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Abstract: The aim of this work was to study the polyphenolic composition of Deschampsia 
antarctica È. Desv. plants grown in natural conditions at different locations on the Galindez 
Island, Argentine Islands, the maritime Antarctic. The plants were collected during the 
summer season of the 26th Ukrainian Antarctic Expedition (2020–2022). The extracts of 21 
plants were obtained and the composition of the extracts was analyzed by means of high- 
performance liquid chromatography and matrix-assisted laser desorption/ionization mass 
spectrometry. The antioxidant properties of the extracts were characterized using the DPPH 
(2,2-diphenyl-1-picrylhydrazyl) test. The extracts contained large amount of polyphenolic 
compounds, with flavonoids and phenolic acids, as well as their derivatives, being the most 
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common classes of the phenols. Using the HPLC data the content of various phenols in the
plants was systematic studied. It has been found that in all plants the most abundant phenols
were flavonoids/flavonoid derivatives (on average about 75% of total mass of phenols).
Among the flavonoids, luteolin derivatives predominated (86–94% of the total mass of
flavonoids), and, among luteolin derivatives, the main compounds were orientin, orientin
2"-O-β-arabinopyranoside and isoswertiajaponin 2"-O-β-arabinopyranoside (67–83% of the
total mass of luteolin derivatives). It has been also found that all the extracts had high
activity in inhibition of DPPH radicals and that the antioxidant activity of the extracts
correlated with total content of phenols in the samples. Thus, Deschampsia antarctica É.
Desv. plants are a valuable source of natural phenolic antioxidants, and the most common
antioxidants in the extracts are orientin, orientin 2"-O-β-arabinopyranoside and isoswertia-
japonin 2"-O-β-arabinopyranoside.

Keywords: West Antarctic, antarctic hairgrass, polyphenolic antioxidants, flavonoids,
luteolin derivatives.

Introduction

Plant secondary metabolites are widely used by mankind. Special attention is
paid to the search for plant raw materials with a high content of biologically
active compounds, including phenolic metabolites that possess antioxidant, anti-
inflammatory, and antimicrobial properties. Natural complexes of biologically
active compounds have a positive effect on physiological processes in the human
body and on increase in its resistance. Typically, the content of bioactive
compounds in most plants depends on their species, physiological state, stage of
development, climate of the area, and cultivation technology (Kunakh 2005). The
synthesis of polyphenols in plants is known to increase under stressful conditions,
such as infection, damage, or UV irradiation (Ahmed et al. 2017). Therefore,
there are reasons to consider Antarctic flowering plants growing in extreme
environmental conditions and under high radiation levels as a promising source
of polyphenolic compounds (Montiel et al. 1999; Zamora et al. 2013; Gidekel
2014; Köhler et al. 2017).

Interest in Deschampsia antarctica É. Desv. plants growing in the harsh
Antarctic conditions led to the appearance of number of works devoted to the
investigation of the biochemical composition of the plant extracts, their
antioxidant properties and possible application areas. Thus, for instance, it has
been shown (Pereira et al. 2009; Gidekel et al. 2014; Perez-Davó et al. 2019;
Zamarrón et al. 2019) that the compounds extracted from D. antarctica plants
demonstrate antioxidant activity and may be used as photoprotective and
antiaging agents. D. antarctica plant extract was found to protect human skin
fibroblasts from the action of aggressive oxidants and environmental pollutants
(Ortiz-Espіn et al. 2017; Fernández-Martos et al. 2021). The biological activity
of extracts is associated, in particular, with the availability of substances with
antioxidant properties, e.g., polyphenols. It has been proven that the phenolic
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metabolites of D. antarctica have antitumor activity and are able to inhibit the
proliferation of melanoma cells (Gidekel et al. 2010; Poronnik et al. 2014),
suppress the growth of colorectal carcinoma and liver metastases (Malvicini et al.
2018). Several studies were devoted to an assessment of the total content of
phenolic compounds in D. antarctica plants, using the Folin-Ciocalteu method,
and of the content of flavonoids, using a characteristic color reaction with
aluminum chloride (Sequeida et al. 2012; Köhler et al. 2017; Twardovska et al.
2021). Nine main flavonoids (derivatives of luteolin, apigenin, and tricetin) were
identified in the majority of D. antarctica plants (Webby and Markham 1994).
A number of studies was devoted to the influence of plants growing conditions on
the content of useful compounds (van de Staaij et al. 2002). Another direction of
research is the introduction of the plant into in vitro culture and the investigation
of the biochemical composition of the plants grown under such artificial
conditions (Zahrychuk et al. 2011, 2012; Sequeida et al. 2012; Cortés-Antiquera
et al. 2021). Cultivation of D. antarctica in vitro is expected to provide an
opportunity to produce bioactive compounds under standard conditions and in the
required quantity (Twardovska et al. 2021). Despite the growing volume of the
studies on D. antarctica, the data on the biochemical composition of the plants
are still incomplete. Also, there are no reliable quantitative data on the content of
various polyphenols in the plants.

The aims of this work were to identify the main polyphenols available in
D. antarctica growing in several locations of the Galindez Island (Argentine
Islands), to evaluate the content of these polyphenolic compounds in the plants
and to study the antioxidant properties of the plant extracts. Plant samples were
collected in open and relatively sheltered (protected) areas from eleven different
locations on Galindez Island during the summer season of the 26th Ukrainian
Antarctic Expedition.

Materials and methods

The origin and basic characteristics of plant material. — For biochemical
screening of the samples, plant material comprising of undamaged green parts of
D. antarctica cushions, collected during the summer season of the 26th Ukrainian
Antarctic Expedition (2020–2021), was used. Plants were collected in both
relatively open and more protected areas of eleven populations of Galindez
Island. The corresponding samples are marked with the letters O (open) and
P (protected). Plants from the so-called "protected areas" are plants that did not
grow on completely open surfaces but were partially sheltered from the influence
of wind and sun, e.g., these are plants in crevices, or those that look out from
under stones. Despite the fact that the protection factor has a somewhat tentative
character, we used this approach in an attempt to clarify the influence of plant
growth conditions on the synthesis of useful metabolites. The places of plant
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selection on Galindez Island are marked in Fig. 1, and the list of samples and the
geographical coordinates of the sites are given in Table 1. The localities, where
the samples were collected, also differed from each other by the presence or
absence of penguins/flying birds activity in the vicinity of the sites. In general,
this factor can significantly affect the plants growth.

Preparation of plant extracts. — The extracts were prepared from dry plant
leaves. Dry leaves were frozen to –20°C, then crushed and poured with methanol
at the rate of 50 mL per 1 g of raw material. The extraction was carried out with
sonication for 2 hours (4 times for 30 min with breaks of 15 min) at a temperature
of 60°C. Upon completion of the ultrasound treatment, the samples were cooled
and stored at –20°C.

