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WO 97/20565 PCT/US96/18652

COMPOSITIONS, CONTAINING BISMUTH AND ONE OR MORE ANTIMICROBIALS, FOR THE PRE-
VENTION AND TREATMENT OF GASTROINTESTINAL DISORDERS

BACKGROUND OF THE INVENTION

While bacteria and viruses have long been recognized as a leading cause of
diarrhea and other gastrointestinal illness throughout the world, it was not until
recently that cyanobacteria and algae have been considered in the etiology. Algal
blooms are occurring more often than before both in freshwater and coastal areas
due to human-made changes in the environment. Encyclopedia of Microbiology,
vol. 1, 68, (1992). Some of the bloom-forming algae produce toxic substances.
These aigae, which are ingested by mollusks and fish, may produce serious or
even life-threatening illness when the fish and shellfish are consumed by humans.
Id. In addition, species of cyanobacteria are becoming increasingly suspect for
causing diarrhea and other gastrointestinal illness in healthy and
immunocompromised subjects. Therefore, diarrhea and other gastrointestinal
‘disorders associated with algae and/or cyanobacteria represent a serious health
concern and the need for effective treatment therapies continues to grow.

It has been discovered by the present invention that the administration of
bismuth salts and one or more antimicrobials may be effective for the prevention
and/or treatment of gastrointestinal disorders caused or mediated by one or more
organisms selected from the group consisting of algae, cyanobacteria, and
combinations thereof. Thus, an object of the present invention is to provide safe
and effective compositions and methods for preventing and/or treating
gastrointestinal disorders caused or mediated by algae and/or cyanobacteria. A
further object of the invention is to provide such a method comprising the
administration of bismuth and one or more antimicrobials,

These and other objects of the present invention will become readily
apparent from the detailed description which follows.

SUMMARY OF THE INVENTION

The present invention relates to a method for treatment of a human or
lower animal subject having a gastrointestinal disorder caused or mediated by one
or more organisms selected from the group consisting of algae, cyanobacteria, and
combinations thereof, comprising administering to the subject from about 50
milligrams to about 5000 milligrams of bismuth, per day, for from about 1 to 56
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days; and from about 100 milligrams to about 10,000 milligrams of each of one or
more antimicrobials, per day, for from about 1 to about 21 days.

The present invention also relates to a method of prevention in a human or
lower animal for a gastrointestinal disorder caused or mediated by one or more
organisms selected from the group consisting of algae, cyanobacteria, and
combinations thereof, comprising administering to the subject from about 50
milligrams to about 5000 milligrams of bismuth, per day, for from about 1 to 21
days; and from about 100 milligrams to about 10,000 milligrams of each of one or
more antimicrobials, per day, for from about 1 to about 14 days.

DETAILED DESCRIPTION OF THE INVENTION

The methods of the present invention comprise the prevention and/or
treatment of gastrointestinal disorder caused or mediated by one or more alga
and/or cyanobacteria. Such gastrointestinal disorders are prevented and/or treated
by the administration of bismuth and one or more antimicrobials. The components
of the present invention are more fully defined below.

Gastrointestinal Disorder

The term "gastrointestinal disorder", as used herein, encompasses any
infection, disease or other disorder of body, typically the upper and/or lower
gastrointestinal tract, caused or mediated by one or more organisms selected from
the group consisting of algae, cyanobacteria, and combinations thereof Such
disorders include one or more of the following conditions: diarrhea, abdominal
pain and/or cramping, flatulence, nausea, abdominal distention, fever,
constipation, blood, mucus and/or Pus present in feces, vomiting, gastroenteritis,
weight loss, anorexia, malaise, and any other condition commonly associated with
infection by algae and/or cyanobacteria.

In immunocompromised subjects and children, gastrointestinal disorders
caused or mediated by algae and/or cyanobacteria may be more severe and life
threatening than the common disorders listed above. Therefore, the term
"gastrointestinal disorder" also includes any condition commonly associated with
algal and/or cyanobacterial infection in immunocompromised subject and children,
including but not limited to, acute diarrhea, dehydration, electrolyte imbalance,
colitis, and fatal necrosis of the intestine.

