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Abstract: Sulfamides are significant compounds because of their biological effects on bacteria, fungi,
and cancer. The antimicrobial and anticancer properties of sulfamide derivatives have been
demonstrated in several microbial strains and cancer cell lines. They have worked mostly in the field of
medicinal chemistry. Numerous microbiological pathogens are known to be resistant to the antibacterial
effects of sulfamide derivatives. The most significant microorganisms in command of hospital-acquired
nosocomial infections include Acinetobacter baumannii (A. baumannii), Methicillin-resistant
Staphylococcus aureus (MRSA), Candida albicans (C. albicans), and Candida parapsilosis (C.
parapsilosis). Multiple antibiotics can no longer treat these illnesses. Therefore, it is crucial to develop
new antimicrobial agents. Three previously made compounds were tested for their antibacterial
properties against these pathogens, including 3-(6-methoxy-1,2,3,4-tetrahydronaphthalen-1-yl)-1,1-
dimethyl sulfamide (4) and 3-(7-methoxy-1,2,3,4-tetrahydronaphthalen-1-yl)-1,1-dimethyl sulfamide
(5). Using the disc diffusion method, antimicrobial activity was assessed, and values for the minimum
inhibitory concentration (MIC) were calculated for zone formation seen in the tested pathogens. The
results of the investigation demonstrated that sulfamide derivatives stopped the growth of bacteria
against A. baumannii with zone widths of 7-9 mm, but had no impact on MRSA, C. albicans, and C.
parapsilosis. Sulfamide derivatives' MIC values against A. baumannii were discovered to be 3.90 g/ml.
These results provide us the ability to evaluate these sulfamide derivatives as potential new antibacterial
therapies for A. baumannii.
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1. Introduction

Antibiotic usage in clinical settings has grown in importance to treat infectious
infections [1]. Antibiotic resistance, however, is one of contemporary medicine's biggest,
fastest-growing concerns. Antibiotic resistance is a global public health issue that, as resistant
organisms proliferate, has the potential to increase a variety of morbidities and fatalities [2].
Long-term antibiotic exposure causes bacteria to evolve stronger defense mechanisms, making
them resistant to antibiotics [3]. So, the usage of antibiotics and their negative effects result in
antibiotic resistance. A serious public health issue is the rise in antibiotic-resistant bacteria [4].

A. baumannii, a Gram-negative bacillus bacterium, is one of the most challenging
resistant organisms to get rid of [5,6]. The capacity of the species, A. baumannii, to infect
immunocompromised individuals makes it most well known [7]. It now possesses genes that
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make it almost immune to the ability of any antibiotic to treat A. baumannii, making it a
common resistant bacteria in hospitals. As a result, infections picked up in hospitals are far
more prevalent and present a serious risk. A. baumannii has been related to various unique
nosocomial illnesses, including meningitis, skin and soft tissue infections, wound infections,
urinary tract infections, and meningitis. Infections related to the bloodstream and ventilator are
also extremely dangerous and have high death rates. [8,9].

Gram-positive staphylococci are what cause MRSA, one of the most serious diseases.
MRSA is a common infection in hospitals and the general populace [10]. MRSA is a typical
source of hospital-acquired infections, including bacteremia, septicemia, endocarditis, skin and
soft tissue infections, and bone infections [11]. Although penicillin was the first antibiotic to
treat serious S. aureus infections, resistance quickly developed when it was used in patients.
Methicillin was created due to research into new antibiotics to battle S. aureus bacteria that
were resistant to penicillin. Regrettably, MRSA initially appeared in the UK in 1960 to prevent
its usage [12].

Invasive candidiasis is a significant source of morbidity and mortality in hospitals [13].
C. albicans is prevalent in human microflora organisms, despite opportunistic human infections
being the primary cause of candidemia and candidiasis globally[14]. A switch in morphologies
is a key component of pathogenicity. Infections produced by species other than C. albicans are
becoming more frequent, despite the fact that C. albicans is the most common cause of invasive
candidiasis [14]. An opportunistic human pathogen called C. parapsilosis is increasingly being
blamed for nosocomial bloodstream infections in hospitalized patients. Additionally connected
to C. parapsilosis is the development of candidemia by intravascular devices [16].

