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Nigella sativa L. is a promising plant object, herbal medicinal raw materials of which can be comprehensively used for the
development of drugs with an antimicrobial activity.

The aim of the study was to screen and compare the antimicrobial activity of water-ethanolic extractions from the Nigella
sativa L. herbs with a eucalyptus tincture of as a reference preparation.

Materials and methods. Chromatograms of the extracts were obtained by thin layer chromatography in the system of chlo-
roform — ethanol — water (26:16:3). The detection of adsorption zones was carried out in daylight, in the UV light at A=254
nm and A=365 nm, as well as by treatment with reagents — a 3% alcohol solution of aluminum chloride and a solution of di-
azobenzosulfonic acid in a 20% sodium carbonate solution. The next step was to determine the minimum inhibitory concen-
tration by the method of double serial dilutions in Mueller-Hinton nutrient broth (Bio-Rad, USA). As test cultures, the strains
of the American Type Culture Collection (ATCC) microorganisms were used: Staphylococcus aureus (ATCC 29213), Escherichia
coli (ATCC 25922), Pseudomonas aeruginosa (ATCC 27853), as well as Candida albicans (a clinical strain). Simultaneously, an
experiment to establish a “negative” control was carried out. For the comparative evaluation of the studied samples activity,
its activity was compared with the reference preparation with a proven antimicrobial activity — a eucalyptus tincture.
Results. For all water-ethanolic extractions and the Nigella sativa L. herb tincture, the adsorption zones characteristic of
flavonoids with Rf1 =0.28, Rf2= 0.15, Rf3 =0.11 were revealed, and under the action of an alcoholic solution of aluminum chlo-
ride, the fluorescence of the adsorption zones was also enhanced, which indicates the phenolic nature of these compounds.
In the course of the study, it was found out that all water-ethanolic extractions from the Nigella sativa L. herbs have the
greatest antimicrobial effect against the Pseudomonas aeruginosa strain. When compared with the reference preparation—a
eucalyptus tincture, it was notified that the specified tincture of the Nigella sativa L. herbs has an advantage in the antimicro-
bial activity over the strain of Pseudomonas aeruginosa — the action at the 16-fold dilution vs the 4-fold dilution. The action
on the Escherichia coli and Candida albicans strains is comparable for the both tinctures.

Conclusion. The obtained results of phytochemical and microbiological analyses will be used as a rationale for the introduc-
tion of antimicrobial preparations based on the Nigella sativa herbs in medical and pharmaceutical practice.

Keywords: Nigella sativa L.; herbs; water-ethanolic extractions; tincture; minimum inhibitory concentration; antimicrobial
activity

Abbreviations: ATCC — American Type Culture Collection; CLSI — Clinical and Laboratory Standards Institute; MRS-strains
— methicillin-resistant Staphylococcus; MRSA — methicillin-resistant Staphylococcus aureus; SP RF XIV ed. — State Pharmaco-
poeia of the Russian Federation XIV edition; CFUs/ml — Colony forming units/ml; MIC — minimum inhibitory concentration;
Gs — Guidelines; N. — Nigella L. (eg. N. sativa).
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YepHyLwKa noceBHas — Nigella sativa L. ABnseTca NnepcnekTUBHbIM PacTUTE/IbHbIM OO bEKTOM, IEKAPCTBEHHOE PacTUTE/IbHOE
Cblpbe KOTOPOM MOKET HbITb KOMMIEKCHO MCMO/Ib30BaHO A/ Pa3paboTKM NpenapaToB C aHTUMMUKPOBHOW aKTUBHOCTbIO.
Lienb. MpoBeaeHe GUTOXMMUYECKOTO CKPUHUHTA U CPAaBHEHUS aHTUMUKPOBHOW aKTMBHOCTU BOZAHO-CMUPTOBbIX M3B/IEYe-
HWI TpaBbl YepHYLIKK noceBHow (Nigella sativa L.) c npenapaTom cpaBHeHWA — HAaCTOMKOM 3BKaMMTa.

