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Abstract—This paper examines the elicitor effect of yeast extract (YE) in various concentrations (200–
1000 mg/L) on the accumulation of phenolic compounds (PC) in f lowering f lax (Linum grandiflorum Desf.)
cells cultured in vitro and their antiradical activity. It is established that the total PС content and the content
of phenylpropanoids increase in the cell culture, especially at high YE concentrations in the medium (500 and
1000 mg/L). The antiradical activity of f lax culture extracts remains in most cases at the control level. There-
fore, the elicitation of f lowering f lax in vitro cultures by YE activates the PC biosynthesis resulting in the
accumulation of these secondary metabolites, while the antiradical activity of cell culture extracts does not
decrease compared to the control level.
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INTRODUCTION
Effects exercised by various elicitors on plants

(in vitro cell and tissue cultures) present a promising
research direction in modern biology. Elicitors make it
possible to regulate the genetic and production poten-
tial of plants, including the accumulation of special-
ized (secondary) metabolites with pharmacologically
valuable properties (Tarchevsky, 2002; Naik and Al-
Khayri, 2016; Jamiołkowska, 2020). The elicitation
mechanism is quite complex; it involves signal trans-
duction into plant cells implemented with the partici-
pation of small messenger molecules: hydrogen perox-
ide, nitric oxide, oligosaccharins, and various low
molecular weight compounds (Tarchevsky, 2002;
Ramirez-Estrada et al., 2016). The major factors
determining the effectiveness of this process are the
elicitor type, its concentration, exposure duration, and
application method (Narayani and Srivastava, 2017;
Naskar et al., 2021).

In modern studies, elicitors are divided into the
biotic, abiotic, endogenous, exogenous, general, and
specific types (Jamiołkowska, 2020). Biotic elicitors
have a number of advantages over abiotic ones and are
normally used to optimize the phytochemical compo-

sition of plants (Kannojia et al., 2019). One such biotic
elicitor is yeast extract (YE): a set of compounds that
have a beneficial effect on plant growth, productivity,
microelement composition, and the content of phyto-
hormones and other plant metabolites (Naik and Al-
Khayri, 2016; Halder et al., 2019).

One of the earliest “responses” of plant cells to
elicitation is the generation of reactive oxygen species
(ROS), which is considered their universal nonspe-
cific response (Hasanuzzaman et al., 2020). The anti-
oxidant system represented by high and low molecular
weight compounds plays the key role in the ROS con-
tent regulation. Low molecular weight antioxidants
are considered the second line of cell protection
against ROS; they are crucial when the content of high
molecular weight antioxidants is low (Erb and Kli-
ebenstein, 2020).

Low molecular weight antioxidants include pheno-
lic compounds (PC): secondary plant metabolites that
are diverse in structure and chemical properties
(Cheynier et al., 2013; Wagay et al., 2020). Their inter-
action with ROS prevents/reduces free-radical oxida-
tion processes, thus protecting plant cells from their
toxic effects (Kumar and Pandey, 2013). The antioxi-
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dant properties of plant PCs-are preserved when they
enter the human body; thereby, they are successfully
used in pharmacology to treat various diseases (Tung-
munnithum et al., 2018).

It must be noted that raw plant materials are
becoming less and less accessible with each passing
year due to environmental and geopolitical reasons
(Nosov, 2012).

Biotechnological approaches, including in vitro
cell and tissue cultures, represent an alternative to tra-
ditional agronomic farming or the collection of phar-
macologically valuable plants for the industrial pro-
duction of secondary metabolites (Naik and Al-
Khayri, 2016; Hidalgo et al., 2018). Their application
makes it possible to optimize the growth and produc-
tivity of plant cells and automate these processes. It is
also important that in vitro cultures are more “meta-
bolically viable” than plants (Nosov, 2012). Develop-
ments in this field involve the selection of highly pro-
ductive cell lines, cell immobilization and permeabili-
zation, bioreactor and metabolic engineering, and
elicitation (Hidalgo et al., 2018; Salem et al., 2020).
The latter technique represents a promising strategy
that can be used to increase the content of secondary
metabolites in plant cells in situations when other
methods are laborious and ineffective (Naik and Al-
Khayri, 2016; Halder et al., 2019).

Yeast extract is an elicitor frequently applied to
plant cells cultured in vitro (Ramirez-Estrada et al.,
2016; Narayani and Srivastava, 2017). Its effects sig-
nificantly increase the PC content in Zingiber offici-
nale callus cultures (Ali et al., 2018), in Polygonum
multiflorum beard root cultures (Ho et al., 2018), and
in callus and suspension cultures initiated from other
plants (El-Nabarawy et al., 2015; Bhaskar et al., 2022).

