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Quinazolin-4(3H)-one derivatives exhibiting a wide spectrum of a pharmacological activity, represent a promising class of
substances used to obtain antibacterial agents, which is especially important in the context of the emergence of pathogenic
microorganisms’ resistance to drugs used in medicine. It has been proved that compounds having a naphthyl radical in the
molecule, as well as an amide group bound to the benzene ring as quinazolinone substituents, are characterized by a pro-
nounced antimicrobial activity against Staphylococcus aureus and Streptococcus pneumoniae.

The aim of the research is a primary microbiological screening of the in vitro antimicrobial activity of new quinazolin-4(3H)-
one derivatives against Staphylococcus aureus and Streptococcus pneumoniae, as well as the assessment of the relationship
between the pharmacological effect and the structural transformation of the substance molecule, lipophilicity and the pos-
sibility of forming resistance to them.

Materials and methods. The experimental studies have been carried out using well-known nosocomial pathogens of infec-
tious and inflammatory diseases Staphylococcus aureus and Streptococcus pneumoniae by a serial dilution method.

Results. A compound containing a naphthyl radical in its structure, which contributes to an increase in the hydrophobicity of
the substance and its solubility in the membrane of a bacterial cell, has a bacteriostatic effect against both Staphylococcus
aureus and Streptococcus pneumoniae. A similar pharmacological effect is exhibited by a derivative with an amide group
as a substituent of the quinazolinone nucleus linked to a phenyl radical, which probably contributes to an increase in the
degree of binding to active sites of enzymes involved in the DNA replication, and protein synthesis. Obviously, the increased
lipophilicity, which promotes better binding to the efflux protein, cannot serve as objective characteristics of the emergence
possibility of the pathogen’s resistance to this substance.

Conclusion. Among the synthesized compounds, the leading substances that exhibit an antimicrobial activity against Staph-
ylococcus aureus and Streptococcus pneumonia, have been identified. The assessment of the chemical structure made it
possible to substantiate their pharmacological action and draw conclusions about the possibility of developing resistance to
it in microbial cells.
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tance; ATP-dependent efflux pump; plasmids; transposones; large mobile element
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Mpoun3BoaHble XMHA30/1MH-4(3H)-0Ha, NpoABAAIOLWME LUMPOKUIA CNeKTP GapMaKoNOrnMYecko akTUBHOCTU, NPeACTaBNAOT
NepcrneKkTUBHbIW KNAcC BELLECTB, MCMOb3YeMbIX A1A NMOAYYEHUA aHTUOAKTEPUANbHbIX CPEACTB, YTO OCOBEHHO aKTyaslbHO B
YC/I0BUAX BOSHUKHOBEHWUA PE3UCTEHTHOCTM NMaTOreHHbIX MUKPOOPTraHW3MOB K MCMO/Ib3yeMbIM B MeAULMHE NEKAPCTBEHHbIM
npenapatam. [JokasaHo, YTO coeAUHEHUSA, UMetoLLMe B MONeKyne HAahTUNbHBIVM pagmKas, a TaKKe aMUAHYIO rpynny, CBA3aH-
HYI0 C 6EH30/IbHbIM KO/IbLLOM, B KQYecTBe 3aMeCTUTeNeN XMHA30/IMHOHA, XapaKTePU3YOTCA BbIPaXKeHHOM NpPOTUBOMMKPO6-
HOWM aKTUBHOCTbIO B OTHOLLIEHWUW Staphylococcus aureus v Streptococcus pneumoniae.

Lienb. MepBUYHbIN MUKPOBUONOTUYECKUIA CKPUHUHT aHTUMMKPOOHOW aKTUBHOCTM in Vitro HOBbIX NMPOM3BOAHbIX XMHA30-
NMH-4(3H)-0Ha no oTHowweHwuto K Staphylococcus aureus v Streptococcus pneumoniae, a Tak»Ke OLEeHKa B3aMMOCBA3U MeXay
nposABafsemMbiM GapMaKoIOrMYeCcKUM AENCTBUEM U CTPYKTYPHbIM Npeobpa3zoBaHMeEM MOJIEKY/bl BELLECTBA, MMOPUIbHO-
CTbO U BO3MOXHOCTbIO GOPMMUPOBAHUA YCTOMUMBOCTU K HUM.

Matepuanbl U meToabl. IKCNepUMeEHTaIbHble UCCea0BaHUA Bblv BbIMONHEHb! C UCMO/Ib30BAHMEM OB6LLLEN3BECTHbIX HO-
30KOMMaNbHbIX BO3byauTenen MHPEKUMOHHO-BOCNANUTENbHbIX 3abonesaHuli Staphylococcus aureus w Streptococcus
pneumoniae MeTofOM CEPUNHBIX Pa3BeLEeHUN.

Pe3synbratbl. CoeguHeHWe, cogepiKallee B CTPYKTYpe HadTUAbHbIN paanKan, BHOCALLMIA BKIAA B yBeMYeHue ruapodobHo-
CTM BELLECTBA M ero pacTBOPUMOCTU B MeMbpaHe HaKTepraibHOM KNeTKKN, 0b6nafaeT 6akTepnocTaTUieckum AeNCTBUEM Kak
B OTHOLWEeHum Staphylococcus aureus, Tak u K Streptococcus pneumoniae. CxoaHbl dapmakosiormyeckunii apPeKkT npossaseT
NpoV3BOAHOE C aMUAHOM rPyNmnow B Ka4ecTBe 3aMecTUTeNs XMHA30/IMHOHOBOTO AAPa, CBA3AHHOMN C GeHUNIbHBIM PaZUKANOM,
KOTOpas, BEPOATHO, CNOCOBCTBYET YBE/IMYEHNUIO CTENEHU CBA3bIBAHUA C aKTUBHbIMU caliTaMy GpepMeHTOB, NMPUHMUMAOLLNX
yyacTtue B npoueccax penavkaumm AHK 1 cuHTesa 6enkos. O4eBMAHO, NOBbILEHHAA IMNOPUIBHOCTb, CNOCOBCTBYIOLLLAA NyY-
LWemy CBA3bIBAaHUIO C BEIKOM OTTOKA, HE MOMKET C/YKUTb 0OLEKTUBHOM XapaKTEPUCTUKON BO3MOXKHOCTM BO3HWKHOBEHMA
PE3UCTEHTHOCTM NAaTOreHOB K AaHHOMY BeLLEeCTBY.

