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THERAPEUTIC COMPOSITIONS AND METHODS 

RELATED APPLICATIONS 

0001. This application claims priority to U.S. Provisional 
Application No. 60/XXXXX, which was filed on Dec. 7, 
1999 as U.S. patent application Ser. No. 09/455.861, for 
which a petition under 37 C.F.R S1.53(c) to convert the 
non-provisional application to a provisional application was 
filed on Dec. 6, 2000. 

FIELD OF THE INVENTION 

0002 The present invention relates to the use of anti 
inflammatory agents to enhance the regeneration and healing 
of tissue (e.g. hard tissue and Soft tissue). 

BACKGROUND OF THE INVENTION 

0.003 Polymers comprising aromatic or aliphatic anhy 
drides have been studied extensively over the years for a 
variety of uses. For example, in the 1930s fibers comprising 
aliphatic polyanhydrides were prepared for use in the textile 
industry. In the mid 1950s, aromatic polyanhydrides were 
prepared with improved film and fiber forming properties. 
More recently, attempts have been made to Synthesize 
polyanhydrides with greater thermal and hydrolytic Stability 
and Sustained drug release properties. 
0004 U.S. Pat. Nos. 4,757,128 and 4,997,904 disclose 
the preparation of polyanhydrides with improved Sustained 
drug release properties from pure, isolated prepolymers of 
diacids and acetic acid. However, these biocompatible and 
biodegradable aromatic polyanhydrides have aliphatic 
bonds resulting in compounds with slow degradation times 
as well as relatively insoluble degradation products unless 
incorporated into a copolymer containing a more hydro 
philic monomer, Such as Sebacic acid. The aromatic poly 
anhydrides disclosed in the 128 Patent and the 904 Patent 
are also insoluble in most organic Solvents. A bioerodible 
controlled release device produced as a homogenous poly 
meric matrix from polyanhydrides with aliphatic bonds 
having weight average molecular weights greater than 
20,000 and an intrinsic velocity greater than 0.3 dL/g and a 
biologically active substance is also described in U.S. Pat. 
No. 4,888,176. Another bioerodible matrix material for 
controlled delivery of bioactive compounds comprising 
polyanhydride polymers with a uniform distribution of ali 
phatic and aromatic residues is disclosed in U.S. Pat. No. 
4,857,311. 
0005 Biocompatible and biodegradable aromatic poly 
anhydrides prepared from para-Substituted bis-aromatic 
dicarboxylic acids for use on wound closure devices are 
disclosed in U.S. Pat. No. 5,264,540. However, these com 
pounds exhibit high melt and glass transition temperatures 
and decreased Solubility, thus making them difficult to 
process. The disclosed polyanhydrides also comprise radical 
or aliphatic bonds which cannot be hydrolyzed by water. 
0006 Polyanhydride polymeric matrices have also been 
described for use in orthopedic and dental applications. For 
example, U.S. Pat. No. 4,886,870 discloses a bioerodible 
article useful for prosthesis and implantation which com 
prises a biocompatible, hydrophobic polyanhydride matrix. 
U.S. Pat. No. 5,902,599 also discloses biodegradable poly 
mer networks for use in a variety of dental and orthopedic 
applications which are formed by polymerizing anhydride 
prepolymers. 
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0007 Biocompatible and biodegradable aromatic poly 
anhydrides have now been developed with improved deg 
radation, processing and Solubility properties, as well as 
therapeutic utilities. AS demonstrated herein, the new aro 
matic polyanhydrides are particularly useful in enhancing 
regeneration and healing of tissue. Thus, these new polyan 
hydrides can be used in a variety of dental and orthopedic 
applications. 

SUMMARY OF THE INVENTION 

0008. It has unexpectedly been discovered that the local 
administration of an anti-inflammatory agent to tissue pro 
vides beneficial effects on the healing and growth of the 
tissue and on proximally located tissues. 
0009. Accordingly, the invention provides a method to 
promote healing of tissue comprising administering an 
effective amount of an anti-inflammatory agent to or near the 
tissue. 

0010. The invention provides a method to promote heal 
ing of hard tissue comprising administering an effective 
amount of an anti-inflammatory agent to the hard tissue or 
to Soft tissue near the hard tissue. 

0011. The invention also provides a method of treating 
periodontal disease comprising administering an effective 
amount of an anti-inflammatory agent at the Site of the 
periodontal disease. 

0012. The invention also provides a method of treating a 
bone fracture comprising fixing the fracture with an Ortho 
pedic device comprising an anti-inflammatory agent. 

0013 The invention also provides a method to enhance 
regeneration of tissue comprising administering an effective 
amount of an anti-inflammatory agent to or near the tissue. 

0014. The invention also provides a method to enhance 
regeneration of bard tissue comprising administering an 
effective amount of an anti-inflammatory agent to the hard 
tissue or to Soft tissue near the hard tissue. 

0015 The invention also provides a method to decrease 
bone resorption at a site in the body of a patient comprising 
administering an effective amount of an anti-inflammatory 
agent at or near the Site. 
0016. The invention also provides a method to promote 
healing of bone comprising contacting the bone and Sur 
rounding Soft tissue with an aromatic polyanhydride com 
prising a repeating unit having the Structure: 

-C-Ar-R-Air-C-O- 

0017 wherein Ar is a substituted or unsubstituted aro 
matic ring and R is -Z-R-Z-Substituted on each Ar 
ortho to the anhydride group, wherein R is a difunctional 
organic moiety and Z is a difunctional moiety Selected from 
the group consisting of esters, amides, urethanes, carbam 
ates and carbonates So that regeneration of bone is enhanced. 
0018. The invention also provides a method of treating 
periodontal diseases in a patient comprising administering to 
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the patient at the Site of the periodontal disease an aromatic 
polyanhydride comprising a repeating unit having the Struc 
ture: 

-C-Ar-R-Air-C-O- 

0.019 wherein Ar is a substituted or unsubstituted aro 
matic ring and R is -Z-R-Z - Substituted on each Ar 
ortho to the anhydride group, wherein R is a difunctional 
organic moiety and Z is a difunctional moiety Selected from 
the group consisting of esters, amides, urethanes, carbam 
ates and carbonates. 

0020. The invention also provides a method of treating 
bone fractures in a patient comprising fixing the bone 
fracture with an orthopedic device comprised of or coated 
with an aromatic polyanhydride comprising a repeating unit 
having the Structure: 

O O 

HC-Ar-R-Ar-C-O- 

0021 wherein Ar is a substituted or unsubstituted aro 
matic ring and R is -Z-R-Z - Substituted on each Ar 
ortho to the anhydride group, wherein R is a difunctional 
organic moiety and Z is a difunctional moiety Selected from 
the group consisting of esters, amides, urethanes, carbam 
ates and carbonates. 

0022. The invention also provides pharmaceutical com 
positions comprising an anti-inflammatory agent and a phar 
maceutically acceptable carrier, which are formulated to 
provide controlled release of the agent at or near tissue (e.g. 
hard or soft tissue). Preferably, the compositions are formu 
lated to provide local release of an effective amount of the 
agent over a period of at least about 2, about 5, about 10, 
about 20, or about 40 days. The compositions can also 
preferably be formulated to provide local release of an 
effective amount of the agent over a period of up to about 3 
months, about 6 months, about 1 year, or about 2 years. 
0023 The invention also provides the use of an anti 
inflammatory agent to prepare a medicament useful for 
promoting the healing of tissue by administration to or near 
the tissue. 

0024. The invention also provides the use of an anti 
inflammatory agent to prepare a medicament useful for 
decreasing bone resorption at a site in the body of a mammal 
by administration at or near the Site. 
0.025 The invention also, provides the use of an anti 
inflammatory agent to prepare a medicament useful to 
enhance regeneration of tissue by administration to or near 
the tissue. 

0026. The preparation of aromatic polyanhydrides from 
ortho-Substituted bis-aromatic carboxylic acid anhydrides 
disrupts the crystallinity of the resulting polymer, enhancing 
Solubility and processability, as well as degradation proper 
ties: The use of hydrolyzable bonds Such as esters, amides, 
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urethanes, carbamates and carbonates as opposed to ali 
phatic bonds in these compounds further enhances these 
properties. 

