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ABSTRACT

In vitro cultivation of callus cells allows for the stable production of secondary metabolites, being an alternative to the use
of medicinal plant biomass from natural populations. Standardization of cultivation protocols and technological processes for
the synthesis of secondary metabolites in vitro conditions determines significant interest in the use of tissue culture methods
(PTC — Plant Tissue Culture). The aim of the study was to obtain an aseptic culture of Rhodiola semenowii in vitro from various
types of explants, as well as the effect of the hormonal composition of the nutrient medium on the induction of callusogenesis
in the culture of isolated organs of R. semenowii. As a result of the research, the optimal mode of obtaining R. semenovii aseptic
cultures from various explants was determined. It has been shown that the use of 70% EtOH in combination with 0.01% HgCl,
or 20% NaClO makes it possible to obtain aseptic cultures from any type of R. semenovii explants. It has been established that
the type of explant is R. semenovii influenced both the frequency of callus formation and the beginning of its formation. The
least optimal types of R. semenovii explants are stem and rhizome segments, the frequency of callusogenesis varied from 5.8%
to 75.6%. The induction of callusogenesis also depended on the hormonal composition of the nutrient medium: the highest
percentage of callus formation in all types of explants was on media containing 0.5mg L! thidiazuron (TDZ) + 1.0 mg L™

1-naphthaleneacetic acid (NAA) and 0.5mg L™'2,4D + 2.0 mg L™! 6-Benzylaminopurine (BAP).
Key words: Rhodiola semenowii L., medicinal plant, explant, sterilization, phytohormones, in vitro culture.

INTRODUCTION

Both the antioxidant and anti-inflammatory activity in vivo
and in vitro, as well as the regenerative and antitumor proper-
ties of extracts of various species of the genus Rhodiola, are
beyond doubt, which is due to the presence of various biolog-
ically active components in their composition. The immuno-
regulatory and antidepressant properties of the extracts allow
the use of plants of the genus Rhodiola in folk and traditional
medicine to increase the adaptive potential of the human [1,
2]. The most studied species are such as R. rosea and R. cren-
ulata, the research results are protected by numerous patents
[3]. The most valuable phytonutrient characteristic of all spe-
cies of Rhodiola sp. is phenylethanoid salidroside, which has a
wide range of biological properties for medicine, cosmeceuti-
cals and the food industry [4]. However, the high popularity of
R. rosea predicts an increase in demand for its phytoprepara-
tions, and this has a negative impact on the availability of raw
materials due to a reduction in natural reserves. The need to
preserve the biodiversity of R. rosea determines the need for
state protection and control over its harvesting in Kazakhstan
[5]. In order to ensure the availability of plant raw materials
for the needs of medicine, research on the search for other al-
ternative sources of BAS, similar in biological value to R. ro-
sea, has recently become relevant.

There are 11 species of Rhodiola sp.growing in Kazakh-
stan, of which the poorly studied species is Rhodiola seme-
nowii (Regel & Herder) Borissova [6]. The plants of Rhodiola
semenowii are vegetatively reproducing short-rooted succu-
lent perennials growing in the alpine belt of Zailiysky and
Kungei Alatau at an altitude of up to 3500 m above sea level
[7]. They prefer high soil moisture and a sunny location [8, 9].
It is a perennial wild herbaceous plant in the family Crassula-
ceae, growing along the banks of mountain rivers, up to 60 cm
high with thin linear leaves and a thick branched rhizome. Re-
production occurs both by seeds (under favorable conditions)

and vegetatively by dividing rhizomes. In one location R. se-
menovii plants are able to live for several years. A distinctive
feature of this species is the presence of hermaphrodite flow-
ers, while for most other species Rhodiola sp. The presence of
dioecious same-sex flowers is characteristic [10, 11].

