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MICELLES

Related Application

This application claims priority to U.S. Provisional Application No. 60/183,768 filed
February 18, 2000.

! Field of the Invention

The prese%n invention provides micelles, solutions comprising micelics, methods for
preparing micellcjn;, and methods for delivering micelles to patients. The micelles have
fixed, preselected hydrodynamic diameters and are formed from basic or acidic amphiphilic
compounds.

Background of the Invention

Amphiphilic compounds are compounds with hydrophilic (watcr-loving) and
hydrophobic (water-fearing) regions. When dispersed in waler at 4 concentration above
their critical mice!le concentration or "CMC," amphiphilic compounds spontaneously self-
associate into mié_clles. Micelles have a size which depends on properties of the solvent in
which they are dispersed. The size of micelles can vary from approximately two to several
hundreds of nanometers in equivalent spherical diameter.

When a drug is an amphiphilic compound which Torms miceles when formulated-
for intravenous administration, the pharmacokinetics of the drug can depend upon the size
of the micelle formed. Pharmacokinetics describes the time course of the distribution of a
drug within the body after administration. The pharmacokinetics of a drug can affect its
efficacy, metaboliL;m, distribution, and/or toxicity in the body, either positively or
negatively. For o'ﬁher routes of administration, micelle size can also influence
pharmacokincticsl When the dmg is in the form of a micelle, the effectiveness of delivery
of the drug to the site of action depends upon the size of the aggregate, as the micelle size
might affect diffusion, transport across cell membranes, and interactions with enzymes,
transport proteins iand—iipids.

Prior to thﬁ!: work of the present inventors, the micelle size of amphiphilic drug
compounds in water was known to be governed by the state of the solution, so once the
formulation of theidrug was chosen, a predetermined micelle size distribution was expected
to result. The abiljty to control the micelle size of a drug delivered in a pharmaceutical
formulation was s¢verely limited. and control of the rate of delivery of drug to the site of
action, therefore, vlyas limited due to the inability to control the size of the micelle in

solutions.
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There is a need in the act to control or fix the size of micelles formed by
amphiphilic drug compounds ja agueous soiutions so that drug delivery rates and
pharmacokinetics can be controlled. The present invention is directed to these, as well as
other, important ends.

5 Summary of the Invention

The present invention provides methods for preparing micelles comprising
providing an amount of least one acidic amphiphilic compound, wherein the acidic
amphiphilic compound comprises at least one tonizable group; adding the acidic
amphiphilic compound to a first aqueous alkaline solution; wherein the first agueous

10 alkaline solution comprises a1 least one basic metal salt and at least one neutral metal salt;
wherein the first aqueous alkuline solution has a predetermined metal ion concentration;
wherein the cohcentration of acidic amphiphilic compound in the first aqueous solution is
higher than the critical micellz concentration of the acidic amphiphilic compound; and
wherein the pH and the metal ion concentration of the first aqueous alkaline solution are

15 effective to form micelles with a preselected hydrodynamic diameter; thereby forming a
second aqueous solution comprising micelles of the acidic amphiphilic compound with a
preselected hy(ﬁrudynamic dizmeter. The methods may further comprise adding the
second aqueou.i; alkaline solulion to a third aqueous solution, wherein the third agueous
solution comprises a buffer system or at least one strong acid; thereby forming a fourth

20 aqueous solution having 4 neutral pH relative to the pH of 1he sccond agueous alkaline
solution, wherein the micelles in the fourth aqueous solution have a fixed, preselected
hydrodynamic diameter that is substantially the same as the fixed, preselected
hydrodynamic diameter of the micelles in the second aqueaus alkaline solution.

The present invention also provides methods for preparing micelles comprising

25 providing an amount of lcast one basic amphiphilic compound that comprises at least one
ionizable group; adding the basic amphiphilic compound to a first aqueous acidic solution,
wherein the ﬁrsll. aqueous solulion comprises at least one protic acidic and at least one
neutral metal sgit; wherein the first aqueous solution has a predetermined metal ion
concentration; wherein the concentration of basic amphiphilic compound in the first

30 agueous solution is higher than the critical micelle concentration of the basic amphiphilic
compound; wherein the acidic pH and the metal ion concentration of the first aqueous

_solutioh are effective (o form nicelles with a preselected hydrodynamic diameter; thereby
forming a second agueous solution comprising micelles of the acidic amphiphilic

-2
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compound with a preselected hydrodynamic diameter. The methods may further comprise
adding the second agueous sojution to a third agucous solution, wherein the third aqueous
solution comprises a buffer system or at least one strong base; thereby forming a fourth
ﬁqueous solution having a nevtral pH relative to the pH of the second aqueous acidic
5  solution, wherein the micelles in the fourth agueous solution have a fixed, preselected
hydrodynamic diameter that is substantiafly the same as the fixed, preselected
hydrodynamic (f:liameter of the micelles in the second agqueous acidic solution.
The preent invention also provides novel micelles, novel aqueous solutions
comprising micelles, and novel methods of delivering micelles and/or aqueous solutions
10 comprising micelles to patien:s.
These and other aspects of the present invention are described in detail below.
Erief Description of the Figures
Figure 1 is a graph showing the relationship between Vi /k T and salt
conceniration.
15 Figure 2 is a graph showing the increase in micelle hydrodynamic diameter (as
measured by an increase in light scattering intensity, R90} with added NaCl.
Figure Jisa graph showing the micelle hydrodynamic diameter for E5564 in
alkaline solutions at constant sodium concentrations via the addition of NaCl.
Figure 4 is a graph showing the relationship between the micelle hydrodynamic
20 diameter for ES564 in a phosphate buffer solution at pH 7.6 after dissolution in NaOH
solutions of varying pH and constant sodium concentration (0.01 N Na).
Detailed Description of the Invention
| Amphighilic compounds, as used herein, refer to compounds with hydrophilic and
hy!drophobic moieties, which ‘orm miceles when dispersed in aqueous solutions. The
25 arrilphiphilic compounds of the inveation preferably comprise at least one ionizable group.
Critical micelle concentration ("CMC™), as used herein, is the concentration of
iphiphilic corénpound at whizh micelles begin to spontaneously form in an aqueous
:jution_ A “lo'iw” critical micelle concentration is preferably less thap 10 g/ml.
Micelleﬂ! as used hereir, refers to any water solublc agpregate which is

30  spontaneously and reversibly iormed from amphiphilic compounds or ions.
Hydrodlnamic diameter of a micelle indicates that the micelle has the same

hydrodynamic properties (e-g.. diffusion coefficient) as-a sphere of the same diameter. For

example, a mic%[le having a width of 5 nm and a length of 9 nm might have a

-3-
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hydrodynamic diameter of 7 nm.

