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PROCESS FOR PREPARING BIOLOGICALLY COMPATIBLE

POLYMERS AND THEIR USE IN MEDICAL DEVICES

BACKGROUND OF THE INVENTION

Synthetic polymeric biomedical materials are widely used in
medicine and surgery for many applications, including implantation devices, such
as heart valves, vascular grafts, tendons, reinforcing meshes, esophageal prostheses,
ureter and gastrointestinal segments, drug-delivery implants, and the like, as well
as for complex devices that simulate physiological processes, such as artificial
kidney/blood dialysis, artificial lung/blood oxygenation, artificial hearts, artificial
pancreas systems, and the like. In many of these applications, the synthetic
polymeric materials are in direct contact with blood. Therefore, there has been
considerable activity in developing methods for making these materials
hemocompatible and preventing or reducing the risk of foreign surface-induced
thrombosis.

One approach to solving this problem has been to chemically modify
the polymer with one or more compounds that inhibit the blood clotting process.
Polymers modified with pyrolytic carbon, hydrophilic monomers and other surface
active compounds have been used to inhibit the initial stages of thrombus
formation, i.e. adsorption of plasma proteins, including the coagulation proteins,
to the polymer surface, followed by activation of contact factors, platelet
(thrombocyte) adhesion, aggregation and activation. Modification of polymers
with fibrinolytic enzymes, such as urokinase, fibrinolysin (plasmin) and
streptokinase has also been reported to inhibit clot (thrombus) formation at the later
stages of the coagulation process, i.e. a cascading system in which inactive
precursor proteins are activated by the active form of the preceding protein in the
cascade, culminating in the formation of a fibrin clot by the thrombin-mediated

aggregation of fibrinogen molecules. However, fibrinolytic enzymes are useful for
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only a short-term increase in hemocompatibility because, when introduced into a
living organism, they quickly lose activity due to the action of inhibitors and other
denaturing agents in the blood. The natural anticoagulant, heparin has been widely
studied as polymer surface modifier for longer term hemocompatibility, because
of its physiological stability and high anticoagulant activity, although the presence
of heparin on a polymer surface has been reported to increase the adherence of
platelets. The mechanism of the anti-coagulant activity of heparin is not well
understood.

Several approaches have been used for attaching heparin and other
biologically active compounds to polymer surfaces to enhance their
hemocompatibility. One method employs modification of a surface, such as an
artificial blood vessel, with a polymeric gel incorporating an active compound. For
example, heparin can be mechanically incorporated into the structure of a polyvinyl
alcohol gel, followed by cross-linking of the heparin molecules using a mixture of
glutaraldehyde and formaldehyde. However, the biological activity of the heparin
is significantly decreased due to self-crosslinking, with resulting inaccessibility of
active sites to blood stream sub§trates. Ionic immobilization of heparin on
polymeric materials, such as by complexing with a quaternary ammonium
compound, e.g. tridodecylmethylammonium chloride or benzalkonium chloride, has
also been reported. However, the relative weakness of ionic bonds results in
leaching of heparin into the blood stream over a period of time, with subsequent
loss of activity at the implant surface. Covalent bonding of heparin to polymeric
gels and polymer surfaces has also been reported. For example, poly(oxyethyl
acrylate) or agarose gels may be activated with cyanogen bromide, followed by
reaction of the activated gel with heparin. However, not only is cyanogen bromide
toxic, but the activity of the heparin is decreased and only a small amount of
heparin is bindable by this method. Other methods of covalently binding heparin
to polymer surfaces include the forming of heparin derivatives, such as the acid
hydrazide of heparin, silylated heparin, ethyleneimine-heparin, carbodiimide-
heparin, a cyanuric chloride heparin adduct, and the like, prior to reaction with the
polymer surface. However, again, the activity of the heparin is greatly decreased.

Other reported methods employ radiation-induced  graft

copolymerization of polymeric materials with biologically active compounds. For
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example, an unsaturated derivative of the fibrinolytic enzyme, plasmin, was bound
to a polymer in this manner. However, at the gamma radiation dose employed, the
enzymatic activity of the plasmin was markedly decreased. A similar reduction in
enzymatic activity was reported in a method of radiation-induced graft
copolymerization with the acid chloride of acrylic or methacrylic acid, followed
by treatment of the graft copolymer with an aqueous solution of a serine protease.
Heparin, graft copolymerized in this manner, produced a high degree of
thrombocyte adhesion when in contact with the blood stream.

In view of the foregoing, there is still a need for biologically
compatible, polymers for use as medical devices. In particular, there is a need for
polymeric materials that are chemically modified with one or more compounds that
inhibit the blood clotting process or compounds that perform other pharmacologic
functions. More particularly there is a need for polymeric materials that are
chemically modified with biologically active compounds that retain a high level of
activity when incorporated into the polymeric material and that exhibit the activity

over a long term period of weeks, months or years.

SUMMARY OF THE INVENTION

This invention relates generally to modifications of polymers by
covalently bonding one or more biologically active materials, especially
pharmacologic materials, onto the polymer backbone to form a biologically
compatible polymer. The invention also relates to forming biologically compatible
copolymers of monomers and functionalized biologically active compounds. Such
biologically active materials having been bonded to a polymer, retain biological
activity for an extended period of time by virtue of the stability of the covalent
bonding of the material(s) and the polymer.

More specifically, the various embodiments of this invention are
directed to the preparation of either hydrophilic or hydrophobic polymer
compositions that are hemocompatible. Such biologically active polymer
compositions may be prepared from hydrophilic polymers, such as crosslinked
hydrogel polymers, or from hydrophobic polymers. The biologically active
materials, such as pharmacologic compounds which impart certain desired

physiological properties to the polymer, may be incorporated by first
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functionalizing such pharmacologic compounds with a polymerizable group and
then copolymerizing such functionalized compounds with monomer(s) that form
hydrophilic polymers, or by grafting such functionalized compounds onto a
preformed polymer. Such polymers containing pharmacologic ingredients may be
used for various applications where the materials come in contact with blood,
especially in medical devices of various types.

It is possible and often preferable that another pharmaceutical
material, such as an antibiotic or a protease inhibitor, or the like, may be physically
incorporated into the hydrophilic polymers that have been modified with one or
more pharmacologic compound(s).  Such physical incorporation may be
accomplished by any known method. Retention of the compound can be
controlled by known means, such as the degree of chemical crosslinking of the
modified polymers into which another pharmaceutical is being physically
incorporated.

Hydrophobic polymers generally are not hemocompatible per se.
However, such polymers may be made hemocompatible and pharmacologically
active by first activating the polymers, such as by irradiation, and thereafter
grafting functionalized biologically active and hemocompatible material(s) onto the
polymer.

The resulting hemocompatible polymer compositions may contain
pharmacologic compounds throughout the hydrogel polymer network, especially
if the functionalized pharmacologic compounds have been copolymerized with at
least one monomer forming a hydrophilic polymer hydrogel. On the other hand,
when the pharmacologic compound(s) are grafted onto a polymer, one can select
conditions under which the grafting occurs throughout the polymer or only the
surface of the polymer The resulting polymer compositions thus contain
pharmacologic compounds throughout or only on the surface of the polymer. The
desired pharmacologic properties will retain its/their activity over an extended
period of time, such as several weeks, preferably at least six months, and often
several years. Such resulting biologically active polymer compositions may be
employed in the manufacture of prostheses for medical applications such as
artificial blood vessels, body implants, catheters, and even bone replacements and

the like.
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DETAILED DESCRIPTION OF THE INVENTION

One embodiment of this invention is directed to chemically
(covalently) bonding one or more biologically active materials, especially a
pharmacologic material other than heparin, to a hydrophilic polymer gel or a
hydrophobic polymer such that the physiologic properties of said active materials
are retained. This may be accomplish by first functionalizing the biologically
active material by reacting at least one such material with a polymerizable group,
most practically an acyl chloride, and thereafter either copolymerizing the
functionalized material with a monomer or a mixture of monomers in the presence
of a free radical polymerization initiator to form a hydrophilic polymer, or grafting
such a functionalized materials onto a hydrophilic polymer gel or onto a
hydrophobic polymer.

Another embodiment of the invention is the above described composition
also containing chemically (covalently) bonded heparin. That is, a composition
containing covalently bonded one or morep harmacologic materials (other than
heparin) and additionally covalently bonded heparin.

Still another embodiment of the invention is directed to a method of
preparing biologically active polymer compositions which retain their activity over
a prolonged time period, said method comprising

(a)  functionalizing one or more pharmacologic materials other

than heparin by reacting said materials with an acyl halide;

(b)  copolymerizing said functionalized materials with at least

one monomer to form a hydrophilic polymer or grafting said
functionalized materials onto a preformed hydrophilic or
hydrophobic polymer to form a modified polymer; and
optionally

(c) physically incorporating one or more pharmaceutical

materials into the modified polymer.

Another embodiment of this invention is the above described method
of preparing biologically active polymer compositions which retain their
pharmacologic activities over a prolonged time period but modified to also

incorporate heparin, said method comprising
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(a) functionalizing one or more pharmacologic materials other
than heparin and also functionalizing heparin by reacting said
pharmacologic materials (including heparin) with an acyl halide;

(b)  copolymerizing said functinalized materials with at least one
monomer to form a hydrophilic polymer or grafting said funcitonalized
materials onto a preformed hydrophilic or hydrophobic polymer to form a
modified polymer; and optionally

() physically incorporating one or mroe pharmaceutical materials
into the modified polymer.