The high biological and antioxidant activity of
most plant PCs necessitates expansion of the species
diversity of cultures able to accumulate them in vitro.
The list of plants promising in this respect includes
representatives of the genus Linum, which consists of
more than 200 species distributed throughout the
world (Cullis, 2019). These plants are distinguished by
rapid ontogenetic development and are used as com-
mercially important oilseed, fiber, and medicinal
crops (Gorshkova, 2007; Zuk et al., 2015). One of their
representatives, the f lowering f lax (Linum grandiflo-
rum Desf.), is a valuable ornamental and medicinal
plant (Asad et al., 2021). Its extracts feature a wide
range of antiviral and antibacterial activities; they
inhibit enzymes belonging to the class of bacterial cell
hydrolases (tyrosine kinase and phosphodiesterase)
and HIV transcriptase (reverse transcriptase of the
immunodeficiency virus) (Mohammed et al., 2010).
Flowering f lax synthesizes various PC, including f la-
vones and their glycosides (luteolin, glucoluteolin,
and vicenin) with hypotensive and anti-inflammatory
properties (Karuppusamy, 2009; Alamgir, 2017).
Valuable biologically active compounds produced by
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L. grandiflorum include lignans (podophyllotoxin and
its derivatives: deoxypodophyllotoxin and methoxy-
podophyllotoxin) that feature high anticarcinogenic,
cytotoxic, and antiviral activities and are difficult to
produce using other cultures (Asad et al., 2021).

Taking the small number of works examining the
elicitation of f lowering f lax callus cultures with biotic
substances, the purpose of this study was to analyze
mechanisms regulating the PC accumulation in
L. grandiflorum in vitro cultures elicited by yeast
extract and to assess the antiradical activity of its etha-
nol extracts.

MATERIALS AND METHODS
The object of this study was a f lowering f lax

(L. grandiflorum Desf.) callus culture initiated from
hypocotyls of young seedlings. It was cultivated at
24°С with a 16-h photoperiod (5000 lx) in the phy-
totron chamber of the Timiryazev Institute of Plant
Physiology, Russian Academy of Sciences, on the Gam-
borg medium containing 2,4-dichlorophenoxyacetic
acid (2 mg/L). The passage duration was 30 days.

In the course of the experiments, 15-day-old calli
(in the middle of the linear growth phase) were trans-
ferred to nutrient media containing, in addition to the
main components, YE in various concentrations (200,
500, or 1000 mg/L). The basic nutrient medium was
used as the control. Callus cultures were analyzed
behind 1 and 7 days after the beginning of elicitation.
Prior to biochemical tests, they were fixed with liquid
nitrogen and stored at –70°C.

The water content in calli was measured after dry-
ing them to a constant weight at 70°C (Rogozhin and
Rogozhina, 2013).

The lipid peroxidation (LPO) level was determined
based on the content of malondialdehyde (MDA)
formed in the reaction with thiobarbituric acid (TBA)
(Radyukina et al., 2011). A quantity of frozen plant
material was homogenized in 0.1 M Tris-HCl buffer
(pH 7.5) containing 0.35 M NaCl; then 1 mL of 0.5%
TBA solution in a 20% aqueous solution of trichloro-
acetic acid was added. The reaction mixture was incu-
bated in a water bath (100°C) for 30 min. The optical
density of the solution was measured with a spectro-
photometer at 532 nm. To compute the MDA content
(μmol/g fresh weight), the molar extinction coeffi-
cient (1.56 × 10–5 cm–1 M–1) was used.

PC were extracted with 96% ethanol for 45 min at
45°C from plant material previously frozen in liquid
nitrogen and crushed. The extracts were centrifuged
(13500 g, 10 min), and the supernatant liquid was used
for the spectrophotometric determination of the total
PC content (Folin–Denis reagent) and the content of
phenylpropanoids (direct spectrophotometry of the
solution) (Olenichenko and Zagoskina, 2005; Olen-
nikov and Tankhaeva 2011). The total PC content was
expressed in mg-equiv rutin/g dry weight; the content
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Fig. 1. External appearance of Linum grandiflorum callus
cultures cultivated (a) on the basic nutrient medium and
(b) on the medium containing yeast extract (500 mg/L).
Both calli are 22 days old.

(а) (b)
of phenylpropanoids, in mg-equiv caffeic acid/g dry
weight.

The antiradical activity of ethanol extracts of f lax
callus cultures was determined using the spectropho-
tometric method based on the ability of PC to inhibit
superoxide and OH● previously generated in vitro
under model conditions (Volkova et al., 2011). For this
purpose, a reaction mixture was used; it consisted of
methionine, riboflavin, nitro blue tetrazolium, and
the tested extract (in experimental variants) or extract-
ant (in the control variant). The formazan content in
the reaction mixture was determined at 560 nm. Anti-
radical activity expressed as the superoxide inhibition
proportion (%) was computed using the formula

where A1 is the formazan optical density at a wave-
length of 560 nm without the addition of the extract
and A2 is the formazan optical density at a wavelength
of 560 nm with the addition of the tested extract.

Absorption spectra of ethanol extracts of f lax callus
cultures were measured with a Specord 40 spectropho-
tometer (Germany) within the wavelength range of
250–350 nm.

The presence of 6-methoxypodophyllotoxin in
ethanol extracts of f lax callus cultures was analyzed
using high performance liquid chromatography
(HPLC). An Agilent Technologies system (Model
1100) was used (Kubyshkin et al., 2018). The chro-
matograph is equipped with a G1379A flow vacuum
degasifier, a G13111A 4-channel low-pressure gradient
pump, a G1313A automatic injector, a G13116A col-
umn thermostat, a G1316A diode array detector, and a
G1315B fluorescent detector.

