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Introduction

The genus Cyclopia (Fabaceae family, Podalyr-
ieae tribe) comprises over 20 species of shrubs, 
endemic to the Cape Floristic Region of South 
Africa (Joubert et al., 2008a; Kokotkiewicz and 
Luczkiewicz, 2009). Cyclopia plants are character-
ized by trifoliate leaves and yellow, sweet-scented 
fl owers. The distribution of some species, due 
to their peculiar environmental requirements, is 

highly limited, for example to hilltops or marshy 
areas (Kokotkiewicz and Luczkiewicz, 2009).

Since the early 19th century, the herb of a 
number of Cyclopia species has been used to 
produce honeybush herbal tea, traditionally ob-
tained by the fermentation process, but more re-
cently available also in an unfermented version 
(the so called “green honeybush”) (Joubert et al., 
2008a, b; Kokotkiewicz and Luczkiewicz, 2009). 
The commercially most exploited species in-
clude C. intermedia E. Mey., C. subternata Vogel, 
C. genistoides (L.) Vent., and C. sessilifl ora Eckl. 
& Zeyh. Honeybush infusions have a distinctive 
sweet, honey-like fl avour, low tannin content, and 
are coffeine-free. In recent years, they are gain-
ing popularity as a beverage for everyday use and 
a substitute for tea. Signifi cant amounts of plant 
material are also exported (Joubert et al., 2008a; 
Kokotkiewicz and Luczkiewicz, 2009).

Apart from a characteristic honey-like taste 
and aroma, honeybush extracts may exert numer-
ous health-promoting activities. Research showed 
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2,4,5-T, 2,4,5-trichlorophenoxyacetic acid.
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that extracts obtained from Cyclopia plants have 
substantial antioxidant and antimutagenic po-
tential demonstrated in various in vitro, ex vivo 
and in vivo models, and thus may be potentially 
benefi cial in cancer prevention. Moreover, some 
honeybush extracts exhibit signifi cant phytoestro-
genic activity (Joubert et al., 2008a; Kokotkiewicz 
and Luczkiewicz, 2009).

The main chemical components of Cyclopia 
plants are polyphenols, represented by xantho-
nes, fl avanones, fl avones, fl avonols, isofl avones 
and coumestans (Joubert et al., 2008a; Kokotkie-
wicz and Luczkiewicz, 2009). The most important 
compounds, present in highest amount, include 
the xanthones mangiferin and isomangiferin, as 
well as the fl avanone hesperidin (Joubert et al., 
2003, 2008b).

The aim of the present study was to establish, 
for the fi rst time, in vitro cultures of three Cy-
clopia species (C. subternata, C. intermedia, and 
C. genistoides) and to evaluate their potential to 
produce xanthones and fl avanones. The reason 
for this is the endemic character of Cyclopia to-
gether with its chemical uniqueness, manifested 
by the presence of the xanthones mangiferin and 
isomangiferin, which are rarely recorded in the 
Fabaceae family (De Nysschen et al., 1996). Until 
now, in vitro cultures of legume plants have been 
extensively studied in terms of isofl avone produc-
tion (Dixon, 1999), whereas little is known about 
the xanthone metabolism within the Fabaceae 
family. At present, most experiments concerning 
the xanthone accumulation in plant cell cultures 
are conducted with the use of plants from the 
genera Hypericum (Clusiaceae) and Centaurium 
(Gentianaceae) (Dias et al., 2000, 2001; Pasqua 
et al., 2003; Mulinacci et al., 2008). Previous in 
vitro experiments concerning Genista plants (Fa-
baceae) showed that the isofl avonoid content in 
the plant biomass can be substantially elevated 
by establishing in vitro cultures, and further selec-
tion of the medium and culture type (Luczkiewicz 
and Glod, 2003, 2005). Due to positive results (in 
terms of the biofl avonoid content) observed in 
the case of Genista cell lines, it was decided to 
examine in vitro cultures of legume plants rep-
resenting a non-standard, xanthone-oriented sec-
ondary metabolism, namely those of Cyclopia, for 
the presence of polyphenolic derivatives, and to 
compare the results with those of the respective 
intact plants.

Material and Methods

Seeds and intact plant material

Seeds of C. intermedia, C. subternata, and C. 
 genistoides were obtained from Silverhill Seeds, 
Kenilworth, Cape Town, South Africa. Herbs 
of the respective intact plants were obtained 
from Cape Honeybush Tea, Mossel Bay, South 
Africa.

