
Volume 12. Issue 11. Pages 1673-1820. 2017  
ISSN 1934-578X (printed); ISSN 1555-9475 (online) 

www.naturalproduct.us 



 
 

 
 
 
 
 
 

 
 
 

INFORMATION FOR AUTHORS 
 
Full details of how to submit a manuscript for publication in Natural Product Communications are given in Information for Authors on our Web site 
http://www.naturalproduct.us. 
 
Authors may reproduce/republish portions of their published contribution without seeking permission from NPC, provided that any such republication is 
accompanied by an acknowledgment (original citation)-Reproduced by permission of Natural Product Communications. Any unauthorized reproduction, 
transmission or storage may result in either civil or criminal liability. 
 
The publication of each of the articles contained herein is protected by copyright. Except as allowed under national “fair use” laws, copying is not permitted by 
any means or for any purpose, such as for distribution to any third party (whether by sale, loan, gift, or otherwise); as agent (express or implied) of any third 
party; for purposes of advertising or promotion; or to create collective or derivative works.  Such permission requests, or other inquiries, should be addressed 
to the Natural Product Inc. (NPI). A photocopy license is available from the NPI for institutional subscribers that need to make multiple copies of single 
articles for internal study or research purposes.  
 
To Subscribe:  Natural Product Communications is a journal published monthly. 2017 subscription price: US$2,595 (Print, ISSN# 1934-578X); US$2,595 
(Web edition, ISSN# 1555-9475); US$2,995 (Print + single site online); US$595 (Personal online). Orders should be addressed to Subscription Department, 
Natural Product Communications, Natural Product Inc., 7963 Anderson Park Lane, Westerville, Ohio 43081, USA. Subscriptions are renewed on an annual 
basis. Claims for nonreceipt of issues will be honored if made within three months of publication of the issue.  All issues are dispatched by airmail throughout 
the world, excluding the USA and Canada.  

NPC Natural Product Communications

 
EDITOR-IN-CHIEF         
 

DR. PAWAN K AGRAWAL           
Natural Product Inc.  
7963, Anderson Park Lane, 
Westerville, Ohio 43081, USA 
agrawal@naturalproduct.us 

 
EDITORS 
 

PROFESSOR ALEJANDRO F. BARRERO 
Department of Organic Chemistry, University of Granada, 
Campus de Fuente Nueva, s/n, 18071, Granada, Spain 
afbarre@ugr.es 
 

PROFESSOR MAURIZIO BRUNO 
Department STEBICEF,  
University of Palermo, Viale delle Scienze,  
Parco d’Orleans II - 90128 Palermo, Italy 
maurizio.bruno@unipa.it  
 

PROFESSOR VLADIMIR I. KALININ 
G.B. Elyakov Pacific Institute of Bioorganic Chemistry,  
Far Eastern Branch, Russian Academy of Sciences, 
Pr. 100-letya Vladivostoka 159, 690022,  
Vladivostok, Russian Federation 
kalininv@piboc.dvo.ru 
 

PROFESSOR YOSHIHIRO MIMAKI 
School of Pharmacy, 
Tokyo University of Pharmacy and Life Sciences, 
Horinouchi 1432-1, Hachioji, Tokyo 192-0392, Japan 
mimakiy@ps.toyaku.ac.jp 
 

PROFESSOR STEPHEN G. PYNE 
Department of Chemistry, University of Wollongong, 
Wollongong, New South Wales, 2522, Australia 
spyne@uow.edu.au 
 

PROFESSOR MANFRED G. REINECKE 
Department of Chemistry, Texas Christian University, 
Forts Worth, TX 76129, USA 
m.reinecke@tcu.edu 
 

PROFESSOR WILLIAM N. SETZER 
Department of Chemistry, The University of Alabama in Huntsville, 
Huntsville, AL 35809, USA 
wsetzer@chemistry.uah.edu 
 

PROFESSOR PING-JYUN SUNG 
National Museum of Marine Biology and Aquarium 
Checheng, Pingtung 944 
Taiwan 
pjsung@nmmba.gov.tw 
 

PROFESSOR YASUHIRO TEZUKA 
Faculty of Pharmaceutical Sciences, Hokuriku University,  
Ho-3 Kanagawa-machi, Kanazawa 920-1181, Japan  
y-tezuka@hokuriku-u.ac.jp 
 

