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Abstract

Wound healing is a compieand fragile process, which can be complicated by infection

and inflammation. In this study, multiple cases are reviewed pictorially for the purpose

of recording improved wound healing using the antimicrobial Silver Sol gel. The daily
use of Silver Sogel results in reduced infection (including MRSA), which leads to less
inflammation. By reducing the inflammation and infection wounds close faster and with
less scaring. This remarkable review of the healing process strongly suggestsehat S

Sol gelhelps disinfect the wound, prevents further infection, helps reduce inflammation
and stimulates stem cells which results in improved wound healing characterized by
reduced inflammation, improved angiogenesis, faster phagocytosis and reduced scarring.

Fou cases were studied and evaluated for wound healing, infection control and stem cell
activity, where the antimicrobial Silver Sol gel was used multiple times daily to help
produce remarkable recoveries in; 1. A complicated MRSA infected wound. 2. Serious
facial lacerations and the prevention of infection and inflammation. 3. A serious burn in
an immune compromised patient. 4. A serious complicated (bollous pemphigoid)
infection. These studies demonstrate improvements in healing outcomes sometimes in as
little as half the normal healing time. The Silver Sol gel produced remarkable healing
results in the MRSA infected wound by destroying the bacteria and helping to close a
wound that was previously open and infected for over one year. Silver Solmggd hel
produce a remarkable healing in a serious facial laceration preventing infection,
significantly reducing inflammation resulting in an extremely rapid healing with little
scaring. Silver sol gel was sprayed on a serious third degree burn in an 8Rlyear

immune compromised patient helping to prevent infection and close a very difficult burn
wound in two months. A bollous pemphigoid wound demonstrategitbelializaton

and stem cell function in closing a very serious wound.

Literature Review

Silver Sol and MRSA
Methicillin resistant staphylococcus aureus (MRSA) is approaching pandemic levels and
there is an immediate need for a substance like Silver Sol in controlling this potentially



fatal disease. MRSA is a resistant variation of the commonrhauntstaphylococcus
aureus. Itis resistant to a significant group of antibiotics called the beta lactase, which
include penicillins and cephalosporins (43). The organism is oftenategorized as
community associated MRSA (CMRSA) or health care assiated MRSA (HA

MRSA). CAMRSA cases were first reporMRSA i n t he
has plagued the medical professionals and patients that work or live in hospitals. Itis
estimated that as much as 60% of Hospital nurses carry MRSA imtiseis and on their
skin (43). The CAMRSA predominantly afflicts athletes, prisoners, nurses, soldiers,
Native Americans, Native Alaskans, and children in inner cities (Wikipedia, 2008).
MRSA could be considered to be a modern day plague because bhaslghe ability

to survive treatment with most antibiotics including methycillin, dicloxocillin, nafcillin
and oxacillin.

Hospitals have a special need for help in patients with open wounds that use invasive
devices, or have a weakened immune systéhese patients are at greater risk, which is
also seen in the hospital employees who do not follow meticulous hygiene and proper
sanitizing procedures. They may silfiect or transfer the contagion to patients or

visitors. A study reported form the gaciation for Professionals in Infection Control and
Epidemiology (2008), concluded that the poor hygiene habits remain the principle barrier
to a significant reduction in the spread of MRSA. They also indicate that this hospital
risk is exponentially g when you combine the propensity for the general public to
spread this superbug in public restrooms, restaurants, airplanes, nurseries, schools,
athletic events and in the home.

MRSA is progressing toward pandemic proportions. The Centers for DiSeatel

and Prevention (CDC), estimated that the number of MRSA infections doubled
nationwide, from 127,000 in 1999, to 278,000 in 2005, while at the same time deaths
increased from 11,000 to more than 17,000 (43). According to the Journal of the
American Medical Association (JAMA Oct, 2007), MRSA was responsible for 94,360
serious infections and associated with 18,650 hospital stay related deaths in the United
States in 2005. The statistics suggest that MRSA infections are responsible for more
deaths irthe U.S. each year than AIDS (44).

MRSA is growing out of control and the statistics suggest grave outcomes, but the level
of seriousness is arguably misunderstood due to the fact that a study performed in San
Francisco 2005, reported that approximafelg 300 residents suffered from MRSA.