3akntoueHue. Cpean CUHTE3UPOBAHHBIX COeAMHEHMI Oblv BbIABMEHbI BELLLECTBA-IMAEPbI, NPOABAAOLLEE aHTUMUKPOBHYIO
AKTUMBHOCTb B OTHOLWeEHWU Staphylococcus aureus v Streptococcus pneumoniae. OLeHKa XMMUYECKOro CTPOEHMA MO3BOAM/IA
obocHOBaTb MX hapmaKkonornyeckoe AencTBue U cAeNaTb BbIBOAbI O BO3MOXHOCTU PA3BUTUA YCTOMUYUBOCTU K HEMY Y MU-
KPOOHBIX KNETOK.

KntoueBble cnoBa: Nnpon3BogHbIE XMHA30/IMHOHA; aHTUMUKPOOHAA aKTUBHOCTb; COeAUHEHUE-TNAEP; SNEKTPOHOAOHOPHbIE
LLEHTPbI; aKTUBHbIW CalUT GepMeHTa; MMHUMaNbHAA NOAABAAIOWAA KOHLUEHTPALMA; MMHUMAAbHAA MHIMOMPYHOLWAA KOHLEH-
Tpauma; 6akTepnocTaTUYeCcKoe AeCTBUE; BaKTEPULIMAHAA AKTUBHOCTb; PE3UCTEHTHOCTb; ATD-3aBMCUMBbIN 3P PHOKCHBIN Ha-
COC; NN13a3MUAbl; TPAHCMO30Hbl; 60/bLLION MOBULHBIN 3N1EMEHT

CnUCOK COKpalleHuit: PBP — neHMUMANNH-cBA3bIBatOWMIA 6enoK; MRSA — MeTULMAWMH — pe3ucTeHTHbIN Staphylococcus
aureus; PBP2a — neHULMANINH-CBA3bIBalOWMI 6enok 2a; AT® — ageHo3mHTpudbocdat, MMK — MUHUManbHaa nNogasnsatoLLan
KOHLeHTpauuma; AMCO — aumetuncynbdokena; AMDA — aumetundopmammng,; MIMB — maconenToHHbIN 6ynboH; MIMA — ms-
CconenToHHbIM arap; AK — aTunmnyHble KoNoHUK; TK — TunuyHble KonoHun; AMP — aaepHbIM MarHUTHbIN pe3oHaHc; TCX — ToH-
KocnoiHan xpomatorpadus; HK — HyknenHosas kucnota; FNBPs — ¢nbpoHeKTUH-cBA3bIBatOLWME BenKku
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INTRODUCTION

Currently, multi-resistance of pathogenic bacteria to
antimicrobial agents used in medical practice, is a seri-
ous public health problem [1-6]. As a rule, the formation
of resistance occurs in the course of antibiotic therapy,
especially in the departments with more intensive use
of this group drugs. Clinical studies have established the
dominance of antibiotic-resistant strains in the structure
of nosocomial infections. Thus, there is a need to search
for new antibacterial substances characterized by high
efficacy, low toxicity and insensitive to the suppressing
action of pathogens [7-9].

It has been proven that Staphylococcus aureus and
Streptococcus pneumonia are the most common and ex-
press various virulence factors. They are pathogens of a
wide range of diseases in humans and animals, have the
greatest resistance to antibiotics among gram-positive
microorganisms [2, 10-14].

The emergence of Staphylococcus aureus resistance
to B-lactam antibiotics, as well as to other antimicrobial
agents, limits its use in medicine due to the following fac-
tors: its mutation and selection, the acquisition of new
genetic material from other resistant organisms during
the processes of transformation, transduction and con-
jugation, implying a change in the adhesive properties of
the cell surface. It is known that functioning of ATP-de-
pendent efflux pumps, which are carrier proteins that
push antimicrobial agents out of the cell, contributes to
the resistance formation of Staphylococcus aureus and
Streptococcus pneumoniae to fluoroquinolones and the
drugs of the tetracycline group [15-18].

Quinazolin-4(3H)-one and its derivatives, which
are condensed heterocyclic nitrogen-containing com-
pounds, are known as a promising class of substances
exhibiting antibacterial, antifungal, anti-tuberculosis,
and antiviral kinds of activity [3]. Its dependence on
the nature and number of quinazolinone nucleus sub-
stituents has been described. It was found out that the
compounds of this group have a pharmacological effect
against Staphylococcus aureus, Streptococcus pneumo-
niae, Proteus mirabilis, Pseudomonas aeruginosa, Kleb-
siella pneumoniae, Escherichia coli [3, 5, 19].

