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GROWTH CONTROL OF ORAL AND
SUPERFICIAL MICROORGANISMS USING
GALLIUM COMPOUNDS

[0001] The present application claims the benefits of U.S.
provisional application Ser. No. 60/731,875, filed Nov. 1,
2005, which is incorporated herein by reference in its entirety.

1. INTRODUCTION

[0002] The present invention relates to methods of control-
ling growth of microorganisms, in particular, oral and super-
ficial bacteria and fungi that cause disorders or diseases in
host organisms, by applying gallium compounds to an
affected or intended area topically or superficially. The inven-
tion further relates to formulations comprising gallium com-
pounds for controlling growth of such microorganisms and
objects or materials coated therewith or incorporating same.
In addition, the invention relates to animal feeds containing
gallium compounds.

2. BACKGROUND OF THE INVENTION

[0003] Gallium is a group Illa semi-metallic element that
has been used for many years for diagnosing neoplasms and
inflammation in the field of nuclear medicine. Gallium has
also shown some efficacy in the treatment of cancers (Adam-
son et al., 1975, Cancer Chemothe. Rept 59:599-610; Foster
et al., 1986, Cancer Treat Rep 70:1311-1319; Chitambar et
al., 1997, Am J Clin Oncol 20:173-178), symptomatic cancer-
related hypercalcemia (Warrell et al., 1989, in “Gallium in the
treatment of hypercalcemia and bone metastasis”, Important
Advances in Oncology, pp. 205-220, J.B. Lippincott, Phila-
delphia; Bockman et al., 1994, Semin Arthritis Rheum
23:268-269), bone resorption (Warrell et al., 1984, J Clin
Invest 73:1487-1490; Warrell et al., 1989, supra), autoim-
mune diseases and allograft rejection (Matkovic et al., 1991,
Curr Ther Res 50:255-267; Whitacre et al., 1992, J Newuro
immunol 39:175-182; Orosz C. G. et al., 1996, Transplanta-
tion 61:783-791; Lobanoff M. C. et al., 1997, Exp Eye Res
65:797-801), stimulating wound healing and tissue repair
(Bockman et al., U.S. Pat. No. 5,556,645; Bockman et al.,
U.S. Pat. No. 6,287,606) and certain infections, such as syphi-
lis (Levaditi C. etal., 1931, CR Hebd Seances Acad Sci Ser D
Sci Nat 192:1142-1143), intracellular bacterial infections,
such as tuberculosis, histoplasmosis, and leishmaniasis (Ola-
kanmi etal., 1997, J. Invest. Med. 45:234A; Schlesingeretal.,
U.S. Pat. No. 6,203,822; Bernstein, et al., International Patent
Application Publication No. WO 03/053347), Pseudomonas
aeruginosa infection (Schlesinger et al., U.S. Pat. No. 6,203,
822), and trypanosomiasis (Levaditi C. et al. supra).

[0004] Although the exact mechanism of gallium’s activity
against bone resorption and hypercarcemia is not well known,
its antiproliferative properties against cancer cells and anti-
microbial activities are said to be likely due to its competition
with ferric iron (i.e., Fe**) for uptake by cancer cells or
microorganisms (Bernstein, 1998, Pharmacol Reviews 50(4):
665-682). Iron is an essential element for most living organ-
isms, including many pathogens, and is required for DNA
synthesis and various oxidation-reduction reactions (Byers et
al., 1998, Metal Ions Bio syst 35:37-66; Guerinot et al., 1994,
Annu Rev Microbiol 48:743-772; Howard, 1999, Clin Mico-
biol Reviews 12(3):394-404). Ga* is known to have solution-
and coordination-chemistries similar to those of Fe>* (Shan-

Feb. 17,2011

non, 1976, Acta Crystallographica A32:751-767; Huheey et
al., 1993, In Inorganic Chemistry: Principles of Structure and
Reactivityl, ed. 4, Harper Collins, NY; Hancock et al., 1980,
In Org Chem 19:2709-2714) and behaves very similarly to
Fe** in vivo by binding to the iron-transport protein transfer-
rin (Clausen et al., 1974, Cancer Res 34:1931-1937; Vallab-
hajosulaetal., 1980, J Nuc/ Med 21:650-656). It is speculated
that gallium enters microorganisms via their iron transport
mechanisms and interferes with their DNA and protein syn-
thesis.

[0005] U.S. Pat. No. 6,203,822 and International Patent
Application No. WO 03/053347 disclose methods for treating
patients infected with intracellular bacteria, in particular, spe-
cies of the genus Mycobacterium, by intravenously or orally
administering gallium compounds to patients infected by this
class of bacteria (also see Olakanmi et al., 2000, Infection and
Immunity 68(10):5619-5627). These organisms primarily
infect macrophages, which are known to store large amounts
of'iron and overexpress transferrin receptors. Parenterally or
orally administered gallium compounds are easily taken up
by the macrophages through transferrin receptors and then,
within the cells, are taken up by the infecting organisms,
thereby interfering with the organisms’ metabolism. The anti-
microbial activities of gallium against microorganisms other
than intracellular organisms have thus far not been explored
to a great extent.

3. SUMMARY OF THE INVENTION

[0006] This invention is based upon the inventors’ use of
gallium compounds to control the growth of pathogenic
microorganisms at specific sites, such as oral cavities, nasal
cavities, eyes, skins and vagina, in host organisms of such
pathogens as well as on the surfaces of various objects that
need to be kept free of such pathogens. Such a control is
accomplished through the application of gallium compounds
to an affected or intended area topically, or superficially.
[0007] Accordingly, the present invention provides meth-
ods for controlling the growth of iron-dependent pathogenic
microorganisms, comprising applying gallium compounds to
an affected or intended area topically, or superficially. In one
aspect, the present invention provides methods for controlling
growth of iron-dependent pathogenic microorganisms, such
as bacteria and fungi, at specific sites in host organisms,
preferably mammals, and most preferably humans, inflicted
with such pathogens, by topically or locally applying gallium
compounds to said sites. Those microorganisms include, but
are not limited to, bacteria within the genera Streprococcus,
Staphylococcus, Yersinia, Salmonella, Chlamydia, Coxilla,
Ehrlichia, Francisella, Legionella, Pasteurvella, Brucella,
Proteus, Hilicobacter, Klebsiella, Enterobacter, Escherichia,
Tropheryma, Acinetobacter, Aeromonas, Alcaligenes,
Campylobacter, Capnocytophaga, Bacillus, Clostridium,
Corynebacterium, Erysipelothrix, Listeria, Mycobacterium,
Pseudomonas, and the like; and fungi, such as Candida albi-
cans, Microsporum canis, Sporothrix schenckii, Trichophy-
ton rubrum, Trichophyton mentagrophytes, Malassezia fur-
fur, Pityriasis versicolor, Exophiala werneckii, Trichosporon
beigelii, Coccidioides immitis, Histoplama capsulatum,
Blastomyces dermatitidis, Aspergillus fumigatus, Epidermo-
phyton spp., Fusarium spp., Zygomyces spp., Rhizopus spp.
Mucor spp., and so forth.

