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Abstract: Thiophene-derived compounds are of interest in chemistry, biology and pharmacology because of their
various pharmacological activities This study aims to investigate the antitumor and antibacterial activity of
thiophene-2,5-dicarboxylic acid bis-aryl (alkyl) amide compounds. In this study, the properties of antibacterial
and antitumor were determined in vitro media, for all compounds.

As a result, cell viability experiments show that some of this compounds have effective in vitro antitumor
activity. In addition, it has also been found that some compounds have an effective antibacterial activity.

Keywords: Thiophene-derived compounds, antitumor activity, antibacterial activity, antimicrobial activities,
cancer.

Baz1 Yeni Tiyofen-2,5 Dikarboksilik Asit bis-aril (alkil) amid Bilesiklerinin
Antitiimér ve Antibakteriyel Ozelliklerinin Incelenmesi

Ozet: Tiyofen tiirevli bilesikler, cesitli farmakolojik aktiviteleri nedeniyle kimya, biyoloji ve farmakolojide ilgi
uyandirir. Bu galisma, tiyofen-2,5-dikarboksilik asit bis-aril (alkil) amid bilesiklerinin antitiimor ve antibakteriyel
aktivitesini aragtirmay1 amaglamaktadir. Bu calismada, tiim bilesikler icin antibakteriyel ve antitiimor 6zellikleri
in vitro ortamda belirlenmistir.

Sonug olarak, hiicre canlilig1 deneyleri, bu bilesiklerin bazilarinin in vitro anti-tiimor aktivitesine sahip oldugunu
gostermektedir. Ayrica, bazi bilesiklerin etkili bir antibakteriyel aktiviteye sahip oldugu da bulunmustur.

Anahtar Kelimeler: 1-3-4 tiadiazol, antioksidan aktivite, radikal stipiiriicii aktivite, biyolojik aktiviteler.

1. INTRODUCTION provide more effective treatment and with
reduced or no undesirable side effects that
occur during and after the treatment. For this
reason, investigation of new alternative agents
is needed in cancer treatment and prevention.
Investigation of new drug substances will
provide new approaches for the development of
potential cancer drugs in cancer treatment.

Cancer is a complex disease. According to
molecular and cell biology, cancer is an
abnormal gene expression disease [1]. Cancer
usually refers to abnormal cell proliferation.
Tumor is also known as neoplasm which means
cancer formation and regeneration. No chemical
compound has yet been found to completely
treat any form of cancer today [2]. The goal in In this study, we planned to investigate the
cancer treatment is to develop compounds with potential  antitumor  activities of newly
increased selective (selective) toxicity to
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synthesized  compounds  against  rodent
leukemia. We have also examined the
antibacterial properties of these compounds.

Thiophene-derived compounds are of interest in
chemistry, biology and pharmacology due to their
various pharmacological activities. It is stated
that the structure and conformation of the
molecule greatly alter the biological activities of
such compounds [3].

In recent years, new syntheses have been put
forward in order to reduce or terminate the
effects of viruses and bacteria. In such studies, it
has been shown that compounds containing the
thiophene ring system possess a wide variety of
biological activities viz. antiinflammatory [4,5],
antidepressant, analgesic, anticonvulsant and
antimicrobial etc. [6]. It is also known that some
drugs with thiophene play an active role in the
treatment of septicemia [7-10].

In cold acetone

R—NH, + CICH,COCI

In particular, antiviral, antineoplastic,
antiproliferative, antitumor, antifungal,
antiparasitic and antiameboic  effects of

thiophene-containing compounds are investigated
and experimental results are revealed [11-26].

In this study, the antitumor and antimicrobial
activities of newly synthesized thiophene-2,5-

dicarboxylic acid bis-aryl (alkyl) amide
compounds were investigated in vitro .

2. MATERIAL and METHODS

2.1. Compounds Used in Trials
Thiophene-2,5-Dicarboxylic ~ Acid  Bis-Aryl

(Alkyl) Amide compounds used in this study
were firstly synthesized by Prof. Dr. Metin
Koparir et al. [27] in the Chemistry Laboratory of
the Department of Chemistry, Faculty of Arts and
Science, Firat University [figure 1]. The names of
the compounds synthesized by 3a-e codes are
given in Table 1.

