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(57) ABSTRACT 

Akeratin hydrogel-?lled implantable prosthetic device. One 
device is a breast implant for augmenting or reconstructing 
a human breast including an envelope containing a keratin 
hydrogel. One keratin hydrogel is formed from a solid 
precursor Which forms a keratin hydrogel upon addition of 
Water. One source of keratin is human hair. In one method, 
an envelope suitable for implantation and a solid keratin 
hydrogel precursor are provided. The solid can be in ?brous 
or powder form. The solid precursor can be inserted into the 
envelope interior. A small incision near the breast can be 
made and the envelope inserted into the incision. After 
insertion, Water can be injected into the envelope interior, 
preferably through the incision and through a self-sealing 
port in the envelope. In one method, the implant is provided 
as a kit, With the envelope and keratin hydrogel provided. 
The hydrogel can be injected into the envelope either before 
or after insertion into the breast area. One kit has a poW 
dered, keratin hydrogel precursor disposed Within the enve 
lope interior, aWaiting the addition of Water, preferably after 
insertion of the implant into the body. 



US 2005/0169963 A1 

IMPLANTABLE PROSTHETIC OR TISSUE 
EXPANDING DEVICE 

PRIORITY AND CROSS REFERENCE TO 
CO-PENDING APPLICATIONS 

[0001] The present application is a continuation of US. 
patent application Ser. No. 09/394,783 ?led Sep. 13, 1999. 
This present application is also related to US. patent appli 
cation Ser. No. 09/330,550, ?led Jun. 11, 1999, entitled 
SOLUBLE KERATIN PEPTIDE, and US. patent applica 
tion Ser. No. 09/394,782, ?led Sep. 13, 1999, entitled 
WATER ABSORBENT KERATIN AND GEL FORMED 
THEREFROM. 

FIELD OF THE INVENTION 

[0002] The present invention is generally related to medi 
cal prostheses or implants for augmentation, tissue expan 
sion or replacement of soft tissue, including breast implants. 
In particular, the present invention is related to implants 
?lled With a keratin hydrogel. 

BACKGROUND OF THE INVENTION 

[0003] Breast augmentation and reconstruction through 
medical procedures has been performed by physicians for 
decades. Early attempts using ?ller materials alone, Without 
an enclosing envelope, had less than optimal long-term 
effects on appearance and health. The use of silicone gel 
?lled silicone envelopes gave improved long-term appear 
ance 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-?lled breast implants from some 
markets, such as the United States. Saline-?lled breast 
implants have been used in place of the silicone-?lled 
implants. The use of saline has led to feWer concerns, but 
saline-?lled silicone implants have been reported as having 
a less natural shape and consistency. 

[0004] Another issue in the ?eld of breast reconstruction 
and in the healing of open Wounds is 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 in breast reconstruction, a small amount 
of saline is added to the envelope periodically until the 
desired siZe is reached. By adding liquid sloWly over a 
period of Weeks or months, the covering tissue is 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 of the tissue expander a needle 
must be inserted into the envelope, thus requiring penetra 
tion of the tissue and causing pain and an increased possi 
bility of infection. 

[0005] What Would be desirable is a safe, non-toxic, 
non-antigenic material for use in implants that has a con 
sistency 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 ?uid from the patient after implantation so that the 
expander could reach the desired siZe Without repeated 
intrusive procedures. 
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SUMMARY OF THE INVENTION 

[0006] 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 is 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 is 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 US. patent application 
Ser. No. 09/394,782, ?led Sep. 13, 1999 and entitled “Water 
Absorbent Keratin and Gel Formed Therefrom,” incorpo 
rated herein in its entirety by reference. In certain embodi 
ments implants include a keratin hydrogel formed using an 
alternative method as described in US. Pat. No. 5,932,552 
and US. application Ser. No. both incorporated 
herein in their entirety by reference. 

[0007] 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 
?rst process beginning With providing a keratinous material 
including keratin having disul?de bonds and partially oxi 
diZing the keratin disul?de 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 is less acidic 
than the oxidation solution. Without limiting the patent to a 
particular mechanism, in certain embodiments, and depend 
ing 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 acid groups may 
more easily form ionic 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 includ 
ing 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 ?brous or poWdered 
form, and adding Water to the solid forms a viscoelastic 
hydrogel suitable for use as a prosthetic implant ?ller. 