Martepuanbl U meToabl. MeToa0M TOHKOC/IOMHOM XpomaTtorpadum B cucteme x10podopm — 3TaHON — BOAaA (26:16:3) 6biam
nosy4YeHbl XpOMaTorpammbl M3BneveHui. [leTeKTMpoBaHME 30H aacopbuun NpoBoANNOCL NPU AHEBHOM CBeETE, B YP-cBeTe
npu A=254 Hm 1 A=365 HM, a TakKe 06paboTKOI peakTMBaMMK — CNUPTOBLIM pacTBopom antomunua (l1l) xnopuaa 3% u pac-
TBOpPOM Amra3obeH3ocynbdoKkmcnoTbl B 20% pacTBope HaTpus KapboHaTa. [anee npoBoAMAOCh onpeseseHe MMHUMAIbHOM
WNHIMBUPYHOLLE KOHLEHTPaLMM METOA0M ABOMHbIX CEPUMHBIX pa3BedeHui B nuTaTesbHOM bynboHe Mionnepa-XMHTOHA
(Bio-Rad, CLUA). B KayecTBe TecTOBbIX Ky/bTyp 6blM MCMOMb30BaHbI WTaMMbl MUKPOOPTraHM3MOB AMEPUKAHCKOM KONEK-
Lmm TUNoBbIX KynbTyp (ATCC): Staphylococcus aureus (ATCC 29213), Escherichia coli (ATCC 25922), Pseudomonas aeruginosa
(ATCC 27853), a makxe Candida albicans (kKnuHnyeckuit wutamm). MapannensHo NPOBOAUAN ONMbIT A5 MOCTAHOBKM «OTpULLA-
TE/IbHOrO» KOHTPOAA. [/1 CPaBHUTENbHOM OLIEHKM aKTMBHOCTU M3y4aeMbIX NPO6 COMOCTaBAAAN aKTUBHOCTb C NMPenapaTom
CpaBHEHWA — HACTOMKOM 3BKaANMTA C AOKA3aHHON aHTUMUKPOBOHOM aKTUBHOCTLIHO.

Pesynbtarthl. [11a BceX BOAHO-CMUPTOBbIX M3BEYEHUI M HACTOMKM TPaBbl YEPHYLLIKM NMOCEBHOM BbIAB/IEHbI XapaKTepHble ans dna-
BOHOWAOB 30HbI aacopbumm ¢ Rf, = 0,28, Rf, = 0,15, Rf, = 0,11, Takxe o AeicTBMEM CNMPTOBOrO pacTBopa antomunua (l1l) xnopu-
A3 3% npowncxoguT yeunenue ayopecLeHLmm 30H aAcopbLmm, YTo FrOBOPUT 0 GeHONbHOW NPUPOAE AAHHbIX COEAUHEHWA.

B xofie NpoBeAeHHOTro MUKPOBUONOTMYECKOTO NCCNEA0BaHNUSA YCTAHOBNEHO, YTO BCE BOAHO-CMUPTOBbIE U3BNEYEHMUSA TPaBbl
YEPHYLKN NOCEBHOM OKa3blBatOT HAaMBONbLININ aHTUMUKPOBHbIN 3dGEKT B OTHOLEHUN WTamMma Pseudomonas aeruginosa.
OTMeueHO, YTO NMpenapaT — HacToMKa TPaBbl YEPHYLLKM NOCEBHOWM Ha 70% cnMpTe STUI0BOM MMEET NPEUMYLLECTBO MO aHTU-
MMKPOBHOW aKTUBHOCTM K WTammy Pseudomonas aeruginosa — delicmeue npu 16-T1 KpaTHOM pasBeAeHUMU NPOTMB 4-KpaT-
HOTO Y HAaCTOMKM 3BKanunTa. Jencteme Ha wrtammbl Escherichia coli v Candida albicans cpaBHUMO Ans 06enx HacToek.
3akntoueHue. MonyyeHHble pesynbTatbl PUTOXMMUYECKOTO M MUKPOBMONOTMYECKOro aHaaM3a byayT MCNOIb30BaHbI B Kaye-
cTBe 060CHOBAHWA 418 BHEAPEHUA aHTUMUKPOBHBIX MPENapaToB Ha OCHOBE TPaBbl YEPHYLLKM MOCEBHON B MEAMULMHCKYIO U
bapmaLeBTUYECKYIO NPaKTUKY.

KnioueBble cnoBa: YepHyluka nocesHas; Nigella sativa L.; TpaBa; BOAHO-CMIMPTOBbIE M3BEYEHUA; HACTOMKA; MUHMMa/IbHAsA
MHIMBUPYHOLLAA KOHLLEHTPALMSA; aHTUMUKPOBHasA aKTUBHOCTb

Cnucok cokpaweHmii: ATCC — AMepuKaHCKas Konekuma TunoBbix KyabTyp (American Type Culture Collection); CLSI — UK-
CTUTYT KAMHMYECKMX M nabopaTtopHbix ctaHgapTos (Clinical and Laboratory Standards Institute); MRS-wtammbl — MeTULNA-
JIMH-pe3uncTeHTHble cTadunokokkn (Methicillin-resistant Staphylococcus); MRSA — METULMNANHPESUCTEHTHBIN 30/10TUCTbIMN
cradumnokokk (Methicillin-resistant Staphylococcus aureus); T® PO XIV u3g,. — locynapcTBeHHas dpapmakones Poccuiickoi
depepaunn XIV nsganusa; KOE/mn — konoHneobpasyrowme eanHuLbl; MUK — MUHUMaIbHaA MHIMBUPYIOLLAA KOHLEHTPaLUMS;
MVYK — meToguueckue ykasaHus; N. — Nigella L. (H-p, N. sativa).

