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(57) ABSTRACT 

Hydroswellable, absorbable and non-absorbable, aliphatic, 
segmented polyurethanes and polyurethane-urea capable of 
Swelling in the biological environment with associated 
increase in Volume of at least 3 percent have more than one 
type of segments, including those derived from polyethylene 
glycol and the molecular chains are structurally tailored to 
allow the use of corresponding formulations and medical 
devices as carriers for bioactive agents, rheological modifiers 
of cyanoacrylate-based tissue adhesives, as protective 
devices for repairing defective or diseased components of 
articulating joints and their cartilage, and scaffolds for carti 
lage tissue engineering. 
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HYDROSWELLABLE, SEGMENTED, 
ALPHATIC POLYURETHANES AND 

POLYURETHANE UREAS 

0001. The present application claims the benefit of prior 
provisional application, U.S. Ser. No. 61/069,046, filed Mar. 
12, 2008. 

FIELD OF THE INVENTION 

0002 The present invention is directed to hydroswellable 
(or water-swellable) absorbable and non-absorbable ali 
phatic, segmented polyurethanes and polyurethane-ureas, 
which can undergo swelling when placed in the biological 
environment manifested throughan at least 3 percent increase 
in Volume by virtue of having a highly hydrophilic polyalky 
lene oxide as an inherent part of their segmented chain mol 
ecules. By varying the type and fraction of the different seg 
ments constituting the copolymers, their pharmaceutical and 
biomedical applications as non-absorbable and absorbable 
materials entail their use in carriers for the controlled release 
of bioactive agents, rheological modifiers of absorbable and 
non-absorbable cyanoacrylate tissue adhesives, synthetic car 
tilage-like materials, and scaffolds for tissue engineering car 
tilage tissues. 

BACKGROUND OF THE INVENTION 

0003 Polyurethanes represent a main class of synthetic 
elastomers applied for long-term, medical implants as they 
present tunable chemical properties, excellent mechanical 
properties, good blood compatibility, and also can be 
designed to degrade in biological environments A. Rechichi 
et al., J. Biomed. Mater. Res., 84-A, 847 (2008). More spe 
cifically, polyether-urethane (PEU) and polyether-urethane 
urea (PEUU) elastomers have long been considered ideal for 
use in many implanted devices, in spite of occasionally cited 
drawbacks M. A. Schubert et al., J. Biomed. Mater. Res., 35, 
319 (1997); B. Ward et al., J. Biomed. Mater. Res., 77-A, 380 
(2008). Of the cited drawbacks are those associated with (1) 
the generation of aromatic diamines, which are considered to 
be toxic upon degradation of segmented copolymers made 
using aromatic diisocyanates for interlinking; (2) chain deg 
radation due to oxidation or radiation degradation of the 
polyether component of segmented copolymers, and particu 
larly those which encounter frequent mechanical stresses in 
the biological environment; and (3) chemical degradation in 
chemically and mechanically hostile biological environments 
of the urethane links of segmented copolymers and particu 
larly those comprising reactive aromatic urethane linkages. 
0004 Liquid solventless, complex polymeric composi 

tions, which thermoset at ambient temperatures through addi 
tional polymerization of a two-component system, wherein 
the first component comprises amine or acrylate-terminated 
polyurethanes or polyurethane-ureas and the second compo 
nent comprises di-or polyacrylates have been described in 
U.S. Pat. No. 4,742,147. However, the prior art is virtually 
silent on self-standing PEU and PEUU liquid solventless 
compositions for use in pharmaceutical formulations and/or 
medical devices. Similarly, the prior art on polyether-ure 
thanes is practically silent on hydroswellable (or water 
swellable) systems, in spite of the fact that it covered elasto 
meric, segmented, hydrophilic polyether-urethane-based, 
lubricious coating compositions based on aromatic diisocy 
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anate and polyethylene glycol (U.S. Pat. No. 4,990.357) it 
did not suggest a self-standing material for medical device 
applications. 
0005 Collective analysis of the prior art on PEU and 
PEUU as discussed above regarding the drawbacks of the 
disclosed systems, absence of self-standing liquid and 
hydroswellable copolymers, and recognition of the need for 
new materials exhibiting properties that cannot be met by 
those of the prior art, provided a strong incentive to explore 
the synthesis and evaluation of the PEU and PEUU systems 
subject of this invention, which are structurally tailored for 
their effective use in existing and new applications. 

