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COMPOSITION OF ANTINEOPLASTIC AGENTS INCORPORATED, IN MICELLES

The present invention pertains to 1mprovements 1in
pharmaceutical compositions and in particuliar improvements

in pharmaceutical compositions used 1n chemotherapy.

A number of anti-neoplastic agents currently are in use
in chemotherapy (see generally "Cutting's Handbook of Phar-
macology, 7th Ed., Chapter 13, Csaky and Barnes) and many

additional agents are under investigation.

Because of their often complex structure, these agents
can exhibit low stability in the blocod stream. Many are
extremely insoluble and possess poor transport properties
with respect to cell membranes. In addition, binding of the
anti-neoplastic agent with plasma proteins, as well as other
nonspecific interactions in the blood stream prior to its |
reaching its target, can greatly reduce the effective amount
actually available to combat the neoplastic cells.  More-
over, - multidrug resistance often 1is observed with such
agents; i.e., the sensitivity of the neoplastic cells to the
agent is observed to decrease, often by a factor of 103,

- over the course of treatment and this resistance thereafter

may manifest itself even with respect to structurally dif- .

ferent anti-neoplastic agents.

In accordance with the present.invention, thé antli-neo-
plastic agent ofchcice'(which:may include a mixture of sev-
eral distinct-anti&neoplastiC’agents) is incorporated into a
micelle of a . block copolymer of poly(oxyethylene) -
poly(oxyprcpylene) 1n an 'aqueotl.ls dispersion as. ﬁereinafter
described. S ’

The use of the block copolymer micelle in admlnlstrat~

ing the antlmneoplastlc agent prov1des nonwcovalent solublw

_ llzatlon Wthh reduces waterwlnstablllty and 1nc*~easea | the
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solublility of the anti-neoplastic agent.

Moreover, while block copolymers of poly(oxyethylene)-
poly (oxypropylene) have been used as nonionic surfactants,
the effects observed here clearly extend beyond mere solubi-
lization. For example, undesired pretarget protein binding
of the anti-neoplastic agent is reduced:; 1.e., the anti-neo-
plastic agent appears to be "shielded" from proteins which
otherwise would bind to 1it. Increased sensitivity with
respect to the target anti-neoplastic cells also 1is
observed. Finally a reversion in multidrug resistance 1is
observed. While the multidrug resistance (MDR) phenomenon
is not fully understood, it is accompanied by an overex-
pression of a transmembrane P-glycoprotein of M, about 170
kD (P-170) which mediates the ATP-dependent efflux of numer-
ous drugs from such cells (although drug efflux may involve
other membrane components of MDR cells as well); The pre-
sent compositions appear to possess 1increased cytotoxic
activity with respect to P-170 dependent and P-170 indepen-
dent MDR cancer cells as compared with sensitive cells,
thereby reducing the multidrug resistance effect.

A variety of anti-neoplastic agents are sultable for
use 1in the present composition. These include alkaloids
such as vinblastine, colchicine, and demecoline; antibiotics
such as those of the rhodomycin group as for example as
daunorubicin and doxorubiciin, those of the mitomycin group
as for example mltomyc::x.n ¢ and N--methyl mitomycin C, and.
those .of the bleomyc:x.n group such as bleomycin Ajz; and
antifolates such as methotrexate aminopterin, and dideaza-
tetrahydrofolic acid. It wlll be appreciated that. this
improvement extpnds to mlxtures of several such agents.

The present invention is not directed to the underlying
antl-neoplastlc actlv:t.ty of these agents but rather to an
improvement in the manlfestatlon of this activity through

formulatlon,



CA 02125500 2001-02-07

WO 94/08564 PCT/CA93/00425

The block copolymers of poly (oxyethylene)-poly-
(oxypropylene) generally are characterized by the structural
formula:

CH1q
5 |
H H>CH»> CHCH» CH-CH» H
X v z

10 I

in which each of x and z, independently of the other, has a
value of from about 5 to about 100 and y has a value of from

about 20 to about 80. Such block copolymers are known (see
15 Stanton, An. Perfumer. Cosmet. 72(4), 54-58 (1958) ;
Schmolka, Loc. cit. 82(7), 25-30 (1967); and Nonionic
Surfactants, Schick, Ed., (Dekker, NY, 1967) 300-371). A
number of these copolymers are commercially available under

the generic names of "poloxamersémhnd "pluronics"Tm

20 The hydrophobic/hydrophilic properties of a given block
copolymer depends upon the ratio of the number of oxypropy-
lene groups to the number of oxyethylene groups. For a com-
position containing a single block copolymer of
poly (oxyethylene)-poly(oxypropylene), for example, this

25 relationship, taking into account the molecular masses of
the central hydrophobic block and the terminal hydrophilic

blocks, can be expressed as follows:

Y

n =
30 X + Z

* 1.32

in which y is the number of oxypropylene units and x and z
are number of oxyethylene units.

