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ABSTRACT 

Nanoemulsion compositions With loW toxicity that demon 
strate broad spectrum inactivation of microorganisms or 
prevention of diseases are described. The nanoemulsions 
contain an aqueous phase, an oil phase comprising an oil and 
an organic solvent, and one or more surfactants. Methods of 
making nanoemulsions and inactivating pathogenic micro 
organisms are also provided. 
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Figure 1 

Average separation for neat emulsions stored at 55 "C 
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FIGURE 2 

Average settling of 2.5% emulsion stored at 55 °C 
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FIGURE 3 

Average settling of 10% emulsions stored at 55 “C 
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FIGURE 4 

Changes in pH of emulsions after accelerated stability testing 
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FIGURE 5 

Log Reduction of Mycobacteria fortuitum by XBPC at Room Temp and 37°C 
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COMPOSITIONS FOR INACTIVATING 
PATHOGENIC MICROORGANISMS, METHODS 

OF MAKING THE COMPOSITONS, AND 
METHODS OF USE THEREOF 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 10/860,582, Which claims the bene?t 
under 35 USC § 119(e) of US. Application No. 60/457,633, 
?led Jun. 4, 2003, incorporated herein by reference in its 
entirety. 

FIELD OF THE INVENTION 

[0002] The present disclosure relates to compositions and 
methods for decreasing the infectivity, morbidity, and/or rate 
of mortality associated With a variety of pathogenic micro 
organisms. 

BACKGROUND OF THE INVENTION 

[0003] Pathogenic microorganisms such as bacteria, fungi, 
viruses, and bacterial spores are responsible for a plethora of 
human and animal ailments. In addition to vegetatively 
groWing bacteria, bacteria of the Bacillus genus and others 
form stable spores that resist harsh conditions and extreme 
temperatures. For example, contamination of farmlands With 
B. anthracis can lead to a fatal disease in domestic, agri 
cultural, and Wild animals, as Well as in humans in contact 
With infected animals or animal products. B. anthracis 
infection in humans is no longer common due to effective 
animal controls that include vaccines, antibiotics, and appro 
priate disposal of infected livestock. HoWever, animal 
anthrax infection still represents a signi?cant problem due to 
the dif?culty of decontaminating land and farms. Moreover, 
B. anthracis spores can be used as a biological Weapon. 
While an anthrax vaccine is available and can be used for the 
prevention of classic anthrax, genetic mixing of different 
bacterial strains can render it ineffective. 

[0004] Other members of the Bacillus genus are also 
reported to be etiological agents for many human diseases. 
B. cereas is a common pathogen involved in food borne 
diseases due to the ability of the spores to survive cooking 
procedures. It is also associated With local sepsis, Wound and 
systemic infection. 

[0005] Although antibiotic and antimicrobial therapy is 
very effective and a mainstay of modern medicine, these 
therapies suffer from several disadvantages. For example, 
bacterial strains can develop antibiotic resistance. A person 
infected With an antibiotic resistant strain of bacteria faces 
serious and potentially life-threatening consequences 
because antibiotics cannot eliminate the infection. Pneumo 
cocci, Which cause pneumonia and meningitis, Salmonella 
and E. coli Which cause diarrhea, and enterococci Which 
cause blood stream, surgical Wound, and urinary tract infec 
tions can all develop antibiotic resistance resulting in fatal 
infections. 

[0006] Moreover, antibiotics are not effective in eliminat 
ing or inactivating bacterial spores and viruses. Disinfec 
tants and biocides, such as sodium hypochlorite, formalde 
hyde and phenols can be effective against bacterial spores, 
but are not Well suited for decontamination of the environ 
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ment, equipment, or casualties. The toxicity of these com 
pounds can result in tissue necrosis and severe pulmonary 
injury folloWing contact or inhalation of volatile fumes. 
Furthermore, the corrosive nature of commonly used disin 
fectants and biocides renders them unsuitable for decon 
tamination of sensitive equipment. 

[0007] Viruses are additional pathogens that infect human 
and animals Which currently lack effective means of inac 
tivation. For example, in?uenZa A virus is a common 
respiratory pathogen Widely used as a model system to test 
anti-viral agents in vitro and in vivo. The envelope glyco 
proteins of in?uenZa A, hemagglutinin (HA) and neuramini 
dase (NA), Which determine the antigenic speci?city of viral 
subtypes, mutate readily, rendering antibodies incapable of 
neutraliZing the virus. Current anti-viral compounds and 
neuraminidase inhibitors are minimally effective and viral 
resistance is common. 

SUMMARY OF THE INVENTION 

[0008] Accordingly, there remains a need in the art for 
anti-pathogenic compositions and methods that decrease the 
infectivity, morbidity, and/or mortality associated With 
pathogenic exposure While minimiZing microbial resistance, 
toxicity to the recipient, and deleterious effects to equipment 
and the environment. 

[0009] To address these and other needs, the present 
invention provides emulsions comprising an aqueous phase, 
an oil phase comprising an oil and an organic solvent, and 
at least one surfactant. The emulsion comprises particles 
preferably having an average diameter of from betWeen 
approximately 150 nm to approximately 250 nm. 

[0010] In one embodiment, the invention provides a 
method of reducing the average nanoemulsion particle siZe 
of a composition comprising a nanoemulsion, comprising 
treating a nanoemulsion comprising an aqueous phase, an oil 
phase comprising an oil and an organic solvent, and a 
surfactant, and having nanoemulsion particles of an average 
diameter of greater than or equal to about 250 nm, so as to 
reduce the average diameter of the nanoemulsion particles to 
from betWeen approximately 150 nm to approximately 250 
nm. 

[0011] In another embodiment, the invention provides a 
method of making a nanoemulsion, comprising passing a 
?rst nanoemulsion through a high pressure homogeniZer or 
a micro?uidiZer under conditions effective to reduce the 
average diameter of the nanoemulsion particles to from 
betWeen approximately 150 nm to approximately 250 nm. 
The nanoemulsion comprises an aqueous phase, an oil phase 
comprising an oil and an organic solvent, and one or more 
surfactants. The nanoemulsion particles have an average 
diameter of greater than or equal to about 250 nm. 

[0012] The invention also provides a method of inactivat 
ing a microorganism, comprising contacting the microor 
ganism With a composition comprising a nanoemulsion for 
a time effective to inactivate the microorganism. The 
nanoemulsion comprises an aqueous phase; an oil phase 
comprising an oil and an organic solvent and one or more 
surfactants. The nanoemulsion particles have an average 
diameter of from betWeen approximately 150 nm to approxi 
mately 250 nm. 

[0013] The invention further provides a method of inac 
tivating a pathogenic microorganism comprising contacting 
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a subject infected With the microorganism With a composi 
tion comprising a nanoemulsion. The nanoemulsion com 
prises an aqueous phase, an oil phase comprising an oil and 
an organic solvent, and one or more surfactants, Wherein the 
nanoemulsion comprises particles having an average diam 
eter of from betWeen approximately 150 nm to approxi 
mately 250 nm. 

[0014] In another embodiment, the invention provides a 
method of preventing an infected state caused by a micro 
organism, comprising administering to a subject, either 
before or after exposure to a microorganism, a composition 
comprising a nanoemulsion. The nanoemulsion comprises 
an aqueous phase, an oil phase comprising an oil and an 
organic solvent, and one or more surfactants, Wherein the 
nanoemulsion comprises particles having an average diam 
eter of from betWeen approximately 150 nm to approxi 
mately 250 nm. 

[0015] The invention further provides a kit comprising a 
composition comprising a nanoemulsion, Wherein the com 
position is provided in a single formulation or a binary 
formulation, Wherein the binary formulation is mixed prior 
to using the composition. 

[0016] The above described and other features are exem 
pli?ed by the folloWing ?gures and detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1. Average separation of neat (100%) emul 
sions stored at 55° C. 

[0018] 
at 55 ° C. 

[0019] 
at 55 ° C. 

[0020] FIG. 4. Change in pH after accelerated stability 
testing. pH of neat and diluted emulsions is measured on day 
0 and after 31 days incubation at 55° C. 

[0021] FIG. 5. Log reduction of Mycobacterium fortuitum 
by X8PC. 

FIG. 2. Average settling of 10% emulsions stored 

FIG. 3. Average settling of 2.5% emulsions stored 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0022] Unless otherWise speci?ed, “a” or “an” means “one 
or more”. The present inventors discovered that composi 
tions having emulsion particles With an average particle 
diameter of from betWeen approximately 150 nm to approxi 
mately 250 nm (“small particle siZe nanoemulsion”) have 
improved stability and/or activity. These small particle siZe 
nanoemulsions are useful in a Wide range of applications for 
decreasing the infectivity, morbidity, and/or rate of mortality 
associated With a variety of pathogenic microorganisms. As 
used herein, the term “pathogenic microorganism” refers to 
a biological microorganism that is capable of producing an 
undesirable effect upon a host animal, and includes, for 
example, Without limitation, bacteria, viruses, bacterial 
spores, molds, mildeWs, fungi, and the like. This includes all 
such biological microorganisms, regardless of their origin or 
of their method of production, and regardless of Whether 
they exist in facilities, in munitions, Weapons, or elseWhere. 

[0023] Small particle siZe nanoemulsion compositions are 
useful, for example, as therapeutics for humans or animals, 
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for decontaminating surfaces, individuals or locations colo 
niZed or otherWise infected by pathogenic microorganisms, 
for prophylaxis, treatment, and vaccine compositions, for 
decreasing the infectivity of pathogenic microorganisms in 
foodstuffs, and the like. The inactivation of a broad range of 
pathogenic microrganisms, including, for example, vegeta 
tive bacteria and enveloped viruses and bacterial spores, 
combined With loW toxicity, make small particle siZe 
nanoemulsions Well-suited for use as a general decontami 
nation agent before a speci?c pathogen is identi?ed. 

[0024] A. Nanoemulsion Compositions 

[0025] Particle siZe reduction to produce a small particle 
siZe nanoemulsion from a standard emulsion is ef?ciently 
and economically accomplished by high-pressure homog 
eniZer or micro?uidiZer. Small particle siZe nanoemulsions 
can be rapidly produced in large quantities and are stable for 
many months at a broad range of temperatures. 