SUMMARY OF THE INVENTION 

0006. The present invention is directed to different types 
of hydroswellable (or water-swellable) polyurethanes and 
polyurethane-ureas. 
0007. A specific aspect of the invention describes a 
hydroswellable, segmented, aliphatic polyurethane compris 
ing polyoxyalkylene chains, covalently linked to polyalky 
lene carbonate chains, which are interlinked with aliphatic 
urethane segments, the composition exhibiting an at least 3 
percent increase in Volume when placed in the biological 
environment, wherein the polyoxyalkylene glycol chains 
comprise at least one type of oxyalkylene sequences selected 
from the group represented by oxyethylene, oxypropylene, 
oxytrimethylene, and oxytetramethylene repeat units and the 
alkylene carbonate chains are trimethylene carbonate 
sequences, and wherein the urethane segments are derived 
from at least one diisocyanate selected from the group repre 
sented by tetramethylene diisocyanate, hexamethylene diiso 
cyanate, octamethylene diisocyanate, decamethylene diiso 
cyanate, dodecamethylene diisocyanate, lysine-derived 
diisocyanate, and cyclohexane bis-(methylene isocyanate). 
Meanwhile, the polyurethane is made by reacting a liquid 
polyoxylene alkylene glycol comprising oxyethylene or a 
combination of oxyethylene and oxypropylene sequences 
that are end-grafted with trimethylene carbonate wherein the 
resulting product is interlinked with 1.6-hexane diisocyanate, 
and wherein the liquid polyalkylene glycol is a polyethylene 
glycol having, preferably, a molecular weight of about 400 
500 Da. From a pharmaceutical application perspective, the 
polyurethanes can be used as vehicles for a controlled release 
formulation of at least one bioactive agent selected from the 
group of agents known to exhibit anti-inflammatory, anes 
thetic, cell growth promoting, antimicrobial, antiviral, and 
antineoplastic activities. In a specific pharmaceutical appli 
cation, the controlled release formulation comprises at least 
one antimicrobial agent after treating periodontitis or bone 
infection selected from the group represented by doxycy 
cline, gentamicin, Vancomycin, tobramycin, clindamycin, 
and mitomycin and the periodontal formulation may include 
absorbable microparticles made of acid-terminated gly 
collide-based polyester and a liquid excipient Such as a liquid 
polyethylene glycol and an alkylated or acylated derivative 
thereof. In a second group of pharmaceutical applications, the 
controlled release formulation comprises a liquid polyethyl 
ene glycoloran alkylated or acylated derivative thereofas an 
excipient and at least one bioactive agent selected from the 
group represented by paclitaxel, carboplatin, miconazole, 
leflunamide, ciprofloxacin, and a recombinant protein for 
treating breast or ovarian cancer in humans or animals. Addi 
tionally, for tissue repair applications, the polyurethane can 
be admixed with one or more cyanoacrylate monomer for use 
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as a rheological modifier of tissue adhesives, wherein the one 
or more cyanoacrylate monomer is part of an absorbable or 
non-absorbable tissue adhesive formulation comprising sta 
bilizers against premature polymerization, free radically and 
anionically, and at least one monomer selected from the group 
represented by ethyl-, butyl-, isobutyl-, methoxypropyl-, 
methoxyethyl-, and methoxybutyl cyanoacrylate. 
0008 Another specific aspect of the present invention 
deals with a hydroSwellable, segmented, aliphatic polyure 
thane-urea comprising polyoxyalkylene chains covalently 
interlinked with polyalkylene urethane segments, which are 
further interlinked with aliphatic urea chain segments, the 
composition exhibiting at least 5 percent increase in Volume 
when placed in the biological environment, wherein the poly 
alkylene glycol chains comprise at least one type of oxyalky 
lene sequences selected from the group represented by oxy 
ethylene, Oxypropylene, oxytrimethylene, and 
oxytetramethylene repeat units and the urethane segments are 
derived from at least one diisocyanate selected from the group 
represented by hexamethylene diisocyanate, hexamethylene 
diisocyanate, octamethylene diisocyanate, decamethylene 
diisocyanate, dodecamethylene diisocyanate, 1.4 cyclohex 
ane diisocyanate, lysine-derived diisocyanate, and cyclohex 
ane bis(methylene isocyanate) and wherein the resulting 
polyoxyalkylene urethane molecules having at least one iso 
cyanate terminal group are chain-extended with an alkylene 
diamine selected from the group represented by ethylene-, 
trimethylene, tetramethylene-, hexamethylene-, and octam 
ethylene-diamine, thus forming polyetherurethane-urea seg 
mented chains. 
0009. A clinically important aspect of the invention deals 
with a hydroswellable, segmented, aliphatic polyurethane 
urea comprising polyoxyalkylene chains covalently inter 
linked with polyalkylene urethane segments, which are fur 
ther interlinked with aliphatic urea chain segments, the 
composition exhibiting at least 5 percent increase in Volume 
when placed in the biological environment, wherein the poly 
urethane-urea (1) can be chemically crosslinked, wherein the 
crosslinking is achieved using an alkylene diisocyanate; (2) 
can exhibit microporosity with a practically continuous cel 
lular structure; (3) can comprise at least one covalently 
bonded aromatic group to stabilize the chain against radiation 
and oxidation degradation; and/or (4) can be used as an arti 
ficial cartilage for restoring the function of diseased or defec 
tive articulating joints in humans and animals. 
0010. An important aspect of this invention deals with a 
hydroSwellable, segmented, aliphatic polyurethane compris 
ing polyoxyalkylene chains covalently linked to polyester or 
polyester-carbonate chain segments, interlinked with ali 
phatic urethane segments, the composition exhibiting at least 
5 percent increase in Volume when placed in the biological 
environment, wherein the polyester or polyester-carbonate 
chain segments are derived from at least one cyclic monomer 
selected from the group represented by e-caprolactone, trim 
ethylene carbonate, p-dioxanone, 1,5-dioxepan-2-one, 1-lac 
tide, dil-lactide, glycolide, and a morpholinedione. Mean 
while, the polyurethane can exhibit microporosity with 
practically continuous cellular structure for use as an absorb 
able scaffold or part thereof for cartilage tissue engineering, 
with or without the aid of a cell growth promoting agent 
therein. 
0011 For prolonged effective device performance, the 
present invention is directed to a hydroSwellable, segmented, 
aliphatic polyurethane-urea comprising a combination of lin 