Examples of biologically active materials that may be incorporated

(either by chemical bonding or by physical incorporation) into a polymer to form
a modified polymer include, but are not limited to heparin, hirudin, prostacyclenes
and analogs thereof, antithrombogenic agents, steroids, ibuprofen, antimicrobials,
antibiotics, tissue plasma activators, rifamycin, monoclonal antibodies, snake
venom protein by-products, antifibrosis agents, cyclosporine, and mixtures of these
bioactive substances for simultaneous multiple treatments. For certain medical
devices comprising the modified polymer, it may be preferable to select a
biologically active material that confers a desired property of lubricity on the
modified polymeric material. Such compounds are known to those skilled in the
art.

Generally, if it is desired that a pharmacologic effect of a particular
material be retained for a long period of time (often indefinitely), such
pharmacologic material would be chemically bound to the base polymer or
copolymerized with other monomers. If it is desired that a pharmacologic material
leach out of the polymer over a limited period of time, it would be preferable to
incorporate it physically with a polymer that already contains one or more
physiologic materials already bound to the polymer. An illustrative example of
this combination is chemically bonding heparin to a polymer and then physically
incorporating into that composition an antibiotic.

Exemplary biologically active materials, especially pharmacologic
materials, that may be bonded (by the methods described herein) to hydrophilic or
hydrophobic polymers are heparin, a natural blood anti-coagulant; L-lysine;

adenine; salicylic acid or other such materials, such as a proteolytic enzyme, an
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antibiotic, an inhibitor of a proteolytic enzyme, or any combination of said
biologically active materials. If, in addition to the pharmacologic effect obtained
from the above listed pharmacologic materials blood anti-coagulant is also
desirable, heparin may also be incorporated into polymer compositions by first
functionalizing heparin as described above and then covalently bonding it to a
polymer either by copolymerizing or grafting also as described earlier, or by
physically incorporating heparin into themodified polymer composition. The
polymers modified with such pharmacologic active materials are hemocompatible
and may be used in a variety of medical applications such as prostheses where the
product made from the resulting composition comes in contact with blood.
Additionally, the modified hydrophilic polymers may also contain physically
incorporated additional pharmaceutical materials which will gradually leach out of
the modified polymer composition when in contact with a bodily fluid such as
blood.

A practical and convenient method is to dissolve one or more
pharmaceutical materials in water and then immerse in this solution a hydrogel
polymer that had been previously modified with a biologically active material.
Depending on the amount of the pharmaceutical material that one wishes to
physically incorporate, the modified polymer may be immersed in the
pharmaceutical solution after drying or in a partially hydrated state and may remain
in the solution from a few seconds to over a day or even more, but more usually
from a few minutes to a few hours. Thereafter the polymer composition is further
processed depending on the desired use. It may be first dried or formulated in its
hydrated state to prepare a coating. Such methods are known to those skilled in

the art.

One class of polymers useful in this invention are desirably water
interactive and/or hydrophilic in nature and are of a molecular weight or structure,
or have been modified, such that they absorb significant quantities of water and
may form hydrogels when placed in contact with water or aqueous media for a
period of time sufficient to reach equilibrium with water, but which do not fully
dissolve at equilibrium in water. For the purpose of specificity, a hydrogel is

defined as a polymer matrix which, when placed in contact with an excess of
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water, absorbs at least two times its weight of water at equilibrium when exposed
to water at room temperature.

Such polymers should preferably be stable themselves and form
stable hydrogels in a range of pH conditions ranging from pH 1 to pH 10 and most
preferably be stable under pH conditions ranging from at least 3 to 9 without
additional protective coatings. However, the particularly desirable stability
properties must be tailored to the site of required application, and there may be
specific times at which higher or lower stabilities to a particular pH and chemical
or biological environment will be most desirable. Thus, there may be situations
where susceptibility to degradation at a selected pH or in the presence of a specific
enzyme or other degrading agent may be useful in achieving a desired effect.
Therefore, the polymers used in this invention must be stable under conditions
varying from those exposed to blood in various parts in the body to topical
applications for which the therapeutic or bioactive material is intended.

The polymers of the invention may preferably include polymers from
the group of homo- and copolymers based on various combinations of the
following vinyl monomers: acrylic and methacrylic acids, acrylamide,
methacrylamide, hydroxyethylacrylate or methacrylate, vinylpyrrolidones, as well
as polyvinylalcohol as made by polymerizing vinylacetate and its co- and
terpolymers, polyvinylacetate, its co- and terpolymers with the above listed
monomers, 2-acrylamido-2-methyl-propanesulfonic acid (AMPS®) and sulfonated
styrene.  Very useful are copolymers of the above listed monomers with
copolymerizable functional monomers such as acryl or methacryl amide acrylate
or methacrylate esters where the ester or amide groups are derived from straight
or branched chain alkyl having 1 to 24 carbons, aryl having up to four aromatic
rings which may contain alkyl substituents of 1 to 6 carbons; steroidal, sulfates,
phosphates or cationic monomers such as N,N-
dimethylaminoalkyl(meth)acrylamide, dimethylaminoalkyl(meth)acrylate,
(meth)acryloxyalkyltrimethyl-ammonium chloride,
(meth)acryloxyalkyldimethylbenzyl ammonium chloride, copolymers of vinyl
ethers and maleic anhydrides.

A very useful class of polymers applicable in this invention are the

carboxylic monomers such as the olefinically-unsaturated carboxylic acids
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containing at least one activated carbon-to-carbon olefinic double bond, and at least
one carboxyl group; that is, an acid or another functional group which readily
converts to an acid containing an olefinic double bond which readily polymerizes
because of its presence in the monomer molecule, either in the alpha-beta position
with respect to a carboxyl group, -C=C-COOH; or as part of a terminal methylene
grouping, CH,=C<. Olefinically-unsaturated acids of this class include such
materials as the acrylic acids typified by the acrylic acid itself, alpha-cyano acrylic
acid, beta methylacrylic acid (crotonic acid), alpha-phenyl acrylic acid, beta-
acryloxy propionic acid, cinnamic acid, p-chloro cinnamic acid, 1-carboxy-4-pheny!
butadiene-1,3, itaconic acid, citraconic acid, mesaconic acid, glutaconic acid,
aconitic acid, maleic acid, fumaric acid, and tricarboxy ethylene. As used herein,
the term "carboxylic acid" includes the polycarboxylic acids and those acid
anhydrides, such as maleic anhydride, wherein the anhydride group is formed by
the elimination of one molecule of water from two carboxyl groups located on the
same carboxylic acid molecule. Maleic anhydride and other acid anhydrides useful
herein have the general structure

R-ﬁ-C <)

R'-C-C "//O

~o0

wherein R and R’ are selected from the group consisting of hydrogen, halogen and
cvanogen (-C=N) groups and alkyl, aryl, alkaryl, aralkyl, and cycloalkyl groups
such as methyl, ethyl, propyl, octyl, decyl, phenyl, tolyl, xylyl, benzyl, cyclohexyl,
and the like.

The preferred carboxylic monomers are the monoolefinic acrylic

acids having the general structure
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R2

CH,=C-COOH

wherein R? is a substituent selected from the class consisting of hydrogen, halogen,
and the cyanogen (-C=N) groups, monovalent alkyl radicals, monovalent aryl
radicals, monovalent aralkyl radicals, monovalent alkaryl radicals and monovalent
cycloaliphatic radicals. Of this class, acrylic and methacrylic acid are most
preferred. Other useful carboxylic monomers are maleic acid and its anhydride.

The polymers include both homopolymers of carboxylic acids or
anhydrides thereof, or the defined carboxylic acids copolymerized with one or
more other vinylidene monomers containing at least one terminal >CH, group.
The other vinylidene monomers are present in an amount of less than 30 weight
percent based upon the weight of the carboxylic acid or anhydride plus the
vinylidene monomer(s). Such monomers include, for example, acrylate ester
monomers including those acrylic acid ester monomers such as derivatives of an

acrylic acid represented by the formula
R’0
CH2=L-C-O-R3

wherein R? is an alkyl group having from 1 to 30 carbon atoms, preferably 1 to 20
carbon atoms and R? is hydrogen, methyl or ethyl, present in the copolymer in
amount, for example, from about 1 to 40 weight percent or more. Representative
acrylates include methyl acrylate, ethyl acrylate, propyl acrylate, isopropyl
acrylate, butyl acrylate, isobutyl acrylate, methyl methacrylate, methyl ethacrylate,
ethyl methacrylate, octyl acrylate, heptyl acrylate, octyl methacrylate, isopropyl
methacrylate, 2-ethylhexyl methacrylate, nonyl acrylate, hexyl acrylate, n-hexyl
methacrylate, and the like. Higher alkyl acrylic esters are decyl acrylate, isodecyl
methacrylate, lauryl acrylate, stearyl acrylate, behenyl acrylate and melissyl
acrylate and methacrylate versions thereof. Mixtures of two or three or more long
chain acrylic esters may be successfully polymerized with one of the carboxylic
monomers. Other comonomers include olefins, including alpha olefins, vinyl

ethers, vinyl esters, and mixtures thereof.
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Other vinylidene monomers may also be used, including the acrylic
nitriles. The useful o,B-olefinically unsaturated nitriles are preferably the
monoolefinically unsaturated nitriles having from 3 to 10 carbon atoms such as
acrylonitrile, methacrylonitrile, and the like. Most preferred are acrylonitrile and
methacrylonitrile. The amounts used may vary, but for some polymers are, for
example from about 1 to 30 weight percent of the total monomers copolymerized.
Acrylic amides containing from 3 to 35 carbon atoms including monoolefinically
unsaturated amides also may be used. Representative amides include acrylamide,
methacrylamide, N-t-butyl acrylamide, N-cyclohexyl acrylamide, higher alkyl
amides, where the alkyl group on the nitrogen contains from 8 to 32 carbon atoms,
acrylic amides including N-alkylol amides of alpha,beta-olefinically unsaturated
carboxylic acids including those having from 4 to 10 carbon atoms such as N-
methylol acrylamide, N-propanol acrylamide, N-methylol methacrylamide, N-
methylol maleimide, N-methylol maleamic acid esters, N-methylol-p-vinyl
benzamide, and the like. Monomers of poly(ethyleneglycol) monomethacrylate of
various molecular weights of 50 to 2,000 and monomers of poly(propyleneglycol)
monomethacrylate of various molecular weights of 50 to 2,000 may also be used.

