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(2E)-2-Benzylidene-4,7-dimethyl-2,3-dihydro-
1H-inden-1-one (MLT-401), a novel arylidene
indanone derivative, scavenges free radicals and
exhibits antiproliferative activity of Jurkat cells

Prasanna Rajagopalan'*, Harish C. Chandramoorthy??

Abstract

Background: The arylidene indanone scaffold has contributed many lead molecules in chemotherapeutic anticancer
agent research.

Objectives: To determine the oxidant-scavenging activities and antiproliferative activity of (2E)-2-benzylidene-4,7-
dimethyl-2,3-dihydro-1H-inden-1-one (MLT-401), an arylidene indanone derivative.

Methods: Jurkat cells, primary lymphocytes, and Vero cells were treated with MLT-401. Antioxidant properties of
MLT-401 were determined using 2,2-diphenyl-1-picrylhydrazyl (DPPH)-based, 2,2"-azino-bis-(3-ethylbenzothiazoline-
6-sulphonic acid) diammonium salt (ABTS)-based, and ferric-reducing antioxidant potential (FRAP) assays. Inhibition
of cell proliferation was determined using a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide-based
assay. Nuclear status was determined using a DNA fragmentation assay, and cell cycle stage was analyzed by flow
cytometry. Mitochondrial membrane enzyme activities were measured using colorimetric methods.

Results: The antioxidant assays gave MLT-401 half maximal inhibitory concentration (IC,;)) values of 1611 nM
(DPPH-based assay), 2115 nM (ABTS-based assay), and 1586 nM (FRAP assay). MLT-401 inhibited proliferation of
Jurkat cells with a concentration for 50% of maximal inhibition of cell proliferation (G, ) of 341.5 nM, being 12- and
9-fold less than GI,, concentrations for normal lymphocytes and Vero cells, respectively. MLT-401 caused nuclear
fragmentation and DNA laddering as seen by electrophoresis. Jurkat cells showed a time-dependent accumulation of
sub G /G, cells after MLT-401 treatment. Mitochondrial membrane-bound Na*/K* ATPase, Ca** ATPase, and Mg**
ATPase activities were inhibited by MLT-401 in a dose-dependent manner.

Conclusion: MLT-401 possesses significant antiproliferative activity and scavenges free radicals released through
mitochondrial membrane damage in a Jurkat cell line model of cancer cells. Further investigation of MLT-401 as a
chemotherapeutic anticancer agent and development of other arylidene indanone analogues are warranted. A detailed
elucidation of mechanistic pathways is required for further development.
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Oxidative stress usually occurs as an imbalance between the
production of free radicals and the ability of the body to coun-
teract or detoxify their harmful effects by scavenging or neut-
ralizing them with antioxidants that convert free radicals, and
their derivatives such as H,0,,
free radical production with low antioxidant defense leads
to many pathophysiological conditions [1]. The antioxidants
present in normal physiological conditions counteract the free

radicals such as reactive oxygen species (ROS) by scavenging

to benign molecules. Excessive

them, and thus protecting the body against oxidative damage.
Free radicals are considered the main cause of various diseases
such as cancer. Unmanaged free radicals lead to development
of resistance to multiple drugs in tumor cells and have become
a major threat to public health in context of relationships that
exist between free radicals and cancers [2]. Chemotherapy
considerably improves survivals rates and stops further spread
of cancer cells, however, is mostly restricted by its toxic side
effects [3]. Because of the resistance that malignant cells
accumulate against anticancer drugs, there is great interest in
the search for new therapeutic agents [4]. The development
of high throughput and high content screening has resulted
in many synthetic chemical compounds tested for bioactivity
in vitro. These chemical compounds add value in the current
drug research with focus on effective, economical, and less
toxic drugs.

Arylidene and its derivatives are well known for their
antituberculosis activity [5, 6], inhibition in the cell cycle
of Src homology region 2 domain-containing phospha-
tase-2 (SHP-2), a nonreceptor tyrosine-protein phosphatase
encoded by PTPNII [7], molluscicidal activity [8], antide-
generative activity [9], and hypoglycemic and hypolipidemic
activities [10]. Compounds synthesized by combining aryli-
dene indanone scaffolds have increased cytotoxic potencies
[11, 12, 13].

The search for biologically active compounds with a safe
therapeutic margin has been the key focus of drug discovery in
recent years [14, 15].

