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Abstract. The thiosemicarbazones and thiazoles are known for their versatility of biological activities, among which we
can mention: antioxidant, antimicrobial, anticancer activity and the ability to interact with biological macromolecules, HSA
and DNA. This study presented two series of molecules 4-(3-(4-nitrophenyl)-4-phenylthiazol-2(3H)-ylidene)-hydrazine)-
methyl)-phenol and 4-(3-(4-chlorophenyl)-4 -phenylthiazol-2(3H)-ylidene)-hydrazine)-methyl)-phenol with biological
potential against different microorganisms. The in silico ADME profile showed that thiosemicarbazones and thiazoles
have good oral bioavailability. The cytotoxicity results in J774 macrophages cells showed that the compounds showed
toxicity ranging from 49.15 to 61.28 uM for thiosemicarbazones and from 10.75 to 39.76 uM for thiazoles. Finally, all
thiosemicarbazones and thiazoles synthesized were also able to inhibit microbial growth. In yeasts of the genus
Candidas sp. we obtained close results ranging from 12.5 to 50 pg/mL. This study demonstrates that the compounds
assessed have the potential to be antimicrobial agents in vitro.
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Introduction because it threatens public health, this characteristic

In the last decades, the difficulty in the treatment  in  microorganisms has been driven by the
of microbial infections has increased, due to the inappropriate use of antimicrobial drugs over the
emergence of resistance to several classes of Years, which are used in human and animal health
antimicrobial compounds (Vila-Costa.2021; Wang et  (Wang. 2020). According to Vila-Costa et al. (2021)
al. 2020). Microbial resistance becomes a problem microbial resistance may be linked to several
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mechanisms developed by these organisms, such
as: gene transfers from one cell to another;
degradation of the chemical structure aided by
specific enzymes produced by the cell; and
activation of membrane efflux pumps.

The World Health Organization (WHO) advocates
the importance of surveillance as an essential part of
developing alternatives that can combat resistant
strains, since these microorganisms are a unique
problem, leading to thousands of deaths a year
(Murray et al. 2022). The WHO has identified certain
microorganisms as a priority for research and
development (R&D) of new therapies alternatives,
among which are Acinetobacter baumannii and
Pseudomonasaeruginosa. These bacteria represent
a high incidence of microbial resistance, which has
been worrying many researchers, since few drugs
are able to combat them and new effective drugs are
not emerging (Coates et al. 2020). Based on these
data, there is a need for R&D of new drugs with
antimicrobial activities.

The discovery of new drugs goes through several
stages, among which the planning and synthesis are
at the beginning of the process and pre-clinical in
vitro studies corroborate its effectiveness (Leigh et
al.2011). The thiosemicarbazones are a group of
molecules that have different biological activities and
that are used as prototypes for new drugs in
medicinal chemistry. The groups found in
thiosemicarbazones structures (OH, NH, and CN)
contribute to stabilizing polar interactions formed
between inhibitors and amino acid residues in the
access channel of biological enzymes (Leigh et
al.2011).

Sibuh et al. (2021) highlight that, due to their
privileged structure, thiosemicarbazones present
good availability of binding modes, excellent
complexation and variety of coordination modes with
deoxyribonucleic acid (DNA), proving to be a target
of interest for new thiosemicarbazones prototypes.
This class of molecules has been widely reported to
perform several biological activities, such as:
Antimicrobial, antioxidant, antiparasitic, anticancer
(Sibuh et al. 2021; Eglence-Bakir et al. 2021; Silva
et al. 2021; Ahmed et al. 2021).

Although thiosemicarbazones have great
potential for biological activities, they are also used
as reactive intermediates for the formation of
heterocyclic  rings such as: thiazolidines,
thiazolidionones and thiazoles (Mishra et al. 2015).
Heterocyclic compounds play a crucial role in
biological systems, in addition to being present in a
wide variety of drug candidates such as antibiotic,
antitumor, anti-inflammatory, antiviral, antimicrobial,
antifungal and antidiabetic characteristics (Kaur
Manjal et al 2017).

Babu et al. (2019) understand that the
heterocyclic azole compounds are important
chemical constructs for the development and
improvement of bioactive compounds, highlighting
the thiazole nucleus as an important component of
drugs used in the clinic that perform a wide
versatility of biological assignments. Thiazole is a
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molecular nucleus metabolized by routine
biochemical reactions, without  carcinogenic
properties, and is capable of performing various
biological activities as evidenced by its presence in
many biologically active compounds (El-Achkar et al.
2015).

This nucleus has several biological activities
described in the literature such as: antimicrobial,
anti-inflammatory, antioxidant, anticancer (Sultan et
al. 2017; Nastasa et al. 2015; Pund et al. 2022;
Oliveira et al. 2021). Thiazole compounds derived
from thiosemicarbazones contain Schiff bases (-
C=N) in their structure, which are found in numerous
bioactive compounds due to their physiological and
pharmacological properties, in these compounds the
group corroborates with performance in biological
activities such as antibacterial and antifungal (Ayati
et al. 2015).

Based on these observations, the present study
aimed to demonstrate the potential of the new
derivatives 4-(3-(4-nitrophenyl)-4-phenylthiazol-
2(3H)-ylidene)-hydrazine)-methyl)-phenol and 4-(3-
(4-chlorophenyl)-4-phenylthiazol-2(3H)-ylidene)-
hydrazine)-methyl)-phenol as drug candidates. To
achieve this, the pharmacokinetic properties in silico
(ADME) were investigated. Furthermore, the
compounds underwent various in vitro studies,
including cytotoxicity testing against a macrophage
lineage and assessment of antimicrobial activity.

Material and Methods
Reagents

Reagents and solvents obtained commercially
from Sigma-Aldrich, Fluxa, Vetec and Merck were
used as listed below: ascorbic acid (CAS 50-81-7),
dimethylsulfoxide (DMSO; CAS 67-68-5), MTT (CAS
298-93-1), Griess reagent, resazurin (CAS 62758-
13-8). In addition to these, the following
antimicrobials were used: gentamicin (Medley),
Oxacillin (Medley) Ampicillin+Sulbactam
(Novafarma). Mueller Hinton Culture Media (Kasvi)
and Medium Rpmi 1640 Medium (CBasalab).

General procedure for the synthesis of
thiosemicarbazones and thiazoles compounds

The proposals were provided and a synthesis
carried out at the Laboratory of Chemistry and
Therapeutic Innovation of the Federal University of
Pernambuco, Recife, Pernambuco, Brazil. The
proposals were synthesized in three stages,
following the methodology of Oliveira et al. (2015),
with modifications. Initially, thiosemicarbazides were
obtained through the nucleophilic addition of
hydrazine with substituted isothiocyanates. For this,
equimolar amounts of hydrazine hydrate (1 mmol)
were slowly added in solution with equimolar
amounts of isothiocyanate (1 mmol) and 20 mL of
dichloromethane. The reaction was refluxed for 2 h
at room temperature (30 = 5 °C). The product was
filtered, washed with dichloromethane and dried in a
vacuum desiccator.

Thiosemicarbazones
hydroxy-benzaldehyde

in the presence of 4-
condense to form
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thiosemicarbazones. The reaction was carried out in
1 mmol equimolar amounts of thiosemicarbazides by
reacting with 1 mmol of 4-hydroxy-benzaldehyde in
absolute ethanol (10 mL) using a catalytic amount of
acetic acid (0.75 mL). The reaction was run for 3 h
at room temperature (30 + 5 °C), followed by thin
layer chromatography. The thiosemicarbazones
were cyclized in the presence of acetophenones
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with different substitutions, to obtain the thiazoles
(Oliveira Filho et al. 2017). Figure 1 shows
thiosemicarbazones 3 and 4. Figure 2 shows the
structures of the different thiazoles starting from
intermediates 3 and 4 respectively.
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Figure 1. Synthesis of hydroxylated thiosemicarbazones.
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compouds R. R:
5 nitrophenyl phenyl
6 nitrophenyl nitrophenyl
7 nitrophenyl chlorophenyl
8 nitrophenyl bromophenyl
9 nitrophenyl fluorophmyl
10 chlorophenyl phenyl
11 chlarophenyl  mitrophenyl
12 chlorophenyl chlorophenyl
13 chlorophenyll bromophrnyl
14 chlorophenyl fluorophrnyl

Figure 2. Structures of thiazoles and their substituents
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In_silico evaluation of theoretical pharmacokinetic
and toxicological parameters: absorption,
distribution, metabolism and excretion (ADME)

ADME profiles were predicted in order to assess
whether the synthesized compounds have good oral
availability (Veber et al. 2002; Lipinski et al. 1997).
For the analysis of these profiles, SwissADME
(http://www.swissadme.ch/) and pkCSM
(http://biosig.unimelb.edu.au/pkcsm/prediction)
(Daina et al. 2017; Pires et al. 2015) software were
used for free. The evaluation parameters were: (1)
Total polar surface area (TPSA); (2) LogP; (3)
Molecular weight; (4) Number of hydrogen bond
acceptors; (5) Number of hydrogen bond donors; (6)
permeability in Caco2; (7) Rotatable links; (8)
Volume of distribution (VDss); (9) Lipophilicity
expressed as log P (C logP) calculations; (10)
intestinal absorption; (11) Solubility in aqueous
media (LogS); (12) Total clearance or clearance (a
measure of the organism's ability to eliminate a
drug) and (13) unconsolidated fraction.

