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Abstract. The aim of this study was to initiate calli formation and cell
suspension cultures from some species of Agastache genus. These plants
could be useful for a production of bioactive secondary metabolites in
vitro. For the initiation of callogenesis, two explant types were tested: leaf
and stem explants from 40-60 days old in vitro seedlings. Percentage of
callus formation was used as criterion to evaluate the efficiency of callus
induction. Leaf- and stem-derived friable calli of A. foeniculum and A.
urticifolia cultivated on MS medium supplemented with 0.5 mg/L 2.4-
dichlorophenoxyacetic acid and 0.1 mg/L kinetin were selected for the cell
suspension cultures establishing. The cell suspension cultures of A.
foeniculum characterized by growth indexes of 1.08 and 8.57 for MS and
B5 media respectively. For A. urticifolia suspension cultures growth
indexes were 3.01 for MS medium and 1.29 for BS medium. The period of
culturing was 28 days. Viability of cell suspension cultures varied 50-100
during the period of culturing. According to the growth characteristics for
establishing A. foeniculum suspension culture is better to use MS medium,
and for A. urticifolia — BS.

1 Introduction

Agastache is a genus of Lamiaceae encompassing more than 20 species of perennial
aromatic and medicinal plants native to North America (except one species, 4. rugosa,
native to Central Asia) and widely using in traditional medicine for the treatment of nausea,
vomiting, bacterial infections, diarrhea, cholera and anxiety [1]. Some of Agastache species
are applied as sources of essential oils, herbal drugs and spices as well as ornamental and
nectariferous plants [2].

Agastache species contain valuable secondary metabolites such as phenylpropanoids
and terpenoids. The first group includes flavonoids, free phenolic acids, together with
caffeic acid derivatives, and depsids, such as lignans. Terpenoids of Agastache contain
non-volatile and volatile components of essential oils [3]. Essential oils of Agastache have
antibacterial, antifungal, cytotoxic, nematicidal activity and insecticidal properties [4]. The
main components of Agastache essential oils are estragole, limonene, anisaldehyde,
methyleugenol, thymol, pulegone [5-6]. The essential oil content depends on different
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factors such as a species, plant organ, harvesting time, environmental conditions and
cultivation methods [3]. Estragole (syn.: methyl chavicol) is usually the most abundant
compound of A. rugosa and A. foeniculum essential oils (over 98%) [7]. The caffeic acid
derivatives such as rosmarinic acid (RA), ester of caffeic acid and 3.4-
dihydroxyphenyllactic acid, and lithospermic acid B, a dimer of RA, are noted to possess
some medical properties [8]. It has been found that RA has antioxidant properties
associated with membranes stabilization. RA is the obstacle of radical propagation that
protects membranes against oxidative damage [9]. RA also is a promising neuroprotective
compound. It has a cognitive-enhancing effect and can inhibit aggregation of amyloid-f,
which makes it potential therapeutic substance for Alzheimer’s disease treatment [10]. RA
and its derivatives are comparatively easy accumulate in cultured plant cells [11].
Suspension cultures and Hairy root cultures of Agastache were also studied as RA
producers [12]. Agastache genus is a source of new chemical compounds with unidentified
biological activity. Several new diterpenoids from roots of A. rugosa, for example,
agastaquinone and other oxidized abietanoids, such as agastol, dehydroagastol, isoagastol
were isolated [13, 14]. A new flavone glycoside was isolated from leaves of A. rugosa
called acacetin 7-O-b-(600-(E)-crotonylglucopyranoside) [1]. However, agastinol and
agastenol were reported to cause effect of protection against etoposide-induced apoptosis in
leukemia cells U937 [14].