While during the course of the same year 85% of these infections occurred outside of the
health care setting (45). A hospital study (46) reported that MRSA patients had, on
average, three times longer stays (14ysde. 4.5 days), incurred three times the
expenditure ($48,824 vs. $14,141), and experienced five times the rishagpital

death (11.2% vs. 2.3%) as compared to patients without this infection (46). Wylie et al,
reported a death rate of 34% witld@ days among patients infected with MRSA (47).

The most common site of infection includes: The anterior nares (nostrils), respiratory
tract, open wounds, intravenous catheters and urinary tract (47).



Hospitals in Denmark, Finland, Netherlands (49) & hospitals in Pittsburg (48)
report that MRSA infections can be significantly reduced using sanitary methods that
include swabbing the nostrils and hands \arttibacteriaprotection. These studies
demonstrate the potential benefits of an antibadtagent prophylactically used on the
hands and nostrils as long as resistance is not a potential long term problem.

MRSA is a resistant staphylococcus infection that usually presents as a patch of small pus
surrounded by redness and swelling, and resemimples, spider bites, or boils that may

not be accompanied by a fever and rash. The bumps become larger and spread where
larger painful pudilled boils can develop deep into the tissue (50). Approximately 75%

of CA-MRSA infect the skin and whereasminority of these infections can invade vital
organs and cause sepsis, toxic shock syndrome, flesh eating (necrotizing) and pneumonia
(52). Itis not fully understood why some healthy people survive MRSA infections and

ot hers donodét (51).

The current tratments of MRSA include Vancomycin and Teicoplanin, which are
prescription antibiotics categorized as glycopeptides (52). The absorption of these
antibiotics is very poor and must be given by intravenous administration to control
systemic infections (53)There are several new strains of MRSA that have become
resistant even to Vancomycin and Teiocplanin (54, 55). Presently the use of Linezolid,
Quinupristin/Dalfopristin, Daptomycin and Tigecycline are used to treat more severe
infections that do not respd to glycopeptides such as Vancomycin (56). In addition,
oral treatments include Linezolid, Rifampicin + Fusidic acid, Rifampicin +
Fluoroquinolone, Pristinamycin, @moxazole, Doxycycline or Minicycline and
Clindamycin (67).

Nature (57) reportethat there is a new drug which has demonstrated MRSA activity
called Platensimycin (58, 59). It should be noted that some of the newest drug
discoveries can cost $1600 per day which may prohibit their ubiquitous distribution.

The spread of MRSA is aaplicated by the fact that hospitals discharge contagious

patients into the community, workforce, schools, and general public (60). Inthe U.S. itis
estimated that 95 million people carry staphylococcus aureus in their obese 2.5

million carry MRSA (62), and 23% of these require hospitalization (63). MRSA is

nearing pandemic proportions and there is a serious need for a daily use antibacterial that
does not produce resistant strains of MRSA. Currently Silver Sol may be the only
prophylactic us@roduct that has activity against MRSA and could be used for

prevention as well as treatment of MRSA because it does not produce resistant strains
(66).

Normal Healing Processes

The wound healing process is t hreratingpdy 6s
dermaland epidermal tissue (skin). When the skin is wounded a set of complex
biochemical events takes place in a closely orchestrated cascade to repair the damage
(40.). These events take place simultaneously (2), and can be categorized into
separate steps: The inflammatory, proliferative, and remodeling phases (1).

na



Inflammatory Phase:

During the inflammatory phase clotting takes place, bacteria and debris are
phagocytized and removed, while immune factors are released causing the activation,
mobilization and division of cells involved in the proliferative phase.

When tissue is first wounded, blood comes in contact with collagen, triggering blood
platelets to begin secreting inflammatory factors (9). Platelets also express
glycoproteins on theicell membranes that allow them to stick to one another and to
aggregate, forming a clot (4). Fibrin and fibronectin cilodstogether and form a

plug that traps proteins and particles and prevents further blood loss (10). This fibrin
fibronectin plugis also the main structural support for the wound until collagen is
deposited (4). Migratory cells use this plug as a matrix to migrate across, and platelets
adhere to it and secrete immune factors (4).