Briefly, arylidene molecules were functionally modi-
fied as derivatives and synthesized. Many are available as
commercial chemical molecules and some are synthesized
depending on the prediction made using cheminformatics
software. A few arylidene derivatives have been synthe-
sized based on their structure—activity relationships (SARs),
which are to be explored further for biological activities [15,
16]. From earlier reports and SARs of analogs, we initially
screened these molecules for their antioxidant properties.
The antioxidant capacity of any compound can be determi-
ned in vitro through either hydrogen atom transfer (HAT)
or single electron transfer (SET) methods. The HAT method
uses the capacity of the compound to scavenge free radicals

o
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by hydrogen donation to form a stable compound, while the
SET method is based on the ability of compound to trans-
fer 1 electron to reduce compounds including metals, car-
bonyls, and radicals [17]. The ferric-reducing antioxidant
potential (FRAP) assay involves the SET method, while the
2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,2’-azino-bis-
(3-ethylbenzothiazoline-6-sulphonic acid) diammonium salt
(ABTS) assays involve both methods, predominantly the
SET method [18]. The use of at least 2 different assays to
evaluate antioxidant activity of compounds has been recom-
mended by Moon and Shibamoto [19].

To our knowledge, there is no evidence in the literature
for these compounds exhibiting antioxidant activity together
with antiproliferative activity. Therefore, the present investi-
gation aims to screen a promising arylidene indanone deriva-
tive for its antioxidant properties and to further test this lead
molecule for its antiproliferative effect on a cancer cell line.

Materials and methods

All chemicals used in this study were of analytical grade or
higher. Cells lines Vero (CRL 1857, normal epithelial cells) and
Jurkat (TIB-152, acute T-cell leukemia) were obtained from
the American Type Culture Collection. Dulbecco’s modified
Eagle’s medium (DMEM), Roswell Park Memorial Institute
(RPMI)-1640 medium, penicillin and streptomycin, nones-
sential amino acids (NEAA), sodium pyruvate, L-glutamine,
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES)
buffer, 2-mercaptoethanol, and fetal bovine serum (FBS)
were purchased from Hi Media, Sigma-Aldrich, and Gibco-
Invitrogen (India). p-iodonitrotetrazolium violet, doxorubicin,
DPPH, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT), puromycin, ABTS, and dimethyl sulfoxide
(DMSO) were sourced from Sigma-Aldrich. Molecular weight
ladders were from Roche. The NucleoSpin DNA extraction kit
was from Macherey-Nagel. Guava Cell Cycle Reagent was
obtained from Millipore. All other chemicals were procured
from Sigma-Aldrich.

Arylidene indanone derivative MLT-401

The structure of the arylidene indanone derivative (2E)-2-ben-
zylidene-4,7-dimethyl-2,3-dihydro-1H-inden-1-one (internal
code No. MLT-401) is shown in Figure 1. MLT-401 used in the
present study was a kind gift from Dr. Radhakrishnan Suresh
(Research Scientist, Piramal Enterprises, Chennai, Tamil
Nadu, India) and had been synthesized using a slight modifi-
cation of a method reported previously [20]. In brief, arylidene
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Figure 1. Chemical structure of (2F)-2-benzylidene-4,7-dimethyl-2,3-di-
hydro-1H-inden-1-one (MLT-401) (C_H.0O), molecular weight 248.32

18" 16

molecules had been functionally modified as derivatives and
synthesized as reported elsewhere [21]. The MLT-401 used in
the present study was 98.9% pure as determined by nuclear
magnetic resonance spectroscopy and high-pressure liquid
chromatography by Dr. Suresh.

Cell culture

Cell lines were propagated to 70% confluency (Vero) or density
(Jurkat). In brief, the Vero cells were grown in DMEM sup-
plemented with 10% FBS, 100 U/mL penicillin, and 100 pg/
mL streptomycin. Using Histopaque (Sigma-Aldrich) density
gradient centrifugation, primary lymphocytes were obtained
from whole blood in bags that were a kind gift from the central
blood bank and contained blood from anonymous normal
donor volunteers. The use of the blood from the central blood
bank had been approved by the Institutional Review Board of
College of Medicine, King Khalid University. T cells were
enriched using CD3" biotin positive selection beads, captured
by anti-IgM streptavidin conjugate in Miltenyi Biotec immu-
nomagnetic separation columns. Primary T lymphocytes, and
Jurkat cells were grown in RPMI-1640 medium supplemented
with 10% FBS, 100 U/mL penicillin and 100 pg/mL strepto-
mycin, 200 mM L-glutamine, | mM HEPES, 10 mM NEAA,
100 mM sodium pyruvate, and 0.05 mM 2-mercaptoethanol.
Cells (passages 3—12) were maintained in an incubator at 37°C
under a humidified atmosphere of 5% CO,. Culture medium
was replaced every 2 days, and maintenance was strictly in
accordance with standard methods.

