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Abstract

In clinical microbiology and antibacterial research, the significance of drug-resistant pathogens is growing up.
Hydrazine-type compounds constitute the main classes of chemicals for the investigation of multidrug
resistant agents which causes microbial infections. In the current study antimicrobial activities of twenty one
Naphthalenylmethylen Hydrazine derivatives were examined to appraise their efficacy. The effectiveness of
compounds were evaluated using 2-fold serial dilutions against Staphylococcus aureus, Methicillin-Resistant-
Staphylococcus aureus (MRSA), Enterococcus faecalis, Pseudomonas aeruginosa, Escherichia coli, and
Candida albicans. Minimum inhibitory concentration (MIC) was determined for test compounds and for the
reference standards ciprofloxacin, ampicillin, and miconazole. According to the results, although the tested
compounds demonstrated poor antibacterial effects in general, the le and 1h compounds showed off
significant antibacterial effects, especially against MRSA strains.
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Naftalenilmetilen Hidrazin Tiirevlerinin Antimikrobiyal Aktiviteleri

Oz

Klinik mikrobiyoloji ve antibakteriyal aragtirmalarda, ilaca direngli patojenlerin 6nemi artmaktadir. Hidrazin
tipi bilesikler, mikrobiyal enfeksiyonlarda ¢oklu ilaca direngli ajanlarin arastirilmasi igin 6nemli bir kimyasal
smif olarak bilinmektedir. Bu c¢aligmada, belirli Naftalenilmetilen Hidrazin tiirevlerinin antimikrobiyal
aktiviteleri incelenerek bu bilesiklerin etkinlikleri degerlendirilmistir. Test edilen bilesiklerin antimikrobiyal
etkinlikleri, 2-kat seri dilisyon yontemi kullanilarak, Staphylococcus aureus, Methicillin-Resistant-
Staphylococcus aureus (MRSA), Enterococcus faecalis, Pseudomonas aeruginosa, Escherichia coli ve
Candida albicans’a karsi arastirilarak degerlendirilmistir. Test edilen bilesiklerin Minimum inhibisyon
Konsantrasyonu (MIK), siprofloksasin, ampisilin ve mikonazol gibi standart referans bilesiklere karst
belirlenmistir. Aktivite sonuglarma gore, bilesikler genel olarak zayif antibakteriyal etki gostermelerine
ragmen, 1e ve 1h bilesikleri 6zellikle MRSA suslarina karsi dnemli antibakteriyal etki gostermislerdir.

Anahtar Kelimeler: Antimikrobiyal, Hidrazin, indol, MRSA, Naftalen

1. Introduction

In spite of great progress in pharmaceutical and medicinal chemistry, infectious diseases
arising from bacteria, viruses, and fungi continue to be one of the most important hazards to
public health. Although there are many antibacterial, antifungal, and antiviral drugs that are
used effectively in the clinic, microorganisms have made these drugs ineffective/less effective
within a short period of time because they have developed resistance against these drugs
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(Puskullu et al., 2020; Blair et al., 2015). In addition, it is unavoidable for human beings to
constantly confront new clinical findings emerging as a result of mutation of microorganisms.
Covid-19, the latest rapidly developing infectious disease in worldwide is best example
(Madabhavi et al., 2020; Spagnuolo et al., 2020). Particularly, prevalent drug resistance such
as Methicillin-resistant Staphylococcus aureus (MRSA) is the main problem of our age (Blair
et al., 2015; Tasci et al., 2018). Pneumonia, endocarditis, soft tissue and skin infections in
intensive care units are among the serious infections caused by multidrug-resistant strains of
MRSA (Shirinzadeh et al., 2018; Gordon et al., 2008; Okwu et al., 2019). The results of recent
studies indicate that many Schiff’s bases substituted with indole or indole isoester rings like
naphthalene exhibit chemotherapeutic properties such as antituberculosis, antifungal, antiviral
and antibacterial activities (Karali et al., 2007; Shirinzadeh et al., 2010; Bektas et al., 2010;
Nastasa et al., 2018).

Hydrazine type compounds containing azomethine group constitute an important chemical
class for new drug development (Shirinzadeh et al., 2020; Kumar et al., 2013), as well as
many studies reported that compounds containing the Hydrazine group show high
antimicrobial activity (Abdel-Fattah et al., 2000; Loncle et al., 2004). It has been contended
that a some of hydrazine derivatives exhibit potent antibacterial-antifungal (Shirinzadeh et al.,
2020) and antituberculosis activities (Sridhar et al., 2002; Maccari et al., 2005; Suriyati et al.,
2007)

Previously, we reported antimicrobial activity of some indole derivatives against
Staphylococcus aureus, MRSA, Escherichia coli, Bacillus subtilis, Enterococcus faecalis,
Pseudomonas aeruginosa and Candida albicans strains. Consequently, most of the
compounds showed an activity comparable with that of fluconazole, ampicillin, sultamicillin,
ciprofloxacin (Shirinzadeh et al., 2011; Shirinzadeh et al., 2018).

