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(57) ABSTRACT 

The invention is directed to novel compositions comprising 
an electroprocessed material and a substance, their forma 
tion and use. The electroprocessed material can, for 
example, be one or more natural materials, one or more 

synthetic materials, or a combination thereof. The substance 
can be one or more therapeutic or cosmetic substances or 

other compounds, molecules, cells, vesicles. The composi 
tions can be used in substance delivery, including drug 
delivery Within an organism by, for example, releasing 
substances or containing cells that release substances. The 
compositions can be used for other purposes, such as pros 
theses or similar implants. 
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ELECTROPROCESSING IN DRUG DELIVERY 
AND CELL ENCAPSULATION 

PRIOR RELATED APPLICATIONS 

[0001] This application claims priority to US. provisional 
patent application Ser. No. 60/241,008 ?led Oct. 18, 2000, 
US. provisional patent application Ser. No. 60/270,118 ?led 
Feb. 22, 2001, US. non-provisional patent application Ser. 
No. 09/714,255 ?led Nov. 17, 2000, and US. non-provi 
sional patent application Ser. No. 09/946,158 ?led Sep. 4, 
2001. 

FIELD OF THE INVENTION 

[0002] The present invention relates to novel composi 
tions comprising electroprocessed materials With sub 
stances, and methods of making and using these composi 
tions in delivery of substances. 

BACKGROUND OF THE INVENTION 

[0003] Numerous methods exist for delivering substances 
to desired locations in vivo or in vitro. One such method uses 
devices or objects that contain a substance and Will release 
the substance Within a desired location. One desirable appli 
cation for such methods is the administration of such objects 
to a location Within the body of an organism, folloWed by the 
subsequent release of the desired substance into the body. In 
these examples, the implant often contains the substance and 
a carrier. After implantation, the substance is released by a 
variety of means including, for example, diffusion from an 
implant or dissolution or other degradation of a capsule coat. 

[0004] Biocompatibility is a desirable attribute in compo 
sitions designed for substance delivery. With surgical and 
subdermal implants, for example, the substance to be deliv 
ered is often contained in a matrix comprised of synthetic 
polymers. Where natural products are used in making ban 
dages, the products typically comprise Wood products such 
as cellulose or other materials that are not readily absorbed 
by the body of the recipient. Accordingly, such bandages 
must eventually be removed. Implants compressed from 
natural materials that may be absorbed by the body are one 
Way to improve biocompatibility and is one area in Which 
improvements are desired. 

[0005] There is also a continuing need for greater versa 
tility and ?exibility in substance delivery technology. Addi 
tional techniques for controlling release kinetics and spatial 
patterns of release or delivery are examples of developments 
that can improve substance delivery. Implants in Which there 
is re?ned control of structure at the microscopic or molecu 
lar level and overall implant shape are also desired. Such 
methods could alloW, for example, further re?nements in 
control of pore siZe or other attributes that affect diffusion in 
and out of a matrix, or more re?ned control of the distribu 
tion of a substance Within a matrix. NeW methods that alloW 
encapsulation of living cells Within a matrix are especially 
desired. Such methods Would alloW implants to contain, for 
example, cells that produced desired substances, cells that 
promote tissue groWth, or cells that serve both of these 
functions. 

[0006] What is needed therefore are neW compositions for 
use in drug delivery that provide additional and improved 
methods of controlling con?guration of drug delivery sys 
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tems. Compositions With improved biocompatibility com 
pared to those currently used in substance delivery and/or 
that can contain living cells are also needed. What is further 
needed are neW methods of substance delivery using such 
compositions. Finally, methods for making such composi 
tions are also needed. 

SUMMARY OF THE INVENTION 

[0007] The present invention seeks to overcome the limi 
tations in the prior art by providing compositions comprising 
an electroprocessed material and a substance. The substance 
may be the material itself, or another substance Which may 
be delivered With the electroprocessed material to a desired 
site. Sometimes the compositions comprising an electropro 
cessed material and a substance are in the form of a matrix. 
The electroprocessed materials include any natural or non 
natural materials or blends thereof. The substance is released 
from the composition or causes the release of molecules or 
compounds from the composition. Substance release can 
occur in vitro, in vivo, or both. 

[0008] The present invention also includes a method for 
delivery of substances to a location using the present com 
positions comprising an electroprocessed material and a 
substance. The locations can be in vitro, in vivo, or both. The 
invention also includes methods for making the composi 
tions of the present invention. 

[0009] The compositions of the present invention include 
an electroprocessed material and a substance. The material 
can include naturally occurring materials, synthetically 
manufactured materials, or combinations thereof. Naturally 
occurring materials include natural organic or inorganic 
materials, genetically engineered materials and include syn 
thetic alterations thereof. Synthetic materials include mate 
rials prepared through any method of arti?cial synthesis, 
processing, or manufacture. The invention includes materi 
als that degrade and can absorbed by the body, or Will persist 
in Whole or in part and become portions of an extracellular 
tissue matrix. The compositions may be made using any 
electroprocessing technique, including but not limited to 
electrospinning, electroaerosol, electrospraying or electro 
sputtering techniques, or any combination thereof. Accord 
ingly, electroprocessed droplets, particles, ?bers, ?brils, or 
combinations thereof are all included in the compositions of 
the present invention. In a preferred embodiment, the elec 
troprocessed materials form a matrix, and in some cases are 
similar to an extracellular matrix. Matrices may also be 
formed from materials that can combine to form another 
material, such as precursor materials. For example, ?brino 
gen, When combined With thrombin, Will form ?brin. 

[0010] Any material that may be electroprocessed may be 
used to form an electroprocessed material to be combined, 
either before, during or after electroprocessing, With a 
substance, to form the compositions of the present invention. 
The compositions of the present invention contain one or 
more substances. The substance includes any type of sub 
stance desired, With examples including molecules, cells, 
objects, or combinations thereof. In some cases, the sub 
stance is the electroprocessed material itself. Molecules can 
be any siZe, complexity, or type, including both organic or 
inorganic molecules as Well as any combination of mol 
ecules. Molecules include naturally occurring and synthetic 
molecules. Examples of molecules include, but are not 
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limited to therapeutics, cosmetics, nutraceuticals, vitamins, 
minerals, humectants, molecules produced by cells, includ 
ing normal cells, abnormal cells, genetically engineered 
cells and cells modi?ed through any other process. Both 
eukaryotic and prokaryotic cells are included in the category 
of substances. Substances also include, Without limitation, 
antigens, antimicrobials, antifungals, molecules that can 
cause a cellular or physiological response, metals, gases, 
minerals, ions, and electrically, magnetically and electro 
magnetically (i.e., light) reactive materials. Cells are derived 
from natural sources or are cultured in vitro. Combinations 
of different types or categories of cells can be used. 
Examples of objects include, but are not limited to, cell 
fragments, cell debris, organelles and other cellular compo 
nents, tablets, viruses, vesicles, liposomes, capsules, and 
other structures that serve as an enclosure for molecules. It 
is to be understood that the composition of the present 
invention comprises at least one substance. Accordingly, 
numerous substances or combinations of similar or different 
substances may be combined With the electroprocessed 
material. The substances may be combined With the elec 
troprocessed material through electroprocessing techniques 
or through other techniques. The invention also includes 
embodiments in Which the composition comprises electro 
processed matrix materials Without an additional substance. 
In that embodiment, the electroprocessed matrix materials 
may act as a substance. 

[0011] The invention provides numerous uses for the 
compositions of the present invention. One preferred use is 
the delivery of substances. Substance delivery from the 
compositions of the present invention can occur in vivo, for 
example upon or Within the body of a human or animal. 
Substance delivery can also occur in vitro, for example 
Within a cell culture apparatus or Well. Substances delivered 
include those substances contained Within the compositions, 
other substances produced by the substance contained in the 
composition, or both. For example, a substance may be a cell 
contained Within the electroprocessed material, and the cell 
may synthesiZe and release one or more molecules. Cells 
may release molecules in response to signals, so that the 
molecules are released in a speci?c desired circumstance. 
For example, an inducible promoter in an engineered cell 
Within an electroprocessed material may be used to stimulate 
the expression and or release of a groWth factor. 

