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PHARMACEUTICAL COMPOSITION

FIELD OF THE INVENTION

The present invention relates to biodegradable drug delivery compositions
comprising a mixture of at least three block copolymers taken among triblock and
diblock copolymers composed of polyester and poly(ethylene oxide) blocks, a triblock
copolymer comprising one poly(ethylene oxide) block between two polyester blocks
and a diblock copolymer comprising a polyester block and an one end-capped
poly(ethylene glycol), as well as at least one pharmaceutically active ingredient. The
weight ratio of triblock copolymers to diblock copolymers in this formulation is 1:19 to
5:1 for modulating drug release kinetics of at least one active ingredient. When
iIncorporated into a block copolymer, poly(ethylene oxide) or polyoxyethylene (PEO)
IS also frequently referred to as poly(ethylene glycol) (PEG) and the terms can be

used interchangeably for the purposes of this invention.

BACKGROUND OF THE PRESENT INVENTION

In the domain of sustained drug delivery, systems based on diblock or triblock
copolymers have been used to deliver a variety of drugs and are generally
formulated to deliver specific drugs whether they are hydrophobic drugs or
hydrophilic drugs. Depending on the drug physico-chemical characteristics, the drug
formulations differ in polymer concentrations, types of polymers utilized, molecular

weights of the polymers and solvents used in the formulations.

Also the type of environment in which the drug is delivered is an important
consideration in formulating a drug delivery system. Thus, there exist drug delivery
compositions that are prepared using temperature sensitive polymers, phase
sensitive polymers, pH sensitive polymers and photosensitive polymers. See, for
example, K. Al-Tahami and J. Singh "Smart Polymer Based Delivery Systems for
Peptide and Proteins,” Recent Patents on Drug Delivery & Formulation, 1: pages: 65-
/1 Bentham Science Publishers, LTD. 2007.

U.S. Patent No. 6,592,899 describes a PLA/PLGA oligomer combined with a
block copolymer for enhancing the solubility of a hydrophobic drug into a hydrophilic

environment.
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U.S. Patent 06,541,033 describes a sustained release pharmaceutical
composition based on thermosensitive, biodegradable hydrogels, consisting of a
block copolymer of PLA or PLGA and PEG, for the sustained delivery of biologically

active agents.

Hydrogels containing triblock copolymers are described in U.S. Patent
0,350,812.

U.S. Patent 9,023,897 B2 describes biodegradable drug compositions
comprising a triblock copolymer and a diblock copolymer and a pharmaceutically

active ingredient.

However there remains a need to provide biodegradable drug delivery
compositions comprising diblock and triblock copolymers with improved properties
regarding the modulation of the rate of release of the at least one active ingredient.
For example, it may be desirable to provide compositions with an increased rate of
release of the active Ingredient relative to known drug delivery compositions
comprising diblock and ftriblock copolymers. The composition should enable the
release of the at least one active ingredient to be controlled over a time period

without adversely affecting the physical parameters of the formulation.

Furthermore, the biodegradable drug delivery compositions of the present
invention can be formulated to be long acting formulations, which reduce the initial
burst release of the drug and modulate the release rate of the drug over time
according to first order or zero order or pseudo zero order kinetics. This phenomenon

IS Illustrated in the flattening of the drug release curves.

Moreover, the biodegradable drug delivery composition can be modulated

without adversely impacting the injectability of this composition.

Thus, one of the objects of the present invention iIs how to modulate the
release kinetics of at least one pharmaceutically active ingredient from a triblock /
diblock biodegradable depot without adversely impacting or by improving the physical

parameters of the formulation before and/or after injection.

By “improving” means the decrease of either or both the injectability and

viscosity of the formulation.
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SUMMARY OF THE INVENTION

The present Invention provides a biodegradable drug delivery composition
comprising:

() a mixture of at least three different block copolymers, wherein each block
5 copolymer Is:

(a) a biodegradable triblock copolymer having the formula:
AV-BW_AX

wherein A Is a polyester and B Is polyethylene glycol and v and x are the

number of repeat units ranging from 1 to 3,000 and w is the number of repeat units
10 ranging from 3 to 300 and v=x or v#X; or

(b) a biodegradable diblock copolymer having the formula:
Cy'AZ

wherein A is a polyester and C is an end-capped polyethylene glycol and y

and z are the number of repeat units with y ranging from 2 to 250 and z ranging from
15 1 to 3,000; and

wherein the mixture comprises at least one (a) and at least one (b); and the
weight ratio between (a) and (b) 1s 1:19 to 5:1; and

(1) at least one pharmaceutically active ingredient.

20 In a preferred embodiment said polyester A is selected from the group of, polylactic

acid, polyglycolic acid, polycaprolactone, polyethylene adipate, polyhydroxyalkanoate
and mixtures thereof and optionally wherein the end-capped polyethylene glycol is
methoxy polyethylene glycol.

25 In one embodiment the composition further comprises at least one organic solvent.

Typically the organic solvent is a pharmaceutically acceptable solvent. This organic

solvent can be retained in the composition or evaporated off prior to administration.
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In one embodiment of the biodegradable drug delivery composition, for at least one

biodegradable triblock copolymer (a) A is PLA.

In one embodiment of the biodegradable drug delivery composition, for at least one

5 biodegradable diblock copolymer (b) A is PLA.

In one embodiment the composition further comprises:
(a) a biodegradable triblock copolymer having the formula:
PLA-PEG,-PLA

10 wherein v and x are the number of repeat units ranging from 1 to 3,000 and w is the

number of repeat units ranging from 3 to 300 and v=x or v#x; and/or

(b) a biodegradable diblock copolymer having the formula:

MPEG,-PLA,

wherein y and z are the number of repeat units with y ranging from 2 to 250 and z

15 ranging from 1 to 3,000.
In some embodiments the composition comprises:
(a) a biodegradable triblock copolymer having the formula:
PLA,-PEG,-PLA,

wherein v and x are the number of repeat units ranging from 1 to 3,000 and w is the

20 number of repeat units ranging from 3 to 300 and v=x or v#x; and
(b) 2, 3 or 4 different biodegradable diblock copolymers each having the formula:
MPEGy-PLA;

wherein y and z are the number of repeat units with y ranging from 2 to 250 and z

ranging from 1 to 3,000;

25 and wherein the weight ratio between (a) and (b) is 1:19 to 5:1.
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In some embodiments the composition comprises: (a) two different biodegradable

triblock copolymers each having the formula:
PLA,-PEG,-PLA,

wherein v and x are the number of repeat units ranging from 1 to 3,000 and w
IS the number of repeat units ranging from 3 to 300 and v=x or v#x; and
(b) 1, 2, 3 or 4 different biodegradable diblock copolymer(s) each having the

formula:
mPEG,-PLA,

wherein y and z are the number of repeat units with y ranging from 2 to 250
and z ranging from 1 to 3,000 ;
and wherein the weight ratio between (a) and (b) is 1:19 to 5:1.