Antioxidant assays

Antioxidant activities were determined using an ABTS assay,
DPPH assay for radical-scavenging activity, and an FRAP
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assay according to methods described previously [22]. After
recording the absorbances, antioxidant activity (%) was cal-
culated for each method and results were analyzed using Gra-
phPad Prism software (version 6.0) to calculate half maximal
inhibitory concentration (IC,)) values.

Cell proliferation assay

A proliferation assay was performed as described by
Mosmann [23] with modifications as described as follows.
About 5000 cells/well in 100 pL of RPMI-1640 or DMEM
media according to the cell type supplemented with 10% FBS
and 1% penicillin—streptomycin were plated in triplicate in
96-well microtiter plates. Cells were incubated overnight, and
50 pL of the test compound to meet the desired final con-
centration was added along with a DMSO blank control. The
cells were incubated at 37°C under a humidified atmosphere
of 5% CO, for 72 h. Then, 15 uL of MTT at 5 mg/mL was
added and incubation continued for 3.5 h. Media was aspira-
ted from Vero cells, while the plate of Jurkat cells was centri-
fuged to sediment the cells allowing the media to be removed,
before adding MTT in 150 uL of DMSO reading the absor-
bance at 560 nm with a reference at 640 nm. Percent inhibi-
tion was calculated after subtracting MTT absorbance at Day
0. Primary T cells were activated by coating the plates with
CD28 antibodies overnight before the T cells were plated for
culture. Results were analyzed using GraphPad Prism soft-
ware (version 6.0).

DNA fragmentation assay

Jurkat cells were treated with 350 nM MLT-401 for 24, 48,
and 72 h. We collected 1 x 10° cells along with respective
controls, centrifuged at 3000 rpm for 5 min and the super-
natant aspirated. The cell pellet was washed with ice-cold
phosphate-buffered saline (PBS) and resuspended. DNA was
isolated using a NucleoSpin DNA extraction kit according to
instructions provided by the manufacturer. DNA (2 ng) was
mixed with loading and tracking mixture of bromphenol blue
(0.25%), xylene cyanol (0.25%) and glycerol (30%) loaded
into wells in a 1.6% agarose gel (10 cm x 5 ¢cm and 0.75 cm
thick) and separated by electrophoresis at 140—145V for 1-1.5
hin 1 M Tris, 0.9 M boric acid with 0.01M EDTA, pH 8.0 in
a horizontal gel electrophoresis unit (SCIE-PLAS). The sepa-
rated DNA was stained with 0.5 pg/mL of ethidium bromide,
and visualized under ultraviolet light at 302 nm. DNA Mole-
cular Weight Marker III (0.12-21.2 kbp) (Roche, Cat. No. 10
528 552 001) was used in the fragmentation assay.
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Cell cycle assay

Briefly 1 x 10°¢ of Jurkat cells were washed with PBS. The
cells were stained with Guava Cell Cycle reagent according to
instructions provided by the manufacturer, and 10,000 events
were acquired on a Guava easyCyte flow cytometer. Data were
analyzed using Express Pro software (Millipore), and the pro-
portion of the cell population in different cell cycle stages with
respect to control was calculated.

Mitochondrial membrane-bound enzyme assays

Jurkat cells were incubated with 350 nM MLT-401 for 24, 48,
or 72 h. The cells were then pelleted, washed once with phos-
phate buffer, and resuspended the same buffer and frozen.
The suspension was thawed to disrupt the cells and cooled
on ice. The cell extract was brought to 2.5 mM MgCl, and
centrifuged at 6000 xg for 10 min to remove unbroken cells.
The membrane fraction was collected by centrifugation at
50,000 xg for 45 min. After washing twice and rehomogeni-
zation in the same buffer (ice cold), the membrane fraction
was used to estimate Na"/K* ATPase [24], Ca*" ATPase [25],
and Mg** [26].
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Statistical analyses

Experiments were carried out at least in tetrads, and results are
expressed as the mean + standard deviation (SD). Statistical
analyses were performed using GraphPad Prism (version 6.0).
Concentration for 50% of maximal inhibition of cell prolife-
ration (Gl ) and IC, values were calculated using a nonlinear
regression fit model with variable slope and plotted accordin-
gly. Differences with P < 0.05 in tests of statistical inference
were considered significant.

