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BOACTIVE COATING FOR MEDICAL DEVICES 

0001. The present application claims the benefit of U.S. 
Provisional Patent Application Ser. No. 60/399,039, filed 
Jul. 25, 2002, pending. 

FIELD OF THE INVENTION 

0002 The present application relates to coatings for 
medical devices, preferably coatings for medical implants. 
More particularly, the application relates to bioactive coat 
ings, preferably bioactive coatings comprising keratin hav 
ing osteoinductive properties. 

BACKGROUND OF THE INVENTION 

0003. Many different types of coatings have been devel 
oped for purposes of passivating the Surface of a medical 
device. Collagen, hydroxyapatite, and more recently the 
So-called RGD peptides all have been investigated as coat 
ings in orthopedic implant applications. These materials all 
have been shown to be at least osteoconductive, but none 
have been shown to be osteoinductive. Passivating coatings 
are needed which have osteoinductive properties and which 
can mask the implant from the human immune System. 

BRIEF SUMMARY 

0004. The present application provides a medical implant 
comprising a passivating coating comprising keratin. The 
passivating coating comprising a bonding region and a 
bioactive region. The Said bonding region comprises at least 
one organosilane compound comprising a silane component 
bound to a Surface of Said Substrate. The bioactive region 
comprises an organic component of Said organosilane bound 
to a reactive pendant group on the keratin. 
0005) Detailed Summary 
0006 The present application provides substrates com 
prising a passivating coating comprising keratin. In a pre 
ferred embodiment, the passivating coating comprises 
Osteoinductive properties. In a more preferred embodiment, 
the passivating coating comprises both Osteoinductive prop 
erties and Osteoconductive properties. 
0007. The Substrate preferably resides on a medical 
device, most preferably a medical implant. The medical 
device preferably is Selected from the group consisting of 
tissue engineering constructs, orthopedic implants, dental 
implants, and Ventricular assist devices. 
0008. The substrate comprises a biocompatible material. 
The biocompatible material preferably is selected from the 
group consisting of Silicon, metals, metal alloys, and ceram 
ics. A preferred metal comprises titanium, and may be 
titanium metal or an alloy thereof. A preferred ceramic 
comprises hydroxyapatite. 
0009. The passivating coating comprises keratin and, in a 
preferred embodiment, one or more bioactive factors 
Selected from the group consisting of bone morphogenetic 
protein (BMP) and transforming growth factor beta (TGF 
f3). The keratin is derived from a material selected from the 
group consisting of hair, fur, feathers, horns, hooves, beaks, 
or feet. The keratin preferably is derived from hair, more 
preferably from human hair, which may be referred to as 
“human hair keratin.” The keratin also preferably comprises 
reduced keratin. 
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0010. The passivating coating preferably comprises a 
bonding region and a bioactive region. The bonding region 
comprises a material adapted to bond with both a Surface of 
the implant and with reactive pendant groups on the keratin. 
Preferably, the bonding region comprises at least one Silane 
compound, more preferably an organosilane. 
0011. The organosilane preferably comprises a silane 
component and an organic component. The bonding region 
comprises the Silane component bonded with a Surface of the 
medical device and the bioactive region comprises the 
keratin bonded to the organic component of the organosi 
lane. Suitable organic components for the organosilane are 
adapted to react with reactive pendant groups on the keratin. 
The organosilanes preferably comprise an organic compo 
nent comprising a moiety Selected from the group consisting 
of epoxy groups, alkoxy groups, Vinyl groups, amine groups, 
isocyanate groups, and carboxyl groups. Preferred organic 
components comprise a moiety Selected from the group 
consisting of epoxy groups, alkoxy groups, Vinyl groups, 
and amine groups. More preferred organic components are 
Selected from the group consisting of epoxy groups, acrylate 
groups, alkoxy groups, Vinyl groups, and alkylamine groups. 
Most preferred organic moieties are Selected from the group 
consisting of vinyl groups and epoxy groups. The organosi 
lane preferably comprises Substituents Selected from the 
group consisting of from about 1 to 3 halogens and from 
about 1 to 3 alkoxy groups. A preferred halogen is chlorine. 
0012. Also provided is a method of coating a substrate 
with a passivating Substrate. The method comprises: bond 
ing a coupling material to Said Substrate, producing a bond 
ing region; and, bonding keratin to Said bonding region. The 
method further preferably comprises oxidizing a Surface of 
Said Substrate before bonding a coupling material to the 
Substrate. 

0013 In a preferred embodiment the substrate is cleaned 
before bonding the coupling material to the Substrate. Most 
preferably, the cleaning comprises Sonication in anhydrous 
Solvent and Sonication in water. Suitable anyhydrous Sol 
vents include, but are not necessarily limited to methanol, 
ethanol, isopropyl alcohol, dimethylsulfoxide, acetone, or 
tetrahydrofuran. A preferred anhydrous Solvent is dichlo 
romethane. The water preferably is deionized water. 
0014 Bonding keratin to said bonding region comprises 
dissolving keratin in an appropriate Solvent and adding an 
anhydrous Solvent to produce a keratin mixture, exposing 
Said bonding region to Said keratin mixture; and curing 
under conditions effective to produce Said bioactive region. 
0015 For reduced/reduced keratins, an appropriate sol 
vent is water. For oxidized/reduced keratins, an appropriate 
Solvent comprises an aqueous Solution comprising a base. 
Suitable bases include, but are not necessarily limited to 
ammonium hydroxide, Sodium hydroxide, and/or potassium 
hydroxide. A preferred base is ammonium hydroxide. 

0016 Suitable anhydrous solvents include, but are not 
necessarily limited to methanol, ethanol, isopropyl alcohol, 
dimethylsulfoxide, acetone, or tetrahydrofuran. A preferred 
anhydrous solvent is dimethylsulfoxide. 
0017. The method further comprises mixing the keratin 
mixture with a reagent Selected from the group consisting of 
a catalyst and an initiator. When a vinyl-functional Silane 
coupling agent is used, a Suitable initiator or catalyst gen 
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erates free radicals. A preferred free radical initiator is 
Selected from the group consisting of anthraquinone-2- 
Sulfonic acid or anthraquinone-2-Sulfonic acid Sodium Salt 
monohydrate (Aldrich; Milwaukee, Wis.). 

BRIEF DESCRIPTION OF THE FIGURES 

0.018 FIG. 1 is a graph showing the water contact angel 
of keratin-coated titanium disks, which demonstrates that 
disks Subjected to the process of the present application, 
Silane coating followed by grafting of keratins, had the 
lowest resulting contact angle. 
0.019 FIG. 2 is a graph showing the water contact angle 
of keratin-coated Substrates demonstrating that both tita 
nium and glass were effectively coated using the dipping 
proceSS. 

0020 FIG. 3 is a chart comparing XPS spectra between 
an untreated titanium disk and a) a Silane-coated disk (Si2p 
spectra) and b) a disk treated with Silane, catalyst and keratin 
(N1s spectra). 
0021 FIG. 4 is a graph showing Si and N XPS atomic 
concentrations of keratin-coated titanium diskS. 

0022 FIG. 5 is the estimated thickness of coatings on 
titanium disks, where the numbers in parenthesis indicate 
the thickness of the films on the Silane coating. 
0023 FIG. 6 is a micrograph showing that 2T3 cells 
adhere to and differentiate on keratin-coated titanium diskS. 

DETAILED DESCRIPTION 

0024. As a family with more than 100 homologues, the 
biocompatibility of keratins is predetermined by their struc 
tural variation. No other human protein offers this magnitude 
of Structural and compositional diversity, and therefore, 
tolerance by the immune System. 
0.025 The present application selectively extracts ker 
atins from human hair fibers and uses the keratins in a 
dipping proceSS which produces a molecular coating on the 
Surfaces of medical device materials, Such as metals and 
ceramics. The method uses a coupling agent adapted to bond 
with both a surface of the implant and with reactive pendant 
groups on the keratin. Preferably, the bonding region com 
prises at least one Silane compound, more preferably an 
organosilane. The organosilane preferably comprises a 
Silane component and an organic component, wherein the 
bonding region comprises the Silane component bonded 
with a Surface of the medical device and the organic com 
ponent bonded with reactive moieties on the keratin. In a 
preferred embodiment, the Silane component of the orga 
nosilane is covalently bonded with the Surface of the medial 
device and the organic component of the organosilane is 
covalently bonded with reactive moieties on the keratin. 
0.026 Characterization of these coatings by water contact 
angle and X-ray photoelectron spectroscopy (XPS) revealed 
highly altered Surface properties. The angstroms-thinkeratin 
coating was robust, and did not interfere with the normal 
topology of grit blasted titanium disks. These Surface prop 
erties were shown to be conducive to the attachment, 
growth, and differentiation of 2T3 mouse osteoblasts on 
keratin coated titanium disks in culture. 

0027. The coating method is generally applicable to 
medical device materials, which typically comprise metal 
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and ceramic Surfaces. The coating method has the potential 
of producing a more biocompatible interface and ultimately, 
biologically active Surfaces that promote host acceptance 
and/or accelerate tissue on growth. 

0028 Keratins 

0029 Human hair is composed of a tough, tubular outer 
layer made up of flattened cells arranged in a Scaly, over 
lapping profile known as the cuticle. The inner bulk of the 
hair is known as the cortex and is constructed from elon 
gated cells that are densely packed with fibrous keratins. The 
fibrous keratins are arranged in bundles, referred to as 
macrofibrils, that contain microfibrillar coiled-coils of a-he 
lical keratins. The intermediate filaments (IFs) of this struc 
ture are bound together with an to amorphous keratin matrix 
material. The matrix and IFS vary in function and compo 
sition. The matrix is the “glue” that holds the IFS together. 
This glue is high in Sulfur content and is made up of low 
molecular weight keratins (LMWKs), typically less than 
10-15 kDa. The IFs are composed of keratins of relatively 
low Sulfur content but high molecular weight (high molecu 
lar weight keratins or HMWKs), generally 50-85 kDa. 

0030. One distinguishing characteristic of keratins is that 
they are afforded their structural integrity in large part by the 
presence of disulfide crosslinks which form a three dimen 
Sional network of polypeptide chains. This network Structure 
renders keratins insoluble. Keratins can, however, be made 
Soluble by destroying this three-dimensional Structure via 
disulfide bond Scission. Disulfide bond Scission can be done 
oxidatively, reductively, or by a combination of the two. 