In vitro cultures

General procedures
All Cyclopia cultures were cultivated on Schenk 

and Hildebrandt (SH) (Schenk and Hildebrandt, 
1972) and Murashige and Skoog (MS) (Mu-
rashige and Skoog, 1962) media supplemented 
with growth regulators (Table I) and 3.0% w/v 
 sucrose, and solidifi ed with 0.6% w/v (SH medi-
um) or 0.7% w/v (MS medium) of agar. The pH of 
the media was adjusted to 5.80 prior to autoclav-
ing (0.1 MPa, 121 ºC, 20 min). The cultures were 
maintained in baby food jars (Sigma-Aldrich, 
USA) in a growth chamber at (24 ± 1) ºC under 
continuous light [Phillips white fl uorescent lamps, 
36 W, (88 ± 8) μmol m–2 s–1 light intensity].

Germination
Prior to sterilization, the seeds were scarifi ed 

with fi ne (P120) sand paper. Next, they were sur-
face-sterilized in 70% ethanol for 1 min, followed 
by 0.5% NaOCl for 30 min. After sterilization, the 
seeds were rinsed three times with sterile, dou-
ble distilled water, and put into Petri dishes lined 
with wet fi lter paper. The seeds were germinated 
in the dark at (24 ± 1) ºC. After germination, the 
seeds were moved to a growth chamber for 10 d 
and the obtained seedlings were then used in fur-
ther experiments. Germination rates and time of 
germination were determined by repeating the 
experiment twice.

Callus cultures
For callus initiation, cotyledone, hypocotyl and 

root fragments of Cyclopia seedlings (0.5 – 1.0 cm) 
were placed on solid SH and MS media supple-
mented with growth regulators alone [0.5 mg/l 
kinetin (KN) and 5.0 mg/l 2,4-dichlorophenoxy-
acetic acid (2,4-D)] or together with antioxidants: 
100.0 mg/l L-cysteine or 1000.0 mg/l polyvinylpyr-
rolidone (PVP) (6 media modifi cations). The cul-
tures were subcultured 6 times onto fresh media 
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with the same growth regulators and antioxidants 
every 4 weeks.

After 6 passages, the initial calli were trans-
ferred onto solid SH and MS media supplement-
ed with various growth regulators (Table I) and 
grown for 6 months (6 subsequent passages), in 
order to determine the conditions for continu-
ous callus growth. After that period, the in vitro 
biomasses were evaluated for growth, structure 
and morphological tendencies (Table I). The cal-
lus growth indices (Gi) were evaluated after 30 d 
using the Klein formula: Gi = [(Fw – Fo)/Fo]·100, 
where Fw is the fresh weight after 30 d and Fo 
is the fresh weight of the inoculum (Zenkteler, 
1984). Polyphenolic compounds concentrations 
were determined by HPLC for the calli repre-
senting the best growth parameters.

Microshoot cultures
For microshoot culture initiation, cotyledone 

and shoot tip fragments (0.5 – 1.0 cm) of Cy-
clopia seedlings were placed on solid SH medi-
um  supplemented with growth regulators alone 
[2.0 mg/l 6-(γ,γ-dimethylallylamino)purine (2iP) 
and 0.22 mg/l thidiazuron (TDZ)] or together with 
antioxidants: 100.0 mg/l L-cysteine or 1000.0 mg/l 
PVP. The cultures were subcultured 6 times onto 
fresh media with the same growth regulators and 
antioxidants every 4 weeks.

After 6 passages, the initial microshoot cul-
tures were transferred onto solid SH medium 
supplemented with the same growth regulators, 
but without antioxidants, and cultivated for 6 
months (6 subsequent passages), in order to ob-
tain stable microshoot cultures (Table I). After 
that period, the microshoot growth indices were 
evaluated in a 30-d experiment using the Klein 
formula (Zenkteler, 1984), and polyphenolic 
compounds concentrations were determined by 
HPLC.

Root cultures
Root fragments (2.0 – 3.0 cm) of Cyclopia 

seedlings were placed on solid SH and MS me-
dia without growth regulators or supplemented 
with 1.0 mg/l indole-3-butyric acid (IBA) or 
5.0 mg/l α-naphthaleneacetic acid (NAA). The 
cultures were transferred onto fresh media with 
the same growth regulator concentrations every 
4 weeks.