Fig. 1. Locations where Deschampsia antarctica É. Desv. plants were collected.
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Analysis of the extracts composition by high-performance liquid
chromatography. — Analysis and determination of classes of biologically
active substances was carried out using an automatic four-channel liquid
chromatograph Agilent 1100 with a diode-matrix detector. Separations were
carried out on the chromatographic column Poroshell 120 EC-C18 (2.1x150 mm
2.7 μm). The following gradient composition used for each analysis: 0–2 min –
99% A + 1% B at the flow rate 0.2 mL min−1, 8 min – 92% A + 8% B at the flow
0.2 mL min−1, 28 min – 67% A + 33% B at the flow 0.2 mL min−1, 38 min –
1% A + 99% B at the flow rate 0.2 mL min−1, 48 min – 1% A + 99% B at
the flow rate 0.2 mL min−1, 50 min – 1% A + 99% B at the flow rate increased
to 0.6 mL min−1, 69 min – 1% A + 99% B at the flow rate 0.6 mL min−1,
78 min – 99% A + 1% B at the flow rate decreased to 0.2 mL min−1, where A is
water (0.05 M H3PO4) and B is acetonitrile. The injection volume was 5 μL,
column temperature was 20°С at 0 min and increased to 40°С at 45 min.
Detection was performed at the wavelengths of 206 nm, 230 nm, 242 nm,
372 nm, and 550 nm.

Ta b l e 1 .

Places of origin of Deschampsia antarctica plant samples form Galindez Island,
Argentine Islands. A detailed description of permanent plots of the populations is

described elsewhere (Miryuta et al. 2019).

Number
of location
(see Fig. 1)

Permanent plot
of Deschampsia
antarctica

population / Sample
name

Geographical Coordinates

Presence of
ornithogenic influence:
penguins or flying birds
activity sites or nesting

places

1 D1 65°14.686’S 64°15.348’W +

2 D2 65°14.740’S 64° 15.409’W −

3 D3 65°14.849’S 64°14.474’W +

4 D4 65°14.921’S 64°14.307’W +

5 D5 65°14.896’S 64°14.714’W −

6 D6 65°14.880’S 64°14.553’W +

7 D7 65°14.751’S 64°15.459’W −

8 D9 65°14.726' S 64°15.002' W −

9 D10 65°14.704’S 64°15.160’W +

10 D11 65°14.779’S 64°14.912’W −

11 D12 65°14.842'S 64°15.206' W +
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The content of substances in raw materials was calculated according to the
formula:

C ¼
A � 1000 �V

" �Vinj �mrm

where C is the concentration of a substance, mg g−1; А – the peak area for
a substance in a chromatogram; ε – the proportionality factor, mg−1;
Vinj – a volume of the sample injected into the chromatograph, µL; mrm - the
row material mass, g; V - the total volume of an extract, mL.

The content of individual classes of substances was recalculated to that for
substances belonging to this class or having a very similar structure: the content
of hydroxycinnamic acids (OC) was recalculated to chlorogenic acid; derivatives
of simple phenols and hydroxybenzoic acids (OB) – to gallic acid; apigenin
derivatives (AD) – to vitexin; derivatives of luteolin (LD) and tricetin (TD) as
well as of other flavonoids (FLO) – to orientin.

Analysis of the extracts composition by matrix-assisted laser desorption/
ionization mass spectrometry. — Qualitative analysis of the extracts was
performed using matrix-assisted laser desorption/ionization time-of-flight mass
spectrometry (MALDI MS). Mass spectra were recorded in positive ion
registration mode using an Autoflex II mass spectrometer (Bruker Daltonics
Inc., Germany) equipped with a nitrogen laser (337 nm). Sample preparation for
the analysis was carried out as follows. 1 μL of the extract solution was applied to
the steel target, and after drying an additional 1 μL of the matrix solution was
applied. α-cyano-4-hydroxycinnamic acid (HCCA, a saturated solution in
a mixture of acetonitrile, deionized water, and trifluoroacetic acid in a volume
ratio of 70:30:0.1) was used as a matrix. After drying the samples were subjected
to laser desorption/ionization in the pulse mode: the duration of the laser pulse
was 3 ns, and the frequency was 20 Hz. Spectra were recorded in linear mode
with an ion extraction delay of 10 ns and an accelerating voltage of 20 kV. The
resulting spectra were the sum of 20 individual spectra obtained as a result of
irradiation with 25 pulses at each the individual point with the deposited sample.
The laser power was determined by the optimal signal-to-noise ratio and, where
possible, kept the same for different samples.

Preliminary MALDI mass spectra processing (smoothing, baseline correc-
tion, and determination of major isotope peaks) was performed using
FlexAnalysis software (Bruker Daltonics, Germany). Further processing of the
mass spectra (in the form of a list of individual analytically important peaks (m/
z – intensity) of the main isotopes) was carried out using the mMass program
(http://www.mmass.org). Using this program, the peaks belonging solely to the
analyte were located and the so-called "derivatized" MALDI mass spectra were
plotted. Then, using the public databases on polyphenols, carotenoids, and other
plant metabolites (http://phenol-explorer.eu/; http://carotenoiddb.jp/; http://meta-
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bolomics.jp/wiki/Main_Page) as well as taking into account the results of HPLC
analysis and the data from the literature (Webby and Markham 1994; Hillenkamp
and Peter-Katalinic 2007; Suzuki et al. 2009), the most probable components of
D. antarctica plant extracts were identified.

Study on the antioxidant properties of the extracts. — The reaction with
the stable free radical 2,2-diphenyl-1-picrylhydrazyl (DPPH) was used to evaluate
the antiradical activity of the extracts (Brand-Williams et al. 1995). Usually,
according to the standard procedure of the DPPH test, 1 mL of the studied extract
is added to 2 mL of 70% ethanol and 2 mL of a 0.15 mM solution of DPPH in
70% ethanol. The mixture is stirred, and the concentration of stable radicals at
different times after the start of the reaction is determined spectrophotometrically
by the change in optical density at the absorption maximum of the DPPH solution
at 520 nm. Since all the extracts under study were highly active in the reaction (an
instant disappearance of color was observed when these extracts were added to the
DPPH solution), they were 10-times diluted before testing. The DPPH30
parameter (the percentage of radicals inhibited by antioxidants within 30 min)
was used to characterize the properties of the extracts.

