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Abstract

Globe artichoke (Cynara scolymus L.) is a vegetable crop native of the Mediterranean basin and it is
grown mainly for its immature flower buds. The edible parts of artichoke have important nutrition values to
their content of inulin, fibers and minerals. Furthermore, artichoke is recognized as a medicinal plant where
leaves and heads are rich source of polyphenolic compounds. It is recommended for the treatment of gallstones,
liver disease or damage and poor liver function. The pharmaceutical properties of artichoke are linked to their
special chemical composition, which includes high levels of polyphenols such as cynarin, along with its
biosynthetic precursor chlorogenic acid. Globe artichoke is characterized by a wide range of biodiversity which
represents a prerequisite for genetic improvement. However, there are many factors including biotic and abiotic
stresses threatening the genetic resources of globe artichoke. Such factors could result in genetic erosion due to
crop failure and loss of cultivars. Therefore, there is a great need to preserve the globe artichoke diversity for
future genetic improvement. Because most cultivars are highly heterozygous, maintenance of globe artichoke
germplasm in seed form is restricted. Otherwise, conservation in the field presents major drawbacks, which
limit its efficacy and threaten the safety of germplasm conserved in this way. The application of biotechnology
tools, i.e. plant tissue culture and molecular biology technique can provide reliable methods for supporting the
exploitation and conservation of globe artichoke biodiversity. Furthermore, in vitro culture techniques could be
used for the controlled production of artichoke secondary metabolites. This article discusses the biodiversity,
conservation and nutritional and medicinal aspects of globe artichoke plant.
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INTRODUCTION

Globe artichoke (Cynara scolymus L.) is an herbaceous perennial plant belonging to the Asteraceae
family which includes three main subspecies: cultivated cardoon (var. altilis DC), globe artichoke (var.
scolymus L.) and wild cardoon [var. sylvestris (Lamk) Fiori], that are fully cross-compatible with one
another (Rottenberg, 2014). Artichoke is particularly widespread in the Mediterranean Basin, where the
climate is characterized by warm summers and mild winters (Leskovar et al. 2013). The economic use
of the globe artichoke includes mainly the consumption of the edible immature flower heads, eaten as a
fresh, frozen or canned delicacy. The edible portions of the artichoke are then given by the lower
portions of the bracts and the receptacle (Conti et al. 2005). The use of the plant is not restricted to its
edible part, but also to the leaves, stem and roots that are utilized as sources of: (a) forage for livestock;
(b) extraction of inulin; (c) feedstock for the extraction of secondary metabolites; (d) lignocellulosic
biomass for energy and paper pulp; (e) seed oil for biodiesel fuel production and (f) alcoholic beverages
(Raccuia and Melilli 2004).

Since ancient time globe artichoke has been used in traditional medicine for its recognized
therapeutic affects i.e. hepatoprotective, anticarcinogenic, antioxidative, antibacterial, urinative,
anticholesterol, glycaemia reduction (Gebhardt 1997, Kraft 1997, Coinu et al. 2007, Fantini et al. 2011).
These health-promoting properties are mainly linked to the high content of polyphenolic compounds,
which includes mono- and dicaffeoylquinic acids and flavonoids (Wang et al. 2003, Fratianni et al.
2007, Lattanzio et al. 2009, Pandino et al. 2010). In particular, within the caffeic derivatives,
chlorogenic acid (3-O-caffeoylquinic acid) is the most abundant component and represents about the

39


http://hortsci.ashspublications.org/content/50/9/1349.full#ref-19
http://hortsci.ashspublications.org/content/50/9/1349.full#ref-7

DOI: https://doi.org/10.3329/jbcbm.v5i1.42184 J. biodivers. conserv. bioresour. manag. 5(1), 2019

39% of the total caffeoylquinic acid content (Lattanzio et al. 2009). Other major caffeoylquinic acid
derivatives found in leaf and head extracts are represented by 1,5-O-dicaffeoylquinic acid (21% of total
caffeoylquinic acids), 3,4-Odicaffeoylquinic acid (11% of total caffeoylquinic acids) and cynarin or 1,3-
Odicaffeoylquinic acid (1.5% of total caffeoylquinic acids) (Lattanzio et al. 1994, 2009). However, it is
important mention that, phenolic content of artichoke is strongly related to physiological stages,
genotype, plant parts, environmental conditions, agricultural management and post-harvest conditions
(Lombardo et al. 2010, Negro et al. 2011, Pandino et al. 20113, 2011b, 2011c, 2012).