There are many applications for the sulfamide (H2NSO2NH2) functional group in
medicinal chemistry [17]. Sulfamides and their derivatives have a variety of biological
characteristics, including those that suppress norovirus, cancer, and bacteria [18]. For instance,
the wide-spectrum antibiotic Doripenem 1 is a mono-substituted sulfamide with therapeutic
benefits [19]. Sulfamide medicine Quinagolide 2 has antihyperprolactinemia and dopaminergic
properties [20]. Recently developed sulfamide compound 7 (JNJ-26990990) 3 is a powerful
anticonvulsant [21].
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Figure 1. Some biologically active sulfamide derivatives 1-3 [19, 20, 21].

Figure 2. Sulfamide derivatives 4-5 [22].

In the present investigation, the antimicrobial effects of previously synthesized 3-(6-
methoxy-1,2,3,4-tetrahydronaphthalin-1-yl)-1,1-dimethyl sulfamide 4 and 3-(7-methoxy-
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1,2,3,4-tetrahydronaphthalin-1-yl)-1,1-dimethyl sulfamide 5 [22] were evaluated against A.
baumannii, MRSA, C. albicans and C. parapsilosis.

2. Materials and Methods

2.1.Strains of fungi and bacteria.

As part of the study, the antibacterial activity of two derivatives synthesized from
sulfamide was examined. A. baumannii ATCC BAA-1605, MRSA ATCC 43300, C. albicans
ATCC 10231, and C. parapsilosis ATCC 22019 were the strains used in this study. The
antibacterial activity was evaluated using the minimum inhibitory concentration (MIC) and
disc diffusion techniques.

2.2. Antimicrobial research using disc diffusion analysis.

For the disc diffusion test, the microbial inoculum was created in accordance with 0.5
McFarland and then planted on Petri dishes. Sulfamide derivatives created in three replications
at a concentration of 10 pg/ml (5 pg active compound + 250 pl DMSO + 4750 ul dH20) were
adsorbed onto discs and placed in Petri dishes. The antibacterial susceptibility of isolates was
tested using the zone diameters obtained after 24 hours of incubation at 37°C for bacterial
strains and 30°C for fungal species. Positive controls for the antibacterial and antifungal tests
were Netilmicin and amphotericin B. In each test, DMSO was utilized as a negative control
[23].

2.3. Antimicrobial research using MIC assays.

The disc diffusion test was used to determine the MIC values of sulfamide derivatives.
The 96-well plates were added 100 ul of MHB and 100 pl of the synthetic medication to each
well to calculate the MIC values. The wells were filled with 100 pl of 0.5 MacFarland bacterial
culture inoculum, which was then incubated for 24 hours using the serial dilution method. After
the 24-hour incubation period, the turbidity of the wells was measured spectrophotometrically
(at 600 nm), and MIC values were calculated [24].

3. Results and Discussion

3.1. Antibacterial activity.

Using disc diffusion and microdilution techniques, the antibacterial activity of
sulfamide compounds against MRSA and A. baumannii strains was investigated (Table 1). The
study's findings demonstrated that sulfamide compounds have antibacterial activity against A.
baumannii isolates but not against MRSA isolates. Figure 3 displays images of compounds 4
and 5 that exhibit antibacterial activity by disc diffusion.

Table 1. Disc diffusion analysis results of sulfamide compounds.

Bacteria isolations Compounds Positive Control**
4) ()

A. baumannii ATCC BAA- 1605 0,7* 0,9* 1,2

MRSA ATCC 43300 - - 1,0

* zone diameter (cm) ** Positive control: netilmicin
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The study evaluated the minimum inhibitory concentration (MIC) of compounds 4 and
5, which exhibit antibacterial activity in A. baumannii (Table 2).

Table 2. MIC values of sulfamide compounds.
Bacterial isolations Compounds
(4) ®)
A. baumannii ATCC BAA- 1605 3,90625 3,90625
IMIC is calculated as the concentration value pg / ml.

The results of the disc diffusion test demonstrated that the sulfamide derivatives 4 and
5 are zone inhibitors of bacterial growth on A. baumannii isolates. The methoxy groups carry
methoxy groups, and both molecules with the activities are equivalent to the benzene ring in
the benzene ring. The antibacterial effects of sulfamide derivatives on diverse bacterial isolates
have been researched in the literature [25]. According to Abbaz et al., sulfamide derivatives
have no effect on Gram-positive bacteria but have an antimicrobial effect on Gram-negative
bacteria [26]. In our work, the antibacterial activity of sulfamide derivative compounds was
not seen against the MRSA isolate, which contains Gram-positive bacteria, or the A. baumannii
isolate, which contains Gram-negative bacteria. The literature was found to support these
conclusions.

