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TREATMENT OF NON-ORAL BIOLOGICAL 
TSSUE WITH CHLORINE DOXDE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit pursuant to 35 
U.S.C. S 119(e) of U.S. Provisional Application Nos. 61/149, 
784, filed Feb. 4, 2009: 61/150,685, filed Feb. 6, 2009; and 
61/187,198, filed Jun. 15, 2009, each of which is hereby 
incorporated by reference in its entirety herein. 

BACKGROUND 

0002 Infections and inflammations of non-oral biological 
tissue are a common problem in mammals, including 
humans. Non-oral biological tissue infections include infec 
tions of non-oral mucosal tissue, skin and non-oral hard tissue 
Such as fingernails. Examples of skin or hard tissue infections 
include acne, warts, ringworm, athlete's foot, and fungal 
infections of nails. All of these are commonly treated with one 
or more topical medicaments. 
0003. Examples of non-oral mucosal tissue include con 
junctiva mucosa, vaginal mucosa and sinus mucosa. Sinus 
mucosal infection, often called sinusitis, can range from an 
acute infection to a chronic one. Symptoms include headache, 
toothache, nasal congestion, facial pain, night-time coughing, 
increase in asthma Symptoms, and yellow or green nasal 
discharge. Vaginitis refers to inflammation of vaginal 
mucosal tissue and can arise from bacterial infection, yeast 
infection and other pathogen infection of the vaginal mucosa. 
Symptoms can include itching, discomfort, discharge, mal 
odor, and discomfort during urination. Both sinusitis and 
vaginitis, particularly in treatment recalcitrant forms, feature 
biofilms (Swidsinski et al., 2005, Obstet. Gynecol. 106: 1013 
1023; Swidsinski et al., 2008, Am. J. Obstet. Gynecol. 198: 
e1-6; Chiu et al., 2007, J. Antimicrob. Chemother. 59:1130 
1134; Cohen et al., 2009, Am J Rhinol Allergy 23:255-260). 
It is believed these biofilms contribute significantly to treat 
ment recalcitrance and contribute to recurrence in both 
vaginitis and sinusitis. 
0004 Chlorine dioxide is known to be a disinfectant, as 
well as a strong oxidizing agent. The bactericidal, algaecidal, 
fungicidal, bleaching, and deodorizing properties of chlorine 
dioxide are also well known. Therapeutic and cosmetic appli 
cations for chlorine dioxide are known. For example, U.S. 
Pat. No. 6,280,716 describes the use of stabilized chlorine 
dioxide solutions for the treatment of vaginal itching. U.S. 
Pat. No. 7,029,705 describes the use of stabilized chlorine 
dioxide solutions for a method of nasal hygiene. The tradi 
tional method for preparing chlorine dioxide involves react 
ing Sodium chlorite with gaseous chlorine (Cl(g)), 
hypochlorous acid (HOCl), or hydrochloric acid (HCl). The 
reactions proceed at much greater rates in acidic medium, so 
Substantially all traditional chlorine dioxide generation 
chemistry results in an acidic product solution having a pH 
below 3.5. 
0005 Chlorine dioxide may also be prepared from chlor 
ate anion by either acidification or a combination of acidifi 
cation and reduction. At ambient conditions, all reactions 
using chlorate anion require strongly acidic conditions; most 
commonly in the range of 7-9 N. Heating of the reagents to 
higher temperature and continuous removal of chlorine diox 
ide from the product solution can reduce the acidity needed to 
less than 1 N. 
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0006. A method of preparing chlorine dioxide in situ uses 
a solution referred to as “stabilized chlorine dioxide.” Stabi 
lized chlorine dioxide solutions contain little or no chlorine 
dioxide, but rather, consist substantially of sodium chlorite at 
neutral or slightly alkaline pH. Addition of an acid to the 
Sodium chlorite solution activates the Sodium chlorite, and 
chlorine dioxide is generated in situ in the solution. The 
resulting solution is acidic. Typically, the extent of sodium 
chlorite conversion to chlorine dioxide is low, and a substan 
tial quantity of Sodium chlorite remains in the solution. 
0007. The current literature summarized above describes 
the use of chlorine dioxide compositions and methods that are 
damaging to biological tissues, including soft mucosal tis 
Sues. Methods, compositions, devices and systems for using 
chlorine dioxide for treatment of non-oral tissue in which 
biological tissue is not damaged are needed. 

SUMMARY 

0008. The following embodiments meet and address these 
needs. The following Summary is not an extensive overview. 
It is intended to neither identify key or critical elements of the 
various embodiments nor delineate the scope of them. 
0009. A method for alleviating a non-oral biological tissue 
infection is provided. The method comprises administering a 
composition comprising a chlorine dioxide source that 
includes chlorine dioxide or chlorine dioxide-generating 
components to the non-oral biological tissue, thereby allevi 
ating the infection of the contacted tissue, wherein the admin 
istering step comprises one or more of i) contacting the tissue 
with a Substantially non-cytotoxic composition comprising 
the chlorine dioxide source; ii) contacting the tissue with a 
device comprising the chlorine dioxide source and oxy-chlo 
rine anions, wherein the device delivers a substantially oxy 
chlorine anion free chlorine dioxide composition to the tis 
Sue; or iii) contacting the tissue with a composition 
comprising the chlorine dioxide source and oxy-chlorine 
anions; and a barrier Substance that Substantially prohibits 
passage therethrough of the oxy-chlorine anions and permits 
passage therethrough of a Substantially oxy-chlorine anion 
free chlorine dioxide composition, thereby enabling delivery 
of the substantially oxy-chlorine anion free chlorine dioxide 
composition to the tissue. 
0010. In some embodiments, the tissue infection is a soft 
biological tissue infection. The soft biological tissue infection 
can be a non-oral mucosa infection or a dermal infection. The 
non-oral mucosa infection can be selected from the group 
consisting of vaginitis, sinusitis, urethritis, and conjunctivitis. 
In other embodiments, the tissue infection is a dermal infec 
tion selected from the group consisting of uveitis, acne, com 
mon warts, tinea corpis (ringworm), tinea pedis (athlete's 
foot), tinea cruris (jock itch). In another embodiment, the 
tissue infection is a hard tissue infection Such as tinea 
unguium (nail fungal infection). 
0011. In an embodiment, the composition comprises 
about 1 to about 1000 ppm chlorine dioxide. In another 
embodiment, the composition comprises about 20 to about 
400 ppm chlorine dioxide 
0012. In some embodiments, the chlorine dioxide source 
comprises a particulate precursor of chlorine dioxide as the 
chlorine dioxide-generating components. 
0013. In an embodiment, the method further comprises 
administering a second therapeutic agent. Second therapeutic 
agents can be an antimicrobial agent Such as an antibiotic or 
an antifungal, a retinoid, a steroid, salicylic acid, liquid nitro 
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gen and the like. In one aspect, the composition comprising 
the chlorine dioxide source further comprises the second 
therapeutic agent. In another aspect, the method comprises 
administering a second composition comprising the second 
therapeutic agent. In some embodiments for alleviating 
sinusitis, the second therapeutic agent is an antimicrobial 
selected from the group consisting of gatifloxacin, clinda 
mycin, gentiamicin, ceftazidime, an aminoglycoside Such as 
tobramyin and streptomycin, amphotericin B, itraconazole, 
ketoconazole, miconazole and nystatin. In some embodi 
ments for alleviating vaginitis, the second therapeutic agent is 
an antimicrobial selected from the group consisting of neo 
mycin, ribaximin, clindamycin, metronidazole, polymixin B, 
proguanil, econazole, and fluconazole. In some embodiments 
for alleviating acne, the second theraepeutic agent is selected 
from the group consisting of an antimicrobial agent, a retin 
oid, and a combination thereof. In some embodiments for 
alleviating tinea corpis, tinea cruris, ortinea pedia, the second 
therapeutic agent is an antimicrobial selected from the group 
consisting of terbinafine, miconazole, clotrimazole, keto 
conazole, clotrimazole and tolnaftate. 
0014. In one aspect, the administering step comprises con 
tacting the tissue with a substantially non-cytotoxic compo 
sition comprising the chlorine dioxide Source. In some 
embodiments, the administering step comprises at least two 
Substantially contiguous iterations of contacting the tissue 
with a Substantially non-cytotoxic composition comprising 
the chlorine dioxide source. In some embodiments, the Sub 
stantially non-cytotoxic composition comprises less than 
about 0.2 milligrams oxy-chlorine anion per gram composi 
tion. In some embodiments, the Substantially non-cytotoxic 
composition has a pH from about 4.5 to about 11. 
0015. In another aspect, the administering step comprises 
contacting the tissue with a device comprising a chlorine 
dioxide Source and oxy-chlorine anions, wherein the device 
delivers a substantially oxy-chlorine anion free chlorine diox 
ide composition to the tissue. In some embodiments, the 
device is an irrigation device. In some embodiments, the 
device comprises: an optional backing layer, a layer compris 
ing the chlorine dioxide source; and a barrier layer interposed 
between the chlorine dioxide source layer and the tissue, 
wherein the barrier layer substantially prohibits passage 
therethrough of the oxy-chlorine anions and permits passage 
therethrough of the substantially oxy-chlorine anion free 
chlorine dioxide composition. The barrier film can be a film 
selected from the group consisting of polyurethane, polypro 
pylene, polytetrafluoroethylene, polyvinylidene difluoride, 
polyvinylidene dichloride, combination of polydimethylsi 
loxane and polytetrafluoroethylene, polystyrene, cellulose 
acetate, polysiloxane, and combinations thereof. 
0016. In another embodiment, the device comprises: a 
backing layer and a matrix affixed to the backing layer, 
wherein the matrix comprises: a chlorine dioxide source and 
oxy-chlorine anions; and a barrier Substance that Substan 
tially prohibits passage therethrough of the oxy-chlorine 
anions and permits passage therethrough of the Substantially 
oxy-chlorine anion free chlorine dioxide composition. In 
some embodiments of the device, the barrier substance is 
selected from the group consisting of polyurethane, polypro 
pylene, polytetrafluoroethylene, polyvinylidene difluoride, 
polyvinylidene dichloride, combination of polydimethylsi 
loxane and polytetrafluoroethylene, polystyrene, cellulose 
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acetate, polysiloxane, polyethylene oxide, polyacrylates, 
mineral oil, paraffin wax, polyisobutylene, polybutene and 
combinations thereof. 
0017. In another embodiment, the administering step 
comprises contacting the tissue with a composition compris 
ing a chlorine dioxide Source, oxy-chlorine anions, and a 
barrier Substance. In some embodiments of the composition, 
the barrier Substance is selected from the group consisting of 
polyurethane, polypropylene, polytetrafluoroethylene, poly 
vinylidene difluoride, polyvinylidene dichloride, combina 
tion of polydimethylsiloxane and polytetrafluoroethylene, 
polystyrene, cellulose acetate, polysiloxane, polyethylene 
oxide, polyacrylates, mineral oil, paraffin wax, polyisobuty 
lene, polybutene, and combinations thereof. 
0018. Further provided is a method for alleviating a non 
oral biological tissue infection, wherein the method com 
prises administering a composition comprising a chlorine 
dioxide source to the non-oral biological tissue, wherein the 
administering step comprises contacting the tissue with a 
Substantially non-irritating composition comprising the chlo 
rine dioxide source, thereby alleviating the infection of the 
contacted tissue. In some embodiments, the tissue infection is 
a non-oral mucosa infection. The non-oral mucosa infection 
can be selected from the group consisting of vaginitis, sinusi 
tis, conjunctivitis, and uveitis. In other embodiments, the 
tissue infection is selected from the group consisting of acne, 
common warts, tinea corpis, tinea pedis, tinea cruris, and 
tinea unguium. 
0019. In some embodiments, the substantially non-irritat 
ing composition comprises about 1 to about 1000 ppm chlo 
rine dioxide. In other embodiments, the substantially non 
irritating composition comprises about 20 to about 400 ppm 
chlorine dioxide. 