[0008] Ina preferred embodiment, the microorganisms tar-
geted by the present invention include, but are not limited to,
those commonly found in the oral cavity, especially those
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bacteria which cause dental caries, plaques, periodontal dis-
eases, halitosis, gingivitis and other oral diseases and disor-
ders. Examples of such microorganisms include, but not by
way of limitation, Streptococcus mutans, Streptococcus san-
guis, Streptococcus gordonii, Atopobium parvulum, Porphy-
romonas gingivalis, Eubacterium sulci, and so forth. In
another preferred embodiment, the microorganisms targeted
by the present invention are pathogenic organisms causing
infections in nasal and vaginal cavities, as well as on the skin
surfaces and include Staphylococcus aureus, Streptococcus
preumoniae, [-hemolytic streptococci, Corynebacterium
minutissimum, Candida albicans, Microsporum audouinii,
Microsporum canis, Microsporum gypseum, Microsporum
canis, Sporothrix schenckii, Trichophyton rubrum, Tricho-
phyton mentagrophytes, Pityriasis versicolor, Exophiala wer-
neckii, Trichosporon beigelii, Malassezia furfur, Fusarium
spp., Aspergillus spp., and the like.

[0009] Accordingly, one aspect of the present invention
provides methods for treating or preventing diseases or dis-
orders caused by oral bacteria or fungi in a subject, compris-
ing applying gallium compounds to the oral cavity. In a spe-
cific embodiment, the disease or disorder includes dental
caries, gingivitis, halitosis, oral thrush and the like. Further,
the present invention provides methods for treating or pre-
venting a superficial infection in a subject, comprising topi-
cally applying gallium compounds to the affected area. In a
specific embodiment, the superficial infection includes skin
infections, vaginal yeast infections, ocular infections, and the
like.

[0010] In another aspect, the present invention provides
methods for controlling the growth of iron-dependent patho-
genic microorganisms on the surfaces of objects, such as
tooth brushes, dentures, dental retainers, contact lenses, ban-
dages, dressings, medical devices, etc., by applying gallium
compounds to the surfaces of the objects to disinfect them or
to prevent them from contamination with pathogenic micro-
organisms. In yet another aspect, the present invention pro-
vides methods for controlling the growth of iron-dependent
pathogenic microorganisms in foods, including grains (e.g.,
corn, wheat, rice, barley, and the like), vegetables (e.g., let-
tuce, spinach, potatoes, and the like), animal products, (e.g.,
fish, eggs and meat, and the like), by directly applying gallium
compounds to the same by soaking, washing and/or spraying.
[0011] In another aspect, the present invention provides
methods for controlling the growth of iron-dependent patho-
genic microorganisms by applying gallium compounds to
host organisms in need thereof in combination with probiotic
microorganisms. Such probiotic microorganisms include, but
are not limited to, non-pathogenic species of the genera Lac-
tobacillus, Lactococcus, Bifidobacterium, and so forth,
whose growths are not affected by the presence of gallium.

[0012] The present invention further provides formulations
comprising gallium compounds for controlling the growth of
iron-dependent pathogenic microorganisms. In a specific
embodiment, the gallium compounds are formulated as
toothpaste, a mouthwash, or a gargle for the application to the
oral cavity. In another specific embodiment, the gallium com-
pounds are formulated as ointments, lotions, creams, gels,
solutions, eye drops, aerosols, and so forth, for topical or local
applications. In yet another specific embodiment, the gallium
compounds are formulated as a coating to the surfaces of an
object to disinfect the same and/or to treat the infections in a
wearer of the object (e.g., contact lenses to treat ocular infec-
tions). In yet another preferred embodiment, the formulations
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of the present invention may contain probiotic microorgan-
isms in addition to gallium compounds.

[0013] Inyetanother aspect, the present invention provides
animal feeds comprising gallium compounds with or without
probiotics.

3.1. Definitions

[0014] The term “subject” refers to an animal, including a
fowl (e.g., chickens, turkeys, and the like), and a mammal
such as a non-primate (e.g., cows, pigs, horses, cats, dogs,
rats, etc.) and a primate (e.g., monkey and human), most
preferably a human.

[0015] The term “topically”, as opposed to “systemically”,
as used herein refers to an application of the gallium com-
pounds to a definite area of the body of a subject and is
interchangeably used with the term “locally.” The term topi-
cally may refer to an application of the gallium compounds
directly to an external area of the body, such as skin and eye
as well as oral cavity, nasal cavity and vagina. The term
topically may also refer to an application of the gallium
compounds directly to a definite area inside the body which is
exposed to an outer environment, for example, by injury or
during surgery.

[0016] The term “superficially” as used herein refers to an
application of the gallium compounds to the surfaces of an
inanimate or animate object. The term superficially may refer
to an application of the gallium compounds to the surfaces of
an inanimate or animate object by coating. Alternatively, the
term superficially may refer to an application of the gallium
compounds to the surfaces of an inanimate or animate object
by soaking the object in a solution of the gallium compounds
or adhering/bonding the gallium compounds to the surface of
the object.

[0017] The term “prophylactically effective amount” as
used herein refers to that amount of the gallium compounds
sufficient to prevent a disease or disorder associated with
pathogenic microorganisms at a given site. A prophylacti-
cally effective amount may refer to the amount of the gallium
compounds sufficient to prevent or suppress the growth of
pathogenic microorganisms or kill pathogenic microorgan-
isms at a given site.

