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Abstract: The natural product indole-3-carbinol (I3C) and its major digestive product 3,3′-diindolylmethane
(DIM) have shown clinical promise in multiple forms of cancer including breast cancer. In this study,
we explored the calcium channel activity of DIM, its synthetic derivative 3,3′-Diindolylmethanone
(DIM-one) and related I3C and DIM-one analogs. For the first time, DIM, DIM-one and analog IX
were identified as selective blockers for T-type CaV3.3 (IC50s DIM 2.09 µM; DIM-one 9.07 µM) while
compound IX inhibited both CaV3.2 (6.68 µM) and CaV3.3 (IC50 = 3.05 µM) using a FLIPR cell-based
assay to measure inhibition of T-type calcium channel window current. Further characterization of
DIM by electrophysiology revealed it inhibited inward Ca2+ current through CaV3.1 (IC50 = 8.32 µM)
and CaV3.3 (IC50 = 9.63 µM), while IX partially blocked CaV3.2 and CaV3.3 inward Ca2+ current.
In contrast, DIM-one preferentially blocked CaV3.1 inward Ca2+ current (IC50 = 1.53 µM). The anti-
proliferative activities of these compounds revealed that oxidation of the methylene group of DIM
shifted the selectivity of DIMs from breast cancer cell line MCF-7 to colon cancer cell line HT-29.

Keywords: 3,3′-diindolylmethane; natural anticancer agent; T-type calcium channels; selective blockers

1. Introduction

Indole-3-carbinol (I3C), a phytochemical found in Brassica vegetables, has long been
recognized as a chemopreventive agent to intervene in the early precancerous changes in
carcinogenesis [1,2]. As expected, 3,3′-diindolylmethane (DIM), the main natural occurring
substance produced following digestion of indole-3-carbinol, has been extensively inves-
tigated as an anticancer agent in vivo and in vitro, and has undergone clinical trials for
multiple forms of cancer, including prostate cancer (Phase II) (ClinicalTrials.gov Identifier:
NCT00888654) and breast cancer [3,4]. Interestingly, DIM has synergistic anticancer effects
with other clinically used drugs, including paclitaxel [5], tamoxifen [4,6,7], capsaicin [8,9],
cisplatin [10] and genistein [11], which potentiate the effect of the traditional drugs and/or
attenuate their side effects. Pharmacological studies have revealed that DIM and its analogs
interact with distinct signaling pathways that have been targeted for anticancer therapies,
including the epidermal growth factor receptor (EGFR) tyrosine kinase (inhibition) [12],
Hippo (activation) [13], Akt and phosphatidylinositide 3-kinase (PI3K) (inhibition) [14],
histone deacetylase (HDAC) (inhibition) [15], and signal transducer and activator of tran-
scription 3 (STAT3) (inhibition) [10]. A recent study also identified DIM derivatives as
potent agonists of the pathologic fibrotic pathway G protein-coupled receptor GPR84 [16].

T-type calcium channels (CaV3.x) are recognized as a potential target for novel cancer
therapies as they are aberrantly expressed in various cancer cells or tumors [17,18] and are
implicated in cancer cell proliferation [19–21]. Our previous study identified two bisindole
alkaloid analogs of marine fungal product pseudellone C as novel and selective T-type
blockers [22], suggesting the indole moiety may contribute to CaV3.x inhibition. In this
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work, through an efficient regio- and chemoselective Friedel–Crafts acylation of indole [23]
combined with sulfonation [24], tosyl protection as well as benzyl protection, we achieved
3,3′-diindolylmethanone (DIM-one, II) along with nine analogs III–XI. To investigate their
pharmacological potential, DIM, DIM-one and analogs III–XI, three I3C analogs included,
were explored for activity on voltage-gated calcium channels (VGCC) using a FLIPR
cell-based assay. For the first time, DIM, DIM-one, along with its analog 1 bis(1-benzyl-1H-
indol-3-yl)methanone (IX) were revealed to be potent blockers of CaV3.x window current,
and were further characterized in whole-cell patch-clamp studies. In addition, DIM-one
(II), III, IV and V showed anti-proliferative potential in colon cancer.

2. Materials and Methods
2.1. Chemical Materials

DIM was purchased from Sigma-Aldrich (St. Louis, MO, USA), DIM-one (II), and
analogs III–XI were prepared synthetically. Synthetic procedures and NMR (DMSO-d6)
data for each compound, see the Supplementary Materials.

2.2. Cell Culture and Transient Expression

The human embryonic kidney 293 (HEK 293) cell lines (from Emmanuel Bourinet,
Montpellier, France) stably expressing CaV3.2 or CaV3.3 were cultured under 5% car-
bon dioxide at 37 ◦C in Dulbecco’s Modified Eagle Medium (DMEM) Glutamax (Gibco,
Life Technologies, Carlsbad, CA, USA) supplemented with 10% (v/v) fetal bovine serum
(FBS), 100 U/mL penicillin, 100 µg/mL streptomycin (Gibco, Life Technologies, Carlsbad,
CA, USA), and 750 µg/mL geneticin (G418) (Gibco, Life Technologies). The Chinese Ham-
ster Ovary (CHO) cell lines (Emmanuel Bourinet, Montpellier, France) expressing CaV3.1
were cultured under 5% carbon dioxide at 37 ◦C in Alpha Minimum Essential Media (MEM)
Glutamax (Gibco, Life Technologies), supplemented with 10% (v/v) fetal bovine serum (FBS)
and 300 µg/mL geneticin (G418) (Gibco, Life Technologies). The human neuroblastoma SH-
SY5Y cells (Victor Diaz, Goettingen, Germany) were cultured under 5% carbon dioxide at
37 ◦C in RPMI 1640 antibiotic-free medium (Invitrogen, Carlsbad, CA, USA), supplemented
with 15% FBS and 2 mM GlutaMAX™ (Invitrogen). D-PBS (Gibco, Life Technologies) was
used to wash the cells, and 0.25% Trypsin-EDTA (Gibco, Life Technologies) was used to
detach cells from the flask surface. They were split in a ratio of 1:5 (ideally 1000 cells/cm2)
when they reached 70–80% confluence (every 2–3 days). Transiently transfected CaV3.1
HEK293 T cells were used in FLIPR Assays. HEK 293 T cells were cultured under 5%
carbon dioxide at 37 ◦C in DMEM supplemented with 10% (v/v) FBS. D-PBS was used to
wash the cells, and 0.25% Trypsin-EDTA was used to detach cells from the flask surface.
The cells were split and seeded at 6 million cells per T175 flask, to reach 70–80% confluence
after 24 h. The next day, 12 µg DNA of human CaV3.1 was incubated in 900 µL serum-free
DMEM with 36 µL FuGENE HD transfection reagent (Promega Corporation, Madison,
WI, USA) (1:3 DNA/Fugene ratio) for 20 min, and then the mixture was added into the cell
flask slowly, drop by drop. After the transfection, the cells were cultured under 5% carbon
dioxide at 37 ◦C for 24 h and then moved to a 28 ◦C incubator.

