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ABSTRACT 

A method for delivering a biologically active substance 
including the steps of: (a) combining said biologically active 
substance With a macromer; (b) forming a mixture of the 
combination formed in step (a); (c) polymerizing said mix 
ture to form articles; and (d) administering said articles, or 
a portion thereof, to a mammal, Where step (c) takes place 
in the absence of a polymeriZable monovinyl monomer, is 
disclosed. 
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BIODEGRADABLE MACROMERS FOR THE 
CONTROLLED RELEASE OF BIOLOGICALLY 

ACTIVE SUBSTANCES 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority from US. S No. 
60/053,029, ?led Jul. 18, 1997, entitled “Biodegradable 
Hydrogels for Drug Delivery,” having as inventor Stephen 
C. RoWe. 

BACKGROUND OF THE INVENTION 

[0002] The invention relates to methods for administering 
biologically active substances, and biodegradable composi 
tions for administering these substances. 

[0003] The rapid advances in the ?elds of genetic engi 
neering and biotechnology have led to the development of 
an increasing number of proteins and peptides that are useful 
as pharmaceutical agents. The development of methods for 
administering these neW pharmaceutical agents is thus gain 
ing increasing importance. In particular, the local or sys 
temic administration of biologically active substances, such 
as proteins, is a current concern. 

[0004] The delivery of proteins can be complicated, as 
proteins Will degrade in many of the carriers that have 
traditionally been used for the administration of small mol 
ecules. In many cases, the active forms of proteins are 
dif?cult to formulate in biodegradable polymers. Synthetic 
materials, such as biodegradable hydrogels, can be used to 
deliver proteins. In many methods, hoWever, the delivery of 
the protein to the systemic and local circulation is relatively 
rapid, and is determined primarily by the rate of dissolution 
of the protein particles. These methods can be of limited 
utility, as drug release can occur in an initial “burst” rather 
than at a sustained, controlled rate. 

SUMMARY OF THE INVENTION 

[0005] In a ?rst aspect, the invention features a method for 
delivering a biologically active substance including the steps 
of: (a) combining the active substance With a macromer; (b) 
forming a mixture of the combination formed in step (a); (c) 
polymeriZing the mixture to form articles; and (d) adminis 
tering the articles, or a portion thereof, to a mammal, Where 
step (c) takes place in the absence of a polymeriZable 
monovinyl monomer. 

[0006] In a second aspect, the invention features a method 
for delivering a biologically active substance including the 
steps of: (a) combining the active substance With a mac 
romer; (b) forming a mixture of the combination formed in 
step (a); (c) polymeriZing the mixture to form articles; and 
(d) administering the articles, or a portion thereof, to a 
mammal, Where step (c) takes place in the absence of a Water 
soluble polymeriZable monovinyl monomer. 

[0007] In a third aspect, the invention features a method 
for delivering a biologically active substance including the 
steps of: (a) combining the active substance With a mac 
romer; (b) forming a mixture of the combination formed in 
step (a); (c) polymeriZing the mixture to form articles; and 
(d) administering the articles, or a portion thereof, to a 
mammal, Where step (c) takes place in the absence of a vinyl 
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pyrrolidone monomer. The invention also features compo 
sitions formed by these methods. 

[0008] In a fourth aspect, the invention features a method 
for delivering a biologically active substance including the 
steps of: (a) combining the active substance With a mac 
romer; (b) forming a mixture of the combination formed in 
step (a); (c) polymeriZing the mixture to form articles; and 
(d) administering the articles, or a portion thereof, to a 
mammal, Where the articles release at least 80% of the active 
substance at a time 2.5 times greater than tso. 

[0009] In a ?fth aspect, the invention features a method for 
delivering a biologically active substance including the steps 
of: (a) combining the active substance With a macromer; (b) 
forming a mixture of the combination formed in step (a); (c) 
polymeriZing the mixture to form articles; and (d) adminis 
tering the articles, or a portion thereof, to a mammal, Where 
the articles release a therapeutic dose of the active substance 
for a period of time at least 2.5 times greater than tso. 

[0010] In a sixth aspect, the invention features a compo 
sition for delivering a biologically active substance, the 
composition including particles including a hydrogel and a 
biologically active substance, Where the release kinetics of 
the particles are independent of particle siZe, Where the 
particles have a mass mean diameter of about 50 nm to about 
1 mm. 

