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RESUMO.- [Propriedades antimicrobianas de compostos 
heterocíclicos contra isolados de mastite clínica.] A mastite 
causa significativas perdas econômicas à indústria leiteira bovina. 
O presente estudo teve como objetivo avaliar as propriedades 
antibacterianas de 39 derivados heterocíclicos (1,3-tiazóis 
e 4-tiazolidinonas) contra isolados clínicos de mastite em 
vacas leiteiras. Amostras de leite foram coletadas de vacas 
com mastite clínica e as espécies bacterianas isoladas foram 

identificadas por PCR. A atividade antibacteriana foi avaliada 
pelo método de microdiluição em caldo. Primeiramente, os 
39 compostos heterocíclicos foram testados contra quatro 
isolados bacterianos (Staphylococcus aureus, Streptococcus 
agalactiae, Corynebacterium bovis e Escherichia coli) escolhidos 
aleatoriamente dentre os recuperados das amostras de 
leite (Estudo 1). Posteriormente, compostos com atividade 
antibacteriana mais forte foram testados contra todos os 
isolados bacterianos recuperados das amostras de leite 
(Estudo 2). Os compostos 1,3-tiazóis apresentaram a maior 
atividade antibacteriana, principalmente os compostos 30 e 
38, que também apresentaram propriedades bactericidas de 
acordo com seus valores de concentração inibitória mínima 
(CIM) e concentração bactericida mínima (CBM). Os isolados 
Corynebacterium spp. e Enterobacteriaceae foram os mais 
suscetíveis aos compostos 30 e 38. Os compostos 30 e 38 
mostraram-se promissores como novos agentes antimicrobianos.
TERMOS DE INDEXAÇÃO: Compostos heterocíclicos, mastite clínica, 
derivados de tiazóis, derivados de tiazolidinonas, atividade biológica, 
atividade antibacteriana, CIM, CBM.
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Mastitis causes significant economic losses to the dairy cattle industry. The present study 
aimed to evaluate the antibacterial properties of 39 heterocyclic derivatives (1,3-thiazoles 
and 4-thiazolidinones) against clinical mastitis isolates from dairy cows. Milk samples were 
collected from cows with clinical mastitis and the bacterial species were identified by PCR. 
Antibacterial activity was assessed using the broth microdilution method. First, 39 heterocyclic 
compounds were tested against four bacterial isolates (Staphylococcus aureus, Streptococcus 
agalactiae, Corynebacterium bovis and Escherichia coli) randomly chosen from those recovered 
from the milk samples (Study 1). Subsequently, the compounds with the strongest antibacterial 
activity were tested against all the bacterial isolates recovered from the milk samples (Study 
2). 1,3-thiazoles showed the strongest antibacterial activity, specially compounds 30 and 38, 
which also showed bactericidal properties according to their minimal inhibitory concentration 
(MIC) and minimal bactericidal concentration (MBC) values. Corynebacterium spp. and 
Enterobacteriaceae isolates were the most susceptible to compounds 30 and 38. Compounds 
30 and 38 are promising targets for new antimicrobial agents.
INDEX TERMS: Heterocyclic compounds, clinical mastitis, thiazole derivatives, thiazolidinone derivatives, 
biological activity, antibacterial activity, MIC, MBC.

Antimicrobial properties of heterocyclic compounds 
against clinical mastitis isolates1

Atzel C. Acosta2*, Marcos V.O. Cardoso3, Gevanio B. Oliveira Filho4, 
José W. Pinheiro Junior 2, Ana Cristina L. Leite4 and Rinaldo A. Mota2

1 Received on July 11, 2021.
Accepted for publication on July 22, 2021.

2 Laboratório de Bacterioses dos Animais Domésticos, Departamento de 
Medicina Veterinária, Universidade Federal Rural de Pernambuco (UFRPE), 
Rua Dom Manuel de Medeiros s/n, Dois Irmãos, Recife, PE 52171-900, Brazil. 
*Corresponding author: acabad80@gmail.com

3 Graduate Program in Science and Technology Applied in the Semiarid Region, 
Laboratório de Prospecção de Moléculas Bioativas, Universidade de Pernambuco 
(UPE), Rodovia BR-203 Km 2, Vila Eduardo, Petrolina, PE 56328-900, Brazil.