Typically the composition is an injectable liquid and is suitable for forming a depot
when injected into the body or are small solid particles or rod implants or spatial

formulations.

Typically the mass of the polyethylene glycol chain ranges from 180 g/mol to 12
kg/mol or 194 g/mol to 12 kg/mol or 200 g/mol to 12 kg/mol or from 100 g/mol to 4
kg/mol and the molecular weight of the end-capped polyethylene glycol chain ranges

from 100 g/mol to 2 kg/mol or 164 g/mol to 10 kg/mol.

The Dbiodegradable drug delivery composition may also further comprise a

pharmaceutically acceptable vehicle, such as a solvent.

In one embodiment the pharmaceutically active ingredient is hydrophobic.

In one embodiment the pharmaceutically active Iingredient Is risperidone,

bupivacaine, ivermectin, octreotide, meloxicam, or combinations thereof.

In another embodiment the at least one pharmaceutically active ingredient is present
in an amount of from 0.05 % to 60% (w/w%), optionally 0.05% to 40%, optionally
0.05% to 30%, optionally 0.05% to 10%, optionally 0.05% to 7%, optionally 0.05% to

2% of the total composition.
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In one embodiment the biodegradable drug delivery composition is an injectable

liquid and the at least one pharmaceutically active ingredient is present in an amount
of 0.05% to 60% (W/Wo/o).

In an alternative embodiment the biodegradable drug delivery composition is a rod
implant and the at least one pharmaceutically active ingredient Is present in an

amount of from 50% to 80% (w/w%).

In a further embodiment, the copolymers are present in an amount of 2% to 60%
(W/w%) of the total composition, optionally 10% to 50%, optionally 20% to 40%,
optionally 20% to 35%, optionally 30% to 50%.

In one embodiment the one or more triblock copolymers are present in an amount of

1% to 50% (w/w%), optionally 5% to 40% of the total composition.

In one embodiment the one or more diblock copolymers are present in an amount of
1% to 57% (W/iw%), 2.5% to 45% of the total composition.

In an additional embodiment the weight ratio of the sum of the biodegradable triblock
copolymers of (a) over the sum of the biodegradable diblock copolymers of (b) In said

biodegradable drug delivery composition is 1:5 to 3:1.

Typically the polyester repeat unit to ethylene oxide molar ratio in the composition Is
between 0.5 to 22.3, optionally 0.5 to 10, optionally 0.5 to 3.5 in the triblock and 0.8
to 15, optionally 1 to 10 in the diblock.

The composition may comprise three different block copolymers as defined above or
four different block copolymers as defined above or five different block copolymers as

defined above or six different block copolymers as defined above.

The composition may comprise one biodegradable triblock copolymer as defined
above, or two different biodegradable triblock copolymers as defined above, or three
different biodegradable ftriblock copolymers as defined above, or four different

biodegradable triblock copolymers as defined above.

The composition may comprise one biodegradable diblock copolymer as defined

above, or two different biodegradable diblock copolymers as defined above, or three
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different biodegradable diblock copolymers as defined above, or four different

biodegradable diblock copolymers as defined above.

In one embodiment the composition comprises a triblock copolymer present in an
amount of 1% to 50% (w/w%) of the total composition, a diblock copolymer present in
an amount of 1% to 57% (w/w%) of the total composition, and one or more further
diblock or triblock copolymers each present in an amount of 0.5 to 20 (w/w%) of the

total composition.

In preferred embodiments the Dbiodegradable drug delivery composition I1s a

composition as defined in any of Tables 1 to ©.

Typically the release of at least one active Ingredient Is modulated by the

composition.

In one embodiment the composition Is suitable to deliver the active ingredient,
optionally a therapeutically effective amount of the active ingredient, to a subject for
at least 1 day, optionally at least 3 days, optionally at least 7 days, optionally at least

30 days, optionally at least 90 days, optionally at least 1 year.
In one embodiment the composition Is suitable for parenteral administration.

In one embodiment the block copolymers are substantially insoluble in an agueous
solution, optionally wherein the block copolymers have less than 5%, optionally less

than 1% (w/w) solubility in an agqueous solution.

In a further aspect, the present invention provides a method of modulating the
kinetics of release of at least one active ingredient, said method comprising
administering a biodegradable drug delivery composition as defined in any preceding
claim to a subject, wherein the release kinetics of said at least one active ingredient
from said biodegradable drug delivery composition are modulated without affecting

one or more physical parameters of said biodegradable drug composition.

Typically the one or more physical parameters are injectability and viscosity before
Injection of the biodegradable drug delivery composition and depot robustness after

Injection of the biodegradable drug delivery composition.

BRIEF DESCRIPTION OF THE DRAWINGS
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Fig. 1 i1s a graph showing the percentage total in vitro cumulative release of

risperidone over time from three different formulations. Formulation F28 (O) has a

weight ratio of the sum of triblock to diblock of 5 containing 25.00% of P1RG6 triblock
copolymer, 1.25% of dP2R3 diblock copolymer, 1.25% of dP0.35R8.5 diblock
copolymer, 1.25% of dP0.35R5 diblock copolymer, 1.25% of dP2R0.5 diblock
copolymer with 10.00% active ingredient (APIl) and 60.00% of DMSO. Formulation
F29 (®) has a weight ratio of the sum of triblock to diblock of 0.05 containing 1.50%
of P1R6 ftriblock copolymer, 7.125% of dP2R3 diblock copolymer, 7.125% of
dP0.35R8.5 diblock copolymer, 7.125% of dP0.35R5 diblock copolymer, 7.125% of
dP2R0.5 diblock copolymer with 10.00% active ingredient (APl) and 60.00% of
DMSO. Formulation F16 (o) has a weight ratio of the sum of triblock to diblock of 1
containing 1.00% of P1R4 triblock copolymer, 1.50% of P1R6 triblock copolymer,
1.50% of dP2R3 diblock copolymer and 1.00% of dP0.35R8.5 diblock copolymer with

60.00% active ingredient (APIl) and 35.00% of DMSQO. The specific block copolymer
formulations are set forth in Table 1 below.

The weight ratio of the sum of triblock to diblock has an impact on the release

modulation. Indeed, F28 and F29 curves show two distinct release profiles.