[0026] An emulsion is a composition containing an aque 
ous phase and an oil phase. The term “emulsion” refers to, 
Without limitation, any oil-in-Water dispersions or droplets, 
including lipid structures that can form as a result of 
hydrophobic forces that drive apolar residues (e.g., long 
hydrocarbon chains) aWay from Water and polar head groups 
toWard Water, When a Water immiscible phase is mixed With 
an aqueous phase. These other lipid structures include, but 
are not limited to, unilamellar, paucilamellar, and multila 
mellar lipid vesicles, micelles, and lamellar phases. Classi 
cal or standard emulsions comprise lipid structures having 
an average particle siZe of greater than about 5 pm in 
diameter. Standard nanomulsions having smaller particle 
siZes are knoWn, and comprise lipid structures having an 
average particle diameter of about 500 nm to about 5 pm. In 
one embodiment, a standard nanoemulsion has an average 
particle siZe of about As used herein, “small particle siZe 
nanoemulsions” refers to emulsions having an average par 
ticle diameters of from betWeen approximately 150 nm to 
approximately 250 nm. In one embodiment, average particle 
diameter is less than or equal to about 200 nm to about 150 
nm. As used herein, the term “nanoemulsion” can encom 
pass both standard and small particle siZe nanoemulsions. 

[0027] Emulsion particle siZe can be determined using any 
means knoWn in the art, such as, for example, using laser 
light scattering. 

[0028] A nanoemulsion composition contains about 5 to 
about 50 percent by volume (vol %) of aqueous phase. As 
used herein, percent by volume (vol %) is based on the total 
volume of an emulsion or small particle siZe nanoemulsion. 
In one embodiment, the aqueous phase is about 10 to about 
40 vol %. In another embodiment, the aqueous phase is 
about 15 to about 30 vol %. The aqueous phase ranges from 
a pH of about 4 to about 10. In one embodiment the pH of 
the aqueous phase ranges from about 6 to about 8. The pH 
of the aqueous phase can be adjusted by addition of an acid 
or a base such as, for example, hydrochloric acid or sodium 
hydroxide. In one embodiment, the aqueous phase is deion 
iZed Water (hereinafter “diH20”) or distilled Water. 

[0029] The oil phase of a nanoemulsion contains an oil 
and an organic solvent. The oil phase of a nanoemulsion 
contains about 30 to about 90 vol % oil, based on the total 
volume of the nanoemulsion. In one embodiment, the 
nanoemulsion contains about 60 to about 80 vol % oil. In 
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another embodiment, the nanoemulsion contains about 60 to 
about 70 vol % oil. The oil phase also contains from about 
3 to about 15 vol % of an organic solvent based on the total 
volume of the nanoemulsion. In one embodiment, the 
nanoemulsion contains about 5 to about 10 vol % of an 
organic solvent. 

[0030] Suitable oils include, but are not limited to, soy 
bean oil, avocado oil, squalene oil, olive oil, canola oil, corn 
oil, rapeseed oil, safflower oil, sun?oWer oil, ?sh oils, 
cinnamon bark, coconut oil, cottonseed oil, ?axseed oil, pine 
needle oil, silicon oil, mineral oil, essential oil, ?avor oils, 
Water insoluble vitamins, and combinations comprising one 
or more of the foregoing oils. In one embodiment, the oil is 
soybean oil. 

[0031] Suitable organic solvents include, but are not lim 
ited to, organic phosphate solvents, alcohols, and combina 
tions comprising one or more of the foregoing solvents. 
Suitable organic phosphate solvents include, but are not 
limited to, dialkyl and trialkyl phosphates having one to ten 
carbon atoms, more preferably tWo to eight carbon atoms. 
The alkyl groups of the di- or trialkyl phosphate can all the 
same or the alkyl groups can be different. In one embodi 
ment, the trialkyl phosphate is tri-n-butyl phosphate. With 
out being held to theory, it is believed that organic solvents 
used in the small particle siZe nanoemulsions serve to 
stabiliZe the nanoemulsion and remove or disrupt the lipids 
in the membranes of pathogens. 

[0032] Suitable alcohols include, for example, C1-C12 
alcohols, diols, and triols, for example glycerol, methanol, 
ethanol, propanol, octanol, and combinations comprising 
one or more of the foregoing alcohols. In one embodiment, 
the alcohol is ethanol or glycerol, or a combinations thereof. 

[0033] Small particle siZe nanoemulsion compositions can 
also contain one or more surfactants, present in the aqueous 
phase, the oil phase, or both phases of a nanoemulsion. 
While not limited to any particular proposed mechanism, a 
nanoemulsion composition may function to remove proteins 
from bacterial membranes, such that a surfactant that Will 
“strip” a membrane of its proteins may be useful. A 
nanoemulsion can contain about 3 to about 15 vol % of 
surfactant, based on the total volume of nanoemulsion. In 
one embodiment, the nanoemulsion contains about 5 to 
about 10 vol % of surfactant. 

[0034] Suitable surfactants include, but are not limited to, 
a variety of ionic and nonionic surfactants, as Well as other 
emulsi?ers capable of promoting the formation of 
nanoemulsions. Surfactants that alloW the oil phase to 
remain suspended in the Water phase can be used. In one 
embodiment, the nanoemulsion comprises a non-ionic sur 
factant such as a polysorbate surfactant, i.e., polyoxyethyl 
ene ether. Other useful surfactants include, but are not 
limited to, the polysorbate detergents sold under the trade 
names TWEEN® 20, TWEEN® 40, TWEEN® 60, 
TWEEN® 80, phenoxypolyethoxyethanols and polymers 
thereof, such as Triton® (i.e., X-lOO, X-301, X-165, X-102, 
X-200), Poloxamer® 407, Spans (20, 40, 60, and 80), 
tyloxapol, and combinations comprising one or more of the 
foregoing surfactants. Additional appropriate surfactants 
include Brij®30, Brij®35, Brij®52, Brij®56, Brij®58, 
Brij®72, Brij®76, Brij®78, Brij®92, Brij®97, Brij®98, 
and Brij®700. Anionic surfactants include, but are not 
limited to sodium dodecyl sulfate (SDS). Mixtures of sur 
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factants are also contemplated. In one embodiment, the 
surfactant is TWEEN® 20 or Triton® X-lOO or a combi 
nation thereof. Triton X-100 is a strong non-ionic detergent 
and dispersing agent Widely used to extract lipids and 
proteins from biological structures. It also has virucidal 
effect against a broad spectrum of enveloped viruses. In 
another embodiment, the surfactant is nonoxynol-9. 

[0035] Nanoemulsion compositions can further contain 
various additives. Exemplary additives include, for example, 
activity modulators, gelling agents, thickeners, auxiliary 
surfactants, other agents that augment cleaning and aesthet 
ics, and combinations comprising at least one of the fore 
going, so long as they do not signi?cantly adversely affect 
the activity and/or stability of the emulsions. Additives can 
be incorporated into the nanoemulsion or formulated sepa 
rately from the nanoemulsion, i.e., as a part of a composition 
containing a nanoemulsion. 

[0036] “Activity modulators” are additives that affect the 
activity of a nanoemulsion against the target microorganism. 
Exemplary activity modulators are interaction enhancers 
such as germination enhancers, therapeutic agents, buffers, 
and the like, Which are described beloW. 

[0037] One class of activity modulators thus includes 
“interaction enhancers,” compounds, or compositions that 
increase the interaction of the nanoemulsion With the cell 
Wall of a bacterium (e.g., a Gram positive or a Gram 
negative bacteria) or a fungus, or With a virus envelope. 
Again, Without being bound by theory, it is proposed that the 
activity of the emulsions is due, in part, to the interaction of 
a nanoemulsion With a microorganism membrane or enve 
lope. Suitable interaction enhancers include compounds that 
increase the interaction of the nanoemulsion With the cell 
Wall of Gram negative bacteria such as Wbrio, Salmonella, 
Shigella, Pseadomonas, Escherichia, Klebsiella, Proteus, 
Enterobacter; Serratia, Moraxella, Legionella, Bordetella, 
Helicobacter; Haemophilas, Neisseria, Bracella, Yersinia, 
Pastearella, Bacteioa's, and the like. 

[0038] One exemplary interaction enhancer is a chelating 
agent. Suitable chelating agents include ethylenediaminetet 
raacetic acid (EDTA), ethylenebis(oxyethyleneni 
trilo)tetraacetic acid (EGTA), and combinations thereof. 
Chelating agents can be prepared in Water or in a buffer, such 
as, for example, TRIS buffer. Chelating agents can be 
premixed With the aqueous phase or can be added to a 
diluent. Chelating agents can be used at a concentration of 
about 1 pM to about 50 mM, based on the total volume of 
the nanoemulsion composition. In one embodiment, the 
concentration of the chelating agent is betWeen about 100 
pM to about 50 mM. In a further embodiment, the concen 
tration of chelating agent can be greater than or equal to 
about 25 pM, greater than or equal to about 50 pM, greater 
than or equal to about 70 pM greater than or equal to about 
80 pM, greater than or equal to about 100 pM, greater than 
or equal to about 1 mM, or greater than or equal to about 2 
mM. In an additional embodiment, the concentration of 
chelating agent can be less than or equal to about 40 mM, 
less than or equal to about 27 mM, less than or equal to about 
25 mM, less than or equal to about 10 mM, or less than or 
equal to about 5 mM. 

[0039] Another exemplary interaction enhancer is a cat 
ionic halogen-containing compound. A cationic halogen 
containing compound can be premixed With the aqueous 
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phase, or it may can be provided in combination With a 
nanoemulsion in a distinct formulation. A cationic halogen 
containing compound can be used at a concentration of 
about 0.5 to about 7 vol. %, based on the total volume of the 
nanoemulsion. In one embodiment, a cationic halogen 
containing compound can be used at a concentration of 
about 0.5 to about 3 vol. %, based on the total volume of the 
nanoemulsion. 

[0040] Suitable cationic halogen-containing compounds 
include, but are not limited to, cetylpyridinium halides, 
cetyltrimethylammonium halides, cetyldimethylethylammo 
nium halides, cetyldimethylbenZylammonium halides, 
cetyltributylphosphonium halides, dodecyltrimethylammo 
nium halides, tetradecyltrimethylammonium halides, alkyl 
benZyldimethylammonium salts and combinations compris 
ing one or more of the foregoing compounds. Suitable 
halides in the cationic halogen-containing compounds 
include chloride, ?uoride, bromide and iodide. In one 
embodiment, the halide is chloride or bromide. In another 
embodiment the cationic halogen-containing compound is 
cetylpyridinium chloride or benZalkonium chloride or a 
combination thereof. 

[0041] A “germination enhancer” enhances the germina 
tion of, for example, spores. Suitable germination enhancing 
agents include nucleosides, ot-amino acids, salts and com 
binations thereof. Useful nucleosides include inosine. Use 
ful ot-amino acids include, for example, glycine and the 
L-enantiomers of alanine, valine, leucine, isoleucine, serine, 
threonine, lysine, phenylalanine, tyrosine, and the alkyl 
esters thereof. Suitable salts, include, for example, sodium 
chloride, ammonium chloride, magnesium chloride, calcium 
chloride, phosphate buffered saline (PBS), and potassium 
chloride. In one embodiment, the germination enhancer is a 
mixture of glucose, fructose, asparagine, sodium chloride, 
ammonium chloride, calcium chloride, and potassium chlo 
ride. In another embodiment, the germination enhancer is a 
combination containing L-alanine, inosine, PBS, and ammo 
nium chloride. 