It has been proven that quinoline derivatives, which
are the basis of the quinazolinones structure, inhibit
the DNA synthesis, promoting the cleavage of bacteri-
al DNA gyrase and type IV topoisomerase, resulting in
the death of a bacterial cell [20-24]. The ability of com-
pounds of the quinazolinone series, similar to B-lactam
antibiotics used to prevent pathogenic processes in the
body caused by Staphylococcus aureus and Streptococ-
cus pneumoniae, to participate in the irreversible serine
acylation of the active center of transpeptidase — peni-
cillin-binding protein (PBP), catalyzing the formation of
peptidaregine, an essential component of the bacterial
cell wall, has been described. As a result of the forma-
tion of a stable lactam-acyl-enzyme complex, transpepti-
dase and carboxypeptidase kinds of the enzyme activity
are inhibited, leading to the death of the pathogen.

320

A unique ability of quinazolinones, realized in syn-
ergy with piperacillin and tazobactam, to form bonds
with the allosteric site of penicillin-binding protein 2a
(PBP2a) of methicillin-resistant Staphylococcus aureus
(MRSA) and coagulase-negative staphylococci, which
cannot be inhibited by B-lactams, has been established
[15, 25-27]. The possibility of the joint use of quinazo-
line derivatives with chloramphenicol to increase its in-
tracellular concentration in pathogenic strains applying
efflux pumping systems to resist the action of antimicro-
bial drugs, has been proven [28, 29]. Probably, during
their passage, quinazolinone, having a lower polarity,
binds to an efflux pump to a greater extent, undergoes
an outflow more easily and facilitates the penetration of
an antibiotic into a microbial cell with a constant concen-
tration [16-18, 20, 21, 30].

The uniqueness of the structure of quinazolin-4 (3H)-
one new derivatives, the possibility of using it together
with other antimicrobial agents in order to increase their
pharmacological effect and prevent the resistance emer-
gence to them, creates the need for a comprehensive
study of their activity.

THE AIM of the research is to study the antimicro-
bial activity of quinazolin-4 (3H)-one derivatives against
Staphylococcus aureus and Streptococcus pneumoniae
in vitro as well as to assess the effect of their structural
changes on the biological activity of the analyzed sub-
stances, the lipophilicity of their molecules to predict
the ability of inducing their resistance by the mechanism
of the active outflow.

MATERIALS AND METHODS

Research objects

The objects of the study were new derivatives of
quinazolin-4 (3H)-one.

The chemical structure of new quinazolinone com-
pounds can be described by the general formula shown
in Fig. 1. The yield and physicochemical properties of the
new substances are presented in Table 1.

Synthesis of new derivatives

of quinzolin-4(3H)-one

The synthesis of new derivatives was carried out
according to the classical scheme of the nucleic bases
alkylation with alkyl halides in anhydrous dimethyl-
formamide (DMF) in the presence of a potassium car-
bonate excess. NMR*H spectra were recorded on a Bru-
kerAvance 400 spectrometer (400 MHz) in DSMO-d6,
tetramethylsilane as the internal standard. The spectra
were interpreted using the ACD/HNMR PredictorPro 3.0
licensed program from Advanced Chemistry Develop-
ment (Canada). The melting points were measured in
glass capillaries on a Mel-Temp 3.0 instrument (Labora-
tory Devices Inc., USA). The purity and individuality of
the compounds were monitored by the TLC method.

N-[4-(Dimethylamino)phenyl]-2-[4-0x0-3(4H)-
quinazolinyl] acetamide (Laboratory code: VMA-10-10).
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A mixture of 2.0 g (13.7 mmol) of quinazolin-
4(3H)-one, 4.0 g (28.9 mmol) of anhydrous potassium
carbonate and 50 ml of DMF is stirred at the tempera-
ture of 100-105°C for 30 min., then 3.2 g (15.1 mmol)
of 2-Chloro-N-[4-(dimethylamino)phenyl]acetamide is
added and stirred at the same temperature for 1 hour.
After that, the mixture is cooled down to room tempera-
ture and filtered.

The filtrate is kept at the temperature of 0-5°C
within 24 hours. The separated precipitate is filtered
off, washed with cold DMF, water, and dried in air. It is
recrystallized from DMF to get 2.95 g of the VMA-10-
10compound, the yield is 67%, the mp. is 261-264°C.

The NMRH spectrum, §, ppm, is the following: 2.78
s (6H, CH,). 4.76 s (2H, CH,); 6.63 d (8 Hz, 2H, phenyl);
7.34 d (8 Hz, 2H, phenyl); 7.51 t (7 Hz, 1H, H); 7.66 d (8
Hz, 1H, H8); 7.78 t (7 Hz, 1H, H7); 8.09 d (8 Hz, 1H, H5);
8.29 s (1H, H2); 10.08 s (1H, NH).

The rest of the compounds are obtained in the same
way.

N-(4-Methoxyphenyl)-2-[4-oxo-3(4H)-quinazolinyl]
acetamide (Laboratory code: VMA-10-18). The NMR*H
spectrum, &, ppm is the following: 3.72 s (3H, OCH,);
4.85 s (2H, CH,); 7.51 d (8 Hz, 2H, phenyl); 6.90 d (8 Hz,
2H, phenyl); 7.57 t (7 Hz, 1H, HS); 7.73 d (8 Hz, 1H, H?);
7.86t (7 Hz, 1H, H7); 8.16 d (8 Hz, 1H, H%); 8.37 s (1H, H2);
10.31 s (1H, NH).

3-[2-0Ox0-2-(4-phenylpiperazin-1-yl)ethyl]
quinazolin-4(3H)-one (Laboratory code: VMA-10-21).
The NMR!H spectrum, &, ppm is as follows: 3.14-3.32
m (4H, piperazine); 3.62-3.78 m (4H, piperazine); 5.01
s (2H, CH,); 6.96-7.01 m (2H, phenyl); 7.23-7.29 m (3H,
phenyl); 7.55 t (7.5 Hz, 1H, H%); 7.71 d (8 Hz, 1H, H?); 7.86
t (7.5 Hz, 1H, H7); 8.17 d (8 Hz, 1H, H%); 8.26 s (1H, H?).