Interestingly, an important amount of APl (60.00%) associated with a small

proportion of polymer content (5.00%) vielded a pseudo-zero order kinetic profile.

Indeed, F16 curve shows a pseudo-zero order release profile.

Fig. 2 i1s a graph showing the percentage total in vitro cumulative release of

bupivacaine over time from four different formulations. Formulation F289 (O) has a

weight ratio of the sum of triblock to diblock of 1 containing 20.00% of P1R4 triblock
copolymer and 20.00% of dP1R4 diblock copolymer with 2.00% active ingredient
(APl) and 58.00% of DMSO. Formulation F290 (A) has a weight ratio of the sum of
triblock to diblock of 1 containing 20.00% of P1R4 triblock copolymer, 10.00% of
dP1R4 diblock copolymer and 10.00% of dP0.35R8.5 diblock copolymer with 2.00%
active ingredient (APl) and 58.00% of DMSO. Formulation F291 (o) has a weight
ratio of the sum of triblock to diblock of 1 containing 20.00% of P1R4 triblock
copolymer and 20.00% of dP0.35R8.5 diblock copolymer with 2.00% active

ingredient (API) and 58.00% of DMSO. Formulation F292 (<) has a weight ratio of

the sum of triblock to diblock of 1 containing 25.00% of P1R4 triblock copolymer and

3
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25.00% of dP1R4 diblock copolymer with 2.00% active ingredient (APIl) and 48.00%

of DMSO. The specific block copolymer formulations are set forth in Table 2 below.

The addition of an additional biodegradable block copolymer has an impact on
the release modulation without adversely impacting the injectability of the formulation
as Indicated in Table 7. Indeed, F289 and F290 curves show two distinct and
modulated release profiles. Moreover, this additional biodegradable diblock
copolymer allows a better control of the release. Indeed, F289 curve shows an
uncontrolled initial burst highlighted by an important variability between replicates.
Standard deviation values of F289 and F290 are 13.3 and 2.8 respectively, two days
after depot formation.

The use of this additional biodegradable block copolymer mentioned above as
the unique diblock copolymer results on release modulation compared to the initial
formulation. F289 and F291 curves show two distinct release profiles. However,
depot from F291 formulation shows non-optimal robustness with a significant depot
fragmentation at early time point. This non-optimal robustness induces an important
variability between each replicate due to an unwanted and early depot fragmentation.
Indeed, F290 and F291 show standard deviation values of 5.7 and 9.7 respectively,

ten days after depot formation.

The Increase of the total polymer content has an impact on the release
modulation. F292 shows a modulated release profile compared to F289. However,
the Iincreasing of the total polymer content has an impact on the injectablility of the
formulation as indicated in Table 7. Consequently, F289 and F292 have Injectability

values of 4.8 N and 14.5 N respectively.

Despite the modulation obtained with F291 and F292, reformulation had a
negative impact on the physical parameters of depot and formulation respectively.
Thus, these data imply that the addition of an additional biodegradable block

copolymer, as in F290, is an efficient way to provide a predictable modulation.

Figure 3 Is a graph showing the percentage total in vitro cumulative release of
bupivacaine over time from four different formulations. Formulation F289 (O) has a

weight ratio of the sum of triblock to diblock of 1 containing 20.00% of P1R4 triblock
copolymer and 20.00% of dP1R4 diblock copolymer with 2.00% active ingredient
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(APIl) and 58.00% of DMSO. Formulation F290 (A) has a weight ratio of the sum of
triblock to diblock of 1 containing 20.00% of P1R4 triblock copolymer, 10.00% of
dP1R4 diblock copolymer and 10.00% of dP0.35R8.5 diblock copolymer with 2.00%
active ingredient (APIl) and 58.00% of DMSO. Formulation F293 (®) has a weight
ratio of the sum of triblock to diblock of 1 containing 20.00% of P1R4 triblock
copolymer and 20.00% of dP1R4 diblock copolymer with 4.00% active ingredient
(API1) and 56.00% of DMSO. Formulation F294 (X) has a weight ratio of the sum of
triblock to diblock of 1 containing 20.00% of P1R4 triblock copolymer and 20.00% of
dP1R4 diblock copolymer with 6.00% active ingredient (API) and 54.00% of DMSO.

The specific block copolymer formulations are set forth in Table 2 below.

The increase of the total APl loading has an impact on the release modulation.
F293 and F294 containing 4.00% and 6.00% of API respectively show different
release profiles compared to F289 and F290. The release kinetics decrease with
increasing amount of APl in the formulation. However, the obtained profiles show
similar undesirable release trends with high initial burst. In addition, this is not a valid

strategy as the injectabllity also increases with APl content as shown in Table 7.

Figure 4 is a graph showing the percentage total in vitro cumulative release of

bupivacaine over time from four different formulations. Formulation F45 (O) has a

weight ratio of the sum of triblock to diblock of 5 containing 41.70% of P1R4 triblock
copolymer, 4.15% of dP2R0.5 diblock copolymer and 4.15% of dP0.35R8.5 diblock
copolymer with 1.00% active ingredient (APIl) and 49.00% of DMSO. Formulation F46
(®) has a weight ratio of the sum of triblock to diblock of 0.05 containing 2.50% of
P1R4 triblock copolymer, 23.75% of dP2R0.5 diblock copolymer and 23.75% of
dP0.35R8.5 diblock copolymer with 1.00% active ingredient (APl) and 49.00% of
DMSO. Formulation F49 (o) has a weight ratio of the sum of triblock to diblock of
0.05 containing 3.00% of P1R4 triblock copolymer, 28.50% of dP2R0.5 diblock
copolymer and 28.50% of dP0.35R8.5 diblock copolymer with 1.00% active
ingredient (API) and 39.00% of DMSO. Formulation F64 (*) has a weight ratio of the
sum of triblock to diblock of 0.05 containing 3.00% of P1R4 triblock copolymer,
28.50% of dP0.35R5 diblock copolymer and 28.50% of dP0.35R8.5 diblock
copolymer with 1.00% active ingredient (APl) and 39.00% of DMSO. The specific

block copolymer formulations are set forth in Table 3 below.
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The weight ratio of the sum of triblock to diblock has an impact on the release
modulation. Indeed, F45 and F46 curves show two distinct and modulated release

profiles.

The substitution of a block copolymer in the formulation composition has a
significant impact on the release modulation. Indeed, F49 and F64 curves show two

distinct and modulated release profiles.

