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Aim. To obtain tissue and isolated root cultures of four Gentiana L. species from Ukraine
(G. lutea L., G. punctata L., G. acaulis L. and G. asclepiadea L.) and study peculiarities of
their growth and content of flavonoids and xanthones. Methods. /n vitro culture, chromatog-
raphy, spectrophotometry and statistical methods. Results. The conditions were developed for
callus induction, proliferation, and long-term maintenance of fast-growing root cultures from
gentians. A comparative study of total flavonoid and xanthone content in the cultured tissues,
isolated cultured roots and wild plants of gentians was carried out. The capacity was ascertained
for synthesizing these biologically active substances in vitro. The content of compounds varied
both in calli and isolated roots derived from the plants of different gentian species, and in tis-
sue and organ cultures of these species. The morphogenic and non-morphogenic cultures
showed much lower flavonoid and xanthone content than the shoots of intact plants, but
similar to that of natural roots. The fast-growing normal root cultures displayed higher con-
centrations of these biologically active compounds than the callus tissues in most cases.
Conclusions. A high yield of biomass from gentian cultures iz vitro and their ability to syn-
thesize and accumulate flavonoids and xanthones make them as a promising source of these
biologically active compounds.

Keywords: Gentiana L. species, callus induction and proliferation, fast-growing normal
root cultures, flavonoid and xanthone content, source of biologically active compounds.
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CI — Callus induction PGR — Plant growth regulators

GI — Growth index Kin — Kinetin

Bs — Gamborg and Eveleigh (1968) medium BAP — 6-Benzylaminopurine

MS — Murashige and Skoog (1962) medium 2,4-D — 2,4-Dichlorophenoxyacetic acid
MS/2 — MS with twice decreased macro- and micro- NAA — o-Naphthaleneacetic acid

salts concentrations BAS — Biologically active substances
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Introduction

Gentiana L., the largest genus of Gentianaceae
Juss. family, includes about 400 species [1, 2].
In Ukraine Gentiana genus is represented by
10 species. Most of them are spread throughout
the highland regions in the Carpathians [3, 4].
Gentians are extensively used for traditional
and folk medicine in the world and, therefore,
are currently the subject of intensive phyto-
chemical investigations. Their medicinal activ-
ity results from several classes of secondary
metabolites produced and stored in various
parts of the plants. These are such compounds
as alkaloids, iridoids, xanthones, flavonoids,
carbohydrates, aromatic and nitrogen-bearing
compounds, pectic substances, ascorbic acid,
catechines etc. [5, 6].

Flavonoids and xanthones are of special
interest as they are characterized by a wide
spectrum of influence on humans.

Flavonoids have anti-inflammatory, anti-
spasmodic, capillary strengthening, chole-
retic, diuretic, anti-sclerotic, antineoplastic,
anti-oxidant, detoxifying and other effects.
They affect the enzyme systems, immune and
metabolic processes, thicken membranes,
prevent storage of free radicals in tissues,
improve the motor activity, secretory and
absorbing functions of alimentary canal, efc.
[5, 6].

The qualitative and quantitative content of
xanthones is an important chemotaxonomic
feature for Gentianaceae [6, 7]. Naturally oc-
curring xanthones are widely reported for their
significant biological and pharmacological
properties [6]. Xanthones of Gentiana act as
antioxidants, antidepressants, vasodilators, in-
hibitors of acetylcholinesterase activities, ex-
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hibit antimicrobial and antiviral, cardiotonic
and tuberculostatic effects [8—11].

Due to the uncontrolled use of roots for
glucoside extraction and for liquor manufactur-
ing, some of the species, like G. lutea are close
to extinction in their natural habitats. G. lutea
and related gentians are under protection as
endangered species in most European countries
[12], which is one more reason for expediency
of their introduction and growing in vitro cul-
ture.

In vitro culture of tissues and organs is one
of the alternative sources of medicinal raw
material with limited natural store. At the same
time, some changes in secondary metabolism
take place under the conditions of growing
in vitro.These include a lack of cell differen-
tiation in callus and suspension cultures, dif-
ferences of the biosynthetic potential of tissue
and organ cultures derived from the various
types of explants and plant genotypes, and
structural and functional rearrangements of the
cell genome in culture [13]. During the sub-
cultivation process or in the initial callus cul-
tures in many cases one can observe a consid-
erable decrease of BAS and their synthesis
may regenerate only after formation of some
morphogenic structures, i. e. after the restora-
tion of organism regulation level [13].
Therefore, for biosynthesis and accumulation
of valuable secondary metabolites, along with
the non-morphogenic tissue culture a morpho-
genic culture, in particular isolated roots, is
promising.

Scientific literature describes the isolated
roots ability to synthesize the biologically ac-
tive substances immanent to roots of whole
plants [14]. To increase the productivity of
isolated root culture, the transformation due to
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Agrobacterium rhizogenes is used. Herewith
the so called “hairy roots” are obtained that
are characterized by a high growth rate in the
phytohormones free medium, the genetic sta-
bility and capacity of intense synthesis of valu-
able secondary metabolites [14, 15]. Such
method of obtaining isolated root culture was
used for gentians [16—19]. The biosynthetic
activity was investigated in some gentians
hairy root cultures [20—24].