Still further useful materials are alpha-olefins containing from 2 to
18 carbon atoms, more preferably from 2 to 8 carbon atoms; dienes containing
from 4 to 10 carbon atoms; vinyl esters and allyl esters such as vinyl acetate; vinyl
aromatics such as styrene, methyl styrene and chloro-styrene; vinyl and allyl ethers
and ketones such as vinyl methyl ether and methyl vinyl ketone; chloroacrylates;
cyanoalkyl acrylates such as a-cyanomethyl acrylate, and the a-, B-, and y-
cyanopropyl acrylates; alkoxyacrylates such as methoxy ethyl acrylate;
haloacrylates as chloroethyl acrylate; vinyl halides and vinyl chloride, vinylidene
chloride and the like; divinyls, diacrylates and other polyfunctional monomers such
as divinyl ether, diethylene glycol diacrylate, ethylene glycol dimethacrylate,
methylene-bis-acrylamide, allylpentaerythritol, and the like; and bis (B-haloalkyl)
alkenyl phosphonates such as bis(B-chloroethyl) vinyl phosphonate and the like as
are known to those skilled in the art. Copolymers wherein the carboxy containing
monomer is a minor constituent, and the other vinylidene monomers present as
major components are readily prepared in accordance with the process of this

invention.
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Most preferably the hydrogels of the invention should be composed
of synthetic copolymers from the group of acrylic and methacrylic acids,
acrylamide, methacrylamide, hydroxyethylacrylate (HEA) or methacrylate
(HEMA), and vinylpyrrolidones, vinylacetates, vinylethers and anhydrides, which
are water interactive and swellable. Especially preferred polymers are those that
have good bioadhesion properties, such as polymers prepared from unsaturated
carboxylic acid monomers or ester polymers containing other acidic functionalities,
such s AMPS® or sulfonated styrene polymers. Specific illustrative examples of
useful polymers are the following types:

(meth)acrylamide and 0.1 to 99 wt % (meth)acrylic acid;
(meth)acrylamides and 0.1 to 75 wt % (meth)acryloxyethyl
trimethyammonium chloride;

(meth)acrylamide and 0.1 to 75 wt % (meth)acrylamide;

acrylic acid and 0.1 to 75 wt % alkyl(meth)acrylates;
(meth)acrylamide and 0.1 to 75 wt % AMPS® (trademark of
Lubrizol Corp.);

(meth)acrylamide and 0 to 30 wt % alkyl(meth)acrylamides and 0.1
to 75 wt % AMPS®;

(meth)acrylamide and 0.1 to 99 wt % HEMA,;

(meth)acrylamide and 0.1 to 75 wt % HEMA and 0.1 to 99 wt %
(meth)acrylic acid; _

(meth)acrylic acid and 0.1 to 99 wt % HEMA;

50 mole % vinyl ether and 50 mole % maleic anhydride;
(meth)acrylamide and 0.1 to 75 wt % (meth)acryloxyalky dimethyl
benzylammonium chloride;

(meth)acrylamide and 0.1 to 99 wt % vinyl pyrrolidone;
(meth)acrylamide and 50 wt % vinyl pyrrolidone and 0.1 to 99.9 wt
% (meth)acrylic acid;

(meth)acrylic acid and 0.1 to 75 wt % AMPS® and 0.1 to 75 wt %
alkyl(meth)acrylamide.

In the above examples, alkyl means C, to C,,, preferably C, to C,,, linear and
branched and C, to C,4 cyclic; where (meth) is used, it means that the monomers

with and without the methyl group are included.

Representative polymers and the combinations of monomers
possessing hydrophilic properties necessary to make synthetic hydrogel polymers
are known to those skilled in the art. Some representative examples are disclosed
in Scott et al., Handbook of Common Polymers, CRC Press, Cleveland, Ohio
(1989, 3rd Ed.).
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Synthetic hydrogel polymers may be made by an infinite
combination of several monomers in several ratios. In this instance the properties
of the final hydrogel composition of this invention is the key parameter. The
hydrogel can be crosslinked and it possesses the ability to imbibe and absorb fluid
and swell or expand to an enlarged equilibrium state. The hydrogel is a polymeric
composition and it swells or expands absorbing at least 2 to 1000 fold its weight
of water. The preferred level of water absorption for such hydrogels is 2 to 500
fold its weight of water, whereas the most preferred range of water absorption is
3 to 100 times the weight of the dry polymer. Generally the optimum degree of
swellability for a given hydrogel must be separately determined depending on the
desired physical property of the final material and on the type of a pharmaceutical
that one desires to physically incorporate into the composition. This will depend
on the molecular weight, size, solubility and diffusivity of each entrapped
therapeutic and the specific spacing and cooperative chain motion associated with
each individual polymer.

The hydrophilic polymers useful in this invention are water insoluble
but water swellable. It is convenient to refer to such water swollen polymers as
hydrogels or gels. Such gels may be conveniently produced from water soluble
polymer by the process of crosslinking the polymers by a suitable crosslinking
agent. However, stable hydrogels may also be formed from specific polymers
under defined conditions of pH, temperature and/or ionic concentration. It is
required for this invention that a hydrogel stable under physiologically useful
conditions be formed, regardless of the means by which its stability is achieved.
Preferably the polymers are crosslinked, that is, crosslinked to the extent that the
polymers possess good hydrophilic properties, have improved physical integrity (as
compared to the non crosslinked polymers of the same or similar type) and exhibit
improved ability to retain within the gel network both the enzyme inhibitor and the
therapeutic material or materials, while retaining the ability to release the
therapeutic material at the appropriate location and time.

Generally the hydrogel polymers should be crosslinked with a
difunctional crosslinking in the amount of from 0.01 to 25 weight percent, based
on the weight of the monomers forming the copolymer, and more preferably from

0.1 to 20 weight percent and more often from 0.1 to 15 weight percent of the
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crosslinking agent. Another useful amount of a crosslinking agent is 0.1 to 10
weight percent. Tri, tetra or higher multifunctional crosslinking agents may also
be employed. When such reagents are utilized, lower amounts may be required
to attain equivalent crosslinking density.

The crosslinks can be covalent, ionic or hydrogen bonds with the
polymer possessing the ability to swell in the presence of water containing fluids.
Such crosslinkers and crosslinking reactions are known to those skilled in the art
and in many cases are dependent upon the polymer system. Thus a crosslinked
network may be formed by free radical copolymerization of unsaturated monomers.
Polymeric hydrogels may also be formed by crosslinking preformed polymers by
reacting functional groups found on the polymers such as alcohols, acids, amines
with such groups as glyoxal, formaldehyde or glutaraldehyde, bis anhydrides and
the like.

The polymers also may be crosslinked with any polyene, e.g.
decadiene or trivinyl cyclohexane; acrylamides, such as N,N-methylene-bis
(acrylamide); polyfunctional acrylates, such as trimethylol propane triacrylate; or
polyfunctional vinylidene monomer containing at least 2 terminal CH,< groups,
including, for example, divinyl benzene, divinyl naphthalene, allyl acrylates and
the like. Particularly useful crosslinking monomers for use in preparing the
copolymers are polyalkenyl polyethers having more than one alkenyl ether
grouping per molecule. The most useful possess alkenyl groups in which an
olefinic double bond is present attached to a terminal methylene grouping,
CH,=C<. They are made by the etherification of a polyhydric alcohol containing
at least 2 carbon atoms and at least 2 hydroxyl groups. Compounds of this class
may be produced by reacting an alkenyl halide, such as allyl chloride or allyl
bromide, with a strongly alkaline aqueous solution of one or more polyhydric
alcohols. The product may be a complex mixture of polyethers with varying
numbers of ether groups. Analysis reveals the average number of ether groupings
on each molecule. Efficiency of the polyether crosslinking agent increases with
the number of potentially polymerizable groups on the molecule. It is preferred
to utilize polyethers containing an average of two or more alkenyl ether groupings
per molecule. Other crosslinking monomers include for example, diallyl esters,

dimethallyl ethers, allyl or methallyl acrylates and acrylamides, tetravinyl silane,
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polyalkenyl methanes, diacrylates, and dimethacrylates, divinyl compounds such
as divinyl benzene, polyallyl phosphate, diallyloxy compounds and phosphite esters
and the like. Typical agents are allyl pentaerythritol, allyl sucrose,
trimethylolpropane triacrylate, 1,6-hexanediol diacrylate, trimethylolpropane diallyl
ether, pentaerythritol triacrylate, tetramethylene dimethacrylate, ethylene diacrylate,
ethylene dimethacrylate, triethylene glycol dimethacrylate, and the like. Allyl
pentaerythritol, trimethylolpropane diallylether and allyl sucrose provide excellent
polymers. When the crosslinking agent is present, the polymeric mixtures usually
contain up to about 5% or more by weight of crosslinking monomer based on the
total of carboxylic acid monomer, plus other monomers, if present, and more
preferably about 0.01 to 20 weight percent. A preferred crosslinking agent is
alkylene N,N-bis(acrylamide), especially where the alkylene group is methylene
or ethylene.