0031 Disulfide bond scission and selective extraction 
under controlled conditions results in the isolation of 
LMWKs from HMWKs. This process serves to remove the 
cortical proteins without disrupting the cuticle. The inner 
structure of the hair fiber is removed without Substantial 
damage to the cuticle. The HMWKs from this extraction 
process give rise to two broad protein bands by gel electro 
phoresis at molecular weight of 66 kDa and 43 kDa. These 
keratins are useful as Structural biomaterials, including coat 
ings for ceramic and metal Surfaces. 

0032 Growth factors, such as bone morphogenetic pro 
tein (BMP) and transforming growth factor beta (TGF-B3), 
are present in the hair follicle, are deliverable by the 
coatings, and provide the coatings with Osteoinductive and 
Osteoconductive properties. 

0033 Keratin comprises amino acids, which generally 
have the formula: 

0034) Table 1 summarizes the amino acid residues found 
in human hair, for example, and shows the "R1" groups 
asSociated with each residue. 
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TABLE 1. 

Ranked average amounts of amino acids in human hair 

Amino Acid R' Group Nature pKa Isoelectric Point (pH) Percent Composition in Hair 

Cysteine H-S-CH- Nonpolar 8.4 5.02 17.3 

Glutamic Acid O Polar 4.5 3.22 13.9 

HO-C-CH-CH 

Arginine NH Polar 12.5 11.15 9.85 

H 

Serine HO-CH- Polar None 5.68 9 

Threonine OH Polar None 5.64 7.75 

CH-CH 

Leucine CH Hydrophobic None 5.98 7.35 

CH-CH 

CH 

Proline CH2 Hydrophobic None 6.3 6.95 

CH2 
V 
CH2 

Aspartic Acid O Polar 4.5 2.77 5.8 

HO-C-CH 

Valine CH HydroPhobic None 5.96 5.7 
v 
CH 
M 

CH 

Isoleucine CH Hydrophobic None 5.94 4.75 

CH-CH-CH 

Glycine H- Nonpolar None 5.65 4.15 

Phenylalanine Hydrophobic None 5.48 3 

CH 

Alanine CH- Hydrophobic None 6 2.8 

Tyrosine Hydrophobic None 5.66 2.6 

HO CH 

Lysine NH-(CH)- Polar 10.4 9.59 2.5 

Histidine N Aromatic 6.2 7.47 O.9 

( CH 2 

H 

Methionine CH-S-CH-CH- Hydrophobic None 5.74 O.85 
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TABLE 1-continued 
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Ranked average amounts of amino acids in human hair 

Amino Acid R Group Nature pKa 

Tryptophan Hydrophobic None 
CH 

0035. The most abundant amino acid in human hair is 
cysteine, which is found in the form of disulfide-bridged 
cystine groups. AS discussed above, this group can be 
converted to other Sulfur containing moieties, most notably 
thiol. Thiols theoretically can be reacted with reactive ends 
of the coupling material using a number of chemical tech 
niques, such as those described in S. Patai (Ed.), the Chem 
istry of the Thiol Group, Parts 1 and 2, John Wiley & Sons, 
New York, N.Y. (1974), incorporated herein by reference. 
Other reaction Scenarios, Such as those directed toward 
polymer Synthesis, also are useful to utilize thiols to form an 
asSortment of desirable crosslinks, including those described 
in Rempp, P. and Merrill, E. W., Polymer Synthesis, Huethig 
& Wepf Verlag Basel, Heidelberg, Germany (1986); Young, 
R. J. and Lovell, P. A., Introduction to Polymers, Chapman 
& Hall, London (1991); Odian, G., Principles of Polymer 
ization, John Wiley & Sons, New York, N.Y. (1991), incor 
porated herein by reference. 

0036). In addition to cysteine, the following amino acids 
have pendant groups comprising nitrogen or oxygen which 
may be useful as reactive pendant groups, arginine, Serine, 
glutamic acid, threonine, aspartic acid, lysine, asparagine, 
glutamine, tyrosine, tryptophan, and histidine. Where the 
protein is a-keratin, preferred amino acid residues compris 
ing reactive pendant groups for crosslinking are cysteine, 
arginine, Serine, and glutamic acid, most preferably cysteine 
and arginine. Disulfide bond Scission and keratin extraction 

0037. The keratins may be processed and/or isolated in a 
number of ways. Preferably, the processing is Sufficient to 
render the resulting proteins water Soluble. Suitable proceSS 
ing techniques include known oxidation techniques, reduc 
tive techniques, and/or combinations thereof, as long as the 
processing renders the proteins water Soluble without Sig 
nificant hydrolysis of peptide bonds. 

0.038 A number of reductive chemistries are known for 
disulfide bond Scission in keratins: See Wardell, J. L., 
“Preparation of Thiols” in The Chemistry of the Thiol Group, 
Patai, S. (Editor), pp. 163-353, John Wiley & Sons, New 
York, N.Y. (1974), incorporated herein by reference. 
HMWK’s may be extracted from hair using at least two 
reductive extractions, as described in Crewther, W. G., 
Fraser, R. D. B., Lennox, F. G., and Lindley, H., “The 
Chemistry of Keratins” in Advances in Protein Chemistry, 
Anfinsen, C. B., Jr., Anson, M. L., Edsall, J. T., and 
Richards, F. M. (Editors), Academic Press, New York, pp. 
191-346 (1965), incorporated herein by reference. 

Isoelectric Point (pH) Percent Composition in Hair 

5.89 O.85 

0039 The following methods are suitable for processing 
keratins for use in producing the coatings: 

0040 
0041. In a preferred embodiment, which uses keratins as 
a Source material (e.g. human hair), the hair is oxidized by 
a Suitable oxidizing agent. Suitable oxidizing agents include, 
but are not necessarily limited to hydrogen peroxide, per 
acetic acid, percarbonates, perSulfates, chlorine dioxide, 
Sodium and calcium peroxides, perborates, and hypochlo 
rite. A most preferred oxidizing agent is hydrogen peroxide. 
The oxidants are used at a concentration of up to about 35%, 
preferably at from about 0.1% to about 10%. The oxidation 
preferably occurs at reflux temperatures. 

-Oxidation/Reduction 

0042. In a preferred embodiment, the hair is treated with 
hydrogen peroxide (HO), at from about 0.1% to about 
10%, most preferably 1%, in order to disrupt the cuticle and 
Swell the keratin Source material. This proceSS also converts 
Some fraction of the cystine residues into Sulfonic acid 
groups. The amount of oxidation may be controlled by 
varying the time of oxidation, preferably from about 0 hours 
to about 4 hours, while retaining the other conditions of the 
oxidation reaction constant. These conditions include con 
centration and type of oxidant, temperature, and ratio of 
extracting media to keratin Source material. After the reac 
tion is complete, the oxidized hair is filtered and rinsed, 
preferably with deionized water. The filtrate is discarded and 
the hair allowed to dry. 

0043. Where other conditions of oxidation are main 
tained constant, the conversion rate of cystine to Sulfonic 
acid residues is roughly proportional to the amount of time 
used for the oxidation. Residual cystines in the resulting 
oxidized keratin Solids are converted to other Sulfur-con 
taining moieties using reductive techniques. Preferably, the 
disulfide-bridged cystine group is converted to a thiol group, 
which has utility of it's own, or can be modified using a 
variety of chemical techniques. 

0044) The oxidized hair preferably is treated with a 
reducing agent. Suitable reducing agents include, but are not 
necessarily limited to thioglycolic acid and Salts thereof, 
mercaptoethanol, dithiothreitol, thioglycerol, thiolactic acid, 
glutathione, cysteine, Sodium Sulfide, and Sodium hydroSul 
fide. Preferred reducing agents are thioglycolic acid and 
mercaptoethanol, most preferably thioglycolic acid. 

0045. In order to treat the oxidized hair with the reducing 
agent, the previously oxidized hair is Suspended in the 
reducing agent typically at a concentration of up to about 
10N, preferably from about 0.1N and 1N, at a pH greater 



US 2005/0058686 A1 

than about 7, preferably equal to or greater than 9, most 
preferably 9; a temperature of from about 25 to about 80°C., 
preferably about 60° C., preferably for a time period of from 
about 1 to about 72, most preferably about 24 hours. The 
reaction occurs under an inert atmosphere, preferably nitro 
gen. The liquid fraction is separated from any remaining 
Solids using known means, including but not necessarily 
limited to filtration, or cannulation and/or centrifugation, 
preferably under inert atmosphere. A preferred method of 
Separation is filtration. Once the Solids are removed, the 
Soluble keratin proteins are isolated from the Solution by 
addition of a water-miscible non-Solvent, or by Spray drying. 
Water-miscible non-Solvents include, but are not necessarily 
limited to ethanol, methanol, isopropyl alcohol, tetrahydro 
furan, acetone, dioxane, and the like, again under inert 
atmosphere. A preferred non-Solvent is ethanol. The precipi 
tate is Separated from the non-Solvent using known means, 
preferably by filtration and rinsing using additional aliquots 
of the non-Solvent. The resulting keratin proteins are dried 
using known techniques, preferably overnight under vacuum 
at room temperature. This process results in the keratins 
having both Sulfonic acid groupS and thiol groupS. 
0046. In a most preferred reaction, clean, dry human hair 
is treated with hydrogen peroxide with heating, preferably at 
reflux, for a period of time effective to achieve Scission of 
disulfide bonds, typically about 180 minutes. The hair is 
Separated from the liquid, preferably by filtration, and the 
liquid is discarded. The hair was rinsed with water, prefer 
ably in copious amounts, and allowed to air dry. The dried, 
oxidized hair is then treated with a reducing agent, prefer 
ably 1M thioglycolic acid at pH 9 (adjusted with ammonium 
hydroxide), and the mixture is heated, preferably to about 
60° C., under inert gas, preferably under a nitrogen atmo 
Sphere, for a period of time, preferably 24 hours. After 
reductive extraction, the Solids are separated from the liquid, 
preferably by centrifugation. The filtered liquid is added, 
preferably dropwise, to an excess of ethanol, preferably 
about an 8-fold volume excess of ethanol, thereby forming 
a keratin precipitate. The precipitated keratins are isolated 
by filtration and dried under vacuum. The keratin is ground 
into a fine powder using a mortar and pestle. 
0047 Reductive/reductive extraction 
0.048. In another embodiment, a first reductive extraction 
is performed by treating the hair with a first reducing agent 
under first conditions effective to Selectively extract matrix 
keratins, producing a first Solution comprising Soluble 
reduced matrix keratins (LMWK’s) and remaining hair 
solids (HMWK’s). Although it may be possible to subject 
the LMWK’s to the techniques described herein to produce 
coatings, preferred proteins for use in the techniques herein 
are HMWK’s, which preferably are isolated during a second 
extraction. The remaining hair Solids and the first Solution 
are separated, and the remaining hair Solids are exposed to 
a Second extraction Solution under Second conditions effec 
tive to Solubilize a-keratins, producing a Second Solution 
comprising soluble reduced a-keratins (HMWK’s) and solid 
cuticle. 