Thus, results indicate that the addition of an additional biodegradable block

copolymer is an efficient way to modulate the release kinetics.

Figure 5 is a graph showing the percentage total in vitro cumulative release of

ivermectin over time from six different formulations. Formulation F105 (O) has a

weight ratio of the sum of triblock to diblock of 0.67 containing 20.00% of P2R3.5
triblock copolymer, and 30.00% of dP0.35R8.5 diblock copolymer with 1.00% active
ingredient (APl) and 49.00% of DMSO. Formulation F119 (®) has a weight ratio of
the sum of triblock to diblock of 0.67 containing 10.00% of P12R0.7 triblock
copolymer, 10.00% of P0.19R18 triblock copolymer and 30.00% of dP0.35R8.5
diblock copolymer with 1.00% active ingredient (APl) and 49.00% of DMSO.
Formulation F124 (A) has a weight ratio of the sum of triblock to diblock of 0.5
containing 4.20% of P1R4 triblock copolymer, 4.20% of P1R6 triblock copolymer,
5.50% of dP0.35R5 diblock copolymer 5.50% of dP2R3 diblock copolymer and
5.50% of dP0.35R8.5 diblock copolymer with 1.00% active ingredient (APIl) and

74.10% of DMSO. Formulation F126 (V) has a weight ratio of the sum of triblock to

diblock of 0.5 containing 2.80% of P1R4 triblock copolymer, 2.80% of P1R6 triblock
copolymer, 2.80% of P2R3.5 triblock copolymer 5.50% of dP0.35R5 diblock
copolymer 5.50% of dP2R3 diblock copolymer and 5.50% of dP0.35R8.5 diblock
copolymer with 1.00% active ingredient (APl) and 74.10% of DMSO. Formulation
F115 (o) has a weight ratio of the sum of triblock to diblock of 0.5 containing 8.30% of
P2R3.5 triblock copolymer, 8.30% of dP0.16R1 diblock copolymer and 8.30% of
dP2R10 diblock copolymer with 1.00% active ingredient (API1) and 74.10% of DMSO.
Formulation F110 ( ) has a weight ratio of the sum of triblock to diblock of 0.5
containing 8.30% of P2R3.5 triblock copolymer, and 16.70% of dP2R3 diblock
copolymer with 1.00% active ingredient (APl) and 74.10% of DMSO. The specific

block copolymer formulations are set forth in Table 4 below.
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The substitution of the P2R3.5 triblock of 12700 g/mol molecular weight by the
same amount of a mixture of two triblock copolymers, P12R0.7 and PO.19R18 having
respectively 25700 g/mol and 5800 g/mol molecular weight has an impact on the
release kinetics. Here the molecular weight of the sum of triblock from F119 is
approximately on the same range as F115 one (15800 g/mol vs 12700 g/mol).

Similarly, the substitution of the dP2R3 of 11800 g/mol molecular weight by
the same amount of a mixture of two diblock copolymers, dP2R10 and dP0O.10R1
having respectively 34700 g/mol and 420 g/mol molecular weight impacts on the
release kinetics. Indeed, the F110 and F115 curves show two distinct and modulated

release profiles.

The addition of an additional biodegradable ftriblock copolymer induces a
modulation of the release kinetics profile. Indeed, the F126 curve shows a slower

release compared to the F124 curve.

Thus, data show that the substitution of one block copolymer by two others of
an approximately equivalent total molecular weight is an efficient way to modulate the

release kinetics.

Figure 6 is a graph showing the percentage total in vitro cumulative release of

octreotide acetate over time from three different formulations. Formulation F163 (O)

has a weight ratio of the sum of triblock to diblock of 1 containing 10.00% of P1R4
triblock copolymer, 10.00% of P1R6 triblock copolymer, 10.00% of dP1R4 diblock
copolymer, and 10.00% of dP0.35R8.5 diblock copolymer with 4.00% active
ingredient (API) and 56.00% of DMSO. Formulation F165 (o) has a weight ratio of the
sum of triblock to diblock of 1 containing 20.00% of P1R6 triblock copolymer, 20.00%
dP0.35R8.5 diblock copolymer with 4.00% active ingredient (APIl) and 56.00% of
DMSO. Formulation F166 (A) has a weight ratio of the sum of triblock to diblock of 1
containing 20.00% of P1R4 triblock copolymer, 20.00% dP1R4 diblock copolymer
with 4.00% active ingredient (APl) and 56.00% of DMSO. The specific block

copolymer formulations are set forth in Table 5 below.

F163 shows that the combination of the two triblocks and the two diblocks

from F165 and F1660 yields an intermediate release kinetics, meaning the observed
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modulation based on four block copolymers composition appears to arise from the
contribution of F165 and F166.

Figure 7 displays the in vitro cumulative release of meloxicam over time from

two different formulations. Formulation F197 (o) has a weight ratio of the sum of
triblock to diblock of 5 containing 50.00% of P0.19R2 triblock copolymer and 10.00%
of dP0.35R8.5 diblock copolymer with 2.00% active ingredient (APIl) and 38.00% of

DMSO. Formulation F199 (V) has a weight ratio of the sum of triblock to diblock of 5

containing 25.00% of P0.19R2 triblock copolymer, 25.00% of P2R3.5 triblock
copolymer and 10.00% of dP0.35R8.5 diblock copolymer with 2.00% active
ingredient (API) and 38.00% of DMSO. Formulation F365 has a weight ratio of the
sum of triblock to diblock of 5 containing 50.00% of P2R3.5 triblock copolymer and
10.00% of dP0.35R8.5 diblock copolymer with 2.00% active ingredient (APIl) and
38.00% of DMSO. F365 has not been tested in vitro as it presented a very high
injectability (53.6 N) hindering its manipulation. The specific block copolymer

formulations are set forth in Table 6 below.

F199 release kinetics is modulated compared to that of F197. The substitution of
25.00% of P0.19R2 initially present at 50.00% in F197 by the same amount of
P2R3.5 induces a strong modulation of release kinetics. Indeed, the addition of
P2R3.5 triblock copolymer as an additional biodegradable block copolymer in F199
leads to an increase of the total duration of release. Additionally, the initial burst is
significantly decreased and there is no reacceleration of the kinetics after 100 days of

release in F199 release profile.

Figure 8 Is a representation of injectability data measured from F197, F199,
and F365. Data show that the complete substitution of PO.19R2 by P2R3.5 in F365
drastically impacts the injectability of initial F197 formulation, leading to a formulation
hardly injectable whereas the partial substitution of P0O.19R2 by P2R3.5 in F199
vields an acceptable increase of the injectability. Indeed, F365 has much higher
Injectability compared to F197. Table 8 presents the injectability values of these

formulations.

