
Volume 13. Issue 4. Pages 387-512. 2018  
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 MAURIZIO BRUNO 
Department STEBICEF,  
University of Palermo, Viale delle Scienze,  
Parco d’Orleans II - 90128 Palermo, Italy 
maurizio.bruno@unipa.it  
 

PROFESSOR CARMEN MARTIN-CORDERO 
Department of Pharmacology, Faculty of Pharmacy, 
University of Seville, Seville, Spain 
carmenmc@us.es 
 

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. Marina Stefova 
Skopj, Republic of Macodenia 
 

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 



 
 

In vitro Shoot Cultures of Pterospartum tridentatum as an Alternative  
to Wild Plants as a Source of Bioactive Compounds 
 

José Carlos Gonçalvesa,b,c*, Maria Teresa Coelhoa,b,c, Maria da Graça Diogoa, Vitor D. Alvesd, Maria  
Rosário Bronze,e,f,g, Manuel António Coimbrah, Vitor Manuel Martinsh,i and Margarida Moldão-Martinsd  
 
aInstituto Politécnico de Castelo Branco, Escola Superior Agrária; bResearch Centre for Natural Resources,  
Environment and Society, Escola Superior Agrária; cCentro de Biotecnologia de Plantas da Beira Interior,  
Qta Srª de Mércules, 6001-909 Castelo Branco, Portugal  

dLinking Landscape, Environment, Agriculture and Food, Instituto Superior de Agronomia, Tapada da Ajuda,  
1349-017 Lisboa, Portugal 
eInstituto de Biologia Experimental e Tecnológica, Apartado 12, 2780-901 Oeiras, Portugal 
fInstituto de Tecnologia Química e Biológica António Xavier, Universidade Nova de Lisboa, Av. da República,  
2780-157 Oeiras, Portugal 
gFaculdade de Farmácia da Universidade de Lisboa, Av. Prof. Gama Pinto, 1649-019 Lisboa, Portugal 
hDepartmento de Química, Universidade de Aveiro, 3810-193 Aveiro, Portugal 
iMountain Research Center, Instituto Politécnico de Bragança, Campus de Santa Apolónia, 1172,  
5301-855 Bragança, Portugal 
 

jcgoncalves@ipcb.pt 
 
 

Received: November 10th, 2017; Accepted: March 2nd, 2018 
 

 
  
The aim of this study was to evaluate the composition of aqueous extracts of in vitro shoot cultures and wild plants of Pterospartum tridentatum in order to 
promote the use of this plant material as a possible source of bioactive compounds. The extraction yield from wild plants compared with in vitro shoot cultures 
was lower. The total phenolic contents of in vitro shoots were significantly lower compared with those of wild plants. The phenolic profiles of in vitro shoots 
were very similar to those of wild plants, regardless of the source. However, taxifolin-6-C-glucoside, as well as rutin and isoquercitrin, were not present in 
extracts of in vitro shoots. An interesting result was the higher molar percentages of rhamnose and uronic acids detected in in vitro shoots compared with the 
wild plants, which can make the in vitro plant material very useful for obtaining these compounds.  
 
Keywords:  Pterospartum tridentatum, Prickly broom, Aqueous extracts, In vitro cultures, Neutral sugars, Phenolic profile. 

 
 

 

Pterospartum tridentatum (L.) Willk., a shrub commonly known as 
prickly broom, is a European endemic belonging to the 
Leguminosae family (=Fabaceae), Papilionoideae subfamily. This 
evergreen shrub, which grows approximately up to 100 cm, is very 
common in mountainous areas in north and central Portugal, 
sometimes in low scrub on acid rocks or associated with the 
undergrowth of Arbutus unedo, Pinus pinaster and Eucalyptus 
forests, and in abandoned lands with acid soils. 
 