One of the methods for developing the new drug is combining several pharmacophores in the
same molecule which may lead to new compounds with remarkable biological activity. In our
previous studies combination of indole and hydrazine-type compounds have demonstrated
promising antibacterial activity especially against multidrug resistant microbial infections
(Suriyati et al., 2007; Shirinzadeh al., 2011).

Therefore, based on previous studies, indole ring replaced with naphthalene ring which is
bioisostere of indole. Thus, taking into consideration the results we obtained from previous
studies, the antibacterial effectiveness of the indole ring will be understand more clearly
(Shirinzadeh et al., 2018; Shirinzadeh et al., 2011). All of the tested compound in this study
were synthesized and characterized on the basis of H, 3C NMR, mass spectra and elemental
analysis. Thus, all data related on synthesis has been published (Shirinzadeh and Ghalia et al.,
2020).

All compounds was tested against Staphylococcus aureus ATCC 29213, Staphylococcus
aureus ATCC 43300 (MRSA), Enterococcus faecalis, Pseudomonas aeruginosa, Escherichia
coli and Candida albicans utilizing the 2-fold serial dilution technique. In this way, for the
test compounds and related reference standards (ciprofloxacin, ampicillin and miconazole)
Minimum inhibitory concentration (MIC) was determined.

2. Results and Discussion

The MIC values of the tested compounds (Naphthalenylmethylene hydrazine derivatives)
were determined against S. aureus, MRSA, E. faecalis, P. aeruginosa, E. coli and C. albicans
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strains. The obtained values were compared with the MIC values of ciprofloxacin, ampicillin
and miconazole that used as standard drugs.

Most of the compounds demonstrated poor activity against S. aureus, MRSA, E. faecalis, P.
aeruginosa, E. coli, and C. albicans compared to the indole derivatives that synthesized and
evaluated in our previous study (Shirinzadeh et al., 2011; Shirinzadeh et al., 2018).

However, among these compounds, 1e and 1h compounds set outed acceptable antibacterial
activity, especially against MRSA strains. In addition, unlike the indole derivatives
synthesized previously, none of the naphthalene derivatives showed sufficient and promising
antifungal activity against C. albicans. The MIC value of ciprofloxacin against MRSA strain
was 0.626 pg/mL, while the MIC of le and 1h compounds measured as 6.125 pg/mL.
However, compared to Ampicillin, ampicillin was ineffective against MRSA strains, while
compounds 1le and 1h have inhibited MRSA strains as low concentration as 6.125 ug/mL.
when the most effective compounds le and 1h were compared with ampicillin and
ciprofloxacin which were used as antibacterial standards, 1le and 1h compounds showed
higher MIC values (6,25 pg/mL) compared to ciprofloxacin and low MIC values in contrast to
ampicillin, especially against MRSA and E. faecalis (Table 1).

Table 1. MIC values (ng/mL) of tested Naphthalenylmethylen hydrazine derivatives

Comp. n z m o m o | Com | o z m o m o

e LBl Bl Bl 2| Bl sl.a|E| B E|E|E g
D s8]

la 50 50 50 50 50 50 1l - 25 50 50 50 50

1b - 25 50 50 50 50 im 50 | 50 50 25 50 50

lc - 50 50 50 50 50 1n 25 | 50 50 25 50 50

1d 25 25 25 50 50 50 1o - - 50 25 25 50

le 125 6.25 25 50 50 50 1p 50 | 50 50 25 50 50

1f 50 25 25 50 50 50 1q 50 | 50 25 50 50 -

19 25 50 25 50 50 50 1r 25 | 125 12.5 25 50 50

1h 125 6.25 6.25 | 25 25 50 1s - 50 50 50 50 50

1i 25 125 125 | 25 25 50 1t 25 | 125 25 50 50 50

1j 25 125 125 | 50 50 50 1u 25 | 50 50 25 50 50

1k - 50 - 50 50 50

Ciprofl | 0.625 | 0.625 | - 0.0097 0.625 | -

oxacin

ampicill | - - 0.19 | - - -

in

micona | - - - - - 1.56

zole
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3. Conclusion

Previously, we carried out some studies on the antibacterial activities of various indole-
hydrazine derivative compounds. As a result, indole-hydrazine derivative compounds
exhibited potent antibacterial activity (Shirinzadeh et al., 2011; Shirinzadeh et al., 2018). In
the continuation of this research on Schiff bases, the naphthalene ring, which is the bioisostere
of indole, was preferred as a new combination instead of indole. Thereby, we planned to gain
insight into the importance of the indole ring in structure-activity evaluation. Indeed, based on
this study, it was revealed that the Indole-hydrazine derivatives exhibited potent antibacterial
activity than the naphthalene hydrazine derivatives. In addition, while the tested naphthalene
derivatives did not show antifungal effects, indole derivatives demonstrated acceptable
antifungal activities. It is believed the pyrrole ring in the indole structure might be one of the
main reasons for the antifungal effect of indole derivatives.

