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INDRODUCTION

Topic's significance. Over the world, there is ongoing research and development
of drugs with antioxidant and antimicrobial effects that can be effective for both the
prevention and adjuvant therapy of various diseases (Staszowska-Karkut et al., 2020). A
number of synthetic antioxidants widely used in food and medicine cause or stimulate
various deviations in metabolic pathways in the body, so there is an increasing interest
in the development of natural preparations with antioxidant and antimicrobial
properties (Avetisyan et al., 2017; Sahakyan et al, 2019; Kosakowska et al., 2021;
Babayan et al., 2022). In recent years, plant extracts have attracted significant scientific
interest due to their potential as a source of natural biologically active compounds.
Medicinal and aromatic plants constitute a large part of the natural flora and are
considered an important resource in various fields. Moreover, the use of plant extracts in
the food, perfumery, cosmetic, and pharmaceutical industries is continuously increasing
(Moghrovyan et al., 2022; Babayan et al., 2022). Currently, more than 80% of the world's
population uses herbal medicines to treat various health problems (Babayan et al., 2022).
According to the literature (Laws et al., 2019; Gorlenko et al., 2020), another prospect
for plant compounds is their ability to increase the sensitivity of bacteria to antibiotics.
The discovery of such compounds can be particularly useful in the process of
overcoming the antibiotic resistance in bacteria resistant to various antibiotics. From this
point of view the study of the biological activity of the products of plants secondary
metabolism is up-to-date and has practical and fundamental importance.

Inevitable by-products of aerobic metabolism are reactive oxygen species (ROS),
which have toxic effects on all types of cells, cellular structures, and biomolecules,
including DNA, RNA, proteins, and lipids (Imlay, 2008; Savchenko et al., 2021). Living
organisms, including plants, have developed various protective and regenerative
mechanisms to keep free radical concentrations at low levels and repair damages caused
by the oxidative stress (Sharma et al., 2019). At the same time, ROS serve as regulators of
signals, causing increased or decreased expression of many genes and changes in
metabolic pathways. Many human diseases, such as cancer, diabetes, neurodegenerative
diseases, and aging process of the body, are associated with a disturbance in the balance
of oxidation and repair reactions, leading to an increase of ROS levels. It is known that a
number of plant-derived substances, such as polyphenolic compounds, which are the
main products of plant secondary metabolism, can act as natural antioxidants and free
radical scavengers, exhibiting high biological activity.

Since ancient times people have been using plants for the treatment of various
infectious diseases. Nowadays medicinal plants continue to be used in traditional
medicine in many countries, including Armenia. The flora of Armenia is rich in edible
and medicinal plants that are valuable for health. However, this biodiversity is still not
well studied (Sahakyan et al., 2019; Moghrovyan et al., 2019, 2022; Ginovyan et al.,
2022). One of the most popular medicinally valuable plants are the plant species
belonging to Lamiaceae family. In general, essential oil-bearing plants of the Lamiaceae
family are rich in polyphenolic compounds, and most of them are known for their
antioxidant properties and are widely used as spices. Among the plants of this family,

3



Origanum vulgare L. and Ocimum basilicum var. purpureum were selected as research
objects.

Research goals and tasks. The aim of the research was to study the biological activities,
biochemical features, and mechanisms of action of ethanol extracts and essential oils of
Origanum vulgare L. and Ocimum basilicum var. purpureum plants, belonging to the
Lamiaceae family growing in Armenia.

Constituted tasks of the research were:

e Determine the biochemical composition of the ethanol extracts and essential
oils of O. vulgare and O. basilicum var. purpureum plants aerial parts,
determine the content of total phenols and flavonoids in ethanol extracts of
plants,

e Investigate the antimicrobial activity of plants extracts and essential oils,

e Study the antibiotic-modulating activity of plant extracts toward different
antibiotics,

e  Evaluate the antioxidant activity of ethanol extracts and essential oils through
different chemical tests,

e  Evaluate the metal chelating activity of plants extracts,

e  Determine the quantity of NO in £ colf NM111 cells under the influence of
ethanol extracts of plants,

e Evaluate the effects of ethanol extracts and essential oils of plants on
tyrosinase, superoxide dismutase and catalase activities,

e  Determine the p-galactosidase activity in cells of E. coli NM111 carrying the
katG:lacZ gene fused under the influence of plant ethanol extracts.

Scientific novelty and practical value of the study. The antimicrobial activity of O.
vulgare and O. basilicum plants belonging to the Lamiaceae family growing in Armenia
was studied. The biochemical composition of ethanol extracts and essential oils of O.
vulgare L. and O. basilicum var. purpureum plants growing in Armenia was determined
for the first time. High antibacterial, antifungal, antiradical, and metal-chelating
activities of the ethanolic extracts and essential oils of the investigated plants were
shown. The analysis of the obtained results and literature data allowed us to evaluate the
potential of O. vulgare L. and O. basilicum var. purpureum plants as an alternative
source of substances with high antibacterial and antioxidant activity. These plants have
great application importance in cosmetics, food (as nutritional supplements), medicine,
feed production, and other fields. Ethanol extracts of O. vulgareL. and O. basilicum var.
purpureum plants have been shown to contain high levels of phenols and flavonoids.
Ethanol extracts and essential oils of O. vuigare and O. basilicum were first evaluated for
their tyrosinase inhibitory potential as a natural treatment for skin hyperpigmentation.
The determination of tyrosinase inhibitory activity, apart from its practical value, can
also serve as one of the additional methods for assessing the antioxidant activity of
ethanolic extracts and essential oils. The essential oils of the investigated plants were
found to have tyrosinase inhibitory activity. Thus, O. vulgare and O. basilicum plants
can be considered as a source of natural bleaching agents. The evaluation of the
antioxidant activity of the ethanolic extracts of O. vulgare and O. basilicum plants was
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conducted for the first time using reactive thiobarbituric acid to inhibit the synthesis of
malondialdehyde. It was demonstrated that the ethanolic extracts of the studied plants
exhibit high activity in inhibiting malondialdehyde synthesis. The change of the NO
quantity was measured in £. coli NM111 cells under the influence of ethanol extracts of
the plants. It was observed that the NO concentration increases in . coli cells under the
influence of the investigated extracts. An increase in the activity of superoxide dismutase
and catalase was shown in E. coli cells under the influence of ethanol extracts of O.
vulgare and O. basilicum plants. The ability to modulate -galactosidase activity of the
ethanol extracts of the studied plants was determined. Most of the studied extracts
expressed a protective effect against the bacteriostatic effect of H202, increasing the cell
growth rate.

Main points to present at the defense.

1. The ethanol extracts and essential oils of O. vulgare and O. basilicum var.
purpureum plants have antimicrobial, antiradical, malondialdehyde synthesis
inhibitory and metal-chelating activity, in which the content of phenols and
flavonoids in ethanol solutions has an important role.

2. Under the effect of ethanol extracts of O. vulgare and O. basilicum var.
purpureum plants, the NO quantity in £. coli NM111 cells increased.

3. Ethanol extracts and essential oils of O. vulgare and O. basilicum var.
purpureum plants have the ability to inhibit tyrosinase, change of superoxide
dismutase, catalase, f-galactosidase activity and karG:/acZ gene expression.

4. Ethanol extracts of O. vulgare and O. basilicum var. purpureum plants act as
prooxidants in the cells of E. cofi NM111, and thereby determine the
antibacterial activity of the components of these extracts.

‘Work approbation. Main results of the dissertation were discussed at seminars at the
Department of Biochemistry, Microbiology and Biotechnology, Biology Faculty of
Yerevan State University and at scientific conferences: 31 International Conference of
FFC (Yerevan, Armenia, 2023), ASM Microbe 2016 (Boston, USE, 2016), 3+
International Scientific Conference on "Dialogues on Sciences" (Yerevan, Armenia,
2015), "Trends in microbiology and microbial biotechnology" International Conference
(Yerevan, Armenia, 2014).

