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Abstract: Background: Resistance to antimicrobial agents is a major public health problem, being
Staphylococcus aureus prevalent in infections in hospital and community environments and, admittedly,
related to biofilm formation in biotic and abiotic surfaces. Biofilms form a complex and structured
community of microorganisms surrounded by an extracellular matrix adhering to each other and to a
surface that gives them even more protection from and resistance against the action of antimicrobial
agents, as well as against host defenses.

Methods: Aiming to control and solve these problems, our study sought to evaluate the action of 1,2,3-

ARTICLE HISTORY  triazoles against a Staphylococcus aureus isolate in planktonic and in the biofilm form, evaluating the

activity of this triazole through Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal
Concentration (MBC) tests. We have also performed cytotoxic evaluation and Scanning Electron Mi-
croscopy (SEM) of the biofilms under the treatment of the compound. The 1,2,3-triazole DAN 49
DOI: showed bacteriostatic and bactericidal activity (MIC and MBC 128 pg/mL). In addition, its presence
10.2174/1568026620666200710104737  interfered with the biofilm formation stage (1/2 MIC, p <0.000001) and demonstrated an effect on
young preformed biofilm (2 MICs, p <0.05).
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Results: Scanning Electron Microscopy images showed a reduction in the cell population and the ap-
pearance of deformations on the surface of some bacteria in the biofilm under treatment with the com-
pound.

Conclusion: Therefore, it was possible to conclude the promising anti-biofilm potential of 1,2,3-triazole,
demonstrating the importance of the synthesis of new compounds with biological activity.
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1. INTRODUCTION the leading species Staphylococcus aureus and Staphylococ-

. . . . . cus epidermidis are prevalent in infections in hospital and
Resistance to antimicrobial agents is one of the major P p p

public health challenges of our time [1]. Staphylococci, with
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community settings and admittedly biofilm-forming agents
(2].

Biofilms form a complex and structured community of
microorganisms surrounded by an extracellular matrix of
polysaccharides adhering to each other and to a surface [3].
Heiby, Costerton and their collaborators were the first to
suspect a direct correlation between persistent infections and
the development of biofilms, with Pseudomonas aeruginosa
being the cause of chronic lung infection in patients with
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cystic fibrosis (CF) [4, 5]. A case report in 1982 presented
the first evidence of involvement of biofilms in device-
related infection by an electron microscopic study of a
pacemaker electrode in a patient with recurrent infection of
the bloodstream by Staphylococcus aureus (BSI) [6]. Over
the last decades, many types of human infection have been
found to progress with the involvement of biofilms or origi-
nate from biofilm-associated primary infections [7, 8].

These trends have emphasized the pressing need for new,
more effective and safe antibacterial agents, especially those
with novel mechanisms of action [9]. At present, the role of
heterocyclic compounds has become increasingly important
in the planning of new classes of structural molecules for
biological activity [10]. Among the heterocycles, 1,2,3-
triazoles and their derivatives have attracted considerable
attention because of their interesting biological activities.
The triazole ring is an important pharmacophoric group
found in first-choice drugs used to treat mycoses. They have
antiviral, antitumorigenic [11-13], analgesic [14-16], anti-
inflammatory [17], antimalarial [18], antituberculosis [19],
antidepressant, and anticonvulsant [20] properties.

Therefore, this study aims to investigate the antibacterial
and antibiofilm properties of three 1,2,3-triazole derivatives
against an S. aureus clinical isolate strain.

2. MATERIAL AND METHODS
2.1. Biological Assays
2.1.1. Bacterial Strain

S. aureus (HU25) clinical isolate used in this study was
described as a methicillin-resistant S. aureus (MRSA). Iso-
lated from the Hospital Universitario Clementino Fraga
Filho (HUCFF), it has been described in the literature as a
carrier of mecA gene and susceptible to vancomycin [21].