Algae and Cyanobacteria

Algae represent a large, heterogeneous group of primitive photosynthetic

organisms which occur throughout all types of aquatic habitats and moist

terrestrial environments. Nadakavukaren et al., Botany, An Introduction to Plant

Biology, 324-325, (1985). The term "algae", as used herein, refers to the
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following algal divisions: Chlorophyta (green algae), Euglenophyta (euglenoids),
Chrysophyta (golden and yellow-green algae, diatoms), Phaeophyta (brown
algae), Pyrrophyta (dinoflagellates), and Rhodophyta (red algae). Such divisions
are described more fully in Nadakavukaren et al, Botany, An Introduction to
Plant Biology, 324-349, (1985), Brock et al., Biology of Microorganisms, 815-
817, (1991), and Bold et al., Introduction to the Algae, 1-32, (1978), which are
incorporated herein by reference. ~ Green algae include Chlorella and
Chlorococcum. Euglenoids include Euglena mesnili, Trachelomonas armata, and
Phacus pleuronectes. Golden algae include Dinobryon, spp. and Synura, spp.
Diatoms include Nitzschia pungens, f maltiseries, and Nitzschia
pseudodelicatissima.  Brown algae include Pilayella littoralis (zoospores).
Dinoflagellates include Dinophysis acuminata, Dinophysis  norvegica,
Gymnodinium, and Gonyaulax catenella. Red algae include Rhodymenia, spp.
and Bangia, spp. Preferred algae are Chlorophyta such as Chilorella and
Chlorococcum; Chrysophyta such as Dinobryon and Synura; and combinations
thereof ~ Most preferred algae are Chlorophyta such as Chlorella and
Chlorococcum.

The term "cyanobacteria”, as used herein, refers to prokaryotic organisms
formerly classified as the blue-green algae. Cyanobacteria are a large and diverse
group of photosynthetic bacteria which comprise the largest subgroup of Gram-
negative bacteria. Cyanobacteria were classified as algae for many years due to
their ability to perform oxygen-evolving photosynthesis. Curtis, "Cyanobacteria,
Molecular Genetics", Encyclopedia of Microbiology, vol. 1, 627 (1992). While
many cyanobacteria have a mucilaginous sheath which exhibits a characteristic
blue-green color, the sheaths in different species may also exhibit colors including
light gold, yellow, brown, red, emerald green, blue, violet, and blue-black. Raven
et al,, Biology of Plants, Fourth Edition, 183-185, (1986), included herein by
reference.  Cyanobacteria include Microcystis aeruginosa, Trichodesmium
erythraeum, Aphanizomenon flos-aquae, and Anabaena flos-aquae.

Diagnosis of gastrointestinal disorders caused or mediated by algae may be
accomplished by any method commonly used in the medical community.

Bismuth

The methods of treatment and/or prevention in the present invention
involve administration of bismuth. As used herein, the quantity of bismuth is by
weight of elemental bismuth.

The preferred duration of bismuth administration will vary according to
the specific gastrointestinal disorder to be treated and the physical condition of the
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subject being treated. In general, as a method of treatment, bismuth may be
administered in an amount of from about 50 milligrams to about 5000 milligrams,
and preferably from about 50 milligrams to about 2500 milligrams, per day, for
from about 1 to about 56 days, preferably for from about 2 to about 28 days, and
most preferably for from about 7 to about 21 days.

In general, as a method of prevention, bismuth may be administered in an
amount of from about 50 milligrams to about 5000 milligrams, and preferably
from about 50 milligrams to about 2500 milligrams, per day, for from about | to
about 21 days, and preferably for from about 1 to about 14 days. In a method of
prevention, bismuth may be administered prior to potential exposure to aigae
and/or cyanobacteria. Such administration of bismuth may vary depending on the
likelihood of algae and/or cyanobacteria exposure and condition of the subject and
may be commenced at any time deemed beneficial by the medical community
including from about 1 to about 7 days, from about 2 to about 5 days, and from
about 3 to about 4 days, prior to potential exposure.