The main focus of Agastache species investigation is 4. rugosa. Studies have showed
that A. rugosa has many medicinal activities, such as antitumor, antiviral, antibacterial,
antifungal properties, anti-inflammation, anti-atherogenic and anti-melanogenic activities
[15-16]. Plant in vitro culture have been applied also mostly to A. rugosa for such purposes
as micropropagation [7] and for studying regulation of the biosynthesis of specialized
secondary metabolites [7, 17]. Efficient protocols for in vitro RA production have been
developed for A. rugosa [18-19]. There is not enough information about other Agastache
species in in vitro culture. Some reports were dedicated to 4. foeniculum [20]. Plant cell
cultures of other Agastache species could represent an available resource to obtain high-
efficiency compounds it was already reported for 4. rugosa and partly for A. foeniculum [7,
18-19]. Thus, the aim of this work was to develop efficient protocols for establishing
callogenesis and cell suspension cultures for following phytochemical and pharmacological
studies of three Agastache species — A. foeniculum, A. scrophulariifolia, A. urticifolia.

2 Materials and methods

2.1 Plant Material

Seeds were surface sterilized by immersion in 70% ethanol for 1 minute followed by 5%
sodium hypochlorite solution for 15 minutes. Subsequently the seeds were rinsed three
times with sterilized distilled water. The sterilized seeds were cultured on MS [25] medium
without any growth regulators, containing 8 mg/L agar for solidification. A period of
incubation of seeds amounted 60 days at 22 °C.

2.2 Callus Induction

For callus induction 0.5-1.0 cm segments of leaves and stems from 2 months old in vitro
cultivated plants were used as explants. The explants were placed in Petri dishes on solid
MS media (8 mg/L of agar supplement) supplemented with growth regulators. Cultures
were maintained at 20 °C in the dark during eight weeks. For callus induction six variations
of medium supplements were tested: 0.5 or 2.0 mg/L 2,4-dichlorophenoxyacetic acid (2.4-
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D) in combination with 0.1 mg/L kinetin (KIN); 1.0 or 2.0 mg/L 6-benzyladenine (BA) in
combination with 0.1 mg/L a-naphthaleneacetic acid (NAA); 0.5 or 1.0 mg/L indole-3-
acetic acid (IAA) in combination with 0.1 mg/L kinetin. Subcultures were executed at 28
days intervals.

2.3 Cell Suspension Culture

Friable calli after 6 months of culturing were used to obtain suspension cultures. To
establish cell suspension culture 5 g of friable leaf- or stem-derived callus was carried to a
500 mL flask containing 50 mL of liquid MS or B5 media, supplemented with 1 mg/L 2.4-
D, 0.1 mg/L KIN and 30 mg/L sucrose (pH 5.8). The suspension cultures were maintained
at 22 °C on a shaker at 100 rpm in the dark. Cells were sub-cultured by transferring cell
suspensions into fresh medium (1:2, v/v) with interval of 14 days. To retrieve data for the
growth curves 14 days old inoculum cultures were used. Cell growth was defined at 3 days
intervals during 1 month [26]. Also, growth of suspension cultures was monitored by cell
counting using a hemocytometer [27].

For cells viability evaluation a counting method using the hemocytometer and Evans'
blue was applied [27]. The percentage of unstained cells represents the percentage of viable
cells in the suspension (% viable cells = viable cell number / total cell number). All results
were received in triplicate.

2.4 Statistical Analysis

For callus induction, 20 explants were used for each treatment. Each experiment was
performed in three independent replicates. Data were analyzed with ANOVA.

3 Results

Callus induction was achieved from explants within 6 weeks of inoculation.

A. foeniculum callus formation was observed on both types of explants for all types of
nutrient medium. A. foeniculum stem explants showed the best result for all medium
variations except the media with 0.1-0.2 mg/L BA (Table 1).

Table 1. Effects of explant types and combinations of growth regulators on Agastache foeniculum
quality of calli and efficiency of callogenesis.

