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(57) ABSTRACT 

Small molecules and their derivatives are described for the 
treatment and/or prevention of intestinal fluid loss. Also dis 
closed are methods of using said molecules and their deriva 
tives to treat and/or prevent conditions associated with 
increased levels of 3',5'-adenosine monophosphate. Specific 
compositions of the invention are also novel. 
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METHODS AND COMPOSITIONS TO 
INHIBIT EDEMAFACTOR AND ADENYLYL 

CYCLASE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority to U.S. Provisional 
Application No. 60/944,375 filed on Jun. 15, 2007, and U.S. 
Provisional Application No. 61/035,269 filed on Mar. 10, 
2008, both of which are incorporated herein by reference in 
their entirety. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH ORDEVELOPMENT 

0002 The present invention was developed with funds 
from the United States Government grants number NIAID 
U01AI5385802 and DAMD 170210699. Therefore, the 
United States Government has certain rights in the invention. 

TECHNICAL FIELD 

0003. The present invention relates generally to treatment 
of biological conditions and/or chemical compounds. The 
present invention also relates to a method of treating condi 
tions caused by increased 3',5'-adenosine monophosphate 
levels and compositions used to treat Such conditions. Addi 
tionally, the invention relates to a method of treating intestinal 
fluid loss. 

BACKGROUND OF THE INVENTION 

0004. The pathogenesis of several diseases involve factors 
that increase the concentration of 3',5'-adenosine monophos 
phate (cAMP) in the tissues of humans and nonhuman ani 
mals. In mammalian cells this important intracellular media 
tor is formed by the conversion of adenosine triphosphate 
(ATP) to cAMP; the latter reaction is catalyzed by adenylyl 
cyclase. Bacterial cells also form cAMP catalyzed by a 
prokaryotic version of adenylyl cyclase. 
0005. An increase in tissue cAMP concentration is the key 
factor in numerous bacterial infections. For example, the 
bacterial toxins produced by Vibrio cholerae and many 
strains of enterotoxinogenic Escherichia coli (ETEC) stimu 
late intestinal epithelial cell adenylyl cyclase, evoking an 
increase in the intracellular and extracellular levels of cAMP 
(FIG. 1). The physiological consequence of this effect is the 
stimulatory impact of cAMP on the chloride, potassium, and 
Sodium channels in the membranes of cells lining the lumen 
of the small intestine. The hypersecretion of chloride and 
other ions culminate in the accumulation of water and elec 
trolytes in the intestinal lumen that ultimately becomes diar 
rhea. This is also known as cholera, in the case of V. cholerae 
and Tourista or Travelers diarrhea in the case of Escherichia 
coli. 
0006. Other bacteria that evoke increases in tissue cAMP 
include Bordetella pertussis, the causative agent of whooping 
cough or Pertussis. These bacteria secrete two bacterial pro 
teins that increase cAMP levels in the respiratory tract. One 
virulence factor is a bacterial adenylyl cyclase that is taken up 
by respiratory cells and converts respiratory ATP to cAMP. In 
addition, B. pertussis secretes pertussis toxin, which binds to 
respiratory cells and stimulates mammalian adenylyl cyclase 
in cells of the respiratory tract (Young and Collier, 2007). The 
physiological significance of these bacteria needing to 
increase cAMP in the respiratory tract is not entirely clear, but 
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it is known that cAMP inhibits phagocytosis of bacteria by 
macrophages (mop) and polymorphonuclear neutrophils 
(PMNs), which would limit the protection of the body against 
bacteria. Drugs that increase lung cAMP levels cause dilata 
tion of the airways, which could facilitate the access to and 
colonization of the alveolar sacs. Since cAMP stimulates the 
expression of many mammalian cell genes, proteins thus 
formed could enhance the synthesis of tissue receptors for 
bacteria and their toxins. 

0007 Much of the tissue edema in patients infected with 
B. anthracis is attributed to the B. anthracis edema toxin, 
which is a combination of edema factor (EF) and protective 
antigen (PA). The latter protein binds the anthrax toxins to 
receptors on target cells in the lungs and many other tissues 
throughout the body (Firoved et al., 2005; Milne et al., 1995). 
Although all these examples are bacterial infections, some 
tumor types are known to hypersecrete prostaglandins (e.g., 
PGE) that stimulate adenylyl cyclase in epithelial cells along 
the intestinal tract to form excessive amounts of cAMP. These 
patients have virtually continuous diarrhea. All possible uses 
of Small molecules that inhibit adenylyl cyclase may not yet 
be obvious; however, many drugs used in the treatment of 
asthma patients work by increasing cAMP levels to open the 
airways. In patients over medicated with drugs like theo 
phyline, a small molecule inhibitor of adenylyl cyclase could 
be used to neutralize excessive levels of cAMP. There may be 
multiple clinical uses for small molecules that inhibit adeny 
lyl cyclase. 
0008. As described above, many pathogenic bacteria, 
regardless of their cellular morphology and grouping, pro 
duce toxins with similar functions that are often plasmid 
encoded. For example, Bacillus anthracis, a Gram-positive, 
spore-forming, rod-shaped bacterium, produces two types of 
factors that enhance its lethality, a polysaccharide capsule 
(Drysdale et al., 2005) and two protein toxins, lethal toxin 
(LT) and edema toxin (ET). Both toxins are lethal when 
injected into mice, and they suppress the functions of mac 
rophages, polymorphpneutrophils, and lymphocytes. Thus, 
there is a need for toxin inhibitors as an adjunct to antibiotic 
treatment. One component of both toxins is protective antigen 
(PA), which enables the cell entry of the enzymatic toxin 
components lethal factor (LF) and edema factor (EF) (Abrami 
et al., 2005). LF contains metalloprotease activity that is 
specific for the MAP kinase proteins. An inhibitor of LF has 
been identified, and shown to be an effective adjunct to anti 
biotic therapy in animal studies (Xiong et al., 2006). This 
inhibitor does not affect the activity of EF, which is an ade 
nylyl cyclase analogous to that produced by Bordetella per 
tussis (the causative agent of whooping cough) (Munier et al., 
1992; Hewlett et al., 1979; Hewlett et al., 1976). These “ade 
nylyl cyclase' toxins (Drum et al., 2002; Shen et al., 2005) 
catalyze the intracellular production of cAMP from ATP 
(Leppla, 1982; de Rooijet al., 1998: Lacy et al., 2002: Lacy et 
al., 2002). High levels of cAMP perturb the water homeosta 
sis of the cell leading to abnormalities in the intracellular 
signaling pathways and chloride channel stimulation (Ajuha 
et al., 2004; Ascenzi et al., 2002: Peterson et al. 2001), This 
contributes to edema (and widening) of the mediastinum 
located between the lobes of the lungs of patients with inha 
lation anthrax. Patients with cutaneous anthrax often display 
tissue edema near the lesion. Inhibitors that would bind to EF 
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and prevent its intracellular enzymatic activity could reduce 
the severity of infections by B. anthracis and other bacteria 
that produce similar toxins. Currently known cAMP inhibi 
tors in the art are toxic (Soelaiman et al., 2003), demonstrat 
ing a need for the current invention. 

