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Abstract
Azole derivatives are an important class of compounds in medicinal chemistry with a wide variety of biological
activities. We previously described synthesis and antimicrobial evaluations of some new Azole derivatives.
Most of our compounds showed desirable activity against different species of microorganisms. Here, we chose
seventeen of these compounds, in four different groups including imidazole (group a, 1a-6a), 2-methylimidazole
(group b, 1b-4b), 2-methyl-4-nitroimidazole (group c, 1c-4c) and benzimidazole (group d, 1d-3d) to further
evaluate their cytotoxic activities against a human cancer cell line (HepG2) in comparison to cisplatin using
colorimetric MTT cytotoxic assay. We also compared their cytotoxic activities with clotrimazole to find the
safer compounds as antimicrobial agents. Our results indicated that Azole compounds including 2b, 4c, 2d and
3d displayed desirable anti-tumor activities against HepG2 (IC50<50µM) and might be considered as potential
anticancer agents for further studies. The other compounds with less cytotoxicity compared to clotrimazole could
introduce as good candidates for antimicrobial agents.
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Introduction
Azole compounds have been an interesting source
for researchers in the recent century. These derivatives
are reported to be physiologically and pharmacologically
active and find applications in the treatment of several
diseases. Of the azole compounds, imidazole-based
compounds are attractive targets in the design of novel
chemical structures for the discovery of new drugs.
Imidazole is a 5-membered planar ring containing two
basic nitrogen atoms in the 1st and 3rd positions of the
azole ring. Substitution on different positions of this ring
provides a number of compounds of interest. Commonly,
structure-activity relationship obtained from biological
results could be used for further design of new active
compounds. Although various azole medications are
currently available but toxicity and drug-resistance make
the discovery of new active drugs of great importance
[1-2]. Many imidazole analogues have been reported
and used as pharmacological agents i.e. azomycine,
clotrimazole, miconazole, ergothionine, clonidine and
moxonidine.
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Although most imidazole-based compounds were first
described as antifungal drugs, there are many documents
indicating that these drugs i.e. clotrimazole can exert
anticancer properties, as well. They usually inhibit
mitochondrial-bound glycolytic enzymes and therefore
erupt the cycle of energy in cancer cells, decrease cell
proliferation, and induce apoptosis [3-4]. In this regard,
in our previous study, we synthetized a variety of new
compounds of imidazole and benzimidazole derivatives
with potential antifungal and antitumor effects [5-6].
We observed that most of our new compounds in
particular derivatives of imidazole, 2-methylimidazole,
2-methyl-4-nitroimidazole and benzimidazole, showed
desirable antifungal activity [7-8]. Here, in the present
study, we aimed to evaluate the cytotoxicity as well as
antitumor activity of seventeen of these compounds on
a human hepatocellular carcinoma cell line, HepG2, in
comparison to standard drugs, cisplatin and clotrimazole.
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Material and Methods

significant.

Chemicals
All chemicals and solvents were provided from Merck
Company (Germany). Selected synthesized compounds,
as illustrated in Table 1, were provided from our previous
study. TLC, melting point and IR spectroscopy were used
to assess the purity of the compounds. Clotrimazole was
used as positive control.

Results

Cell Line
Human hepatocellular carcinoma cancer cell line
(HepG2) was obtained from the national cell bank of
Pasteur Institute of Iran (Tehran, Iran). HepG2 is a cell
line derived from a well-differentiated hepatocellular
carcinoma of a 15-year-old Caucasian-American male.
This line with an epithelial-like morphology, commonly
considered as an alternative for the studies on primary
human hepatocytes [9].
Cell Culture
Using aseptic techniques, the HepG2 cells were
grown in complete culture media containing Roswell
Park Memorial Institute (RPMI) 1640 medium, 10%
Fetal Bovine Serum (FBS), 100 units/ml penicillin and
100 μg/ml streptomycin (all from Biosera, France),
and kept at 37°C in a CO2 incubator with humidified
atmosphere. To harvest the cells, following 70-80% of
confluency, HepG2 cells were washed and detached using
25% trypsin-EDTA (Biosera, UK). The cells were then
washed, counted and prepared for cytotoxic MTT assay
as previously described [10-11].
MTT Cytotoxic Assay
To determine the cytotoxic effects of the azole
compounds, HepG2 cells with the concentration of
10×103/100 µl were seeded per well in 96-well cell
culture microplate and left for 24 hours to recover and
reattach. The cells were then treated with each compound
in different concentrations (1-2000 µM) for 48 hours. Six
wells were specified for each concentration, three wells
for untreated cells (negative controls), and three wells
just included cell culture medium as blanks. Cisplatin and
clotrimazole were also used as positive controls. After
incubation time, the media were completely discarded
and 100µl of MTT reagent (Sigma, Germany) with final
concentration of 0.05 mg/ml was added to each well
including controls. The plate was incubated for more 3
hours at 37°C till the purple precipitates were appeared.
Following removing MTT solution, 100 μl DMSO were
added to the wells and leaved in the darkness at 37°C for
1 hour. All wells’ absorbance was read at 570 nm. Each
experiment was separately repeated three times.
Data Analysis
An inhibition concentration, representing the 50%
growth inhibition of the cells (IC50), was measured for each
compound using Curve Expert 1.5 software. Excel 2013
software package were used for calculations. P values
less than 0.05 (two-tailed) were considered statistically
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Here, we assessed the cytotoxic effects of 17
analogues of our previously synthetized azole compounds
using a colorimetric MTT cytotoxic assay on HepG2, as
an in-vitro model for primary human hepatocytes. We first
divided the compounds in 4 different groups (a, b, c, d).
Group a contains imidazole derivatives (a1-a6). Group b
includes 2-methylimidazole derivatives (b1-b4), Group c
includes 2-methyl-4-nitroimidazole derivatives (c1-c4)
and group d composes of benzimidazole derivatives
(d1-d3). The IC50 for each compound are displayed in
Table 2. Our results generally showed that however all azole
compounds had less cytotoxicity comparing to cisplatin,
some of them had comparable IC50 with clotrimazole.
As shown in Table 2, the derivatives of imidazole
(1a-6a) displayed less cytotoxic effects on HepG2
cells in comparison to clotrimazole. For the linear
compounds in this group (1a-3a), the cytotoxic effect
enhanced as the length of carbon chain increased. So it
could be concluded that longer carbon chain increases
the cytotoxicity of imidazole compounds. For the aromatic
compounds in this group (4a-6a) cytotoxic effects
increased when we have two methoxy substitutions on
the trityl ring.
In group b (1b-4b) all compounds showed less
cytotoxic effects on HepG2 cells in comparison to
clotrimazole except 2b which showed IC 50 near to
clotrimazole. In this group, it was observed that adding
one methyl group to the imidazole ring significantly
increased cytotoxicity of the compounds. These results
collectively demonstrate that having methoxy as well
as methyl groups simultaneously in the trityl derivatives
significantly decreases cytotoxicity.