Supplements E’:?:;m Z‘;r(r)rfiilxgptlszrllltif Callus quality? Inte;.‘;iltlga(:ifoignus
0.5 mg/L 2.4-D + leaf 542 £2.9¢ Friable, pale green ++
0.1 mg/L KIN stem 1002 Friable, pale green -+
2mg/L 2.4-D + leaf 83.4+9.72 Friable, pale brown +++
0.1 mg/L KIN stem 83.4+9.70 Friable, pale brown +++
1.0 mg/L BA + leaf 80.0 +2.7% Compact, brown ++
0.1 mg/L NAA stem 262 +1.8° Compact, green +
2.0 mg/L BA + leaf 36.1 £2.6¢ Compact, dark brown +
0.1 mg/L NAA stem 0° -
0.5 mg/L TAA + leaf 70.4 £3.8f Brown, heterogeneous ++
0.1 mg/L KIN stem 83.4+7.8° Brown, heterogeneous ++
1.0 mg/L TAA + leaf 27.0+1.3° Brown, heterogeneous +
0.1 mg/L KIN stem 86.3 + 1.4 Dark brown, heterogeneous ++

!'Values marking same letters indicate not significantly different according to Duncan test (p < 0.05); 2 Observation
for primary callus subcultures; *+ - low level; ++ - medium level; +++ - high level
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Depending on the concentration and the combination of plant growth regulators the
intensity of callus formation, its color and texture widely varied. The callus color and
texture ranged from pale green to dark green, and from soft and friable to compact. At the
concentrations 0.5 and 2.0 mg/L 2.4-D, both leaf and stem explants produced friable pale
green or pale brown calli. On MS media supplemented with BA in concentration 1.0-2.0
mg/L in combination with 0.1 mg/L NAA, explants developed dark brown or green and
compact calli. For media supplemented with 0.5 and 1.0 mg/L IAA in combination with 0.1
mg/L KIN heterogeneous dark brown calli were obtained. Maximum callus induction
(100%) was achieved from stem explants for medium supplemented with 0.5 mg/L 2.4-D in
combination with 0.1 mg/L KIN. The highest intensity of callus formation also was
achieved for the media with 2.4-D. The callus from these media was selected for
establishing cell suspension culture of 4. foeniculum (Figure 1).
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Fig. 1. Agastache foeniculum callus induction and establishing cell suspension culture. (a) intact
plant; (b) seeds; (c) 60 days old in vitro plants; (d) 6 weeks old stem- and leaf-derived calli on MS
medium supplemented with 0.5 mg/L 2,4-D and 0.1 mg/L KIN; (e) multiplication of friable stem-
derived calli; (f) establishing cell suspension culture; (g) cell suspension aggregates (x10); (h) non-
viable cell stained with Evan’s blue (x10); (i) viable cells (x10).

For A. scrophulariifolia callus formation was observed on the media supplemented with
0.5-2 mg/L 2.4-D in combination with 0.1 mg/L KIN both from stem and leaf explants
(table 2). Maximum callus induction (100%) was achieved from leaf explants (table 2). The
explants formed compact white or pale green calli. For other variants of media callus
formation was not observed.
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Table 2. Effects of explant types and combinations of growth regulators on Agastache
scrophulariifolia quality of calli and efficiency of callogenesis.

Explant % of explants . Intensity of
Supplements t?pe formingpcalli1 Callus quality” callus fornfation3
0.5mg/L2.4-D+H leaf 100.00° Compact, pale green -+
0.1 mg/L KIN stem 96.00 + 1.48¢ Compact, white ++
2 mg/L2.4-D + leaf 100.00° Compact, white A+
0.1 mg/L KIN stem 90.00 +2.13¢ Compact, pale brown ++

! Values marking same letters indicate not significantly different according to Duncan test (p < 0.05); 2
Observation for primary callus subcultures; 3 + - low level; ++ - medium level; +++ - high level

For A. urticifolia callus formation was possible on the media supplemented with 0.5-2.0
mg/L 2,4-D in combination with 0.1 mg/L KIN, 1.0 mg/L BA in combination with 0.1
mg/L NAA for both explants’ types, and 2.0 mg/L BA in combination with 0.1 mg/L. NAA
only for leaf explants (Table 3).