[0018] The term “therapeutically effective amount™ as used
herein refers to that amount of the gallium compounds suffi-
cient to treat, manage or ameliorate a disease or disorder
caused by pathogenic organisms at affected sites. A therapeu-
tically effective amount may refer to the amount of the gal-
lium compounds sufficient to reduce the number of patho-
genic microorganisms, to suppress the growth of pathogenic
microorganisms (i.e., stasis), or to kill pathogenic microor-
ganisms at the affected sites. Further, a therapeutically effec-
tive amount of the gallium compounds means that the amount
of'the gallium compounds alone, or in combination with other
therapies, that provides a therapeutic benefit in the treatment,
management, or amelioration of a disease or disorder.
[0019] The term “effective amount™ as used herein in one
aspect refers to that amount of the gallium compounds suffi-
cient to control the growth of pathogenic microorganisms on
the surfaces of inanimate objects. The term may refer to that
amount of the gallium compounds sufficient to reduce the
number of pathogenic microorganisms, to suppress the
growth of pathogenic microorganisms (i.e., stasis), or to kill
pathogenic microorganisms (i.e., disinfect) on the surfaces of
objects. The term may also refer to that amount of the gallium
compounds sufficient to prevent pathogenic microorganisms
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from attaching themselves to or colonize onto the surfaces of
the objects. The term “effective amount’ as used herein in
another aspect in relation to animal feeds refers to that amount
of the gallium compounds sufficient to promote animal
growth and prevent infections when fed to the animals.
[0020] The term “probiotics” as used herein refers to viable
microorganisms which alter the microflora by implantation or
colonization in or onto the host, thereby exerting beneficial
health effects on the host. The beneficial health effects of
probiotics may be exerted particularly successfully in the
environment which is hostile to pathogenic organisms but
favorable for probiotics so that the growth of the probiotics
outweigh that of the pathogenic organisms. Some examples
of probiotics are non-pathogenic species of genera Lactoba-
cillus, Lactococcus, Peptostreptococcus, Bifidobacterium,
and so forth.

4. DESCRIPTION OF FIGURES

[0021] FIG.1is a diagram showing a mechanism by which
microorganisms take in iron or gallium.

5. DETAILED DESCRIPTION OF THE
INVENTION

5.1. Iron Transport and Gallium

[0022] It is a well-known fact that most microorganisms,
with a few exceptions (e.g., Lactobacillus spp.—see
Archibald, 1983, FEMS Microbiol Lett 19:29-32; Weinberg,
1997, Perspectives in Biology and Medicine 40(4):578-583;
and Borrelia burgdorferi—see Posey et al., 2000, Science
288:1651-1653), require iron for their survival (Weinberg,
1978, Microbiol Rev 42:45-66; Neilands, 1972, Struct Bond
11:145-170). Despite the fact that iron is one of the most
abundant metals, its availability to microorganisms is limited
due to its existence as insoluble compounds (oxides-hydrox-
ides) in aerobic environments (Guerinot, 1994, supra; Spiro,
etal., 1966, J Am Chem Soc 88:2721-2725; Vander Helm et
al., 1994, In Metal ions in fungi vol. 11, pp. 39-98, Marcel
Dekker, Inc. New York, N.Y.). Accordingly, microorganisms,
such as bacteria and fungi as well as parasites, have developed
various mechanisms in order to acquire iron in the face of its
limited availability in the environment (Howard, 1999,
supra).

[0023] One such mechanism is the synthesis of potent iron-
chelating compounds called siderophores. Microorganisms
produce siderophores, which bind Fe** in the environment
and are transported into the cells via specific transport sys-
tems, where Fe?* is released as Fe®* and then stored. Known
siderophores include hydroxamates, such as rhodotorulic
acid, coprogens, ferrichromes, and fusarinines; polycarboxy-
lates; phenolates-catecholates and desferioxamine (Howard,
1999, supra). Other mechanisms include direct internaliza-
tion of iron complexed with siderophores or host iron trans-
porters (e.g., transferrin and lactoferrin), membrane-associ-
ated reductase mechanisms, and receptor-mediated
mechanisms as well as membrane-mediated direct-transfer
mechanisms (Howard, 1999, supra; Crosa, 1997, Microbiol
Mol Biol Rev 61:319-336; Payne, 1994, Methods Enzymol
235:329-344). The availability of iron through these mecha-
nisms is closely linked to the virulence of microorganisms
(Litwin et al., 1993, Clin Microbiol Reviews 6(2):137-149),
and each organism may have multiple alternative mecha-
nisms for obtaining iron from iron-scarce environments to
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support its growth and survival (for example, see Spatafora et
al., 2001, Microbiology 147:1599-1610).

[0024] It has been reported that gallium ion (Ga®*) and
ferric ion (Fe®*) have strong biochemical similarities, in par-
ticular, with regard to their binding to proteins and chelators.
These similarities are mainly attributed to their comparable
ionic radii and the degrees of ionic (electrostatic) versus
covalent contributions to bonding (for review, see Bernstein,
1998, supra). Because of these similarities, Ga®* can mimic
Fe&** in various biological processes. For example, Ga>* binds
to transferrin (see, for example, Clausen et al., 1974, Cancer
Res 34:1931-1937; Vallabhajosula et al., 1980, J Nuc! Med
21:650-656) and is transported into the cell via transferrin-
mediated endocytosis (Chitambar, 1987, Cancer Res
47:3929-3934).

[0025] Without intending to be bound by theory, it is
believed that Ga®* may competitively bind to siderophores
and be easily taken up by microorganisms, where it can dis-
rupt DNA and protein syntheses or bind to bacterial proteins
and impair the growth of the microorganisms, thereby even-
tually leading to the stasis or death of the organisms. Alter-
natively, it is possible that Ga>* may occupy membrane-
reductases of the microorganisms and prevent Fe** from
binding to the reductases to be reduced to Fe**, which would
be more bioavailable than Fe**. Since the uptake of gallium
does notimmediately kill the microorganisms but rather leads
to an initial stasis (i.e., a state where the growth or multipli-
cation of microorganisms is inhibited), it has a reduced risk
for generating resistant microorganisms.

[0026] The present invention takes advantage of these char-
acteristics of gallium compounds and provides methods and
formulations for controlling the growth of pathogenic micro-
organisms to treat or prevent infections caused by such patho-
gens.

5.2. Gallium Compounds

[0027] Gallium compounds suitable for use in the present
invention include any gallium-containing compounds that are
pharmaceutically acceptable and safe for mammalian use, in
particular, for human use. Gallium compounds have been
used diagnostically and therapeutically in humans and are
known to be very safe for human use (see Foster et al., 1986,
supra; Todd et al., 1991, Drugs 42:261-273; Johnkoff et al.,
1993, Br J Cancer 67:693-700).

