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SUSTAINED RELEASE DOSAGE FORM
In accordance with a first aspect of the present
invention there is provided a multiphasic sustained release

injectable delivery system for prolonged, controlled

delivery of microencapsulated macromolecular .biocactive
agents of biological origin. The macromolecular bioactive
agents include, but are not limited to: allergen-related
substances such as Allergen source material,  Allergen
extracts, denatured IgE or fragments thereof,
Pentapeptides, and IgE receptors or fragments thereof;
cytokines such as Interferon, including alpha, gamma, etc.,
Interleukins, including Interleukins 1, 2, 3, 4, etc.,
Colony Stimulating Factors including macrophage colony
stimulating factors and granulocyte colony stimulating
factors, Epidermal Growth Factors, Fibroblast anti-
collagenase, Erythropoietin, and Tumor Necrosis Factor;
Anti-Hemophilic Factor (Factor VIII), and Receptor cD4.
The system comprises the biocactive agent encapsulated in
microcapsules of biocerodible encapsulating polymer which
permits a sustained, multiphasic release of said bioactive
agent, including (i) a first portion of bloactlve agent
that upon injection is capable of being released from said
microcapsules of bioerodible encapsulating polymer in a
manner whereby only a relatively small amount of the
biocactive agent is released during a first phase, whereby
the initial biological reaction to the bioactive agent is
minimized due to said first portion; and (ii) secondary
portions of the bioactive agent that provide substantially
higher levels of the biocactive agent in doses which could
provoke a serious reaction in the patient, but for the
prior release of said first portion. For example, a first

, portion of an allergen extract will produce a mild local

reaction similar to that normally observed with low doses
of conventional allergen administration.
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The multiphasic sustained release delivery system of the
invention permits a controlled release of the biocactive
agent wherein the release profile in the treated patient
describes an accelerating or Ccrescendoing dosage delivery.
The term crescendoing dosage delivery is defined herein to
mean the release of the bioactive agents from the polymer
matrix in doses that increase progressively over time, such
that the rate of delivery of the bioactive agent at the end
of the therapeutic period is much greater than the rate of
delivery at the beginning of the therapeutic period. The
rate of delivery at the end of the therapeutic period may
either continue to increase until the matrices are
exhausted of the biocactive substances, or the rate of
delivery may plateau for a predetermined period of time at
a rate high above the initial delivery rate before the
matrices are exhausted of the bioactive substances.

The multiphasic sustained release delivery system of the
invention may include one or more macromolecular biocactive
agents of biological origin including but not limited to

‘allergen-related substances such as Allergen source

material, Aallergen extracts, denatured IgE or fragments
thereof, Pentapeptides, and IgE receptors or fragments
thereof; cytokines such as Interferon, including alpha,
gamma, etc., Interleukins including Interleukins 1, 2,.3,
4, etc., Colony Stimulating Factors including macrophage
colony stimulating factors and granulocyte colony
stimulating factors, Epidermal Growth Factors, Fibroblast
anti-collagenase, Erythropoietin, and Tumor Necrosis
Factor; Anti-Hemophilic Factor (Factor VIII), and Receptor
CD4. The multiphasic sustained release delivery system may

:additionally include stabilizing agents including

thermopreservatives such as glycerine or mannitol, adjuvant
agents, and/or polymer hydrolysis modifying agents.
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In a preferred embodiment, the bioactive agent 1s derived
from naturally occurring sources. In another embodlment
the bioactive agent is genetically engineered or "cloned".
In a further preferred embodiment, the biocactive agent is
purified or partially purified. In a further preferred
embodiment, the .biocactive agent has been lyophlllzed In
another embodiment, stabilizing agents are used for' the
biocoactive agent; preferred embodlments are
thermopreservatives of which may be mentloned glycerlne or
mannitol. '

The bioerodible encapsulating polymer is preferably
Cchosen from a group of natural and synﬁﬁetlc polymers
consisting of poly(lactides) and/or poly(glycolides) and/or
copolymers and derivatives thereof; non-peptide polyamino
acids; poly (ortho esters); low and high molecular welght
polyanhydrides; polyiminocarbonates; poly alpha—am1noac1ds,
polyalkyl-cyano- acrylate; polyphosphazenes, or
acyloxymethyl polyaspartate and polyglutamate copolymers.

