until
assessed for drug concentraton by HPLC. Non-compartmental
pharmacokinetic analysis was used to estimate pharmacokinetic parameters
of area under the concentration-time curve (AUC), mean residence time
(MRT), total clearance (CL), apparent volume of distribution at steady state
(Vdss), and biological half-life (t12) of CsA for each formulation.
Biodistribution Study - To assess the effect of formulation on the tissue
distribution of CsA, rats were administered CsA in Cremophor EL formulation
or CsA-loaded polymeric micelles at a similar dose to pharmacokinetic
studies. Under light halothane anaesthesia, each rat received the drug as iv
bolus doses by injection into the tail vein. At 5 min, or 1, 2, 6, 12, or 24 h after
drug injection, each animal (n=4 for each time point) was anaesthetized and
exsanguinated by cardiac puncture. Heart, spleen, liver, kidney, fat, brain as
well as samples of whole blood and plasma, were collected. Tissue samples

were blotted with paper towel, washed in ice cold saline, bottled to remove
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excess fluid, weighed and stored in phosphate buffer (pH=7.4) at -20°C until
assessed for drug concentration by HPLC.

Measurement of CsA levels in blood and tissue samples by HPLC - A
published method was used for analysis of blood, plasma and tissue samples,
with minor modification'®. Tissue samples were homogenized in phosphate
buffer before analysis. To 200 ulL of blood or tissue samples in a glass tube,
30 uL of internal standard (amiodarone, 10 ug/mL), 1.756 mL of deionised
water, and 200 ulL of sodium hydroxide (1 M) were added. The drug and
internal standard were then extracted into 8 mL of an ether-methanol (95:5)
solution by vortex mixing for 30 s. After centrifugation at 14,000 rpm for 5 min,
the organic layer was removed and evaporated in vacuum (1ISS110 Speedvac
system, Thermosavant). The residue was then reconstituted in 200 uL of
acetonitrile-0.5% (v/v) phosphoric acid (65:35). This solution was vortexed
with 1 mL hexane for 10 s and centrifuged at 14,000 rpm for 2 min. Samples
of 30 uL from the aqueous lower layer were injected into the HPLC system,
(Waters 600 Multisolvent Delivery System and Waters 717 plus Autosampler)
which was equipped with an LC4 column (Supleco) with a mobile phase of
KH2PO,4 (0.01 M), methanol and acetonitrile (25:50:25). The flow rate and
column temperature were set at 1 mL/min and 65°C (Waters temperature
control module), respectively. CsA concentrations were determined by UV
detection at 205 nm (Waters 486). For quantization in tissues, concentration
ranges of 1 to 40 mg/mL were employed in the calibration samples. For blood
and plasma, the calibration samples were prepared at a concentration range
of 0.1 to 10 mg/mL.

Pharmacokinetic Analysis - To account for the difference in dose between
the two groups, blood, plasma and tissue concentrations for the test group
(polymeric micellar formulation) were normalized by multiplying each
concentration to the ratio of injected CsA dose for Cremophor formulation
over injected CsA dose for polymeric micellar formulation. Pharmacokinetic of
CsA has been shown to be linear at the administered CsA dose range of this
study (< 5 mg/Kg) in Sprague Dawley rats'’. The elimination rate constant (A;)

was estimated by linear regression of the blood concentrations in the log-
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linear terminal phase. In order to estimate the initial blood concentration (Co)
immediately after iv injection, the linear regression of the log-linear initial state
going through the first two time points was extrapolated to the time zero. The
estimated Cy was then used with the actual measured plasma concentrations
to determine the area under the blood concentration-time curve (AUC). The
AUCy was calculated using the combined log-linear trapezoidal rule for data
from time of dosing to the last measured concentration, plus the quotient of
the last measured concentration divided by A,. Noncompartmental
pharmacokinetic methods were used to calculate mean residence time (MRT
by dividing AUMCiys by AUCinf) clearance (CL by dividing dose by AUCiy), and

- volume of distribution (Vd by dividing CL by A;; and Vdss by multiplying CL by

MRT). Tissue to plasma concentration ratios (K,) were calculated by dividing
CsA concentration in each tissue to CsA concentration in plasma for individual
animals in the biodistribution studies.

Statistical analysis - Compiled data were presented as mean + SD. Where
feasible, the data were analysed for statistical significance by unpaired
Students t test. For this purpose the level of significance was set at =0.05. In
the tissue distribution studies, the AUC could not be determined in individual
rats due to the destructive study design. Therefore, to permit an estimate of
the variance associated with the composite mean AUC, the approach outlined
by Bailer was utilized, which incorporates partial AUC and variability
associated with each of the mean concentrations at each sampling

point12,13,14

Pairwise comparisons of the AUC were then undertaken at
0=0.05. The critical value of Z (Z.) for the two-sided test after Bonferroni
adjustment was 2.24" and the observed value of Z (Z.ps) was calculated as
previously described.