PROFESSOR DAVID E. THURSTON  
Institute of Pharmaceutical Science  
Faculty of Life Sciences & Medicine  
King’s College London, Britannia House 
7 Trinity Street, London  SE1 1DB, UK  
david.thurston@kcl.ac.uk 

ADVISORY BOARD 
 

Prof. Giovanni Appendino 
Novara, Italy 
 

Prof. Norbert Arnold 
Halle, Germany 
 

Prof. Yoshinori Asakawa 
Tokushima, Japan 
 

Prof. Vassaya Bankova 
Sofia, Bulgaria 

 

Prof. Roberto G. S. Berlinck 
São Carlos, Brazil 
 

Prof. Anna R. Bilia 
Florence, Italy 
 

Prof. Geoffrey Cordell  
Chicago, IL, USA 
 

Prof. Fatih Demirci 
Eskişehir, Turkey 
 

Prof. Francesco Epifano 
Chieti Scalo, Italy 
 

Prof. Ana Cristina Figueiredo 
Lisbon, Portugal 
 

Prof. Cristina Gracia-Viguera 
Murcia, Spain 
 

Dr. Christopher Gray 
Saint John, NB, Canada 
 

Prof. Dominique Guillaume 
Reims, France 
 

Prof. Duvvuru Gunasekar 
Tirupati, India 
 

Prof. Hisahiro Hagiwara 
Niigata, Japan 
 

Prof. Judith Hohmann 
Szeged, Hungary 
 

Prof. Tsukasa Iwashina 
Tsukuba, Japan 
 

Prof. Leopold Jirovetz 
Vienna, Austria 
 

Prof. Phan Van Kiem 
Hanoi, Vietnam 
 
 

  
 
 

 

Prof. Niel A. Koorbanally 
Durban, South Africa 
 

Prof. Chiaki Kuroda 
Tokyo, Japan 

 

Prof. Hartmut Laatsch 
Gottingen, Germany 
 

Prof. Marie Lacaille-Dubois  
Dijon, France 
 

Prof. Shoei-Sheng Lee  
Taipei, Taiwan  
 

Prof. M. Soledade C. Pedras 
Saskatoon, Canada 
 

Prof. Luc Pieters  
Antwerp, Belgium 
 

Prof. Peter Proksch  
Düsseldorf, Germany 
 

Prof. Phila Raharivelomanana 
Tahiti, French Polynesia 
 

Prof. Stefano Serra  
Milano, Italy 
 

Dr. Bikram Singh 
Palampur, India 
 

Prof. Leandros A. Skaltsounis 
Zografou, Greece 
 

Prof. John L. Sorensen 
Manitoba, Canada 
 

Prof. Johannes van Staden 
Scottsville, South Africa 
 

Prof. Valentin Stonik  
Vladivostok, Russia 
 

Prof. Winston F. Tinto 
Barbados, West Indies  
 

Prof. Sylvia Urban 
Melbourne, Australia 
 

Prof. Karen Valant-Vetschera 
Vienna, Austria 
 

 

HONORARY EDITOR 
 

PROFESSOR GERALD  BLUNDEN 
The School of Pharmacy & Biomedical Sciences, 

University of Portsmouth, 
Portsmouth, PO1 2DT U.K. 

axuf64@dsl.pipex.com 



 
 

Daidzein Production and HeLa Cytotoxicity of Bituminaria bituminosa 
Hairy Root Cultures  
 

Francesca D’Angiolilloa, Cecilia Nocciolib, Barbara Ruffonic, Roberto Scarpatod, Luisa Pistellibe and  
Laura Pistelliae* 

 
aDepartment of Agriculture, Food and Environment, University of Pisa, 56124 Pisa – Italy 
 

bDepartment of Pharmacy, University of Pisa, 56126 Pisa – Italy 
 

cConsiglio per la Ricerca e la Sperimentazione in Agricoltura, CRA FSO Ornamental Plants Research Unit,  
18038 Sanremo (IM) – Italy 
 

dDepartment of Biology, University of Pisa, 56126 Pisa – Italy 
 

eInterdepartmental Research Center Nutrafood—Nutraceuticals and Food for Health, University of Pisa,  
56124 Pisa - Italy  
 
laura.pistelli@unipi.it 
 
 

Received: February 2nd, 2017; Accepted: March 17th, 2017 
 

 
  
