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ABSTRACT

Purpose: In this study, we have focused on antibacterial effect of newly synthesized thiazole,
imidazole, and tetrahydropyrimidine derivatives in Iran on listeria monocytogenes.

Materials and Methods: For evaluation of antibacterial effect, the disk diffusion method was
applied to measure the growth inhibition zone diameter and broth micro dilution was performed
to determine the minimum inhibitory concentration.

Results: Assessing the antibacterial effect showed that only thiazole derivative 6d had inhibitory
effect on listeria monocytogenes and the other thiazole, imidazole and tetrahydropyrimidine
derivatives lacked any inhibitory clue on this organism. The inhibitory effect of thiazole derivative
6d was shown by minimum inhibitory concentration = 64 and growth inhibition zone diameter
=23 £ 0.1. In antibiogram test, also the most susceptibility was recorded for gentamicin and
penicillin with minimum inhibitory concentration = 1 pg/mL.

Conclusion: The antibacterial effect of thiazole, imidazole and tetrahydropyrimidine derivatives
differs from each other and cross connections such as linkage of oxygen to thiazole ring in
derivative 6d, could reinforce this effect. By proving the in vitro antibacterial effect of the novel
thiazole derivative on listeria monocytogenes, to more recognize this compound, next step is

determining the toxicity and therapeutic effects in laboratory animals.
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INTRODUCTION

Listeria monocytogenes (L. monocytogenes) is
a gram-positive bacterium, zoonotic and food-born
pathogen that infects a wide variety of animal species
(including mammals, birds, fishes and crustaceans) and
human.' This pathogen causes meningitis, encephalitis
and abortion and old people, humans with weakened
immune systems and pregnant women are most at risk.!
Using antibiotics is of the cheapest and most popular
way of controlling L. monocytogenes and their wide
causes, which has vastly increased the drug resistance
in this pathogen and consequently has led to an increase
in the possibility of mortality, health care costs and has
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endangered the public hygiene in society. In recent years,
researchers have recommended identification and use
of novel antibacterial compounds to inhibit the drug-
resistant strains of L. monocytogenes.?

Thiazoles have a crucial role in active biological
compounds.® For instance, the thiazole ring exists in
vitamin B,, which is the important coenzyme of the
carboxylase enzyme.* Some of the thiazole derivatives
are applicable as drugs in treatment of cancer, lowering
blood cholesterol, lowering blood pressure and treatment
of infection with human immune deficiency virus.? Also
in vitro high antioxidant potency, anti-inflammatory
and inhibitory effects of thiazoles on parasites such as
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anopheles mosquito or trypanosoma and on fungi such as
candida albicans have been observed.*® Scientists have
proven the in vitro potency of thiazole derivatives to
inhibit the bacterial pathogens like Staphylococcus aureus
(S. aureus), Escherichia coli (E. coli), staphylococcus
epidermidis (S. eidermidis), streptococcus pyogenes,
pseudomonas fluorescence and streptococcus fecalis.’
Also in recent years the imidazoline derivatives have
attracted researchers by inhibiting tumor cells, Leishmania
parasite and aspergillus and fusarium fungi.'%!? Studies
have shown the antibacterial effect of imidazole
derivatives on pathogens such as enterococcus fecalis,
E. coli and S. aureus ."

Recent surveys have shown the effect of
tetrahydropyrimidine derivatives to inhibit tuberculosis
and fungi such as aspergillus niger and candida albicans.'*
Several derivatives of them are being developed for the
treatment of Alzheimer’s and infectious diseases.!'>!®
Antibacterial effect of tetrahydropyrimidine derivatives
has been proven in vitro on pathogens like Klebsiella
pneumonia and pseudomonas aeruginosa.'’

The potent and broad-spectrum activity of thiazole,
imidazole and tetrahydropyrimidine derivatives has
generally caused the antibacterial test to be among the
first experiments which is studied by researchers after
synthesis of these compounds. In this study, we have
evaluated the antibacterial effects of novel thiazole,
imidazole and tetrahydropyrimidine, which have recently
been synthesized in Iran, on L. monocytogenes organism.

MATERIALS AND METHODS
Synthesis of Compounds

Thiazole derivatives 6a-d were synthesized in a three-
step process and their chemical structure was confirmed
by single crystal X-ray diffraction and elemental analysis,
proton nuclear magnetic resonance ('H-NMR), carbon-13
nuclear magnetic resonance ('*C-NMR) and infrared (IR)
spectroscopy (Figure 1).° Afterwards, these derivatives
were solved in dimethyl sulfoxide (DMSO) with
concentration of 8192 pg/mL.

