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Abstract

Scutellaria barbata wild type root cultures were grown on liquid media: Gamborg (B5) and Schenk-Hildebrandt
(SH) supplemented with (1 mg/l) indole-3-butyric acid (IBA). For each culture, growth rate and secondary metabo-
lites production were determined. It was observed that in the metabolic profiles, the dominating compounds were
flavone glycosides – wogonoside, baicalin and phenylethanoid glycoside acteoside. Aglycones namely wogonin,
baicalein and chrysin – were present at low concentrations. On B5 medium, the average productivity of plant ma-
terial counted as the sum of flavones was higher (ca. 1300 mg/l) than on SH medium (ca. 999 mg/l). In order to
remove the compounds that cause browning of the medium and inhibit culture growth, especially on B5 IBA 1.0
medium, a number of experiments with the addition of cork pieces, citric acid and Amberlite XAD-4 and XAD-7
resins into the culture media were performed. The best growth of the root culture was achieved on B5 medium
supplemented with – 1.0 mg/l IBA along with the addition of 7 mg/ml of cork and with 10 mg/ml of Amberlite
XAD-4 resin, although concentrations of the analyzed metabolites were lowers than in the control group. 
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Abbreviations

AU – absorbance unit
FW (g/l) – fresh weight
DW (g/l) – dry weight

Gf (%) – growth factor established by the formula:
   Gf = FWfinal – FWinitial / FWinitial × 100

Introduction

Various plant parts (leaves, herbs, fruits, seeds) are
a source of herbal remedies and chemical compounds
(secondary metabolites) with different pharmacological
activities. The alternative way of obtaining secondary
metabolites are in vitro cultures of higher plants, and,
among others, root cultures. Root cultures can be divi-
ded into two groups – the nontransformed (wild type)
ones and the hairy (transformed, transgenic) root cul-
tures (Cui, Chakrabarty, Lee and Paek, 2010; Wysokiń-
ska and Chmiel, 2006). Majority of the biotechnological
studies have focused on hairy root cultures which are
characterized by fast growth rate, high productivity and
genetic stability (Wysokińska and Chmiel, 2006).

There are a number of experiments described in
the literature that compare wild type root cultures with

hairy root cultures in terms of biotechnological para-
meters. In many cases, it has been observed that hairy
root cultures demonstrate a higher productivity of secon-
dary metabolites (e.g., Plantago lanceolata, Datura stra-
monium, Scutellaria baicalensis) (Fons et al., 1999; Ba-
iza et al., 1998; Tiwari et al., 2008). An exception is Co-
luria geoides wild type root cultures which accumulate
higher concentrations of eugenol, the main compound of
essential oil, than hairy root clones (Olszowska et al.,
1996).

An interesting illustration of productivity of such
wild type root cultures is co-culture of normal roots of
two species, Echinacea purpurea and Panax ginseng
which, besides ginsenosides, produce caffeic acid deriva-
tives (Wu et al., 2008). Another example is the Hyperi-
cum perforatum wild type root culture that grows in
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a bioreactor accumulating naphtodiantrones such as
hypericin and pseudohypericin (Cui et al., 2010).

Scutellaria barbata D. Don (Lamiacae) is a plant that
is widely distributed in China, India, Nepal, Korea and
Vietnam (Świąder et al., 2003). In traditional Chinese
medicine, it is known as Ban-Zhi-Lian or Ban-Ji-Ryun.
This herbal medicine, as described in the Chinese
Pharmacopeia, is, in fact, the dried aerial parts collected
after the flowering stage. The herb is used as an anti-in-
flammatory, antipyretic and antiallergic agent, both ex-
ternally, for treating skin inflammations, and internally,
in allergic reactions or inflammations and cirrhosis
(Świąder et al., 2003; Wang et al., 2008; Yin et al., 2004).

In many Asian countries, extracts from S. barbata are
also employed in anticancer therapies. It has been
confirmed from many in vitro and clinical studies that
these extracts have the ability to inhibit cancerous cell
growth. The effectiveness of S. barbata extracts has also
been observed in the treatment of lung, digestive system,
ovarian, and breast cancers, as well as in uterine leiomy-
oma (Yin et al., 2004; Lee et al., 2004; Powell et al., 2003;
Rugo et al., 2007; Fong, 2008).