Cytotoxicity assays on J774 macrophage cells. and
production of nitric oxide

The toxicity tests were carried out according to
the methodology proposed by Leite et al. (2019) with
modifications. Initially, the compounds were
dissolved in with dimethylsulfoxide (DMSO) to obtain
a concentration of 1000 pug/mL. Then, they were
diluted at the following concentrations: 6.25, 12.5,
25, 50 and 100 ug/mL. Dilutions were performed in
RPMI culture medium in order to obtain a DMSO
concentration of less than 1%. Finally, all solutions
were filtered through 0.22 ym membranes.

The cytotoxicity assay in mammalian cells was
evaluated using the MTT 3-(4,5-dimethylthiazol-2yl)-
2,5-diphenyl tetrazoline bromide assay, which is
based on the reduction of yellow tetrazolium salts by
mitochondrial reductases. of metabolically active
cells. Cells grown in RPMI culture medium were
seeded in a 96-well plate (1x10° cells/well)
containing different concentrations (6.25, 12.5, 25,
50 and 100 pg/mL) of the compounds. These were
incubated at 37 °C in 5% CO: for 48 h.

To read the absorbances, the formazan crystals
(formed during the tests) were solubilized in DMSO
and then the plates were analyzed with a plate
reader, Benchmark Plus (Bio-Rad, California, USA)
at a wavelength of 490 nm. The concentration
capable of causing 50% loss of cell viability (ICso)
was determined by non-linear regression analysis of
data obtained by SPSS 8.0 software for Windows
and converted to micromolar concentration (UM)
according to the molecular weight of each
compound. Each experiment was performed in
technical triplicate and biological duplicate.

During cultivation, the production of nitric oxide
was evaluated. The supernatant of the control
cultures (untreated) and treated with the compounds
in the test concentrations (6.25 to 100 pug/mL) were
analyzed using the Griess reagent method. 100 uL
of J774 macrophage culture supernatant was used.
Al and incubated with 100 pL of Griess reagent at
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room temperature for 10 min. Absorbance was
determined using a length of 540 nm in a
Benchmark Plus reader (Bio-Rad, California, USA).

In__vitro antimicrobial activity promoted by
thiosemicarbazones and thiazoles
Tested compounds and antimicrobials

For the evaluation of the antimicrobial activity, the
12 synthesized compounds were tested and these
were divided into two series. Series | consist of
compound number 3 (thiosemicarbazone) and its
derivatives 5 to 9 (thiazoles). Series Il was formed
by compound number 4 (thiosemicarbazone) and its
derivatives 10 to 14 (thiazoles). The tests were
carried out according to a methodology adapted
from Althagafi et al. (2019) and Prajapati et al.
(2019) with modifications. Initially, solutions were
prepared with the compounds in a concentration of
1000 pg/mL using dimethylsulfoxide (DMSO) at 5%
(v/iv) as solvent. The solutions were diluted in
different concentrations that varied from 150 to 0.58
pg/mL for bacterial strains and from 100 to 0.39
pg/mL for yeasts.

The experimental standards wused (positive
control) were: the antibiotics Gentamicin, Oxacillin
(diluted in sterile water) and Ampicillin+Sulbactam
(diluted in phosphate buffer (0.1M, pH, 7.4) defined
according to the species. the antifungal fluconazole
(diluted in sterilized water) these were filtered
through 0.22 um filters. The results for these
antimicrobials were expressed in ug/mL and in uM.
The results obtained were compared with the
defined breakpoints for defined resistance,
intermediate resistance and sensitivity by the
Clinical Laboratories Standard Institute (CLSI),
document M100 (2017) for bacteria and M60 (2018)
for yeast.

Microorganisms and standardization of the inoculum

The microorganisms used in this study were
obtained from the Collection and Culture of
Microorganisms, from the Antibiotics Department of
the Federal University of Pernambuco (UFPEDA).
The bacterial strains used were: Staphylococcus
aureus UFPEDA-02, Enterococcus faecalis
UFPEDA-138, Pseudomonas aeruginosa UFPEDA-
416 and Candida albicans yeast strain UFPEDA-
1007. In addition to these strains, clinical isolates of
bacteria identified as Enterococcus faecalis
UFPEDA-69, Pseudomonas aeruginosa UFPEDA-
261, Staphylococcus aureus  UFPEDA-709,
Acinetobacter baumannii UFPEDA-1024 and yeast
strains also isolated from clinical samples were
included: Candida guilliermondii UFPEDA-6390 and
Candida glabrata UFPEDA-6393.

Standardization of the inoculum for both bacteria
and yeast were performed following the CLSI
recommendations (CLSI 2018: CLSI 2017). Isolated
colonies were inoculated into Mueller Hinton broth to
achieve turbidity equivalent to Mc Farland's 0.5
scale (1.5 x 108 colony forming units/mL - CFU/mL).
Then, the bacterial suspensions were diluted in
saline solution to obtain the final inoculum (1.5 x 107
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CFU/mL). As for the inoculum for yeasts, isolated
colonies were inoculated in sterile saline solution
until turbidity equivalent to 0.5 of the Mc Farland
scale (1.0 x 106 to 5.0 x 106 CFU/mL).

Determination  of the  minimum inhibitory
concentration (MIC) and minimum bactericidal or
fungicidal concentration (MBC/CFM)

The MIC of the synthesized compounds, as well
as of Gentamicin, Oxacillin and
Ampicillin+Sulbactam, against the bacteria, was
determined using the microdilution technique in
Mueller Hinton broth, using 96-well plates, following
the CLSI recommendations, according to the
document M100 (CLSI2017). After the microdilution
of the compounds in the plate, aliquots of previously
prepared and standardized inoculum of the bacteria
were added, in order to obtain a final concentration
of 1.5 x 10° CFU/mL in each well. The plates were
incubated at 37 °C for 24 h.

The MIC of the synthesized compounds and
fluconazole, against yeast strains, was also
determined using the microdilution technique in
RPMI 1640 broth, in a 96-well plate, following the
recommendations of the CLSI document M60 (CLSI
2018). After microdilution of the compounds on the
plate, aliquots of the previously prepared yeast
inoculum were added to the wells, as recommended,
in order to obtain a concentration of 2.5 x 10°
CFU/mL per well. The antifungal fluconazole was
included as a positive control. The plates were
incubated at 30 °C for 48 h. After the incubation
time, the microplates were developed using 20 L of
0.01% resazurin (blue indicator dye) in each well.
The microplates were incubated for 4 h at 37 °C.
Maintenance of blue color is interpreted as inhibition
of microbial growth, while pink wells indicate growth.
The MIC is considered as the concentration of the
last well of the dilution that showed the blue color.
That is, the lowest concentration of each compound
capable of inhibiting microbial growth on a plate.