The objective of this work was to obtain
tissue and isolated root cultures from some
Gentiana species and to study peculiarities of
their growth and content of flavonoids and
xanthones in them.

Materials and Methods

Plants of four Gentiana species were obtained
from seeds harvested in different localities

Table 1. Habitat of the investigated gentians

(Table 1), and grown in aseptic conditions
in vitro.

For callus induction we used root explants
of axenic plants of 9 genotypes of 4 Gentiana
species (Table 1). Every experiment variant
included testing 100—150 explants. The basic
media used for callus induction and prolifera-
tion were By (only for G. asclepiadea L.) [25],
and MS-based medium [26] with full (MS) and
twice decreased macro- and microsalts con-
centrations (MS/2), supplemented with various
combinations and concentrations of plant
growth regulators (PGR) including Kin, BAP,
(2,4-D and NAA. The cultures were incubated
in darkness at 25-26.5°C, with subculture
every 4 weeks. The percentage of callus forma-
tion was recorded after 3 weeks of cultivation.
Callus induction (CI) frequency was deter-
mined as follows:

Species Locality Altitude (m) | Symbolic notation
Rohneska mountain Valley o _ _ 1650 GIR
(Chornohora range, Rakhiv district, Transcarpathian region)
Troyaska mountain
G. lutea (Svydovets range, Rakhiv district, Transcarpathian region) 1695 G1.Tr
Pozhyzhevska mountain 1420 GLP
(Chornohora range, Nadvirna district, Ivano-Frankivsk region) o
Breskul mountain
(Chornohora range, Nadvirna district, Ivano-Frankivsk region) 1790 G.p.Br
G. punctata T . "
royaskamountam - . . 1704 G.p.Tr
(Svydovets range, Rakhiv district, Transcarpathian region)
Turkul mountain
(Chornohora range, Rakhiv district, Transcarpathian region ) 1750 GacT
G. acaulis Reb i
ebra mountain
(Chornohora range, Rakhiv district, Transcarpathian region) 2001 G.ac.Reb
Pozhyzhevska mountain
(Chornohora range, Nadvirna district, Ivano-Frankivsk region) 1424 G.ase.P
G. asclepiadea -
Velyka Myhla mountain 950 G.ase.M
(Gorgany range, Dolyna district, Ivano-Frankivsk region) B
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1= 100%,
N

(1)
where Nc — number of explants developing
callus; N — number of explants cultured.

To determine the optimal conditions for
callus proliferation, 0.25-0.35 g portions were
separated from explants and placed on nutrient
media with various combinations of BAP and
2,4-D (Fig. 1A).

The growth index (GI) according to callus
fresh weight was determined after 21 days ac-
cording to the formula:

~M-m

Gl=—1
m

)

where M — callus weight after 21 days; m —
initial callus weight.

Fast-growing isolated root cultures were
obtained from plants of different genotypes of
four Gentiana species (Table 1).

Root apices each 1.5 cm long and 20-30 mg
were used as initial explants for obtaining
isolated root cultures, the inocula being taken
from two-month axenic plants. Root cultures
were obtained in two stages. At the first stage,
the inocula were cultured for 2-3 weeks in
MS/2 or Bs (only for G. asclepiadea) liquid

nutrient medium, supplemented with various
concentrations of NAA and BAP or Kin
(Fig. 1B). At the second stage, cultured roots
with side rootlets were cultured in MS/2 or Bs
liquid medium without growth regulators for
2-3 weeks (Fig. 1C). The pH of both media
was 5.6 £ 0.2 before autoclaving.

With regard to data concerning the calci-
philous nature of the species, an increased
CaCl, concentration was used for G. acaulis
[27].

The volume of medium at both stages of
culture was 50 ml, in 250 ml wide-mouth
Erlenmeyer flasks with constant stirring on a
shaker with 60—80 vibrations/min without light
at 24+2 °C.

The inocula before placing in the medium
and isolated root cultures after 4-6 weeks of
culture (the first and second culture stages)
were weighed in axenic conditions with further
determination of their growth index by fresh
weight according to Eq. 2, where M — iso-
lated root weight after 4-6 weeks of culture,
and m — initial inoculum weight.

Additionally to growth index, the mean
number of side rootlets per cultured inocula
were determined as well as the mean length
after the first and second stages of culture.

Fig. 1. G. lutea callus (A) and isolated root culture at I (B) and II (C) stages of cultivation.
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These parameters are important to characterize
the isolated root cultures, as they indicate the
ability of roots to grow continuously [27].
Isolated tips of the main roots are not capable
of growing in culture for a prolonged period
and their continued use as inocula is accom-
panied by “ageing” of meristems resulting in
death. This excludes the possibility to obtain
sufficient biomass. By using the tips of side
rootlets as inocula due to their number and
vitality, the growth culture cycle is consider-
ably extended.

