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Abstract 

A set of 2-((4-ethylphenoxy)methyl)-N-(substituted-phenylcarbamothioyl)benzamides derivatives 
(1a-h) previously synthesized and characterized by 1H-NMR, 13C-NMR,  IR, MS, and elemental analysis 
have been assessed for their antimicrobial activity against planktonic and adherent microbial cells. Our 
results demonstrated that the newly synthesized compounds exhibited good antimicrobial activity, 
especially against adherent cells, so they could be used for the development of novel antimicrobial 
materials or strategies for fighting medical biofilms frequently implicated in the etiology of chronic 
infections. Taking into account that the tested compounds proved good anti-inflammatory activity, they 
might be potential candidates for further pharmacological investigations, as the concept of combining 
antimicrobial with anti-inflammatory activity in one compound is promising for future medical use in 
the treatment of bacterial infections, especially those accompanied by pain and inflammation symptoms. 
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1. Introduction 

Despite many significant progresses made in antimicrobial therapy, infectious diseases 
caused by bacteria and fungi remain a major health problem due to the rapid development of 
resistance to the existing antimicrobial drugs [1, 2]. With this background, there is an 
increasing need to design and develop new antimicrobial agents [3, 4]. It is well known that 
thiourea derivatives exhibit both antimicrobial activity, such 6-amino-5-
nonsubstituted/chloro-3-methyl-2(3H)-benzoxazolones with the appropriate isothiocyanates, 
with antibacterial and antifungal activities, especially on Escherichia coli [5]. Reddy at al. 
synthesized novel cell permeable thiourea compounds from economically available anacardic 
acid and observed moderate to good biological activity by various antibacterial strains [6].  

In addition, Doğruer at al. synthesized hybrid molecules through the combination of 
different pharmacophores, such as pyridazine nucleus, thiourea fragment and sulfonamide 
group, in one structure in order to obtain agents with improved antimicrobial profile [7]. 
Moreover, thiourea derivatives of 4-azatricyclo[5.2.2.02,6]undec-8-ene-3,5-dione class 
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showed significant inhibition of Gram- positive cocci [8]. Furthermore, a new series of 
aliphatic thiourea and various arylurea incorporating 1,3,5-s-triazine moiety was developed 
and screened for its in vitro activity against Staphylococcus aureus, Salmonella typhi, 
Escherichia coli and Candida albicans [9]. In an attempt to improve antibacterial activity, the 
thiourea moiety has been of interest to design new molecules by substituting the acetamide 
group at 5-position of linezolid [10]. 

On the other hand, thiourea moiety confers not only antimicrobial, but also anti-
inflammatory activity, as previously shown for the 2-((4-ethylphenoxy)methyl)-N-
(substituted-phenylcarbamothioyl)benzamides, which exhibited significantly higher anti-
inflammatory activity when compared with the reference drug indomethacin, by potently 
inhibiting PGE2 synthesis lowering ulcer incidence [11]. 

Based on the aforementioned observations, the pharmacological profile of thiourea 
derivatives drew our interest in studying the activity of 2-((4-ethylphenoxy)methyl)-N-
(substituted-phenylcarbamothioyl)benzamides against planktonic and adherent microbial 
cells, in the aim to obtain potent bioactive compounds, exhibiting both antimicrobial and anti-
inflammatory activity. 
 
2. Materials and Methods 
2.1. Tested compounds 

The synthesis, physico-chemical and anti-inflammatory activity of the 2-((4-
ethylphenoxy)methyl)-N-(substituted-phenylcarbamothioyl)benzamides (encoded 1a-h) were 
published by Limban et al. in 2013 [11]. 
2.2. Antimicrobial and anti-biofilm activity 

In vitro antimicrobial tests were carried out on the following microbial strains: 
Escherichia coli 13147, Escherichia coli 13529, Klebsiella pneumoniae 1204, Klebsiella 
pneumoniae 13420, Pseudomonas aeruginosa 1246, Pseudomonas aeruginosa 13202, 
Bacillus subtilis 12488, Staphylococcus aureus MRSA 1263, Staphylococcus aureus 13204, 
Candida albicans 10231, Candida albicans 249. 

