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Chapter 2

POTENTIAL OF THE BALKAN FLORA AS A SOURCE
OF PROSPECTIVE HYPERICUM GENOTYPES
FOR THE CONVENTIONAL AND BIOTECHNOLOGICAL
DELIVERY OF PHYTOPHARMACEUTICALS

Kalina Danova
Institute of Organic Chenustry with Centre of Phytochemistry,
Bulpgarian Academy of Sciences, Sofia. Bulgaria

ABSTRACT

Todav plants stll hold the leadershap as the prnmary sowrce of many bis-actve
molecules, nreplaceable for sustaimng buman health. One of the most widely applied
medicinal plants 15 the 5t John's wort (Hypericum perforamum L., Hyvpencaceae) with 1t=
wide amray of biological activities and relevance in freatment of ailments 1o the form of
crude extracts, fractions and mmdradual components. This chapter summanzes hterature
data on ethnobotameal practices, main active constfuents, pharmacologieal achvity and
applications of Hypericum species throughout the world. Special attention 15 miven to the
available data on the phytochemical, pharmacological and biotechnological development
of the Balkan Hypericum species based on lhterature survey as well as author’s own
EXPEIIENCE.

Kevwords: ethnobotanical practices, Balkan Hypenicum species, polyphenelics. hypenicins,
plant cell tissue and organ culfure

INTRODUCTION
Data for the medical application of Hypericum perforatum L. (Hypericaceae) use occur
as early as the 1st century AD. The species was known by Hippocrates, Plimy, and

Dioscorides who included it in the Book 0T of De materia medica together with other related
representatives of the genus (Feeds 2012). The plant 15 native to Europe, North Africa and
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20 Kalina Danova

Asia, but also natralized to North Amenica. The Hypericum gemus comprises over 484
species grouped in 36 sactions. Species are either naturally occumng or infroduced to every
continent on the world excluding Antarctica, their habitus varying from trees to herbaceous
individuals (Crockett and Fobson 20117,

The broad spectmm of activities of H. perforamum (5t John's wort) is determuined by the
specific complexity of the Herba Hyperici extract and the potential additive effect, synergism
or even possible antagomism between its different components. Fesearch has led to
elucidation of the most mmpertant biclogically active substances m the plant — pelyphenclic
compounds, flavonoids, naphthodianthrones and phloregluemols, terpenes (Nahrstedt and
Butterweck 1997; Brumi and Sacchetti 2009; Nahrstedt and Butterweck 2010). These
constituents were shown to possess antidepressive, antitumor, antiviral and antibiotic activity
(Bames et al. 2001; Saddige et al. 2010; Siintar et al. 2010). Research interest towards the
plant has been incessant thronghout the years.

Only a scarce mumber of Hypericum species have been thoroughly studied
phytochemically and pharmacologically, thus providing the challenge of exploration and
understanding the unsmdied potential of new representatives of this nmltitndinous genus. In
addition the tools of the plant cell issue and organ culture techmigques provide a convenient
and flexible choice for preservation of valuable plant germplasm and conducting ex sim
findamental research on the molecular and biochemical mechanisms underlying secondary
metabolite production m this genus (Danova 2014, and references cited within). These
techmiques also provide a sound altemafive to conventional breeding practices for supplying
raw material with controllable and constant active constifuent content for the demands of
agronomical practices. Although extensive research has been conducted on plant cell and
tissue culture development of Hypericum species 1t 1s predominantly focused on H
perforanme or other closely related to it species in the genms (Danova 2014 and references
cited within). This chapter provides overview of Hypericum ethmobotanical practices
throughout the world and especially in the region of the Balkan Peninsula. Scientific evidence
determining the pharmacological activities of the species has been reviewed. Achievements of
plant biotechnology for the controllable yield of phytopharmacenticals n this genns have
been summarized with special attention given to Balkan Hypericum genotypic richness.

1. Contemporary Application of Medicinal Plants throughout the World

According to reports of the World Health Organization, a substantial part of the world
population strongly relies on the resowrces of indigencus medicine, the traditional healers
mvolving as a remedy plant extracts and'or ther active constituents (WHO, 1993, 2002).
Traditional medicine is the primary health care to meet the needs in countries of Africa, Asia
and Latina America, the share reaching up to 80 percent of the population m Affica. In
industmialized countries adaptations of traditional medicine are gaining increasing popularity,
designated as “Complementary™ or “Alternative™ (WHO 2003).

In China the share of herbal preparations accounts 30-50% of total medical consumption.
The share for the symptomatic malaria treatment of children with herbal remedies is up to
60% for Ghana, Mali Nigema and Zambia. For Ewrope, North Amernca and other
mndustmalized regions worldwide, over 30% of the population have used the treatment of
complementary medicine, this share being as high as 90% for Germany. Throughout the
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world in both mdustrialized and developing regions up to 75% of the people living with
HIV/AIDS have used the resources of complementary medicme (WHO 20037

Nowadays, the populanity of whole plants and plant preparations for a range of
therapeutic applications 15 constantly nising (Valiakos et al. 2015). Therefore, following the
recommendations of WHO, ethmobotanical medicinal traditions are to be integrated with
modemn medical therapies in holistic strategies mn order to effectively cope with mereasing
worldwide needs of curative resources.

1. Ethnobotanical Studies of Hypericnm Species throughout the World

Traditional uses of Hypericum have been documented by the amcient Greek physicians
Hippocrates (460-377 BC), Euryphen (288 BC) and Galen (130200 AD) who used 1t for
varnous curative indications as to treat burns, wounds, pain, sciatica and depression (Hobbs
198%9; Hahn 1992; Bombardelli and Morazzom, 1993; Blumenthal et al. 2000; Osbaldeston
and Wood 2000; McClatchey et al. 2009). The Swiss physician Paracelsus applied it for
psychological disorders and he called 1t an “almost universal medicine™ (Wood 1997;
Osbaldeston and Wood 2000). In his “Complete herbal”, the English physician Culpepper
descmbed 5t John's wort as a plant “under the celestial sizn Leo, and the domimnion of the
Sun”. He recommended its use as diwretic and aganst pamn and traumas and prescribed
Hypericum ointment for wound healing.

In addition, the tincture of Hypericum blossoms in spint or wine were advised “against
melancholy and madness™ (Culperer 1653, issue of 1954). Samuel Hahnemann intreduced the
plant into his Mareria medica showing it to be specific for wounds to parts rich in nerves,
mjuries from sharp mstruments ete., (Wood 1997). In the United States, first considered
simply an mvasive species by farmers and neglected by 19® century eclectic doctors, H
perforatum gradually gamed more populanty with the settlement of the European mmmigrants
{(Wood 1997). 5o, its oily preparations were applied as cure for ulcers, diarrhea, hysteria and
nervous conditions, including depression (Hobbs 1989). In the 20™ century German physician
Madaus prescribed 1t for conditions as newralgia, neuroses, neurasthenias, hystema and
msomma, as well as for wound healing (Hobbs, 1989). Throughout the cemtunes, H.
peforatum, as well as other indigenous Hypericum species, have been applied in the
ethnobotanical practices of many world cultures (Table 1). Investigation and wtilization of the
knowledge on Hypericum ancient resources has led world pharmaceutical mdusiries to the
development of the cumrent date dietary supplements, homeopathic remedies and to the
standardized extracts and prescription products recognized by official medicine. One of the
topmost and commercially renowned species of the gemus Hypericum 1s H. perforatum,
commenly known as 5t. John's wort (Elemow et al. 2011).