PC were separated using a ZORBAX SB-C18 chro-
matographic column (2.1 × 150 mm) filled with silica
gel with a grafted octadecylsilyl phase with a particle
size of 3.5 μm. Eluent composition: methanol as solu-
tion A and 0.6% aqueous solution of trif luoroacetic
acid as solution B. Chromatography was performed in
the gradient mode. The eluent composition changed
(by the content of component B) according to the fol-
lowing scheme: 0 min, 8%; 0–8 min, 8–38%; 8–
24 min, 38–100%; and 24–30 min, 100%. Eluent f low
rate: 0.25 mL/min. Volume of the injected sample:
1 μL. Chromatograms were recorded at 280 nm. To
identify 6-methoxypodophyllotoxin, its spectral char-
acteristics and retention time were compared with the
respective characteristics of the standard.

Statistical data processing was performed in MS
Excel 2007 using generally accepted methods. Biolog-
ical experiments were conducted with threefold repli-
cation; analytical tests, with threefold–fourfold repli-
cation. The diagrams show the arithmetic mean values
and standard errors of the computed parameters.

( )= −Inhibition % 100 1 2 1 ,A A
 RESULTS AND DISCUSSION
Morphophysiological Parameters of Flowering Flax 

Callus Cultures
Flowering f lax callus cultures in the control and

experimental variants were of medium density, yel-
low–green in color, and consisted of coarsely aggre-
gated cell conglomerates (Fig. 1). The green color
indicated the formation of chlorophyll-containing
cells on the calli surfaces. All cultures feature a low
growth rate: the average increase in biomass by the end
of the passage is 220 ± 20%.

Water content is an important physiological
parameter of in vitro cultures. After one-day elicitation,
it remained at the control level in the variant with the
lowest YE concentration in the medium (200 mg/L)
and increased equally in variants with higher YE con-
centrations in the medium (500 and 1000 mg/L)
(Fig. 2). After a longer elicitation period (seven days),
it was similar to that in the control in all experimental
variants. Apparently, stretching and vacuolization
processes are initiated in f lax cells in the initial period
of the YE effect, and these processes are concentra-
tion-dependent, which was also noted by other
researchers (Farjaminezhad and Garoosi, 2021).

The Malondialdehyde Content in Flowering 
Flax Callus Cultures

The redox homeostasis of plant cells determined by
the balance between ROS-formation and destruction
is of great importance for their vital activity, including
situations when cells are affected by various factors
(Hasanuzzaman et al., 2020). The lipid peroxidation
(LPO) level estimated based on the MDA content is
an important criterion of this process (Kolupaev et al.,
2019). After one-day elicitation, in f lax calli cultivated
on media with YE concentrations of 200 and
500 mg/L, it was equal to and 30% lower than the con-
trol value, respectively (Fig. 3). A different trend was
noted at the highest YE concentration (1000 mg/L):
the LPO level exceeded that in the control variant by
25%. Therefore, a short-term exposure of f lax cells
cultured in vitro to the elicitor causes changes in the
BIOLOGY BULLETIN  Vol. 49  No. 6  2022
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Fig. 2. Water content in Linum grandiflorum callus cultures
after short-term (one day) and long-term (seven days) elic-
itation with yeast extract in various concentrations: (I)
200 mg/L, (II) 500 mg/L, and (III) 1000 mg/L. In the
control variant, the medium does not contain the elicitor. 
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Fig. 3. The malondialdehyde (MDA) content in Linum
grandiflorum callus cultures after short-term (one day) and
long-term (seven days) elicitation with yeast extract in var-
ious concentrations: (I) 200 mg/L, (II) 500 mg/L, and
(III) 1000 mg/L. In the control variant, the medium does
not contain the elicitor.

0

2

4

6

8

10

12

One day Seven days

Control
I
II
III

μm
ol

 M
D

A
/g

 fr
es

h 
w

ei
gh

t

functioning of their antioxidant system. In the experi-
mental variants, this effect is manifested both in the
reduction of the LPO level in the calli (low YE con-
centrations) and in its increase (the highest YE con-
centration). Other authors also note that elicitation
conditions affect the ROS content in plant cells (Ali
et al., 2018; Hasanuzzaman et al., 2020).

Lower (by 30%) LPO levels in flax calli in the control
and one of the experimental variants (YE 1000 mg/L) at
the end of the experiment (day 7) compared to its
beginning (day 1) are of special interest. Apparently,
this is because the ROS content in these calli decreases
and their pro/antioxidant activity balance is normal-
ized (Naik and Al-Khayri, 2016; Kolupaev et al.,
2019). Overall, after a prolonged (7 days) exposure to
YE, the MDA content in all experimental variants
exceeds that in the control, although statistically sig-
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nificant (by 40%) differences are typical only for the
highest YE concentration in the medium (1000 mg/L).

It is known that the plant cell elicitation process
depends both on the concentration of the substance
and the exposure duration (Tarchevsky, 2002;
Makowski et al., 2020). Based on our data, it can be
assumed that a short-term (one day) exposure to a
high (1000 mg/L) YE concentration presumably acti-
vates ROS formation in flax cells cultured in vitro. By
contrast, lower YE concentrations (200 and 500 mg/L)
reduce the LPO level in f lax cells due to changes in the
pro/antioxidant balance (Naskar et al., 2021). If the
elicitation period is longer (seven days), then the
MDA content in f lax calli increases relative to the con-
trol; apparently, this is due to the excessive ROI for-
mation and disturbances in the redox balance. This is
consistent with data reported by other authors: the
response of plant cells depends on the exposure dura-
tion and the concentration of elicitors (Makowski
et al., 2020; Farjaminezhad and Garoosi, 2021).

