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NATURAL BIODEGRADABLE MATRICES 
AND USES THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present non-provisional application claims the 
bene?t of commonly oWned provisional Application having 
Ser. No. 60/719,466, ?led on Sep. 21, 2005, and entitled 
ARTICLES AND COATINGS INCLUDING NATURAL 
BIODEGRADABLE POLYSACCHARIDES AND USES 
THEREOF. 

TECHNICAL FIELD 

[0002] The present invention relates to natural biodegrad 
able matrices and medical uses thereof. Bioactive agents can 
be included in the matrices to provide a therapeutic effect to 
a patient. 

BACKGROUND 

[0003] Recently, the use of drug-eluting stents (DES) in 
percutaneous coronary interventions has received much 
attention. DES are medical devices that present or release 
bioactive agent into their surroundings (for example, luminal 
Walls of coronary arteries). Generally speaking, a bioactive 
agent can be coupled to the surface of a medical device by 
surface modi?cation, embedded, and released from Within 
polymeric materials (matrix-type), or surrounded by and 
released through a carrier (reservoir-type). The polymeric 
materials in such applications should optimally act as a bio 
logically inert barrier and not induce further in?ammation 
Within the body. HoWever, the molecular Weight, porosity of 
the polymer, a greater percentage of coating exposed on the 
medical device, and the thickness of the polymer coating can 
contribute to adverse reactions to the medical device. 
[0004] Another Way to deliver bioactive agents from the 
surface of a medical device is by using a coating that has a 
biodegradable polymer, such as polylactic acid. As the coat 
ing degrades, the bioactive agent is released from the surface 
of the device. Although biodegradable coatings that include 
polylactic acid have been described in a number of docu 
ments, for example, US. Pat. No. 6,258,121, there remains a 
need for improved coatings and coating materials. 
[0005] Some concerns exist that regard the use of biode 
gradable materials that degrade into materials that are not 
typically found in the body, or that are found at particularly 
loW levels in the body. These types of biodegradable materials 
have the potential to degrade into products that cause 
unWanted side effects in the body by virtue of their presence 
or concentration in vivo. These unWanted side effects can 
include immune reactions, toxic buildup of the degradation 
products in the liver, or the initiation or provocation of other 
adverse effects on cells or tissue in the body. 
[0006] Another problem is that preparations of some bio 
degradable materials may not be obtained at consistent purity 
due to variations inherent in natural materials. This is relevant 
at least With regard to biodegradable materials derived from 
animal sources. Inconsistencies in preparations of biodegrad 
able materials can result in problematic coatings. 
[0007] It is also desirable to provide biodegradable drug 
delivery coatings that are easy to prepare, cost effective, and 
that also offer a Wide range of ?exibility With regard to the 
type and amount of drug or drugs to be delivered from the 
biodegradable coating. 
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[0008] Other aspects of the present invention relate to the 
use of polymeric coatings for providing a sealant function to 
medical articles. Biodegradable sealant compositions have 
been used on articles having porous surfaces, such as fabrics 
associated With implantable medical articles. The sealant 
coating initially renders the porous surface impermeable to 
?uids for a period of time. HoWever, as the sealant materials 
degrade and are resorbed by the body, cells involved in tissue 
repair in?ltrate the porous material and replace the sealant 
materials. Thus, neWly formed tissue replaces the original 
function of the coated sealant over a period of time. 
[0009] Animal-derived sealant materials such as collagen 
and gelatin are commonly used to coat textile grafts. These 
materials can be resorbed in vivo. The blood clotting protein 
?brin has also been utiliZed as a sealant material. Despite their 
uses, there are draWbacks and concerns With using these types 
of sealant materials. One particular problem is that it is di?i 
cult to produce consistent sealant compositions from these 
animal sources due to batch-to-batch variations inherent in 
their production. 
[0010] In many cases the collagen used in sealant technolo 
gies is obtained from non-human animal sources, such as 
bovine sources. In these cases there is the possibility that 
bovine collagen preparations may contain unWanted con 
taminants that are undesirable for introduction into a human 
subject. One example of an unWanted contaminant is the 
prionic particles that cause Bovine Spongiform Encephalopa 
thy (BSE). 
[0011] BSE, also termed Mad CoW Disease, is one of a 
group of progressive neurological diseases called transmis 
sible spongiform encephalopathies, or TSEs (named for dete 
riorated areas of the brain that look like sponges). Various 
forms of TSE have been reported, including scrapie in sheep 
and chronic Wasting disease in elk and mule deer. It is gener 
ally believed that the use of recycled animal parts led to the 
cross-species contamination of scrapie in sheep to mad coW 
disease, and the ingestion of contaminated beef and bovine 
products led to the human variant of this disease, CreutZfeldt 
Jakob Disease (CJD). 
[0012] Additional concerns are that preparations from ani 
mal sources may provide other unWanted contaminants, such 
as antigenic factors. These antigenic factors may promote a 
localiZed immune response in the vicinity of the implanted 
article and foul its function. These factors may also cause 
infection as Well as local in?ammation. 
[0013] While synthetic materials can be used in the prepa 
ration of medical compositions, these synthetic materials 
have the potential of degrading into non-naturally occurring 
products. These non-naturally occurring products have the 
potential to be at least partially toxic to the organism or 
immunogenic and cause in?ammation, as Well as infection, at 
or around the site of implantation. 

SUMMARY OF THE INVENTION 

[0014] In one aspect, the present invention provides com 
positions and methods for preparing biodegradable coatings 
that are particularly useful for coating surfaces of implantable 
medical devices, such as stents and catheters, and are capable 
of releasing bioactive agents from the device surface. These 
coating compositions include a natural biodegradable mate 
rial as a component that can be crosslinked to form a matrix 
from Which a therapeutic material such as a drug, a biomol 
ecule, or cells (referred to herein as a “bioactive agents”) can 
be released or retained. In some embodiments of the inven 
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tion, a bioactive agent is present in and can be released from 
the biodegradable matrix; in other embodiments a bioactive 
agent is present in a biodegradable microparticle, the micro 
particle being immobilized Within the matrix. 
[0015] In other aspects of the invention, the natural biode 
gradable material is used to prepare an article, such as an 
article that can be implanted or formed Within the body (for 
example, by in situ formation). In some aspects, the article 
can be amorphous, such as a polymerized mass of natural 
biodegradable material that is formed Within or on a portion 
of the body, by using an in vivo matrix-forming composition. 
[0016] In other aspects, the invention provides an article 
fabricated from natural biodegradable material, Wherein the 
article has a de?ned structure, and Wherein the article can be 
implanted in the body (such as a ?lament). Such articles are 
referred to herein as “medical implants”. A medical implants 
having a de?ned structure can be formed by any suitable 
process, including molding, extruding, shaping, cutting, cast 
ing, and the like. 
[0017] The article can be used for one or more purposes, 
such as for releasing or retaining a bioactive agent at a loca 
tion in the body. For example, the article can be a bioactive 
agent-containing medical implant or depot. The article can 
also provide one or more mechanical or physical properties to 
a portion the body. For example, the natural biodegradable 
material can be included in a composition used for the for 
mation of a biodegradable medical device such as a stent. 

[0018] In some aspects, the article, such as an in vivo 
formed matrix, is used in methods for the treatment of any one 
or more of a variety of medical conditions or indications, 
including restoring, improving, and/or augmenting tissue 
groWth or function, in particular those for orthopedic, dental, 
and bone graft applications. These functions can be provided 
by placing a polymerized matrix of biodegradable material in 
contact With a host tissue. The matrix can restore or improve 
tissue groWth or function by, for example, promoting or per 
mitting formation of neW tissue betWeen and into the matrix. 
The effect on tissue can be caused by the biodegradable 
material itself, or the biodegradable material in combination 
With one or more bioactive agent(s) that can be present in 
and/ or released from the matrix. Exemplary bioactive agents 
that can affect tissue function include peptides, such as pep 
tides that are involved in tissue repair processes and belong 
ing to the EGF, FGF, PDGF, TGF-[3,VEGF, PD-ECGF or IGF 
families, and also peptides derived from bone morphogenetic 
protein 2, or BMP-2. The bioactive agent can also be a cell, 
such as a platelet. 

[0019] In another aspect, the invention provides a method 
of delivering a bioactive agent to a subject based on the 
properties of the biodegradable matrix. The method com 
prises a step of providing a matrix comprising natural biode 
gradable material and bioactive agent entrapped Within the 
matrix. The matrix has a surface and is implanted or immo 
bilized Within the subject. Another step of the method 
includes alloWing the surface to be contacted With an enzyme. 
The structure of the matrix prevents the enzyme from entering 
the matrix. The enzyme, hoWever, degrades the matrix at the 
surface and bioactive agent is released from the matrix upon 
degradation of the matrix. The matrix provides an improved 
method for delivering one or more bioactive agent(s) to a 
subject With zero order release rates. In more speci?c aspects, 
in the step of providing, the matrix comprises cross-linked 
enzymatically-biodegradable polymers. 
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[0020] The matrix has a structure that can exclude enzymes 
selected from carbohydrases (such as polysaccharidases), 
proteases, nucleases, and lipases. 
[0021] Another aspect of the invention is directed to a 
method for treating a medical condition in a subject. In this 
method, the structural property of the medical article is used 
to treat the condition. Bioactive agents are not required in the 
article, but can be included if desired. The method includes a 
step of providing to a subject at a target location an implant 
able article comprising a matrix of natural biodegradable 
material. The article has a surface, and a structure for treating 
the condition at the target location. The method also includes 
a step of maintaining the article at the target location for a 
period of time suf?cient to treat the condition. During the step 
of maintaining the enzyme is alloWed to contact the article. 
The structure of the matrix prevents the enzyme from entering 
the article, but the enzyme degrades the article at the surface. 
The method can be used to treat a condition such as coronary 
artery disease. 
[0022] In many cases, the article can be completely 
degraded Within the body. In more speci?c aspects, in the step 
of providing, the matrix comprises cross-linked enzymati 
cally-biodegradable polymers. 
[0023] In some aspects of the invention, the natural biode 
gradable material that forms the matrix is a natural biodegrad 
able polymer. Natural biodegradable polymers include poly 
mer and/ or polymer derivatives that are obtained from natural 
sources, such as plants or animals. 