Results

High-performance liquid chromatography analysis of the composition
of the extracts. — An example of chromatograms typical for the investigated
extracts of D. antarctica plants from Galindez Island, Argentine Islands, is
shown in Fig. 2. The obtained chromatograms indicate that the extracts contain
such compounds as simple phenols and hydroxybenzoic acids and/or derivatives
of simple phenols and hydroxybenzoic acids (phenolic compounds of group 1);
hydroxycinnamic acids and/or derivatives of hydroxycinnamic acids (phenolic
compounds of group 2); flavonoids and/or flavonoid derivatives (phenolic
compounds of group 3); terpenoids and sterols; catabolites of chlorophylls;
carotenoids. From the point of view of the antioxidant properties of the extracts,
phenolic compounds are of the greatest interest among the identified substances.
Chromatograms of the extracts show the presence of several representatives of
each of the three specified classes of phenols (Fig. 2). Among the flavonoids, the
most intense signals belong to three luteolin derivatives, designated as LD1–
LD3, respectively; other luteolin derivatives are marked as LDO. Also, in the
chromatograms there are signals of such flavonoids as apigenin derivatives (AD)
and tricetin derivatives (TD). The data on the content of various phenols in
plants from different open/protected areas of Galindez Island are shown in
Tables 2 and 3.

The obtained results indicate a high content of polyphenols in the D. antarc-
tica extracts, although the amount of compounds in the plants varies significantly.
The total amount of phenolic compounds in the samples varies in the range of
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4.0–26.3 mg g−1, the amount of hydroxybenzoic, hydroxycinnamic acids and
flavonoids – in the range of 1.5–4.1, 0.5–1.8 and 2.4–22.8 mg g−1, respectively.
Among the polyphenols, flavonoids prevail (the flavonoid fraction on average is
74% of the total content of polyphenols), and among flavonoids, luteolin
derivatives predominate (86–94% of the total mass of flavonoids, Table 3). In
most cases, plants from relatively protected areas have a higher phenolic content
than plants from open areas, although the differences between plants from
different localities can be more significant than between open and protected areas
of the same locality (Fig. 3). At the same time, there is no clear effect of the
presence of penguin or flying bird activity in the immediate vicinity of plant
collection sites on the intensity of polyphenol synthesis in plants. Indeed, for
one half of the samples (D3, D4, D12) collected near nesting sites, the content of
phenols is higher than the average value for all the samples, and for the other half
(D1, D6, D10) it is lower.

Fig. 2. Fragments of the chromatograms (1 – 206 nm, 2 – 300 nm, 3 – 350 nm) for the extracts of
Deschampsia antarctica plants from relatively open (A) and from protected (B) places of D4
locality on Galindez Island, Argentine Islands. Peak designations: OВ – derivatives of simple
phenols and hydroxybenzoic acids; ОC – derivatives of hydroxycinnamic acids; LD1 – luteolin
derivative 1; LD2 – luteolin derivative 2; LD3 – luteolin derivative 3; LDO – other luteolin
derivatives; AD – apigenin derivatives; TD – tricetin derivatives; FLO – other flavonoids.
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Tab l e 2 .

The content of compounds belonging to the main groups of phenols in Deschampsia
antarctica plants from different localities on Galindez Island, Argentine Islands.

Sample
The content of compounds (mg g-1 of dry leaves)

R1 (%)
OB OC Sum of

flavonoids
Sum of

polyphenols

D1 2.7 0.5 9.2 12.4 74
D2, O/P 2.1/2.0 0.5/0.6 5.5/5.9 8.1/8.5 68/69
D3, O/P 2.6/4.1 1.1/1.1 10.7/14.5 14.4/19.7 74/74
D4, O/P 2.1/3.2 1.2/0.9 10.8/15.4 14.1/19.5 77/79
D5, O/P 1.5/1.5 0.9/0.7 8.3/8.6 10.7/10.8 78/80
D6, O/P 1.8/1.5 0.5/0.7 2.9/5.8 5.2/7.9 56/73
D7, O/P 2.0/2.7 0.7/1.8 10.4/12.3 13.0/16.8 80/73
D9, O/P 2.7/2.5 0.9/0.8 8.9/12.1 12.4/15.5 72/78
D10, O/P 1.3/2.1 0.3/0.6 2.4/6.2 4.0/8.9 60/70
D11, O/P 2.1/2.2 0.8/1.3 15.0/22.8 17.9/26.3 84/87
D12, O/P 2.6/3.5 1.0/1.4 11.3/15.2 14.8/20.1 76/76

O/P – open/protected location; R1 is a percentage of the total mass of flavonoids relative to the total mass of
polyphenols.

Ta b l e 3 .

The content of flavonoids / flavonoid derivatives in Deschampsia antarctica plants from
different localities on Galindez Island, Argentine Islands.

Sample
Flavonoids content (mg g−1 of dry leaves) R2

(%)
R3
(%)LD1 LD2 LD3 LDO AD TD FL

D1 2.5 1.2 2.7 2.0 0.4 0.4 9.2 91 76
D2, O/P 0.9/0.7 0.9/0.9 2.2/2.1 1.1/1.4 0.2/0.4 0.2/0.4 5.5/5.9 93/86 78/73
D3, O/P 3.0/3.7 1.3/2.0 2.9/4.9 2.5/3.1 0.4/0.4 0.6/0.5 10.7/14.5 91/94 74/77
D4, O/P 2.4/5.8 1.6/1.3 3.6/3.4 2.3/3.1 0.4/0.7 0.5/1.1 10.8/15.4 92/88 77/77
D5, O/P 2.1/2.5 1.3/1.1 3.0/2.3 1.4/2.1 0.2/0.3 0.2/0.3 8.3/8.6 94/93 82/73
D6, O/P 0.5/1.3 0.3/0.7 0.8/1.7 0.9/1.5 0.2/0.3 0.2/0.4 2.9/5.8 86/88 67/71
D7, O/P 2.6/2.7 1.3/1.8 3.4/3.5 2.1/3.0 0.4/0.6 0.6/0.7 10.4/12.3 90/89 78/73
D9, O/P 2.3/3.7 1.2/1.2 2.6/3.4 1.8/2.2 0.4/0.6 0.6/1.0 8.9/12.1 89/87 77/79
D10, O/P 0.4/1.3 0.3/0.9 1.0/2.7 0.5/1.1 0.1/0.2 0.1/0.1 2.4/6.2 92/95 77/82
D11, O/P 6.1/8.9 1.4/1.7 3.4/4.5 2.3/3.9 0.6/1.3 1.3/2.5 15.0/22.8 87/86 83/79
D12, O/P 3.5/4.5 1.1/2.0 3.5/4.1 1.9/3.0 0.5/0.7 0.7/0.9 11.3/15.2 89/90 81/78

