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In recent years, resistance to antimicrobials has become a global problem. Despite the need for new antibiotics 
with the increase of resistant bacteria, developing new antimicrobials is problematic. Biofilms formed by 
microorganisms play an essential role in the development of resistance. We aimed to investigate the 
antimicrobial and antibiofilm activities of N-heterocyclic carbene (NHC) complexes. In this study, previously 
synthesized and characterized NHC complexes on standard bacterial and fungal strains were investigated. The 
minimal inhibition concentration (MIC) test was used to determine the antimicrobial activities of the 
compounds, and the biofilm inhibition concentration test was used to determine the anti-biofilm activities. 
Compounds 2b and 2c showed potent antimicrobial activity on microorganisms between <=1.9 and 7.8µg/mL. 
Antimicrobial activity in salts of compounds (1a-1c) was weaker than silver compounds (2a-2c). The antibiofilm 
activity was between 27 and 79%, especially in silver-bound compounds (2a-2c). Benzimidazole derivative NHC 
compounds that we evaluated in our study were found to have significant antimicrobial and antibiofilm effects 
on pathogenic microorganisms. These compounds, which we assessed in our study, may be antimicrobial drug 
candidates that can be used in different areas. It will be essential to conduct further in vitro and in vivo studies 
on this subject. 
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Introduction 
 

Although microorganisms are indispensable elements 
of our world, they are also the cause of many negative 
aspects in the fields of food and industry, especially 
infections [1-3]. While the common effort of those dealing 
with health sciences is to provide the best conditions for 
the environment and all living things, microorganisms are 
one of the most important obstacles [4].  

Antimicrobial substances are used extensively for 
human and animal health, for the protection of nutrients 
in the food industry, and protection from the harmful 
effects of microorganisms in the sector [5]. However, in 
recent years, the resistance developed by microorganisms 
against these substances has emerged as a global 
problem. Efforts such as reducing the overuse of 
antimicrobials, improving sanitation, and infection control 
have not solved this problem completely, and new 
antimicrobials are needed has been understood [4,6]. 
Although resistance to antimicrobial agents has increased 
rapidly, new antimicrobial agents have not been 
developed at the same rate [7]. One of the reasons for the 
lack of discoveries is the increasing consumption of 
natural structures with antimicrobial activity [8]. 
Therefore, synthetic chemistry plays a crucial role in 
developing new strategies and antimicrobials [9].  

Biofilms are one of the essential causes of resistance 
to antimicrobial agents. Biofilms, formed from a complex 
process, cause significant health and economic losses due 
to their important role in infectious diseases, increasing 
metal biodegradation processes in industrial sectors, 
decreasing food quality in agriculture and food sectors, 
and contaminating water systems. Many antibiotics are 
not able to destroy dense biofilms. For this reason, it is 
necessary to find effective substances that can destroy 
biofilms or prevent the formation of biofilms [10-12]. 
NHCs are heterocyclic species containing a carbene 
carbon and at least one nitrogen atom in the ring 
structure. An increasing number of publications today 
have focused on the medical applications of NHCs. 
Especially metal complexes of NHCs are evaluated as 
metallopharmaceuticals with great promise to be 
antibacterial and anticancer agents [13]. The successful 
isolation and characterization of an N heterocyclic 
carbene (NHC) at the end of the twentieth century have 
opened a new class of organic compounds for research. To 
date, NHCs have been among the most powerful tools in 
organic chemistry with numerous commercially important 
applications and have found applications in various fields, 
including medical fields [14]. This study aimed to 
determine the antibiofilm and antimicrobial properties of 
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Benzimidazole derivative NHC compounds previously 
designed and synthesized. We think that our study will 
contribute to the literature on studies on new compounds 
that have the potential to be antimicrobial agents. 

