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INTRODUCTION OF DRACOCEPHALUM MOLDAVICA L. IN VITRO CULTURE

Background. Dracocephalum moldavica L. is widely used in folk medicine in many countries of the world due to its
antispasmodic, antibacterial, analgesic, sedative and anti-inflammatory properties. D. moldavica essential oil is often used in
aromatherapy and cosmetology. The use of biotechnological methods for obtaining secondary plant metabolites has become
increasingly popular in recent years. Onthe one hand, they serve as a source of substances beneficial for pharmacology, while
on the other hand, aseptic microclones of medicinal plants can be utilized as model organisms to explore methods to enhance
the biosynthesis of specific target products. The in vitro use of plants for the production of biologically active substances is also
a crucial and pertinent method for the conservation of natural biodiversity. The aim of this study was to determine the optimal
conditions for introducing the medicinal plant Dracocephalum moldavica into in vitro culture.

Methods. To introduce Dracocephalum moldavica plants into in vitro culture, the conditions for seed sterilization were
carefully selected. The effectiveness of treatment with succinic acid in combination with various concentrations of sodium
hypochlorite solution (20 %, 50 %, or 70 %) was assessed to obtain aseptic material and ensure a high percentage of seed
germination. The duration of seeds viability after storage for 1, 2, and 3 years was determined by testing seed germination in soil
and in vitro.

Results. Seeds of D. moldavica have a relatively low germination rate when planted in soil and quickly lose their viability.
In vitro cultivation can significantly enhance the germination of fresh seeds and allow for a more efficient use of two- and three-
year-old seeds. The stimulating effect of succinic acid on the seed germination and seedling development of Dracocephalum
moldavica has been observed, but it also activated the growth of fungal and bacterial infections. Therefore, it is advisable to use
this stimulant only along with a more intensive sterilizing agent.

Conclusions. The optimal method for introducing Dracocephalum moldavica from seeds into in vitro culture has been

determined: pre-treatment of seeds with succinic acid followed by sterilization using 70 % sodium hypochlorite.

Keywords: succinic acid, sterilization, seed viability, percentage of seed germination.

Background

The increasing demand for herbal medicines in the
healthcare sector highlights the importance of addressing
the issue of securing a raw material base through
additional plant sources and their integrated use. The
widespread and uncontrolled exploitation of essential oil
plants has resulted in the depletion of many raw materials,
emphasizing the necessity to investigate alternatives that
can ensure a sustainable raw material base. In this context,
essential oil plants of the Lamiaceae family are particularly
noteworthy. They contain a complex of biologically active
substances, including essential oils, terpenoids, saponins,
polysaccharides, phenolic compounds, etc. These plants
exhibit versatile pharmacological activity and low toxicity,
making them of significant interest (Gu, et al., 2004;
Davazdahemami et al., 2022).

Dracocephalum  moldavicaL. (moldavian dragon,
moldavian snakehead, garden pistil) is a native plant for the
temperate climate of Asia. However, it is also found in
eastern and central Europe. Over the years, D. moldavica
has been used for a variety of purposes, including medicinal,
cosmetic, culinary, and ornamental (Zhan et al., 2024).

The aerial parts of D. moldavica contain a range of
compounds, such as phytoncides, flavonoids, phenolic
carboxylic acids, and triterpenoids. The most well-known
and studied components of D. moldavica are its volatile
oils, responsible for its characteristic aroma and flavor
(Rudy et al., 2020). In the aerial parts of D. moldavica,
23 compounds were identified in the essential oil. The
primary components of the essential oil from the aerial
parts of D. moldavica are oxygenated monoterpenes,
including pulegone, menthone, and isomenthone. Other
components of the volatile oil include limonene, B-pinene,
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trans-piperitone oxide, and 1,8-cineole (Lawless, 2013;
Amini, et al., 2020).

The seeds of D. moldavica are a nutrient-rich source
containing various bioactive compounds, including
proteins, fatty acids, carbohydrates, minerals, and
vitamins (Fragc et al., 2016). The primary fatty acids
present in the seeds are linoleic acid (48.78 %), oleic acid
(22.49 %), and palmitic acid (16.78 %) (Golparvar et al.,
2016). Among the storage proteins in the seeds, vicillin
and legumin were identified, which are commonly found
in legumes. Additionally, the main protein fractions in the
seeds of D. moldavica include globulin, albumin,
prolamine, and glutelin.

