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Background: Escherichia coli is one of the important pathogens in human with global
importance. Because of the necessity for identification and the use of novel antibacterial
compounds against E. coli, in this present study we focused on the antibacterial effects of
synthesized thiazole, imidazole and tetrahydropyridine derivatives on E. coli.

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 (MIC).

Results: Assessing the antibacterial effect showed that only 6d derivative of thiazole had
inhibitory effect on E. coli and the other thiazole, imidazole and tetrahydropyridine derivatives
lacked any inhibitory result on this organism. The inhibitory effect of 6d derivative of thiazole
was MIC=125 and growth inhibition zone diameter of 16+0.1.

Discussion: The antibacterial effect of thiazole, imidazole and tetrahydropyridine derivatives
differs from each other and chemical linkages such as oxygen to thiazole ring in 6d derivative,
could have reinforced this effect. The next step is determination of the toxicity and therapeutic
effects in the laboratory animals.
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Introduction

Escherichia coli is the major reason for the
incidence of travelers’ diarrhea and children
diarrheal. Due to the host variations, E. coli is
being considered as a major public hygiene
dilemma in developed and developing countries.
Antibiotics usage is the cheapest and most popular
way of controlling E. coli and their wide and
sometimes unnecessary consumption whether in
veterinary or medicine causes vast drug resistance
in this pathogen which has led to increased
mortality, health care costs and endangering the
public hygiene. In recent years, researchers have
recommended the use of novel antibacterial
compounds to inhibit the drug-resistant strains of
E. coli (1, 2).

Thiazoles have a crucial role in active biological
compounds. The thiazole ring exists in B1 vitamin
which is the important coenzyme of the
carboxylase enzyme. Some of the thiazole
derivatives are applicable as drugs in treatment of
cancer, blood cholesterol, blood pressure and HIV
virus infection (3). Also in-vitro high anti-oxidant
potency, anti-inflammatory and inhibitory effects
of thiazoles on parasites such as anopheles
mosquito or trypanosoma or fungi (Candida
albicans) have been observed (4-8). Scientists have
proven the in-vitro potency of thiazole derivatives
to inhibit the bacterial pathogens such as S. aureus,
E. coli, S. epidermidis, S. pyogenes, P. fluorescens
and S. faecalis (9). In addition, in the recent years,
the imidazoline derivatives have also attracted
researchers for studying inhibiting tumor cells,
Leishmania parasite Aspergillus and Fusarium
fungi (10-12). Studies have shown the antibacterial
effect of imidazole derivatives on pathogens such
as E. faecalis, E. coli and S. aureus (13).

Recently, the effect of tetrahydropyridine
derivatives to inhibit tuberculosis and Aspergillus
niger and C. albicans as well as preventing
parkinson's disease and diabetes have also been
documented (14-16). Antibacterial effect of
tetrahydropyridine derivatives has been proven in-
vitro on pathogens like vancomycin resistant
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E. faecalis and methicillin resistant S. aureus
(17). The potent and broad-spectrum activity of
thiazole, imidazole and tetrahydropyridine
derivatives has generally caused that the
antibacterial test to be amongst the first
experiments carried out by the researchers after
synthesis of such compounds. In this study, we
have evaluated the antibacterial effects of novel
thiazole, imidazole and tetrahydropyridine
compounds, which have recently been
synthesized in Iran, on E. coli organism.

Materials and Methods
Synthesizing compounds

Derivatives of thiazole 6a-d were synthesized
in a three-step process and their chemical
structures were confirmed by single crystal X-
ray diffraction, 1H-NMR, 13C-NMR, IR
spectrometry  and  elemental  analysis.
Afterwards, these derivatives were prepared as
solution in DMSO solvent with concentration
of 8000 pg/ml (3).

3a-g derivatives of imidazole and
tetrahydropyridine were synthesized through a
mono-step process from the malononitrile (10
mmol, 1.7 g) and 2a-g diaminoalkanes (10
mmol) and their chemical structure was
confirmed by 1H-NMR, 13C-NMR, IR
spectrometry  and  elemental  analysis.
Thereafter, these derivatives were prepared as
solution in DMSO solvent with concentration
of 8000 pg/ml (18).

Preparing bacterial suspension

In this research we used a standard strain such
as E. coli (PFTCC 1395) which was obtained
from Iranian Research Organization for Science
and Technology (IROST). Bacteria were
cultured in Mueller-Hinton agar medium in 37
°C for 24 hours. Henceforth in sterile condition
of Mueller-Hinton medium and in logarithmic
growth phase, a concentration of

jmb.tums.ac.ir



Study of Antibacterial effect of ...

0.5 McFarland (1.5 x 108 CFU/ml) was obtained
with spectrophotometer and standard McFarland
tube number 0.5 from each bacterium was
assigned as a stock solution (19).

