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(57) ABSTRACT 
The present invention relates to a method of inhibiting a 
toxin in an animal, such as a human, by administering to the 
animal a therapeutically effective amount of a polymer 
having a plurality of pendant acid functional groups Which 
are directly attached to the polymer backbone or attached to 
the polymer backbone by a spacer group. The spacer group 
can have a length in the range from 0 to about 20 atoms. The 
toxin is, typically, an exotoxin secreted by a pathogenic 
microorganism, such as a bacterium. 
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ANIONIC POLYMERS AS TOXIN BINDERS 

RELATED APPLICATION 

[0001] This application is a continuation of US. applica 
tion Ser. No. 09/541,268, ?led Apr. 3, 2000 Which claims the 
bene?t of Provisional Application No. 60/133,975, ?led 
May 13, 1999, the contents of Which are incorporated herein 
by reference in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] Many pathogens produce toxins Which are detri 
mental, and in some cases, lethal, to the host organism. 
Toxins produced by pathogens can be classi?ed into tWo 
general categories, exotoxins and endotoxins. 

[0003] Exotoxins are generally proteins or polypeptides. 
These toxins, Which are secreted by the pathogen, can travel 
Within the host and cause damage in regions of the host far 
removed from the infection site. Symptoms associated With 
exotoxins vary greatly and include hemolysis, systemic 
shock, destruction of leukocytes, vomiting, paralysis and 
diarrhea. 

[0004] Enterotoxins are exotoxins Which act on the small 
intestine and cause massive secretion of ?uid into the 
intestinal lumen, leading to diarrhea. Enterotoxins are pro 
duced by a variety of bacteria, including the food-poisoning 
organisms Staphylococcus aureus, Clostridium perfringens, 
and Bacillus cereus, and the intestinal pathogens Vibrio 
cholerae, Escherichia coli, and Salmonella enteritidis. 

[0005] Endotoxins are lipopolysaccharides/lipoproteins 
found in the outer layer of the cell Walls of gram-negative 
bacteria. These lipopolysaccharides are bound to the cell 
membrane and are released upon cytolysis. Symptoms asso 
ciated With the release of endotoxins include fever, diarrhea 
and vomiting. Speci?cally, endotoxins stimulate host cells to 
release proteins, endogenous pyrogens, Which affect the area 
of the brain Which regulates body temperature. In addition to 
fever, diarrhea and vomiting, the host animal may experi 
ence a rapid decrease in lymphocyte, leukocyte, and platelet 
numbers, and enter into a general in?ammatory state. 

[0006] Although endotoxins are less toxic than exotoxins, 
large doses of endotoxins can cause death, generally through 
hemorrhagic shock and tissue necrosis. Examples of bacteria 
Which produce endotoxins include bacteria of the genera 
Escherichia, Shigella, and especially Salmonella. 

[0007] In some cases, the active disease caused by an 
exotoxin can be treated by administering an antitoxin to the 
patient. An antitoxin comprises antibodies to the toxin 
derived from the serum of an animal, typically a horse, 
Which has been immuniZed by injection of a toxoid, a 
nontoxic derivative of the toxin. HoWever, the effectiveness 
of antitoxins is limited because toxins are rapidly taken up 
by cells and become unavailable to the antibodies. Further 
more, the patient’s immune system can respond to foreign 
proteins present in the antitoxin, creating a condition knoWn 
as serum sickness. 

[0008] Therefore, a need exists for an improved method of 
treating a toxin-mediated condition Which signi?cantly 
reduces or eliminates the above-mentioned problems. 

SUMMARY OF THE INVENTION 

[0009] The present invention relates to a method of inhib 
iting a toxin in an animal, such as a human, by administering 
to the animal a therapeutically effective amount of a polymer 
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having a plurality of pendant acid functional groups Which 
are directly attached to the polymer backbone or attached to 
the polymer backbone by a spacer group. The spacer group 
can have a length in the range from 0 to about 20 atoms. The 
toxin is, typically, an exotoxin secreted by a pathogenic 
microorganism, such as a bacterium. 

[0010] Suitable acid functional groups include carboxylic 
acid, sulfonic acid, phosphonic acid, hydrosulfate, hydro 
phosphate, sulfamic acid and boronic acid groups. The acid 
groups can also be present in the conjugate base form in 
combination With a suitable cation. 

[0011] In one embodiment, the polymer to be administered 
is a copolymer characteriZed by a ?rst monomer or repeat 
unit having a pendant acid functional group and a second 
monomer or repeat unit having a pendant hydrophobic 
group. In another embodiment, the polymer is characteriZed 
by a monomer or repeat unit having a pendant acid func 
tional group and a pendant hydrophobic group. The polymer 
to be administered can, optionally, be further characteriZed 
by a monomer or repeat unit comprising a neutral hydro 
philic group, such as a hydroxyl group or an amide group. 

[0012] The present method has several advantages. For 
example, the polymers employed are easily prepared using 
standard techniques of polymer synthesis and inexpensive 
starting materials. The polymers Will not be substantially 
degraded in the gastrointestinal tract and, therefore, can be 
administered orally. Polymer compositions can also be 
readily varied, to optimiZe properties such as solubility, 
Water sWellability and toxin binding ability. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0013] The present invention relates to a method of inhib 
iting a pathogenic or microbial toxin in a patient, such as a 
human, by administering to the patient a therapeutically 
effective amount of a polymer comprising a plurality of 
pendant acid functional groups. The acid functional group 
can be directly bonded to the polymer backbone or linked to 
the polymer backbone by an aliphatic spacer group having 
a length of from 1 to about 20 atoms. 

[0014] As used herein the term “inhibiting a microbial 
toxin” refers to inhibiting the activity of a toxin Which is 
associated With the development of a particular disease state 
or medical condition. The microbial toxin is an endotoxin or 
exotoxin produced by a microorganism, such as a bacterium, 
a fungus or a protoZoan. The toxin can be inhibited by any 
mechanism, including, but not limited to, binding of the 
toxin by the polymer. As used herein, a “therapeutically 
effective amount” is an amount suf?cient to inhibit or 
prevent, partially or totally, tissue damage or other symp 
toms associated With the action of the toxin Within or on the 
body of the patient or to prevent or reduce the further 
progression of such symptoms. 

[0015] The term “monomer”, as used herein, refers to both 
a molecule comprising one or more polymeriZable func 
tional groups prior to polymeriZation, and a repeat unit of a 
polymer. A copolymer is said to characteriZed by the pres 
ence of tWo or more different monomers. 

[0016] As used herein, the term “polymer backbone” or 
“backbone” refers to that portion of the polymer Which is a 
continuous chain comprising the bonds Which are formed 
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between monomers upon polymerization. The composition 
of the polymer backbone can be described in terms of the 
identity of the monomers from Which it is formed, Without 
regard to the composition of branches, or side chains, off of 
the polymer backbone. Thus, poly(acrylic acid) is said to 
have a poly(ethylene) backbone Which is substituted With 
carboxylic acid (—C(O)OH) groups as side chains. 

[0017] A “pendant” group is a moiety Which forms a side 
chain or a portion of a side chain attached to the polymer 
backbone. A pendant group can, for example, be bonded 
directly to one or more atoms Within the polymer backbone 
or can be connected to the polymer backbone by Way of a 
spacer group. 

[0018] The acid-functionaliZed monomer comprises a 
pendant acid functional group, such as a carboxylic acid 
group, a sulfonic acid group, a hydrosulfate group, a phos 
phonic acid group, a sulfamic acid group, a hydrophosphate 
group or a boronic acid group. Acid functional groups are 
referred to herein as the acid or protonated form. HoWever, 
it is to be understood that any acid functional group can also 
exist in the conjugate base or deprotonated form in combi 
nation With a pharmaceutically acceptable cation. The poly 
mer to be administered can include acid functional groups in 
either the protonated form, the deprotonated form or a 
combination thereof. Suitable cations include alkali metal 
ions, such as sodium and potassium ions, alkaline earth ions, 
such as calcium and magnesium ions, transition metal ions 
and unsubstituted and substituted (primary, secondary, ter 
tiary and quaternary) ammonium ions. In one embodiment, 
the cation is a polyvalent metal ion, such as Ca2+, Mg2+, 
Zn2+, A13", Bi3+, Fe2+ or Fe“. 

[0019] It is preferred that the polymer is substantially free 
of acid anhydride groups. For example, less than 5%, 
preferably less than 2%. More preferably none of the acid 
functional groups Within the polymer are present in the 
anhydride form. 

[0020] The acid functional group can be directly bonded to 
the polymer backbone, or can be attached to the polymer 
backbone via a spacer group. The spacer group is a com 
ponent of the polymer side chain and connects the acid 
functional group to the polymer backbone. The spacer group 
can be linear, branched or cyclic, aliphatic, aromatic or 
partially aromatic and partially aliphatic. Suitable aliphatic 
spacer groups include normal or branched, saturated or 
partially unsaturated hydrocarbyl groups, including alkylene 
groups, for example, polymethylene groups such as 
—(CH2)n—, Wherein n is an integer from 1 to about 20, and 
cycloalkylene groups, such as the 1,4-cyclohexylene group. 
The alkylene group can be substituted or unsubstituted. 
Suitable alkylene substituents include hydroxyl groups and 
halogen atoms, for example, ?uorine, chlorine and bromine 
atoms. The alkylene group can also, optionally, be inter 
rupted at one or more points by a heteroatom, such as an 
oxygen, nitrogen or sulfur atom. Examples include the 
oxaalkylene groups —(CH2)2O[(CH2)2O]n(CH2)2—, 
Wherein n is an integer ranging from 0 to about 3. The spacer 
group can also be a partially unsaturated group, such as a 
substituted or unsubstituted C2-C2O-alkenylene group or a 
C2-C2O-alkenylene group interrupted at one or more points 
by a heteroatom. Suitable aromatic spacer groups include 
ortho-, meta- and para-phenylene groups, naphthylene 
groups and biphenylene groups. 
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[0021] In one embodiment, at least a portion of the repeat 
units Within the polymer further include a pendant hydro 
phobic group. The pendant hydrophobic group can be a 
substituted or unsubstituted, saturated or partially unsatur 
ated C2-C24-hydrocarbyl group or a substituted or unsubsti 
tuted aryl or arylalkyl group. Examples of suitable alkyl 
substituents include halogen atoms, such as ?uorine or 
chlorine atoms, and aryl groups, such as a phenyl group. 
Aryl substituents can include halogen atoms, C1-C6-alkyl 
groups and C1-C6-alkoxy groups. Preferably, the pendant 
hydrophobic group is a normal or branched C2-C24-alkyl 
group. 