0049 Suitable reducing agents again include, but are not 
necessarily limited to thioglycolic acid and Salts thereof, 
mercaptoethanol, dithiothreitol, thioglycerol, thiolactic acid, 
glutathione, cysteine, Sodium Sulfide, and Sodium hydroSul 
fide. Preferred reducing agents are thioglycolic acid and 
mercaptoethanol, most preferably thioglycolic acid. 
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0050. In order to selectively reduce and extract the 
desired proteins, the hair (or other protein Source) is Sus 
pended in a reducing agent at a concentration of from about 
0.1M to about 10M, preferably about 1.0M. Gentle Swelling 
of hair fibers is achieved at a pH of about 9 or more, 
preferably at a pH of from about 9 to about 10.5. Hence, the 
initial reduction takes place at a temperature of from about 
20 to about 100° C., preferably at about 25° C. The time 
period required to accomplish the first reduction is from 
about 8 to about 36 hours, most preferably about 24 hours. 
The reaction occurs under an inert atmosphere, preferably 
nitrogen. The liquid fraction is separated from remaining 
Solids using known means, including but not necessarily 
limited to filtration, cannulation, and/or centrifugation, pref 
erably under inert atmosphere. A preferred method of Sepa 
ration is filtration. 

0051. A second extraction is performed using a suitable 
Swelling agent, preferably urea, and/or a base Such as 
ammonium hydroxide, Sodium hydroxide, or potassium 
hydroxide. A most preferred Swelling agent for this Second 
extraction is concentrated urea. The Second extraction effec 
tively removes the fibrous a-keratins from inside the cuticle. 
The second extraction occurs at from about 1M to about 10 
M urea, preferably about 7M urea, for a period of at least 
about 1 hour, preferably from about 1 to about 72 hours, 
more preferably 20 hours or more, most preferably about 24 
hours. The Second extraction occurs at room temperature, 
but may take place at temperatures of from about 20° C. to 
about 100° C., preferably about 25°C. The liquid fraction is 
Separated from the empty, intact cuticle, using known 
means. Suitable means include but are not necessarily lim 
ited to filtration, cannulation and/or centrifugation, prefer 
ably under inert atmosphere. A preferred method of Separa 
tion is filtration. 

0052 Once the cuticle is removed, the water soluble 
keratin proteins may be retained in Solution for further use, 
or they may be isolated from the solution by addition to a 
water-miscible non-Solvent, or by Spray drying. Water-mis 
cible non-Solvents include, but are not necessarily limited to 
ethanol, methanol, isopropyl alcohol, tetrahydrofuran, 
acetone, dioxane, and the like, again under inert atmosphere. 
A preferred non-Solvent is ethanol. The precipitate is sepa 
rated from the non-Solvent using known means, preferably 
by filtration and rinsing using additional aliquots of the 
non-Solvent. The precipitated proteins are dried using 
known techniques, preferably overnight under vacuum at 
room temperature. The extracted water Soluble keratin pro 
teins (herein Sometimes collectively referred to as “water 
Soluble proteins”) comprise thiols or thiol groups. 
0053 Coating Process 
0054) 
0055. Before coating the substrate, the surface is cleaned 
using any Suitable procedure. An example of a Suitable 
procedure is Sequential Sonication in an anhydrous Solvent 
and water. Suitable anyhydrous Solvents include, but are not 
necessarily limited to methanol, ethanol, isopropyl alcohol, 
dimethylsulfoxide, acetone, or tetrahydrofuran. A preferred 
anhydrous solvent is dichloromethane. The water preferably 
is deionized water, followed by drying, preferably in air. 
0056. Forming the Bonding Region 
0057. After cleaning, the implant is immersed in a solu 
tion of the coupling material, preferably an organosilane. 

-Cleaning the Surface 
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The use of Silane compounds in Surface coatings is a 
well-known industrial process. Arkels B. “Tailoring Surfaces 
with silanes. "Chemtech 1977;7:766-778, incorporated 
herein by reference. Not only can organosilanes passivate 
and change the chemistry of a Surface, they can be used as 
coupling agents to facilitate the bonding of yet another 
compound to the outside Surface of a Substrate. 
0.058. There are many different types of commercially 
available organosilanes with a variety of chemical function 
alities. The organosilanes preferably comprise an organic 
component comprising a moiety Selected from the group 
consisting of epoxy groups, alkoxy groups, Vinyl groups, 
amine groups, isocyanate groups, and carboxyl groups. 
Preferred organic components comprise a moiety Selected 
from the group consisting of epoxy groups, alkoxy groups, 
Vinyl groups, and amine groups. More preferred organic 
components are Selected from the group consisting of epoxy 
groups, methacrylate groups, alkoxy groups, Vinyl groups, 
and alkylamine groups. Most preferred organic moieties are 
Selected from the group consisting of vinyl groups and 
epOXy groupS. 

0059. The organosilane preferably comprises substituents 
Selected from the group consisting of from about 1 to 3 
halogens and from about 1 to 3 alkoxy groups. A preferred 
halogen is chlorine. 
0060 A preferred organosilane, particularly where the 
Surface is titanium, is vinylmethyldichlorosilane (Gelest 
Inc., Tullytown, Pa.). The organosilane is in an organic 
Solvent. The organic Solvent may be Substantially any 
organic Solvent that is effective to maintain the organosilane 
in Solution without negatively impacting the bonding pro 
ceSS. The organic Solvent preferably comprises elements 
other than oxygen and/or nitrogen. Examples of Suitable 
organic Solvents include, but are not necessarily limited to 
alkanes, alkylene chlorides, chloroform, Xylenes, and com 
binations thereof. A preferred alkane is hexane and a pre 
ferred alkylene chloride is methylene chloride. A most 
preferred organic Solvent is hexane. The percentage of the 
organosilane in the organic Solvent may vary from about 1 
to about 10 weight percent, preferably about 1 weight 
percent. 

0061 The Substrate is maintained in the solution for a 
time Sufficient to form the coating, Suitably from about 1 to 
about 30 minutes, typically about 10 minutes. The substrate 
then is removed from Solution, rinsed with copious amounts 
of fresh organic Solvent, and allowed to air dry. 
0062) 
0.063) To form the bioactive region, keratin powder 
obtained as described above is dissolved in an appropriate 
Solvent. For reduced/reduced keratins, an appropriate Sol 
vent is water. For oxidized/reduced keratins, an appropriate 
Solvent comprises an aqueous Solution comprising a base. 
Suitable bases include, but are not necessarily limited to 
ammonium hydroxide, Sodium hydroxide, and/or potassium 
hydroxide. A preferred base is ammonium hydroxide. In a 
preferred embodiment, about 15 grams of the keratin pow 
der is dissolved in about 30 mL of 3Nammonium hydroxide. 
0064. An anhydrous solvent is added. Suitable anhydrous 
Solvents include, but are not necessarily limited to methanol, 
ethanol, isopropyl alcohol, dimethylsulfoxide, acetone, or 
tetrahydrofuran. A preferred anhydrous solvent is dimethyl 
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Sulfoxide. At the foregoing weight and Volume of keratin 
and base, about 270 mL of dimethylsulfoxide is added. The 
mixture is stirred with mild heating until the keratin is 
dissolved. 

0065. A suitable catalyst or initiator preferably is used. 
For example, wherein a vinyl-functional Silane coupling 
agent is used, a Suitable initiator or catalyst is used to 
generate free radicals. An example of Such an initiator is a 
UV activated photoinitiator, Such as anthraquinone-2-Sul 
fonic acid or anthraquinone-2-Sulfonic acid Sodium Salt 
monohydrate (Aldrich; Milwaukee, Wis.). At the foregoing 
weights and Volumes, about 1.5 grams of anthraquinone-2- 
Sulfonic acid Sodium Salt monohydrate is added. The result 
ing Solution is poured over the Silane-coated implant Such 
that it is completely Submerged. The coating on the Sub 
merged Substrate then is cured using an effective energy 
Source, Such as a heat lamp, an autoclave, a microwave, or 
a UV lamp. A preferred energy source is a UV lamp ( =365 
nm, 1.05 amps). Curing is continued for a Sufficient period 
of time to cure the coating, typically from about 1 to about 
24 hours, preferably for about 24 hours. After curing, the 
Substrate is removed from the Solution, rinsed, preferably 
with copious amounts of deionized water, and allowed to 
dry, preferably by air. 

0066 Persons of ordinary skill in the art will recognize 
that the foregoing parameters, Such as weights, Volumes, and 
times, may be varied depending upon the Surface area of the 
implant, the particular bonding material used, and other 
factors. 

0067. The application will be better understood with 
reference to the following examples, which are illustrative 
only, and should not be construed as limiting the claims to 
a particular embodiment. The following materials and meth 
ods were used in the examples described below: 

0068. Materials and Methods 
0069 Preparation of Keratins 

0070. In a typical reaction, 500 g of clean, dry human hair 
was placed in a 12 L round bottom flask. 8,350 mL of 1 
weight/volume percent of hydrogen peroxide was added and 
the reaction heated to reflux for 180 minutes. The hair was 
Separated from the liquid by filtration and the liquid dis 
carded. The hair was rinsed with copious amounts of water 
and allowed to air dry. 100 g of the dried, oxidized hair was 
placed in a 2000 mL round bottom flask. 1000 mL of 1 M 
thioglycolic acid at pH 9 (adjusted with ammonium hydrox 
ide) was added and the mixture was heated to 60° C. under 
a nitrogen atmosphere for 24 hours. After reductive extrac 
tion, the Solids were Separated from the liquid by centrifu 
gation. The filtered liquid was added dropwise to an 8-fold 
Volume excess of ethanol, thereby forming a keratin pre 
cipitate. The precipitated keratins were isolated by filtration 
and dried under vacuum. The keratin was ground into a fine 
powder using a mortar and pestle. 