On a world scale H perforarum is considered to be among the top selling herbal
preparations compromusing a worldwide market value of about 600 million TS dollars (Emst
2003). Almost 13 % of European herbal products m 2004 were based on H perforamm
denved active constitments and in Germany they were valued at about 70 million Eure
(Backer et al. 2006). In the United States it has been ranked as the top ten bestselling herbal
dietary supplements with sales reaching ca. 8.2 mullion USD (ABC 2008).
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Table 1. Ethnobetanical evidence of worldwide application of Hypericum species

Region* Hypericum species Preparation use Application Source
Brazl H connatum Lam. (*orelha-de- Tonic and adstringent; Correa 1984; Mentz et al 1997,
gato Southem Brazil -treatment of oral lesions Fritz et al. 2007
(cat’s ear)
India H. patulum Thumb. Leaves Wound healing Mukherjee and Suresh,
H. hookerianum 2000; Mukherjee et al.. 2000
Wight and Amott
Konkan and Palani H mysorense B.Heyne Aerial parts Spasmolytic, hypotensive and antibacterial Gamble et al. 1984; Asolkar et
hills, activities al. 1992; Hariharapura et al.
(India) 2014
India H. hookerianum Wight and Aerial parts Treatment of mental illness Pongiva et al 2007
Amott Subakanmani and Umadevi
2012
Natural Park of H perforamm L. Flowering aerial parts - Liver ailments Rodrigues et al. 2003
“Serra de Sio decoction
Mamede™
(Portugal)
Alta Vall del Ter H. perforatum L. Flowering aerial parts — lotion, | Analgesic, anticatarrhal, antiecchymotic, for bums, | Rigat et al. 2007;

(Catalonia, Spain}

liniment, decoction

vulnerary, relaxing, antidepressant, improvement
v, cerebral tonic

H androsaemum L.

Leaves — direct application,
poultices or plasters

Vulnerary, wound healing,

Rigat et al. 2007;

Anadola
(Turkey)

H. perforatum L.

Olive oil macerate of the
flowering aerials. kept in the
sun

Wound healing

Siimtar etal. 2010

Tanrus mountaing
(Turkey)

H perforamm L.

Decoction, infusions of
flowering aerial parts

Uro-genital inflammations, diabetes mellitus,
neuralgia, heart diseases, gastntis, hemorthoids
and peptic ulcers

Yesilada et al. 1093, 1993

* Listing of countries of origin 1n alphabetic order.
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Tahle 2. Scientific evidence of ethnobotanic records for Hyperrcum species throughout the world

Country of origin of
the investigated

Hypericum species

Parts of the plant/chemical constituents

Pharmacelogical activity

Source

species®
Brazil H. polyanthemum Three benzopyrans Antitumor activity Ferraz et al. 2005
H connatum Lam. Crude methanolic extract, fractions (n-hexane, Antiviral activity against herpes simplex | Frtzetal 2007
dichloromethane and methanol), Phloreglucinol viruses (HSV)
derivative hyperbrasilol B. flavonoids
amentoflavone,
hyperoside, guatjaverine and luteoforol from the
aerial parts
India H. hookerianum Ethanolic extract of the aerial parts Anxiolytic potential in stress induced Subakanmani and

Wight and Amott

swiss albino mice

Umadevi 2012;

Stem parts

Potent antitumor activity agamst DLA
induced tumor in mice

Pulok et al. 2001

Methanol extracts of the aenial parts, leaves, and
stem

Selective cytotoxicity aganst tumor cells

Vijayan et al. 2003

Methanol extract of stem parts

Antitumor (Ehrlich Ascites Carcinoma in
Swiss Albino Mice)

Dongre et al 2007

Leaf and stem methanol extract ‘Wound healing Mukherjee et al. 2001
Leaf and stem methanol extract Antibacterial Mukherjee and Suresh
2000

Ethanolic extract of aenal parts

Peversing halopendol mduced
schizophrenia-like behaviors in Swiss
albino mice

Pongrya etal. 2014

Methanolic extract of the aerial parts

Antiviral effect towards HSV-1

Vijayan et al. 2004

H mysorense
B Heyne

Methanolic extract of the aerial parts

Antiviral effect towards HSV-1

Vijayan et al. 2004
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Table 2. (Continued)

Anti-mflammatory (in vive inhibition of acetic acid-
induced increase in capillary permeability. Activity
established only for . perforanm

Country of origin of | Hypericum species | Parts of the plant/chemical Pharmacological activity Source
the investigated constituents

species®

Endemic to Kazdagi H kazdaghensis Chloroform, acetone methanol Antibactenal activity Dulger and Genuz 2003
Mount. Balikesir, Genici et Leblebici extracts of air-dried leaves

(Turkey)

Turkey H pajoramm Olive oil extract of flowenng aerial | Wound healing (in +vo excision and mcision wound | Stntar etal 2010
(Anatolia) H. scabrum parts models);

Taurus Mountains

(Turkey)

H perforamm L

Ethanol extract of the Aowering
aerial parts

Potent aniulcer activity (ethanol-induced gastric
lesions in mice)

Yesilada and Gurbuz, 1998

50 % ethanolic extract.

Wound healing (chicken embryonic fibroblasts).

Ozturk et al. 2007

Endemic to Canary
Ishnds,
Macaronesian Region

& grandifelum
Chaisy

Aqueous, butanol and chloroform
factions obtained

from the methanol extract of aerial
parts

Potential antidepressant-like effects in the forced
swimming test in
mice

Sanchez-Mateo et al 2009

* Listing of countries of origin in alphabetic order.
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3. Pharmacological Properties of Hypericum Species

The increasing needs of world population to cope with problems of widely piling
“diseases of civilization™, pathogen resistance towards conventional treatment agents, as well
as toxicity and side effects of synthetic drugs has urged researchers to look inte the msights of
scientific bases of ethmobotamical sources from all over the world Incessant research on
pharmacological properties of Hypericum species has been based on the evidence of its
efficiency for vanous conditions like remedy against depressions, ulcers, dyspepsia.
abdominal pains, bums, bacterial infections, migraine, headaches, and sciatica (German
Commission E, 1993; WHO Monographs, 1999; ESCOP, 2003). Amongst the numerous
applications of Hypericum bicactive preparations (Table 2} 1s the use in photedynamic
therapy of cancer (PDT) of naphtodianthrone hypericin found in Hyperici Herba extract. This
activity 1s based on the physical property of hypericin after photo-induction (by a particular
type of light) to generate singlet oxygen which in its tum acts as a photosensitizer and attacks
cancer cells upon topical application of the agent. Fesearch has shown that the application of
H.  perforafum extract might cause fewer skin damage reactions, as compared fo
administration of hypencin alone (Schoutt et al. 2006). The authors of this study showed that
two H perforafum extracts (ethanol-chloroform, containing flavonoids and hypenicin and a
chloroform extract, where hypericin and flavonoids were not detected). when supplemented
with hypericin exhibited 24% and 40%: less phototoxicity than hypericin alone. Then, two H
perforamm constituents (chleregenic acid pyropheophorbide), when supplemented with
hypencin exhibited 24% and 40% less phototoxicity than hypericin alone. In addition,
antioxidant, but alse pro-omdant activities of extracts of different parts of the plant at
different stages have been established Gioti et al (2009). Thus the guestion of possible
antagomsm and synergism between the different components of Herba Hyperici exiract has
brought to research indicating that the application of standardized extracts of the herb is
advantageous to application of pure hypenicin in PDT (Skalkos et al. 2006). In addition, the
auto pro-cxidant effect of hypericins on the plant itself and subsequent cxidative stress
alleviation by increasing phenolic and flavonoids production by the plant have been
established in an in vitre culture model system of two hypericum species with different
hypencins productivity (Danova et al. 2012).