Human breast cancer cell line MCF-7 and T-47D, lung cancer cell line A549, and colon
cancer cell line HT-29 were cultured under 5% carbon dioxide at 37 ◦C in DMEM Glutamax
(Gibco, Life Technologies) supplemented with 10% (v/v) FBS. They were split in a ratio of
1:3–1:6 (ideally 2–4 × 10,000 cells/cm2) when they reached 70–80% confluence using 0.25%
Trypsin-EDTA. For cell viability MTT assay, cells were seeded into 96-well clear bottom
culture plates (Corning, Lowell, MA, USA) at a density of 5 × 103 cells/well and settled at
37 ◦C for 24 h.

2.3. T-Type Calcium Channel Window Current FLIPR Assays

HEK 293 cells stably expressing CaV3.2 or CaV3.3 were seeded into 384-well black wall
clear bottom plates (Corning) at a density of 30,000 cells per well. Transiently transfected
CaV3.1HEK293 T cells were seeded into 384-well black wall clear bottom plates at a density
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of 60,000 cells per well. Once the cells reached 90–95% confluence after 24 h, the media were
removed from the wells and replaced with 20 µL of 10% calcium 4 dye (Molecular Devices,
Sunnyvale, CA, USA) in HBSS-HEPES (containing 5 mM KCl, 10 mM HEPES, 140 mM
NaCl, 10 mM glucose, and 0.5 mM CaCl2, pH 7.4) with 0.1% bovine serum albumin (BSA).
The cells were incubated for 30 min at 37 ◦C in the presence of 5% carbon dioxide. Each
well on the reagent plates for the first addition contained 15 µL different concentrations
of compounds dissolved in HBSS-HEPES containing 0.1% BSA and <0.5% DMSO and
was incubated for 20 min after loaded. Positive and negative controls contained 15 µL
of HBSS-HEPES (0.1% BSA) alone. The plates were placed in the FLIPRTETRA (Molecular
Devices, Sunnyvale, CA, USA) programmed to measure maximum fluorescence intensity
following a second addition of the agonist 5 mM CaCl2. The fluorescence readings were
recorded and converted as described previously [22], and HBSS-HEPES (0.1% BSA) was
used in the second addition as a negative control.

2.4. HVA Calcium Channel FLIPR Assays

SH-SY5Y cells were seeded into 384-well black wall clear bottom plates at a density
of 15,000 cells per well, resulting in 90–95% confluence after 24 h. The media were then
removed from the wells and replaced with 20 µL of 10% calcium 4 dye (Molecular Devices)
in physiological salt solution (PSS) (containing 5.9 mM KCl, 1.4 mM MgCl2, 10 mM HEPES,
1.2 mM NaH2 PO4, 5 mM NaHCO3, 140 mM NaCl, 11.5 mM glucose, and 1.8 mM CaCl2,
pH 7.4) with 0.1% BSA. As reported [25], for N-type calcium channel FLIPR assays the
cells were pre-incubated with 10 µM nifedipine added in the dye to ensure full inhibition
of L-type calcium responses. For L-type calcium channel FLIPR assays, the cells were
pre-incubated with 1 µM CVID added in the dye to ensure full inhibition of N-type calcium
responses. Positive control on the first reagent plate contained 15 µL of PSS (0.1% BSA),
whereas PSS (0.1% BSA) containing 1 µM CVID and 10 µM nifedipine (final concentration)
was used as a negative control. The fluorescence readings were recorded and converted as
described previously [25], and agonist containing 90 mM KCl + 5 mM CaCl2 was used in
the second addition.

2.5. Whole-Cell Patch-Clamp Electrophysiology

Whole-cell patch-clamp experiments were performed on an automated electrophysi-
ology platform QPatch 16 X (Sophion Bioscience A/S, Ballerup, Denmark) in single-hole
configuration using 16-channel planar patch chip QPlates (Sophion Bioscience A/S). The
extracellular recording solution contained, in mM: TEACl 157, MgCl2 0.5, CaCl2 5, and
HEPES 10; pH 7.4 adjusted with TEAOH; and osmolarity 320 mOsm. The intracellular
pipette solution contained, in mM: CsF 140, EGTA 1, HEPES 10, and NaCl 10; pH 7.2
adjusted with CsOH; and osmolarity 325 mOsm. Compounds were diluted in extracellular
recording solution with 0.1% BSA at the concentrations stated (DMSO ≤ 0.1%), and the
effects of compounds were compared to the control (extracellular solution with 0.1% BSA)
parameters within the same cell. Compounds’ incubation time varied from two (for the
highest concentration) to five (for the lowest concentration) minutes by applying the voltage
protocol 10–30 times at 10 s intervals to ensure steady-state inhibition was achieved. The
effects of compounds were obtained using 200 ms voltage steps to peak potential from a
holding potential of−90 mV. Current–voltage (I–V) relationships were obtained by holding
the cells at a potential of −100 mV before applying 50 ms pulses to potentials from −75 to
+50 mV every 5 s in 5 mV increments. Data were fitted with a single Boltzmann distribution:
I/Imax = {1 + exp[V − V5/k}−1, where V50 is the half-availability voltage and k is the slope
factor. Off-line data analysis was performed using QPatch Assay Software v5.6 (Sophion
Bioscience A/S) and Excel 2013 (Microsoft Corporation, Redmond, WA, USA).

2.6. Cell Viability MTT Assay

Seeded cells were treated with various concentrations of compounds for desired time
period (24, 48 and 72 h). After the treatments, the media were removed from each well, and
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replaced with 25 µL of serum-free media and 25 µL of MTT Reagent (cat. no., ab211091;
Abcam, Cambridge, MA, USA). The plate was then incubated at 37 ◦C for 3 h, and 75 µL of
MTT Solvent (cat. no., ab211091; Abcam) was added into each well after incubation. The
absorbance was evaluated at 590 nm. Cell-wells treated with 0.1% DMSO were used as
positive control and no cell-wells were used as background control.