These results confirm that the addition of an additional biodegradable block
copolymer is an efficient way to modulate the release kinetics without significantly

changing the physical parameters of the formulation such as the injectablility. These
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results also demonstrate that modulating the release kinetics can be highly
challenging when dealing with only two block copolymers at high loading. Therefore,
the addition of at least one block copolymer to the formulation can be a useful

formulation tool for achieving this modulation in an efficient manner.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

As used herein the term “"biodegradable” means that the polyesters undergo
hydrolysis to form their constituent oligomers or monomers in vivo, for example PLA

undergoes hydrolysis to form lactic acid.

The term “parenteral administration® encompasses Intramuscular,
iIntraperitoneal, Iintra-abdominal, subcutaneous, intravenous and intraarterial. It also
encompasses Intradermal, Intracavernous, Intravitreal, intracerebral, intrathecal,

epidurall and intraosseous administration.

The term "animals” encompasses all members of the Kingdom Animalia. The

animal may be a human or non-human animal.

As used herein the term “plant”™ encompasses all members of the Plant

Kingdom.

"Active ingredient” means a drug or medicine for treating or preventing various
medical illnesses. For the purposes of the present application the term “active
principle” has the same meaning as “active ingredient” Thus the terms active
iIngredient, active principle, drug or medicine are used Interchangeably. The term
Active Pharmaceutical Ingredient, or “API” is also used. The term drug or active
ingredient as used herein includes without Ilimitation physiologically or
pharmacologically active substances that act locally or systemically in the body of an
animal or plant. At least one active ingredient Iis present in the biodegradable drug

composition of the invention.

As used herein “disease” means any disorder in a human, animal or plant

caused by infection, diet, or by faulty functioning of a process.

The term “implant”™ means any solid object, which is formed outside the body
and Is placed into the body by a surgical procedure. Implants can be placed

permanently or they can be removed, If necessary and depending on the
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circumstances. These procedures include, but are not limited to making a small cut In
the body of an animal and inserting a solid or a trochar. A trochar is medical device
that Is made up of an obturator (which may be a metal or plastic sharpened or non-
bladed tip), a cannula and a seal. The trocar functions as a portal for the subsequent
placement of the implant into the body of the animal.

The term “depot injection” Is an injection of a flowing pharmaceutical
composition, usually subcutaneous, intradermal or intramuscular that deposits a drug
IN a localized mass, such as a solid mass, called a “"depot”. The depots as defined
herein are in situ forming upon injection. Thus, the formulations can be prepared as

liguids or micro particles and can be injected into the body.

There are several methods of injection or infusion used In humans, including
intradermal, subcutaneous, intramuscular, intravenous, intraosseous, intraperitoneal,

Intrathecal, epidural, intracardiac, intraarticular, intracavernous, and intravitreal.

The term “spatial formulation® encompasses any formulation that can be
applied on or into the animal or plant body and do not necessarily have to be
administered through a syringe.

As used herein “repeat units” are the fundamental recurring units of a polymer.

By “end-capped polyethylene glycol” (cPEG) refers to PEG's in which one
terminal hydroxyl group is reacted and includes alkoxy-capped PEG's, urethane-
capped PEG's ester-capped PEG's and like compounds. The capping group Is a
chemical group which does not contain a chemical function susceptible to react with
cyclic esters like lactide, glycolactide, caprolactone and the like or other esters and
mixtures thereof. The reaction of an end-capped PEG polymer with lactide generates
a diblock cPEG-PLA copolymer.

As used herein “polyethylene glycol”, as abbreviated PEG throughout the
application, Is sometimes referred to as poly(ethylene oxide) or poly(oxyethylene)

and the terms are used interchangeably in the present invention.
The abbreviation of “PLA” refers to poly(lactic acid).

The abbreviation of "PLGA" refers to poly(lactic-co-glycolic acid).
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The abbreviation of "PCLA" refers to poly(e-caprolactone-co-lactide).
The abbreviation “PE” refers to polyester.

The abbreviation “T" or “TB" refers to a ftriblock copolymer(s), while the

abbreviation "D” or “DB" refers to a diblock copolymer(s).

The term “diblock™ as used herein refers, for example, to an end-capped PEG-

polyester coplymer. "mPEG” refers to methoxy polyethylene glycol.

The term “triblock”™ refers, for example, to a polyester-PEG-polyester
copolymer.

The R molar ratio refers to the number of polyester (PE) units to a number of
ethylene oxide units (EO) that Is present In the biodegradable drug daelivery
composition. For example, the number of polyester units can refer to the number of
lactoyl units (LA) or the number of glycolide units (G) or the number of caprolactone

units (CL) or mixtures thereof.

This R molar ratio is determined experimentally by NMR. The R molar ratio of
the triblock copolymer can range from, 0.5 to 22.3, optionally 0.5 to 10, optionally 0.5
to 3.5. In another aspect the R molar ratio in the triblock can range from 0.5t0 2.5 in

the biodegradable drug delivery composition described herein.

The R molar ratio in the diblock can range from 0.8 to 15, optionally 1 to 10,
optionally 2 to o6, optionally from 3 to 5 In the Dbiodegradable drug delivery

composition.

The degree of polymerization or DP is the number of repeat units in an
average polymer chain at time t in a polymerization reaction. For example, the
degree of polymerization for PEG for the triblock is between 3 to 300 and for the
diblock the degree of polymerization of PEG is between 2 to 250. For PLA, the
degree of polymerization for the ftriblock is between 1 to 3,000 and has the same
value of between 1 to 3,000 for the diblock.

As used herein "at least three” block copolymers may mean a mixture of 3, 4,
5 6, 7, 8, 9 or 10 different block copolymers in the biodegradable drug delivery

composition. In an embodiment of the invention, any combination of 3 to 10 triblock
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and diblock copolymers can be formulated, provided that at least one ftriblock
copolymer and at least one diblock copolymer are present in the mixture. Other
examples include 3to Sor4to8or4too, 3to 7, 4 to9 and the like mixtures of
triblock and diblock copolymers can be used in the biodegradable drug compositions

as described herein.

"Modulating the kinetics of the release of the at least one active ingredient”
means regulating the release rate of the at least one active ingredient from the depot
after it is administered in vivo. In this respect, the kinetics may be first order kinetics

or pseudo-zero order kinetics depending on the formulations fabricated.

