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(57) ABSTRACT 

The method of prevention and treatment of microbial infec 
tions that occur on, or just below, the skin and nails of a person 
consisting of applying a means to inactivate the microbes thus 
rendering them harmless. The treatment consists of applying 
a means which alters the skin or nail so that the skin or nail 
will either no longer serve as a food source, will be inhibitory 
to the organism, will be toxic to the organism, or will be 
altered in a manner that makes it more responsive to treatment 
of infections. 
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ALTERATION OF THESKIN AND NAIL FOR 
THE PREVENTION AND TREATMENT OF 

SKIN AND NAL INFECTIONS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of U.S. Provi 
sional Application Ser. No. 60/649,316 filed Feb. 2, 2005, 
which is incorporated herein by reference. This application is 
also a continuation in part of U.S. application Ser. No. 

docket no. C9CMB001. B17, filed Jun. 17, 2005, 
which is a continuation in part of U.S. application Ser. No. 
10/215,834, filed Aug. 9, 2002, which claims priority to U.S. 
Provisional Application Ser. No. 60/355,088, filed Feb. 11, 
2002, each of which application is incorporated herein by 
reference. 

BACKGROUND 

0002 1. Field of Invention 
0003 Nail infections are aparticularly significant problem 
in the general population, affecting an estimated 5% to 15% 
of the overall population. This percentage is significantly 
higher in the elderly age group and among athletes and other 
individuals who have high moisture in the area of their feet. It 
is estimated that approximately 25% of those over 65 suffer 
from nail infections. 
0004 Nail infections are often caused by fungus and this 
type of infection is termed onychomycosis. Currently, the 
preferred method for the prevention and treatment of skin and 
nail infections relies on application of topical medications or 
ingestion of medications. These medications are used to treat 
an existing infection, not for the prevention of an infection. 
Cost of treatment for nail infections by using medication can 
be between S600 and S1200 per course of treatment and can 
last three to six months. This is the amount of time it takes the 
medication to be incorporated into the nails. Another one to 
six months is then required for the nail to become free of 
infection. These medications also have a low cure rate with 
the efficacious having a total cure rate of less than 40%. In 
addition to the high costs and low cure rates, oral medications 
for nail infections have serious side effects including heart 
and liver problems, loss of taste for a year or more, and at 
times they can cause death. 
0005 Topically applied medications are safer than oral 
medications but have a much lower cure rate. Most topically 
applied medications for nail infections have cure rates of less 
than 15%. This is because these medications have difficulty in 
penetrating the nails effectively. While topically applied 
medications for skin infections are more efficacious even 
these medications have drawbacks including side effects Such 
as rashes and other allergic reactions. 
0006. No effective method has been developed to prevent 
or treat skin and nail infections by changing the composition 
of the skin or nail without the use of oral medications or the 
application of topical medications. 

SUMMARY OF INVENTION 

0007. The invention, a method to prevent and treat skin 
and nail infections, alters the composition of the skin or nail 
so that the skin or nail is either changed so that is will no 
longer Sustain an infectious organism or so that it becomes 
inhibitory or toxic to an infectious organism. 
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0008 Alteration of the skin or nail may be accomplished 
by a variety of means such as the use of electromagnetic 
radiation, application of heat, or other mechanical means. The 
alteration of the skin or nails may also be accomplished by the 
application of a compound which may by itself not be an 
anti-microbial compound (i.e. it may not be an antibiotic) but 
which when applied serves to inhibit the infectious organism. 
0009. The means used to alter the skin or nail may also 
change the skin or nail so that it is no longer available to the 
organism as a food source. When the skin or nail is altered in 
this manner an infectious organism cannot Survive since it 
loses its source of food. 
0010. The means used to alter the skin or nail may also 
change the skin or nail so that it is inhibitory to an organism. 
This is different than the use of a means to directly inhibit the 
organism since it is the alteration of the skin or nails which 
inhibits the organism, not the means itself that inhibits the 
organism. 
0011. The means used to alter the skin or nail may also 
change the skin or nail so that it is toxic to an organism. This 
is different than the use of a means which is directly toxic to 
the organism since it is the alteration of the skin or nails which 
is toxic the organism, not the means itself that is toxic to the 
organism. 
0012. The means used to alter skin or nail may also change 
the skin or nail so that its characteristics are changes in a 
manner that make them more responsive to treatment of skin 
and nail infections. For example this may mean that the nail 
becomes more permeable and thus antibiotics may more eas 
ily transit the nails to the site of an infection. 