0027. These aromatic polyanhydrides have a repeating 
unit within the structure of Formula I: 

(I) 

-C-Ar-R-Air-C-O- 

0028 wherein Ar is a substituted or unsubstituted aro 
matic ring and R is a difunctional organic moiety Substituted 
on each Ar ortho to the anhydride group. Ar and R are 
preferably selected so that the hydrolysis products of the 
polyanhydrides have a the chemical Structure of an anti 
inflammatory agent, particularly Salicylates Such as aspirin, 
non-Steroidal anti-inflammatory compounds, or other aro 
matic anti-inflammatory compounds. Ar is preferably a 
phenyl group and R is preferably-Z-R-Z-in which 
R, is a difunctional moiety and both ZS are independently 
either an ester -C(=O)C) , amide -C=O)N-, anhy 
dride -C(=O)-O-C(=O), carbonate 
-O-C(=O)-O-, urethane -N-C(=O)-N-, or 
Sulfide -S-groups. R is preferably an alkylene group 
containing from 1 to 20 carbon atoms, or a group with 2-20 
carbon atoms having a structure Selected from (-CH2 
CH-O-), (CH-CH-CH-O-), and 
(-CH-CHCH-O-), 
0029 Ortho-substituted bis-aromatic carboxylic acid 
anhydrides of the present invention are used in the prepa 
ration of the aromatic polyanhydrides of the present inven 
tion. The ortho-substituted bis-aromatic carboxylic acid 
anhydrides have the structure of Formula II: 

(II) 
O O O 

HC-C-O-C-Ar-R-Ar-C-O-C-CH 

0030 wherein Ar and R, and the preferred species 
thereof, are the same as described above with respect to 
Formula I and R is Substituted on each Ar ortho to the 
anhydride group. 

0031. The aromatic polyanhydrides of the present inven 
tion meet the need for moldable biocompatible biodegrad 
able polymers and are particularly useful in enhancing the 
healing process of bone and Surrounding Soft tissue. 
0032. Accordingly, the present invention relates to com 
positions and methods of using compositions comprising a 
aromatic polyanhydride with a repeating unit of Formula I to 
enhance healing of tissue (e.g. hard tissue); It has been found 
that these compositions promote healing in hard tissue by 
inhibiting inflammation and/or pain in the Surrounding Soft 
tissues and by enhancing hard tissue regeneration by pro 
moting growth and/or by reducing bone resorption. To use 
these compositions to enhance tissue regeneration, it is 
preferred that the compositions be incorporated into fibers, 
films, membranes, pastes or microSpheres. For this use, it is 
also preferred that the compositions comprise poly(anhy 
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dride-esters), referred to herein as bioactive polyanhydrides 
that degrade into Salicylic acid, an anti-inflammatory, anti 
pyretic and analgesic agent. The hard tissue and Surrounding 
Soft tissue are directly contacted with the composition So 
that regeneration and healing is enhanced. 
0033. A more complete appreciation of the invention and 
other intended advantages can be readily obtained by refer 
ence to the following detailed description of the preferred 
embodiments and claims, which disclose the principles of 
the invention and the best modes which are presently 
contemplated for carrying them out. 

BRIEF DESCRIPTION OF THE FIGURES 

0034 FIG. 1 illustrates a perspective view of a bioactive 
implant as constructed in accordance with one embodiment 

DETAILED DESCRIPTION OF THE 
INVENTION 

0.035 Applicant has discovered that the local administra 
tion of an anti-inflammatory agent on or near hard tissue, 
Such as bone or tooth, enhances the growth and regeneration 
of the hard tissue and the surrounding soft tissue. Preferably, 
the anti-inflammatory agent is administered in a form that 
provides a controlled release of the agent at or near the hard 
tissue over a period of days or months. 
0036) Numerous controlled release mechanisms are 
known in the art (for example see R. Langer, 1990, ScienceI, 
249, 1527-1533. Any controlled release mechanism can be 
used in conjunction with the methods of the invention, 
provided it allows for the controlled release of the anti 
inflammatory agent at or near the Site of the tissue. One 
preferred method for providing the controlled release of an 
anti-inflammatory agent is to incorporate the agent into a 
polymer (e.g. a bio-degradable polymer). The agent can be 
dispersed through the polymer matrix, can be appended to 
the backbone of the polymer, or can be incorporated directly 
into a biodegradable polymer backbone. Typically, any 
anti-inflammatory agent can be dispersed through a polymer 
matrix to provide a Suitable controlled release formulation. 
However, the ability of an agent to be appended to or 
incorporated into a polymer may depend on the functional 
groups present in the agent. Preferred anti-inflammatory 
agents that can be appended to or incorporated into a 
polymer to provide a Suitable controlled release formulation 
are described in greater detail below. 
0037 Anti-inflammatory Agent 
0.038 Anti-Inflammatory agents are a well known class 
of pharmaceutical agents which reduce inflammation by 
acting on body mechanisms (Stedman's Medical Dictionary 
26 ed., Williams and Wilkins, (1995); Physicians Desk 
Reference 51 ed., Medical Economics, (1997)). 
0.039 Anti-inflammatory agents useful in the methods of 
the invention include Non-steroidal Anti-Inflammatory 
Agents (NSAIDS). NSAIDS typically inhibit the body’s 
ability to Synthesize prostaglandins. Prostaglandins are a 
family of hormone-like chemicals, Some of which are made 
in response to cell injury. Specific NSAIDS approved for 
administration to humans include naproxen Sodium, 
diclofenac, Sulindac, oxaprozin, diflunisal, aspirin, piroxi 
cam, indomethocin, etodolac, ibuprofen, fenoprofen, keto 
profen, mefenamic acid, nabumetone, tolmetin Sodium, and 
ketorolac trometharmine. 
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0040. Other anti-inflammatory agents useful in the meth 
ods of the invention include Salicylates, Such as, for 
example, Salicilic acid, acetyl Salicylic acid, choline Salicy 
late, magnesium Salicylate, Sodium Salicylate, olSalazine, 
and Salsa late. 

0041. Other anti-inflammatory agents useful in the meth 
ods of the invention include cyclooxygenase (COX) inhibi 
tors. COX catalyzes the conversion of arachidonate to 
prostaglandin H2 (PGH2); a COX inhibitor inhibits this 
reaction. COX is also known as prostaglandin H Synthase, or 
PGH synthase. Two Cox genes, Cox-1 and Cox-2 have been 
isolated in Several Species. COX-2 is tightly regulated in 
most tissues and usually only induced in abnormal condi 
tions, Such as inflammation, rheumatic and Osteo-atrhitis, 
kidney disease and osteoporosis COX-1 is believed to be 
constitutively expressed So as to maintain platelet and kid 
ney function and integral homeostasis. Typical COX inhibi 
tors useful in the methods of the invention include etodolac, 
celebrex, meloxicam, piroXicam, nimeSulide, nabumetone, 
and rofecoxib. 

