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IMPLANTABLE PROSTHETIC OR TISSUE EXPANDING DEVICE
Field of the Invention
The present invention is generally related to medical prostheses or implants for
augmentation, tissue expansion or replacement of soft tissue, including breast implants. In

particular, the present invention is related to implants filled with a keratin hydrogel.

Background of the Invention

Breast augmentation and reconstruction through medical procedures has been performed by
physicians for decades. Early attempts using filler materials alone, without an enclosing envelope,
had less than optimal long-term effects on appearance and health. The use of silicone gel-filled
silicone envelopes gave improved long-term appearance but has created concerns for manufacturers,
surgeons and patients due to possible leakage of the silicone gel from the envelopes into the body.
These concerns had the effect of removing silicone gel-filled breast implants from some markets,
such as the United States. Saline-filled breast implants have been used 1n place of the silicone-filled
implants. The use of saline has led to fewer concemns, but saline-filled silicone implants have been
reported as having a less natural shape and consistency.

Another issue in the field of breast reconstruction and in the healing of open wounds 1s the
use of tissue expanders. Tissue expanders typically include a bladder or envelope that will hold a
liquid such as saline. The expander is placed over a wound, or may be implanted under tissue, such
as under the muscles below a surgically removed breast. During use 1n breast reconstruction, a
small amount of saline is added to the envelope periodically until the desired size 1s reached. By
adding liquid slowly over a period of weeks or months, the covering tissue 1s allowed to expand to
accommodate its size. Tissue expanders may also be used to cover an open wound and serve as a

platform for the growth of new skin over the wound. Unfortunately, in order to change the volume
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of the tissue expander a needle must be mserted into the envelope, thus requiring penetration of the
tissue and caus'ing pain and an increased possibility of infection.

What would be desirable is a safe, non-toxic, non-antigenic matenial for use in implants that
has a consistency more like that of the original human soft tissue. A further advantage would be an
implant that can be implanted using potentially minimally invasive surgical procedures. What
would be desirable is a tissue expander that is able to absorb fluid from the patient after implantation

so that the expander could reach the desired size without repeated intrusive procedures.

Summary of the Invention

The present disclosure addresses the shortcomings of the prior art by providing a safer, more
natural appearing implant for augmenting or reconstructing the human breast or other tissue such
as penile, testicular, gluteal, or facial tissue. Preferred implants include an outer envelope made of
silicone or a biocompatible polymer and having an interior containing a keratin hydrogel. The
hydrogel can be made from a keratinous material that 1s obtained from a biological source,
especially keratin obtained from hair, feathers, hooves, feet, beaks, skin or nails of a mammal. The
keratin is preferably obtained from hair, and more preferably from human hair. Human hair 1s
especially desirable because of its ready availability as cuttings from barber and beauty shops,
because human hair is likely to have less antigenicity in a human subject, and because hair can be
harvested from the intended implant recipient. In certain embodiments implants include a hydrogel
formed from hydrating a keratin material prepared as described in copending U.S. Patent
Application filed concurrently herewith and entitled "Water Absorbent Keratin and Gel Formed
Therefrom," incorporated herein in its entirety by reference. In certain embodiments implants
include a keratin hydrogel formed using an alternative method as described in U.S. Patent No.

5,932,552 and U.S. Application No. both incorporated herein 1n their entirety by reference.
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In more detail, a keratin hydrogel for use in the prosthetic devices described herein may be
formed by adding an aqueous solvent such as water to a hydratable keratin material. This hydratable
material can be made by a first process beginning with providing a keratinous material including
keratin having disulfide bonds and partially oxidizing the keratin disulfide bonds, such that sulfonic
acid residues are formed. The sulfonic acid containing keratin material can subsequently be placed
in a solvent containing cations, preferably monovalent cations. In certain preferred embodiments,
a solution containing the oxidized keratin material is neutralized, or raised to a pH that 1s less acidic
than the oxidation solution. Without limiting the patent to a particular mechanism, in certain
embodiments, and depending on the solvent used, the pH may be raised to a level above the pKa of
the sulfonic acid groups to obtain sulfonic acid groups in an anionic state, or having a negative
charge. It is contemplated that anionic sulfonic 3 acid groups may more easily form 1onic
associations or even ionic bonds with the cations. When a substantial part of the liquid is removed
from the keratin/cationic solution, a salt or solid salt including the keratin and cations may be
isolated. This solid is hydratable, highly absorbent, and forms a hydrogel upon re-hydration. The

solid may be used in fibrous or powdered form, and adding water to the solid forms a viscoelastic

hydrogel suitable for use as a prosthetic implant filler.

A preferred source of keratinous material 1s human hair, although the keratin may be
obtained from hair or fur of animals including any mammal, from finger or toenail material or from
hooves, or from the beaks, feet or feathers of birds. Human hair 1s a preferred source of keratin

because of its ready availability from cuttings of barber and beauty shops, because 1t 1s expected to
be less prone to cause undesirable immune or allergic reactions in a human should any leakage

occur, and because a keratin preparation may be made from the hair of a subject for whom the

preparation will be used. This last advantage can be especially important in embodiments involving

subdermal implantations.
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It 1s well known in the art that keratins are highly sulfated, that 1s, the amino acid sequence
of keratin contains a high proportion of cysteine residues as compared to proteins in general. These
cysteines each include a sulfhydryl moiety that 1s able to bond with another sulthydril moiety from
another cysteine residue to form a disulfide bond known as a cystine residue. The second cysteine
may reside within the same keratin molecule, or in another keratin molecule. These disulfide bonds

are responsible for much of the tertiary and/or quaternary structure of this class of proteins. A

suitable oxidizing agent is able to break this disulfide bond and to oxidize one or both of the sulfide
moieties so that they are no longer able to form a disulfide. Such an oxidation is a part of 4 the
process of forming the keratin products of the present disclosure. Preferred oxidizing agents
include, but are not limited to peracetic acid, hydrogen peroxide, perborates, percarbonates, benzoyl
peroxide, or ammonium sulfate peroxide. However, any suitable oxidizing agent known in the art
can be used in the practice of the invention. After oxidation, the liquid oxidizing agent can be
filtered from the oxidized keratin solid, and the solid may be washed to remove residual oxidizing
agent, for example.

The resulting solid may then be suspended 1n a non-aqueous solvent and the pH may be
adjusted upward with base - conveniently to at least neutral pH. Preferred solvents for this second
solution do not include significant water as the water may hydrolyze the peptide backbone during
processing. Preferred solvents would include alcohols such as methanol, ethanol, or propanol, for
example, and would also include non-aqueous solvents such as acetone and tetrahydrofuran, for
example. An effective solvent should be able to solvate a base and should also be able to provide
a medium able to keep the keratin sufficiently open to allow 1onic associations or interactions
between the base cations and anionic sulfonic acid groups in the keratin. Preferred bases include,
but are not limited to sodium hydroxide, potassium hydroxide and ammonium hydroxide, which,

as 1s known in the art, would yield or produce sodium, potassium and ammonium 1ons, respectively,

upon entering solution.
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The keratin suspension may be heated, and 1s preferably heated to boiling for a time
sufficient to swell the keratin. The keratin suspension may be stirred without heat for a longer
period of time to allow a more complete association or reaction between the sulfonic acid groups
and the base cations. The continued reaction time at or near room temperature, or even below room
temperature while stirring is contemplated by the inventors to allow the base cations to approach
and bind to the keratin anionic sites with a 5 lower incidence of peptide backbone degradation that
could occur with continued boiling. The cations for use in the present invention, therefore, must be
able to interact with the anionic cysteic acid groups in the keratin material. The use of the term
"cations" or "monovalent cations” in the present disclosure and claims 1s an indication of those
cations that are able to form such an interaction. After a sufficient reaction time, the keratin solid
may be removed from the suspension by filtration, for example, and dried, leaving a solid salt
formed of the keratin sulfonic acid or cysteic acid groups and base cations. This solid may be
shredded into a fibrous form and/or ground into a finely divided powder. This solid may be used
in certain embodiments, or it may be hydrated by adding water, for example, and the hydrogel, or
viscoelastic hydrogel thus formed may be used in certain embodiments.