Prickly broom is widely used as a medicinal plant for the treatment 
of digestive tract diseases and diabetes and for culinary purposes; 
however, studies on this plant are scarce. The first reported study on 
the chemical composition and pharmacological properties of P. 
tridentatum in aqueous extract revealed the presence of alkaloids, 
phenolics (including flavonoids) and terpenoid glycosides. The 
main identified constituents of the aqueous extracts were three 
derivatives of genistein (4´,5,7-trihydroxyisoflavone) and the 
isoflavones, sissotrin, genistin, prunetin and 5,5'-dihydroxy-3'-
methoxy-isoflavone-7-O-β-glucoside, as well as isoquercitrin [1]. 
Isoquercitrin prevents endothelial oxidative damage when used at 
non-toxic concentrations (0.1-1 mM). The flowers may have 
beneficial effects in patients with diabetes as the aqueous extracts 
have shown their capacity to prevent oxidative damage to 
endothelial cells which can prevent or minimize the development of 
vascular complications [1]. In addition, it was reported that the 
polysaccharides contained in decoctions of P. tridentatum dried 
inflorescences (e.g. type-I and type-II arabinogalactans, acetylated 
galactomannans and xyloglucans) have an important role in the 

bioactive properties frequently attributed by popular tradition to the 
hot water extracts of P. tridentatum dried inflorescences [2]. 
 
Chemical variability was verified in the essential oils of the plant 
[3]. In the leaf extract of P. tridentatum subsp. tridentatum the 
isoflavone genistein was identified [4]; this is a phytoestrogen with 
a wide variety of pharmacological effects in animal cells, including 
inhibition of tyrosine kinase, antioxidant activity, and 
chemoprevention of prostate and breast cancers and cardiovascular 
diseases [5]. Studies on the phenolic content and antioxidant 
activity of infusions of ten Mediterranean medicinal plants, 
including prickly broom, have shown antioxidant activity of the 
extracts and demonstrated that these plants could be used in popular 
medicine, especially for the prevention and treatment of diseases 
known to be caused or accelerated by oxidative stress [6]. 
 
In some places, there is an intense use of plants with medicinal 
effects. In order to minimize large-scale harvesting and the 
consequent destruction of natural habitats, it seems important to 
develop methodologies for the cultivation of such plants, both in 
vivo and in vitro. Today, plant cell culture and micropropagation is 
of interest, especially for the pharmaceutical, cosmetic and food 
industries, given their increasing interest in obtaining certain active 
compounds, for which they rely on raw materials from wild or 
farmed plants. A difficulty for these industries may be the inability 
to obtain the plant material in either sufficient quantity or at prices 
that are economically feasible to meet demand as some plants may 
be less abundant and even difficult to culture [7]. The potential of in 
vitro propagation is recognized for the production of high quality 
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and pathogen free medicinal plants on a large scale [8a-8f]. 
Micropropagation of prickly broom was recently reported showing 
the use of a defined multiplication protocol for obtaining the aerial 
parts in large quantities [9]. In this context, our present work was 
designed to evaluate the chemical composition of in vitro and wild 
plant extracts, from three different regions, and in different 
vegetative states, with respect to extraction yield, total phenolic 
content, phenolic profile and carbohydrate components. 
 
The extraction yield (g of extract per 100 g dry weight material) for 
the different harvesting locations of wild plants throughout the 
growing season are shown in Figure 1, as well as for the in vitro 
plant material. The extraction yield was always relatively high, 
exceeding 11%. With regard to wild plants, the place of collection 
and the stage of the growing season did not significantly affect the 
extraction yield. That of in vitro plant material was significantly 
higher when compared with that of wild plants from all 
backgrounds, regardless of the stage and season, with the exception 
of in vitro plant material obtained from Malcata (12.2%). 
Nevertheless, the differences were not significant. The stems and 
leaves at flowering tended to have a lower extraction yield relative 
to the flowers at each collecting site, which leads to suppose that the 
compounds may be channeled to the floral part of the plants. 
 
Though good extraction yields were observed using water, higher 
values were reported using alcohols as solvents. A yield of 28.6% 
was achieved with ethanol, compared with 12.0% using water [10]. 
However, in this work, water was used in order to avoid the appli-
cation of organic solvents and to implement a greener extraction 
process. Extraction yields ranging from 26% for stems and leaves 
and 25% for flowers were obtained using methanol [11]. Similar 
results were reported in a study with 35 endemic and sub-endemic 
plants from Galicia, including P. tridentatum subsp. tridentatum, for 
which an extraction yield with ethanol and water (1:1) of 30% was 
obtained for leaves and stems, and 24% for flowers [4].  
 