Results

Example 1: Synthesis, characterization and assembly of PEO-b-PCL
block copolymers - Synthesis of PEO-b-PCL block copolymers through ring
opening polymerization of e-caprolactone by methoxy PEO in the presence of
stannous octoate has been reported before®. In the present study to

determine optimal conditions, the catalyst level and temperature of the
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reaction were altered and the amount of residual monomer in the reaction
product was measured over time by 'H NMR. Figure 2A illustrates the
progress of polymerization for PEO-b-PCL block copolymers synthesized with
a catalyst to monomer molar ratio of 0.002 at temperatures ranging between
120-160°C. When reaction temperatures were set at 120, 140 and 160°C, the
maximum conversion of e-caprolactone to PCL was achieved at 6, 3 and 2
hours, respectively. The effect of catalyst concentration on the monomer to
polymer conversion was assessed in a second experiment when the reaction
temperature and time were set at 140°C and 4 hours, respectively. As shown
in Figure 2B, the highest conversion was achieved at catalyst to e-
caprolactone monomer molar ratios of more than 0.002. As a result, applying
a temperature of 140°C for 4 hrs and a catalyst to monomer ratio of 0.002
was chosen as an optimal condition for the preparation of PEO-b-PCL block
copolymers. In the next step, the molar ratio of e-caprolactone (monomer, M)
to methoxy PEO (initiator, 1) was changed to prepare PEO-b-PCL block
copolymers having different degrees of e-caprolactone polymerization.
Prepared block copolymers were characterized for their average molecular
weights by '"H NMR and GPC. Considering a PEO molecular weight of 5000
g.mol™’, at M/l molar ratios of 44, 114 and 210, PEO-b-PCL block copolymers
with approximate PCL molecular weights of 5000, 13000 and 24000 g.mol™
were synthesized. A nomenclature of 5000-5000, 5000-13000 and 5000-
24000 is used herein to distinguish between the PEO-b-PCL block
copolymers with characteristics described in Table 1. As shown in Table 1, a
good agreement between calculated and actual molecular weights was
observed in most of the cases. Prepared block copolymers showed relatively
narrow polydispersity indicating the absence of homopolymers (Table 1).

Micellization of PEO-b-PCL block copolymers was achieved through a
co-solvent evaporation method. A solution of PEO-b-PCL block copolymers in
acetone was added to water in a drop-wise manner followed by the
evaporation of the organic solvent. The average diameter of PEO-b-PCL
micelles prepared was between 78.7 and 99.8 nm, while Cremophor EL
produced micelles with an average diameter of 11.3 nm (Table 2).
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Low CMCs and high core viscosities were revealed for PEO-b-PCL
micelles in fluorescent probe studies conducted using pyrene and 1,3-(1,1
dipyrenyl) propane (Table 2). Pyrene preferentially partitions into hydrophobic
microdomains with a concurrent change in the molecule’s photophysical
properties. A sharp rise in intensity ratio of peaks at 337 nm to those at 333
nm from the excitation spectra of pyrene indicates the on-set of micellization
(CMC) for block copolymers '. Using this method, the average CMC for PEO-
b-PCL block copolymers with 5000, 13000 and 24000 g.mol™" of the PCL block
was calculated at 1.8, 0.8 and 0.5 mg/mL, respectively (Table 2). A CMC
value of 90 mg/mL for Cremophor EL has been reported in previous studies
17 With pyrene as the fluorescent probe, the sharp rise in the intensity ratio of
peaks at 337 nm to those at 333 nm from the excitation spectra was observed
at a Cremophor EL concentration of 9.4 mg/mL. The fluorescent intensity ratio
was levelled off at an approximate concentration of 100 mg/mL, which is close
to reported CMC for Cremophor EL (data not shown). Changes in the
excitation spectrum of pyrene in the presence of Cremophor EL at levels
below its reported CMC may be attributed to the interaction of fluorescent
probe with surfactant unimers or the existence of premicellar aggregates.

Very low le/l, ratios (0.11 - 0.19) from the emission spectrum of 1,3-(1,1
dipyrenyl) propane for PEO-b-PCL micelles reflects a high viscosity for the
PCL core. 1,3-(1,1 dipyrenyl) propane forms intramolecular pyrene excimers
that emit light at 480 nm when excited at 390 nm. In a highly viscous
environment, such as in the core of polymeric micelles, excimer formation is
restricted. Emergence of a 1,3-(1,1 dipyrenyl) propane excimer peak at 480
nm for Cremophor EL reflects a lower micellar core viscosity for the low
molecular weight surfactant (Figure 3). Higher viscosity of the core in
polymeric micelles may restrict the diffusion of the encapsulated drug leading
to sustained drug release properties from the micellar carrier.

Example 2: Optimization of the self-assembly process - Three different
organic solvents were examined to find out the best solvent that can produce
nanocarriers of less than 100 nm in diameter (Table 3). With THF, the size of

the micelles was significantly larger and there were secondary peaks showing
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some degree of aggregation among the assembled micelles. The average
diameter of micelles formed with acetonitrile and acetone were similar (82 and
89 nm) and showed narrow polydispersity. Evaporation of acetonitrile took
longer than acetone, however.

The ratio of the two phases proved to be influential in the final
characteristics of the micelles (Table 4). Using a lower ratio of the organic
phase resulted in smaller micelles while the order of addition did not affect
micellar size.

