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Background. The development of highly effective and environmentally safe composite drugs with antimicro-
bial properties is an important challenge in biotechnology and pharmacy.

Objective. To determine the antimicrobial activity of new composite preparations based on rhamnolipids
combined with heterocyclic amine-containing derivatives of 1,4-naphthoquinone against the test-bacteria
Escherichia coli B-906, Staphylococcus aureus 209-P, Mycobacterium luteum B-917, and fungi Candida tenuis
UCM Y-70 and Aspergillus niger UCM F-1119.

Methods. The in vitro antimicrobial activity of heterocyclic amine-containing derivatives of 1,4-naphtho-
quinone, biosurfactants, and composite preparations based on them was tested against cultures of Escherichia
coli B-906, Staphylococcus aureus 209-P, Mycobacterium luteum B-917, and fungi Candida tenuis UCM Y-70
and Aspergillus niger UCM F-1119 using the agar diffusion method on solid nutrient media, as well as
the serial dilution method (minimum inhibitory and bactericidal concentrations). The toxicity of the hetero-
cyclic amine-containing derivatives of 1,4-naphthoquinone was predicted using in silico methodology via the
ProTox-11 software.

Results. It was found that 2-chloro-3-((1-methyl-1H-pyrazol-3-yl)amino)naphthalene-1,4-dione 3.2 and
2-chloro-3-((3-(n-tolyl)- 1H-pyrazol-5-yl) amino) naphthalene-1,4-dione 3.3 exhibit antimicrobial activity.
Their composite preparations, due to the combination with rhamnolipids, demonstrated improved solubility
and enhanced antimicrobial effects. Based on the results of the calculated assessment, the studied heterocyc-
lic amine-containing derivatives of 1,4-naphthoquinone are predicted to fall into toxicity class IV.
Conclusions. The antimicrobial activity of 2-chloro-3-((1-methyl-1H-pyrazol-3-yl)amino)naphthalene-1,4-
dione 3.2 and 2-chloro-3-(3-( 3-(p-tolyl)-1H-pyrazol-5-yl)amino)naphthalene-1,4-dione 3.3 is enhanced.
This suggests the potential of the proposed biotechnological approaches in the development of new biocidal
preparations.
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Introduction

It is known that excessive and unjustified use
of antibiotics leads to an increase in the resistance
to them of many pathogenic microorganisms. In
fact, new modifications of infectious agents are
emerging that cannot be cured by existing antimi-
crobial agents. Therefore, for now, the search for
new antimicrobial drugs is an important area of re-
search for scientists. Interesting and promising are
1,4-naphthoquinones, which consist of two ketone
groups as vital chromophores and can donate or ac-
cept electrons in various biological systems. A high
degree of bioavailability and significant distribution
in living organisms contribute to their use as a ba-
sis for the development of effective medicines [1].

Known substances of natural and synthetic origin,
which include a quinoid fragment. Among the natu-
ral compounds, the following antibiotics are known:
kinamycin D, KD (1,4-benzo[b]carbazoloquinone
cyanamide), (produced by Streptomyces muraya-
maensis), juglone derivatives: frenocillin and grana-
ticin (produced by Streptomyces roseofulvus and
Streptomyces oliavaceus), calafungin, nanaomycin,
which are included in the group of antibiotics — de-
rivatives of pyranonaphthoquinone griseusin A and B
(produced by Strepfomyces griseus) and others [2, 3].
One of the prominent representatives of 1,4-naph-
thoquinone derivatives is Daunorubicin, isolated
from Streptomyces peucetius, which is used for the
treatment of acute myeloid leukemia, and is also
the basis for the synthesis of such quinoid com-
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pounds as: doxorubicin, epirubicin, idarubicin, and
zorubicin [4]. Taking into account the above, the
purposeful obtaining of new compounds with an-
timicrobial activity — structural analogues of naph-
thoquinone will be a significant contribution to
solving the problem of antibiotic resistance. How-
ever, the low solubility in water complicates the
use of naphthoquinones. Biosurfactants are sur-
face-active substances of microbial origin, low tox-
icity, with stable physicochemical properties and
the ability to increase the permeability of cell
membranes and enhance the effect of other sub-
stances when used together [5—7]. In compositions
with biologically active compounds, biosurfactants
have the ability to improve their water solubility,
bioavailability and enhance their effect [8—10].
There are known studies of compositions of rham-
nolipids with antimicrobial agents. In combination
with nisin, rhamnolipids demonstrate a synergistic
effect and demonstrate antimicrobial activity against
L. monocytogenes [9]. The literature describes a the-
rapeutic composition containing syringopeptin and
rhamnolipid, which act synergistically, have antibac-
terial, antifungal, and antitumor activity and may be
a promising antimicrobial or anticancer agent [10].
Today, there is no information about compositions
of thamnolipids with pyrazole or 1,2,3-triazine de-
rivatives of 1,4-naphthoquinone with antimicrobial
effect. Therefore, obtaining and researching such
objects is quite promising. The main purpose of the
combined use of synthetic naphthoquinone deriva-
tives and biosurfactants is to improve solubility in
water and reduce the dose (inhibitory concentra-
tion) of the drug. New composite preparations
based on biosurfactants and biologically active sub-
stances are potential means that have high activity
against harmful microorganisms, are available, re-
latively inexpensive and safe for the environment.