The material for the research involved tis-
sue cultures of root origin derived from plants
of different genotypes at the 11-15th passages
of growth (Table 1) and fast-growing root
cultures, as well as wild plants of the target
species.

Xanthones and flavonoids were quantified
in isolated root cultures after the second stage
of growth, in callus tissues at the end of the
11-15th passage, and in wild plants within the
fruiting phase. To evaluate the biosynthetic
activity of callus tissues, they were compared
by the BAS content with shoots and roots of
plants from natural localities.

Total xanthone amount was determined
by the modified chromatospectrophotometric
method [28]. Mangiferin was used as a stan-
dard. The air-dried raw material was hydro-
lyzed in a mixture of acetone and water 1:1
(v:v; mixture A), containing 5 % HCI, on a
water bath for 1 hour. Using micropipette with
the investigated extract and standard mangi-
ferin solution (0.03 ml of each), on the plate
with cellulose of 20 % 20 c¢m in size we formed
two-centimetre stripes three times. One more
stripe was left clean and used as a negative
control. After chromatography in a saturated

15 % solution of acetic acid, the plates were
analyzed under ultraviolet light (360 nm). At
the level of standard mangiferin spots of the
stripes with the investigated extract there were
marked zones, containing xanthones. The
stripe with negative control had an equal in
area spot of cellulose used for the preparation
of control solution. All the marked areas of
cellulose were quantitatively transferred and
then desorbed in 10 ml of mixture A and peri-
odically shaken for 15 minutes. The optical
density of filtrated solutions was determined
spectrophotometrically at 369 nm against a
reference solution.

The total xanthone content was calculated
from a standard mangiferin curve and ex-
pressed as the mg mangiferin equivalent per
1 g of dry weight.

Total flavonoid content was determined by
a spectrophotometric method [28, 29] with
rutin as a standard. Samples were air dried at
room temperature to constant weight. We ex-
tracted 1] g of dry raw material using 70 %
ethanol for 30 minutes in a flask equipped with
a reverse cooler on a boiling water bath. The
solution obtained was filtered. 1 ml of filtrate
was placed into a 25 ml volume measuring
flask, 5 ml of 2 % AICI; solution in 95 %
ethanol were added, and total volume was
adjusted to 25 ml with 95 % (w:v) ethanol.
Within 30 minutes, the optic density of the
solution was measured with a spectrophotom-
eter SPh-46 (410 nm).

The total flavonoid content was calculated
from a calibration curve, and the result was
expressed as the mg rutin equivalent per 1 g
of dry weight.

The growth and biosynthetic characteristics
of calli and root cultures were assessed on the
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basis of dry weight outcome per 1 | of nutrient
medium, as well as on the flavonoid and xan-
thone content in dry material obtained from
1 1 of nutrient medium (further — flavonoids
and xanthones outcome from 1 1 of nutrient
medium). BAS (flavonoids or xanthones) per
1 1 of nutrient medium (X;) was calculated
according to the formula:
m, - X, or X,

d

% 100 ’ 3)
where mg,, — outcome of tissue culture or
isolated root culture dry weight from 1 I of
nutrient medium, g; X; — flavonoid total con-
tent in % of dry weight of raw material; X, —
xanthone total content in % of dry weight of
raw material.

ANOVA dispersion analysis with Tukey’s
HSD (honestly significant difference) test was
performed with use of Prism 6. In checking
statistical hypotheses of the research the criti-
cal level of significance was equal to 0.05.

Results and Discussion

Callus induction and proliferation

The frequency of callus induction (see Eq. 1)
of most species on optimal media reached
100 %, excluding G. acaulis (70 %; Table 2).

In some species the efficiency of callus
formation on the same culture medium de-
pended on the genotype. For example, in the
case of G. asclepiadea and G. acaulis the dif-
ference between the highest CI of two different
genotypes was approximately 20 % (Table 2).
G. asclepiadea callus induced on MS and
MS/2 media underwent necrosis after 4-5 sub-
cultures. We could obtain stable and highly
proliferating callus using Bs medium only
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(Table 2). Callus induction was governed by
the composition of MS culture medium. CI
was up to 5 times higher on MS/2 than on
standard MS medium in most samples.

The ratio and composition of PGR signifi-
cantly affected the callus induction and prolif-
erating activity. Callus obtained on MS with
BAP and NAA had low CI (6-31 %) and short
viability period. Only after one subculture
multiple the necrosis in tissue was observed.
The use of BAP (0.1 mg/l) and 2,4-D (0.5,
1 mg/l) stimulated the formation of pale yel-
low, friable callus with high proliferation po-
tency. The highest callus induction frequency
in most samples was obtained on the MS/2
medium supplemented with 0.1 mg/l BAP and
0.5 mg/l 2,4-D. However, in G.ac.T it was
higher on the medium with 1 mg/l 2,4-D
(Table 2). In the case of G. asclepiadea
(G.asc.M genotype), the medium Bs supple-
mented with 0.2 mg/l Kin stimulated CI more
than 90 % (Table 2).