Example 3: Solubilization of CsA by PEO-b-PCL micelles- Using an
identical method to the self-assembly process, CsA was encapsulated into
micelles of PEO-b-PCL. The level of encapsulated CsA was measured by
HPLC after destroying the micellar structure with the aid of an organic solvent.
CsA reached a level of 1.277 mg/mL (CsA : polymer weight ratio of 0.1277) in
aqueous media by PEO-b-PCL micelles, and precipitated in water in the
absence of the polymer (Table 5). Among PEO-b-PCL block copolymers of
different PCL block lengths, maximum CsA: polymer weight ratio was
achieved by PEO-b-PCL block copolymers with 13000 g.mol™ of the PCL
block (Table 5). However, the molar CsA loading levels increased from 0.9 to
2.4 (mole CsA/mole polymer) with an increase in the molecular weight of the
PCL block from 5000 to 24000 g.mol™. CsA encapsulation resulted in an
increase in the average diameter of PEO-b-PCL micelles having 5000 and
13000 g.mol™ of PCL (Table 2 & 5). An increase in the initial level of applied
drug from 2 to 3 mg did not change the solubilized CsA levels (Table 5).
Example 4: Optimization of CsA encapsulation - Acetone was chosen as
the organic phase for drug loading by the co-solvent evaporation in PEO-b-
PCL micelles. The effect of organic to aqueous phase ratio and order of
phase addition on the level of CsA encapsulation at a block copolymer
concentration of 10 mg/mL and CsA concentrations of 2 and 3 mg was
evaluated.

The ratio of the two phases proved to be influential in the final CsA
loading in PEO-b-PCL micelles, as well (Table 6). CsA reached a final
concentration of 2 mg/mL in PEO-b-PCL micelles when the initial ratio of
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organic phase was reduced in the loading process. The order of phase
addition on the other hand did not change drug loading and micellar
characteristics.

Example 5: Characterization of CsA-loaded PEO-b-PCL micelles - In this
study, water was replaced with normal saline to prepare isotonic polymeric
micellar solutions of CsA for intravenous administration. When normal saline
was used as the non-selective solvent, the efficiency of CsA encapsulation in
PEO-b-PCL micelles was reduced (Table 7). In water, CsA reached an
average aqueous concentration of 1.28 and 1.07 mg/mL applying initial CsA
levels of 2 and 3 mg in the loading process, respectively. This level was
reduced to an average concentration of 0.74 and 0.83 mg/mL when normal
saline was used as the micellization medium. Premature precipitation of CsA
during the micellization process in an acetone: normal saline solvent mixture
in comparison to acetone: water environment might be the reason for lower
levels of CsA encapsulation.

Replacement of water with normal saline did not affect the average
diameter of empty and CsA-loaded PEO-b-PCL micelles (P> 0.05, unpaired t
test). Without CsA, the average micellar diameter was 78.7 and 79.8 nm in
water and normal saline, respectively. The micellar size was raised to 118 nm
in both solvents when 3 mg of CsA was added during the micellization
process (Table 7). |
Example 6: In vitro release of CsA from different solubilizing vehicles -
In a previous study, lipid vesicles have been used as the recipient phase in
measuring the in vitro release rate of Amphotericin B from polymeric
micelles'®. In the case of CsA, lipid vesicles were found to be poor recipients,
possibly due to the weak association of CsA with the lipid carrier (data not
shown). Instead, BSA was used as a bio-mimetic recipient phase to maintain
sink condition for the release of CsA from its vehicle. Encapsulated drug was
separated from the recipient phase by a dialysis membrane having a
molecular weight cut off of 12000-14000 g.mol”. Transfer of CsA through
dialysis membrane to BSA was assumed to take place rapidly, and the

release of CsA from its vehicle was assumed to be the rate limiting step in this
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process. In fact, 71 % of un-encapsulated CsA from its ethanolic solution was
transferred to BSA within 2 hours at 37 °C (Figure 4). The release of CsA
from Cremophor EL micelles (Sandimmune®) was found to be slower (27 % of
CsA was released in 2 hours). PEO-b-PCL micelles have sustained the rate of
CsA release the most. After 12 hours, Cremophor EL formulation released 77
% of its drug content while polymeric micellar vehicle released only 5.8 % of
encapsulated CsA. An increase in the molecular weight of PCL block from
5000 to 13000 g.mol’ had no significant effect on the rate of CsA release
from PEO-b-PCL micelles within the time frame of this study.

Example 7: Pharmacokinetics of polymeric micellar CsA after
intravenous administration - Linearity in the standard curves were
demonstrated for each of the tissues over the concentration range studied,
and chromatograms were free of interference from endogenous components.
The blood CsA concentration vs. time profiles observed for both formulations
were similar (Figure 5). A rapid decline in concentrations, representing a
distribution phase, was observed for the first 2 h after dosing. This was
followed by an elimination phase with ty, of 9 to 12 h. However, after dose
normalization, CsA in PEO-b-PCL micelles vyielded higher blood
concentrations than did the Cremophor formulation. Non-compartmental
analysis of the blood concentrations showed a significant change in
pharmacokinetic parameters of CsA in polymeric micelles in comparison to
the Cremophor EL formulation (Table 8). PEO-b-PCL micelles provided
significantly higher (6.1 fold) blood AUC compared to the Cremophor EL
formulation. The PEO-b-PCL micelles also significantly decreased the volume
of distribution (Vdss) and clearance (CL) of CsA by 10.0 and 7.6 fold,
respectively. On the other hand, the terminal phase half life of CsA did not
differ significantly between the two formulations.