Content of Phenolic Compounds in Flowering Flax 
Callus Cultures

PC are effective antioxidants the formation of
which is typical for all plant cells and tissues (Karup-
pusamy, 2009). Their biosynthesis is a distinctive fea-
ture of plants belonging to the genus Linum, including
the f lowering f lax (Tchoumtchoua et al., 2019; Asad
et al., 2021). The total PC content makes it possible to
determine the contribution of these low molecular
weight antioxidants to the formation of plant cell
responses to the effect of the factor studied (Karuppu-
samy, 2009). Data presented in Fig. 4a indicate that
the f lax culture exposed to the short-term (one day)
effect of YE in a low (200 mg/L) concentration fea-
tures the lowest PC content equal to that in the control
variant. At higher concentrations of the elicitor in the
medium (500 and 1000 mg/L), the PC content
increases significantly (by two and three times,
respectively). Based on these data, it can be concluded
that short-term exposures to YE contribute to the PC
accumulation in f lowering f lax callus cultures.

Similar (to a certain extent) trends were observed
after a longer (seven days) exposure to the elicitor: in
the presence of high YE concentrations (500 and
1000 mg/L) in the medium, the total PC content in
cultures increases by almost 200 and 300%, respec-
tively compared to the control. The YE concentration
of 200 mg/L also increases the total PC content, but to
a much lesser extent (by 35% relative to the control).

Our results are consistent with scarce data collected
by other researchers on the stimulatory effect of biotic
elicitors on PC accumulation in callus cultures of var-
ious plant species (El-Nabarawy et al., 2015; Bhaskar
et al., 2022). Correlations between the content of these
metabolites elicited in in vitro cultures on the one
hand and the elicitor concentration and exposure
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Fig. 4. (a) Total PC content and (b) content of phenylpro-
panoids in Linum grandiflorum callus cultures after short-
term (one day) and long-term (seven days) elicitation with
yeast extract in various concentrations: (I) 200 mg/L, (II)
500 mg/L, and (III) 1000 mg/L. In the control variant, the
medium does not contain the elicitor. 
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duration on the other hand were noted (Ali et al., 2018;
Nunes da Silva et al., 2021). There is evidence that
some elicitors not only increase the content of PC,
including f lavonoids, but concurrently reduce the via-
bility of cultures, which slows down cell growth and
causes their death (Jesionek et al., 2018). For instance,
the strategy aimed to induce the biosynthesis of such
an antitumor compound as paclitaxel in yew suspen-
sion cultures slows down their growth, which makes it
difficult to use elicitation on a large scale (Salem et al.,
2020).

Content of Phenylpropanoids in Flowering
Flax Callus Cultures

Changes in the accumulation of phenylpropanoids,
the simplest specialized phenolic metabolites the for-
mation of which is typical for f lax (Volynets, 2013),
can be an important factor characterizing the response
of plant cells to elicitation. In the initial period of the
study (day 1), their content in the control variants of
f lax callus cultures was 30% higher than at the end of
the experiment (day 7) (Fig. 4b). Such a reduction can
be determined by changes in the formation of phenyl-
propanoids in the course of the passage, which was
noted by other authors as well (Asad et al., 2021).

Elicitation of f lax callus cultures is accompanied by
the accumulation of phenylpropanoids in them, and
this effect depends on the YE concentration in the
nutrient medium and exposure duration. The content
of these phenolic metabolites increases after a short-
term (1 day) exposure to YE in concentrations of 200,
500, and 1000 mg/L by 20, 50, and 175%, respectively,
compared to the control. Therefore, the higher the
elicitor concentration in the nutrient medium, the
greater the increase in the content of phenylpro-
panoids in f lax calli. This is consistent with data pro-
vided by other authors and indicating a direct correla-
tion between the concentration of the active exoge-
nous factor and the response of cells manifested in the
PC accumulation in them (Ali et al., 2018; Halder
et al., 2019; Makowski et al., 2020).

A comparison of phenylpropanoid concentrations
in f lax calli after a prolonged (7 days) elicitation also
indicates their greater accumulation in the experimen-
tal variants compared to the control, which is mani-
fested most clearly at high YE concentrations (500 and
1000 mg/L). Interestingly, the content of phenylpro-
panoids is equal to that in the previous study period
(one-day exposure).

Based on the data obtained, it can be assumed that
the biosynthesis of phenylpropanoids is activated in
flax in vitro cultures mainly at the initial elicitation
stages. For instance, after a short-term exposure to the
elicitor, the accumulation of these PC depends on its
active concentration, reaches the maximum at high
doses, and then no further activation of this process is
observed. An increase in the content of phenylpro-
panoids and an increase in the expression of genes of
the phenylpropanoid pathway in the course of exoge-
nous treatment of in vitro plant cultures with biotic
elicitors represented by polysaccharides (including
YE) have been described in the literature. This is typi-
cal for some representatives of the families Labiatae
and Boraginaceae and for such a valuable medicinal
crop as Hypericum perforatum (Park et al., 2016;
Shakya et al., 2019). All this can indicate the regula-
tory role of phenylpropanoids that are distinguished by
a high radical-binding capability in the maintenance
of redox homeostasis in plant cells.