Selecting a block copolymer with the appropriate 'n

value depends upon the hydrophobic/hydrophilic properties of

35 the specific anti-neoplastic agent, or the composite -
hydrophobic/hydrophilic properties of a mixture of anti-neo-
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plastlic agents, to be formulated. Typically n will range in
value from about 0.25 *o about 1l.5. This ‘range should be
viewed not as numerically critical but as expressing the
optimum hydrophobic-hydrophilic balance between the predomi-
nantly hydrophiliz poly(oxyethylene) blocks and the predomi-
nantly hydrophobic poly(oxypropylene) blocks.

An important aspect of the present invention involves
utilizing mixture of different block copolymers of
poly(oxyethylene) -poly(oxypropylene) to achieve a more spe-
cific hydrophobic-hydrophilic balance suitable for a given
anti-neoplastic agent or mixture of several anti-neoplastic
agents, preserving the optimal size of particles, For exam-
ple, a first block copolymer may have an n of 1.00 whereas a
second may have a value of 1.5. If material having an n of
1.3 1s desired, a mixture of one weight portion of the first
block copolymer and 1.5 weight portion of the second block
copolymer can be employed.

A more generalized relationship therefore for such mix-

tures can be expressed as follows:

yi*a y2#*b
N & —— e ) eee——eeee % 1,32

(X7 + 27)*(a + b) (X9 + Zo)*(a + D)

in which:

Y1 and y; are the number of oxypropylene units in
the first and second block copolymers, respectively:;
x¥7 and 237 are number of oxyethylene units 1in the
first block copolymer:;

X2 and 23 ‘are number of oxyethylene units in the
second block copolymer:r ' ? -

a 1s the' wei@ht proportion in the first block
copolymer; and '

b 1is the welght proportion in the second block

copolymer.
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If only one block copolymer of poly(okyethylane)“
poly (oxypropylene) is utilized, N will equal n. An analo-
gous relationship will apply to compositions employilng more

than two block copolymers of poly (oxyethylene) -
poly (oxypropylene) .

Using the above parameters, one or more block copoly-
mers of poly(oxyethylene)-poly(oxypropylene) are combined so
as to have a value for N of from about 0.25 to about 1.5.
The combined copolymers form micelles, the value of N
affecting in part the size of the micelles thus produced.
Typically the micelles will have an average diameter of from
about 10 to about 25 nm., .although thlis range can vary
widely. The average diameter of any given preparation can
be readily determined by quasielastic light scattering tech-

nicues.

The anti-neoplastic compound or compounds 1in the
copolymer micelle are administered parenterally in aqueous
formulations, alone or in combination with other therapeutilc
agents including other anti-neoplastic agents, steroids,
etc., to a mammal suffering from neoplasm and in need of
treatment. Parenteral routes of administration 1include
intramuscular, intrathecal, intraperitoneal, intravenous and
intra—~arterial. Isotonic micellar solution of one or more
block copolymers of poly( oxyethylene)-poly(oxypropylena)
incorporating' one or more antiénaoplastic agents are used
for parenteral admlnlstratlon ' Dosages typically are those
associlated with the spe01flc ant1~neoplastlc agent, although
as in every case the reglmen must be tltrat >d to the partic-
ular neoplasm, tha condition of the patlent and the
responSa For example, an lSOtOI‘llC mlcellar solutlon of
daunorubicin in the block copolymer mlcellas 1s admlnlsterad
so as to prov.lde about 1 mg of daunorublc:l.n per kg of body
welght. vinblastine on the other hand is administered in
the same fashion but J.n accordance w:..'t'h conventlonal usage
at lower doses of from about 0.1 to about 0.2 mg/kg Often
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rhe amount required can be reduced.