N-(2-Naphthyl)-2-[4-ox0-3(4H)-quinazolinyl] acet-
amide (Laboratory code: VMA-13-05). The NMR*H spec-
trum, &, ppm is as follows: 5.81 s (2H, CH2); 7.55-8.89 m
(11H, HS, HS, H7, H8, naphthyl); 8.42 s (1H, H2).

N-Phenyl-2-[4-ox0-3 (4H)-quinazolinyl]acetamide
(Laboratory code: VMA-17-01). The NMR?H spectrum, §,
ppm is as follows: 5.67 s (2H, CH,); 7.54-7.77 m (5H, HS,
HE, phenyl); 7.87 t (1H, 8 Hz, H7); 8.07-8.19 m (3H, H5,
phenyl); 8.39 s (1H, H?).

N-Phenyl-2-[4-ox0-3(4H)-quinazolinyl]propanamide
(Laboratory code: VMA-17-04). The NMR*H spectrum, §,
ppm is as follows: 1.53 d (3H, 7 Hz, CH,) 5.49 q (1H, 7 Hz,
CH); 7.56-7.80 m (5H, H¢, H, phenyl); 7.85 t (1H, 8 Hz, H’);
8.06—8.19 m (3H, H®, phenyl); 8.40 s (1H, H?).

N- [6-Bromoquinazolin-3 (4H) -yl] acetylguanidine
(Laboratory code: VMA-13-17). The NMR?H spectrum, §,
ppm is as follows: 4.37 s (2H, CH2); 7.47 br. s (4H, NH);
7.60d (1H, 8 Hz, H8); 7.90 d (1H, 8 Hz, H); 8.17 s (1H, H2);
8.28 s (1H, H3).

Test cultures
A primary microbiological screening of the antimi-

crobial activity of the synthesized compounds in order
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to identify the lead compound, was carried out using
cultures of Staphylococcus aureus and Streptococcus
pneumoniae isolated from sick patients provided by the
clinical diagnostic laboratory, City Clinical Hospital No. 3
n. a. S.M. Kirov, Astrakhan. The studies were approved
by the Ethics Committee of Astrakhan State Medical Uni-
versity of the Ministry of Health of Russia (protocol No. 6
dated November 27, 2018).

Research methods

The analysis of substances with the assigned
codes — VMA-10-10, VMA-10-18, VMA-10-21, VMA-
13-05, VMA-17-01, VMA-17-04, VMA-13-17 — was
carried out in vitro by the serial dilutions method in
accordance with the requirements of the interna-
tional standard 1SO 20776-1:2006* and the National
Standard GOST R ISO 20776-1-2010?, identical to the
international one.

The determination of the microorganism’s sensi-
tivity to quinazolinone derivatives was carried out by
the macro method (test tube) in the medium of meat
infusion broth (MIB) prepared in accordance with GOST
20729-75.

Preparation process of working solutions

The working solution was prepared by dissolving a
4 mg sample of the test substance in 0.5 ml of dimethyl
sulfoxide (DMSO), followed by adding 4.5 ml of a phys-
iological solution to it. The choice of the solvent was
carried out in accordance with the Methodological Rec-
ommendations “Sensitivity determination of microor-
ganisms to antibacterial drugs”?, as well as taking into
account the solubility of the compounds under study,
with a preliminary assessment of DMSO effect on the
strains of the microorganisms used [33]. It was found
out that the compounds under study are insoluble in
water, slightly soluble in 40 and 90% ethyl alcohol, and
freely soluble in DMSO. A series of solutions with an
exponentially decreasing concentration was obtained
from the resulting initial solution: 128, 64, 32, 16, 8, 4,
2,1,0.5 and 0.25 pg/ml. A solution of ceftriaxone (JSC
Sintez, Kurgan, P NO00750/01) with the concentration
equivalent to the process solution was used as a refer-
ence drug. Process solutions were introduced into 1 ml
test tubes.

 CLSI. Performance Standards for Antimicrobial Susceptibility Testing;
Twenty-Fifth Informational Supplement. CLSI document M100-S25.
Wayne, PA: Clinicaland Laboratory Standards Institute; 2015.

2 National Standard GOST R ISO 20776-1-2010 Clinical laboratory
research and in vitro diagnostic test systems. Investigation of the
sensitivity of infectious agents and assessment of the functional
characteristics of products for the study of sensitivity to antimicrobial
agents. Part 1. Reference method for laboratory study of the activity of
antimicrobial agents against fast-growing aerobic bacteria that cause
infectious diseases. Russian

3 Methodical instructions 4.2.1890-04. Determination of the sensitivity
of microorganisms to antibacterial drugs: Guidelines. M.: Federal
Center for State Sanitary and Epidemiological Supervision of the
Ministry of Health of Russia, 2004: 91 p. Russian
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Inoculum preparation

Inoculum preparation was carried out in accordance
with the requirements for the method of direct suspen-
sion of morphologically similar colonies collected using
a sterile bacteriological loop in a sterile isotonic solution.

Methodology

Suspensions of Staphylococcus aureus and Strepto-
coccus pneumoniae, diluted in a liquid nutrient medium
to 108 cfu/ml, were added 1 ml each into the test tubes
with the solutions of the studied substances.

The inoculations in the tubes closed with sterile
cotton-gauze stoppers, were incubated for 24 hours at
the temperature of + 37°C. At the end of the incubation
period, they were visually assessed in the transmitted
light. In the control tubes, in which a native culture had
been grown without adding a reference drug or test
compounds, complete turbidity of the culture medium
indicating an intensive growth of the culture, was noted.