LD – luteolin derivatives, AD – apigenin derivatives, TD – tricetin derivatives, FL – sum of flavonoids; R2 is
a mass fraction (percentage) of luteolin derivatives relative to the total flavonoids; R3 is a mass fraction
(percentage) of the three main luteolin derivatives relative to all its derivatives.
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Identification of biologically active compounds in the extracts by
MALDI MS. — More careful identification of individual extracts constituents,
in particular flavonoids, was performed by MALDI MS. An example of the
derivatized MALDI mass spectra for extracts of D. antarctica plants from the
locality D4 is shown on Fig. 4. In the mass spectra of the extracts from plants
grown both in open and in protected areas, the main dominant signals are the
peaks assigned to protonated molecular ions of the following flavonoids: orientin
(m/z 449.1), orientin 2"-O-β-arabinopyranoside (m/z 581.2), and isoswertiaja-
ponin 2"-O-β-arabinopyranoside (m/z 595.2). These three compounds were
shown to correspond to the three main flavonoids LD1–LD3 registered in the
chromatograms of the extracts (Fig. 2). Indeed, after the chromatographic
isolation of LD1, LD2, and LD3 fractions from D4 P extract, followed by their
MALDI mass spectrometric analysis, it has been confirmed that the LD2 peak
belongs to orientin, and it has been also revealed that LD1 corresponds to orientin
2"-O-β-arabinopyranoside, and LG3 – to isoswertiajaponin 2"-O-β-arabinopyr-
anoside (Fig. 5).

In addition to luteolin derivatives, other flavonoids, which are characteristic
of D. antarctica extracts (according to Webby and Markham 1994), were found
in almost all the samples examined: tricin (tricetin derivative), isoswertisin
(apigenin derivative), isoswertiajaponin (luteolin derivative), isosvertisin 2"-O-β-
arabinoside (apigenin derivative), isoswertisin 2"-O-β-arabinoside acylated
(apigenin derivative), and isoswertiajaponin 2"-O-β-arabinopyranoside acylated
(luteolin derivative). Intensities of the signals in the MALDI mass spectra,
assigned to protonated molecular ions of the above nine flavonoids, as well as
their molecular formulas, are given in Table 4.

Also, MALDI mass spectra contain peaks with m/z 147.1, 296.1, 493.0,
assigned to protonated molecular ions of coumarin, radical cations of flavonoids

Fig. 3. Total amount of polyphenols in Deschampsia antarctica plants from Galindez Island,
Argentine Islands, grown in open and protected areas.
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(derivatives of flavones/isoflavonoids) and sodium molecular cations-adducts of
phenolic acids (valoneic acid dilactone), respectively. Other signals can be
attributed to phenolic acids (m/z 138.1,152.1, 222.0, 343.1, 365.1), carboxylic
acids (m/z 156.0, 176.0, 518.3, 520.3, 925.1), flavonoids (in addition to the nine
above-mentioned typical ones, m/z 258.1, 329.1, 411.0, 413.2, 431.1, 461.1,
475.2, 477.0, 527.2, 543.2, 565.2, 603.2, 609.3, 633.2, 637.2, 679.2, 682.0, 698.0,
704.0, 720.0), carotenoids (m/z 975.6), chlorophylls and their derivatives
(m/z 593.3, 871.6, 909.1).

Study on antioxidant properties of the extracts. — The high content of
phenolic compounds in D. antarctica plants as well as the high percentage of
such active antioxidants as luteolin and/or luteolin derivatives among the phenols
allows one to expect significant antioxidant/antiradical properties of the
corresponding extracts. The inhibition of the DPPH radicals by 10-fold diluted
extracts is shown in Fig. 6 and the dependence of the DPPH30 parameter on the
total content of polyphenols in the samples is given in Fig. 7.

Fig. 4. Derivatized MALDI mass spectra of extracts for the Deschampsia antarctica plant samples
from the locality D4 - open (A) and protected (B) on Galindez Island, Argentine Islands.
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The obtained data indicate the high activity of all extracts in the reaction with
DPPH radicals: even 10-fold diluted extracts inhibit up to 85% of radicals. The
values of the DPPH30 parameter increase with an increase in the total content of
polyphenols in plants up to 10–12 mg g−1, while a further increase in the
polyphenols content does not lead to a corresponding change in the parameter

Fig. 5. The fragment of MALDI mass spectra of (upside down): pure HCCA, HCCA+D4 P extract,
and HCCA+LD1, LD2 and LD3 fraction, respectively, after HPLC isolation from D4 P extract.

352 Roman Ivannikov, Viktor Anishchenko et al.



T
ab
le
4.

A
bs
ol
ut
e
in
te
ns
ity
(I
)
of
pe
ak
s
in
M
A
LD
I
m
as
s
sp
ec
tra
,c
or
re
sp
on
di
ng
to
ni
ne
pr
ot
on
at
ed
m
ol
ec
ul
ar
io
ns
of
th
e
m
ai
n
fla
vo
no
id
s
of

D
es
ch
am
ps
ia
an
ta
rc
tic
a
pl
an
ts
(W
eb
by
an
d
M
ar
kh
am

19
94
)f
ro
m
G
al
in
de
z
Is
la
nd
,A
rg
en
tin
e
Is
la
nd
s.
Th
e
th
re
e
m
os
ti
nt
en
se
si
gn
al
sf
or
ea
ch

sa
m
pl
e
ar
e
hi
gh
lig
ht
ed
in
bo
ld
.

m
/z

(io
n)

33
1.
1

([
M
1+
H
]+
)

44
7.
1

([
M
2+
H
]+
)

44
9.
1

([
M
3+
H
]+
)

46
3.
1

([
M
4+
H
]+
)

57
9.
2

([
M
5+
H
]+
)

58
1.
2

([
M
6+
H
]+
)

59
5.
2

([
M
7+
H
]+
)

62
1.
2

([
M
8+
H
]+
)

63
7.
2

([
M
9+
H
]+
)

Sa
m
pl
e

І,
a.
u.

І,
a.
u.

І,
a.
u.

І,
a.
u.

І,
a.
u.

І,
a.
u.

І,
a.
u.

І,
a.
u.

І,
a.
u.

