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(57) ABSTRACT 

This invention is a method of treating cancer, both carcino 
mas and sarcomas, and viral infections, in particular HIV 
through the administration of a pharmaceutical composition 
containing a benZimidaZole derivative. The composition is 
also claimed. The benZimidaZole derivative is selected from 
the group consisting of: 

Wherein X is hydrogen, halogen, alkyl of less than 7 carbon 
atoms or alkoxy of less than 7 carbon atoms; n is a positive 
integer of less than 4; Y is hydrogen, chlorine, nitro, methyl, 
ethyl or oXychloro; R is hydrogen, alkylaminocarbonyl 
Wherein the alkyl group has from 3 to 6 carbon atoms, or an 
alkyl group of from 1 to 8 carbon atoms and R2 is 4-thiaZ 
olyl, NHCOOR1 Wherein R1 is aliphatic hydrocarbon of less 
than 7 carbon atoms, prodrugs, pharmaceutically acceptable 
salts and mixtures thereof and a pharmaceutically acceptable 
carrier 
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PHARMACEUTICAL COMPOSITION FOR 
INHIBITING THE GROWTH OF VIRUSES AND 

CANCERS 

[0001] This is a continuation of application Ser. No. 
09/748,651, ?led Dec. 22, 2000 Which is a divisional appli 
cation of US. Ser. No. 09/264,942, ?led Mar. 9, 1999, now 
US. Pat. No. 6,262,093, Which is a continuation-in-part 
application of US. Ser. No. 08/ 927,550, ?led Sep. 6, 1997, 
now US. Pat. No. 5,880,144, Which is a divisional of 
application U.S. Ser. No. 08/771,193, ?led Dec. 20, 1996, 
now US. Pat. No. 5,767,138, and Which is a divisional of 
US. Ser. No. 08/420,914, ?led Apr. 12, 1995, noW aban 
doned. Application U.S. Ser. No. 09/264,942 is also a 
continuation-in-part of application U.S. Ser. No. 09/081, 
384, ?led May 19, 1998, noW abandoned, and also a 
continuation-in-part of application U.S. Ser. No. 09/081, 
627, ?led May 19, 1998, noW abandoned. 

TECHNICAL FIELD 

[0002] This invention is a method of treating cancer, both 
carcinomas and sarcomas, and viral infections, in particular 
HIV through the administration of a pharmaceutical com 
position containing a benZimidaZole derivative. The com 
position is also claimed. 

BACKGROUND OF THE INVENTION 

[0003] Cancers are the leading cause of death in animals 
and humans. The exact cause of cancer is not knoWn, but 
links betWeen certain activities such as smoking or exposure 
to carcinogens and the incidence of certain types of cancers 
and tumors has been shoWn by a number of researchers. 

[0004] Many types of chemotherapeutic agents have been 
shoWn to be effective against cancers and tumor cells, but 
not all types of cancers and tumors respond to these agents. 
Unfortunately, many of these agents also destroy normal 
cells. The exact mechanism for the action of these chemo 
therapeutic agents are not alWays knoWn. 

[0005] Despite advances in the ?eld of cancer treatment 
the leading therapies to date are surgery, radiation and 
chemotherapy. Chemotherapeutic approaches are said to 
?ght cancers that are metastasiZed or ones that are particu 
larly aggressive. Such cytocidal or cytostatic agents Work 
best on cancers With large groWth factors, i.e., ones Whose 
cells are rapidly dividing. To date, hormones, in particular 
estrogen, progesterone and testosterone, and some antibiot 
ics produced by a variety of microbes, alkylating agents, and 
anti-metabolites form the bulk of therapies available to 
oncologists. Ideally cytotoxic agents that have speci?city for 
cancer and tumor cells While not affecting normal cells 
Would be extremely desirable. Unfortunately, none have 
been found and instead agents Which target especially rap 
idly dividing cells (both tumor and normal) have been used. 

[0006] The development of materials that Would target 
tumor cells due to some unique speci?city for them Would 
be a breakthrough. Alternatively, materials that Were cyto 
toxic to tumor cells While exerting mild effects on normal 
cells Would be desirable. 

[0007] HIV and other viral infections are another leading 
cause of death. HIV is a disease in Which a virus is replicated 
in the body Which attacks the body’s immune system. The 
HIV virus is not easily destroyed nor is there a good 
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mechanism for keeping the host cells from replicating the 
virus. Herpes Simplex is another viral infection Which is 
dif?cult, if not impossible, to cure. A method of treating 
these diseases and other viral infections is highly desirable. 
A material Which Would target the HIV virus and inhibit 
viral replication is highly desirable. 

[0008] The benZimidaZole derivatives used herein to treat 
cancer and/or viral infection have been used as fungicides 
and as antihelmetics. 

SUMMARY OF THE INVENTION 

[0009] A method of treating cancer, in particular, treating 
cancers in Warm blooded animals and humans, comprising 
administering a therapeutically effective amount of a com 
position comprising a benZimidaZole compound selected 
from the group consisting of: 

‘f 
2 

Y/\ N/ 

[0010] Wherein X is hydrogen, halogen, alkyl of less than 
7 carbon atoms or alkoxy of less than 7 carbon atoms; n is 
a positive integer of less than 4; Y is hydrogen, chlorine, 
nitro, methyl, ethyl or oxychloro; R is hydrogen, alkylami 
nocarbonyl Wherein the alkyl group has from 3 to 6 carbon 
atoms, or an alkyl group of from 1 to 8 carbon atoms and R2 
is 4-thiaZolyl, NHCOOR1 Wherein R1 is aliphatic hydrocar 
bon of less than 7 carbon atoms, and preferably an alkyl 
group of less than 7 carbon atoms is claimed. Preferably the 
compositions contain: 

h 
N 

[0011] Wherein R is an alkyl of 1 through 8 carbon atoms 
and R2 is selected from the group consisting of 4-thiaZolyl, 
NHCOORl, Wherein R1 is methyl, ethyl or isopropyl and the 
non-toxic, pharmaceutically acceptable acid salts With both 
organic and inorganic acids. The most preferred compounds 
are 2-(4-thiaZolyl)benZimidaZole, methyl-(butylcarbamoyl) 
2-benZimidaZolecarbamate and 2-methoxycarbonylamino 
benZimidaZole and those Wherein Y is chloro. 

[0012] In the present invention it has been discovered that 
the compounds described above are useful for the inhibition 
of HIV and the treatment of HIV infection and similar 
retrovirus infections. The present invention also provides 
methods for the treatment of HIV infection comprising 
administering to a host infected With HIV a pharmaceuti 
cally or therapeutically effective or acceptable amount of a 
compound as described above, particularly those Wherein R 
is 4-thiaZolyl. 
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[0013] The present invention also provides a pharmaceu 
tical composition comprising a pharmaceutically acceptable 
carrier and a therapeutically effective amount of a compound 
as described above. 

[0014] These compositions have been discovered to 
inhibit the groWth of cancer or other tumors in humans or 
animals and to induce apoptosis of cancer cells by admin 
istration of a therapeutically effective amount of the com 
position, preferably by administering a benZimidaZole com 
pound to the site of the cancer. 

[0015] More speci?cally, this invention provides an anti 
cancer composition comprising a pharmaceutical carrier and 
a benZimidaZole derivative as de?ned herein along With a 
method for treating such cancers. These compositions can 
induce apoptosis in cancer cells. 

[0016] These compositions are also effective against 
viruses and are used to treat viral infections and this inven 
tion provides a method of treating viral infections such as 
herpes, hepatitis, in?uenza and rhinoviruses. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0017] A. De?nitions: 

[0018] As used herein, a “pharmaceutically acceptable” 
component is one that is suitable for use With humans and/or 
animals Without undue adverse side effects (such as toXicity, 
irritation, and allergic response) commensurate With a rea 
sonable bene?t/risk ratio. 

[0019] As used herein, the term “safe and effective 
amount” refers to the quantity of a component Which is 
sufficient to yield a desired therapeutic response Without 
undue adverse side effects (such as toXicity, irritation, or 
allergic response) commensurate With a reasonable bene?t/ 
risk ratio When used in the manner of this invention. By 
“therapeutically effective amount” is meant an amount of a 
compound of the present invention effective to yield the 
desired therapeutic response. For eXample to inhibit HIV 
infection or treat the symptoms of infection in a host or an 
amount effective to delay the groWth of or to cause a cancer, 
either a sarcoma or lymphoma, to shrink. The speci?c safe 
and effective amount or therapeutically effective amount 
Will, vary With such factors as the particular condition being 
treated, the physical condition of the patient, the type of 
mammal being treated, the duration of the treatment, the 
nature of concurrent therapy (if any), and the speci?c 
formulations employed and the structure of the compounds 
or its derivatives. 

[0020] As used herein, a “pharmaceutical salts” is salt of 
the benZimidaZole derivatives Which are modi?ed by mak 
ing acid or base salts of the compounds. EXamples of 
pharmaceutically acceptable salts include, but are not lim 
ited to, mineral or organic acid salts of basic residues such 
as amines; alkali or organic salts of acidic residues such as 
carboXylic acids. Preferably the salts are made using an 
organic or inorganic acid. These preferred acid salts are 
chlorides, bromides, sulfates, nitrates, phosphates, sul 
fonates, formates, tartrates, maleates, malates, citrates, ben 
Zoates, salicylates, ascorbates, and the like. 

[0021] As used herein, a “pharmaceutical carrier” is a 
pharmaceutically acceptable solvent, suspending agent or 
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vehicle for delivering the benZimidaZole derivatives to the 
animal or human. The carrier may be liquid or solid and is 
selected With the planned manner of administration in mind. 

[0022] As used herein, “cancer” refers to all types of 
cancer or neoplasm or malignant tumors found in mammals, 
including carcinomas and sarcomas. EXamples of cancer are 
cancer of the brain, breast, cerviX, colon, head & neck, 
kidney, lung, non-small cell lung, melanoma, mesothelioma, 
ovary, sarcoma, stomach, uterus and Medulloblastoma. 

[0023] As used herein, the “benZimidaZole derivatives” 
are the benZimidaZoles, and their salts and also their pro 
drugs. The eXact benZimidaZoles are described in detail 
beloW. The preferred materials are the products sold under 
the names “ThiabendaZole®”, “Benomyl®” and “Carbenda 
Zim®” by BASE and Hoechst, DuPont and MSD-AgVet. 

[0024] As used herein “viruses” includes viruses Which 
infect animals or mammals, including humans. Viruses 
includes retorviruses, HIV, in?uenZa, polio viruses, herpes, 
herpes simpleX, rhinoviruses, hepatitis, and the like. 

[0025] B. The BenZimidaZole Derivatives 

[0026] The benZimidaZole derivatives Which are knoWn 
for their antifungal activities. They are systemic fungicides 
used to prevent and eradicate fungi. The compounds have 
the folloWing structure: 

[0027] Wherein X is hydrogen, halogen, alkyl of less than 
7 carbon atoms or alkoXy of less than 7 carbon atoms; n is 
a positive integer of less than 4; Y is hydrogen, chlorine, 
nitro, methyl, ethyl or oXychloro; R is hydrogen, alkylami 
nocarbonyl Wherein the alkyl group has from 3 to 6 carbon 
atoms or an alkyl group having from 1 to 8 carbons, and R2 
is 4-thiaZolyl, NHCOOR1 Wherein R1 is aliphatic hydrocar 
bon of less than 7 carbon atoms, and preferably and alkyl 
group of less than 7 carbon atoms. Preferably the compo 
sitions are: 

w 
N 

[0028] Wherein R is an alkyl of 1 through 8 carbon atoms 
and R2 is selected from the group consisting of 4-thiaZolyl, 
NHCOOR1, Wherein R1 is methyl, ethyl or isopropyl and the 
non-toxic, pharmaceutically acceptable acid salts With both 
organic and inorganic acids. 

