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Wild plant species are of great interest as a source of pharmacologically valuable compounds but
a great number of them are endemic and/or endangered ones. Modern plant biotechnology can pro-
vide reliable methods for their utilization without disturbing natural populations. I'n vitro culture
methods for Rhodiola species are being intensively developed to include them into various biotechno-
logical programmes.

Aim. Development of a protocol for direct Rhodiola rosea L. plant regeneration from leaf explants.

Methods. The leaves of R. rosea aseptically growing plants were used as the explants. Several
variants of Murashige and Skoog (1962) agar-solidified culture medium supplemented with different
combinations of auxins (1-naphthaleneacetic acid (NAA) and 2,4-dichlorophenoxyacetic acid (2,4-D))
and cytokinins (kinetin and 6-benzylaminopurine (BAP)) were estimated as potential regenera-
tion-inducing media. Regeneration frequency was calculated as the percentage of leaves that pro-
duced shoots.

Results. The use of MS medium supplemented with 2.5 mg/l BAP and 1.0 mg/1 2,4-D allowed
inducing shoot formation with 100% frequency. An increase in the 2,4-D content up to 2.5 mg/1 and
decrease in BAP content to 1.0 mg/1 resulted in decreasing of the regeneration frequency to 62.5%.
Regeneration frequency was 25% and 62%, respectively, on the media containing 1.0 mg/Il kinetin
+ 2.5 mg/1 2,4-D and 2.5 mg/l kinetin + 1.0 mg/1 2,4-D.

Conclusions. R. rosea leaf explants have demonstrated high regeneration capacity with the use of
the studied combinations of plant growth regulators. MS medium supplemented with 2.5 mg/1 BAP
and 1.0 mg/1 2,4-D allowed inducing shoot regeneration in leaf explants with the frequency of 100% .
The frequency of regeneration was lower in the case of substitution of BAP for kinetin. The other
types of morphogenesis (formation of adventitious roots and/or callus) were also observed.
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According to different estimations the
genus Rhodiola comprises from 130 to near 190
species of these almost 70 are accepted species
names, and the others are synonyms or have not
yet been clarified. Rhodiola rosea L. (synonyms
Sedum roseum L. (Scop.); Sedum rhodiola DC.)
also known as “golden root” or “roseroot”
is dioecious, perennial plant of the family
Crassulaceae distributed in mountainous
regions of the Northern Hemisphere. It is
included in the Red Lists of protected plant
species in many countries [1-5].

For centuries, extracts of R. rosea roots
were used in the traditional medicine as an

adaptogen with various health-promoting
effects to increase physical endurance, work
productivity, resistance to high altitude
sickness, and to treat fatigue, depression,
anemia, infections, gastrointestinal ailments,
and nervous system disorders. Modern
phytotherapy considers it a vegetal source
with an antioxidant and antistress-adaptogene
action [1, 2, 5—8]. Biochemical studies of
R. rosea rhizomes and roots have revealed
the presence of six groups of compounds:
phenylpropanoids (rosavin, rosin, rosarin),
phenylethanol derivatives (salidroside,
tyrosol), flavonoids, monoterpernes,
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triterpenes, and phenolic acids. The
pharmacological activity is based mainly on
rosavin, rosin, and rosarin which are present in
R. rosea, R. sachalinensis, R. himalensis, and R.
serrata and salidroside found in the majority
of Rhodiola species [4, 6, 7, 9]. It was shown
that the content of these substances depends on
the morphological part of the plant, its age and
sex; the place and time of harvesting [4].

As R. rosea is an endangered medicinal
plant its use from the natural habitats
is restricted, and some new sustainable
approaches are needed to avoid depletion
of the natural sources. Field cultivation is
challenging, costly and depending on climate
and weather conditions; sufficient yields
of roots/rhizomes could be obtained within
5—7T years. Chemical synthesis is another
possible approach, and it has been already
performed for rosavin and salidroside but not
for the other biologically active compounds
responsible for Rhodiola pharmacological
properties [4, 9].

In vitro techniques provide controlled
growing conditions, independency on
the environmental factors, possibilities
to optimize culture media, acceleration
of biomass production, and ensuring of
continuous production cycle [3, 5, 9]. To date,
the in vitro cultures have been elaborated
mainly for R. rosea and some Asian Rhodiola
species, such as R. crenulata, R. kirilowii,
R. quadrifida and R. sachalinensis [4, 5, T].
Elaborated microclonal propagation methods
can provide in vitro regenerated plants for
repopulating native habitats of Rhodiola
species as well as a raw material for secondary
metabolites production [5, 7, 10, 11]. Shoots
and roots cultured in vitro as well as callus and
suspension cultures were studied as a source
of biologically active compounds (salidroside,
rosavin, triandrin, caffeic acid), and the
impact of some stress factors, light and growth
regulators on their production was estimated
[1, 7, 12]. It was also shown that elicitation and

biotransformation in Rhodiola cell cultures can
be a feasible approach to sustainably enhance
the content of active substances in in vitro
cultures [1, 7, 12-15]. A promising way to
enhance the secondary metabolite production
by R. rosea in vitro cultures is the application
of genetic engineering methods to regulate
their biosynthetic pathways [5]. Agrobacterium
rhizogenes was used to produce hairy roots of
R. rosea [4, 9] and R. kirilowii [13] as a possible
source of rosavinoids and salidroside.