D
1

21
80

50
2

13
18

0
38
48

70
3

88
02

95
52

20
5

12
74

D
2
O

85
6

45
2

93
90

34
79

57
9

77
34

95
73

—
10
15

D
2
P

16
30

68
3

11
92

8
50
44

94
9

67
69

13
22

3
32
5

24
87

D
3
O

15
27

25
1

96
00

23
85

29
1

87
10

57
54

19
5

10
96

D
3
P

15
85

12
02

22
26

6
79
33

14
77

18
37

6
20

48
0

45
7

35
67

D
4
O

16
80

30
2

13
45

6
22
68

28
0

54
34

60
97

13
2

92
4

D
4
P

12
72

47
8

11
93

9
32
09

49
9

12
71

5
94

86
23
3

12
45

D
5
O

32
59

11
35

24
87

4
46
54

17
78

26
31

11
67

5
32
2

20
13

D
5
P

28
23

12
62

22
22

1
67
86

13
27

96
87

14
31

7
38
1

37
76

D
6
O

25
42

97
6

10
16

2
49
21

14
82

57
29

11
04

9
53
8

30
37

D
6
P

18
09

88
5

12
02

2
46
76

11
84

90
70

11
53

9
34
0

30
04

D
7
O

34
86

80
1

18
25

6
49
55

11
32

16
84

5
15

89
5

27
9

20
26

D
7
P

33
36

64
2

16
75

5
45
33

78
7

22
90

7
12

34
4

30
3

18
12

D
9
O

38
85

76
7

20
91

2
49
79

88
9

23
13

1
17

33
4

30
7

25
80

Secondary metabolites of Deschampsia antarctica 353



m
/z

(io
n)

33
1.
1

([
M
1+
H
]+
)

44
7.
1

([
M
2+
H
]+
)

44
9.
1

([
M
3+
H
]+
)

46
3.
1

([
M
4+
H
]+
)

57
9.
2

([
M
5+
H
]+
)

58
1.
2

([
M
6+
H
]+
)

59
5.
2

([
M
7+
H
]+
)

62
1.
2

([
M
8+
H
]+
)

63
7.
2

([
M
9+
H
]+
)

D
9
P

59
38

77
1

23
69

6
54
63

10
45

13
75

6
19

04
4

25
8

21
72

D
10
O

10
73

61
5

75
08

31
98

63
6

85
88

85
93

—
93
0

D
10
P

77
9

66
0

12
39

0
49
14

73
4

14
98

1
16

69
0

—
14
34

D
11
O

85
11

67
8

34
28

4
55
35

71
6

18
21

0
13

84
0

33
7

13
27

D
11
P

93
92

70
7

23
45

8
41
86

88
1

84
61

91
20

27
3

11
75

D
12
O

14
37

28
0

10
48

2
24
84

23
9

73
37

74
09

—
62
4

D
12
P

32
57

67
7

20
46

5
37
98

76
4

23
67

1
12

79
7

—
20
22

M
1
–
tri
ci
n
(С
17
Н
14
О
7)
,M

2
–
is
os
w
er
tis
in
(С
22
Н
22
О
10
),
M
3
–
or
ie
nt
in
(С
21
Н
20
О
11
),
M
4
–
is
os
w
er
tia
ja
po
ni
n
(С
22
Н
22
О
11
),
M
5
–
is
os
w
er
tis
in
2"
-O
-β
-a
ra
bi
no
si
de
(С
27
Н
30
О
14
),

M
6
–
or
ie
nt
in
2"
-O
-β
-a
ra
bi
no
py
ra
no
si
de

(С
26
Н
28
О
15
),
M
7
–
is
os
w
er
tia
ja
po
ni
n
2"
-O
-β
-a
ra
bi
no
py
ra
no
si
de

(С
27
Н
30
О
15
),
M
8
–i
so
sw
er
tis
in
2"
-O
-β
-a
ra
bi
no
si
de

ac
yl
at
ed

(С
29
Н
32
О
15
),
M
9
–
is
os
w
er
tia
ja
po
ni
n
2"
-O
-β
-a
ra
bi
no
py
ra
no
si
de
ac
yl
at
ed
(С
29
Н
32
О
16
).

Ta
bl
e
4
-
co
nt
in
ue
d.

354 Roman Ivannikov, Viktor Anishchenko et al.



(apparently due to an excess of antioxidants even in diluted solutions). Thus, the
antioxidant properties of the extracts correlate with the content of phenols
in plants and, in most cases, antioxidant activity is higher for extracts from
D. antarctica plants grown in protected areas.

Discussion

Although D. antarctica seems to be a promising raw material for the
extraction of natural phenolic antioxidants, there are still no complete data on
which phenols and in what quantities are synthesized in the plants. If one

Fig. 6. Examples of the curves for inhibition of DPPH radicals by extracts from Deschampsia
antarctica plants collected on open (curves 1) and protected (curves 2) areas of locations D2 (A),
D3 (B), D4 (C), D6 (D), D11 (E), D12 (F) on Galindez Island, Argentine Islands. All extracts were
10-fold diluted before testing.
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considers plants as raw materials for obtaining antioxidants of natural origin, it is
necessary to make a quantitative assessment of the content of these compounds in
the plants. The use of Folin-Ciocolteu method and the characteristic color
reaction with aluminum chloride to estimate the total content of phenols and to
estimate the content of flavonoids, respectively, allows a qualitative comparison
of the amount of active substances in different samples according to their activity
in the corresponding reactions, but cannot be considered as a reliable
characterization of the content of the compounds in a specific plant. Thus, for
instance, the use of these methods gives contradictory results, when the total
amount of phenolic compounds in the plant (~12.8–19.6 mg equivalent of ferulic
acid per 1 g of dry leaves) turns out to be less than the mass of substances that
belong to only one of the polyphenols classes – flavonoids (~16.6–25.3 mg
equivalent of rutin per 1 g of dry leaves) (Twardovska et al. 2021). Such
inconsistency seems to be a consequence of the fact that the aforementioned
methods are not direct methods of determining the amount of compounds in
a mixture, and the reactivity of a mixture of compounds of different structures
depends not only on the amount of compounds in the solution, but also on
a number of other factors. In our work, we used the HPLC method to
systematically study the content of active compounds in extracts of D. antarctica
and, accordingly, to find correlations between plant growing conditions, the
content of individual components, and antioxidant properties of extracts. HPLC
allows the assessment of the compound content in the extract by comparing the
signal area of the corresponding compound with the signal area of the reference
substance. Previously, HPLC was used to identify some components of extracts
(van de Staaij et al. 2002), to determine the content of one of the metabolites
- orientin (Twardovska et al. 2021), to compare the relative content of several

Fig. 7. Dependence of the DPPH30 parameter for 10-fold diluted extracts on the total content of
phenols in Deschampsia antarctica plants from Galindez Island, Argentine Islands.
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individual components (van de Staaij et al. 2002), but not for the general
quantitative characterization of the composition of the extracts.

The content of bioactive compounds in plants growing in natural conditions
can vary in a wide range. Thus Navrotska et al. (2018) determined the content of
polyphenols as 51.1 to 105.4 mg g−1 (expressed in terms of gallic acid
equivalent). At the same time Twardovska et al. (2021) estimated the content of
phenolic compounds in plants from various locations on the Galindez Island,
Great Yalour Island, Darboux Island, and the Rasmussen Point as 12.8–19.6 mg
equivalent of ferulic acid per 1 g of dry leaves (from the data of Folin-Ciocolteu
method). Ivannikov et al. (2021) registered a change in the polyphenol content in
the range of 3.0–8.0 mg g−1 of dry leaves for plants from 6 locations on different
islands of the maritime Antarctic. In this study, the content of polyphenols ranged
from 4.0 to 26.3 mg g−1.

