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DESCRIPTION

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to combination chemotherapeutics for treatment of humans, and
especially for the treatment of human cancers, and corresponding methods for the treatment of humans
suffering from cancers or other maladies. The invention further provides dosage forms and regimens for
administration to human patients, and methods of formulating and administering such dosage forms to
yield improvements in treatment outcomes. More particularly, the invention is concerned with the
administration of specific chemotherapeutic dosage forms (e.g., liquid mixtures, capsules, pills, or
tablets) containing one or more curcumin component(s), harmine component(s), and isovanillin
component(s), and sub-combinations thereof.

Description of Related Art

[0002] Cancer is a generic term for a large group of diseases that can affect any part of the body. Other

terms used are malignant tumZors and neoplasms. One defining feature of cancer is the rapid creation of
abnormal cells that grow beyond their usual boundaries, and which can then invade adjoining parts of
the body and spread to other organs. This process is referred to as metastasis. Metastases are the
major cause of death from cancer.

[0003] The transformation from a normal cell into a tumor cell is a multistage process, typically a
progression from a pre-cancerous lesion to malignant tumors. These changes are the result of the
interaction between a person's genetic factors and three categories of external agents, including:

« physical carcinogens, such as ultraviolet and ionizing radiation

e chemical carcinogens, such as asbestos, components of tobacco smoke, aflatoxin (a food
contaminant) and arsenic (a drinking water contaminant)

e biological carcinogens, such as infections from certain viruses, bacteria or parasites. Some
examples of infections associated with certain cancers:

o Viruses: hepatitis B and liver cancer, Human Papilloma Virus (HPV) and cervical cancer, and
human immunodeficiency virus (HIV) and Kaposi sarcoma.

» Bacteria: Helicobacter pylori and stomach cancer.

» Parasites: schistosomiasis and bladder cancer.

[0004] Aging is another fundamental factor for the development of cancer. The incidence of cancer rises
dramatically with age, most likely due to a buildup of risks for specific cancers that increase with age.
The overall risk accumulation is combined with the tendency for cellular repair mechanisms to be less
effective as a person grows older.

[0005] Tobacco use, alcohol use, low fruit and vegetable intake, and chronic infections from hepatitis B
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(HBV), hepatitis C virus (HCV) and some types of Human Papilloma Virus (HPV) are leading risk factors
for cancer in low- and middle-income countries. Cervical cancer, which is caused by HPV, is a leading
cause of cancer death among women in low-income countries. In high-income countries, tobacco use,
alcohol use, and being overweight or obese are major risk factors for cancer.

[0006] The most common cancer treatment modalities are surgery, chemotherapy, and radiation
treatments. All of these techniques have significant drawbacks in terms of side effects and patient
discomfort. For example, chemotherapy may result in significant decreases in white blood cell count
(neutropenia), red blood cell count (anemia), and platelet count (thrombocytopenia). This can result in
pain, diarrhea, constipation, mouth sores, hair loss, nausea, and vomiting.

[0007] Biological therapy (sometimes called immunotherapy, biotherapy, or biological response modifier
therapy) is a relatively new addition to the family of cancer treatments. Biological therapies use the
body's immune system, either directly or indirectly, to fight cancer or to lessen the side effects that may
be caused by some cancer treatments.

[0008] During chemotherapies involving multiple-drug treatments, adverse drug events are common,
and indeed toxicities related to drug-drug interactions are one of the leading causes of hospitalizations in
the US. Obach, R.S. "Drug-Drug Interactions: An Important Negative Attribute in Drugs." Drugs Today
39.5 (2003): 308-338. In fact, in any single-month period, one-fifth of all surveyed adults in the USA
reported an adverse drug response. Hakkarainen, K.M. et al. "Prevalence and Perceived Preventability
of Self-Reported Adverse Drug Events - A Population-Based Survey of 7,099 Adults." PLoS One 8.9
(2013): e73166. A large-scale study of adults aged 57-85 found that 29% were taking more than five
prescription medications and nearly 5% were at risk of major adverse drug-drug interactions. In the field
of oncology, a review of over 400 cancer patients determined that 77% were taking drugs that were
considered to have a moderately severe potential for adverse drug interactions, and 9% had major
adverse drug interactions. Ghalib, M.S. et al. "Alterations of Chemotherapeutic Pharmocokinetic Profiles
by Drug-Drug Interactions." Expert Opin. Drug Metabl. Toxicol 5.2 (2009): 109-130.

[0009] Such interactions are a global health problem, and the WHO has determined that negative drug
interactions are leading causes of morbidity and mortality around the world, with up to 7% of all
hospitalizations in the US due to negative drug interactions. A recent survey of a single hospital shows
that 83% of hospitalized patients were prescribed drug combinations with the potential to cause adverse
reactions. Patel, P.S. et al. "A Study of Potential Adverse Drug-Drug Interactions Among Prescribed
Drugs in a Medicine Outpatient Department of a Tertiary Care Teaching Hospital." J. Basic Clin. Pharm.
5.2 (2014): 44-48.

[0010] Examples of famous negative drug interactions include the development of rhabdomyolysis, a
severe muscle disease, when taking Simvastatin with Amiodarone. As a result, the FDA introduced a
warning on the drug label about the interaction. The calcium channel blocker Mibefradif, taken for high
blood pressure, was removed from the market because of the harmful interaction with drugs that work
on the electrical activity of the heart.

[0011] US Patent No. 8,039.025 describes cancer treatments in the form of extracts of Arum
palaestinum Boiss, supplemented with individual amounts of B-sitosterol, isovanillin, and linoleic acid.

[0012] From US 2012/058208 A1, WO 2008/150899 A1, and WO 2015/006646 A1 it is known that
curcumine may be advantageously combined with further agents, including vanillin and beta-carboline
derivatives.
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[0013] Despite the immense amount of worldwide research and efforts to stem the tide of cancer and its
side effects, the disease in its many manifestations continues to be a huge problem. Therefore, any new
cancer treatment having a curative affect and/or the ability to ameliorate cancer symptoms and improve
the lifestyle of patients is highly significant and important.

SUMMARY OF THE INVENTION

[0014] The present invention provides improved chemotherapeutics for treatment of humans, and
especially in the treatment of human cancers, with novel combinations of compounds, which are useful
against a wide variety of different cancers with minimal or nonexistent adverse side effects.

[0015] Thus, the invention provides A therapeutic composition comprising the combination of at least
one curcumin component, at least one harmine component, and at least one isovanillin component,
wherein the components of the composition are different,

said curcumin component selected from the group consisting of curcumin, bisdemethoxy curcumin,
(1E,4E)-1,5-bis(3,5-dimethoxyphenyl)-1,4-pentadien-3-one, cardamomnin, 2'-hydroxy-3,4,4',5'-
tetramethoxychalcone, 2,2'-dihydroxy-4',6'-dimethoxychalcone, (1E,4E)-1,5-bis-(2-hydroxyphenyl)-1,4-
pentadien-3-one, demethoxy curcumin, and caffeic acid, said isovanillin component selected from the
group consisting of isovanillin, vanillin, orthovanillin, isovanillyl alcohol, isovanillic acid, 5-bromovanillin, 2-
bromo-3-hydroxy-4-methoxy benzaldehyde, 2-iodo-3-hydroxy-4-methoxy benzaldehyde, and ethyl
vanillin, and said harmine component selected from the group consisting of harmine, harmaline,
harmane, harmalol, harmol, and 1,2,3,4-tetrahydroharmane-3-carboxylic acid,

wherein the isovanillin component(s) is/are be present at a level of from about 25-85% by weight, the
harmine component(s) is/are present at a level of from about 7-50% by weight, and the curcumin
component(s) is/are present at a level of from about 5-40% by weight, based upon the total weight of the
three components taken as 100% by weight,

wherein said composition exhibits anti-cancer therapeutic synergy.

[0016] Generally speaking, the chemotherapeutics of the invention comprise respective quantities of
curcumin component(s), harmine component(s), and isovanillin component(s). The chemotherapeutics
include all three of these components. In particularly preferred embodiments, the active components of
the compositions (i.e., those having a significant therapeutic effect) consist essentially of curcumin,
harmine, and isovanillin components. Preferably, the at least one curcumin component comprises
curcumin, the at least one harmine component comprises harmine, and the at least one isovanillin
component comprises isovanillin or vanillin.

[0017] The invention also provides new methods for treatment of cancers by administration of
appropriate quantities of the anti-cancer compositions hereof. Hence, the compositions are particularly
designed for use in the treatment of cancers, and the compositions can be used for the manufacture of
medicaments of anti-cancer therapeutic applications. In addition, the invention provides pharmaceutical
compositions for the treatment of cancers comprising administering therapeutically effective amounts of
the new compositions, prepared by processes known per se, with a pharmaceutically acceptable carrier.

[0018] Curcumin (CAS #458-37-7) is a diaryl heptanoid, and has the molecular formula C21H2006.
Curcumin occurs as a part of a curcuminoid plant extract containing curcumin, demethoxycurcumin, and
bis-demethoxycurcumin. One commercially available effective curcuminoid is sold as "Curcumin from
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Curcuma Longa (Turmeric)," which contains greater than 65% by weight curcumin, as determined by
HPLC analysis.

[0019] Harmine (CAS #442-51-3) is a methoxy methyl pyrido indole belonging to the B-carboline family
of compounds, and has the molecular formula C13H12N20. Harmine occurs in a number of different
plants native to the Middle East and South America.

[0020] Isovanillin (CAS #621-59-0) is a phenolic aldehyde vanillin isomer, and has the molecular formula
C8H803.

[0021] A "chemotherapeutic" or "chemotherapeutic agent" as used herein refers to the combinations of
chemical compounds described herein as useful in the treatment of human conditions, especially human
cancers. Chemotherapeutics may be cytostatic, selectively toxic or destructive of cancerous tissue
and/or cells, but also include indiscriminately cytotoxic compounds used in cancer treatments.

[0022] The combination therapeutic agents of the invention have been found to be effective in the
treatment of a broad spectrum of human cancers, and also to other conditions, such as elevated PSA
counts in men. The broad scope of utility with the agents of the invention is in itself highly unusual.
However, this feature, together with the nonexistent or minimal side effects induced by the agents,
represents a startling development in the art.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023]

Figure 1 is a graph of cell number versus dosage amounts of GZ17-6.02, illustrating the effect thereof in
inducing the death of two different types of human head and neck cancer cells, as described in Example
1

Fig. 2A is a graph of cell number versus dosage amounts of GZ17-6.02, illustrating the effect thereof
GZ17-6.02 in inducing the death of pediatric leukemia cells, as described in Example 2;

Fig. 2B is a graph of cell number versus dosage amounts of GZ17-6.02, illustrating the effect thereof
GZ17-6.02 in inducing the death of pediatric osteosarcoma cells, as described in Example 2;

Fig. 3A is a graph of cell number versus dosage amounts of GZ17-6.02, illustrating the effect thereof
GZ17-6.02 in inducing the death of lymphoma cells, as described in Example 3;

Fig. 3B is a graph of cell number versus dosage amounts of GZ17-6.02, illustrating the effect thereof
GZ17-6.02 in inducing the death of lung cancer cells, as described in Example 3;

Fig. 4A is a graph of cell number versus dosage amounts of GZ17-6.02, illustrating the effect thereof
GZ17-6.02 in inducing the death of ovarian cancer cells, as described in Example 4;

Fig. 4B is a graph of cell number versus dosage amounts of GZ17-6.02, illustrating the effect thereof in
inducing the death of prostate cancer cells, as described in Example 4;

Fig. 5A is a graph of cell number versus dosage amounts of GZ17-6.02, illustrating the effect thereof in
inducing the death of human breast cancer cells, as described in Example 5;
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Fig. 5B is a graph of cell number versus dosage amounts of GZ17-6.02, illustrating the effect thereof in
inducing the death of pancreatic cancer cells, as described in Example 5;

Fig. 6 is a graph of cell number versus doses of GZ17-6.02 illustrating the relative effects thereof in
inducing cell death in prostate cancer and ovarian cancer cells, as compared with non-cancerous
fibroblasts, as described in Example 6;