4. Sourcing for Hypericum Genotypes with Higher Phytopharmaceuticals
Productivity

Regarding the biosynthetic potential of the different representatives of the genus, in spite
of a cerfain similanty of its main phytochemical constituents, remarkable intra- and
interspecific differences of the quantitative and qualitative characteristics have been recorded
(Umek et al. 1999; Kitanov 2001; Kusan et al. 2009), between populations of the same
species from different locations (Buter et al. 1993; Kartnig et al. 198%9) and within the
mdividual developmental phases of the given individual (Tekelova et al. 2000). Literature
surveys have shown that the evelutionary more developed Hypericum species possess an
mereased capacity of hypencins production as compared to the more primitive sections of the
gemus (Danova 2014 and references cited therein). Chemotaxonomic surveys have revealed
that some Hypericum species, such as H boissieri, H. barbatum and H rmeliacum
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26 Kalina Danova

{representatives of Drosecarpium section) may contan twofold to fourfold higher amounts of
hypericins than H. perforatum (Kitanov 2001; Smelcerovic et al. 2006; Brimi and Sacchett
2009). In addition, Smelcerovic et al (2006) found a positive comelation between the
secondary metabolite confent in some Hypericum species and certain SSE. and EAPD
markers.

Hypericum (Hypericaceae; Stevens, 2007; APG DI, 2009) is centred around the
temperate regions of the Northem Hemusphere that underwent rapid radiation dunng the
Pleistocene (WNiirk et al. 2013). H. perforafum is a widespread Eurasian perennial plant species
with remarkable vanation m its morphology, ploidy and breeding system, which ranges from
sex to apomixis (Koch et al. 2013). Recently Koch et al. (2013) have demonstrated that H.
perforatum 15 not of hybnd ongin, and for the first ttime recorded the occurrence of wild
diploid populations of the species. It was shown that pseudogamous facultative apomictic
reproduction 15 prevalent m the polypleids, whereas diploids are predominantly sexual, a
phenomencn which alse characterizes its sister species H maculanum. Molecular markers
charactenized 1dentical major gene pools, distmguishmg H. perforatum from H maculatum
and two genetic groups in H perforatum, the three gene poocls being in close geographical
contact. Extensive gene flow and hybndization throughout Europe within and between gene
pools and species has been confirmed by the molecular data and morphometric analyses. The
authors concluded that the geographical distribufion of the different gene pools of H
perforamm demonstrates that Central Europe 1s divided, with a red gene pool prmanly found
in the north and a green gene pool found primarily m the south. High levels of gene flow
between the two H. perforatum gene pools have been indicated. Further, the authors propose
that the genetic and morphelogical distinctness 15 reflective of two faxa within a broadly
defined H. perforatum. Although there 15 a broad mterest in H perforatum and its closest
relatives, hittle 15 known regarding systematic relationships and evolutionary listory, the
distmbution of genstic variation and infra- and mterspecific mfrogression (Koch et al. 2013).
Relationships between the 36 sections of the genus remain to still be speculative. In a recent
work of (Meseguer et al. 2013} a complex complex pattern of morphological plasheity and
mterconfinental movement withn the genus demonstrated by means of Bayesian
reconstruction reconstruction of morphological character states and range evelution. It was
hypothesized that ancestors of Hypericum were probably tropical shmbs that nugrated from
Africa to the Palearctic in the Early Tertiary, coencurrent with the expansion of tropical
climates in northemn latitudes. Further climate cooling could have promoted adaptation to
temperate conditions in some lmeages, such as the development of the herbaceous habit or
unspecialized corollas.

The diversity of Balkan Hypericum genotypes, ethnobotanical data on Hypericum species
traditional applications, as well as scientific findings on Hypericum phytochemistry and
biclogical activity have been summanzed below.

5. Balkan Hypericum Traditions and Up-to-Date Kesearch
The Balkan Peninsula encompasses temtonies to the south from central Europe mto the
Mediterranean Sea, the Balkan Pemmsula, mcluding Albama, Bosma & Herzegovina,

Bulgaria, Croatia, Greece, Macedonia, Montenegro, Fomania, Serbia, Slovenia, and
European Turkey. The Balkans are considered as one of the “hotspots™ of Eurcpean
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biodiversity being a glacial refuge for plant and amimal species, and a crossroads for faunal
and floral exchange with Central Europe on the one hand, and Asia Minor on the other,
charactenzed by an outstanding diversity of cave and ancient lake environments, high
terrestrial and riverine habitats (Gnffits et al. 2004). Authors bnng out the high level of
endemism as one of the most stnking elements of comparative patterns of biodiversity as
compared with other parts of Europe. The use of Harba Hyperici, derived from the widely
utilized H perforaium, as well as from other Hypericum species indigenous for the region has
been widely reported from numerous authors (Table 3). Together with H. perforanm which
was prescribed by the ancient Greek healers, literature data on the application of also other
species can be traced back to ancient Balkan phytotherapeutic history. Such example 15 H
tnguetnifolivm, which has been enlisted in medieval medical manuscript “Element Alpha™ of
NikolacsMyrepsos', chapter “About the Antidetes™ of the Byzantine physician at the court of
John 1T Doukas Vatatzes at Nicaea (13th century) (Valiakos et al. 2013). Some practices of
traditional application of the preparations by the Balkan people can also be traced in
European written sources. Thus, a literature survey proved that the utilization of Hyperici ol
for wound healing 15 not only known in the folk medicine of the Balkans and Turkey. but also
practiced m all over the world. Thus, its production was descnbed as “sunlight maceration
methoed” m the supplement of German Pharmacopoeia [DAB 6] (Maisenbacher and Kovar,
1992). Based on chromatographical data hyperforn was considered the active principle
determining this activity (Maisenbacher and Kovar, 1992). Motivated by the ethnobotanical
evidence of utilization of Hypericum species other than the widely studied H. perforafm, a
large number of works has been dedicated to the study of the therapentic potential of Balkan
representatives of the genus (Table 4).

6. Biotechnological Utilization of Balkan Hypericiim Germpalsm

Due to the high market demands for extractable raw material of H. perforatum with
controlled quality of the secondary metabolite content, mumerous programs have been
developed for the selection, breeding and cultivation of improved cultivars of the species in
Eurcpe and North America (Gaudin et al. 2003; A=zl et al. 2011). In these, major effort has
been put into the targeting of such genotypes, whose phenotypic expression would display
desirable  phenological, morphological.  phytochemical and pathogenicresistance
charactenstics; afterwards a secondary, equally impertant goal is the stabilization of the
expression of these characteristics in the field cultivation environment (Azizi et al. 2011). But
still to date. the problem is not satisfactorily solved with the existing commercially available
te industry cultivars.