In the present invention, the term "bismuth”, as used herein, includes
bismuth in the form of a pharmaceutically-acceptable salt, bismuth or bismuth salt
in the form of an organic or other complex which contains bismuth as an active
ingredient, and mixtures thereof  Such organic complexes include 2,2'-
spirobi[1,,32-benzodoxabismole]. Preferably, bismuth is administered in the
present methods as a phannaceutically-acceptable salt. Such bismuth salts include
bismuth aluminate, bismuth subcarbonate, bismuth subcitrate, bismuth citrate,
tripotassium dicitrato bismuthate, bismuth subgalate, bismuth subnitrate, bismuth
tartrate, bismuth subsalicylate, and mixtures thereof Bismuth citrate, bismuth
subcitrate, tripotassium dicitrato bismuthate, bismuth tartrate, bismuth
subsalicylate, and mixtures thereof are preferred bismuth salts for use in this
invention.

The bismuth useful herein may be administered alone, or in combination
with other pharmaceutically-acceptable components in a bismuth-containing
composition. A variety of such compositions containing bismuth salts are
commercially available. Such compositions  include DeNol, containing
tripotassium dicitrato bismuthate (by Brocades); Bislumina, containing bismuth
aluminate (by Mazuelos); Roter, containing bismuth subnitrate (by Roterpharma);
Devrom®, containing bismuth subgalate (by The Parthenon Co., Inc.); and Pepto-
Bismol®, containing bismuth subsalicylate (by The Procter & Gamble Company).

As used herein, the term "administering” refers to any method which, in
sound medical practice delivers the compounds or compositions used in this
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invention to the subject to be treated in such a manner so as to be effective in the
treatment of the gastrointestinal disorder. Preferably, the bismuth is administered
orally.

Antimicrobial

The present invention also include administration of a safe and effective
amount of one or more antimicrobials, per day. As used herein, the term
"antimicrobial(s)" refers to one or more antimicrobials.

Typically, according to the present methods for prevention and treatment, .
each of the one or more antimicrobials is administered at a level of from about 100
milligrams to about 10,000 milligrams, per day, for from about 1 to about 28 days.
Preferably, each of the one or more antimicrobials is administered at a level of
from about 100 milligrams to about 8000 milligrams per day, and more preferably
at from about 100 milligrams to about 5000 milligrams per day. It is also
preferred that each of the antimicrobials is administered for from about 1 to about
7 to 10 days, more preferably for from about 1 to about 14 days, and most
preferably for from about 1 to about 21 days. In the methods for prevention, it is
further preferred that each of the one or more antimicrobials is administered for
from about 1 to about 14 days, and preferably for from about 1 to about 7 to 10
days.

The specific dosage of antimicrobial(s) to be administered, as well as the
duration of antimicrobial(s) treatment, are mutually dependent, and will also
depend upon such factors as the specific antimicrobial used, the number of
antimicrobials used in the treatment, the resistance pattern of the infecting
organism to the antimicrobial used, the ability of the antimicrobial to reach
minimum inhibitory concentrations at the site of the infection, the nature and
extent of other infections (if any), the personal attributes of the subject,
compliance with the treatment regimen, and the presence and severity of any side
effects of the treatment. Therefore, in the case of prevention or treatment with
more than one antimicrobial, the duration of administration should depend on the
type of antimicrobial rather than the administration of the antimicrobials for the
same number of days.

A wide variety of antimicrobials are useful in this invention. As used
herein, the term "antimicrobial” refers to any naturally-occurring, synthetic or
semi-synthetic compound or composition or mixture thereof, which is safe for
human use as used in the methods of this invention, and is effective in killing or
substantially inhibiting the algae and/or cyanobacteria when used in the methods
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of this invention. Antiprotozoal agents, antiparasitic agents and antibiotics are
among the preferred antimicrobials useful herein.

Antiprotozoal and antiparasitic agents suitable for use in the present
invention include any of the agents recognized in the medical community as
acceptable for treating protozoal infection. Such antiprotozoal and antiparasitic
agents include atovaquone, chloroquine phosphate, quinacrine hydrochloride,
iodoquinol, pyrimethamine, and mefloquine hydrochloride.