R. semenovii plants contain proanthocyanidins, coumarins,
flavonic glycosides and organic acids, tannins of the pyrogal-
lic and pyrocatechin groups [12]. The studies have shown that
the use of R. semenovii extracts significantly increases en-
durance due to its antihypoxic properties [13, 14, 15]. It was
also found that the roots of R. semenovii contain cyanogenic
glucosides - rhodiocyanoside A and lotaustraline which have
lipid-lowering, hypocholesterolemic and anti-inflammatory
properties [16, 17]. A pronounced therapeutic effect of rhodi-
oflavonoside contained in root extract of R. semenowii has
been revealed, which makes it possible to use it to normalize
the pituitary gland and correct pathological states associated
with a decrease in thyroid function [18].

The advantages of using PTC to obtain secondary metab-
olism products in vitro are the possibility of using GLP and
GMP standards, the absence of dependence on external condi-
tions, and the sterility of raw materials. But the main strength
is the preservation of the number and biodiversity of plant
populations in the wild nature [19, 20]. The development of
methods for callus and suspension cultivation of Rhodiola
species in vitro makes it possible to eliminate the shortage of
medicinal raw materials in natural populations, as well as to
prevent damage to rhizomes of Rhodiola sp. plants by rodents
and pathogenic organisms during plantation cultivation [21].
Modern in vitro cultivation technologies eliminate the influ-
ence of environmental and seasonal factors, as well as sig-
nificantly reduce threats to natural biodiversity. With regard
to the production of BAS in in vitro systems in valuable spe-
cies of Rhodiola sp. there are many successful examples both
with the use of callus, suspension cultures, and in the «hairy
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root» culture [22, 23].

Studies show that dedifferentiated tissues of Rhodiola sp.
are capable of producing salidroside in vitro, depending on the
type of explant, methods and duration of its sterilization, and
cultivation conditions. This is due to the fact that morpholog-
ical differentiation of plant cells and biochemical processes
in vitro are often interrelated.

Use of Plant growth regulators (PGR) for callus tissue pro-
liferation in combination with various elicitors can determine
cell differentiation and direction of secondary metabolism in
various in vitro systems [24]. It should be noted that the in-
duction of callus formation is the main stage of indirect or-
ganogenesis. This stage is necessary for obtaining suspension
cultures of plants for industrial production of bioactive sub-
stances. In this regard, the creation of a stable and highly dy-
namic callus system is important for the subsequent synthe-
sis of secondary metabolites in vitro.

The aim of the research was to optimize the methods of
sterilization of various explants of Rhodiola semenowii to ob-
tain an actively proliferating callus line.

MATERIALS AND METHODS

The seeds and plants of Rhodiola semenowii collected in
the places of their natural growth in the Great Almaty Gorge
(Almaty region) at an altitude of 2500 m above sea level (N
43°02.503’; E 76°59.744°) (Figure 1).

Sterile seedlings, as well as segments of stems, leaves and
rhizomes of adult plants, were used as explants for the induc-
tion of callusogenesis.

To obtain aseptic cultures of R. semenovii, 8 different ster-
ilization protocols were used using various sterilizing agents:
ethanol (EtOH), mercuric chloride (HgCl)), potassium per-
manganate (KMnO,), sodium hypochlorite (NaClO) and hy-
drogen peroxide (H,0,) and exposure time (Table 1).

Previously, all explants were thoroughly cleaned, then
rinsed under running water for 4 hours. After each disinfec-
tant, a 3-fold rinsing with sterile water was carried out for 15
minutes to remove antiseptic residues. Next, the sterilized ex-
plants (seeds) were placed on the surface of a solid nutrient
medium ¥ MS with the addition of 30 g L™'sucrose and 10 mg
L-'gibberellic acid. Segments (cotyledon leaves and hypoco-
tyl) of 2-week-old seedlings were further used as explants for

Figure 1. Plants of R.semenovii in the Big Almaty gorge (Almaty region)

