"Silver Helps Regrow Tissues in Hundreds of Patierst - Destroyed Cells
Regenerate With Silver-Based Procedure”

by Samuel Etris
Senior Technical Consultant to The Silver Institute

Silver can help regenerate human cells that hage Hestroyed by disease or damaged in
accidents.

The silver-based procedure has been so succesddiinical tests, that one patient who had
sustained three crushed fingers in an accident geawtissue immediately. Within 2-1/2
months, skin coverage was complete and there wasahcfull sensation, good blood supply
and all joints had a normal range of motion. If leftreated, the 3~year-old electrician's
fingers would have fallen off after turning blacktiivgangrene, and he would have been left
with a totally useless hand. In fact, his orthopeslirgeon recommended amputation of all
three fingers, but the patient requested silverthamapy that was successful.

The mechanism by which silver ions help rebuilduis has been studied for more than a

decade by Robert O. Becker, M. D., Becker BiomagsgetLowville, New York. Becker first
reported his findings at the First Internationah€@woence on Silver and Gold in Medicine,

cosponsored by The Silver Institute in 1987.

In the decade since, this technique has been osedlinical setting at Mountain Medical
Specialties in Lakemont, Georgia, where hundregsténts with various wounds have
recovered. In addition, a laboratory study condiitte the U.S. Army Institute for Surgical
Research in Fort Sam Houston, Texas, showed thatdtory animals with burn wounds
treated under controlled conditions experiencedtshed time for reconstruction with silver-
nylon dressings. Recovery of skin function wasdasthen electric current was applied
compared to no application of electric current.

Becker discovered that when positively chargedesiions are electrically introduced into
wounds with a proprietary silver-coated nylon fahrsed as the positive electrode, large
amounts of primitive embryonic stem cells are prmtl These stem cells are responsible for
the reconstruction of destroyed tissue at a pansiderably faster than if the wound had been
left to heal by itself. In other cases, the wounightinot heal at all without the introduction of
these stem cells

"The advantages of this technique,"” says Beckee, ttee ease of use, use of the patient's own
cells, no immune reaction, no need to use humasustas a source of stem cells, no need for
anti-rejection drugs and it is economic." [bage pgharmas just hate that]

On September 29, 1998, Becker received a U.S. p@gi4,094) for the devices, materials
and techniques involved in regeneration of tissiegusilver ions.

After several hundred cases, Becker believes fieatieichnique works in three stages. The
first stage is the chemical combination of the higictive free silver ions with all bacteria or
fungi present in the wound that are inactivatedhni®0 to 30 minutes. The second stage
occurs over the next few days. Silver acts on blast cells (the cells that normally cause
wound healing by scar formation) to cause thenewent to their embryonic state, becoming



stem cells. These cells are universal building kdoghose role is to reconstruct new tissue
regenerating the original structure rather thamp$yto form scar tissue only.

In the final stage, silver ions form a complex witle living cells in the wound area to
produce immediately convertible stem cells. As steifis flood the wound, they are rapidly
converted into new, mature normal tissues of thegypresent before the wound occurred.
The end result of this conversion is complete rasitan of all anatomical structures including
nerves and blood supply with no scar formatiorallitases treated, no evidence of argyria
(discoloration of skin) or any other side effectsweted.

No other known treatment provides sufficient nunshberthe embryonic or stem cells
required for true regeneration of damaged or dgsttdissue in humans and animals. This

success indicates that there is the potential migtfor the healing of near-surface wounds,
but for regenerative repair of internal organs sagltthe heart, liver, brain and the spinal cord.
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lontopheretic System for Stimulation of Tissue Heahg and Regeneration
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Abstract --- An iontophoretic system for promoting tissue heglprocesses and inducing
regeneration. The system includes a device andlaoghea composition, and methods for
making the composition in vitro and in vivo. Thestgm is implemented by placing a flexible,
silver-containing anode in contact with the woupldcing a cathode on intact skin near the
anode, and applying a wound-specific DC voltag&beh the anode and the cathode.
Electrically-generated silver ions from the anodegirate into the adjacent tissues and



undergo a sequence of reactions leading to formati@ silver-collagen complex. This
complex acts as a biological inducer to causedhmdtion in vivo of an adequate blastema to
support regeneration.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an iontophorgttesn for the stimulation of tissue healing
and regeneration. In particular, the present inganelates to a method and device for
stimulation of tissue healing and regeneratiomraposition for use therewith, and methods
for making the composition.

2. Discussion of Background

Healing, like all other biological processes, eHlular process. The occurrence of an injury

immediately triggers the onset of this processciitontinues until the injury is healed.
Although its exact mode of action is not yet untted, it is clear that a feedback mechanism



monitors the extent of tissue damage and adjuitdareactivity in the injured area to
produce the exact amount of healing needed.

As used herein, the terms "wound" and "injury" réetissue damage or loss of any kind,
including but not limited to cuts, incisions (inding surgical incisions), abrasions,
lacerations, fractures, contusions, burns, and éatipas.

Healing processes can be classified into threestygetermined by how the cells in the
injured area react to the injury. The simplest tgpbealing is scarification healing, wherein
cells at the edges of a wound produce collageretasdic fibers which simply bind the edges
of the wound together without restoring severedeor blood vessels. This type of healing
produces a visible scar, and sometimes resultanmbness and circulatory inadequacy in the
region of the wound and regions distal theretadhtnhigher animals, including man, the
heart, skeletal muscle, and nerve tissue (incluthiedorain) heal by scarification.

A second type of healing is tissue replacementyerhehe cells of some body tissues
produce more cells of their own kind to replacesimg portions. In humans, the skin and
portions of the gastrointestinal tract heal by aepment. In this type of healing, the
replacement rate of the cells in the injured aneseiases to produce sufficient numbers of
cells to help heal the injury, then returns to nalrafter healing is complete. Replacement is
effective only if enough normal cells of the neetiguks are present in the area, and only for
the particular types of cells that are capableeafling in this manner. Replacement is often
inadequate for healing full-thickness skin woungiich frequently heal with limited re-
epithelialization, resulting in poorly innervatedin and inelastic skin, while subcutaneous
soft tissue defects heal primarily by scarificatiblowever, such results are generally
adequate for function if the wound is on the taysthe extremities (excepting the hand).

The most effective--and most complex--type of hegals regeneration. This type of healing is
capable of replacing entire limbs and internal aggand even portions of the brain and heart.
Regeneration is a biphasic process. In the firasphnormal, mature cells at the site of the
injury revert to an embryonic, unspecialized fotisetdifferentiate™). These cells multiply
rapidly, then become activated and demonstrateiatyaf energetic processes which may
include amitotic division, nuclear transfer, migoatof free nuclei into residual tissues, and
production of exceptionally large cells containmgclear material from a number of
individual de-differentiated cells (thus, "activdteells" are cells that undergo these
processes). Activation results in the rapid accatmuh of a large mass of embryonic cells
known as the blastema, which is the essential elefoeregeneration. The blastema may be
viewed as providing the biological raw material aee for rebuilding the missing tissues:
formation of an adequate blastema results in campégyeneration of the missing tissues,
whereas if the blastema is inadequate in size, pautyfal or incomplete regeneration takes
place (formation of a stunted or incomplete partnerely regeneration of individual tissue
types that are not fully organized into the dess&dcture).

In the second phase of the regeneration procesgntibryonic cells of the blastema
respecialize ("re-differentiate") into the varidypes of cells needed to rebuild the missing
tissues and organized structures in complete aneabdetail. The rebuilding process is
essentially a recapitulation (albeit on a localescaf the original embryonic development of
the tissues being replaced.



In vertebrates, regenerative healing is found mage species of amphibians (notably
salamanders). It is almost totally lacking in husyagxcept in the fetus and in very young
children (who may regenerate the distal fingerftthe wound is left open). In adults,
regeneration is largely limited to parts of thecfrae healing process. Clearly, it would be
beneficial if humans could regenerate other damé#gsdes, both in terms of more cost-
effective treatment modalities and improved outcemnoe patients.

The stimulus which initiates the complex regengeafirocess in amphibians has been
reported to be a specific type of electrical sigbat the mechanism which provides the
blueprint for the tissues to be regenerated ilgrgnknown. In the case of regeneration of
individual tissues, however, a number of inducdrssances that carry a specific signal
causing either embryonic, de-differentiated, oruratells to convert into specific tissue
types have been identified. These "biological iratgtare analogous to chemical catalysts in
that they effect cellular transformation by contadh the cells, but the inducer itself does not
take part in the transformation. It is believed thialogical inducers act by producing a signal
in the nature of a specific electrical field whicdwses an event to occur on the surface of the
target cell, which in turn causes the DNA in thegéh cell to alter the cell type in a specific
fashion. By way of example, a "bone induction matéthat causes the transformation of
muscle cells into bone has been identified (M. YJRBsoc. Nat. Acad. Sci. USA, Vol. 70, pp.
3511-3515 (1973)).

