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Symbiotic relationship of bacteria and humans 
has beneficial influence on host health by modifying 
the composition of intestinal microbiota or by direct 
impact on the host such as modulating the immune 
response. Unfortunately, many pathogenic bacteria 
cause various diseases, for example, acute otitis media, 
sinusitis, pneumonia, bronchitis, sexually transmitted 
diseases, endocarditis, sepsis, septicemia, as well as 
infections of skin, soft tissue, surgical wound, urinary 
tract and gastrointestinal tract (Chu et al., 1996). The 
use of antibiotics has revolutionized the treatment of 
these infections, improving health of uncountable num-
ber of patients of worldwide (Mishra et al., 2012). How-
ever, the use of millions of tonnes of antibiotics over the 
past 75 years had made almost all pathogenic bacteria 
resistant to antibiotics commonly used to treat them 
(Laxminarayan et al., 2013). Antibacterial resistance can 
be developed through several mechanisms, including 
alteration by mutations of the antibiotic target, changes 
in cell permeability or efflux, and horizontal transfer of 
resistance genes (Rodríguez-Rojas et al., 2013). These 
bacterial evolutionary processes resulting in reduc-

tion of the options of treating bacterial infections in 
public health, especially in medical interventions such 
as surgery, transplantation, and chemotherapy. Other 
consequences of bacterial resistance including illness 
prolongation, higher rates of mortality in patients and 
increasing of costs of treatment for resistant infections 
(Laxminarayan et al., 2013). The most problematic 
microorganisms that have developed multidrug resis
tance are methicillin-resistant Staphylococcus aureus 
(MRSA), penicillin-resistant Streptococcus pneumoniae 
(PRSP), vancomycin-resistant Enterococcus (VRE) (Eells 
et al., 2013; Baquero et al., 1991; Steed et al., 2011). 
A growing number of resistant bacteria impel research-
ers to develop new antibacterial agents that target the 
broadest spectrum of bacteria.

Sulfonamides has played important role in treat-
ment of antibacterial infections since over 70 years ego 
(Connor, 1998). This class of sulfa drugs are mainly used 
to treat gastrointestinal, upper respiratory tract and 
urinary tract infections. They are popular due to good 
tolerance by patients, ease of administration, wide spec-
trum of antibacterial activity and relatively low costs 
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A b s t r a c t

A series of N-substituted N'-(2-alkylthio-4-chloro-5-methylbenzenesulfonyl)guanidine derivatives bearing sulfonamide moiety have been 
screened in vitro for antibacterial activity against isolates from patients with infections of oral cavity, respiratory tract and intestinal tract. 
The majority of compounds exhibited good antibacterial potency. 1-[4-Chloro-5-methyl-2-(4-trifluoromethylbenzylthio)benzenesulfonyl]-
3-(3-sulfamoylphenyl)guanidine (13) showed very strong activity, with MIC ≤ 6.2 µg/ml against eleven bacteria strains belonged to Gram-
positive anaerobes and aerobes. Furthermore, compound 13 exhibited promising activity toward highly resistant microorganisms such as 
methicillin-resistant Staphylococcus aureus and Enterococcus faecalis. It was found that Parvimonas micra, Finegoldia magna, Peptostrepto-
coccus anaerobius, Propionibacterium acnes showed the highest susceptibility toward the investigated guanidines.
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(Connor, 1998; Gadad et al., 2000). Sulfonamide deriv-
atives as the structural analogues of p-aminobenzoic 
acid, inhibit the 6-hydroxymethyl-7,8-dihydropteroate 
synthase and limit of folic acid synthesis in prokaryotes, 
that is essential to cell growth (Brown, 1962). 

Our previous studies concerning synthetic antibac-
terials (Sławiński et al., 2013) and bioactive properties 
of sulfonamides prompted us to search the new anti-
microbials in our library of N-sulfonamide substituted 
N'-(2-alkylthio-4-chloro-5-methylbenzenesulfonyl)
guanidines. The guanidine derivatives containing sul-
fonamide group exhibited anticancer activity and abili-
ties to inhibition of human carbonic anhydrase (hCA) 
(Żołnowska et al., 2014). 

