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Palyhydrexsbutyns and Methy! acetats.
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Methylethyl kewne

Valenc acid copalymers (PHBY)

Poly--caprolaions (PCL)
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L

+

SOLUTIGN OF POLYMER IN VOLATILE SOLVENT(S)
+

PLASTICIZER
Cirrates soch as diethyl cirare (DEC). methyl emare (TEC). acety] methyl curate (ATEC). fribury] otrate {TBC},
acetyl miwry] citrate (ATBC, butyrylin-n.-besyl-citrate, actyliri-n-hexy! crate, phibaiaes suck as dinethyl
phthalate (DMPY, dietbyt phthalate (DEP), dibatyl phihalzic (DBE), dicery] phihalate, glyco! eibers soch as eihyiens
giyeot dethyt exber, propyleus glycol monomettd stber, stiyleae glycol monosiby] ether, dicthykens ghyret
monosthy! eher (Transeutol ), propylene gheeal sary busyl evher. dipropylens giysol elber.
‘methy! pymrolone, 2 pyrralidose (2-Fymol®), iwopropyl mmymabste, isoprepy} paimitate, dimethylacetamide,
prapylens glyeol. glycerol, glyceryt dioteate, etbyl oleats. benzylbenmoate, glycoftmol sorbitol, suerose scetate
isobusyrats, sebasates such as dibuty] sebacate, diprapylene glycol methyl ethes acetar {DPM acettt). propylene
carbooate, propylete ot lumate, propytenc glycol capr ic trigh N
butyrolacione. polycihylene gycols (PEG), glycersiand PEG estars of scids amd fatty meds (Geluzwed®, Abratis’
and Labrasol™) such as PEG-6 glyeeral mamo elrate, PEG-6 glycerol luoleats, PEG-8 glyceeo] lmolests, PFEG4

ghyteey) caprylareiapate, PEG-8 plyveryl caprylaie/saprate. pobyplyeeryl- oleate, plyglycayl 6 dualesse.
polyglyceryl-3-sostearate, PEG-32 plyeery] lavran: (Gelucae 44 13, PBG.32 glyceryi palmutcsteocate (Gehcue
P CHR PEG.1 plyceryl steardto (Geaeee S310%), flycoryt behevt, cety) palumtate, ghyoecyl i 3 n spearte,
glyceryl poleitosteamate, nd plyceryt macetate (Taacetn®), vegetable ot shrawed fom seeds, fowers, fraits,
Joavas, stérre O any pant of @ plat ar tree melitmg cotton seed od. say bean ofl, sknoad ail, sunllower wil. pranut
o, sesame o1l The use ol rvo o mre plasticzers m a combmation o7 hlend of varying Tatios and hydrophilicaty or
hydrophobicity s 2lso encampassed hy the present meetina,

SOLUTION QF POLYMER + PLASTICIZER IN VOLATILE SOLVENT(S)
BIQLOGICALLY ACTIVE SUBSTANCE(S) GR BAS
AEAT ANDVOR APPLY VACYLM TO EVAPORATE THE
VOLATILE SOLVENT
BAS-LOADED BIODEGRADAILE DELIVERY SYSTEM
(BaS-LOADED RIODEGRADABLE DELIVERY §YSTEM COULD BE 4 FREE-FLOWING LIQUID,

VISCOUS LIQUID, GEL OR PASTE. WHERE THE BasS 1§ EITHER DISSOLVED OR SUSPENDED IN
THE BIODEGRADABLE DELIVERY SYSTEM)
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BIODEGRADABLE VEHICLES AND DELIVERY SYSTEMS OF
BIOLOGICALLY ACTIVE SUBSTANCES

CROSS-REFERENCE 10 RELATE} APPLICATIONS
This application claims priority to U.S. Patett Application 09/605,661, filed
June 28, 2000, the teachings of which are incorporated herein by reference in their entirety
for all purpases.
FIELD OF THE INVENTION

Diodegradable vehicles and delivery systems, which can be mixed with one or
morte physiologically, pharmacologically and biolagically active substance(s) (BAS), are
provided, ‘The biodegraduble vchiele (without any BAS-loading) can be uscd as 2
‘biodegradable filler or spacer to fill in cavities or hody tissues in animals, birds and humans.
The brodegradable vehicle can be mixed with one or inore BAS, The delivery systems
loaded with BAS can be used to control the release of the BAS from the delivery system fora
profonged period of thme, The consistency and theology, hydrophikicity and hydrophobicity,
and in vive degradation rafes of the bicdegradable vehicles and BAS loaded delivery systems
are controlled by modulating the types of polymers or copolymers, molecular welght of
polymers and copelymers, copolymer ratios, und satios ol blends of polymers or copolymers

with dilfexent moleculur weights or different hydrophilicity or hydrophobicity, types of

.plaslicizcrs, concentration of plasticizers, ratios of two or more plasticizers used in

combination, The release charasteristics of the BAS from the biodegradable delivery systen
are also confrolled by the above-mentioned fastors. The present invention also provides

methods for preparing these biodegradable vehicles and delivery systems.
RACKGROUND OF THE INVENTION

The term biodegradable polymers refer to those polymers, which ure slowly
cenverted to nontoxic degradation preducts in the body. Examples include homepolymers
and copolymers of pelylactic acid er polylactide (PLA), palyglycolic acid or polyglysolide,
polycaprolactone (PCL), polyanhydrides, polyphosphoesters, polyorthoesters,
polyaminoacids, pseudopolyamineacids, polyhydroxybulyrates, polylrydroxyvalerates,
pelyphosphazenes, polyzalkyleyanoactylates, polydioxanone, poly(s-decaloactone),

f
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poly(glycolide-co-trimethylene carbonats), poly(ethylene catbonats), poly(imiuocarbonaté),
poly(l,3-propylens malonats), polyethylene-1 4-phenylene-bis-oxyacetate), po]y(sster;
amides). Some of (hose polymers and their copelymers have been studied extensively for
biomedical applications such as sutures, staples and mesh for wound closure, fracture
fixation, bone angmentation and ligaiment reconstruction in orthopedies, ligation clips and
vasenlar grafts in eardiovascular surgery, and dental repairs (Barrows T. Degradable implant
materials: a roview of synthetic absorbable polymers and their applications. Climioal
materials., 1:233-257, 1986). They have also been used to prepare biodegradable drug
delivery systems capable of releasing the drug or a biologically active substancs over the
desired length of time.

The advantages of using biodegradable polymers in biodegradable delivery
systems of BAS are: ready availability of polymers, polymers used are nontoxic,
hiocompatibile and biodegradable, facile predictability of biodegradation rates of the
polymers, ease of modification of the degradation chaxacteristics of the polymers, regulatory
approval of some of the commonly used biodcgradable polymers, case of fabrication of the
polymens inte various types of devices and the possibility of controlling the release of BAS
by polymers over the desired length of time. '

Release of BAS from 2 polymetic delivery system depends on the
physicochemical characteristics of the BAS molecule, polymer und other excipients, and the
dosage form. The important factors governing BAS release characteristics from the delivery
systems prepared with biodepradable polymers are polymer melecular weight, capolymer
ratio, polymer hydrophilicity or lipophilicity, percentage of vatious polymers in a blend
consisting of pelymers with varying molecula weighis or copolymer ratios, hydrophilicity or
hydrophilicity of the platicizer, percentage of varions hydrophilic and hydrophilic plasticizers
in a blend of varying types of plasticizers, degree of plasticization, particle size and
percentage of BAS-loading, hydrophilicity or lipaphilicity of the incorporated BAS,
solubility of the BAS in both the delivery system and in the biological {Tuids, physical form
of the formulation (i.e. liquid, gel or paste), and the method of preparation of the delivery
gystem.

Several Lypes of BAS delivery sysloms have been prepared from

biodegradable polymers, These inolude microparticles such as microspheres and

mierocapsules {Schindler A, Jeffcoat R, Kimmel CT., Pitt CG, Wall ME and Zwelinger R, in:

Contemporaty Topics in Polymer Science, Pearcs EM and Schaefgen IR, eds., Vol. 2,
Plenum Publishing Corperation, New York, pp. 251-289, 1977; Mason NS, Gupta DVS,
¥
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Kellor, DW, Y oungyuist &S, and Sparks RF. Biomedical applicatioits of mictoencapsulation,
(Lim F, ed.), CRC Press Inc., Floride, pp. 75-84, 1984; Harrigan SE, MoCarthy DA, Reuning
R and Thies C., Midl. Macromel, Monograph, 5:91-100, 1978.; Sandvrs LM, Burns R, Bitale
K and Hoffinan P., Clinical performance of nafarelin controlled release injectable: influence
of formm!ation parameters on release kinetics and duration of efficaey., Proooedings of the
International Symposium on Controlled Release and Bioactive Materials, 15:62-63, 1988;
Mathiowite E, Leong K und Langer R., Macromolecular drug relcase from bicerodible
polyanhydride microspheres, in: Proceedings of the 12th Intemnational Symposium on
Controlled Release of Dioactive Materials, Peppas N and Haluska R, eds., pp. 133, 1985),
films (Tackanicz TM, Nash HA, Wise DL and Gregory JB. Polylactic acid as a biodegradable
carrier for coniraceplive steroids., Contraception, 8:227-233, 1973.; Woeodland THR, Yolles
S, Blake AB, Heirtch M and Meyer FJ. Long-acting delivery systems for narcotic antagonist.
I ). Med. Chesm., 16:897-901, 1973), fibers (Renink MID, Maasser: GCT, Sam AP, Geelen
TAA, van Lieshout JRIM, Olijslager J, de Nijs H, and de Jager E. Devclopment of a now
[ong-acting contraceptive subdermal implant relcasing 3-ketodesogeairel.,, Proceedings of the
15th Intemalional Symposium en Controlled Release of Bicactive Materials, Controlled
Release Saciety, Lincolnshire, Tllinois, pp.402-463, 1988), vapeules (Sidmean KR, Schwope
AD, Steber WD, Rudolpl SE, Paulin $B. Biodegradable, implantable sustained relcase
sysiemns based ou glutamic acid copelymers. J. Membr. Sci., 7:277-291, 1980; Piti CG,
Gratzl MM, Jeffeoat MA, Zweidinger R and Schindler A, Sustained drug delivery systems
H: Factors affecting release rates from poly-e-caprolactone and related biodegradable
polyesters., I, Pharm. Sci., 68(12):1534-1538, 1979), dises (Cowsar PR, Dumn RL.,
Biodegradable and non-blodegradable fibrous delivery systems, in: Long soting
Contraceptive Delivery Syslems, Zatuchni GI, Goldsmith A, Shelton JD and Sciarea I7, eds.,
Harmper & Row, Publishers, Philadelphia, pp.145-148, 1984), wafers (Brem et al,, I
Nevrosurpery, T4:441-446, 1991) and solutions (Dunn et al., 11.8. Patents 4,938,763;
5,324,519 5,324,520; 5,278,201; 5,340,849; 5368,85%; 5,660840; 5,632,727, 5,599,552;
5,487,897). All of these, with. the exceplion of microparticles need to be surgically
implanted. This procedure is inconvenient and undesitable, Drug-loaded microspheres an
fhe other land, can be easily injected. However, there are several inherent disadvantages of
microparticles. These include the need for reconstitution before injection, the inability to

remeve the dose once it is injected, and the relatively complicated manmfacturing procedure.

2

JP 2004-511431 A 2004.4.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

25

30

(41)

WO 0200137 PCT/USO1/06138

Tn addition, all the drug delivery systems deseribed in the aforementioned
section contains uf least one BAS, which is incorporated into the drug delivery system duting
ke manufacturing of the dosage form. 1t is often difficult (if'not impossible) to individualize
BAS dosing (ot change the BAS-loading) in these drug delivery systemns. Also, there exists a
possibility where a certain percentage of BAS often degrades becanse of its exposure o the
solvents, chemicals or other barsh manufacturing conditions during the preparation of the
drug delivery system or during storage of the finished product.

Therefore, there clearly exists a need for developing easity injectable,
implantable, smearable or applicable biodegradable vehicles and BAS-foaded biodegradable
delivery systems such as freo-tlowing or viscous hquids, gels, and pastes, propared from
biodegradable polymets using aliernative methods, Motreover, there is also a need for
developing a more versatile delivery vehicle where the type of BAS and the dose of BAS can
be tailored {io individualize BAS dosing) just prior (o its use. The stubilily of the BAS can
also be enhanced in such a delivery system where the BAS is loaded into the vehicle just

prior fo use.
SUMMARY OF THE INVENTION

It coriain aypects, the present invention relates (o compasilions und melhods
of preparing biodegradablc vehicles and delivery systems. The prescnt invention also
provides compesitions of biodepradable velicles and BAS-loaded delivery systems, and the
process ol blending one or more BAS with the bicdegradable vehioles. The biodegradable
vehicles cun be used a5 biodegradablo fillers or spacers (o.g., an artificial Gysue) to fll in
cavities or body tissues in amimals, birds and hunans, One or morc biologically active
substances (BAS) can be loaded into the biodegradahle vehicle to prepare the biodegradable
delivery systom, which can be used to controf the release of thie BAS aver a desired petiod of
time.

In ane aspect, the present itvention provides a biodegradable vehicle
contprising at least one biodegradable polymer having at least one plasticizer, Preferably, the
plasticizer is capable of rodulating the consistency, the hydrophebicity, hydrophilicity and
degradation characteristics of the biodegradable vehicle. The biodegradable vehicle
ireferably has at least onc biologically active substance mized therewith. The biodegradable
polynier or blends thereof isfare capable of modulating the degradation kinetics of the
biodegradable vehicle and in certain instances, the consistency, the hydrophobicity and the
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hydrophilicity of the biodegradable vehicle as well. The plasticizer ov blends thereof are also
capable of modulating the degradation kinetics, the consistiency, the hydrophilicity and the
lhiydrophobicity of the biodegradable vehicle as well.

In another aspect, the present invention provides a biodegradable delivery
system comprising: (a) at [east one blodepradable polymez, the polymer selected from
polyesters, polyorthoesters, polylactides, polyglycolides, polycaprolactones,
polyhydroxybutyraies, polylydroxyvalerates, polyaniides and polyanhydrides; and (b} at least
two plasticizers, one of the plasticizers being hydrophilic and the other of the plasticizers
being hydrophobie; and () at least one hialogically active substance.