Antibiotics can be generally classified by chemical composition, into the
following principal groups: the aminoglycosides, such as gentamicin, neomycin,
kanamycin, and streptomycin; the macrolides, such as erythromycin, clindamycin,
and rifampin; the penicillins, such as penicillin G, penicillin V, ampicillin and
amoxycillin; the polypeptides such as bacitracin and polymyxin; the tetracyclines
such as tetracycline, chlortetracycline, oxytetracycline and doxycycline; the
cephalosporins such as cephalexin and cephalothin; quinolones such as
ciprofloxacin, norfloxacin and ofloxacin; and such miscellaneous antibiotics as
trimethoprim, sulfamethoxazole and the combination thereof, and
chloramphenicol. These antibiotics can generally be said to function in one of four
ways: inhibition of cell wall synthesis, alteration of cell wall permeability,
inhibition of protein synthesis or inhibition of nucleic acid synthesis.

Other antimicrobials useful herein include the sulfonamides; nitrofurans,
such nitrofurazon, nitrofurantoin, and furozolidone; metronidazole, tinidazole, and
nimorazole.  Antimicrobials among those useful herein are described in
M‘&Qﬂiﬁb&m@ﬁm& 18th Edition, pp. 1173-1232 ( 1990), which
is incorporated herein by reference.

While any of these antimicrobials may be used, penicillin, tetracycline,
metronidazole, doxycycline, tinidazole, amoxycillin, ampicillin, nitrofurantoin, and
atovaquone are among the preferred antimicrobials for use in the present
invention.

As stated above, the specific preferred quantity of antimicrobial and
duration of treatment used in the methods of this invention will, in addition to
other factors, depend upon the particular antimicrobial used and its pharmacology.
In general, though, the tetracyclines are preferably administered at a level of from
about 100 milligrams to about 2,000 milligrams per day. Macrolides (such as
erythromycin) are preferably administered at a level of from about 1,000
milligrams to about 4,000 milligrams per day. Penicillins are preferably
administered at a level of from about 500 milligrams to about 3,000 milligrams per
day. The aminoglycosides (such as neomycin) are preferably administered at a
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level of from about 100 milligrams to about 8,000 milligrams per day. Nitrofurans
(such as nitrofurantoin) are administered preferably at levels of from about 100
milligrams to about 800 milligrams per day. Preferably, metronidazole is
administered at a level of from about 375 or 500 to about 2,000 milligrams per
day. Preferably, atovaquone is administered at a level of from about 750 to about
2250 milligrams, per day.

The specific method of administering the antimicrobial, according to the
processes of this invention, may depend upon such factors as the particular
antimicrobial(s) used, the site of infection, the amount of antimicrobial(s) to be
administered per day, the presence of any adverse side effects, and the interactions
(if any) between the antimicrobial(s) and the bismuth. Thus, the antimicrobial(s)
may be administered under the process of this invention by single daily doses, or
by administration in two, three, four, or more doses per day.

Bismuth/Antimicrobial Compositions:

The present invention also provides compositions for the treatment of
gastrointestinal disorders comprising a safe and effective amount of bismuth and a
safe and effective amount of one or more antimicrobials. Typically, these
compositions comprise a safe and effective amount one or more antimicrobials; a
safe and effective amount of bismuth; and pharmaceutically-acceptable carrier
materials; wherein the safe and effective amount of the one or more antimicrobials
and the bismuth is effective for preventing and/or treating a gastrointestinal
disorder caused or mediated by one or more organisms selected from the group
consisting of algae, cyanobacteria, and combinations thereof.

A preferred composition comprises:

(3) from about 50 milligrams to about 5,000 milligrams of bismuth; and

(b) from about 100 milligrams to about 10,000 milligrams of each of one

or more antimicrobials.
Preferably, the bismuth salt is present at a level of from about 50 milligrams to
about 2500 milligrams. Also, preferably each of the one or more antimicrobials is
present at a level of from about 100 milligrams to about 8000 milligrams.