The present inventors have discavered a method for preparing micelles with fixed
(i.e., stable), preseselected hydrodynamic diameters where the hydrodynamic diameter of
miceiles formed at an acidic or basic pH remains substantially the same at the acidic or
basic pH; and the hydrodynamic diameter of the micelles remains substantially the same . -
after adjustment of the acidic or basic pH to a sccond more neutral pli value (i.e., a neutral
relative to the E:LCidiC or basic pH), where it would normally be expected that the
hydrodynamic Hiameter of the micelles would increase. This discovery provides methods
to produce pharmaceutical formulations of micelles with fixed, presclected hydrodynamic
diameters. Using the methods of the invention, micelles having optimal hydrodynamic
diameters can be used te desiyn drug formulations that yield optimally desired
pharmacokinetic and drug delivery properties.

The methods described herein are applicable to all acidic or basic amphiphilic
compounds for which the critical micelle concentration is low. Preferably the acidic or
basic amphiphilic compounds comprise at least one ionizable group. For formulations
where the critical concentration is low, the salt concentration of the drug formulation must
be kept suffici({lntly low to provide the required stability of the hydrodynamic diameter of
the micelles. Thus, the stability of the hydrodynamic diameter of the micelles formed
from such a process is governad by the critical micelle concentration and the pair
inter-particle potential energy

The mucelles can grow in hydrodynamic diameter via a monomer mediated process
similar to crystal ripening. The rate of hydrodynamic diameter increase is proportional to
the monomer concentration (i.e., critical micelle concentration). Forsystemns with a low
critical micelle ?concentration, the rate of micelle hydrodynamic diameter increase via this
mechanism can be sufficiently slow to allow the micelles to be stable for the amount of
time required 16 be useful as pharmaceutical products.

Micelleais can also grow in hydrodynamic diameter via an aggregation and fusion
mechanism whiich is governed by particle interaction potential energy. The lendency for
aggregation cary be expressed s a stability ratio W. The stability of the micelles increases
with W. W is inversely related to the salt concentration of the sotution and directly related
to the electrostdtic charge of the micelle. Therefore, as the salt concentration in solution is
lowered and/or the electrostatic charge of the micelle is increased, the stability of the
micelles is increased relative 1o growth from an aggregation-fusion mechanism. Figure 1

,-4-
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shows how, at salt concentrations greater than 0.6 M, the maximum interaction potential
energy (Vimax) ﬁctween micellzs is zero and the aggregation rate is only diffusion limited.
As the salt concentration is decreased, however, Vg, / k T increases and the aggregation
rate decreases accordingly. Therefore, salt concentration can be adjusted to impart the
necessary stability to the systcm.

To attai;n the desired micelle hydrodynamic diameter using an acidic amphiphilic
compound, thc}acidic amphiphilic compound is dissolved in an aqueous alkaline solution
ata prcdctcrmihed pH valuc and a constant metal ion concentration. The pH must be
higher than the pKa of the at ieast one ionizable group of the acidic amphiphilic
compound. The aqueous alkaline solution is prepared by adding at least one basic metal
salt, at least one neutral meta) salt, and a predetermined metal ion concentration (o an
aqueous solutien. Preferably the basic metal salt and the neutral metal salt have the same
metal jon. Typ:ical metal ions include, without limitation, Ca®, Mg?*, Ba®' Fe*, Fe'”,
AP Mn®, Mo®, Zn®*, Cu®*. Cu*, Ni¥*, $n®", Na', Li*, K* and the like. Preferred metal
ions include Na®, K*, Li* Ca’*, Ba', Mg®, and A1**, Typical basic metal salts useful in
the present invention are, for cxample, the oxide and hydroxide salts of the
aforementioned metal ions. 1’ypical neutral metal salts useful in the present invention
include, for cx:;zm‘ple, halide salts (e.g., chloride, fluoride, bromide, iodide) of the
aforementioned metal jons. Adding the acidic amphiphilic compound to the aqueous
alkaline solution results in micelles with a fixed, preselected hydrodynamic diameter.
“Fixed” means that the hydrodynamic diameter is stable (i.e., docs not substantially
change), and “preselected” means that hydrodynamic diameter was chosen for its optimal
or desired pharmacokinetic and/or other properties.

To attain the desired micelle hydrodynamic diameter using a basic amphiphilic
compound, the basic amphiphilic compound is dissolved in an aqueous acid solution at a
predetermined pH value and u constant metal ion concentration. The pH value must be
lower than the pKa of the at least one-ionizable group of the basic amphiphilic compound.
The aqueous acidic solulion is prepared by adding at least one protic acid, at least one
neutral metal sélt, and a predetermined metal ion concentration to an aqueous solution.
Preferably the protic acid and the neutral metal salt have the same metal ion. Typical
metal ions include, without limitation, Ca>*, Mg?*, Ba®™ Fe™", Fe**, AF*, Mn™, Mn®', Zn?",
Cu™, Cu*, Ni¥', Sn®*, Na*, Li’, K" and the like. Preferred metal ions inciude Na', K*, Li*

Ca®, Ba®, Mg®, and A1*. T ypical protic acid vseful in the present invention are, for

-5
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‘
example, hydrc;chloric acids, Thosphoric acids, sulfuric acids, acetic acids, citric acids,
carbonic acids and the like. Tvpical neutral metal salts useful in the present invention
include, for exémplc, halide s.lts (e.2., chloride, fluoride, bromide, iodide) of the
aforementioncd metal jons. Adding the basic amphiphilic compound to the aqueous acid
solution results in micelles with a fixed, preselected hydrocynamic diameter.

The concentration of the amphiphilic compound in the aqueous alkaline or acidic
solution will bé higher than the critical micelle concentration of the amphiphilic
compound. The conditions which yield micelles of a preselected hydrodynamic diameter
can be determined by preparing micelles in a matrix of pH values and salt concentrations.
Different micelle hydrodynaniic diameters result from the preparation of micelles in
solutions with different pH values and salt concentrations. Thereafter, a solution
comprising mlli.:FCHCS with a fixed, preselected hydrodynamic diameter can be prepared
based on the sai]ected concentration of the acidic or basic amphiphilic compound, the pH,
and the concentration of metal ions.

