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a b s t r a c t

Colorectal cancer (CRC) is an important public health problem estimated as the third most

commonly diagnosed cancer worldwide. Naphthoquinones are compounds present in

different families of plants and interesting for medicinal chemistry due to their activities

as potent inhibitors of human cancer growth. In this way, our study aimed to evaluate the

cytotoxicity and selectiveness of four 2,3-triazole-1,4-naphthoquinone derivatives (N1–N4)

towards the CRC cell line HT-29 and normal human cells. MTT assay showed that N1, N2, N3

and N4 elicited distinct cytotoxic potency, exhibiting EC50 values of 40.6 � 1.0, 100.1 � 1.0,

241.9 � 1.2 and 101.9 � 1.1, respectively. Later, flow cytometry in HT-29 cells loaded with

propidium iodide (5 mM), indicated the ability of N4 (0.5–50 mM) to induce cell membrane

damage. Additionally, calcium imaging experiments were conducted in HT-29 cells loaded

with 5 mM Fluo-3/AM to assess intracellular Ca2+ (iCa2+). Our data demonstrated that N4

induces a fast and strong increase of iCa2+ in HT-29 cells, mediated by voltage-gated L-type

Ca2+ channels activation. In conclusion, our study reported on the cytotoxicity and selec-

tiveness of 1,2,3-triazol substituted 1,4-naphthoquinones towards the HT-29 CRC cell line.

Furthermore, we have demonstrated the participation of voltage-gated L-type Ca2+ channels

in the N4 mechanism.
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Introduction
Colorectal cancer (CRC) is an important public health
problem, estimated as the third most commonly diagnosed
cancer in males and the second in females worldwide, with
over 1.2 million new cases and 608,700 deaths per year
(Jemal et al., 2011, 2013; Pitule et al., 2013). Cancer statistics
estimated that over 49,700 people in the United States would
have died of CRC by the end of 2015 (Siegel et al., 2015).
Even though the pharmacological remedies against cancer
have improved significantly in the last twenty years,
there remains the need to identify novel molecules to fight
CRC.

Collective studies have shown that ion channels, the
specialized membrane proteins that conduct ion fluxes, are
involved in the development of many diseases including
cancer (Li and Xiong, 2011). For example, the L-type calcium
channel subunit, Cav 1.2, was found in CRC cells. Cav 1.2
expression increases with the differentiation of colon cells
to cancer cells (Wang et al., 2000). The intracellular calcium
(iCa2+) ion is an important signaling factor that modulates
numerous cellular processes in cancer (Clapham, 2007;
Morgado et al., 2008). Ca2+ permeable channels, such as
stored-operated calcium channels, transient receptor poten-
tial channels (TRP), and the calcium release activated channel
protein 1 are involved in the iCa2+ homeostasis. Remodeling or
deregulation of iCa2+ homeostasis in cancer cells causes
changes in cancer progression (Parkash and Asotra, 2010).
Zawadzki et al. (2008) have demonstrated that L-type calcium
[(Fig._1)TD$FIG]

Fig. 1 – Cytotoxicity of 1,4-naphtoquinone derivatives (N1–
N4) in HT-29 cells. (A) Chemical structure of the N1, N2, N3
and N4 derivatives. (B) Concentration–response curves of
HT-29 colon adenocarcinoma cells incubated for 24 h with
the 1,4-naphtoquinone derivatives (0.1–200 mM). Cell
viability and oxidoreductase profile were determined by
the MTT assay and data are displayed as meanW SEM,
obtained from at least three independent experiments in
triplicate.
channels mediate calcium influx and apoptosis in human
colon cancer cells that can be inhibited by verapamil a specific
L-type calcium channel blocker. Thus, the identification of
molecules that can activate this channel type is of great
interest in CRC treatment.