Results

Antioxidant activity of MLT-401

Several concentrations of MLT-401 were tested for antioxi-
dant activity using ABTS, DPPH, and FRAP assays. 1C,
values for each of the assays were calculated from the dose—
response activities depicted in Figure 2. Percent (%) antioxi-
dant activity is plotted against the logarithmic concentrations
of MLT-401. The free radical-scavenging activities showed
varying levels in a dose-dependent manner. The IC,; values

0 2 4
Log concentration (nM)

o

Figure 2. Antioxidant profile of (2£)-2-benzylidene-4,7-dimethyl-2,3-dihydro-1H-inden-1-one (MLT-401). IC_ values of the compound for antioxi-
dant properties by (A) DPPH assay 1611 nM, (B) ABTS assay 2115 nM, and (C) FRAP assay 1586 nM
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for MLT-401 were 1611 nM (DPPH assay; Figure 2A),
2115 nM (ABTS assay; Figure 2B), and 1586 nM (FRAP
assay; Figure 2C).

Antiproliferative activity of MLT-401

To determine the nontoxic levels of MLT-401 in normal
cells and determine its selectivity for cancer cells, we used
lymphocytes from normal donors and nontumorigenic Vero
cells (adherent cells). MLT-401 inhibited the proliferation of
Jurkat cells with GI, value of 341.4 nM (Figure 3A). The
normal lymphocytes activated with CD28 overnight were
inhibited with a Gl value of 4126 nM, while Vero cells
were inhibited with a Gl value of 3185 nM (Figure 3A),
which was in a wide range compared with Jurkat cells. With
more than 9-fold potency observed (Figure 3B) in inhibiting
cancer cell proliferation by comparison with either of the
normal cells, we used 350 nM MLT-401 with Jurkat cells for
further assays.

DNA fragmentation activity and cell cycle status after
treatment with MLT-401

We found an increase in DNA fragmentation of Jurkat cells,
which increased in proportion to time (Figure 4A). We
assessed the cell cycle status of Jurkat cells at various times
after MLT-401 treatment. We found an accumulation of the
sub G /G, cell fraction in Jurkat cells treated with 350 nM
MLT-401 compared with that in untreated control cells. The
proportion of Jurkat cells at the sub-G, phase increased from
3.2% as observed in the DMSO-treated control cells to 14.4%
after treatment with MLT-401 for 24 h (Figure 4B). Increasing
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the treatment time to 48 h and 72 h proportionally increased
the percentage of sub-G phase cells to 18.6% and 25.1%, res-
pectively (Figure 4B).

Inhibition of mitochondrial membrane-bound enzyme
by MLT-401

We observed a significant inhibition of Na*/K* ATPase activity
in Jurkat cells after MLT-401 treatment (Figure 5A). We also
observed a reduction in Ca®>* ATPase activity (Figure 5B) and
sustained inhibition of Mg* ATPase activity in the cells after
MLT-401 treatment (Figure 5C). The inhibition of all of the
membrane-bound ATPases by MLT-401 was dependent on the
time of treatment.

Discussion

MLT-401 showed a significant antiproliferative effect against
Jurkat cells. The cytotoxicity of MLT-401 against normal cells
was assessed with a Vero cell line and normal primary lym-
phocytes. A 9—12-fold antiproliferative potency of MLT-401
was found in Jurkat cells compared with that in normal cells
indicating the selectivity of MLT-401 for cancer cells. Fur-
thermore, the lack of specificity of MLT-401 for normal cells
including Vero cells and normal lymphocytes shows a high
selectivity of MLT-401 for cancer cells providing a wide the-
rapeutic window in vitro [17, 27].

ROS are closely related to the induction of apoptosis in
cancer cells. Downregulation of ROS by various chemicals
blocks initiation of carcinogenesis and/or regulates apop-
tosis in cancer prevention or therapy [28]. Antioxidants can
reverse the multidrug resistance in certain cancer types [28].

