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Antibacterial evaluation of 2-(6-Chloro-2-p-tolylquinazolin-4-ylthio) acetonitrile against
pathogenic bacterial isolates with special reference to biofilm formation inhibition and anti-

adherence properties

Abstract:

Background: Evaluating the effectiveness of a specific quinazoline molecule with antibacterial
activity on microorganisms as a potential antibiotic substitution.

Methods: A variety of microorganisms were tested with the designated quinazoline molecule.
Differences within two groups were analyzed using the two-tailed Student's t-test,.

Results: Susceptibility tests revealed that the chemical has stronger antibacterial action against S.
saprophyticus than other isolates, with just a slight effect on E. coli and M. smegmatis. The
bacterial cells were subjected to varying concentrations of a certain molecule, and the results
showed that the inhibition of bacterial adhesion was not consistent. This suggests that the effect of
the molecule on bacterial adhesion is dependent on its concentration. After 24 hours of treatment
with varying chemical doses, all of the periodontal bacterial strains examined showed considerable
inhibition of biofilm formation. It is noticeable that the treatment of the substance at various doses
inhibited the development of the bacterial strains.

Conclusions: According to the findings, the chemical molecule quinazoline could be utilized as an

alternative therapeutic approach for microorganism-caused infections.
Keywords: Quinazoline, Antibacterial, Microorganisms, Biofilm, EGFR
1. Introduction

The use of antibiotics and the management of treatment control and hospital stays are of interest
to healthcare providers. The evolution of antibiotics has served the immune system to eliminate
infection rapidly. Antibiotics attack microorgan'ﬁts through several mechanisms, including
inhibition of bacterial cell wall synthesis, blocking deoxyribonucleic acid (DNA), ribonucleic acid

1

(RNA) and protein synthesis . However, the emergence of bacterial resistance to the existing
medications has caused numerous challenges for humans and healthcare systems 2. Misuse and

overuse of antibiotics and a lack of alternative approaches established by the pharmaceutical




industry for commercial reasons are among the factors contributing to the antibiotic resistance
crisis °. Hence, it is imperative to undertake an estimation of the disease and fatalities linked to
multidrug-resistant bacteria *. However, multidrug-resistant bacteria have prompted scientists to
seek alternative treatment strategies that could be as effective as antibiotics but lacks the
opportunistic resistance of microbes. Although scientists are now battling pathogens' resistance by
manipulating the existing antibiotics, several alternative therapy strategies were designed, that
explores the integration of antimicrobial peptides (AMPs), innovative combinatorial therapies and
nanoparticles (NPs) '

The broad pharmacological profile of quinazolines molecules makes their application in medicine
broadly accepted ©. The molecular compound quinazoline has shown promise as an antibacterial,
antifungal, and antitumor ggent "#. Lapatinib is a highly effective quinazoline derivative that
functions as an inhibitor of epidermal growth factor receptors 1 (ErbB1) and 2 (ErbB2) within the
human cells, demonstrated antimigrobial efficacy by inhibiting Staphylococcus aureus growth and
biofilm formation °. The EGFR (epidermal growth factor receptor) is known to be involved in cell
development, tissue homeostasis, and tumorigenesis. Because of its involvement in many solid
tumors, using molecular compounds that inhibit the EGFR pathway is a strategic way to prevent
tumor growth and spread . Gefitinib, erlotinib, amEfatinib are EGFR tyrosine kinase inhibitors
(TKIs) that demonstrated to be an effective threapy for advanced non-small cell lung cancer with
EGFR-mutant because of their advantages over palliative platinum-based chemotherapy regarding
the rate of response to treatment, the pace of progression, and the quality of life ''. It has been
shown that many EGFR inhibitors, including gefitinib, can block Mycobacterium tuberculosis
from replicating in macrophages, indicating the effectiveness of these drugs during infection '2.
A team of scientific collaborators creatﬁunique quinazoline derivatives agents. These compounds
were evaluated against human cervix cell lines (HELA), human liver cell lines (HEPG2) , and
human breast cell lines (MCF-7)and showed promise of anticancer activity ®. Therefore, in this
investigation, we are interested in evaluating one of the designed compounds generated by our

collaborators and demonstrating its action against bacteria in vitro.
2. Materials and Methods

2.1 Chemistry




According to a documented process, 2-(6-Chloro-2-p-tolylquinazolin-4-ylthio)acetonitrile was
obtained by refluxing 6-chloro-2-p-tolylquinazolin-4(3H)-thione with 2-chloroacetonitrile in

pyridine &,

2.2. Bacterial strains

In this study, a collection of eight microbial strains was utilized, encompassing both Gram positive
and Gram negative bacteria. Bacteria such as Enterococcus faecalis, Salmonella spp., Klebsiella
pneumoniae, Escherichia coli, Staphylococcus aureus, Streptococcus pyogenes, Pseudomonas
aeruginosa, and Staphylococcus saprophyticus were among the strains examined. The different

strains were cultivated in lysogenic broth (LB) medium using ideal conditions of 37°C.