The compounds were solubilized in dimethylsulfoxide to a final concentration of 1 
mg/mL. The quantitative assay of the minimal inhibitory concentration (MIC, μg/ mL) was 
based on liquid medium two-fold microdilutions. For this purpose, serial binary dilutions of 
the tested compounds (ranging between 1000 and 16.125 µg/ mL) were performed in a 200 
μL volume of nutrient broth and each well was seeded with 50 μL microbial inoculum of 0.5 
MacFarland density. The plates were incubated for 24 hrs at 37oC, and MICs were read as the 
lowest concentration of the tested compound which inhibited the microbial growth. At the end 
of the MIC experiment the plates were emptied, washed three times with phosphate buffered 
saline (PBS) to remove the microbial cells grown in suspension (planktonic), the microbial 
cells adhered to the plastic wells were then fixed with cold methanol for 5 min and then 
stained with 1% violet crystal solution for 30 minutes. The biomass adhered to the plastic 
wells was resuspended in 30% acetic acid. The intensity of the colored suspensions was 
assessed by measuring the absorbance at 490 nm, the intensity of the biofilm development 
being directly proportional to the values of the measured  absorbance and the lowest 
concentration at which the absorbance was lower than that of the positive control was 
considered as the minimal biofilm eradication concentration (MBEC) [12-16, 20].  
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3. Results and discussion 
The compounds investigated in the present study are presented in Scheme 1.   
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Scheme 1. Synthetic pathway for the new N-phenylcarbamothioylbenzamides 1a-h 
 
 

The tested compounds (1a-h) exhibited low inhibitory activity on the microbial growth, 
the MIC values exceeding 1mg/mL for all tested variants (Table 1).  
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Table 1. Minimal inhibitory concentrations (MIC, µg/mL) of the tested compounds 
 

1a 1b 1c 1d 1e 1f 1g 1h 
E. coli 13147   >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 

E. coli 13529  >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 

K. pneumoniae 1204  >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 

K. pneumoniae 13420  >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 

P. aeruginosa 1246 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 

 P. aeruginosa 13202 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 

B. subtilis 12488  >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 

 S. aureus 13204  >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 

S. aureus MRSA 1263 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 

C. albicans 10231  >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 

C. albicans 249  >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 
 

In exchange, the tested compounds exhibited anti-biofilm activity with different 
minimal biofilm eradication concentrations (MBEC), depending on the compound and the 
tested strain (Table 2). 
 
 
Table 2. Minimal biofilm eradication concentrations (MBEC, µg/mL) of the tested compounds 
 

 1a 1b 1c 1d 1e 1f 1g 1h 
E. coli 13147   250 >1000 >1000 250 250 250 250 250 
E. coli 13529  250 >1000 >1000 250 250 250 250 250 
K. pneumoniae 1204  >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 
K. pneumoniae 13420  >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 
P. aeruginosa 1246 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 
 P. aeruginosa 13202 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 
B. subtilis 12488  500 >1000 >1000 >1000 >1000 >1000 >1000 500 
 S. aureus 13204  250 >1000 >1000 250 250 250 250 250 
S. aureus MRSA 1263 250 >1000 >1000 250 250 250 250 250 
C. albicans 10231  250 250 250 250 250 500 250 250 
 

Excepting the compounds 1b and 1c, all other tested derivatives exhibited on two 
different E. coli strains, an anti-biofilm activity superior to that of DMSO. Concerning 13420 
strains, the derivative 1d exhibited a slightly higher anti-biofilm efficiency when compared to 
the control solvent DMSO. None of the tested compounds could inhibit the development of 
biofilms formed by K. pneumoniae and P. aeruginosa strains. However, a potent inhibition of 
pigment production was clearly observed in P. aeruginosa strains. The compounds 1a and 1h 
inhibited the biofilm formed by B. subtilis strains. Regarding S. aureus anti-biofilm activity, 
the tested derivatives, excepting the compounds 1b and 1c were able to inhibit both 
methicillin resistant S. aureus strain (MRSA) 1263 and the methicillin susceptible S. aureus 
13204 strain. All tested derivatives, i.e. 1a-h inhibited the two C. albicans strains ability to 
form biofilms. 