FIGURES 

0013. One figure showing invention on attached page. Add 
figures—applying means to make the nail or skin toxic, 
applying means to make the nail or skin inhibitory, applying 
means to change the skin or nails so that they are not a food 
SOUC. 

DESCRIPTION OF FIGURES 

0014 FIG. 1 is a schematic diagram of the method of 
treatment embodied by the invention. 

Background Information on Skin and Nails 
0015 The skin is the largest organ of the body and its main 
barrier against infection and damage. It is composed of an 
upper layer called the epidermis and the layer residing under 
neath called the dermis. The epidermis is generally renewed 
every 15 to 30 days although disease can alter this time frame. 
The epidermis is comprised of a number of different types of 
cells and the major component of these cells is the fibrous 
protein keratin. Many organisms that cause skin infections 
have special ability to utilize keratin as a food source. Skin is 
composed of approximately 70% water and 25% protein with 
the remaining 5% being composed of lipids, trace minerals, 
and other compounds. Due to the high level of moisture and 
keratin, the skin in particularly Susceptible to dermatophytes 
that have special abilities to degrade keratin and use it as a 
food source. It should also be noted that the outer layer of 
epidermis, the corneal, is composed of dead cells rich in 
keratin which provide a rich food source and no antimicrobial 
action since they are dead. 
0016 Nails are made of modified keratin and are similar in 
composition to hair. Nails are about 1 to 3 mm thick and grow 
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at a rate of between 1 to 3 mm per month taking about 6 to 12 
months to completely grow out. Fingernails grow about twice 
as fast as toenails and the longer the finger or toe the faster the 
growth of the nail. The nail plate is composed of translucent 
keratin and is divided into three layers—the dorsal, interme 
diate, and Ventral layers. The topmost layer is dorsal layer and 
it is primarily composed of soft keratin. The middle layer of 
the nail plate is called the intermediate layer and its cells are 
primarily hard keratin. The ventral layer is the bottom layer of 
the nail plate and it is primarily composed of soft keratin. 
There are a number of different types of keratin and they are 
generally grouped as Soft or hard keratins. Soft keratins are 
more prevalent in skin while hard keratins predominate in 
hair and nails. Approximately 80% of the keratins that com 
prise nails are hard keratins. Nails are relatively impervious to 
most compounds, which is an important protective feature. 
However, this protective feature also makes infections diffi 
cult to treat. The disulfide bonds of the keratin are a major 
factor contributing to the impermeability of nails and alter 
ation of these bonds can significantly change the nail struc 
ture and it impermeability. 
Alteration of Nail and Skin to Prevent it from being a Food 
Source 
0017. It is possible to stop an infection by removing the 
food source of infectious organisms. If the organisms have no 
access to food they will be unable to reproduce and will 
quickly die themselves. For most skin and nail infections 
removing the food source means altering the keratin so that 
the organism can no longer utilize the keratin as a food source. 
Many organisms that cause skin and nail infections have 
specialized enzymes that can degrade keratin. However, if the 
keratin is crosslinked or fused by the application of means 
Such as the use of UVC, the specialized enzymes these organ 
isms have to degrade keratin for use as food may not be able 
to effectively degrade the keratin. This is due to the fact that 
these specialized enzymes act as a catalyst for breaking down 
keratin by forming a template that the keratin fits into and 
permits the keratin to be further broken down. If the keratin is 
crosslinked, or fused, it may no longer be able to fit in the 
template and therefore cannot be broken down and utilized by 
the organism as food. 
0018. Although a preferred embodiment uses the applica 
tion of UVC to fuse or crosslink the keratin there area number 
of other possible means that can be used to accomplish the 
transformation of the skin and nails so that they no longer 
serve as a food source. Other means include the application of 
other wavelengths of light, chemicals and compounds, heat, 
ultrasounds and other forms of energy which are known to 
alter structures. 
Alteration of Nail and Skin to make Produce Toxic Com 
pounds 
0019. Keratin is a fibrous protein made up of amino acids 
that have particularly high amounts of sulfur. Cysteine is the 
primary componentamino acid and its formation of disulfide 
bonds with adjacent strands of keratin creates a tough, fibrous 
matrix for the skin, nails, and hair. 
0020 Sulfur has well known antimicrobial properties and 
modification of the keratin in hair, nails, and skin can release 
sulfur and permit it to exhibit its antimicrobial effects. 
0021 Rudiger Hell of the Heidelburg Institute of Plant 
Sciences has identified a wide variety of sulfur based proteins 
that contribute to a plant's ability to resist infection. Hell notes 
that these proteins are termed Thionins and Defensins and 
defines them as “basic, low molecular weight (MW-5000 
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Da) polypeptides with 10-20% cysteine residues and toxic 
effects to bacteria, fungi and mammals. Apparently, these 
compounds are toxic to infectious organisms due to their 
ability to disrupt membranes and other cellular processes. 
Applying means to keratin (which is very high in cysteine) to 
transform it can produce similar compounds which can have 
an antimicrobial effect on infectious organisms. 
0022 Skin and nails are also composed essential oils 
which keep them from drying out. The application of means 
such as UVC can alter these oils so that they are become 
inhibitory or toxic to organisms. There are several essential 
oils that are high in sulfur that have antimicrobial properties 
including allicin found in garlic and allyl isothiocyanate 
found in mustard. Applying means to alter the essential oils 
found in nails may also make them exhibit antimicrobial 
properties. 
0023. Additionally, the use of means to alter skin and nails 
can release Sulfur which can combine with oxygen to form 
sulfur dioxide, another well know fungicide. Sulfur dioxide 
will also combine with water to form sulfurous acid which 
also possesses antimicrobial properties. Sulfurous acid, 
unlike Some other forms of Sulfur, can penetrate cell mem 
branes and can inhibit the glycolic pathway thus depleting the 
ATP Stored in the cell. 