[0012] The compositions of the present invention are 
versatile With respect to control of substance release from 
the compositions. Release kinetics of substances can be 
controlled by manipulating a Wide variety of matrix param 
eters. In various embodiments, the release rate, onset of 
release, release of more than one compound either at the 
same or different times, creation of gradients of release and 
spatial patterns of release may be manipulated. Composi 
tions that contain electrical or magnetic materials can be 
in?uenced to move, cause motion, or produce a biological 
activity by applying an electric current or a magnetic ?eld to 
the composition located on or Within a body, or in vitro. 
Electroprocessed compositions that contain light sensitive 
components may be designed. These compositions may 
move or be induced to release or bind substances in response 
to speci?c Wavelengths of light. Compositions containing 
nucleic acids or genetically engineered cells, for example, 
can be used in gene therapy. Other examples include 
embodiments used in Wound care, tissue or organ replace 
ments, and prostheses. In some embodiments, the electro 
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processed material itself contains desired properties of sub 
stances, and acts as a substance Without addition of another 
substance. The invention thus includes a Wide variety of 
methods of using the compositions of the present invention 
in medical veterinary, agricultural, research and other appli 
cations. The compositions of the present invention provide 
safer and more predictable release of substances and provide 
a major advance in the ?eld of substance delivery, especially 
drug delivery. 
[0013] The invention also includes methods for making 
the compositions of the present invention using any type of 
electroprocessing technique, combination of electroprocess 
ing techniques, or a combination of an electroprocessing 
technique and another technique, such as aerosol techniques. 
The method includes streaming, spraying, dropping or pro 
jecting one or more solutions, ?bers, or suspensions com 
prising the materials to be electroprocessed toWard a target 
under conditions effective to deposit the materials on a 
substrate. The substances to be combined With the electro 
processed materials may be electroprocessed toWard the 
target either before, during or after electroprocessing the 
material. In this manner, the substance may be incorporated 
Within the electroprocessed material during formation, or 
may coat the electroprocessed material. Accordingly, one or 
a plurality of sources of materials and substances is used to 
provide the ingredients for the electroprocessed composition 
of the present invention. For example, collagen and a 
polymer such as poly glycolic acid may be electroprocessed 
through any combination of electrospinning and electro 
spraying from tWo sources. At the same time or at selected 
times thereafter, substances may be provided from other 
sources: for example, a third source provides a groWth 
factor, a fourth source provides an anti-angiogenic factor, 
and a ?fth source provides genetically altered ?broblasts. 
These sources of substances may provide the substances 
through one or more electroprocessing techniques, such as 
electrospin, electrospray, electroaerosol, electrosputter or 
any combination thereof. These sources may also provide 
the substances to the electroprocessed material through 
non-electroprocessing techniques, such as aerosol delivery, 
dripping, coating, soaking or other techniques. 
[0014] In one preferred embodiment, the compositions of 
the present invention comprise one or more electroprocessed 
materials that form a matrix combined With at least one 
substance. Either the source or targetis charged, and the 
other is grounded. The substrate upon Which electrodeposi 
tion occurs can be the target itself or another object of any 
shape or type. For example, the substrate can be an object 
disposed betWeen the ori?ce and the target. In one embodi 
ment, the substrate is a location on or Within an organism, 
such as a tissue, a Wound site, a desired location for 
substance delivery, or a surgical ?eld in Which the compo 
sition is to be applied. By manipulating process parameters, 
compositions of the present invention can be manufactured 
With a predetermined shape, for example, for depositing the 
material onto or into a molded substrate. Substrate shape can 
be manipulated to achieve a speci?c three-dimensional 
structure. Targets can also be rotated or otherWise moved or 
manipulated during electroprocessing to control distribution 
of the electroprocessed material and, in embodiments 
involving electroprocessed ?bers, the orientation of the 
?bers. Substances included in the composition can be com 
bined With the matrix material by any means before, during, 
and/or after electrodeposition. 
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[0015] The electroprocessed compositions may be formed 
into any desired shape. For purposes of substance delivery, 
the desired shape is dictated by the application. Non-limiting 
examples include the following: in the form of a patch for 
application to the skin; in the form of a Wafer or tablet for 
ingestion; in the form of a Wafer for application to a site of 
removal of a glioma; in the form of a Wrap to surround a 
tumor; in a particulate form for spraying on a surgical site; 
and in a particulate form for delivery of substances through 
inhalation. 

[0016] Accordingly, it is an object of the present invention 
to overcome the foregoing limitations and draWbacks by 
providing compositions comprising an electroprocessed 
material and a substance. 

[0017] Another object of the present invention is to pro 
vide compositions comprising an electroprocessed natural 
material and a substance. 

[0018] Yet another object of the present invention is to 
provide compositions comprising an electroprocessed syn 
thetic material and a substance. 

[0019] Still another object of the present invention is to 
provide compositions comprising blends of an electropro 
cessed natural material, an electroprocessed synthetic mate 
rial and a substance. 

[0020] Another object of the present invention is to pro 
vide compositions comprising an electroprocessed synthetic 
material and a substance. 

[0021] It is an object of the present invention to provide 
compositions comprising an electroprocessed material and a 
substance, Wherein the substances comprises comprising 
cells. 

[0022] Another object of the present invention is to pro 
vide compositions comprising an electroprocessed material 
and a substance, Wherein the substance comprises an object. 

[0023] Still another object of the present invention is to 
provide compositions comprising an electroprocessed mate 
rial and a substance, Wherein the substance comprises a 
molecule. 

[0024] Yet another object of the present invention is to 
provide compositions comprising an electroprocessed mate 
rial and a substance, Wherein the substance comprises a 
therapeutic molecule. 

[0025] Another object of the present invention is to pro 
vide compositions comprising an electroprocessed material 
and substances comprising combinations of cells, mol 
ecules, and/or objects. 

[0026] Another object of the present invention is to pro 
vide methods for delivery of a substance to a location, 
comprising placing the composition of the present invention 
at a desired location. 

[0027] Still another object of the present invention is to 
provide methods for delivery of substances to a location 
inside or upon the body of a human or animal. 

[0028] Yet another object of the present invention is to 
provide methods for retrieval of substances from a location 
inside or upon the body of a human or animal by bonding 
such substances. 
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[0029] Yet another object of the present invention is to 
provide methods for delivery or retrieval of substances to in 
vitro locations. 

[0030] Another object of the present invention is to pro 
vide methods for delivery of drugs in vivo. 

[0031] Yet another object of the present invention is to 
provide methods of administering gene and or peptide 
therapy. 
[0032] Another object of the present invention is to pro 
vide methods of protein or peptide therapy. 

[0033] Still another object of the present invention is to 
provide methods of administering tissue and organ replace 
ments and prostheses. 

[0034] Another object of the present invention is to pro 
vide methods for making the compositions of the present 
inventions. 

[0035] These and other objects, features and advantages of 
the present invention Will become apparent after a revieW of 
the folloWing detailed description of the disclosed embodi 
ments and the appended draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] FIG. 1 is a schematic draWing of an embodiment 
of an electroprocessing device including the electroprocess 
ing equipment and a rotating Wall bioreactor. 

[0037] FIG. 2 is a schematic draWing of an embodiment 
of an electroprocessing device including the electroprocess 
ing equipment and a rotating Wall bioreactor. 

[0038] FIG. 3 is a graph shoWing the release pro?le of 
vascular endothelial groWth factor (VEGF) from one 
embodiment of the present invention obtained by electro 
spinning a solution comprising collagen, polylactic acid 
(PLA), polyglycolic acid (PGA), and VEGF. 

[0039] FIG. 4 is a graph shoWing the release pro?le of 
VEGF from an embodiment of the present invention 
obtained by electrospinning a solution comprising collagen, 
polylactic acid, and polyglycolic acid, and VEGF and sub 
sequently cross-linking the electroprocessed material by 
exposure to glutaraldehyde vapor. 

[0040] FIG. 5 is a graph shoWing the release pro?le of 
tetracycline from several embodiments of the present inven 
tion obtained by electrospinning solutions containing tetra 
cycline along With PLA, poly(ethylene-co-vinyl acetate) or 
a combination of PLA and poly(ethylene-co-vinyl acetate). 

[0041] FIG. 6 is a graph comparing the release pro?le of 
tetracycline from an embodiment of the present invention 
and several other compositions. The embodiment of the 
present invention Was obtained by electrospinning a solution 
containing tetracycline With poly(ethylene-co-vinyl acetate). 
The other compositions Were periodontal ?bers containing 
25 Wt % tetracycline hydrochloride and ?lms containing 
tetracycline With polylactic acid, poly(ethylene-co-vinyl 
acetate) or a combination of polylactic acid and poly(ethyl 
ene-co-vinyl acetate). 
[0042] FIG. 7 is a graph shoWing the release pro?le of 
tetracycline from several embodiments of the present inven 
tion obtained by electrospinning solutions containing tetra 
cycline With poly(ethylene-co-vinyl acetate). 
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[0043] FIG. 8 is a schematic drawing of another embodi 
ment of an electroprocessing device including the electro 
processing equipment and a rotating Wall bioreactor. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0044] The term “substance” shall be used throughout this 
application in its broadest de?nition. The term substance 
includes one or more molecules, objects, or cells of any type 
or siZe, or combinations thereof. Substances can be in any 
form including, but not limited to solid, semisolid, Wet or 
dry mixture, gas, solution, suspension, combinations 
thereof. Substances include molecules of any siZe and in any 
combination. Cells include all cell types of prokaryotic and 
eukaryotic cells, Whether in natural state or altered by 
genetic engineering or any other process. Cells can be from 
a natural source or cultured in vitro and can be living or 
dead. Combinations of different types of cells can be used. 
Objects can be of any siZe, shape, and composition that may 
be combined With or coupled to an electroprocessed mate 
rial. Examples of objects include, but are not limited to, cell 
fragments, cell debris, fragments of cell Walls, fragments of 
viral Walls, organelles and other cell components, tablets, 
viruses, vesicles, liposomes, capsules, nanoparticulates, and 
other structures that serve as an enclosure for molecules. The 
compositions of the present invention may comprise one 
substance or any combination of substances. 

[0045] The terms “electroprocessing” and “electrodeposi 
tion” shall be de?ned broadly to include all methods of 
electrospinning, electrospraying, electroaerosoling, and 
electrosputtering of materials, combinations of tWo or more 
such methods, and any other method Wherein materials are 
streamed, sprayed, sputtered or dripped across an electric 
?eld and toWard a target. The electroprocessed material can 
be electroprocessed from one or more grounded reservoirs in 
the direction of a charged substrate or from charged reser 
voirs toWard a grounded target. “Electrospinning” means a 
process in Which ?bers are formed from a solution or melt 
by streaming an electrically charged solution or melt 
through an ori?ce. “Electroaerosoling” means a process in 
Which droplets are formed from a solution or melt by 
streaming an electrically charged polymer solution or melt 
through an ori?ce. The term electroprocessing is not limited 
to the speci?c examples set forth herein, and it includes any 
means of using an electrical ?eld for depositing a material on 
a target. 

[0046] The term “material” refers to any compound, mol 
ecule, substance, or group or combination thereof that forms 
any type of structure or group of structures during or after 
electroprocessing. Materials include natural materials, syn 
thetic materials, or combinations thereof Naturally occurring 
organic materials include any substances naturally found in 
the body of plants or other organisms, regardless of Whether 
those materials have or can be produced or altered syntheti 
cally. Synthetic materials include any materials prepared 
through any method of arti?cial synthesis, processing, or 
manufacture. Preferably the materials are biologically com 
patible materials. 

[0047] One class of synthetic materials, preferably bio 
logically compatible synthetic materials, comprises poly 
mers. Such polymers include but are not limited to the 
folloWing: poly(urethanes), poly(siloxanes) or silicones, 
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poly(ethylene), poly(vinyl pyrrolidone), poly(2-hydroxy 
ethyl methacrylate), poly(N-vinyl pyrrolidone), poly(methyl 
methacrylate), poly(vinyl alcohol), poly(acrylic acid), poly 
acrylamide, poly(ethylene-co-vinyl acetate), poly(ethylene 
glycol), poly(methacrylic acid), polylactides (PLA), polyg 
lycolides (PGA), poly(lactide-co-glycolides) (PLGA), poly 
anhydrides, and polyorthoesters or any other similar syn 
thetic polymers that may be developed that are biologically 
compatible. The term “biologically compatible, synthetic 
polymers” shall also include copolymers and blends, and 
any other combinations of the forgoing either together or 
With other polymers generally. The use of these polymers 
Will depend on given applications and speci?cations 
required. A more detailed discussion of these polymers and 
types of polymers is set forth in Brannon-Peppas, Lisa, 
“Polymers in Controlled Drug Delivery,”Mea'ical Plastics 
and Biomaterials, November 1997, Which is incorporated by 
reference as if set forth fully herein. 