The conditions of R. rosea shoot formation
as a way for rapid multiplication were studied
earlier [10, 11]. Plant growth regulators in
different combinations were used. Leaves
of aseptic plants are a fairly affordable
type of explants to initiate growth of the
new shoots. However, there is still lack of
knowledge regarding the possibility of R. rosea
direct shoot regeneration in leaf explants of
aseptically growing plants.

The aim of the present research was
elaboration of an efficient protocol for R. rosea
regeneration in in vitro cultured leaf explants
as a basis for including this species into further
biotechnological studies.

Rhodiola rosea L. plants from the
collection of the Institute of Cell Biology and
Genetic Engineering of NAS of Ukraine were
cultured in vitro on the solidified Murashige
and Skoog medium (MS, Duchefa, the
Netherlands). Leaves of aseptically growing
plants were used as explants to study their
regeneration capacities. The leaves with 3—5
incisions on them were cultured under 25 °C,
16-h/8-h photoperiod and the illumination
of 3000 lux in Petri dishes on MS medium
supplemented with 30 g/1 sucrose and different
combinations of the following plant growth
regulators: 6-benzylaminopurine (BAP),
kinetin, 1-naphthaleneacetic acid (NAA),
and 2,4-dichlorophenoxyacetic acid (2,4-D)
(the Table). Combinations of plant growth
regulators chosen for the experiments are the
basic ones used for a number of plant species

R. rosea shoot regeneration on the different variants of culture media

Medi N Growth regulators content, mg/1 Shoot regeneration

edium, No BAP Kinetin 2,4-D NAA frequency, %
1 1.0 - - 0.5 87.5
2 1.0 - 2.5 - 62.5
3 2.5 - 1.0 - 100.0
4 - 1.0 2.5 - 25.0
5 - 2.5 1.0 - 62.0
6 - 1.0 - 0.5 37.5
7 — — — b 0
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held in in vitro collection of the Institute of
Cell Biology and Genetic Engineering. In
vitro morphogenesis (formation of shoots,
roots and callus) was evaluated in the course
of two months cultivation. The regeneration
frequency was determined as the percentage of
explants which formed shoots.

General results are shown in the Table.
Hormone-free MS medium (No 7, the control
variant) was not efficient for shoot production.
The majority of explants did not form shoots,
became necrotic and died, but sometimes root
formation at their cut sites was observed

(Fig., g).

Effect of growth regulators on shoot formation in Rhodiola rosea L. leaf explants:
media 1-7 (a—g); h — shoots formed on the MS medium with 2.5 mg/1 BAP and 1,0 mg/1 2.4-D
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On the medium supplemented with both
1.0 mg/1 BAP and 0.5 mg/l NAA (medium No
1) direct regeneration of shoots was observes
with 87.5% frequency during two weeks
of cultivation. Besides shoot induction the
mass root formation was detected with the
frequency of 100% (Fig., a). Substitution
of BAP for kinetin in the nutrient medium
containing NAA (medium No 6, Fig., f) has
led to the reduction of regeneration rate down
to 37.5 % . Thus, with the same content of the
auxin (NAA) in the media 1 and 6, replacing of
BAP for kinetin reduced the ability of explants
to form shoots.

Shoots were also induced on the medium No
2 but their growth started later, in three weeks,
and the regeneration frequency was 625%
(Fig., b). An increase in BAP concentration
from 1.0 to 2.5 mg/l and decrease of 2,4-D
content from 2.5 to 1.0 mg/1 (medium No 3)
significantly stimulated direct regeneration
of shoots. Their formation was observed as
early as in 10 days of cultivation with the
regeneration frequency of 100% (Fig., c, h).

Substitution of BAP in the medium for
another cytokinin, kinetin, in the presence
of 2,4-D did not stimulate mass shoot
regeneration in the leaf explants. Although
shoot growth occurred under such conditions,
the regeneration frequency was significantly
lower than on the media supplemented with
BAP. Thus, the regeneration frequency on
the medium No 4 was no more than 25 %, and
on the medium No 5 — 62 % (Fig., d, e). The
attention must be payed to the almost identical
regeneration frequency when media No 2
and No 5 with different growth regulators
combination were used. Medium No 5
contained kinetin, and media No 2 — BAP. The
latter regulator, as it turned out, sometimes
has a more powerful effect as a phytohormone
for regeneration. However, medium No 5
contained less effective kinetin, but in a much
higher concentration.

