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(ii) The core material is dispersed or dissolved in the coating solution.
The core material may This invention is concerned with a process for   be
solid or liquid and may or may not be preparing  compositions  comprising
microen-       soluble in the coating solution. The core material
capsulated pharmaceutical agents by phase sepa-   5  may also contain, in
addition to any pharmaceu- ration microencapsulation, wherein the hardening
tical agent, excipients such as antioxidants, pre- agent is a volatile
silicone fluid and with composi-  servatives, release-modifying agents, and
the tions prepared thereby.                              like. Any or all
of the core material ingredients Microcapsules consist of a core material
sur-    may be solid or liquid. rounded by a coating or encapsulating
substance   10    (iii) While stirring the composition of (ii), a non- -
which is normally a polymer. Microcapsules may       solvent for the
coating material and core ma- consist of one or more spherical core
particles     terial is added. The non-solvent must be mis- surrounded by a
coating, or the microencapsulated    cible with or soluble in the coating
solvent. Addi- substance may exist as one or more irregularly      tion of
the non-solvent causes the coating ma- shaped particles surrounded by a
coating which   15    terial to come out of solution in the form of a may
have spherical form, or the exterior of the      dispersed liquid phase
comprising a concen- microcapsules may be irregular in shape. In gen-
trated solution of the coating polymer in the eral, microcapsules are
produced to provide pro-     original coating solvent. In the case where
the [err] for the core material and/or to control the  core material is
soluble in the coating solution, rate of release of the core material to
the surround-  20    the core material will also be present in the ing
environment. Also included within the term       coating solution phase. In
the case where the microcapsule are those in which the pharmaceuti-
core material is not soluble in the coating solu- cal agent is present as a
solid solution in the     tion, the newly created phase surrounds and
coating and may be present at one or more points     coats the dispersed
core phase. In this instance, or portions of the microcapsule surface. The
term   25  a necessary property of the coating phase is microsphere has
also been applied to the above-     that it wet the core phase in
preference to the named microcapsules.
continuous phase. As suggested by Beck et al., U.S. Patent         (iv) The
dispersion (iii) is added to the hardening 4,585,651, dated April 29, 1986
which discloses      solvent. The purpose of this solvent is to extract
pharmaceutical compositions comprising micropar-  30  polymer solvent from
the coating/core droplets ticles of a pharmaceutical agent incorporated in
a    formed in step (iii). After hardening, the micro- biocompatible and
-biodegradable matrix material,    capsules will exist as particles
suspended in the the methods for preparation of microcapsules may
hardening solvent. The microcapsulses may be classified in three principal
types:             then be recovered by filtration or other conve- (1)
phase separation methods including aqueous  35  nient means. and organic
phase separation processes, melt        Kent et al., European Patent
Publication Num- dispersion and spray drying;                    ber
EP0052-510, published May 26, 1982, dis- (2) interfacial reactions
including interfacial poly-  closes the microencapsulation of water soluble
merization, in situ polymerization and chemical  polypeptides in
biocompatible, biodegradable poly- vapor depositions; and
40  mers   such    as   poly(lactide-co-glycolide) (3) physical methods,
including fluidized bed   copolymers, also by a phase separation process
spray coating, electrostatic coating and physical  utilizing an alkane
solvent, and specifically exempli- vapor deposition.
fies heptane as a hardening solvent. The distinguishing feature of phase
separation    The previously used hardening agents includ-
microencapsulation is the initial production of a   45  ing hexane,
heptane, cyclohexane and other alkane new dispersed phase containing the
coating sub-   solvents leave substantial amounts of hardening stance via
some physical or chemical change. The  agent residues in the microcapsules.
Tests have dispersed coating phase ultimately surrounds and  shown that
heptane hardened microcapsules typi- coats the core material which itself
is also initially  cally contain 5-15% by weight of heptane. Since
dispersed or dissolved in the continuous phase.  50  hardening agents can
ultimately be released, low In one preferred type of phase separation,
toxicity is of paramount importance for hardening microencapsulation is
carried out by addition of a  agents used to produce microcapsules for
phar- non-solvent for the coating polymer and the core  maceutical
applications, and it would be advantar material to a solution of the
coating polymer which  geous to provide the same. contains dispersed or
dissolved core material. This  55  In addition, a further drawback in use
of hy- type of phase separation process comprises the    drocarbon
hardening agents of the prior art is that following steps.