The methed of mamnfacturing the biodegradable vehicles deseribed in the
present invention involves dissolving ¢ue or more biodegradable polymers and one or more
plasticizers in a volatile solvent or mixture of volatile solvents. The volatile solvent or
mixture of volatile solvents is/are then remaved using vacuum or evaporated at an elevated
terperature, or removed using both vacuum and elevated temperature. The resulting
biodegradable vehicles can be free lowing or viscous liquids, gels or pastes. This method is
particularty suited when polymets of high molecular weights are used to prepare the vehicles
or BAS delivery system, or wheu a high consistency of the biodegradsble velicle or BAS
delivery system, is desired. Alternatively, one or more biodegradable pelymers can be
directly dissolved in one or more plasticizers by stirring the mixture with or withont the use
of heat. This method is particularly sujted when polyniers of low molecular weights are used
1o prepare the biodegradable vehicles or BAS delivery system, or when a low cousistency or
BAS delivery system is desired.

In order to prepare & BAS-loaded delivery sysiem, the BAS can be loaded into
the biodegradable vchicle in any physical form. (i.6. solid, liquid, gel or paste, where the BAS
is dissolved or suspended in the plasticizer or mixtures of plasticizers, volatile solvents or
mixture of volatile solvents or mixtures of volatile solvents and plasticizers) at any step
doring the menufacturing process of biodegradable delivery systemns before the velatile
solveni is completely removed. The BAS-loaded delivery system can also be manufactured
by loading the BAS seon after the biodegradable vehicle is prepared, or blendiag the BAS to
the biodegradable vehicle just prior to the usc of the BAS-loaded biodegraduble delivery
system. Mixing of the BAS wilh the biodegradable vehicle can be accomplished by simply
stirring the mixture with a stirring device, ot by triturating the mixture or employing an
ointment mill or a suitable device or apparatus oz eqnipment that can be used for
blending/mixing, When the BAS is blended with{.the biodegradable vehicle just prior to use, it
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could be stored in & separate container in a solid state, liquid state (where the BAS is
dissolved or suspended in the plasticizer or blends of plasticizers), or gel or paste (where the
BAS is dissalved er suspended in the plasticizer ot blends ol plasticivers). Altematively, &
device, which resembiles two syribges or sytinge-like devices (c.g. pumps in which materials
can be mixed by depressing & (ngger-like device) attached together with a removable
partition or a valve assembly can also he used to uniformly mix the BAS with the
biodegradable vehicle. The BAS is loaded in one syringe or compartment and the
biodegradable vehicle is loaded in the other compartment. A removahle partition ot a valve,
which will allow the contents of the two compartments to be rixed uniformly, separates the
two compartments. The niixing process is performed in order to dissolve or uniformly
suspend the BAS particles in the biodegsadable vehicle. The resulting BAS-loaded
biodegradable delivery systens can be free flowing or viscous kiquids, gels or pastes 1 order
to preparc a BAS-loaded delivery system just prior o use, the BAS and the biodegradable
vehicle can be packaged in two separate containers as akit.  The vehicle and the BAS can
then be blended together by the alorementioned methods.

The biodegradable vehicles or BAS-loaded biodegradable delivery systems
could be sterilizexd in the final package by an appropiiate technique such as irradiation
sterilization technigue. Alternatively, the biodegradable vehicles or BAS-loaded
biodegradable delivery systemis can be prepared fiom pre-sterilized components in an asepiic
environment. Stenlizulion of the solvents and plasticizers used in tho manufacturing proccss
could be accomplished by an appropriate sterilization technique such as filtration, antoclaving
or frradiation. The polymer and the BAS used to prepare the biodegradable vehicles and the
BAS-loaded biodegradable delivery systems could alse be sterilized by an appropriate
storilizing technique.

Advantages of the biodegradable vehicles described in the present invention
include the ease of manufacturing, injection, implantation, and application, ease of control
over the consistency or rheology and hydrophilicity or hydrophobieily of the biodegradable
vehicle, flexibilily of tuiloring in vivo degradation kinotics of the vehicles, tailoring the dose
of the BAS in the biodegradable delivery systems by blending the requisite amount of BAS
with the biodegradable vehicls, and enbancing stability of the BAS, especially when it is
blended with the biodegradable vehicle just prior to its use. A major reason for the enhanced
stability of the BAS is that the BAS is niot subjected to exposure to solvents, ohemicals or the

harsh processing conditions cspecially during the mamufacture of the hiodegradahle vehicle.

JP 2004-511431 A 2004.4.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

13

20

25

30

(44)

WO 0200137 PCT/USO1/06138

Morsover, if the BAS is stored in an appropriate separate contatner, it does nof come in
contact with the hiodegradable vebicle until it is blended with the vehicle,

Advaotages of biodegradable delivery systems of the present invention inchide
casc of manufhcturing, injection, implantation, and appHeation, ease of control over the
copisistency of theology and hiydrephilicity or hydrephobicity of the biodegradable delivery
systems, ease of [ncorporation of BAS into the delivery systems, facile tailoring of the release
of BAS from the biodegtadable delivery systems, and control of in ¥ivo hiodegradation rates
of biodegradable delivery systems.

The biodegradable vehiclas withoul blending any BAS may be used us a tissue
or cavity fillers or spacers in the body, whereas the biodegradable vehicles loaded with BAS
oy be used for the treatment of a varicty of diseases and pathological conditions,

The final composition with or withouf the BAS may be injected, implanted,
smeared or applied dirsctly in acdmals, blrds and humans.

In still yet another cmbodiment, the present invention provides a kit
comprisiug ) a biedegraduble vehicle; and b) a BAS. Tn certain aspects, the BAS is blended
with the biodegradable veliicle just prior to use. In certain aspects, the BAS is stored ina
separate container in a solid state, [iquid state (where the BAS is dissolved or suspended in
the plasticizer or blends of plasticizers), or gol or pastc (where the BAS is dissolved or
suspended in the plasticizer or blends of plasticizers). Alterpatively, a device, which
tesembles two syringes or syringe-like devices (e.g. pumps in which materials can be mixed
by depressing a trigger-like deviees) attached tegether wilh a removable partition or a valve
assembly can also be nsed (v wiformly mix the BAS with the biodegradable wehicle,

Further embodiments and advantages will become more apparent when read

with the detafled deseriptions and figures that follow.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a method of preparing a biodegradable vehicle and delivery
systems without the use of volatile solvents.

Figure 2 shows a methed of preparing a biodegradable valticle and delivery
syslems.

Figure 3 shows an alternate method of preparing hiodegradable delivery

systems.
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Figure 4 describes the effect of varying pelymer to plasticizer ratios on
cumulative amount of levonorgestrel released ffom biodegradable delivery systems.

Figure 5 describes the affect of varying polymer inherent visocosity on
cunmlative amount of levonergestrel released from biodegradable delivery systems,

Figure 6 describes the effoct of varying copolymer ratios on cumulaiive
amount of levonargestre] released from hiodegradable delivery systems.

Figure 7 describes the effect of varying drug loadings on exytetracycline base
released from biodegruduble delivery systems.

Figure 8 describes the effeet of varying plasticizer compositions on
oxytetracycline hase released from biodegradable delivery systems.

Figure 9 describes the effect of varying plasticizer to polymer ratics on
oxytetracycline basc released from biodegradable delivery systems.

Figurc 10 describes the effest of varying hydrophilicity of plasticizers on
oxytetracycline hase released from biodegradable delivery systems.

Figure 1 describes the effect of varying pelymer to plasticizer ratios and
plasticizer compositions on oxyteiracyciine base released from biodegradable delivery
systems.

Figure 12 describes the effect of varying polymer molecular weights on
oxytetracyeling base released from biodegradable delivery systems.

Figure 13 descrbes the effeet of varying drug solubility on naltrexone released
from bicdegradable delivery systems.

Figure 14 describes the effect of varying solubility of dmg on oxytetracycline
releasad from biodegradable delivery systems.

Figure 15 describes the cffcet of varying pelymet molecular weights on
oxyletracyeline base released from biodegradable delivery systems,

Figure 16 describes the effect of varying polymer molecular weights on in

vivo release of oxytetracycling base fiom biodegradable delivery systems.

DETAILED DESCRIPTION OF THE INVENTION

In certain embodiments, the present invention relates to compositions of
biodegradable vehicles and BAS-loaded delivery systems comprising at feast one polymer

and at least one plasticizer. The delivery systom of the presont nveation may also comprise

¥
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of at least one hiologically active substance (BAS). It alsa relates to the method of preparing
biodegradable vehicles and delivery systems loaded with BAS.

According to the present imvention, the torm polymer includes oligomer,
bemopolymer, capolymer and terpolymer. Biodegradable polymers are used in this invention
because they form, matrices that can control the release of BAS over a desived length of time,
can degrade in vive into non-toxic degradation products, and are available in varying
physicochemical propertics inclnding varying hydrophilicity and hydrophobicity, varying
melecular weights, varying crystallinity and anorphaus states, and varyiog copolymer ratios.

In the present invention, plasticizers are used in varying rafios to convert &
polymer in & solid state to a biodegradable vehicle or delivery system of varying consistency
such as a free flowing or a viscous liquid, a gel ar a paste. Plasticizers are chemicals added to
polymwers to improve theit flow, and therefore their processibilily (Billmeyer, F., Jr. Texibook
of Polymer Science, Jobn Wiley and Sons, New York, 1934, p. 472). This is achicved by
towering their glass transition temperature (a temperature at which a glassy polymer becomes
rubbery on heating and a rubbery palymer reverts to a glassy one on cooling), thus achieving
a change in properties, A plasticizer can only plasticize a polymer whren the molecules of the
plasticizer can interacl witlh the molecules of the polymer, Hence, the plasticizars act hike
lubricanis between the polymer chains, facilitating slippage of chain past chain under stress
and extending the temperature range for segmental rotation to lower temperatures (Martin,
A, Physical Pharmacy, Lea and Febiger, Philadelphia, 1993, p. 583). The degres or extent of
plasticizafion of a pelymer will depend on the typs and amount of plasticizer blended wilk
the polymer. For example, higher the concentration of the plasticizer, greater the extent of
plasticization or flexibility of the polymer. If z plasticizer and a polymer are fully compatible
with each other, then depending on the concentration of the plasticizer blended with the
polymer, it is pessible to obtaln a polymer matiix ol varying consistency or rtheology such as
a free-{lowing or viscous liquid, gel or paste. Moreover, since plasticizers are available with
varying physicochemical propertics, including varying kydrophilicity and ipophilicity, it is
possible to blend an appropriate plasticizer at a desired concentration with a selected
compatible polymer such that the resnlting biodegrudable vehicle or BAS-loaded
biodegradable delivery system has the taitored physicochetnical characteristics, including
varymg hydraphilicity and Hpophilicity, and consistency. The present invention also includes
formulations wherein two or mote plasticizets are used in a combination or bleud of varying

ratios, The present invention also inclrdes formulations wherein iwe or more polymers or
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capolymers with varying copolymey retios or molecnlar weights are used in a combination or
blend of varying ratios.

Methods of preparing the biodegradable vehicles and delivery systems of the
prasent invention involve dissolving st least one biodegradable polymer in a volatile solvent
or & mixture o solvents. Al least one plasticizer is added to the resulting pelymer solution.
The volatile solvent is evaporated using vacuum or removed at an olevated tomperature, or
evaporated using a combination of both vacuun: and elevated temperature. The resulting
biodegradable vehicles and delivery systems could be in the form of either free-flowing or
viscous liquids, gels or pastes. This method is particularly suited when polymcrs of high
molecular weights are used to prepare the vehicles or BAS delivery system, or when a high
consistency of the biodegradabie vehicle or BAS delivery system, ig desired. Alternatively,
one or more biodegradable polymers can be directly dissolved in ene or more plasticizers by
stirring the mixiure with or withoul the use of heat, This methed 1z patlicularly suited when
polymers of low moilecular wejghts are used to prepars the biodegradable vebicles or BAS
delivery system, or when a low consistency or BAS delivery system ig desixed.

Polymers snitable for preparing the hiodegradable delivery systems of the
prosent invention include, but are not limmted o, homopolymers and/or copolymmers of
polycsters, polyortheesters, polyphosphocsters, polyanhydrides, polyaminoacids,
psendopolyamine acids, polyamides, polyalkyleyanoacrylates, polyphosghazenes,
polydioxanone, poly(s-decaloactens}, polyéglycolide-co-trimethylens carbonatc),
poly{sthylene carbonate), poly(iminocarbonate), poly(l,3-propylene malonate},
poly(ethylene-1,4-phenylene-bis-oxyacstuies), and poly(ester-amides). In a preferred
ermbodiment, pelymets include polylactic actd or polylactide (PLA) and its copolymets,
polyelycolic acid or pelyglycolide and its copolymers, polycaprolactene (PCL) and its
copolymexs, polyhydroxybutyrates and their copolymers, and polybydroxyvalerates and
polydioxanone und their copolymers. A mixture of polymers with different moleoular
weights or different types, or copolymet ratios may he used to tailor physicochemical
properties, the degradation characteristics of the biedegradable vehicles and the delivery
systems or the release characteristios of BAS [rom the biodegradable delivery systenis, or
bath.

Solvents used 1o dissolve the polymer for the preparation of bindagradable
delivery system of the present invention include, but are not limited to, ketones, ethers,

alcohols, amides, and chlorinated solvents. Preferred solvents ara acetone, ethyl acetate,
{0
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methyl acetate, methylethylketons, chloroform, methylone chloride, isopropanoi, ethyl
aleohol, efhyl ether, methylethyl ether, hexafluroisepropanol, tertrahydrofuran, and
hexafloroncetone sesquihydrate. A mixture of volatile solvents may also be used to oreate 4
suitable mixture, which can dissolve bolh the pelymer and the plasticizer.