BRIEF SUMMARY OF THE INVENTION 

0009. An embodiment of the invention is a method of 
treating and/or preventing intestinal fluid loss in a Subject. In 
a general embodiment the composition comprises atherapeu 
tically effective amount of a compound or a pharmaceutically 
acceptable salt thereof that is administered to a subject. In a 
specific embodiment the general formula of the compound is 
selected from the group consisting of: 

Formula I 
O 

D R2 
R4 pi R 

Formula II 

Formula III 
COH 

OH 

N N 

Formula IV 
R 

(x) 
W. 

k / z’& 
Formula V 
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-continued 
Formula VI 

R 

(X) 

C 
Formula VII 

R 

(X). 

co 
Formula VIII 

R 

(X) pi 

Formula IX 

W. (X) 

0010 and any combination thereof. In specific embodi 
ments of the invention, the R group of the general formula is 
cyclic orbicyclic ring structure; R is a cyclic or bicyclic ring 
structure; R is a hydrogen, cyclic or bicyclic ring structure; 
Z is selected from the group consisting of hydrogen, alkenyl, 
alkynyl, phenyl, benzyl, halo, fluoro, chloro, bromo, iodo, 
hydroxy, keto, OXO, aldo, carbonate, carboxy, alkoxy, ester, 
carboxamido, amino, ammonio, imino, imido, azido, azo, 
cyanato, isocyano, isocyanato, isothiocyanato, nitroxy, 
cyano, nitrosooxy, nitro, nitroso, 4-pyridyl, 3-pyridyl, 2-py 
ridyl, thioether, Sulfonyl, Sulfo, Sulfinyl, mercapto, Sulfanyl. 
Sulfhydryl, Sulfonamino, thiocyanato, alkyl amino, 
hydroxyamic acid, methyl, ethyl, 1,3-dioxylanyl, propyl, iso 
propyl, butyl, tert-butyl, unsubstantiated or substituted 
branched or unbranched alkyl, (C1-C3) alkenyl, unsubstan 
tiated or substituted branched or unbranched aryl, unsubstan 
tiated or substituted branched or unbranched alkylaryl, 
unsubstantiated or substituted branched or unbranched car 
bohydrate; W is selected from the group consisting of CO, 
NH, methylene, Sulfur atom, oxygen atom and thionyl: X is 
alkyl, oxygen, an ester, an amine, or an amide; and, m and in 
are the same or different and are 0 or 1. In another specific 
embodiment of the invention, R is substituted or unsubsti 
tuted and selected from the group consisting of phenyl, pyra 
nonyl, pyridyl, imidazolyl, 1.8-napthyridinyl, and N-oxide 
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pyridyl. In a further embodiment of the invention, R is mono, 
di, tri, tetra, or appropriately penta Substituted with a func 
tional group selected form the group consisting of alkenyl, 
alkynyl, phenyl, benzyl, halo, fluoro, chloro, bromo, iodo, 
hydroxy, keto, oxo, aldo, carbonate, carboxy, alkoxy, ester, 
carboxamido, amino, ammonio, imino, imido, azido, azo, 
cyanato, isocyano, isocyanato, isothiocyanato, nitroxy, 
cyano, nitroSooxy, nitro, nitroso, 4-pyridyl, 3-pyridyl, 2-py 
ridyl, thioether, Sulfonyl, Sulfo, Sulfinyl, mercapto, Sulfanyl. 
Sulfhydryl, Sulfonamino, thiocyanato, alkyl amino, 
hydroxyamic acid, methyl, ethyl, 1,3-dioxylanyl, propyl, iso 
propyl, butyl, tert-butyl, unsubstantiated or substituted 
branched or unbranched alkyl, (C1-C3) alkenyl, unsubstan 
tiated or substituted branched or unbranched aryl, unsubstan 
tiated or substituted branched or unbranched alkylaryl, 
unsubstantiated or substituted branched or unbranched car 
bohydrate and any combination thereof. In another embodi 
ment of the invention, R is mono, di, tri, tetra, or appropri 
ately penta Substituted with a functional group selected form 
the group consisting of alkenyl, alkynyl, phenyl, benzyl, halo, 
fluoro, chloro, bromo, iodo, hydroxy, keto, oxo, aldo, carbon 
ate, carboxy, alkoxy, ester, carboxamido, amino, ammonio, 
imino, imido, azido, azo, cyanato, isocyano, isocyanato, 
isothiocyanato, nitroxy, cyano, nitroSooxy, nitro, nitroso, 
4-pyridyl, 3-pyridyl, 2-pyridyl, thioether, sulfonyl, sulfo, 
Sulfinyl, mercapto, Sulfanyl, Sulfhydryl, Sulfonamino, thiocy 
anato, alkyl amino, hydroxyamic acid, methyl, ethyl, 1.3- 
dioxylanyl, propyl, iso-propyl, butyl, tert-butyl, unsubstanti 
ated or substituted branched or unbranched alkyl, (C1-C3) 
alkenyl, unsubstantiated or substituted branched or 
unbranched aryl, unsubstantiated or substituted branched or 
unbranched alkylaryl, unsubstantiated or substituted 
branched or unbranched carbohydrate and any combination 
thereof. In a specific embodiment of the invention, R is a 
cyclic or bicyclic ring structure, Substituted or unsubstituted 
and selected from the group consisting of phenyl, pyridyl, and 
furanyl. In a further embodiment of the invention, R is mono, 
di, tri, tetra, or appropriately penta Substituted with a func 
tional group selected form the group consisting of alkenyl, 
alkynyl, phenyl, benzyl, halo, fluoro, chloro, bromo, iodo, 
hydroxy, keto, oxo, aldo, carbonate, carboxy, alkoxy, ester, 
carboxamido, amino, ammonio, imino, imido, azido, azo, 
cyanato, isocyano, isocyanato, isothiocyanato, nitroxy, 
cyano, nitroSooxy, nitro, nitroso, 4-pyridyl, 3-pyridyl, 2-py 
ridyl, thioether, Sulfonyl, Sulfo, Sulfinyl, mercapto, Sulfanyl. 
Sulfhydryl, Sulfonamino, thiocyanato, alkyl amino, 
hydroxyamic acid, methyl, ethyl, 1,3-dioxylanyl, propyl, iso 
propyl, butyl, tert-butyl, unsubstantiated or substituted 
branched or unbranched alkyl, (C1-C3) alkenyl, unsubstan 
tiated or substituted branched or unbranched aryl, unsubstan 
tiated or substituted branched or unbranched alkylaryl, 
unsubstantiated or substituted branched or unbranched car 
bohydrate and any combination thereof. 
0011. An embodiment of the invention is a method of 
treating or preventing a condition associated with increased 
3'-5'-adenosine monophosphate levels in a Subject. In a gen 
eral embodiment the composition comprises atherapeutically 
effective amount of a compound or a pharmaceutically 
acceptable salt thereof is administered to a subject. In a spe 
cific embodiment the general formula of the compound is 
selected from the group consisting of: 
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Formula VIII 
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0012 and any combination thereof. In specific embodi 
ments of the invention, the R group of the general formula is 
cyclic orbicyclic ring structure; R is a cyclic orbicyclic ring 
structure; R is a hydrogen, cyclic or bicyclic ring structure; 
X is alkyl, oxygen, an ester, an amine, or an amide; Z is 
selected from the group consisting of hydrogen, alkenyl, 
alkynyl, phenyl, benzyl, halo, fluoro, chloro, bromo, iodo, 
hydroxy, keto, oxo, aldo, carbonate, carboxy, alkoxy, ester, 
carboxamido, amino, ammonio, imino, imido, azido, azo, 
cyanato, isocyano, isocyanato, isothiocyanato, nitroxy, 
cyano, nitroSooxy, nitro, nitroso, 4-pyridyl, 3-pyridyl, 2-py 
ridyl, thioether, Sulfonyl, Sulfo, Sulfinyl, mercapto, Sulfanyl. 
Sulfhydryl, Sulfonamino, thiocyanato, alkyl amino, 
hydroxyamic acid, methyl, ethyl, 1,3-dioxylanyl, propyl, iso 
propyl, butyl, tert-butyl, unsubstantiated or substituted 
branched or unbranched alkyl, (C1-C3) alkenyl, unsubstan 