[0024] A polymeric matrix can be formed by coupling the 
biodegradable polymers together. In some aspects of the 
invention, the matrix is formed using natural biodegradable 
polysaccharides. 
[0025] For example, in preparing the coatings or articles, a 
plurality of natural biodegradable polysaccharides are 
crosslinked to each other via coupling groups that are pendent 
from the natural biodegradable polysaccharide (i.e., one or 
more coupling groups are chemically bonded to the polysac 
charide). In some aspects, the coupling group on the natural 
biodegradable polysaccharide is a polymerizable group. In a 
free radical polymerization reaction the polymerizable group 
can crosslink natural biodegradable polysaccharides together 
in the composition, thereby forming a natural biodegradable 
polysaccharide matrix, Which can be a portion of a coating, an 
in-vivo formed matrix, or the body member of a medical 
implant. 
[0026] The natural biodegradable polysaccharides 
described herein are non-synthetic polysaccharides that can 
be associated With each other to form a matrix, Which can be 
used as a coating or as an article, for example, a medical 
implant or an in-vivo formed matrix. The natural biodegrad 
able polysaccharides can also be enzymatically degraded, but 
offer the advantage of being generally non-enzymatically 
hydrolytically stable. This is particularly advantageous for 
bioactive agent delivery, as in some aspects the invention 
provides coatings or articles capable of releasing the bioac 
tive agent under conditions of enzyme-mediated degradation, 
but not by diffusion. Therefore, the kinetics of bioactive agent 
release from the coatings or articles of the invention are 
fundamentally different than those of coatings prepared from 
synthetic biodegradable materials, such as poly(lactides). 
[0027] Examples of biodegradable articles that can be used 
to treat a condition at a target location in a subject include 
biodegradable stents. 
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[0028] Exemplary natural biodegradable polysaccharides 
include amylose, maltodextrin, amylopectin, starch, dextran, 
hyaluronic acid, heparin, chondroitin sulfate, derrnatan sul 
fate, heparan sulfate, keratan sulfate, dextran sulfate, pen 
tosan polysulfate, and chitosan. Preferred polysaccharides 
are loW molecular Weight polymers that have little or no 
branching, such as those that are derived from and/or found in 
starch preparations, for example, amylose and maltodextrin. 
[0029] Because of the particular utility of the amylose and 
maltodextrin polymers, in some aspects natural biodegrad 
able polysaccharides are used that have an average molecular 
Weight of500,000 Da or less, 250,000 Da or less, 100,000 Da 
or less, or 50,000 Da or less. In some aspects the natural 
biodegradable polysaccharides have an average molecular 
Weight of 500 Da or greater. In some aspects the natural 
biodegradable polysaccharides have an average molecular 
Weight in the range of about 1000 Da to about 10,000 Da. 
Natural biodegradable polysaccharides of particular molecu 
lar Weights can be obtained commercially or can be prepared, 
for example, by acid hydrolysis and/or enZymatic degrada 
tion of a natural biodegradable polysaccharide preparation, 
such as starch. The decision of using natural biodegradable 
polysaccharides of a particular siZe range may depend on 
factors such as the physical characteristics of the coating 
composition (e.g., viscosity), the desired rate of degradation 
of the coating, the presence of other optional moieties in the 
coating composition (for example, bioactive agents, etc.), etc. 
[0030] The natural biodegradable polysaccharides that are 
used in accordance With some methods and compositions of 
the invention are readily available at a loW cost and/ or can be 
prepared easily using established techniques. This alloWs for 
a cost effective method of coating and fabricating medical 
articles. 
[0031] The use of natural biodegradable material, such as 
polysaccharides as exempli?ed by maltodextrin or amylose, 
provides many advantages When used in a coating composi 
tion applied to the surface of a medical device, or for the 
formation of an article, such as one that can be used in vivo. 
Degradation of a natural biodegradable polysaccharide-con 
taining article, or coating from the surface of a medical 
device, can result in the release of, for example, naturally 
occurring mono- or disaccharides, such as glucose, Which are 
common serum components. Furthermore, the use of natural 
biodegradable polysaccharides that degrade into common 
serum components, such as glucose, can be vieWed as more 
acceptable than the use of synthetic biodegradable polysac 
charides that degrade into non-natural compounds, or com 
pounds that are found at very loW concentrations in the body. 

[0032] In some aspects of the invention, this advantageous 
feature is re?ected in the use of natural biodegradable mate 
rials, such as natural polysaccharides, as exempli?ed by amy 
lose and maltodextrin, and that degrade into products that 
present little or no immunogenic or toxic risk to the indi 
vidual. The invention provides improved, cost-e?icient, natu 
ral biodegradable polysaccharide compositions for articles or 
coatings that can be used in a variety of medical treatments. 

[0033] Another advantage of the invention is that the natu 
ral biodegradable matrices (such as polysaccharide-based 
matrices) are more resistant to hydrolytic degradation than 
other biodegradable polymers, such as poly(lactides). As an 
example, degradation of the natural biodegradable polysac 
charides of the invention are primarily enZyme-mediated, 
With minimal or no hydrolysis of the natural biodegradable 
polysaccharide occurring When a natural biodegradable 
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polysaccharide-containing coating is prepared under ambient 
conditions. This alloWs natural biodegradable polysaccha 
ride-based coatings to remain substantially stable (for 
example, resistant to degradation) prior to placing the coated 
article in vivo. For example, a natural biodegradable polysac 
charide coated article can be manipulated in a non-biological, 
aqueous-based-medium Without risk that the coating Will pre 
maturely degrade due to non-enZyme-mediatated hydrolysis. 
Other coatings that are based on biodegradable polymers 
such as poly(lactide) or poly(lactide-co-glycolide) are subject 
to hydrolysis even at relatively neutral pH ranges (e. g., pH 6.5 
to 7.5) and therefore do not offer this advantage. 

[0034] Therefore, the invention includes natural biodegrad 
able-material containing compositions, coatings, articles, and 
methods of preparing such that have the advantage of provid 
ing stability in the presence of an aqueous environment. 

[0035] In one aspect, the invention provides a shelf-stable 
composition for preparing a biodegradable coating, the shelf 
stable composition comprising a natural biodegradable 
polysaccharide comprising coupling groups. These composi 
tions could be obtained or prepared, according to the details 
provided herein, and then stored for a period of time before 
the composition is used to form a biodegradable coating or 
article, Without signi?cant degradation of the natural biode 
gradable polysaccharide occurring during storage. Accord 
ingly, the invention also provides methods for preparing a 
biodegradable coating comprising preparing a biodegradable 
coating composition comprising a natural biodegradable 
polysaccharide comprising coupling group; storing the coat 
ing composition for an amount of time; and then using the 
coating composition to prepare a biodegradable coating or a 
biodegradable article. In some aspects, the biodegradable 
article is formed in situ, for example, by promoting the poly 
meriZation of the natural biodegradable polysaccharide 
Within the body. Optionally, one or more bioactive agents 
and/or microparticles can be added before or after storage of 
the coating composition. 
[0036] In a related aspect, the invention also provides the 
advantage of being able to perform methods Wherein the 
natural biodegradable polysaccharide is subject to exposure 
to an aqueous solution Without risking signi?cant degradation 
of the natural biodegradable polysaccharide. For example, the 
natural biodegradable polysaccharide may be contacted With 
an aqueous solution in a synthetic or post-synthetic step, 
including addition synthesis reactions and puri?cation steps, 
or a coating that includes the natural biodegradable polysac 
charide can be contacted With an aqueous solution in, for 
example, a steriliZation step or a step that involves incorpo 
ration of a bioactive agent into the biodegradable coating. 
[0037] In yet another aspect, the invention relates to the 
stability of an article or a coating that is formed on an article. 
The invention provides a method comprising obtaining an 
article formed from, or having a coating comprising, a natural 
biodegradable polymer, and then contacting the article With 
an aqueous solution for a period of time Wherein the article or 
coating remains predominantly stable in the solution. The 
aqueous solution can be, for example, a storage solution, a 
solution that is used to hydrate the surface of the coated 
device, or an aqueous steriliZation solution. 

[0038] Degradation of the coating or article formed of a 
natural biodegradable matrix may commence When placed in 
contact With a body ?uid or tissue, Which may include an 
enZyme capable of degrading the matrix at its surface. The 
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enzyme can be a natural biodegradable polysaccharide-de 
grading enzyme, such as a carbohydrase. 
[0039] The invention also provides a useful Way to deliver 
larger hydrophilic bioactive agents, such as polypeptides, 
nucleic acids, and polysaccharides, as Well as viral particles 
and cells from the biodegradable article, or biodegradable 
coating on a surface, such as a medical device or a coating on 
a surface thereof. Comparatively, the use of non-degrading 
drug delivery matrices may not be useful for the delivery of 
these larger bioactive agents if they are too large to diffuse out 
of the matrix. HoWever, according to some aspects of the 
invention, an article or a coating that includes a matrix of the 
natural biodegradable polysaccharide having a bioactive 
agent can be placed or formed in the body, and as the matrix 
degrades the bioactive agent is gradually released from the 
matrix. In one aspect of the invention, the bioactive agent has 
a molecular Weight of about 10,000 Da or greater. 
[0040] In some aspects, the invention provides a drug-re 
leasing biodegradable article, coating, or composition com 
prising (i) a natural biodegradable polysaccharide, preferably 
selected from amylose and maltodextrin, comprising an eth 
ylenically unsaturated group, (ii) an initiator, and (iii) a bio 
active agent selected from the group of polypeptides, poly 
nucleotides, and polysaccharides. 
[0041] In another aspect, a coated surface is prepared on a 
medical device, such as a stent or catheter. The methods 
include disposing in one or more steps the folloWing reagents 
on a surface: (a) an initiator, (b) a natural biodegradable 
polysaccharide, preferably selected from amylose and mal 
todextrin, comprising an ethylenically unsaturated group, and 
(c) a bioactive agent. After the components have been dis 
posed on the surface, the initiator is activated to crosslink a 
plurality of natural biodegradable polysaccharides compris 
ing ethylenically unsaturated groups that are present in the 
composition, thereby forming a coating on the surface that 
includes the bioactive agent. 
[0042] Depending on the application, the initiator can be 
?rst disposed on the surface, folloWed by disposing the natu 
ral biodegradable polysaccharide and bioactive agent on the 
layer of initiator. Alternatively, the initiator, natural biode 
gradable polysaccharide, and bioactive agent are mixed and 
disposed together on the surface. 
[0043] Therefore, in some aspects, the invention provides a 
method for delivery of a bioactive agent, or more than one 
bioactive agent, to a subject. The method comprises the steps 
of providing a coated article to a subject, the coated article 
having a biodegradable coating Which comprises a plurality 
of natural biodegradable polysaccharides associated via cou 
pling groups, and bioactive agent. The coated article is then 
exposed to a carbohydrase to promote the degradation of the 
coating and release of the bioactive agent. For example, a 
biodegradable coating or article including amylose and/or 
maltodextrin polymers can be exposed to an ot-amylase to 
promote degradation of the coating and release of the bioac 
tive agent. The step of exposing can be performed by placing 
the biodegradable coating or article in a patient. In the 
absence of the carbohydrase there is substantially no release 
of the bioactive agent. In some aspects the bioactive agent 
comprises a polypeptide, such as an antibody or an antibody 
fragment. 
[0044] In some aspects, the methods of the invention can be 
used to prepare coatings Wherein an amount of bioactive 
agent in the range of 1% to 17% of the total amount of 
bioactive agent present in the coating is released from the 
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coating Within a period of 2 days, and coatings Wherein an 
amount of bioactive agent in the range of 1% to 20% of the 
total amount of bioactive agent present in the coating is 
released from the coating Within a period of 8 days. 
[0045] In other aspects, the bioactive agent is delivered 
from a medical implant having a biodegradable body member 
Which comprises a plurality of natural biodegradable 
polysaccharide associated via pendent coupling groups, the 
body member also including a bioactive agent. The medical 
implant is then exposed to a carbohydrase to promote the 
degradation of the implant and release of the bioactive agent. 
[0046] In some aspects, the methods of the invention can be 
used to prepare medical implants Wherein an amount of bio 
active agent in the range of 1% to 17% of the total amount of 
bioactive agent present in the medical implant is released 
Within a period of 8 days, medical implants Wherein an 
amount of bioactive agent in the range of 1% to 41% of the 
total amount of bioactive agent present in the medical implant 
is released Within a period of 14 days, and medical implants 
Wherein an amount of bioactive agent in the range of 1% to 
60% of the total amount of bioactive agent present in the 
medical implant is released Within a period of 21 days. 
[0047] Alternatively a carbohydrase can be administered to 
a subject, or the carbohydrase can be provided to a portion of 
the article, Wherein the carbohydrase is released from the 
portion and locally causes the degradation of the coating. 
[0048] The coatings can also have favorable bioactive 
agent-releasing properties When the coated article has been 
placed in the body. In this regard, the present invention pro 
vides an overall improvement in terms of providing coatings 
for implantable medical articles. Articles that are fabricated 
from the biodegradable polysaccharides can have many of the 
same bene?cial surface characteristics as provided by the 
biodegradable polysaccharide coatings. 
[0049] In another aspect of the invention, a natural biode 
gradable polysaccharide is modi?ed With a hydrophobic moi 
ety in order to provide a biodegradable matrix having hydro 
phobic properties. Therefore, a biodegradable coating or 
article can be formed from natural biodegradable polysaccha 
ride comprising one or more pendent coupling groups and 
one or more pendent hydrophobic moieties. Exemplary 
hydrophobic moieties include fatty acids and derivatives 
thereof, and C2-Cl8 alkyl chains. 
[0050] Therefore, in some aspects of the invention, modi 
?cation of the natural biodegradable polysaccharide alloWs 
for preparation of coatings or articles that are biodegradable 
and that can release a hydrophobic bioactive agent. 
[0051] In other aspects, the hydrophobic moiety pendent 
from the natural biodegradable has properties of a bioactive 
agent. Upon degradation of the matrix, the hydrophobic moi 
ety can be hydrolyZed from the natural biodegradable poly 
mer and released to provide a therapeutic effect. One example 
of a therapeutically useful hydrophobic moiety is butyric 
acid. 
[0052] In yet another aspect, the invention provides meth 
ods and articles for improving the stability of a bioactive 
agent that is delivered from a coating or an article by utiliZing 
a natural biodegradable non-reducing polysaccharide. The 
non-reducing polysaccharide can provide an inert matrix and 
thereby improve the stability of sensitive bioactive agents, 
such as proteins and enZymes. The article or coating can 
include a matrix having a plurality of natural biodegradable 
non-reducing polysaccharides along With a bioactive agent, 
such as a polypeptide. An exemplary non-reducing polysac 
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charide comprises polyalditol. Biodegradable non-reducing 
polysaccharides can very useful for formulating coatings or 
articles that release the bioactive agent over a prolonged 
period of time. 
[0053] While it is desirable to make coatings or articles that 
provide desired properties (for example, bioactive agent 
release, Wettability, etc.), their actual preparation can be chal 
lenging. In particular, the use of some polysaccharides for 
preparing coatings or articles may result in products that are 
unsuitable for use. For example, some polysaccharide-based 
coatings, including those made from starch-based materials, 
have the potential to be overly brittle and in?exible. While 
these properties may be suitable for pharmaceutical capsules 
or tablets they are generally undesirable as properties for 
coatings or articles, such as bioactive agent releasing or seal 
ant coatings, or medical implants. 
[0054] Despite this, the present invention demonstrates the 
preparation of articles and coatings that include natural bio 
degradable polysaccharides that are suitable for in vivo use. 
These products display excellent physical characteristics and 
are suitable for use in applications Wherein a particular func 
tion, such as bioactive agent delivery or a sealant function is 
desired. For example, coatings or articles can be prepared 
having viscoelastic properties. In one aspect of the invention, 
the coating or article has an elastic modulus value in the range 
of 27 kPa to 30 kPa. 