Due to its economic importance, conservation of globe artichoke genetic resources has become an
important issue. The main threats to the artichoke genetic resources are the low number of cultivated
varieties, compared to the large diversity present originally, which is an index of genetic erosion.
Otherwise, successive generations of vegetative propagation have minimized the introgression of genes
from other populations. In this respect, the high variability of artichoke seeds, together with difficulties
in the distribution and exchange of safe plant material from field genebanks, support tissue culture as the
best alternative approaches for germplasm conservation and utilization in this species. In vitro
conservation provides protection from pathogen and climatic hazards. In practice, maintenance of plant
germplasm in in vitro active collections or slow growth state offers a medium-term storage option. For
long-term storage and for the establishment of in vitro base collections, cryopreservation is the most
reliable option as well as being cost and space effective. Cryopreservation involves the maintenance of
plant propagules at ultra-low temperatures (-196-C in liquid nitrogen, LN): under these conditions,
biochemical and most physical processes are completely arrested and plant material can be stored for
unlimited periods (Reed 2008). In this context, in vitro techniques have been developed for medium-
term (Bekheet 2007, Tavazza et al. 2012, El Boullani et al. 2017) and long-term (Tavazza et al. 2013)
storage of globe artichoke germplasm. On the other hand, in vitro systems of globe artichoke secondary
metabolites are considered to be an attractive alternative to classical technologies for its sustainable use.
In this context, various strategies have been developed for in vitro accumulation of artichoke secondary
compounds such as strain improvement, optimization of culture medium and environments, elicitation,
precursor feeding, metabolic engineering and transformation. This article discusses chemical
compositions of globe artichoke and their pharmacological importance as well as the biodiversity and
conservation of its germplasm.

THE TEXT
If we consider discussing on artichoke as a whole, we have to task the aspect of chemical
constituents, traditional cultivars, propagations and seeds, uses (as foods, herbal tea, liqueur, medicinal
researches and genome researches) and agricultural output. Some of the aspects are taken under
consideration in the present text as described below-

The origins and biodiversity of globe artichoke

Globe artichoke is an ancient herbaceous perennial plant originating to the Mediterranean area.
Artichoke's ancestor appeared in Mediterranean region was used as food by the ancient Greeks and
Romans. Greeks cultivated them on Sicily and called them “kaktos.” Further cultivation was performed
at Naples in the 9th century and in Muslim Spain and the Maghreb (a region in Northwest Africa, near
Egypt) in the medieval period (Bianco 2005). Notaries of the Avignon mention artichokes in the 16th
century and talk about them as about luxury and aphrodisiac. At about the same time, the Dutch brought
artichokes to England. New World saw artichokes for the first time in the 19th century (Sonnante et al.
2007). The spread of globe artichoke germplasm was probably made by seed, which was much easier to
transport than vegetative materials. After World War |Il, the cultivation of globe artichoke was
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neglected, but, in recent years, experiments have been conducted to adapt modern breeding and
propagation technologies for the production of new globe artichoke cultivars that grow at higher
latitudes than those typically recommended for this species. The strategies used included the
introduction of seed-propagated cultivars, together with the modernization of cultivation methods in
order to acclimatize plants to more stressful environmental conditions (Cardarelli et al. 2005). As regard
globe artichoke production, Italy, Spain, and France are the top European artichoke producers.
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Fig.1. Yield and cultivating area of globe artichoke in the most important production regions in the world (FAO 2017).

The United States is the ninth major artichoke producer. Here, the state of California contributed
nearly 100% of the US crop of which nearly 80% is grown in the Monterey County. North African
countries like Egypt, Morocco, and Algeria also contribute significantly towards the global artichoke
production. China is the only Asian country that features in the list of top 10 artichoke producing nations
in the world. The most important production regions of globe artichoke in the world are illustrated in
Fig. (1). Among Mediterranean countries, Italy, Egypt, and Spain account for 55.4% of the total area
planted with artichoke worldwide and 58.2% of the total harvest (FAO 2015). It’s worth to mention that,
Italy represents the richest globe artichoke primary cultivated gene pool with many distinct varietal
groups well adapted to different local environments and consumers (Lanteri et al. 2004). In this respect,
Apulia region (southern Italy) accounts for 33% of the total Italian production and harbors many
artichoke varieties representing an inestimable source of germplasm (Ciancolini et al. 2012).