Phenolic Compounds and Lignans in Flowering 
Flax Callus Cultures

The composition of PC and changes in it caused by
exogenous impacts are important indicators of the
metabolic activity of plant cells and tissues (Cheynier
et al., 2013). The absorption spectra of ethanol extracts
of f lax callus cultures were examined to establish the
presence of certain metabolites in them. The wave-
length range from 250 to 350 nm, where the main and
additional absorption maxima of most PC are
recorded (Volynets, 2013), was used. In all studied
ethanol extracts of f lax callus cultures, the absorption
BIOLOGY BULLETIN  Vol. 49  No. 6  2022
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Fig. 5. UV absorption spectra of ethanol extracts of Linum
grandiflorum callus cultures after short-term (one day;
variants 1–4) and long-term (seven days; variants 5–8)
elicitation with yeast extract in various concentrations:
200 mg/L (variants 2 and 6), 500 mg/L (variants 3 and 7),
and 1000 mg/L (variants 4 and 8). In control variants
(1 and 5), the medium does not contain the elicitor. 
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maximum was recorded at 260 nm (Fig. 5). This cor-
responds to the main absorption maximum of
hydroxybenzoic acids (235–270 nm). At other wave-
lengths, no clearly manifested maxima were recorded
in the UV region, which can be due to low PC concen-
trations in ethanol extracts of callus cultures (although
an additional maximum was sometimes present at
330 nm). This confirms the presence of phenylpro-
panoid compounds in the extracts represented by con-
jugates of p-hydroxybenzoic, p-coumaric, ferulic, and
caffeic acids, which was also noted in our earlier stud-
ies (Goncharuk et al., 2018). The significant similarity
of UV spectra of extracts obtained from all studied
variants of f lowering f lax callus cultures must also be
noted; this may indicate that the composition of their
phenolic complexes is similar as well. Literature
sources also note the absence of differences in the phe-
nolic complex composition between in vitro plant cell
cultures, including those exposed to various exoge-
nous factors (Ossipov et al., 2022). The absorption
spectra of extracts obtained from different variants of
f lax callus cultures indicate that the PC concentra-
tions in them are different, which is consistent with the
measurement data (Fig. 4).

Lignans are important and pharmacologically
valuable metabolites synthesized by f lax plants: these
dimeric phenylpropanoids are considered primary
antioxidants neutralizing free radicals (Mohammed
et al., 2010; Alamgir et al., 2017). According to the lit-
erature, these compounds are accumulated in photo-
myxotrophic f lax callus cultures and elicitation exer-
cises a stimulating effect on their formation (Karup-
pusamy, 2009; Naik and Al-Khayri, 2016).
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Most literature sources report that f lax plants,
including flowering flax, produce lignans such as podo-
phyllotoxin, deoxypodophyllotoxin, and 6-methoxy-
podophyllotoxin (MPTOX) (Mohammed et al., 2010).
HPLC chromatography has made it possible to estab-
lish the presence of MPTOX in ethanol extracts of
f lowering f lax callus cultures (Fig. 6). Its content was
low and fairly similar in all variants. Therefore, the
biosynthesis of MPTOX, a derivative of the phenyl-
propanoid pathway, is typical for f lowering f lax callus
cultures. The ability of cells cultured in vitro to biosyn-
thesize secondary metabolites specific to intact plant
tissues has been reported repeatedly in the literature
(Nosov, 2012; Halder et al., 2019).

All of the aforesaid indicates that f lowering f lax
cells cultured in vitro retain the ability to accumulate
PCs, including lignans, specific to intact plants. The
elicitor effect does not change their composition, but
increases their content. Therefore, elicitation of f lax
cells with YE makes it possible to regulate their biosyn-
thetic activity with regard to the accumulation of PC
(mainly phenylpropanoids: biologically active metab-
olites featuring antioxidant activity).

Antiradical Properties of Extracts of Flowering Flax 
Callus Cultures

The antiradical activity of plant extracts is an
important parameter characterizing their suitability
for pharmacology (Mohammed et al., 2010; Alamgir,
2017). The antiradical activity of PC is manifested in
relation to free radicals formed under the impact of
external factors of various nature; therefore, it was
important to compare the antiradical activity of plant
extracts of f lowering f lax callus cultures in the control
and experimental variants. Data presented in Fig. 7
indicate that after a short-term (one day) exposure to
YE, the parameter values in different variants are sim-
ilar, and the differences between them are statistically
insignificant. After seven days of elicitation, the anti-
radical activity of extracts of callus cultures was equal
in the control variant and in the variant with the YE
concentration of 200 mg/L; this antiradical activity
value was the highest in the experiment; and it was
50% higher than that after a short (one-day) elicitation
period. In other variants, the antiradical activity was
lower: by 17% in extracts of calli cultivated on the
medium with a YE concentration of 500 mg/L and by
4.5 times in extracts of calli cultivated on the medium
with a YE concentration of 1000 mg/L. Therefore, the
above-described elicitation strategy for f lowering f lax
callus cultures either inhibits the antiradical activity of
their ethanol extracts (after seven days of exposure to
high YE concentrations) or has no effect on the pro-
cess studied (short-term (one-day) exposure to YE).
This reflects the multifunctionality of the effect exer-
cised by low molecular weight antioxidants and diffi-
culties hindering the evaluation of their contribution
to the antiradical activity of plant extracts. Published
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Fig. 6. HPLC chromatograms of ethanol extracts of f low-
ering flax callus cultures recorded at 280 nm: (a) control vari-
ant and (b) experimental variant (yeast extract 500 mg/L).
The mAU data are indicated on the axis of ordinates; the
compound (6-methoxypodophyllotoxin (MPTOX))
retention time (min), on the axis of abscissas. 
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Fig. 7. Antiradical activity of ethanol extracts of Linum
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sources also note that the content of phenolic second-
ary metabolites in plant cells and tissues does not
always correlate with the antiradical and antioxidant
activity of their extracts (Ali et al., 2018).