[0055] The coatings of the present invention can have desir 
able surface properties that include elasticity and Wettability, 
in addition to being biodegradable. Also, it has surprisingly 
been discovered that the coatings demonstrate excellent 
lubricity, Which can provide distinct advantages for short 
term and single use devices. Therefore, in one aspect, the 
invention presents a method for providing lubricity to an 
article surface comprising the steps of disposing a composi 
tion comprising a plurality of natural biodegradable polysac 
charides comprising pendent coupling groups and activating 
the coupling groups to promote association of the plurality of 
natural biodegradable polysaccharides and formation of a 
lubricious coating on the article surface. 
[0056] The coatings can be formed on the surfaces of medi 
cal articles, including those designed for single use or for 
short-term use. For example, a lubricious coating can be 
formed on a catheter. 

[0057] Coatings including natural biodegradable polysac 
charides can be prepared to provide a lubricity of 20 g or less, 
and can also be prepared to provide a lubricity of l 5 g or less, 
or 10 g or less, as based on friction testing. The coatings Were 
also shoWn to be highly durable, as lubricity Was maintained 
during multiple cycles of friction testing. Methods utiliZing a 
photoinitiator have been shoWn to provide coatings With both 
excellent lubricity and durability. 
[0058] In some embodiments of the invention, the methods 
of preparing the compositions for fabrication of articles and/ 
or coated surfaces do not require the use of organic solvents. 
The use of organic solvents can be physically haZardous. Use 
of organic solvents can potentially destroy the activity of a 
bioactive agent that can be optionally included in a natural 
biodegradable polysaccharide-based composition. 
[0059] Many of the advantageous features of the present 
natural biodegradable polysaccharide-containing coatings 
and articles are thought to be provided by the starting mate 
rials, in particular the natural biodegradable polysaccharides 
having pendent coupling groups. In some aspects the natural 
biodegradable polysaccharides have pendent polymeriZable 
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groups, such as ethylenically unsaturated groups. In a pre 
ferred aspect, the degradable polymeriZable polymers (mac 
romers) are formed by reacting a natural biodegradable 
polysaccharide With a compound comprising an ethylenically 
unsaturated group. For example, in some cases, a natural 
biodegradable polysaccharide is reacted With a compound 
including an ethylenically unsaturated group and an isocyan 
ate group. In another example of synthesis, a natural biode 
gradable polysaccharide is treated With an oxidiZing agent to 
form a reactive aldehyde species on the polysaccharide and 
then reacted With a compound comprising an ethylenically 
unsaturated group and an amine group. Polysaccharide mac 
romers Were shoWn to have excellent matrix forming capa 
bilities. 

[0060] Synthesis can be carried out to provide the natural 
biodegradable polysaccharide With a desired quantity of pen 
dent coupling groups. It has been found that use of a natural 
biodegradable polysaccharide having a predetermined 
amount of the coupling groups alloWs for the formation of a 
coating or an article having desirable physical characteristics 
(for example, the coatings are not brittle). Therefore, in some 
aspects, the invention provides natural biodegradable 
polysaccharides having an amount of pendent coupling 
groups of about 0.7 umoles of coupling group per milligram 
of natural biodegradable polysaccharide. Preferably the 
amount of coupling group per natural biodegradable polysac 
charide is in the range of about 0.3 umoles/mg to about 0.7 
umoles/mg. For example, amylose or maltodextrin can be 
subject to a synthesis reaction With a compound having an 
ethylenically unsaturated group to provide an amylose or 
maltodextrin macromer having a ethylenically unsaturated 
group load level in the range of about 0.3 umoles/mg to about 
0.7 umoles/mg. 
[0061] In some aspects of the invention an initiator is used 
to promote the formation of the natural biodegradable 
polysaccharide matrix for article or coating formation. The 
initiator can be an independent compound or a pendent 
chemical group used to activate the coupling group pendent 
from the natural biodegradable polymer and promote cou 
pling of a plurality of natural biodegradable polymers. When 
the coupling group pendent from the natural biodegradable 
polysaccharide is a polymeriZable group, the initiator can be 
used in a free radical polymeriZation reaction to promote 
crosslinking of the natural biodegradable polysaccharides 
together in the composition. 
[0062] Therefore, in one aspect, the invention provides a 
biodegradable coating or article composition comprising (i) a 
natural biodegradable polysaccharide, preferably selected 
from amylose and maltodextrin, comprising a coupling 
group, (ii) an initiator, and (iii) a bioactive agent, Wherein the 
coupling group is able to be activated by the initiator and 
promote crosslinking of a plurality of natural biodegradable 
polysaccharides. In some aspects of the invention the initiator 
is independent of the natural biodegradable polysaccharide 
and in other aspects the initiator is pendent from the natural 
biodegradable polysaccharide. Preferably, the natural biode 
gradable polysaccharide comprises an ethylenically unsatur 
ated group. In some aspects a photoinitiator is used, such as a 
photoinitiator that is activated by light Wavelengths having no 
or a minimal effect on the bioactive agent present in the 
composition. 
[0063] In another aspect, the initiator includes an oxidiZing 
agent/reducing agent pair, a “redox pair,” to drive polymer 
iZation of the biodegradable polysaccharide. In preparing the 
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biodegradable coating or article the oxidizing agent and 
reducing agent are combined in the presence of the biode 
gradable polysaccharide. One bene?t of using a redox pair is 
that, When combined, the oxidizing agent and reducing agent 
can provide a particularly robust initiation system. This is 
advantageous as it can promote the formation of a matrix, for 
example, useful for coating or article preparation, from bio 
degradable polysaccharide compositions having a relatively 
loW viscosity. This can be particularly useful in many appli 
cations, especially When the biodegradable polysaccharide 
composition is used for the formation of an in situ polymer 
ized article. For example, a loW viscosity composition can be 
passed through a small gauge delivery conduit With relative 
ease to provide the composition that can polymerize in situ. 
[0064] In some aspects of the invention, the viscosity of the 
composition is above about 5 centi Poise (cP), or about 10 cP 
or greater. In other aspects of the invention the viscosity of the 
composition is betWeen about 5 cl’ or 10 cP and about 700 cP, 
and in some aspects betWeen about 5 cP or 10 cP and about 
250 cP. In some aspects the viscosity of the composition is 
above about 5 cl’ or 10 cP and the biodegradable polysaccha 
rides in the composition have an average molecular Weight of 
500,000 Da or less, 250,000 Da or less, 100,000 Da or less, or 
50,000 Da or less. 
[0065] A method for preparing a coating or article can 
include the steps of (a) providing a ?rst composition that 
includes a natural biodegradable polysaccharide comprising 
a coupling group and a ?rst member of a redox pair (for 
example, the oxidizing agent) and then (b) mixing the ?rst 
composition With second composition that includes a second 
member of the redox pair (for example, the reducing agent). 
In some aspects the second composition includes a natural 
biodegradable polysaccharide. For example, the ?rst compo 
sition can include (a) a natural biodegradable polysaccharide 
having a coupling group and an oxidizing agent and the 
second composition can include a (b) natural biodegradable 
polysaccharide having a coupling group and a reducing agent. 
In some aspects, When the ?rst composition is combined With 
the second composition, the ?nal composition can be about 5 
cP or greater. 

[0066] The oxidizing agent can be selected from inorganic 
or organic oxidizing agents, including enzymes; the reducing 
agent can be selected from inorganic or organic reducing 
agents, including enzymes. Exemplary oxidizing agents 
include peroxides, including hydrogen peroxide, metal 
oxides, and oxidases, such as glucose oxidase. Exemplary 
reducing agents include salts and derivatives of electroposi 
tive elemental metals such as Li, Na, Mg, Fe, Zn, Al, and 
reductases. In one aspect, the reducing agent is present in the 
composition at a concentration of 2.5 mM or greater When 
mixed With the oxidizing agent. Other reagents, such as metal 
or ammonium salts of persulfate, can be present in the com 
position to promote polymerization of the biodegradable 
polysaccharide. 
[0067] A coating or article formed using redox polymeriza 
tion can therefore comprise a plurality of natural biodegrad 
able polysaccharides associated via polymerized groups, a 
reduced oxidizing agent, and an oxidized reducing agent. In 
one preferred aspect, the biodegradable coated layer is 
formed article having a ?rst coated layer comprising a syn 
thetic polymer. 
[0068] The invention also provides alternative methods for 
preparing a coated surface or an article that is biodegradable 
and that can release a bioactive agent. For example, an alter 
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native method for forming a coating includes disposing in tWo 
or more steps at least the folloWing reagents on a surface: (a) 
a natural biodegradable polysaccharide comprising a ?rst 
coupling group, (b) a natural biodegradable polysaccharide 
comprising a second coupling group that is reactive With the 
?rst coupling group, and (c) a bioactive agent. According to 
this method reagents (a) and (b) are reactive With each other 
and are disposed separately on the surface but can individu 
ally include reagent (c). For example, reagent (a) is ?rst 
disposed on the surface and then a mixture comprising 
reagent (b) and (c) is then disposed on reagent (a). Reagent (a) 
reacts With (b) to link the natural biodegradable polysaccha 
rides together to form a coating that includes reagent (c), the 
bioactive agent. An article can be formed in a similar manner, 
for example, by a method that includes combining (a) a natu 
ral biodegradable polysaccharide comprising a ?rst coupling 
group With (b) a natural biodegradable polysaccharide com 
prising a second coupling group that is reactive With the ?rst 
coupling group, and (c) a bioactive agent. The article can be 
partially or fully formed When reagent (a) reacts With (b) to 
link the natural biodegradable polysaccharides together to 
form the article, Which includes reagent (c), the bioactive 
agent. 
[0069] In some aspects, the present invention employs the 
use of biodegradable microparticles that include a bioactive 
agent and a natural biodegradable polysaccharide, such as 
amylose and maltodextrin that have pendent coupling groups. 
The microparticles are used in association With the natural 
biodegradable polysaccharides to prepare a biodegradable, 
bioactive agent-releasing coating for the surface of medical 
devices. 
[0070] According to this aspect of the invention, a medical 
device having a coating that includes a crosslinked matrix of 
natural biodegradable polysaccharides and biodegradable 
microparticles having a bioactive agent can be placed in the 
body, and as the biodegradable microparticles degrade the 
bioactive agent is gradually released from the coating. 
[0071] The natural biodegradable polysaccharide matrix 
provides the ability to associate the biodegradable micropar 
ticles With the surface of the coated device. In some arrange 
ments, the biodegradable microparticles are dispersed in the 
natural biodegradable polysaccharide matrix. Such coatings 
can be formed by disposing a mixture of (a) biodegradable 
microparticles having a bioactive agent and (b) natural bio 
degradable polysaccharides having pendent coupling groups, 
disposing the mixture on a surface, and then treating the 
composition to form a coated layer Wherein the biodegrad 
able microparticles are dispersed Within the matrix. 
[0072] In other arrangements, the coating is formed by 
disposing the biodegradable microparticles independently of 
the natural biodegradable polysaccharide having pendent 
coupling groups. In these arrangements the biodegradable 
microparticles can be present predominantly one face of the 
layer that is formed from the natural biodegradable polysac 
charide and a microparticle-matrix interface can be formed. 