In the present study, the N-substituted N'-(2-alkyl
thio-4-chloro-5-methylbenzenesulfonyl)guanidines 
containing sulfonamide moiety 1–29 were investigated 
for their antibacterial activity against various genera of 
bacteria isolated from patients with infections of the 
oral cavity, respiratory tract and intestinal tract. Their 
activities, as given by the minimal inhibitory concentra-
tion (MIC) values are shown in Table I. The guanidine 
derivatives were synthesized by methods established 
in our previous paper (Żołnowska et al., 2014) and the 
structure of each of those compounds (1–29) was dis-
played in Table I.

Antibacterial susceptibility tests were performed 
against 28 strains of anaerobic and 28 strains of aer-
obic bacteria, obtained from Laboratory of Depart-
ment of Oral Microbiology, Medical University of 
Gdańsk, Poland. The strains of bacteria were isolated 
from patients with infections of the oral cavity: gingi-
vitis, periodontal diseases, corrosive ulcers, stomatitis 
(swabs, paper point), respiratory tract (sputum, swabs), 
intestinal tract (stool). The samples were quickly (1 h) 
sent to the laboratory and inoculated onto agar and 
incubated under aerobic or anaerobic conditions at 
37°C for 48 h (aerobic) and 10–14 days (anaerobic bac-
teria). The aerobic bacteria were identified according 
to established procedures. The identification of anaer-
obic bacteria was based according to physiological, 
morphological and biochemical reactions (API 20A) 
(Holdeman et al., 1977; Forbes et al., 2007). Analysis 
of conversion glucose into C1 to C6 fatty acids, lac-
tic, fumaric and succinic acids involved the use of gas 
chromatography. The ability of the strains to produce 
fluorescence was observed at a spectrum of ultraviolet 

radiation (UV). The investigated anaerobes belonged 
to the following genera: Peptostreptococcus (1 strain), 
Parvimonas (2), Bifidobacterium (1), Finegoldia (3), 
Actinomyces (2), Propionibacterium (3), Prevotella (5), 
Porphyromonas (2), Fusobacterium (4), Bacteroides (4), 
Parabacteroids (1) and reference strains Bacteroides 
fragilis ATCC 25285, Bacteroides vulgatus ATCC 8482, 
Parabacteroides distasonis ATCC 8503, Fusobacterium 
nucleatum ATCC 25586, Peptostreptococcus anaerobius 
ATCC 27337, Finegoldia magna ATCC 25285, Propioni-
bacterium acnes ATCC 11827. As a reference substance, 
metronidazole (Fluka) was applied.

Aerobic bacteria were as follows: Staphylococcus (8), 
Enterococcus (3), Corynebacterium (2), Klebsiella (2), 
Acinetobacter (2), Escherichia (2), Citrobacter (2), Pseu-
domonas (5), Serratia (2) and reference strains S. aureus 
ATCC 25923, E. faecalis ATCC 29212, Klebsiella pneu-
moniae ATCC 13883, Acinetobacter baumannii ATCC 
19606, Escherichia coli ATCC 25922. Amikacin (Fluka) 
was used as a reference compound. 

The minimal inhibitory concentration (MIC) was 
defined as the lowest compound concentration which 
inhibited growth of bacteria. The susceptibility of the 
anaerobic bacteria was determined by means of the 
plate dilution technique in Brucella agar supplemented 
with 5% sheep blood, menadione and hemin (CLSI, 
2007). The compounds were dissolved in 1 ml of DMSO 
immediately before the experiment. Further dilutions 
were performed in sterile distilled water. The following 
concentrations of the compounds were used: 200, 100, 
50, 25, 12.5, and 6.2 µg/ml. The inoculum containing 
105 CFU/spot was applied to agar plates with Steers rep-
licator. The inoculated agar plates and compound-free 
ones were incubated in anaerobic jars for 48 h at 37°C in 
10% CO2, 10% H2, 80% N2 atmosphere with palladium 
catalyst and indicator of anaerobiosis.