0020. In some embodiments, the chlorine dioxide source 
of the Substantially non-irritating composition comprises a 
particulate precursor of chlorine dioxide as the chlorine diox 
ide-generating components. In some embodiments, the Sub 
stantially non-irritating composition comprises less than 
about 0.2 milligrams oxy-chlorine anion per gram composi 
tion. The Substantially non-irritating composition can have a 
pH from about 4.5 to about 11. 
0021. In an embodiment, the method comprising the step 
of contacting a non-oral biological tissue with a Substantially 
non-irritating composition comprising the chlorine dioxide 
Source, further comprises administering a second therapeutic 
agent. Second therapeutic agents can be an antimicrobial 
agent such as an antibiotic or an antifungal, a retinoid, a 
steroid, salicylic acid, liquid nitrogen and the like. In one 
aspect, the composition comprising the chlorine dioxide 
Source further comprises the second therapeutic agent. In 
another aspect, the method comprises administering a second 
composition comprising the second therapeutic agent. In 
Some embodiments for alleviating sinusitis, the second thera 
peutic agent is an antimicrobial selected from the group con 
sisting of gatifloxacin, elindamycin, gentiamicin, ceftazi 
dime, an aminoglycoside such as tobramyin and 
streptomycin, amphotericin B, itraconazole, ketoconazole, 
miconazole and nystatin. In some embodiments for alleviat 
ing vaginitis, the second therapeutic agent is an antimicrobial 
selected from the group consisting of neomycin, ribaximin, 
clindamycin, metronidazole, polymixin B, proguanil, econa 
Zole, and fluconazole. In some embodiments for alleviating 
acne, the second theraepeutic agent is selected from the group 
consisting of an antimicrobial agent, a retinoid, and a combi 
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nation thereof. In some embodiments for alleviating tinea 
corpis, tinea cruris, or tinea pedia, the second therapeutic 
agent is an antimicrobial selected from the group consisting 
ofterbinafine, miconazole, clotrimazole, ketoconazole, clot 
rimazole, and tolnaftate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022. For the purpose of illustrating the various composi 
tions and methods, there are depicted in the drawings certain 
embodiments of the materials and methods disclosed herein. 
However, the compositions and their methods of use are not 
limited to the precise arrangements and instrumentalities of 
the embodiments depicted in the drawings. 
0023 FIG. 1 is a graph depicting the log kill of bacteria in 
a biofilm as a function of chlorine dioxide dose. 
MRSA methicillin resistance Staphylococcus aureus. 
PA Pseudomonas aeruginosa. 

DETAILED DESCRIPTION 

0024. The following description sets forth in detail certain 
illustrative aspects and implementations of the embodiments. 
These are indicative, however, of but a few of the various 
ways in which the principles of the various compositions and 
devices may be employed. Other objects, advantages, and 
novel features of the methods will become apparent from the 
following detailed description. 
0025 Chlorine dioxide can be of great utility in a variety 
of applications in biological systems as a result of its disin 
fectant, bactericidal, algaecidal, fungicidal, bleaching, and 
deodorizing properties. However, chlorine dioxide composi 
tions have been determined to be damaging to biological 
tissues. One aspectarises in part from the inventors determi 
nation that the cytotoxic component in chlorine dioxide com 
positions is not chlorine dioxide itself. Instead, oxy-chlorine 
anions present in chlorine dioxide compositions have been 
determined to be the cytotoxic component (absent other cyto 
toxic components). The methods described herein generally 
pertain to the administration of a composition comprising 
chlorine dioxide to a non-oral biological tissue in a Substan 
tially non-cytotoxic and/or non-irritating manner to alleviate 
an infection of a non-oral biological tissue. The methods 
described herein are useful in the treatment of any infection of 
a non-oral biological tissue Susceptible to topical exposure of 
a biocidal agent, in particular, chlorine dioxide. The methods 
can be practiced on the non-oral tissue of any animal. Non 
limiting examples of animals are mammals, such as humans, 
non-human primates, cattle, horses, dogs, sheep,goats, mice, 
rats, and pigs. In an embodiment, the methods are practiced 
on human non-oral tissue. 

DEFINITIONS 

0026. Unless defined otherwise, all technical and scien 
tific terms used herein generally have the same meaning as 
commonly understood by one of ordinary skill in the art. 
Generally, the nomenclature used herein and the laboratory 
procedures in cytopathicity analysis, microbial analysis, 
organic and inorganic chemistry, and dental clinical research 
are those well known and commonly employed in the art. 
0027. As used herein, each of the following terms has the 
meaning associated with it. 
0028. The articles “a” and “an are used herein to refer to 
one or to more than one (i.e., to at least one) of the grammati 
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cal object of the article. By way of example, “an element' 
means one element or more than one element. 
0029. It is understood that any and all whole or partial 
integers between any ranges set forth herein are included 
herein. 
0030. The term “about” will be understood by persons of 
ordinary skill in the art and will vary to some extent on the 
context in which it is used. Generally, “about’ encompasses a 
range of values that are approximately plus/minus 10% of a 
reference value. For instance, “about 25% encompasses val 
ues from approximately 22.5% to approximately 27.5%. 
0031. As used herein, a “non-oral biological tissue' refers 
to any animal tissue that is not located in the oral cavity and 
includes both soft and hard tissue. Biological tissue are used 
herein encompasses both largely intact tissue as well as tissue 
having one or more incisions, lacerations or other tissue 
penetrating opening. 
0032. As used herein, “hard biological tissue' refers to toe 
and finer nails, hard keratinized tissues and the like, found in 
animals, such as mammals. 
0033. As used herein, a “soft biological tissue' refers to 
non-oral mucosal tissue, epidermal tissue, dermal tissue, and 
Subcutaneous tissue (also called hypodermis tissue). 
0034. As used herein, a “non-oral mucosal tissue' refers to 
any mucosal tissue that is not located in the oral cavity. 
Exemplary non-oral mucosal tissues include, but are not lim 
ited to, vaginal mucosa, nasal and sinus mucosa, conjunctiva 
mucosa, genital mucosa Such as glans penis, glans clitoridis, 
the inside of the prepuce (foreskin) and the clitoral hood, 
urinary mucosa Such as the urethra and anal mucosa. 
0035. As used herein, a “non-oral biological tissue infec 
tion” refers to a disease or disorder of a non-oral biological 
tissue caused by a pathogenic infection. The pathogen may be 
bacterial, viral, protozoal, or fungal. 
0036. As used herein, a “biofilm refers to a biological 
aggregate that forms a layer on a Surface, the aggregate com 
prising a community of microorganisms embedded in an 
extracellular matrix of polymers. Typically, a biofilm com 
prises a diverse community of microorganisms, including 
bacteria (aerobic and anaerobic), algae, protozoa and fungi. 
Monospecies biofilms also exist. 
0037. As used herein, a disease or disorder is “alleviated” 
if the severity of a symptom of the disease or disorder, the 
frequency with which Such a symptom is experienced by a 
patient, or both, are reduced. 
0038 A “therapeutic' treatment is a treatment adminis 
tered to a subject who exhibits signs of pathology for the 
purpose of diminishing or eliminating those signs. 
0039. A "prophylactic' treatment is a treatment adminis 
tered to a subject who does not exhibit signs of a disease, is at 
risk for developing a disease, or exhibits only early signs of 
the disease for the purpose of decreasing the risk of develop 
ing pathology associated with the disease. 
0040. As used herein, “biocidal' refers to the property of 
inactivating or killing pathogens, such as bacteria, algae, 
protists, viruses, and fungi (e.g., anti-bacterial, anti-algal, 
antiprotozoal, antiviral and antifungal). Antimicrobial refers 
to a biocidal agent. 
0041. The term "chlorine dioxide-generating compo 
nents' refers to at least an oxy-chlorine anion Source and an 
activator of chlorine dioxide generation. In some embodi 
ments, the activator is an acid source. In these embodiments, 
the components optionally further includes a free halogen 
Source. The free halogen source may be a cationic halogen 
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Source. Such as chlorine. In other embodiments, the activator 
is an energy-activatable catalyst. In yet other embodiments, 
the activator is a dry or anhydrous polar material. In other 
embodiments, the activator is an aqueous fluid Such as water, 
saliva, mucus, and wound exudate, and/or water vapor. 
0042. The term “polar material as used herein, refers to a 
material which has, as a result of its molecular structure, an 
electrical dipole moment on a molecular scale. Most com 
monly, polar materials are organic materials which comprise 
chemical elements with differing electronegativities. Ele 
ments that can induce polarity in organic materials include 
oxygen, nitrogen, Sulfur, halogens, and metals. Polarity may 
be present in a material to different degrees. A material may 
be considered more polar if its molecular dipole moment is 
large, and less polar if its molecular dipole moment is Small. 
For example, ethanol, which Supports the electronegativity of 
the hydroxyl over a short, 2-carbon chain may be considered 
relatively more polar compared to hexanol (CHOH) which 
Supports the same degree of electronegativity over a 6-carbon 
chain. The dielectric constant of a material is a convenient 
measure of polarity of a material. A Suitable polar material 
has a dielectric constant, measured at about 18-25° C., of 
greater than 2.5. The term “polar material excludes water 
and aqueous materials. A polar material may be a solid, a 
liquid, or a gas. 
0043. The term “dry” as used herein, means a material 
which contains very little free water, adsorbed water, or water 
of crystallization. 
0044. The term “anhydrous, as used herein, means a 
material that does not contain water, Such as free water, 
adsorbed water, or water of crystallization. An anhydrous 
material is also dry, as defined above. However, a dry material 
is not necessarily anhydrous, as defined herein. 
0045 An "efficacious amount of an agent is intended to 
mean any amount of the agent that will result in a desired 
biological effect. That result can be reduction and/or allevia 
tion of the signs, symptoms, or causes of a disease, or any 
other desired alteration of a biological system. For a non-oral 
biological tissue infection, reduction and/or alleviation in the: 
extent of infection, duration of infection and/or frequency of 
infection can be used to gauge an efficacious amount. An 
appropriate therapeutic amount in any individual case may be 
determined by one of ordinary skill in the art using routine 
experimentation. 
0046 By “cytotoxic' is meant the property of causing 
lethal or Sublethal damage to mammalian cell structure or 
function. A composition is deemed “substantially non-cyto 
toxic' or “not substantially cytotoxic' if the composition 
meets the United States Pharmacopeia (USP) biological reac 
tivity limits of the Agar Diffusion Test of USP <87>“Biologi 
cal Reactivity, in vitro.” (approved protocol current in 2007) 
when the active pharmaceutical ingredient (API) is present in 
an efficacious amount. 
0047. As used herein, “irritating refers to the property of 
causing a local inflammatory response, Such as reddening, 
Swelling, itching, burning, or blistering, by immediate, pro 
longed, or repeated contact. For example, inflammation of a 
non-oral mucosal or dermal tissue in a mammal is an indica 
tion of irritation to that tissue. A composition is deemed 
“substantially non-irritating or “not substantially irritating.” 
if the composition is judged to be slightly or not irritating 
using any standard method for assessing dermal or mucosal 
irritation. Non-limiting examples of methods useful for 
assessing dermal irritation include the use of in vitro tests 
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using tissue-engineered dermal tissue, such as EpiDermTM 
(Mattek Corp., Ashland, Mass.), which is a human skin tissue 
model (see, for instance, Chatterjee et al., 2006, Toxicol Let 
ters 167: 85-94) or ex vivo dermis samples. Non-limiting 
examples of methods useful for mucosal irritation include: 
HET-CAM (hen's egg test-chorioallantoic membrane); slug 
mucosal irritation test; and in vitro tests using tissue-engi 
neered nasal or sinus mucosa or vaginal-ectocervical tissues. 
Other useful methods of irritation measurement include in 
vivo methods, such as dermal irritation of rat or rabbit skin 
(e.g., the Draize skin test (OECD, 2002, Test Guidelines 404, 
Acute Dermal Irritation/Corrosion) and EPA Health Effects 
Testing Guidelines; OPPTS 870.2500 Acute Dermal Irrita 
tion). The skilled artisan is familiar with art-recognized meth 
ods of assessing dermal and mucosal irritation. 
0048. By “oxy-chlorine anion” is meant chlorite (CIO) 
and/or chlorate (CIO) anions. 
0049. By “substantially oxy-chlorine anion free chlorine 
dioxide composition' is meanta composition that contains an 
efficacious amount of chlorine dioxide and a non-cytotoxic 
and/or non-irritating concentration of oxychlorine anion, all 
as defined hereinabove. The composition may contain other 
components or may consist essentially of oxy-chlorine anion 
free chlorine dioxide. The composition may be a gas or vapor 
comprising or consisting essentially of chlorine dioxide, but 
may be any type of fluid, including a solution or a thickened 
fluid. The composition may be an aqueous fluid or a non 
aqueous fluid. 
0050. By “stable' is meant that the components used to 
form chlorine dioxide, i.e., the chlorine dioxide forming 
ingredients, are not immediately reactive with each other to 
form chlorine dioxide. It will be understood that the compo 
nents may be combined in any fashion, Such as sequentially 
and/or simultaneously, so long as the combination is stable 
until such time that ClO is to be generated. 
0051. By “non-reactive' is meant that a component or 
ingredient as used is not immediately reactive to an unaccept 
able degree with other components or ingredients present to 
form chlorine dioxide or mitigate the ability of any compo 
nent or ingredient to perform its function in the formulation at 
the necessary time. As the skilled artisan will recognize, the 
acceptable timeframe for non-reactivity will depend upon a 
number of factors, including how the formulation is to be 
formulated and stored, how long it is to be stored, and how the 
formulation is to be used. Accordingly, “not immediately 
reactive' will range from one or more minutes, to one or more 
hours, to one or more weeks. 
0.052 The phrase “thickened fluid composition' encom 
passes compositions which can flow under applied shear 
stress and which have an apparent viscosity when flowing that 
is greater than the Viscosity of the corresponding aqueous 
chlorine dioxide solution of the same concentration. This 
encompasses the full spectrum of thickened fluid composi 
tions, including: fluids that exhibit Newtonian flow (where 
the ratio of shear rate to shear stress is constant and indepen 
dent of shear stress), thixotropic fluids (which require a mini 
mum yield stress to be overcome prior to flow, and which also 
exhibit shear thinning with Sustained shear), pseudoplastic 
and plastic fluids (which require a minimum yield stress to be 
overcome prior to flow), dilatant fluid compositions (which 
increase in apparent viscosity with increasing shear rate) and 
other materials which can flow under applied yield stress. 
0053 A “thickener component” refers to a component that 
has the property of thickening a solution or mixture to which 
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it is added. A “thickener component' is used to make a “thick 
ened fluid composition” as described herein and above. 
0054 By “apparent viscosity' is meant the ratio of shear 
stress to shear rate at any set of shear conditions which result 
in flow. Apparent viscosity is independent of shear stress for 
Newtonian fluids and varies with shear rate for non-Newto 
nian fluid compositions. 
0055. The term “hydrophobic' or “water-insoluble,” as 
used with respect to organic polymers refers to an organic 
polymer, which has a water solubility of less than about one 
gram per 100 grams of water at 25°C. 
0056 By “acid source' is meant a material, usually a 
particulate solid material, which is itself acidic or produces an 
acidic environment when in contact with liquid water or Solid 
oxy-chlorine anion. 
0057 The term “particulate” is defined to mean all solid 
materials. By way of a non-limiting example, particulates 
may be interspersed with each other to contact one another in 
Some way. These solid materials include particles comprising 
big particles, Small particles or a combination of both big and 
Small particles. 
0058. By “source of free halogen' and “free halogen 
Source' is meant a compound or mixtures of compounds 
which release halogen upon reaction with water. 
0059 By “free halogen' is meant halogen as released by a 
free halogen source. 
0060. By “particulate precursor of chlorine dioxide' is 
meant a mixture of chlorine-dioxide-forming components 
that are particulate. Granules of ASEPTROL (BASF, Florham 
Park, N.J.) are an exemplary particulate precursor of chlorine 
dioxide. 
0061. By “solid body' is meant a solid shape, typically a 
porous Solid shape, or a tablet comprising a mixture of granu 
lar particulate ingredients wherein the size of the particulate 
ingredients is substantially smaller than the size of the solid 
body; by “substantially smaller is meant at least 50% of the 
particles have a particle size at least one order of magnitude, 
and preferably at least two orders of magnitude, Smaller than 
the size of solid body. 
0062 By “oxidizing agent' is meant any material that 
attracts electrons, thereby oxidizing another atom or mol 
ecule and thereby undergoing reduction. Exemplary oxidiz 
ing agents include chlorine dioxide and peroxides, such as 
hydrogen peroxide. 
0063. A "matrix,” as used herein, is a material that func 
tions as a protective carrier of chlorine dioxide-generating 
components. A matrix is typically a continuous Solid or fluid 
phase in the materials that can participate in a reaction to form 
chlorine dioxide are suspended or otherwise contained. The 
matrix can provide physical shape for the material. If suffi 
ciently hydrophobic, a matrix may protect the materials 
within from contact with moisture. If sufficiently rigid, a 
matrix may beformed into a structural member. If sufficiently 
fluid, a matrix may function as a vehicle to transport the 
material within the matrix. If sufficiently adhesive, the matrix 
can provide a means to adhere the material to an inclined or 
vertical, or horizontal downward surface. A fluid matrix may 
be a liquid Such that it flows immediately upon application of 
a shear stress, or it may require that a yield stress threshold be 
exceeded to cause flow. In some embodiments, the matrix is 
either a fluid, or capable of becoming fluid (e.g., upon heat 
ing) Such that other components may be combined with and 
into the matrix (e.g., to initiate reaction to form chlorine 
dioxide). In other embodiments, the matrix is a continuous 
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solid; chlorine dioxide generation can be initiated by, for 
instance, penetration of water or water vapor, or by light 
activation of an energy-activatable catalyst. 
0064. By “film is meant a layer of a material having two 
dimensions Substantially larger than the third dimension. A 
film may be a liquid or a solid material. For some materials, a 
liquid film can be converted into a solid film by curing, for 
instance, by evaporation, heating, drying and/or cross-link 
ing. 
0065. As used herein, a "chlorine dioxide source” refers to 
one of chlorine dioxide, chlorine dioxide-generating compo 
nents, or a combination of thereof. Unless otherwise indi 
cated or evident from context, preferences indicated above 
and herein apply to the entirety of the embodiments discussed 
herein. 