Alteration of Nail and Skin to Inhibit Organisms 
0024 Nail and skin are relatively impermeable to water 
and other compounds. This characteristic is a major compo 
nent of skin and nails ability to resist infections and protect 
the body. However, altering this characteristic of the skin and 
nails can be a useful way to treat infections. Means such as the 
application of dry heat may be used to dry the skin and nails 
thus making the application of antimicrobial Substances more 
effective. While dry skin and nail in and of themselves are not 
as healthy, this alteration of them may be carried out for a 
short period of time in order to treat an infection. Such drying 
will make the skin and nail more readily update aqueous 
compounds in order to rehydrate and these aqueous com 
pounds can serve as carriers for antimicrobial compounds. In 
addition, many aqueous solutions are in themselves antimi 
crobial including sodium hypochlorite (bleach) and hydrogen 
peroxide. 
0025 Similarly, the skin and nails can be altered to make 
them less porous which is a change of state that can also be 
used to treat infections. Most skin and nail infections are 
caused by aerobic organisms, that is organisms that require 
free molecular oxygen to metabolize properly. If the skin and 
nails are altered in a manner to prevent oxygen from reaching 
the organism it will die or at least be much more susceptible 
to antimicrobial compounds. This can be accomplished by the 
application of an impermeable patch over the affected area. 
This type of patch may not be suitable by itself, however, it 
may be used in conjunction with the application of an inert 
gas such as nitrogen to prevent even Small amounts of oxygen 
from getting to the infectious organisms. 
0026. Treatment of nail infections can also be enhanced by 
treating the part of the nail infection that is exposed to the air. 
For example, with many fungal infections there is significant 
debris that the end of the nail that can be removed by scraping. 
This exposes more of the infection and allows treatment of 
that exposed area. As the treatment disables the organisms it 
may be possible to remove additional debris, thus working the 
way up the nail to treat a significant portion of the infection 
this way. Additionally, once the debris is removed the infec 
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tious organism would be much more Susceptible to treatment 
by soaking the toes in an antimicrobial solution (Such as a 
Solution of antifungal medication). This can be combined 
with the proposed method of treatment to enhance the overall 
effectiveness of treatment. 

Preferred Embodiment 

0027. A preferred embodiment of the invention is illus 
trated in FIG.1. The invention is a method to prevent skin and 
nail infections and to treat existing skin and nail infections. 
The method of treatment uses an agent or means 10 and 12 
that changes the composition of the skin 14 and nail 16 to be 
treated. A means 18 can be provided to prevent the alteration 
the other areas of the skin 20 and nails 22 that do not require 
treatment. 

0028. In a preferred embodiment the alteration of the skin 
or nail may change the skin or nailso that it no longer is a food 
Source for the organism which causes infection. The alter 
ation may be of the entire skin or nail or it may be the 
alteration of a portion of the skin or nail Such as altering the 
skin or nail that is in direct contact with the skin or nail. 