The main compounds that confer medicinal proper-
ties to S. barbata aerial parts are flavones that include
inter alia: scutellarin, wogonin, baicalin, baicalein and
luteolin (Świąder et al., 2003; Wang et al., 2008; Yin
et al., 2004).

The mechanism of flavone anticancer action is based
on the induction of apoptosis by the inhibition of cell
cycle and influence on pro- and antiapoptotic proteins
(Wilczańska-Barska, Chmura and Krauze-Baranowska,
unpublished data). In the aerial parts of S. barbata, bio-
logically active neo-clerodane alkaloids (scutebarbatins)
(Dai et al., 2006; Dai et al., 2008) and pheophorbide,
a chlorophyll derivative (Xu et al., 2010), are present.
The dominating compound is scutellarin, whose concen-
tration is used as a criterion for estimating the quality of
S. barbata (Hu et al., 2008).

The chemical composition of S. barbata roots, as op-
posed to the roots of another valuable species from the
genus Scutellaria  – S. baicalensis, remains unknown.
Thus far, no data regarding in vitro tissue cultures for
S. barbata have been available.

The aim of the presented work was to establish Scu-
tellaria barbata wild type root cultures and to assess
their ability to biosynthesize valuable secondary metabo-
lites, mainly flavones.

Materials and methods

In vitro cultures

Seeds of five species from the genus Scutellaria
were selected. S. lateriflora was obtained from the Bota-
nical Garden at the University in Giessen (Germany),
S. barbata from the Botanical Garden in Beijing (China),
S. orientalis, S. albida and S. altissima were obtained
from the Botanical Garden at the University in Gent
(Belgium).

The seeds were stratified at 4EC for 14 days. They
were initially surface sterilized with a solution of a de-
tergent (1 min), then rinsed with water (30 min) and
placed in a 70% ethanol solution. Sterilization was car-
ried out under aseptic conditions using 0.05% solution of
mercuric chloride (HgCl2, 15 min). After 15 min, the se-
eds were rinsed thrice with re-distilled water (15 min).
The sterile seeds were placed on Petri dishes, using fil-
ter paper soaked in water. Sprouting process was con-
ducted in the dark, in an incubator at 23EC. Young se-
edlings ca 2 cm long, were transferred into the statio-
nary nutrient (hormone-free MS medium). Four-week-old
seedlings with well-developed root system were assigned
for the induction of wild type root cultures. Young roots
ca 2 cm long, with apical meristem were transferred to
a liquid nutrient medium MS, Schenk-Hildebrandt (SH)
and Gamborg (B5) supplemented with indole-3-butyric
acid (IBA) at various concentrations (1.0, 5.0, 10.0 and
15.0 mg/l). The roots were grown in a 16-h photoperiod,
in a 60-days cycle. The obtained cultures were able to
biosynthesize chlorophyll.

In order to determine the growth and production
profiles, optimal ratio of the inoculum to the volume of
medium was established from the following proportions
(g tissue/ml medium): 0.3 g/30 ml, 0.3 g/50 ml,
0.5 g/50 ml, 1.0 g/50 ml, 5.0 g/100 ml and 10.0 g/100 ml.
Best growth rate was observed with the ratio of 1.0 g
inoculum for 50 ml medium.

Chromatographic analysis
TLC analysis

TLC analysis was performed on 10 × 20 cm glass pla-
tes coated with modified silica gel (RP-18F 254S, Merck,
Germany). Standards and samples were applied to the
plates by using Desaga (Nümbrecht, Germany) AS-30
sample applicator. Separation was performed with
the use of a mobile phase that consisted of methanol:wa-
ter:formic acid (70:30:6, v/v/v). Analysis was carried out
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at the room temperature. Densitograms were obtained
using a Desaga CD-60 densitometer at λ = 254 nm.

HPLC analysis

HPLC system

The HPLC system consisted of a pump (model L-
7100), UV-VIS detector (model L-7420, Merck Hitachi),
valve Rheodyne (RM-7125) with 1 μl volume and thermo-
stat Jetstream II Plus (WO Industrial Electronics, Aus-
tria), working under computer control (interface Knauer
V7566, 0696 version, with Eurochrom 2000, Knauer soft-
ware for data handling). HSC 18 column (7.5 cm × 2.1 mm
× 3 μm) from Supelco (USA) was used.