2.7. Data Analysis

Data were plotted and analyzed using GraphPad Prism v7.0 (GraphPad Software Inc.,
San Diego, CA, USA). A four-parameter logistic Hill equation with variable Hill coefficients
was fitted to the data for concentration-response curves. Data are means ± SEM of n
independent experiments. Statistical analysis was performed with Two-way analysis of
variance (ANOVA) with statistical significance at p < 0.05.

3. Results
3.1. Synthesis of 3,3′-Diindolylmethanone and Related Analogs

The synthesis of DIM-one (II) (60% yield) was achieved by Friedel–Crafts acylation
of indole, using 1H-indole-3-carboxylic acid in dry dichloroethane (DCE) in the presence
of ZrCl4, a method first reported by Guchhait et al. [23]. To better explore the structure–
activity relationship (SAR) of the synthetic DIM analogs on VGCC, sulfonation [24,26] has
been applied to achieve analogs III and V (revised structure of the rare sponge metabolite
echinosulfone A [26]) (Scheme 1), and tosyl and benzyl protection [26] have been applied to
achieve analogs IX–XI (Figure 1), resulted in symmetric and asymmetric substitutions on the
indole rings. Three I3C analogs VI–VIII were also made, and VIII, previously reported with
weak pyruvate kinase inhibitory activities [27], was achieved by Friedel–Crafts acylation of
indole and oxalyl chloride.
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3.2. Evaluation of VGCC Activities of the Synthetic Compounds Using FLIPR Cell-Based Assays

DIM (I), DIM-one (II), and its analogs III–XI were evaluated for activity on VGCC
using FLIPR cell-based assays. Their IC50 values as well as structures were summarized
in Table 1. The mono-indole VII showed moderate inhibition against CaV3.2 and CaV3.3
current measured in T-type window current assays with similar IC50s of 17.07 ± 1.87 µM
(n = 3) and 13.84 ± 2.02 µM (n = 3), respectively. Among the tested bis-indole compounds,
VIII is highly cytotoxic, which caused abnormal current in cells with aberrant partterns,
while XI is highly insoluble in buffer with 0.1% BSA. III showed moderate inhibition against
CaV3.3, while compounds IV, V, VI, and X showed poor inhibition of all the Ca2+ responses.
In contrast, DIM, DIM-one and IX were identified to be selective CaV3.x blockers with
good potency.

Table 1. Effects of DIM and DIM derivatives on LVA and HVA calcium channels.

Comp
LVA CaVs HVA CaVs

CaV3.1 CaV3.2 CaV3.3 CaV2.2 CaV1

IC50 (µM) (n = 3) IC50 (µM) (n = 3)

I >200 52.20 ± 3.80 2.09 ± 0.43 56.75 ± 2.61 68.64 ± 6.65
II 158.5 ± 11.09 73.85 ± 2.48 9.07 ± 0.69 118.93 ± 6.51 61.02 ± 3.99
III 58.77 ± 6.85 105.67 ± 11.85 17.75 ± 4.64 60.87 ± 3.37 191.90 ± 30.46
IV 53.53 ± 2.00 57.34 ± 3.38 62.45 ± 4.10 >200 38.82 ± 5.01
V 92.05 ± 4.69 67.49 ± 6.05 92.62 ± 1.46 90.17 ± 4.93 88.19 ± 7.95
VI 154.00 ± 18.13 >200 >200 53.76 ± 2.43 >200
VII 43.55 ± 3.72 17.07 ± 1.87 13.84 ± 2.02 32.09 ± 3.01 32.15 ± 0.84

VIII a n.a. n.a. n.a. n.a. n.a.
IX 35.09 ± 1.05 3.05 ± 0.51 6.68 ± 0.79 81.98 ± 5.30 48.04 ± 2.79
X 53.42 ± 0.93 99.85 ± 3.56 78.32 ± 4.79 54.53 ± 1.84 47.90 ± 1.37

XI b n.a. n.a. n.a. n.a. n.a.

n.a., not available. a, the cytotoxicity of VIII caused irregular inward current. b, XI is mostly insoluble in buffer
containing 0.1% BSA.

DIM had the best potency and selectivity against CaV3.3 window current, with an IC50
value of 2.09 ± 0.43 µM (n = 3), which was >27-fold better than its potency at high voltage-
activated (HVA) CaVs, and ~25-fold better potency at CaV3.1 and CaV3.2. Comparatively,
DIM-one, which has an oxidized methylene group, showed a 4.3-fold reduced potency
for CaV3.3 window current with an IC50 value of 9.07 ± 0.69 µM (n = 3) and a ~1.4-fold
reduced potency for CaV3.2 window current compared to DIM, with an IC50 value of
73.85 ± 2.48 µM (n = 3).

DIM-one analog, IX potently blocked both CaV3.2 and CaV3.3 responses with IC50
values of 3.05± 0.51 µM (n = 3) and 6.68± 0.79 µM (n = 3), respectively, while it was >7-fold
less active at high voltage-activated (HVA) CaVs. In general, compounds with electron-
donating substituents had better CaV3.x activity, while electron-withdrawing substituents
compromised activity. The fluorescent CaV3.2 and CaV3.3 Ca2+ responses before and after
addition of DIM, DIM-one and IX, and their representative concentration-response curves,
are presented in Figure 2 (CaV3.2) and Figure 3 (CaV3.3), respectively.
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Figure 2. (a) Representative fluorescent traces of the CaV3.2 window current before and after ad-
diTable 50. value of 54.70 µM (n = 4); (b) Representative fluorescent traces of the CaV3.2 window
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an IC50 value of 3.28 µM (n = 4). Data are means ± SEM of one separate experiment performed
in quadruplicate.
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Figure 3. (a) Representative fluorescent traces of the CaV3.3 window current before and after addition
of DIM, and the corresponding concentration-response curve with an IC50 value of 2.77 µM (n = 4);
(b) Representative fluorescent traces of the CaV3.3 window current before and after addition of
DIM-one, and the corresponding concentration-response curve with an IC50 value of 8.18 µM (n = 4);
(c) Representative fluorescent traces of the CaV3.3 window current before and after addition of IX,
and the corresponding concentration-response curve with an IC50 value of 5.27 µM (n = 4). Data are
means ± SEM of one separate experiment performed in quadruplicate.