Table 1. Sterilization schemes of R. semenovii explants

Sterilizing agent (%) and exposure time (min)

z

EtOH HgCl,

H,0, NaClO

70% 3° -

3% 20° - -

70% 3’

3% 30° - -

70% 3° 0,01% 20°

70% 3° 0,01% 30°

70% 3’ -

- 20% 20° -

70% 3’ -

- 20% 30° -

70% 3’ -

0,1% 20°

oIS e Y R N N O N S

70% 3’ -

0,1% 30’
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Table 2. Concentration of various phytohormones for induction of R. semenovii callusogenesis

) Concentration of exogenous phytohormones, mg L™
Environment -
TDZ NAA 2,4-D Kin BAP

MS - - - - -
MS1 0,5 1,0 - - -
MS2 - 2,0 1,0 - -
MS3 - - 0,5 - 2,0
MS4 - -- 0,2 2,0

the induction of callusogenesis [25].

The effectiveness of sterilization schemes was determined
by the number of aseptic viable explants on the 7th day of cul-
tivation (necrotized, infected explants were not taken into ac-
count).

Tissue explants were placed on the surface of a solid MS
nutrient medium containing 30 g L™'sucrose, with the addition
of various exogenous growth regulators. Experiments on the
selection of media for callus formation and further cultivation
of callus tissues were carried out on Murashige and Skuga
media with the addition of various phytohormones (Table 2).

The explant cups were placed in a climate chamber at a
temperature of 26 ° C, light mode 16/8. During the studies,
the frequency of callusogenesis (%), the onset of callus for-
mation, as well as the color and structure of primary callus
were evaluated [26].

RESULTS

Optimization of the sterilization protocol for Rhodiola se-
menowii explants

Obtaining sterile and viable primary explants has always
been a major challenge for in vitro culture, especially for
plants taken from the wild. Elimination of epiphytic micro-
flora is not a major problem, but it is more difficult to get rid
of latent infection in a latent form, which can lead to necrosis
and death of viable explants in the future. One solution may
be the sequential use of several sterilizing agents, each with a
specific effect on pathogenic microflora [21].

As a result of the study of 8 sterilization protocols, differ-
ing in sterilizing agents, their combination and exposure time,
it was found that there was no specific explant type reaction
depending on the sterilization scheme (Table 3).

As a result of our research, it was found that the maximum

percentage of aseptic explants (seeds, green plants, rhizome
buds) was achieved using 3, 4 and 5 sterilization schemes,
including treatment with 70% ethanol for 3 minutes, 0.01%
mercury chloride (20-30 minutes) and 20% sodium hypochlo-
rite (20 minutes). When using these sterilization schemes, the
percentage of aseptic viable seeds varied from 82.4 to 92.5%,
green plants from 60.0 to 81.1%, rhizome segments from 73.1
to 85.5%. The use of 0.1% potassium permanganate (scheme
No. 7, No. 8) was not effective enough, since it was not pos-
sible to achieve a sterilizing effect on the microflora, almost
all explants in these variants were contaminated with patho-
genic microorganisms. With an increase in the exposure time
of NaClO to 30 minutes (scheme No. 6), the number of dark-
ened necrotic explants increased and their viability values sig-
nificantly decreased.

Thus, we have selected sterilization schemes (schemes No.
3,4 and 5), which can be effectively used to obtain sterile R.
semenovii explants of various organ accessories.

Introduction of plant tissues and organs into culture in
vitro

When plant tissues and organs are introduced into culture
in vitro, as a result of dedifferentiation of the cells of the ini-
tial explant and their further division, callus tissue is formed.
The ability to callus formation is largely determined by the
type and concentration of auxins and cytokinins. The selec-
tion of phytoregulators used is one of the most important fac-
tors influencing the processes of callusogenesis, as well as the
production of secondary metabolites [20].