Publications. On the basis of the experimental data observed in dissertation, 7 papers,
including 3 articles in peer-reviewed journals and 4 abstracts were published.

Volume and structure of dissertation. Dissertation contains the following chapters:
introduction, literature review (Chapter 1), experimental part (Chapter 2), results and
discussion (Chapter 3), concluding remarks, conclusions and cited literature (totally 158
papers and books). The dissertation consists of 130 pages, 8 tables and 28 figures.

MATERIALS AND METHODS

During the study, ethanol extracts and essential oils from the aerial parts of
culinary plants belonging to the Lamiaceae family, specifically O. vulgare L. and O.
basilicum, growing or cultivating in Armenia were studied. O. vulgare herbs were
collected from Gegharkunik province, v. Chkalovka, 1930 m above the sea level, during
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the blossoming period (July, 2016), and cultivated O. basilicum var. purpureum plant
were collected from Kotayk province, at an altitude of 1600 m above sea level, during
the flowering period (July-August, 2014). The identification of plant was carried out at
the Department of Pharmacognosy, Yerevan State Medical University, Yerevan
(Armenia). The plants of Ocimum genus were not included in the herbarium as there
were cultivated species and were not typical for the flora of Armenia. The samples of
basil are available at the Department of Biochemistry, Microbiology and Biotechnology,
Biology Faculty, Yerevan State University, Yerevan, Armenia.

Extraction of plant dry matter. Extraction of dry plant material was performed using
80% ethanol as a solvent. 10-15 ml of ethanol (80%) was added to the dried and
powdered plant material and crushed for 15 - 20 minutes until a homogeneous mass was
obtained and stored in a refrigerator for 24 hours (5 - 6 °C). Centrifugation was
performed at 5000 rpm for 10 min. The supernatant was separated, the precipitate was
treated similarly. Processing and centrifugation of the pellet was repeated 3 times to
achieve complete dissolution of the active substances. The supernatants of all phases
were combined and dried at room temperature without exposure to direct sunlight. The
combined dry material was collected in Eppendorf-type test tubes, weighed and stored
in a freezer (-18 to -20 °C) for further studies (Babayan et al., 2022).

Essential oil extraction. Essential oils were extracted from air dried plant material (aerial
parts only) by hydro-distillation, using a Clevenger-type apparatus and lasted 3 h. The
distilled essential oils had been dehydrated with anhydrous sodium sulphate and stored
at 4 °C in dark airtight bottles until further analysis (Avetisyan et al., 2017).

Test organisms and culture conditions used. Test microorganisms used in the
investigations: Escherichia coli VKPM M-17, Pseudomonas aeruginosa GRP3, Bacillus
subtilis WT-Al, Enterococcus hirae ATCC 9790, Salmonella typhimurium MDC 1754,
Staphylococcus aureus MDC 5233, ampicillin resistant E. coli DH5a-pUC18, kanamycin
resistant E. coli pARGS-25, E. coli NM111 as well as Candida albicans WT-174,
Debariomyces hansenii WT, Saccharomyces cerevisiae ATCC 9804 and S. cerevisiae
ATCC 13007 yeasts. Nutrient broth and nutrient agar media (peptone 20 g/l, NaCl 5 g/,
K2HPO4 2 g/1, glucose 2 g/1, agar 15 g/1) were used for bacterial growth. 2% glucose was
added to the nutrient broth for yeast growth.

Determination of the chemical composition of plant essential oils and ethanol extracts.
The gas chromatography (GC) mass selective (MS) analysis of the essential oils was
performed using a Hewlett—Packard 5890 Series II gas chromatograph, fitted with a
fused silica HP — 5MS capillary column (30 mx0.25 mm, in thickness 0.25 pm)
(Avetisyan et al. 2017). The identification of the phytochemical composition of
investigated plant extracts was performed using a Dionex Ultimate 3000 UHPLC system
(Thermo Scientific TM, Dionex, San Jose, USA) equipped with Synergi TM Hydro-RPA
(150 x 4.5 mm, 4 pm, Phenomenex) column (Koss-Mikotajczyk et al, 2019,
Kusznierewicz et al., 2021). Profiles of phenolic compounds and antioxidants for plant
extracts were obtained employing the HPLC-DAD system (Agilent Technologies,
Wilmington, USA) connected with a Pinnacle PCX Derivatization Instrument
(Pickering Laboratories Inc., Mountain View, USA) and UV-Vis detector (Agilent
Technologies, Wilmington, USA) (Hovhannisyan et al., 2022, Ginovyan et al., 2023).
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Investigation of essential oil and ethanol extract antimicrobial and antifungal activity.
The antimicrobial activity of the extracts and essential oils were determined using the
disk-diffusion method in agar. The final concentrations of the essential oils reached 150,
100, 50, 25, 12.5, 6.25 pl/mL. Dimethyl sulfoxide (DMSO) was used as the solvent. The
following concentrations of the extracts were used: 125, 250, 500, 1000 and 1500 pg/mL.
Ampicillin (25 ug/mL), kanamycin (25 pg/mL) and fluconazole (25 pg/mL) were used as
positive controls (Babayan et al., 2023).

To determine the minimum bactericidal and fungicidal concentration of the test
samples, the selected pieces of nutrient medium from the zones of microorganism
growth absence were transferred to the nutrient medium corresponding to each
microorganism (without essential oil and ethanol extract). This was confirmed after the
re-cultivation of the suspension on the fresh nutrient medium (meat peptone agar)
(Moghrovyan et al., 2019).

Determination of antibiotic modulatory activity. The antibiotic modulatory activity was
explored by determining the minimal inhibitory concentrations (MICs) of antibiotics in
the presence and absence of extracts at non-inhibitory concentrations (Ginovyan et al.,
2023).

Determination of radical scavenging activity. Free radical scavenging potential of the
test sampled was determined by DPPH assay (1,1-diphenyl-2-picrylhydrazyl). Catechin
was applied as standard. The radical scavenging activity was calculated using the
following formula: Radical scavenging activity (%) = Ac — As / Ac x 100. ICso calculated
denote the concentration of investigated samples required to decrease the DPPH
absorbance at 517 nm by 50% (Hambardzumyan et al., 2020).

Determination of total phenolic content. The concentration of phenolics in plant
extracts was determined using Folin-Ciocalteu assay. Solutions with different
concentrations of gallic acid (250 pg/ml, 125 ug/ml, 62.5 ug/ml, 31.25 ug/ml, 15.625
pg/ml, 7.8125 pg/ml and 3.9 pg/ml) were used to construct a calibration curve (Vijay et
al., 2014, Ginovyan et al., 2021).

Determination of total flavonoid content. The total flavonoid content in plant extracts
was determined employing AICls colorimetric assay. Solutions with different
concentrations of quercetin (1000 pg/ml, 500 pg/ml, 250 pg/ml, 125 pg/ml, 62.5 pg/ml,
31.25 pg/ml and 15.625 pg/ml) were used to construct a calibration curve (Moghrovyan
et al., 2019).

Chelating capability of ethanol extracts. Fe?* chelating capability of ethanolic extracts
was determined using 0.2 mM FeSOs and 0.5 mM ferrozine. Ethylene diamine
tetraacetic acid (EDTA) was used as a positive control (Moghrovyan et al., 2019).
Determination of antioxidant activity with reactive thiobarbituric acid inhibition of
malondialdehyde synthesis. The determination of the antioxidant activity of the ethanol
extract obtained from the leaves of the investigated plants by the inhibition of
malonaldehyde synthesis was carried out using 0.375% thiobarbituric acid (THB) and
15% trichloroacetic acid (TCA). a-tocopherol was used as positive control (Kulisic et al.,
2004, Moghrovyan et al., 2019).