[0022] In one embodiment, the polymer to be adminis 
tered is a homopolymer. In another embodiment, the poly 
mer to be administered is a copolymer Which is character 
iZed by an acid-functionaliZed monomer and a hydrophobic 
monomer. The term “hydrophobic monomer”, as used 
herein, is a monomer Which comprises a pendant hydropho 
bic group, as described above. Suitable hydrophobic mono 
mers include, but are not limited to, a substituted or unsub 
stituted N—C3-C24-alkylacrylamide, such as N-n 
decylacrylamide and N-isopropylacrylamide; substituted or 
unsubstituted C3-C24-alkylacrylates, such as n-butylacrylate 
and n-decylacrylate; styrene and substituted styrenes, such 
as penta?uorostyrene and 4-?uorostyrene; vinylnaphthalene 
and vinylbiphenyl. The copolymer can have a Wide range of 
compositions, comprising, for example, from about 10 mole 
% to about 50 mole % of the hydrophobic monomer, and 
from about 90 mole % to about 50 mole % of the acid 
functionaliZed monomer. 

[0023] In a preferred embodiment, the polymer to be 
administered is characteriZed by a repeat unit Which com 
prises one acid functional group. In this embodiment, no tWo 
acid functional groups Within the polymer Will be connected 
to adjacent polymer backbone atoms. In one embodiment, 
the polymer to be administered is characteriZed by a repeat 
unit or monomer of the general formula 

Y 

[0024] Wherein X is a spacer group, as described above, or 
a direct bond, R1 and R2 are each, independently, hydrogen 
or an alkyl group, preferably methyl or ethyl, and Y is an 
acid functional group. Examples of suitable monomers of 
this type include acrylic acid, methacrylic acid, vinylsul 
fonic acid, vinylphosphonic acid, 3-allyloxy-2-hydroxy-1 
propanesulfonic acid, vinylacetic acid and esters of vinyl 
alcohol and allyl alcohol With mineral acids, such as sulfu 
ric, phosphoric and boric acids, including vinyl hydrosul 
fate, vinyl dihydrophosphate, allyl hydrosulfate, allyl dihy 
drophosphate and conjugate bases thereof. The monomer 
can also be polymeriZed alkene Which is substituted With an 
acid functional group, such as undecenoic acid, undecenyl 
hydrosulfate and undecenyl sulfonic acid. Other suitable 
examples include acid-functionaliZed styrene, such as sty 
rene sulfonate, styrene phosphonate and vinylbenZoic acid, 
acid-functionaliZed vinylnaphthalene, such as vinylnaphtha 
lene sulfonate, and acid-functionaliZed vinylbiphenyl, such 
as vinylbiphenyl sulfonate. 
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[0025] In another embodiment, the polymer to be admin 
istered is characterized by a repeat unit or monomer of the 
general formula 

[0026] Wherein Z is oxygen or NH and X is a spacer group, 
as described above, or a direct bond. Y is an acid functional 
group and R1 and R2 are each, independently, hydrogen or an 
alkyl group, preferably methyl or ethyl. Examples of suit 
able monomers of this type include 2-acrylamidoglycolic 
acid and 2-acrylamido-2-methyl-1-propanesulfonic acid. 

[0027] Suitable copolymers for use in the present method 
include copolymers of acrylic acid and a C2-C20-alkylacry 
late, such as poly(acrylic acid-co-n-decylacrylate) and poly 
(acrylic acid-co-n-butylacrylate). Also included are copoly 
mers of acrylic acid and an N—C2-C2O alkylacrylamide, 
such as poly(acrylic acid-co-N-isopropylacrylamide) and 
poly(acrylic acid-co-N-n-decylacrylamide), and copolymers 
of acrylic acid With styrene or a substituted styrene, such as 
penta?uorostyrene or 4-?uorostyrene. 

[0028] In another embodiment, the polymer to be admin 
istered is a copolymer comprising an acid-functionaliZed 
monomer, a hydrophobic monomer and a neutral hydro 
philic monomer. A neutral hydrophilic monomer is a mono 
mer comprising a polar group Which is neither appreciably 
acidic nor appreciably basic at physiological pH. Examples 
of suitable neutral hydrophilic monomers include acryla 
mide, N-(2-hydroxyethyl) acrylamide, N-(3-hydroxypropy 
l)acrylamide, 2-hydroxyethylacrylate, vinyl acetate, vinyl 
alcohol and N-vinylpyrrolidone. A suitable copolymer of 
this type is the terpolymer poly(acrylic acid-co-n-decylacry 
late-co-acrylamide). 
[0029] The polymer to be administered can also be char 
acteriZed by a repeat unit comprising both a pendant hydro 
phobic group and a pendant acid functional group. Suitable 
hydrophobic groups and acid functional groups include 
those discussed above. Polymers of this type include poly(2 
alkylacrylic acid), Wherein the alkyl group comprises from 
2 to about 24 carbon atoms. One suitable polymer of this 
type is poly(2-ethylacrylic acid) or a conjugate base thereof. 
The polymer to be administered can also comprise a ?rst 
monomer having a pendant hydrophobic group and a pen 
dant acid functional group and a second neutral, hydrophilic 
monomer, such as the neutral hydrophilic monomers previ 
ously discussed. 

[0030] In one embodiment, the polymer to be adminis 
tered comprises a ?rst repeat unit Which comprises a pendant 
acid functional group and a second repeat unit Which com 
prises a pendant acid derivative, such as an amide group or 
an ester group. Suitable examples of polymers of this type 
include poly(styrenesulfonate) in Which a portion of the 
sulfonate groups have been converted to sulfonamide or 
sulfonate ester groups and polyacrylaye in Which a portion 
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of the carboxylate groups have been converted to amide or 
ester groups. The properties of the polymer can be varied by 
varying the amount and chemical features of the groups 
introduced into the polymer via the amidation or esteri?ca 
tion process. In one embodiment, the polymer comprises 
repeat units having pendant ester groups, Where the ester 
group is derived from an alcohol, such as menthol, a bile 
acid, such as cholic acid or lithocholic acid, or an alkanol, 
such as a normal or branched C4-C12-alkanol. In another 
embodiment, the polymer comprises repeat units having 
pendant amide groups, Where the amide groups are derived 
from an amine, such as an alkylamine, for example, a normal 
or branched C4-C12-alkylamine or an ammonioalkylamine. 
Suitable ammonioalkylamines include compounds of the 
formula R1(R2)(R3)N+(CH2)nNH2, Where R1, R2 and R3 are 
each, independently, hydrogen, a C1-C12-alkyl group or an 
arylalkyl group, and n is an integer from 1 to about 12. 

[0031] In another embodiment, the polymer to be admin 
istered is a copolymer comprising an acid-functionaliZed 
monomer or repeat unit, a cationic repeat unit and, option 
ally, a hydrophobic repeat unit and/or a neutral hydrophilic 
repeat unit. For example, the acid-functionaliZed, hydropho 
bic and neutral hydrophilic repeat unit can include any of the 
repeat units of these types discussed above. The cationic 
repeat unit carries a positive charge under physiological 
conditions, and, preferably, includes a pendant amino or 
ammonium group. Suitable repeat units of this type include 
those disclosed in US. patent application Ser. No. 08/934, 
495, incorporated herein by reference n its entirety. 
Examples of suitable cationic repeat units include ally 
lamine, N-substituted allylamine, quaterniZed allylamine, 
diallylamine, N-substituted diallylamine, quaterniZed dial 
lylamine, vinylamine, N-substituted vinylamine, quater 
niZed vinylamine, N-aminoalkylacrylamide and -methacry 
lamide, N-ammonioalkylacrylamide and -methacrylamide, 
aminoalkyacrylate and -methacrylate, and ammonioalky 
lacrylate and-methacrylate. The ratio of anionic and cationic 
repeat units can vary Widely, for example, from about 95% 
anionic monomer and 5% cationic monomer relative to the 
total charged monomers in the polymer, to about 5% anionic 
monomer and 95% cationic monomer relative to the total 
charged monomers. 

[0032] The polymers of use in the present method can be 
linear or crosslinked. The polymer can be crosslinked, for 
example, by the incorporation Within the polymer of a 
multifunctional comonomer. Suitable multifunctional co 
monomers include diacrylates, triacrylates and tetraacry 
lates, dimethacrylates, diacrylamides, diallylacrylamide, 
di(methacrylamides), triallylamine and tetraalkylammo 
nium ion. Speci?c examples include ethylene glycol diacry 
late, propylene glycol diacrylate, butylene glycol diacrylate, 
ethylene glycol dimethacrylate, butylene glycol dimethacry 
late, methylene bis(methacrylamide), ethylene bis(acryla 
mide), ethylene bis(methacrylamide), ethylidene bis(acryla 
mide), ethylidene bis(methacrylamide), pentaerythritol 
tetraacrylate, trimethylolpropane triacrylate, bisphenol A 
dimethacrylate, and bisphenol A diacrylate. Other suitable 
multifunctional monomers include polyvinylarenes, such as 
divinylbenZene. The amount of crosslinking agent is typi 
cally betWeen about 1.0% and about 30% by Weight relative 
to the Weight of the polymer, preferably from about 5% to 
about 25% by Weight. 
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[0033] The polymer can also be cross-linked subsequent to 
polymerization. For example, a portion of the acid func 
tional groups can be converted to a reactive derivative, as is 
knoWn in the art. For example, carboxylic acid and sulfonic 
acid groups react With thionyl chloride to produce, respec 
tively, acyl chloride and sulfonyl chloride groups. These 
reactive groups can then be reacted With a diamine, a 
dialcohol or an amino alcohol, preferably diamine, a dial 
cohol or an amino alcohol in Which the amino and/or 
hydroxyl groups are separated by an alkylene chain, such as 
a C3-C18-alkylene chain. This reaction results in the forma 
tion of ester and/or amide groups on a given polymer chain 
Which are linked to similar groups on adjacent polymer 
chains. The extent of cross-linking can be controlled, for 
example, by controlling the fraction of acid functional 
groups Which are converted to reactive groups. 