[0048] “Materials” also include electroprocessed materi 
als that are capable of changing into different materials 
during or after electroprocessing. For example, the protein 
?brinogen, When combined With thrombin, forms ?brin. 
Fibrinogen or thrombin that are electroprocessed as Well as 
the ?brin that later forms are included Within the de?nition 
of materials. Similarly, procollagen Will form collagen When 
combined With procollagen peptidase. Procollagen, procol 
lagen peptidase, and collagen are all Within the de?nition. 

[0049] In a preferred embodiment, the electroprocessed 
materials form a matrix. The term “matrix” refers to any 
structure comprised of electroprocessed materials. Matrices 
are comprised of ?bers, or droplets of materials, or blends of 
?bers and droplets of any siZe or shape. Matrices are single 
structures or groups of structures and can be formed through 
one or more electroprocessing methods using one or more 

materials. Matrices are engineered to possess speci?c 
porosities. Substances may be deposited Within, or anchored 
to or placed on matrices. Cells are substances Which may be 
deposited Within or on matrices. 

[0050] One preferred class of materials for electroprocess 
ing to make the compositions of the present invention 
comprises proteins. Extracellular matrix proteins are a pre 
ferred class of proteins in the present invention. Examples 
include but are not limited to collagen, ?brin, elastin, 
laminin, and ?bronectin. Additional preferred materials are 
other components of the extracellular matrix, for example 
proteoglycans. In each case, those names are used through 
out the present application in their broadest de?nition. There 
are multiple types of each of these proteins that are natu 
rally-occurring as Well as types that can be or are syntheti 
cally manufactured or produced by genetic engineering. For 
example, collagen occurs in many forms and types. All of 
these types and subsets are encompassed in the use of the 
proteins named herein. The term protein further includes, 
but is not limited to, fragments, analogs, conservative amino 
acid substitutions, and substitutions With non-naturally 
occurring amino acids With respect to each named protein. 
The term “residue” is used herein to refer to an amino acid 
(D or L) or an amino acid mimetic that is incorporated into 
a protein by an amide bond. As such, the amino acid may be 
a naturally occurring amino acid or, unless otherWise lim 
ited, may encompass knoWn analogs of natural amino acids 
that function in a manner similar to the naturally occurring 
amino acids (i.e., amino acid mimetics). Moreover, an amide 
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bond mimetic includes peptide backbone modi?cations Well 
knoWn to those skilled in the art. 

[0051] Furthermore, one of skill Will recognize that, as 
mentioned above, individual substitutions, deletions or addi 
tions Which alter, add or delete a single amino acid or a small 
percentage of amino acids (typically less than 5%, more 
typically less than 1%) in an encoded sequence are conser 
vatively modi?ed variations Where the alterations result in 
the substitution of an amino acid With a chemically similar 
amino acid. Conservative substitution tables providing func 
tionally similar amino acids are Well knoWn in the art. The 
folloWing six groups each contain amino acids that are 
conservative substitutions for one another: 

[0052] 1) Alanine (A), Serine (S), Threonine (T); 

[0053] 2) Aspartic acid (D), Glutamic acid [0054] 3) Asparagine (N), Glutamine (Q); 

[0055] 4) Arginine (R), Lysine 
[0056] 5) Isoleucine (I), Leucine (L), Methionine (M), 
Valine (V); and 

[0057] 6) Phenylalanine (F), Tyrosine (Y), Tryptophan 
(W) 
[0058] It is to be understood that the term protein, 
polypeptide or peptide further includes fragments that may 
be 90 to 95% of the entire amino acid sequence, and also 
extensions to the entire amino acid sequence that are 5% to 
10% longer than the amino acid sequence of the protein, 
polypeptide or peptide. 

[0059] When peptides are relatively short in length (i.e., 
less than about 50 amino acids), they are often synthesiZed 
using standard chemical peptide synthesis techniques. Solid 
phase synthesis in Which the C terminal amino acid of the 
sequence is attached to an insoluble support folloWed by 
sequential addition of the remaining amino acids in the 
sequence is a preferred method for the chemical synthesis of 
the antigenic epitopes described herein. Techniques for solid 
phase synthesis are knoWn to those skilled in the art. 

[0060] Alternatively, the proteins or peptides that may be 
electroprocessed are synthesiZed using recombinant nucleic 
acid methodology. Generally, this involves creating a 
nucleic acid sequence that encodes the peptide or protein, 
placing the nucleic acid in an expression cassette under the 
control of a particular promoter, expressing the peptide or 
protein in a host, isolating the expressed peptide or protein 
and, if required, renaturing the peptide or protein. Tech 
niques suf?cient to guide one of skill through such proce 
dures are found in the literature. 

[0061] When several desired protein fragments or peptides 
are encoded in the nucleotide sequence incorporated into a 
vector, one of skill in the art Will appreciate that the protein 
fragments or peptides may be separated by a spacer mol 
ecule such as, for example, a peptide, consisting of one or 
more amino acids. Generally, the spacer Will have no spe 
ci?c biological activity other than to join the desired protein 
fragments or peptides together, or to preserve some mini 
mum distance or other spatial relationship betWeen them. 
HoWever, the constituent amino acids of the spacer may be 
selected to in?uence some property of the molecule such as 
the folding, net charge, or hydrophobicity. Nucleotide 
sequences encoding for the production of residues Which 
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may be useful in puri?cation of the expressed recombinant 
protein may be built into the vector. Such sequences are 
knoWn in the art. For example, a nucleotide sequence 
encoding for a poly histidine sequence may be added to a 
vector to facilitate puri?cation of the expressed recombinant 
protein on a nickel column. 

[0062] Once expressed, recombinant peptides, polypep 
tides and proteins can be puri?ed according to standard 
procedures knoWn to one of ordinary skill in the art, includ 
ing ammonium sulfate precipitation, af?nity columns, col 
umn chromatography, gel electrophoresis and the like. Sub 
stantially pure compositions of about 50 to 99% 
homogeneity are preferred, and 80 to 95% or greater homo 
geneity are most preferred for use as therapeutic agents. 

[0063] Also, molecules capable of forming some of the 
named proteins can be mixed With other polymers during 
electroprocessing to obtain desired properties for uses of the 
formed protein in the matrix. 

[0064] Throughout this application the term “solution” is 
used to describe the liquid in the reservoirs of the electro 
processing method. The term is de?ned broadly to include 
any liquids that contain materials to be electroprocessed. It 
is to be understood that any solutions capable of forming a 
material during electroprocessing are included Within the 
scope of the present invention. In this application, the term 
“solution” also refers to suspensions or emulsions contain 
ing the material or anything to be electrodeposited. “Solu 
tions” can be in organic or biologically compatible forms. 
This broad de?nition is appropriate in vieW of the large 
number of solvents or other liquids and carrier molecules, 
such as polyethylene glycol (PEG), that can be used in the 
many variations of electroprocessing. In this application, the 
term “solution” also refers to melts, hydrated gels and 
suspensions containing the materials, substances or anything 
to be electrodeposited. 

[0065] Solvents 

[0066] Any solvent that Will alloWs delivery of the mate 
rial or substance to the ori?ce or lip of a syringe under such 
conditions that the material or substance Will be processed as 
desired may be used for dissolving or suspending the 
material or the substance to be electroprocessed. Solvents 
useful for dissolving or suspending a material or a substance 
Will depend on the material or substance. Electrospinning 
techniques often require more speci?c solvent conditions. 
For example, non cross-linked ?brin monomer can be elec 
trodeposited or electrospun from solvents such as urea, 
monochloroacetic acid, Water, 2,2,2-tri?uoroethanol, or 1,1, 
1,3,3,3-hexa?uoro-2-propanol (also knoWn as hexa?uor 
oisopropanol or HFIP). Collagen can be electrodeposited as 
a solution or suspension in Water, 2,2,2-tri?uoroethanol, or 
HFIP. Elastin can be electrodeposited as a solution or 

suspension in Water, 2,2,2-tri?uoroethanol, isopropanol, or 
HFIP. Other loWer order alcohols, especially halogenated 
alcohols, may be used. Proteins and peptides associated With 
membranes are often hydrophobic and thus cannot dissolve 
in aqueous solutions. Such proteins can be dissolved in 
organic solvents such as methanol, chloroform, and tri?uo 
roethanol Any other solvents knoWn to one of skill in 
the protein chemical art may be used, for example solvents 
useful in chromatography, especially high performance liq 
uid chromatography. Proteins and peptides are also soluble, 
for example, in HFIP, hexa?uoroacetone, chloroalcohols in 
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conjugation With aqueous solutions of mineral acids, dim 
ethylacetamide containing 5% lithium chloride, in very 
dilute acids such as acetic acid and formic acid. N-methyl 
morpholine-N-oxide is another solvent that can be used With 
many polypeptides. 

