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Abstract

Phytochemicals play an important role in cancer therapy. Hispolon and 26 of its analogs (9 known
and 17 new) were synthesized and evaluated for their antiproliferative activities in a panel of six
independent human cancer cell lines using the in vitro cell-based MTT assay. Among the hispolon
analogs tested, Compound VA-2, the most potent overall, produced its most significant effect in
the colon cancer cell lines HCT-116 (IC5q 1.4+1.3 uM) and S1 (ICgg 1.8+0.9 uM) compared to its
activity in the normal HEK293/pcDNAS3.1 cell line (IC5q 15.8+3.7 uM; p<0.01 for each
comparison). Based on our results, VA-2 was about 9- to 11-times more potent in colon cancer
cells and 2- to 3-times more potent in prostate cancer cells compared to HEK293/pcDNA3.1 cells.
Morphological analysis of VA-2 showed significant reduction of cell number, while the cells’
sizes were also markedly increased and were obvious at 68 h of treatment with 1 uM in HCT-116
(colon) and PC-3 (prostate) cancer cells. A known analog, Compound VA-4, prepared by simple
modifications on the aromatic functional groups of hispolon, inhibited prostate and colon cancer
cell lines with 1Csq values < 10 uM. In addition, hispolon isoxazole and pyrazole analogs, VA-7
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and VA-15 (known), respectively, have shown significant activity with the mean 1Csq values in
the range 3.3 to 10.7 uM in all the cancer cell lines tested. Activity varied among the analogs in
which aromatic functional groups and p-diketone functional groups are modified. But the activity
of analogs VA-16 to VA-27 was completely lost when the side chain double-bond was
hydrogenated indicating the crucial role of this functionality for anticancer activity. Furthermore,
many of the compounds synthesized were not substrates for the ABCB1-transporter, the most
common cause of multidrug resistance in anti-cancer drugs, suggesting they may be more
effective anticancer agents.

1. Introduction

Cancer is the second leading cause of death in the United States and is a major public health
concern worldwide. According to the National Center for Health Statistics, a total of
1,665,540 new cancer cases and 585,720 cancer deaths are projected to occur in the United
States in 2014 [1]. Depending on the cancer type, chemotherapy remains an important
treatment option. Although, recent advances in biomedical research have expanded our
understanding of cancer biology and have led to an increase in anticancer agents in recent
years, the treatments are many a time ineffective and patients often relapse. Multidrug
resistance, toxicity and mutation of targets remain the major causes of chemotherapy failure
[2, 3]. Therefore, there is an ongoing need to develop novel potent chemotherapeutic agents
that can circumvent these causes of chemotherapeutic failure. Over the past few years, many
anti-cancer drugs have been identified from natural products and few of them are now either
in advanced clinical trials or have already been approved for therapeutic use [4].

Hispolon, a polyphenolic compound, was first isolated from the fruit bodies of a fungus and
subsequently from tropical mushrooms [5, 6]. Several studies have demonstrated for the
antioxidant [7], anti-inflammatory [8, 9], anti-estrogenic activity [10] and anti-cancer
properties [11-15] of hispolon. The anti-proliferative activity of hispolon has most especially
attracted the attention of many researchers in cancer chemotherapy and chemoprevention.
Experimental evidence have revealed that hispolon exhibits its anticancer activity through
inhibition of cell growth, induction of cell cycle arrest and suppression of metastasis in
various types of cancer cells [5, 10, 16]. In addition, some of the studies have demonstrated
that hispolon is non-toxic to most normal cells and its anticancer activity might be related to
induced apoptosis [5]. In the present study, we have synthesized several known and new
hispolon analogs and evaluated their anticancer activities in order to identify a potential lead
compound. This paper reports: (i) the design and synthesis of hispolon and 26 of its analogs;
(ii) the evaluation of their anticancer activities in human breast, prostate and colon cancer
cell lines in comparison to normal non-cancer cell lines using the in vitro cell-based MTT
cytotoxicity assay; and (iii) the effects of the most potent compound on mitochondrial
membrane potential (MMP) and apoptosis in the colon cancer cell line (H-116) by flow
cytometry.
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2. Results and Discussion
2.1. Chemistry

Hispolon (VA-1), a natural polyphenol, is structurally similar to curcumin, but lacks one
aryl moiety. In our previous study, we found that hispolon (VA-1), hispolon methyl ether
(VA-2) and dehydroxy hispolon (VA-3) were active against prostate (PC-3), colon
(HCT-116) and breast (MCF-7) cancer cell lines [15]. However, only their relative percent
cell viabilities were reported as the cancer cell lines were treated with each compound at
only 10 uM for 72 h, hence, 1Csq values could not be obtained. Therefore, in our ongoing
effort to identify new lead compounds with anticancer potential, we synthesized (Scheme 1)
a series of known and new hispolon analogs and evaluated their antiproliferative activities in
a variety of cancer cell lines. Hispolon, Compound VA-1, was synthesized from vanillin as
previously reported [16]. Similarly, the known analogs of hispolon, including: Compounds
VA-2 [16], VA-3 [15], VA-4 [17], VA-6 and VA-7 [18], VA-11 [19], VA-14 [20], VA-16
[21], and VA-17 [22] were synthesized using methods that were reported previously. Simple
modification of the aromatic substituent in hispolon (VA-1) resulted in analogs VA-2,
VA-3, VA-4 and VA-5. Hydrogenation of compounds VA-2 to VA-5 yielded compounds
VA-16, VA-17, VA-18 and VA-19, respectively. The experimental details of the synthesis
of the isoxazole (compounds VA-6, VA-7, VA-8, VA-9, VA-10, VA-20, VA-21, VA-22 and
VA-23) and pyrazole (compounds VA-11, VA-12, VA-13, VA-14, VA-15, VA-24, VA-25,
VA-26, and VA-27) analogs of VA-2 to VA-5 and VA-16 to VA-19, respectively, are
described in the experimental section (Section 4.0 below, Scheme 1). The structures of all
the compounds synthesized were analyzed using 1H and 13C NMR, mass spectral data and
by comparison with those of melting points and spectral data reported in the literature.

2.2. MTT based cell cytotoxicity assay

Phytochemicals isolated from natural sources have historically proven beneficial in
combating a number of human ailments. This has led to ongoing global interest in the
biomedical community to screen natural products as chemo adjuvants for cancer treatment.
As a part of our research program into identifying new anti-cancer candidates, hispolon
analogs were synthesized and evaluated for their cytotoxic effects in 6 human cancer cell
lines, including colon carcinoma (HCT-116 and S1), prostatic cancer (DU-145 and PC-3),
and breast carcinoma (MDA-MB-231 and MCF-7) in comparison to their effects in normal
non-cancer canine kidney (MDCK), mouse embryonic fibroblast (NIH/3T3), and human
primary embryonic kidney (HEK293/pcDNA3.1) cell lines using the in vitro MTT assay.
All the compounds were tested at concentrations ranging from 0.1 to 100 uM. The mean+SD
50% minimum inhibitory concentration (ICsq) values obtained for all the analogs in all
cancer and non-cancer cell lines are summarized in Table 1.