0042 Preferred anti-inflammatory agents that can be 
incorporated into a polymer matrix for administration in the 
methods of the invention include: Isonixin, Amtolimetin 
Guacil, Proglumetacin, Piketoprofen, Dilfenamizole, Epiri 
Zole, ApaZone, Feprazone, MoraZone, PhenylbutaZone, 
PipebuZone, PropyphenaZone, RamifenaZone, Thiazolinob 
utaZone, Aspirin, Benorylate, Calcium Acetylsalicylate, 
EterSalate, Imidazole Salicylate, Lysine Acetylsalicylate, 
Morpholine Salicylate, 1-Naphthyl Salicylate, Phenyl Ace 
tylsalicylate, Ampiroxicam, Droxicam, S-Adenosylme 
thionine, Amixetrine, BenZydamine, Bucolome, Dilfenpira 
mide, EmorfaZone, GuaiaZulene, Nabumetone, NimeSulide, 
ProquaZone, Superoxide Dismutase, and Tenidap. 
0043 Preferred anti-inflammatory agents that can be 
appended to a polymer for administration in the methods of 
the invention include: Etofenamate, Talniflumate Terofe 
namate, Acemetacin, Alclofenac, BufeXamac, Cinmetacin, 
Clopirac, Felbinac, Fenclozic Acid, Fentiazac, Ibufenac, 
Indomethacin, ISOfeZolac, ISOXepac, Lonazolac, Metiazinic 
Acid, MofeZolac, Oxametacine, PiraZolac, Sulindac, Tiara 
mide, Tolimetin, Tropesin, Zomepirac, Bumadizon, Buti 
bufen, Fenbufen, Xenbucin, Clidanac, Ketorolac, Tinori 
dine, Benoxaprofen, Bermoprofen, Bucloxic Acid, 
Fenoprofen, Flunoxaprofen, Flurbiprofen, Ibuprofen, Ibu 
proxam, Indoprofen, Ketoprofen, Loxoprofen, Naproxen, 
Oxaprozin, Pirprofen, Pranoprofen, Protizinic Acid, Supro 
fen, Tiaprofenic Acid, Zaltoprofen, BenZpiperylon, Mofeb 
utaZone, OxyphenbutaZone, SuxibuZone, AcetaminoSalol, 
Parsalmide, Phenyl Salicylate, Salacetamide, Salicylsulfuric 
Acid, ISOXicam, Lomoxicam, PiroXicam, Tenoxicam, e-Ac 
etamidocaproic Acid, Bendazac, C-Bisabolol, Paranyline, 
Perisoxal, and Zileuton. 
0044 Preferred anti-inflammatory agents that can be 
incorporated into a polymer backbone for administration in 
the methods of the invention include: Enfenamic Acid, 
Aceclofenac, Glucametacin, Alminoprofen, Carprofen, 
Ximoprofen, Salsalate, 3-Amino-4-hydroxybutyric Acid, 
DitaZol, Fepradinol, and Oxaceprol. 
0045 Preferred anti-inflammatory agents that posses 
suitable ortho functionality to be incorporated into the 
backbone of a polymer of formula (I) as described herein 
include: Flufenamic Acid, Meclofenamic Acid, Mefenamic 
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Acid, Niflumic Acid, Tolfenamic Acid, Amfenac, Bro 
mfenac, Diclofenac Sodium, Etodolac, Bromosaligenin, 
Diflunisal, Fendosal, Gentisic Acid, Glycol Salicylate, Sali 
cilic Acid, MeSalamine, Olsalazine, Salicylamide O-Acetic 
Acid, SulfaSalazine, 
0.046 For any anti-inflammatory agent referred to herein 
by a trade name it is to be understood that either the trade 
name product or the active ingredient possessing anti 
inflammatory activity from the product can be used. Addi 
tionally, preferred agents identified herein for incorporation 
into a polymer backbone can also preferably be appended to 
a polymer or can be incorporated into a polymer matrix. 
Preferred agents that can be appended to a polymer can also 
preferably be incorporated into a polymer matrix. 
0047. Definitions 
0.048 AS used herein the term “hard tissue” includes 
tissue that has become mineralized, Such as, for example, 
bone, cartilage, and tooth. 
0049. As used herein, administering an agent “to or near 
the tissue” means administering the agent So that it is in 
direct contact with the tissue or administering the agent to a 
location proximal to tissue, So that the agent can produce the 
desired or Stated therapeutic effect. 
0050 AS used herein, “administering an anti-inflamma 
tory agent to hard tissue” means applying the agent So that 
it is in direct contact with the hard tissue. 

0051 AS used herein, “administering an anti-inflamma 
tory agent to the Soft tissue near hard tissue’ means applying 
the agent to the Soft tissue proximal to the hard tissue, So that 
the agent can produce the desired or Stated therapeutic effect. 
0.052 AS used herein the term, “formulated for controlled 
release” means that the agent is formulated Such that it will 
be released over an extended period of time when admin 
istered according to the methods of the invention. For 
example, the agent can conveniently be formulated So that it 
will be released over a period of at least about 2, about 5, 
about 10, about 20, or about 40 days. Preferably, the agent 
is formulated so that it is released over at least about 5 or 
about 10 days. The agent can also preferably be formulated 
so that it is released over a period of about 30 to about 90 
days. For the treatment of hard tissue, the agent is preferably 
formulated so that it is released over a period of about 30 to 
about 90 days. For the treatment of soft tissue, the agent is 
preferably formulated so that it is released over a period of 
about 1 to about 30 days, more preferably about 2 to about 
25 days. 
0.053 As used herein, an agent is “appended” to a poly 
mer when the agent is bonded to the polymer as a Side chain 
or Side group, but is not part of the polymer backbone. 
Preferably, the agent is bonded to the polymer through a 
linkage that is Suitable to release the agent when the polymer 
is administered according to the methods of the invention. 
For example, the agent can conveniently be linked to a 
polymer through a hydrolyzable linkage Such as an anhy 
dride or ester linkage. 
0.054 As used herein, the tern “dispersed through the 
polymer matrix” means that an anti-inflammatory agent is 
located within the matrix of a polymer Such that it can be 
released in a controlled fashion within the body. Preferably, 
the polymer matrix comprises a biodegradable polymer. 
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0055 As used herein, the term “at the site of the peri 
odontal disease' means at a Site that is at or proximal to the 
Site of the periodontal disease, Such that when an agent is 
administered to the Site, the agent can produce a beneficial 
effect and ameliorate one or more Symptoms of the peri 
odontal disease. 

0056. As used herein, the term “gingival cleft” means the 
Space between the Soft tissue of the gum and the tooth. 
0057. As used herein, the term “fixing the fracture” 
means to hold the fractured pieces together or to Stabilize the 
fracture. 

0058 As used herein, the term “enhance regeneration of 
hard tissue” means to allow or to facilitate the growth of the 
hard tissue in a normal manner. 

0059 AS used herein, “administering an anti-inflamna 
tory agent at the Site” means applying the agent So that it is 
in direct contact with the Site. 

0060 AS used herein, “administering an anti-inflamma 
tory agent near the Site” means applying the agent proximal 
to the Site, So that the agent can produce the desired or Stated 
therapeutic effect (e.g. reduce bone resorption at the Site). 
0061 AS used herein, the term “periodontal disease” 
includes any abnormality, either inflammatory or degenera 
tive, of the tissue around the tooth. 

0062. As used herein, the term “healing” means the 
restoration to normal health. 

0063 Aromatic polyanhydrides with improved degrada 
tion properties and processability have now been developed 
These compounds have repeating units with the Structure of 
Formula I: 

(I) 

-C-Ar-R-Ar-C-O- 

0064 wherein Ar is a substituted or unsubstituted aro 
matic ring and R is a difunctional organic moiety Substituted 
on each Ar ortho to the anhydride group. Ar and R are 
preferably selected so that the hydrolysis products of the 
polyanhydrides have a chemical Structure resembling phar 
maceutically-active materials, particularly Salicylates Such 
as aspirin, non-Steroidal anti-inflammatory naphthyl or phe 
nyl propionates Such as ibuprofen, ketoprofen, naproxen, 
and the like, or other aromatic anti-inflammatory com 
pounds Such as indomethacin, indoprofen, and the like. In 
particular, Ar is preferably a phenyl group and R is prefer 
ably -Z-R-Z-in which R, is a difunctional moiety 
and both ZS are independently either an ester, amide, 
anhydride, carbonate, urethane or Sulfide groups. R is 
preferably an alkylene group containing from 1 to 20 carbon 
atoms, or a group with 2-20 carbon atoms having a structure 
selected from (-CH-CH-O-), (CH-CH 
CH-O-), and (-CH-CHCH-O-) or R may 
have the structure -R-Z-R-1 wherein R and Rare 
independently alkylene groups containing from 1 to 19 
carbon atoms or groups having from 2 to 18 carbon atoms 
having a structure Selected from (-CH-CH-O-), 
(-CH-CH-CH-O-), and (-CH-CHCH 
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O-), and Z is selected from the difunctional moieties 
described above with respect to Z. 
0065 Ar may be an alkylaryl group, in which a difunc 
tional organic moiety is positioned between each anhydride 
carbonyl group and the corresponding aromatic ring. Pref 
erably, however, each carbonyl group is directly Substituted 
on the corresponding aromatic ring. 
0.066 Preferred polymers of the present invention have 
repeating units with the structure of Formula I in which Ar 
is a phenyl ring and R is selected from -Z-(-CH2 
),Z1-, Z (-CH-CH-O-), Z-, Z( 
CH-CH-CH-O-), Z-, and -Z, (-CH 
CHCH-O-)-Z-, wherein Z is an ester or amide 
group and n is from 1 to 20 inclusive, and preferably is 6, 
and m is selected so that R has from 2 to 20, and preferably 
6, carbon atoms. 
0067. A preferred polymer useful in the methods of the 
invention is a polymer of Formula I: 

(I) 

-C-Ar-R-Air-C-O- 

0068 wherein Ar is a substituted or unsubstituted aro 
matic ring and R is a difunctional organic moiety. R is 
preferably -Z-R-Z - in which R, is a difunctional 
moiety and each Z is independently an ester-C(=O)C-, 
amide -CO=O)N-, anhydride-C(=O)-O-C(=O)-, 
carbonate -O-(=O)-O-, urethane -N-C(=O)- 
N-, or thioester-C(=O)S-R is preferably an alkylene 
group containing from 1 to 20 carbon atoms. 
0069. The aromatic polyanhydrides of the present inven 
tion may be prepared by the method described in Conix, 
Macromol. Synth., 2,95-99 (1996), in which dicarboxylic 
acids are acetylated in an excess of acetic anhydride fol 
lowed by melt condensation of the resulting carboxylic acid 
anhydride at 180° C. for 2-3 hours. The resulting polymers 
are isolated by precipitation into diethyl ether from meth 
ylene chloride. The described process is essentially the 
conventional method for polymerizing bis-aromatic dicar 
boxylic acid anhydrides into aromatic polyanhydrides. 
0070 Aromatic polyanhydrides in accordance with the 
present invention have average molecular weights of about 
1500 daltons, up to about 50,000 daltons, calculated by Gel 
Permeation Chromatography (GPC) relative to narrow 
molecular weight polystyrene Standards. Preferred aromatic 
polyanhydrides have average molecular weights of about 
1500 daltons, up to about 35,000 daltons. 
0071. The aromatic polyanhydrides of the present inven 
tion are produced from Ortho-Substituted bis-aromatic car 
boxylic acid anhydrides having the structure of Formula II: 