The keratin hydrogel so formed is suitable for use as an implant filler, for example, used to
fill a breast implant, or to augment soft tissue for cosmetic, reconstructive or aesthetic reasons, or
it may be used in a tissue expander. In certain embodiments, a dry keratin hydrogel precursor may
be placed in a semipermeable silicone shell, for example and implanted n a body cavity, wound,
or scar where new tissue crowth is needed. This technique 1s known 1n the art to be useful 1n breast
reconstruction. in treatment of male pattern baldness, for treatment of wounds, birth defects, and the
like.

The present invention may be described, therefore, in certain aspects as a prosthetic device
or implant, or even a tissue expander device, wherein the device includes a composition comprising

a hydratable keratin solid to be used as a filler for a the device, wherein the solid comprises a keratin

>
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where at least a portion of the cysteic groups of the keratin are 10onically associated with, or may be
ionically bound to cations. As used herein, 1onically bound or 1onically associated would have their
ordinary meaning as is known in the art, and would include the electrostatic attraction between an
anion and a cation, and would include such interactions directly, such as through formation of 1onic
bonds, and interactions through intermediary bipolar moieties, for example. A cysteic group would
include cysteine and derivatives of cysteine including cystine and cysteic acid. As used herein,
cysteic acid and sulfonic acid denote a cysteine side chain 1n which the terminal sulfur is bonded
to three oxygen atoms to produce the sulfonic acid ion, S03-, or the acidic form, SO3H. In certain
embodiments, a portion of the cysteic groups are oxidized to cysteic acid groups. Cysteic acid
groups may comprise a significant portion of the total cysteic groups. The extent of the oxidation
may be adjusted by adjusting certain parameters of the oxidation reactions, such as temperature,
concentration of oxidizing agent, and time of reaction, for example, to achieve a product with certain
desired properties, such as absorbency or resiliency, for example.

In certain embodiments, therefore, the hydratable keratin solid 1s made by a process
comprising oxidizing a portion of the disulfide groups of a keratin to obtain a keratin having
oxidized cysteic groups, and contacting the keratin having oxidized cysteic groups with monovalent
cations under conditions effective to form 1onic associations or 1onic bonds between at least a
portion of the oxidized cysteic groups and the cations.

In some embodiments, the hydratable keratin solid 1s made by a process comprising
oxidizing at least a portion of the disulfide groups of a keratin to obtain a keratin having oxidized
cysteic groups, and contacting said keratin having oxidized cysteic groups with monovalent cations
under conditions effective to form 1onic associations or ionic bonds between a substantial portion
of said oxidized cysteic groups and said cations. The oxidization may comprise placing the keratin

in a solution containing a concentration of an oxidizing agent effective to oxidize a portion of the
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disulfide groups. The portion of oxidized disulfide groups may be a major portion of the total
cysteic acid groups.

In certain embodiments of the present invention, the oxidation comprises placing the keratin
in a solution containing a concentration of hydrogen peroxide, peracetic acid, perborates,
percarbonates, benzoyl peroxide, or ammonium sulfate peroxide etfective to oxidize a portion of
the disulfide groups.

The process of the present invention may further comprise heating the keratin solid
containing oxidized cysteic groups in a solvent solution containing a dissolved base. The solvent
solution may comprise a solvent selected from methanol, ethanol, propanol, ether, tetrahydrofuran
(THF), and acetone. In certain embodiments the process further compnises removing the solution
from the heat and stirring for a time effective to form 1onic bonds between the cysteic acid groups
and cations produced by the base. The process may also further comprise drying the keratin solid,
such as by drying a solid or solution under vacuum.

Another aspect of the present invention includes prosthetic implants that comprise a keratin
hydrogel wherein the hydrogel is produced by adding water to a composition comprising a
hydratable keratin solid, wherein the solid comprises a keratin where at least a portion of the cysteic
acid groups of the keratin are ionically bound to cations. In some embodiments, the hydrogel 1s a
keratin viscoelastic hydrogel produced by adding water to a composition comprising a hydratable
keratin solid, wherein the solid comprises a keratin where a portion of the cysteic acid groups of the
keratin are ionically bound to or associated with cations.

Another aspect of the present invention is the use 1n a prosthetic 1mplant of a hydratable
keratin solid made by (1) oxidizing keratin in a first solution comprising a soluble oxidizing agent,
such that a portion of the disulfide bonds of the keratin are oxidized to form cysteic acid residues,
to obtain an oxidized solid fraction; (2) separating the oxidized solid fraction from the first solution;

(3) contacting the oxidized solid fraction with a second, basic solution comprising a monovalent

-
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cation dissolved in a solvent; (4) maintaining the second solution containing the oxidized solid
fraction and the monovalent cations for a time and at a temperature effective to cause an interaction
between the cysteic acid residues and the monovalent cations to obtain a salt solution of the keratin
and the monovalent cation; and (5) substantially removing the solvent from the salt solution to
obtain a hydratable keratin solid.

The process may also further comprise adjusting the pH of the second solution, to obtain a
substantially neutral solution. In some embodiments, the keratin 1s obtained from hair or fur, and
is preferably obtained from human hair.

In some embodiments, the keratin i1s oxidized by suspending the keratin in a solution of a
suitable oxidizing agent, such as one selected from the group consisting of hydrogen peroxide,
peracetic acid, perborates, percarbonates, benzoyl peroxide, and ammonium sulfate peroxide, in a
concentration of between about 1 and about 35 weight/volume percent. In various embodiments,
the keratin is oxidized by suspending the keratin in a solution of an oxidizing agent selected from
the group consisting of hydrogen peroxide, peracetic acid, perborates, percarbonates, benzoyl
peroxide, and ammonium sulfate peroxide, in a concentration of about 1, or about 2, or about 3, or
about 4, or about 10, or about 15, or about 20, or about 30, or about 32, or about 35 weight/volume
percent. As used herein the term weight/volume percent refers to a solution in which the
concentration is determined in weight percent, that 1s then diluted into a particular volume, arriving
at a weight/volume percent. For example, 1n order to arrive at the oxidant solutions described herein
a "stock solution" at fairly high concentration 1s diluted in water. As an example, hydrogen peroxide
may be purchased as a 30 weight % solution (30 grams of peroxide per 100 grams of solution). To
make 1 liter of a 2% solution of this, one would dilute 66.7 mL of the 30 weight % stock solution
in 933.7 mL of water. The net effect 1s to cut the stock solution 15-fold (from 30 down to 2 %).

This ratio is a weight to volume ratio, so the resulting solution 1s described as 2 weight/volume %.
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In some embodiments, the keratin 1s oxidized by suspending the keratin in a solution of a
suitable oxidizing agent, such as one selected from the group consisting of hydrogen peroxide,
peracetic acid, perborates, percarbonates, benzoyl peroxide, and ammonium sulfate peroxide, 1n a
concentration of between about 1 and about 35 weight/volume percent, at a temperature between
about 0°C and about 100°C. In other embodiments the temperature 1s between about 4°C and about
90°C, of between about 20°C and about 100°C, or between about 80°C and about 100°C. In other
embodiments, the temperature is about 4°C, or about 90°C, or abeut 100°C.

The present invention may also include the process wherein the keratin is oxidized by
suspending said Keratin in a solution of an oxidizing agent selected from the group consisting of
hydrogen peroxide, peracetic acid, perborates, percarbonates, benzoyl peroxide, and ammonium
sulfate peroxide, in a concentration of between about 1 and about 35 weight/volume percent, at a
temperature between about 0°C and about 100°C for a period of between 0.5 and about 24 hours,
or in a concentration of oxidizing agent of between about 1 and about 35 weight/volume percent, at
a temperature between about 10 0°C and about 100°C for a period of between 1 and about 2 hours,
or for between about 2 and about 4 hours, or for between about 1 and about 4 hours, or for a period
of about 10 hours.