Estimation of the NO quantity under the influence of plant extracts. The NO
neutralization activity was investigated using Griess reagent. Solutions with different

7



concentrations of NaNOz2 (25 uM, 125 pM, 6.25 pM, 3.125 puM, 1.5625 uM) were used to
construct a calibration curve (Essadek et al., 2023).

Tyrosinase activity inhibition assay. Tyrosinase activity inhibition colorimetric assay was
carried out according to the method described by Wang et al. (2015). Arbutin was used
as a positive control.

Determination of superoxide dismutase and catalase activity. Determination of the total
superoxide dismutase activity was carried out by the Beauchamp and Fridovich method
(1971). The determination of catalase activity was performed wusing the
spectrophotometric measurement method of the dynamics of hydrogen peroxide
quantity at 240 nm (Essadek et al., 2023).

Determination of B-galactosidase activity in E. coli cells containing karG::lacZ fused
genes. Determination of B-galactosidase activity was performed by Miller's method
(Smirnova et al., 2010, Samoylova et al., 2014).

Data processing. The average data obtained from three independent experiments were
presented, and the standard deviation of the values did not exceed 5%. The statistical
analyses were performed using GraphPad Prism 8 (GraphPad Software, Inc., San Diego,
USA) (antiradical activity, metal chelating activity, determination of antioxidant activity
with reactive thiobarbituric acid inhibition of MDA synthesis, estimation of the NO
quantity, determination of tyrosinase inhibitory activity, determination of superoxide
dismutase and catalase activity) and Microsoft Office Excel software (determination of
the chemical composition, antimicrobial and antiradical activity of the ethanol extracts
and essential oils of the researched plants, determination of total phenols and flavonoid
content, determination of the amount of proteins, determination of B-galactosidase
activity in E. coli cells containing the fused katG::lacZ gene, determination of catalase
activity), and a p<0.05 was considered significant. The validity of differences between
experimental and appropriate control data were evaluated by Student’s criteria using
Microsoft Excel 2010 with the T test function, P<0.05 (if not indicated).

RESULTS AND DISCUSSION

Chemical composition of ethanol extracts and essential oils.

The application of hydro-distillation method allows getting 1% yield of O.
vulgare essential oil. According to GC data, essential oil extracted from Armenian O.
vulgare contained more than 180 types of substances, which were mainly of terpenoid
nature. The substances exceeding 2% of the total content, (which makes 73.6% of all
components) are included in Table 1. The remaining 26.4% are minor components and
not included in the Table 1. The greatest part of major components was different sesqui-
and monoterpenes (B-caryophyllene epoxide - 13.3%; B-caryophyllene - 8.2%; o-cymene
- 5.2%). Other components represent only a minor part: carvacrol, which is described by
huge number of authors as the main component of oregano essential oil (El Babili et al.,
2011), were only 2.9 %, -terpineol - 2.3 %, 1,8-cineole - 2.9 % of essential oil distilled
from O. vulgare growing in Armenian flora. These differences might be important for
the explanation of antioxidant and antibacterial activity of Armenian O. vulgare
essential oil.



Table 1. The chemical composition of the essential oil isolated from the aerial parts of O. vulgareL.,
characteristic of the flora of Armenia

Compounds O. vulgarel., % Retention Index (iu)!
Sabinene 3.1 897
3-Octanone 2.8 952
trans-B-Ocimene 2.6 978
3-Octanol 2.4 979

E)-2-Hexenal diethyl

® o 38 993
o-Cymene 5.2 1045
1,8-Cineole 2.0 1059
Linalool 2.9 1083
Terpinen-4-ol 2.3 1137
o-Terpineol 2.6 1158
Carvacrol 2.4 1262
B-Bourbonene 2.2 1339
o-Humulene 2.7 1456
B-Caryophyllene 8.2 1494
R-Bisabolene 3.2 1501
Germacrene D 3.8 1515
B-Caryophylleneepoxid 13.3 1517
Spathulenol 3.2 1536
o-Humulene epoxide IT 2.4 1579
Palmitic acid 2.5 1968

for HP-5 capillary column

In spite of the great amount of data concerning the chemical composition of O.
vulgare essential oil, the composition and biological properties of the oregano essential
oil growing in Armenia are of scientific and practical interest (Abrahamyan et al., 2014,
Swamy et al., 2016, Ozkan et al., 2017). The sample distilled from Armenian O. vulgare
belongs to another chemotype and contains p-caryophyllene epoxide and f-
caryophyllene, as the major components (see Table 1). In addition, according to the
literature data, these terpenoids display analgesic, anticancer, antinociceptive activity
(Fidyt et al., 2016). These data may explain the moderate antiradical and antimicrobial
activity of essential oil derived from Armenian O. vuigare.

The GC-MS analysis showed that the main volatile components of O. vulgare
extract were catechol (6.2%), ethyl catechol (4.45%), angelicin (1.52%), isovaleric acid
(4.31%), and palmitic acid (1.2%). The HPLC analysis of O. vuigare extract revealed that
the concentration of some well-known flavonoids with a plethora of biological activities
was present in high levels. These compounds were: tannic acid (19.63%), luteolin
(29.21%), rutin (29.68%), and catechin (3.66%) in flavonoid fraction.

Quantitative and qualitative analysis of essential oil components isolated from
O. basilicum resulted in more than 40 compounds being isolated, detected and most of
them identified for each essential oil sample. The dominant components were identified
to be linalool, methyl chavicol, citral and nerol. According to the data obtained, O.
basilicum contains 57.3% methyl chavicol, with the second largest component being
linalool (18%) (Table 2). This places the given variety of O. basilicum into methyl
chavicol-rich chemotype.



Table 2. Chemical composition of essential oil of O. basilicum

Compounds O. basilicum Retention Index (iu)!
var.purp %

1-octen-3-ol 0.2 979
1-8- Cineole 1.40 1035
Linalool 18.00 1100
Camphor 1.30 1146
Methyl chavicol 57.3 1203
Bornyl acetate 0.13 1291
B-Elemene 3.62 1387
B -Caryophyllene 1.72 1419
B —Copaene 0.28 1428
trans-o-Bergamotene 4.34 1433
o-Humulene 0.55 1455
cis- B-Farnesene 0.31 1472
Germacrene d 0.68 1482
o-Bulnesene 1.39 1502
o-Amorphen 1.54 1510
Aromadendrene 1.67 1529
Spathulenol 0.68 1544
Caryophyllene oxide 0.57 1550

for HP-5 capillary column

Antibacterial activity of ethanol extracts and essential oils.

Both essential oil and ethanol extract of O. vulgare were able to suppress the
growth of tested microorganisms. It was revealed that there were no significant
differences between the antibacterial activity of both O. vulgare essential oil and ethanol
extract against Gram-positive and Gram-negative bacterial strains. Our investigations
showed that antibacterial activity of investigated essential oil against ampicillin- and
kanamycin-resistant strains of E. coli was almost similar to the activity against non-
resistant one. In both cases, MIC of essential oil was 50 pl/mL However, in contrast to
essential oil, extracts were not active against ampicillin- and kanamycin-resistant E. coli
strains, whereas non-resistant £. coli strain was sensitive to ethanol extract. The values
of MIC and MBC were 250 pg/mL and 500 pg/mL, respectively. These data show that the
investigated plant material could be also used against antibiotic-resistant bacterial
strains. Armenian oregano essential oil has antimicrobial activity against £. hirae. The
essential oil and ethanol extract showed no antifungal activity. The ethanol extract
exhibits moderate activity against non-pathogenic Sa/monella and Pseudomonas bacteria
(Table 3).