INTRODUCTION

The creation of new antimicrobial drugs based on
herbal raw materials, has always been and remains an
urgent task of modern pharmacy. The proliferation of
various new viral and microbial infections does not make
possible a stable improvement in the quality of life and
health of people and in many ways aggravates the course
of other associated diseases in patients. Currently, the
increase in antimicrobial resistance poses a serious dan-
ger, which consists in the reduction of the effectiveness
of measures for the prevention and treatment of human
infectious diseases [1-3].

The species of Nigella L genus have been used in folk
medicine as promising medicinal and food plants since
ancient times and are of great interest [4-6]. The genus
Nigella L. consists of 24 species growing in the Mediter-
ranean, southern and southeastern Europe, the Cauca-
sus, Asia Minor and Central Asia, North Africa; about 11
species are distributed in the Commonwealth of Inde-
pendent States [7, 8].

In modern medical practice, the N. damascena L.
seeds and N. sativa L are mainly used. In the world
publication stream, there is quite a lot of informa-
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tion about the pharmacological activity of various
groups of biologically active compounds contained
in the seeds and, respectively, in the Nigella saliva L.
seeds oil. There is a high content of unsaturated fatty
acids in the fatty oil, a high thymoquinone content and
the presence of nigellone as components of the es-
sential oil, carbohydrates, as well as lipolytic enzymes
[6, 8-10].

The most studied are the Nigella L. seeds as well as
the fatty oil obtained from them by cold pressing. It is re-
ported that the Nigella L. essential oil has a strong anti-
bacterial activity against Gram-positive (Staphylococcus
aureus) and Gram-negative (Pseudomonas aeruginosa
and Escherichia coli) bacteria [11, 12]. It has also a syner-
gistic effect in combination with streptomycin and gen-
tamicin, while its additive effect is manifested in com-
bination with spectinomycin, erythromycin, tobramycin,
doxycycline, chloramphenicol, nalidixic acid, ampicillin,
lincomycin and co-trimoxazole, and is similar to topical
mupirocin [11]. The activity against many multiresistant
resistant Gram-positive and Gram-negative bacteria has
also been described [11-14]. The researchers believe
that these antimicrobial properties are due to the high
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content of thymoquinone, particularly, thymohydroqui-
none [12-15].

The extractions from the seeds of Nigella L. can
be used as an antimalarial and antiviral agents [16].
The recent studies of a number of scientists showing a
great promising character of Nigella L. in the prevention
and treatment of COVID-19, are of particular interest.
That confirms the uniqueness of this plant once again
[17, 18].

In view of the proven spectrum of antimicrobial
activity for seeds and, accordingly, for the N. sativa L.
oil, from the complex processing perspective of raw ma-
terials, it seems appropriate to study the antimicrobial
properties of water-ethanolic extractions and prepara-
tions based on the N. sativa L herb. These studies will
expand a spectrum of representations about the N. sati-
va L. pharmacological activity and evaluate the possibi-
lity of using this object in the creation of domestic drugs
used in the antibacterial therapy.

For the objective assessment of the antimicrobi-
al activity of the studied raw materials, it is necessary
to conduct a screening analysis of water-ethanolic ex-
tractions and determine the minimum inhibitory con-
centration (MIC) in relation to the main clinically sig-
nificant strains of the microorganisms. Comparing the
activity with the reference preparation — a eucalyptus
tincture®?, for which antimicrobial properties, including
the ones against the MRS strains, have been proven,
should be also carried out. [19, 20].

THE AIM of the study was to screen and compare
the antimicrobial activity of water-ethanolic extractions
from the Nigella sativa L. herbs with a eucalyptus tinc-
ture as a reference preparation.

MATERIALS AND METHODS

The objects of the study were experimental N. sativa
L. water-ethanolic extractions at various concentrations
of a chemically pure ethanol grade (40%, 70%, 96%)
(alcohol 96%, CISC “Hippocrat”, Russia, Samara, series:
360919) in the raw materials. For the selection of the
ethyl alcohol concentration, the raw materials-to-the ex-
tractant ratio was 1:30. The N. sativa L. tincture was also
obtained with 70% ethyl alcohol in the materials-to-the
extractant ratio of 1:5 by fractional maceration with the
inclusion of the final thermal stage — 0.5 hours at the
temperature of 70°C.

The required alcohol concentrations of were ob-
tained by diluting 96% alcohol according to Table No. 5
of the appendix to the State Pharmacopoeia of the Rus-

! State Register of Medicines. Available from: https://www.rlsnet.ru/
tn_index_id_5478.htm.