Platelets are the cells in highest numbers shoftidy a wound occurs. They release
ECM proteins, cytokines, growth factors and-prflammatory factors like seratonin,
bradykinin, prostaglandins, prostacyclins, thromboxane and histamine (2). These
serve a number of purposes including the mobilizaactiyation and proliferation of

cells to the area of injury and cause blood vessels to become dilated and porous (2).
Within an hour of wounding, polymorphonuclear neutrophils (PMNSs) arrive at the
wound site. Neutrophils phagocytise debris, and alsb&dteria by releasing free
radicals in what is called a fAirespiratory
by secreting proteases that break down damaged tissue. Neutrophils usually undergo
apoptosis once they have completed their tasks and guéfexhand degraded by
macrophages (16).

Other leukocytes to enter the area include helper T cells, which secrete cytokines to
cause more T cells to divide and to increase inflammation and enhance vasodilation
and vessel permeability (11, 17). T cellsalscrease the activity of macrophages

(11). Macrophages are essential to wound healing (13). They replace PMNs as the
predominant cells in the wound within two days after injury (18). Once they are in

the wound site, monocytes mature into macrophdgesnain cell type that clears the
wound area of bacteria and debris (13). The macrophage's main role is to phagocytise
bacteria and damaged tissue. It also debrides damaged tissue by releasing proteases.
(20). Macrophagealso secrete a number of fag@uch as growth factors and other
cytokines, especially during the third and fourth pesstinding days. These factors

attract cells involved in the proliferation stage of healing to the area (9).

Macrophages are stimulated by the low oxygen conteneofsbrroundings to

produce factors that induce and speed angiogenesiAfidihey also stimulate cells

that reepithelialize the wound, create granulation tissue, and lay down a new
extracellular matrix (21, 22). Because they secrete these factorspimages are

vital for pushing the wound healing process into the next phase.

Because inflammation plays roles in fighting infection and inducing the proliferation
phase, it is a necessary part of healing. However, inflammation can lead to tissue



damage iit lasts too long (4). Thus the reduction of inflammation is frequently a goal

in therapeutic settings. Inflammation lasts as long as there is debris in the wound.
Thus the presence of bacteria, dirt or other objects can extend the inflammatory phase
for too long, leading to a chronic wound.

As inflammation dies down, fewer inflammatory factors are secreted, existing ones
are broken down, and numbers of neutrophils and macrophages are reduced at the
wound site (13). These changes indicate that the inflaorgnphase is ending and the
proliferative phase is underway (13). Silver Sol helps to reduce the bacteria and
foreign substances in the wound wistemulating theproduction of stem cells
effectively shortening the inflammatophase andccelerating té proliferative

phase, which improves healing times.

Proliferative Phase:

About two or three days after the wound occurs, fibroblasts begin to enter the wound
site, marking the onset of the proliferative phase even before the inflammatory phase
has ende@3). During the proliferative phase (also called the reconstruction phase),
angiogenesis produces new blood vessels from endothelial cells (5), fibroblasts grow
and form an extracellular matrix by excreting collagen and fibronectin (4), epithelial
cellsmigrate across the wound bed to cover it. (6), and the wound is made smaller by
the action of myofibroblasts which draw the edges of the wound together (4).

Because the activity of fibroblasts and epithelial cells requires oxygen, angiogenesis
is imperatve for other stages in wound healing, like epidermal and fibroblast
migration (1). Angiogenesis is evident when the skin becomes red (erythematosis)
due to the presence of capillaries (24).

In order to form new blood vessels and provide oxygen and nistteethe healing
tissue (25) stemcells called endothelial cells originating from parts of uninjured
blood vessels develop pseudopia and push through the ECM into the wound site.
Through this activity, they establish new blood vessels (14).

To migrate endothelial cells need collagenases and plasminogen activator to degrade
the clot and part of the ECM (2, 13). Endothial cells are also attracted to the wound
area by fibronectin found on the fibrin scab and by growth factors released by other
cells (25).Endothelial growth and proliferation is also stimulated by hypoxia and the
presencef lacticacid in the wound (23). In a leaxygen environment,

macrophages and platelets produce angiogenic factors which attract endothelial cells
chemotactically. Whemacrophages and other growth fagbooducing cells are no

longer in a hypoxic, lactic acifilled environment, they stop producing angiogenic
factors (14). Thus, when tissue is adequately perfused, migration and proliferation of
endothelial cells is reded.