2.2.1 Hispolon Analogs—Hispolon (VA-1) showed marked activity in the colon
(HCT-116 and S1) and breast (MCF-7) cancer cell lines with the observed ICgg values less
than 10 uM (Table 1), however, its activities in these cancer cell lines were not selective as it
also showed similar (non-significantly different) activity in the non-cancer normal control
HEK293/pcDNA3.1 cell line. The mean+SD ICsq values for hispolon (VA-1) in the PC-3,
DU-145, HCT-116, S1, MCF-7, and MDA-MB-231 cancer cell lines were 12.9+7.1,
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28.6+11.1,5.243.9, 8.4+3.2, 7.9+4.6, and 32.2+14.4 uM, respectively, compared to
36.2+12.4,51.2+16.4, and 7.3+£3.3 uM, in the MDCK, NIH/3T3, and HEK293/pcDNA3.1
non-cancer cell lines, respectively (Table 1). Compound VA-2, the most potent overall,
produced its most significant effect in the colon cancer cell lines HCT-116 (ICgq 1.4+1.3
uM) and S1 (ICsq 1.8+0.9 uM) compared to its activity in the normal HEK293/pcDNA3.1
cell line (ICsq 15.8+3.7 uM; p<0.01 for each comparison) (Table 1). In addition, compound
VA-2 was also significantly effective in inhibiting cell survival in the prostate cancer cell
lines DU-145 (IC5q 5.2+3.1 uM) and PC-3 (ICsq 6.3£3.1 uM) compared to the HEK293/
pcDNAS3.1 cell line (ICsq 15.8+3.7 uM; p<0.05 for each comparison). Furthermore,
compound VA-2 demonstrated a concentration-dependent inhibition of cell survival in the
colon and prostate cancer cell lines (Figure 1). These results indicate compound VA-2 was
about 9- to 11-times more potent in colon cancer cells and 2- to 3-times more potent in
prostate cancer cells compared to HEK293/pcDNA3.1 cells (Table 1, Figure 1). Compared
to hispolon (VA-1), the results revealed compound VA-2 was 3.7 to 4.7 times more potent
in the colon cancer cell lines, 2 to 5.5 times more potent in the prostate cancer cell lines, and
only half as potent in inhibiting cell survival in the normal control HEK293/pcDNA3.1 cell
line. In contrast and as expected, no significant activity was observed either in the cell
survival growth curve in the colon (HCT-116 and S1) and prostate (PC-3 and DU-145)
cancer cell lines or normal HEK293/pcDNAZ3.1 cell line after treatment with the inactive
control compound VA-16, that was synthesized by the hydrogenation of VA-2, at
concentrations of up to 100 uM (Table 1, Figure 1C).

Morphological analysis showed marked reduction of cell number, while the cells’ sizes were
also markedly increased and were obvious at 68 h of treatment with 1 uM concentration of
compound VA-2 in HCT-116 (colon) and PC-3 (prostate) cancer cells, a concentration
below the ICsq values (Figure 2). In contrast, there was no significant change in the
morphological characteristics of both HCT-116 (colon) and PC-3 (prostate) cancer cells,
when treated with the inactive control compound VA-16, that was synthesized by the
hydrogenation of VA-2, at concentrations up to 100 uM (Figure 2). Among the known
hispolon analogs prepared by simple modifications of the aromatic functional groups of
hispolon, VA-4 inhibited prostate, colon and MCF-7 breast cancer cell lines with ICs
values < 10.6 uM. The ICs values for VA-4 in the PC-3, DU-145, HCT-116, S1, and
MCEF-7cancer cell lines were 8.9+6.2, 8.2+3.3, 4.7+2.6, 9.3+3.7, and 10.6+4.0 pM,
respectively. But the cytotoxic effects of VA-4 in the cancer cell lines were not selective as
it also inhibited cell survival in the normal canine kidney MDCK (ICsg = 9.94£6.0 uM) and
the human primary embryonic kidney HEK293/pcDNA3.1 (ICsq = 8.2+4.3 uM) cell lines
indicating that it may be associated with general cytotoxicity.

Among the hispolon isoxazole and pyrazole analogs, compounds VA-7 (known analog) and
VA-15 (new analog), respectively, showed marked cytotoxicity with the mean 1C5q values
in the range 3.3 to 10.7 uM in all the cancer cell lines tested. Furthermore, only the isoxazole
analog of hispolon, compound VA-7, showed significant inhibition of cell survival (p < 0.05
for each comparison) in one prostate (PC-3) and one colon (HCT-116) cancer cell lines
compared to the normal HEK293/pcDNAS3.1 cell line. The I1Csq values for compound VA-7
in the prostate, colon and breast cancer cell lines were 3.3+2.2 (PC3), 10.5+£2.5 (DU-145),
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5.3+3.2 (HCT-116), 7.9+4.5 (S1), 6.3+3.3 (MCF-7) and 8.9+3.2 (MDAMB-231) UM,
respectively, compared to 11.6+6.2 (MDCK), 26.2+14.4 (NIH/3T3) and 13.0+7.8 (HEK293/
pcDNAS3.1) uM in the non-cancer cell lines (Table 1). Compound VA-15 markedly but
insignificantly (compared to the control HEK293/pcDNAZ3.1) inhibited cell survival in the
prostate, colon and breast cancer cell lines with ICsg values of 8.9+4.1 (PC3), 8.4+6.7
(DU-145), 9.44+3.7 (HCT-116), 8.4+7.1 (S1), 9.7+4.5 (MCF-7) and 10.7+5.2
(MDAMB-231) puM, respectively, compared to 16.5+7.9 (MDCK), 19.9+5.3 (NIH/3T3), and
12.9+5.6 (HEK293/pcDNA3.1) uM, in the non-cancer cell lines. Interestingly, the hispolon
analogs in which the side chain double-bond was hydrogenated (compounds VA-16 to
VA-27) completely lost activity in the tested concentration range. None of the analogs
showed any activity even at 100 uM. This clearly indicates that the side chain double-bond
is key for activity. To be selected as the lead compound, an 1Csq value in the submicromolar
range (i.e., less than 1 uM) is preferred. In addition, the compound should be selective in its
cytotoxicity to specific cancer cells compared to normal non-cancer cells. Also, more
appropriate organ specific normal cells should be chosen as controls instead of HEK293/
pcDNA3.1, MDCK or NIH/3T3 cell lines, a limitation of this study. Based on the fact that
compound VA-2 was the most potent overall, with selectivity in colon and prostate cancer
cells, and a concentration-dependent effect in both cancer cell lines, we identified it as the
lead compound for further study. Further, to understand the mechanism of the selective
cytotoxicity of the active hispolon analogs in cancer cells, more in-depth molecular
experiments are needed that must be complemented with in vivo studies.