Table 3. Effects of explant types and combinations of growth regulators on Agastache urticifolia
quality of calli and efficiency of callogenesis.

Explant % of explants . Intensity of
Supplements t;)pe formingpcalli1 Callus quality* callus fornfation3

0.5 mg/L 2,4-D + leaf 100.004 Friable, pale green +++

0,1 mg/L KIN stem 68.00 £ 11.43° Compact, white ++

2 mg/L 2,4-D +0,1 leaf 96.00 + 1.65°¢ | Friable, pale green ++

mg/L KIN stem 84.00 + 5.05°¢ Compact, white ++
1.0 mg/L BA +0,1 leaf 64.00 + 28.81° Compact, green +
mg/L NAA stem 34.00 £ 13.29¢ Compact, green +
2.0mg/L BA +0,1 leaf 60.00 + 38.71° Compact, green +
mg/L NAA stem 0.00? -

! Values marking same letters indicate not significantly different according to Duncan test (p < 0.05); 2
Observation for primary callus subcultures; 3 + - low level; ++ - medium level; +++ - high level.

At concentrations 0.5-2 mg/L 2.4-D leaf explants produced pale green soft calli. At the
same media stem explants established compact white calli. On the media supplemented
with 1.0-2.0 mg/L BA in combination with 0.1 mg/L NAA both types of explants formed
compact white or green calli. For media supplemented with 0.5-1.0 mg/L IAA in
combination with 0.1 mg/L KIN callogenesis efficiency was zero.

For the establishing suspension cultures of all studied Agastache species soft friable
calli generated on the medium supplemented with 0.5 mg/L 2.4-D in combination with 0.1
mg/L KIN were used. The calli were sub-cultured every 28 days onto a fresh medium, until
obtaining homogenous callus lines after 6 months of culturing, which were used for the
establishing of cell suspension cultures. The growth curves of Agastache cell suspensions
based on fresh and dry weight quantification and cell amount in 1 mL suspension, are
represented in Figure 2 and Figure 3 (a). Cell suspensions cultures of 4. foeniculum entered
the exponential phase during the 1% day of culture, until the 24" day with growth indexes of
1.8 (MS), 8.97 (BS) on a dry weight basis (growth index of the culture (final weight —
initial weight)/initial weight). The percentages of cell viability varied between 89.87 and
30.26 for A. foeniculum suspension culture, 58.39 and 12.96 for A. urticifolia suspension
culture (Figure 3 (b)) and 0 and 36.00 for 4. scrophulariifolia suspension culture at the end
of the 1% and 6™ week, respectively. When the viability of cells remained about 50 %, it
was considered that the suspension culture establishing was unsuccessful (Mathur &
Shekhawat, 2013).
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Fig. 2. Growth curves of cell suspension cultures of Agastache species in liquid MS and B5 media
supplemented with 1 mg/L 2,4-D and 0.1 mg/L KIN for 4 weeks of culturing: (a) FW — fresh weight;
(b) DW — dry weight. The bars demonstrate the standard error (£SE) from three independent
measurements.
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Fig. 3. (a) The cell number per mL suspension cultures of Agastache species cultured for 4 weeks; (b)
the cell viability of A. of Agastache species suspension cultures. The bars demonstrate the standard
error (+SE) from three independent measurements.

4 Discussion

The dependence of callus formation on explant type and plant growth regulators
concentration was already reported for some Lamiaceae plants. For many Lamiaceae
species calli were developed on the media supplemented with 2,4-D and BA mainly from
leaf explants [21-22]. Optimal concentration of plant growth regulators may depend on
many factors, such as a genotype of original plants, type of explants, its origin and age,
mineral and composition of media [23].