In accordance with a second aspect of the present
invention there is provided a method of therapy for living
organisms, particularly humans and other mammals, which
comprises injecting a subject with a mlcroencapeulated
macromolecular bioactive agent of blologlcal origin
including but not limited to: allergen-related substances
such as Allergen source material, Allergen extracts,
denatured IgE or fragments thereof, Pentapeptldes, and IgE
receptors or fragments thereof: cytokines’ such as
Interferon, including alpha, gamma, etc.,‘ Interleuklns
including Interleukins 1, 2, 3, 4, etc., Colony Stlmulatlng
Factors including macrophage colony stimulating factors and

‘ granulocyte colony stimulating factors, Epldermal Growth

Factors, Fibroblast anti-collagenase, Erythrop01etln, and
Tumor Necrosis Factor; Anti-Hemophilic Factor (Factor
VIII), and Receptor CD4. The bicactive agent is
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encapsulated in microcapsules of bioerodible encapsulating
polymer, which permits a sustained, multiphasic release of

‘'said bioactive agent, including (i) a first portion of

which is capable of being released in a manner whereby only
a relatively small amount of the bioactive agent is
released during a first phase, whereby initial adverse
reactivity is minimized due to said first portion producing
a mild reaction similar to that normally observed with low
doses of conventional bioactive agent administration; and
(1ii) secondary portions of the bioactive agent that provide
substantially higher levels of the bioactive agent in doses
which could provoke a serious reaction in the patient, but
for the prior release of said first portion.

In accordance with another aspect of the present
invention, there is provided a method of allergen
desensitization therapy which comprises injecting a subject
with microencapsulated allergen extract. The allergen
extract is encapsulated in microcapsules of bioerodible
encapsulating polymer, which permits a sustained,
multiphasic release of the allergen extract, including (i)
a first portion of the allergen extract that upon injection
is capable of being released in a manner whereby only a
relatively small amount of the allergen extract is released
during a  first phase, whereby initial allergenicity is
minimized due to said first portion producing a mild
reaction similar to that normally observed with low doses
of conventional allergen administration; and (ii) secondary
portions of the allergen extract that provide substantially
higher levels of allergen extract in doses which could
provoke a serious reaction in the patient, but for the

" prior release of the first portion.

In accordance with yet another aspect of the present
invention, there is provided a method of allergen
desensitization therapy which comprises injecting a subject
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with microencapsulated unextracted allergen source
material. The unextracted allergen source material is
encapsulated in microcapsules, including (i) a first
portion of said unextracted allergen source material that
upon injection is capable of being exposed to body fluids
and whose allergen content can thereafter be eluted in a
manner whereby only a relatively small amount of allergen
content is eluted during a first phase, whereby initial
allergenicity is minimized due to said first portlon
producing a mild local reaction similar to that normally
observed with 1low doses of conventional allergen
administration; and (ii) secondary portions of unextracted
allergen source material that provide substantially higher
levels of allergen content in doses which could provoke a
serious reaction in the patient, but for the prlor release
of said first portion.

The allergenic extract generally comprises one or more
allergen sources including but not limited to the group of
pollens, molds, foods, animal danders or their excretions,
smuts and insects, their venoms or their excretlons. In a
preferred embodiment, the allergenic extract used is in
aqueous form. The allergens also may be phy31cally or
chemically modified. In a preferred embodiment, hlghly
allergenic, low molecular weight allergen fractlons have
been excluded from the chemically modified allergenlc
extract. 1In a further preferred embodiment, the alfergens
extracts have been lyophilized. In another embodlment the
allergenic sources are not extracted at all, but rather are
directly microencapsulated without prior extraction. 1In
yet another embodiment, stabilizing agents are used for‘the

rallergen extract; bpreferred embodiments are

thermopreservatives of which may be mentioned glycerlne or
mannitol.
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In a preferred embodiment for any of the macromolecular
biocactive agents, agents for symptomatic treatment of

"initial adverse reactions to the initial dose are included.

Examples of these agents include: non-steroidal anti-
inflammatory agents such as aspirin or ibuprofen; anti-
histamines such as diphenhydramine, chlorpheniramine,
clemastine, hydroxyzine, terfenadine promethazine,
astemizole, loratadine, and the mast cell stabilizer
cromolyn sodium; bronchodilators such as metaproterenol
sulfate, isoetharine hydrochloride, theophylline,
albuterol, and epinephrine; and corticosteroids such as
prednisone, prednisolone, hydrocortisone, cortisone
acetate, flunisolide, and triamincinolone acetate.

In a preferred embodiment for any of the macromolecular
bioactive agents, an adjuvant is added such as tyrosine,
polytyrosine, dimethylglycine (DMG), or muramyl dipeptide.

In a preferred embodiment for any of the macromolecular
biocactive agents, a polymer hydrolysis modifying agent is
included such as a non-toxic organic acid or base, or an
acidic, neutral or basic inorganic salt, or a solution
thereof.

In a preferred embodiment for any of the macromolecular
bioactive agents, the variable release rate of the
biocoactive agent from the polymer 1is achieved
heterogeneously by using a mixture of two or more of the
following microsphere types:

1. Some types of microspheres have thinner biocactive
agent-impregnated polymer layers, and others which have
thicker bioactive agent-impregnated polymer layers.