2.2.2 Structure-Activity Relationship (SAR)—In the first set of experiments, hispolon
analogs (VA-2 to VA-5) with simple aromatic functional group modifications were prepared
to study their anticancer activity (Scheme 1). Interestingly, methylation of the meta position
hydroxyl group in hispolon resulted in compound VA-2 which exhibited more prominant
activity than hispolon in prostate, colon and breast cancer cell lines. Similarly, dimethyl
ether analog of hispolon (VA-4) also exhibited slightly higher activity than that of hispolon.
When the meta position substituent was removed, analogs VA-3 and VA-5 showed slightly
decreased activity in most of the cancer cell lines indicating that the substituent (hydroxyl/
methoxy) on meta position is contributing to the exhibited activity. In the next set of
experiments, isoxazole analogs (VA-6 to VA-10) were prepared by chemical modification
of B-diketone moiety in VA-1 to VA-5 and were evaluated for their anticancer activity.
Among the isoxazoles tested, VA-7 exhibited slightly higher activity. Whereas, the
isoxazole analog, compound VA-6, showed a decrease in activity against the cancer cell
lines tested. The activity was significantly decreased further for the isoxazole derivatives
VA-8, VA-9 and VA-10. Subsequently, a pyrazole unit was introduced resulting in analogs
VA-11 to VA-15, and the analogs were evaluated for their anticancer activity. The Pyrazole
analog, VA-15 showed slightly higher activity than the parent analog VA-5. In the third set
of experiments, several hispolon analogs (VA-16 to VA-20) were prepared by
hydrogenation of the side chain double-bond and tested for their anticancer activity.
Notably, all these analogs completely lost their activity even at 100 uM when tested against
cancer cell lines. The results indicate that the activity varied among the hispolon analogs
when aromatic functional groups and f-diketone moiety were modified. However,
hydrogenation of the side chain double-bond in the hispolon analogs abolished the activity
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completely. This clearly implies that the double bond is very essential for the anticancer
activity.

2.2.3 Multidrug Resistance of Synthesized Analogs in ABCB1 Overexpressing
Cells—Cancer cells, through a number of different mechanisms, become resistant to
numerous anticancer drugs that are even structurally and mechanistically unrelated. This
trait, which is known as multidrug resistance (MDR), results in the attenuation of the
cytotoxic effects of anticancer drugs and remains a major problem in conventional cancer
chemotherapy. One of the most common causes of MDR is the overexpression of ATP-
binding cassette (ABC) transporters which actively extrude anticancer drugs. ABCB1 (P-
glycoprotein or MDR1), a member of the ABC-transporters family, is significantly
expressed in a variety of solid and hematological cancers. ABCB1 functions as a drug efflux
pump of a varied number of anticancer drugs resulting in MDR [2, 23]. Ideally, the
anticancer drugs that are not substrates for these ABC-transporters are preferred candidates
as anticancer agents. We therefore screened all the synthesized compounds to see whether
their observed activities will be reversed or attenuated in ABCB1 overexpressing cells
(HEK293/ABCB1) versus normal HEK293/pcDNA.3.1 cell lines and in comparison to a
positive control antineoplastic drug, paclitaxel, a substrate of the ABCBL1 transporter.

As shown in Table 2, the fold resistance, defined as the ratio of ICsg value in the HEK293/
ABCBL cells to the ICsq value in the normal HEK293/pcDNA.3.1 cells for a particular
analog, ranged from 0.9 to 1.4 for the hispolon analogs for which 1Csq values were less than
100 uM. Anlogs VA-17 to VA-27 did not show any activity when tested at high
concentration (100uM) and hence the results were not presented. In contrast, the positive
control, paclitaxel, was associated with a significant 9-fold resistance when the HEK293/
ABCBU1 cells were treated with the antineoplastic drug compared to the normal HEK293/
pcDNA.3.1 cells. These results indicate there was no significant resistance produced to any
of the compounds tested in ABCB1 overexpressing cells and suggest they may not be
substrates for the ABCB1-transporter, the most common cause of MDR. However, these
results based only on cell cytotoxicity data need be interpreted with caution as the more
relevant and direct ATPase and photo affinity-labeling assay will have to be conducted to
confirm this property of the synthesized compounds.

2.2.4 Mitochondrial Membrane Potential and Apoptosis—It has been reported that
apoptosis is involved in hispolon-induced inhibition of tumor cell growth [5, 13]. The
apoptotic signaling cascade is often initiated by mitochondrial dysfunction primarily due to
loss of membrane asymmetry and release of cytochrome ¢ and other apoptogenic factors
from mitochondria leading to apoptotic cell death. In the process of apoptosis,
phosphatidylserine (PS), which is otherwise located on the cytoplasmic surface, is
translocated from the inner to the outer leaflet of the plasma membrane. The human vascular
anticoagulant, annexin V, is a 35-36 kDa Ca2+-dependent phospholipid-binding protein
which binds to the extracellular exposed PS and for which it has a high affinity. By labeling
the annexin V with a fluorophore or biotin, this high affinity for binding PS exposed on the
outer leaflet of the plasma membrane is used to identify apoptotic cells [25]. The most
potent compound (VA-2) was evaluated further for its effects on mitochondrial membrane
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potential and induction of apoptosis in the HCT-116 colon cancer cell line using flow
cytometry. As seen in Figure 3, 63.11% of untreated HCT-116 cells — live cells with intact
mitochondrial membrane - are seen in quadrant | (Control or Left Panel). Whereas 27.56%
of these cells had changes in mitochondrial membrane potential and started undergoing
apoptosis, probably due to stress induced while preparing the samples. Treatment with 0.5
UM of compound VA-2 for 4 h produced significant reduction (p < 0.01) in mitochondrial
membrane potential (84.9%) as seen in quadrant 11 (Middle Panel) of Figure 3. At the higher
5 UM concentration, compound VA-2 treatment clearly showed 2 distinct population of cells
(Right Panel of Figure 3) with 11.7% of cells already apoptosed (Quadrant V) and 72.7% of
cells with significant reduction (p <0.01) or loss of their mitochondrial membrane potential
(Quadrant I1), suggesting a pre-apoptotic condition.

Conclusions: In conclusion, hispolon and its analogs were synthesized and their
cytotoxicities were evaluated in human prostate, colon and breast cancer cell lines in
comparison to non-cancer canine kidney, mouse embryonic fibroblast and human primary
embryonic kidney cell lines using the MTT assay. Among the 26 hispolon analogs
synthesized and evaluated, compound VA-2 was the most active, showing significant
concentration-dependent cytotoxicity and selectivity in the colon followed by prostate
cancer cell lines, with the observed mean ICgq values in the range 1.4 to 6.3 pM. Compared
to hispolon, compound VA-2 was 3.7 to 4.7 times and 2 to 5.5 times more potent in the
colon and prostate cancer cell lines, respectively. In addition, compound VA-2 induced a
significant concentration-dependent reduction in mitochondrial membrane potential
resulting in pre-apoptosis and apoptosis in the HCT-116 colon cancer cell line. Hispolon
analogs activity varied significantly when the aromatic functional groups and p-diketone
functional groups are modified. As a result VA-2, hispolon analogs VA-4, VA-7 and VA-15
also showed prominent activity on these cell lines. Notably, the activity was completely lost
when the side chain double-bond was hydrogenated. This clearly infers that the double bond
functionality is very crucial for the anticancer activity. Many of the synthesized compounds
were not substrates for the ABCB1-transporter, suggesting they may be associated with
significantly less drug resistance. Further, to clearly understand the mechanism of their
selective cytotoxicity of associated with the active hispolon analogs identified in the current
study, more in-depth molecular experiments are needed that must be complemented with in
vivo studies.

3. Experimental section

3.1. General

All the solvents were procured from Avra Laboratories (Hyderabad, India).

3.2. Synthesis of hispolon analogs with aromatic substituent modification

Compounds, VA-1 to VA-4 were synthesized using methods reported previously in the
literature [15-17].