Healing in general is known to be related to thgrde of the injury, the amount of nerve
tissue present at the site, and the electricahpiatedifference between the site and
surrounding intact tissue (the "current of injuryif) particular, regeneration in amphibians
such as salamanders and fracture healing in manareksssociated with complex changes in
the local DC (direct current) electric field. Arjuny results in changes in the electric field and
stimulates the animal's neural system, which in froduces an electrical signal at the site of
the injury, stimulating the complex cellular respes that eventually produce healing. The
electric field gradually returns to normal, predny levels as the injury heals. Conversely,
failure of the normal healing process, as in frectuonunions, is associated with the absence
of appropriate electrical signals at the site efithjury.

These observations have lead to widespread udeatfieal stimulation for the treatment of
injuries in humans, especially fracture nonunidiany studies have demonstrated that the
application of small electrical currents (in thecroempere range or lower) or weak magnetic
or electric fields affects the growth or reuniorbohe. See, for example, R. 0. Becker and A.
A. Pilla, "Electrochemical Mechanisms and the Colndf Biological Growth Processes," in
Modern Aspects of Electrochemistry (ed. J. O'M. IBcand B. E. Conway), Vol. 10, pp.
289-338 (1971); R. 0. Becker, et al., "Clinical Expnces With Low Intensity Direct Current
Stimulation of Bone Growth," Clinical OrthopedicsRelated Research, Vol. 24, pp. 75-83
(1977); R. 0. Becker & J. A. Spadaro, "Experiendt Wwow Current Silver Electrode
Treatment of Nonunion," in Electrical PropertiesBaine and Cartilage (ed. C. Brighton, et
al.), pp. 631-638 (1979); R. O. Becker, et al. jifitchl Experience with Low Intensity Direct
Current Stimulation of Bone Growth," Clinical Orgiexdics and Related Research, Vol. 124,
pp. 75-83 (1977).

Furthermore, electrically-injected silver ions &mmwn to have significant antibacterial and
antifungal properties. Silver is a well-known aidtix, widely used in topical applications in
the form of silver nitrate solution, silver sulfadine, and so forth. However, the useful
antibacterial effect of such compounds is limited due only to the small amount of free



silver ions produced by dissociation of the commbanto formation of toxic by-products
(for example, use of silver nitrate (AgNO.sub.3lusons may lead to the formation of nitric
acid). The antibacterial action of these ionsnsted to a very localized effect directly on the
wound surface.

Electrically-generated silver ions, on the othandhgoenetrate at least approximately 1 cm
into the wound and can be produced in much langeuats than is possible with topical
preparations such as silver sulfadiazine. Thustritally-injected silver is effective even
against antibiotic-resistant strains, inhibitingtesial growth in vivo and in vitro at current
densities as low as 10 nA/mm.sup.2 and concentiatis low as 0.5 mg/ml. Susceptible
organisms include S. aureus, E col., Candida amdidjsis. These effects are described in a
number of publications, including the following:Al. Spadaro, et al., "Antibacterial Effects
of Silver Electrodes with Weak Direct Current," Anicrobial Agents and Chemotherapy,
Vol. 6, pp. 637-642 (1974); J. A. Spadaro and RBdtker, "'Some Specific Cellular Effects
of Electrically Injected Silver and Gold lons," Riectrochemistry and Bioenergetics, Vol. 3,
pp. 49-57 (1976); T. J. Berger, et al., "Antifungabperties of Electrically Generated
Metallic lons," Antimicrobial Agents and ChemothgyaVol. 10, pp. 856-860 (1976); J. A.
Spadaro and R. 0. Becker, "Experience With AnodieSin the Treatment of
Osteomyelitis,” Proceedings of the 25th Annual Optdic Research Society Meeting, Vol.
4, p. 10 (1979); R. 0. Becker, et al., "Treatmdr®dhopedic Infections With Electrically-
Generated Silver lons," Journal of Bone and Joumgé&ry, Vol. 60A, pp. 871-881 (1978).

At any particular silver concentration, electrigadlenerated silver ions are more effective in
inhibiting bacterial growth than silver salts (T Bkrger, et al., "Electrically Generated Silver
lons: Quantitative Effects on Bacterial and MamuanalCells,” Antimicrobial Agents and
Chemotherapy, Vol. 9, pp. 357-358 (1976); Halklet"Inhibitory and Cidal Antimicrobial
Actions of Electrically Generated Silver lons,'Qral and Maxillofac. Surg., Vol. 45, pp.
779-784, 1987).

Becker (U.S. Pat. No. 4,528,265) has disclosedgss®s and products that involve subjecting
mammalian cells to the influence of electricallyageated silver ions. Anodic silver causes
cells such as mammalian fibroblasts to assume plasinrelatively unspecialized form and to
resemble dedifferentiated or embryonic cell typesnammals, including humans, this effect
is associated only with the silver ions; the efisatot related to the electrical current or
voltage. The afore-mentioned publications are ipoated herein by reference.

A variety of devices for use in electrical stimigatare known. Liboff, et al. disclose a
noninvasive magnetic field generator for produ@angpntrolled, fluctuating, directionally
oriented magnetic field parallel to an axis prajgthough the target tissue (U.S. Pat. No.
4,932,951). An externally-generated magnetic fegld be combined with the local magnetic
field to produce a resultant field that enhancassfer of ions such as Ca.sup.++ across the
membrane of a living cell (Liboff, et al., U.S. Phib. 4,818,697).

Other devices make use of the antimicrobial progedf silver and other metals. Raad, et al.
(U.S. Pat. No. 5,324,275) disclose a catheter suibunded by two parallel helical
conductors made of copper, gold, silver or oth@viganetals. When connected to a DC
power source such as a 9-volt battery, ions arsteared between the conductors through
body fluids, and induce an antimicrobial effectpnoate the area between the conductors.



Milder (U.S. Pat. No. 5,322,520) describes a makeontaining dissimilar metal powders,
such as silver and gold, silver and copper, oesidnd platinum mixed into a conductive
polymer substrate. When contacted by an electmgiution, each metal granule that
contacts the electrolyte becomes either an anodecathode, so the material contains an
array of small batteries. Metal ions are drivew ithte solution to kill bacteria on and near a
device to which the material is affixed. The matkecian be used in devices such as catheters,
cardiac pacemaker leads, artificial; hip joints] an forth.

Seiderman (U.S. Pat. No. 4,767,401) describes haddor iontophoretic administration of
medicaments such as silver protein (a colloid leesiwith protein). The medicament is
coated onto a metallic foil electrode so that, wimecontact with a wound, natural body

fluids and the negative electric charge of the wbsite create a voltaic effect that causes the
medicament to migrate into the wound.

Yamamoto (U.S. Pat. No. 4,847,049) and McKnighglefU.S. Pat. No. 3,800,792) disclose
collagen compositions used for wound treatment. dawto contacts renatured collagen with
a silver-ion-containing solution at pH between dn@ 9.0, forming a composition wherein
silver ions are chelated to functional groups i ¢bllagen. The composition is then exposed
to UV radiation to strengthen the binding of theesiions to the collagen. When the
composition contacts bodily fluids, the silver isrslowly released to protect the collagen
from fungal and bacterial attack. McKnight's lamtethcollagen dressing is made from a
layer of reconstituted collagen film laminated tthen continuous layer of an inert polymer
material such as polyurethane. Preferably, thegeh film contains finely divided silver
metal particles, added by soaking the dried filfialen's reagent ((AgNH.sub.3).sub.2 OH)
for 5 minutes to oxidize excess glutaraldehyde @geqbsit silver metal on the accessible
surfaces of the collagen fibers.

Silver, et al. (U.S. Pat. No. 4,937,323) dress amndowith a biocompatible, biodegradable
collagen product and apply low intensity directreat in the range of 10-100 microamperes.
The collagen product may be a sponge made of @vllagwder or flakes, and contains
electrodes made of carbon or metal inserted thebginadelli (U.S. Pat. No. 4,312,340)
treats scarred skin using a solution containingrgorbc placenta, collagen and vitreous
humor extracts diluted in distilled water, treabgdpartial electrolysis to provide a formation
of groups of amino acids. A variable low frequertsctric field is applied to create an
electric charge below the scarred area. Romerassieral. (U.S. Pat. No. 3,799,162) apply
histamine to a lesion, and then radiate the cellsding the lesion with low intensity
nonionizing electromagnetic radiation to stimulateduction of collagen at the site.