The MS/2 medium was optimal for callus
proliferation of most species except for G. as-
clepiadea where the Bs; medium showed better
results. We did not discover essential interspe-
cies differences in the callus growth intensity
(Fig. 2). The BAP and 2,4-D combination fa-
vored growth of all the cultures. Different
genotypes of the same species efficiently pro-
liferated in the same proliferation conditions
(0.1 mg/l BAP and 0.5 mg/1 2,4-D). The active
G. asclepiadea callus proliferation required
double concentration of both cytokinin and
auxin (0.2 mg/l BAP and 1 mg/l 2,4-D).

According to other authors, there is a lot of
complexity in the callus initiation and prolif-
eration for Gentiana species. It is supposed to
be connected with a great number of phenolic
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Fig. 2. Growth index of root origin calli of gentians on
most effective nutrient media.

For notations, see Table 1

compounds in these plants [30]. For a rapid
callus growth 2,4-D and BAP or Kin are usu-
ally used [30, 31].

In our study we obtained callus from 9
genotypes of 4 gentian species. BAP and 2,4-D
growth regulators were necessary for both the
callus induction and growth. The MS/2 me-
dium supplemented with 0.1 mg/l BAP and
0.5-1 mg/1 2,4-D was found to be optimal for
the callus induction and proliferation in three
species. In the case of G. asclepiadea the cal-
lus formation required the Bs medium supple-
mented with double concentration of both cy-
tokinin and auxin (0.2 mg/l BAP and 1 mg/l
2,4-D).

Fast-growing root culture

MS/2 medium supplemented with 0.1 mg/I of
BAP appeared to be the most effective for the
isolated root formation and growth in G. lutea,
G. punctata cultures at the first culture stage
(Table 3).

Use of 0.1 mg/I of Kin was the best for the
G. acaulis and G. asclepiadea cultures. The

samples from different geographic locations
for two gentian species required the same con-
centrations of NAA: 0.3 mg/l for G. asclepia-
dea, 0.5 mg/l for G. punctata. However, for
G. lutea efficient concentrations of NAA to
form isolated roots constituted 1 or 2 mg/l,
depending on genotype (Table 3). The inten-
sive growth of G. acaulis isolated roots on
MS/2 was significantly stimulated by doubled
concentration of CaCl, (440 mg/l). In contrast
to other species, G. asclepiadea produced iso-
lated roots only on the Bs medium supple-
mented with 0.1 mg/l Kin and 0.3 mg/l NAA
(Table 3).

After the first culture stage the mean num-
ber of side rootlets per inoculum significantly
varied: 84-101 for G. lutea, 95 for G. acaulis,
35-42 for G. punctata and 35-44 for G. ascle-
piadea. After the second culture stage the mean
root size was the longest for G. acaulis and
G. lutea (23 mm and 22.4-30.8 mm, respec-
tively) and the shortest in G. punctata and
G. asclepiadea (17.4-18.8 mm and 18.2-18.6
mm, respectively; Table 3).

Use of two-stage cultivation provided for-
mation of a considerable number of side root-
lets (in some cases over 100 per inoculum), an
essential increase of side rootlets length (up to
30 mm) and their rapid growth (GI reached
926.5) (Table 3).

The highest yield of isolated roots (225 g
of biomass per 1 1 of medium) was obtained
for the G. lutea cultures from Troyaska
mountain samples. It is equal to the root
mass of 10-12-year-old plant in nature [3].
GI of this culture was 926.5 and correspond-
ed to GI obtained by other authors after the
root transformation by Agrobacterium rhi-
zogenes. For example, GI of nine clones of
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transformed G. lutea roots was 150.8-1473.2
[20].

The growth index of G. punctata roots of
non-transgenic culture constituted 140.7, GI
of transgenic — 45.3-287.7 for one strain and
33.8-1907.2 for the other one [21]. For the
obtained by us non-transgenic culture of this
species (G.p.Tr i G.p.Br) these values were
203.4 and 192.8 respectively. In the research
of transgenic culture of the Gentiana dinarica
Beck. isolated roots, the maximal GI reached
46.7 [32]. For the obtained by us G. acaulis
culture — close to the G. dinarica species —
this value equalled 324.

The yield of transgenic culture of the
Gentiana macrophylla L. isolated roots was
130-260 g/1 on the 30t day of cultivation [23].
The yield range of the investigated non-trans-
genic cultures of gentian isolated roots, ob-
tained by us, was 42.4-225.5 g/l.

During the investigation of transgenic
G. punctata roots, it was found that their length
was 38.8 and 45.2 mm, whereas our results for
non-transgenic culture of the same species
constituted 17.4 and 18.8 mm. Thus, the root
length of transgenic culture is bigger, whereas
the number of side roots is considerably bigger
in the obtained by us non-transgenic cultures
(35 and 42 against 0 and 1.54). After 35 days
the biomass of explants, cultivated on media
with different concentration of sucrose, showed
a 1.5-3.4 times increase [18].