The content of bioactive compounds depends on plant growth conditions,
although, for example, van de Staaij et al. (2002) showed that such an important
factor as increasing the intensity of radiation did not have a direct effect on the
promotion of antioxidants synthesis. The degree of plant protection from the
negative effects of weather conditions (e.g., from cold wind) seems to be one of
the factors that can affect the processes of biosynthesis in a plant. Comparison
of our data on the content of polyphenols in plants from open and relatively
protected areas of the same locations D2–D12 of Galindez Island shows that, in
general, the mass of polyphenols per 1 g of biomass in plants from protected
areas is greater than in plants from open areas (Fig. 3). At the same time,
differences in the content of polyphenols between plants from different
locations are more significant than between open and protected areas of the
same location (Fig. 3).

Literature data on the composition of D. antarctica extracts indicate that the
plants contain such flavonoids as derivatives of luteolin, apigenin, tricetin
(Webby and Markham 1994; Gidekel et al. 2010; Patell et al. 2011), and in some
cases – kaempferol and quercetin (Ruhland et al. 2005). Among phenolic acids,
p-coumaric, caffeic, ferulic acids (Ruhland et al. 2005; Gidekel et al. 2010; Patell
et al. 2011), and o/m/p-hydroxybenzoic acid are common (Gidekel et al. 2010;
Patell et al. 2011). Coumarins, carotenoids, and chlorophyll catabolites were also
found in D. antarctica extracts (Xiong and Day 2001; Ruhland et al. 2005;
Pereira et al. 2009). Our mass spectrometric and chromatographic studies
confirm that the extracts contain all the main flavonoids registered elsewhere
(Webby and Markham 1994), as well as a number of other bioactive compounds
(phenolic acids, coumarins, carotenoids, chlorophyll catabolites). The most
common polyphenols in all the studied extracts are flavonoids, but not other
classes of polyphenols (Table 2 and Fig. 8).

The dominance of flavonoids among the polyphenols of D. antarctica was
typical only for the plants grown in natural conditions. Ivannikov et al. (2021)
showed in a study devoted to the comparison of extracts from D. antarctica
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plants grown in situ and in vitro that such extracts differ by the ratio of the
compounds belonging to the three main registered groups of polyphenols
(flavonoids and their derivatives; simple phenols/hydroxybenzoic acids and their
derivatives; hydroxycinnamic acids and their derivatives). In extracts of plants
grown in vitro, the amount of flavonoids decreased as compared to in situ plants,
from ~75 to ~50% of the total weight of polyphenols, while the amount of
phenolic acids increased, respectively. For in situ plant extracts studied
previously (Ivannikov et al. 2021) and in this work, the mass fraction of
flavonoids derivatives was on average ~75%. Data on the correlation between the
content of phenols and content of flavonoids in the samples D1–D12 (Fig. 8) as
well as in the samples studied earlier (Ivannikov et al. 2021) show a statistically
significant linear relationship between these parameters with a correlation
coefficient of 0.99. Thus, the fraction of flavonoids synthesized in plants in situ
does not clearly depend on the conditions and place of plant growth and on the
total amount of polyphenols in the plants, and is, on average, more than 70% of
the total amount of polyphenols.

The study on the antioxidant properties of the extracts also shows
a correlation between the content of phenols in the extracts and their activity
in the test reaction with DPPH radicals (in the range of the total polyphenol
content in plants of up to 10–12 mg g−1). This is practically the first time when
the data we obtained allowed us to talk about the existence of a correlation
between the total content of polyphenols in plant extracts and their antioxidant
properties. This is probably due to the similarity in the composition of extracts
from all studied D. antarctica plants (all extracts have an almost uniform
composition, containing about 70% flavonoids). Usually, due to differences in the

Fig. 8. The flavonoid content vs. the total polyphenol content for samples of Deschampsia
antarctica plants from Galindez Island, Argentine Islands, studied in this and our previous works
(Ivannikov et al. 2021).
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composition of the extracts (different content of the compounds of various
classes) and owing to a significant difference in the reactivity of individual
antioxidants, we did not observe a reliable correlation between the total amount
of phenols and the antioxidant properties of the extracts.

A more detailed study on the flavonoids available in D. antarctica shows that
the major flavonoid constituents are the luteolin derivatives (Table 3), and that
among luteolin derivatives the main compounds are orientin, orientin 2"-O-β-
arabinopyranoside, and isoswertiajaponin 2"-O-β-arabinopyranoside (Tables 3,
4 and Fig. 5). According to HPLC data, in almost all the samples the total mass of
orientin, orientin 2"-O-β-arabinopyranoside, and isoswertiajaponin 2"-O-β-
arabinopyranoside is more than 70% of the total mass of luteolin derivatives
(Table 3). Although the ratios of different metabolites in the studied samples
differ slightly from each other (Tables 2 and 3), the parameters R1 (percentage of
the total flavonoids relative to the total mass of phenols), R2 (percentage of
luteolin derivatives relative to the total mass of flavonoids) and R3 (percentage of
the three main luteolin derivatives relative to the mass of all its derivatives) do
not change significantly and are ~75, ~90 and ~75%, respectively (Tables 2,
3 and Fig. 9). Thus, Deschampsia antarctica plants are the valuable source of
natural phenolic antioxidants, and the most common antioxidants among the
components of the extracts are three luteolin derivatives (orientin, orientin 2"-O-
β-arabinopyranoside and isoswertiajaponin 2"-O-β-arabinopyranoside), the mass
fraction of which in the extracts is ≥50% of the total content of polyphenols.

Fig. 9. The total mass of flavonoids (1), total mass of luteolin derivatives (2) and total mass of three
main luteolin derivatives (3) vs. the total mass of polyphenols in different samples of Deschampsia
antarctica plants from Galindez Island, Argentine Islands.
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Conclusions

Using high-performance liquid chromatography, matrix-assisted laser
desorption/ionization mass spectrometry and DPPH test, the extracts from 21
plants of D. antarctica from different locations on the Galindez Island, Argentine
Islands, were investigated. The main secondary metabolites of D. antarctica
plants were identified and the content of various polyphenolic antioxidants in
the extracts was quantitatively estimated. The most abundant polyphenols in
D. antarctica plants were flavonoids, and the most common flavonoids were
three luteolin derivatives (orientin, orientin 2"-O-β-arabinopyranoside, and
isoswertiajaponin 2"-O-β-arabinopyranoside). The total content of polyphenols
in the plants was estimated to be in the range of 5–26 mg per 1 g of dry leaves,
while the mass fraction of three main luteolin derivatives was ≥50% of the total
content of polyphenols. All the extracts were found to be very active in the
reaction with DPPH radicals, and the activity correlated with the content of
polyphenols in the extracts. Thus, the results obtained show that D. antarctica
plants may be considered as valuable source of natural polyphenols, primarily,
luteolin derivatives, which can be used as antioxidants for various biomedical
applications.