To induce callus formation, we used various types of ex-
plants - segments of sterile seedlings (cotyledonous leaves
and hypocotyl), segments of stems and leaves of green
plants, as well as fragments of thizomes (Figure 2).

Studies have shown that there were no signs of callus for-

Table 3. Choosing the optimal sterilization scheme for R. semenovii explants

Aseptic viable explants, %
Sterilization scheme Seeds I\I/)Ila;:trse Rhizomatous segments
1 47,5 43,8 38,5
2 49,4 48,6 40,5
3 92,5 81,1 85,5
4 82,4 61,8 73,1
5 83,1 60,0 83,6
6 34,0 39,6 36,4
7 7,0 7,1 8,7
8 34 4,3 6,3
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A - cotyledonous leaves; B — hypocotyl; C - leaves

Figure 2. Different types of explants for induction of R. semenovii callusogenesis

Figure 3. The effect of various types of explants and phytogorones on the induction of R. semenovii callusogenesis

a — necrosis of stem and leaf explants; b - d — initiation of callus formation from hypocotyl segments (b), leaves (c), stems (d); e — active
accumulation of biomass of leaf explants after 30 days; f — active accumulation of biomass of leaf explants after 45 days; g — formation of
loose callus of R. semenovii for subsequent suspension cultivation

Figure 4. Induction of callusogenesis in various types of R. semenovii explants

mation on the hormone-free MS medium: no hydration of
explants, their proliferation and growth were noted. After 4
weeks of cultivation, the tissue explants had a dark brown
color, and after 8 weeks we noted necrosis.

The period of callus formation from the introduction of
primary explants to the proliferation of callus cells depended
on tissue and organ affiliation. Segments of cotyledon leaves,

6

hypocotyles of sterile seedlings and leaves of adult plants re-
acted the fastest to the effect of phytohormones (Figure 3).

Thus, the beginning of active cell proliferation in cotyle-
donous leaves and hypocotyl began on 3-5 days, in leaves on
5-7 days, on stem segments, callus formation began on 7-10
days. On the rhizomes, later periods of the onset of callus for-
mation are noted - 15-20 days.
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Depending on the variant of the medium and the type of
explant, the callus-forming ability varied from 5.8% to 81.8%.
The most active processes of cell dedifferentiation occurred
on a medium containing 0.5mg L™'TDZ and 1.0 mg L'NAA
(medium MS1) in all types of explants, the intensity of callus
formation ranged from 56.3% to 81.8%. The combined use
of auxin 2,4-D and cytokinin BAP (MS3 medium) also con-
tributed to an increase in the frequency of callus formation
for all types of explants and ranged from 12.6% to 63.3%. It
was noted that when using the rhizome as an explant, the opti-
mal combination of phytohormones in the medium was 0.5mg
L'TDZ and 1.0 mg L""NAA (medium MS1) and 2.0 mg L~
'NAA and 1.0 mg L™'2,4-D (medium MS2). In general, it can
be said that rhizome segments are the most difficult type of
explants, since in addition to the weak ability to callus forma-
tion, there is also the production of polyphenols into the nu-
trient medium. This makes it difficult to use them as explants
and requires additional research.

The formed calluses were bright green in color, dense
compact with a granular structure and the presence of green
meristematic zones (Figure 4).

Subsequently, the calluses were passioned for the accumu-
lation of biomass and subsequent stages of research. Actively
proliferating callus lines of Rhodiola sp. used to study the pe-
culiarities of the biosynthesis of some secondary metabolites.

DISCUSSION

Obtaining an actively proliferating callus line is a difficult
task, since the efficiency of the process is influenced by many
factors — and above all, the type of explant, the sensitivity of
which to disinfectants affects its viability and the production
of secondary metabolites in vitro.