they are flammable and therefore require the use (i) A solution of coating
material is prepared.  of explosion-proof facilities for manufacturing 2   
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must have low solubility in the coating non-solvent It has now been
discovered that if volatile sili-  and also low solubility in the volatile
silicone har- cone fluids are used as hardening agents, the      dening
agent. Low solubility means less than about drawbacks of the prior art are
overcome because    5% weight/weight; preferably less than about 1% of
their very low toxicity and non-flammability char-   5   and most
preferably less than about 0.1%. Also in acteristics. Microcapsules
produced by the phase   the case of core materials which are microen-
separation microencapsulation process are different  capsulated as solids
or liquids dispersed in the and better than those of the prior art because
the  coating solution, the concentrated coating solution residual hardening
agent content is very low, e.g.,  phase generated upon addition of the
non-solvent of the order of less than 2-3 wt %, preferably less  10    must
wet the core phase in preference to the than 1-2% and more preferably less
than 1%. The    continuous phase. In the case of core materials results
obtained herein are surprising because,    which are soluble in the initial
coating solution, the while the coating material solvent is readily remov-
core material must partition into the coating phase able by vacuum drying,
it has heretofore been the   generated upon addition of the coating
non-solvent. experience that residual prior art hardening agents,  15  Thus
the class of core materials which may be once incorporated into
microcapsules, are not read- --    microencapsulated by the process of this
invention ily removed by drying because they are, by nature,  is determined
by the physicochemical properties of not soluble in the coating material
and therefore do  the core, coating, coating solvent and hardening not
permeate through the coating material.         agent. Volatile silicone
fluids are unique because   20   Among the pharmaceutical agents which sat-
these fluids essentially are not incorporated into the  isfy these criteria
in general are peptides and pro- microcapsules during the hardening step.
teins. Specific examples of the latter are: atrial The improvement in phase
separation microen-    natriuretic factor, tumor necrosis factor, oxytocin,
capsulation thus provided by the present invention  vasopressin,
adrenocorticotrophic   hormone removes a major obstacle which in the past
has   25  (ACTH), epidemial  growth  factor, tryocidins, prevented use of
this technology to produce a drug  gramicidins, gramicidins, renin,
bradykinin, an- delivery system.
giotensins, enctorphins, enkephalins, calcitonin, In accordance with the
present invention, there  salmon calcitonin, secretin, calcitonin gene
related is provided an improvement in a known process for  factor, tissue
plasminogen factor, kidney plas- preparing a pharmaceutical composition in
micro-  30   minogen factor, cholecystokinin, melanocyte inhib- capsule
form, said process comprising:              iting  factor, melanocyte
stimulating  hormone, (a) dispersing a solution containing a pharma-
neuropeptide y, nerve growth factor, muramyl ceutical agent in an organic
solvent containing a  dipeptide, thymopoletin, human growth hormone,
biocompatible encapsulating polymer which may    porcine growth hormone,
bovine growth hormone, also be biodegradable;                      35
insulin, thyrotropin releasing hormone (TRH), ar- (b) adding to the
dispersion a non-solvent for   ogastrone, pentagastrin, tetragastrin,
gastrin, inter- the encapsulating polymer and pharmaceutical     ferons,
glucagon, somatostatin, prolactin, superox- agent; and
ide dismutose, luteinizing hormone releasing hor- (c) adding the product of
step (b) to a hardening  mone (LHRH), H-5-Oxo-Pro-His-Trp-Ser-Tyr-DTrp-
solvent to extract said organic solvent and pro-  40  Leu-Arg-Pro- [err]
H-5-Oxo-Pro-His-Trp-Ser-Tyr- duce solid microcapsules of said
pharmaceutical  3-(2   Napthyl)-D-alanyl-Leu-Arg   Pro-Gly- [err]
composition, the improvement comprising using    Luteinizing
hormone-releasing factor(pig),-[0-(1,1- as the hardening solvent a volatile
fluid.       dimethylethyl)-D-serinel-10-deglycinamide-,2- Also provided by
the invention are composi-     (aminocarbonyl)hydrazide   (9Cl),
Luteinizing tions of matter comprising a microencapsulated   45
hormone-releasing   factor   (pig),  6-[0-(1,1- core material wherein the
microcapsules are pre-
dimethylethyl)-D-serine]-9-[N-ethyl-L-prolinamide)- pared by phase
separation microencapsulation em-    10-deglycinamide-(9CI), Luteinizing
hormone-re- ploying a volatile silicone fluid as a hardening   leasing
factor (pig), 6-D-leucine-9-(N-ethyl-L-pro- agent. Such compositions are
different from those  linamide)-10-deglycinamide-(9Cl) and synthetic an- of
the prior art because they have a residual har-  50  alogs and
modifications and pharmacologically ac- dening agent content of less than
about 3%  by     tive fragments thereof and pharmaceutically ac- weight,
preferably less than 2%  by weight and      ceptable salts thereof.
especially preferably less than 1% by weight and       Other classes of
compounds suitable for are substantially free of any alkane hardening
microencapsulation by this process includes: peni- agents.
55  cillins, betalactamase inhibitors, cephalosporine, Criteria which core
materials must satisfy in   quinolones, aminoglycoside antibiotics
(gentamicin, order to be microencapsulated by the process of    tobramycin,
kanamycin,  amikacin),  estradiol, this invention are as follows. The core
material    norethisterone, norethindrone, progesterone, testos- 3  
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achromycin, tetracyclines      siloxanes and related oils and the like.
