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Summary

A short review on phytochemical analysis of in vitro cultures of selected Polish rare and
endangered plants is presented. Analysed secondary metabolites, present in investigat-
ed species, are responsible for raw materials medical activity. Phenolic compounds (fla-
vonoids and phenolic acids), secoiridoids, saponins and fatty acids were investigated in
micropropagated plants, shoot cultures or callus tissue of eleven plant species from the
genera; Gentiana L., Oenothera L., Rubus L., Solidago L., Pinguicula L., Primula L., Eryngium L.
The studied species represented medicinal plants or plants used in folk medicine in which
the secondary metabolites are usually responsible for their therapeutic properties. The
investigations showed that those plants contain pharmaceutically promising compounds.
Therefore, plant biotechnology can be used for rapid propagation of rare or endangered
plants and the regenerated plants may be used as a source of those rare medicinal plants.
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INTRODUCTION

In order to perform phytochemical studies and characterize the bioactive com-
pounds of some rare plants from Polish flora a constant source of those plants is
needed. Furthermore, the natural habitats of these species are constantly shrin-
king. The accelerating loss of plant species, as a result of destruction of their na-
tural habitat, has yielded a revival of interest in the in vitro propagation of rare and
endangered plants [1, 2, 3]. In Poland the technology of in vitro micropropagation
and storage is described only for a small number of endangered or threatened
plant species [4].

There are two basic strategies of preserving plant genomic reserve: conserva-
tion in situ and ex situ. One of the ex situ methods is micropropagation and storage
of plants in in vitro cultures.

Given that clonal propagation also preserves the genetic stability of the proge-
ny, so in vitro collections are important ex situ germplasm reservoirs [5, 6].

The necessity of cultivation of these species in vitro originates from the need
for a constant source of the plant material for phytochemical investigations. In
consequence, cultivated plants can serve as an ecologically friendly alternative for
phytochemical purposes. Another reason for the necessity of a rapid method of in
vitro micropropagation is the slow growth and propagation of that selected plants
in conventional methods in the field.

The aim of the presented paper is a short review on in vitro cultures and phy-
tochemical analyses of selected Polish rare and endangered plants, i.e. eleven
species from the genera: Gentiana L., Oenothera L., Rubus L., Solidago L., Pinguicula
L., Primula L. and Eryngium L. Our detailed studies were targeted for the establish-
ment of in vitro techniques for the cultivation of selected plants, especially the
development of a micropropagation system and a functioning weaning process
for the transfer of in vitro-derived plants to in vivo conditions.

The investigation of the presence of secondary metabolites was performed not
only for the in vitro propagated plants, but also for cell cultures and callus tissue in
vitro cultures to determine their ability to synthesize those metabolites (tab. 1).

The secondary metabolites under investigations are usually responsible for the
pharmacological properties of the studied medicinal plants.

IN VITRO CULTURES AND CONSERVATION OF PLANT GERMPLASM

Protocols for micropropagation and callus tissue establishment of eleven se-
lected rare and endangered species were described earlier for Gentiana cruciata
L., Gentiana punctata L. [7], Oenothera ammophila Focke, O. erytrosepala Borbas, O.
fallax Renner & Rostacski [8], Rubus chamaemorus L. [9], Solidago graminifolia (L.)
Elliott. [10], Solidago virgaurea L.[10], Pinguicula vulgaris L. [11], Primula veris L. [12],
Eryngium planum L. and E. campestre L. [13,14] .
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Table 1.
Studies on in vitro cultures and phytochemical analyses of rare and endangered plants performed
by authors
) o secondary metabolites
species invitro culture - - references
chemical class main compounds
Gentiana cruciata L. callus,shoot cultures, secoiridoid glycosides gentloplcrqmde Skrzypczak et al.1993
plantlets amarogentin
Gentiana lutea L. shoot cultures, plantlets  secoiridoid glycosides gent|0p|cr95|de Skrzypczak et al.1993
amarogentin
Gentiana punctata L. shoot cultures, plantlets  secoiridoid glycosides gentloplcr(_)sme Skrzypczak et al.1993
amarogentin
Ocnothera ammophila callus, shoot cultures fatty acids ||np leic, L Thiem et al. 1999
Focke a-linolenic acids
Ocnothera erythrosepala callus, shoot cultures Ilnp lic, - Thiem et al. 1999
Borbas a-linolenic acids
Oenotheralfalllax Renner callus, shoot cultures ||np leic, - Thiem et al. 1999
em Rostacski a-linolenic acids
Rubus chamaemorus L. shoot cultures polyphenols ellagic acid Thiem 2001, Thiem 2002
encapsulated shoot buds Thiem, Krawczyk 2004
Solidago graminifolia (L.) . . monoterpene .
Elliott micropropagated plants  essential oils hydrocarbons Kalemba, Thiem 2003
lipophilic flavones under study Budzianowski, Thiem