3.2.1 (E)-6-(4-methoxyphenyl)hex-5-ene-2,4-dione (VA-5)—
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A mixture of tributylborate (50.7g, 220 mmol) and acetylacetone (36.7g, 367 mmol) was
taken into a round bottomed flask equipped with a mechanical stirrer and the reaction mass
was stirred at 60°C for 30 min. To the complex formed, was added anisaldehyde (10g, 73
mmol) in ethyl acetate (40 ml) and the reaction temperature was raised to 85°C. To the
above reaction mixture n-butyl amine (5.3g, 73 mmol) was added drop wise and stirred for
90 min at 85 °C. The reaction mass was cooled to 55°C, acidified with 1N HCI (100 ml) and
stirred for 1 h. The product was extracted with ethyl acetate (2 x 100 ml) and the ethyl
acetate extract was concentrated under vacuum. The residue was adsorbed over silica gel
(100-200#) and purified by column chromatography using n-Hexane and ethyl acetate
(85:15) as eluants to obtain a yellow solid (5.5g, 37%).mp- 97.8-99.5°C, HPLC
Purity-99%. THNMR (400Mz,,CDCl3) ppm: 5.5 (s,1H), 7.6 (s,1H). 7.5 (d,2H), 6.8 (d,2H),
6.3 (d,1H), 5.6 (s,1H), 3.8 (5,3H), 2.2 (5,3H)

3.2.2. Synthesis of hispolon isoxazoles—Compounds VA-6 and VA-7 were
synthesized using methods reported previously in the literature [18].

3.2.2.1 (E)4-(2-methylisoxazol-5-yl)vinyl)Phenol (VA-8):

0 o 0——N

|
W NH,OH.HCI @/\M
— e -
o Pyridine o

Hydroxylamine hydrochloride (1.66 g, 24.5 mmol) and pyridine (1.97 ml, 24.50 mmol) were
added to stirred solution of dehydroxy Hispolon (1.0 g, 4.90 mmol) in ethanol (10 ml) and
refluxed for 6 h. The reaction mixture was monitored over TLC and was cooled to ambient
temperature. The solvent was evaporated in vacuum to obtain the crude product. It was
poured into ice cold water and stirred for 1 h. The precipitated material was filtered, dried
and recrystallized from DCM and MeOH. Light brown color solid was obtained (600 mg,
61% ). HPLC Purity-99.4%,m.p —176.2-177.8°C; IHNMR (400Mz, CDCl3) &: 7.42 (m, 2H),
7.39 (d, 1H, J=16Hz), 6.84 (d, 1H, J=16Hz), 6.86 ((m, 2H), 6.0(s, 1H), 5.6 (s, 1H), 2.3 (s,
3H); 13CNMR (400Mz, CDCls): & ppm 128.8 (C-17), 128.6 (C-2'), 115.9 (C-3/),1 68
(C-4"),1159(C-5), 128.6 (C-6"), 134.1 (C-7’), 115.9 (C-8"), 168.6 (C -5), 101.1 (C-4),
160.4 (C-3), 10.1 (C-3a); ESI-MS m/z 202.08 [M+H]".

3.2.2.2 (E)-5-(3,4-dimethoxystyryl)-3-methyl isoxazole (VA-9):

[ (4] ()—IN
/UW NH,OH.HCI /OW
—_—
~o Pyridine ~No

Hydroxylamine hydrochloride (2.741 g, 40.32 mmol) and pyridine (3.25 ml, 40.322 mmol)
were added to stirred solution of (E)-6-(3,4-dimethoxypheny)hex-5-ene-2,4-dione (2.0 g, 8.0
mmol) in ethanol (20 ml) and refluxed for 6 h. After completion of the reaction which was
monitored by TLC, the mixture was cooled to ambient temperature and the solvent was
evaporated in vacuum to obtain the crude product. It was poured into ice cold water and
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stirred for 1 h. The precipitated material was filtered, dried and recrystallized from DCM
and MeOH. A half-white solid was obtained (1.2 g, 61% ). HPLC Purity-98.8%,
m.p-94.3-96.1°C; THNMR (400Mz, CDCI3) §:7.26(s,1H), 7.06 (m, 1H), 6.88 (d, 1H) 7.2 (d,
1H, J=16Hz), 6.76 (d, 1H, J=16Hz), 6.0 (s, 1H), 3.93 (s, 6H), 2.31 (s, 3H); 13CNMR
(400Mz, CDCl3): 6 ppm 128.76 (C-1/), 111.3 (C-2’), 149.3 (C-3), 150.1 (C-4"), 109.0
(C-5), 121.09 (C-6"), 134.3 (C-7/), 121.0 (C-8’), 56.0 (3’-OCH3), 56.0 (4’-OCH3), 168.5
(C-5), 101.7 (C-4), 160.1 (C-3), 11.6 (C-3a); ESI-MS m/z 246.1 [M+H]*.

3.2.2.3 (E)-5-(4-methoxystyryl)-3-methylisoxazole (VA-10):
W NH,OH.HCI /©/WK
No Pyridine ~o

Hydroxylamine hydrochloride (3.1 g, 45.87 mmol) and pyridine (3.7 ml, 45.87 mmol) were
added to stirred solution of (E)-6-(4-methoxypheny)hex-5-ene-2,4-dione (2.0 g, 9.1743
mmol) in ethanol (20 ml) and refluxed for 6 h. The reaction mixture was cooled to ambient
temperature and the solvent was evaporated in vacuum to obtain the crude product. It was
poured into ice cold water and stirred for 1 h. The precipitated material was filtered, dried
and recrystallized from DCM and MeOH. A half-white colour solid was obtained (1.3 g,
61%); HPLC purity was 98.5%, m.p -111.2-113.30C. IHNMR (400Mz, CDCl3) &: 7.45 (m,
2H), 7.22 (d,1H,J=16Hz), 6.75 (d,1H,J=16Hz), 6.9 (m,2H), 6.0 (s,1H), 3.8 (5,3H), 2.3 (s,
3H). 13C NMR (400Mz, CDCls): § ppm 127.4 (C-1'), 127.4 (C-2), 111.4 (C-3), 160.1
(C-4),111.4 (C-5'), 127.4 (C-6"), 128.6 (C-7"), 114.4 (C-8'), 168.8 (C-3), 101.1 (C-4),
160.4 (C-5), 11.70 (C-3a); ESI-MS m/z 216.10 [M+H]™.

3.2.3 Synthesis of hispolon pyrazoles—Compounds VA-11 and VA-14 were
synthesized using methods reported previously in the literature [19, 20].

3.2.3.1 (E)-4-(2-(3-methyl-1H-Pyrazol-5-yl)vinyl)benzene-1,2-diol (VA-12):

o o IIN—lN
HOD/W‘\ NH,NH,.H,0 HOW
— .
o Conc. HCI o

Hydrazine hydrate (0.5 g, 11.36 mmol) and Conc. HCI (catalytic) were added to a stirred
solution of hispolon (1.0 g, 4.5 mmol) in ethanol (10 ml) and held at reflux for 6 h. The
reaction mixture was cooled to ambient temperature and the solvent was evaporated in
vacuum to obtain the crude product. It was poured into ice cold water and stirred for 1 h.
Precipitated material was filtered, dried and recrystallized from DCM and MeOH. A light
brown colour solid was obtained (900 mg, 90%). HPLC purity-99.5%, m.p. — 199.3-202
°C; ITHNMR (400Mz, DMSO) §; 12.38 (s, 1H), 9.0 (s, 2H), 6.9 (m, 2H), 6.7 (m, 3H), 6.2 (s,
1H), 2.1 (s, 3H); 13CNMR (500Mz, DMSO+CDCls) : § ppm 129.3 (C-1/), 112.7 (C-2)),
142.9 (C-3),142.9 (C-4), 112.7 (C-5'), 118.6 (C-6’) ,129.4 (C-7"), 115.3 (C-8' ), 145.4
(C-3), 100.9 (C-4), 145.1 (C-5), 11.7 (C-3a); ESI-MS m/z217.09 [M+H]*.