Mobile phases

Mobile phases were prepared using HPLC grade
organic solvents: acetonitrile (POCH, Polska), trifluora-
cetic acid (Sigma-Aldrich, USA) and analytical grade re-
distilled water. All chemicals were filtered through
0.45 μm filters prior to use (Supelco, USA). Mobile
phase A:water:trifluoracetic acid (1:0.01, v/v), mobile
phase B:acetonitrile:water:trifluoracetic acid (1:1:0.01,
v/v/v). Flow rate: 0.3 ml/min. Gradient elution was ap-
plied according to the following programme: 0 min. –
20% B + 80% A, 30 min. – 40% B + 60% A, 60 min. – 80%
B + 20%. Injection volume: 2 μl. UV detection at wave-
length λ = 280 nm. Temperature of column: 25EC.

Preparation of samples for HPLC analysis

Dried and powdered biomass (0.1 g) was used for
methanol extraction (10 ml, for 30 min, in 60-70EC
water bath); this step was repeated three times. Fol-
lowing filtration, the extracts were combined, vacuum
concentrated, and subsequently transferred into 10 ml
flasks. For HPLC analysis, a 1-ml sample was taken and
after centrifugation (14000 g, 10 min) and filtration
(0.45 μm) was injected into the column.

Standards and reagents

Methanol and acetonitrile were purchased from
POCH (Gliwice, Poland), trifluoracetic acid from Sigma-
Aldrich (USA). Reference standards of the tested com-
pounds were purchased from the following sources:
acteoside, baicalin, baicalein, 7-methylether baicalein,
5,6,7-trimethylether baicalein, wogonin and chrysin from
Extrasynthese (Genay, France); scutellarin and wogonin
7-O-glucuronide from Phytomarker (Tianjin, China).
Standard solutions were prepared by dilution of 1-mg
compound in 1-ml methanol.

Statistical analysis

All data are the mean of n = 5 (growth profile) or
n = 3 (experiments with addition of citric acid, cork pie-
ces and resins) independent experiments. Statistical ana-
lysis was carried out using Student’s t -test or Mann-
Whitney test. Probability of P < 0.05 was considered sig-
nificant. Analysis was performed using the SigmaStat 3.5
program (Statcon, Germany).

Results and discussion

Preliminary experiments concentrated on developing
wild type root cultures of five species from the genus
Scutellaria, namely: S. barbata, S. lateriflora, S. orienta-
lis, S. albida and S. altissima, with the use of various cul-
ture media (MS, SH and B5 supplemented with IBA)
(Tab. 1). Preliminary chromatographic and densitomet-
ric analyses in the range of polyphenolic compounds con-
tent were performed for the obtained biomasses (Fig. 1).

Among the five species studied here, S. barbata root
culture had the best growth and highest productivity
of biologically active flavones, as confirmed by HPLC
analysis.

The quoted literature (Baiza et al., 1998; Wu et al.,
2008; Baskaran and Jayabalan, 2009; Wadegaonkar et al.,
2006; Ghosh et al., 2002; Khalafalla et al., 2009; Nishi-
kawa et al., 1999) show that untransformed root cultures
are mainly cultivated on liquid media supplemented with
auxin (IBA) or a combination of other phytohormones,
e.g. NAA, IAA.

MS medium, regardless of the concentration of IBA
added, was lethal for the S. barbata root culture. On SH
and B5 media with high concentrations of IBA, the cul-
ture had a tendency to form callus. The best growth was
observed on SH and B5 media supplemented with IBA
at a concentration of 1.0 mg/l. Nontransformed root cul-
tures of S. barbata grew faster on SH (increase in fresh
weight by ca. 8.1 fold) than on B5 medium (increase ca.
7.1 fold).