[0029] The most preferred compounds are 2-(4-thiaZolyl 
)benZimidaZole, methyl-(butylcarbamoyl)-2-benZimidaZole 
carbamate and 2-methoXycarbonylamino-benZimidaZole 
and the compounds Wherein Y is chloro and X is hydrogen. 
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[0030] The benZimidaZole compounds also include pro 
drugs. “Prodrugs” are considered to be any covalently 
bonded carriers Which release the active parent drug accord 
ing to the formula of the benZimidaZole derivatives 
described above in vivo When such prodrug is administered 
to a mammalian subject. Prodrugs of the benZimidaZole 
compounds are prepared by modifying functional groups 
present in the compounds in such a Way that the modi?ca 
tions are cleaved, either in routine manipulation or in vivo, 
to the parent compounds. Prodrugs include compounds 
Wherein hydroXy, amine, or sulfhydryl groups are bonded to 
any group that, When administered to a mammalian subject, 
cleaves to form a free hydroXyl, amino, or sulfhydryl group, 
respectively. Examples of prodrugs include, but are not 
limited to, acetate, formate, or benZoate derivatives of 
alcohol and amine functional groups in the benZimidaZole 
derivatives; phosphate esters, dimethylglycine esters, ami 
noalkylbenZyl esters, aminoalkyl esters and carboXyalkyl 
esters of alcohol and phenol functional groups in the ben 
ZimidaZole derivatives; and the like. 

[0031] The pharmaceutically acceptable salts of the ben 
ZimidaZole derivatives include the conventional non-toxic 
salts or the quaternary ammonium salts of the benZimidaZole 
derivatives formed, for eXample, from non-toxic inorganic 
or organic acids. For eXample, such conventional non-toxic 
salts include those derived from inorganic acids such as 
hydrochloric, hydrobromic, sulfuric, sulfamic, phosphoric, 
nitric and the like; and the salts prepared from organic acids 
such as acetic, propionic, succinic, glycolic, stearic, lactic, 
malic, tartaric, citric, ascorbic, pamoic, maleic, hydroXyma 
leic, phenylacetic, glutamic, benZoic, salicylic, sulfanilic, 
2-acetoXybenZoic, fumaric, toluenesulfonic, methane 
sulfonic, ethane disulfonic, oXalic, isethionic, and the like. 

[0032] The pharmaceutically acceptable salts of the 
present invention are synthesiZed from the benZimidaZole 
derivatives Which contain a basic or acidic moiety by 
conventional chemical methods. Generally, such salts are 
prepared by reacting the free acid or base forms of these 
compounds With a stoichiometric amount of the appropriate 
base or acid in Water or in an organic solvent, or in a mixture 
of the tWo; generally, nonaqueous media like ether, ethyl 
acetate, ethanol, isopropanol, or acetonitrile are preferred. 
Lists of suitable salts are found in Remington’s Pharmaceu 
tical Sciences, 17th ed., Mack Publishing Company, Easton, 
Pa., 1985, p. 1418, the disclosure of Which is hereby 
incorporated by reference. The disclosures of all of the 
references cited herein are hereby incorporated herein by 
reference in their entirety. 

[0033] Synthesis 
[0034] The benZimidaZole derivatives are prepared in a 
number of Ways Well knoWn to one skilled in the art of 
organic synthesis. The benZimidaZole derivatives are syn 
thesiZed using the methods described beloW, together With 
synthetic methods knoWn in the art of synthetic organic 
chemistry, or variations thereon as appreciated by those 
skilled in the art. Preferred methods include but are not 
limited to those methods described beloW. Each of the 
references cited beloW are hereby incorporated herein by 
reference. 

[0035] These compounds are prepared according to the 
method described in US. Pat. No. 3,738,995 issued to 
Adams et al, Jun. 12, 1973. The thiaZolyl derivatives are 
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prepared according to the method described in BroWn et al., 
J. Am. Chem. Soc, 83 1764 (1961) and Grenda et al,]. Org. 
Chem, 30, 259 (1965). 

[0036] C. Dosage and Dosage Delivery Forms 

[0037] The type of compound and the carrier and the 
amount Will vary Widely depending on the species of the 
Warm blooded animal or human, body Weight, and tumor 
being treated. The dosage administered Will vary depending 
upon knoWn factors, such as the pharmacodynamic charac 
teristics of the particular agent and its mode and route of 
administration; the age, health and Weight of the recipient; 
the nature and eXtent of the symptoms; the kind of concur 
rent treatment; the frequency of treatment; and the effect 
desired. 

[0038] The benZimidaZole is preferably microniZed or 
poWdered so that it is more easily dispersed and solubiliZed 
by the body. Processes for grinding or pulveriZing drugs are 
Well knoWn in the art. For eXample, a hammer mill or similar 
milling device are used. The preferred particle siZe is less 
than about 100;! and preferably less than 50g. 

[0039] The dosage administered Will vary depending upon 
knoWn factors such as the pharmacodynamic characteristics 
of the particular active ingredient, and its mode and route of 
administration; age, seX, health, metabolic rate, absorptive 
ef?ciency and/or Weight of the recipient; nature and eXtent 
of symptoms; kind of concurrent treatment, frequency of 
treatment; and the effect desired. 

[0040] A “tumor groWth inhibiting amount” of the benZ 
imidaZole derivatives is that amount Which is effective to 
inhibit or sloW the groWth of a tumor. 

[0041] Dosage forms (compositions) suitable for internal 
administration contain from about 1.0 milligram to about 
5000 milligrams of active ingredient per unit. In these 
pharmaceutical compositions, the active ingredient Will 
ordinarily be present in an amount of about 05-95% by 
Weight based on the total Weight of the composition. Based 
on the body Weight of the patent, the dosage may be 
administered in one or more doses several times per day or 
per Week. Multiple dosage units may be required to achieve 
a therapeutically effective amount. For eXample, if the 
dosage form is 1000 mg, and the patient Weighs 40 kg, one 
pill Will provide a dose of 25 mg per kg for that patient. It 
Will provide a dose of only 12.5 mg/kg for a 80 kg patient. 

[0042] The compounds have shoWn dose responsiveness 
in vivo against viruses and cancers in mice at 500 mg/kg, 
2500 mg/kg, 3500 mg/kg, 4000 mg/kg, 5000 mg/kg and 
6000 mg/kg. Generally a dosage effective in mice translates 
to about 1/12of the dosage required in humans. By Way of 
general guidance, for humans a dosage of as little as about 
30 milligrams (mg) per kilogram (kg) of body Weight and up 
to about 10000 mg per kg of body Weight is suitable. 
Preferably from 50 mg/kg to about 5000 mg/kg of body 
Weight is used. Most preferably the doses are betWeen 100 
mg/kg to about 3000 mg/kg of body Weight. HoWever, a 
dosage of betWeen about 2 milligrams (mg) per kilogram 
(kg) of body Weight to about 400 mg per kg of body Weight 
is also suitable for some indications. 

[0043] Intravenously, the most preferred doses may range 
from about 1 to about 1000 mg/kg/minute during a constant 
rate infusion. BenZimidaZole derivatives may be adminis 
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tered in a single daily dose, or the total daily dosage may be 
administered in divided doses of tWo, three, or four times 
daily. The benZimidaZole derivatives are given in one or 
more doses on a daily basis or from one to three times a 

Week. 

[0044] The benZimidaZole derivatives may also be admin 
istered in intranasal form via topical use of suitable intra 
nasal vehicles, or via transdermal routes, using those forms 
of transdermal skin patches Well knoWn to those of ordinary 
skill in that art. To be administered in the form of a 
transdermal delivery system, the dosage administration Will, 
of course, be continuous rather than intermittant throughout 
the dosage regimen. 

[0045] Generally, the dosage in man is loWer than for 
small Warm blooded mammals such as mice. A dosage unit 
may comprise a single compound or mixtures thereof With 
other compounds or other cancer inhibiting compounds or 
tumor groWth inhibiting compounds or anti-viral com 
pounds. The dosage unit can also comprise diluents, extend 
ers, carriers and the like. The unit may be in solid or gel form 
such as pills, tablets, capsules and the like or in liquid form 
suitable for oral, rectal, topical, intravenous injection or 
parenteral administration or injection into or around the 
tumor. 

[0046] The benZimidaZole derivatives are typically mixed 
With a pharmaceutically acceptable carrier. This carrier can 
be a solid or liquid and the type is generally chosen based on 
the type of administration being used. The active agent can 
be coadministered in the form of a tablet or capsule, as an 
agglomerated poWder or in a liquid form. Examples of 
suitable solid carriers include lactose, sucrose, gelatin and 
agar. Capsule or tablets are easily formulated and can be 
made easy to sWalloW or cheW; other solid forms include 
granules, and bulk poWders. Tablets may contain suitable 
binders, lubricants, diluents, disintegrating agents, coloring 
agents, ?avoring agents, ?oW-inducing agents, and melting 
agents. Examples of suitable liquid dosage forms include 
solutions or suspensions in Water, pharmaceutically accept 
able fats and oils, alcohols or other organic solvents, includ 
ing esters, emulsions, syrups or elixirs, suspensions, solu 
tions and/or suspensions reconstituted from non 
effervescent granules and effervescent preparations 
reconstituted from effervescent granules. Such liquid dosage 
forms may contain, for example, suitable solvents, preser 
vatives, emulsifying agents, suspending agents, diluents, 
sWeeteners, thickeners, and melting agents. Oral dosage 
forms optionally contain ?avorants and coloring agents. 
Parenteral and intravenous forms Would also include min 
erals and other materials to make them compatible With the 
type of injection or delivery system chosen. 

D. EXAMPLES OF FORMULATION 

[0047] The benZimidaZole derivatives of this invention are 
administered as treatment for cancer and viral infections, 
including retroviral, by any means that produces contact of 
the active agent With the agent’s site of action in the body. 
The antitumor compounds (active ingredients) of this inven 
tion are administered to inhibit tumors by any means that 
produces contact of the active ingredient With the agent’s 
site of action in the body of a mammal. They can be 
administered by any conventional means available for use in 
conjunction With pharmaceuticals, either as individual thera 
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peutic agents or in a combination of therapeutic agents. They 
can be administered alone, but generally are administered 
With a pharmaceutical carrier selected on the basis of the 
chosen route of administration and standard pharmaceutical 
practice. 
[0048] The benZimidaZole derivatives are administered in 
oral dosage forms as tablets, capsules (each of Which 
includes sustained release or timed release formulations), 
pills, poWders, granules, elixirs, tinctures, suspensions, syr 
ups, and emulsions. The benZimidaZole derivatives may also 
be administered in intravenous (bolus or infusion), intrap 
eritoneal, subcutaneous, or intramuscular form, all using 
dosage forms Well knoWn to those of ordinary skill in the 
pharmaceutical arts. 

[0049] In the methods of the present invention, the com 
pounds herein described in detail can form the active ingre 
dient, and are typically administered in admixture With 
suitable pharmaceutical diluents, excipients, or carriers (col 
lectively referred to herein as a pharmaceutically acceptable 
carrier or carrier materials) suitably selected With respect to 
the intended form of administration, that is, oral tablets, 
capsules, elixirs, syrups and the like, and consistent With 
conventional pharmaceutical practices. 