3.3. Electrophysiological Characterization of the Selective CaV3.x Blockers in QPatch Assays

We also examined the effects of DIM, DIM-one and IX on the CaV3.x by whole-cell
patch-clamp using the automated electrophysiology platform QPatch 16 X (Figures 4–6),
and their IC50s were summarized in Table 2. DIM modestly inhibitedCaV3.2 and CaV3.3
whole-cell current, with IC50 values of 21.09 ± 1.19 µM (n = 4) and 9.63 ± 0.97 µM (n = 5),
respectively, and slightly better potency against CaV3.1 whole-cell current, with an IC50
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value of 8.32 ± 1.53 µM (n = 5). Compared to DIM, DIM-one had poor inhibition of CaV3.2
and CaV3.3 whole-cell current but potently inhibited CaV3.1 whole-cell current with an IC50
value of 1.53 ± 1.06 µM (n = 3). Interestingly, low concentrations of DIM (49 nM–3.1 µM)
weakly enhanced CaV3.1 channel current before inhibiting current at higher concentrations,
without associated changes in current characteristics. Biphasic effects found in drugs,
e.g., the chemotherapy medication doxorubicin [28] and the psychoactive cannabinoids
THC [29] and CBD [30] are crucial in determining dosage. Similarly, this biphasic effect
of DIM in CaV3.1 could potentially aid the DIM dosing in future clinical trials, although
further functional studies are still needed. Current–voltage (I–V) relationships of CaV3.1 in
the presence of low (2.5 µM) and high (15 µM) concentrations of DIM revealed that block
was not accompanied by shifts in the I–V relationship (Figure 7).
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Figure 4. Inhibition of CaV3.1 current by DIM, DIM-one and compound IX. (a) Concentration-
response curves of DIM, DIM-one and IX on recombinant hCaV3.1 channels (n = 3–5). Data are
means ± SEM. (b) Representative ICa during 200 ms depolarizations to Vmax (−20 mV) from a
holding potential of −90 mV before and after perfusions of 12.5 µM and 50 µM of DIM, 0.195 µM
and 12.5 µM of DIM-one, 3.1 µM and 50 µM of IX, as indicated.
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Figure 5. Inhibition of CaV3.2 current by DIM, DIM-one and compound IX. (a) Concentration-
response curves of DIM, DIM-one and IX on recombinant hCaV3.2 channels (n = 3–4). Data
are means ± SEM. (b) Representative ICa during 200 ms depolarizations to Vmax (−20 mV) from a
holding potential of −90 mV before and after perfusions of 12.5 µM and 50 µM of DIM, 10 µM and
50 µM DIM-one, 5.6 µM and 50 µM of IX, as indicated.
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CaV3.x) (CaV3.x status see the Human Protein Atlas: https://www.proteinatlas.org/). The 

Figure 6. Inhibition of CaV3.3 current by DIM, DIM-one and compound IX. (a) Concentration-
response curves of DIM, DIM-one and IX on recombinant hCaV3.3 channels (n = 3–5). Data are
means ± SEM. (b) Representative ICa during 200 ms depolarizations to Vmax (−20 mV) from a
holding potential of −90 mV before and after perfusions of 12.5 µM and 50 µM of DIM, 10 µM and
50 µM DIM-one, 5.6 µM and 50 µM of IX, as indicated.

Table 2. Effects of of DIM, DIM-one and IX on the CaV3.x in QPatch.

Compounds
CaV3.1 CaV3.2 CaV3.3

IC50 (µM) (n = 3–5)

DIM 8.32 ± 1.53 21.09 ± 1.19 9.63 ± 0.97

DIM-one 1.81 ± 1.06 ~50 >50
IX 47.37 ± 11.67 2.97 ± 0.29 2.09 ± 0.69
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Figure 7. Comparison of the I–V relationships of CaV3.1 before (black) and after (red) the addition
of 2.5 µM and 15 µM of DIM. The cells were holding at −100 mV before applying 50 ms pulses
to potentials from −75 to +50 mV every 5 s in 5 mV increments. (a) I–V relationships of CaV3.1
(n = 5) plotted from −75 mV to +40 mV, Vmax at −20 mV, along with representative elicited ICa under
potentials −40 mV, −20 mV, 0 mV, and +20 mV before (black) and after (red) the addition of 2.5 µM
of DIM. Error bars represent the SEM. (b) I–V relationships of CaV3.1 (n = 4) plotted from −75 mV to
+40 mV, Vmax at −20 mV, along with representative elicited ICa under potentials −40 mV, −20 mV,
0 mV, and +20 mV before (black) and after (red) the addition of 15 µM of DIM. Error bars represent
the SEM.

3.4. Effects of the Synthetic Compounds on Cancer Cell Viability in MTT Assay

DIM has been investigated extensively for anticancer activity in vitro and in vivo.
However, the diindolemethanones, including DIM-one, have not been reported for anti-
cancer activity previously. Based on our initial tests (data not shown), DIM and related
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analogs II–X were tested at 50 µM on the human breast cancer cell lines MCF-7 (CaV3.2
enhanced) and T-47D (CaV3.2 and CaV3.3 enhanced), the lung cancer cell line A549 (CaV3.1
and CaV3.2 enhanced), and the colon cancer cell line HT-29 (No enhanced expression
of CaV3.x) (CaV3.x status see the Human Protein Atlas: https://www.proteinatlas.org/,
accessed on 16 July 2022). The anti-proliferative activities of the compounds are concluded
in Figure 8. DIM had the strongest anti-proliferative activities on MCF-7 breast cancer
cell line as previously found. In contrast, DIM-one (II), III, IV and V showed preferen-
tial anti-proliferative activity on the HT-29 colon cancer cell line, which does not have
enhanced expression of CaV3.x. These data suggest the anti-proliferative activity of these
compounds is unrelated to CaV3.x inhibition. Interestingly, compound IX had significant
activity at CaV3.2 and CaV3.3 window currents, but did not affect cancer cell viability,
whereas Compound III promoted A549 cell proliferation but reduced HT-29 cell viability.
In future studies, the involvement of other cancer-related signaling pathways should be
explored for these analogs.
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Figure 8. Comparison of effects of 50 µM synthetic compounds on cell viability of MCF-7, T-47D,
A549 and HT-29 cells in MTT assay after 72 h treatment. Error bars represent the SEM.