The determination of the minimum inhibitory con-
centration (MIC) of the test substance assumed the
establishment of the lowest substance concentration
at which there had been no bacterial growth. That was
evidenced by the absence of turbidity of the solution,
which was recorded visually.

Assessment of microorganisms growth

The assessment of the bacteria viability was carried
out according to the value of the lowest concentration
of the test substance that prevents the visible growth
of bacteria, or, in other words, the minimum inhibito-
ry concentration. The inoculation of 0.05 ml of the pre-
cipitate obtained by centrifuging the contents of each
tube of the series at 1500 rpm for 10 min and separating
the supernatant, was carried out on the meat infusion
agar (MIA) placed in Petri dishes. The nutrient medium
was prepared by dissolving the dry agar followed by au-
toclaving. After the inoculation, the Petri dishes were
placed in a thermostat. The analysis of the characteristic
growth was performed 24 hours after the incubation of
the inoculation at the temperature of +37°C [33].

The determination of the antimicrobial activity of
the test substances hypothesized a sixfold reproduction
of the selected analysis method [31-32]. The absence of
the culture growth was taken for the bactericidal effect
manifested by the substance, while the inhibition of the
culture growth, its intermittent growth, and the forma-
tion of single colonies indicated a bacteriostatic effect.

Statistical processing of research results

Statistical processing of the research results was
carried out using the following software packages: Mic-
rosoft Office Excel 2007 (Microsoft, USA), BIOSTAT 2008
Professional 5.1.3.1. (“Analyst-Soft” Inc., USA). When
processing the results obtained, a parametric method
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with the determination of the Student’s t-test with the
Bonferroni correction was used. The differences in the
comparison groups were assessed at the constantly cho-
sen significance level of p < 0.05.

RESULTS AND DISCUSSION

The analysis of the antimicrobial activity of the sub-
stances with codes VMA-10-10, VMA-10-18, VMA-10-
21, VMA-13-05, VMA-17-01, VMA-17-04, VMA-13-17
showed that their manifestation depends on the multi-
plicity of dilution and a type of a pathogenic microor-
ganism.

The experimental data obtained are summarized in
Tables 2-5.

The growth pattern analysis of Staphylococcus au-
reus and Streptococcus pneumoniae in the meat infusion
broth and on the meat infusion agar with DMSO showed
a moderate growth of microorganisms at the concentra-
tion of 128 and 64 pg/ml, as well as an intensive growth
in the concentration range from 32 to 0.25 pg/ml.

During the visual control of Staphylococcus aureus
cultures in the meat infusion broth, the signs of growth
in the test tubes with ceftriaxone were observed at low
drug concentrations —2—0.5 pg/ml. A moderate growth of
the culture was observed in the presence of the VMA-10-
10 compound in the concentration range of 128-4 pg/ml
and in the case of VMA-17-01 — in the concentration
range of 16-8 pg/ml. The intensive development of cells,
accompanied by strong turbidity of the nutrient medium,
the formation of flakes and abundant sediment, were
observed in test tubes at the concentrations of the com-
pound VMA-10-21 in the range of 128-0.25 pg/ml.

A significant culture growth was also recorded in the
test tubes with substances VMA-17-04 with a concentra-
tion of 4-0.25 pg/ml and VMA-13-17 with its content of
2-0.25 pg in 1 ml of the solution.

Table 3 shows the results of inoculating Staphylococ-
cus aureus on a solid nutrient medium — meat infusion
agar.

The Table 3 data indicate that in the presence of
the control, ceftriaxone at the concentrations of 128-64
ug/ml, the growth of the culture is completely suppressed,
while at its content of 32—4 pg in 1 ml of the solution, the
growth of single colonies of the pathogen is observed.

An intensive growth is recorded on the Staphylococ-
cus aureus meat infusion agar when using VMA-10-10 at
the concentrations of 128-0.25 pg/ml and VMA-10-21
at 64—-0.25 pug/ml. No growth of colonies was observed
in the concentration ranges of 128-16 pg/ml of the sub-
stance VMA-17-04, 128-64 ug/ml—VMA 13-05, 128-32
pug/ml — VMA-17-01. The results indicate the ability of
these compounds to inhibit the development of Staph-
ylococcus aureus and, as a consequence, to exhibit a
pronounced antimicrobial activity against the pathogen.

Table 4 shows the results of Streptococcus pneumo-
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niae inoculations on a liquid nutrient medium (meat in-
fusion broth).

During the visual control of Streptococcus pneumo-
nia inoculations on the meat infusion broth, the signs
of growth in the test tubes with ceftriaxone were ob-
served at the concentration of 4-0.25 pg/ml. A moder-
ate growth of the culture was observed in the presence
of the VMA-10-21 compound in the concentration range
of 64—0.25 pg/ml, and of the VMA-10-18 substance — at
its content of 8-0.25 pg in 1 ml. Lower values were set
for the VMA-13-17, VMA-13-05 derivatives — 2-0.25 g/
ml and for VMA-10-10, VMA-17-01 derivatives — 1-0.25
pg/ml.

A complete transparency of the medium was ob-
served in the tubes with quinazolinone derivative VMA-
13-05 at the concentration of 128-32 ug/ml, of com-
pounds VMA-17-01 and VMA-17-04 — in the content of
the active ingredient of 128-64 ug in 1 ml. The results
obtained indicate a pronounced antipneumococcal ac-
tivity of the substances.

Table 5 shows that the culture of Streptococcus
pneumoniae gives a heavy growth on the MIA in the
presence of VMA-10-10, VMA-10-18 compounds at the
concentrations of 4-0.25 pg/ml, in the presence of VMA-
13-05 substances — at 8-0.25 pug/ml and in the presence
of the VMA-17-04 derivative — at the concentrations of
2-0.25 mg/ml. The results obtained indicate the lack of
sensitivity of the pathogen to these substances in the
given dilution.