Preparation of extracts

1000.0-mg portions of pulverized, freeze-dried 
plant materials (herbs of the intact plants and in 
vitro biomasses) were extracted with two portions 
of methanol (2 × 100 ml, 2 × 3.0 h, 40 ºC) and one 
portion of 90% aqueous methanol (100 ml, 3.0 h, 
40 ºC) with the use of a hotplate magnetic stir-
rer. The methanolic extracts were concentrated 
under reduced pressure (40 ºC). The dry residues 
were diluted in water and partioned into chloro-
form and aqueous fractions. The aqueous phases 
were then vacuum-concentrated (40 ºC), and the 
resulting dry residues were dissolved in 10 ml of 
methanol (HPLC grade) and stored at – 20 ºC. 
Prior to HPLC analysis, the extracts were centri-
fuged (15 min, 4 ºC) at 7500 × g.

In order to test the recovery of the analyzed 
compounds, Cyclopia plant matrices of known 
compound content were spiked with known 
amounts of xanthone and fl avanone representa-
tives, that is mangiferin (0.2, 1.0, 3.0% DW) and 
hesperidin (0.2, 1.0, 3.0% DW), prior to extraction. 
The determined recoveries were (93.50 ± 4.23)% 
for mangiferin and (92.06 ± 3.6)% for hesperi-
din.

Chemicals

All chemicals used for media preparation were 
from Sigma-Aldrich (USA). Solvents used for 
extract preparation were from POCH (Poland). 
Water used for HPLC analyses was from Baker 
(USA). Acetonitrile and formic acid were from 
Merck (Germany). Mangiferin and hesperidin 
standards were obtained from Sigma-Aldrich. 
Eriocitrin was from Extrasynthese (France). Iso-
mangiferin was isolated from C. intermedia intact 
plant material and identifi ed by spectroscopic 
methods (Kokotkiewicz et al., 2006).

HPLC analysis

The qualitative and quantitative HPLC analy-
ses were performed with the use of LC-ESI-MS 
and LC-DAD systems (Shimadzu, Kyoto, Japan) 
consisting of two solvent pumps LC-20AD, an 
autosampler SIL-20AC (15 °C), a diode array de-
tector SPD-M20A, a mass spectrometry detector 
(ESI) 2010EV, a column oven CTO-20AC (30 °C), 
and a DGU-20A3 degasser. Chromatography was 
performed on a Supelcosil LC-18 (150 × 4.6 mm, 
3 μm) column (Sigma-Aldrich). The mobile phase 
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consisted of A: water/formic acid (100:0.1 v/v), and 
B: water/acetonitrile/formic acid (50:50:0.1 v/v/v). 
The gradient elution applied was as follows: 
0 – 15 min, 12 – 25% B; 15 – 75 min, 25 – 100% B; 
75 – 77 min, 100% B; 77 – 80 min, 100 – 12% B; 
82 min, stop. The fl ow rate was 0.6 ml/min, and 
the injection volume was 3 μl.

Peaks in chromatograms were identifi ed by 
comparison of their retention time with those 
of standards, and additionally by LC-DAD and 
LC-ESI-MS. Mass spectrometric detection of the 
polyphenolic compounds was performed in the 
negative ion mode over the range m/z 50 – 1800. 
The following parameters of electrospray ioni-
zation were applied: desolvation temperature, 
230 ºC; nitrogen fl ow rate, 1.5 l/min; capillary volt-
age, 2000 V.

Quantifi cation of the polyphenolic compounds, 
performed with the use of external standards, was 
based on the peak area at 280 nm. Peaks were 
integrated by LC-MS solution (ver. 3.40, Kyoto, 
Japan) software. Standard calibration curves 

were plotted using dilution series of mangiferin 
(13 – 200 μg/ml), hesperidin (15 – 230 μg/ml) and 
eriocitrin (17 – 350 μg/ml). Isomangiferin was 
quantifi ed using mangiferin as standard.

Results and Discussion

Establishment of Cyclopia in vitro cultures

As a result of biotechnological experiments, in 
vitro cultures of three Cyclopia species (C. inter-
media, C. subternata and C. genistoides) have been 
established for the fi rst time, and their productiv-
ity in terms of selected xanthones and fl avanones 
has been evaluated.

In general, plants from the Cyclopia genus 
proved to be rather diffi cult to cultivate in vitro. 
The problem of poor germination rates was ef-
fectively overcome by an initial seed scarifi cation, 
which has been previously reported to break the 
seed coat-imposed dormancy of Cyclopia seeds 
(Sutcliffe and Whitehead, 1994). The scarifi ed 
seeds of all examined species germinated after 10 

Table I. Infl uence of the medium type on the growth of Cyclopia sp. biomass.