0071 Titanium disks 
0072 Grit blasted titanium test disks with highly con 
trolled and thoroughly characterized Surfaces to be used for 
cellular response were prepared. The material chosen was a 
medical grade, commercially pure titanium (C.P. Ti). The 
materials were purchased as large sheets (approximately 5 
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ft.x4 ft.x0.050 in., to ensure metallurgical homogeneity for 
all sample sets) from Timet (OFallon, Mo., USA). 
0.073 1 ft.x1 ft. sheets were cut from the original large 
Single sheet. In order to ensure a consistent Surface finish for 
each disk, Surface preparation was performed on these 
sheets. Each 1 ft.x1 ft. sheet was subjected to the aluminum 
oxide grit blasting process with compressed air using a #20 
grit aluminum oxide (Al2O3) powder for the rough Surface 
finish; grit blasting was performed by Southwest Research 
Institute (San Antonio, Tex., USA). 
0.074 Quality control of the surface finishing operations 
was performed and gauged by the consistency of Surface 
roughness measurements. The Surface roughness was mea 
Sured using a diamond Stylus contact profilometer at 10 
different locations on each 1 ft.x1 ft. plate. The roughneSS 
measurements were taken in all directions. The average Ra 
was 9.56 um with a standard deviation of 1.63 gm. 
0075 Disks with 14.75 mm diameter and 0.80 mm thick 
neSS were prepared for the cell assays. The disks were 
washed 3 times in a detergent Solution and rinsed 2 times 
with DI water in between each wash. After the final rinse, 
ethanol was poured over the disks to remove excess water. 
The disks were air-dried. 

0076 Coating of Titanium Disks 
0077. In a typical procedure, titanium disks were cleaned 
by Sequential Sonication in dichloromethane and deionized 
water followed by drying in air. Disks were immersed in a 
1 weight percent Solution of Vinylmethyldichlorosilane 
(Gelest Inc., Tullytown, Pa.) in hexanes for 10 minutes. Each 
disk was individually removed from solution, rinsed with 
copious amounts of fresh hexanes, and allowed to air dry. 
0078. In a typical keratin coating step, 15 grams of the 
keratin powder was dissolved in 30 mL of 3N ammonium 
hydroxide. 270 mL of dimethylsulfoxide was added and the 
mixture stirred with mild heating until the keratin dissolved. 
1.5 grams of anthraquinone-2-Sulfonic acid Sodium Salt 
monohydrate (Aldrich; Milwaukee, Wis.) was added and the 
Solution poured over the Silane-coated titanium disk Samples 
Such that they were completely Submerged in a shallow glass 
dish. The glass dish was placed under a UV lamp (.32 365 
nm, 1.05 amps) for 24 hours. After UV exposure, each disk 
was removed from Solution, rinsed with copious amounts of 
deionized water, and allowed to air dry. 
0079) Water Contact Angle 
0080 Contact angles were measured on an optical com 
parator by placing a 100-uIl drop of ultrapure water on the 
horizontal Substrate. Interfacial energies were allowed to 
equilibrate for 30 Seconds prior to obtaining a measurement. 
0081) X-ray Photoelectron Spectroscopy (XPS) 
0082 XPS data was obtained using a Physical Electron 
ics PHI5700 ESCA system with an Al monochromatic 
source (Al Ka radiation at 1486.6 eV). The base pressure in 
the XPS ultrahigh vacuum chamber was 2x10' ton during 
the analysis. High resolution Scans were obtained with a step 
size of 0.1 eV and pass energy of 11.75 eV. The presence of 
the Silane and keratin coatings was monitored by tracking 
the atomic concentration of elements that are only present in 
each of these coatings. Silicon was used for the Silane 
coating and nitrogen for the keratin. Although Sulfur is also 
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present in keratin and detected by XPS, it was not used in 
this work as the Signal-to-noise ratio for Sulfur was close to 
1.5; therefore, the atomic concentrations calculated for the 
Sulfur Signal were in the same order as the error bars. 
0083 XPS was also used to estimate the film thickness. 
If the signal of a clean Substrate is known, then the XPS 
Signal from the Substrate with a film on it can be calculated 
using the following Standard attenuation equation 

N=No exp-t/(usin 6) 

0084 where N is the XPS signal (area under the peak) of 
the substrate with a film on it, No is the XPS signal of the 
clean Substrate, t is the thickness of the film, w is the 
mean-free path of photoelectrons in the film (assumed to be 
20 A in this work), and 0 is the angle between the XPS 
detector and the Surface, equal to 45 degrees in this case. C. 
S. Fadley, Progress in Surface Science 1984; 16: 275-388, 
incorporated herein by reference. 

0085 Osteoblast Cell Culture Assay 
0.086 Alpha-minimal essential medium (C-MEM) was 
purchased from Gibco BRL (Grand Island, N.Y., USA) and 
fetal bovine serum (FBS) was from Summit Biotechnology 
(Fort Collins, Colo., USA). Formalin was obtained from 
Electron Microscopy Sciences (Fort Washington, Pa., USA). 
All other reagents were purchased from Sigma Chemical 
Co. (St. Louis, Mo., USA). 
0087 Driven by the bone morphogenetic protein 2 
(BMP-2) promoter, the 2T3 cell line has been isolated and 
cloned from a transgenic mouse. Ghosh-Choudhury N, 
Windle JJ, Koop BA, Harris MA, Guerrero, D L, Wozney 
J M, Mundy G R, and Harris S. E. “Immortalized murine 
osteoblasts derived from BMP2-Tanigen expressing trans 
genic mice.'Endocrinology 1996; 137:331-339, incorpo 
rated herein by reference. 
0088. These cells undergo bone matrix formation in vitro. 
2T3 cells were plated onto each titanium disk in a 12-well 
plate, one plate per group. The cells were cultured with 
C.-MEM Supplemented with 10% FBS until they reached 
90% confluence, approximately day 5. The medium was 
changed every other day. Once the cells reached confluence, 
the medium was changed to C-MEM containing 5% FBS, 
100 ug/ml ascorbic acid (ASA) and 5 mM (B-glycerophos 
phate (B-GP) for the treatment group or to 5% FBS C-MEM 
without ASA and BGP for the control group. The medium 
was changed every three days and fresh reagents were added 
up to day 14, which was the end of the treatment period. 
Cells were cultured at 37° C., 5% CO. 
0089. Von Kossa Staining 
0090 The von Kossa cell staining was modified from a 
previously published procedure. Beresford JN, Graves SE, 
and Smoothy C A. “Formation of mineralized nodules by 
bone derived cells in vitro: a model of bone formation?.'Am. 
J. Med. Genet. 1993;45:163–78. 

0091) To fix the 2T3 cells onto the titanium disks, the 
cells were first washed with PBS and fixed in 10% phosphate 
buffered formalin for 10 min. The formalin Solution was 
aspirated and the cells were rinsed with deionized water 
(dHO). Fresh 2% silver nitrate (AgNO) was added to the 
cells and the titanium disks with cells were then put under 
Sunlight for 10 minutes. After 10 minutes, the AgNO was 
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removed and the 2T3 cells were rinsed under a steady stream 
of dHO. A 5% sodium thiosulfate (Na2SO) solution was 
added to the cells for 3 minutes. The NaSO was removed 
and the cells were rinsed again with dHO. The following 
ethanol (EtOH) series was applied to the cells: 95% EtOH 
for 30 sec., repeat once more followed by two 100% EtOH 
applications for 30 seconds each. The cells were then 
allowed to air dry. 
0092 Scanning electron microscopy 
0093. To obtain images of the surface morphology, the 
titanium disks with cells were gold/palladium (Au/Pd) 
coated for 10 Seconds in a Sputter coater. Images of the 
titanium Surface were obtained on an Amray Scanning 
electron microscope (SEM) (Amray, Bedford, Mass., USA) 
at 15 kV. Images were acquired at three magnifications: 
100x, 500x, and 1,000x. 

0094 Statistical Methods 
0.095 Where indicated, differences between sample 
groups were determined using a two-tailed Student's t-Test 
with unequal variance. Statistical Significance was estab 
lished at p values of less than 0.05. 

EXAMPLE 1. 

0096. In the present study, a vinyl-functional silane cou 
pling agent was used to graft keratins onto coated glass and 
titanium Substrates using free radical addition chemistry. A 
UV activated photoinitiator, anthraquinone-2-Sulfonic acid, 
was used to generate free radicals, although thermal initia 
tion with another catalyst could also be used. In the first Step 
of this process, excellent coating of the Substrates was 
achieved by dipping into a hexane Solution of the Silane. AS 
shown in FIG. 1, the resulting increase in water contact 
angle for titanium disks averaged 38 degrees. The treatment 
groups included various combinations of keratin coatings 
with and without the Silane coupling, both in the presence 
and absence of the photoinitiator (designated as “cat.” in 
FIG. 1). This was done to ascertain the effectiveness of the 
two Step coating approach. Although all of the Sample 
groups resulted in a contact angle different than that of the 
control titanium group (statistical significance of p<0.05), 
the full treatment of silane coating followed by covalent 
grafting of keratin resulted in the most impressive reduction 
in contact angle compared to the untreated control. The fully 
treated titanium disk Samples had an average contact angle 
of 7.6 degrees. The results for glass Substrates were similar 
with a reduction in contact angle between the untreated 
control and the fully treated sample of 16.5 degrees. The 
keratin treated glass had an average contact angle of 9.0 
degrees. These data are shown in FIG. 2. Once it was 
determined that both titanium disks and glass microscope 
Slides could be coated, only the titanium disks were used in 
further evaluations. 