2.3. Agar well diffusion assay for determining antibacterial susceptibility

To perform an initial assessment of the susceptibility of the bacteria under study to the compound,
the bacterial strains were cultivated until they attend the logarithmic growth phase, the optical
density reading at a wavelength of 610 nm (0.D.610) is determined within the range of 0 4 t0 0.6.
This cultivation was carried out using LB (lysogenic broth) medium. As a result, the experimental
bacterial strains were diluted in LB broth to achieve a theoretical optical density at 610 nm of 0.01.
To determine the antibacterial efficacy of the compound, agar well diffusion was utilized". To
summarize, LB agar wells measuring 6 mm in diameter were generated by employing a sterile
syringe tip. The next step was to use the diluted culture to create a bacterial lawn culture on the
agar using a sterilized cotton swab. In a Petri dish, 20 pl of a compound with a concentration of
2mg/ml and dimethyl sulfoxide (DMSQO) were put into three separate wells. Subsequently, the
samples were subjected to aerobic incubation at a temperature of 37°C for a duration of 24 hours.
Measurements were taken in millimeters to determine the diameter of the inhibition zone, which
included the well diameter. By calculating the difference between the molecule's mean inhibition

zone and the DMSO mean inhibition zone, the exact zone of inhibition could be determined..

24. Analysis of MBC and MIC Values
The determination of the Minimum Bactericidal Concentration (MBC) and Minimum Inhibitory

Concentration (MIC) of the chemical was conducted following standard techniques, albeit with




certain changes '

. The chemical concentrations used to determine minimum inhibitory
concentrations (MICs) and minimum bactericidal concentrations (MBCs) on certain bacterial
strains were diluted twice, going from 2 mg/ml to 0.015 mg/ml. To determine the MIC, the
bacterial strains were cultivated until they reached the logarithmic phase, as indicated by an optical
density (0.D.610) range of 0.4 - 0.6. Subsequently, the bacterial cultures were diluted in LB broth
in order to get a theoretical optical density (0.D.610) of 0.01. Consequently, a total of 180ul of
bacterial culture was introduced into the wells of polystyrene sterile flat-bottom 96-well plates.
Wells were supplied in triplicate with 20 pl of the 2-fold dilution of the compound. As a control,
triplicate wells were filled with 20pl of DM SO (5%). Additional aerobic incubation was conducted
on the dishes for a period of 24 hours at a temperature of 37°C. Each well was tested hourly for
the appearance of a pink color after adding 20l of alamar blue (Thermo Fisher, USA) following
a 24-hour incubation period. The determination of the MIC involved identifying the smallest
quantity of the compound that could be detected in a well without inducing a visible alteration in

the color of the alamar blue solution to pink.

In order to determine the MBC of the compound against bacterial strains, a subculture consisting
of 10 pl was incubated aerobically on LB agar for 24 hours at 37°C using wells that did not exhibit
any change in the color of Alamar blue pigment. The MBC of the compound for the organisms
under investigation was determined by ascertaining the minimum concentration at which there was

no observed growth.

2.5. Adherence assay

The previously elucidated method was successfully executed”. In order to conduct this
experiment, a total of 96 wells on a plate were filled with 100ul of bacterial cells that were tested
and had an optical density at 610nm of 0.01. These bacterial cells were cultured in RPMI 1640
medium and were supplemented with 0.165 M morpholinepropanesulphonic acid buffer at a pH
of 7.0. After being exposed to the chemical at a number of different doses (MIC x 0.5, MIC x 1,
and MIC x 2), the bacteria were cultured in an aerobic environment at 37 degrees Celsius for a
period of six hours. Negative controls were untreated bacterial cells in each investigation. As a
result, the medium used for incubation was removed, and the non-adherent bacterial cells that were
present in each well were discarded by rinsing them twice with 200 pl of phosphate-buffered
saline. After loading 100 ul of alamar blue at a concentration of 5% absolute in RPMI 1640




medium, every well was subjected to aerobic incubation at 37 degrees Celsius for a period of six
hours. Consequently, the incubation media was disposed of and bacterial cells that did not adhere
were removed by rinsing them twice with 200 pl PBS. Following the loading of 100ul of alamar
blue at a 5% absolute concentration in RPMI 1640 media, each well was aerobically incubated at
37°C for a duration of 6 hours. The fluorescence indications were investigated using a Synergy
HT microplate reader (BioTek Instruments, WA, USA) with excitation at 555 and emission at 585

nm.