2. Some types of microspheres which have higher
concentrations of polymer, and others which have lower
concentrations of polymer.

3. Some types of microspheres which have different ratios
of copolymers which affect their rate of erosion.
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4, Some types of microspheres which are made of‘one class
of polymers, and others which are made of a dlfferent class
of polymer with an intrinsically different means or rate of
bioerosion.
5. Some types of microspheres which have ‘higher
concentrations of impregnated bioactive agent, and others
which have lower concentrations of 1mpregnated bloactlve
agent. ok ‘
In a preferred embodiment, the variable release rate of
the biocactive agent from the polymer is” achleved
homogeneously by using just one of the follow1ng types of
microspheres:
1. Some types of microspheres which have thicker
bioactive agent-impregnated outer polymer layers, and
thinner bioactive agent impregnated polymer layers in the
core.
2. Some types of microspheres in which there is a higher
concentration of polymer in the outer layers of the
microsphere, than in the core of the microsphere. |
3. Some types of microspheres which have one ratio of
copolymers in the outer layer but a dlfferent. ratlo of
copolymer in the core of the microsphere. Co
4. Some types of microspheres in which the core of each
microsphere is made of one class of polymers, and 1n which
the outer layers are made of a different class of polymer
with an intrinsically different means ora rate of
biocerosion. |
5. Some types of mlcrospheres in which the core of each
microsphere contains a higher concentration of 1mpmegnated
bioactive agent as compared to outer layers of each

‘microsphere.

In a preferred embodiment, the variable release- rate of
the bioactive agent from the polymer is achleved through
the use of a heterogeneous mixture of microspheres, some of
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which have hydrolysis accelerating agents impregnated in
the microsphere polymer layers, while other microspheres
tontain hydrolysis retarding agents, or no
accelerating/retarding agent at all. For example, the
first portion (i) may include hydrolysis retarding agents
impregnated in the microsphere polymer layers, while the
microspheres corresponding to the secondary portions (ii)
contain hydrolysis accelerating agents, or no accelerating
agent at all. Alternatively, the first portion (i) may
include hydrolysis retarding agents impregnated in +the

‘microsphere polymer layers, while the microspheres

corresponding to said secondary portions (ii) contain
hydrolysis accelerating agents.
EXAMPLE 1

A heterogeneous microcapsule composition is provided
wherein the final product is an admixture of one lot of
microcapsules containing a 50:50 ratio of the exc1p1ents
poly (lactide-co-glycolide) copolymer, and the second lot
of microcapsules containing a 70:30 ratio of the excipients
poly(lactide-co-glycolide) copolymer. The allergen is an
aqueous extract of short ragweed (Ambrosia artemisifolia)
bresent at approximately 0.4% (w/w), and no adjuvant or
polymer hydrolysis-modifying agent is present. In two
separate preparations, a total of 4.0 g of the excipient
(in one case at a ratio of 50: 50, and in the other 70:30)
is dissolved in 200 g of methylene chloride. This solution
is poured into a 250 ml round bottom flask fitted with a
stainless steel swivel paddle and a light-duty, variable
speed stirrer. A total volume of 1.5 ml of the allergen
protein in buffered saline solution containing 10 mg/ml (as

‘measured by the ninhydrin protein assay) is added to a 5 ml

vial. The contents of the round bottomed flask are stirred
at 3,000 rpm while the solution containing the allergen
protein is slowly added. Alternatively, the mixture could
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be emulsified by ultrasonics and the 1like, or a high
pressure homogenizer.

With continued stirring, 50 ml of silicone 0il is added
at the rate of 5.0 ml/minute using a peristaltic pump. The
addition of the silicone oil results in the Separation of
the polymer phase and its subsequent deposit as droplets
of solvent-swollen polymer onto the surface of the
water-allergen microdroplets. These solvent-swollen
polymer droplets are then coalesced to form a contlnuous
film around the water-polypeptide microdroplets.

Hardening of the microcapsules is achieved by pouring the
contents of the round bottom flask into approx1mately 1500
ml of heptane. This mixture is stirred at approximately
1000 rpm for 30 minutes using the same stalnlessf steel

stirrer. The liquid phase (containing heptane-methylene
chloride-silicone 0il) is removed by using a Buchner funnel
loaded with Whatman #41 or #541 filter paper. The

microcapsules are repeatedly washed with 100 ml aliquots of
heptane to insure complete removal of the llqu1d phase,
especially the silicone oil. Finally, the microcapsules
are washed with deionized water followed by a wash with a
1% (w/v) solution of Tween 20 and dried at room temperature

in vacuo. Microcapsules prepared in this fashlon have
diameters ranging from 5-50 microns.