Fig. 7Ais a graph illustrating the effect of GZ17-6.02 in preventing migration of head and neck cancer
cells, as described in Example 7,

Fig. 7B is a graph illustrating the effect of GZ17-6.02 in preventing invasion of head and neck cancer
cells, as described in Example 7,

Fig. 8 is a graph of normalized cell number versus increasing doxorubicin doses alone and with the
addition of two different concentrations of GZ17-6.02, as described in Example 8;

Fig. 9A is a graph illustrating extent of apoptosis in a control test, as described in Example 9, and
illustrating about 19.8% cell death via apoptosis;

Fig. 9B is a graph illustrating extent of apoptosis in a test identical to the control test of Fig. 9A, but
including GZ17-6.02, as described in Example 9, and illustrating about 48.2% cell death via apoptosis;

Fig. 10Ais a graph illustrating that caspase 3 and 7 concentrations increased in response to GZ17-6.02,
but caspase 9 levels did not change in response to GZ17-6.02 in lung cancer cells, as described in
Example 10;

Fig. 10B is a graph illustrating that caspase 6 concentrations increased in response to GZ17-6.02 in lung
cancer cells, as described in Example 10;

Fig. 10C is a graph illustrating that ATP levels, as a marker of mitochondrial toxicity, were not increased
by GZ17-6.02 in lung cancer cells, as described in Example 10;

Fig. 11A is a graph illustrating the mechanisms of ovarian cancer cells death by application of GZ17-
6.02, as explained in Example 11;

Fig. 11B is a graph illustrating the mechanisms of ovarian cancer cells death by application of GZ17-
6.02, as explained in Example 11;

Fig. 11C is a graph illustrating the mechanisms of ovarian cancer cells death by application of GZ17-
6.02, as explained in Example 11;

Fig. 11D is a graph illustrating the mechanisms of ovarian cancer cells death by application of GZ17-
6.02, as explained in Example 11;

Fig. 11E is a graph illustrating the mechanisms of ovarian cancer cells death by application of GZ17-
6.02, as explained in Example 11;

Fig. 12Ais a graph illustrating the mechanisms of osteosarcoma cells death by application of GZ17-6.02,
as explained in Example 12;

Fig. 12B is a graph illustrating the mechanisms of osteosarcoma cells death by application of GZ17-6.02,
as explained in Example 12;

Fig. 12C is a graph illustrating the mechanisms of osteosarcoma cells death by application of GZ17-6.02,
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as explained in Example 12;

Fig. 12D is a graph illustrating the mechanisms of osteosarcoma cells death by application of GZ17-6.02,
as explained in Example 12;

Fig. 13 is a graph illustrating the mechanisms of human head and neck cancer cells death by application
of GZ17-6.02, as explained in Example 13;

Fig. 14Ais a control quantitative dot-blot, which measures the relative amount of proteins, known to be
involved in cell proliferation described in Example 14, where the proteins were epidermal growth factor
receptor (EGFR), extracellular-signal-regulated kinase (ERK1/2), the catalytic subunit of AMP-activated
kinase (AMPKa2), B-catenin, and Chk-2.

Fig. 14B is a quantitative dot-block similar to that described in Fig. 14A, but illustrating the amounts of
the test proteins upon application of GZ17-6.02, as described in Example 14;

Fig. 15A is a graph depicting the results of two independent scientists, each carrying out an identical
induced cell death test with GZ17-6.02 on ovarian cancer cells, as described in Example 15;

Fig. 15B is a graph depicting the results of two independent scientists, each carrying out an identical
induced cell death test with GZ17-6.02 on lung cancer cells, as described in Example 4; and

Fig. 16A is a comparative graph of tumor volume versus days after cancer cell inoculation in mice,
between control inoculations (ethanol vehicle) and test inoculations containing the vehicle and GZ17-
6.02, illustrating the dramatic reduction in tumor volumes in the test mice, as explained in Example 16;

Fig. 16B is a comparative graph of contralateral tumor volume versus days after cancer cell inoculation
in mice, indicating a systemic effect of use of GZ17-6.02, as explained in Example 16;

Fig. 16C is a graph of fractional tumor volume versus days after treatment wherein one group of mice
was implanted with human head and neck tumor cells using an implantation vehicle, and a control group
of mice was implanted with only the vehicle, in order to determine tumor volume over time, as set forth in
Example 16;

Fig. 17A is a graph of cell nhumber versus dosage amounts of GZ17-6.02 (open circles) versus a
combined product including 1/3 by weight of each GZ17-6.02 component (filled circles), tested on
ovarian cancer cells, as described in Example 4;

Fig. 17B is a graph of cell number versus dosage amounts of GZ17-6.02 (open circles) versus a
combined product including 1/3 by weight of each GZ17-6.02 component (filled circles), tested on lung
cancer cells, as described in Example 3;

Fig. 17C is a graph of cell number versus dosage amounts of GZ17-6.02 (open circles) versus a
combined product including 1/3 by weight of each GZ17-6.02 component (filled circles), tested on
prostate cancer cells, as described in Example 4,

Fig. 18A is a graph of percent ovarian cancer cell death versus different component combinations of
GZ17-6.02, illustrating results using isovanillin alone, and two-component products respectively including
isovanillin plus curcumin, and isovanillin plus harmine, where the isovanillin concentration was held
constant throughout;

Fig. 18B is a graph of percent lung cancer cell death versus different component combinations of GZ17-
6.02, illustrating results using isovanillin alone, and two-component products respectively including
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isovanillin plus curcumin, and isovanillin plus harmine, where the isovanillin concentration was held
constant throughout;

Fig. 18C is a graph of percent prostate cancer cell death versus different component combinations of
GZ17-6.02, illustrating results using isovanillin alone, and two-component products respectively including
isovanillin plus curcumin, and isovanillin plus harmine, where the isovanillin concentration was held
constant throughout;

Fig. 18D is a graph of percent lymphoma cancer cell death versus different component combinations of
GZ17-6.02, illustrating results using isovanillin alone, and two-component products respectively including
isovanillin plus curcumin, and isovanillin plus harmine, where the isovanillin concentration was held
constant throughout;

Fig. 19A is a graph of percent ovarian cancer cell death versus different component combinations of
GZ17-6.02, illustrating results using curcumin alone, and two-component products respectively including
curcumin plus isovanillin, and curcumin plus harmine, where the curcumin concentration was held
constant throughout;

Fig. 19B is a graph of percent lung cancer cell death versus different component combinations of GZ17-
6.02, illustrating results using curcumin alone, and two-component products respectively including
curcumin plus isovanillin, and curcumin plus harmine, where the curcumin concentration was held
constant throughout;

Fig. 19C is a graph of percent prostate cancer cell death versus different component combinations of
GZ17-6.02, illustrating results using curcumin alone, and two-component products respectively including
curcumin plus isovanillin, and curcumin plus harmine, where the curcumin concentration was held
constant throughout;

Fig. 19D is a graph of percent lymphoma cancer cell death versus different component combinations of
GZ17-6.02, illustrating results using curcumin alone, and two-component products respectively including
curcumin plus isovanillin, and curcumin plus harmine, where the curcumin concentration was held
constant throughout;

Fig. 20A is a graph of percent ovarian cancer cell death versus different component combinations of
GZ17-6.02, illustrating results using harmine alone, and two-component products respectively including
harmine plus isovanillin, and harmine plus curcumin, where the harmine concentration was held constant
throughout;

Fig. 20B is a graph of percent lung cancer cell death versus different component combinations of GZ17-
6.02, illustrating results using harmine alone, and two-component products respectively including
harmine plus isovanillin, and harmine plus curcumin, where the harmine concentration was held constant
throughout;

Fig. 20C is a graph of percent prostate cancer cell death versus different component combinations of
GZ17-6.02, illustrating results using harmine alone, and two-component products respectively including
harmine plus isovanillin, and harmine plus curcumin, where the harmine concentration was held constant
throughout;

Fig. 20D is a graph of percent lymphoma cancer cell death versus different component combinations of
GZ17-6.02, illustrating results using harmine alone, and two-component products respectively including
harmine plus isovanillin, and harmine plus curcumin, where the harmine concentration was held constant
throughout;
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Fig. 21Ais a graph of lymphoma cancer cell lethality using GZ17-6.02 at a dosage rate of 12 pug/mL, and
using the three components of GZ17-6.02 individually at the concentration present in GZ17-6.02, and
further illustrating the theoretical additive effect of the three components versus GZ17-6.02;

Fig. 21B is a graph of lymphoma cancer cell lethality using GZ17-6.02 at a dosage rate of 24 ug/mL, and
using the three components of GZ17-6.02 individually at the concentration present in GZ17-6.02, and
further illustrating the theoretical additive effect of the three components versus GZ17-6.02;

Fig. 21C is a graph of lymphoma cancer cell lethality using GZ17-6.02 at a dosage rate of 48 ug/mL, and
using the three components of GZ17-6.02 individually at the concentration present in GZ17-6.02, and
further illustrating the theoretical additive effect of the three components versus GZ17-6.02;

Fig. 21D is a graph of lymphoma cancer cell lethality using GZ17-6.02 at a dosage rate of 96 ug/mL, and
using the three components of GZ17-6.02 individually at the concentration present in GZ17-6.02, and
further illustrating the theoretical additive effect of the three components versus GZ17-6.02;

Fig. 22A is a graph of ovarian cancer cell lethality using GZ17-6.02 at a dosage rate of 12 ug/mL, and
using the three components of GZ17-6.02 individually at the concentration present in GZ17-6.02, and
further illustrating the theoretical additive effect of the three components versus GZ17-6.02;

Fig. 22B is a graph of ovarian cancer cell lethality using GZ17-6.02 at a dosage rate of 24 ug/mL, and
using the three components of GZ17-6.02 individually at the concentration present in GZ17-6.02, and
further illustrating the theoretical additive effect of the three components versus GZ17-6.02;

Fig. 22C is a graph of breast cancer cell lethality using GZ17-6.02 at a dosage rate of 24 yg/mL, and
using the three components of GZ17-6.02 individually at the concentration present in GZ17-6.02, and
further illustrating the theoretical additive effect of the three components versus GZ17-6.02;

Fig. 23A is a graph of lung cancer cell number versus increasing dosage amounts of vanillin alone, as
described in Example 1;

Fig. 23B is a graph of lung cancer cell number versus increasing dosage amounts of isovanillic acid
alone, as described in Example 1;

Fig. 23C is a graph of lung cancer cell number versus increasing dosage amounts of O-vanillin alone, as
described in Example 1;

Fig. 23D is a graph of lung cancer cell number versus increasing dosage amounts of isovanillyl alcohol
alone, as described in Example 1;

Fig. 23E is a graph of ovarian cancer cell number versus increasing dosage amounts of vanillin alone, as
described in Example 1;

Fig. 23F is a graph of ovarian cancer cell number versus increasing dosage amounts of isovanillic acid
alone, as described in Example 1;

Fig. 23G is a graph of ovarian cancer cell number versus increasing dosage amounts of O-vanillin alone,
as described in Example 1;

Fig. 23H is a graph of ovarian cancer cell number versus increasing dosage amounts of isovanillyl
alcohol alone, as described in Example 1;

Fig. 23l is a graph of prostate cancer cell number versus increasing dosage amounts of vanillin alone, as
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described in Example 1;

Fig. 23J is a graph of prostate cancer cell number versus increasing dosage amounts of isovanillic acid
alone, as described in Example 1;

Fig. 23K is a graph of prostate cancer cell number versus increasing dosage amounts of O-vanillin
alone, as described in Example 1;

Fig. 23L is a graph of prostate cancer cell number versus increasing dosage amounts of isovanillyl
alcohol alone, as described in Example 1;

Fig. 24Ais a graph of lung cancer cell number versus increasing dosage amounts of harmaline alone, as
described in Example 1;

Fig. 24B is a graph of lung cancer cell number versus increasing dosage amounts of tetrahydro-harmine
alone, as described in Example 1;

Fig. 24C is a graph of lung cancer cell number versus increasing dosage amounts of harmol
hydrochloride alone, as described in Example 1;

Fig. 24D is a graph of lung cancer cell number versus increasing dosage amounts of harmalol
hydrochloride dihydrate alone, as described in Example 1;