2.6. Biofilm formation

By inoculating bacterial cell suspensions (O.D.610 = 0.01) that were cultivated in RPMI 1640
media was buffered with solution containing 0.165 M Mops at a pH of 7.0, biofilm formation was
accomplished. The suspensions that had been inoculated were exposed to aerobic incubation at
37°C for a period of 6 hours in sterile 96-well plates with flat bottoms '°. After a 6-hour period of
adhesion, the media was carefully extracted without inducing any disturbance to the development
of the biofilm. Following that, various chemical concentrations (MIC x 0.5, MIC x 1, MIC x 2)
were cultured in fresh RPMI 1640 media and subsequently transferred to the designated well. As
a negative control, unprocessed bacterial cells were utilized in each experimental cohort.
Additional aerobic incubation was performed at 37°C for 24 hours on the 96-well plate. The
assessment of the tested compound's effects on biofilm formation was conducted following the

methodology specified .

2.7. Growth Kinetic assay

To depict the kinetic growth plots, which gave a general idea of the survivability of bacteria, we
used the logarithm transformation of the relative population size with respect to time. The
compound’s antimicrobial activity of the was assessed using these plots. O.D.s00 was utilized to
analyze the growth curve throughout sixteen hours of cultivation..

To assess the influence of the compound on the bacterial cells being studied, a volume of 20 pl of
the compound was introduced into 180 pl of the bacterial culture, which exhibited an optical
density of 0.01at a wavelength of 600 nm at varying concentrations (MIC x 0.5, MIC x 1, MIC x
2). The control group was designated as the culture lacking any chemicals. The aerobic incubation
of 96-well plates was performed at a temperature of 37°C. The FLUOstar Omega plate reader,
manufactured by BMG Labtech of Allmendgrun, Ortenberg, Germany, was used to detect




absorbance at a 600 nm wavelength at regular 2-hour intervals. The measurements were replicated
thrice in order to calculate the average value. A plot was generated with the mean absorbance

values plotted against time.

2.8. Statistical analysis

The trials were repeated three times, and each time the mean and standard deviation were obtained.
Graphpad Prism, version 6.0, developed by Graphpad Software Inc., was used to conduct the
statistical analysis. An analysis of variance was carried out using a Student's t-test (two-tailed) to
compare two separate groups. A p-value of less than 0.0001 (**%*) shows that there is a significant

difference between the different groups, meaning that the results are statistically significant.

3. Results

3.1. Antibacterial activity of the compound

To eval the antibacterial effectiveness of the chemical, eight different microbial strains were
treated (Table 1). The results of the susceptibility studies indicate that the compound exhibits
greater antibacterial efficacy against S. saprophyticus in comparison to other isolates.
Additionally, a modest impact was observed against E. coli and M. smegmatis. (Table 1). It was
determined that a zone size greater than 8 millimetres was indicative of the sensitivity of the
bacterial strains to the investigated compound. Bacterial isolates with a zone size greater than 8
millimetres were subjected to various compound concentrations to establish the MIC and MBC.
To ascertain the MBC and MIC, specific bacterial strains were subjected to a predetermined
volume of the compound and subsequently incubated for a period of 24 hours. By examining a
low coneentration of the drug at which the colour of the alamar blue dye remained unaltered, the
MIC was established. The results presented in Table 1 demonstrate a s'ﬁnificant susceptibility of
all bacterial strains to the tested compound. The study found that the bacterial growth was
effectively suppressed, with MBC values ranged from 0.125 to 0.5 mg/ml, and MIC values ranged
from 0.031 to 0.25 mg/ml. The findings were corroborated by the subsequent increase in the zone

of inhibition, which ranged from 12 to 21 mm.

Table 1. Antimycobacterial activity of 2-((6-chloro-2-(p-tolyl)quinazolin-4-yl)thio)acetonitrile

against microbial strains.