/ﬁ\/Cl
R—N

K.,CO, H

Na S
Et-OH
O
S
Me-ONa . G
Me-OH ; T
R R
2a-e

Figure 1. Synthesis scheme of test compounds [27].

Table 1. Nomenclature of compounds.

3a Thiophene-2,5-dicarboxylic acid bis(cyclohexylamide)

3b  Thiophene-2,5-dicarboxylic acid bis[(3-nitrophenyl)amide]
3¢ Thiophene-2,5-dicarboxylic acid bis[(4-nitrophenyl)amide]
3d Thiophene-2,5-dicarboxylic acid bis[(4-chlorophenyl)amide]
3e Thiophene-2,5-dicarboxylic acid bis(phenylamide)
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2.2. Investigation of antitumor activity

L 1210 cell culture (rodent leukemia cell) was
used to determine antitumor activity. Frozen L
1210 rodent leukemia cells from the cell culture
bank (Sigma, USA) were dissolved in room
temperature and transferred into a 75 ml flask.
DCs (25 ml), previously prepared, was added to
the flask and flasks were placed in a Nuaire
brand, 5% CO; medium incubator (Playmouth,
MN, USA). The cells were examined daily
using an inverted microscope of the Soif brand
(Soif Optical Inc., China), and at the end of the
third day, the DCs in the flask was withdrawn
and replaced with freshly prepared DCs. This
process was repeated continuously every three
days.

The cells, which continued to increase in
number, began to form layers on top of each
other by completely covering the base of the
flask. At the end of the 15th day, the medium in
the flask was withdrawn and replaced with 3 ml
of trypsin. The flasks were shaken slightly for
2-3 minutes to allow the cells to separate from
the adhered surface. After all cells were
separated from the surface of the flask, 12 mL
of DCs was added to the flasks and trituration
(pipetting a cell suspension up and down) was
carefully carried out to homogeneously spread
the cells in the solution.

Cells were counted using a hemocytometer. A
cell suspension was added to each flask (1x10°
cells/flask), cells were supplemented with DCs
(total volume 25 ml), and all flasks were placed
in the incubator. The cultivation, feeding and
experiments of the cells were carried out in a
sterile Class Il Laminair Flow (Biolaf, Ankara)
[28, 29].

The L 1210 leukemia cell suspension was
centrifuged at 2000 rpm for 5 minutes. Cells
were counted using the hemocytometer and the
number of cells was adjusted to 1x10°/ml cells
for L 1210 cell assays. Preliminary experiments
were done to determine the doses and bottom-
up method was used. 1 ml of cell suspension

was transferred to the test tubes and the test
agents were added at concentrations of 15, 30,
60 pM. Same amount of serum physiological
was added to the negative control tubes and
same amount of DMSO was added to the
Vehicle tubes, , and the tubes were placed in the
incubator. The amount of DMSO in cell
suspensions was not more than 1%. After 24
hours, the tubes were removed from the
incubator and the cell suspension was counted
in 100 cell hemocytometer randomly selected at
1. 1 (v / v) with 0.4% tryphan blue. Cell
viability was expressed as a percentage. The
same procedure was repeated after 48 hours and
the experiment was terminated [30].

2.3. Investigation of antibacterial properties

The standard broth dilution method was used to
measure the Minimum Inhibition Concentration
(MIC) values of the in vitro antibacterial
activities of the test compounds (3a-e).

To examine the antibacterial activities, the
synthesized compounds (3a-e) and the control
group were dissolved in DMSO
(dimethylsulfoxide).  Furthermore,  dilution
series in the order of decreasing concentrations
of 1024, 512, 256, 128, 64, 32, 16, 8, 4 ug ml *
were prepared for the microorganisms in the
studiedsubject concentrations. Stock solutions
were prepared in DMSO and DMSO was found
to have no effect on the microorganisms in the
concentration. The antibacterial activities of the
compounds were determined according to the
broth dilution method prescribed by the Clinical
Laboratory Standards Committee (CLSI) [31].