Fig. 24E is a graph of lung cancer cell number versus increasing dosage amounts of harmane alone, as
described in Example 1;

Fig. 24F is a graph of ovarian cancer cell number versus increasing dosage amounts of harmaline alone,
as described in Example 1;

Fig. 24G is a graph of ovarian cancer cell number versus increasing dosage amounts of tetrahydro-
harmine alone, as described in Example 1;

Fig. 24H is a graph of ovarian cancer cell number versus increasing dosage amounts of harmol
hydrochloride alone, as described in Example 1;

Fig. 241 is a graph of ovarian cancer cell number versus increasing dosage amounts of harmalol
hydrochloride dihydrate alone, as described in Example 1;

Fig. 24J is a graph of ovarian cancer cell number versus increasing dosage amounts of harmane alone,
as described in Example 1;

Fig. 24K is a graph of prostate cancer cell number versus increasing dosage amounts of harmaline
alone, as described in Example 1;

Fig. 24L is a graph of prostate cancer cell number versus increasing dosage amounts of tetrahydro-
harmine alone, as described in Example 1;

Fig. 24M is a graph of prostate cancer cell number versus increasing dosage amounts of harmol
hydrochloride alone, as described in Example 1;

Fig. 24N is a graph of prostate cancer cell number versus increasing dosage amounts of harmalol
hydrochloride dihydrate alone, as described in Example 1;

Fig. 240 is a graph of prostate cancer cell number versus increasing dosage amounts of harmane
alone, as described in Example 1;
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Fig. 25A is a graph of lung cancer cell number versus increasing dosage amounts of bisdemethoxy
curcumin alone, as described in Example 1;

Fig. 25B is a graph of ovarian cancer cell number versus increasing dosage amounts of bisdemethoxy
curcumin alone, as described in Example 1;

Fig. 25C is a graph of prostate cancer cell number versus increasing dosage amounts of bisdemethoxy
curcumin alone, as described in Example 1;

Fig. 26 is a graph of ovarian cancer cell number versus dosage amounts of GZ17-6.02 where the
product was stored at varying temperatures over two months, confirming that the product has long-term
stability;

Fig. 27 is a graph of ovarian cancer cell humber versus dosage amounts of GZ17-6.02, where the
GZ17-6.02 was subjected to a series of successive freeze/thaw cycles, confirming that the product has
excellent freeze/thaw stability;

Fig 28Ais a graph of cell number versus dosage amounts of GZ17-8.03, illustrating the effect thereof in
inducing the death of two different types ovarian cancer, lung cancer, prostate cancer, pancreatic cancer
and fibroblast cells, as described in Example 28;

Fig 28B is a graph of cell number versus dosage amounts of GZ17-8.04, illustrating the effect thereof in
inducing the death of ovarian cancer, lung cancer, prostate cancer, pancreatic cancer and fibroblast
cells, as described in Example 28;

Fig 28C is a graph of cell number versus dosage amounts of GZ17-8.05, illustrating the effect thereof in
inducing the death of ovarian cancer, lung cancer, prostate cancer, pancreatic cancer and fibroblast
cells, as described in Example 28;

Fig 28D is a graph of cell number versus dosage amounts of GZ17-8.06, illustrating the effect thereof in
inducing the death of ovarian cancer, lung cancer, prostate cancer, pancreatic cancer and fibroblast
cells, as described in Example 28;

Fig 28E is a graph of cell number versus dosage amounts of GZ17-8.07, illustrating the effect thereof in
inducing the death of ovarian cancer, lung cancer, prostate cancer, pancreatic cancer and fibroblast
cells, as described in Example 28;

Fig 28F is a graph of cell number versus dosage amounts of GZ17-8.08, illustrating the effect thereof in
inducing the death of ovarian cancer, lung cancer, prostate cancer, pancreatic cancer and fibroblast
cells, as described in Example 28;

Fig 28G is a graph of cell number versus dosage amounts of GZ17-8.09, illustrating the effect thereof in
inducing the death of ovarian cancer, lung cancer, prostate cancer, pancreatic cancer and fibroblast
cells, as described in Example 28;

Fig 28H is a graph of cell number versus dosage amounts of GZ17-8.10, illustrating the effect thereof in
inducing the death of ovarian cancer, lung cancer, prostate cancer, pancreatic cancer and fibroblast
cells, as described in Example 28;

Fig. 29A is a graph of cell number versus dosage amounts of GZ17-8.11, illustrating the effect thereof in
inducing the death of ovarian cancer;



Fig. 29B is a graph of cell number versus dosage amounts of GZ17-8.11,
inducing the death of lung cancer,;

Fig. 29C is a graph of cell number versus dosage amounts of GZ17-8.11,
inducing the death of prostate cancer,;

Fig. 29D is a graph of cell number versus dosage amounts of GZ17-8.11,
inducing the death of head and neck cancer;

Fig. 29E is a graph of cell number versus dosage amounts of GZ17-8.11,
inducing the death of breast cancer,;

Fig. 29F is a graph of cell number versus dosage amounts of GZ17-8.11,

inducing the death of leukemia;

Fig. 29G is a graph of cell number versus dosage amounts of GZ17-8.11,

inducing the death of lymphoma;

Fig. 30Ais a graph of cell number versus dosage amounts of GZ17-8.12,
inducing the death of ovarian cancer;

Fig. 30B is a graph of cell number versus dosage amounts of GZ17-8.12,
inducing the death of lung cancer,;

Fig. 30C is a graph of cell number versus dosage amounts of GZ17-8.12,
inducing the death of prostate cancer,;

Fig. 30D is a graph of cell number versus dosage amounts of GZ17-8.12,
inducing the death of head and neck cancer;

Fig. 30E is a graph of cell number versus dosage amounts of GZ17-8.12,
inducing the death of breast cancer,;

Fig. 30F is a graph of cell number versus dosage amounts of GZ17-8.12,

inducing the death of leukemia;

Fig. 30G is a graph of cell number versus dosage amounts of GZ17-8.12,

inducing the death of lymphoma;

Fig. 31Ais a graph of cell number versus dosage amounts of GZ17-8.13,
inducing the death of ovarian cancer;

Fig. 31B is a graph of cell number versus dosage amounts of GZ17-8.13,
inducing the death of lung cancer,;

Fig. 31C is a graph of cell number versus dosage amounts of GZ17-8.13,
inducing the death of prostate cancer,;

Fig. 31D is a graph of cell number versus dosage amounts of GZ17-8.13,
inducing the death of head and neck cancer;

Fig. 31E is a graph of cell number versus dosage amounts of GZ17-8.13,
inducing the death of breast cancer,;

Fig. 31F is a graph of cell number versus dosage amounts of GZ17-8.13,
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inducing the death of leukemia;

Fig. 31G is a graph of cell number versus dosage amounts of GZ17-8.13,

inducing the death of lymphoma;

Fig. 32Ais a graph of cell number versus dosage amounts of GZ17-8.14,
inducing the death of ovarian cancer;

Fig. 32B is a graph of cell number versus dosage amounts of GZ17-8.14,
inducing the death of lung cancer,;

Fig. 32C is a graph of cell number versus dosage amounts of GZ17-8.14,
inducing the death of prostate cancer,;

Fig. 32D is a graph of cell number versus dosage amounts of GZ17-8.14,
inducing the death of head and neck cancer;

Fig. 32E is a graph of cell number versus dosage amounts of GZ17-8.14,
inducing the death of breast cancer,;

Fig. 32F is a graph of cell number versus dosage amounts of GZ17-8.14,

inducing the death of leukemia;

Fig. 32G is a graph of cell number versus dosage amounts of GZ17-8.14,

inducing the death of lymphoma;

Fig. 33Ais a graph of cell number versus dosage amounts of GZ17-8.15,
inducing the death of ovarian cancer;

Fig. 33B is a graph of cell number versus dosage amounts of GZ17-8.15,
inducing the death of lung cancer,;

Fig. 33C is a graph of cell number versus dosage amounts of GZ17-8.15,
inducing the death of prostate cancer,;

Fig. 33D is a graph of cell number versus dosage amounts of GZ17-8.15,
inducing the death of head and neck cancer;

Fig. 33E is a graph of cell number versus dosage amounts of GZ17-8.15,
inducing the death of breast cancer,;

Fig. 33F is a graph of cell number versus dosage amounts of GZ17-8.15,

inducing the death of leukemia;

Fig. 33G is a graph of cell number versus dosage amounts of GZ17-8.15,

inducing the death of lymphoma;

Fig. 34Ais a graph of cell number versus dosage amounts of GZ17-8.16,
inducing the death of ovarian cancer;

Fig. 34B is a graph of cell number versus dosage amounts of GZ17-8.16,
inducing the death of lung cancer,;

Fig. 34C is a graph of cell number versus dosage amounts of GZ17-8.16,
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inducing the death of prostate cancer,;

Fig. 34D is a graph of cell number versus dosage amounts of GZ17-8.16, illustrating the effect thereof in
inducing the death of head and neck cancer;

Fig. 34E is a graph of cell number versus dosage amounts of GZ17-8.16, illustrating the effect thereof in
inducing the death of breast cancer,;

Fig. 34F is a graph of cell number versus dosage amounts of GZ17-8.16, illustrating the effect thereof in
inducing the death of leukemia;

Fig. 34G is a graph of cell number versus dosage amounts of GZ17-8.16, illustrating the effect thereof in
inducing the death of lymphoma;

Fig. 35Ais a graph of cell number versus dosage amounts of GZ17-8.17, illustrating the effect thereof in
inducing the death of ovarian cancer;

Fig. 35B is a graph of cell number versus dosage amounts of GZ17-8.17, illustrating the effect thereof in
inducing the death of lung cancer,;

Fig. 35C is a graph of cell number versus dosage amounts of GZ17-8.17, illustrating the effect thereof in
inducing the death of prostate cancer,;

Fig. 35D is a graph of cell number versus dosage amounts of GZ17-8.17, illustrating the effect thereof in
inducing the death of head and neck cancer;

Fig. 35E is a graph of cell number versus dosage amounts of GZ17-8.17, illustrating the effect thereof in
inducing the death of breast cancer,;

Fig. 35F is a graph of cell number versus dosage amounts of GZ17-8.17, illustrating the effect thereof in
inducing the death of leukemia;

Fig. 35G is a graph of cell number versus dosage amounts of GZ17-8.17, illustrating the effect thereof in
inducing the death of lymphoma;

Fig. 36Ais a graph of cell number versus dosage amounts of GZ17-8.18, illustrating the effect thereof in
inducing the death of ovarian cancer;

Fig. 36B is a graph of cell number versus dosage amounts of GZ17-8.18, illustrating the effect thereof in
inducing the death of lung cancer,;

Fig. 36C is a graph of cell number versus dosage amounts of GZ17-8.18, illustrating the effect thereof in
inducing the death of prostate cancer,;

Fig. 36D is a graph of cell number versus dosage amounts of GZ17-8.18, illustrating the effect thereof in
inducing the death of head and neck cancer;

Fig. 36E is a graph of cell number versus dosage amounts of GZ17-8.18, illustrating the effect thereof in
inducing the death of breast cancer,;

Fig. 36F is a graph of cell number versus dosage amounts of GZ17-8.18, illustrating the effect thereof in
inducing the death of leukemia;

Fig. 36G is a graph of cell number versus dosage amounts of GZ17-8.18, illustrating the effect thereof in
inducing the death of lymphoma;



Fig. 37Ais a graph of cell number versus dosage amounts of GZ17-8.19,
inducing the death of ovarian cancer;

Fig. 37B is a graph of cell number versus dosage amounts of GZ17-8.19,
inducing the death of lung cancer,;

Fig. 37C is a graph of cell number versus dosage amounts of GZ17-8.19,
inducing the death of prostate cancer,;

Fig. 37D is a graph of cell number versus dosage amounts of GZ17-8.19,
inducing the death of head and neck cancer;

Fig. 37E is a graph of cell number versus dosage amounts of GZ17-8.19,
inducing the death of breast cancer,;

Fig. 37F is a graph of cell number versus dosage amounts of GZ17-8.19,
inducing the death of leukemia;

Fig. 37G is a graph of cell number versus dosage amounts of GZ17-8.19,

inducing the death of lymphoma;