Zone of inhibition | MIC MBC
Organism

Mean = SD (mm) | (mg/ml) | (mg/ml)
P.aeruginosa 14+15 0.125 0.5
E. coli 12+1.2 0.25 0.5
K. pneunonae 15+0.75 0.125 0.25
Salmonella 14+ 1 0.125 0.25
S. aureus 20+ 1.5 0.062 0.25
S. saprophyticus | 21 + 1.5 0031 0.125
§. Pyogenes 19+2 0.031 0.25
E. faecalis 18+1 0.062 0.5

3.2. Compound inhibits bacterial adhesion

The impact of the compound on,bacterial adherence was evaluated through an adhesion assay
utilising the alamar blue dye. The bacterial cells exhibited variable inhibition of bacterial
adherence subsequent to exposure to different concentrations of the compound, indicating a
concentration-dependent effect (Fig. 1). The compound under investigation exhibited inhibitory
effects on bacterial adhesion across all bacterial strains. The dggree of inhibition ranged from 25%
to 50%, 47% to 71%, and 59% to 86% at concentrations of MIC x 0.5, MIC x 1, and MIC x 2,
respectively. The group of bacterial known as the control consisted of strains that did not exhibit
any concentration of the compound. The results indicated that the aforementioned compound
exhibited significant efficacy in reducing bacterial adhesion as demonstrated by the conducted

tests, even when administered at concentrations below the inhibitory threshold.

3.3. Compound inhibits bacterial biofilm formation
It is noteworthy that all the periodontal bacterial strains that were subjected to testing exhibited a
substantial reduction in biofilm formation subsequent to exposure to diverse compound

concentrations for a duration of 24 hours. Following a 24-hour period, the test entities exhibited




biofilm formation inhibition against all bacterial strains at concentrations of MIC x 0.5, MIC x 1,

and MIC x 2. The observed inhibition percentages ranged from 22% to 40%, 47% to 63%, and
67% to 85%, respectively (Fig. 2). The control gp consisted of bacterial strains that lacked any
concentration of the compound. Additionally, the inhibition rate of biofilm formation by the
compound was contingent upon both the duration of treatment and the concentration utilised. The
results demonstrated a significant reduction in biofilm formation within the bacterial cells that

were tested as a result of the compound.

3 4. Effect on bacterial growth
A real-time study was conducted to examine the impact of the compound on bacterial growth at
various time intervals. In order to ascertain the growth kinetics, a bacterial culture measuring,l80
pl with an OD610 of 0.01 was subjected to treatment with a compound at concentrations of MIC
x 0.5, MIC x 1, and MIC x 2, using 20 pl of the aforementioned compound. For every two hours.
The bacterial growth rate was recorded, as depicted in Figure 3. The present study indicates that
the application of varying concentrations of the compound resulted in a noticeable inhibition of
bacterial strain proliferation. The growth kinetics analysis demonstrated that the compound
exhibited a bactericidal effect on the tested bacteria in a dose-dependent manner. The data

presented indicates a significant level of antibacterial efficacy of the compound when tested

against various bacterial strains.

4. Discussion

The use of alternative strategies for infection dissemination is critical due to the overuse and
misuse of antimicrobial agents, which leads to drug resistance '®. It has been demonstrated that
several substances, including those based on indole and quinazolines, are efficient for treating
microbial activity . Quinazoline, a compound derived from the benzene and pyrimidine ring
fusion, exhibited a wide array of biological actions. These included effects against bacteria, cancer,

. . . . = W)
hypertension, analgesia, convulsions, malaria, and tuberculosis®**7.

Our collaborators created several new classes of quinazoline derivatives molecular compounds
tested for tumor cells as therapeutic targets and demonstrated promising antitumor activity ®. One

of the newly designed quinazoline derivative molecular compounds that are effective against




tumor cells is being tested in our study to determine its antimicrobial activities. Our findings
indicated that the molecule Iﬁ‘; good antibacterial activity against various microorganisms.
Compounds containing the Quinazoline moiety have been observed to exhibit a wide range of
biological and therapeutic characteristics, including antimicrobial activity. The newly developed
quinazoline molecular compound was evaluated for antibacterial activity and shown to be highly
effective against specific pathogens. Consequently, the chemical might be utilized as an alternate
therapeutic protocol for microbial infection. The viability of using the compound as an
antimicrobial agent was confirmed by a number of study methods, as detailed in the result section.
The formation of biofilms and adhesion both increase bacterial virulence *°. Attachment (or
adhesion) is the initial stage of bacterial infection, promotingolonization and host cell invasion .
Anti-adhesion treatment is thus required to prevent the adhesion step and host cell attachment.
Bacteria engage in the formation of biofilms as a means to enhance their survival stratigies.
Biofilms are clusters of bacteria embedded in a self-produced matrix composed of numerous
elements such as proteins, DNA, and polysaccharides that are linked to a surface and/or each other
31 According to the findings, the Quinazoline derivative molecule prevented the adhesion and
biofilm formation of the tested microorganisms, demonstrating its efficiency as an antimicrobial
agent. Additionally, the molecule is an effective inﬂbitor of microbial growth.