2.1.2. 1,2,3-Triazole Derivatives

In this work, two compounds (Fig. 1) were found promis-
ing in the preliminary antibacterial study from the DAN se-
ries, viz., DAN 06 (1H-1,2,3-triazole) and DAN 49 (2H-
1,2,3-triazole) that were synthesized in the Applied Organic
Synthesis Laboratory of the Universidade Federal Flu-

minense [22].
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2-(4-chlorophenyl)-2H-
1,2,3-triazole-4-
carbaldehyde

(E)-1-phenyl-4-((2-
phenylhydrazineylidene)methyl)-1H-
1,2,3-triazole

Fig. (1). Molecular structure of selected 1,2,3-triazole derivatives.
(A higher resolution / colour version of this figure is available in
the electronic copy of the article).
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2.2. Minimum Inhibitory Concentration (MIC) and
Minimum Bactericidal Concentration (MBC)

Derived triazoles were diluted in a 96-well microplate
(KASVI) with 100 pL of growth medium in geometrically
decreasing concentrations (512 pg/mL to 4 pg/mL). Then,
100 pL of bacterial suspension (0.5 McFarland) in saline was
added to each well. The concentration of DMSO used in this
system was 2.5 %, which had no effect on bacterial growth.
Vancomycin was used as positive control against the Gram-
positive strain. After 24 hours of incubation at 37 °C, the
result of the Resazurin dye was analyzed. Experiments were
performed in triplicate and MIC was the lowest concentra-
tion of the substance that prevented visible bacterial growth
(pink indicates bacterial growth and blue represents the ab-
sence of growth) [23]. TSA media incubation plates divided
into nine fields, received 10 pL of the respective dilution in
each field, following incubation at 37 °C/24 h. After this
interval, the smallest concentration able to eliminate 99.9 %
of the inoculum (MBC) was defined, the field in which there
was no bacterial growth.

2.2.1. Microtiter Dish Biofilm Formation Assay

In order to study the early stages in biofilm formation as
well as their mature form, microtiter dish assays were per-
formed. Staphylococcus aureus HU25 was inoculated into
Brain Heart Infusion (BHI) medium supplemented with 1 %
glucose and incubated in a shaker (250 rpm) at 37 °C for 20
h. The bacterial culture was then diluted (1:100) in the same
medium containing sub-minimal concentrations (1/2xMIC,
1/4xMIC and 1/8xMIC) of the different derivatives. A vol-
ume of 200 pL of this mixture was added to each well of a
96-well inert polystyrene microtiter plate (Nunc; Nunclon).
After incubation at 37 °C for 24 h, the supernatants were
removed and the biofilms were rinsed once with ultrapure
water. The microplate was dried and fixed at 65 °C for 1 h.
Finally, the biofilms were stained with crystal violet solution
(1 %), washed with water, and read at 570 nm using the
BMG FLUOstar® OPTIMA. Vancomycin (1/2xMIC,
1/4xMIC and 1/8xMIC) was also used for comparative pur-
poses and 2.5 % DMSO was used as a negative control.

The influence of active derivatives on preformed biofilms
was initially analyzed against biofilm formation by S. aureus
HU25, as described above, without the derivatives. After 6 h
(young biofilm) and 24 h (mature biofilm) of incubation, the
medium was carefully removed and 1/2 - 2xMIC of the de-
rivatives were added to each well of the microtiter plate.
After 24 h of incubation, the assay was analyzed as de-
scribed above. All experiments were performed in triplicates.

2.2.2. Analysis of the Cytotoxic Effect

3T3 cells were cultured in RPMI medium with 10% Fetal
Bovine Serum in a stove at 37 °C with 5 % CO,. The cells
were seeded in a 96-well plate, 3x10 4 cells / ml and after 24
h, they were treated with the compounds dissolved in RPMI
medium with 1 % DMSO. Plates were incubated in the oven
at 37 °C with 5% CO,. After 24 hours of treatment, the me-
dium was withdrawn and the MTT solution added and the
plate was kept in the oven for 4 hours, after which, the MTT
solution was withdrawn and the formazan crystals were dis-
solved with DMSO. Cells treated with vehicle alone were
considered for 100 % cell viability.
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2.2.3. Scanning Electron Microscopy (SEM)