[0008] Apreferred source of keratinous material is human 
hair, although the keratin may be obtained from hair or fur 
of animals including any mammal, from ?nger or toenail 
material or from hooves, or from the beaks, feet or feathers 
of birds. Human hair is a preferred source of keratin because 
of its ready availability from cuttings of barber and beauty 
shops, because it is 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 
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Will be used. This last advantage can be especially important 
in embodiments involving subdermal implantations. 

[0009] It is Well knoWn in the art that keratins are highly 
sulfated, that is, the amino acid sequence of keratin contains 
a high proportion of cysteine residues as compared to 
proteins in general. These cysteines each include a sulfhy 
dryl moiety that is able to bond With another sulfhydril 
moiety from another cysteine residue to form a disul?de 
bond knoWn as a cystine residue. The second cysteine may 
reside Within the same keratin molecule, or in another 
keratin molecule. These disul?de 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 
disul?de bond and to oxidiZe one or both of the sul?de 
moieties so that they are no longer able to form a disul?de. 
Such an oxidation is a part of the process of forming the 
keratin products of the present disclosure. Preferred oxidiZ 
ing agents include, but are not limited to peracetic acid, 
hydrogen peroxide, perborates, percarbonates, benZoyl per 
oxide, or ammonium sulfate peroxide. HoWever, any suit 
able oxidiZing agent knoWn in the art can be used in the 
practice of the invention. After oxidation, the liquid oxidiZ 
ing agent can be ?ltered from the oxidiZed keratin solid, and 
the solid may be Washed to remove residual oxidiZing agent, 
for example. 

[0010] The resulting solid may then be suspended in 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 signi?cant 
Water as the Water may hydrolyZe the peptide backbone 
during processing. Preferred solvents Would include alco 
hols such as methanol, ethanol, or propanol, for example, 
and Would also include non-aqueous solvents such as 
acetone and tetrahydrofuran, for example. An effective sol 
vent should be able to solvate a base and should also be able 
to provide a medium able to keep the keratin suf?ciently 
open to alloW ionic 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 is knoWn in the art, Would yield or produce 
sodium, potassium and ammonium ions, respectively, upon 
entering solution. 

[0011] The keratin suspension may be heated, and is 
preferably heated to boiling for a time suf?cient 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 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 dis 
closure and claims is an indication of those cations that are 
able to form such an interaction. After a suf?cient reaction 
time, the keratin solid may be removed from the suspension 
by ?ltration, 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 ?brous 
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form and/or ground into a ?nely divided poWder. This solid 
may be used in certain embodiments, or it may be hydrated 
by adding Water, for example, and the hydrogel, or vis 
coelastic hydrogel thus formed may be used in certain 
embodiments. 

[0012] The keratin hydrogel so formed is suitable for use 
as an implant ?ller, for example, used to ?ll 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 in a body cavity, Wound, or scar Where neW tissue 
groWth is needed. This technique is knoWn in the art to be 
useful in breast reconstruction, in treatment of male pattern 
baldness, for treatment of Wounds, birth defects, and the 
like. 

[0013] 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 ?ller for the device, Wherein the solid comprises a 
keratin Where at least a portion of the cysteic groups of the 
keratin are ionically associated With, or may be ionically 
bound to cations. As used herein, ionically bound or ioni 
cally associated Would have their ordinary meaning as is 
knoWn in the art, and Would include the electrostatic attrac 
tion betWeen an anion and a cation, and Would include such 
interactions directly, such as through formation of ionic 
bonds, and interactions through intermediary bipolar moi 
eties, 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 in Which the terminal sulfur is bonded to 
three oxygen atoms to produce the sulfonic acid ion, SO3—, 
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 signi?cant 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. 

[0014] In certain embodiments, therefore, the hydratable 
keratin solid is made by a process comprising oxidiZing a 
portion of the disul?de 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 ionic associations or ionic 
bonds betWeen at least a portion of the oxidiZed cysteic 
groups and the cations. 