The moldavian snhakehead is extensively used in
traditional medicine in many countries worldwide and is
included in the pharmacopoeias of several European
countries. Traditionally, D. moldavica is used in
phytotherapy for various purposes. It has documented use
as an antispasmodic (Martinez-Vazquez et al, 2012;
Sadraei et al.,, 2015), analgesic (contains Iluteolin
contributing to its sedative properties) (Golshani et al.,
2003), analgesic (the main compound responsible for the
analgesic effect is rosmarinic acid), antimicrobial effect
(extracts is able to inhibit the growth of bacterial strains,
including Staphylococcus aureus and Escherichia coli)
(Sonboli et al., 2005; Fallah et al., 2018; Aéimovic et al.,
2019; Cao et al., 2019). Additionally, it has demonstrated
anti-inflammatory properties and contains eucalyptol, which
stimulates the production of digestive enzymes.

The essential oil of D. moldavica is commonly used
in aromatherapy for its pleasant aroma and calming and
relaxing properties. It can be applied through various
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methods, including diffusers, massage oils, or added
to bathwater.

Skin care: D. moldavica contains rosmarinic acid, which
can kill gram-positive and gram-negative bacteria. Other
compounds, such as flavonoids and essential oils, also
exhibit antibacterial effects. This makes the plant
potentially useful for treating skin conditions such as
eczema, psoriasis, and acne. Rosmarinic acid's antioxidant
properties help protect the skin from damage caused by
free radicals, potentially reducing signs of aging
(Dastmalchi et al., 2007). Dracocephalum moldavica L.
essential oil contains various compounds that may benefit
hair. For example, it contains limonene, which can
strengthen hair and improve its structure. It also contains
linalool, known for its soothing effect on the scalp, helping
to reduce itching and irritation. Additionally, it has a
pleasant scent that can be used to add natural fragrance to
hair care products.

The use of biotechnological methods to produce
secondary plant metabolites has gained increasing
popularity in recent years. The use of in vitro plant cultures
for the production of biologically active substances is also a
crucial and relevant method for the conservation of natural
biodiversity. Some studies on the in vitro cultivation of
Dracocephalum moldavica plants have been conducted to
increase the efficiency of obtaining useful metabolites from
genetically modified plants. In particular, the plants were
treated with Agrobacterium-mediated transformation to
create hairy roots and subsequently obtain callus and
suspension culture from them (Weremczuk-Jezyna et al.,
2013; Weremczuk-Jezyna et al., 2017). The method of
genetic modification is certainly effective in enhancing the
synthesis of metabolites, but it is quite complex, and the
resulting material is genetically unstable. At the same time,
the method of sterilisation of the primary material for the
introduction of these plants into in vitro culture, as
described in the literature, proved to be ineffective
(Weremczuk-Jezyna et al., 2013).

The main objective: to identify the optimal conditions
for introducing D. moldavica into in vitro culture. This will
help, on the one hand, to obtain a source of substances
useful for pharmacology, and on the other hand,
Dracocephalum moldavica microclones can be used as
model objects to identify new ways to enhance the
biosynthesis of certain target products by selecting the
culture medium, spectral composition of light, etc.

Methods

Two-year-old seeds were used as primary explants for
the in vitro culture of Dracocephalum moldavica plants, as
this is the best way to quickly obtain aseptic plants.The
seeds were pre-washed with running water and distilled
water. Subsequently, half of the seeds were further soaked
for 1 hour in a 0.1 % succinic acid solution, while the other
half remained untreated with succinic acid (Table 1). Due
to the fact that D. moldavica seeds lose their germination
rather quickly, and we used two-year-old seeds, it was
advisable to stimulate their germination beforehand. To do
this, we used treatment with succinic acid — an important
intermediate product of plant metabolism, involved in the
processes of cellular (Tricarboxylic acid cycle) respiration,
which are activated during seed germination; also it is
showed that seedlings obtained from seeds treated with
succinic acid had a higher chlorophyll content, increased
vegetative mass faster, had higher water use efficiency
and demonstrated resistance to stress at the level of
antioxidants (Singh, & Singh, 1972; Kilig, 2023). Seed
treatment was carried out prior to introduction into the
culture, as to stimulate germination, seeds are treated
with high concentrations of succinic acid for a short time,
and to improve growth processes, much lower
concentrations are used once. When added to the
nutrient medium, the biostimulant will act for a very long
time, and at high concentrations, it can adversely affect
the development of seedlings.