[0067] In functional terms, solvents used for electropro 
cessing have the principal role of creating a mixture With a 
polymer, or polymers, such that electroprocessing is fea 
sible. The concentration of a given solvent is often an 
important consideration in determining the type of electro 
processing that Will occur. For example, in electrospraying, 
the solvent should assist in the dispersion of droplets of 
electroprocessed material so that the initial jet of liquid 
disintegrates into droplets. Accordingly, solvents used in 
electrospraying should not create forces that Will stabiliZe an 
uncon?ned liquid column. In electrospinning, interactions 
betWeen molecules of electroprocessed material stabiliZe the 
jet, leading to ?ber formation. Accordingly, for electrospun 
embodiments, the solvent should suf?ciently dissolve or 
disperse the polymer to prevent the jet from disintegrating 
into droplets and should thereby alloW formation of a stable 
jet in the form of a ?ber. In some embodiments, the 
transition from electrospraying to electrospinning can be 
determined by examining Brook?eld viscosity measure 
ments for polymer solutions as a function of concentration. 
Brook?eld viscosity increases as concentration of a polymer 
or other material to be electroprocessed increases. Above a 
critical concentration associated With extensive chain 
entanglements of materials, hoWever, the Brook?eld viscos 
ity Will increase more rapidly With concentration, as 
opposed to a more gradual, linear rise With concentration at 
loWer concentrations. For example, the Brook?eld viscosity 
of a poly(lactide) sample obtained from Alkermes dissolved 
in chloroform shoWs an upturn in the Brook?eld viscosity/ 
concentration plot at approximately 7-8 % W/v. A sample of 
poly(ethylene-co-vinyl acetate) from Dupont (ELVAX 40W) 
shoWs an upturn at 14-15 % W/v . In both cases, these 
departures from linearity approximately coincide With the 
transition from electrospraying to electrospinning. 

[0068] Compositions of the present invention 

[0069] The electroprocessed material 

[0070] One component of the compositions of the present 
invention is the electroprocessed material. As de?ned above, 
the electroprocessed material of the present invention can 
include natural materials, synthetic materials, or combina 
tions thereof. Examples include but are not limited to amino 
acids, peptides, denatured peptides such as gelatin from 
denatured collagen, polypeptides, proteins, carbohydrates, 
lipids, nucleic acids, glycoproteins, lipoproteins, glycolip 
ids, glycosaminoglycans, and proteoglycans. 

[0071] Some preferred materials are naturally occurring 
extracellular matrix materials and blends of naturally occur 
ring extracellular matrix materials, including but not limited 
to collagen, ?brin, elastin, laminin, ?bronectin, hyaluronic 
acid, chondroitin 4-sulfate, chondroitin 6-sulfate, dermatan 
sulfate, heparin sulfate, heparin, and keratan sulfate, and 
proteoglycans. These materials may be isolated from 
humans or other animals or cells or synthetically manufac 
tured. Some especially preferred natural matrix materials are 
collagen and ?brin and ?bronectin. Also included are crude 
extracts of tissue, extracellular matrix material, extracts of 
non-natural tissue, or extracellular matrix materials (i.e. 
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extracts of cancerous tissue), alone or in combination. 
Extracts of biological materials, including but not limited to 
cells, tissues, organs, and tumors may also be electropro 
cessed. Collagen has been electrospun to produce a repeat 
ing, banded pattern observed With electron microscopy. This 
banded pattern is typical of collagen ?brils produced by 
natural processes (i.e. banded pattern is observed in collagen 
When it is produced by cells). In some embodiments, col 
lagen is electrospun such that it has a 65 nm banding pattern. 

[0072] It is to be understood that these electroprocessed 
materials may be combined With other materials and/or 
substances in forming the compositions of the present inven 
tion. For example, an electroprocessed peptide may be 
combined With an adjuvant to enhance immunogenicity 
When implanted subcutaneously. As another example, an 
electroprocessed collagen matrix, containing cells, may be 
combined With an electroprocessed biologically compatible 
polymer and groWth factors to stimulate groWth and division 
of the cells in the collagen matrix. 

[0073] Synthetic materials include any materials prepared 
through any method of arti?cial synthesis, processing, or 
manufacture. The synthetic materials are preferably biologi 
cally compatible for administration in vivo or in vivo. Such 
polymers include but are not limited to the folloWing: 
poly(urethanes), poly(siloxanes) or silicones, poly(ethyl 
ene), poly(vinyl pyrrolidone), poly(2-hydroxy ethyl meth 
acrylate), poly(N-vinyl pyrrolidone), poly(methyl methacry 
late), poly(vinyl alcohol), poly(acrylic acid), 
polyacrylamide, poly(ethylene-co-vinyl acetate), poly(eth 
ylene glycol), poly(methacrylic acid), polylactic acid (PLA), 
polyglycolic acids (PGA), poly(lactide-co-glycolides) 
(PLGA), nylons, polyamides, polyanhydrides, poly(ethyl 
ene-co-vinyl alcohol) (EVOH), polycaprolactone, poly(vi 
nyl acetate) (PVA), polyvinylhydroxide, poly(ethylene 
oxide) (PEO) and polyorthoesters or any other similar 
synthetic polymers that may be developed that are biologi 
cally compatible. Some preferred synthetic matrix materials 
include PLA, PGA, copolymers of PLA and PGA, polyca 
prolactone, poly(ethylene-co-vinyl acetate), (EVOH), PVA, 
and PEO. Matrices can be formed of electrospun ?bers, 
electroaerosol, electrosprayed, or electrosputtered droplets, 
or a combination of the foregoing. 

[0074] In embodiments in Which natural materials are 
used, those materials can be derived from a natural source, 
synthetically manufactured, or manufactured by genetically 
engineered cells. For example, genetically engineered pro 
teins can be prepared With speci?c desired sequences of 
amino acids that differ from the natural proteins. In one 
illustrative embodiment, desirable sequences that form bind 
ing sites on a collagen protein for cells or peptides can be 
included in higher amounts than found in natural collagen. 

[0075] By selecting different materials, or combinations 
thereof, many characteristics of the electroprocessed mate 
rial can be manipulated. The properties of the matrix com 
prised of electroprocessed material and a substance may be 
adjusted. As discussed in greater detail beloW, electropro 
cessed materials themselves can provide a therapeutic effect 
When applied. In addition, selection of matrix materials can 
affect the permanency of an implanted matrix. For example, 
matrices made of ?brin Will degrade more rapidly While 
matrices made of collagen are more durable and synthetic 
matrix materials are more durable still. Use of matrices 
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made of natural materials such as proteins also minimize 
rejection or immunological response to an implanted matrix. 
Accordingly selection of materials for electroprocessing and 
use in substance delivery is in?uenced by the desired use. In 
one embodiment, a skin patch of electroprocessed ?brin or 
collagen combined With healing promoters and anti-rejec 
tion substances may be applied to the skin and may subse 
quently dissolve into the skin. In another embodiment, an 
implant for delivery to bone may be constructed of materials 
useful for promoting bone groWth, osteoblasts and 
hydroxyapatite, and may be designed to endure for a pro 
longed period of time. 

[0076] Synthetic components, such as biocompatible sub 
stances can be used to modulate the release of materials from 
an electroprocessed composition. For example, a drug, or 
series of drugs or other materials to be released in a 
controlled fashion can be electroprocessed into a series of 
layers. One layer is composed of PGA plus a drug, the next 
layer PLA plus a drug, a third layer is composed of poly 
caprolactone plus a drug. The layered construct can be 
implanted, and as the successive layers dissolve or break 
doWn, the drug (or drugs) is released in turn as each 
successive layer erodes. Unlayered structures can also be 
used, and release is controlled by the relative stability of 
each component of the construct. Another advantage of the 
synthetic materials is that different solvents can be used. 
This can be important for the delivery of some materials. For 
example, a drug may be soluble in some organics, and using 
synthetics increases the number of materials that can be 
electroprocessed. The breakdown of these synthetic materi 
als can be tailored and regulated in Ways that are not 
available to natural materials. The synthetics are usually not 
subject to enZymatic breakdoWn, and many spontaneously 
undergo hydrolysis. In addition to these characteristics, 
substances can be released from electroprocessed materials 
in response to electrical, magnetic and light based signals. 
Polymers that are sensitive to such signals can be used, or 
the polymers may be derivatiZed in a Way to provide such 
sensitivity. These properties provide ?exibility in making 
and using electroprocessed materials designed to deliver 
various substances, in vivo and in vitro. 

[0077] In some embodiments of the present invention, the 
electroprocessed material itself provides a therapeutic effect. 
For example, in some embodiments electroprocessed col 
lagen promotes cellular in?ltration and differentiation, so an 
electroprocessed collagen matrix alone assists With healing. 
The P-15 site, a 15 amino acid sequence Within the collagen 
molecule, promotes osteoblasts to produce and to secrete 
hydroxyapatite, a component of bone. Another example of 
speci?c sites and sequences Within collagen molecules that 
can be manipulated and processed in a similar fashion 
includes the RGD binding sites of the integrin molecule. The 
RGD site is a sequence of three amino acids (Arg-Gly-Asp) 
present in many matrix materials that serves as a binding site 
for cell adhesion. It is recogniZed and bound, for example, 
by integrins. In addition, electroprocessed materials can be 
enriched With speci?c desired sequences before, during, or 
after electroprocessing. Sequences can be added in linear or 
other forms. In some embodiments, the RGD sequences are 
arranged in a cyclic form referred to as cycloRGD. 

[0078] An electroprocessed material, such as a matrix, can 
also be composed of speci?c subdomains of a matrix con 
stituent and can be prepared With a synthetic backbone that 
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can be derivatiZed. For example, the RGD peptide sequence, 
and/or a heparin binding domain and/or other sequences, can 
be chemically coupled to synthetic materials. The synthetic 
polymer With the attached sequence or sequences can be 
electroprocessed into a construct. This produces a matrix 
With unique properties. In these examples the RGD site 
provides a site for cells to bind to and interact With the 
matrix. The heparin-binding site provides a site for the 
anchorage of peptide groWth factors to the synthetic back 
bone. Angiogenic peptides, genetic material, groWth factors, 
cytokines, enZymes and drugs are other non-limiting 
examples of substances that can be attached to the backbone 
of an electroprocessed material to provide functionality. 
Peptide side chains may also be used to attach molecules to 
functional groups on polymeric backbones. Molecules and 
other substances can be attached to a material to be elec 
troprocessed by any technique knoWn in the art. 

[0079] Another embodiment of matrix materials that have 
a therapeutic effect is electroprocessed ?brin. Fibrin matrix 
material assists in arrest of bleeding. Fibrin is a component 
of the provisional matrix that is laid doWn during the early 
stages of healing and may also promote the groWth of 
vasculature in adjacent regions, and in many other Ways is 
a natural healing promoter. Fibrinogen as an electropro 
cessed material can also assist in healing. When placed in 
contact With a Wound, for example, ?brinogen Will react 
With thrombin present in the blood plasma from the Wound 
and form ?brin, thereby providing the same healing prop 
erties of a ?brin material. 