In previous studies to the development of cultivation system to obtain RA and volatile
components of essential oils in A. rugosa suspension culture, MS media containing 0.5-1.0
mg/L of 2,4-D were used [5,19]. We assume that the MS medium supplemented with 1
mg/L 2.4-D and 0.1 mg/L KIN is not suitable for establishing suspension cultures of 4.
urticifolia and A. scrophulariifolia. We plan to use other variation of nutrient media for
these aims, for example B5 medium. In cell suspension culture of A. rugosa for RA
production the maximum growth (7.7 g/L) was achieved in the liquid B5 medium
supplemented with 2 mg/L 2,4-D and 0.1 mg/L BA [18]. For some Lamiaceae species, such
as Satureja hortensis L. [24], Satureja khuzistanica [22] B5 medium also was preferable for

https://doi.org/10.1051/bioconf/20249501005
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obtaining cell suspension cultures. Consequently, we suppose that the use of B5 medium
could be effective for establishing cell suspension cultures of other Agastache species.
Mineral compound of media, particularly NH4* and NO;  concentrations and source
influence phenolic secondary metabolites production of Lamiaceae, especially RA, and
biomass accumulation, which was confirmed in some studies [22].

Carbon source and concentration are important factors of cell suspension culture
cultivation. Growth of suspension culture of A. rugosa was improved, when it was
cultivated in MS medium supplemented with 50 mg/L sucrose [5]. Thus, an increase in the
sucrose content in the medium can be used to improve the cell growth of Agastache
suspension cultures.

5 Conclusion

In result, for the first time a suitable cell suspension culture was established with soft stem-
derived callus of A. foeniculum as a background for further studies on the production of
secondary metabolites in vitro. Obtaining a stable suspension culture is the first step to
develop a system for valuable secondary metabolites production in vitro. The resulting
culture showed sustainable and stable growth throughout the entire cultivation period and
high viability with a maximum of 89.87% on the 8-12 days of cultivation. This study shows
prospects of using not only A. rugosa, but also A. foeniculum for the development of
biotechnological systems to synthesize pharmaceutically active components using plant
cells and tissue culture. For A. urticifolia and A. scrophularifolia efficient cell suspensions
were not established. The cell viability of these two species in suspension culture was low
during all period of cultivation did not exceed 36 % for A. scrophulariifolia and 58,39 %
for A. urticifolia. When cell viability remained around 50 %, it was considered that the
suspension culture establishing has failed. For A. scrophulariifolia too hard and compact
calli were developed. This type of callus is not suitable for establishing suspension culture.
To obtain stable suspension cultures of these species, it is necessary to optimize protocols
for callus induction of and to take into account factors of cultivation, such as composition
of media.

References

1. S. Park, N. Kim, G. Yoo, Y. Kim, T.H. Lee, S.Y. Kim, S.H. Kim, A New Flavone
Glycoside from the Leaves of Agastache Rugosa (Fisch. & C.A.Mey.) Kuntze,
Biochemical Systematics and Ecology, 67, 17-21 (2016)
https://doi.org/10.1016/j.bse.2016.05.019

2.  R.G. Fuentes-Granados, M. P. Widrlechner, L. A. Wilson, An Overview of Agastache
Research, Journal of Herbs, Spices & Medicinal Plants, 6, 1, 69—97 (1998)
https://doi.org/10.1300/J044v06n01_09

3. S. Zielinska, A. Matkowski, Phytochemistry and Bioactivity of Aromatic and
Medicinal Plants from the Genus Agastache (Lamiaceae), Phytochem Rev, 13, 2, 391—
416 (2014) https://doi.org/10.1007/s11101-014-9349-1

4. Z.N. Judrez, L.R. Herndndez, H. Bach, E. Sdnchez-Arreola, H. Bach, Antifungal
Activity of Essential Oils Extracted from Agastache Mexicana Ssp. Xolocotziana and
Porophyllum Linaria against Post-Harvest Pathogens, Industrial Crops and Products,
74, 178-182 (2015) https://doi.org/10.1016/j.indcrop.2015.04.058