2 State Pharmacopoeia of the Russian Federation, XIV edition. Ministry
of Health of the Russian Federation. Vol. 1-4, 2018. Available from:
https://femb.ru/record/pharmacopeal4.
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sian Federation XIV edition (SP RF XIV ed.)®. For most
flavonoid-containing plants, the optimal extractant is
70% ethanol, since this concentration of ethyl alcohol
allows the maximum amount of flavonoids in the plant
to be extracted and has a better penetrating ability into
the deep layers of the epidermis compared to higher
concentrations [21]. In addition, compounds of the ter-
penoid nature also pass into the liquid phase, it was
found in the course of the preliminary phytochemical
studies.

Analyzed samples of raw materials

The N. sativa L. herb was harvested from July to
August 2021 in the Ulyanovsk region, the Cherdak-
ly district, Cherdakly). N. sativa L. commercial seeds
(«Nora zdorov’ya», the habitat is Egypt) were used for
cultivation. From the position of the phytochemical
analysis results of various samples by their origin and
places of harvesting, this raw material was chosen as
the most valuable relative to the content of phenolic
and terpenoid compounds, and also as perspective for
the industrial cultivation in the European part and the
south of Russia. The species specificity of the analyzed
objects was also confirmed using determinants and a
plant atlas®.

Reference preparation

The reference preparation with the established anti-
microbial activity was a eucalyptus tincture in 70% ethyl
alcohol of a commercial production in a bottle of 25 ml
(LLC “Hippocrat”, series: 010620, the date of production:
01.06.2020, the expiration date: 5 years).

Test cultures

The following strains of the American Type Cultures
Collection (ATCC) were used as test cultures: Staphy-
lococcus aureus (ATCC 29213), Escherichia coli (ATCC
25922), Pseudomonas aeruginosa (ATCC 27853), as well
as Candida albicans (clinical strain). A clinical strain of
Candida albicans was isolated from a patient’s sputum
with bronchopulmonary pathology at “Samara State
Medical University Clinics”, the structural subdivision
of Samara State Medical University. The study was con-
ducted in accordance with the approval of the Bioethics
Committee at Samara State Medical University (protocol
No.196 dated October 31, 2018).

Research methods
For the primary phytochemical analysis of the stud-

3 bid.

* Nigella sativa L. Plantarium. Plants and lichens of Russia and
neighboring countries: open online galleries and plant identification
guide. Available from: https://www.plantarium.ru/lang/en/page/
view/item/25118.html
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ied extracts composition, the thin-layer chromatography
(TLC) method was used, which was carried out in accor-
dance with GM.1.2.1.2.0003.15 “Thin-layer chromatog-
raphy” of the SP RF XIV ed.>.

The TLC was carried out using Sorbfil PTSKh-AF-A-
UF chromatographic plates; 0.02 ml of water-ethanolic
extractions and the Nigella sativa herbs tincture were
applied with a micropipette. Nearby, a witness solution
was applied with a micropipette — a standard sample
(SS) of rutin, which met the requirements of the SP RF
XIV ed., and was provided for research by the Center for
Collective Use of the Institute of Pharmacy of Samara
State Medical University. The determination was carried
out in the chloroform — ethanol — water (26:16:3) sys-
tem. The resulting chromatogram was viewed in the UV
light at A=254 nm and A=365 nm, it was also treated with
a 3% alcohol solution of aluminum chloride (AICI,) and
a solution of diazobenzosulfonic acid in a 20% sodium
carbonate solution (DSA).

The minimum inhibitory concentration (MIC) was
determined by the method of double serial dilutions in
broth (a tube test, a macro method) in accordance with
the methods described in “Guidelines” (G) 4.2.1890-04°.
The method of double serial dilutions in comparison
with a diffusion method allows a qualitative assessment
of the antimicrobial effect presence by a visual assess-
ment in comparison with the standard, and the deter-
mination of the minimum inhibitory concentration of
the studied sample, which slows down the growth of
the microorganisms strains under study. Mueller-Hinton
nutrient broth (Bio-Rad, USA) was used as a nutrient me-
dium [22].

Methods

Testing of the samples under study was carried out
in the volume of 1 ml of each sample dilution in wa-
ter-ethanolic extractions.

Preparation of working solution

To determine the sensitivity, 0.5 ml of the nutri-
ent broth was poured into each tube. In addition to
the number of tubes required to dilute the sample,
one tube was used to set up a “negative” control.
A working solution of a test sample was prepared
from a stock solution using a liquid nutrient medium
(Mueller-Hinton nutrient broth). The concentration

5 State Pharmacopoeia of the Russian Federation. Ministry of Health of
the Russian Federation. XIV edition. Vol. 1-4, 2018.

5 Determination of the sensitivity of microorganisms to antibacterial
drugs. Guidelines. Guidelines 4.2.1890-04. Clinical microbiology and
antimicrobial chemotherapy. 2004; 6 (4): 306—359. (The guidelines
were approved and put into effect by the Chief State Sanitary Doctor of
the Russian Federation — First Deputy Minister of Health of the Russian
Federation G.G. Onishchenko, March 4, 2004.)
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of the working solution was calculated based on the
required maximum concentration in a series of
dilutions, taking into account the dilution factor of the
drug during the subsequent inoculation.