0029. In a preferred embodiment the alteration of the skin 
or nail may also change the skin or nail so that the skin or nail 
becomes toxic to the organism which causes infection. 
0030. In a preferred embodiment the alteration of the skin 
or nail may also change the skin or nail so that the skin or nail 
in inhibitory to the organism which causes infection. The 
alteration of the skin or nail would change it so the organism 
could no longer thrive. 
0031. The electromagnetic radiation in a preferred 
embodiment is a specific composition of matter that is used to 
prevent and treat skin and nail infections. The electromag 
netic radiation in the preferred embodiment consists of radia 
tion in the UVC range (100 to 280 nm) that is capable of 
altering the skin or nails in a manner which either inhibits the 
infectious organism, is toxic to the infectious organism or 
which changes it so that it is not longer a source of food for the 
infectious organism. 
0032. In a preferred embodiment, the radiation is that 
which is necessary to inactivate the organisms that cause 
infections of the skin and nails by either inhibiting them, 
killing them by toxicity, or by depriving them of their source 
of food. 

0033. In the preferred embodiment of the invention the 
organisms inactivated are those that cause infections of the 
skin and nails. These organisms include bacteria, fungi (in 
cluding dermatophytes, yeasts, molds, and non-dermato 
phyte molds), viruses, and other microbes. Specifically, 
organisms causing fungal infections of the nails, said infec 
tion being termed onychomycosis, are included in the list of 
organisms treated by this invention. 
0034. In the preferred embodiment, it may be necessary to 
irradiate the skin and nails for several times in order to com 
pletely inactivate the organisms. 
0035. In the preferred embodiment, the amount of irradia 
tion received during one treatment may be in the approximate 
range of 5 to 100 mw-sec/cm2. 

Alternative Embodiments 

0036. The means to alter the skin or nails may be electro 
magnetic radiation in an alternative embodiment may be from 
UVA radiation (315 to 400 nm). 
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0037. The means to alter the skin or nails may be electro 
magnetic radiation in an alternative embodiment may be from 
UVB (280 to 315 nm) radiation. 
0038. The means to alter the skin or nails may be electro 
magnetic radiation in an alternative embodiment may also be 
from the visible part of the spectrum. 
0039. The means to alter the skin or nails may be electro 
magnetic radiation in an alternative embodiment may be from 
infrared radiation. 
0040. The means to alter the skin or nails may be electro 
magnetic radiation in an alternative embodiment may be from 
radiation from a combination of visible and non-visible parts 
of the light spectrum. 
0041. In an alternate embodiment, the means to alter the 
skin or nails may be the application of heat. Heat may be 
applied directly by use of a heating element applied to the skin 
or nails or it may be applied by a source of radiation Such as 
one generating infrared light which may heat at a distance. 
The heat applied may also be of a dry type designed to not 
only raise the temperature but also cause desiccation of the 
skin and nails. 
0042. In an alternate embodiment, the means to alter the 
skin or nails may be the application of ultrasound or other 
types of Sound waves. 
0043. In an alternate embodiment, the means to alter the 
skin or nails may be the application of X-rays or other forms 
of radiation. 
0044. In an alternate embodiment, the means to alter the 
skin or nails may be the application of a compound which is 
not toxic to the infectious organism itself but which when 
applied renders the skin or nails toxic to the organism. The 
compound may be a chemical or a mixture of chemicals. It 
may also be a form of mechanical treatment such as abrasion, 
vibration, or heat. 
0045. In an alternate embodiment, the means to alter the 
skin or nails may be the application of a compound which is 
not inhibitory to the infectious organism itself but which 
when applied renders the skin or nails inhibitory to the organ 
ism. The compound may be a chemical or a mixture of chemi 
cals. It may also be a form of mechanical treatment Such as 
abrasion, vibration, or heat. 
0046. In an alternate embodiment, the means to alter the 
skin or nails may be the application of a compound which 
alters the skin or nail so that it is no longer a food source for 
the organism. The compound may be a chemical or a mixture 
of chemicals. It may also be a form of mechanical treatment 
Such as abrasion, vibration, or heat. 
0047 Accordingly, it will be seen that this invention can 
be used to prevent and treat a wide variety of skin and nail 
infections. It has the following advantages over the current 
method of treatments for these infections: 
0048. With respect to treatment using oral medications, 
the invention eliminates unwanted and potentially dangerous 
side effects that such medications can cause. 
0049. With respect to treatment using oral medications, 
the invention uses a very small number of treatments (one to 
perhaps a dozen) to eliminate the infection while medications 
must be taken continuously for several months. 
0050. With respect to treatment using oral medications, 
the proposed treatment has the potential to be significantly 
less expensive than the current cost of S600 to S1200 for 
medicine. 
0051. With respect to treatment of nail infections using 
oral medications, the infection can be eliminated in much less 
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time since the course of treatment would vary from approxi 
mately one day to one month whereas the medications must 
be taken from three to six months. 
0052 With respect to treatment using an induced pigment 
and laser to destroy an infection by heat, the invention elimi 
nates the need for a pigment which is expensive, time con 
Suming, and unnecessary. 
0053 With respect to treatment using an induced pigment 
and laser to destroy an infection by heat, the invention elimi 
nates the need for a large amount of energy to destroy the 
organisms by heat which also causes damage and discomfort 
to the patient. The invention uses significantly less energy and 
thus has a much lower risk of complications. 
0054 Although the descriptions above contain many 
specificities, these should not be construed as limiting the 
Scope of the invention but merely as providing illustrations of 
some of the presently preferred embodiments of this inven 
tion. For example, a multi-spectrum Source of irradiation may 
be used if it has the properties necessary to alter the skin or 
nails. 