[0028] Pharmaceutically acceptable gallium compounds
suitable for use in the present invention include, but not by
way of limitation, gallium nitrate, gallium maltolate, gallium
citrate, gallium phosphate, gallium chloride, gallium fluoride,
gallium carbonate, gallium formate, gallium acetate, gallium
sulfate, gallium tartrate, gallium oxalate, gallium oxide, and
any other gallium compounds which can safely provide effec-
tive levels of element gallium in various applications. Fur-
thermore, gallium complexes, such as gallium pyrones, gal-
lium pyridones, and gallium oximes, as well as gallium bound
to proteins, such as transferrin and lactoferrin, or gallium
bound to siderophores, such as hydroxamates, polycarboxy-
lates, and phenolates-catecholates, desferioxamine and other
iron-chelators, such as cysteine, a-keto acids, hydroxy acids
and pyridoxal isonicotinyl hydrazone class (Richardson etal.,
1997, Antimicrobial Agents and Chemotherapy 41(9):2061-
2063) and the like are also suitable for use in the present
invention.

[0029] The therapeutically effective amount (i.e., dosage)
of a gallium compound can vary based on the nature and
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severity of the disease or disorder to be treated, the location of
the affected area, the age and immunological background of a
subject, the types of gallium compound to be used, as well as
other factors apparent to those skilled in the art. Typically, a
therapeutically effective amount of a gallium compound can
be that amount which gives gallium ion concentration, at the
site of the application, of at least about 1 uM, at least about 50
uM, at least about 100 pM, at least about 500 uM, at least
about 1 mM, at least about 10 mM, at least about 50 mM, at
least about 100 mM, at least about 200 mM, up to about 500
mM. Due to gallium’s low toxicity, the amount may be liber-
ally increased to more than 500 mM but less than that amount
which causes any toxicity. For reference, it has been reported
that healthy adults can tolerate at least about 200 mg/m>*/day
gallium nitrate intravenous infusion for at least 7 days (see
Schlesinger et al., supra).

[0030] The prophylactically effective amount of a gallium
compound may be that amount sufficient to prevent a disease
or disorder associated with pathogenic microorganisms and
may vary based on the location of the affected area, the types
and the number of the pathogenic organisms in the area, the
types of gallium compound to be used, as well as on the
methods of application and other factors apparent to those
skilled in the art. Typically, the prophylactically effective
amount of a gallium compound may be that amount which
gives gallium ion concentration, at the site of the application,
of at least about 0.1 uM, at least about 50 uM, at least about
100 uM, at least about 500 uM, at least about 1 mM, at least
about 10 mM, at least about 50 mM, at least about 100 mM,
up to about 200 mM. Again, the amount of a gallium com-
pound for prophylactic purposes may be liberally increased to
more than 200 mM but less than the amount that causes any
toxicity.

[0031] The effective amount of a gallium compound suffi-
cient to control the growth of pathogenic microorganisms on
the surfaces of inanimate objects may vary depending on the
types of the objects, frequencies of their use, frequencies of
their exposure to pathogenic organisms and other factors
evident to those skilled in the art. Typically, the effective
amount of a gallium compound for this application may be the
amount which gives gallium ion concentration of at least
about 50 mg/m?, at least about 100 mg/m?, at least about 200
mg/m?, at least about 300 mg/m?, at least about 500 mg/m?, at
least about 600 mg/m?, at least about 700 mg/m?, at least
about 800 mg/m?, at least about 900 mg/m?, or at least about
1 g/m?, on the surface area of the object.

5.3. Formulation of Gallium Compounds

[0032] The gallium compounds suitable for the present
invention can be formulated in various forms depending on
their applications. Accordingly, the present invention pro-
vides formulations comprising gallium compounds for con-
trolling growth of iron-dependent pathogenic microorgan-
isms. In a specific embodiment, the gallium compounds are
formulated as toothpaste, a mouthwash, a gel or a gargle for
the application to the oral cavity. In another specific embodi-
ment, the gallium compounds are formulated as ointments,
lotions, creams, gels, solutions, aerosols, suppositories and so
forth, fortopical or local applications. Any other formulations
typically used for topical or local applications are applicable
for the present invention.

[0033] In another preferred embodiment, the formulations
of the present invention may further comprise probiotic
microorganisms in addition to gallium compounds. When
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such formulations are applied to the affected area, probiotics
can take over the microflora while the gallium compounds
reduce or inhibit the growth of the pathogenic organisms, or
kill the pathogenic organisms.

[0034] The gallium compound formulations of the present
invention may further contain other active or inactive ingre-
dients. For toothpaste, such other ingredients include, but are
not limited to, potassium nitrate (to reduce tooth sensitivity),
fluorides, abrasives, such as hydrated silica, surfactants, such
as sodium lauryl sulfate, and ammonium lauryl sulfate,
sequestering agents (to remove calcium and magnesium from
saliva), such as tetrasodium pyrophosphate (TSPP), poly-
mers, such as acrylic PVM/MA copolymer, polyethylene gly-
col (PEG), and polypropylene glycol (PPG), tooth whiteners,
such as sodium carbonate peroxide, sweeteners, baking soda,
as well as other anti-bacterial agents and fillers. For creams
and lotions, such other ingredients include, but are not limited
to, emollients, moisturizers, vitamins, antioxidants, surfac-
tants, and so forth.

5.4. Dental Caries

[0035] The use of fluoride-containing products as well as
the fluoridation of public water in the past 20 years have
reduced the prevalence of dental caries in the U.S. (for review
of'this subject, see Featherstone, 2000, J4DA 131:887-898).
However, the recent report has shown that about 94% of all
dentate adults, 18 years old or older, in the U.S. had evidence
of treated or untreated coronal caries (Winn et al., 1996, J
Dent Res 75:642-51), thus indicating that tooth decay still
remains a major problem in adults as well as in children in the
U.Ss.

[0036] Dental caries is a transmissible disease which is
bacterially generated in combination with other pathological
factors, such as reduced salivary function and frequency of
use of fermentable carbohydrates (Featherstone, 2000,
supra). Among resident oral bacteria, high levels of Strepro-
coccus mutans and lactobacilli constitute the major etiologi-
cal factors in caries formation. However, an antibacterial
approach has not been the focus of regular oral hygiene mea-
sures taken in the U.S. to prevent or halt the progression of
dental caries. An exception is a prescription of chlorhexidine
gluconate rinse or gel for patients with high levels of bacteria;
but it is difficult for clinicians to determine the levels of
cariogenic bacteria in the mouth.