[0042] Certain groWth media contain germination enhanc 
ers and buffers. Thus, When testing nanoemulsions for their 
ability to inactivate spores, addition of germination enhanc 
ers may not be required, if the tests are conducted using 
media containing such germination enhancers. Similarly, the 
addition of certain groWth media to emulsions can enhance 
sporicidal activity. 

[0043] An effective amount of germination enhancer can 
be readily determined by one of ordinary skill in the art. 
Nucleosides and amino acids can be used in amounts of 
about 0.5 mM to about 100 mM. In one embodiment, 
nucleosides and amino acids are used at a concentration of 
about 1 mM to about 50 mM. In another embodiment, 
nucleosides and amino acids are used at a concentration of 
about 0.5 mM to about 5 mM. Salts can be present in 
amounts of about 0.5 mM to about 100 mM and PBS can be 
used at concentrations of about 0.05>< to about IX. 

[0044] A germination enhancer can be incorporated into 
the aqueous phase prior to formation of the nanoemulsion. 
In one embodiment a germination enhancer is active at 
approximately neutral pH. In another embodiment, a ger 
mination enhancer can be active betWeen pH of about 6 to 
about 8. Adjustment of pH of a nanoemulsion composition 
containing a germination enhancer can be achieved by any 
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suitable means, such as, for example, dilution of a 
nanoemulsions in PBS or by preparations of a neutral 
nanoemulsion or by the addition of hydrochloric acid or 
sodium hydroxide. 

[0045] “Therapeutic agent” refers to an agent that 
decreases the infectivity, morbidity, and/or rate of mortality 
associated With a pathogenic microorganism When admin 
istered to a subject affected by a pathogenic microorganism. 
Suitable therapeutic agents include, for example, antimicro 
bial agents, antiviral agents, antifungal agents, and the like, 
and combinations comprising one or more of the foregoing 
agents. There are many antimicrobial agents currently avail 
able for use in treating bacterial, fungal and viral infections. 
Generally, these agents include agents that inhibit cell Wall 
synthesis (e. g., penicillins, cephalosporins, cycloserine, van 
comycin, bacitracin), imidaZole antifungal agents (e.g., 
miconaZole, ketoconaZole and clotrimaZole), agents that act 
directly to disrupt the cell membrane of the microorganism 
(e.g., polymyxin and colistimethate and the antifungals 
nystatin and amphotericin B), agents that affect the riboso 
mal subunits to inhibit protein synthesis (e.g. chlorampheni 
col, the tetracyclines, erythromycin and clindamycin), 
agents that alter protein synthesis and lead to cell death (e.g. 
aminoglycosides), agents that affect nucleic acid metabolism 
(eg the rifamycins and the quinolones), antimetabolites 
(e.g., trimethoprim and sulfonamides), and the nucleic acid 
analogues (e.g. Zidovudine, gangcyclovir, vidarabine, and 
acyclovir) Which act to inhibit viral enZymes essential for 
DNA synthesis. Other useful therapeutic agents include, but 
are not limited to antimicrobials such as phenylphenol, 
propyl paraben and poly(hexamethylene biguanide) hydro 
chloride (PHMB). 

[0046] Optionally, nanoemulsion compositions can be 
formed into gels by adding a gelling agent. Suitable gelling 
agents include, for example, hydrogels such as, for example, 
Natrosol® 250H NF (Hercules, Inc. Wilmington, Del.). A 
hydrogel can be added at concentration of about 0.5 Wt % to 
about 5 Wt %, based on the total volume of the gel. Other 
suitable gelling agents include, but are not limited to, about 
0.05 Wt % to about 3 Wt % cellulose polymer, such as 
cellulose gum or cationic guar derivatives, and up to about 
10 Wt % petrolatum, glycerin, polyethylene glycol, incro 
quat behenyl TMS, cetyl palmitate, glycerol stearate, and the 
like. 

[0047] Avariety of auxiliary surfactants can optionally be 
used to enhance the properties of a nanoemulsion compo 
sition. The choice of auxiliary surfactant depends on the 
desire of the user With regard to the intended purpose of the 
composition and the commercial availability of the surfac 
tant. In one embodiment, the auxiliary surfactant is an 
organic, Water-soluble surfactant. 

[0048] Other optional additives such as perfumes, bright 
eners, enZymes, colorants, detergent builders, suds suppres 
sors, and the like can also be used in the compositions to 
enhance aesthetics and/or cleaning performance. Detergent 
builders sequester calcium and magnesium ions that might 
otherWise bind With and render less effective the auxiliary 
surfactants or co-surfactants. Detergent builders are particu 
larly useful When auxiliary surfactants are used, and When 
the compositions are diluted prior to use With hard tap Water, 
especially Water having a hardness of-, above about 12 
grains/gallon. 
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[0049] A nanoemulsion composition can contain a suds 
suppressor. A suds suppressor is a loW-foaming co-surfac 
tant that prevents excessive sudsing during employment of 
the compositions on hard surfaces. Suds suppressors are also 
useful in formulations for no-rinse application of the com 
position. Concentrations of about 0.5 vol % to about 5 vol 
% are generally effective. Selection of a suds suppressor 
depends on its ability to formulate in a nanoemulsion 
composition and the residue as Well as the cleaning pro?le 
of the composition. The suds suppressor should be chemi 
cally compatible With the components in a nanoemulsion 
composition and functional at the pH of a given composi 
tion. In one embodiment the suds suppressor or composition 
containing a suds suppressor does not leave a visible residue 
on surfaces on Which a composition is applied. 

[0050] LoW-foaming co-surfactants can be used as a suds 
suppressor to mediate the suds pro?le in a nanoemulsion 
composition. Examples of suitable suds suppressors include 
block copolymers, alkylated primary and secondary alco 
hols, and silicone-based materials. Exemplary block co 
polymers include, e.g., Pluronic® and Tetronic® (BASF 
Company). Alkylated alcohols include those Which are 
ethoxylated and propoxylated, such as, tergitol (Union Car 
bide) or poly-tergent® (Olin Corp.). Silicone-based materi 
als include DSE (DoW Corning). The suds suppressors can 
be incorporated into the composition by any means knoWn 
in the art. 

[0051] B. Method of Making Small Particle SiZe 
Nanoemulsions 

[0052] Small particle siZe nanoemulsions and composi 
tions containing small particle siZe nanoemulsions can be 
produced by any suitable means. A small particle siZe 
nanoemulsion can be formed in the ?rst instance or can be 
formed from a nanoemulsion having larger particles. For 
example, a small particle siZe nanoemulsion can be pro 
duced by reducing the particle siZe of a classical or standard 
nanoemulsion (hereinafter “standard nanoemulsion”), to 
produce a small particle siZe nanoemulsion Wherein the 
average nanoemulsion particle siZe is from betWeen approxi 
mately 150 nm to approximately 250 nm. In other Words, a 
nanoemulsion having an average particle diameter of greater 
than about 250 nm is treated in a manner effective to produce 
particles having an average diameter of from betWeen 
approximately 150 nm to approximately 250 nm. In one 
embodiment, small particle siZe nanoemulsion particles 
have an average diameter of less than or equal to about 200 
nm to approximately 150 nm. 

[0053] Methods for the production of a standard 
nanoemulsion by mixing an oil phase With an aqueous phase 
are Well-knoWn. Ananoemulsion can be formed by blending 
an oil phase With an aqueous phase on a volume-to-volume 
basis ranging from about 1:9 to about 5:1, about 5:1 to about 
3:1, or about 4:1, oil phase to aqueous phase. The oil and 
aqueous phases can be blended using an apparatus capable 
of producing shear forces suf?cient to form a nanoemulsion 
such as, for example, a French press or a commercial loW 
shear or high shear mixer. In one embodiment, the standard 
emulsions are prepared under conditions of high shear to 
produce a nanoemulsion having a substantially uniform 
particle siZe distribution. In one embodiment, a standard 
nanoemulsion for use in preparing a nanoemulsion compo 
sition is comprised of particles having an average diameter 
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of about 500 nm to about 5 pm, about 500 nm to about 1 pm, 
400 nm to about 5 pm, 400 nm to about 1 pm, from about 
250 nm to about 5 pm, and from about 250 nm to about 1 
pm. To obtain the desired pH, the pH of the aqueous phase 
can be adjusted using hydrochloric acid or sodium hydrox 
ide. 

[0054] Forming a small particle siZe nanoemulsion from a 
standard nanoemulsion can be accomplished, for example, 
by passing the standard nanoemulsion though a micro?uid 
iZer (Micro?uidics Corp., NeWton, Mass.) several times at a 
pressure suf?cient to produce a desired particle siZe. A 
micro?uidiZer is a homogeniZer that operates by pumping a 
?uid stream into an interaction chamber. The interaction 
chamber contains ?xed-geometry microchannels that accel 
erate the ?uid stream, resulting in high turbulence, shear, and 
cavitation. A H230Z (chamber 400 pm upstream of H210Z 
chamber (200 pm) can be used. Other chamber siZe and 
con?gurations (Y or Z) can be used in forming a nanoemul 
sion using a micro?uidiZer. During homogeniZation, a 
nanoemulsion can be circulated through a heat exchanger 
coil or otherWise cooled to keep the temperature of the 
nanoemulsion from increasing signi?cantly. In one embodi 
ment, a standard nanoemulsion is passed though the microf 
luidiZer for tWo to ?ve passes at a pressure of about 2,000 
to about 10,000 psi. In another embodiment, the pressure is 
from 3,000 to about 4,000 pounds per square inch. These 
conditions can vary depending on factors such as standard 
nanoemulsion particle siZe, nanoemulsion composition, and 
desired ?nal particle siZe. 

[0055] Small particle siZe nanoemulsions can have a con 
sistency ranging from a semi-solid cream to a Watery liquid 
similar to skim milk. Creamy emulsions can be used as-is or 
mixed With Water. 

[0056] A nanoemulsion can be prepared in a diluted or an 
undiluted form. In one embodiment a nanoemulsion shoWs 
suitable stability in both diluted and undiluted forms. By 
suitable stability, it is meant that the emulsions do not shoW 
any signs of separation (oil phase from aqueous phase) for 
at least 6 months. In another embodiment a nanoemulsion 
does not shoW any sign of separation up to about 2 years. In 
a further embodiment, a nanoemulsion does not shoW any 
sign of separation for up to about 3 years. Settling of the 
diluted emulsions is an acceptable characteristic and does 
not indicate separation of an oil phase from an aqueous 
phase. Settling is due to separation of emulsions from its 
diluent, not an oil phase separating from an aqueous phase. 
Such settling is readily reversed by simple shaking of the 
nanoemulsion, While separation of the concentrated emul 
sions are not reversed by simple mixing, requiring instead 
re-emulsi?cation. 