Cancer research has dominated studies involving the epidermal growth factor receptor (EGFR).
Epidermal growth factor receptor tyrosine kinase (EGFR-TK) is involved in the regulation of cell
development, proliferation, and death, among other cellular processes, in vivo. Overexpression of
EGFR-TK may result in uncontrolled cell growth and malignant cell proliferation. As a result,
blocking EGFR-TK slows tumor development and proliferation 32. Targeting EGFR has become a
popular research subject, and many generations of quinazoline-based EGFR kinase inhibitors have
been developed, including erlotinib and lapatinib >*. EGFR'szole in bacterial infection has been
demonstrated in several studies. Infections caused by Haemophilus influenza, Klebsiella
pneumonia, Neisseria gonorrhoeae, Pseudomonas aeruginosa, and Helicobacter pylori falls into
this category >*. The molecules developed, namely 4-substituted 6-chloro-2-p-tolylquinazolin,
possess a pharmacophore of 4-substituted quinazoline that bears structural similarity to Erlotinib

and Lapatinib ®. As a result, the compound may target microbial growth via EGFR.




It has been proven that the unique quinazoline molecule, as indicated above, is effective as an
anticancer therapeutic. Our research showed that the compound is also effective as an
antimicrobial therapeutic. The current study indicates using the chemical molecule quinazoline as
an alternative therapeutic strategy for treating infectious diseases caused by microorganisms. Even
though the molecule's efficiency as an alternative to antibiotics has been demonstrated, further
research is still required to understand the molecule's function against infection better. However,

the current work provides the basis for future research.
5. Conclusion

The study's findings revealed that 2-((6-chloro-2-(p-tolyl)quinazolin-4-yl)thio) acetonitrile
exhibited a growth inhibitory effect on pathogenic bacterial strains in a dose-dependent manner,
thereby decreasing their pathogenic potential. The results of this study suggest that 2-((6-chloro-
2-(p-tolyl)quinazolin-4-yl)thio)acetonitrile exhibits potential as a appropriate contender for the
advancement and establishment of effective therapeutics against infections caused by these
pathogenic Bicroorganisms, thereby warranting further investigation into its potential as a drug
candidate. It is imperative to assess the potential deleterious effects, pharmacokinetic
characteristics, and associated adverse reactions. The result of this study indicate that 2-((6-chloro-
2-(p-tolyl)quinazolin-4-yl)thio)acetonitrile exhibits promising antibacterial properties, making it a

viable candidate for incorporation into pharmaceutical formulations.
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Figure legend

Figure 1: The inhibition of the microorganism adhesion by 2-((6-chloro-2-(p-tolyl)quinazolin-
4-yl)thio)acetonitrile. The study employed the Alamar Blue-based polystyrene adhesion assay
to assess the impact of 2-((6-chloro-2-(p-tolyl)quinazolin-4-yl)thio)acetonitrile on the adherence
of different microorganisms. The bacterial strains that were subjected to experimentation were
exposed to three different concentrations of the drug, namely MIC x 0.5, MIC x 1, and MIC x 2,
for a duration of 6 hours at a temperature of 37 °C. All untreated bacterial isolates are
represented by control bars, which represent 0% inhibition. The results of three distinct
experiments are presented with means + SD***p < 0.0001

Figure 2: The reduction of biofilm formation by 2-((6-chloro-2-(p-tolyl)quinazolin-4-
yl)thio)acetonitrile. Under biofilm growth conditions, microorganisms were incubated for 24
hours with 2-((6-chloro-2- (p-tolyl)quinazolin-4-yl)thio)acetonitrile at MIC x 0.5, MIC x 1, and
MIC x 2 values. All untreated bacterial isolates are represented by control bars, which represent
0% inhibition. The results of three distinct experiments are presented with means + SD*#%p <
0.0001.

Figure 3: The impact of bacterial growth kinetics by 2-((6-chloro-2-(p-tolyl)quinazolin-4-
yl)thio)acetonitrile. Different concentrations of the chemical (MIC x 0.5, MIC x 1, and MIC x
2) were applied to various strains. The strains are as follows: (A) Pseudomonas aeruginosa (B)
Escherichia coli (C) Klebsiella pneumoniae (D) Salmonella (E) Staphylococcus aureus (F)




Staphylococcus saprophyticus (G) Streptococcus pyogenes (H) Enterococcus faecalis. The

growth cycle of organisms that were not subjected to any treatment was utilized as a control for
growth. The absorbance at a wavelength of 610 nm was measured at consistent time intervals of
2 hours. The results of three distinct experiments are presented with means + SD***p <0.0001.
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