(II) 
O O O 

HC-C-O-C-Ar-R-Ar-C-O-C-CH 

0.072 in which Ar, R and the preferred species thereof are 
the same as described above with respect to Formula I. As 
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noted above, ortho-Substituted bis-aromatic carboxylic acid 
anhydrides are prepared by acetylation of the corresponding 
ortho-Substituted bis-aromatic carboxylic acids in an exceSS 
of acetic anhydride. The dicarboxylic acids have the Struc 
ture of Formula III 

(III) 
O O 

HO-C-Ar-R-Ar-C-OH, 

0073 wherein Ar, R and the preferred species thereof are 
the same as described above with respect to Formula I. 
0074 The dicarboxylic acids are prepared by reacting a 
Stoichiometric ratio of aromatic carboxylic acid having the 
Structure Z-Ar-COOH and a compound having a struc 
ture Z-R-Z wherein Aris a substituted or unsubstituted 
aromatic ring on which Z is Substituted ortho to the car 
boxylic acid group, R is a difunctional organic moiety and 
Z and Z are functional groups selected to provide the 
linkage desired between the difunctional organic moiety and 
the two aromatic rings. 
0075 Suitable Z and Z functional groups, and the 
manner in which they may be reacted to produce the 
bis-aromatic dicarboxylic acids of the present invention, 
may be readily determined by those of ordinary skill in the 
art without undue experimentation. For example, for aro 
matic polyanhydrides having the structure of Formula I in 
which Ar is a phenyl group and R is -O-(CH2-)-O-, 
the Ortho-Substituted bis-aromatic dicarboxylic acid Starting 
material may be prepared by reacting O-Salicylic acid with 
1,6dibromohexane. For aromatic polyanhydrides having the 
Structure of Formula I in which Ar is a phenyl group and R 
is -O-C(=O)-(CH-)-C(=O)-O-, the ortho 
Substituted bis-aromatic dicarboxylic acid Starting material 
may be prepared by reacting O-Salicylic acid with 1,6dio 
ctanoic acid. 

0076. The aromatic polyanhydrides used in the present 
invention can be isolated by known methods commonly 
employed in the field of Synthetic polymers to produce a 
variety of useful articles with valuable physical and chemi 
cal properties. The new polymers can be readily processed 
into pastes, and gels or Solvent cast to yield films, mem 
branes, coatings, microSpheres, chips and fibers with differ 
ent geometric shapes for design of various medical implants, 
and may also be processed by compression molding and 
extrusion. Medical implant applications include the use of 
aromatic polyanhydrides to form shaped articles Such as 
vascular grafts and Stents, bone plates, Sutures, implantable 
Sensors, implantable drug delivery devices, Stents for tissue 
regeneration, Scaffolding for Supporting new cell growth and 
other articles that decompose harmlessly within a known 
time period. For the present invention, it is preferred that the 
polyanhydride be incorporated into films, membranes, 
pastes, gels, microSpheres, chips or fibers useful in dental 
and orthopedic applications. 

0077. It has now been demonstrated that the polymers 
comprising these aromatic polyanhydrides having a repeat 
ing unit with the structure of Formula I in which Ar and R 
are Selected to provide aromatic polyanhydrides that hydro 
lyze to form therapeutically useful Salicylates are particu 
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larly useful in enhancing regeneration of tissue. Examples of 
the therapeutically useful Salicylates include, but are not 
limited to, thymotic acid, 4,4Sulfinyldinailine, 4-Sulfanilami 
dosalicylic acid, Sulfanilic acid, Sulfanilylbenzylamine, Sul 
faloxic acid, Succisulfone, Salicylsulfuric acid, Salsallate, 
Salicylic alcohol, Salicilic acid, orthocaine, meSalamine, 
gentisic acid, enfenamic acid, creSotic acid, aminoSalicylic 
acid, aminophenylacetic acid, acetylsalicylic acid, and the 
like. The identification of Ar and R moieties that provide 
aromatic polyanhydrides that hydrolyze to form Such thera 
peutically useful Salicylates can be readily determined by 
those of ordinary skill in the art without undue experimen 
tation. 

0078. A preferred salicylate for incorporation into the 
polymers of formula (I) is Salicylic acid, thymotic acid, 
4-Sulfanilamidosalicylic acid, meSalamine, gentisic acid, 
enfenamic acid, creSotic acid, or aminoSalicylic acid. 
0079 The quantity of aromatic polyanhydride that hydro 
lyzes to form an amount of therapeutic Salicylate effective to 
relieve inflammation and promote healing of bone can be 
readily determined by those of ordinary skill in the art 
without undue experimentation. The quantity essentially 
corresponds Stoichiometrically to the amount of Salicylate 
known to produce an effective treatment. Oral dosage forms 
of aromatic polyanhydrides that hydrolyze to form other 
therapeutic non-Steroidal anti-inflammatory compounds and 
other therapeutic compounds are prepared and administered 
in a similar manner. 

0080 Most degradable or absorbable devices for dental 
or orthopedic applications cause local inflammation. In the 
present invention, however, use of compositions Such as 
films, membranes, fibers, pastes, gels and microSpheres 
comprising an aromatic polyanhydride that hydrolyzes to 
form a therapeutically useful Salicylate in dental and ortho 
pedic applications actually decreases local inflammation 
and/or pain. These compositions can also be incorporated 
into matrices to provide preformed or adaptable Scaffolding 
for cell ingrowth. Further, it has been found that use of these 
compositions promotes the healing process of the tissue (e.g. 
bone) through enhanced regeneration of these tissues. Selec 
tion of the form of the composition to be used is performed 
routinely by those of skill in the art based upon the type of 
injury and the tissue healing to be promoted. 
0.081 Compositions comprising an aromatic polyanhy 
dride can be used to coat orthopedic devices for fixation of 
bone fractures Such as pins or Screws, thereby decreasing the 
local inflammation and bone resorption associated with 
these devices. Films comprising an aromatic polyanhydride 
are also believed to be useful as Orthopedic devices to 
enhance the healing process of bone fractures. 
0082 Fibers useful as Suture materials can also be com 
prised of the aromatic polyanhydride. For example, polymer 
fibers are used frequently in oral Surgery to Suture cleft 
palates. Use of an aromatic polyanhydride which degrades 
to a therapeutic Salicylate would enhance the regeneration of 
the tissue via the Sutures while decreasing the pain and 
inflammation associated with the Surgery via the degradation 
products. 
0.083 Films, membranes, pastes, gels, chips and micro 
Spheres comprising the aromatic polyanhydrides can also be 
used to decrease dental pain and promote healing within a 
tooth, in the pulp chamber and root canal. 
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0084 Films or membranes comprising the aromatic poly 
anhydrides can also be used in guided bone or tissue 
regeneration. Following Surgery, especially oral or dental 
Surgery, proper healing of the wound requires both bone and 
Soft tissue regeneration. It is well known, however, that bone 
heals more slowly than the Surrounding tissueS Such as the 
gums. In fact, oftentimes ingrowth of other tissues into an 
area prevents the required regeneration of the bone. For 
example, removal of a Substantial portion of the tooth root 
due to resorption or disease leaves a cavity which is often 
times quickly filled by connective tissue. This ingrowth of 
connective tissue effectively prevents bone regeneration. 
0085. Accordingly, a procedure referred to as guided 
bone or tissue regeneration has been developed to overcome 
this difficulty. In this method, a membrane is Surgically 
inserted around the periphery of the wound cavity. The 
membrane prevents or inhibits the invasion of the wound 
cavity by unwanted cells types and allows the preferred cells 
to grow into the cavity, thereby healing the wound. This 
procedure is also used to regenerate bone around teeth and 
on edentulous jaw ridges in association with implant recon 
Struction. 