Despite the wide variety of known treatment modgditno known treatment produces
sufficient numbers of the de-differentiated (ieambryonic) cells required for true
regeneration in humans and other mammals. Intfaetreatment of injuries involving
traumatic loss of skin and soft tissue, particyléok hand injuries, ranges from judicious
neglect to major surgery. In the case of hand iegithe twin requirements of flexibility and
sensation mean that the above-described naturararahced healing processes are
inadequate to yield good functional results.

There is a need for a flexible, effective systeat trelps promote and enhance tissue healing
processes in mammals, including humans. Use of asgistem would not only improve the
outcome of the processes responsible for mostrigealihumans (scarification, tissue
replacement), but would, in appropriate instancehljce true regenerative healing resulting



in regrowth of the specific tissue types appropriatthe situs of the injury (normally
innervated, full thickness skin, subcutaneous tsdties, bone, etc.). The system would make
use of simple, efficient delivery devices, be said easy to use, and be capable of being
applied directly to the wound site.

SUMMARY OF THE INVENTION

According to its major aspects and broadly statee present invention is an iontophoretic
system for promoting tissue healing processesahacing regeneration. The system includes
a device and a method, a composition, and metlowdadking the composition in vitro and

in vivo. The system is implemented as follows:exithle, silver-containing anode is placed in
contact with the wound, a cathode is placed orcirgkin near the anode, and a wound-
specific DC voltage is applied between the anodkthe cathode.

Electrically-generated silver ions from the anodegirate into the adjacent tissues and
undergo a series of three reactions. First, thersibns combine with proteins, peptides and
various other chemical species normally presesbiuation in the tissues. The silver ions also
combine with any bacteria, fungi or viruses preseittie treatment area. If treatment is
continued after all or most available sites fostlype of reaction have been exhausted, the
newly-generated silver ions associate with cellhenregion, particularly fibroblast cells and
epithelial cells, resulting in de-differentiatiohtbese cells into embryonic cell types. Then, if
treatment is continued after this second reac8mubstantially complete, the free silver ions
form a complex with collagen fibers present inwaind. This silver-collagen complex is
believed to act as a biological inducer to actitheepreviously-produced de-differentiated
fibroblast or epidermal cells to multiply and preéuan adequate blastema.

In mammalian-including human-wounds treated at gate, wound-specific voltages, for a
sufficient period of time to carry out the abovesci&ed reactions, and with anodes capable
of supplying a sufficient number of silver ions fbese reactions to take place, the resulting
effects are analogous to those observed in aniimaisare naturally capable of regeneration.
That is, the activated de-differentiated cells dgpmultiply to form a blastema that is
adequate for supporting regeneration of the missingjured tissues (skin, subcutaneous
tissues, bone, and so forth).

A major feature of the present invention is thdiegeof the applied voltage to the size of the
wound. Surprisingly, an approximately constantagét on the order of 0.1 V/in.sup.2 of
wound area (about 0.0155 V/cm.sup.2) has been fuhd optimum for promoting healing
and regeneration of tissues while substantiallyding the deleterious effects associated with
biological electrolysis (to be described furthelog. Not only are specific voltages in this
range remarkably effective in stimulating tissuallmg and regeneration, but the electrically-
injected silver ions are extremely effective agamwide variety of bacterial types (including
gram positive, gram negative, aerobic and anaefolnes), fungi, and local viral infections.
Therefore, under optimal treatment conditions,dleetrically-injected silver ions are an
extremely effective agent against mixed infectiand against many antibiotic-resistant
strains.

An important feature of the invention is the anaabich is made of a material having a
sufficiently high silver content to supply the neddsilver ions to the wound. The anode is
made of a flexible, silver-containing material timtonformable to the wound surface, such
as silver-coated nylon fabric or the like. Matesiabable with the invention contain a



sufficient quantity of silver to produce an approgtely constant current into the treated area
for at least several hours, preferably 12-24 houtbereabouts. Thus, silver-containing
fabrics with a low specific resistance are neegeeferably fabrics having a specific
resistance no greater than approximately 5 .OMESW,.preferably no greater than
approximately 1 .OMEGA./cm. Furthermore, fabricshnan approximately uniform silver
content (i.e., a uniform silver content per unéarthat produce a uniform specific resistance
throughout the electrode are preferred. Other métmlld, copper, zinc, and so forth) may
also be effective.

Another feature of the invention is the cathodeicWhlike the anode, is made of a flexible,
electrically-conducting material, preferably a mgtiehaving a specific resistance no greater
than approximately 500 .OMEGA./cm. By way of exaehe cathode may be made of
carbon rubber or like materials.

Still another feature of the invention is the plaeat of the cathode. For optimum results, the
cathode is placed so as to achieve an approximaiéigrm flow of current through the

treated region. In the human body, current tendsltow the shortest path from the anode to
the cathode. Therefore, whenever possible, theodatls positioned on the opposing side of
the extremity being treated from the wound: for wadsi on the palm of the hand, the cathode
is placed on the back of the hand; for wounds erdttrsal surface of the forearm, the cathode
is positioned on the ventral surface, and so forth.

Another feature of the invention is the silver-agién complex, a specific physical association
of the electrically-injected silver ions with thellagen fibers present in the wound area.
While not wishing to be bound by theory, it is bekd that this complex generates a unique
localized electric field that activates embryorgdi€in the treated area, eventually leading to
formation of an adequate blastema to support reggoe.

Other features and advantages of the present ioventll be apparent to those skilled in the
art from a careful reading of the Detailed Desanipf a Preferred Embodiment presented
below and accompanied by the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

This application contains color drawings.

In the drawings,

FIG. 1 is a flow chart showing three sequential reacimtesses resulting from the action of
electrically-injected silver ions;
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FIG. 2 shows an electrical stimulation device in use;
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FIG. 3 shows the preferred placement of the cathodedomam treatment according to the
present invention;

FIG. 4 is a partially cut-away view showing a silver-caining anode placed on the surface
of a wound;
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FIG. 5 is a plot of the current vs. time for a silver-taining material usable with the present
invention, measured in vitro;
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FIG. 6 is a flow chart illustrating treatment accordingt preferred embodiment of the
present invention;
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FIG. 7ais a photographic view showing a wound on the td@& 54-year-old male patient;



FIGS. 7b, 7c, and 7dare photographic views showing the wound of Fi&aiter thirty-one
days, five months, and seven months, respectieélyeatment according to a preferred
embodiment of the present invention;
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FIG. 8ais a photographic view showing the middle fingka@1-year-old male patient, after
traumatic amputation of one half the distal phalanthe level of the base of the nail;

i

FIGS. 8b and 8care photographic views showing the finger of B& after 17 days and 38
days, respectively, of treatment according to &pred embodiment of the present invention;
and
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FIG. 8d is a photographic view of the finger of FIG. 8gapximately 7 weeks after cessation
of treatment.
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FIG. 8eis a photographic view of the finger of FIG. 8gagximately 7 weeks after cessation
of treatment.



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

In the following description, like reference nuniengefer to and identify the same structural
elements, portions or surfaces consistently througthe drawings, as such elements,
portions or surfaces may be further described pla@xed by the entire written specification.
The terms "proximal,” "distal,” "dorsal," "ventralyolar,” "opposing,” "anterior" and
"posterior" are used in the customary anatomicageseThe "size" or "surface area" of a
wound or injury means the approximate surface anea macroscopic scale. The terms
"scaled voltage" and "specific voltage" refer te tloltage per unit surface area, for example,
V/cm.sup.2 or V/in.sup.2. Similarly, the term "sfiecresistance” means the resistance per
unit surface area.

A number of critical factors have been identifibdttare required for the successful use of
silver iontophoresis techniques to promote tissaihg and regeneration. These factors are
as follows:

1. There is a critical, previously unsuspectedti@iship between the size of the wound and
the optimum magnitude of the voltage applied actibesanode and the cathode. Electrical
injection of silver ions using an approximately stamt DC voltage scaled to the size of the
wound is surprisingly effective in promoting heagliand regrowth of injured and missing
tissues. Treatment is accomplished by placingxabile, silver-containing anode in contact
with the open surface of the wound, placing a a@¢hia contact with intact skin near the
wound, and applying an appropriate DC voltage, galyefor at least approximately 24
hours.