Studies of isolated tissue and organ cultures of various
Rhodiola species mainly concern issues of clonal microprop-
agation, as well as callus induction and morphogenesis in or-
der to preserve the biological diversity of this valuable me-
dicinal plant. Based on studies conducted by phytochemists
and pharmacologists, it was found that plants of the genus
Rhodiola, including the species R. semenovii, contain proan-
thocyanidins, coumarins, flavonic glycosides, organic acids,
as well as tannins of the pyrogallic and pyrocatechin groups.
Alkaloids, glycosides, flavonoids, ascorbic, malic and suc-
cinic acids, sugars, wax, rutin and tannins were also found in
these plants [15].

However, the high popularity of various types of Rhodi-
ola predicts an increase in demand for its phytopreparations,
and this has a negative impact on the availability of raw ma-
terials due to a decrease in natural reserves, since the resump-
tion of natural populations takes at least 10-15 years [21]. The
technology in vitro cultivation of plant organs and tissues has
recently become particularly relevant due to the impact of
changing climate conditions on wild populations of medici-
nal plants subject to uncontrolled collection of raw materials.
Plant tissue culture has the advantage of replacing scarce raw
materials of valuable medicinal plants, or plants that are diffi-
cult to grow under ex situ conditions. It also makes it possible
to obtain a sufficiently large amount of phytomass free from
pathogenic microflora, herbicides, pesticides, and heavy met-
als. Callus cultures provide an opportunity to synthesize new
compounds that are not produced by the corresponding plants

in nature, and also allow you to control the biosynthesis of tar-
get products by modifying the cultivation conditions and the
composition of the nutrient medium. In addition, they open
up prospects for industrialization and reducing the cost of pro-
ducing certain biologically active substances, the synthesis of
which is either not developed at the moment or is very expen-
sive [20, 23]. The cultivation of plant organs and tissues holds
great potential for the industrial use of bioactive metabolites
for the pharmaceutical, cosmetic and food industries, and PTC
are also capable of producing new substances with unknown
properties that can be used for therapeutic purposes [21]. The
potential use of callus is not limited to the production of sec-
ondary metabolites; PTC can potentially be used to regener-
ate organs and entire plants with desired properties through
the use of new genome editing technologies.

Callus cultures can also be converted into single-celled
suspension cultures to produce the desired secondary metab-
olites. This process takes place under controlled conditions,
which eliminates the influence of various environmental fac-
tors, seasonal fluctuations, infection with various diseases and
pests, and geographical restrictions. All this makes it possible
to produce secondary metabolites of consistently high quality.

CONCLUSION

Thus, as a result of the research, the optimal mode of ob-
taining aseptic cultures from various types of R. semenovii
explants was determined, including sequential treatment with
70% EtOH for 3 minutes in combination with 0.01% HgCl,
(20-30 minutes) or 20% NaClO (20 minutes). When using
these sterilization schemes, the percentage of aseptic viable
seeds ranged from 82.4% to 92.5%, green plants from 60.0%
to 81.1%, rhizome segments from 73.1% to 85.5%.

It was found that the type of callus formation frequency
and the time of the beginning of the formation of callus cells
largely depends on the type of explant, the most effective cal-
lus formation occurs when using segments of sterile seedlings
and leaves of adult plants. The induction of callusogenesis
directly depended on the hormonal composition of the nu-
trient medium. In all tested media, callus cells were formed,
the highest intensity of callus formation was higher on media
MS1 and medium MS3, and amounted to 81.8% and 63.3%,
respectively, this combination of phytohormones proved to be
the most effective for all types of explants. Rhizome segments
are the most complex type of explants, the frequency of callus
formation of which was the lowest in the experiment among
all types of explants used.
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VIIK 581.1

MOJIYYEHUE ACENNTUYECKOM KYJIBTYPBI POJIUOJbI CEMEHOBA (RHODIOLA SEMENOWII
L.) B YCJIOBUAX IN VITRO U3 PABJINYHBIX TUITIOB OKCIIJIAHTOB

Paiizep O., * Tarumanosa /I., banra6aesa K., Xanuauna O.