Example 8: Tissue distribution of polymeric micellar CsA in healthy
animal models - As in the pharmacokinetic study described above, a marked
distribution phase was noted not only in the blood, but also in plasma (Figure
6A & B). Upon intravenous administration of the Cremophor formulation, the
mean dose normalized AUC in blood was comparable to that observed in the
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pharmacokinetic study. In the solid tissues assayed for drug content,
quantifiable amounts of drug were not observed in the adipose or brain
tissues. In those tissues where the AUC could be determined, the order in
AUC from highest to lowest for the Cremophor formulation was
spleen>liver>kidney>heart>blood>plasma (Table 9). In contrast, the
corresponding order for the PEO-b-PCL micellar formulation was
blood>heart>plasma>liver>kidney>spleen. Polymeric micelles showed 1.5,
1.4 and 2.1-fold lower AUCs of CsA in liver, kidney and spleen, respectively,
when compared to Cremophor formulation. On the other hand, the AUC of
CsA in the PEO-b-PCL micellar formulation was 5.7 and 4.9 times higher in
blood and plasma, respectively.

Consistent with the pharmacokinetic experiments in rats in which serial
blood collection was obtained (Figure 5, Table 8), in the biodistribution study
the blood and plasma concentrations vand resultant AUC of CsA were
significantly higher for the micellar formulation of the invention (Figure 6,
Table 9) than the available commercial formulation. There were some
formulation-related differences detected at some discreet CsA concentrations
in kidney, spleen, liver and heart (Figure 6). Furthermore, in the tissues, a
significantly lower AUC of CsA after administration of the micellar formulation
was detected in spleen and kidney (Table 9). Heart, however, displayed a
higher AUC after administration of the PEO-b-PCL micellar CsA formulation.

Variations in the tissue to plasma concentration ratios (Kp) of CsA were
followed over time for both formulations (Figure 7). The resultant profiles
between the polymeric micellar formulation and Cremophor EL formulation
were quite different. Compared to the commercial formulation, polymeric
micelles showed much lower K; values in kidney, liver, spleen and heart at all
time points. Tissue to plasma ratios of polymeric micellar CsA remained below
one for all organs up to 6 h and gradually increased afterwards (Figure 7A-C),
except for the heart in which a sharp raise after 12 h has been observed
(Figure 7D). In kidney, liver and spleen, the K, ratio for the commercial
formulation of CsA demonstrated a biphasic pattern with maximum values at

one and 12 h after injection. One h after intravenous injection of
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Sandimmune®, the Ky ratio was 7.4, 10.6, 13.3 and 2.1 for kidney, liver,
spleen and heart, respectively, compared to K, values of 0.4, 0.9, 0.6 and 0.5
for the polymeric micellar formulation.

Discussion

The present invention relates to a novel delivery system for
hydrophobic drug solublization, said system allowing control of the rate of
drug release and disposition in a biological system and is safe for human
administration. Micelles of methoxy poly(ethylene oxide)-b-poly(e-
caprolactone) (PEO-b-PCL) were chosen as poténtial carrier for this purpose
due to the biocompatibility/and biodegradability of the PEO and PCL blocks,
thermodynamic stability of the micellar structure, and distinct properties of the
PEO/PCL segments.

Synthesis of PEO-b-PCL was carried out through ring opening
polymerization of ¢-caprolactone in the presence of stannous octoate as
catalyst. Yuan et al have reported on the application of a similar process at a
temperature of 140°C for 24 h™. In the present study, reaction conditions for
the preparation of PEO-b-PCL block copolymers through ring opening
polymerization were optimized with respect to time, temperature and catalyst
concentration. Inadequate time or temperature of the reaction in the ring
opening polymerization of lactones may lead to incomplete conversion of the
monomer to polymer'®, whereas long reaction times or high temperatures
may result in transesterification or back biting degradation of the polyester
chain leading to an increase in the polydispersity of the prepared block
copolymers™. At a reaction temperature of 140°C and a reaction period of 4
hrs (instead of 24 h) sufficient conversion of g-caprolactone to PCL occurred
(Figure 2A). Block copolymers synthesized at this condition showed better
polydispersity compared to what has been reported earlier' (Table 1). A
reaction temperature of 160°C for 3 h was also shown to be sufficient for
optimum conversion of e-caprolactone to PCL (Figure 2).

Prepared block copolymers were assembled to micellar structures by a
co-solvent evaporation method and characterized for their functional

properties in drug delivery. Self assembly of block copolymers may be
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accomplished through direct dissolution®®, solvent evaporation/film formation®'
or dialysis?? methods. Direct dissolution and solvent evaporation/film
formation were shown to be less optimal methods for the self assembly of
PEO-b-PCL block copolymers, especially for those with long PCL chain
lengths, because of the high hydrophobicity of the PCL. Preparation of PEO-
b-PCL micelles through the evaporation of a co-solvent azeotrope
(acetonitrile/water) has been reported by Kwon ef af>. In the current study,
an acetone/water co-solvent system has been used to match the higher
hydrophobicity of the core-forming block used here. Recently, tetrahydrofuran
(THF)/water co-solvent systems have been used by Gao et al. for the
micellization of PEO-b-PCL block copolymers having long PCL blocks (PCL
molecular weights of 2500 to 24700 g.mol")*. The acetone: water system
may be beneficial in terms of scale-up because of a lower boiling point,
however.