Plasticizers nsed for the preparation of biodegradable delivery system of the
present invention include, but are not limited to, citrates such as diethyl citrate (DEC),
triethy! citrate (TBC), acetyl triethyl citrate (ATEC), tibuty] citrate (TRC), acety] tributyl
citrate (ATBC), bulyryltri-n-hexyl-cifrate, acetyliri-n-liexyl cifrate, phthalates such as
dimethyl phthalate (DIMP), diethyl phthalate (DEP), dibutyl phihalaie (DBP), dicctyl
phthalate, glycol ethers such as sthylene glyeel diethyl ether, propylens glycol monomethyl
ether, ethylene glycol monoeihyl ether, disthylene glyeol monosethyl efirer (Trauscu‘mlw),
propylene glycel monotertiary butyl ether, dipropylene glycol monomethy] ether, N-methy(-
2-pyrrolidone, 2 pyrrolidone (2-Pyrral®), isopropy! myristate, isopropyl palmitate,
dimethylacetamide, propylene glycol, glycerol, glyceryl dioleate, efhyl oleate,
bensytbenzoate, glycofurol, sorbitol, sucrose acetate isobutyrate, schacates such as dibutyl
sebacate, dipropyienc glycol mothy] cther acetale (DPM acetate), propylene carbonate,
propylene glycol laurate, propylenc giycol caprylate/caprate, gamma butyrolaclone,
polyethylene glycols (PEG), vegatable oils obtained from seeds, thawers, fruits, leaves, stem
or any part of a plant o1 tree such as cotton seed ¢il, soy bean oil, almond oil, sunflower oil,
peanut oil, scsame oil, glycerol und PEG eslers of acids and fatty acids (Gelueires”,
Labrafils® and Labrasol™) such as PEG-6 glyecrol mone oleate, PEG-6 glycerol linoleate,
PEG-8 glycerel linoleate, PEG-4 glyceryl caprylate/caprate, PEG-3 glyceryl
caprylaic/eaprate, polyglyceryl-3-oleate, polyelyeeryl-6-dicleate, polyglyceryl-3-isostearate,
PEG-32 glyceryt lawrate (Gelugire 44/1%), PEG-32 glyceryl palmitostsarate (Gelucire
50/139), PEG-32 glyccryl stearate (Gelueire 53/10®), glyceryl behenate, cetyl pulmitate,
glyceryl di and tri stearate, glyceryl pahmitostearate, and glyceryl iriacclale (Triacctin®). The
use of lwo or more plasticizers in a combination or blend of varying ratios is also
encompassed by the present iuvention.

Tn order to prepare a BAS-loadsd delivery system, the BAS can be loaded in
any physical form (i.e. solid, liquid, gel or paste, whera the BAS is dissolved or suspended in
the plasticizer or mixtures of plasticizers, volatile solvents or mixture of volatile solvents or
mixtures of volatile solvents and plasticizers) et any siep during, the manufacturing process of
biodegradable delivery systems before the volatile solvent is completely removed. Tt can
also be manufachiced by loading the BAS soon :;i‘icf the biodegradable vehicle is propared, or
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blending the BAS to the biodegradable vehicle just prior to the use of the BAS-loaded
‘hiodegradable delivery system. Mixing the BAS with the biedogradable vehicle can be
aceomplished by simply stinving the mixture with a slirring device, or by triturating the
mixiure or empleying an ointment mill or a suitable device or apparatus or equipment that
can be used for blending/mixing. When the RAS is blended with the biodegradable vehicle
Just prior to use, it could be stored in a separate container in a sclid state, liguid state (where
the BAS is disselved or suspended in the plasticizer or blends of plasticizers), or gel ot paste
{where the BAS is dissolved or suspended in the plasticizer or blends of plasticizers).
Alternatively, a device, which resembles two syringes or sycinge-likke devices (&g, puinps in
which materlals can be mixed by depressing a irigger-like device) aliuched together with a.
remavable partition or a valve asscmbly can also be uscd to uniformly mix the BAS with the
biodegradable vehicle. The BAS is loaded in one syringe or compartment and the
biodegradable vehicle is loaded in the other compattment. A removable parfition or a valys,
which will alfow the contents of the two compartments to be mixed uniformly, separates the
two compartments. The mixing process is performed in order to dissolve or uniformly
suspend the BAS particles in the biodegradable vehicle. The resulting BAS-loaded
bicdegradable delivery systems can be free flowing or viseous liguids, geis or pastes. In
arder to prepare a BAS-loadsl. delivery system just prier (o use, the BAS and the
biodegradable vehicle can be packaged in two separate containers as 2 kit. 'The vehicle and
the RBAS can then be bleided together by the aforementioned methods,

The procedure for prepuring a bisdegradable vehicle first, loading the BAS
soon after the bivdegradable vehicle is prepared, or blending the BAS to the biodegradable
vehicle just prior to the use of the BAS-loaded biodegradable delivery system is shown in
Figures 1 and 2.

The procedure of loading BAS before removing the volatile solvent or mixiure
of wolutile salvents to prepare biodegradablc delivery systems is shown in Figure 2.
Hewever, the methed of addition of the BAS is not limited to that shown in Figure 2, since
the BAS can be loaded in any physical for (1.6, solid, liquid, gsf or paste, where the BAS is
dissolved or suspended in the plasticizer or mixtures of plaslicizers, volutile solvents or
pixture of velatile solvents or mix(ures of volalile solventls and plasticizers, at any step
during the manufacturing process, bofore the volatile solvent is complctely removed.

The resulting BAS-loaded biodegradable delivery systems can he free flowing

or viscous ligquids, gels or pastes, wherein the BAS cunt be dissolved or suspended,
[
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Examples of BAS include, but are not limited to, steroids, honnones,
antipsychotic agents, agents that act on the central nervous system {CNS - agents), narcotic
agonists and antagonists, fertility regulating agents, antibodies and antigens, anesthetics,
analgesics, antfhiotics, antiviral agents, anlineoplastic agents, antifungal agents, cavity and
infection preventing agents, cardiovaseular agents, angiogenic and antiangiogenic agents,
anti-inflammatory agents, immunomodulators, vasedilators, brochioditators, alkaloids,
peptides and proteins, vaccines, live or killed bacteria and virnses, agents or extracts derived
from whole or parts of plauis, trees, (lowers, fuits, buds, seeds, leaves, barks, stem, roots,
and animal tissues, growth promoting agents, soft and haxd tissues, growth factors, human
srowth factox, human growth hormeane, FGF, erythropoletin, Nupagen, geanulocyte colony-
stimulating fuctor (G-CSF), cells, (issues such as bones or agents derived there from, hone
growth promoting agents such as calcinm phosphates, caleium sullate and hydroxyapatites,
wheols viable cells and cell-lines, genes, nucleic 2cid, antisense, deoxyribonucleic acid
(DNA), DNA fragments, ribonucleic acid (RNA), RNA fragments, and hiological tissues
such as islcts of langerhans and pagereas, mselin, vitamin and mineral supplements, iron,
chelating agents, coagulants, anticoagulunts, and the like.

Tnn certain aspects, the bioactive agents include anticancer agents such as taxol,
carmusting, intetleakin 2, intecferon, growth hommonas such as human growth hormone,
somatoteopin hormone, untipsychelic agents such as risperidone, antibiotics such as
gentamiein, tefracycline, oxytetracycline, topieal anesthetic agents such as benzocaine,
chloroprocaine, cocaine, procaine, propexycaine (clracaing, depravaine, bupivacaine,
clidowaine, lovobupivacaine, lidocaine, mepivacaine, prilocaing, propofol and repivacuine,
analgesic agents such as morphine, oxycedone, fentanyl, fentanyl, sufentanyl, butorphanol,
narcotie antagonists such as nalirexonc, nalbrphine, nuloxons, ualmefene, growth promotic
agsats such as TGF alpha and TGF beta, bonc marphogenie peptides and proteins and
caleium salts such as caleium sulfate, caleium phosphate, and anti-inflanmatory agents such
as dichlofenac. T one prefierred aspect, the present invention provides a bindegradable
vehicle comprisiog oxytelracycline for velerinary use.

In certain ather embodiments, the hiologically active agents include, but are
not limiicd to, steroids such as protaglandins, estrogons, androgens, and progesting;
ophthalmice such as Inbricants and unti-glaucoma; anfibiotios such as quinolones; saliva
subsitintes, sedative/hypnotics such as benzodiazepines and burbiluates; wound cave such as
growth factors (EPO, FGF, G-CSF); antiparasitics (worms, malarial); unticonvulsants, muscle

relaxants, nucleoside analogs, osteoporesfs preparations (supplement bonc growth),
13
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antipackinsonian agents, antibiofics such as cephalosperins, aminoglycosides and
sulfonamides, oxytocic agents and prostaglandins.

Those of skill in the art will know of other bielogical zgents useful in the
practice of the present invention.

The plysical form (i.¢. Hquids, gels or pastes), consistency or rtheology,
tydraphilicity or hydrophobieity, in vivo duration of stay of the biodegradable vehicles or
delivery systems, in vivo bicdegradation rate of biodegradable vehicles or delivery systems,
and BAS release characteristics from BAS-lozded biodegradable delivery systems depend on
anumber of factors. These include: type of polymer ox vopolymer, hydrophilicity or
lipophilicity of polymer or copelymer, coneeniration of palymer or copolymer, molecular
weight of polymer or copolymer, copolymer ratios, combination of polymers or copolymers
with different molecular weights, combination of copalymer with varying copelymer ratios,
combination of different types af polymer witl varying crystallinity, hydrophilicity or
bydrophabicity, type of plasticizer, hydrophilicity or lipophilicity of plasticizer, concentration
of pluslicizer (polymer or copolymer to plasticizer/plasticizers ratios), combination of
plasticizers, type of BAS, loading of BAS, hydrophilicity or lipephilicity of BAS, melecular
weight of BAS. Tn addition, the physicochemieal interactions between the polymer,
plasticizer and BAS alyo affect the above-mentioned properties of biodegradable vehicles and
delivery systems.

For example, using the present invention, it is possible to tailor the release of a
BAS (with specific physicochemical praperlies and the desired in vivo concentration), for the
desived length time. This is achicved by blending un uppropriately selected polymer or
polymucts with an appropriatcly selected plasticizer or mixtures of plasticizers. Besides
controlling the release characteristics of the BAS fram the delivery systern. described in the
present invention, 2 blend of the appropriate pelymer or polymers and plasticizer also
controls the consistency or theology of the delivery system.

It is also possible to extend the int vive duration of stay of the biodegradable
vehicle or delivery system by selecting a higher moleculas weight or highly hydrophobic
polymer, since polymers with higher molecula weights or ligh hrdrophobicily gencrally
degrade slowly in the body. Furthermore, it is possible to modify the degradation kinetics of
the biodegradable vehicle or delivery systen, or obiain pulsatile or intermittently fluctuating
delivery of the BAS from the BAS-loaded delivery systems by combining polymers of
different molecular weights (s.g low, intermediate and high moleculir veights or low and

high molesular weights or fow and medium molecular weights or medivm and high
f

JP 2004-511431 A 2004.4.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

15

20

23

20

(52)

WO 0200137 PCT/USO1/06138

molecular weights), whereby the low niolecular weight polymer it the biodegradable vehicle
may degrade at & much faster rate than the rest of the polymer in the blend. Alternatively,
using blends of copolymers of difforent copolymier ratios of vacying hydrophilicity aud
hydrophicbicity {e.p. different copolymer ratio of lactide-glycolide or lactidc-caprolactone) or
usiug blends of two different polymers or copolymers with different crystallinity (e.g, blends
of polyacaprolactene :nd polylactic acid or polycaprolactone and poly-lactic-co-glycolic
acid/polylactide-co-glycelide (PFLGA)) cun also resuit in a biodegradable vehicle or
blodegradable delivery system with varying degradation kinetics where the more hydrophilic
or amorphous polymer may degrade at a much faster rate than the rest of the polymers in the
blend,

The biodegradable vchicle without any BAS may be uged ag a biodegraduble
tissue or cavity filler or spacer in the hody, whereas, BAS-loaded biedegradable delivery
systemn may be nsed for the treatment of a varioty of diseases and pathological conditions.
The final comyposition with or witheut the BAS may be injected, implanted, smeared or
applied in amimals, birds or humans.

For example, the biedegradable delivery system [oaded with an antitumor
agent or antiangiogenic agent can be directly injected into or adjacent to solid tumors such as
brain tumor, breast tumors, melanomas, ete. It cun also be injected, implanted or smeared at
a site from where a solid tumor has been surgically removed, thus affording siie-specific
delivery for disease states that are otherwise very difficult, (if not impossible) to treaf using
the conventional methods of treatment. For localized BAS delivery and treatment, BAS-
lnaded biodegradable vehicle can also be nsed in surgeries whers appropriate quantities of an
antibiotic, an anti-inflammatory agent, a local anesthetic or analgesic, or combinafions
thereof can bs loaded in the hindegradable vehicle by the surgson in an operating room, and
the resulting mixtwre can then be injected, implanted, smeared or applied at the site of surgery
to minimize the chances of localized infections or inflammation and redusce pain respectively,
due to surgery. In the case of orthopedic surgery, cnrrently, the majority of the orthopedic
surgeons prepare beads in the operating room with a non-biodegradable polymer,
polymethylmethacrylate (PMMA). These beads are loaded with an appropriate dose of an
antibiotic. These beads arc then placed in the cavily at the site of surgery to prevent
infcctions such as osteomvelitis, However, the non-degradable polymer beads have to be
eventually removed before closing the wound with a suture, and the patients are then given an
intravenons dose of an antibiotic or treated with an oral amibiotic. This procedure can easily

be corrected with (e use of an antibiotic loaded biodegradable vehicle that can be injected,
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implanted, simeared or applied near or at the site of surgery, High concentrations of the
antibiatic at the site of smugery can prevent infections. Morsover, the BAS delivery systern
need not be removed from the site of adminislration because of the bivdegradable naturs of
the system. The bindegradable vehicle loaded with bone growth promoting agents such as
calcjum sulfate, calcivin phaosphate or hydroxyapatite can be injected, implanted, applied or
smeared ut an appropriate site, where it is needed following bone, dise or spine surgery.
BAS snch as low molecular weight heparin can also be incorporated ivto the blodegradable
vehicle and the resulting niixture can be used to treat conditions such as desp venous
thrombosis (DVT) in tranma or surgical paticnts.