[0034] The molecular Weight of the polymer is not critical, 
but is, preferably, suitable for the intended mode of admin 
istration and alloWs the polymer to reach and remain Within 
the targeted region of the body. For example, a method for 
treating an intestinal infection should utiliZe a polymer of 
sufficiently high molecular Weight or degree of cross-linking 
to resist absorption, partially or completely, from the gas 
trointestinal tract into other parts of the body. Preferably, if 
linear, the polymer to be administered has a molecular 
Weight ranging from about greater than 1 million Daltons, 
such as 2,000 Daltons to about 500,000 Daltons, 5,000 
Daltons to about 150,000 Daltons, or about 25,000 Daltons 
to about 1 million Daltons. 

[0035] The polymers of use in the present method are 
preferably substantially nonbiodegradable and nonabsorb 
able. That is, the polymers do not substantially break doWn 
under physiological conditions into fragments Which are 
absorbable by body tissues. The polymers preferably have a 
nonhydrolyZable backbone, Which is substantially inert 
under conditions encountered in the target region of the 
body, such as the gastrointestinal tract. Polymer backbones 
Which are suitable for the present invention include poly 
acrylamide, polyacrylate, poly(vinyl) and poly(ethylene 
imine), polystyrene backbones. Aco-polymer of the present 
invention can comprise a combination of tWo or more of 
these backbone elements. The polymer to be administered 
can also be an condensation polymer, such as a polyamide 
or a polyester. 

[0036] The quantity of a given polymer to be administered 
Will be determined on an individual basis and Will be 
determined, at least in part, by consideration of the indi 
vidual’s siZe, the identity of the knoWn or suspected patho 
genic organism, the severity of symptoms to be treated and 
the result sought. The polymer can be administered alone or 
in a pharmaceutical composition comprising the polymer 
and one or more pharmaceutically acceptable carriers, dilu 
ents or excipients. The pharmaceutical composition can also, 
optionally, include one or more additional drugs, such as 
antibiotics, anti-in?ammatory agents or analgesics. 

[0037] The polymer can be administered by subcutaneous 
or other injection, intravenously, topically, orally, parenter 
ally, transdermally, or rectally through feeding tube. Prefer 
ably, the polymer or the pharmaceutical composition com 
prising the polymer is administered orally. The form in 
Which the polymer is administered, for example, poWder, 
tablet, capsule, solution, or emulsion, Will depend on the 
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route by Which it is administered. The therapeutically effec 
tive amount can be administered in a single dose or in a 
series of doses separated by appropriate time intervals, such 
as hours. 

[0038] The polymer can also administered in combination 
With one or more antimicrobial agents, for example, selected 
from among antibiotics Which are knoWn in the art. The 
antibiotic to be administered is, generally, selected based on 
the identity or suspected identity of the pathogenic micro 
organism, as is knoWn in the art. For example, if the 
pathogenic microorganism is C. parvum, one suitable anti 
biotic Which can be administered in combination With the 
polymer is paromomycin. The polymer and the antimicro 
bial agent can be administered simultaneously, for example, 
in separate dosage forms or in a single dosage form, or in 
sequence separated by appropriate time intervals. 

[0039] The term “antimicrobial agent” is intended to 
include antibacterial agents, antifungal agents, antiseptics 
and the like. The term “antibacterial agent” includes but is 
not limited to: naturally occurring antibiotics produced by 
microorganisms to suppress the groWth of other microor 
gansims, and agents synthesiZed or modi?ed in the labora 
tory Which have either bactericidal or baceriostatic activity, 
e.g., [3-lactam antibacterial agents including, e.g. carbencil 
lim; ampicillin, cloxacillin, oxacillin and pieracillin, cepha 
losporins and other cephems including, e.g. cefaclor, cefa 
mandole, cefaZolin, cefoperaZone, ceftaxime, cefoxitin, 
ceftaZidime, ceftriaZone and carbapenems incuding, elgl., 
imipenem and meropenem; and glycopeptides, macrolides, 
quinolones (e.g. nalidixic acid), tetracyclines, aminoglyco 
sides (e.g. Gentamicin and Paromomycin)and further 
includes antifungal agents. In general if an antibacterial 
agent is bacteriostatic, it means that the agent essentially 
stops bacterial cell groWth (but does not kill the bacteria); if 
the agent is bacteriocidal, it means that the agent kills 
bacterial cells (and may stop groWth before killing the 
bacteria). 
[0040] In one embodiment, the polymer Which comprises 
a plurality of pendant acid functional groups is administered 
in combination With a cationic polymer, preferably a poly 
mer comprising amino and/or ammonium groups. Examples 
of suitable polymers of this type are disclosed in copending 
application Ser. No. 08/934,495, incorporated herein by 
reference in its entirety. Suitable cationic polymers can be 
linear or cross-linked. Included are polymers comprising 
repeat units or monomers such as allylamine, diallylamine, 
diallylmethylamine, vinylamine, N-aminoalkylacrylamide, 
N-aminoalkylmethacrylamide, aminoalkylacrylate, ami 
noalkylmethacrylate and acid addition salts and monoalky 
lated, dialkylated and trialkylated (quaterniZed) derivatives 
thereof. Suitable cationic polymers include homopolymers 
of these repeat units and copolymers including at least one 
of these repeat units and, optionally, one or more hydropho 
bic monomers and/or neutral hydrophilic monomers, as 
discussed above. The acid-functionaliZed polymer and the 
cationic polymer can be administered in varying ratios by 
Weight and can be administered simultaneously, for 
example, in a single dosage form or in separate dosage 
forms, or in a sequence separated by minutes or hours. 
Suitable dosages and administration methods can be readily 
determined by one of skill in the art. In one embodiment, the 
anionic polymer is poly(styrensulfonate) and the cationic 
polymer is poly(diallylmethylamine) or poly(diallylmethy 
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lamine) in Which a portion of the repeat units have been 
alkylated, for example With a C4-C12-alkyl group, such as an 
octyl group or a decyl group. 

[0041] The polymers of the present invention can be 
prepared via methods knoWn in the art, for example, by 
direct polymeriZation of an acid-functionaliZed monomer or 
copolymeriZation of a monomer mixture comprising an 
acid-functionaliZed monomer and at least one additional 
co-monomer, such as a second acid-functionaliZed mono 
mer, a hydrophobic monomer, a neutral hydrophilic mono 
mer, a multifunctional cross-linking monomer or a combi 
nation thereof. The monomer mixture can be polymeriZed 
using, for example, methods of free radical, cationic or 
anionic polymeriZation Which are Well knoWn in the art. Due 
to differences in the reactivity ratios of tWo or more mono 
mers, the mole ratio of the monomers in the copolymer 
product can be different from the mole ratio of the mono 
mers in the initial reaction mixture. This reactivity difference 
can also result in a non-random distribution of monomers 
along the polymer chain. 

[0042] The polymers can also be synthesiZed by nucleo 
philic side chain substitution on a activated polymer. This 
method proceeds via an intermediate polymer having labile 
side chains Which are readily substituted by a desired side 
chain. Suitable polymers of this type include poly(N-acry 
loyloxysuccinimide) (pNAS), Which reacts With a primary 
amine, for example, to form an N-substituted polyacryla 
mide. Another suitable polymer With labile side chains is 
poly(4-nitrophenylacrylate), Which also forms an N-substi 
tuted polyacrylamide upon reaction With a primary amine. 

[0043] For example, a copolymer With a polyacrylamide 
backbone comprising amide nitrogen atoms substituted With 
an acid functional group and amide nitrogen atoms substi 
tuted With a hydrophobic group can be prepared by treating 
pNAS With less than one equivalent (relative to N-acryloy 
loxysuccinimide monomer) of a primary amine Which ter 
minates in an acid functional group, such as an amino acid, 
for example, glycine. A hydrophobic group can then be 
introduced by reacting at least a portion of the remaining 
N-acryloyloxysuccinimide monomers With a second pri 
mary amine, such as a C2-C2O-alkylamine. A co-polymer 
further comprising a neutral hydrophilic monomer can be 
prepared by reacting any remaining N-acryloyloxysuccin 
imide monomers With, for example, 2-aminoethanol or 
ammonia. Avariety of copolymer compositions can, thus, be 
readily obtained by treating the activated polymer With 
different ratios of selected amines. 

[0044] The polymers of use in the present method can also 
be synthesiZed by functionaliZation of a precursor polymer 
With an acid functional group. For example, a polymer 
having side chains Which include aryl groups can be sul 
fonated using knoWn methods to produce a polymer having 
pendant sulfonic acid groups. Precursor polymers Which 
include hydroxyl groups, such as poly(vinyl alcohol) and 
poly(allyl alcohol) can be sulfated using knoWn methods to 
form polymers comprising sulfate ester groups. Polymers 
having both acid functional groups and hydrophobic groups 
can also be synthesiZed using this general approach. For 
example, a poly(vinylarene) polymer, such as polystyrene 
can be sulfonated by reaction With, for example, fuming 
sulfuric acid, to form poly(styrene sulfonate). 

[0045] An acid-functionaliZed polymer can be modi?ed 
by converting at least a portion of the acid groups to an acid 
derivative, such as an amide or an ester. For example, 
poly(styrenesulfonate) can be reacted With a substoichio 
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metric amount, based on sulfonate groups, of thionyl chlo 
ride, thereby converting a portion of the sulfonate groups to 
sulfonyl chloride groups. The resulting polymer can, for 
example, be reacted With an excess of a primary amine to 
convert the sulfonyl chloride groups to N-substituted-sul 
fonamide groups or With an alcohol to convert the sulfonyl 
chloride groups to sulfonate ester groups. The hydrophobic 
ity of the resulting polymer can be varied by varying either 
or both of the N-substituent or ester functionality and the 
extent of conversion of sulfonate groups to sulfonamide or 
sulfonate ester groups. 