[0037] Streptococcus mutans (S. mutans) is also known to
require iron uptake for its growth and survival and expresses
several iron-responsive proteins (Spatafora et al., 2001,
Microbiology 147:1599-1610). A fimA, one of the iron-re-
sponsive proteins, null mutation was not lethal in S. muzans,
indicating that other mechanisms for iron uptake and trans-
port are operating in this pathogenic organism (Spatafora et
al., 2001, supra). It has been reported that S. mutans does not
excrete areadily detectable phenolate or hydroxamate sidero-
phores, but it has a membrane-reductase which reduces ferric
ion to ferrous ion, which is subsequently transported into the
cell by a membrane ferrous-translocating system (Evans et
al., 1986, J of Bacteriol 168(3):1096-1099). Thus, iron uptake
and transport seem to be crucial for cariogenic virulence of
the organism.

[0038] Accordingly, the present invention provides a
method for preventing dental caries, comprising applying a
prophylactically effective amount of a gallium compound to
a tooth surface and an oral cavity of a subject. In a preferred
embodiment, the gallium compound is formulated as a tooth-
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paste comprising a gallium compound and is applied to the
tooth surface and oral cavity by brushing. In another preferred
embodiment, the gallium compound is formulated as a
mouthwash comprising a gallium compound and applied to
the tooth surface by rinsing the oral cavity. In another pre-
ferred embodiment, the gallium compound may be formu-
lated as an ointment or a gel to be applied to a tooth surface.

5.5. Vaginal Infections

[0039] Vaginal infections (or vaginitis) are among the most
common medical concerns for women. Among vaginal infec-
tions, the most common is a yeast infection caused by the
overgrowth of Candida albicans (C. albicans), which is a
normal resident in the vagina in small numbers. It has been
reported that siderophore uptake by sitl (siderophore iron
transport 1) gene product is required for C. albicans to invade
and penetrate epithelial layers, indicating that iron uptake is
directly linked to virulence factors of the organism (Heymann
etal., 2002, Infection and Immunity 70(9):5246-5255). Thus,
replacing iron with gallium compounds can effectively con-
trol the growth of C. albicans in the vagina. Accordingly, in a
specific embodiment, the present invention provides a
method for treating vaginal yeast infection comprising apply-
ing a gallium compound to the vagina of a subject. The
gallium compound may be formulated as creams, ointments,
gels, douches, or suppositories.

[0040] The present invention further provides a method for
treating other types of vaginal infections, including, but not
by way of limitation, bacterial vaginosis caused by patho-
genic bacteria, such as Gardnerella vaginalis, Bacteroides
spp., Mobiluncus spp., and Mycoplasma hominis, and para-
sitic vaginosis caused by Trichomonas vaginalis, by applying
the gallium compounds in various formulations to the vagina.
[0041] Since most of the vaginal infections are the results of
changes in the populations of the vaginal normal flora, popu-
lating the area with non-pathogenic normal residents, such as
Lactobacillus spp., can also prevent the outgrowth of the
pathogenic organisms. Accordingly, in a preferred embodi-
ment, the present invention provides a method for treating
vaginal infections, comprising applying a gallium compound
in combination with a probiotic, such as Lactobacillus aci-
dophilus, Lactobacillus plantarum, Lactobacillus leichman-
nii, Lactobacillus johnsonni, Lactobacillus and delbrueckii.

5.6. Disinfection of Inanimate or Animate Objects

[0042] Antimicrobial activities of the gallium compound
can be also used for disinfecting or protecting the surfaces of
inanimate or animate objects from microbial contaminations.
Accordingly, the present invention provides a method for
controlling a growth of microorganisms on a surface of an
inanimate or animate object, comprising applying an effec-
tive amount of a gallium compound to a surface of the object.
[0043] For example, toothbrushes, dentures and dental
retainers often harbor carried-over oral microorganisms and it
is desirable to prevent the growth of such organisms on the
surfaces of these products from oral hygiene viewpoints.
Accordingly, in a specific embodiment, the present invention
provides a method for disinfecting the objects, such as a
toothbrush, a denture, a dental retainer, and other dental
devices, by applying an effective amount of a gallium com-
pound to a surface of the object. The gallium compounds may
be applied to the surface of the object by dipping, brushing,
spraying or coating. The coating may be based on a certain
polymer that allows slow diffusion of the gallium compound
at such a rate that it prevents microorganisms from growing
on the surface of the object. Examples of polymer coatings
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include, but are not limited to, hydroxyapatite, polymethacry-
lates, tricalcium phosphate, polyanhydrides, hydrocarbon
elastomers, methyl- and ethyl cellulose, hydroxypropyl cel-
Iulose, cellulose acetate, phthalate, and so forth. Alterna-
tively, the gallium compounds can be incorporated into mate-
rials, for example, the polymers (e.g., thermoplastics,
thermoset resins, and the like), metals, and the like, which
form the object itself (e.g., bristles of a toothbrush, a catheter,
medical equipment, injection needles, and the like).

[0044] In another specific embodiment, the present inven-
tion provides a method for disinfecting contact lenses by
applying an effective amount of a gallium compound to a
surface of the lenses. The lenses may be disinfected by dip-
ping them in the gallium compound solution, or by coating
their surfaces with or without a certain polymer containing
the gallium compounds as described above.

[0045] In another specific embodiment, the present inven-
tion provides a method for disinfecting skin surfaces of a
subject, comprising applying the gallium compounds to the
same, for example, as soap, shampoo, skin disinfectant (e.g.,
hand), and the like. Preferably, the gallium compounds are
applied to the skin surfaces in the form of cream, lotion,
solution, aerosol, or ointment.

[0046] In another specific embodiment, the present inven-
tion provides a method for controlling the growth of micro-
organisms in drinks and foods, including grains, vegetables,
animal products, such as fish, eggs, dairy products, meat, and
the like, comprising applying the gallium compound directly
to the same by washing, soaking and/or spraying. Such a
treatment of foods can effectively protect the consumers from
food poisoning.

[0047] The present invention also provides medical
implants, bandages, wound dressings which are surface-
coated with the gallium compounds.