Using a micropipette with a sterile tip, the working
solution in the amount of 0.5 ml was introduced into
the first tube containing 0.5 ml of broth. Then it was
thoroughly mixed up, and with a new sterile tip, 0.5 ml
of the test solution in the broth was transferred into
the second tube containing initially 0.5 ml of broth.
The procedure had been repeated until the entire re-
quired dilution series was prepared. 0.5 ml of the broth
was removed from the last test tube. Thus, a number
of test tubes with the solutions of the tested samples
of the water-ethanolic extractions were obtained, the
concentrations of which differed in the adjacent test
tubes by a factor of 2. Simultaneously, additional se-
ries of serial sample dilutions were prepared for testing
control strains.

Inoculum preparation

For the inoculation, a standard microbial suspension
was used. According to McFarland’s standard, it was
equivalent to 0.5 units diluted 100 times in the nutrient
broth. After that, the concentration of the microorgan-
ism in it would be approximately 10° CFUs/ml. 0.5 ml of
inoculum was introduced into each tube containing 0.5
ml of the corresponding dilution of the test sample, and
into one tube with 0.5 ml of nutrient broth without a
sample (a “negative” control). The final concentration
of the microorganism in each tube reached the required
concentration of about 5x10° CFUs/ml. The inoculum
was introduced into the test tubes with the sample di-
lutions not later than 15-30 min from the moment of its
preparation.

The tubes were closed with sterile gauze and
cotton stoppers, and all the tubes with the tested
strains, except the tube with the “negative” control,
were incubated at 35°C for 20-24 hours. The tube
with the “negative” control was placed in a refriger-
ator at 4°C, and stored until the results were taken
into account.

Assessment of microorganisms growth

To determine the presence of the microorganisms
growth, the test tubes with inoculations were viewed in
the transmitted light. The growth of the culture in the
presence of the test sample was carried out by the com-
parison with the tube of the “negative” control contain-
ing the original inoculum and stored in the refrigerator.
The MIC was determined by the lowest concentration of
the test sample, which suppresses the visible growth of
the microorganisms.
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Figure 1 — Chromatogram of the analysis of water-ethanolic extractions and N. sativa L. herb tincture
Note: A — detection in UV light at 365 nm; B — detection in UV light at 254 nm. 1 — 40% water-ethanolic extraction; 2 — 70% water-ethanolic

extraction; 3 — 96% water-ethanolic extraction; 4 — N. sativa L. herb tincture; 5 — SS rutin.

Figure 2 — Chromatogram of the analysis of water-ethanolic extractions and N. sativa L. herb tincture
Note: A — detection in UV light at 365 nm after AICI, treatment; B — detection after DSA treatment. 1 — 40% water-ethanolic extraction; 2 — 70%
water-ethanolic extraction; 3 — 96% water-ethanolic extraction; 4 — N. sativa L. herb tincture; 5 — SS rutin.

S. aureus E. coli P. aeruginosa C. albicans

w

Dilution ratio
N

[y

Extraction No.1 Extraction No.2 Extraction No.3  ® Tincture No.1 ® Tincture No.2

Figure 3 — Comparative diagram of the antibacterial activity of water-ethanolic extractions of N. sativa L. herbs

and the reference preparation
Note: extraction 1 —40% water-ethanolic extraction; extraction 2 — 70% water-ethanolic extraction; extraction 3 — 96% water-ethanolic extraction;

tincture 1 — N. sativa L. herbs tincture; tincture 2 — eucalyptus tincture.
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Table 1 - Testing results of extractions from N. sativa L. herbs and reference preparation

Dilution ratio
Object 1 2 3 4 5 6 7
1:2 1:4 1:8 1:16 1:32 1:64 1:128
Staphylococcus aureus
40% N. sativa L. herbs - - + + + + +
70% N. sativa L. herbs - - - + + + +
96% N. sativa L. herbs - - - + + + +
70% N. sativa L. herbs tincture - - + + + + +
70% eucalyptus tincture (reference preparation) - - - - + + +
Escherichia coli
40% N. sativa L. herbs - - + + + +
70% N. sativa L. herbs - - - + + +
96% N. sativa L. herbs - - - + + +
70% N. sativa L. herbs tincture - - - - + + +
70% eucalyptus tincture (reference preparation) - - - - + + +
Pseudomonas aeruginosa
40% N. sativa L. herbs - - - + + + +
70% N. sativa L. herbs - - - - + + +
96% N. sativa L. herbs - - - - + + +
70% N. sativa L. herbs tincture - - - - + + +
70% eucalyptus tincture (reference preparation) - - + + + + +
Candida albicans
40% N. sativa L. herbs - - + + + +
70% N. sativa L. herbs - - - + + +
96% N. sativa L. herbs - - - + + +
70% N. sativa L. herbs tincture - - - - + + +
70% eucalyptus tincture (reference preparation) - - - + + + +
Note: "+" — presence of microorganism growth; "-" — absence of microorganism growth.
Table 2 — Minimum inhibitory concentrations of ethanol (“negative” control)
Dilution ratio
Object 1 2 3 4 5 6 7
1:2 1:4 1:8 1:16 1:32 1:64 1:128
Staphylococcus aureus
40% ethanol - - + +
70% ethanol - - - +
96% ethanol - - - +
Escherichia coli
40% ethanol - - - +
70% ethanol - - - +
96% ethanol - - - +
Pseudomonas aeruginosa
40% ethanol - - + +
70% ethanol - - - +
96% ethanol - - - +
Candida albicans
40% ethanol - - -
70% ethanol - - -
96% ethanol - - -

