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To evaluate antioxidant, cytotoxic, antibacterial activities of
aerial parts ethanol extracts from Nepeta sibirica L. grown in
Mongolia
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ABSTRACT: Mongolia is rich in medicinal plants. In recent years, interest in plant-derived
food additives has grown. Many Lamiaceae species have a characteristic scent or taste,
which in many cases are the reason for their application in Mongolian traditional medicine.
This study was aimed to evaluate antioxidant, cytotoxic activities of aerial parts ethanol
extracts from Nepeta sibirica L. grown in Mongolia. The antioxidant and cytotoxic activities
of the essential oil and ethanol crude extracts were determined by using DPPH and MTT
assays. The ethanol extracts showed higher antioxidant activity than essential oil. The results
clearly showed that the essential oil presented satisfactory cytotoxic activity against two
human tumor cell lines HepG2 (human liver cancer cell line); AGS (human stomach cancer
cell line). Our work revealed that the ethanol extracts and essential oil of Nepeta sibirica L.
grown in Mongolia has potential as sources of new antioxidant, and cytotoxic compounds,
respectively.

Keywords: Nepeta sibirica L.; essential oil; antimicrobial; antioxidant, and cytotoxic
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Introduction

A number of aromatic medicinal plants used for treating infectious diseases have been mentioned in
different phytotherapy manuals due to their availability, fewer side effects, and reduced toxicity. The
essential oils of these aromatic plantst! are responsible for their fragrance as well as biological
properties.?l Essential oils are complex mixtures of volatile secondary metabolites that are responsible
for both the fragrant and biological effects of aromatic medicinal plants.*>! An important characteristic
of essential oils and their constituents is their hydrophobicity, which enables them to partition in the
lipids of bacterial cell membranes and mitochondria, thus disturbing the structures and rendering them
more permeable.[©]

The genus Nepeta (Lamiaceae), widely distributed in the Central and South Asia, Europe, the Middle
East and in some regions of tropical Africa, comprises about 300 perennial species (Wink, 2003).[2223]

Nepeta sibirica L. belongs to the family Lamiaceae.!’]

Mongolia is rich in essential oil medicinal plants. Mongolian traditional medicine has long history of
more than 2500 years.#?l There are about 60 clans, about 200 species?>?21, 300 kinds of essential oil
plants and 600 kinds of herbal plants have been registered, among of them, 150-200 kinds are commonly
used.[® Many essential oil plants have not been studied yet. It is important to investigate their chemical
compositions and biological activities by using traditional medicine.1%1123

The genus Nepeta from the Lamiacea comprises about 280 species and is distributed across most of
central and southern Europe, the near East, and central and southern Asia. Plants of this genus have been
used in folk medicine as antimicrobial agents, and their chemical composition has been researched
widely. Nepeta sibirica is a representative plant, which is a source of traditional medicines in Mongolia
used for digestive ailments, nervous system diseases and as antiseptics.™*

Nepeta sibirica L. has been used for the treatment of various diseases and is one of the traditional
medicines of Mongolia.™**]

The aim of this study was to evaluate the antioxidant and cytotoxic effects of essential oil and ethanol
extract from Nepeta sibirica L. grown in Mongolia.

The antioxidant activities of the essential oil and the ethanol extracts were tested by the 1,1-diphenyl-
2-picrylhydrazyl (DPPH) radical scavenging assay. The 3-[4,5-dimethylthiazol-2-yl]-2,5-
diphenyltetrazoliumbromide (MTT) colorimetric method was used for determining cytotoxic activity of
samples.

To the best of our knowledge, there are no published reports on the biological activities of the
essential oil and ethanol extracts of Nepeta sibirica L. grown in Mongolia. Therefore, it is important to
develop a better understanding of their mode of biological action for new application in human health.

Methods
Chemicals
Dimethyl sulfoxide (DMSO), and DPPH were purchased from Millipore-Sigma (Germany) and

WST was purchased from DoGen (Korea). RPMI 1640 medium and fetal bovine serum were
purchased from GIBCO (USA). Penicillin and streptomycin were purchased from Himedia (India). The
human hepatocellular cell line (HepG2) and human gastric cancer cell lines (AGS) were purchased from
ATCC (USA). All other chemicals were of analytical grade and purchased from Millipore-Sigma
(Germany) and DUKSAN Co. (Korea).