Sep. 17, 2009 

ear functionalized polysiloxane and polyoxyalkylene chains 
interlinked with polyalkylene urethane segments, which are 
further interlinked with aliphatic urea chain segments, the 
composition exhibiting at least 5 percent increase in Volume 
when placed in the biological environment, wherein the poly 
oxyalkylene chain comprises at least one type of oxyalkylene 
sequences selected from the group represented by oxyethyl 
ene, oxypropylene, Oxytrimethylene, and oxytetramethylene 
repeat units and the functionalized polysiloxane is derived 
from bis-hydroxyalkyl-terminated polysiloxane comprising 
at least dimethoxysiloxane internal sequences and two 
hydroxyalkyl or aminoalkyl terminals and further wherein 
the urethane segments are derived from at least one diisocy 
anate selected from the group represented by hexamethylene 
diisocyanate, octamethylene diisocyanate, decamethylene 
diisocyanate, dodecamethylene diisocyanate, 1.4 cyclohex 
ane diisocyanate, lysine-derived diisocyanate, and cyclohex 
ane bis(methylene isocyanate) and wherein the resulting 
polyoxyalkylene urethane molecules having at least one iso 
cyanate terminal group are further chain-extended with an 
alkylene diamine selected from the group represented by 
ethylene-, trimethylene, tetramethylene-, hexamethylene 
and octamethylene-diamine, thus forming polyetherure 
thane-urea segmented chains, wherein the polyurethane-urea 
(1) can be chemically crosslinked wherein the crosslinking is 
achieved using an alkylene diisocyanate; (2) can exhibit 
microporosity with a practically continuous cellular struc 
ture; (3) can comprise at least one covalently bonded aromatic 
group to stabilize the chain against radiation and oxidation 
degradation; and/or (4) can be used as an artificial cartilage 
for restoring the function of diseased or defective articulating 
joints in humans and animals. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0012. The present invention is generally directed to the 
tailored synthesis of the following families of hydroswellable 
polymers. The term “hydroswellable' is intended to indicate 
that the polymers Swell and increase in Volume in the pres 
ence of water. 
0013 (1) Relatively slow-absorbing, segmented poly 
ether-carbonate-urethanes (PECU) as vehicles for the con 
trolled release of bioactive agents including those known to 
exhibit or unexpectedly exhibit antimicrobial, microbicidal, 
antineoplastic, and antiviral activities wherein the typical 
PECUs (a) exhibit <20 percent or no solubility in water; (b) 
are made to be liquids at about 50° C.; (c) have a weight 
average molecular weight exceeding 10 kDa; (d) Swell in an 
aqueous environment leading to an increase of Volume of at 
least 3 percent; and (e) are miscible in water-soluble, low 
Viscosity liquid excipients, such as polyethylene glycol 400, 
to facilitate their use as injectable formulations that undergo 
gel-formation when introduced to aqueous biological sites 
the ratio of the PECU to the excipient can be modulated in 
concert with the active agent solubility, its intended release 
site, and preferred release rate. 
(0014 (2) The PECUs of Item 1 as rheology modifiers of 
cyanoacrylate-based tissue adhesive formulations wherein 
(a) the PECU is used to increase the viscosity of the uncured 
tissue adhesive; (b) render the cured tissue adhesive more 
compliant and able to conform with the biological site—this 
is achieved by decreasing the cured adhesive modulus due to 
the presence of the low modulus PECU at concentrations of at 
least one weight percent; (c) the cyanoacrylate tissue adhe 
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sive comprises at least one monomer selected from the group 
represented by ethyl-, n-butyl-, isobutyl-, methoxypropyl-, 
ethoxypropyl-, methoxybutyl-, and octyl-cyanoacrylate; and 
(d) the cyanoacrylate tissue adhesive contains at least one 
stabilizer to prevent premature polymerization by an anionic 
and free radical mechanism—typical examples of these are 
pyrophosphoric acid and butylated hydroxyl anisole for sta 
bilization against anionic and free radical polymerization, 
respectively. 
00.15 (3) Relatively fast-absorbing segmented aliphatic 
polyether-ester urethanes (PEEU) and polyether-carbonate 
ester urethanes (PECEU) as vehicles for the controlled 
release of bioactive agents including those known to exhibit 
or unexpectedly exhibit antimicrobial, microbicidal, antivi 
ral, and antineoplastic activities wherein the typical PEEUs 
and PECEUs (a) exhibit limited (<20 percent) or no solubility 
in water; (b) are made to be liquids at about 50° C.; (c) have 
a weight average molecular weight exceeding 10 kDa; (d) 
Swell in an aqueous environment leading to an increase of 
volume of at least 3 percent; and (e) are miscible in water 
soluble, low viscosity liquid excipients, such as polyethylene 
glycol 400 and an alkylated or acylated derivative thereof, to 
facilitate their use as injectable formulations that undergo 
gel-formation when introduced to aqueous biological sites— 
the ratio of the PECU to the excipient can be modulated in 
concert with the active agent solubility, its intended release 
site, and preferred release rate. 