[0011] In a seventh aspect, the invention features a method 
for making articles for the controlled release of a biologi 
cally active substance including the steps of: (a) combining 
the active substance With a biodegradable, polymeriZable 
macromer, the macromer including at least one Water 
soluble region, at least one degradable region Which is 
hydrolyZable under in vivo conditions, and polymeriZable 
end groups having the capacity to form additional covalent 
bonds resulting in macromer polymeriZation, Where the 
polymeriZable end groups are separated by at least one 
degradable region, in the presence of an initiator; (b) poly 
meriZing the macromer in the absence of light to form a 
hydrogel and to incorporate the active substance into the 
hydrogel; and (c) forming the hydrogel into articles capable 
of controlled release of the active substance. The initiator 
may be a radical initiator or an ionic initiator. 

[0012] In an eighth aspect, the invention features a method 
for making a polymeriZed hydrogel, the method including 
the steps of: (a) combining a hydrophobic, Water insoluble 
macromer, an initiator, and Water; (b) alloWing the mac 
romer to sWell; (c) mixing the macromer to form a homog 
enous mixture; and (d) polymeriZing the macromer to form 
a hydrogel. Preferably, the method further includes adding a 
biologically active substance to the mixture before step 

[0013] In a ninth aspect, the invention features a method 
for making a polymeriZed hydrogel including the steps of: 
(a) combining a hydrophilic macromer and a hydrophobic, 
Water insoluble macromer; (b) heating and stirring the 
combination formed in step (a) to form a homogenous 
mixture; (c) cooling the mixture to room temperature (d) 
adding Water and an initiator to the mixture and alloWing the 
mixture to sWell; and (e) polymeriZing the macromer to form 
a hydrogel. Preferably, the method further includes adding a 
biologically active substance to the mixture before step (e). 

[0014] In a tenth aspect, the invention features a method 
for delivering a protein including the steps of: (a) combining 
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the protein With a polymeriZable hydrophilic polymer; (b) 
forming a mixture of the combination formed in step (a); (c) 
polymerizing the mixture to form articles; and (d) adminis 
tering the articles, or a portion thereof, to a mammal, Where 
the protein remains intact, and Where at least 70% of the 
protein is released from the articles. 

[0015] In an eleventh aspect, the invention features a 
method for delivering a biologically active substance, the 
method including the steps of: (a) combining the active 
substance With a biodegradable, polymeriZable macromer in 
an aqueous solution, in the presence of a free radical 
initiator; (b) dispersing the solution to form ?ne droplets 
including the macromer and the biologically active sub 
stance; (c) polymeriZing the macromer in the droplets, 
thereby forming hydrogel particles having the biologically 
active substance incorporated therein, Where the particles 
are capable of controlled release of the biologically active 
agent; and (d) administering the articles, or a portion thereof, 
to a mammal, Where step (c) takes place in the absence of a 
vinyl pyrrolidone monomer. Preferably, at least 80% of the 
particles have a particle siZe of smaller than about 5 pm. 

[0016] In a tWelfth aspect, the invention features a com 
position including a biologically active substance enclosed 
Within a biodegradable, polymeriZable macromer, the mac 
romer including at least one Water soluble region, at least 
one degradable region Which is hydrolyZable under in vivo 
conditions, and polymeriZable end groups having the capac 
ity to form additional covalent bonds resulting in macromer 
polymeriZation, Where the polymeriZable end groups are 
separated by at least one degradable region, Where the 
composition contains at least 5% by Weight of the active 
substance. 

[0017] In a thirteenth aspect, the invention features an 
insoluble macromer including at least one Water soluble 
region, at least one degradable region Which is hydrolyZable 
under in vivo conditions, and polymeriZable end groups 
having the capacity to form additional covalent bonds result 
ing in macromer polymeriZation, Where the polymeriZable 
end groups are separated by at least one degradable region. 

[0018] In a fourteenth aspect, the invention features com 
position for the sustained delivery of a protein, Where the 
composition includes an insoluble macromer With at least 
one Water soluble region, at least one degradable region 
Which is hydrolyZable under in vivo conditions, and poly 
meriZable end groups having the capacity to form additional 
covalent bonds resulting in macromer polymeriZation, 
Where the polymeriZable end groups are separated by at least 
one degradable region. 

