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(57) ABSTRACT 
A pharmaceutically-active polymeric compound of the gen 
eral formula (I), 

Y-Y-LINK B-X-LINK B (I) 
wherein (i) X is a coupled biological coupling agent of the 
general formula (II) 

Bio-LINKA-Bio (II) 

wherein Bio is a biologically active agent fragment or 
precursor thereof linked to LINK A through a hydrolysable 
covalent bond; and LINK A is a coupled central flexible 
linear first segment of <2000 theoretical molecular weight 
linked to each of Said Bio fragments, 

(ii) Y is LINK B-OLIGO; wherein 
(a) LINK B is a coupled Second Segment linking one 
OLIGO to another OLIGO and an OLIGO to X or 
precursor thereof, and 

(b) OLIGO is a short length of polymer segment having 
a molecular weight of less than 5,000 and compris 
ing less than 100 monomeric repeating units, 

(iii) m is 1-40; and 
(iv) n is selected from 2-50. The compounds are useful as 

biomaterials, particularly, providing antibacterial activ 
ity in Vivo. Also provided are biological coupling 
agents useful as intermediates in the preparation of the 
pharmaceutically-active polymeric compounds. 
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POLYMERIC COUPLNGAGENTS AND 
PHARMACEUTICALLY ACTIVE POLYMERS 

MADE THEREFROM 

FIELD OF THE INVENTION 

0001. This invention relates to polymeric coupling agents 
as intermediates, pharmaceutically-active polymers made 
therefrom, composition comprising Said polymers and 
shaped articles made therefrom. 

BACKGROUND TO THE INVENTION 

0002. It has become common to utilize implantable medi 
cal devices for a wide variety of medical conditions, e.g., 
drug infusion and haemodialysis acceSS. However, medical 
device implantation often comes along with the risk of 
infections (1), inflammation (2), hyperplasia (3), coagulation 
(4). It is therefore important to design Such materials to 
provide enhanced biocompatibility. Biocompatibility is 
defined as the ability of a material to perform with an 
appropriate host response in a specific application. The host 
relates to the environment in which the biomaterial is placed 
and will vary from being blood, bone, cartilage, heart, brain, 
etc. Despite the unique biomedical related benefits that any 
particular group of polymers may possess, the materials 
themselves, once incorporated into the biomedical device, 
may be inherently limited in their performance because of 
their inability to satisfy all the critical biocompatibility 
issues associated with the specific application intended. For 
instance while one material may have certain anti-coagulant 
features related to platelets it may not address key features 
of the coagulation cascade, nor be able to resist the coloni 
Zation of bacteria. Another material may exhibit anti-micro 
bial function but may not be biostable for longterm appli 
cations. The incorporation of multi-functional character in a 
biomedical device is often a complicated and costly proceSS 
which almost always compromises one polymer property or 
biological function over another, yet all blood and tissue 
contacting devices can benefit from improved biocompat 
ibility character. Clotting, toxicity, inflammation, infection, 
immune response in even the Simplest devices can result in 
death or irreversible damage to the patient. Since most blood 
and tissue material interactions occur at the interface 
between the biological environment and the medical device, 
the make-up of the outer molecular layer (at most the 
Sub-micron layer) of the polymeric material is relevant to the 
biological interactions at the interface. This is a particularly 
challenging problem for biodegradable polymer Systems 
when a continuous exposure of new Surfaces through ero 
Sion of the bulk polymer requires a continuous renewal of 
biocompatible moieties at the Surface. 
0.003 Bioactive agents containing polymer coatings have 
been developed to improve the biocompatibility of medical 
device surfaces. Patnaik et al. (5) described a method of 
attaching bioactive agents, Such as heparin (an anti-coagul 
lant) to polymeric Substrates via a hydrophilic, isocyanate/ 
amine-terminated Spacer in order to provide a coating of the 
bio-active material on the medical device. The investigator 
found that the bioactive agent's activity was achieved when 
the Spacer group had a molecular weight of about 100-10, 
000 daltons. But most preferably that is of 4000 daltons. 
Unfortunately, Such a material would only be applicable for 
Substrates which were not intended to under go biodegra 
dation and exchange with new tissue integration Since the 
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heparin in limited to surface and does not form the bulk 
Structure of the polymer chains. 

0004 Another example of biomaterial design relates to 
infection control. In the last decade, a number of Strategies 
have been used in attempts to Solve problems. Such as those 
asSociated with medical device infection. One approach is to 
provide a more biocompatible implantable device to reduce 
the adhesion of bacteria. Silver coated catheters have been 
used to prevent exit Site infections associated with chronic 
venous access (6) and peritoneal dialysis (7). However, 
longterm Studies have failed to demonstrate a significant 
reduction in the number or Severity of exit Site infections. In 
addition, bacterial resistance to Silver can develop over time 
and carries with it the risk of multiple antibiotic resistances 
(8). 
0005 Since bacteria adhesion is a very complex process, 
complete prevention of bacteria adhesion is difficult to 
achieve with only a passive approach. There remains a need 
for local controlled drug delivery. The advantages for the 
latter approach include 1) a high and Sustained local drug 
concentration can be achieved without the Systemic toxicity 
or side effects which would be experienced from systemic 
doses Sufficient to obtain similar local drug concentration; 2) 
high local drug concentration can be attained, even for 
agents that are rapidly metabolized or unstable when 
employed Systemically; 3) Some forms of Site-specific deliv 
ery have the potential to establish and maintain local drug 
action, either by preventing its efflux from the arterial wall 
or by using vehicles or agents that have a prolonged duration 
of action; 4) it gives the potential for designing a Smart drug 
delivery System, which can be triggered to start the release 
and/or modulate the rate of release according to the infection 
Status. 

0006 Methods for obtaining compositions which contain 
drugs and polymers in a composite form to yield bioactive 
agent release coatings are known. For example, Chudzik et 
al. (9) formulated a coating composite that contained a 
bioactive agent (e.g. a drug) and two polymers, i.e., poly 
(butyl methacrylate) and poly(ethylene-co-Vinyl acetate). 
The coating formed from the above formulation provided 
good durability and flexibility as well as Significant drug 
release, which could be particularly adapted for use with 
devices that undergo significant flexion and/or expansion in 
the course of their delivery and/or use, Such as Stents and 
catheters. These approaches have the benefit of localized 
delivery at high drug concentration, but are unable to keep 
a Sustained and controlled release of drug for long periods. 
Ragheb et al.(10) found a method for the controlled release 
of a bioactive agent from polymer coatings. Wherein, two 
coating layers of polymer were applied to a medical device. 
The first layer of the device is an absorbent material such as 
parylene derivatives. Drug or bioactive agent is deposited 
over at least a portion of this layer. The Second biocompat 
ible polymer layer on top of the drug and the first layer must 
be porous. The polymer is applied by vapor deposition or by 
plasma deposition. Since the drug release mechanism is 
totally controlled by porous sizes, making a Suitable porous 
Size distribution in the Second layer in order to Satisfy the 
required release model is often a technical challenge. AS 
well, this type of System requires multiple processing Steps 
which increases production cost and adds to the need for 
QA/OC steps. 
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0007. In addition to the traditional diffusion-controlled 
delivery Systems described in the above references, there 
exist Several more Sophisticated in Situ drug delivery poly 
mers which can alter the efficacy of drugs by improving 
target delivery and changing the control parameters of the 
delivery rate. These include biodegradable hydrogels (11), 
polymeric liposomes (12), bioresorbable polymers (13) and 
polymer drugs (14-16). Polymer drugs contain covalently 
attached pharmaceutical agents on the polymer chain as 
pendent groups, or even incorporated into the polymer 
backbone. For example, Nathan et al (17) conjugated peni 
cillin V and cephradine as pendant antibiotics to polyure 
thanes. Their work showed that hydrolytically labile pendant 
drugs were cleaved and exhibited antimicrobial activities 
against S. aureus, E. faecalis and S. pyogenes. 
0008 Ghosh et al. (18) coupled nalidixic acid, a qui 
nolone antibiotic, in a pendant manner to an active vinyl 
molecule. These vinyl groups can then be polymerized to 
generate a polymer with pendent antibiotics on each mono 
mer. However, having Such pendant groups will dramati 
cally alter the physical Structure of the polymer. A better 
Strategy would be to have the drugs within the linear 
backbone portion of the polymer. In in-vivo hydrolysis 
studies they reported a 50% release of drug moieties over the 
first 100 hours. This quinolone drug has been shown to be 
effective against gram negative bacteria in the treatment of 
urinary track infections, however chemical modifications of 
the latter (e.g. ciprofloxacin, norfloxacin and others) have a 
wider spectrum of activity. More recent work on the con 
jugation of norfloxacin to mannosylated dextran has been 
reported. This was driven in an effort to increase the drug's 
uptake by cells, enabling them to gain faster access to 
micro-organisms (19). The studies showed that norfloxacin 
could be released from a drug/polymer conjugate by enzyme 
media and in Vivo Studies, the drug/polymer conjugate was 
effective against Mycobacterium tuberculosis residing in 
liver (20). In the System, norfloxacin was attached pendant 
to Sequences of amino-acids which permitted its cleavage 
by the lysosomal enzyme, cathepsin B. 

0009 Santerre (13a) describes the synthesis and use of 
novel materials to which when added to polymers converts 
the Surface to have bioactive properties, while leaving the 
bulk properties of the polymer virtually intact. Applications 
are targeted for the biomedical field. These materials are 
oligomeric fluorinated additives with pendant drugs that are 
delivered to the Surface of bulk polymers during processing 
by the migration of the fluorine groups to the air/polymer 
interface. These materials can deliver a large array of drugs, 
including anti-microbials, anti-coagulants and anti-inflam 
matory agents, to the Surface. However modification is 
limited to the Surface. This becomes a limitation in a 
biodegradable polymer which may require Sustained activity 
throughout the bio-erosion process of the polymer. 

0010 Santerre and Mittleman (14) teach the synthesis of 
polymeric materials using pharmacologically-active agents 
as one of the co-monomers for polymers. Wherein, 1,6- 
diisocynatohexane and/or 1,12-diisocyanatododecane 
monomers or their oligomeric molecules are reacted with the 
antimicrobial agent, ciprofloxacin, to form drug polymers. 
The pharmacologically-active compounds provide enhanced 
long term anti-inflammatory, anti-bacterial, anti-microbial 
and/or anti-fungal activity. However, Since the reactivities of 
the carboxylic acid group and the Secondary amine group of 
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ciprofloxacin with the isocyanate groups are different, the 
reaction kinetics become challenging. AS well, formulations 
must be Selective in order to minimize Strong Van der Waals 
interactions between the drug components and hydrogen 
bonding moieties of the polymer chains since this can delay 
the effective release of drug. Hence, an improvement over 
the latter System are biomonomers made up of the drugs and 
agents which, without being bound by theory, would ensure 
a less restricted access of the drug during hydrolysis of the 
polymer, as well as providing more uniform chemical func 
tion for reaction with the isocyanate groups or other mono 
mer reagents. 
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SUMMARY OF THE INVENTION 