[0050] For instance, for oral administration in the dosage 
unit form of a tablet or capsule, the active drug component 
can be combined With an oral, non-toxic, pharmaceutically 
acceptable, inert carrier such as lactose, starch, sucrose, 
glucose, methyl cellulose, magnesium stearate, dicalcium 
phosphate, calcium sulfate, mannitol, sorbitol and the like. 

[0051] For oral administration in liquid dosage form, the 
oral drug components are combined With any oral, non 
toxic, pharmaceutically acceptable inert carrier such as 
ethanol, glycerol, Water, and the like. Moreover, When 
desired or necessary, suitable binders, lubricants, disinte 
grating agents, and coloring agents can also be incorporated 
into the mixture. Suitable binders include starch, gelatin, 
natural sugars such as glucose or beta-lactose, corn sWeet 
eners, natural and synthetic gums such as acacia, tragacanth, 
or sodium alginate, carboxymethylcellulose, polyethylene 
glycol, Waxes, and the like. Lubricants used in these dosage 
forms include sodium oleate, sodium stearate, magnesium 
stearate, sodium benZoate, sodium acetate, sodium chloride, 
and the like. Disintegrators include, Without limitation, 
starch, methyl cellulose, agar, bentonite, xanthan gum, and 
the like. 

[0052] The benZimidaZole derivatives can also be admin 
istered in the form of liposome delivery systems, such as 
small unilamallar vesicles, large unilamallar vesicles, and 
multilamellar vesicles. Liposomes can be formed from a 

variety of phospholipids, such as cholesterol, stearylamine, 
or phosphatidylcholines. 

[0053] BenZimidaZole derivatives may also be coupled 
With soluble polymers as targetable drug carriers. Such 
polymers can include polyvinylpyrrolidone, pyran copoly 
mer, polyhydroxylpropylmethacrylamide-phenol, polyhy 
droxyethylaspartamidephenol, or polyethyleneoxide-polyl 
ysine substituted With palmitoyl residues. Furthermore, the 
compounds of the present invention may be coupled to a 
class of biodegradable polymers useful in achieving con 
trolled release of a drug, for example, polylactic acid, 
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polyglycolic acid, copolymers of polylactic and polyglycolic 
acid, polyepsilon caprolactone, polyhydroXy butyric acid, 
polyorthoesters, polyacetals, polydihydropyrans, polycy 
anoacylates, and crosslinked or amphipathic block copoly 
mers of hydrogels. 

[0054] The active ingredient can be administered orally in 
solid dosage forms, such as capsules, tablets, and poWders, 
or in liquid dosage forms, such as eliXirs, syrups, and 
suspensions. It can also be administered parentally, in sterile 
liquid dosage forms. 

[0055] Gelatin capsules may contain the active ingredient 
and poWdered carriers, such as lactose, starch, cellulose 
derivatives, magnesium stearate, stearic acid, and the like. 
Similar diluents can be used to make compressed tablets. 
Both tablets and capsules can be manufactured as sustained 

release products to provide for continuous release of medi 
cation over a period of hours. Compressed tablets can be 
sugar coated or ?lm coated to mask any unpleasant taste and 
protect the tablet from the atmosphere, or enteric coated for 
selective disintegration in the gastrointestinal tract. 

[0056] Liquid dosage forms for oral administration can 
contain coloring and ?avoring to increase patient accep 
tance. In general, Water, a suitable oil, saline, aqueous 
deXtrose (glucose), and related sugar solutions and glycols 
such as propylene glycol or polyethylene glycols are suitable 
carriers for parenteral solutions. Solutions for parenteral 
administration preferably contain a Water soluble salt of the 
active ingredient, suitable stabiliZing agents, and if neces 
sary, buffer substances. AntioXidiZing agents such as sodium 
bisul?te, sodium sul?te, or ascorbic acid, either alone or 
combined, are suitable stabiliZing agents. Also used are 
citric acid and its salts and sodium EDTA. In addition, 
parenteral solutions can contain preservatives, such as ben 
Zalkonium chloride, methyl- or propyl-paraben, and chlo 
robutanol. Suitable pharmaceutical carriers are described in 
Remington’s Pharmaceutical Sciences, Mack Publishing 
Company, a standard reference teXt in this ?eld. 

[0057] Useful pharmaceutical dosage forms for adminis 
tration of the compounds of this invention are illustrated as 
folloWs: 

[0058] Capsules 

[0059] A large number of unit capsules are prepared by 
?lling standard tWo-piece hard gelatin capsules each With 
100 to 500 milligrams of poWdered active ingredient, 5-150 
milligrams of lactose, 5-50 milligrams of cellulose, and 6 
milligrams magnesium stearate. 

[0060] Soft Gelatin Capsules 

[0061] A mixture of active ingredient in a digestible oil 
such as soybean oil, cottonseed oil or olive oil is prepared 
and injected by means of a positive displacement pump into 
gelatin to form soft gelatin capsules containing 100-500 
milligrams of the active ingredient. The capsules are Washed 
and dried. 
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[0062] Tablets 

[0063] A large number of tablets are prepared by conven 
tional procedures so that the dosage unit Was 100-500 
milligrams of active ingredient, 0.2 milligrams of colloidal 
silicon dioXide, 5 milligrams of magnesium stearate, 50-275 
milligrams of microcrystalline cellulose, 11 milligrams of 
starch and 98.8 milligrams of lactose. Appropriate coatings 
may be applied to increase palatability or delay absorption. 

[0064] Inj ectable 

[0065] A parenteral composition suitable for administra 
tion by injection is prepared by stirring 1.5% by Weight of 
active ingredient in 10% by volume propylene glycol and 
Water. The solution is made isotonic With sodium chloride 
and steriliZed. 

[0066] Suspension 

[0067] An aqueous suspension is prepared for oral admin 
istration so that each 5 ml contain 100 mg of ?nely divided 
active ingredient, 200 mg of sodium carboXymethyl cellu 
lose, 5 mg of sodium benZoate, 1.0 g of sorbitol solution, 
U.S.P., and 0.025 ml of vanillin. 

[0068] The present invention also includes pharmaceutical 
kits useful, for eXample, for the treatment of HIV infection, 
Which comprise one or more containers containing a phar 
maceutical composition comprising a therapeutically effec 
tive amount of a benZimidaZole derivative. Such kits may 

further include, if desired, one or more of various conven 

tional pharmaceutical kit components, such as, for eXample, 
containers With one or more pharmaceutically acceptable 

carriers, additional containers, etc., as Will be readily appar 
ent to those skilled in the art. Printed instructions, either as 
inserts or as labels, indicating quantities of the components 
to be administered, guidelines for administration, and/or 
guidelines for miXing the components, may also be included 
in the kit. In the present disclosure it should be understood 
that the speci?ed materials and conditions are important in 
practicing the invention but that unspeci?ed materials and 
conditions are not eXcluded so long as they do not prevent 
the bene?ts of the invention from being realiZed. 

[0069] The folloWing examples are illustrative and are not 
meant to be limiting to the invention. 

[0070] Colon, Breast and Lung Tumor Cells Test 

[0071] The folloWing cell culture tests Were performed to 
test the toXicity of the benZimidaZole compounds on colon, 
breast and lung human tumor cells. The viability of the cells 
Were tested by looking at MTT (3-[4,5-dimethylthiaZol-2-yl] 
-2,5-diphenyltetraZolium bromide) reduction. MTT assay is 
a Well knoWn measure of cell viability. 

[0072] The colon tumor cells (HT29 from American Type 
Culture Collection (ATCC) and the breast cells (MX1 from 
cell lines from ATCC) Were cultured in Eagle’s Miminal 
Essential Medium With 10% fetal bovine serum. The lung 
tumor cells (A549 from ATCC cell lines) Were cultured in 
Ham’s F12 medium With 10% fetal bovine serum. 
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[0073] The tumor cells Were passaged and seeded into 
culture ?asks at the desired cell densities. The culture 
medium Was decanted and the cell sheets Were Washed tWice 

With phosphate buffered saline (PBS). The cells Were 
trypsiniZed and triturated prior to seeding the ?asks. Unless 
otherWise indicated the cultures Were incubated at 37:1° C. 

in a humidi?ed atmosphere of 511% carbon dioxide in air. 
The cultures Were incubated until they Were 50-80% con 

?uent. 

[0074] The cells Were subcultured When the ?asks Were 
subcon?uent. The medium Was aspirated from the ?asks and 
the cell sheets rinsed tWice With PBS. Next, the Trypsin 
Solution Was added to each ?ask to cover the cell sheet. The 
Trypsin Solution Was removed after 30-60 seconds and the 
?asks Were incubated at room temperature for tWo to six 
minutes. When 90% of the cells became dislodged, groWth 
medium Was added. The cells Were removed by trituration 
and transferred to a sterile centrifuge tube. The concentra 
tion of cells in the suspension Was determined, and an 
appropriate dilution Was made to obtain a density of 5000 
cells/ml. The cells Were subcultured into the designated 
Wells of the 96-Well bioassay plates (200 microliter cell 
suspension per Well), PBS Was added to all the remaining 
Wells to maintain humidity. The plates Were then incubated 
overnight before test article treatment. 

[0075] Each dose of test article Was tested by treating 
quadruplicate Wells of cultures With 100 microliter of each 
dilution. Those Wells designated as solvent controls received 

an additional 100 microliter of methanol control; negative 
controls Wells received an additional 100 microliters of 

treatment medium. PBS Was added to the remaining Wells 

not treated With test article or medium. The plates Were then 

incubated for approximately 5 days. 

[0076] At the end of the 5 day incubation, each dose group 
Was examined microscopically to assess toxicity. A 0.5 

mg/ml dilution of MTT Was made in treatment medium, and 
the dilution Was ?ltered through a 0.45 micrometer ?lter to 

remove undissolved crystals. The medium Was decanted 

from the Wells of the bioassy plates. Immediately thereafter, 
2000 microliter of the ?ltered MTT solution Was added to all 

test Wells except for the tWo untreated blank test Wells. The 

tWo blank Wells received 200 microliters of treatment 

medium. The plates Were returned to the incubator for about 

3 hours. After incubation, the MTT containing medium Was 
decanted. Excess medium Was added to each Well and the 

plates Were shaken at room temperature for about 2 hours. 

[0077] The absorbance at 550 mn (ODSSO) of each Well 
Was measured With a Molecular Devices (Menlo Park, 
Calif.) VMax plate reader. 

[0078] The mean OD550 of the solvent control Wells and 
that of each test article dilution, and that of each of the blank 
Wells and the positive control Were calculated. The mean 
OD550 of the blank Wells Was subtracted from the mean of the 
solvent control Wells, and test article Wells, respectively to 
give the corresponding mean ODSSO. 
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W f C t 1 corrected mean OD550 of Test Article Dilution 100 
0 O on to _ corrected mean OD550 of Solvent Control X 

[0079] Dose response curves Were prepared as semi-log 
plots With % of control on the ordinate (linear) and the test 
article concentration on the abscissa (logarithmic). The EC5O 
Was interpolated from the plots for each test article. 

[0080] For the test articles administered in methanol, 
separate responses Were prepared to correct for the methanol 
data.3 

[0081] Adriamycin Was used as a positive control. In all 
cases, it Was more toxic than any of the test materials by one 
or tWo logs. Adriamycin is one of the more potent agents in 
current use and one With signi?cant side effects. The peak 
plasma concentration of other, quite effective chemothera 
peutic agents may be 10 to 50 times higher than that of 
Adriamycin. 
[0082] The EC5O is the concentration at Which one half of 
the cells are killed. 