Genetic diversity and structure of the gene pool of globe artichoke plant have been shaped and
greatly altered by natural and human selection, clonal propagation, and spatiotemporal exchange and
movement of germplasm. As far as we know, the gene pool of artichoke is organized into four varietal
types, ‘Spinoso’, ‘Violetto’, ‘Romanesco’, ‘Catanese’, and based on physical characteristics of the main
flowering head. Many populations of each type are still grown in various geographical districts, where
they are usually named according to the locality of cultivation. Despite the high level of within
population genetic variation present, most of the populations could be genetically differentiated from
one another due to farm fragmentation or adaptation to local climatic conditions. However, the total
number of globe artichoke genotypes cannot be easily determined and, even if 100-120 genotypes are at
present estimated, only 11-12 can be considered more important for their commercial interest (Mauro et
al. 2009). Due to the great genetic variability found within several cultivated populations of globe
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artichoke, the term ‘varietal type’ seems more appropriate than ‘variety’ to define the accessions of
germplasm (Lanteri et al. 2004). Indeed, globe artichoke varieties are encompassing a wide range of
sizes, shapes and colors (Table 1) existing in the different growing countries. These varieties have been
developed by continuous selection performed by growers mainly to improve crop yield and quality. The
following main characteristics are used to group globe artichoke cultivars on the basis of their
morphological traits: midrib thickness, main stem diameter and time of beginning elongation, intensity
of leaf lobing, central flower head length, diameter and shape in longitudinal sections, outer bract color
and thickness at the base, the presence or absence of spines, and the number of lateral heads on the main
stem (Cravero et al. 2007).Tightness and head color are the most important determinants of quality
because consumers are sensitive to these traits (Cravero et al. 2005). However, the analysis of genetic
variability of globe artichoke varieties using morphological traits creates difficulties. Most germplasm
cannot be clearly separated into discrete categories because of extensive variations in phenology,
morphology, chemical composition, and yield potential (Lanteri and Portis 2008). In this respect, six
artichoke cultivars grown in Murcia (Spain) were evaluated to ascertain their optimum commercial
use by determining their physical, chemical and biochemical parameters (production yield, shape, size,
moisture and color of their heads, respiration rate, phenolic content, enzymatic activities and browning
potential) (Garcia-Martinez et al. 2017). The Physical parameters, such as morphology, moisture and
color of heads, and plant productivity varied according to cultivar.

Molecular characterization and genome analysis

Germplasm identification is generally done in three ways: morphological comparisons with prior
written descriptions; consultation with taxonomists or crop specialists; and molecular analysis. In globe
artichoke, morphological characteristics, such as head shape and diameter, leaf shape, and bract shape,
are mainly affected by environmental conditions. The complementarity of morphological and molecular
analyses can contribute to the accurate identification and classification of landraces in the management
of globe artichoke genetic resources for in situ and ex situ conservation as well as for use in
breeding programs (Crino et al. 2008, Lo Bianco et al. 2011). For molecular characterization, random
amplified polymorphic DNA (RAPD) and amplified fragment length polymorphism (AFLP) markers
have demonstrated to be effective for analyzing genetic variation, genotypes identification, and
population and phylogenetic studies in plant species. In this respect, genetic variation in five populations
of ‘Spinoso sardo’, the most widely grown and economically important artichoke cultivar in Sardinia
(ltaly) was measured using RAPD (Lanteri et al. 2001). Analysis of molecular variance gave highly
significant differences between populations (28.1% of the total genetic diversity); substantial within-
population variation was detected (71.8% of total genetic diversity). Lanteri et al. (2004) analyzed
genetic relatedness among 118 globe artichoke accessions including 89 varietal types by means of AFLP
markers. Seven populations were identified, of which three were of the spiny type ‘Spinoso di Palermo’
and four of the non-spiny type ‘Violetto di Sicilia’. A significant genetic differentiation between spiny
and non-spiny types was found. Most of the populations were genetically distinct, as a result of farm
fragmentation and adaptation to local pedo-climatic conditions. Likewise, a total of 32 accessions of
cultivated (Cynara cardunculus L. var. scolymus (L.) Fiori), three of wild (Cynara cardunculus var.
cardunculus L.) artichoke and two of cultivated cardoon (Cynara cardunculus var. altilis L.) were
analyzed in order to study genetic variation and relationships within the species, using RAPD markers
(Sonnante et al. 2002). An intra-accession analysis using 4 varieties and 8 polymorphic primers revealed
that no RAPD variation was detected among individuals.