Discussion
In case of 2-methyle-4-nitroimidazoles (group c), we
observed that adding a nitro substitution on imidazole
ring, led to less toxicity except 4c. In this group, similar to
group a, increasing the length of carbon chain led to
increasing cytotoxic activity. For aromatic compounds in
this group it was observed that adding methoxy groups
to the trityl ring led to increase cytotoxic effects of
the compounds.
In case of trityl benzimidazole series (group d),
compound 3d with two methoxy groups was more toxic
followed by 2d with one methoxy group and then 1d
with no methoxy substitution. However, comparing
these compounds to the series a (trityl imidazole);
series d because of having benzimidazole instead of
imidazole in their structure are more toxic. The increase
in the number of methoxy groups also has a synergistic
effect on the cytotoxicity of the compounds.
In conclusion, according to the results, among
various tested azole derivatives, 2b, 4c, 2d and 3d are
the most cytotoxic compounds against HepG2 cells
and can be considered as potential anti-tumor agents
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Table 1. Chemical Properties of Azole Compounds [5-6]
Entry

a

Chemical Name

1a

1-Nonylimidazole

2a

1-Undecylimidazole

3a

1-Dodecylimidazole

4a

1-trityl-1H-imidazole

Chemical Structure

222

N

N

236

N

N

310
N

5a

N

1-[(4-methoxyphenyl) (diphenyl)methyl]-1H-imidazole

340
N

6a

N

1-[bis(4-methoxyphenyl)(phenyl) methyl]-1H- imidazole

1b

1-Hexyl-2-methylimidazole

2b

2-methyl-1-trityl-1H- imidazole

324

1-[(4-methoxyphenyl) (diphenyl)methyl]-2-methyl-1H-imidazole

354
N

1-[bis(4-methoxyphenyl)(phenyl) methyl]-2-methyl-1H- imidazole

1-Butyl-2-methyl-4-nitroimidazole

3c

1-Octyl-2-methyl-4-nitroimidazole

1-[(4-methoxyphenyl)(diphenyl) methyl]-2-methyl-4-nitro-1H- imidazole

399
N

N+
O-

1-[bis(4-methoxyphenyl) (phenyl) methyl]-2-methyl-4-nitro-1H-imidazole

O

429

O

N

N

N+
O-

O

1-trityl-1H-benzo[d] imidazole

360
N

N

1-[(4-methoxyphenyl)(diphenyl) methyl] -1H-benzo[d] imidazole

d

390
N

3d

239

+
O N
O

O

2d

183

N

N

N

O

1d

O

+
O N
O

N

4c

384

N

N

-

c

O

O

-

2c

166

N

N

1c

O

N

N

N

4b

370

N

N

3b

O

O

N

b

MW
194

N

N

N

1-[bis(4-methoxyphenyl)(phenyl)methyl]-1H-benzimidazole

O

420

O

N

N

O
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Table 2. Cytotoxic Effects of Azole Tested Compounds on
HepG2 Cell
Compound

IC50 (µM)
690.68

1a
2a

354.5

3a

153.11

4a

333.6

5a

340.39

6a

153.74

1b

140.45

2b

49.01

3b

149.31

4b

330.59

1c

471.06

2c

301.23

3c

156.46

4c

49.46

1d

155.8

2d

74.4

3d

49.89

Clotrimazole

48.96

Cisplatin

22.4

for further in-vitro and/or in-vivo studies. Other azole
compounds including groups a and b, which displayed less
cytotoxicity but had the best antimicrobial activities, as
demonstrated in our previous study, could be introduced
as suitable candidates for antimicrobial therapy. However,
more functional studies are needed to determine
the mechanisms of action of the drugs.
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