Materials and Methods

The work uses rhamnolipids RL — products of
microbial synthesis of Pseudomonas sp. PS-17 were
obtained at the Department of Physical Chemis-
try of Fossil Fuels of the Institute of Physical-
Organic Chemistry and Coal Chemistry named af-
ter L.M. Lytvynenko of the National Academy of
Sciences of Ukraine and amine-containing hetero-
cyclic derivatives of 1,4-naphthoquinone: pyrazolo-,
1,2,4-triazino- and 1,2,4-triazole-containing deriva-
tives of 1,4-naphthoquinone (3.1-3.14), the prepara-
tion of which is described in previous works [9—11].
Synthesis scheme of heterocyclic amine-containing
derivatives of 1,4-naphthoquinone (Figure).
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Composite preparations based on rhamnolipids
with heterocyclic amine-containing derivatives of
1,4-naphthoquinone were developed, which demon-
strated the best activity against the studied test cul-
tures of bacteria and fungi, and their antimicrobial
activity was investigated.

Toxicity studies in silico

Toxicity prediction is an integral element in
the design of newly synthesized compounds. In our
work, the software ProTox-II was used, which is
available at the web link https://tox-new.charite.de/
protox_II. With the help of this program, the class
of toxicity according to the average lethal dose LDj,
hepatotoxicity, cytotoxicity, carcinogenicity, muta-
genicity, immunotoxicity of the studied compounds
was determined.

Study of antibacterial and antifungal activity

Biosurfactants — rhamnolipids (RL), amino-
containing derivatives of 1,4-naphthoquinone (3.1-
3.14) and composite preparations based on them
(3.2-RL, 3.3-RL) were evaluted for their antibac-
terial and antifungal activity using diffusion method
and serial dilution method at the Department of
Technology of Biologically Active Compounds,
Pharmacy and Biotechnology of the Lviv Poly-
technic National University. Research was con-
ducted on test cultures of bacteria: Escherichia coli
B-906, Staphylococcus aureus 209-P, Mycobacte-
rium luteum B-917, Candida tenuis UCM Y-70,
Aspergillus niger UCM F-1119. Reagents: Vanco-
mycin hydrochloride, Nystatin were obtained from
Sigma Aldrich (St Louis, MO, USA).

These are standard test microorganisms used
to evaluate the antimicrobial activity of drugs (con-
sidered opportunistic).

Antibacterial substance vancomycin and anti-
fungal substance nystatin were used as a reference
control for comparative evaluation of the action of
the studied compounds.

Method 1. Determination of antimicrobial acti-
vity by the method of substance diffusion in agar

Antimicrobial activity was studied by diffusion in
agar on a solid nutrient medium (meat peptone
agar for bacteria, wort agar for fungi). Petri dishes
containing 20 ml of nutrient medium were used for
all studied microorganisms. The microbial load was
10° CFU in 1 mL (to make a suspension of bac-
teria, a turbidity standard of 0.5 according to
McFarland was used; the counting of fungal cells
(spores) was carried out in the Hemocytometer).
The duration of incubation was 24 hours at 35 °C
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for bacteria and 48—72 hours at 28—30 °C for
fungi. The antimicrobial effect and the degree of
activity of the studied substances were evaluated by
measuring the diameters of the zones of inhibition
of the growth of microorganisms. Each experiment
was repeated three times. The degree of activity of
the studied compounds was assessed by the diame-

ter of the zones of inhibition of the growth of test
cultures of microorganisms, considering that with a
diameter of 11—15 mm, the microorganism is not
very sensitive to the drug, with a diameter of 16—
25 mm, it is sensitive, and with a diameter of more
than 25 mm, it is highly sensitive.
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Method 2. Determination of antimicrobial acti-
vity by the method of serial dilutions

The minimum inhibitory (MIC), bactericidal
(MBC) and fungicidal (MFC) concentration was
determined by the method of serial dilutions of the
substance in a liquid nutrient medium (meat-peptone
broth for bacteria and unhopped beer wort 6-80B
for fungi) in the range of 0.9—500 pug/ml using a
previously prepared working solution of the compo-
und in DMSO at a concentration of 10,000 pug/ml.
The culture medium was inoculated with inoculum
of bacteria and fungi (microbial load of 10° CFU
per 1 ml, using a McFarland turbidity standard
of 0.5). The inoculated tubes were kept in a ther-
mostat at the appropriate temperature (37 °C for
bacteria, 30 °C for fungi) for 24—72 hours The re-
sults were evaluated by the presence or absence of
the growth of microorganisms, performing visual
control in transmitted light, comparing the degree
of microbial turbidity of the nutrient medium with
the "negative control”. To determine the minimum
bactericidal concentration (MBC) or minimum
fungicidal concentration (MFC) from test tubes, in
which the medium solutions turned out to be visu-
ally transparent, 0.02 ml of the medium were taken
and sterile MPA (for bacteria) or CA (for fungi)

Table 1: Prediction of the toxicity of substances
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were applied in sterile Petri dishes, which were in-
cubated in a thermostat. The results were evaluated
for test bacteria after 24 hours, for test fungi after
48—72 hours. Based on the lack of growth of colo-
nies of microorganisms on the incubated Petri dishes,
the MBC of the substance under study was determi-
ned. https://www.nelsonlabs.com/testing/mic-mbc/.

