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a b s t r a c t 

Objectives: This study aimed to characterise compounds with activity against carbapenemase-expressing 

Gram-negative bacteria and nematodes and evaluate their cytotoxicity to non-cancerous human cells. 

Methods: The antimicrobial activity and toxicity of a series of phenyl-substituted urea derivatives were 

evaluated using broth microdilution, chitinase, and resazurin reduction assays. 

Results: The effects of different substitutions present on the nitrogen atoms of the urea backbone were 

investigated. Several compounds were active against Staphylococcus aureus and Escherichia coli control 

strains. Specifically, derivatives 7b, 11b , and 67d exhibited antimicrobial activity against Klebsiella pneu- 

moniae 16, a carbapenemase-producing Enterobacteriaceae species, with minimum inhibitory concentra- 

tion (MIC) values of 100, 50, and 72 μM (32, 64, and 32 mg/L), respectively. In addition, the MICs obtained 

against a multidrug-resistant E. coli strain were 100, 50, and 36 μM (32, 16, and 16 mg/L) for the same 

compounds, respectively. Furthermore, the urea derivatives 18b, 29b, 50c, 51c, 52c, 55c–59c , and 62c 

were very active towards the nematode Caenorhabditis elegans. 

Conclusions: Testing on non-cancerous human cell lines suggested that some of the compounds have the 

potential to affect bacteria, especially helminths, with limited cytotoxicity to humans. Given the simplic- 

ity of synthesis for this class of compounds and their potency against Gram-negative, carbapenemase- 

expressing K. pneumoniae , aryl ureas possessing the 3,5-dichloro-phenyl group certainly warrant further 

investigation to exploit their selectivity. 

© 2023 The Author(s). Published by Elsevier Ltd on behalf of International Society for Antimicrobial 

Chemotherapy. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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. Introduction 

Antibiotic-resistant bacteria, particularly multidrug-resistant 

MDR) strains, constitute a considerable threat to global public 

ealth. The World Health Organization (WHO) recently published 

 list of noteworthy pathogens, laying the foundation for the dis- 

overy and development of novel antimicrobial agents [1] . For in- 

tance, the ESKAPE pathogens ( Enterococcus faecium, Staphylococ- 

us aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseu- 

omonas aeruginosa , and Enterobacter spp.), were categorised as 
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high priority’ because they are commonly associated with in- 

reased hospital stays and burgeoning healthcare costs [2] . These 

athogens are distinct from common microorganisms because they 

emonstrate a high level of antibiotic resistance and virulence via 

everal mechanisms; consequently, they can ‘escape’ the action of 

ntimicrobials and the immune response [3–5] . Infections related 

o ESKAPE pathogens pose challenges with regard to selecting ef- 

cient therapeutic approaches and account for extensive morbid- 

ty and mortality in patients [3] . Among these pathogens, K. pneu- 

oniae (carbapenemase-producing Enterobacteriaceae; CPE) stands 

ut because of its ability to produce carbapenemases. These en- 

ymes can hydrolyse not only carbapenems but also numerous 

ther antimicrobial agents, especially β-lactams, limiting treatment 

ptions [6] . 

Despite advances in the research and development of new 

ntimicrobial drugs and a growing number of new antibacterial 
iety for Antimicrobial Chemotherapy. This is an open access article under the CC 
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olecules, MDR strains continue to spread extensively. Moreover, 

arasitic nematodes cause debilitating diseases and present a sig- 

ificant problem in medicine [7] . According to WHO estimates, 

oil-transmitted helminths alone infect more than 1 billion people 

orldwide. The problem is further exacerbated by a limited reper- 

oire of currently available anthelmintic drugs, and there is a con- 

iderable risk that the parasites will quickly develop resistance to 

hese drugs, as is frequently seen in veterinary medicine [8] . 