The following examples will serve to further typify the
nature of the invention but should not be construed as a

limitation on the scope thereof which is defined solely by

5 the appended claims.

Example 1

A. A block copolymer of poly(oxyethylene)-poly(oxy-

propylene) in which N = 0.25 (Plurcnic F-68) 1s diluted with

RPMI 1640- medium to a final concentration of 2.0% at 4°C.

10 The mixture is incubated for 30 minutes at 37°C and then
sterilely filtered through a 0.22 um filter. An equal vol-

ume of a solution of 200 pg daunorubicin in RPMI 1640 medium

is added and this mixture is incubated for 30 minutes at

37°C.

15 B. Human ovarian carcinoma cells (CRL157) are precul-
tured in 1% solution of the same block copolymer but without
daunorubicin in RPMI 1640 medium supplemented with 10% calf
fetal serum. The preparétion of part A 1s added and the
mixture is incubated for 60 minutes at 37°C ‘and the cells

20 then washed three times with RPMI 1640,andlcultured in'RPMI
1640 supplemented with 10% calf fetal serum for 3 days
(Prep. A). Cytotoxn.c::.ty is measured both for this prepa-

y ration and a ;parallel preparatlon of free daunorub1c1n -
{Prep. B}, us:..ng’ the method of Alley et a.J.. , C’ancer Res. -

25 48, 589-601 (1988) The results are as follows
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% Inhibition N

Following the same procedure, cytotoxicity 1is deter-
mnined against human T*lymphoma (Jurkat) cells:

% Inhlbltlon

. ' . - . - = A
v N . . .
- - 0
-- * -
h - . . B [
|‘ “| | ||I g ||| ‘ “ O bkl )

Following the same procedure Cytoto'xicity *is deter-— i

10

conc. (ng/mL)
15 e

20

mlned agalnst human small cell car01noma of lung (d~69)

25 ———
| conc. (ng/mL) |50000/10000/2000 400 |

% Inhibition

|| prep. B

. Example 2

35 Block copolymers cf poly( oxyethylene)~poly(oxypropy’l-;'.  _«-
-.-'ene) hav:.ng ‘the ratlos of poly(oxypropylene) to poly(oxy»

o ethylene) J.ndlcated below are dlspersed 1n RPMI 1640 med:}.um ‘.

: at the concentratlon lndlcated below The mlxtures are lncu~ '

 bated for 40 mlnutes at 30°C. The average mlcelle dlametefejﬁ

40 | 13 measured by quas:.elastlc llght scatterlng and the valueff"fﬁ'-'

.}of N calculated as prev1ously 1nd1cated The reeults are as “'
follows.- | - ,
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copalymer conc. Avg Dlameter -
p-852 1.0 18.0 nm

Note l: X = 80, = 30, and zZ = 80
Note 2: X = 75/2, y = 55, and 2z = 75/2
Note 3: x = 27/2, v = 30, and z = 27/2
Example 3
A. A 1:1.5 mixture of block copolymers of

poly (oxyethylene) -poly (oxypropylene) (Pluronics P-85 and L-
64) having individual ratios (n) of (oxypropylene) to
(oxyethylene) blocks of 1.00 and 1.50, respectively, and a
combined value (N) of 1.30, is diluted with RPMI 1640 medium
to a final concentration of 2.0% at 4°C. The mnixture 1is
incubated for 30 minutes at 37°C and then sterilely filtered
through a 0.22 upum filter. An equal volume of a solution of
200 pg daunorubicin in RPMI 1640 medium is added and this
mixture is incubated for 30 minutes at 37°C. '

B. Cytotoxicity to human ovarian cancer cells (CRL157)
is measured, both for this preparation (Prep. A} and a par-
allel preparation of free daunorubicin (Prep. B} as

described 1n Example 1B. The results are as follows:
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Example 4

Daunorubicin in the composition of Example 3 is evalu-
ated for cytotoxicity in (i) human T-lymphoma (Jurkat) cells
as described in Example 1 and (ii) normal human mononuclear
cells. The results are as follows:

Cell % Inhibition

Prp. A | Jur. 100 100 |100 28

-- o0 o [5 [ [a
SN EN N EN N

o oo [ o0 [ |

Examnple 5

1C50 values for (i) human_Twlymphqma'(Jurkat) cells and
(ii)' normal human ' mOhonuC1ea‘r ce‘lls"are determined' for' the
daunorublcln comp031tlon of Example 3 and compared to those
for free daunorublcn.n. Measurements are made at: the :Lnd;l.-
cated J.ntervals of the drug c:ontact w:.z.th the cells from 15
minutes to .12 hours. The results are as follows*§ S -
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Example 6

The antilneoplastic agent vinblastine is incorporated
into the block copolymer mixture described in Example 3.
The ICgp of this preparation against SKVOq cells, a drug-
sensitive human ovarian carcinoma line, is determined to be
0.121 upg/mL; the ICsp against SKVLB cells, an MDR subline
expressing high levels of P-170 obtained through long term
cultivation of SKVOij in the presence of vinblastine, is
0.0012 pug/mlL. The I1ICggp of free vinblastine against SKVO-x
cells 1s determined to be 0.095 pg/mL; the ICsg against
SKVLB cells is 0.615 pug/mL.

Example 7

The antineoplastic agent mitomycin C is incorporated
into the block copolymer mixture described in Example 3.
The ICgg of this preparation against SKVO-5 cells 1s deter-
mined to be 0.265 ug/mL; the ICsq9 against SKVLB cells is
0.005 ug/mL. The ICsp of free mltomycn.n agalnst SKVO4
cells is determined to be 0.320 ;.zg/mL, the ICDO agalnst
SKVLB cells is 1.120 ug/mL '

- 10 -
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Example 8

The antineoplastic agent methotrexate ‘is lncorporated

into the block copolymer mixture described in Example 3.

The ICgp of this preparation against SKVO5 cells is deter-

5 mined to be 0.880 pgg/mL; the ICgp against SKVLB cells is

0.0175 ng/ml. The ICgg of free methotrexate against SKVO;
cells 1s determined to be 1.090 ug/mL; the ICgp against
SKVLB cells 1is 1.340 pg/mL.

Example 9

10 The antineoplastic agent colchicine 1is incorporated
into the block copolymer mixture described 1in Example 3.
The ICgg of this preparation against SKVOq cells is deter-
mined to be 0.720 upg/mL; the ICgp against SKVLB cells 1is

0.045 pg/mL. The ICsg of free colchicine against SKVOj3
15 cells is determined to be 0.950 ug/mL; the ICgp against

SKVLB cells is 7.450 ug/mL.

Example 10

The antineoplastic agent daunorubicin is incorporated
into the block copolymer mixture described in Example 3.

20 The ICgg of this preparation against SKVO, cells is deter-
| mined to be 0.600 pg/mL; the ICsg against SKVLB cells is
0. 0068 rg/mhL. ~ The IC_.,O of free daunorublc:x.n agalnst SKVO3
cells 1s detemlned to be 0.620 ;.zg/mL, the ICsO agalnst
SKVLB cells 15 5. 850 ug/mL,' .

25 ' ~ Example 11

To 30 uX, of a 20 mg/mL solution of bov1ne serum albumln 
in phosphate buffered sallne are added 30 pL of*daunorubLCLn.'
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solution 1n the block copolymer mixture described in Example
J {Prep. A). A second formulation (Prep. B} is prepared in

parallel fashion using free daunorubicin.

The preparations are incubated for 10 minutes at 25°C,
and then analyzed by HPLC on a TSK-3000 SW gel-filtration
column in PBS containing 0.3 M sodium chloride and 5%
acetonitrile. Detection is performed at 280 nm and 470 nm.
The portion of the drug bound with BSA is determined as:

{

Dp Sph/SF

in which:

Sp 1is relative area of the 470 nm peak
(corresponding to daunorubicin) which coincides in
retention time for the 280 nm peak (corresponding to

BSA) ; and

S 1is relative area of the peak (or peaks)
corresponding to daunorubicin which does not coin-

cide in retention time of the BSA peak.
The results are as follows:

s T

0.01

Prep. B ~0.39

'Example 12

M’ice.llar -daunorubicin 'Obtained as described 1n Example
3 {Prep. A} and free daunOrubicin (Prep. B) are incubated in
the dark at 37°C and cytotox:t.cn.ty to CRLJ.S? cells in then

determined in the manner dlSCUSaed in Part B of Example 1.