The phytochemical stadies of Hypericum species indigenous to the Balkan region have
provided evidence for the phytechemical potential of these accessions as novel sources of
phytopharmaceuticals characteristic for the genus (Table 3). The tools of plant cell tissue and
organ culture are a convement approach for the conservation of valuable medicinal plants
germplasm, supplementary of conventional methods for plant breeding. These tools are
irreplaceable when the genotype of rare, threatened or endangered species are concemed.
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Table 3. Ethobotanic data on the application of Hspericum species in the region of the Balkan Peninsula

Balkan Hypericum species | Preparation use Application Source
counry
Albania H. maculatum Decoction of the To treat digestive troubles and as anti-diaxrthoeal (also used as a veteninary preparation, Pieroni et al. 2005
dried gerial parts. | especially for sheep); treatment of stomach ache; as a tranquillizer; taken every morning as a
Oleolite diuretic; treatment of flu, sore throat. coughs and bronchitis; as an antthelmintic (used as a
veterinary for calves). The oil ion — used for treatment of bums.
H maculanm L “Aerial parts Dicorders of the digestive, respiratory, kidney. skin, menthal systems. Gonzalez Tejero et
al. 2008
Bosnia and H_moniamm L. Aerial parts and Uro-genital ailments, RT ailments, liver and gall disorders, gastro-intestinal ailments, blood Sanc-Kundali¢ et al
Herzegovina blossoms system discrders, metabolism disorders, skin ailments, cardiovascular system disorders and 2010;
musculosceletal system disorders. San¢-Kundalié et al
Internal application- for cervical injunies, mtemal purification, gastrointestinal ailments, 2011
flatulence, pulmonary ailments, throat inflammaticns, bedwetting, renal stones and as
roborantium for strengthening the corpus. External application: for ovarian inflammations.
cervical wounds, arthritis, rheumatism, pain in the back, swollen legs, bruises, contusions,
orosis, burns, hemorrhoids, eye injuries and throat
H perforanm L “Aerial parts and Respiratory tract ailments and skin ailments_ uro-genital ailments. respiratory tract ailments. | Gluck 180%; Sarié-
blossoms liver and gall disorders, gastro-intestinal ailments, blood system disorders, metabolism Kundalié et al. 2010;
disorders, skin atlments, cardiovascular system disorders. and musculosceletal system San¢-Kundalié et al
disorders, nervous system disorders. in nutrition. 2011
H isirapterum Fr. Uro-genital ailments, liver and gall disorders, blood system disorders. metabolism disorders. Gliick 1894; Sanc-
skin ailments. i system disorders. system disorders. Infernal Kundalié et al. 2010
application” for cervical mjuries, intemal punification. gastrointestinal ailments, flatulence, San¢-Kundalié et al
pulmonary ailments, throat inflammations, bedwetting. renal stones and as roborantium for 2011
g g the corpus. External for ovarian cervical wounds,
arthnitis, theumatism, pam i the back, swollen legs, bruises, confusions, osteoporosis, bums,
hemorrhoids, eye injuries and throat inf i
Herzegovina | H perforanm L “Aerial parts Tea (singly, of m combination with other herbs) against ulcus diseases. asthma and bronchifis, | Radun 2007

Liver and kidney diseases, for appetite improvement and expectoration alleviation; Oil
preparation (olive or sunflower oil and fresh flower placed i the sun or warm area for 6
weeks, the preparation then kept in cool and dark) - wounds and bums, for bruises and as anti-
inflammatory, for sprains, skin imitations wnd laceration accompanied by severed nerve tissue,
painful jomis, varicose veins, muscle strain, athritis, ad thewmatism; Wine (fresh flowers
covered with white wine, kept 30 days, then filtered) digestion improving and externally for
bruises and ulcers.
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Balkan Hypericum species Preparation use Application Source
country
Bulgaria H. perforatum L. Aerial parts; infusion, tea, | Gastric disorders (acidity, ulcer, gastritis, gall stones, kidney stones, Staneva et al. 1982
oleic preparation against hemomhages (hemorrhoids, menstruation), ulcerative colitis,
treatn of heart disorders, neurasthenia.
H. perforatum L. Aerial parts; infusion, tea, Gout, tuberculosis (mild form), gynecologic disorders (vag. discharge), Neshev and
oleic preparation diarrhea, bed wetting in children, headache, migrene, hystenia. Landgev 1989
H. perforatum L. Aerial parts Gastric and duodenal ulcer, regenerative, antiinflammatory Ivanova 2003
agent in digestive tract diseases,
epithelotonic
H perforatum L. Aenal parts — nfusion, Anti-imflammatory, diuretic, spasmolytic, analgesic, as tonic, Kunchev 2003
ethanolic tincrure, oleic antimicrobial. mood regulation, against insomnia and fear conditions.
preparation
Greece H. empetrifolium Aerial parts Extemal use as a wash to speed wound-healing, heal scalds, and treat Vokou et al. 1993
outbreaks of herpes
Montenegro | H perforamm L. Blossoms — red colored oil | First - degree bums, bruises and other skin conditions. Utilized as Foster 2006
preparation “tanming oil” to create a dark tan (contra-indicated i light skin
individuals).
H maculatum Crantz. H. Aernial parts Anxiety, depressive meods. gastritis. Externally, inflammation of the Menkovic et al.
perforaum L., skin, blunt injuries. wounds, bums 2011
Serbia H. annulamum Moris (syn. H. na. treatment of gastric and liver disorders Bordevic et al.
atomarium Boiss. subsp. degenii 2013

(Bomm ) Hayek and H degenii
Bormm.)

H. perforatum

Aenal parts, blossoms

An astringent, calming properties. Internally for moderate depression,
insommnia and gastrointestinal ailments (stomach uleer, liver and bile
ailments, jaundice) (tea).

Extemally for haemerthoids (eil); creams and infused oils are applied to
bums, wounds, cuts, nuscular pain, sciatica, neuralgia (flowering tops
fresh or dried put into olive oil and left in the sun for 3040 days to
obtain a red oil). For newbom infant’s gastric spasms (by putting oil on
the baby’s abdomen and by dressing wammly).

Jané etal. 2007

H. perforatum L.

Infusion and oil extract of

Internally: moderate depression and gastrointestinal ailments; externally:

skin ¢ wounds and bums, hemorhoids

Savikin et al. 2013

the aenal parts

H. perforatum

Infusion, o1l of the aerial
parts

Most popular amongst 43 other medicinal plants. Immune system
strengthening, peptic ulcers, stimulant. Externally, skin disorders,
purulent wounds and wound healing.