0034 Since the availability of drugs that can serve as 
commercial monomers, Specifically designed for the Syn 
thesis of the above drug polymerS or polymers to be used in 
composites are limited, there is a need for custom Synthesis 
methods of the drug precursors. Rather than depending on 
the chemical function that common commercial drugs inher 
ently provide, it would be better provide monomers that 
have similar multi- functional groupS and preferably similar 
di-functional groups for the Synthesis of hydrolysable type 
polymers. The current invention represents a group of novel 
diamine or diol monomers that Simultaneously incorporate 
the following features: 1) they are Synthesized under mild 
conditions for coupling biological or pharmaceuticals or 
biocompatible components together via a hydrolysable 
bond; 2) they contain Selectively reactive groups (di-func 
tional or greater) (including amines (Secondary or primary) 
and hydroxyls) that could be used for Subsequent polymer 
ization of polyesters, polyamides, polyurethanes, poly Sul 
fonamides and many other classical Step growth polymers, 
3) they contain Selectively hydrolysable groups that permit 
the release of defined degradation products consisting of 
biological, pharmaceutical or biocompatible components; 4) 
their molecular weights may vary depending on the molecu 
lar weight of the pharmaceutical or biocompatible reagents 
to be as high as 4000, but typically the molecular weights of 
the molecules will be preferably less than 2000 in order for 
them to have good mobility of the molecular Segment once 
incorporated within the polymer, and have good reactivity in 
the reaction polymerization Solution; 5) they provide a 
Strategy for enhancing the introduction of important biologi 
cal, pharmaceutical or biocompatible reagents which other 
wise contain functional groups (Such as Shielded esters, 
Sulphonamides, amides and anhydrides) that would have 
poor reactivity in hydrolytic reactions due to Strong Van der 
Waals or hydrogen bonding between drug polymer back 
bones. 6) Since, these molecules will have similar functional 
groups they will provide consistent and more predictable 
reactivity in a classical Step growth polymerization. This 
invention describes the unique Synthesis pathways for the 
biomonomers, provides examples of their use in the Synthe 
sis of polymers and defines methods of processing Said 
polymers for applications as biodegradable materials rang 
ing from biomedical to environmental related products. 
0035) It is an object of the present invention to provide 
Synthetic pathways of biological coupling agents/biomono 
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mers comprising, Such as, anti-inflammatory, anti-bacterial, 
anti-microbial and/or anti-fungal pharmaceuticals as 
biomonomer precursors with good reactivity for Step growth 
polymer Synthesis. 

0036. It is a further object of the present invention to 
provide biological polymers comprising Said biological cou 
pling compounds/monomers with pharmaceutically active 
properties. 

0037. It is a further object of the present invention to 
provide Said polymer compounds alone or in admixture with 
a compatible polymeric biomaterial or polymer composite 
biomaterials for providing a shaped article having pharma 
ceutically active properties. 

0038. It is a further object of the present invention to 
provide Said shaped article for use as a medical device, 
comprising a body fluid and tissue contacting device in the 
biomedical Sector, or for use in the biotechnology Sector to 
provide anti-infection, anti-inflammatory properties. 

0039. It is a further object of the present invention to 
provide Said polymer compounds alone as a coating or in 
admixture with either a base polyurethane, polysilicone, 
polyester, polyetherSulfone, polycarbonate, polyolefin or 
polyamide for use as Said medical devices in the biomedical 
Sector, for improving anti-infection, anti-inflammatory, anti 
microbials, anti-coagulation, anti-oxidation, anti-prolifera 
tion function. 

0040. It is a further object of the invention to provide 
processes of manufacture of Said biomonomers, polymers 
containing Said biomonomers, Said admixtures and Said 
shaped articles. 
0041. The invention, generally, provides the unique syn 
thesis pathways for covalently coupling biologicals or phar 
maceuticals or biocompatible components to both sides of a 
flexible diolor diamine, such as but not limited to triethylene 
glycol or any other kind of linear diol or diamine under mild 
conditions. Bioactive agents must possess a reactive group 
Such as a carboxylic acid, Sulfonate or phosphate group 
which can be conjugated to the flexible diols or diamines by 
using a carbodiimide-mediated reaction. Bioactive agents 
used in the coupling reaction must also contain Selectively 
reactive multi- functional and preferably di-functional 
groups (including amines (secondary or primary) and 
hydroxyls) that could be used later on for Subsequent 
polymerization of polyesters, polyamides, polyurethanes, 
polysulfonamides and any other classical Step growth poly 
mer pharmaceutic containing coupling agents/monomers. 

0042. The invention provides in one aspect, a biological 
coupling agent (biomonomer) having a central portion com 
prising of flexible i.e. not limiting chain dynamic movement 
Such as do aromatic rings, linear or aliphatic (Saturated) 
segments of <2000 theoretical molecular weight and 
hydrolysable linkages 

0043. Accordingly, the invention provides a biological 
coupling agent of the general formula (III) 

PBio-LINKA-PBio (III) 

0044) wherein PBio is a biologically active agent frag 
ment or precursor thereof linked to LINK A through a 
hydrolysable covalent bond and having at least one func 
tional group to permit Step growth polymerization; and 
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LINK A is a coupled central flexible linear first segment of 
<2000 theoretical molecular weight linked to each of said 
PBio fragments. 
0.045 By the term “biomonomers' in this specification 
and claims, is meant compounds of the formulae (III) used 
in the synthesis of the compounds of formula (I) through the 
use of the functional group for Step growth polymerization. 
0.046 Most preferably each of the PBio fragments is 
limited to a single functional group for use in Step growth 
polymerization. 
0047 Thus, in a further aspect the invention provides a 
pharmaceutically-active polymeric compound of the general 
formula (I), 

Y-Y-LINK B-X-LINK B (I) 
0.048 wherein (i) X is a coupled biological coupling 
agent of the general formula (II) 

Bio-LINKA-Bio (II) 

0049 wherein Bio is a biologically active agent fragment 
or precursor thereof linked to LINK A through a hydrolys 
able covalent bond; and LINKA is a coupled central flexible 
linear first segment of <2000 theoretical molecular weight 
linked to each of Said Bio fragments, 

0050 (ii) Y is LINK B-OLIGO; wherein 
0051 (a) LINK B is a coupled second segment 
linking one OLIGO to another OLIGO and an 
OLIGO to X or precursor thereof; and 

0.052 (b) OLIGO is a short length of polymer seg 
ment having a molecular weight of less than 5,000 
and comprising less than 100 monomeric repeating 
units, 

0.053 (iii) m is 1-40; and 
0054 (iv) n is selected from 2-50. 

0.055 The invention provides in another aspect, a phar 
maceutically-active polymeric material having a backbone 
made from Said biomonomer. Such polymers comprise 
oligomeric Segments of <5,000 theoretical molecular weight 
and optional link segments, herein denoted link B 
covalently coupled to the oligomeric Segment denoted 
herein oligo and the said biomonomer. 
0056 By the term “oligomeric segment” is meant a 
relatively short length of a repeating unit or units, generally 
less than about 50 monomeric units and molecular weights 
less than 10,000 but preferably <5000. Preferably, oligo is 
Selected from the group consisting of polyurethane, poly 
urea, polyamides, polyalkylene oxide, polycarbonate, poly 
ester, polylactone, polysilicone, polyetherSulfone, polyole 
fin, polyvinyl, polypeptide, polysaccharide; and ether and 
amine linked Segments thereof. 
0057 By the term “LINK A molecule” is meant a mol 
ecule covalently coupling bioactive agents together in Said 
biomonomer. Typically, LINK A molecules can have 
molecular weights ranging from 60 to 2000 and preferably 
between 60 to 700, and have multi-functionality but pref 
erably di-functionality to permit coupling of two bioactive 
agents. Preferably the LINK A molecules are synthesized 
from the groups of precursor monomerS Selected from diols, 
diamines and/or compounds containing both amine and 
hydroxyl groups, with or without water Solubility. Examples 
of typical LINK A precursors are given in Table 1 but they 
are not limited to this list. 
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TABLE 1. 

Ethylene glycol 
Butane diol 
Hexane diol 
Hexamethylene diol 
1.5 pentanediol 
2,2-dimethyl-1,3 propanediol 
1,4-cyclohexane diol 
1,4-cyclohexanedimethanol 
Tri(ethylene glycol) 
Poly(ethylene glycol), Mn: 100-2000 
Poly(ethylene oxide) diamine, Mn: 100-2000 
Lysine esters 
Silicone diols and diamines 
Polyether diols and diamines 
Carbonate diols and diamines 
Dihydroxy vinyl derivatives 
Dihydroxy diphenylsulfone 
Ethylene diamine 
Hexamethylene diamine 
1,2-diamino-2 methylpropane 
3,3,-diamino-N-methyldipropylamine 
14 diaminobutane 
1.7 diaminoheptane 
18 diaminooctane 

0.058 By the term “LINK B molecule” is meant a mol 
ecule covalently coupling oligo units together to form the 
Second coupling Segments within the central portion. Typi 
cally, LINKB molecules can have molecular weights rang 
ing from 60 to 2000 and preferably 60-700, and have 
difunctionality to permit coupling of two oligo units. Pref 
erably the LINK B molecules are synthesized from 
diamines, diisocyanates, disulfonic acids, dicarboxylic 
acids, diacid chlorides and dialdehydes. Terminal hydroxyls, 
amines or carboxylic acids on the oligo molecules can react 
with diamines to form oligo-amides, react with diisocyan 
ates to form oligo-urethanes, oligo-ureas, oligo- amides, 
react with disulfonic acids to form oligo-Sulfonates, oligo 
Sulfonamides, react with dicarboxylic acids to form oligo 
esters, oligo-amides, react with diacid chlorides to form 
oligo-esters, oligo-amides, and react with dialdehydes to 
form oligo-acetal, oligo-imines. 

0059 By the term “pharmaceutical or biologically active 
agent', or precursor thereof, is meant a molecule that can be 
coupled to LINK A segment via hydrolysable covalent 
bonding. The molecule must have Some specific and 
intended pharmaceutical or biological action. Typically the 
Bio unit has a molecular weight ranging from 40 to 2000 
for pharmaceuticals but may be higher for biopharmaceuti 
cals depending on the Structure of the molecule. Preferably, 
the Bio unit is Selected from the group of anti-inflammatory, 
anti-oxidant, anti-coagulant, anti-microbial (including fluo 
roquinolones), cell receptor ligands and bio-adhesive mol 
ecules, Specifically oligo-peptides and oligo-Saccharides, 
oligonucleic acid Sequences for DNA and gene Sequence 
bonding, and phospholipid head groups to provide cell 
membrane mimics. The Bio component must have difunc 
tional groups Selected from hydroxyl, amine, carboxylic acid 
or Sulfonic acid So that after coupling with Link A molecule, 
Said biomonomer can react with the Secondary groups of 
oligomeric segment to form LINK B linkage. The said 
Secondary group may be protected during the reaction of 
primary groups with the LINK A. 
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TABLE 2 

Typical Pharmaceutical Molecules Used For The Synthesis. Of 
BiomonomerCoupling Agents 

Pharmaceuticals Function Chemical structures 

O O 

F 
COOH 

HN N N 

\-/ N 
O O 

F 
COOH 

HN N N 

\ / 

Ph-C CH-COH 

Norfloxacin Antimicrobial 

Ciprofloxacin Antimicrobial 

Amfenac Antiinflammatory 

O NH2 

Aceclofenac Antiinflammatory 

Cl 

NH CH-C-O-CH-COH 

C 

Oxaceprol" Antiinflammatory 

Enoxolone' Antiinflammatory 
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TABLE 2-continued 
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Typical Pharmaceutical Molecules Used For The Synthesis. Of 
BiomonomerCoupling Agents 

Pharmaceuticals Function Chemical structures 

Bromofenac Antithrombic 

C 

Br NH2 

Tirofiban' Antithrombic 
HN 

Lotrafiban' Antithrombic O 

N 

HN 

Acivicin Antiproliferation Cl O 

OH 

NN 
O NH2 

Alkeren Antiproliferation 

C N-1N 

1-1 N Cl 

0060. This invention is of particular value to those phar 
macologically active compounds which are bioresponsive as 
hereinabove defined to provide in Vivo a pharmacological 
active ingredient which has at least two functional groups 
but one of the functional groupS has low reactivity with 
diisocyanates to form oligo-urethanes, or oligo-ureas, oligo 
amides, react with disulfonic acids to form oligo-Sulfonates, 
oligo-Sulfonamides, react with dicarboxylic acids to form 
oligo-esters, oligo-amides, react with diacid chlorides to 
form oligo-esters, oligo-amides, and react with dialdehydes 
to form oligo-acetal, oligo-imines. Such a pharmacological 
agent would include the fluoroquinolone family of antibi 
otics, or anti-coagulants, anti-inflammatory or anti-prolif 
erative agents of the type listed in Table 2 above. 