Naphthoquinones are compounds present in different
families of plants and considered privileged structures in
medicinal chemistry due to their biological activities and
structural properties (Castro et al., 2011; Padhye et al., 2012). In
fact, the 1,4-naphthoquinone nucleus has become attractive
as a potent inhibitor of human cancer growth and has been
suggested for use in cancer therapy (Kayashima et al., 2009;
Wellington, 2015). On the other hand, 1,2,3-triazoles have
occupied an important role in medicinal chemistry since their
facilitated synthesis by click chemistry and its attractive
features (Kolb and Sharpless, 2009). They also have numerous
biological activities: antifungal, antibacterial (Wang et al.,
2010), anti-inflammatory (Simone et al., 2011) and anti-HIV
(Giffin et al., 2008).

Inspired by the biological importance of 1,2,3-triazoles
and 1,4-naphthoquinones and our recent results on the field
of anticancer agents (da Cruz et al., 2014; Coulidiati et al.,
2015), in this study, we relate the cytotoxicity effect of novel
1,2,3-triazole-1,4-naphthoquinone derivatives towards the
human CRC cell line. In addition, we evaluate the involve-
ment of voltage-gated calcium channels in the cytotoxic
mechanisms.
Materials and methods

Drugs

The 1,4-naphthoquinone derivatives ((N1, N2, N3 or N4),
Fig. 1A) were synthesized at the Laboratory for Synthesis of
Bioactive Compounds (UFRPE, Brazil) as previously reported
(Nascimento et al., 2011).

Chemicals

RPMI-1640, propidium iodide (PI), Fluo-3 A/M, streptomycin,
penicillin, etoposide were from Sigma-Aldrich (USA);
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT), dimethylsulfoxide (DMSO), ethylenediamine tetraacetic
acid (EDTA)were fromAmresco (USA); foetal bovineserum(FBS)
was purchased from Cripion (Brazil); ficoll-hypaque was
purchased from GE Healthcare (Sweden).

Cell culture

Human colon adenocarcinoma cell line (HT-29) was acquired
from Banco de Células do Rio de Janeiro (BCRJ, Brazil) and
cultured in a DMEM (Himedia, India) medium supplemented
with 10% FBS, 100 IU/mL penicillin, 100 mg/mL streptomycin
and placed in humidified air at 37 8C with 5% CO2 atmosphere.
Normal peripheral blood mononuclear cells (PBMC) were
isolated from healthy donors using Ficoll-Hypaque (Coulidiati
et al., 2015), in agreement with the Committee of Ethics in
Research with Humans (CEP/HULW/UFPB, Brazil), protocol
#655/10-318119.
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Fig. 2 – Assessment of HT-29 membrane viability. (A) HT-29
cells were submitted to 24 h-treatment with N4 (0.5–
50 mM), Etoposide (ETO, 50 mM) or vehicle. (B)
Concentration–response curve of HT-29 cells incubated
with N4 (0.5–50 mM). Data are reported as meanW SEM
obtained from at least three independent experiments in
triplicate. ANOVA: Dunnet test, *statistically significant as
compared with the control.
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Cytotoxicity assays

The oxidoreductase profile was assessedwhen stock solutions
of each tested compound (N1, N2, N3 or N4) were prepared in
DMSO at a final concentration of 20 mM and further diluted to
the desired concentrations immediately before the experi-
ments. The total amount of DMSO in the test solutions did not
exceed 0.1%. The viability of HT-29 was determined using a
MTT assay, as previously described (Mosmann, 1983). Briefly,
5 � 104 cells were seeded in 96-well plates and incubated with
the tested compounds (N1, N2, N3 or N4) at concentrations
ranging from 0.1 to 200 mM, for 24 h in an atmosphere of 37 8C
and 5% CO2. Etoposide (ETO) 50 mM was used as the positive
control. Afterward, MTT (5 mg/mL)was added in eachwell and
incubated for an additional 3 h under the same conditions as
described above. Formazan was dissolved in a SDS/HCl
solution and the optical density was recorded in a spectro-
photometer at 570 nm.