A comparison between various studies on the preparation of PEO-b-
PCL micelles demonstrates that aside from block copolymer molecular weight
other factors such as micellization procedure or solvent composition play a
role in determining the average diameter and size distribution of assembled
nano-carriers?'?3?42.% sing acetone: water (1:2) system, PEO-b-PCL block
copolymers with a PEO molecular weight of 5000 g.mol™ and PCL molecular
weights of 5000 to 24000 g.mol™ produced polymeric micelles with an
average diameter of 79-100 nm (Table 2). At a similar block copolymer
molecular weight range, application of a THF: water (1:10) system has
resulted in the formation of smaller micelles (an average diameter of 41-86
nm)?. The difference in size is specially marked for self-assembled structures
formed from 5000-5000 PEO-b-PCL block copolymers (an average diameter
of 41.0 nm for THF: water versus a diameter of 87.5 nm for acetone: water
system). Although the size distribution of the self-assembled structures
prepared from 5000-5000 PEO-b-PCL micelles in the acetone: water co-
solvent mixture in this study were unimodal, a higher polydispersity index
(Table 2) might be an indication of a trend towards aggregate formation with a

larger average diameter of this particular structure. Application of dialysis
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methods for the self-assembly of PEO-b-PCL block copolymers having similar
PCL chain lengths has resulted in the formation of larger particles, even when
THF has been used as the selective solvent for the core-forming block in the
micellization of PEO-b-PCL?,

Micellar characteristics and drug loading levels may be optimized
through changes in the self assembly process. Examples 2 and 4, and
corresponding Tables 3, 4 and 6, show that, for CsA loading in PEI-b-PCL
micelles, optimum drug solublization and micellar size can be achieved with
the addition of acetone to water at a final organic to aqueous phase ration of
1:6.

The acetone: water co-solvent evaporation procedure was efficient for
the encapsulation of CsA in PEO-b-PCL micelles (Table 6). Aqueous solubility
of CsA was increased up to 50 fold, reaching to a level of 1 mg/mL, in the
presence of PEO-b-PCL micelles. This level is much higher than the water
solubility of CsA (23 ug/mL) and is considered relevant for clinical application.
This level is also comparable to injected CsA concentrations in
Sandimmune®, which is between 0.5-2.5 mg/mL. To provide a CsA aqueous
concentration of 0.5-2.5 mg/mL, 6.5-32.5 mg/mL of Cremophor EL is required
in the Sandimmune® formulation. This level corresponds to a drug to vehicle
loading weight ratio of 0.078 mg/mg. To achieve a similar CsA level, the
polymeric micellar formulation requires 10 mg/mL of PEO-b-PCL, which
corresponds to drug to vehicle loading weight ratios of 0.09-0.13 mg/mg for
block copolymers of various PCL lengths.

Compared to Cremophor EL, even lower CMC (Table 2) and higher
core viscosity, characteristic of the polymeric structure of the hydrophobic
domain, were revealed for PEO-b-PCL micelles (Figure 3). The lower CMCs
reflect the thermodynamic stability of micellar structure, allowing a lower dose
of injection to keep block copolymers above the CMC and in a micellar form
upon dilution in blood after intravenous administration. The low value of the
excimer to monomer intensity ratios (l¢/lm) indicated that PEO-b-PCL micellar
cores have a high viscosity that may postpone the dissociation of micellar
structure into polymeric unimers below the CMC.
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Further effort for the optimization of the polymeric micellar formulation
of CsA was carried out through changes in the length of the PCL block. A
reverse relationship between the hydrophobicity of the core-forming block and
CMC, and a direct relationship between this factor and CsA loading (on molar
basis) has been observed. A decrease in the CsA loading weight ratio (weight
of loaded CsA/weight of polymer) in 5000-24000 PEO-b-PCL micelles may
reflect the lower number of micelles present for this block copolymer at a
copolymer concentration of 10 mg/mL. '

Finally, unlike the Cremophor EL micelles that have mobile cores,
controlled CsA release has been achieved with PEO-b-PCL micelles. PEO-b-
PCL micelles prevented the distribution of CsA to serum albumin and retained
94 % of their drug content after 12 hrs (Figure 4).

In accordance with the high viscosity of the core in polymeric micelles,
the in vitro rate of CsA transfer to bovine serum albumin was remarkably
sustained by PEO-b-PCL micelles. Micelles of Cremophor EL, on the other
hand, showed liquid like structures and released 95 % of their drug content
within 24 h?’.

In terms of blood, plasma and tissue CsA concentrations, the novel
PEO-b-PCL micellar formulation of CsA demonstrated some significant
differences from the commercially available Cremophor formulation. The 6.1-
fold higher AUC in whole blood is reflective of a high degree of in vivo stability
of the polymeric micellar particles. This is a significant finding, beéause lipid
based carriers have typically failed to show meaningful changes in the

pharmacokinetics of encapsulated CsAZ#%,

In lipid based delivery
systems, weak CsA binding to the lipid membrane appears to cause a
premature leakage of the encapsulated drug from the carrier®®**".

The change in the biological fate of CsA, imposed by its encapsulation
in PEO-b-PCL micelles, has led to an increase in AUC as a result of a
reduction in CL and Vd for the encapsulated drug. This is in contrast to the

results of pharmacokinetic studies by Kim et al 32

, who recently reported a
decrease in AUC and an increase in the Vd and half life, but no change in the

CL of indomethacin loaded PEO-b-PCL micelles in Sprague-Dawley rats.
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While not wishing to be limited by theory, stealth properties of the developed
micellar carrier in the present study, induced by the nanoscopic dimension
and hydrophilic shell of PEO might have contributed to the present
observation.