Table 1 

EC-50 Result (ppm) 

Test Material HT29 HT29 MX1 MX1 A549 A549 

Adriamycin 0.03 0.006 0.02 0.001 0.03 0.009 
benomyl 0.742 0.747 1.42 2.42 0.980 1.02 
carbendazim 0.621 0.662 0.829 0.856 0.856 0.836 

[0083] In normal healthy cells, the folloWing results Were 
obtained. As is evident, the benomyl and carbendaZim Were 
much less toxic to normal healthy cells than adriamycin. 

Table 2 

EC-50 
Broncheal Kerotinoyle 

Test Material Cells Cells Fibroblasts 

Benomyl 0.728 0.682 3.26 2.4 3.24 2.81 
Carbendazim 0.320 0.506 0.752 0.822 1.52 1.42 
Adriamycin 0.015 0.0020 0.0035 0.0093 0.065 0.10 

[0084] In a related study using lung tumor cells (A-549) 
breast tumor cells (MCF-7) and colon tumor cells (HT-29), 
thiabendaZole effectively killed these cells. Table 3 summa 
riZes the results 

TABLE 3 

Optical Density 

Concentration (ppm) A-549 MCF-7 HT-29 

0-C0ntr0l 0. 600 0.245 0.398 
173 0.007 0.007 0.005 
35 0.411 0.025 0.011 
17.3 0.851 0.258 0.204 
3.46 1.12 0.466 0.713 
0.87 1.32 0.507 0.852 
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[0085] These experiments show that these compositions 
are effective in killing tumor cells of the breast, colon and 
lung type. 

[0086] CarbendaZim has shoWn broad-scale ef?cacy 
against multiple cancer types both in vitro and in vivo. The 
cancers tested include colon, lung, breast, prostate, pancre 
atic, leukemia, melanoma, neuroblastoma, ovarian, neck and 
head, and brain. Also multiple cell lines Were tested in 
almost instances. 

[0087] The initial ef?cacy is comparable to existing best 
available drugs. But With carbendaZim, the tumors do not 
recur or reappear as happens With Cytoxan and Taxol, Which 
otherWise are quite good against breast cancer. Similarly, 
pancreatic cancer does not appear to come back as often 

happens With Gemcitabine treatment. 

[0088] CarbendaZim is particularly good in mouse mela 
noma in mice, Which many people believe is the best 
predictive model for efficacy in humans. It has shoWn 
outstanding broad and good results in the human tissue 
cloning test. This is an in vitro test on conventionally treated 
and recently excised human tumors. 

[0089] CarbendaZim is equally effective against p53 de? 
cient/defective cell lines, unlike most existing drugs. It 
appears that carbendaZimn induces apoptosis in cancer cells 
at sub-lethal concentrations to normal cells. 

[0090] Other Bene?ts of CarbendaZim are: 

[0091] Its oral LD5O in mice is quite high (11,000 
mg/kg), a loW overall toxicity unlike most cancer 
drugs. For perspective the LD5O of table salt is 3750 
mg/kg. 

[0092] It is effective in cancers that form tumors and 
those that do not, e.g. both carcinomas and sarcomas. 

[0093] The results of these studies are provided in 
more detail beloW. 

Mechanism of Action Studies 

[0094] Some of the pharmacological effects of carbenda 
Zim Were demonstrated by studying its ability to induce 
apoptosis in cancer cells, studying its effect on p53-abnornal 
cell lines and determining during Which cellular life cycle 
phase carbendaZim exerts its effects. 

[0095] Apoptosis Study: 

[0096] Apoptosis is a speci?c type of cell death Which 
differs from necrosis and is characteriZed by speci?c mor 
phological, biochemical and micellular cell changes. Abnor 
malities in p53 expression are generally inked With the 
prevention of apoptosis and p53 abnormalities are common 
in human tumors Which are resistant to conventional cyto 

toxic agents. 

[0097] Summary of test results: The extent of apoptosis is 
measured in human tumor cell lines after treatment for 1, 2, 
3 and 4 days With carbendaZim. At each of these time points, 
the cells are harvested and assayed using the terminal 
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deoxynucleotidyl transferase (TdT) assays. Both micros 
copy and flow cytometry Were used for the TdT assay. 

[0098] In MCF7, HT29, B16 and SK-MES cell lines, there 
Was a concentration dependent effect on cell groWth. In most 
cases at concentrations of carbendaZim greater than 1 pig/ml, 
the groWth rate Was signi?cantly sloWer than in the untreated 
samples. After completion of the studies on the MCF7 and 
HT29 cell lines, it Was evident that the 0.1 pig/ml concen 
tration had little effect on either apoptosis or cell groWth. 
Therefore subsequent assays Were With 5 pig/ml instead of 
0.1 pig/m1. 

[0099] The groWth of MCF7 (breast cancer) cells Was not 
signi?cantly affected by carbendaZim beloW 10 pig/ml as 
shoWn by either method. HoWever, at 10 pig/ml the increase 
in apoptosis Was evident at days 3 and 4. The increase in 
apoptosis Was loW, less than 10% at the high concentration. 
After normaliZation for the cell groWth, carbendaZim at 10 
pig/ml had an effect at day 4. 

[0100] The groWth of HT 29 (colon) cancer cells Was not 
largely sloWed doWn by carbendaZim beloW 10 pig/ml. 
Concentration-dependent increase in apoptosis Was 
observed at days 3 and 4, reaching >25% apoptosis in the 
presence of 10 pig/ml carbendaZim. After normaliZation for 
the cell groWth rates, the concentration-response effect Was 
seen at day 4. 

[0101] At all concentrations, carbendaZim affected the 
groWth rates in B16 murine melanoma cell line. Some 
concentration dependent effects on apoptosis Were seen at 

days 1-4 by TdT microscopy and days 2-4 by How cytom 
etry. The concentration effects at days 1-4 Were much more 
evident after normaliZation of the apoptosis for the groWth 
rates. 

[0102] The groWth of SK-MES cells Was sloWed done by 
all concentrations of carbendaZim past day 1. The percent of 
apoptosis shoWed a concentration-response effect at days 
1-4 by microscopic TdT assay and by flow cytometry at days 
3 and 4. A normaliZed graph shoWed a concentration 
response effect of the compound on apoptosis at all days. 

[0103] Conclusion: At concentrations less than 10 pig/ml, 
the greatest response to carbendaZim Was seen in the SK 

MES lines (lung), folloWed by B16 (murine melanoma), 
HT29 (colon), and MCF7 (breast) cells. The HT29, SK 
MES and B16 cell lines express abnormal p53. Accordingly 
carbendaZim can induce apoptosis in p53 abnormal cell 
lines. 

[0104] Selectivity in Killing p53 Abnormal Cell Lines 

[0105] CarbendaZim provides in vivo activity against 
HT29 tumor cells Which express abnormal p53. 

[0106] Summary of test results: Pairs of tumors of the 
same type Were chosen, one expressing normal p53 and the 
other abnormal p53. Breast lines used Were MCF7 for the 
normal p53, V4B, a MCF7 cells transformed With an empty 
vector, and VM4K, an MCF7 cells transfected With a vector 
encoding abnormal p53. In the colorectal cancer model 
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HCT116 With a normal p53 Was used and DLD-1 Was used 
as the abnormal p53 cell line. The tumor cells Were grown 
the presence and absence of carbendaZim for 7 days. Cell 
growth rates Were determined in each group by counting the 
cell numbers daily using a Coulter counter. 

[0107] In the breast model at day 7, using 1 pig/ml of 
carbendaZim, cell counts in all three cell lines Were betWeen 
50% and 60% of the control. At concentrations of 5 and 10 
pig/ml the MCF7 cell counts Were 45% and 36% of the 
control. The V4B and VM4K cell lines Were less than 10% 
of the respective controls. The data from the VM4K cell line 
Would also indicate the carbendaZim is again selectively 
killing the p53 abnormal cells, hoWever, there Was also a 
marked decrease in the cell numbers in the V4B line 
carrying only the empty vector. In light of the controversy 
regarding the p53 status in MCF7 cells, Which some 
researchers claim to express abnormal p53, these differences 
may be more di?icult to interpret. 

[0108] At day 7 in the colorectal model, at 1 pig/ml 
concentration carbendaZim cell counts in the DLD1 line 

(abnormal p53) Were only 34% of the control. The HCT 116 
cell line, (normal p53) shoWed cell counts that Were 78% of 
the control suggesting that carbendaZim may selectively kill 
p53 abnormal cells. At carbendaZim concentrations of 5 and 
10 pig/ml, cell counts Were less than 10% of the control in 
both the DLD-1 and HCT116 lines indicating that at the 
larger concentration, the drug Was equally toxic to cell lines 
containing abnormal and normal p53. 

[0109] Conclusion: At higher concentrations, 5 and 10 
pig/ml, the drug Was equally toxic to cell lines containing 
abnormal p53 and normal p53 in both colon and breast 
cancers. 

In Vitro Studies of CarbendaZim on Cancer Cell 
Lines 

[0110] A dose response effect of carbendaZim in a human 
tumor cloning forming units study (HTCU) is summariZed 
beloW. This is an in vitro test of treatments on conventionally 

treated, then recently excised human tumors. It is an impor 
tant study because carbendaZim is shoWing effectiveness 
against cell lines Which have survived conventional treat 
ment and Which themselves have not had undergone too 

many passages (due to recent excision). This is signi?cant 
since long living cell lines undergo changes (passages), 
some of Which may affect their resistance to some drugs, and 
hemotherapeutic agent resistant cells can be formed. The 
data shoW the activity as the tumors tested that had <50% 

survival (a high number is desirable). 

In Vitro Human Tumor Colony Forming Units Test 

[0111] Solid tumors removed by patients are minced into 
2 to 5 mm fragments and immediately placed in McCoy’s 
Medium 5A plus 10% heat inactivated neWborn calf serum 
plus 1% penicillin/streptomycin. Within 4 hours, these solid 
tumors are mechanically disassociated With scissors, forced 
through No. 100 stainless steel mesh, through 25 gauge 
needles, and then Washed With McCoy’s medium as 
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described above. Ascitic, pleural, pericardial ?uids and bone 
marroW are obtained by standard techniques. The ?uid or 

marroW is placed in sterile containers containing 10 units of 

preservative free heparin per ml. of malignant ?uid or 
marroW. After centrifugation at 150><g for 10 minutes, the 
cells are harvested and Washed With McCoy’s medium plus 
10% heat inactivated calf serum. The viability of cell 

suspensions is determined on a hemocytometer With trypan 
blue. 

[0112] Cells to be cloned are suspended in 0.3% agar in 
enriched CMRL1066 supplemented With 15% heat inacti 

vated horse serum, penicillin (100 units/ml), streptomycin (2 
mg/ml), glutamine (2 mM), insulin (3 units/ml), asparagine 
(0.6 mg/ml), and HEPES buffer (2 mM). For the continuous 
exposure test each compound is added to the above mixture. 

Cells are placed in 35 mm petri dishes in a top layer of agar 

over an underlayer of agar to prevent groWth of ?broblasts. 