Medium composition C. intermedia

Colour Structure Gia

SH +
5.0 mg/l (22.72 μM) 2,4-D +
0.5 mg/l (2.32 μM) KN

Green Caulifl ower-like callus 88.4 ± 27.0

SH +
5.0 mg/l (19.57 μM) 2,4,5-T +
0.5 mg/l (2.32 μM) KN

Yellowish-green Caulifl ower-like callus 76.5 ± 17.9

SH +
5.0 mg/l (20.19 μM) 4-CPPU +
0.5 mg/l (2.27 μM) 2,4-D

Yellowish-green Slimy callus 98.6 ± 23.3

SH +
5.0 mg/l (20.19 μM) 4-CPPU +
0.5 mg/l (1.96 μM) 2,4,5-T

Green Slimy callus 56.3 ± 14.5

SH +
2.0 mg/l (9.84 μM) 2iP +
0.22 mg/l (0.10 μM) TDZ

Green Shoot primordia 450.6 ± 35.7

MS +
5.0 mg/l (22.72 μM) 2,4-D +
0.5 mg/l (2.32 μM) KN

Green Slimy-parenchy matic 
callus

220.4 ± 12.3

MS +
5.0 mg/l (19.57 μM) 2,4,5-T +
0.5 mg/l (2.32 μM) KN

Bright green Caulifl ower-like callus 191.4 ± 21.6

MS +
5.0 mg/l (20.19 μM) 4-CPPU +
0.5 mg/l (2.27 μM) 2,4-D

Green Caulifl ower-like callus 250.5 ± 43.8

MS +
5.0 mg/l (20.19 μM) 4-CPPU +
0.5 mg/l (1.96 μM) 2,4,5-T

Bright green Parenchymatic callus 481.0 ± 31.7

a Growth indices measured after 30 d of cultivation on solid media. The values represent the mean ± SD of 10 samples.
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days with the following rates: 74% for C. subterna-
ta and C. genistoides, and 95% for C. intermedia.

In order to initiate callus cultures, Cyclopia 
seedling fragments were placed on the so-called 
rich media (SH and MS) supplemented with 2,4-
D and KN. These media have been previously 
shown to be effective for in vitro cultivation of 
many legume plants, including shrubs from the 
Genista genus (Luczkiewicz and Glod, 2003). Hy-
pocotyl fragments of all Cyclopia seedlings placed 
on SH and MS media supplemented with 2,4-D 
and KN formed caulifl ower-like initial calli with 
strong necrotic tendencies, manifested by poor 
growth and intensive browning of the explants 
and the surrounding area. This phenomenon was 
probably caused by the formation of simple phe-
nolic compounds, as a result of the stress-induced 
defense mechanism (Luczkiewicz, 2008). Cotyle-
done fragments of the examined species placed on 
the above media showed a signifi cantly stronger 
necrotic tendency than hypocotyls, and failed to 
form calli. Supplementation of the growth media 

with antioxidants (L-cysteine or PVP) proved to 
be ineffective against callus browning, but fortu-
nately, this tendency declined autogenously after 
4 – 6 passages. After 6 passages, the initial calli of 
all examined Cyclopia species were transferred 
on various SH and MS media and grown for 
 subsequent 6 months. After that time, they were 
evaluated for consistency and growth param-
eters (Table I). Although the MS and SH media 
supplemented with 2,4-D and KN proved to be 
good for callus initiation, very low Gi values for 
all initial calli made them unsuitable for continu-
ous cultivation of the biomasses (Table I). Sig-
nifi cantly better results, in terms of callus growth 
and biomass stability, were obtained on MS and 
SH media with the addition of N-(2-chloro-4-
pyridyl)-N’-phenylurea (4-CPPU) (Table I). In 
fact, this growth regulator was previously success-
fully used in the cultivation of friable-parenchy-
matic G. tinctoria callus (Luczkiewicz, 2008). The 
MS medium supplemented with 5.0 mg/l 4-CPPU 
and 0.5 mg/l 2,4,5-trichlorophenoxyacetic acid 

C. subternata C. genistoides

Colour Structure Gia Colour Structure Gia

Green Caulifl ower-like callus 160.4 ± 34.6 Yellowish-green Caulifl ower-like callus 94.3 ± 25.0