4
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Vero Jurkat

Primary  jyrkat
lymphocyte

Figure 3. (A) Gl,, of (2£)-2-benzylidene-4,7-dimethyl-2,3-dihydro-1H-inden-1-one (MLT-401) in Jurkat cells (341.4 nM), primary lymphocytes
(4126 nM), and Vero cells (3185 nM) showing antiproliferative effects by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay.
(B) Fold difference in antiproliferative efficacy by MLT-401 between cancer and normal cells was tested. **P < 0.01
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Figure 4. Cellular profile after treatment with 350 nM (2E)-2-benzylidene-4,7-dimethyl-2,3-dihydro-1H-inden-1-one (MLT-401). (A) Agarose (1.6%) gel
electrophoresis reflecting the presence of DNA fragments on treatment for 0, 24, and 48 h. DNA Molecular Weight Marker 1l (0.12-21.2 kbp) (Roche,
Cat. No. 10 528 552 001) was used in the fragmentation assay. Base pair sizes (ML or marker ladder) are indicated in the Figure. DNA was stained with
0.5 ng/mL of ethidium bromide, and visualized at 302 nm (B) Cell cycle changes in Jurkat cells at different times after MLT-401 treatment. Jurkat cells
were treated with MLT-401 for 24, 48, and 72 h, and untreated controls were incubated for the same times. Cells were collected after the incubation
period, stained with Guava Cell Cycle analysis reagent, and analyzed in a Guava easyCyte flow cytometer to determine the percentage of cells in
different phases of the cell cycle. An increase of cells in the sub-G /G, phase was observed with the increase in time of MLT-401 treatment

Arylidene compounds and their derivatives can reverse the
multidrug resistance in cancer cells as a result of standard
anticancer drugs and act synergistically with the drugs to stop
uncontrolled cell proliferation [29]. The observed efficacy
of MLT-401 to inhibit the proliferation of cancer cells could

therefore be linked to its observed antioxidative properties;
however, a detailed study is required to elucidate the mecha-
nisms involved. The efficacy of the MLT-401 as an antioxi-
dant has been suggested for more than 1 method in the present
study.
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Figure 5. The levels of mitochondrial membrane-bound enzyme activities in Jurkat cells treated with 350 nM (2E)-2-benzylidene-4,7-dimethyl-
2,3-dihydro-1H-inden-1-one (MLT-401) at end of 24, 48, and 72 h treatment. (A) Na*/K* ATPase activity, (B) Ca** ATPase activity, and (C) Mg** ATPase
activity. Data represent mean £ standard deviation of 3 individual experiments performed in triplicate. *P < 0.05

We extended our study to DNA fragmentation, and our
results were consistent with fragmentation indicators of apo-
ptosis [30]. Although apoptosis is a distinct form of program-
med cell death, which is usually defective in cancerous cells,
the ladder formation we observed is indicative of induced apo-
ptosis [31]. The sub-G /G, cell cycle fraction accumulation
further supports induced apoptosis in the Jurkat cells [32]. The
oxidant scavenging activity of MLT-401 may be responsible
for the gross apoptosis in the Jurkat cells because it alters the
malignant physiology of the cells compelling them to undergo
apoptosis.

Although apoptosis is distinctive pathway, the involve-
ment of mitochondria in this form of programmed cell death
should not be discounted [33]. Our observed inhibition of the
mitochondrial membrane-bound Na*/K* ATPase may have
resulted from depletion of ATP resulting in cytosolic acidifi-
cation. Therefore, cytosolic rise in Ca?*, Mg*, and Na* with
a concomitant decrease in K* levels may have occurred [34].
Overall, the time-dependent inhibition of membrane-bound
ATP enzymes suggests mitochondrial membrane damage
caused by MLT-401 in Jurkat cells, leading them to undergo
apoptosis.

Conclusions

MLT-401 is a molecular anticancer candidate that possesses
significant antiproliferative activity and scavenges free radi-
cals released through mitochondrial membrane damage in a
Jurkat cell line model of cancer cells. Further investigation of
MLT-401 as a chemotherapeutic anticancer agent and deve-
lopment of further arylidene indanone analogs are warranted.
A detailed elucidation of mechanistic pathways is required for
further development.
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