In this study, with the exception of heart, the increase in blood CsA
concentrations seemed to coincide with a decrease in the tissue
concentrations of the drug, which is in line with the reduced Vd after
administration of the PEO-b-PCL formulation. Using Bailer's approach to
statistical analysis of the AUC, significance was established for a decrease of
splenic and renal uptake of CsA, and there were some discreet
concentrations in liver that showed a significant decrease in CsA uptake for
the micellar formulation. In general, CsA encapsulation in PEO-b-PCL
micelles resulted in elevated CsA levels in blood, plasma and heart, but
appeared to reduce CsA uptake by kidney, liver and spleen. This shift in
concentrations from kidney to blood is of note, because one of the major
dose-limiting side effects of CsA is kidney toxicity. The trend towards
accumulation of polymeric micellar CsA in heart is an interesting observation
that, while not wishing to be limited by theory, might have been caused by
preferential accumulation of the polymeric micellar carrier in heart or
avoidance of efflux mechanisms by encapsulated CsA in this organ.

The K, value for CsA were lowered in kidney, spleen and liver by PEO-
b-PCL micelles especially at early time points, indicating the localization of the
micellar carrier in the plasma compartment after iv administration. In contrast,
the Cremophor EL formulation showed high distribution of CsA in all organs.
The maximum value of K, observed in kidney, liver and spleen one hour after
iv administration of this formulation, reflects the rapid distribution of CsA in
those organs. Again, while not wishing to be limited by theory, an increase in
the K, value of CsA-loaded PEO-b-PCL micelles in kidney, liver and heart
after 12 h, which is a result of reduced CsA concentrations in plasma, may
reflect the destabilization of the micellar formulation in plasma.

While the present invention has been described with reference to what

are presently considered to be the preferred examples, it is to be understood
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that the invention is not limited to the disclosed examples. To the contrary, the
invention is intended to cover various modifications and equivalent
arrangements included within the spirit and scope of the appended claims.

All publications, patents and patent applications are herein
incorporated by reference in their entirety to the same extent as if each
individual publication, patent or patent application was specifically and
individually indicated to be incorporated by reference in its entirety. Where a
term in the present application is found to be defined differently in a document
incorporated herein by reference, the definition provided herein is to serve as

the definition for the term.
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Table 1- Characteristics of the prepared PEO-b-PCL block copolymers.

PEO Mwt. PCL IR PEO-b- PEO-b- | PEO-b-PCL
(g.mol™) M. Wt PCL PCL Polydispersity
| (g.mol")? M,° M3 (Ma/Mp) @
5000 5000 44 9984 11007 1.035
5000 13000 114 17318 23008 1.063
5000 24000 210 27800 30035 1.065

a. Theoretical molecular weight;

b. Monomer to initiator molar ratios

5 c. Determined by 'H NMR;

d. Determined by GPC.
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Table 2- Characteristics of Cremophor EL and PEO-b-PCL micelles with
different core structures.

Amphiphilic | Micellar size + SD | Polydispersity CMC =z SD
monomer (nm) index (mg/mL)
Cremophor 11.3+0.2 0.108 90°
EL

PEO-b-PCL 87.5+9.6 0.198 1.8+0.1°

(5000-5000) '

PEO-b-PCL 78.7+11.8 0.111 0.8x0.1°
(5000-13000)

PEO-b-PCL 99.8+ 3.8 0.119 0.5=0.2°
(5000-24000)

# Reported from reference [28]
5 ® Measured from the onset of a rise in the intensity ratio of peaks at 337 nm to

peaks at 333 nm in the fluorescence spectra of pyrene plotted versus
logarithm of polymer concentration.

10



WO 2005/118672 PCT/CA2005/000835

-43.-

Table 3 - Micellar size and polydispersity Index of prepared micelles in
different organic phases (10 mg/mL of the polymers with M. wt of 18,000)

Organic Phase Size + SD Pl
Acetone* 87.8+9.4 0.111
Acetonitrile* 82.9 +12.27 : 0.104
THF* 295.57 0.523

5 * Aratio of 1:2 of organic: aqueous phases were used, and the organic phase
was added to the aqueous phase.

+: A secondary peak was observed in 2 out of three experiments at 446.4 and
1712.2 nm.
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Table 4 — Micellar size and polydispersity Index of co-polymeric micelles

prepared by two methods: addition of organic phase to aqueous phase and

vise versa, and the effect of organic: aqueous phase ratio on the micellar size

5
Acetone: Acetone to aqueous phase Water to acetone solution
Water ratio Size + SD Pl Size + SD Pl
1:2 87.8+9.4 0.111 74.87+1.92 0.0875
1.6 63+ 4.00 0.142 57.249.79 0.117
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efficiency of CsA in PEO-b-PCL micelles (5,000 - 13,000)

CsA
Ratio CsA initial : Encapsulation | Micellar
Order of ) loading + _ _
N (Organic:A Conc. Efficiency £ B size PI
Addition SD
queous) (mg/mL) SD (%) (nm)
(wiw)
0.1071 £ 108.9 +
1.2 3 357124 0.121
Acetone 0.0072 25.00
to water 0.1970 = 89.33
1.6 3 65.65 +9.13 0.207
0.0274 15.30
0.1483 94.43
1:2 3 49.43 £4.40 0.180
Water to 0.0132 : 10.96
acetone 1:6 0.1496 * 66.88 +
3 49.87 +4.90 0.210
0.0147 6.01
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chain length.
PEO-PCL | Encapsulated | Encapsulation CsA: Micellar
Mwt. CsA Efficiency (%) | Polymer size
(g.mol™) (mg/mL) Ratio (nm)
(M: M) | (ZAve)
10,000 1.0 52 17 100
18,000 1.3 67 2.0 121.2
24,000 1.1 56 1.7 84
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Table 7- Characteristics of CsA-loaded PEO-b-PCL micelles with respective
PEO and PCL molecular weights of 5000 and 13000 g.mol™.