Yellowish-green Caulifl ower-like callus 120.5 ± 21.6 Green Slimy callus 170.2 ± 32.5

Green Slimy-parenchy matic 
callus 

100.6 ± 16.4 Green Caulifl ower-like callus 252.0 ± 20.4

Green Slimy callus 90.4 ± 30.4 Bright green Caulifl ower-like callus 160 ± 25.6

Green Shoot primordia 520.4 ± 43.7 Green Shoot primordia 704.6 ± 55.2

Bright green Parenchymatic callus 120.6 ± 12.4 Greyish-green Slimy callus 55.6 ± 12.6

Green Slimy-parenchy matic 
callus

320.5 ± 45.0 Green Slimy callus 67.8 ± 19.1

Yellowish-green Parenchymatic callus 360.1 ± 15.6 Green Caulifl ower-like callus 110.5 ± 31.5

Bright yellow Friable-parenchy matic 
callus

1269.9 ± 98.6 Green Callus with shoot 
 primordia 

150.4 ± 42.1
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(2,4,5-T) proved to be optimal for the cultivation 
of C. intermedia and C. subternata calli, in terms 
of morphology and growth indices, whereas C. 
genistoides callus was established on SH medium 
supplemented with 5.0 mg/l 4-CPPU and 0.5 mg/l 
2,4-D (Table I). The attempts to obtain one opti-
mal medium for continuous growth of Cyclopia 
biomasses were unsuccessful. C. genistoides callus 
clearly favoured the SH medium whereas C. inter-
media and C. subternata biomasses exhibited the 
best growth parameters on the growth medium 
based on MS salts (Table I). These results are sur-
prising, as numerous experiments involving sev-
eral legume plants from one genus showed that in 
vitro growth requirements of closely related spe-
cies are mostly similar, enabling the use of one 
medium (Luczkiewicz, 2008).

Contrarily to Cyclopia calli, microshoot cultures 
of the examined species had similar medium re-
quirements. The SH medium supplemented with 
2iP and TDZ (Table I), previously used for the 
establishment of microshoots of related Genista 
plants (Luczkiewicz and Piotrowski, 2005), was 
applied for Cyclopia shoot cultures initiation. 
Cotyledone and shoot tip fragments of Cyclopia 
seedlings placed on the above medium formed 
shoot primordia with substantial necrotic tenden-
cies, manifested by excessive browning. A sub-
stantial number of abnormal leaves with the ten-
dency to vitrify was observed too. As in the case 
of callus cultures, the addition of antioxidants 
(L-cysteine or PVP) was ineffective, but the ten-
dency to browning vanished autogenously after 
6 passages. The initial microshoot cultures were 
grown on the same medium, but without antioxi-
dants, for subsequent 6 months. After that period, 
stable microshoot cultures were formed, without 
tendencies to form vitrifi ed abnomal leaves.

Root explants from all Cyclopia seedlings 
showed necrotic changes, which could not be 
overcome by the addition of antioxidants, sub-
sequent passages or specifi c media composition 
(growth regulators). As a result, all explants de-
cayed after 3 – 4 passages and attempts to initiate 
root cultures were unsuccessful. This phenom-
enon can be explained by the weakened growth 
of root explants under sterile in vitro conditions, 
resulting from the lack of symbiotic Rhizobium 
strains which are often necessary the for proper 
development of a legume root system (Luczkie-
wicz, 2008).

Accumulation of xanthones and fl avanones in 
Cyclopia in vitro cultures and intact plants

In vitro cultures of Cyclopia sp., which repre-
sented the best growth parameters, were analyzed 
by HPLC for the presence of compounds consti-
tuting the majority of the polyphenols found in 
intact plants, namely the xanthones mangiferin 
and isomangiferin, as well as the fl avanones hes-
peridin and, to a lesser extent, eriocitrin. The pre-
vious research on the Cyclopia chemical composi-
tion reported the use of a C12 column, as the C18 
column was shown to generate strong tailing of 
the analyzed compounds and failed to separate 
the xanthone isomers mangiferin and isomangif-
erin (Joubert et al., 2003). Contrarily, our research 
proved, that the more popular C18 column, com-
monly used in polyphenol analysis (De Rijke et 
al., 2006), together with gradient elution and the 
addition of an acidic modifi er, can be successfully 
applied for the separation of xanthones and fl avo-
noids found in Cyclopia intact plants and in vitro 
cultures. The above compounds were identifi ed by 
comparison of their retention times with those of 
the standards (mangiferin, 22.09 min; isomangif-
erin, 23.01 min; eriocitrin, 29.55 min; hesperidin, 
35.00 min), and additionally by the presence of 
respective pseudomolecular and fragmentary 
ions in LC-ESI-MS spectra: mangiferin and iso-
mangiferin, m/z 421 [M-H]–; hesperidin, m/z 609 
[M-H]– and m/z 300 (aglycone); eriocitrin, m/z 
595  [M-H]– and m/z 286 (aglycone).