In addition to the abor ¢, the inventors have unexpectedly discovered that the
hydrodynamic diameter of the micelles in the aqueous acidic or alkaline solution will
rcmain substantially the same when the pH of the aqucous acidic or alkaline solution is
neutralized (1.e., wherein ionizable groups in the amphiphilic compound are neutralized
relative to the charged jonizable groups in the amphiphilic compound).

In paﬂiéulm, an aqueous solution comprising a buffer system and/or at least one
strong acid is added to the aqueous alkaline solution comprising the micelles of the acidic
amphiphilic compound in an amount sufficient to produce an aqueous solution having a
neutral pH relative to the pH of the aqueous alkaline solution. The hydrodynamic
diameter of the micelles in the agqueons solution having the relatively neutral pH will
remain substantially the same as the hydrodynamic diameter of the micelles in the aqueous
alkaline solutioﬁ.

In another embodiment, an aqueous solution compri sing a buffer system and/or at
least one strong base is added to the aqueous acid solution comprising the micelles of the
basic amphiphilic compound in an amount sufficient to produce an aqueous solution
having a neutral pH relative tc the ﬁH of the agueous acidic solution. The hydrodynamic
diameter of the pnicelles in the agueous solution having the relatively neutral pH will
remain substantially the same as the hydrodynamic diameter of the micelles in the aqueous

acid solution.
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In the pircsent invention, the terms “basic” or “alkaline” pH and “neutral” pH are
relative terms. ' For example, when the first aqueous solution has a basic or alkaline pH,
and the final acé]ueous solution has a neutral pH, the neutral pH is neutral relative to the pH
of the basic or ;alkaline solution. In other words, the pH of the neutral solutiqn 1s lower
than the pll of the alkaline sclution. More preferably, when the first aqueous solution has "
a basic or alkajine pH, the p}l is from about 9 to about 13, more preferably from about 10
to about 12. R!elatjve to the first alkaline solution, the neutral pH is preferably from about
4 to less than 9, more preferably from about 6 to less than 9, even mare preferably from
about 7 to less than 9, still more preferably from about 7 to about 8, most preferably about
7.4 to about 7.6.

Similarly, the terms “acidic” pH and “neutral” pH are relative terms. For example,
when the first aqueous solution has an acidic pH, and the final agueous solution has a
neutral pH, thé neutral pH is neutral relative to the pH of the acidic solution. In other
words, the szof the neutral solution is higher than the pH of the acidic solution. More
preferably, when the first agueous solution has an acidic pH, the pH is from about 1 to
about 6, more preferably froin about 3 to about 5. Relative to the first acidic solution, the
neutral pH is preferably more than 6 to about 13, more preferably from about 7 to about 9,
still more preferably from about 7 to a‘bout 8, most preferably about 7.4 to about 7,6.

When the hydrodynarnic diameter of the micelles in the aqueous solution having
the relatively neutral pH remains “substantially the same” as the hydrodynamic diameter
of the micelles in the aqueous alkaline or acidic selution, “substantially the same™ means
that the hydrodynamic diameter of the micelles in the relatively neutral solution does not
change by more than 4 nm, more preferably does not change by more than 2 nm, still more
preferably does not change by more than 1 nm, even more preferablty does not change by
more than 0.5 nm, and most preferably does not change at all from the hydrodynamic
diameter of the miceiles in the alkaline or acidic solution.

The buffer system muy be any known in the art including, for example, phosphate
buffers, acetaté buffg:rs, citrare buffers, maleate buffers, carbonate buffers, bicarbonate
buffers, tanrat! buffers, tromethamine buffers, triethanolamine buffers, meglumine buffers
and the like. The strong acid can by any known in the art including, for example,
hydrochloric acid, sulfuric acid, phosphoric acid and the like. The strong base can be any
known in the drt including, for example, sodium hydroxide, potassium hydroxide and the
like.
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The hydrodynamic diameter of the micelles of the present invemtion can be from
about 1 nm to about 100 nm, preferably from about 5 rm to about 50 nm, more preferably
from about 6 nm to about 20 nm, even more preferably from about 7 nm to about 15 nm,
and most preferably from about 7 am to about 9 nm.

5 The hydrodynamic diameter of micelles of the present invention preferably refers
10 a range of hydrodynamic diameters of about 5 nm, preferably about 4 nm, more
preferably aboyt 3 nm, most preferably about 2 nm or about 1 nm. For example, with
respect to a hy&rodynamic diameter range of about 2 nm, the hydrodynamic diameter can
be from about 7 nm to about 9 nm. Alternatively, the hydrodynamic diameter can be from

10 about 2 nm to about 4 nm; or from about 3 nm to about 5 nm; or from ahout 4 nm (o about
6 nm; or from about 5 nm to ibout 7 nm; or from about 6 nm to about 8 nm; or from about
8 nm Lo about 10 nm:; or from about @ nm to about 11 nm; or from about 13 nm 1o about
12 nm; or from about 11 nm to about 13 nm; or from about 12 nm to about 14 nrn; or from
about 13 nm to about 15 nm; or from about 14 nm to about 16 nm; or from ahout 15 nm to

15 about 17 nm; or from about 16 nm to about 18 nun; or from about [7 nm to about 19 nm;
or from about 18 nm to about 20 nm; or from about 19 nm to about 21 nm; or from about
20 nm to abouﬁ 22 nm; or froin about 21 nm to about 23 nm; or from about 22 nm to about
24 nm: or from ahout 23 nm 10 about 25 nm; or from about 24 nm to about 26 nm. In
other words, the 2 nm range (or the 5 nm range or the 4 nm range or the 3 nm range or the

20 1 nm range) can be anywhere in the range of from about 1 nm to about 100 nm; preferably
from about 5 nm to about 50 nm, more preferably from about 6 nm to about 20 nm, even
more preferab]ly from about 7 nm to about 15 nm, and most preferably from about 7 nm to
about 9 nm. '

The hyqlrodynamic diameter of micelles also means that substantially all the

25 micelles have gbout the same hydrodynamic diameter (i.e., or range of hydrodynamic
diameters as described above’. “Substantially all the micelles have about the same
hydrodynamic ‘Hiameter” gencrally means that more than 50% of the micelles have a
hydrodynamic hiametcr that falls within the range as described above; preferably more
than 60% , 7{)‘% or 80% of the micelles have a hydrodynamic diameter that falls within the

30  range as descrif‘acd above; even more preferably about 90%, about 95%, or about 99% of
the micelles haye a hydrodynumic diameter that falls within the range as described above;
most preferably 100% of the inicelles have a hydrodynamic diameter that fails within the

range as described ahove.
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Acidic é}t basic amphiphilic compounds for use in the present inventon include
any acidic or balxsic amphiphilic compound known in the art. Preferably the acidic or basic
amphiphilic copound comprises at least one icnizable group. The at least one ionizable
group of the acidic amphiphilic compound can be, for example, phosphoric acids,

5  carboxylic acids, salfuric acids, sulfonic acids, sulfinic acids, thiols, alcohels, ennls and
the like. The at least one ionizable group of the basic amphiphilic compound can be, for
example, amings, phosphines, and the like.