Our research showed that the Gram-positive bacteria tested were more
sensitive to basil essential oil than the Gram-negative bacteria. Such tendency is also
observed by other authors (Sarrazin et al., 2012). The essential oil of O. basilicum
showed quite high antimicrobial activity against B. subtilis, with the MIC of 3.125 pl/ml,
which was 16 times higher than that of the essential oil of O. vulgare. The MIC of O.
basilicum against St. aureus was 6.25 pl/ml, which was 8 times higher than essential oil
of O. vulgare. the MICs of essential oil of O. basilicum against P. aeruginosa, S.
typhimurium and E. hirae, (25, 12.5, 6.25 pl/ml) was 4, 8 and 16 times higher than that
of essential oil O. vulgare, accordingly. The ampicillin- and kanamycin-resistant £. coli
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bacteria also displayed sensitivity against the essential oil tested. The MIC values of O.
basilicum against those bacteria were 6.25 pL/mL. The essential oil of O. basilicum also
showed high antifungal activity (Table 3).

Table 3. MIC and MBC values of essential oils and ethanol extracts from O. basilicumand O.

vulgare L.
O. basilicum var. Purpureum O. vulgare L.
Essential oil, Ethanol Essential oil, Ethanol Positive
Test-bacteria pl/mL extract, pg/mL pl/mL extract, pg/mL control’,
pg/mL
MIC MBC MIC MBC MIC MBC MIC MBC MIC
St. aureus MDC 5233 6.25 12.5 - - 50 100 500 1000 12.5
E. hirae ATCC 9790 12.5 25 - - 100 100 500 500 25
B. subtilis WT-Al 3.125 6.25 250 250 50 100 250 250 12.5
E. coli VKPM M-17 25 25 500 1000 50 100 250 500 25
P. aeruginosa GRP3 25 50 - - 100 100 250 500 25
S. typhimurium MDC 125 25 125 250 100 150 500 500 25
1754
E. coli DH5a-pUC18 6.25 6.25 - - 50 50 - - 6
E. coli pARG25 6.25 6.25 - - 50 50 - - 5
D. hansenii WT 6.25 12.5 - - - - - - 6
C. albicans WT-174 3.125 6.25 - - - - - - 5

*ampicillin was used as a positive control, and kanamycin for ampicillin-resistant £. coli.

The essential oil from O. basilicum has high antibacterial activity against St.
aureus bacteria, which makes possible to consider using this oil as active natural
ingredient for the treatment of skin irritations, since S. aureus is extremely common on
the skin of patients with certain dermatological diseases and it is often considered to be a
major culprit in causing skin irritation and soft tissue infections (Kong et al., 2012).

In case of ampicillin and kanamycin resistant £. coli strains ethanol extract of
O. basilicum did not shown any activity. It also did not have any activity against St.
aureus and E. hirae strains. The MIC value of O. basilicum was 250 pg/mL against B.
subtilis, 125 pg/mL against S. typhimurium and 500 pg/mL against E. colii The
investigated extracts did not show any suppressing effect on tested yeasts.

Studies have shown that the ethanol extracts of the investigated plants have no
antibiotic-modulating activity against all four investigated bacteria (St. aureus MDC
5233, E. coli VKPM M-17, ampicillin-resistant £. coli DH5a-pUC18 and kanamycin-
resistant £. coli pARG25), with the use of appropriate antibiotics.

Antioxidant activity of ethanol extract and essential oil.

The antiradical activity of the ethanolic extracts and essential oils of the
studied plants was expressed as ICso value. According to obtained results the ICso value
for the positive control (catechin) was determined to be 13.08+0.035 pg/mL (y = 3.4343x
+5.0693, R? = 0.99). The DPPH assay indicated the high antiradical activity of both
ethanol extract and essential oil of O. basilicum. The ICso value of essential oil of O.
basilicum was 22+0.37 pl/ml. In case of ethanol extract of O. basilicum this parameter
had the following value: 19.37+0.38 pg/mL (y = 2,196x + 7,4702, R? = 0.99). The The ICso
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value of O. vulgare ethanol extract and essential oil was 19.97+0.51 pg/ml and
1057+17.61 pl/ml, respectively.

b i Fig. 1. The radical scavenging activity of O.

_ 25 - 1100 L.
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il A The radical scavenging activity of the
= e 0 . . . .
N NI investigated extracts was in strong correlation
& @ d,é‘ {_}\\cﬁ K

& o with the total phenolic content. Our studies
confirmed that the ethanol extracts of O.
basilicum and O. vulgare growing in Armenia contain a high amount of polyphenolic
compounds (317.75 + 4.105, 555.08 + 5.598 ug of GAE/mg, respectively). The amount of
total flavonoids in the ethanol extracts of O. basilicum and O. vulgare growing in
Armenia was 46.9+0.884 and 31.39+1.16 ug of QE/mg, respectively. The rather high
content of total phenols and flavonoids content in the investigated extracts explains the
high antiradical and antioxidant activity.
Table 4. Total phenolic (expressed in terms of gallic acid equivalent (ug of GAE/mg of extract)) and
the total flavonoid (expressed in terms of quercetin equivalent (ug QE/mg)) contents of O.
basilicum and O. vulgare extracts

Total phenolic Total flavonoid
Plants content (ug of content (ug QE/mg)
GAE/mg)
O. basilicum 317.75 + 4.105 46.9+0.884
O. vulgare 555.08 + 5.598 31,39+1,16

Chelating capability of ethanol extracts.

Plant compounds can act as metal chelating agents, helping to reduce the
amount of free radicals due to their ability to regenerate iron divalent ions. The metal
chelating activity of ethanol extracts of O. basilicum and O. vulgare was explored.
According to the obtained data, the ethanol extract of O. vulgare showed significant
metal chelating activity (74.5+0.9 %). The same concentration of the positive control
(EDTA) brought this parameter to a value of 96.27 + 0.8% for the chelation of ferrous
ions. According to the results of our studies, the metal chelating ability of the ethanol
extract of O. basilicum was weakly expressed and was about 10% (Fig. 2).

150

kkk Fig. 2. Metal chelating activity of ethanol
e extracts of O. basilicum and O. vulgare
100 — ] (**p<0.001, ***p<0.0001).

Given that the tested samples exhibited high

50-] . . P . .
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Metal chelating activity
(%)

content, their ability to suppress lipid

peroxidation was assessed by measuring the
Contral  [Ovulgatel  {Obasilicum inhibition of malondialdehyde (MDA)
synthesis. Analysis with the reactive thiobarbituric acid revealed that the MDA
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synthesis inhibitory activity of the O. vulgare ethanol extract was 77.3 + 1.5%. In
comparison, at the same concentration the positive control «-tocopherol showed an
inhibition rate of 91.1 + 1.9% (Fig. 3). Our study found that the MDA synthesis
inhibitory activity of the O. basilicum ethanol extract was relatively weak, at
approximately 8%.
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Fig. 3 The ability of ethanol extracts of O. Fig. 4 The ability of ethanol extracts of O.
basilicum and O. wvulgare to inhibit basilicum and O. wvulgare to inhibit
malondialdehyde synthesis, (**p<0.001, malondialdehyde synthesis in £. coli NM111
****p<0.0001). cells (**p<0.001, ***p<0.0001).

In the case of using E. coli NM111 cells, the malondialdehyde synthesis
inhibitory activity of the ethanol extract of O. vulgare plant was 20.715+2.47%, and the
ethanol extract of O. basilicum was 15.77+1.5% (Fig. 4).

To evaluate the effects of ethanol extracts of O. basilicum and O. vulgare, the
level of NO production in the presence and absence of the plant extract was determined
in E. coli NM111 cells. Thus, according to the results of the experiment, the amount of
NO in E. coli NM111 cells under the influence of the ethanol extract of O. basilicum
(8.74 uM) is higher than that under the influence of the ethanol extract of O. vulgare
(5.94 uM). In the case of the control, this value was 3.34 uM (Fig. 5).