In order to develop a crossing strategy for future breeding of globe artichoke, a framework of
linkage relationships should be established to allow the identification and localization of genes that
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control important yield traits or resistance against pathogens. The establishment of linkage relationships
between molecular marker loci represents the initial step in the identification of the chromosomal
regions carrying genes relevant for marker assisted breeding application. In general, advances in DNA
sequencing technology have greatly simplified the acquisition of medium-sized and even large genomes.

Table 1. Variability in head morphology of nine globe artichoke varieties.

Variety Head description

Omaha The dense and rotund Omaha artichoke (up to six inches wide) owes its striking appearance to its
sharply tapered red-and-green leaves. It is less bitter than many artichoke varieties.

Mercury The petite Mercury, with its red-violet hue and distinctive rounded top, is sweeter than many other
artichokes and is usually three and a half inches in diameter.

Siena The oblong Siena, about four inches in diameter. Slow to mature and still grown in relatively small
quantities, this small artichoke usually weighs less than a pound and has a heart tender enough to be
eaten raw.

Baby Anzio | Light red and only roughly one inch in diameter when fully grown.

Chianti The chianti, a classically shaped, four-inch-wide green artichoke with a touch of maroon on the
leaves.

Big Heart It is endowed with a large, fleshy base and weighs in at over a pound.

Green The green globe has a buttery-tasting heart and bottom and an ample amount of meat at the base of

Globe the petals. This artichoke, which ranges in size from three to five inches in diameter and is
traditionally cultivated as a perennial.

King The blocky and vividly colored king has distinctive green spots at the tips of the bracts. Usually four
inches in diameter and weighs more than a pound in peak season

Fiesole The two-inch-wide Fiesole artichoke has a fruity flavor and a deep wine color that does not fade with
cooking.

me

g h i
Fig. 2. Varieties of globe artichoke: a. Omaha; b. Mercury; c. Siena; d. Baby Anzio; e. Chianti; f. Big Heart; g. Green Globe;
h. King; and i. Fiesole. (Source: August 4, 2008 - https://www.saveur.com/gallery/Artichoke-Varieties).

Little researches have been conducted on the genome sequencing of globe artichoke. The first
linkage map of globe artichoke, based on AFLP, microsatellite-AFLP (M-AFLP), and sequence-specific
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amplified polymorphism (S-SAP) markers, was generated by Lanteri et al. (2006). Later on, Portis et al.,
(2009) report on the construction of the first linkage maps in globe artichoke by applying a combination
of PCR-based markers using Fl population of 94 individuals produced by crossing a late-maturing, non-
spiny type (‘Romanesco C3') and an early-maturing spiny type (‘Spinoso di Palermo’). In this respect,
Bulked Segregant Analysis (BSA) and Sequence-related amplified polymorphism (SRAP) were used to
detect molecular markers linked to the color head and precocity of production of globe artichoke (Martin
et al. 2008). One band/marker that was detected may be linked to the green colour head and the other
band/marker may be associated with precocity in head production. Lanteri et al. (2006) reported two
SSR markers linked to spiny bracts. Recently, the globe artichoke genome sequence has been assembled
into some 13,000 scaffolds, which have been assigned to the 17 chromosomes (Scaglione et al. 2016).