0097 As mentioned previously, the successful coatings 
were achieved by dipping the titanium disks into a hexanes 
solution of the silane. The XPS Si2p signals from the 
untreated titanium disk and a Silane-coated titanium disk are 
shown in FIG. 3a. The Si signal from the coated disk 
corresponded to an atomic concentration of 20%, which 
compared to <3% for the untreated disk clearly indicates the 
presence of the Silane coating. The Small amount of Si on the 
untreated disks was likely due to Surface contamination. The 
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addition of keratin resulted in an increase of nitrogen atomic 
concentration from ~3% (background level on an untreated 
disk) to 8.5%. FIG. 3b shows the typical N1s XPS signal 
from an untreated titanium disk and that of the Sample 
coated with Silane, the catalyst and keratin. The atomic 
concentrations of Si and N measured on the different treat 
ment groups are shown in FIG. 4. The concentration of these 
two elements correlated very nicely with the presence of the 
organosilane and the keratin. 
0098. The addition of the catalyst and keratin on the 
Silane coating resulted in a decrease in the atomic concen 
tration of Si, which results from the attenuation of the silicon 
signal by the different additional coatings. The titanium XPS 
Signal was used in the attenuation equation described above 
to calculate the overall film thickness. The results are shown 
in FIG. 5. The variations in the thickness of the films with 
Silanes--"cat' or keratin are probably due to variations in the 
thickness of the silane film itself. Nevertheless, it is clear 
from the cat-i-keratin film and the keratin-only film that the 
keratin film is more robust in the presence of the Silane 
coating. 

0099. In order to exclude variations in the silane film and 
to more accurately determine the thickness of the keratin 
coating, the attenuation equation was used, treating the 
Silane as the Substrate and using the Silicon Signal from 
Silane-coated disks to estimate the thickness of the keratin 
coatings on top of the silane film. The Si2p XPS signal from 
the disk coated only with Silane was used as the clean 
Substrate Signal in this case. The results for Several different 
samples are indicated in parentheses in FIG. 5. The data 
indicates that the average thickness of the keratin coatings is 
-8.5 A. 

0100 Differentiation and mineralization of osteoblasts on 
keratin coated titanium disks were demonstrated by Von 
Kossa analysis of the disk Surfaces. Nodule formation is 
considered to be an important Step toward mineralization in 
vitro. 

0101 Cells were cultured in a-MEM containing 5% PBS 
in the presence (+) or absence (-) of 100 ug/ml ascorbic acid 
and 5 mM f-glycerophosphate. Differentiation and miner 
alization of Osteoblasts as demonstrated by Von KOSSa 
analysis (panels A and C) without (-) ASA and B-GP showed 
Smaller and fewer nodules. After 2 weeks, 2T3 cells were 
observed to mineralize larger nodules on the implant Surface 
in the presence (+) of 100 tug/ml ASA and 5 mM f-GP 
(panels B and D). Images A and B were acquired at 100x 
magnification (scale bar=100um) and C and D at 1,000x 
magnification (Scale bar=10 um). 
0102) The mineralization of nodules in vitro appears to 
resemble the in vivo produced woven bone. After 2 weeks, 
2T3 cells were observed to mineralize in culture on the 
implant surface with or without ASA and B-GP. Without ASA 
and B-GP, von Kossa staining of the cells at 2 weeks showed 
Smaller and fewer nodules (FIGS. 6A and C). In contrast, 
there were more and larger nodules on ASA and B-GP treated 
disks (FIGS. 6B and D). The ability of ASA and B-GP to 
induce nodule formation in 2T3 Osteoblasts on collagen 
coated Substrates has been previously reported. In this study, 
we find Similar results for keratin coated Substrates, thus 
indicating biocompatibility. 
0103) The two step dipping process for applying a keratin 
coating onto titanium Substrates resulted in films that were 
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hydrophilic and robust as evidenced by the water contact 
angle and XPS data, respectively. This proceSS should result 
in a more biostable coating as the keratin is covalently 
bonded to the Surface. The coating proceSS resulted in very 
thin layers of both silane and keratin and would not be 
expected to interfere with the Surface topology often 
employed by implant manufacturers to promote cell attach 
ment to roughened titanium implant Surfaces. The 2T3 
Osteoblast assay showed that the coating promoted attach 
ment, growth, and differentiation. The ability of these cells 
to produce bony matrix is demonstrative of the keratin 
coatings osteoconductive properties. In future Studies we 
intend to demonstrate that these keratin coatings are capable 
of accelerating the rate of bone on growth. 
0104 Persons of ordinary skill in the art will recognize 
that many modifications may be made to the foregoing 
without departing from the Spirit and Scope thereof. The 
embodiment described herein is meant to be illustrative only 
and should not be taken as limiting the invention, which is 
defined in the following claims. 

We claim: 
1. A medical device comprising a Substrate comprising a 

passivating coating comprising keratin, Said passivating 
coating being effective to increase bone matrix formation 
exhibited by cultured 2T3 mouse osteoblasts cells. 

2. The medical device of claim 1 Selected from the group 
consisting of tissue engineering constructs, orthopedic 
implants, dental implants, and Ventricular assist devices. 

3. The medical device of claim 1 comprising a medical 
implant. 

4. The medical device of claim 3 wherein said Substrate 
comprises a biocompatible material. 

5. The medical device of claim 4 wherein the biocompat 
ible material is Selected from the group consisting of metals, 
metal alloys, and ceramics. 

6. The medical device of claim 5 wherein said biocom 
patible material is Selected from the group consisting of 
titanium and hydroxyapatite. 

7. The medical device of claim 1 wherein Said passivating 
coating comprises keratin and one or more bioactive factors 
Selected from the group consisting of bone morphogenetic 
protein (BMP) and transforming growth factor beta (TGF 
f3). 

8. The medical device of claim 2 wherein Said passivating 
coating comprises keratin and one or more bioactive factors 
Selected from the group consisting of bone morphogenetic 
protein (BMP) and transforming growth factor beta (TGF 
f3). 

9. The medical device of claim 3 wherein said passivating 
coating comprises keratin and one or more bioactive factors 
Selected from the group consisting of bone morphogenetic 
protein (BMP) and transforming growth factor beta ((TGF 
f3)). 

10. The medical device of claim 1 wherein said keratin is 
derived from a material Selected from the group consisting 
of hair, fur, feathers, horns, hooves, beaks, and feet. 

11. The medical device of claim 3 wherein said keratin is 
derived from a material Selected from the group consisting 
of hair, fur, feathers, horns, hooves, beaks, and feet. 

12. The medical device of claim 9 wherein said keratin is 
derived from a material Selected from the group consisting 
of hair, fur, feathers, horns, hooves, beaks, and feet. 
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13. The medical device of claim 1 wherein said keratin is 
derived from hair. 

14. The medical device of claim 3 wherein said keratin is 
derived from hair. 

15. The medical device of claim 9 wherein said keratin is 
derived from hair. 

16. The medical device of claim 1 wherein said keratin is 
human hair keratin. 

17. The medical device of claim 3 wherein said keratin is 
human hair keratin. 

18. The medical device of claim 9 wherein said keratin is 
human hair keratin. 

19. The medical device of claim 1 wherein said keratin 
comprises reduced keratin. 

20. The medical device of claim 3 wherein said keratin 
comprises reduced keratin. 

21. The medical device of claim 9 wherein said keratin 
comprises reduced keratin. 

22. The medical device of claim 17 wherein said keratin 
comprises reduced keratin. 

23. The medical device of claim 18 wherein said keratin 
comprises reduced keratin. 

24. The medical device of claim 1 wherein said keratin 
comprises high molecular weight keratin (HMWK) having a 
molecular weight of from about 50 to about 85 kDa. 

25. The medical device of claim 3 wherein said keratin 
comprises high molecular weight keratin (HMWK) having a 
molecular weight of from about 50 to about 85 kDa. 

26. The medical device of claim 9 wherein said keratin 
comprises high molecular weight keratin (HMWK) having a 
molecular weight of from about 50 to about 85 kDa. 

27. The medical device of claim 18 wherein said keratin 
comprises high molecular weight keratin (HMWK) having a 
molecular weight of from about 50 to about 85 kDa. 

28. The medical device of claim 23 wherein said keratin 
comprises high molecular weight keratin (HMWK) having a 
molecular weight of from about 50 to about 85 kDa. 

29. The medical device of claim 1 wherein said passivat 
ing coating is effective to accelerate bone matrix formation 
by cultured 2T3 mouse osteoblasts. 

30. The medical device of claim 3 wherein said passivat 
ing coating is effective to accelerate bone matrix formation 
by cultured 2T3 mouse osteoblasts. 

31. The medical device of claim 9 wherein said passivat 
ing coating is effective to accelerate bone matrix formation 
by cultured 2T3 mouse osteoblasts. 

32. The medical device of claim 23 wherein said passi 
Vating coating is effective to accelerate bone matrix forma 
tion by cultured 2T3 mouse osteoblasts. 

33. The medical device of claim 28 wherein said passi 
Vating coating is effective to accelerate bone matrix forma 
tion by cultured 2T3 mouse osteoblasts. 

34. A medical implant comprising: 
a Substrate comprising a passivating coating comprising 

keratin, Said passivating coating being effective to 
increase bone matrix formation by cultured 2T3 mouse 
Osteoblasts, Said passivating coating comprising a 
bonding region and a bioactive region; 

Said bonding region comprising at least one organosilane 
compound comprising a Silane component bound to a 
Surface of Said Substrate; and 
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Said bioactive region comprising an organic component of 
Said organosilane bound to a reactive pendant group on 
Said keratin. 

35. The medical implant of claim 34 wherein said silane 
component of Said organosilane compound is covalently 
bonded with a Surface of the Substrate. 

36. The medical implant of claim 34 wherein said bioac 
tive region compriseS reactive pendant groups on Said kera 
tin covalently bonded to Said organic component of Said 
organosilane. 

37. The medical implant of claim 35 wherein said bioac 
tive region compriseS reactive pendant groups on Said kera 
tin covalently bonded to Said organic component of Said 
organosilane. 

38. The medical implant of claim 34 wherein said passi 
Vating coating comprises keratin and one or more bioactive 
factorS Selected from the group consisting of bone morpho 
genetic protein (BMP) and transforming growth factor beta 
((TGF-?3). 

39. The medical implant of claim 35 wherein said passi 
Vating coating comprises keratin and one or more bioactive 
factorS Selected from the group consisting of bone morpho 
genetic protein (BMP) and transforming growth factor beta 
((TGF-?3). 