[0073] The methods include disposing in one or more steps 
the folloWing components on a surface: (a) an initiator, (b) a 
natural biodegradable polysaccharide, preferably selected 
from amylose and maltodextrin, comprising a coupling 
group, and (c) biodegradable microparticles comprising a 
bioactive agent. After the components have been disposed on 
the surface, the initiator is activated to couple a plurality of 
natural biodegradable polysaccharide polymers that are 
present in the composition, thereby forming a natural biode 
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gradable polysaccharide matrix on the surface that is associ 
ated With the biodegradable microparticles having the bioac 
tive agent. 
[0074] In these aspects, the method includes the steps of (i) 
disposing a composition comprising (a) a natural biodegrad 
able polysaccharide having a coupling group, (b) an initiator, 
and (c) biodegradable microparticles comprising a bioactive 
agent on a surface; and (ii) activating the initiator to provide 
a coated composition having the natural biodegradable 
polysaccharide and the biodegradable microparticles having 
the bioactive agent on the surface. Alternatively, the initiator 
can be disposed independently of the natural biodegradable 
polysaccharide. 
[0075] By including microparticles having a bioactive 
agent in the natural biodegradable polysaccharide-containing 
coating, the invention also provides a Way to effectively and 
e?iciently prepare a variety of drug-delivery coatings. The 
use of microparticles offers the ability to easily prepare coat 
ings having one or more bioactive agents present in desired 
amounts in the coating. Such coatings can be prepared by 
obtaining biodegradable microparticles that have a bioactive 
agent and then forming a coating that includes the micro 
spheres associated With the natural biodegradable polysac 
charide matrix. In some aspects, different microparticles hav 
ing different bioactive agents can be included in the coating in 
desired amounts to provide a bioactive agent-releasing coat 
ing that is able to release a desired combination of bioactive 
agents in desired amounts. This is a particular advantage 
When using bioactive agents that are typically not compatible 
in the same composition (for example, bioactive agents that 
have different physical properties). 
[0076] Microparticles can also be included in articles 
formed from the natural biodegradable polysaccharide. For 
example, microparticles can be included in an implantable 
medical article formed from the natural biodegradable 
polysaccharides of the invention, or can be included in an 
article that is formed in situ. In these aspects, the presence of 
biodegradable microparticles in articles can offer many of the 
advantages that are offered by the presence of the micropar 
ticles in the coatings. 
[0077] In another aspect, the present invention provides 
compositions and methods for preparing sealant materials 
that are particularly useful in connection With implantable 
medical articles having a porous surface, such as grafts, 
patches, and Wound dressings. In preferred aspects, the inven 
tive compositions can be used to prepare a sealant coating for 
implantable medical articles, particularly implantable medi 
cal articles that include a porous surface. 

[0078] The sealant coating can provide a barrier to the 
movement of body ?uids, such as blood, near the surface of 
the coated article. For example, the natural biodegradable 
polysaccharide-based sealant coating can provide hemostasis 
at the article surface by formation of a tight seal. Gradually, 
the natural biodegradable polysaccharide in the sealant coat 
ing degrades and a tissue layer is formed as the sealant coating 
is replaced by cells and other factors involved in tissue repair. 
During the process of degradation, natural biodegradable 
polysaccharide degradation products, such as naturally 
occurring mono- or disaccharides, for example, glucose, are 
released from the sealant coating, Which can be considered an 
ideal in vivo degradation product because it is commonly 
found in the body and may also be utiliZed by the cells 
involved in tissue repair during the degradation/in?ltration 
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process. Gradually, in?ltrated tissue groWth replaces the 
function of the natural biodegradable polysaccharide-con 
taining sealant coating. 
[0079] In some aspects, another particular advantage of the 
invention is that release of glucose reduces the likelihood that 
the process of natural biodegradable polysaccharide degrada 
tion and tissue in?ltration Will promote a strong in?ammatory 
response. This is because the natural biodegradable polysac 
charide-based sealant coating can degrade into materials that 
are non-antigenic or that have loW antigenicity. Another 
advantage is that the degradation products are free of other 
materials that may cause disease, such as microbial, viral, or 
prionic materials potentially present in animal-derived prepa 
rations (such as bovine collagen preparations). 
[0080] The sealant compositions of the invention, Which 
include natural biodegradable polysaccharides, such as amy 
lose or maltodextrin polymers, that can be coupled together to 
form a matrix (at least a portion of the sealant coating) on the 
medical article, can include a bioactive agent, Which can be 
released as the sealant coating degrades. 
[0081] In some aspects, the invention provides a biodegrad 
able sealant composition comprising (i) a natural biodegrad 
able polysaccharide comprising a coupling group, and (ii) an 
initiator, Wherein the coupling group is able to be activated by 
the initiator and promote coupling of a plurality of natural 
biodegradable polysaccharides. Preferably the natural biode 
gradable polysaccharide is a polymer such as amylose or 
maltodextrin. In some aspects the sealant composition can 
also include a bioactive agent. The initiator can be indepen 
dent of the natural biodegradable polysaccharide, pendent 
from the natural biodegradable polysaccharide polymer, or 
both pendent and independent of the natural biodegradable 
polysaccharide polymer. 
[0082] Accordingly, the invention also provides methods 
for preparing a surface having a sealant coating. The sealant 
coated surface is prepared on a medical article or article 
having a porous surface. The methods include disposing in 
one or more steps the folloWing reagents on a surface: (a) an 
initiator, and (b) a natural biodegradable polysaccharide com 
prising a coupling group. In some aspects a bioactive agent is 
also disposed on the surface. In one preferred aspect, the 
bioactive agent is a prothrombotic or procoagulant factor. In 
these aspects, after the components have been disposed on the 
surface, the initiator is activated to couple the natural biode 
gradable polysaccharides that are present in the composition, 
thereby forming a natural biodegradable polysaccharide coat 
ing on the surface that includes the bioactive agent. 
[0083] During the step of activating, the natural biodegrad 
able polysaccharide is contacted With the initiator and the 
initiator is activated to promote the coupling of tWo or more 
natural biodegradable polysaccharides via their coupling 
groups. In preferred aspects, the natural biodegradable 
polysaccharide includes a polymeriZable group, such as an 
ethylenically unsaturated group, and initiator is capable of 
initiating free radical polymeriZation of the polymeriZable 
groups. 
[0084] The invention also provides alternative methods for 
preparing a sealant coating on the surface of an article. The 
methods include disposing at least the folloWing reagents on 
a surface: (a) a natural biodegradable polysaccharide com 
prising a ?rst coupling group and (b) a natural biodegradable 
polysaccharide comprising a second coupling group, Where 
in the second coupling group is reactive With the ?rst coupling 
group. According to this method, reagents (a) and (b) are 
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reactive With each other to couple the natural biodegradable 
polysaccharide, or (a) and/or (b) can be treated to be made 
reactive With each other. In some aspects (a) and (b) are 
disposed separately on the surface to form the sealant coating. 
The natural biodegradable polysaccharide can be the same 
types of polymers of different types of polymers. 
[0085] The ?rst coupling group and second coupling group 
can be a pair of chemical groups that are reactive With one 
another, preferably speci?cally reactive. The groups can also 
become reactive With each other upon addition of a particular 
agent to the mixture of natural biodegradable polysaccharide 
having different reactive groups. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0086] FIG. 1 is a graph of cumulative BSA release from 
maltodextrin-acrylate ?laments treated With amylase, over a 
period of time. 
[0087] FIG. 2 is a graph of cumulative BSA release from 
maltodextrin-acrylate/photo-PVP-coated PEBAX rod treated 
With amylase, over a period of time. 
[0088] FIG. 3 is a graph of cumulative absorbance values of 
active and total IgG Fab fragment release from maltodextrin 
acrylate ?laments treated With amylase, over a period of time. 
[0089] FIG. 4 is a graph of cumulative absorbance values of 
active and total IgG release from maltodextrin-acrylate(re 
dox)/photo-PVP-coated stainless steel rods treated With amy 
lase, over a period of time. 
[0090] FIG. 5 is a graph of cumulative absorbance values of 
active and total IgG release from maltodextrin-acrylate(pho 
toinitiation)/photo-PVP-coated stainless steel rods treated 
With amylase and percent degradation of the maltodextrin 
acrylate coating, over a period of time. 
[0091] FIG. 6 is a graph of cumulative absorbance values of 
active and total IgG release from a maltodextrin-acrylate 
?lament treated With amylase and percent degradation of the 
?lament, over a period of time. 
[0092] FIG. 7 is a graph of modulus of a maltodextrin 
acrylate matrix formed via REDOX polymerization, over a 
period of time. 
[0093] FIG. 8 is a graph of repetitive force testing of mal 
todextrin-acrylate coated PEBAX rods versus synthetic poly 
mer-coated PEBAX rods. 