DESCRIPTION 

0.066 Chlorine dioxide has well-documented potent bio 
cidal activity. Disadvantageously, chlorine dioxide-contain 
ing compositions of the prior art can be cytotoxic and irritat 
ing to Soft tissue and damaging to hard tissues. The 
cytotoxicity of chlorine dioxide-containing compositions 
results predominantly from the presence of oxy-chlorine 
anions, and not from the presence of chlorine, which can be a 
product of chlorine dioxide decomposition. By substantially 
preventing or inhibiting oxy-chlorine anions present in a 
chlorine-dioxide containing composition from contacting 
cells and tissues such as non-oral biological tissues that are 
targeted for treatment, tissue damage can be measurably 
reduced or minimized. 
0067. I. Non-Oral Tissue Infections 
0068 A. Non-Oral Mucosal 
0069 Methods are provided herein for the alleviation of a 
non-oral mucosal tissue infection by administering a chlorine 
dioxide composition in a non-cytotoxic and/or non-irritating 
manner. The method described herein can be used for allevi 
ating any infection of non-oral mucosal tissue. In particular, 
the method can be used for any non-oral mucosal tissue 
infection, wherein the tissue can be topically contacted with a 
composition. Non-oral mucosal tissues include, but are not 
limited to, vaginal mucosa, nasal and sinus mucosa, conjunc 
tiva mucosa, genital mucosa Such as glans penis, glans clito 
ridis, the inside of the prepuce (foreskin) and the clitoral 
hood, urinary mucosa Such as the urethral mucosa, and anal 
mucosa. Infections of non-oral mucosal tissue include, but 
are not limited to, vaginitis, sinusitis, urinary tract infections 
and urethritis. Non-oral mucosal tissue targeted for treatment 
may be substantially intact or may have one or more incisions, 
lacerations or other tissue-penetrating openings. 
0070 The method can be practiced therapeutically or pro 
phylactically. Thus, the method can be practiced on a subject 
who exhibits signs of a non-oral mucosal tissue pathology for 
the purpose of diminishing or eliminating those signs. The 
method can also be practiced on a subject who does not 
exhibit signs of a non-oral mucosal tissue infection, is at risk 
for developing a non-oral mucosal tissue infection, or exhibits 
only early signs of a non-oral mucosal tissue infection for the 
purpose of decreasing the risk of developing pathology asso 
ciated with the non-oral mucosal tissue. 
0071 Vaginitis refers to inflammation of vaginal mucosal 
tissue and can arise from bacterial infection, yeast infection 
and other pathogen infection of the Vaginal mucosa. Patho 
gens that can cause vaginitis include Candida albicans, Gard 
merella, Streptococcus spp. and Trichomonas vaginalis. Other 
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pathogens that can cause vaginitis include Herpes, Campylo 
bacter, Gonorrhea, Chlamydia, and Mycoplasma. Prior art 
prophylactic and therapeutic treatments for vaginitis include: 
oral or topical antibiotics, oral or topical antifungals and 
topical steroids. Antimicrobial agents currently used in the 
treatment of vaginitis include, but are not limited to, neomy 
cin, ribaximin, clindamycin, metronidazole, polymixin B, 
proguanil, econazole, and fluconazole. Other therapeutic 
agents for vaginitis include steroids, Such as estrogen. Risk 
factors for vaginitis include sexual activity, diabetes, preg 
nancy, immunosuppression, contraceptive device use, recent 
course of antiobiotics, douching, pelvic inflammatory disease 
and hormone replacement therapy. 
0072 Sinusitis refers to a sinus mucosal infection, which 
ranges from acute infection to chronic infection. The com 
mon causative pathogens of acute sinusitis are Streptococcus 
pneumoniae, Haemophilus influenzae, and Moraxella 
catarrhalis. Fungal infections are seen as causes for acute 
sinusitis in patients with diabetes or immune deficiencies, 
Such as AIDS patients and immunosuppressed patients. 
Streptococcus pneumoniae, Haemophilus influenzae, and 
Moraxella catarrhalis are also involved in chronic sinusitis, 
which can further feature involvement of Staphylococcus 
aureus and anaerobes. Prior art prophylactic and therapeutic 
treatments for sinusitis include: analgesics, oral antibiotics, 
nasal irrigation, steam inhalation, mucolytics, oral leukot 
rienes, oral decongestants and antihistamines. In some 
extreme cases of chronic sinusitis, Surgery can be required to 
provide relief from the symptoms. Antimicrobial agents cur 
rently used in the treatment of sinusitis include, but are not 
limited to, gatifloxacin, clindamycin, gentiamicin, ceftazi 
dime, an aminoglycoside such as tobramyin and Streptomy 
cin, amphotericin B, itraconazole, ketoconazole, miconazole 
and nystatin. Risk factors for sinusitis include nasal passage 
abnormality, immune system disorder, hay fever, or allergic 
condition, asthma, regular exposure to pollutants, use of 
mechanical ventilator and oral or IV steroid treatment. 

0.073 Urethritis is an infection-induced inflammation of 
the urethra. The causative pathogens for urethritis include 
Neisseria gonorrhoeae, Chlamydia, herpes simplex virus, 
cytomegalovirus, Trichomonas and Escherichia coli. Treat 
ment for urethritis commonly includes oral antibiotics or 
antivirals. Risk factors for urethritis include urinary tract 
infection, multiple sexual partners, history of STDs, being 
female, use of catheters, and use of vaginal creams, foams, 
and jellies. 
0074 The causative pathogens for urinary tract infections 
include Escherichia coli, Klebsiella, Proteus mirabilis, 
Pseudomonas aeruginosa, Enterococcus faecalis, Staphyllo 
coccus, saprophyticus and Staphylococcus aureus. Urinary 
tract infections are commonly treated using oral antibiotics. 
Risk factors for a urinary tract infection include sexual activ 
ity, indwelling bladder catheters, duration of catheterization, 
and being female. 
0075 Pink eye (conjunctivitis) is an inflammation or 
infection of the transparent membrane (conjunctival mucosa) 
that lines the eyelid and part of the eyeball. Viral conjunctivi 
tis is commonly caused by an adenovirus. Staphylococci and 
Streptococci are the common bacteria underlying bacterial 
conjunctivitis. Viral conjunctivitis and bacterial conjunctivi 
tis may affect one or both eyes. Risk factors for bacterial or 
viral conjunctivitis include having a cold, exposure to some 
one infected with the viral or bacterial form of conjunctivitis, 
and wearing of extended-wear contact lenses. Current treat 
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ment for bacterial conjunctivitis is topical antibiotic in the 
form of eyedrops or an ointment. There is no treatment for 
viral conjunctivitis; it must simply run its course. 
0076 Vaginitis, sinusitis, urethritis, urinary tract and con 