[0048] Furthermore, the present invention provides a
method for controlling a microbial growth on various envi-
ronmental surfaces in households, hospitals, schools, etc., by
applying the gallium compounds to the same. The gallium
compounds can be used against any gallium-susceptible
pathogenic microorganisms as discussed throughout the
present specification (see Section 3 and Subsections 5.4 and
5.5, supra, and Subsections 5.7 and 5.8, infra), including the
microorganisms that are known to have become resistant to
first-line antibiotics. Such microorganisms include Escheri-
chia coli O157 (a causative organism for gastroenteritis,
haemorrhagic colitis or urinary and genital tract infections),
vancomycin-resistant FEnterococcus faecalis (a causative
organism for endocarditis, urinary tract infections, and
wound infections), methicillin-resistant Staphylococcus
aureus (MRSA; a causative organism for various skin infec-
tions, eye infection, wound infections, and so forth), Salmo-
nella typhi (the causative organism for typhoid fever), and the
like. The applications of the gallium compounds to various
surfaces are cost effective and significantly reduce microbial
contaminations in the environment without increasing the
development of antibiotic-resistant microorganisms.

5.7. Animal Feeds

[0049] The use of antibiotics in animal feeds to boost ani-
mal growth and prevent infections has caused in a major way
the development of drug-resistant bacteria. Such a use of
antibiotics in poultry and beef industries has resulted in the
emergence of antibiotics-resistant pathogens among species
of genera Salmonella, Campylobacter, Shigella, Brucella,
and so forth. Thus, some countries are in the process of
banning the use of antibiotics in animal feeds.
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[0050] As discussed above, gallium compounds have less
risks of generating drug-resistant pathogens than do regular
antibiotics and, therefore, are viable alternatives to the con-
ventional antibiotics. Accordingly, the present invention pro-
vides an animal feed comprising an effective amount of a
gallium compound. The effective amount of a gallium com-
pound in an animal feed sufficient to promote animal growth
and prevent infections can be readily determined based on the
therapeutic or prophylactic dosages of the gallium com-
pounds described in the previous sections (see Subsection
5.2) and such a determination is within the ability of those
skilled in the art.

[0051] In a preferred embodiment, the animal feed of the
present invention may further comprise probiotics. The health
benefits of probiotics are discussed in Subsections 3.1 and
5.3. Typical probiotic compositions and methods for increas-
ing the number of probiotic or resident microorganisms in the
gastrointestinal tract of an animal are disclosed, for example,
in U.S. Pat. No. 6,221,350.

5.8. Miscellaneous Applications

[0052] Gallium compounds may be utilized in many difter-
ent applications other than those described in the previous
sections. For example, gallium compounds may be applied
topically or directly to a body area, including an open wound
and an internal organ or tissue exposed to an outer environ-
ment during surgery in addition to an external area, that needs
to be protected from or is afflicted with various infections
caused by pathogenic organisms. Such infections include, but
not by way of limitation, skin infections, such as cellulites,
folliculitis, boils, carbuncles, erysipelas, impetigo, erythr-
asma, paronychia, staphylococcal scalded skin syndrome,
candidiasis (e.g., oral thrush), ring worm, tinea versicolor,
etc. as well as eye infections, such as blepharitis, hordeola,
conjunctivitis, etc., and nasal infections. Causative organisms
for skin infections include, but are not limited to, species of
Staphylococcus, such as S. aureus and S. epidermidis; Group
A streptococci, such as Streptococcus pyogenes; Pseudomo-
nas aeruginosa, and the like. Typical yeasts or fungi that
cause skin infections include Candida albicans, species of
genus Microsporon, such as M. auduini and M. canis; species
of Trichophyton, such as T. metagrophyte and T. tonsurans,
and the like. Causative organisms for eye infections include
Staphylococcus aureus, Streptococcus pyogenes, Haemophi-
lus influenzae, Chlamydia trachomatis, Neisseria gonor-
rhoeae, Propionibacterium spp., Nocardia spp., Bacteroides
spp, Fusarium spp. and so forth. Nasal infections caused by
Streptococcus penumoniae may lead to ear infection, sinusi-
tis, bronchitis, pneumonia, etc. The infections caused by
these organisms have become more and more common
because of the development of drug-resistant microorgan-
isms, such as methicillin-resistant Staphylococcus aureus
(MRSA), as well as the increased number of immunocom-
promised individuals due to HIV infection or AIDS, organ
transplants, treatments for autoimmune diseases, and so
forth. Thus, the applications of gallium compounds for
human uses as well as veterinarian uses are very beneficial
especially in view of their low toxicity and low risks for
generating resistant microorganisms. Other applications in
the fields of food industries, agricultural industries, fishing
industries and so forth are also possible.

6. EXAMPLES
Susceptibility of Microorganisms to Gallium

[0053] Susceptibility of various microorganisms to gallium
was tested by determining the minimum inhibitory concen-
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tration (MIC) and minimum bactericidal concentration
(MBC) for each microorganism using gallium nitrate. In gen-
eral, MIC is determined by (i) mixing a series of broths, each
containing a standard number of microorganisms, with seri-
ally diluted solutions of the gallium compound; and (ii) deter-
mining the MIC, after incubation, that is the lowest concen-
tration of the gallium compound that has inhibited the growth
of the microorganism. The lower the MIC, the more suscep-
tible the organism is. The MBC is determined by subculturing
an aliquot of each sample from the MIC test on an appropriate
agar plate containing no gallium compound. After incubation,
the MBC is determined to be the lowest concentration of the
gallium compound at which no growth is observed.

[0054] Specifically, in the present experiment, two grams
of gallium nitrate powder were dissolved in 10 ml of filter-
sterilized deionized water and the resulting 20% (w/v) (i.e.,
200 mg/ml) solution was once again filter-sterilized. Two-
fold serial dilutions were prepared in sterile deionized water
down to 0.156% (i.e., 1.56 mg/ml) for the tests for the most
organisms, except for the tests for Candida albicans and
Streptococcus mutans, in which 10%, 1%, 0.5%, 0.1%,
0.05%, 0.01%, 0.005% and 0.001% of gallium nitrate solu-
tions were prepared.

[0055] Table 1 shows the list of microorganisms tested for
MIC and MBC. All organisms were obtained from the Ameri-
can Type Culture Collection (ATCC), Manassas, Va. Each
microorganism was picked from the seed culture (see Table 1)
and inoculated in an appropriate type of broth to obtain a 0.5
McFarland turbidity standard. The standard suspension ofthe
microorganism was then diluted to 1:100 with the broth and
used for the tests.

TABLE 1
TEST ORGANISM ATCC# SEED CULTURE
Candida albicans 10231  On Sabouraud dextrose

agar, at 25-30° C. for 24-48
hours.

Streptococcus mutans 25175  On blood agar, at 35-37° C.
for 24-48 hours, with CO,.

Porphyromonas gingivalis 33277 On Brucella blood agar, at
35-37° C. for 7 days under
anaerobic conditions.