In order to determine MBC or CMF, after 24 h
(bacteria) or 48 h (yeasts) of incubation of the
plates, 10 uL were collected from each well that
showed visible inhibition of microbial growth, which
were inoculated on Mueller-Hinton agar (for
bacteria) and on Sabouraud agar (for yeast). The
plates were incubated at 37 °C for 24 or 48 h and
the colonies were counted. The MBC or CMF was
defined as the lowest concentration of each
compound that resulted in a 99.9% reduction in
microbial growth when compared to an untreated
growth control. Compounds were classified as
bacteriostatic/fungistatic when the MBC/MIC ratio
was = 8 and bactericidal/fungicide when the
MBC/MIC ratio was < 4 (Jones 2006).

Statistical analysis

For significance analysis, p-values < 0.05 were
considered significant, evaluated using the ANOVA
test and Tukey's post-test using the GraphPad Prism
5.0 program (Graphpad, California, USA) for
Windows (test version).
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Results and discussion

For the pharmaceutical industry, the evaluation
and prediction of pharmacokinetic parameters
related to absorption, distribution, metabolism and
excretion (ADME) in silico is of great importance
(Kumar et al. 2021). This methodology accelerates
the process of discovery and development of new
drug candidates (Kar et al. 2021). The two
methodologies commonly used to assess the oral
bioavailability potential of a drug are based on the
rules of Lipinski and Veber (Veber et al. 2002;
Lipinski et al. 1997).However, other studies of
prediction of pharmacokinetic parameters can be
performed, as is the case of the parameters
proposed by Pires et al. (2015). The ADME results
obtained for each of the thiosemicarbazonic
compounds (3 and 4) and thiazoles (5 to 14) in silico
were presented in Table 1 of the supplementary
material.

According to the results obtained from the in
silico approach, it was possible to observe that all
compounds evaluated present desirable molecular
properties. These obeyed Lipinski's rule of 5, that is,
molecular weight < 500g/mol; number of hydrogen
acceptors (ALH) < 10, number of hydrogen donors
(DLH) < 5 and lipophilicity coefficient (cLogP) < 5, in
addition to having obeyed Veber's rule, rotatable
bonds < 10 and polar surface area (TPSA) < 140 A2,
TPSA is a parameter related to passive molecular
transport across membranes and allows the
prediction of human intestinal absorption and blood-
brain barrier passage (Pires et al. 2015). Therefore,
TPSA values < 140 A? are considered desirable to
indicate good gastrointestinal absorption and blood-
brain barrier passage (Ertl et al. 2020).

These results suggest that these compounds
theoretically have good oral bioavailability and
differences in their bioactivity cannot be attributed to
this property (Pires et al. 2015). Other studies
presented a profile similar to ours, that is, they
followed the rules of Lipinski and Veber. Among
these works we can mention those carried out by
Matsa et al. (2019) and Ferreira et al. (2021)
evaluating different  thiosemicarbazones and
thiazoles.

The low solubility of different drugs in aqueous
media is a problem not only for the development of
formulations, but also for absorption (Pires et al.
2015). For a drug to be absorbed, it must be part of
an aqueous solution (Sharma et al. 2010).
Therefore, the solubility profile in agueous medium
(LogS) was evaluated. LogS values can vary in the
following order: insoluble <-10 < slightly soluble < - 6
< moderately < - 4 < soluble < -2 < very soluble < 0
< highly soluble. The in silico results showed that
compounds 3 and 4 have moderate solubility, while
the other compounds are classified as poorly
soluble.

The process of evaluating the oral absorption of
compounds is quite complex and requires several in
vitro methods, such as the monolayer system of
Caco-2 cells derived from colon adenocarcinoma
(Pires et al. 2015). Because it is based on human
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cells, it is widely used in intestinal permeability
studies. According to the literature, compounds can
be classified according to Caco-2 permeability.
Thus, compounds with values < 1.10% cm-s? are
poorly absorbed, between 1 and 10.10° cm-s? are
moderately absorbed and > 10.10° cm-s* are well
absorbed (Pires et al. 2015). Thus, compounds 4
and 14 are classified as moderately absorbed, while
the other compounds are classified as poorly
absorbed. Another parameter evaluated was
gastrointestinal absorption. This parameter can be
classified as follows: poorly absorbed (0 - 20%),
moderately absorbed (20 - 70%) and well absorbed
(70 - 100%) drugs. The compounds in this study
have absorption values greater than 70%, indicating
that they can be well absorbed (Pires et al. 2015).
The volume of distribution (VDss) was also
evaluated, this parameter describes the extent of
drug distribution. VDss values (log VDss) > 0.45
indicate that the drug will be distributed into the
tissue. Log VDss values <-0.15 indicate that the
drug will be distributed into plasma (Lambertucci et
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al 2018). The compounds showed varying values of
VDss compounds 3, 4,56,7,8,9 and 11 show
distribution in plasma. On the other hand,
compounds 10, 12, 13 and 14, even with a low VDss
value, that is, less than 0.45, tend to be distributed in
the tissues. In addition, it was observed that all
compounds presented had a low fraction not bound
to proteins (Pires et al. 2015). The high lipophilicity
of these compounds (as seen by the LogS values)
leads to a high degree of binding to plasma proteins
and thus the presence of low levels of unbound drug
at the site of infection (Pires et al. 2015).

Finally, there is the total clearance. A drug with a
high total release value will present a fast excretion
process and consequently a shorter action time
(Moraes et al 2018). This profile was not observed
in the compounds under study, since the release
values ranged from -0.447 — 0.037 log mL/min/kg. In
general, these predictive results show that these
compounds may be potential drug candidates.
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Figure 3: Cytotoxicity curves against J774 macrophage cells. A1 promoted by the synthesized compounds. Curves
obtained for compounds 3, 5, 6, 7, 8 and 9 (A) and curves obtained for compounds 4, 10, 11, 12, 13 and 14 (B)
respectively. Levels of nitric oxide produced by macrophages in contact with compounds 3, 5, 22 6, 7, 8 and 9 (C) and by

compounds 4, 10, 11, 12, 13 and 14 respectively

The results presented by Figures 3A and 3B
show that the compounds evaluated promote an
increase in cytotoxicity  with increasing
concentration. Furthermore, Figures 3C and 3D
show that a non-significant increase in oxide
occurred at the highest concentrations. This
increase is associated with the cytotoxicity promoted
by the compounds. With the results from the
cytotoxicity curves (Figure 3A and 3B) it was

possible to determine the ICso (concentration
capable of inhibiting cell growth by 50%) as shown
in Table S6 of the supplemental material.

The thiosemicarbazones presented ICso ranging
from 49.15 to 61.28 pM less toxic when compared
to the thiazole compounds which presented ICso
ranging from 10.75 to 39.76 uM. These results show
that the cyclization of thiosemicarbazone
compounds into thiazoles promoted an increase in
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cytotoxicity against macrophage cells. The literature
presents different values of cytotoxicity against J774
macrophage cells, thiosemicarbazones and
thiazoles. Among the works we can mention those
listed by: Aliangca et al.(2017) evaluating the
cytotoxicity of phthalimido-thiazole derivatives
obtained ICso ranging from 112.9 to 1582.9 uM and
Jacob et al. (2021) evaluating indole-based
thiosemicarbazone compounds obtained ICso
ranging from 7.0 to values greater than 75 pM. the
results presented show that the ICso values vary
according to the chemical structure.

Tables 1 and 2 present the results of
minimum inhibitory concentration (MIC) and
minimum bactericidal  concentration  (MBC)
promoted by the compounds, as well as the MIC of
the positive controls.

The compound thiosemicarbazone 3 (Table 1)
showed antibacterial activity against strains of S.
aureus UFPEDA-02, A. baumannii UFPEDA-1024,
P. aeruginosa UFPEDA-26 and P. aeruginosa
UFPEDA-416, with MIC ranging from 75 to 150
pg/mL and MBC ranging from 75 to > 150 pg/mL,
but did not show activity against the other bacterial
strains. Similar behavior to that presented by
compound 3, was also observed in its compounds
derived from 5 to 9, but only compound 9 was able
to inhibit the growth of E. faecalis UFPEDA-13802.
All thiazole compounds derived from compound 3
showed activity against A. baumannii UFPEDA-
1024, P. aeruginosa UFPEDA-261 and P.
aeruginosa UFPEDA-416 strains, with emphasis on
compound 5, which showed a MIC of 37.5 pg/mL
against of P. aeruginosa UFPEDA-261 and P.
aeruginosa UFPEDA-416 strains.