The systen: could be loaded with a contraceptive agent, anlipsychotic agent,
anticonvulsants, antimalarial, antihypertensive agent, antibiotics, antiviral agents, biologically
active protein and peptides, vaccines, live or killed bacteria and viruses, genes, DNA or DNA
fragments, RINA or RNA fragments, and injected, insplanted, smeared or applied in the body
to provide a controlled rolease of the agents for the destred length of time. Biodegradable
delivery system loaded with BAS such as antiintlanumatory agents, analgesies and anesthetics
could be injected directly info joints or sites in the body from where the pain is emanating,
thus providing relief from the excruetating pain and making the joiets more mobile. Antigens
may also be incorporated o the delivery system and injected, implanted or applicd in
anitnals or humans to fnduce the production of specific antibodies. Bones (fragments or
powder), morphogenic proteins such as growth promoting agents of biological tissnes and
organs and wourd-healing factors, ean also be incorporeted into the biodegradable vehicle,
and the rosulling mixfure is mjectod, implanted or applicd at the site of administration. Live
cells and/or whole or a part of a tissue or tissues and organs can also be blended with the
biodegradable vehicle and injected, implanted or applied at the site of adwindstration. For
pulsatile or intermiitent delivery of BAS such as vaccines, the biodegradable vehicle can be
prepared with blends of varying molcoular weights of polymaers or copolymers, or with
blends of copolymers of varying copolymer ratios (e.g. 5050 PLGA and 85/15 PLGA or
100% PLA and 25/75 PLGA) or blends of different types of biodegradable polymers with
varying hydrophobicity or lipophilicity or crystallinity {e.g. 1:1 of PLAPCL or 1:3 of
PLA:PCL or 1:1 of 50/50 PLGA:PCL).

The formulation, which is stetile, is suitable for various topical or parenteral
routes, such as intramuscular, suboutansous, inirz-articular, by suppository (e.g. per-rectum
or vaginal application), intrademmal. In certain aspects, the biological sctive ugents and
biodegradable delivery systems are delivered or ?minjstcrcd topically. Additionally, the
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agents can be delivered paremterally. Topical administration is preferred in treatment of
lesions of the skin as in psoriasis, whers such direct application is practical and clinically
indicated,

An effective quantity of the compound of interest is employed in treatraent.
The dosage of compounds used in accordance with the invention varies depending ou the
compound and the condition being treated. For example, the zge, weight, and clinical
condition of the recipient patient; and the experience and fudgment of the clinician ot
practitioner administering the therapy are among the factors affecting the selected dosage.
Other factors include: the route of administration, the patient, the patient’s medical history,
the severity of the disease process, aud the potency of the particular comapound, The dose
should be sufficient to amelicrate symptotns ot signs of the disease treated without producing
unacceptahle toxicity to the patient. Tn general, an effective amount of the compound is that
which provides either subjective relisf of symptoms or an objectively identifiable

Improvement as noled by the clinictan or other qualified obscrver.

This invention will be understoad with greater particularity by reviewing the
following examples:

EXAMPLES

EXAMPLE]

Prepacation of & biodepradable vehicle:

A polymes (50% wiw of 50/50 lactide-co-glycolide copelymer) was disselved
in peinimum quantily of acelanc. Tricthyl citrate (TEC), at a concentration of 50% wiw, was
added to the polymer solution and was stirred to yield a uniform mixture. Acetone was
evaporated from the mixture by heating at 60-75°C with constant stiriing. The tesuliing
formulation obtained was a matrix with a gel-like cousistency.

EXAMPLE 2

Example 1 was repeated vsing 10% wiw of 50/50 lactide-ce-glycolide
copolymer and 90% wiw TEC. The resulting formulation obtained was a matriz with a
liquid-Hke consistency.

EXAMPLE 3

Example 1 was repeated using 204 wiw of 50/50 lactide-co-glycolide
copolymer and 80% w/w TBC. The resulting formulation obtained was a matiix with a
viscous ligquid-like consistency.

EXAMPLE 4
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Bxample 1 was repeated, using 30% wiw of 50/50 lactide-ca-glycolide
copolymer and 70% w/w TEC was used. The resulting formulation obtained was a matrix
with a viscous liquid-like consistency,

CXAMPLE 5

Example | was repeated, using 40% w/w of 50/50 lactide-co-glycolide
copalymer and 60% wiw TEC was used. The resulting formulation obtained was a matuix
with a viscous liquid-like consistency.

EXAMPLE 6

Example 1 was repeated, using 60% w/w of 50/50 lactide-co-glycolide
copolymer und 4% wiw TEC was used. The resulting formulation oblained was u matrix
wilh a gel-like consistzney.

EXAMPLE 7

Example I was vepeated, using 70% w/w of 53/30 lactide-co-glysolide
copolymer and 30% wiw TEC wus used. The resulting formulatiot: obtained was o makix
with a gel-like congistency.

EXAMPIE 8

Example I was repeated, using 80% w/w of 50450 lactide-co-glycolide
copolymer and 20% w/w TEC was used. The resulting formulation obtained was a matrix
with thaek sticky paste.

EXAMPLE 9

Example | was repeated with the following polymers and plasticizers as

shown in Table 1 below:
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TABLE 1
DESCRIPTION OF THE
TYPE OF POLYMER PLASTICIZER SOLVENT TORMULATION
DL-POLYLACTIC ACIR GLYCERYL TRIACETATE
(DLPLA LY. =0.58) (TRIACETIN) ACETONE | GRI, SLIGHTLY CLOUDY |
DL-POLYLACTIC ACID TRIETAYL CLURATE
(DL-PLA; LV, = 0.58) (TEC) ACHTONE |  GEL, TRANSPARENT
DI -FOLYLACTIC ACID ACETYL TRIETHVL (TTRATE
(DE-PLA,T.V. = 0.48) ACETONE__ | GEL, SLIGHTLY CLOUDY
DL-POLYLACTIC ACID DIMEIHYL PHTHALATE GBL, LERS VISCOLS,
(CH-PLA; LV, = 0L88) (DP) ACETONR TRANSPARENT
DL-POLYLACTIC ACID DIETITYL PHTHALATE
(DL-PLA, LV.= 0.58) (DEP) ACETONE _| GBL, IRANSFARENT
DL-POLYLACTIC-CO-GLYCOLIC ACID| GLYCERYL TRIACETATE GEL, LBSS VISCOUS,
(DL-LLGA, LY. =0.55) (TRIACETTN) ACBTONE SLIGHTLY YBLLOW
DL-POLYTACTIC-CO-GLYCOLIC ACT) TRIRTHYL CITRATE
D -PLGA; LY. =158} {THS) ACRIONE | GEL, SLIGHTLY YELLOW
DL-POLYLACTIC-CO-GLYCOLIC ACID|ACOTYL TRIBTHYL CITRATE
L-PLGA; LY. = 0.5 A ACBTONE _| GIL, SLIGHTLY YELLOW
DL-POLYLACTIC-CO-GLYCOLIC ACID| TRIETHYT, GITRATE
(DL-PLGA, LV, = 0,58} : ACRTONE | GBI, SLIGHTL.Y YELLOW
DL-POLYLACTIC-COGLYCOLIC ACID|  [IMETHYL FHTHALATE GEL, LESS VISCOUS,
{DL-PLGA; LV. =0.58) Jig] ACBTONE RANSPARENT
DL-POLYLACIIC-CO-GLYCOLIC ACID|  DIETHYL PHTHALATE
(DLDLOA; LY. = 0.58) EP ACETONG _| GEL, SLIGHTLY YBLLOW
IDLAEOLYLA CTIC-CO-GLYCOLIC ACITY N-METHYL PYRROLIDONE VISCOUS LIGUIR,
DLPLGA LY. =0,38) ACETCNF TRANSPARENT
DLPOLYLACTIC-CO-GLYCOLIC ACID| GLYCERYL TRIACKTATE VISCOUS LIQUID,
L-PLGA, LV 115 TACE ACETONE TRANSFARENT
DL-POLYLACTIC-CO-GLYCOLIC ACID|  TRIETHYL CITRATE VISCOUS TIQUID,
(DL-TLGA ¥, = 1.15) TEC ACBTONE TRANSPARENT
DI-POLYLACTIC-CO-GLYCOLIC ACIACETYL TRIETHYT. CITRATE VISCOUS LIQUITY,
(DLPLGA, LY, =0.15) (AVEC) ACBTONE TRANSPARENT
DL TOLYLAGTICCO-GLYCOLIC ACID|  TRIETHYL CITRATE VISCOUS LIQUID,
(L PLGA; LV, = L15) ¢TOC) ACETOND TRANSPARENT

EXAMPLE 10

Several polymers were separately dissolved in scveral volatile solvents.

Several plasticizers were separately added to the polymer-solutions, such that the ratio of

polymer to plasticizer in the final formulations ranged from 1:19 to 4:1, Several drugs were

sepatately added 1o the polymer-plasticizerwolvens blends. The solvents were then

evaporated at an elevated temperuture to oblain drug-loaded formulations. ‘The drug content

in the final formulations constituted up to 50% wiw.

For several formulations, blank formulations of polymers and plasticizers

blends were first obtuined. The drugs were then, sepurately added to the blank formulations to

obtain drug-loaded formulations. Tuble 2 lists examples of polymers, plasticizers, solvents,

polymer to plasticizer ratio and concentration of drugs in the formulations.

11
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4
TABIT2
POLY MER CONCEN-
TYPE OF PLASTICIZERS SOLVENTS T DRIIGS TRATION
POLYMERS FLASTICIZER IOF DRYGS|
RATIOS (%o wit)
bl
FOLYNER
[MATRICE
8
POLYCAPROLAC- DIBTHYLENE METHYLENE 11 TESTOSTERONE
TONB GLYCOL CHLORIDE
MONOETHYL ETHER] 12 PROGESTERONE  [0.3% - 50%
POLYLACTIC ACID| ¢IRANSCUTOL™, | CHLORCFORM wihw
1:3 LEVONORGESTRBL
POLYTACTIC-CO- | PRG-8-GLYCRERYT. ACETONR
GLYCQLIC ACID [CAPRYLATECAPRA 1:4 THECPHVT.LING
TE BTHYL ACETATE
COPOLYMERS OF (LABRASOL®) 1.9 PROPRANOLOL
LACTIC ACID AND
CAPROLACTONE | TRIELHYL CITRATE Lig ATENOLOL
(IBC).
21 METORROLOL
ACETY], TRIRTHYT. CHLORFPROAMAZINE
CITRATE (ATEC) 23
CLONIDINE
GLYCERYL 32
TRIACELATE INSULIN
(TRIACETIN® 31
OXYTETRACYCLINE
POLYETHYLENE 41
GLYCOLS (PEG) NALTREXONB
N-METHYL
FYRROLIDONE
(NMF)

formulations and drug release characterisfics
Several samples of polylactic-co-glyeolic acid (inherent viscosoty - 0.59) were

weighed and scparately dissolved in ucetone. Varying ralios of N-methyl pyrrolidone (NMP)

were separately added to the polymer-solutions, such that the ratio of polymer to plasticizer

in the formulations ranged from 20:80 to 80:20, Acetone was then evaporated by heating the

solutions at 70-80°C. Tevanargestrel (2% w/w) was added to the resulting formulations.

Table 3 deseribes the physical state of the fommulations conteining varying pelymer-to-

plasticizer ratios. Drug release characteristics from the formulations depicted in Table 3 are

shown in Figure 3.

>0
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Physical state of formulations prepared with varying polymer-to-plasticizer ratios

Folymer*-to-NME Ratio | Physical State of the Physica) S(ate of Drug in Ube
Formulatien Formulation

20: 80 Very flowable lignid Dissoived
Dissolved initially;

40160 Viscous tiquid howoever precipitated
partially ufter 48 brs

50:50 Elowable gel Suspended

60 : 40 Flowable gel Suspended

80:20 Thick paste Suspended

* 50750 Polylactide-co-glycolide (IV=0.59 L/g)
Drug losding = 2% wiw

-

512

Effect of varving polvmer inherent viscositics on the phveical state o

formulations and dnrg release characteristics
Several samples of polylactic-co-glycolic acid (PLGA) with varying inherent

viscosities ranging from 0.15 - 1.07) were weighed and scparately disselved in acetone. An

appropriate quantity of N-methyl pyrralidone (NMP) was added to the polymer-solutions

such (hat the ratio of polymer to plasticizer in the formulations was 33% PLGA and 67%

NME. Acetone was then evaporated by heating the solutions at 70-80°C, Levonorgestrel
(2% w/w) was added to the resutting formulations. Table 4 describes the physical stale of the

formulations containing varying polymer inherent viscesities. Ding release characteristics

{rom the lfermulations depicted in Table 4 are shown i Figure 4.

o
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Physical state of formulations prepared with polymer of varying inhersnt viscosities

Polymer Inherent | Physical State of the | Physical State of Drug in
Viscnsity (dL/g) Formulation* the Formulation ®
G135 Very flowable Jiquid Dissolved
0.26 Flowable liquid Dissolved
0.42 Flowable liquid Dissolved
0.59 Viscous liquid Dissolved
.74 Flawable gel Dissolved
1.07 Viscous gel Dissolved

#33% wiw of S0/50 Polylactide-co-glycolide und 67% w/w MNMP

Drug loading = 2% W/'w

EXAMPLE i3
Effect of varving copolymer ratios on physical state of formulations and drug

release characteristics

Samples of pure polylactic acid and polylactic-co-glycelic acid (PLCGIA) with

varying copolymer ratios ranging from 50/50 to 85715 were weighed and separately dissolved

in acetone. An sppropriate quantity ol N-methyl pyrrolidons (NMP) was added to the

palymer-solutions such that the ratie of polymer to plasticizer in the formulations was 33%

PLGA and 67% NMP. Acetone was ther evaporated by heating the solutions at 70-80°C.

Levonargesirel (2% w/w) was added to the resulting formulations. Table 5 describes the

physical state of the formulations prepared from varying copolymer ratios. Dimg release

cheracteristics from the formulations depicted in Table 5 are shown in Figure 5.

o>
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ABLE 5
Physical state of formulations prepared with polymers of varying copokymer

ratios,

Ratie of Lactide to
Glycolide in Physical State of the | Physical State of Drug in
Polymer TFarmulation* the Formulation#

50/50 Yellowish, viscous Digsolved
liguid

65/35 Yellowish, viscous Dissolved
Tacquid

Pale yellow, highly
75/25 viscous liquid Dissolved
Straw colored, slightly
85/15 translucent, highly Dissolved
viscous Jiquid

100/0 Clear, highly viscous Dissolved

Tiquidt

* 33% w/w of Polylactide-co-glycolide and 67% wiw NMP
Diug loading = 2% w/iw

EXAMPLE 14

Effect of varying drug loadings on drue release

A polymer (25% wiw of 50/50 lactide-co-glycolide copalymer, inherent
viscosity of 0.59) was disselved in & minimum quantity of acetone. Pure polyetliylene glycol
400 (PEG 400} was added to the polymer solution. The solution was stirred to yield a
uniform mixture. Acetone was evaporated from the mixture by heating at 60-75°C with
constant stirring. The blank formulation was kept i & vacumm even at 60-75°C ovemight to
ensare complete removal of acetone. The resulting formulation oblained was & matrix with a
viseous liquid like consistency. Three differeni concentrations of oxyletracyeline base (cither
10, 20 or 30% w/w) were added to the blank formulation and mixed thoroughty to ensure
uniferm distribution of the drug in the fornmulations, Drug reloase from the dnig-loaded
formulations was performed at 37°C in isotomic phosphate buffer containing sodium snlfite as
an antioxidant. Figure 6 shows the cumulative amount of oxytetrasyeline released from
formulations prepared with the above-mentioned compositions. Increasing the percentage of
drug in the formalations from 10 to 30% w/w increased the cumnulative amount of drug
released at the end of 366 lours. This inerease ocourred because, at higher drug-loadings,

more drug is available on the surfece of the formulations for release. Morcover, a highor
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dimg concentration gradient between the formulation and the dissolution medium is expected
at 30% wiw drug-loading compared to the ane at 10% wiw drug foading.