[0019] In a ?fteenth aspect, the invention features a mac 
romer including at least one Water soluble region, at least 
one degradable region Which is hydrolyZable under in vivo 
conditions, and polymeriZable end groups having the capac 
ity to form additional covalent bonds resulting in macromer 
polymeriZation, Where the polymeriZable end groups are 
separated by at least one degradable region, Where the 
degradable region consists essentially of poly(trimethylene 
carbonate). 
[0020] In a siXteenth aspect, the invention features a 
composition for the subcutaneous administration of LHRH, 
Where the composition includes a core of poly(ethylene 
glycol) having a molecular Weight of about 1000 daltons, 
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and a degradable region consisting of poly(caprolactone), 
Where the composition is capable of delivering a therapeutic 
dose of LHRH for more than 30 days. 

[0021] In a seventeenth aspect, the invention features a 
composition comprising glucacon like peptide-1 and a mac 
romer that includes at least one Water soluble region, at least 
one degradable region Which is hydrolyZable under in vivo 
conditions, and polymeriZable end groups having the capac 
ity to form additional covalent bonds resulting in macromer 
polymeriZation, Where the polymeriZable end groups are 
separated by at least one degradable region. 

[0022] In an eighteenth aspect, the invention features a 
hydrogel composition for the sustained release of a biologi 
cally active substance, Where the composition includes par 
ticles having a tap density of less than 0.4 g/cm3, Where at 
least 50% of the particles have a mass mean diameter of less 
than about 5 pm, and Where the composition is formulated 
for pulmonary administration. 

[0023] In a nineteenth aspect, the invention features a 
composition for the sustained release of a biologically active 
substance, Where the composition includes particles having 
a tap density of more than 0.4 g/cm3. 

[0024] In the aspects of the invention described above, 
preferred embodiments are as folloWs. The time at Which 
10% of the releasable active substance is released is greater 
than 1/10 of tso. Articles and macromer compositions include 
at least 2.5% active substance by Weight, and preferably 
includes at least 5%, 10%, 25%, or 40% active substance by 
Weight. Macromers include: (a) a Water soluble region 
forming a central core; (b) at least tWo degradable regions 
attached to the core; and (c) at least tWo polymeriZable end 
groups, Where the polymeriZable end groups are attached to 
the degradable regions. 

[0025] The Water soluble region includes a polymer 
selected from the group consisting of poly(ethylene glycol), 
poly(ethylene oXide), poly(vinyl alcohol), poly(vinylpyr 
rolidone), poly(ethyloXaZoline), poly(ethylene oXide)-co 
poly(propylene oXide) block copolymers, polysaccharides, 
carbohydrates, proteins, and combinations thereof. The 
Water soluble region may include at least 2 arms. 

[0026] The degradable region includes a polymer selected 
from the group consisting of poly(ot-hydroXy acids), poly 
(lactones), poly(amino acids), poly(anhydrides), poly 
(orthoesters), poly(orthocarbonates) and poly(phospho 
esters). For eXample, the degradable region may include 
poly(trimethylene carbonate) or poly(caprolactone). Alter 
natively, the degradable region may contain a poly(ot-hy 
droXy acid) selected from the group consisting of poly(gly 
colic acid), poly(DL-lactic acid) and poly(L-lactic acid). The 
degradable region may alternatively include a poly(lactone) 
selected from the group consisting of poly(e-caprolactone), 
poly(o-valerolactone), and poly(y-butyrolactone). The 
degradable region may include a copolymer of at least tWo 
different monomers or a blend of at least tWo different 
monomers. 

[0027] The polymeriZable end groups contain a carbon 
carbon double bond capable of polymeriZing the macromers. 

[0028] The articles are administered to the lung of the 
mammal. Alternatively, the articles are administered intra 
venously, subcutaneously, intramuscularly, orally, or nasally. 
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Preferably, the articles are administered to humans, and the 
biologically active substance is preferably a protein. 

[0029] By “therapeutic dose,” When referreing to a bio 
logically active substance, is meant a plasma level betWeen 
the minimum effective level and the toXic level. 

[0030] By “release kinetics” is meant the rate at Which a 
drug is released from its device/dosage form. 

[0031] By “macromer” is meant a polymer With three 
components: (1) a biocompatible, Water soluble region; (2) 
a biodegradable/hydrolyZable region, and (3) at least tWo 
polymeriZable regions. 

[0032] By “intact,” When used in the conteXt of a protein 
or peptide, is meant that the protein or peptide is in its 
biologically active form, and is not degraded or aggregated. 