The compound thiosemicarbazone 4 (Table 2)
showed activity against all strains tested, both for
gram-positive and gram-negative bacteria, with MIC
and MBC ranging from 37.5 to 150 pg/mL, with
emphasis on activity against of the S. aureus strain
UFPEDA-709, since this strain was characterized as
methicillin resistant S. aureus (MRSA) (MIC oxacillin
- 512 pg/mL). The thiazole compounds derived from
compound 4 showed activity against most strains
tested with MIC ranging from 37.5 to > 150 pg/mL,
especially compound 12, which showed antibacterial
activity against all strains, with the exception of E.
faecalis UFPEDA-69, in addition this compound
demonstrated a MIC of 37.5 pg/mL for the P.
aeruginosa UFPEDA-261 strain.

A study developed by Khan & Asiri (Khan et al.
2018) reported antibacterial activity of
thiosemicarbazone steroid derivatives against Gram
positive and Gram-negative bacteria, with MIC
ranging from 32 to 128 pg/mL, corroborating the
data found in this study, since the compounds
tested showed a similar spectrum of action. Another
study demonstrated the antibacterial activity of 17
compounds derived from
chlorophenylthiosemicarbazone  against Gram
positive bacteria (S. aureus, S. epidermidis, Bacillus
subtilis, B. cereus and Micrococcus luteus), with
MICs ranging from 3.91 to 500 pg/mL, however no
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activity was identified in this study against Gram
negative bacteria (Trotsko et al. 2018).

The thiazole compounds, derived from
compounds 3 and 4, showed promising results,
since all were able to inhibit the in vitro growth of P.
aeruginosa UFPEDA-261, P. aeruginosa UFPEDA-
416 and A. baumannii UFPEDA-1024 strains, where
compounds 5 and 12 stand out with which they
presented the lowest MICs against P. aeruginosa
UFPEDA-261.

According to the World Health Organization
(WHO) list, the species P. aeruginosa and A.
baumanii are considered priorittes for the
development of new antibiotics with activity against
this species, since they have important resistance
profiles (WHO 2017). For the S. aureus UFPEDA-
709 strain, compounds 12, 13 and 14 are
highlighted, which showed activity with MIC ranging
from 75 to 150 pg/mL, demonstrating important
activity, since this strain is resistant to methicillin
(SARM), which makes it resistant to multiple drugs,

especially all B-lactam antibiotics and
cephalosporins, with few therapeutic options
available for treatment (Nag et al. 2020).

Most of the compounds tested showed

bactericidal activity verified by the MBC/MIC ratio,
especially compound 4 showed bactericidal
characteristics for all strains tested. All thiazole
compounds of the proposed series showed
bactericidal activity against P. aeruginosa UFPEDA-
261 and P. aeruginosa UFPEDA-416, with
MBC/MIC ratios ranging from 1 to 2.

The compound thiosemicarbazone 3 (Table 1)
showed antibacterial activity against strains of S.
aureus UFPEDA-02, A. baumannii UFPEDA-1024,
P. aeruginosa UFPEDA-26 and P. aeruginosa
UFPEDA-416, with MIC ranging from 75 to 150
pg/mL and MBC ranging from 75 to > 150 pg/mL,
but did not show activity against the other bacterial
strains. Similar behavior to that presented by
compound 3, was also observed in its compounds
derived from 5 to 9, but only compound 9 was able
to inhibit the growth of E. faecalis UFPEDA-13802.
All thiazole compounds derived from compound 3
showed activity against A. baumannii UFPEDA-
1024, P. aeruginosa UFPEDA-261 and P.
aeruginosa UFPEDA-416 strains, with emphasis on
compound 5, which showed a MIC of 37.5 pg/mL
against of P. aeruginosa UFPEDA-261 and P.
aeruginosa UFPEDA-416 strains.
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Table 1. Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) (expressed in pg/mL and uM) for the compound thiosemicarbazone 3 and its

corresponding thiazoles 5, 6, 7, 9 and 9 respectively.

Compounds
3 pg/mL
uM
5 pg/mL
uM
6 pg/mL
UM
7 pg/mL
UM
8 pg/mL
UM
9 pg/mL
UM
Amp+Sulbac pg/mL
uM
Gentamicin pg/mL
uM
Oxacillin pg/mL
UM

Gram positive bacteria

Gram negative bacteria

E. faecalis E. faecalis S. aureus S. aureus A. baumannii P. aeruginosa P. aeruginosa
UFPEDA-69 UFPEDA-138 UFPEDA-02 UFPEDA-709 UFPEDA-1024 UFPEDA-261 UFPEDA-416
MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC
>150 >150 >150 >150 150 >150 >150 >150 75 > 150 75 75 150 150
> 475 > 475 > 475 > 475 475 > 475 > 475 > 475 237 > 475 237 237 475 475
>150 >150 >150 >150 > 150 >150 >150 >150 75 150 37.5 75 37.5 75
>360 >360 >360 >360 >360 >360 >360 >360 180 360 90 180 90 180
>150 >150 >150 >150 > 150 >150 >150 >150 150 > 150 75 75 75 75

> 325 > 325 > 325 > 325 > 325 > 325 > 325 > 325 360 > 325 163 163 163 163
>150 >150 >150 >150 > 150 >150 >150 >150 150 150 75 75 75 75

> 333 > 333 > 333 > 333 > 333 > 333 > 333 > 333 325 333 167 167 167 167
>150 >150 >150 >150 > 150 >150 >150 >150 150 150 75 75 75 75

> 303 > 303 > 303 > 303 > 303 > 303 > 303 > 303 333 303 152 152 152 152
>150 >150 150 150 > 150 >150 >150 >150 150 150 75 75 75 75

> 346 > 346 346 346 > 346 > 346 > 346 > 346 303 346 173 173 173 173

- - - - 16 (1) - -

- - - - 26 - -

8 (S) 8 (S) 0.25(S) - - 0.5(S) 0.5(S)

17 17 0.5 - 1.0 1.0

512 (R) - MRSA

1275

Legend: Amp+Sulbac — Ampicillin combined with Sulbactam; R - Resistant; S — Sensitive; | - Intermediate resistance
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Table S1. In silico estimation of the pharmacokinetic parameters for the thiosemicarbazones and thiaozoles synthesized in this study determined by the SwissADME and pkCSM
platforms.

Ry
3and4
R, s OH
@NANNVO — @f‘n N\\r'\'j,@Rz
W,
H H H
56,7,8,9,10,11,12,13 and 14
Compounds  Substituents Mw HBAP HBD® LogPd TPSA Rotatable LogS® Caco-2 Int.abs. VDss Fract. Totalclearence
R1 R2 (g/mal)? (A bonds? perm.h (%) (logl/kg)  UnbX  (logmL/min/kg)'
3 -NO2 - 316.34 4 3 2.43 135.56 6 -5.11 0.914 78.79 -0.159 0.022 -0.297
4 -Cl - 305.78 2 3 2.80 88.74 5 -4.97 1.367 85.25 -0.188 0.067 -0.447
5 -NO2 -H 416.45 5 5 2.83 123.94 5 -7.36 0.569 100 -0.3 0.22 0.037
6 -NO2 -NO2 461.45 7 1 1.98 169.76 6 -8.15 0.431 97.156 -0.544 0.224 -0.057
7 -NO2 -Cl 450.90 5 1 3.31 123.94 5 -8.02 0.486 100 -0.234 0.222 -0.093
8 -NO2 -Br 495.35 5 1 3.42 123.94 5 -8.08 0.488 100 -0.222 0.222 -0.115
9 -NO2 -F 434.44 6 1 3.20 123.94 5 -7.47 0.558 100 -0.405 0.247 -0.223
10 -Cl -H 405.90 3 1 4.27 78.12 4 -7.23 0.967 89.81 0.027 0.249 -0.114
11 -Cl -NO2 450.90 5 1 3.31 123.94 5 -8.02 0.503 100 -0.243 0.226 -0.209
12 -Cl -Cl 440.35 3 1 4,74 78.12 4 -8.71 0.958 89.00 0.116 0.254 -0.245
13 -Cl -Br 484.80 3 1 4.85 78.12 4 -7.95 0.956 88.94 0.131 0.253 -0.266
14 -Cl -F 423.89 4 1 4.64 78.12 4 -7.33 1.005 89.99 0.037 0.285 -0.374

a. SwissADME Molecular Weight; b. SwissADME Number H-bonds acceptors; c. SwisSADME Number H-bonds donors; d. SwissADME origuchi logo foctanol — water partition
coefficient; e. SwissADME Ali log of aqueous solubility; f. SwissADME calculation of Topological Polar Surface Area (TPSA); g. SwissADME Number rotatable bonds; h. pkCSM
prediction of Caco-2 cell permeability as an estimation of absorption at the human intestinal mucosa (logPapp in 10-6cm/s); i. pkCSM prediction of the proportion of compound
absorption through the human small intestine; j. pkCSM prediction of the log of steady state volume of distribution (VDss); k. pkCSM prediction of compound fraction unbound in
plasma (not bound to serum proteins); |. pkCSM prediction of the log of total drug clearance.
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Table 2: Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) (expressed in pg/mL and uM respectively) of the compound thiosemicarbazone 4 and

its corresponding thiazoles 10, 11, 12, 13 and 14 respectively.