[0080] Substances 

[0081] As discussed above, the Word “substance” in the 
present invention is used in its broadest de?nition. In 
embodiments in Which the compositions of the present 
invention comprise one or more substances, substances can 
include any type or siZe of molecules, cells, objects or 
combinations thereof. The compositions of the present 
invention may comprise one substance or any combination 
of substances. 

[0082] In embodiments in Which the substances are mol 
ecules, any molecule can be used. Molecules may, for 
example, be organic or inorganic and may be in a solid, 
semisolid, liquid, or gas phase. Molecules may be present in 
combinations or mixtures With other molecules, and may be 
in solution, suspension, or any other form. Examples of 
classes of molecules that may be used include human or 
veterinary therapeutics, cosmetics, nutraceuticals, agricul 
turals such as herbicides, pesticides and fertiliZers, vitamins, 
amino acids, peptides, polypeptides, proteins, carbohy 
drates, lipids, nucleic acids, glycoproteins, lipoproteins, 
glycolipids, glycosaminoglycans, proteoglycans, groWth 
factors, hormones, neurotransmitters, pheromones, cha 
lones, prostaglandins, immunoglobulins, monokines and 
other cytokines, humectants, metals, gases, minerals, ions, 
electrically and magnetically reactive materials, light sensi 
tive materials, anti-oxidants, molecules that may be metabo 
liZed as a source of cellular energy, antigens, and any 
molecules that can cause a cellular or physiological 
response. Any combination of molecules can be used as Well 
as agonists or antagonists. 

[0083] Several preferred embodiments use therapeutic 
molecules include use of any therapeutic molecule includ 
ing, Without limitation, any pharmaceutical or drug. 
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Examples of pharmaceuticals include, but are not limited to, 
anesthetics, hypnotics, sedatives and sleep inducers, antip 
sychotics, antidepressants, antiallergics, antianginals, anti 
arthritics, antiasthmatics, antidiabetics, antidiarrheal drugs, 
anticonvulsants, antigout drugs, antihistamines, antiprurit 
ics, emetics, antiemetics, antispasmondics, appetite suppres 
sants, neuroactive substances, neurotransmitter agonists, 
antagonists, receptor blockers and reuptake modulators, 
beta-adrenergic blockers, calcium channel blockers, disul 
farim and disulfarim-like drugs, muscle relaxants, analge 
sics, antipyretics, stimulants, anticholinesterase agents, 
parasympathomimetic agents, hormones, anticoagulants, 
antithrombotics, thrombolytics, immunoglobulins, immuno 
suppressants, hormone agonists/antagonists, vitamins, anti 
microbial agents, antineoplastics, antacids, digestants, laxa 
tives, cathartics, antiseptics, diuretics, disinfectants, 
fungicides, ectoparasiticides, antiparasitics, heavy metals, 
heavy metal antagonists, chelating agents, gases and vapors, 
alkaloids, salts, ions, autacoids, digitalis, cardiac glycosides, 
antiarrhythmics, antihypertensives, vasodilators, vasocon 
strictors, antimuscarinics, ganglionic stimulating agents, 
ganglionic blocking agents, neuromuscular blocking agents, 
adrenergic nerve inhibitors, anti-oxidants, vitamins, cosmet 
ics, anti-in?ammatories, Wound care products, antithrombo 
genic agents, antitumoral agents, antithrombogenic agents, 
antiangiogenic agents, anesthetics, antigenic agents, Wound 
healing agents, plant extracts, groWth factors, emollients, 
humectants, rejection/anti-rejection drugs, spermicildes, 
conditioners, antibacterial agents, antifungal agents, antivi 
ral agents, antibiotics, tranquilizers, cholesterol-reducing 
drugs, antitussives, histamine-blocking drugs, monoamine 
oxidase inhibitor. All substances listed by the Us. Pharma 
copeia are also included Within the substances of the present 
invention. 

[0084] Antibiotics useful in the present invention include, 
but are not limited to, amoxicillin, amphotericin, ampicillin, 
bacitracin, beclomethasone, benZocaine, betamethasone, 
biaxin, cephalosporins, chloramphenicol, cipro?oxacin, clo 
trimaZole, cyclosporin, docycline, enoxacin, erythromycin, 
gentamycin, miconaZole, neomycin, nor?oxacin, nystatin, 
o?oxacin, pe?oxacin, penicillin, pentoxifylline, phenoxym 
ethylpenicillin, polymixin, rifampicin, tetracycline, tobrmy 
cin, triclosan, vancomycin, Zithromax, derivatives, metabo 
lites, and mixtures thereof, or compounds having similar 
antimicrobial activity. 
[0085] Some speci?c examples of pharmaceutical agents 
that are useful as substances include, but are not limited to, 
quinolones, such as oxolinic acid, nor?oxacin, and nalidixic 
acid, sulfonamides, nonoxynol 9, fusidic acid, cephalospor 
ins, cyclosporine, acebutolol, acetylcysteine, acetylsalicylic 
acid, acyclovir, AZT, alpraZolam, alfacalcidol, allantoin, 
allopurinol, ambroxol, amikacin, amiloride, aminoacetic 
acid, aminodarone, amitriptyline, amlodipine, ascorbic acid, 
aspartame, astemiZole, atenolol, benseraZide, benZalkonium 
hydrochloride, benZoic acid, beZa?brate, biotin, biperiden, 
bisoprolol, bromaZepam, bromhexine, bromocriptine, 
budesonide, bufexamac, bu?omedil, buspirone, caffeine, 
camphor, captopril, carbamaZepine, carbidopa, carboplatin, 
cefachlor, cefalexin, cefatroxil, cefaZolin, ce?xime, cefo 
taxime, ceftaZidime, ceftriaxone, cefuroxime, selegiline, 
chloramphenicol, chlorpheniramine, chlortalidone, choline, 
cilastatin, cimetidine, cisapride, cisplatin, clarithromycin, 
clavulanic acid, clomipramine, cloZapine, clonaZepam, 
clonidine, codeine, cholestyramine, cromoglycic acid, 
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cyanocobalamin, cyproterone, desogestrel, dexamethasone, 
dexpanthenol, dextromethorphan, dextropropoxiphen, diaZ 
epam, diclofenac, digoxin, dihydrocodeine, dihydroergota 
mine, dihydroergotoxin, diltiaZem, diphenhydramine, dipy 
ridamole, dipyrone, disopyramide, domperidone, dopamine, 
doxycycline, enalapril, ephedrine, epinephrine, ergocalcif 
erol, ergotamine, erythromycin, estradiol, ethinylestradiol, 
etoposide, Eucalyptus globulus, famotidine, felodipine, 
feno?brate, fenoterol, fentanyl, ?avin mononucleotide, ?u 
conaZole, ?unariZine, ?uorouracil, ?uoxetine, ?urbiprofen, 
furosemide, gallopamil, gem?broZil, Gingko biloba, glib 
enclamide, glipiZide, GlycyrrhiZa glabra, grapefruit seed 
extract, grape seed extract, griseofulvin, guaifenesin, halo 
peridol, heparin, hyaluronic acid, hydrochlorothiaZide, 
hydrocodone, hydrocortisone, hydromorphone, ipratropium 
hydroxide, ibuprofen, imipenem, indomethacin, iohexol, 
iopamidol, isosorbide dinitrate, isosorbide mononitrate, 
isotretinoin, ketotifen, ketoconaZole, ketoprofen, ketorolac, 
labetalol, lactulose, lecithin, levocarnitine, levodopa, levo 
glutamide, levonorgestrel, levothyroxine, lidocaine, lipase, 
imipramine, lisinopril, loperamide, loraZepam, lovastatin, 
medroxyprogesterone, menthol, methotrexate, methyldopa, 
methylprednisolone, metoclopramide, metoprolol, micona 
Zole, midaZolam, minocycline, minoxidil, misoprostol, mor 
phine, N-methylephedrine, naftidrofuryl, naproxen, nicar 
dipine, nicergoline, nicotinamide, nicotine, nicotinic acid, 
nifedipine, nimodipine, nitraZepam, nitrendipine, niZatidine, 
norethisterone, nor?oxacin, norgestrel, nortriptyline, ome 
praZole, ondansetron, pancreatin, panthenol, pantothenic 
acid, paracetamol, phenobarbital, derivatives, metabolites, 
and other such compounds have similar activity. Some 
preferred drugs or compounds include, but are not limited to, 
estrogen, androgen, cortisone, and cyclosporin. 

[0086] GroWth factors useful in the present invention 
include, but are not limited to, transforming groWth factor-0t 
(“TGF-ot”), transforming groWth factor-[3 (“TGF-B”), plate 
let-derived groWth factors (“PDGF”), ?broblast groWth fac 
tors (“FGF”), including FGF acidic isoforms 1 and 2, FGF 
basic form 2 and FGF 4, 8, 9 and 10, nerve groWth factors 
(“NGF”) including NGF 2.5 s, NGF 7.0 s and beta NGF and 
neurotrophins, brain derived neurotrophic factor, cartilage 
derived factor, bone groWth factors (BGF), basic ?broblast 
groWth factor, insulin-like groWth factor (IGF), vascular 
endothelial groWth factor (VEGF), granulocyte colony 
stimulating factor (G-CSF), insulin like groWth factor (IGF) 
I and II, hepatocyte groWth factor, glial neurotrophic groWth 
factor (GDNF), stem cell factor (SCF), keratinocyte groWth 
factor (KGF), transforming groWth factors (TGF), including 
TGFs alpha, beta, beta1, beta2, beta3, skeletal groWth factor, 
bone matrix derived groWth factors, and bone derived 
groWth factors and mixtures thereof. 

[0087] Cytokines useful in the present invention include, 
but are not limited to, cardiotrophin, stromal cell derived 
factor, macrophage derived chemokine (MDC), melanoma 
groWth stimulatory activity (MGSA), macrophage in?am 
matory proteins 1 alpha (MIP-lalpha), 2, 3 alpha, 3 beta, 4 
and 5, IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, 
IL-10, IL-11, IL-12, IL-13, TNF-ot, and TNF-B. Immuno 
globulins useful in the present invention include, but are not 
limited to, IgG, IgA, IgM, IgD, IgE, and mixtures thereof 
Some preferred groWth factors include VEGF (vascular 
endothelial groWth factor), NGFs (nerve groWth factors), 
PDGF-AA, PDGF-BB, PDGF-AB, FGFb, FGFa, and BGF. 