0061 The present invention is of particular use wherein 
the pharmacologically-active fragment is formed from the 
antibacterial 7-amino-1-cyclopropyl-4-OXO-1,4-dihydro 
quinoline and naphthyridine-3-carboxylic acids described in 
U.S. Pat. No. 4,670,444. The most preferred antibacterial 
members of these classes of compounds is 1-cyclopropyl 
6-fluoro-1,4-dihyro-4-OXO-7-piperazine-quinoline-3-car 
boxylic acid and 1-ethyl-6-fluoro-1,4-dihyro-4-oxo-7-pip 

CH2 - CO 2H 

CO2H 

"N-1-1-N 
MV 
O O 

COOH 

Ot. 
erazine-quinoline-3-carboxylic acid having the generic 
name ciprofloxacin and norfloxacin, respectively. Others of 
this class include Sparfloxacin and trovafloxacin. 
0062). Without being bound by theory, it is believed that 
the presence of LINK A as hereindefined, allows of a 
Satisfactory “inter-bio distance' in the biologically-active 
polymer according to the invention, which inter-bio distance 
facilitates hydrolysis in Vivo to release the biologically 
active ingredient. LINK A offers a range of hydrolysis rates 
by reason of chain length variation and possibly, also, due to 
Steric and conformational variations resulting from the 
variations in chain length. 

0063 Prior art compounds not having LINK A chain 
length variations but having LINKB chain lengths between 
the two biological entities cannot provide this advantageous 
variations in hydrolysis rates. 

0064. The present invention is of particular use wherein 
the pharmacologically-active fragment is formed from the 
anti-inflammatory (2S,3S)-1-Acetyl-4-hydroxy-pyrrolidine 
2-carboxylic acid having generic name Oxaceprol and 
(2S4aS,6aS,6bR,8aR,10S, 12aS,12bR, 14bR)-10-hydroxy 
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2,4a,6a,6b,9,9,12a-heptamethyl-13-oxo-1,2,3,4,4a,5,6,6a, 
6b,7,8,8a,9,10,11,12,12a,12b,13,14b-icosahydro-picene-2- 
carboxylic acid having the generic name EnoXolone. 
0065. The present invention is of particular use wherein 
the pharmacologically-active fragment is formed from the 
anti-thrombic (S)-2-(butane-1-sulfonylamino)-3-4-(4-pip 
eridin-4-yl-butoxy)phenyl-propionic acid having the 
generic name Tirofibanc and (S)-7-(4.4bipiperidinyl-1- 
carbonyl)-4-methyl-3-oxo-2,3,4,5-tetrahydro-1H-benzoe 
1,4-diazepin-2-yl)-acetic acid having the generic name 
Lotrafiban. 

0.066 The present invention is of particular use wherein 
the pharmacologically-active fragment is formed from the 
anti-neuplastic (O.S., 5S)-O-amino-3-chloro-2-isoxazoleace 
tic-5-acetic acid having the generic name Acivicin and 
4-Bis(2-chloroethyl)amino--L-phenylalanine having the 
generic name Alkeren. 
0067. The oligomeric polymeric segment preferably has 
a molecular weight of <10,000; and more preferably, 
<5,000. 

0068 The term “theoretical molecular weight” in this 
Specification is the term given to the absolute molecular 
weight that would result from the reaction of the reagents 
utilized to Synthesize any given bioactive polymers. AS is 
well known in the art, the actual measurement of the 
absolute molecular weight is complicated by physical limi 
tations in the molecular weight analysis of polymers using 
gel permeation chromatography methods. Hence, a polySty 
rene equivalent molecular weight is reported for gel perme 
ation chromatography measurements. Since many pharma 
ceutically active compounds absorb light in the UV region, 
the gel permeation chromatography technique also provides 
a method to detect the distribution of pharmaceutically 
active compound coupled within polymer chains. 

0069. The polymeric materials of use in the practice of 
the invention have polystyrene equivalent molecular 
weights of chains ranging from 2x10 to 1x10, and pref 
erably in the range of 2x10 to 2x10. 
0070. In a further aspect, the invention provides compo 
Sitions of polymers containing biomonomerS alone or a base 
polymer in admixture with polymers containing biomono 
mers, as hereinabove defined, preferably in the form of a 
shaped article. 
0071 Examples of typical base polymers of use in 
admixture with aforesaid bioactive polymers according to 
the invention, includes polyurethanes, polysulfones, poly 
carbonates, polyesters, polyethylene, polypropylene, poly 
styrene, polysilicone, poly(acrylonitrile-butadienestyrene), 
polyamide, polybutadiene, polyisoprene, polymethyl 
methacrylate, polyvinylacetate, polyacrylonitrile, polyvinyl 
chloride, polyethylene terephtahate, cellulose and other 
poly Sacharides. Preferred polymers include polyamides, 
polyurethanes, polysilicones, poly Sulfones, polyolefins, 
polyesters, polyvinyl derivatives, polypeptide derivatives 
and polysaccharide derivatives. More preferably, in the case 
of biodegradable base polymers these would include Seg 
mented polyurethanes, polyesters, polycarbonates, polysac 
charides or polyamides. 
0.072 The polymers containing said biomonomers, or the 
admixed compositions according to the invention may be 
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used as a Surface covering for an article, or, most preferably, 
where the polymers or admixtures are of a type capable of 
being formed into 1) a Self-Supporting structural body, 2) a 
film; or 3) a fiber, preferably woven or knit. The composition 
may comprise a Surface or in whole or in part of the article, 
preferably, a biomedical device or device of general bio 
technological use. In the case of the former, the applications 
may include cardiac assist devices, tissue engineering poly 
meric Scaffolds and related devices, cardiac replacement 
devices, cardiac Septal patches, intra aortic balloons, percu 
taneous cardiac assist devices, extra-corporeal circuits, A-V 
fistual, dialysis components (tubing, filters, membranes, 
etc.), aphoresis units, membrane oxygenator, cardiac by 
pass components (tubing, filters, etc.), pericardial sacs, con 
tact lens, cochlear ear implants, Sutures, Sewing rings, can 
nulas, contraceptives, Syringes, o- rings, bladders, penile 
implants, drug delivery Systems, drainage tubes, pacemaker 
lead insulators, heart Valves, blood bags, coatings for 
implantable wires, catheters, vascular Stents, angioplasty 
balloons and devices, bandages, heart massage cups, tra 
cheal tubes, mammary implant coatings, artificial ducts, 
craniofacial and maxillofacial reconstruction applications, 
ligaments, fallopian tubes. The applications of the latter 
include the synthesis of bioresorbable polymers used in 
products that are environmentally friendly (including but not 
limited to garbage bags, bottles, containers, Storage bags and 
devices, products which could release reagents into the 
environment to control various biological Systems including 
control of insects, biologically active pollutants, elimination 
of bacterial or viral agents, promoting health related factors 
including enhancing the nutritional value of drinking fluids 
and foods, or various ointments and creams that are applied 
to biological Systems (including humans, animals and other). 
0073. In a preferred aspect, the invention provides an 
admixed composition, as hereinabove defined, comprising 
in admixture either a Segmented polyurethane, a polyester, a 
polycarbonate, polysaccharide, polyamide or polysilicone 
with a compatible polymer containing Said biomonomer. 

0074 The polymers containing said biomonomer, 
according to the invention, are Synthesized in a manner that 
they contain a polymer Segment, i.e. the oligo Segments 
and Said biomonomer in the backbone of polymer containing 
biochemical function with either inherent anti-coagulant, 
anti-inflammatory, anti-proliferation, anti-oxidant, anti 
microbial potential, cell receptor ligands, e.g. peptide 
ligands and bio-adhesive molecules, e.g. oligosaccharides, 
oligonucleic acid Sequences for DNA and gene Sequence 
bonding, or a precursor of the bioactive component. 

0075. The in vivo pharmacological activity generated 
may be, for example, anti- inflammatory, anti-bacterial, 
anti-microbial, anti-proliferation, anti-fungal, but this inven 
tion is not limited to Such biological activities. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0076. In order that the invention may be better under 
stood, preferred embodiments will now be described by way 
of example only, with reference to the accompanying draw 
ings wherein: 

0.077) Error! Not a valid heading level range. 
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DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0078 Synthesis of Biomonomers. 
0079 A description of the novel process for preparing the 
biological coupling agentS/biomonomers of production D is 
set forth in Scheme A, where, R is CHCH or cyclopropyl 
for norfloxacin and ciprofloxacin, respectively. Typically, 
linkA molecules have molecular weights ranging from 60 to 
2000 and preferably 60 to 700, and must have at least 
di-functionality to permit coupling of at least two Bio 
units. The Bio unit has a molecular weight <2000 but may 
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be higher depending on the Structure of the molecule. 
Preferred Bio components include but are not limited to 
the following categries and examples: Anti-inflammatory: 
non-Steroidal-Oxaceprol, Steroidal EnoXolone; antithrom 
botic: Tirofiban, Lotrafiban, anti-coagulant: heparin; anti 
proliferation: acivicin and alkeren; anti-microbial: fluoro 
quinolones Such as norfloxancin, ciprofloxacin, Sparfloxacin 
and trovafloxacin and other fluoroquinolones. 

0080 Scheme A provides a general synthetic procedure 
for preparing the compounds of product D with formula (I). 

product B 

Step A Step B 
- Product A - CHCl 4hrs MeOH, 50° C. 

Step C 
He 

Tri(ethylene glycol) 
DMAP 
EDAC 
in DCM 

Rm temp. 1 week 

Product C 

Step e 

NH 

Formula (I) Product D 
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-continued 
DMAP: 4-(dimethylamino)pyridine 
EDAC: 1-ethyl-3-(3-dimethylamino-propyl)carbodiimide 
DCM: Dichloromethane 

0081. In step A, a pharmaceutically active drug, such as 
norfloxacin or ciprofloxacin (in the form of hydrochloride 
salt) is reacted with protecting groups Such as trityl halides 
in the presence of triethylene amine to provide an interme 
diate with both amine and carboxylic acid groups protected 
with a trityl group. It is understood by those skilled in the art 
that other protecting groups can be used as exemplified in 
this document's examples. 

0082) A suitable trityl halide is reacted with norfloxacin 
or ciprofloxacin hydrochloride Salt in a Suitable Solvent, 
such as chloroform. Many other solvents may be needed 
depending on the Solubility of the Selected protecting groups 
and the agents forming the biomonomer. Suitable trityl 
halides include trityl chloride and trityl bromide. A preferred 
trityl halide is trityl chloride. The amount of trityl halide 
ranges from 2 to 4 molar equivalent of norfloxacin/ciprof 
loxacin, a preferred amount is 2.2 molar equivalents. Tri 
ethylamine is added to Scavenge free HCl which is generated 
as a by-product. A little excess amount of triethylamine will 
avoid the deprotection of the N-triethylamine group in the 
following Selective hyrolyzation Step. In the case of cipro 
floxacin, an exceSS molar amount of triethylene amine Such 
as 2 to 4 times was added into reaction mixture. A preferred 
amount is 3 times. The reaction mixture is stirred for a 
period of time ranging from 2-24 hours in a temperature 
range of 0° C. to 60° C. A preferred stirring time is 4 hours 
and a preferred temperature is 25 C. A homogenous Solu 
tion is obtained. Following this Step, product A is left in the 
reaction Solution for the next Step of the in-situ reaction. No 
isolation of the product A is required during processing. 