Following the pretreatment, both the succinic acid-
treated and untreated seeds were sterilized. The method of
sterilisation of D. moldavica seeds described in the
literature, using a 2 % sodium hypochlorite solution for
2 min (Weremczuk-Jezyna et al., 2013), is very gentle and
therefore ineffective. Therefore, for sterilisation, we used
reagents that are traditionally used and have proven to be
effective: higher concentrations of sodium hypochlorite
solution and 0.02 % HgCI2 solution (Kushnir, & Sarnatska,
2005; Madhale, 2016). Such, all seeds were kept in 70 %
ethyl alcohol for 1 minute, followed by a 10-minute
exposure to a 0.02 % sulema solution and an additional
8 minutes in a sodium hypochlorite (NaClO) solution.
Different concentrations of sodium hypochlorite solution
were used for sterilization, specifically: 20 %, 50 %, or
70 %. Each experimental group consisted of 5 jars with
10 seeds in each. The details of the experimental groups
are presented in Table 1.

Table 1

Experimental groups for treating Dracocephalum moldavica seeds
with various solutions to stimulate germination and sterilization (n=50, M+m)

Variants of the experiment | 1l 11 v \Y Vi
Seed treatment with 0.1 % solution of succinic acid + + + - - -
Sodium hypochlorite concentration for seed treatment 20 % 50 % 70 % 20 % 50 % 70 %

After sterilization, the seeds were planted on Murashige
and Skoog (MS) nutrient medium with half the
concentration of substances (1/2 MS).

The experimental groups were monitored weekly to
assess contamination presence and seed germination.
The results of the sterilization efficiency were analyzed
one month after planting to account for potential internal
infections.

To determine the shelf life of seed viability, seeds from
the first-year of harvest and those that had been stored for
2 and 3 years were selected. Germination took place in a
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greenhouse with a daytime temperature of +25 °C and a
nighttime temperature of +20 °C, closely resembling
optimal conditions for planting seeds in the ground. Ten
seeds were placed in each well, with five wells per group.

For aseptic germination, seed sterilization followed a
proven methodology from our previous study: 1 minute in
70 % ethyl alcohol, 10 minutes in sulema solution, and
8 minutes in 70 % NaClO.

Seeds with a shelf life of 1, 2, and 3 years were planted
on %2 MS nutrient medium, with 10 seeds per jar and 5 jars
per group.
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The percentage of seed germination was calculated using formula (1) once the last individual seeds had germinated:

number of germinated seeds

Germination % =

%100 (1)

total number of seeds taken for germination

The obtained germination data were analyzed using the
Prism Graphpad 8 program. The significance of the
difference between germination values among groups with
different sterilization methods, as well as with and without
succinic acid pretreatment, was determined for each week
separately using a multivariate  ANOVA analysis with
Tukey's correction. Differences at p<0.05 were considered
significant.

Results

Sterilization of primary material

One week after planting on the nutrient medium, initial
signs of fungal and bacterial infection emerged. Two weeks
later, there was an increase in fungal contamination,
possibly attributed to the germination of internal infections
in the explants, with no further observable manifestations in
the subsequent period. The results regarding the
effectiveness of sodium hypochlorite in  various
concentrations, with or without pretreatment with succinic
acid, are presented in Table 2.