[0057] The emulsions can also contain a ?rst nanoemul 
sion emulsi?ed Within a second nanoemulsion, Wherein the 
?rst and second emulsions can each contain an aqueous 
phase, an oil phase, and a surfactant. The oil phase of each 
of the ?rst and second nanoemulsion can contain an oil and 
an organic solvent. The ?rst and second nanoemulsion can 
be the same or different. A nanoemulsion can also contain a 
?rst nanoemulsion re-emulsi?ed to form a second 
nanoemulsion. 

[0058] One useful parameter for characteriZing a 
nanoemulsion is “Zeta potential.” Zeta potential is the elec 
trical potential of a shear plane (an imaginary surface 
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separating a thin layer of liquid that shows elastic behavior) 
bound to a solid surface that shoWs normal viscous behavior. 
The stability of hydrophobic colloids depends, in part, on the 
Zeta potential. Zeta potential of a nanoemulsion can be about 
—50 mV to about +50. In one embodiment, the Zeta potential 
of the emulsions can be greater than or equal to about +10 
mV. In another embodiment, the Zeta potential is greater than 
or equal to about +20 mV. In a further embodiment, the Zeta 
potential of the emulsions can be less than or equal to about 
+45 mV, less than or equal to about +40 mV or less than or 
equal to about +30 mV. 

[0059] In one embodiment a nanoemulsion, comprising 
optional therapeutic agents, can be provided in the form of 
pharmaceutically acceptable compositions. The terms “phar 
maceutically acceptable” or “pharmacologically acceptable” 
refer to compositions that do not produce signi?cant 
adverse, allergic, or other untoWard reactions When admin 
istered to an animal or a human. 

[0060] Compositions for pharmaceutical use typically 
comprise a pharmaceutically acceptable carrier, for 
eXample, solvents, dispersion media, coatings, isotonic and 
absorption delaying agents and the like, and combinations 
comprising one or more of the foregoing carriers as 
described, for instance, in REMINGTON’S PHARMA 
CEUTICAL SCIENCES, 15th Ed. Easton: Mack Publishing 
Co. pp. 1405-1412 and 1461-1487 (1975), and THE 
NATIONAL FORMULARY XIV 14th Ed., Washington: 
American Pharmaceutical Association (1975). Suitable car 
riers include, but are not limited to, calcium carbonate, 
carboXymethylcellulose, cellulose, citric acid, deXtrate, deX 
trose, ethyl alcohol, glucose, hydroXymethylcellulose, lac 
tose, magnesium stearate, maltodeXtrin, mannitol, microc 
rystalline cellulose, oleate, polyethylene glycols, potassium 
diphosphate, potassium phosphate, saccharose, sodium 
diphosphate, sodium phosphate, sorbitol, starch, stearic acid 
and its salts, sucrose, talc, vegetable oils, Water, and com 
binations comprising one or more of the foregoing carriers. 
The use of such media and agents for pharmaceutically 
active substances is Well knoWn in the art. EXcept insofar as 
any conventional media or agent is incompatible With the 
emulsions of the present invention, their use in therapeutic 
compositions is contemplated. Supplementary active ingre 
dients also can be incorporated into the compositions. 

[0061] For topical applications, the pharmaceutically 
acceptable carriers can take the form of a liquid, cream, 
foam, lotion, or gel, and may additionally comprise organic 
solvents, emulsi?ers, gelling agents, moisturiZers, stabiliZ 
ers, surfactants, Wetting agents, preservatives, time release 
agents, and minor amounts of humectants, sequestering 
agents, dyes, perfumes, and other components commonly 
used in pharmaceutical compositions for topical administra 
tion. 

[0062] C. Methods of Using Nanoemulsion Compositions 
to Inactivate a Pathogenic Microorganism 

[0063] Nanoemulsion compositions are particularly useful 
in applications Where inactivation of pathogenic microor 
ganisms is desired. The term inactivating means killing, 
eliminating, neutraliZing, or reducing the capacity of a 
pathogenic microorganism to infect a host on contact. 
Nanoemulsion compositions are useful for decreasing the 
infectivity, morbidity, and/or rate of mortality associated 
With a variety of pathogenic microorganisms. 
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[0064] A method of inactivating a pathogenic microorgan 
ism comprises contacting the pathogenic microorganism 
With an amount a nanoemulsion composition Which is 
effective to inactivate the microorganism. The step of con 
tacting can involve contacting any substrate Which may be 
or is suspected to be contaminated With a nanoemulsion 
composition. By substrate it is meant, Without limitation any 
subject, such as a human or an animal (contact can be in vivo 
or eX vivo, any article, any surface, or any enclosure. A 
pathogenic microorganism can be, Without limitation, a 
bacteria, a virus, a fungus, a protoZoan or a combination 
thereof. 

[0065] The step of contacting can be performed for any 
amount of time sufficient to inactivate a microorganism. In 
one embodiment, inactivation occurs Within about 5 minutes 
to about 10 minutes after initial contact. HoWever, it is 
understood that When the emulsions are used in a therapeutic 
conteXt and applied topically or systemically, the inactiva 
tion may occur over a longer period of time, for example, 5, 
10, 15, 20, 25 30, 60 minutes or longer after administration. 

[0066] The step of contacting can be performed using any 
appropriate means of application. For eXample, composi 
tions can be administered by spraying, fogging, misting, 
exposure to aerosols, Wiping With a Wet or saturated cloth or 
toWlette, drenching, immersing. 

[0067] Nanoemulsion compositions can be used to inac 
tivate vegetative bacteria and bacterial spores upon contact. 
Bacteria inactivated by nanoemulsion compositions can be 
Gram negative or Gram positive bacteria. Gram negative 
bacteria include, for eXample and Without limitation, Wbrio, 
Salmonella, Shigella, Pseudomonas, Escherichia, Kleb 
siella, Proteus, Enterobacter; Serratia, Moraxella, 
Legionella, Bordetella, Gardnerella, Haemophilus, Neis 
seria, Brucella, Yersinia, Pasteurella, Bacteroia's, and Heli 
cobacter. Gram positive bacteria include, for eXample, and 
Without limitation, Bacillus, Clostria'ium, Arthrobacter; 
Micrococcus, Staphylococcus, Streptococcus, Listeria, 
Corynebacteria, Planococcus, Mycobacterium, Nocara'ia, 
Rhodococcus, and acid fast Bacilli such as Mycobacterium. 
In one embodiment, nanoemulsion compositions can be 
used to inactivate Bacillus, including, Without limitation B. 
anthracis, B. cereus, B. circulans, B. subtilis, and B. mega 
terium. Nanoemulsion compositions can also be used to 
inactivate Clostria'ium, e.g., C. botulinum, C. perfringens, 
and C. tetani. Other bacteria that can be inactivated by a 
nanoemulsion include, but are not limited to, H. in?uenzae, 
N. gonorrhoeae, S. agalactiae, S. pneumonia, S. pyogenes 
and V cholerae (classical and Eltor), and Yersinia, including, 
Y pestis, Y enterocolitica, and Y pseudotuberculosis. In 
another embodiment, the bacteria is B. anthracis. In another 
embodiment, the bacteria is Mycobaterium tuberculosis. 

[0068] Contacting a bacterial spore With a nanoemulsion 
inactivates the spore. Without being bound to any theory, it 
is proposed that the sporicidal ability of the nanoemulsions 
is by initiation of germination Without complete reversion to 
the vegetative form, leaving the spore susceptible to disrup 
tion by the emulsions. Induction of germination using ger 
mination enhancers such as inosine and L-alanine can result 
in acceleration of the sporicidal activity of the nanoemul 
sion, While inhibition of initiation of germination With 
D-alanine can delay sporicidal activity. This unique action of 
a nanoemulsion, Which can be better in efficiency than 1% 
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bleach, is interesting because Bacillus spores are generally 
resistant to most disinfectants including many commonly 
used detergents. The sporicidal effect can start almost imme 
diately. In one embodiment the sporicidal effect occurs 
Within 30 minutes of contact With a nanoemulsion. 

[0069] Contacting a nanoemulsion composition With a 
virus can inactivate a virus. The effect of nanoemulsion 
compositions on viral agents can be monitored using any 
suitable means, such as, for example, plaque reduction assay 
(PRA), cellular enZyme-linked immunosorbent assay 
(ELISA), P-galactosidase assay, and electron microscopy 
(EM). Viruses Which can be inactivated by contact With a 
nanoemulsion composition include, Without limitation, and 
virus of the families Baculoviridae, Herpesviridae, Iridoviri 
dae, Poxyiridae, “African SWine Fever Viruses,” Adenoviri 
dae, Caulimoviridae, Myoviridae, Phycodnaviridae, Tec 
tiviridae, Papovaviridae, Circoviridae, Parvoviridae, 
Hepadnaviridae, Cystoviridae, Birnaviridae, Reoviridae, 
Coronaviridae, Flaviviridae, Togaviridae, “Arterivirus,” 
Astroviridae, Caliciviridae, Picornaviridae, Potyviridae, 
Retroviridae, Orthomyxoviridae, Filoviridae, Paramyxoviri 
dae, Rhabdoviridae, Arenaviridae, and Bunyaviridae. In one 
embodiment, the virus is herpes, pox, papilloma, corona, 
in?uenza, hepatitis, sendai, sindbis and vaccinia viruses, 
West nile, hanta, and viruses Which cause the common cold. 

[0070] In yet another embodiment, contacting a 
nanoemulsion With a fungus inactivates the fungus. In one 
embodiment, the fungus is a yeast, such as, for example 
various species of Candida (e.g., Candida albicans) or 
?lamentous yeast including but not limited to Aspergillus 
species or dermatophytes such as Trichophyton rabrum, 
T richophyton mentagrophytes, Microsporam canis, 
Microsporam gypseam, and Epiderophyton ?occosam, and 
types thereof, as Well as others. 

[0071] The methods and compositions, or components of 
the methods and compositions can be formulated in a single 
formulation, or can be separated into binary formulations for 
later mixing during use, as may be desired for a particular 
application. Such components can advantageously be placed 
in kits for use against microbial infections, decontaminating 
instruments and the like. Such kits may contain all of the 
essential materials and reagents required for the delivery of 
the formulations to the site of their intended action as Well 
as any desired instructions. 

[0072] For in vivo use, the methods and compositions may 
be formulated into a single or separate pharmaceutically 
acceptable syringeable composition. In this case, the con 
tainer means may itself be an inhalant, syringe, pipette, eye 
dropper, or other like apparatus, from Which the formulation 
may be applied to an infected area of the body, such as the 
lungs, injected into an animal, or even applied to and mixed 
With the other components of the kit. 