US 2002/0081732 A1 

[0088] Other molecules useful as substances in the present 
invention include but are not limited to growth hormones, 
leptin, leukemia inhibitory factor (LIE), tumor necrosis 
factor alpha and beta, endostatin, thrombospondin, osteo 
genic protein-1, bone morphogenetic proteins 2 and 7, 
osteonectin, somatomedin-like peptide, osteocalcin, , inter 
feron alpha, interferon alpha A, interferon beta, interferon 
gamma, interferon 1 alpha, and interleukins 2, 3, 4, 5 6, 7, 
8, 9, 10, 11, 12,13, 15, 16, 17 and 18. 

[0089] Embodiments involving amino acids, peptides, 
polypeptides, and proteins may include any type or combi 
nations of such molecules of any siZe and complexity. 
Examples include, but are not limited to structural proteins, 
enZymes, and peptide hormones. These compounds can 
serve a variety of functions. In some embodiments, the 
matrix may contain peptides containing a sequence that 
suppresses enZyme activity through competition for the 
active site. In other applications antigenic agents that pro 
mote an immune response and invoke immunity can be 
incorporated into a construct. 

[0090] In substances such as nucleic acids, any nucleic 
acid can be present. Examples include, but are not limited to 
deoxyribonucleic acid (DNA), ent-DNA, and ribonucleic 
acid (RNA). Embodiments involving DNA include, but are 
not limited to, cDNA sequences, natural DNA sequences 
from any source, and sense or anti-sense oligonucleotides. 
For example, DNA can be naked (e.g., US. Pat. Nos. 
5,580,859; 5,910,488) or complexed or encapsulated (e.g., 
US. Pat. Nos. 5,908,777; 5,787,567). DNA can be present 
in vectors of any kind, for example in a viral or plasmid 
vector. In some embodiments, nucleic acids used Will serve 
to promote or to inhibit the expression of genes in cells 
inside and/or outside the electroprocessed matrix. The 
nucleic acids can be in any form that is effective to enhance 
its uptake into cells. 

[0091] Cells as a Substance 

[0092] In embodiments in Which cells are a substance, any 
cell can be used. Cells that can be used include, but are not 
limited to stem cells, committed stem cells, and differenti 
ated cells. Examples of stem cells that can be used include 
but are not limited to embryonic stem cells, bone marroW 
stem cells and umbilical cord stem cells. Other examples of 
cells used in various embodiments include but are not 
limited to: osteoblasts, myoblasts, neuroblasts, ?broblasts, 
glioblasts; germ cells, hepatocytes, chondrocytes, kerati 
nocytes, smooth muscle cells, cardiac muscle cells, connec 
tive tissue cells, epithelial cells, endothelial cells, hormone 
secreting cells, cells of the immune system, and neurons. In 
some embodiments it is unnecessary to pre-select the type of 
stem cell that is to be used, because many types of stem cells 
can be induced to differentiate in an organ speci?c pattern 
once delivered to a given organ. For example, a stem cell 
delivered to the liver can be induced to become a liver cell 
simply by placing the stem cell Within the biochemical 
environment of the liver. Cells in the matrix can serve the 
purpose of providing scaffolding or seeding, producing 
certain compounds, or both. 

[0093] Embodiments in Which the substance comprises 
cells include cells that can be cultured in vitro, derived from 
a natural source, or produced by any other means. Any 
natural source of prokaryotic or eukaryotic cells may be 
used. Embodiments in Which the matrix is implanted in an 
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organism can use cells from the recipient, cells from a 
conspeci?c donor or a donor from a different species, or 
bacteria or microbial cells. Cells harvested from a source 
and cultured prior to use are also included. 

[0094] Some embodiments use cells that have been geneti 
cally engineered. The engineering involves programming 
the cell to express one or more genes, repressing the 
expression of one or more genes, or both. One example of 
genetically engineered cells useful in the present invention 
is a genetically engineered cell that makes and secretes one 
or more desired molecules. When electroprocessed matrices 
comprising genetically engineered cells are implanted in an 
organism, the molecules produced can produce a local effect 
or a systemic effect, and can include the molecules identi?ed 
above as possible substances. Cells can also produce anti 
genic materials in embodiments in Which one of the pur 
poses of the matrix is to produce an immune response. Cells 
may produce substances to aid in the folloWing non-inclu 
sive list of purposes: inhibit or stimulate in?ammation; 
facilitate healing; resist immunorejection; provide hormone 
replacement; replace neurotransmitters; inhibit or destroy 
cancer cells; promote cell groWth; inhibit or stimulate for 
mation of blood vessels; augment tissue; and to supplement 
or replace the folloWing tissue, neurons, skin, synovial ?uid, 
tendons, cartilage, ligaments, bone, muscle, organs, dura, 
blood vessels, bone marroW, and extracellular matrix. 

[0095] Genetic engineering can involve, for example, add 
ing or removing genetic material to or from a cell, altering 
existing genetic material, or both. Embodiments in Which 
cells are transfected or otherWise engineered to express a 
gene can use transiently or permanently transfected genes, or 
both. Gene sequences may be full or partial length, cloned 
or naturally occurring. 

[0096] Substances in the electroprocessed compositions of 
the present invention also comprise objects. Examples of 
objects include, but are not limited to, cell fragments, cell 
debris, organelles and other cell components, tablets, and 
viruses as Well as vesicles, liposomes, capsules, nanopar 
ticles, and other structures that serve as an enclosure for 
molecules. In some embodiments, the objects constitute 
vesicles, liposomes, capsules, or other enclosures that con 
tain compounds that are released at a time after electropro 
cessing, such as at the time of implantation or upon later 
stimulation or interaction. In one illustrative embodiment, 
transfection agents such as liposomes contain desired nucle 
otide sequences to be incorporated into cells that are located 
in or on the electroprocessed material or matrix. In other 
embodiments, cell fragments or cell debris are incorporated 
into the matrix. The presence of cell fragments is knoWn to 
promote healing in some tissues. 

[0097] Magnetically or electrically reactive materials are 
also examples of substances that are optionally included 
Within compositions of the present invention. Examples of 
magnetically active materials include but are not limited to 
carbon black or graphite, carbon nanotubes, ferro?uids 
(colloidal suspensions of magnetic particles), and various 
dispersions of electrically conducting polymers. Ferro?uids 
containing particles approximately 10 nm in diameter, poly 
mer-encapsulated magnetic particles about 1-2 microns in 
diameter, and polymers With a glass transition temperature 
beloW room temperature are particularly useful. Examples 
of electrically active polymers include, but are not limited 
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to, electrically conducting polymers such as polyanilines, 
polypyrroles and ionically conducting polymers such as 
sulfonated polyacrylamides are related materials. 

[0098] In other embodiments, some substances in the 
electroprocessed material or matrix supplement or augment 
the function of other substances. For example, When the 
composition comprises cells that express a speci?c gene, the 
composition can contain oligonucleotides that are taken up 
by the cells and affect gene expression in the cells. Fibronec 
tin is optionally incorporated into the matrix to increase 
cellular uptake of oligonucleotides by pinocytosis. 

[0099] As discussed in detail above, the electroprocessed 
material itself can provide a therapeutic effect. The invention 
thus includes embodiments involving methods of causing a 
therapeutic effect through delivery of an electroprocessed 
material to a location Without incorporating additional sub 
stances in the electroprocessed material. Embodiments in 
Which the matrix material alone is delivered as Well as those 
in Which other substances are included in the matrix are 
Within the scope of the present invention. 

[0100] Methods of Making the Composition 

[0101] Electroprocessing 

[0102] The method of making the compositions includes 
electroprocessing the materials and optionally electropro 
cessing the substances. As de?ned above, one or more 
electroprocessing techniques, such as electrospin, electro 
spray, electroaerosol, electrosputter or any combination 
thereof may be employed to make the electroprocessed 
materials and matrices in the compositions of the present 
invention. In the most fundamental sense, the electropro 
cessing apparatus for electroprocessing material includes a 
electrodepositing mechanism and a target substrate. The 
electrodepositing mechanism includes a reservoir or reser 
voirs to hold the one or more solutions that are to be 

electroprocessed or electrodeposited. The reservoir or res 
ervoirs have at least one ori?ce or noZZle to alloW the 
streaming of the solution from the reservoirs. One or a 
plurality of noZZles may be con?gured in an electroprocess 
ing apparatus. If there are multiple noZZles, each noZZle is 
attached to one or more reservoirs containing the same or 
different solutions. Similarly, there can be a single noZZle 
that is connected to multiple reservoirs containing the same 
or different solutions. Multiple noZZles may be connected to 
a single reservoir. Because different embodiments involve 
single or multiple noZZles and/or reservoirs, any references 
herein to one or noZZles or reservoirs should be considered 

as referring to embodiments involving single noZZles, res 
ervoirs, and related equipment as Well as embodiments 
involving plural noZZles, reservoirs, and related equipment. 
The siZe of the noZZles can be varied to provide for increased 
or decreased How of solutions out of the noZZles. One or 
more pumps used in connection With the reservoirs can be 
used to control the How of solution streaming from the 
reservoir through the noZZle or noZZles. The pump can be 
programmed to increase or decrease the How at different 
points during electroprocessing. In this invention pumps are 
not necessary but provide a useful method to control the rate 
at Which material is delivered to the electric ?eld for 
processing. Material can be actively delivered to the electric 
?eld as a preformed aerosol using devices such as air 
brushes, thereby increasing the rate of electrodeposition and 
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providing novel combinations of materials. NoZZles may be 
programmed to deliver material simultaneously or in 
sequence. 

[0103] The electroprocessing occurs due to the presence of 
a charge in either the ori?ces or the target, While the other 
is grounded. In some embodiments, the noZZle or ori?ce is 
charged and the target is shoWn to be grounded. Those of 
skill in the electroprocessing arts Will recogniZe that the 
noZZle and solution can be grounded and the target can be 
electrically charged. The creation of the electrical ?eld and 
the effect of the electrical ?eld on the electroprocessed 
materials or substances that Will form the electroprocessed 
composition. 