(doxycycline,    minocycline,   oxytetracycline,      Encapsulating polymer
or coating solvents tetracycline,  chlortetracycline,  demeclocycline,
must be miscible with the hardening agent which in methacyline),
clindamycin, Vitamin B-12, anesthet-  the process of this invention is a
volatile silicone ics (procaine, tetracaine, lidocaine, mepivacaine,   5
fluid. Typically, halogenated organic solvents such etidocaine),
mitoxantrone, bisantrene, doxorubicin,  as methylene chloride and 1,1,2
trichloroethane or mitomycin C, bleomycin, vinblastine, vincristine,  other
[err] halogenated alkanes are employed. cytosine arabinoside, ARA-AC,
actinomycin D,          The volatile silicone fluid is preferably oc-
daunomycin, daunomycin benzoylhydrazone, nitro-
tamethylcyclotetrasiloxane or decamethylcyclopen- gen mustards,
5-azacytidine, calcium leucovorin,  10  tasiloxane or a low molecular
weight linear poly- cis-platinum compounds, 5-fluorouracil, methotrex-
dimethylsiloxane, such as hexamethyidisiloxane. ate, aminopterin,
maytansine, melphalan, mecap-       The methods and materials used to
prepare topurines, methyl CCNU, hexamethylmelamine,       microencapsulated
pharmaceutical agents are well etoposide, hydroxyurea, levamisole,
mitoquazone,  known to those skilled in the art as evidenced by
misonidazole, pentostatin, teniposide, thioquanine,  15  the
above-mentioned patents and publications. dichloromethotrexate,
chloprothixene, molindone,      Merely by way of illustration,
biodegradable loxapine,    haloperidol,    chlorpromazine,      polymers
such s poly(glycolide-co-dl-lactide), poly- triflupromazine,
mesoridazine,   thioridazine,  (lactide) and other similar polyester type
polymers fluphenazine,   perphenazine,   trifluoperazine,   have been used
to produce microcapsules contain- thiothixene, and pharmaceutically
acceptable salts  20  ing a number of drugs. The solvent used for these of
the foregoing, hydromorphone, oxymorphone,     polymers is normally
methylene chloride or other levorphenol, hydrocodone, oxycodone,
nalorphine,  halogenated solvents, such as [err] halogenated naloxone,
naltrexone, buprenorphine, butorphenol,  alkanes, e.g., methylene chloride
and 1,1,2-trich- nalbuphine, mepridine, alphaprodine, anileridine,
loroethane. Phase inducing substances, i.e., non- diphenoxylate, fentanyl
and pharmaceutically ac-  25  solvents, or the so-called coacervation
agents, are ceptable salts of the foregoing.                  typically
silicone oil (polydimethylsiloxane), vegeta- The encapsulating polymer may
be biodeg-       ble oils and polyisobutylene, but they can also radable or
non-biodegradable as the application   include mineral oils, and other
related oils, and the dictates. The term biodegradable is used herein to
like. The hardening solvents most commonly used mean that the polymer
degrades when adminis-  30  in the prior art are flammable alkanes such as
teredto a living organism by hydrolysis or as a   heptane and cyclohexane.
[err]  enzymatically catalyzed degradation or by     It is essential in the
current invention to use a a comoination of the two.
particular class of hardening agents for phase sep- Among the encapsulating
polymers which can     aration microencapsulation induced by the addition
be utilized, ther are named: polyglycolide, polylac-  35  of a non-solvent
for the coating polymer. tide (L OR DL), poly (glycolide-co-I-lactide),
poly    These hardening agents are volatile silicone
(glycolide-co-dl-lactide), poly(p-dioxanone), poly-  fluids.
(glycolide-co-trimethylene carbonate), poly(alkylene  Suitable volatile
silicone fluids are: diglycolates),  poly(alkylene  succinates),  poly-
octamethylcyclotetrasiloxane; (alkylene oxalates), poly(capro-lactone),
poly( -   40  decamethylcyclopentasiloxane; and hydroxybutyric acid),
poly(ortho esters), poly-      low molecular weight linear
polydimethylsilox- (anhydrides), poly(amideesters), poly(alkylene tar-
anes such as hexamethyidisiloxane. trate), poly(alkylene fumarate),
cellulose based      Preferred agents are octamethylcyclotetrasilox-
polyurethanes, ethyl cellulose, methyl cellulose,  ane and
decamethylcyclopentasiloxane. These hydroxypropyl cellulose, and other
cellulose deriva-  45  agents are non-flammable (flash points of 55 C
tives.                                            and 76 C, respectively).
Also, since they are pure In addition, blends of the above polymers and
substances rather than mixtures, they may be easi- other copolymers of the
above may be used.        ly recovered by distillation and recycled. The
choice of non-solvent is dictated by the      Such fluids can be made by
procedures known chemical nature of the encapsulation polymer and   50  to
those skilled in this art; and they are all commer- the polymer solvent.