0016 (4) The PEEUs and PECEUs of Item 3 as rheology 
modifiers of absorbable cyanoacrylate-based tissue adhesive 
formulations wherein (a) the PEEU or PECEU is used to 
increase the viscosity of the uncured tissue adhesive; (b) 
render the cured tissue adhesive more compliant and able to 
conform with the biological site this is achieved by decreas 
ing the cured adhesive modulus due to the presence of the low 
modulus PEEU or PECEU at concentrations of at least one 
weight percent; (c) the cyanoacrylate tissue adhesive com 
prises an alkoxyalkyl cyanoacrylate. Such as methoxypropyl 
cyanoacrylate or a mixture of an alkoxyalkyl cyanoacrylate 
and an alkyl cyanoacrylate, such as ethylcyanoacrylate; and 
(d) the cyanoacrylate tissue adhesive contains at least one 
stabilizer to prevent premature polymerization by an anionic 
and free radical mechanism—typical examples of these are 
pyrophosphoric acid and butylated hydroxyl anisole for sta 
bilization against anionic and free radical polymerization, 
respectively. 
0017 (5) Essentially biostable, non-absorbable, seg 
mented, aliphatic polyether urethane-ureas (PEUU) as flex 
ible, solid, linear or chemically crosslinked polymers for use 
primarily as cartilage-like materials, which undergo Swelling 
and deswelling upon cyclic application of compressive force 
for prolonged periods, while practically maintaining their 
initial properties, wherein the typical PEUUs (a) exhibit lim 
ited (<5 percent) or no solubility in water; (b) can be fabri 
cated into films, sheets or caps for articulating bones in 
humans or animals with essentially no display of first order 
thermal transitions and exhibiting ultimate elongation 
exceeding 200 percent, reversible elongation of >10 percent 
and an at least 5 percent increase in Volume when immersed 
in water for less than two hours; (c) have a molecular weight 
corresponding to an inherent viscosity of more than unity 
using hexafluoro-isopropyl alcohol (HFIP) as a solvent when 
present as linear molecular chains, and (d) can be fabricated 
into different desirable forms or geometries by solution cast 
1ng. 
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0018 (6) Highly biostable, non-absorbable, segmented, 
aliphatic PEUU as in Item 5 comprising a polysiloxane (e.g., 
poly dimethyl siloxane segment) to improve its oxidation 
stability in the biological environment. 
0019 (7) Highly biostable, non-absorbable, segmented, 
aliphatic PEUU as in Item 5 comprising a covalently bonded 
chemical entity capable of minimizing or eliminating radia 
tion during radiation sterilization, and oxidative degradation 
when placed in the biological environment. These radiation 
and oxidation stabilizers can be in the form of polymerizable 
(as in diols) derivatives of hydroxyl aromatic compounds or 
low molecular polymers comprising oxy-aromatic groups 
and hydroxyl end-groups. Such simple or polymeric diols can 
be mixed with the polyether diol prior to end-grafting with 
other monomers and interlinking with diisocyanate. 
0020 (8) Absorbable, segmented, aliphatic polyether-es 
ter urethane (APEEU) and polyether-ester-carbonate ure 
thane (APEECU) as scaffolds for cartilage tissue engineering 
wherein the typical APEEUs and APEECUs (a) comprise 
polyoxyalkylene chains (such as those derived from polyeth 
ylene glycol and block or random copolymers of ethylene 
oxide and propylene oxide) covalently linked to polyester or 
polyester-carbonate segments (derived from at least one 
monomer selected from the group represented by trimethyl 
ene carbonate, c-caprolactone, lactide, glycolide, p-diox 
anone, 1.5-dioxepan-2-one, and a morpholinedione) and 
interlinked with aliphatic urethane segments derived from 1.6 
hexamethylene-, 1-4 cyclohexane-, cyclohexane-bis-methyl 
ene-, 1.8 octamethylene- or lysine-derived diisocyanate; (b) 
display at least 5 percent increase in Volume due to Swelling, 
when placed in the biological environment; (c) have a 
microporous structure with average pore size ranging 
between about 20 and 400 micron and practically continuous 
cell structure; and (d) are suitable for use as an absorbable 
scaffold for cartilage tissue engineering wherein the scaffold 
may contain at least one bioactive agent which may include at 
least one cell growth promoter. 
0021. From a clinical perspective, compositions and for 
mulations or devices thereof subject of the present invention 
can be used in a broad-range of applications including (1) 
injectable gel-forming liquid formulations for the controlled 
delivery of bioactive agents for treating periodontitis, nail 
infection, bone infection, a variety of bacterial and fungal 
infections, and different forms of cancers; (2) in situ-forming, 
extrudable luminal liner for the controlled drug delivery at the 
luminal wall of vaginal canals and blood vessels; (3) a rheol 
ogy modifier for essentially non-absorbable and absorbable 
cyanoacrylate-based tissue adhesive formulations; (4) carti 
lage-like covers to protect defective or diseased articulating 
joints; and (5) an absorbable scaffold for cartilage and soft 
tissue engineering. 
0022. Further illustrations of the present invention are pro 
vided by the following examples: 

EXAMPLE 1. 