A, baumannii ATCC BAA-1605 A. baumannii ATCC BAA-1605

L \\

|

Figure 3. Disc diffusion test of results.

3.2. Antifungal properties.

Disc diffusion was used to assess the antifungal activity of sulfamide compounds
against isolates of C. albicans and C. parapsilosis. Sulfamide compounds demonstrated no
antifungal efficacy against isolates of C. albicans and C. parapsilosis, according to the study
(Table 3).

Table 3. Disc diffusion analysis results of sulfamide compounds.

Fungal Isolations Compounds* | Positive Control**
4) ©)

C. albicans ATCC 10231 - - 1,0

C. parapsilosis ATCC 22019 - 1,1

“zone diameter (cm) ** Positive control: Amphoterlcm B

Sulfamide derivatives' antifungal activities have been researched in the literature. In the
investigation conducted by Oleksiyenko et al., sulfamide derivatives were demonstrated to
have strong antifungal activity against C. albicans [27]. However, no zone formation that
would prevent the growth of sulfamide derivatives 4 and 5 against C. albicans and C.
parapsilosis was found in our experiment. This is because, while sulfamide is present in the
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skeletal structure, its derivatives with different substituents can have a variety of biological
functions, each of which needs a different substituent.

4. Conclusions

The antibacterial properties of the sulfamide derivatives 4 and 5 were studied. The

sulfamide derivatives of C. albicans, C. parapsilosis, and MRSA showed little effect. The
antibacterial activity of sulfamide derivatives was only discovered against an isolate of A.
baumannii. The results showed that sulfamide derivatives are effective against isolates of A.
baumannii, and can be used to treat diseases caused by A. baumannii.

Funding

This research received no external funding.

Acknowledgments

We thank Erzurum Technical University for its financial support and research conditions.

Conflicts of Interest

The authors declare no conflict of interest.

References

1.

10.

11.

Liang, J.-F.; Peng, C.; Li, P.; Ye, Q.-X.; Wang, Y.; Yi, Y.-T.; Yao, Z.-S.; Chen, G.-Y.; Zhang, B.-B.; Lin,
J.-J.; Luo, Q.; Chen, X. A Review of Detection of Antibiotic Residues in Food by Surface-Enhanced Raman
Spectroscopy. Bioinorganic ~ Chemistry  and  Applications 2021, 2021, 1565-3633,
https://doi.org/10.1155/2021/8180154.

Church, N.A.; McKillip, J.L. Antibiotic resistance crisis: challenges and imperatives. Biologia 2021, 76,
1535-1550, https://doi.org/10.1007/s11756-021-00697-X.

Dormoy, J.; Vuillemin, M.-O.; Rossi, S.; Boivin, J.-M.; Guillet, J. Perceptions of Antibiotic Use and
Resistance: Are Antibiotics the Dentists’ Anxiolytics? Antibiotics 2021, 10, 2079-6382,
https://doi.org/10.3390/antibiotics10060735.

Liu, X.; Li, Y.; Guo, J. New advances into antimicrobial research. Microbial Biotechnology 2022, 15, 391-
391, https://doi.org/10.1111/1751-7915.13910.

Wei, R.; Yang, X.; Liu, H.; Wei, T.; Chen, S.; Li, X. Synthetic Pseudaminic-Acid-Based Antibacterial
Vaccine Confers Effective Protection against Acinetobacter baumannii Infection. ACS Central Science 2021,
7, 1535-1542, https://doi.org/10.1021/acscentsci.1c00656.

Pompilio, A.; Scribano, D.; Sarshar, M.; Di Bonaventura, G.; Palamara, A.T.; Ambrosi, C. Gram-Negative
Bacteria Holding Together in a Biofilm: The Acinetobacter baumannii Way. Microorganisms 2021, 9,
https://doi.org/10.3390/microorganisms9071353.