0.083. In step B, the reaction product of step A, such as 
norfloxacin/ciprofloxacin with both amine and carboxylic 
acid groupS protected with trityl group, is Selectively depro 
tected to yield product B containing free carboxylic acid and 
N-triethylamine groups. 

0084. For example, in step B, a large amount of methanol 
was added into the reaction mixture of Step A. The Volume 
of methanol ranges from equivalent to two times that of the 
Solvent used in Step A. A preferred Volume is 1.5 times that 
of the Solvent volume. The reaction mixture is stirred for 
1-24 hrs in a temperature range from 25 C. to 60° C. A 
preferred Stirring time is 2 hrs and a preferred temperature 
is 50° C. The selectively deprotected fluroquinolone mate 
rial is precipitated from the reaction solution. Product B is 
recovered from the reaction Zone by filtration after the 
reaction mixture is cooled down to room temperature. Prod 
uct B is further purified from CHCl/Methanol (9:1) by 
Standard recrystallization method. 
0085. In step C, the purified amine-protected fluroqui 
nolone is coupled to both sides of a diol or diamine (in this 
example, triethylene glycol is used) containing a flexible 
and/or water-Soluble central portion. 
0.086 For example, the purified amine-protected fluro 
quinolone (Product B) is coupled to a tri(ethylene glycol) in 
the presence of a Suitable coupling agent Such as 1-ethyl 

3-(3-dimethylamino-propyl)carbodiimide herein denoted as 
EDAC and an appropriate base Such as 4-(dimethylami 
no)pyridine herein denoted as DMAP as a catalyst. Other 
coupling reagents may include various carbodiimides Such 
as CMC (1-cyclohexyl-3-(2-morpholinoethyl)carbodiim 
ide), DCC(N,N'-dicyclohexyl-carbodiimide), DIC (Diiso 
propyl carbodiimide) etc, but are not limited to these. The 
amount of diol ranges from 0.3 to 0.5 molar equivalent of 
product B. A preferred amount of diol is 0.475 molar 
equivalent of product B. The amount of coupling agent 
EDAC ranges from 2 toll times molar equivalent of product 
B. A preferred amount of EDAC is 8 times molar equivalent. 
The amount of base DMAP can range from 0.1 to equal 
molar amount of product B. A preferred amount is 0.5 molar 
equivalents. The reaction was carried out in a Suitable 
Solvent Such as dichloromethane under a noble atmosphere 
Such as nitrogen, argon. Other Solvents may be appropriate 
depending on their Solubility properties with product B and 
their potential reactivity with the reagents. The reactants are 
typically Stirred together for a period of time ranging from 
24 hours to 2 weeks at a temperature range from O C. to 50 
C. A preferred Stirring time is one week and a preferred 
temperature is 25 C. 

0087. After the reaction is finished, solvent is removed by 
rotary evaporator. The residues are washed with water 
several times to remove soluble reagents such as EDAC. The 
Solids are then dissolved in chloroform. Product C in 
Scheme 1 is recovered from the solution by standard extrac 
tive methods using chloroform as the extraction Solvent. 
Product C was isolated by column chromatography using a 
developer made up of chloroform/methanol/ammonia 
hydroxide aqueous solution (9.2:0.6:0.2). Product C is fur 
ther purified with recrystallization techniques from chloro 
form and methanol. 

0088. In step D, the N-trietylamine groups of the purified 
product C are deprotected to yield the corresponding desired 
pharmaceutical coupling agent/biomonomer. 

0089 For example, the appropriate product C is reacted 
with a Small amount of water in the presence of a Small 
amount of weak acid, Such as trifluoroacetic acid, in a 
Suitable organic Solvent Such as dichloromethane. The 
amount of water can range from 1% to 10% volume per 
centage and a preferred amount is 1%. The amount of 
trifluoroacetic acid is between 1% to 10% volume percent, 
with a preferred amount being 2%. The reaction mixture is 
stirred within a temperature range of O C. to 50° C. over a 
time period of 2 to 24 hours. A preferred temperature is 25 
C. and a preferred time period is 4 hours. Product D is 
precipitated from reaction Solution and collected by filtra 
tion. The product is further purified by washing with CHCls. 

0090. Use of Biomonomers in a Polymer Synthesis. 
0091. The pharmaceutically active polymers are synthe 
sized in a traditional Stepwise polymerization manner as are 
well known in the art. A multi-functional LINKB molecule 
and a multi-functional oligo molecule are reacted to form a 
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prepolymer. The prepolymer chain is extended with Said 
biomonomer to yield a polymer containing the biomono 
mers. Non-biological extenderS Such as an ethylene diamine, 
butane diol, ethylene glycol and otherS may also be used. 
The linkB molecule is preferably, but not so limited, to be 
di-functional in nature, in order to favour the formation of a 
linear polymer containing biomonomers. Preferred linkB 
molecules for biomedical and biotechnology applications 
are diisocyanates: for example, 2,4 toluene diisocyanate; 2,6 
toluene diisocyanate; methylene bis(p-phenyl)diisocyanate; 
lysine diisocyanato esters, 1,6 hexane diisocyanate, 1,12 
dodecane diisocyanate; bis-methylene di(cyclohexyl isocy 
anate); trimethyl-1,6 diisocyanatohexane, dicarboxylic 
acids, di-acid chlorides, disulfonyl chlorides or others. The 
oligo component is preferably, but not So limited, difunc 
tional, in order to favor the formation of a linear polymer 
containing Said biomonomers. Preferred oligo components 
are terminal diamine and diol reagents of: for example, 
polycarbonate, polysiloxanes, polydimethylsiloxanes, poly 
ethylene-butylene co-polymers, polybutadienes, polyesters 
including polycaprolactones, polylactic acid, and other poly 
esters, polyurethane/Sulfone co-polymer, polyurethanes, 
polyamides, including oligopeptides (polyalanine, polygly 
cine or copolymers of amino-acids) and polyureas; poly 
alkylene oxides and Specifically polypropylene oxide, poly 
ethylene oxide and polytetramethylene oxide. The molecular 
weights of the oligo groups are less than 10,000, but 
preferably have molecular weights of less than 5000. Syn 
thesis of the prepolymers to the bioactive polymer can be 
carried out by classical urethane/urea reactions using the 
desired combination of reagents but with the exceSS amount 
of linkB molecules in order to end-cap the prepolymer with 
linkb molecule. When the prepolymer with desired chain 
length is reached, said biomonomer is added to extend the 
prepolymer chain giving a final bioactive polymer. Alterna 
tively the biomonomers may be substituted for inclusion as 
the oligo groups. 
0092 Bioactive polymers can be synthesized with differ 
ent components and Stoichometry. Prior to Synthesis, the 
LINK B molecules are, preferably, vacuum distilled to 
remove residual moisture. The biomonomers are desiccated 
to remove all moisture. Oligo components are degassed 
overnight to remove residual moisture and low molecular 
Weight organics. 
0.093 While reactants can be reacted in the absence of 
Solvents if practical, it is preferable to use organic Solvents 
compatible with the chemical nature of the reagents, in order 
to have good control over the characteristics of the final 
product. Typical organic Solvents include, for example, 
dimethylacetamide, acetone, tetrahydrofuran, ether, chloro 
form, dimethylsulfoxide and dimethylformamide. A pre 
ferred reaction solvent is dimethylsulfoxide (DMSO, Ald 
rich Chemical Company, Milwaukee, Wis.). 
0094. In view of the low reaction activity of some diiso 
cyanates, e.g. DDI and THDI, with oligo precursor diols, a 
catalyst is preferred for the Synthesis. Typical catalysts are 
Similar to those used in the Synthesis of urethane chemistry 
and, include, dibutyltin dilaurate, StannouS Octoate, N,N' 
diethylcyclohexylamine, N-methylmorpholine, 1,4 diazo 
(2.2.2) bicyclo-octane and Zirconium complexes such as Zr 
tetrakis (2,4-pentanedionato) complex. 
0.095. In the first step of the preparation of a prepolymer, 
for example, the linkB molecules are added to the oligo 

Nov. 17, 2005 

component and, optionally, catalyst to provide the prepoly 
mer of the bioactive polymer. The reaction mixture is stirred 
at a temperature of 60° C. for a suitable time period, which 
depends on the reaction components and the Stoichiometry. 
Alternate temperatures can range between 25 C. to 110° C. 
Subsequently, Said biomonomer is added to the prepolymer 
and, generally, the mixture is allowed to react overnight. The 
reaction is terminated with methanol and the product is 
precipitated in ether or a mixture of distilled water with ether 
or other Suitable Solvents. The precipitate is dissolved in a 
Suitable Solvent, Such as acetone and precipitated in ether or 
a mixture of distilled water with ether again. This process 
was repeated 3 times in order to remove any residual catalyst 
compound. Following washing, the product is dried under 
vacuum at 40 C. 

0096 Alternatively, the biomonomers can be used to 
make polyamides using classical reactions Such as those 
described below. 

0097 Fabrication of Product: 
0098. The pharmaceutical polymers containing biomono 
mers are either used alone or admixed with Suitable amounts 
of base polymers in the fabrication of article products. If 
admixed in a blend, then Suitable polymerS may include 
polyurethane, polyester or other base polymers. Product may 
be formed by: 1) compounding methods for Subsequent 
extrusion or injection molding or articles; 2) co-dissolving 
of base polymer with bioactive polymer into a solvent of 
common compatibility for Subsequent casting of an article in 
a mold or for spinning fibers to fabricate an article; 3) 
wetting the Surface of an article with a Solution of bioactive 
polymer or a blend in solvent of common compatibility with 
a polyurethane or other polymer to which the bioactive 
polymer Solution is being applied; or 4) in admixture with a 
curable polyurethane, for example, 2 part curing System 
Such as a Veneer. All of the above processes can be used with 
the pure polymer, containing the biomonomer groups or 
with blends of Said polymer and common biomedical poly 
CS. 