0086 Two membranes commonly used in guided tissue 
regeneration include a Synthetic, non-resorbable polytet 
rafluoroethylene membrane such as GORETEX and syn 
thetic membranes formed from glycolide and lactide copoly 
mers. U.S. Pat. No. 5,837.278 also describes a resorbable 
collagen membrane for use in guided tissue regeneration. It 
is believed that films comprising aromatic polyanhydrides 
would also be useful in this procedure. 
0087 Compositions comprising an aromatic polyanhy 
dride that hydrolyzes to form a therapeutically useful Sali 
cylate are believed to be particularly useful in treatment of 
periodontal diseases. Periodontal diseases, including a group 
of related microbial-induced chronic inflammatory disorders 
and a disorder referred to periodontal dehiscence, destroy 
the tissue Supporting the teeth. These diseases can result in 
loSS of normal Soft and hard tissue architectures at Sites 
adjacent to the affected teeth. Incorporation of these com 
positions into films, membranes, pastes, fibers or micro 
Spheres for use in treatment of periodontal disease is 
expected to accelerate the recovery/restoration of new 
healthy periodontal architecture while reducing post-opera 
tive pain after periodontal Surgery. Further, the lower pH 
environment which results from degradation into Salicylates 
is unfavorable to growth of Someperiodontic bacteria. Thus, 
use of these compositions is also expected to decrease 
infections in periodontal procedures. 
0088. In vivo studies were conducted to compare the 
affects of a polymer System of the present invention (referred 
to herein as the bioactive polymer or implant) and a chemi 
cally similar polyanhydride System (referred to herein as the 
control polyanhydride) on the healing process. The Sole 
chemical difference between these two Systems is the 
replacement of the ether bond in the polyanhydride of the 
bioactive polymer with an ester bond thereby resulting in 
degradation to Salicylic acid as compared to a non-active 
component in the control polyanhydride. In these experi 
ments, the polymers were compression-molded into films 
with thicknesses of 0.1, 0.2 and 0.3 mm and cut into 0.5 mm 
wide Strips. 
0089. In these experiments, mice (n=10) were anesthe 
tized and the palatal gingival mucosa adjacent to the max 
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illary first molar was reflected to expose the palatal and 
alveolar bone. A polymer film was then placed on the bone 
adjacent to the tooth. The tissue was repositioned and the 
procedure was repeated on the contra lateral Side. Polymer 
films were randomly placed (left VS. right) with each mouse 
carrying both polymerS. Mice were fed a ground diet and 
water ad libitum and weighed weekly. Mice were sacrificed 
at 1, 4 and 20 days post Surgical insertion. 
0090 Visual intraoral examination of the mucosa cover 
ing the implantation sites was performed with a dissecting 
microScope under optimum lighting. Magnification was 
varied from 5 to 40 times normal size. Photographs were 
taken to record the morphological changes observed. 
0.091 Polymer membranes of thicknesses 0.1 and 0.2 mm 
were not visible under the microScope at 4 and 20 days post 
insertion. However, thicker membranes (0.3 mm) were still 
observable after 20 days. For the control polyanhydride 
films, the mucosa was red and thin near the implant with the 
Surrounding tissue inflamed at dayS 1 and 4. By day 14, the 
tissue was slightly puffy in three animals while the tissue 
was within normal limits for the remaining 5 animals. In 
contrast, the tissue Surrounding the bioactive polymer 
implants was slight puffy after day 1 but within normal 
limits in all animals by day 4. Further, considerable Swelling 
was observed on the Side bearing the control polyanhydride, 
whereas the side with the bioactive polymer showed a 
progressively normal mucosa. The tissue Surrounding the 
control polyanhydride was very Swollen and white, whereas 
the tissue adjacent to the bioactive implant was leSS Swollen 
and normal in color. The three maxillary molar palatal ridges 
(anterior, middle and posterior) were clearly visible. How 
ever, the anterior and middle ridges coalesced because of the 
Swelling and blanching on the control polyanhydride Side. 
This effect was most pronounced at day 13. By days 15 and 
20, blanching and Swelling on the control polyanhydride 
Side were considerably diminished. 
0092. Histological examination of tissues from the mice 
was also performed. After Sacrifice, tissues were fixed in 
10% formalin, decalcified, embedded in paraffin, sectioned 
Serially at 4 um thickness, and Stained with hematoxylin and 
eosin. The Sections were Subjected to microscopic evalua 
tion and histometric assessment using 4, 10 and 20x mag 
nifications. The histopathological examination correlated 
well with visual observations. 

0093. One mouse was sacrificed 24 hours post implan 
tation. The histology showed heavy infiltration of polymor 
phonuclear (PMN) leucocytes and erythrocytes. The 0.1 mm 
films were mostly dissolved during the tissue processing 
procedure. The bone was denuded from the peritoneum and 
the polymer was in direct contact. The gingival epithelium 
and connective tissue below the Subcular epithelium was 
broken. The coronal part of the periodontal ligament linking 
the alveolar bone to the coronal cementum was mostly 
intact. The method for reflecting the palatal mucosa was 
effective in not damaging the periodontal ligament below the 
level of the bone and coronal cementum. There was no 
Significant difference between the bioactive and control side 
except for the decrease in Swelling on the bioactive Side. 
0094. Two mice were sacrificed four days post implan 
tation. At this time point, Some polymeric material remained 
in all sites. The 0.1 mm film was in direct contact with the 
palatal bone. An extensive, thin layer of palatal epithelium 
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was observed that Surrounded portions of the polymer 
Specimens. The extent of the epithelium along the mem 
branes was greater for the bioactive than for the control 
polyanhydride site. Similarly, the PMN cells inflammatory 
infiltrate was greater on the control polyanhydride Side than 
on the bioactive polymer side. The infiltrate was denser 
below the epithelium adjacent to the membrane. The infil 
trate along the palatal bone was much leSS. 

0095 Six mice were sacrificed at twenty days post 
implantation. At this time point, Small remnants of a 0.3 mm 
film in only one specimen were present, all other specimens 
were devoid of polymer. Gingival epithelium including 
Subcular and junctional were essentially restored on all sites. 
Two Specimens showed external resorption that involved 
cementum and dentin on the controll polyanhydride Side. 
TiSSue Specimens with bioactive polymer showed no alveo 
lar bone, cementum and dentin resorption. However, a 
Significant amount of new bone could be observed coronal 
to the reversal lines in the sites bearing bioactive films. New 
bone was also found in the control polyanhydride Sites, but 
at insignificant amounts as compared to the bioactive poly 
mer Side. Inflammatory cell infiltrate was present and con 
sisted primarily of PMN cells and macrophages. No eryth 
rocytes were observed except within the vasculature. The 
intensity of the infiltrate was lower on the bioactive polymer 
Sites. 

0096 Quantitative analyses were also performed via 
electronic images taken of the tissue Sections using a Kodak 
MDS-120 camera attached to an Olympus CH-triocular 
microScope at magnifications of 4.x, 10x and 40x. Using 
NIH Images 1.61 software, the area of bone, connective 
tissue, epithelium and artifacts at the lowest magnification 
were determined. Perpendicular to the widest part of the 
tooth, a square box was drawn with sides 575 pixels in 
length. The areas of bone, connective tissue, epithelium and 
artifacts were determined by the number of pixels within the 
defined box. All images were blindly analyzed. Sections 
were taken from mice Sacrificed after 20 days from mem 
branes that were either 0.3 or 2 mm thick. Results are shown 
in the following Table. 

Bone Area Bone Area 
Polymer (0.3 mm) (0.2 mm) 

Control Polyanhydride 94,750 85,563 
Bioactive Polymer 129,637 99,702 

0097. These experiments demonstrate that implantation 
of a film comprising an aromatic polyanhydride that hydro 
lyzes to form a therapeutically useful Salicylate resulted in 
leSS Swelling in tissues adjacent to the film and a decrease in 
the density of inflammatory cells as compared to other 
polyanhydride films. Further, little or no bone resorption was 
observed in the regions near the film as indicated by 
increased thickness of the palatal. In fact, data from quan 
titative analyses are indicative of compositions used in the 
present invention either promoting bone growth or decreas 
ing bone resorption relative to the polyanhydride composi 
tion. Accordingly, use of compositions comprising an aro 
matic polyanhydride that hydrolyzes to form a 
therapeutically useful Salicylate in dental and Osteopathic 
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applications enhances the healing process of bone as com 
pared to other polymer Systems routinely used in these 
applications. 