Scanning electron microscopy (SEM) was used to com-
paratively illustrate the biofilms formed on the glass cover-
slips by HU25 with and without the influence of the triazole
C (DAN 49). The coverslips were previously placed in 24-
well plates with 2 mL of BHI broth supplemented with 5 %
sucrose and inoculated with 0.1 mL of the bacterial suspen-
sion (1.5 x 10® CFU/mL). The samples were incubated at 37
°C / 48 h, and the medium was changed after 24 h. After this
period, the disks were fixed for 1 h in 2.0 % glutaraldehyde
and dehydrated in several washes with ethanol (10, 25, 50,
75 and 90 % for 20 minutes and absolute alcohol for 1 h).
The samples were dried for 24 hours at 37 °C and subse-
quently were coated with gold in a low-pressure atmosphere
with an ion spray coating [24]. The surface topographies of
the biofilms were visualized in a scanning electron micro-
scope (Carl Zeiss® Evo MA 15).

2.2.4. Statistical Analysis

The experiments were independently performed in tripli-
cate, and the results are shown as mean + SD. Statistical sig-
nificance was determined by unpaired t-test using the
GraphPad software (GraphPad Prism 8.0.2). P values <0.05
were of statistical significance.

3. RESULTS AND DISCUSSION

The S aureus HU25 clinical isolate was classified as a
strong biofilm former. The search for new alternatives for

A,

SR ——

Biofilm formed (OD560nm)

LY HLLo
Sy §88 &
NN
C.
0.8

Biofilm formed (ODS60nm)

Biofilm formed (OD560nm)

Current Topics in Medicinal Chemistry, 2020, Vol. 20, No. 00 3

the treatment of infections caused by biofilm-forming bacte-
ria is a major challenge, with actions aimed at prevention,
destabilization of the polymeric matrix, weakening of the
bacterial communication system (quorum detection) or even
the death of the microbial community [25]. The use of new
synthetic compounds has been an alternative for the control
of infections caused by biofilm-producing strains. Based on
recent publications, some triazoles and their derivatives have
exhibited a wide range of biological activities [26-28]. Stud-
ies on the 1,2,3-triazoles have shown that hydrogen bonds
and dipole interactions of the triazole nucleus may favor
their bond for biomolecular targets and improve their solu-
bility [29]. The triazole DAN 06 presented MIC and MBC
>512 pg/mL, while DAN 49 presented bacteriostatic and
bactericidal activity (MIC and MBC 128 pg/mL) for the S.
aureus HU25 clinical strain. After the screening phase, the
derivative that obtained activity in the MIC assay was inves-
tigated for its effect against biofilm formation in subinhibi-
tory concentrations (MIC from 1/8 to 1/2) after 24 hours of
incubation. The compound DAN 49 presented an inhibitory
effect over the initial processes of the biofilm formation by
HU25 at 1/2 MIC (p value <0.000001) in comparison to
vancomycin activity and the negative control (Fig. 2A). Re-
sults observed in (Fig. 2A) show that there was a significant
reduction in the production of biofilm after treatment with
the synthetic 1,2,3-triazole derivative DAN 49. The tested
substances (DAN 49 and vancomycin) were able to reduce
the production of S aureus HU25 biofilm in the concentra-

1.5+
Hm DAN 49

B Vancomycin
W% WNcgative control

* pvalue < 0,05

HE DAN 49
mm Vancomycin
w% Negative control

Fig. (2). Graphics of HU25 biofilm formation, young and mature biofilm under the influence of 1,2,3-triazole DAN 49. A). Effect of the
triazole derivative 1,2,3-triazole DAN 49 against the initial biofilm formation process by Staphylococcus aureus HU25. The vertical columns
and bars represent the mean + SD, *p <0.05. B) Effects of the 1,2,3-triazole DAN 49 against young preformed biofilm by Staphylococcus
aureus HU25. C) Effects of the 1,2,3-triazole DAN 49 against the HU25 mature preformed biofilm. (4 higher resolution / colour version of

this figure is available in the electronic copy of the article).
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A.