EXAMPLELS

Effect of plasticizer compositions on diug release

A polymer (25% w/w of 50750 lactide-co-glycolide copolymer, iitherent
viscosity of 0.59) was disselved in a minkmum quantity of acstone. Either pure triethyl
citrate (TEC), ot polyethylene glyeol 400 (PEG 400), or blends of PEG 400 and TEC (cither
50/50% or 75/25% blends of PEG 400/TEC) was added to the polymer solution. The
resulting solutions were stirred to vield uniform mixiures. Acetons was svaporated from ths
mixiures by heating uf 60-75°C with canstant stircing. The blank formulations were keptina
vacuum oven at 60-75°C overnight to ensure complete removal of agetone. The resulting
fermulations obtained were matrices with a viscous liguid like consistency. Oxytetracycline
bage (20% wiw) was wdded (o each blank formulation and mixed thoroughly to ensure
uniform distribution of the drug in the formulations. Brug release from the drug-loaded
formulations was performed at 37°C in isotonic phosphate bufter containing sodium sulfite as
an antioxidant. Figure 7 shows the coamlative amount of exytetracycline released from
formulations prepared with the ebove-mentioned compositions. Inereasing the percentage of
PEG 400 in the formmlations prepared from 0% PEG 400 and 100% TEC to 100% PEG 400
and (% TEC resulted in faster drug telease. This is because PEG 400 is very hydrophilic and

is completely miscible in water, whereas, the aqueous solubility of TEC is approximately 6%.

Three different concenirations (10, 20 or 25% ww) of a polymer (38/50
tactide-co-glycolide copolymer, iirherent viscosity of 0.59) were dissolved it 2 minimum
quantity of acetone. Pure PEG 400 (90, 80 or 75% wiw) was added to the polymer solutions.
The solutions were stined to yicld uniform mixturcs. Acetone was cvaporaied from the
mixtures by heating at 66-75°C with constant stirring. The blank formulations wete keptin a
vasuum oven af §0-73°C overnight ta ensure complete rentoval of acetans. The resulting
formulations obtained were matrices with varying viscosifies or consistency. The
formulation with 25% polymer was considerably more viscous than the one with 10%
polymer. Oxytetracycling basc (20% wiw) was added to cach blank forrmulation aod mixed
thoroughly to ensure uniform distribution ot the dru;; in the fornudations. Drug release from
the drug-londed formmlations wes performed at 37°C in isotenic phosphate buffer containing

sodium sulfite as au. antioxidant. Figure 8 shows the cummlative amount of exytetracycline
&y

ey
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released from formulations prepared with the above-mentioned compositions. 1t is evident
from the figure that decreasing the percentage of polymer in the formulations from 25% to
10% dramatically increased the drug release. This is because a decrease in polymer
conceniration from 25% to 10% and a corresponding increase in the plasticizer concentralion
from 75% to 90% regulted in 2 decrease in the plass transition temperature, viscosity and an
imcrease in polymer chain mobility of the fermulations. Hence, the formulation with 10%
polymer offored considerably less resistance for drug diffusion through the matrix compared
to the one prepared with 25% polymer.

BEX TE17

Effect of varying plasticizer bydrophilicity on drug relcase

A polymer (25% wiw of 50/50 Iactide~co-glycolide copolymer, inhercnt
vigcosity of 0.5%) was dissolved in 2 mintmum quantity of acetone. Fither pure polyethylene
glyeol 400, triethyl citrate (TEC) or acety] triethy] citrate (ATEC) was added to the polymer
solution. The resulting selutions were stirred to yield vnifonm mixiures. Acefone was
evaporated ffom the mixtures by heating at 60-75°C with constani stivring. The blank
formulations were kept in 2 vacuum oven at 60-75°C avemight to ensure camplete removal
of acetone. The resnlting formulations obtained were matrices with & viseous liquid like
consistency. Oxytetracycline buse (20% wiw) was added to sach. blank formulation and
mixed thoroughly io ensure umiform disirioution of the drug in the formulations. Drug
release from the drug-loaded formulations was performed at 37°C jn jsotonic phosphate

buffer cortaining sodinm sulfite as an antioxidant, Figure 9 shows the cumulative amovnt of

oxytetracycling relessed from formulations prepared with the abeve-mentionsd cormpositions,

It is evident from the figure that drug release was fastest from formulations prepared with
PEG 400, and slowest from those prepared with ATRC. Intermediate drug release was
abserved from formulations prepared from TEC. This is because PEG 400 is completely
miscible with water, whereas, the solubility of TEC in wuler is approximately 6% and ATEC
is afmost insoluble in water with an agucous solubility of less than 0.1%.

CXAMPLE18

Effect of varying polviner to plasticizer ratios and plasticizer compositions on

drug rolease

Blank: formnlations were prepared by dissolving cither 16.67% wiw or 25%
whw of 50/50 palylactide-co-glycolide copalymer (inherent viscosily of 0.59) and either
50/50% or 75/25% blends of PEG 400 and TEC in & minimum quantity of acetene. The

resulting solutions were sticred to yield uniform mixtures, Acctone was evaporated from the

JP 2004-511431 A 2004.4.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

15

20

25

30

(63)

WO 0200137 PCT/USO1/06138

mixtures by heating at 60-75°C with constant stirring. The blank formmlations were kept in a
vacuun oven at 60-75°C overnight to ensure complets removal of acetons. The resulting
formulations obtained were matrices with a viscous liquid like consisteacy, Oxylelracycline
base §£20% w/w) was added to each blank formulation and mized thoroughly to ensure
uniforin disteibation of the drug in the formulations. Drug release fromt the drug-loaded
formufations was performed at 37°C in Isolonic phosphate bulfer containing sodium sulfite as
an anfioxidant. Figure 10 shows the cumulative amount of oxytetracycline releascd from
formulations prepared with the above-mentioned compositions. It is evident from the figure
that faster drug release was observed from. formmlations prepared with a 16.67% polymer and
§3.3% of plasticizer blends of varying compasitions (polymer to plasticizer ratio of 1:5)
compared to these preparcd from. formulations with pelymer to plasticizer ratios of 1:3 (25%
polymer and 75% plasticizer). This is because increasing the polymer concentration in the
formutations from 16.67% to 25% increased the viscosity of the fornmlations and decreased
the dmg diffusion from the formulations. Moreover, a comparison of drug released from
formuldations with similar polymer 1o plasticizer raties but varying plasticizer compositions
rovealed that drug release was considerably faster from formmulations prepared with blends of
75% PEG 400 and 25% TEC compared to those prepared from 50/50% blend of PRG
400/TEC. This is because the PEG 400 1s completely miscible i water, whereas, the
agueous solubility of TEC in watcr is approximately 6%.

EXAMPLE 19

Effect of varying polymer inherent viscosities on diug release

Four different ivherent viscosities (v, = 0.15, 0.26, 0.59 and 0.76) of a
polymer (50/50 lustide-co-glycolide copolymer) were disselved in & nuinimum quantity of
acetone. Pure PEG 400 was addad to the polymer solutions. The solutions were stirred 1o
yield uniform nuixtures, Acetone was evaporated from the mixtures by heating at 60-75°C
with constant stiming. The blank formulations were kept in & vacuam oven at 60-75°C
overnight to enstre complete removal of acetone. The resulting formulations ebtained were
matrices with varying viscosities or consistency. The formulation prepared with the polymer
of inherent viscosity of 0.76 was considerably more viscous thau the one prepared with the
polymer of inherent viscosity of 0.15. Oxytetracycline buse (20% w/w) was added (v each
blark formulation and mixed thoroughly o ensurc uniform distribution of the drug in the
formulations. Drug release from the drug-loaded fornmlations was performed at 37°C in
isotonic phosphate buffer containing sodium sulfits as an antioxidant. Figure 11 shows the

cumulative amount of oxytetracycline released from. formulz(ions prepared with the above-
6
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entioned compositions. It is evident from the figure that decreasing the inhereat viscosity
of polymer from 9.76 to 0.15 dramatically increased the drug release. This is becanse a
decrease in polymer inherent viscosily resulted i a dramatic decrease in the viscosity of the
farmulation and a corresponding decease in resistance to drug diffusion from the matrix,

EXAMPLE 20

Effect of varying dmg solubility on drog release

Blank formulations were prepased by dissolving 25% of a polymer (50/50
lactide-co-glycolide copolymer, nherent viscosity of 0.64) and purc PEG 400 or 50/50%
blends of PEG 400 and TEC in a minimum quantity of asetone. The solutions were stirred to
yicld a uniform mixiure. Acclone was evaporated from the mixtures by heaiing at 60-75°C
with congtant stirring. The blanl formulutions wers keplin u vacuum oven at 60-75°C
overnight to ensure complete removal of acetone. The resulting formulations obtained were &
makrix with visoous liquid-liks consistency. Fither hydrated naltrexone base (20% w/w) or
naltrexonc hydrochloride (20% w/w) was added to the blank formulations and mixed
thoroughly ta ensure uniform diatribution of the drugs in the formulations. Drug release from
the drug-loaded formulations was performed at 37°C it isotonic phosphate buffir. Figurs 12
shows the cumulative samount of either ydrated naltrexone bass or nalirexenc hydrochloride
released from formulations prepared with the above-mentioned compositions. The release of
naltrexane hydrochloride is considerably fuster Tom formulations prepared with both purs
PEG 400 and 50/50% blends of PRG 400 and TEC than the release of the hydrated nalfrexomne
base from sirmitar formuiations. This is because the sotubility of the naltrexonc hydrochlotide
in the dissolution buffer is much greater than that of the hydrated naltrexone base.

A similar drug release study was performed with formulations containing
cither 20% oxytetracycline hydrochloride or 20% oxytetracycline base, The blunk.
formulations were prepared by dissolving 25% of 2 polymer (50/50 lactide-co-glycolide
copolymer, inherent viscosity of 0.59) and 75% of pure PEG 400 in a minimum quantity of
acetong. The selutions wore stirred to yield a uniform mixture. Acetons was evaporated
from the mixfures by heating at 60-75°C with constant stirring. The blunk formulaiiens were
kept in a vacuum oven at 60-75°C overnight to ensure complete removal of acetone. The
regulting formulations obtained were & malrix with viscous liquid-tike consistency. Bithet
20% oxytetracycling hydrochlotide or 20% oxytelracycline base was added to the resulting
formulations and mixed thoroughly to ensure uniform drug distribution. Drug release fiom
the drug-louded formulations was performed at 37°C in isotonic phosphate buffer containing

sodium sulftte as an untioxidant, Figure 13 s%zows {he cumulative amount of oxytetracycline
& i
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released from formulations prepared with the above-mentioned compositions. it is evident
frain the figure that the release of oxytetracycline bydrochloride is considerably faster than
the release of oxytsiracycline base from similar formulations. This is becanse of the greater
aqueous solubility of the hydrochloride sall than the base.

EXAMPLE 21

Biodegradable defivery systemns could be prepared by the procedures shown in
Exumples 1-20. Instead of adiding a single biologically active agent, a combination of two or
maore biologically active agents could be icorporated together in the said delivery system.
Examples of some of the combinations of the bialogically active agents tnclude
levonorgestre] and ethinyl estradial, trimsthoprim and sulfamethoxazols, trimetrexate and
leweovorin, isoniazid, rifanpin and ethambutol, dapsone and rfampicin, crythromycin and
rifampicin, clotrimazole and nystatin, amphoteticin B and tlucytosine, hydrochlorothiazide
and amiloride, hydrochlorethiazide and spironelactons, hydrochlorothiazide and captopril,
polythinzide and ressrpine, Moreover, jnstead of adding a single plasticizer, & combination of
bwo or more plasticizers could be added to obtain a fermulation with the desired eonsistoney
and hydrophtlicity or hydrophabicity. An example of 2 combination of plasticizer is acetyl
triacetyl citrate (ATEC), n-methyl pyrrolidone (NV!P) and a vegetable oil such as sesame oil,
olive oil, safflower oil, sunflower oil, cottonseed oil or almond oil.

E LE

BRiodegradable vehicle could be prepared by the procedures shawn in
Examyples 1-20. The vehicle could be loaded with BAS in a pharmacy or in an operating
room. by the health practitioner (2 pharmacist, surgeon, nurse), just prior to aduinistration to
the patient, with un appropriale quantity of an antitumor agent and injected dircctly into a
solid tumor or at a site from where a solid tumor has been surgically removed. Alternatively,
biodegradable vehicle loaded with an antitumar agent can also be injected into the tumor, or
imjected, implanted, smeared or applied at the site from where the lumer is remeved by the
SUrEEOn.

EXAMPLE 23

A similar treatment described in Bxample 22 can be offered to patients with
Drain fumors Where the biodegradable vehicle prepared by the methods shown in BExamples 1-
20 and loaded with an appropriate quantity of an entitumor agent. The BAS-loaded delivery
system can be injected, implanted or applied divectly at the site in the brai from where the
tumor has been removed.

¥
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EXAMPLE 24

The biodegradable vehicle prepared as shown in examples 1-20 and loaded
with 2 BAS such as an antibiotic an anti-inflammatory agent, a local anesthetic or analgesic,
or combinations thersof can also bs nused in surgeries whers appropriate quantities of the
BAS, can be mixed with the biodegradable vehicle by the surgeon in an operating room, and
the resulting mixture can then be injectsd, implanted, smeared or applied at the site of surgery
to minimizc the chances of localized iufections ot inflammation and reduce pain respectively,
due to swrgery. Altematively, an antibiotic loaded biodegradabie vehicle can also be injected,
implanted, smemed or applisd at the site of surgery by the surgoon af the site of surgery.