[0033] By “insoluble in Water” or “Water insoluble” is 
meant that the solubility of a compound is less than 1 g/100 
ml in aqueous solution or in aqueous solution containing up 
to 5% of an organic solvent, such as dimethylsulfoXide. 

[0034] The methods and compositions of the invention 
provide for the controlled release of relatively large quan 
tities of biologically active agents, such as proteins. The 
macromers used to deliver the proteins both protect the 
proteins from degrading and also alloW for adjusting the 
release rate of the proteins. 

[0035] Proteins can be delivered over a period of hours, or 
over a period of months. In addition, the methods and 
compositions of the invention provide a relatively constant 
dose of the active substance, rather than a burst of the 
substance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] FIG. 1 is a diagram shoWing particles in Which 
protein particles are unevenly dispersed in the carrier 
medium, and particles in Which protein particles are evenly 
dispersed in the medium. 

[0037] FIG. 2 is a graph shoWing the release pro?le of a 
substance from a macromer composition. 

[0038] FIG. 3 is a graph shoWing the release pro?le of 
bST from a blend of 3.4KL4 and PEGDA. 

[0039] FIG. 4 is a graph shoWing the release pro?le of 
insulin from 3.4KL5. 

[0040] FIG. 5 is a graph shoWing the daily and cumulative 
release of ZnbST from a 50:50 blend of 3.4 5KC6 and 3.4 
5KL6. 

[0041] FIG. 6 is a graph shoWing the daily and cumulative 
release of ZnbST from a 75:25 blend of 3.4KL5 and 3.4KC6. 

[0042] FIG. 7 is a graph shoWing the daily release of 
ZnbST monomer, dimer, and solubiliZable monomer from a 
75:25 blend of 3.4KL5 and 3.4KC6. 

[0043] FIG. 8 is a graph shoWing the effect of bST 
injections and a sustained delivery bST formulation on the 
groWth of hyphysectomiZed rats. 

[0044] FIG. 9 is a graph shoWing the initial release of bST 
from cylindrical hydrogel devices With small and large 
diameters. 
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[0045] FIG. 10 is a graph shoWing the effect of EPO 
injections and a sustained delivery EPO formulation on the 
percentage of reticulocytes. 

[0046] FIG. 11 is a graph shoWing the effect of subcuta 
neous insulin injections and a subcutaneous sustained 
release hydrogel insulin formulation on blood glucose levels 
of diabetic rats. 

[0047] FIG. 12 is a graph shoWing the effect of pulmonary 
sustained release hydrogel formulation insulin on blood 
glucose levels of diabetic rats. 

[0048] FIG. 13 is a graph shoWing the in vitro release rate 
of EPO from 3.4KL5. 

[0049] FIG. 14 is a graph shoWing in vitro release of 
insulin from 3.4KL5 particles. 

DETAILED DESCRIPTION 

[0050] The invention provides methods and compositions 
for the administration of biologically active substances. 
These methods and compositions provide for the controlled, 
sustained delivery of relatively large quantities of these 
substances. 

[0051] In one embodiment, a biologically active substance 
is combined With a biodegradable, polymeriZable macromer 
in the presence of a polymeriZation initiator. The macromer 
is polymeriZed to form a hydrogel and to incorporate the 
substance Within the resulting hydrogel. The resulting 
hydrogel, containing the active substance, is formed into 
articles capable of controlled release of the substance. 

[0052] Macromers 

[0053] The macromers of the invention have at least one 
Water-soluble region, at least one degradable (e.g., hydro 
lyZable) region, and at least one polymeriZable region. The 
macromers may be Water-soluble or Water insoluble. These 
macromers are polymeriZed to form hydrogels, Which are 
useful for delivering incorporated substances at a controlled 
rate. An important aspect of the macromers is that the 
polymeriZable regions are separated by at least one degrad 
able region. This separation facilitates uniform degradation 
in vivo. 

[0054] The ratio betWeen the Water-soluble region and the 
hydrolyZable region of the macromer determines many of 
the general properties of the macromer. For eXample, the 
Water solubility of the macromers can be controlled by 
varying the percentage of the macromer that consists of 
hydrophobic degradable groups. 

[0055] There are several variations of these macromers. 
For eXample, the polymeriZable regions can be attached 
directly to the degradable regions; alternatively, they can be 
attached indirectly via Water-soluble, nondegradable 
regions, With the polymeriZable regions separated by a 
degradable region. For eXample, if the macromer contains a 
single Water-soluble region coupled to a degradable region, 
one polymeriZable region can be attached to the Water 
soluble region, and the other to the degradable region. 