1-20. (canceled) 
21. A method for the prevention or treatment of microbial 

skin or nail infections comprising the step of altering keratin 
in the nail or skin of a user by application of means that 
changes the keratin will no longer serve as a food source for 
a microbe. 

22. The method of claim 21, wherein the energy to alter the 
keratin is selected from at least one of a group comprising 
light, chemicals, compounds, heat, ultrasound, Vibration, 
abrasion, Sound waves and X-rays. 

23. The method of claim 21, wherein the energy to alter the 
keratin consists of at least one wavelength of light. 

24. The method of claim 21, wherein the energy to alter the 
keratin consists of microwaves. 

25. The method of claim 21 wherein the microbes are 
selected from a group consisting of fungi that includes der 
matophytes, yeasts, molds, and non-dermatophyte molds. 

26. A method for the prevention or treatment of microbial 
skin or nail infections comprising the step of altering the skin 
or nails by application of a means which changes the skin or 
nail so that the skin or nail becomes toxic to a microbe. 

27. The method of claim 25, wherein the applied means 
releases an amount of sulfur sufficient to alter the skin or nail 
to make the skin or nail toxic to a microbe. 

28. The method of claim 25, wherein said means alters an 
oil of the skin or nail in a manner to make the skin or nail toxic 
to a microbe. 
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29. The method of claim 25, wherein the means to alter the 
skin or nail is selected from at least one of the group com 
prising light, chemicals, compounds, heat, ultrasound, vibra 
tion, abrasion, Sound waves and X-rays. 

30. A method for treatment of a microbial nail infection 
comprising altering a microbe in the nail infection and the nail 
using germicidal light such that the microbe is inactivated or 
killed; wherein the germicidal light is includes light selected 
from at least one of a group of ultraviolet light, visible light, 
and infrared light. 

31. The method of claim 29, wherein the germicidal light is 
ultraviolet light. 

32. The method of claim 29, wherein the germicidal light is 
infrared light. 

33. The method of claim 29, wherein the germicidal light 
includes ultraviolet light and infrared light. 

34. A method for prevention or treatment of a microbial 
infection in a nail, comprising: applying heat and administer 
ing light having a wavelength substantially equal to or less 
than 400 nm at a time and intensity sufficient to inactivate and 
kill organisms, and 

further comprising applying heat from a source from at 
least one of a group comprising directly applied heat, 
desiccating heat, infrared light Sufficient to heat the 
infected area, and remotely applied heat. 

35. The method of claim 33, wherein the heat source is 
electromagnetic radiation in the wavelength of infrared light. 

36. The method of claim 34, wherein the heat source is an 
infrared laser. 

37. The method of claim 33, wherein, wherein the admin 
istering light comprises administering a multispectrum light 

38. A method for treatmentofa microbial infectionina nail 
or skin, comprising: 

administering light having a wavelength substantially 
equal to or less than 280 nm at a time and intensity 
Sufficient to inactivate and kill organisms and to alter the 
nail or the skin such that the nail or the inhibits the 
infection by altering structure of the nail or the skin by 
applying at least one of a group comprising heat, ultra 
Sound, a chemical, and abrasion. 

39. The method of claim 37, further comprising applying 
heat from a source from at least one of a group comprising 
directly applied heat, desiccating heat, infrared, microwaves, 
and heat applied from a remote location. 

40. The method of claim 37, wherein the administering 
light comprises administering a multispectrum light. 

c c c c c 