junctivitis infections can manifest as a biofilm. Biofilms can 
be particularly difficult to disrupt, and therefore are often 
found in treatment-resistant forms of these mucosal tissue 
infections. Advantageously, chlorine dioxide is highly effica 
cious at disrupting, penetrating and/or otherwise inactivating 
biofilms. Use of chlorine dioxide alone or in combination 
with an antimicrobial can be efficacious in alleviating vagini 
tis, sinusitis, urethritis, urinary tract infections or other non 
oral mucosal tissue infections. 
0077 B. Non-Oral Dermal or Hard Tissue Treatment 
0078 Methods are also provided herein for the alleviation 
of a non-oral dermal or hard tissue infection by administering 
a chlorine dioxide composition in a non-cytotoxic and/or 
non-irritating manner. The method described herein can be 
used for alleviating any infection of non-oral dermal or hard 
tissue. Non-oral dermal tissues include uvea, epidermal tis 
Sue, dermal tissue, and Subcutaneous tissue (also called hypo 
dermis tissue). Infections of non-oral dermal tissue include, 
but are not limited to, acne, common warts, tinea pedia, tinea 
cruris and tinea corpis. Non-oral hard tissue includes toe 
nails, fingernails and hard keratinized tissues. An exemplary 
hard biological tissue infection of nails includes tinea 
unguium. Non-oral dermal or hard tissue targeted for treat 
ment may be substantially intact or may have one or more 
incisions, lacerations or other tissue-penetrating openings. 
0079 Representative non-oral dermal or hard tissue infec 
tions are described below. The claimed method is not 
intended, however, to be limited to treating only these infec 
tions. In particular, the method can be used for any non-oral 
dermal or hard tissue infection, wherein the tissue can be 
topically contacted with a composition. 
0080 Uveitis is swelling and irritation of the uvea, the 
middle layer of the eye. The uvea consists of a pigmented, 
highly vascular loose fibrous tissue. Most cases are anterior 
uveitis, which involves inflammation in the front part of the 
eye. Common treatment includes topical steroid in the form 
of eyedrops or ointments, sometime with a cycloplegic-my 
driatic drug. Infectious uveitis is commonly caused by herpes 
simplex virus, varicella-Zoster virus, and Cytomegalovirus 
(CMV). Risk factors for uveitis include Cytomegalovirus 
retinitis and Herpes Gingivostomatitis. 
I0081. Acne Vulgaris (acne) develops as a result of block 
ages in hair follicles in the skin. Inflammation can be caused 
by the bacteria Propionibacterium acnes, leading to inflam 
matory lesions in the dermis. Common treatments for acne 
include topical bacteriocidals such as benzoyl peroxide, topi 
cal antibiotics such as erythromycin, clindamycin and tetra 
cycline, topical retinoids such as tretinoin and adapalene, and 
oral antibiotics. 
I0082 Common warts are skin growths caused by human 
papillomavirus (HPV). Warts are commonly treated with 
tropical salicylic acid, freezing them with, e.g., liquid nitro 
gen, or burning with an electric needle. 
I0083 Ringworm (also called tinea corpis) refers to a 
superficial fungal infection of dermal tissue of the body or the 
face. Ringworm is a dermatophyte infection. Dermatophytes 
are a group of related fungi that infect and Survive on dead 
keratin, the top layer of the epidermis. The three most com 
mon fungi associated with ringworm are Trichophyton 
rubrum, Microsporum canis, and Trichophyton mentagro 
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phytes. Treatment of ringworm is usually topical antifungals 
Such as terbinafine, miconazole, clotrimazole, and ketocona 
Zole. Risk factors include contact with ringworm lesions, 
contact with animals, soil, and plants, prolonged presence of 
warm, moist environment, and lack of good hygiene. Der 
matophytes are also causative agents fortinea pedis (athlete's 
foot). The most common fungi associated with tinea pedis are 
Trichophyton rubrum, and Trichophyton mentagrophytes. 
Treatment is commonly topical antifungals, such as clotrima 
Zole and tolnaftate. 
0084 Tinea cruris or “jockitch’ is a fungal infection of the 
skin in the groin. The fungus that most commonly causes 
tinea cruris is called Trichophyton rubrum. Tinea cruris is 
typically treated with topical antifungal creams or ointments 
since the fungus affects the top layer of skin. Useful antifun 
gals include tolnaftate, clotrimazole, and miconazole. A topi 
cal steroid can be used if the rash is itchy. 
0085. Fungal infection of finger and/or toe nails is called 
onychomycosis or tinea unguium. The fungal organism 
responsible for most fungal nail infections is Trichophyton 
rubrum. Treatment usually is several months of oral antifun 
gal medication. Risk factors for tinea unguium include tight 
footwear that keeps toes warm and moist, repeated minor 
injury to the hyponychium, communal showers, having dia 
betes, and being immunocompromised. 
I0086 II. Non-Cytotoxic and/or Non-Irritating Composi 
tions 
0087. In one aspect, the method comprises administering a 
substantially non-cytotoxic and/or non-irritating composi 
tion comprising chlorine dioxide. In an embodiment, the 
composition consists essentially of chlorine dioxide as the 
active pharmaceutical ingredient (API). In other embodi 
ments, the composition comprises chlorine dioxide and at 
least one other API, such as an antibiotic or antifungal. The 
composition optionally comprises one or more other compo 
nents. Such components include, but are not limited to, col 
oring agents and fragrances. Other optional components 
include: antimicrobial agents such as antibacterial agents and 
antifungal agents, enzymes, malodor controlling agents, and 
the like. Exemplary antimicrobial agents for vaginitis 
include, but are not limited to, neomycin, ribaximin, clinda 
mycin, metronidazole, polymixin B, proguanil, econazole, 
and fluconazole. Other therapeutic agents for vaginitis 
include steroids, such as estrogen. Exemplary antimicrobial 
agents for sinusitis include, but are not limited to, gatifloxa 
cin, elindamycin, gentiamicin, ceftazidime, an aminoglyco 
side Such as tobramyin and streptomycin, amphotericin B, 
itraconazole, ketoconazole, miconazole and nystatin. Other 
therapeutic agents useful for treating acne include erythro 
mycin, clindamycin and tetracyclin, tretinoin and adapalene. 
Uveitis treatment can further include topical steroid and 
optionally a cyclplegic-mydriatic drug. Treatment for com 
mon warts can further comprise topica salicylic acid, freezing 
or burning. Other therapeutic agents useful for tinea corpus 
include clotrimazole and tolnaftate. Tolnaftate, clotimazole 
and miconazole are exemplary therapeutic agents for tinea 
C1S. 

0088. In some embodiments, all optional components are 
relatively resistant to oxidation by chlorine dioxide, since 
oxidation of composition components by chlorine dioxide 
will reduce the available chlorine dioxide for oxidation for its 
intended function. “Relatively resistant’ means that in the 
time scale of preparing and using the chlorine dioxide-con 
taining composition in an application, the function of the 
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optional component is not unacceptably diminished, and the 
composition retains an acceptable level of efficacy/potency 
with respect to the chlorine dioxide and remains substantially 
non-cytotoxic. In some embodiments, the composition can 
remain Substantially non-irritating. Guidance regarding iden 
tifying resistant components is provided in commonly-as 
signed U.S. patent application entitled “Additives for Chlo 
rine Dioxide-Containing Compositions, serial number (tbd), 
filed (tbd). 
0089 For compositions comprising an oxidizing agent 
consisting of chlorine dioxide, cytotoxicity results predomi 
nantly from the presence of oxy-chlorine anions, absent other 
constituents that contribute to cytotoxicity. Accordingly, in 
exemplary embodiments, a composition comprising chlorine 
dioxide that comprises Zero milligram (mg) oxy-chlorine 
anion per gram composition to no more than about 0.25 mg 
oxy-chlorine anion per gram composition, from Zero to about 
0.24, 0.23, 0.22, 0.21, or 0.20 mg oxy-chlorine anion per 
gram composition, from Zero to about 0.19, 0.18, 0.17, 0.16, 
0.15, 0.14, 0.13, 0.12, 0.11, or 0.10 mg oxy-chlorine anion per 
gram composition and from Zero to 0.09, 0.08, 0.07, 0.06, 
0.05 or 0.04 mg. oxy-chlorine anion per gram composition, 
absent other constituents that contribute to cytotoxicity, is 
Substantially non-cytotoxic. 
0090 Soft tissue irritation can result from highly reactive 
oxygen species and/or extremes of pH, both acidic and basic. 
To minimize soft tissue irritation by the chlorine dioxide 
containing composition, the Substantially non-cytotoxic 
composition has a pH of at least 3.5. In exemplary embodi 
ments, the composition has a pH of at least 5, or, greater than 
about 6. In certain embodiments, the pH ranges from about 
4.5 to about 11, from about 5 to about 9, or from greater than 
about 6 and less than about 8. In one embodiment, the pH is 
about 6.5 to about 7.5. The concentration of oxy-chlorine 
anions is not believed to be a primary contributor to soft tissue 
irritation. 
0091 Methods of preparing non-cytotoxic and/or non 
irritating compositions comprising chlorine dioxide are 
described in commonly-assigned U.S. application Ser. Nos. 
12/502,761 and 12/502,781, filed Jul 14, 2009, entitled 
“Tooth Whitening Compositions and Methods,” and U.S. 
application Ser. Nos. 12/502,326 and 12/502,356, filed Jul. 
14, 2009, entitled “Non-Cytotoxic Chlorine Dioxide Fluids.” 
each of which is incorporated herein by reference in its 
entirety. 
0092. In an embodiment, a substantially non-cytotoxic 
composition comprising chlorine dioxide can be prepared 
using a Substantially pure chlorine dioxide Solution having a 
neutral pH. In some embodiments, the Substantially pure 
chlorine dioxide solution has a pH from about 5 to about 9, or 
from about 6.5 to about 7.5. 
0093 Substantially pure chlorine dioxide may be pre 
pared by preparing a chlorine dioxide solution using any 
known method, then bubbling a gas (e.g., air) through that 
Solution (sparging) and into a second container of deionized 
water, to prepare the product solution of Substantially pure 
chlorine dioxide. Only CIO and possibly some water vaporis 
transferred from the source solution to the product solution. 
All the salt ingredients and acid remain behind in the source 
Solution. Thus, there are no oxy-chlorine anions in the Sub 
stantially pure product solution. One method of preparing 
chlorine dioxide comprises combining an aqueous solution of 
sodium chlorite with a mineral acid to reduce the solution pH 
to below about 3.5 and allowing the solution to react for a 
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Sufficient time, e.g., about 30 minutes, to generate chlorine 
dioxide. The resulting solution is then sparged as described 
above to prepare the product solution of substantially pure 
chlorine dioxide. 
0094. While the substantially pure chlorine dioxide may 
undergo a degree of decomposition, the rate is relatively slow. 
By keeping the solution capped and protected from ultraviolet 
exposure, the decomposition rate can be slowed to a rate of 
about 5% to about 25% reduction in chlorine dioxide in 7 
days. Substantially pure chlorine dioxide may also be pre 
pared using a pervaporation technique, such as that disclosed 
in U.S. Pat. No. 4,683,039. In addition, a metal chlorite and an 
acid source can be reacted in Solution to yield high conversion 
to chlorine dioxide and produce a greater than 2000 ppm 
chlorine dioxide solution. The concentrated solution can then 
be buffered to a neutral pH. Similarly, a chlorine dioxide 
Solution can be prepared using the composition described in 
U.S. Pat. No. 5,399.288, which yields a high concentration 
chlorine dioxide solution at acidic pH. The concentrated solu 
tion can then be buffered to achieve a substantially neutral pH 
to prepare a substantially pure chlorine dioxide solution. 
0095. Another source of a substantially pure chlorine 
dioxide solution is chlorine dioxide is prepared using an 
ASEPTROL (BASF Corp., Florham Park, N.J.) material, 
which are described in commonly-assigned U.S. Pat. Nos. 
6.432.322 and 6,699.404. These patents disclose substan 
tially anhydrous Solid bodies comprising particulate compo 
nents for preparing highly-converted solutions of chlorine 
dioxide when added to water. The particulate components in 
the solid bodies comprise a metal chlorite Such as sodium 
chlorite, an acid source Such as sodium bisulfate and option 
ally a source of free halogen Such as the Sodium salt of 
dichloroisocyanuric acid or a hydrate thereof (collectively 
referred to herein as “NaDCCA). Chlorine dioxide is gen 
erated when an ASEPTROL material is contacted with water 
or an aqueous medium. ASEPTROL material can be made to 
have an extremely high conversion rate in an aqueous solu 
tion, as described in U.S. Pat. Nos. 6,432.322 and 6,699,404, 
resulting in high concentrations of chlorine dioxide and low 
concentrations of oxy-chlorine anion. Thus, ASEPTROL 
materials provide away to efficiently generate chlorine diox 
ide at Substantially neutral pH, thus avoiding problems exist 
ing with earlier, acidic chlorine dioxide-based products. 
0096. In some embodiments, the composition further 
comprises a thickener component which renders the compo 
sitionathickened aqueous fluid. To prepare a thickened aque 
ous composition comprising chlorine dioxide that is Substan 
tially non-cytotoxic and, in some embodiments, non 
irritating, the Substantially pure chlorine dioxide Solution can 
be combined with a thickener component and an aqueous 
medium. 