[0046] Pathogenic toxins Which can be inhibited by the 
method of the present invention include, but are not limited 
to, toxins, such as exotoxins and/or endotoxins produced by 
Streptococcus spp., including Streptococcus pneumoniae 
and Streptococcus pyogenes; Salmonella spp., including 
Salmonella enteritidis; Campylobacter spp., including 
Campylobacter jejuni; Escherichia spp., including E. coli; 
Clostridia spp., including Clostridium dij?cile and 
Clostridium botulinum; Staphylococcus spp., including Sta 
phylococcus aureus; Shigella spp., including Shigella dys 
enteriae; Pseudomonas spp., including Pseudomonas 
aeruginosa; Bordatella spp., including Bordatella pertussis; 
Listeria spp., including Listeria monocytogenes; Vibrio 
cholerae; Yersinia spp., including Yersinia enterocolitica; 
Legionella spp., including Legionella pneumophilia; Bacil 
lus spp., including Bacillus anthracis; Helicobacter spp.; 
Corynebacteria spp.; Actinobacillus spp.; Aeromonas spp.; 
Bacteroides spp. including Bacteroides fragilis and Pas 
teurella spp. Also included are protoZoal toxins, such as 
toxins produced by Entameoba histolytica and Acan 
thameoba; and parasitic toxins. 

[0047] In a preferred embodiment, the toxin is an exotoxin 
produced by a pathogenic bacterial strain. Of particular 
pathogenic importance are Escherichia coli, for example, E. 
coli strains 06:H-, 0157:H7, 0143 and other clinical isolates, 
and Clostridium dij?cile. Enterohemorrhagic E. coli 
(EHEC), such as 0157:H7, can cause a characteristic non 
febrile bloody diarrhea knoWn as hemorrhagic colitis. EHEC 
produce high levels of one or both of tWo related cytotoxins 
Which resemble a Shiga toxin in structure and function and 
are referred to as Shiga-like toxins (SLTI or SLT II). These 
Shiga-like toxins are believed to damage the intestinal 
mucosa, resulting in the manifestation of hemorrhagic coli 
tis. 

[0048] In a particularly preferred embodiment, the micro 
bial toxin or toxins are produced by Clostridium di?icile. C. 
dij?cile produces tWo toxins, Toxin A and Toxin B. Toxin A 
is an enterotoxin Which stimulates in?ltration of neutrophils 
and release of mediators of in?ammation, resulting in ?uid 
secretion, altered membrane permeability and hemorrhagic 
necrosis. Toxin B is a cytotoxin. C. dij?cile is associated 
With many cases of antibiotic-associated diarrhea and most 
cases of pseudomembranous colitis, a severe, potentially 
fatal in?ammation of the colon. Treatment of C. dij?cile 
infection typically involves administration of vancomycin or 
metronidaZole. In one embodiment, the condition to be 
treated is C. di?icile induced gastroenteritis, such as antibi 
otic-associated diarrhea or pseudomembranous colitis. In 
this embodiment, the polymer can, optionally be adminis 
tered in combination With one or more antibiotic agents 
Which are effective, at least partially, against C. di?icile, such 
as vancomycin and metronidaZole. 
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[0049] The method of the invention is useful for treating 
infections of various organs of the body, but is particularly 
useful for infections of the skin and gastrointestinal tract. 

[0050] As used herein “treatment” of C. dij?cile associated 
diarrhea (CDAD) includes: prophylactic treatment of those 
patients susceptible to CDAD; treatment at initial onset of 
CDAD; treatment of ongoing CDAD and treatment of 
relapsing CDAD in susceptible patients. One preferred 
method of the invention comprises treating CDAD in a 
patient comprising administering to the patient a therapeu 
tically effective amount of a pharmaceutical composition 
comprising polystyrene sulfonate. As used herein a “thera 
peutically effective amount” is an amount suf?cient to 
prevent, diminish or eradicate symptoms of disease. 

[0051] The invention Will noW be further and speci?cally 
described by the folloWing examples. 

EXAMPLES 

Example 1 

[0052] Synthesis of Acrylic Acid/Styrene Copolymer (2:1) 
[0053] Asolution Was prepared of acrylic acid (15.0 g, 0.2 
mol) and styrene (10.4 g, 0.1 mol) in THE (200 mL). After 
the solution Was degassed With a rapid stream of nitrogen, 
aZobisisobutyronitrile (AIBN) (1.47 g, 3 mol % With respect 
to total monomer) Was added. The solution Was degassed for 
a further thirty minutes and the reaction Was then heated to 
70° C. for 14 h. The solution Was cooled and precipitated 
into n-hexane (800 mL). The hexane Was decanted from the 
?brous White product, the product Was Washed With ethyl 
acetate (300 mL) folloWed by Washing With a further aliquot 
of hexane (200 mL). The polymer Was dried in vacuo to 
yield 21.6 g, 84.6% of a brittle White solid. 

Example 2 

[0054] Synthesis of Acrylic Acid/Decylacrylate (96:4) 
Copolymer 
[0055] Asolution Was prepared of acrylic acid (10.0 g, 133 
mmol) and n-decylacrylate (1.0 g, 4.71 mmol) in dioxane 
(200 mL). The solution Was degassed by passing a rapid 
stream of nitrogen through it, and to the solution Was added 
AIBN (0.6 g, 5 mol % With respect to total monomer). The 
solution Was degassed for a further thirty minutes and the 
reaction Was then heated to 70° C. for 16 hr. The solution 
Was cooled and precipitated into ethyl acetate (600 mL). The 
ethyl acetate Was decanted from the ?brous White product, 
the product Was Washed With ethyl acetate (300 mL) and 
then With hexane (200 mL). The polymer Was dried in vacuo 
to yield 9.0 g, 81% of a brittle White solid. 

Example 3 

[0056] Synthesis of Acrylic Acid/n-butylacrylate (9:1) 
Copolymer 

[0057] Asolution Was prepared of acrylic acid (10.0 g, 133 
mmol) and n-butylacrylate (2.0 g, 14.41 mmol) in dioxane 
(200 mL). The solution Was degassed by passing a rapid 
stream of nitrogen through it, and to the solution Was added 
AIBN (0.6 g, 5 mol % With respect to total monomer). The 
solution Was degassed for a further thirty minutes and the 
reaction Was then heated to 70° C. for 17 h. The solution Was 
cooled and precipitated into ethyl acetate (600 mL). The 
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ethyl acetate Was decanted from the ?brous White product, 
the product Was Washed With ethyl acetate (300 mL) fol 
loWed by Washing With hexane (200 mL). The polymer Was 
dried in vacuo to yield 9.0 g (81%) of a brittle White solid. 

[0058] The corresponding copolymer of acrylic acid and 
n-butylacrylate (10:3) Was made by the same procedure. 

Example 4 

[0059] Synthesis of Acrylic Acid/n-decylacrylate/Acryla 
mide (70:75:22.5) Terpolymer 

[0060] Asolution Was prepared of acrylic acid (10.0 g, 133 
mmol), n-decylacrylate (3.0 g, 14.2 mmol) and acrylamide 
(3.0 g, 42.2 mmol) in dioxane (200 ML). After the solution 
Was degassed With a rapid stream of nitrogen, AIBN (1.3 g) 
Was added. The solution Was degassed for a further thirty 
minutes and the reaction Was then heated to 70° C. for 17 h. 
The polymer precipitated as a ?brous White solid as the 
reaction proceeded. The solution Was cooled and the dioxane 
decanted. The residue Was Washed With ethyl acetate (600 
mL) and the ethyl acetate Was discarded. The polymer Was 
?nally Washed With hexanes (300 mL) and dried in vacuo. 

Example 5 

[0061] Synthesis of Acrylic Acid/n-butylacrylate/Acryla 
mide (60:15:25) Terpolymer 

[0062] Asolution Was prepared of acrylic acid (10.0 g, 133 
mmol), n-butylacrylate (4.0 g, 31.4 mmol) and acrylamide 
(4.0 g, 56.3 mmol) in dioxane (200 mL). After the solution 
Was degassed With a rapid stream of nitrogen, AIBN (1.3 g) 
Was added. The resulting solution Was degassed for a further 
thirty minutes and Was then heated to 70° C. for 17 h. As the 
reaction proceeded, the polymer precipitated as a White 
?brous solid. The solution Was cooled and the dioxane Was 
decanted. The polymer Was Washed With ethyl acetate (600 
mL), then With hexanes (300 mL) and dried in vacuo. 

Example 6 

[0063] Synthesis of Co-polymer of Acrylic Acid and 
Decylacrylate (10:2). 
[0064] Asolution Was prepared of acrylic acid (10.0 g, 133 
mmol) and decylacrylate (5.64 g, 26.6 mmol) in dioxane 
(300 mL). After the solution Was degassed With a rapid 
stream of nitrogen, AIBN (0.8 g) Was added. The resulting 
solution Was degassed for a further thirty minutes and the 
reaction mixture Was heated to 70° C. for 16 hr. The solution 
Was cooled and added to ethyl acetate (600 mL). The ethyl 
acetate Was decanted from the resulting ?brous White prod 
uct. The product Was then redissolved in dioxane (150 mL), 
precipitated With ethyl acetate (500 mL), ?ltered, Washed 
With cold hexanes (300 mL) and dried in vacuo. 

Example 7 

[0065] Preparation of 2% Cross-linked poly(ethylenegly 
colmethacrylate phosphate) Gel 

[0066] Poly(ethyleneglycolmethacrylate phosphate) gel 
Was prepared by polymeriZing ethyleneglycolmethacrylate 
phosphate (29.4 mmoles, 6.178 g) With divinylbenZene 
(“DVB”) (0.926 mmoles, 0.1319 mL) in ethanol/Water (50/ 
50) using about 1 mole % AIBN as initiator. The resulting 
resilient gel Was split in 2 portions in tWo 50 mL centrifuge 
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tubes and Washed 4 times With ethanol for a total of about 
120 mL of ethanol. The gel Was dried overnight in a 
forced-air oven at 70° C. The dried gel Was ground and 
sieved and Washed 3 times in Water in a 50 mL centrifuge 
tube. The gel Was dried overnight in a forced-air oven at 70° 
C. 

Example 8 

[0067] Preparation of Sulfonated Polystyrene Gels 

[0068] Polystyrene gels Were prepared by polymeriZing 
styrene With divinyl benZene in toluene using about 1 mole 
% AIBN as initiator as folloWs: 

[0069] Polystyrene gel (6% DVB). Styrene (282 mmole, 
3.23 mL) Was added to a 40 mL vial ?tted With a septum cap. 
Toluene (5 mL) Was added and the solution Was degassed for 
15 min. A solution of AIBN (0.9852 g in 10 mL of toluene) 
Was prepared and 0.5 mL Was added to the solution. The 
solution Was further degassed for 5 min and then maintained 
at 60° C. for 21 hr. The resulting clear colorless gel Was 
Washed 5 times With ethanol in a 50 mL centrifuge tube and 
dried overnight in a 70° C. forced air oven. 