Determining the minimum inhibitory
concentration (MIC)

The MIC test was done three times in a sterile 96-
well plate by broth microdilution. First 100 ul of
Muller-Hinton broth medium was added to each
well. Then 100 pl of thiazole, imidazole and
tetrahydropyridine derivatives (in control groups,
100 pl of penicillin and gentamycin antibiotics
with concentration of 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. 10 pl of bacterial suspension was added to
each well. For negative control 100 pl of Muller-
Hinton broth, 100 pul DMSO and 10 pl of bacterial
suspension were added to last well in each row. The
result of incubation was read after 24 hour
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 (19).

Determining the growth inhibition zone diameter

First, in  Muller-Hinton agar medium the
superficial bacterial culture was performed with
a swab impregnated to bacterial suspension.
Then, 20 pl of obtained MIC for derivatives and
antibiotics (20 pul DMSO for negative control)
were shed on blank sterile disks and after 24
hour incubation in 37 °C, the growth inhibition
zone diameter was measured with coulisse. The
results of growth inhibition zone diameter have
been provided as average + standard deviation
and for the aim of analyzing data, the SPSS
statistical software (version 22) was used (19).

Results

The results showed that imidazole and
tetrahydropyridine compounds and 6a-c
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derivatives of thiazole don’t have inhibitory
effect on E. coli bacteria. Only the inhibitory
effect of 6d derivative of thiazole was recorded
on E. coli with halo diameter of 16 £ 0.1 mm
and MIC of 125 pg/ml. In antibiogram test, the
most susceptibility of E. coli was measured for
Gentamycin and the least was recorded for
Penicillin with MIC of 2 and 64 pg/ml,
respectively. The results confirmed no inhibitory
effect of DMSO on E. coli which was used as
solvent for derivatives (Table 1).

Table 1. Growth inhibition zone diameter (mm)
and MIC (ug/ml) of thiazole, imidazole
tetrahydropyridine derivatives and antibiotics on
E. coli (PTCC 1395).
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Gentamycin 15=0.1

Penicillin 1702 8

Discussion

In this study four tetrahydropyridine
derivatives lacked any inhibitory effect on the
tested E. coli. Evaluation of antibacterial effects
of tetrahydropyridine derivatives on some
bacterial pathogens by Prachayasittikul et
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al. showed that amongst the tested bacteria such as
E. coli, A. hydrophila, P. aeruginosa, S.
dysenteriae, S. typhi, M. catarrhalis, V. cholera, S.
aureus, S. epidermidis, S. pyogenes and B. subtilis,
only one of the examined derivative had inhibitory
effect on M. catarrhalis and S. pyogenes. In
addition,  this  research indicated  that
tetrahydropyridine derivatives do not have broad-
spectrum activity on different bacteria (20).

Also, in this study three derivatives of
imidazoline didn’t have inhibitory effect on E.
coli, meanwhile some of imidazoline derivatives
had the ability to inhibit gram negative bacteria
like Pseudomonas and E. coli which could be due
to the presence of compounds such as chlorine
(21). One of the reasons for no effect of 3d-f
derivatives is methyl nitroimidazole. The
experiments have proven the potency of this
substance to inhibit Enterobacteriaceae sp. like P.
vulgaris and P. mirabilis and have shown that
this derivative could damage bacteria and can
lead to death by production of free radicals. Such
effect was not seen in 3d-f derivatives (22).

The only inhibitory effect in this research was
related to 6d derivative of thiazole and no
inhibitory effects were seen from 6a-c derivatives
of thiazole. Study of the structure of this compound
shows beside existence of thiazole ring, there are
two major structures; 1) is the thiazolidine ring in
the thiazolidine derivatives which has a broad-
spectrum activities on bacteria such as E. coli and
S. aureus. Here, we also have confirmed its
inhibitory effect on E. coli with MIC of 6.25 - 25
pg/ml (23) and 2) the other major structure is
oxygen linked to thiazole ring (oxothiazole)
amongst 6a-d derivatives which is only present in
6d compound. The inhibitory power of
oxothiazole-containing compounds has also been
proven on E. coli which is in accordance with our
results (24). Bondoc et al. have shown the
inhibitory effect of thiazole derivatives on E. coli
with MIC of 6.25 - 25 pg/ml and possibly due to
existence of chlorine as trichlorophenyl, the
inhibitory potency of these derivatives has been
increased in comparison to 6d derivative in our
research (19).
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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 thiazoles can be used against
quinolone-resistant bacteria or to have
synergistic effects along with quinolone
antibiotics) or inhibiting genes such as fabH
(which has a vital role in fatty acid
metabolism of bacteria) (25, 26).

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 in
accordance to our study. Cheng et al. in 2013
showed the in-vitro potency of thiazole
derivatives to inhibit E. coli bacteria by
measuring MIC (27), Shah et al. (28) and
Bondoc et al. (29) Juspin et al. (30), Sarojini
et al. (31) have all reported the in-vitro
activity of thiazole derivatives on E. coli by
measuring of MIC.

Conclusion

By proving inhibitory potency of novel
thiazole compound on standard strain of E.
coli, the next step is to determine its effect on

multiple drug resistant E. coli bacteria
isolated from various places and patients.
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