Fig. 38Ais a graph of cell number versus dosage amounts of GZ17-8.20,
inducing the death of ovarian cancer;

Fig. 38B is a graph of cell number versus dosage amounts of GZ17-8.20,
inducing the death of lung cancer,;

Fig. 38C is a graph of cell number versus dosage amounts of GZ17-8.20,
inducing the death of prostate cancer,;

Fig. 38D is a graph of cell number versus dosage amounts of GZ17-8.20,
inducing the death of head and neck cancer;

Fig. 38E is a graph of cell number versus dosage amounts of GZ17-8.20,
inducing the death of breast cancer,;

Fig. 38F is a graph of cell number versus dosage amounts of GZ17-8.20,
inducing the death of leukemia;

Fig. 38G is a graph of cell number versus dosage amounts of GZ17-8.20,

inducing the death of lymphoma;

Fig. 39Ais a graph of cell number versus dosage amounts of GZ17-8.21,
inducing the death of ovarian cancer;

Fig. 39B is a graph of cell number versus dosage amounts of GZ17-8.21,
inducing the death of lung cancer,;

Fig. 39C is a graph of cell number versus dosage amounts of GZ17-8.21,
inducing the death of prostate cancer,;

Fig. 39D is a graph of cell number versus dosage amounts of GZ17-8.21,
inducing the death of head and neck cancer;
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Fig. 39E is a graph of cell number versus dosage amounts of GZ17-8.21,

inducing the death of breast cancer,;

Fig. 39F is a graph of cell number versus dosage amounts of GZ17-8.21,

inducing the death of leukemia;

Fig. 39G is a graph of cell number versus dosage amounts of GZ17-8.21
inducing the death of lymphoma;

Fig. 40Ais a graph of cell number versus dosage amounts of GZ17-8.22,

inducing the death of ovarian cancer;

Fig. 40B is a graph of cell number versus dosage amounts of GZ17-8.22,

inducing the death of lung cancer,;

Fig. 40C is a graph of cell number versus dosage amounts of GZ17-8.22,

inducing the death of prostate cancer,;

Fig. 40D is a graph of cell number versus dosage amounts of GZ17-8.22,

inducing the death of head and neck cancer;

Fig. 40E is a graph of cell number versus dosage amounts of GZ17-8.22,

inducing the death of breast cancer,;

Fig. 40F is a graph of cell number versus dosage amounts of GZ17-8.22,

inducing the death of leukemia;

Fig. 40G is a graph of cell number versus dosage amounts of GZ17-8.22,

inducing the death of lymphoma;

Fig. 41Ais a graph of cell number versus dosage amounts of GZ17-8.23,

inducing the death of ovarian cancer;

Fig. 41B is a graph of cell number versus dosage amounts of GZ17-8.23,

inducing the death of lung cancer,;

Fig. 41C is a graph of cell number versus dosage amounts of GZ17-8.23,

inducing the death of prostate cancer,;

Fig. 41D is a graph of cell number versus dosage amounts of GZ17-8.23,

inducing the death of head and neck cancer;

Fig. 41E is a graph of cell number versus dosage amounts of GZ17-8.23,

inducing the death of breast cancer,;

Fig. 41F is a graph of cell number versus dosage amounts of GZ17-8.23,

inducing the death of leukemia;

Fig. 41G is a graph of cell number versus dosage amounts of GZ17-8.23,

inducing the death of lymphoma;

Fig. 42Ais a graph of cell number versus dosage amounts of GZ17-8.24,

inducing the death of ovarian cancer;

Fig. 42B is a graph of cell number versus dosage amounts of GZ17-8.24,
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inducing the death of lung cancer,;

Fig. 42C is a graph of cell number versus dosage amounts of GZ17-8.24,

inducing the death of prostate cancer,;

Fig. 42D is a graph of cell number versus dosage amounts of GZ17-8.24,

inducing the death of head and neck cancer;

Fig. 42E is a graph of cell number versus dosage amounts of GZ17-8.24,

inducing the death of breast cancer,;

Fig. 42F is a graph of cell number versus dosage amounts of GZ17-8.24,

inducing the death of leukemia;

Fig. 42G is a graph of cell number versus dosage amounts of GZ17-8.24,

inducing the death of lymphoma;

Fig. 43Ais a graph of cell number versus dosage amounts of GZ17-8.25,

inducing the death of ovarian cancer;

Fig. 43B is a graph of cell number versus dosage amounts of GZ17-8.25,

inducing the death of lung cancer,;

Fig. 43C is a graph of cell number versus dosage amounts of GZ17-8.25,

inducing the death of prostate cancer,;

Fig. 43D is a graph of cell number versus dosage amounts of GZ17-8.25,

inducing the death of head and neck cancer;

Fig. 43E is a graph of cell number versus dosage amounts of GZ17-8.25,

inducing the death of breast cancer,;

Fig. 43F is a graph of cell number versus dosage amounts of GZ17-8.25,

inducing the death of leukemia;

Fig. 43G is a graph of cell number versus dosage amounts of GZ17-8.25,

inducing the death of lymphoma;

Fig. 44Ais a graph of cell number versus dosage amounts of GZ17-8.26,

inducing the death of ovarian cancer;

Fig. 44B is a graph of cell number versus dosage amounts of GZ17-8.26,

inducing the death of lung cancer,;

Fig. 44C is a graph of cell number versus dosage amounts of GZ17-8.26,

inducing the death of prostate cancer,;

Fig. 44D is a graph of cell number versus dosage amounts of GZ17-8.26,

inducing the death of head and neck cancer;

Fig. 44E is a graph of cell number versus dosage amounts of GZ17-8.26,

inducing the death of breast cancer,;

Fig. 44F is a graph of cell number versus dosage amounts of GZ17-8.26,
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inducing the death of leukemia;

Fig. 44G is a graph of cell number versus dosage amounts of GZ17-8.26,

inducing the death of lymphoma;

Fig. 45Ais a graph of cell number versus dosage amounts of GZ17-8.27,

inducing the death of ovarian cancer;

Fig. 45B is a graph of cell number versus dosage amounts of GZ17-8.27,

inducing the death of lung cancer,;

Fig. 45C is a graph of cell number versus dosage amounts of GZ17-8.27,

inducing the death of prostate cancer,;

Fig. 45D is a graph of cell number versus dosage amounts of GZ17-8.27,

inducing the death of head and neck cancer;

Fig. 45E is a graph of cell number versus dosage amounts of GZ17-8.27,

inducing the death of breast cancer,;

Fig. 45F is a graph of cell number versus dosage amounts of GZ17-8.27,

inducing the death of leukemia;

Fig. 45G is a graph of cell number versus dosage amounts of GZ17-8.27,

inducing the death of lymphoma;

Fig. 46Ais a graph of cell number versus dosage amounts of GZ17-8.28,

inducing the death of ovarian cancer;

Fig. 46B is a graph of cell number versus dosage amounts of GZ17-8.28,

inducing the death of lung cancer,;

Fig. 46C is a graph of cell number versus dosage amounts of GZ17-8.28,

inducing the death of prostate cancer,;

Fig. 46D is a graph of cell number versus dosage amounts of GZ17-8.28,

inducing the death of head and neck cancer;

Fig. 46E is a graph of cell number versus dosage amounts of GZ17-8.28,

inducing the death of breast cancer,;

Fig. 46F is a graph of cell number versus dosage amounts of GZ17-8.28,

inducing the death of leukemia;

Fig. 46G is a graph of cell number versus dosage amounts of GZ17-8.28,

inducing the death of lymphoma;

Fig. 47Ais a graph of cell number versus dosage amounts of GZ17-8.29,

inducing the death of ovarian cancer;

Fig. 47B is a graph of cell number versus dosage amounts of GZ17-8.29,

inducing the death of lung cancer,;

Fig. 47C is a graph of cell number versus dosage amounts of GZ17-8.29,

inducing the death of prostate cancer,;

DK/EP 3188721 T3

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in



Fig. 47D is a graph of cell number versus dosage amounts of GZ17-8.29,

inducing the death of head and neck cancer;

Fig. 47E is a graph of cell number versus dosage amounts of GZ17-8.29,

inducing the death of breast cancer,;

Fig. 47F is a graph of cell number versus dosage amounts of GZ17-8.29,

inducing the death of leukemia;

Fig. 47G is a graph of cell number versus dosage amounts of GZ17-8.29,

inducing the death of lymphoma;

Fig. 48Ais a graph of cell number versus dosage amounts of GZ17-8.30,

inducing the death of ovarian cancer;

Fig. 48B is a graph of cell number versus dosage amounts of GZ17-8.30,

inducing the death of lung cancer,;

Fig. 48C is a graph of cell number versus dosage amounts of GZ17-8.30,

inducing the death of prostate cancer,;

Fig. 48D is a graph of cell number versus dosage amounts of GZ17-8.30,

inducing the death of head and neck cancer;

Fig. 48E is a graph of cell number versus dosage amounts of GZ17-8.30,

inducing the death of breast cancer,;

Fig. 48F is a graph of cell number versus dosage amounts of GZ17-8.30,

inducing the death of leukemia;

Fig. 48G is a graph of cell number versus dosage amounts of GZ17-8.30,

inducing the death of lymphoma;

Fig. 49Ais a graph of cell number versus dosage amounts of GZ17-8.31,

inducing the death of ovarian cancer;

Fig. 49B is a graph of cell number versus dosage amounts of GZ17-8.31,

inducing the death of lung cancer,;

Fig. 49C is a graph of cell number versus dosage amounts of GZ17-8.31,

inducing the death of lymphoma;

Fig. 49D is a graph of cell number versus dosage amounts of GZ17-8.31,

inducing the death of leukemia;

Fig. 50Ais a graph of cell number versus dosage amounts of GZ17-8.32,

inducing the death of ovarian cancer;

Fig. 50B is a graph of cell number versus dosage amounts of GZ17-8.32,

inducing the death of lung cancer,;

Fig. 50C is a graph of cell number versus dosage amounts of GZ17-8.32,

inducing the death of lymphoma;

DK/EP 3188721 T3

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in



Fig. 50D is a graph of cell number versus dosage amounts of GZ17-8.32,

inducing the death of leukemia;

Fig. 51Ais a graph of cell number versus dosage amounts of GZ17-8.33,

inducing the death of ovarian cancer;

Fig. 51B is a graph of cell number versus dosage amounts of GZ17-8.33,

inducing the death of lung cancer,;

Fig. 51C is a graph of cell number versus dosage amounts of GZ17-8.33,

inducing the death of lymphoma;

Fig. 51D is a graph of cell number versus dosage amounts of GZ17-8.33,

inducing the death of leukemia;

Fig. 52Ais a graph of cell number versus dosage amounts of GZ17-8.34,

inducing the death of ovarian cancer;

Fig. 52B is a graph of cell number versus dosage amounts of GZ17-8.34,

inducing the death of lung cancer,;

Fig. 52C is a graph of cell number versus dosage amounts of GZ17-8.34,

inducing the death of lymphoma;

Fig. 52D is a graph of cell number versus dosage amounts of GZ17-8.34,

inducing the death of leukemia;

Fig. 53Ais a graph of cell number versus dosage amounts of GZ17-8.35,

inducing the death of ovarian cancer;

Fig. 53B is a graph of cell number versus dosage amounts of GZ17-8.35,

inducing the death of lung cancer,;

Fig. 53C is a graph of cell number versus dosage amounts of GZ17-8.35,

inducing the death of lymphoma;

Fig. 53D is a graph of cell number versus dosage amounts of GZ17-8.35,

inducing the death of leukemia;

Fig. 54Ais a graph of cell number versus dosage amounts of GZ17-8.36,

inducing the death of ovarian cancer;

Fig. 54B is a graph of cell number versus dosage amounts of GZ17-8.36,

inducing the death of lung cancer,;

Fig. 54C is a graph of cell number versus dosage amounts of GZ17-8.36,

inducing the death of lymphoma;

Fig. 54D is a graph of cell number versus dosage amounts of GZ17-8.36,

inducing the death of leukemia;

Fig. 55Ais a graph of cell number versus dosage amounts of GZ17-8.37,

inducing the death of ovarian cancer;