Sample % of viable cells
concentration

(ug/mL)
1125 51,90
1250 31,69
1500 30,66
11000 65,46
12500 62,25
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Fig. (3). Cytotoxic effect of triazole C against 3T3 Cells. (4 higher resolution / colour version of this figure is available in the electronic copy

of the article).
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Fig. (4). SEM analysis of the S. aureus Biofilm. A and B) Biofilm formed by HU25 without the presence of 1,2,3-triazole DAN 49. Mag =
20.00 KX; and Mag = 15.00 KX, respectively. B and C) Biofilm formed by HU2S in the presence of 1,2,3-triazole DAN 49, detailing the
presence of bacterial cells with deformed structure (white arrow) and the appearance of isolated cells (dotted arrow), when compared to the
normal biofilm formed by HU25. Mag =20.00 KV; and Mag = 10.00 KV, respectively. (4 higher resolution / colour version of this figure is

available in the electronic copy of the article).

tion of 1/2 MIC (Fig. 2A). Vancomycin, despite demonstrat-
ing a significant anti-biofilm action in the early stages of
biofilm formation, is potentially nephrotoxic, often prolong-
ing hospitalization, and in some circumstances, dialysis
treatment thereby increasing medical costs and mortality
[30]. The activity of DAN 49 derivative against the pre-
formed young and mature HU25 biofilm was tested using

higher concentrations (1/2 MIC to 2 MIC). At a concentra-
tion of 2 MICs, the substance has shown to significantly re-
duce (p-value <0.05) the preformed young biofilm (Fig. 2B).
However, in a more advanced stage of the biofilm formation
(24 hours of incubation), the substance did not show a sig-
nificant reduction comparing to the controls (p-value >0.05)
(Fig. 2C).
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Cytotoxicity tests performed with 3T3 cells revealed that,
even at the concentration of 2,500 pug/mL of C, 62.25 % of
the cells remained viable (Fig. 3). This concentration was
approximately 19 times the concentration that inhibited bac-
terial growth, demonstrating that in MIC concentrations, the
substance has no cytotoxic effect and can be considered a
safe substance to be used as an antimicrobial agent to treat
humans.

To access the biological activity of these substances, we
also performed Scanning Electron Microscopy. The images
show a dense and uniform cell mass for HU25 biofilm under
normal conditions (without the influence of 1,2,3-triazole
DAN 49) (Figs. 4A and 4B). There was, apparently, an inter-
ference in the biofilm production in the presence of the
tested 1,2,3-triazole DAN 49 (Figs. 4C and 4D). In (Fig.
4C), a process of destabilizing the formation of biofilm by
strain HU25 under influence of the 1,2,3-triazole DAN 49
has been seen. The cells, which were previously clustered in
groups of bacteria were now dispersed. We also observed a
reduction in the population of bacterial cells when compared
to the biofilm formed without the presence of the 1,2,3-
triazole. This suggests that 1,2,3-triazole DAN 49 may act in
the mechanism of bacterial adhesion. In addition, (Fig. 4C)
demonstrates the presence of deformations on the surface of
the bacterial cell (white arrow), which may indicate that tria-
zole has caused damage to the bacterial cell wall during the
treatment. Isolated cells were also observed (Fig. 4D), sug-
gesting a disintegration of the biofilm caused by 1,2,3-
triazole DAN 49 (dotted arrow).

S. aureus resistance has been increasing in both hospital
and community infections, especially among MRSA strains.
The ability to form biofilm can cause even more serious
complications, involving endocarditis, toxic shock syndrome
and pneumonia [31-33]. Our results with the 1,2,3-triazole
DAN 49 are a promising alternative to be explored as a
treatment against the life-threatening Methicillin-resistant S.
aureus strains.

CONCLUSION

The triazole derivative C demonstrated important bio-
logical activity against S. aureus HU2S5, with bacteriostatic
and bactericidal activities in the MIC and MBC tests. In ad-
dition, it was able to inhibit bacterial growth and reduce the
biofilm production of this deadly S. aureus-multiresistant-
clinical isolate, as seen in SEM images. These results sug-
gest that 1,2,3-triazole DAN 49 may be effective against
both forms of the bacteria, even interfering with the adhesion
phase of the biofilm.
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