EXAMPLE 2
The procedure of Example 1 is repeated, except 50 mg/ml
protein of the ragweed allergen extract is used. The

resulting microspheres are then resuspended in 2.0 ml of an
aqueous solution of ragweed allergen at only 10 mg
protein/ml. Next, a total of 4.0 g of the exc1p1ent is

*dissolved in 200 g of methylene chloride, and this solution

is poured into a 250 ml round bottom flask as deséribed in
Example 1. While rapidly stirring this mlxture, the
previously-prepared microspheres (now suspended in the



WO 90/09166 PCT/US90/00750

10

15

20

25

30

10

aqueous solution of ragweed allergen) are slowly poured
into the reaction flask. Immediately, 50 ml of silicone

'0il is added at the rate of 5.0 ml/minute. The product is

processed as described in Example 1. The resulting product
consists of microspheres containing ragweed allergen at 50
mg/ml, microspheres containing ragweed allergen at 10
mg/ml, and microspheres containing ragweed allergen with a
core at 50 mg/ml and a "shell" at 10 mg ragweed
protein/ml. The microspheres range in size from 5 to 400
K, and are separated by mechanical sifting into various
sizes. Dissolution studies demonstrate a desirable
crescendoing multiphasic release profile for the larger
(i.e., > 100 p) microspheres, thus indicating that the
larger microspheres are predominantly hybrids.
EXAMPLE 3
The procedure of Example 1 is repeated, except that
Timothy grass (Phleum pratense) allergen is substituted for
short ragweed, diketene acetal-diol condensates (diketene
acetal 3,9-bis- [methylene]-2,4,8,10-tetraoxaspiro [5,5]
undecane condensed with 1,6-hexanediol) is substituted for
the (lactide-co-glycolide) copolymer, and an adjuvant
(glycodipeptide N-acetyl-muramyl-IL- alpha-aminobutyryl-
D-isoglutamine) is incorporated into the aqueoué phase.
EXAMPLE 4
A total of 1.0 g of Poly(ortho ester) 1is dissolved in 25
ml methylene chloride. A total of 0.1 g of allergen
protein from the house dust mite (Dermatophagoides farinae)
is dissolved in phosphate buffered saline and 0.1% acetic
acid. The microspheres are then prepared as described in
Example 1.
EXAMPIE 5
Example 4 is repeated, except that the house dust mite
allergen has 0.1% sodium carbonate incorporated into the
aqueous solution.

LA

-y
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EXAMPLE 6
The microspheres prepared by Example 4 ("aciagn
microspheres) are mixed with mlcrospheres from Example 5
("basic" microspheres) in a ratio of 1: 1, 1:5, and 1:10 of
"acid" to "base" microspheres, respectively. By preparlng
various mixtures of "acid" to "base" microspheres in this
manner, the release profile of the product is dramatlcally
changed. Specifically, the 1:1 mixture results in a slow
initial release, and only a slightly elevated secondary
release, whereas the 1:10 mixture restilts in an
intermediate initial release, and a hlghly elevated
secondary release.
EXAMPLE 7
The procedure of Example 1 is repeated in substantial

measure, except that a glutaraldehyde—modlfled ragweed
allergen extract is used.

EXAMPLE 8
The procedure of Example 1 is repeated, except ah>alum-
adsorbed ragweed allergen extract is used.
EXAMPLE 9
The procedure of Example 1 is followed except
microspheres are prepared with 5-60% glycerol 1ncorporated
into the aqueous phase as a thermopre‘servatlve for the
ragweed allergen extract.
EXAMPLE 10
This experiment is essentially the same as Example 1,
except ragweed pollen instead of an aqueous ragweed extract
is incorporated into the microspheres.
EXAMPIE 11
This experiment is essentially the same as Example 1,

e

P

except that lyophilized ragweed extract particles 4is first

mechanically ground and sieved to produce a powder of
approximately 10 u or smaller in size. The organic solvent
is then loaded with these lyophilized allergen partlcles
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which is dispersed throughout the solution by stirring.
Additional processing continues essentially as described in
Example 1.
EXAMPIE 12
This experiment is essentially the same as Example 2,
except the reencapsulation is performed with an aqueous
solution devoid of allergen. The final product consists of
small microspheres without encapsulated allergen, small
microspheres with the original concentration of allergen,
and large microspheres that have an allergen core, but a
thick encapsulating wall. These latter microspheres are
appropriate in admixtures with thin-walled microsphere to
produce the desired multi-linear release profile.
EXAMPLE 13
A heterogeneous microcapsule composition 1is provided
wherein the final product is an admixture of one lot of
microcapsules containing a 50:50 ratio of the excipients
poly(lactide-co-glycolide) copolymer, and the second lot of
microcapsules containing a 70:30 ratio of the excipients