In this study, a series of N,N -disubstituted urea derivatives, pre- 

iously synthesised and characterised, were evaluated as poten- 

ial antimicrobial and anti-nematodal agents [9–11] . Because of the 

linical significance of ESKAPE pathogens worldwide, all synthe- 

ised compounds were screened in vitro against four different bac- 

erial strains from the ‘high priority’ list, namely S. aureus NTCT 

2981, Escherichia coli NTCT 10418, E. coli G69 (MDR clinical iso- 

ate), and K. pneumoniae 16 (CPE). The derivatives were also evalu- 

ted against Caenorhabditis elegans , a free-living model nematode 

requently used for screening new potential anthelmintic drugs 

12] . Additionally, their toxicity against several human cell lines 

as assessed. 

. Materials and Methods 

.1. Synthesis 

The synthesis of compounds 1a –20a, 1b –32b , and 33c–66c was 

escribed by Nisler et al. in 2016, 2021, and 2022, respectively [9–

1] . The synthesis of compound 67d and a list of all tested com- 

ounds is provided in the Supplementary Materials (S1). Gener- 

lly, all compounds were prepared according to common proto- 

ols for the synthesis of diphenylurea derivatives using substituted 

henyl isocyanate and substituted aniline. Most of the phenyl iso- 

yanates and substituted anilines are commercially available. If the 

esired phenyl isocyanate derivative was not available, it was pre- 

ared from substituted aniline and diphosgene in tetrahydrofuran. 

.2. Antibacterial activity 

The antibacterial activity of the synthetic compounds was 

ested against E. coli NCTC 10418, E. coli G69 (MDR clinical isolate), 

. pneumoniae 16 (CPE), and S. aureus 12981 using a broth microdi- 

ution assay according to Andrews (2001) [13] . Briefly, all bacte- 

ial strains were cultured on nutrient agar plates (Sigma-Aldrich, 

illingham, UK) and incubated for 24 h at 37 °C prior to minimum 

nhibitory concentration (MIC) determination. In addition, known 

uantities of each test sample were dissolved in DMSO and then 

iluted in Luria-Bertani (LB) broth (Sigma-Aldrich) to yield a con- 

entration range of 128–0 mg/L. At the same concentrations, DMSO 

howed no inhibitory effect on bacterial growth. Finally, overnight 

ultures of each of the tested strains were suspended to an in- 

culum density of approximately 1.0 × 10 8 CFU/mL in phosphate- 

uffered saline (PBS), consisting of 137 mM NaCl, 3 mM KCl, 8 mM 

a 2 HPO 4 , and 15 mM KH 2 PO 4 (Oxoid, Basingstoke, UK). The cell 

uspensions were standardised by adjusting the optical density to 

.1 at 600 nm, using a UV-Vis spectrophotometer (Thermo Scien- 

ific, Cambridge, UK), and then diluted 1:100 in LB broth prior to 

noculation. Amoxicillin was used as the positive control for all ex- 

eriments. The assays were performed by microdilution using 96- 

ell microtiter plates with a final inoculum density of 5 × 10 5 

FU/mL. Each sample was tested in duplicate in at least two inde- 

endent experiments to confirm the reliability of the data. Results 

ere determined by visual inspection of the wells, and the pres- 

nce of an opaque medium or white pellets was considered indica- 

ive of bacterial growth. MIC values were recorded as the lowest 

oncentration at which no bacterial growth was detected. 
115 
.3. Toxicity evaluation in C. elegans 

The wild-type N2 (Bristol) C. elegans strain and bacterial E. coli 

train OP50 were obtained from the Caenorhabditis genetic cen- 

re and cultivated using standard protocols [14] . The toxicity of all 

ompounds to C. elegans and their effect on worm fecundity were 

easured in a four-day chitinase assay, as described in detail by 

isler et al., 2022 [10] . 