3.2.3.2 (E)-4-(2-(3-methyl-1H-Pyrazol-5yl)vinyl)Phenol (VA-13):
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o o IIN_IN
W NH,NH,.H,0 /@/WK
T .
o Cone. HCI HO

Hydrazine hydrate (0.6 g, 12.2 mmol) and conc. HCI (catalytic) were added to a stirred
solution of dehydroxy hispolon (1.0 g, 4.9 mmol) in ethanol (10 ml) and refluxed for 6 h.
After completion of the reaction (monitored by TLC), the mixture was cooled to ambient
temperature, and the solvent was evaporated in vacuum to obtain a crude product. It was
poured into ice cold water and stirred well for 1 h. Precipitated material was filtered, dried
and recrystallized from DCM and MeOH. A light brown colour pure solid was obtained
(720 mg, 79%). HPLC Purity-99.16%, m.p —197.4-201.3 °C. THNMR (400Mz , DMSO-dg)
& ppm : 12.37 (s, 1H), 9.5 (s, 1H), 7.3 (d, 2H), 6.8 (d, 1H), 6.7 (m, 1H), 6.6 ((d, 2H), 6.1 (s,
1H), 2.2 (s, 3H).13CNMR (500Mz, DMSO-dg) : & ppm 128.4 (C-1'), 127.6 (C-2/), 115.3
(C-3), 157.3 (C-4"), 115.3 (C-5"), 127.6 (C-6'), 129.3 (C-7"), 116.0 (C-8'), 157.4 (C-3),
101.2 (C-4), 157.3 (C-5), 12.0 (C-3a); ESI-MS my¥z201.1 [M+H]*.

3.2.3.3 (E)-5-(4-methoxystyryl)-3-methyl-1H-Pyrazole (VA-15):

o o HN—l\'
W NH,NH,.H,0 /©/\)\/K
—_—
~o Cone. HCI No

Hydrazine hydrate (1.1 g, 22.93 mmol) and Conc. HCI (catalytic) were added to stirred
solution of (E)-6-(4-methoxypheny) hex-5-ene-2,4-dione (2.0 g, 9.1 mmol) in ethanol (20
ml) and refluxed for 6 h. After completion of the reaction (monitored by TLC), the mixture
was cooled to ambient temperature, and the solvent was evaporated in vacuum to obtain a
crude product. It was poured into ice cold water and stirred well for 1 h. Precipitated
material was filtered, dried and recrystallized from DCM and MeOH. A Light brown solid
was obtained (1.2 g, 61%). HPLC purity-99.6%, mp-136.4-137.8 °C.IHNMR (400 MHz,
DMSO-dg) 6 ppm 2.53 (s, 1H), 7.47 (d, 2H), 6.9 (m, 4H), 6.2 (s, 1H), 3.7 (s, 3H), 2.2 (s,
3H); 13C NMR (500Mz, CDCI3): § ppm 128.2 (C-1/), 127.2 (C-2/), 113.8 (C-3/), 158.0
(C-4), 113 3 (C-5"), 127.2 (C -6"), 129.5 (C-7’), 113.8 (C-8" ), 55.0 (4’-OCHB3), 158.7 (C-3),
101.03 (C-4), 158.6 (C-5), 10.2 (C-3a); IR (cm-1) : 3269, 2996, 2936, 2837, 1603, 1568,
1511, 1464, 1452, 1324, 1284, 1026, 996, 938, 861, 748, 685; ESI-MS m/z215.11 [M+H]*.

3.2.4 Synthesis of dihydrohispolon analogs—Compounds VA-16 to VA-17 were
synthesized using methods reported previously in the literature [21, 22].

3.2.4.1 6-(4-methoxyphenyl)hexane-2,4-dione (VA-18):

W Pd/C M
———————————
\() H,; Atm. \()

To a solution of (E)-6-(4- methoxy phenyl)hex-5-ene-2,4-dione (10.00 g, 45.87 mmol) in
100 ml of ethyl acetate was added 10 percent palladium/carbon (150 mg) under nitrogen.
After the vessel was purged with hydrogen, the reaction mixture was stirred under 4 atm
(2x4) of hydrogen at room temperature for 2 h. After the vessel was purged with nitrogen,
the reaction mixture was filtered to remove 10 percent palladium/carbon and the filtrate was
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concentrated in vacuum, and the residue was purified by silica gel column chromatography
(hexane/ethyl acetate = 85:15) to obtain the title compound as a colorless oil (9.0 g,
89.12%). HPLC Purity 97.87 %. 1H NMR (400Mz, CDCls) : § ppm 7.2 (d,2H), 6.8 (d,2H),
5.5 (s,2H), 3.8(s,3H), 2.8 (t,2H), 2.4 (t,2H), 2.0 (s,3H).

3.2.4.2 6-(3,4-dimethoxyphenyl)hexane-2,4-dione (VA-19).

o o [} [}
/OW Pa/C /°:©/\)J\)k
—————
H, Atm.
~ 3 ~o

To a solution of (E)-6-(3,4- di methoxy phenyl)hex-5-ene-2,4-dione (8.0 g, 32.25 mmol) in
80 ml of ethyl acetate was added 10 percent palladium/carbon (100 mg ) under nitrogen.
After the vessel was purged with hydrogen, the reaction mixture was stirred under 4 atm
(2x4) of hydrogen at room temperature for 2 h. After the vessel was purged with nitrogen,
the reaction mixture was filtered to remove 10 percent palladium/carbon. The filtrate was
concentrated in vacuum, and the residue was purified by silica gel column chromatography
(hexane/ethyl acetate = 80:20) to obtain the title compound as a colorless oil (6.8 g,
84.36%). HPLC Purity 99.678%.1H NMR (400Mz, , CDCls) : & ppm 6.8 (d,1H), 6.7 (d,2H),
5.3 (s,2H), 3.8 (s,6H), 2.8 (t,2H), 2.6 (t,2H), 2.1 (s,3H).

3.2.4.3 2-methoxy-4-(2-(3-methylisoxazol-5-yl)ethylphenol (VA-20):

o o ()—IN
0. 0. NS
e D/\)J\/u\ NH,OH.HCI - D/\)\)\
L
1o Pyridine o

Hydroxylamine hydrochloride (0.72 g, 10 mmol) and Conc. HCI (catalytic) were added to
stirred solution of 6-(4-methoxy-3-methoxy pheny)hexane-2,4-dione in ethanol (10 ml) and
refluxed for 6 h. After completion of the reaction (monitored by TLC), the mixture was
cooled to ambient temperature and the solvent was evaporated in vacuum to obtain the crude
product. It was poured into ice cold water and DCM (50 ml), and stirred well for 1 h. The
DCM layer was extracted and dried over sodium sulphate, and concentrated under vacuum,
and recrystallized from DCM and hexane. A half-white colour solid was obtained (0.91 g,
92.17%), HPLC Purity-99.63%, m.p-69.3-72.1 °C. IH NMR (400Mz, , CDCl5): § ppm 6.8
(d,1H), 6.7 (d,2H), 5.3(s, 2H), 3.8 (s,6H), 2.8 (t,2H), 2.6 (t,2H), 2.1 (5,3H).