- 12 -
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The results are as follows:

A ———)

time (hours) 2 12 24

ICs0, KHg/mL

SRR Ty e e
Prep. B IIIIIIIIIII'lazo 6300 |10180|48900

Example 13

The daunorubicin composition of Example 3 (Prep. A) is
evaluated against daunorubicin-sensitive human breast cancer
(MCF-7) and two cell 1lines demonstrating resistance:
daunorubicin/verapamil-resistant (MCF-7AU) not expressing P-
170, and daunorubilicin-resistant, verapamil-sensitive (Dox-

MCF-7), expressing P-170, in each case in comparison to free

daunorubicin (Prep. B). The results are as follows:

Cell . % Inhibition o
w7 w0 [100 [es [es ]2 ]2 |
e [0 [0 [0 o6 |0 |9
Ilii!iiiilllIIIIIIIIIIIIIIIIII Mf } M
-----

erm oo | v [ee [ov NERER
_ — “ 3 .

Free daunorubiéin,{?rep. B} exhibits higher IC50's (is

Dox*MCF~7

0
'
l

less toxic) against both resistant lines. Daunorubicin
incorporated in the block copolymers {Prep. A) exhibited
lower ICgp's (1s more toxic) against both resistant lines.
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Example 14

Groups (6 animals/dose point) of C57Bl/6 7-week-old

female mice are inoculated i.p. with free or micellar (N =

1.3) daunorubicin obtained as described is Example 3 ({Prep.

5 B and Prep. A, respectively), and are observed for 14 days.
Drug concentrations are adjusted so that a maximum volume of

0.5 mL 1s injected in each mouse.

The MTD is defined as a dose which leads to no daunoru-
bicin—-deaths (any higher dose leads to the daunorubicin-
10 related death of at least 1 animal per group). The experi-
ment 1s repeated twice. The results are reproducible with

less that 10% variation.

The MTD of free and micellar (N = 1.3) daunorubicin is
determined to be 2.0 and 1.0 ug/kg body weight, respec-
15 tively.

Example 15

Daunorubicin possesses high specificity with respect to

bone marrow, manifesting 1tself as reversible leukopenia,'

l.e., a decrease 1n the number of WBS (leukocyte count) dur-

20 ing drug administration. Bone marrow suppression, as well

as anticancer effects of daunorubicin, are conditioned by

‘ DNA-intercollating activity, 'Whereas' the most harmful side

effect of anthracyclines - ."cardiOtoxicity, results mainly

from membrane interactions Wlth metabolltes (which have low

25 “anticancer actz.vx.ty and do not produce 51gn1flcant effects

on bone marrow) . Therefore, the leukocyte count durlng in

ViVo admlnlstratlon of MTD daunorublcln allows the. assess-

ment of the ratlo between._spe01flc (DNA 1ntercollatlon)
activity of the drug and non-speclfic toxicity.

30 ' Groups (6 anlmals/group) of C5781/6 ‘7--week--old female

mice are lnoculated i. P. w:.th free of mlcellar (N ' _1.3)

- 14 -
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daunorubicin obtained as described in Example 3 {Prep. B and
Prep. A, respectively). Drug concentrations (MTD) are
adjusted so that a maximum volume of 0.5 mL is injected in
each mouse. Blood samples are collected and viable leuko-
5 cytes are counted as described in Michisch et al., Proc.
Natl. Acad. Sci. USA 88, 547-551 (1991). The number of WBC
after administration of 0.1 mL PBS, 15-16 mln cells/mL, is
used as the control. The experiment is repeated twice. The
results are reproducible with less than 10% variation.

10 The results obtalned are as follows:

o
e vt e i ey e v

% of control

15 i e —
| Prep. A 100 46.6

o o D T T T —

20 Example 16

The effects of free and micellar daunorubicin obtained
as described 1n Example 3 {(Prep. B and Prep. A, respec—
tively) on leukocyte count are determined three days after

administration as described in Example 15.

25 The results obtained are as follows:
Dose of daunorub101n B 25 | 50 75 100
¥ of MTD _ . ] : o N

30 , WBS, % of control

The data shown in Examples 14 through 16 indicate that

solubilization of daunorub1¢1n in the block copolymer

- 15 -
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micelles does not essentially affect the drug's overall tox-
icity (MTD of 2 mg/kg and 1 mg/kg for free and micellar
drug, respectively), whereas an increase in reversible bone
marrow suppression 1s observed which does not markedly

5 influence the animal survivability.