Gram positive bacteria

Gram negative bacteria

Compounds E. faecalis E. faecalis S. aureus S. aureus A. baumannii P. aeruginosa P. aeruginosa
UFPEDA-69 UFPEDA-138 UFPEDA-02 UFPEDA-709 UFPEDA-1024 UFPEDA-261 UFPEDA-416
MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC
4 po/mL 150 150 375 150 37.5 150 37.5 75 37.5 37.5 37.5 75 375 75
UM 495 495 124 495 124 495 124 247 124 124 124 247 124 247
10 po/mL > 150 > 150 150 150 > 150 > 150 > 150 > 150 150 150 75 75 75 75
UM > 370 > 370 370 370 > 370 > 370 > 370 > 370 370 370 185 185 185 185
11 pg/mL > 150 > 150 150 150 > 150 > 150 > 150 > 150 150 150 75 75 75 75
UM > 333 > 333 333 333 > 333 > 333 > 333 > 333 333 333 167 167 167 167
12 pg/mL > 150 > 150 150 150 150 > 150 75 150 150 150 37.5 75 75 75
UM > 342 > 342 342 342 342 > 342 171 342 342 342 85 171 171 171
13 pg/mL > 150 > 150 > 150 > 150 150 150 75 150 75 > 150 75 75 37.5 75
UM > 311 > 311 > 311 > 311 311 311 155 311 155 > 311 155 155 78 155
14 pg/mL > 150 > 150 > 150 > 150 150 > 150 75 150 150 > 150 75 75 75 75
UM > 355 > 355 > 355 > 355 355 > 355 177 355 355 > 355 177 177 177 177
Amp+Sulbac pg/mL - - - 16 (1) - -
UM - - - 26 - -
Gentamicin pg/mL 8 (S) 0.25 (S) - - 0.5(S) 0.5(S)
uM 17 0,5 - 1,0 1.0
Oxacillin pg/mL - - 512 (R) - MRSA - - -
ny - - 1275 - - -

Legend: MIC — Minimum inhibitory concentration; MBC — Minimum bactericidal concentration; Amp+Sulbac — Ampicillin combined with Sulbactam; R - Resistant; S — Sensitive; | -

Intermediate resistance

10



Nascimento et al.In silico studies (ADME) and in vitro evaluation of the cytotoxic and antimicrobial properties of thiosemicarbazones

The compound thiosemicarbazone 4 (Table 2)
showed activity against all strains tested, both for
gram-positive and gram-negative bacteria, with MIC
and MBC ranging from 37.5 to 150 pg/mL, with
emphasis on activity against of the S. aureus strain
UFPEDA-709, since this strain was characterized as
methicillin resistant S. aureus (MRSA) (MIC oxacillin
- 512 pug/mL). The thiazole compounds derived from
compound 4 showed activity against most strains
tested with MIC ranging from 37.5 to > 150 pg/mL,
especially compound 12, which showed antibacterial
activity against all strains, with the exception of E.
faecalis UFPEDA-69, in addition this compound
demonstrated a MIC of 37.5 pg/mL for the P.
aeruginosa UFPEDA-261 strain.

Khan & Asiri (2018) reported antibacterial activity
of thiosemicarbazone steroid derivatives against
Gram positive and Gram-negative bacteria, with
MIC ranging from 32 to 128 pg/mL, corroborating
the data found in this study, since the compounds
tested showed a similar spectrum of action. Another
study demonstrated the antibacterial activity of 17
compounds derived from
chlorophenylthiosemicarbazone  against Gram
positive bacteria (S. aureus, S. epidermidis, Bacillus
subtilis, B. cereus and Micrococcus luteus), with
MICs ranging from 3.91 to 500 pg/mL, however no
activity was identified in this study against Gram
negative bacteria (Trotsko et al. 2018).

The thiazole compounds, derived from
compounds 3 and 4, showed promising results,
since all were able to inhibit the in vitro growth of P.
aeruginosa UFPEDA-261, P. aeruginosa UFPEDA-
416 and A. baumannii UFPEDA-1024 strains, where
compounds 5 and 12 stand out with which they
presented the lowest MICs against P. aeruginosa
UFPEDA-261.

According to the World Health Organization
(WHO) list, the species P. aeruginosa and A.
baumanii are considered priorites for the
development of new antibiotics with activity against
this species, since they have important resistance
profiles (WHO 2017). For the S. aureus UFPEDA-
709 strain, compounds 12, 13 and 14 are
highlighted, which showed activity with MIC ranging
from 75 to 150 pg/mL, demonstrating important
activity, since this strain is resistant to methicillin
(SARM), which makes it resistant to multiple drugs,

especially all B-lactam antibiotics and
cephalosporins, with few therapeutic options
available for treatment (Nag et al. 2020).

Most of the compounds tested showed

bactericidal activity verified by the MBC/MIC ratio,
especially compound 4 showed bactericidal
characteristics for all strains tested. All thiazole
compounds of the proposed series showed
bactericidal activity against P. aeruginosa UFPEDA-

261 and P. aeruginosa UFPEDA-416, with
MBC/MIC ratios ranging from 1 to 2.
Determination of the  minimum inhibitory

concentration (MIC) and minimum fungicide (CFM)
Table 3 presents results of in vitro antifungal
activity promoted by the compounds obtained in this
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study.The results presented in Table 3 shows that
thiosemicarbazone (compound 4) showed antifungal
activity, with MIC ranging from 12.5 to 50 pg/mL,
with emphasis on the activity against the C. albicans
UFPEDA-1007 strain, where the compound showed
a MIC of 12.5 pg/mL, this result when compared to
the MIC of fluconazole (16 pg/mL) for this strain,
shows that the activity of compound 4 is promising,
since this strain has shown to have reduced
sensitivity to fluconazole.

It is also noteworthy that compound 4 was the
only one that showed activity against the C. glabrata
UFPEDA-6393 strain with a MIC of 50 pg/mL, with
the other compounds being inactive against this
strain.

The results presented in Table 3 shows that
thiosemicarbazone (compound 4) showed antifungal
activity, with MIC ranging from 12.5 to 50 pg/mL,
with emphasis on the activity against the C. albicans
UFPEDA-1007 strain, where the compound showed
a MIC of 12.5 pg/mL, this result when compared to
the MIC of fluconazole (16 pg/mL) for this strain,
shows that the activity of compound 4 is promising,
since this strain has shown to have reduced
sensitivity to fluconazole (Table S9). It is also
noteworthy that compound 4 was the only one that
showed activity against the C. glabrata UFPEDA-
6393 strain with a MIC of 50 pug/mL, with the other
compounds being inactive against this strain.

Results of antifungal activity of derivatives
structurally similar to the thiosemicarbazones and
thiazoles under study also stood out against C.
albicans [45]. Where they demonstrate activity
against this species presenting MICs of the
compounds ranging from 6.25 to 25 pug/mL. In this
study, we obtained similar results ranging from 12.5
to 50 pg/mL.