Gels may also be prepared from oligomeric hydrophilic polymer
precursors, such as functionalized polyethylene glycol (PEG), polypropylene glycol
(PPG) or copolymers of the two (block or random) where either one or both end
groups are functionalities that can be polymerized or otherwise incorporated into
a polymer. A mono-functionalized group may be incorporated into a polymer to
give a side chain of PEG or PPG. A difunctional (or higher) functionalized
oligomer can give a blocky construction to a polymer and act as a crosslinker.

Inclusion of PEG and PPG containing polymers (otherwise without
functional end groups) during the polymerization of other hydrophilic monomers,
such as acrylic acid, methacrylic acid and HEMA, will also create what are known
as interpolymers where hydrogen bonding and other types of interactions intimately
mix and bond the two separate polymers into a hydrophilic gel.

Crosslinking can be covalent, ionic or hydrogen bonding with the
polymer possessing the ability to gel in the presence of water containing fluids.

Crosslinking is used to define the mechanism of association of the
polymers in order to form a network that is not easily disrupted and may therefore
be viewed as a gel material. There are several mechanisms of forming a crosslink
between polymers that are known to those skilled in the art and in many cases are
dependent upon the polymer system. Thus the crosslinking in the described

systems may be chemical in nature or may be associative in nature. Examples of
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chemical crosslinking is when a covalent, or ionic bond is established between
polymer chains. Addition of multivalent ions into polymer solutions with ionizable
side groups will create crosslinking sites. A covalently crosslinked network may
be formed by polymerization of monomers with a multiplicity of reactive groups.
Covalent network gels may also be formed by crosslinking preformed polymers by
reacting functional groups found on the polymers such as alcohols, acids, amines
with multifunctional agents such as dialdehydes, multi-epoxides, dianhydrides,
multi-isocyanates and the like.

Associative types of crosslinking may be formed through
hydrophobic association, and van der Waals association of non-polar groups of a
polymer in polar solutions. Hydrogen bonding between polymer groups will also
form crosslinked network gels. Associative type crosslinking may be reversible
as seen in polymers which demonstrate a lower critical solution temperature
(LCST) or an upper critical solution temperature (UCST) where the solubility of
portions (or all) of the polymer change due to an external stimulus such as

temperature. Interpolymer networks may also display associative crosslinking

between groups that have high hydrogen bonding such as that displayed between

acid and alcohol or pyrrolidone side groups and the LCST, UCST. Associative
crosslinking may also be formed by crystalline association which will reduce the
solubility of part of (or all) of the polymer in solution.

Both associative and covalent crosslinking are known to those skilled
in the art and may be applied to create hydrogel networks which swell but do not
readily dissolve. Reversible associative crosslinking induced by an external stimuli
such as temperature, pH, solvent polarity or ionic strength is also considered within
the definition of crosslinking. One measure of the existing of crosslinking is the
increase of viscosity of the polymer dispersion over that of a non-crosslinked
system.

A feature of this embodiment is to prepare hydrogels which have
been modified with different biologically active materials. The differently
modified polymers could be used together, such as using one composition on the
inside of a medical device, such as a catheter, a drain tubing or other devices that
require certain pharmacologic properties and a different composition on the outside

of a device. Another feature of this embodiment is to prepare polymeric hydrogels
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that are tubular and that themselves constitute a medical device that can serve, for
example, as a drain for bodily fluids. Such a tubular polymeric hydrogel can be
modified on the outer surface with biologically active materials having certain
pharmacologic properties, and on the inner surface with biologically active
materials of a different composition. More specifically, in designing an improved
conduit for draining fluid from a body cavity, it may be necessary to control
different medical situations relative to the tissue which comes in contact with the
outside of the conduit and the fluid that is being drained through the inside of the
conduit. For example, such a conduit may be used for draining an exudate from
the abdominal cavity in the treatment of peritonitis. In such a situation, it may be
desirable to fight or prevent infection and/or to minimize bleeding in the tissues
coming in contact with the outside of the conduit. It may also be desirable to
improve the outflow of the exudate from the abdominal cavity and prevent closure
of such a drain by clogging due to thick masses of proteins, blood and other
substances that may be in the exudate. It may also be desirable to inhibit or kill
infectious organisms in the exudate. For these purposes, according to this
invention, it may be useful to modify the inside of polymeric hydrogel drain, or
a polymeric hydrogel coming in contact with the inside of a conduit, with heparin
and an antibiotic and possibly also a proteolytic enzyme. The outer side of the
conduit may have different requirements and therefore the hydrogel polymer may
have to be modified with different pharmacologic materials, such as an antibiotic
and/or an inhibitor of proteolytic enzymes.

When it is desirable to coat a surface (which may be a metal or a
polymer) any known technique may be employed, such as spray coating, dip
coating, roll coating, film (draw) coating and the like. If the surface of a device
is a polymer coating, it may be accomplished by first activating the surface (e.g.
by irradiation) and then grafting a modified (e.g. acylated) pharmacologic material
onto the polymer surface. If the pharmacologic material is already bonded to a
polymer, it can be coated onto any surface including a metal or a polymer. The
surface may need to be appropriately prepared to accept the polymer containing a
pharmacologic material. It is apparent to those skilled in the art that a hydrogel
formulation can be modified to improve its frictional properties.

Any combination of biologically active materials may be used to
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modify hydrogel polymers which have the same or different polymer compositions.
Then such differently modified hydrogel polymers may be used in different devices
or in different parts of a device or on different surfaces of a part or a device. In
practical terms, it may be necessary to make a device or a part from a material
such as a metal or a polymer that has hydrophobic property and then coating the
desired surfaces with the most appropriately modified polymeric hydrogel by a
technique that is well known in the art. The devices made from or coated with the
polymers of this invention containing at least one pharmacologic material are
particularly useful in mammals where a medical device coming in contact with
mammalian tissue must possess certain desirable pharmacologic properties.

The determination as to the use of specific modifiers and the
preferred amount used will be obvious to the medically trained and those skilled
in the art of manufacturing such devices. For example, it may be useful to
incorporate heparin as an anti-coagulant in a polymeric hydrogel and at least one
additional biologically ctive modifier. Heparin is a natural sulfated
glycosaminoglycan consisting largely of alternating O- or N-sulfated hexuronic
acid (D-glucuronic or L-iduronic) and D-glucosamine residues. A key feature of
heparin is its heterogeneity. The molecular weight of commercial (mucosal)
heparin ranges typically from 3,000 to 25,000 with an average of 15,000. It is
possible to prepare higher and lower molecular weight heparin which may display
different activity depending upon the fraction isolated. The heparin used in the
context of this invention may be any of the materials one can isolate by known
methods, and any fractions thereof. These fractions may display different
characteristics, such as antithrombin II affinity, anticoagulant action, thrombin
inactivation, anti-Xa activity and interaction with other parts of the coagulation
cascade. To prepare the modified biologically compatible polymeric hydrogels of
the invention, it may be useful to employ heparin in the amount of 0.005 wt % to
75 wt % based on the weight of the monomers initially used to form the polymer,
preferably 0.05 wt % to 50 wt % and, more preferably 0.1 wt % to 30 wt %.

It may be useful to incorporate (chemically or physically) an enzyme
in the biologically compatible polymeric hydrogels of the invention. Any natural
or synthetic enzyme may be used including, but not limited to, proteolytic

enzymes, such as trypsin, chymotrypsin, pepsin, papain, serine proteases,
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peptidases, such as carboxypeptidase A, carboxypeptidase B and leucine
aminopeptidase, elastase, esterases, subtilisin, lysozyme, urokinase, urease,
streptokinase, phosphatases, nucleases, and the like, and further including other
enzymes, such as lipases and glucosidases, and the like. For example, it may be
useful to employ trypsin in the amount of 0.005 wt % to 20 wt % based on the
weight of the monomers initially used to form the polymer, preferably 0.01 wt %
to 15 wt % and, more preferably 0.05 wt % to 12 wt %.

It may be useful to incorporate an inhibitor of a proteolytic enzyme
in the biologically compatible polymeric hydrogels of the invention. Natural and
synthetic inhibitors of proteolytic and other enzymes are known to those skilled in
the art. For example, inhibitors of the enzyme, trypsin, include a natural pancreatic
trypsin inhibitor, kallikrein, which also inhibits plasmin, chymotrypsin and various
other intracellular proteases. It may be useful employ the proteolytic enzyme
inhibitor in the amount of 0.005 wt % to 20 wt % based on the weight of the
monomers initially used to form the polymer, preferably 0.01 wt % to 15 wt %
and, more preferably 0.05 wt % to 12 wt %.

Antibiotics, known to those skilled in the medical arts and including
natural and synthetic antibiotics, such as those selected from aminoglycosides,
cephalosporins, macrolides, monobactams, penicillins, tetracyclines, and the like,
and combinations of these, may be incorporated into the biologically compatible
polymeric hydrogels of the invention. For example, it may be useful to employ
an antibiotic in the amount of 1 x 10® wt % to 1 wt % based on the weight of the
monomers initially used to form the polymer, preferably 1 x 10° wt % to 1 wt %
and, more preferably, 1 x 10* wt % to 1 wt %.