[0015] In some embodiments, the hydratable keratin solid 
is made by a process comprising oxidiZing at least a portion 
of the disul?de 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 ionic 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 oxi 
diZing agent effective to oxidiZe a portion of the disul?de 
groups. The portion of oxidiZed disul?de groups may be a 
major portion of the total cysteic acid groups. 
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[0016] 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 ammo 
nium sulfate peroxide effective to oxidiZe a portion of the 
disul?de groups. 

[0017] The process of the present invention may further 
comprise heating the keratin solid containing oxidiZed cys 
teic 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 
comprises removing the solution from the heat and stirring 
for a time effective to form ionic 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. 

[0018] 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 is a keratin viscoelastic 
hydrogel produced by adding Water to a composition com 
prising a hydratable keratin solid, Wherein the solid com 
prises a keratin Where a portion of the cysteic acid groups of 
the keratin are ionically bound to or associated With cations. 

[0019] Another aspect of the present invention is the use 
in a prosthetic implant of a hydratable keratin solid made by 
(1) oxidiZing keratin in a ?rst solution comprising a soluble 
oxidiZing agent, such that a portion of the disul?de 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 ?rst solution; (3) contacting the 
oxidiZed solid fraction With a second, basic solution com 
prising a monovalent 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. 

[0020] The process may also further comprise adjusting 
the pH of the second solution, to obtain a substantially 
neutral solution. In some embodiments, the keratin is 
obtained from hair or fur, and is preferably obtained from 
human hair. 

[0021] In some embodiments, the keratin is 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, percarbon 
ates, 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 hydro 
gen peroxide, peracetic acid, perborates, percarbonates, ben 
Zoyl peroxide, and ammonium sulfate peroxide, in a con 
centration 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, 
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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 is then 
diluted into a particular volume, arriving at a Weight/volume 
percent. For example, in order to arrive at the oxidant 
solutions described herein a “stock solution” at fairly high 
concentration is 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 is to cut the stock solution 15-fold (from 30 doWn to 
2%). This ratio is a Weight to volume ratio, so the resulting 
solution is described as 2 Weight/volume %. 

[0022] In some embodiments, the keratin is 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, percarbon 
ates, 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. In other embodiments the temperature is 
betWeen about 4° C. and about 90° C., or 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 about 100° C. 

[0023] 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 tempera 
ture betWeen about 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. 

[0024] More speci?cally, the process of making the kera 
tin 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 in a solution of about 4 
percent peracetic acid at about 90° C. for about 10 hours, or 
by suspending the 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, 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. 
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[0025] 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 is 
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 tempera 
ture 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. 

[0026] Implants made With a hydratable keratin solid offer 
particular advantages over other implants, especially in 
implants that involve a large amount of material, such as 
breast or gluteal pad implants. In a preferred method of use, 
the hydratable keratin solid in poWder or ?ber form may be 
added to an envelope interior prior to insertion, and Water 
may then be injected into the envelope after implantation, 
thus forming the hydrogel in 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 ?nal 
implant, thereby alloWing a relatively small incision for 
insertion of the implant. In certain applications, it 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 injecting the hydrogel into the 
envelope through a large bore needle, for example. It is also 
understood that implants may be formed With the hydrogel 
in place in the envelope prior to implantation. 

[0027] Tissue expanders made With a hydratable keratin 
solid offer particular advantages over other tissue expanders, 
especially tissue expanders Which require volume adjust 
ments Which are made through an externally ?lled tube. The 
use of an external ?lling is often uncomfortable and incon 
venient for the patient, and can lead to an increased inci 
dence of infection. In a preferred method of use, the hydrat 
able keratin solid in poWder or ?ber form may be added to 
a tissue expander envelope interior. The permeation of body 
?uids 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 ?ll tube. This method 
of use Would lead to a more comfortable and convenient 
tissue expander With loWer incidence of infection. Alterna 
tively, the hydration rate of the keratin solid can be con 
trolled 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 of 
expanding its volume at a controlled rate in-situ, and thus 
providing the same advantages as noted previously. 