[0104] The target substrate can also be used as a variable 
feature in the electroprocessing of materials used to make 
the electroprocessed composition. Speci?cally, the target 
can be the actual substrate for the materials used to make 
electroprocessed matrix, or electroprocessed matrix itself is 
deposited. Alternatively, a substrate can be disposed 
betWeen the target and the noZZles. For instance, a petri dish 
can be disposed betWeen a noZZles and a target, and a matrix 
can be formed in the dish. Other variations include but are 
not limited to non-stick surfaces betWeen the noZZles and 
target and placing tissues or surgical ?elds betWeen the 
target and noZZles. The target can also be speci?cally 
charged or grounded along a preselected pattern so that the 
solution streamed from the ori?ce is directed into speci?c 
directions. The electric ?eld can be controlled by a micro 
processor to create an electroprocessed matrix having a 
desired geometry. The target and the noZZle or noZZles can 
be engineered to be movable With respect to each other 
thereby alloWing additional control over the geometry of the 
electroprocessed matrix to be formed. The entire process can 
be controlled by a microprocessor that is programmed With 
speci?c parameters that Will obtain a speci?c preselected 
electroprocessed matrix. It is to be understood that any 
electroprocessing technique may be used, alone or in com 
bination With another electroprocessing technique, to make 
the compositions of the present invention. 

[0105] Any material that can be electroprocessed is Within 
the method of the present invention. Forms of electropro 
cessed collagen include but are not limited to preprocessed 
collagen in a liquid suspension or solution, gelatin, particu 
late suspension, or hydrated gel. An example for ?brin is a 
preformed gel electroprocessed by subjecting it to pressure, 
for example by using a syringe or airbrush apparatus With a 
pressure head behind it to extrude the ?brin gel into the 
electrical ?eld. In general, When producing ?bers using 
electroprocessing techniques, especially electrospinning, it 
is preferable to use the monomer of the polymer ?ber to be 
formed. In some embodiments it is desirable to use mono 

mers to produce ?ner ?laments. In other embodiments, it is 
desirable to include partial ?bers to add material strength to 
the matrix and to provide additional sites for incorporating 
substances. Matrix materials such as collagen in a gelatin 
form may be used to improve the ability of the material to 
dissolve. Acid extraction method can be used in preparing 
such gels to maintain the structure of the monomeric sub 
units. Units can then be treated With enZymes to alter the 
structure of the monomers. 

[0106] In embodiments in Which tWo materials combine to 
form a third material, the solutions containing these com 
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ponents can be mixed together immediately before they are 
streamed from an ori?ce in the electroprocessing procedure. 
In this Way, the third material forms literally as the micro? 
bers or microdroplets are formed in the electrospinning 
process. Alternatively, such matrices can be formed by 
electrospraying a molecule that can form matrix materials 
into a moist or otherWise controlled atmosphere of other 
molecules necessary to alloW formation of the matrix to 
form ?laments Within the electric ?eld. For example, 
?brinogen can be sprayed into a moist atmosphere of 
thrombin. Materials such as ?brinogen that are capable of 
forming other materials such as ?brin can also be electro 
sprayed onto a target that has thrombin. Alternatively throm 
bin can also be electrosprayed onto a target that has ?brino 
gen. 

[0107] In embodiments in Which tWo or more matrix 
materials are combined to form a third (for example, com 
bining ?brinogen and thrombin to form ?brin) the matrix 
materials can be electroprocessed in conjunction With or 
separately from each other, typically under conditions that 
do not alloW the tWo molecules to form the third until the 
desired time. This can be accomplished several Ways. Using 
?brinogen and thrombin as an example, the tWo matrix 
materials can be electroprocessed from a solvent that does 
not alloW thrombin to function. Alternatively, the ?brinogen 
or thrombin can be packaged in a carrier material. In this 
application the ?brinogen is electroprocessed onto the target 
from one solution source (by itself or With a carrier), and the 
thrombin is deposited in an electroaerosol manner from a 
separate source. The thrombin can be encapsulated and 
sprayed as a ?ne mist of particles. Alternatively, thrombin 
and ?brinogen can be mixed With a carrier, such as PEG, or 
other synthetic or natural polymers such as collagen. The 
carrier acts to hold the reactants in place until they are 
initiated. These methods are not limited to thrombin and 
?brinogen and also are used With embodiments involving 
other combinations of matrix materials that combine to form 
a third material. The entire product is preferably stored 
under dry conditions to prevent the reaction of the tWo 
materials. When the material is placed in a moist environ 
ment, the materials are able to combine and the product 
matrix material is formed. 

[0108] As stated above, it is to be understood that carriers 
can be used in conjunction With matrix materials. Different 
materials, such as extracellular matrix proteins, and or 
substances, can be mixed With PEG or other knoWn carriers 
that form ?laments. For example, ?brinogen and collagen 
can be mixed With PEG or other knoWn carriers that form 
?laments. This produces “hairy ?laments” With the hair 
being ?brin. The “hairs” cross-link the surrounding matrix 
carrier into a gel, or provide reactive sites for cells to interact 
With the substance Within the matrix carrier, such as immu 
noglobulins. This approach can be used for forming a matrix 
or gelling molecules that do not normally gel. For example, 
in embodiments in Which a speci?c type of matrix material 
Will not form ?laments, then the matrix material can be 
combined With ?brin and PEG and electrosprayed to form an 
electroprocessed ?brin-containing matrix. Once ?brin for 
mation begins, a gel of the matrix material and ?brin 
together is produced. 

[0109] Alternatively, the material can be sputtered With 
another molecule that forms a sheet. Examples of molecules 
that form sheets include PGA, PLA, a copolymer of PGA 
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and PLA, collagen, and ?bronectin. In some embodiments, 
a sheet is formed With tWo or more materials that can 
combine to form a third material. This sheet can be placed 
in a Wet environment to alloW conversion to the third 
material. 

[0110] In addition to the multiple equipment variations 
and modi?cations that can be made to obtain desired results, 
similarly the electroprocessed solution can be varied to 
obtain different results. For instance, any solvent or liquid in 
Which the material is dissolved, suspended, or otherWise 
combined Without deleterious effect on the process or the 
safe use of the matrix can be used. Materials or the com 
pounds that form materials can be mixed With other mol 
ecules, monomers or polymers to obtained desired results. In 
some embodiments, polymers are added to modify the 
viscosity of the solution. In still a further variation, When 
multiple reservoirs are used, the ingredients in those reser 
voirs are electrosprayed separately or joined at the noZZle so 
that the ingredients in the various reservoirs can react With 
each other simultaneously With the streaming of the solution 
into the electric ?eld. Also, When multiple reservoirs are 
used, the different ingredients in different reservoirs can be 
phased in temporally during the processing period. These 
ingredients may include substances. 

[0111] Embodiments involving alterations to the electro 
processed materials themselves are Within the scope of the 
present invention. Some materials can be directly altered, for 
example, by altering their carbohydrate pro?le. Also, other 
materials can be attached to the matrix materials before, 
during or after electroprocessing using knoWn techniques 
such as chemical cross-linking or through speci?c binding 
interactions (e.g. PDGF binds to collagen at a speci?c 
binding site). Further, the temperature and other physical 
properties of the process can be modi?ed to obtain different 
results. The matrix may be compressed or stretched to 
produce novel material properties. 

[0112] Still further chemical variations are possible. 
Fibrin, for example, is formed in different Ways. Building an 
electroprocessed matrix comprised of ?brin, therefore, 
involves different Ways of bringing the molecules capable of 
forming ?brin, such as ?brinogen and thrombin, together 
through electroprocessing methods. Electroprocessed mate 
rials and matrices can also be manipulated after they are 
formed With the electroprocessing methods. 

[0113] A matrix of electroprocessed ?bers, in accordance 
With the present invention, can be produced as described 
beloW. In the case of electrospun ?brin, While any molecules 
capable of forming ?brin can be used, it is preferable to 
electroprocess ?brinogen or thrombin to make ?brin ?bers. 

[0114] Electroprocessing using multiple jets of different 
polymer solutions and/or the same solutions With different 
types and amounts of substances (e.g., groWth factors) can 
be used to prepare libraries of biomaterials for rapid screen 
ing. Such libraries are desired by those in the pharmaceu 
tical, advanced materials and catalyst industries using com 
binatorial synthesis techniques for the rapid preparation of 
large numbers (e.g., libraries) of compounds that can be 
screened. For example, the minimum amount of groWth 
factor to be released and the optimal release rate from a 
?brous polymer scaffold to promote the differentiation of a 
certain type of cell can be investigated using the composi 
tions and methods of the present invention. Other variables 
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include ?ber diameter and ?ber composition. Electropro 
cessing permits access to an array of samples on Which cells 
can be cultured in parallel and studied to determine selected 
compositions Which serve as promising cell groWth sub 
strates. 

[0115] Various effective conditions can be used to elec 
troprocess a matrix. While the following is a description of 
a preferred method, other protocols can be folloWed to 
achieve the same result. Referring to FIG. 1 in electrospin 
ning ?bers, micropipettes 10 are ?lled With materials and 
suspended above a grounded target 11, for instance, a metal 
ground screen placed inside the central cylinder of the 
RCCS bioreactor. Although this embodiment involves tWo 
micropipettes acting as sources of materials, the present 
invention includes embodiments involving only one source 
or more than tWo sources. A ?ne Wire 12 is placed in the 
solution to charge the solution in each pipette tip 13 to a high 
voltage. At a speci?c voltage determined for each solution 
and apparatus arrangement, the solution suspended in each 
pipette tip is directed toWards the grounded target. This 
stream 14 of materials may form a continuous ?lament, for 
example When collagen is the material, that upon reaching 
the grounded target, collects and dries to form a three 
dimensional, ultra thin, interconnected matrix of electropro 
cessed collagen ?bers. Depending upon reaction conditions 
a single continuous ?lament may be formed and deposited in 
a non-Woven matrix. 