Zlatkovic et al.
2014
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Table 3. (Continued)

Balkan Hypericum species | Preparation use Source

couniry

Romania H porforamm L and | Aerial parts Teas for stomach problems. medicinal tea for cows, relaxing teas, blessed in Folodziejska-

Bukovina H Crantz bouguets on the Day of Assumption, present in Apocrypha Degérska 2012

Romania. “Aerial parts ‘Aerial parts for wound, bleeding. diarrhoea, gastric ulcer, kidney and heart Grynaeus and

Transilvana diseases as tea. The tea was poured into the nostril of horses agamst diarrhea, Szabo 2002; Brenner
Considered a blessed plant. It was believed that blood of Jesus dropped on the and Chey 2010; Saito
leaf causing spots. aerial parts for diarrhea et al 2010; Papp et al

2014

Turkey H empetrifolium Rerial parts Treatment of Kidney stones and gastric ulcers Tuzlacy 2006

Turkey H parforanm L Decoction of the aerial | Kidney stones, urinery diseases, diabetes, antilypertensive, cold, stomach ache, | Kitlfir 2007

(Kuklareli parts enteritis, eczema,

Province) antifingal, cardiac diseases, arteriosclerosis

* Listing of countries of origin in alphabetic order.
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Table 4. Research on the hiological activity of extracts and individual compounds derived from Balkan Hypericum species

Balkan Hypericum species | Parts of the plant/chemical constituents Pharmacelogical activity Source
country®
Bulgaria H. annulatum Moris | Aerial parts - 5 benzophenones and a xanthone . Cytoprotective effects. Momekov et al.
2006
Aerial parts — five benzophenones and a xanthone Protective effect against carbon tefrachloride toxicity in | Mitcheva et al
isolated rat hepatocytes 2006
Anmulatomarin. Growth-inhibitory activity in vitro against human Nedialkov et al.
chronic myeloid leukemia. 20070
Aenal parts — hyperatomarin. Cytotoxic effect on different human tumeor cell Iines. Momekov et al.
2008
H. perforatum Aerial parts - (1) ethanol; (2) chloroform; and Feduction in hypericin-induced phototoxicity. Schmitt et al. 2006
(3) the residue from the chloroform extraction,
extracted with ethanol; pure compounds isolated from
the plant (chl ic acid and pyropheophorbide).
Greece H. empetrifolium Phloroglucmol denvatives, isolated from the petrol Two of the acylphloroglucinels substituted with Schrmdt et al. 2012

ether extract of the aenial.

monoterpenoids displayed high anti-angiogenic activity.
One of them was also effective ina cell migration assay
with HMEC-1 cells.

Methanolic extract

Anti-inflammatory and activity.

Trovato et al. 2001

H. perforatum

Methanolic extract and polar methanolic extract of the
aerial parts.

Photosensitizer in photodynamic therapy for the
leukemic cell line HL-60 and cord blood (CB)
hemopoietic progenitors

Kapsokalyvas et al.
2005

Aenal parts boiled in methanol for 30 mun. Extract
defatted with n-hexane and polar methanolic fraction
(PME) obtained.

Companson of photosynthesizing capacity
(photoexcitation caused) of pure hypericin (as
reference) and obtained PMF.

Skalkos et al. 2006

Polar methanolic fraction (PMF) of the extract of the Phototoxic activity against urmary bladder carcinoma Stavropoulos et al.
aenal parts, as described above. using T24 (high grade metastatic cancer), and RT4 2006

(primary low grade papillary transitional cell

carcinoma) human bladder cancer cells.
Hyperforin and semi-synthetic analogues (acetate Larvicidal activity against Culex pipiens (mosquitoes Mitsopoulou et al.
hyperforin, deoxycohumulone, mono-acetyl transmitters of filariasis, West Nile virus, 5t. Louis 2014

deoxycohumulone, di-acetyl deoxycohumul -
acetyl deoxycohumul

Lalitia T

phalitis, V: lan equine

encei:b litis, Western equine encephalitis).
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Table 4. (Continued)

Balkan Hypericum species Parts of the plant/chemical Pharmacological activity Source
country*=
Serbia . annulaium Motis ‘Hyperatomarin - fom (he aexial parts. Antibactenial activity. Savikin-Fodulovie
etal 2003
H._ barbatum Jacq.. H. hirsunum Crude methanol extracts of the aerial parts | Antimicrobial and antioxidant activity. Radulovic et al.
L, H linarioides Bosse, H. 2007
macularum Crantz, H obympicum
L, H perforanum L, H richeri
Vill, H rumeliacum Boiss, H
temrapterum Fries
H alpinum H. barbatum H. Essential oils of the aerial parts Antimicrobial activity. H barbaium essential Saroglu et al. 2007
rumeliacum, H. hirsutum, H il was proved to be the most active.
latum, H perforatum
H_ annulatum Moris and H. Essential oils of the aerial parts Antimicrobial (antibacterial, antifungal) Dordevi¢ etal.
elegans Stephan ex Willd activity 20132
H annulatum: better antibacterial than
antifimgal activity, more effective against P.
aeruginosa and E. coli;
H elegans - no significant difference between
antibacterial and antifungal activity
B pericum rochelii Griseb. & Essential oils of the aerial parts Moderate antimicrobial effects against five Dordevic etal
Schenk, H. umbellatum A. Kem bacterial and twe fangal strains 2013b
H. maculamum ssp. immaculanum, | Phenolic acids, davenoids, hyperform, Notable ‘potental, prominent Bozinetal 2013
H olympicum, H richeri ssp hypericin isolated from the aerial parts inhibition of acetylcholinesterase
erisebachii, B barbatum).
Romania H maculatum Crantz, H. Ethanol (70 %) extraction at room Antiproliferative effects on Ehrlich ascitic Prodan et al 2009

perforanum L carcinoma in white NMRI male mice
H maculanm Crantz, B Ethanol (70 %) extraction at room “Antidepressant effect (forced swimming festin | Manalachioaie et
perforatum L. Swiss Mice). al. 2010
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parforamm L.

perforatum (4.421% natoside and 0.444% total
hypericin): H macularum (4.957% rutoside and
0.543%

total hypericin)

Hypericum perforanum and
Hypericum maculatum had sedative effects,
animals manifesting somnolence.

Balkan Hipericum species Parts of the plant/chemical constituents Pharmacolegical activiry Seurce
country*
H maculatum Crantz, H. 1:10 alcoholic tincture of the aenal parts. For H. Administration on mice intoxicated with Roman 2011
parforamm L. perforatum (4.421% ratoside and 0.444% total alcohol. Most effective (hepatoprotective and
hypericin); H maculatum (4.957% rutoside and immunestimulating), H perforamm extract
0.543% (0.15% hypericin) and H. maculatum extract
total hypericin) (0.15% hypericin). H. perforatum extract with
0.3% hypenicin'kg corp increased liver
hological changes induced by alcohol.
H. macularum Crantz, H. 1:10 alcoholic tincture of the aerial parts. For H. Administration on rats intoxicated with alcohol. | Roman et al 2013

* Listing of countries of origin in alphabetic order.
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Table 5. Research on the phytochemical characterization on wild collected Hypericum species indigenous to the Balkan flora

Balkan Hiypericum species Parts of the plant/ Phytochemical data Source
country extraction procedure
Bulgaria Evaluation of 36 Hypericum | Aerial parts Mangiferin — in 26 species: Kitanov and Nedialkov

55p. belonging to
17 sections

Isomangiferin — 33 species. highest amounts of mangiferin were
observed in H. rocheiii Griseb. et Schenk. H. perfoliatum L., H.
aucheri Jaub. et Spach and H. montanum L.