It may be useful to incorporate other compounds, such as derivatives
of basic amino acids and proteases, into the polymeric hydrogels of the invention.
For example, derivatives of the L forms of lysine, arginine, hydroxylysine or
histidine may be employed. The presence of the derivative, preferably a derivative
of L-lysine, in the polymer matrix favors the adsorption from plasma or blood, of
the proenzyme plasminogen which is the inactive precursor of plasmin. Plasmin
is an enzyme that is capable of lysis of fibrin clots as they form. The activation

of plasminogen to form plasmin is schematically illustrated, as follows:
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tissue enzymes
Plasminogen plasmin
(other factors)

plasmin
Fibrin clot soluble products

Plasminogen is transformed to plasmin by proteolysis, the cleavage of a
single arginyl-valyl bond, resulting in a two-chain molecule held together by a
single disulfide bond. Enzymes that are effective proteases in this process include,
but are not limited to, tissue-derived enzymes, such as urokinase and trypsin, and
bacterial enzymes, such as streptokinase.

The simultaneous presence of an adsorbent for plasminogen, such
as an L-lysine derivative, and a protease, such as trypsin, both covalently bound
to the polymeric gel matrix allows the continuous adsorbing and cleavage of the
proenzyme molecules and the lysis of forming clots such that the activity of the
hydrogel is self-renewing and continuous. The result is that the composition has
a long term effect of dissolving blood clots.

Thus, it may be useful to incorporate into the polymeric hydrogel
both a derivative of a basic amino acid and any protease that effects the
transformation of plasminogen to plasmin. For example, trypsin, in the amounts
indicated above, and L-lysine, in the amount of 0.5 wt % to 2.5 wt % of weight
of the monomers initially used to form the polymer, preferably 0.65 wt % to 2.3
wt % and, more preferably, 0.75 wt % to 2.0 wt %, may be incorporated into the
polymeric hydrogel.

The presence of an amino acid such as L-lysine or adenine favors
the sorption of profibrinolysin (an inactive precursor of fibrinolysin). When a
proteolytic enzyne inhibitor such as trypsin is also present (usually in the amount
of 0.1 to 1.5 and preferably 0.3 to 0.8 weight % of the polymer composition),
fibrinolysin is activated. If the trypsin is bound with an amino acid to the
backbone polymer, a long term activation system is obtained resulting in a long
term effect of dissolving clots.

It may also be useful to incorporate into the polymeric hydrogel,

compounds that inhibit the aggregation of platelets on the surface of the medical
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device. For example, derivatives of salicylic acid or adenine are known to perform
this function. A further description of compounds such as these, for use in the
biologically compatible polymers of the invention, is given below.

Another embodiment of the invention deals with the modification of
polymers that are not hemocompatible so that they become hemocompatible.
Generally, such polymers are modified with one or more biologically active
materiais by creating sites on the polymer and then introducing functionalized
biologically active material(s). Thus, one way of obtaining a hemocompatible
surface from non-hemocompatible polymers is, for example, to irradiate a polymer
such as polyethylene film and then to immerse the irradiated film in an aqueous
solution of a biologically active material (such as heparin, trypsin or another
enzyme, or an enzyme inhibitor, a platelet aggregation inhibitor, and the like)
which previously had been functionalized as described above (such as reacting the
material with an acryloyl chloride).

Another method of grafting a pharmacologic material to the surface
of a backbone polymer is to prepare the surface to react with a polymerizable
group such as an acryloyl, e.g. by irradiation) and thereafter grafting a
pharmacologic material by reacting said material with the acryl halide group bound
to the surface of the polymer substrate.

Polymers which may be modified according to this invention are
well known polymers that are obtained by addition or condensation polymerization.
Illustrative examples of the various classes of polymers are polymers from vinyl
monomers such as polyolefins which include polyethylene, polypropylene,
polybutene, ethylene-propylene and other olefin copolymers, copolymers of an
olefin and a diene; vinyl acetate homopolymers and copolymers with such
comonomers as butyl acrylate, 2-ethylhexyl acrylate, diethyl fumarate,
diethylmaleate and vinyl esters of fatty acids or polyvinyl alcohol; polyacrylates
which ere discussed in detail above and the like. Also, useful polymers are various
condensation polymers such as polyethers, polyesters, polyureas including urea-
formaldehyde polymers, polyamides which include a variety of nylons,
organosilicon rubbers and others, the above illustrated polymers and methods of
their preparation are well known in the art.

An important aspect of this invention is to enable one to design
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pharmacologic compositions which provide the desired long term activity. For
example, it may be useful to bond to a polymer a combination of one or more
physiologic materials such as trypsin and lysine or heparin and trypsin.

Generally speaking, the pharmacologic material is first
functionalized. That is, an appropriate reactive group is chemically added to the
material, most often an ethylenic polymerizable group, and the functionalized
material is then copolymerized with monomers and a crosslinking agent using a
standard polymerization method such as solution polymerization (usually in water),
emulsion, suspension or dispersion polymerization. More specifically, the
functionalization agent should have a high enough concentration of functional or
polymerizable groups to insure that several sites on the inhibitor are functionalized.
After functionalization, the functionalized physiologic material is mixed with the
monomers and a crosslinking agent which comprise the reagents from which the
polymer gel is formed. Polymerization is then induced in this medium to create
a polymeric gel containing the bound material. The gel is then washed with water
or other appropriate solvents and otherwise purified to remove trace unreacted
impurities and, if necessary, ground or broken up by physical means such as by
stirring, forcing it through a mesh, ultrasonification or other suitable means to the
preferred particle size. The solvent, usually water, is then removed in such a
manner as to not affect the pharmacologic material. A more detailed description
of the above described method is given below.

In functionalizing a pharmacologic material the object is to introduce
a functional group onto the surface of such material that can subsequently react in
polymerization or otherwise couple the material to a polymer such as the hydrogel.
As examples of introducing polymerizable groups one may react available amino,
hydroxyl carboxyl and thiol groups from the pharmacologic material, with
electrophiles containing unsaturated groups or by reacting a pharmacologic material
with an unsaturated compound containing an electraphilic group capable of
covalently reacting with hydroxyl, amino, carboxyl or thiol groups. For example,
unsaturated monomers containing  N-hydroxy succinimidyl groups, active
carbonates such as p-nitrophenyl carbonate, trichlorophenyl carbonates, tresylate,
oxycarbonylimidazoles, epoxide, isocyanates and aldehyde, and unsaturated

carboxymethyl azides and unsaturated orthopyridyl-disulfide belong to this
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category of reagents. Illustrative examples of unsaturated reagents are
allylglycidyl ether, allyl chloride, allylbromide, allyl iodide, acryloyl chloride, allyl
isocyanate, allylsulfonyl chloride, maleic anhydride, copolymers of maleic
anhydride and allyl ether and the like.

All of the amino reactive coupling agent, except aldehyde, can
generally react with other amino acids such as imidazole groups of histidine and
hydroxyl groups of tyrosine and the thiol groups of cystine of pharmacologic
materials if the local environment enhances nucleophilicity of these groups.
Aldehyde containing functionalizing reagents are specific to amines. These types
of coupling reactions with available groups from lysines, cystines, tyrosine have
been extensively documented in the literature and are known to those skilled in the
art.

Biologically active agents, such as those described above (e.g.
heparin, trypsin, salicylic acid, adenine, lysine) that are immobilized onto the
surface of a pre-formed plastic article or film, may be employed in an amount
expressed as the amount of the agent per the surface area (mg/cm?) of the article
to which the agent is bonded. For example, it may be useful to employ salicylic
acid, adenine, heparin, or trypsin in the amount of 1 x 10® mg/cm® to 1 mg/em’
of the article. Preferably, the amount is 1 x 10° mg/cm” and, more preferably, 1

x 10 mg/cm? to 1 mg/cm? of the article.

General Procedure for Functionalization of Pharmacologic Material

In a 20 ml reaction flask, 10 ml of a NaHCO, buffer solution at pH
8 is stirred. 0.0033 mmole of a pharmacologic material is added and dissolved
with agitation. Acryloyl chloride (0.125 mmol) is added to this solution at 4°C and

stirred until the reaction is complete.
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General Procedure for the Preparation of Polymer

To the solution obtained in the above functionalization procedure is
added the polymerizable monomer (1.4 mmol) and crosslinker (0.65 mmol). This
solution is placed under an inert atmosphere. To this solution 0.004 mmol of
(NH,),S,0, and 0.066 mmol of TMEDA (tetramethylethylenediamine) are added
to initiate polymerization. The reaction mixture is stirred to insure good mixing
but stopped just before the cloud point of polymerization. The resulting gel is
screened through a nylon mesh. The particles are washed with NaHCO; buffer
solution and then lyophilized until dry.

The following examples of the preparation of biologically compatible
polymers are presented to further illustrate various embodiments of the present
invention. These examples are not to be considered limiting, however, as other
biological agents, polymers, initiators, crosslinking agents, and the like, may be
used in the practice of the invention.

To test the hemocompatibility properties of the biologically
compatible polymers prepared according to the Examples, one or more of the

following tests were performed.

Tests For Determining Hemocompatibility of the Prepared Polymers

Thrombin Time: The thrombin time is the time required for formation of

a fibrin clot when 3 ml of a 0.3% aqueous solution of fibrinogen is mixed with 0.2
ml of an aqueous solution of thrombin in the presence of a gel containing 1 mg of

heparin or in a bicarbonate buffer solution containing 1 mg of heparin.