By the end of the first week, fibroblasts are the main cells in the wound (2).
Fibroplasia ends two to four weeks after wounding. Fibroblasts deposit ECM
molecules like glycoproteins, glycosaminoglycans (GAGSs), proteoglycans, elastin and
fibronectin,which they can then use to migrate across the wound (Cohen, 2005).



Growth factors (PDGF, TGB) and fibronectin encourage proliferation, migration to
the wound bed, and production of ECM molecules by fibroblasts. Fibroblasts also
secrete growth factorsahattract epithelial cells to the wound site. Hypoxia also
contributes to fibroblast proliferation and excretion of growth factors, though too little
oxygen will inhibit their growth and deposition of ECM components, and can lead to
excessive, fibrotic saring.

One of fibroblasts' most important duties is the production of collagen (24).
Fibroblasts begin secreting appreciable collagen by the second or thiwlquogting
day (25), and its deposition peaks at one to three weeks (21). Collagen production
continues rapidly for two to four weeks, after which its destruction matches its
production and so its growth levels off (14).

Collagen deposition is important because it increases the strength of the wound.

Epithethialization is the formation of grantitan tissue in an open wound and allows

the cells to migrate across the new tissue to form a barrier between the wound and the
environment (25). Basal keratinocytes from the wound edges and dermal appendages
such as hair follicles, sweat glands and sema€€oil glands) are the main cells
responsible for the epithelialization phase of wound healing (28). They advance in a
sheet across the wound and proliferate at its edges, ceasing movement when they
meet in the middle (28).

If the wound is very deep, skappendages may also be ruined and migration can
only occur from wound edges (30).

The more quickly this migration occurs, the less of a scar there will be (33).

Epithelial cells have the ability to phagocytize debris such as dead tissue and bacterial
matter that would otherwise obstruct their path. Because they must dissolve any scab
that forms, keratinocyte migration is best enhanced by a moist environment, since a
dry one leads to formation of a bigger, tougher scab (20, 25, 28, 34). Keratinocytes
also produce and secrete growth factors which aid both in epithelialization and in
other phases of healing (36).

At first, contraction occurs without myofibroblast involvement (39). Later,

fibroblasts, stimulated by growth factors, differentiate into myobkasts.

Myofibroblasts are attracted by fibronectin and growth factors and they move along
fibronectin linked to fibrin in the provisional ECM in order to reach the wound edges
(20). They form connections to the ECM at the wound edges, and they atesatht
other and to the wound edges by desmosomes. Also, at an adhesion called the
fibronexus, actin in the myofibroblast is linked across the cell membrane to molecules
in the extracellular matrix like fibronectin and collagen (39). Myofibroblasts have
many such adhesions, which allow them to pull the ECM when they contract,
reducing the wound size (38). In this part of contraction, closure occurs more quickly
than in the first, myofibroblashdependent part (39).

As the actin in myofibroblasts contracthe wound edges are pulled together.
Fibroblasts lay down collagen to reinforce the wound as myofibroblasts contract (2).



Contraction occurs in order to reduce the size of the wound. A large wound can
become 40 to 80% smaller after contraction (19, 28punds can contract at a speed

of up to 0.75 mm per day, depending on how loose the tissue in the wounded area is
(25). Contraction usually does not occur symmetrically especially when the wound is
dry, deep, contaminated or infected.

The contraction sige in proliferation ends as myofibroblasts stop contraeiiag

commit apoptosis (38). The breakdown of the provisional matrix leads to a decrease
in hyaluronic acid and an increase in chondroitin sulfate, which gradually triggers
fibroblasts to stop migting and proliferating (13). These events signal the onset of
the maturation stage of wound healing.

Collagen depostion: before it is laid down, the only thing holding the wound closed is
the fibrinfibronectin clot, which does not provide much resistatactraumatic injury

(14). Also, cells involved in inflammation, angiogenesis, and connective tissue
construction attach to, grow and differentiate on the collagen matrix laid down by
fibroblasts (27).