According to the results of the study, although the tested compounds demonstrated poor
antibacterial effects in general, the 1e and 1h compounds showed significant antibacterial
effects, especially in the case of MRSA and E. faecalis strains.

It was observed that compounds le [1-(3-chlorophenyl)-2-((6-methoxynaphthalen-2-yl)
methylene) hydrazine] and 1h [1-(2,4-dimethylphenyl)-2-((6-methoxynaphthalen-2-yl)
methylene) hydrazine] have demonstrated an MIC value of 6.25 pg/mL against MRSA strains.

When we consider that ampicillin is ineffective against MRSA, these compounds stand out as
showing excellent MIC values such a 6.25 pg/mL. Therefore these compounds are promising
to develop into more effective new lead compounds against MSRA and E. faecalis infections.

4. Materials and Methods

4.1. Chemistry

The designed compound was synthesized by condensation of phenylhydrazine with 6-
methoxy-2- naphthaldehyde or 2-naphthaldehyde (Kidwai et al., 1994). Twenty one tested
compounds (Table 2) synthesized and spectroscopic analysis of them was done and published
in our earlier study. The synthesized compounds were characterized on the basis of *H and
13C NMR, mass spectra and elemental analyses (Shirinzadeh and Galia et al., 2020).
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Table 2 - Chemical structures of tested compounds
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4.2. Microbiology

Antifungal and antibacterial activity assessments were carried out against standard strains.
The American Type Culture Collection (ATCC) strains of the microorganisms utilized in the
current research were received from the culture collection of the Refik Saydam Health
Institution of Health Ministry, Ankara, and preserved at the Microbiology Department of the
Faculty of Pharmacy of Ankara University. In order to grow and diluting of the
microorganism suspensions, Mueller-Hinton broth (MHB) (Difco), Mueller-Hinton agar
(MHA) (Oxoid), Sabouraud Dextrose agar (SDA) (Difco), and Sabouraud Dextrose broth
(SDB) (Difco), were used. The following reference strains were used for testing antimicrobial
activity: Gram-positive bacteria: Staphylococcus aureus ATCC 29213, Staphylococcus aureus
ATCC 43300 (MRSA), Enterococcus faecalis ATCC 29212. Gram-negative bacteria:
Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853. Yeast: Candida
albicans ATCC 10231.
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4.3. Antibacterial and Antifungal Activity Assay

Fungi were protected on SDA for 48 h at 25°C and the bacterial strains were protected on
MHA medium for 24 h at 37°C. Overnight cultures were prepared by inoculating almost 2 mL
MHB with 2-3 colonies of each organism taken from MHA. Inocula were prepared by
diluting overnight cultures into 0.9% sterile saline solution until the visible turbidity was
equal to 0.5 Mcfarland standard having approximately 108 CFU/ mL for bacteria and 107
CFU/mL for yeasts. The tube dilution technique was utilized for the determination of the
MICs (CLSI; Wayne, PAUSA; 2009; CLSI document M27-A3; 2008).
Naphthalenylmethylen hydrazine derivatives were researched to assess their effectiveness
against multi-drug-resistant microbial infections by using the 2-fold serial dilution technique
against S. aureus, MRSA, E. faecalis, P. aeruginosa, E. coli, and C. albicans. The synthesized
compounds and standards were dissolved in 12.5% DMSO at concentrations of 200 pg/mL.
Further dilutions of the compounds and standard drugs in the test medium were prepared at
the following quantities of 400, 200, 100, 50, 25, 12.5, 6.25, 3.12, 1.56 and 0.78 pg/mL
concentrations with MHB and SDB. A set of tubes containing only inoculated broth was used
as controls. After incubation for 48 h at 25°C for the antifungal assay and 24 h at 37°C for the
antibacterial assay, the last tube with no growth of yeast and/or microorganism was registered
to represent the MIC (expressed in pg/mL). The MIC was determined for test compounds and
for the reference standards Ciprofloxacin, ampicillin and miconazole (Shirinzadeh et al.,
2018). Every experiment in the antifungal and antibacterial assays was performed in
duplicate.
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