[0073] A kit also can include a means for containing the 
vials in close con?nement for commercial sale (e.g., injec 
tion or bloW-molded plastic containers into Which the 
desired vials are retained). Irrespective of the number or type 
of containers, the kits also may comprise, or be packaged 
With, an instrument for assisting With the injection/admin 
istration or placement of the ultimate complex composition 
Within the body of an animal. Such an instrument may be an 
inhalant, syringe, pipette, forceps, measured spoon, eye 
dropper, or any such medically approved delivery vehicle. 
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[0074] Actual amounts of nanoemulsions and additives in 
the compositions can be varied so as to provide amounts 
effective to inactivate vegetative as Well as sporular micro 
organisms and pathogens. Accordingly, the selected amounts 
Will depend on the nature and site for treatment, the desired 
response, the desired duration of biocidal action, the condi 
tion of the subject being treated, and other factors. A 
nanoemulsion composition can comprise, for example, 
about 0.001% to about 100% nanoemulsion per milliliter of 
liquid composition. In one embodiment, a nanoemulsion 
composition can contain about 0.01% to about 90% 
nanoemulsion per milliliter of liquid. These are merely 
exemplary ranges. A nanoemulsion composition can also 
comprise greater than about 0.25%, about 1.0%, about 5%, 
about 10%, about 20%, about 35%, about 50%, about 65%, 
about 80%, about 90%, or about 95% of nanoemulsion per 
milliliter of liquid composition. 

[0075] The small particle siZe nanoemulsions as described 
herein are more stable than standard emulsions under a 
variety of conditions, shoWing substantially no observable 
separation or settling for up to one month, preferably up to 
four months, more preferably up to or more than one year, 
up to about 21° C., preferably up to 40° C.,. Such stability 
is at no dilution, up to 2.5% dilution, up to 10% dilution, 
more preferably up to 50% dilution or higher. 

[0076] The small particle siZe nanoemulsions perform 
equal to or better than standard emulsions in inactivating a 
pathogenic microorganism, exhibiting a less than 10% fail 
ure rate, preferably a less than 5% failure rate, more pref 
erably a less than 1% failure rate, and most preferably a 0% 
failure rate against pathogens. The invention is further 
illustrated by the folloWing non-limiting examples. 

[0077] 1. Prevention and Treatment of Infection 

[0078] Nanoemulsion compositions are useful for the pre 
vention and treatment of infection. A method of inactivating 
a pathogenic microorganism comprises contacting a subject 
infected With or suspected to be infected With the microor 
ganism With a nanoemulsion composition comprising an 
aqueous phase, an oil phase, and one or more surfactants. 
The oil phase comprises an oil and an organic solvent, as 
discussed above. The nanoemulsion particles have an aver 
age diameter of from betWeen approximately 150 nm to 
approximately 250 nm. In one embodiment, the particles 
have an average diameter of less than or equal to about 200 
nm to about 150 nm. 

[0079] The pathogenic microorganism may have systemi 
cally infected the subject or on the surface of the subject. 
Where the microorganism is not on the subject, the is 
delivered to the site of infection by any suitable method, for 
example injection, oral administration, suppositories, and 
the like. In one embodiment the subject is an animal. In a 
further embodiment, the animal is a human. 

[0080] Exemplary infected states that can be treated or 
prevented With nanoemulsions include, but are not limited 
to, bacterial, fungal, protoZoal, and/or viral vaginal infec 
tion, sexually transmitted diseases (STDs), skin infections 
such as, acne, impetigo, athlete’s foot, onychomycosis, 
candidiasis and other acute fungal infections, herpes simplex 
and Zoster and infections associated With psoriasis or other 
skin in?ammatory diseases. In one embodiment, an infected 
state is particularly susceptible to topical treatment. As used 
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herein, “infected states” is inclusive of contamination With 
pathogenic microorganisms, and treatment and prevention 
of such infected states includes, but is not limited to, Wound 
decontamination, decontamination of skin, airWays, and/or 
mucosal surfaces (e.g., With anthrax spores, viruses, bacte 
ria, and/or fungi); and the like. Nanoemulsion compositions 
can also be used as a surgical irrigant. The emulsions can be 
used in the personal health care industry in deodorants, 
soaps, body Wash, acne/dermatophyte treatment agents, 
treatments for halitosis, and skin disinfecting. 

[0081] Nanoemulsions can be used in a variety of com 
bination therapies, particularly those directed to microor 
ganisms. This approach is often advantageous in avoiding 
the problems encountered as a result of multidrug resistance, 
for example. 

[0082] In one embodiment, a nanoemulsion can be used in 
the prevention or treatment of genital infections. Such 
sexually transmitted genital infections include, but are not 
limited to genital herpes, human papilloma virus (HPV), 
human immunode?ciency virus (HIV), trichomoniasis, gon 
orrhea, syphilis, and chlamydia. A nanoemulsion can be 
applied to the genitals either before or after sexual inter 
course or both before and after sexual intercourse. In one 
embodiment, a nanoemulsion is introduced into the vagina 
of a female, at about the time of sexual. In another embodi 
ment, a nanoemulsion is introduced into the vagina of a 
female prior to intercourse. A nanoemulsion can also be 
administered to other mucous membranes. Application of a 
nanoemulsion composition to genitalia can be accomplished 
using any appropriate means including, for example, oint 
ments, jellies, inserts (suppositories, sponges, and the like), 
foams, and douches. 

[0083] A nanoemulsion can also be used in the treatment 
of nonsexually transmitted genital infections, such as fungal, 
protoZoan, bacterial infections. Fungal infections treatable 
With a nanoemulsion include, but are not limited, to tinea, 
candida (e.g., Candida albicans). Nonsexually treated bac 
terial infections treatable With a nanoemulation include, but 
are not limited, nonspeci?c vaginitis and bacterial vaginitis 
caused by, for example, Gardnerella vaginalis, Gardneralla 
mobiluncus, and Mycoplasma hominis. 

[0084] Nanoemulsion compositions can also be used for 
the prevention and treatment of respiratory infection. 
Nanoemulsion compositions can be used to prevent infec 
tion by, Without limitation, the common cold, in?uenza, 
tuberculosis, legionnaire’s disease, and acute respiratory 
syndrome (SARS). In one embodiment, a nanoemulsion 
composition is applied to the respiratory passages using, for 
example, a nasal spray, such that the spray coats the respi 
ratory passages before exposure to these pathogens. In 
another embodiment, this use can substantially inactivate or 
eliminate a respiratory pathogen preventing the pathogen 
from inducing a pathogenic response. The use of a 
nanoemulsion in the prevention and treatment of a respira 
tory infection can also stimulate an immunological response 
against a speci?c pathogen Which can protect from further 
exposure to the same pathogen. 

[0085] 2. Decontamination of Medical Devices 

[0086] Nanoemulsion compositions are useful for decon 
taminating surfaces coloniZed or otherWise infected by 
pathogenic microorganisms. These applications include, for 
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example, disinfecting or steriliZing medical devices, contact 
lenses and the like, particularly When the devices or lenses 
are intended to be used in contact With a patient or Wearer. 
As used herein “medical devices” includes any material or 
device that is used on, in, or through a patient’s body in the 
course of medical treatment, Whether prophylactic or thera 
peutic treatment. Medical devices include, but are not lim 
ited to, such items as implants, for example urinary cath 
eters, intravascular catheters, dialysis shunts, Wound drain 
tubes, skin sutures, vascular grafts, implantable meshes, 
intraocular devices, heart valves, and the like; Wound care 
devices, for example Wound dressings, surgical sutures, 
biologic graft materials, tape closures and dressings, surgical 
incise drapes, and the like; drug delivery devices, for 
example skin patches, mucosal patches and medical 
sponges; and body cavity and personal protection devices, 
for example tampons, sponges, surgical and examination 
gloves, toothbrushes, birth control devices such as IUD’s 
and IUD strings, diaphragms and condoms; and the like. 

[0087] For applications of this type, the compositions may 
be conveniently provided in the form of a liquid or foam, and 
may be provided With emulsi?ers, surfactants, buffering 
agents, Wetting agents, preservatives, and other components 
commonly found in compositions of this type. The 
nanoemulsion compositions can be impregnated into 
absorptive materials, such as sutures, bandages, and gauZe, 
or coated onto the surface of solid phase materials, such as 
staples, Zippers, and catheters to deliver the compositions to 
a site for the prevention or therapy. 

[0088] 3. Sterilization and Disinfectant Applications 

[0089] The present invention is also useful for disinfection 
and steriliZation for medical, hospital, ambulance, institu 
tional, educational, agricultural, food processing, and indus 
trial applications. 

[0090] In one embodiment, a nanoemulsion composition 
can be used to prevent contamination, disinfect or steriliZe 
other surfaces, including surfaces used in the food industry, 
for example equipment and areas Where food is processed, 
packaged and stored; vehicles; machinery; household sur 
faces, and other surfaces. For example, a nanoemulsion 
composition can be used to eliminate contamination in meat 
processing plants, particularly of microorganisms such as 
Listeria monocytogenes, Salmonellae species and Escheri 
chia species by cleaning slaughterhouses or food packaging 
facilities on a continual basis With the composition. In 
addition, nanoemulsion compositions can be formulated into 
sprays for hospital, food processing and serving facilities, 
and household uses such as cleaning and disinfecting patient 
rooms, household appliances, kitchen and bath surfaces, and 
the like. 

[0091] When used in liquid form to decontaminate sur 
faces, the emulsions can be admixed With an aqueous carrier 
liquid. The aqueous carrier liquid is preferably not toxic and 
is chemically compatible With the inventive emulsions. The 
aqueous carrier liquid can comprise solvents commonly 
used in hard surface cleaning compositions. Such solvents 
are preferably chemically stable at the pH of the emulsions, 
have good ?lming/residue properties, and are miscible With 
Water. Preferred carrier liquids comprise Water or a miscible 
mixture of a C2-C4 alcohol and Water. The alcohol or 
glycerol can be used to adjust the viscosity of the compo 
sitions Preferably, the aqueous carrier liquid is Water or a 



US 2005/0208083 A1 

Water-ethanol mixture containing from about 0 to about 50% 
ethanol or other solvents. Alternatively, When used to clean 
hard surfaces, the emulsions may be in the form of a gel, 
foam, or cream, preferably a gel, and may be provided With 
emulsi?ers, surfactants, buffering agents, Wetting agents, 
preservatives, and other components commonly found in 
compositions of this type. 
[0092] A nanoemulsion can also be used for mold reme 
diation for building, equipment, and facilities. Examples of 
molds include, but are not limited to Cladosporium, 
F usarium, Alternaria, Curvularia, Aspergillus, and Penicil 
lium. 