4 Laboratório de Planejamento e Síntese de Fármacos, Departamento de 
Ciências Farmacêuticas, Universidade Federal de Pernambuco (UFPE), Av. 
Prof. Artur de Sá s/n, Cidade Universitária, Recife, PE 50740-521, Brazil.

41
06862

2021

Registro ORCID:

Atzel Acosta - https://orcid.
org/0000-0002-8271-7923 

mailto:acabad80@gmail.com
https://orcid.org/0000-0002-8271-7923
https://orcid.org/0000-0002-8271-7923
https://orcid.org/0000-0002-8271-7923


Atzel C. Acosta et al.2

Pesq. Vet. Bras. 41:e06862, 2021

INTRODUCTION
Mastitis causes substantial economic losses to the dairy 
cattle industry worldwide (De Vliegher et al. 2012), due to 
reduced milk production, increased milk disposal and costs 
for therapy and replacement of animals (Seegers et al. 2003, 
Halasa et al. 2007). The aetiology of bovine mastitis involves 
several microbial agents and, in Brazil, Staphylococcus spp., 
Corynebacterium spp. and Streptococcus spp. are the most 
common mastitis causative pathogens (Acosta et al. 2016). 

Antimicrobial therapy is an important tool for treating 
mastitis, but the overuse and misuse of antibiotics may 
lead to the selection of resistant strains, in particular when 
therapy is initiated before bacterial susceptibility testing 
(Thomas et al. 2015). Due to the increasing occurrence of 
antibiotic resistance, the development of new antimicrobial 
agents with novel mechanisms of action has become a hot 
topic (Qiu et al. 2001, Rafi et al. 2006, Qin et al. 2014). 

The 1,3-thiazoles and 4-thiazolidinones nucleus are found 
in natural products and have been used to develop synthetic 
drugs and drug-like molecules with a variety of pharmacological 
properties. The biological activities of thiazole derivatives 
include: antibacterial (Abu-Melha et al. 2019, Tratrat et al. 
2019), antifungal (Guo et al. 2019), antitubercular (Gundlewad 
& Patil 2018), antiviral (Güzeldemirci et al. 2018), antitumor 
(Shaik et al. 2017), anticonvulsant (Agarwal et al. 2018), 
anti-inflammatory (Sinha et al. 2018), antioxidant (Afifi et 
al. 2019), and antiparasitic (Aliança et al. 2017). Similarly, 
4-thiazolidinones chemical properties and biological activities 
include anticancer (Gududuru et al. 2005), antiviral (Rawal 
et al. 2005), anti-inflammatory (Ottanà et al. 2005), analgesic 
(Ashour et al. 2016), antimicrobial (Liesen et al. 2010), 
antituberculosis (Babaoglu et al. 2003), antiparasitic (Moreira 
et al. 2012), among others.

Many researchers have used 1,3-thiazoles and 4-thiazolidinones 
to improve drug efficacy (Siddiqui et al. 2009, Ayati et al. 
2015, Gomes et al. 2016). Therefore, the present study aimed 
to evaluate the antibacterial properties of 1,3-thiazoles and 
4-thiazolidinones derivatives against clinical mastitis isolates 
from dairy cows. 

MATERIALS AND METHODS
Ethical statement. The present study was approved by the 

Institutional Animal Care and Use Committee of the “Departamento 
de Medicina Veterinária” of the “Universidade Federal Rural de 
Pernambuco” (UFRPE), under the protocol number 079/2014-
CEUA. All experimental procedures and the animal care were in 
strict accordance with the guidelines of the “Conselho Nacional 
de Controle de Experimentação Animal” (CONCEA; Law 11.794 of 
October 8, 2008, Decree 6899 of July 15, 2009).

Compounds. The 39 compounds used in the present study, 
16 4-thiazolidinones (1-16) (Oliveira Filho et al. 2015) and 23 
1,3-thiazols (17-39) (Cardoso et al. 2014), were obtained from 
the “Laboratório de Planejamento em Química Medicinal” of the 
“Universidade Federal de Pernambuco” (UFPE). The compounds’ 
structures are presented in Figure 1.

Sample selection criteria. Milk samples were collected from 
1000 cows from 24 bovine herds from the state of Pernambuco, 
Brazil as described by (Acosta et al. 2018). Only milk samples from 
cows with clinical signs of mastitis and that had not been treated 
with antibiotics for at least three weeks were used in the present 
study. The criteria for sample inclusion were milk flake, clots, pus 
or watery secretions and infected quarter showing clinical signs 
(swelling, heat or pain on palpation).