The antifungal activity of thiazoles derived
from compounds 3 and 4 was very promising in
inhibiting the growth of C. albicans UFPEDA-1007
and C. guilliermondii UFPEDA-6390, especially
compound 9, which presented the lowest MICs
against these two strains, when compared with the
MICs of the other thiazole compounds. In addition,
compounds 3 and 4 showed antifungal activity
against C. guilliermondii UFPEDA-6390 with MICs
ranging from 12.5 to 100 pg/mL.
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Table 3. Antifungal activity promoted by the compounds synthesized in this work against different yeast species. the results of minimum inhibitory concentration and
minimum fungicidal concentration were expressed in pg/mL and puM, respectively.

Compounds C. albicans UFPEDA-1007 C. glabrata UFPEDA-6393 C. guilliermondii UFPEDA-6390
MIC CFM MIC CFM MIC CFM

pg/mL uM pg/mL uM pg/mL uM pg/mL uM pg/mL uM pg/mL uM
3 >100 >316 > 100 > 316 > 100 > 316 > 100 > 316 > 100 > 316 > 100 > 316
4 12.5 41 100 330 50 165 50 165 12.5 41 > 100 > 330
5 50 120 >100 > 240 > 100 > 240 > 100 > 240 50 120 100 240
6 > 100 > 217 > 100 > 217 > 100 > 217 > 100 > 217 25 54 50 108
7 > 100 >222 >100 > 222 > 100 > 222 > 100 > 222 100 222 > 100 > 222
8 25 51 > 100 > 202 > 100 > 202 > 100 > 202 50 101 > 100 > 202
9 25 58 > 100 > 230 > 100 > 230 > 100 > 230 125 29 50 115
10 > 100 >247 >100 > 247 > 100 > 247 > 100 > 247 100 247 > 100 > 247
11 > 100 > 222 > 100 > 222 > 100 > 222 > 100 > 222 25 56 > 100 > 222
12 50 114 > 100 > 228 > 100 > 228 > 100 > 228 25 57 50 114
13 50 104 > 100 > 207 > 100 > 207 > 100 > 207 50 104 100 207
14 50 118 > 100 > 236 > 100 > 236 > 100 > 236 25 59 > 100 > 236

Fluc. 16 (SSD) 52 8 (S) 26 4(S) 13

Legend: MIC — Minimum inhibitory concentration; CFM — Minimum fungicidal concentration; S- Sensitive; SSD- Dose-dependent sensitivity; Fluc. — Fluconazole
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Relationship chemical structure and biological
activity (SAR) of thiosemicarbazones and thiazoles
derivatives against microorganisms under study

We observed that the thiosemicarbazones and
thiazoles derivatives showed a better response in
the antibacterial activity for Gram negative, A.
baumannii UFPEDA-1024, P. aeruginosa UFPEDA-
261 and P. aeruginosa UFPEDA-416. As for the
antifungal activity, we highlight C. albicans
UFPEDA-1007 and especially C. guilliermondii
UFPEDA-6390. In this way, the relationship
between the chemical structure and the biological
activity (SAR) of the derivatives reveals that the
non-classical  bioisosterism  strategy between
thiosemicarbazones and thiazoles were responsible
for the electronic and volume effects of the
substituents, which culminated in an antimicrobial
profile and promising antifungal.

The 4-NO2-phenyl group of thiosemicarbazone 3
has an -1 and -M effect being a strongly electron-
withdrawing group. The 4-Cl-phenyl group of
thiosemicarbazone 4, on the other hand, presents
the -1 and +M effects, being considered a weak
electron withdrawer. These differences in effects
were not relevant to the increase in the lipophilicity
of the compounds, with LogP values of 2.43 and
2.80, respectively. However, they led to distinct
bactericidal effects, whereas compound 3 was
active only for strains of A. baumannii UFPEDA-
1024, P. aeruginosa UFPEDA-26 and P. aeruginosa
UFPEDA-416, with MIC ranging from 75 pg/mL and
MBC ranging from 75 to > 150 pg/mL. Compound
04 showed activity against E. faecalis UFPEDA-138,
S. aureus UFPEDA-02, S. aureus UFPEDA-709, A.
baumannii UFPEDA-1024, P. aeruginosa UFPEDA-
261, P. aeruginosa UFPEDA-416 with MIC and
MBC ranging from 37.5 to 150 pg/mL.

The thiazole derivatives 5 to 9, derived from
thiosemicarbazone 3, in addition to the 4-NO: and
4-OH substituents already existing in the molecule,
when cyclized with substituted acetophenones, add
in their structure at C4 of the thiazole plus an
unsubstituted phenyl ring or with different
substituents in position 4 (NO2, Br, Cl and F). The
absence of a phenyl substituent on C4 - thiazole,
compound 5, and the presence of a strongly
electron-withdrawing group o (-NO2) in compound 6,
led to subtle changes in the lipid solubility of the
molecules. Compound 5 was less lipid soluble than
6, with the compounds having LogP values of 2.83
and 1.98, respectively. Despite this small variation in
LogP, compound 5 was more effective with MIC of
37.5 pg/mL against P. aeruginosa UFPEDA-261
and P. aeruginosa UFPEDA-416 strains, while
compound 6 for these same microorganisms
showed MIC ranging from 75 to 150 pg/mL.

In contrast, in thiazoles from 7 to 9, and the
insertion of halogens in position 4 of the phenyl C4
of the thiazole. did not affect the pharmacokinetic
properties of compounds that were preserved within
the desired ADME parameters. It was only possible
to observe a decrease in lipid solubility in relation to
compounds 5 and 6. The -l and +M effects of the
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halogens in this portion of the molecule did not
contribute to an improvement in the bactericidal
activity of this series of compounds, showing MICs
ranging from 75 to 150 pg/mL.

On the other hand, thiazole derivatives 10 to 14,
derived from thiosemicarbazone (compound 4),
showed activity against most strains tested with MIC
ranging from 37.5 to > 150 pg/mL. It is possible to
highlight the compound 12 substituted with 4-Cl-
phenyl of the C4-thiazole having MIC of 37.5 pg/mL
for the P. aeruginosa UFPEDA-261 strain and for
the compound 13 substituted with 4-Br-phenyl of the
C4-thiazole having MIC of 37.5 pg/mL for the P.
aeruginosa UFPEDA-416 strain. The insertion of
these halogens in the molecules described does not
effectively determine their pharmacological activity,
since the intrinsic characteristics of the molecules
can be influenced and it is a result of the
environment in which the molecule is inserted and
interacts (Victorio&Andricopulo 2008).

The response of antifungal activity to these
compounds reinforces the potential of
thiosemicarbazone 4 as a promising antimicrobial.
The presence of halogens with -I and +M effects on
phenyl seems to lead to an improvement in
antifungal activity. The 4-Cl-phenyl present in 04
provided an MIC ranging from 12.5 to 50 pg/mL
against different Candida species. Highlighting the
inhibition against C. albicans UFPEDA-1007, where
the compound had an MIC of 12.5 pg/mL, being
better than fluconazole, the reference drug, which
had a MIC of 16 pg/mL.

The antifungal activity of thiazoles derived from
thiosemicarbazones (compounds 3 and 4) were
promising in inhibiting the growth of C. albicans
UFPEDA-1007 and especially C. guilliermondii
UFPEDA-6390, which had MIC ranging from 12.5 to
100 pg/mL. With emphasis on compound 09 that
presented MIC of 25 pg/mL and 12.5 pg/mL against
these two strains respectively. Compound 9 when
compared with thiosemicarbazone (compound 4), in
molar concentration it is noticed that a smaller molar
amount of compound was needed to reach the
same stage of inhibition. While for compound 4 41
UM of product was needed to reach MIC of 12.5
pg/mL in C. guilliermondiiUFPEDA-6390, 9 used
only 29 uM of the product and obtained the same
MIC in the same fungus.

Conclusion

The results of the in silico study (ADME) showed
that the compounds have good oral availability,
obeying the rules of Lipinski and Veber. In relation
to the toxicity tests against animal cells, the
thiosemicarbazones promoted less toxicity. The
results of antimicrobial activity showed that
thiosemicarbazone (compound 4) stood out in the
proposed in vitro activities, presenting a broad
spectrum of antimicrobial activity (showing greater
activity against yeast fungi), at a non-toxic
concentration for J774 macrophage cells. However,
compounds 12, 13 and 14 were the final compounds
that showed the best in vitro activities compared to
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oxacillin, this potential is more evident in the fight
against resistant strains of S. aureus.