More specifically, the process of making the keratin solid may include oxidizing the keratin
by suspending the Keratin in a solution of between about 1 percent to about 32 percent peracetic acid
at a temperature between about 0°C and about 100°C for between about 0.5 and about 24 hours, or
by suspending the keratin in a solution of about 1 percent peracetic acid at a temperature between
about 0°C and about 100°C for between about 0.5 and about 24 hours, or by suspending the keratin
in a solution of between about 4 percent peracetic acid at a temperature of about 4°C for 24 hours,
or by suspending the keratin in a solution of about 4 percent peracetic acid at room temperature for
about 24 hours, or by suspending the keratin 1n a solution ot about 4 percent peracetic acid at about

90°C for about 10 hours, or by suspending the keratin 1n a solution of about 4 percent peracetic acid

9



10

15

20

CA 02387522 2002-03-13
WO 01/19283 PCT/US00/25024

at a temperature between about 20°C and about 100°C for between about 1 and about 4 hours, or
by suspending the keratin in a solution of about 4 percent peracetic acid at a temperature between
about 80°C and about 100°C for between about 1 and about 2 hours, or even by suspending the
keratin in a solution of about 2 percent peracetic acid at a temperature between about 0°C and about
100°C for about 2 hours.

A second solution in the process of making the disclosed keratin compositions, wherein the
second solution contains the oxidized solid fraction and monovalent cations may be heated, and may
also be boiled for between about 0.5 hours and about 12 hours, for between about 0.5 hours and
about 3 hours, or for about 1 hour. When said solution 1s boiled, the solution may be allowed to
continue reacting while being stirred after removal of the heat. Alternatively, the solution may be
stirred and allowed to react without the application of heat, or of boiling temperatures. In certain
embodiments, the solution is allowed to react at a temperature of between about 15°C and about
30°C for a period of between about 1 and about 24 hours, or at a temperature of between about 20°C
and about 25°C for a period of between about 1 and about 5 hours, or at room temperature for a
period of about 5 hours.

Implants made with a hydratable keratin solid offer particular advantages over other
implants, especially in implants that involve a large amount of matenal, such as breast or gluteal pad
implants. In a preferred method of use, the hydratable keratin solid in powder or fiber form may be
added to an envelope interior prior to insertion, and water may then be 1njected into the envelope
after implantation, thus forming the hydrogel 1n situ. In the practice of this embodiment, the implant
envelope containing a dry solid will have a small volume relative to the size of the final implant,
thereby allowing a relatively small incision for insertion of the implant. In certain applications, 1t

may be more advantageous to implant an empty envelope, again allowing for a relatively small

incision, to form a hydrogel outside the body and then mjecting the hydrogel into the envelope

10
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through a large bore needle, for example. It 1s also understood that implants may be formed with
the hydrogel in place in the envelope prior to implantation.

Tissue expanders made with a hydratable keratin solid offer particular advantages over other
tissue expanders, especially tissue expanders which require volume adjustments which are made
through an externally filled tube. The use of an external filling 1s often uncomfortable and
inconvenient for the patient, and can lead to an increased incidence of infection. In a preferred
method of use, the hydratable keratin solid in powder or fiber form may be added to a tissue
expander envelope interior. The permeation of body fluids through the envelope can be controlled
through the use of certain materials and engineering principle well known to those skilled in the art.
The control of the diffusion rate has the effect of controlling the hydration rate of the keratin solid
and thus, the expansion rate of the hydrogel thus formed. The expansion rate can thus be controlled
in-situ, without the use of an external fill tube. This method of use would lead to a more
comfortable and convenient tissue expander with lower incidence of infection. Alternatively, the
hydration rate of the keratin solid can be controlled by controlling the absorbency of the keratin
solid during manufacture as described herein. A solid tissue expander formed from an absorbent
keratin solid with a controlled absorption rate would have the advantage ot expanding its volume
at a controlled rate in-situ, and thus providing the same advantages as noted previously.

In certain embodiments implants can be made using a keratin hydrogel formed using a
method that does not include a hydratable keratin solid stage. An implantable keratin hydrogel can
be made by a process beginning with providing a keratinous material from a biological source, such
as hair, fur, feathers, hooves or nails, most preferably human hair, and oxidizing the hair or other
keratin material. The oxidized hair can be suspended 1n a base solution, such as an ammonium
hydroxide solution, for example, wherein the solution contains thioglycolate. The solution may then
be heated, and stirred under an inert environment such as an N2 environment, for example.

Although the use of a nitrogen environment may be preferred for certain embodiments, any

11
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oxidatively inert gas such as argon or helium, for example, may also be used. A swelled fraction
of keratin gel can be separated from the suspension and added to an oxidizing agent such as
hydrogen peroxide or peracetic acid, for example. Alternately, the swelled fraction can be exposed
to ambient air. The gel can be allowed to stand in the oxidizing environment, thereby forming a
crosslinked hydrogel. This method of forming a crosslinked gel is described more completely in

U.S. Patent No. 5,932,552 incorporated herein by reference.

The implant can be made by filling the envelope interior either before or after implantation.
In implants filled after implantation, the implant can be rolled mto a small profile shape and nserted
through a small incision into the interior of a breast or other organ or area to receive an implant. As
is well known in the art, an incision for breast replacement may be made in the navel, or near the
edge of a mastectomy scar, for example, and incisions for augmentation may also be made in the
crease at the bottom of the breast or around the areolar area of the breast. The envelope can then
be unrolled and the hydrogel injected through a large bore needle, using the same ncision used to
insert the envelope. The injection can be made into a self-sealing port provided 1n the envelope.

Hair is a preferred source of keratin for the present invention. In particular, human hair 1s
a preferred source. In one method, hair is harvested from the intended implant recipient. While any
human hair is believed suitable as a source, the use of hair from the intended recipient may provide

a psychological and allergenic advantage relative to hair from other sources.

Detailed Description of the Invention

The present invention arises from the discovery by the present inventors that prosthetic
implants, or implants to replace or augment soft tissues in the body, especially in the human body
can be made from a keratin material, and in a most preferred embodiment, from human hair. The

implants described herein offer numerous advantages over other implants, especially silicone, saline,

or even autogenous fat cells. These advantages include that the keratin gel implants are less toxic
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than silicone implants should a leakage occur, keratin gel implants have a more natural look and feel
than saline implants, and keratin implants require an incision or injection only at the site of implant,

and do not require a second invasive procedure for harvesting tissue such as fat cells, for example.

Example 1

Implants Utilizing Keratin Hydrogel from Solid Precursor

The present example describes implants having a keratin hydrogel contained within an
envelope, where the keratin hydrogel is formed from a solid, keratin hydrogel precursor which forms
a keratin hydrogel upon the addition of water. The solid precursor form of keratin derived implant
material may be used in several ways, depending on the need of the practitioner. For example, the
solid may be hydrated prior to placing the keratin filler into an implant envelope. In the practice of
this method, ohe would be able to determine precisely the volume of the implant filler prior to
placing the filler in the envelope of the implant. The hydrated gel could then be injected into the
envelope either before or after the envelope 1s implanted. It 1s understood that the invention would
include prepackaged, sterile, prefilled, sealed implants as well as a package that includes various
sized envelopes and a separately packaged hydrogel, or hydrogel precursor.

In certain embodiments, a solid precursor may be added directly to an implant envelope and
subsequently hydrated in the envelope either betore or after the envelope 1s implanted. Again,
hydrating the keratin after implantation, or injecting the hydrated gel mnto the envelope after
implantation both allow a much smaller incision to be made, and allow the Injection through the
same incision of either water or hydrogel. This embodiment of the invention would include a
packaged implant with a premeasured amount of solid hydrogel precursor, or would include the
separate packaging of envelopes and solid precursor.

In the present example, a solid hydrogel precursor can include protein having an 1onizable

pendant group, such as sulfonic acid, or cysteic acid, which can be derived from an oxidized protein
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disulfide linkage. A preferred source of protein 1s keratin, preferably keratin obtained from hair, and
most preferably keratin obtained from human hair. While hair 1s a preferred source of keratinous
material, other keratinous materials are also believed suitable for use in the present invention.
Examples of other sources include amimal hair or fur, skin, hooves, feathers, beaks, feet and horns.
The patient or a human donor are some preferred sources of hair, as hair from these sources 1s most
likely to result in a non-antigenic product, although animal hair may be acceptable for many
individuals. In one method according to the present invention, hair 1s provided, preferably clean
and unbleached. In another method, the hair 1s washed with Versa-Clean TM (Fisher Scientific,
Pittsburgh, PA), or other cleaners, rinsed with deionized water, and allowed to dry.