[0093] A nanoemulsion composition can also be used in 
the food industry in preventing and treating food contami 
nated With pathogens. Thus, such compositions may be used 
to reduce or inhibit microbial groWth or otherWise abrogate 
the deleterious effects of microbial contamination of food. 
For example, a nanoemulsion composition can be used to 
kill bacteria and fungus on poultry eggs, fruit, vegetables, 
and meat. Also, the inclusion of a nanoemulsion composi 
tions Within the food product itself Would be effective in 
killing bacteria that may have been accidentally contami 
nated meat or poultry. A nanoemulsion composition can be 
included in juice products to prevent groWth of certain ?ngi, 
Which cause contamination and lead to production of myc 
otoxins. For these applications, the nanoemulsion composi 
tions are applied in food industry acceptable forms such as 
Washes, dips, additives, preservatives, or seasonings. The 
use of media and agents for additives, preservatives, and 
seasonings that are acceptable in food industry is Well 
knoWn in the art. Except insofar as any conventional addi 
tives, preservatives and seasonings are incompatible With 
the emulsions, their use in preventing or treating food born 
microbes and their toxic products is contemplated. Supple 
mentary active ingredients may also be incorporated into the 
compositions. 
[0094] 4. Biodefense Applications 
[0095] Nanoemulsion compositions are also useful for 
biodefense applications, such as, for example, decontami 
nation of a building, surface, garment, and personnel, and 
disinfection or steriliZation of soil and/or WaterWays con 
taminated With a pathogenic microorganism, for example as 
a result of a biological Warfare attack. 

[0096] Nanoemulsion compositions can be delivered and 
applied for detoxi?cation and decontamination using any 
appropriate means. Such decontamination procedures are 
Well knoWn to those of skill in the art and may involve 
simple application of the formulation in the form of a liquid 
spray or may require a more rigorous regimen. For example, 
nanoemulsion compositions can be applied by, Without 
limitation, spraying, fogging, misting, exposure to aerosols, 
Wiping With a Wet or saturated cloth or toWlette for personal 
skin decontamination; drenching, immersing, spraying With 
a hand-held spray bottle or backpack-mounted spray appa 
ratus, shoWering, spraying With a curtain spray, pouring, 
dripping, and bathing in the liquid formulation. Additionally, 
a nanoemulsion can be deployed in a semi-solid carrier, such 
as in gels, lotions, creams, and pastes. Deployment can be 
accomplished by people, deployed from aircraft, helicopters, 
trucks, tanks, railroad, boats, bicycle, or by automated 
systems, including mobile robots. 
[0097] Deployment can include applying the formulation 
to a surface inside of an industrial setting selected from, for 
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example, a food processing plant, a hospital, an agricultural 
facility, an institutional building, an ambulance, and a cook 
ing area. 

[0098] A fog (e.g., aerosols With particulate siZes ranging 
from 1-30 pm) can be used to achieve effective decontami 
nation in areas Where decontamination by a foam Would be 
dif?cult, if not impossible. One example is the interior of air 
conditioning ducts. A fog can be generated at registers and 
other openings in the duct and travel a signi?cant distance 
inside of the duct to decontaminate hard to reach places. A 
relatively automated fog-based decontamination system can 
be set-up at the scene of an attack. Remotely activated 
foggers can be placed inside of a facility and turned on at 
periodic intervals (from a remote location) to completely 
decontaminate the facility. This method greatly decreases 
the potential for decontamination personnel to be exposed to 
a biological Warfare agent. 

[0099] A nanoemulsion can be used to decontaminate 
Wounds contaminated With or suspected to be contaminated 
With bacteria, bacterial spores, virus, fungus, protaZoa or 
combinations thereof. In one embodiment the bacteria is B. 
anthracis. In another embodiment, the virus is smallpox. In 
a further embodiment, the bacteria is a Yersinia species. 

[0100] Ananoemulsion can also be used to decontaminate 
skin contaminated With or suspected to be contaminated 
With bacteria, bacterial spores, virus, fungus, protaZoa or 
combinations thereof. In one embodiment the bacteria is B. 
anthracis. In another embodiment, the virus is smallpox. In 
a further embodiment the bacteria is Yersinia species. 

[0101] A nanoemulsion is also useful for prophylaxis 
treatment of skin against bacteria, bacterial spores, virus, 
fungus, protaZoa, or combinations thereof. In one embodi 
ment the bacteria is B. anthracis. In a further embodiment, 
the bacterial spore is cutaneous B. anthracis spore. In 
another embodiment, the virus is smallpox. In a further 
embodiment, the bacteria is Yersinia species. 

[0102] A nanoemulsion is also useful for battle?eld pro 
phylaxis treatment of mucosa against bacteria, bacterial 
spores, virus, fungus, protaZoa or combinations thereof. In 
one embodiment the bacteria is B. anthracis. In a further 
embodiment, the bacterial spore is B. anthracis spore. In 
another embodiment, the virus is smallpox. In a further 
embodiment, the bacteria is Yersinia species. In one embodi 
ment, nanoemuslions can be applied intranasally prior to 
and/or immediately after suspected contamination by bac 
teria, bacterial spores, virus, fungus, or combinations 
thereof. 

[0103] A nanoemulsion composition is also useful for 
decontamination of surfaces contaminated by or suspected 
to be contaminated by bacteria, bacterial spores, virus, 
fungus, protaZoa or combinations thereof as the result of, for 
example, a biological Warfare attack. In one embodiment the 
bacteria is B. anthracis. In a further embodiment, the bac 
terial spore is B. anthracis spore. In another embodiment, 
the virus is smallpox. In a further embodiment, the bacteria 
is Yersinia species. In one embodiment, a nanoemulsion 
composition can be applied prior to and/or immediately after 
suspected contamination by bacteria, bacterial spores, virus, 
fungus, or combinations thereof. In a further embodiment, 
the nanoemulsion composition is applied intranasally. 
Nanoemulsion can be applied to surfaces using any appro 
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priate means. In one embodiment, a nanoemulsion is deliv 
ered as a spray, liquid, fog, foam, or aerosol to contaminated 
or suspected contaminated surfaces. 

[0104] A nanoemulsion composition is also useful for 
decontamination buildings contaminated by or suspected to 
be contaminated by bacteria, bacterial spores, virus, fungus, 
or combinations thereof. In one embodiment the bacteria is 
B. anthracis. In a further embodiment, the bacterial spore is 
B. anthracis spore. In another embodiment, the virus is 
smallpox. In a further embodiment, the virus is Yersinia 
species. In one embodiment, nanoemuslions can be applied 
intranasally prior to and/or immediately after suspected 
contamination by bacteria, bacterial spores, virus, fungus, or 
combinations thereof. Nanoemulsion can be applied to sur 
faces using any appropriate means. In one embodiment, a 
nanoemulsion is delivered as a spray, liquid, fog, foam, or 
aerosol to contaminated or suspected contaminated surfaces. 

EXAMPLE 1 

Comparison of Standard Emulsions and Small 
Particle SiZe Nanoemulsions 

[0105] The nanoemulsions are described by the compo 
nents of the nanoemulsion according to Table 1. Unless 
otherWise noted, the oil is soybean oil. In the formulations, 
the detergent is listed ?rst, folloWed by the volume percent 
age of the detergent (e.g., W205 refers to 5 vol % of TWeen 
20). In the formulations, the designation L2 refers to a small 
particle siZe nanoemulsion produced by a micro?uidiZer, 
While the absence of the L2 designation refers to a standard 
nanoemulsion (i.e., average particle siZes of 250 mm to 
about 1 micrometer). 

TABLE 1 

Component Symbol 

Tween 20 W20 
Ethanol E 
Cetylpyridinium chloride C 
EDTA ED 
Triton X-100 X 
Tributyl phosphate P 
Glycerol G 
Benzalkonium chloride BA 

[0106] A ?rst nanoemulsion is produced from a mixture 
containing 548 milliliters of Water, 2.24 grams of EDTA, 25 
grams of cetylpyridiunium chloride, 125 milliliters of TWeen 
20, 200 milliliters of ethanol and 1600 milliliters of soybean 
oil. The ?rst nanoemulsion is pre-mixed With a Silverson 
L4RT mixer and a ?ne emulsi?er screen for 10 minutes at 
10,0001500 revolutions per minute. 

[0107] The ?rst nanoemulsion is then processed in a 
Micro?uidics M-110EH micro?uidiZer processor using an 
H210Z (200 pm) chamber doWnstream of an H230Z (400 
pm) chamber. The ?rst nanoemulsion is passed through the 
micro?uidiZer 3 to 4 times at a pressure of 3,5001500 
pounds per square inch (psi) using cooling ice in the tray 
surrounding the chambers. The small particle siZe 
nanoemulsion produced is referred to as WZOEC ED L2. 

[0108] The second nanoemulsion is then diluted With 
distilled Water to produce a series of diluted nanoemulsions. 
The Water and the nanoemulsion can be mixed by shaking, 
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for example, until the nanoemulsion is incorporated into the 
Water. Exemplary diluted nanoemulsions are as shoWn in 
Table 2. The percentage shoWn refers to the volume per 
centage of the nanoemulsion in the dilution. 

TABLE 2 

Formulation Water W205EC ED L2 

50% WZDSEC ED L2 500 mL 500 mL 
20% WZOSEC ED L2 800 mL 200 mL 
10% WZOSEC ED L2 900 mL 100 mL 
5% WZOSEC ED L2 950 mL 50 mL 
2.5% WZOSEC ED L2 975 mL 25 mL 

EXAMPLE 2 

Method of Making a Small Particle SiZe 
Nanoemulsion 

[0109] A standard nanoemulsion (i.e., particles siZes of 
250 nm to 5 micrometers) is formed as folloWs. A mixture 
of 22 vol % distilled Water, 1 Wt/vol % cetylpyridinium 
chloride, 5 vol % TWeen 20, 64 vol % soybean oil, and 8 vol 
% ethanol based on the total volume of the mixture is 
formed. The nanoemulsion is formed by mixing for 5 
minutes at 10,0001500 revolutions per minute With a Sil 
verson L4RT mixer With a standard mixing assembly and a 
?ne emulsion screen. The standard nanoemulsion is denoted 

as W2O5EC. 

[0110] A small particle siZe nanoemulsion is formed by 
passing the W2O5EC nanoemulsion 4 times through a 
Micro?uidics M-110EH micro?uidiZer processor using an 
H210Z (200 pm) chamber doWnstream of an H230Z (400 
pm) chamber. The small particle siZe nanoemulsion is 
denoted as W2O5EC L2. 

[0111] After formation, the W2O5EC and W2O5EC L2 
emulsions are diluted With Water for further testing. Particle 
siZes are determined by Particle SiZing Systems (PSS) 
Nicomp Model 380. The samples are diluted 1/2000 in 
distilled Water to measure the particle siZe. The formulations 
and data are shoWn in Table 3. 