Hayuonanenuiii yenmp duomexuonoeuu, Kypeanvocurnckoe wiocce 13/5, Acmana, 010000
*2008olesya@mail.ru

AHHOTALIUS

KynsruBrpoBaHHe KaTyCHBIX KIIETOK i1 Vitro TIO3BOJISIET 00ECTIEUNTh CTaOUIBHYIO MPOMYKIMIO BTOPUYHBIX METa00IIH-
TOB, SBJISIACH AJIFTEPHATHBON MCIIONB30BAHUIO OMOMACCHI JIEKAPCTBEHHBIX PACTEHUH M3 MPUPOIHBIX MOMmysuid. CTaHnapTH-
3aI¥sl IPOTOKOJIOB KYJIBTHBUPOBAHHS M TEXHOJIIOTHYECKHUX MIPOLIECCOB CHHTE3a BTOPHYHBIX METa0O0INTOB B YCIOBUSIX il Vitro
00yCIIOBIMBAET 3HAYNTEIBHBIA HHTEPEC K UCIIOIB30BaHMIO MeTo10B KynbTypsl TKaHel (PTC — Plant Tissue Culture). Llensio
HCCIIeJOBaHNs OBUIO MOTyYeHHe aceNTHUECKOH KyAbTyphl Rhodiola semenowii in vitro U3 pa3iIW4HBIX TUIIOB KCIUIAHTOB, a
TaKXe BIMSHUE TOPMOHAIBHOIO COCTaBa MUTATENLHON Cpelbl HA MHAYKIUIO KAJTyCOT€He3a B KYJIBTyPe H30IMPOBaHHBIX Op-
raHoB R. semenowii. B pe3ynsTare NpoBeI€HHBIX UCCIEJOBAaHUN OMPEAEIeH ONTUMAIbHBIN PEXHUM TOIyUeHHs aCEITUIECKUX
KYJIBTYp R. semenovii U3 pa3IM4HbIX dKCIIanToB. [lokazano, aro nenonssosanue 70% EtOH B coderannu ¢ 0,01% HgCl, nm
20% NaClO mo3BoJisieT noryyarsb aceNTHIECKUE KYJIBTYPbI 13 JIIOOBIX THIIOB 3KCIUIAHTOB R. semenovii. YCTaHOBIICHO, YTO THIT
9KCIUIaHTa R. semenovii OKa3bIBall BIMSHNE KaK HA YaCTOTy 00pa30BaHus KaJulyca, Tak U Ha Havaio ero popmupoBanus. Hau-
MEHee ONTHMAJIbHBIMU THIIAMH SKCIUIAHTOB R. Semenovii A61s10mcs ceecmenmul cmebnell u KOpHesuwy, Yacmoma Kaunycoze-
Heza sapvuposana om 5,8% 0o 75,6%. IHAyKIUs KaITyCOTeHe3a TaKXKe 3aBHCEIa OT TOPMOHAIBHOTO COCTaBa MMUTATEIBHOM
cpelbl: HanOOoJBIIMIA NPOLIEHT KaJUTyco00pa30BaHus y BCEX THIIOB AKCIUIAHTOB OBUI Ha cpenax, copepskamux 0,5 Mr/n tnau-
asypona (T3) + 1,0 mr/n 1-vadTrnykcycnoit kucnotsl (HYK) n 0,5 mr/n 12,41 + 2,0 mr/n 6-6en3unamunonypuna (BAIT).

KimroueBrie cioBa: Rhodiola semenowii L., mekapcTBEeHHOE pacTCHUE, SKCIUIAHT, CTEPIITH3AI, (PUTOTOPMOHBI, KYJIETYpa
in vitro.

JO0K 581.1

OPTYPJI DKCILJIAHT TYPJAEPIHEH IN VITRO KAFJIAMBIHAA CEMEHOBA KbI3FbLIT
CEMI3OTTBIH (RHODIOLA SEMENOWII L.) ACEIITHKAJIBIK KYJIBTYPACBIH AJY

Paiizep O.*, TarumanoBa ., baarataesa K., Xanuauna O.