The root culture cultivated on SH medium with
1.0 mg/l IBA was characterized by a stable growth rate
during a 60-days cycle. During the time of growth,
the following were particularly visible: the delay phase,
characterized by a slower growth due to the adaptation
of culture (up to the 10th day of culture) and the log
phase. The doubling time of the culture was approxi-
mately 20 days (Fig. 2). In the growth cycle of roots
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Table 1. Growth of wild type root cultures of five studied species from the genus Scutellaria

Species
Nutrient medium

MS-IBA 1.0 (mg/l) SH-IBA 1.0 (mg/l) B5-IBA 1.0 (mg/l)

S. barbata – +++ +++

S. lateriflora + – –

S. altissima – – –

S. albida ++ – –

S. orientalis ++ – –

     Abbreviations: +++ – very good growth; ++ – good growth; + – poor growth; – no growth

Fig. 1. Densitograms of: methanol extract from: Scutellaria barbata wild type root culture cultivated on B5-IBA 1.0 mg/l liquid
medium. 1 – chrysin, 2 – wogonin, 3 – baicalein, 4 – luteolin, 5 – wogonoside, 6 – baicalin (A); methanol extract from Scutellaria
albida wild type root culture cultivated on MS-IBA 1.0 mg/l liquid medium: 1 – chrysin, 5 – wogonoside, 6 – baicalin (B);
methanol extract from Scutellaria orientalis wild type root culture cultivated on MS-IBA 1.0 mg/l liquid medium: 1 – wogonin,

5 – wogonoside, 6 – baicalin (C)
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Fig. 2. Time course of growth of Scutellaria barbata wild type
root cultures cultivated on SH-IBA 1.0 mg/l in a 60-days cycle

(values are means ± SD, n = 5)

grown on B5 medium with 1.0 mg/l IBA there was no
delay phase and the culture was characterized by a stab-
le growth until the stationary phase (50th day of culture)
– Figure 3.

Fig. 3. Time course of growth of Scutellaria barbata wild type
root cultures cultivated on B5-IBA 1.0 mg/l in a 60-days cycle

(values are mean ± SD, n = 5)

In the time course of secondary metabolites produc-
tion, both on B5 and SH supplemented with IBA
(1.0 mg/l), the dominating metabolites were flavone
glycosides – wogonoside and baicalin, with low concentra-
tions of aglycones – wogonin, baicalein and chrysin
(Fig. 4). Two other compounds, namely 7-methylether bai-
calein and 5,6,7-trimethyether baicalein were present in
traces and were not quantitatively determined. Wogono-

side after acidic hydrolysis could have been the source of
aglycone – wogonin – which has multidirectional activities
such as: anticancer, antioxidant, antiinflammatory and
antiviral, mainly against hepatitis type B virus (HBV) (Wil-
czańska-Barska, Chmura and Krauze-Baranowska, unpubli-
shed data).

Moreover, both cultures were characterized by
a high content of phenylpropanoid – acteoside. This
compound was earlier identified, among others, in Scu-
tellaria baicalensis suspension and hairy root cultures as
well as in S. orientalis, S. lateriflora, S. galericulata callus
cultures (Nishikawa et al., 1999). Acteoside has varied
pharmacological activities, e.g. antioxidant and antiin-
flammatory (Wilczańska-Barska, 2010).

Two-year observations indicated that the root culture
cultivated on SH medium, in contrast to B5 medium
(both supplemented with 1.0 mg/l of IBA), was marked
by a lower stability of flavones biosynthesis. The average
contents of dominating compounds (on the 60th day) on
SH medium were estimated as follows: acteoside –
2.98%, baicalin – 2.17%, wogonoside – 1.71% and the to-
tal productivity of flavones – 999 mg/l; however,
the maximal achieved contents were: acteoside (3.04%),
baicalin (2.77%) and wogonoside (3.78%) and the total
productivity of flavones was 1300 mg/l.

The contents of compounds on B5 medium were hi-
gher or comparable to those on SH medium and were as
follows: acteoside – 3.79%, baicalin – 3.6%, wogonoside
– 1.52%, which resulted in a higher productivity of fla-
vones – 1120 mg/l. The maximal productivity of the cul-
ture counted as the sum of flavones amounted to
1500 mg/l. The culture was characterized by a high va-
riability in wogonoside accumulation which ranged from
1.29% to 3.42%.