When the content of VMA-13-05 is at the concentra-
tion of 128-16 pg/ml, the growth of the pathogenic strain
colonies is not observed. This is similar to the effects of
VMA-17-04 and VMA-17-01 in the concentration range of
128-64 pg/ml. Consequently, in this content in the solu-
tion, the substances are characterized by a high antimi-
crobial activity against Streptococcus pneumoniae.

Table 6 shows the average results of assessing
the antibacterial action of the most active substances
against the strains of Staphylococcus aureus and Strep-
tococcus pneumoniae.

The analysis of the average results of the antibacte-
rial action of the most active substances against patho-
genic microorganisms, makes it possible to conclude the
following. The bactericidal activity of the compounds
VMA-13-05, VMA-17-01 and VMA-17-04 is comparable
to the action of ceftriaxone at the concentrations of 128
and 64 pg/ml; their bactericidal activity against Staphy-
lococcus aureus manifests itself at the concentration of
32 pg/ml. When analyzing the antimicrobial action of
the most active quinazoline compounds in subsequent
concentrations, it was found out that the bactericidal
activity of VMA-13-05, VMA-17-01 and VMA-17-04 sta-
tistically significantly decreases in proportion to the de-
crease of the substances concentration in relation to the
reference drug — ceftriaxone.

Tom 9, Buinyck 4, 2021

The heterocyclic nature of quinazolinone com-
pounds determines their ability to inhibit a PBP2a activi-
ty due to the formation of hydrogen bonds with the ami-
no acids of the allosteric enzyme site: lysine, glutamine
and asparagine. As a result of this interaction, an active
site, where the carbonyl group and the nitrogen atom of
another molecule of the antimicrobial agent are cova-
lently bound to the carboxyl and amino groups of lysine
and arginine, is opened. The enzyme is suppressed and,
therefore, the biosynthesis of the bacterial cell wall is
blocked [37-40]. The analysis of various substituents ef-
fect in the molecule of quinazolinone derivatives made it
possible to identify the functional groups and structural
fragments that take part in the formation of a chemical
bond with the amino acid residues of the enzyme, due
to which the pharmacological effect of the substances
is probably realized. The studies of the relationship be-
tween the structure and activity of quinazolinone deriv-
atives have shown that the presence of a substituted ar-
omatic ring at position 3 and a methyl group is essential
for the compound to exhibit the antimicrobial activity
[34]. In this case, the quinazolinone compounds contain-
ing a phenyl radical are characterized by a higher binding
affinity than the substances with a methyl group, which
can be explained by an increase in the number of hydro-
phobic bonds with amino acids of the active site [35]. It
has been shown that the substituent in the phenyl ring
also has a significant effect on the antibacterial activity.
Methoxy, methyl, hydroxy groups, as well as bromine
and chlorine atoms, increase the antimicrobial effect
[24]. It has been proven that the combination of two or
more biologically active fragments in one molecule also
contributes to an increase in the antibacterial effect due
to a change in the degree of polarity of the drug mole-
cule [1].

The mechanism of the substances interaction with
DNA gyrase has been described. It also depends on the
substituents nature determining the polarity of the
molecule, its ability to form various chemical bonds
with the enzyme. In this case, the death of a bacterial
cell is known to be mediated by a violation of the DNA
synthesis during the DNA gyrase inhibition involved in
the reduction (negative supercoiling) of a nucleic acid
(NA) molecule, with a quinazolinone derivative [37]. It
has been established that its effect can be explained
by the formation of an intermediate complex “DNA-to-
poisomerase-quinazolinone” due to the donor-accep-
tor interaction of the carbonyl group oxygen atom of
the antimicrobial agent and the phosphate group of
DNA, nitrogen with guanine and NA asparagine, and
the substituents of the quinazolinone molecule with
its non-polar groups. Binding to the active site of the
enzyme occurs due to the hydrogen bonds of the
quinazolinone derivative with the amino acid residues
of serine and arginine [37].
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Figure 1 — General formula of quinazolin-4 (3H)-one derivatives