[0028] 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 
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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 in 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 
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 US. Pat. No. 5,932,552 incorporated herein 
by reference. 

[0029] The implant can be made by ?lling the envelope 
interior either before or after implantation. In implants ?lled 
after implantation, the implant can be rolled into a small 
pro?le shape and inserted 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 augmen 
tation 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 incision used to insert the 
envelope. The injection can be made into a self-sealing port 
provided in the envelope. 

[0030] Hair is a preferred source of keratin for the present 
invention. In particular, human hair is 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 

[0031] 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 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 

[0032] The present example describes implants having a 
keratin hydrogel contained Within an envelope, Where the 
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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 ?ller into an implant envelope. In 
the practice of this method, one Would be able to determine 
precisely the volume of the implant ?ller prior to placing the 
?ller in the envelope of the implant. The hydrated gel could 
then be injected into the envelope either before or after the 
envelope is implanted. It is understood that the invention 
Would include prepackaged, sterile, pre?lled, sealed 
implants as Well as a package that includes various siZed 
envelopes and a separately packaged hydrogel, or hydrogel 
precursor. 

[0033] In certain embodiments, a solid precursor may be 
added directly to an implant envelope and subsequently 
hydrated in the envelope either before or after the envelope 
is implanted. Again, hydrating the keratin after implantation, 
or injecting the hydrated gel into the envelope after implan 
tation 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. 

[0034] In the present example, a solid hydrogel precursor 
can include protein having an ioniZable pendant group, such 
as sulfonic acid, or cysteic acid, Which can be derived from 
an oxidiZed protein disul?de linkage. A preferred source of 
protein is keratin, preferably keratin obtained from hair, and 
most preferably keratin obtained from human hair. While 
hair is a preferred source of keratinous material, other 
keratinous materials are also believed suitable for use in the 
present invention. Examples of other sources include animal 
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 is most likely to result in a 
non-antigenic product, although animal hair may be accept 
able for many individuals. In one method according to the 
present invention, hair is provided, preferably clean and 
unbleached. In another method, the hair is Washed With 
Versa-Clean TM (Fisher Scienti?c, Pittsburgh, Pa.), or other 
cleaners, rinsed With deioniZed Water, and alloWed to dry. 

[0035] 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 0 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 tempera 
ture for 24 hours. Yet another method treats the hair at about 
90 degrees C. for about 10 hours. In a preferred method, the 
hair is 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 
is 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 
is treated by heating the hair in about 2 Weight/volume 
percent oxidiZing agent for about 2 hours at a temperature of 
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about 100 degrees C. The oxidation is believed to cleave a 
signi?cant portion of keratin disul?de bonds forming cysteic 
acid residues. The sulfonic acid groups are believed to be 
hydrophilic in nature and Will ionically bond to cations later 
in the process, forming a salt of the keratin and cation. 

[0036] After oxidation, the keratin solid can be recovered 
from the oxidiZing liquid using ?ltration or other suitable 
methods such as centrifugation or decantation. The recov 
ered, 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. 

[0037] 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 suf?ciently 
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 metha 
nol and ethanol. Other solvents such as ether, tetrahydrofu 
ran (THF), and acetone may also be suitable as solvents. The 
solvent used is preferably volatile to promote evaporation 
from the ?nal solid product. 

[0038] 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 ionic inter 
actions 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. 

[0039] The keratin suspension can be heated for a time and 
temperature suf?cient to sWell the keratin structure and 
promote neutraliZing of the sulfonic acid sites With the 
provided cation. In a preferred method, the keratin is sus 
pended in ethanol and boiled betWeen about 0.5 hours and 
12 hours in the presence of the cation. More preferably, the 
keratin is suspended in 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 ?nal, partially 
solubiliZed or mushy keratin Which may result from degra 
dation of the peptide backbone. A partially solubiliZed 
keratin product is less preferred due to the greater dif?culty 
of grinding the keratin. 

[0040] After boiling, the keratin is preferably alloWed to 
continue to react With the provided base cations at loWer 
temperature and With stirring. The loWer temperature reac 
tion 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 is alloWed to react With stirring at room tem 
perature for about 5 hours. 