Bituminaria bituminosa (L.) C.H. Stirt is a perennial species widely distributed in the Mediterranean basin and the Canary Islands. This species is used in folk 
medicine and currently has considerable pharmaceutical interest for its content in phenylpropanoids, furanocoumarins and pterocarpans. In vitro cultures 
(shoots and hairy roots) have been performed to obtain plant material useful for the production of these metabolites. Hairy root cultures were successfully 
established after inoculation of hypocotyls with the LBA 9402 A. rhizogenes strain. The HRPB3 line was selected for further analysis and elicited with 
chitosan and salicylic acid. All the HRPB3 cultures showed higher polyphenol content and greater DPPH-antioxidant activity than shoots cultured in vitro. The 
presence of isoflavone daidzein was detected in the hairy root extracts. The cytotoxic effect of HR extracts has been further tested on HeLa cells: the salicylic 
acid elicited HR exhibited good antiproliferative effects.  
 
Keywords:  Agrobacterium rhizogenes, HPLC-DAD, Polyphenol content, Elicitors, Daidzein, Cytotoxic effect, HeLa cells. 
 
 
 
Bituminaria bituminosa (L.) C.H. Stirt (alias Psoralea bituminosa 
L., Fabaceae) is a perennial species of the Mediterranean area used 
to provide hay or forage for livestock [1] and in folk medicine as 
vulnerary, cicatrizing and disinfectant agent [2]. Its characteristic 
strong smell of bitumen is the result of a combination of several 
substances such as phenolics, sulphurated compounds, 
sesquiterpenes and probably short-chain hydrocarbons [3].  
 
B. bituminosa, like other Psoralea spp. plants, is known for 
producing several compounds with considerable pharmaceutical 
interest, as isoflavones (daidzein and genistein) and 
furanocoumarins, represented by psoralen and its angular isomer 
angelicin [4,5]. The isoflavones are recognized as food compounds 
(nutraceuticals) providing protective effect against oxidative 
damage, and used in the animal diet for their phytoestrogenic 
properties [6,7]. A further application is the prevention of the cancer 
and cardiovascular diseases [8,9]. The furanocoumarin psoralen has 
photosensitizing, photobiological and phototherapeutic functions 
and is used for treatment of vitiligo and skin diseases, as psoriasis, 
mycosis fungoides and eczema [10,11]. Angelicin is known as 
sedative, anticonvulsant and photochemotherapeutic agent [12]. 
Moreover new pterocarpans erybraedin C and bitucarpin A were 
isolated and identified from B. bituminosa aerial parts [13] naturally 
grown in Elba island. These compounds showed cytotoxicity against 
different human cell lines [14] and erybraedin C exhibited a further 
inhibitory activity against the human topoisomerase I [15].  
 
Spontaneous medicinal plants harvested for their metabolite content 
are often exposed to habitat destruction and biodiversity erosion. 
The production depends on several factors such as pedoclimatic 
conditions and genetic modification [16]. Thus their secondary 
metabolite profile is unpredictable in term of quality and quantity. 

In vitro cultures represent a valid method to overcome the 
environmental factors and to improve the production of active 
compounds of pharmaceutical interest [17]. In vitro cultures of B. 
bituminosa have been performed to produce their characteristic 
secondary metabolites [18]. Callus and hairy root (HR) cultures 
have been successfully developed from P. corylifolia to produce 
furanocoumarins and isoflavones [19, 20] and their accumulation is 
influenced by the addition of elicitors [8-9].  
 
The present study deals with the induction of HR from in vitro 
cultures of B. bituminosa and their production of known secondary 
metabolites. HeLa cytotoxic assay was further carried out to assess 
the inhibitory effect of HR methanolic extracts. After 25 days of in 
vitro culture, B. bituminosa seedlings exhibited a normal growth 
(Figure 1a) with good expanded green leaves and hypocotyls, and 
represent a good material for the further transformation.  
 
Hairy roots (HR) were successfully produced by infection of B. 
bituminosa hypocotyls with A. rhizogenes strain LBA 9402. HR 
emerged after 45 days from hypocotyls. No HR were obtained from 
other organs (leaves and roots) in agreement with HR of Psoralea 
corylifolia [21]. The transformation efficiency of hypocotyls was 
25%. Nguyen et al. [22] already reported a moderate formation and 
slow growth of HR in other Psoralea spp.  
 