The non-solvent must be mis-  cially available. cible with the polymer
solvent and as the name        The microcapsules may range in diameter from
implies, a non-solvent for the encapsulating poly-  about 0.1 to 1000 [err]
preferably 5 to 200 [err] and mar or coating. The non-solvent must have
greater  especially preferably 10-180 [err] depending on the affinity for
the polymer solvent than the encapsulat-  55  procedure employed. They may
be administered to ing polymer. Typical non-solvents are silicone oils  a
subject by any means or route desired. The (polydimethylsiloxane),
vegetable     oils,      amount of pharmaceutical agent used will comprise
polyisobutylene, mineral oils, cyclic polydimethyl-  an effective amount
greater than a conventional 4 
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be readily determined by    mixed at a speed of 750 rpm. When the micro-
those skilled in this art, but, for example, if a  spheres were completely
discharged into the oc- hormone is used, the amount will comprise up to
tamethylcyclotetrasiloxane the mixing speed was about 70% by weight of the
microcapsules, prefer-  increased to 1500 rpm. The total mixing time was
ably from about 0.01 to about 40% by weight of   5   2.5 hours. the
microcapsules, and especially preferably from    The hardened microcapsules
were collected by 0.1 to 10% by weight of the microcapsules.        passing
the mixture through a stainless steel col- While the composition of matter
employing the  lection screen having 5 micron openings. The above described
hardening agents and the process  microcapsules were then vacuum dried. by
which the microcapsules are produced are ge-  10      The above
microcapsules were tested to deter- nerically applicable to a variety of
pharmaceutical  mine the rate of D-[err]-LH-RH release in vitro by agents,
they are specifically applicable to micro-  the following procedure:
capsule formulations containing peptides or pro-     The release apparatus
consisted of a porous teins such as those listed above.
microcapsule containers which was placed in a For example, (D-Trp6)-LH-RH,
a synthetic de-  15  culture tube containing a specified amount of the
capeptide analogue of the naturally occurring  --   release medium, pH 7.4
phosphate buffer. The Leutinizing Hormone Releasing Hormone, used for
tube was rotated in a 37 C incubator. Periodically the treatment of hormone
related diseases such as  over a period of 45 days the release medium was
hormone-dependent breast, prostate and ovarian   removed, assayed for
D-Trp6-LH-RH by HPLC, and cancers, endometriosis and precocious puberty.
20  replaced with fresh medium. One of the main problems with this product
is     Drug release was observed to occur over a that it must be
administered parenterally and be-  period of forty five days. cause it has
a short biological half-life daily injec-  Residual
octamethylcyclotetrasiloxane  levels tion is required which is at best
inconvenient and  were found to be two to three percent by weight. has
undesirable effects.                     25  For comparison, heptane
hardened microcapsules Microcapsules prepared with a biodegradable
contain 5-15% heptane typically. encapsulating polymer according to the
current in- vention provide the ideal delivery system for D-  EXAMPLE 2
[err]-LH-RH and related or similar drugs. Injected subcutaneously or
intramuscularly, the polymer  30   If the procedure of Example 1 is
repeated, portion of the microcapsule will biodegrade and   substituting
decamethylcyclopentasiloxane for oc- bioerode, resulting in the release of
the petide into  tamethylcyclotetrasiloxane, substantially the same the
body for periods ranging from several hours to  results will be obtained.
several months. The following examples illustrate the invention,  35
EXAMPLE 3 but are not intended to limit the claims in any manner
whatsoever.                                   If the procedure of Example 1
is repeated, substituting hexamethyldisiloxane for octamethyl- EXAMPLE 1
cyclotetrasiloxane, substantially the same results 40  will be obtained. A
6.0 g portion of poly(glycotide-co-dl-lactide) polymer was added to 300 g
of methylene chloride  EXAMPLE 4 and dissolved by stirring at high speed
for 24 hours. A 0.24 g portion of D-Trp6-LH-RH[err] (84%        A 50 gram
batch of D-Trp6-LH-RH microcaps- purity) was added to approximately one
half of the   45  ules was produced using the following method:
polymer/methylene chloride solution and was dis-     A 50 gram  portion
poly(glycolide-co-lactide) persed with a homogenizer.
having a lactide to glycolide rates of approximately The
drug/polymer/methylene chloride solution   53:47 and an inherent viscosity
of about 0.65 d/g together with the remainder of the polymer-       (as
measured in a 0.5% w/v hexafluroisoproponal methylane chloride solution was
then added to a   50  solution at 30 C) copolymer was dissolved into vessel
equipped with a stirrer rotating at 2250 rpm.  950 grams methylene chloride
by stirring overnight. This mixture was stirred until homogeneous and a
The solution was filtered through a stainless steel non-solvent consisting
of 218 g of polydimethyl   screen having eight micron openings. siloxane
having a viscosity of 350 centistokes was   An amount of 2.0 grams of
spray-dried D-[err]- infused into the mixture at a rate of 4 ml per  55
LH-RH was mixed into the polymer solution using minute. The total mixing
time was 56 minutes.     high shear mixer for about 30 seconds. The D- This
mixture was then discharged into 6 gal-   [err]-LH-RH had a mean particle
size of approxi- lons = 22.7 [err] of octamethylcyclotetrasiloxane and
mately 3 microns. 
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drug/copolymer/methylene chloride solu-    polymer had an inherent
viscosity of about 0.67 tion was added to the microencapsulation vessel
dl/g  (as determined  in a 0.5%  (w/v) hex- equipped with a stirrer
rotating at 300 rpm. A non-  afluoroisoproponol solution at 30 C) and a
lactide solvent consisting of 1,000 grams of a poly-      to glycolide
ratio of about 53:47. dimethylsiloxane having a viscosity of 350 cen-   5
A 6.2 gram portion of micronized minocycline tistokes was infused at 100
grams/min. The total  HCL (85.7% pure and having a mean particle size
mixing time was 12 minutes. This mixture was then  of about 3 [err]) was
added to the 300 grams of discharged into 5 gallons = 18.9 [err] (18.2
kilos) of  filtered polymer solution. octamethylcyclotetrasiloxane and
mixed at 750        The drug was dispersed in the polymer solu- rpm. When
the microspheres were completely dis-  10  tion with a homogenizer for
about 1 to 2 minutes. charged the mixing speed was increased up to
The suspension was added to a microen- 1500 rpm. Total mixing time was 2
hours.          capsulation vessel equipped with a stirrer and stir- The
hardened microcapsules were then col-     ring at 300 rpm.