In a preferred method of preparing a solid hydrogel precursor, cleaned hair can be oxidized
in peracetic acid or another suitable reagent such as H202. One method utilizes between about 1%
to 32% peracetic acid, at a temperature between about O degrees C and 100 degrees C for between
0.5 and 24 hours. In one method, about 1 weight/volume percent peracetic acid is used. One
method treats 30 grams of hair with 500 mL of 4% peracetic acid at 4 degrees C for 21 hours.
Another method treats the hair at room temperature for 24 hours. Yet another method treats the hair
at about 90 degrees C for about 10 hours. In a preferred method, the hair 1s treated by heating the
hair in the oxidizing agent for between about 1 and 4 hours at a temperature between about 20 and
100 degrees C. In a more preferred method, the hair 1s treated by heating the hair in the oxidizing
agent for between about 1 and 2 hours at a temperature between about 80 and 100 degrees C. In a
most preferred method, the hair 1s treated by heating the hair in about 2 weight/volume percent
oxidizing agent for about 2 hours at a temperature of about 100 degrees C. The oxidation is
believed to cleave a significant portion of keratin disulfide bonds forming cysteic acid residues. The

sulfonic acid groups are believed to be hydrophilic 1n nature and will 1onically bond to cations later

in the process, forming a salt of the keratin and cation.

14



10

15

20

25

CA 02387522 2002-03-13
WO 01/19283 PCT/US00/25024

After oxidation, the keratin solid can be recovered from the oxidizing liquid using filtration
or other suitable methods such as centrifugation or decantation. The recovered, oxidized solid may
be washed with water or any other suitable liquid such as an alcohol, including methanol or ethanol,
for example, to remove the excess oxidizing agent.

The solid fraction can be suspended in a suitable solvent. The solvent should be capable of
at least suspending the hair or keratin solid and keeping the solid sufficiently swelled for subsequent
reaction. The solvent is preferably a non-aqueous solvent, as the presence of water can contribute
to hydrolysis of peptide backbone bonds of the protein product, which can result in an inferior
product. The solvent should also be able to solubilize the later added cation. One group of suitable
solvents includes alcohols such as methanol and ethanol. Other solvents such as ether,
tetrahydrofuran (THF), and acetone may also be suitable as solvents. The solvent used 1s preferably
volatile to promote evaporation from the final solid product.

The hair or keratin solvent suspension may then have the pH titrated upward to at least about
pH 7, or preferably to a pH at or above the pKa of the sulfonic acid groups of the protein. This
increased pH acts to ionize or deprotonate the sulfonic acid groups and allows 10nic interactions
with cations. The cations are preferably produced by including a base in the solution, preferably a
monovalent base, or a base that provides a monovalent cation in solution. Preferred bases include,
but are not limited to ammonium hydroxide, sodium hydroxide and potassium hydroxide.

The keratin suspension can be heated for a time and temperature sufficient to swell the
keratin structure and promote neutralizing of the sulfonic acid sites with the provided cation. In a
preferred method, the keratin is suspended in ethanol and boiled between about 0.5 hours and 12
hours in the presence of the cation. More preferably, the keratin 1s suspended 1n ethanol and boiled
between about 0.5 hours and 3 hours in the presence of the cation. In one method, the keratin is
suspended in ethanol and boiled for about 1 hour in the presence of the cation. Boiling for too long

a time period is believed to lead to a final, partially solubilized or mushy keratin which may result
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from degradation of the peptide backbone. A partially solubilized keratin product is less preferred
due to the greater difficulty of grinding the keratin.

After boiling, the keratin is preferably allowed to continue to react with the provided base
cations at lower temperature and with stirming.  The lower temperature reaction preferably takes
place at a temperature of between about 15 and 30 degrees C for between about 1 and 24 hours.
More preferably, the lower temperature reaction takes place at a temperature of between about 20
and 25 degrees C for between about 1 and 5 hours. In one method, the keratin suspension 1s allowed
to react with stirring at room temperature for about 5 hours.

After ion exchange at lower temperature, the sohd salt can be separated from the solvent
using any suitable method such as filtration. The solid 1s preferably washed with a solvent that may

be the same solvent as that used in the reaction. Washing the keratin removes excess base, which

is preferably removed to make the keratin solid neutral.

After filtration and washing, the keratin can be drnied by a method such as evaporation under
vacuum. In one method, the keratin 1s dried at room temperature under about 5 mm Hg vacuum for
about 2 hours. The dried keratin is preferably somewhat brittle, which can resuit in a better product
after grinding. The dried keratin can be shredded into fibers or can further be ground into a powder.
The dried keratin can be directly ground into a powder using a mortar and pestle, a ball mill, or other
means of breaking down or comminuting the dried keratin into particles. Solid keratin hydrogel
precursor can be provided in either fibrous or powder form for use 1n the implant.

The solid keratin hydrogel precursor 1s capable of absorbing many times its own weight in
water. In one test, fibers were shown to absorb an average of 13 times their weight 1n water at
21.5°C, and may absorb up to 20 times. The absorbed water 1s chemically bound to the keratin
through acid-base interactions such as hydrogen bonding. This results in a stable, viscoelastic

hydrogel from which the water cannot be separated by normal mechanical means such as

centrifugation or compression.
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A patient, the intended recipient, can be prepared for the operation and a small incision made

at the breast or other area to receive an implant. The envelope can be rolled into a cylinder or other
small shape to decrease the profile and the compacted envelope nserted through the incision. The
envelope can be allowed to attain a less constrained shape well known to those skilled 1n the art,
such as a meniscus or soft disc shape. Leaving the envelope empty or containing only a solid
hydrogel precursor can greatly decrease the volume of the envelope during insertion. Decreasing
the volume can greatly decrease the implant profile and the required incision size. By waiting to
inject any fluid into the implant until after implantation, a more minimally invasive procedure can
be performed. In one method, the envelope includes a self-sealing injection port in the envelope
wall. A large hypodermic syringe can be used to inject the fluid nto the self-sealing port. The large
hypodermic is preferably inserted through the already formed 1ncision 1n the breast or other tissue,
to avoid the need for an additional puncture. In embodiments having a keratin hydrogel precursor
in the envelope, the injected fluid can be water, thus forming the hydrogel in situ. In embodiments
using a preformed hydrogel, the hydrogel can be mjected through a preterably large bore needle and
into the envelope interior. While the hydrogel can be quite viscous, the needle bore can approach

the size of the incision in some embodiments. After implantation, the incision can be closed and

allowed to heal.

Example 2
Tissue Expanders Utilizing Keratin Hydrogel from Solid Precursor
The present example describes tissue expanders having a keratin hydrogel contained within
an envelope, where the keratin hydrogel is formed from a solid, keratin hydrogel precursor which
forms a keratin hydrogel upon absorption of body fluids. A vanety of different sized tissue

expanders can be provided by varying the size of the envelope and the amount of keratin hydrogel

precursor. In addition, the rate at which the tissue expanders reached their final volume can be
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varied by controlling the diffusion rate of body fluids into the tissue expander, or by varying the
absorbency of the dry keratin solid, as described herein.
A patient, the intended recipient, can be prepared for the operation and a small incision made
in or near the breast or other area to receive a tissue expander. Placing the tissue expander in its
5  dehydrated form allows for the implant to absorb body fluids through the envelope at a controlled
rate, thus increasing in volume at a controlled rate. The volume expansion occurs in-situ, after the
incision has been closed, and provides a more comfortable and convenient implant when compared
to conventional treatments. A lower incidence of infection would result from having a closed
incision without the need for an external fill tube as in conventional tissue expander products.
10 Example 3

Implants Using Keratin Hydrogel Formed From Keratin With Added Hvydrophilic Groups
and With Reformed Crosslinks

In the present example, an alternate embodiment 1s described, a keratin hydrogel that is

15 provided using a method that does not involve adding water to a solid keratin hydrogel precursor.
The keratin material may be obtained from the same sources as described in Example 1, and
preferred source of keratin is human hair. In one method, hair 1s provided, preferably washed and
unbleached. The hair is harvested from a human or animal source. The patient or another human
donor 1s a preferred source of hair, as hair from these sources 1s most likely to result in a non-

20  antigenic product, although animal hair may be acceptable for certain individuals that do not have
animal product allergy problems. In one method, the hair 1s washed with Versa-Clean TM (Fisher
Scientific, Pittsburgh, PA) or other suitable cleansing agent, rinsed with deionized water, and

allowed to air dry.