Fig. 55B is a graph of cell number versus dosage amounts of GZ17-8.37,
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inducing the death of lung cancer,;

Fig. 55C is a graph of cell number versus dosage amounts of GZ17-8.37,

inducing the death of lymphoma;

Fig. 55D is a graph of cell number versus dosage amounts of GZ17-8.37,

inducing the death of leukemia;

Fig. 56Ais a graph of cell number versus dosage amounts of GZ17-8.38,

inducing the death of ovarian cancer;

Fig. 56B is a graph of cell number versus dosage amounts of GZ17-8.38,

inducing the death of lung cancer,;

Fig. 56C is a graph of cell number versus dosage amounts of GZ17-8.38,

inducing the death of lymphoma;

Fig. 56D is a graph of cell number versus dosage amounts of GZ17-8.38,

inducing the death of leukemia;

Fig. 57Ais a graph of cell number versus dosage amounts of GZ17-8.39,

inducing the death of ovarian cancer;

Fig. 57B is a graph of cell number versus dosage amounts of GZ17-8.39,

inducing the death of lung cancer,;

Fig. 57C is a graph of cell number versus dosage amounts of GZ17-8.39,

inducing the death of lymphoma;

Fig. 57D is a graph of cell number versus dosage amounts of GZ17-8.39,

inducing the death of leukemia;

Fig. 58Ais a graph of cell number versus dosage amounts of GZ17-8.40,

inducing the death of ovarian cancer;

Fig. 58B is a graph of cell number versus dosage amounts of GZ17-8.40,

inducing the death of lung cancer,;

Fig. 58C is a graph of cell number versus dosage amounts of GZ17-8.40,

inducing the death of lymphoma;

Fig. 58D is a graph of cell number versus dosage amounts of GZ17-8.40,

inducing the death of leukemia;

Fig. 59Ais a graph of cell number versus dosage amounts of GZ17-8.41,

inducing the death of ovarian cancer;

Fig. 59B is a graph of cell number versus dosage amounts of GZ17-8.41,

inducing the death of lung cancer,;

Fig. 59C is a graph of cell number versus dosage amounts of GZ17-8.41,

inducing the death of lymphoma;

Fig. 59D is a graph of cell number versus dosage amounts of GZ17-8.41,
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inducing the death of leukemia;

Fig. 60A is a graph of cell number versus dosage amounts of GZ17-8.42,

inducing the death of ovarian cancer;

Fig. 60B is a graph of cell number versus dosage amounts of GZ17-8.42,

inducing the death of lung cancer,;

Fig. 60C is a graph of cell number versus dosage amounts of GZ17-8.42,

inducing the death of lymphoma;

Fig. 60D is a graph of cell number versus dosage amounts of GZ17-8.42,

inducing the death of leukemia;

Fig. 61Ais a graph of cell number versus dosage amounts of GZ17-8.43,

inducing the death of ovarian cancer;

Fig. 61B is a graph of cell number versus dosage amounts of GZ17-8.43,

inducing the death of lung cancer,;

Fig. 61C is a graph of cell number versus dosage amounts of GZ17-8.43,

inducing the death of lymphoma;

Fig. 61D is a graph of cell number versus dosage amounts of GZ17-8.43,

inducing the death of leukemia;

Fig. 62Ais a graph of cell number versus dosage amounts of GZ17-8.44,

inducing the death of ovarian cancer;

Fig. 62B is a graph of cell number versus dosage amounts of GZ17-8.44,

inducing the death of lung cancer,;

Fig. 62C is a graph of cell number versus dosage amounts of GZ17-8.44,

inducing the death of lymphoma;

Fig. 62D is a graph of cell number versus dosage amounts of GZ17-8.44,

inducing the death of leukemia;

Fig. 63Ais a graph of cell number versus dosage amounts of GZ17-8.45,

inducing the death of ovarian cancer;

Fig. 63B is a graph of cell number versus dosage amounts of GZ17-8.45,

inducing the death of lung cancer,;

Fig. 63C is a graph of cell number versus dosage amounts of GZ17-8.45,

inducing the death of lymphoma;

Fig. 63D is a graph of cell number versus dosage amounts of GZ17-8.45,

inducing the death of leukemia;

Fig. 64Ais a graph of cell number versus dosage amounts of GZ17-8.46,

inducing the death of ovarian cancer;

Fig. 64B is a graph of cell number versus dosage amounts of GZ17-8.46,

inducing the death of lung cancer,;
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Fig. 64C is a graph of cell number versus dosage amounts of GZ17-8.46,

inducing the death of lymphoma;

Fig. 64D is a graph of cell number versus dosage amounts of GZ17-8.46,

inducing the death of leukemia;

Fig. 65Ais a graph of cell number versus dosage amounts of GZ17-8.47,

inducing the death of ovarian cancer;

Fig. 65B is a graph of cell number versus dosage amounts of GZ17-8.47,

inducing the death of lung cancer,;

Fig. 65C is a graph of cell number versus dosage amounts of GZ17-8.47,

inducing the death of lymphoma;

Fig. 65D is a graph of cell number versus dosage amounts of GZ17-8.47,

inducing the death of leukemia;

Fig. 66Ais a graph of cell number versus dosage amounts of GZ17-8.48,

inducing the death of ovarian cancer;

Fig. 66B is a graph of cell number versus dosage amounts of GZ17-8.48,

inducing the death of lung cancer,;

Fig. 66C is a graph of cell number versus dosage amounts of GZ17-8.48,

inducing the death of lymphoma;

Fig. 66D is a graph of cell number versus dosage amounts of GZ17-8.48,

inducing the death of leukemia;

Fig. 67Ais a graph of cell number versus dosage amounts of GZ17-8.49,

inducing the death of ovarian cancer;

Fig. 67B is a graph of cell number versus dosage amounts of GZ17-8.49,

inducing the death of lung cancer,;

Fig. 67C is a graph of cell number versus dosage amounts of GZ17-8.49,

inducing the death of lymphoma;

Fig. 67D is a graph of cell number versus dosage amounts of GZ17-8.49,

inducing the death of leukemia;

Fig. 68Ais a graph of cell number versus dosage amounts of GZ17-8.50,

inducing the death of ovarian cancer;

Fig. 68B is a graph of cell number versus dosage amounts of GZ17-8.50,

inducing the death of lung cancer,;

Fig. 68C is a graph of cell number versus dosage amounts of GZ17-8.50,

inducing the death of lymphoma;

Fig. 68D is a graph of cell number versus dosage amounts of GZ17-8.50,

inducing the death of leukemia;

DK/EP 3188721 T3

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in

illustrating the effect thereof in



Fig. 69Ais a graph of cell number versus dosage amounts of GZ17-8.51,

inducing the death of ovarian cancer;

Fig. 69B is a graph of cell number versus dosage amounts of GZ17-8.51,

inducing the death of lung cancer,;

Fig. 69C is a graph of cell number versus dosage amounts of GZ17-8.51,

inducing the death of lymphoma;

Fig. 69D is a graph of cell number versus dosage amounts of GZ17-8.51,

inducing the death of leukemia;

Fig. 70Ais a graph of cell number versus dosage amounts of GZ17-8.52,

inducing the death of ovarian cancer;

Fig. 70B is a graph of cell number versus dosage amounts of GZ17-8.52,

inducing the death of lung cancer,;

Fig. 70C is a graph of cell number versus dosage amounts of GZ17-8.52,

inducing the death of lymphoma;

Fig. 70D is a graph of cell number versus dosage amounts of GZ17-8.52,

inducing the death of leukemia;

Fig. 71Ais a graph of cell number versus dosage amounts of GZ17-8.53,

inducing the death of ovarian cancer;

Fig. 71B is a graph of cell number versus dosage amounts of GZ17-8.53,

inducing the death of lung cancer,;

Fig. 71C is a graph of cell number versus dosage amounts of GZ17-8.53,

inducing the death of lymphoma;

Fig. 71D is a graph of cell number versus dosage amounts of GZ17-8.53,

inducing the death of leukemia;

Fig. 72Ais a graph of cell number versus dosage amounts of GZ17-8.54,

inducing the death of ovarian cancer;

Fig. 72B is a graph of cell number versus dosage amounts of GZ17-8.54,

inducing the death of lung cancer,;

Fig. 72C is a graph of cell number versus dosage amounts of GZ17-8.54,

inducing the death of lymphoma;

Fig. 72D is a graph of cell number versus dosage amounts of GZ17-8.54,

inducing the death of leukemia;

Fig. 73Ais a graph of cell number versus dosage amounts of GZ17-8.55,

inducing the death of ovarian cancer;

Fig. 73B is a graph of cell number versus dosage amounts of GZ17-8.55,

inducing the death of lung cancer,;

Fig. 73C is a graph of cell number versus dosage amounts of GZ17-8.55,
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inducing the death of lymphoma;

Fig. 73D is a graph of cell number versus dosage amounts of GZ17-8.55,

inducing the death of leukemia;

Fig. 74Ais a graph of cell number versus dosage amounts of GZ17-8.56,

inducing the death of ovarian cancer;

Fig. 74B is a graph of cell number versus dosage amounts of GZ17-8.56,

inducing the death of lung cancer,;

Fig. 74C is a graph of cell number versus dosage amounts of GZ17-8.56,

inducing the death of lymphoma;

Fig. 74D is a graph of cell number versus dosage amounts of GZ17-8.56,

inducing the death of leukemia;

Fig. 75Ais a graph of cell number versus dosage amounts of GZ17-8.57,

inducing the death of ovarian cancer;

Fig. 75B is a graph of cell number versus dosage amounts of GZ17-8.57,

inducing the death of lung cancer,;

Fig. 75C is a graph of cell number versus dosage amounts of GZ17-8.57,

inducing the death of lymphoma;

Fig. 75D is a graph of cell number versus dosage amounts of GZ17-8.57,

inducing the death of leukemia;

Fig. 76Ais a graph of cell number versus dosage amounts of GZ17-8.58,

inducing the death of ovarian cancer;

Fig. 76B is a graph of cell number versus dosage amounts of GZ17-8.58,

inducing the death of lung cancer,;

Fig. 76C is a graph of cell number versus dosage amounts of GZ17-8.58,

inducing the death of lymphoma;

Fig. 76D is a graph of cell number versus dosage amounts of GZ17-8.58,

inducing the death of leukemia;

Fig. 77Ais a graph of cell number versus dosage amounts of GZ17-8.59,

inducing the death of ovarian cancer;

Fig. 77B is a graph of cell number versus dosage amounts of GZ17-8.59,

inducing the death of lung cancer,;

Fig. 77C is a graph of cell number versus dosage amounts of GZ17-8.59,

inducing the death of lymphoma;

Fig. 77D is a graph of cell number versus dosage amounts of GZ17-8.59,

inducing the death of leukemia;

Fig. 78Ais a graph of cell number versus dosage amounts of GZ17-8.60,
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inducing the death of ovarian cancer;

Fig. 78B is a graph of cell number versus dosage amounts of GZ17-8.60, illustrating the effect thereof in
inducing the death of lung cancer,;

Fig. 78C is a graph of cell number versus dosage amounts of GZ17-8.60, illustrating the effect thereof in
inducing the death of lymphoma;

Fig. 78D is a graph of cell number versus dosage amounts of GZ17-8.60, illustrating the effect thereof in
inducing the death of leukemia;

Fig. 79Ais a graph of cell number versus dosage amounts of GZ17-8.61, illustrating the effect thereof in
inducing the death of ovarian cancer;

Fig. 79B is a graph of cell number versus dosage amounts of GZ17-8.61, illustrating the effect thereof in
inducing the death of lung cancer,;

Fig. 79C is a graph of cell number versus dosage amounts of GZ17-8.61, illustrating the effect thereof in
inducing the death of lymphoma;

Fig. 79D is a graph of cell number versus dosage amounts of GZ17-8.61, illustrating the effect thereof in
inducing the death of leukemia;

Fig. 80A is a graph of cell number versus dosage amounts of GZ17-10.04, illustrating the effect thereof
in inducing the death of ovarian cancer;

Fig. 80B is a graph of cell number versus dosage amounts of GZ17-10.05, illustrating the effect thereof
in inducing the death of ovarian cancer;