.4. Cytotoxicity 

The effect of 72 h treatments with the test compounds on 

on-cancerous human cell line viability was evaluated using a re- 

azurin reduction assay to measure the metabolic activity of the 

ell population. The following cell lines were used: BJ (skin fibrob- 

asts), ARPE-19 (retinal pigment epithelium cells), and HaCaT (ker- 

tinocytes). BJ and ARPE-19 were obtained from the American Type 

ulture Collection (Manassas, VA, USA). HaCaT was obtained from 

he German Cancer Research Center (DKFZ) (Heidelberg, Germany). 

he assay was performed according to the methodology reported 

y Voller et al. [15] . Each experiment was repeated at least three 

imes. IC 50 values were calculated using the drc package in R soft- 

are ( https://cran.r-project.org/web/packages/drc ). 

. Results and Discussion 

A series of compounds was developed according to general 

rotocols for the synthesis of diphenylurea derivatives, using aro- 

atic isocyanates and the corresponding anilines [16] . Antimicro- 

ial screening of approximately 70 urea derivatives ( Fig. 1 and Ta- 

le S1) revealed that some of these compounds demonstrated ex- 

ellent to moderate growth inhibition towards the evaluated bac- 

erial strains ( Table 1 ). 

.1. Antimicrobial activity against S. aureus NCTC 12981 

The results indicated that among the tested urea derivatives, 

ompounds 11b, 33c, 41c, 50c, 51c, 55c, 56c, 62c , and 67d showed 

xcellent inhibitory microbial growth activity (MIC ≤ 50 μM) 

gainst S. aureus . Compound 11b , 1-(2-(2-aminoethyl)phenyl)-3- 

3,5-dichlorophenyl)urea, was the only compound from the ‘b’ se- 

ies that was active against S. aureus. Compounds of the ‘b’ series 

ontained in their structure 2-chloropyridine, 2,6-dichloropyridine, 

,5-dichlorophenyl, or a (trifluoromethoxy)phenyl group. Therefore, 

he activity of compound 11b was attributed to a combination of 

he 2-aminoethyl group and 3,5-dichlorophenyl group, rather than 

o a 3,5-dichlorophenyl group only. The same principle applied to 

ompounds of the ‘c’ series. Most of the compounds contained in 

heir structure a 3-(trifluoromethoxy)phenyl group, but only some 

ere active. The activity of compound 33c provided clear evidence 

f the key role of the position and nature of the substituent in de- 

ermining inhibitory activity. All compounds ( 33c –48c ) were very 

imilar derivatives of 1-phenyl-3-(3-(trifluoromethoxy)phenyl)urea, 

iffering mainly in the type of halogen(s) and its position on the 

henyl ring. Compound 33c featured a chlorine atom in position 

. From a comparison with compounds 41c and 16b , it was appar- 

nt that the pyridine-phenyl urea derivatives showed higher toxic- 

ty than the diphenyl urea derivatives. This was confirmed by the 

esults obtained for the toxicity of compounds 50c and 51c (com- 

aring the activity of compound 51c with that of 52c ). The role 

f halogen atom size was demonstrated by comparing the toxicity 

f compounds 56c and 57c , which contained bromine instead of 

hlorine. 

Supporting these findings, a recent report revealed that com- 

ounds containing the dichlorophenyl group exhibit bactericidal 

https://cran.r-project.org/web/packages/drc
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Fig. 1. Structures of the urea derivatives tested in this study. 

Table 1 

Minimum inhibitory concentration (MIC; μM ) of the urea derivatives against the strains Staphylococcus aureus NCTC 12981, Escherichia coli NCTC 10418, E. coli G69, and 

Klebsiella pneumoniae CPE 16; IC 50 (μM ) of the compounds against the nematode Caenorhabditis elegans ; and cytotoxicity (μM ) of the active derivatives against non-cancerous 

human cells (ARPE-19, BJ, and HaCaT). 