2. The silver content of the anode should be highugh to ensure a low specific resistance,
preferably a specific resistance no greater thanogmately 5 .OMEGA./cm, more
preferably no greater than approximately 1 .OMEG#./Anodes with higher specific
resistances may also be useful for the practi¢beoinvention however, the optimum effect is
achieved with low-resistance anodes. In additibe silver should be approximately



uniformly distributed (that is, the amount of silyeer unit surface area of the anode should be
approximately uniform).

3. The cathode should be a flexible material cagabmaking and maintaining a low
resistance contact with intact skin, so that thelmoed specific resistance (i.e., cathode
resistance and contact resistance) is no greaterapproximately 500 .OMEGA./cm.

4. The cathode should be positioned to maximizesatiflow into the wound.

5. To maximize the input of silver ions into thewnal, the current should be maximized by
minimizing the total circuit resistance.

When these critical factors are present, an unegggahenomenon occurs: the input of
sufficiently large numbers of silver ions duringpialogically appropriate time frame (within
3-5 days) enables formation of a complex betweersiler ions and the collagen fibers in
the wound. This silver-collagen complex acts amiogical inducer to cause the continual
de-differentiation of fibroblast cells and the dantal multiplication of previously de-
differentiated cells in the area of the wound, irgdo the accumulation of many more
embryonic cells in the area and, eventually, foramabf an adequate blastema to produce
regeneration. These factors will be discussed rfutigebelow.

Scaling the applied DC voltage to the size of tloeimd is crucial to successful treatment. The
voltage should be high enough to ensure an adeqyateof silver ions into the wound, but
not so high that the deleterious effects causeoidipgical electrolysis become evident.
"Biological electrolysis” or electrolysis in vivaftéers from electrolysis in vitro in the
following respects: electrolysis occurs in livingsies whenever there is current flow, no
matter how small. However, a wide variety of nallyraccurring agents act as buffers to
prevent the accumulation of potentially harmfulctielysis products. These products are
continually removed by blood and lymphatic circidat(which also ensures a continual
supply of fresh buffers), thereby preventing adwy of electrolysis products in the area. If
the critical voltage is exceeded, this natural éxirffg action is rapidly overwhelmed and
electrolysis products accumulate with attendanshifts. This point defines the onset of
"biological electrolysis,"” which can be avoidedtaking the above-described critical values
of voltage/area into consideration.

Thus, selection of the appropriate treatment veltagjuires a knowledge of what happens in
living tissue, where the effects of electrolysis t& overcome by circulation and buffering
factors up to a point. The effects of naturallywrcing buffers, blood circulation and lymph
circulation depend on the size of the wound. Thus results of in vitro testing do not apply,
nor do in vivo observations of only one size of wd#each wound has its own maximal
voltage range which has to be clinically determined

The critical specific voltage has been determirele approximately 0.09-0.11 V/in.sup.2
(about 1.4.times.10.sup.-2 -1.7.times.10.sup.-2\M8ap.2), preferably approximately 0.1
V/in.sup.2 (about 1.55.times.10.sup.-2 V/cm.sup\k only are specific voltages in this
range surprisingly effective in promoting tissualiveg and regeneration, but the electrically-
generated silver ions are extremely effective agjarwide variety of bacterial types,
including gram positive, gram negative, aerobic anderobic forms. Similar effects have
been noted against a number of common fungi tHahze open wounds, and may also
occur in a number of local viral infections (incing herpes). Therefore, under optimal



treatment conditions, silver ions are an extrenadligctive agent against mixed infections and
against many bacteria that have become antibiesistant.

For any given size of wound, voltages lower thatinogpm have no undesirable effects, but
simply reduce the efficacy of treatment in an agpnately linear fashion due to the
production of fewer silver ions during any giveripd of time, and more limited
electrophoretic migration of those ions into tiesties. At sufficiently low voltages, it is
simply not possible to supply enough silver ionghi@ time frame required to produce the
desired effects.

Higher voltages result in undesirable effects, aisan approximately linear relationship to
the applied voltage. These effects range fromatiah and slower healing at modest
overvoltages to localized pH alterations due taaundation of electrolysis products, cellular
necrosis, and actual increases in wound size hehigvervoltages. The resulting buildup of
dead tissue shields bacteria, fungi, etc. in tigeorefrom the silver ion action and limits the
penetration depth of the ions.

Use of the appropriate anode material contribwiesuniform current/voltage distribution
over the treatment area, together with a longetiose before the onset of polarization.
Preferably, the anode is made of a flexible materidn an approximately uniform silver
content, for example, flexible, silver-containirapfic. In practice, the anode is replaced
daily, thus, anode materials which are capableipplying a sufficient quantity of silver ions
for approximately 24 hours are preferred. Thereftire silver content of the anode is
preferably sufficient to yield a specific resistamo greater than about 1 .OMEGA./cm, as
noted above. Anodes with somewhat higher resistdae@r silver content) may also be
useful; however, these will be exhausted in shgréeiods of time, necessitating more
frequent replacement. Furthermore, higher-resistanodes may lead to non-linear voltages
and thereby reduce the efficacy of treatment.

The anode should also not only have a sufficiemitijn content of silver (or other suitable
metal; see below), but the silver should be appnakely uniformly distributed. Non-uniform
distribution means that the wound will not be umfity treated: some localized areas may be
subjected to significantly higher specific voltagleat others and the number of silver ions
supplied to different areas will differ. In somechunstances, the local specific voltage may
be high enough to cause toxic effects.

It will be understood by those skilled in the &t suitable anode materials may include
those containing silver alloys as well as substfigitpure silver. Other metals that produce
the desired results may also be usable in theipeaat the invention, for example, gold,
copper, platinum, zinc, and so forth.

Suitable cathode materials include flexible carhdsber or the like (preferably containing
the maximum possible amount of carbon or graphitegarbon-filled or metal-containing
fabric, having a specific resistance no greatem tggproximately 500 .OMEGA./cm.

Optimum cathode placement is determined by cuftfewtin the human body. Current tends
to follow the shortest path from the anode to thinade (i.e., the body cannot be viewed as a
single volume conductor). Therefore, part or althed wound will not be adequately treated if
cathode placement is nonoptimum. For example, tarmas on the palm of the hand,
placement of the cathode on the wrist results inensdver ions being delivered to the



proximal portion of the wound and frequently andequate amount to the distal portion. A
more uniform distribution is achieved by placing ttathode on the opposite side of the hand
(the dorsum), directly opposed to the palmar wound.

Optimal treatment according to the present inventias as its aim the continuous
introduction of the largest possible populatiorsibfer ions into the wound until healing or
regeneration is complete, in a fashion that do¢simduce harmful by-products or produce
deleterious effects on the cellular processes.cdschabove, the total circuit resistance is
minimized--and the current maximized--in order taximize the number of silver ions
delivered to the treatment site. The current magnbaitored to ensure that there are no high-
resistance areas in the circuit (for example, amigtment electrode, loose cathode, and so
forth).

When introduced into living tissues, electricalgngrated silver ions undergo a series of three
reactions in a sequential fashion (FIG. 1):

In the first reaction, the silver ions combine wttoteins, peptides and other chemical species
normally present in solution in the tissues. Furttfemical or physiochemical combinations
do not occur until all such simple sites are cortghyefilled. The first reaction typically

requires approximately 24 hours to go to complefi@hnerein the term "completion” refers to
saturation of available sites). The antibactertiloa of silver ions is a result of this type of
process, beginning at about 20-30 minutes follovergosure of the bacteria to the ions.

If more free silver ions are made available follogvthe first reaction, the second reaction
occurs. The second reaction is an association leettye silver ions and sensitive cells
present in the wound, resulting in de-differentiatof these cells into embryonic cell types
(as used herein, the term "sensitive cells" referslls that are sensitive to free silver ions,
including, among others, mature fibroblast celld epithelial cells). These embryonic cells
are not activated in the sense that they do natiphuto produce additional cells of the same
type; however, they are capable of re-differerdiainto other cell types. Hence, these cells
do not form an adequate blastema mass to prodgesiaed, multi-tissue regeneration.
Production of de-differentiated fibroblasts regsieecontinuous supply of excess silver ions
for at least approximately 48-72 hours followingusation of the active chemical sites in the
first reaction ("excess" in this context means thate silver ions are supplied than are
needed to combine with all available proteins, jolegst etc. in the above-described first
reaction).

If sufficient silver ions are made available attee second reaction, a third reaction begins to
take place. The third reaction constitutes a spegifysical association of at least some of the
silver ions with the collagen fibers present in Wmind to produce a unique structure
("silver-collagen complex™) having the specific pesties required to induce activation of the
de-differentiated fibroblast cells previously pradd in the second reaction.