Fig. 80C is a graph of cell number versus dosage amounts of GZ17-10.06, illustrating the effect thereof
in inducing the death of ovarian cancer;

Fig. 80D is a graph of cell number versus dosage amounts of GZ17-10.04, illustrating the effect thereof
in inducing the death of lymphoma;

Fig. 80E is a graph of cell number versus dosage amounts of GZ17-10.05, illustrating the effect thereof
in inducing the death of lymphoma;

Fig. 80F is a graph of cell number versus dosage amounts of GZ17-10.06, illustrating the effect thereof
in inducing the death of lymphoma;

Fig. 80G is a comparative bar graph illustrating the comparative lymphoma cell-killing effect of the
individual components, GZ17-10.04-10.06, versus the theoretical additive effect of these components,
and the actual effect thereof, demonstrating the synergism of the three-component composition;

Fig. 80H is a comparative bar graph illustrating the comparative lymphoma cell-killing effect of the
individual components, GZ17-10.04 and 10.06, versus the theoretical additive effect of these
components, and the actual effect thereof, demonstrating the synergism of the three-component
composition;

Fig. 80l is a graph of cell number versus dosage amounts of GZ17-10.04, illustrating the effect thereof in
inducing the death of leukemia;

Fig. 80J is a graph of cell number versus dosage amounts of GZ17-10.05, illustrating the effect thereof
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in inducing the death of leukemia;

Fig. 80K is a graph of cell number versus dosage amounts of GZ17-10.06, illustrating the effect thereof
in inducing the death of leukemia;

Fig. 80L is a comparative bar graph illustrating the comparative leukemia cell-killing effect of the
individual components, GZ17-10.04-10.06, versus the theoretical additive effect of these components,
and the actual effect thereof, demonstrating the synergism of the three-component composition;

Fig. 80M is a comparative bar graph illustrating the comparative leukemia cell-killing effect of the
individual components, GZ17-10.04 and 10.06, versus the theoretical additive effect of these
components, and the actual effect thereof, demonstrating the synergism of the three-component
composition;

Fig. 80N is a graph of cell number versus dosage amounts of GZ17-10.04, illustrating the effect thereof
in inducing the death of breast cancer,;

Fig. 800 is a graph of cell number versus dosage amounts of GZ17-10.05, illustrating the effect thereof
in inducing the death of breast cancer,;

Fig. 80P is a graph of cell number versus dosage amounts of GZ17-10.06, illustrating the effect thereof
in inducing the death of breast cancer;

Fig. 80Q is a comparative bar graph illustrating the comparative breast cancer cell-killing effect of the
individual components, GZ17-10.04-10.06, versus the theoretical additive effect of these components,
and the actual effect thereof, demonstrating the synergism of the three-component composition;

Fig. 80R is a comparative bar graph illustrating the comparative breast cancer cell-killing effect of the
individual components, GZ17-10.04 and 10.06, versus the theoretical additive effect of these
components, and the actual effect thereof, demonstrating the synergism of the three-component
composition;

Fig. 81Ais a graph of cell number versus dosage amounts of GZ17-08.512, illustrating the effect thereof
in inducing the death of ovarian cancer;

Fig. 81B is a graph of cell number versus dosage amounts of GZ17-08.512, illustrating the effect thereof
in inducing the death of lymphoma;

Fig. 81C is a graph of cell number versus dosage amounts of GZ17-08.512, illustrating the effect thereof
in inducing the death of head and neck cancer,;

Fig. 81D is a graph of cell number versus dosage amounts of GZ17-08.513, illustrating the effect thereof
in inducing the death of ovarian cancer;

Fig. 81E is a graph of cell number versus dosage amounts of GZ17-08.513, illustrating the effect thereof
in inducing the death of lymphoma;

Fig. 81F is a graph of cell number versus dosage amounts of GZ17-08.513, illustrating the effect thereof
in inducing the death of head and neck cancer,;

Fig. 81G is a graph of cell number versus dosage amounts of GZ17-08.514, illustrating the effect thereof
in inducing the death of ovarian cancer;

Fig. 81H is a graph of cell number versus dosage amounts of GZ17-08.514, illustrating the effect thereof
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in inducing the death of lymphoma;

Fig. 811 is a graph of cell number versus dosage amounts of GZ17-08.514, illustrating the effect thereof
in inducing the death of head and neck cancer,;

Fig. 81J is a graph of cell number versus dosage amounts of GZ17-08.515, illustrating the effect thereof
in inducing the death of ovarian cancer;

Fig. 81K is a graph of cell number versus dosage amounts of GZ17-08.515, illustrating the effect thereof
in inducing the death of lymphoma;

Fig. 81L is a graph of cell number versus dosage amounts of GZ17-08.515, illustrating the effect thereof
in inducing the death of head and neck cancer,;

Fig. 81M is a graph of cell number versus dosage amounts of GZ17-08.516, illustrating the effect thereof
in inducing the death of ovarian cancer;

Fig. 81N is a graph of cell number versus dosage amounts of GZ17-08.516, illustrating the effect thereof
in inducing the death of lymphoma;

Fig. 810 is a graph of cell number versus dosage amounts of GZ17-08.516, illustrating the effect thereof
in inducing the death of head and neck cancer,;

Fig. 81P is a graph of cell number versus dosage amounts of GZ17-08.517, illustrating the effect thereof
in inducing the death of ovarian cancer;

Fig. 81Q is a graph of cell number versus dosage amounts of GZ17-08.517, illustrating the effect thereof
in inducing the death of lymphoma;

Fig. 81R is a graph of cell number versus dosage amounts of GZ17-08.517, illustrating the effect thereof
in inducing the death of head and neck cancer,;

Fig. 81S is a graph of cell number versus dosage amounts of GZ17-08.518, illustrating the effect thereof
in inducing the death of ovarian cancer;

Fig. 81T is a graph of cell number versus dosage amounts of GZ17-08.518, illustrating the effect thereof
in inducing the death of lymphoma;

Fig. 81U is a graph of cell number versus dosage amounts of GZ17-08.518, illustrating the effect thereof
in inducing the death of head and neck cancer,;

Fig. 81V is a graph of cell number versus dosage amounts of GZ17-08.519, illustrating the effect thereof
in inducing the death of ovarian cancer;

Fig. 81W is a graph of cell number versus dosage amounts of GZ17-08.519, illustrating the effect thereof
in inducing the death of lymphoma;

Fig. 81X is a graph of cell number versus dosage amounts of GZ17-08.519, illustrating the effect thereof
in inducing the death of head and neck cancer,;

Fig. 81Y is a graph of cell number versus dosage amounts of GZ17-08.520, illustrating the effect thereof
in inducing the death of ovarian cancer;

Fig. 81Z is a graph of cell number versus dosage amounts of GZ17-08.520, illustrating the effect thereof
in inducing the death of lymphoma;
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Fig. 81AA is a graph of cell number versus dosage amounts of GZ17-08.520, illustrating the effect
thereof in inducing the death of head and neck cancer;

Fig. 81BB is a graph of cell number versus dosage amounts of GZ17-08.521, illustrating the effect
thereof in inducing the death of ovarian cancer,;

Fig. 81CC is a graph of cell number versus dosage amounts of GZ17-08.521, illustrating the effect
thereof in inducing the death of lymphoma; and

Fig. 81DD is a graph of cell number versus dosage amounts of GZ17-08.521, illustrating the effect
thereof in inducing the death of head and neck cancer.

DETAILED DESCRIPTION

[0024] The therapeutic agents of the invention are used in therapeutically effective amounts, i.e.,
amounts that will elicit the biological or medical response of a tissue, system, or subject that is being
sought, and in particular to elicit some desired therapeutic effect against a variety of human cancers; the
agents operate by preventing and/or inhibiting proliferation and/or survival of cancerous cells, and/or by
slowing the progression of cancers. Those skilled in the art recognize that an amount may be considered
therapeutically effective even if the condition is not totally eradicated or prevented, but it or its symptoms
and/or effects are improved or alleviated partially in the subject. Of course, the appropriate makeup of
the agents hereof and dosing regimens using such agents will depend on the particular cancer being
treated, the extent of the disease, and other factors related to the patient as determined by those skilled
in the art. Hence, the terms "therapeutic" or "treat," as used herein, refer to products or processes in
accordance with the invention that are intended to produce a beneficial change in an existing condition
(e.g., cancerous tissue, tumor size, metastases, etc.) of a subject, such as by reducing the severity of
the clinical symptoms and/or effects of the condition, and/or reducing the duration of the
symptoms/effects of a subject.

[0025] Additional ingredients may be included with the chemotherapeutic agents of the invention for
administration to the subject. Such additional ingredients include, other active agents, preservatives,
buffering agents, salts, carriers, excipients, diluents, or other pharmaceutically-acceptable ingredients.
The active agents that could be included in the compositions include antiviral, antibiotic, or other
anticancer compounds.

[0026] The combined therapeutic agents of the invention give synergistic results, which are entirely
unexpected. Moreover, the lack of side effects when the agents are administered to patients is quite
surprising and essentially unique. As used herein, the terms "combination" or "in combination" are
intended to embrace compositions wherein the components are physically intermixed as dosage forms,
and to situations where the individual components are separately administered to a subject over
relatively short periods of time, which would have the same therapeutic effects as a single dosage form.

[0027] In use, a therapeutically effective amount of an agent in accordance with the invention is
administered to a subject in need thereof Such may comprise a single unit dosage or, more usually,
periodic (e.g., daily) administration of lower dosages over time. Advantageously, administration of such
therapeutically effective amounts achieves an unexpected therapeutic synergy. This means that the
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therapeutic three-component compositions of the invention exhibit a joint action where one or more of
the components supplements or enhances the action of at least one of the other components to produce
an effect greater than that which may be obtained by use of individual components in equivalent
quantities, or produce effects that could not be obtained with safe quantities of the other components,
individually or in combination. Generally, one or more of the components working together produce an
effect greater than the sum of their individual effects.

[0028] The dosages may be administered in any convenient manner, such as by oral, rectal, nasal,
ophthalmic, parenteral (including intraperitoneal, gastrointestinal, intrathecal, intravenous, cutaneous
(e.g., dermal patch), subcutaneous (e.g. injection or implant), or intramuscular) administrations. The
dosage forms of the invention may be in the form of liquids, gels, suspensions, solutions, or solids (e.g.,
tablets, pills, or capsules). Moreover, therapeutically effective amounts of the agents of the invention may
be co-administered with other chemotherapeutic agent(s), where the two products are administered
substantially simultaneously or in any sequential manner.

[0029] Additional advantages of the various embodiments of the invention will be apparent to those
skilled in the art upon review of the disclosure herein and the working examples below. It will be
appreciated that the various embodiments described herein are not necessarily mutually exclusive
unless otherwise indicated herein. For example, a feature described or depicted in one embodiment may
also be included in other embodiments, but is not necessarily included. Thus, the present invention
encompasses a variety of combinations and/or integrations of the specific embodiments described
herein.

[0030] As used herein, the phrase "and/or," when used in a list of two or more items, means that any
one of the listed items can be employed by itself or any combination of two or more of the listed items
can be employed. For example, if a composition is described as containing or excluding components A,
B, and/or C, the composition can contain or exclude A alone; B alone; C alone; A and B in combination; A
and C in combination; B and C in combination; or A, B, and C in combination.

[0031] The present description also uses numerical ranges to quantify certain parameters relating to
various embodiments of the invention. It should be understood that when numerical ranges are provided,
such ranges are to be construed as providing literal support for claim limitations that only recite the lower
value of the range as well as claim limitations that only recite the upper value of the range. For example,
a disclosed numerical range of about 10 to about 100 provides literal support for a claim reciting "greater
than about 10" (with no upper bounds) and a claim reciting "less than about 100" (with no lower bounds).

