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ABSTRACT

From a botanical perspective, the large number of
species of the genus Sideritis coupled with the tendency
to hybridise between the different species has prompted
an accurate study designed to clarify all the controversial
points in the botanical classification of this genus. The
past phytochemical studies of the Sideritis species have
been performed with different extracts from the aerial
parts, essential oils and isolated compounds such as
diterpenoids, flavonoids or phenylpropanoid glycosides.
These investigations have justified the traditional uses
for these plants and provided direction for new pharma-
cological research.

In recent years, other compounds such as iridoids,
coumarins, lignans and phenylpropanoid glycosides
have also been isolated and identified. The results have
shown that essential oils act as good antimicrobial agents
against both Gram-positive and Gram-negative bacteria
and against the Candida albicans fungus. Diterpenoids
have shown antimicrobial, anti-inflammatory and anti-
feedant activity, and flavonoids are active as anti-ulcer-
ous, anti-inflammatory and antioxidant agents. Future
research should focus on the pharmacological activity of
these isolated compounds to find new active principles
and identify their mechanisms of action. In addition, it
would be interesting to investigate new pharmacological
activities apart from those used in traditional medicine;
recent studies have shown that diterpenes and some
diterpene derivatives act as effective anti-HIV and anti-
proliferative agents.
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SAZETAK

Veliki broj vrsta u okviru roda Sideritis, njihova izrazena ten-
dencija medusobnog ukrstanja razlog je sprovodenja obimnog
istrazivanja u cilju razjasnjavanja kontraverznih ¢injenica veza-
nih za botanicku klasifikaciju ovog roda. Fitohemijske studije Sid-
eritisvrsta obuhvataju izucavanjarazlicitih ekstrakata nadzemnih
delova, etarskog ulja i izolovanih jedinjenja kao $to su diterpenoi-
di, flavonoidi ilifenilpropanoidni glikozidi, kao jedinjenja nosioci
aktivnosti. Ova istrazivanja omoguéavaju da se sprovodenjem
farmakoloski osmisljenih eksperimenata opravda tradicionalna
primena ovih biljaka, kao i da se opravda eventualna upotreba
ovih biljaka i njihovih ekstrakata u tretmanu nekih oboljenja za
koje tradicionalno nije poznata upotreba biljaka ovog roda.

U poslednjih nekoliko godina, brojna u okviru sprovedenih
iscrpnih istrazivanja, jedinjenja kao Sto su iridoidi, kumarini,
lignani, kao i fenilpropanoidni glikozidi izolovani su i identi-
fikovani u ekstraktima ovih biljaka. Rezultati su pokazali da
eterska ulja deluju kao dobri antimikrobni agensi i da deluju
na gram pozitivne i gram negativne bakterije i gljivice Candida
albicans . Diterpenoidi su pokazali antimikrobno, antiinflama-
torno delovanje, a doprinose i odbrani biljaka od biljojeda. Fla-
vonoidi deluju kao anti-ulcerozni, antiinflamatorni i antioksida-
tivni agensi. Buducéa istrazivanja trebalo bi da buduusmerena
na ispitivanja farmakoloskih aktivnosti izolovanih jedinjenja, u
ciliu pronalazenja novih aktivnih principa i objasnjavanja me-
hanizma njihovog delovanja. Pored toga, istraZivanja ne bi tre-
balo ograniciti samo na potvrdu tradicionalne upotrebe biljaka
roda Sideritis, ve¢ bi bilo zanimljivo istraZitimogucénost njihove
upotrebe za nova indikaciona podrudja. Nedavne studije su po-
kazale da diterpeni i neki diterpenski derivata pokazuju anti
HIV delovanje, a poseduju i antiproliferativni efekat.