Quantitative analyses of xanthones and fl a-
vanones in Cyclopia biomasses showed signifi -
cant differences depending on the species and 
culture type. Generally, the concentrations of all 
examined compounds (exept form mangiferin and 
isomangiferin in the case of C. subternata shoots) 
were lower in vitro than in the respective intact 
plants, indicating the suppressed phenylpropanoid 
metabolism in most Cyclopia cell lines (Table II). 
Moreover, the xanthone biosynthesis in Cyclopia 
plants seems to be morphogenesis-dependent, as 
calli of all examined species produced only traces 
of mangiferin and isomangiferin (< 0.05% DW) 
in comparison to substantial amounts of these 
compounds found in microshoot cultures. Among 
these, C. subternata in vitro microshoots produced 
more mangiferin (1.55% DW) and isomangiferin 
(0.56% DW), in comparison to the intact plant 
material (1.31% and 0.49% DW, respectively – 
Table II). Interestingly, the previous research on 

NC_7_8_2009.indb   538NC_7_8_2009.indb   538 13.08.2009   17:51:4713.08.2009   17:51:47



A. Kokotkiewicz et al. · Xanthones and Flavanones Accumulation in Cyclopia 539

in vitro cultures of plants from the Hypericum 
and Centaurea genera proved the ability of undif-
ferentiated cell lines to produce xanthones (Dias 
et al., 2000; 2001; Pasqua et al., 2003; Mulinacci et 
al., 2008). In the case of Hypericum sp., xantho-
nes were the main group of secondary metabo-
lites found in undifferentiated cells, whereas only 
small amounts of these compounds were reported 
in developed shoots, producing mainly hypericins 
(Pasqua et al., 2003; Mulinacci et al., 2008). Our 
research on Cyclopia in vitro cultures proved the 
possible relation between xanthone biosynthesis 
and organogenesis level. The results also suggest, 
that this dependence is seemingly genus-related. 
In the case of Hypericum sp. intact plants, xan-
thones constitute only a small part of the second-
ary metabolite composition, but their content is 
signifi cantly elevated in unorganized cell lines 
(Pasqua et al., 2003). On the other hand, Cyclopia 
shrubs contain substantial amounts of xanthones, 
which are almost completely absent in callus cul-
tures. Moreover, there are no signifi cant differenc-
es of mangiferin and isomangiferin accumulation 
between calli representing various morphological 
tendencies (fi rm caulifl ower-like for C. genistoides, 
parenchymatic for C. intermedia and friable-pa-
renchymatic for C. subternata), suggesting that 
the production of the mentioned metabolites is 
only possible in fully developed Cyclopia shoots 
(Tables I and II). Additionally, there was no clear 
correlation between hesperidin content and mor-
phogenesis level. While only traces of this metab-
olite could be detected in both microshoots and 
calli of C. genistoides (< 0.05% DW), substantial 
amouns of hesperidin were found in C. subternata 
shoots (0.87% DW), as well as its undifferentiat-
ed, parenchymatic calli (0.69% DW). Differently, 
only microshoots were able to produce hesperidin 
in the case of C. intermedia (0.9% DW) (Table II). 
Among the examined in vitro biomasses, eriocitrin 
was only present in C. subternata microshoots, al-
though in lesser amount than in the respective in-
tact plant (Table II). It seems, that the fl avanone 
biosynthesis in Cyclopia in vitro cultures is more 
species-, than morphogenesis-dependent.

Summing up, the experiments proved that in 
vitro cultures of Cyclopia show a certain potential 
to produce biologically active xanthones and fl a-
vanones. As conclusion could be drawn that Cy-
clopia biomasses are particularly appropriate for 
further in vitro experiments for establishing plant 
systems used for xanthone and fl avanone produc-

tion. The obtained cultures can also be used in 
research the mechanisms of xanthone and fl avo-
noid biosynthesis.
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