“Release modulation”, as used herein, Iis defined as the variation of the at
least one active ingredient quantity discharged over time from the depot. This
required variation can be an increase or a decrease of the release from an initial
kinetics, iImmediately or sustained long-term over the time period. Modification of the
release profile may affect several periods; in the very first hours of release, for
example, Inducing an increase or a decrease of the initial “burst”, or Iin more
advanced periods to avoid a re-acceleration or a steep decrease of the release or for
the duration of the release. Formulation modulation Is a process in which particular
release profiles and an optimized total release duration for a certain therapeutic

application can be obtained.

As used herein, “first order kinetics®™ means that the process of release of the

drug Is directly proportional to the drug concentration involved in the process.

"Pseudo-zero order kinetics,” as used herein, means that the process of the

release of the drug takes place at a constant rate.

The term “physical parameters,” as used herein, is intended to refer to
physical properties of the composition which are important for clinical utilization of the
formulations. Among them, viscosity, more specifically dynamic viscosity of the
formulation, swelling and robustness of the depot after injection of the formulation are
important parameters to be controlled during the optimization of the formulations. A
key physical parameter of the formulations Is their injectability, 1.e. their suitability for

administration by injection.
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A depot has a “lack of robustness” if it undergoes early fragmentation into a
plurality of pieces. This fragmentation can lead to unexpected and uncontrolled
change of release such as burst and variability. This fragmentation may be
determined in the depot visually in vitro. A lack of robustness due to early physical
fragmentation of the depot Is distinguished from normal degradation of the polymers
In the depot, for example hydrolysis of the polymers which is a key mechanism to
allow release of the active ingredient, along with diffusion of the active ingredient
through the pores of the polymer matrix. Preferably, complete hydrolysis of the
polymers forming the depot does not occur until all, or substantially all, for example

90 wt%, or 99 wt% of the active ingredient has been released from the depot.

As used herein, "swelling” Is an increase in volume of the formed depot related
to the water uptake. The volume of the Initial depot can be increased 3 times to 5
times or 1.1 times to 3 times when injected into the body of an animal. This swelling

Is determined visually in vitro.

The “injectability” of a formulation, as used herein, Is defined by the force
needed In Newtons (N) to inject a formulation using pre-determined parameters.
These parameters include: Injection speed, injection volume, Injection duration,
syringe type or needle type and the like. These parameters may vary based on the at
least one pharmaceutically active ingredient used, or the desired method of
administration such as sub cutaneous, intra ocular, intra articular and the like. They
will be adjusted based on the at least one pharmaceutically active ingredient present
within the formulations, to be able to observe the differences and fluctuations
between the formulations. The injectability must be kept low such that the formulation
can be easily administered by a qualified healthcare professional in an acceptable
timeframe. An Ideal Injectability value may be from 0.1 N to 10N with the
measurement method described below. An acceptable injectability value may be
from 10 N to 20 N. A non-optimal injectability may be from 20 N to 30 N.
Formulations are hardly injectable from 30 to 40 N and non-injectable above 40 N.
Injectability may be measured using a texturometer, preferably a Lloyd Instruments
FT plus texturometer, using the following analytical conditions: 500 uL of formulation
are injected through a 1 mL syringe, a 23G 1 Terumo needle with a 1 mL/min flow

rate.
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“Viscosity,” by definition and as used herein, Is a measure of a fluid's
resistance to flow and gradual deformation by shear stress or tensile strength. It
describes the internal friction of a moving fluid. For liquids, it corresponds to the
iInformal concept of "thickness;" By ‘dynamic viscosity” Is meant a measure of the
resistance to flow of a fluid under an applied force. The dynamic velocity can range
from 1 mPa.s. to 3000 mPa.s or 5 mPa.s to 2500 mPa.s or 10 mPa.s to 2000 mPa.s
or 20 mPa.s to 1000 mPa.s. Dynamic viscosity is determined using an Anton Paar
Rheometer equipped with cone plate measuring system. Typically, 250uL of studied
formulation are placed on the measuring plate. The temperature is controlled at
+25°C. The measuring system used Is a cone plate with a diameter of 25 mm and a
cone angle of 2 degrees (CP25-2/S). The working range is from 10 to 1000 s™'. After
being vortexed for 10 seconds, formulations are placed at the center of the thermo-
regulated measuring plate using a spatula. The measuring system Is lowered down
and a 0.051 mm gap is left between the measuring system and the measuring plate.
Eleven viscosity measurement points are determined across the 10 to 1000 s™' shear

rate range. Given values are the ones obtained at 100 s™.

The present invention relates to the modulation of the release kinetics of at
least one active ingredient from a triblock /diblock biodegradable pharmaceutical
composition without adversely impacting critical formulation characteristics such as
the physical parameters. The addition of at least one additional biodegradable block
copolymer to the Initial TB/DB mixture allows tuning the release kinetics without
impacting the injectabillity, which If not, may result in preventing the compositions to
be Injectable through standard devices. The combination of at least three block
copolymers substantially amplifies the range of attainable release of the at least one

active ingredient and does so in a more efficient modulating manner.

The present invention thus relates to a biodegradable drug composition
comprising a mixture of at least three copolymers taken among triblock copolymers
and diblock copolymers. The biodegradable triblock copolymer has the formula: A.-
Bw-Ax, wherein A Is a polyester and B Is polyethylene glycol and v and x are the
number of repeat units ranging from 1 to 3,000 and w is the number of repeat units
ranging from 3 to 300 and v=x or v#x. The degree of polymerization for DP-PEG is

calculated by dividing the PEG molecular weight by the EO unit molecular weight (44
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g/mol). v + x equals the degree of polymerization (number of repeat units) for PLA.
DP-PLA is calculated by multiplying DP-PEG by the R ratio.

However, the number of repeat units of v, w and x in the triblock composition
may vary due to the targeted time of release of the active ingredient and the type of
active ingredient itself. Therefore the number of repeat units in the triblock of v, w
and x can range from 1 to 3,300 or from 60 to 2,800 or from 300 to 1,700 or from 500
to 1, 250 and v=x or v#x. For instance, w can be 273, while v + x can be 682 or w
can be 136 and v + x can be 273 or w can be 45.5 and v + x can be 546 or w can be
273 and v +x can be 130.

The molecular weight of the PEG In the triblock can range from 180 g/mol to
12,000 g/mol.

The polyester in the triblock can be polylactic acid (PLA), polycaprolactone
(PCL), polyethylene adipate (PEA), polyglycolic acid (PGA), polyhydroxyalkanoate
(PHA) and mixtures thereof. In one embodiment the polyester that is used is

polylactic acid. In another embodiment the polyester is poly(lactic-co-glycolic acid).