Table 1 — Chemical structure of new quinzolin-4 (3H)-one derivatives

Compound R? R? R3 Yield, % Mp., °C
VMA-10-10 H H 4-dimethylaminophenyl 67 261-264
VMA-10-18 H H 4-methoxyphenyl 61 228-229
VMA-10-21 H H 4-phenylpiperazin-1-yl 73 222-224
VMA-13-05 H H B-naphthyl 56 199-201
VMA-17-01 H H phenylamino 83 156-158
VMA-17-04 H CH, phenylamino 72 222-224
VMA-13-17 Br H NHC(NH)NH, 89 242-244
Table 2 - Indicators of visual assessment of compounds activity against growth
of Staphylococcus aureus (MIB medium)
. Concentration, ug/ml
Series (compounds, drugs)
128 64 32 16 8 4 2 1 0.5 0.25
DMSO ++ ++ +++ +++ +++ +++ +++ +++ +++ +++
Ceftriaxone - - - - - + ++ +++ +++ +++
VMA-10-10 ++ ++ ++ ++ ++ ++ +++ +++ +++ +++
VMA-10-18 + + + + +++ +++ +++ +++ ++++ ++++
VMA-10-21 +++ +++ +++ +H+ +++ +++ +++ +++ +++
VMA-13-05 - - - ++ ++ ++ +++ +++ +++ +4++
VMA-17-01 - - - ++ ++ +++ +++ +++ +++ +++
VMA-17-04 - - - - ++ ++ ++++ ++++ ++++ ++++
VMA-13-17 + + ++ ++ ++ ++ +++ +++ +++ +++
Note: “~” — full medium transparency; “+ =" — incomplete medium transparency; “+” — weak growth; ++ — moderate growth; +++ — intensive
growth
Table 3 - Indicators of visual assessment of compounds activity against growth
of Staphylococcus aureus (MIA medium)
Series Concentration, pg/ml
(compounds, n
drugs) 128 64 32 16 8 4 2 1 0.5 0.25
DMSO 6 ++ ++ +++ +++ +++ +++ +++ +++ +++ +++
Ceftriaxone 6 - - +AC +AC +AC +AC +++AC  +++AC  +++AC  +++AC
VMA-10-10 6  +++AC +++AC +++AC +++AC +++AC  ++++AC  ++++AC  ++++AC  ++++AC  ++++AC
VMA-10-18 6 +AC +AC +AC +AC +++AC +++TC +++TC +++TC  ++++TC  ++++TC
VMA-10-21 6 ++AC +++TC +++TC ++4+4TC  +4+++TC  ++++TC  ++++TC  ++++TC  ++++TC  ++++TC
VMA-13-05 6 - - +AC +++AC  ++++AC ++++AC  ++++AC ++++AC ++++AC  ++++AC
VMA-17-01 6 = = = ++ AC ++ AC +++TC  +++TC +++TC  +++TC  +++TC
VMA-17-04 6 - - - - ++AC ++AC  ++++ AC  ++++ AC ++++ AC ++++AC
VMA-13-17 6 +AC +AC ++ AC ++AC ++AC ++AC +++TC  +++TC  +++TC  +++TC
Note: “~” — no colonies; “+” — single colonies; “++” — < 50%, “+++” — < 75%; “++++” — < 100% of colonizating the Petri dish area; AC — atypical

colonies; TC — typical colonies
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Table 4 — Indicators of visual assessment of compounds activity against growth
of Streptococcus pneumoniae (MIB medium)

Series Concentration, pg/ml
(compounds,
drugs) 128 64 32 16 8 4 2 1 0.5 0.25
DMSO ++ ++ +++ +++ +++ +++ +++ +++ +++ +++
Ceftriaxone - - - - - + + + + +
VMA-10-10 +— +— +— + + ++ ++ +++ +++ +++
VMA-10-18 + + + + +++ +++ +++ +++ ++++
VMA-10-21 + +++ +++ +++ +++ +++ +++ +++ +++ +++
VMA-13-05 - - - + +— ++ +++ +++ +++ +++
VMA-17-01 - - +— +— + ++ ++ +++ +++ +++
VMA-17-04 - - + + + + ++ ++ +++ +++
VMA-13-17 + + + + + + +++ +++ +++ +++
Note: “~” — full medium transparency; “+ =" — incomplete medium transparency; “+” — weak growth; ++ — moderate growth; +++ — intensive
growth

Table 5 — Indicators of visual assessment of compounds activity against growth
of Streptococcus pneumoniae (MIA medium)

Series Concentration, pug/ml
(compounds, n

drugs) 128 64 32 16 8 4 2 1 0.5 0.25

DMSO 6 ++ ++ +++ +++ +++ +++ +++ +++ +++ +++
Ceftriaxone 6 - - - +AC +AC +AC ++AC ++AC ++AC ++AC
VMA-10-10 6 ++AC ++AC ++AC ++AC ++AC ++++AC  ++++AC ++++AC ++++AC ++++AC
VMA-10-18 6 ++AC ++AC ++AC ++AC +++AC  +++TC +++TC +++TC  ++++TC  ++++TC
VMA-10-21 6 +AC +TC ++TC ++TC +++TC +++TC +++TC +++TC  ++++TC  ++++TC
VMA-13-05 6 - - - - ++++AC  ++++AC  ++++AC  ++++AC  ++++AC  ++++AC
VMA-13-17 6 +AC +AC ++ AC ++ AC ++ AC ++AC  +++TC +++TC +++TC +++TC
VMA-17-04 6 - - +AC +AC ++ AC ++AC  ++++TC ++++TC ++++TC ++++TC
VMA-17-01 6 = = +AC ++AC ++AC  +++TC +++TC +++TC +++TC +++TC

Note: “~” — no colonies; “+” — single colonies; “++” — < 50%, “+++” — < 75%; “++++” — < 100% of colonizating the Petri dish area; AC — atypical

colonies; TC — typical colonies

Table 6 — Average results of antibacterial action of the most active substances against
Staphylococcus aureus and Streptococcus pneumoniae strains

Series Concentration, pug/ml
(compounds,
128 64 32 16 8 4 2 1 0.5 0.25
drugs)
Ceftriaxone 0 0 0 0 0 18.1+42.3 18.842.2 19.3+2.2 22.5%#3.6 22.7+3.2

Against Staphylococcus aureus strains
29.5+2.4 32.1+3.1 38.4+3.8 59.4+4.7 65.3t4.2 65.8%5.6 68.31+5.4

VMA-13-05 0 0 0 ok k *ok ok * % *ok ok ok ok *ok ok *ok ok
28.3+2.1 33.8+43.7 39.944.2 64.4+t4.3 65.7t4.1 65.616.6 69.3+6.1

VMA-17-01 0 0 0 * Kk *okk * % *ok ok KKk * Kk *kk
27.3+3.1 28.1+2.8 78.4+¢59 81.3+7.1 83.6%t7.3 85.2+6.5

VMA-17-04 0 0 0 0 * %k * * %k %k k% K k% k

Against Streptococcus pneumoniae strains
14.3+1.8 16.4+2.1 26.3t1.8 61.3+4.8 63.845.6 66.4+5.2 71.616.9