 
Materials and Methods 
 

Compounds 
In this study, previously synthesized and characterized 

benzimidazolium-based Ag(I)-NHC complexes; 1-allyl-3-
(3-methylbenzyl) benzimidazolium chloride (1a), 1-allyl-3-
(4-isopropylbenzyl) benzimidazolium chloride (1b),1-allyl-
3-(4-ter-butylbenzyl) benzimidazolium bromide (1c), 
chloro [1-allyl-3-(3-methylbenzyl) benzimidazole-2-
ylidene] silver(I) (2a), chloro[1-allyl-3-(4- isopropylbenzyl) 
benzimidazole-2-ylidene] silver (I) (2b), bromo[1-allyl-3-
(4-ter-butylbenzyl) benzimidazole-2-ylidene] silver(I) (2c),  
[15,16]. were evaluated in terms of antimicrobial and 
antibiofilm properties.  
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Figure 1. Structure of compounds (1a-c, 2a-c) 

 
The minimal inhibition concentration (MIC) test was 

used to determine the compounds' antimicrobial 
activities, and the Biofilm inhibition concentration (BIC) 
test was used to determine their anti-biofilm activities. 
 

Microorganism 
In this study, ATCC 25922 Escherichia coli, ATCC 27853 

Pseudomonas aeruginosa, ATCC 29213 Staphylococcus 
aureus, ATCC 29212 Enterococcus faecalis, and ATCC 
10231 Candida albicans bacteria and yeast strains 
obtained from the standard strains of the American Type 
Culture Collection were used. Standard microorganisms 
were stored at -80 °C and revived at room temperature 
before the study. 

 

Antimicrobial Activity, Determination of MICs 
To determine the antimicrobial activities of the 

compounds, the broth microdilution method was used as 
applied by Şahin et al. [17]. Briefly, Overnight broth 
cultures were used to prepare inoculations of 
microorganisms and microorganism inoculations were 
adjusted to the standard turbidity of 0.5 McFarland (1 ×10 

8 CFU/mL microorganism). Microorganism inoculations 
were adjusted to a final concentration of 5x105 CFU/ mL. 
Before starting the test, 2 mg of the compound was 
weighed and dissolved with 10% (v/v) DMSO in 4 mL of 
MHB to prepare a stock solution. Then, serial two-fold 
dilutions were prepared with MHB at concentrations 
ranging from 3.9 to 250 µg/ mL in 96-well plates. 
Ciprofloxacin and fluconazole were used as standard 
antibacterial and antifungal agents. Optical densities were 
measured after 24 hours of incubation at 37 °C. A 
microplate reader (SPECTROstar Nano, BMG LABTECH, 
Ortenberg/Germany) was used to measure the optical 
density at 620 nm. The lowest concentration that inhibits 
the growth of microorganisms was determined as MIC. 

 
Biofilm Inhibition Concentration (BIC) Assay 
The microtiter plate test was applied to evaluate the 

antibiofilm activities of the compounds against 
microorganisms, similar to the work of Şahin et al. with 
some modifications [18]. Overnight broth cultures were 
used to prepare inoculations of microorganisms. Briefly, 
100 µL of Tryptic Soy Broth (TSB) containing 1% glucose 
(w/v) and microorganism at a density of 0.5 McFarland 
(1x108 CFU/ mL) was dispensed into 96-well U-bottom 
microplates. Then, 100 µL of different compound 
concentrations (1.9 - 250 µg/ mL) was dispensed into 
different wells. Only 200 µL of TSB solution was dispensed 
into the negative control well, and only 200 µL of the 
microorganism solution in the positive control well. The 
prepared microplates were incubated at 37 °C for 24 
hours. At the end of the period, all wells were washed 
three times with 300 µL phosphate buffer solution (PBS), 
and planktonic cells were removed. Then, the biofilm in all 
wells was fixed with 95% methanol for 15 minutes. After 
fixation, 0.1% crystal violet (w/v) was added to the wells, 
dried at room temperature, and stained for 30 minutes. At 
the end of the period, the excess dye was removed with 
PBS 3 times and left to dry. A 33% acetic acid solution was 
added to dissolve the dye in the wells and evaluated at 
570 nm in a microplate reader (SPECTROstar Nano, BMG 
LABTECH, Ortenberg/Germany). All experiments were 
repeated three times. 