Blood Clotting Time: The blood clotting time is the time for 5 ml of
canine blood to clot in a glass tube at 37°C in the presence of 2 g of swollen
heparin-containing gel or in the presence of 2 g of swollen gel not containing

heparin.

Relative Blood Clotting Time (RCT): The relative blood clotting time was

the ratio of the clotting time (in a dust-free chamber) of a drop of canine blood on
the treated polymeric film to the clotting time of a drop of canine blood on a glass

surface.
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Measurement of Fibrinolytic Activity: The fibrinolytic activity is measured,

as follows. To absorb plasminogen, the swollen particles of trypsin- and lysine-
containing gel are incubated with plasma from canine blood for 5 hours. After
incubation at 37°C, during which adsorption and activation of plasminogen takes
place, 1 ml of gel is placed on the surface of a plate of stabilized fibrin with an
area of 3.8 cm’. The stabilized fibrin is obtained by reacting 30 ml of a 0.3%
aqueous solution of fibrinogen with 1.8 ml of a 0.4% aqueous solution of
thrombin.

The mixture of gel and stabilized fibrin is incubated at 37°C for
about 3 minutes, after which 4 ml of a 0.9% aqueous solution of sodium chloride
is added to the mixture. The gel and the remaining fibrin are removed by filtration
and the concentration of water-soluble products, as tyrosine, is determined at 279

nm in a UV-spectrometer, employing a previously obtained calibration curve.

Relative Index of Thrombocyte (Platelet) Adhesion (RITA): RITA is the

ratio of the number of platelets adhered by a unit surface of the treated polymer
and the number of platelets adhered by an equivalent unit of a glass surface. Glass
plates or treated polymeric film are incubated with canine blood plasma containing
*!Cr-labelled platelets for 10 minutes at 37°C and the radioactivity of the surfaces
are determined by standard methods. The number of platelets adhered by the unit

of glass surface is usually about 500 platelets per 10* cm”
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EXAMPLES

Example 1 illustrates the process of the invention for preparing
heparin-containing hemocompatible polymeric gels by copolymerization of heparin,
preliminarily acylated by an unsaturated acid chloride, with polymerizable
monomers or a mixture of monomers, such as acrylamide, N-vinylpyrrolidone, or
a mixture of these with methyl acrylate or methyl methacrylate, in the presence of
a radical polymerization initiator, such as riboflavin, asobisisobutyronitrile, a
mixture of ammonium persulfate and TMEDA, and the like. Copolymerization
was carried out at 0°C - 30°C. To increase the rigidity of the polymeric gel and
to reduce its volume in the swelled state, copolymerization was performed in the
presence of a crosslinking agent, e.g., N,N'-methylenebisacrylamide.  Other
crosslinking agents which can be used include, but are not limited to, diesters of
acrylic or methacrylic acids, acylated heparin containing two or more double
bonds, and the like. Acylation of heparin by acrylic or methacrylic acid chloride
was carried out at pH 6.0 - 9.0, preferably 7.0 - 8.0, at 0°C to 30°C, and at a molar
ratio of heparin:acid chloride of 1:5-100. When a crosslinking agent was used, the
weight ratio of monomef to crosslinking agent was 95:5 to 50:50.

When the resulting hydrophilic polymer, preferably in at least partially dried
state, is placed into an aqueous solution containing one or more biologically active
materials, said polymer will swell up and in so doing will physically entrap such
biologically active materials.

Example 1

Heparin was acylated at 0°C by adding acrylic acid chloride (0.9 g)
to a solution of heparin (1.5 g) in 50 ml of bicarbonate buffer at pH 9.0. The
molar ratio of heparin to the acid chloride was 1:100. When the entire amount of
acid chloride was added, the mixture was stirred for 15 min, followed by the
addition of acrylamide (4.75 g) and a solution of N,N’-methylenebisacrylamide
(0.25 g). Polymerization was conducted at 0°C under argon using a mixture of
ammonium persulfate and TMEDA as an initiator of radical polymerization. After
polymerization was complete (1 hour), the resulting gel was reduced to a small size
over nylon sieves and washed with bicarbonate buffer and a 0.6N solution of NaCl.

The content of heparin in the gel was 15 mg per ml of the swelled gel.
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Examples 2-9
In the following Examples 2-9, polymeric hydrogels with enhanced

hemocompatibility, containing a copolymerized derivative of L-lysine (N*-
methacryloyl-L-lysine) and a copolymerized derivative of trypsin, were prepared.

The structure of the L-lysine derivative was:

H,C - C - CH®
Lo
H - 1\|r NH2
(C|H2)4 - (|IH
COOH

Example 2

A solution of trypsin (0.3 g) in 20 ml of bicarbonate buffer (pH 8.0)
was treated with acrylic acid chloride (0.0684 g) with intense stirring at 0°C for
15 min. Then, the mixture was heated to room temperature. Acrylamide (2.97 g),
Nt-methacryloyl-L-lysine (0.03 g) (previously prepared according to the general
procedure), N,N’-methylenebisacrylamide (0.15 g), and 20 ml of distilled water
were added to the prepared solution. The mixture was purged with argon for 20
minutes and ammonium persulfate and TMEDA were added in the amount of 0.3
wt % of the mixture of monomers. Polymerization was conducted for 1 hour at
room temperature. The resulting gel was reduced to small size over nylon sieves,
washed with distilled water and a physiologic solution, and allowed to swell in
blood plasma for 5 hours. After complete swelling, the biological activity of the
lysine/trypsin-containing hydrogel was measured with respect to its fibrinolytic

activity its effect on the blood clotting time by the tests described above.

Examples 3-9:

The composition and properties of hydrogel Examples 3-9, prepared as
described in Example 2, are shown in Table 1. Example 7 is a gel composition
that does not contain the L-lysine derivative. The fibrinolytic activity and the
prolongation of the blood clotting time are therefore due to the trypsin alone. Each

of Examples 2-4 illustrates a substantially equivalent increase in fibrinolytic
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activity and blood clotting time with gels containing 1, 2, and 1.5 weight
percentages of the L-lysine derivative. Example 5 illustrates that 0.066 weight
percent of the L-lysine derivative is not enough to produce an increase in
fibrinolytic activity and blood clotting time; whereas, Example 6 illustrates that 3
weight percent also does not produce these activities. Therefore, there appears to
be a limited window of the concentration of the L-lysine derivative that produces
the desired effect. Example 9, which illustrates a composition identical to Example
2 except for the use of a different crosslinking agent, shows that the results are

reproducible and not dependent on the choice of the crosslinking agent.

Examples 10 and 11

These examples describe the preparation of a polymeric hydrogel
drain for improving the outflow of a fluid from a body cavity and to prevent
closure of such a drain by clogging due to thick masses of proteins, blood and
other substances that may be in the fluid. Such a drain, for example, could be
used for draining exudate from the abdominal cavity in the treatment of peritonitis.

The drain comprises a polymeric hydrogel material having two
layers, the internal layer containing heparin and at least one enzyme, preferably
including a proteolytic enzyme, to inhibit blood clotting and break down
proteinaceous and other materials in the exudate, and further contains an antibiotic
to inhibit or kill infectious organisms in the exudate. The outer layer contains at
least one enzyme inhibitor, preferably an inhibitor for each enzyme employed in
the drain, to prevent attack by the enzyme on the tissue layer surrounding the
drain, and an antibiotic to prevent infection due to the drain itself. The weight

percentage of the various components may be as follows:

In the Internal Laver:

Heparin 0.02 -2.0
Enzyme 0.04 - 4.0
Antibiotic 0.001 - 0.002
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In the External Layer:
Enzyme inhibitor 0.05 -2.0

Antibiotic 0.001 - 0.002

Drain Preparation:

Example 10
Heparin (0.5 g) was dissolved in 100 ml of bicarbonate buffer and

acrylic acid chloride (0.8 ml) was added to the obtained solution. The mixture was
stirred for 20 min. A solution in bicarbonate buffer of the proteolytic enzyme,
trypsin, was prepared in a similar way employing 1 g of trypsin. A bar with a
diameter of 8 mm was placed in an ampule with an inner diameter of 10 mm. A
solution containing 0.001 g of the antibiotic kanamycin and an aqueous solution
containing 0.05 g of pancreatic trypsin inhibitor was added between the rod and
a wall of the ampule. Then, acrylamide (10.0 g) and a crosslinking agent N,N-
methylenebisacrylamide (1.0 g) were added. Polymerization was conducted at
room temperature for 1 hour. The rod was then removed from the ampule and
another rod, with a diameter of 6 mm, was placed in the same ampule. A solution
containing 0.001 g kanamycin, 0.02 g acylated heparin, 0.04 g acylated trypsin and
10.0 g acrylamide and 1.0 g N,N-methylenebisacrylamide was placed between the
6 mm rod and the polymeric gel prepared in the first stage. After 1 hour the rod

was removed and the drain was removed from the ampule.

Example 11
Proteolytic enzyme inhibitor (2.0 g), kanamycin (0.02 g) and acrylic acid

chloride (0.8 ml) were added to 100 ml of bicarbonate buffer similarly to that in
Example 10. A rod with a diameter of 8 mm was placed in an ampule with an
inner diameter of 10 mm. The above solution was added between the rod and a
wall of the ampule. Then, acrylamide (10.0 g) and crosslinking agent N,N-
methylenebisacrylamide (1.0 g) were added and polymerization was conducted at
room temperature for 1 hour. Then, the first rod was removed from the ampule
and another rod with a diameter of 6 mm was placed in the same ampule. A

solution containing 0.002 g kanamycin, 2.0 g acylated heparin, 4.0 g acylated
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trypsin and 10.0 g acrylamide and 1.0 g N,N-methylene-bisacrylamide was placed
between the 6 mm rod and the polymeric gel prepared in the first stage. After 1

hour the rod was removed and the drain was removed from the ampule.