'poly(lactide-co-glycolide) copolymer. The bioactive agent

1s an aqueous solution of leukocyte-derived alpha
interferon present at approximately 0.4% (w/w), and no
adjuvant or polymer hydrolysis-modifying agent is present.
In two separate preparations, a total of 4.0 g of the
excipient (in one case at a ratio of 50:50, and in the
other 70:30) is dissolved in 200 g of methylene chloride.
This solution is poured into a 250 ml round bottom flask
fitted with a stainless steel swivel paddle and a light-
duty, variable speed stirrer. A total volume of 1.5 ml of
the interferon protein in buffered saline solution
containing 10 million units is added to the 5 ml vial. The
contents of the round bottomed flask are stirred at 3,000
rpm while a solution containing the interferon protein is
slowly added. Alternatively, the mixture could be

1.y

3
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emulsified by ultrasonics and the like, or a high pressure
homogenizer. ' ‘

" With continued stirring, 50 ml of silicone 0il is added
at the rate of 5.0 ml/minute using a peristaltic pump. The
addition of the silicone o0il results in the separation of
the polymer phase and its subsequent deposit as droplets of
solvent-swollen polymer onto the surface of the water-
allergen microdroplets. These solvent-swollen droplets are
then coalesced to form a continuous film around the water-
polypeptide microdroplets.

Hardening of the microcapsules is achieved by pouring the
contents of the round bottom flask into approximately 1500
ml of heptane. This mixture is stirred at approx1mately
1000 rpm for 30 minutes using the same stainless steel

stirrer. The liquid phase (containing heptane-methylene
chloride-silicone 0il) is removed by using a Buchner funnel
loaded with Whatman #41 or #541 filter paper. The

microcapsules are repeatedly washed with 100 ml aliquots of
heptane to insure complete removal of the liquid phase,
especially the silicone oil. Finally, the microcapsules
are washed with deionized water followed by a wash with a
1% (w/v) solution of Tween 20 and dried at room temperature

in vacuo. Microcapsules prepared in this fashion have
diameters ranging from 5-50 microns.
EXAMPLE 14

The procedure of Example 13 is repeated, except 100
million units of leukocyte-derived alpha interferon protein
is used. The resulting microspheres are then resuspended
in 2.0 ml of an aqueous solution of interferon protein at
only 10 million units of interferon/ml. Next, a total of

‘4.0 g of the excipient is dissolved in 200 g of methylene

chloride, and this solution is poured into a 250 ml round
bottom flask as described in Example 13. While rapidly
stirring this mixture, the previously-prepared microspheres
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(now suspended in the aqueous solution of interferon
protein) are slowly poured into the reaction flask.
Immediately, 50 ml of silicone oil is added at the rate of
5.0 ml/minute. The product is processed as described in
Example 13. The resulting product consists of microspheres
containing interferon at 100 million units/ml, microspheres
containing interferon at 10 million units/ml, microspheres
containing interferon with a core at 100 million units/ml,
and a "shell" containing interferon at 10 million units/ml.
The microspheres range 'in size from 5 to 400 x, and are
separated by mechanical sifting into wvarious sizes.
Dissolution studies demonstrate a desirable crescendoing
multiphasic release profile for the larger (i.e., > 100 i)
microspheres, thus indicating that the larger microspheres
are predominantly hybrids.

-y
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WHAT IS CLAIMED IS:

1. A multiphasic sustained release delivery system for
pProlonged, controlled delivery of microehddﬁSulated
macromolecular bioactive agent, comprising & macromolecular
bioactive agent of a biological origin encapsulated in
microcapsules of bioerodible encapsulating polymerf*which
permits a sustained, multiphasic release ‘of said
macromolecular bioactive agent, 1ncluding'%(i) a first
portion of said macromolecular biocactive agent that upon
injection is capable of being ‘released"from; said
microcapsules of bioerodible encapsulating polymer in a
manner whereby only a relatively small amount of said
macromolecular bioactive agent is released during a first
phase, whereby initial adverse biological reaction is
minimized due to said first portion produc1ng a mild
reaction similar to that normally observed with low doses

of said macromolecular bioactive agent to prov1de a
substantially higher level of the macromolecular bioactive
agent in doses which could provoke a serious reaction in
the patient, but for the prior release of said first
portion. 4 B

2. A mnultiphasic sustained release delivery system
according to claim 1 wherein the macromolecular bloactive
agent is selected from the group consisting of allergen-
related substances, cytokines, anti-hemophilic factors and
Receptor CD4.

3. A multiphasic sustained release delivery system
according to claim 1 wherein the first portionh and
secondary portions of said macromolecular biocactive agent

‘provide a controlled release providing a dosage 4profile

having an accelerating or crescendoing release.
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4. A multiphasic sustained release injectable delivery
system for ©prolonged, controlled delivery of

‘microencapsulated macromolecular bioactive agent in

accordance with claim 1, wherein the harmful effects of the
released macromolecular bioactive agents are controlled by
the synchronous release of an agent for symptomatic
treatment of initial adverse reactions to the initial dose.