Plasma membrane integrity was evaluated by propidium
iodide (PI). In brief, 24-well Plates 5 � 105 cells were seeded in
96-well plates and incubated with the tested compounds (N1,
N2, N3 or N4) in concentrations ranging from 0.1 to 200 mM, for
24 h in a 37 8C and 5% CO2 atmosphere. ETO 50 mMwas used as
the positive control. Subsequently, cells were centrifuged and
then washed with PBS. The pellet was resuspended in a PI
solution (5 mM), diluted in PBS and then analyzed by flow
cytometry (CellQuest Pro, BD, US) to determine cell membrane
damage.

Calcium imaging

The cytosolic calcium levels (iCa
2+) in HT-29 cells were

monitored by marking these cells with Fluo-3/AM and imaged
in a CCD-coupled epifluorescence microscopy (ZEISS,
Germany), as previously described (Gonçalves et al., 2013).
Before the experiments, cells (3 � 104/well) were incubated
with 5 mM Fluo-3/AM for 30 min. After this period, the cells
were carefully washed three times in a free Ca2+/Mg2+ PBS
solution for an additional 30 min and imaged with a 510 nm
filter. Only the viable HT-29 cells were selected and analyzed
by software (AxioVision, ZEISS, Germany). The calcium-
mediated relative fluorescence was quantified for each
selected cell as regions of interest (ROIs) by built-in software
(AxioVision, Zeiss, Germany), and then normalized as F1/F0,
were F1 was the maximal fluorescence emitted and F0 was the
basal fluorescence level obtained before drug incubation.
Maximumandminimumfluorescence in all cellswas assessed
using ionomycin (IONO, 5 mM) and EGTA (20 mM), respectively,
after each experiment. Data are representative for three
independent experimentswith at least 20 cells each, observing
four different fields per plate.

Statistical analysis

Statistical difference was assessed by one-way analysis of
variance (ANOVA) followedbyDunnett's or Tukey's tests at the
significance level 2a = 0.05. EC50 values were acquired by
plotting normalized data to the Hill equation: f = Min
+ (Max �Min)/(1 + (IC50/[drug]n)), where, Max and Min repre-
sent the maximum and minimum values, respectively; EC50 is
the half-maximal effective concentration of the drug tested
and n is the Hill coefficient (Graphpad Prism, US).

Results
Four different 1,4-naphotoquinone derivatives were selected
(Fig. 1A) and their cytotoxicity against HT-29 cells determined.
As we observed using the MTT assay, N1, N2, N3 and N4
elicited distinct cytotoxic potential, exhibiting EC50 of 40.6
� 1.0, 100.1 � 1.0, 241.9 � 1.2 and 101.9 � 1.1, respectively
(Fig. 1B). Additionally, N2, N3 and N4 did not induce any
cytotoxicity in PBMC (data not shown).

We performed flow cytometry experiments in order to
investigate the effects of N4 (0.5–50 mM) in the HT-29
membrane viability test, by staining these cells with PI (see
Methods section). Our results demonstrated that N4 induces
membrane damage in tumor cells, decreasing cell viability
from 91.43 � 2.9% (control) to 93.1 � 0.9; 35.7 � 12.1 and 5.3
� 5.2 when incubated in a solution with 0.5, 5.0 and 50 mM
of N4 for 24 h, respectively (Fig. 2A). Vehicle alone (DMEM and
DMSO 0.1%) did not induce any significant alteration on
membrane integrity, while etoposide (50 mM) decreased the



[(Fig._3)TD$FIG]

(A)

0 30 60 90 120 150 180 210 240

-0.05

0.00

0.05

0.10

0.15

0.20

Vehicle
N4 (50 μM)

INCUBATION IONO

Time (s)

F
1/

F
0

(B)

Control Vehicle 5 50 100
0.00

0.05

0.10

0.15

0.20

0.25

N4 (μM)