Excmpfary acidic or basic amphiphilic compounds comprising at least one
ionizable grouﬁ include the compounds described in WO 96/39411 and U.S. Patent Nos.

10 5,530,113, 5,681,824, 5,750,664, 5,935,938, and 6,184,366, the disclosurcs of which are
incorporated by reference herzin in their entirety. These compounds are generally
represented by Formula (A), pharmaceutically acceptable salts thereof, and/or

stereoisomers (including enantiomers and/or diastereomers) thereof:

O, 0 0. Al
Rg-C -
A? NH R® NH
A 0 A
R 12[12
15 | (A)
wherein R is selected from the group consisting of:
o )
L uUnr
;S LI
J K V K T ”

0

. BN
u\ NOGYe
L

- —G——kK
1, X and Q are each independently a straight or branched C|.5 alkyl;
Lis O, N or C,
20 MisOorN;
' GisN,0,S,S0or S0,;
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Risa sti'aight or branc ied Cs.js atkyl;
R is selected from the ;roup consisting of:

o}

cli\ Ol
A——CHzCH——B l\AucH=c.———D k

A—C==C—=8

B
L ‘i
A_E~B-CH=CH*D kA*—E-B-CEC'__D
EisN, O, 5,80 00r SO:;

5 A, B and D are cach independently a straight or branched C,_(5 alkyl group;

R* is a straight or branched Cy.09 alkyl group or

W

o
u/j\v

U and V arc each independently a straight or branched Cy.;5 alkyl group,
W is a hydrogen or a straight or branched C; 5 alkyl group;

10 R® is hydrogen, -J°, -J'-OH, -¥’-O-K’, -J'-O-K’-OH or J’-O-PO(OH);
J and K’ are each independently a straight or branched C s alkyl group,
R®is hydroky, halogen, a C,5 alkoxy group or a C,s acyloxy group;

A' and A” are cach independently selected from the group consisting of:

o
OH O !l O——2——0——P——QH
(‘!)H OH
— 7 P——0OH ———0-Z-COuH
_ OH
15 Z is a straight or branched C,_¢ alkyl group.

The term “alky]” refers to aliphatic organic groups which may be branched or
straight and which may optionally be substituted with one or more halogen atoms at any
position along the alkyl chain. The term “pharmaceutically acceptabie salt” includes salts
of compounds dc‘;rivcd from the combination of the compound and an organic or inorganic

20 acid or base. Exemplary pharmaceutically acceptable salts include lysine saits, tris salts,

armunonium salts,| sodium salts and the like.
-10-
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A preferted compound of Formula (A) is Compound (1), pharmaceutically

acceptabie salts thereof, and/or stereoisomers (including enantiomers and/or diastereomers)

thercof:
OPOIOH),
o o— 0
cho/\ 0 0
‘ +o)or0” NH HO NHM(CHz)mCHa
ch{cHz)s\‘/\ /o 5 o\/\/u:Ha),scHa
: OGH,
K\/\
(CHa)5CHg
5 : (1)

In a preferred embodiment, Compound (1) is Compound (1A) or a pharmaceutically

acceptable salt thereof, which (s represented by the following formula:

()
. HaCO/Y

N
N " \\\\\

(HOL,0OPO

({QHa)sCH;

10 | (1A)
When Compound 1A is a sodium salt (i.e., both hydrogen atoms in both -OPO(OH),

groups are replaced with sodium), then the compound is E5564.
Other priaferred compounds described in WO 96/39411 and U.S. Patent Nos.
5,330,113, 5,681,824, 5,750,664, 5,935,938, and 6,184,366 for use in the present invention
15 include those of|Formula (B), ])harmac-eutically acceptable salts thereof, and/or

stercoisamers {including enantiomers and/or diastereomers) thereof:
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A, o OO OPOOH:
| (HO)LOPO TH HO TH
0 Re r!
IL" (CHa)yCr3
; (B)
wherein R, R* afnd R* are as defined below:
Rl R3 R4
COCH,CO(CH,) «CH, CO(CHz)gCHZCH{CHZ)_ﬁCH] (CH;);CH{OCH;3)(CH)sCH;
COCH;CO{CH),oCHa CO(CH,)gCII-=CH{CH;)+«CH, (CH2),CH(OH)(CH,)}¢CH;

COCH,CO(CH>)CH,

CO(CH3)16CH;

(CH,),CH{OH)CH;)sCH;

COCH,CHOH(CHy)CHa

CO(CH,)sCH=CH{CH,)sCH,

(CH:);CH(OHMCH_)sCH;

| lw | ]~

COCH2CO(CH;),1nCH;

CO{CH:)yCH=CH{CH:)sCH,

{CH,)CH,

6 CO(CH,)yCH=CH(CH;)sCH,

CO(CHg)gCH=CH(CH2)§CH1

(CH:z),CH(OH)(CH)CH4

CO{CH,},,CH,4

CO(CH,)CH=CH{CH,)sCH;

{CtyCH(OH)CHy)CHx

COCH,;CH(OCH;}{CHj),,CH:

CO(CH;)sCH=CH({CH;)sCHj

(CHp),CHOCH;NCH,)CH,

COCH,CH(OCH;)XCH,):CH:

CO(CH)sCH=CH{CH,)sCH,

(CH;);CH(OHNCH,)CH;

10 | COCH,CH(OH)(CH:)CH;

CO(CH;)yCH=CH(CH,)s;CHj,

{CH,),CH(OCH:)(CH;)sCH,4

1 COCH,CO(CH3),,CH; CO(CH,;)yCH=CH{(CH3)sCH1 | (CH)xXCH{OCH:}CH;)CEH; |

AN
5  wherein Ry in Cmmpoungls (1)-10) is CH,OCH; and R in Compound (11) is CH.