The compositions of the present invention may contain optional
components which affect the physical and therapeutic characteristics of the
present compositions. In particular, a variety of pharmaceutically-acceptable
carriers and excipients may be included, depending upon the particular dosage
form to be used. Various oral dosage forms can be used, including such solid
forms as tablets, capsules, granules and bulk powders. Tablets can be
compressed, tablet triturates, enteric-coated, sugar coated, film-coated or multiple



WO $7/20565 PCT/US96/18652

8

compressed, containing suitable binders, lubricants, diluents, disintegrating agents,
coloring agents, flavoring agents, flow-inducing agents and melting agents.
Liquid oral dosage forms include aqueous solutions, emulsions, suspensions,
solutions, and/or suspensions reconstituted from non-effervescent granules and
effervescent preparations reconstituted from effervescent granules, containing
suitable solvents, preservatives, emulsifying agents, suspending agents, diluents,
sweeteners, melting agents, coloring, and flavoring agents.

Specific examples of phannaceutically-acceptable carriers and excipients
that may be used to formulate oral dosage forms of the present invention are
described in U. S. Patent 3,903,297, Robert, issued September 2, 1975,
incorporated by reference herein. Techniques and compositions for making
dosage forms useful herein are described in the following references, all

incorporated by reference herein: 7 Modemn Pharmaceutics, Chapters 9 and 10
(Banker and Rhodes, editors, 1979); Lieberman, et al., Pharmaceutical Dosage

Forms: Tablets (1981); and Ansel et al., Pharmaceutical Dosage Forms and Drug

Delivery Systems, Fifth Edition, 134-254, (1990).

The compositions of this invention may be used according to the methods
of this invention by administering the composition from 1 to 7 times per day, and
preferably from 1 to 4 times per day; for from 1 to 21 days, preferably for from
about 1 to about 14 days. The specific frequency of administration will depend
upon such factors as the specific bismuth ‘compound or composition and
antimicrobial(s) used, the levels at which the components are incorporated in the
composition, the nature and severity of the condition to be treated, and the nature
of any concurrent therapy, if any.

Administration

The present invention comprises methods wherein the administration of
bismuth and the administration of one or more antimicrobials are performed
simultaneously (beginning and ending on the same day), concurrently
(overlapping), or consecutively (sequential, but wherein the course of the
treatment is substantially continuous). Preferably, the step of administering the
antimicrobial(s) is not commenced prior to commencing the step of administering
bismuth.

As used herein, the term “administering" refers to any method which, in
sound medical practice delivers the compounds or compositions used in this
invention to the subject to be treated in such a manner so as to be effective in the
treatment of the gastrointestinal disorder. Preferably, the bismuth is administered
orally.  Also preferably, the antimicrobial(s) is administered either orally,
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intravenously, or any other method which effects systemic distribution, or local
distribution to the site of the gastrointestinal disorder, of the antimicrobial(s) in
the subject. Oral ingestion of the antimicrobial(s) is a preferred method of
administering the antimicrobial(s) in the methods of this invention.
The following non-limiting examples illustrate the methods and uses of the
present invention.

EXAMPLE 1

A young boy suffers from abdominal cramps and painful acute diarrhea,
following a swim in his family's pond. Fecal samples are taken from the subject
and analyzed microscopically and via culture. There are no indications of bacterial
infection. Likewise, there are no indications of intestinal protozoa or worms.
Strangely, large numbers of green algae, determined to be Chlorococcum, are
evident in the diarrheic stools. The young boy is treated by administering a
composition containing bismuth subsalicylate, sold by The Procter & Gamble
Company under the name "Pepto-Bismol®". The composition, in liquid form, is
administered four times daily, in equal doses delivering approximately 2500
milligrams of bismuth per day, for 21 days, and 100 milligrams of furolzolidone,
four times daily, for about 10 days. After the completion of this regimen, fecal
samples from the subject are analyzed again, finding no trace of algal infection.
The patient remains asymptomatic, and another fecal analysis performed 5 months
later is normal.

In the above example, tripotassium dicitrato bismuthate, bismuth tartrate,
bismuth citrate, and bismuth subnitrate are substituted, respectively, for bismuth
subsalicylate, with substantially similar results.

E LETl

An elderly couple report fever, vomiting, and explosive diarrhea the
morning after an evening celebration at a local Japanese restaurant. Since the
couple prefer a vegetarian diet and ate only a Porphyra and kelp salad, the
traditional suspect, poorly cooked seafood, was ruled out. Wet mount analysis of
the fecal samples, show large numbers of a tiny, non-motile, unicellular green alga,
Chlorella. The infection is diagnosed and treated by concurrent administration of
750 milligrams of metronidazole, three times daily, for about 21 days and 25
milligrams of pyrimethamine in a tablet daily for the first 2 successive days. After
two days (commencing on the third day) approximately 400 milligrams of bismuth
in the form of bismuth subcitrate ("DeNol" sold by Brocades), is administered in
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four equal doses daily for about 28 days. Thereafter, fecal, samples from the
subject are analyzed again, finding no trace of algal infection.