Compound S. aureus 

NCTC 12981 

E. coli 

NCTC 10418 

E. coli 

G69 

K. pneumoniae 

CPE 16 

C. elegans ARPE-19 BJ HaCaT 

MIC (μM) MIC (μM) MIC (μM) MIC (μM) IC 50 (μM) IC 50 (μM) IC 50 (μM) IC 50 (μM) 

7a > 500 250–500 > 500 > 500 n.t. n.t n.t n.t 

14a > 500 500 ± 2 500 ± 15 > 500 n.t. n.t n.t n.t 

16a > 500 250–500 500 ± 17 > 500 n.t. n.t n.t n.t 

17a > 450 450 ± 13 > 450 > 450 n.t. n.t n.t n.t 

1b > 450 450 ± 10 > 450 > 450 N.A. > 50 > 50 > 50 

4b > 400 200–400 > 400 > 400 40 - 50 > 50 > 50 > 50 

5b 100 ± 3 12–24 > 100 > 100 N.A. > 50 31 ± 6 17 ± 3 

7b 200 ± 3 100–200 100–200 200 ± 14 N.A. 47 ± 2 34 ± 3 27 ± 3 

11b 50 ± 1 50–100 50–100 100 ± 9 > 50 25 ± 4 19 ± 3 18 ± 2 

18b > 350 350 ± 8 > 350 > 350 > 5 46 ± 10 44 ± 11 37 ± 8 

29b > 350 200–350 > 350 > 350 24 ± 14 > 50 > 50 > 50 

32b > 350 175–350 > 350 > 350 N.A. > 50 > 50 > 50 

33c 11 ± 1 > 350 > 350 > 350 N.A. > 50 > 50 29 ± 14 

35c > 350 350 ± 12 > 350 > 350 N.A. > 50 35 ± 2 16 ± 5 

36c > 350 350 ± 5 > 350 > 350 N.A. > 50 > 50 > 50 

39c > 350 185–370 > 350 > 350 N.A. > 50 48 ± 5 26 ± 3 

40c > 300 300 ± 8 > 300 > 300 N.A. 45 ± 3 34 ± 5 14 ± 3 

41c 50 ± 2 100–200 200–400 > 400 37 ± 4 > 50 49 ± 2 50 ± 1 

43c > 350 350 ± 13 > 350 > 350 N.A. 42 ± 12 40 ± 9 11 ± 1 

45c > 350 350 ± 4 > 350 > 350 N.A. > 50 > 50 > 50 

50c 50 ± 1 100–200 > 200 > 200 0.6 ± 0.3 > 50 27 ± 5 16 ± 2 

51c 20 ± 1 5–10 > 350 > 350 0.34 ± 0.01 19 ± 1 13 ± 4 4.8 ± 0.7 

52c > 350 1.4–2.7 > 350 > 350 1.1 ± 1.0 20 ± 3 13 ± 4 5.7 ± 2.7 

55c 45 ± 2 180–370 > 350 > 350 20 ± 7 34 ± 2 24 ± 4 13 ± 3 

56c 20 ± 1 5–10 > 300 > 300 0.7 ± 0.2 12 ± 3 10 ± 1.5 7.1 ± 2.8 

57c > 250 18–36 > 300 > 300 0.9 ± 0.3 9.1 ± 1.5 3.3 ± 1.4 4.3 ± 2.2 

62c 2.5 ± 0.2 5.2–10.5 > 350 > 350 4.6 ± 0.7 27 ± 6 17 ± 4 6.0 ± 1.5 

67d 35 ± 1 18 ± 4 36 ± 4 72 ± 5 18 ± 7 17 ± 3 14 ± 2 12 ± 1 

Amoxicillin 0.35 ± 0.05 5 ± 0.8 > 350 > 350 n.t n.t n.t n.t 

Ivermectin n.t n.t n.t n.t < 0.1 n.t n.t n.t 

CPE, carbapenemase-producing Enterobacteriaceae; N.A., not active (viability of C. elegans was higher than 75% in the presence of 50 μM compound); n.t., not tested. 
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nd anti-biofilm activities against S. aureus [17] . However, the chlo- 

ine atoms are located at positions 3 and 4 on the urea backbone. 

nother study showed the importance of the different key moi- 

ties, such as the dichlorophenyl group, in inhibitors of S. aureus 

npA [18] . RnpA has been hypothesised to be one of the main play-

rs in RNA degradation. The authors suggested that the combina- 

ion of a small aliphatic amine with a 3,5-dichlorophenyl moiety is 

equired for RnpA inhibition. 