Even as fibroblasts are producing new collageltagenases and other factors

degrade it. Shortly after wounding, synthesis exceeds degradation so collagen levels
in the wound rise, but later production and degradation become equal so there is no
net collagen gain. This homeostasis signals the onsle¢ haturation phase.
Granulation gradually ceases and fibroblasts decrease in number in the wound once
their work is done (28). At the end of the granulation phase, fibroblasts begin to
commit apoptosis, converting granulation tissue from an environnedntrcells to

one that consists mainly of collagen (2).

Remodeling and Maturation Phase:

In the remodeling phase the wound matures. Collagen is remodeled and realigned
along tension lines where the wound is contracting. During this process theatells th
are no longer needed are removed by apoptosis. The healing process is complex,
fragile and susceptible to interruption or failure which can lead to the formation of
chronic norhealing wound. Some of the most significant factors which may
contribute tahe failure of a wound to heal, inclydiabetesvenous or arterial

disease, old age, and infection (7).

When the levels of collagen production and degradation equalize, the maturation
phase of tissue repair is said to have begun (14). The maturatisa @én last for a

year or longer, depending on the size of the wound and whether it was initially closed
or left open (21). During Maturation, type Il collagen, which is prevalent during
proliferation, is gradually degraded and the stronger type | @llegglaid down in its
place (11). Originally disorganized collagen fibers are rearranged;lorosd, and
aligned along tension lines (19). As the phase progresses, tensile strength of the
wound increases. The strength approaches 50% that of naso@ by three months
after injury and ultimately becomes as much as 80% as strong as normal tissue (21).
Since activity at the wound site is reduced, the scar loses its erythematous appearance
as blood cells that are no longer needed are removed byajsoit4).



The phases of wound healing normally progress in a predictable, timely manner; if
they do not, healing may progress inappropriately to either a chronic wound (4) such
as venous ulcers or pathological scarring such as a keloid scar (40, 41).

Silver Sol destroys bacteria, viruses and fungus, thus reducing the burden on the
immune system and allowing an already overworked immune system to prioritize its
actions towards healing and rebuilding functions. Stem cells are activated and work
to improwe healing outcomes.

Materials and Methods
There are four case studies:
1. MRSA resolution and wound healing (Dr Shaw MD)
2. Silver Sol used to prevent infection and help improve wound healing.
(G. Pedersen Ph.D.)
3. Burns, Infection control, wouncehling and stem cells (G. Pedersen Ph.D.)
4. Stem cell activated infection bollous pemphigoid (Singapore)

The four case studies represent clinical manifestations using silver sol liquid and gel. All
these case studies included giving the patients tagpteons of liquid silver sol daily
combined with twice daily application of silver sol gel. Silver Sol helped improve

healing outcomes in all four of these case studies.

Case Study Results

Case Study #1: Complicated MRSA Resolution & Wound
Healing

Subject: Female with infected mastectomy
Wound: ComplicatedMRSA Infection
Treatment: Silver Sol gel given topically 4 times a day.

Results Photo series demonstrates complete resolution in five weeks.



Day One: MRSA
infection ongoing

one year.

Close upof tissues
day one.




Day 17: Significantly
improved wound healing
and reduction of MRSA

Day 17:Close up
of tissues




Day 21:Wound
totally closed
and 95% healed,
MRSA gone.

Conclusion: Silver Sol destroys HAMRSA and promotes healing
in a stubborn antibiotic resistant wound.

Case Study #2: Silver Sol Used To Prevent Infection and Help
Improve Wound Healing.

Subject: A 47 year old male in good health.

Wound: Traumatic injury with seriogilaceration to the eye and forehead. 18 stitches

over the eye and ten in the forehead were required to close the 2.5 inch long lacerations.
The orbital bone was broken and a serious hematoma developed on both eyelids and the
bridge of the nose.

Treatment: Silver Sol liquid given orally two teaspoons twice a day and silver sol gel
given topically 4 times a day.

Results Photos were taken at the hospital immediately after suturing and every day
thereafter. Complete healing by day 7.



Day One: Serioudaceration and
hematoma over left eye, broken
orbital bone and laceration on left
forehead at the hairline.

Stitches were required to close

the wounds.

Day Two: Bruise on left eye
spreading around the eyes and

bridge of nose.