[0041] After ion exchange at loWer temperature, the solid 
salt can be separated from the solvent using any suitable 
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method such as ?ltration. The solid is 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. 

[0042] After ?ltration and Washing, the keratin can be 
dried by a method such as evaporation under vacuum. In one 
method, the keratin is dried at room temperature under about 
5 mm Hg vacuum for about 2 hours. The dried keratin is 
preferably someWhat brittle, Which can result in a better 
product after grinding. The dried keratin can be shredded 
into ?bers 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 ?brous or 
poWder form for use in the implant. 

[0043] The solid keratin hydrogel precursor is capable of 
absorbing many times its oWn Weight in Water. In one test, 
?bers Were shoWn to absorb an average of 13 times their 
Weight in Water at 215° C., and may absorb up to 20 times. 
The absorbed Water is 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. 

[0044] 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 pro?le 
and the compacted envelope inserted through the incision. 
The envelope can be alloWed to attain a less constrained 
shape Well knoWn to those skilled in 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 
pro?le and the required incision siZe. By Waiting to inject 
any ?uid 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 ?uid into the self-sealing port. The large 
hypodermic is preferably inserted through the already 
formed incision in 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 ?uid 
can be Water, thus forming the hydrogel in situ. In embodi 
ments using a preformed hydrogel, the hydrogel can be 
injected through a preferably 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 

[0045] The present example describes tissue expanders 
having a keratin hydrogel contained Within an envelope, 
Where the keratin hydrogel is formed from a solid, keratin 
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hydrogel precursor Which forms a keratin hydrogel upon 
absorption of body ?uids. Avariety 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 
?nal volume can be varied by controlling the diffusion rate 
of body ?uids into the tissue expander, or by varying the 
absorbency of the dry keratin solid, as described herein. 

[0046] 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 dehydrated form alloWs for the implant 
to absorb body ?uids 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 ?ll tube as in 
conventional tissue expander products. 

EXAMPLE 3 

Implants Using Keratin Hydrogel Formed from 
Keratin With Added Hydrophilic Groups and With 

Reformed Crosslinks 

[0047] In the present example, an alternate embodiment is 
described, a keratin hydrogel that is provided using a method 
that does not involve adding Water to a solid keratin hydro 
gel 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 is 
provided, preferably Washed and unbleached. The hair is 
harvested from a human or animal source. The patient or 
another human donor is a preferred source of hair, as hair 
from these sources is most likely to result in a non-antigenic 
product, although animal hair may be acceptable for certain 
individuals that do not have animal product allergy prob 
lems. In one method, the hair is Washed With Versa-Clean 
TM (Fisher Scienti?c, Pittsburgh, Pa.) or other suitable 
cleansing agent, rinsed With deioniZed Water, and alloWed to 
air dry. 

[0048] The hair can be oxidiZed in peracetic acid or 
another suitable reagent such as H2O2-A preferable treat 
ment utiliZes from 1% to 32% peracetic acid, at a tempera 
ture betWeen about 0 degrees C. and 100 degrees C. for 
betWeen 0.5 and 24 hours. One method treats 30 grams of 
hair 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 occurring disul?de linkages to 
produce a protein With cysteic acid (—CH2SO3H) residues. 

[0049] The hair is recovered, preferably With ?ltration 
through a coarse fritted glass ?lter, 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 hair in a vacuum oven at 
40 degrees C. for several days. The dried hair can then be 
pulveriZed and ground into a ?ne poWder. One method of 
grinding the hair uses a ceramic mortar and pestle. 

[0050] The keratin poWder can be suspended in a sulfhy 
dryl solution such as an ammonium thioglycolate solution, 
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for example. In one method, pulverized keratin powder, 
derived from hair as described above, is suspended in about 
3N ammonium hydroxide containing thioglycolate. About 
six grams of keratin poWder can be added per 75 mL of 3N 
ammonium hydroxide solution. The strength of ammonium 
hydroxide is preferably about 3N and the preferred concen 
tration 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 ammo 
nium hydroxide in certain embodiments. The suspension can 
then be heated for a time suf?cient to solubiliZe the soluble 
fraction of the hair. The suspension in one method is 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. 