Based on the promising data obtained from the one-concentration antiproliferative
effects, we decided to examine the concentration response effects of DIM, DIM-one, IV and
V. The concentration-dependent effects of the compounds on the four cancer cell lines after
72 h treatment are shown in Figure 9.

The MTT assay results showed that DIM had similar antiproliferative effects on breast
cancer cell lines MCF-7 and T-27D and the colon cancer cell line HT-29, but was slightly less
effective on the lung cancer cell line A549. Comparatively, all three methanone (DIM-one)
compounds showed preferential antiproliferative effects on the non-CaV3.x enhanced colon
cancer cell line HT-29 compared with the other three CaV3.x enhanced cancer cell lines.
DIM-one and V showed ≥2 fold better antiproliferative effect on HT-29 cell viability than
their effects on the breast cancer cell lines and lung cancer cell line A549, whereas IV was
~3 fold more effective on HT-29 cell viability compared with its effects on the other three
cancer cell lines. Compound IV also showed >10 fold improved potency on HT-29 cell
viability compared with the other three compounds. Further investigations revealed that
instead of a continually increasing effectiveness with elongated treatment times, 48 h and
72 h treatment of IV showed similar antiproliferative effects on all four cell lines (see the
Supplementary Materials).

https://www.proteinatlas.org/
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Figure 9. Anti-proliferative effects of DIM, DIM-one, IV and V on MCF-7, T-47D, A549 and HT-29 cell
lines after 72 h treatment measured in the MTT assay. (a) Concentration-dependent effects of DIM
treatment on MCF-7, T-47D, A549, and HT-29 cell viability, which indicated similar effects on the
breast cancer and colon cancer cell line. (b) Concentration-dependent effects of DIM-one treatment
on MCF-7, T-47D, A549, and HT-29 cell viability, which indicated a prominently preferential effect
on the colon cancer HT-29 cell line. (c) Concentration-dependent effects of IV treatment on MCF-7,
T-47D, A549, and HT-29 cell viability, which showed preferential antiproliferative effects on the HT-29
cell line. (d) Concentration-dependent effects of V treatment on MCF-7, T-47D, A549, and HT-29
cell viability, which showed preferential antiproliferative effects on the HT-29 cell line. Error bars
represent the SEM of one experiment performed in triplicate.

4. Discussion

In this study, we demonstrated that the natural product DIM, along with its synthetic
derivative DIM-one and IX, are potent and selective CaV3.x current blockers that showed
preferential inhibition of CaV3.2 (IX) and/or CaV3.3 (DIM, DIM-one, and IX) window
current measured in FLIPR assays, while DIM-one showed preferential inhibition of CaV3.1
whole-cell current QPatch assays. Unlike QPatch assays, where cells were held in hyper-
polarized potentials, the FLIPR window current assay applied to CaV3.x was permissive
of a window current resulting from incomplete inactivation [31], where most of the chan-
nels are in inactivated state. Inhibition of CaV3.x window current has been proposed to
be privileged target for the development of new analgesic, antiepileptic, and anticancer
drugs [32–34]. However, our data indicated that the anti-proliferative activities of the
investigated compounds against cancer cells are unrelated to their CaV3.x inhibition.

As mentioned above, IX fully blocked CaV3.2 and CaV3.3 current with good potency in
the FLIPR window current assay, but to our surprise, they showed only partial inhibition of
both CaV3.2 and CaV3.3 whole-cell current in QPatch assays, where affinity is determined
by interactions with the resting state of the channel. Both DIM and DIM-one showed good
selectivity for CaV3.3 window current, while in QPatch assays, DIM showed good potency
for both CaV3.1 and CaV3.3 activated current and DIM-one showed preferential inhibition
of CaV3.1 activated current with an IC50 value of 1.53 ± 1.06 µM (n = 3). Interestingly, low
concentrations of DIM (49 nM–3.125 µM) have been observed to show a promoting effect of
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CaV3.1 channel opening, and started to show inhibitory effects with higher concentrations.
However, neither low nor high concentrations of DIM showed voltage-dependent effect
on I–V relationships of CaV3.1. Given overexpression and gene knockdown of CaV3.1
decrease MCF-7 cell proliferation [20,35], DIM may help clarify the role(s) of CaV3.1 in
MCF-7 cell proliferation.

T-type CaV3.1 and CaV3.2 have been reported to play critical roles in neurological
disorders and diseases like absence epilepsy [36–39], inflammatory pain [40], etc. As a rising
anticancer agent under several clinical trials, DIM has been reported to show synergistic
anti-colorectal cancer effect with capsaicin [8,9], which is an analgesic agent for peripheral
nerve pain [41]. Combined with this work, the CaV3.x inhibitory activity of DIM may
indicate its possible application in pain relief.

DIM has been explored for clinical application mainly in breast cancer therapy. In this
work, cell viability MTT assay has also revealed that DIM has a preferable anti-proliferative
activity on MCF-7 breast cancer cell line, while DIM-one along with its analogs III, IV, and
V showed better anti-proliferative activity on HT-29 colon cancer cell line. Among them, IV
and V also showed promising anti-proliferative activities on MCF-7, T-47D and A549 cell
lines, which requires further studies to determine their targeting signaling pathways.

In summary, for the first time, the natural anticancer product DIM, along with its
synthetic derivatives DIM-one and IX were characterized as promising and selective CaV3.x
blockers, which could possibly guide a broader application of DIMs in clinical use. In
general, the oxidation of DIM methylene group compromised its CaV3.x activities. How-
ever, these DIM derivatives, including DIM-one, III, IV and V, showed preferable anti-
proliferative activities on non-CaV3.x enhanced HT-29 cell line, highlighting their potential
as early leads in the development of new colon cancer therapies.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/membranes12080749/s1, Synthetic procedures and NMR (DMSO-d6) data
for each compound; Figure S1: Cytotoxic effects of IV on the MCF-7, T-47D, A549 and HT-29 cell lines
after 24 h, 48 h, and 72 h treatment measured in the MTT assay; Table S1: Effects of the synthetic
compounds on cancer cell viability in MTT assay; Table S2: Concentration dependent effects of DIM,
DIM-one, IV and V on cancer cell viability after 72 h treatment measured in the MTT assay; Table S3:
Concentration dependent effects of IV on cancer cell viability after 24 h, 48 h, and 72 h treatment
measured in MTT assay.