Table 2
Amount of contaminated seed of Dracocephalum moldavica under different treatment with reagents
| 1l 1] \Y \' Vi
Seeds treated with 0.1 % succinic acid + + + - - -
Sodium hypochlorite concentration for 20 % 50 % 70 % 20 % 50 % 70 %
seed treatment
Amount of contaminated seed 80 % 60 % 20 % 40 % 40 % 20 %

According to the results of our studies, the most
effective method for sterilizing D. moldavica seeds is to
immerse them in a 70 % NaClO solution, both with and
without pretreatment with succinic acid (group IlI).
However, it is noteworthy that succinic acid treatment, in
general, promoted the development of fungal and
bacterial infection on the seed surface, resulting in the
highest contamination rate (80 %) in the group with the
least concentrated sterilizing agent (20 % NaCIO).
Increasing the concentration of NaClO to 50 % and 70 %
reduced the infection of the primary material to 60 % and
20 %, respectively.
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Germination of Dracocephalum moldavica seeds under
in vitro conditions

Two-year-old seeds of D. moldavica in most
experimental groups initiate in vitro germination 3 weeks
after planting. Overall, a low germination percentage was
observed, approximately 25 %, which could be attributed to
the rapid loss of seed germination (Fig. 1). Seeds in
experimental group V started to germinate only after
4 weeks, while in group I, no germination occurred. The
latter can be explained by a significant fungal infection of the
material (80 %) resulting from pre-sowing treatment with
succinic acid. Additionally, a low germination percentage
was noted in groups IV and V, where there was no seed
stimulation with succinic acid, but due to insufficient
sterilization, a high infection of explants was observed.
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Fig. 1. Germination of two-year-old D. moldavica seeds depending on the different treatment with reagents.
I — with succinic acid and 20 % NaClO, Il — with succinic acid and 50 % NaClO, Il — with succinic acid and 70 % NaCIlO,
IV — without succinic acid with 20 % NaClO, V — without succinic acid with 50 % NaClO,
VI - without succinic acid with 70 % NaCIO

Note: * — significant difference (p<0.05) of group Il compared to groups | and V after 6 weeks of germination;
** — a significant difference (p<0.05) of group lll relative to groups I, IV and V after 7 and 10 weeks of germination

It should be noted that in most in vitro groups (ll, 1V, V,
VI), seed germination ceased by the 5th week after seed
planting. Whereas in group lll, where seeds were pre-treated
with succinic acid and sterilized with a high concentration of
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sodium hypochlorite, germination continued for up to
10 weeks. This group showed the highest germination rates
as early as 6 weeks into seed cultivation (Fig. 1). Thus, the
treatment of seeds with succinic acid stimulated germination,
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while the high concentration of the sterilizing agent
suppressed microorganisms activated by this acid on the
seed surface. Additionally, in group lll, the sprouts exhibited
a thickened stem (Fig. 2). Simultaneously, in groups
sterilized with lower concentrations of sodium hypochlorite

(20 % and 50 %), after succinic acid treatment, there was an
increase in fungal and bacterial infections, indicating the low
efficacy of such sterilization. The intensified contamination,
in turn, inhibited seed germination.

Fig. 2. In vitro plants of D. moldavica grown from seeds stimulated
with succinic acid and sterilized in 70 % NaCIO (group lll)

In groups Il and VI, the percentage of seed germination
was average compared to other experimental groups. In
group I, seeds and microorganisms were stimulated by
succinic acid, but sterilization with 50 % NaClO was not
effective. In group VI, sterilization with 70 % NaClO was
successful, but there was no stimulating effect of succinic
acid. Additionally, abnormal seedlings with shortened stems
and low growth were found in both of these groups (Fig. 3).

Figure 1 demonstrates that under more optimal
conditions (group lll), two-year-old seeds continue to
germinate for two months. This indicates a very low level

of viability in the seeds, and they would not have
germinated without additional stimulation and highly
favorable conditions.

Statistical analysis of the results revealed significant
differences between the groups only after 6 weeks of
germination (Fig. 1). Thus, group Il differed significantly
from groups | and V after 6 weeks of germination, and after
7 and 10 weeks of germination, group Il differed from
groups I, IV, and V. The other groups did not differ
significantly from each other.

Fig. 3. In vitro D. moldavica plants grown from seeds that were not stimulated
with succinic acid and sterilized in 70 % NaCIO (group VI)

Thus, the best result was obtained in group Ill: with
pretreatment of seeds with succinic acid and subsequent
sterilization using 70 % sodium hypochlorite. In this group,
we found the least contamination, the highest germination
rate, and the seedlings exhibited normal development with
thicker stems.