Acknowledgements. — This work was carried out with the financial support from
the State Institution National Antarctic Scientific Center, Ministry of Education and
Science of Ukraine Project Н/24-2021 Study of the composition and antioxidant
properties of secondary metabolites of Deschampsia antarctica È. Desv. from the region
of the Argentine Islands”. The authors are grateful to Anna Yevchun for providing the
map with indication of localities where the samples of Deschampsia antarctica È. Desv.
plants were collected. We thank two anonymous reviewers whose comments helped to
improve this manuscript.

References

Ahmed E., Arshad M., Khan M.Z., Amjad M.S., Sadaf H.M., Riaz I., Sabir S., Ahmad N. and
Sabaoon. 2017. Secondary metabolites and their multidimensional prospective in plant life.
Journal of Pharmacognosy and Phytochemistry 6: 205–214.

Brand-Williams W., Cuvelier M.E. and Berset C. 1995. Use of a free radical method to evaluate
antioxidant activity. LWT – Food Science and Technology 28: 25–30. doi: 10.1016/S0023-
6438(95)80008-5

Carotenoids Database. http://carotenoiddb.jp/ (accessed 12 December 2021).
Cortés-Antiquera R., Pizarro M., Contreras R.A., Köhler H. and Zúñiga G.E. 2021. Heat shock

tolerance in Deschampsia antarctica Desv. cultivated in vitro is mediated by enzymatic and
non-enzymatic antioxidants. Frontiers in Plant Science 12: 635491. doi: 10.3389/
fpls.2021.635491

Fernández-Martos S., Calvo M.I., Lobo-Aldezabal A., Sánchez-Adrada A.I., Moreno C. and
Espada J. 2021. The deleterious effects induced by an acute exposure of human skin to

360 Roman Ivannikov, Viktor Anishchenko et al.

https://doi.org/10.1016/S0023-6438(95)80008-5
https://doi.org/10.1016/S0023-6438(95)80008-5
http://carotenoiddb.jp/
https://doi.org/10.3389/fpls.2021.635491
https://doi.org/10.3389/fpls.2021.635491


common air pollutants are prevented by extracts of Deschampsia antarctica. Scientific
Reports 11: 23751. doi: 10.1038/s41598-021-03190-2

Gidekel M. 2014. Aqueous extracts of Deschampsia antarctica. Pat. US 2014/0193531 A1, Appl.
No.13/694,380.

Gidekel M., Weber H., Cabrera G., Gutierres A., Osorio J., Becera J., Podhajcer O., Cafferata E.,
Sunkel C. and Mihovilovic I. 2010. Extracts of Deschampsia antarctica Desv. with
antineoplastic activity. Pat. US 2010/0310686 A1, Appl. No. 12/734,597.

Hillenkamp F. and Peter-Katalinic J. 2007. MALDI MS. A practical guide to onstrumentation,
methods and applications. Weinheim, WILEY-VCH Verlag GmbH & Co. KGaA.

Ivannikov R., Laguta I., Anishchenko V., Skorochod I., Kuzema P., Stavinskaya O., Parnikoza I.,
Poronnik O., Myryuta G. and Kunakh V. 2021. Composition and radical scavenging activity
of the extracts from Deschampsia antarctica É. Desv. plants grown in situ and in vitro.
Chemistry Journal of Moldova 16: 105–114. doi: 10.19261/cjm.2021.841

Köhler H., Contreras R.A., Pizarro M., Cortés-Antíquera R. and Zúñiga G.E. 2017. Antioxidant
responses induced by UVB radiation in Deschampsia antarctica Desv. Frontiers in Plant
Science 8: 1–10. doi: 10.3389/fpls.2017.00921

Kunakh V.A. 2005. Biotechnology of medicinal plants. Genetic, physiological and biochemical
basis. Logos. Kyiv (in Ukrainian).

Lorrio S., Rodríguez-Luna A., Delgado-Wicke P., Mascaraque M., Gallego M., Pérez-Davó A.,
González S. and Juarranz, Á. 2020. Protective effect of the aqueous extract of Deschampsia
antarctica (EDAFENCE®) on skin cells against blue light emitted from digital devices.
International Journal of Molecular Sciences 21: 988. doi: 10.3390/ijms21030988

Malvicini M., Gutierrez‑Moraga A., Rodriguez M.M., Gomez‑Bustillo S., Salazar L., Sunkel C.,
Nozal L., Salgado A., Hidalgo M., Lopez‑Casas P.P., Novella J.L., Vaquero J.J.,
Alvarez‑Builla J., Mora A., Gidekel M. and Mazzolini G. 2018. A tricin derivative from
Deschampsia antarctica Desv. inhibits colorectal carcinoma growth and liver metastasis
through the induction of a specific immune response. Molecular Cancer Therapeutics 17:
966–976. doi:10.1158/1535-7163.MCT-17-0193

Metabolomics.JP. http://metabolomics.jp/wiki/Main_Page (accessed 12 December 2021).
Miryuta N., Wojciechowski K. and Parnikoza I. 2019. Calculation of the external factors influence

indices on plants and its application to Deschampsia antarctica Ė. Desv. populations.
Ukrainian Antarctic Journal 2: 94–116. doi: 10.33275/1727-7485.2(19).2019.155

mMass - Open Source Mass Spectrometry Tool, http://www.mmass.org (accessed 16 October
2021).

Montiel P., Smith A. and Keiller D. 1999. Photosynthetic responses of selected Antarctic plants to
solar radiation in the southern maritime Antarctic. Polar Research 18: 229–235. doi: 10.3402/
polar.v18i2.6579

Navrotska D., Andreev I., Betekhtin A., Rojek M., Parnikoza I., Myryuta G., Poronnik O., Miryuta
N., Szymanowska-Pułka J., Grakhov V., Ivannikov R., Hasterok R. and Kunakh V. 2018.
Assessment of the molecular cytogenetic, morphometric and biochemical parameters of
Deschampsia antarctica from its southern range limit in maritime Antarctic. Polish Polar
Research 39: 525–548. doi: 10.24425/118759

Ortiz-Espín A., Morel E., Juarranz Á., Guerrero A., González S., Jiménez A. and Sevilla F. 2017.
An extract from the plant Deschampsia antarctica protects fibroblasts from senescence
induced by hydrogen peroxide. Oxidative Medicine and Cellular Longevity 2017: 2694945.
doi: 10.1155/2017/2694945

Patell V.M., Jain R., Shinde M. and Settu L. 2011. Identification and characterization of natural
chemical entities by liquid chromatography and mass spectrometry LC-MS/MS and uses
thereof. Pat. WO2011058423 A2, International Appl. No. PCT/IB2010/002886

Pereira B.K., Rosa R.M., da Silva J., Guecheva T.N., Oliveira I.M., Ianistcki M., Benvegnú V.C.,
Furtado G.V., Ferraz A., Richter M.F., Schroder N., Pereira A.B. and Henriques J.A. 2009.