Collagen fibers have size-specific sites whichaagable of forming a complex with hydrated
metallic ions (J. A. Spadaro, et al., "Size-Spedifietal Complexing Sites in Native
Collagen,” Nature, Vol. 225, pp. 1134-1136 (1970T))e copper/collagen complex, in
particular, has a unique electrical field whiclnigolved in the initial epitaxial deposition of
bone mineral (apatite) on bone collagen (A. A. Mayiet al., "Evidence of Epitaxy in the
Formation of Collagen and Apatite," Nature, Vol62pp. 652-653 (1970)). While not
wishing to be bound by theory, it is believed taailver-collagen complex according to the



present invention has a unique local electricéddifiand acts as a biological inducer to activate
the de-differentiated fibroblast cells formed il #ibove-described second reaction. In
mammalian wounds (including human wounds) treategpropriate specific voltages with

an excess of electrically generated silver ions feinmation of this silver-collagen inducer
complex results in activation of the de-differetéthembryonic cells formed by the action of
the silver ions on the pre-existing mature celtsgéther, these effects result in cell behavior
and action akin to those observed in animals tteatapable of regeneration. In this fashion,
an adequate blastema to support regenerationngetbm human tissue.

The above-described factors are designed to magithzamount of silver ions introduced
into the wound during the window wherein the abdeseribed reactions can occur and lead
to the formation of an adequate blastema for regdioa--a necessary condition for
completing the sequence of three reactions wittbiobgically appropriate time. Of these
factors, the first (scaling the applied voltagehte size of the wound) is believed to be crucial.
If too few silver ions are provided, healing simplpceeds according to normal (i.e.,
nonregenerative) processes. Lower-than-optimunaget reduce the efficiency of the
treatment and lead to eventual failure of regenerdiealing (although healing by
scarification and tissue replacement will still ogc Higher-than-optimal voltages inhibit the
third reaction (formation of the silver/collagemaplex) due to pH shifts, accumulation of
electrolysis products, tissue necrosis, and expargdiwound size.

Referring now to FIG. 2, there is shown a schemagiw of an electrical stimulation device
in use. A device 10 includes a DC power source itR2 avpositive terminal 14 and a negative
terminal 16. A treatment electrode or anode 20asequl in contact with the surface of a
wound to be treated, for example, a full-thicknéstect 22 on the palm of a patient P. Anode
20 is made of a flexible, metal-containing matenpaéferably a flexible metal-containing
fabric such as silver-impregnated or silver-coatgldn. Anode 20 may be covered by a
"stent” of gauze moistened with normal saline acdweer (such as plastic film or like
material), represented as 24. A return electrodth{cle 26) is placed in contact with intact
skin near wound 22, for example, proximal to wo@2das shown. Anode 20 and cathode 26
are connected to power source 12 by cables 30g8@ectively. If desired, cathode 26 may
be incorporated into power source 20, for examgitached to one side of the power source.

While treatment with the system shown in FIG. 2 raayhelpful, current flow (and, therefore,
the supply of silver ions) to wound 22 is not optied by the placement of cathode 26. As
described above, the preferred placement of catB6de one that results in an approximately
uniform distribution of current through the wourldereby ensuring approximately uniform
delivery of silver ions thereto. Optimum placemehtathode 26 is on the opposite side of
the body from the wound being treated, as illusttah FIG. 3. For a wound 22 on a surface
44 of the body (for example, the palm of the haadpde 20 is placed in contact with the
wound, and cathode 26 is placed on an oppositaci46 (for example, on the surface
directly opposed to the palm). This placement eessan approximately uniform distribution
of current flow through wound 22, indicated schaoadlly by arrows 48.

For optimum treatment, anode 20 substantially eegagsurface 38 of wound 22, as shown in
FIGS. 3 and 4. The presence of void spaces (evéled with conducting solution) results in
inadequate treatment at those points. Dependinbeaxtent of wound 22, anode 20 may be
in contact with exposed subcutaneous tissues d2thss dermal tissue 40 at the margins of
the wound. Thus, the material of anode 20 neets sufficiently flexible to conform to



surface 38. As shown in FIG. 4, anode 20 is dingeresd to just cover wound 20, that is,
anode 20 has a slightly larger surface area theara of wound surface 38.

As described above, anode 20 contains a suffigeantity of silver so that, when device 10

is connected for use as shown in FIG. 2, the ctidensity delivered to wound 22 is
approximately constant for a period of several Bppreferably at least approximately 24
hours. By "approximately constant current” is meabC current that may increase to a peak
50 immediately after the onset of treatment, bat tlecreases within several hours to an
approximately constant level 52 and maintains ldagl until the onset of polarization at 54
(FIG. 5). FIG. 5 shows the current vs. time inwifior a 25 cm.sup.2 section of a silver-coated
nylon fabric usable with the invention, appliedatblock of gelatin prepared with
physiological saline. A standard return electro@de applied to the opposite face of the block
and a voltage of 0.42 V applied between the twoteddes. The current density at peak 50
was approximately 3.5 .mu.A/cm.sup.2, decreasegpooximately 1.5 .mu.A/cm.sup.2

within 5 hours, and remained at that level un@ timset of polarization approximately 20
hours later.

A flow chart illustrating treatment according teetpresent invention is shown in FIG. 6.
Patients are treated as soon as possible follothimgnjury, preferably immediately following
cleaning and debridement (if needed) of the wotiavever, treatment may be initiated at
any time thereafter, or whenever deemed medicaltgssary. The treatment electrode (anode
20) is applied directly to the surface of the woumeistened with physiological saline or
other suitable liquid, covered, and connected ¢éoptbsitive terminal of a low-voltage DC
power source (such as source 12). The return etbx{cathode 26) is placed on intact skin
near the wound (on an opposing surface wheneveailpgesand connected to the negative
terminal of the source. Then, a low intensity DQtage and current are applied continuously
for a period of at least approximately 24 hourse Wound is inspected and cleaned daily, and
anode 20 is replaced at that time. Cathode 26[geted daily and changed as needed.

Liquids suitable for use with the invention incluelectrically conducting liquids such as
normal saline (also known as isotonic saline orsphiggical saline), Ringer's solution, wound
exudate and other body fluids found in the areth@fwound, and mixtures and dilutions
thereof. Tap water may also be useful; howeverctimposition of tap water is so variable
that other electrically-conducting liquids are jereéd. The terms "normal saline,” "isotonic
saline” and "physiological saline" refer to a smntof sodium chloride (NaCl) in purified
water (H.sub.2 O), containing approximately 0.9wgef sodium chloride per 100 milliliters
of water. Such a solution is approximately isotdini., has the same osmotic pressure) with
body fluids. The term "Ringer's solution” mean®kson of about 0.86 gram sodium
chloride (NaCl), 0.03 gram potassium chloride (K@hd 0.033 gram calcium chloride
(CaCl) in purified water. The term "wound exudatefers to any substance that is exuded
from a wound, including materials that pass throtighwalls of blood vessel walls into the
surrounding tissues.

The key element in promoting healing and regenanatcording to the present invention is
the production of de-differentiated cells in thgiom of the wound, which in turn depends on
the above-described critical factors. The voltagaliad across the treatment (anode 20) and
return (cathode 26) electrodes must be wound-spegttifit is, proportional to the size of the
wound (preferably, approximately 0.1 V/in.sup.2g ttnode must have an approximately
uniform silver content that is sufficiently high émsure a specific resistance no greater than
approximately 1 .OMEGA./cm; the cathode must be enafch suitable low-resistance



material capable of making and maintaining a logistance contact with intact skin; the
cathode is positioned so as to maximize currem ftao the wound insofar as practicable; the
total circuit resistance is as low as possiblallinstances, the treatment electrode is
configured so as to yield an approximately unifamoitage distribution throughout the area of
the wound.

Scaling the voltage to the size of the wound isipaarly important in the case of larger
wounds (that is, wounds with surface areas greélaser approximately 8-10 in.sup.2 (about
50-65 cm.sup.2), where a naonuniform voltage digtron through anode 20 may result in
the production of electrolysis effects in localiZédt spots.”

In all cases, the total voltage applied across afidand cathode 26 is preferably no greater
than about 0.9-1.1 V. The the area of anode 20-famdize of a wound treated therewith--is
therefore limited to approximately 9-11 in.sup.Bdat 60-70 cm.sup.2). For larger wounds,
two or more devices 10, each with its own anod#hazie, etc. are used, thereby ensuring that
no single anode-cathode pair has an applied voijeggter than the preferred maximum.
Thus, power source 12 may have several outputgesteeach with a corresponding output
terminal (for example, 0.1V, 0.2 V, and so forfity) treatment of wounds of the
corresponding size. Anodes 20 for use with sucbveep source have terminals that allow
them to be connected only to the output termin#h wie correct output voltage: a 1"-square
anode to the 0.1V terminal, a 2"-square anode th#lD.2V terminal, and so forth.