Pseudomonas aeruginosa 15442  On tryptic soy agar with

Methicillin-resistant 33592 5% sheep blood (BAP), at

Staphylococcus aureus 35-37° C. for 24-48 hours

(MRSA)* under aerobic conditions.

Vancomycin-resistant 51575

Enterococcus faecalis (VRE)”

Escherichia coli O157: H7 35150

Salmonella typhi 6539

Campylobacter jejuni 29428  On Brucella agar with 5%

sheep blood, at 35-37° C. for
48 hours under
microaerophilic conditions
(CampyPak ™ by BBL
Microbiology Systems,
Cockeysville, Md).

“Antibiotics resistance of the organism was confirmed by CLSI (Clinical Laboratory Stan-
dards Institute) Oxacillin disk-diffusion test. The zone of inhibition was 6 mm (CLSI
Ogxacillin resistant range: =10 mm).

"Antibiotics resistance of the organism was confirmed by CLSI Vancomycin disk-diffusion
test. The zone of inhibition was 10 mm (CLSI Vancomyecin resistant range: =14 mm).

[0056] Each microorganism was tested in duplicate by
either a microdilution broth method in 96-well plates (i.e., 0.1
ml of the gallium nitrate solution mixed with 0.1 ml of the
microorganism suspension) or a macrodilution broth method
in test tubes (i.e., 1 ml of the gallium nitrate solution mixed
with 1 ml of the microorganism suspension) as follows:
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[0057] Microdilution broth method: Candida albicans;
Streptococcus mutans; Escherichia coli O157:H7; and
Campylobacter jejuni.

[0058] Macrodilution broth method: Methicillin-resistant
Staphylococcus  aureus (MRSA); Vancomycin-resistant
Enterococcus faecalis (VRE); Salmonella typhi; Pseudomo-
nas aeruginosa; and Porphyromonas gingivalis.

[0059] The growth of the microorganisms were determined
by visual observation of turbidity in the samples.

[0060] The following controls were incubated together
with the test samples:

[0061] Viability control: A mixture of equal volumes of
deionized water and an appropriate broth inoculated with a
test microorganism but without gallium nitrate; and

[0062] Sterility control: A mixture of equal volumes of
deionized water and an appropriate broth without either
microorganisms or gallium nitrate.

[0063] Purity of each microorganism was confirmed by
streaking an appropriately diluted suspension of the microor-
ganism onto an appropriate agar plate to obtain isolated colo-
nies and observing colony morphology.

[0064] The concentrations of microorganisms in the sus-
pension used in MIC test were determined by inoculating
serial dilutions of the suspensions onto appropriate agar
plates and counting the number of colonies.

[0065] To determine MBC, 10 pul of each sample used in
MIC were inoculated onto an appropriate agar plate and incu-
bated. The lowest concentration of the gallium nitrate that
showed no growth was determined to be the MBC.
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[0067] The following examples are intended to illustrate,
without limitation, preferred embodiments of the present
invention as applied to practical modalities for the prevention
and treatment of bacterial and fungal infections.

Example 1
Toothpaste Formulation

[0068] A toothpaste is formulated to contain gallium nitrate
at 50 uM and 0.2% by weight sodium fluoride as active
ingredients in the treatment and prevention of dental and
periodontal disease. The formulation also contains conven-
tional inactive ingredients including water, sorbitol, glycerin,
hydrated silica, polyethyleneglycol, xanthan gum, sodium
saccharin, methylparaben, and propylparaben. These are
blended in amounts known to those skilled in the art to obtain
a toothpaste of appropriate consistency. The formulation can
be packaged in conventional toothpaste tubes, and used in the
normal manner.

Example 2
Treatment of Vaginal Yeast Infection

[0069] The present invention is applied to the formulation
of suppositories and creams for the treatment of internal and
external vaginal yeast infections, respectively, as follows.
Gallium citrate at 200 uM is combined with inactive ingredi-
ents including, in the case of a suppositories, gelatin, glyc-
erin, lecithin, mineral oil, titanium oxide, and white petrola-

[0066] The results are shown in Table 2 below. tum, or, in the case of external creams, benzoic acid,
TABLE 2
Broth Agar Plate Incubation Final Concentration of ~ MIC MBC
Test Organism (MIC) (MBC) Condition Organism (CFU/ml)  (mg/ml) (mg/ml)
Candida albicans Sabouraud Sabouraud At 27° C. 9.75 x 10° 10 >100
Dextrose dextrose agar  for 48 hours
Streptococcus Brain Heart Blood agar At 36° C. 4.1x10° ND* 5.0
mutans Infusion For 48 hours
Porphyromonas  Fluid Brucella blood At 36° C. for 14 days 7.2 x 107 ND <0.78
gingivalis Thioglycollate agar (plate controls: for 5
days)

Pseudomonas Muller Hinton — Tryptic soy At 36° C. 7.6 x 10° ND 6.25
aeruginosa agar with 5%  for 48 hours

sheep blood
Staphylococcus Muller Hinton — Tryptic soy At 36° C. 5.2x10° ND 12.5
aureus (MRSA) agar with 5%  for 48 hours

sheep blood
Enterococcus Muller Hinton — Tryptic soy At 36° C. 3.9 % 10° ND 25
faecalis (VRE) agar with 5%  for 48 hours

sheep blood
Escherichia coli  Muller Hinton — Tryptic soy At 36° C. 1.38 x 10° ND 6.25
0157: H7 agar with 5%  for 48 hours

sheep blood
Salmonella typhi  Muller Hinton — Tryptic soy At 36° C. 8.3 x 10° ND 6.25

agar with 5%  for 48 hours

sheep blood
Campylobacter Muller Hinton — Tryptic soy At 36° C. 49x10° ND <0.78
Jejuni agar with 5%  for 48 hours

sheep blood

*ND: Not determined due to non-specific turbidity caused by the precipitation of gallium nitrate at some dilutions.
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isopropylmyristate, polysorbate 60, potassium hydroxide,
propyleneglycol, distilled water and stearyl alcohol. These
formulations can be suitably packaged for use in a conven-
tional manner.

Example 3
Disinfection of Inanimate Objects

[0070] A liquid formulation in a form of an aqueous solu-
tion of 5% by weight gallium phosphate and 5% by weight
dimethyl benzyl ammonium chloride is prepared and pack-
aged for use in households, hospitals, barber shops and
beauty parlors as a surface treatment agent for disinfecting
objects whose surfaces are prone to acting as sites for the
growth of pathogenic organisms. Such a formulation can be
used by application to such surfaces in a conventional man-
ner.