[0070] Polystyrene gels Were also prepared using this 
procedure With the folloWing cross-linking levels: 4% DVB; 
2% DVB; 1.5% DVB; 1% DVB; and 0.5% DVB. 

[0071] Sulfonation of Polystyrene Gel 

[0072] Dried polystyrene gel Was transferred to a 40 mL 
glass vial. Concentrated sulfuric acid (10 mL) Was added 
and the mixture Was heated at 100° C. for 1 hr. The resulting 
broWn, sWollen gel Was alloWed to cool to room temperature 
and Was Washed exhaustively With methanol until the pH 
Was 4-5. The gel Was dried overnight in a 70° C. forced air 
oven. The dried gel Was then ground in a coffee grinder, 
transferred to a 50 mL centrifuge tube, and Washed several 
times With Water. 

Example 9 

[0073] Preparation of Sulfonated poly(2-vinylnaphtha 
lene) Gels 

[0074] Poly(2-vinylnaphthalene) gels Were prepared by 
polymeriZing 2-vinylnaphthalene With divinyl benZene in 
toluene using~1 mole % AIBN as initiator as folloWs. 

[0075] Poly(2-vinyl naphthalene) Gel (2% DVB) 
[0076] 2-Vinylnaphthalene (29.4 mmoles, 4.534 g) and 
divinylbenZene (0.6 mmoles, 85.46 microL) Was added to a 
40 mL vial ?tted With a septum-cap. Toluene (10 mL) Was 
added and the solution Was heated to dissolve the monomer. 
The solution Was degassed for 15 min. A solution of AIBN 
(0.9852 g in 10 mL in toluene) Was prepared and 0.5 mL Was 
added to the polymeriZation solution. The solution Was 
further degassed for 5 min and then maintained at 60° C. for 
21 h. The resulting clear broWn gel Was Washed With ethanol 
(2 L total) by gravity ?ltration and dried for 2 days in a 70° 
C. forced air oven. 

[0077] Sulfonation of poly(2-vinylnaphthalene) Gel 

[0078] Dried poly(2-vinyl naphthalene) gel Was trans 
ferred to a 40 mL glass vial. Concentrated sulfuric acid (10 
mL) Was added and the mixture Was heated at 100° C. for 1 
h. The resulting broWn, sWollen gel Was alloWed to cool to 
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room temperature and Was Washed exhaustively With metha 
nol by gravity ?ltration until the pH Was 4-5. The gel Was 
Washed several times With Water. The gel Was dried for 2 
days in a 70° C. forced air oven. 

Example 10 

[0079] Preparation of Sulfonated poly(4-vinylbiphenyl) 
Gels 

[0080] Poly(4-vinylbiphenyl) gels Were prepared by poly 
meriZing 4-vinylbiphenyl With divinyl benZene in toluene 
using~1 mole % AIBN as initiator as folloWs: 

[0081] Poly(4-vinylbiphenyl) Gel (2% DVB) 

[0082] 4-Vinylbiphenyl (29.4 mmoles, 5.299 g) and divi 
nylbenZene (0.6 mmoles, 85.46 microL) Were added to a 40 
mL vial ?tted With a septum cap. Toluene (10 mL) Was 
added and the solution Was heated to dissolve the monomer. 
The solution Was degassed for 15 min. A solution of AIBN 
(0.9852 g in 10 mL of toluene) Was prepared and 0.5 mL Was 
added to the polymeriZation solution. The solution Was 
further degassed for 5 minutes and then maintained at 60° C. 
for 21 h. The resulting clear broWn gel Was Washed With 
ethanol (2 L total) by gravity ?ltration and dried for 2 days 
in a 70° C. forced air oven. 

[0083] Sulfonation of 2% Cross-linked poly(4-vinylbiphe 
nyl) Gel 

[0084] Dried poly(4-vinylbiphenyl) gel Was transferred to 
a 40 mL glass vial. Concentrated sulfuric acid (10 mL) Was 
added and the mixture Was heated at 100° C. for 1 h. The 
resulting broWn, sWollen gel Was alloWed to cool to room 
temperature and Was Washed exhaustively With methanol by 
gravity ?ltration until the pH Was 4-5. The gel Was Washed 
several times With Water and then dried for 2 days in a 70° 
C. forced air oven. 

Example 11 

[0085] Preparation of poly(styrenesulfonate-co-styrene-n 
N-octylsulfonamide) 

[0086] Sodium poly(styrenesulfonate) (114.9 mmoles, 20 
g) Was dispersed in N,N-dimethylformamide (“DMF”,100 
mL, anhydrous). Thionyl chloride (114.9 mmoles, 9.95 mL) 
Was added and the mixture Was heated at 60° C. for 16 h. The 
mixture Was poured over ice and neutraliZed With 50% 
NaOH (aq) until the pH Was about 6.5. The solution Was 
dialyZed through SpectraPor 6-8K MWCO dialysis tubing in 
4><3 gallons of deioniZed Water until the conductivity of the 
dialysate Was 0.00 mS/cm. The sample Was lyophiliZed to 
yield a White poWder. 

[0087] Poly(styrenesulfonate) W/10 mole % n-octylsulfa 
namide 

[0088] Sodium poly(styrenesulfonate) (114.9 mmoles, 20 
g) Was dispersed in DMF (100 mL, anhydrous). Thionyl 
chloride (114.9 mmoles, 9.95 mL) Was added and the 
mixture Was heated at 60° C. for 16 h. n-Octylamine (11.486 
mmoles, 1.8980 mL) Was added and the mixture Was stirred 
at rt for 5.5 h. The mixture Was poured over ice and 
neutraliZed With 50% NaOH (aq) until the pH Was 6.1. The 
solution Was dialyZed through SpectraPor 6-8K MWCO 
dialysis tubing in 4><3 gallons of DI Water until the conduc 
tivity of the dialysate Was 0.00 mS/cm. The sample Was 
lyophiliZed to yield a White poWder. 
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[0089] Poly(styrenesulfonate) W/20 mole % n-octylsulfa 
namide 

[0090] Poly(styrenesulfonate, Na) (114.9 mmoles, 20 g) 
Was dispersed in DMF (100 mL, anhydrous). Thionyl chlo 
ride (114.9 mmoles, 9.95 mL) Was added and the mixture 
Was heated at 60° C. for 16 h. n-Octylamine (22.97 mmoles, 
3.7967 mL) Was added and the mixture Was stirred at rt for 
5 .5 h. The mixture Was poured over ice and neutralized With 
50% NaOH (aq) until the pH Was 6.7. The solution Was 
dialyZed through SpectraPor 6-8K MWCO dialysis tubing in 
4><3 gallons of DI Water until the conductivity of the 
dialysate Was 0.00 mS/cm. The sample Was lyophiliZed to 
yield a White poWder. 

[0091] Poly(styrenesulfonate) W/30 mole % n-octylsulfa 
namide 

[0092] Poly(styrenesulfonate, Na) (114.9 mmoles, 20 g) 
Was dispersed in DMF (100 mL, anhydrous). Thionyl chlo 
ride (114.9 mmoles, 9.95 mL) Was added and the mixture 
Was heated at 60° C. for 16 h. n-Octylamine (34.457 
mmoles, 5.6950 mL) Was added and the mixture Was stirred 
at rt for 5.5 h. The mixture Was poured over ice and 
neutraliZed With 50% NaOH (aq) until the pH Was 6.5. The 
solution Was dialyZed through SpectraPor 6-8K MWCO 
dialysis tubing in 4><3 gallons of deioniZed Water until the 
conductivity of the dialysate Was 0.00 mS/cm. The sample 
Was lyophiliZed to yield a White poWder. 

[0093] Poly(styrenesulfonate) W/40 mole % n-octylsul 
fonamide 

[0094] Sodium poly(styrenesulfonate) (114.9 mmoles, 20 
g) Was dispersed in DMF (100 mL, anhydrous). Thionyl 
chloride (114.9 mmoles, 9.95 mL) Was added and the 
mixture Was heated at 60° C. for 16 h. n-Octylamine (55.131 
mmoles, 7.5934 mL) Was added and the mixture Was stirred 
at room temperature for 5 .5 h. The mixture Was poured over 
ice and neutraliZed With 50% NaOH (aq) until the pH Was 
about 6.7. The solution Was dialyZed through SpectraPor 
6-8K MWCO dialysis tubing in 4><3 gallons of deioniZed 
Water until the conductivity of the dialysate Was 0.00 
mS/cm. The sample Was lyophiliZed to yield a White poWder. 

Example 12 

[0095] Synthesis of poly(styrenesulfonate) Calcium Salt 

[0096] To a 500 mL 3-necked round bottomed ?ask Were 
added 2 g of poly(sodium 4-styrene sulfonate) and 100 mL 
of deioniZed Water. The mixture Was stirred for several 
minutes until a homogeneous solution Was obtained. To this 
polymer solution Was added 6.46 mL of a 0.225 M solution 
of CaCl2. The reaction mixture Was alloWed to stir at room 
temperature for 15 hr. The reaction mixture Was puri?ed by 
membrane centrifugation using molecular Weight 3K cut-off 
?lters. The solution Was dried at 70° C. in a forced air oven 
for 24 hours, yielding 1.4 g of the polymer as an off White 
solid. 

Example 13 

[0097] Preparation of Cross-linked Styrenesulfonate 
Copolymers With Hydrophobic Co-monomers 

[0098] Polystyrenesulfonate/hydrophobe gels Were pre 
pared by copolymeriZing styrene sulfonate With acrylamide, 
n-butylacrylamide, n-decylacrylamide, or styrene With 
either divinylbenZene (2%) or N,N‘-methylenebisacrylamide 
(8%) as the crosslinker as folloWs: 
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[0099] Polystyrenesulfonate Gel (2% Cross-linked) 
[0100] Polystyrenesulfonate (29.4 mmoles, 5.119 g) and 
divinylbenZene (0.6 mmoles, 85.5 microL) Were dissolved 
in 10 mL ethanol and 10 mL Water in a 40 mL vial ?tted With 
a septum cap. The solution Was degassed by bubbling 
nitrogen through and 1 mole % AIBN Was added as a 
solution. The polymeriZation solution Was further degassed 
and the placed in a heated reaction block at 60° C. for 18 h. 
A clear, colorless gel formed. 