Given the rather low germination capacity of the two-
year-old seeds, even in vitro, the duration of seed viability
was investigated, both in vitro and in soil. One-, two-, and
three-year-old D. moldavica seeds were used. Fresh

(one-year-old) seeds initiated active germination on the
6th day after planting in the soil, and by the 10th day, all
viable seeds had germinated. Under aseptic conditions,
fresh seeds began to germinate on the 5th day after
planting and continued up to 14 days after planting. Thus,
more favorable in vitro conditions, on the one hand,
slightly accelerated the germination of viable seeds, and
on the other hand, stimulated the germination of seeds
with reduced viability (Table 3).

Table 3

Germination of D. moldavica seeds depending on its storage period and growth environment, % (n=100, Mtm)

storage period
1 year 2 year 3 year
growth environment
In the soil 25+12,25 92,15 0+0
In vitro 98+2,74 28+3,56 610,34
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Table 3 shows that fresh seeds of D. moldavica have a
rather low germination rate when planted in soil (only 25%
after one year of storage), when stored in dry conditions at
room temperature, their viability decreases three times in
the second year of storage and completely loses
germination after three years of storage. When germinated
in vitro, the germination rate of fresh seeds increases four
times compared to those sown in soil, and that of two-year-
old seeds increases three times, while only 6 % germinated
after three years of storage.

Discussion and conclusions

D. moldavica seeds exhibit a rather low germination
rate when planted in the ground and rapidly lose their
viability. Therefore, we recommend using only annual
seeds for planting in home gardens and greenhouses.
Conversely, in vitro cultivation can significantly enhance
the germination rate of fresh seeds, as well as more
efficiently use two- and three-year-old seeds. By
stimulating the seeds during cultivation on nutrient media
and avoiding the negative impact of bacterial and fungal
infections on seed germination, even seeds with low
viability can successfully germinate. Hence, the duration of
seed germination in aseptic conditions is notably longer
than in soil.The nearly one hundred percent germination of
fresh seeds is facilitated not only by the optimal
composition of the nutrient medium and the appropriate
humidity level in the crop but also by effective seed
sterilization. One adaptive property of D. moldavica seeds
is the intense secretion of mucilage by the seed coat after
exposure to moisture. This mucilage helps the seed in
retaining moisture under arid conditions in nature.
However, this adaptation also potentially promotes the
development of fungal contamination, which, in turn, can
reduce the germination of weaker seeds.

An increase in the contamination of primary plant
material was observed after pretreatment with succinic acid.
Succinic acid, due to its properties, accelerates nutrient
absorption, promotes plant growth, provides oxygen to cells,
and has a protective function on living cultures. It is likely
that pre-sowing treatment with this substance stimulated the
development of bacterial and fungal infection on the surface
of seeds before planting on the nutrient medium. Therefore,
at low concentrations of disinfectants, the groups treated
with succinic acid showed the highest contamination rates. A
70 % concentration of sodium hypochlorite proved to be the
most effective in inhibiting the development of bacterial and
fungal infections.

On the other hand, a stimulating effect of succinic acid
was also observed on seed germination and seedling
development of D. moldavica. Therefore, the most effective
way to germinate seeds in vitro is to combine pre-sowing
seed stimulation with succinic acid and sterilization with
high concentrations of sodium hypochlorite. Plants
introduced into in vitro culture can be further used directly
for the production of valuable metabolites, or such aseptic
plants can be stimulated to form callus, followed by the
production of suspensions, which have also been shown to
be effective for the production of valuable secondary
metabolites (Weremczuk-Jezyna et al., 2013; Weremczuk-
Jezyna et al., 2017).

Thus, in the course of our study, the optimal method for
introducing Dracocephalum moldavica from seeds into
in vitro culture was established: pretreatment of seeds for
1 hour with 0.1 % succinic acid and subsequent
sterilization of seeds: 1 min. in 70 % ethyl alcohol, 10 min.
in sulem, 8 min. in 70 % sodium hypochlorite.
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BBELOEHHA DRACOCEPHALUM MOLDAVICA L. B KYJIbTYPY IN VITRO