1998

H. ammulafum Moris subsp.
annuianim (H. atomarium
subsp. degenif)

Total hydrolysis of purifies
ethanol extract

Genistein, xanthohypericoside

Kitanov

and Akhtardziev, 1979;
Kitanov and Nedialkov
2000

Aerial parts

Hypericin. pseudohypericin

Kitanov, 2001

Methanol extract of the aerials

ide and annulaf

hyperic Kitanov and Nedialkov
2001
Methanolic and chloroform Annulatoph de, acetylannulatopl deand a Nedialkov and Kitanov,
extracts chromone 2002
Aerial parts Annulatomarin, physcion and B-sitosterol Nedialkov et al, 2007t
H. perforatum Aqueous infusion of the aerials. Total tanins. total flavonoids, and antioxidant capacity Ivanova et al. 2005

H_umbellatum

Methanol extract of the flowering
aerial parts

2 arabinofuranosieds. avicularin. quercitrin. isoquercitrin)
hyperoside, xanthone (norathyriol). kaempferol, I-3.1I-8-
biapigenin, quercetin. myricetin

Nedialkov et al. 2007a

H._aucheri Jaub. et Spach,
H. barbatum Jacq..

H. cerastoides (Spauch) N,
H. elegans Stephan ex
Willd, H. linarioides Bosse,
H. maculatum Crantz, H.
montbretii Spach, H.
olympicum L., H.
perforatum L., H. richeri
Vill.,  rumeliacum Boiss.
H. tetrapterum Fries, H.
umbellatum A Kerner

Methanolic extract of the aerial
parts

Total flavonoid and tanins content, radical scavenging and
antioxidant activities. The highest level of tannins was found in
H. perforatum and the lowest — in H. elegans. Highest levels of
flavonoids - H. cerastoides, lowest H. olympicum. Hughest
DPPH and ABTS quenching - H. cerastoides. Highest total
antioxidant activity - H. maculatum and H. olympicum.

Zheleva-Dimitrova et al
2010
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Balkan Hypericum species Parts of the plant/ Phytochemical data Source

country extraction procedure

Croatia Hyperici herba Agqueons infusion of the aerial parts | Total phenolic content antioxidant capacity Katalinic et al. 2006
Greece H. perforatum Soxhlet extraction chlorogenic acid. hyperoside, taxifolin 3-u-Irthamnopyranoside, Exarchou et al. 2006

of the aerial parts with methanol.
LC-MS, LC-UV-SPE-NMR. On-
line DPPH and ABTS radical
scavenging screening.

quercitrin, quercetin

Extraction by methanol, ethanol,
EtOH-water and water
Comparative analysis of floral
buds, blossoms, shoots. branches

Hyperforin, adhyperforin, hypericin, psendohypericin, phenolic
content, antioxidant activity; pro-oxidant activity of extracts
established

Gioti et al 2009

Methanolic extract of the aerial
parts

Total phenolics. epicatechin. catechin. quercetin. kaempferol,
genistein, chrysin, naringenin, chlorogenic acid. protocatechuic
acid. caffeic acid, vanillic acid. ferulic acid, gallic acid. p-
coumaric acid, p-OH-benzoic acid. resveratrol, syringic acid,
homovanillic acid. phloretic acid, cinnamic acid. O-coumaric acid,
p-OH-phenylacetic acid. malvidin 3-O-glucoside, catechin,
hyperoside, isoquercitrin, astilbin, quercetin 3-O-xyloside.
quercitrin, quercetin 7-O-glucoside, quercetin aglycon. Significant
antioxidant activity of the extract established.

Kalogeropoulos et al.
2010

H. empetrifolium Willd
H rumeliacum Boiss. ssp
apollinis Robson & Strid.
H. perfoliarum L.. H.
triguetrifolium Turra and
H._ perforatum L.

Essential oil of the aerials

Comparison based on 98 terpenoid compounds (occurred in
concentration over 1%) out of 132 terpenoids present in one or
more oils

Petrakis et al. 2005

H. emperrifolium

Petrol ether extract of the aerial
parts

Five acylphloroglucinols substituted with monoterpenoids
(empetrifelixin A-D and empetrikajaforin), three monocyclic
acylphloroglucinols, one monocyclic acylphloroghicinol

Schmidt et al. 2012

H perforatum

Polar methanolic fraction of the
extract of aerial parts

Total hypericins, total chlorophylls. chlorophyll a and chlorophyll
b, hypericin. psendohypericin

Skalkos etal. 2006

Ultrasonic methanolic extraction in
dark conditions

hypericin, pseudohypericin, protohypericin,
protopseudohypericin, hyperforin. adhyperforin. quercetin.
quercitrin, isoquercitrin,

Tatsis et al. 2007
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Table 5. (Continued)

Balkan Hypericum species Parts of the plant/ Phytochemical data Source
country extraction procedure
Separation and identification by hyperoside. astilbin, miquelianin, I3 TI8-biapigenin.
LC/DAD/SPE/NMR and LC/UV/(ESDMS chlorogenic acid, 3-O-coumaroylquinic acid
techniques
Ultrasonic methanol extraction of the aerial Hypericin and pseudohypericin Tatsis et al. 2008
parts. Method development for the direct
identification and quantification by one-
dimensional '"H NMR spectroscopy
Romania H perforatum L., H. Methanolic extracts of the aerial parts. Spectrophotometric assay of total flavonoids and Gitea et al. 2010
maculatum Crantz, with two hypericins. . maculanin had highest content of total
subspecies, hypericins and flavonoids.
H. retrapterum Fries,
H. hirsuum L
Serbia H. annulatum Moris subsp Aerial parts Hyperatomarin Savikin-Fodulovi¢ et
amnulatum (H. atomarium al. 2003
subsp. degenii)
H. annulatum Moris subsp Aerial parts Essential oil composition Gudzic et al. 2004;

amnulatum (H. atomarium
subsp. degenii)

Niketi¢ and Tomovi¢
2008

H barbatum, H. hirsuium,

Methanol extracts of the aerial parts

hyperoside. quercitrin, hyperforin and hypericin

Smelcerovic and

H. limarioides, H. (hypericin in A barbarum was 3.9 times higher than that | Spiteller 2006
maculatum, H. olympicum, in H. perforatum).

H. perforatum, H. richeri,

H rumeliacum, H.

tetrapterum

H. barbatum Jacq., H. Accelerated solvent extraction with methanol Hyperoside. quercitrin. pseudohypericin. hyperforin Smelcerovic
hirsutum L., H. linarioides hypericin. Highest content of hypericin and et al. 2006

Bosse, H maculatum
Crantz, H. nimeliacum
Boiss., /. fetraprerum Fries

pseudohypericin: in H. barbatum, highest
hyperforin and quercitrin in . tetrapterum, highest
hyperoside in H. maculatum.