Conservation of globe artichoke genetic resources

Conservation of globe artichoke genetic resources is important not only to preserve the good quality
cultivars but also to ensure future access to valuable genes for plant improvement programs. While the
abundant in situ biodiversity represents an invaluable genetic resource for breeders, industry, and
consumers, at the same time, it is imperative to find a way to restore and maintain a sanitary status
compatible with the conservation of such biodiversity. In situ conservation is one of two possible
strategies to conserve the artichoke germplasm. The significant advantages to in situ conservation are
conservation genetic material and the processes that give rise to diversity. However, ex situ conservation
of germplasm is achieved traditionally through different living collections in the field integrated with
seed collections. Seed bank is the most widely method used for conserving plant genetic resources. It is
usually safer, cheaper and more convenient to conserve genetic resources as seeds than by any other
method. But most of the globe artichoke cultivars are highly heterozygous. Therefore, when they have
been propagated by seed, the yield of their progeny is frequently different from that of the parental
generation. However, some seeded varieties such as Emerald, Adonis and Imperial Star have recently
been developed in artichoke breeding programs in Spain, France and the USA (Welbaum 1994). The
main problems with seeded artichokes are the lack of uniformity because the plant is cross-pollinated
and highly heterozygous. So, maintenance of globe artichoke germplasm in seed form is restricted due
to their heterozygosity and segregation. At the present, vegetative conservation with the use of
offshoots, underground shoots with apical and lateral buds, and from stumps, is the most common used
in conserving globe artichoke germplasm (Morello et al. 2005). This vegetative method is not very
specialized and presents a high percentage of plant losses. In terms of the health status of the plants
obtained in this manner, vegetative propagation is quite problematic, as the risk of transmission of
diseases is very high. So, field conservation of globe artichoke usually enunciated with spread of
diseases and develops a phytopathogenic situation which is hard to control. In practice, genotypes are
often labeled with the name of their place of cultivation without any study on their genetic identity and
characterization or even on their discrimination with other genotypes grown in nearby areas. In spite of
its economic importance, conservation of globe artichoke germplasm has not been extensively
established. It is, therefore, of paramount importance to develop techniques ensuring optimal storage and
rapid multiplication.

Tissue culture in combination with molecular biology techniques are of great interest for collecting,
multiplication and storage of plant germplasm. In vitro technologies have had a major impact on the ex
situ conservation of plant genetic resources and provides an excellent means of mediating international
germplasm exchange. In practice, in vitro storage offers several advantages over field collections
because of minimal spatial and maintenance requirements. Moreover, propagation potential of stored
cultures is greater and pests and diseases are avoided. Furthermore, quarantine regulations more readily
allow in vitro cultures rather than whole plants or cuttings, which could harbor insects, mites, or
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diseases. In this context, different in vitro conservation methods are employed, depending on the storage
duration requested. For short- and medium-term storage, the aim is to reduce growth and to increase the
intervals between subcultures. For these purposes, a variety of approaches have been used separately and
in combination to reduce the growth rates of in vitro plant tissue and the most successful strategies have
involved temperature reductions. For long-term storage, cryopreservation, i.e. storage at ultra-low
temperature, usually that of liquid nitrogen (-196°C), is the only current method. At this temperature, all
cellular divisions and metabolic processes are stopped (Engelmann 2010). Indeed, propagation of globe
artichoke by tissue culture offers an alternative method to produce large, homogeneous and disease-free
populations, enabling in vitro storage of its selected genotypes. In this respect, Ancora et al. (1981) and
Morone-Fortunato et al. (2005) developed in vitro techniques for micropropgation and short term
conservation of Romanesco globe artichoke. Bedini et al. (2012) optimized in vitro cultures of four
Tuscan globe artichoke cultivars i.e., Terom, Violetto di Toscana, Chiusure and Empolese. Moreover, in
vitro med-term storage of globe artichoke cv. Balady (Egyptian local cultivar) was recognized (Bekheet
2007). Shoot bud cultures were stored under aseptically conditions at 5°C or osmotic stress. The results
indicated that the storage at the low temperature was obviously effective compared with storage on
medium contained osmotic stress agents. Furthermore, a simple and efficient procedure for the
cryopreservation of artichoke shoot tips, cultivars ‘Grato 1° and ‘Campagnano’ based on
vitrification/one-step cooling, was reported (Tavazza et al. 2013) (Fig. 2). The best survival percentage
of cryopreserved shoot tips was 61% for ‘Gratol’ and 55% for ‘Campagnano’ cultivars. They also
reported that cryopreserved shoot tips developed directly into plantlets proved to be stable in terms of
chromosome numbers.

Fig. 3. Recovery of cryopreserved globe artichoke shoot tips. (A) Tissue proliferation at the top of a surviving shoot tip 1
week after rewarming; (B, C) regrowth of a frozen shoot tip after 8 weeks of culture.