2008

Solidago virgaurea L.

callus, shoot cultures
micropropagated plants

caffeoylquinic acids

chlorogenic acid 3,5-
dicaffeoylquinic acid

Skrzypczak et al. 1999

Ratajczak, Budzianowski

Pinguicula vulgaris L. plantlets flavonoids under study 2001;
Ratajczak 2007
|r|d0|d_s, phenylethanoid under study Ratajczak 2007
glycosides
. . Morozowska,
Primula veris L. shoot cultures Wesoiowska 2004
zapotin, . )
shoot cultures lipophilic flavones 2i-methoxyflavone, Budzianowski et .

3i-methoxyflavone

2005, 2006

Eryngium planum L.

callus, shoot culture,
micropropagated plants

triterpenoid saponins,
phenolic acids

rosmarinic acid
saponin complex

Thiem, Arkuszycska
2006

Eryngium campestre L.

shoot cultures

triterpenoid saponins

saponin complex

Thiem, Wiatrowska 2007

Eryngium alpinum L.

shoot cultures

triterpenoid saponins

saponin complex

Thiem (unpubl.)

Cultures were initiated from the seeds and sterile explants from 30 day-old
seedlings. Clonal propagation procedures have been developed on a Murashige
and Skoog [15] medium with different growth plant regulators. Shoot multiplica-
tion was achieved through axillary bud cultures.

The fidelity of the in vitro-derived plantlets to intact plants was evaluated by a
morphological, biochemical, cytogenetical and phytochemical analyses [16]. Stu-
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dies to ascertain genome size stability following micropropagation was perfor-
med on the basis of the nuclear DNA content. Flow cytometric estimation of the
nuclear DNA content and check of the ploidy level of different shoot cultures of
selected plants has been determined [17,18]. Cytogenetic studies have not shown
any variation in micropropagated plants. Protein polymorphism studies of Rubus
chamaemorus also confirmed shoot cultures stability [19].

For conservation and in vitro germplasm storage of some rare species, two
biotechnological methods were also applied: slow growth techniques for in vitro
cold storage and encapsulation of shoot buds (production of artificial seeds). Slow
growth of shoot cultures of Rubus chamaemorus (cloudberry) [20] and Solidago gra-
minifolia [16] was developed. Growth reduction was achieved by modifying such
parameters as: temperature, light and culture medium. Axillary buds obtained
from in vitro shoot culture of cloudberry were encapsulated in a calcium alginate
hydrogel [20].

In vitro techniques can be employed for propagation and germplasm storage of
rare plant species, after control of shoot cultures fidelity. Therefore, tissue cultu-
res can contribute to the protection of plant genomic resources. In vitro2derived
plantlets can be used for ex situ germplasm conservation [21].

It is possible to produce a large number of plants, genetically identical to the
mother plants, and to introduce them to botanical gardens or to natural habitat
now.

PHYTOCHEMICAL ANALYSES

Plant raw material for phytochemical analyses of the presence of secondary
metabolites was obtained from in vitro cultures as well as from micropropagated
plants growing in the soil. The methanol extracts were prepared from either dried
or fresh plant material. The dried extracts were then fractionated by solvent-sol-
vent extractions to afford chloroform (or dichloromethylene), butanol and water
soluble fractions. Exceptionally, also other organic solvents, like ethyl ether and
ethyl acetate, were employed for partitioning.