tiated or substituted branched or unbranched aryl, unsubstan 
tiated or substituted branched or unbranched alkylaryl, 
unsubstantiated or substituted branched or unbranched car 
bohydrate; W is selected from the group consisting of CO, 
NH, methylene, Sulfur atom, oxygenatom and thionyl; and, m 
and n are the same or different and are 0 or 1. In another 
specific embodiment of the invention, R is substituted or 
unsubstituted and selected from the group consisting of phe 
nyl, pyranonyl, pyridyl, imidazolyl, 1.8-napthyridinyl, and 
N-oxide pyridyl. In a further embodiment of the invention, R 
is mono, di, tri, tetra, or appropriately penta Substituted with 
a functional group selected form the group consisting of 
alkenyl, alkynyl, phenyl, benzyl, halo, fluoro, chloro, bromo, 
iodo, hydroxy, keto, oxo, aldo, carbonate, carboxy, alkoxy, 
ester, carboxamido, amino, ammonio, imino, imido, azido, 
aZo, cyanato, isocyano, isocyanato, isothiocyanato, nitroxy, 
cyano, nitroSooxy, nitro, nitroso, 4-pyridyl, 3-pyridyl, 2-py 
ridyl, thioether, Sulfonyl, Sulfo, Sulfinyl, mercapto, Sulfanyl. 
Sulfhydryl, Sulfonamino, thiocyanato, alkyl amino, 
hydroxyamic acid, methyl, ethyl, 1,3-dioxylanyl, propyl, iso 
propyl, butyl, tert-butyl, unsubstantiated or substituted 
branched or unbranched alkyl, (C1-C3) alkenyl, unsubstan 
tiated or substituted branched or unbranched aryl, unsubstan 
tiated or substituted branched or unbranched alkylaryl, 
unsubstantiated or substituted branched or unbranched car 
bohydrate and any combination thereof. In another embodi 
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ment of the invention, R is mono, di, tri, tetra, or appropri 
ately penta Substituted with a functional group selected form 
the group consisting of alkenyl, alkynyl, phenyl, benzyl, halo, 
fluoro, chloro, bromo, iodo, hydroxy, keto, oxo, aldo, carbon 
ate, carboxy, alkoxy, ester, carboxamido, amino, ammonio, 
imino, imido, azido, azo, cyanato, isocyano, isocyanato, 
isothiocyanato, nitroxy, cyano, nitroSooxy, nitro, nitroso, 
4-pyridyl, 3-pyridyl, 2-pyridyl, thioether, sulfonyl, sulfo, 
Sulfinyl, mercapto, Sulfanyl, Sulfhydryl, Sulfonamino, thiocy 
anato, alkyl amino, hydroxyamic acid, methyl, ethyl, 1.3- 
dioxylanyl, propyl, iso-propyl, butyl, tert-butyl, unsubstanti 
ated or substituted branched or unbranched alkyl, (C1-C3) 
alkenyl, unsubstantiated or substituted branched or 
unbranched aryl, unsubstantiated or substituted branched or 
unbranched alkylaryl, unsubstantiated or substituted 
branched or unbranched carbohydrate and any combination 
thereof. In a specific embodiment of the invention, R is a 
cyclic or bicyclic ring structure, Substituted or unsubstituted 
and selected from the group consisting of phenyl, pyridyl, and 
furanyl. In a further embodiment of the invention, R is mono, 
di, tri, tetra, or appropriately penta Substituted with a func 
tional group selected form the group consisting of alkenyl, 
alkynyl, phenyl, benzyl, halo, fluoro, chloro, bromo, iodo, 
hydroxy, keto, OXO, aldo, carbonate, carboxy, alkoxy, ester, 
carboxamido, amino, ammonio, imino, imido, azido, azo, 
cyanato, isocyano, isocyanato, isothiocyanato, nitroxy, 
cyano, nitrosooxy, nitro, nitroso, 4-pyridyl, 3-pyridyl, 2-py 
ridyl, thioether, Sulfonyl, Sulfo, Sulfinyl, mercapto, Sulfanyl. 
Sulfhydryl, Sulfonamino, thiocyanato, alkyl amino, 
hydroxyamic acid, methyl, ethyl, 1,3-dioxylanyl, propyl, iso 
propyl, butyl, tert-butyl, unsubstantiated or substituted 
branched or unbranched alkyl, (C1-C3) alkenyl, unsubstan 
tiated or substituted branched or unbranched aryl, unsubstan 
tiated or substituted branched or unbranched alkylaryl, 
unsubstantiated or substituted branched or unbranched car 
bohydrate and any combination thereof. 
0013. In an embodiment of the invention, the compound 
used in the general embodiment is from the group consisting 
of FIV-50, FIV-1, FIV-29, FIV-31, FIV-34, FIV-35, FIV-39, 
FIV-40, FIV-46, FIII-1, FII-1, FI-3, FI-1, FI-2, FIV-54, FIV 
58, FIV-55, FIV-53, FIV-67, FIV-70, FIV-65, FIV-68, FIV-66, 
FIV-61, FIV-60, FIV-64, FIV-71, FIV-46, FIV-72, FIV-73, 
FIV-49, FIV-75, and any combination thereof. 
0014. In a specific embodiment of the invention, the 
method of treating intestinal fluid loss comprises inhibiting 
adenylyl cyclase, edema factor, CTA1, or any combination 
thereof. In another embodiment, the intestinal fluid loss is the 
result of infection of one or more pathogens. In a specific 
embodiment, the pathogen is B. anthracis, V. cholerae, E. 
coli, Pertussis, Y. pestis, or any combination thereof. In a 
further specific embodiment, when the pathogenis B. anthra 
cis, the method may further comprise administration of a LT 
inhibitory drug. In another specific embodiment, the LT 
inhibitory drug is selected from the group consisting of besta 
tin, captopril, adefovir, and any combination thereof. In a 
general embodiment of the invention the intestinal fluid loss 
is caused by an increase in 3',5'-adenosine monophosphate 
levels in the subject's tissue. In a specific embodiment of the 
invention, the intestinal fluid loss is caused by cancer. 
0015. In another embodiment of the invention, the com 
position is administered in combination with one or more 
other drugs. In a further embodiment of the invention, the 
drug is an antibiotic or an anti-inflammatory. In another 
embodiment, the composition comprises a pharmaceutically 
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acceptable carrier. In another embodiment of the invention, 
the composition is administered through a route selected from 
the group consisting of alimentary, parenteral, topical, 
mucosal, inhalation and any combination thereof. In a spe 
cific embodiment of the invention, the compound is delivered 
at dosages between 0.01 mM and 10 mM. In a further specific 
embodiment of the invention, the compound is delivered at 
dosages between 0.1 mM and 1 mM. In another embodiment 
of the invention, the Subject is a human. 
0016. Another embodiment of the invention is a composi 
tion comprising a compound selected from the group consist 
ing of FIV-50, FIV-1, FIV-29, FIV-31, FIV-34, FIV-35, 
FW-39, FIV-40, FIV-46, FIII-1, FII-1, FI-3, FI-1, FI-2, FIV 
54, FIV-58, FIV-55, FIV-53, FIV-67, FIV-70, FIV-65, FIV-68, 
FIV-66, FIV-61, FIV-60, FIV-64, FIV-71, FIV-46, FIV-72, 
FIV-73, FIV-49, FIV-75 and any combination thereof. The 
invention may also comprise any one or more of the above 
compounds individually or combinations thereof. 
0017. Another embodiment of the invention is a kit for 
treating and/or preventing a medical condition directly or 
indirectly, the treatment intestinal fluid loss caused by 3',5'- 
adenosine monophosphate increased levels in a subject. In a 
general embodiment the kit comprises a therapeutically 
effective amount of a compound or a pharmaceutically 
acceptable salt thereof is administered to a subject. In a spe 