Hwwx Fig. 5 Determination of the amount of NO radical in E coli

10
NM111 cells under the influence of O. basilicum and O. vulgare

8 * ok
8 ethanol extracts, (*p<0.01, ***p<0.0001).
i s 6
=5
o ¢ Tyrosinase inhibition activity of ethanol extracts and
2 essential oils.
° Ethanol extracts and essential oils of O. vulgare and O.
& &° basilicum have been evaluated for their ability to inhibit
FO% &S . .
Fod tyrosinase enzyme as a natural treatment for skin
o

pigmentation disorder, as the overproduction or
accumulation of melanin pigment in the epidermal cells of human skin can lead to many
skin disorders such as freckles, hyperpigmentation, even melanoma or skin cancer.
Tyrosinase inhibitory activity determination, besides its practical value, could
serve also as one of the additional methods of revealing the ethanol extracts and essential
oils antioxidant activity, because for the inhibition of tyrosinase, the copper ions in its
active center should be reduced, for which the presence of compounds with reducing
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potential is necessary. Arbutin was used as a positive control. The values for tyrosinase
inhibitory activity of arbutin, ethanolic solution of O. vulgare and essential oil were
calculated to be 81.5 + 2.6%, 6.5 = 0.2%, 26.5 + 0.3%, respectively. The tyrosinase
inhibitory activity values of O. basilicum essential oil and ethanol extract were 11.5 +
0.3% and 4.7 + 0.2%, respectively (Fig. 6).
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2 2 £ O. vulgare (***p<0.0001).
:
o
9 Control O. basiticum O. vulgare Control  O. wigareO. basilicum

Determination of superoxide dismutase and catalase activity in E. coli cells.

Superoxide dismutase activity was evaluated in E. coli NM111 cells with and
without treatment of ethanol extracts of O. basilicum and O. vulgare. Thus, according to
the results of the experiment, the activity of superoxide dismutase in £. coli cells under
the influence of the ethanol extract of O. vulgare (141.39+1.21%) is higher than that
which was under the influence of the ethanol extract of O. basilicum (112.3+1.1%). The
addition of 4 mM of H20: after the pretreatment with the extracts caused an additional
increase in SOD activity. The activity of SOD under the influence of the ethanol extract
of O. vulgare (165.5+1.35%) compared to the control was 1.65 times higher, and under
the influence of the ethanol extract of O. basilicum (153.5+1.3%) it was 1.53 times (Fig.
7).

Catalase activity was 1.35 times higher under the influence of the ethanol
extract of O. vulgare (135+1.27%) compared to the control, and 1.3 times higher, and
under the influence of the ethanol extract of O. basilicum (130+0.98%). The addition of
4 mM of H202 after the pretreatment with the extracts caused an additional increase in
catalase activity. Catalase activity under the influence of ethanol extract of O. vulgare
(168+1.4%) was higher than that under which was the influence of ethanol extract of O.
basilicum (157+1.31%) (Fig. 8).
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Fig. 7 Superoxide dismutase activity in E. coli Fig. 8 Catalase activity in E. coli NM111 cells
NM111 cells before and after treatment with before and after treatment with plant
plant extracts and 4 mM H20: (*p<0.01, extracts and 4 mM H20: (***p<0.0001).
***p<0.0001).
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B-galactosidase activity in E. coli cells containing a karG::lacZ fusion gene.

Catalase-hydroperoxidase I is encoded by the H20:-inducible gene katG and
mediates the detoxification of endogenous H202 in aerobically grown E. coli cells. The
expression level of the katG gene can be used as a significant indicator of the antioxidant
defense activity of the cell. In order to evaluate the effect of plant extracts on the
expression of the katG gene, B-galactosidase activity was measured in £. coli cells under
the conditions of the katG::lacZ gene fusion. E. coli cells produce B-galactosidase, the
biosynthesis of which is controlled by the /acZ gene of the lac operon.

Treatment of £. coli cells growing under aerobic conditions with 4 mM of H202
resulted in marked growth inhibition. Most of the studied extracts increased the cell
growth rate under the oxidative stress compared to the untreated cells by 2.34-fold - for
O. basilicum and 5.74-fold - for O. vulgare extracts.

After the addition of the tested extracts to the medium, a statistically
significant 1.27-1.41-fold increase in katG::lacZ expression was induced. A significant
increase in gene expression (1.41-fold) was observed after treatment of cells with O.
vulgare extract and 1.27-fold when bacteria were treated with basil extract (Table 5).
Because the katG is an Hz02-inducible gene, the addition of 4 mM of H20: after the
pretreatment with the extracts caused an additional increase in karG::lacZ expression.
The induction index ranged from 1.44 (O. basilicum) to 1.9 (O. vulgare).

Table 5. Expression of the katG::lacZ antioxidant gene in E. coliNM111 cells before and after
treatment with test extracts.

katG::lacZ gene expression
Plants
Before H202 +4 mM H20:2
O. basilicum 1.27! 1.442
O. vulgare L. 1.41 1.9

Ithe B-galactosidase activity values of the extract-treated samples were divided by the sane values of the untreated
samples,

2extracts and the values of samples treated with 4 mM of H202 were divided by the values of samples treated with
H:0: alone.

CONCLUDING REMARKS

Origanum vulgare and Ocimum basilicum plants are used both in Armenian
cuisine and in folk medicine. Despite of the large amount of data on these plants in the
literature, the identification of the chemical composition and biological properties of
essential oils and ethanol extracts of O. vulgare and O. basilicum growing in Armenia are
of great scientific and practical interest as the potential of O. vuigare and O. basilicum
plants has not yet been fully explored.

The aim of the work was to study the biological activity, biochemical features,
and mechanisms of action of ethanol extracts and essential oils of plants O. vulgare and
O. basilicum. According to GC data, essential oil extracted from Armenian O. vulgare
contained more than 180 types of substances basically of terpenoid nature. The greatest
part of major components was different sesqui- and monoterpenes (B-caryophyllene
epoxide, B-caryophyllene, o-cymene). These data may explain the moderate antiradical
and antimicrobial activity of O. vulgare essential oil. The GC-MS analysis showed that
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the main volatile components of O. vulgare extract were catechol, ethyl catechol,
angelicin, isovaleric acid and palmitic acid. According to the obtained data, essential oil
of O. basilicum contains a large quantity of methyl chavicol, with the second largest
quantity being linalool. This places the given variety of O. basilicum into methyl
chavicol-rich chemotype.

Both essential oil and ethanol extract of O. vulgare were able to suppress the
growth of test-microorganisms. It was revealed, that there were no significant
differences between the antibacterial activity of O. vulgare essential oil and its ethanol
extract against Gram-positive and Gram-negative bacterial strains. The essential oil and
ethanol extract did not show any antifungal activity at tested concentrations.

Our research showed that the tested Gram-positive bacteria were more
sensitive to basil essential oil than the Gram-negative bacteria. The essential oil of O.
basilicum also showed high antifungal activity. In case of the ampicillin and kanamycin
resistant £. coli strains ethanol extract of O. basilicum did not showed any growth
inhibiting activity. It also did not expressed any activity against St. aureus, E. hirae
strains and tetsed yeasts. Results have shown that the ethanol extracts of the
investigated plants had no antibiotic-modulating activity against all the bacteria
investigated, with the use of appropriate antibiotics.

The DPPH assay revealed that the ethanol extracts of O. vuigare and O.
basilicum have quite high antiradical activity and showed the result equivalent to the
positive control. The antiradical activity of O. basilicum essential oil was also high and
that of O. vulgare essential oil is moderate. The rather high content of total phenols and
flavonoids in the investigated extracts explains their high antiradical and antioxidant
activity. Plant compounds can act as metal chelating agents, helping to reduce the
amount of free radicals due to their ability to reduce iron divalent ions. According to the
results of our study, the ethanol extract of O. vulgare exhibited significant metal
chelating activity in contrast to the ethanol extract of O. basilicum. The analysis of the
synthesis of malondialdehyde using reactive thiobarbituric acid showed that the ethanol
extract of O. vulgare has a high activity of inhibiting the synthesis of this compound,
and the activity of inhibiting the synthesis of malondialdehyde of the ethanol extract of
O. basilicum was weakly expressed. In addition, the amount of NO in £. coli cells under
the influence of the ethanol extract of O. basilicum was higher than that which were
under the influence of the ethanol extract of O. vulgare, which indicats that ethanolic
extract of O. basilicum induced oxidative stress in E. coli cells. The tyrosinase inhibitory
activity of both O. vulgare and O. basilicum essential oil was higher than that of the
ethanol extracts. The study showed that the activity of SOD and catalase in E. colf cells
increased under the influence of ethanol extracts of the studied plants. After the addition
of the tested extracts to the medium, a statistically significant increase in katG::lacZ gene
expression was induced. Because katG is an H2O2-inducible gene, the addition of 4 mM
H20: after pretreatment with the solutions caused an additional increase in katG::lacZ
expression.