¥ammuig 6uomexnonozus opmanwiev, Kopeanicoin mac sconvt 13/5, Acmana, 010000
*2008olesya@mail.ru

TYUIH

Kamyc sxacymanapsit in vitro ®araalblHIa ecipy TaOUFU HOMYIAIUUIApIaH TOPLTiK ©CIMIIKTepIiH OMOMAaCCachiH KO-
JaHyra Oanama 00s1a OTBIPBII, eKIHIITIK METa0OIUTTEP Il TYPAKTHI OHIIPYTe MYMKIHAIK Oepesi. Ocipy MpOTOKOIIAPHIH KoHE
eKIHIITIK METa0OIUTTEP/l CUHTE3IEY/IIH TEXHOIOTHUIBIK MPOLECTEPIH in Vitro CTaHAapTTay YJIIa KyJbTypachl 9/liCTepiH
(PTC - Plant Tissue Culture) Konnanyna aiTapibIKTail KbI3bIFYIIBUIBIK TYABIPaIbl. 3ePTTEYAIH MaKCaThl 9PTYPJIi TUITET dKC-
wiaHTTapaan Rhodiola semenowii in vitro acenTHKAIBIK KYJIBTYPAChIH ajly, COHBIMEH KaTap KOPEKTIK OPTaHBIH FOPMOHAIb-
JIBIK KYPaMBIHBIH R.semenowii OKIIayJaHFaH MYLIENepi KyJbTypachIH/ia KaJUTy30TeHe3 HHIYKIHSChIHA 9CEPIH 3epTTey OOJIBbII
TabbuIanbl. JKypriziireH 3epTrey HOTHXKECIHE dPTYPIll SKCIUIAHTTApAaH R.semenovii acenTHKAIBIK KyJIbTypajapblH alyablH
OHTalIbI pexxumMi anbIkTanasl. 70% EtOH 0,01% HgCl, nemece 20% NaClO 6ipikripin konjgaHy R.semenovii SkCIIaHTTapbl-
HBIH Ke3 KeJI'eH TYPiHEeH aCeNTHKAIIBIK JaKbULAAPAbI allyFa MYMKIH/IIK OepeTiHi KopceTireH. R.semenovii SKCIUIaHThIHBIH TYPi
KaJUTyC TY3U1y JKHULTITiHE e, OHbIH KaJblliTaca 0acTaybIHa J1a 9Cep €TKEHI aHBIKTAJIbL. R.semenovii cabakTapbl MEH TaMbIp-
ca0arbIHBIH CETMEHTTEPI OHTANIIBI €MeC IKCIUIAHT TypJiepi O0JbIn TaObLIaAbI, KAJUTy30TeHe3 i JKuitiri 5,8%-nan 75,6%-ra
neiin e3repi. KammycoreHesniH HHIYKIUACH! KOPEKTIK OPTaHBIH TOPMOH/IBIK KYpPaMbIHA 2 OaiIaHbICThI OOJ/IbI: IKCILIAHT-
Tap/IbIH OapIIbIK TYPIISPIHAE KAJUTYC TY3UIYIIH €H KOFaphl naiibi3el Kypambiaaa 0,5 mr/in tuauazypon (TA3) + 1,0 mr/a 1-Had-
Tuiicipke KbImkbuibl (NAA) sxone 0,5 mr/m 12,471 + 2,0 mr/n 6-6en3unamunonyput (BAIT) 6ap opranapaa 60abl.

Kinrri ce3nep: Rhodiola semenowii L., Topitik ©CiMJIIK, SKCIUIAHT, 3apachi3IaHIbIPy, GUTOrOPMOHIAP, in Vitro KYJIETypackHL.
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