[0056] In another embodiment, the Water-soluble region 
forms the central core of the macromer and has at least tWo 
degradable regions attached to it. At least tWo polymeriZable 
regions are attached to the degradable regions so that, upon 
degradation, the polymeriZable regions, particularly in the 
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polymerized gel form, are separated. Alternatively, if the 
central core of the macromer is formed by a degradable 
region, at least tWo Water soluble regions can be attached to 
the core, and polymeriZable regions attached to each Water 
soluble region. 

[0057] In still another embodiment, the macromer has a 
Water-soluble backbone region, With a degradable region 
attached to the macromer backbone. At least tWo polymer 
iZable regions are attached to the degradable regions, such 
that they are separated upon degradation, resulting in gel 
product dissolution. In a further embodiment, the macromer 
backbone is formed of a degradable backbone having Water 
soluble regions as branches or grafts attached to the degrad 
able backbone. 

[0058] TWo or more polymeriZable regions are attached to 
the Water soluble branches or grafts. 

[0059] In another variation, the backbone may have mul 
tiple arms; e.g., it may be star-shaped or comb-shaped. The 
backbone may include a Water-soluble region, a biodegrad 
able region, or a Water-soluble, biodegradable region. The 
polymeriZable regions are attached to this backbone. Again, 
the polymeriZable regions must be separated at some point 
by a degradable region. 

[0060] Throughout the speci?cation, the folloWing abbre 
viations are sometimes used to describe the speci?c mac 
romers of the invention. In tWo particular examples, a 
macromer having a Water soluble region consisting of poly 
(ethylene glycol) With a molecular Weight of 4000 daltons, 
With 5 lactate groups on either side of this region, capped on 
either side With acrylate groups, is referred to as “4KL5.” 
Similarly, a macromer having a Water soluble region con 
sisting of poly(ethylene glycol With a molecular Weight of 
3,400 daltons, With 6 caprolactone groups on either side of 
this region, capped on either side With acrylate groups, is 
referred to as “3.4KC6.” 

[0061] Water-Soluble Region 

[0062] The Water soluble region may include poly(ethyl 
ene glycol), poly(ethylene oxide), poly(vinyl alcohol), poly 
(vinylpyrrolidone), poly(ethyloxaZoline), poly(ethylene 
oxide)-co-poly(propylene oxide) block copolymers, 
polysaccharides, carbohydrates, or proteins, or combina 
tions thereof. 

[0063] The macromer preferably comprises a Water 
soluble core region comprising poly(ethylene glycol) (PEG), 
as PEG has high hydrophilicity and Water solubility, as Well 
as good biocompatibility. The poly(ethylene glycol) region 
preferably has a molecular Weight of about 400 to about 
40,000 Da, and more preferably has a molecular Weight of 
about 1,000 to about 30,000 Da, about 1,000 to about 20,000 
Da, or about 2,000 to about 10,000 Da. 

[0064] Degradable Region 

[0065] The degradable region may contain, for example, 
poly(ot-hydroxy acids), poly(lactones), poly(amino acids), 
poly(anhydrides), poly(orthoesters), poly(orthocarbonates) 
or poly(phosphoesters), or blends or copolymers of these 
polymers. 

[0066] Exemplary poly(ot-hydroxy acids) include poly(g 
lycolic acid), poly(DL-lactic acid) and poly(L-lactic acid). 
Exemplary poly(lactones) include poly(e-caprolactone), 
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poly(o-valerolactone), poly(y-butyrolactone), poly(1,5-di 
oxepan-2-one), and poly(trimethylene carbonate). 
[0067] Examples of copolymers include a copolymer of 
caprolactone and glycolic acid; and a copolymer of capro 
lactone and lactic acid. 

[0068] PolymeriZable Region 
[0069] The polymeriZable regions preferably contain car 
bon-carbon double bonds capable of polymeriZing the mac 
romers. The choice of appropriate polymeriZable group 
permits rapid polymeriZation and gelation. PolymeriZable 
regions containing acrylates are preferred because they can 
be polymeriZed using several initiating systems, as dis 
cussed beloW. Examples of acrylates include acrylate, meth 
acrylate, and methyl methacrylate. 