Synthesis and Characterization of a Typical Poly 
ether-carbonate-urethane, P-1 

0023 For an initial charge, poly(ethylene glycol) 
(M-400 Da) (0.15 moles) and tin(II) 2-ethyl hexanoate 
(3.53x10" moles) were added to a 500 mL, 3-neck, round 
bottom flask equipped with a PTFE coated magnetic stir bar. 
The contents were heated to 70° C. and allowed to stir for 10 
minutes. For a second charge, trimethylene carbonate (0.882 
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moles) was added and the contents were heated to 135° C. 
Conditions were maintained until practically complete 
monomer conversion was achieved. The magnetic stir bar was 
removed and replaced by a stainless steel mechanical stirrer. 
The polymer was cooled to room temperature. For a third 
charge, 1,6-diisocyanatohexane (0.12 moles) was added and 
the contents were stirred until complete mixing was achieved. 
The contents were stirred and heated to 100° C. Conditions 
were maintained for 1.25 hours. The polymer was allowed to 
cool to room temperature and then dissolved in an equal part 
of tetrahydrofuran. The polymer solution was treated with 5 
mL of 2-propanol at 55° C. then precipitated in cold water. 
The purified polymer was isolated and dried to a constant 
weight at 55° C. on a rotary evaporator. The purified polymer 
was characterized for molecular weight by GPC using tet 
rahydrofuran as the mobile phase which resulted in an M. 
M. M., and PDI of 11 kDa, 19 kDa, 18 kDa, and 1.7 respec 
tively. Identity and composition were confirmed by FT-IR and 
NMR, respectively. 

EXAMPLE 2 

Synthesis and Characterization of Liquid Polyether 
ester-urethane: General Method 

0024 For an initial charge, poly(ethylene glycol) 
(M=400 Da) and tin(II) 2-ethylhexanoate were added to a 
500 mL, 3-neck, round-bottom flask equipped with a PTFE 
coated magnetic stir bar. The contents were heated to 70° C. 
and allowed to stir for 10 minutes. For a second charge, 
dl-lactide and glycolide were added and the contents were 
heated to 135° C. Conditions were maintained until practi 
cally complete monomer conversion was achieved. The mag 
netic stir bar was removed and replaced with a stainless steel 
mechanical stirrer. The polymer was cooled to room tempera 
ture. For a third charge, 1,6-diisocyanatohexane was added 
and the contents were stirred until complete mixing was 
achieved. The contents were stirred and heated to 100° C. 
Conditions were maintained for 1.25 hours. The polymer was 
allowed to cool to room temperature and then dissolved in an 
equal part of tetrahydrofuran. The polymer Solution was 
treated with 5 mL of 2-propanol at 55° C. then precipitated in 
cold water. The purified polymer was dried to a constant 
weight at 55° C. on a rotary evaporator. The purified polymer 
was characterized for molecular weight by GPC using tet 
rahydrofuran as the mobile phase. Identity and composition 
were confirmed by FT-IR and NMR, respectively. 

EXAMPLE 3 

Synthesis and Characterization of Typical Polyether 
ester-urethanes Using the General Method of 

Example 2, P-2, P-3, and P-4 

0025 Polyether-ester-urethanes P-2, P-3, and P-4 were 
prepared using the method of Example 2 with 0.15, 2.225, 
0.15 moles of polyethylene glycol (M, =400 Da). 2.60x10, 
3.18x10, 2.60x10 moles of tin(II) 2-ethyl hexanoate, 
0.52, 0.64, 0.52 moles of d1-lactide, 0.13, 0.16, 0.13 moles of 
glycolide, and 0.18, 0.18, 0.12 moles of 1,6-diisocyanatohex 
ane, respectively. Polymers P-2, P-3, and P-4 were character 
ized for molecular weight by GPC using tetrahydrofuran as 
the mobile phase which resulted in M, of 11.9, and 9 kDa, M. 
of 20, 14, and 15 kDa, Mp of 20, 12, 14, kDa, and PDI of 1.9, 
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1.6, and 1.6, respectively. Identity and composition were 
confirmed by FT-IR and NMR, respectively. 

EXAMPLE 4 

Synthesis and Characterization of Typical Polyether 
ester-urethanes using the General Method of 

Example 2, P-5 to P-8 
(0026 Polyether-ester-urethanes P-5, P-6, P-7 and P-8 
were prepared using the method of Example 2 with 0.15, 0.22. 
0.22, 0.22 moles of polyethylene glycol (M=400 Da). 3.53x 
10, 4.17x10, 4.22x10, 4.12x10 moles of tin(II) 
2-ethylhexanoate, 0.88, 0.94, 1.08, and 0.80 moles of trim 
ethylene carbonate (TMC), 0.00, 0.31, 0.19, and 0.43 moles 
of glycolide, and 0.12, 0.18, 0.18, and 0.18 moles of 1,6- 
diisocyanatohexane, respectively. Polymers P-5, P-6, P-7 and 
P-8 were characterized for molecular weight by GPC using 
tetrahydrofuran as the mobile phase which resulted in M, of 
11, 10, 10, and 9 kDa, M of 19, 14, 16, and 14kDa, Mp of 18, 
13, 15, and 14 kDa, and PDI of 1.7, 1.4, 1.6 and 1.5, respec 
tively. Identity and composition were confirmed by FT-IR and 
NMR, respectively. 