Statistical analysis

Each experiment was repeated three times.
Statistical processing of experimental data was car-
ried out using the Microsoft Excel 2010 software
package, determining the arithmetic mean, stan-
dard error. In addition, the differences between the
experimental data were statistically analyzed using
the Statistica software package version 12.0 (StatSoft
Inc., Tulsa, OK, USA). Differences were conside-
red statistically significant at p < 0.05.

Results

To predict the toxicity of synthesized com-
pounds, which is an important indicator for the in-
troduction of new drugs, in silico modeling of acute
toxicity was carried out in the modern ProTox-II
software [12]. The results are presented in Table 1.

Oral toxicity™* Prediction: active, probability of 1
Compounds Toxicity LDy, Toxicity Hepato-  Carcino- Immuno-  Muta- Cyto-
Index mg/kg prediction, % | toxicity genicity toxicity genicity toxicity
3.1 4 1260 54.26 0.51 0.60 0.90 0.68 0.59
3.2 6 11700 54.26 0.60 0.58 0.78 0.59 0.58
33 4 560 54.26 0.61 0.58 0.89 0.52 0.62
3.4 4 800 54.26 0.56 0.64 0.81 0.50 0.57
3.5 6 11700 54.26 0.64 0.56 0.88 0,58 0.68
3.6 4 2000 54.26 0.66 0.55 0.63 0.61 0.79
3.7 4 2000 54.26 0.57 0.50 0.64 0.60 0.83
3.8 4 1000 54.26 0.68 0.53 0.59 0.54 0.70
3.9 4 1000 54.26 0.68 0.53 0.90 0.54 0.70
3.10 4 1000 54.26 0.64 0.57 0.95 0.50 0.63
3.11 4 1000 54.26 0.66 0.54 0.84 0.53 0.54
3.12 4 1000 54.26 0.66 0.54 0.54 0.53 0.54
3.13 4 1000 67.38 0.63 0.50 0.55 0.62 0.55
3.14 4 1000 54.26 0.63 0.50 0.88 0.62 0.55
Griseusin A 4 620 72.35 0.65 0.50 0.99 0.67 0.68
Granaticin 5 5000 68.07 0.66 0.59 0.93 0.60 0.72
Ampicillin 5 5000 100.00 0.87 0.83 0.98 0.94 0.60
Fluconazole 4 1271 100.00 0.84 0.62 0.83 0.52 0.76

Notes. ¥ — Class I: fatal if swallowed (LDs, < 5); Class 1I: fatal if swallowed (5 < LDs, < 50); Class 111: Toxic if swallowed (50 < LDs, < 300);
Class IV: harmful if swallowed (300 < LDs, < 2000); Class V: may be harmful if swallowed (2000 < LDs, < 5000); Class VI: not toxic

(LDy,> 5000).
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As can be seen from the results, the compo-
unds 2-chloro-3-((1-methyl-1H-pyrazol-3-yl)ami-
no)naphthalenel,4-dione 3.2 and 2-chloro-3-((1-
(difluoromethyl)- 1- H-pyrazol-3-yl)-amino)-naphtha-
lene-1,4-dione 3.5 belong to the VI class of toxi-
city (LDs, = 11700 mg/kg). The rest of the studied
compounds belong to the IV toxicity class, which
also indicates the possibility of their further phar-
macological research. According to the prediction
results, the hepatotoxicity (immunotoxicity, cyto-
toxicity) and carcinogenicity (mutagenicity) of
amine-containing heterocyclic derivatives of 1,4-
naphthoquinone are similar to natural quinones
(grizeusin A and the juglone derivative granaticin),
as well as to the well-known antimicrobial drugs
ampicillin and fluconazole.

Study of the antimicrobial activity of amine-
containing heterocyclic derivatives of 1,4-naph-
thoquinone

For the development of composite drugs, we
searched for leader compounds among the studied
amine-containing heterocyclic derivatives of 1,4-
naphthoquinone. For this, new pyrazole-containing,
1,2,4-triazino- and 1,2,4-triazole-containing deri-
vatives of 1,4-naphthoquinone were selected and
their effect on bacteria E. coli, S. aureus, M. luteum

Innov Biosyst Bioeng, 2024, vol. 8, no. 3

and fungi C. tenuis, A. niger was investigated. The
main results of the study of their antimicrobial ac-
tivity by the method of serial dilutions are shown
in Table 2.