The Dbiodegradable triblock copolymers are then combined with the
biodegradable diblock copolymers having the formula: C,-A, wherein A is a polyester
and C Is an end-capped polyethylene glycol and y and z are the number of repeat
units with y ranging from 1 to 3,000 and z ranging from 1 to 300. This combination

has a weight ratio of the sum of triblock copolymer to diblock copolymer ranging from
1:19 1o 5:1.

Examples of end-capped polyethylene glycols include alkoxy capped PEG's
such as methoxyPEG or ethoxyPEG, urethane-capped PEG's, ester-capped PEG's,
amine-capped PEG’s and amide-capped PEG's. This list of end-capped PEG's is not
exhaustive and a person skilled in the art would recognize additional end-capped

PEG’'s, which are not listed.

Moreover, the number of repeat units (degree of polymerization (DP)) of y and
z In the diblock composition may also vary. Thus, y can, for example, range from 8 to

500 or 150 to 850 or 200 to 500 or 30 to 1,200 and z can range from 32 to 123 or 7 to
250. For example, y be 32. The degree of polymerization for DP-PEG Is calculated
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by dividing the PEG molecular weight of the capped PEG by the EO unit molecular
weight (44 Da). The DP-PLA is calculated by multiplying DP-PEG by the R ratio.

The polyester In the diblock can be polylactic acid (PLA), polycaprolactone

(PCL), polyethylene adipate (PEA), polyglycolic acid (PGA), or polyhydroxyalkanoate
(PHA) and mixtures thereof. In one embodiment the polyester that is used is

polylactic acid. In another embodiment the polyester is poly(lactic-co-glycolic acid).

Preferred embodiments of the invention comprise any of the following

combinations of polymers:
1) (a) a biodegradable triblock copolymer having the formula:
PLA-PEG,-PLA,

wherein v and x are the number of repeat units ranging from 1 to 3,000 and w Is the

number of repeat units ranging from 3 to 300 and v=x or v#x; and
(b) 2, 3 or 4 different biodegradable diblock copolymers each having the formula:

MPEG,-PLA,

wherein y and z are the number of repeat units with y ranging from 2 to 250 and z

ranging from 1 to 3,000;
and wherein the weight ratio between (a) and (b) is 1:19 to 5:1.

2) (a) two different biodegradable triblock copolymers each having the formula:
PLA,-PEG,-PLA,

wherein v and x are the number of repeat units ranging from 1 to 3,000 and w
IS the number of repeat units ranging from 3 to 300 and v=x or v#X; and

(b) 1, 2, 3 or 4 different biodegradable diblock copolymer(s) each having the

formula:
MPEG,-PLA;

wherein y and z are the number of repeat units with y ranging from 2 to 250

and z ranging from 1 to 3,000 ;

and wherein the weight ratio between (a) and (b) is 1:19 to 5:1.
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The at least three block copolymer(s) are combined by dissolving them
together at room temperature in a pharmaceutically acceptable solvent. They are
combined such that these at least three block copolymers are in a final concentration
of 2% to 60% (w/w%) of the total composition or optionally 10% to 50%, optionally
20% to 40%, optionally 20% to 35%, optionally 30% to 50% of the total composition.
In one aspect the pharmaceutically acceptable solvent iIs an organic solvent. This

organic solvent can be retained In the composition or evaporated off prior to
administration.

A “small quantity,” as used herein, Is defined as an amount of copolymer lower
than the combined amount of the other two block copolymers in the biodegradable
drug composition. This small quantity of the at least one additional biodegradable
block copolymer is not an addition to the total polymer content but added as an
addition of a substitute block copolymer from the existing classical two block
copolymer composition. This addition of an at least one additional biodegradable
block copolymer to the formulation composition, without changing either the total
amount of block copolymers within the formulation or the TB/DB ratio, is an
appropriate way to modify the release profile without affecting relevant physical
parameters. For example, the at least one additional biodegradable block copolymer
can be less than 25% of the total block copolymer content or can be, for example,
less than 5%. In another embodiment a ‘small quantity’ can range from 1% to 25% of
the total block copolymer content or 2.5% to 15% of the total block copolymer content

or 3.5% to 12% of the total block copolymer content.

The present invention relates to the modulation of the release kinetics of at
least one active ingredient from a ftriblock / diblock biodegradable pharmaceutical
composition without adversely impacting critical formulation characteristics, including
physical parameters such as robustness of the depot, or injectability or viscosity of
the formulation. The presence of an additional biodegradable block copolymer to the
initial TB / DB mixture allows tuning of the release kinetics without impacting the
injectabllity, which if not, may prevent the compositions from being injectable through
standard devices.
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In a preferred embodiment, the combination of at least three block copolymers
substantially amplifies the range of attainable release of the at least one active

iIngredient and does so in a more efficient modulating manner.

This formulation allows modulation of the release profile of the at least one
active ingredient inducing an increase or a decrease of the release kinetic over time
without significantly impacting the physical parameters of the Initial formulation. The
total polymer content as well as the total of at least one active ingredient content of
the formulation is still unchanged and gives to the formulation the same relevant
parameters such as injectability or depot robustness. The goal of this approach is to
modify the release kinetics keeping the benefits provided by the Initial triblock and

diblock PEG-PLA copolymer (injectability, depot robustness etc.)

The release modulation by keeping a two block copolymers formulation differs
from the addition of at least one additional block copolymer since the physical
parameters can significantly differ from the two block copolymer formulation. In this

respect, there may be an impact on the physical parameters.

The mixtures of at least three triblock copolymers and diblock copolymers can
contain any polyester such as polylactic acid (PLA), polycaprolactone (PCL),
polyethylene adipate (PEA), polyglycolic acid (PGA), polyhydroxyalkanoate (PHA)
and mixtures thereof. Thus, the triblock can contain, for example, PCL-PEG-PCL or
PEA-PEG-PEA or PGA-PEG-PGA or PHA-PEG-PHA or PLA-PEG-PLA or PLA-PEG-
PCL, PCL,-PEG,-PCLA, or PHA-PEG-PEA. The diblock can contain, for example,
end-capped PEG-PLA or end-capped PEG-PCL or end-capped PEG-PEA or end-
capped PEG-PGA or end-capped PEG-PLGA or end-capped PEG-PHA or end-
capped PEG-PCLA.