0098. The invention also provides for bioactive implants 
which are useful for treating periodontal disease. AS shown 
in FIG. 1, a bioactive implant 100 comprises a film of 
material which is sized and shaped to be received in or near 
the gingival cleft. For instance, the film has a height 102 of 
about 1-2 mm, a width 104 of about 1-5 mm, and a thickness 
106 of about 0.1-2.0 mm. It should be noted, however, that 
other suitably sized films may be configurable to be received 
in or near the gingival cleft. Other examples for the bioactive 
implant 100 include, but are note limited to membranes, 
pastes, gels, chips, or microSpheres. The bioactive agent 
further includes an anti-inflammatory agent, for instance, 
any of the agents discussed above. Options for the anti 
inflammatory agent include, but are not limited to, coatings, 
agents molded in or with a polymer matrix, or agents 
embedded in a polymer. 

0099. The following non-limiting examples set forth 
hereinbelow illustrate certain aspects of the invention. All 
parts and percentages are by weight unless otherwise noted 
and all temperatures are in degrees Celsius. Except for acetic 
anhydride and ethyl ether (Fisher Scientific), all solvents and 
reagents were obtained from Aldrich Chemical. All solvents 
were HPLC grade. All other reagents were of analytical 
grade and were purified by distillation or recrystallization. 

0100 All compounds were characterized by a proton 
nuclear magnetic resonance (NMR) spectroscopy, infrared 
(IR) spectroscopy, gel permeation chromatography (GPC), 
high performance liquid chromatography (HPLC), differen 
tial Scanning calorimetry (DSC), and thermal gravimetric 
analysis (TGA). Infrared spectroscopy was preformed on an 
ATI Mattson Genesis (M100) FTIR Spectrophotometer. 
Samples were prepared by Solvent casting on NaCl plates. 
'Hand 'CNMR spectroscopy was obtained on a Varian 200 
MHZ or Varian 400 MHZ spectrometer in solutions of 
CDC1, or DMSO-d with solvent as the internal reference. 
0101 GPC was performed on a Perkin-Elmer Advanced 
LC Sample Processor (ISS 200) with PE Series 200 LC 
pump and a PE Series LC Refractive Index Detector to 
determine molecular weight and polydispersity. The data 
analysis was carried out using Turbochrom 4 Software on a 
DEC Celebris 466 computer. Samples were dissolved in 
tetrahydrofuran and eluted through a mixed bed column (PE 
PL gel, 5 um mixed bed) at a flow rate of 0.5 mL/minute. 
Samples (about 5 mg/mL) were dissolved into the tetrahy 
drofuran and filtered using 0.5 um PTFE Syringe filters prior 
to column injection. Molecular weights were determined 
relative to narrow molecular weight polystyrene Standards 
(PolySciences, Inc.). 

0102) Thermal analysis was performed on a Perkin 
Elmer System consisting of a TGA 7 thermal gravimetric 
analyzer equipped with PE AD-4 autobalance and Pyris 1 
DSC analyzer. Pyris Software was used to carry out data 
analysis on a DEC Venturis 5100 computer. For DSC, an 
average Sample weight of 5-10 mg was heated at 10 
C./minute at a 30 psi flow of N. For TGA, an average 
sample weight of 10 mg was heated at 20° C./minute under 
a 8 psi flow of N. Sessile drop contact angle measurements 
were obtained with an NRL Goniometer (Rame-hart) using 
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distilled water. Solutions of polymer in methylene chloride 
(10% wit/volume) were spun-coated onto glass slips, at 5,000 
rpm for 30 seconds. 

EXAMPLES 

Example 1 

Preparation of 1,6-Bis(o-Carboxyphenoxy) Hexane 
Dicarboxylic Acid 

0103) To a mixture of salicylic acid (77.12 g, 0.5580 
mole) and distilled water (84 mL) sodium hydroxide (44.71 
g, 1.120 mole) was added. The reaction was brought to 
reflux temperature before 1,6dibromohexane (45.21 g, 
0.2790 mole) was added drop-wise. Reflux was continued 
for 23 hours after which additional sodium hydroxide (11.17 
g, 0.2790 mole) was added. The mixture was refluxed for 16 
more hours, cooled, filtered, and washed with methanol. The 
yield was 48.8%. 

Example 2 

Preparation of 1,6-Bis(o-Carboxyphenoxy) Hexane 
Monomer (o-CPH) 

0104. The dicarboxylic acid of Example 1 was acetylated 
in an excess of acidic anhydride at reflux temperature. The 
resulting monomer was precipitated with methylene chlo 
ride into an excess of diethyl ether. The yield was 66.8%. 

Example 3 

Preparation of Poly(1,6-Bis(o-Carboxyphenoxy) 
Hexane) (Poly(o-CPH)) 

0105 The monomer of Example 2 was polymerized in a 
melt condensation performed at 180° C. for 3 hours under 
Vacuum in a reaction vessel with a Side arm. 

0106 The polymerization vessel was flushed with nitro 
gen at frequent intervals. The polymer was isolated by 
precipitation into diethyl ether from methylene chloride. The 
yield was quantitative. 
0107 All compounds were characterized by nuclear 
magnetic resonance SpectroScopy, GPC, differential Scan 
ning calorimetry (DSC), thermal gravimetric analysis, con 
tact angle measurements, UV spectroScopy, mass Spectros 
copy, elemental analysis and high pressure liquid 
chromatography (HPLC). 
0108). The o-CPH monomer was polymerized by melt 
polycondensation for 60 minutes at temperatures ranging 
from 100° C. to 300° C. Analysis of the resulting polymers 
by GPC indicated that the highest molecular weight, coupled 
with the lowest polydispersity index occurred at 260 C. 
0109) The poly(o-CPH) was generally soluble in meth 
ylene chloride and chloroform, while the poly(p-CPH) was 
not. The poly(o-CPH) was slightly soluble in tetrahydrofu 
ran, acetone and ethyl acetate. 
0110 Disks of poly(o-CPH), poly(p-CPH) and, as a ref 
erence, poly(lactic acid glycolic acid) were prepared and 
placed in 0.1 phosphate buffer solution at 37 C. for 4 weeks. 
The degradation media was replaced periodically. The deg 
radation profile was linear up to three weeks time. In prior 
art polyanhydride Systems, the aromatic groups are para 
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substituted. This substitution pattern results in higher melt 
and glass transition temperatures and decreased Solubility, 
thus ultimately making these parasubstituted polymers dif 
ficult to process. 
0111] Poly(o-CPH), unlike poly(p-CPH), has both a 
lower melting point (65° C. vs. 143° C) and glass transition 
temperature (35° C. vs. 47 C.). It is also possible to solution 
cast poly(o-CPH) using low-boiling solvents whereas 
poly(p-CPH) is relatively insoluble in most organic and 
aqueous Solvents. This structural modification gives a poly 
mer whose hydrolysis products are chemically Similar to 
aspirin. Aspirin is an anti-inflammatory agent derived from 
Salicylic acid, which is one of the reagents used to Synthesize 
the inventive polyanhydrides. Therefore, the degradation 
products of this polymer actually aid in patient recovery. 
Because of pliability and ease of processing, the aromatic 
polyanhydrides of the present invention have great potential 
as polymer Scaffolds for wound healing. 

Example 4 

Preparation of 1,3-bis(o-carboxyphenoxy)propane 
dicarboxylic acid 

0112 1,3-dibromopropane (14.7 mL, 0.145 mole) was 
added to a mixture of salicylic acid (40.0 g, 0.290 mole), 
distilled water (44 mL) and sodium hydroxide (23.2g, 0.580 
mole) using the method described in Example 1. After 4 
hours, additional sodium hydroxide (5.79 g, 0.145 mole) 
was added to the reaction mixture. Reflux was continued for 
another 4 hours, after which the mixture was cooled, filtered 
and washed using the methods described in Example 1. The 
yield was 37.7% 

Example 5 

Preparation of 
poly(1,3-bis(o-carboxyphenoxy)propane) 

0113. The dicarboxylic acid of Example 4 was acetylated 
using the methods of Example 2. The acetylated dicarboxy 
lic acid was then polymerized using the methods described 
in Example 3. The resulting polymer had a M of 8,500 
daltons and a polydispersity of 2.3. 
0114 Contact angle measurements on Solvent-cast films 
demonstrated that the hexyl chain of the polymer of 
Example 3 increased the surface hydrophobicity relative to 
the shorter propyl chain of the polymer of Example 5. A 
comparison of thermal characteristics emphasized the 
effects of lengthening the alkyl chain. In particular, the 
polymer of Example 3 has a T of 34° C. and a T of 410° 
C., while the polymer of Example 5 had a T of 50° C. and 
a T of 344 C. Thus, the hexyl chain decreased the glass 
transition temperature (T) relative to the propyl chain, 
reflecting the increased flexibility of the polymer chain. The 
opposite trend was observed for decomposition tempera 
tures (T), with the longer alkyl chain increasing the T. 
0115 Optimum polycondensation conditions were deter 
mined for the polymer of Example 3. Optimum conditions 
were defined as those that yielded a crude polymer with the 
highest molecular weight and highest T. Higher reaction 
temperatures decreased the Mw values (measured by GPC) 
with a concurrent increase in polydispersity. AS expected for 
a condensation polymerization, longer reaction times 
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yielded polymers with higher molecular weights. However, 
over longer reaction times, there appeared a Subsequent 
decrease in T. Based on these results, the optimum condi 
tions were defined as temperatures of 220 C. for 150 
minutes under a vacuum. 