40. The medical implant of claim 36 wherein said passi 
Vating coating comprises keratin and one or more bioactive 
factorS Selected from the group consisting of bone morpho 
genetic protein (BMP) and transforming growth factor beta 
((TGF-B). 

41. The medical implant of claim 37 wherein said passi 
Vating coating comprises keratin and one or more bioactive 
factorS Selected from the group consisting of bone morpho 
genetic protein (BMP) and transforming growth factor beta 
((TGF-?3). 

42. The medical implant of claim 34 wherein Said organic 
component of Said organosilane comprises a moiety Selected 
from the group consisting of epoxy groups, alkoxy groups, 
Vinyl groups, amine groups, isocyanate groups, and carboxyl 
groupS. 

43. The medical implant of claim 34 wherein said organic 
component of Said organosilane comprises a moiety Selected 
from the group consisting of epoxy groups, alkoxy groups, 
Vinyl groups, and amine groups. 

44. The medical implant of claim 43 wherein said amine 
groups are alkylamine groups. 

45. The medical implant of claim 34 wherein said organic 
component comprises a moiety Selected from the group 
consisting of vinyl groups and epoxy groupS. 

46. The medical implant of claim 36 wherein said organic 
component of Said organosilane comprises a moiety Selected 
from the group consisting of epoxy groups, alkoxy groups, 
Vinyl groups, amine groups, isocyanate groups, and carboxyl 
groupS. 

47. The medical implant of claim 36 wherein said organic 
component of Said organosilane comprises a moiety Selected 
from the group consisting of epoxy groups, alkoxy groups, 
Vinyl groups, and amine groups. 

48. The medical implant of claim 51 wherein said amine 
groups are alkylamine groups. 

49. The medical implant of claim 36 wherein said organic 
component comprises a moiety Selected from the group 
consisting of vinyl groups and epoxy groupS. 

50. The medical implant of claim 37 wherein said organic 
component of Said organosilane comprises a moiety Selected 
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from the group consisting of epoxy groups, alkoxy groups, 
Vinyl groups, amine groups, isocyanate groups, and carboxyl 
groupS. 

51. The medical implant of claim 37 wherein said organic 
component of Said organosilane comprises a moiety Selected 
from the group consisting of epoxy groups, alkoxy groups, 
Vinyl groups, and amine groups. 

52. The medical implant of claim 55 wherein said amine 
groups are alkylamine groups. 

53. The medical implant of claim 37 wherein said organic 
component comprises a moiety Selected from the group 
consisting of vinyl groupS and epoxy groups. 

54. The medical implant of claim 41 wherein said organic 
component of Said organosilane comprises a moiety Selected 
from the group consisting of epoxy groups, alkoxy groups, 
Vinyl groups, amine groups, isocyanate groups, and carboxyl 
groupS. 

55. The medical implant of claim 41 wherein said organic 
component of Said organosilane comprises a moiety Selected 
from the group consisting of epoxy groups, alkoxy groups, 
Vinyl groups, and amine groups. 

56. The medical implant of claim 59 wherein said amine 
groups are alkylamine groups. 

57. The medical implant of claim 41 wherein said organic 
component comprises a moiety Selected from the group 
consisting of vinyl groupS and epoxy groups. 

58. The medical implant of claim 34 wherein said orga 
nosilane comprises Substituents Selected from the group 
consisting of from about 1 to 3 halogens and from about 1 
to 3 alkoxy groups. 

59. The medical implant of claim 36 wherein said orga 
nosilane comprises Substituents Selected from the group 
consisting of from about 1 to 3 halogens and from about 1 
to 3 alkoxy groups. 

60. The medical implant of claim 37 wherein said orga 
nosilane comprises Substituents Selected from the group 
consisting of from about 1 to 3 halogens and from about 1 
to 3 alkoxy groups. 

61. The medical implant of claim 41 wherein said orga 
nosilane comprises Substituents Selected from the group 
consisting of from about 1 to 3 halogens and from about 1 
to 3 alkoxy groups. 

62. The medical implant of claim 54 wherein said orga 
nosilane comprises Substituents Selected from the group 
consisting of from about 1 to 3 halogens and from about 1 
to 3 alkoxy groups. 

63. The medical implant of claim 57 wherein said orga 
nosilane comprises Substituents Selected from the group 
consisting of from about 1 to 3 halogens and from about 1 
to 3 alkoxy groups. 

64. The medical implant of claim 34 wherein said passi 
Vating coating is effective to accelerate bone matrix forma 
tion in cultured 2T3 mouse osteoblasts. 

65. The medical implant of claim 36 wherein said passi 
Vating coating is effective to accelerate bone matrix forma 
tion in cultured 2T3 mouse osteoblasts. 

66. The medical implant of claim 37 wherein said passi 
Vating coating is 2 effective to accelerate bone matrix 
formation in cultured 2T3 mouse osteoblasts. 

67. The medical implant of claim 41 wherein said passi 
Vating coating is 2 effective to accelerate bone matrix 
formation in cultured 2T3 mouse osteoblasts. 
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68. The medical implant of claim 54 wherein said passi 
Vating coating is effective to accelerate bone matrix forma 
tion in cultured 2T3 mouse osteoblasts. 

69. The medical implant of claim 57 wherein said passi 
Vating coating is effective to accelerate bone matrix forma 
tion in cultured 2T3 mouse osteoblasts. 

70. The medical implant of claim 63 wherein said passi 
Vating coating is effective to accelerate bone matrix forma 
tion in cultured 2T3 mouse osteoblasts. 

71. The medical implant of claim 34 wherein said keratin 
comprises high molecular weight keratin (HMWK) having a 
molecular weight of from about 50 to about 85 kDa. 

72. The medical implant of claim 36 wherein said keratin 
comprises high molecular weight keratin (HMWK) having a 
molecular weight of from about 50 to about 85 kDa. 

73. The medical implant of claim 37 wherein said keratin 
comprises high molecular weight keratin (HMWK) having a 
molecular weight of from about 50 to about 85 kDa. 

74. The medical implant of claim 51 wherein said keratin 
comprises high molecular weight keratin (HMWK) having a 
molecular weight of from about 50 to about 85 kDa. 

75. The medical implant of claim 54 wherein said keratin 
comprises high molecular weight keratin (HMWK) having a 
molecular weight of from about 50 to about 85 kDa. 

76. The medical implant of claim 57 wherein said keratin 
comprises high molecular weight keratin (HMWK) having a 
molecular weight of from about 50 to about 85 kDa. 

77. The medical implant of claim 63 wherein said keratin 
comprises high molecular weight keratin (HMWK) having a 
molecular weight of from about 50 to about 85 kDa. 

78. The medical implant of claim 70 wherein said keratin 
comprises high molecular weight keratin (HMWK) having a 
molecular weight of from about 50 to about 85 kDa. 

79. A medical implant comprising: 
a Substrate comprising a biocompatible material Selected 
from the group consisting of metals, metal alloys, and 
ceramics, 

a passivating coating on Said Substrate comprising 
HMWK keratin and one or more bioactive factors 
Selected from the group consisting of bone morphoge 
netic protein (BMP) and transforming growth factor 
beta ((TGF-3), Said passivating coating being effective 
to increase bone matrix formation by cultured 2T3 
mouse osteoblasts Said passivating coating comprising 
an organosilane compound comprising a Silane com 
ponent and an organic component, Said passivating 
coating comprising a bonding region and a bioactive 
region; 

Said bonding region comprising Said Silane component 
covalently bound to a Surface of Said Substrate; and 

Said bioactive region comprising Said organic component 
covalently bound to a reactive pendant group on Said 
keratin. 

80. The medical implant of claim 79 wherein said organic 
component of Said organosilane comprises a moiety Selected 
from the group consisting of epoxy groups, alkoxy groups, 
Vinyl groups, amine groups, isocyanate groups, and carboxyl 
groupS. 

81. The medical implant of claim 79 wherein said organic 
component of Said organosilane comprises a moiety Selected 
from the group consisting of epoxy groups, alkoxy groups, 
Vinyl groups, and amine groups. 
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82. The medical implant of claim 81 wherein said amine 
groups are alkylamine groups. 

83. The medical implant of claim 79 wherein said organic 
component comprises a moiety Selected from the group 
consisting of vinyl groupS and epoxy groups. 

84. The medical implant of claim 79 wherein said orga 
nosilane comprises Substituents Selected from the group 
consisting of from about 1 to 3 halogens and from about 1 
to 3 alkoxy groups. 

85. The medical implant of claim 80 wherein said orga 
nosilane comprises 2 Substituents Selected from the group 
consisting of from about 1 to 3 halogens and 3 from about 
1 to 3 alkoxy groups. 

86. The medical implant of claim 81 wherein said orga 
nosilane comprises Substituents Selected from the group 
consisting of from about 1 to 3 halogens and from about 1 
to 3 alkoxy groups. 

87. The medical implant of claim 82 wherein said orga 
nosilane comprises Substituents Selected from the group 
consisting of from about 1 to 3 halogens and from about 1 
to 3 alkoxy groups. 

88. The medical implant of claim 83 wherein said orga 
nosilane comprises Substituents Selected from the group 
consisting of from about 1 to 3 halogens and from about 1 
to 3 alkoxy groups. 

89. The medical implant of claim 79 wherein the medical 
implant is Selected from the group consisting of a issue 
engineering construct, an orthopedic implant, a dental 
implant, and a ventricular assist device. 

90. The medical implant of claim 79 wherein said bio 
compatible material is Selected from the group consisting of 
titanium and hydroxyapatite. 

91. A medical implant comprising: 

a Substrate comprising titanium; 
a passivating coating on Said Substrate comprising 
HMWK keratin and one or more bioactive factors 
Selected from the group consisting of bone morphoge 
netic protein (BMP) and transforming growth factor 
beta ((TGF-3), Said passivating coating being effective 
to increase bone matrix formation by cultured 2T3 
mouse osteoblasts said passivating coating comprising 
an organosilane compound comprising a Silane com 
ponent and an organic component, Said passivating 
coating comprising a bonding region and a bioactive 
region; 

Said bonding region comprising Said Silane component 
covalently bound to a Surface of Said Substrate; and 

Said bioactive region comprising Said organic component 
covalently bound to a reactive pendant group on Said 
keratin. 