Kljucne reci: Rod Sideritis, tradicionalna primena, eterska
ulja, flavonoidi, antimikrobna, antiinflamatorna aktivnost
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INTRODUCTION

The genus Sideritis (Lamiaceae) comprises more
than 150 perennial and annual vegetal species widely
distributed in the Mediterranean area, together with the
Canary and Madeira islands. It is a controversial botanic
genus with a complex taxonomical classification due to
the high number of hybridisations that occur between
species; their study requires substantial and deep re-
search experience.

The results of numerous preliminary investigations
of plants belonging to the genus Sideritis L. revealed
plant-derived substances of particular pharmacological
and nutritional interest. So far, a wide variety of biologi-
cal activities of the Sideritis species have been reported:
anti-inflammatory, anti-ulcer, analgesic, antimicrobial
and antifungal (1-5), antifeedant (6), anticataract (7),
immunomodulating (8) macrophage NOS-2-expression
inhibiting (9) and hypoglycaemic (4). Recently, aldose
reductase-inhibiting activity (12) and antiproliferative,
anticholinesterase and selective oestrogen receptor
modulator-like effects have been reported (11-13). The
previous studies of the Sideritis species reported the
presence of flavonoid aglycones and glycosides, phenolic
acids, di- and triterpenoids, fatty acids, coumarins and
iridoid glycosides (2, 10, 12, 14-28). Most of the studies
on the Sideritis species attributed the previously cited
biological activities mainly to phenolic compounds. Re-
cently, several articles have been published describing
the connection between the phenolic constituents and
pharmacological activity in various Sideritis species (10,
14). Rios et al. (19) reported that flavonoids were reduc-
ing agents able to interact with free radical species (rele-
vant to the autoxidation mechanism) and could prevent
the generation of inflammatory mediators. The compo-
sition of the various Sideritis species essential oils has
also been studied exhaustively (1, 20).

The genus Sideritis is represented in Serbia by one
species only, S. montana L. (21), but because of its pro-
oxidant properties, this plant has not been used in tra-
ditional medicine (22). S. scardica Griseb. (ironwort,
mountain tea) is a plant endemic to the Balkan Penin-
sula, belonging to the Empedoclia section. The aerial
parts of “mountain tea” are traditionally known for their
anti-inflammatory, antimicrobial, antibacterial, anti-
rheumatic and gastroprotective properties. S. scardica
is used as a loosening agent in bronchitis and bronchial
asthma and against the common cold and lung emphy-
sema, as well as widely used in the treatment of inflam-
mation, gastrointestinal disorders and coughs and as an
active constituent of dietary supplements for the pre-
vention of anaemia (23). All biological activities previ-
ously cited in the literature have been mainly attributed
to the phenolic content of this plant (15).

The goal of this review is to provide a comprehensive
overview of the botanical, phytochemical and pharmaco-
logical aspects of the genus Sideritis.

BOTANICAL ASPECTS

Sideritis L. (Lamiaceae) includes approximately 150
species of annual and perennial plants, distributed main-
ly in the Mediterranean region and in the moderate zones
of Asia. The Sideritis L. genus belongs to the family of La-
miaceae Lindl. (Labiatae Juss.), which is one of the most
common and diverse plant families of the world. The ge-
nus of the Lamiaceae families exists in different altitudes
and habitats, ranging from the North Pole to the Himala-
yas and from Northeast Asia to Hawaii, Australia, Africa
and America. However, its main habitat is the Mediter-
ranean area. The taxonomy of the genus Sideritis is rather
complex because of interspecies hybridisation, and there-
fore, it has not been satisfactorily resolved. Based on pol-
len features, Heywood has divided the Labiatae into two
subfamilies, Lamioideae and Nepetoideae. Plants from
the subfamily Lamioideae are characterised by a low con-
centration of essential oils, a lack of rosmarinic acid and
the presence of iridoid glycosides; Nepetoideae plants are
rich in essential oils, contain rosmarinic acid in various
percentages and lack iridoids.