When analyzing the antimicrobial activity data
of the synthesized amine-containing heterocyclic
derivatives of 1,4-naphthoquinone 3.1-3.14, it was
established that the pyrazole derivatives 3.1-3.5
exhibit antimicrobial activity, as evidenced by the
data (Table 2). It was fiund that FE. coli (gram-
negative) bacteria is resistant to the action of all
synthesized compounds in the studied concentra-
tion. Compounds 3.2, 3.3, and 3.5 demonstrated
the highest activity against S. aureus. The most ac-
tive compounds against C. fenuis, determined by
the method of serial dilutions, are 2-chloro-3-((1-
methyl-1H-pyrazol-3-yl)amino)naphthalene-1,4-
dione 3.1 (MIC =7.8 pg/ml, MBC = 15.6 ug/ml),
2-chloro-3-((1-methyl-1H-pyrazol-3-yl)amino)naph-
thalene-1,4-dione 3.2 (MIC = 15.6 ug/ml, MFC
=62.5pg/ml) and 2-chloro-3-((3-(n-tolyl)-1H-
pyrazol-5-yl)amino)naphthalene-1,4-dione 3.3 (MIC
= 0.9 ug/ml, MFC = 1.9 ug/ml). It was also found
that all investigated aminopyrazole heterocyclic de-
rivatives of 1,4-naphthoquinone 3.1-3.5 demon-
strated high activity against M. luteum bacteria.
Studies by the method of serial dilutions showed

Table 2: Antimicrobial activity of pyrazolo-, 1,2,4-triazino- and 1,2,4-triazole-containing derivatives of 1,4-naphthoquinone (3.1-3.14)

by serial dilutions method (Method 1)

Com. Escherichia coli Stap Zi; ioefl(;ccus My c;)ubtcezzi;zlnum Candida tenuis Aspergillus niger
pounds MIC, MBC, MIC, MBC, MIC, MBC, MIC, MFC, MIC, MFC,
pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml
3.1 - - 125.0 250.0 7.8 125.0 15.6 31.2 62.5 -
3.2 500.0 - 15.6 62.5 7.8 15.6 15.6 62.5 250.0 500.0
3.3 - - 7.8 15.6 7.8 15.6 <0.9 <0.9 31.2 62.5
3.4 - - 125.0 250.0 15.6 31.2 250.0 500.0 62.5 250.0
3.5 250.0 - 7.8 15.6 15.6 31.2 250.0 500.0 250.0 -
3.6 - - - - 125.0 250.0  250.0 500.0 - -
3.7 - - - - - - - - - -
3.8 500.0 - 125.0 250.0 - - 250.0 500.0 - -
3.9 - - - + - - 31.2 62.5 - -
3.10 - - 250.0 500.0 - - - - - -
3.11 - - 250.0 500.0 - - - - - -
3.12 - - - - - - - - - -
3.13 - - 250.0 500.0 125.0 250.0 125.0 250.0 - -
3.14 - - - - - - 1250  250.0 - -

Notes. "—" — no antimicrobial effect was observed in the tested concentrations.
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that A. niger are insensitive to 2-[2-(6-aryl)-5-oxo-
2,5-dihydro-1,2,4-triazin-3-yl)phenyl)amino] naph-
thalene-1,4-diones and 2-[2-(3-aryl-1H-1,2,4-tri-
azol-5-yl)phenyl)amino]-naphthalene-1,4-diones
3.6-3.7, 3.8-3.14 in the range of studied concentra-
tions (Table 2).

Insignificant activity of compounds 3.8, 3.10,
3.11 and 3.13 against S. aureus was determined
by the method of serial dilutions: for compound
3.8 MIC=125.0 pg/ml, MBC =250 nug/ml, and
for 3.10, 3.11, and 3.13 — MIC = 250.0 pg/ml,
MBC = 500.0 pg/ml. It was found that compounds
3.6 and 3.7 show little activity against M. luteum —
MIC = 125.0 ug/ml, MBC = 250.0 pg/ml, on the
other hand, 3.7 and 3.8 did not affect the growth
of cultures of C. fenuis, M. luteum and A. niger. The
moderate activity of compound 3.9 against C. fenuis
was determined by the method of serial dilutions —
MIC =31.2 pg/ml, MFC = 62.5 pg/ml, 3.6, 3.8,
3.13 and 3.14 also demonstrated little activity
against C. fenuis.

Thus, it was established that only part of the
pyrazole-containing derivatives of 1,4-naphthoqui-
none showed antimicrobial activity. The obtained
results indicate the selective bacteriostatic and
fungistatic activity of the synthesized compounds.
Preparations based on 1,2,4-triazine and 1,2,4-tria-
zole derivatives of 1,4-naphthoquinone did not de-
monstrate significant antimicrobial activity against
the selected test cultures.
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The lead compounds 2-chloro-3-((1-methyl-
1H-pyrazol-3-yl)amino)naphthalene-1,4-dione 3.2
and 2-chloro-3-((3-(p-tolyl)-1H-pyrazol-5-yl)ami-
no)naphthalene-1,4-dione 3.3, which showed bac-
teriostatic and fungistatic activity against selected
microorganisms, which were used to form compo-
site preparations with biosurfactants — rhamnolipids.

Study of the antimicrobial activity of composite
preparations based on rhamnolipids and amine-
containing derivatives of 1,4-naphthoquinone

The main idea of the combined use of biosur-
factants with new amine-containing heterocyclic
derivatives of 1,4-naphthoquinone is to partially
increase their solubility, thus reducing the dose.
The antimicrobial activity of amino-containing de-
rivatives of 1,4-naphthoquinone, rhamnolipids and
composite preparations based on them was deter-
mined against the bacteria FE. coli, S. aureus, M. lu-
teum and the fungi C. fenuis, A. niger by the me-
thod of diffusion in agar (method 1) and by the
method of serial dilutions (method 2). The antimi-
crobial activity of aminopyrazole, 1,2,4-triazine
and 1,2,4-triazole derivatives of 1,4-naphthoquinone
was determined by the method of diffusion in agar
(method 1) and is presented in Table 3.