cific embodiment the general formula of the compound is 
selected from the group consisting of: 
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0018 and any combination thereof. In specific embodi 
ments of the invention, the R group of the general formula is 
cyclic orbicyclic ring structure; R is a cyclic orbicyclic ring 
structure; R is a hydrogen, cyclic or bicyclic ring structure; 
X is alkyl, oxygen, an ester, an amine, or an amide; Z is 
selected from the group consisting of hydrogen, alkenyl, 
alkynyl, phenyl, benzyl, halo, fluoro, chloro, bromo, iodo, 
hydroxy, keto, OXO, aldo, carbonate, carboxy, alkoxy, ester, 
carboxamido, amino, ammonio, imino, imido, azido, azo, 
cyanato, isocyano, isocyanato, isothiocyanato, nitroxy, 
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cyano, nitroSooxy, nitro, nitroso, 4-pyridyl, 3-pyridyl, 2-py 
ridyl, thioether, Sulfonyl, Sulfo, Sulfinyl, mercapto, Sulfanyl. 
Sulfhydryl, Sulfonamino, thiocyanato, alkyl amino, 
hydroxyamic acid, methyl, ethyl, 1,3-dioxylanyl, propyl, iso 
propyl, butyl, tert-butyl, unsubstantiated or substituted 
branched or unbranched alkyl, (C1-C3) alkenyl, unsubstan 
tiated or substituted branched or unbranched aryl, unsubstan 
tiated or substituted branched or unbranched alkylaryl, 
unsubstantiated or substituted branched or unbranched car 
bohydrate; W is selected from the group consisting of CO, 
NH, methylene, Sulfur atom, oxygenatom and thionyl; and, m 
and n are the same or different and are 0 or 1. In another 
specific embodiment of the invention, R is substituted or 
unsubstituted and selected from the group consisting of phe 
nyl, pyranonyl, pyridyl, imidazolyl, 1.8-napthyridinyl, and 
N-oxide pyridyl. In a further embodiment of the invention, R 
is mono, di, tri, tetra, or appropriately penta Substituted with 
a functional group selected form the group consisting of 
alkenyl, alkynyl, phenyl, benzyl, halo, fluoro, chloro, bromo, 
iodo, hydroxy, keto, oxo, aldo, carbonate, carboxy, alkoxy, 
ester, carboxamido, amino, ammonio, imino, imido, azido, 
aZo, cyanato, isocyano, isocyanato, isothiocyanato, nitroxy, 
cyano, nitroSooxy, nitro, nitroso, 4-pyridyl, 3-pyridyl, 2-py 
ridyl, thioether, Sulfonyl, Sulfo, Sulfinyl, mercapto, Sulfanyl. 
Sulfhydryl, Sulfonamino, thiocyanato, alkyl amino, 
hydroxyamic acid, methyl, ethyl, 1,3-dioxylanyl, propyl, iso 
propyl, butyl, tert-butyl, unsubstantiated or substituted 
branched or unbranched alkyl, (C1-C3) alkenyl, unsubstan 
tiated or substituted branched or unbranched aryl, unsubstan 
tiated or substituted branched or unbranched alkylaryl, 
unsubstantiated or substituted branched or unbranched car 
bohydrate and any combination thereof. In another embodi 
ment of the invention, R is mono, di, tri, tetra, or appropri 
ately penta Substituted with a functional group selected form 
the group consisting of alkenyl, alkynyl, phenyl, benzyl, halo, 
fluoro, chloro, bromo, iodo, hydroxy, keto, oxo, aldo, carbon 
ate, carboxy, alkoxy, ester, carboxamido, amino, ammonio, 
imino, imido, azido, azo, cyanato, isocyano, isocyanato, 
isothiocyanato, nitroxy, cyano, nitroSooxy, nitro, nitroso, 
4-pyridyl, 3-pyridyl, 2-pyridyl, thioether, sulfonyl, sulfo, 
Sulfinyl, mercapto, Sulfanyl, Sulfhydryl, Sulfonamino, thiocy 
anato, alkyl amino, hydroxyamic acid, methyl, ethyl, 1.3- 
dioxylanyl, propyl, iso-propyl, butyl, tert-butyl, unsubstanti 
ated or substituted branched or unbranched alkyl, (C1-C3) 
alkenyl, unsubstantiated or substituted branched or 
unbranched aryl, unsubstantiated or substituted branched or 
unbranched alkylaryl, unsubstantiated or substituted 
branched or unbranched carbohydrate and any combination 
thereof. In a specific embodiment of the invention, R is a 
cyclic or bicyclic ring structure, Substituted or unsubstituted 
and selected from the group consisting of phenyl, pyridyl, and 
furanyl. In a further embodiment of the invention, R is mono, 
di, tri, tetra, or appropriately penta Substituted with a func 
tional group selected form the group consisting of alkenyl, 
alkynyl, phenyl, benzyl, halo, fluoro, chloro, bromo, iodo, 
hydroxy, keto, oxo, aldo, carbonate, carboxy, alkoxy, ester, 
carboxamido, amino, ammonio, imino, imido, azido, azo, 
cyanato, isocyano, isocyanato, isothiocyanato, nitroxy, 
cyano, nitroSooxy, nitro, nitroso, 4-pyridyl, 3-pyridyl, 2-py 
ridyl, thioether, Sulfonyl, Sulfo, Sulfinyl, mercapto, Sulfanyl. 
Sulfhydryl, Sulfonamino, thiocyanato, alkyl amino, 
hydroxyamic acid, methyl, ethyl, 1,3-dioxylanyl, propyl, iso 
propyl, butyl, tert-butyl, unsubstantiated or substituted 
branched or unbranched alkyl, (C1-C3) alkenyl, unsubstan 
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tiated or substituted branched or unbranched aryl, unsubstan 
tiated or substituted branched or unbranched alkylaryl, 
unsubstantiated or substituted branched or unbranched car 
bohydrate and any combination thereof. The R. R. R. and Z 
groups can be embodied as described above in other embodi 
ments. In a specific embodiment the kit further comprises a 
drug selected from the group consisting of an antibiotic, an 
antidiarrheal, and a LT inhibitory drug. In another general 
embodiment, the kit further comprises a pharmaceutically 
acceptable carrier. 
0019. The foregoing has outlined rather broadly the fea 
tures and technical advantages of the present invention in 
order that the detailed description of the invention that fol 
lows may be better understood. Additional features and 
advantages of the invention will be described hereinafter 
which form the subject of the claims of the invention. It 
should be appreciated by those skilled in the art that the 
conception and specific embodiment disclosed may be 
readily utilized as a basis for modifying or designing other 
structures for carrying out the same purposes of the present 
invention. It should also be realized by those skilled in the art 
that such equivalent constructions do not depart from the 
spirit and scope of the invention as set forth in the appended 
claims. The novel features which are believed to be charac 
teristic of the invention, both as to its organization and method 
of operation, together with further objects and advantages 
will be better understood from the following description 
when considered in connection with the accompanying fig 
ures. It is to be expressly understood, however, that each of the 
figures is provided for the purpose of illustration and descrip 
tion only and is not intended as a definition of the limits of the 
present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0020 For a more complete understanding of the present 
invention, reference is now made to the following descrip 
tions taken in conjunction with the accompanying drawings. 
0021 FIG. 1 shows a scheme for the mechanism of patho 
genic action of B. anthracis. 
0022 FIG. 2 shows a scheme for the mechanism of action 
of cholera toxin from Vibrio cholerae. 