5. M.H. Kim, W.T. Chung, Y.K. Kim, J.H. Lee, H.Y. Lee, B. Hwang, Y.S. Park, S.J.
Hwang, J.H. Kim, The Effect of the Oil of Agastache Rugosa O. Kuntze and Three of



BIO Web of Conferences 95, 01005 (2024) https://doi.org/10.1051/bioconf/20249501005
CIBTA-111-2024

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Its Components on Human Cancer Cell Lines, Journal of Essential Oil Research 2001,
13, 3, 214-218 (2001) https://doi.org/10.1080/10412905.2001.9699669

H. Li, Q. Liu, Z. Liu, S. Du, Z. Deng, Chemical Composition and Nematicidal Activity
of Essential Oil of Agastache Rugosa against Meloidogyne Incognita, Molecules, 18,
4, 4170-4180 (2013) https://doi.org/10.3390/molecules18044170

S. Zielinska, E. Pigtczak, D. Kalemba, A. Matkowski, Influence of Plant Growth
Regulators on Volatiles Produced by in Vitro Grown Shoots of Agastache Rugosa
(Fischer & C.A.Meyer) O. Kuntze, Plant Cell Tiss Organ Cult, 107, 1, 161-167 (2011)
https://doi.org/10.1007/s11240-011-9954-2

M. Petersen, Rosmarinic Acid, Phytochemistry, 62, 2, 121-125 (2003)
https://doi.org/10.1016/S0031-9422(02)00513-7

A. Panya, M. Laguerre, J. Lecomte, P. Villeneuve, J. Weiss, D.J. McClements, E. A.
Decker, Effects of Chitosan and Rosmarinate Esters on the Physical and Oxidative
Stability of Liposomes, J. Agric. Food Chem, 58, 9, 5679-5684 (2010)
https://doi.org/10.1021/jf100133b

D.H. Park, S.J. Park, J.M. Kim, W.Y. Jung, J.H. Ryu, Subchronic Administration of
Rosmarinic Acid, a Natural Prolyl Oligopeptidase Inhibitor, Enhances Cognitive
Performances, Fitoterapia, 81, 6, 644-648 (2010)
https://doi.org/10.1016/j.fitote.2010.03.010

V.P. Bulgakov, Y.V. Inyushkina, S.A. Fedoreyev, Rosmarinic Acid and Its

Derivatives: Biotechnology and Applications, Critical Reviews in Biotechnology, 32,
3,203-217 (2012) https://doi.org/10.3109/07388551.2011.596804

S.Y. Lee, H. Xu, Y.K. Kim, S.U. Park, Rosmarinic Acid Production in Hairy Root
Cultures of Agastache Rugosa Kuntze, World J Microbiol Biotechnol, 24, 7, 969-972
(2008) https://doi.org/10.1007/s11274-007-9560-y

H.-K. Lee, S.-R. Oh, J.-I. Kim, J.-W. Kim, C.-O. Lee, Agastaquinone, a New
Cytotoxic Diterpenoid Quinone from Agastache Rugosa, J. Nat. Prod., 58, 11, 1718—
1721 (1995) https://doi.org/10.1021/np50125a011

C. Lee, H. Kim, Y. Kho, Agastinol and Agastenol, Novel Lignans from Agastache
Rugosa and Their Evaluation in an Apoptosis Inhibition Assay, J. Nat. Prod., 65, 3,
414-416 (2002) https://doi.org/10.1021/np010425¢

T.H. Lee, S. Park, G. Yoo, C. Jang, M. Kim, S. H. Kim, S. Y. Kim, Demethyleugenol
B-Glucopyranoside Isolated from Agastache Rugosa Decreases Melanin Synthesis via
Down-Regulation of MITF and SOX9. J. Agric. Food Chem., 64, 41, 7733-7742
(2016) https://doi.org/10.1021/acs.jafc.6b03256