It was determined that E. coli are resistant to
the action of both composite drugs RL-3.2, RL-3.3,
and rhamnolipids and compounds 3.2, 3.3 in the
studied concentration. Activities against . aureus

Table 3: Antimicrobial activity of synthesized compounds and their composite preparations with rhamnolipids by the diffusion method

in agar (method 1)

The diameter of the zones of inhibition of growth of microorganisms, mm,;

Concentration, Mean + SD
Compounds % — : : :
Escherichia Staphylococcus ~ Mycobacterium Candida Aspergillus
coli aureus luteum tenuis niger
RL-3.2 0.25:0.25 0 20.0 £ 0.2 18.0 £ 0.3 0 18.0 £ 0.2
0.05:0.05 0 18.0 = 0.2 12.0 £ 0.2 0 0
0.5 0 0 12.0 £ 0.3 0 0
RL 0.1 0 0 0 0 0
39 0.5 0 20.0 £ 0.2 17.0 £ 0.2 21.0 £ 04 7.0+0.2
) 0.1 0 18.0 £ 0.2 12.0 £ 0.2 0 0
33 0.5 0 20.0 £ 0.3 25.0+0.2 >40.0 120 £ 0.4
) 0.1 0 120+ 0.2 10.0 £ 0.3 >40.0 0
RL-3.3 0.5:0.25 0 10.0 £ 0.2 17.0 £ 0.2 10.0 £ 0.4 10.0 £ 0.2
2:1 0.1:0.05 0 0 9.0£0.2 10.0 £ 0.4 0
RL-3.3 0.5:0.5 0 15.0+0.3 20.0 £ 0.2 >40.0 11.0 £ 0.2
1:1 0.1:0.1 0 0 12.0 £ 0.3 >40.0 0
Vancomycin 0.1 14.0 £ 0.3 15.0+0.2 18.0 £ 0.2 — —
Nystatin 0.1 — - — 19.0 £ 0.4 20.0 £ 0.2
Notes. "—" — the study was not conducted; all analyses were carried out in triplicate, and results are reported as the mean * standard

deviation (SD).
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at 0.5% and 0.1% 3.2 20.0 mm and 18.0 mm, res-
pectively, for 3.3 20.0 mm and 12.0 mm, for rham-
nolipids at these concentrations not established,
growth retardation diameters 20.0 and 18.0 mm of
the composite preparation RL-3.2, 15.0 mm for
RL-3.3 (1:1) in a concentration of 0.5%:0.5%. When
compared with the drug Vancomycin (15.0 mm),
RL-3.2 both at 0.5% and 0.1% shows moderate ac-
tivity against staphylococcus. The highest sensitivity
of 2-chloro-3-((3-(p-tolyl)-1H-pyrazol-5-yl)ami-
no)naphthalene-1,4-dione 3.3 and the composite
preparation with RL-3.3 (1:1) was established
with respect to C. tenuis, diameters of growth re-
tardation in given concentrations of 0.5% and
0.1% > 40.0 mm, which is greater than for the
comparator drug Nystatin (19.0 mm) and indicates
their promise as a fungicidal agent.

Antimicrobial activity of rhamnolipids against
FE. coli, S. aureus and C. tenuis was not detected,
however, rhamnolipids are active against M. luteum —
MIC = 62.5 ug/ml and MBC = 125.0 pg/ml, res-
pectively, and for A. niger MIC = 250.0 pg/ml,
MEFC was not detected (Table 4). Antimicrobial acti-
vity against M. luteum for the composition of RL-3.3
rhamnolipids and 2-chloro-3-(3-(3-(p-tolyl)-1H-
pyrazol-5-yl)amino)naphthalene-1,4-dione 3.3 (ra-
tio 1:1) was: MIC = 7.8:7.8 ug/ml and MBC
=15.6:15.6 ug/ml and is better than Vancomycin
(comparator); against A. niger fungus for individual
compound 3.3 it was: MIC =31.2 uyg/ml and
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MFC =62.5 pg/ml; for composition RL-3.3 in a
ratio of 1:1 it was: MIC=15.6:7.8 uyg/ml and
MFC = 62.5:31.2 ug/ml (below the control). In the
ratio (2:1) for RL-3.3: MIC =7.8:7.8 ug/ml and
MFC = 15.6:15.6 pg/ml. This indicates an increase
in activity in the composition. The composite
RL-3.2 demonstrates a high antimicrobial effect
against M. luteum (MIC = 15.6:15.6 ug/ml and
MBC = 31.2:31.2 nug/ml). 2-chloro-3-((1-methyl-
1H-pyrazol-3-yl)amino)naphthalene-1,4-dione 3.2
demonstrates little activity against A. niger (MIC
=250.0 ug/ml and MFC =0), however, in the
composition with rhamnolipids, the activity im-
proves, as indicated by MIC = 62.5:62.5 pg/ml and
MFC = 250.0:250.0 pg/ml. So, it was found that
the antimicrobial activity of composite preparations
of 2-chloro-3-(3-(3-(p-tolyl)-1H-pyrazol-5-yl)ami-
no)naphthalene-1,4-dione 3.3 and of 2-chloro-3-
((1-methyl-1H-pyrazol-3-yl)amino)naphthalene1,4-
dione 3.2 with rhamnolipids increased compared to
synthesized drugs. In addition, the composite pre-
paration RL-3.3(2:1) was distinguished by the best
indicators of antifungal activity against the test cul-
ture C. tenuis (MIC < 0.9:0.9, MFC <0.9:0.9 pg/ml),
than the comparator Nystatin, indicating its po-
tential for further study as an antifungal agent. The
obtained results indicate the need for further re-
search into the antimicrobial potential of compo-
site drugs RL-3.2 and RL-3.3.