3.2.4.4 4-(2-(3-methylisoxazol-5-yl)ethylphenol (VA-21):

o o O—l\'
NH,OH.HCl A
Pyridine
HO’ HO'

Hydroxylamine hydrochloride (0.8 g, 11.87 mmol) and Conc. HCI (catalytic) were added to
stirred solution of 6-(4-hydroxy pheny)hexane-2,4-dione (1.0 g, 4.85 mmol) in ethanol (10
ml) and refluxed for 6 h. After completion of the reaction (monitored by TLC), the mixture
was cooled to ambient temperature and the solvent was evaporated in vacuum to obtain the
crude product. It was poured into ice cold water and DCM (50ml), and stirred well for 1 h.
The DCM layer was extracted and dried over sodium sulphate, and concentrated under
vacuum. The compound was recrystallized from DCM and hexane. A half-white colour
solid was obtained (0.85 g, 85.8%). HPLC Purity-99.56%, m.p —94.3 — 97.7 °C. 1 H NMR
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(400Mz,CDCI3) ) : § ppm 7.02 (d,2H), 6.79-6.75 (t,2H), 5.77 (s,1H), 2.99 (m,4H), 2.37-2.24
(s,3H). 13C NMR (500Mz DMSO-dg) : § ppm 132.3 (C-1'), 129.5 (C-2'), 115.6 (C-3), 154.8
(C-4), 115.6 (C-5'), 129.5 (C-6'), 33.6 (C-7"), 28.8 (C-8'), 163.8 (C-3), 102.2 (C-4),
172.7 (C-5), 12.4 and 11.5 (C-3a). ESI-MS m/z 204.2 [M+H]".

3.2.4.5 5-(4-methoxyphenethyl)-3-methylisoxazole (VA-22):
M NH,OH.HCI /©W\
——
~No Pyridine No

Hydroxylamine hydrochloride (0.77 g, 11.0 mmol) and Conc. HCI (catalytic) were added to
stirred solution of 6-(4-methoxypheny)hexane-2,4-dione (1.0 g, 4.5 mmol) in ethanol (10
ml) and refluxed for 6 h. After completion of the reaction (monitored by TLC), the mixture
was cooled to ambient temperature and the solvent was evaporated in vacuum to obtain the
crude product. It was poured into ice cold water and DCM (50 ml), and stirred well for 1 h.
The DCM layer was extracted and dried over sodium sulphate, and concentrated under
vacuum. A colorless liquid was obtained (0.9 g, 91%). HPLC purity —=99.65%. 1 H NMR
(400Mz, CDCls): & ppm 7.2 (d,2H), 6.8 (d,2H), 5.7 (s,1H), 3.7 (5,3H), 2.8 (m,4H), 2.2 (s,
3H). 13C NMR (500Mz, CDCls) : § ppm 132.2 (C-1/), 129.2 (C-2/), 111.2 (C-3/), 159.6
C-4'), 113.8 (C-5), 129.1 (C-6), 33.4 (C-7"), 28.6 (C-8), 55.8 (31-OCH3), 172.2 (C-3),
101.3 (C-4), 172.2 (C-5), 11.3 (C-3a). ESI-MS nvz 218.2 [M+H]*.

3.2.4.6 5-(3,4-diemthoxyphenethyl)-3-methylisoxazole (VA-23):

[ o o IN
/0:©/\)‘\)‘\ NH,OH.HCI /"D/\)\)\
_—
~ Pyridine ~o

Hydroxylamine hydrochloride (0.68 g, 9.7 mmol) and Conc. HCI (catalytic) were added to
stirred solution of 6-(3,4-dimethoxypheny)hexane-2,4-dione (1.0 g, 4.16 mmol) in ethanol
(10 ml) and refluxed for 6 h. After completion of the reaction (monitored by TLC), the
mixture was cooled to ambient temperature and the solvent was evaporated in vacuum to
obtain the crude product. It was poured into ice cold water and DCM (50ml), and stirred
well for 1 h. The DCM layer was extracted and dried over sodium sulphate, and
concentrated under vacuum. A colorless liquid was obtained (0.85 g, 86% ). HPLC
Purity-99.79 %. 1 H NMR (400Mz, CDCl3 ): § ppm 6.8 (m,3H), 5.8 (s,1H), 3.8 (s,6H), 2.8
(s,4H), 2.2 (s,3H). 13C NMR (400Mz, CDCl5): § ppm 132.6 (C-1'), 111.6 (C-2/), 159.5
(C-3"), 148.6 (C-4"), 113.7 (C- '), 129.1 (C-6"), 33.8 (C-7), 28.4 (C-8"), 55.7 (3’-OCH3) ,
55.7 (4/-OCH3) , 172.1 (C-3), 101.8 (C-4),168.8 (C-5), 12.0 (C-3a).ESI-MS nvz 248.1[M
+H]* .

3.2.4.7 2-methoxy-4-(2-(3-methyl-1H-pyrazol-5-yl)ethyl)phenol (VA-24):

o 0 HN—IN
0.
/0:©/\)‘\)l\ NH;NH,.H,0 A :@/\A}\
— P rE .
O Conc. HCI HO

Hydrazine hydrate (0.52 g, 10.59 mmol) and Conc. HCI (catalytic) were added to stirred
solution of 6-(4-methoxy-3-methoxy pheny)hexane-2,4-dione (1.0 g, 4.237 mmol) in ethanol
(10 ml) and refluxed for 6 h. After completion of the reaction (monitored by TLC), the
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mixture was cooled to ambient temperature, and the solvent was evaporated in vacuum to
obtain the crude product. It was poured into ice cold water and stirred for 1 h. The
precipitated material was filtered, dried and recrystallized from water and MeOH. A half-
white color solid was obtained HPLC Purity 99% (0.85 g, 85%). m.p —87.2 —89.8 °C. 1 H
NMR (400Mz,CDCls) : 6ppm 6.81-6.7 (d,1H), 6.66-6.45 (d,2H), 5.83 (s,1H), 3.79 (s,3H),
2.88-2.84 (m,4H), 2.26 (s,3H). 13C NMR (500Mz, CDCls): § ppm 133.8 (C-1/), 111.3
(C-27),44.2 (C-3),144.1 (C-4), 111.3 (C-5'), 129.5 (C-6'), 35.5 (C-7"), 29.4 (C-8'), 56.0
(3’-OCH3), 148.9 (C-3), 103.5 (C-4), 146.27 (C-5), 12.3 (C-3a). ESI-MS mVz 234.1[M+H]".