Therefore, In particular embodiments the Dbiodegradable drug delivery
composition comprising the mixtures of at least three triblock copolymer and diblock
copolymers may comprise a triblock copolymer of PLA-PEG-PLA and a diblock
copolymer of mPEG-PLGA mixed with a triblock copolymer of PCL-PEG-PCL and a
diblock copolymer of mMPEG-PLA. Another example Is a triblock of copolymer PEA-
PEG-PEA and a diblock copolymer of mPEG-PEA mixed with a triblock copolymer of
PLA-PEG-PLA and a diblock copolymer of m-PEG-PLGA. Yet another example is a
triblock copolymer of PLA-PEG-PCL and diblock copolymer having end-capped
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PEG-PCL and a triblock copolymer of PLA-PEG-PLA or a triblock copolymer of PLA-
PEG-PLA and a diblock copolymer of end-capped PEG-PLA and a diblock copolymer
of an end-capped PEG-PLGA or a triblock copolymer of PCLA-PEG-PCLA and a

diblock copolymer of end-capped PEG-PLA and a diblock copolymer of an end-
capped PEG-PCLA.

The weight ratio of the sum of the biodegradable triblock copolymer and the
biodegradable diblock copolymer in the biodegradable drug delivery composition is
from 1:19 to 5:1, optionally from 1:5 to 3:1, optionally from 1:2 to 3:1. Therefore this
ratio can be, for example, 1:5, 1:10, 1:19, 4:1, 3:1 or 2:1.

The length of the polyester chain is defined by its polyester to ethylene oxide
molar ratio, which is between 0.5 to 22.3, optionally 0.5 to 10, optionally 0.5 to 3.5,
optionally 0.5 to 2.5 or for the triblock copolymer and 0.8 to 15, optionally 0.8 to 13,
optionally 1 to 10, optionally 3 to 5, optionally 2 to 6 for the diblock copolymer. Thus,
for example, If polylactic acid is used the chain length is defined by the lactic
acid/ethylene oxide molar ratio. Similarly if polyglycolic acid is used, the chain length
IS defined by the polyglycolic acid/ethylene oxide molar ratio or the polycaprolactone/
ethylene oxide molar ratio or the polyhydroxyalkanoate/ethylene oxide molar ratio. If
poly(lactic-co-glycolic) acid is used the chain length is defined by the R ratio.

The weight of the end-capped polyethylene glycol can range from 120 g/mol to
10,000 g/mol or 164 g/mol to 2,000 g/mol or from 100 g/mol to 2 kg/mol or from 200
g/mol to 8,000 g/mol or from 194 g/mol to 7,500 g/mol or from 100 g/mol to 6,500
g/mol or from 164 g/mol to 9,500 g/mol. It can range in the lower 130 to 300 g/mol
range or in the 125 g/mol to 800 g/mol range.

The molecular weight of the polyethylene glycol chain ranges from 180 g/mol
to 12 kg/mol in the biodegradable drug delivery composition or it can range from 400
g/mol to 12 kg/mol or 194 g/mol to 12 kg/mol.

The polymer total amount is in a range from 2% to 60% (w/w%), optionally 1%
to 50% (w/w%), optionally 10% to 50%, optionally 20% to 40%, optionally 20% to
35%, optionally 30% to 50% of the total weight of the composition. In another
embodiment the total weight of the polymers present in the biodegradable drug
composition is 30% to 50% (w/w%) or 10% to 35% (w/w%) of the total weight of the
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composition. In yet another embodiment the polymers are present In the
biodegradable drug composition at 40% to 50% (w/w%) or 20% to 45% (w/wt%) of

the total weight of the composition.

Thus, the triblock copolymer is present in an amount of 1% to 50% (w/w%) or
3% to 45% (w/w%) of the total weight of the composition. In another aspect the
triblock copolymer is present in an amount of 6% to 10% (w/w%) of the total weight of
the composition. In yet another aspect the triblock copolymer is present in an amount
of 20% to 40 % (w/w%) of the total weight of the composition. In yet another aspect

the triblock is present in an amount of 5% to 40% (w/w%) of the total composition.

Likewise the diblock copolymer can be present in the biodegradable drug
composition in an amount of 1% to 57% (w/w%) of the total weight of the
composition. In another aspect the diblock copolymer Is present in an amount of
2.5% to 45% (w/w%) of the total weight of the composition. In yet another aspect the
diblock copolymer is present in an amount of 5% to 40% (w/w%) of the total weight of
the composition. In yet another aspect the diblock is present in an amount of 8% to

20% (w/w%) of the total composition.

The third or further biodegradable block copolymer may be present in the
biodegradable drug composition in an amount of at least 0.5 to 20, optionally 0.2 to
20 (w/w%) of the total composition. In another example, it can be present in a range
of 1 to 10 (w/wt%); in yet another it can be in the range of 2 to 8 (w/w%) of the total
composition. In yet another aspect, the at least one additional biodegradable block

copolymer can be present in an amount of 3 to 5 (w/w%) of the total composition.

The at least one pharmaceutically active ingredient is entrapped in the mixture
of the at least three triblock and diblock biodegradable drug delivery compositions.
Representative drugs and biologically active agents to be used In the Invention
include, without limitation, peptide drugs, protein drugs, desensitizing agents,
antigens, vaccines, vaccine antigens, anti-infectives, antidepressants, stimulants,
oplates, antipsychotics, atypical antipsychotics, glaucoma medications, antianxiety
drugs, antiarrhythmics, antibacterials, anticoagulents, anticonvulsants,
antidepressants, antimetics, antifungals, antineoplastics, antivirals, antibiotics,
antimicrobials, antiallergenics, anti-diabetics, steroidal anti-inflammatory agents,

decongestants, miotics, anticholinergics, sympathomimetics, sedatives, hypnotics,
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psychic energizers, tranquilizers, androgenic steroids, estrogens, progestational
agents, humoral agents, prostaglandins, analgesics, corticosteroids, antispasmodics,
antimalarials, antihistamines, cardioactive agents, non-steroidal anti-inflammatory
agents, antiparkinsonian agents, antinypertensive agents, beta-adrenergic blocking
agents, nutritional agents, gonadotrophin releasing hormone agonists, insecticides,

anti-helminthic agents or combinations thereof.

The pharmaceutically active ingredient may be risperidone, bupivacaine, ivermectin,

octreotide, meloxicam, or combinations thereof.

Combinations of drugs can be used In the Dbiodegradable drug delivery
composition of this Invention. For instance, If one needs to ftreat Lupus
erythematosis, non-steroidal anti-inflammatory agents and corticosteroids can be

administered together in the present invention.

Veterinary medicaments such as medicines for the treatment of worms or

vaccines for animals are also part of the present invention.

Viral medicaments for plants such as those viruses from Pot<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>