Table 4: Indicators of minimum inhibitory (MIC), minimum bactericidal concentration (MBC), and minimum fungicidal concen-

trations (MFC) of compounds by the method of serial dilutions

Escherichia coli Staphylococcus Mycobacterium Cand{da Aspe.rgillus
aureus luteum fenuis niger
Compound  njc, MBC, MIC, MBC, MIC, MBC, MIC, MBC, MIC, MEFC,
pg/ml  pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml
RL-3.0 _ _ 62.5: 125.0: 15.6: 31.2: B B 62.5:  250.0:
) 62.5 125.0 15.6 31.2 62.5 250.0
RL - - - - 62.5 125.0 - - 250.0 -
3.2 500.0 - 15.6 62.5 7.8 15.6 15.6 62.5 250.0  500.0
3.3 — — 7.8 15.6 7.8 15.6 <0.9 <0.9 31.2 62.5
RL-3.3 500.0: _ 31.2: 62.5: 7.8: 1560 3909 250.0: 15.6: 62.5:
1:1 500.0 31.2 62.5 7.8 15.6 T 125.0 7.8 31.2
RL-3.3 _ _ 62.5: 125.0: 15.6: 31.2: <0.9: 09:  Seng 156
2:1 31.2 62.5 7.8 15.6 0.9 0.9 o 15.6
Vancomycin 39 31.2 7.8 31.2 7.8 31.2 - - - -
Nystatin - - - - - - 15.6 31.2 3.9 31.2

Notes. "+" — in the tested concentrations (0.9—500 pg/ml) no biocidal effect was observed (microorganism growth was observed);
"*" — in the studied concentrations (0.9—500 ug/ml) indicators of the biocidal effect were not established; "—" — the study was not

conducted.
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Discussion

Acute toxicity, which is determined in various
ways, is an important characteristic for determining
the prospects of new antimicrobial drugs. Toxicity
modeling using the modern ProTox 3.0 web service
was used as the most appropriate approach [14].
Acute oral toxicity prediction results are based on
the analysis and recognition of toxic fragments of
38,000 unique compounds with known oral LDy,
values determined for rodents. ProTox 3.0 includes
molecular similarity (CLUSTER cross-validation
based on fragment similarity) based on 61 models
for predicting toxicity indicators: acute toxicity,
hepatotoxicity, cytotoxicity, carcinogenicity, mu-
tagenicity, immunotoxicity [14]. In addition, the
toxicity class of the compound is determined from
I to VI (according to the Globally Harmonized Sys-
tem of Classification of Chemical Labeling, GHS,
United Nations, First Revised Edition, 2005). Thus,
the ProTox-II hepatotoxicity prediction model
has an accuracy of about 80.00% [15]. It was
determined that compounds 3.2 and 3.5 belong to
the VI class of toxicity (LDs, = 11700 mg/kg), and
the rest belong to the classes V-IV. Hepatotoxicity
(immunotoxicity, cytotoxicity) and carcinogenicity
(mutagenicity) have been predicted for amine-con-
taining heterocyclic derivatives of 1,4-naphthoqui-
none, natural quinones (griseusin A and granaticin),
ampicillin and fluconazole. It was established that
compounds 3.1-3.14 have similar results to widely
used drugs, which indicates the expediency of their
further pharmacological studies.

The antimicrobial activity of the obtained
composite preparations of heterocyclic derivatives
of aminopyrazole 1,4-naphthoquinone with rham-
nolipids was determined. Biosurfactants — products
of microbial synthesis — have practical potential
due to special physico-chemical and biological
properties, in particular, the effect on the perme-
ability of cell membranes [13]. Therefore, compo-
site preparations of biosurfactants with biologically
active compounds can increase their effectiveness.

Compositions of biologically active compounds
with biosurfactants that have a fungicidal effect are
known from literary sources [17—19]. The addition
of biosurfactants to the composition with thiosulfo-
nates contributed to the reduction of the minimum
inhibitory and biocidal concentrations of thiosul-
fonates: for example, when acting on M. luteum,
the MIC is reduced by 50%, the MIC is reduced
by 4 times, which is explained by the increase in
the permeability of the cell membranes of micro-
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organisms under the action of biosurfactants [14].
Compositions of allylthiosulfanilate and methyl-
thiosulfanilate with a rhamnolipid biocomplex have
a higher antimicrobial effect against A. fumefaciens
and C. michiganensis microorganisms compared to
thiosulfonates [15]. In our previous works, compo-
site preparations of biosurfactants (rhamnolipids
and trehalolipids) with aminopyrazole and 1,2,4-
triazine-, 1,2,4-triazole derivatives of 1,4-naphtho-
quinone were obtained and their anticonvulsant
activity was investigated [11]. This indicates the
expediency of their further research for use as a
highly effective anticonvulsant.