.2. Antimicrobial activity against E. coli NTCT 10418 

Compounds 5b, 51c, 52c, 56c, 57c, 62c , and 67d showed re- 

arkable growth inhibition activity towards E. coli NTCT 10418. In 

his case, suitably substituted diphenyl urea derivatives appeared 

o exhibit higher toxicity than similar pyridyl-phenyl urea deriva- 
116
ives (compare the activity of 51c with that of 52c ). Compared with 

he MIC of 56c, 57c , and 62c , the MIC of 52c indicated that the

ddition of another halogen atom or the substitution of the 3,5- 

ichlorophenyl group by another 3-(trifluoromethoxy)phenyl group 

id not improve the antimicrobial activity against E. coli NTCT 

0418. In addition, derivatives 7a, 14a, 16a, 1b, 4b, 18b, 29b, 32b, 

9c, 35c, 40c, 36c, 43c , and 45c were found to be moderate an- 

imicrobial agents against E. coli NTCT 10418. 

.3. Antimicrobial activity against E. coli G69 and K. pneumoniae 

PE 16 

In contrast, most of the compounds screened exhibited little 

r no activity against E. coli G69 (an MDR strain) and K. pneumo- 

iae CPE 16 (a carbapenemase-producing bacterial strain). Notwith- 
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tanding, compounds 7b, 11b , and 67d exhibited exceptional activ- 

ty against both these strains, showing MIC values of 20 0, 10 0, and

2 μM (64, 32, and 32 mg/L) against K. pneumoniae CPE 16, re- 

pectively ( Table 1 ). Furthermore, amoxicillin, the standard com- 

ound used in this study, displayed no effect against these two 

DR strains, emphasising the significant activity of these urea- 

erived compounds. 

The three urea derivatives 7b, 11b , and 67d bear aminomethyl 

r aminoethyl moieties in their structures. Interestingly, the 2- 

minoethyl moiety linked via an amide group to the phenyl ring 

ad greater antimicrobial effects than the 2-aminoethyl moiety at- 

ached directly to the phenyl ring. Furthermore, multiple studies 

ave at least partially attributed antimicrobial properties to the 

resence of aminoalkyl groups in the compound structures [19–

1] . For instance, a peptide bearing an aminoethyl moiety was 

dentified as the most potent compound tested against both S. au- 

eus and E. coli , among other derivatives [21] . Another study using 

ariable aminoalkyl chains on cellulose nanofibers demonstrated 

otent antibacterial effects [22] . These effects were significantly af- 

ected by the position, length, and quantity of aminoalkyl moieties 

n the structures, revealing the importance of this functional group 

n antibacterial activity. 

Moreover, compounds 7b, 11b , and 67d (as well as other com- 

ounds used in this study that exhibited antimicrobial activity) 

arry not only aminoalkyl moieties but also a 3,5-dichlophenyl 

roup, which may also play an important role in determining their 

ntimicrobial properties. Comparable results for compounds con- 

aining (3,4-dichlorophenyl)urea were demonstrated by Patil et al. 

23] . Patil et al. synthesised a series of urea compounds contain- 

ng a dichlorophenyl moiety that showed significant to moderate 

ntimicrobial activity towards Gram-positive and Gram-negative 

pecies, including S. aureus and E. coli strains. Likewise, a thiourea 

erivative bearing a dichlorophenyl moiety in its structure showed 

ppreciable activity against S. aureus and Pseudomonas aeruginosa 

24] . In the same way, another study using dichlorophenyl com- 

ounds also detailed significant antimicrobial and antifungal activ- 

ty against similar bacterial strains [25] . Therefore, linking a phenyl 

roup containing an aminoalkyl moiety with a 3,5-dichlorophenyl 

roup is a promising strategy for the development of new antimi- 

robial compounds. 