 
Figure 1: Extraction yield (g extract per 100 g dw) for the plant material with different origins 
and vegetative phases. (O: Orvalho; G: Gardunha; M: Malcata; r: at rest; df: during flowering; 
br: beginning of the rest; fl: flowers; iv: in vitro plant material). Average values with different 
letters are significantly different according to the Scheffé’s multiple range test at α≤0.05. 
 
The total phenolic content varied significantly with the season and 
origin of the wild plants, with the highest value observed for the 
extract of Gardunha plant material at rest (369.2 mg GAE g-1). The 
extracts of in vitro shoots showed significantly lower phenolic 
content (between 104-121 mg GAE g-1) regardless of the origin 
(Figure 2). A possible explanation for these differences may be that 
in vitro material has no need to produce these compounds as a 
defense mechanism against adverse environmental conditions. In a 
study with P. tridentatum, Erica spp. and Cytisus scoparius, in 
which aqueous and ethanolic extracts were compared relative to 
their total phenolic content and antioxidant activity, the authors 
reported a higher total phenolic content in the aqueous extract from 
prickly broom (222.7 mg GAE g-1 dw) than in that from Erica spp. 

(212.7 mg GAE g-1 dw) [10]. The same was observed in ethanolic 
extracts, 196.6 and 141.5 mg GAE g-1 dw for prickly broom and 
Erica spp., respectively [10]. Still, the total phenolic content of both 
aqueous extracts is lower than that of the wild P. tridentatum plant 
material used in the present work. In addition, the total phenolic 
content of C. scoparius aqueous extract referred to in the same work 
is also lower (134.7 mg GAE g-1 dw) than those of prickly broom 
presented in Figure 1. In a work with species of Fabaceae, 
significantly higher levels (523.4 mg of caffeic acid equivalents per 
gram of extract) of phenolics were observed in P. tridentatum when 
compared with Cytisus species [12]. 
 
Also, in a study of Rosmarinus officinalis, Thymus vulgaris and 
Lavandula angustifolia, the total phenolic content (extracted with 
50% aqueous ethanol) ranged between 52 and 219 mg GAE g-1 for a 
lyophilized extract [13], values lower than those obtained in this 
study for prickly broom (226.7 to 369.2 mg GAE g-1 dw). Also in a 
study of 35 wild plants of Galicia, including P. tridentatum subsp. 
tridentatum using an ethanol-water (1:1) extraction solution, a total 
phenolic content between 282 and 292 mg GAE g-1 dw was 
reported for the flowers and leaves, respectively [4]. The values are 
similar to those obtained in this study for shoots during flowering 
(299 and 319 mg GAE g-1 dw) from wild plants from both Malcata 
and Gardunha, respectively.  
 
To notice differences between plant extracts from different 
locations and vegetative phases, as well as wild vs in vitro material, 
a comparative analysis of the respective chromatographic profiles 
was carried out. Based on these, either the presence or absence of 
the identified phenolic compounds was determined (Table 1). There 
were some differences between the phase of the vegetative cycle 
and the place of harvest. Extracts of plant material harvested during 
flowering, and flowers, had a more complex phenolic profile than 
those from material collected during the rest period. 
 

 
Figure 2: Total phenolic content (mg GAE g-1 dw) of the aqueous extracts from plant material 
with different origins and vegetative phases. (O: Orvalho; G: Gardunha; M: Malcata; r: at rest; 
df: during flowering; br: beginning of the rest; fl: flowers; iv: in vitro plant material). Average 
values with different letters are significantly different according to the Scheffé’s multiple 
range test at α≤0.05. 
 

The phenolic profile identified in this study for wild plant extracts is 
in agreement with the studies reported [1, 11, 14a-14d]. In one of 
these, twenty-one flavonoids were identified in P. tridentatum, eight 
of which are common to this present study, namely myricetin 6-C-
glucoside (4), genistein 8-C-glucoside (5), 5,5' dihydroxy-3'-
methoxy-isoflavone-7-O-glucoside (6), quercetin 3-O-glucoside 
(isoquercitrin) (8), genistin (10), prunetin (11), 7-O-methylorobol 
(12) and sissotrin (13) [15]. From Table 1 it may be observed that 
isoquercitrin arises only during flowering, in stems and flowers.  
 