The hair can be oxidized in peracetic acid or another suitable reagent such as H202-A
25  preferable treatment utilizes from 1 % to 32% peracetic acid, at a temperature between about 0

degrees C and 100 degrees C for between 0.5 and 24 hours. One method treats 30 grams of hair
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with 500 mL of 32% peracetic acid at 4 degrees C for 24 hours. This treatment with peracetic acid
is believed to partially oxidize the naturally occurrning disulfide linkages to produce a protein with
cysteic acid (-CH2S03H) residues.

The hair is recovered, preferably with filtration through a coarse fritted glass filter, and
rinsed numerous times with deionized water until the rinse solution has a pH of 6.0 or higher. The
hair can then be dried in a vacuum oven at between 20 degrees C and 50 degrees C for between 0.5
and 5 days. One method dries the hatr in a vacuum oven at 40 degrees C for several days. The dned
hair can then be pulverized and ground into a fine powder. One method of grinding the hair uses
a ceramic mortar and pestle.

The keratin powder can be suspended in a sulthydryl solution such as an ammonium
thioglycolate solution, for example. In one method, pulverized keratin powder, derived from hair
as described above, 1s suspended in about 3N ammonium hydroxide containing thiogiycolate.
About six grams of keratin powder can be added per 75 mL of 3N ammonium hydroxide solution.
The strength of ammonium hydroxide 1s preferably about 3N and the preferred concentration of
ammonium thioglycolate is from about 2 to about 20 ml (as thioglycollic acid) per 75 ml of
ammonium hydroxide, or about 11 ml thioglycolate per 75 ml ammonium hydroxide in certain
embodiments. The suspension can then be heated for a time sufficient to solubilize the soluble
fraction of the hair. The suspension in one method 1s heated to between 50 degrees C and 90
degrees C for between 1 and 24 hours, followed by cooling. In a preferred method, the suspension
is heated to about 60 degrees C for about 4 hours and cooled to room temperature.

Applicants believe this treatment cleaves the remaining disulfide linkages to produce
cysteine residues in the protein structure. At this point, the keratin protein 1s believed to contain
sulfonic acid, sulfthydril and cystine-thioglycolate containing residues. The ratio of sulfonic acid
residues and sulfhydril residues can be controlled by varying the time, temperature, and

concentration of oxidant in the peracetic acid treatment step previously described. The presence of
19



10

15

20

25

CA 02387522 2002-03-13
WO 01/19283 PCT/US00/25024

sulfonic acid residues imparts a hydrophilic property to the hair as well as to the final hydrogel
product.

After the treatment described above, a keratin fraction resistant to the treatment remains,
consisting primarily of beta keratin. This fraction 1s insoluble 1n the suspension and is removed in
one method by centrifugation at about 10,000 g for about 10 minutes. The insoluble fraction 1s set
aside and is available for other uses. A thick, jelly-like supernatant rerﬁains which 1ncludes a
soluble keratin fraction. The supemnatant 1s collected and used to make the implant matenal
described herein.

The supernatant is preferably purified, using a method such as dialysis. A preferred method
uses dialysis against running water using a dialysis membrane (Spectra/Por TM) having a cutoff of
about 8000 MW. The resulting solution 1s preferably concentrated to a concentration of about 0.
1 grams per ml..

The keratin in solution is now ready for crosslinking to form a hydrogel. In a preferred
method, an oxidizing agent is added to the keratin to crosslink the keratin proteins. Preferred
oxidizing agents include oxygen, hydrogen peroxide, organic peracids, peroxy carbonates,
ammonium sulfate peroxide, benzoyl peroxide, and perborates. Hydrogen peroxide 1s preferably
added to the keratin solution at about 0.5% to about 1.0% w/v, mixed well, and allowed to stand at
room temperature for several days. A preferred standing time 1s about 3 days. The freely flowing
solution slowly thickens and converts to a crosslinked hydrogel after about 72 hours.

The insoluble keratin fraction from hair 1s thus partially oxidized so as to have the protein
backbones interconnected with disulfide linkages and having sulfonic acid residues. The partially
oxidized keratin is treated with a reducing agent to cleave some or all of the remaining disulfide
bonds, forming thiol groups and cystine-thioglycolate groups and solubilize more of the keratin
proteins. After removing the insoluble fraction, the keratin 1s oxidized to allow the formation of

disulfide crosslinks. Disulfide crosslinks are thus reformed. As used herein, the term "reformed"”

20



10

15

20

CA 02387522 2002-03-13
WO 01/19283 PCT/US00/25024

refers to crosslinks broken and formed later in time, where individual linkages later formed could
be, but are not necessarily, between the same amino acid cysteine pairs.

A crosslinked, pure keratin hydrogel results. The hydrogel has sultonic acid groups which
are hydrophilic and bind water within the hydrogel. The number of sulfonic acid groups
corresponds to the degree of keratin oxidation in the partial oxidation step.

In one method for implanting the envelope, the hydrogel 1s formed by adding the oxidizing
agent to the keratin supernatant outside of the envelope followed by mixing. After a time period,
the mixed hydrogel and oxidizing agent or other crosslinking agent can be injected into the implant
envelope. In some procedures, the envelopes are prefilled with keratin hydrogel prior to packaging
the implant. In some procedures, the envelopes are filled with keratin hydrogel by injection only
after implantation of the envelopes. In some procedures, the oxidizing agent and keratin supernatant
are mixed close to the time of the surgical procedure, and the mixture 1njected soon after mixing,
before the mixture becomes very viscous. In these procedures, the mixture can be allowed to
thicken 1n situ.

The present invention includes hollow implants which can have a thicker envelope wall than
those commonly used in breast implants. A keratin hydrogel can be used to fill any hollow implant
envelopes known in the art, including penile implants, testicular mmplants, chin implants,
intervertebral disk implants, and gluteal pad implants.

Numerous advantages of the invention covered by this disclosure have been set forth in the
foregoing description. It will be understood, however, that this disclosure 1s, 1n many respects, only
illustrative. Changes may be made in details, particularly in matters of substitutions of chemically
or biologically equivalent substances, or in the order of steps in certain methods without exceeding

the scope of the invention. The invention's scope 1s, of course, defined in the language in which the

appended claims are expressed.
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What 1s claimed 1s:
1. A prosthetic implant comprising:
an envelope; and

a keratinous gel contained within said envelope.

2. A prosthetic implant as recited in claim 1, wherein said envelope comprises
silicone.

3. A prosthetic implant of claim 1, wherein said envelope comprises a self-
sealing port.

1 A prosthetic implant as recited 1n claim 1, wherein said keratinous gel 1s a
keratin hydrogel.

. A prosthetic implant as recited in claim 1, wherein said keratin hydrogel 1s

obtained from hair.

0. A prosthetic implant as recited 1n claim 1, wherein said keratin hydrogel 1s

obtained from human hair.

7. A prosthetic implant as recited 1n claim 1, wherein said implant 1s designated

for an intended recipient and said hydrogel 1s obtained from human hair from said intended

recipient.

.
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8. A prosthetic implant as recited in claim 4, wherein said keratin hydrogel 1s
a composition comprising a hydrated keratin solid, wherein said keratin includes sulfur-containing

acid groups ionically associated with cations.

9. A prosthetic implant as recited in claim 8, wherein a major portion of the

cysteic groups of said keratin solid are cysteic acid groups.

10. A prosthetic implant as recited in claim 4, wherein said keratin 1s obtained

from mammal hair or fur.

11. A prosthetic implant as recited in claim 4, wherein said keratin 1s obtained

from human hauir.

12. A prosthetic implant as recited in claim &, wherein said cations are potassium,

sodium, or ammonium 10ns.