According to quoted literature (Tiwari et al., 2008;
Kuzovkina et al., 2001) the dominating metabolites in S.
baicalensis hairy root cultures were also flavone glyco-
sides – baicalin and wogonoside. The highest baicalin con-
tent has been determined in hairy root cultures (Tiwari
et al., 2008), where it accounted for 30% of the roots dry
weight. Kuzovkina and co-workers (2001) obtained fast-
growing hairy root cultures (an increase in fresh weight
of ca. 20 to 30-fold in a 40 days cycle) with the total
flavones content of ca. 5% and productivity ca. 500 mg/l.
In wild-type S. baicalensis roots, 10-15% total content of
flavones is achieved after 5-10 years of growth (Kuzov-
kina et al., 2001).
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Fig. 4. HPLC chromatogram of methanol extract obtained from Scutellaria barbata  wild type root cultures maintained on B5-IBA
1.0 mg/l medium: 1 – acteoside, 2 – scutellarin, 3 – baicalin, 4 – wogonoside, 5 – baicalein, 6-7 – methylether baicalein,

7 – 5,6,7-trimethylether baicalein 8 – wogonin, 9 – chrysin

Table 2. Growth parameters of Scutellaria barbata wild type root culture cultivated on B5-IBA 1.0 mg/l medium
in the presence of cork and under control conditions (values are means ± SD, n = 3)

Concentration of cork
in medium (mg/ml)

Growth parameters of root culture

Increase ± SD DW (g/l) ± SD FW (g/l) ± SD Gf (%) ± SD

1 8.52 ± 1.37 21.42 ± 1.18 206.76 ± 24.89 751.76 ± 137.44

3 8.23 ± 0.57 22.62 ± 0.57 200.21 ± 11.63 722.63 ± 57.15

5 8.86 ± 0.87 (*) 23.40 ± 0.58 (*) 215.62 ± 32.24 (*) 786.44 ± 87.04 (*)

7 9.43 ± 0.70 (*) 26.68 ± 2.80 (*) 239.75 ± 28.79 (*) 843.28 ± 69.83 (*)

Control 7.1 ± 1.17 19.28 ± 2.32 174.85 ± 31.55 609.71 ± 116.96

Means with * are statistically different at P < 0.05

During the cultivation of root cultures on both
the media, browning of the nutrient medium was obser-
ved. It was probably due to the release of phenolic com-
pounds into the medium (Prakash et al., 2006). This pro-
cess was more intensive on B5 medium especially when
larger inoculums were applied. It resulted in systematic
browning of biomass and growth inhibition, and caused
difficulties in maintaining the continuity of the culture.
In order to reduce the negative effect of such com-
pounds in the medium, experiments with the addition of
an antioxidative agent - citric acid (Prakash et al., 2006),
adsorbents - Amberlite XAD 4 and XAD 7 resins as well
as cork pieces (Kirakosyan et al., 2006) were performed.

A review of literature shows that cork is used as an
abiotic elicitor with absorbing properties and has a multi-

directional influence on secondary metabolite production
of, among others, flavones (Kirakosyan et al., 2006;
Yamamoto et al., 2001; Zhao et al., 2003; Zhao et al.,
2004). Cork pieces were added to Sophora flavescens
suspension cultures to increase sophoraflavanone G ac-
cumulation (Zhao et al., 2003), Glycyrrhiza gabra – iso-
flavone glycosides and chalcones production (Yamamoto
et al., 2001), Caesalpinia pulcherrina – 2N-methoxybon-
ducellin production (7-fold growth) (Zhao et al., 2004)
and to Hypericum perforatum shoot cultures – pseudo-
hypericin accumulation (3-fold growth) (Kirakosyan
et al., 2000). Cork tissue and Amberlite resins were used
in hydroponically grown Pueraria montana (Kudzu) se-
edlings. In the presence of cork, a 7-fold increase in dai-
dzein and genistein production, with a 5-8 fold decrease



Table 3. Compounds and their productivity in Scutellaria barbata wild type root culture maintained on B5-IBA 1.0 mg/l medium in the presence of cork and under control conditions
(values are means ± SD, n = 3; Acteoside (C) – phenylpropanoid glycoside)

Concentration
of cork in medium

(mg/ml)

Content of analyzed compounds in root culture (g/100 g DW) Sum
of flavones

Culture productivity
(mg/l; sum of flavones)Acteoside (C) Scutellarin Baicalin Wogonoside Baicalein Wogonin Chrysin