Examples 12-22

In the following Examples 12-22, polymeric materials were prepared
that demonstrate enhanced hemocompatibility due to a decrease in the adhesion of
platelets on their surface. The surfaces of the polymeric materials were modified
by radiation-induced graft copolymerization with unsaturated derivatives of
salicylic acid and adenine. The exemplary derivatives were:

(i) acryloylsalicylic acid (ASA) having the general formula:

H2C=CH-ﬁ-O@@-OH
0

(ii) methacryloyl salicylic acid (MSA) having the general formula:
H2C=i- C- O-@@- OH
H,C

(iii) acryvloyladenine (AAD) having the general formula:

H,C=CH - C - NH

g\C-N\
HCJ\ I-N/CH
\/J |

N H
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(iv) methacryloyladenine (MAD) having the general formula:

CCC NH

H,C l(L'\}
\CH

HC ; N/

\\N 2

Preparation of Derivatives:

Preparation of Acrylovlsalicylic Acid (ASA)

Potassium hydroxide (11.2 g, 0.2 mole) was dissolved in 50 ml of
methanol and salicylic acid (13.8 g, 0.1 mole) was added. The formed precipitate
was separated and dried in vacuum. The precipitate (0.1 mole, 17.6 g) of
potassium salicylate was dissolved in 50 ml of benzene, heated to boiling and
acryloyl chloride (22.1 g, 0.2 mole) was added with intense stirring for 2 hours.
The formed precipitate was centrifuged, the benzene solution was evaporated using
a rotor evaporator and the formed solid product, potassium acryloyl salicylate, was
dried in a vacuum. The prepared salt (12.8 g, 0.06 mole) was dissolved in 150 ml
of distilled water and 150 ml of a 20% solution of trifluoroacetic acid was added.
The formed emulsion was stirred for 40 min. Then, 300 ml of diethyl ether was
added and the mixture was stirred for 5-6 hours. The ether layer was separated,
dried over magnesium sulfate, and evaporated in a vacuum to a dry state. The
white precipitate was recrystallized from benzene. The yield of ASA from the
mixture was 30%.

The calculated anélysis (percent) for the C,H,O, was C=62.50;
H=4.16; 0=33.34. The analysis (percent) of the prepared compound showed
C=62.00, H=4.31; 0=33.25.

The compound wés identified by infrared (IR) spectroscopy, which
showed absorption bands at 1610 cm-1 (stretching vibrations of C=C bond) and
1410 cm-1 (in-plane bending vibrations of CH group in - CH=CH,). This pattern
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unambiguously suggested that an acryloyl group was introduced into the salicylic

acid and that the desired ASA compound was synthesized.

Preparation of Methacrylovlsalicylic Acid (MSA)

All procedural steps and molar ratios were similar to those described
for the preparation of acryloylsalicylic acid. The prepared MSA product was a
white powder, with a yield of 45%.

The calculated analysis (percent) for the C,H,O, was C=65.02;
H=3.44; 0=31.54. The analysis (percent) of the prepared compound showed
C=65.40; H=3.55; 0=32.00. The IR spectra showed bands characteristic of the

C=C bond, similar to those of the acryloylsalicylic acid.

Preparation of Acrvlovladenine (AAD)

Adenine (0.27 g, 0.002 mole) was dissolved in 7 ml of bicarbonate
buffer (pH 8), cooled to 0° - 4°C, and acrylic acid chloride (1.1 g, 0.01 mole) was
added with intense stirring for 1 hour. The solution was acidified with 1 M HCI
until pH 6 was obtained, the solvent was evaporated in vacuum and the formed
white precipitate was recrystallized from dimethyl sulfoxide. The yield of the
AAD was 70%. The IR spectra displayed no absorption bands at 1650 cm-I
(bending vibrations of NH, groups); however, absorption bands appeared at 1680
(amide-1), 1540 (amide-II), and 1290 (amide-III). These data confirm that a

compound of AAD having the above formula was prepared.

Preparation of Methacryloyladenine (MAD)

All procedural steps and molar ratios were the same as those for the
preparation of acryloyladenine, except that methacryloyl chloride was used instead
of acryloyl chloride. The yield of MAD was 85%. The IR spectra showed the
same bands as the IR spectra of AAD.

The calculated analysis (percent) for the C;H,N;O was C=55.56;
H=3.60; N=36.84; 0=4.00. Analyses of the prepared AAD compound showed
C=53.85; H=2.45; N=34.50; 0=9.00, and of the prepared MAD compound
(C,HGN,O) showed C=55.50; H=2.00; N=34.65; 0=8.30.



10

15

20

25

30

WO 99/16475 PCT/IB98/01622

-33-

Example 12
Preparation of the ASA Polymeric Hemocompatible Material

Degreased polyethylene film (25 cm?) was placed in a glass ampule.
A dilute solution of ASA in water (0.004 mg/cm’ of the film) was added. The
solution was degassed, evacuated to the residual pressure of 107 Torr, and the
ampule was sealed. The ampule was irradiated by y-radiation with a dose of 0.5
Mrad/hour. The total dose was 2.5 Mrad/5 hours. After irradiation was complete,
the polymeric material was taken from the ampule and washed with a sterile

physiologic solution.

Examples 13-22

The polymeric hemocompatible materials employing ASA, MSA,
AAD and MAD were prepared by the procedural steps of Example 19, using the
polymeric films and the concentration of the reactants listed in Table 2.
Acryloyltrypsin (AT) and acryloylplasmin (AP) were prepared as described for
acryloyltrypsin in Example 2. Hemocompatibility of the polymers was determined
by the relative clotting time (RCT) and the relative index of thrombocyte adhesion
(RITA) tests, as described above. The results of these tests are also reported in
Table 2.

Results:  As illustrated in the Table, polyethylene film or
polyethvlene terephthalate film graft copolymerized with a solution containing
0.004 to 0.05 mg/cm’ of an unsaturated derivative of salicylic acid or adenine
(ASA, MSA, AAD and MAD), showed significant inhibition of platelet adhesion
and prolongation of blood clotting times, compared with untreated polyethylene
film or polyethylene film treated with a solution containing less than 0.004 or
greater than 0.05 mg/cm® of the derivative.

Thus, the invention makes it possible to prepare hemocompatible
polymeric materials showing enhanced hemocompatibility due to a decrease in

adhesion of thrombocytes on their surface.

Examples 23-29

Examples 23-29 describe the preparation of hemocompatible

polymeric materials by radiation-induced graft copolymerization of the polymeric
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materials with the acid chloride of acrylic or methacrylic acid, followed by
treatment of the graft copolymer with an aqueous solution of a biologically active
compound. The exemplary biologically active compound was a mixture of heparin
and trypsin at a weight ratio of 1 to 3.5:1 from an aqueous solution of 0.3 to 5.0%
by weight of heparin and 0.2-1.0 % by weight of trypsin.

The process involved two stages. In the first stage, the acid chloride
of acrylic or methacrylic acid was grafted onto a polymer from a gas phase at a
vy radiation dose of 1.0 to 4 Mrad. The choice of this dose range was determined
by the observation that at doses less than 1.0 Mrad, the effective amount of the
grafting of the acid chloride was low (15-20 weight % based on the weight of the
polymer), which was found to be an insufficient degree of grafting for a successful
stage two. At doses of y radiation greater than 4.0 Mrad, degradation of the
polymers occurred. The optimum radiation dose must be determined for each
polymer and is dependent upon the chemical nature of the polymer. For example,
the radiation doses for the same polymer in film, powder or fiber form, differ
significantly.

Generally speaking, the dose of radiation must be sufficient to result
in a graft copolymer having at least 25 weight % of the substrate polymer grafted
and preferably at least 35 and up to 90 weight % but below the dose that
appreciably degrades the polymer (e.g. above 5% and preferably below 2% weight
%). Those skilled in the art may easily determine the appropriate range of
radiation for a specific polymer in a particular form.

At the second stage, the graft copolymer was treated with a solution
of a heparin-trypsin mixture with a concentration of 30-50 mg/ml heparin and 2-10
mg/ml trypsin, at a ratio of heparin:trypsin of 1-3.5:1. The choice of the
concentration ranges was determined by the observations that (i) the amount of
heparin bound to the polymer surface (0.3-0.5 mg/cm?) did not increase with
higher solution concentrations, and (ii) an amount of trypsin less than 0.1 mg/cm’
on the surface did not impart proteolytic activity to the grafted film.

The treatment of the graft copolymer with the aqueous solution of
the heparin:trypsin mixture was performed by immersing the polymeric materials
in the solution at 0°-4°C for 10-14 hours.

The hemocompatibility of the treated polymeric materials prepared
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as described in Examples 23-26 below was determined by the relative blood
clotting time (RCT) and RITA, as described above. The results of the testing are
illustrated in Table 3. The prepared polymeric materials show a prolonged blood
clotting time, a reduced relative index of thrombocyte adhesion, and the capability

of lysing clots of stabilized fibrin.