[0051] Applicants believe this treatment cleaves the 
remaining disul?de linkages to produce cysteine residues in 
the protein structure. At this point, the keratin protein is 
believed to contain sulfonic acid, sulfhydril 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 sulfonic acid residues imparts a hydrophilic 
property to the hair as Well as to the ?nal hydrogel product. 

[0052] After the treatment described above, a keratin 
fraction resistant to the treatment remains, consisting pri 
marily of beta keratin. This fraction is insoluble in the 
suspension and is removed in one method by centrifugation 
at about 10,000 g for about 10 minutes. The insoluble 
fraction is set aside and is available for other uses. A thick, 
jelly-like supernatant remains Which includes a soluble 
keratin fraction. The supernatant is collected and used to 
make the implant material described herein. 

[0053] The supernatant is preferably puri?ed, 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 is preferably concentrated to a concentration of 
about 0.1 grams per mL. 

[0054] The keratin in solution is noW ready for crosslink 
ing 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 per 
oxide, organic peracids, peroxy carbonates, ammonium sul 
fate peroxide, benZoyl peroxide, and perborates. Hydrogen 
peroxide is 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 is about 3 days. The freely ?oWing solution sloWly 
thickens and converts to a crosslinked hydrogel after about 
72 hours. 

[0055] The insoluble keratin fraction from hair is thus 
partially oxidiZed so as to have the protein backbones 
interconnected With disul?de linkages and having sulfonic 
acid residues. The partially oxidiZed keratin is treated With 
a reducing agent to cleave some or all of the remaining 
disul?de bonds, forming thiol groups and cystine-thiogly 
colate groups and solubiliZe more of the keratin proteins. 
After removing the insoluble fraction, the keratin is oxidiZed 
to alloW the formation of disul?de crosslinks. Disul?de 
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crosslinks are thus reformed. As used herein, the term 
“reformed” 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. 

[0056] A crosslinked, pure keratin hydrogel results. The 
hydrogel has sulfonic 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. 

[0057] In one method for implanting the envelope, the 
hydrogel is 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 oxi 
diZing agent or other crosslinking agent can be injected into 
the implant envelope. In some procedures, the envelopes are 
pre?lled With keratin hydrogel prior to packaging the 
implant. In some procedures, the envelopes are ?lled 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 injected soon after 
mixing, before the mixture becomes very viscous. In these 
procedures, the mixture can be alloWed to thicken in situ. 

[0058] The present invention includes holloW implants 
Which can have a thicker envelope Wall than those com 
monly used in breast implants. A keratin hydrogel can be 
used to ?ll any holloW implant envelopes knoWn in the art, 
including penile implants, testicular implants, chin implants, 
intervertebral disk implants, and gluteal pad implants. 

[0059] Numerous advantages of the invention covered by 
this disclosure have been set forth in the foregoing descrip 
tion. It Will be understood, hoWever, that this disclosure is, 
in 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 is, of course, de?ned in the 
language in Which the appended claims are expressed. 

1-4. (canceled) 
5. An intervertebral disk implant comprising: 

an envelope; 

a keratin hydrogel precursor contained Within said enve 
lope, Wherein said hydrogel precursor forms a hydrogel 
upon the addition of ?uid. 

6. The intervertebral disk implant of claim 5 Wherein: 

said envelope is comprised of one of silicone, and a 
biocompatible polymer. 

7. The intervertebral disk implant of claim 5 Wherein: 

said envelope has a self-sealing port. 
8. A medical package for use as an intervertebral disk 

implant, Wherein said package comprises a formulation of a 
dry keratin hydrogel precursor that forms a hydrogel upon 
hydration of said precursor in use. 

9. The intervertebral disk implant of claim 8 Wherein: 

said package includes an envelope that is comprised of 
one of silicone, and a biocompatible polymer. 
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10. The intervertebral disk implant of claim 8 wherein: 

said package includes an envelope that has a self-sealing 
port. 