1
3.96

± 0.53
0.43

± 0.06
3.51

± 0.47
1.57

± 0.17
0.02

± 0.006
0.18

± 0.03
0.003

± 0.0006
5.713
± 0.69

1232.28
± 180.2

3
3.59

± 0.39
0.4

± 0.04
3.28

± 0.21
1.51

± 0.15
0.04

± 0.01
0.21

± 0.04
0.002

± 0.0005
5.442
± 0.34

1238.33
± 51.35

5
3.19

± 0.05
0.34

± 0.006
3.05

± 0.15 (*)
1.3

± 0.05
0.02

± 0.01
0.14

± 0.05
0.002

± 0.0006
4.852
± 0.03

1143.59
± 26.8

7
2.52

± 0.39 (*)
0.27

± 0.04 (*)
2.37

± 0.39 (*)
1.07

± 0.15 (*)
0.02

± 0.01
0.18

± 0.05
0.003

± 0.0005
3.913

± 0.58 (*)
1066.28
± 261.89

Control
3.79

± 0.57
0.47
± 0.1

3.6 ±
0.42

1.52
± 0.29

0.07
± 0.05

0.28
± 0.12

0.004
± 0.001

5.944
± 0.88

1119.79
± 147.39

Means with * are statistically different at P < 0.05
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in glycosides conjugates accumulation and excretion of
compounds into the growth medium was observed. How
ever, the addition of Amberlite XAD 4 resins upregula-
ted the accumulation of the isoflavone glycosides by ap-
proximately 1.5-fold (Kirakosyan et al., 2006). 

Our experiments demonstrated that the addition of
citric acid to both the growth media in all tested concen-
trations (50, 75 and 100 mg/l) did not change the color
of the media and did not significantly influence the time
course of the root culture growth, in contrast to the con-
tent and culture productivity, which were lower or com-
parable to the controls.

The addition of Amberlite XAD 4 and XAD 7, resins
and cork pieces to S. barbata wild type root cultures cau-
sed the binding of compounds released into the medium
(Kirakosyan et al., 2006). No changes in metabolic pro-
files were observed.  

Cork tissue was added to both the nutrient media at
concentrations of 1, 3, 5 and 7 mg/ml of the medium.
Depending on the type of medium and concentration of
elicitor added, a different influence on the tissue was
observed. On B5 medium at concentrations of 5 and
7 mg/ml, cork stimulated the tissue growth which was
the best at the highest cork concentration (ca. 9.4 fold)
(Tab. 2), whereas on SH medium, cork pieces inhibited
the culture growth. However, an addition of cork to both
the growth media did not increase the content of flavo-
nes and acteoside. Despite the stimulating influence of
cork added to the root tissue cultivated on B5 medium,
culture productivity remained comparable to the control
(Tab. 3), because of increased tissue hydration and lo-
wer amounts of the analyzed compounds (Tab. 2).

The next stage of experiments was the addition of
Amberlite XAD 4 and XAD 7 resins to root cultures. Re-
sins were used at concentrations of 1, 2, 10 and 20 mg/ml
as previously described (Kirakosyan et al., 2006).

The best growth was achieved on B5 medium with
XAD 4 at a concentration of 10 mg/ml (increase ca. 9.1
fold) and on SH medium with XAD 4 at a concentration
of 20 mg/ml (increase ca. 8.4 fold). Tissues cultivated
with resin XAD 4 at another concentration grew com-
parably to the control. XAD 7 resin did not influence
the growth parameters on B5 medium. On SH medium,
the highest concentration of XAD 7 resin caused tissue
death. A reverse relationship between the concentration
of resins and the percentage content of the analyzed
compounds and culture productivity were also observed.

Tissues with resins at the lowest concentrations were
characterized by the highest concentrations of acteoside
and flavones; however, they remained comparable to
the control.

Conclusions

In this study, in vitro growth conditions for Scutel-
laria barbata wild type root cultures were established.
Addition of cork pieces or Amberlite XAD 4 resin to B5
medium supplemented with 1.0 mg/l IBA increased cul-
ture growth. S. barbata wild type root cultures seem to
be a rich source of flavones, mainly baicalin and wogono-
side. The maximal (achieved) productivity of the culture
cultivated on B5 medium was three times higher than
the productivity of S. baicalensis hairy root cultures (Ku-
zovkina et al., 2001).
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