During treatment, silver ions from anode 20 migiate the tissues surrounding wound 20,
where the ions undergo the three reactions showh@n 1: binding to proteins, peptides, etc.
in the area; de-differentiation of normal cellsirfarily fibroblasts) into primitive, de-
differentiated cells, and binding to collagen fb&v form a silver-collagen composition that
in turn activates the de-differentiated cells. Bot@vated cells multiply rapidly and re-
differentiate to form the specific types of norm@mmalian cells needed to restore the
region to its pre-injury state (dermal and epiddrnisaue, muscle tissue, nerve tissue, blood
vessels, bone cells, and so forth, as may be nded#tk particular site being treated).

As noted above, silver compounds such as AgNO.hdw8 long been known to possess
bactericidal and fungicidal properties; howevempounds of the higher oxidation states of
silver (Ag(ll) and Ag(lll)) have recently been fadimo be significantly more effective than
monovalent (Ag(l)) compounds (M. S. Antelman, "8i\{ll,IIl) Disinfectants,"
Soap/Cosmetics/Chemical Specialties, March, 19945p-59). While not wishing to be
bound by theory, it is thought that the superiarteéacidal and fungicidal effects of
electrically-generated silver ions may be due astlén part to the formation of free silver ions
of these higher oxidation states and their actiobacteria, fungi, etc. present in the tissues.

It is believed that the silver-collagen complexnfi@d at the treatment site results from a
specific attachment of silver ions to collagen fleesulting in the formation of electrically
active sites which act as biological inducers tivate the de-differentiated fibroblast cells.
The complex may also have a de-differentiatingatféem at least some of the remaining
silver-sensitive cells in the area, but withoutuieiqg the direct attachment of the silver ion to
the cell membrane as in the second reaction (FIG.Hus, optimum treatment conditions
result in a greater immediate effect on the ceallatanponents in the wound area than do
silver ions alone, since a much greater numbectiede-differentiated cells are produced
than would result solely from the direct actioretéctrically-introduced silver ions on the
fibroblast cells. The complex also permits the egpion of additional long term healing and



maturational effects after active silver treatmerterminated, as will be described further
below.

The silver-collagen complex may be prepared irouily application of low-voltage DC
current from a silver anode to a collagen-contgrsnbstrate, then formed into suitable
shapes (rolls, sheets, etc.) for external apptioat surface wounds or internal application to
body parts (if desired, the complex may be incaafet into a wound dressing). The complex
may act to produce de-differentiation of maturesgere cells; alternatively it may activate
previously de-differentiated cells in the area. &pplications where there are insufficient
numbers of mature fibroblast cells present, themgermmay be infiltrated with de-
differentiated cells produced by the above-desdrieehnique in order to provide a source of
de-differentiated cells to start the in vivo indoatprocess.

The present invention is further illustrated in tbkowing nonlimiting examples.
EXAMPLE 1

Portions of granulation tissue ranging in size frapproximately 1-2 mm were removed from
optimally treated wounds and explanted into an eymate tissue culture medium, resulting
in the formation of large numbers of new cellsha tulture medium. The new cells were
embryonic in nature and formed in contact withekplants, multiplying rapidly and
spreading out from the explants until approxima82}y of the culture dish was covered with
embryonic cells. New cell formation ceased aftdr\Beeks, and all the cells then present
reverted to normal fibroblast morphology. No furtkell multiplication occurred.

EXAMPLE 2

Explants of granulation tissue were cultured asmaesd in Example 1; however, the original
explants were removed from the culture medium leetessation of new cell formation. All
new cell production ceased after removal of thdaxp from the culture medium.
Histological analysis revealed that the explantsaeed from the culture medium were
composed solely of collagen fibers.

EXAMPLE 3

Explants of granulation tissue were cultured asdasd in Example 1. The explants were
removed from the culture medium at approximatelyekk intervals, placed in sterile saline
and refrigerated for 3-5 days. All new cell prodotceased after removal of the explants
from the culture medium; cell production resumeéraihe explants were re-implanted in the
medium.

EXAMPLE 4
Granulation tissue from a wound treated with a $igemltage greater than the above-
described optimum was explanted into a suitabsei@ulture medium. No new cell

production was observed, regardless of the lenfgtime the culture was maintained.

EXAMPLE 5



Granulation tissue from an optimally treated wowas maintained in tissue culture until the
cessation of new cell formation, but before rexarf the embryonic cells to mature
fibroblasts. The explanted granulation tissue veasaved, injected with silver ions for
approximately two hours, and then re-implanted theoriginal culture medium at its
original site. New cell production resumed.

EXAMPLE 6

Gelatin blocks were prepared from commercial callagroduct in a normal saline solution.
After hardening, the blocks were subjected to appate levels of DC voltage from a silver
anode for 12 hours. After cessation of electricstment and removal of the anode, the
blocks demonstrated a voltage and current produciidy slightly lower than that
administered for an additional 10-12 hours.

While the exact structure of the silver-collagemptex has not been determined, Examples
1-6 indicate the production of such a complex urtderappropriate conditions (i.e., when
wounds are treated with the optimum specific va)adhe complex does not form when
wounds are subject to higher voltages.

EXAMPLE 7

Volunteer patients were treated for a wide varadtiraumatic wounds using the above-
described methodology, including wounds to theesmtties which may heal with difficulty
due to poor natural healing processes. Each pat@ntdvised of the experimental nature of
the treatment and was offered conventional treatneach patient who selected the
experimental treatment was free to discontinué aing time. Treated wounds included burns,
lacerations, crush injuries, amputations, and iides. Patients ranged in age from 2.5 years
to 81 years.

Patients were treated as soon as possible follothimgrauma. Debridement, if needed, was
done under anesthesia. Silver ions were introddaedtly into the wound by means of a
small electrical current from a silver-containingan anode as described above. The
treatment electrode (anode 20) was cut to apprdrimét the wound, wetted with tap water
and/or normal saline, and applied directly to tlemumd. The electrode was then covered with
a small flexible, carbon-rubber electrode with mtegral, thin, flexible wire that was
connected to the anode of a DC power source. Thmevvas then wrapped in a soft dressing
with a water-impermeable layer to prevent the dngssom drying out.

The return electrode (cathode 26) was placed oonppesing side of the limb from the
wound as indicated in FIG. 3. Where this placemeg not feasible (for example, fingertip
injuries), the return electrode was placed proxitnahe wound as shown in FIG. 2. The
power source was a voltage-controlled, batteryatpedrsolid state unit set to deliver a
constant, direct current voltage.

Most patients were treated on an outpatient bdigsthe patient and his/her family members
were instructed in the techniques of electrode gnagpon and application. Treatment was
continuous; the anode was changed daily with noiapsterile precautions. The cathode was
removed daily, cleaned with tap water and reappbettie original site. All patients continued
their daily dressing changes at home with weeklip¥eup visits; all reported minimal
difficulty or pain associated with the dressingropes. Patients with obviously contaminated



wounds were given systemic antibiotics for theiahithree days of treatment to prevent
systemic infection (for example, infection resugtinom any initial surgical debridement). No
infections occurred in the entire series; all pxesting infections cleared rapidly (within 3-4
days). Patient compliance was excellent, and treatrvas terminated when a satisfactory
clinical result was achieved.

A total of 24 wounds were treated, including butaserations, crush injuries, open fractures,
amputations, and infections. All wounds involvedt sissue loss with full thickness skin loss
ranging in area from 1 cm.sup.2 to 18 cm.sup.2 aitlaverage of about 4 cm.sup.2.
Treatment voltages ranged from about 0.3 V to abduy/, depending on the surface area of
the wound. Current densities ranged from approxeitgat-8 .mu.A/cm.sup.2, with the
magnitude of the current in individual cases ba&lagendent upon the surface area of the
wound. Treatment times ranged from 7 to 72 day#) am average of 30 days; follow-up
times ranged from 2 to 22 months with an averadgahonths.

All patients regained their preinjury activity ldyvall patients with occupational injuries
returned to their original or equivalent occupasioDespite the lack of sterile precautions,
there were no infections (in one case, a pre-exjgibst-operative infection was well treated
with the silver ions alone).