TABLE 3 

Formu- Amount of Average 
lation nano- Amount of Particle 
No. Formulation emulsion Water Size, nm 

1 WZOSEC — — 421.4 

2 50% WZDSEC 90 mL 90 mL454 
3 20% WZOSEC 36 mL 144 mL437.5 
4 10% WZOSEC 18 mL 162 mL418.8 
5 5% WZOSEC 9 mL 171 mL427.4 
6 2.5% WZDSEC 4.5 mL 175.5 mL470.3 
7 WZOSEC L2 — — 152 

8 50% WZOSEC L2 90 mL 90 mL 99.3, 
219.5 * 

9 20% WZDSEC L2 36 mL 144 mL 144.2 
10 10% WZOSEC L2 18 mL 162 mL153 
11 5% WZOSEC L2 9 mL 171 mL 177.8 
12 2.5% WZOSEC L2 4.5 mL 175.5 mL 157.7 

*When there is Wide range of particle sizes (Nicomp reading), tWo meth 
ods of calculation are used 

[0112] As shoWn in Table 3, dilution of the emulsions does 
not appreciably affect the particle siZe of either the standard 
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nanoemulsion or the small particle size nanoemulsion. The 
average particle size for the W2O5EC emulsions is about 400 
to about 500 nm (samples 1-6) and for the W2O5EC L2 
emulsions is about 140 to about 220 nm (samples 7-12). 

EXAMPLE 3 

Effect of Micro?uidizer Chamber Size on the Size 
of Small Particle Size Nanoemulsion Particles 

[0113] A W2O5G BA2 nanoemulsion is passed through 
different combinations of micro?uidizer chambers as shoWn 

in Table 4. The W205G BA2 L2 small particle size 
nanoemulsion is made With 1 pass With a Silverson L4RT 
mixer and 4 passes through a micro?uidizer. Combinations 
of chamber having 75, 200, 400 micrometer microchannels 
are used to determine the relationship betWeen the size of the 
microchannels and the size of the particles produced. 

TABLE 4 

First Second Particle 
Sample chamber, [urn chamber,,um size, nm 

1 75 100 174 
2 100 75 165 
3 75 200 185 
4 200 75 180 
5 75 400 211 
6 400 75 199 

[0114] As shoWn in Table 4, the chamber size utilized in 
the micro?uidizer, When varied betWeen 75 and 400 pm, 
does not signi?cantly affect the particle size of the emul 
sions. In all cases, the particle size is less than or equal to 
about 250 nm. 

EXAMPLE 4 

Effect of Number of Passes Through the 
Micro?uidizer on Emulsion Particle Size 

[0115] A W2O5G BA2 nanoemulsion is formed using 
either a Silverson L4RT mixer (high shear) or a household 
hand mixer (loW shear). The nanoemulsion is then passed 
through the micro?uidizer for 1 to 6 passes and the particle 
size measured. The relationship betWeen the number of 
passes in the micro?uidizer and the particle size of the 
emulsions are shoWn in Table 5 and FIG. 5. 
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TABLE 5 

Nanoemulsion Particle 
Size (nm) 

Number of (three independent 
Passes experiments With 

Type of First Through different 
Sample Mixer Micro?uidizer emulsion lots) 

1 High shear 1 183, 221, 267 
2 High shear 2 183, 205, 195 
3 High shear 3 210, 202, 201 
4 High shear 4 155, 156, 156 
5 High shear 4 220, 157, 180 
6 High shear 5 157, 132, 158 
7 High shear 6 196, 161, 168 
8 LoW shear 0 426, 529, 522 
9 LoW shear 1 275, 210, 205 

10 LoW shear 2 218, 168, 218 
11 LoW shear 3 183, 151, 129 
12 LoW shear 4 182, 179, 180 

[0116] As shoWn in Table 5 and FIG. 5, the number of 
passes through the micro?uidizer does not have a large effect 
on the nanoemulsion particle size. As shoWn in Sample 4 
and 5, 4 passes through the micro?uidizer produces particle 
sizes consistently beloW 250 pm. Regarding high shear 
versus loW shear mixing of the starting emulsion, While high 
shear mixing can produce a more consistent particle size 
distribution than the loW shear mixing, high shear mixing of 
the starting emulsion is not required to produce the small 
particle size nanoemulsions. 

EXAMPLE 5 

Combined Effects of Number of Passes through the 
Micro?uidizer and Micro?uidizer Chamber Size 

[0117] The effect of both the number of passes through the 
micro?uidizer and the chamber size in the micro?uidizer are 
studied for different formulations. The starting emulsions are 
prepared using either a Silverson L4RT mixer (“Silv”) or a 
Ross HSM-410X high shear mixer With a 3 inch X-series 
rotor/stator pre-set to a 0.010 gap (Ross) in order to deter 
mine the effect of mixing method on the particle size of the 
starting nanoemulsion (i.e., prior to passage through the 
micro?uidizer). The L2 emulsions are produced by passing 
a standard nanoemulsion produced by Silverson mixing 
through a micro?uidizer. The particle sizes are shoWn in 
Table 6. 

TABLE 6 

Interactive 

High shear chamber Number of Particle 

Sample Formulation Mixer type used passages size, nm 

1 NanoWash + Silv — — 410-486 

alcohol" 

2 W2D5G BA2 Silv, 5 304-371 

minutes 

mixing 
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TABLE 6-continued 

Interactive 
High shear chamber Number of Particle 

Sample Formulation Mixer type used passages size, nm 

3 W2D5G BA2 Silv, 20 min — — 283-340 

mixing 
4 S8G Silv — — 350 

5 W2D5EC Silv — — 381 

6 W2D5G Silv — — 486 

7 W2D5G BA2 Ross — 1 260 

8 W2D5G BA2 Ross 2 247 
9 W2D5G BA2 Ross 3 281 

10 W2D5G BA2 Ross 4 229-254 
11 W2D5G BA2 Microfluidizer 400, 200 2 196 
12 W2D5G BA2 Microfluidizer 400, 200 3 195 
13 W2D5G BA2 Microfluidizer 200, 200 3 173 
14 W2D5G BA2 Microfluidizer 75, 200 3 210 
15 W205G BA2 Microfluidizer 75, 200 3 235 
16 W2D5G BA2 Microfluidizer 200, 400 3 179 

then 
diluted 
using 75, 
200 

17 S8G** Microfluidizer 75, 200 3 161 
18 W205EC Microfluidizer 75, 200 3 178 
19 W205EC Microfluidizer 75, 200 3 158 
20 W205G Microfluidizer 75, 200 3 223 
21 W2U5GC*** Microfluidizer 400, 200 3 189, 200, 225, 

226 

22 XSGC Microfluidizer 400, 200 3 130, 145 
23 X8E6G2**** Microfluidizer 400, 200 3 249 

*1% W205 GBA2 + 2 mM EDTA + 20% ethanol 
**8% SDS, 6% glycerol, 64% soybean oil, 20% Water 
***5% TWeen 20, 8% glycerol, 1% cetylpyridinium chloride, 64% soybean oil, 22% 
Water 
****8% Triton X100, 6% ethanol, 2% glycerol, 64% soybean oil, 20% Water 

[0118] As shown in Table 6, the Silverson high shear 
mixer (samples 1-6) produces particle sizes of about 300 nm 
to about 500 nm. The Ross high shear mixer (Samples 7-10) 
produces particle sizes of 260 nm after 1 pass to about 229 
to 254 nm after 4 passes. The Ross high shear mixer is thus 
capable of producing smaller particle sizes than the Silver 
son mixer. Also shoWn in Table 6 is that the samples passed 
through the micro?uidizer (samples 11-23) have smaller 
particle sizes than the samples mixed With either high shear 
mixer (samples 1-10). 

[0119] Regarding the samples passed through the microf 
luidizer, as shoWn in samples 11 and 12, similar particle 
sizes are obtained With either 2 or 3 passes through the 
micro?uidizer. Samples 13-16 shoW that changing the 
microchannel size of the micro?uidizer chamber does not 
decrease the particle size of the emulsions. Samples 17-23 
illustrate that, independent of the formulation of the emul 
sions, emulsions having particle sizes of less than about 250 
nm can be formed by passing the emulsions through a 
micro?uidizer. 

EXAMPLE 6 

Particle Sizes and Zeta Potentials for Different 
Nanoemulsion Formulation 

[0120] In this experiment, the particle sizes and zeta 
potentials for different small particle size nanoemulsion 
formulations are determined. The emulsions are formed by 
passing a starting nanoemulsion through the micro?uidizer 

for 3 passes using the H230Z+H210Z chambers. The par 
ticle size and zeta potential are measured by Nicomp 380 
Particle sizer. The data are shoWn in Table 7. 

TABLE 7 

Zeta 
Sample Formulation Particle Size (mV) 

1 1% W2U5G BA2 L2 + 2 mM EDTA 186 11 
2 W2U5G BA2 L2 in Water 183 27 
3 W2U5GC L2 168-236 30-33 
4 W2U5G SA2 0A2 L2" 226 33 
5 WZDSE 5A3 L2 154 31 
6 W2U5E SA3 L2 + 2 mM EDTA 131 12 
7 W2U5G SA3 L2** 215 32 
8 W2U5G SA3 L2 + 2 mM EDTA 187, 191 12 
9 WZDSE L2 189 -25 

1O W2U5EC L2, premixed 156, 182 31 
11 W2D5Ec L2 146 41 

*5% TWeen 20, 8% glycerol, 2% sterylamine, 2% oleyl alcohol, 61% soy 
bean oil, 21% Water 
**5% TWeen 20, 8% glycerol, 3% Sterylamine, 61% Soybean oil, 23% 
Water 

[0121] As shoWn in Table 7, all of the formulations have 
particle sizes of less than or equal to about 250 nm. 

EXAMPLE 7 

Stability of Nanoemulsions 

[0122] A WZOSEC nanoemulsion Was formed containing 
5% Tween-20, 8% ethanol, 1% cetylpyridinium chloride, 
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64% soybean oil, and the balance Water. A W2O5EC L2 
nanoemulsion is formed using 2 passes on a micro?uidiZer. 
AW2O5GC nanoemulsion is formed containing 5% TWeen 
20, 8% glycerol, 1% cetylpyridinium chloride, 64% soybean 
oil, and the balance Water. A W2O5GC L2 nanoemulsion is 
formed using 2 passes on a micro?uidiZer. An X8P 
nanoemulsion is formed using 8% Triton X-100, 8% tributyl 
phosphate, and the balance Water. 