3.2.4.8 4-(2-(3-methyl-1H-pyrazol-5-ylethyl)phenol (VA-25):

o o "N—IN
/©/\)‘\)‘\ NH,NH,.H,0 /@/\M
I
HO Conc. HCI HO'

Hydrazine hydrate (0.6 g, 12.13 mmol) and Conc. HCI (catalytic) were added to stirred
solution of 6-(4-hydroxypheny)hexane-2,4-dione (1.0 g,4.8 mmol) in ethanol (10 ml) and
refluxed for 6 h. After completion of the reaction (monitored by TLC), the mixture was
cooled to ambient temperature and the solvent was evaporated in vacuum to obtain the crude
product. It was poured into ice cold water and stirred for 1 h. The precipitated material was
filtered, dried and recrystallized from water and MeOH. A half-white color solid was
obtained (0.86 g, 87%). HPLC purity —=99.1%. m.p - 133.4 — 134.6 °C. 1H NMR (400Mz,
CDCls) ) : 6.95 (d,2H), 6.66-6.64 (d,2H), 5.78 (s,1H), 2.79 (s5,4H), 2.1 (5,3H). 13C NMR
(400Mz, CDCl3):8 ppm 128.4 (C-1), 127.6 (C-2/), 115.3 (C-3/), 157.3 (C-4"), 115.3
(C-5), 127.6 (C-6'), 34.3(C-7"), 28.3 (C-8"), 157.4 (C-3), 101.2 (C-4), 157.3 (C-5), 12.0
(C-3a). ESI-MS mvz 203 [M+H]™.

3.2.4.9 5-(3.4-dimethoxyphenethyl)-3-methyl-1H-pyrazole (VA-26):

o o H\—I‘

/OD/M NH,NH,.H,0 /"DW\
_—

\0 Conc. HC1 \0

Hydrazine hydrate (0.5 g, 10 mmol) and Conc. HCI (catalytic)) were added to stirred
solution of 6-(3,4-dimethoxypheny)hexane--2,4-dione (1.0 g, 4 mmol) in ethanol (10 ml)
and refluxed for 6 h. After completion of the reaction (monitored by TLC), the mixture was
cooled to ambient temperature and the solvent was evaporated in vacuum to obtain the crude
product. It was poured into ice cold water and stirred for 1 h. The precipitated material was
filtered, dried and recrystallized from water and MeOH. An off-white color solid was
obtained (0.8 g, 90.2%). HPLC purity-98.55%, m.p —=70.5-72.2°C. 1H NMR (400Mz,
CDCl3) : & ppm 6.78-6.76 (d,1H), 6.73-6.69 (m,2H), 5.83 (s,1H), 3.84 (s,3H), 3.82 (5,3H),
2.92-2.86 (s,4H),2.26(s,3H). 13C NMR (400Mz, CDCls3):8ppm 134.1 (C-17), 111.8 (C-2)),
147.4 (C-3),147.4 (C-4"), 111.8 (C-5'), 120.3 (C-6 ), 35.5 (C-7"), 29.3 (C-8'), 56.0 (3'-
OCH3), 55.9 (4’-OCH3) ,148.9 (C-3), 103.4 (C-4), 148.8(C-5), 12.3 (C-3a). ESI-MS nvz
247.15 [M+H]*.

3.2.4.10 5-(4-methoxyphenethyl)-3-methyl-1H-pyrazole (VA-27):
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|
M NH,NH,.H,0 /@/\M
_—
No Conc. HCI ~o

Hydrazine hydrate (0.5 g, 10 mmol) and Conc. HCI (catalytic) were added to stirred solution
of 6-(4-methoxypheny)hexane-2,4-dione (1.0 g, 4.5 mmol) in ethanol (10 mL) and refluxed
for 6 h. After completion of the reaction (monitored by TLC), the mixture was cooled to
ambient temperature and the solvent was evaporated in vacuum to obtain a crude product. It
was poured into ice cold water and stirred for 1 h. The precipitated material was filtered,
dried and recrystallized from MeOH and water. A half-white solid was obtained (0.8 g,
90%). HPLC purity-99.734%, m.p.-85.2-87.7 °C. 1H NMR (400Mz, CDCl3) ) : Sppm 10.24
(s,1H), 7.1 (d,2H), 6.82 (d,2H), 5.84 (s,1H), 3.78 (5,3H), 2.28 (s,3H). 13C NMR (500Mz,
CDCly3): 6 ppm 133.6 (C-1/), 129.3 (C-2/), 113.9 (C-3'), 147.2 ( C-4'), 113.9 (C-5'), 129.3
(C-6"), 34.9 (C-7"), 29.2 (C-8"), 55.3 (3’-OCHB3), 158.0 (C-3), 103.3 (C-4), 148.6 (C-5), 12.3
(C-3a). ESI-MS m/z217.2 [M+H]*.

3.3. Cell lines and culture

The human cancer cell lines including, the colon cancer cell lines HCT-116 and S1 (a clone
of LS174T cells), prostatic cancer cell lines DU-145 and PC-3, and the breast cancer cell
lines MDA-MB-231 and MCF-7; and the non-cancer cell lines - canine kidney MDCK,
mouse fibroblast NIH/3T3, human primary embryonic kidney cell line HEK293/pcDNA3.1
(control, non-cancer cell line transfected with empty vector), the HEK293/ABCB1 cell line,
a P-glycoprotein overexpressing cell line, were all obtained from Dr. Gary Kruh’s
Laboratory (University of Illinois, Chicago, IL). The cancer and non-cancer cell lines were
grown as adherent monolayers in flasks with Dulbecco’s Modified Eagle Medium (DMEM)
culture medium supplemented with 10% fetal bovine serum in a humidified incubator
containing of 5% CO» at 37°C.

3.4. Cell cytotoxicity using MTT assay

The MTT (3-(4,5-dimethylthiazole-2yl)-2,5-biphenyltetrazolium bromide) assay [26] was
used to determine the cytotoxicity of all the compounds on HCT-116, S1, DU-145, PC-3,
MDA-MB-231, and MCF-7 cancer cell lines; and of the non-cancer MDCK, mouse
fibroblast NIH/3T3, human primary embryonic kidney HEK293/pcDNA3.1 (control, non-
cancer cell line transfected with empty vector) and HEK293/ABCBL1 cell lines. Briefly, the
cells were harvested with trypsin and resuspended in a final concentration of 5x103 cells/
well. Cells were seeded evenly into 96-well multiplates (at 180 pl/well). Different
concentrations of compounds, from 0.1 to 100 pM for each compound, were added (20 pl/
well) into designated wells. After 72 h of incubation, 20 pl of MTT solution (4 mg/ml) was
added to each well, and the plate was further incubated for 4 h, allowing viable cells to
convert the yellow-colored MTT into dark-blue formazan crystals. Subsequently, the
medium was discarded, and 100 pl of dimethylsulfoxide (DMSQO) was added into each well
to dissolve the formazan crystals. The absorbance was determined at 570 nm wavelength by
an OPSY'S microplate Reader from DYNEX Technologies, Inc. (Chantilly, VA, USA). Each
meanxSD concentration was calculated from the results of at least three experiments, each
also performed in triplicate. The IC5q values (drug candidate concentration required to
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inhibit growth by 50%) were calculated from survival curves using the Bliss method. The
cells were photographed for each triplicate treatment using an inverted microscope
(Olympus, BX53F) with fluorescent lamps and digital cameras at 68 h with and without
treatment. The images were compared in double-blind fashion for the different
concentrations of synthesized compound treatments at different time points for cell size,
shape and numbers. A representative figure is shown for each treatment. The data was
acquired and analyzed using CellSens software.