The position of the genus Sideritis is illustrated in
Figure 1. This genus is divided into two subgenera, Sid-
eritis and Marrubiastrum, formed by the European and
Macaronesian species, respectively. The subgenus Mar-
rubiastrum (Lamioideae: Lamiaceae) represents one of
the most species-rich Macaronesian endemics, contain-
ing 24 (23 extant) perennial species distributed among
the 10 islands of the Madeiran and Canary Island ar-
chipelagos. These plants display a wide range of mor-
phological diversity and are found in all ecological zones
in the islands. Growth forms include suffrutescent pe-
rennials, chasmophytic (cliffdwelling) rosette plants,
and large arborescent shrubs. The Macaronesian flo-
ristic region comprises the five Atlantic Ocean archi-
pelagos of the Azores, Madeira, Selvagen, Canary, and
Cape Verde Islands and is situated between 15° and 40°
north latitude. While some of the Macaronesian islands
are comparable to their Pacific counterparts in their ex-
treme isolation, others are much closer to continental
source areas, with only 100 km separating the island of
Fuerteventura from mainland Africa. The second, much
larger subgenus, Sideritis, contains approximately 125
species of both annuals and perennials, most of which
are suffrutescent but none truly woody, with a centre of
distribution in Mediterranean Europe and northern Af-
rica. It comprises four sections, two of which, Hesiodia
and Burgsdorffia, are small groups containing only an-
nual species distributed widely throughout the Mediter-
ranean and Central Asia. The remaining two continental
sections, Sideritis and Empedoclia, contain suffrutes-
cent perennials with centres of diversity in the western
Mediterranean area (especially the Iberian Peninsula)
and the eastern Mediterranean (Balkans, Turkey, Syria),
respectively (24, 25). The continental taxa have a Medi-
terranean centre of distribution, although a few species
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Figure 1. The “botanical tree” of the Sideritis genus and the position of S. scardica

of Sideritis are also found in the Balkans, Eurasia, and
the Mideast. The section Sideritis contains taxa from
the western Mediterranean regions of southern Europe
and northern Africa. The species forming the section
Empedoclia are found in the countries of the eastern
Mediterranean (Greece, Turkey) and the Mideast (Isra-
el, Lebanon, Palestine, Iraq, Syria). The morphological
characteristics that distinguish the two sections include
dentate/spinose bracts and tetracolpate pollen in the
section Sideritis vs. entire bracts and sixpantocolpate
pollen in the section Empedoclia.

In addition, it is important to point out that the Sideritis
genus contains a large number of endemic species: 46 spe-
cies, 12 subspecies and two varieties grow in Turkey, with
36 species, 10 subspecies and two varieties of them being
endemic (77% endemism ratio). Twenty-five Sideritis spe-
cies grow in Morocco, 16 of which are endemic. The Ibe-
rian Peninsula and the Baleares Islands contain 49 Sideritis
species, of which 36 are endemic; in the Canary Islands,
this genus is represented by 19 endemic species.