DETAILED DESCRIPTION 

[0094] The embodiments of the present invention 
described herein are not intended to be exhaustive or to limit 
the invention to the precise forms disclosed in the folloWing 
detailed description. Rather, the embodiments are chosen and 
described so that others skilled in the art can appreciate and 
understand the principles and practices of the present inven 
tion. 
[0095] All publications and patents mentioned herein are 
hereby incorporated by reference. The publications and pat 
ents disclosed herein are provided solely for their disclosure. 
Nothing herein is to be construed as an admission that the 
inventors are not entitled to antedate any publication and/or 
patent, including any publication and/or patent cited herein. 
[0096] In one aspect, the invention provides methods of 
preparing biodegradable coatings. The coatings can release 
bioactive agents from the surface of medical devices. The 
coatings comprise a matrix of natural biodegradable material. 
The compositions and methods of the present invention are 
particularly useful for coating surfaces of implantable medi 
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cal devices, such as stents and catheters, and that are capable 
of releasing drugs from the device. 
[0097] In another aspect, the invention provides methods of 
preparing biodegradable articles, such as medical implants or 
in situ formed matrices. The articles comprise a matrix of 
natural biodegradable material. The biodegradable articles 
can also be used for the release of bioactive agents, and in this 
manner can function as bioactive agent-releasing implants or 
depots. In some aspects, the biodegradable articles of the 
invention biodegrade Within a period that is acceptable for the 
desired application. 
[0098] In some aspects, the biodegradable article is a medi 
cal implant that provides mechanical properties at the implan 
tation site and maintains these mechanical properties until 
they are no longer needed. After this period of time has 
elapsed, the medical implant is degraded to an extent that the 
properties are no longer provided by the medical implant, and 
the biodegradable components can be absorbed and/or 
excreted by the body. In some embodiments, the medical 
implant sloWly degrades and transfers stress at the appropri 
ate rate to surrounding tissues as these tissues heal and can 
accommodate the stress once borne by the medical device. 
[0099] Generally, the biodegradable matrices of the present 
invention (Whether used alone or in connection With another 
device) have a structure that prevents the entrance of an 
enZyme that is capable of degrading the matrix, into the 
matrix. That is, the structure of the matrix physically excludes 
higher molecular Weight compounds such as enZymes from 
entering the matrix. The present invention shoWs that matri 
ces treated With a matrix degrading enZyme (e. g., crosslinked 
maltodextrin matrices treated With amylase) exhibited uni 
form surface degradation. Examination of these matrices that 
Were subjected to enZymatic degradation for a period of time 
revealed a gradual and smooth erosion of the surface. No bulk 
erosion of the matrix or irregular surface patterns (Which 
Would otherWise indicate in?ltration of the enZyme into the 
matrix) Were observed. Furthermore, various experiments 
shoW that bioactive agents Were released from the matrices at 
a Zero order rate, further signifying the exclusion properties 
of the matrix. 
[0100] EnZymes are proteins that generally have a molecu 
lar Weights of about 10,000 Da or greater, and more typically 
25,000 Da or greater, or 40,000 Da or greater. 
[0101] The matrices of the present invention can exclude 
and be degraded by enZymes that degrade naturally occurring 
materials. One class of enZymes that canbe excluded form the 
matrix are carbohydrases, Which include polysaccharidases. 
The carbohydrase that contacts the coating or article can 
speci?cally degrade the natural biodegradable polysaccha 
ride causing release of the bioactive agent. Examples of car 
bohydrases that can speci?cally degrade natural biodegrad 
able polysaccharide coatings include ot-amylases, such as 
salivary and pancreatic ot-amylases; disaccharidases, such as 
maltase, lactase and sucrase; trisaccharidases; and glucoamy 
lase (amyloglucosidase). 
[0102] ot-Amylase extracted from human pancreas and 
puri?ed by using ammonium sulfate fractionation has been 
shoWn to have a molecular Weight of 53,700 Da according to 
SDS polyacrylamide gel electrophoresis (Sky-Peck, H. H. 
and Thuvasethakul, P. (1977) Human pancreatic alpha-amy 
lase. I. Puri?cation and characterization. Ann. Clin. and Lab. 
Sci. 7:298-309). 
[0103] Another class of enZymes that can be excluded from 
the matrix is proteases. Proteases can degrade natural biode 
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gradable materials such as Water-soluble proteins. Well 
known Water-soluble proteins include globular proteins, such 
as albumin. Albumins can be degraded by aspartic and cys 
teine proteinases present in the body. 
[0104] Another class of enZymes that can be excluded from 
the matrix is lipases. Lipases are enzymes that catalyZe 
hydrolysis of fatty acid ester bond in triacylglycerol thus 
releasing free fatty acids. The lipase commonly measured in 
plasma is pancreatic lipase. Human pancreatic lipase has a 
molecular Weight of about 48,000 Da (De Caro, A. et al. 
(1977) Biochim. Biophys. Acla. 490141 1-419) 
[0105] Another class of enZymes that can be excluded from 
the matrix is nucleases. Nucleases include ribonucleases and 
deoxyribonucleases. Numerous ribonucleases and deoxyri 
bonucleases are knoWn Which can degrade RNA and DNA 
molecules in a sequence speci?c or non-speci?c manner. 
Nucleases, such as human deoxyribonuclease I have a 
molecular Weight of about 41,000 (Ito, K. et al. (1984) J. 
Biochem. (Tokyo). 95:1399-1406) and is present in human 
serum (Nadano, D. et al. (1 993) Clinical Chem. 39: 448-452). 
[0106] In some aspects of the invention, the biodegradable 
coating or article includes a natural biodegradable polysac 
charide having a coupling group. Exemplary natural biode 
gradable polysaccharides include amylose and maltodextrin. 
In some aspects, the present invention provides biodegrad 
able coatings having excellent surface characteristics and that 
can provide a suitable vehicle for the delivery of bioactive 
agents. These biodegradable coatings can be disposed on 
medical devices having a variety of biomaterial surfaces. 
[0107] In some embodiments of the invention, a coating is 
formed on a device that includes a biodegradable matrix and 
biodegradable microparticles, the biodegradable micropar 
ticles including one or more bioactive agents. The biodegrad 
able material used to form the matrix includes a natural bio 
degradable polysaccharide as a component. In the matrix, 
natural biodegradable polysaccharides such as amylose and 
maltodextrin are coupled to each other and the biodegradable 
microparticles are associated With the matrix. 
[0108] In yet other embodiments of the invention, a sealant 
coating is formed on a device. The sealant coating includes a 
biodegradable matrix and optionally one or more bioactive 
agents, such as prothrombotic agents. 
[0109] The sealant coating of the invention can, at least 
initially, provide a barrier on the porous surface that is not 
permeable to ?uids Within the body. Gradually, the sealant 
coating degrades and its function is replaced by tissue that 
in?ltrates the porous surface. Therefore, the sealant coating 
has particular properties, such as biodegradability and rela 
tive impermeability (i.e., relative to the degradation of the 
sealant coating). The sealant coating can also be compliant 
and/ or conformal, and can have properties such as ?exibility, 
elasticity, and bendability. 
[0110] As used herein, impermeable, used in relation to the 
function of the sealant coating, refers to a signi?cant reduc 
tion in the transmission of bulk liquid or ?uids through the 
substrate Which the sealant coating is associated With. For 
example, the sealant coating can be impermeable to the trans 
mission of blood. The impermeability can be maintained as 
the natural biodegradable polysaccharide-based sealant coat 
ing degrades, and is replaced by tissue. 
[0111] As referred to herein, a “natural biodegradable 
polysaccharide” refers to a non-synthetic polysaccharide that 
is capable of being enZymatically degraded but that is gener 
ally non-enZymatically hydrolytically stable. Natural biode 
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gradable polysaccharides include polysaccharide and/or 
polysaccharide derivatives that are obtained from natural 
sources, such as plants or animals. Natural biodegradable 
polysaccharides include any polysaccharide that has been 
processed or modi?ed from a natural biodegradable polysac 
charide (for example, maltodextrin is a natural biodegradable 
polysaccharide that is processed from starch). Exemplary 
natural biodegradable polysaccharides include hyaluronic 
acid, starch, dextran, heparin, chondroitin sulfate, dermatan 
sulfate, heparan sulfate, keratan sulfate, dextran sulfate, pen 
tosan polysulfate, and chitosan. Preferred polysaccharides 
are loW molecular Weight polymers that have little or no 
branching, such as those that are derived from and/ or found in 
starch preparations, for example, amylose and maltodextrin. 
Therefore, the natural biodegradable polysaccharide can be a 
substantially non-branched or non-branched poly(glucopyra 
nose) polymer. 
[0112] Because of the particular utility of the amylose and 
maltodextrin polymers, it is preferred that natural biodegrad 
able polysaccharides having an average molecular Weight of 
500,000 Da or less, 250,000 Da or less, 100,000 Da or less, or 
50,000 Da or less. It is also preferred that the natural biode 
gradable polysaccharides have an average molecular Weight 
of 500 Da or greater. A particularly preferred siZe range for 
the natural biodegradable polysaccharides is in the range of 
about 1000 Da to about 10,000 Da. Natural biodegradable 
polysaccharides of particular molecular Weights can be 
obtained commercially or can be prepared. The decision of 
using natural biodegradable polysaccharides of a particular 
siZe range may depend on factors such as the physical char 
acteristics of the coating composition (e.g., viscosity), the 
desired rate of degradation of the coating, the presence of 
other optional moieties in the coating composition, for 
example, bioactive agents, etc. 
[0113] As used herein, “amylose” or “amylose polymer” 
refers to a linear polymer having repeating glucopyranose 
units that are joined by ot-1,4 linkages. Some amylose poly 
mers can have a very small amount of branching via ot-1,6 
linkages (about less than 0.5% of the linkages) but still dem 
onstrate the same physical properties as linear (unbranched) 
amylose polymers do. Generally amylose polymers derived 
from plant sources have molecular Weights of about 1><106 Da 
or less. Amylopectin, comparatively, is a branched polymer 
having repeating glucopyranose units that are joined by (X-l ,4 
linkages to form linear portions and the linear portions are 
linked together via ot- 1,6 linkages. The branch point linkages 
are generally greater than 1% of the total linkages and typi 
cally 4%-5% of the total linkages. Generally amylopectin 
derived from plant sources have molecular Weights of 1><107 
Da or greater. 

[0114] Amylose can be obtained from, or is present in, a 
variety of sources. Typically, amylose is obtained from non 
animal sources, such as plant sources. In some aspects, a 
puri?ed preparation of amylose is used as starting material for 
the preparation of the amylose polymer having coupling 
groups. In other aspects, as starting material, amylose can be 
used in a mixture that includes other polysaccharides. 

[0115] For example, in some aspects, starch preparations 
having a high amylose content, puri?ed amylose, syntheti 
cally prepared amylose, or enriched amylose preparations 
can be used in the preparation of amylose having the coupling 
groups. In starch sources, amylose is typically present along 
With amylopectin, Which is a branched polysaccharide. 
According to the invention, it is preferred to use coating 
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compositions that include amylose, wherein the amylose is 
present in the composition in an amount greater than amy 
lopectin, if present in the composition. For example, in some 
aspects, starch preparations having high amylose content, 
puri?ed amylose, synthetically prepared amylose, or 
enriched amylose preparations can be used in the preparation 
of amylose polymer having the coupling groups. In some 
embodiments the composition includes a mixture of polysac 
charides including amylose Wherein the amylose content in 
the mixture of polysaccharides is 50% or greater, 60% or 
greater, 70% or greater, 80% or greater, or 85% or greater by 
Weight. In other embodiments the composition includes a 
mixture of polysaccharides including amylose and amylopec 
tin and Wherein the amylopectin content in the mixture of 
polysaccharides is 30% or less, or 15% or less. In some cases 
it may be desirable to use non-retrograding starches, such as 
Waxy starch, in the current invention. The amount of amy 
lopectin present in a starch may also be reduced by treating 
the starch With amylopectinase, Which cleaves (X-l ,6 linkages 
resulting in the debranching of amylopectin into amylose. 
[0116] In some cases a synthesis reaction can be carried out 
to prepare an amylose polymer having pendent coupling 
groups (for example, amylose With pendent ethylenically 
unsaturated groups) and steps may be performed before, dur 
ing, and/or after the synthesis to enrich the amount of amy 
lose, or purify the amylose. 
[0117] Amylose of a particular siZe, or a combination of 
particular siZes can be used. The choice of amylose in a 
particular siZe range may depend on the application, for 
example, the type of surface coated or the porosity of the 
surface. In some embodiments amylose having an average 
molecular Weight of 500,000 Da or less, 250,000 Da or less, 
100,000 Da or less, 50,000 Da or less, preferably greater than 
500 Da, or preferably in the range of about 1000 Da to about 
10,000 Da is used. Amylose of particular molecular Weights 
can be obtained commercially or can be prepared. For 
example, synthetic amyloses With average molecular masses 
of 70, 1 10, 320, and 1,000 kDa can be obtained from Nakano 
Vinegar Co., Ltd. (Aichi, Japan). The decision of using amy 
lose of a particular siZe range may depend on factors such as 
the physical characteristics of the coating composition (e.g., 
viscosity), the desired rate of degradation of the coating, the 
presence of other optional moieties in the coating composi 
tion (for example, bioactive agents, etc.), etc. 
[0118] Maltodextrin is typically generated by hydrolyZing 
a starch slurry With heat-stable ot-amylase at temperatures at 
85 -900 C. until the desired degree of hydrolysis is reached and 
then inactivating the ot-amylase by a second heat treatment. 
The maltodextrin can be puri?ed by ?ltration and then spray 
dried to a ?nal product. Maltodextrins are typically charac 
teriZed by their dextrose equivalent (DE) value, Which is 
related to the degree of hydrolysis de?ned as: DEIMW dex 
trose/number-averaged MW starch hydrolysate><100. 
[0119] A starch preparation that has been totally hydro 
lyZed to dextrose (glucose) has a DE of 100, Where as starch 
has a DE of about Zero. A DE of greater than 0 but less than 
100 characteriZes the mean-average molecular Weight of a 
starch hydrolysate, and maltodextrins are considered to have 
a DE of less than 20. Maltodextrins of various molecular 
Weights, for example, in the range of about 500-5000 Da are 
commercially available (for example, from CarboMer, San 
Diego, Calif.). 
[0120] Another contemplated class of natural biodegrad 
able polysaccharides is natural biodegradable non-reducing 
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polysaccharides. A non-reducing polysaccharide can provide 
an inert matrix thereby improving the stability of sensitive 
bioactive agents, such as proteins and enZymes. A non-reduc 
ing polysaccharide refers to a polymer of non-reducing dis 
accharides (tWo monosaccharides linked through their ano 
meric centers) such as trehalose (ot-D-glucopyranosyl ot-D 
glucopyranoside) and sucrose ([3-D-fructofuranosyl ot-D 
glucopyranoside). An exemplary non-reducing 
polysaccharide comprises polyalditol Which is available from 
GPC (Muscatine, IoWa). In another aspect, the polysaccha 
ride is a glucopyranosyl polymer, such as a polymer that 
includes repeating (1Q3)O-[3-D-glucopyranosyl units. 
[0121] In some aspects, the coating compositions can 
include natural biodegradable polysaccharides that include 
chemical modi?cations other than the pendent coupling 
group. To exemplify this aspect, modi?ed amylose having 
esteri?ed hydroxyl groups can be prepared and used in sealant 
coating compositions in association With the methods of the 
invention. Other natural biodegradable polysaccharides hav 
ing hydroxyl groups may be modi?ed in the same manner. 
These types of modi?cations can change or improve the prop 
erties of the natural biodegradable polysaccharide making for 
a coating composition that is particularly suitable for a 
desired application. Many chemically modi?ed amylose 
polymers, such as chemically modi?ed starch, have at least 
been considered acceptable food additives. 
[0122] As used herein, “modi?ed natural biodegradable 
polysaccharides” refers to chemical modi?cations to the 
natural biodegradable polysaccharide that are different than 
those provided by the coupling group or the initiator group. 
Modi?ed amylose polymers having a coupling group (and/or 
initiator group) can be used in the compositions and methods 
of the invention. 