The susceptibility of the aerobic bacteria was deter-
mined by means of agar dilution technique with Muel-
ler-Hinton agar (CLSI, 2006). The compounds were 
dissolved in 1 ml of DMSO immediately before the 
experiment. Further dilutions were performed in ster-
ile distilled water. The following concentrations of the 
derivatives were used: 200, 100, 50, 25, 12.5, and 6.2 µg/
ml. The inoculum containing 105 CFU/spot was applied 
to the agar plates with Steers replicator. The inoculated 
agar plates and compound-free ones were incubated for 
24 h at 37°C in aerobic conditions.

P.an. – Peptostreptococcus anaerobius; P.m. – Parvimonas micra; B.b. – Bifidobacterium breve; F.m. – Finegoldia magna; A.o. – Actinomyces odonto-
lyticus; P.ac. – Propionibacterium acnes; P.g. – Propionibacterium granulosum; P.as. – Porphyromonas asaccharolytica; B.v. – Bacteroides vulgatus; 
F.n. – Fusobacterium nucleatum; S.a. – Staphylococcus aureus MSSA; MRSA – methicillin-resistant Staphylococcus aureus; S.e. – Staphylococcus epider-
midis; E.f.-Enterococcus faecalis; C.x. – Corynebacterium xerosis;

a  the strains that were not sensitive (MIC ≥ 200 μg/ml) were not presented in table; b compounds 4, 11, 15, 16, 23, 25, 26, 28 and 29 were inactive; 
c no. of tested strains; * – MIC ≥ 200 μg/ml; NT – not tested; M – metronidazole; A – amikacin
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Generally, tested guanidines showed auspicious 
antibacterial activity. N-Substituted N'-[4-chloro-5-me-
thyl-2-(3- and 4-trifluoromethylbenzylthio)benzenesul-
fonyl] as well as N'-[4-chloro-5-methyl-2-(naphthalen-
1-ylmethylthio)benzenesulfonyl]guanidines presented 
the most active antibacterial agents in anaerobic con-
ditions (Table  I). Among them, compounds 8 (R1 = 
= 3-CF3Ph) and 14 (R1 = 4-CF3Ph) appeared as the prom-
ising agents inhibiting the broadest spectrum of ana
erobic strains at range of concentration 6.2–100 µg/ml. 
On the other hand, 13 (R1 = 4-CF3Ph) and 19 (R1 = 
= 1-naphthyl) showed the very strong antibacterial 
activity against the largest number of bacterial strains 
with MIC ≤ 6.2 µg/ml. 

The results of our studies indicated that aerobic bac-
terium were less susceptible toward tested guanidines 
than anaerobic ones. The most potent compounds 2, 
5 and 13 belonged to N-substituted N'-[4-chloro-5-
methyl-2-(benzylthio / 3- and 4-trifluoromethylben-
zylthio)benzenesulfonyl]guanidines and were active 
against thirteen aerobic bacterial strains (Table  I). It 
should be pointed out that only 13 exhibited the high-
est potential as antibacterial agent with relatively wide 
range of actions. 

Among the screened microorganisms the highest 
susceptibility against tested guanidines demonstrated 
P. micra, F. magna, P. acnes and P. anaerobius. It is 
known that P. micra, F. magna, and P. anaerobius are 
the most commonly found Gram-positive anaerobic 
cocci (GPAC) in clinical material (Veloo et al., 2011). 
Additionally, microbiologists are interested in F. magna 
because it has one of the highest resistance rates of the 
GPAC and is capable of producing several virulence 
factors. The most promising compounds 1 and 13 
inhibited simultaneously the growth of three important 
GPAC with MIC ≤ 6.2 µg/ml. Other relatively sensitive 
to investigated guanidines strains belonged to P. acnes, 
which is associated mostly with acne vulgaris but also is 
found to be the causative agent in discitis, endophthal-
mitis, or infections of the bones and joints, mouth, eye 
and central nervous system (Perry and Lambert, 2006; 
Perry and Lambert, 2011). Surprisingly, methicilin-
resistant S. aureus (MRSA), one of the most problem-
atic pathogens in hospitals and healthcare facilities were 
susceptible toward compounds 2, 5, 7 and 13 (MIC; 
25–100 µg/ml), while Enterococcus faecalis, known as 
multidrug resistant bacteria, were sensitive towards 
2, 5, 7–8, 13 and 22 (MIC; 6.2–100 µg/ml). From the 
point of view of resistance of MRSA and enterococci 
to numerous antibiotics such as the beta-lactams, ami-
noglycosides, macrolides and lincosamides, the active 
guanidines seem to be the promising leads in searching 
for new antibiotics.