EXAMPLE 25

In the case of orthopedic surgery, 2 hiodegradable vehicle prepared by the
method shown in examples 1-20 and leaded with an antibjotic can be injected, implamnted,
applied or smeared near or at the site of surgery. High concenirations of the antibiotic af the
site of surgery can prevent infeetions. Moreover, the BAS delivery system need not be
remaved from the sitz of administration because of the biodegradable nature of the system.

EXAMPLE 26

The bindegradable vehicle prepared with the methods described in examples
1-20) and loaded with bone (fragments or pewdered) or bone growih promoting sgenfs such as
caleinrh sulfate, caloium phosphatcs or hydroxyapatite can be injceted, implanted, applicd or
smeared at an appropriate site whers it is needed following orthopedic suvgery.

EXAMPLE 27

The biodegradable vehicle prepared with the methods described in examples
1-20 and loaded with a low maolecular weight heparin can also be used to treat condilions
such as deep venous thrombagis (DVT) in trauma or surgioal patients.

EXAMPLE 28

For pulsatile or intermittent delivery of BAS such s vaseines, live or killsd
viruses or bacteria, the biodegradable vehicle prepared with the methods deseribed in
axatnples 1-20 can be prepaved with blends of varying molecular weights of polymers or
capolymers, ot with blends of copelymers of varving copolymer rafios such as 50/50 PLGA
and 85/15 PLGA. or 100% polylactic actd (’1.A) and 25/75 PLGA, or blends of dillerent
types of biodegraduble polytnets with varying hydrophobicity ot lipophilicity or crystallinity
suchas 1.7 of PLAIPCL or 1:3 of PLAPCL or 1:1 of 50/50 PLGAPCL.

EXAMPLE 29

29
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The palymer (50/50 [actide-co-glycolide copolymer) was dissolved directly in
various plasticizers with stirring with or without the use of heat. Specific examples of
formulations prepaced using this method arc lisied in Table 6 below, The resulting
formulations obtamed were 2 matrix with a viscons liquid or gel-like consistency.

Table 6. Description of formsulatious propared by directly mixiog the polymer

with (he plasticizer with or withoul the use heat

DESCRIFLION OF THE
'LYPB OF POLYMER PLASTICIZER, FORMULATION
DL-POLYTACTIC ACID TRIETHYL CITRATR
(DL-PLA; L V. =0.58) (TEC) GEL, TRANSPARENT
DL-POLYLACTIC ACID ACETYL TRIETHYL CITRATE
(DLPLA; LY. =0.58) (ATBC) GEL, SLIGHTLY CLOUDY.
DLPOLYLACTIC-OO0-GLYCOLIC ACID 2-PYRROLIDONE LIQUID,
(DL-PLGA; LY, =0.58) TRANSPARENT
[T -POLYLACTIC-CO-GLYCOLIC ACI| TRIBTFYL CITRATE AND
(CL-PLGA; LY. =0.58) TOLYETHYLENE GLYCOL 400 GEL
(TEC + PEG 400)
DL-POLYLACTIC-CO-GTYCOLIC ACID| ACETYT, TRIETHYL CITRATE AND
(DL-PLGA; LY. = 0.58) POLYETHYLENE GLYOOL 400 GBL
(ATEC! PEG 400)
DLPOLYLACTIC-COGLYCOLIC ACID TRIETHYL CITRATE
(DL-PLGA; LY. = 0.58) 'BC) CGEL, SLIGH LY YELLOW
[DEPOLYLACTIC-COGLYCOLIC ACID|  N-METIIYL FYRROLIDONE LIQUID,
{DL-PLGA: LY. = 0.58) (NMP) _ TRANSPARENT
DL-POLYLACTIC-CO-GLYCOLIC ACID) TRIETHYT, CITRATE VISCOUS LIQUID,
(DL-PLGA; LY. =0.15) BC) TRANSPARENT
DLPOLYLACTIC-CO-GLYCOLIC ACID|  ACETYL TRIETRYL CITRATE VISCOUS LI
(DL-PLGA; LY, =0.15) (ATEC) TRANSPARK
DLPOLYLACTIC-CO-GLYCOLIC ACID TRIETHYL CITRATE VISCOUS LIQUIDY,
DL-PLGA; LY. =(.15) (TIC) TRANSPARENT
DL-POLYLACTLC-CO-FLY COLIC ACID) FOLYEFTHYLENE GLYCOL 00 VISCOUS LIQUID,
(DL-PLGA; LV. = .15) (PRG-400) TRANSPARENT
DL-POLYLACTIC-CO-GLYCOLIC ACID] ACETYL TRIETHYY, CITRATE AND LIQUID,
(DL-PLGA; LY, =0.15) NMETHYL PYRROLIDONE (NMP) TRANSPARINT
ATECHNMP) |
PL-POLYLACTIC-CO-GLYCOLIC ACH)| TRIETHYL CLTRATE CIIRATE AND 1IQUID,
[DL-PLGA; LV, = 0.15) N-METHYL PYRROLIDONE (NMT') TRANSPARENT
(TEG + NVIP)
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polymer, the desired controlled releass of the OTC was achisved in vivo in quail, as seen in
Figure 16.

All publications, patents and patent publications mentioned in this
specification are herein, incorporated Iy reference into the specification in their entirety for all
purposes. Although the invention has been described with reference to preferred
cmbodiments and cxamples thereof, the scope of the present invention is not limited only to
those described embodiments. As will be apparent to persons skilled in the art, modificatios
and adaptaiions to the above-deseribed invention can be marde without departing from. the
spirit and scope of the invention, which is defined and cireumscribed by the sppended claims.

The foregoing is offered primarily for purposes of illustration. It will be

.readily appavent to those of ordinary skiil in the art that the operating conditions, matcrials,

procedural steps and other parameters of the invention described herein may be further
modified or substituted In various ways without depurting fom the spirit and scope of the
invention. For example, the invention has been deseribed with human paticnts as the usual
recipient, but veterinary usc i also contemplated. Thus, the preceding description of the

invention should not be viewed as limiting but as merely exemplary.

2]
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WHAT IS CLAIMED IS:

1. A biodegradable veliicle or delivery system comprising:

(2} at least one biodsgradable pakymer; and

[1)] ai least one plasticizer; said plasticizer being capable of modulating
both the consisteney and hydroghobicity or hydrophilicity of said biodegradsbic vehicle or

delivery system.

2. The biodepradabie delivery aystem of claim 1 further comprising at

Ieast one biologically active substance.

3, The biodegradable vehicle and delivery system of cleim | wherein said
biodepradable polymer is selected from a group consisting of homopolymers and copolymers
or blends thereef, of polyssters, pelyphosphoesters, polyorthoesters, pelylactic acid or
polylactides, polyglycolic acid or polyglycolides, polycaprolactones,
polyslkyleyanoacyylates, polyphusphazenes, polyhydroxybulyrates, polyhydroxyvalecates,
polyaminoacids, psexdopalyamine acids, polyamides, poiyanhydrides, polydioxanone,
poly(e-decaloactone), poly{gtycolide-co-irimethylene varbomate), poly{ethylene carbonae),
paly(iminocarbanate), polv(l,3-propylene malonate), paly(ethylene- t,4-phemylenc-bis-
oxyacetate), and poly(ester-amides).

4. The biodegradable vehicle and defivecy system of claim 1 wherein said
plasticizer is sclected from a group consisting of citrates such as diethyl citrate (DEC),
triethy] citrate (THC), aceiy! triethyl citrate (ATEC), teibutyl citrate (TBC), acetyl tributy]
sitrate {ATBC), butyryliri-n-hexyl-citrate, acetyri-n-hexyl citrate, phthalates such as
dimethy] phthalate (DMP), diethyl phihalate (DEF), dibutyl phthalale (DBF), diociyt
phthalate, plyeol ethers such as cthylene glycol dicthyl ether, propylene glycol monomethyl
ether, ethylene glycol maonoethyl ether, diethylene glyeol monoethyl ether (Transcutol®),
propylene glycol monotestiary butyl ether, dipropylene glycol monemethyl ether, N-methyl-
2-pyirolidone, 2 pyirolidone (2-Pyirol®), isopropyl mytistate, isopropy! palmitate,
dimethylacetamide, propylene glycol, glycerol, glyceryl dieleate, ethyl oleate,
benzylbenzoate, glycofirol, sorbital, sucrose acetate isobutyrate, sshacates such as dibutyl
sebacate, dipropylene glycol methyl ether acetate (DFM acetate), propylene carbromate,
propylene glyeol laurate, propylene glyeol eaprylate/caprate, gamma butyrolactone,
polyethylenc glycels (PEG), vegetable oils obiained from seeds, flowers, fiuits, leaves, stem

34
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or any patt of a plant or trec such as cotton seed oil, soy bean oi, almond oil, sunflower oil,
peamt oil, sesame oil, gtycerol and PEG ssters of acids and faity acids (Geim:ires@,
Labrafils® and Labrasol®) such as PEG-6 glycerol mono oleate, PEG-6 glycerol linoleate,
PEG-8 glycerol linoleate, PEG~4 glyceryl caprylaic/caprate, PBG-8 glyceryl
caprylate/caprate, polyglyceryl-3-oleatc, polyglyceryl-6-dioleate, polyglyceryl-3-isosteurate,
PEG-32 glyceryl laurate (Gelucire 44/1%), PRG-32 glyceryl palmitostearate (Gelucire
50/13%), PEG-32 glyceryl stearate (Gelucire 53/10%), glyceryl behenate, cety] palniitate,
glyceryl di and ti stearate, glyceryl palmitostearate, and glyceryl triacetate (Triacetin®).

5. The hiodegradable delivery system of claim 2 wherein said
biologically active substance is selected from: the group consisting of steroids, hormones,
antipsycholic agents, ugents that act on the central nervous system (CNS - agents), narcotic
agrmists and antagonists; forlility regulating agenls, antibedies and antigens, ancsthetics,
analgesics, antibiotics, antiviral agents, antineoplastic agents, amifimgal agents, cavily and
infection. preventing agents, cardiovascular agents, angiogenic and antiangiogenic agents,
anti-inflammatory agents, vasedilators, brochiodilators, alkaloids, peptides and profeins,
vaceines, live ot killed bacteria and viruses, agents or extraets derived from whole or parts of
plants, trees, flowers, fruits, buds, seeds, leaves, barks, stem, roots, and animal tissues,
growth promoting agents, soft and hard tissues, growth promoting agents, cells, fissucs such
as bones or agenis derived there from, bone growth prometing agents such as ¢aleium
phosphates, calcium sulfate and hydroxyapatitcs, wholc viable cells and cell-lines,
deaxyribonucleis acid (DNA}, DNA fragments, ribonuclcie acid (RNA) RNA fragments, and
biological tissuss such as islets of langerhans and pancreas. The biologically active
substance can be in the form of a solid, or dissolved or suspended in a in 2 plasticizer or

mixtures of plasticizers.

6. A biodegradable vehicle or delivery system comprising:

() a oombination of twe biedegradahle polymers, said polymers capable
of modulating the degradation kinetics as well as consisteney and hydrophobicity or
hydrophilicity of the vehicle or delivery system; and

at east one plasticizer, said plasticizer being capable of modulating the
congistency and hydrophobicity or kydrophilicity of said biodegradable vehicle or delivery
system.

7. A biodegradable vehicle or delivery system comprising;
2

JP 2004-511431 A 2004.4.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

th B W R e ~1 o b kD e ~ Ch W R LY R e ~1 S th B W R

S oth A L R e

(71)

WO 0200137 PCT/USO1/06138

(@) a combination of three hiodepradable polymers, said polytners capable
of modulating the depradation kinetics as well as consistency and hydrophobieity or
hydrophiltcity of ihe veliele or delivery system; and

) at least one plasticizer, said plasticizer being capable of modulating the
consistency and hydrophobicity or hydrophilicity of said biodegradable vehicle or delivery

system.

8. (€) A biodegradable vehicle or delivery system comprising:

)] 2 combination of two biodegradable polymers, said polymers capable
of modulating the degradation kinetics as well as consistency and hydraphobicity or
hydrephilicity of the vehicls ar delivery system; and

(b  acombination of twe plasticizers, sald plasficizers being capable of
modulating the consistency and hydrophilicity or hydrophohicity of said bicdegradable

Vehicle or delivery systein.

9. A biodegradable vehicle or delivery system comprising:

()  acombination of three biedegradable polymers, said polymers capable
of modulating the degradation kinetics as well a5 consistency and hydraphobicity or
hydrophilicity of the vehicle or delivery systeny; and

(b)  acombination of two plasticizers, said plusticizers being capubls of
modulating the consistency and hydrophilicity or hydrophobicily of said biodegradable

vehicle or delivery system.

10. A biodegradable vehicle or delivery system comprising:

{a) at least one biodegradable polymer; and

u combination of two plasticizers, said plasticizers being capable of
modulating the consistency and hydrophtlicity or hydrophobicity of said biodegradabic

vebicle or delivery system.

11, Aroethod of preparing a biodegradable vebicle or delivery system
comprising the steps of:

(a) selecting at least one bindegradable polymér;

() disselving said polymer in af least one volatile solvent to form 2
solution;

fc) adding af least one plusticizer 1o said solution of siep (b); and

34
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{d)  evaporating said solvent from the solution of step {c).

12, The method of claim 11 wherein said biodegradable polymer is
selected from a group consisting homopolymers and copolymers or blends thercof, of
polyestars, polyphosphoesters, pelyorthacsters, polylactic acid or polylactides, polyalycolic
acid or polyglycolides, polycaprolactones, polyalkylcyanoacrylates, polyphosphazenes,
polyhydroxybutyrates, polyhydroxyvalerates, polyaminoacids, psendopolyaming acids,
polyamides, polyanhydridas, polydioxarane, poly(e-decaloactone), pely(glycolide-co- }
trimethylene carbonate), poly(ethylene carbonate), poky(iminocarbonate), poiy(i,3-propylone
malonate), poly(ethylene-1,4-phenylenc-bis-oxyacetate), and poly(ester-amides).