B ¢ Ty n. Dracocephalum moldavica L. wupoko 3acmocoeyembcsi 8 HapoOHil MeduyuHi 6azambox KpaiH ceimy 3aedsiku HasseHocmi crna3mo-
nimuy4Hux, anmu6akmepianbHUX, aHaslb2emu4HUX, ce0amueHuUX ma npomusananabHux enacmueocmel. E¢gpipHa onis Dracocephalum moldavica
4acmo sukKopucmosyembCsi 8 apomameparnii ma kocmemousiozii. 3acmocyeaHHs1 6iomexHoo2iYHUX Memodie ompuMaHHsi MOPUHHUX Mema6orii-
mie pocnuH cmae ece 6inbw NonyasspPHUM ocMaHHIMu pokamu. 3 00HO20 60Ky, 80HU 00380JIsIIOMb OMpuUMamu OXkepesio KOPUCHUX Ons hapmako-
noeii peyoeuH, a 3 iHWo20 60Ky, MIKPOK/TIOHU acenmu4HUX JIiKapCbKUX POCIIUH MOXYmb 6ymu eukopucmaHi sik MoOesibHi 06'eKmu Onsi eusienieHHs1
wunsixie nidcuneHHss 6iocuHmMe3y mux 4u iHWuUXx yinboeux npodykmie. BukopucmaHHsI pOC/uH in vitro 3 Memoro ompumaHHs 6i0/102iY4HO akmueHuUXx
PeYo8UH € MaKoX 0OHUM 3 8a)Jlueux i akmyanbHux memodie 36epexxeHHs1 IPUPOOHo20 6iopisHomaHimmsi. Memoro daHoi po6omu 6yno eusseumu
onmumarnbHi ymoeu eeedeHHs1 8 Kynbmypy in vitro nikapcbkoi pocnuHu Dracocephalum moldavica.

M e T o awu. [ns eeedeHHs: 8 Kynbmypy in vitro pocnuH Dracocephalum moldavica nid6upanu ymoeu cmepunizayii HaciHHs: nepeegipsinu eghe-
KmueHicmb 06po6Ku 6ypwWMuUHOE0I0 KUCITOMOK 8 NMOeOHaHHI 3 Pi3HUMU KOHUeHmpauisamu po34uHy 2inoxsopumy Hampito (20 %, 50 % a6o 70 %) 3
Memor ompuMaHHsI acenmu4yHo20 Mamepiasly ma eucoKoi cxoxocmi HaciHHs. BusHayanu mpueanicme xumme3damHocmi HaciHHS nicns 36epi-
2aHHA 1, 2 i 3 poku wiIsixoM nepeesipKu cxXoxocmi HaciHHs y r'pyHmi ma e ymosax in vitro.

Pe3ynbTartu. HaciHHsa D. moldavica mae documb HU3bKy cXoxicmb npu eucieaHHi y rpyHm ma weudko empa4vae xumme3oamHicmsb, eu-
powyeaHHs1 8 Kynbmypi in vitro do3eosisie 3Ha4HO 36iNbWUMU NMPOPOCMaHHS C8IX020 HacCiHHS, @a makKoxX 6inbw egheKMueHO sukKopucmosysamu
0deo- ma mpupiyHe HaciHHs. BusieneHo cmumynworoyy Jdito 6ypwmuHOOl Kucsomu Ha MpPopoCcmMaHHsi HaciHHSI ma pPo38UMOK MPOpPOCMKie
Dracocephalum moldavica, ane makox npu ybomy criocmepieanacb akmueauyiss pocmy 2pubkoeoi ma 6akmepianbHoi iHghekyii. Tomy douyinbHoO
suKopucmosyeamu yeli cmumMysissmop suwe nopsio 3 6inbw iHMeHCcUBHUM enJIueoM cmepuJli3yro4ol pe4yosuHuU.

B 1 c H o B k1. BcmaHoeneHo onmumarnbHuli Memod eeedeHHs1 8 Kynibmypy in vitro Dracocephalum moldavica 3 HaciHHs: nonepedHsi 06po6-
Ka HaciHHs1 6ypWwmuHOE0r KUCJIOMor ma nodasbwa cmepusisayis 3 eukopucmaHHsaMm 70 % 2inoxmopumy Hampito.

KnwuyoBi cnoBa: 6ypwmuHoea kuciioma, cmepusizayis, Xumme3damHicmb HaciHHsI, 8i0COMOK CX0X0CMmi HacCiHHS.
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