It is significant that several tested compounds 
more effectively inhibited the growth of B. breve (two 

compd), P. acnes (18 compd), P. granulosum (7 compd), 
MRSA (6 compd), E. faecalis (5 compd), and C. xerosis 
(11 compd) than reference metronidazole (anaerobes) 
and amikacin (aerobes) (Table I).

From the obtained results of antibacterial assay 
some observations concerning the structure-activity 
relationships (SAR) can be noticed:

1.  Antibacterial activity against GPAC depended 
on structural nature of R1 and X groups. Comparing 
the structural properties of 13 (R1 = 4-CF3Ph, X = 3-sul-
famoylphenyl) to other compounds with 3-sulfamoyl-
phenyl group as the substituent of guanidine moiety, 
it should be seen that presence of phenyl (2, R1 = Ph) 
or 4-trifluoromethylphenyl (7, R1 = 3-CF3Ph) slightly 
reduced the activity against only P. micra. The presence 
of 1-naphthyl group as R1 in compound 18 decreased 
antibacterial activity (MIC; 12.5–50 µg/ml) against 
P. micra and F. magna and made the compound inac-
tive against P. anaerobius. In the series of 3-(4-sul-
famoylphenyl)guanidines (X = A) exchanging of phe-
nyl substituent (1, R1 = Ph, MIC ≤ 6.2 µg/ml) into 3- or 
4-trifluoromethylphenyl (6, 12) or expanded aromatic 
fragments (17, 27) decreased activity against GPAC at 
different degrees (MIC; 12.5–200 µg/ml). For 12 and 17 
these modifications caused loss of the activity against 
P. anaerobius. 

2.  Compounds 17–22 containing as R1 the 1-naph-
thyl group exhibited strong antibacterial activity against 
bacterium P. acens. As can be seen guanidines with 
either phenyl, 6-chlorobenzo[d][1,3]dioxol-5-yl or 
2-oxo-1,2-dihydroquinolin-4-yl group showed the sig-
nificant lower activity (MIC; 50–200 µg/ml) then 17–22. 

3.  Significant bioactivity against the staphylococci 
was observed for some guanidine derivatives contain-
ing phenyl or 3-/4-trifluoromethylphenyl groups as 
R1. The relatively highest antibacterial activity in this 
series had compounds with 3-sulfamoylphenyl (2, 7, 
13) and 4-sulfamoylphenylamino (3, 9, 14) substituents 
at guanidine fragment. It was also found that for active 
5 (R1 = Ph, X = 2-sulfamoyl-1,3,4-thiadiazol-5-yl, MIC; 
6.2–50 µg/ml) exchange of phenyl to 1-naphthyl group 
decreased antibacterial effect against staphylococci 
(22, MIC; 25–200 µg/ml), while substitution with the 
remaining substituents R1 resulted in loss of bioactiv-
ity. The relationship between the structure of guanidine 
and their antibacterial activity against E. faecalis were 
the same as for staphylococci.

4.  Considering the very strong activity of 10 
(R1 = 3-CF3Ph, X = E) against C. xerosis it should be 
noted that to maintain a good activity of compound, 
only naphthyl group was acceptable, other modification 
at substituent R1 caused loss of this effect.