The antibacterial effect of compositions of
rhamnolipids with thiosulfonate derivatives of naph-
thoquinone on P. aeruginosa, B. subtilis and A. faecalis
was also determined. The combined use of naph-
thoquinones and rhamnolipids showed synergistic
activity of these combinations against experimental
strains of bacteria [16]. There is no information in
the literature about the use of compositions of
rhamnolipids with aminopyrazole derivatives of
1,4-naphthoquinone as antimicrobial agents.

To study the antimicrobial action, we chosed
test cultures F. coli B-906, S. aureus 209-P, M. lute-
um B-917, C. tenuis UCM Y-70, and A. niger UCM
F-1119, because they (considered), according to
WHO, are opportunistic pathogens and pose the
greatest threat to human health. E. coli strains that
cause diarrheal diseases are among the most im-
portant among the various etiological agents of
diarrhea. E. coli strains that cause diarrheal diseases
are among the most important etiological agents of
diarrhea [20]. When the skin, mucous membranes
and soft tissues are damaged (wounds, arcas of
surgical intervention), S. aureus are among the first
to settle in the wound. In 80—90% of cases of
pustular infections of the skin and soft tissues (im-
petigo, boils, phlegmons), staphylococci are found
to be the causative agents of the inflammatory pro-
cess [21]. Among the main clinical manifestations
of mycobacteriosis, lung damage is most common,
mainly in elderly people with chronic non-specific
lung diseases, silicosis, as well as in patients with
tuberculosis and respiratory mycoses [22]. HIV-
infected and AIDS patients mainly develop disse-
minated diseases with an unfavorable prognosis.
Candidiasis is an infection caused by Candida spe-
cies (most often C. albicans), which manifests itself
in lesions of the skin and mucous membranes,
fungemia, sometimes focal infection with the in-
volvement of various organs in the process. Symp-
toms depend on the site of infection and include
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dysphagia, skin and mucosal lesions, blindness,
vulvovaginal symptoms (pruritus, burning, dischar-
ge), fever, shock, oliguria, renal failure, and dis-
seminated intravascular coagulation [23]. Fungi of
the genus Aspergillus tend to affect open areas,
such as cavities in the lungs, caused by previous
lung disease (eg, bronchiectasis, tumor, tubercu-
losis), nasal sinuses, or external auditory canals.
Such infections are usually locally invasive and
destructive, although systemic spread occasionally
occurs, particularly in immunocompromised patients
with neutropenia or immunosuppression on corti-
costeroids. Aspergillosis can also occur in patients
with HIV infection/AIDS [24].

To study the antimicrobial effect, we chosed
test cultures F. coli B-906, S. aureus 209-P, M. lu-
teum B-917, C. tenuis UCM Y-70, and A. niger
UCM F-1119, because, according to WHO, they are
conditionally pathogenic. FE. coli strains are one of the
most important etiological agents of diarrhea [20].
Staphylococci are causative agents of the inflamma-
tory process in lesions of the skin, mucous mem-
branes, and soft tissues (impetigo, boils, and phleg-
mons) [21]. Mycobacteriosis causes lung damage [22].
Candidiasis is the most common pathogenic fungal
infection of humans, manifested by skin and mu-
cous membrane lesions with various symptoms [23].
Fungi of the genus Aspergillus are causative agents
of opportunistic infections, especially in patients
with HIV infection [24].

Considering the need to find new antimic-
robial drugs effective against the strains described
above, we obtained composite drugs based on rham-
nolipids and heterocyclic amine-containing deriva-
tives of 1,4-naphthoquinone and investigated their
effect on test bacteria E. coli B-906, S. aureus 209-P,
M. luteum B-917 and fungi C. fenuis UCM Y-70,
A. niger UCM F-1119. An increase in the activity of
the obtained compositions compared to naphtho-
quinones was established. This is explained by the
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permeabilization of cells by biosurfactants, which
increases the sensitivity of cells to biocides [21].