Among their broad spectrum of applications in medicine, chemistry, industry, and 
agriculture, thiourea and its derivatives display also anti-inflammatory and antimicrobial 
activity. 
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The tested compounds were previously tested for their anti-inflammatory features and 
during the present study they were screened for their antimicrobial activity against some 
pathogenic strains, in planktonic and adherent state. All tested derivatives exhibited a 
relatively low antimicrobial effect against the planktonic strains, with high MIC values, 
irrespective to the type of present chemical substitution or the tested strain used in the current 
study. In exchange, the tested compounds exhibited anti-biofilm activity at different 
concentrations, for different microbial strains. The obtained results showed that the inhibition 
of the ability of some of the tested microbial strains to colonize the plastic wells, occurred 
even at sub-inhibitory concentrations, as indicated by the MBEC values which were in some 
cases lower than the MIC ones. None of the tested compounds interfered with E. coli and P. 
aeruginosa biofilm development. Despite the lack of their ability to block P. aeruginosa 
biofilm development, the tested compounds exhibited a potent inhibitory activity on the 
pyocyanin pigment production. 

Hence, the pathogenesis of P. aeruginosa infections is multifactorial, as suggested by 
the large number of cell-associated and extracellular virulence determinants of these bacteria. 
Among the numerous and redundant adhesions, enzymes, and toxins responsible for extensive 
tissue damage, bloodstream invasion, and dissemination the pyocyanin production has an 
important role in protecting bacterial cells from phagocytosis. In vitro studies have shown that 
pyocyanin has multiple deleterious effects on mammalian cells, either epithelial or immune 
cells [18]. 

The most susceptible to the tested compounds proved to be the C. albicans biofilms, 
which were inhibited by all derivatives (1a-h). The S. aureus strains was inhibited by the 
compounds 1a, 1d, 1e, 1g, 1h, while B. subtilis by 1a and 1h. 

It could be noticed that the tested derivatives seem to interfere preferentially with the 
fungal and Gram-positive bacterial cells, and less with the Gram-negative ones. These results 
could suggest a specific interaction of the tested derivatives with some components of the 
microbial wall, affecting the consecutive microbial ability to adhere to the inert substratum. 
The compound exhibiting the strongest spectrum of anti-biofilm activity was the compound 
1a, bearing three methyl and respectively one nitro groups on the phenyl ring. 
 
4. Conclusion 

The newly developed 2-((4-ethylphenoxy)methyl)-N-(substituted-phenylcarbamothioyl)-
benzamides exhibited, in some cases, good antimicrobial activity especially against adherent 
cells, so they could be used for the development of novel antimicrobial materials or strategies 
for fighting medical biofilms frequently implicated in the etiology of chronic infections. The 
compounds 1a, followed by 1d, 1e, 1f, 1g and 1h exhibited important anti-biofilm features, 
being active against the biofilms formed by the fungal and the Gram-positive strains. Among 
the current series, the compounds 1e and 1h, previously shown to have potent anti-
inflammatory activity, also exhibited a significant anti-biofilm activity, proving that the newly 
developed class includes potential candidates for further pharmacological investigations, since 
the model compound combining antimicrobial with anti-inflammatory activity is encouraging 
for future medical use in the treatment of bacterial infections, especially those accompanied by 
pain and inflammation symptoms.  
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