Fast-growing root cultures of four Gentiana
species plants were obtained and their growth
was studied, in particular quantity and length
of side rootlets, growth index and biomass
production. The comparison of growth param-
eters of the obtained non-transgenic root cul-
tures to those of the investigated transgenic

ones and other Gentiana species showed sim-
ilar and in some cases even higher productiv-
ity indices of our cultures. We found that GI
of the isolated root cultures was significantly
higher (60-300 times) than GI of proliferating
calli of the same species.

Xanthone and flavonoid contents
in cultured tissues

The results of the analysis showed the diver-
sity of total xanthone and flavonoid amounts
in callus cultures of different species
(Tables 4, 5).

A comparison of calli from G. acaulis and
G. lutea, derived from plants from different
localities, allowed establishing essential dis-
tinctions in the quantity of xanthone (Table 4).
Thus, in the G.ac.T callus tissue, the amount
of this class of compound exceeded 4.4 times
an analogous value in the G.ac.Reb culture.
G.1.R and G.1.Tr calli synthesized 2.6 and 2.5
times more xanthones in comparison with the
G.LP culture. Xanthone content in calli was
generally less than in shoots of intact plants
(with the exception of G. asclepiadea), but
greater than in roots. In the G.punctata cultures
the amount of BAS was less than in roots
(Table 4). Similar results were obtained for the
Gentianella austriaca shoot cultures. It was
shown by high-performance liquid chromatog-
raphy, that the shoot cultures contained nearly
two times less xanthones than the plants grow-
ing in nature [33].

For nine tissue cultures, the highest value
of total flavonoids was characteristic of G.ac.T
(Table 5). This value was rather high in the
G. lutea and G.ac.Reb calli. The G. punctata
and G. acaulis calli derived from plants of
various localities, differed considerably by the

469



N. M. Drobyk, V. M. Mel’nyk, L. R. Hrytsak et al.

amount of flavonoids (Table 5). In the G.ac.T
callus there were 1.8 times more flavonoids
compared to the G.ac.Reb culture. Flavonoid
content in all tissue cultures was considerably

less than in shoots of intact plants. In some
calli, namely G.p.Tr, G.1.Tr and G.1.P, the
amount of these BAS exceeded that in roots
(Table 5).

Table 4. Total xanthone contents in different organs of intact gentian plants, calli and isolated cultured roots.

Total xanthone contents, mg MAN/g DW!

Samples Shoots Roots Callus Isolated root cultures
G.1.P2 28.44].5d 4.7+0.4ab 3.8+0.12¢ 14.8+1.22
G.1.Tr 19.9+1.20 4.3+0.22 9.5+0.6° 12.3+1.1b
G.1R 39.2+2.1¢ 5.5+0.4b 9.8+0.8P 11.8+0.9b
G.p.Tr 27.3£1.72 26.1+1.9¢ 3.24+0.22 5.0+0.3¢
G.p.Br 34.2+42.3cd 32.9+2 8¢ 5.0£0.4¢ 5.840.3¢d
G.ac.T 21.1+£1.1° 7.4+0.44 9.2+0.7° 12.1+0.8
G.ac.Reb 27.8+2.42 2.9+0.2¢ 2.1+0.24 not determined
G.asc.P 4.2+0.3¢ 0.8+0.05f 4.4+0.3ce 6.0+0.44
G.asc.M 5.3+0.4f 0.9+0.07f 6.4+0.5F not determined

I'mg mangiferin equivalent (MAN)/g dry weight (DW).

2For notations see Table 1.

a.be.de.f__ the same Latin letters stand for unreliable difference of mean values for xanthones content in correspond-

ing samples of different genotypes according to Tukey’s test.

Table 5. Total flavonoid contents in different organs of intact gentian plants, calli and isolated cultured roots.

Total flavonoid content, mg (RUT)/g DW?
Samples
Shoots Roots Callus Isolated root cultures
G.1.P! 55.2+4 .22 4.4+0.32 5.3+0.42 6.5+0.42
G.1.Tr 35.34+2.9b 4.6+0.22 6.2+0.6° 8.4+0.6°
G.I.R 68.3+6.2¢ 4.8+0.32 4.9+0.42 5.3+0.3¢
G.p.Tr 66.445.8°¢ 1.4+0.8b 2.8+0.2¢ 6.2+0.32
G.p.Br 62.8+5 4ac 3.4+0.3¢ 3.3+0.3¢ 9.4+0.64
G.ac.T 42.8+3.20 12.3+1.04 13.1+0.94 14.3£1.0¢
G.ac.Reb 20.2+1.94 16.2+4.7¢ 7.1+0.7¢ not determined
G.asc.P 26.5+2.14 3.540.3¢ 3.2+0.3¢ 9.0£0.7bd
G.asc.M 21.2+1.64 2.3+0.2f 2.1+0.2f not determined

I For notations see Table 1.