Six Hypericum species

essential oils of the aerial parts

Essential oil composition. Main components: 5.
alpinum: B-pinene, y-terpinene, caryophyllene; H.
barbatum: u-pinene. p-pinene. limonene, caryophyllene
caryophyllene oxide; H rumeliacum: a-pinene. p-
pinene, limonene,

Saroglou ef al. 2007
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Balkan Hypericumt species Parts of the plant/ Phytochemical data Source
country extraction procedure
H. hirsutum: nonane, undecane, caryophyllene,
caryophyllene oxide, H. maculatum: spathulenol, globulol; H.
perforatum: o-pinene, p-farnesene, germacrene D;
H. barbatum, H. hirsutum, Essential oils of the aerial High content of non-terpene compounds and a low content of Smelcerovic
H._ linarioides, parts monoterpenes. H barbatum, H. vicheri and H. rumeliacum (section et al. 2007
H. maculatum, H. Drosecaprium) — similarity and high content of fatty acids. . hirsutum
olympicum, H. perforatum, and H. linarioides (section Taeniocarpium) —high n-nonanene. H.
H. richeri, H. rumeliacum, maculatum, H. perforatum and H. tetrapterum (section Hypericunt) —
H._ tetrapterum similar contents of non-terpenes and sesquiterpenes. H. olympicum
differed from others by higher terpene content
H. maculatum ssp. Maceration chlorogenic acid, caffeic acid, mutin, quercitrin, hyperforin, hypericin Bozin et al 2013
immacuiatum, with 70% of ethanol of the
H. olympicum, H. richeri aerial parts at full blossoming
ssp. grisebachii, H. stage
barbatum)
Hypericum rochelii Essential oils of the aerial H rochelii — 79 components: Dordevic et al.
Griseb. & Schenk. H. parts - hydrodistillation by n-nonane, p-pinene. germacrene D. n-undecane, and a-pinene (5.8%) as 2013b
umbellatum A_Kermn Clevenger - type apparatus main constifuents
H. umb: — 126 components: D, (E)-nerolidol, n-
nonane, (E)-caryophyllene and caryophyllene oxide as the most abundant
components
Northern H. perforatum L. Covering aerial parts with Hypericin, chlerogenic acid, mutin, hyperoside, apigenin-7-O-glucoside, Cirak et al. 2007
Turkey 96% ethanol, then shaken for quercitrin and quercetin
1 hand left for 72 h in dark at
room temperature.
Northern H. perfoliatum and H. Stem, leaf and reproductive Psendohypericin and hyperforin — increased during ontogenesis. Full Cirak et al. 2008
Turkey origanifolium tissues - opened flowers produced the highest pseudohypericin and hyperforin in
H. origanifolinm. Highest psendohypericin was in full opened flowers in
H. perfoliatum, while floral buds of this species produced the highest
amount of hyperforin_
Turkey H. calycinum L. 80% methanolic extraction at Butyl chlorogenate. chlorogenic Kirmizibekmez et
(Kayigdag. 45°C of the aerial parts. acid, quercetin, quercitrin, hyperoside, isoquercitrin, miquelianin, rutin, al. 2009
Tstanbul) 13118 -biapigenin. (+)-catechin and (-)-epicatechin were isolated.
Compounds showed strong DPPH and moderate NO scavenging
activities. (+)-catechin and (-)-epicatechin were most active

* Listing of countries of origin in alphabetic order.




Table 6. Research on plant cell tissue and organ culture of Hypericum species characteristic for the Balkans

Country of Hypericum species Type of in vifro culture | Experimental design in the work Source

origin of the

plant

Bulgaria H_ rumeliacum Boiss Shoot culture Initiation of shoot cultures from ex sifu sterilized stem explants. Assay of Danova et al.
phenolic and flavonoid levels. 2007a

H. tetrapterum Fries and Sterile explants Study of morphogenic response of leaf. stem. nodule and root explants Danova et al.

H. rumeliacum Boiss. towards plant growth regulators. Double stage culture for biomass 2007b
production in vitro.

H. rumeliacum Boiss Shoot culture Cryopreservation of shoot apical meristems. Study of levels of phenolic Danova et al.
and flavoneid compounds, malondyaldehyde and hydrogen peroxide 2000
levels, and histological characteristic of photosynthetic apparatus of

g d plantlets f vitro as compared with non-frozen control.

Hypericum rumeliacum, Shoot cultures Growth parameters, polyphenolic content, phenolics accumulation, Danova 2010

H. tatrapterum Fries, H. total soluble sugars content, malondialdehyde and hydrogen peroxide

calyeimum L. lewvels in a model system of abscisic acid pre-culture treatments (as pre-
conditioning step prior to liquid nitrogen storage)

H. rumeliacum Boiss. Shoots, leaf. stem. Light microscopy study of morphogenetic structures formed as a result of | Danova et al.

nodule, root explants. plant growth regulators treatment. Phenolic and flavonoid levels, double 2010
stage culture for biomass formation and retaining of biosynthetic potential
invitro.

H_rumeliacum Boiss, H. Shoot cultures Modification of vitamin supplementation. Study of polyphenolic content, Danova et al.

tetrapterum Fries, H. hypericin. pseudohypericin. malondialdehyde and hydrogen peroxide. 2012a

calyeimum L. morphometric parameters. dark glands density.

H. rumeliacum Boiss., Shoot cultures Regenerants after cryo-storage in liquid nitrogen. Polyphenolics. Danova et al.
hypericin and pseudohypericin, activity of enzymes responsible for the 2012b
antioxidant defense of the plant.

H. rumeliacum Boiss.. H. Shoot cultures Slow growth stock cultures. Nitrogen oxide scavenging activity. Mehandzhiyski et

richeri Vill . H. al 2013

retrapterum Fries

H. calycimuam L. Shoot cultures Modification of plant growth regulators content. Polyphenolics content Treneva et al.
and antioxidant enzymatic activity study. 2014

H_rumeliacum Boiss

Shoot culfures

Karyotype characterization.

Martonfiova et al.
2014
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Country of origin
of the plant

Hypericum species

Type of in virro culture

Experimental design in the work

Source

Macedonia

Hypericum
perjoratum L.

Callus, shoots and
regenerated plantlets in
vitro.

Hypericin, pseudohypericin

Gadzovska et al.
2005

Hypericum perforatum L

Suspension culfures

Jasmonic acid elicitation and stimulation of increased
production of phenylpropanoids and naphtodianthrones
production.

Gadzovska et al.
2007

Hypericum perforatum L. Suspension cultures Elicitation of phenylpropanoids (phenolic compounds, Gadzovska-Simic
flavanols. flavonols and anthocyanins) and naphtodianthrones etal 2012
(hypericins) with mycelia extract from the fungus Aspergillus
Slavus.

Hypericum perforatum L. Hairy roots Quinic acid, 3-caffeoylquinic acid, 3-p-coumaroylguinic acid. Tusevski and

3-feruloylquinic acid, rosmarinic acid. quercetin 6-C-glucoside.
kaempferol 3-O-rhanmoside, isorhamnetin O-hexoside.
kaempferol hexoside. rutin, kaempferol 3-O-rutinoside.
catechin. (epi)catechin, proanthocyanidin dimer, quercetin,
kaempferol

Gadzovska 2013

Hypericum perforatum L.