6a: Ethyl 2-[(£)-cyano (thiazolidin-2-ylidene) methyl]
thiazole-4-carboxylate

6b: (E)-2-(5-Acetyl-4-methylthiazol-2-yl)-2-
(thiazolidin-2-ylidene) acetonitrile

6c: Ethyl 2-((E)-cyano (thiazolidin-2-ylidene)methyl)-
4-methylthiazole-5 carboxylate

6d: (2E)-2-(4,5-Dihydro-4-oxothiazol-2-yl)-2-
(thiazolidin-2-ylidene) acetonitrile

Imidazole and tetrahydropyrimidine derivatives 9a-g
were synthesized through a mono-step process from the
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Figure 1. Steps of the synthesis of thiazole derivatives 6a-d
(derivatives from reference No. 3)

reaction of 2-[bis (methylthio) methylene]malononitrile
(1) and diaminoalkanes 8a-g, and their chemical structure
was confirmed by elemental analysis, 'H-NMR, *C-NMR
and IR spectrometry (Figure 2).'® Thereafter, these
derivatives were solved in DMSO with concentration
of 8192 pg/mL.

9a: 2-(5,5-Dimethyltetrahydropyrimidin-2(1H)-
ylidene)malononitrile

9b: 2-(4-Ethyltetrahydropyrimidin-2(1H)-ylidene)
malononitrile

9¢: 2-(5-Hydroxytetrahydropyrimidin-2(1H)-ylidene)
malononitrile

9d: 2-(4,4-Dimethylimidazolidin-2-ylidene)
malononitrile

9e: 2-(4-Methylimidazolidin-2-ylidene) malononitrile

9f: 2-(Octahydro-2H-benzo[d]imidazol-2-ylidene)
malononitrile

9g: 2-(Tetrahydropyrimidin-2(1H)-ylidene)
malononitrile

Preparation of Bacterial Suspension

L. monocytogenes bacteria (PTCC 1297) was obtained
from Iranian Research Organization for Science and
Technology. Then, the bacteria was cultured in Mueller-
Hinton agar medium in 37 °C for 24 hours. Henceforth
in sterile conditions of Mueller-Hinton medium and
in logarithmic growth phase, a concentration of 107
colony forming unit (CFU)/mL was obtained with
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Figure 2. Steps of the synthesis imidazole and
tetrahydropyrimidine derivatives 9a-g (derlvatlves from reference
No. 18).
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spectrophotometer from each bacterium which was
assigned as a stock solution.!

Determination of the Minimum Inhibitory
Concentration (MIC)

The MIC test was done in a sterile 96-well plate by
broth microdilution as Clinical and Laboratory Standards
Institute (CLSI) 2014 standard. First, 100 uL of Mueller-
Hinton broth medium (Merck®, Darmstadt, Germany) was
added to each well. Then, 100 puL of thiazole, imidazole
and tetrahydropyrimidine derivatives (in control groups,
100 pL of penicillin and gentamicin antibiotics (with 512
pg/mL) (Sigma®) were added to the first well and after
mixing, 100 pL of this mixture was embedded into the
second well. Similarly, dilution procedure was done in
other wells. Ten pL of bacterial suspension was added
to each well. For negative control, 100 uL of Mueller-
Hinton broth, 100 uL DMSO and 10 pL of bacterial
suspension were added to last well in each row. The result
of incubation was read after 24 hours of incubation in
37°C. The lucidity and turbidity in each well indicated
lack or existence of bacterial growth, respectively. The
last well that didn’t show any turbidity, was reported
as MIC."

Determination of the Growth Inhibition Zone
Diameter

First, the superficial bacterial culture was performed
in Mueller-Hinton agar medium with a swab impregnated
to bacterial suspension. Then, 20 pl of obtained MIC for
derivatives and antibiotics (20 uLL. DMSO for negative
control) were shed on blank sterile disks and after 24
hours of incubation in 37°C, the growth inhibition zone
diameter was measured with coulisse. The results of the
growth inhibition zone diameter have been provided as
the average + standard deviation; also in order to analyze
data, the Statistical Package for the Social Science (SPSS
Inc, Chicago, Illinois, USA) version 22.0 was used.!

RESULTS

The results showed that imidazole and
tetrahydropyrimidine compounds 9a-g and thiazole
derivatives 6a-c don’t have inhibitory effects on L.
monocytogenes bacteria, only the inhibitory effect of
thiazole derivative 6d was recorded on L. monocytogenes
with halo diameter = 23 + 0.1 mm and MIC = 64 pug/mL.
In the antibiogram test, the highest susceptibility of L.
monocytogenes was measured for gentamicin and penicillin
with MIC = 1 pg/mL, respectively. The results confirmed
no inhibitory effect of DMSO on L. monocytogenes which
was used as solvent for derivatives (Tables 1 and 2).

DISCUSSION

In this study, four tetrahydropyrimidine derivatives lack
any inhibitory effects on tested L. monocytogenes bacteria.
Evaluation of antibacterial effects of tetrahydropyrimidine
derivatives on some bacterial pathogens by Vishwakarma
and colleagues showed that among the tested bacteria
such as E. coli, S. aureus, Staphylococcus epidermidis,
Bacillus subtilis (B. subtilis) and Bacillus mycoides, only
some of the examined derivatives had inhibitory effect
and this research indicates that tetrahydropyrimidine
derivatives do not have broad-spectrum activity on
different bacteria.?