Acknowledgment

This study was supported by Fundacdo de
Amparo a Pesquisa do Estado de Pernambuco -
FACEPE (Process APQ-0498-4.03/19), Research
Fellowship - FACEPE (Process BFP-0038-04.03/21)
and National Council Scholarship of Scientific and
Technological Development - CNPq (Process
306865 /612020-3).

References

Ahmed AEM ET AL. 2021. Synthesis, spectral
characterization, antimicrobial evaluation and
molecular docking studies of new Cu (ll), Zn (Il)
thiosemicarbazone based on sulfonyl isatin. J. Mol.
Struct. 1251132004
4.https://doi.org/10.1016/j.molstruc.2021.132004.

Alianca ASS ET AL.2017.In vitro evaluation of
cytotoxicity and leishmanicidal  activity  of
phthalimido-thiazole derivatives. Eur J Pharm Sci
Jul;1051-10.
https://doi.org/10.1016/j.ejps.2017.05.005.

Althagafi I, EI-Metwaly N, Farghaly TA.2019. New
Series of Thiazole Derivatives: Synthesis, Structural
Elucidation,  Antimicrobial  Activity, = Molecular
Modeling and MOE Docking. Molecules 24 1741
https://doi.org/10.3390/molecules24091741.

Oliveira AR ET AL. 2021. Synthesis, anticancer
activity and mechanism of action of new
phthalimido-1,3-thiazole derivatives. Eur J Med
Chem 347109597-7.
https://doi.org/10.1016/j.cbi.2021.109597.

Ayati A ET AL 2015. Recent applications of 1,3-
thiazole core structure in the identification of new
lead compounds and drug discovery. Eur J Med
Chem Chemistry97699-718.
https://doi.org/10.1016/j.ejmech.2015.04.015.

Lambertucci C ET AL.New potent and selective Al
adenosine receptor antagonists as potential tools for
the treatment of gastrointestinal diseases. Eur J
Med Chem 151199-213.
https://doi.org/10.1016/j.ejmech.2018.03.067.

Sharma CS ET AL. 2010. Rajesh Kumar Nema,
Vinod Kumar Sharma. Synthesis, anticonvulsant
activity and in silico study of some novel amino
acids incorporated bicyclo compounds. S J Pharm
Sci. 1242-7https://doi.org/10.3329/sjps.v2i2.2607.

and thiazole compounds

supplement M100. Wayne, PA: Clinical and
Laboratory Standards Institute.Coates ARM ET AL.
2020.Antibiotic  combination  therapy against
resistant bacterial infections: synergy, rejuvenation
and resistance reduction. Expert Rev Anti Infect
Ther 18 5-15
https://doi.org/10.1080/14787210.2020.1705155.

Daina A, Michielin O, Zoete V. 2017. SwissADME: a
Free web Tool to Evaluate pharmacokinetics, drug-
likeness and Medicinal Chemistry Friendliness of

Small Molecules. Sci Rep 7 1-13
https://doi.org/10.1038/srep42717.
Eglence-Bakir S ET AL.

2021.Dioxomolybdenum(VI) complexes with 4-
benzyloxysalicylidene-N/S-alkyl
thiosemicarbazones: Synthesis, structural analysis,
antioxidant activity and xanthine oxidase inhibition.
Polyhedron. 209115467.
https://doi.org/10.1016/j.poly.

El-Achkar GA ET AL. 2015. Thiazole derivatives as
inhibitors of cyclooxygenases in vitro and in vivo. J
Med Chem 75066—
73https://doi.org/10.1016/j.ejphar.2015.01.008.

Ertl P, Rohde B, Selzer P. 2000.Fast Calculation of
Molecular Polar Surface Area as a Sum of
Fragment-Based Contributions and Its Application to
the Prediction of Drug Transport Properties. J Med
Chem 433714—
7https://doi.org/10.1021/im000942¢.

Ferreira E ET AL. 2021.Novel indole-thiazole and
indole-thiazolidinone derivatives as DNA groove
binders. Int J BiolMacromol170622—
35https://doi.org/10.1016/j.ijbiomac.2020.12.15
3.

Jacob ITT, Gomes FOS, Miranda, de V, da J,
Peixoto CA, et al. Anti-inflammatory activity of novel
thiosemicarbazone compounds indole-based as
COX inhibitors. Pharmacol Rep 2021 Feb
15;73(3):907-25. doi:10.1007/s43440-021-00221-7.

Jones RN. Microbiological Features of Vancomycin

in  the 21st Century: Minimum Inhibitory
Concentration Creep, Bactericidal/Static Activity,
and Applied Breakpoints to Predict Clinical

Outcomes or Detect Resistant Strains. Clinical
Infectious  Diseases [Internet]. 2006 Jan
1;42(Supplement_1):S13-24. Available from:
https://academic.oup.com/cid/article/42/Supplement

CLsI 2018. Performance  Standards  for
Antimicrobial Susceptibility Testing. CLsI
supplement M60. Wayne, PA: Clinical and
Laboratory Standards Institute.

CLsSI 2017. Performance  Standards  for

Antimicrobial Susceptibility Testing. 27th ed. CLSI

14

1/S13/275219.

Kar S, Chatterjee S. In Silico Meets In Vitro
Techniques in ADMET Profiling of Drug Discovery
(Part II). Curr Drug Metab. 2021 Sep 14;22(7):502—
2. doi:10.2174/138920022207210812124757.


https://doi.org/10.1016/j.molstruc.2021.132004
https://doi.org/10.1016/j.ejps.2017.05.005
https://doi.org/10.3390/molecules24091741
https://doi.org/10.1016/j.cbi.2021.109597
https://doi.org/10.1016/j.ejmech.2015.04.015
https://doi.org/10.1016/j.ejmech.2018.03.067
https://doi.org/10.3329/sjps.v2i2.2607
https://doi.org/10.1080/14787210.2020.1705155
https://doi.org/10.1038/srep42717
https://doi.org/10.1016/j.poly
https://doi.org/10.1016/j.ejphar.2015.01.008
https://doi.org/10.1021/jm000942e
https://doi.org/10.1016/j.ijbiomac.2020.12.153
https://doi.org/10.1016/j.ijbiomac.2020.12.153
https://academic.oup.com/cid/article/42/Supplement_1/S13/275219
https://academic.oup.com/cid/article/42/Supplement_1/S13/275219

Nascimento et al.In silico studies (ADME) and in vitro evaluation of the cytotoxic and antimicrobial properties of thiosemicarbazones

Kayathi Narendra babu, Ummadi Nagarjuna, Guda

Dinneswara Reddy, Adivireddy Padmaja,
Venkatapuram Padmavathi.  Synthesis  and
antimicrobial activity of benzazolylazolyl urea

derivatives. J Mol Struct. 2019 Dec 1;1198:126871—
1. doi:10.1016/j.molstruc.2019.126871.

Kaur Manjal S, Kaur R, Bhatia R, Kumar K, Singh V,
Shankar R, et al. Synthetic and medicinal
perspective of thiazolidinones: A review. Bioorg

Chem. 2017 Dec;75:406-23. doi:
10.1016/j.bioorg.2017.10.014.
Khan SA, Asiri AM. Multi-step synthesis,

spectroscopic studies of biological active steroidal
thiosemicarbazones and their palladium (II) complex
as macromolecules. Int J Biol Macromol2018 Feb
1;107:105-11. d0i:10.1016/j.ijbiomac.2017.08.141.

Kumar A, Kini SG, Rathi E. A Recent Appraisal of
Artificial Intelligence and In Silico ADMET Prediction
in the Early Stages of Drug Discovery. Mini Rev
Med Chem. 2021 Nov 1;21(18):2788-800.
doi:10.2174/1389557521666210401091147.

Leigh M, Raines DJ, Castillo CE, Duhme-Klair AK.
Inhibition of Xanthine Oxidase by
Thiosemicarbazones, Hydrazones and
Dithiocarbazates Derived from Hydroxy-Substituted
Benzaldehydes.  ChemMedChem. 2011  Apr
8;6(6):1107-18.doi: 10.1002/cmdc.201100054.

Leite ACL, Espindola JWP, de Oliveira Cardoso MV,
de Oliveira Filho GB. Privileged Structures in the
Design of Potential Drug Candidates for Neglected
Diseases. Current Medicinal Chemistry. 2019 Oct
10;26(23):4323-54.