Example 6 

Preparation of 1.8-biso-(benzylcarboxy) 
carboxyphenyl octane dicarboxlic acid ester 

0116. The initial synthesis of poly(anhydride-ester) dicar 
boxylic acid monomers was attempted using the same 
methodology used for the poly(anhydride-ether) dicarboxy 
lic monomers of Example 3. It was found, however, that the 
reactivity of the phenol was enhanced by benzylation of the 
carboxylic acid group. In addition, the Solubility of benzyl 
Salicylate in organic media increased the ability of the 
reaction to move forward. 

0117 Thus, benzyl salicylate (1.530 g., 6.720 mmole) and 
distilled tetrahydrofuran were combined under an inert 
atmosphere in a reaction flask. An ice-Salt bath was placed 
under the reaction flask and the addition of 60% sodium 
hydride (0.4840 g, 12.10 mmole) followed. After one hour, 
sebacoyl chloride (0.7850 g, 3.280 mmole) was added 
drop-wise to the O C. reaction mixture. After 30 minutes, 
the reaction mixture was vacuum filtered, the filtrate col 
lected and the solvent removed to yield the free carboxylate 
as a white Solid residue. Purification was performed using a 
chromatron with ethyl acetate/methylene chloride (20/80) as 
the solvent system. The yield was 43%. 

Example 7 

Polymerization of Poly(1.8-bis(o-dicarboxyphenyl) 
octane) 

0118. To remove the benzyl protecting groups, the 1.8- 
bis(benzylcarboxy)carboxyphenyloctane dicarboxylic acid 
ester of Example 6 (0.06000 g, 0.9620 mmole) was dis 
solved in methylene chloride in a reaction flask (60.00 mL). 
The catalyst Pd-C (10%, 1.200 g) was added to the reaction 
flask and hydrogen was bubbled through the solution. After 
30 minutes, the reaction was complete. The reaction mixture 
was filtered and the solvent removed to yield the free 
dicarboxylic acid as a white Solid residue which was recrys 
tallized using petroleum ether and methylene chloride. The 
yield was 45%. 
0119) The dicarboxylic acid was acetylated using the 
methods described in Example 2 and the acetylated dicar 
boxylic acid was then polymerized using the methods 
described in Example 3. The resulting polymer had a M. of 
3,000 daltons and a polydispersity of 1.40. 
0120 Subsequent polymerizations yielded polymers with 
M’s ranging from 2,000 to 5,000 daltons with correspond 
ing polydispersities of approximately 1.40. 
0121 The poly(anhydride esters) of Example 7 were 
compression molded into circular discS and placed in phos 
phate buffered Saline Solution under acidic, neutral and basic 
conditions. Over the course of a three-week degradation 
Study, the polymers in the acidic and neutral Solutions 
showed no observable changes, whereas the polymer in the 
basic media showed significant morphological changes over 
time. 
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Example 8 

Preparation of Poly(1.8-bis (o-dicarboxyphenyl) 
octane)-(1,6-bis (p-carboxyphenoxy) hexane 

copolymers 
0122) The 1.8-bis(o-dicarboxyphenyl) octane of Example 
2 was copolymerized with 1,6-bis(p-carboxyphenoxy) hex 
ane using the methods described in Example 3. In an in vivo 
mouse Study, each mouse was implanted with 2 polymers, 
the copolymer of Example 8 and poly(1,6-bis(p-carbox 
yphenoxy) hexane). Each polymer was compression molded 
for 1 to 5 minutes at 1 to 20 K psi depending on the thickness 
of polymer needed. The polymer was placed under the 
palatal gingival mucosa adjacent to the first maxillary 
molars. 

0123 All publications, patents, and patent documents 
(including U.S. patent application Ser. Nos. 09/455.861 and 
09/5b8,217; as well as International Patent Application 
PCT/US98/18816) are incorporated by reference herein, as 
though individually incorporated by reference. The inven 
tion has been described with reference to various specific 
and preferred embodiments and techniques. 
0.124 However, it should be understood that many varia 
tions and modifications may be made while remaining 
within the Spirit and Scope of the invention. 

What is claimed is: 
1. The use of an anti-inflammatory agent to prepare a 

medicament useful for treating periodontal disease by 
administration at the site of the periodontal disease. 

2. The use of claim 1 wherein the agent is a Salicylate. 
3. The use of claim 1 wherein the agent is a non-Steroidal 

anti-inflammatory compound. 
4. The use of claim 1 wherein the agent is an aromatic 

anti-inflammatory compound. 
5. The use of claim 1 wherein the agent is a cyclooxy 

genase inhibitor. 
6. The use of claim 1 wherein the agent is a cyclooxy 

genase-1 inhibitor. 
7. The use of claim 1 wherein the agent is a cyclooxy 

genase-2 inhibitor. 
8. The use of claim 1 wherein the agent is etodolac, 

celebrex, meloxicam, piroXicam, nimeSulide, nabumetone, 
or rofecoxib. 

9. The use of claim 1 wherein the agent is formulated for 
controlled release at the site of the periodontal disease. 

10. The use of claim 9 wherein the agent is incorporated 
in the matrix of a biodegradable polymer. 

11. The use of claim 10 wherein the agent is Isonixin, 
Amtolimetin Guacil, Proglumetacin, Piketoprofen, Dife 
namizole, Epirizole, Apazone, Feprazone, MoraZone, Phe 
nylbutaZone, PipebuZone, PropyphenaZone, RamifenaZone, 
ThiazolinobutaZone, Aspirin, Benorylate, Calcium Acetyl 
Salicylate, EterSalate, Imidazole Salicylate, Lysine Acetyl 
salicylate, Morpholine Salicylate, 1-Naphthyl Salicylate, 
Phenyl Acetylsalicylate, AmpiroXicam, Droxicam, S-Ad 
enosylmethionine, Amixetrine, BenZydamine, Bucolome, 
Difenpiramide, EmorfaZone, GuaiaZulene, Nabumetone, 
NimeSulide, ProquaZone, Superoxide Dismutase, or 
Tenidap. 

12. The use of claim 10 wherein the polymer comprises 
anhydride bonds in the polymer backbone. 
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13. The use of claim 10 wherein the polymer is a 
polyanhydride comprising a repeating unit having the Struc 
ture: 

O O 

-C-Ar-R-Air-C-O- 

wherein Ar is a Substituted or unsubstituted aromatic ring 
and R is -Z-R-substituted on each Ar ortho to the 
anhydride group, wherein R is a difunctional organic moi 
ety and Z is a difunctional moiety selected from the group 
consisting of esters, amides, urethanes, carbamates and 
carbonates. 

14. The use of claim 9 wherein the agent is appended to 
a biodegradable polymer. 

15. The use of claim 14 wherein the agent is Etofenamate, 
Talniflumate Terofenamate, Acemetacin, Alclofenac, BufeX 
amac, Cinmetacin, Clopirac, Felbinac, Fenclozic Acid, Fen 
tiazac, Ibufenac, Indomethacin, IsofeZolac, ISOXepac, Lona 
Zolac, Metiazinic Acid, MofeZolac, Oxametacine, PiraZolac, 
Sulindac, Tiaramide, Tolimetin, Tropesin, Zomepirac, 
Bumadizon, Butibufen, Fenbufen, Xenbucin, Clidanac, 
Ketorolac, Tinoridine, Benoxaprofen, Bermoprofen, 
Bucloxic Acid, Fenoprofen, Flunoxaprofen, Flurbiprofen, 
Ibuprofen, Ibuproxam, Indoprofen, Ketoprofen, LOXopro 
fen, Naproxen, Oxaprozin, Pirprofen, Pranoprofen, Protiz 
inic Acid, Suprofen, Tiaprofenic Acid, Zaltoprofen, Benz 
piperylon, MofebutaZone, OxyphenbutaZone, SuxibuZone, 
AcetaminoSalol, Parsalmide, Phenyl Salicylate, Salaceta 
mide, Salicylsulfuric Acid, ISOXicam, Lomoxicam, Piroxi 
cam, Tenoxicam, e-Acetamidocaproic Acid, Bendazac, 
C-Bisabolol, Paranyline, Perisoxal, or Zileuton. 