The percent biofilm inhibition was calculated using the 
formula given below.  
Biofilm inhibition ( % ) = { ( Ac −As ) / Ac } 100   
(Ac and As are the absorbance of the control and sample, 
respectively) 

 
Results and Discussion 

 
Compounds 2b and 2c showed strong antimicrobial 

activity against bacteria and yeast strains. These 
compounds were found to have inhibition concentrations 
close to the control antimicrobial agents (ciprofloxacin 
and fluconazole). Compound 2a showed moderate 
antimicrobial activity compared to other silver 
compounds in our study. Although antimicrobial activity 
was observed in the salts of the compounds (1a-1c), this 
effect was found to be weaker than in the silver 
compounds (2a-2c) (Table 1). 
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Table 1. Minimum-inhibitory concentrations (MIC, in µg/ mL) 
of compounds 

Compounds 

 
Microorganisms 
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1a 62.5 62.5 125 125 62.5 
1b 125 125 125 125 125 
1c 62.5 125 62.5 125 62.5 
2a 15.6 31.25 62.5 31.25 31.25 
2b <=1.9 3.9 3.9 3.9 3.9 
2c 3.9 3.9 7.8 <=1.9 3.9 

Ciprofloxacin <= 1.9 <=1.9 <= 1.9 <= 1.9  
Fluconazole     <= 1.9 

When we evaluated the antibiofilm activities of the 
compounds we studied at concentrations sub-MIC, it was 
found that all compounds had this effect at different 
concentrations. The antibiofilm activity was found 
between 27 and 79% against microorganisms, especially 
silver-bound compounds (2a-2c).  Other salt compounds 
(1a-1c) also inhibited biofilms of microorganisms at 
different rates at values sub-MIC. (Table 2). 

Nowadays, the processes of discovering and producing 
new antibiotics are problematic. Therefore, there is an 
antimicrobial resistance crisis affecting the whole world. 
The process of developing a new antibiotic involves 
excellent difficulties. Traditional methods for finding 
antimicrobial agents have not produced a new antibiotic 
for a long time [19]. 

As a result, there has been a severe decrease in new 
antibacterial agents in recent years. However, new 
antibiotics are urgently needed due to the threat posed by 
increased highly resistant pathogenic bacteria [20]. 

 
 

Table 2. Reduction in biofilm formation on ½ MIC value of compounds (%)  

Co
m

po
un

ds
  

Microorganisms 
ATCC 25922  

E.coli 
ATCC 27853 

Pseudomonas aeruginosa 
ATCC 29213 

Staphylococcus aureus  
ATCC 29212 

Enterococcus faecalis 
ATCC 10231 Candida 

albicans 

 
1a 

 

 
31.25/24±0.5 

 

 
31.25/8±0.5 

 
62.5/27±0.5 

 
62.5/22±1.0 

 
31.25/14±1.0 

 
1b 

 

 
62.5/45±0.5 

 
62.5/14±1.0 

 
62.5/29±0.5 

 
62.5/39±0.5 

 
62.5/42±2.0 

 
1c 

 

 
31.25/41±1.0 

 
62.5/16±1.0 

 
31.25/37±0.5 

 
62.5/11±0.5 

 
31.25/31±0.5 

 
2a 

 

 
7.8/68±0.5 

 
15.6/27±0.5 

 
31.25/44±0.5 

 
15.6/49±0.5 

 
15.6/47±0.5 

 
2b 

 

 
NT 

 
1.9/38±1.0 

 
1.9/68±1.0 

 
1.9/62±0.5 

 
1.9/70±1.0 

 
2c 

 

 
1.9/79±1.0 

 
1.9/34±0.5 

 
3.9/61±0.5 

 
NT 

 
1.9/66±1.0 

NT: Non-tested (The biofilm inhibition test could not be studied because the MIC value was at the lowest concentration studied. 
 