Medium | Initial | Encapsulated | Encapsulation | CsA: Size of Size of
of CsA | CsAlevel £ Efficiency | Polymer | drug free CsA-
Micellization | level SD + SD ratio micelles | loaded
(mg) (mg/mL) (%) +SD + SD micelles
(M: M) (nm) + SD
(nm)
Water? 2 1.277 63.8 +6.57 1.91+% 78.7 98.6 +
0.131 0.20 11.8 13.2
Normal 2 0.740 37.0+1.11 111+ 798 105 +
saline 0.022 0.03 7.79 442
Water® 3 1.071 £ 35.7 £2.41 1.60 + 78.7 £ 118 +
0.072 0.11 11.8 16.7
Normal 3 0.825 ¢ 27.51+4.79 1.23 79.8 118 +
saline 0.143 0.21 +7.79 16.2

®reproduced from ref [27]
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Table 8 - Noncompartmental pharmacokinetic parameters (+ SD) of CsA after
intravenous administration of CsA in polymeric micellar formulation in
comparison to CsA in CremophorEL (Sandimmune®) formulation. Micellar

data is normalized to injected dose of Cremophor EL and presented as mean
5 +8D (n=4).

CsAin CsAin

CremophorEL polymeric micelles
AUCo.24 (mg.h/mL) 25.3+7.64 167 £+ 18.82
AUCq.. (mg.h/mL) 32.7+13.8 199 +£20.9°2
ti2 (hr) 11.5£4.58 9.40+£1.20
MRT (hr) 14.4 + 6.62 9.24 +£2.06
CL (L/kg/h) 0.195 £ 0.131 0.0255 + 0.003192
Vdss (L/kg) 2.33+0.785 0.232 £+ 0.0425°

? Denotes significant difference between groups.
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Table 9 - Area under the blood, plasma and tissue concentration time curves

of CsA after IV administration of CsA- loaded polymeric micelles and CsA in

CremophorEL (Sandimmune®) formulation. Micellar data is normalized to

injected dose of Cremophor EL and presented as mean + SD.

5
Specimen | CsA in CremophorEL | CsA in polymeric micellar
formulation (mg-h/g ) formulation (mg-h/g )

Blood 31.8+1.59 181+8.07°
Plasma 29.5+3.23 143+5.61°
Kidney 128+7.12 91.4+6.12°

Liver 176+27.5 119+8.52

Spleen 188+32.1 90.0+10.1°

Heart 107=13.8 155£13.4°

a. Denotes significant difference between groups.
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WHAT IS CLAIMED IS:
1. A PEO-b-PCL micelle comprising PEO-b-PCL block copolymer

exhibiting a molecular weight of greater than 6000 Daltons.

2. The micelle according to claim 1, wherein the molecular weight of the
copolymer is between 10,000 — 29,000 Daltons.

3. The micelle according to claim 2, wherein the molecular weight of the
copolymer.is 18,000 Daltons.

4. The micelle according to claim 1, wherein the PEO molecular weight is
5000 Daltons or greater.

5. The micelle according to claim 1, wherein the PCL molecular weight is
5000 Daltons or greater.

6. The micelle according to any one of claims 1-5, further comprising a
biologically active agent.

7. The micelle according to claim 6, wherein the agent is hydrophobic.

8. The micelle according to claim 6 or 7, wherein the agent is selected
from an organic or inorganic small molecule compound, a polymeric
species, a lipid and mixtures thereof, wherein said agent is
administered to subjects in vivo for the treatment of a disease, disorder
or condition.

9. The micelle according to claim 8, wherein the polymeric species is
selected from nucleic acids, proteins, peptides, carbohydrates and
derivatives thereof.

10. The micelle according to claim 7, wherein the biologically active agent
is selected from cyclosporin A, PSC 833, amphotercin B, nystatine,
diazepam, amiodarone, verapamil, indomethacin, taxol, rapamycin,
etoposide and estradiol.

11.The micelle according to claim 7, wherein the biologically active agent
is cyclosporine A and/or one of its analogs.

12. The micelle according to claim 11, wherein the biologically active agent
is is cyclosporine A or PSC 833.



WO 2005/118672 PCT/CA2005/000835

-b5.

13.The micelle according to claim 6 or 7 wherein the biologically active
agent is an inhibitor of P-glycoprotein.

14.The micelle according to claim 6 or 7 wherein the biologically active
agent promotes immunosuppression or modulation of drug resistance
in mammals.

15.The micelle according to claim 6 or 7 wherein the biologically active
agent is used to treat resistant forms of cancer or infectious disease in
mammals. |

16.The micelle according to claim 6 or 7, wherein the biologically active
agent is amiodarone.

17.A pharmaceutical composition comprising a micelle according to any
one of claims 1 -16 and a pharmaceutically acceptable carrier.