Compound 52c 1-(3,5-dichlorophenyl)-3-(3- 

trifluoromethoxy)phenyl)urea exhibited an MIC of 1.4 μM 

0.5 mg/L) against E. coli , which was lower than that of 

he standard amoxicillin. Similarly, derivative 62c (1,3-bis(3- 

trifluoromethoxy)phenyl)urea) exhibited the lowest MIC (2.6 

M; 1 mg/L) against S. aureus but also demonstrated potent 

ctivity towards E. coli (MIC = 5.2–10.5 μM; 2–4 μg/mL) . The 

rifluoromethoxy-phenyl group appeared to play a substantial 

ole in these effects as well, when combined with a halogenated 

henyl or pyridyl group. These findings are in line with those of 

rior studies. A study using trifluoromethoxy-substituted chal- 

one derivatives revealed potent antimicrobial activities against 

ram-positive and Gram-negative bacteria [26] . For the future 

evelopment of potent antimicrobial compounds derived from 

iphenyl urea or pyridyl-phenyl urea, introducing combinations 

f substitutions, such as aminoalkyl groups with trifluoromethoxy 

roups and/or chlorines, is promising. 

.4. Toxicity to C. elegans 

The anti-nematodal activity of all compounds against C. elegans 

as assessed via chitinase assay ( Table 1 , Fig. 2 A and B) com-

ined with microscopic evaluation of the populations. Compounds 

b, 8b, 9b, 18b, 29b, 41c , and 55c inhibited the growth of the ne-

atodes by more than 50% at the higher concentration tested (50 

M), although healthy populations were observed in wells treated 
117 
ith 5 μM of the compounds. Compounds 58c, 59c, 62c , and 67d 

ere more active than the compounds mentioned above, showing 

 negative effect on C. elegans at both the 50 and 5 μM concen- 

rations, although the 5 μM concentration did not cause complete 

nhibition of C. elegans development. The highest toxicity was ex- 

ibited by compounds 50c, 51c, 52c, 56c , and 57c ; both tested con- 

entrations completely inhibited the growth of nematodes and sig- 

ificantly delayed their development and fecundity. The IC 50 values 

f these compounds were determined ( Table 1 ). Some of these re- 

ults were reported and discussed recently [10] . 

Generally, compounds of the ‘b’ series were less toxic than com- 

ounds of the ‘c’ series. From the results obtained for ‘b’ series 

ompounds, we can conclude that the hydroxymethyl group in 

ompound 8b inhibited C. elegans development more severely than 

ther moieties (such as hydroxyethyl, aminomethyl, aminoethyl, 

hloroethyl, and carboxylic acid groups) attached at the same posi- 

ion on the same compound. A similar effect could be attributed 

o the methoxymethyl moiety in compound 18b . Other chemi- 

al groups were not active, even though all the derivatives pos- 

essed a 3-(trifluoromethoxy)phenyl group (compounds 16b –22b ). 

he addition of another halogen atom did not increase the toxic- 

ty of diphenyl urea derivatives with a 3-(trifluoromethoxy)phenyl 

roup (compounds 33c –48c ). Interestingly, the study of positional 

somers (compounds 19b, 28b , and 29b ), in which the trifluo- 

omethoxy group was attached to the same molecule in the ortho, 

eta , or para position, revealed that this group exhibited the great- 

st toxic effect when in the para position ( 29b ). 