0023 FIG.3 demonstrates a comparison of the metal sites 
in two crystal structures of B. anthracis anthrax EF (Protein 
Database (PDB) designations: 1 K90, 1XFV), in crystal struc 
ture of B. Pertussis (1ZOT) and in crystal structure of the 
mammalian AC(1CJV): FIGS. 3A & E shows the active site 
of EF (from 1K90) with 1 metal (Yb). Residues Asp491, 
Asp493, His577 of EF and the C-phosphate of 3'-dATP che 
late the metal ion. FIGS. 3B & F shows the active site of EF 
(from 1XFV) which shows two Mgions 4.32 A apart. Mg.901 
chelate residues Asp491, Asp493 and His577 of EF, while 
Mg101 chelate the oxygen atoms from the three phosphates 
of 3'-dATP. 3C & G). The active site of B. Pertussis (from 
1ZOT) which shows three Mg ions. Mg.902 interacts with 
Asp188. Mg.902 interacts with the O-phosphate of EMA. 
M9901 chelates with residues Asp188 Asp190, and the 
O-phosphate EMA. FIGS. 3D & H show the active site of 
mammalian adenylyl cyclase (from 1CJV) with two metal 
(Zn and Mg) ions. The Mgion chelates the C. B. Y phosphates 
of 23'-ddATP, Asp396 and Asp440. The Znion chelates the 
O-phosphates of 23'-ddATP, Asp396 and Asp440. 
0024 FIG. 4 shows the structures of 3'dATP, 2,3'-ddATP, 
EMA and PGE-imidazole. 
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0025 FIG. 5 shows an example of a fragment based phar 
macophore that may be used with the UNITY program in 
Sybyl to do a 3-D search of the over 250,000 compounds in 
the NCI database. 
0026 FIG. 6A shows lead compounds obtained by screen 
ing the NCI database with UNITY (the numbers below the 
structure represent NCI code/FlexX score). FIG. 6 B shows 
examples of fragments based on these lead compounds. Such 
fragments were used for 2-D ZINC database searches. 
0027 FIG. 7 demonstrates the scheme for screening of 
compound libraries to select novel inhibitors of EF. 
0028 FIG.8 shows CTA1 (top domain) and ARG (bottom 
domain) for designing selective cholera toxin inhibitors. 
NAD is shown docked into CTA and GTP is shown docked 
into ARF in the active sites. 
0029 FIG. 9 shows NAD+ docked into the active site of 
CTA1. 