5. A multiphasic sustained release injectable delivery
system of claim 4 wherein said agent for symptomatic
treatment comprises a non-steroidal anti-inflammatory
agent, an anti-histamine, a corticosteroid, or a
bronchodilator.

6. A multiphasic sustained release injectable delivery
system for prolonged, controlled delivery of
microencapsulated macromolecular bioactive agent of claim
1, wherein said bioerodible encapsulating polymer is a
member selected from the group of poly(lactides),
poly(glycolides), and copolymers and derivatives thereof;
non-peptide polyamino acids; poly (ortho esters); low and
high molecular weight polyanhydrides; polyiminocarbonates;
poly alpha-aminoacids; polyalkyl-cyano-acrylate;
polyphosphazenes; and acyloxymethyl polyaspartate and
polyglutamate copolymers.

7. A multiphasic sustained release injectable delivery
system for prolonged, controlled delivery of
microencapsulated bioactive agent of claim 1, wherein the
multiphasic release rate is achieved by providing a
heterogeneous mixture of microspheres of bioerodible
encapsulating polymers, a portion of said microspheres
corresponding to the first portion (i) having a comblnatlon

- of one or more of the following:

a. thinner bioactive agent-impregnated polymer layers,
b. higher concentrations of polymer,

c. lower concentrations of impregnated bioactive agent;

-

oy
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and a portion of said microspheres correspondlng to said
secondary portions (ii) having a combination of one or more

of the following:

a. thicker bioactive agent impregnated polymer layers,

b. lower concentrations of polymer,

c. different ratios of copolymers which affect thelr rate
of erosion as compared to the first portion,

d. different class of polymer with an intrinsically

different means or rate of bioerosion as compared to the
first portlon,

e. higher concentrations of impregnated bioactive agent.
8. A multiphasic sustained release injectable delivery
system for prolonged, controlled delivery of

microencapsulated biocactive agent of claim 1, wherein the
multiphasic release rate is homogeneously achieved by using
only one of the following types of microspheres :
a. microspheres which have thicker bioactive agent~"
impregnated outer polymer layers, and thinner bioactive
agent impregnated polymer layers in the core, or

b. microspheres in which there is a higher concéntration
of polymer in the outer layers of the mlcrosphere, than in
the core of the microsphere, or

c. microspheres which have different ratios of copolymers
in the outer layers as compared to the core, or

d. microspheres in which the outer layer is made of one
class of polymer, and in which the core of each mlcrosphere
is made of a different class of polymer with an
intrinsically different means or rate of b10eros1on, or

e. microspheres in which the outer layer of each
microsphere contains a lower concentration of impregnated

* bicactive agent as compared to the core of each microsphere

whereby the bioactive agent of the first portlon (i) is
contained in the outer layers and the bioactive agent of
the secondary portions (ii) is contained in the core.
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9. A multiphasic sustained release injectable delivery
system for prolonged, controlled delivery of
microencapsulated bioactive agent of claim 1, wherein the
multiphasic release rate is achieved by providing a mixture
of microspheres, those corresponding to said first portion
(i) including hydrolysis retarding agents impregnated in
the microsphere polymer layers, while the microspheres
corresponding to said secondary portions (ii) contain
hydrolysis accelerating agents, or no accelerating agent at
all.

10. A multiphasic sustained release injectable delivery
system of claim 9 wherein said hydrolysis retarding and
accelerating agents are non-toxic organic acids or bases,
or an acidic, neutral or basic inorganic salt, or a
solution thereof.

11. A multiphasic sustained release injectable delivery
system for prolonged, controlled delivery of
microencapsulated bioactive agent of claim 1, wherein the
multiphasic release rate is achieved by providing a mixture
of microspheres, those corresponding to said first portion
(1) may include no hydrolysis retarding agents impregnated
in the microsphere polymer layers, while the microspheres
corresponding to said secondary portions (ii) contain
hydrolysis accelerating agents.

12. A multiphasic sustained release injectable delivery
system of claim 11 wherein said hydrolysis retarding and
accelerating agents are non-toxic organic acids or bases,
or an acidic, neutral or basic inorganic salt, or a
solution thereof.

13. A multiphasic sustained release injectable delivery

-system of claim 1 wherein a stabilizing agent is

encapsulated along with the bioactive agent.
14. A multiphasic sustained release injectable delivery

s

i
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system of claim 13 wherein said stabilizing agent 1s the
thermopreservative glycerine or mannitol.

15. A multiphasic sustained release 1njectable delivery
system of claim 1 wherein an adjuvant is encapsulated along
with the biocactive agent.

16. A multiphasic sustained release 1njectable dellvery
system of claim 15 wherein said adjuvant is tyrosine,
polytyrosine, dimethylglycine (DMG), or muramyl dlpeptlde.