Kyriakidis, I.; Vasileiou, E.; Pana, Z.D.; Tragiannidis, A. Acinetobacter baumannii Antibiotic Resistance
Mechanisms. Pathogens 2021, 10, https://doi.org/10.3390/pathogens10030373.

Wong, D.; Nielsen, T.B.; Bonomo, R.A.; Pantapalangkoor, P.; Luna, B.; Spellberg, B. Clinical and
pathophysiological overview of Acinetobacter infections: a century of challenges. Clin Microbiol Rev 2017,
30, 409-447, https://doi.org/10.1128/CMR.00058-16.

Gedefie, A.; Demsis, W.; Ashagrie, M.; Kassa, Y.; Tesfaye, M.; Tilahun, M.; Sahle, Z. Acinetobacter
baumannii Biofilm Formation and Its Role in Disease Pathogenesis: A Review. Infect Drug Resist 2021, 14,
3711-3719, https://doi.org/10.2147/idr.s332051.

Abdullahi, I.N.; Fernandez-Fernandez, R.; Juarez-Fernandez, G.; Martinez-Alvarez, S.; Eguizabal, P.;
Zarazaga, M.; Lozano, C.; Torres, C. Wild Animals Are Reservoirs and Sentinels of Staphylococcus aureus
and MRSA Clones: A Problem with &Idquo;One Health&rdquo; Concern. Antibiotics 2021, 10,
https://doi.org/10.3390/antibiotics10121556.

Nataraj, B.H.; Mallappa, R.H. Antibiotic Resistance Crisis: An Update on Antagonistic Interactions between
Probiotics and Methicillin-Resistant Staphylococcus aureus (MRSA). Current Microbiology 2021, 78, 2194-
2211, https://doi.org/10.1007/s00284-021-02442-8.

https://nanobioletters.com/ 50f6


https://doi.org/10.33263/LIANBS124.110
https://nanobioletters.com/
https://doi.org/10.1155/2021/8180154
https://doi.org/10.1007/s11756-021-00697-x
https://doi.org/10.3390/antibiotics10060735
https://doi.org/10.1111/1751-7915.13910
https://doi.org/10.1021/acscentsci.1c00656
https://doi.org/10.3390/microorganisms9071353
https://doi.org/10.3390/pathogens10030373
https://doi.org/10.1128/CMR.00058-16
https://doi.org/10.2147/idr.s332051
https://doi.org/10.3390/antibiotics10121556
https://doi.org/10.1007/s00284-021-02442-8

https://doi.org/10.33263/LIANBS124.110

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

Abdel-Moein, K.A.; Zaher, H.M. Occurrence of multidrug-resistant methicillin-resistant Staphylococcus
aureus among healthy farm animals: a public health concern. International Journal of Veterinary Science
and Medicine 2019, 7, 55-60, https://doi.org/10.1080/23144599.2019.1689630.

Gil-Alonso, S.; Jauregizar, N.; Eraso, E.; Quindés, G. Postantifungal effect of caspofungin against the
Candida albicans and Candida parapsilosis clades. Diagnostic Microbiology and Infectious Disease 2016,
86, 172-177, https://doi.org/10.1016/j.diagmicrobio.2016.07.011.

Whibley, N.; Gaffen, S.L. Beyond Candida albicans: mechanisms of immunity to non-albicans Candida
species. Cytokine 2015, 76, 42-52, https://doi.org/10.1016/j.cyt0.2015.07.025.

Lopes, J.P.; Lionakis, M.S. Pathogenesis and virulence of Candida albicans. Virulence 2022, 13, 89-121,
https://doi.org/10.1080/21505594.2021.2019950.

De Toro, M.; Torres, M.J.; Maite, R.; Aznar, J. Characterization of Candida parapsilosis complex
isolates. Clin Microbiol Infec 2011, 17, 418-424, https://doi.org/10.1111/j.1469-0691.2010.03302.x.
Bagkan, C.; Ertirk, A.G.; Aydin, B.; Siriken, B. 3-Imino derivative-sulfahydantoins: Synthesis, in vitro
antibacterial and cytotoxic activities and their DNA interactions. Bioorganic Chemistry 2022, 119,
https://doi.org/10.1016/j.bioorg.2021.105517.

Jun, J.J.; Xie, X.-Q. Implementation of Diverse Synthetic and Strategic Approaches to Biologically Active
Sulfamides. ChemistrySelect 2021, 6, 430-469, https://doi.org/10.1002/slct.202004765.