EXAMPLE 5 

Synthesis and Characterization of Acetylated Poly 
ethylene Glycol-400 (PG-4A) for Use as a Diluent 

Liquid Excipient of P-2 to P-8 
0027 Predried polyethylene glycol having a molecular 
weight of about 400 Da (25.6 g) was mixed in a round-bottom 
flask (equipped for magnetic stirring and refluxing) under dry 
nitrogen atmosphere with purified acetic anhydride (22.2 g). 
The mixture was stirred for 1 hour at 40° C. and then at 100° 
C. for 3 hours. At the conclusion of the reaction, the contents 
of the flask were heated under reduced pressure to remove the 
acetic acid reaction by-product and excess acetic anhydride. 
The acetylated product (PG-4A) was characterized for iden 
tity by infrared spectroscopy and molecular weight by gel 
permeation chromatography (GPC). 

EXAMPLE 6 

Synthesis, Characterization, and Testing of a Typical 
Film-Forming Polyether-urethane-urea, PEUU-I 

0028 Poly(ethylene glycol)-block-poly(propylene gly 
col)-block-poly(ethylene glycol) (Mi-14,600 Da, 82.5 wt % 
poly(ethylene glycol) (1.64x10 moles) and poly(tetrameth 
ylene glycol) (M=2,900 Da) (1.93x10° moles) were added 
to a 500 mL. glass resin kettle equipped for mechanical stir 
ring and vacuum. The contents were dried at 140° C. under 
reduced pressure for 3 hours and then cooled to room tem 
perature. N,N-Dimethylacetamide (190 mL) was added and 
the contents were heated to 60° C. and stirred until a homo 
geneous solution was obtained. The contents were cooled to 
room temperature and 1,6-diisocyanatohexane (3.14x10 
moles) was added. The contents were stirred until a homoge 
neous solution was obtained. Tin(II) 2-ethyl hexanoate 
(3.53x10 moles) in the form of a 0.2M solution in 1,4- 
dioxane was added. The contents were stirred until a homo 
geneous solution was obtained and then heated to 100° C. 
under stirring conditions. Conditions were maintained for 2 
hours. The contents were cooled to room temperature. Ethyl 
ene diamine (1.05x10° moles) was added in the form of a 
1.16M solution in N,N-dimethylacetamide under stirring 
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conditions. Upon gelation, the stirrer was stopped and condi 
tions were maintained for 24 hours. The polymer was purified 
by Subsequent extractions with water and acetone then dried 
to a constant weight at 45° C. under reduce pressure. The 
purified polymer was characterized for molecular weight by 
inherent viscosity in hexafluoroisopropanol which resulted in 
an inherent viscosity of 5.71 dL/g. Identity was confirmed by 
FT-IR 

EXAMPLE 7 

Preparation and Properties of n-Butyl Cyanoacry 
late-Based Tissue Adhesive Formulation Using P-5 

from Example 4 as a Rheology Modifier 
0029. This entailed mixing and characterizing the differ 
ent monomer combinations and using a selected mixture to 
prepare a typical adhesive formulation 
0030 A pure methoxypropyl cyanoacrylate (MPC) and 
pure n-butyl cyanoacrylate (BC) monomers and combination 
thereof were characterized for their rheological properties, 
measured in terms of their comparative Viscosity as listed 
Table I. Ratios of 90/10, 50/50, 20/80, and 10/90 (by weight 
) of MPC to butyl cyanoacrylate were mixed. Monomers were 
weighed in a centrifuge tube and placed on a shaker for 15 
minutes. The rheological data of the resulting compositions 
are summarized in described in Table I. 

TABLE 1. 

Cyanoacrylate Monomer Compositions and Their Rheological Data 

Monomer Ratios Monomer Composition Comparative Viscosity (s) 

100 BC 3.30 OO6 
10:90 MPC:BC 3.42 0.06 
20:80 MPC:BC 3.SS. O.10 
50:50 MPC:BC 4.23 - 0.14 
90:10 MPC:BC 5.16 - 0.17 
100 MPC 6.15 O.36 

Measured in terms of time (in seconds) to collect 0.3 mL of liquid adhesive, 
transferring vertically by gravity through an 18-guage, 1.5 in. long syringe 
needle. 

0031. A selected formulation was prepared by dissolving 
3% (by weight) of P1 in a 20/80 (by weight) mixture of 
methoxypropyl cyanoacrylate and butyl cyanoacrylate con 
taining 500 ppm of butylated hydroxyanisole and 3.3 ppm of 
pyrophosphoric acid stabilizers against free radical and 
anionic polymerization, respectively. More specifically, this 
entailed the following steps: (1) the P1 polymer was added to 
a flask and dried at 80° C. for 3 hours; (2) the cyanoacrylate 
monomers and the stabilizers were added; and (3) the result 
ing mixture was stirred at 80°C. until it became homogenous. 
The resulting formulation exhibited a comparative adhesive 
viscosity of 12.63 s and an adhesive joint strength of 28.35N 
(using a fabric peel test). 