0099. The invention, thus, provides the ability to synthe 
Size a range of novel polymeric materials possessing 
intramolecular properties of pharmaceutical or biological 
nature. When Said polymers are used alone or in admixture 
with, for example, a polyurethane, the bioactive polymer 
provides the composite having better pharmaceutical func 
tion, particularly for use in medical devices, promoting cell 
function and regulation, tissue integration, pro-active blood 
compatibility and Specifically anti-coagulant/platelet func 
tion, biostability function, anti-microbial function and anti 
inflammatory function, or for use in the biotechnology 
Sector for biological activity. 
0100. The application for these materials include the 
Synthesis of bioresorbable polymers used in medical device 
products that require the delivery of biologicals, pharma 
ceuticals or the release of biocompatible materials upon 
biodegradation within or in contact with a biological body 
(human or animal). This includes the manufacturing of 
products in the form of films (cast or heat formed), fibres 
(Solvent or melt spun), formed into composite materials 
(polymers combined in any form with ceramics, metals or 
other polymers) of any shape, injection molded, compres 
Sion molded, extruded products. Such product can include 
but are not limited to: cardiac assist devices, tissue engi 
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neering polymeric Scaffolds and related devices, cardiac 
replacement devices, cardiac Septal patches, intra aortic 
balloons, percutaneous cardiac assist devices, extra-corpo 
real circuits, A-V fistual, dialysis components (tubing, fil 
ters, membranes, etc.), aphoresis units, membrane oxygen 
ator, cardiac by-pass components (tubing, filters, etc.), 
pericardial Sacs, contact lens, cochlear ear implants, Sutures, 
Sewing rings, cannulas, contraceptives, Syringes, O-rings, 
bladders, penile implants, drug delivery Systems, drainage 
tubes, pacemaker lead insulators, heart Valves, blood bags, 
coatings for implantable wires, catheters, vascular Stents, 
angioplasty balloons and devices, bandages, heart massage 
cups, tracheal tubes, mammary implant coatings, artificial 
ducts, craniofacial and maxillofacial reconstruction applica 
tions, ligaments, fallopian tubes. 
0101. Other non-medical applications may include of 
bioresorbable polymers used in products that are environ 
mentally friendly (including but not limited to garbage bags, 
bottles, containers, Storage bags and devices, products which 
could release reagents into the environment to control vari 
ous biological Systems including control of insects, biologi 
cally active pollutants, elimination of bacterial or viral 
agents, promoting health related factors including enhancing 
the nutritional value of drinking fluids and foods, or various 
ointments and creams that are applied to biological Systems 
(including humans, animals and other). In these examples, 
the following acronyms are used. 

0102) NORF (Norfloxacin) 
01.03 CIPRO (Ciprofloxacin) 
01.04] OC (Oxaceprol) 
01.05 POC (Protected Oxaceprol) 
01.06 TF (Tirofiban) 
01.07 PTF (Protected Tirofiban) 
0108) AK (Alkeren) 
0109 PAK (Protected Alkeren) 
0110 AF (Amfenac) 
0111 AV (Acivicin) 
0112 BF (Bromfenac) 
0113 TEG (Triethylene glycol) 
0114 HDL (1,6-Hexanediol) 
0115 HDA (1,6-Hexanediamine) 
0116) TrC1 (Trityl Chloride) 
0117 DMAP (4-(dimethylamino)pyridine) 
0118 EDAC (1-ethyl-3-(3-dimethylamino-propyl)car 
bodiimide) 

0119 TEA (Triethylene amine) 
0120 TFA (Trifluoroacetic acid) 
0121 THDI (trimethyl-1,6 diisocyanatohexane) 
0.122 PCL polycarprolactone diol 
0123 AC (Adipoyl Chloride) 
0.124 THDI/PCL/TEG (segmented polyurethane) 
0.125 DBTL (dibutyltin dilaurate) 
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0.126 DCM (Dichloromethane) 
0127 DMF (dimethylformamide) 
0128 TLC (thin layer chromatography) 
0129 CC (Column chromatography) 

0.130. Where appropriate all isocyanate reactions were 
catalysed with DBTL (dibutyltin dilaurate). 
0131 Nuclear magnetic resonance was used to identify 
the structure of the biomonomer. 

0132) Mass spectroscopy was used to confirm the molar 
mass of the Synthesized biomonomer. 
0.133 Gel permeation chromatography was used to define 
the distribution of Bio the moiety within the drug polymer 
and to estimate relative molecular weights of the polymer. 
0.134 Characterization of tin residues located at the Sur 
face of the drug polymer coatings was demonstrated using 
X-ray photoelectron spectroscopy (measuring chemical 
composition) at 90 degree. Elimination of tin residues is 
important for biological applications Since the latter is toxic. 
0135) In vitro evaluation of antimicrobial release and 
biodegradation were performed in order to assess the rates of 
degradation for the different antimicrobial polymer formu 
lations and determines periods of efficacy. In these Studies 
the polymers are incubated with enzyme and the Solution is 
recovered for Separation of degradation products. Hydrolytic 
enzymes related to monocyte macrophages, specifically 
cholesterol esterase, and neutrophils (elastase), with in a pH 
7 phosphate buffered saline solution may be used for in vitro 
tests over a 10-week time frame. Degradation products may 
be characterized using High Performance Liquid Chroma 
tography (HPLC), combined with mass spectroscopy. 
0136 Minimum inhibitory concentration (MIC) assays 
were used to evaluate the antimicrobial activity of incubat 
ing Solutions obtained from drug polymer biodegradation 
Studies against P. aeruginosa. Turbidity of each culture was 
recorded to evaluate the inhibitory properties of degradation 
Solution of drug polymers. 
0.137 Sterilization stability of drug polymers was esti 
mated after drug polymers were Sterilized by Y-radiation 
Sterilization (radiation dose: 25 Kgy), a standard method in 
the medical device field. GPC measurements were carried on 
with these Samples before and after they were radiated and 
after a time period of 1 to 4 weekS. 
0.138 Biocompatibility study of the drug polymers was 
also performed in order to assess the biocompatibility of 
control and drug polymers with mammalian cells. In this 
Study, HeLa cells were cultured directly onto the polyure 
thane polymers films and incubated at 37 C. for 24 hours. 
Cell viability was measured by Staining for Succinate dehy 
drogenase. 

0.139. In vivo animal studies are performed on substrates, 
devices or articles according to the invention formed in 
whole or in part of bioactive polymers. The articles con 
taining either bioactive polymer or non-bioactive control 
polymer were implanted in the peritonitis of male rats 
accompanied with an inoculation of PaeurognioSa bacteria. 
The articles were explanted after rats were housed for 1 
week. The effect of the antimicrobial polymer was evalu 
ated. 
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EXAMPLES 

0140. The following examples illustrate the preparation 
of biomonomers and bioresponsive pharmacologically 
active polymers according to the invention. 

Example 1 

0141 NORF-TEG-NORF and CIPRO-TEG-CIPRO are 
examples of antimicrobial drug containing biomonomers 
according to the invention. The example shows the use of a 
Single drug or combination of drugs. The conditions of 
Synthesis for this reaction are as follows. 

0142. In step A, of NORF(1.3 g, 4 mmol)/ or CIPRO 
hydrochloride salt (4 mmol) were reacted with trityl chloride 
(2.7 g, 8.8 mmol) and TEAC0.6 ml, 8 mmol) (Aldrich, 
99%)/or 12 mmol of TEA in the case of CIPRO in 40 ml of 
CHCl for four hours at room temperature. A clear Solution 
was obtained. 

0143. In step B, 40 ml of methanol was added into the 
above clear Solution. The mixture was heated to 50° C. and 
Stirred for one hour, a precipitate appeared in the Solution. 
After the reaction mixture was cooled down to room tem 
perature, precipitates were collected by filtration. The pre 
cipitate was further purified from CHCl/methanol. 3.4 
mmol of Product B were obtained. Yield was usually greater 
than 85%. 

0144) In step C, Product B (20 mmol), TEG (1.44g, 9.5 
mmol), DMAP (1.24g, 10 mmol) were dissolved in 100 ml 
DCM. EDAC (31 g, 160 mmol) was then added into the 
reaction System. The reaction mixture was Stirred at room 
temperature under a nitrogen atmosphere for one week. 
After reaction was finished, DCM was removed by rotary 
evaporator. The residues were washed with de-ionized water 
Several times to remove Soluble reagents Such as the by 
product of urea. The solids were then dissolved in chloro 
form and washed with de-ionized water again. The crude 
product of the reaction was recovered from the Solution by 
extraction. Product C was isolated by column chromato 
graph using the developer of chloroform/methanol/ammonia 
hydroxide aqueous solution (9.2:0.6:0.2). Product C is fur 
ther purified with recrystallization technique from chloro 
form and methanol. Product C can be obtained with a yield 
of 85%. 

0145. In step D, the purified product C (5.4g, 4.4 mmol) 
was dissolved in chloroform containing one volume percent 
of water and 1 volume percent of trifluoroacetic acid. The 
reaction Solution was stirred at room temperature for 4 hrs. 
White precipitates that were produced in the reaction were 
collected by filtration and purified by washing with chloro 
form. Following washing Product D, i.e. the biomonomer 
was dried in vacuum oven for 24 hours at a temperature of 
40° C. The pure Product D i.e. said biomonomer can be 
obtained with a yield of 95%. 
0146) H NMR of NORF-TEG-NORF: (400 MHz, 
DMSO). 8: 9.33 (bs, 2H, NH), 8.52 (s, 2H, H, ar), 7.66 (d. 
2H, J=13.6 Hz, H, ar), 7.01 (d. 2H, J=7.2 Hz, H, ar), 4.33 
(q, 4H, J=6.8 Hz, N-CH-CH), 4.26 (t, 4H, J=4.8 Hz, 
COCH), 3.71 (t, 4H, J=4.8 Hz, COCHCH-) 3.48-3.28 
(m, 16H.piperazine), 1.33 (t, 6H, J=6.8 Hz, NCHCH). 
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0147 FIG. 1) 
0148 °C NMR of NORF-TEG-NORF: (400 MHz, 
DMSO). 8: 1719, 164.7, 159.3, 159.0, 153.8, 1514, 149.0, 
143.4,143.3, 136.4,123.4,122.0, 119.0, 116.0, 112.4, 109.4, 
106.6, 70.4, 68.9, 63.6, 48.6, 47.1, 43.1, 43.0, 14.6, FIG.2 
0149 ES-MS of NORF-TEG-NORF (m/z, 96) (Positive 
mode): Calculated for mass CHFNOs: 752 amu, found 
753, 377 (M+2H)". FIG. 3) 
O150 H NMR of CIPRO-TEG-CIPRO: (400 MHz, 
DMSO). 8:9.16 (bs, 2H, NH-R), 8.30 (s, 2H, H, ar), 7.49 
(d. 2H, J=13.2 Hz, H, ar), 7.34 (d. 2H, J=7.6 Hz, H, ar), 
4.25 (t, 4H, J=5.2 Hz, N-CH(CH)); 3.73 (t, 4H, J=4.4 Hz, 
COCH), 3.46-3.30 (m, 16H, piperazine), 1.22 (q, 4H, 
J=6.4 Hz, CH(CH, CH)), 1.07 (m, 4H, CH(CH-CH-)). 
FIG. 4 
0151 °C NMR of CIPRO-TEG-CIPRO: (400 MHz, 
DMSO). 8: 1719, 1641, 158.7, 153.9, 1515, 148.4, 143.0, 
142.9, 138.1, 122.6, 122.5, 111.9, 111.7, 109.2, 107.0, 79.6, 
70.5, 70.4, 68.9, 63.7, 47.0, 43.2, 35.3, 7.9. FIG. 5) 
0152 ES-MS of CIPRO-TEG-CIPRO (m/z,96) (Positive 
mode): Calculated for mass CoHFNOs: 776 amu, found 
777 (M+H"); 389 (M+2H)". FIG. 6) 

Example 2 
0153 CIPRO-HDL-CIPRO is example of biomonomer 
according to the invention and different from example 1 by 
the introduction of a hydrophobic link A molecule rather 
than hydrophilic link A molecule. The conditions of synthe 
sis for this reaction are as follows. 

0154) The reaction conditions for selectively protecting 
amine groups of CIPRO are the same as the step A and B in 
Example 1. 

0.155) In step C, Product B (20 mmol), HDL (9.5 mmol), 
DMAP (1.24g, 10 mmol) were dissolved in 100 ml DCM. 
EDAC (31 g, 160 mmol) was then added into reaction 
System. The reaction mixture was stirred at room tempera 
ture under a nitrogen atmosphere for one week. After the 
reaction was finished, DCM was removed by rotary evapo 
rator. The residues were washed with de-ionized water 
Several times to remove Soluble reagents Such as the by 
product of urea. The solids were then dissolved in chloro 
form and washed with de-ionized water again. The crude 
product of the reaction was recovered from the Solution by 
extraction. Product C was isolated by column chromatog 
raphy using the developer of chloroform/methanol/ammonia 
hydroxide aqueous solution (9.2:0.6:0.2). Product C is fur 
ther purified with a recrystallization technique from chloro 
form and methanol. 