Other specific amphiphilic compounds that can be used in the present invention
include those des:cribed in U.S. Patent No. 5,530,113, the disclosure of which is
incorporated by reference herein in its entirety. Such compounds include the following
exemplary lipid A analogs: B274, B276, B286, B288, B313, B314, B379, B385, B387,

10 B3B8, B398, B400, B479, B214, B218, B231, B235, B272, B287, B294, B300, B318,
B377, B380, B406, B410, B425, B426, B427, B442, B451, B452, B459, B460, B464,
B465, B466, B531, B415, B71&, 8587, B737, B736, B725, B763, B477, B510, and the like.

Methods for making the above compounds are described in WO 96/39411 and U.S.
Patent Nos. 5,5 3CP'1 13, 5,681,824, 5,750,664, 5,935,938, and 6,184,366, the disclosures of

15  which are incorporated by reference herein in their entirety.

The lipopplysaccharides described in WO 96/39411 and U.S. Patent Nos. 5,530,113,
5,681,824, 5,750,664, 5,935,933, and 6;184,366 are useful for treating and/or preventing
any lipopoiysacc 1aride-mediated disorder in a patient in need thercof including, for

example, sepsis, septicemia (e.g., endotoxemia), cndotoxemia associated with gram
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negative bacteriaj (with its accompanying symptoms of fever. generalized inflammation,
disseminated intr?avascular coagnlation, hypotension, renal dysfunction and acute renal
failure, acute rcsinir'atory distress syndrome, adult respiratory distress syndrome,
hepatocellular destruction and/or cardiac failure), and various forms of septic shock (e.g.,
endotoxic shock);. The lipopolvsaccharides described in these patents and publication are
also useful for treating or preventing localized or systemic inflammatory response to
infection by différent types of crganisms in a patient in need thereof, including gram
negative bacteriai, and in diseascs retated to translocation of gram negative bactcria or
endotoxin from the gut. Together these disorders are termed systemic inflammatory
response syndrome or SIRS. “Patient” includes animals, preferably marnmals, more
preferably humans.

The compounds described in WO 96/39411 and U.S. Patent Nos. 5,530,113,
5,681,824, 5,750,664, 5,935,938, and 6,184,366 are administered in dosages which provide
suitable inhibition of lipopolysaccharide activation of target cells; generally, these dosages
are, preferably between 0.01-50 mg/patient, more preferably, between 0.05-25 mg/patient
and most preferably, between 1-12 mg/patient. Most preferably the dosages are
administered over three to six days as a continuous infusion or as an intermittent dosing to
obtain desired pl.f?tsr\na concentrtions. It will be understood, however, that the specific dose
level for any parl]jicular paticnt will depend on a variety of factors including the activity of
the specific cornpiwound used; the age, weight, general health, and sex of the patient being
treated; the time and route of administration; the rate of excretion; other drugs which have
previously been administered; and the severity of the particular disease being treated.

The micelles of the present invention and the solutions comprising micelles can be
used for treating or preventing any disease or disorder that the amphiphilic compounds are
known to be useful for treating or preventing. As discussed above, for example, E5564 is
known to be useful for treating sepsis. In the present invention, the micelles and solutions
comprising mjcelilcs are preferably administered parenterally, although other forms of
administration ca:n be used (e.g., oral, topical, ttansdermat, ocujar). The ierm parenterai as
used herein inclu%les subcutaneous, intravenous, intramuscular, and intraarterial injections
with a variety of infusion techniques. Intraarterial and infravenous injection as used herein
includes adminis!iration through catheters. Preferred for certain indications are methods of
administration wiilich allow rapid access o the tissue or organ being treated, such as

intravenous injections for the treatment of endotoxemia when using E5564.

-13-
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Phannacéutical compositions containing the active ingredient may be in any form
suitable for the intended method of administration. Agucous selutions and/or suspensions
of the invention fontain the active matexials in admixture with excipients-suitable for the
manufacture thefeof. Such excipients include a suspending agent, such as sodium

5 carboxymethylcellulose, methylcellulose, hydroxypropyimethyl cellulose, sodium alginate, -
polyvinylpyrrolidone, gum tragacanth and gum acacia, and clispersing or wetting agents
such as a naturally occurring phosphatide (e.g., lecithin), @ condensation product of an
alkylene oxide with a fatty acid (e.g., polyoxyethylene stearate), a condensation product of
ethylene oxide with a long chain aliphatic alcohol (e.g., heptadeaethyleneoxycetanol), &

10 condensation product of ethylene oxide with a partial ester derived from a fatty acid and a
hexitol anhydride (e.g., polyoxyethylene sorbitan mono-oleate). The aqueous suspension
may also contain one or more preservative such as ethyt of n-propyl p-hydrox ybenzoate.

The pharmaceutical compositions of the invention are preferably in the form of a
sterile inj cctablc? preparation, such as a sterile injectable aqueous or oleaginous suspension,

15  This suspension;may be formulated accbrding to the known art using those suitable
dispersing or wetting agents and suspending agents which have been mentioned above. The
sterile injectable preparation may also be a sterile injectable solution or suspension in a non-
toxic parentcrally—agceptable diluent or solvent, such as a solution in 1.3-butanediol or
preparced as a lyophilized powder. Among the acceptable vehicles and solvents that may be

20 employed are wﬁter, Ringer’s solution and isotonic sodium chloride solution. In addition,
sterile fixed oils may conventivnally be employed as a solvent or suspending medium. For
‘this purpose any bland fixed oil may be employed including synthetic mono- or
diglycerides. In addition, fatty acids such as oleic acid may likewise be used in the
preparation of injectables.

25 Formulations suitable for parenteral administration include aqueous and non-
aqueous isotoniq sterile injection solutions which may contain anti-oxidants, buffers,
bacteriostats anq: solutes which render the formation isotonic with the blood of the intended
recipient; and acjueous and non-aqueous sterle suspensions which may include suspending
agents and thickgning agents. The formulations may be presented 1n unit-dose or multi-dose

30  sealed containers, for example. ampules and vials, and may be stored in a freeze-dried
(lyophilized) condition requiring only the addition of the sterile liquid carrier, for example
water for mjectipns, immediately prior to use. Extemporaneous injection solutions and

suspensions may be prepared from sterile powders of the kind previously described.