This is the first study reporting the phenolic profile of extracts   
from in vitro shoots of prickly broom.  These are more analogous to 
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Table 1: Phenolic compounds identified in in vitro (iv) and wild plant extracts of P. tridentatum from Gardunha (G) and Malcata (M) in different vegetative phases (r: at rest; df: during flowering; 
fl: flowers). 
 

N
o 

Rt 
 (min) 

[M-H]- 

(m/z) 
Main MS2 fragments 

(m/z) (%) 
Possible identification 

Type of plant material 
Giv Miv Gr Mr Gdf Mdf Gfl Mfl 

1 11.55 191 111(90), 87(100), 85(52) Quinic acid x x x x x x x x
2 13.30 191 111(100), 87(57), 85(41) Citric acid x x x - x x x x 
3 29.94 465 345(100), 327(68), 317(54), 167(85) Taxifolin 6-C-glucoside - - x x x x x x 
4 43.27 479 359(100), 479(43) Myricetin 6-C-glucoside x x x x x x x x 
5 65.66 431 311(100), 431(46) Genistein 8-C-glucoside x x x x x x x x 
6 69.92 461 341(100), 326(32), 298(49) 5,5’-Dihydroxy-3’-methoxy-isoflavone 7-O-β-glucoside x x x x x x x x 
7 77.09 609 300(100), 301(73) Rutin - - x x x x x x 
8 77.37 463 300(100), 301(4) Quercetin 3-O-glucoside (isoquercitrin) - - - - x x x x 
9 79.57 463 300(100), 301(45) Quercetin 3-O-galactoside x x - x x - - x 
10 80.42 431 268(100), 269(43) Genistein - x - x x - x x 
11 87.61 431 268(100), 431(18) 7-O-Methylgenistein (prunetin) - - - - x - - - 
12 96.45 283 268(100), 283(98), 240(66) 7-O-Methylorobol - x x - x - - x 
13 105.00 445 283(100) Sissotrin - - x - x - x x 

 

 

extracts from wild plants at the time of rest regardless of the 
geographic source. However, taxifolin-6-C-glucoside (3), one of the 
most representative substances in wild plants, as well as rutin (7) 
and isoquercitrin (8), were not present in extracts of in vitro shoots. 
This can be explained since plant tissue culture techniques may 
allow changes in the chemical profile of the plants by manipulating 
the physical and chemical environment, for example, by changing 
the in vitro culture conditions. For example, in the case of Thymus 
lotocephalus, the conditions used in vitro favored the accumulation 
of high levels of rosmarinic acid, suggesting that this 
micropropagated species could be used as a source of natural 
antioxidant compounds, thereby helping to preserve the natural 
populations [16]. 
 

The total mass of monosaccharides of the plant extracts was more 
dependent on the vegetative status of the plant than on the 
harvesting location (Table 2). A slightly higher monosaccharides 
content was observed in extracts of stems during flowering 
(between 287 and 289 mg g-1) when compared with those of flowers 
(between 270 and 276 mg g-1). The extracts of in vitro plant 
material presented lower values, which can be correlated to the low 
photosynthetic rate of the shoots. 
 
In P. tridentatum extracts, glucose and uronic acids were the major 
components; these are the levels that are most distinctive between 
wild and in vitro plants (Table 2). In wild plant extracts glucose is 
the predominant sugar, regardless of the location and vegetative 
phase of collection, but in in vitro plant extracts uronic acids are the 
major components (Table 2). 
 
Table 2: Monosaccharide total mass of extracts (mg g-1) and respective molar percentage (in 
parenthesis), from extract samples of wild plants of P. tridentatum from Malcata (M) and 
Gardunha (G) at rest (r), during flowering (df), from flowers (fl) and from in vitro plants (iv). 