Thus, essential oils and ethanol extracts of O. basilicum and O. vulgare are
potential sources of antimicrobial agents. At the same time, the combination of marked
antibacterial and antioxidant properties with antiradical, metal chelating, tyrosinase
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inhibitory activities, makes the O. basilicum and O. vulgare essential oils and ethanol
extracts an applicable source for medicinal, pharmaceutical and for use in the cosmetic
industry as an antimicrobial, analgesic, antioxidant, and skin whitening agent. Being a
widely used spice and having the biological effects mentioned above, the O. basilicum
and O. vulgare can also be suggested to be used as a food preservative.

CONCLUSIONS
The following conclusions were made based on experimentally obtained results:

1. The essential oil isolated from O. vulgare has been shown to contain more than
180 types of substances basically of terpenoid nature. The greatest part of the
major components was different sesqui- and monoterpenes (f-caryophyllene
epoxide, B-caryophyllene, o-cymene). The main components of O. vulgare
extract were catechol, ethyl catechol, angelicin, isovaleric acid, and palmitic
acid. The main component of the O. basilicum essential oil was methyl
chavicol.

2. Both essential oil and ethanol extract of O. vulgare were able to suppress the
growth of test-microorganisms. The essential oil and ethanol extract did not
show any antifungal activity at tested concentrations. The tested Gram-positive
bacteria were more sensitive to basil essential oil than the Gram-negative
bacteria. The essential oil of O. basilicum also showed high antifungal activity.
In case of ampicillin and kanamycin resistant £. coli strains ethanol extract of
O. basilicum did not shown any growth inhibiting activity. Ethanol extracts of
the investigated plants have no antibiotic-modulating activity against all the
investigated bacteria, with the use of appropriate antibiotics.

3. The antiradical activity of the ethanol extracts and essential oils of O. vulgare
and O. basilicum was shown to be equivalent to result of the positive control.
Ethanol extract of O. vulgare exhibited significant metal chelating and
malondialdehyde synthesis inhibitory activity in contrast to the ethanol extract
of O. basilicum. The high antioxidant activity of the ethanol extracts of O.
basilicum and O. vulgare can be explained by the high content of phenols and
flavonoids.

4. The quantity of NO in E. coli cells under the influence of the ethanol extract of
O. basilicum was higher than that which was under the influence of the
ethanol extract of O. vulgare.

5. The tyrosinase inhibitory activity of both O. vulgare and O. basilicum essential
oil was higher than that of the ethanol extracts. The activity of SOD and
catalase in E. coli cells also increased under the influence of ethanol extracts of
the studied plants.

6. After the addition of the tested extracts to the medium, a significant increase in
katG::lacZ gene expression was induced, which is due to their prooxidant
activity in £. coli NM111 cells. This can explain the antibacterial activity of the
components of these extracts.
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FULUSUL UuNkhT UULSELD

Origanum vulgare L. & Ocimum basilicum var. purpureum pnijutiphg whpwwnyjus
dhwgnipiniuttph Jluwpwbwut wijnhynipniut nt wqnkgnipjui
Ukhwthquutpp

‘ Udthnthwghp
Zuugnigujht puntp  Origanum vulgare, Ocimum basilicum, huljunwunhljujuht
wlwnpynipmnil, hwjudwiptuyht winhynipnit, wdyhghith- & Jubtwdhghbi-
Juyniu £! coli, dtun), djuynunpy, unmybtpopuhy nhudninnug (UOY), juwnwjwg,
katrG::lacZ Uhmaniws ghuh Epuypluhw:

Origanum vulgare W Ocimum basilicum pnijubipli oqginugnpéynid Eu hisubu
huyjujut fjunhwingnd, wjuwbu k] dopnyppuljui pdoynipjuin dke: uuyws,
qruljwinmpjut dky wyu pnyubkph YEpwpbpuy wfjujutph Jdks  pwbwlht,
Zuguunnwinid wénny  puujuwswnyh b nthwih bpbpwmintph b Lpwunjught
nudwdqusputph  phthwlui juqip b Yhhuwpwiwlwt hwnlnipmniatbpp
ghnwlwil b gnpstwwb ks htwnmwppppnipinit kb ukpluyugunud, puth np O.
vulgarew O. basilicum pnijutinh ubpnidp nlin wdpnnenipyudp ntuntduwuhpyws sk:

Uju hhunwgnunipjut tyuunwlt tp wupql] Zuywunwimd wdnng
pujubwnyh b nkhwbh bGpkpunintph U Epwiunjughtt  nbwdqubputph

18



phupwljut juquh wpwbdtwhwnlnipnituubpp, JEluwpwbwljut wlnhynipmiut
n wgpkgnipyul dkuwbhqdubpp: Zuguiub $npughtt punpny O, vuigare-hg
wpnitwhwiqus bphpuynuyp hwdwdwyt @L-QU-h nfjuyubph, wupnibwynd &
hhdtwljutnud wnkpykunhnujhtt pinyph wykh pwb 180 whkuwlph wmphp:
zhdtwlwt  pwnunphsibph Uk dwup Juqunid  Eo wwppkp  ubupdh- b
Untinnbpybuttp B-Yuphndhk tyopuhy, p-Yuphndpikl, o-ghuku): O. vulgare
Epwiunjujhtt nibwdquédph phuhwuu juquh 3L-QU ytpnisnipmniipn gnyg b
uki, np wyu pyyup punugphyibphg b junkjunip, tph) junkungp, wiqkihghtp,
hqnjuiphwtwppnit b wuwjdhnhtwppnit: Unwugus ndjujttph hwdwawa O.
basilicum -h tptpuyninp wupnibwynwd b ks pwbhwlnipjudp dkph) wdhyng,
nphg htwnn pwbwympudp tpypnpn pununphyp (htugnit b Uje ndjuyubph
hhdwt Jpw Yupkh t bhwdwpl), np O. basiicum -p wuulwund L dbphyp
oy hyniny hwpniun ptuninphwht:

ajwswnyh U Epwinupht jniswdquspp, U bphpuymnp £k bl
thnpduwlut  dhypnopquuhquutph  wdp: Pugwhuwyudl; L np  Ewlub
wnwppbpnipniutbp sfut pujuwswnyh Epwunjuyht iniswdqusph b tptpuyninh
hujupwlunbphujui winhynipyut dho Fpud ppuljub b Gpud puguuwljut
puyunbphwitph tWuundwdp: Gphpuyninp b bpwinjuwyhtt nswdquspp skt
gniguiptpt] hwwublujhtt wiunhynipmmi: Ukp hbwnwgnunipnitubpp  gnuyg
unykght, np tnpdupyus Fpud-npujut puubphwibkpp wybkh qquynit ku
nthwuh Epbpuyninh Wjuundwdp, pubt Ypud-puguuwljul puljnbphwibtpp: O.
basilicum-h tptpuyninp gnigupbkph) £ twb pupdp hujuuiuwyhtt wnhynipnii:
O. basilicum-h Epwunjujht (nmswdquspp wdyhghihti- b jwtwdhgh-fuynia £
coli ownwdtph nptwpnud npbl wliuhynipmt sh gnigwpbpbk;: Uy nplk
wljinhymipnit sh gnigupkply twlb St aureus, E. hirae pnnwdbtph b uunpwutltph
uunduup:

TDN2 Jhpmdnipniup gnyg k wdky, np O. vulgare-h b O. basilicum-h
Epwunjhuyhtt (niswdqubputip niukt pudulwtht pupdp hwljunwnhluught
wlwnphynipmit b gmgupbpl] Bu gpuwb vnnighshtt hwdwpdtp wpyniup: O.
basilicum-h Eptpuninh hwnwnhluwjuyhtt wnhynipmitp bu pupdp L, hul O.
vulgare-h tpbpuymnhlp’ swhunnp: O. basilicum-h b O. vulgare-h Epwlnjujhl
pswdquépmd pupdp pughwtmp $kunjukph b Pjwynunhnubph
wupnitwlnipniip . puguupnid k. pwpdp hwjwpwuphlujught b
hwljwopuhnuunuyhtt. wijnhympniup: Pniuwljuwt dhwgnipmiibpp Jupnn Eu
hwinbu qup npwku dbwnwn jkwnwging dhengubp® tywunbing wqun
nunhluibph  pwhwympjub  wuqkgdwip  puph  bpQupdtp  hnbubkph
YEpuuwiqdwt mbwlnipjut ounphhy: Utp niunitbwuhpnipjut wpynitiptitph
hwlwdwy' O. vulgare-h tpwinjuyhti nidwiquspp npulinply t qquiph dhnwny
ubjwiwuguny winhynipni, b wwppkpnipmit O, basilicum -h Epwunjuyht
muswdqusph: (Fhwlghninitwul] phopwpphininipuppedh fhpundwdp duntught
Epjunthhnh uptiptqh Jbpnusnipeniup gnyg L nydk), np O. vulgare -h Epwunjuyht
nudwdquspt  nith wyy  dphwgnipjut uhlipkhqh wpgbhjuldwi  pwupdp
wlnhynmipmniy, huly O. basiicum -h Epwiunjuyht (niswdqusph dwinunhuwnthhnh
uhuptqh wpghjuljdwt winhdnpmniup Enk) b epoy) wpnwhwjnduws: fugh wyy, O.
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basilicum-h tpwunjujht nwswuqudph wqpkignipjudp NO-h pwuwlyp £ coli
pohoutpnmid  wybjh pwpdp Lk pwt  O. vulgare-h bpwunjujhtt niswdqusdph
wqnlignipjudp, hisp gnyg k wawihu, np O. basilicum -h Epwunjuyht (niswdqusdpp
E. coli pohoikpmu wnwgwgpk] E opuhnuyhtt uppbu: €4 O. vulgare -h U O.
basilicum -h tptpwninh phpnqhtiwq wpgbjuyny wjnhynipmniup wykh pupdp L,
b wnwppbpnipmmit Epwtnjuyhtt jnbwdqusputph: Nrunidtwuppnipiniip gniyg
wnykg, np htknwgnunywsé pnyubph Epwinjuyht nuswdqusputph wqngnipjudp
pupdpuind £ UOM-h U Jwwuwjuqh wliwnhympniup £ coli-h pohoubipnid:
Mundbwuhpyws nuswdqusputipn dhowduwyp wykjugnilhg hinn wnwewgpk) &
twl katrG::lacZ tpuyptuhuyh tpwhwlwih wd: Lwuh np karG-p H202-hunniljnhy
gkt t, 4 U H202 wbjugnudp nswdqusputph hbn twptwlut dowlnidhg
htwnn wnwowgphy b katG::lacZ mpunwhwyndwb jpugnighs wd:

Ujuwhuny, O. basilicum-h W O. vulgare-h tptpwnintpt ni Epwunihuwght
nswdqusputpp  hwjwdwiuptughtt Wniptph wnwbkughw) wnpmipubp b
Uhlnyt dwudwbml, pungdyws hwwpulunbphwlut b hwljwopuhnuinwgh
hwwnlnipnitubph hwdwnpmipniip hwjurunhuuygh, dbnwn jubjunwging,
pPhpnghttwquyhtt wpghjwynn wiwnhynipniuubph htw, O. basilicum-h & O. vulgare-
b Gptpuyninkptt mi Epwinuyht niswdquébputp nupdund L quyg wnpnip
pdoynipjut, npEnugnpdmipjuit b Ynudbwnhl  wppymibwpbkpoiput Uk
ogunugnpskint hwdwp npyhu hwwdwbptughl, wiwgknhy, hwlwopuhyhs b
dwolp uyhwnwltgunn dheong: Lhubny juyunpki oqunwugnpéynn hwutiuniup b
niukbwny Jtpp wpdws YJEhuwpwwmjub wqpbkgmpiniuutpp, O. basilicum-np b O.
vulgare-n Jupnn ku hpunyt) twb npybtu utiinh Yntubpjuinn:

BABASH AHYII MAPTUHOBHA

BUOJIOTUYECKAA AKTUBHOCTb I MEXAHWU3MBI IEVCTBUA
COEJIMHEHWM, U30JMPOBAHHBIX U3 PACTEHUW ORIGANUM VULGAREL. 1
OCIMUM BASILICUM VAR. PURPUREUM

PE3IOME
Kmouesrre cmoBa: Origanum vulgare, Ocimum basilicum, aHTHpajuKaIbHAA
aKTHBHOCTb, aHTUMHUKPOGHAs aKTUBHOCTD, aMIIMIM/IIMH- ¥ KAHAMHUIIUH pe3icTeHTHas £

coli, benon, draBonous, cynepokcuz gucmyTasa (COJI), karanasa, SKCIpeccus CIUTOTO
rena katG::lacZ.

Origanum wvulgare u Ocimum basilicum WCIONB3yIOTCA KaK B apMIHCKOM
KyXHe, TaK ¥ B HapoAHON MezunuHe. HecMoTps Ha GOJBIIOE KOJIUYECTBO JAHHBIX 00
STUX PACTeHUIX B JIMTEpPaType, XUMUYECKHI COCTaB ¥ OHOJIOTHYeCKHe CBOMCTBA
5UPHBIX Maces U STaHOIOBBIX 9KCTpakToB O. vulgare u O. basilicum, BbIpalIBaeMbIX B
ApMeHMM, TIPeACTABIAIOT GONBLUION HAYYHBIM M IIPAKTUYECKUN HHTEPEC, MOCKOIBKY
norennuain pacrenuit O. vulgareu O. basilicum ele He TIOJHOCTBIO U3y 4eH.
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Ilenpio pa6GoTsI GBLIO U3ydYeHME GHOJIOTMYECKOIl aKTUBHOCTH, OMOXMMUYECKUX
0COGEHHOCTel M MEXaHU3MOB IeHCTBUSA STAHOJBHBIX OKCTPAKTOB M d(DUPHBIX Maces
pacrenuii O. vulgare u O. basilicum. CornacHo pauusiM ['X, adupHOe Macio,
norydenHoe us O. vulgare, cogepxano Gomee 180 BHIOB BemecTB, B OCHOBHOM
TEPIIEHOMJHOTO  IPOMCXOXJEHMA. Dosibmragd  9acTh  OCHOBHBIX ~ KOMIIOHEHTOB
IIpeJCTaBiIsiIa COOOY pasIuYHbIe CeCKBU- U MOHOTepIeHs! (f-KaproduiieH samokcus, f3-
kapuoduster, o-uumen). Anamuz IX-MC mnokxasajg, 4YTO OCHOBHBIMH JIETYYHUMHU
KoMIOHeHTaMu oKctpakta O. vulgare OBIIM KaTeXOJ, OTHJIKATEXOJ, AaHTEeIHIIVH,
M30BaJIepPHAHOBasA KICIOTA ¥ MaIbMUTHHOBas KCa0Ta. COrIacHO MOTyYeHHBIM JaHHBIM,
O. basilicum cogepxain GOJBIIOe KOJIHMYECTBO METHIXaBUKOJA, IIPU 3TOM BTOPBIM IIO
COZiepyKaHUIO KOMIIOHEHTOM SIBJISICS JIMHAIOO0J. DTO OTHOCUT JaHHbH Bug, O. basilicum
K XI/IMOTI/IHy, 6OI‘aTOMy METHUJIXaBHUKOJIOM.