- 14 -
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When using a lyophilized drug product, clinicians typically reconstitute the freeze--
dried preparation in physiologicaily acceptable solations. It is desirable to be able ta store
the reconstituted solution either at room temperature or under refrigeration. Freeze-dried
preparations of t:he micelies described herein are rehydratable with water or an aqueous

5 dextrose solution suitable for intravenous administration, with the micelle hydrodynaric
diameter distribl}ltion remaining unchanged. Such reconstituted micelle solutions can be
stored at room temperature or refrigerated temperatures with no change in the micelle
hydrodynamic diameter.

Examples

10 The following examplcs are for purposes of illustration only, and are not intended to
limit the scope of the appended claims.
Example 1

ES5564 is a lipopolysaccharide analog comprising 1wo suéar moieties and four long
chain fatty acid moieties and has a molecular weight of about 1,401. Methods for preparing

15 E5564 arc described in U.S. Patent Nos. 5,530,113, 5,681,824, 5,750,664, 5,935,938, and
6,184,366, and WO 96/3941 1, the disclosures of which are incorporated by rcference herein
in their entircty.‘ E5564 drug formulations with varying micelle hydrodynamic diameters,
achieved by controf of the pH and concentration of couater ;ons {(¢.g., sodium), were
produced as follows.

20 E5564 was dissolved in an NaOH solution for 60 minutes. The pH of the NaOH
solution can be varied from 9 t) 13 by varying the NaOH and NaCl concentrations, such
that the concentration of Na” i each solution was kept constant at 0.01 M. The
concentration of Na™ in the solution can be in the range from about 0 to 0.6 M, preferably
from about 0.001 M to about 0.6 M. The E5564/NaQH solution was then combined with a

25  phosphate buffer selution to yicld a solution with a pH of 7.5.

The E55§4 micelle hydrodynamic diameter was a monotonically decreasing function
of pH in the alkaline solution, &s shown in Figure 3, and unexpectedly produced a micelle
having a hydrodg!‘/namic diametzr as small as 7 nm to 9 nm. Moreover, when the pH of the
E5564 alkaline s?o]ution was adjusted to pH 7.5 by the addition of a phosphate buffer, the

30 micelle hydrodyﬁilamic diamcter unexpectedly remained the same (1.€., 7 nm to 9 nm), as
shown in Figure ‘4 The hydrod ynamic"diémeter of the micelles formed was stable (i.e.,
fixed) under conditions useful for the manufacture and use of pharmaceutical products.

| Pharmaceutical preparations arc often packaged in vials in a liquid or freeze-dried form.

-15-
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The micelles of fixed hydrodynamic diameters, prepared as described herein, were stable in
a liquid or freeze-dried form.
Example 2

Micelles of E5564 having a hydrodynamic diameter of 7 nm to 9 nm (Table 1)
prepared as described above were lyophilized. After lyophilization the micelles were
reconstituted with water and diluted in an aqueous dextrose solution (Table 2). The micelle
hydrodynamic %liamclcr of E5564 in the rcconstituted solutions remained at 7 nm to 9 nm in
the reconstitutefd physiologically acceptable solutions under various conditions. The E5564

micelle hydrodynamic diameler was stable when reconstituted in water for 24 hours at 25°C

or 72 hours at 2 to 8°C. The 125564 micelie hydrodynamic diameter was unchanged after

admixture with a 5% aqueous dextrose solution maintained at pH 7.4 and storage for 24
hours at 25°C or 72 hours at 2 to 8°C (Table 2). The E5564 micelle hydrodynamic diamete:
was stable as a drug product stored in a lyophilized state at 25°C under 60% relative
humidity, or under refrigeratiaon (Table 3). Farther, the E5564 micelle hydrodynamic
diameter, in micelles prepared according to the methods of the present invention, was stable

under simulated administraticn conditions using representative infusion equipment (Table
4).

Table 1: Micellc Hydrodynamic Diameter Data for E5564
Solutions Prior to Lyophilization

sampie | hydrodynamic diameter (nm)
1 7.6 nm
2 7.4 nm
3 7.9 nm

- 16-
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Table 2: Micelle Hydrodynamic Diameter of E5564 after Storage of

the Reconstituted and Admixed Solutions

sample | hydrodynamic diameter (nm)

immediately following reconstitution (0.5 mg/mL}

sample-1 8.6
| sample-2 1.1
% sample-3 6.9
storage for 24 hours at 25°C
sample-1 8.2
starage for 72 hours at 2-8°C '
sample-1 83
immediately following admb-cture with 5% dextrose solution (0.14 mg/mlL)
sample-1 1.7
sample-2 6.8
storage for 24 hours at 25°C
sample-1 ) _ 8.1
storaLge for 72 hours at 2-8°C
| sample-1 7.7
5 Tahle;j 3 Micelle Hydrodynamic Diameter of E5564 in the Reconstituted
Solution after Storage of the Lyophilized Drug Product
: saniple | hydrodynamic diameter (nm)
initial
| sample-1 ‘ 3.6 N
ST])IB'Z ‘ 7.7
sample-3 ! 6.9 i

6 mo.nths at 2-8°C

sample-1 1 7.5
6 manths at 25°C/60%RH

sample-1 ; 7.3

sample-2 - i 7.2
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Table% 4: E5564 Micelle Hydrodynamic Diameter before an_d after a
Simu’ted LV. Infusion using Administration Equipment

Administration Conditions Mean Micelle Hydrodynamic
| Diameter (nm) by DLS
0.5 mg/mL - control , L 7 7.5
0.5 mg/mL - 1.4 mL/kr - 30 minutes 7.5
0.14 mg/mL - control 7.7
0.14 mg/mL - 5.0 mL/hr - 30 minutes 8.7

The following conditions apply to the data in Table 4: Microhore 60™ extension
set with PVC free fluid path, No. V6212 (McGraw, Inc.): 3 cc syringe with Luer Lok, No.
309585 (Becion Dickenson; Injection site with Lucr Lok, No. 2N1199 (Baxter); Needle,
20G 1, No. 305175 (Becton Dickenson); LV. catheter, JELCO, No. 4050 (Johnson &
Johnson Medical Inc.}. “DLS” refers to Dynamic Light Scattering.

Example 3

The n:n'celle hydrodynamic diameter formed utilizing the methods of the invention
was destabiliied by added salt. Figure 2 shows the increase in micelle hydrodynamic
diameter (as measured by a:1 increase in light scattering intensity, R90) with added NaCl.
The E5564 micelle hydrodynamic diameter remained unchanged for 24 hours after
addition of 0.01 M NaCl. ‘hanges in micelle hydrodynamic diameter were observed afte:
24 hours wit‘t{n the addition of 0.03 M NaCl or greater. However, up to 0.07 M Na(ll was
added with no immediately appreciable change in micelle hydrodynamic diameter.
Therefore, higher salt concentrations can be added if the required stability time is less thar
24 hours.