Author Contributions: Conceptualization, D.W. and R.J.L.; methodology, D.W., P.N. and L.R.; formal
Analysis, D.W. and P.N.; chemical Investigation, P.N.; biological investigation, D.W.; data curation,
D.W. and P.N.; Writing—Original draft preparation, D.W.; Writing—Review and editing, D.W., P.N.,
L.R. and R.J.L.; supervision, R.J.L., L.R. and R.J.C.; funding, R.J.L. and R.J.C. All authors have read
and agreed to the published version of the manuscript.

Funding: This research was funded by the NHMRC Program (APP1072113), Natural Science Founda-
tion of the Higher Education Institutions of Jiangsu Province (21KJB350023), Jiangsu University Foun-
dation (20JDG075), Innovative and Entrepreneurial Program of Jiangsu Province (JSSCBS20210960),
and the APC was funded by the NHMRC Principal Research Fellowship.

Data Availability Statement: Data are contained within article.

Acknowledgments: The authors thank Emmanuel Bourinet for the gift of stable cell lines for T-type
calcium channels and Gerald W. Zamponi for providing plasmids for T-type calcium channels.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Williams, D.E. Indoles Derived From Glucobrassicin: Cancer Chemoprevention by Indole-3-Carbinol and 3,3′-diindolylmethane.

Front. Nutr. 2021, 691, 734334. [CrossRef] [PubMed]
2. Bell, M.C.; Crowley-Nowick, P.; Bradlow, H.L.; Sepkovic, D.W.; Schmidt-Grimminger, D.; Howell, P.; Mayeaux, E.; Tucker, A.;

Turbat-Herrera, E.A.; Mathis, J.M. Placebo-controlled trial of indole-3-carbinol in the treatment of CIN. Gynecol. Oncol. 2000, 78,
123–129. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/membranes12080749/s1
https://www.mdpi.com/article/10.3390/membranes12080749/s1
http://doi.org/10.3389/fnut.2021.734334
http://www.ncbi.nlm.nih.gov/pubmed/34660663
http://doi.org/10.1006/gyno.2000.5847
http://www.ncbi.nlm.nih.gov/pubmed/10926790


Membranes 2022, 12, 749 12 of 13

3. Dalessandri, K.M.; Firestone, G.L.; Fitch, M.D.; Bradlow, H.L.; Bjeldanes, L.F. Pilot study: Effect of 3,3′-diindolylmethane
supplements on urinary hormone metabolites in postmenopausal women with a history of early-stage breast cancer. Nutr. Cancer
2004, 50, 161–167. [CrossRef] [PubMed]

4. Thomson, C.A.; Chow, H.S.; Wertheim, B.C.; Roe, D.J.; Stopeck, A.; Maskarinec, G.; Altbach, M.; Chalasani, P.; Huang, C.;
Strom, M.B. A randomized, placebo-controlled trial of diindolylmethane for breast cancer biomarker modulation in patients
taking tamoxifen. Breast Cancer Res. Treat. 2017, 165, 97–107. [CrossRef]

5. McGuire, K.P.; Ngoubilly, N.; Neavyn, M.; Lanza-Jacoby, S. 3,3′-diindolylmethane and paclitaxel act synergistically to promote
apoptosis in HER2/Neu human breast cancer cells. J. Surg. Res. 2006, 132, 208–213. [CrossRef] [PubMed]

6. Malejka-Giganti, D.; Parkin, D.R.; Bennett, K.K.; Lu, Y.; Decker, R.W.; Niehans, G.A.; Bliss, R.L. Suppression of mammary gland
carcinogenesis by post-initiation treatment of rats with tamoxifen or indole-3-carbinol or their combination. Eur. J. Cancer Prev.
2007, 16, 130–141. [CrossRef] [PubMed]

7. Thomson, C.A.; Rock, C.L.; Thompson, P.A.; Caan, B.J.; Cussler, E.; Flatt, S.W.; Pierce, J.P. Vegetable intake is associated with
reduced breast cancer recurrence in tamoxifen users: A secondary analysis from the Women’s Healthy Eating and Living Study.
Breast Cancer Res. Treat. 2011, 125, 519–527. [CrossRef]

8. Clark, R.; Lee, J.; Lee, S.-H. Synergistic Anticancer Activity of Capsaicin and 3,3′-Diindolylmethane in Human Colorectal Cancer.
J. Agric. Food Chem. 2015, 63, 4297–4304. [CrossRef] [PubMed]

9. Clark, R.; Lee, S.H. Synergistic anti-cancer effects of capsaicin and 3,3′-diindolylmethane in human colorectal cancer, involvement
of NF-κB and p53 (644.11). FASEB J. 2014, 28, 644.11. [CrossRef]

10. Kandala, P.K.; Srivastava, S.K. Diindolylmethane suppresses ovarian cancer growth and potentiates the effect of cisplatin in
tumor mouse model by targeting signal transducer and activator of transcription 3 (STAT3). BMC Med. 2012, 10, 9. [CrossRef]
[PubMed]

11. Smith, S.; Auborn, K.J.; Sepkovic, D.; Bradlow, H.L. 3,3′-Diindolylmethane and Genistein Decrease the Adverse Effects of Estrogen
in LNCaP and PC-3 Prostate Cancer Cells. J. Nutr. 2008, 138, 2379–2385. [CrossRef] [PubMed]

12. Bhowmik, A.; Das, N.; Pal, U.; Mandal, M.; Bhattacharya, S.; Sarkar, M.; Jaisankar, P.; Maiti, N.C.; Ghosh, M.K. 2,2′-diphenyl-3,3′-
diindolylmethane: A potent compound induces apoptosis in breast cancer cells by inhibiting EGFR pathway. PLoS ONE 2013, 8, e59798.
[CrossRef] [PubMed]

13. Li, X.J.; Park, E.S.; Park, M.H.; Kim, S.M. 3,3′-diindolylmethane suppresses the growth of gastric cancer cells via activation of the
Hippo signaling pathway. Oncol. Rep. 2013, 30, 2419–2426. [CrossRef] [PubMed]

14. Garikapaty, V.P.; Ashok, B.T.; Tadi, K.; Mittelman, A.; Tiwari, R.K. 3,3′-Diindolylmethane downregulates pro-survival pathway in
hormone independent prostate cancer. Biochem. Biophys. Res. Commun. 2006, 340, 718–725. [CrossRef] [PubMed]

15. Beaver, L.M.; Yu, T.-W.; Sokolowski, E.I.; Williams, D.E.; Dashwood, R.H.; Ho, E. 3,3′-Diindolylmethane, but not indole-3-carbinol,
inhibits histone deacetylase activity in prostate cancer cells. Toxicol. Appl. Pharmacol. 2012, 263, 345–351. [CrossRef] [PubMed]