The results for compounds of the ‘c’ series further showed 

hat these derivatives exhibited a significantly greater toxic ef- 

ect on the viability of the nematodes than the compounds 

f the previous series. It was apparent that the presence of 

ther group(s) (e.g., the hydroxyethyl group), rather than halo- 

ens or trifluoromethoxy-phenyl groups, significantly decreased 

he toxicity of the compounds (compare the toxicity of 47d with 

hat of 52c ). Additionally, compounds 56c and 57c , possessing a 

rifluoromethoxy-phenyl group, were more lethal than the anal- 

gous derivatives 58c and 59c ( Fig. 1 B). Again, the influence 

f the trifluoromethoxy-phenyl group was also evident from an 

nalysis of compounds containing two trifluoromethoxy-phenyl 

roups ( 62c ) rather than one [10] . Likewise, in a further study, 

he authors suggested that the presence of dichlorophenyl and 

rifluoromethoxy-phenyl groups in their new compounds could be 

losely related to this effect [27] . A series of novel synthetic disul- 

onylmethane compounds, also possessing trifluoromethoxy-phenyl 

roups, showed anthelmintic and insecticidal activity [28] . Sev- 

ral analogues have shown activity against the internal nematode 

aemonchus contortus , a very common parasite and one of the 

ost pathogenic nematodes of ruminants. In a similar way, a se- 

ies of 2,6-dichloro-4-(trifluoromethyl)phenyl)-3-(difluoromethyl)- 

H-pyrazole-4-carboxamide derivatives were revealed to be po- 

ent nematocidal agents against the tomato root-knot nematode 

eloidogyne incognita [28] . Once again, these findings corroborate 

nd reinforce the important role of trifluoromethoxy-phenyl groups 

n the anti-nematode effect. 

.5. Toxic effects on non-cancerous human cells 

To evaluate the cytotoxicity of the derivatives active against 

ny of the tested bacteria strains to non-cancerous human cells 

ARPE-19, BJ, and HaCaT), a resazurin reduction assay measuring 

he metabolic activity of the cell population was used after 3 d of 

ompound exposure [15] . Derivative 11b exhibited the lowest IC 50 

alues (7 μM and 8 μM) against the K562 and HaCaT cell lines, 

espectively. Furthermore, compound 67d showed an IC 50 against 

PE-1 cells of 8 μM. Conversely, urea derivative 7b had higher IC 50 

alues, with a range of 26–32 μM, against all human cell lines used 
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Fig. 2. (A) Effect of tested compounds on the reproductive capacity of Caenorhabditis elegans . Values represent the mean ± standard deviation (SD) of the results from at 

least two independent assays. (B) Effect of tested compounds on the reproductive capacity of C. elegans . Values represent the mean ± SD of the results from at least two 

independent assays. 
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 Table 1 ). A noticeable selective toxicity for worms vs. human cells 

as observed for derivatives 18b, 29b, 41c, 50c, 51c, 52c, 56c , and 

7c . This indicated that the concentrations required for nematoci- 

al activity were significantly lower than cytotoxic concentrations 

or human cells, suggesting selectivity and potential therapeutic 

pplications. 

Overall, the results indicated that the urea derivative com- 

ounds, especially those containing 3,5-dichlorophenyl and 

rifluoromethoxy-phenyl groups, were able to inhibit growth of 

he control and MDR bacteria, as well as nematodes. Even though 

ome derivatives were shown to be cytotoxic at the same con- 

entrations, these observations are interesting, and the findings 

uggest the possibility of further development and biological 

valuation of other urea derivatives containing these groups. 

dditionally, the crucial compounds of these urea derivatives are 
a

118 
btainable via easy synthesis from low-cost, accessible reagents, 

aking their production price comparatively affordable. 

. Conclusions 

Novel urea derivatives were shown to have potent antimicro- 

ial activity against significant pathogens, especially MDR strains. 

urthermore, these compounds showed significant anti-nematode 

ctivity towards C. elegans . Testing on non-cancerous human cell 

ines suggested that the compounds have the potential to affect 

acteria, especially helminths, with limited cytotoxicity against 

uman cell lines. Since ureas are adaptable compounds that 

an easily be modified, further development of this series could 

rospectively result in active compounds with a better selectivity 

nd therapeutic index. As antibiotic and anthelmintic resistance 
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ncreasingly presents challenges in medicine, urea derivatives 

ay serve as useful alternatives in the field of antimicrobial and 

nthelmintic development. 
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