CONCLUSIONS

All of the aforesaid confirms that the potentiality to
extract specialized metabolites, including PC, from
in vitro cultures of plant cells and tissues varies
depending on their type, origin, elicitation parame-
ters, and external factors. Being an environmentally
safe biotic compound, YE stimulates the formation of
PC; however, its elicitor effect largely depends on the
concentration and exposure duration. Based on the
data presented, it can be concluded that further tran-
scriptomic, metabolomic, and proteomic studies are
required to optimize the formation of PC in plant cell
cultures and to understand the regulation of their bio-
synthesis under elicitation conditions. Such studies
will also make it possible to solve both fundamental
and applied issues associated with the production of
unique plant metabolites with antioxidant properties.

FUNDING

This study was performed as part of a State Assignment
of the Ministry of Education and Science of the Russian
Federation, project no. 121050500047-5.

COMPLIANCE WITH ETHICAL STANDARDS

The authors declare that they have no conflicts of interest.
This article does not contain any studies involving animals or
human participants performed by any of the authors.

OPEN ACCESS

This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, shar-
ing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to
the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article
are included in the article’s Creative Commons licence,
unless indicated otherwise in a credit line to the material. If
material is not included in the article’s Creative Commons
licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder. To
view a copy of this licence, visit http://creativecom-
mons.org/licenses/by/4.0/.
BIOLOGY BULLETIN  Vol. 49  No. 6  2022