0030 FIG. 10 shows the active site of anthrax EF (PDB 
1K90) and fragments used for UNITY search of the NCI 
database. FIG. 10A. shows the active site of EF and hydrogen 
bond interactions between the residues in the active site and 
the Substrate 3'dATP. FIG. 10B. Shows the location of the best 
binding fragments in the active site. F1: phenyl ring; F2, F3, 
and F4: carboxyl groups: F5: ammonium group. FIG. 10C. 
overlays the fragments and the Substrate analogue in the 
crystal structure, 3'dATP. FIG. 10D demonstrates an example 
of the fragment combination, containing two carboxyl groups 
(F2 and F3) and a phenyl ring (F1), for a pharmacophore used 
in a UNITY search. 
0031 FIG. 11 shows a flowchart illustrating the scheme 
used to select the final set of 19 compounds from approxi 
mately 10,000 initial hits from the ZINC database. 
0032 FIG. 12 shows the AutoDock results for known 
inhibitors and Substrates of edema factor, including three 
from a previous report of nucleotide based inhibitors (Sole 
iman) in comparison to a selected 19 compounds. Note that, 
consistent with their mediocre docking scores, the Soleiman 
compounds have relatively low ability to inhibit EF. 
0033 FIG. 13 shows four compounds with their coore 
sponding IC50 values. 
0034 FIG. 14 shows a comparison of three selected com 
pounds with PGE-imidazole for their ability to inhibit cAMP 
production induced by Edema Toxin (EdTx). RAW 264.7 
cells were incubated with various concentrations of PGE 
imidazole or the inhibitors and then treated with 30 nM PA 
and 7 nM EF for 4 hours. IBMX (50 uM, phosphodiesterase 
inhibitor) was added to each well. Each sample was done in 
triplicate. Note that all three compounds were more active 
than PGE-imidazole in this assay. The compounds are 1) 
FIII-1, 2) FII-1 and 3) FIV-50 in Table 1. 
0035 FIG. 15 shows a comparison of the cAMP levels 
from the ELISA assay with cells given edema factor between 
DC-5 treated cells and an additional compounds. Figures with 
two graphs show two independent assays at different pH. The 
additional compound in FIG. 15A is FIV-61; in FIG. 15B is 
FIV-39; in FIG.15C is FIV-67; in FIG.15D is FIV-65; in FIG. 
15E is FIV-70; in FIG. 15F is FIV-68; in FIG. 15G is FIV-66; 
in FIG.15His FIV-64; in FIG. 15I is FIV-54; in 15J is FIV-35; 
in 15K is FIV-59; in FIG. 15L is FIV-55; in FIG. 15M is 
FIV-58; in FIG. 15N is FIV-53; in FIG. 15O is FIV-60. 
0036 FIG. 16 shows a comparison of the cAMP levels 
from the ELISA assay with cells given edema factor between 
DC-5 and an additional compound. All compounds pH was 
~7-8 and the curve was fit against the Log Normal cumulative 
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for all compounds. The additional compound in FIG. 16A is 
FIV-46; in FIG.16B is FIV-71; in FIG.16C is FIV-72; in FIG. 
16D is FIV-73; in FIG. 16E is FIV-75; and in FIG. 16F is 
FIV-35. 
0037 FIG. 17 shows the structures of exemplary com 
pounds designed by modifying FIV-50 and FII-1 to modify 
activity. 
0038 FIG. 18 shows exemplary compounds designed to 
be more soluble and less toxic and their corresponding com 
putationally calculated mutagenicity. 
0039 FIG. 19 shows exemplary FIV-50 derivatives with 
activities <20 uM. 
0040 FIG. 20 demonstrates docking the inhibitor PGE 
imidazole, into 1K90 and 1XFV with three docking programs 
by comparing the best ranked pose with the experimental 
pose of 3'dATP, FIG. 20A is PGE-imidazole docked to 1K90 
with AutoDock; FIG.20B is PGE-imidazole docked to 1K90 
with LigandFit/Cerius2; FIG.20C is PGE-imidazole docked 
to 1K90 with FlexX; FIG. 20D is PGE-imidazole docked to 
1XFV with AutoDock; FIG. 20E is PGE-imidazole docked 
to 1XFV with LigandFit/Cerius2: FIG. 20F is PGE-imida 
Zole docked to 1XFV with FlexX. 
0041 FIG. 21 compares the docking scores for the depro 
tonated States and protonated States of 25 compounds 
screened from NCI and ZINC databases and 4 ATP ana 
logues, with the most active inhibitors of EF from the search 
marked by *. The docking scores for other known substrates 
and inhibitors of EF are indicated by symbols as follows: i: 
the CyaA inhibitor EMA.96: ATP; &: 3'dATP; S: 2'3' ddATP, 
FIG. 21A shows the compounds docked into 1K90 with 
AutoDock. FIG. 21B shows the compounds docked into 
1XFV with AutoDock. FIG. 21C shows the compounds 
docked into 1CJV with AutoDock. 
0042 FIG. 22 is the lowest energy AutoDock conforma 
tion of the inhibitor KMO11 in the EF active site. Note the 
methoxy group is close to the metal ion, and both rings are 
pointed toward the inner face of the active site. This is the only 
compound in the series that does this. FIG.22B1B shows the 
binding from the other side of the cleft, with an overlay of the 
ATP analogue position for clarity. 
0043 FIG.23 shows an overlay of the docking positions of 
Some exemplary compounds. Here, all of the compounds 
have a carbonyl that points toward the metal ion, but the 
additional rings face toward the front of the active site. 
0044 FIG.24 is in vitro extracellular cAMP concentration 
assay with cholera toxin with compounds PEG-2-imidazole 
and FI-3. 