Nutritional value and therapeutic properties of globe artichoke

The economic use of globe artichoke is focused on the consumption of the edible immature flower
heads (capitula), commonly referred to as ‘heads’, eaten as a fresh, canned or frozen vegetable, and
recently, demand has been increased because of its reputation as a health food. Approx. 35-55% of the
fresh weight of each globe artichoke head is composed of the tender inner bracts and the receptacle,
commonly known as the ‘heart’. From a nutritional point of view, globe artichoke is considered as very
healthy and nutritious. It is a rich source of minerals (Romani et al. 2006), vitamin C (Gil-lzquierdo et
al. 2001), and polyphenols (Brat et al. 2006). Inflorescence bracts are also a promising source of
anthocyanins (Schutz et al. 2006), but the anthocyanin profile seems to be highly dependent on cultivar
and is directly related to the color of the outer inflorescence bracts. Anthocyanin pigments, besides their
health-promoting properties, play an important role in the appearance of food plants and therefore in
food acceptance by consumers. It’s worth to mention that the presence of caffeoylquinic esters in
artichoke tissues is responsible for the appearance of browning phenomena which occur through
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enzymatic oxidation of ortho-dihydroxyphenolic substrates by polyphenol oxidase (PPO, EC 1.14.18.1)
or to formation of iron-chlorogenic acid complexes (Lattanzio 2003). However, the particular
determinants of the nutritional value of the globe artichoke head are highly variable and depend on the
region and cultivation technology, the cultivar, and of course, the analytical methodology used (Sekara
et al. 2015). Besides the immature flower heads, the fleshy and developed artichoke root system could
be used as a source of inulin. Inulin is an oligosaccharide known to have pre-biotic effects through
enhancing the activity of bifidobacteria and lactic acid bacteria in the large intestine, with positive
effects on bowel habits. Inulin also increases the absorption of Ca, has positive effects on lipid
metabolism, and has anti-cancer properties (Lopez-Molina et al. 2005, Sonnante et al. 2007, Lattanzio et
al. 2009). Inulin has also been recognized as a beneficial food ingredient since it is used in yoghurt and
ice cream preparations (Raccuia and Melilli 2004). Currently, commercially available inulins are
obtained mainly from chicory, Jerusalem artichoke, and dahlia. Artichoke inulin presents similar
physico-chemical properties to high performance chicory inulin but an even higher degree of
polymerization, which makes artichoke inulin desirable for applications in the food industry (Lattanzio
et al. 2009). The inulin yield of artichoke depends on genotype, harvesting date, environmental
conditions and extraction processes. Generally, the accumulation of inulin is enhanced by conditions
that increase the efficiency of photosynthesis such as a long photoperiod (Raccuia and Melilli 2010).

Globe artichoke is a dietary and medicinal plant species with a long tradition of use dating back to
the ancient Egyptians, Greeks, and Romans (de Falco et al. 2015). In folk medicine, many parts of globe
artichoke have been widely used as astringent, blood cleanser, cardiotonic, detoxifier, digestive
stimulant, diuretic and hypoglycaemic (Lattanzio et al. 2009). Moreover, artichoke leaf extracts were
proved to have anticarcinogenic, antioxidative, anti-inflammatory, antibacterial, anti-HIV, bile-
expelling, and urinative activities (Martino et al. 1999, Bundy et al. 2008). In this respect, artichoke dry
extracts are currently commercialized as drugs mainly for treatment of liver diseases: these include
Cynara (200 mg of artichoke extract; Vesta Pharmaceuticals, Inc.), Artichoke 500 mg (artichoke leaf
extract; Jarrow Formula, Inc.), Artichoke (artichoke leaf extract containing 0.3% flavonoids expressed
as luteolin-7-O-glucoside and 2.5% caffeoylquinic acid expressed as chlorogenic acid, Indena S.p.A.),
CINARAN (artichoke flowering head extracts containing 13-18% of caffeoylquinic acids, Indena
S.p.A.) among others (Llorach et al. 2002). The variable therapeutic functions cannot be attributed to a
single active compound; however it could be due to the presence of several bioactive components which
generate synergistic pharmacologic effects. As aforementioned, the dried leaves of artichoke have been
used for their choleretic and hepatoprotective activities that are often related to the cynarin content. In
various pharmacological test systems, artichoke leaf extracts have shown hepatoprotective (Adzet et al.
1987), antioxidative, anti-HIV, bile-expelling, and urinative activities (Gebhardt 1997) as well as the
ability to inhibit cholesterol biosynthesis and LDL oxidation (Englisch et al. 2000). Among the most
relevant biological functions, antitumour activity was demonstrated in vitro for globe artichoke
triterpenes (Yasukawa et al. 2010).