Plant material
Samples were collected from mountain of the Uvs aimag (Mongolia) on the July 2019. Voucher
specimens have been deposited in the herbarium of the Khovd State University, Mongolia.

Isolation of the Essential oil

The aerial parts (1.1 kg) of the freshly collected plants were finely chopped and hydro-distilled for 3 h
using a Clevenger-Adams type apparatus.[*?l The yield of the essential oil produced during the steam
distillation was 0.96% (v/w). The oil was then stored at 4°C prior to analysis.
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The GC-MS analysis of the essential oil sample was carried out using a Agilent 6890 gas chromatograph
equipped with mass selective detector MSD 5973 (Agilent) on capillary column HP5 (5% diphenyl and
95% dimethylsiloxane, 30 m x 0.25 mm x 0.25 pm (film thickness)). The temperature of injector is
280°C. The column temperature was programmed as follows: 2 min at 50°C, temperature increase at a
rate of 4 deg/min to 240°C and then at a rate of 20 deg/min to 280°C, isothermal period of 5 min.
Helium was used as a carrier gas (1.0 ml/min). MS conditions were as follows: ionization voltage of 70
eV, acquisition mass range 30-650, data acquisition rate of 1.2 scan/s. 1.0 ul of sample (solution of the
essential oil in hexane, 8.0 ul per 0.5 ml) was injected in a split mode with split ratio 100:1. A mixture
of normal hydrocarbons C8-C24 was added to the sample as a standard for determining linear retention
indices.

Essential oil components were identified by comparison of their mass spectra and linear retention
indices (relative to C8—C24 alkanes) with those reported in database developed in our laboratory. (13141

Extraction and fractionation

The air-dried and powdered whole plant (170 g) was extracted with 99% ethanol (2 L x 3) using
sonicator under room temperature. The resultant extracts were combined and evaporated in a rotary
vacuum evaporator (Buchi R-205, Switzerland) at 40°C to afford crude extracts. The obtained ethanol
crude extract was weighed (28 g) and stored in the refrigerator for the later analysis.

Determination of the Antioxidant activity

The assay was carried out according to the method of Brand-William et al.'¥] to investigate the free
radical scavenging activity of samples. Briefly, the samples were dissolved in ethanol at the
concentration of 100 mg/ml and then serially diluted by ethanol. On each well of a 96-well plate, 100 pl
of samples of different concentration were mixed together with 100 pl of 60 uM DPPH prepared in
ethanol. After incubation of 20-30 minutes for reaction, the absorbance of supernatants was measured at
517 nm by using Multi-detection Reader (Bio Tek Co.). Ethanol was used as negative control and -
tocopherol as positive control. The scavenging capacity (SC) of the sample was calculated using the
following formula:

SC (%) = [1-AS/AC] 100

Where, AS=is the net absorbance of the sample, AC=is the net absorbance of negative control. The 1C50
value of a sample is the concentration of sample at which 50% activity of DPPH (absorbance) is
inhibited. It was calculated by linear regression.

Determination of antimicrobial activity

To investigate the antimicrobial activity of essential oil and ethanol extract from N. sibiriva L., we
evaluated its effect on four different bacteria, such as S.enterica, B.subtillus, S.aureus, E.coli by Agar
diffusion method.

Determination cytotoxic activity

HepG2 cell was cultured in RPMI-1640 medium supplemented with 0.2% sodium bicarbonate,
1% penicillin-streptomycin and 10% fetal bovine serum at 37°C in 5% CO2 incubator. The four samples
were prepared as 30 mg/ml stock solutions in DMSO.

The HepG2 cell was treated by samples with final concentration of 300 pg/ml, 100 pg/ml, 50
ug/ml, 25 pug/ml and 10 pg/ml, and incubated for 24 hours. RPMI-1640 medium with 10% WST was
added to the treated cells. After 1-hour incubation, the cultured cells were quantified by
spectrophotometer, measuring the absorbance of the dye solution at 450 nm. Results of each extract
were compared to that of DMSO only treated control cells, 1% v/v DMSO.

The IC50 was calculated for each sample by IC50 Calculator by AAT Bioquest. Avoiding the
possibility of metabolic activity alteration thus tetrazolium dye reduction without affecting cell viability,
the results were then checked under microscope by examination of live condition. ¢
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Result and Discussion

Analysis of the Essential oil

The percentage contents of the essential oil component are summarized in Table 1. A total of 23
components were identified, representing 96.00% of the total oil. The terpenoides made up the largest
component of the oil and had many representative volatiles. The oxygenated monoterpenes (3.74%), and
oxygenated sesquiterpenes (24.82%), sesquiterpenes (64.29%) diterpenoid (were weakly represented
(3.15%). The main constituents were found to be -bourborene (14.19%), caryophyllene (9.51%), (E)- -
farnesene (7.28%), -bisabolene (8.07%), caryophyllene oxide (12.17%).