In all cases, full thickness skin loss was replagéld normal-appearing, full thickness,
flexible skin appropriate to the area, with regrowt subdermal tissues and minimal or no
scarification. Initially, the skin appeared to ldé-thickness, flexible and innervated;
however, it was darker than normal and underwenitgequent maturation period of several
months before gradually acquiring a more normabmation, dermatoglyphic pattern, and hair
growth (in appropriate regions). The normal derrggshic pattern on volar skin areas
became more evident with the passage of additionalfollowing treatment. Skin areas were
sensitive to light touch, and almost all patieregsarted the sensation in the area to be
subjectively normal without paresthesias, numboes®ld intolerance; only three patients
had less than fully normal sensation. Typical resswere as follows:

Patient 1. An 11-year-old female lacerated thealaaBpect of the left thumb, incurring a full-
thickness skin loss of approximately 2 cm.sup.@rem extending from the midpoint of the
nail to the mid IP joint and centered over the rauline between dorsal and volar skin.
Treatment using an appropriate voltage was institoin the day of injury and continued for
28 days.

At the conclusion of treatment, the wound was catghy healed with apparently full-
thickness skin of a darker than normal colorateong with good sensation. Normal dorsal-
type skin was regenerated dorsal to the neutr@j fiormal volar skin was formed volar to the
neutral line. Coloration and sensation returnedaienal over the next month, accompanied
by a full range of motion at the IP joint. Thirteeonths post-injury, there was no scarring or
contracture; sensation was completely normal aetba of the original injury could not be
discerned.

Patient 2. A 28-year-old male incurred multipleddndinal lacerations of the distal phalanx,
middle finger right hand, in an industrial accidebh admission, the finger tip was noted to
be "filleted" with three deep longitudinal lacecatts extending from the dorsal to the palmar
surface and proximally into the nail bed with taallsion of the nail and exposure of the
terminal phalanx. The skin over the central portias insensate.



The wound was immediately irrigated, the variousposely approximated with an
absorbable suture and dressed with silver-contginyton fabric, and treated with an
appropriate voltage. Antibiotics were given for&yd starting immediately post-operative.
Seven days after start of treatment, there waseavigealing of the laceration; treatment was
terminated 20 days later. At that time, the skis wbknost completely healed, there was a
normal contour to the finger tip and sensation pr@sent in the central portion of the wound.
Two months after injury, there was minimal scarramgthe distal pad, a normal appearing
nail was approximately 50% regrown, and normal géms and range of motion were
present. At 12 months follow-up, the finger wasmapiomatic, normal in appearance, and
fully innervated with normal sensation.

Patient 3. A 33-year-old male utility worker corteta 7,200-volt electrical line through both
hands. He was unconscious for several minutesranared bums of the right hypothenar
eminence and dorsum of the left hand at the MQOR |wie. The hypothenar burn extended
from just distal to the 5th MP joint to the basetw# 5th metacarpal and consisted of three
confluent, ovoid areas of full-thickness skin losgh a total area of approximately 12
cm.sup.2. These areas were blanched and withos&tsem. The extent of subcutaneous
necrosis could not be estimated. The dorsal butheofeft hand involved the second through
the fifth MCP joint dorsal surface with full-thickss skin loss over the protuberant areas
totaling approximately 4 cm.sup.2.

Treatment was begun to both hands on the 4th deyiafury, and continued for 16 days on
the left hand and 32 days on the right hand. Aetine of the treatment, the wounds on the
dorsum of the left hand were epithelialized with-thickenss, flexible skin with good
sensation and normal range of motion in the MCRt$oiThe distal half of the hypothenar
wound on the right hand was re-epithelialized viihthickness sensate skin. The proximate
half of the wound was normal in contour and covevét full-thickness skin except for an
approximately 1 cm.sup.2 area in the center whiak eovered with thinner skin. Six months
after injury, the hypothenar burned area of thbtrigand was fully innervated and flexible
with a normal range of motion of the MCP of thédifinger. At that time, the skin was
beginning to acquire a normal color and dermatdgtypattern.

Patient 4. A 54-year-old male injured his left fao@ lawnmower accident, resulting in
extensive soft tissue injury and open fracturethef3rd, 4th, and 5th metatarsals and cuboid
bone. He underwent debridement and stabilizatiotherday of the accident. Further
debridement was done on the 3rd, 4th, 5th and @8yd after the accident. Due to the amount
of soft tissue loss and bone injury (FIG. 7a), ghéent was scheduled for a vascularized
composite graft to the injured area. He was givé0% chance of success, and was advised
that the foot might have to be amputated if thgery failed.

Treatment was initiated on the 32nd day after injthie patient was placed on oral antibiotics
for four weeks. Seventeen days after the stareatinent, the wound was debrided, a portion
of avascular bone was removed, and two pins the¢ p®jecting into the open wound were
removed.

Thirty-one days after the start of treatment, thesg infection had resolved and the wound
was closing very well (FIG. 7b). Over the next fouonths the wound closed to a small
opening (FIG. 7c). At that time, it was felt that anderlying osteomyelitis precluded
complete closure of the opening. Therefore, theebhwas debrided under local anesthesia and
treatment continued. The wound was completely dasel healed within two months



thereafter (FIG. 7d). The patient has continuedaavell; he has regained an excellent range
of motion of the foot with a normal gait pattern.

Patient 5. A 21-year-old male caught the middlgéinof his right hand in a metal press, and
lost the distal one-half of the distal phalanxie# tniddle finger at the level of the base of the
nail. Treatment according to the present inventias initiated immediately upon
presentation, without wound debridement. After gsjghe patient was pain free and able to
change the dressings by himself. Seventeen dagrstagatment was initiated, regeneration of
bone and soft tissue was apparent (FIG. 8b). Feidiat days afterwards, the distal phalanx
was fully restored with organized, multitissue stawe; regeneration of appropriate tissues
(skin, muscle, nalil, etc.) was underway. Treatnwead discontinued at this time.

Seven weeks after cessation of treatment, thenaailalmost completely restored and the
volar surface of the finger tip had a normal deoghiphic pattern (FIG. 8e). The patient had
a full range of motion of the finger and normal s&iron of the finger tip, with no permanent
physical impairment.

Scaling the treatment voltage to the size of thamdy in conjunction with the other above-
identified factors, allows the entry of sufficiemimbers of free silver ions into the wound to
optimize healing and, in appropriate cases, indageneration of missing tissues. It is
believed that the observed results were largelytdulee action of the silver-collagen
complex which produced a large volume of de-difféieged cells in the treatment region. The
residual silver-collagen composition in the arebabeved to be responsible for the observed
long-term continuation of the healing and maturaiqrocess after cessation of active
treatment, eventually resulting in the restoratbbsubstantially normal function.

It will be apparent to those skilled in the artttheny changes and substitutions can be made
to the preferred embodiment herein described witdeparting from the spirit and scope of
the present invention as defined by the appendsnhsl!

http://www.silvermedicine.org/robertobecker.html
( For more information: http://www.silvermedicine.org/silveriondeliver.html ~
http://www.silvermedicine.org/attributesofsilverparticlesandsolutions.html )

"Robert O. Becker - The Discovery of Silver"

Dr. Becker first used silver in 1971. His experinseat this time focused on proving that
minute amounts of electrical current could deddferate cells and stimulate limb

regeneration in rats. For his experiments, Dr. Beekected to use a platinum electrode as the
negative pole ( cathode ) and a pure silver eldetas the positive pole ( anode ) with a 106 -
108 Megohms resistor wired into the circuit. He iamped the device in 35 rats, and achieved
the most notable results using 1 nanoamp of current

In 1972, Dr. Becker was ready to begin experim@mawith electrical stimulation for bone
growth in humans, particularly in cases where bndk@nes ( nonunions ) refused to heal.
Again, Dr. Becker chose to use silver, primarilgéese he believed silver was less likely to
chemically react with tissues and he believed sita¢r would transmit the electrical current
most efficiently.



Testing conducted by Dr. Becker's team demonsttatgdhe positive pole of a silver
electrode in a low current circuit would kill abrims bacteria within a 1/2 inch radius. Dr.
Becker hypothesized that this effect was due ta#iwery of silver ions directly into the
adjacent tissues. Never-the-less, his primary aonwes that the positive current at the
treatment site might cause delays in healing. Upitopoint, research indicated that growth
stimulation occurred at the negative electrode.

Dr. Becker eventually concluded that while all fofemetals they tested stopped growth of all
bacteria, the current required for all types exs#per required dangerously high levels of
current. Dr. Becker hypothesized that the otherafaddilled bacteria by poisoning the
bacteria and normal cells. Eventually, Dr. Beckarfemed that the silver deactivated or
killed all bacteria with no side effects with sm@iind safe ) levels of current.