18.A method for preparing PEO-b-PCL micelles comprising assembling a
PEO-b-PCL block co-polymer in a suitable aqueous medium under
conditions sufficient to minimize aggregation.

19. The method according to claim 18 comprising:

a. obtaining a solution of PEO-b-PCL block copolymers in a water
miscible solvent;

b. combining the solution of PEO-b-PCL block copolymers with a
suitable aqueous medium under conditions sufficient to minimize
aggregation; and

c. removing the water miscible organic solvent.

20. The method according to claim 18 or 19 wherein the PEO-b-PCL block
copolymer comprises PEO of molecular weight of greater than 5000
Daltons.

21. The method according to any one of claims 18 to 20, wherein the
PEO-b-PCL block copolymer comprises PCL of molecular weight of
greater than 5000 Daltons.

22. The method according to any one of claims 19 to 21, wherein the
water-miscible solvent is acetone or acetonitrile.

23.The method according to claim 22 wherein the water-miscible solvent

is acetone.
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24.The method according to any one of claims 19-23, wherein the
aqueous medium is water, saline, 5% dextrose or isotonic sucrose.

25.The method according to any one of claim 19 to 24, wherein the ratio of
the solution of PEO-b-PCL block copolymers to agueous medium is
between about 1:2 and about 1:10.

26.The method according to claim 25, wherein the ratio of the solution of
PEO-b-PCL block copolymers to aqueous medium is about 1:6.

27. The method according to any one of claims 19 to 26, wherein the
solution of PEO-b-PCL block copolymers is added in a dropwise
fashion to the aqueous medium.

28. The method according to any one of claims 18 to 26, wherein the
micelle further comprises a biogically active agent and agent drug is
added in step (a).

29. The method according to claim 28, wherein said drug is a
cyclosporine.

30. The method according to claim 29, wherein said cyclosporine is
cyclosporine A.

31. A PEO-b-PCL micelle produced by any one of the methods of claims
18 - 30.

32. The PEO-b-PCL micelle according to claim 31, comprising no
biologically active agent and having an average diameter of between
about 55-100 nm.

33. The PEO-b-PCL micelle according to claim 32, having an average
diameter of between about 55 — 125 nm. ‘

34. The PEO-b-PCL micelle according to claim 31, comprising no
biologically active agent and having an average diameter of between
about 100- 125 nm.

35.A method of delivering biologically active agents to treat a disease,
condition or disorder in a subject in need thereof comprising
administering an effect amount of a biological agent-loaded micelle of
according to claim 31 or 34 to said subject.
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36.The method according to claim 35, wherein the agent is cyclosporine,
CsA or analog thereof.

37.The method according to claim 36, wherein the disease, condition or
disorder is one that benefits from the administration of CsA or an
analog thereof.

38.The method according to claim 37, wherein said diseases, conditions
or disorders is one that benefits from administration of an
immunosuppressant.

39.The method according to claim 38, wherein said subject is receiving an
organ or tissue transplant.

40.The method according to claim 36, wherein the disease, condition or
disorder is cancer or drug resistant cancers, infectious disease or an
autoimmune disease.

41. The method according to any one of claims 36-40 wherein the micelles
are administered intravenously, orally or via the pulmonary system.

42.The method according to claim 35, wherein the agent is amiodarone.

43.The method according to claim 43, wherein the disease, condition or
disorder is one that benefits from the administration of amiodarone.

44 . The method according to claim 43 wherein the disease, condition or
disorder is angina or arrhythmias.

45.A method of preparing a PEO-b-PCL block copolymer comprising
combining a PEO polymer, e-caprolactone and optionally an initiator in
the presence of a catalyst and the heating the combination at a
temperature of about 120 °C to about 180 °C for about 2 to about 8
hours.

46.The method according to claim 45 wherein the PEO polymer is
methoxy PEO.

47.The method according to claim 45 or 46, wherein the PEO polymer is
the initiator and no other initiator is used.

48.The method according to any one of claims 45-47, wherein a reaction

time of about 3 hours and a temperature of about 160 °C is used.
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Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of the first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following
reasons :

1. [x] ClaimNos.: 8,9,35-44

because they relate to subject matter not required to be searched by this Authority, namely :
Claims 8 and 9 include a medical manipulative step, therefore, they are construced as a method of medical use.

Although claims 8, 9, 35-44 are directed to a method of treatment of the human/animal body, the search has been
carried out and based on the alleged effects of the compound/composition.

2. [ 1 Claim Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an extent
that no meaningful international search can be carried out, specifically :

3. [ 1 Claim Nos. :

because they are dependant claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. 111 Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows :

1. [ ] Asallrequired additional search fees were timely paid by the applicant, this international search report covers all

searchable claims.

2. [ ] Asallsearchable claims could be searched without effort justifying additional fees, this Authority did not invite
payment of additional fees.

3. [ ] Asonlysome of the required additional search fees were timely paid by the applicant, this international search report
covers only those claims for which fees were paid, specifically claim Nos. :

4. [ ] Norequired additional search fees were timely paid by the applicant. Consequently, this international search report is

restricted to the invention first mentioned in the claims; it is covered by claim Nos. :

Remark on Protest [ ] The additional search fees were accompanied by the applicant’s protest and, where applicable,
the payment of a protest fee.

[ ] The additional search fees were accompanied by the applicant's protest but the applicable protest

fee was not paid within the time limit specified in the invitation.

[ ] No protest accompanied the payment of additional search fees.
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