[0101] Polystyrenesulfonate-co-acrylamide Gel (75 mole 
%:23 mole %:2% Cross-linked) 

[0102] Polystyrenesulfonate (22.5 mmoles, 3.918 g), acry 
lamide (6.90 mmoles, 0.490 g), and divinylbenZene (0.6 
mmoles, 85.5 microL) Were dissolved in 10 mL ethanol and 
10 mL Water in a 40 mL vial ?tted With a septa cap. The 
solution Was degassed by bubbling nitrogen through and 1 
mole % AIBN Was added as a solution. The polymeriZation 
solution Was further degassed and the placed in a heated 
reaction block at 60° C. for 18 h. A clear, colorless gel 
formed. 

[0103] Polystyrenesulfonate-co-n-butylacrylamide Gel 
(75 mole %:23 mole %:2% Cross-linked) 

[0104] Polystyrenesulfonate (22.5 mmoles, 3.918 g), 
n-butylacrylamide (6.90 mmoles, 0.878 g), and divinylben 
Zene (0.6 mmoles, 85.5 microL) Were dissolved in 15 mL 
ethanol and 5 mL Water in a 40 mL vial ?tted With a septa 
cap. The solution Was degassed by bubbling nitrogen 
through and 1 mole % AIBN Was added as a solution. The 
polymeriZation solution Was further degassed and the placed 
in a heated reaction block at 60° C. for 18 h. A clear, 
colorless gel formed. 

[0105] Polystyrenesulfonate/acrylamide/n-butylacryla 
mide Gel (75 mole %: 11.5 mole %: 11.5 mole %:2% 
Cross-linked) 
[0106] Polystyrenesulfonate (22.5 mmoles, 3.918 g), acry 
lamide (3.45 mmoles, 0.245 g), n-butylacrylamide (3.45 
mmoles, 0.439 g) and divinylbenZene (0.6 mmoles, 85.5 
microL) Were dissolved in 15 mL ethanol and 5 mL Water in 
a 40 mL vial ?tted With a septa cap. The solution Was 
degassed by bubbling nitrogen through and 1 mole % AIBN 
Was added as a solution. The polymeriZation solution Was 
further degassed and the placed in a heated reaction block at 
60° C. for 18 h. A clear, light yelloW gel formed. 

[0107] Polystyrenesulfonate-co-n-decylacrylamide Gel 
(75 Mole %:23 Mole %:2% Cross-linked) 

[0108] Polystyrenesulfonate (22.5 mmoles, 3.918 g), n-de 
cylacrylamide (6.90 mmoles, 1.458 g), and divinylbenZene 
(0.6 mmoles, 85 .5 microL) Were dissolved in 15 mL ethanol 
and 5 mL Water in a 40 mL vial ?tted With a septa cap. The 
solution Was degassed by bubbling nitrogen through and 1 
mole % AIBN Was added as a solution. The polymeriZation 
solution Was further degassed and the placed in a heated 
reaction block at 60° C. for 18 h. A creamy yelloW gel 
formed. 

[0109] Polystyrenesulfonate/acrylamide/n-decylacryla 
mide Gel (75 Mole %: 11.5 Mole %: 11.5 Mole %:2% 
Cross-linked) 
[0110] Polystyrenesulfonate (22.5 mmoles, 3.918 g), acry 
lamide (3.45 mmoles, 0.245 g), n-decylacrylamide (3.45 
mmoles, 0.729 g) and divinylbenZene (0.6 mmoles, 85 .5 
microL) Were dissolved in 15 mL ethanol and 5 mL Water in 
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a 40 mL vial ?tted With a septa cap. The solution Was 
degassed by bubbling nitrogen through and 1 mole % AIBN 
Was added as a solution. The polymerization solution Was 
further degassed and the placed in a heated reaction block at 
60° C. for 18 h. A creamy yelloW gel formed. 

[0111] Polystyrenesulfonate-co-styrene Gel (75 Mole 
%:23 Mole %:2% Cross-linked) 

[0112] Polystyrenesulfonate (22.5 mmoles, 3.918 g), sty 
rene (6.90 mmoles, 0.7906 mL), and divinylbenZene (0.6 
mmoles, 85 .5 microL) Were dissolved in 10 mL ethanol and 
10 mL Water in a 40 mL vial ?tted With a septum cap. The 
solution Was degassed by bubbling nitrogen through and 1 
mole % AIBN Was added as a solution. The polymeriZation 
solution Was further degassed and the placed in a heated 
reaction block at 60° C. for 18 h. A clear, colorless gel 
formed. 

[0113] Polystyrenesulfonate/acrylamide/styrene Gel (75 
Mole %: 11.5 Mole %: 11.5%; 2% Cross-linked) 

[0114] Polystyrenesulfonate (22.5 mmoles, 3.918 g), acry 
lamide (3.45 mmoles, 0.245 g), styrene (3.45 mmoles, 
0.3953 mL) and divinylbenZene (0.6 mmoles, 85.5 microL) 
Were dissolved in 10 mL ethanol and 10 mL Water in a 40 
mL vial ?tted With a septum cap. The solution Was degassed 
by bubbling nitrogen through and 1 mole % AIBN Was 
added as a solution. The polymeriZation solution Was further 
degassed and the placed in a heated reaction block at 60° C. 
for 18 h. A clear, colorless gel formed. 

[0115] Polystyrenesulfonate-co-acrylamide Gel (50 Mole 
%:48 Mole %:2% Cross-linked) 

[0116] Polystyrenesulfonate (15.0 mmoles, 2.612 g), acry 
lamide (14.4 mmoles, 1.024 g), and divinylbenZene (0.6 
mmoles, 85 .5 microL) Were dissolved in 5 mL ethanol and 
15 mL Water in a 40 mL vial ?tted With a septa cap. The 
solution Was degassed by bubbling nitrogen through and 1 
mole % AIBN Was added as a solution. The polymeriZation 
solution Was further degassed and the placed in a heated 
reaction block at 60° C. for 18 h. A clear, colorless gel 
formed. 

[0117] Polystyrenesulfonate/acrylamide/n-butylacryla 
mide Gel (50 Mole %:24 Mole %: 24 Mole %:2% Cross 
linked) 
[0118] Polystyrenesulfonate (15.0 mmoles, 2.612 g), acry 
lamide (7.2 mmoles, 0.512 g), n-butylacrylamide (7.2 
mmoles, 0.916 g) and divinylbenZene (0.6 mmoles, 85 .5 
microL) Were dissolved in 5 mL ethanol and 15 mL Water in 
a 40 mL vial ?tted With a septum cap. The solution Was 
degassed by bubbling nitrogen through and 1 mole % AIBN 
Was added as a solution. The polymeriZation solution Was 
further degassed and the placed in a heated reaction block at 
60° C. for 18 h. A clear, colorless gel formed. 

[0119] Polystyrenesulfonate/acrylamide/styrene Gel (50 
Mole %:24 Mole %: 24 Mole %:2% Cross-linked) 

[0120] Polystyrenesulfonate (15 .0 mmoles, 2.612 g), acry 
lamide (7.2 mmoles, 0.512 g), styrene (7.2 mmoles, 0.8250 
mL) and divinylbenZene (0.6 mmoles, 85.5 microL) Were 
dissolved in 10 mL ethanol and 10 mL Water in a 40 mL vial 
?tted With a septa cap. The solution Was degassed by 
bubbling nitrogen through and 1 mole % AIBN Was added 
as a solution. The polymeriZation solution Was further 
degassed and the placed in a heated reaction block at 60° C. 
for 18 h. A clear, colorless gel formed. 
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[0121] Polystyrenesulfonate-co-acrylamide Gel (25 Mole 
%:73 Mole %:2% Cross-linked) 

[0122] Polystyrenesulfonate (7.5 mmoles, 1.306 g), acry 
lamide (21.9 mmoles, 1.557 g), and divinylbenZene (0.6 
mmoles, 85 .5 microL) Were dissolved in 5 mL ethanol and 
15 mL Water in a 40 mL vial ?tted With a septa cap. The 
solution Was degassed by bubbling nitrogen through and 1 
mole % AIBN Was added as a solution. The polymeriZation 
solution Was further degassed and the placed in a heated 
reaction block at 60° C. for 18 h. A clear, colorless gel 
formed. 

[0123] All samples Were puri?ed by splitting the gel into 
2 portions in tWo 50 mL centrifuge tubes. The gels Were 
Washed a minimum of three times With ethanol or until the 
supernatant Was clear and colorless. The total volume of 
ethanol used Was roughly betWeen 75 mL and 100 mL 
depending on the sWelling index of the gel. The gels Were 
dried in a forced-air oven at 60° C. for 2 days. 

[0124] Gels Were ground in a coffee grinder and sieved 
through 140, 230 mesh sieves. A 0.5-1 g sample of the 
140-230 siZe gel particles Was Washed in 50 mL centrifuge 
tubes 3 times With Water. Some samples Were highly absor 
bent and had to be split up over multiple tubes. Generally, 
material in each tube Was Washed With a total of 20-80 mL 
of Water. Samples Were then Washed lx With MeOH, cen 
trifuged, decanted, and dried for tWo days at 70° C. Gel Was 
Washed With a total of 20-80 mL of Water. 

Example 14 

[0125] Preparation of poly(4-vinylbiphenylsulfonate) 
[0126] Polymerization of 4-vinylbiphenyl 

[0127] 4-Vinylbiphenyl (166.4 mmoles, 30 g) Was added 
to a 500 mL, 3-neck, round-bottom ?ask equipped With a 
re?ux condenser, a J-Kem thermocouple, and a septum. 
Toluene (60 mL) Was added and the solution Was degassed 
for 1 h. AIBN (1 mole %, 0.294 mmoles, 0.2733 g) Was 
added and the solution Was degassed for a further 15 min. 
The polymeriZation mixture Was heated at 60° C. for 21 h. 
The resulting clear broWn solution Was poured into 2 L of 
methanol and stirred for several hours. The ?ne broWn 
poWder Was ?ltered and Washed 3><500 mL methanol and 
dried overnight in a forced-air oven at 70° C. A ?ne broWn 
poWder Was obtained (28.02 g, 93.40% yield). 