Dr. Becker eventually began experimenting withestimpregnated nylon as a form of
wound dressing designed to kill bacteria; he camthto use "positive current” to kill bacteria
and "negative current” to stimulate tissue/bonevtinoBecker's team commonly used
between 100 to 200 nanoamps of electrical currententimeter of electrode in their
research. Dr. Becker concluded that other reseeretere using far too much current in
related experimentation, and that electricity exasg one volt posed the possibility of
dangerous side effects in nearby tissues.

In 1977, Becker first noticed that the silver an¢g@®esitive pole ) appeared to actually be
stimulating bone growth as well as eliminating ctiens. By 1978 he had repeated this
phenomenon a number of times, and decided to nesteadhe theory that only the negative
current stimulated tissue growth.

In 1980 Dr. Becker, through extensive researcheaperimentation, concluded that the
current was not the determining factor with thimsiated growth. Rather, it was the silver
ions that were responsible for the acceleratedrgeat the anode. He found that cells within
5 millimeters of the silver were actually alteréacultures, Dr. Becker demonstrated that
silver ions effected cell changes to the exterttttia cells grew extremely quickly, producing
primitively formed cells including fully dediffereiated cells and rounded fibroblasts.
Furthermore, the process of using silver ionsitadate healing resulted in a 50% reduction
in the healing time.

While it is universally accepted by knowledgeal@searchers that silver ions can, in fact,
alter cell morphology, some dispute the claim dwtial cell dedifferentiation occurs.
However, these conflicting findings may be due lgdie the actual amount of current used;
increased levels of current may in fact interferinwthe process. Dr. Becker is virtually alone
in the belief that the amount of current used sthéwel minute, approaching the same levels of
the natural DC current present in the human body.

Before Becker's research group dissolved, Dr. Befchend that silver ions, electrically
injected, could suspend the mitosis of ( cancejonalignant fibrosarcoma cells. Dr. Becker
hypothesized that cancer cells, regardless ofitialicause, were cells caught in a partially
differentiated and primitive state. However, thismising research was never fully explored.

Dr. Becker's conclusion was that low-current silgkectrodes stimulate bone formation by
dedifferentiating cells and possibly stimulatingipsteal cells. Dr. Becker's greatest



cautionary note is the observation that high leeélsurrent will stimulate cancer cell growth;
the key is low-current with pure silver electrodes.

Research Points of Interest

Red blood cells of a frog can be dedifferentiatgdiging extremely small amounts of current,
measured in billionths of amperes.

Bone growth stimulation occurred with platinum étedes ( at the negative electrode ) at a
maximum of 3 micro amps ( generated by a powercgodelivering an initial 2100 micro
amperes )

The average amount of voltage required to indueetrlysis in human tissues was 1.1 volts
of direct current ( any amount of current abovs fioint can cause cell damage or cell death )
Becker's group demonstrated that by using sihesteddes and 0.1 micro amperes of current,
bone growth stimulation still occurred, and nonumii@actures healed.

Dr. Becker noted that cancer cell growth was statad by 300% using the 10 microampere
method.

Dr. Becker noted that the combined effect of th@ppr level of current and the delivery of
silver ions could dedifferentiate cancer cells;hbetements must be correctly applied for any
results ( the activation of primitive-type genesioell nucleus ).

Dr. Becker realized that the silver electrode métbould be used on a patient's cells, and that
large quantities of primitive cells could be stofeduse at later date.

In January of 1980, primarily due to political reas, the inflow of research grant money
stopped, and Dr. Becker was forced to close hisr&bry, even though he was likely on the
verge of incredible breakthroughs in full tissuel @ngan regeneration in humans.



lontophoresis -
Delivery of silver ions via electrolysis
( custom silver electrolysis device
with variable current control )

( http://www.silvermedicine.org/robertobecker.html)

http://www.all-natural.com/silver-1.html
Colloidal Silver --- The Rediscovery of a Super Anbiotic?
(Excerpt)

Dr. Robert Becker, " The Body Electric," recognizedorrelation between low silver levels
and sickness. He said the silver deficiency wasaesible for the improper functioning of the
immune system. Dr. Becker's experiments concludesitver works on the full spectrum of
pathogens without any side effects or damage t@artyof the body. He also states that the
silver was doing something more than killing diseasganisms. It was also causing major
growth stimulation of injured tissues. Burn patgeand elderly patients noticed more rapid
healing. He discovered that all cancer cells chdragpk to normal cells. All strains of
pathogens resistant to other antibiotics are kitipaolloidal silver. Yet at that time he
couldn't find a silver supplement on the market.

http://mwww.molluscum.com/why_silver.php

A Short History of the Use of Silver in Medicine
( Excerpt)



A project begun at the State University of New YbgkRobert Becker and associates
involved a silver nylon product in the early 1970r&is project was originally instigated in
order to find an electromagnetic shield. Instettbad to the revolutionary discoveries by
Becker of silver’s unique antimicrobial propertiasd his discovery that silver ions could
induce fibrocytes to dedifferentiate into stemsalhd back again. One of Becker’s research
associates, A. Bart Flick, continued work in thieaafor professional and commercial
applications. As a result, Flick has filed patant$d994, 1996 and 2000 for silver-based
wound dressings that are far superior to anythiag hhas ever been available before. He has
also obtained approval for these dressing fromt8d-ood and Drug Administration.
Because of the success of these silver dressiragsy other medical product manufacturers
have filed for their own parallel products...

http://www.perutechnologies.com/sipr2.html

Silver Helps Regrow Human Tissue — Physician PatesfTechnique Using
Silver lons

by

Mike DiRienzo

The Silver Institute, Washington DC
July 27, 1999

Washington, D.C. — Silver, the same commodity used in coins antiénmanufacture of
jewelry, silverware, mirrors and electronics, hakpgenerate human cells that have been
destroyed by disease or damaged in accidents,diegdo a recently released report in this
month's edition of Silver News, a bi-monthly newtdepublished by The Silver Institute.

Clinical tests indicate that the silver-based pduore is so successful that one patient who had
sustained three crushed fingers in an accident geawtissue rapidly. Within 2-1/2 months,
skin coverage was complete and there was normaduakation, good blood supply and all
joints had a normal range of motion. If left untexh the 30-year old electrician's fingers
would have fallen off after turning black from gaege, and he would have been left with a
totally useless hand. Ironically, his orthopedioggon recommended amputation of all three
fingers, but the patient requested silver-ion thenahich proved successful.

The mechanism by which silver ions help rebuildues has been studied for more than a
decade by Dr. Robert Becker of Becker Biomagneatiééew York. Dr. Becker initially

reported his findings at the First Internationah€@wence on Silver and Gold in Medicine, co-
sponsored by The Silver Institute in 1987. In teeatle since, this technique has been used in



clinical settings where hundreds of patients wahaus wounds have recovered. In addition,
a laboratory study conducted by the U.S. Army togifor Surgical Research in Houston,
Texas, showed that laboratory animals with burnwasureated under controlled conditions
experienced shortened time for reconstruction wiitrer-nylon dressings. Recovery of skin
function was faster when electric current was aaptiompared to no application of electric
current. Last fall, Dr. Becker received a U.S. pa(®,814,094) for the devices, materials, and
techniques involved in regeneration of tissue usihgr ions.

After several hundred cases, Dr. Becker believassttte technique works in three stages. The
first stage is the chemical combination of hightyiwe free silver ions with all bacteria or

fungi present in the wound which are inactivatethimi 20 to 30 minutes. The second stage
occurs over the next few days. Silver acts on blast cells to cause them to revert to their
embryonic state, becoming stem cells. These cadlsimversal building blocks whose role is
to reconstruct new tissue. In the final stage gsilens form a complex with the living cells in
the wound area to produce immediately convertitdescells. The end result of this
conversion is that the stem cells supply all thié&ding blocks necessary to completely restore
all anatomical structures.

No other known treatment provides sufficient nunshberthe embryonic or stem cells
required for true regeneration of damaged or dgsttdissues in humans and animals. The
success indicates that there is the potential migtfor the healing of near-surface wounds,
but for regenerative repair of internal organs sagltthe heart, liver, brain and the spinal cord.

For Further Information Contact: Mike DiRienzo, The Silver Institute 1112 16th &t,
N.W., Suite 240 Washington, D.C. 20036 Tel: (20258185 Fax: (202) 835-0155
Copyright © 2000 The Silver Institute All Rights $&ved
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