92. The medical implant of claim 91 wherein said organic 
component of Said organosilane comprises a moiety Selected 
from the group consisting of epoxy groups, alkoxy groups, 
Vinyl groups, amine groups, isocyanate groups, and carboxyl 
groupS. 

93. The medical implant of claim 91 wherein said organic 
component of Said organosilane comprises a moiety Selected 
from the group consisting of epoxy groups, alkoxy groups, 
Vinyl groups, and amine groups. 

94. The medical implant of claim 93 wherein said amine 
groups are alkylamine groups. 
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95. The medical implant of claim 91 wherein said organic 
component comprises a moiety Selected from the group 
consisting of vinyl groups and epoxy groupS. 

96. The medical implant of claim 91 wherein said orga 
nosilane comprises Substituents Selected from the group 
consisting of from about 1 to 3 halogens and from about 1 
to 3 alkoxy groups. 

97. The medical implant of claim 92 wherein said orga 
nosilane comprises Substituents Selected from the group 
consisting of from about 1 to 3 halogens and from about 1 
to 3 alkoxy groups. 

98. The medical implant of claim 93 wherein said orga 
nosilane comprises Substituents Selected from the group 
consisting of from about 1 to 3 halogens and from about 1 
to 3 alkoxy groups. 

99. The medical implant of claim 94 wherein said orga 
nosilane comprises Substituents Selected from the group 
consisting of from about 1 to 3 halogens and from about 1 
to 3 alkoxy groups. 

100. The medical implant of claim 95 wherein said 
organosilane comprises Substituents Selected from the group 
consisting of from about 1 to 3 halogens and from about 1 
to 3 alkoxy groups. 

101. The medical implant of claim 100 wherein said 
halogen is chlorine. 

102. The medical implant of claim 101 wherein the 
medical implant is Selected from the group consisting of a 
issue engineering construct, an Orthopedic implant, a dental 
implant, and a Ventricular assist devices. 

103. A method of coating a medical device with a passi 
Vating coating, Said method comprising: 

bonding a coupling agent to one or more Surfaces of Said 
medical device, producing a bonding region; and, 

bonding keratin to Said bonding region. 
104. The method of claim 103 further comprising clean 

ing Said one or more Surfaces before bonding Said coupling 
agent to Said one or more Surfaces. 

105. The method of claim 103 further comprising oxidiz 
ing Said one or 2 more Surfaces before bonding Said coupling 
agent to Said one or more Surfaces. 

106. The method of claim 104 further comprising oxidiz 
ing Said one or more Surfaces before bonding Said coupling 
agent to Said one or more Surfaces. 

107. The method of claim 104 wherein said cleaning 
comprises Sonicating Said one or more Surfaces in first 
anhydrous Solvent and Sonicating Said one or more Surfaces 
in water. 

108. The method of claim 107 wherein said first anhy 
drous Solvent is Selected from the group consisting of 
methanol, ethanol, isopropyl alcohol, dimethylsulfoxide, 
acetone, or tetrahydrofuran. 

109. The method of claim 107 wherein said first anhy 
drous Solvent is dichloromethane. 

110. The method of claim 106 wherein said cleaning 
comprises Sonicating in Said one or more Surfaces in first 
anhydrous Solvent and Sonicating Said one or more Surfaces 
in water. 

111. The method of claim 110 wherein said first anhy 
drous Solvent is Selected from the group consisting of 
methanol, ethanol, isopropyl alcohol, dimethylsulfoxide, 
acetone, or tetrahydrofuran. 

112. The method of claim 110 wherein said first anhy 
drous Solvent is dichloromethane. 
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113. The method of claim 110 wherein said water is 
deionized water. 

114. The method of claim 112 wherein said water is 
deionized water. 

115. The method of claim 103 wherein bonding keratin to 
Said bonding region comprises: 

dissolving keratin in a Solvent; and 
adding Second anhydrous Solvent to produce a keratin 

mixture; 
exposing Said bonding region to Said keratin mixture, 

producing a keratin coated bonding region; and 
curing Said keratin coated bonding region under condi 

tions effective to produce Said bioactive region. 
116. The method of claim 106 wherein bonding keratin to 

Said bonding region comprises: 
dissolving keratin in a Solvent; and 
adding Second anhydrous Solvent to produce a keratin 

mixture; 
exposing Said bonding region to Said keratin mixture, 

producing a keratin coated bonding region; and 
curing Said keratin coated bonding region under condi 

tions effective to produce Said bioactive region. 
117. The method of claim 110 wherein bonding keratin to 

Said bonding region comprises: 
dissolving keratin in a solvent; and 
adding Second anhydrous Solvent to produce a keratin 

mixture; 
exposing Said bonding region to Said keratin mixture, 

producing a keratin coated bonding region; and 
curing Said keratin coated bonding region under condi 

tions effective to produce Said bioactive region. 
118. The method of claim 111 wherein bonding keratin to 

Said bonding region comprises: 

dissolving keratin in a Solvent; and 
adding Second anhydrous Solvent to produce a keratin 

mixture; 
exposing Said bonding region to Said keratin mixture, 

producing a keratin coated bonding region; and 
curing Said keratin coated bonding region under condi 

tions effective to produce Said bioactive region. 
119. The method of claim 112 wherein bonding keratin to 

Said bonding region comprises: 

dissolving keratin in a Solvent; and 
adding Second anhydrous Solvent to produce a keratin 

mixture; 
exposing Said bonding region to Said keratin mixture, 

producing a keratin coated bonding region; and 
curing Said keratin coated bonding region under condi 

tions effective to produce Said bioactive region. 
120. The method of claim 103 wherein, when said keratin 

is reduced/reduced keratin, Said Solvent is water. 
121. The method of claim 103 wherein, when said keratin 

is oxidized/reduced keratin, Said Solvent comprises an aque 
ous Solution comprising a base. 
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122. The method of claim 121 wherein said base is 
Selected from the group consisting of ammonium hydroxide, 
Sodium hydroxide, potassium hydroxide, and combinations 
thereof. 

123. The method of claim 122 wherein said base is 
ammonium hydroxide. 

124. The method of claim 115 wherein said second 
anhydrous Solvent is Selected from the group consisting of 
methanol, ethanol, isopropyl alcohol, dimethylsulfoxide, 
acetone, and tetrahydrofuran. 

125. The method of claim 115 wherein said second 
anhydrous solvent is dimethylsulfoxide. 

126. The method of claim 116 wherein said second 
anhydrous Solvent is Selected from the group consisting of 
methanol, ethanol, isopropyl alcohol, dimethylsulfoxide, 
acetone, and tetrahydrofuran. 

127. The method of claim 116 wherein said second 
anhydrous solvent is (a dimethylsulfoxide. 

128. The method of claim 117 wherein said second 
anhydrous Solvent is Selected from the group consisting of 
methanol, ethanol, isopropyl alcohol, Gudimethylsulfoxide, 
acetone, and tetrahydrofuran. 

129. The method of claim 117 wherein said second 
anhydrous solvent is (a dimethylsulfoxide. 

130. The method of claim 118 wherein said second 
anhydrous Solventis (GSelected from the group consisting of 
methanol, ethanol, isopropyl alcohol, dimethylsulfoxide, 
acetone, and tetrahydrofuran. 

131. The method of claim 118 wherein said second 
anhydrous solvent is dimethylsulfoxide. 

132. The method of claim 119 wherein said second 
anhydrous Solventis (GSelected from the group consisting of 
methanol, ethanol, isopropyl alcohol, Gudimethylsulfoxide, 
acetone, and tetrahydrofuran. 

133. The method of claim 119 wherein said second 
anhydrous solvent is dimethylsulfoxide. 

134. The method of claim 120 wherein said second 
anhydrous Solventis (GSelected from the group consisting of 
methanol, ethanol, isopropyl alcohol, Gudimethylsulfoxide, 
acetone, and tetrahydrofuran. 

135. The method of claim 120 wherein said second 
anhydrous solvent is (a dimethylsulfoxide. 

136. The method of claim 121 wherein said second 
anhydrous Solvent is Selected from the group consisting of 
methanol, ethanol, isopropyl alcohol, Gudimethylsulfoxide, 
acetone, and tetrahydrofuran. 

137. The method of claim 121 wherein said second 
anhydrous solvent is dimethylsulfoxide. 

138. The method of claim 115 further comprising mixing 
the keratin mixture with an activation agent Selected from 
the group consisting of a catalyst and (Glan initiator. 

139. The method of claim 138 wherein said activation 
agent is a vinyl-functional Silane and Said activation agent is 
effective to generate free radicals. 

140. The method of claim 138 wherein said activation 
agent comprises an (Ganthraquinone-2-Sulfonic acid. 

141. The method of claim 116 further comprising mixing 
the keratin mixture with an activation agent Selected from 
the group consisting of a catalyst and (Glan initiator. 

142. The method of claim 141 wherein said activation 
agent is a vinyl-functional Silane and Said activation agent is 
effective to generate free radicals. 

143. The method of claim 141 wherein said activation 
agent comprises an (Ganthraquinone-2-Sulfonic acid. 
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144. The method of claim 119 further comprising mixing 
the keratin mixture with an activation agent Selected from 
the group consisting of a catalyst and (Glan initiator. 

145. The method of claim 119 wherein said activation 
agent is a vinyl-functional Silane and Said reagent is effective 
to generate free radicals. 

146. The method of claim 145 wherein said activation 
agent comprises an anthraquinone-2-Sulfonic acid. 

147. The method of claim 115 wherein said conditions 
comprises exposing Said keratin coated bonding region to an 
energy Source for a period of time effective (ato produce 
Said bioactive region. 

148. The method of claim 119 wherein said conditions 
comprises exposing Said keratin coated bonding region to an 
energy Source for a period of time effective (ato produce 
Said bioactive region. 

149. The method of claim 146 wherein said conditions 
comprises exposing Said keratin coated bonding region to an 
energy Source for a period of time effective (ato produce 
Said bioactive region. 

150. The method of claim 147 wherein said conditions 
comprises exposing Said keratin coated bonding region to an 
energy Source for a period of time effective (ato produce 
Said bioactive region. 