THE ELICITOR EFFECT OF YEAST EXTRACT ON THE ACCUMULATION 627
REFERENCES
Alamgir, A.N.M., Therapeutic Use of Medicinal Plants and
Their Extracts, Springer International Publishing AG, 2017,
vol. 2.
Ali, A.M.A., El-Nour, M.E.M., and Yagi, S.M., Total phe-
nolic and f lavonoid contents and antioxidant activity of gin-
ger (Zingiber officinale Rosc.) rhizome, callus and callus
treated with some elicitors, J. Gen. Eng. Biotechnol., 2018,
vol. 16, no. 2, pp. 677–682.
Asad, B., Khan, T., Gul, F.Z., Ullah, M.A., and Drouet, S.,
Scarlet f lax Linum grandiflorum (L.) in vitro cultures as a
new source of antioxidant and anti-inflammatory lignans,
Molecules, 2021, vol. 26, no. 15, pp. 4511–4526.
Bhaskar, R., Spandhana, L., Xavier, E., Udayakumaran, G.,
Kumar, D.S., Venkatesh, R., and Nagella, P., Biotic elici-
tors: a boon for the in vitro production of plant secondary
metabolites, Plant Cell, Tissue Organ Cult., 2022, vol. 149,
pp. 7–24.
Cheynier, V., Comte, G., Davies, K.M., Lattanzio, V., and
Martens, S., Plant phenolics: recent advances on their bio-
synthesis, genetics, and ecophysiology, Plant Physiol. Bio-
chem., 2013, vol. 72, pp. 1–20.
Cullis, C.A., Fundamental insights into plant biology that
might be offered by f lax, in Genetics and Genomics of Linum,
Springer, Cham, 2019, pp. 261–263.
El-Nabarawy, M.A., El-Kafafi, S.H., Hamza, M.A., and
Omar, M.A., The effect of some factors on stimulating the
growth and production of some substances in Zingiber offi-
cinalis callus cultures, Ann. Agric. Sci., 2015, vol. 60, no. 1,
pp. 1–9.
Erb, M. and Kliebenstein, D.J., Plant secondary metabo-
lites as defenses, regulators, and primary metabolites: the
blurred functional trichotomy, Plant Physiol., 2020,
vol. 184, no. 1, pp. 39–52.
Farjaminezhad, R. and Garoosi, G., Improvement and
prediction of secondary metabolites production under yeast
extract elicitation of Azadirachta indica cell suspension cul-
ture using response surface methodology, AMB Express,
2021, vol. 11, no. 1, pp. 1–16.
Goncharuk, E.A., Nikolaeva, T.N., Nazarenko, L.V., Ka-
lashnikova, E.A., and Zagoskina, N.V., The response of in
vitro cultured Linum grandiflorum Desf. to cadmium and
glyphosate, S.-kh. Biol., 2018, vol. 53, no. 5, pp. 938–946.
Gorshkova, T.A., Rastitel’naya kletochnaya stenka kak dina-
michnaya sistema (Plant Cell Wall as a Dynamic System),
Moscow: Nauka, 2007.
Halder, M., Sarkar, S., and Jha, S., Elicitation: a biotech-
nological tool for enhanced production of secondary me-
tabolites in hairy root cultures, Eng. Life Sci., 2019, vol. 19,
no. 12, pp. 880–895.
Hasanuzzaman, M., Borhannuddin Bhuyan, M.H.M., Zu-
lfiqar, F., Raza, A., Mohsin, S.M., and Al Mahmud, J., Re-
active oxygen species and antioxidant defense in plants un-
der abiotic stress: revisiting the crucial role of a universal de-
fense regulator, Antioxidants, 2020, vol. 9, no. 8, pp. 681–
733.
Hidalgo, D., Raul, S., Liliana, L., Mercedes, B., Purifica-
cion, C., and Javier, P., Biotechnological production of
pharmaceuticals and biopharmaceuticals in plant cell and
organ cultures, Curr. Med. Chem., 2018, vol. 25, no. 30,
pp. 3577–3596.
BIOLOGY BULLETIN  Vol. 49  No. 6  2022
Ho, T.T., Lee, J.D., Jeong, C.S., Paek, K.Y., and Park, S.Y.,
Improvement of biosynthesis and accumulation of bioactive
compounds by elicitation in adventitious root cultures of
Polygonum multiflorum, Appl. Microbiol. Biotechnol., 2018,
vol. 102, no. 1, pp. 199–209.
Jamiołkowska, A., Natural compounds as elicitors of plant
resistance against diseases and new biocontrol strategies,
Agronomy, 2020, vol. 10, no. 2, pp. 173–184.
Jesionek, A., Kokotkiewicz, A., Krolicka, A., Zabiegala, B.,
and Maria, L., Elicitation strategies for the improvement of
essential oil content in Rhododendron tomentosum (Ledum
palustre) bioreactor-grown microshoots, Ind. Crops Prod.,
2018, vol. 123, pp. 461–469.
Kannojia, P., Choudhary, K.K., Srivastava, A.K., and
Singh, A.K., PGPR bioelicitors: induced systemic resis-
tance (ISR) and proteomic perspective on biocontrol, in
PGPR Amelioration in Sustainable Agriculture, Woodhead
Publ., 2019, pp. 67–84.
Karuppusamy, S., A review on trends in production of sec-
ondary metabolites from higher plants by in vitro tissue, or-
gan and cell cultures, J. Med. Plants Res., 2009, vol. 3,
no. 13, pp. 1222–1239.
Kolupaev, Yu.E., Karpets, Yu.V., and Kabashnikova, L.F.,
Antioxidative system of plants: cellular compartmentaliza-
tion, protective and signaling functions, mechanisms of
regulation (review), Appl. Biochem. Microbiol., 2019,
vol. 55, no. 5, pp. 441–459.
Kubyshkin, A., Ogai, Y., Fomochkina, I., Chernousova, I.,
Zaitsev, G., and Shramko, Y., Polyphenols of red grape
wines and alcohol-free food concentrates in rehabilitation
technologies, in Polyphenols, Wong, J.L., Ed., InTechOpen,
2018, pp. 99–120.
Kumar, S. and Pandey, A.K., Chemistry and biological ac-
tivities of f lavonoids: an overview, Sci. World J., 2013, vol.
2013, pp. 1–17.
Makowski, W., Tokarz, K.M., Tokarz, B., Banasiuk, R.,
Witek, K., and Królicka, A., Elicitation-based method for
increasing the production of antioxidant and bactericidal
phenolic compounds in Dionaea muscipula J. Ellis tissue,
Molecules, 2020, vol. 25, p. 1794.
Mohammed, M.M.D., Chenc, M., Zhaic, L., and Ibra-
him, N.A., The cytotoxic activity of Linum grandiflorum
leaves, Eur. J. Chem., 2010, vol. 1, pp. 110–114.
Naik, P.M. and Al-Khayri, J.M., Abiotic and biotic elici-
tors—role in secondary metabolites production through in
vitro culture of medicinal plants, in Abiotic and Biotic Stress
in Plants—Recent Advances and Future Perspectives, 2016,
pp. 247–277.
Narayani, M. and Srivastava, S., Elicitation: a stimulation
of stress in in vitro plant cell/tissue cultures for enhance-
ment of secondary metabolite production, Phytochem. Rev.,
2017, vol. 16, pp. 1227–1252.
Naskar, S., Roy, C., Ghosh, S., Mukhopadhyay, A., Haz-
arika, L.K., Chaudhuri, R.K., Roy, S., and Chakraborti, D.,
Elicitation of biomolecules as host defense arsenals during
insect attacks on tea plants (Camellia sinensis (L.) Kuntze),
Appl. Microbiol. Biotech., 2021, vol. 105, pp. 7187–7199.
Nosov, A.M., Application of cell technologies for produc-
tion of plant-derived bioactive substances of plant origin,
Appl. Biochem. Microbiol., 2012, vol. 48, pp. 609–624.
Nunes da Silva, M.N., Santos, C.S.,  Cruz1, A., Lopez-Vil-
lamor, A., and Vasconceloset, M.W., Chitosan increases pi-