In order to explain some differences in biological 
activity of investigated guanidines, molecular descrip-
tors, such as polar surface area (PSA), molecular surface 
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the PSA which is defined as the area due to nitrogen 
and oxygen and any hydrogens attached to nitrogen 
and oxygen was the best correlated descriptor to the 
experimental MIC values. The scatter plots (Fig. 1) 
shows that in the majority compounds with PSA val-
ues higher than 151.8 Å² are inactive against P. micra, 
F. magna and P. acnes. On the other hand, PSA values 
lower than 140 Å² describe the compounds with high 
antibacterial activity. 

The role of PSA in governing passive diffusion has 
been widely discussed, as PSA seems to optimally 

area, dipole moment, lipophilicity for all compounds 
were calculated by using SPARTAN ’08 software with 
B3LYP/6-31G* density functional model (SPARTAN 
’08). Atomic charges of sulphur and nitrogen at sulfona-
mide groups were also calculated. Statistical analyses of 
calculated descriptors were performed by STATISTIKA 
10. The analysis of structural and electronic parameters 
has not adjudicated evident influence of these descrip-
tors on biological activity of guanidines. The correlation 
coefficients (r, Fig. 1) showed that for the most suscep-
tible bacteria strains (P. micra, F. magna and P. acnes) 

Fig. 1.  Plots of antimicrobial activity of compounds 1–29 for P. micra (a), F. magna (b), P. acnes (c) vs calculated PSA.
The correlation coefficients (r) ranged from 0.52 to 0.61.



Żołnowska B. et al. 3304

recapitulate the drug properties that play an important 
role in membrane penetration. Generally, compounds 
with PSA ≥ 140 Å2 should exhibit poor cell penetra-
tion (≤ 10%), whereas compounds with PSA ≤ 60 Å2 

show high absorption (≥ 90%) (Ertl, 2007). Our stud-
ies revealed that low antibacterial activity of com- 
pounds with high PSA values is due to their limited 
cellular uptake.

To assess if the effect shown against bacterial cells 
could be related to a selected toxicity or to a more gen-
eral toxic effect, we performed assay on the human 
keratinocytes (HaCaT cell line) to screen the most 
active compounds (2, 5, 7, 8 and 13, Table II) for their 
general cytotoxic activity. The HaCaT cell line was cul-
tured in Dulbecco’s modified Eagle’s medium (DMEM) 
supplemented with 4500 mg/l glucose, 10% fetal bovine 
serum, 2 mM glutamine, 10000  units penicillin, and 
10 mg/ml streptomycin. Cultures were maintained in 
a humidified atmosphere containing 5% CO2 at 37°C.

Cell viability was determined using the MTT(3‑ 
(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium-
bromide) assay (Ragab et al., 2013; Morales and Haza, 
2013; Suresh et al., 2011). Cells were seeded in 96-well 
plates at a density of 5 × 103 cells/well and treated for 
72 h with the guanidine derivatives in the concentration 
range 1–100 μM. Next, MTT (0.5 mg/ml) was added 
directly to the medium and cells were further incubated 
for 3 h at 37°C. The optical density of the formazan 
solution was measured at 550 nm with a plate reader 
(Victor, 1420 multilabel counter). Results are expressed 
as IC50 values. ± SD was calculated from at least three 
independent experiments.

Experiments indicated that the studied HaCaT cell 
line survived even at compound 5 concentration of 
100 µM (53 µg/ml). The IC50 values of compounds 2, 
7, 8 and 13 ranged from 24 µM (14.2 µg/ml) to 36 µM 
(21.4 µg/ml) and were higher than the lowest MIC 
values obtained for many bacterial strains (P. anaero-
bius, P. micra, F. magna, P. acnes, S. aureus, E. faecalis, 
C. xerosis).

Summarizing, the antibacterial agents found in this 
paper are useful leads for designing of new effective 

antibacterial compounds. Results of these preliminary 
studies need subsequent pharmacokinetic, mechanistic 
and toxicity evaluations, that will be the aim of new 
work in the near future.
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