0097. The aqueous thickened fluid composition used in 
practicing the method may comprise any thickener compo 
nent in an aqueous medium, wherein the thickened fluid com 
position is non-cytotoxic and, in Some embodiments, non 
irritating to soft tissues. In addition, in exemplary 
embodiments, the thickener is not adversely affected by the 
chlorine dioxide on the time scale of composition preparation 
and use in treatment. Many thickeneragents are known in the 
art, including, but not limited to carbomers (e.g., CAR 
BOPOL, thickeners, Lubrizol Corp., Wickliffe, Ohio), car 
boxymethylcellulose (CMC), ethylcellulose, hydroxyethyl 
cellulose, hydroxypropyl methylcellulose (HPMC), natural 
smectite clays (e.g., VEEGEM, R.T. Vanderbilt Co., Nor 
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walk, Conn.), synthetic clays (e.g., LAPONITE (Southern 
Clay Products, Gonzales, Tex.), methylcellulose, superabsor 
bent polymers such as polyacrylates (e.g., LUQUASORB 
1010, BASF, Florham Park, N.J.), poloxamers (PLURONIC, 
BASF, Florham Park, N.J.), polyvinyl alcohol, sodium algi 
nate, tragacanth, and Xanthan gum. Such thickening agents 
may be categorized into four groups: natural hydrocolloids 
(also referred to as "gum”), semisynthetic hydrocolloids, Syn 
thetic hydrocolloids, and clay. Some examples of natural 
hydrocolloids include acacia, tragacanth, alginic acid, carra 
geenan, locust bean gum, guar gum, and gelatin. Non-limit 
ing examples of semisynthetic hydrocolloids include meth 
ylcellulose and sodium carboxymethylcellulose. Some 
examples of synthetic hydrocolloids (also referred to as 
"polymers' including polymers, cross-linked polymers, and 
copolymers) include polyacrylates, Superabsorbent poly 
mers, high molecular weight polyethylene glycols and 
polypropylene glycols, polyethylene oxides and CAR 
BOPOL. Non-limiting examples of clay (including swelling 
clay) include LAPONITE, attapulgite, bentonite, and VEE 
GUM. In some embodiments, the thickener component is a 
semisynthetic hydrocolloid. An exemplary thickener compo 
nent is hydroxypropyl methylcellulose or a carboxymethyl 
cellulose (CMC). 
0098. In preparing a non-cytotoxic composition, one or 
more components of a composition may be combined prior to 
the time of preparation of a composition. Alternatively, all 
components of a composition may be prepared at the time of 
use. For either non-cytotoxic solutions or non-cytotoxic 
thickened compositions, optional other components Suitable 
for the intended use of the non-cytotoxic chlorine dioxide 
solution, as described elsewhere herein, may be included. 
Chlorine dioxide in solution will decompose over time. To 
avoid problems arising from Such decomposition, including 
loss of efficacy and generation of chlorite anions, in some 
embodiments the substantially pure chlorine dioxide solution 
is prepared immediately before its dilution or its combination 
with a thickener component and an aqueous medium. 
0099. In addition, in some embodiments, a thickened com 
position comprising chlorine dioxide can be prepared imme 
diately before its use in a method of alleviating a non-oral 
tissue infection. “Immediately before’ as used herein refers to 
a period no greater than that which would result in diminished 
efficacy or evidence of cytotoxicity. Generally, “immediately 
before' is less than about 14 days, and preferably no greater 
than about 24 hours and more preferably no greater than about 
2 hours. In exemplary embodiments, the Substantially pure 
chlorine dioxide solution is prepared within about 8 hours of 
the preparation of the composition. Precautions are also taken 
to avoid exposing the chlorine dioxide solution or the pre 
pared composition to strong ultraviolet light or elevated tem 
perature (e.g., temperature greater than ambient temperature, 
about 25°C.). 
0100. A substantially non-cytotoxic thickened composi 
tion comprising chlorine dioxide may also be prepared using 
a particulate precursor of CIO and an aqueous thickened 
fluid composition. Chlorine-dioxide-forming components 
include metal chlorites, metal chlorates, an acid source, and 
an optional halogen source. The particulate precursor may 
comprise one of these or any combination of these. An exem 
plary particulate precursor is an ASEPTROL product. An 
exemplary ASEPTROL product is ASEPTROL S-Tab2. 
ASEPTROLS-Tab2 has the following chemical composition 
by weight (%): NaClO (7%); NaHSO (12%); NaDCC (1%); 
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NaCl (40%); MgCl(40%). Example 4 of U.S. Pat. No. 6,432, 
322 describes an exemplary manufacture process of S-Tab2. 
Granules can be produced, either by comminuting pressed 
S-Tab2 tablets, or by dry roller compaction of the non-pressed 
powder of the S-Tab2 components, followed by breakup of 
the resultant compacted ribbon orbriquettes, and then screen 
ing to obtain the desired size granule. Upon exposure to water 
or an aqueous thickened fluid, chlorine dioxide is generated 
from the ASEPTROL granules. In one embodiment, a sub 
stantially non-cytotoxic composition comprising chlorine 
dioxide is prepared by combining -40 mesh granules with an 
aqueous thickened fluid. In one embodiment, the thickener 
component of the thickened fluid is carboxymethylcellulose 
or HPMC. The skilled artisan will recognize that chlorine 
dioxide production in the thickened fluid composition pre 
pared using a particulate precursor of ClO, while rapid, is not 
instantaneous. Thus, Sufficient time for the generation of 
chlorine dioxide, and corresponding consumption of chlorite 
anion, is necessary to obtain a Substantially non-cytotoxic 
thickened fluid composition. The skilled artisan can readily 
determine what length of time is sufficient, in view of the 
teachings in this disclosure and the knowledge of the art. 
0101. In some embodiments, the aqueous thickened fluid 

is prepared sufficiently in advance of combining with the 
ASEPTROL granules to enable the complete hydration of the 
thickener component. In one embodiment, the thickened fluid 
composition is formed by adding high viscosity NaCMC 
powder to distilled water. The NaCMC is allowed to hydrate 
for at least 8 hours, and then the mixture is stirred to homog 
enize it. A substantially non-cytotoxic composition is then 
prepared by mixing the sized ASEPTROL granules with the 
NaCMC thickened fluid. Contact with the aqueous medium in 
the hydrated NaCMC mixture activates the ASEPTROL 
granules and chlorine dioxide is generated. 
0102. In another embodiment, the substantially non-cyto 
toxic thickened fluid composition may also be formed at the 
site of intended use. For instance, a body fluid such as mucus 
of mucosal tissue, or humid vapor such as exhaled air, may 
serve as the aqueous medium to activate particulate precur 
sors of chlorine dioxide, such as ASEPTROL granules. In one 
embodiment, the mixture may be particulates in the form of a 
powder and mixed in a layer of thickener component thereby 
forming a thickened matrix. The matrix may be applied 
directly to a non-oral mucosa tissue, wherein exposure to 
moisture present in the tissue activates production of chlorine 
dioxide to form a Substantially non-cytotoxic composition. 
Alternatively, the matrix may be moistened immediately 
prior to use and then applied to any non-oral tissue. 
0103 III. Devices and Compositions for Non-Cytotoxic 
Administration 

0104. In another aspect, the method is practiced with a 
device or composition that delivers a Substantially oxy-chlo 
rine anion free chlorine dioxide composition to the non-oral 
tissue. Such devices, compositions, systems and methods for 
administration of a composition comprising chlorine dioxide 
and oxy-chlorine anions in a way that the chlorine dioxide 
reaches the target tissue in an efficacious amount, but the 
oxy-chlorine anions are Substantially inhibited from irritating 
target tissue or peripheral tissue not targeted for treatment, are 
described in commonly-assigned U.S. application Ser. Nos. 
12/502,845, 12/502,858 and 12/502,877, filed Jul 14, 2009, 
entitled “Methods, Systems and Devices for Administration 
of Chlorine Dioxide. Generally, the method comprises pro 
viding a chlorine dioxide source that includes either chlorine 
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dioxide itself or chlorine dioxide-generating components, 
and further includes the oxy-chlorine anions that cause cyto 
toxicity to tissues; and further providing an oxy-chlorine 
anion barrier that Substantially prohibits passage there 
through of the oxy-chlorine anions and permits passage there 
through of chlorine dioxide. In some embodiments, the oxy 
chlorine anion barrier can also substantially inhibit the 
passage therethrough of protons. The chlorine dioxide source 
is applied to the tissue with the oxy-chlorine anion barrier 
interposed between the chlorine dioxide source and the tissue, 
thus preventing or Substantially minimizing the oxy-chlorine 
anion from reaching the tissue, thereby enabling delivery of a 
Substantially oxy-chlorine anion free chlorine dioxide com 
position to the tissue. 
0105. The chlorine dioxide source may comprise any 
chlorine dioxide-containing composition or ingredients 
capable of forming chlorine dioxide in situ. In exemplary 
embodiments, the ingredients present in the chlorine dioxide 
source are compatible with the oxy-chlorine anion barrier 
during the practice of the method, as well as any pre-use 
period during which the ingredients are in contact with the 
barrier. By “compatible' is meant the ingredients do not 
adversely affect to an unacceptable degree the concentration 
of chlorine dioxide in the chlorine dioxide source, the inhi 
bition of passage of oxy-chlorine anions, or the permitted 
passage of chlorine dioxide by the barrier. 
0106 The barrier may be in the form of a layer between the 
chlorine dioxide source and the infected non-oral mucosa 
tissue. In one aspect, the oxy-chlorine barrier, without the 
chlorine dioxide source, is applied to the tissue first. The 
chlorine dioxide source is then applied to the barrier layer. In 
other embodiments, the chlorine dioxide source is applied to 
the barrier first, and the combination is then applied to the 
tissue, wherein the barrier layer contacts the tissue. In 
embodiments where the chlorine dioxide source comprises 
chlorine dioxide-generating components, the generation of 
chlorine dioxide may be activated before, during, and/or after 
application of the barrier (with or without the chlorine diox 
ide source) to the non-oral tissue. 
0107. In another embodiment, the infected tissue may be 
contacted with a chlorine dioxide Source containing a Sub 
stantially non-cytotoxic and Substantially non-irritating 
amount of oxy-chlorine anions while a second chlorine diox 
ide source may be located on the side of a barrier opposite the 
non-oral tissue such that additional chlorine dioxide from the 
second source may pass through the barrier to contact the 
non-oral tissue but passage through the barrier of oxy-chlo 
rine anions in the second source is inhibited. 

0108. In another embodiment, the chlorine dioxide source 
may be dispersed in a matrix comprising one or more barrier 
Substances, such that the oxy-chlorine anions are sequestered 
away from the tissue, while the chlorine dioxide passes 
through the barrier Substance, if necessary, and the matrix to 
contact the non-oral tissue. In this embodiment, the matrix is 
applied to the tissue directly or to an optional intervening 
tissue-contacting layer. In one aspect, the matrix itself is the 
barrier Substance. Exemplary matrix materials that may also 
function as the barrier include waxes such as paraffin wax, 
polyethylene, petrolatum, polysiloxanes, polyvinyl alcohol, 
ethylene-vinyl acetate (EVA), polyurethanes, mixtures 
thereof and the like. In another aspect, the chlorine dioxide 
Source is coated or encapsulated by the barrier Substance. 
Exemplary barrier Substances include polyurethane, polypro 
pylene, polytetrafluoroethylene, polyvinylidene difluoride, 
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polyvinylidene dichloride, combination of polydimethylsi 
loxane and polytetrafluoroethylene, polystyrene, cellulose 
acetate, polysiloxane, polyethylene oxide, polyacrylates, 
mineral oil, paraffin wax, polyisobutylene, polybutene and 
combinations thereof. Exemplary barrier substances also 
comprise compounds that bind to oxy-chlorine anions with 
high affinity and that impede or stop anion migration or 
diffusion such that a substantially oxy-chlorine anion free 
chlorine dioxide composition is delivered to a tissue. The 
compound may form an insoluble precipitate with the oxy 
chlorine anion, thereby impeding or stopping diffusion. 
Alternatively, the compound is immobilized on a Substance or 
material, thereby impeding diffusion or migration. The com 
pound may be cationic, such as ammonium, pyridinium, imi 
dazolium, phosphonium and Sulfonium and other positively 
charged compounds that may be part of the matrix. Option 
ally, the compound can be immobilized on an oxy-chlorine 
anion barrier material, to the matrix or on the optional back 
ing layer. 
0109 Various materials and membranes can be used as an 
oxy-chlorine anion barrier. The barrier can be in any form, 
and is typically either a fluid or a solid. 
0110. In some embodiments, the oxy-chlorine anion bar 
rier is a fluid, such a petrolatum. In this embodiment, the fluid 
can be applied to the tissue first, or to an intervening tissue 
contacting layer, to form the barrier as a layer and then chlo 
rine dioxide source subsequently applied to the fluid barrier 
layer. The chlorine dioxide source can be applied as a par 
ticulate or can be encompassed in a material to form a film. 
0111. In some embodiments, the oxy-chlorine anion bar 
rier is a nonporous membrane. The membrane can be any 
thickness and can be a single layer or plural layers, provided 
the membrane remains permeable to chlorine dioxide and 
Substantially non-permeable to oxy-chlorine anions. An 
exemplary nonporous material is a polyurethane membrane. 
In some embodiments, the polyurethane membrane is from 
about 30 to about 100 microns, such as from about 38 to about 
76 microns thick. Exemplary polyurethane membranes com 
mercially available include CoTranTM 9701 (3MTM Drug 
Delivery Systems, St. Paul, Minn.) and ELASTOLLAN 
(BASF Corp., Wyandotte, Mich.). ELASTOLLAN products 
are polyether-based thermoplastic polyurethane. A specific 
example of ELASTOLLAN is ELASTOLLAN 1185A10. 
0112. In some embodiments, the oxy-chlorine anion bar 
rier is a microporous membrane permeable to chlorine diox 
ide and Substantially non-permeable to oxy-chlorine anions. 
The microporous membrane can be anythickness and can be 
a single layer or plural layers, provided the membrane 
remains permeable to chlorine dioxide and Substantially non 
permeable to oxy-chlorine anions. In one example, the 
microporous membrane can comprise thermo-mechanically 
expanded polytetrafluoroethylene (e.g., GoretexR) or poly 
vinylidenedifluoride (PVDF). See, for instance, U.S. Pat. No. 
4,683,039. The procedure for formation of an expanded poly 
tetrafluoroethylene is described in U.S. Pat. No. 3,953,566. 
An exemplary polytetrafluoroethylene (PTFE) membrane, 
interpenetrating polymer network (IPN) of polydimethylsi 
loxane and PTFE, is described in U.S. Pat. Nos. 4,832,009, 
4.945,125, and 5.980,923. A commercially-available product 
of this type, Silon-IPN (BioMed Sciences Inc., Allentown, 
Pa.), is a single layer and is available in thicknesses between 
10 to 750 microns. In one embodiment, the microporous 
membrane is an IPN of silicone and PTFE having a thickness 
of about 16 microns. In another example, the membrane is 
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microporous polypropylene film. An exemplary microporous 
polypropylene film is the material commercially-available 
from CHEMPLEX Industries (Palm City, Fla.), which is a 
single layer membrane about 25 microns thick, having a 
porosity of 55% and a pore size of about 0.21 microns X 0.05 
microns. The microporous membrane material can be pro 
vided as a composite with Supporting materials to provide the 
structural strength required for use. In some embodiments, 
the membrane is hydrophobic, wherein the hydrophobic 
nature of the membrane prevents both an aqueous reaction 
medium and an aqueous recipient medium from passing 
through the membrane, while allowing molecular diffusion of 
chlorine dioxide. Features to consider for the materials used 
for such a barrier include: hydrophobicity of the microporous 
material, pore size, thickness, and chemical stability towards 
the attack of chlorine dioxide, chlorine, chlorite, chlorate, 
chloride, acid, and base. 
0113 Various other materials and membranes can be used 
to form the barrier. For example, the barrier can comprise a 
microperforated polyolefin membrane; a polystyrene film 
that is substantially permeable to chlorine dioxide and sub 
stantially impermeable to ionic components of the composi 
tion; a pervaporation membrane formed from a polymeric 
material having a relatively open polymeric structure; a cel 
lulose acetate film composite; a polysiloxane or polyurethane 
material; or a wax. Of course, for contact with soft mucosal 
tissues, the microporous barrier should be substantially non 
irritating and Substantially non-cytotoxic, particularly in the 
time scale of typical use of the device and composition. 
0114. The pore sizes in the barrier may vary widely, 
depending on the desired flow rate of the chlorine dioxide 
through the barrier. The pores should not be so small as to 
prevent chlorine dioxide gas flow therethrough but also 
should not be so large that liquid flow is permitted. In one 
embodiment, the pore size is about 0.21 micronsx0.05 
microns. The quantity and size of the pores of the barrier can 
vary widely, depending upon the temperature of the applica 
tion, the hydrophobicity of the barrier material, the thickness 
of the barrier material, and also depending upon the desired 
flow rate of chlorine dioxide through the barrier. Fewer and 
smaller pores are needed for a given chlorine dioxide flow rate 
at higher temperature relative to lower temperature, as the 
vapor pressure of chlorine dioxide from the chlorine dioxide 
Source is higher at the higher temperature. More and larger 
pores can be used with a highly hydrophobic barrier material, 
such as PTFE, compared to a less hydrophobic material, such 
as polyurethane, since the tendency for an aqueous chlorine 
dioxide source to flow through pores of a highly hydrophobic 
barrier is lower than it is through the pores of a less hydro 
phobic barrier. Considerations of barrier strength also dictate 
the porosity chosen. Generally, the barrier porosity varies 
from about 1 to about 98%, from about 25 to about 98%, or 
from about 50% to about 98%. 