Milk samples were collected from individual quarters after 
disinfection of the ostium with 70% ethanol following the 
recommendations of the National Mastitis Council (1999), and 
transported to the laboratory under refrigeration (4-10°C). 

Bacteriological culture. Primary cultures of milk samples were 
performed by plating 10μL of milk in 5% sheep blood agar and 
incubated aerobically at 37°C for 24 h to 72 h, considering growth 
bacterial time. Milk samples with three or more dissimilar colony 
types were considered contaminated (Hiitiö et al. 2015). Identification 
was based on standard phenotypic bacterial identification schemes 
that included colony and microscopic morphology, Gram stain, 
growth characteristics, catalase and coagulase activity (Hogan et al. 
1999), and thermostable nuclease (TNase) (Rall et al. 2014). Gram 
negative bacteria were plated onto MacConkey agar (Merck) to 

Fig.1. Structures of the 4-thiazolidinones (1-16) (Oliveira Filho et al. 2015) and 1,3-thiazols (17-39) (Cardoso et al. 2014).
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screen for members of Enterobacterales order (Saidani et al. 2018). 
All bacterial isolates were stored at -20°C in brain/heart infusion 
broth (Merck) supplemented with 50% glycerol.

DNA extraction and PCR assay. Bacterial species were 
identified by PCR. Colonies were freshly sub-cultured in brain/heart 
infusion broth (Merck) and incubated overnight at 37°C for 24 h. 
Subsequently, DNA was extracted using a commercial kit (Promega) 
following the manufacturer’s instructions and stored at -20°C. All 
PCRs were performed in 0.2mL tubes with a final volume of 25μL 
using the protocol developed by Acosta et al. (2018). PCR primers 
and annealing temperature can be found in the Table 1. Simplex 
PCR method for species identification was principally used, and 
multiplex PCR assay for simultaneous detection of staphylococcal 
and streptococcal was performed using the protocol developed by 
Shome et al. (2011).

Antimicrobial susceptibility testing. Antibacterial activity was 
assessed using the broth microdilution method in 96-well microtiter 
plates (k12-096, KASVI, CH) as per Abu-Melha et al. (2019) and 
following the guidelines of the Clinical and Laboratory Standards 
Institute (CLSI 2018) for the standard antibacterial drug tetracycline. 
Because broth microdilution method is costly, time-consuming and 
labor-intensive, the antimicrobials test was subdivided in two studies. 

First, were evaluated the antibacterial properties of all 39 heterocyclic 
compounds and tetracycline against four bacterial isolates randomly 
chosen from those recovered from the milk samples: Staphylococcus 
aureus, Streptococcus agalactiae, Corynebacterium bovis and Escherichia 
coli (Study 1). Then, the heterocyclic compounds with the strongest 
antibacterial activity were evaluated against all isolates recovered 
from the milk samples (Study 2). 

Sub-cultures were performed in 5% ovine blood agar plates 
incubated aerobically at 37°C for 24 h. Suspensions were prepared in 
0.9% NaCl (w/v) and were adjusted to achieve turbidity equivalent to 
a 0.5 McFarland standard (approximately 1 to 2 × 108 colony-forming 
units (CFU)/mL). The final inoculum size in Mueller-Hinton broth 
(Merck, Germany) dilution was approximately 5 × 105  CFU/mL. 

Stock solutions of all compounds tested were prepared in dimethyl 
sulfoxide (DMSO) at 12.8mg/mL (final concentration). Antimicrobial 
susceptibility was determined using concentrations derived from 
serial 2-fold dilutions indexed to the base 2. The final dilutions 
ranged from 0.625 to 320µɡ/mL for all 39 compounds. Control 
groups included: culture media only, culture media + microorganism, 
and culture media + microorganism + DMSO (Fig.2). Tetracycline in 
sterile distilled water (0.25 to 128µɡ/mL) was used as reference.