In the above example, atovaquone, chloroquine phosphate, iodoquinol,
penicillin, erythromycin, nitrofuran, and tetracycline are substituted, respectively,
for metronidazole or pyrimethamine, with substantially similar results. In addition,
either antibiotic can be eliminated from the regimen (e.g., due to hypersensitivity)
and maintain therapeutic efficacy. Bismuth citrate, bismuth tartrate, bismuth
aluminate, bismuth subgalate, bismuth subsalicylate, and tripotassium dicitrato
bismuthate are substituted, respectively, for bismuth subcitrate, with substantially
similar results.

EXAMPLE II1

A Peace Corps volunteer diagnosed with AIDS, prepared for a temporary
assignment working at an AIDS hospice in Peru. The job description describes a
small village with sub-standard sanitation and water purification systems. The
people of the village had recently experienced an outbreak of dysentery attributed
to the cyanobacterium, Microcystis aeruginosa. Before leaving for his new
assignment, clinical results show no evidence of cyanobacterial infection. Before
departure, the subject is given approximately 800 milligrams of bismuth, in the
form bismuth subgalate (Devrom®, sold by The Parthenon Company, Inc.), in
four equal doses daily, and 750 milligrams of nitrofurantoin daily for about 21
days. Upon returning to the U.S., approximately 30 days after the initial clinical
analysis, the subject remains asymptomatic. Fecal samples from the subject are
analyzed and no evidence of a Cyanobacterial infection is found.
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What is claimed is:

1. The use of from 50 milligrams to 5000 milligrams of bismuth per day for from
1 to 56 days and from 100 to 10000 milligrams of each of one or more
antimicrobials per day for from 1 to 28 days for the manufacture of a
composition for the treatment of a gastrointestinal disorder caused or mediated
by one or more organisms selected from the group consisting of algae,
cyanobacteria and combinations thereof.

2. The use according to Claim 1 wherein the bismuth is administered at a level of
from about 50 milligrams to about 2500 milligrams, per day.

3. The use according to Claim 1 or 2 wherein the bismuth is selected from the
group consisting of bismuth aluminate, bismuth subcarbonate, bismuth
subcitrate, bismuth citrate, tripotassium dicitrato bismuthate, bismuth
subgalate, bismuth subsalicylate, bismuth tartrate, and mixtures thereof.

4. The use according to any of Claims 1-3 wherein each of the one or more
antimicrobials is administered at a level of from about 100 milligrams to about
8000 milligrams, per day.

5. The use according to any of Claims 1-4 wherein one or more antimicrobials are

selected from the group consisting of penicillin, tetracycline, metronidazole,
doxycycline, tinidazole, amoxycillin, ampicillin, nitrofurantoin, and atovaquone.

6. The use according to any of Claims 1-5 wherein the bismuth is administered for
from 2 to 28 days and the one or more antimicrobials are administered for from
1 to about 21 days.

7. The use according to any of Claims 1-6 wherein the organisms are chiorella,
chloroccum, algae and cyanobacteria selected from the group consisting of
Microcystis aeruginosa, Trichodesmium erythraeum, Anabaena Slos-aquae,
Aphanizomenon flos-aquae, and combinations thereof.

8. The use according to any of Claims 1-7 wherein said bismuth prevents a
gastrointestinal disorder caused or mediated by one or more organisms selected
from the group consisting of algae, cyanobacteria and combinations thereof
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comprising administering to the subject from 50 milligrams to 5000 milligrams
of bismuth, per day, for from 1 to 2] days; and from 100 milligrams to 10000

milligrams of each of one or more antimicrobials, per day, for from 1 to 14
days.

The use according to Claim 8 wherein the bismuth is administered for from 1 to

14 days and the one or more antimicrobials are administered for from 1 to 7-10
days.
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