[0032] In the ensuing discussion, the curcumin, harmine, and isovanillin component(s) will be individually
described. In such discussions, where terms are used which specify or imply the presence of carbon-
carbon chains (e.g., alkyl, alkenyl, alkoxy, alkyl amine, alkenyl amine, aldehyde, or carboxylate), these
disclosures should be understood to refer to primary (straight), branched chain, or cyclic carbon chain
groups. Moreover, unless indicated otherwise, reference to aryl groups means phenyl, substituted
phenyl, napthyl, substituted napthyl; and heteroatom aryl groups refers to aryl groups containing a
nitrogen, oxygen, boron, or sulfur atom, such as pyridine; heterocyclic groups refers to cyclic groups
containing from 3-7 atoms, one or more of which is a nitrogen, oxygen, boron, or sulfur heteroatom; and
amine refers to primary, secondary, tertiary, or quaternary amines.

[0033] As used herein, pharmaceutically acceptable salts with reference to the components means salts
of the component compounds of the present invention which are pharmaceutically acceptable, i.e., salts
which are useful in preparing pharmaceutical compositions that are generally safe, non-toxic, and neither
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biologically nor otherwise undesirable and are acceptable for human pharmaceutical use, and which
possess the desired degree of pharmacological activity. Such pharmaceutically acceptable salts include
acid addition salts formed with inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid,
nitric acid, and phosphoric acid; or with organic acids such as 1,2-ethanedisulfonic acid, 2-
hydroxyethanesulfonic acid, 2-naphthalenesulfonic acid, 3-phenylpropionic acid, 4,4'-methylenebis(3-
hydroxy-2-ene-1-carboxylic acid), 4-methylbicyclo[2.2.2]oct-2-ene-1-carboxylic acid, acetic acid, aliphatic
mono- and dicarboxylic acids, aliphatic sulfuric acids, aromatic sulfuric acids, benzenesulfonic acid,
benzoic acid, camphorsulfonic acid, carbonic acid, cinnamic acid, citric acid, cyclopentanepropionic acid,
ethanesulfonic acid, fumaric acid, glucoheptonic acid, gluconic acid, glutamic acid, glycolic acid,
heptanoic acid, hexanoic acid, hydroxynaphthoic acid, lactic acid, laurylsulfuric acid, maleic acid, malic
acid, malonic acid, mandelic acid, methanesulfonic acid, muconic acid, o-(4-hydroxybenzoyl)benzoic
acid, oxalic acid, p-chlorobenzenesulfonic acid, phenyl-substituted alkanoic acids, propionic acid, p-
toluenesulfonic acid, pyruvic acid, salicylic acid, stearic acid, succinic acid, tartaric acid, tertiarybutylacetic
acid, and trimethylacetic acid. Pharmaceutically acceptable salts also include base addition salts which
may be formed when acidic protons present are capable of reacting with inorganic or organic bases.
Acceptable inorganic bases include sodium hydroxide, sodium carbonate, potassium hydroxide,
aluminum hydroxide and calcium hydroxide. Acceptable organic bases include ethanolamine,
diethanolamine, triethanolamine, tromethamine, and N-methylglucamine. It should be recognized that
the particular anion or cation forming a part of any salt of this invention is not critical, so long as the salt,
as a whole, is pharmacologically acceptable. Additional examples of pharmaceutically acceptable salts
and their methods of preparation and use are presented in Handbook of Pharmaceutical Salts
Properties, and Use, P. H. Stahl & C. G. Wermuth eds., ISBN 978-3-90639-058-1 (2008).

[0034] As noted below, the curcumin, harmine, and isovanillin component(s) may be obtained as
synthetic compounds of high purity, or from modified naturally occurring sources. In either case,
however, it is preferred that the component(s) be purified to a level of at least about 50% by weight,
more preferably at least about 70% by weight, still more preferably at least about 90% by weight, and
most preferably at least about 98% by weight.

[0035] The individual discussions of the component(s) contain structural formulas. In order to be entirely
clear, curcumin-based formulas are indicated "C-number," (not to be confused with carbon chain
numbers, which are indicated as "Cnumber," without an intervening hyphen), harmine-based formulas
are indicated as "H-number," and isovanillin-based formulas are indicated as "lI-number."

[0036] Before discussing the individual components of the invention, it should be understood that use of
unmodified, naturally occurring sources of the components is generally not appropriate or desirable,
because these naturally occurring products contain relatively small amounts of the desired components
and/or have potentially interfering compounds therein. For example, naturally occurring turmeric has
only approximately 2-3% by weight curcumin therein and accordingly the straightforward use of
unmodified turmeric would not be suitable for the invention. In like manner, naturally occurring harmala
seed contains only a very minor amount of harmine and such a product would also be inappropriate.

[0037] Thus, the preferred components of the invention are either synthetically derived or derived from
one or more naturally occurring product(s) which have been significantly modified so as to contain at
least about 25% by weight (more preferably at least about 50% by weight, and still more preferably about
70% by weight) of the desired component. As used herein, "synthetically derived" means that the
component in question was synthesized using specific starting ingredients and one or more chemical
and/or biological reactions to obtain substantially pure compounds. Modification of naturally occurring
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products may involve extractions, or any other physical or chemical steps to achieve the desired end
product, e.g., harmine components may be obtained from treatment of harmala seed, or curcumin
components may be obtained from treatment of turmeric.

[0038] For example, curcumin can be synthetically derived to a high degree of purity. Alternately,
curcumin can be obtained by extraction or other treatment of naturally occurring turmeric so that the
curcumin content of the modified turmeric has the above-noted levels of curcumin therein.

The Curcumin Component(s)

[0039] As used herein, "curcumin component(s)" shall mean curcumin, its metabolites and derivatives,
isomers and tautomers thereof, esters, metal complexes (e.g., Cu, Fe, Zn, Pt, V), and pharmaceutically
acceptable salts of any of the foregoing. Curcumin derivatives include both naturally occurring and
synthetic derivatives, e.g., the spontaneous degradation products of curcumin, curcumin metabolites,
and synthetic curcumin derivative compounds.

1. Curcumin.

[0040] Curcumin (diferuloylmethane, 1,7-bis(4-hydroxy3-mcthoxyphenyl)-1,6-heptadiene-3,5-dione) is a
symmetrical diphenolic dienone, see structure C-1 below. It exists in solution as an equilibrium mixture of
the symmetrical dienone (diketo) and the keto-enol tautomer; the keto-enol form is strongly favored by

intramolecular hydrogen bonding.
H

0 0 d o
HaCO N & OCH,4 H,CO. A OCH,
O O Curcumin O O
HO C-1 OH HO OH

Curcumin contains two aryl rings separated by an unsaturated 7-carbon linker having a symmetrical 8-
diketone group (as used herein, "B-diketone" embraces both tautomeric forms, namely the diketo and
enol forms). The aryl rings of curcumin contain a hydroxyl group in the para position and a methoxy
group in the meta position.

2. Degradation Products of Curcumin.

[0041] It is known that, under certain pH and other conditions, curcumin will spontaneously form
degradation products, and especially one or more of the following:

H. O
OH O N
H5CO ZAN H
HO HoO OCHs
OH
Trans-6-(4'-hydroxy-3'- Ferulic
methoxyphenyl)-2,4-dioxo-5-hexenal aldehyde
C-2 C-3

(Wi} m M Nl
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M \J. M \/l_ls
R N O _H
OCH; OCH;
OH OH OCH;
OH
Ferulic Feruloyl
acid methane Vanillin
C-4 C-5 C-6
O

H3COOCH3
HO OH

Deketene: curcumin
C-47

3. Curcumin Metabolites

[0042] It has been determined that curcumin is differently metabolized in vivo depending upon the route
of administration, see, Shen et al. The Pharmacology of Curcumin: Is it the Degradation Products?
Trends in Molecular Medicine, March 2012 Vol. 18, No. 2. Thus, when curcumin is orally administered,
the metabolites normally include one or more of the following:

HO g Curcumin glucuronide
OH C-7

I
O—§=‘Q Curcuminsulfate
() C-8

[0043] On the other hand, where the route of administration is intravenous/intraperitoneal, the
metabolites generally include the following:

OH O
HO H OH
Tetrahydrocurcumin
C-9

OH O
HSCO\/\/\)\)J\/\/\/OCH3
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1) dw
HO OH
Hexahydrocurcumin
C-10

OH OH

H3(:C) |]lii] “lii] ()(:F43
HO H H OH

Octahydrocurcumin
C-11

[0044] Other naturally occurring curcumin derivatives include cyclocurcumin, bisdemethoxycurcumin,
demethoxycurcumin, dihydrocurcumin, caffeic acid, cinnamic acid, isoeugenol, dibenzoylmethane,
dehydrozingerone, capsaicin, [6]-gingerol, [6]-paradol, chlorogenic acid, yakuchinone A, oregonin,
cassumuin A, and cassumuin B.

4. Synthetic Curcumin Derivatives.

[0045] Curcumin derivatives are expected to be beneficial for use in the treatment methods of the
invention. The term "curcumin derivative" is used interchangeably with the term "curcumin analog" and
"curcumin analogue" (alternative spelling) and includes, for example, curcumin derivatives, analogs,
curcuminoids and chalcones. In one embodiment the curcumin derivative includes first and second aryl
groups covalently attached by way of a linker or a linking group. In another embodiment, the second aryl
group is absent, such that the curcumin derivative contains a first aryl group and the linker but no second
aryl group at the distal end of the linker. Optionally, the first and/or second aryl group is a heteroaryl
group. The first and second aryl groups may be independently substituted or unsubstituted.

[0046] Curcumin derivatives that exhibit improved pharmacokinetic properties and/or reduced toxicity
are preferred. For example, curcumin derivatives that include heteroaryl groups and/or unsaturated
linkers arc expected to impart improved pharmacokinetic properties and/or reduced toxicity to the
compounds, because they are expected to be less chemically reactive in vivo. One example of preferred
curcumin derivatives includes those including one or two carbonyl groups in the linker region, including
those derivatives that preserve the enone functionality of curcumin. Derivatives that include heteroaryl
groups and/or unsaturated linkers are expected to be less likely to be degraded and/or form toxic
adducts or intermediates under physiological conditions.

[0047] Thus, in one aspect, curcumin derivatives of the invention are generally encompassed by the
formula:

Ar1-L-Ar2 C12

where Ar1 and Ar2 are independently aryl groups, and L is a divalent linking group that includes between
3 and 7 backbone carbon atoms, wherein one or more of the backbone carbon atoms include a carbonyl
or hydroxyl moiety.

a. Aryl Groups
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[0048] Preferred aryl groups include phenyl, naphthyl, thienyl, pyridinium, and pyridyl groups.

[0049] Aryl groups Ar1 and Ar2 may be substituted or unsubstituted, and one or more of the ring
carbons may be substituted with a heteroatom, and especially N, S, B, or O.

[0050] For example, in one embodiment of the invention, Ar1 can be an aryl group according to the
formula:

R1
R2
R3 R5 C-I3
R4
and Ar2 can be an aryl group according to the formula:
R6
R7
R10 Rg C-l4
R9

where one or more of the aryl ring carbons of Ar1 and Ar2 may be independently substituted with a
heteroatom selected from N, S, B, or O, and R1-R10 are independently selected from the group
consisting of H, hydroxyl, halogen, amine, nitro, sulfonate, sulfoxide, thio, ester, carboxylate, amide,
borate, C1-C4 boronate, C1-C8 alkyl, C2-C8 alkenyl, C1-C6 haloalkyl, C1-C6 alkoxy, C1-C6 amine, C2-
C8 carboxyl, C2-C8 ester, C1-C4 aldehyde, and glucuronide groups; L is a divalent linker including from
3-7 backbone carbon atoms that form a chain connecting the Ar1, Ar2, and R11 groups as the case may
be, where L includes at least one of a carbonyl or hydroxyl group. In further embodiments, Ar1 and Ar2
are phenyl groups; R1-R10 are independently selected from the group consisting of H, hydroxyl,
halogen, amine, nitro, sulfonate, thio, borate, C1-C2 boronate, sulfoxide, C1-C4 alkyl, C1-C4 alkoxy, C1-
C4 alkylamine, C2-C6 alkenylamine, C1-C6 acetoxy, C1-C4 carboxyl, with at least one of R1-R5 and R6-
R10 being hydroxy!.

b. Divalent Linking Groups

[0051] The linker L is a spacer that preferably includes 3, 4, 5, 6 or 7 carbon atoms that form a linear
carbon chain connecting the first and second aryl groups. The carbons atoms in the carbon chain that
trace out shortest path between the first and optional second aryl groups are referred to herein as the
"backbone" carbon atoms. The number of backbone carbon atoms is readily determined in straight chain
alkyl groups. In linkers that include a cyclic alkyl group as a constituent of the linear chain, the backbone
carbon atoms include the least number of ring carbons possible. The number of backbone carbon atoms
is used herein as a shorthand way to designate the length of the linker being used. For example, a 7-
carbon linker is a divalent linker that includes 7 backbone carbon atoms.