Example 17

Anti-neoplastic activity is determined by evaluation of
the cytotoxic activity of plasma of mammals inoculated with
the test composition (see de Valeriola et al., Cancer

10 Chemother. Pharmacol. 29, 133-140, 1991).

Groups (6 animals/group) of C57Bl/6 7-week-old female
mice are inoculated i.v. (via the tail vein) with free or
micellar (N = 1.3) daunorubicin obtained as described in
Example 3 (Prep. B and Prep. A, respectively). Drug concen-

15 trations (MTD) are adjusted so that a maximum volume of 0.1
mL 1s injected in each mouse. The experiment is repeated
twice. The results are  reproducible with less than 10 %
variation.

To obtain plasma samples,' plood (10 pl) 1is collected

20 from the tail artery one hour after drug administration,
diluted 1:10 with sterile RPMI 1640 medium, and centrifuged
at 400 g for 15 minutes, The supernatants obtained are

: diluted as shown in the table with plasma analogously

obtained from mice net'ineculeted with the drug (the plasma
25 of mlce not inoculated wlth ‘the drug does not produce any
s:.gnlflcant cytotoxn.c effect on H-69 cells) and mlxed with
an equal volume of H-69 cell suspen81on on RPMI 1640 medlum
supplemented with 10% fetal calf serum. The cells are 1ncuw
bated for two hours at 37° C and 5% COZ, and then washed
30 three times with'RPMI'1640; The pretreated cells are incu-

bated in RPMI 1640 supplemented wlth lOf-retal calt serum at

37°C and 5% COz for three days ~after which cytotox101ty 1s
determlned as descrlbed in Example 1.
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The results obtained are as follows:

Dilution of plasma 1:20 1:200 1:2000 1:20000

Inhlbltlon, %

e [ [ w [ v [
s | e | s | o |

Thus cytotoxic titers, the dilution at which the plasma

of mice inoculated with preparations B or A produced 50%
inhibition of H-69 cell growth, of plasma of mice inoculated
with preparations B and A with respect to H-69 cells are
determined to be 1:228 and 1:48, respectively.

Example 18

The procedure of Example 16 is repeated utilizing SKVLB
and SRVO43 cells. The results are as follows:
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a) when MTD of daunorubicin is introduced

! Plasma Dilution l

) when 10 mg/kg daunorubicin are introduced

Plasma Dilution 1:20 1:200 1:2000 |

"Inhibition, %

Example 19

A composltion suitable for parental af'dm‘iniStratiOn 1S

~prep§red bydissolving;400'mg of Pluronic.Pe85-and'600'mg.of
Pluronic L-64 in 50 mL of RPMI 1640 at 4-C. The mixture is
incubated for 30-minutes at 37fC-and-then steri1e1y fi1tered"

througha 0;22‘um filter. ‘ThiS”is\miXéd §ith.a.so1utiOn-of'
10 mg of sterile lyophilized daunorubicin powder dissolved
in 50 mL of RPMI and incubated for 30 minutes at 37°C.

‘The composition can be stored in the dark at room tem-

- perature for 7 days without any essential loss of activity

or Can be lyophilizedjand stdred'fof'at"least lyear inthe,'

~dark at room temperature.
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Exampie 20

A further composition suitable for parental adminis-
tration is prepared by dissolving 400 mg of Pluronic P-85
and 600 mg of Pluronic L-64 in 50 mL of PBS at 4°C. The
mixture 1is incubated for 30 minutes at 37°C and then ster-
ilely filtered through a 0.22 um filter. This is mixed with
a solution of 1 mg of sterile lyophilized daunorubicin pow-
der and 5 mg of glucose dissolved in 50 mL of PBS and the
mixture is incubated for 30 minutes at 37°C.

The composition can be stored in the dark at room tem-
perature for 7 days without any essential loss of activity

or can be lyophllized and stored for at least 1 year in the
dark at room temperature.

Example 21

A further composition suitable for parental adminis-

tration 1s prepared by dlSSOlVlng 100 mg of sodium ascorbate

'in a 9% aqueous solution of sodium chlorlde. To one-half of

this solution are added at 4°C 400 mg of Pluronic P-85 and
600 mg of Pluronic L-64. The mixture 1s incubated for 30
minutes at 37°C and then sterllely flltered through a 0.22

m fllter. Separately 10 ng of sterlle lYOphlllzed daunorum"
bicin powder and 50 mg of glucose are dlssolved in the

remaining sodium ascorbate-sodlum ohlorlde solutlon and the

two solutlons are mlxed and lncubated for 30 m.}.nutes at

37°C.