Polydimethylsiloxane having a lected by passing the mixture through a
stainless  viscosity of 350 centistokes was infused at 100 steel screen
with eight micron openings. The   is  grams per minute for 3 minutes for a
total of 300 microcapsules were then vacuum dried.             grams. The
mixture was stirred for an additional 2 minutes then discharged into 5
gallons = 18.9 [err] of EXAMPLE 5
octamethylcyclotetrasiloxane  mixing  at speeds varying from 750 rpm to
1500 rpm for two hours. A six gram batch of cyanocobalamin (Vitamin  20
The microcapsules were collected by filtration, B12) microcapsules were
produced using the fol-  rinsed with octamethylcyclotetrasiloxane and dried
lowing method:                                    under vacuum. Diameters
of these microcapsules 120 grams of a 5% (w/w) poly(glycolide-co-dl-
ranged from about 30 to 120 um. lactide) polymer solution in methylene
chloride was  The above-mentioned patents and publications filtered through
a 0.2 [err] millipore membrane filter.  25  are incorporated herein by
reference. The polymer had an inherent viscosity of about       Many
variations of this invention will occur to 0.29 dl/g (as measured in a 0.5
w/v hex-           those skilled in this art in light of the above, de-
afluoroisoproponel solution at [err]) and a lactide  tailed description.
For example, instead of (D-[err])- to glycolide ratio of about 53:47.
LH-RH, a steroid hormone can be used, e.g., An amount of 0.24 grams Vitamin
[err] having a   30  norethindrone, norethisterone, and the like or other
mean particle size of about 5 microns was added   vitamins or antibiotics
can be used. Instead of to the 120 grams of filtered 5% solution. The [err]
silicone oil as a non-solvent, mineral oil, or peanut was blended into the,
polymer solution using a    oil can be used. All such obvious variations
are homogenizer for about 30 seconds.                 within the full
intended scope of the appended The [err] solution was added to the microen-
35  claims. capsulation vessel equipped with a stirrer rotating at 300 rpm.
A non-solvent consisting of poly-     Claims dimethylsiloxane having a
viscosity of 350 cen- [err] was infused at 100 grams per minute for    1. A
process for preparing a pharmaceutical com- one minute to give a total
added quantity of 100   40  position in microcapsule form, the process
grams. The solution was stirred for an addition two  comprising: minutes.
(a) dispersing a solution containing a core The above suspension was
discharged into 4           material which is comprised of a pharma-
gallons of octarnethylcyclotetrasiloxane fluid mixed    ceutical agent in
an organic solvent contain- for 2 hours at a stirrer speed increased over
time   45  ing a biocompatible encapsulating polymer; from 750 to 1500 rpm.
(b) adding to the dispersion a non-solvent Microcapsules were collected,
rinsed with oc-       for the encapsulating polymer and core ma-
tamethylcyclotetrasiloxane and dried under vacu-        terial; and um. The
microcapsules ranged in diameter from           (c) adding the product of
step (b) to a about 30 to 120 [err]                          so
hardening solvent to extract the organic sol- vent and produce solid
microcapsules of the EXAMPLE 6
pharmaceutical composition, characterized by using as the hardening solvent
a volatile A 15 gram batch of minocycline microspheres          silicone
fluid. was produced using the following method:     55 A 300 gram portion
of a 5% poly(glycolide-co-  2. A process as defined in Claim 1 comprising:
di-lactide) solution in methylene chloride was fil-     (a) dispersing a
core material comprising 



tered through a 0.2 [err] millipore membrane. The          solid particles
in a solution of the biocom- 6    EP 0 292 710 B1                   10 The
drug/copolymer/methylene chloride solu-    polymer had an inherent
viscosity of about 0.67 tion was added to the microencapsulation vessel
dl/g  (as determined  in a 0.5%  (w/v) hex. equipped with a stirrer
rotating at 300 rpm. A non-  afluoroisoproponol solution at 30 C) and a
lactide solvent consisting of 1,000 grams of a poly-      to glycolide
ratio of about 53:47. dimethylsiloxane having a viscosity of 350 cen-   5
A 6.2 gram portion of micronized minocycline tistokes was infused at 100
grams/min. The total   HCL (85.7% pure and having a mean particle size
mixing time was 12 minutes. This mixture was then  of about 3 [err]) was
added to the 300 grams of discharged into 5 gallons = 18.9 [err] (18.2
kilos) of  filtered polymer solution. octamethylcyclotetrasiloxane and
mixed at 750         The drug was dispersed in the polymer solu- rpm. When
the microspheres were completely dis-  10  tion with a homogenizer for
about 1 to 2 minutes. charged the mixing speed was Increased up to
The suspension was added to a microen- 1500 rpm. Total mixing time was 2
hours.           capsulation vessel equipped with a stirrer and stir- The
hardened microcapsules were then col-      ring at 300 rpm.