[0128] Sulfonation of Poly(4-vinylbiphenyl) 

[0129] Poly(4-vinylbiphenyl) Was mixed With concen 
trated sulfuric acid (100 mL) and heated at 100° C. for 8 h. 
The mixture eventually turned to a clear broWn viscous 
solution. The polymer solution Was poured into ice and 
neutraliZed to pH 6.2 With 50% aqueous NaOH. The solution 
Was dialyZed through dialysis membrane have a molecular 
Weight cut-off of 3.5 K in 4 times 5 L deioniZed Water. The 
conductivity of the dialysate was <01 mS/cm. The Water 
Was removed by distillation on a rotary evaporator to yield 
a clear broWn ?aky solid. 

Example 15 

[0130] Preparation of Poly(2-vinylnaphthalenesulfonate) 
[0131] PolymeriZation of 2-vinylnaphthalene 

[0132] 2-Vinylnaphthalene (194.5 mmoles, 30 g) Was 
added to a 500 mL, 3-neck, round-bottom ?ask equipped 
With a re?ux condenser, a J-Kem thermocouple, and a 
septum. Toluene (60 mL) Was added and the solution Was 
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degassed for 1 h. AIBN (1 mole %, 0.294 mmoles, 0.3195 
g) Was added and the solution Was degassed for a further 15 
min. The polymerization mixture Was heated at 60° C. for 21 
h. The resulting clear broWn solution Was poured into 2 L of 
methanol and stirred for several hours. The ?ne broWn 
poWder Was ?ltered and Washed 3><500 mL methanol and 
dried overnight in a forced-air oven at 70° C. A ?ne broWn 
poWder Was obtained (28.45 g, 94.83% yield) 

[0133] Sulfonation of poly(2-vinylnaphthalene) 

[0134] Poly(2-vinylnaphthalene) Was mixed With concen 
trated sulfuric acid (100 mL) and heated at 100° C. for 8 h. 
The mixture eventually turned to a clear broWn viscous 
solution. The polymer solution Was poured into ice and 
neutraliZed to pH 6.4 With 50% aqueous NaOH. The solution 
Was dialyZed through dialysis membrane have a molecular 
Weight cut-off of 3.5 K in 4 times 5 L deioniZed Water. The 
conductivity of the dialysate was <01 mS/cm. The Water 
Was removed by distillation on a rotary evaporator to yield 
a clear broWn ?aky solid. 

Example 16 

[0135] Poly(sodium 4-styrene sulfonate-co-(—)-menthyl 
4-styrene sulfonate), 5 % (—)-menthol 

[0136] To a mixture of poly(sodium 4-styrene sulfonate) 
(30.0 g; 0.145 mol of sulfonate) in 300 mL of anhydrous 
DMF stirred at room temperature thionyl chloride (17.3 g; 
0.145 mol) Was added. The addition Was done sloWly 
insuring that the temperature did not go above 50° C. 
Stirring Was continued overnight and then one third of the 
reaction mixture Was treated With pyridine (0.764 g; 00966 
mol). After stirring at room temperature for 2.5 h, (—) 
menthol (0.375 g; 0.00240 mol) Was added and the resulting 
reaction mixture Was stirred at room temperature overnight 
and then at 50° C. for 3 h. The mixture Was then poured 
sloWly into one liter of Water containing sodium bicarbonate 
(5 g). After the addition Was complete more sodium bicar 
bonate Was added until the bubbling stopped and the pH Was 
neutral. Exhaustive dialysis folloWed by drying With a How 
of air gave a White solid. 

Example 17 

[0137] Synthesis of Poly(sodium 4-styrene sulfonate-co 
Lithocholyl Acid-4-styrene Sulfonate), 5% Lithocholic Acid 

[0138] To a mixture of poly(sodium 4-styrene sulfonate) 
(30.0 g; 0.145 mol of sulfonate) in 300 mL of anhydrous 
DMF stirred at room temperature thionyl chloride (17.3 g; 
0.145 mol) Was added. The addition Was done sloWly 
insuring that the temperature did not go above 50° C. 
Stirring Was continued overnight and then one third of the 
reaction mixture Was treated With pyridine (0.764 g; 00966 
mol). After stirring at room temperature for 2.5 h, lithocholic 
acid (0.904 g; 0.00240 mol) Was added and the resulting 
reaction mixture Was stirred at room temperature overnight 
and then at 50° C. for 3 h. The mixture Was then poured 
sloWly into one liter of Water containing sodium bicarbonate 
(5 g). After the addition Was complete more sodium bicar 
bonate Was added until the bubbling stopped and the pH Was 
neutral. Exhaustive dialysis folloWed by drying With a How 
of air gave a White solid. 
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Example 18 

[0139] Co-administration of poly(styrenesulfonate) and 
poly(diallylmethylamine) 
[0140] Soluble polystyrene sulfonate and cross-linked 
C8-alkylated polydiallylmethylamine (PDMA) are both able 
to reduce mortality from C. di?‘icile infection in the hamster 
model of C. dij?cile colitis. These polymers exhibit different 
toxin binding properties in vitro. Polystyrene sulfonate binds 
C. dij?cile toxin A and protects cells in culture from toxin A 
mediated cell rounding. Cross-linked C8 alkylated PDMA 
binds toxins A and B in vitro and can protect cells in culture 
from toxin mediated cell rounding. This polymer is about 
?ve times more potent for binding toxin B than binding toxin 
A in vitro. To gain the bene?t of optimal toxin A and B 
binding, these polymers Were tested in combination in the 
hamster model of C. di?icile colitis. Treatment With polymer 
began 24 hours prior to infection With C. dij?cile. Hamsters 
Were give 3 daily doses of polymer at 8 am, 12 pm, and 4 
pm each day. Hamsters Were treated for a total of 7 days With 
saline (control), polystyrene sulfonate alone, cross-linked, 
C8 alkylated PDMA alone, or a combination of the tWo 
polymers administered in separate doses (2 doses of poly 
styrene sulfonate, 1 dose of C8 PDMA). Animals Were 
observed for a total of 7 days. None of the saline treated 
animals survived treatment. The polystyrene sulfonate 
treated animals had a 80% survival on day 7, With the 
survivors shoWing mild or moderate disease. The C8 alky 
lated PDMA animals had a 50% survival on day 7, With the 
survivors shoWing moderate or no disease. The combination 
of the polystyrene sulfonate and the C8 alkylated PDMA 
resulted in a 90% survival on day 7, With 80% of the animals 
shoWing no disease. Therefore, combination of soluble 
polystyrene sulfonate and C8 alkylated PDMA appears to be 
an effective therapy for C. dij?cile colitis in vivo. 

[0141] The in vivo hamster assay Was also used as 
described above to assess the efficacy of several other 
polymers, as shoWn in Table 1. 

Example 19 

[0142] Toxin Binding Assays 

[0143] ELISA 

[0144] An enZyme linked immunosorbant assay (ELISA) 
is available commercially for diagnosis of C. dij?cile toxin 
levels in stool samples. This assay uses microtiter plates 
coated With puri?ed monoclonal antibodies to C. dij?cile 
toxins A and B to bind toxin in solution. The bound toxins 
are then detected With an af?nity puri?ed polyclonal antisera 
that has been linked With the enZyme horseradish peroxidase 
“HRP”). Unbound antibody is Washed aWay and the anti 
body-bound toxin is then detected With a colored substrate 
for the HRP. The assay is sensitive to nanogram quantities of 
toxins A and B. This ELISA assay Was used to determine 
free toxin levels after incubation of puri?ed toxin A or B 
With a variety of polymers in the presence of hamster cecal 
contents, Which Were used to provide physiologically rel 
evant conditions predictive of in vivo toxin binding. 

[0145] To perform the ELISA assay, 10 mg of polymer 
Was Weighed out into each of four 1.5 ml eppendorf tubes. 
500 uL cecal contents Was then added to each tube, and the 
tubes Were then mixed on a Vortex and placed on the nutator 
for 1 hour. 500 ML of a 200 ng/mL or 2000 ng/mL solution 
of toxin A or toxin B in phosphate buffer Was then added to 
each tube to produce a ?nal toxin concentration of 1000 
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ng/mL or 100 ng/mL. The tubes Were then vortexed again 
and then placed on the nutator for another hour. The tubes 
Were then centrifuged. 

[0146] 100 ul of diluted supernatant from each tube Was 
added to each Well of a plate, avoiding solid material. 100 ul 
of conjugate 1 Was added to each Well. The Wells Were 
covered With a plate sealer and incubated at 37° C. for 1 
hour. The Wells Were aspirated into a biohaZard receptacle 
(reservoir containing Wescodyne or 10% bleach in Water). 
The plate Was Washed using a plate Washer, ?lling the Wells 
With 300 uL of Wash buffer. After the ?nal Wash the plate 
Was inverted and banged to remove any residual Wash buffer 
on paper toWels. 100 ul of diluted step 2 conjugate Was 
added to each Well. The plate Was covered and incubated 20 
min. at room temperature. The Wells Were Washed ?ve times 
using the plate Washer, as above, and then banged to remove 
residual buffer. 100 ul of substrate mix Was added to each 
Well, then the plate Was sealed and incubated 15 min. at 
room temperature. 150 uL of stop solution Was then added 
to each Well, and the plate Was mixed gently by sWirling 
plate on bench. The absorbance at 450 nm Was read imme 
diately. 
[0147] Cell Culture Assay 

[0148] C. di?icile toxins cause rounding of cells in culture. 
This property can be used to screen for inhibition of toxin 
activity by polymeric compounds. Sensitivities to toxins A 
and B differ among different cell lines. In the present case, 
Vero cells (AT CC cell line) Were used. These cells are 
sensitive to 600 pg of toxin A and less than 2 pg of toxin B. 
The assay Was run by plating Vero cells in 12 Well transWell 
plates or 96 Well microtiter plates. The cells Were seeded 24 
hours prior to testing, and Were con?uent monolayers at the 
time of toxin addition. Polymers (5 mg/ml) Were incubated 
in tissue culture media (Minimal Essential Media With 10% 
fetal bovine serum) With toxin A or toxin B for 1 hour at 
room temperature With rocking. FolloWing incubation, 
samples Were handled differently, depending on Whether 
they Were insoluble gels or soluble polymers. Insoluble gels 
Were added to transWells (0.5 ml/Well), since direct addition 
of the gels to the monolayer Would obscure the cells, 
preventing detection of cell rounding. Soluble polymers 
Were added directly to cell monolayers in 96 Well microtiter 
plates (0.1 ml/Well). Cells Were incubated at 37° C. for 18 
hours and observed for cell rounding. The endpoint of the 
assay Was scored as the loWest concentration of polymer that 
can protect 50% and 100% of the monolayer from cell 
rounding at 18 hours incubation. Controls included an active 
polymer incubated With toxins A and B, toxins A and B 
alone, and each polymer alone Without toxin. 