[0123] To exemplify this aspect, modi?ed amylose is 
described. By chemically modifying the hydroxyl groups of 
the amylose, the physical properties of the amylose can be 
altered. The hydroxyl groups of amylose alloW for extensive 
hydrogen bonding betWeen amylose polymers in solution and 
can result in viscous solutions that are observed upon heating 
and then cooling amylose-containing compositions such as 
starch in solution (retrograding). The hydroxyl groups of 
amylose can be modi?ed to reduce or eliminate hydrogen 
bonding betWeen molecules thereby changing the physical 
properties of amylose in solution. 
[0124] Therefore, in some embodiments the natural biode 
gradable polysaccharides, such as amylose, can include one 
or more modi?cations to the hydroxyl groups Wherein the 
modi?cations are different than those provided by coupling 
group. Modi?cations include esteri?cation With acetic anhy 
dride (and adipic acid), succinic anhydride, 1-octenylsuccinic 
anhydride, phosphoryl chloride, sodium trimetaphosphate, 
sodium tripolyphosphate, and sodium monophosphate; 
etheri?cation With propylene oxide, acid modi?cation With 
hydrochloric acid and sulfuric acids; and bleaching or oxida 
tion With hydrogen peroxide, peracetic acid, potassium per 
manganate, and sodium hypochlorite. 
[0125] Examples of modi?ed amylose polymers include 
carboxymethyl amylose, carboxyethyl amylose, ethyl amy 
lose, methyl amylose, hydroxyethyl amylose, hydroxypropyl 
amylose, acetyl amylose, amino alkyl amylose, allyl amy 
lose, and oxidiZed amylose. Other modi?ed amylose poly 
mers include succinate amylose and oxtenyl succinate amy 
lose. 
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[0126] In another aspect of the invention, the natural bio 
degradable polysaccharide is modi?ed With a hydrophobic 
moiety in order to provide a biodegradable matrix having 
hydrophobic properties. Exemplary hydrophobic moieties 
include those previously listed, fatty acids and derivatives 
thereof, and C2-Cl8 alkyl chains. A polysaccharide, such as 
amylose or maltodextrin, can be modi?ed With a compound 
having a hydrophobic moiety, such as a fatty acid anhydride. 
The hydroxyl group of a polysaccharide can also cause the 
ring opening of lactones to provide pendent open-chain 
hydroxy esters. 
[0127] In some aspects, the hydrophobic moiety pendent 
from the natural biodegradable has properties of a bioactive 
agent. The hydrophobic moiety can be hydrolyZed from the 
natural biodegradable polymer and released from the matrix 
to provide a therapeutic effect. One example of a therapeuti 
cally useful hydrophobic moiety is butyric acid, Which has 
been shoWn to elicit tumor cell differentiation and apoptosis, 
and is thought to be useful for the treatment of cancer and 
other blood diseases. The hydrophobic moiety that provides a 
therapeutic effect can also be a natural compound (such as 
butyric acid). Therefore, degradation of the matrix having a 
coupled therapeutic agent can result in all natural degradation 
products. 
[0128] According to the invention, a natural biodegradable 
polysaccharide that includes a coupling group is used to form 
an article or a coating on the surface of a medical article. 
Other polysaccharides can also be present in the coating 
composition. For example, the tWo or more natural biode 
gradable polysaccharides are used to form an article or a 
coating on the surface of a medical article. Examples include 
amylose and one or more other natural biodegradable 
polysaccharide(s), and maltodextrin and one or more other 
natural biodegradable polysaccharide(s); in one aspect the 
composition includes a mixture of amylose and maltodextrin, 
optionally With another natural biodegradable polysaccha 
ride. 
[0129] In one preferred embodiment, amylose or maltodex 
trin is the primary polysaccharide. In some embodiments, the 
composition includes a mixture of polysaccharides including 
amylose or maltodextrin and the amylose or maltodextrin 
content in the mixture of polysaccharides is 50% or greater, 
60% or greater, 70% or greater, 80% or greater, or 85% or 
greater by Weight. 
[0130] Puri?ed or enriched amylose preparations can be 
obtained commercially or can be prepared using standard 
biochemical techniques such as chromatography. In some 
aspects, high-amylose cornstarch can be used. 
[0131] As used herein, “coupling group” can include (1) a 
chemical group that is able to form a reactive species that can 
react With the same or similar chemical group to form a bond 
that is able to couple the natural biodegradable polysaccha 
rides together (for example, Wherein the formation of a reac 
tive species can be promoted by an initiator); or (2) a pair of 
tWo different chemical groups that are able to speci?cally 
react to form a bond that is able to couple the natural biode 
gradable polysaccharides together. The coupling group can 
be attached to any suitable natural biodegradable polysaccha 
ride, including the amylose and maltodextrin polymers as 
exempli?ed herein. 
[0132] Contemplated reactive pairs include Reactive 
GroupA and corresponding Reactive Group B as shoWn in the 
Table 1 beloW. For the preparation of a coating composition, 
a reactive group from group A can be selected and coupled to 
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a ?rst set of natural biodegradable polysaccharides and a 
corresponding reactive group B can be selected and coupled 
to a second set of natural biodegradable polysaccharides. 
Reactive groups A and B can represent ?rst and second cou 
pling groups, respectively. At least one and preferably tWo, or 
more than tWo reactive groups are coupled to an individual 
natural biodegradable polysaccharide polymer. The ?rst and 
second sets of natural biodegradable polysaccharides can be 
combined and reacted, for example, thermochemically, if 
necessary, to promote the coupling of natural biodegradable 
polysaccharides and the formation of a natural biodegradable 
polysaccharide matrix. 

TABLE 1 

Reactive group A Reactive group B 

amine hydroxyl, sulfhydryl N-oxysuccinimide (“NOS”) 
amine Aldehyde 
amine Isothiocyanate 
amine, sulfhydryl Bromoacetyl 
amine, sulfhydryl Chloroacetyl 
amine, sulfhydryl Iodoacetyl 
amine, hydroxyl Anhydride 
aldehyde HydraZide 
amine, hydroxyl, carboxylic acid Isocyanate 
amine, sulfhydryl Maleimide 
sulfhydryl Vinylsulfone 

Amine also includes hydrazide (RiN'HiN'HZ) 

[0133] For example, a suitable coupling pair Would be a 
natural biodegradable polysaccharide having an electrophilic 
group and a natural biodegradable polysaccharide having a 
nucleophilic group. An example of a suitable electrophilic 
nucleophilic pair is N-hydroxysuccinimide-amine pair, 
respectively. Another suitable pair Would be an oxirane 
amine pair. 
[0134] In some aspects, the natural biodegradable polysac 
charides of the invention include at least one, and more typi 
cally more than one, coupling group per natural biodegrad 
able polysaccharide, alloWing for a plurality of natural 
biodegradable polysaccharides to be coupled in linear and/or 
branched manner. In some preferred embodiments, the natu 
ral biodegradable polysaccharide includes tWo or more pen 
dent coupling groups. 
[0135] In some aspects, the coupling group on the natural 
biodegradable polysaccharide is a polymeriZable group. In a 
free radical polymerization reaction the polymeriZable group 
can couple natural biodegradable polysaccharides together in 
the composition, thereby forming a biodegradable natural 
biodegradable polysaccharide matrix. 
[0136] A preferred polymeriZable group is an ethylenically 
unsaturated group. Suitable ethylenically unsaturated groups 
include vinyl groups, acrylate groups, methacrylate groups, 
ethacrylate groups, 2-phenyl acrylate groups, acrylamide 
groups, methacrylamide groups, itaconate groups, and sty 
rene groups. Combinations of different ethylenically unsat 
urated groups can be present on a natural biodegradable 
polysaccharide, such as amylose or maltodextrin. 
[0137] In preparing the natural biodegradable polysaccha 
ride having pendent coupling groups any suitable synthesis 
procedure can be used. Suitable synthetic schemes typically 
involve reaction of, for example, hydroxyl groups on the 
natural biodegradable polysaccharide, such as amylose or 
maltodextrin. Synthetic procedures can be modi?ed to pro 
duce a desired number of coupling groups pendent from the 
natural biodegradable polysaccharide backbone. For 
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example, the hydroxyl groups can be reacted With a coupling 
group-containing compound or can be modi?ed to be reactive 
With a coupling group-containing compound. The number 
and/ or density of acrylate groups can be controlled using the 
present method, for example, by controlling the relative con 
centration of reactive moiety to saccharide group content. 