Table 1. Sequences and characteristics of the oligonucleotide primers

Organisms Primer 
name Primer sequence (5′-3′) Annealing 

temperature (°C)
Expected size 

(bp) Reference

Staphylococcus aureus nuc_F GGTTCTGAAGATCCAACAGTAT 61 296 Acosta et al. (2017)
nuc_R GCTAAGCCACGTCCATATTTA

Staphylococcus hyicus hy-F1 CATTATATGATTTGAACGTG 56 793 Sasaki et al. (2010)
hy-R1 GAATCAATATCGTAAAGTTGC

Staphylococcus simulans SSMF AGCTTCGTTTACTTCTTCGATTGT 60 472 Shome et al. (2011)
SSMR AAAAGCACAAGCTCACATTGAC

Staphylococcus epidermidis SERF AAGAGCGTGGAGAAAAGTATCAAG 60 130 Shome et al. (2011)
SERR TCGATACCATCAAAAAGTTGG

Staphylococcus chromogenes SCHS1F GCGTACCAGAAGATAAACAAACTC 60 222 Shome et al. (2011)
SCHS1R CATTATTTACAACGAGCCATGC

Staphylococcus haemolyticus SHS1F CAAATTAAATTCTGCAGTTGAGG 60 214 Shome et al. (2011)
SHS1R AGAGCCCCATTGTTCTTTGA

Staphylococcus xylosus Xyl F AACGCGCAACGTGATAAAATTAATG 55 539 Morot-Bizot et al. (2004)
Xyl R AACGCGCAACAGCAATTACG

Staphylococcus 
pseudintermedius

pse-F2 TRGGCAGTAGGATTCGTTAA 56 926 Sasaki et al. (2010)
pse-R5 CTTTTGTGCTYCMTTTTGG

Streptococcus agalactiae STAGF GCTAATACCGCATAAGAGTAATTAAC 60 317 Shome et al. (2011)
STAGR GGTAGATTTTCCACTCCTACCAA

Streptococcus dysgalactiae STDGF GGGAGTGGAAAATCCACCAT 60 572 Shome et al. (2011)
STDGR AAGGGAAAGCCTATCTCTAGACC

Streptococcus uberis Su-F AATTGGCATTCGTCGCGGTA 53 239 Ashraf et al. (2017)
Su-R GCATCCCTTCAACCACTTCAA

Streptococcus parauberis Spa 301 GCG ACG TGG GAT CAA ATA CT 57 918 Riffon et al. (2001)
Spa 1219 TAC CAT TAC CTC TAA AGG TA

Corynebacterium bovis C_bo_F GGTGTGGGGATCTTCCACGAT 60 224 Kim et al. (2014)
C_bo_R ACCACCTGTGAACAAGCCCA

Corynebacterium 
pseudotuberculosis

PLD-F ATAAGCGTAAGCAGGGAGCA 58 203 Pacheco et al. (2007)
PLD-R1 ATCAGCGGTGATTGTCTTCC

Escherichia coli ECPF GGTAACGTTTCTACCGCAGAGTTG 60 468 Shome et al. (2011)
ECPR CAGGGTTGGTACACTGTCATTACG

Klebsiella pneumoniae SHV-F GCTGGCGGTACACGCCAGCCCG 55 995 Fonseca et al. (2017)
DeoR-R AGAAGCATCCTGCTGTGCG
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Data analysis. Minimal inhibitory concentration (MIC) is the 
lowest concentration able to inhibit any microbial growth (turbidity). 
Minimal bactericidal concentration (MBC) is the lowest concentration 
of an antibiotic required to kill a microorganism. MBC is determined 
by plating-out samples (Mueller-Hinton agar, Merck, Germany) of 
completely inhibited dilution cultures and assessing growth (static) or 
no-growth (cidal) after incubation (Cos et al. 2006). The MIC50, MIC90 
(MICs at which at least 50% and 90% of the isolates in a test population 
are inhibited, respectively) (Thomas et al. 2015) and MBC values were 
determined for all bacterial strains and compounds used in the study. 
Optical densities were measured by spectrophotometry at 600nm and 
a growth curve was constructed after measurements at 0 h and 12 h.

RESULTS
Twenty-seven samples of milk were analyzed from cows with 
clinical mastitis. Three milk samples (11.11%) were contaminated 
with three or more environmental bacteria concomitantly and 
were excluded from the study. Of the 24 remaining samples, 
11 (40.74%), 4 (14.81%), 3 (11.11%), 3 (11.11%), 2 (7.4%) 
and 1 (3.7%) were initially identified as Staphylococcus spp., 
Streptococcus spp., Corynebacterium spp., Enterobacteriaceae, 
Bacillus spp. and Micrococcus spp., respectively. 