17. A multiphasic sustained release 1njectable dellvery
system of claim 1 wherein the encapsulated bloactlve agent
is in aqueous form. '

18. A multiphasic sustained release 1njectable dellvery
system of claim 1 wherein the encapsulated bloactlve agent
is in lyophilized form.

19. A multiphasic sustained release 1njectable dellvery
system of claim 1 wherein the macromolecular bioactive
agent is unextracted allergen source material.

20. A multiphasic sustained release 1njectable dellvery
system for prolonged, controlled dellvery of
microencapsulated allergen extract comprising 'allergen
extract encapsulated in microcapsules of bioerodible
encapsulating polymer, which permits a sustalned
multiphasic release of said allergen extract, 1nclud}ng (1)
a first portion of allergen extract that upon 1njectlon is
capable of being released from said mlcrocapsules of
bioerodible encapsulating polymer in a manner whereby only
a relatively small amount of said allergen extract is
released during a first phase, whereby 1n1t1al
allergenicity is minimized due to said first portion
producing a mild local reaction similar to that _normally
observed with 1low doses of conventional allergen
administration; and (ii) secondary portions of . allergen
extract that provide a substantially hlgher level of
allergen extracts in doses which could provoke a serious
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reaction in the patient, but for the prior releases of said
first portion.

21. A multiphasic sustained injectable delivery system
for prolonged, controlled delivery of microencapsulated
allergen extract in accordance with claim 20, wherein the
total amount of allergen extract in said secondary portions
are at levels higher than would be a toxic level for said
allergen extract, in the absence of the prior release of
said first portion.

22. A multiphasic sustained release injectable delivery
system for prolonged, controlled delivery of
microencapsulated allergen extract in accordance with claim
20, wherein the harmful effects of the released allergens
are controlled by the synchronous release of an agent for
symptomatic treatment of initial adverse reactions to the
initial dose.

23. A multiphasic sustained release injectable delivery
system of claim 22 wherein said agent comprises a non-
steroidal anti-inflammatory agent, an anti-histamine, a
corticosteroid, or a bronchodilator.

24. A multiphasic sustained release injectable delivery
system for prolonged, controlled delivery of
microencapsulated allergen extract of claim 20, wherein
said bioerodible encapsulating polymer is a member selected
from the group of poly(lactides), poly(glycolides), and
copolymers and derivatives thereof; non-peptide polyamino
acids; poly (ortho esters); low and high molecular weight
polyanhydrides; polyiminocarbonates; poly alpha-aminoacids:
polyalkyl-cyano-acrylate; polyphosphazenes; and
acyloxymethyl polyaspartate and polyglutamate copolymers.

25. A multiphasic sustained release injectable delivery
system for pPprolonged, controlled delivery of
microencapsulated allergen extract of claim 20, wherein
said allergen extract is of an allergen source selected

gy

-
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from the group consisting of a pollen, mold, food, animal
dander, animal excretion, smut, insect, insect venom and
insect excretions.

26. A multiphasic sustained release injectable delivery
system for Prolonged, controlled delivery of
microencapsulated allergen extract of claim 20, wherein the
multiphasic release rate is achieved by providing a
heterogeneous mixture of microspheres of bioerodible
encapsulating polymers, a portion of said microspheres

corresponding to the first portion (i) having a combination
of one or more of the following:

a. thinner allergen-impregnated polymer layers,
b. higher concentrations of polymer,
c. lower concentrations of impregnated allergen;

and a portion of said microspheres corresponding to said

secondary portions (ii) having a combination of one or more
of the following:

a. thicker allergen impregnated polymer layers,

b. lower concentrations of polymer, _

c. different ratios of copolymers which affect their rate
of erosion as compared to the first portion,

d. different class of polymer with an intrinsically

different means or rate of bioerosion as compared to the
first portion,
e. higher concentrations of impregnated allergen.

27. A multiphasic sustained release injectable delivery
system for Prolonged, controlled delivery of
microencapsulated allergen extract of claim 20, wherein the
multiphasic release rate is homogeneously achievéd;by using
only one of the following types of microspheres :

‘a. microspheres which have thicker allergen-impregnated

outer polymer layers, and thinner allergen impregnated
polymer layers in the core, or
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b. microspheres in which there is a higher concentration
of polymer in the outer layers of the microsphere, than in

‘the core of the microsphere, or

c. microspheres which have different ratios of copolymers
in the outer layers as compared to the core, or

d. microspheres in which the outer layer is made of one
class of polymer, and in which the core of each microsphere
is made of a different class of polymer with an
intrinsically different means or rate of bioerosion, or

e. microspheres in which the outer layer of each
microsphere contains a lower concentration of impregnated
allergen as compared to the core of each microsphere
whereby the allergen extract of the first portion (i) is
contained in the outer layers and the allergen extract of
the secondary portions (ii) is contained in the core.