Polydimethylsiloxane having a lected by passing the mixture through a
stainless  viscosity of 350 centistokes was infused at 100 steel screen
with eight micron openings. The   15  grams per minute for 3 minutes for a
total of 300 microcapsules were then vacuum dried.              grams. The
mixture was stirred for an additional 2 minutes then discharged into 5
gallons = 18.9 [err] of EXAMPLE 5
octamethylcyclotetrasiloxane  mixing  at speeds varying from 750 rpm to
1500 rpm for two hours. A six gram batch of cyanocobalamin (Vitamin  20
The microcapsules were collected by filtration, [err] microcapsules were
produced using the fol-   rinsed with octamethylcyclotetrasiloxane and
dried lowing method:                                     under vacuum.
Diameters of these microcapsules 120 grams of a 5% (w/w)
poly(glycolide-co-dl-  ranged from about 30 to 120 [err] lactide) polymer
solution in methylene chloride was   The above-mentioned patents and
publications filtered through a 0.2 [err] millipore membrane filter.  25
are incorporated herein by reference. The polymer had an inherent viscosity
of about        Many variations of this invention will occur to 0.29 dl/g
(as measured  in a 0.5 w/v hex-          those skilled in this art in light
of the above, de- afluoroisoproponel solution at [err]) and a lactide
tailed description. For example, instead of (D-[err])- to glycolide ratio
of about 53:47.                 LH-RH, a steroid hormone can be used, e.g.,
An amount of 0.24 grams Vitamin [err] having a   30  norethindrone,
norethisterone, and the like or other mean particle size of about 5 microns
was added   vitamins or antibiotics can be used. Instead of to the 120
grams of filtered 5% solution. The B12  silicone oil as a non-solvent,
mineral oil, or peanut was blended into the polymer solution using a
oil can be used. All such obvious variations are homogenizer for about 30
seconds.                  within the full intended scope of the appended
The [err] solution was added to the microen-  35  claims. capsulation
vessel equipped with a stirrer rotating at 300 rpm. A non-solvent
consisting of poly-      Claims limethylsiloxane having a viscosity of 350
cen- tistokes was infused at 100 grams per minute for   1. A process for
preparing a pharmaceutical com- one minute to give a total added quantity
of 100   40  position in microcapsule form, the process grams. The solution
was stirred for an addition two   comprising: minutes.
(a) dispersing a solution containing a core The above suspension was
discharged into 4           material which is comprised of a pharma-
gallons of octamethylcyclotetrasiloxane fluid mixed      ceutical agent in
an organic solvent contain- for 2 hours at a stirrer speed increased over
time   45  ing a biocompatible encapsulating polymer; from 750 to 1500 rpm.
(b) adding to the dispersion a non-solvent Microcapsules were collected,
rinsed with oc-        for the encapsulating polymer and core ma-
tamethylcyclotetrasiloxane and dried under vacu-         terial; and um.
The microcapsules ranged in diameter from            (c) adding the product
of step (b) to a about 30 to 120 [err]                           50
hardening solvent to extract the organic sol- vent and produce solid
microcapsules of the EXAMPLE 6
pharmaceutical composition, characterized by using as the hardening solvent
a volatile A 15 gram batch of minocycline microspheres          silicone
fluid. was produced using the following method:      55 A 300 gram portion
of a 5% poly(glycolide-co-  2. A process as defined in Claim 1 comprising: 



di-lactide) solution in methylene chloride was fil-     (a) dispersing a
core material comprising tered through a 0.2 [err] millipore membrane. The
solid particles in a solution of the biocom- 6    11            EP 0 292
710 B1                   12 patible encapsulating polymer in an organic
10. A pharmaceutical composition adapted for the solvent in which the core
material has low      sustained release of an effective amount of
solubility;                                     drug over an extended
period of time prepared (b) stirring the dispersion produced in (a)     by
the phase separation process of Claims 1 while adding a non-solvent for the
encap-   5   or 2 in microcapsule form wherein the com- sulating polymer
and the core material, the     position comprises: non-solvent being
soluble in the organic sol-     (a) at least one pharmaceutical agent in an
vent whereby the encapsulating polymer            effective amount greater
than a conventional separates from solution as a liquid phase      - single
dose; and consisting essentially of a concentrated so-   10  (b) a
biocompatible encapsulating polymer, lution of the encapsulating polymer in
the        the composition having a residual hardening organic solvent and
selectively coats the         agent content of less than about 3%  by core
material particles; and                      weight. (c) adding to the
coated core particle dis- persion from step (b) a hardening agent  15
Revendlcatlons comprising a volatile silicone fluid. 1. Proc6d6 pour
preparer une composition phar- 3. A process as defined in Claims 1 or 2
wherein      maceutique sous forme de microcapsules, ce the biocompatible
encapsulating polymer is        procMd6 comprenant: also biodegradable, the
pharmaceutical agent  20     (a) la dispersion d'une solution, contenant is
vitamin [err] and the non-solvent is a second       un noyau constitud d'un
agent pharmaceuti- polymer incompatible with the encapsulating
que, dans un solvant organique qui contient polymer.