[0149] Rat Ileal Loop Model Assay 

[0150] The objective of this assay Was to measure the 
ability of polymeric compounds to prevent toxin Amediated 
?uid accumulation and permeability in a ligated section of 
rat ileum. Rats Were anesthetiZed and a 5 cm section of rat 
ileum Was ligated With silk suture. Polymer (1-5 mg) and 5 
ug of puri?ed toxin AWere injected into this section. The rat 
also received an intravenous injection 10 pCi of 3H mannitol 
as a marker for intestinal permeability. Toxin A increases 
vascular permeability in the intestine, alloWing the mannitol 
to enter the loop. Four hours after injection of toxin A and 
polymer, the ileal loop sections Were removed, Weighed and 
total ?uid accumulation Was measured. Accumulation of 3H 
mannitol Was measured by liquid scintillation counting. 
Polymeric compounds that bind toxin A Will block the 
intestinal ?uid accumulation and permeability to 3H man 
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nitol. The endpoint of the assay is the concentration of 
polymer that completely inhibits toxin A mediated ?uid 
accumulation and permeability. Amodi?cation of this assay 
involved administration of the polymer by oral gavage. Rats 
received 250 mg/kg in solution by oral gavage 90 minutes 
prior to preparation of ileal loops. Toxin Was injected into 
ileal loops as described above. 

[0151] Results 
[0152] Results of the ELISA, cell culture, rat ileal loop 
and hamster assays are presented in Table 1 for a variety of 
polymers. Also included are corresponding data for 
cholestyramine, a cationic polymer Which has been used 
clinically to neutraliZe C. dij?cile toxins. 

TABLE 1 

Results of biological assays 

Toxin Binding 
(in vitro) concentration 
of toxin neutralized by 
5 mg/ml polymer 

Rat Loop 
Dose Inhibiting Hamster 

5g toxin A % survival 

Polymer solution (direct) (gavage) on day 5 

Sodium A = 10 ng/ml 2-5 mg 250 mg/kg 90% 
polystyrene B = 0.004-0.008 ng/ml 
sulfonate 
Polystyrene A = 10 ng/ml <0.5 mg ND 80% 
sulfonate, B = ND 
15% Ca++ 
Polystyrene A = 10 ng/ml 2.5 mg ND 90% 
sulfonate 5% B = 0.004 ng/ml 
menthol 
Cholestyra- A = <0.015 ng/ml >20 mg ND 10% 
mine B = <0.015 ng/ml 

[0153] The data presented for the hamster model indicate 
percent survival at day 5 folloWing inoculation With C. 
dij?cile. 
[0154] The results presented in Table 1 indicate that each 
of the polystyrenesulfonate polymers tested is more effective 
in each of the assays than cholestyramine. 

[0155] While this invention has been particularly shoWn 
and described With references to preferred embodiments 
thereof, it Will be understood by those skilled in the art that 
various changes in form and details may be made therein 
Without departing from the spirit and scope of the invention 
as de?ned by the appended claims. 
What is claimed is: 

1. Amethod for inhibiting a pathogenic toxin in a patient, 
comprising the step of administering to the patient a thera 
peutically effective amount of a polymer comprising pen 
dant acid functional groups or a salt thereof With a pharma 
ceutically acceptable cation, said polymer being 
substantially free of acid anhydride groups. 

2. Amethod for inhibiting a pathogenic toxin in a patient, 
comprising the step of administering to the patient a thera 
peutically effective amount of a polymer comprising pen 
dant sulfonic acid functional groups or a salt thereof With a 
pharmaceutically acceptable cation. 

3. Amethod for inhibiting a pathogenic toxin in a patient, 
comprising the step of administering to the patient a thera 
peutically effective amount of a polymer comprising pen 
dant acid functional groups or a salt thereof With a pharma 
ceutically acceptable cation, said polymer being 
characteriZed by a repeat unit having one pendant acid 
functional group. 
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4. The method of claim 1 wherein the patient is a 
mammal. 

5. The method of claim 1 Wherein the polymer further 
comprises a hydrophobic group. 

6. The method of claim 1 Wherein the acid functional 
group is a carboxylic acid, sulfonic acid, phosphonic acid, 
boronic acid, hydrosulfate or dihydrophosphate group. 

7. The method of claim 6 Wherein the polymer comprises 
a monomer of Formula I, 

Y 

Wherein X is a spacer group or a direct bond; R1 and R2 are 
each, independently, hydrogen or an alkyl group; or R1 is a 
hydrogen atom or an alkyl group and R2 is an acid functional 
group; and Y is an acid functional group. 

8. The method of claim 7 Wherein X is normal, branched 
or cyclic, substituted or unsubstituted, saturated or unsatur 
ated hydrocarbylene group or a normal branched or cyclic, 
substituted or unsubstituted, saturated or unsaturated hydro 
carbylene group in Which at least one carbon atom is 
substituted by a heteroatom. 

9. The method of claim 8 Wherein X is a CZ-CZO-alkylene 
group, a C2-C2O-alkenylene group, a C2-C2O-alkylene group 
interrupted at one or more points by a heteroatom, or a 
CZ-CZO-alkenylene group interrupted at one or more points 
by a heteroatom. 

10. The method of claim 9 Wherein the heteroatom is a 
nitrogen, oxygen or sulfur atom. 

11. The method of claim 7 Wherein the polymer is 
characteriZed by a repeat unit of Formula II, 

Wherein R1 and R2 are each, independently, a hydrogen atom 
or an alkyl group; or R1 is a hydrogen atom or an alkyl group 
and R2 is an acid functional group; Z is O or NH, X is a 
spacer group and Y is an acid functional group. 

12. The method of claim 11 Wherein X is a normal, 
branched or cyclic, substituted or unsubstituted, saturated or 
unsaturated hydrocarbylene group or a normal branched or 
cyclic, substituted or unsubstituted, saturated or unsaturated 
hydrocarbylene group in Which at least one carbon atom is 
substituted by a heteroatom. 

13. The method of claim 12 Wherein X is a C2-C2‘) 
alkylene group, a C2-C2O-alkenylene group, a C2-C2O-alky 
lene group interrupted at one or more points by a heteroa 
tom, or a CZ-CZO-alkenylene group interrupted at one or 
more points by a heteroatom. 

14. The method of claim 7 Wherein the polymer is a 
homopolymer. 

15. The method of claim 7 Wherein the polymer is a 
copolymer. 

16. The method of claim 13 Wherein the copolymer is a 
terpolymer. 
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17. The method of claim 7 Wherein the monomer is 
selected from the group consisting of acrylic acid, meth 
acrylic acid, vinylsulfonic acid, vinylphosphonic acid, 3-al 
lyloxy-2-hydroxy-1-propanesulfonic acid, vinylacetic acid, 
vinyl hydrosulfate, vinyl dihydrophosphate, allyl hydrosul 
fate, allyl dihydrophosphate, undecenoic acid, undecenyl 
hydrosulfate, undecenyl sulfonic acid, styrene sulfonate and 
vinylbenZoic acid; and conjugate bases thereof in combina 
tion With a pharmaceutically acceptable cation. 

18. The method of claim 7 Wherein the polymer is a 
copolymer Which is further characteriZed by a monomer 
having a pendant hydrophobic group. 

19. The method of claim 18 Wherein the hydrophobic 
group is a straight chain or branched, substituted or unsub 
stituted, cyclic or acyclic C3-C24-alkyl group, an aryl group 
or an arylalkyl group. 

20. The method of claim 19 Wherein the hydrophobic 
monomer is selected from the group consisting of styrene, 
N-isopropylacrylamide, N-t-butylacrylamide, N-n-buty 
lacrylamide, hepta?uorobutyl acrylate, N-n-decylally 
lamine, N-n-decylacrylamide, penta?uorostyrene, n-butyl 
acrylate, t-butyl acrylate, n-decyl acrylate, N-t-butyl 
methacrylamide, n-decyl methacrylate, n-butyl methacry 
late, n-hexyl methacrylate, N-n-hexylvinylamine, N-n-hexy 
lallylamine, N-benZylallylamine, 
N-(cyclohexylmethyl)allylamine and N-(n-decyl)ally 
lamine. 

21. The method of claim 16 Wherein the polymer further 
comprises a neutral hydrophilic monomer. 

22. The method of claim 21 Wherein the neutral hydro 
philic monomer is selected from the group consisting of 
acrylamide, methacrylamide, N-(2-hydroxyethyl)acryla 
mide and 2 hydroxyethylmethacrylate. 

23. The method of claim 7 Wherein the pathogenic toxin 
is a toxin associated With a microorganism selected from the 
group consisting of Streptococcus spp.; Salmonella spp.; 
Campylobacter spp.; Escherichia spp.; Clostridia spp.; 
Vibrio spp.; Staphylococcus spp.; Shigella spp.; Pseudomo 
nas spp.; Bordatella spp.; Listeria spp.; Yersinia spp.; 
Legionella spp.; Bacillus spp.; Helicobacter spp.; Coryne 
bacteria spp.; Actinobacillus spp.; Aeromonas spp.; 
Bacteroides spp. and Pasteurella spp. 

24. The method of claim 23 Wherein the microorganism is 
selected from the group consisting of Streptococcus pneu 
moniae, Streptococcus pyogenes, Salmonella enteritidis, 
Campylobacter jejuni, Escherichia coli, Clostridium botu 
linum, Staphylococcus aureus, Shigella dysenteriae, 
Pseudomonas aeruginosa, Bordatella pertussis, Listeria 
monocytogenes, Yersinia enterocolitica, Legionella pneumo 
philia and Bacillus anthracis. 

25. The method of claim 23 Wherein the microorganism is 
Clostridium dij?cile. 

26. The method of claim 24 Wherein the microorganism is 
a hemorrhagic E. coli strain. 

27. The method of claim 7 Wherein the pathogenic toxin 
is a toxin associated With an organism selected from the 
group consisting of Vibrio cholerae; Entameoba histolytica 
and Acanthameoba. 

28. A method of treating C. di?icile associated diarrhea in 
a mammal comprising administering to said mammal a 
pharmaceutical composition comprising (poly)styrene 
sulfonate. 