Three plates are prepared for each data point. The plates are 
placed in a 37° C. incubator, and are removed on day 14 for 

counting of the number of colonies in each plate. The 
number of colonies (de?ned as 50 cells) formed in the 3 
compound treated plates is compared to the number of 
colonies formed in the 3 control plates, and the percent 
colonies surviving at the concentration of compound can be 

estimated. Three positive control plates are used to deter 

mine survival rate. Orthosodium vanadate at 200 pig/ml is 

used as the positive control. If there is <30% colonies in the 

positive control When compared to the untreated control, the 
test is evaluated. 

Activity of Carbendazim Against Human Tumor Colonv Forming Units 

1 Hour Exposure 
Concentration —u/ml 

1 Hour Exposure 
Concentration —u/ml 

Tumor Type 0.5 5.0 50 0.5 5.0 10 50 

Brain — — — O/2 O/2 — 2/2 

Breast O/l O/1 O/l O/3 O/4 O/l 2/3 
Cervix — — — O/1 O/1 — 1/1 

Colon O/l O/1 O/l O/5 1/5 — 2/5 
Head & Neck O/l O/1 O/l O/1 O/1 — 1/1 
Kidney O/l O/1 O/l O/2 O/2 — 1/2 
Lung, non-small 0/1 0/1 0/1 0/6 2/6 0/1 2/5 
cell 
Melanoma O/2 O/2 1/2 O/3 1/3 — 2/3 
Mesothelioma — — — 0/1 0/1 0/1 — 

Ovary O/3 O/3 O/3 O/1 2/13 — 10/13 
Sarcoma O/l O/1 1/1 O/1 O/1 — 1/1 
Stomach — — — 0/1 0/1 — 1/1 

Uterus — — — 0/3 0/3 — 2/3 

Unknown — — — 0/1 0/1 — 0/1 

Primary 
0/11 0/11 2/11 0/4 6/44 0/3 27/41 
0% 0% 18% 0% 14% 0% 66% 

[0113] (4-thiaZolyl)-1H-benZimidaZole shoWs e?icacy in 
the Human Tumor Colony Forming Units test described 
above When tested using continuous exposure of the cells to 
the (4-thiaZolyl)-1H-benZimidaZole. 
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[0114] The following table summarizes these results 
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showing positive results on a number of cancer types: _C0ntinued 

5000 mg/kg 280.4 246.9 281.3 374.6 

1 Hour Exposure Continuous Exposure Carbendazim 
Concentration —ug/ml Concentration -&gzl'nl 

4000 mg/kg 282.1 311.6 316.6 368.1 

Compound 0.5 5.0 50.0 0.5 5.0 50.0 Carbendazim 

2-(methoxycarbonyla- 0/1 0/1 0/1 0/14 3/14 5/14 
mino) benzimidazole MitoXantrone 1.5 mg/kg 169.7 187.1 208.5 248 
(4—thiaZolyl)-1H— 0/3 0/3 0/3 1/10 2/10 7/10 
benzimidazole 

dose day 30 day 33 day 37 day 40 

- - - t 'l t l 518 625.2. 537.6 594 In Vivo Studies of CarbendaZ1m on Cancer Cell peanu 01 con to 
Lines 6000 mg/kg 416.6 447.3 546.3 514.4 

' ~ ' carbendazim 

[0115] The dose response effect of carbendaZ1m in mice 
infected With various cancer types Was studied in standard 5000 mg/kg 370.6 428.6 406.4 391.6 

screening tests. carbendazim 

[0116] The results of these studies conducted to study the 4000 mg/kg 3513 4107 5068 4849 
dosage response of carbendaZ1m on various cancer types are b d _ 

_ _ car en azim 

summarized beloW. These results are representative of a 

number of tests in Which a knoWn chemotherapeutic agent is Mitoxantrone 15 mg/kg 2473 2969 363 465 
used as the control so that the ef?cacy of the carbendaZim 

can be ‘compared IO~1L Efflcacy of carbendaZ1m has been dose day 44 day 47 day 51 day 53 
shown in the following cancers: 

[0117] In a Prostate cancer model doses of 4000, Peanutoil Control 714-1 777-4 665-7 764-8 

5000 and 6000 (mg/kg given once Weekly) Were as b d 5 5 
. . 6000 ' 0 .2 484 438.3 499.8 effective as Mitoxantrone at 70 days. It Was better mg/kg Car en azlm 

than Cyto'Xan at these doses of 4000, 5000 and 6000 5000 mg/kg Carbendazim 4457 4547 5059 5433 
(mg/kg g1ven twice weekly) through 40 days. The 
tables shoW tumor Weight in mg for each dose. The 4000 mg/kg carbendazim 481.5 511.5 543.1 552.9 

carbendaZim Was given once a Week (po) and the 
Mitoxantrone Was given by i'v' MitoXantrone 1.5 mg/kg 545.6 474.9 495.8 566.2 

dose day 59 day 61 day 65 day 68 day 72 

dose day 1 day 5 day 9 day 12 
peanut oil control 981.3 936 — — — 

peanut oil control 61.6 88.9 146.8 184.9 

6000 mg/lfg 62-1 92-2 140-4 162 6000 mg/kg carbendazim 492.2 480.1 581.9 525.9 667.3 
carbendazim 
5000 mg/kg 63.1 100.1 116.8 138.3 _ 
Carbendazim 5000 mg/kg carbendazim 628.6 579.1 562.3 562.3 602 

4000 mg/kg 63.1 97.5 159 192.7 
carbendazim 4000 mg/kg carbendazim 507.8 560.3 631.2 697.8 739.1 
MitoXantrone 1.5 mg/kg 61.9 91.5 120.4 150.9 

MiXtoXantrone 1.5 mg/kg 656.8 657.4 775.1 820.8 707 
dose day 16 day 19 day 23 day 26 

peanut oil control 278.1 305.8 385.6 592.4 
6000 mg/kg 226.5 275.99 301.9 400.9 _ _ 

Carbendazim [0118] Both the CytoXan and the carbendaZ1m were given 
p.o. tWice a Week 

dose day 1 day 5 day 8 day 12 day 15 day 19 

peanut oil control 66.9 118.2 185.8 250.2 264.5 351 
6000 mg/kg carbendazim 66.7 97.3 143 193.5 237.9 316.2 

5000 mg/kg carbendazim 67.9 84.9 126.8 152.8 184.2 199.5 
4000 mg/kg carbendazim 67.2 110.4 157.6 192.6 238.9 298.7 
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-continued 

CytoXan 300 mg/kg 66.7 98.4 179.4 234.6 259.7 278.1 

dose day 22 day 26 day 29 day 33 day 36 day 39 

peanut oil control 416.1 446.2 555.3 802.7 868.4 1032.3 
6000 mg/kg carbendazim 331.5 371.7 421.7 517.2 529.9 595.2 
5000 mg/kg carbendazim 236.8 247.6 293.6 351.5 409.8 497.8 
4000 mg/kg carbendazim 330.5 347.9 346.6 421.1 464.9 517 
CytoXan 300 mg/kg 351.2 467.8 583.8 786.1 904.2 1143.5 

[0119] In the C010n—HT29 mouse model carbendaZim at 
doses of 4000, 5000 and 6000 (mg/kg given twice Weekly) 
it is better than CytoXan in this model. At a dose of 3000 
(mg/kg given tWice Weekly) it is also better than CytoXan. 

[0120] The carbendaZim and CytoXan Were given tWice 
Weekly. 

dose day 1 day 5 day 8 day 12 day 16 

peanut oil control 53.5 67.1 98.6 154.6 187 
CytoXan 300 mg/kg 51.3 60.3 42 58.5 64 
6000 mg/kg carbendazim 53.5 55.8 45.2 62.8 46.4 
5000 mg/kg carbendazim 53.5 58 58 104.3 83.2 
4000 mg/kg carbendazim 51.3 63.8 59.7 85.8 81.1 

dose day 19 day 23 day 26 day 29 day 37 day 40 

peanut oil control 236.3 335.5 433.1 499.9 786.3 984.9 
CytoXan 300 mg/kg 87.8 137.7 174 252 407.3 503 
6000 mg/kg carbendazim 59.4 77 78.4 60 51.3 62.5 
5000 mg/kg carbendazim 109.7 129.2 149.4 133.3 185.6 185.1 
4000 mg/kg carbendaZim 119.4 142.1 159.6 156.2 184.6 212.9 

dose day 1 day 6 day 9 day 13 day 16 day 20 

control- no treatment 77.1 172.3 231.4 348.1 409.3 478.4 
peanut oil control 75.8 172.2 218.2 300.3 344 460 
CytoXan 300 mg/kg 76.6 132.5 152.5 142.8 188.1 226 
3000 mg/kg carbendazim 75.8 108.1 110.4 141.4 152.3 121.7 

dose day 23 day 26 day 29 

control- no treatment 582.8 710.2 867.3 
peanut oil control 540.8 701.5 863 
CytoXan 300 mg/kg 372.7 375 478 
3000 mg/kg carbendazim 141.8 173.5 209.5 

[0121] In the Breast—MX-1 model, carbendaZim at 4000, 
5000, and 6000 (mg/kg, tWice Weekly) Was dose responsive -continued 
in sloWing the groWth of the tumor and Was better than d d 1 d 5 d 8 d 12 d 15 

. , , _ ose a a a a a 

CytoXan. It is also very effective in MCF-7L breast line. At y y y y y 

a dose of 3000, (mg/kg given twice Weekly) it Was equiva_ 6000 mg/kg carbendazim 70.4 151.8 259.9 492.9 663.6 
1 t t N 1b. 5000 mg/kg carbendazim 70.1 157.4 272.1 535.9 856.4 
en 0 ave 1ne~ 4000 mg/kg carbendazim 70.3 158 320.4 626.2 1126.5 

[0122] The CytoXan and the carbendaZim Were given 
tWice Weekly, p.o. 

dose day 1 day 5 day 8 day 12 day 15 

peanut oil control 70.9 208.6 526 1153.6 2267.9 

CytoXan 300 mg/kg 70 32.9 4.2 3.2 0 

[0123] When the tumor Was shrunk With TaXol ?rst and 
then the carbendaZim therapy started When the tumor began 
to groW again on day 130, the carbendaZim treatment Was 
begun and the tumor subsequently shrunk to Zero. The 
Navelbine Was given 1.6 mg./kg, qdXS, i.p; the TaXol Was 
given 16 mg/kg, qdXS, i.p; and the carbendaZim Was dosed 
tWice Weekly, p.o. The carbendaZim treatment Was better 
than Navelbine and as good as TaXol in this study. 
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dose day 1 day 5 day 8 day 12 day 15 

peanut oil control 72.9 91.4 95.2 117.1 121.4 
3000 rng/kg carbendazirn 70.8 98.7 90.8 110.1 106.8 
Navelbine 68.1 95.3 83.2 106.1 116.3 
TaXol 68.9 85.2 52.1 36.3 27.5 

dose day 20 day 23 day 26 day 29 day 35 day 37 

peanut oil control 157.6 171.9 170.1 211.6 226.1 229.4 
3000 mg/kg carbendazirn 112.5 137.4 127.9 135.2 140.1 137.9 
Navelbine 135.3 160.5 157.9 162.8 195.8 212.2 
TaXol 28.5 31.8 32.4 34.2 36.3 32.9 

dose day 41 day 44 day 48 day 51 day 55 day 58 

peanut oil control 253.2 257.7 252.1 247.8 263.9 278.3 
3000 mg/kg carbendazirn 129.2 128 134.6 111.9 98.7 107.9 
Navelbine 223.1 217.4 237.3 222.3 255.8 251.6 
TaXol 29.9 38.7 29.7 33.3 27.1 35.2 