0115 Also provided are systems, compositions, and 
devices useful for practicing the method. In one aspect, a 
system is provided for delivering a substantially oxy-chlorine 
anion free chlorine dioxide to a tissue. A typical system 
comprises a chlorine dioxide Source that includes chlorine 
dioxide or chlorine dioxide-generating components, and oxy 
chlorine anions as a first system component; and an oxy 
chlorine anion barrier as a second system component, the 
barrier to be interposed between the chlorine dioxide source 
and the tissue, wherein the barrier substantially prohibits 
passage of the oxy-chlorine anions and permits passage of the 
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Substantially oxy-chlorine anion free chlorine dioxide com 
position, thereby enabling delivery of the substantially oxy 
chlorine anion free chlorine dioxide to the tissue. 
0116 Compositions and devices are also provided to 
implement the methods and systems described above. Thus, 
one aspect features a composition for delivering a Substan 
tially oxy-chlorine anion free chlorine dioxide composition to 
a tissue. The composition comprises a matrix that includes a 
chlorine dioxide source comprising chlorine dioxide or chlo 
rine dioxide-generating components, as well as oxy-chlorine 
anions, and at least one barrier Substance that Substantially 
prohibits passage of the oxy-chlorine anions but permits pas 
sage of the chlorine dioxide, thereby enabling delivery of the 
substantially oxy-chlorine anion free chlorine dioxide to the 
tissue. In one embodiment, the matrix can be a aqueous 
matrix, or a hydrophobic or anhydrous matrix Such as petro 
latum. In some embodiments, the matrix itself is the barrier 
Substance. For instance, the matrix can be nonpolar or weakly 
polar for inhibiting diffusion of oxy-chlorine anions while 
permitting diffusion of chlorine dioxide. 
0117 The bulk of the matrix can be the barrier substance, 
or the matrix can comprise a sufficient amount of the barrier 
substance to carry out the selective delivery of the chlorine 
dioxide to the non-oral tissue. For instance, the matrix can 
comprise a polymeric material in which reactants or precur 
sors for the formation of chlorine dioxide are embedded or 
dispersed, wherein the polymeric material is permeable to 
chlorine dioxide but substantially impermeable to oxy-chlo 
rine anions. See, e.g., U.S. Pat. No. 7,273,567, which 
describes a composition comprising reactants or precursors 
and an energy-activatable catalyst embedded in polyethylene, 
which are activated to produce chlorine dioxide by exposure 
to light waves, and more particularly, by exposure to ultra 
violet radiation. 

0118. In some embodiments, the matrix can be an adhe 
sive matrix, Such as an adhesive polymer matrix. Polymers 
useful in Such adhesive matrices are substantially permeable 
to chlorine dioxide and are in exemplary embodiments rela 
tively resistant to oxidation by chlorine dioxide so as to limit 
possible degradation of the polymer and possible consequen 
tial change in adhesion. Adhesive polymers are known in the 
art. See, e.g., U.S. Pat. No. 7,384,650. 
0119 The composition can be applied to the tissue, e.g., 
by spreading it on or otherwise applying it to the tissue, or by 
incorporating it into a delivery device. Such as described 
below. 
0120 Various devices are envisioned for delivering a com 
position comprising chlorine dioxide and oxy-chlorine 
anions to target non-oral tissue Such that an efficacious 
amount of chlorine dioxide contacts the target tissue, while 
the oxy-chlorine anions are substantially inhibited or pre 
vented from contacting the tissue. The substantial inhibition 
reduces, minimizes or precludes damage or irritation to, the 
target tissue and any Surrounding or peripheral tissues. 
0121 The devices are typically directionally oriented to 
comprise a layer distal to the tissue to be contacted and a layer 
proximal to the non-oral tissue to be contacted. The distal 
layer is also referred to herein as a backing layer. The devices 
may further comprise a release liner affixed to the tissue 
contacting layer, to be removed prior to applying the device to 
the tissue. In one embodiment, the device comprises a layer 
comprising the chlorine dioxide source and a barrier layer. In 
another embodiment, the device comprises (1) a backing 
layer, (2) a layer comprising the chlorine dioxide source, and 
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(3) a barrier layer. The barrier layer can be adapted to contact 
the non-oral tissue, or another tissue-contacting layer may be 
present between the barrier layer and the tissue. The barrier 
layer or the additional tissue-contacting layer can be adhe 
sive. The optional additional tissue-contacting layer is also 
substantially permeable to chlorine dioxide. In some embodi 
ments, the barrier layer can be made from a thermo-mechani 
cally expanded polytetrafluoroethylene film. In some 
embodiments, the chlorine dioxide source is a particulate 
precursor of chlorine dioxide, such as granules of ASEP 
TROL. 

0.122 Generally, the backing layer can be made of any 
suitable material that is substantially impermeable to chlorine 
dioxide and other components of the chlorine dioxide source. 
The backing layer can serve as a protective cover for the 
matrix layer and can also provide a Support function. Exem 
plary materials for the backing layer include films of high and 
low-density polyethylene, polyvinylidene dichloride 
(PVDC), polyvinylidene difluoride (PVDF), polypropylene, 
polyurethane, metal foils and the like. 
I0123. The optional tissue-contacting layer can be any 
material that is substantially permeable to chlorine dioxide. 
The optional tissue-contacting layer can be an absorbent 
material. Non-limiting examples for this layer include cotton 
or other natural fiber or synthetic fiber fabrics or meshes, 
foams and mats. 

0.124. In another embodiment, the device comprises a 
backing layer and a matrix as described above, in which is 
dispersed the chlorine dioxide source and which comprises at 
least one barrier substance. The matrix can be adapted for 
contacting the tissue, or an additional tissue-contacting layer 
may be present. Either the matrix or the additional tissue 
contacting layer can be adhesive. Typically, the matrix is 
prepared and then coated onto the backing layer. 
0.125. Also contemplated is a device for continuously and/ 
or intermittently providing a chlorine dioxide Solution con 
taining oxy-chlorine anions to a specific tissue. The device is 
an irrigation device described in commonly-assigned U.S. 
Application No. 61/149.784. The irrigation device can be 
used with a substantially non-cytotoxic and/or non-irritating 
chlorine dioxide composition as described elsewhere herein. 
In another aspect, the irrigation device described in com 
monly-assigned U.S. Application No. 61/149.784 is modified 
by the addition of an oxy-chlorine anion barrier. The modifi 
cation is the addition of an oxy-chlorine anion barrier. Spe 
cifically, the device contemplated herein comprises a cham 
ber comprising an oxy-chlorine anion barrier, wherein the 
device has an inlet port for Supplying a chlorine dioxide 
Solution into the chamber and an outlet port for removing 
chlorine dioxide Solution and an opening covered by the 
oxy-chlorine anion barrier. The chamber is designed to form 
a tight Substantially leak-proof seal with the tissue Surround 
ing an infected area, wherein the opening is proximal to the 
infected area. The oxy-chlorine anion barrier is interposed 
between the infected area and the chamber opening. The 
chlorine dioxide solution containing oxy-chlorine anions is 
introduced into the chamber, and chlorine dioxide passes 
through the oxy-chlorine anion barrier covering the opening 
and thereby contacting the infected area, while the passage of 
oxy-chlorine anions through the barrier is limited to Substan 
tially non-cytotoxic and/or Substantially non-irritating levels. 
This device, like the others described herein, enables the use 
of highly concentrated chlorine dioxide solutions (e.g., much 
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greater than about 700 ppm) while minimizing or eliminating 
the cytotoxicity of oxy-chlorine anion typically found in Such 
Solutions. 

0126. Any method in the art for preparing chlorine dioxide 
may be used as the chlorine dioxide Source to make chlorine 
dioxide in the devices and compositions that deliver a sub 
stantially oxy-chlorine anion free chlorine dioxide composi 
tion. For instance, there are a number of methods of preparing 
chlorine dioxide by reacting chlorite ions in water to produce 
chlorine dioxide gas dissolved in water. The traditional 
method for preparing chlorine dioxide involves reacting 
sodium chlorite with gaseous chlorine (Cl(g)), hypochlorous 
acid (HOCl), or hydrochloric acid (HCl). However, because 
the kinetics of chlorine dioxide formation are high order in 
chlorite anion concentration, chlorine dioxide generation is 
generally done at high concentration (>1000 ppm), the result 
ing chlorine dioxide containing Solution typically must be 
diluted for the use concentration of a given application. Chlo 
rine dioxide may also be prepared from chlorate anion by 
either acidification or a combination of acidification and 
reduction. Chlorine dioxide can also be produced by reacting 
chlorite ions with organic acid anhydrides. 
0127 Chlorine dioxide-generating compositions, which 
are comprised of materials that will generate chlorine dioxide 
gas upon contact with water vapor, are known in the art. See, 
e.g., commonly-assigned U.S. Pat. Nos. 6,077.495; 6,294, 
108; and 7,220,367. U.S. Pat. No. 6,046,243 discloses com 
posites of chlorite salt dissolved in a hydrophilic material and 
an acid releasing agent in a hydrophobic material. The com 
posite generates chlorine dioxide upon exposure to moisture. 
Commonly-assigned U.S. Pat. Publication No. 2006/ 
0024369 discloses a chlorine dioxide-generating composite 
comprising a chlorine dioxide-generating material integrated 
into an organic matrix. Chlorine dioxide is generated when 
the composite is exposed to water vapor or electromagnetic 
energy. Chlorine dioxide generation from a dry or anhydrous 
chlorine dioxide-generating composition by activation with a 
dry polar material is disclosed in commonly-assigned co 
pending Application No. 61/153,847. U.S. Pat. No. 7,273,567 
describes a method of preparing chlorine dioxide from a 
composition comprising a source of chlorite anions and an 
energy-activatable catalyst. Exposure of the composition to 
the appropriate electromagnetic energy activates the catalyst 
which in turn catalyzes production of chlorine dioxide gas. 
0128. Chlorine dioxide solutions can also be produced 
from Solid mixtures, including powders, granules, and Solid 
compacts such as tablets and briquettes, which are comprised 
of components that will generate chlorine dioxide gas when 
contacted with liquid water. See, for instance, commonly 
assigned U.S. Pat. Nos. 6,432.322; 6,699.404; and 7,182,883: 
and U.S. Pat. Publication NoS. 2006/0169949 and 2007/ 
0172412. In some embodiments, chlorine dioxide is gener 
ated from a composition comprising aparticulate precursor of 
chlorine dioxide. Thus, the chlorine dioxide source comprises 
or consists essentially of a particulate precursor of chlorine 
dioxide. The particulate precursor employed can be an ASEP 
TROL product, such as ASEPTROLS-Tab2and ASEPTROL 
S-Tab10. ASEPTROL S-Tab2 has the following chemical 
composition by weight (%): NaClO (7%); NaHSO (12%); 
sodium dichloroisocyanurate dihydrate (NaDCC) (1%); 
NaCl (40%); MgCl, (40%). Example 4 of U.S. Pat. No. 6,432, 
322 describes an exemplary manufacture process of S-Tab2 
tablets. ASEPTROL S-Tab10 has the following chemical 
composition by weight (%): NaClO (26%); NaHSO (26%); 
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NaDCC (7%); NaCl (20%); MgCl, (21%). Example 5 of U.S. 
Pat. No. 6,432.322 describes an exemplary manufacture pro 
cess of S-Tab 10 tablets. 
0129. As described elsewhere herein, activation of chlo 
rine dioxide generation can be prior to administration by 
contact of the chlorine dioxide-generating components with 
the appropriate agent (e.g., aqueous medium, electromag 
netic energy, etc). Alternatively, chlorine dioxide generation 
initiated in situ, by contact with an aqueous medium, Such as 

CS. 