628 GONCHARUK et al.
nus pinaster tolerance to the pinewood nematode (Bursaph-
elenchus xylophilus) by promoting plant antioxidative me-
tabolism, Scientific Reports, 2021, vol. 11, no. 1, pp. 1–10.
Olenichenko, N.A. and Zagoskina, N.V., Response of win-
ter wheat to cold: production of phenolic compounds and
L-phenylalanine ammonia lyase activity, Appl. Biochem.
Microbiol., 2005, vol. 41, no. 6, pp. 600–603.
Olennikov, D.N. and Tankhaeva, L.M., Phenolic com-
pounds of the leaves of Cacalia hastata L. and their quanti-
tative analysis, Khim. Rastit. Syr’ya, 2011, no. 3, pp. 143–
148.
Ossipov, V., Zubova, M., Nechaeva, T., Zagoskina, N., and
Salminen, J.-P., The regulating effect of light on the con-
tent of f lavan-3-ols and derivatives of hydroxybenzoic acids
in the callus culture of the tea plant, Camellia sinensis L.,
Biochem. Syst. Ecol., 2022, vol. 101, pp. 104383–104394.
Park, W.T., Arasu, M.V., Al-Dhabi, N.A., 2nd, Yeo, S.K.,
Jeon, J., and Park, J.S., Yeast extract and silver nitrate in-
duce the expression of phenylpropanoid biosynthetic genes
and induce the accumulation of rosmarinic acid in
Agastache rugosa cell culture, Molecules, 2016, vol. 21, no. 4,
pp. 426–439.
Radyukina, N.L., Ivanov, Yu.V., and Shevyakova, N.I.,
Methods for assessing the content of reactive oxygen spe-
cies, low-molecular-weight antioxidants and the activities
of the main antioxidant enzymes, in Molekulyarno-gene-
ticheskie i biokhimicheskie metody v sovremennoi biologii ras-
tenii (Molecular Genetic and Biochemical Methods in
Modern Plant Biology), Moscow: BIONOM, 2011,
pp. 347–365.
Ramirez-Estrada, K., Vidal-Limon, H., Hidalgo, D.,
Moyano, E., Golenioswki, M., Cusidó, R.M., and Pala-
zon, J., Elicitation, an effective strategy for the biotechno-
logical production of bioactive high-added value com-
pounds in plant cell factories, Molecules, 2016, vol. 21,
pp. 182–206.
Rogozhin, V.V. and Rogozhina, T.V., Praktikum po fiziologii
i biokhimii rastenii (A Practical Course in Plant Physiology
and Biochemistry), St. Petersburg: GIORD, 2013.

Salem, M.A., de Souza, L.P., Serag, A., Fernie, A.R.,
Farag, M.A., Ezzat, Sh.M., and Alseekh, S., Metabolomics
in the context of plant natural products research: from sam-
ple preparation to metabolite analysis, Metabolites, 2020,
vol. 10, pp. 37–67.
Shakya, P., Marslin, G., Siram, K., Beerhues, L., and
Franklin, G., Elicitation as a tool to improve the profiles of
high value secondary metabolites and pharmacological
properties of Hypericum perforatum, J. Pharm. Pharmacol.,
2019, vol. 71, pp. 70–82.
Tarchevskii, I.A., Signal’nye sistemy kletok rastenii (Signal-
ing Systems of Plant Cells), Moscow: Nauka, 2002.
Tchoumtchoua, J., Mathiron, D., Pontarin, N., Gagneul, D.,
and van Bohemen, A., Phenolic profiling of f lax highlights
contrasting patterns in winter and spring varieties, Mole-
cules, 2019, vol. 24, pp. 4303–4317.
Tungmunnithum, D., Thongboonyou, A., Pholboon, A.,
and Yangsabai, A., Flavonoids and other phenolic com-
pounds from medicinal plants for pharmaceutical and med-
ical aspects: an overview, Medicines, 2018, vol. 5, p. 93. 
https://doi.org/10.3390/medicines5030093
Volkova, L.A., Urmantseva, V.V., Burgutin, A.B.,
Maevskaya, S.N., and Nosov, A.M., Stimulation of defense
responses of in vitro potato plants by treatment with steroid
glycosides under abiotic stresses, Plant Physiol., 2011,
vol. 58, pp. 921–927.
Volynets, A.P., Fenol’nye soedineniya v zhiznedeyatel’nosti
rastenii (Phenolic Compounds in the Vital Activity of
Plants), Minsk: Belarus, 2013.
Wagay, N.A., Lone, R., Rafiq, S., and Bashir, S.U., Phe-
nolics: a game changer in the life cycle of plants, in Plant
Phenolics in Sustainable Agriculture, Singapore: Springer,
2020, рр. 241–275.
Zuk, M., Richter, D., Matula, J., and Szopa, J., Linseed,
the multipurpose plant, Ind. Crops Prod., 2015, vol. 75,
pp. 165–177.

Translated by L. Emeliyanov
BIOLOGY BULLETIN  Vol. 49  No. 6  2022


	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS AND DISCUSSION
	Morphophysiological Parameters of Flowering Flax Callus Cultures
	The Malondialdehyde Content in Flowering Flax Callus Cultures
	Content of Phenolic Compounds in Flowering Flax Callus Cultures
	Content of Phenylpropanoids in Flowering Flax Callus Cultures
	Phenolic Compounds and Lignans in Flowering Flax Callus Cultures
	Antiradical Properties of Extracts of Flowering Flax Callus Cultures

	CONCLUSIONS
	REFERENCES

		2022-12-12T20:15:01+0300
	Preflight Ticket Signature