16. Pillaiyar, T.; Köse, M.; Sylvester, K.; Weighardt, H.; Thimm, D.; Borges, G.; Foörster, I.; von Kügelgen, I.; Müller, C.E. Diindolyl-
methane derivatives: Potent agonists of the immunostimulatory orphan G protein-coupled receptor GPR84. J. Med. Chem. 2017,
60, 3636–3655. [CrossRef]

17. Su, A.I.; Welsh, J.B.; Sapinoso, L.M.; Kern, S.G.; Dimitrov, P.; Lapp, H.; Schultz, P.G.; Powell, S.M.; Moskaluk, C.A.; Frierson, H.F.
Molecular classification of human carcinomas by use of gene expression signatures. Cancer Res. 2001, 61, 7388–7393. [PubMed]

18. Mariot, P.; Vanoverberghe, K.; Lalevee, N.; Rossier, M.F.; Prevarskaya, N. Overexpression of an alpha 1H (CaV3.2) T-type calcium
channel during neuroendocrine differentiation of human prostate cancer cells. J. Biol. Chem. 2002, 277, 10824–10833. [CrossRef]

19. Das, A.; Pushparaj, C.; Herreros, J.; Nager, M.; Vilella, R.; Portero, M.; Pamplona, R.; Matias-Guiu, X.; Martí, R.M.; Cantí, C. T-type
calcium channel blockers inhibit autophagy and promote apoptosis of malignant melanoma cells. Pigment Cell Melanoma Res.
2013, 26, 874–885. [CrossRef]

20. Ohkubo, T.; Yamazaki, J. T-type voltage-activated calcium channel CaV3.1, but not CaV3.2, is involved in the inhibition of
proliferation and apoptosis in MCF-7 human breast cancer cells. Int. J. Oncol. 2012, 41, 267–275. [CrossRef]

21. Ranzato, E.; Magnelli, V.; Martinotti, S.; Waheed, Z.; Cain, S.M.; Snutch, T.P.; Marchetti, C.; Burlando, B. Epigallocatechin-3-gallate
elicits Ca2+ spike in MCF-7 breast cancer cells: Essential role of CaV3.2 channels. Cell Calcium 2014, 56, 285–295. [CrossRef]
[PubMed]

22. Wang, D.; Neupane, P.; Ragnarsson, L.; Capon, R.; Lewis, R. Synthesis of Pseudellone Analogs and Characterization as Novel
T-type Calcium Channel Blockers. Mar. Drugs 2018, 16, 475. [CrossRef] [PubMed]

23. Guchhait, S.K.; Kashyap, M.; Kamble, H. ZrCl4-mediated regio-and chemoselective Friedel–Crafts acylation of indole. J. Org.
Chem. 2011, 76, 4753–4758. [CrossRef]

24. Pedras, M.S.C.; Suchy, M. Detoxification pathways of the phytoalexins brassilexin and sinalexin in Leptosphaeria maculans:
Isolation and synthesis of the elusive intermediate 3-formylindolyl-2-sulfonic acid. Org. Biomol. Chem. 2005, 3, 2002–2007.
[CrossRef]

25. Sousa, S.R.; Vetter, I.; Ragnarsson, L.; Lewis, R.J. Expression and pharmacology of endogenous Cav channels in SH-SY5Y human
neuroblastoma cells. PLoS ONE 2013, 8, e59293. [CrossRef] [PubMed]

26. Neupane, P.; Salim, A.A.; Capon, R.J. Structure revision of the rare sponge metabolite echinosulfone A, and biosynthetically
related echinosulfonic acids A–D. Tetrahedron Lett. 2020, 61, 151651. [CrossRef]

http://doi.org/10.1207/s15327914nc5002_5
http://www.ncbi.nlm.nih.gov/pubmed/15623462
http://doi.org/10.1007/s10549-017-4292-7
http://doi.org/10.1016/j.jss.2006.02.008
http://www.ncbi.nlm.nih.gov/pubmed/16580691
http://doi.org/10.1097/01.cej.0000228401.14988.50
http://www.ncbi.nlm.nih.gov/pubmed/17297389
http://doi.org/10.1007/s10549-010-1014-9
http://doi.org/10.1021/jf506098s
http://www.ncbi.nlm.nih.gov/pubmed/25876645
http://doi.org/10.1096/fasebj.28.1_supplement.644.11
http://doi.org/10.1186/1741-7015-10-9
http://www.ncbi.nlm.nih.gov/pubmed/22280969
http://doi.org/10.3945/jn.108.090993
http://www.ncbi.nlm.nih.gov/pubmed/19022961
http://doi.org/10.1371/journal.pone.0059798
http://www.ncbi.nlm.nih.gov/pubmed/23555785
http://doi.org/10.3892/or.2013.2717
http://www.ncbi.nlm.nih.gov/pubmed/24008339
http://doi.org/10.1016/j.bbrc.2005.12.059
http://www.ncbi.nlm.nih.gov/pubmed/16380095
http://doi.org/10.1016/j.taap.2012.07.007
http://www.ncbi.nlm.nih.gov/pubmed/22800507
http://doi.org/10.1021/acs.jmedchem.6b01593
http://www.ncbi.nlm.nih.gov/pubmed/11606367
http://doi.org/10.1074/jbc.M108754200
http://doi.org/10.1111/pcmr.12155
http://doi.org/10.3892/ijo.2012.1422
http://doi.org/10.1016/j.ceca.2014.09.002
http://www.ncbi.nlm.nih.gov/pubmed/25260713
http://doi.org/10.3390/md16120475
http://www.ncbi.nlm.nih.gov/pubmed/30487473
http://doi.org/10.1021/jo200561f
http://doi.org/10.1039/b501907a
http://doi.org/10.1371/journal.pone.0059293
http://www.ncbi.nlm.nih.gov/pubmed/23536870
http://doi.org/10.1016/j.tetlet.2020.151651


Membranes 2022, 12, 749 13 of 13

27. Zoraghi, R.; Campbell, S.; Kim, C.; Dullaghan, E.M.; Blair, L.M.; Gillard, R.M.; Reiner, N.E.; Sperry, J. Discovery of a 1,2-bis
(3-indolyl) ethane that selectively inhibits the pyruvate kinase of methicillin-resistant Staphylococcus aureus over human isoforms.
Bioorg. Med. Chem. Lett. 2014, 24, 5059–5062. [CrossRef] [PubMed]

28. Ondrias, K.; Borgatta, L.; Kim, D.; Ehrlich, B. Biphasic effects of doxorubicin on the calcium release channel from sarcoplasmic
reticulum of cardiac muscle. Circ. Res. 1990, 67, 1167–1174. [CrossRef]

29. Calabrese, E.J.; Rubio-Casillas, A. Biphasic effects of THC in memory and cognition. Eur. J. Clin. Investig. 2018, 48, e12920.
[CrossRef]

30. Dvilansky, A.; Zolotov, Z.; Herzliker, B.; Nathan, I. Effects of ethanol, CBD and delta’THC on proliferation of K-562 cells. Int. J.
Tissue React. 1984, 6, 409–412.