Conclusions

Heterocyclic amine-containing derivatives of
1,4-naphthoquinone belong to toxicity classes
IV-VI according to in silico prediction, which
indicates their promise for further biological re-
search. Composite preparations based on 2-chloro-
3-(3-(3-(p-tolyl)-1H-pyrazol-5-yl)amino)naphtha-
lene-1,4-dione and 2-chloro-3-((1-methyl-1H-py-
razol-3-yl)amino)naphthalene-1,4-dione with rham-
nolipids was obtained. On the basis of studies con-
ducted by in silico and in vitro methods, promising
compounds were created, namely composite pre-
parations 2-chloro-3-((1-methyl-1H-pyrazol-3-
yl)amino)naphthalene-1,4-dione (RL-3.2) and
2-chloro-3-(3-(3-(p-tolyl)- 1H-pyrazol-5-yl)amino)
naphthalene-1,4-dione (RL-3.3) with rhamnolipids
with increased antimicrobial activity against the
test cultures of C. tenuis, M. luteum and A. niger
compared to 1,4-naphthoquinones. The composite
drug RL-3.3(2:1) demonstrated better indicators of
antifungal activity against the test culture C. fenuis
(MIC <0.9:09, MPC <0.9:0.9 pg/ml) than com-
parison drug Nystatin. The obtained results in-
dicate the prospect of an in-depth study of their
antimicrobial action against test cultures C. fenuis,
M. luteum and A. niger.
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"HaujioHansHnit yHisepcuTeT “bBiBCHKA NoniTexHika”, Jbais, YkpaiHa
?BigineHHs disnko-xiMii roploumx KonanuH IHCTUTYTY dianKo-opraHiuHoi ximii i Byrneximii im. J1.M. JiuteuHerka HAH Ykpainu,
JbBiB, YKpaiHa

AHTUMIKPOBHA AKTUBHICTb KOMMO3ULIMHUX MPEMAPATIB HA OCHOBI BIOCYP®AKTAHTIB | FETEPOLIMKINIYHUX
AMIHOBMICHUX NOXIAHUX 1,4-HA®TOXIHOHY

Mpo6nemartuka. Po3pobneHHsi BUCOKOE(EKTUBHMX Ta EKOMNOriYyHO 6e3neyHnx KoMNo3uLiiHMX npenaparis 3 aHTUMIKPOBHOK aKTUBHICTIO
€ aKTyanbHot npobnemoto BioTexHornorii Ta hapmalii.

MeTa. BuaHayeHHs aHTUMIKPOGHOI aKTMBHOCTi HOBMX KOMMO3MLINHUX NpenapaTiB Ha OCHOBI paMHOMINIQIB i3 reTepoLMKNiYHMUN amiHO-
BMiCHUMU noxiaHumm 1,4-HadpToxiHOHY Wwopno TecT-6akTepin Escherichia coli B-906, Staphylococcus aureus 209-P, Mycobacterium
luteum B-917 i rpn6is Candida tenuis UCM Y-70, Aspergillus niger UCM F-1119.

MeToauka peanisauii. [JocnigkeHHs in vitro aHTUMIKpOBHOT Ajii reTepoumMKNiYHNX amMiHOBMICHUX noxXiaHuXx 1,4-HadTOXiHOHY, Biocypdak-
TaHTIB i KOMMNO3WLiNHMX MpenapaTiB Ha ix ocHoBi Woao kynbTyp Gaktepint Escherichia coli B-906, Staphylococcus aureus 209-P,
Mycobacterium luteum B-917 i rpubis Candida tenuis UCM Y-70, Aspergillus niger UCM F-1119 wnsxom gndysii pe4yoBuHn B arap Ha
TBEPAOMY XUBWUMBbHOMY CepefoBULLi Ta METOAOM CepiiHMX po3BefeHb. MPOorHo3yBaHHA TOKCUYHOCTI FeTEPOLMKIIYHUX aMiHOBMICHMX
noxigHux 1,4-HacTOXiHOHY 3 BUKOpUCTaHHSIM MeTogonorii in silico 3a fonomoroto nporpamHoro 3abesneveHHst ProTox-Il.

PesynbTatn. BcranosneHo, wo 2-xnopo-3-((1-metun-1H-nipason-3-in)amiHo)HadTtaneH-1,4-gion 3.2 ta 2-xmopo-3-((3-(n-tonin)-1H-
nipa3on-5-in) amiHo) HadpTaneH-1,4-gioH 3.3 BUABNSIOTb aHTUMIKPOOHY aKTUBHICTb LOAO TECTOBMX MIKPOOPraHiaMiB, a B iX KOMMO3ULiiN-
HUX npenapaTax i3 pamHoninigamu-6iocypdgakrtaHTamm aHTUMikpobHa Ais nigcunioetbesi. 3a pesynbTaTtamMmy po3paxyHKOBOT OLHKM
CNPOrHO30BaHO, LU0 AOCIMKEHI reTepoLMKNiYHI amiHOBMICHI noxigHi 1,4-HadpToXiHOHY MOXHa BigHecTu A0 1V Knacy TOKCUYHOCTI.
BucHoBkKU. BusaHayeHo, Lo aHTMMIKpOOHa akTUBHICTb KOMMO3ULiNHUX npenapariB 2-xnopo-3-((1-metun-1H-nipa3on-3-in)amiHo)HadTa-
nen1,4-giony 3.2 ta 2-xnop-3-(3-(3-(p-tonin)-1H-nipa3on-5-in)amiHo)HadTaniH-1,4-gioHy 3.3 i3 pamHoninigaMmu NigsuLLMNack NOPiBHAHO
i3 cMHTe30BaHVMMK NpenapaTamu.

KnrouoBi cnoBa: pamHoninign; amiHOBMiCHI reTepoLmKknivHi noxigHi; 1,4-HadpTOXiHOH; KOMMO3ULiVHI NpenapaTi; aHTUMiIKPOBHAa aKTUBHICTb.