Of the 39 heterocyclic compounds tested against the four 
randomly chosen isolates, 15 (38.46 %), 10 (25.64%), 7 
(17.94%) and 7 (17.94%) showed antibacterial activity against 
Escherichia coli, Streptococcus agalactiae, Staphylococcus 
aureus and Corynebacterium bovis, respectively (Table 2 and 3). 
1,3-thiazoles (17-39), specially compounds 17, 30, 38 and 39 
(Table 3), showed the strongest antibacterial activity. All four 
isolates were susceptible to tetracycline (Table 2). 

Due to their strong antimicrobial activity against E. coli, 
S. agalactiae, S. aureus and C. bovis, was decided to evaluate 
the MIC and MBC of compounds 30 and 38 against the 24 
isolates recovered from the milk samples. Compounds 30 and 
38 showed a MIC=MBC value or 2*MIC=MBC value against 
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Fig.2. Minimal bactericidal concentration (MBC) of thiazoles 
compounds. NC (negative control), C+ (positive growth control), 
C+ 

DMSO (microorganism and solvent - DMSO). Staphylococcus aureus 
(A and B), Streptococcus agalactiae (C and D), Corynebacterium 
bovis (E and F) and Escherichia coli (G and H).
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most isolates (Table 4), and compound 38 displayed the most 
potent in vitro antibacterial activity against all isolates tested, 
with a MIC50 value of 80µɡ/mL, a MIC90 value of 160µɡ/mL 
and a MBC value of 40µɡ/mL (Table 4).

Corynebacterium spp. and Enterobacteriaceae isolates were 
the most susceptible to the antibacterial activity of compounds 
30 and 38. Compound 30 showed MBC values of 40 and 80µɡ/
mL against Corynebacterium spp. and Enterobacteriaceae, 
respectively, and MIC value of 40µɡ/mL for both isolates. 
Compound 38 showed MIC values of 10 and 40µɡ/mL against 
Corynebacterium spp. and Enterobacteriaceae, respectively, and 
MBC value of 40µɡ/mL against these two isolates (Table 4). 

DISCUSSION
Due to their many biological activities, including antibacterial, 
1,3-thiazoles and 4-thiazolidinones have attracted considerable 
attention over the years (Qin et al. 2014, Reddy et al. 2016, 
Abu-Melha et al. 2019, Tratrat et al. 2019). In the present study, 

two 1,3-thiazoles derivatives, compounds 30 and 38, showed 
significant antimicrobial activity (Table 4) with MIC50 values 
of 160µɡ/mL and 80µɡ/mL, respectively, which are similar 
to those previously observed for metronidazole-thiazole 
derivatives by Qin et al. (2014).

Bacteriostatic agents inhibit the growth of bacterial 
cells but do not kill them, whereas bactericidal agents kill 
(French 2006). Agents that inhibit ribosome function and 
protein synthesis tend to be bacteriostatic, whereas those 
that disrupt the cell wall or membrane, or interfere with 
essential bacterial enzymes, are likely to be bactericidal 
(French 2006). Bactericidal agents are more advantageous 
because of the rapid elimination of bacteria and decreased 
possibility of resistance development or infection recurrence 
(Finberg et al. 2004).

In the present study, compounds 30 and 38 showed MIC90 
values of 360µɡ/mL and 160µɡ/mL, respectively, and MBC 
values of 40µɡ/mL and 360µɡ/mL (Table 4), respectively, 
what demonstrates their bactericidal properties. Similarly, 

Table 4. Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of compounds 30 and 38 
against the 24 clinical isolates recovered

Clinical isolates
Compound 30a (µɡ/mL) Compound 38b (µɡ/mL)

0.625 1.25 2.5 5 10 20 40 80 160 320 0.625 1.25 2.5 5 10 20 40 80 160 320
Staphylococcus aureus + + + + + + + + + - + + + + + + + + - -