dose day 62 day 65 day 69 day 72 day 76 day 79 

peanut oil control 274.4 252.8 275.2 277.9 274.7 296.4 
3000 rng/kg carbendazirn 102.3 103.7 85.1 81.4 75.2 66.1 
Navelbine 254.2 257.3 306.1 301.9 307.6 340.7 
TaXol 35.2 35.2 22.2 33.2 32.9 35.2 

dose day 82 day 85 day 89 day 93 day 97 day 100 

peanut oil control 277.2 276.1 168.7 197.2 278.8 264.6 
3000 rng/kg carbendazirn 66.3 61.9 18.1 39.3 53.9 54.2 
Navelbine 322 352.1 249.9 314.9 375.6 368.6 
TaXol 35.2 39.2 17 36.8 43.7 46.8 

dose day 103 day 105 day 110 day 113 day 116 day 119 

peanut oil control 266.1 263.1 277.2 278.3 288.9 305.3 
3000 rng/kg carbendazirn 49.7 52.4 52.4 49.9 51.3 43.7 
Navelbine 399.3 391.1 418.8 440.6 544.4 491.9 
TaXol 53 53.2 50.5 48.4 65.9 65.8 

dose day 124 day 131 day 134 day 137 day 140 day 144 

peanut oil control 331 371.2 396.7 440.5 449.5 482.8 
3000 rng/kg carbendazirn 43.7 49.2 47.1 53.9 49.4 52.2 
Navelbine 514.9 607.3 741.5 692.6 687.4 772.3 
TaXol 76.6 86.8 92.8 97.9 92.6 92.4 

dose day 147 day 152 day 155 day 158 day 161 day 165 

peanut oil control 506.6 540.7 — 
3000 rng/kg carbendazirn 50.6 53.9 49.4 40.7 49.4 49.4 
Navelbine 811 809.4 — 

TaXol 104.6 105.9 116 68 73.1 68 

dose day 172 day 175 day 179 day 182 day 186 day 189 

peanut oil control 
3000 rng/kg carbendazirn 61.2 64.6 69.6 66.3 74.1 81.3 
Navelbine 
TaXol 68 71.9 73.1 68.1 67.1 68.1 

dose day 193 day 196 day 200 day 207 day 210 day 214 

peanut oil control 
3000 rng/kg carbendazirn 78.6 92.2 96.7 117.3 126.2 137 
Navelbine 
TaXol 66.3 63.9 58.5 51.4 54.8 34.1 

dose day 217 day 221 day 224 day 228 day 232 

peanut oil control 
3000 rng/kg carbendazirn 142.1 162.3 167.3 175.8 209.3 
Navelbine 
TaXol 27.5 20.8 20.8 20.8 0 
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-continued 

dose day 236 day 239 day 245 day 249 

peanut oil control 
3000 mg/kg carbendazim 145.7 136.3 158.7 197.1 
Navelbine 
TaXol 0 0 0 0 

[0124] In a third study carbendaZim Was tested in mice 
MX-l model With the mice receiving estrogen tablets. 
Estrogen accelerates the groWth of the breast cancer. At 

-continued 

doses of 2000, 4000 and 6000 (mg/kg given once Weekly) it 3000 Ir1.8/19‘; 105 120-1 124-1 124-1 118-6 130 
- - carbendazim 

Was better than both Navelbine mg/kg, qdX5', i.p.) and 2000 mg/kg 214.5 210-9 222-4 225.6 214.1 217.3 
TaXol (16 mg/kg, qdX5, i.p.) in this faster groWmg MX-l carbendazim 
cancer. Gemcitibine 

—80 mg/kg 

dose day 68 day 72 day 75 day 79 
dose day 1 day 5 day 9 day 12 day 16 

peanut oil 
peanut oil control 109.2 307.7 947.6 1702.8 3359.8 Control 
6000 mg/kg carbendazim 109.5 292.7 593.1 1279.6 1261.6 4000 mg/k 
4000 mg/kg carbendazim 109.5 337.1 664.2 1143.3 1501.5 _g 
3000 mg/kg carbendazim 110.4 312.4 603.6 1068 1502.8 Carbendazlm 
2000 mg/kg carbendazim 110.4 342.3 752.3 1447.6 1609.1 3000 mg/kg 130 69.2 52.5 75.8 
Navelbine 110.2 278.6 874.5 1528.5 2746.8 carbendazim 
TaXOl 110.4 292.7 484.9 876.6 1941.5 2000 mg/kg 2173 2026 1782 1697 

carbendazim 

Gemcitibine 

[0125] In the Pancreas (Mia-PaCa) model, carbendaZim at -80 mg/kg 
3000 and 4000 (mg/kg, twice Weekly) is as good as or better 
than gemcitabine. At 2000 mg/kg the carbendaZim Was not 
as effective after 21 days. Gemcitabine Was given on days [0126] III the Pam-01 IIlOdel fOf pancreatic Cancer Caf 
1,4,7 and 10 i.p.; the carbendaZim Was given p.o. tWice bendaZim at a dose of 5000 mg/kg Was better than Gemcit 
Weekly. abine at 32 days. The Gemcitabine is given i.p., q3dX4 and 

the carbendaZim is given p.o. tWice Weekly to the end. 

dose day 1 day 5 day 9 day 12 day 16 day 19 

d d 1 d 4 d 8 d 11 d 18 
peanut Oil 63.1 118.5 186.6 228.4 294.6 325.9 086 ay ay ay ay ay 

Control control- 64.1 110.8 201.5 339.7 726 
4000 nég/lfg 64 78.9 121.3 113.4 133.4 119.4 no treatment 
car en aZII'n - r 1 64.3 123.8 200.3 306 740.3 
3000 mg/kg 63.1 71.8 100.1 100.4 139.6 131.9 1332312101 

ggrg’gndgflim 63 7 85 2 128 4 155 1 213 4 182 2 Gemcitabine 64 106.3 171.7 248.5 561.4 
m g . . . . . . 8O 

carberldfazim 500I01gri1kgl7kg 64.4 115.5 166.8 247 417.9 
Ggeéncitgjzine 63.9 71.7 81.7 77.1 94.9 111.3 Carbendazim 
_ m g 

d d 22 d 25 d 29 d 32 dose day 23 day 26 day 30 day 33 day 37 day 40 086 ay ay ay ay 

_ control- 1001.4 1183 

peartrut1 Oll 462.8 489.5 546.6 no treatment 
COII I‘O - r 1 1174.1 1126.7 
4000 mg/kg 157 154.2 124.3 131.4 129.2 532312101 
Carbendazim Gemcitabine 943.6 1053 1183 
3000 mg/kg 146.6 131.9 140.1 135.1 110.6 105 80 mg/kg 

Carbendazim 5000 mg/kg 574.3 695.8 845 807.9 
2000 nég/lfg 185 189.9 214.1 206.7 217.6 214.55 Carbendazim 
car en aZII'n 

Gemcitibine 167.1 204 258.7 330.3 404.3 503.7 
—80 mg/kg 

dose day 44 day 47 day 51 day 54 day 61 day 65 [0127] In the Neuroblastoma (SK-N-MC) model a 
decrease in tumor roWth at 5000 m /k is shoWn and there g g g 

P?dnut Oil is favorable activity early in the study compared to topote 
igggorlnwg can. It is expected, based on learning from the other studies, 
carbendazim that a loWer dose Would be effective. The topotecan is given 

i.p. qdX5 and the carbendaZim is given p/.o. tWice Weekly. 
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dose day 1 day 5 day 9 day 12 day 16 dose day 1 day 4 day 8 day 11 day 15 

peanut oil 454.8 1034.1 1533.1 1141.8 1402 control — 6.6 5.6 7.3 18.3 39.6 
control no treatment 

5000 mg/kg 474.4 505.8 799.3 841.8 732 peanut oil 6.7 16.9 29.7 50.6 84.9 
carbendazim control 
Topotecan 504.9 209.8 57.5 71.8 144.7 5000 mg/kg 6.5 7.1 16.1 12.7 18.8 
3 mg/kg carbendazim 

4000 mg/kg 6.6 8.5 17.6 16.2 20.7 
dose day 19 day 23 day 25 day 31 carbendazim 

3000 mg/kg 6.5 7.1 11.9 9.2 14.1 
peanut oil 1668.2 1852.8 2025 carbendazim 
control 2000 mg/kg 6.5 10.3 19.9 33.8 44.8 
5000 mg/kg 1424.3 1480.5 936 carbendazim 
carbendazim 
Topotecan 294.6 648.1 886.6 1150.2 dose day 18 day 22 day 25 day 29 day 32 
3 mg/kg 

control — 80.2 128.8 180.1 270.7 307.3 

no treatment 

_ peanut oil 140.6 233.9 341.4 488.7 
[0128] In the Rhabdomysarcoma model, a childhood can- Control 
cer, at day 29 carbendaZim at doses of 3000, 4000 and 5000 5000 mg/kg 27.2 21.5 31.4 40.5 29.5 
(mg/kg given once Weekly, p.o.) is quite effective against Carbendazlm 5 
this tumor With no toxicity in the 3000 (mg/kg) group. :Sgi??g?l 26'6 408 39'7 8'9 47'3 
Topotecan (i.p., qdX5) is quite active against this model. 3000 mg/kg 16 199 234 375 289 

carbendazim 
2000 mg/kg 40.5 37.9 43.5 49.8 41.1 
carbendazim 

dose day 1 day 5 day 8 day 12 day 15 
dose day 36 day 39 day 42 day 46 day 49 

peanut oil 58.1 121.3 177 223 340.9 
Control control — 594.6 572.4 670.1 

5000 mg/kg 58.1 95.1 87 88.1 106.4 no ire/‘(1996M 
carbendazim Peanut 011 
4000 mg/kg 59.5 110.7 124.2 121.6 155.3 Control 
Carbendazim 5000 mg/kg 54 63 86.8 86 1 
3000 mg/kg 58.2 110.4 136.6 176.7 248.2 Carbendallm 
Carbendazim 4000 mg/kg 62.5 62.5 32 
Topotecan 58.3 82 53.3 24.1 26.6 carbendallm 
3 mg/kg 3000 mg/kg 44.5 59.2 69.3 72.6 160.7 

carbendazim 

dose day 19 day 22 day 26 day 29 day 35 2000 mg/kg 53 42-9 47-1 60-3 1074 
carbendazim 

peanut oil 558 689.3 894 948.3 1038.2 
Control dose day 52 day 56 day 59 day 63 day 66 
4000 mg/kg 112.6 107.9 137.5 174.3 238.8 
carbendazim Control ' 

3000 mg/kg 113 127 140.8 144.3 131.9 no treatment 
carbendazim Peanut 011 
2000 mg/kg 313.1 291.2 384.3 417.4 591.2 Control 
carbendazim 5000 mg/lfg 0-5 
Topotecan 13.4 18.9 40.9 64.2 107.9 carbendallm 
3 mg/kg 4000 mg/kg 

carbendazim 
dose day 37 day 40 day 43 day 47 3000 mg/kg 207.1 267.4 75.4 77 94.5 

carbendazim 
peanut OH 10985 2000 mg/kg 107.4 175.3 214.9 193.7 188.9 
Control carbendazim 

4000 mg/kg 317.4 313.9 423 171.5 
carbendazim 

ggig?ig?l 152'4 142'6 195's 235's [0130] In a Medulloblastoma model (IMR32) a dosage 
2000 mg/kg 4929 5556 6821 8543 dependent effect is seen With carbendaZim at doses of 5000, 
carbendazim 4000, and 3000 (mg/kg, po. tWice Weekly). It is compared 
Topotecan 158.9 184.4 279.2 351.9 With Topotecan qdX5)_ 
3 mg/kg 

[0129] In the Lung cancer model MV522 all groups dose day 1 day 7 day 9 day 12 day 15 day 19 
received TaXol and then received treatments shoWn starting _1 57 6 82 1 103 8 107 5 143 1 182 7 
10 days later. At doses of 2000, 3000, 4000 and 5000 (mg/kg O1 ' ' ' ' ' ' 

given tWice Weekly, p.o.) tumor groWth Was suppressed in a 5000 mg/kg 572 749 864 94_6 102 1254 
dose response and the tumor Was shrunk 1n the 5000 mg/kg carbendazim 
group. Day 1 is the start of the treatment With carbendaZim. 
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—continued TABLE 2-continued 

dose day 1 day 7 day 9 day 12 day 15 day 19 In a repeat test the following results were achieved: 

4000 mg/kg 58.1 89.3 108 112.9 152.9 162.3 Dosage (mg/kg) 
carbendazim . . . . 