Example 23

Degreased polyethylene film with a surface area of 80 cm’ was
placed in an ampule such that the film was stretched on the bottom of the ampule
over 1 ml of acrylic acid chloride. The ampule was evacuated to a pressure of 10
torr, sealed and irradiated with y-radiation from a *’Co source at 0.5 Mrad/hour, for
a total dose of 1.5 Mrad. Following irradiation, the ampule was opened, the film
was washed with absolute ether and immersed for 12 hours at 4°C in a solution
containing 105 mg heparin and 105 mg trypsin in 350 ml bicarbonate buffer. The
ratio of heparin to trypsin was 1:1. The entire surface of the film was covered
with the solution. After the immersion was completed, the grafted film was
washed with a buffer, distilled water, and a physiologic solution until the
absorption of the wash water at 280 or 220 nm disappeared, as determined by
spectrophotometry.

As illustrated in Table 3, the amount of heparin immobilized on the
film was determined to be 0.31 mg/cm? and the amount of immobilized trypsin
immobilized on the film was determined to be 0.16 mg/cm?, or a weight ratio of
heparin:trypsin of 1.9:1. The relative time of blood clotting on the prepared film
was 2.1 = 0.3 and the relative index of thrombocyte adhesion was 2.3 + 0.7.

The following Examples 24-27 illustrate polyethylene film grafted
with heparin and trypsin at varying ratios, with trypsin alone, and unmodified
polyethylene film. The concentrations of these compounds and the results of

hemocompatibility testing are illustrated in Table 3.

Example 24
Polyethylene film grafted with heparin and trypsin at a beginning

ratio of 2:1 was prepared by the method described in Example 23.
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Example 25
Polyethylene film grafted with heparin and trypsin at a beginning
ratio of 3:1 was prepared by the method described in Example 23.

Example 26
Polyethylene film grafted with trypsin only was prepared by the
method described in Example 23.

Example 27
Polyethylene film was prepared by the method described in Example

30 without exposure to heparin or trypsin.

Examples 28-34

These examples illustrate biologically compatible polymer films
prepared by radiation-induced graft copolymerization of polymeric material (iL.e.
polyethylene, polypropylene, poly(methyl methacrylate), cellulose and
polyurethane) with acrylic or methacrylic acid chloride followed by treatment of
the graft copolymer with an aqueous solution of a biologically active compound
(e.g. heparin and trypsin) that enhances the hemocompatibility of the polymeric

materials.

Example 28
Acid chloride of methacrylic acid was grafted onto a polyethylene

film with a surface area of 36.4 cm?® by the method described in Example 30. The
graft polymer was treated with a heparin-trypsin mixture at a ratio of
heparin:trypsin of 1.2:1. The results of testing for the relative time of blood

clotting and relative index of thrombocyte adhesion are presented in Table 4.

Examples 29-34

Hemocompatible polymeric films were grafted with heparin and
trypsin according to the method described in Example 28. The results of
hemocompatibility testing are presented in Table 4. The prepared polymeric

materials show an extended time of blood clotting, a reduced relative index of
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thrombocyte adhesion, and the capability of lysing clots of stabilized fibrin.
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While the invention has been described herein with reference to the

preferred embodiments, it is to be understood that it is not intended to limit the

5 invention to the specific forms disclosed. On the contrary, it is intended to cover
all modifications and alternative forms falling within the spirit and scope of the

invention.
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What is claimed is:

1. A hemocompatible composition comprising a polymer containing at
least one pharmacologic material other than heparin, chemically bonded to a
polymer backbone such that said pharmacologic material retains its biological

properties.

2 A hemocompatible composition comprising a hydrophilic polymer
which is chemically modified by covalently bonding to the polymer backbone at

least one pharmacologic material other than heparin.

3. A composition of Claim 1 wherein the pharmacologic material is
selected from the group consisting of L-lysine, plasmin, adenine, salicylic acid,

enzyme, enzyme inhibitor, antibiotic and any combination thereof.

4, A composition of Claim 1 wherein at least one pharmacologic
material is bonded to a polymer and atleast one other pharmacologic material is

physically incorporated into the polymer.

5. A hemocopatible composition of Claim 1 comprising a hydrophobic
polymer which is chemically modified by covalently bonding to said polymer at

least one pharmacologic material other than heparin.

6. A composition of Claim 5 wherein said polymer is irradiated prior
to chemically modifying it by graft copolymerizing unto it said pharpharmacologic

material(s).

7. A composition of Claim 6 wherein the pharmacologic material is
selected from the group consisting of N-lysine, plasmin, adenine, salicylic acid,

enzyme, enzyme inhibitor, antibiotic and any combination thereof.
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8. A composition of Claim 6 wherein the dose of radiation is sufficient
to result in a graft copolymer having at least 25 weight percent of the substrate

polymer grafted but below the dose that appreciably degrades the polymer.

9. A hemocompatible composition comprising a polymer containing
heparin and at least one other pharmacologic material chemically bonded to a
polymer backbone such that said pharmacologic materials retains their biological

properties.

10. A composition of Claim 9 wherein the pharmacologic material is
selected from the group consisting of L-lysine, plasmin, adenine, salicylic acid,

enzyme, enzyme inhibitor, antibiotic and any combination thereof.

11. A composition of Claim 9 wherein at least one pharmacologic
material is bonded to a polymer and at least one other pharmacologic material is

physically incorporated into the polymer.

12. A method of preparing biologically active polymer compositions
which retain their activity over a prolonged time period, said method comprising
(a) functionalizing one or more pharmacologic materials other

than heparin by reacting said material(s) with an acyl halide;

(b) copolymerizing said functionalized material(s) with at least one
monomer to form a hydophilic polymer or grafting said funcitonalized
material(s) onto a preformed hydrophilic or hydrophobic polymer to form
a modified polymer; and optionally

(c) physically incorporating one or more pharmaceutical materials

into the modified polymer.

13. A method of Claim 12 wherein the acyl halide is acyl chloride.

14. A composition of Claim 13 wherein the pharmacologic material is

selected from the group consisting of L-lysine, plasmin, adenine, salicylic acid,
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enzyme, enzyme inhibitor, antibiotic and any combination thereof.

15. A method of preparing biologically active polymer compositions
which retain their pharmacologic activities over a prolonged time period, said
method comprising

(a) functionalizing heparin and one or more other pharmacologic
material(s) by reacting heparin and said other pharmacologic material(s) with an
acyl halide; |

(b)  copolymerizing said functionalized pharmacologic materials
with at least one monomer to form a hydrophilic polymer or grafting said
functionalized materials onto a prefored hydrophilic or hydrophobic polymer to
form a modified polymer; and optionally

(©) physically incorporating one or more pharmaceutical materials

into the modified polymer.
16. A method of Claim 15 wherein the acyl halide is acyl chloride;

17. A method of Claim 16 wherein the other pharmacologic material is
selected from the group consisting of L-lysine, plasmin, adenine, salicylic acid,

enzyme, enzyme inhibitor, antibiotic and any combination thereof.

18. A medical device wherein one or more parts comprise a

hemocompatible composition of Claims 1, 2, 5 or 9.

19. A medical device of Claim 18 wherein the hemocompatible
composition contains at least one pharmacologic material, other than heparin,
selected from the group consisting of consisting of L-lysine, salicylic acid, enzyme,

enzyme inhibitor, antibiotic.

20. A medical device of Claim 18 wherein the hemocompatible
composition contains heparin and at least one other pharmacologic material

selected from the group consisting of L-lysine, salicylic acid, enzyme, enzyme
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inhibitor, antibiotic.

21. A medical device of Claims 19 or 20 wherein the hemocompatible
composition contains additionally a physically incorporated pharmacologic

material.

22. A method of effecting a pharmacologic activity in a human or animal
body comprising chemically bonding at least one pharmacologic material, other
than heparin, to a polymer backbone, employing the resulting chemically modified

polymer in fabricating a medical device and inserting said device into a body.

23. A method of Claim 22 wherein said polymer backbone is a hydrophilic

polymer.

24. A method of Claim 23 wherein the polymer is an acrylamide
homopolymer or a copolymer and the pharmacologic material is selected from the
group consisting of L-lysine, salicylic acid, enzyme, enzyme inhibitor, antibiotic

and any combination thereof.

25. A method of Claim 22 wherein said polymer backbone is a

hydrophobic polymer.

26. A method of Claim 25 wherein the pharmacologic material is selected
from the group consisting of L-lysine, salicylic acid, enzyme, enzyme inhibitor,

antibiotic and combination thereof.

27. A method of effecting a pharmacologic activity in a human or animal
body comprising chemically bonding heparin and at least one other pharmacologic
material to a polymer backbone, employing the resulting chemically modified

polymer in fabricating a medical device and inserting said device into a body.

28. An article of manufacture containing on opposite surfaces a hydrophilic
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polymer and a hydrophobic polymer, bot said polymers having been chemically
modified by covalently bonding thereto at least one pharmacologic material other

than heparin.

29. An article of manufacture containing on opposite surfaces a hydrophilic
polymer and a hydrophobic polymer, one of said polymers having been chemically
modified by covalently bonding thereto at least one pharmacologic material other
than heparin and the other polymer having been chemically modified by covalently

bonding thereto heparin and at least one other pharmacologic material.

30. An article of manufacture containing on opposite surfaces a hydrophilic
polymer and a hydrophobic polymer, both said polymers having been chemically
modified by covalently bonding thereto heparin and at least one other

pharmacologic material.

31. An article of manufacture containing on both surfaces, a hydrophilic
polymer which has been chemically modified by covalently bonding thereto at least

one pharmacologic material.

32. An article of manufacture containing on both surfaces a hydrophobic
polymer which has been chemically modified by covalently bonding thereto at least

one pharmacologic material.

33. An article of manufacture wherein a surface has been coated with an
polymer that has been chemically modified by covalently bonding thereto at least

one pharmacologic material.
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