Also, in this study, three derivatives of imidazoline
didn’t have inhibitory effect on L. monocytogenes,
meanwhile some of imidazoline derivatives have the
ability to inhibit bacteria like S. aureus and E. coli and
this variation in bacterial inhibition is due to compounds
such as chlorine.?! One of the reasons for no effect
activity of derivatives 9d-f is methyl nitroimidazole and
experiments have proven the potency of this substance to
inhibit Micrococcus luteus, S. aureus and Pseudomonas
aeruginosa and have shown that this derivative could
damage bacteria and lead it to death by producing free
radicals, the advantage that isn’t seen in derivatives
9d-f.2

Table 1. Growth inhibition zone diameter (mm) of thiazole, imidazole and tetrahydropyrimidine derivatives and antibiotics on L.

monocytogenes (PTCC 1297).

Derivatives/ Antibiotics 6a 6b 6¢ 6d 9a

9b 9c

9d 9e¢ 9f 9g DMSO Gentamicin Penicillin

Growth inhibition zone diameter — — — 23+0.1 —

17 +0.3 21+0.1

Abbreviation: DMSO, dimethyl sulfoxide.
—indicates no inhibitory effect at maximum concentration

Table 2. Minimum Inhibitory Concentration (ug/mL) of thiazole, imidazole and tetrahydropyrimidine derivatives and antibiotics on L.

monocytogenes (PTCC 1297).

Derivatives/ Antibiotics 6a

6b 6¢c 6d 9a 9b 9c

9d 9e 9f 9g DMSO Gentamicin  Penicillin

MIC - — — 64 — —

- - - - — 1 1

Abbreviations: MIC, Minimum Inhibitory Concentration; DMSO, dimethyl sulfoxide.

— indicates no inhibitory effect at maximum concentration

Annals of Military & Health Sciences Research ® Vol 13, No 3, Summer 2015 105



Study of Antibacterial Effect of Novel Thiazole—Ghasemi et al

The only inhibitory effect in this research was related to
thiazole derivative 6d and no inhibitory effects were seen
from thiazoles 6a-c. Study of the structure of this compound
shows that besides existence of thiazole ring, there are two
major structures; one of which is the thiazolidine ring.
The thiazolidine derivatives are known as compounds
with broad-spectrum activities on bacteria; recent works
have indicated the inhibitory effect of these derivatives on
bacteria like E. coli and S. aureus and we could provethe
potent effect of these compounds on E. coli and S. aureus
with MIC = 6.25-25 pg/mL.? The other major structure is
oxygen linked to thiazole ring which has established the
oxothiazole, whichis only present in compound 6damong
derivatives 6a-d; also the inhibitory power of oxothiazole-
containing compounds has been proven on E. coli.?* Liaras
have shown the inhibitory effect of thiazole derivatives on
L. monocytogenes with MIC = 30.58-38.75 pg/mL and
possibly due to existence of chlorine as trichlorophenyl, the
inhibitory potency of these derivatives has been increased
in comparison to derivative 6d in our research.'’

Studies on antibacterial effects of thiazoles have
suggested that thiazole derivatives act by inhibiting
enzymes like DNA gyrase B (quinolone antibiotics inhibit
DNA gyrase A and possibly we can use thiazoles against
quinolone-resistant bacteria orhave synergistic effects
along with quinolone antibiotics) or inhibiting genes such
as fabH (which has a vital role in fatty acid metabolism
of bacteria).?>?¢

Many researches have indicated the inhibitory potency
of thiazole derivatives on E. coli by measuring growth
inhibition zone diameter or MIC or both, which is a
confirmation to our study. We can briefly indicate the
following works; Cheng and colleagues in 2013 showed
the in vitro potency of thiazole derivatives to inhibit E.
coli, S. aureus and B. Subtilis bacteria by measuring
MIC.?’” Shah and colleagues in 2012 proved the in vitro
power of thiazole compounds to inhibit Pseudomonas
aeruginosa, S. aureus and B. subtilis by means of growth
inhibition zone diameter.?® Bondoc in 2007 reported the
in vitro activity of thiazole derivatives on E. coli and B.
megaterium organism by measuring MIC.?° Juspin and
colleagues in 2010 proved the in vitro activity of thiazole
derivatives by means of MIC and growth inhibition zone
diameter on Pseudomonas aeruginosa, S. aureus and
Enterococcus hirae.? Sarojini and colleagues, in 2010,
reported the in vitro power of thiazole compounds to
inhibit E. coli, Klebsiella pneumoniae and S. aureus.’!

CONCLUSIONS
The L. monocytogenes bacteria is one of the most

important pathogens in human being and we have recently
observed the spread of antibiotic-resistant strains of
this pathogen globally,which shows the necessity of
identification and the use of novel antibacterial compounds
against L. monocytogenes. In this study, among the
thiazole, imidazole and tetrahydropyrimidine derivatives
were tested, only thiazole 6d showed inhibition effects on
L. monocytogenes bacteria, of course the inhibitory effect
of this deravetive is higher than gentamicin and penicillin.
More tests can be led to the use of this compound as an
antibacterial agent.
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