Example 4

E5564 was dissolved in an aqueous sodium hydroxide solution to a pH of 10.1 to
form an E5564 micelle with a hydrodynamic diameter of 7 nm. This solution was then
combined wifth a lactose containing phosphate buffer selution to yield a solution pH of 7-
8. The E5564 micelle hydrodynamic diameter in this phosphate buffer solution was 7 nm.
This solutionJ was then filtered through a 0.2 um filter to render the solution sterile in the
manner conventional to pharmaceutical manufacturing. The sterile solution was then fille
into vials and freeze-dried. The micelle hydrodynamic diameter was stable upon freeze-
drying. The freeze-dried product wa;rcwhydrated with water and the ES564 micelle

hydrodynamic diameter was 7 nm.
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All patents, patent applications, and publications referred to herein are hereby
incorporated b:, reference in their entirety.

Although the present invention has been set forth in detail, onc skilled in the art
will appreciate% that changes and modifications may be made without departing from the

5  spirit and scope of the invention or appended claims.
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Claims
What is claiméd is:

1. " A method for preparing a micelle of Compound (1), & pharmaceutically

acceptable salt thereof, and/or a stereoisomer thercof comprising:

5 adding an amount of Compound (1) to a first aqueous atkaline solution comprising

at least one be{sic metal salt, at least one nevtral salt, and a predetermined concentration of

metal icn; wherein Compound (1) is:

OPO{OH);
o o )
HgL‘D/\ ~ o) 0
{HOLOPD™ NH HO NH/“\/U\(CHE‘,,DCHB
HaCICH o 0 CHg)aCH
.3 2}6 ~ 5 . \/\/{ 2lgGHa
OCHy
=
- (CH2)sCHy
thereby
10 forming a second aqueous alkaline solution comprising micelles of Compound (1)
having a preselected hydrodynamic diameter.
2. The method of claim 1, further comprising:

adding the second aqueous alkaline solution to third aqueous solution comprising a
buffer systemzor at least one strong acid; thereby
15 formin}g a fourth agqucous solution having a neutral pH relative to the pH of the
second aqueous alkaline solution, wherein the fourth aquecus solution comprises micelles
of Compound (1) having a preselected hydrodynamic diameter that is substantially the
same as the preselected hydrodynamic diameter of the micelles of Compound (1) in the

second aqueoys alkaline solution.

-20-
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3. The method of claim 1, wherein Compound (1) is E5564.
4. - The method of ¢laim I, wherein the pH of the second aqueous alkaline

solution is from about 9 to about 13: wherein the basic metal salt is NaOH; wherein the

neutral metal fsalt is NaCl; wherein the metal ion is Na® in a concentration from about
5 0001Mto ab;()ut 0.01 M; and wherein the preselected hydeodynamic diameter is from
about 5 nm td about 20 nm.
5. | The method of claim 4, wherein the pH of the second aqueous alkaline
solution is from about 10 to about 12; wherein the concentration of Na¥ is about 0.01 M;
and wherein the presclected hydrodynamic diameter is from about 7 am to about 9 nm.
10 6. The method of claim 2, wherein the plH of the fourth aqueous solution is
from about 4 <o less than 9; and wherein the preselected hydrodynamic diameter is {rom
about 5 nm t¢ about 20 nm,
7. l The method of claim 6, wherein the pH of the fourth agueous sofution is
from about 7 to @bout 8; and wherein the preselected hydrodynamic diameter is from
15 about7 nm té about 9‘nm.
8. The method of claim 2, whercin the buffer system is a phosphate buffer
system, an aci:tatc butter system, a citrate buffer system, a maieate buffer system, a
carbonate buffcr system, a bicarbonate buffer system, a tartrate buffer system, a
tromcthamjné buffer syster, a tricthanolamine buffer system or a meglumine huffer

20 system; and wherein the strong acid is onc or more of hydrochloric acid, sulfuric acid or

id.

—

phosphoric a¢
i
9. | A micelle produced by the method of claim 1 or claim 2.

10. A method of delivering a micelle to a paticnt comprising intravenously

administering the micelle of claim 9 to the patient.
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11.

‘A method for wreating sepsis in a patient in need thereof comprising

intravenously administering un effective amount of the micelle of claim 9 to the patient

12.

An agueous solution comprising a micelle prepared by the method of claim
1 or claim 2.

5 13. A method of delivering an aqueous solution comprising a micelle to a

patient comprising intravenously administering the agueous solution of claim 12 to the
patient.

14. . A method for treating sepsis in a patient in need thereof comprising

intravenously administering an effective amount of the agueous solution of claim 12 to the
10 patient.

15. A micelle comprising Compound (1), a pharmaceutically acceptable salt

thereof, and/or a stereoisomer thereof, wherein the micelle has a bydrodynamic diameter

of about 5 nm!/to about 20 nn1, wherein Compound (lj is

OPO(OH),
O.
[s] 0
(HO),0PO” NH HO NH)J\/“\(CHz).OCHa
HaC(CHz)G OW(CHZ)GCH@

(CHylsCHy

15 16.

The micelle of claim 15, wherein Compound (1) is E5564
17. | A method of delivering a micelle to a patient comprising intravenously
administering the micelle of claim 15 to the patient
18.

A method for treating sepsis in a patient in need thereof comprising
intravenously

administering an effective amount of the micelle of claim 15 to the patient

-32 .
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19.  An aqueous solution comprising at least ore micelle of Compound (1}, a
pharmaceutically acceptable salt thereof, and/or a stercoisomer thereof, wherein the

micelle has a h?yd:odynamic Jiameter of about 5 nm to about 20 nm; and wherein

Componnd (1) is:

OPO(OH),
o o o
H;CO/\ /rﬂ\/ﬁ\
(HO)0F0” NH HO NH {CHa)1oGHs
HaCICH o] o (CH,)sCHy
3C(CH2)g - 5 ~— /\/ 2)6

5 (CHz)sCHs
20. ;'The aqueous solution of claim 19, wherein Compound (1) is E5564.
21. ' A method for delivering a micelle to a patient comprising in.travcnously
administering the aqueous sclution of claim 19.
22. A method for treating sepsis in a patient in need thereof comprising
10 administering an effective amount of the agueous solution of claim 19 to the patient.