Note: "+" presence of microorganism growth; "=" — absence of microorganism growth.

Tom 10, Beinyck 3, 2022 249
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Assessment of experimental results

The results were assessed visually by the presence/
absence of the microorganisms growth in the test tubes
with the appropriate dilutions of the test samples. The
minimum inhibitory concentration was the lowest con-
centration of the studied sample, which completely
suppressed the growth of the microorganisms strain.
Herewith, according to the requirements of the “Guide-
lines” (Gs. 4.2.1890-04)” for determining the sensitivity
of microorganisms to the antibacterial drugs, as well as
the recommendations of the Performance Standard for
Antimicrobial Susceptibility Tests (Clinical and Laborato-
ry Standards Institute (CLSI)®. The presence of turbidity
and the detection of a small number of microorganisms
(one colony) were not taken into account when register-
ing the experimental result. The experiment was repe-
ated three times.

RESULTS

The results of the qualitative chromatographic study
revealed a number of features of the chromatographic
profiles of the studied objects. For all the water-etha-
nolic extractions and the N. sativa herbs tincture, the ad-
sorption zones typical for flavonoids of dark yellow and
green color with Rf, = 0.28; Rf, = 0.15; Rf, = 0.11, were
revealed (Fig. 1). It is notified that the most informative
are the chromatograms viewed at the wavelength of
365 nm before and after the treatment with an alcohol
solution of AICI, and DSA (Fig. 2). Under the action of
the AICI3 alcohol solution, the fluorescence of the ad-
sorption zones increases, indicating the phenolic nature
of these compounds. The DSA solution oxidizes organic
compounds from yellow-orange to brick red in the visi-
ble light (Fig. 2).

The rutin adsorption zone had Rf = 0.20, which is
close to the corresponding Rf values in the studied ob-
jects, especially in the N. sativa herbs tincture. Herewith
it is noted that more adsorption zones of various kinds of
nature are observed in the N. sativa herbs tincture. And
the intensity of these zones glow is higher in 70% of the
water-alcohol extract and the N. sativa herbs tincture,
respectively.

The antimicrobial activity screening of water-ethano-
lic extractions from the N. sativa L. herb, and comparing
them with the eucalyptus tincture (a reference prepara-
tion), made it possible to obtain the following data.

When testing 40% of the water-ethanolic extraction
(1:30) from the N. sativa L herbs, the antimicrobial acti-
vity against the S. aureus, E. coli and C. albicans strains

7Ibid.

8 Clinical and Laboratory Standards Institute (CLSI). Performance
Standards for Antimicrobial Disk Susceptibility Tests. 13th ed. CLSI
standard MO02. Clinical and Laboratory Standards Institute, 950 West
Valley Road, Suite 2500, Wayne, Pennsylvania 19087 USA, 2018.
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in a four-fold dilution, as well as against the P. aerugino-
sa microorganism in an eight-fold dilution was observed
(Table. 1). When comparing 40% of the water-ethano-
lic extraction with the “negative” standard (a minimum
inhibitory concentration for 40% water-ethanol), there
was a slight difference in the antimicrobial activity be-
tween the test sample and the “negative” standard,
which showed a slightly higher activity against E. coli and
C. albicans (Table 2). This fact indicates that there is no
contribution of the complex of biologically active com-
pounds available in the extract, to the pharmacological
effect at the given extraction concentration.

For a 70% water-ethanolic extraction (1:30) from
the N. sativa L. herbs, the antimicrobial activity was
expressed against the S. aureus, E. coli and C. albicans
strains in the eight-fold dilution; against P. aeruginosa —
in the 16-fold dilution (Table 1). When compared with
the “negative” standard of ethanol at the 70% concen-
tration, there was an increase in antimicrobial prop-
erties and a growth suppression of the P. aeruginosa
microorganisms.