[0138] In some modes of practice, the biodegradable 
polysaccharides have an amount of pendent coupling groups 
of about 0.7 umoles of coupling group per milligram of natu 
ral biodegradable polysaccharide. In a preferred aspect, the 
amount of coupling group per natural biodegradable polysac 
charide is in the range of about 0.3 umoles/mg to about 0.7 
umoles/mg. For example, amylose or maltodextrin can be 
reacted With an acrylate groups-containing compound to pro 
vide an amylose or maltodextrin macromer having a acrylate 
group load level in the range of about 0.3 umoles/mg to about 
0.7 umoles/mg. 
[0139] As used herein, an “initiator” refers to a compound, 
or more than one compound, that is capable of promoting the 
formation of a reactive species from the coupling group. For 
example, the initiator can promote a free radical reaction of 
natural biodegradable polysaccharide having a coupling 
group. In one embodiment the initiator is a photoreactive 
group (photoinitiator) that is activated by radiation. In some 
embodiments, the initiator can be an “initiator polymer” that 
includes a polymer having a backbone and one or more ini 
tiator groups pendent from the backbone of the polymer. 
[0140] In some aspects the initiator is a compound that is 
light sensitive and that can be activated to promote the cou 
pling of the amylose polymer via a free radical polymeriza 
tion reaction. These types of initiators are referred to herein as 
“photoinitiators.” In some aspects it is preferred to use pho 
toinitiators that are activated by light Wavelengths that have 
no or a minimal effect on a bioactive agent if present in the 
composition. A photoinitiator can be present in a sealant 
composition independent of the amylose polymer or pendent 
from the amylose polymer. 
[0141] In some embodiments, photoinitiation occurs using 
groups that promote an intra- or intermolecular hydrogen 
abstraction reaction. This initiation system can be used With 
out additional energy transfer acceptor molecules and utiliZ 
ing nonspeci?c hydrogen abstraction, but is more commonly 
used With an energy transfer acceptor, typically a tertiary 
amine, Which results in the formation of both aminoalkyl 
radicals and ketyl radicals. Examples of molecules exhibiting 
hydrogen abstraction reactivity and useful in a polymeric 
initiating system, include analogs of benZophenone, thioxan 
thone, and camphorquinone. 
[0142] In some preferred embodiments the photoinitiator 
includes one or more charged groups. The presence of 
charged groups can increase the solubility of the photoinitia 
tor (Which can contain photoreactive groups such as aryl 
ketones) in an aqueous system and therefore provide for an 
improved coating composition. Suitable charged groups 
include, for example, salts of organic acids, such as sulfonate, 
phosphonate, carboxylate, and the like, and onium groups, 
such as quaternary ammonium, sulfonium, phosphonium, 
protonated amine, and the like. According to this embodi 
ment, a suitable photoinitiator can include, for example, one 
or more aryl ketone photogroups selected from acetophe 
none, benZophenone, anthraquinone, anthrone, anthrone-like 
heterocycles, and derivatives thereof; and one or more 
charged groups, for example, as described herein. Examples 
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of these types of Water-soluble photoinitiators have been 
described in Us. Pat. No. 6,077,698. 
[0143] In some aspects the photoinitiator is a compound 
that is activated by long-Wavelength ultraviolet (UV) and 
visible light Wavelengths. For example, the initiator includes 
a photoreducible or photo-oxidiZable dye. Photoreducible 
dyes can also be used in conjunction With a compound such as 
a tertiary amine. The tertiary amine intercepts the induced 
triplet producing the radical anion of the dye and the radical 
cation of the tertiary amine. Examples of molecules exhibit 
ing photosensitiZation reactivity and useful as an initiator 
include acridine orange, camphorquinone, ethyl eosin, eosin 
Y, erythro sine, ?uorescein, methylene green, methylene blue, 
phloxime, ribo?avin, rose bengal, thionine, and xanthine 
dyes. Use of these types of photoinitiators can be particularly 
advantageous When a light-sensitive bioactive agent is 
included in the sealant coating. 
[0144] Therefore, in yet another aspect, the invention pro 
vides a coating composition comprising (i) a natural biode 
gradable polysaccharide comprising an ethylenically unsat 
urated group (ii) a photoinitiator selected from the group 
consisting of acridine orange, camphorquinone, ethyl eosin, 
eosinY, erythrosine, ?uorescein, methylene green, methylene 
blue, phloxime, ribo?avin, rose bengal, thionine, and xan 
thine dyes, and (iii) a bioactive agent. 
[0145] Thermally reactive initiators can also be used to 
promote the polymerization of natural biodegradable poly 
mers having pendent coupling groups. Examples of thermally 
reactive initiators include 4,4' aZobis(4-cyanopentanoic 
acid), 2,2-aZobis[2-(2-imidaZolin-2-yl) propane] dihydro 
chloride, and analogs of benZoyl peroxide. Redox initiators 
can also be used to promote the polymerization of the natural 
biodegradable polymers having pendent coupling groups. In 
general, combinations of organic and inorganic oxidiZers, and 
organic and inorganic reducing agents are used to generate 
radicals for polymeriZation. A description of redox initiation 
can be found in Principles ofPolymerizalion, 2”“ Edition, 
Odian G., John Wiley and Sons, pgs 201-204, (1981). 
[0146] In some cases, the initiator can be included in a base 
coating and the natural biodegradable polysaccharide or com 
position that includes the natural biodegradable polysaccha 
ride can be disposed on the base coating. For example, a 
coated layer that includes the natural biodegradable polysac 
charide can be formed on a coated layer that includes a syn 
thetic polymer. The synthetic polymer can be a hydrophilic 
polymer such as poly(vinylpyrrolidone), poly(acrylamide), 
or copolymers thereof. In some aspects the synthetic polymer 
is formed using photoreactive groups, such as photoreactive 
groups that are pendent from the synthetic polymer, Which 
can be used to covalently bond the synthetic polymer to a 
surface of the article. 

[0147] In some aspects the polymeriZation initiator is a 
polymer that includes an initiator group (herein referred to as 
an “initiator polymer”). The polymeric portion of the initiator 
polymer can be obtained or prepared to have particular prop 
er‘ties or features that are desirable for use With a coating 
composition, such as a sealant coating composition. For 
example, the polymeric portion of the initiator polymer can 
have hydrophilic or amphoteric properties, it can include 
pendent charged groups, or it can have groups that alloW it to 
interact With a particular surface (this can depend on the type 
of surface to be coated). Optionally, or additionally, the poly 
mer can change or improve the properties of the coating that 
is formed by the amylose polymer having coupling groups. 
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For example, the initiator polymer can change the elasticity, 
?exibility, Wettability, or softness (or combinations thereof) 
of the coating formed on the surface. Certain polymers, as 
described herein, are useful as plasticizing agents for coatings 
that include natural biodegradable polysaccharides. Initiator 
groups can be added to these plasticizing polymers and used 
in the compositions and methods of the invention. 

[0148] For example, in some aspects an initiator can be 
pendent from a natural biodegradable polysaccharide. There 
fore, the natural biodegradable polysaccharide is able to pro 
mote activation of polymerizable groups that are pendent 
from other natural biodegradable polysaccharides and pro 
mote the formation of a natural biodegradable polysaccharide 
matrix. 

[0149] In other cases, the polymeric portion of the initiator 
polymer can include, for example, acrylamide and methacry 
lamide monomeric units, or derivatives thereof. In some 
embodiments, the coating composition includes an initiator 
polymer having a photoreactive group and a polymeric por 
tion selected from the group of acrylamide and methacryla 
mide polymers and copolymers. 
[0150] In some aspects, the initiator includes an oxidizing 
agent/reducing agent pair, a “redox pair,” to drive polymer 
ization of the biodegradable polysaccharide. In this case, 
polymerization of the biodegradable polysaccharide is car 
ried out upon combining one or more oxidizing agents With 
one or more reducing agents. Other compounds can be 
included in the composition to promote polymerization of the 
biodegradable polysaccharides. 
[0151] When combined, the oxidizing agent and reducing 
agent can provide a particularly robust initiation system and 
can drive the formation of a polymerized matrix of polysac 
charides from a composition having a loW viscosity. A 
polysaccharide composition With a loW viscosity may be due 
to a loW concentration of polysaccharide in the composition, 
a polysaccharide having a loW average molecular Weight, or 
combinations thereof. Matrix formation from a polysaccha 
ride composition having a loW viscosity is particularly advan 
tageous in many applications, especially for in situ polymer 
ization. In some aspects of the invention, a loW viscosity 
polysaccharide composition is passed through a small gauge 
delivery conduit, such as a needle, Wherein the redox pair 
causes the polymerization of the polysaccharides in situ. 

[0152] In some aspects of the invention, the viscosity of the 
composition is above about 5 cP, or about 10 cP or greater. In 
other aspects of the invention the viscosity of the composition 
is betWeen about 5 cl’ or 10 cP and about 700 cP, or betWeen 
about 5 cl’ or 10 cP and about 250 cP. 

[0153] In order to promote polymerization of the biode 
gradable polysaccharides in a composition to form a matrix, 
the oxidizing agent is added to the reducing agent in the 
presence of the one or more biodegradable polysaccharides. 
For example, a composition including a biodegradable 
polysaccharide and a reducing agent is added to a composi 
tion including an oxidizing agent, or a composition including 
a biodegradable polysaccharide and an oxidizing agent is 
added to a composition containing a reducing agent. One 
desirable method of preparing a matrix is to combine a com 
position including a biodegradable polysaccharide and an 
oxidizing agent With a composition including a biodegrad 
able polysaccharide and a reducing agent. For purposes of 
describing this method, the terms “?rst composition” and 
“second composition” can be used. 
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[0154] The viscosities of biodegradable polysaccharide in 
the ?rst and second compositions can be the same or can be 
different. Generally, though, it has been observed that good 
mixing and subsequent matrix formation is obtained When the 
compositions have the same or similar viscosities. In this 
regard, if the same biodegradable polymer is used in the ?rst 
and second compositions, the concentration of the biodegrad 
able polymer may be the same or different. 

[0155] The oxidizing agent can be selected from inorganic 
or organic oxidizing agents, including enzymes; the reducing 
agent can be selected from inorganic or organic reducing 
agents, including enzymes. Exemplary oxidizing agents 
include peroxides, including hydrogen peroxide, metal 
oxides, and oxidases, including glucose oxidase. Exemplary 
reducing agents include salts and derivatives of electroposi 
tive elemental metals such as Li, Na, Mg, Fe, Zn, Al, and 
reductases. In one mode of practice, the reducing agent is 
present at a concentration of about 2.5 mM or greater When 
the reducing agent is mixed With the oxidizing agent. Prior to 
mixing, the reducing agent can be present in a composition at 
a concentration of, for example, 5 mM or greater. 

[0156] Other reagents can be present in the composition to 
promote polymerization of the biodegradable polysaccha 
ride. Other polymerization promoting compounds can be 
included in the composition, such as metal or ammonium 
salts of persulfate. 
[0157] Optionally, the compositions and methods of the 
invention can include polymerization accelerants that can 
improve the ef?ciency of polymerization. Examples of useful 
accelerants include N-vinyl compounds, particularly N-vinyl 
pyrrolidone and N-vinyl caprolactam. Such accelerants can 
be used, for instance, at a concentration of betWeen about 
0.01% and about 5%, and preferably betWeen about 0.05% 
and about 0.5%, by Weight, based on the volume of the coat 
ing composition. 
[0158] In some aspects, an aqueous composition that 
includes the natural biodegradable polysaccharide, such as 
amylose or maltodextrin having pendent coupling groups, 
and a bioactive agent is obtained and used in the method of 
coating a surface. In another aspect, an aqueous composition 
is used to form an article. This composition can be prepared 
by mixing a bioactive agent, such as a Water-soluble small 
molecule, a protein, or a nucleic acid, With the natural biode 
gradable polysaccharide. 
[0159] According to the invention, the natural biodegrad 
able polysaccharide that includes a coupling group is used to 
form a coating on the surface of a medical device or to form 
an article. Other polysaccharides can also be present in the 
coating composition. For example, the coating can include 
tWo different natural biodegradable polysaccharides, or more 
than tWo different natural biodegradable polysaccharides. For 
example, in some cases the natural biodegradable polysac 
charide (such as amylose or maltodextrin) can be present in 
the coating or article composition along With another biode 
gradable polymer (i.e., a secondary polymer), or more than 
one other biodegradable polymer. An additional polymer or 
polymers can be used to alter the properties of the matrix, or 
serve as bulk polymers to alter the volume of the matrix. For 
example, other biodegradable polysaccharides can be used in 
combination With the amylose polymer. These include hyalu 
ronic acid, dextran, starch, amylose (for example, non-deriv 
itized), amylopectin, cellulose, xanthan, pullulan, chitosan, 
pectin, inulin, alginates, and heparin. 
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[0160] In some aspects of the invention, a composition is 
disposed on a surface that includes at least the natural biode 
gradable polysaccharide, such as amylose or maltodextrin 
having a coupling group and a bioactive agent. In some 
embodiments the composition includes the natural biode 
gradable polysaccharide, a bioactive agent, and an initiator. In 
other embodiments, a coating is formed by disposing the 
natural biodegradable polysaccharide and disposing the bio 
degradable microparticles on a surface. In some embodi 
ments a composition containing both the natural biodegrad 
able polysaccharide and the biodegradable microparticles 
having the bioactive agent are disposed on a surface. In yet 
other embodiments of the invention, a sealant composition 
that includes at least the natural biodegradable polysaccha 
ride having a coupling group is disposed on a porous surface. 