23. | A method for preparing micelles comprising:

providing an amount of least one acidic amphiphilic compound, wherein the acidic
amphiphilic cémpound com)rises at least one jonizable group;
addin 1the acidic amphiphilic compound to a first aqueous alkaline solution
15 comprising ajleast one basic metal salt, at least one neutral metal salt, and a
prcdeterminch concentration of metal ion; thereby
forming a second aqueous alkaline solution comprising micelles of the acidic

amphiphilic compound with a preselected hydrodynamic diameter.
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24, ?The method of claim 23, wherein the preselected hydrodynamic diameter is
from about 1 nfm to about 100 nm,

i
25. ' The method of claim 23, wherein the first aqueous alkaline solution has a
pH from about 9 to about 13.
5 26. !The method of claim 23, wherein the metal ion is at [east one metal ion

selected from ithc: grolp consisting of Ca®*; Mg, Ba¥ Fe™*, Fe™, A’ Mn®", Mn™, Zn®, ...
Cu™, Cu*, Ni**, $n**, Na*, Li* and K*.

27. The method of claim 26, wherein the metal ion is at least one metal ion
selected from the group consisting of Na*, K*, Li*, Ca**, Ba>*, Mg®* and AI*".

10 28.  The method of claim 23, wherein the acidic amphiphilic compound is a

compound of Formula (A), a pharmaceutically acceptable salt thereof, or a stereoisomer

thereof:
o) o] 0. Al
Rg-0)
A? NH RS NH
FIF1 o] i
i Jq‘ ' ,!tz
| Gy

15 wherein R' is selected from the group consisting of:

L g

4 I\J K kJ)J\K kJ/l\
t ]
S S |

T 1 M—Q (i ?/l\

L LU

[

I\J-—-—G-—K

J, K angdl Q are each independently a straight or branched C,_;5 alky];
-4 -
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Lis O, N or C;

Mis O ior N;

GisN,l0, S, SO or SOy;

R’isa :straight or branched Cs.y5 alkyl;

R’ is selected from the group consisting of:
|

A——C===C~~—B

] 1 i
| k K |
i A= H =CH——B A___cH=T__O

J B

! @ 0
| A——E-8-CHaCH-D B CEE=G——D
Eis N,:O, S, S0 or §Oy;
A, B and D are each independently a straight or branched C,_;s alkyl group;
R* is astraight or branched Cqo0 alkyl group or
/W

e

u v
U and V are each indspendently a straight or branched C;.15 alkyl group;
W is a,hydrogen or a straight or branched C, s alkyl group;

R’ is hydrogen, -1’, -/"-OH, -J’-0-K’, -J’-0-K"-OH or J’-O-PO(OH),;

J” and K' are each independently a straight or branched C,.s alkyl group;
RC is hiydroxy, halogen, a Cy.s alkoxy group or a Cy.5 acyloxy group;

Al and A? are each independently selected from the group consisting of:

0 o
: OH o] .]"I OH O—2z—0——P——0H
| lH OH
o
——-z—u——cJH ——0-2-CO.H
b

Zisa %traight or branched Cy.1o alkyl group.

29. | The method of claim 2-3 further comprising:

doa7

addin% tire second aqueous alkaline solution to a third aqueons solution compriéing
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a buffer system or at Jeast one strong acid; thereby
|
| .
forming a fourth aquecus solution having a neutral pH relative to the pH of the
|
second aqucou;“s alkaline solution, wherein the fourth aqueous solution comprises micelles

|
having a preselected hydrodynamic diameter that is substantially the same as the

i
5  preselected hy;hrodynamic diameter of the micelles in the second aqueous alkaline
solution, |
30. The method of claim 29, wherein the neutral pH of the fourth agueous
solution is betifween about 4 and less than 9.
31. ;_The method of claim 29, wherein the buffer system is a phosphate buffer
10 system, an ace%tate buffer sysiem, a citrate buffer system, a maleate buffer system, a
carbonate buff'er system, a bicarbonate buffer system, a tartrate buffer system, a

tromethamine buffer system, a triethanolamine buffer system or a meglumine buffer

system; and w#xerein the strong acid is at least one of hydrochloric acid, sulfuric acid and
|

phosphoric acjd.
15 32. :The method of claim 29, further comprising lyophilizing the fourth aqueous
solution.

33. A micelle produced by the method of claim 23 or claim 29.
34. | A method of «lelivering a miceile to a patient comprising intravenously
administering ithe micelle of claim 33 to the patient.
20 35. |An agueous solution produced by the method of claim 23 or claim 29.
36. | A method of delivering a micelle to a patient comprising intravenously
administering [the aqueous solutioﬁ of claim 35 to the patient.
37. | A method for preparing micelles comprising:
providing an amount of least one basic amphiphilic compound that comprises at

25  least one ionizable group;
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adding ithe basic amphiphilic compound to a first aqueous acidic solution
comprising at least ane protic acidic, at least one neutral metal sali, and a predetermined
concentration of metal ion; thereby

formin!g a second aqueous acidic solut‘ion comprising micelles of the acidic

5  amphiphilic cc;mpound with a preselecied hydrodynamic diameter.

38.  The method of claim 37, further comprising adding the second aqueous
acidic solution to a thifd aqueous solution comprising a buffer system or at least one
strong base; tl;;ereb y

forming a fourth agueous solution having a neutral pH relative to the pH of the

10 second aquem:ls acidic solution, whérein the fourth aqueous solution comprises micelles
having a presélcctcd hydrodynamic diameter that is substantially the same as the
preselected h}f‘/drodynamic diameter of the micelies in the second aqueous acidic solution.

39. ‘ The method of claim 38, wherein the buffer system is a phosphate buffer
syétem, an acgtafé buffer systcm; a citrate buffer system, a maleate buffer system, a

[5 carbonate buf:fer syste;n, a bicarbonate buffer system, a tartrate buffer system, a
tromethaminé buffer system, a triethanolamine buffer system or a meglumine buffer

system; and Wherein the strung base is sodium hydroxide or potassium hydroxide.

40. ' A micelle produced by the method of claim 37 or claim 38.

41. | A method of delivering a micelle to a patient comprising intravencusly
20 adrm'ni’sterir17| the micelle of claim 40 to the patient.

42. | An aqueous solution produced by the method of claim 37 or claim 38.

|

43. ' A method of delivering a micelle to a patient comprising intravenously

!
administering the agneous solution of claim 42 to the patient.

-7 -
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