2mg rutin equivalent (RUT)/g dry weight (DW).

a.b.c.d.e.f__ the same Latin letters stand for unreliable difference of mean values for flavonoids content in correspond-

ing samples of different genotypes according to Tukey’s test.
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Dry weight outcome after four weeks of
callus growth varied within 11.6 to 29.3 g/l
(Fig. 3). This value was the highest for the
G.ac.Reb tissue cultures, and the lowest for
G. asclepiadea. Assessment of the biosyn-
thetic characteristics of gentian calli showed
their ability to accumulate from 50 to 249 mg
of xanthones per 1 | of nutrient medium (see
Eq. 3). This value was the highest for the
G.L.R, G.1.-Tr and G.ac.T tissue cultures, and
the lowest — in the G.asc.P callus (Fig. 3).
The gentian tissue cultures are able to accu-
mulate 37-279 mg of flavonoids per 1 1| of
cultural medium (see Eq. 3). This value was
the greatest in the G. acaulis calli (Fig. 3), but
lowest in the tissue cultures of G. asclepiadea.
The given data prove that in most callus cul-
tures, the growth conditions favoured both
biomass production and BAS (xanthones and
flavonoids) synthesis. However, in some cases,
in the G.asc.P callus for example, low values
were characteristic of dry biomass and BAS.

Dry weight, g/l

Xanthone and flavonoid content in the
isolated root cultures

The root cultures obtained from G. lutea,
G. punctata, G. acaulis and G. asclepiadea
synthesize large amount of flavonoids and
xanthones as compared to calli (Tables 4, 5).
The greatest flavonoid content (14.3 mg
(RUT)/g DW) was found in the G. acaulis root
cultures; the highest values of xanthones
(12.1-14.8 mg (MAN)/g DW) were character-
istic for the isolated roots of G. [utea and
G. acaulis.

Comparison of root cultures derived from
plants from different localities showed that
there were no significant distinctions of BAS
content for G. lutea and G. punctata
(Tables 4, 5).

It is shown that in isolated root cultures of
G. lutea and G. acaulis the amount of xantho-
nes was smaller compared to shoots, but larg-
er than in roots. The amount of xanthones in
the culture of G. punctata isolated roots was

O Dry weight
35 - @ Flavonoids - 350
B Xanthones

- 300
- 250
- 200
- 150
- 100

- 50 Fig. 3. Productivity of gentian tissue

cultures by dry weight and biologi-

Biclogically active substances, mg/l

cally active substances (flavonoid
and xanthone) per 1 1 of nutrient me-
dium.

For notations, see Table 1
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smaller than in both roots and shoots of the
plants from natural populations (Table 4).

In all root cultures investigated the amount
of flavonoids was considerably smaller than in
shoots, but larger or practically the same as in
roots (Table 5).

Similar results were obtained for extracts
from the Withania somnifera Dunal isolated
cultured roots. It was shown by high-perfor-
mance liquid chromatography that the content
of alkaloid withanolides in cultured roots con-
stituted 4 mg/g of their dry weight and ex-
ceeded the analogous parameter value in roots
in vivo (3 mg/g of dry weight) [34].

After 4-6 weeks of growth the dry weight
of isolated cultured roots varied from 7.3 to
34.5 g/1 (Fig. 4). This parameter value was
higher for G.1.Tr roots in culture. The least
isolated root growth was characteristic of
G. punctata.

The isolated root cultures are characterized
by their capacity to accumulate 50.3-318.2 mg
of flavonoids and 40.6-424.3 mg of xanthones

per 1 1 of nutrient medium (see Eq. 3). The
productivity values by both BAS amounts were
the highest for the G.1.Tr cultured roots, when
comparing them with rather high values for the
G.ac.T, G.1.P and G.L.R isolated roots (Fig. 4).

Thus, the growth conditions for most of
isolated root cultures favoured the BAS syn-
thesis in biomass accumulation. However, for
the G. punctata cultures both these parameters
were low.

Generalization of the results concerning
flavonoid and xanhone accumulation in gentian
calli and isolated root cultures showed the fol-
lowing: 1) most of gentian cultures are able to
accumulate flavonoids and xanthones in
amounts, which in some cases reached 1.5 %
of dry weight; 2) in calli tissues and isolated
root cultures, the amount of BAS was greater
or close to that in roots of plants, but consider-
ably less than in shoots; 3) in most of the
isolated root cultures analyzed there were more
flavonoids and xanthones than in calli, al-
though the difference of the BAS content be-

40 - O Dry weight - 500

@ Flavonoids
@ Xanthones

-+ 450

Dry weight, gfl
s o 8

w

(=]

T 400
T 350
= 300
T 250
T 200
T 150
=+ 100

™ Fig. 4. Productivity of the gentian

Biologically active substances, mg/l

Isolated root cultures
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tween the two types of cultures was insignifi-
cant; 4) BAS amount in both morphogenic and
non-morphogenic cultures depended on the
genotype of the plant donor; 5) a correlation
was found between flavonoid and xanthone
content in vitro.