The different HR lines showed the characteristic behavior:        
good branching with the development of secondary hairs and 
negative geotropism (Figure 1b). Transformation was confirmed by 
identification on  agarose gels of PCR  after amplification of 
isolated DNA with primers for A. rhizogenes rolC gene (Figure 1d) 
[23]. The best growing line was selected (called HRPB3), then 
subcultured and stabilized in MS0 liquid medium. This line showed 
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Figure 1: Production of hairy roots cultures of B. bituminosa. a) In vitro 25-days-old 
plantlets used for transformation b) detail of 28-days-old HRPB3 line grown in liquid 
MS0 medium. c) Fresh and dry weight growth curve of B. bituminosa HRPB3 in liquid 
MS medium (average ± SD of three replicates). d) Agarose gel electrophoresis of PCR 
products of roots transformed by A. rhizogenes LBA 9402. Arrow indicates 586 bp = 
rolC fragment. Lane 1= transformed hairy roots; lane 2 = A. rhizogenes LBA 9402; 
lane 3 = not-transformed hypocotyls lane 4= standard 100 pb DNA ladder.  
 
a growth curve with a good increase of biomass both for fresh and 
dry weights until the end of log phase (21 day of culture) (Figure 
1c). A similar growth was already observed in P. corylifolia [21] 
and in other HR cultures of medicinal plants [24]. 
 
Various factors influence the HR growth and their production of 
interesting secondary metabolites: e.g. medium composition, pH, 
temperature, light, biotic and abiotic elicitors [17, 25-26]. The 
25day-old HRPB3 (control, HRc) was elicited by the addition of 
chitosan or salicylic acid for three days [8]. These elicitors were 
chosen because their addition has been shown to induce a defense 
mechanism associated with the production of secondary metabolites 
[8]. A slight increase of biomass in treated HR (HRchi and HRsa) 
was observed after three days of treatment without any 
morphological differences from the control line (data not shown).  
 
Table 1: Content of total polyphenols and antioxidant capacity (DPPH-IC50) of in vitro 
cultures of B. bituminosa (25day-shoots, HRc, HRchi, HRsa). Data are the mean values 
± SD of three independent experiments with triplicates. Values with different letters are 
significantly different from each other (p < 0.05).  
 

 Total Polyphenols, mg g-1 dry wt DPPH-EC50, μg mL-1  

25day-shoots  
HRc 

1.32±0.05a 
3.98±0.09c 

152.92±24.86b 
34.82±4.41a 

HRchi 3.73±0.32b 29.61±0.29a 
HRsa 3.49±0.36b 32.65±1.90a 

 
Methanolic extracts from various in vitro cultures (table 1) were 
used to assess the presence of typical B. bituminosa secondary 
metabolites and their antioxidant ability. The 25day-old in vitro 
shoots showed the lowest content of polyphenols (Table 1) whereas 
the highest amount was observed in HRc (3.98 mg g-1 dry wt). Both 
the elicited HR cultures showed very similar polyphenol content. 
The HR cultures exhibited the highest antioxidant activity if 
compared to in vitro plant organs. The EC50 of elicited HRchi 
(29.61 μg mL-1) and HRsa (32.65 μg mL-1) was similar to the 
control values (HRc, 34.82 μg mL-1).  
 
The phenolic content and antioxidant activity detected in all these in 
vitro cultures were at least three-fold lower than that reported in 
wild plants [27]. So it becomes interesting to further investigate the 
presence of the typical secondary metabolites in HR by HPLC 
analysis.  For  these  analyses the extraction procedure excluded any 

 
 

Figure 2: HPLC-DAD quantitative evaluation of the daidzein in different HR cultures 
of B. bituminosa (HRc, HRchi, HRsa). The mean content is expressed as mg g-1 fresh 
weight. Values are expressed as mean ± SD of three replicates (p < 0.01) 
 
acidic treatment to avoid the degradation of active compounds [18]. 
Daidzein was identified in all the HR cultures (Figure 2), although 
the addition of elicitors decreased the production of this isoflavone. 
The daidzein amount was higher than the one detected in wild 
plants and in 25 days shoot cultures [18]. These results were in 
agreement with previous data obtained in HR from other Psoralea 
species [22, 28]. However, Shinde et al. [8] reported that the 
elicitation with 1mM salicylic acid or 10 mg l-1 chitosan optimized 
the production of the isoflavones daidzein and genistein in HR 
cultures of P. corylifolia, after few days of treatment (2 or 5 days). 
These different results can be correlated with the specific 
characteristics of the HRPB3 clone. In fact the accumulation of 
daidzein may depend on genotypic variation of Psoralea species 
and on the selection of HR clones [9,28].  
 