VMA-13-05 0 0 0 ok ok *ok ok * *ok ok ok ok *ok ok *ok ok
12.3+1.8 14.9+2.0 15.7#1.9 25.9+1.8 27.3+2.0 56.414.6 62.334.9 68.316.0

VMA-17-01 0 0 Kk ok *kk *kk * * Kk ok *kk Kok ok
10.2+1.3 12.7+1.8 12.8¥1.4 13.2+1.9 26.2+1.9 28.6+2.2 53.845.2 55.715.2

VMA-17-04 0 0 *k ok ok k *k ok * * % Kk *k ok

Note: * — p <0.05; ** — p <0.01; *** — p <0.001 — by reference to the indicators of the antibacterial ceftriaxone action
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The possibility of the quinazolinone derivatives inter-
action with peptidoglycan precursors cannot excluded.
That leads to the inhibition of its polymerization (trans-
glycosylation) and the subsequent stage of cross-linking
(transpeptidation). The bactericidal effect of the drug is
realized during the formation of an intermediate complex
“quinazolinone — peptidoglycan derivative”, as a result of
which depolarization of the membrane occurs, its perme-
ability increases, leakage of potassium ions and cytoplas-
mic ATP occurs resulting in the cell death [41, 42].

The idea of the efflux pumps functioning increases
a number of requirements for the investigated antimi-
crobial substances, in the form of a combination of high
efficacy with resistance to outflow. One of the options
for achieving it can be the dissipation of the membrane
potential [29, 34]. It has been proven that the presence
of a keto group, a benzyl radical and nitrogen atom in
the quinazolinone structure, contributes to a decrease in
lipophilicity; covalently bound bromine in the quinazo-
line core; methoxyphenyl and methyl substituents, on
the contrary, increase hydrophobicity [35, 36]. The sat-
uration of the quinazolinone derivatives molecules by
the centers that reduce hydrophobicity, suggests an in-
significant degree of binding to efflux proteins and, as
a consequence, a low probability of resistance to these
substances from the point of view of the efflux theory
[5,7,28].

The analysis of the results obtained shows that
the compound VMA-17-04, and, to a lesser extent,
VMA-13-05, are active against Staphylococcus aureus
and have a bacteriostatic effect. The structure of the
substance VMA-13-05 contains a naphthyl substituent,
which makes the molecule more lipophilic and, as a re-
sult, increases its penetration into the cell membrane
of the pathogenic culture. The polarity of VMA-17-04,
due to the amide group associated with the quinazoli-
none moiety and the benzene ring, causes an increase
in the interaction degree of the electron donor center
in the form of a nitrogen atom with the active sites of
enzymes that catalyze the DNA replication and protein
synthesis.

The assessment of the test compounds antimicrobi-
al activity against Streptococcus pneumoniae shows the
manifestation of the bacteriostatic effect of the VMA-
13-05 derivatives. The VMA-17-04 and VMA-17-01 com-
pounds are characterized by a weakly expressed antimi-
crobial effect.

The VMA-10-10 substance has practically no effect
on Staphylococcus aureus and Streptococcus pneumoni-
ae.

Probably, the difference of the membrane compo-
nents of gram-positive bacteria in the chemical compo-
sition can be the reason for the unequal manifestation
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of the pharmacological activity of the VMA-17-04 and
VMA-13-05 substances in relation to the pathogens. The
presence of the quinazolinone derivatives in the mole-
cules differing from their substituents in the structure,
determines the difference in the mechanism of their
binding to the substances of the pathogens cell mem-
brane acting as adhesives, which are one of the viru-
lence factors of these microorganisms. It has been es-
tablished that the main role in the adhesion process of
Streptococcus pneumonia, is played by collagen-binding
and fibronectin-binding proteins, lipoteichoic acid, as
well as surface phosphoryl-choline, which is a part of te-
ichoic acid with choline-binding proteins attached to it.
The adhesive activity of Staphylococcus aureus is carried
out due to fibrinogen-binding protein, the molecules of
which are bound to the peptidoglycan of the cell wall,
collagen adhesin, extracellular protein, fibronectin-bind-
ing proteins, teichoic acid, as well as staphylococcal hap-
toglobin receptor residues, consisting of 145 amino acid
residues [43].

The nature of the substituents in the molecule
determines the varying degrees of lipophilicity of the
compounds, which, according to Gibbonson, is an im-
portant property of the substance that characterizes its
solubility in the bacterial membrane, and the degree
of binding to efflux proteins or pump substrates. The
hydrophobicity of derivatives serves as a factor that
reduces the recognition and transport of antimicrobial
agents by a suction pump, which is especially import-
ant in the search for the inhibitors of their outflow
[29]. Although the lipophilicity of the VMA-13-05 struc-
ture suggests better binding to the efflux pump pro-
tein, which can lead to the emergence of resistance in
Staphylococcus aureus and Streptococcus pneumoniae
due to a decrease in the concentration of the antimi-
crobial agent, it cannot serve as an objective character-
istic of this process without additional data obtained by
an alternative methods analysis.

CONCLUSION

Thus, among the synthesized derivatives of
quinazolin-4(3H)-one, the substances that exhibit a pro-
nounced antimicrobial activity against Staphylococcus
aureus (VMA-17-04) and Streptococcus pneumoniae
(VMA-13-05), have been identified. This is apparently
due to the effect of the lipophilic site of their molecules
on the manifestation of the antimicrobial action. The
results obtained in the course of this study, determine
the prospects for further research of the antimicrobial
properties of new quinazoline-4(3H)-one compounds in
order to increase their pharmacological effect and pre-
vent the development of pathogenic microorganisms’
resistance.
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