The microorganisms used were two grams of
positive and two grams of negative bacteria. B.
subtilis ATCC 6633, S. aureus ATCC 6538 P
strains were used as Gram positive bacteria and
E. coli, ATTC 25922 and S. typhimurium
NRRL B 4420 strains were used as Gram
negative bacteria. As a standard antibiotic,
Ampilisin was used for bacterial strains.
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Each bacterial strain, stained overnight, was
seeded in nutrient broth (pH 7.4) liquid medium
under sterile conditions and allowed to incubate
for 24 hours at 37 © C. Thus, the concentration
of bacterial strains on the media was adjusted to
10° CFU ml-%,

Test compounds dissolved in DMSO were first
prepared at a concentration of 1024 pg ml ™ and
a series of dilutions were prepared at
concentrations decreasing to as low as 4 pg ml -
! by adding the medium. Beside this, a series of
control groups were prepared. The prepared
dilution tubes were inoculated with the
previously prepared bacterial cultures and
allowed to incubate for 24 hours at 37 ° C.
Minimal Inhibition Concentration (MIC) values
were calculated by post incubation turbidity
assay method. Experiments were performed in
two parallel runs.

2.4. Statistics

All statistical analyzes in this study were done
with SPSS statistical program. Data obtained at
the end of experimental studies, one-way

ANOVA Tukey test for antitumor activity was
used

3. RESULTS and DISCUSSION

Obtained findings were tabulated for each of
the parameters to show the comparisons of the
groups to the control group throughout the
trialn. Duration and dose-dependent cell
viability results of the L 1210 cells treated with
the compound are shown in Table 2 (24 hour)
and Table 3 (48 hour) the Minimum Inhibition
Concentration values showing the antimicrobial
activities of the test compounds are shown in
Table 4.

In this study, it was found that duration and
dose-dependent  antitumor  activity  of
compounds containing thiophene groups in
vitro administered to the L 1210 cell had
different effects compared with the control
group.

Table 2 shows that all of the substances used in
the study had similar levels of antitumor
activity, which is effective in the cell type L
1210.

Table 2. The in vitro antitumor activity of the test compounds (24 hours).

Group n=6 15uM 30uM 60 pM

Control 72.22 £ 1,63 66.00 = 1,28 62.55+ 1,14

3a 63.75 £ 1,702 54.25 £ 1,502 48,00 + 1,602
3b 66.25 +1.752 50.00+ 0.992 40.25 £ 1.442
3c 36.25+1.17° 28.00 + 0.99° 26.25 + 0.60°
3d 44.55 £1.802 30.50 £ 1.19° 26.00 + 0.20°
3e 43.50 +1.05° 32.25+0.49° 30.00 + 1.08°

Data are presented as mean and standard error, a: P<0.001 b: P<0.05

Table 3. The in vitro antitumor activity of the test compounds (48 hours).

Group n=6 15uM 30uM 60uM
Control 62.50+1.63 58.50+0.78 55.00 £ 0.60
3a 30.26 +£0.82 22.00 + 0.4° 18.75 + 0.99°
3b 32.25 + 1.442 28.75 + 1.052 20.50 + 0.63P
3c 20.25 + 1.53P 18.75+0.71° 11.22 +0.22°
3d 2433 +1.022 20.75+1.10° 15.15 + 0.80°
3e 25.00 +1.492 20.25+0.33b 16.75 + 0.95P

Data are presented as mean and standard error, a: P<0.001 b: P<0.05

Studies investigating the anticancer and
antitumor effects of thiophene compounds are

rapidly increasing. Siileymanoglu et al. have
synthesized and characterized some new
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thiophene compounds and examined their
antitumor properties. The compounds they
synthesized showed high antitumor activity
against some tumor cell types [32]. Diana et al.
synthesized indole thiophene derivatives and
examined their antitumor properties against a
variety of tumor cells. These compounds were
reported to be more active against some types
of cancer [33]. Stolic et al. synthesized
thiophene-based bis-benzimidazole amidines
and examined their interaction with DNA and
RNA. Some of these compounds have also been
shown to exhibit high antitumor and
antiparasitic activity at the same time [21]. Jiao
et al. synthesized thiophene derivatives of
phenyl propan amido benzamide and examined
their antiproliferative activity on several human
cancer cells. The compounds were observed to
exhibit high activity. In addition, they have
shown that these compounds have an effect in
reducing the G2 phase in the cell cycle [20].
Romagnoli et al. have studied the biological
properties of thiophenes by preparing chalcone