***

***

F
1/

F
0

Fig. 3 – Calcium imaging assay in HT-29 cells. (A)
Representative curves obtained during Calcium imaging
experiments performed in HT-29 cells loaded with Fluo3 A/
M and later incubated with 50 mM of N4 derivative, vehicle
alone (DMSO 0.1% in PBS) and ionomycin (IONO, 5 mM). (B)
Relative fluorescence (F1/F0) mediated by a Ca2+
intracellular increase quantified in HT-29 cells treated with
N4 (5–100 mM) and vehicle alone. Data are displayed as
meanW SEM, representative of three independent
experiments with at least 20 cells each, observed into four
different fields per plate. ANOVA: Dunnet test, *statistically
significant as compared with the control.
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Fig. 4 – L-type calcium channel involvement in N4
mechanism. Evaluation of N4-induced Ca2+ pathway in HT-
29 cells pre-incubated with zero-Ca2+ bath; CdCl2 (300 mM);
nifedipine (NIF, 10 mM) or ruthenium red (Ru-red, 5 mM).
The relative fluorescences (F1/F0) are displayed as
meanW SEM from three independent experiments in
triplicate. ANOVA: Tukey test, *statistically significant as
compared with the control, #statistically significant as
compared with the Ca2+ group.
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viability to 12.7 � 3.0 from control (Fig. 2A). In fact, in the
flow cytometry analysis, N4 exhibited EC50 of 3.2 � 1.1 mM
(hill = �1.3; R2 = 0.99) in a concentration dependent manner
(Fig. 2B).

Calcium imaging experiments demonstrated that N4 was
able to increase iCa

2+ in HT-29 cells at 50 mM concentration,
reaching its maximum F1/F0 with 20 s incubation (Fig. 3A).
When cells were incubated with the vehicle alone (DMSO 0.1%
in PBS), no alteration in relative fluorescence was observed
frombasal levels (Fig. 3A). A concentration-dependentmanner
was observed as N4 increased F1/F0 from 0.7 � 0.1 � 10�2

(basal) to 3.5 � 0.9 � 10�2; 13.8 � 1.1 � 10�2 and 20.3
� 1.2 � 10�2 when HT-29 cells were incubated with 5, 50 and
100 mM, respectively (Fig. 3B).

Additionally, we evaluated the pathway of intracellular
calcium increase promoted by N4 in HT-29 cells. For this,
calcium imaging experiments were performed as described
above. We then changed the protocol, performing the Ca2+

imaging experiments again using a zero-Ca2+ bath, or
previously incubating the cells with calcium channel blockers
like CdCl2 (300 mM) for nonselective voltage-gated calcium
channels, nifedipine (NIF, 10 mM) a selective L-type calcium
channel drug and Ruthenium red (Ru-red) a nonselective TRP
channel blocker at 5 mM concentration. Our data showed a
calcium-mediated influx by N4 (50 mM) of about 13.9
� 1.1 � 10�2 that was reduced to 3.1 � 0.4 � 10�2, when the
HT-29 cells were bathed with a zero-Ca2+ solution (Fig. 4).
Relative fluorescence (F1/F0) was practically eliminated by
CdCl2 (0.3 � 0.5 � 10�2) and nifedipine (3.8 � 2.2 � 10�2). Fur-
thermore, Ru-red was unable to block N4 effects (Fig. 4).

Discussion
The triazole nucleus is present as an important moiety in an
array of drug categories: anti-microbial, anti-inflammatory,
analgesic, anti-peptic, anti-viral, anti-neoplastic, anti-tuber-
cular, anti-parkinsons, anti-diabetic, and anti-depressant, for
example. The broad and potent activity of triazoles and their
derivatives have made them pharmacologically significant
scaffolds (Dar et al., 2015). Our study reports on the cytotoxicity
of four distinct 1,4-naphthoquinone-substituted 1,2,3-tria-
zoles (Fig. 1A) against normal and tumoral cells. Initially, we
observed that N2 and N4 induced cytotoxicity in HT-29 cells,
but with less potency than their precursor N1 (Fig. 1B). Despite
its higher cytotoxicity against tumor cells, N1 was also toxic to
normal PBMC; however, compounds N2 and N4 which contain
phenyl and ester groups, respectively, are interesting, as a
possible drug candidates. On the other hand, we have shown
that an alcohol moiety, present in N3, abolishes the antitu-
moral effect (Fig. 1B). These data might be of great interest to
the development of new tumor-targeted drug.