13. The method of claim 11 wherein said volatile solvent is selected from a
group consisting of acetone, methyl acetate, ethyl acetate, chloreform, dichloromethane,
methyl ethyl ketone, hexallurcisopropancl, tetrabydrofuran and hexafluroacetone

sesquiliydrate.

14, 'The method in claim [T wherein said plasticizer is selected from a
group consisting of citrates such as diethyl citrate (DEC), triethy] eitrate (TEC), acelyl
triethyl citrate (ATEC), tributyl citrate {TBC), acetyl tiibutyl citrate (ATBC), butyryliri-n-
hexyl-citrate, acetylti-n-hexyl citrate, philialales such. as dimethyl phthalatc (DMP), diethyl
phthalate (DEP), dibutyl phthalate (DBP), dioctyl phthalate, glycol ethiers sueh as sthylene
glyco] diethyl ether, propylene glycal mopomethyl ether, ethylene glycol monoethyl other,
diethylene glycol moneethyl etber (Transcutol®), propylene glycol monolertiary buiyl ether,
dipropylene glycol monomethyl ether, N-methyl-2-nyirolidons, 2 pyrrolidone (2-Pyeeol®),
isopropyl myristate, isopropyl palmitate, dimethylacelamide, propylene glyeol, glycerol,
glyceryl dioleate, ethyl oleate, benzylbenzoate, glycotirol, sorbit], sucrose acetate
isabutyrate, sebacates such as dibutyl scbacate, dipropylene glycol meihyl ether ucelate
(DPM acetate), propylene carbonate, propylene glyeol laurate, propylene glycol
caprylate/caprate, gamms utyrolactons, potyethylens glycals (PTG), vegstable oils obtained
from seeds, flowers, fruits, leaves, stem or any part of a plant or tree such as cotion seed oil,
soy bean oil, almond oil, sunflower oif, peanut ofl, sesame oil, glycerol and PEG estors of
acids and fatty acids (Gelucires®, Labrafils® and Labrasol®) such as PEG-6 glyeerol mono
oleate, PEG-6 plycerol linoleate, PEG-3 glycerol linoleate, PIG-4 glyceryl caprylate/caprate,
PEG-8 glyceryl caprylate/eaprate, polyglyceryl-3-olcate, polyglyceryl-6-dioleate,
polyglyceryl-3-isostsavate, PEG-32 glyceryl lajur;ate (Gelucire 44/1%), PEG-32 glyceryl
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palmitostearate (Gelucire 50/13%), PEG-32 glyseryl stearate (Gelucite 53/10%), glyceryl
behenate, cetyl palmitate, glyceryl di and tri stearate, glyceryl palmitostearats, and glyceryl
triacetals (Triacctn®).

15,  The method in claim 11 finther comprising the step of:

{e) adding at Jeast ane biclogically active substance to the product of step (d}
wherein the said biodepradable vehicle is loaded with at keast one biologically active
substance soon afler preparing the biedegradable velicle or just prior to using the

biodepradable delivery system loaded with the biologically active substance.

16.  The method in claint 15 wherein said biedegradahle polymer is
selected from a group consisting homopolymers and copelymers o blends thereof, of
polycsters, polyphosphoestars, polyorthoesters, polylactic acid or polylactides, polyglycolic
acid ot polyglycolides, polycaprolactones, polyalkylcyanoacrylates, polyphosphazencs,
pelylydroxybutyrates, polyhydrexyvalerates, polyaminoacids, psendopolyamino acids,
polyamides, polyarthydrides, polydioxauene, poly(e-decalonsions), poly(glycolide-co-
timethylenc carbonate), poly(ethylene carbonate), paly(iminocarbonate), poly(1,3-propylene
malonate), poly(ethylene-1,4-phenylenc-bis-oxyacelaie), and poly(ester-amides).

17.  The method of ¢laim 15 wherein said volaiile solvent is selected from a
group consisting of acetone, methy] acctate, cthyl acetate, chloroform, dichloromethune,
melhyl ethyl ketone, hexafluroisopropanol, tetrahydrofiran and hexafluroacetone

sesquihydrate.

18.  The methed of claim 15 wherslu said plasticicer {5 selected from 2
group consisting of citrates such as diethyl citrale (DEC), tricthyl citrate (TEC), acetyl
triethyl citrate (ATEC), tributyl citrate (TBC), acetyl tributyt citrate (ATBC), butyryliri-n-
hexyl-citraic, acetyltri-n-hexyl citrate, phthalates such as dimethyl phihalate (DM, dicthyl
phthalate (DEP), dibuty! phthalatc (DBP), dioctyl phthalate, glycol ethers such as ethylene
glycol diethyl ether, propylene giycal menomethyl ether, ethylenc glyeol monoethy] ether,
diethylens glveel monoethyl ether (’ImlscutoL® , propylene plycol monotertiary butyl other,
dipropylene glycol monomethyl ether, N-methyl-2-pyrrolidone, 2 pytrolidone (2-Pymol®),
isopropyl myristate, isopropyl palmitate, dimethylacetamide, propylene glycol, glycercl,
glyceryl dioleate, cthy] oleate, benzylbenzoate, glyeofurel, sorbitel, suctose acetate

isobutyrate, sebacates such as dibuty). sehacate, dipropylene glycol methyl ether acetate
3
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(DPM acetate), propylene carbonate, propylene glycol laurate, propylene glycol
caprylatcfcaprate, gamtng butyrolactone, polysthylens glyeols (PEG), vegatable oils obtatned
from seeds, flowers, fruits, leaves, stem or any part of a plant or tee such as cotton seed oil,
soy bean oil, almond oil, sunflower ofl, peanut oil, sesame oil, glyeerol and PEG esters of
acids and fatty scids (Gelucires®, Labrafils® and Labragol®) such a5 PEG-6 glycerol mono
oleate, PEG-6 glycerol lincleate, PEG-8 glycerol linoleate, PEG-4 glyceryl caprylate/caprate,
PEG-8 glyceryl caprylate/caprate, polyglyceryl-3-oleate, polyglyceryl-o-dicleate,
polyglyceryl-3-isostearate, PEG-32 glyceryl lanrate (Gelucire 44/1 ®), PRG-32 ghyceryt
palmitostearate (Gelucire 50/13%), PEG-32 glyceryl steatate (Gsfucire 53/ 10%, glyeeryl
tehenate, cety! palmitate, glyceryl di and tri. slearate, glyceryl palmitostearate, and glyceryl

triacetate {Triacetin®).

19, Themethod of olaim 15 wherein said biclogically active substance is
sclected from the group consisting of stercids, hormones, antipsychotic agents, agents that act
on the ceniral nervous system (CNS - agents), narcotic agonists und antagomists, fertility
regulating agents, antibodies and antigens, ancstheties, snalgesics, antibiotics, antiviral
agents, untineoplastic agents, antifangal agents, cavity and jnfection preventing agents,
cardiovascular agents, mgiogenic and antiangiogenic agents, anti-inflammatory agents,
vasodilators, brochiodilators, alkaloids, peptides and profeins, vaccines, live or killed bacteria
and wiruses, agents or extracts derived from. wheolc or parts of plants, trees, flowers, fuits,
buds, seeds, leaves, barks, stem, roots, and animal tissues, growth promoting agents, soft and
hard tissues, growih promeling agents, cells, tissues such as bones or agents derived there
from, hone growth promoting agents such as caleium phosphates, calcium sulfale and
hydroxyapatites, whole viable cells and cell-lines, deoxyribonucleic acid (DNA}, DINA
fragments, ribonuclsic acid (RNA) RNA fagments, and hiclogical tissues such as islets of
langerhans and pagerens. The biologically active substance can be in the form of a solid, or

dissolved or suspended in a in a plasticizer or mixtures of plasticizers,

20. A mcthod of preparing a bicdegradable vehicle or delivery sysiem
cowmprising the steps aft

(a) selecting at lenst one biodegradable polymer

()] dissolving said polymer in ai least one volatife solvent to form a
salution;

(c)  adding at least one plasticizer to sajd selution of step (b);

37
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(d)  adding at least one biologically active substance to the product el step
(¢); and
(€) evaporating said solveni from the product of step (d).

21.  The method of claim. 20 wherein said biodegradable polymer is
selected from a group consisting homepolymers and copolymers or blends thercof, of
polyesters, polyphosphoesters, polyorthoestars, polylactic acid or polylactides, polyglycelic
acid ot polyglycolides, polycaprolastones, polyalkyleyaneacrylates, polyphosphazenes,
polyhydraxybutyrates, palyhydroxyvalerates, polyaminoacids, pseudopolyamino acids,
polyamides, polyanhydrides, polydioxanone, poly(e-deculoactone), poly(glycolide-co-
trimethylene carbonate), poly(ethylene carbonate), poly(iminecarbonate), poly(1,3-propylene

malonate), poly(ethylene-1,4-phemylene-bis-oxyacetate), and polyfestar-amides).

22, The method of cleim 20 wherein suld volatile solvent is selected from 2
group consisting of acetone, methyl acetate, ethyl acetate, chloroforn, dichloromethane,
methyl ethyl ketone, hexafluroisoprepanol, tetrahydrofiran and hexafluroacetone

scsgquitydrate.

23, ‘The method of claim 20 wherein seid plasticizer is selected from. a
eroup censisting of citrates such as dicthyl citrate (DEC), triethyl citrate (TEC), acetyl'
triethyl citrate (ATEC), teibutyl eitrate (TBC), acetyl tributyl citrate (ATBC), butyryliri-n-
hexyl-citrate, acelylivi-n-hexyl citrate, phthalates such as dimethyl phthalate (DMP), diethy!
phthalate (DEPY, dibutyl phthalate (DBP), dioctyl phtlialate, glycol ethers such as ethylene
glycol dicthyl efher, propylene glycel monomethyl ether, etirylene glycol monoethyl ether,
diethylens glycol monoethyl efher (Transcutol™), propylene glycol monotertiary butyl ether,
dipropylene glycol monomethyt ether, M-methyl-2-pyrrolidene, 2 pyrrolidone (2-Pyrral™,
isopropy] myristate, isopropyl palmitate, dimelhylaceinmide, propylene glycol, glycerol,
glyceryl dioleate, ethyl oleate, benzylbenzoate, glycofirrol, sorbitol, sucrose acetate
isobutyrate, sebacates such as dibutyl sebacate, dipropylene glycol methyl ether acetate
{DPM acetaie), propylene curbenate, propylene glycol laurate, propylene glycol
caprylatc/caprate, gamma butyrelactens, palyethylene glycols (PEG), vagstable vils obtained
from seeds, flowers, fruits, leaves, stern or any part of a plant or tree such as cotton seed oil,
soy bean oil, almond oil, sunflower oil, peanut ofl, sesame oil, glycerol and FEG csters of
acids and falty acids (Gelucires®, Labrafils® and Labrasol®) such. as PBG-6 glyserol mono

oleute, PEG-6 glycerol lingleate, PEG-8 glycerol linoleate, PBG-4 glyceryl caprylate/caprate,
g
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PEG-8 glyeeryl cuprylatefeaprate, polyglyceryl-3-oleate, polyglyceryl-G-dioleate,
polyglyceryl-3-isostearate, PEG-32 glyceryl laurate (Gelucive 44/ 1%, PEG-32 glyceryl
palmitosiearate (Gelucire 50/13%), PEG-32 glyceryl stearate (Gelucire 53/10%), glyceryl
ehenate, cetyl palimitate, glyceryl di and tri stearate, glyceryl palmitostearate, and glyeeryl
triacetate (Triacetin®).

24.  The method of claim 20 wherein said biclogically active substance is
selected from the group consisting of steroids, hormones, antipsychotic agents, sgenls that act
on the central nervous system (CNS - agents), narcotic agonists and antagonists, fertility
regulating agenls, antibodies and antigens, anesthetics, analgesics, sntibiotics, antiviral
agents, antineoplastic agents, antifungal agents, cavity and infection preventing agents,
cardiovascular agents, angiogenic and antiangiogenic agents, anti-inflammeatory agents,
vasodilators, brochiodilators, alkaloids, peptides and proteins, vaccines, live or killed bacteria
and viruses, agenis or exiracts denved from whole or parts of plants, trees, flowers, fruits,
buds, seeds, leaves, barks, stem, roofs, and animal tissues, growth promoting agents, soft and
hard tissues, growth promoting agents, cells, tissucs such as botcs or agents devived there
from, bone growth promoting agents such as calcium phosphates, calcium sulfate and
hydroxyapatites, whole viable cells and cell-tines, deoxyriborueleic acid (DA}, DNA
fragments, ribonucleic acid (RNA) RINA fragments, and biological lissues such as islets of

langethans and pancreas.

25. Amethod for modulating the release kinzties of a biologically active
substance (BAS) in a biodegradable delivery system comprising a biodegradable polymer, &
plasticizer and 2 BAS, said methed comprising:

varying the physiochermical properfies of at least one member of the group
consisting of said biodegradable polymer, said plasticizer, BAS and combmations thereof,
thereby modulating the relcase kinetics of said biologically active substance (BAS).

26.  The method of elain 25, whetein said biologioally active substance is
selected from the group consisting of sleroids, hormones, antipsychetic agents, ageals thai act
on the central nervons system (CNS - agents), narcotic agonists and antagonists, fertility
regulating agenls, antibodies and antigens, anesthetics, analgesivs, antibiotics, antiviral
agents, antineoplastic agents, antifungal agents, cavity and infection preventing agents,
cardiovascular agents, angiogenic snd antiangiogenic agents, anti-inflammatory agents,

vasodilators, brochiodilators, alkaleids, peptides and proteins, vaccines, live or killed bactcria

3
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and viruses, agents or extracts derived from whole or parts of plants, trees, flowers, ffuits,
buds, sceds, leaves, barks, stem, roots, and animal tissues, growth promoting agents, soft and
hard tissues, growth promoting agents, colls, tissues such as bones or agents derived there
from, bone grawth promoting agents such as calefum phosphates, caletum sulfate and
hydroxyapatites, whole viable cells and cell-lines, deoxyrbonucleic acid (DNA), DNA
fragments, ribomuclele acid (RNA) RNA fiagments, and biclogical tissues sucli as islets of

langerhans and pancreas.