[0123] Stability is determined by evaluating the physical 
appearance of the emulsions. As used herein, creaming is the 
presence of a White layer of creamy material on top of the 
nanoemulsion that is more opaque than the rest of the 
nanoemulsion. Settling is a gradual decrease in opacity of 
the nanoemulsion from top to bottom due to separation of 
the more dense diluent (Water) at the bottom from the less 
dense nanoemulsion at the top. The Water appears as trans 
parent layer at the bottom of the vial. Settling is classi?ed as 
folloWs: Mild settling: the nanoemulsion appears cloudy 
With a gradient of “cloudiness” Where it gets more opaque as 
you go upWards. Moderate settling: a partially clear aqueous 
solution appears on the bottom of the sample. The rest of the 
nanoemulsion appears cloudy With a gradient of cloudiness 
getting more opaque as you go up. Some creaming may be 
on the surface. Severe settling: nanoemulsion has the 
appearance of three distinct layers, a partially clear bottom, 
cloudy middle, and creamy top. Extreme settling: only tWo 
layers, a thick partially clear bottom and a thin creamy top. 

[0124] Separation is the phase separation of the nanoemul 
sion ingredients. Separation is classi?ed as folloWs: Mild 
separation: the surface of the nanoemulsion shoWs feW 
visible oil droplets. Moderate separation: the surface of the 
nanoemulsion has a ?lm of oil. The bottom of the nanoemul 
sion may have a clear aqueous layer. Severe separation: 
nanoemulsion has the appearance of three distinct layers, a 
clear aqueous layer on the bottom, a White or cloudy middle 
layer and a dense oily layer on the top. Extreme separation: 
total separation into an oil layer on top and Water on bottom. 

[0125] The ambient storage stability test includes storing 
the neat emulsions in polypropylene bottles or centrifuge 
tubes at room temperature (22-25° C.). Containers may be 
mixed or opened during the observation period. The emul 
sions are observed for separation or any other changes in 
appearance. The observation period is varied due to different 
manufacturing dates of the emulsions. The data for W2O5EC 
emulsions are shoWn in Table 8. 

TABLE 8 

Days in Bottle Type of 
Sample storage fullness container Appearance 

1 579 ‘A 125 ml PP severe separation 93%: 
<7% nanoemulsion 
between oil & Water 

2 619 ‘A 125 ml PP extreme separation 
3 505 2/3 250 ml PP moderate separation- 6% 

oil 
4 585 2/3 250 ml PP moderate separation- 8% 

oil 
5 457 2/3 250 ml PP mild separation- 1% oil 
6 497 % 250 ml PP moderate separation- 1.5% 

oil 
7 184 full 125 ml PP mild-oil drop in air space 
8 224 full 125 ml PP mild-oil drop in air space 
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TABLE 8-continued 

Days in Bottle Type of 
Sample storage fullness container Appearance 

9 184 3A 125 ml PP mild separation- 1% oil 
?lm 

10 224 3A 125 ml PP moderate separation- 2% 
oil ?lm 

11 184 2/3 125 ml PP mild separation- 4% oil 
12 224 2/3 125 ml PP moderate separation- 6% 

oil 
13 112 ‘A 500 ml PP intact 
14 152 ‘A 500 ml PP moderate separation- 3% 

oil 
15 33 full 30 ml PP intact 
16 74 full 30 ml PP mild separation- 1 of 4 

vials With oil ?lm 
17 74 1/2 250 ml PP mild separation 

*PP = polypropylene 

[0126] The data for W2O5EC L2 emulsions are shoWn in 
Table 9. 

TABLE 9 

Days in Bottle Type of 
Sample storage fullness container Appearance 

18 116 full 30 ml PP intact 
19 157 full 30 ml PP intact 
20 74 ‘A 60 ml PP intact 
21 115 ‘A 60 ml PP intact 
22 75 full 500 ml PP intact 
23 115 full 500 ml PP intact 
24 33 full 30 ml PP intact 
25 74 full 30 ml PP intact 

[0127] As shoWn in Tables 8 and 9, the small particle siZe 
nanoemulsions are more stable at room temperature than 

comparable standard emulsions. Batches of standard 
W2O5EC neat nanoemulsion stored at ambient temperatures 
longer than 5 months shoW oil forming a ?lm or layer on the 
surface of the nanoemulsion. The thickness of the oil layer 
is variable and may be related in part to the amount of air in 
the storage container in addition to the number of times the 
container has been entered. 

[0128] Batches of smaller particle siZe W2O5EC L2 neat 
nanoemulsion are stored at ambient temperatures for up to 4 
months. No settling or separation is observed in these 
batches. 

[0129] Accelerated stability testing is also performed as 
folloWs. Glass vials are ?lled With 20 milliliters of neat, 10% 
diluted and 2.5% diluted nanoemulsion. The emulsions are 
stored at 55° C. and observed 3 times a Week for changes in 
physical appearance. One additional set of vials for the 
W2O5EC L2 emulsions is ?lled completely (about 25 milli 
liters) to eliminate air during storage. These full vials are 
inverted at day 7 to facilitate observation of creaming and 
separation. 

[0130] Neat emulsions (100%) of standard W2O5EC and 
small particle siZe nanoemulsion W2O5EC L2 under accel 
erated stability testing at 55 ° C. shoW a ?lm of oil separating 
after 4 and 5 days, respectively (FIG. 1 and Table 10). 
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TABLE 10 

Average Days to Mild or Average Days to Severe or 

Moderate Separation Extreme Separation 

Nanoemulsion Neat 10% 2.50% Neat 10% 2.50% 

X8P 3 N N 10 N N 

W205EC 4.3 N N N N N 

W205EC L2 5.3 N N N N N 

W205EC L2 full" N N N N N N 

W205GC 5.7 N N N N N 

W2D5GC L2 8.7 N N N N N 

N = No separation 

[0131] For comparison, the X8P neat nanoemulsion shows 
signs of instability with a distinct clear aqueous layer on the 
bottom and a 5% oil layer on the surface. Neat emulsions of 

both W2O5GC and W2O5GC L2 show yellowing of the oil 
?lm on the surface of the nanoemulsion, whereas for 
W2O5EC and W2O5EC L2, the oil ?lm is colorless. The neat 
small particle size nanoemulsions are stable for 1-3 days 
longer than the standard emulsions. 

[0132] No diluted nanoemulsion (10% or 2.5%) shows 
separation of oil after 4 weeks observation at 55° C. (Table 

10). 
[0133] Table 11 shows the settling observed for the 
nanoemulsions after accelerated aging. 

TABLE 11 

Average Days to Mild or Average Days to Severe or 
Moderate Settlin_g_ Extreme Settling 

Nanoemulsion Neat 10% 2.50% Neat 10% 2.50% 

X8P N 3 3 N 10 10 

W205EC N 3 3 N 19 10 
W205EC L2 N 10.6 5 N N N 
W205EC L2 full" N N 5 N N N 
W2D5GC N 5 3 N 26 19 
W205GC L2 N 10 3 N N N 

[0134] On average, the small particle size nanoemulsions 
exhibit less oil separation and less separation of the oil and 
water layers than the standard emulsions (Table 10). The 
small particle size nanoemulsions exhibit comparable set 
tling and creaming to the standard emulsions when undiluted 
and improved stability when diluted to 10% or 2.5% (Table 

11). 
[0135] Settling and creaming are more pronounced in the 
diluted large particle size emulsions compared to the diluted 
emulsions stored at 55° C. (FIGS. 2-3, Table 12). The 10% 
W2O5EC nanoemulsion is 83% settled after 4 weeks, 
whereas the 10% W2O5EC L2 nanoemulsion is only 9% 
settled. The onset of settling occurred later in the smaller 
particle size nanoemulsion, within 10 days for 10% W2O5EC 
L2 compared to only 3 days for 10% W2O5EC. Table 12 
shows the creaming and settling of the emulsions. 
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[0136] Table 12 shows the separation and settling of 
emulsions under accelerated aging conditions 

TABLE 12 

Separation Settling 

Neat 10% 2.50% 

Nanoemulsion Oil Water Cream Settling Cream Settling 

X8P 9 17 13 86 6 94 

W205EC 2 0 14 83 5 94 
W205EC L2 3 0 2 9 2 42 
W205EC L2 full" 0 0 2 <14 2 28 
W2D5GC 0.3** 0 13 77 5 93 
W205GC L2 0.7" * 0 0 11 2 41 

[0137] The W2O 5EC L2 nanoemulsion that is stored in 
vials that are completely full show no separation and less 
settling compared to the same nanoemulsion stored in vials 
containing an air space (Table 12). Interestingly, the bottom 
breaks off at the seam at day 10 and day 21 for 2 of the full 
vials of diluted nanoemulsion. 

[0138] The change in pH after accelerated stability testing 
is measured. The pH of each nanoemulsion is measured at 
the beginning and at the end of the accelerated stability 
incubation at 55° C. Diluted emulsions are measured using 
a 3-in-1 combination electrode and neat emulsions are 
measured with a semi-micro electrode. The initial pH of the 
neat W2O5EC, and W2O5EC L2, W2O5GC, and W2O5GC L2 
emulsions is similar for each nanoemulsion, ranging from 
4.2-4.4. The pH increases with increasing dilution of these 
nanoemulsion to a pH of 5.6 for the 2.5% dilutions. After 4 
weeks at 55° C., the pH of the neat emulsions remains 
unchanged, whereas the pH of the diluted emulsions 
decreases to a value similar to that of the neat nanoemulsion, 
(4.0-4.4). In contrast, W2O5EC L2 incubated in vials that are 
?lled completely, slightly increased in pH after 4 weeks 
incubation at 55° C. The difference between the neat and 
diluted nanoemulsion is also maintained (FIG. 4). 

[0139] Additional stress testing is preformed by centrifu 
gation, freezing and autoclaving. In the centrifugation test, 
neat (100%) and a 10% dilution of W2O5EC L2 nanoemul 
sion are centrifuged at 1,650><g for 30 minutes at room 
temperature, then stored at room temperature for observa 
tion. An additional sample of the 10% dilution of W2O5EC 
L2 is not centrifuged and is stored at room temperature for 
comparison. After storage at room temperature for 6 weeks, 
no separation of neat or diluted emulsions is observed. Only 
slight creaming is seen in the 10% diluted emulsions with no 
difference between the centrifuged and uncentrifuged 
sample. 

[0140] In the freezing test at —18° C. neat nanoemulsion 
and a 10% dilution of W2O5EC L2 are placed at —18° C. for 
24 hours, and then left at room temperature for observation. 
The neat nanoemulsion W2O5EC L2 is frozen at —18° C. for 
24 hours then thawed and observed. After 24 hours at room 
temperature no separation is observed in the neat or 10% 
diluted nanoemulsion. Creaming is observed in the 10% 
diluted nanoemulsion and no settling were noted. 

[0141] In the autoclaving test neat W2O5EC, W2O5EC L2, 
W2O5GC, and W2O5GC L2 emulsions are placed in a Yamato 
autoclave for 15 minutes at 121° C., and then stored at room 