Secondary metabolites of Deschampsia antarctica 361

https://doi.org/10.1038/s41598-021-03190-2
https://doi.org/10.19261/cjm.2021.841
https://doi.org/10.3389/fpls.2017.00921
https://doi.org/10.3390/ijms21030988
https://doi:10.1158/1535-7163.MCT-17-0193
http://metabolomics.jp/wiki/Main_Page
https://doi.org/10.33275/1727-7485.2(19).2019.155
http://www.mmass.org
https://doi.org/10.3402/polar.v18i2.6579
https://doi.org/10.3402/polar.v18i2.6579
https://doi.org/10.24425/118759
https://doi.org/10.1155/2017/2694945


Protective effects of three extracts from Antarctic plants against ultraviolet radiation in several
biological models. Journal of Photochemistry and Photobiology B: Biology 96: 117–129. doi:
10.1016/j.jphotobiol.2009.04.011

Pérez Davó A., Truchuelo M. T., Vitale M., and Gonzalez-Castro J. 2019. Efficacy of an antiaging
treatment against environmental factors: Deschampsia antarctica extract and high-tolerance
retinoids combination. The Journal of Clinical and Aesthetic Dermatology 12: E65–E70.

Phenol-Explorer: Database on Polyphenol Content in Foods. http://phenol-explorer.eu/ (accessed
12 December 2021).

Poronnik O.O., Kuzmenko A.V., Volovyk A.V., Shvachko L.V., Voytsehivska O.V., Myryuta G.U.,
Ruban T.A., Parnikoza I.Yu. and Kunakh V.A. 2014. Plant clones of Deschampsia as a source
of phenolic compounds with antitumor properties. Visnik ukrains’kogo tovaristva genetikiv
i selekcioneriv 12: 200–204 (in Ukrainian).

Ruhland С., Xiong F., Clark W. and Day T.A. 2005. The influence of ultraviolet‑B radiation on
growth, hydroxycinnamic acids and flavonoids of Deschampsia antarctica during springtime
ozone depletion in Antarctica. Photochemistry and Photobiology 81: 1086–1093. doi:
10.1562/2004-09-18-RA-321

Sequeida A., Tapia E., Ortega M., Zamora P., Castro A., Montes C., Zuñiga G.E. and Prieto H.
2012. Production of phenolic metabolites by Deschampsia antarctica shoots using UV-B
treatments during cultivation in a photobioreactor. Electronic Journal of Biotechnology 15:
1–8. doi: 10.2225/vol15-650 issue4-fulltext-7

Suzuki T., Midonoya H. and Shioi Y. 2009. Analysis of chlorophylls and their derivatives by
matrix-assisted laser desorption/ionization-time-of-flight mass spectrometry. Analytical
Biochemistry 390: 57–62. doi: 10.1016/j.ab.2009.04.005

Twardovska M.O., Konvalyuk I.I., Lystvan K.V., Andreev I.O., Parnikoza I.Yu. and Kunakh V.A.
2021. Phenolic and flavonoid contents in Deschampsia antarctica plants growing in nature
and cultured in vitro. Polish Polar Research 42: 77–102. doi: 10.24425/ppr.2021.136602

Van de Staaij J., de Bakker N.V.J., Oosthoek A., Broekman R., van Beem A., Stroetenga M., Rien
A. and Rozema J. 2002. Flavonoid concentrations in three grass species and a sedge grown in
the field and under controlled environment conditions in response to enhanced UV-B
radiation. Journal of Photochemistry and Photobiology B: Biology 66: 21–29. doi: 10.1016/
s1011-1344(01)00271-8

Webby R.F. and Markham K.R. 1994. Isoswertiajaponin 2′'-O-β-arabinopyranoside and other
flavone-C-glycosides from the Antarctic grass Deschampsia antarctica. Phytochemistry 36:
1323–1326. doi: 10.1016/S0031-9422(00)89660-0

Xiong F.S. and Day T.A. 2001. Effect of solar ultraviolet-B radiation during springtime ozone
depletion on photosynthesis and biomass production of Antarctic vascular plants. Plant
Physiology 125: 738–751. doi: 10.1104/pp.125.2.738

Zahrychuk O.M., Drobyk N.M., Kozeretska I.A., Parnikoza I.Yu. and Kunakh V.A. 2011/2012.
Introduction in culture in vitro of Deschampsia аntarctica Desv. (Poaceae) from two regions
of Maritime Antarctica. Ukrainian Antarctic Journal 10/11: 289–295 (in Ukrainian). doi:
10.33275/1727-7485.10-72211.2012.309

Zamarrón A., Morel E., Lucena S.R., Mataix M., Pérez-Davó A., Parrado C. and González S. 2019.
Extract of Deschampsia antarctica (EDA) prevents dermal cell damage induced by UV
radiation and 2,3,7,8-tetrachlorodibenzo-p-dioxin. International Journal of Molecular
Sciences 20: 1356. doi: 10.3390/ijms20061356

Zamora P., Pardo A., Fierro A., Prieto H. and Zúñiga G.E. 2013. Molecular characterization of the
chalcone isomerase gene family in Deschampsia antarctica. Polar Biology 36: 1269–1280.
doi: 10.1007/s00300-013-1346-0

Received 4 August 2022
Accepted 3 October 2022

362 Roman Ivannikov, Viktor Anishchenko et al.

https://doi.org/10.1016/j.jphotobiol.2009.04.011
https://doi.org/10.1016/j.jphotobiol.2009.04.011
http://phenol-explorer.eu/
https://doi.org/10.1562/2004-09-18-RA-321
https://doi.org/10.1562/2004-09-18-RA-321
https://doi.org/10.2225/vol15-650 issue4-fulltext-7
https://doi.org/10.1016/j.ab.2009.04.005
https://doi.org/10.24425/ppr.2021.136602
https://doi.org/10.1016/s1011-1344(01)00271-8
https://doi.org/10.1016/s1011-1344(01)00271-8
https://doi.org/10.1016/S0031-9422(00)89660-0
https://doi.org/10.1104/pp.125.2.738
https://doi.org/10.33275/1727-7485.10-72211.2012.309
https://doi.org/10.33275/1727-7485.10-72211.2012.309
https://doi.org/10.3390/ijms20061356
https://doi.org/10.1007/s00300-013-1346-0

	Introduction
	Materials and methods
	Results
	Discussion
	Conclusions
	References