The 96% water-ethanolic extraction from the N. sati-
va L. herbs (1:30) showed a similar antimicrobial activity
in the 70% water-ethanolic extraction: against S. aureus,
E. coli and C. albicans strains — in an eight-fold dilution,
against P. aeruginosa — in a 16-fold dilution.

When compared with the “negative” standard of
ethyl alcohol at the concentration of 96%, a significant
growth inhibition of the P. aeruginosa microorganism
is notified. Respectively, for the concentrations of 70%
and 96% water-ethanolic extraction from the N. sativa L.
herbs (1:30), a significant suppression of the growth of
the P. aeruginosa microorganisms is observed.

The antimicrobial activity of the reference prepara-
tion — the 70% water-alcohol eucalyptus tincture, shows
its high activity against S. aureus and E. coli — reducing
the growth of microorganisms in a 16-fold dilution. A
similar activity in 70% and 96% extractions from the N.
sativa L. herbs against the C. albicans strain in an eight-
fold dilution and a weak activity against the P. aerugi-
nosa strain — suppression of a microbial growth only in
a 4-fold dilution (Table 1). This fact favourably allocates
an action direction of the biologically active substances
based on the N. sativa L. herbs.

The tested 70% N. sativa L. herbs tincture (the
tincture from the N. sativa L. herbs -to-70% ethanol
ratio of 1:5) showed the following results. Similar to
the extractions in 70% and 96% ethyl alcohol, the anti-
microbial effect was observed against the P. aeruginosa
strain in a 16-fold dilution, however, besides this pre-
vailing effect, the antimicrobial effect against the E. coli
and C. albicans strains increased stopping the growth
up to the 16-fold dilution. The effect against the S. au-
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reus strain, on the contrary, slightly decreased to the
4-fold dilution (Fig. 3).

The following results were obtained in the course of
the comparison analysis of the preparation based on the
N. sativa L. herbs tincture and the reference preparation
— the 70% eucalyptus tincture. A higher antimicrobial
effect was observed against the P. aeruginosa and C. al-
bicans strains in the 16-fold dilution in the N. sativa L.
herbs tincture. A similar antimicrobial effect in the stud-
ied tinctures was observed against the E. coli strain; the
eucalyptus tincture showed a higher antimicrobial activ-
ity against the S. aureus strain (Table 1).

DISCUSSION

Currently, one of the serious factors affecting the
drug therapy success of infectious diseases is the in-
creased resistance of pathogenic microorganisms to
antimicrobial agents®. Staphylococci or methicillin-resis-
tant strains (MRSs) deserve special attention and are the
cause of nosocomial and hospital-acquired infections.

Among the methicillin-resistant strains, Staphylo-
coccus aureus (MRSA) is particularly common; its strains
are resistant to many members of the B-lactam antibi-
otic group, including penicillins, cephalosporins, mono-
bactams, carbapenems, etc. [21, 23, 24]. An equally
dangerous strain is the Gram-negative bacterium E. coli,
which is present in the human intestine and can cause
various infectious diseases of the gastrointestinal tract
and urogenital system [25].

The potential of the vegetative plant parts (leaves,
branches, and stem) of N. sativa L. to reduce the load
on the reproductive part (seeds) was also studied by re-
searchers from Pakistan, who performed, in addition to
phytochemical screening, antibacterial and antioxidant
analyses, as well as the GC-MS analysis of superpotent
extracts [26]. The dried plant was subjected to the ex-
traction by the separation method in a series of concen-
trations ranging from 1.562 to 200 mg/ml in different
solvents. The antibacterial analysis was performed on
the pathogenic strains - Clostridium difficile, Pasteurel-
la sp., Pseudomonas aeruginosa, and Xanthomonas sp.
The isolates were subcultured on the plates with nutri-
ent agar and incubated at 37°C for 24 hrs. The analysis
was performed by diffusion into the agar disk [23, 26].
The inhibition zones were measured in the agar wells
containing a plant extract. The analysis was performed
for methanol, chloroform, n-hexane, n-butanol, aqueous
and ethyl acetate extracts at the concentrations of 1.56-
200 mg/ml. The inhibition zones were measured after
24-48 hrs. The results showed that the maximum inhi-
bition zone (40+1.73 mm) was observed for Xanthomo-

° Determination of the sensitivity of microorganisms to antibacterial
drugs. Guidelines. MUK 4.2.1890-04. Russian
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nas stutzeri among all extracts, and a 100 mg/ml chlo-
roform extract caused the maximum inhibition zone for
the growth of Xanthomonas stutzeri bacteria (36+1.26
mm) among all the strains. The chloroform extract at the
concentration of 50 mg/ml also showed a maximum in-
hibition of the bacterial growth, and exactly the same
pattern was observed for all the concentrations, extracts
and bacterial strains [26]. In addition to the above spec-
trum of the pharmacological activity, other authors of-
ten mention antidiabetic and antioxidant activities of
the Nigella sativa L. herbs [27, 28].