16. The use of claim 1 wherein the agent is administered 
after periodontal Surgery. 

17. The use of claim 14 wherein the polymer comprises 
anhydride bonds in the polymer backbone. 

18. The use of claim 14 wherein the polymer is a 
polyanhydride comprising a repeating unit having the Struc 
ture: 

O O 

-C-Ar-R-Ar-C-O- 

wherein Ar is a Substituted or unsubstituted aromatic ring 
and R is -Z-R-Z - Substituted on each Ar ortho to 
the anhydride group, wherein R is a difunctional organic 
moiety and Z is a difunctional moiety Selected from the 
group consisting of esters, amides, urethanes, carbamates 
and carbonates. 

19. The use of claim 9 wherein the agent is incorporated 
into the backbone of a biodegradable polymer. 

20. The use of claim 19 wherein the agent is Enfenamic 
Acid, Aceclofenac, Glucametacin, Alminoprofen, Carpro 
fen, Ximoprofen, Salsalate, 3-Amino-4-hydroxybutyric 
Acid, DitaZol, Fepradinol, or Oxaceprol. 

21. The use of claim 19 wherein the polymer comprises 
anhydride bonds in the polymer backbone. 

22. The use of claim 19 wherein the polymer is an 
aromatic polyanhydride. 
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23. The use of claim 19 wherein the polymer is a 
polyanhydride comprising a repeating unit having the Struc 
ture: 

O O 

-C-Ar-R-Ar-C-O- 

where Ar is a Substituted or unsubstituted aromatic ring and 
R is -Z-R-Z - Substituted on each Ar ortho to the 
anhydride group, wherein R is a difunctional organic moi 
ety and Z is a difunctional moiety selected from the group 
consisting of esters, amides, urethanes, carbamates and 
carbonates. 

24. The use of claim 19 wherein Ar is Flufenamic Acid, 
Meclofenamic Acid, Mefenamic Acid, Niflumic Acid, Tolfe 
namic Acid, Amfenac, Bromfenac, Diclofenac Sodium, 
Etodolac, Bromosaligenin, Diflunisal, Fendosal, Gentisic 
Acid, Glycol Salicylate, MeSalamine, Olsalazine, Salicyla 
mide O-Acetic Acid, Salicilic Acid, SulfaSalazine, 

25. The use of claim 19 wherein the polymer is incorpo 
rated into a film, paste, gel, fiber, chip, microSphere or 
Scaffolding for cell ingrowth. 

26. The use of claim 23 wherein each Z is an ester. 
27. An orthopedic device comprising an anti-inflamma 

tory agent that is formulated for controlled release. 
28. The device of claim 27 wherein the agent is incorpo 

rated in the matrix of a biodegradable polymer. 
29. The device of claim 28 wherein the agent is Isonixin, 

Amtolimetin Guacil, Proglumetacin, Piketoprofen, Dife 
namizole, Epirizole, Apazone, Feprazone, MoraZone, Phe 
nylbutaZone, PipebuZone, PropyphenaZone, RamifenaZone, 
ThiazolinobutaZone, Aspirin, Benorylate, Calcium Acetyl 
Salicylate, EterSalate, Imidazole Salicylate, Lysine Acetyl 
salicylate, Morpholine Salicylate, 1-Naphthyl Salicylate, 
Phenyl Acetylsalicylate, AmpiroXicam, Droxicam, S-Ad 
enosylmethionine, Amixetrine, BenZydamine, Bucolome, 
Difenpiramide, EmorfaZone, GuaiaZulene, Nabumetone, 
NimeSulide, ProquaZone, Superoxide Dismutase, or 
Tenidap. 

30. The use of claim 28 wherein the polymer comprises 
anhydride bonds in the polymer backbone. 

31. The device of claim 28 wherein the polymer is a 
polyanhydride comprising a repeating unit having the Struc 
ture: 

-C-Ar-R-Air-C-O- 

where Ar is a Substituted or unsubstituted aromatic ring and 
R is -Z-R-Z - Substituted on each Ar ortho to the 
anhydride group, wherein R is a difunctional organic moi 
ety and Z is a difunctional moiety Selected from the group 
consisting of esters, amides, urethanes, carbamates and 
carbonates. 

32. The device use of claim 28 wherein the agent is 
appended to a biodegradable polymer. 

33. The use of claim 32 wherein the agent is Etofenamate, 
Talniflumate Terofenamate, Acemetacin, Alclofenac, BufeX 
amac, Cinmetacin, Clopirac, Felbinac, Fenclozic Acid, Fen 
tiazac, Ibufenac, Indomethacin, IsofeZolac, ISOXepac, Lona 
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Zolac, Metiazinic Acid, MofeZolac, Oxametacine, PiraZolac, 
Sulindac, Tiaramide, Tolimetin, Tropesin, Zomepirac, 
Bumadizon, Butibufen, Fenbufen, Xenbucin, Clidanac, 
Ketorolac, Tinoridine, Benoxaprofen, Bermoprofen, 
Bucloxic Acid, Fenoprofen, Flunoxaprofen, Flurbiprofen, 
Ibuprofen, Ibuproxam, Indoprofen, Ketoprofen, LOXopro 
fen, Naproxen, Oxaprozin, Pirprofen, Pranoprofen, Protiz 
inic Acid, Suprofen, Tiaprofenic Acid, Zaltoprofen, Benz 
piperylon, MofebutaZone, OxyphenbutaZone, SuxibuZone, 
AcetaminoSalol, Parsalmide, Phenyl Salicylate, Salaceta 
mide, Salicylsulfuric Acid, ISOXicam, Lomoxicam, Piroxi 
cam, Tenoxicam, e-Acetamidocaproic Acid, Bendazac, 
C-Bisabolol, Paranyline, Perisoxal, or Zileuton. 

34. The device of claim 32 wherein the polymer com 
prises anhydride bonds in the polymer backbone. 

35. The device of claim 32 wherein the polymer is a 
polyanhydride comprising a repeating unit having the Struc 
ture: 

O O 

-C-Ar-R-Ar-C-O- 

wherein Ar is a Substituted or unsubstituted aromatic ring 
and R is -Z-R-Z - Substituted on each Ar ortho to 
the anhydride group, wherein R is a difunctional organic 
moiety and Z is a difunctional moiety selected from the 
group consisting of esters, amides, urethanes, carbamates 
and carbonates. 

36. The device of claim 28 wherein the agent is incorpo 
rated into the backbone of a biodegradable polymer. 

37. The device of claim 36 wherein the agent is Enfe 
namic Acid, Aceclofenac, Glucametacin, Alminoprofen, 
Carprofen, Ximoprofen, Salsalate, 3-Amino4-hydroxybu 
tyric Acid, DitaZol, Fepradinol, or Oxaceprol. 

38. The device of claim 36 wherein the polymer com 
prises anhydride bonds in the polymer backbone. 

39. The device of claim 36 wherein the polymer is an 
aromatic polyanhydride. 

40. The device of claim 36 wherein the polymer is a 
polyanhydride comprising a repeating unit having the Struc 
ture: 

-C-Ar-R-Air-C-O- 

wherein Ar is a Substituted or unsubstituted aromatic ring 
and R is -Z-R-Z - Substituted on each Ar orthio to 
the anhydride group, wherein R is a difunctional organic 
moiety and Z is a difunctional moiety Selected from the 
group consisting of esters, amides, urethanes, carbamates 
and carbonates. 

41. The device of claim 40 wherein Ar is Flufenamic 
Acid, Meclofenamic Acid, Mefenamic Acid, Niflumic Acid, 
Tolfenamic Acid, Amfenac, Bromfenac, Diclofenac Sodium, 
Etodolac, Bromosaligenin, Diflunisal, Fendosal, Gentisic 
Acid, Glycol Salicylate, MeSalamine, Olsalazine, Salicyla 
mide O-Acetic Acid, Salicilic Acid, SulfaSalazine, 

42. The device of claim 36 wherein the polymer is 
incorporated into a film, paste, gel, fiber, chip, microSphere 
or Scaffolding for cell ingrowth. 



US 2004/0038948 A1 Feb. 26, 2004 
12 

43. The device of claim 40 wherein each Z is an ester. 46. The bioactive implant of claim 45, wherein the film 
44. The device of claim 27 wherein the agent enhances has a thickness of about 0.1-2.0 mm, a width of about 1-5 

bone growth. mm, and a height of about 1-2 mm. 
45. A bioactive implant comprising: 47. The bioactive implant of claim 45, wherein the film is 
a polymer film configured to be received in or near the configured to be disposed adjacent to a bone. 

gingival cleft, the film including an anti-inflammatory 
agent. k . . . . 