The main goal of medicinal chemistry is to design and 
synthesize bioactive compounds that can be safe and 
effective drugs [21]. Synthetic chemistry is critical for the 
discovery and development of new drugs. Chemical 
syntheses play an important role in pharmaceutical 
research and development. In the last century, many new 
synthesized compounds have led to the discovery and 
development of important life-changing drugs. Today, 
there is a critical need for new syntheses to develop new 
drugs that will guide future treatments [22].  

Our study evaluated benzimidazole-derived Ag-NHC 
compounds' antimicrobial and antibiofilm activities and 

their salts, which were previously synthesized but whose 
antimicrobial and antibiofilm properties were unknown. 
The results of our study showed antimicrobial and 
antibiofilm activities similar to those of the control 
antimicrobials (ciprofloxacin and fluconazole), especially 
in the silver-bound 2b and 2c compounds (Table 1, 2). 

There are publications in the literature on the 
antimicrobial activities of NHC molecules. Sakamoto et al. 
[23]. demonstrated the antimicrobial activity of the Ag(I)-
NHC compounds they synthesized in their study and 
reported that most of this effect was due to the Ag metal. 
Sarı et al. [24]. Showed the antimicrobial activities of 
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benzimidazolium-based Ag(I)-NHC compounds they 
synthesized on Gram-positive and Gram-negative bacteria 
and yeasts. It is understood that Ag(I)-NHC compounds, 
whose activities we evaluated in our study, are more 
effective on microorganisms than those reported in this 
study. Gök et al. [25]. Demonstrated the antimicrobial 
activities of the benzimidazolium-based Ag(I)-NHC 
compounds they synthesized on Gram-positive and Gram-
negative bacteria and yeasts. Butorac et al. [26]. reported 
that silver and gold-bound NHC compounds showed 
antimicrobial activity on S. aureus, Bacillus subtilis, E. coli, 
and P. aeruginosa. Siegmund et al. [27]. Their study with 
NHC complexes reported that their synthesised 
compounds exhibited strong  antimicrobial activity on 
Gram-positive bacterial strains at low concentrations. 
Researchers reported that these compounds are 
important for developing new metal-based antibiotic 
agents. The silver-bound NHC complexes that we 
evaluated in our study also showed strong antimicrobial 
activity at low concentrations on all microorganisms we 
studied. Therefore, we think these compounds, which we 
evaluated in our study, may be important for developing 
new metal-based antibiotics. 

About 80% of human bacterial infections are related to 
biofilms [28]. Therefore, it is critically important to design 
and develop anti-biofilm molecules that can be used in the 
treatment of biofilm-related diseases [29]. Benzimidazole 
derivatives are widely used as antimicrobial, 
antihistamine, antiviral, antidiabetic, anticancer, 
antifungal, anti-inflammatory, analgesic, etc., due to their 
pharmacological activities; it has become very important 
in recent years in the field of medicinal chemistry. There 
are currently few benzimidazole derivatives on the market 
as drug candidates against various diseases. However, 
intensive studies show that benzimidazole-based drug 
candidates can increase rapidly [30]. The previous study 
reported benzimidazolium salts with methicillin-resistant 
S. aureus bacteria are potent antibiotic and anti-biofilm 
agents. In this study, the researchers reported that new 
drugs should be developed to combat resistant bacteria 
and that it is important that these drugs can prevent or 
destroy biofilms [31]. We think that benzimidazole-
derived compounds, which we evaluated in our study, 
may be among the future antimicrobials against resistant 
microorganisms with their strong antibiofilm and 
antimicrobial effects. 