13. A prosthetic implant as recited in claim 1, wherem said implant 1s a penile
implant, testicular implant, chin implant, breast implant, mtervertebral disk implant, or gluteal pad

implant.

14. A prosthetic implant as recited in claim 4, wherein said keratin hydrogel 1s

a product made by the process comprising:
partially oxidizing keratin obtained from hair with a first oxidizing agent, such that a

significant percent of the disulfide linkages 1n said keratin are converted to cysteic
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acid groups and a significant percent of the disulfide linkages remain intact to obtain
oxidized keratin;
reducing said keratin with a reducing agent in the presence of thioglycolic acid or a salt
thereof, such that a significant percentage of said remaining disulfide linkages are
S reduced to cysteine groups and cysteine-thioglycolate groups to obtain derivatized
keratin; and
oxidizing said derivatized keratin with a second oxidizing agent, such that a significant
percentage of said reduced cysteine and cysteine-thioglycolate disulfide groups are
oxidized to reform cystine disulfide linkages; wherein said disulfide linkages are

10 effective to form a hydrogel.

15. A prosthetic implant as recited in claim 14, wherein said first oxidizing agent

is about 32% peracetic acid and said partially oxidizing keratin 1s performed at about 4 degrees C

for up to about 24 hours.

15

16. A prosthetic implant as recited in claim 14, wherein said oxidized keratin 1s

recovered by filtration.

17. A prosthetic implant as recited 1in claim 16, wherein recovered oxidized

20  keratin is rinsed with deilonized rinse water until said rinse water has a pH of at least about 6.0.

18. A prosthetic implant as recited in claim 14, wherein said oxidized keratin is

dried and ground to a fine powder.
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19. A prosthetic implant as recited in claim 14, wherein said oxidized keratin 1s

dried, ground into a fine powder and suspended in a solution of about 3N ammonium hydroxide

containing from about 2 ml to about 20 ml of ammonium thioglycolate as thioglycolic acid per 75

ml of ammonium hydroxide, thereby forming a suspension.

20. A prosthetic implant as recited in claim 14, wherein said oxidized keratin 1s

derivatized under conditions including heating to about 60 degrees C for about 4 hours.

21. A prosthetic implant as recited in claim 14, wherein said second oxidizing

agent comprises about 0.5% to about 1.0% w/v hydrogen peroxide.

22. A prosthetic implant as recited in claim 14, wherein said crosslinks are

formed under conditions comprising room temperature for about 72 hours.

23. A prosthetic implant as recited in claim 4, wherein said keratin hydrogel 1s
made by a process comprising:
suspending oxidized keratin obtained from hair in a solution of ammonium hydroxide
containing ammonium thioglycolate, thereby forming a suspension,;
separating a soluble fraction of keratin from said suspension;
adding an oxidizing agent to said soluble keratin fraction; and
allowing said concentrate to stand, thereby forming a crosslinked hydrogel.

24, A prosthetic implant as recited 1n claim 4, wherein said keratin hydrogel 1s

made by

chemically treating keratin with a first reagent, such that hydrophilic groups are

produced 1n said keratin;
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reducing said keratin with a reducing agent, such that a significant percentage of
said disulfide linkages are converted to reduced groups; and

oxidizing said keratin with an oxidizing agent, such that a significant percentage
of said reduced groups are oxidized to reform disulfide linkages, such that

said hydrogel is bound together by said reformed disulfide linkages and

has hydrophilic groups.

25. A prosthetic implant as recited in claim 4, wherein said keratin hydrogel 1s
made by a process comprising adding water to a hydratable keratin solid, wherein said keratin
hydrogel incorporates said water by hydrogen bonding so as not to be able to be removed through

mechanical means including centrifugation and compression.

26. A prosthetic implant as recited 1n claim 4, wherein said keratin hydrogel 1s
a product made by the process comprising:
oxidizing keratin in a first solution with an oxidizing agent, such that at least
some of the disulfide bonds of said keratin are oxidized to form sulfonic
acid residues;
separating an oxidized solid fraction from said solution;
placing said oxidized keratin solid in a second solution including monovalent cations
dissolved in a solvent under conditions effective to allow electrostatic interactions
between the sulfonic acid residues of said oxidized keratin and said monovalent
cations to obtain a salt of said keratin and said cations;

removing the solvent from said salt to obtain a sohd salt; and

hydrating said solid salt.
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27. A prosthetic implant as recited in claim 26 wherein said effective conditions

comprise adjusting the pH of said second solution, to obtain a substantially neutral solution.

28. A prosthetic implant as recited 1n claim 26, wherein said oxidizing agent is

hydrogen peroxide, peracetic acid, perborates, percarbonates, benzoyl peroxide, or ammonium

sulfate peroxide.

29. A prosthetic implant as recited in claim 26, wherein said oxidizing agent is

at a concentration of between about 1 and about 35 weight/volume percent.

30. A prosthetic implant as recited in claim 26, wherein said oxidizing agent 1s

at a concentration of from about 1 to about 20 weight/volume percent.

31. A prosthetic implant as recited in claim 26, wherein said oxidizing agent is

at a concentration of from about 2 to about 4 weight/volume percent.

32. A prosthetic implant as recited in claim 26, wherein said oxidizing agent 1s

at a concentration of from about 10 to about 15 weight/volume percent.

33. A prosthetic implant as recited in claim 26, wherein said keratin is oxidized

at a temperature between about 0°C and about 100°C.

34. A prosthetic implant as recited in claim 26, wherein keratin 1s oxidized at a

temperature between about 20°C and about 100°C.
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35. A prosthetic implant as recited 1n claim 26, wherein said keratin is oxidized

at a temperature between about 80°C and about 100°C.

36. A prosthetic implant as recited in claim 26, wherein said keratin 1s oxidized

5  for a period of between 0.5 and about 24 hours.

37. A prosthetic implant as recited 1n claim 26, wherein said keratin is oxidized

for a period of between about 1 and about 4 hours.

10 38. A prosthetic implant as recited 1n claim 26, wheren the keratin 1s oxidized
by suspending said keratin in a solution of between about 1 percent and about 32 percent peracetic

acid at a temperature between about 0°C and about 100°C for between about 0.5 and about 24 hours.

39. A prosthetic implant as recited in claim 26, wherein the keratin 1s oxidized
15 by suspending said keratin in a solution of about 4 percent peracetic acid at a temperature of about

4°C for about 24 hours.

40. A prosthetic implant as recited 1in claim 26, wherein the keratin 1s oxidized
by suspending said keratin in a solution of about 4 percent peracetic acid at a temperature between

20 about 20°C and about 100°C for between about 1 and about 4 hours.

41. A prosthetic implant as recited in claim 26, wherein said etftective conditions

comprise boiling for between about 0.5 hours and about 12 hours.
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42. A prosthetic implant as recited in claim 26, wherein said effective conditions

comprise a temperature of between about 15°C and about 30°C for a period of between about 1 and

about 24 hours.

5 43. A prosthetic implant as recited in claim 26, wherein said effective conditions

comprise a temperature of between about 20°C and about 25°C for a period of between about 1 and

about 5 hours.

44. A prosthetic implant as recited 1in claim 26, wherein said second solution

10 comprising monovalent cations comprises a solvent selected from methanol, ethanol, propanol,

ether, tetrahydrofuran or acetone.

45. A prosthetic implant as recited in claim 26, further comprising shredding said

solid salt into fibers.

15
46. A prosthetic implant as recited 1in claim 26, further comprising grinding said
solid salt into powder.
47. A prosthetic implant comprising;:
20 an envelope; and

a solid keratin hydrogel precursor contained within said envelope, wherein said sold

hydrogel precursor forms a hydrogel upon addition of water.

48. A prosthetic implant as recited in claim 47, wherein said envelope comprises

25  silicone.
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49. A prosthetic implant of claim 47, wherein said envelope comprises a self-
sealing port.
50. A prosthetic implant according to claim 47, wheremn said implant 1s an

implant for augmenting or reconstructing a human breast.

51. A prosthetic implant according to claim 47, wherein said solid keratin

hydrogel precursor is in fibrous form.

52. A prosthetic implant according to clam 47, wherein said solid keratin

hydrogel precursor is in powder form.