0.130 IV. Chlorine Dioxide-Generating Components 
I0131 Chlorine dioxide-generating components refer to at 
least an oxy-chlorine anion Source and an activator of chlo 
rine dioxide generation. In some embodiments, the activator 
is an acid source. In these embodiments, the components 
optionally further includes a free halogen source. The free 
halogen source may be a cationic halogen source. Such as 
chlorine. In other embodiments, the activator is an energy 
activatable catalyst. In yet other embodiments, the activator is 
a dry or anhydrous polar material. 
0.132. Oxy-chlorine anion sources generally include chlo 
rites and chlorates. The oxy-chlorine anion source may be an 
alkali metal chlorite salt, an alkaline earth metal chlorite salt, 
an alkali metal chlorate salt, an alkaline earth metal chlorate 
salt and combinations of Such salts. In exemplary embodi 
ments, the oxy-chlorine anion source is a metal chlorite. In 
Some embodiments, the metal chlorite is an alkali metal chlo 
rite, such as Sodium chlorite and potassium chlorite. Alkaline 
earth metal chlorites can also be employed. Examples of 
alkaline earth metal chlorites include barium chlorite, cal 
cium chlorite, and magnesium chlorite. An exemplary metal 
chlorite is sodium chlorite. 
0.133 For chlorine dioxide generation activated by an acid 
Source, the acid source may include inorganic acid salts, salts 
comprising the anions of strong acids and cations of weak 
bases, acids that can liberate protons into Solution when con 
tacted with water, organic acids, inorganic acids, and mix 
tures thereof. In some aspects, the acid source is a particulate 
solid material which does not react substantially with the 
metal chlorite during dry storage, however, does react with 
the metal chlorite to form chlorine dioxide when in the pres 
ence of an aqueous medium. The acid source may be water 
soluble, substantially insoluble in water, or intermediate 
between the two. Exemplary acid sources are those which 
produce a pH of below about 7, or below about 5. 
0.134 Exemplary substantially water-soluble, acid 
Source-forming components include, but are not limited to, 
water-soluble solid acids such as boric acid, citric acid, tar 
taric acid, water soluble organic acid anhydrides such as 
maleic anhydride, and water soluble acid salts such as cal 
cium chloride, magnesium chloride, magnesium nitrate, 
lithium chloride, magnesium sulfate, aluminum sulfate, 
sodium acid sulfate (NaHSO), sodium dihydrogen phos 
phate (NaH2PO), potassium acid sulfate (KHSO), potas 
sium dihydrogen phosphate (KHPO), and mixtures thereof. 
Exemplary acid-source-forming component is sodium acid 
sulfate (sodium bisulfate). Additional water-soluble, acid 
Source-forming components will be known to those skilled in 
the art. 
0.135 Chlorine dioxide-generating components option 
ally comprise a source of free halogen. In one embodiment, 
the free halogen source is a free chlorine source, and the free 
halogen is free chlorine. Suitable examples of free halogen 
Source used in the anhydrous compositions include dichlor 
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oisocyanuric acid and salts thereof such as NaDCCA, trichlo 
rocyanuric acid, salts of hypochlorous acid Such as Sodium, 
potassium and calcium hypochlorite, bromochlorodimethyl 
hydantoin, dibromodimethylhydantoin and the like. An 
exemplary source of free halogen is NaDCCA. 
0.136 For chlorine dioxide generation activated by an 
energy-activatable catalyst, the energy-activatable catalyst is 
selected from the group consisting of a metal oxide, a metal 
Sulfide, and a metal phosphide. Exemplary energy-activatable 
catalysts include metal oxides selected from the group con 
sisting of titanium dioxide (TiO); Zinc oxide (ZnO); tungsten 
trioxide (WO); ruthenium dioxide (RuO2); iridium dioxide 
(IrO); tin dioxide (SnO); strontium titanate (SrTiO); 
barium titanate (BaTiO); tantalum oxide (TaOs); calcium 
titanate (CaTiO); iron (III) oxide (FeO); molybdenum tri 
oxide (Mo.O.); niobium pentoxide (NbOs); indium trioxide 
(In O); cadmium oxide (CdC); hafnium oxide (H?O); Zir 
conium oxide (ZrO); manganese dioxide (MnO); copper 
oxide (Cu2O); Vanadium pentoxide (VOs); chromium triox 
ide (CrO); yttrium trioxide (YO); silver oxide (AgO), 
Ti, ZrO wherein X is between 0 and 1, and combinations 
thereof. The energy-activatable catalyst can be selected from 
the group consisting of titanium oxide, Zinc oxide, calcium 
titanate, Zirconium oxide, and combinations thereof. 
0.137 Chlorine dioxide-generating components option 
ally may be present in a matrix. Such matrices may be organic 
matrices, such as those described in commonly-assigned U.S. 
Pat. Publication No. 2006/0024369. In these matrices, chlo 
rine dioxide is generated when the composite is exposed to 
water vapor or electromagnetic energy. The matrix may be a 
hydrous gel or an anhydrous gel. Hydrophobic matrices may 
also be employed. Hydrophobic matrix materials include 
water-impervious Solid components such as hydrophobic 
waxes, water-impervious fluids such as hydrophobic oils, and 
mixtures of hydrophobic solids and hydrophobic fluids. In 
embodiments using a hydrophobic matrix, activation of chlo 
rine dioxide may be a dry or anhydrous polar material, as 
described in co-pending U.S. Application No. 61/153,847. 
0138 V. Treatment Regimens 
0.139. The method can comprise a single administration of 
the composition comprising chlorine dioxide or chlorine 
dioxide-generating components. In other embodiments, the 
method comprises one or more iterations of the contacting 
step. In an exemplary embodiment, iterations of the contact 
ing step are Substantially contiguous. In yet other embodi 
ments, the composition comprises a second therapeutic agent 
in addition to the chlorine dioxide. In an embodiment, the 
second therapeutic agent is an antimicrobial agent, Such as an 
antibiotic or antifungal agent. Contact with an infected non 
oral biological tissue can be achieved by any method known 
in the art, including but not limited to, lavage (irrigation) with 
a fluid composition including continuous irrigation and inter 
mittant irrigation, application of a cream or ointment compo 
sition, plasters, inserts such as Suppositories, transdermal 
patches, and films. In some embodiments, the method further 
comprises a step of Sonicating the composition while it is 
contacting the biological tissue. The Sonication step is con 
templated to increase the tissue penetration of the chlorine 
dioxide. 
0140. The method can further comprise alternating treat 
ment steps wherein one step comprises administration of a 
composition comprising a chlorine dioxide source and a sec 
ond step comprises administration of a composition compris 
ing a second, non-chlorine-dioxide therapeutic agent. These 
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steps may take place in any order and in multiple iterations. 
Consecutive steps may comprise the same composition or 
different compositions. 
0.141. In the iterative embodiments, while the composition 
comprising a chlorine dioxide source can be the same in the 
iterations, it is more common that the composition in each 
iteration is fresh. In other words, the composition in one 
iteration is replaced with a fresh specimen of the composition. 
In embodiments using devices or compositions to deliver a 
Substantially oxy-chlorine anion free chlorine dioxide com 
position to a tissue, the device or composition in one iteration 
is replaced with a fresh device or specimen of composition. 
By “fresh device' is meant a delivery device whose tissue 
interface for delivering CIO has not been previously exposed 
to a biological tissue. Accordingly, a fresh device has under 
gone minimal-to-no chlorine dioxide decay. In some embodi 
ments, a single batch of the composition comprising a chlo 
rine dioxide source is prepared at the start of treatment in a 
Volume Sufficient to cover the entire series of contiguous 
iterations, and fresh specimens are taken from the single 
batch for each iteration. In other embodiments, the composi 
tion comprising a chlorine dioxide is prepared fresh before 
each iteration. 

0142. The method can comprise two or more sequential 
steps of treatment with the composition comprising a chlorine 
dioxide source, followed by at least one step of treatment with 
the other therapeutic agent. The number and/and duration of 
treatments with the composition comprising a chlorine diox 
ide source can be the same or different as the number and/or 
duration of treatments with the second therapeutic composi 
tion. The composition comprising a chlorine dioxide Source 
can be identical in the plural steps or can be different, such as 
a different concentration of chlorine dioxide. Similarly, the 
second therapeutic agent composition can be identical in the 
plural steps or can be different. Likewise, the duration of 
treatment steps can be the same or different for the composi 
tion comprising a chlorine dioxide source and for the second 
therapeutic agent composition. 
0143. The dosage of the composition varies within wide 
limits and may be adjusted to the individual requirements in 
each particular case. The dosage depends on the condition 
treated, the general state of health of the recipient, the number 
and frequency of administrations and other variables known 
to those of skill in the art. Accordingly, the amount of chlorine 
dioxide to be delivered to a non-oral tissue (i.e., an efficacious 
amount) will relate to the result intended from the application 
of chlorine dioxide to the tissue. The skilled artisan can 
readily determine the appropriate amount or amount range of 
chlorine dioxide to be efficacious for a given use. Generally, 
useful amounts comprise, for example, from about 1 to about 
2000 ppm chlorine dioxide, at least about 1 to about 1000 
ppm or at least about 20 to about 400 ppm. In some embodi 
ments, the chlorine dioxide is present in the composition in at 
least about 5 ppm, at least about 20 ppm, or at least about 30 
ppm. Typically, the amount of chlorine dioxide can range to 
about 1000 ppm, up to about 700 ppm, up to about 500 ppm 
and up to about 200 ppm. In one embodiment, the composi 
tion comprises about 30 to about 100 ppm chlorine dioxide. In 
Some embodiments, a useful dose range can be from about 2.5 
mg chlorine dioxide per area of contact (in square meters) to 
about 500 mg/m chlorine dioxide. Doses of at least about 10 
mg/m, at least about 15 mg/m and at least about 20 mg/m 
can also be useful. 
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0144. The duration of contact with the tissue to obtain 
efficacy can be readily determined by the skilled artisan in 
view of the teachings herein and the knowledge in the art. The 
duration of contact will be influenced, for instance, by the 
type of infection, the presence or absence of biofilm, the 
tissue type, whether treatment is therapeutic or prophylactic, 
and the formulation of the chlorine dioxide composition (e.g., 
liquid or gel or a slow-release formulation). Advantageously, 
even after prolonged contact, the composition does not Sub 
stantially irritate non-oral tissue. Generally, duration of con 
tact ranges from seconds to minutes to hours to days. In some 
embodiments, the duration of contact can be at least about 60 
seconds, at least about 1, 2, 3, 4, or 5 minutes, at least about 6. 
7, 8, 9, or 10 minutes, or at least about 11, 12, 13, 14, or 15 
minutes. In some embodiments, contact duration can range 
up to 16, 17, 18, 19, or 20 minutes, further up to 21, 22, 23, 24. 
25, 26, 27, 28, 29, or 30 minutes, and further up to about 35, 
40, 45, 50, 55, or 60 minutes or longer in some circumstances. 
In certain embodiments, duration of contact ranges between 
about 1 and about 60 minutes, from about 5 minutes to about 
30 minutes, or from about 10 to about 20 minutes. In some 
embodiments, duration of contact for a treatment is about 15 
minutes. In some embodiments, the duration of contact 
ranges from at least about one (1) hour to about 72 hours, from 
at least about 8 hours to about 48 hours, or from at least about 
12 hours to about 36 hours. In certain embodiments, duration 
of contact ranges from about 1 hour to about 6 hours, or from 
about 1.5 hours to about 4 hours. 