3.5. Flow cytometry analysis

The effects of compound VA-2 on mitochondrial membrane potential and apoptosis were
measured in colon cancer HCT-116 cells using MitoTracker Red and Alexa Fluor 488
annexin V kit for flow cytometry (Molecular Probes Inc., Invitrogen, Eugene, OR). Briefly,
apoptosis was induced by exposing HCT-116 cells (seeded in 6 well plate) with and without
Compound VA-2 at 0.5 and 5 UM concentrations for 4 h. Equal amounts of cells were
harvested and to each mL of cells, 4 uL of 10 pM Mito Tracker Red working solution was
added and stained for 30 minutes at 37°C in an atmosphere of 5% CO,. The cells were
washed with PBS and resuspended in 100 uL of 1X annexin-binding buffer to which 5 pL of
Alexa Fluor 488 annexin V was added. Cells were incubated for another 15 min, following
which 400 pL of 1X annexin-binding buffer was added and mixed gently. The stained cells
were analyzed by flow cytometry, measuring the fluorescence emission at 530 nm and 585
nm wavelengths.

3. 6. Statistics

Unless otherwise indicated, all experiments were repeated at least three times, and the
differences between the mean effects produced by the drug candidates in the cancer cell
lines compared to the mean effect in the control non-cancer cell lines or no-treatment
controls were determined using the Student’s t-test (GraphPad PRISM version 5.04). Results
are presented as means +standard deviations (SD). Statistical significance was determined at
the p < 0.05 level.
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Figure 1.
The cytotoxic effects of hispolon analogs as determined by the in vitro MTT assay shown as

concentration-response curves: (A) of Compound VA-2 in colon cancer cells S1 and
HCT-116 compared with human embryonic kidney cells HEK293/pcDNA3.1; while the
inset shows the comparison of mean+SD ICs values of Compound VA-2 in colon cancer
cells versus the HEK293/pcDNA3.1 cells; (B) of Compound VA-2 in prostate cancer cells
DU-145 and PC-3 compared with human embryonic kidney cells HEK293/pcDNA3.1;
while the inset shows the comparison of the mean+SD ICgq values of Compound VA-2 in
prostate cancer cells versus the HEK293/pcDNAZ3.1 cells; (C) of the inactive control -
Compound VA-16 (an analog that was synthesized by the hydrogenation of VA-2) in
prostate cancer cells DU-145 and PC-3 and colon cancer cells S1 and HCT-116 compared
with human embryonic kidney cells HEK293/pcDNA3.1; while the inset shows the
comparison of the mean+SD ICgq values of Compound VA-16 in prostate cancer cells and
colon cancer cells versus the HEK293/pcDNA3.1 cells. The meanSD values were
calculated from the results of at least three experiments each performed in triplicate. ICsg =
the concentration of the drug candidate required to inhibit growth by 50%.
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Figure 2.
Morphological analysis of the cytotoxic effects of active compound VA-2 at concentrations

of 0, 1 and 10 uM and inactive analog VA-16 (an analog that was synthesized by the
hydrogenation of VA-2) at concentrations 0, 10 and 100 uM in HCT-116 colon cancer cells
and PC-3 prostate cancer cells performed using microscopic pictures at 20X magnification.
The cells were photographed for each triplicate treatment using an inverted microscope
(Olympus, BX53F) with fluorescent lamps and digital cameras at 68 h with and without
treatment. The images were compared in double-blind fashion for the different
concentrations of synthesized compound treatments at different time points for cell size, cell
shape and cell numbers. The arrow heads denote: A — cells with increased size; B —
decreased numbers of cells; and C — cellular debris, in the representative panel shown for
each treatment. The data was acquired and analyzed using CellSens software.
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Figure 3.
Human colon cancer cells HCT-116 were treated in complete medium without (Control/Left

Panel) and with Compound VA-2 at concentrations of 0.5 and 5 uM for 4 h. Cells were
reacted with the reagents of the Mitochondrial Membrane Potential/Annexin V Apoptosis
Kit with MitoTracker Red and Alexa Fluor 488 annexin V, followed by flow cytometric
analysis — measuring the fluorescence at 530 nm and 585 nm wavelengths.
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Scheme 1.
Synthetic scheme of hispolon analogs.
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Mean=SD ICsq values indicating the in vitro activity of novel hispolon analogs against multiple cancer cell

Table 1

Page 22

lines
1C50 = SD (HM)
CANCER CELLS NON-CANCER CELLS
VA series Prostate Colon Breast Kidney Mouse fibroblast Embryonic kidney
PC3 DU-145  HCT-116 st MCF-7 MDAMB=23L  MDCK NIH/3T3 HEK 293/pcDNA.3.1

VAL  129+7.1 286+111 52+39  84+32  79+46  322+144 362+124  512+164 73+33

VA2  63+31% 52+31x L4%13 1809 ,,.45 9.7+50  131+46 189465 158+3.7
VA3 202+42 882+49 365+123 10.6+38 107+118  68+34  30.6+86 189+46 103+42
VA4  89+62 822+33 47+26  93+37  106+40  431£205  9.9+6.0 18.1+48 82+43

VA5  158+112 0.11+82 119450 446+118 158+7.1 2504124 416+266  482+200 187+28
VA6  209+52 289+191 334+158 505+17.8 209+88  346+137 208+120  >100+NA 36.2+7.0
VA7 38%22 105405 53+32* 79+45  63+33 89+32 116462 262+ 14.4 130+78
VA8  502+141 672489 679+223 442455 502+135 555+149 583+237  885+362 50.2+8.9
VA9  >100£NA >100+NA 87.4+363 >100+NA >L00+NA  79.9+282 447+110  932+164 6324199
VA0  >100+NA >100+NA 224+40 764+159 >100+NA  693+186 7024275  >100+NA 583+ 125
VA1l  165+112 3224139 788+285 204+141 165+95  67.0+364 354+156  66.3+248 47.7+16.2
VA-12 232483 331+17.1 412274 553+220 232499 567+173 >100+NA 884238 207180
VA-13  481+148 458+120 388+140 329+123 481+172 232+131 80.0+122 5924322 77.4+238
VA-14 126470 185+110 513+138 224+115 126+54  388+120 541+140  684+144 232+10.6
VA5 89+41  84+67  94+37 84+71  97+45  107+52  165+7.9 199453 129456
VA-16  >100+NA 87.9+121 808+144 982+41 >100+NA >100+NA 7254336  97.3+16.6 9534212
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Mean£SD ICsgq values and fold resistance for the novel curcumin and hispolon analogs compared to paclitaxel

following treatment of HEK293/pcDNA3.1 and HEK293/ABCBL cell lines.

1C50 = SD (IJM)

VA series 293/p|;:|glp\l(A.3.l HEK203/ABCB1 | FR
VA-1 73+33 9.60 +5.20 13
VA-2 158437 18.87 £ 5.50 12
VA3 103+4.2 11.60 £ 6.50 11
VA-4 82+43 10.60 +8.70 13
VA5 187428 16.30 £ 8.20 0.9
VA6 36.2+7.0 41.30 + 16.20 11
VA7 130+7.38 11.80 +12.30 0.9
VA-18 50.2+8.9 51.20 + 10.33 1.0
VA9 63.2+19.9 77.80 + 20.60 12
VA-10 5834125 66.30 + 15.70 11
VA-11 4774162 4520 + 13,50 0.9
VA-12 29.7+180 30.40 + 17.20 13
VA-13 77.4+238 68.90 + 13.60 0.9
VA-14 23.2+10.6 33.20 £ 21.50 14
VA-15 12956 16.50 + 9.50 13
VA-16 95.3+21.2 92.50 + 8.00 1.0

Paclitaxel |  0.04+0.02 036+011 | 9.0**
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