31. Uebele, V.N.; Nuss, C.E.; Fox, S.V.; Garson, S.L.; Cristescu, R.; Doran, S.M.; Kraus, R.L.; Santarelli, V.P.; Li, Y.; Barrow, J.C. Positive
allosteric interaction of structurally diverse T-type calcium channel antagonists. Cell Biochem. Biophys. 2009, 55, 81–93. [CrossRef]
[PubMed]

32. Gray, L.S.; Macdonald, T.L. The pharmacology and regulation of T type calcium channels: New opportunities for unique
therapeutics for cancer. Cell Calcium 2006, 40, 115–120. [CrossRef] [PubMed]

33. Rossier, M.F. T-type calcium channel: A privileged gate for calcium entry and control of adrenal steroidogenesis. Front. Endocrinol.
(Lausanne) 2016, 7, 43. [CrossRef]

34. Tringham, E.; Powell, K.L.; Cain, S.M.; Kuplast, K.; Mezeyova, J.; Weerapura, M.; Eduljee, C.; Jiang, X.; Smith, P.; Morrison, J.-L.
T-type calcium channel blockers that attenuate thalamic burst firing and suppress absence seizures. Sci. Transl. Med. 2012, 4, 121ra119.
[CrossRef] [PubMed]

35. Taylor, J.T.; Huang, L.; Pottle, J.E.; Liu, K.; Yang, Y.; Zeng, X.; Keyser, B.M.; Agrawal, K.C.; Hansen, J.B.; Li, M. Selective blockade
of T-type Ca2+ channels suppresses human breast cancer cell proliferation. Cancer Lett. 2008, 267, 116–124. [CrossRef] [PubMed]

36. Kim, D.; Song, I.; Keum, S.; Lee, T.; Jeong, M.-J.; Kim, S.-S.; McEnery, M.W.; Shin, H.-S. Lack of the burst firing of thalamocortical
relay neurons and resistance to absence seizures in mice lacking α1G T-type Ca2+ channels. Neuron 2001, 31, 35–45. [CrossRef]

37. Chen, Y.; Lu, J.; Pan, H.; Zhang, Y.; Wu, H.; Xu, K.; Liu, X.; Jiang, Y.; Bao, X.; Yao, Z. Association between genetic variation of
CACNA1H and childhood absence epilepsy. Ann. Neurol. 2003, 54, 239–243. [CrossRef] [PubMed]

38. Vitko, I.; Chen, Y.; Arias, J.M.; Shen, Y.; Wu, X.-R.; Perez-Reyes, E. Functional characterization and neuronal modeling of the effects
of childhood absence epilepsy variants of CACNA1H, a T-type calcium channel. J. Neurosci. 2005, 25, 4844–4855. [CrossRef]

39. Liang, J.; Zhang, Y.; Chen, Y.; Wang, J.; Pan, H.; Wu, H.; Xu, K.; Liu, X.; Jiang, Y.; Shen, Y. Common polymorphisms in the
CACNA1H gene associated with childhood absence epilepsy in Chinese Han population. Ann. Hum. Genet. 2007, 71, 325–335.
[CrossRef]

40. Shin, H.-S.; Cheong, E.-J.; Choi, S.; Lee, J.; Na, H.S. T-type Ca2+ channels as therapeutic targets in the nervous system. Curr. Opin.
Pharmacol. 2008, 8, 33–41. [CrossRef]

41. Derry, S.; Rice, A.S.C.; Cole, P.; Tan, T.; Moore, R.A. Topical capsaicin (high concentration) for chronic neuropathic pain in adults.
Cochrane Database Syst. Rev. 2017, 28, CD007393. [CrossRef]

http://doi.org/10.1016/j.bmcl.2014.09.010
http://www.ncbi.nlm.nih.gov/pubmed/25266785
http://doi.org/10.1161/01.RES.67.5.1167
http://doi.org/10.1111/eci.12920
http://doi.org/10.1007/s12013-009-9057-4
http://www.ncbi.nlm.nih.gov/pubmed/19582593
http://doi.org/10.1016/j.ceca.2006.04.014
http://www.ncbi.nlm.nih.gov/pubmed/16806465
http://doi.org/10.3389/fendo.2016.00043
http://doi.org/10.1126/scitranslmed.3003120
http://www.ncbi.nlm.nih.gov/pubmed/22344687
http://doi.org/10.1016/j.canlet.2008.03.032
http://www.ncbi.nlm.nih.gov/pubmed/18455293
http://doi.org/10.1016/S0896-6273(01)00343-9
http://doi.org/10.1002/ana.10607
http://www.ncbi.nlm.nih.gov/pubmed/12891677
http://doi.org/10.1523/JNEUROSCI.0847-05.2005
http://doi.org/10.1111/j.1469-1809.2006.00332.x
http://doi.org/10.1016/j.coph.2007.12.003
http://doi.org/10.1002/14651858.CD007393.pub4

	Introduction 
	Materials and Methods 
	Chemical Materials 
	Cell Culture and Transient Expression 
	T-Type Calcium Channel Window Current FLIPR Assays 
	HVA Calcium Channel FLIPR Assays 
	Whole-Cell Patch-Clamp Electrophysiology 
	Cell Viability MTT Assay 
	Data Analysis 

	Results 
	Synthesis of 3,3'-Diindolylmethanone and Related Analogs 
	Evaluation of VGCC Activities of the Synthetic Compounds Using FLIPR Cell-Based Assays 
	Electrophysiological Characterization of the Selective CaV3.x Blockers in QPatch Assays 
	Effects of the Synthetic Compounds on Cancer Cell Viability in MTT Assay 

	Discussion 
	References