Üstün et al. [32]. They studied the antimicrobial 
activity and antibiofilm activity in the synthesised 
benzimidazole derivative NHC compounds. Researchers 
found antimicrobial activity against microorganisms in 
salts between 31.25 -250 µg/ mL concentrations, while 
they found much higher effects in their silver-bound 
complexes at concentrations <= 1.9-15.6 µg/ mL. Again, 
researchers reported that salts at sub-MIC concentrations 
inhibited microorganism biofilms by 8-51.6%, while silver-
bound NHC compounds inhibited microorganism biofilms 
up to 77% at sub-MIC concentrations. While the salts of 
the compounds we evaluated in our study had 
antimicrobial and antibiofilm activity similar to the studies 

of Üstün et al., much stronger activities were found in 
Ag(I)-NHC complexes, especially in compounds 2b and 2c. 
We think that these compounds should be included in 
further in vitro and in vivo studies to be future 
antimicrobials. 

Şahin et al. [17]. They evaluated the newly synthesized 
NHC precursors and Ag(I)-NHC complexes regarding 
antibacterial, antifungal, and antibiofilm activities. 
Researchers compared the biological activities of the 
synthesised products in their studies with standard drugs, 
as in our study. Researchers who reported that the 
compounds have moderate antibacterial and antibiofilm 
activities reported that especially compound 2a inhibited 
E. coli biofilms, and compound 2d inhibited C. albicans 
biofilms at the highest rate. Bernardi et al. [33]. 
Investigated the antibiofilm properties of NHC 
compounds to which they bind different metals on Gram 
(+) and Gr (-) bacteria. This study reported that very strong 
antibiofilm activity was observed in Ag(I)-NHC 
compounds. The researchers stated that the results 
obtained in this study would open new perspectives in 
developing metal-based drugs that can be used to treat 
infections associated with biofilms. We also think that the 
strong antimicrobial and antibiofilm activity we obtained 
in our study may contribute to developing new 
antimicrobials with antibiofilm properties. O'Beirne et al. 
[34]. Their study with NHC compounds reported that the 
compounds showed excellent inhibition on E. coli, P. 
aeruginosa, and K. pneumoniae. The researchers reported 
that the compounds did not have an antibiofilm effect on 
P.aeruginosa but showed antibiofilm activity on 
Methicillin-resistant S.aureus (MRSA) and C.parapsilosis. 
The compounds we evaluated in our study also showed 
antibiofilm activity in P.aeruginosa biofilms. There are 
many studies on the antimicrobial properties of Ag(I)-
NHCs in the literature. Kaloğlu et al [13] evaluated the 
antimicrobial activity of synthesized Ag-(I) NHC 
compounds on different microorganisms.  They reported 
that these compounds showed strong activity. 

The studies show that Ag(I)-NHC compounds have the 
potential to be applied in medicine due to their 
antimicrobial activity and low toxicity. The slow transport 
of silver ions across the cell membrane disrupts the cell's 
electron transport system and the structure of enzymes. 
The disadvantage of using silver compounds in 
pharmaceutical studies is that they quickly lose their 
effectiveness due to the rapid release of Ag+ ions. 
Therefore, the synthesis of silver complexes with strong 
coordinating ligands is crucial to prevent the rapid release 
of silver ions. 

 
Conclusion 

 
There is a great need for new antibiotics with the 

increase of highly resistant pathogenic bacteria. However, 
new antimicrobial agents have not been developed as 
needed in recent years. Benzimidazole derivative NHC 
compounds, whose antimicrobial and antibiofilm 
activities were evaluated in our study, were found to have 
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significant antimicrobial and antibiofilm effects on 
pathogenic microorganisms. Especially compounds 2b 
and 2c showed strong antimicrobial activity on 
microorganisms between <=1.9 and 7.8µg/ mL l. The 
antibiofilm activity was found between 27 and 79%, 
especially in silver-bound compounds (2a-2c).  In the 
literature, there are few studies on the antibiofilm 
activities of benzimidazole-derived NHC compounds. 
These compounds, which we evaluated in our study, can 
be drug candidates that can be used in different fields. It 
will be essential to conduct further in vitro and in vivo 
studies on this subject. 
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