11-14. (canceled) 
15. A method for implanting a prosthetic intervertebral 

disk comprising the steps of: 

selecting an envelope containing a keratin hydrogel pre 
cursor Which forms a hydrogel upon the addition of a 

?uid; 
accessing the space betWeen adjacent vertebra; 

implanting the envelope into the space; and 

introducing ?uid into the envelope. 
16. The method of claim 15 Wherein said keratin hydrogel 

precursor is in ?brous form. 
17. The method of claim 15 Wherein said keratin hydrogel 

precursor is in poWder form. 
18. The method of claim 15 Wherein said keratin hydrogel 

precursor is in a mixture of ?brous and poWer form. 
19-22. (canceled) 
23. A method for making a prosthetic intervertebral disk 

kit for a patient comprising the steps of: 

selecting an envelope having an interior capable of con 
taining a gel; 

having human hair harvested; and 

processing the hair into a keratin hydrogel precursor 
Which forms a hydrogel upon the addition of a ?uid; 
and 

inserting the keratin hydrogel precursor into the interior of 
the envelope. 

24. The method of claim 15 Wherein said selecting step 
includes: 

selecting an envelope provided in a loW pro?le shape. 
25. The method of claim 15 Wherein said selecting step 

includes; 
selecting an envelope provided in a rolled up shape. 
26-33. (canceled) 
34. The method of claim 23 Wherein said selecting step 

includes: 

selecting an envelope provided in a loW pro?le shape. 
35. The method of claim 23 Wherein said selecting step 

includes; 
selecting an envelope provided in a rolled up shape. 
36. The implant of claim 5 Wherein said envelope has a 

loW pro?le shape. 
37. The implant of claim 5 Wherein said envelope has a 

rolled-up shape. 
38. The method of claim 24 including after the implanting 

step, the step of unrolling the envelope. 
39. The method of claim 25 including after the implanting 

step, the step of unrolling the envelope. 
40-47. (canceled) 
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48. In an intervertebral disk implant, the improvement 
comprising: 

an envelope; 

a keratin hydrogel precursor, Wherein said hydrogel pre 
cursor forms a hydrogel upon the absorption of ?uid 
from the body. 

49. In a method for implating a prosthetic intervertebral 
disk, the improvement comprising the steps of: 

selecting a keratin hydrogel; 

accessing the space betWeen adjacent vertebra; and 

implanting the keratin hydrogel into the space. 
50. In a method for implanting a prosthetic intervertebral 

disk, the improvement comprising the steps of: 

selecting a keratin hydrogel precursor Which forms a 
hydrogel upon the addition of a ?uid; 

accessing the space betWeen adjacent vertebra; 

implanting the keratin hydrogel precursor into the space; 
and 

introducing ?uid into the keratin hydrogel precursor. 
51. (canceled) 
52. In an intervertebral disk implant, the improvement 

comprising: 

a keratin hydrogel precursor, Wherein said hydrogel pre 
cursor forms a hydrogel upon the addition of ?uid. 

53. In a method for implanting a prosthetic intervertebral 
disk, the improvement comprising the steps of: 

selecting a keratin hydrogel precursor Which forms a 
hydrogel upon the addition of ?uid; 

accessing the space betWeen adjacent vertebra; and 

implanting the keratin hydrogel precursor into the space. 
54. The method of claim 53 including the step of alloWing 

the keratin hydrogel precursor to absorb ?uid from a patient. 
55. An intervertebral disk implant comprising: 

a keratin hydrogel precursor, Wherein said hydrogel pre 
cursor forms a hydrogel upon the addition of ?uid. 

56. (canceled) 
57. A method for implanting a prosthetic intervertebral 

disk comprising the steps of: 

selecting a keratin hydrogel precursor Which forms a 
hydrogel upon the addition of ?uid; 

accessing the space betWeen adjacent vertebra; and 

implanting the keratin hydrogel precursor into the space. 
58. The method of claim 57 including introducing ?uid 

into the keratin hydrogel precursor. 
59. The method of claim 57 including alloWing ?uid to be 

absorbed into the keratin hydrogel precursor. 

* * * * * 