004.5 FIG.25 is in vivo extracellular cAMP concentration 
assay with choelra toxin with compounds PEG-2-imidazole 
and FI-1. 
0046 FIG. 26 is a LDH cytotoxicity assay for FI-3. 
0047 FIG. 27 is a LDH cytotoxicity assay for FI-1. 
0048 FIG. 28 is a LDH cytotoxicity assay for FI-2. 
0049 FIG.29 is an extracellular cAMP assay with cholera 
toxin comparing the compounds PEG-2-imidazole, FII-1, 
and FIV-50. 

0050 FIG. 30 is an extracellular cAMP assay with EF 
comparing FIII-1, FIV-50, and FII-1. 
0051 FIG. 31 is a LDH cytotoxicity assay for FIV-50. 
0052 FIG. 32 is a LDH cytotoxicity assay for FIII-1, 
FIV-50, and FII-1. 
0053 FIG. 33 is a schematic for the methods used in the 
mouse ETEC model experiments. 
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0054 FIG. 34 shows CFU/segment given a specific dose 
of FIV-50 in the ETEC murine model. 
0055 FIG. 35 demonstrates the intestinal weight given 
FIV-50 doses in the ETEC murine model. 
0056 FIG. 36 shows the ratio of the weight and length 
given the FIV-50 dose in the ETEC murine model. 
0057 FIG. 37 compares treatment in the ETEC murine 
model of PGE-imidazole and FIV-50. FIG. 37A is the intes 
tinal weight. FIG. 37B is the ratio of weight to length. 
0058 FIG. 38 shows the bacterial count in the ETEC 
murine model given different dosages of FIV-50. 
0059 FIG.39 shows the histology of the murine intestines 
given the ETEC model and treatment with FIV-50 or PGE 
imidazole. 
0060 FIG. 40 shows electron microscopy of the CD-1 
mouse intestine with PGE-imidazole treatment. 
0061 FIG. 41 shows 32,000x electron microscopy of the 
CD-1 mouse intestine with PGE.-imidazole treatment. 
0062 FIG. 42 shows 64,000x electron microscopy of the 
CD-1 mouse intestine with PGE-imidazole treatment. 
0063 FIG. 43 shows electron microscopy of the CD-1 
mouse intestine with PGE-imidazole treatment. 
0064 FIG. 44 shows electron microscopy of the CD-1 
mouse intestine with FIV-50 treatment. 
0065 FIG. 45 shows weight/length in a time course of 
FIV-50 treated mice. 
0.066 FIG. 46 demonstrates bacterial counts in the intes 
tine of the treated mice. 
0067 FIG. 47 is the average weight/length of the intestine 
of oral vs. i.p. FIV-50 initial dose treated mice. 
0068 FIG. 48 shows the bacterial count in the mice intes 
tine (ETEC: enterotoxigenic E. coli: EPEC: enteropathogenic 
E. coli, EAEC: enteroaggregative E. coli). 
0069 FIG. 49 demonstrates Bacterial growth rate in LB 
+/-FIV-50 (Additional strains). 
0070 FIG. 50 shows the effect of FIV-50 on bacterial 
adhesion to HeLa cells (ETEC: enterotoxigenic E. coli: 
EPEC: enteropathogenic E. coli: EAEC: enteroaggregative E. 
coli, S. typhimurium). 
(0071 FIG. 51 shows the effect of FIV-50 on bacterial 
adhesion to HeLa cells (ETEC: enterotoxigenic E. coli: 
EHEC: enterohemorrhagic E. coli: EAEC: enteroaggregative 
E. coli, Vibriocholerae). 
0072 FIG. 52 shows the effect of FIV-50 on bacterial 
adhesion to HeLa cells (ETEC: enterotoxigenic E. coli, Vib 
riocholerae, Shigella flexneri). 
0073 FIG. 53 demonstrates the effect of FIV-50 on bac 