Growth conditions enable the biomass ac-
cumulation as well as the flavonoid and xan-
thone synthesis in callus and isolated root
cultures. The above growth and biosynthesis
parameters of cultures prove that gentians are
potential material as a source for obtaining
valuable secondary metabolites. In general, the
essential distinctions were not found for bio-
mass and BAS per 1 1 of nutrient medium
between callus tissues and corresponding root
cultures. However, for the latter we established
high growth index values (192-926) that ex-
ceeded by 60-300 times those for callus cul-
tures. Obtaining and growing isolated roots are
less labour-consuming and methodically less
complicated than initiating and maintaining
callus. To gain biomass and BAS synthesis for
isolated roots 4—6 weeks are required, where-
as for stable tissue cultures 11-15 passages are
necessary, each passage lasting 4 weeks.
Isolated root can be cultured in liquid nutrient
media without agar or growth regulators at the
second stage of culture. All these factors re-
duce the material costs for the isolated root
cultures and improve their availability in com-
parison to callus tissues.

Conclusion

In vitro tissue and organs cultures of Gentiana
species from the Ukrainian flora were ob-
tained. The capacity to form morphogenic and
non-morphogenic cultures and their growth
depended on the original genotype, mineral

composition and PGR content of nutrient me-
dium. In some cases the efficiency of callus
formation from root and stem explants rated
up to 100 %. The highest GI for calli from root
explants was within 2.1-3.1. The fast-growing
root cultures were characterized by a high
growth rate (growth index reached 927) and
considerable yield of biomass.

The tissue and fast-growing root cultures
are able to synthesize flavonoids and xanthones
in amounts which in some cases reached
1.5 mg/g of dry weight. The amount of these
BAS in calli and isolated roots was consider-
ably less than in shoots of plants, but more or
approximatly the same as in roots. The number
of secondary metabolites investigated varied
depending on the original plant genotype and
culture type. The greatest productivity was in
both types of G. lutea and G. acaulis cultures.
Taking into consideration the outcome of gen-
tian tissue cultures and roots as well as their
capacity to synthesize flavonoids and xantho-
nes, they have a great potential as an alterna-
tive source of these BAS. Compared to callus
tissues, a preference should be given to the
isolated root cultures that are characterized by
a considerably higher growth index and less
complicated growth pattern.
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OTpuManHs i aHATI3 KYJbTYPH TKAHUH

Ta MBHIKOPOCJIO0] KYJIbTYPH KOPEeHiB YOTHPBHOX
PiAKiCHMX BHCOKOTIpHHUX JIKapChKHX BHAIB POLY
Gentiana L.

H. M. [Ipo6uxk, B. M. Menbhauk, JI. P. ['pumnak,
H. b. Kpagerps, . I. KonBamtok, M. O. TBapnoBcbKa,
B. A. Kynax

Meta. OTpuMaHHSI KyJIBTypH TKaHUH Ta 130JbOBaHUX
KOpEHIB 4oTuphox BUmiB Gentiana L. dnopu Yipainu
(G. lutea L., G. punctata L., G. acaulis L. 1 G. ascle-
piadea L.), a TakoXX AOCITIPKEHAS 0COOIMBOCTEH iIXHHOTO
pocty 1 BMICTY (pr1aBOHOIAIB Ta KCaHTOHIB. MeToam.
KynsTuBYBaHHS in Vitro, XpOMarocneKTpoOTOMETPHYHI
i cratuctiuHi Metonu. Pesyabrarn. Po3pobneHi ymoBH
TS IHAYKII 1 iposmidepartii KaarociB, a TAKOYK TPUBAIOTO
KyJITHBYBaHHSI IIBUJIKOPOCIIMX KYJBTYP KOPEHIB THPIIH-
giB. [IpoBeneHO MOPIBHMUTBHI TOCIIIHKEHHS 3araTbHOTO
BMICTY (pJIaBOHOIIB 1 KCAHTOHIB y KaJIOCAX, KyIBTYpax
130JIbOBAHMX KOPEHIB Ta AUKOPOCIIUX POCIMHAX TUPIINYIB.
BCTaHOBIEHO 3/1aTHICTD KYJIBTYP JI0 CHHTE3y X 0ioJo-
TYHO aKTUBHHX PEUOBHH i7 Vitro. KiTbKIiCTh TaKMX CIIOITYK
BapitoBaJia sIK y KaJlfocax 1 KyJIbTypax i30JIb0BaHHX KOpe-
HIB, OTPIMAaHUX 3 POCIIMH Pi3HUX BUIB THPIINYIB, TaK i B
KyNbTypax TKaHUH 1 OpTaHiB, OTPUMAaHHX 3 PI3HUX POCINH
OITHOTO BUIy. BMicT (aBOHOIIB 1 KCAaHTOHIB 'y MOpdo-
TeHHUX 1 HeMOP(OTCHHIX KYIIETypaxX OyB 3HAYHO HIDKIHH,
HDK y TaroHax, ajie OutbIimii a0 OJIM3bKUI 10 TAKOIO B
KOpEeHsIX 1HTakTHUX pociivH. IIBuakopocna KyibTypa
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KOPEHIB Yy OUTBIIOCTI BUITA/IKIB XapaKTepU3yBajIacs BHIIIOK0
KOHIIGHTPALIIEI0 11X OlOJIOTIYHO aKTUBHUX CIIOIYK, HDK
kamroc. BucHoBoK. Brcokwii BuXiz 6ioMacu KymbsTyp in
Vitro TUPIIUYIB Ta iX 3JaTHICTh CHHTE3YBaTH 1 HAKOINIY-
Bary (pIaBOHOIAM Ta KCAHTOHU JIO3BOJISIIOTH PO3IVISIATH
X SIK TIEPCIIEKTHBHE JHKEPENO X O10JIOTIYHO aKTUBHUX
CIIOJTYK.