Lipinski CA, Lombardo F, Dominy BW, Feeney PJ.
Experimental and computational approaches to
estimate solubility and permeability in drug
discovery and development settings. Advanced
Drug Delivery Reviews [Internet]. 1997 Jan;23(1-
3):3-25. Available from:
https://www.sciencedirect.com/science/article/pii/SO

and thiazole compounds

Matsa R, Makam P, Kaushik M, Hoti SL, Kannan T.
Thiosemicarbazone derivatives: Design, synthesis
and in vitro antimalarial activity studies. Eur J Pharm
Sci 2019 Sep;137:104986. doi:
10.1016/j.ejps.2019.104986.

Mishra CB, Kumari S, Tiwari M. Thiazole: A
promising heterocycle for the development of potent
CNS active agents. Eur J Med Chem Chemistry.
2015 Mar;92:1-34.Eur J Med Chem 92 1-34.
doi:10.1016/j.ejmech.2014.12.031.

Murray CJ. Global Burden of Bacterial Antimicrobial
Resistance in 2019: A Systematic Analysis. The
Lancet [Internet]. 2022 Jan 19;399(10325):629-55.
Available from:
https://www.thelancet.com/journals/lancet/article/PlI
S0140-6736(21)02724-0/fulltext.

Nag P, Sadani K, Mukherji S, Mukherji S. Beta-
lactam antibiotics induced bacteriolysis on LSPR
sensors for assessment of antimicrobial resistance
and quantification of antibiotics. Sensors and
Actuators B: Chemical. 2020 May;311:127945.
doi:10.1016/j.snb.2020.127945.

Nastasa C, Tiperciuc B, Duma M, Benedec D,
Oniga O. New Hydrazones Bearing Thiazole
Scaffold: Synthesis, Characterization, Antimicrobial,
and Antioxidant Investigation. Molecules. 2015 Sep
18;20(9):17325-38.
doi:10.3390/molecules200917325.

Pham VH, Phan TPD, Phan DC, Vu BD. Synthesis
and Bioactivity of Thiosemicarbazones Containing
Adamantane Skeletons. Molecules. 2020 Jan
13;25(2):324. doi:10.3390/molecules25020324.

Pires DEV, Blundell TL, Ascher DB. pkCSM:
Predicting Small-Molecule Pharmacokinetic and
Toxicity Properties Using Graph-Based Signatures.
Journal of Medicinal Chemistry [Internet]. 2015 Apr
22;58(9):4066—72. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4434
528/#refl.

169409X96004231.

Oliveira, J. F., da Silva, A. L., Vendramini-Costa, D.
B., da Cruz Amorim, C. A., Campos, J. F., Ribeiro,
A. G, ... & de Lima, M. D. C. A, (2015). Synthesis of
thiophene-thiosemicarbazone  derivatives  and
evaluation of their in vitro and in vivo antitumor
activities. Eur J Med ChemChemistry 104, 148-156.
doi:10.1016/j.ejmech.2015.09.036.

Oliveira Filho GB, Cardoso MV de O, Espindola
JWP, Oliveira e Silva DA, Ferreira RS, Coelho PL,
et al. Structural design, synthesis and
pharmacological evaluation of thiazoles against
Trypanosoma cruzi. Eur J Med Chem Chemistry.
2017 Dec;141:346—
61.doi:10.1016/j.ejmech.2017.09.047.

15

Prajapati NP, Patel K, Patel HD, Rajani D. Thiazole
fused thiosemicarbazones: Microwave-assisted
synthesis, biological evaluation and molecular
docking study. J Mol Struct. 2019 Mar 5;1179:401—
10. https://doi.org/10.1016/j.molstruc.2018.11.025.

Pund AA, Shaikh MH, Chandak BG, Bhosale VN,
Magare BK. Pyridine-1,3,4-Thiadiazole-Schiff Base
Derivatives, as Antioxidant and Antimitotic Agent:
Synthesis and in Siico ADME Studies.
PolycyclAromat Compd. 2022 Jan 17;1-16.
doi:10.1080/10406638.2022.2026988.

Sibuh BZ, Gupta PK, Taneja P, Khanna S, Sarkar P,
Pachisia S, et al. Synthesis, In Silico Study, and
Anti-Cancer  Activity of  Thiosemicarbazone


https://www.sciencedirect.com/science/article/pii/S0169409X96004231
https://www.sciencedirect.com/science/article/pii/S0169409X96004231
https://doi.org/10.1016/j.ejmech.2014.12.031
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(21)02724-0/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(21)02724-0/fulltext
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4434528/#ref1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4434528/#ref1
https://doi.org/10.1016/j.molstruc.2018.11.025

Nascimento et al.In silico studies (ADME) and in vitro evaluation of the cytotoxic and antimicrobial properties of thiosemicarbazones

Derivatives. Biomedicines. 2021 Oct 1;9(10):
1375.doi: 10.3390/biomedicines9101375.

Silva AA, Maia Pl da S, Lopes CD, de Albuquerque
S, Valle MS. Synthesis, characterization and
antichagasic evaluation of thiosemicarbazones
prepared from chalcones and dibenzalacetones.
Journal of Molecular Structure [Internet]. 2021 May
15 [cited 2021 Oct 7];1232:130014. Available from:
https://www.sciencedirect.com/science/article/pii/SO
022286021001459.

Sultan B. S, Nurettin S. Poly((Thiazol-2-yl)
acrylamide), P(ATA) microgel: Synthesis,
characterization and versatile applications. Colloids
and Surfaces A. Physicochem Eng. 2017 Jun
1;522:272-8. doi:10.1016/j.colsurfa.2017.03.005.

Trotsko N, Kosikowska U, Paneth A, Plech T, Malm
A, Wujec M. Synthesis and Antibacterial Activity of

New Thiazolidine-2,4-dione-Based
Chlorophenylthiosemicarbazone Hybrids.
Molecules. 2018 Apr 26;23(5):1023.

doi:10.3390/molecules23051023.

Veber DF, Johnson SR, Cheng HY, Smith BR, Ward
KW, Kopple KD. Molecular Properties That
Influence the Oral Bioavailabilty of Drug
Candidates. Journal of Medicinal Chemistry
[Internet]. 2002 Jun;45(12):2615-23. Available from:
https://pdfs.semanticscholar.org/8493/576a7927322
ebb79¢353bc1c1100a186eb50.pdf.

Vila-Costa M, Gioia R, Jaume Acefia, Pérez S,
Casamayor EO, Dachs J.
Degradationofsulfonamides as a  microbial
resistancemechanism. Water Res 2017 May 15;
115:309-17, doi: 10.1016/j.watres.2017.03.007.

Victorio R, Andricopulo AD. Modelagem Molecular
de Farmacos. RevProcQui. 2008 Jul 1;2(4):24-36.
doi:10.19142/rpg.v2i4.66.

Wang Q, Hamilton PB, Kang F, Zhu X, Zhang Y,
Zhao H. Regional-scale investigation for microbial

competition-through-environment interactions
modulating antibiotic resistance. Sci Total Environ
2020 Sep;734:139341, doi:

10.1016/j.scitotenv.2020.139341.

WORLD HEALTH ORGANIZATION (WHO). 2017.
Global Priority List of Antibiotic-Resistant Bacteria
To Guide Research, Discovery, And Developmentof
New Antibiotics. Disponivel em:
https://www.who.int/medicines/publications/WHO-
PPL-Short_ Summary 25Feb-ET _NM_WHO.pdf

16

and thiazole compounds


https://www.sciencedirect.com/science/article/pii/S0022286021001459
https://www.sciencedirect.com/science/article/pii/S0022286021001459
https://doi.org/10.1016/j.colsurfa.2017.03.005
https://pdfs.semanticscholar.org/8493/576a7927322ebb79c353bc1c1100a186eb50.pdf
https://pdfs.semanticscholar.org/8493/576a7927322ebb79c353bc1c1100a186eb50.pdf
https://www.who.int/medicines/publications/WHO-PPL-Short_Summary_25Feb-ET_NM_WHO.pdf
https://www.who.int/medicines/publications/WHO-PPL-Short_Summary_25Feb-ET_NM_WHO.pdf