terial adhesion to Caco-2 cells (ETEC: enterotoxigenic E. 
coli: EPEC: enteropathogenic E. coli, EAEC: enteroaggrega 
tive E. coli, Salmonella typhimurium). 
0074 FIG. 54 shows the effect of FIV-50 on bacterial 
adhesion to Caco-2 cells (ETEC: enterotoxigenic E. coli: 
EHEC: enterohemorrhagic E. coli, Vibriocholerae, Shigella 
flexneri). 
0075 FIG.55 shows bacterial counts in mice infected with 
ETEC 

0076 FIG. 56 demonstrates the effect of PGE-imidazole 
on mouse intestinal fluid loss during experimental infection 
with CT. 
0077 FIG. 57 shows the effect of pre-incubation with 
PGE-imidazole on mouse intestinal fluid loss during experi 
mental infection with CT. 
0078 FIG. 58 demonstrates the effect of FI-3 on mouse 
intestinal fluid loss during experimental infection with CT. 
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(0079 FIG. 59 demonstrates the effect of pre-incubation 
with FI-3 on mouse intestinal fluid loss during experimental 
infection with CT. 
0080 FIG. 60 demonstrates the effect of FI-2 on mouse 
intestinal fluid loss during experimental infection with CT. 
I0081 FIG. 61 shows the effect of pre-incubation with FI-2 
on mouse intestinal fluid loss during experimental infection 
with CT. 
0082 FIG. 62 is a visualization of the intestines of mice 
pre- and post-treated with FI-2. FIG. 62A is no treatment 
(prior to surgery); FIG. 62B is a mouse pre-treated with FI-2 
i.p. for 4 h; FIG. 62C is FI-2-pre-treated mice post-ligation; 
FIG. 62D is the 1% DMSO-treated mouse control, 4 h; FIG. 
62E is a 1% DMSO-treated mouse control, 7 h; FIG. 62F is a 
mouse pre-treated with FI-2 i.p. for 5.5 h; FIG. 62G is a 
mouse pre-treated with FI-2 i.p. for 7 h; FIG. 62H is a mouse 
loop ligation with CT-treatment; 3 hpost-surgery: FIG. 62I is 
amouse pre-treated with FI-2 i.p. for 4 hand then loop ligated 
with CT/FI-2; 3 h post-surgery. 
0083 FIG. 63 demonstrates the effect of FI-1 on mouse 
intestinal fluid loss during experimental infection with CT. 
0084 FIG. 64 shows the effect of FIV-50 on mouse intes 
tinal fluid loss during experimental infection with CT. 
I0085 FIG. 65 demonstrates the effect of pre-incubation 
with FIV-50 on mouse intestinal fluid loss during experimen 
tal infection with CT. 
I0086 FIG. 66 shows the effect of pre-incubation with 
FII-1 on mouse intestinal fluid loss during experimental 
infection with CT. 
0087 FIG. 67 shows a scheme with a covalent adduct 
formed as the intermediate. 
I0088 FIG. 68 is a scheme showing the use of the Suzuki 
reaction to synthesis compounds. 
I0089 FIG. 69 shows a number of simple compounds that 
exhibit adenylyl cyclase inhibition activity. 
0090 FIG. 70 shows histidine and imidazole adducts of 
prostaglandin-E. 
0091 FIG.71 is a scheme showing a single step reaction to 
make vinyl bromo enones. 
0092 FIG.72 is a depiction of a synthesis method to make 
the compound FIV-49. 

DETAILED DESCRIPTION OF THE INVENTION 

I. Exemplary Definitions 
0093. In keeping with long-standing patent law conven 
tion, the words “a” and “an' when used in the present speci 
fication in concert with the word comprising, including the 
claims, denote “one or more.” Some embodiments of the 
invention may consist of or consist essentially of one or more 
elements, method steps, and/or methods of the invention. It is 
contemplated that any method or composition described 
herein can be implemented with respect to any other method 
or composition described herein. 
0094. The phrase “therapeutically effective amount’ as 
used herein means that amount of a compound, material, or 
composition comprising a compound of the present invention 
that is effective for producing some desired therapeutic effect, 
e.g., treating (i.e., preventing and/or ameliorating) intestinal 
fluid loss, or a cAMP associated condition, at a reasonable 
benefit/risk ratio applicable to any medical treatment. In one 
embodiment, the therapeutically effective amount is enough 
to reduce or eliminate at least one symptom. One of skill in the 
art recognizes that an amount may be considered therapeuti 








































































































