Given the fact of previously described studies on the
antimicrobial activity of the extracts from the N. sativa L.
herb, its component composition and the dominant group
of biologically active compounds (BAC) should be also dis-
cussed and clarified. Thus, many researchers refer to the
work by foreign scientists of the Biotechnology Center (Tu-
nisia), which describes the study of the N. sativa L. herbs
by HPLC from absolute methanol extracts. These extracts
identified 14 phenolic compounds with a total content of
215 mg/100 g in the shoots, among which the dominant
group is phenolcarboxylic acids, represented mainly by gal-
lic and vinyl acids [29]. In addition, the authors established
the antimutagenic activity of the studied extracts from the
Nigella sativa L. shoots using Ames test [8, 29].

In the Nigella sativa L. herbs, as described above,
the phenolic compounds are mainly represented by
phenolcarboxylic acids and a sum of flavonoids. Proba-
bly due to the free phenolic hydroxyl groups as in the
gallic acid molecule, they have a potential for the an-
timicrobial activity [30]. The antimicrobial activity of
these compounds was also discussed by the researchers
from Pyatigorsk in the study on the chemical composi-
tion and antimicrobial activity of the dry extract from
the flowers of (Tagetes patula L. The authors explain
the bactericidal effect of the studied extract on the coc-
cus and spore-forming flora, Salmonella gallinarum and
Pseudomonas aeruginosa, and the bacteriostatic effect
against Escherichia coli with a high content of gallic acid
[31]. The authors’ previous phytochemical study of the
Nigella sativa herbs composition by differential and di-
rect spectrophotometry at the wavelengths of 254 and
365 nm, confirms the dominance of phenolic substanc-
es [32]. In addition, the TLC analysis of water-ethanolic
extractions and the N. sativa L. herbs tincture after the
treatment with a specific reagent for flavonoids — an al-
cohol solution of AICI, clearly demonstrates the qualita-
tive composition of the studied samples (Fig. 1, Fig. 2).
The specificity mechanism of the reagent interaction is
due to the formation of bathochromic complexes with
free 3- and 5-hydroxy groups of flavonoids. This fact en-
hances the fluorescence of the corresponding adsorp-
tion zones at the wavelength of 365 nm [33].
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In the course of the screening analysis of the antimi-
crobial activity of water-ethanolic extractions from the
N. sativa L. herbs, the conditions for obtaining the dos-
age form of the tincture were determined. As an extract-
ant for the manufacture of the N. sativa L. herbs tincture
from, a 70% concentration of ethyl alcohol was chosen,
since this concentration is the optimal extractant for this
raw material containing a complex of biologically active
substances of the flavonoid group. It also contains the
extractions of a valuable terpenoid gamma — together
providing the observed antimicrobial effect [23, 26].

The choice in favor of the 70% alcohol concentra-
tion as an extractant for obtaining the N. sativa L. herbs
tincture was made based on the fact that in the dosage
forms with these extraction parameters, the greatest an-
timicrobial effect is observed against the studied strains
of microorganisms, especially against the P. aeruginosa
strain. In addition to the main directed action against
the P. aeruginosa strain, the action against the other
strains — E. coli and C. albicans — is enhanced. Also, the
extracts at the given alcohol concentration have a better
penetrating ability into the deep layers of the epidermis
in comparison with higher and lower alcohol concentra-
tions [21, 32].

Taking into consideration the fact that the N. sativa
L. herb has a large phytomass in comparison with seeds
and is subjected to utilization at the seed collection, its

collection will help to carry out a complex and versatile
use of all the raw materials of the plant and will promote
new medicinal herbal preparations.

CONCLUSION

Therefore, a phytochemical screening and a com-
parative study were carried out to research the antimi-
crobial activity of the experimental water-ethanolic ex-
tractions from the N. sativa L. herbs in vitro, as a result
of which flavonoids were found as the main group of
BAC. An antimicrobial effect was also established on the
pathogenic strains of such microorganisms as P. aeru-
ginosa, E. coli, C. albicans, S. aureus. It was found out
that all the studied samples of the water-alcoholic ex-
tractions from the N. sativa L. herbs give a stable prevail-
ing antimicrobial effect against the P. aeruginosa strain.

The N. sativa L. herbs tincture in the 70% ethyl alco-
hol (1:5) has a specific effect on the-Pseudomonas aeru-
ginosa strain. In the proposed dosage form, the activity
against the Escherichia coli and Candida albicans strains
also increases, which is comparable to the eucalyptus
tincture-used in medical and pharmaceutical practice.
The results obtained in the study can serve as a basis for
the creation of new antibacterial drugs based on the N.
sativa L. herb, as well as for a further implementation of
the preparations from the N. sativa L. tincture in the 70%
ethyl alcohol in medical and pharmaceutical practice.
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