53. A prosthetic implant according to claim 47, wherein said solid keratin

hydrogel precursor is in a mixture of fibrous and powder form.

54, A prosthetic implant according to claim 47, wherein said solid keratin

hydrogel precursor is obtained from har.

55. A prosthetic implant according to claim 47, wherein said solid keratin

hydrogel precursor is obtained from human hair.

56. A prosthetic implant according to claim 47, wheremn said implant 1s

designated for an intended recipient and said solid keratin hydrogel precursor 1s obtained from hair

of said intended recipient.
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57. A prosthetic implant according to claim 47, wherein said solid keratin

hydrogel precursor comprises sulfonic acid groups electrostatically associated with cations.

58. A prosthetic implant according to claim 57, wherein said cations are
potassium, sodium, or ammonium 10ns.
59. A prosthetic implant according to claim 47, wherein said solid keratin
hydrogel precursor 1s made by:
oxidizing keratin in a first solution with an oxidizing agent, such that at least
some of the disulfide bonds of said keratin are oxidized to form sulfonic
acid residues;
separating an oxidized solid fraction from said solution;
placing said oxidized keratin solid in a second solution mcluding monovalent
cations dissolved in a solvent under conditions effective to allow
electrostatic interactions between the sulfonic acid residues of said
oxidized keratin and said monovalent cations to obtain a salt of said
keratin and said cations; and

removing the solvent from said salt to obtain a solid salt.

60. A prosthetic implant according to claim 59, wherein said effective conditions

comprise adjusting the pH of said second solution, to obtain a substantially neutral solution.

61. A prosthetic implant according to claim 59, wherein said oxidizing agent 1s
hydrogen peroxide, peracetic acid, perborates, percarbonates, benzoyl peroxide, or ammonium

sulfate peroxide.
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62. A prosthetic implant according to claim 59, wherein said oxidizing agent is

at a concentration of between about 1 and about 35 weight/volume percent.

63. A prosthetic implant according to claim 59, wherein said oxidizing agent 1s

at a concentration of from about 1 to about 20 weight/volume percent.

64. A prosthetic implant according to claim 59, wherein said oxidizing agent is

at a concentration of from about 2 to about 4 weight/volume percent.

65. A prosthetic implant according to claim 59, wherein said oxidizing agent is

at a concentration of from about 10 to about 15 weight/volume percent.

66. A prosthetic implant according to claim 59, wherein said keratin 1s oxidized

at a temperature between about 0°C and about 100°C.

67. A prosthetic implant according to claim 59, wherein keratin 1s oxidized at a

temperature between about 20°C and about 100°C.

68. A prosthetic implant according to claim 59, wherein said keratin 1s oxidized

at a temperature between about 80°C and about 100°C.

69. A prosthetic implant according to claim 59, wherein said keratin 1s oxidized

for a period of between 0.5 and about 24 hours.
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70. A prosthetic implant according to claim 59, wherein said keratin 1s oxidized

for a period of between about 1 and about 4 hours.

71. A prosthetic implant according to claim 59, wherein the keratin 1s oxidized by

suspending said keratin in a solution of between about 1 percent and about 32 percent peracetic acid

at a temperature between about 0°C and about 100°C for between about 0.5 and about 24 hours.

72. A prosthetic implant according to claim 59, wherein the keratin is oxidized by

suspending said keratin in a solution of about 4 percent peracetic acid at a temperature of about 4°C

for about 24 hours.

73. A prosthetic implant according to claim 59, wherein the keratin is oxidized by
suspending said keratin in a solution of about 4 percent peracetic acid at a temperature between

about 20°C and about 100°C for between about 1 and about 4 hours.

74. A prosthetic implant according to claim 59, wherein said effective conditions

comprise boiling for between about 0.5 hours and about 12 hours.

75. A prosthetic implant according to claim 59, wherein said effective conditions

comprise a temperature of between about 15°C and about 30°C for a period of between about 1 and

about 24 hours.

76. A prosthetic implant according to claim 59, wherein said effective conditions

comprise a temperature of between about 20°C and about 25°C for a period of between about 1 and

about 5 hours.
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77. A prosthetic implant according to claim 59, wheremn said second solution comprising

monovalent cations comprises a solvent selected from methanol, ethanol, propanol, ether,

tetrahydrofuran or acetone.

78. A medical package for use as a breast implant, wheremn said package comprises a

formulation comprising a dry keratin hydrogel precursor that forms a hydrogel upon hydration of

said precursor during use.

79. A medical package in accordance with claim 78, wheremn said package further

comprises a breast implant envelope.

80. A medical package in accordance with claim 79, wherein said envelope comprises
silicone.
81. A medical package in accordance with claim 79, wherein said envelope comprises

a self-sealing port.

82. A medical package in accordance with claim 79, wherein said formulation is

contained 1n said envelope.

83. A medical package in accordance with claim 79, wherein said formulation 1s in a

container separate from said envelope.

84. A medical package in accordance with claim 78, wherein said formulation comprses

an oxidized keratin salt, wherein the keratin provides anionic cysteic acid groups.
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83. A medical package in accordance with claim 84, wherein said keratin 1s obtained

from mammalian hair or fur.

86. A medical package in accordance with claim 84, wherein said keratin 1s obtained

from human hair.

87. A medical package for use as a breast implant, wherein said package comprises a

formulation comprising a keratin hydrogel.

88. A medical package in accordance with claim 87, wherein said package further

comprises a breast implant envelope.

89. A medical package in accordance with claim 88, wherein said envelope comprises
silicone.
90. A medical package in accordance with claim 88, wherein said envelope comprises

a self-sealing port.

91. A medical package in accordance with claam 88, wheremn said formulation 1s

contained 1n said envelope.

92. A medical package in accordance with claim 88, wherein said formulation 1s 1n a

container separate from said envelope.

93. A medical package in accordance with claim 78, wherein said formulation comprises

an oxidized keratin having re-formed disulfide bonds.
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94. A medical package in accordance with claim 93, wherein said keratin 1s obtained

from mammalian hair or fur.

95. A medical package in accordance with claim 93, wherein said keratin 1s obtained

from human hair.

96. A method for augmenting or reconstructing a human breast comprising:

providing an envelope having an interior and a keratin hydrogel within said
interior;

making an incision near said breast;

inserting said envelope through said incision; and

closing said incision.

97. A method for augmenting or reconstructing a human breast comprising:
providing an envelope having an interior, and a keratin hydrogel precursor which

forms a hydrogel upon addition of water contained within said interior;

making an incision near said breast;
inserting said envelope through said incision;
injecting water into said envelope interior; and

closing said 1ncision.

908. A method for augmenting or reconstructing a human breast as recited in claim 97,

wherein said keratin hydrogel precursor 1s in fibrous form.
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99. A method for augmenting or reconstructing a human breast as recited in claim 97,

wherein said keratin hydrogel precursor is in powder form.

100. A prosthetic implant as recited in claim 97, wherein said keratin hydrogel precursor

is in a mixture of fibrous and powder form.

101. A method for augmenting or reconstructing a human breast as recited in claim 97,

wherein said water is injected through said incision.

102. A method for augmenting or reconstructing a human breast as recited in claim 97,

wherein said envelope includes a self-sealing port and said water 1s 1njected through said incision

and into said self-sealing port.

103. A method for augmenting or reconstructing a human breast comprising: providing
an envelope having an interior; providing a keratin hydrogel; making an incision near said breast;

inserting said envelope through said incision;

injecting said hydrogel into said envelope interior; and

closing said incision.

104. A method as recited in claim 103, wherein said envelope inciudes a self-sealing port

and said hydrogel is injected through said incision and through said injection port.

105. A method for augmenting or reconstructing a human breast in a patient comprising

the steps of:

harvesting hair from said patient;
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processing said hair into a Keratin hydrogel;
providing an envelope having an interior;
making an incision near said breast;
inserting said envelope through said incision;
injecting said hydrogel into said envelope interior; and

closing said 1ncision.

106. A method for augmenting or reconstructing a human breast as recited 1n claim 105,

wherein said injecting hydrogel step occurs prior to said inserting envelope step.