EXAMPLE 8 

Preparation and Properties of Absorbable 
Cyanoacrylate Tissue Adhesive Formulation Using 

P-6 of Example 4 as a Rheology Modifier 

0032. The adhesive formulation was prepared by dissolv 
ing 5% (by weight) of P-6 in a 90/10 (by weight) mixture of 
methoxypropyl cyanoacrylate and ethyl cyanoacrylate con 
taining 500 ppm of butylated hydroxyanisole and 3.3 ppm of 
pyrophosphoric acid as Stabilizers against free radical and 
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anionic polymerization, respectively. More specifically, this 
entailed the following steps: (1) the P3 polymer was added to 
a flask and dried at 80° C. for 3 hours; (2) the cyanoacrylate 
monomers and stabilizers were added; and (3) the resulting 
mixture was stirred at 80° C. until it became homogenous. 
The resulting formulation exhibited a comparative adhesive 
viscosity of 6.74s and an adhesive joint strength of 34.96 N 
(using a fabric peel test). 

EXAMPLE 9 

Preparation of a Doxycycline Hyclate Controlled 
Release Formulation Using P-2 From Example 3 and 

Determination of the Drug Release Profile 
0033. This entailed a three-step process, namely, mixing 
P-2 (from Example 3) with a diluent liquid excipient (from 
Example 5), acetylated polyethylene glycol-400 (PG-4A), 
preparation of an active formulation, and monitoring the drug 
release profile. 
0034) Mixing P-2 with PG-4A For this, P-2 (3.2691 g) 
was placed in a glass vial and PG-4A (1.7603 g) was added. 
The contents of the vial were heated to 50° C. and mechani 
cally mixed until a homogenous mixture developed. The final 
mixture was 65 weight percent P-2 with the remainder con 
sisting of PG-4A. 
0035. Preparation of Active Formulation. To prepare a 
liquid vehicle, an aliquot of 2.0237 g of the P-2/PG-4A mix 
ture was transferred to a glass vial, and doxycycline hyclate 
(434 mg) was added to the vial. Microparticles of acid-termi 
nated polyglycolide (433 mg) were added to the contents of 
the vials. This was followed by heating to 50° C. and mixing 
mechanically to obtain a homogenous mixture. The resulting 
mixture was 70 weight percent liquid vehicle, 15 percent 
polyglycolide microparticles, and 15 percent doxycycline 
hyclate. 
0036 Release Study The active formulation (1.0230 g) 
was placed in a small glass vial and heated to 50° C. to flow 
into bottom of vial and create a uniform coating and then was 
allowed to cool to room temperature. Phosphate buffer (10 
mL, pH 7.2) was placed into the glass vial, which was trans 
ferred to a 37° C. incubator. The buffered solution (with 
released drug) was withdrawn at predetermined time points 
and replaced with 10 mL of fresh buffer. Aliquots of the 
release buffer were assayed by reverse phase HPLC, using a 
Waters Chromatography System with a C18 column, a gra 
dient of 15-30% acetonitrile over 10 minutes, and detection at 
350 nm, the amount of doxycycline released over time was 
determined. The HPCL data indicated a cumulative release at 
23, 94, and 163 hours of 16%, 31%, and 45%, respectively. 
0037 Although the present invention has been described 
in connection with the preferred embodiments, it is to be 
understood that modifications and variations may be utilized 
without departing from the principles and scope of the inven 
tion, as those skilled in the art will readily understand. 
Accordingly, Such modifications may be practiced within the 
scope of the following claims. Moreover, Applicant hereby 
discloses all Subranges of all ranges disclosed herein. These 
Subranges are also useful in carrying out the present inven 
tion. 

What is claimed is: 
1. A hydroswellable, segmented, aliphatic polyurethane 

composition comprising polyoxyalkylene chains covalently 
linked to a second group of polymeric chain segments, the 
second group of chain segments selected from the group 
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consisting of polyalkylene carbonate chains and polyester 
chains, the second group of chain segments interlinked with a 
third group of chain segments, the third group of chain seg 
ments selected from the group consisting of aliphatic ure 
thane segments and aliphatic urea segments, the composition 
exhibiting at least 3 percent increase in Volume when placed 
in the biological environment. 

2. A hydroswellable, segmented, aliphatic polyurethane 
composition as in claim 1 wherein the polyoxyalkylene 
chains comprise at least one type of oxyalkylene sequences 
selected from the group consisting of oxyethylene, oxypro 
pylene, Oxytrimethylene, and oxytetramethylene sequences 
and the second group of chain segments comprise alkylene 
carbonate chains comprising trimethylene carbonate 
Sequences. 

3. A hydroswellable, segmented, aliphatic polyurethane 
composition as in claim 2 wherein the third group of chain 
segments comprise aliphatic urethane segments derived from 
at least one diisocyanate selected from the group consisting of 
tetramethylene diisocyanate, hexamethylene diisocyanate, 
octamethylene diisocyanate, decamethylene diisocyanate, 
dodecamethylene diisocyanate, lysine-derived diisocyanate, 
and cyclohexane bis-(methylene isocyanate). 