The pterocarpans (erybraedin C and bitucarpin A) as well as the 
furanocoumarins (psoralen and angelicin) were not identified in 
these HR cultures, even though these compounds were produced 
either in wild plants or in in vitro 25-day shoots [13, 18, 29]. The 
absence of furanocoumarins in HR cultures could be justified by 
previous reports, where the synthesis and accumulation of 
furanocoumarins in B. bituminosa were influenced by 
environmental conditions, such as drought, extreme temperatures, 
and age of the plants [5, 29]. 
 
Table 2: Cytotoxicity assay in HeLa cells treated with extracts from different HR 
cultures of B. bituminosa. Values, expressed as relative percent of cell survival, are 
the mean ± SD of three replicates. 
 

Type of extract Extract dose (mg ml-1) 

 0.01 0.05 0.10 

HRc 100.0±0.7 97.6±1.7 58.0±2.8a 
HRchi 100.0±0.5 78.6±1.3a 52.0±1.7b 
HRsa 94.6±2.9 41.8±1.5b 10.3±3.1b 

aSignificance vs. control value (100% cell survival), p<0.01 (Dunnett test). 
bSignificance vs. control value (100% cell survival), p<0.001 (Dunnett test). 

 
The cytotoxicity assay of HR extracts was further assessed in HeLa 
cells (Table 2). The HR extracts showed a dose-dependent decrease 
in cell survival, even though the antiproliferative effects induced by 
HRc, HRchi did not reach 50% of the control value at the highest 
dose. Only the addition of salicylic acid in HR determined a higher 
degree of toxicity (10.3% of HeLa cells survival). 
 
The present work confirmed that the HR cultures are an alternative 
system for production of secondary metabolites in B. bituminosa. 
However, these HR cultures produced only daidzein, and the use of 
elicitors did not improve its accumulation. The larger scale 
production of HR B. bituminosa culture could be a useful tool for 
the production of daidzein, an isoflavone characterized by important 
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pharmaceutical properties [6-7,9]. To this purpose further 
experiments are necessary to improve the daidzein production. 
 
Experimental 
 

Plant materials: shoots of B. bituminosa were in vitro cultured in 
Murashige and Skoog medium (MS0), containing sucrose 3% (w/v), 
agar 0.8% (w/v), Plant Preservative Mixture (PPM) 0.05% (v/v), as 
reported in previous paper [18], and used as starting plant material 
for hairy roots production. 
 
Hairy root cultures establishment and confirmation of 
transformation: transformation was performed with wild-type 
hypervirulent Agrobacterium rhizogenes strain LBA 9402 (a gift 
from Dr. David Tepfer, INRA Versailles, France). Bacterial 
suspensions were grown for 48 h at 28°C on appropriate YMB 
medium [30]. Whole proliferated colonies were then suspended in 
an AAM liquid inoculation medium (A600 = 0.1) [31]. Ten mm-long 
segments of 25-day-old in vitro B. bituminosa organs (leaves, roots, 
hypocotyls) were soaked with the bacterial suspension for 15 min, 
while control explants were soaked in sterile distilled water for the 
same time. Infected and control fragments then transferred on MS0 
medium at 23 ± 1°C for 48 h in darkness [22]. Afterwards the 
fragments were subcultured into MS medium added with 
cefotaxime (100 mg l-1) to remove A. rhizogenes from the culture. 
Hairy roots emerged at the wounding sites after 45 days of culture. 
The formation of HR was monitored, recognized by their 
morphology and recorded as percentage.  
 
Transformed nature of roots was confirmed by Polymerase chain 
reaction (PCR) amplification of rolC fragment (586 bp). Total 
genomic DNA was extracted from HR lines and control hypocotyls 
using a simple and rapid method [32]. Also DNA from the bacterial 
strain LBA 9402 was extracted [32]. DNA amplification was 
performed on a Biorad iCYCLER’ termocycler. Each reaction 
mixture (15 µl) consisted in DNA template (maximum of 250 ng), 1 
X Go Taq Green Master Mix (7.5 µl) (Promega, USA), and rolC 
primers (0.5 µM) (ROL F 5’-CTC CTG ACA TCA AAC TCG TC-
3’ and ROL R 5’-TGC TTC GAG TTA TGG GTA CA-3’) [33]. 
The rolC fragment was amplified under the following conditions: 
94°C for 4 min, 30 cycles of 94°C for 30 sec, 55°C for 30 sec, 72°C 
for 55 sec, and a final extension step of 72°C for 5 min. PCR 
products were examined by electrophoresis on agarose gels 2% 
(w/v) in TBE buffer 0.5% (v/v) under 260 nm UV light after 
staining with ethidium bromide. Among the transformed HR lines 
the called HRPB3 was selected for further experiments. 
Approximately 4-cm-long root segments of HRPB3 line were 
excised, and cultured in liquid MS medium (MS0, 50 mL) 
supplemented with PPM 0.05% (v/v). The liquid cultures were kept 
in the dark, on a rotary shaker (100 rpm) at 22 ± 1°C and 
subcultured every 4 weeks. For the determination of the growth 
curve, eighteen vessels containing 100 g of HR in 50 mL liquid 
medium were prepared and fresh and dry weights were recorded at 
0, 7, 14, 21 and 28 days. The experiment was repeated three times.  
 