Kax odupHoe Macio, Tak U STaHOMBHBIM oKcTpakT O. vulgare cMoriu
IIOZABJIATh POCT TECT-MHKPOOPTaHU3MOB. BBLIO BBIABIEHO, YTO He GBIIO 3HAUUTETbHBIX
pasnuyuil B aHTHOAKTepUaJbHON aKTHBHOCTH Kak aduproro macia O. vulgare, Tak u
9TAHOJBHOI'O 3KCTPAKTa ITPOTUB I'PAMIIOJIONKUTEJIBHBIX U I'PAMOTPULATEIBHBIX IITAMMOB
GakTepuil. DPUPHOE MaCIO M STAHOJBHBIM OKCTPAKT He IPOABMIM AaHTUTPHUOKOBYIO
aKTUBHOCTh. Hammy wuccrefoBaHusA IIOKAasalM, YUTO TPaMIONIOXKUTENbHBIE GaKTepHH,
IIPOTECTHPOBAaHHbIE HAa UyBCTBUTEIBHOCTH, OBUIN 6GOJIee TyBCTBUTENBHBI K dHUPHOMY
Macity OGasminKa, 4eM TpaMoTpuuaTenbHble OGakrepuu. DdupnHoe Macno O. basilicum
TAaKXe IIPOABUIIO BI)ICOKyIO HHTI/IFPH6KOBYIO aKTHBHOCTb. B Cﬂy‘{ae AMITUIIWUJIIMH- H
KaHaMUI[UH-PE3UCTEHTHBIX WTaMMOB FE. coli sranonbmsiil skcrpakt O. basilicum ne
IIPOSABMJI HUKaKO# akTuBHOCTU. OH Takke He MPOABUI aKTUBHOCTh IIPOTHB IITAMMOB St.
aureus, E. hirae v npoxxent.

Ananuz IOIIT noxasai, uro ataHonbHble 3KcTpakTsl O. vulgare u O. basilicum
06J1aiaii OBOJIBHO BBICOKOM aHTHPAJUKAIbHON aKTHBHOCTBIO M IIOKA3aJIH Pe3YJIbTar,
SKBUBAJIEHTHHIN IO3UTHBHOMY KOHTPOJIIO. AHTHpafUKaabHas aKTUBHOCTb 3()UPHOTO
macia O. basilicum Gblia Takke BbICOKa, a y O. vulgare - ymepeHHa. JIOBOIBHO BBICOKOE
cozep>kaHue OOIUX (eHONIOB U (PIABOHOHULOB B HCCIELyeMBIX SKCTPaKTaX OOBACHIET
BBICOKyIO aHTI/Ipa,I[I/IKaJILHyIO nu aHTI/IOKCI/I,Z[aHTHyIO dKTHUBHOCTbB. Pacturensusie
COeUHEHNWs MOTYT [MAeHCTBOBATh KaK XeJaTHUpPYIOI[UMe areHThl MeTa/IOB, ITOMOras
CHU3UTH KOJIMIECTBO CBOOOZHBIX PAfMKAaIOB 332 CUET UX CIIOCOGHOCTH pereHepHpoBaTH
HMOHBI ,Z[ByXBa]IeHTHOI‘O JKeJjiesa. COFJIaCHO peSyJIBTaTaM HalIero wucciaemoBaHMA,
STAHOJBHBIN 9KCTPAKT O. VlI]gHI'E IIPOABUJI 3HAYUTEJIbHYIO X€JIATUPYIOUYIO aKTUBHOCTDH
B OTJIMYME OT 3TAHOIbHOrO dKcTpakta O. basilicum. AHanu3 CHHTe3a MaJOHAUAIbAETH A
C HUCIIOJIb30BaHHMEM PEAKTHBHOTO THO6aP6HTyPOBOfI KHCJIOTHI IIOKa3aJ, 94TO STAaHOJBHBIT
skcrpakt O. vulgare o61afaer BRICOKOM aKTMBHOCTBIO B MHTHOHPOBAaHIM CHHTE3a STOTO

COeIrHEeHNA, 4 aKTUBHOCTH B I/IHI'I/I6I/IPOBHHI/II/I CHHTE3a MaJIOHOHA/IbAerruaa 3TaHOJIbHOI'O
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sxcrpakra O. basilicum Gsuia cnabo BeipakeHa. Kpome Toro, snavenne NO B kierkax £
coli mop Bo3meiicTBueM OSTaHONBHOTO OKcrpakrta O. basilicum Bsille, 4eM IIpH
BO3J,eCTBIM 3TAaHOJIBHOTO dKcTpakTa O. vulgare, YTO yKasbIBaJO HA TO, YTO STAHOJIBHBII
akcrpaxt O. basilicum BbI3BIBaeT OKCHJATHUBHBIN CTpecc B KieTKax £. coli.

Crioco6HOCTh MHTMOMPOBAHUA AKTUBHOCTH THPO3MHA3Bl KaK 3MPHOTO Macia
O. vulgare, Tax u O. basilicum oOKasajach BbILIe, YeM Y OTAHOJBHBIX DKCTPAKTOB.
Wccnemosanne moxasano, 4uto axktuBHocts COJl u karanmassl B Kietkax £, coli
yBeJIMYMBAach IIOJ, BO3JEHCTBMEM OTAHOJIBHBIX OKCTPAKTOB M3Y4YaeMBIX PAaCTeHM.
Ilocne noGaBneHUs B Cpefy TECTUPYEMBIX PAaCTBOPOB IIPOM3OLINIO CTaTHCTUYECKH
3HAYMMOe yBeJIWdYeHHe OKCIpeccuu reHa katG::lacZ. Ilockombky katG - 3TO TeH,
nnpynupyemsiii H202, no6asrenne 4 MM HxO:2 mocie mpezBapuTensHO# 06paGoTKu
PacTBOpPaMHU BBI3BBIBAJIO JOIIOJHUTENBHOE YBeIMYeHHE DKCIPeCCUu reHa katG::lacZ.

Takum o6pasoM, abupHbe Macia U aTaHOAbHbIe dKCcTpakTel O. basilicum u O.
vulgare SBIIAIOTCS TIOTEHI[UAIBHBIMM MCTOYHUKAMU aHTUMHMKPOGHBIX CpefcTB. B To ke
BpeMA COYeTaHMNEe BBIPAXKEHHBIX aHTI/I6aKTepI/IaJIBHLIX M aHTHOKCHUAAHTHBIX CBOWMCTB C
aHTHUPaZUKaIbHOM, MeTalI-XeJaTHPYIOlel, NHIUOUPYIOlell THPO3UHA3y aKTHBHOCTHIO,
Jenaer >bHUpHbIe Macia U dTaHOIbHbIe aKcTpakTel O. basilicum n O. vulgare Xopomum
UCTOYHUKOM I IpUMEHeHHI B MeZMI[uHe, (PapMaleBTUYeCKOH M KOCMETHIeCKOi
IIPOMBILITIEHHOCTH B Ka4eCTBe aHTUMUKPOGHBIX, 06€300IMBAIONINX, AaHTHOKCUJAHTHBIX U
oTOeNIMBAIOIIUX CPEJACTB. ByZy4u IIMPOKO HCIIOIB3yeMBIMM CIENMAMU U 00Jamas
YIOMAHYTHIMHU Bbille Guosnorudeckumu sddexramu, O. basilicum u O. vulgare taxxe

MOTyT GBITh MCIIOJIB30BaHbI B KAYECTBE KOHCEPBAaHTOB IMUIIEBBIX IIPOAYKTOB.
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