28. A multiphasic sustained release injectable delivery
system for prolonged, controlled delivery of
microencapsulated allergen extract of claim 20, wherein the
multiphasic release rate is achieved by providing a mixture
of microspheres, those corresponding to said first portion
(i) including hydrolysis retarding agents impregnated in
the microsphere polymer layers, while the microspheres
corresponding to said secondary portions (ii) contain
hydrolysis accelerating agents, or no accelerating agent at
all.

29. A multiphasic sustained release injectable delivery
system of claim 28 wherein said hydrolysis retarding and
accelerating agents are non-toxic organic acids or bases,
or an acidic, neutral or basic inorganic salt, or a
solution thereof.

30. A multiphasic sustained release injectable delivery
system for prolonged, controlled delivery of
microencapsulated allergen extract of claim 20, wherein the
multiphasic release rate is achieved by providing a mixture

-



WO 90/09166 PCT/ USQO/OOTSO

10

15

20

25

30

23

of microspheres, those corresponding to said first portion
(i) may include no hydrolysis retarding agents'iﬁpregnated

"in the microsphere polymer layers, while the microspheres

corresponding to said secondary portions (ii) contain
hydrolysis accelerating agents. ' !

31. A multiphasic sustained release injectable delivery
system of claim 30 wherein said hydrolysis retarding and
accelerating agents are non-toxic organic acids'b;‘bases,
or an acidic, neutral or basic inorganic salt, or a
solution thereof. ' .

32. A multiphasic sustained release injectable delivery
system of claim 20 wherein an allergen stabilfzinq agent is
encapsulated along with the allergen extract. |

33. A multiphasic sustained release injectable delivery
system of claim 32 wherein said allergen stabilizing agent
is the thermopreservative glycerine or mannitol. .

34. A multiphasic sustained release injectablé‘delivery
system of claim 20 wherein an adjuvant is 'ehdébsulated
along with the allergen extract. ' o

35. A multiphasic sustained release injectabléldelivery
system of claim 34 wherein said adjuvant is tﬁfosine,
polytyrosine, dimethylglycine (DMG) , or muramyl dipeﬁtide.

36. A multiphasic sustained release injectable delivery
system of claim 20 wherein the encapsulated allergen
extract is in aqueous form. : '

37. A multiphasic sustained release injectable delivery
system of claim 20 wherein the encapsulated alleréeh is in
lyophilized form. ‘ o

38. A multiphasic sustained release injectable‘delivery
system of claim 20 wherein the encapsulated:¥§llergen

~ extract is physically or chemically modified.

39. A multiphasic sustained release injectable;delivery
system of claim 38 wherein low molecular weight allergen
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fractions have been excluded from said physically or
chemically modified allergens.

40. A method of allergen desensitization therapy which
comprises injecting a subject with microencapsulated
allergen extract, said microencapsulated allergen extract
including (i) a first portion of said allergen extract that
upon injection is capable of being released in a manner
whereby only a relatively small amount of said allergen
extract is released during a first phase, whereby initial
allergenicity is minimized due to said first portion
producing a mild reaction similar to that normally observed
with low doses of conventional allergen administration; and
(ii) secondary portions of said allergen extract that
provide substantially higher levels of allergen extract in
doses which could provoke a serious reaction in the
patient, but for the prior release of said first portion.

4l. A method of allergen desensitization therapy which
comprises injecting a subject with microencapsulated
unextracted allergen source material, saiad
microencapsulated unextracted allergen source material
including (i) a first portion of said unextracted allergen
source material that upon injection is capable of being
exposed to body fluids and whose allergen content can
thereafter be eluted in a manner whereby only a relatively
small amount of allergen content is eluted during a first
phase, whereby initial allergenicity is minimized due to
said first portion producing a mild local reaction similar
to that normally observed with low doses of conventional
allergen administration; and (ii) secondary portions of
unextracted allergen source material that provide

‘substantially higher levels of allergen content in doses

which could provoke a serious reaction in the patient, but
for the prior release of said first portion.
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42. A method of therapy which comprises injecting a
subject with a therapeutically effective amount of
microencapsulated macromolecular bioactive agent, said
microencapsulated macromolecular bioactive agent including
(i) a first portion of said macromolecular bioactive agent
that upon injection is capable of being released 1n a
manner whereby only a relatively small amount of said
macromolecular bioactive agent is released during a first
phase, whereby initial adverse reactivity is minimizeg due
to said first portion producing a mild reaction 51m11ar to
that normally observed with low doses of conventlonal
administration of the macromolecular biocactive agent; and
(ii) secondary portions of macromolecular- biocactive agent
that provide substantially higher levels of macromolecular
bioactive agent in doses which could provoke a ‘serious

reaction in the patient, but for the prior release of Sald
first portion.
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