Example 4
Animal Feeds

[0071] In the formulation of animal feeds whereby various
nutrients and adjuvants are added to grains that are fed to
domestic animals, gallium tartrate at 200 mg/kg feed is added
to the feed separately or in combination with the aforesaid
ingredients to ensure optimal mixing. The gallium tartrate can
be applied as an aqueous solution using conventional equip-
ment to achieve dispersal of the gallium tartrate throughout
the feed.

7. EQUIVALENTS

[0072] Those skilled in the art to which the present inven-
tion is related will recognize, or be able to ascertain many
equivalents to the specific embodiments of the invention
described herein using no more than routine experimentation.
Such equivalents are intended to be encompassed by the
following claims.

[0073] All publications, patents and patent applications
mentioned in this specification are herein incorporated by
reference into the specification.

[0074] Citation or discussion of a reference herein shall not
be construed as an admission that such is prior art to the
present invention.

1. A toothpaste comprising a gallium compound.

2. The toothpaste of claim 1, wherein the gallium com-
pound is at least one selected from the group consisting of
gallium nitrate, gallium maltolate, gallium citrate, gallium
phosphate, gallium chloride, gallium fluoride, gallium car-
bonate, gallium formate, gallium acetate, gallium sulfate,
gallium tartrate, gallium oxalate, gallium, and gallium oxide.

3. The toothpaste of claim 1, wherein the gallium com-
pound is a gallium complex selected from the group consist-
ing of gallium pyrones, gallium pyridones, gallium hydroxy-
mates, gallium aminocarboxylates, gallium oximes, and
gallium complexed with transferrin and lactoferrin.

4. The toothpaste of claim 1, wherein the concentration of
the gallium compound is at least about 1 uM.

5. The toothpaste of claim 4, wherein the concentration of
the gallium compound is at least about 500 uM.

6. The toothpaste of claim 5, wherein the concentration of
the gallium compound is at least about 1 mM.

7. A mouthwash comprising a gallium compound.

8. The mouthwash of claim 7, wherein the gallium com-
pound is at least one selected from the group consisting of
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gallium nitrate, gallium maltolate, gallium citrate, gallium
phosphate, gallium chloride, gallium fluoride, gallium car-
bonate, gallium formate, gallium acetate, gallium sulfate,
gallium tartrate, gallium oxalate, gallium, and gallium oxide.

9. The mouthwash of claim 7, wherein the gallium com-
pound is a gallium complex selected from the group consist-
ing of gallium pyrones, gallium pyridones, gallium hydroxy-
mates, gallium aminocarboxylates, gallium oximes, and
gallium complexed with transferrin and lactoferrin.

10. The mouthwash of claim 7, wherein the concentration
of the gallium compound is at least about 1 pM.

11. The mouthwash of claim 10, wherein the concentration
of'the gallium compound is at least about 500 pM.

12. The mouthwash of claim 11, wherein the concentration
of the gallium compound is at least about 1 mM.

13. A method of preventing dental cavity, comprising
applying a prophylactically effective amount of a gallium
compound to a tooth surface and/or an oral cavity of a subject.

14. The method of claim 13, wherein the gallium com-
pound is formulated as a toothpaste or a mouthwash.

15. A method of treating a vaginal infection, comprising
applying a therapeutically effective amount of a gallium com-
pound to the vagina.

16. The method of claim 15, wherein the gallium com-
pound is formulated as a cream, ointment, solution, gel, or
suppository.

17. The method of claim 15, wherein the gallium com-
pound is at least one selected from the group consisting of
gallium nitrate, gallium maltolate, gallium citrate, gallium
phosphate, gallium chloride, gallium fluoride, gallium car-
bonate, gallium formate, gallium acetate, gallium sulfate,
gallium tartrate, gallium oxalate, gallium, and gallium oxide.

18. The method of claim 15, wherein the gallium com-
pound is a gallium complex selected from the group consist-
ing of gallium pyrones, gallium pyridones, gallium hydroxy-
mates, gallium aminocarboxylates, gallium oximes, gallium
complexed with transferrin, lactoferrin, and heme.

19. The method of claim 15, wherein the concentration of
the gallium compound is at least about 1 uM.

20. The method of claim 19, wherein the concentration of
the gallium compound is at least 500 pM.

21. The method of claim 20, wherein the concentration of
the gallium compound is at least 1 mM.

22. The method of claim 15, wherein the gallium com-
pound is applied in combination with a probiotic.

23. The method of claim 22, wherein the probiotic is a
non-pathogenic species of genus Lactobacillus.

24. The method of claim 23, wherein the probiotic micro-
organism is at least one selected from the group consisting of
Lactobacillus acidophilus, Lactobacillus plantarum, Lacto-
bacillus leichmannii, Lactobacillus johnsonni, Lactobacillus
and delbrueckii.

25. A method of treating or preventing oral thrash caused
by Candida albicans, comprising applying a therapeutically
effective amount of a gallium compound to an oral cavity of
a subject in need thereof.

26. A method of controlling a growth of microorganisms on
a surface of an inanimate object, comprising applying an
effective amount of a gallium compound to a surface of the
object.

27. The method of claim 26, wherein the object is selected
from the group consisting of a contact lens, a denture, a dental
retainer, a toothbrush, an implant, a bandage, a wound dress-
ing, and a medical device.
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28. An animal feed comprising a gallium compound.

29. The animal feed of claim 28 further comprising a pro-
biotic.

30. A contact-lens disinfecting solution comprising a gal-
lium compound.

31. A method of controlling a growth of microorganisms in
food, comprising applying a gallium compound to the food.

32. The method of claim 31, wherein the food is a grain or
a vegetable.

33. The method of claim 31, wherein the food is an animal
product selected from the group consisting of fish, eggs, dairy
products and meat.

34. A method of controlling the growth of pathogenic
microorganisms on a skin surface of a subject comprising
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applying a therapeutically effective amount of a gallium com-
pound to the skin surface of the subject.

35. A method of treating or preventing a skin infection
comprising applying a therapeutically effective amount of a
gallium compound to a skin wound of a subject in need
thereof.

36. A method of disinfecting a skin surface of a subject
comprising applying a therapeutically effective amount of a
gallium compound to the skin surface of the subject.

37. The method of claim 34, wherein the gallium com-
pound is formulated as a cream, a lotion, a solution, an aero-
sol, an ointment, or a gel.
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