Hairy roots treatments: HRPB3 line was cultured either in MS0 
medium (control HRc) or MS0 supplemented with chitosan or 
elicitors. Stock solution of chitosan 2% (v/v) and salicylic acid (10 
mM) were prepared as already known [8]. Approximately 150 mg 
(FW) of 25-day-old HR segments were inoculated on liquid MS0 
medium added with chitosan (150 mg l-1) (HRchi) or salicylic acid 

(final concentration 1 mM) (HRsa); flasks were kept on rotatory 
shaker at 100 rpm in darkness. The samples were harvested 3 days 
after elicitation treatment [8], frozen in liquid nitrogen and stored at 
-80 °C until use, or dried in oven for 48 h at 40°C. 
 
Total soluble polyphenol compounds: were assayed in different 
sample extracts using the Folin-Ciocalteau’s phenol protocol with 
minor modification [34]. Ten mg of dried different HRPB3 cultures 
and in vitro 25day-old shoots were pulverized and homogenized in 
a mortar with 1 mL of 70% (v/v) methanol to facilitate the 
extraction. The Absorbance was measured at 765 nm using the 
spectrophotometer Cintra 101(GBC scientific instrument, 
Australia). Results were expressed as mg of chlorogenic acid per g 
of dry weight (mg g-1 dry wt). All determinations were performed in 
triplicate. 
 
Determination of antioxidant activity with 2,2-diphenyl- 1-
picrylhydrazyl (DPPH) radical scavenging method: The antiradical 
activity of different HRPB3 cultures and in vitro 25day-old shoots 
was determined by using the stable 2,2-diphenyl-1-picrylhydrazyl 
radical (DPPH) [35]. The inhibition of the radical DPPH by the 
samples was calculated according to previous paper [36].  
 
Phytochemical analysis: different 25day-old HRPB3 cultures (fresh 
materials) were extracted with chloroform and dried by rotatory 
evaporator. Each extract was dissolved in methanol (2.5 mg mL-1) 
and filtered through a cartridge-type sample filtration, (25 mm) 
before HPLC unit with a polytetrafluoroethylene filter (PTFE, 0.45 
μm, 25 mm) before HPLC injection. HPLC-DAD analyses were 
conducted as already reported [18]. The identification of each 
constituent was carried out by the comparison of the peaks obtained 
in the different chromatograms with the retention time and UV 
spectra of the authentic samples injected in the same 
chromatographic condition  
 
Cytotoxicity assay: Cytotoxicity assay was performed in HeLa cells 
using the extracts obtained from HRPB3 cultures (HRc, HRchi, 
HRsa,) according to the method already published [18]. The results 
were expressed as percent of cell survival of the corresponding 
untreated extract, calculating the mean±SD of three independent 
experiments (replicates).  
 
Statistical analysis: All the data are the mean values ± SD of three 
independent experiments with triplicates. The statistical differences 
between all extracts of in vitro cultures of B. bituminosa (HRc, 
HRchi, HRsa, 25d-shoots) were obtained by one-way ANOVA 
analysis with Student-Newmann-Keuls Multiple Comparison post-
test (p < 0.01) and (p < 0.05). However, the cytotoxicity data were 
subsequently analyzed by the Dunnett test. 
 
Chemicals: All standard compounds (bitucarpin A, erybraedin C, 
psoralen, daidzein, daidzein 7-O-glucoside) were included in a 
home-made data base of natural compounds isolated and 
characterized by NMR and MS techniques in our laboratory. HPLC-
grade acetonitrile was provided by J. T. Baker (Baker Mallinckrodt, 
Phillisburg, NJ); HPLC grade water was prepared by a Milli-Ω50 
purification system (Millipore Corp., Bedford, MA).   
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