3000 mg/kg 58.1 73-8 99.3 105-1 119-7 153-4 twice weekly T/C weight change (%) Positive Control 
carbendazim 
Topotecan 57.8 22.6 23.6 15.7 3.6 5000 167 ‘144 T/C _161> ‘428% 
3 mg/kg 4000 138 +3.86 weight change 

[0131] In the Murine Melanoma—B16 mice model doses [0137] 
of 4000, 5000 and 6000 (mg/kg) were at least equal in tumor 
suppression compared to cytoXan at 30-60 days. Since this TABLE 3 
tumor is a liquid tumor, there is no change in tumor weight. 
The results are summarized in Table 1 below. 

[0132] In the P-388 model for leukemia there was a dose 
responsive effect and the results were good. See Tables 2 and 
3. 

[0133] The data in Tables 1, 2 and 3 are reported in T/C 
which is interpreted using the following scale: 

T/C < 125 no activity 
T/C = 125-150 weak activity 
T/C = 150-200 modest activity 
T/C = 200-300 high activity 
T/C = 300 with long term survivors excellent activity 

[0134] long term survivors for P388 is >30 days, for B16 
it is >60 days. The NCI Measure of Success is T/C=125. 

Use of CarbendaZim in the Treatment of B16 

[0135] This study was performed in black mice injected 
ip with B-16 mouse melanoma which many researchers 
believe is the most predictive model for efficacy in humans. 
CarbendaZim was equally effective as CytoXan in this model 
at treating B-16. The activity is dose responsive. Death is the 
end point in this, model. 

TABLE 1 

Dosage (mg/kg) 
twice weekly T/C weight change (%) Positive Control 

5000 198 —0.64 CytoXan at 300 mg/kg 
one dose 

2500 169 +3.16 T/C 191, —8.43% 
2000 169 —11.63 weight change 
1250 124 +1.99 
1000 176 —4.75 
500 141 —0.64 

[0136] 

TABLE 2 

In a repeat test the following results were achieved: 

Dosage (mg/kg) 
twice weekly T/C weight change (%) Positive Control 

6000 183 —0.38 CytoXan at 300 mg/kg 
one dose 

Use of Carbendazim in the treatment of P388 

Dosage (mg/kg) T/C weight change (%) Positive Control 

4000 189 —9 cytoXan at 125 mg/kg 
2000 148 +8 is curative; weight 
1000 129 +15 change —14 

[0138] Accordingly, carbendaZim retards the growth of 
both solid and liquid tumors in vivo. 

[0139] These studies con?rm previous in vivo studies in 
which carbendaZim was tested in various in vivo models for 
different types of cancer. 

[0140] Additional in vivo cancer studies are presented in 
a tabular form below. The data is presented in the following 
format—dose regimen in parenthesis, dosage in mg/kg: 
tumor growth suppression (tg supp.), toxic deaths/number of 
test subjects (deaths), % weight change (wt). 

TABLE 4 

Cancer Positive Control 

dose tg supp. deaths wt. dose tg supp. deaths wt. 

MX1 Xenograft- (twice weekly) CytoXan (1 dose) 
6000 70% 1/9 —4 300 complete 0/10 —7 
5000 63% 1/10 —4 shrinkage 
4000 48% 0/10 —1 NCI Measure of Success: 58% 
MCF-7L (breast) (twice weekly) CytoXan (1 dose) 

6000 10/10 300 100% 3/10 —15 
5000 100% 7/10 —8 NCI Measure of Success: 58% 
4000 94% 5/10 —7 

DU-145 (twice weekly) CytoXan (1 dose) 
6000 33% 1/10 —6 300 0% 0/10 +6 
5000 48%, 1/10 —8 
4000 52% 0/10 —5 NCI Measure of Success: 58% 

A549 (lung) CytoXan 
2500 10/10 125 69% 0/10 —1 
500 57% 0/10 +10 

HT29 (colon) (twice weekly) CytoXan (1 dose) 
6000 97% 9/10 —25 300 45% 0/10 +10 
5000 79% 2/10 —8 
4000 78% 3/10 —12 
3000 65% 2/10 —6 
2000 36% 0/10 +3 NCI Measure of Success: 58% 

SK-MES (twice weekly) TaXol (5 doses) 
6000 69% 3/10 —2 20 75% 0/10 +1 
5000 44% 1/10 +2 
4000 45% 2/10 +3 Navelbine (5 doses) 

2 26% 1/10 —5 
NCI Measure of Success: 58% 
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[0141] CarbendaZim demonstrated the ability to reduce 
tumor growth in mice models for breast, lung, colon, murine 
melanoma and leukemia. The data are summarized in Table 
5 and Table 6 below. 

TABLE 5 

Tumor 
Growth Positive Control Tumor 
Decrease (Dosage in Growth 

Cancer Dosage (%) mg/kg) Decrease 

MXI- 500 mg/kg 42% cytoxan (125) regress 
breast 2500 mg/kg 37% sion 
A549 — lung 500 mg/kg" 57% cytoxan (125) 69% 
HT29 -colon 2500 mg/kg** 54% cis-plat ( 4 ) 59% 

*in this model 2500 mg/kg was toxic; 
**in this model 500 mg had no effect 

[0142] In the same test 2-(4-thiaZolyl)-1H-benZimidaZole 
showed no activity against MXI breast cancer tumors 
implanted subcutaneously under the mice skin. 

TABLE 6 

Increased 
Cancer Dosage Life Span Positive Control 

P388- 1000 mg/kg 129% cytoxan (125) curative 
luekemia 2000 mg/kg 148% 

4000 mg/kg decreased life 
span — 9% 

B16 1000 mg/kg 131% navelbine (2) increased 
melanoma 2000 mg/kg 163% life span - 

4000 mg/kg 187% 265% 

[0143] In the same test 2-(4-thiaZolyl)-1H-benZimidaZole 
showed no activity against P388. 

[0144] In the same test 2-(4-thiaZolyl)-1H-benZimidaZole 
showed no activity against B16. 

[0145] The in vivo and in vitro data support the assertion 
that carbendaZim has broad scale efficacy against multiple 
cancer types. 

[0146] Initial efficacy of carbendaZim appears to be com 
parable to the best available drugs used for the treatment of 
any particular cancer type. Furthermore, with continuous 
treatment, breast cancers do not come back as usually 
happens with cytoxan and taxol in breast cancer or gemcit 
abine in pancreatic cancer. 

[0147] It is equally effective against p53 de?cient/defec 
tive cell lines, unlike most existing cancer treatment drugs. 

[0148] It is excellent in B16 mouse melanoma, which is 
believed by many people to be the best predictive model for 
ef?cacy in humans. 

[0149] These same benZimidaZole derivatives are effective 
against viruses including HIV, in?uenza, rhinoviruses and 
herpes viruses. The benZimidaZole derivatives can be used 
alone or in combination with other fungicides. 

[0150] The following examples illustrate the effectiveness 
of thiabendaZole, 2-(4-thiaZolyl)-1H-benZimidaZole, against 
HIV and the benZimidaZoles derivatives against a number of 
viruses. 
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[0151] The results of these HIV studies are summariZed in 
more detail below: 

[0152] ThiabendaZole is effective at totally suppressing 
virus production in chronically infected cells. The extra 
cellular viral count goes effectively to Zero or non-detectable 
levels. ThiabendaZole does not kill the chronically infected 
cells though it does reduce the rate of cell proliferation at 
active concentrations. ThiabendaZole does not affect CD4 
expression in uninfected cells. At effective concentrations 
thiabendaZole slows but does not alter the normal cellular 
RNA or protein synthesis of either infected or non-infected 
cells. ThiabendaZole is effective in a variety of chronically 
infected cell types (this effect is not cell type speci?c.) 

[0153] ThiabendaZole is effective against a variety of HIV 
virus strains. (Not virus strain speci?c—although some 
variance by strain is observed; SK-1>IIIB>RF) Also thia 
bendaZole is not effective on SIV in vitro or in vivo. 

[0154] After 20 months no resistant virus strains to thia 
bendaZole have developed in tests designed to do so. Resis 
tance develops in six months or less in this test for existing 
HIV drugs with resistance strains for protease inhibitors 
developing in about 3-4 months. 

[0155] ThiabendaZole does not adversely affect the activ 
ity of existing HIV drugs, AZT, 3TC, ddC, dd1 or protease 
inhibitors (saquinavir and indinavir) in acutely infected 
cells, nor do any of these existing drugs interfere with the 
ef?cacy of thiabendaZole in chronically infected cells. It is 
used in combination with these drugs. ThiabendaZole is also 
effective against protease inhibitor resistant viruses. 

[0156] ThiabendaZole confers temporary suppression of 
viral production from 4 to 80 days after treatment stops. This 
is unique and a useful feature whenever one has problems 
with compliance. 

[0157] The results of these studies are summariZed in 
detail below: 

HIV Virus Replication Study 

[0158] ThiabendaZole was tested in chronically infected 
HIV virus. These cell populations contain integrated copies 
of the HIV genome and constituitively produce HIV at 
relatively high levels (CEM-SKl, U937-SK1 and H9-SK1 
from Frederick Research Center, Maryland) or are latently 
infected and only produce virus after stimulation with phor 
bol esters, tumor necrosis factor or IL6 (U1 and ACH2). 
Virus production was reduced in all cell lines tested and 
thiabendaZole did not stimulate virus production from the 
latently infected cells. Reductions in virus production were 
observed when quantifying supernatant reverse transcriptase 
activity, supernatant p24 as well as intracellular p24, indi 
cating the compound inhibits virus production at a step of 
replication prior to production of intracellular proteins. 

[0159] Quanti?cation of the infectivity of virions pro 
duced from the infected cells demonstrates reductions in the 
number of infectious virions in parallel with reductions in 
supernatant RT or p24, indicating the compound reduces the 
amount of virus produced, but not the quality of the virions. 
Inhibition of virus production from the chronically infected 
cells was observed at concentrations which were nontoxic to 
the target class. ThiabendaZole inhibited virus production at 
concentrations greater than 1-10 pig/ml. 
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[0160] Toxicity to the chronically infected cells Was simi 
lar to that observed With the uninfected cells. Evaluation of 
thiabendaZole on chronically infected cells Was performed 
by evaluation of thymidine (DNA), uridine (RNA) and 
leucine (protein) incorporation into cellular macromol 
ecules. Inhibition of cellular macromolecule synthesis par 
alleled the toxicity of the compound as Would be expected 
and did not occur at loWer nontoxic concentrations found to 
inhibit virus production from the chronically infected cells. 