P.A. Tuan, W.T. Park, H. Xu, N.I. Park, S.U. Park, Accumulation of Tilianin and
Rosmarinic Acid and Expression of Phenylpropanoid Biosynthetic Genes in Agastache
Rugosa. J. Agric. Food Chem., 60, 23, 5945-5951 (2012)
https://doi.org/10.1021/j£300833m

S. Shin, Y.S. Kim, C.A. Kang, Production of Volatile Oil Components by Cell Culture
of Agastache Rugosa O. Kuntze. Nat. Prod. Sci., 7, 120-123 (2001)

H. Xu, Y.K. Kim, X. Jin, S.Y. Lee, S.U. Park, Rosmarinic Acid Biosynthesis in Callus
and Cell Cultures of Agastache Rugosa Kuntze, Journal of Medicinal Plants Research,
2,9,237-241 (2008)

Y.B. Kim, J.K. Kim, Md.R. Uddin, H. Xu, W.T. Park, P.A. Tuan, X. Li, E. Chung, J.-
H. Lee, S.U. Park, Metabolomics Analysis and Biosynthesis of Rosmarinic Acid in
Agastache Rugosa Kuntze Treated with Methyl Jasmonate, PLoS ONE, 8, 5, e64199
(2013) https://doi.org/10.1371/journal.pone.0064199



BIO Web of Conferences 95, 01005 (2024) https://doi.org/10.1051/bioconf/20249501005
CIBTA-111-2024

20. H. A. Kayani, S. Khan, S. Naz, M. 1. Chaudhary, Micropropagation of Agastache
Anisata Using Nodal Segments as Explants and Cytotoxic Activity of its Methanolic
Extracts, Pakistan Journal of Botany, 45, 6, 2105-2109 (2013)

21. C. Gopi, P. Ponmurugan, Somatic Embryogenesis and Plant Regeneration from Leaf
Callus of Ocimum Basilicum L. Journal of Biotechnology, 126, 2, 260-264 (2006)
https://doi.org/10.1016/j.jbiotec.2006.04.033

22. A. Sahraroo, M.H. Mirjalili, P. Corchete, M. Babalar, M.R. Fattahi Moghadam,
Establishment and Characterization of a Satureja Khuzistanica Jamzad (Lamiaceae)
Cell Suspension Culture: A New in Vitro Source of Rosmarinic Acid, Cytotechnology,
68, 4, 1415-1424 (2016) https://doi.org/10.1007/s10616-015-9901-x

23. S. Mathur, G.S. Shekhawat, Establishment and Characterization of Stevia Rebaudiana
(Bertoni) Cell Suspension Culture: An in Vitro Approach for Production of Stevioside,
Acta Physiol Plant, 35, 3, 931-939 (2013) https://doi.org/10.1007/s11738-012-1136-2

24. B. Tepe, A. Sokmen, Production and Optimisation of Rosmarinic Acid by Satureja
Hortensis L. Callus Cultures, Natural Product Research, 21, 13, 1133-1144 (2007)
https://doi.org/10.1080/14786410601130737

25. T. Murashige, F. Skoog, A Revised Medium for Rapid Growth and Bio Assays with
Tobacco Tissue Cultures, Physiologia Plantarum, 15, 3, 473-497 (1962)
https://doi.org/10.1111/.1399-3054.1962.tb08052.x

26. T.H. Kim, J. H. Shin, H.H. Baek, H.J. Lee, Volatile Flavour Compounds in Suspension
Culture of Agastache Rugosa Kuntze (Korean Mint), J Sci Food Agric, 81, 6, 569-575
(2001) https://doi.org/10.1002/jsfa.845

27. K.S. Louis, A.C. Siegel, Cell Viability Analysis Using Trypan Blue: Manual and
Automated Methods. In Mammalian Cell Viability; Stoddart, M. J., Ed.; Methods in
Molecular Biology; Humana Press: Totowa, NJ, 740, 7-12 (2011)
https://doi.org/10.1007/978-1-61779-108-6_2