un polymbre d'encapsulation biocompatible; (b) l'addition a la dispersion
d'un compos6 4. A process as in Claims 1 and 2 wherein the   25      non
solvant pour le polymere d'encapsula- core material is tetracycline,
doxycycline,          tion et le noyau, et minocycline, methacycline,
declomycin, ox-           (c) l'addition du produit de 1'etape (b) a un
ytetracycline, or chlortetracycline or the phar-     solvant durcissant,
pour extraire le solvant macoutically acceptable salts thereof.
organique et produire des microcapsules 30        solides contenant la
composition pharma- 5. A process as in Claims 1 and 2 wherein the
ceutique, caract6risee par l'utilisation d'un core material is a
cephalosporin, penicillin,        fluide de silicone volatil comme solvant
dur- quinoline, amino glycoside or a mixture of           cissant.
penicillin and a beta lactim. 35  2. Proced6 tel que defini dans la
revendication 1, 6. A process as defined in Claims 1 and 2
comprenant: wherein the core material comprises a peptide       (a) la
dispersion d'un noyau, comportant or pharmaceutically acceptable salt
thereof.         des particules solides, dans une solution du polymere
d'encapsulation biocompatible 7. A process as defined in Claims 1 and 2
40          dans un solvant organique dans lequel le wherein the core
material comprises a protein        noyau a une solubilit faible; or
pharmaceutically acceptable salt thereof.         (b) 'agitation de la
dispersion preparde en (a), pendant qua l'on ajoute un compose 8  A process
as defined in Claim 1 wherein the          non solvant pour le polymbre
d'encapsula- core material comprises an anesthetic.    45         tion et
le noyau, le compos6 non solvant dtant soluble dans la solvant organique,
9. A pharmaceutical composition adapted for the         moyennant quoi le
polymbre d'encapsula- sustained release of an effective amount of
tion se separe de la solution, sous la forme drug over an extended period
of time prepared        d'une phase liquide consistant essentielle- by a
phase separation process in microcapsule  50    ment en une solution
concentree du poly- form wherein the composition comprises:
mere d'encapsulation dans le solvant orga- (a) at least one pharmaceutical
agent in an       nique, et enrobe s6lectivement les parti- effective
amount greater than a conventional      cules du noyau, et single dose; and
(c) I'addition a la dispersion de particules (b) a biocompatible
encapsulating polymer,  55    du noyau enrobdes issues de N'tape (b), 



said composition having a residual harden-        d'un agent durcissant
comprenant un fluide ing agent content of less than about 3% by        de
silicone volatil. weight. 7    13                EP 0 292 710 B1
14     c11   1111i1111l  D III 3. Proc6de tel que defini dans les
revendications        (b) un polymere d'encapsulation biocompa- 1 ou 2,
dans lequel le polymere d'encapsula-         tible, la composition ayant
une quantite resi- tion biocompatible est egalement biod6grada-
duelle d'agent durcissant de moins d'envi- ble et l'agent pharmaceutique
est la vitamins        ron 3% en poids. 812 et le compose, non solvant est
un deuxib-   5 me polymbre, incompatible avec le polymere
PatentansprUche d'encapsulation. 1. Verfahren zur Herstellung einer
pharmazeuti- 4. Proced6 tel quo dcfini dans les revendications      schen
Zusammensetzung in mlkroverkapselter 1 et 2, dans lequel le noyau est la
tetracycline,  10  Form, umfassend folgende Verfahrensstufen: la
doxycycline, la minocycline, la methacycli-       (a) Das Dispergieren
einer Losung, enthal- ,.    no, la d4clomycine, l'oxytetracycline ou la
tend ein Kemmaterial, welches ein pharma- chlorot6tracycline ou les sels
pharmaceutique-       zeutisches Mittel in einem organischen L8- ment
acceptables de celles-cl.                       sungsmittel umfait, das sin
biokompatibles 75        Verkapselungspolymeres enthalt 5. Proced6 tel que
defini dans les revendications        (b) Zugabe sines Nicht-Losungsmittels
fUr I et 2, dans lequel le noyau est une cephalos-       das
Verkapselungspolymere und das Kern- porine, une penicilline, une quinoline,
un ami-      material zu der Dispersion; und noglycoside ou un melange de
penicilline et          (c) Zugabe des Produkts von Stufe (b) zu de
betalactime.                           20         einem
Hfrtungsl6sungsmittel, um das orga- nische Losungsmittel zu extrahieren und
fe- 6. Proced6 tel que defini dans les revendications        ste
Mikrokapseln der pharmazeutischen Zu- 1 et 2, dans lequel le noyau comports
un             sammensetzung zu erzeugen, dadurch ge- peptide ou un sel
pharmaceutiquement accep-          kennzeichnet. daP man als das
H~rtungsid- table de celui-ci.                         25
sungsmittel sine flUchtige Silikonfl(ssigkeit verwendet. 7. Procede tel quo
defini dans les revendications 1 et 2, dans lequel le noyau comporte une
2. Verfahren gemaB Anspruch 1, umfassend: proteine ou un sel
pharmaceutiquement accep-         (a) Dispergieren sines Kernmaterials, um-
table de cello-ci.                         30        fassend feste Teilchen
in einer Losung des biokompatiblen Verkapselungspolymeren in 8. Proced6 tel
que d6fini dans la revendication 1,       einem organischen Losungsmittel,
in dem dans lequel le materiau central comporte un          das
Kernmaterial sine niedrige Loslichkeit anesthesique.