This compos:.tlon c:an be stored for 30 days in the dark' N

at room temperature w1thout any essentlal loss of act1v1ty-
or can be lyophlllzed and stored for at least 1 year 1n the

dark at room temperature.
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Claims:

1. A pharmaceutical composition comprising an anti-neoplastic agent
incorporated into micelles of at least one block copolymer of poly(oxyethylene)-
poly(oxypropyiene) in which the ratio of poly(oxypropylene) blocks to the
poly(oxyethylene) blocks is from 0.25 to 1.5 and the micelles have an average

diameter of from 10 to 25 nm.

2. A composition according to claim 1 wherein each block copolymer of

poly(oxyethylene)-poly(oxypropylene) is independently represented by the formula:

CH
H@{ CH,CH,0 CHCH, CH,CH,0 H
X Y Z

in which each of x and z, independently of the other, has a value of from § to 100 and
y has a value of from 20 to 80.

3. A composition according to claim 1 in which the micelles are formed from a
plurality of block copolymers of poly(oxyethylene)-poly(oxypropylene) having different
hydrophobic/hydrophilic properties.

4. A composition according to claim 3 in which the composite of the block

copolymers satisfies the equation:

Ve )

Gz @b) Gtz ) @rb)

*1.32

in which:

y1 and y, are the number of oxypropylene units in the first and second block
copolymers, respectively;

X1 and z, are number of oxyethylene units in the first block copolymer;
X, and z, are number of oxyethylene units in the second block copolymer;
a is the weight proportion of the first block copolymer; and

b is the weight proportion of the second block copolymer

20
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such that the value of N is from 0.25 to 1.5.

S. A composition according to claim 1 wherein the anti-neoplastic agent is an

alkaloid, antibiotic, or antifolate.

6. A composition according to claim 5 in which the anti-neoplastic agent is
selected from the group consisting of vinblastine, colchicine, demecoline,
daunorubicin, doxorubicin, mitomycin C, N-methyl mitomycin C, bleomycin A,,

methotrexate, aminopterin, and dideazatetrahydrofolic acid.

7. A composition according to claim 6 in which the anti-neoplastic agent is
daunorubicin.

8. An aqueous dispersion of a quantity of a composition according to claim 1 at
least sufficient to provide an effective dose of say anti-neoplastic agent upon

parenteral administration.

9. The use of an anti-neoplastic agent incorporated into micelles of at least one
block copolymer of poly(oxyethylene)-poly(oxypropylene) in which the ratio of
poly(oxypropylene) blocks to the poly(oxyethylene) blocks is from 0.25 to 1.5 and the
micelles have an average diameter of from 10 to 25 nm for combatting neoplasms.

10. The use of a rhodamycin antibiotic selected from the group consisting of
daunorubicin and doxorubicin leading to a reduction in multidrug resistance which
comprises administering to said mammal an effective amount of said rhodamycin

antibiotic in micelles comprising at least one block copolymer, each of said block
copolymer having of the formula:

CH
HO—= CH,CH,0 T—— CHCH, CH,CH,0 = H
y

In which x and z have values of from 5 to 100 and y has a value of from 20 to 80,

such that in the expression:

y].a yz‘b

(, +2,)*@+b) (x, +2,)*(@+b)

N=| ]*1.32
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where

X1, Z41, @and y, correspond to x, z, and y, respectively, of a first block
copolymer,

a is the weight proportion of said first block copolymer,

and

If an additional block copolymer is present, X, z,, and y, correspond to x, z,
and vy, respectively, of said additional block copolymer, and

b is the weight proportion of said additional block copolymer,

the variable N has a value of from 0.25 to 1.5 for combating the growth of
cancer cells in a mammal.

11. The use according to claim 10 wherein said micelles comprise a single block
copolymer.

12. The use according to claim 10 wherein N has a value of 1.

13. The use according to claim 10 wherein said rhodamycin antibiotic is
daunorubicia.

14. The use according to claim 10 wherein said rhodamycin antibiotic is
doxorubicin.

22
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