0156 In step D, the purified product C (4 mmol) was 
dissolved in chloroform containing one Volume percent of 
water and 1 Volume percent of trifluoroacetic acid. The 
reaction Solution was stirred at room temperature for 4 hrs. 
White precipitates produced in the reaction were collected 
by filtration and purified by washing with chloroform. 
Following washing Product D, i.e. the biomonomer was 
dried in vacuum oven for 24 hours at a temperature of 40 
C. 

Example 3 
0157 NORF-HDA-NORF is example of biomonomer 
according to the invention and different from example 1 in 
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that a diamine is used to generate an amide rather than ester 
linkage in the biomonomer. The conditions of Synthesis for 
this reaction are as follows. 

0158. The reaction conditions for selectively protecting 
amine groups of NORF are the same as the step A and B in 
Example 1. 

0159. In step C, Product B (20 mmol), HDA (9.5 mmol), 
DMAP (1.24g, 10 mmol) were dissolved in 100 ml DCM. 
EDAC (31 g, 160 mmol) was then added into reaction 
System. The reaction mixture was stirred at room tempera 
ture under a nitrogen atmosphere for one week. After the 
reaction was finished, DCM was removed by rotary evapo 
rator. The residues were washed with de-ionized water 
Several times to remove Soluble reagents Such as the by 
product of urea. The solids were then dissolved in chloro 
form and washed with de-ionized water again. The crude 
product of the reaction was recovered from the Solution by 
extraction. Product C was isolated by column chromatog 
raphy using the developer of chloroform/methanol/ammonia 
hydroxylaqueous solution (9.2:0.6:0.2). Product C is further 
purified with recrystallization technique from chloroform 
and methanol. 

0160 In step D, the purified product C (4 mmol) was 
dissolved in chloroform containing one Volume percent of 
water and 1 Volume percent of trifluoroacetic acid. The 
reaction Solution was stirred at room temperature for 4 hrs. 
White precipitates produced in the reaction were collected 
by filtration and purified by washing with chloroform. 
Following washing Product D, i.e. the biomonomer was 
dried in vacuum oven for 24 hours at a temperature of 40 
C. 

Example 4 

0.161 OC-TEG-OC is an example of anti-inflammatory 
drug containing biomonomer according to the invention. 
The biomonomer was synthesized using Oxaceprol (OC), by 
reacting the carboxylic acid with the hydroxyl of TEG and 
leaving the hydroxyl for Subsequent use in the polymeriza 
tion. The conditions of Synthesis for this reaction are as 
follows. 

0162 In step A, OC (11.55 mmol) was reacted with 
t-butyldimethylsilyl chloride (28.87 mmol) and 1,8-diazabi 
cylco5.4.0]undec-7-ene (30.03 mmol) in 4 ml of acetoni 
trile at 0° C. during the addition of the base and then 
overnight at ambient temperature. A precipitate developed 
during the progreSS of the reaction The precipitate was 
filtered. 

0163. In step B, the filtrate was treated with water (10 ml) 
and extracted with n-pentane (2x5 ml). The solvent for the 
aqueous portion was removed under reduced atmosphere. 
The residue was dissolved in methanol (10 mL), tetrahy 
drofuran (5 mL), water (5 mL) and then treated with 2N 
aqueous Sodium hydroxide (8 mL). The reaction mixture 
was stirred for 1.5 hat room temperature, adjusted to a pH=3 
with 1N HCl, concentrated and filtered. The precipitate 
obtained was recrystallized from water and afforded pure 4 
(2.79 g, 84%). 
0164 H NMR: (400 MHz, CDC1) 8: 4.87 (bs, 1H, 
COH), 4.61 (dd, 1H, J=8.0 Hz, 6.4 Hz, CHCO2H), 4.48 (p, 
1H, J=4.4 Hz, CHOSi), 3.67 (dd, 1H, J=10.4 Hz, 4.8 Hz, 
CHHN), 3.36 (dd, 1H, J=10.4 Hz, 6.0 Hz, CHHN), 2.36 (dt, 
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2H, J=13.2 Hz, 5.2 Hz, 2H, CHCHCO2H), 2.12 (s, 3H, 
COCH), 0.86 (s, 9H, C(CH)), 0.08 (s, 3H, SiCH), 0.07 
(s, 3H, SiCH.). FIG. 7) 
0165 °C NMR: (400 MHz, CDC1) 6:172.7, 172.3, 
70.0, 58.3, 56.2, 37.1, 25.6, 22.2, 17.9, -4.8, -5.0. FIG. 8) 
0166 ES-MS (m/z, %) (Negative mode): Calculated for 
mass CHNOSi: 287 amu, found 286.1. FIG. 9 
0167. In step C, Product B (3.48 mmol), TEG (1.58 
mmol), DMAP (0.16 mmol) were dissolved in DCM (5 ml). 
EDAC (3.95 mmol) was then added into the reaction solu 
tion cooled to 0°C. The resulting solution was stirred for 1 
h at 0° C., the cooling was removed, and the mixture was 
stirred for 5 days at ambient temperature. The solvent was 
removed under reduced pressure. Water (20 mL) and the 
system was extracted with pentane (3x10 mL). The com 
bined pentane extracts where dried using Sodium Sulphate, 
filtered, and the Solvent removed under reduced pressure. 
This produced 0.74 g (67%) of the desired product. 
0168 H NMR: (400 MHz, CDC1) 8: 4.87 (n, 2H, 
CHCO), 4.26 (m, 2H, CHOSI), 4.05 (m, 2H, CHHN), 
3.74-3.31 (m, 4H), 3.31 (m, 2H, CHHN), 2.13 (m, 4H, 
CHCHCO), 2.12 (s, 6H, COCH), 2.0 (m, 4H), 1.18 (m, 
4H), 0.81 (s, 18H, C(CH)), -0.003 (s, 6H, SiCH), -0.03 (s, 
6H, SiCH.). FIG. 10) 
0169 °C NMR: (400 MHz, CDC1) 8: 1723, 1710, 
72.5, 70.6, 70.4, 64.0, 60.3, 57.5, 57.3, 55.9, 54.3, 52.1, 40.4, 
38.3, 34.0, 26.6, 22.1, 20.9, 17.8, 14.1,-48, -5.0. FIG. 11 
0170 ES-MS (m/z, %) (Positive mode): Calculated for 
mass CHNOSi: 688 amu, found 689.3. FIG. 12 
0171 In step D, the purified product C (0.7 mmol) was 
dissolved in THF (5 ml). The resulting solution was cooled 
to 0 C. before the addition of tetra n-butyl ammonium 
fluoride (x ml, 1.4 mmol). The resulting solution was stirred 
at 0° C. for 5 min before the removal of the ice bath and 
continued Stirring for an additional 40 min at ambient 
temperature. The Solvent was removed at reduced atmo 
sphere and the residue was treated with water and the pH of 
the Solution was adjusted to 3 upon which a precipitate 
resulted. The precipitate was filtered to produce the desired 
product. 

Example 5 

0172 TF-TEG-TF is an example of anti-thrombic drug 
containing biomonomer according to the invention. The 
biomonomer is synthesized using tirofiban (TF), reacting the 
carboxylic acid with the hydroxyl of TEG and leaving the 
amines for Subsequent use in the polymerization. The con 
ditions for Synthesis for this reaction are as follows. 
0173 In step A, TF(4 mmol) is reacted with trityl chlo 
ride (8.8 mmol) and TEA (8 mmol) (Aldrich, 99%) in 40 ml 
of CHCl for four hours at room temperature. A clear 
Solution is obtained. 

0.174. In step B, 40 ml of methanol is added into the 
above clear solution. The mixture is heated to 50° C. and 
Stirred for one hour, a lot of precipitates appeared in the 
Solution. After the reaction mixture is cooled down to room 
temperature, precipitates were collected by filtration. They 
were further purified from CHCl/methanol. 3.4 mmol of 
Product B were obtained. 
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0175. In step C, Product B (20 mmol), TEG (9.5 mmol), 
DMAP (1.24g, 10 mmol) were dissolved in 100 ml DCM. 
EDAC (31 g, 160 mmol) is added into the reaction system. 
The reaction mixture is stirred at room temperature under a 
nitrogen atmosphere for one week. After reaction is finished, 
DCM was removed by rotary evaporator. The residues were 
washed with de-ionized water Several times to remove 
Soluble reagents Such as the by-product of urea. The Solids 
were then dissolved in chloroform and washed with de 
ionized water again. The crude product of the reaction is 
recovered from the solution by extraction. Product C was 
isolated by column chromatography using the developer of 
chloroform/methanol/ammonia hydroxide acqueous Solution 
(9.2:0.6:0.2). Product C is further purified with recrystalli 
Zation technique from chloroform and methanol. 
0176). In step D, the purified product C (4 mmol) is 
dissolved in chloroform containing one Volume percent of 
water and 1 Volume percent of trifluoroacetic acid. The 
reaction Solution is stirred at room temperature for 4 hrs. 
White precipitates produced in the reaction were collected 
by filtration and purified by washing with chloroform. 
Following washing Product D, i.e. the biomonomer is dried 
in vacuum oven for 24 hours at a temperature of 40 C. 