a0

and 2 and 3 amino benzo [b] thiophene
derivatives. All of the compounds inhibited the
development of cancer cells at micromolar
concentrations [22, 18]. In our study,
statistically ~ significant  differences  were
observed between the control group and other
groups when the values of the substances at 15,
30 and 60 uM concentrations were examined at
24 and 48 hours. When the values of the
substances of different concentrations are
examined at 24 hours between the control group
and the other groups, it can be said that the test
substances 3a and 3b have good activity close
to the control value. However the other
compounds (3c-e) showed moderate activity on
both 24 hours and 48 hours.

Considering the results, it can be said that
compounds containing thiophene  groups
possess antitumor activity. These results are in
agreement with the findings in literature which
reveal that the thiophene compounds are
effective on antitumor activity.

Control 3a

70 ~

60

30

40

30

20

10

o T T T

3b 3c 3d 3e

W 15 uM (24 hour)
B 30 uM (24 hour)

60 uh (24 hour)

Figure 2. Comparison of antitumor activity of test compounds at the different concentrations (50-100-250 pg/mL) at 24 hour.
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Figure 3. Comparison of antitumor activity of test compounds at the different concentrations (50-100-250 ug/mL) at 48 hour.

Pinto et al. have investigated the antifungal
activities of heteroaryl amines by preparing
benzo [b] thiophene derivatives. They found
that the presence of hydroxyl group in aryl
derivatives is necessary for antifungal activity.
It was also observed that this effect was
increased in pyridine derivatives [15]. In a
study, benzo [b] thiophene compounds of
ortho-chloro diaryl amines and heteroaromatic
tetracyclic systems were synthesized and their
antimicrobial properties werealso investigated
[16].

Mohammed et al. have synthesized some metal
complexes of the schiff base derived from 2-
thiophene carboxy aldehyde aminobenzoic acid

and examined their antibacterial activity. They
have found that metal complexes exhibit more
effective activity than ligands [34].

In this study, the antimicrobial activities of the
test compounds were studied according to the
standard broth dilution method prescribed by
the Clinical Laboratory Standards Committee
(CLSI) [30]. The Minimum Inhibition
Concentration (MIC) values of the test
compounds against the Gram-positive bacteria
of B. subtilis ATCC 6633, S. aureus ATCC
6538 P strains and Gram negative bacteria of E.
coli, ATTC 25922 and S. typhimurium NRRL B
4420 strains were calculated and the values
were given in Table 4.

Table 4. The minimum inhibition concentration values (ug ml ) of test compounds.

Test Compounds E.coli B.subtilis S.typhimurium S.Aureus

3a 64 64
3b 64 64
3c 128 128
ad 256 256
3e 256 256
Ampicilin 2 2

64 1024
64 512
128 256
256 1024
256 256
2 2

It was observed that the antibacterial effects of
the compounds varied between 64 and 1024 pg
ml . Among the test compounds, compound 3a
and 3b which has the highest antibacterial
activity, has been shown to act against E.coli, B.
subtilis and S. typhimurium strains at 64 pg ml°

! According the results, the cyclohexyl and
3’nitrophenyl groups we encoded in 3a and 3b
were found to have higher antitumor and
antimicrobial activity. It has been shown in the
literature  [35-38] that cyclohexyl and
nitrophenyl groups in the structure of the
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compounds show an effective antitumor and
antimicrobial effect. Other compounds (3c-e)
have shown modarate effect on the
microorganisms. These results show that the
test compounds used in this study demonstrate
antibacterial effects.

The results of this study indicate that the new
Thiophene-2,5-Dicarboxylic  Acid  Bis-Aryl
(Alkyl) Amide compounds have antitumor and
antibacterial properties. We believe that the
results obtained in this study will pave the way
for further synthesis of different substituted
derivatives of this material and investigation of
different activities in future studies.
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