 
 

Besides uronic acids, the extracts of in vitro Gardunha and Malcata 
plants also present a content of rhamnose superior to that of wild 
plants. Thus, the glucidic analysis shows that the in vitro plant 
material presents a composition that can elicit more interest than the 
wild plants. Rhamnose and uronic acids are rare sugars, which are 
referenced as showing interesting properties, such as anti-
inflammatory, antioxidant and antiviral activities, with application 
in the pharmaceutical and cosmetic industries [17]. Some of these 
can be produced by specialized enzymes or reactions using glucose 
as the main precursor, but the processes are quite costly [18a, 18b]. 
Their scarcity makes these sugars highly valuable. Consequently, 

the presence of these compounds in in vitro plants is an additional 
factor that can justify the investment in their production. To 
increase biomass production capacity in order to make the 
production process more profitable, one of the most promising ways 
is the use of temporary immersion bioreactors as has been done with 
other species [18c-18e].  
 
In conclusion, this is the first experimental work that characterizes 
the aqueous extracts of in vitro plant material of P. tridentatum and 
the results obtained open new possibilities to ensure that this 
material has enough potential for its use as a replacement of wild 
plants with a view to preserving them. They have higher extraction 
yields, are richer in rare sugars with well-known pharmaceutical and 
cosmetic properties, and present similar phenolic contents and 
profile as wild plants.  
 
Experimental  
 

Plant material: For this study the in vitro plant material was 
obtained as described previously [9], using the three wild ecotypes 
of the respective wild plants, Gardunha, Malcata and Orvalho. For 
the wild plants, we used the aerial parts of the plant, stems and 
leaves together, collected randomly in 3 georeferenced locations in 
the center of Portugal, Gardunha (40º06’27.822N; 7º28’52.241W), 
Malcata (40º14’05.942N; 7º06’52.804W) and Orvalho 
(40º01’39.92N; 7º46’33.624W), in three different vegetative phases: 
the beginning of the rest period (October), at rest (February) and 
during flowering (May). The species were identified and voucher 
specimens were prepared and deposited at the herbarium of the 
Escola Superior Agrária de Castelo Branco. The identification 
numbers of the voucher specimens are: P. tridentatum Gardunha, 
Malcata, and Orvalho ESACBPTG01 and ESACBPTG02, 
ESACBPTM01 and ESACBPTM02, ESACBPTO01 and 
ESACBPTO02, respectively. 
 

Total phenolic and Phenolic profile determination: Aqueous 
extracts of P. tridentatum were obtained by boiling under reflux 
(modified Clevenger apparatus). The total phenolic content of the 
extracts was quantified by spectrophotometry according to the 
method of Ribéreau-Gayon [19], by measuring the absorbance at 
280 ƞm in a quartz cell of 1 cm optical path (UNICAM UV/Vis 
Spectrometer UV4). The results were expressed in mg of gallic acid 
equivalents per g dry weight extract (mg g-1), based on a calibration 
curve derived by linear regression, established from concentrations 
of 0 to 30 mg L-1 of gallic acid. Identification of the phenolic 
compounds present in the prickly broom extract was carried out by 
high-performance liquid chromatography with diode array detection 
(HPLC-DAD) [20a]. For a putative identification of compounds, 
HPLC-DAD-MS/MS analyses were also performed using a 
Waters® Alliance 2695 HPLC equipment fitted with a diode array 
detector (DAD), Waters 2996 (PDA), and a triple quadrupole 
spectrometer (TQ) (Micromass® Quattro microTM, Waters) with 
an ESI source operating in negative mode. The chromatographic 
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separation was performed on a LiChroCART RP-18 column (250 x 
4 mm, particularly from size 5 µm, Merck) at 35°C. For data 
acquisition and treatment of data MassLynx® software, version 4.1 
was used. 
 

Chemical composition of carbohydrates: The individual sugars 
were determined by gas chromatography (GC), after acid hydrolysis, 
and conversion to the corresponding alditol acetates [20b, 21a-21b].  
 

Statistical analysis: The data were analysed with ANOVA using 
Statistica, V.7 software. The experiments were repeated 3 times and 
the significance among means was carried out using the Scheffé's 
multiple range test at α ≤ 0.05. 
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