[0161] The concentration of the natural biodegradable 
polysaccharide in the composition can be chosen to provide a 
coating or an article having a desired density of crosslinked 
natural biodegradable polysaccharide. In some embodi 
ments, the concentration of natural biodegradable polysac 
charide in the composition can depend on the type or nature of 
the bioactive agent that is included in the composition. In 
some embodiments the natural biodegradable polysaccharide 
having the coupling groups is present in the coating compo 
sition at a concentration in the range of 5-100% (W/v), and 
5-50%, and in more speci?c embodiments in the range of 
10-20% and in other embodiments in the range of 20-50% 

(W/v). 
[0162] For example, in forming a medical implant, the con 
centration of the natural biodegradable polysaccharide may 
be higher to provide a more structurally rigid implant. 
[0163] Other polymers or non-polymeric compounds can 
be included in the composition that can change or improve the 
properties of the coating or article that is formed by the 
natural biodegradable coating having coupling groups in 
order to change the elasticity, ?exibility, Wettability, or adher 
ent properties, (or combinations thereof) of the coating 
formed on the surface. 

[0164] For example, in order to improve the properties of a 
coating, such as a sealant coating When formed, it is possible 
to include in the mixture one or a combination of plasticiZing 
agents. Suitable plasticiZing agents include glycerol, diethyl 
ene glycol, sorbitol, sorbitol esters, maltitol, sucrose, fruc 
tose, invert sugars, corn syrup, and mixtures thereof. The 
amount and type of plasticiZing agents can be readily deter 
mined using knoWn standards and techniques. 
[0165] Compositions of this invention can be used to coat 
the surface of a variety of implantable devices. The coating of 
natural biodegradable polysaccharide (With or Without bioac 
tive agent) can be applied to a medical device using standard 
techniques to cover the entire surface of the device, or a 
portion of the device surface. 
[0166] The medical articles on Which the biodegradable 
coating can be formed can be fabricated from any suitable 
biomaterial or combinations of biomaterials. Preferred bio 
materials include those formed of synthetic polymers, includ 
ing oligomers, homopolymers, and copolymers resulting 
from either addition or condensation polymeriZations. 

[0167] Examples of suitable addition polymers include, but 
are not limited to, acrylics such as those polymeriZed from 
methyl acrylate, methyl methacrylate, hydroxyethyl meth 
acrylate, hydroxyethyl acrylate, acrylic acid, methacrylic 
acid, glyceryl acrylate, glyceryl methacrylate, methacryla 
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mide, and acrylamide; vinyls such as ethylene, propylene, 
vinyl chloride, vinyl acetate, vinyl pyrrolidone, and 
vinylidene di?uoride. 
[0168] Examples of condensation polymers include, but 
are not limited to, nylons such as polycaprolactam, polylauryl 
lactam, polyhexamethylene adipamide, and polyhexamethyl 
ene dodecanediamide, and also polyurethanes, polycarbon 
ates, polyamides, polysulfones, poly(ethylene terephthalate), 
polylactic acid, polyglycolic acid, polydimethylsiloxanes, 
and polyetherketone. 
[0169] Other suitable biomaterials include metals, metal 
alloys, and ceramics. The metals and metal alloys include, but 
are not limited to, titanium, Nitinol, stainless steel, tantalum, 
and cobalt chromium. A second class of metals includes the 
noble metals such as gold, silver, copper, and platinum 
uridium. The ceramics include, but are not limited to, silicon 
nitride, silicon carbide, Zirconia, and alumina, as Well as 
glass, silica, and sapphire. Combinations of ceramics and 
metals are another class of biomaterials. 

[0170] Certain natural materials are also suitable biomate 
rials, including human tissue such as bone, cartilage, skin and 
teeth; and other organic materials such as Wood, cellulose, 
compressed carbon, and rubber. 
[0171] The surface of such biomaterials can be pretreated 
(for example, With a Parylene coating composition) in order 
to alter the surface properties of the biomaterial, When 
desired. 
[0172] The biomaterials as described herein can be used to 
fabricate a variety of implantable devices on Which the bio 
degradable coating can be formed. The medical device can be 
any device that is introduced temporarily or permanently into 
a mammal for the prophylaxis or treatment of a medical 
condition. These devices include any that are introduced sub 
cutaneously, percutaneously or surgically to rest Within an 
organ, tissue, or lumen of an organ, such as arteries, veins, 
ventricles or atria of the heart. The device can be a biostable 
device, a partially degradable device, or a completely degrad 
able device (for example, stents can be fabricated from bio 
degradable polymeric materials). 
[0173] The natural biodegradable polysaccharide coating 
(in some embodiments including biodegradable micropar 
ticles) can be formed on the surface of virtually any implant 
able device. Exemplary implantable devices include but are 
not limited to drug-delivering vascular stents; other vascular 
devices (e.g., grafts, catheters, valves, arti?cial hearts, heart 
assist devices); implantable de?brillators; blood oxygenator 
devices; surgical devices; tissue-related materials; mem 
branes; cell culture devices; chromatographic support mate 
rials; biosensors; shunts for hydrocephalus; Wound manage 
ment devices; endoscopic devices; infection control devices; 
orthopedic devices; dental devices, urological devices; colos 
tomy bag attachment devices; ophthalmic devices; glaucoma 
drain shunts; synthetic prostheses; intraocular lenses; respi 
ratory, peripheral cardiovascular, spinal, neurological, dental, 
and ear/nose/throat devices (e.g., ear drainage tubes); renal 
devices; and dialysis articles (e.g., tubing, membranes, 
grafts). 
[0174] Other contemplated devices include self-expanding 
stents (e.g., made from nitinol), balloon-expanded stents 
(e.g., prepared from stainless steel), degradable coronary 
stents, non-degradable coronary stents, peripheral coronary 
stents, urinary catheters (e.g., surface-coated With antimicro 
bial agents), penile implants, sphincter devices, urethral 
devices, bladder devices, renal devices, vascular implants and 
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grafts, intravenous catheters (e.g., treated With antithrom 
botic agents), small diameter grafts, arti?cial lung catheters, 
electrophysiology catheters, anastomosis devices, vertebral 
disks, bone pins, suture anchors, hemostatic barriers, clamps, 
surgical staples/sutures/screWs/plates/clips, atrial septal 
defect closures, electro-stimulation leads for cardiac rhythm 
management (e.g., pacer leads), glucose sensors (long-term 
and short-term); blood pressure and stent graft catheters, 
blood oxygenator tubing, blood oxygenator membranes, 
blood bags, birth control devices, breast implants, benign 
prostatic hyperplasia and prostate cancer implants, bone 
repair/ augmentation devices, breast implants, cartilage repair 
devices, orthopedic joint implants, orthopedic fracture 
repairs, tissue adhesives, tissue sealants, tissue scaffolds, 
cerebral spinal ?uid (CSF) shunts, dental implants, dental 
fracture repair devices, implanted drug infusion tubes, intra 
vitreal drug delivery devices, nerve regeneration conduits, 
oncological implants, electrostimulation leads, pain manage 
ment implants, spinal/orthopedic repair devices, Wound 
dressings, embolic protection ?lters, abdominal aortic aneu 
rysm grafts, heart valves (e. g., mechanical, polymeric, tissue, 
percutaneous, carbon, seWing cuff), valve annuloplasty 
devices, mitral valve repair devices, vascular intervention 
devices, left ventricle assist devices, neuro aneurysm treat 
ment coils, neurological catheters, left atrial appendage ?l 
ters, central venous access catheters, hemodialysis devices, 
catheter cuffs, anastomotic closures, vascular access cath 
eters, cardiac sensors, uterine bleeding patches, urological 
catheters/stents/implants, in vitro diagnostics, aneurysm 
exclusion devices, neuropatches, Vena cava ?lters, urinary 
dialators, endoscopic surgical tissue extractors, atherectomy 
catheters, clot extraction catheters, percutaneous translumi 
nal angioplasty (PTA) catheters, percutaneous transluminal 
coronary angioplasty (PTCA) catheters, stylets (vascular and 
non-vascular), coronary guideWires, drug infusion catheters, 
esophageal stents, circulatory support systems, angiographic 
catheters, transition sheaths and dialators, coronary and 
peripheral guideWires, hemodialysis catheters, neurovascular 
balloon catheters, tympanostomy vent tubes, cerebro-spinal 
?uid shunts, de?brillator leads, percutaneous closure devices, 
drainage tubes, thoracic cavity suction drainage catheters, 
electrophysiology catheters, stroke therapy catheters, abscess 
drainage catheters, biliary drainage products, dialysis cath 
eters, central venous access catheters, and parental feeding 
catheters. 

[0175] The compositions are particularly useful for form 
ing biodegradable coatings on the surface of devices that Will 
come in contact With aqueous systems. The body ?uids typi 
cally have enzymes that alloW for the degradation of the 
natural biodegradable polysaccharide-based coating. The 
aqueous system (such as bodily ?uids) alloWs for the degra 
dation of the biodegradable coating and release of the bioac 
tive agent from the device. In some cases, depending on the 
bioactive agent and the matrix, the bioactive agent can diffuse 
out of the matrix. For example, it has been demonstrated that 
a loosely formed matrix may alloW some diffusion of bioac 
tive agents, particularly smaller bioactive agents. More desir 
ably, Well-formed matrices having signi?cation polysaccha 
ride association via coupling groups are able to retain 
bioactive agents. Release of bioactive agents from these 
matrices is mediated by enzymatic degradation. 
[0176] The coatings can also be formed on a biological 
article. A “biological article” refers to any sort of non-syn 
thetic biologically-based article such as a cell or a portion of 
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a cell, a group of cells, tissue, or an organ or a portion of a 
organ. The present reagents can be used in methods for encap 
sulating cellular material. 
[0177] In some aspects of the invention, a sealant coating is 
provided on a porous surface of a medical article. The medical 
article can be any article that is introduced into a mammal for 
the prophylaxis or treatment of a medical condition, Wherein 
the medical article include a sealant coating (at least initially) 
and has a sealant function. The medical article having the 
sealant coating can provide one or more functions, including 
providing a barrier to the movement of body ?uids, such as 
blood. 
[0178] The sealant coatings can be formed on the surface of 
articles that have a porous structure Wherein it is desired to 
seal the porous structure, providing a barrier to the movement 
of body ?uids. In many cases it is desirable to form these 
arti?cial barriers to ensure that the implanted article functions 
as it is intended to in the body. Gradually, hoWever, it is 
desired to alloW the body to maintain the function of the 
sealant coating by replacing the sealant barrier materials With 
natural materials from the body. 
[0179] The sealant composition can be prepared and/or 
applied in such a manner as to ?ll the pores on the surface of 
the article With the sealant material. This can be achieved by, 
for example, controlling factors such as the viscosity of the 
coating composition and the coupling of the natural biode 
gradable polysaccharides during formation of the coating. 
[0180] An article having a “porous surface” refers to any 
article having a surface With pores on Which a natural biode 
gradable polysaccharide-based sealant coating can be 
formed. The pores are preferably of a physical dimension that 
permits in-groWth of tissue into the pores as the sealant coat 
ing degrades. The porous surface can be associated With a 
non-porous surface, such as a scaffold that can provide sup 
port to the porous surface. 
[0181] The medical article can include porous surfaces that 
can be provided With a sealant coating and non-porous sur 
faces that are not coated With the sealant coating, optionally 
coated With the sealant coating, or coated With a material that 
is different than the sealant coating. All or a portion of the 
porous surfaces can be coated With the sealant coating. In 
some cases a sealant material that is different than the natural 
biodegradable polysaccharide-based sealant material can be 
used in conjunction With the natural biodegradable polysac 
charide-based sealant material. 
[0182] For articles that have interior and exterior porous 
surfaces, either the interior or the exterior portions can be 
coated, or portions of the interior and/or exterior can be 
coated. The portion or portions of the article that are coated 
can depend on a particular desired application or function of 
the coated article. For example, in some cases it may be 
desirable to have a difference in the ?oW of ?uids, such as 
blood, through porous portions of the medical article. Also, 
tissue in-groWth on selected portions of the article can also be 
promoted by depositing the sealant coating at desired loca 
tions. 
[0183] The porous surface of the article can also include a 
material that is thrombogenic and/or presents surface stasis 
areas (regions of minimized or no blood ?oW). Depending on 
the application, a surface having a desired degree of porosity 
is obtained. The surface Will have a degree of porosity su?i 
cient for proper in-groWth of cells and tissue forming factors. 
Upon tissue in-groWth, the surface can provide a barrier that 
is ?uid impermeable. 
















