[0070] Polymerization Step 
[0071] The macromers are polymeriZed using polymeriZa 
tion initiators under the in?uence of long Wavelength ultra 
violet light, visible light, thermal energy, or a redox system. 
The polymeriZation can be conducted at room temperature 
or at loWer temperatures, for example, temperatures less 
than 20° C. During polymeriZation, substances such as 
proteins are physically incorporated into the resulting poly 
mer netWork of the gel. 

[0072] The polymeriZation may be initiated in situ by light 
having a Wavelength of 320 nm or longer. When the poly 
meriZable region contains acrylate groups, the initiator may 
be any of a number of suitable dyes, such as xanthine dyes, 
acridine dyes, thiaZine dyes, phenaZine dyes, cam 
phorquinone dyes, acetophenone dyes, or eosin dyes With 
triethanolamine, 2,2-dimethyl-2-phenyl acetophenone, and 
2-methoxy-2-phenyl acetophenone. 
[0073] The polymeriZation may also take place in the 
absence of light. For example, the polymeriZation can be 
initiated With a redox system, as described in more detail in 
the Examples. In some cases it is advantageous to be able to 
polymeriZe using the redox system of the invention, as 
radical initiator production occurs at reasonable rates over a 
Wide range of temperatures. 

[0074] Initiators that can be used in the redox system 
include, Without limitation, peroxides such as acetyl, ben 
Zoyl, cumyl and t-butyl; hydroperoxides such as t-butyl and 
cumyl, peresters such as t-butyl perbenZoate; acyl alkylsul 
fonyl peroxides, dialkyl peroxydicarbonates, diperoxyket 
als, ketone peroxide, aZo compounds such as 2,2‘-aZo(bi 
s)isobutyronitrile (AIBN), disul?des and tetraZenes. 

[0075] Properties of the Macromers 

[0076] The articles of the invention are biodegradable. 
Biodegradation occurs at the linkages Within the extension 
oligomers and results in fragments Which are non-toxic and 
easily removed from the body and/or are normal, safe 
chemical intermediates in the body. These materials are 
particularly useful for the delivery of hydrophilic materials, 
since the Water soluble regions of the polymer alloW Water 
to access the materials trapped Within the polymer. 

[0077] More importantly, the articles are capable of 
degrading under in vivo conditions at rates Which permit the 
controlled release of incorporated substances. Release may 
occur by diffusion of the material from the polymer prior to 
degradation and/or by diffusion of the material from the 
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polymer as it degrades. Degradation of the polymer facili 
tates eventual controlled release of free macromolecules in 
vivo by gradual hydrolysis of the terminal ester linkages. 
The burst effects that are sometimes associated With other 
release systems are thus avoided in a range of formulations. 

[0078] The rate of release depends, in part, on the com 
position of the Water soluble region, such as the molecular 
Weight of the components in the Water soluble region. The 
rate of release of the biologically active agent also may be 
dependent upon the degree of polymeriZation of the mac 
romer, as Well as on other factors. 

[0079] The rate of release of the substance also depends on 
the rate of degradation of the degradable region of the 
macromer. For example, glycolic esters lead to very rapid 
degradation, lactic esters to someWhat sloWer degradation, 
and caprolactic esters to very sloW degradation. When the 
degradable region consists of polyglycolic acid, the release 
period is less than one Week. When the degradable region 
consists of poly(lactic acid), the release period is about one 
Week. When the degradable region consists of a copolymer 
of caprolactone and lactic acid or a copolymer of trimeth 
ylene carbonate and lactic acid, the release period is tWo to 
four Weeks. When the degradable region consists of poly 
(trimethylene carbonate) or a copolymer of caprolactone and 
trimethylene carbonate, the release period is about three to 
eight Weeks. When the degradable region consists of poly 
(trimethylene carbonate) or poly(caprolactone), the release 
period is longer than about ?ve Weeks. 

[0080] The precise rate of release can be further modi?ed 
by altering the ratio of hydrophilic and hydrophobic com 
ponents. For eXample, a very soluble macromer Will yield, 
after polymeriZing, a hydrophilic gel; hydrophilic hydrogels 
have been shoWn to degrade more rapidly than hydrophobic 
ones. Ablend of a hydrophilic macromer (e.g., 4KL5) With 
a hydrophobic Water insoluble macromer (3.4KC6) is used 
to form a polymeriZed hydrogel. This hydrogel Will have a 
release rate that is in betWeen the release rate of a hydrogel 
containing only lactic acid and a hydrogel containing only 
caprolactone. A macromer in Which the degradable region is 
a copolymer of caprolactone and lactic acid Will also have a 
release rate that is in betWeen the release rate of a hydrogel 
containing only lactic acid and a hydrogel containing only 
caprolactone as the primary degradable group. 