Reitz, A.B.; Smith, G.R.; Parker, M.H. The role of sulfamide derivatives in medicinal chemistry: a patent
review (2006 - 2008). Expert Opinion on Therapeutic Patents 2009, 19, 1449-1453,
https://doi.org/10.1517/13543770903185920.

Chavan, S.P.; Kawale, S.A.; Pisal, M.M.; Kadam, A.L.; Gonnade, R.G. Formal Synthesis of (—)-
Quinagolide: Diastereoselective Ring Expansion via a Bicyclic Aziridinium lon Strategy to Access the
Octahydrobenzo[g]quinoline Architecture. The Journal of Organic Chemistry 2021, 86, 9344-9352,
https://doi.org/10.1021/acs.joc.1c00603.

Di Fiore, A.; De Simone, G.; Alterio, V.; Riccio, V.; Winum, J.-Y.; Carta, F.; Supuran, C.T. The
anticonvulsant sulfamide JNJ-26990990 and its S,S-dioxide analog strongly inhibit carbonic anhydrases:
solution and X-ray crystallographic studies. Organic & Biomolecular Chemistry 2016, 14, 4853-4858,
https://doi.org/10.1039/c60b00803h.

Ozgeris, B.; Akbaba, Y.; Ozdemir, O.; Tiirkez, H.; Goksu, S. Synthesis and Anticancer Activity of Novel
Ureas and Sulfamides Incorporating 1-Aminotetralins. Archives of Medical Research 2017, 48, 513-519,
https://doi.org/10.1016/j.arcmed.2017.12.002.

Ozgeris, B. Design, synthesis, characterization, and biological evaluation of nicotinoyl thioureas as
antimicrobial and antioxidant agents. The Journal of Antibiotics 2021, 74, 233-243,
https://doi.org/10.1038/s41429-020-00399-7.

Ozgeris, F.; Yildirim, M.; Gérmez, A.; Ozgeris, B. A Novel Nicotinoyl Thiourea Manganese Complex:
Synthesis, Characterization, and Biological Activity Studies. International Journal of Chemistry and
Technology 2021, 5, 83-90, https://doi.org/10.32571/ijct.9401609.

Bendjeddou, A.; Djeribi, R.; Regainia, Z.; Aouf, N.E. N,N ‘-substituted 1,2,5 thiadiazolidine 1,1-dioxides:
Synthesis, selected chemical and spectral proprieties and antimicrobial evaluation. Molecules 2005, 10,
1387-1398, https://doi.org/10.3390/10111387.

Abbaz, T.; Bendjeddou, A.; Gouasmia, A.; Bouchouk, D.; Boualleg, C.; Kaouachi, N.; Inguimbert, N.;
Villemin, D. Synthesis, Characterization and Antibacterial Activity of Cyclic Sulfamide Linked to
Tetrathiafulvalene (TTF). Letters in Organic Chemistry 2014, 11, 59-63,
https://doi.org/10.2174/157017861101140113162502.

Oleksiyenko, T.O.; Gritsenko, 1.S.; Osolodchenko, T.P. Synthesis of 2-alkylamino-4-methylquinoline-6-R'-
phenylsulfamides and their antimicrobial activity. Zaporozhye Med. J. 2013, 44, 94-97.

https://nanobioletters.com/ 6 of 6


https://doi.org/10.33263/LIANBS124.110
https://nanobioletters.com/
https://doi.org/10.1080/23144599.2019.1689630
https://doi.org/10.1016/j.diagmicrobio.2016.07.011
https://doi.org/10.1016/j.cyto.2015.07.025
https://doi.org/10.1080/21505594.2021.2019950
https://doi.org/10.1111/j.1469-0691.2010.03302.x
https://doi.org/10.1016/j.bioorg.2021.105517
https://doi.org/10.1002/slct.202004765
https://doi.org/10.1517/13543770903185920
https://doi.org/10.1021/acs.joc.1c00603
https://doi.org/10.1039/c6ob00803h
https://doi.org/10.1016/j.arcmed.2017.12.002
https://doi.org/10.1038/s41429-020-00399-7
https://doi.org/10.32571/ijct.940169
https://doi.org/10.3390/10111387
https://doi.org/10.2174/157017861101140113162502