A characteristic feature of morphogenesis
on the medium No 4 is development of friable
yellowish callus with interspersed pink
areas. This may be an indirect indication of
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IIPAMA PETEHEPAIIIA ITATOHIB in vitro
3 JIUCTKOBUX EKCIIJIAHTIB Rhodiola rosea L.
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JIuKOpOCJIi BUAM POCJANH CTAHOBJIATH BEJIMKUI iHTEPEC AK A:Kepeso (DapMaKOJIOTiUHO I[iIHHUX CIIOJYK,

ajie 6araTo 3 HUX € eHAeMiuHUME Ta/a60 sHuKaounmMu. CydacHa 610TeXHOJIOTiA MOKe 3a0e3meun Ty HaaiiHi
MeTOIM X BUKOPUCTAHHA 0e3 MOPYIIeHHA IPUPOTHUX MONYJAAIili. 30KpeMa, iHTeHCUBHO PO3POOIAIOTHCA
MeTOAu KYJbTHUBYBAHHS in vitro JiKapcbKuX PocJuH poay Rhodiola nnas momaiabIioro BKJIKUYEHHS iX 10
pisHOMAHITHMX 0i0TEeXHOJOTIYHUX IIPOrPaM.
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Mema: po3pobJieHHSA MPOTOKOJY IpAMOi pereHeparii pocauu Rhodiola rosea L. 3 TUCTKOBUX
€KCILJIAHTiB.

Memodu. BuKopHUCTOBYBaJIN aCeITUUYHI POCAMHHU 3 KoJeKI[ii IHcTuTyry KiaitTuHHOI 6ioaorii
Ta reHetuuHol iHKeHepii HAH Vkpainu. JIucTKku BigjoKpeMJIOBaiu, poOMJIM HAa HUX HAAPisu Ta
KYJbTUBYBAJIM Ha arapu3oBaHOMY KUBUJIbHOMY cepenoBuili Mypacire Ta Ckyra (1962) 3 nogaBanHAM
pisHuxX KOMOiHANi TaKKUX peryasaTopis pocty: 6-6ersunaminonypus (BAII), kinmeTuH, o-HAPTUIOITOBA
kucaora (HOK) ra 2,4-guxmopdeHokcionroBa kKucaora (2,4-11). OniHoBaiu 4acToTy pereHeparii ax
BiICOTOK JIMCTKiB, Ha AKUX (OPMYBAJIUCH IATOHU.

Pesyavmamu. Bukopucranua cepenoBuima 3 BAII (2,5 mr/x) ta 2,4-11 (1,0 Mr/a) mo3Boauio
iHAyKyBaTH MaroHu 3 HaBuUIoi yactoToro — 100% . 30iapmenusa KoumenTpanii 2,4-11 1o 2.5 mr/a ta
3MeHmeHHsa KoumeHTparii BAII 7o 1,0 Mr/a mpuBeJio 10 SHUKEHHA MTOKA3HUKA YaCTOTH pereHeparii 1o
62,5% . Ha cepemosuiax, mo mictuau 1,0 mr/ix kineruny + 2,5 mr/a 2.4-I1 a6o 2,5 mr/a Kinetuny +
1,0 mr/x 2,4-]1 yacTora pereHepariii cranoBuJia Bigmosiguo 25% 1a 62% .

Bucrnosku. JluctkoBi ekcunimanTu R. rosea mokasajiu BUCOKY pereHepallifiny 3gaTHicTh Ha
cepeloBUINAX 3 pPidHUMU KoMbGiHamiAMuU peryaaTopiB pocty. OnNTuMaJbHUM CEepPEeIOBUINEM I
OTPUMAHHS PEereHepPOBAHMX IMArOHIB 3 JUCTOBUX €KCILIAHTIB 3 uactoroio 100% e cepemoBuiie
Mypacire Ta Ckyra 3 gomaBanaamM BAII ta 2,4-]] y KoumeHnTrpaniax 2,5 tra 1,0 mr/a BigmosizHo.
YacTtoTa pereHepaiiii 6ysia auskdoro npu s3amini BAII Ha kimeTtun. Crocrepiraam TakosK iHIII BapiaHTH
MopdoreHesy (hopMyBaHHA afBEHTUBHUX KOPEHiB Ta/ab0 KaJiocy).

Knwuoei cnoea: Rhodiola rosea L.; TucTKOBI eKCIIJIaHTH; pereHepallid IaroHiB; peryJjaAaTopu POCTy.
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