4. A hydroswellable, segmented, aliphatic polyurethane 
composition as in claim 1 as a component of a vehicle for a 
controlled release formulation of at least one bioactive agent 
selected from the group consisting of anti-inflammatory 
agents, anesthetic agents, cell growth promoting agents, anti 
microbial agents, antiviral agents, and antineoplastic agents. 

5. A hydroswellable, segmented, aliphatic polyurethane 
composition as in claim 4 wherein the controlled release 
formulation comprises at least one antimicrobial agent for 
treating periodontitis or bone infection selected from the 
group consisting of doxycycline, gentamicin, Vancomycin, 
tobramycin, clindamycin, and mitomycin. 

6. A hydroSwellable, segmented, aliphatic polyurethane 
composition as in claim 4 wherein the controlled release 
formulation comprises an excipient selected from the group 
consisting of liquid polyethylene glycol, an alkylated poly 
ethylene glycol derivative, and an acylated polyethylene gly 
col derivative and at least one bioactive agent selected from 
the group consisting of paclitaxel, carboplatin, miconazole, 
leflunamide, ciprofloxacin, and a recombinant protein for 
treating breast or ovarian cancer in humans or animals. 

7. A hydroswellable, segmented, aliphatic polyurethane 
composition as in claim 1 admixed with at least one 
cyanoacrylate monomer for use as a rheological modifier of 
tissue adhesives. 

8. A hydroswellable, segmented, aliphatic polyurethane 
composition as in claim 1 wherein the polyoxyalkylene 
chains comprise at least one type of oxyalkylene sequences 
selected from the group consisting of oxyethylene, oxypro 
pylene, Oxytrimethylene, and oxytetramethylene sequences 
and wherein the second group of chain segments comprise 
urethane segments derived from at least one diisocyanate 
selected from the group consisting of hexamethylene diiso 
cyanate, hexamethylene diisocyanate, octamethylene diiso 
cyanate, decamethylene diisocyanate, dodecamethylene 
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diisocyanate, 1.4 cyclohexane diisocyanate, lysine-derived 
diisocyanate, and cyclohexane bis(methylene isocyanate), 
and wherein the resulting polyoxyalkylene urethane mol 
ecules having at least one isocyanate terminal group are 
chain-extended with an alkylene diamine selected from the 
group consisting of ethylene-, trimethylene-, tetramethyl 
ene-, hexamethylene-, and octamethylene-diamine, thereby 
forming polyetherurethane-urea segmented chains. 

9. A hydroswellable, segmented, aliphatic polyurethane 
composition as in claim 8 for use as an artificial cartilage to 
restore the function of diseased or defective articulating joints 
in humans and animals. 

10. A hydroswellable, segmented, aliphatic polyurethane 
composition as in claim 1 wherein the second set of chain 
segments comprise polyester chain segments, the polyester 
chain segments selected from the group consisting of poly 
ester-carbonate chain segments and polyester chain segments 
derived from at least one cyclic monomer selected from the 
group consisting of e-caprolactone, trimethylene carbonate, 
p-dioxanone, 1,5-dioxepan-2-one, 1-lactide, dil-lactide, gly 
collide, and a morpholinedione. 

11. A hydroswellable, segmented, aliphatic-polyurethane 
composition as in claim 10 exhibiting microporosity with an 
essentially continuous cellular structure for an absorbable 
scaffold or part thereof for cartilage tissue engineering. 

12. A hydroSwellable, segmented, aliphatic polyurethane 
urea composition comprising a combination of linear func 
tionalized polysiloxane and polyoxyalkylene chains inter 
linked with urethane segments, wherein the polyalkylene 
urethane segments are further interlinked with aliphatic urea 
chain segments, the composition exhibiting at least 5 percent 
increase in Volume when placed in the biological environ 
ment upon using as an artificial cartilage to restore the func 
tion of diseased or defective articulating joints in humans and 
animals. 

13. A hydroswellable, segmented aliphatic polyurethane 
urea composition as in claim 12 wherein the polyoxyalkylene 
chains comprise at least one type of oxyalkylene sequences 
selected from the group consisting of oxyethylene, oxypro 
pylene, oxytrimethylene, and oxytetramethylene sequences 
and the functionalized polysiloxane is derived from bis-hy 
droxyalkyl-terminated polysiloxane comprising at least 
dimethoxysiloxane internal sequences and two hydroxyalkyl 
or aminoalkyl terminals and further wherein the urethane 
segments are derived from at least one diisocyanate selected 
from the group consisting of hexamethylene diisocyanate, 
octamethylene diisocyanate, decamethylene diisocyanate, 
dodecamethylene diisocyanate, 1.4 cyclohexane diisocyan 
ate, lysine-derived diisocyanate, and cyclohexane bis(meth 
ylene isocyanate) and wherein the resulting polyoxyalkylene 
urethane molecules having at least one isocyanate terminal 
group are further chain-extended with an alkylene diamine 
selected from the group consisting of ethylene-, trimethyl 
ene-, tetramethylene-, hexamethylene-, and octamethylene 
diamine, thereby forming polyetherurethane-urea segmented 
chains. 