Example 6 
0177 AK-TEG-AK is an example of anti-proliferation 
drug containing biomonomer according to the invention. 
The biomonomer was Synthesized using Alkeren (AK), 
reacting the carboxylic acid with the hydroxyl of TEG and 
leaving the amines for Subsequent use in the polymerization. 
The conditions for synthesis for this reaction are as follows. 
0178. In step A, AK (0.32 mmol) was reacted with 
di-tert-butyl carbonate (0.5 mmol) and TEAC0.32 mmol) 
(Aldrich, 99%) in THF (4 ml). The suspension was cooled 
to 0° C. before the addition of the anhydride. Dimethylfor 
mamide (0.9 ml) was added to homogenize the reaction 
mixture. The solution was stirred for 2 hours at 0° C., and 
thereafter overnight at ambient temperature. The Solution is 
then evaporated under reduced pressure and the yellowish 
oily residue obtained is redissolved in a 5% aqueous Solution 
of sodium bicarbonate (3 ml). The solution is washed with 
petroleum ether (3x3 ml) and the aqueous phase was acidi 
fied to a pH of 3 with a 1N hydrochloric acid solution. The 
mixture was extracted with ethyl acetate (3x3 ml). The 
organic phases were dried over anhydrous Sodium Sulfate, 
filtered and then evaporated under reduced pressure. The 
residue is dissolved in a mixture of hexane, ethyl acetate, 
and acetic acid (20:10:1) (3 ml). It is subsequently purified 
by chromatography on a Silica column. This produced 115 g. 
(86%) of the desired product (R=0.49). 
0179 H NMR: (400 MHz, CDC1) 8: 11.02 (bs, 1H, 
COH), 7.08 (d. 2H, J=5.4 Hz, Ar–H), 6.64 (d. 2H, J=5.4 
Hz, Ar–H), 4.97 (d. 1H, J=5 Hz, NH), 4.57 (m, 1H, 
CHCOH), 3.72-3.59 (m, 8H, CHCHCl), 3.12-2.98 (m, 
2H, CHCH), 1.42 (s, 9H, C(CH)). FIG. 13) 
0180 °C NMR: (400 MHz, CDC1) 8:177.3, 
176.6155.4,144.9, 130.7, 112.3, 80.2, 54.4, 53.6, 40.3, 28.3, 
20.8. FIG. 14) 
0181 ES-MS (m/z, %) (Positive mode): Calculated for 
mass CHCINO. 404 amu, found 405.1. FIG. 15 
0182. In step C, Product B (0.20 mmol), TEG (0.09 
mmol), DMAP (0.009 mmol) were dissolved in DCM (2 
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ml). To this stirring solution at 0° C. was added EDC-HCl 
(0.22 mmol) in dichloromethane (1 ml) dropwise over 10 
min. The resulting solution was stirred for 1 h at 0°C., the 
cooling was removed, and the mixture was stirred for 3 days 
at ambient temperature. The progreSS of the reaction was 
monitored by thin layer chromatography. Once complete 
disappearance of Starting material was observed, the reac 
tion Solvent was removed under reduced atmosphere. The 
product was purified by column chromatography (R=0.93) 
eluting with chloroform:methanol (9:1). This produced 0.8 g. 
(73%) of the desired product. 
0183 H NMR: (400 MHz, CDC1) 8: 7.03 (d, 4H, J=5.4 
Hz, Ar-H), 6.64 (d, 4H, J=5.4 Hz, Ar-H), 4.98 (d, 2H, 
J=5.0 Hz, NH), 4.55 (m, 2H, CHCO2H), 4.28 (m, 4H, 
COCH) 3.72-3.59 (m, 24H, CHCHCl, 
OCHCHOCH), 3.06-2.95 (m, 4H, CHCH), 1.42 (s, 18H, 
C(CH)). FIG. 16 
018.4 °C NMR: (400 MHz, CDC1) 6:177.3, 1719, 
155.0, 144.6, 130.7, 112.5, 79.8, 70.6, 69.0, 64.3, 54.4, 53.7, 
40.2, 37.1, 28.3. FIG. 17) 
0185 ES-MS (m/z, %) (Positive mode): Calculated for 
mass CHCIN.O. 922 amu, found 923.2. FIG. 18 
0186. In step D, the purified product C (2 mmol) was 
dissolved in chloroform containing one Volume percent of 
water and 1 Volume percent of trifluoroacetic acid. The 
reaction Solution was stirred at room temperature for 2 hrs. 
White precipitates produced in the reaction were collected 
by filtration and purified by washing with chloroform. 
Following washing Product D, i.e. the biomonomer was 
dried in vacuum oven for 24 hours at a temperature of 40 
C. 

Example 7 

0187 THDI/PCL/NORF is an example of pharmaceuti 
cally active polyurethane containing 15% of drugs according 
to the invention. The conditions of synthesis for this reaction 
are as follows. 

0188 1.5 grams of PCL are reacted with 0.27 grams of 
THDI in the presence of 0.06 ml of the catalyst, dibutyltin 
dilaurate, in a nitrogen atmosphere with in dimethylsulfox 
ide (DMSO) (10 mL) for one hour. The reaction temperature 
is maintained between 60-70° C. 0.32 grams of NORF-TEG 
NORF is dissolved in 5 ml DMSO was then added into 
reaction system. The reaction is keep at 60-70° C. for 5 
hours and then at room temperature for overnight. Reaction 
is finally stopped with 1 ml of methanol. The final drug 
polymer is precipitated in a mixture of ether/water (50 V/v 
%). The precipitated polymer is then dissolved in acetone 
and precipitated in ether again. This washing procedure is 
repeated three times. 
0189 Norfloxacin is the only component in the drug 
polymer which has a strong detectable absorbance at 280 nm 
in the UV range. Hence, its presence can be detected using 
a UV detector. FIG. 5 Super-imposes the UV chromatogram 
for the drug polymer with its universal gel permeation 
chromatography (GPC) curves using a universal refractive 
index detector. Similar data is shown for a Ciprofloxacin 
polymer in FIG. 6. The latter detects the presence of all 
molecules because it has a dependence on mass of material 
present, eluting out of the GPC column at a Specific time. 
Hence, a comparison of the two signals shows that the 
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distribution of norfloxacin is identical to the distribution of 
actual molecular weight chains, meaning that there was no 
preferential coupling of norfloxacin/ciprofloxacin to low 
Versus high molecular weight chains or Vice-versa; implies 
that the coupling of norfloxacin/ciprofloxacin was uniform. 

Example 8 
0190. AC/CIPRO is an example of pharmaceutically 
active polyamide containing antimicrobial drug Ciprofloxa 
cin according to the invention. It differs from example 1 in 
that it is not a polyurethane and shows the versatility for the 
use of the biomonomers in a range of Step growth polymer 
izations. The conditions for this Synthesis are a common 
polyamide interfacial polycondensation reaction. They are 
described as follows: 

0191) A solution of 3.88 g (5 mmol) of CIPRO-TEG 
CIPRO and 1.06 g (10 mmol) of sodium carbonate in 30 ml 
of water was cooled in an ice bath for 15 min before addition 
of as the water phase to a 150 ml flask containing a stir bar. 
A organic Solution containing 0.915 g of adipoyl chloride 
(AC, 5 mmol) in 20 ml of methylene chloride was added 
Slowly into the water phase under Vigorously Stirring. The 
organic Solution has been previously cooled in an ice bath 
for 15 min. Immediately after addition of the organic phase, 
an additional 5 ml of methylene chloride was used to rinse 
the original acid chloride container and transfer the Solvent 
to reaction flask. The polymerization medium was stirred at 
maximum speed for an additional 5 min. The resulting 
polymer was collected by filtration. The polymer was then 
washed with water for at least 3 times. It was then washed 
with acetone twice. The product was vacuum-dried at 40 C. 
for 24 hours. 

Example 9 

0.192 Gamma irradiation is a popular and well-estab 
lished proceSS for Sterilizing polymer-based medical devices 
(21). It has been known, however, that this technique can 
lead to Significant alterations in the materials being treated. 
High-energy radiation produces ionization and excitation in 
polymer molecules. The Stabilization process of the irradi 
ated polymer results in physical and chemical croSS-linking 
or chain Scission, which occurs during, immediately after, or 
even days, weeks after irradiation. In this example, NF and 
CP polymers are dissolved in a suitable solvent such as 
chloroform at 10%. The films are cast in a Suitable holder 
such as Teflon mold and placed in a 60° C. air flowing oven 
to dry. The dried films are Sterilized by gamma radiation. 
The dose shall be capable of achieving the pre-Selected 
Sterility assurance level (22). One of two approaches shall be 
taken in Selecting the Sterilization dose: (a) Selection of 
Sterilization dose using either 1) bioburden information, or 
2) information obtained by incremental dosing; b) Selection 
of a sterilization dose of 25 Kgy following Substantiation of 
the appropriateness of this dose. Each Sample had twelve 
films (N=3) to be sterilized by Gamma radiation. Resultant 
chemical changes can be detected at different time points as 
follow: a) No sterile (3); b) Immediately after irradiation (3); 
c) Two weeks after irradiation (3); d) 1 month after irradia 
tion (3). After Gammasterilization, the films are analyzed by 
GPC to detect the change in the number-averaged molecular 
weight (Mn), weight-averaged molecular weight (Mw), and 
polydispersity (MW/Mn) of polymer chains before and after 
radiation. The results are listed in Table 3. It shows that no 
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obvious physical and chemical changes happened to the 
drug polymers after radiation Sterilization. 

TABLE 3 

Mn, Mw and Polydispersity of drug polymers before 
and after Radiation 

Samples Mn g/mol Mw g/mol PI 

THDI/PCL/NF: 

A: 3.2 x 10 6.9 x 10 2.1 
B: 3.2 x 10 6.2 x 10 2.1 
C: 3.0 x 10 6.4 x 10 2.1 
Right after radiation 

A: 3.0 x 10 6.2 x 10 2.O 
B: 2.9 x 10 6.2 x 10 2.O 
C: 3.2 x 10 6.3 x 10 2.O 
1 week after radiation 

A: 2.9 x 10 6.0 x 10 2.1 
B: 3.1 x 10 6.7 x 10 2.2 
C: 2.8 x 10 6.0 x 10 2.1 
2 weeks after radiation 

A: 2.9 x 10 6.0 x 10 2.1 
B: 3.0 x 10 6.4 x 10' 2.1 
C: 3.0 x 10 6.3 x 10 2.1 
1 month after radiation 

A: 2.8 x 10 6.1 x 10' 2.1 
B: 2.8 x 10 5.8 x 10 2.1 
C: 2.8 x 10 5.9 x 10 2.1 
THDI/PCL/CP: 

A: 2.1 x 10 3.4 x 10 .6 
B: 2.1 x 10 3.3 x 10 .6 
C: 2.1 x 10 3.3 x 10 .6 
Right after radiation 

A: 2.1 x 10 3.4 x 10 .6 
B: 2.3 x 10 3.6 x 10 .6 
C: 2.3 x 10 3.7 x 10 .6 
1 week after radiation 

A: 2.3 x 10 4.0 x 10' .6 
B: 2.2 x 10 3.6 x 10 .6 
C: 2.2 x 10 3.7 x 10 .6 
2 weeks after radiation 

A: 2.2 x 10 3.7 x 10 7 
B: 2.2 x 10 3.6 x 10 7 
C: 2.2 x 10 3.9 x 10 7 
1 month after radiation 

A: 2.1 x 10 3.4 x 10 .6 
B: 2.1 x 10 3.6 x 10 7 
C: 2.1 x 10 3.5 x 10 7 

Example 10 
0193 This example shows the in vitro cytotoxicity of a 
non-bioactive control polymer, NF and CP polymers with 
mammalian cell lines using a direct contact method. In this 
method, 1 ml of polymer DMSO solutions containing 1 
mg/ml, 3 mg/ml and 5 mg/ml, respectively, of control or 
drug polymer is loaded on each Millipore 0.45 um filter that 
is set on top of agar in a Petri dish. These dishes are then 
incubated at 37 C. in a humidified atmosphere of 5% CO 
for 24 hours. After the solvent is diffused into agar, these 
filters with polymerSloaded on it are transferred into a new 
Petri dish containing Solidified agar. HeLa cells are Seeded 
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onto these filters. The dishes are incubated at 37 C. in a 

humidified atmosphere of 5% CO for 48 hours. Cells are 
Stained with Succinic dehydrogenase Staining buffer. The 
Stained areas on the filters show the cytotoxicity of materi 
als. FIG. 7 show the scanned pictures of stained cells that 
are seeded on the filters loaded with different amounts of 

control, NF and CP polymers. There are no unstained areas 
in each filter. The results show that the control polymer and 
bioactive polymers have good biocompatibility with mam 
malian cells. 

Example 11 

0194 NF polymer was used to evaluate the ability of a 
hydrolytic enzyme to degrade the material and preferentially 
release drug. NF polymer was coated onto Small glass 
cylinders, and then incubated in the presence and absence of 
hydrolytic enzyme (i.e. cholesterol esterase) for up to 10 
weeks at 37 C. At each week interval the incubation 
solution was removed from NF polymer and fresh enzyme 
Solution was added. The incubation Solutions were assayed 
via high pressure liquid chromatography (HPLC). Standard 
solutions of pure norfloxacin were run through an HPLC 
System to get calibration curve of this System. Norfloxacin 
concentration in the incubated Solution was determined by 
comparison of drug peak area of incubation Solution to 
calibration curve. FIG. 8 shows the released norfloxacin 
from NF polymer in the presence and absence of cholesterol 
esterase. In the presence of CE, there is an obvious release 
of Norfloxacin 10 weeks. However in the absence of CE, 
there only is Some release of drug in the first 6 weeks and it 
is lower than that of the enzyme incubated Samples through 
out the experiment. 