151. The method of claim 146 wherein said conditions 
comprise the presence of Said activation agent. 

152. The method of claim 150 wherein said conditions 
comprise the presence of Said activation agent. 

153. The method of claim 149 wherein said period of time 
is from about 1 to about 24 hours 

154. The method of claim 150 wherein said period of time 
is from about 1 to about 24 hours 

155. The method of claim 151 wherein said period of time 
is from about 1 to about 24 hours 

156. The method of claim 152 wherein said period of time 
is from about 1 to about 24 hours 

157. The method of claim 149 wherein said period of time 
is about 24 (a hours. 

158. The method of claim 150 wherein said period of time 
is about 24 (a hours. 

159. The method of claim 151 wherein said period of time 
is about 24 (a hours. 

160. The method of claim 152 wherein said period of time 
is about 24 (a hours. 

161. A medical implant comprising: 
Ga Substrate comprising a passivating coating comprising 

keratin, Said (apassivating coating comprising a bond 
ing region and a bioactive (Gregion; (GSaid bonding 
region comprising at least one organosilane compound 
(a)comprising a Silane component bound to a Surface of 
Said Substrate; and (GSaid bioactive region comprising 
an organic component of Said organosilane (abound to 
a reactive pendant group on Said keratin. 

162. The medical implant of claim 161 wherein said 
Silane component of Said organosilane compound is 
covalently bonded with a surface of the substrate. 

163. The medical implant of claim 161 wherein said 
bioactive region comprises reactive pendant groups on Said 
keratin covalently bonded to Said organic component of Said 
organosilane. 

164. The medical implant of claim 162 wherein said 
bioactive region comprises reactive pendant groups on Said 
keratin covalently bonded to Said organic component of Said 
organosilane. 
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165. The medical implant of claim 161 wherein said 
organic component of Said organosilane comprises a moiety 
Selected from the group consisting of epoxy groups, alkoxy 
groups, Vinyl groups, amine groups, isocyanate groups, and 
carboxyl groups. 

166. The medical implant of claim 161 wherein said 
organic component of Said organosilane comprises a moiety 
Selected from the group consisting of epoxy groups, alkoxy 
groups, Vinyl groups, and amine groups. 

167. The medical implant of claim 166 wherein said 
amine groups are alkylamine groups. 

168. The medical implant of claim 162 wherein said 
organic component 2 comprises a moiety Selected from the 
group consisting of Vinyl groups and epoxy groups. 

169. The medical implant of claim 163 wherein said 
organic component of Said organosilane comprises a moiety 
Selected from the group consisting of epoxy groups, alkoxy 
groups, Vinyl groups, amine groups, isocyanate groups, and 
carboxyl groups. 

170. The medical implant of claim 163 wherein said 
organic component of Said organosilane comprises a moiety 
Selected from the group consisting of epoxy groups, alkoxy 
groups, Vinyl groups, and amine groups. 

171. The medical implant of claim 170 wherein said 
amine groups are alkylamine groups. 

172. The medical implant of claim 163 wherein said 
organic component comprises a moiety Selected from the 
group consisting of Vinyl groups and epoxy groups. 

173. The medical implant of claim 164 wherein said 
organic component of Said organosilane comprises a moiety 
Selected from the group consisting of epoxy groups, alkoxy 
groups, Vinyl groups, amine groups, isocyanate groups, and 
carboxyl groups. 

174. The medical implant of claim 164 wherein said 
organic component of Said organosilane comprises a moiety 
Selected from the group consisting of epoxy groups, alkoxy 
groups, Vinyl groups, and amine groups. 

175. The medical implant of claim 174 wherein said 
amine groups are alkylamine groups. 

176. The medical implant of claim 174 wherein said 
organic component comprises a moiety Selected from the 
group consisting of Vinyl groups and epoxy groups. 

177. The medical implant of claim 161 wherein said 
organosilane comprises Substituents Selected from the group 
consisting of from about 1 to 3 halogens and from about 1 
to 3 alkoxy groups. 

178. The medical implant of claim 162 wherein said 
organosilane comprises Substituents Selected from the group 
consisting of from about 1 to 3 halogens and from about 1 
to 3 alkoxy groups. 

179. The medical implant of claim 163 wherein said 
organosilane comprises Substituents Selected from the group 
consisting of from about 1 to 3 halogens and from about 1 
to 3 alkoxy groups. 

180. The medical implant of claim 169 wherein said 
organosilane comprises Substituents Selected from the group 
consisting of from about 1 to 3 halogens and from about 1 
to 3 alkoxy groups. 

181. The medical implant of claim 170 wherein said 
organosilane comprises Substituents Selected from the group 
consisting of from about 1 to 3 halogens and from about 1 
to 3 alkoxy groups. 
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182. The medical implant of claim 171 wherein said 
organosilane comprises Substituents Selected from the group 
consisting of from about 1 to 3 halogens and from about 1 
to 3 alkoxy groups. 

183. The medical implant of claim 172 wherein said 
organosilane comprises Substituents Selected from the group 
consisting of from about 1 to 3 halogens and from about 1 
to 3 alkoxy groups. 

184. The medical implant of claim 175 wherein said 
organosilane comprises Substituents Selected from the group 
consisting of from about 1 to 3 halogens and from about 1 
to 3 alkoxy groups. 

185. The medical implant of claim 176 wherein said 
organosilane comprises Substituents Selected from the group 
consisting of from about 1 to 3 halogens and from about 1 
to 3 alkoxy groups. 

186. The medical implant of claim 161 wherein said 
keratin comprises high molecular weight keratin (HMWK) 
having a molecular weight of from about 50 to about 85 kDa. 

187. The medical implant of claim 162 wherein said 
keratin comprises high molecular weight keratin (HMWK) 
having a molecular weight of from about 50 to about 85 kDa. 

188. The medical implant of claim 163 wherein said 
keratin comprises high molecular weight keratin (HMWK) 
having a molecular weight of from about 50 to about 85 kDa. 

189. The medical implant of claim 169 wherein said 
keratin comprises high molecular weight keratin (HMWK) 
having a molecular weight of from about 50 to about 85 kDa. 

190. The medical implant of claim 170 wherein said 
keratin comprises high molecular weight keratin (HMWK) 
having a molecular weight of from about 50 to about 85 kDa. 

191. The medical implant of claim 171 wherein said 
keratin comprises high molecular weight keratin (HMWK) 
having a molecular weight of from about 50 to about 85 kDa. 

192. The medical implant of claim 172 wherein said 
keratin comprises high molecular weight keratin (HMWK) 
having a molecular weight of from about 50 to about 85 kDa. 

193. The medical implant of claim 175 wherein said 
keratin comprises high molecular weight keratin (HMWK) 
having a molecular weight of from about 50 to about 85 kDa. 

194. The medical implant of claim 177 wherein said 
keratin comprises high molecular weight keratin (HMWK) 
having a molecular weight of from about 50 to about 85 kDa. 

195. The medical implant of claim 178 wherein said 
keratin comprises high molecular weight keratin (HMWK) 
having a molecular weight of from about 50 to about 85 kDa. 

196. The medical implant of claim 182 wherein said 
keratin comprises high molecular weight keratin (HMWK) 
having a molecular weight of from about 50 to about 85 kDa. 

197. The medical implant of claim 183 wherein said 
keratin comprises high molecular weight keratin (HMWK) 
having a molecular weight of from about 50 to about 85 kDa. 

198. The medical implant of claim 184 wherein said 
keratin comprises high molecular weight keratin (HMWK) 
having a molecular weight of from about 50 to about 85 kDa. 

199. The medical implant of claim 185 wherein said 
keratin comprises high molecular weight keratin (HMWK) 
having a molecular weight of from about 50 to about 85 kDa. 

200. The medical implant of claim 161 wherein the 
Substrate comprises one or more biocompatible material is 
Selected from the group consisting of Silicon, metals, metal 
alloys, and ceramics. 



US 2005/0058686 A1 

201. The medical implant of claim 161 wherein said 
biocompatible material is Selected from the group consisting 
of titanium and hydroxyapatite. 

202. The medical implant of claim 161 wherein said 
biocompatible material comprises Silicon. 

203. The medical implant of claim 164 wherein the 
Substrate comprises one or more biocompatible material is 
Selected from the group consisting of Silicon, metals, metal 
alloys, and ceramics. 

204. The medical implant of claim 164 wherein said 
biocompatible material is Selected from the group consisting 
of titanium and hydroxyapatite. 

205. The medical implant of claim 164 wherein said 
biocompatible material comprises Silicon. 

206. The medical implant of claim 176 wherein the 
Substrate comprises one or more biocompatible material is 
Selected from the group consisting of Silicon, metals, metal 
alloys, and ceramics. 

207. The medical implant of claim 176 wherein said 
biocompatible material is Selected from the group consisting 
of titanium and hydroxyapatite. 

208. The medical implant of claim 176 wherein said 
biocompatible material comprises Silicon. 

209. The medical implant of claim 184 wherein the 
Substrate comprises one or more biocompatible material is 
Selected from the group consisting of Silicon, metals, metal 
alloys, and ceramics. 

210. The medical implant of claim 184 wherein said 
biocompatible material is Selected from the group consisting 
of titanium and hydroxyapatite. 

211. The medical implant of claim 184 wherein said 
biocompatible material comprises Silicon. 

Mar. 17, 2005 

212. The medical implant of claim 185 wherein the 
Substrate comprises one or more biocompatible material is 
Selected from the group consisting of Silicon, metals, metal 
alloys, and ceramics. 

213. The medical implant of claim 185 wherein said 
biocompatible material is Selected from the group consisting 
of titanium and hydroxyapatite. 

214. The medical implant of claim 185 wherein said 
biocompatible material comprises Silicon. 

215. The medical implant of claim 198 wherein the 
Substrate comprises one or more biocompatible material is 
Selected from the group consisting of Silicon, metals, metal 
alloys, and ceramics. 

216. The medical implant of claim 198 wherein said 
biocompatible material is Selected from the group consisting 
of titanium and hydroxyapatite. 

217. The medical implant of claim 198 wherein said 
biocompatible material 2. 

218. The medical implant of claim 199 wherein the 
Substrate comprises one or more biocompatible material is 
Selected from the group consisting of Silicon, metals, metal 
alloys, and ceramics. 

219. The medical implant of claim 199 wherein said 
biocompatible material is Selected from the group consisting 
of titanium and hydroxyapatite. 

220. The medical implant of claim 199 wherein said 
biocompatible material comprises Silicon. 