KawuoBi caoBa: Bunu pony Gentiana L.; iHIyKIIis
Ta mpodtidepartist KaJIfocy; MBHIKOPOCIA KyIbTypa Kope-
HIB; BMICT (NIaBOHOI/IIB 1 KCAHTOHIB; JPKepesIo 010JI0rYHO
AKTUBHHUX CITOJIYK.

IMony4yenne u aHaJIN3 KYJIbTYPbI TKAHEH

U ObICTpOpacTyliell KyJbTYPbl KOPHeH YeThIpex
PeAKHX BHICOKOTOPHBIX JIEKAPCTBEHHbIX BH/0B
Gentiana L.

H. M. Ipo6sik, B. H. Menbnuk, JI. P. I'punak,
H. b. Kpagsen, U. U. KonBaxtok, M. O. TBapmoBckas,
B. A. Kynax

Ieas. ITomyuenue KynsTypsl TKaHEH U M30JIMPOBAHHBIX
KOopHe# uersipex BUIOB Gentiana L. daopsl YKpauHsI
(G. lutea L., G. punctata L., G. acaulis L. n G. ascle-
piadea L.), a TakxKe UCCIICOBAHIE OCOOCHHOCTEH HMX
pocta M copepxaHus (IAaBOHOMAOB M KCAaHTOHOB.
Mertoasl. KynsruBupoBanue in vitro, XpoMaTrocneKTpo-
(oromerpuyecknue W CTAaTUCTHYECKUE METOJbI.
Pe3ynbrarbl. PazpaboTaHbl yciioBUsI [UI WHAYKIUHA W
nponudeparyy KauTyCcoB, a TAKXKE JUTUTEIBHOTO KyJIBTH-

476

BHUPOBAHUS OBICTPOPACTYIIHX KYIIBTYP KOPHEH ropedaBoK.
IIpoBeneHbl CpaBHUTEIBHBIC UCCICIOBAHUS OOIICTO CO-
Jiepkanust (pJIaBOHOMIOB M KCAHTOHOB B KaJUTyCax, KyJlb-
Typax M30JIMPOBAHHBIX KOPHEH M JUKOPACTYIIUX pacTe-
HUSIX TOPEYAaBOK. YCTAHOBJICHA CIIOCOOHOCTH KYJIBTYpP K
CHHTE3Y ITUX OMOJIOTMYECKU aKTUBHBIX BEIIECTB i Vilro.
KonnyecTBo Takux coenrHEeHUI BApbUPOBAJIO KaK B Kaj-
Jycax U KyJbTypax U30JIMPOBAaHHBIX KOPHEH, TOTYYICHHBIX
Y3 pacTEeHU pa3IMYHbIX BUJIOB TOPEUABKU, TaK U B KYJIb-
Typax TKaHEeW W OpraHOB, MONYYCHHBIX W3 PA3IMIHBIX
pactenmii ogaoro Buma. Coxeprkanue (hIaBOHOHWIIOB U
KCaHTOHOB B MOP()OTCHHBIX U HEMOP(OTCHHBIX KYJIBTypax
OBIJIO 3HAYUTENBHO HIDKE, YEM B IOOETax, HO OOJIbIIE UITH
OIM3Koe K TaKOBOMY B KOPHSIX MHTAKTHBIX PAacTCHHIL.
BricTpopactytas KynbTypa KOpHEH B OOJBIIMHCTBE CITY-
YaeB XapaKTepPU30BAJIaCh BBICIIEH KOHIIEHTpAIIUEH dTUX
OHOJIOTHYECKN aKTUBHBIX COCIMHEHUM, YeM KaJlTyc.
BroiBoa. Bricokuit BeIxo1 OnoMacchl KyIbTyp in Vitro T0-
PeUaBOK, a TAKKE UX CIIOCOOHOCTH CHHTE3UPOBATh U Ha-
KarIiBarh (pi1aBOHOM/IBI M KCAHTOHBI, TIO3BOJISIIOT PaccMa-
TPHUBATh X KaK TEPCIIEKTUBHBIN MCTOYHHUK ITUX OHUOJIO-
TMYECKHU aKTUBHBIX BEIICCTB.

KuawueBble cuoBa: Buabl poga Gentiana L.; uHIyK-
sl ¥ Tpoitudepariys Kautyca; ObICTpOpacTyIas KyJib-
Typa KOpHeil; comepkanue (pr1aBOHOMIOB M KCAHTOHOB,;
HMCTOYHHMK OMOJIOTMYCCKH aKTUBHBIX BEIICCTB.
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