0.195 The same NF polymer incubation solutions 
assayed via HPLC were also evaluated for antimicrobial 
activity using a biological assay. A macro-dilution minimum 
inhibitory concentration (MIC) assay was employed to 
determine the concentration of antimicrobial (norfloxacin) 
that would inhibit the growth of a pathogen often associated 
with device-related infections, Pseudomonas aeruginosa. 
The MIC for this organism and norfloxacin was determined 
to be 0.8 mu g/mL. Incubation solutions from both enzyme 
and buffer control treatment of NF polymer were used in a 
biological assay matrix that was designed to estimate the 
concentration of norfloxacin as a function of incubation time 
and treatment. The data are presented in Table 4. Anti 
microbial activity was not detected in the NF polymer 
exposed to buffer (control) incubation solution after 2 
weeks. However, the enzyme-treated NF polymers released 
clinically significant levels (>MIC levels) of antibiotic over 
a 10 week incubation period. These biological assay data 
show a significant correlation with the HPLC data described 
above. The results of these experiments demonstrate that the 
antibiotic agent is released from NF polymer under enzy 
matic activation, and that the antibiotic has antimicrobial 
activity against a clinically significant bacterium. Further 
more, clinically significant concentrations (i.e., MIC level) 
of the antibiotic are released over an extended period of 
time, 10 weeks. 
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TABLE 4 

MIC Assay for antibacterial activity of degraded NF polymer solutions 
Samples containing drugs greater than or less than MIC level 

Sample No 

1 2 3 4 5 6 7 8 
solution 

Time CE CE CE CE buffer buffer buffer buffer 

1 week > > > > > > > > 

2 weeks > > > > > > > > 

3 weeks > > > > 3. > 3. 3. 

4 weeks > > > > 3. > 3. 3. 

6 weeks > > > > 3. 3. 3. 3. 

8 weeks > > > > 3. 3. 3. 3. 

10 weeks > > > > 3. 3. 3. 3. 

Example 13 

0196. In vivo animal studies are performed on formed 
coupons made of control and CP polymer with a dimension 
of 1x2 cm. The coupons were implanted in the peritoneal 
cavity of male rats. The coupons were explanted after rats 
were housed for 1 week. The experimental conditions 
according to the invention are as follows: 
0.197 For implantation, 5 male Sprague-Dawley rats 
(250-300 g) were used for every group of experiment. After 
they were anesthetised, a 2 cm laparotomy incision was 
made in the abdomen. The omentum and gubernaculum 
tissues were resected as they tend to envelop the coupon. 
Then either a control coupon or a CP coupon (1x2 cm) was 
implanted in the abdominal cavity. The incision was closed 
in two layers. After animals were housed for 1 week (rats 
were monitored daily), coupons were explanted from rats. 
GroSS observations were made including adhesion, abscess, 
inflammation, and encapsulation. It was found that no adhe 
Sion, absceSS and inflammation associated with CP polymer 
coupons, but there was obvious adhesion, absceSS and 
Serious inflammation associated with implanted control 
polymer coupons. Coupons were retrieved with Sterile Sur 
gical instruments. ASwab was taken of the peritoneal cavity. 
Coupons were rinsed in PBS buffer to remove non-adherent 
cells and placed in Sterile tubes for further bacteria culture. 
Bacteria counts obtained from cultures of control and CP 
coupons are shown in FIG. 9. Clearly, CP coupons show an 
antimicrobial effect, yielding Significantly lower colony 
forming units (CFUs). 

Example 12 

0198 Examples of biomedical articles that integrate the 
bioactive polymers to the polymers using described methods 
1, 2, 3 below include, for example, the following articles that 
are in whole or in part made of polyurethane components, 
namely, cardiac assist devices, tissue engineering polymeric 
Scaffolds and related devices, cardiac replacement devices, 
cardiac Septal patches, intra aortic balloons, percutaneous 
cardiac assist devices, extra-corporeal circuits, A-V fistual, 
dialysis components (tubing, filters, membranes, etc.), aph 
oresis units, membrane oxygenator, cardiac by-pass compo 
nents (tubing, filters, etc.), pericardial Sacs, contact lens, 
cochlear ear implants, Sutures, Sewing rings, cannulas, con 
traceptives, Syringes, O-rings, bladders, penile implants, 
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drug delivery Systems, drainage tubes, pacemaker lead insu 
lators, heart Valves, blood bags, coatings for implantable 
wires, catheters, vascular Stents, angioplasty balloons and 
devices, bandages, heart massage cups, tracheal tubes, mam 
mary implant coatings, artificial ducts, craniofacial and 
maxillofacial reconstruction applications, ligaments, fallo 
pian tubes, biosensors and bio-diagnostic Substrates. 
0199 Non-biomedical articles fabricated by hereinbefore 
method 1) include, for example, extruded health care prod 
ucts, bio-reactor catalysis beds or affinity chromatography 
column packings, or a biosensor and bio-diagnostic Sub 
StrateS. 

0200) Non-medical applications that are exemplified by 
method 2) include fibre membranes for water purification. 
0201 Non-medical applications of the type exemplified 
by method 3) include varnishes with biological function for 
aseptic Surfaces. 
0202 Although this disclosure has described and illus 
trated certain preferred embodiments of the invention, it is 
to be understood that the invention is not restricted to those 
particular embodiments. Rather, the invention includes all 
embodiments which are functional or mechanical equiva 
lence of the Specific embodiments and features that have 
been described and illustrated. 

1. A pharmaceutically-active polymeric compound of the 
general formula (I), 

Y-Y-LINK B-X-LINK B (I) 
wherein (i) X is a coupled biological coupling agent of the 

general formula (II) 
Bio-LINKA-Bio (II) 

wherein Bio is a biologically active agent fragment or 
precursor thereof linked to LINKA through a hydrolys 
able covalent bond; and LINK A is a coupled central 
flexible linear first segment of <2000 theoretical 
molecular weight linked to each of Said Bio fragments, 

(ii) Y is LINK B-OLIGO; wherein 
(a) LINK B is a coupled Second segment linking one 
OLIGO to another OLIGO and an OLIGO to X or 
precursor thereof, and 

(b) OLIGO is a short length of polymer segment having 
a molecular weight of less than 5,000 and comprising 
less than 100 monomeric repeating units, 

(iii) m is 1-40; and 
(iv) n is selected from 2-50. 
2. A compound as defined in claim 1 wherein LINK A is 

linked to Bio by carboxylic ester, amide or sulfonamide 
linkS. 

3. A compound as defined in claim 1 wherein LINK A 
contains within itself polyalkyl, polyethylene oxide, poly 
alkylene oxide, polyamides, polyester, polyvinyl, polycar 
bonate, polyanhydrides or polysiloxanes. 

4. A compound as defined in claim 1 wherein LINK Ahas 
a molecular weight selected from 60-700 

5. A compound as defined in claim 1 wherein Y has a 
theoretical molecular weight of less than 15,000, 

6. A compound as defined in claim 5 wherein Y has a 
molecular weight of <10,000. 
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7. A compound as defined in claim 6 wherein Y has a 
molecular weight of <5,000. 

8. A compound as defined in claim 1 wherein LINKB has 
a molecular weight selected from 60-2000. 

9. A compound as defined in claim 8 wherein LINKB has 
a molecular weight selected from 60-700. 

10. A compound as defined in claim 1 wherein LINKB is 
linked to other Segments via urethanes, esters, ureas, Sul 
fonamides, carbonates, anhydrides or amides. 

11. A compound as defined in claim 1 having at least two 
Bio fragments or precursors thereof of different biological 
activities. 

12. A compound as defined in claim 1 wherein Said Bio 
has a molecular weight of <4000. 

13. A compound as defined in claim 12 wherein said Bio 
has a molecular weight of <2000. 

14. A compound as defined in claim 1 wherein said Bio is 
a biologically-active entity Selected from an anti-coagulant, 
an anti-inflammatory agent, an anti-proliferative agent, an 
antimicrobial agent, an anti-thrombic agent and a hydrolys 
able precursor fragment thereof. 

15. A compound as defined in claim 1 having at least two 
of said Bio entities and/or said hydrolysable precursor 
fragment thereof. 

16. A compound as defined in claim 14 wherein said Bio 
is an antimicrobial agent or hydrolysable precursor fragment 
thereof. 

17. A compound defined in claim 16 wherein said anti 
microbial agent is Selected from Cipofloxacin and Norfloxa 
C. 

18. A compound as defined in claim 14 wherein said 
anti-flammatory agent is Selected from Amfenac, Ace 
clofenac, Oxaceprol and EnoXolone. 

19. A compound as defined in claim 14 wherein said 
anti-thrombic agent is selected from Bromofenac, Tirofiban 
and Lotrafiban. 

20. A compound as defined in claim 14 wherein said 
anti-proliferation agent is Selected from Acivicin and Alk 
CC. 

21. A biological coupling agent of the general formula 
(III) 

PBio-LINKA-PBio (III) 

wherein PBio is a biologically active agent fragment or 
precursor thereof linked to LINKA through a hydrolys 
able covalent bond and having at least one functional 
group to permit Step growth polymerization; and LINK 
A is a coupled central flexible linear first Segment of 
<2000 theoretical molecular weight linked to each of 
said PBio fragments. 

22. A coupling agent as defined in claim 21 wherein LINK 
A is linked to Bio by carboxylic ester, amide or sulfonamide 
linkS. 

23. A coupling agent as defined in claim 21 wherein LINK 
A has a molecular weight selected from 60-700. 

24. A coupling agent as defined in claim 21 wherein Said 
Bio is a biologically-active entity Selected from an anti 
coagulant, an anti-inflammatory agent, an anti-proliferative 
agent, an antimicrobial agent, an anti-thrombic agent and a 
hydrolysable precursor fragment thereof. 

25. A coupling agent as defined in claim 24 wherein Said 
anti-microbial agent is Selected from Cipofloxacin and Nor 
floxacin. 
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26. A coupling agent as defined in claim 24 wherein Said 
antiflammatory agent is Selected from Amfenac, Ace 
clofenac, Oxacepro and EnoXolone. 

27. A coupling as defined in claim 24 wherein Said 
anti-thrombic agent is Selected from Oxaceprol, Bro 
mofenac, Tirofiban and Lotrafiban. 

28. A coupling agent as defined in claim 24 wherein Said 
anti-proliferation agent is Selected from Acivicin and Alk 
CC. 

29. A pharmaceutically-active polymeric composition 
comprising a pharmaceutically-active polymeric compound 
as defined in claim 1 in admixture with a compatible base 
polymer. 

30. A composition as defined in claim 29 wherein said 
base polymer is Selected from the group consisting of 
polyurethanes, polysulfones, polycarbonates, polyesters, 
polyethylene, polypropylene, polystyrene, polysilicone, 
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poly(acrylonitrile-butadienestyrene), polybutadiene, poly 
isoprene, polymethylmethacrylate, polyamine, polyvinylac 
etate, polyacrylonitrile, polyvinyl chloride, polyethylene, 
terephthalate, cellulose and other poly Sacharides. 

31. A composition as defined in claim 29 wherein said 
base polymer is a Segmented polyurethane, a polyester, a 
polycarbonate, polysaccharide or polyamide or polysilicone. 

32. A composition as defined in claim 29 in the form of 
a shaped article. 

33. A shaped article as defined in claim 32 in the form of 
an implantable medical device, Self-Supporting film, or fiber. 

34. A compound as defined in claim 1 in the form of a 
shaped article. 

35. A shaped article as defined in claim 34 in the form of 
an implantable medical device, Self-Supporting film or fiber. 

k k k k k 