[0161] After 28 days of treatment on chronically infected 
cells, the toxicity of the compound to the target cells 
appeared similar in both uninfected and chronically infected 
cells. The compound does not preferentially kill HIV-in 
fected cells. Reductions in the level of virus production Were 
stable and Were observed at concentration greater than 10 
pig/ml for thiabendaZole. 

[0162] These results suggest thiabendaZole can quickly 
reduce the level of virus production from cell populations 
chronically infected With HIV-1 and the antiviral effect is 
maintained With prolonged compound exposure. This reduc 
tion of virus production occurs at concentrations Which are 
nontoxic to the host cell and Which have no effect on the 
synthesis of cellular DNA, RNA and protein. 

Virus Resistance Studies 

[0163] Chronically infected HIV cells Were cultured in the 
presence of thiabendaZole at 1 pig/ml for the ?rst month, 5 
pig/ml for the second month, 10 pig/ml for the third month, 
20 and 40 pg/ml for the fourth month and 80 pg/ml for the 
?fth and sixth months. At the end of each month, the cells 
Were evaluated for virus production compared to chronically 
infected cells not treated With the compound. For each of the 
six months of treatment experience, no change in the anti 
viral effect of the compound Was noticed and the toxicity of 
the compound remains identical. ThiabendaZole remains 
active against HIV and that resistance Was not rapidly 
achieved via the selection of resistant viruses or adaptation 
of the cells to prevent compound induced toxicity. Virus 
production remains totally suppressed from cultures treated 
With thiabendaZole at 40 and 80 pig/ml. 

[0164] The present invention includes a method of treat 
ment HIV With the benZimidaZole compounds Without 
inducing formation of benZimidaZole derivative or thia 
bendaZole resistant HIV. 

Reappearance of Virus Production from Chronically 
Infected Cells Previously Treated 

[0165] Chronically infected cells Which Were treated With 
compound for prolonged periods Were Washed free of com 
pound and cultured to determine if, and When, virus pro 
duction Would resume. Cultures in Which treatment resulted 
in the total elimination of virus production Were used in 
these assays. These cultures included chronically infected 
cells cultured in the presence of 20, 40, and 80 pig/ml of 
thiabendaZole. Within 4 days virus production resumed from 
the cells cultured in the presence of the loWer concentrations 
of thiabendaZole (20 pig/ml and 4 pig/ml). Virus production 
resumed at the 40 pig/ml concentration of thiabendaZole by 
day 12. At the highest concentrations virus production Was 
observed at approximately day 70. 

[0166] The present invention includes a method of treat 
ment HIV With the benZimidaZole derivative or thiabenda 
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Zole and delaying the reappearance of HIV in plasma 
folloWing initial treatment of HIV With an antiviral agent or 
thiabendaZole. 

Infectability of Cells Treated With ThiabendaZole 

[0167] Cells Which Were pretreated With thiabendaZole for 
a long period of time Were Washed free of compound and 
used as a target cell population. The cells Were split into 3 
populations and labeled Group 1, 2 or 3. Group 1 Was treated 
With the compound for 24 hours (at the same concentration 
used in the prolonged treatment phase), Washed free of 
compound and cultured in the presence of infectious virus 
and fresh compound. Group 2 Was pretreated for 24 hours, 
Washed free of compound and cultured in the presence of 
infectious virus only. Group 3 Was cultured for both the 
pretreatment and the infection phases in fresh medium only 
(no virus or compound). Virus production from the cell 
populations Was identical irrespective of the culture condi 
tions. These results indicate that the chronically infected 
cells treated for prolonged periods Were not super-infected 
With HIV. 

Additional Chronic HIV Studies 

[0168] Chronic HIV-1 infected cells U1 Were derived from 
an acute HIV-1 infection of the promonocytic cell line, 
U937. The chronic HIV-1 infected cells, ACH-2 Were 
derived from an acute HIV-1 infection of the T cell line, 
A301. 

[0169] These cells Were cultured in medium and the 
phorbol ester, PMA. PMA causes the cells (both U1 and 
ACH-2) to be activated and not divide but it also causes the 
U-1 cells to differentiate. This results in feWer cells in the 
PMA-treated cultures than the media alone cultures. Cell 
viability Was measured When these cell lines Were treated 
With the test compound. 

[0170] Both cell lines constituitively produce a small 
amount of HIV-1. ACH-2 cell lines tend to produce more 
HIV-1 than U1 cells as shoWn by p-24 ELISA. When either 
cell line is cultured in the presence of PMA there is an 
-increase in the quantity of HIV-1 produced as measured by 
the p-24 antigen ELISA. 

[0171] In addition, the number of institute positive HIV 
mRNA expressing cells per microscopic ?eld is measured. 
Comparisons can be made from these numbers since the 
same number of cells Were adhered to the glass slides for 
each drug concentration (10><106 cells/ml). 
[0172] These cells Were treated With test samples. Thia 
bendaZole at 60 pig/ml suppressed replication in the HIV 
monocytes by 74% and the T-cell HIV replication Was 
increased by 26%. The positive control Was interferon Which 
suppressed HIV monocytes replication by 80%. AZT 
shoWed no activity in this model. 

[0173] 2-(Methoxycarbonylamino)benZimidaZole sup 
pressed replication in the HIV monocytes by 9% and the 
T-cell HIV replication Was increased by 44%. The positive 
control Was interferon Which suppressed HIV monocytes 
replication by 80% and suppressed T-cell HIV replication by 
60%. 

Acute HIV Testing 

[0174] In an in vitro acute model for HIV 2-(methoxycar 
bonylamino)benZimidaZole inhibited viral replication by 
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100% at 4 pg/rnl and AZT inhibited viral replication by 98% 
at 1 pg/rnl. 2-(4-thiaZolyl)-1H-benZirnidaZole inhibited viral 
replication by 98% at 60 pg/rnl. 

[0175] The therapeutic index (TI), the ratio of the toxic 
dose of drug to ef?cacious dose of drug for 2-(4-thiaZolyl) 
1H-benZirnidaZole is 2.8 versus 12, 500 for AZT. The TI for 
2-(rnethoxycarbonylarnino)benZirnidaZole is 1.8. 

In vivo Herpes 

[0176] In an in vivo herpes screening test of 2-(4-thiaZ 
olyl)-1H-benZirnidaZole at a dose of 200 rng/kg dose, 10% 
of the mice survived With a 10.4 rnean death date; at 100 
rng/kg dose 50% of the mice survived With a 9.2 mean death 
date. The positive control Was acyclovir at 75 rng/kg dose; 
60% of the mice survived With a mean death date of 17.2 
days. In the same test 2-(rnethoxycarbonylarnino)benZirni 
daZole shoWed no activity. 

Other Tests 

[0177] Both 2-(4-thiaZolyl)-1H-benZirnidaZole and 
2-(rnethoxycarbonylarnino) benZirnidaZole Were tested in an 
in vitro in?uenza model and shoWed no activity. 

[0178] In an in vivo model for in?uenza 2-(4-thiaZolyl) 
1H-benZirnidaZole Was tested at 200 rng/kg, 67% of the mice 
survived With a mean death date of 8 days; at 100 rng/kg, 
62% survived With a mean death date of 8.7 days. The 
positive control Was arnantadine (75 rng/kg) With 100% of 
the mice surviving for 21 days. 2-(Methoxycarbonylarnino) 
benZirnidaZole Was not active in the same test. 

[0179] Both 2-(4-thiaZolyl)-1H-benZirnidaZole and 
2-(rnethoxycarbonylarnino) benZirnidaZole Were tested in an 
in vitro herpes model and shoWed no activity. 

[0180] Both 2-(4-thiaZolyl)-1H-benZirnidaZole and 
2-(rnethoxycarbonylarnino) benZirnidaZole Were tested in an 
in vitro rhinovirus model and compared to A-36683. The 
therapeutic index (TI), the ratio of the toxic dose of drug to 
ef?cacious dose of drug, for 2-(4-thiaZolyl)-1H-benZirnida 
Zole is 1-2 and for 2-(rnethoxycarbonylarnino) benZirnida 
Zole is 1-3 versus 1000-3200 for A-36683. 

[0181] The dernonstrated effectiveness of the compounds 
of the present invention in the human breast and lung turnor 
xenograft rnodels indicate that the compounds of the present 
invention are useful for the treatment of solid tumors in man, 
and, in particular, tumors of the breast and lung. This 
conclusion is further supported by published analyses cor 
relating pre- clinical test results With clinical efficacy of 
anti-cancer agents. For example, see: Goldin and Venditti 
(1980) Recent Results Cancer Research 76: 176-191; Goldin 
et al. (1981) Eur. J. Cancer 17: 129-142; Mattern et al. 
(1988) Cancer and Metastasis RevieW 7: 263-284; Jackson 
et al. (1990) Cancer Investigations 8: 39-47. Based on these 
published analyses, the exceptional high level of antiturnor 
activity exhibited by the presently clairned cornpounds pro 
vide strong evidence that the compounds claimed in present 
invention have therapeutic utility in the treatment of cancer 
in man and that they will improve the quality of life of the 
patient. 
What is claimed is: 

1. A method for selectively inhibiting groWth of colon 
cancer cells containing abnorrnal p53, the method cornpris 
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ing administering to a patient in need thereof a therapeuti 
cally effective amount of a composition comprising a ben 
ZirnidaZole compound of the formula: 

I‘ 
2 

Y/\ N/ 

X is hydrogen, halogen, alkyl of less than 7 carbon atoms, 
or alkoxy of less than 7 carbon atoms; 

Wherein, 

n is a positive integer of less than 4; 

Y is hydrogen, chloro, nitro, methyl, ethyl, or oxychloro; 

R is hydrogen, an alkyl group of from 1 to 8 carbon atoms, 
or alkylarninocarbonyl Wherein the alkyl group has 
from 3 to 6 carbon atoms; and 

R2 is NHCOORl, Wherein R1 is an aliphatic hydrocarbon 
of less than 7 carbon atoms; 

or a pharrnaceutically acceptable salt thereof, or mixtures 
thereof, Wherein groWth of colon cancer cells contain 
ing abnorrnal p53 is selectively inhibited as compared 
to groWth of cells containing norrnal p53. 

2. The method of claim 1 Wherein said benZirnidaZole 
compound has the formula: 

Wherein 

R is hydrogen; and 

R2 is NHCOOR1 Wherein R1 is methyl, ethyl or isopropyl. 
3. The method of claim 1 Wherein said pharrnaceutically 

acceptable salt is a hydrochloride salt. 
4. The method of claim 1 Wherein said benZirnidaZole 

compound is in the form of a parenteral cornposition suitable 
for administration by injection. 

5. A method for selectively inhibiting groWth of colon 
cancer cells containing abnorrnal p53, the method cornpris 
ing administering to a patient in need thereof a therapeuti 
cally effective amount of a composition comprising 2-(rneth 
oxycarbonylarnino)benZirnidaZole Wherein groWth of colon 
cancer cells containing abnorrnal p53 is selectively inhibited 
as compared to groWth of cells containing norrnal p53. 

6. The method of claim 5 Wherein said 2-(rnethoxycar 
bonylarnino)benZirnidaZole is in the form of a pharrnaceu 
tically acceptable salt thereof. 

7. The method of claim 6 Wherein said pharrnaceutically 
acceptable salt is a hydrochloride salt. 

* * * * * 