27, The method of claim 25 wherein said plasticizer is selected from a
group cousisting of citrates such as diethyl citrate (DEC), triethyl citrate (TBC), acetyl
triethyl citrate (ATEC), tributyl citrate (TBC), acetyl tributy] citrate (ATBC), butyrylei-n-
hexyl-citrate, acetyltri-n-hexyl citrate, phtbalates such as dincthy] phihalate (DMEP), dicthyl
phthafate (DEP), dibuty! phthalate (DBP), dioctyl phthalate, plycol ethers suck as ethylene
glycol diethyl ether, propylens glycol monowmethyl ether, ethylene glycel monoethyl. ether,
dicthylens glycol monoethyl ether (Transcutol®), propylene glycol monotertiary butyl ether,
dipropylene glyeol monomethyl ether, N-methyl-2-pyrrolidone, 2 pyrrolidene {2-Pyirol®),
isopropyl myristate, isopropyl palmitate, dimethylacetamide, propylene glycol, glyceral,
ylyceryl dioleate, ethyl oleate, benzylbenzoate, glycofurol, sarbitol, sucrose acetate
isobutyrale, scbacales such as dibulyl sebacate, dipropylene glycel msthyl ether acetate
(DPM acctate), propylenc carbonate, propylene glycol laurate, propylene glycol
caprylate/caprate, gammna butyrolactone, polysthylens glycols (PEG), vegetable oils obtained
from seeds, flowers, fruits, leaves, stem or any pact of a plant er tree such as eotton seed oil,
soy bean oil, almond oil, sunflower oil, peanut oil, sesame oil, glycerol and PEG esters of
acids and fatty acids (Gelucirss@, Labrafils® and I,abrasoIm) such #s PEG-6 glycerol mono
oleate, PEG-G glycerol lineteate, PEG-8 glycerol linoleate, PEG-4 glyceryl caprylate/captate,
PEG-8 glyceryl caprylate/caprate, polyglyceryl-3-oleate, polyglyceryl-6-diolsate,
polyglyceryl-3-isostearate, PEG-32 glyceryl laurate (Gelugire 44/ 1%, PEG-32 glyceryl
palmitostearate (Gelucire 56/ 13%), PEG-32 glyoeryl stearate (Gelucire 53/10%), glyceryl
behenate, cetyl palmitate, glyceryl di and ti stearate, glyceryl patmitostearate, and plyceryl
triacetate (Trincetin®).

28.  The method of claim 25 wherein said biodepradabls polymer is
selected from a group consisting homopolymers and copoiymers or blends thersof, of
polyesters, polyphosghocsters, polyortheestets, polylactic acid or polylactides, pelyglycolic

!
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acid or polyglycolides, polycaprolactories, polyvalkylcyancactylates, polyphosphazenes,
polyhydroxybutyrates, palyhydroxyvaleratas, polyaminsacids, pseudopolyamino acids,
polyamides, polyanhydrides, polydioxanone, poly(s-decaloactone), poly{glycolide-ca~
trimethylenc carbonats), poly{efhiylene carbonate), poly(iminocarbonate), poly(1,3-propylene

malonate), poly{ethylene-1,4-phenylens-bis-oxyacetate), and poly(ester-amides).

29. A method for medulating the degradation kinetics of a biodegradable
delivery vehicle comprising a biodegradable polymer, a plasticizer and optionally a
biologically active substance said method comprising:

varying the physiochemical properties of at least onc memboer of the group
consisting of said biodegradable polymer, said plasticizer, optionally a BAS and
combinations thereof, thersby modulating the degradation kinetics of said biodegradable

veltcle.

4l
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FIGURE L
BIODEGRADABLE FOLYMERS

Folylactic acid (FLA)
Polylactic-co-glycelic acid (PLGLA}Y
Tolyaminoacids
Polyhydeoxybuatyric and
Valeric acid copolymers (PEBV)
Paly-E-caprolatone (PCL)

Lactic uckl and caprolactone copolymers

v
PLASTICIZER

Cilrtes such as diettryl citrate (DEC), triethy] citate (TEC), acery] tricthy] ilvate (ATEC), tibuty! citrate (TBC),
acetyl tributyl citrate (ATBC), butyryltri-n-bexyt-citrats, acetyliri-u-hexyl citrate, phifalates such as dimethyl
phibalate (DMP), diethyl phihatate (DEP), dibutyl phthalate (DBP), didctyl phthalate, giycol ethers such as ethylene
lycol diethy! ether, prapylene glycol monomethy! ether, ethylene glycol moncethyl ethex, diethylens glycol
raonosthyl ether (Transentel®), propylenc glycol menotertisry butyl etbier, dipropylene glycol monomethyt ether, o~
methyl pyrrolidone, 2 pyrrotidone (2-Pyrral™), isoprapyl myristate, isopropyl palmitate, diowcthylacetamidc,
propylene lycol, glyceral, glyceryi dicleats, ethy! oleate, benzylbenzoate, glycofural, sarbitol, sucmoas acstate
isphutyrale, sehacates such as dibutyl s=bacate, dipropylene glycol methy! ether acetate (PM acstate), propylene
catbonate, propylene glycol lmwrate, propylene giycol caprylate/caprate, caprylic/capric triglyceride, gamma
butyrolactone, polyethylene glycels (PEGY, glycerol and PEG esters of acids and fatty acids (Gelucires®, Labrafils™
and Esbrasol™) such as PEG-6 glyceral mono oleate, FEG-6 glycerol Yinolente, PEG-8 glycerol linoleale, PEG-4
glycoryl caprylate/caprate, PEG-8 glysaryl eaprylate/caprate, polyglyeeryl-3-oleate, pelyglyceryl-g-diolcate,
polyglyceryl-3-isostearate, PEG-32 glycoryl lwrate (Gulucire 44/1%), PEG-32 glyceryl palmitostearste (Gelncire
50/13%), PEG-32 glycery] slearats (Gelucire 53/10%), glycery) behenate, cetyl palmitate, glycesyl di and tri stearate,
glyveryl palmitostearate, and glyceryl triacetate (Triaccfi.:%. vegetabls oils obtained from seeds, flowers, fruits,
leaves, stem of any part of a plant or tree cluding cotten seed ofl, soy bean oil, almond oil, sunflower ofl, peanut
oil, scsame oil. The use of two or move plasticizers in a combination or blend of varying ratios and hydrophilicity er
Trydrophobicity is also encompassed by the present invention.

{ Stir with or without heat

BIODEGRADABLE FREE-FLOWING LIQEID, VISCOUR LIQUID, GEL OR PASTE
(BIODEGRADABLE VEHICLE)
+

BIOLOGICALLY ACTIVE SUBSTANCE(S) 0R BAS

BAS LOABED BIODEGRADABLE DELIVERY SYSTEM

(BAS-LOADED BIODEGRADABLE DELIVERY SYSTEM COULD BE & FREE-FLO WING LIQUID,
VISCOUS LIQUID, GEL GR PASTE, WHERE THE BAS IS EXTHLR DISSOLVED OR SUSPINDED 1M
THE BIODEGRADABLE DELIVERY SYSTEM)
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FIGURE 2.
BIODEGRADABLE POLYMERS VOLATILE SOLVENTS

Polylactic acid (PLA) Aretons

Polylactic-co~glyeolic acid (PLGLA) Ethyl acetate

Polyamingacids Chioroform
Polyhydroxybutyric and Methyl acetate

Valerie acid copolymers (PHEV) Methylens chloride
Poly-g<aprolatone (PCL) Methylethyl ketone

Lactic acid and caprolactone copolymers

SOLUTION OF POLYMER IN VOLATILE SOLVENT(S)
+
PLASTICIZER

Citrates such as diethy] cirate (DEC), triethy} citrate {TEC), acetyl irfeibyl citrate (ATEC), tributyl citrate (TBC),
roetyl tributyl oitrate (ATBC), butyrytri-n-hexyl-citate, acetylici-n-hexyl citrate, phtbalates such as dimethyl
phthalate (DMP), diethy] plrthalate (DER), dibutyl phthalate (DBP), diocty] phibalate, glyool ethers such as ethylene
glycol diethy] ether, propylenc glycol monomethyl ether, ethylene glycol monoethyl ether, dicthylene glycol
monoethyl cther (Transcutel®}, propylene glycol monotertiaxy butyl ether, dipropyiene glycol monomethyl ether, -
methyl pyrralidone, 2 pyrrolidone (2-Pyrol™), isepropyl niyristate, isopropyl palmitate, dimethylacetamide,
propylene glycol, plycerol, glycery! dicteate, ethyl oleate, henzylbenzoate, glycofural, sorbitol, sucrose acetate
isabutyrate, sebacates such as dibutyl sebacate, dipropylenc glyeol methyl ether pcetate (DPM ncetate), propylene
carbonate, propylene glyeol laurate, propylene glycol caprylate/oaprate, caprylic/capric wriglycstide, gamma
butyrolactone, polyethylens glycols (PEG), glycerol and PEG estets of acids and fatty acids (Gelucires™, Labrafils®
and Labrasol®™) such ag PEG-6 ghycerol mone aleate, PEG-G glycerol linoleate, PEG-E glycerol linoleate, PEG-4
glyceryl caprylate/caprate, PEG-8 glycaryl caprylate/caprate, polyglyceryl-3-oleabs, polyglyceryl-6-dicleste,
polyélycﬂylASAisosteamLe, PEG-32 glyceryl Tamate (Gelucire 44/1%), PEG-32 glyceryl palmitosiearate {Gelucire
50/13%), PEG-32 glyceryl stearate (Gelucire 53/10%), glyceryl behenate, cetyl palmitate, glyceryl di and fri stearate,
glyceeyl palmitosteatate, and glyceryl trizcctate (Trincetin®). vegetable oils obtained from seeds, flewers, fruits,
leaves, sterm or any part of a plant or tree including cotton seed oil, soy beay ofl, almend ofl, sunflower ofl, peanut
ail, sesame oil. The vse of two or more plasticizers in & combination or blend of varying ratios and hydeophilicity or

: hydrophobicity is also encompassesd by the present invention.

SOLUTION OF POLYMER + PLASlICIZER IN VOLATILE SOLVENT(S)

HEAT AND/OR APPLY VACUUM TO EVAPORATE THE
VOLATILE SOLVENT

BIODEGRADABLE FREE-FLOWING LIQUID, YISCOUS LIQUID, GEL OR PASTE
(MIODEGRADABLE VEHICLE)

+
BIOLOGICALLY ACTIVE, SUBSTANCE(S) 0R. BAS

BAS-LOADED BIOCDEGRATDMAELE DELIVERY SYSTEM

(BAS-LOADED BIGDEGRADABLE DELIVERY SYSTEM COULD BE A FREE-FLOWING LIQUID,
VISCOUS LIQUID, GEL OR PASTE, WHERE THE BAS IS EITHER DISSOLVED OR SUSPENDED IN
THE RIONEGRADABLE DELIVERY SYSTEM)

JP 2004-511431 A 2004.4.15
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FIGURE 3
BIODEGRADABLE POLYMERS VOLATILE SOLVENTS
Polylactic acid (PLA) Asetone
Polylactic-co-glycolic acid (PLOLAY Ethyl acetate
Polysminoacids Chinroform
Polyhydrexybutyric and Masthy] asetate
Valeric acid copolymets (PHBV) Metltylene chieride
Poly-&-caprolatone (PCL} Methylsthyl ketone

Lactic acid and caprolactene capelymers

¥

SOLUTION QF POLYMER IN VOLATILE SOLVENT(S)
+

PLASTICIZER.

Citrates such as disthyl citrate (DEC), triethyl citrate {TEC), acety! tristhy] citrate (ATEC), tributy] citrate (TBC),
acetyl tributyl citrate (ATBC), butyryltd-n-hexyl-citrate, acetylmi-n-hexyl citrats, phthalates such as dimethyl
phthalate (DMF), dicthyl phthalste (DEP), dibutyl (DBP), dioctyl phthalate, glyec] ethers such as ethylene
lyeol dictid cther, propylens alyeol ronomethyl ether, sthyleas glycel monoethyl cther, diethylono glyool
monoetayl ether {Transcutol”), prepylene glycol monotertiary tutyl ether, dipropylens glycol monomethyl ether, n-
woethyl pyaolidons, 2 pyrrolidone (2-Pyrrol™), isopropyl myristate, isopropyl palmitate, dimetylacetamide,
propylene glyenl, giycerol, glyceryl dicleats, ethyl oleate, benzylbenzoate, glycofurol, sorbitol, sucrose acelate
isobutyrate, sebacates such as dibutyl sebacate, dipropyleae glycel methy] ether acetate (DFM acetate), propylens
carbonate, propylene glycol laurate, propylene glycal caprylate/caprate, caprylic/capric triglyceride, gamma

Bbutyrolactone, polyethylene glycals (PEG), glyeerol and PEG esters of acids and fatty avids (Gelncires®, Labrafils® -

nod Labrasal®) such as PEG-6 glyceral mone oleate, FEG-G glycerol linoleate, PEG-8 glycerol linoleate, PEG-4
glyeeryl caprylate/caprate, PEG-8 glyceryl caprylate/captate, polyglyceryl-3-oleate, polyglyceryl-G-dioleate,
polyglyceryl-3-isostearate, PEG-32 glyceryl laurate (Gelucire 44/1%), PEG-32 glyceryl palmitostearate (Gelucine
30/13%), PEG-32 glyceryl stenrate (Galucire 53/10%), glyceryl hehenate, cetyl pabmitats, glyceryl di and i stearate,
glyceryl palmitostearate, and glyceryl triacetate (Trizcetin®). vegetable oils obtained from seeds, flowers, fruits,
[eaves, stem or any part of a plant or free including cotfon seed oil, toy bean ofl, almond oil, sunflower oil, poasat
oil, sesamne oil. The wse of fwo ox more plasticizers in a combination ot blend of varyivg ratios and hydrophilicity or
hydrophobicily is also encompassed by the present invention.

SOLUTION OF POLYMER + PLASTICIZER 1N YOLATILE SOLVENT(S)
+
BIOLOGICALLY ACTIVE SUBSTANCE(S} 0R BAS
HEAT ANIVOR APPLY VACUUM TO EVAPORATE THIR
VOLATILE SOLVENT
BAS-LOADED BIODEGRADABLE DELIVERY SYSTEM
BAS-LOADED BIODEGRADARLE DELIVERY SYSTEM COULD BE A FREE-FLOWING LIQUID,

VISCOUS LIQUID, GEL OR PASTE, WHERE THE BAS IS EITHER DISSOLVED OR SUSTENDED IN
THE BIODEGRADABLE DELIVERY SYSTEM)
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