Preliminary one-dimensional (1D-TLC) and two-dimensional (2D-TLC) thin-layer
chromatography revealed the secondary metabolites pattern for the given plant
species. For the isolation and structural elucidation of the detected compounds,
the appropriate fractions were separated by a combination of the preparative
thin-layer chromatography (PTLC) and column chromatography (CC), using various
adsorbents (polyamide, cellulose, silica gel, sephadex LH20) and mobile phases
(i.e. solvents mixtures).

The structures of the isolated pure compounds were elucidated mainly by me-
ans of nuclear magnetic resonance spectroscopy (NMR) using one-dimensional (*H
NMR, C NMR) and two-dimensional (HH-COSY, TOCSY, NOESY, HMQC, HMBC)
techniques and also by mass spectrometry (MS) and UV spectrophotometry with
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diagnostic shift reagents. In some cases gas chromatography-mass spectrometry
(GC-MS) and HPLC were also employed for quantitative analysis.

Those investigations of in vitro-derived plants, resulted in the detection of the
following secondary metabolites with biological activity. The presence of seco-
iridoid glucosides (amarogentin and gentiopicroside) in the regenerated in vitro
plants, callus tissue and suspension cultures of Gentiana ssp. was determined [22].
The presence of fatty acids, flavonoids and phenolic acids in regenerated plants of
some Oenothera species was also determined [8]. From Rubus chamaemorus shoot
cultures phenolic acid - ellagic acid was isolated [23]. From the leaves of Primula
veris from field cultivation and in vitro cultures ten lipohilic flavones, e.g. zapotin
(fig. 1), including four new natural compounds, were isolated and identified [24,
25]. In turn, callus tissues of that species appeared to be able to produce only
some metabolites present in the intact plant - saponins but not phenolics (flavo-
noids) [26] . From the inflorescences of micropropagated Solidago graminifolia lipo-
philic flavones were obtained and some of them were identified as hydroxy- and
methoxy-flavones with various substitution pattern [27]. The composition of the
essential oil from aerial parts of clonal propagated plants was also studied [28].
From Pinguicula vulgaris shoot culture iridoids, phenylethanoid glucosides and fla-
vonoids were isolated [29], the structural elucidation of which is underway.

T | | | "
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Figure 1. Two-dimensional magnetic resonance spectrum (2D NMR) (HMQC) of the lipophilic
flavone (zapotin) from Primula veris

The presence of triterpene saponins, flavonoids and phenolic acids in shoot
cultures, callus and biomass of cells from suspension culture of Eryngium planum
has been determined [30].
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Some quantitative analyses were also carried out. Quantitative determination
of secoiridoids in micropropagated Gentiana cruciata was made by TLC-densitome-
try [22]. The content of fatty acids, especially the unsaturated 2-linolenic acid in
seeds of micropropagated Oenothera ammophila, O. fallax and O. erythtrosepala was
determined using the gas chromatography (GC) method [8]. The quantitative ana-
lysis of ellagic acid in in vitro shoot cultures of Rubus chamaemorus and in leaves of
intact plants was determined by high performance liquid chromatography (HPLC)
[31], [32]. The HPLC analysis of saponins and rosmarinic acid in in vitro cultures of
Eryngium planum were employed for quantitative studies [30].

In general, the level of determined compounds in in vitro-derived material was
comparable to that of intact plants.

The results of our studies showed that those rare plants contain pharmaceu-
tically promising compounds with wide spectrum of activities, eg. anticancer (el-
lagic acid, lipophilic flavones, especially zapotin), antioxidative (rosmarinic acid,
ellagic acid, -linolenic acid), antiinflammatory effects (o-linolenic acid), anti-cou-
ghing (saponins, cinnamonic acids derivatives) and for the treatment of gastroin-
testinal tract diseases (gentiopicroside).

CONCLUSIONS

Our studies revealed that biotechnology gives an opportunity to carry out
phytochemical investigations of rare, vulnerable or endangered plants without
collecting them from natural localities. Moreover, rare and endangered plants in
form of micropropagated plants, callus tissues and biomass of cells can provide
an appropriate raw material not only for phytochemical analyses, but also for
pharmaceutical purposes (fig. 2).
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