S. aureus + + + + + + + + - - + + + + + + + - - -

S. aureus + + + + + + + + + - + + + + + + + + - -

Staphylococcus simulans + + + + + + + + + - + + + + + + + + - -

Staphylococcus xylosus + + + + + + + + + - + + + + + + + + + -

Staphylococcus spp. + + + + + + + + + + + + + + + + + - - -

Staphylococcus spp. + + + + + + + + + + + + + + + + + + + -

Staphylococcus hyicus + + + + + + + + - - + + + + + + + + + -

Staphylococcus simulans + + + + + + + + + - + + + + + + + + - -

S. simulans + + + + + + + + + - + + + + + + + + - -

S. hyicus + + + + + + + + - - + + + + + + + + - -

Streptococcus uberis + + + + + + + + + - + + + + + + + - - -

Streptococcus agalactiae + + + + + + + + - - + + + + + + + + + -

S. agalactiae + + + + + + + + - - + + + + + + + + - -

Streptococcus spp. + + + + + + + + - - + + + + + + + + - -

Corynebacterium bovis + + + + + + + - - - + + + + + + - - - -

Corynebacterium spp. + + + + + + + + + - + + + + + + + + - -

C. bovis + + + + + + - - - - + + + + + + - - - -

Escherichia coli + + + + + + + + - - + + + + + + + - - -

Enterobacteriaceae + + + + + + + - - - + + + + + + - - - -

Enterobacteriaceae + + + + + + + - - - + + + + + + + + - -

Bacillus spp. + + + + + + + + + - + + + + + + + + + -

Bacillus spp. + + + + + + + + + - + + + + + + + + - -

Micrococcus spp. + + + + + + + + + - + + + + + + + - - -

a Compound 1,3-thiazole derivative R5 (4-Cl-Ph), R6 (H), b compound 1,3-thiazole derivative R5 (4-NO2-Ph), R6 (H); MIC value is indicated by vertical black 
line and MBC value is indicated by the negative symbol in the gray area. 
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Reddy et al. (2016) has shown the bactericidal properties of 
thiazole derivatives against Bacillus subtilis, Staphylococcus 
aureus, Escherichia coli and Proteus vulgaris with MIC values 
ranging from 6.25 to 100µɡ/mL and MBC values ranging from 
50 to 200µɡ/mL.

Since the literature is not conclusive regarding the bacteria 
species or clones responsible for the clinical or subclinical 
cases of bovine mastitis (Ronco et al. 2018, Cheng et al. 2019, 
Nüesch-Inderbinen et al. 2019), in the present study was 
evaluated the antimicrobial properties of the heterocyclic 
compound against isolates recovered from cows with clinical 
mastitis as an attempt to be more representative of a real 
life situation.

The identification of species level is an important task 
for veterinary diagnostic laboratories. In this study, the most 
frequently identified species in cows with clinical mastitis were 
S. aureus (n=3), Staphylococcus simulans (n=3), Staphylococcus 
hyicus (n=2), Streptococcus agalactiae (n=2) and Corynebacterium 
bovis (n=2) (Table 4). It is difficult to discriminate between 
species based on phenotypic differences because there is a 
lack of unique biochemical markers for species identification 
in special for coagulase-positive staphylococci (Sasaki et 
al. 2007). Molecular diagnostics by PCR have the ability to 
identify the organism with great sensitivity and specificity and 
can also distinguish between very closely related organisms. 
These molecular diagnostic methods have many advantages 
over the traditional bacteriology techniques in terms of low 
cost and accurate detection (Ashraf et al. 2017).

Because of the importance of antimicrobial therapies and 
antibiotic resistance for human and animal health (Ball 1999, 
Ball et al. 2002), the development of new antimicrobial agents 
(Qiu et al. 2001, Rafi et al. 2006, Qin et al. 2014) and studies 
that monitor the pathogens and their antibiotic resistance 
status (Saidani et al. 2018, Schabauer et al. 2018) are of 
extreme importance. Although the MIC and MBC results found 
in the present study do not reflect the actual antimicrobial 
susceptibility of the pathogens studied, the results should serve 
as a reference baseline for future studies and development 
of new antimicrobial agents.

CONCLUSION
The antibacterial compounds presenting a 1,3-thiazoles 
nucleus showed the strongest antibacterial activity. Two 
compounds, 30 and 38, showed bactericidal effects against 
several of the bacterial isolates evaluated (Staphylococcus aureus 
[n=3], Staphylococcus simulans [n=3], Staphylococcus hyicus 
[n=2], Staphylococcus xylosus [n=1], Streptococcus agalactiae 
[n=2], Streptococcus uberis [n=1], Streptococcus spp. [n=1], 
Corynebacterium bovis [n=2], Corynebacterium spp. [n=1], 
Escherichia coli [n=1], Enterobacteriaceae [n=2], Bacillus spp. 
[n=2] and Micrococcus spp. [n=1]), being promising targets for 
the development of new broad-spectrum antimicrobial agents.
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