A renewed interest has been observed in globe artichoke as a source of polyphenols, a heterogeneous
class of secondary metabolites characterized by various healthy properties. The well-documented
beneficial properties of artichoke polyphenols are mainly related to chlorogenic acid as a free radical
scavenger and to dicaffeoylquinic acids as anti-inflammatory agents (Rivelli et al. 2010). Indeed, the
pharmacologic properties of artichoke polyphenols are well documented in several in vitro and in vivo
studies. The choleretic activity (increased biliary flux with elimination of cholesterol) of both
chlorogenic acid and cynarin has been demonstrated in several clinical trials (Kirchhoff et al., 1994).
Moreover, positive in vitro and in vivo effects of the artichoke polyphenols on low-density lipoprotein
oxidation inhibition were reported by D’Antuono et al. (2015) and Coinu et al. (2007). Likewise, the
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antioxidant activity of the artichoke was evaluated based on its potential as a scavenging the ABTS
radical (Jun et al. 2007). The results showed the antioxidant activity of artichoke which has a close
relationship with the total flavonoid content.

The most abundant polyphenols in the artichoke are 5-caffeoylquinic acid, also known as
chlorogenic acid and dicaffeoylquinic acids. Dicaffeoylquinic acids are present in artichokes as different
isomers; the primary isomer is 1,5-dicaffeoylquinic acid, followed by the 3,4-, 3,5-, and 4,5-isomers
(Moglia et al. 2008). Another widely known substance found in artichoke extracts is 1,3-
dicaffeoylquinic acid (cynarin), which is a product of the isomerization of 1,5-dicaffeoylquinic acid in
warm aqueous media (Slanina et al. 2001). The artichoke leaves include up to 2% phenolic acids with
mono-and dicaffeoylquinic acids, primarily chlorogenic acid, cynarin, and caffeic acid and also up to
0.1-1% flavonoids (Zhu et al. 2004). Table (2) shows the biological activity of the isolated
caffeoylquinic acids and flavonoids that are responsible of the pharmaceutical effects including
antioxidant, vasorelaxant, antibacterial, anti-hyperlipidemic, hepatoprotective and chemopreventive.

Table 2: Biological activity of the isolated phenolic compounds of globe artichoke.

Compounds Activity References
Chlorogenic acid Hepato protective, antioxidant and Gonthier et al. (2003).
(common: 3-O- anticarcinogenic. Perez-Garcia et al. (2000).
caffeoylquinic acid; Garbetta et al. (2014).
IUPAC: 5-O- Sato et al. (2011).
caffeoylquinic acid). Pandino et al. (2011a).

2 Cynarin (1,3- | Hepato protective. Adzet et al. (1987).

5 Dicaffeoylquinic acid). Antioxidant. Wang et al. (2003).

o Perez-Garcia et al. (2000).

% Anti-HIV. Robinson et al. (1996).

=3 Choleretic, anticholestatic, diuretic. Gebhardt (2000, 2001).

§ 3,4-Dicaffeoylquinic acid. | Anti-influenza viral activity. Takemura et al. (2012).

£ 3,5-Dicaffeoylquinic acid. | Antioxidant and anti-apoptotic. Zha et al. (2007).

O Fritsche et al. (2002).
1,5-Dicaffeoylquinic acid. | Protection of astrocytes from cell death. Cao et al. (2010).

Prevention of neuron apoptosis in Xiao et al. (2011).

Alzheimer’s disease.

Anticarcinogenic. Clifford (2000).

Antioxidant. Garbetta et al. (2014).
Luteolin Anticholestatic, choleretic. Gebhardt (1998, 2000, 2001).

Antioxidatant. Pandino et al. (2011a), Perez-

Garcia et al. (2000).

Antimicrobial activity. Zhu et al. (2004).

Vasorelaxant. Rossoni et al. (2005).

Inhibition of lipid peroxidation. Brown and Rice-Evans (1998)

3 Inhibition of multidrug-resistant. Nissler et al. (2004).

2 Cynaroside (luteolin 7-O- | Hepato protective, anticholestatic, Adzet et al. (1987); Gebhardt

S | glucoside) choleretic (1998).

[ Inhibition of lipid peroxidation Brown and Rice-Evans (1998).
Scolymoside (luteolin 7- | Anti-hyperlipidemic Shimoda et al. (2003).
O-rutinoside)

Apigenin Vasorelaxant Rossoni et al. (2005).
Antioxidant Garbetta et al. (2014).
Chemopreventive agent Shukla and Gupta (2010).
Antibacterial Aljancic et al. (1999).