[0081] In addition, the rate of release of a given article 
depends on the quantity of the loaded substance, as a percent 
of the ?nal product formulation; the solubility of the active 
substance; the hydrophilicity of the active substance (hydro 
philic active substances Will generally be released faster than 
hydrophobic ones); and, in the case of suspensions, particle 
siZe. By adjusting the factors discussed above, degradation 
and controlled release may be varied over very Wide ranges. 
For eXample, release may be designed to occur over hours, 
days or months. 

[0082] As shoWn in FIG. 1, the methods of the invention 
can produce particles that behave as homogenous drug 
delivery systems. Because of the homogenous nature of the 
articles of the invention, there is no initial burst of released 
substance. In addition, the uniform consistency makes it 
possible to incorporate relatively high amounts of protein, 
While still minimiZing the burst release. 

[0083] Generally, Water-soluble substances Will yield 
homogenous systems When incorporated into the macromers 

Oct. 7, 2004 

of the invention. Substances that do not solubiliZe in Water 
Within the time it takes to form the macromers of the 
invention Will yield heterogenous systems. The amount of 
burst in the heterogenous systems can be minimiZed by 
using a particulate suspension With small particles. 

[0084] A release pro?le of a substance is shoWn in FIG. 2. 
The horiZontal aXis shoWs the time after administration, and 
the vertical aXis represents the amount of material released. 
As shoWn in FIG. 2, time t5O is the time at Which 50% of the 
releasable material has been released. Time t1O is, corre 
spondingly, the time at Which 10% of the releasable material 
has been released. The amount of releasable active substance 
is the amount that is released from an article in a period of 
time 10 times greater than the period of time it takes for 10% 
of the incorporated active substance to be released. 

[0085] When the release curve is perfectly linear, t1O=1/5 of 
tso. When there is an initial burst, t1O is much less than 1/5 of 
tso. In the methods and compositions of the invention, t1O is 
preferably greater than 1/10 of tso. In other Words, there is no, 
or very little, initial “burst” of release of the material. 

[0086] The invention also features insoluble macromers. 
These macromers contain at least one Water-soluble region, 
at least one degradable (e.g., hydrolyZable) region, and at 
least one polymeriZable region. The degradable region con 
tains polymers of glycolic acid, lactic acid, or caprolactone, 
trimethylene carbonate, or blends or copolymers thereof. 
The degradable region must be Water insoluble. For 
eXample, a macromer having a degradable region containing 
15-20 lactide units can be prepared; this macromer Will 
provide a relatively fast release rate. A macromer With a 
degradable region containing 6 caprolactone units Will pro 
vide a relatively sloW release rate. A macromer With a 
degradable region containing a copolymer of 6 caprolactone 
units, 4 lactide units, and 4 glycolide units Will provide a fast 
release rate, and a macromer With a degradable region 
containing a copolymer of 3 lactide units and 7 trimethylene 
carbonate units Will provide an intermediate release rate. 

[0087] The Water soluble region of these macromers is 
preferably PEG. The Water soluble region can have multiple 
arms; for eXample, it may be star-shaped or comb-shaped. 
The Water soluble region preferably has 4, 6, or 8 arms and 
a molecular Weight of 10,000 to 40,000 daltons. 

[0088] High Load Characteristics 

[0089] Therapeutic agents may be readily incorporated in 
high yield into the articles described herein. For eXample, 
articles may be prepared containing at least 2.5% active 
substance by Weight. Preferably, the articles contain at least 
5, 10, 25, or 40% by Weight. 

[0090] The amount of loaded active substance may be 
measured by dissolving pieces of the articles into an appro 
priate solvent and assaying the amount of active substance 
present by means available in the art, such as spectropho 
tometry. 

[0091] Shaping of Articles 

[0092] The articles formed using the procedures described 
above may be formed in any shape desired. For eXample, the 
articles may be shaped to ?t into a speci?c body cavity. They 
may also be formed into thin, ?at disks or microspheres. 
Alternatively, the articles may be shaped, then processed 




