We have further observed that N4 cytotoxicity involves cell
membrane damage in HT-29 cells in a concentration-depen-
dentmanner (EC50 = 3.2 � 1.1 mM) (Fig. 2A and B). Interestingly,
this effect was higher than the standard drug etoposide
(Fig. 2A). In accordancewith theMTT results, N4 did not induce
any cytotoxic effect toward normal PBMC (data not shown).
Thus, our data demonstrates the discrimination of the N4
derivative toward HT-29 cancer cells, but not normal human
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cells. As we used only the HT-29 cell line, it is important to
mention that our results might not be applicable to other CRC
cells. Thus, further experiments are suggested to test their
sensitivity and response to the same drugs used in this
study.

A previous study with naphthoquinone-substituted mole-
cules indicated the affinity of these molecules to plasma
membrane phospholipids, inducing their disorganization and
then leading to a non-specific cytotoxic effect (Hussein et al.,
2013). In addition, different authors have reported high
expression levels of calcium permeable ion channels in cancer
cells like HT-29 (Zhang et al., 1997;Wang et al., 2000). In fact, L-
type calcium channels are so highly expressed in HT-29 cancer
cells, that their activators can selectively induce cell death
(Zhang et al., 1997; Zawadzki et al., 2008).

To evaluate whether N4 acts by a non-specific cytotoxic
effect on HT-29 cells or involves calcium permeable ion
channels, calcium imaging experiments were conducted.
Our data confirm that N4 induces a fast and strong increase
of iCa

2+ in HT-29 cells in a concentration-dependent
manner, while the vehicle alone did not induce any
alteration (Fig. 3A and B). Our assumption is that the N4
mechanism involve an increase in calcium levels in HT-29
cells, although, the cellular via of such effect as well as the
mechanism and specificity have not been demonstrated
thus far. Therefore, additional experiments were conducted
to evaluate the Ca2+ increase pathway involved during N4
activity in HT-29 cells. Our data show that this effect was
later diminished when HT-29 cells were bathed in zero-Ca2+,
eliminating the intracellular Ca2+-stored pathway in the N4
mechanism (Fig. 4). At the present, we might suggest that N4
was possibly promoting an ionophore-like effect or activat-
ing permeant Ca2+ channels through the plasma membrane.
To confirm this, we pre-incubated HT-29 cells with non-
selective drugs like CdCl2 and Ru-red to assess the
participation of voltage-gated calcium channels or TRP
channels, respectively. Our results indicated the involve-
ment of voltage-gated L-type Ca2+ channels during activity
of the N4 mechanism, since its effects were completely
nullified by CdCl2 and later by nifedipine, a selective drug
(Fig. 4).

As reported before, L-type Ca2+ channels are highly
expressed in HT-29 and other cancer cell lines (Zhang et al.,
1997; Zawadzki et al., 2008). Disregarding the excitable normal
cells and slight exceptions (Clapham, 2007), this kind of
density difference betweennormal and tumoral cells leads to a
consideration of the L-type calcium channels as valuable
targets for cancer therapy (Parkash and Asotra, 2010; Li and
Xiong, 2011). Therefore, our findings might contribute to the
use of N4 and derivatives in the future as an alternative to
clinical treatment of patients diagnosed with CRC. Neverthe-
less, more study is necessary to demonstrate the clinical
efficacy of the N4 compound.

Conclusion
Our study reported on the cytotoxicity and selectiveness of
1,2,3-triazol substituted 1,4-naphthoquinones towards the
HT-29 CRC cell line. Furthermore, we have demonstrated
the participation of voltage-gated L-type Ca2+ channels during
the activity of the N4 derivative mechanism.
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