[0116] As noted above, combinations of electroprocessing 
techniques and substances are used in some embodiments. 
Referring noW to FIG. 2, micropipette tips 13 are each 
connected to micropippettes 10 that contain different mate 
rials or substances. The micropipettes are suspended above 
a grounded target 11. Again, ?ne Wires 12 are used to charge 
the solutions. One micropipette produces a stream of col 
lagen ?bers 14. Another micropipette produces a steam of 
electrospun PLA ?bers 16. Athird micropipette produces an 
electroaerosol of cells 17. A fourth micropipette produces an 
electrospray of PLA droplets 18. Although the micropipettes 
are attached to the same voltage supply 15, PLA is electro 
sprayed rather than electrospun from the fourth micropipette 
due to variation in the concentration of PLA in the solutions. 
Alternatively, separate voltage supplies (not shoWn) can be 
attached to each micropipette to alloW varying electropro 
cessing methods to be used through application of different 
voltage potentials. 

[0117] Similarly, referring noW to FIG. 8, the same mate 
rial can be applied as electrospun ?bers 19 from one of the 
tWo micropipettes and electrosprayed droplets 20 from the 
other micropipette disposed at a different angles With respect 
to the grounded substrate 11. Again, the micropipette tips 13 
are attached to micropipettes 10 that contain varying con 
centrations of materials and thus produce different types of 
electroprocessed streams despite using the same voltage 
supply 15 through ?ne Wires 12. 

[0118] Minimal electrical current is involved in this pro 
cess, and, therefore, electroprocessing, in this case electro 
spinning, does not denature the materials that form the 
electroprocessed materials, because the current causes little 
or no temperature increase in the solutions during the 
procedure. In melt electrospinning, there is some tempera 
ture increase associated With the melting of the material. In 
such embodiments, care is exercised to assure that the 
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materials or substances are not exposed to temperatures that 
Will denature or otherWise damage or injure them. 

[0119] An electroaerosoling process can be used to pro 
duce a dense, matte-like matrix of electroprocessed droplets 
of material. The electroaerosoling process is a modi?cation 
of the electrospinning process in that the electroaerosol 
process utiliZes a loWer concentration of matrix materials or 
molecules that form electroprocessed materials during the 
procedure. Instead of producing a splay of ?bers or a single 
?lament at the charge tip of the noZZle, small droplets are 
formed. These droplets then travel from the charged tip to 
the grounded substrate to form a sponge-like matrix com 
posed of fused droplets. In some embodiments, the droplets 
are less than 10 microns in diameter. In other embodiments 
a construct composed of ?brils With droplets, like “beads on 
a string” may be produced. Droplets may range in siZe from 
100 nanometers to 10 microns depending on the polymer 
and solvents. 

[0120] As With the electrospinning process described ear 
lier, the electroaerosol process can be carried out using 
various effective conditions. The same apparatus that is used 
in the electrospinning process, for instance as shoWn in FIG. 
1, is utiliZed in the electroaerosol process. The differences 
from electrospinning include the concentration of the mate 
rials or substances that form matrix materials placed in 
solution in the micropipette reservoir and/or the voltage used 
to create the stream of droplets. 

[0121] One of ordinary skill in the art recogniZes that 
changes in the concentration of materials or substances in 
the solutions requires modi?cation of the speci?c voltages to 
obtain the formation and streaming of droplets from the tip 
of a pipette. 

[0122] The electroprocessing process can be manipulated 
to meet the speci?c requirements for any given application 
of the electroprocessed compositions made With these meth 
ods. In one embodiment, the micropipettes can be mounted 
on a frame that moves in the x, y and Z planes With respect 
to the grounded substrate. The micropipettes can be mounted 
around a grounded substrate, for instance a tubular mandrel. 
In this Way, the materials or molecules that form materials 
streamed from the micropipettes can be speci?cally aimed or 
patterned. Although the micropipettes can be moved manu 
ally, the frame onto Which the micropipettes are mounted is 
preferably controlled by a microprocessor and a motor that 
alloW the pattern of streaming collagen to be predetermined 
by a person making a speci?c matrix. Such microprocessors 
and motors are knoWn to one of ordinary skill in the art. For 
instance, matrix ?bers or droplets can be oriented in a 
speci?c direction, they can be layered, or they can be 
programmed to be completely random and not oriented. 

[0123] In the electrospinning process, the stream or 
streams can branch out to form ?bers. The degree of 
branching can be varied by many factors including, but not 
limited to, voltage, ground geometry, distance from micropi 
pette tip to the substrate, diameter of micropipette tip, and 
concentration of materials or compounds that Will form the 
electroprocessed materials. As noted, not all reaction con 
ditions and polymers may produce a true multi?lament, 
under some conditions a single continuous ?lament is pro 
duced. Materials and various combinations can also be 
delivered to the electric ?eld of the system by injecting the 
materials into the ?eld from a device that Will cause them to 
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aerosol. This process can be varied by many factors includ 
ing, but not limited to, voltage (for example ranging from 
about 0 to 30,000 volts), distance from micropipette tip to 
the substrate (for example from 0-40 cm), the relative 
position of the micropipette tip and target (i.e. above, beloW, 
aside etc.), and the diameter of micropipette tip (approxi 
mately 0-2 Several of these variables are Well-knoWn 
to those of skill in the art of electrospinning micro?ber 
textile fabrics. 

[0124] The geometry of the grounded target can be modi 
?ed to produce a desired matrix. By varying the ground 
geometry, for instance having a planar or linear or multiple 
points ground, the direction of the streaming materials can 
be varied and customiZed to a particular application. For 
instance, a grounded target comprising a series of parallel 
lines can be used to orient electrospun materials in a speci?c 
direction. The grounded target can be a cylindrical mandrel 
Whereby a tubular matrix is formed. Most preferably, the 
ground is a variable surface that can be controlled by a 
microprocessor that dictates a speci?c ground geometry that 
is programmed into it. Alternatively, for instance, the ground 
can be mounted on a frame that moves in the x, y, and Z 
planes With respect to a stationary micropipette tip streaming 
collagen. 

[0125] The substrate onto Which the materials are 
streamed, sprayed or sputtered can be the grounded target 
itself or it can be placed betWeen the micropipette tip and the 
grounded target. The substrate can be speci?cally shaped, 
for instance in the shape of a nerve guide, skin patch, fascial 
sheath, or a vascular graft for subsequent use in vivo. The 
electroprocessed compositions can be shaped to ?t a defect 
or site to be ?lled. Examples include a site from Which a 
tumor has been removed, an injury site in the skin (a cut, a 
biopsy site, a hole or other defect) and a missing or shattered 
piece of bone. The electroprocessed compositions may be 
shaped into shapes useful for substance delivery, for 
example, a skin patch, a loZenge for ingestion, an intraperi 
toneal implant, a subdermal implant, the interior lining of a 
stent, a cardiovascular valve, a tendon, a ligament a dental 
prosthesis, a muscle implant, or a nerve guide. Electropro 
cessing alloWs great ?exibility and alloWs for customiZing 
the construct to virtually any shape needed. Many matrices 
are suf?ciently ?exible to alloW them to be formed to 
virtually any shape. In shaping matrices, portions of the 
matrix may be sealed to one another by, for example, heat 
sealing, chemical sealing, and application of mechanical 
pressure or a combination thereof. An example of heat 
sealing is the use of crosslinking techniques discussed herein 
to form crosslinking betWeen tWo portions of the matrix. 
Sealing may also be used to close an opening in a shaped 
matrix. Suturing may also be used to attach portions of 
matrices to one another or to close an opening in a matrix. 
It has been observed that inclusion of synthetic polymers 
enhances the ability of matrices to be heat sealed. 

[0126] Other variations of electroprocessing, particularly 
electrospinning and electroaerosoling include, but are not 
limited to the folloWing: 

[0127] 1. Using different solutions to produce tWo or 
more different ?bers or droplets simultaneously 
(?ber or droplet array). In this case, the single 
component solutions can be maintained in separate 
reservoirs. 
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[0128] 2. Using mixed solutions (for example, mate 
rials along With substances such as cells, groWth 
factors, or both) in the same reservoir(s) to produce 
?bers or droplets composed of electroprocessed 
materials as Well as one or more substances (?ber 

composition “blends”). Nonbiological but biologi 
cally compatible material can be mixed With a bio 
logical molecule. 

[0129] 3. UtiliZing multiple potentials applied for the 
different solutions or the same solutions. 

[0130] 4. Providing tWo or more geometrically dif 
ferent grounded targets (i.e. small and large mesh 
screens). 

[0131] 5. Placing the mold or mandrel or other 
ungrounded target in front of the grounded target. 

[0132] 6. Applying agents such as Te?on onto the 
target to facilitate the removal of electroprocessed 
materials from the target (i.e. make the material more 
slippery so that the electroprocessed materials do not 
stick to the target). 

[0133] 7. Forming an electroprocessed material that 
includes materials applied using multiple electropro 
cessing methods. For example, electrospun ?bers 
and electroaerosol droplets in the same composition 
can be bene?cial for some applications depending on 
the particular structure desired. This combination of 
?bers and droplets can be obtained by using the same 
micropipette and solution and varying the electrical 
charge; varying the distance from the grounded 
substrate; varying the polymer concentration in the 
reservoir; using multiple micropipettes, some for 
streaming ?bers and others for streaming droplets; or 
any other variations to the method envisioned by 
those of skill in this art. The ?bers and droplets can 
be layered or mixed together in same layers. In 
applications involving multiple micropipettes, the 
micropipettes can be disposed in the same or differ 
ent directions and distances With reference to the 
target. 

[0134] 8. Using multiple targets. 

[0135] All these variations can be done separately or in 
combination to produce a Wide variety of electroprocessed 
materials and substances. 

[0136] The various properties of the electroprocessed 
materials can be adjusted in accordance With the needs and 
speci?cations of the cells to be suspended and groWn Within 
them. The porosity, for instance, can be varied in accordance 
With the method of making the electroprocessed materials or 
matrix. Electroprocessing a particular matrix, for instance, 
can be varied by ?ber (droplet) siZe and density. If the cells 
to be groWn in the matrix require a great deal of nutrient How 
and Waste expulsion, then a loose matrix can be created. On 
the other hand, if the tissue to be made requires a very dense 
environment, then a dense matrix can be designed. Porosity 
can be manipulated by mixing salts or other extractable 
agents. Removing the salt Will leave holes of de?ned siZes 
in the matrix. 

[0137] One embodiment for appropriate conditions for 
electroprocessing ?brin is presented beloW. For electropro 
cessing ?brin by combining ?brinogen and thrombin, the 
