These differences might have been derived from local, climatic and seasonal factors (Table 1).

Antioxidant activity
DPPH i[siS]free radical compound that has been widely used to determine free radical scavenging
activity.

The effect of antioxidant on DPPH radical scavenging was thought to be due to their hydrogen
donating ability or radical scavenging activity. When a solution of DPPH is mixed with that of a
substance that can donate a hydrogen atom, then this gives rise to the reduced form DPPH (non radical)
with the loss of this violet color. [7]

The DPPH assay is used to analyze antioxidant activities by mechanism in which antioxidants act to
inhibit lipid oxidation, so scavenging of DPPH radical and therefore determinate free radical scavenging
capacity. The method was applied according to Brand-Williams et al.[*%]

Ethanol extract was dissolved in dimethyl sulfoxide (DMSO) to obtain a stock solution (30 mg/mL)
for antioxidant assays. The extract was prepared by two times dilution method in 96-well microtiter
plate. Also, Gallic acid standard solutions were prepared in 96 well micro liter plate for building of
standard curve, which is used for calculation of antioxidant activity of samples. The final results were
expressed as ug/ml of Gallic acid equivalent (See Figure 6).

The Essential oil of Nepeta sibirica L. did not show any antioxidant properties in DPPH assay.
Cytotoxic activity
To investigate the cytotoxic activity of ethanol extracts and essential oil from N. sibirica L., we
evaluated its effect on a selection of liver cancer cell line HepG2 and human stomach cancer cell line
AGS by Rapid colorimetric assay.

These cell lines were submitted to growing concentrations of essential oil and ethanol extract N.
sibirica L. for 24 and 48 hours. As shown in Figure 2-5, the essential oil of plant significantly active
against chosen human cancer cell lines tested the ethanol extract (See Figure 2-5).

Antimicrobial activity

To investigate the antimicrobial activity of essential oil and ethanol extract from N. sibirica L., we
evaluated its effect on four different bacteria, such as S.enterica, B.subtillus, S.Aureus, E.coli (See Table
2).

Conclusion

In recent years, interest in plant-derived food additives has grown. Plant extracts might substitute
synthetic food antioxidants, which may influence human health when consumed chronically. (8]

This study on essential oil chemical composition and biological activities of Nepeta sibirica L. grown
in Mongolia were not well performed before.

Essential oils hydrodistilled from Nepeta sibirica L. were found to be rich in B-bourborene,
caryophyllene, (E)-B-farnesene, B-bisabolene and d-cadinene.

The antioxidant activity of the ethanol extracts were moderate than essential oil. The results clearly
showed that the ethanol extracts presented satisfactory cytotoxic activity against 2 human cancer cell
lines tested. The results of this work also demonstrate the potential of N.sibirica L. ethanol extracts as a
new antioxidant and cytotoxic agents for human health.
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Table 1. Main components (%) of the essential oil from Nepeta sibirica L. grown in
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Figure 1. GC/MS analysis of essential oil from Nepeta sibirica L. grown in Mongolia
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Figure 2. Cytotoxicity (%) of ethanol extract from N.sibirica L.growing in Mongolia against
HepG2 cell line. Cell was treated with the fractions for 24 h at a concentration of 10-300

pl/ml.
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Figure 3. Cytotoxicity (%) of essential oil from N.sibirica L.growing in Mongolia against
HepG2 cell line. Cell was treated with the fractions for 24 h at a concentration of 10-300

pl/ml.
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Figure 4. Growth inhibitory effect of ethanol extract N. sibirica L. on AGS cells after 24
hours treatment. The results are expressed as percentage of untreated control
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Figure 5. Growth inhibitory effect of essential oil N. sibirica L. on AGS cells after 24 hours
treatment. The results are expressed as percentage of untreated control
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Table 2. Growth inhibition effect of essential oil and ethanol extract from N. sibirica L. on
gram positive and negative bacteria
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Figure 6. Radical scavenging activity of ethanol extract from Nepeta sibirica L. grown in
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