Source: de Falco et al. (2015).
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The growing importance of globe artichoke as a source of pharmaceuticals has raised new issues that
all products have to face and hence the necessity of contemporaneous development of new technologies
demanded. Plant cell and tissue cultures are the most applied biotechnology that can offer bioactive
compounds of artichoke for pharmaceutical industries. In this respect, an artichoke callus culture method
was established by Trajtemberg et al. (2006). This culture produced a total caffeoylquinic acid level of
0.49 % (dry wt.). In vitro callus-induction of globe artichoke as a system for the production of
caffeoylquinic acids was also achieved by Menin et al. (2013). For this purpose, combinations of media
supplements (e.g., phytohormones, absorbers of polyphenols, and inhibitors of polyphenol oxidase),
along with various light regimes, and three different genotypes of globe artichoke were investigated.
Elaborated in vitro culture protocol which resulted in a high frequency of callus induction was
established within two weeks. Quantitative HPLC analysis revealed that, as in globe artichoke leaves,
the predominant phenolic esters present in callus were mono- and di-caffeoylquinic acids (diCQA). The
concentration of diCQA was three to five-fold higher in calli than in leaves. In addition, exposure of
calli to UV-C light further enhanced the levels of CQAs. Otherwise, in vitro hypolipidemic effects of
extracts of globe artichokes callus cultures were studied by Bekheet et al. (2014).The results proved that
globe artichoke extract showed more potent hypolipidaemic and antioxidant effects than the milk thistles
extract. Pandino et al. (2017) investigated accumulation and antioxidant activity of phytochemicalsin in
suspension cultures of globe artichoke. They established an anthocyanin-producing cell culture and
determined the optimal time to harvest cell suspension cultures in order to maximize their biochemical
potential and antioxidant activity. Optimum production of polyphenols was achieved on day 25 of
culture. Based on the results, they reported that cell suspension of globe artichoke could represent a
potential source of bioactive compounds with high antioxidant properties for industrial applications.

Recently, Farhan et al. (2018) obtained two types of callus (friable and compact) from leaves of in
vitro grown seedlings of globe artichoke. They mentioned that the extract of friable callus produced
0.858 mg/g of total phenolic compounds. However, El-Bahr et al. (2018) investigated the accumulation
of cynarin in ethephon treated callus cultures of globe artichoke. They found that callus treated with
ethephon (45 ul L*) showed increase in cynarin content.

On the other hand, results of researches prove that transfer of some DNA (T-DNA) oncogenes, such
as the rolB and rolC genes of A._rhizogenes and the 6b gene of A. tumefaciens, affect the biosynthesis of
secondary metabolites in transformed plant cells (Galis et al. 2004, Bulgakov 2008). Transformation
with the rolC gene is especially useful in those cases where different methods commonly used to
increase secondary metabolite production (cell selection, elicitor treatments, and addition of a
biosynthetic precursor) only slightly enhance cell productivity. The first successful artichoke
transformation was performed with an Agrobacterium tumefaciens Agl0 01-124 strain harboring the
binary vector pPCAMBIA 2301 (Menin et al. 2012). Likewise, Vereshchagina et al. (2014) transformed
artichoke with the rolC gene, which is a known inducer of secondary metabolism. High performance
liquid chromatography with UV and high resolution mass spectrometry (HPLC-UV-HRMS) revealed
that the predominant metabolites synthesized in the transgenic calli were 1,5-dicaffeoylquinic acid, 3,4-
dicaffeoylquinic acid, and chlorogenic acid. The overall production of these metabolites was three times
higher than that of the corresponding control calli. To date few studies on phenylpropanoid biosynthetic
pathway have been performed in globe artichoke. In this context, Comino et al. (2009) isolated a gene
sequence encoding a hydroxycinnamoyltransferase (HCT), involved in the synthesis of chlorogenic acid.
A phylogenetic analysis revealed that their sequences belong to one of the major acyltransferase groups
(anthranilate N-hydroxycinnamoyl/benzoyltransferase). Otherwise, Moglia et al. (2009) isolated and
characterized a full-length cDNA and promoter of a globe artichoke p-coumaroyl ester 3’-hydroxylase
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(CYP98A49), which is involved in both chlorogenic acid and lignin biosynthesis. Phylogenetic analyses
demonstrated that this gene belongs to the CYP98 family.
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