hat, 35        (b) ROhren der in Stufe (a) erzeugten Dis- 9. Composition
pharmacsutique convenant pour             persion unter Zugabe sines
Nicht-Losungs- la liberation continue d'une quantite efficace de    mittels
fOr das Verkapselungspolymere und mEdicament pendant une longue periode,
pre-          das Kernmaterial, wobei das Nicht-Lsungs- paree par un
procede de separation de phases         mittel in dem  organischen
Ldsungsmittel sous la forms de microcapsules, la composi-  40     lslich
ist, wobei das Verkapselungspolyme- tion comprenant:
re aus der 1Losung separiert als eine flUssi- (a) au moins un agent
pharnmaceutique, en          ge Phase, bestehend im wesentlichen aus une
quantite efficace superieure a une dose        einer konzentrierten L6sung
des Verkapse- unitaire classique, et
lungspolymeren in dem  organischen Lo- (b) un polymere d'encapsulation
biocompa-  45      sungsmiffel, und die Kernmaterialteilchen tible, ladite
composition ayant une quantit6       selektiv beschichtet; und residuelle
d'agent durcissant de moins d'en-       (c) Zugabe sines Hartungsmittels
umfas- viron 3% en poids.                                 send eine
flUchtige Silikonflissigkeit zu der Dispersion beschichteter Kernteilchen
aus 10. Composition pharmaceutique convenant pour  so        Stufe (b). Ia
liberation continue d'une quantit6 efficace de medicament pendant une
longue periode, pre-    3. Verfahren gem9B Anspruch 1 oder 2, wobei paree
par le proced6 de separation de phases       das  biokompatible
Verkapselungspolymere des revendications 1 ou 2 sous la forms de
auch bioabbaubar ist, und das pharmazeuti- 



microcapsules, la composition comprenant:  55      sche Mittel Vitamin B12
ist und das Nicht- (a) au moins un agent pharmaceutique, en
Losungsmittel ein zweites Polymer ist, das mit une quantit6 efficace
supdrieure a une dose      dem Verkapselungspolymer inkompatibel ist.
unitaire classique, et 8    15                EP0292710B1
16     * C   L 4. Verfahren gemaB Anspruch 1 und 2, wobei das Kemmaterial
Tetracyclin, Doxycyclin, Minocy- clin, Methacyclin, Declomycin,
Oxytetracyclin oder Chlortetracyclin ist oder die pharmazeu- tisch
akzeptablen Salze derselben.          5 5. Verfahren gemai3 Anspruch 1 und
2, wobei das Kernmaterial ein Cephalosporin, Penicillin, Chi- nolin,
Aminoglycosid oder eine Mischung von Penicillin und einem Betalactim ist.
10 k.,-   6. Verfahren wie in Anspruch 1 und 2 definiert, wobei das
Kemmaterial ein Peptid oder ein pharmazeutisch akzeptables Salz desselben
umfalt.                                    15 7. Verfahren wie in Anspruch
1 und 2 definiert, wobei das Kernmaterial ein Protein oder phar- mazeutisch
akzoptables Salz desselben um- fa(t.
20 8  Verfahren wie in Anspruch 1 definiert, wobei das Kemmaterial ein
Andsthetikum umfaBt. 9. Pharmazeutische Zusammensetzung, einge-  25
richtset fOr die verz6gerte Freigabe einer wirk- samen Menge einer Droge
Ober einen lange- ren Zeitraum, hergestelit mit einem Phasense-
parationsverfahren in mikroverkapselter Form, wobei die Zusammensetzung
umfait:          30 (a) Mindestens ein pharmazeutisches Mittel in einer
wirksamen Menge, die grtoer ist als eine herkommliche Einzeldosis; und (b)
Ein biokompatibles Verkapselungspoly- meres, wobei die Zusammensetzung
elnen   35 Rest-Hartungsmittelgehalt von weniger als etwa 3 Gew.-%
aufweist. 10. Pharmazeutische Zusammensetzung, einge- richtet f(r die
verz6gerte Freigabe einer wirk-  40 samen Menge einer Droge Ober einen
lange- ren Zeitraum, hergestellt mit dem Phasensepa- rationsverfahren von
Anspruch 1 odor 2 in mi- kroverkapselter Form, wobei die Zusammen- setzung
umfalt:                            45 (a) Mindestens ein pharmazeutisches
Mittel in einer wirksamen Menge, die groBer ist als eine herkommliche
Einzeldosis; und (b) Ein biokompatibles Verkapselungspoly- meres, wobei die
Zusammensetzung einen   50 Rest-Hartungsmittelgehalt von weniger als etwa 3
Gew.-% aufweist. 65 9    