107. A method for augmenting or reconstructing a human breast as recited in claim 105,
wherein said injecting hydrogel step occurs after said inserting envelope step.
108. A method for making a prosthetic implant comprising;:
providing an envelope;
providing a keratin hydrogel; and

injecting said keratin hydrogel into said envelope.

109. A method for making a prosthetic implant kit for a patient comprising:
providing an envelope having an interior capable of containing a gel;
harvesting human hair; and

processing said hair into a keratin hydrogel.

110. A method for making a prosthetic implant kit as recited in claim 109, wherein said

hair is harvested from said patient.
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111. A method for making a prosthetic implant kit for a patient comprising:

providing an envelope having an interior capable of containing a gel;

harvesting hair;

processing said hair into a solid keratin hydrogel precursor which forms a
hydrogel upon addition of water; and

inserting said solid keratin hydrogel precursor within said envelope interior.

112. A method for making a prosthetic implant kit as recited in claim 111, wherein said

hair 1s harvested from said patient.

113. A method for making a prosthetic implant as recited in claam 108, wherein said
implant is a hollow implant selected from the group of penile implants, testicular 1mplants, chin

implants, intervertebral disk implants, and gluteal pad implants.

114. A tissue expander comprising:
an envelope; and

a keratinous gel contained within said envelope.

115. A tissue expander as recited in claim 114, wherein said envelope comprises silicone.

116. A tissue expander as recited in claim 114, wherein said keratinous gel 1s a keratin

hydrogel.

117. A tissue expander as recited in claim 114, wherein said keratin hydrogel 1s obtained

from hair.
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118. A tissue expander as recited in claim 114, wherein said keratin hydrogel is obtained

from human hair.

119. A tissue expander as recited in claim 114, wherein said tissue expander is designated

for an intended recipient and said hydrogel is obtained from human hair from said intended

recipient.

120. A tissue expander as recited in claim 114, wherein said keratin hydrogel is a
composition comprising a hydrated keratin solid, wherem said keratin includes cysteic groups

ionically associated with cations.

121. A tissue expander as recited in claim 120, wherein said cations are potassium,

sodium, or ammonium 10ns.

122. A tissue expander comprising:

an envelope; and

a solid keratin hydrogel precursor contained within said envelope, wherein said solid

hydrogel precursor forms an expandable hydrogel upon absorption of body fluids.

123. A tissue expander as recited in claim 122, wherein said envelope comprises silicon.

124. A tissue expander according to claim 122, wherein said tissue 1s a temporary implant

for augmenting or reconstructing a human breast.
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125. A tissue expander according to claim 122, wheremn said solid keratin hydrogel

precursor is in fibrous form.

126. A tissue expander according to claim 122, wherein said solid keratin hydrogel

precursor is in powder form.

127. A tissue expander according to claim 122, wherein said sohd keratin hydrogel

precursor is in a mixture of fibrous and powder form.

128. A tissue expander according to claim 122, wherein said sohd keratin hydrogel

precursor is obtained from mammal hair, fur, skin, horns, hooves, or bird feet, beaks or feathers.

129. A tissue expander according to claim 122, wheremn said solid keratin hydrogel

precursor is obtained from human hair.

130. A tissue expander according to claim 122, wherein said tissue expander 1s designated

for an intended recipient and said solid keratin hydrogel precursor 1s obtained from hair of said

intended recipient.

131. A tissue expander according to claim 122, wheremn said solid keratin hydrogel

precursor comprises cysteic acid groups electrostatically associated with cations.

132. A tissue expander according to claim 131, wherein said cations are potassium,

sodium, or ammonium 1ons.
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133. A tissue expander according to claim 122, wherein said sohid keratin hydrogel

precursor 1s made by:

oxidizing keratin in a first solution with an oxidizing agent, such that at least some of the

disulfide bonds of said keratin are oxidized to form sulfonic acid residues;
S separating an oxidized solid fraction from said solution;
placing said oxidized keratin solid in a second solution including monovalent cations
dissolved in a solvent under conditions effective to allow electrostatic interactions
between the sulfonic acid residues of said oxidized keratin and said monovalent
cations to obtain a salt of said keratin and said cations; and

10 removing the solvent from said salt to obtain a solid salt.

134. A tissue expander according to claim 133, wherein said effective conditions comprise

adjusting the pH of said second solution, to obtain a substantially neutral solution.

15 135. A tissue expander according to claim 133, wherein said oxidizing agent 1s hydrogen

peroxide, peracetic acid, perborates, percarbonates, benzoyl peroxide, or ammonium sulfate

peroxide.

136. A tissue expander according to claim 133, wherein said oxidizing agent 1s at a

20  concentration of between about 1 and about 35 weight/volume percent.

137. A tissue expander according to claim 133, wheremn said oxidizing agent is at a

concentration of from about 1 to about 20 weight/volume percent.
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138. A tissue expander according to claim 133, wherein said oxidizing agent is at a

concentration of from about 2 to about 4 weight/volume percent.

139. A tissue expander according to claim 133, wherein said oxidizing agent is at a

concentration of from about 10 to about 15 weight/volume percent.

140. A tissue expander according to claim 133, wherein said keratin 1s oxidized at a

temperature between about 0°C and about 100°C.

141. A tissue expander according to claim 133, wherein keratin is oxidized at a

temperature between about 20°C and about 100°C.

142. A tissue expander according to claim 133, wherein said keratin is oxidized at a

temperature between about 80°C and about 100°C.

143. A tissue expander according to claim 133, wherein said keratin is oxidized for a

period of between 0.5 and about 24 hours.

144. A tissue expander according to claim 133, wherein said keratin is oxidized for a

period of between about 1 and about 4 hours.

145. A tissue expander according to claim 133, wherein said keratin is oxidized by
suspending said keratin in a solution of between about 1 percent and about 32 percent peracetic acid

at a temperature between about 0°C and about 100°C tfor between about 0.5 and about 24 hours.
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146. A tissue expander according to claim 133, wherein said keratin is oxidized by

suspending said keratin in a solution of about 4 percent peracetic acid at a temperature of about 4°C

for about 24 hours.

147. A tissue expander according to claim 133, wherein the keratin is oxidized by
suspending said keratin in a solution of about 4 percent peracetic acid at a temperature between

about 20°C and about 100°C for between about 1 and about 4 hours.

148. A tissue expander according to claim 133, wherein said effective conditions comprise

boiling for between about 0.5 hours and about 12 hours.

149. A tissue expander according to claim 133, wherein said effective conditions comprise

a temperature of between about 15°C and about 30°C for a period of between about 1 and about 24

hours.

150. A tissue expander according to claim 133, wherein said effective conditions comprise

a temperature of between about 20°C and about 25°C for a period of between about 1 and about 5

hours.

151. A tissue expander according to claim 133, wherein said second solution comprising
monovalent cations comprises a solvent selected from methanol, ethanol, propanol, ether,

tetrahydrofuran or acetone.

152. A medical package for use as a tissue expander, wherein said package comprises a
formulation comprising a dry keratin hydrogel precursor that forms an expandable hydrogel upon

absorption of body fluids by said precursor during use.
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153. A medical package in accordance with claim 152, wherein said package further

comprises a tissue expander envelope.

154. A medical package in accordance with claim 153, wherein said envelope comprises

silicone.

155. A medical package in accordance with claam 153, wherein said formulation 1is

contained i1n said envelope.

156. A medical package in accordance with claim 153, wherein said formulation is in a

container separate from said envelope.

157. A medical package in accordance with claim 152, wherein said formulation

comprises an oxidized keratin salt, wherein the keratin provides anionic cysteic acid groups.

158. A medical package in accordance with claim 157, wherein said keratin 1s obtained

from mammalian hair or fur.

159. A medical package in accordance with claim 157, wherein said Keratin 1s obtained

from human haur.

160. A medical package for use as a tissue expander, wherein said package comprises a

formulation comprising a keratin hydrogel.
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161. A medical package in accordance with claim 160, wherein said package further

comprises a tissue expander envelope.

162. A medical package in accordance with claim 161, wherein said envelope comprises

silicone.

163. A medical package in accordance with claim 161, wherein said formulation 1s

contained in said envelope.
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