Day Three: Stitches removed, bruising

significant, no infection.

Day Four: Improved wound healing,

inflammation reduced, and no infection.




Day Six: Wound healed,

bruise nearly gone

Day Seven: Wound healed, bruise
gone, inflammation gone, very little
scar, no infection after 7 days.
Quote from Dr AlMolof (former
President of Special Operations
Medical Associatioh It iealed
twice or maybe three times faster

than any wound | i




Conclusions:

The topichapplication of silver sol gel kills pathogens and helps protect the wound from
becoming contaminated or infected which means that the inflammatory phase of wound
healing received significant assistance possibly by reducing the need for macrophages,
monog/tes and fewer cytokines producing less inflammatory response hormones. The
fact that there is less inflammation suggests that there is a significant reduction in the
inflammatory phase of healing. Since the silver sol destroys bacteria, viruses and mold
the wound was not infected thus reducing the need for phagocytosis, which reduces the
immune cascade required for clotting and decontamination of the wound. The
elimination of bacteria leaves the wound edges and margins clean and capable of optimal
healng. In addition there is an increased ability to secrete stem cells, which will produce
multi-potent cellular healing. This produces obstacle free wound healing making a
cleaner healing scar. This can be seen in the fact that the wound was closédresd st
removed by day three where the wound presented a very low amount of inflammation,
with no bacterial contamination. This could help explain why there is very little scarring.
This could also be due to the fact that with less inflammation, thizssisneed for the
platelets to produce histamine, cytokines and prostaglandins, which results in less overall
swelling which means the wound can heal faster due to the fact that there are less factors
competing with collagen. This reduced inflammatiosufes in more collagen filling the

fibrin - fibronectin matrix producing less tension, better bridging to migrate across the
wound and less constriction (fibrotic scarring of the wound). In addition the gel provides
a wound that is moist promoting thegration of polymorphonuclear cells stretching

across the wound, which can lay the foundation of a healthy uncomplicated wound. In
addition it appears that stem cell activation (as published in Nexus 2008), could be
responsible for the rapid adhesion loé faceration and assist in the removal of the scab

and reduction of the scarring. This could occur because the endothelialization had less
opposition from bacteria, mold and inflammation. It appears that stem cells had activated
and mobilized angiogenisdrom the healthy blood vessels as evidenced by the pink
coloration of the tissues immediately surrounding the suture lines which indicate that
stem cell activated angiogenesis had taken place with remarkable results probably due to
the fact that there as no bacterial infection nor any contamination and its associative
inflammation.



In short the Silver Sol appears to play a significant role to decontaminate, prevent
infection and stimulate stem cells resulting in improved wound healing characterized by
reduced inflammation, improved angiogenesis, more efficient phagocytosis and reduced
scarring.

Since there is less need for polymorphonulclear cells there will be less helper T cells
secreteting cytokines which cause the multiplication of inflammatorgmacthis means
there is less cleanp of inflammation and the wound in general. In addition there will be
better stem cell production from the healthy fringes of the blood vessels, better collagen
production and improved circulation due to the fact #aabdilation and blood vessel
permeability will be normalized sooner in an uninfected and less inflamed wound. All of
these parameters seem to have one thing in common; Silver Sol has antimicrobial
abilities that help reduce infection, and inflammatiesulting in better healing. Since
inflammation lasts as long as there is debris or infection in the wound, it can be said that
Silver Sol can help remove the cause of a significant amount of infection and
inflammation. This results in improved healingg@omes by reducing the pathogenic
burden on the immune system allowing optimal restorative and regenerative immune
functions.

Case Study #3
Infection Control In a Serious Third Degree Burn.
Subject: 88 year old woman

Wound: Third degree burn over Hothighs with potential pseudomas aeruginasdl,
MRSA infections.

Treatment: Silver Sol gel sprayedn topicallyonce a day when bandages were
changed.

Results Photos illustrate total healing in 65 days.



Day One: Third
Degree burn deep
into the skin,
adipose tissue and
muscles.

Subject was
unable to

receive skin

grafts do to

her age and
compormized

immunity.

Day 65: Complete
healing with

no infection.

The wound

is discolored but
relatively scar

free after 65 days.