[0052] Preferably at least one of the backbone carbon atoms is included in a carbonyl (C=0) or thio
carbonyl (C=S) moiety. The linker may be substituted or unsubstituted. The linker may further be
saturated or unsaturated. In a preferred embodiment, the linker contains an odd number of carbon
atoms (i.e., 3, 5, or 7 carbon atoms), and at least one unsaturated carbon-carbon bond. In additional
embodiments, the linker may include a hydroxyl moiety in place of, or in addition to, the at least one
carbonyl moiety.
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[0053] Curcumin derivatives of the invention include a linking group L that is preferably covalently
attached at one end to aryl group Ar1. Optionally, the linking group L may also be covalently attached at
the other end to a second aryl group, Ar2, which is selected independently from Ar1. The linking group L
is a divalent linking group that preferably includes an alkylene or an alkenylene group having between 3
and 7 backbone carbon atoms, and more advantageously an odd number of backbone carbon atoms
(i.e., 3, 5, or 7 carbon atoms). The linker also preferably has at least one carbonyl moiety, and may
further include a hydroxyl moiety in place of, or in addition to, the at least one carbonyl moiety. The
linking group may be substituted or unsubstituted, and may be saturated or unsaturated. Preferably, the
linking group has a carbon-carbon double bond between the a and 8 carbons relative to Ar1 and/or Ar2
(e.g., see formulas C-1 and C-19 through C-33, which illustrate such a double bond. Still more
preferably, the linking group includes conjugated double bonds. Table 1 shows compounds with 7-carbon
linkers; Table 2 shows compounds with 5-carbon linkers; and Table 3 shows compounds with 3-carbon
linkers.

[0054] A divalent linking group includes two carbons with unfilled valencies that provide valence points
where a covalent bond can be formed to an adjacent alkyl or aryl group that also includes a carbon with
an unfilled valency. Generally, a valence point is represented in a chemical formula by a bond that is
shown as not being attached to another group (e.g., CH3-, wherein - represents the valence point).

[0055] In embodiments wherein the curcumin derivative lacks the second aryl group Ar2, the distal
valence point on the linking group can be filled with any substituent of interest, preferably a short chain
alkyl group (e.g., C1-C6, more preferably C1-C4) or a hydrogen (H). Compounds lacking a second aryl
group may be represented by formula:

Ar1-L-R11 C-15

R11 can be, for example, a heterocyclic group or an alkyl group, preferably an alkyl group having four or
fewer carbon atoms, e.g., a methyl group. R11 can alternately be an amine, a hydroxyl, a hydrogen,
nitro, sulfonate, sulfoxide, thio, ester, carboxylate, amide, borate, or a C1-C4 boronate.

i. Curcumin Derivatives Including 7-carbon Linking Groups.

[0056] In one embodiment of the invention, the curcumin derivatives include one or two aryl groups (Arl
and optionally Ar2) and a linking group L that is a 7-carbon linking group (i.e., a linking group that
includes 7 backbone carbon atoms). Preferably, the 7-carbon linking group includes at least one
unsaturated carbon-carbon bond. Examples of 7-carbon linking groups include

-CH=CH-(C0)-CR12=C(OH)-CH=CH-, C-16
-CH=CH-(C0)-C(R12)2-(CO)-CH=CH-, and c-17
~-CH=CH-(C0)-CH=C(OH)-CH=CH- c-18

where R12 includes substituent alkyl, arylalkyl, or aryl groups comprising 10 carbon atoms or less. In
some embodiments, R12 may be a methyl, ethyl, or benzyl group. These linking groups are the divalent
forms of 4-alkyl-1,6 heptadiene-3,5-dione; 4,4-dialkyl-1,6 heptadiene-3,5-dione; and heptane-3,5-dione.
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[0057] Table 1 shows a number of examples of curcumin derivatives that include a 7-carbon linker. The
compounds shown contain two aryl rings separated by a 7-carbon linker having two carbonyls (or the
equivalent keto-enol tautomer). In many, but not all, of the compounds, the linker is unsaturated. "Bn"
refers to a benzyl group.

TABLE 1

7-Carbon Linker Analogs.

O OH
H3COOCH3 o1
HO OH
0 OH
o =
OCH; O OH OCH3
C-21

E
W

OCHy O OH  OCH,

H3COOCH3 .

O OH

o3
H,CO OCHsy
C-24
HO OH
O OH
.35
(H3C)oN N(CHa),
HOOH C-26
H,CO OCH,

HCO OCH
IO G il
H.CO OCH-
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7-Carbon Linker Analogs.
O OH
H,CO = OCH;,
.28
HO Hs OH
O OH
=
casna el
CH3
O OH
H3CO N L Z OCH3
SRS Aa b Ol
HO A OH
O OH
Z
cag e el
Bn
0o O
X =
O HaC CHg O o
0o O
AN =
O Bri Bn O €33
O OH
H3CO = OCH3
OO -
HO OH
O OH
Z
canan el
O OH
H2CO Z OCH3
sagnac it
HO CHs OH
O OH
%%
® J @
CHj
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7-Carbon Linker Analogs.
O OH
H3CO L OCH3
cagsacolls
HO B OH
O OH
Z
C-39
J L0
o O
C-40
O HsC CHs O
0O O
C-41
(J el T

ii. Curcumin Derivatives Including 5-carbon Linking Groups

[0058] In a further embodiment of the invention, the curcumin derivatives include one or two aryl groups
(Ar1 and optionally Ar2) that are linked by a linking group L that is a 5-carbon linking group (i.e., a linking
group that includes 5 backbone carbon atoms). Preferably, the 5-carbon linking group includes at least
one unsaturated carbon-carbon bond. Examples of 5-carbon linking groups include:

-CH=CH-(CO)-CH=CH-, C-42
-CH2-CH2-(CO)-CH2-CH2-, C-43
-CH2-CH2-CH(OH)-CH2-CH2-, C-44
O
—HC _CH— a8

[0059] These linking groups are the divalent forms of 1,4-pentadiene-3-one; pentan-3-one; pentan-3-ol,
2,6; bis(methylene)cyclohexanone; and 1,2,4,5-diepoxy pentan-3-one. As noted herein, curcumin
derivatives may include a cyclic linking group. For example, 1-methyl-2,6-diphenyl-4-piperidone provides
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a compound with a 5-carbon linking group that is bridged by a tertiary amine to form a cyclic alkylene
linking group including the heteroatom nitrogen.

[0060] Table 2 shows a number of examples of curcumin derivatives that include a 5-carbon linker. The
compounds shown contain two aryl rings separated by a 5-carbon linker having a single carbonyl or
hydroxyl. In many, but not all, of the compounds, the linker is unsaturated.

TABLE 2

5-Carbon Linker Analogs.

0
H,CO OCH
peaggcoll
HO OH
@]
sanac ke
OCH; O OCHj
€49
OCH; O OCH3

H,CO OCH
3 3 .50
O
g,
H3CO OCH3

@]

T,

HO OH

@]

sane ol

(H3C)oN N(CHa)>
0
H;CO OCH3
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5-Carbon Linker Analogs.

H3CO OCH

OCH; O OCH;

C-S6

;i

OCH3 H,CO

OCH; O OCH,
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N
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S
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O
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O

C-62
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5-Carbon Linker Analogs.

R,
FsC CF;

C-66

F3Ci\ /‘CF3

C-67

CF3

CFj
J77C
Cl Cl

C-68

C-6

Cli\/:Cl

Cl

Cl

C-70

g,
HaC CH,
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C-73

AN Z
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5-Carbon Linker Analogs.
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5-Carbon Linker Analogs.
H;;COM

§

@)

H,CO OCHs

C-85

W
/
\
W

HO OH

@)
N Z
T
O
e

OH
s
Q

OJ 0 C-90

iii. Curcumin Derivatives Including 3-carbon Linking Groups

[0061] In a further embodiment of the invention, the curcumin derivatives include one or two aryl groups
(Arl and optionally Ar2) that are linked by a linking group L that is a 3-carbon linking group (i.e., a linking
group that includes 3 backbone carbon atoms). Preferably, the 3-carbon linking group includes at least
one unsaturated carbon-carbon bond. An example of a 3-carbon linking group is -CH=CH-(CO)--; i.e., a
divalent form of propenone.

[0062] Table 3 shows a number of examples of curcumin derivatives that include a 3-carbon linker. The
compounds shown generally have an unsaturated 3-carbon linker having a single carbonyl. While most
of the examples shown have two aryl groups separated by the linker, several of the embodiments
include only a single aryl group. In the examples that include only a single aryl group, a methyl group is
provided at the other end of the linking group. One compound includes the heteroatom N in place of one
of the backbone carbon atoms; however, this is still considered a 3-C linker in that 3 atoms (C, N, and C)
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are present along the shortest bridge between the two aryl groups.

TABLE 3
3-Carbon Linker Analogs.
@)
HO
0
/@A)\ Chs 92
H,CO
OH 0
MCH‘% C-93
0
H,CO = OCHj,
|O |O C-94
HO OH
0O
P
san el
o)
o as CEEN
HO
0
&
J T
HO,C
CH3 0O
=
soncl
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0
F
oo -
NC
O
/\)J\///\(‘\/OCH:i 100
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3-Carbon Linker Analogs.

I -

O
Vi
T,
CO,H
O OH
T4
casc BNt
0O

Y C
|
CHs

iv. Additional Curcumin Derivatives

[0063] Curcumin derivatives of the invention may include a variety of linking groups and Ar groups while
retaining the necessary activity. Accordingly, additional curcumin analogs are contemplated. These
include curcumin analogs containing central methylene substituents such as ethyl, propyl, butyl,
isopropyl and substituted benzyl groups according to the formula:

O OH

S
s vl

R13
R13 = CH2CH3, CH(CH3)2, CHoCHoCH3, CHoCH2CHoCH3
CHoCgH4X; X = OH, OCH3, N(CH3)o, CH3

Central methylene substituent analogs

[0064] Additional analogs that are contemplated are those having a pyridine ring with and without a
central methylene substituent on the 7-carbon linker such as those shown in the formulas:

C-105

C-106

each T, U, Vis independently selected from N, CH, such that each Ar
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ring is a pyridine; R14 = CHyCH3, CH(CHg)2, CHoCH>CHag,
CHoCHCHoCH3g, CHoCgHgX; X = OH, OCHg3, N(CH3)o, CH3

Pyridine aryl ring analogs

[0065] Many curcumin analogs which have a 5-carbon linker possess significant activity. Additional active
analogs in this series may contain substituents such as hydroxy and methoxy groups on the aryl rings.
Examples of these analogs are shown in the formula:

o

RN
R15— | +R15 C-107
P Z

each R15 is independently selected from CHoCH3, CH(CH3)o,
CH2CH»CH3, CHoCH2CHoCH3

Aryl substituent analogs

[0066] Other analogs include heterocyclic moieties, which may be substituted or unsubstituted, as shown
in the formulas:

0 0
XN SN
R16-¢ L L gR16 O ! O
& CH3y & R17
C-108 C-109
each R16 is independently selected from R17 =Ph, CH,CHj,4
Cl, F, CF3, OH

Heterocyclic analogs

v. Synthetic Curcumin Derivatives Via Different Reaction Schemes

[0067] A large number of naturally occurring and synthetic curcumin derivatives, the latter explicated by
reference to the methods of synthesis thereof, are disclosed in Anand et al. "Biological Activities of
Curcumin and Its Analogues (Congeners) Made By Man and Mother Nature." Biochemical Pharmacology
76 (2008):1590-1611. Representative synthetic curcumin derivatives are set forth below.

C-110

N—NCH,CH,;0H

A OCH;

| | C-111
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