Hairy root cultures

Quinic acid. flavonol glycosides. flavonol aglycons. xanthones

Tusevski et al
2013a

Hypericum perforatum L. Hairy root cultures Comparative study of the phytochemical profile of dark-grown Tusewvski et al
and photoperiod-exposed cultures. Phenolic acids, flavonols, 2013b
flavan-3-ols (quinic acid, kaempferol, and seven identified
xanthones stimulated by light): 3-p-coumaroylquinic acid and 3-
feruloylquinic acid — de nove synthesized in light

Hypericum perforatum L. Shoot cultures Polysaccharide elicitors (chitin, pectin. and dextran) — Gadzovska Simic
stimulation of phenylpropanoids (phenolics and flavonoids) and | etal 2014
naphtodianthrones (hypericin and pseudohypericin). Study of

ic antioxidant properties, p idase activity,
phenylalanine ammonia Iyase and chalcone-flavanone
isomerase.
Hypericum perforatum L. Suspensions Evaluation of growth. antioxidant activity. phenolic compounds | Tusewvski et al

production, xanthone profile after elicitation with
Agrobacterium tumefaciens and Agrobacterium rhizogenes.

2014a
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Table 6. (Continued)

Country of origin
of the plant

Hypericuim species

Type of in vitre culture

Experimental design in the work

Source

100% acclimatized plantlets. Study the effect of plant growth
regulators.

Hypericum perforatum L. Hairy roots Regeneration of plantlets in vitro from hairy roots. Determination of Tusevski et
phenolic acids, flavonols, flavan-3-ols, naphtodianthrones, al. 2014b
phloroghicinols, and xanthones

Serbia Hypericum perforatum L Hairy roots Effect of sucrose on growth and biomass production Vinterhalter
etal 2006

Hypericum perforatum L Hairy roots Effect of sucrose on shoot regeneration potential Vinterhalter
etal 2015

Romania H. maculatum Crantz Micropropagation Efficient in vitro propagation protocol resulting in an average of 97 — Bicilaetal

2010

H_ hirsutum, H. maculatum Shoot cultures Effects of plant growth regulators and elicitors (jasmonic acid and Coste et al.

Crantz salicylic acid) on production of hypericin, pseudohypericin and 2011
hyperforin

H_ richeri ssp. Shoot cultures Cryopreservation protocol. study of effects of type of explant and Coste et al.

ranssilvanicum, FH. cytokinin type on in virre plant regeneration. 2012

umbellarum

* Listing of countries of origin in alphabetic order.
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The biotechnological development of in virte accessions alse allows for the development
of protocols for the constant and reproducible delivery of certain components of the
phytochemical spectrum of the species. After the pioneening works on plant cell tissue and
organ culture of H. perforatum, more than twenty years age (Zdunek and Alfermann 1992;
Cellarova et al 1992), a huge mumber of research effort has been dedicated to
bictechnological development of Hypericum species. However, with only few exceptions,
research has been focued predominantly on H perforafum or also other closely related
species (Danova 2014 and references cited within). The recent decade has also marked an
active development of research on the biotechmological expeniment on Hypericum species
indigenous to the Balkan Peninsula (Table 6). It has been shown that both differentiated
shoots. as well as genetically transformed hairy root cultures of Hypericum species possess a
high biosynthetic potential regarding secondary metabolites characteristic for the genus.

Development of callus and suspensions, as well as hairy roots of H. perforatum by
Gadzovska-Simich et al. (Table 6) has led to in vitro system development for the production
of xanthones, which are otherwise not present in H. perforatum. Bulganan flora provides the
richness of wild accessions of 22 Hypericum species (Table 7). Of them 5 are Balkan and one
Bulganian endemic species (the latter, however, extinet].

Table 7. Species of the Hypericum genus characteristic for the Bulgarian flora
(Yordanov and Kojuharov 1970: Robson 1977; Kitanov 2001; Anchev et al. 2009)

Species Section Endemic Threatened
status status

H calyeimim L Il Ascyreia Choisy EN

H. gndrosaemum L. F. Androsaemum (Dubamel) Godron EN

H. retraprarum Fries IY Hypericum

H. maculatum Crantz IV Hypericum

H. perforaium L. IX Hypericum

H_ glegans Stephan IY Hypericum

H. alympicum L. X Ohmpu (Spach) Nyman

H. cerazroides Spach AT Campylopus Boiss Balkan

H. montbretii Spach XTI Drosecarpium Spach

H. sefgferum Stef. AT Drosecarpium Spach Bulgarian | EX

H umbellafum Kem XTI Drosecarpium Spach Balkan NT

H. richerii Vill. I Drvosecarpium Spach

H_ rochelit Griseb. et Shenk | XTI Drosecarpium Spach

H_ boizsiers Petr. XTI Drosecarpium Spach Balkan LY

H. barbaum Jacg. AT Drvosecarpium Spach

H. rumeliacum Bolss XTI Drosecarpium Spach Balkan LC

H. aucheri JTaub. et Spach XF. Oligostema (Boiss.) Stef.

H. thasium Griseb AV, Thasia Boiss. Balkan VU

H. hyssopjfolium Chaix XVII. Hirtella Stef.

H. kirsumum L. XFIIIL Taeniocarpium Jaub. et Spach

H. [ingrowies Bosse XV Taeniocarpium Jaub. et Spach NT

H. annulamm Mors XAV Adenosepalum Spach NT
Abbreviations: Profection status EN - endangered, EX — extinet, NT — near threatened; LC — least

concermed; VU — vulnerable.
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Table 8. Obtained conditions for long-term maintenance of stock shoots of some
Hypericum species characteristic for the Balkan flora

Hypericum species Medinm formulation i::_’j::]h“

H. richeri Vill. The basic macro- microsalts and vitarnins of M5 3 months
medium +

H. rumeligcum Boizs. | —  For stimulated bypericin production (the basic MS | 3 months for both

macro- microsalts, Gamborg vitamins + glycine fornmlations
supplementation after the 35 formula),
30 g/l sncrose, §.5 g1 agar

—  For stimulated polyphenolics production the basic

M5 formmla,

30 g sucrose, 5.5 g/ agar
H. calycimum L. The basic M5 formmla, 30 21 sucrose, §.5 g/l agar 7 months
H. retraprerum Fries The basic M5 formnla, 30 21 sucrose, §.5 g1 agar 7 months
H. perforatum L. The basic M5 formmla, 30 21 sucose, §.5 g/l agar 7 months

As a part of broader program for germplasm conservation as well as for biotechnological
development purposes we have started the establishment of a slow growth culture of some of
these species (Table 8). Research has led to the optimization of culture conditions for the
double stage culture of H. rumeliacum Boiss for the biomass formation. as well as retaining
its biosynthetic potential of polyphenclic compounds (Feferences in Table §). The latter
species showed to have an indigenously high hypencins production which was optimized up
te levels exceeding the ones from the samples of the wild habitats. as well as of other reported
Hypericum species in viire without the conducting of elicitation experiments (Danova et al.
2012a).

In a comparative study of different in vitre culture accessions in our Lab, H. rumeliacum
and H. richeri extracts were shown to exhibit nitrogen oxide radical scavenging activity
exceeding the one of H fetrapferum, as well as the other species. The obtained values were
also higher than the ones obtained for the referent Vitamin C in this work (Mehandzhiyski et
al. 2013). The hypericin non-producing H. calycinum was shown to be a promising producer
of polyphenolic compounds in vifre (Treneva et al. 2014).

Further research 1s in progress for the scale-up of the obtained processes in bioreactor
conditions, as well as to assess the pharmacological potential of extracts, fractions or pure
compounds obtained from Hypericum genotypes indigenous to the Balkan region.
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