(0145 Dosage of chlorine dioxide can also be in terms of 
concentration of chlorine dioxide in the composition used for 
treatment (in parts-per-million) times the duration (in min 
utes) of tissue contact with the chlorine dioxide (concentra 
tionxcluration of contact). In some embodiments, dosage in 
terms of ppm-minute can range from about 100 ppm-minutes 
to about 10,000 ppm-minutes, or from about 200 ppm-min 
utes to about 5000 ppm-minutes. In embodiments where the 
method is practiced on an infection comprising a biofilm, 
dosage of at least about 200 ppm-minutes is useful. 
0146 The composition may be administered to a subject 
as frequently as several times daily, or it may be administered 
less frequently, such as once, once a day, once a week, once 
every two weeks, once a month, or even less frequently, Such 
as once every several months or even once a year or less. The 
frequency of contact will be readily apparent to the skilled 
artisan and will depend upon any number of factors, such as, 
but not limited to, the type and severity of the disease being 
treated and the method of contacting the tissue, etc. Treatment 
may comprise one episode of tissue contact or more than one 
episode. Treatment episodes may be substantially contigu 
ous, separated in time (e.g., a few hours to a few days, a few 
days to a few weeks, and also longer intervals including 
several months to a year or more) or both. In some embodi 
ments, treatment comprises at least two Substantially contigu 
ous episodes of tissue contact. The contiguous episodes can 
be the same duration in time Such as about 15 minutes or 
different durations of time such as 10 minutes and 20 minutes. 
In some embodiments, the composition for each episode is 
freshly made. As used herein, “freshly made” means that the 
addition of chlorine dioxide to the other components of the 
final composition occurs within about one hour, within about 
30 minutes, or within about 15 minutes before contacting a 
tissue with the composition. 
0147 The chlorine dioxide that comes into contact with 
the tissue is Substantially oxy-chlorine anion free. In one 
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embodiment, the substantially oxy-chlorine anion free chlo 
rine dioxide that contacts the tissue comprises Zero milligram 
(mg) oxy-chlorine anion per gram to no more than about 0.25 
mg oxy-chlorine anion per gram, or from Zero to 0.24, 0.23. 
0.22, 0.21, or 0.20 mg oxy-chlorine anion per gram compo 
sition, or from Zero to 0.19, 0.18, 0.17, 0.16, 0.15, 0.14, 0.13, 
0.12, 0.11, or 0.10 mg oxy-chlorine anion per gram compo 
sition, or from Zero to 0.09, 0.08, 0.07, 0.06, 0.05 or 0.04 mg 
oxy-chlorine anion per gram composition, absent other con 
stituents that contribute to cytotoxicity, and is therefore sub 
stantially non-cytotoxic. In some embodiments, the Substan 
tially oxy-chlorine anion free chlorine dioxide comprises less 
than about 400 milligrams per square meter of contact area, 
less than about 375 mg/m, less than about 350 mg/m, than 
about 325 mg/m, or than about 300 mg/m oxy-chlorine 
anions. In some embodiments, the Substantially oxy-chlorine 
anion free chlorine dioxide comprises from Zero to less than 
about 200 mg/m oxy-chlorine anions. In other embodiments, 
the substantially oxy-chlorine anion free chlorine dioxide 
comprises from zero to less than about 100 mg/m oxy-chlo 
rine anions. 

0148 Oxy-chlorine anions can be measured in chlorine 
dioxide Solutions or compositions using any method known 
to those skilled in the art, including ion chromatography 
following the general procedures of EPA test method 300 
(Pfaff, 1993, “Method 300.0 Determination of Inorganic 
Anions by Ion Chromatography.” Rev. 2.1, US Environmen 
tal Protection Agency) or a titration method based on an 
amperometric method (Amperometric Method II in Eaton et 
al, ed., “Standard Methods for the Examination of Water and 
Wastewater 19' edition, American Public Health Associa 
tion, Washington D.C., 1995). Alternatively, oxy-chlorine 
anions may be measured by a titration technique equivalent to 
the amperometric method, but which uses the oxidation of 
iodide to iodine and subsequent titration with sodium thio 
Sulfate to a starch endpoint in place of the amperometric 
titration; this method is referred to herein as “pH 7 buffered 
titration.” A chlorite analytical standard can be prepared from 
technical grade Solid sodium chlorite, which is generally 
assumed to comprise about 80% by weight of pure sodium 
chlorite. 

Examples 

0149. The methods are further described in detail by ref 
erence to the following experimental examples. These 
examples are provided for purposes of illustration only, and 
are not intended to be limiting unless otherwise specified. 
Thus, the methods should in no way be construed as being 
limited to the following examples, but rather, should be con 
Strued to encompass any and all variations which become 
evident as a result of the teaching provided herein. 
0150. Chlorine dioxide treatment involves exposing 
micro-organisms to chlorine dioxide for a period of time. 
Treatment conditions, often called the “dose or dosage' of 
chlorine dioxide, can be determined by calculating the inte 
gral of the chlorine dioxide concentration as a function of 
time, C(t), over the treatment time of use: 

f (1) Dose = C(t)dt 
O 
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In systems where the chlorine dioxide concentration is gen 
erally constant over the treatment time (e.g., varies by less 
than +10% relative) or varies linearly over the treatment time, 
an average chlorine dioxide concentration may be calculated 
by averaging the starting and ending concentrations and then 
multiplying that average chlorine dioxide concentration dur 
ing an exposure period by the time of exposure (Average 
Concentration X Time). Dose is commonly given in units of 
ppm-minutes. 
0151. A series of experiments were conducted to estimate 
the dose of chlorine dioxide needed to kill bacterial biofilms 
consisting of Pseudomonas aeruginosa (PA), methicillin 
resistant Staphylococcus aureus (MRSA), or a combination 
of both. 

0152 Bacterial biofilms were grown for between 7 and 10 
days on non-porous ceramic disks in a spinning disk biofilm 
reactor. The reactors were inoculated with PA, MRSA, or a 
mixture of MRSA and PA bacteria to produce PA, MRSA, or 
mixed PA/MRSA biofilms respectively. 
0153. Chlorine dioxide solutions were produced at differ 
ent nominal concentrations using ASEPTROL(R) S-Tab 10 
tablets, and the exact concentrations were then measured 
using a Hach Model 2400 UV/Vis spectrophotometer in 
accordance with the manufacturer's instructions. Pairs of bio 
film-containing disks were immersed for different times in 
solutions of different chlorine dioxide concentrations, neu 
tralized with dilute sodium thiosulfate solution, and then 
plated to determine the number of surviving bacteria on each 
disk. Two untreated disks were also exposed to neutralizing 
Solution and plated to determine the starting bacterial counts. 
In all tests, the baseline bacterial counts were in the range of 
107 to 107 colony-forming units per disk (cfu/disk). A one 
log reduction refers to reducing the cfu/disk by one order of 
magnitude, e.g., a reduction from 10' cfu/disk to 10' cfu/ 
disk. Accordingly, a Substantially complete kill is achieved if 
the log reduction of bacteria is about 7 to 7.5. 
0154 The table summarizes the test conditions used in the 
different experiments, and presents the results in terms of log 
reduction of the different bacterial organisms. In the case of 
mixed PA/MRSA biofilms, results are given as total bacteria. 
The data are also shown in FIG. 1. 

TABLE 

CO2 Log 
Exposure Concen- Conc x Reduction 
Time tration Time in Organism 

Sample # Organism (minutes) (ppm) (ppm-min) Count 

1 MRSA 1.O 208 208 5.5 
2 MRSA S.O 204 102O 7.1 
3 MRSA 1O.O 45 450 5.5 
3 MRSA 3O.O 40 1200 S.1 
4 MRSA 3O.O 175 5250 7.1 
6 PA O.S 200 100 5.9 
7 PA S.O 43 215 5.7 
8 PA S.O 187 935 7.5 
9 PA 1O.O 37 370 7.5 
10 PA SO.O 35 1750 7.5 
11 PA SO.O 166 8300 7.5 
12 MRSA - PA 1O.O 52 52O 5.5 
13 MRSA - PA 3O.O 52 1S60 7.4 
14 MRSA - PA 1.O 181 181 S.1 
15 MRSA - PA S.O 160 800 7.4 
16 MRSA - PA 3O.O 160 4800 7.4 

(O155 These data show that complete kill of either a PA 
biofilm, a MRSA biofilm, or a mixed PA/MRSA biofilm was 
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achieved with a dose of between about 400 and 1000 ppm 
minutes (see Samples 2.9 and 15). APA biofilm appeared be 
slightly easier to kill than a MRSA biofilm, but the difference 
is Small. A kill of about 5 orders of magnitude (i.e., 5 log) can 
beachieved at a dose of greater than about 200 ppm-min (see 
Samples 1, 7 and 12). These data demonstrate that chlorine 
dioxide has great potency for disrupting and eradicating bio 
films. 
0156 The disclosures of each and every patent, patent 
application, and publication cited herein are hereby incorpo 
rated herein by reference in their entirety. 
0157. While methods, devices, compositions, and systems 
described have been disclosed with reference to specific 
embodiments, it is apparent that other embodiments and 
variations may be devised by others skilled in the art without 
departing from the true spirit and scope of the methods, 
devices, compositions, and systems. The appended claims are 
intended to be construed to include all such embodiments and 
equivalent variations. 
What is claimed is: 
1. A method for alleviating a non-oral biological tissue 

infection, the method comprising administering to the non 
oral biological tissue a composition comprising a chlorine 
dioxide Source to provide an efficacious amount of chlorine 
dioxide, 

wherein the administering step comprises one or more of: 
i) contacting the tissue with a Substantially non-cyto 

toxic composition comprising the chlorine dioxide 
Source: 

ii) contacting the tissue with a device comprising the 
chlorine dioxide source and oxy-chlorine anions, 
wherein the device delivers a substantially oxy-chlo 
rine anion free chlorine dioxide composition to the 
tissue; or 

iii) contacting the tissue with a composition comprising 
the chlorine dioxide source and oxy-chlorine anions; 

and 
a barrier substance that substantially prohibits pas 

Sage therethrough of the oxy-chlorine anions and 
permits passage therethrough of a Substantially 
oxy-chlorine anion free chlorine dioxide composi 
tion, thereby enabling delivery of the substantially 
oxy-chlorine anion free chlorine dioxide composi 
tion to the tissue, 

thereby alleviating the infection of the contacted tissue. 
2. The method of claim 1, wherein the composition com 

prises about 1 to about 1000 ppm chlorine dioxide. 
3. The method of claim 1, wherein the chlorine dioxide 

Source comprises a particulate precursor of chlorine dioxide 
as chlorine dioxide-generating components. 

4. The method of claim 1, wherein the non-oral biological 
tissue infection is a soft biological tissue infection. 

5. The method of claim 1, wherein the non-oral biological 
tissue infection is a hard biological tissue infection. 

6. The method of claim 1, wherein the composition further 
comprises a second therapeutic agent. 

7. The method of claim 1, further comprising administer 
ing a second composition comprising a second therapeutic 
agent to the non-oral biological tissue. 

8. The method of claim 1, wherein the administering step 
comprises at least two Substantially contiguous iterations of 
contacting the tissue with a substantially non-cytotoxic com 
position comprising the chlorine dioxide source. 
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9. The method of claim 8, wherein the composition com 
prises less than about 0.2 milligrams oxy-chlorine anion per 
gram composition. 

10. The method of claim 9, wherein the composition has a 
pH from about 4.5 to about 11. 

11. The method of claim 1, wherein the administering step 
comprises irrigating the tissue with a Substantially non-cyto 
toxic composition using an irrigation device. 

12. The method of claim 1, wherein the administering step 
comprises contacting the tissue with a device comprising a 
chlorine dioxide source and oxy-chlorine anions, wherein the 
device is an irrigation device that delivers a Substantially 
oxy-chlorine anion free chlorine dioxide composition to the 
tissue. 

13. The method of claim 1, wherein the administering step 
comprises contacting the tissue with a composition compris 
ing a chlorine dioxide Source, oxy-chlorine anions, and a 
barrier substance. 

14. A method for alleviating an infection of a non-oral 
biological tissue, the method comprising administering to the 
non-oral biological tissue composition comprising a chlorine 
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dioxide Source to provide an efficacious amount of chlorine 
dioxide, wherein the administering step comprises contacting 
the tissue with a Substantially non-irritating composition 
comprising the chlorine dioxide Source, thereby alleviating 
the infection of the contacted tissue. 

15. The method of claim 14, wherein the composition 
comprises about 1 to about 1000 ppm chlorine dioxide. 

16. The method of claim 14, wherein the chlorine dioxide 
Source comprises a particulate precursor of chlorine dioxide 
as chlorine dioxide-generating components. 

17. The method of claim 14, wherein the composition 
comprises less than about 0.2 milligrams oxy-chlorine anion 
per gram composition. 

18. The method of claim 14, wherein the composition has 
a pH from about 4.5 to about 11. 

19. The method of claim 14, wherein the non-oral biologi 
cal tissue infection is a soft biological tissue infection. 

20. The method of claim 14, wherein the non-oral biologi 
cal tissue infection is a hard biological tissue infection. 

c c c c c 