TRADITIONAL USES

The aerial parts of plants from the genus Sideritis are
widely used as a popular decoction or infusion, orally
or topically administered. Most of the medicinal uses of
Sideritis spp. are limited to folk medicine, although it is
worth noting the increasingly frequent presence of Sideri-
tis spp. in the herbal remedies market and the increasing
number of prescriptions that contain the Sideritis species.
In Mediterranean folk medicine, aqueous preparations of
plants of this genus are considered as antioxidant, anti-
inflammatory, anti-ulcerative, antimicrobial, vulnerary,
antispasmodic, anticonvulsant, analgesic and carmina-
tive agents (26). In Spanish folk medicine, some Sideritis
species are known as “rabo de gato” or “zahare fia” This
last name seems to be the oldest common way to name
some Sideritis species, such as S. hirsuta or S. arborescens.
The different plant parts have different modes of use; the
infusion of the aerial parts has been used for its gastro-
protective properties, whereas the decoction of the leaves
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has been employed as an anti-inflammatory and anti-
rheumatic preparation. Moreover, the water extract of the
stalks has been employed externally for disinfecting and
healing wounds and burns. In Turkey, where the Sideritis
species are known as “dag cayi, yayla cayi’, and in Greece,
the aerial parts of these plants are widely used to prepare
herbal remedies and traditional teas against gastrointesti-
nal disorders such as stomach ache, indigestion and flatu-
lence, to alleviate the symptoms of common colds includ-
ing fever, flu, sore throat, and bronchitis and a tonic and
diuretic remedy. The Sideritis teas are named in a variety
of ways, but they are commonly known as “mountain tea”
because some species grow in the high mountain areas.
The plants of this genus are widely used in traditional
medicine in Greece and Europe due to their anti-inflamma-
tory, anti-rheumatic, anti-ulcer, digestive and antimicrobial
properties, which are attributed to their phenolic and terpe-
noid content (1, 2, 27). Differences in uses have been observed
among the Sideritis spp. and the regions where they grow, de-
pending on the plants’ properties. Some of them are widely
used in folk medicine in the Balkan countries as herbal teas
for the treatment of inflammations, coughs and gastrointesti-

nal disorders. In the Taurus Mountains of Turkey, a poultice
prepared with boiled leaves of S. psidica, barley flour, grated
onion and pine tar is applied on the abdomen as a plaster to
treat abdominal pain. Furthermore, in Turkey, S. syriaca is
used as a diuretic agent and to relieve coughs. An infusion
prepared from the leaves and flowers of S. leptoclada is used
because of its expectorant effect and to fight the common cold
in the inner west of Anatolia (Turkey) (28). The endemic spe-
cies S. trojana is one of the most demanded and consumed
medicinal plants in bazaars by Turkmens and villagers who
live in the sacred mountain called Mount Ida, “the mountain
of the Goddess, for the treatment of throat, peptic and chest
illnesses (29). In Madeira and the Porto Santo Islands, an infu-
sion of S. candicans (“herva branca” or “selvageira”) is taken to
treat bronchitis and intestinal diseases. An ethnopharmaco-
logical study of the plants growing in the Alto Tirreno Cosen-
tino area, in the Calabria region (Southern Italy), revealed
that the native people use S. syriaca leaves to stop the bleed-
ing from a cut. In Bulgaria, the infusion of the aerial parts of
S. scardica is employed as an expectorant for the treatment
of pulmonary emphysema and angina pectoris (30). Infusions
and decoctions of the leaves and flowers of S. congesta, S. li-
banotica and S. psidica are very popular for treating coughs,
hypertension and the “worm in the eyes” syndrome (it is tra-
ditionally believed that pains in the eyes are caused by worms
with black heads). In the region of Nijar-Cabo de Gata, lo-
cated in southeastern Spain, S. granatensis infusions are used
effectively against lower back pain and eye infections and as
appetite stimulants. Moreover, a mix of S. granatensis and
thyme infusion with an added tablespoon of oil is employed
as a remedy for hepatic affections. To relieve the cramping
that occurs commonly during menstruation, infusions or
decoctions from the aerial parts of S. foetens, prepared alone
or mixed with S. angustifolia, are traditionally used in Spain.
And infusions from the species S. tragoriganum, one of the
best-known medicinal plants found in Valencia-Alicante,
Spain, are an effective treatment for healing wounds, digestive
disorders and urinary tract infections as well as for making
gargles and for ocular and dermical washes.

Many species of the genus growing in the western
Mediterranean region, especially in Spain and Portugal,
have long been studied to determine their chemical con-
stituents, and the phytochemical data have been success-
fully used in chemotaxonomic studies. Although Turkey is
the second largest source of the genus Sideritis, except for
reports on essential oils, phytochemical information on
the genus is still scant (31, 32).

PHYTOCHEMICAL AND PHARMACOLOGICAL
INVESTIGATION

Many chemical constituents have been identified in
the Sideritis genus, such as terpenes, flavonoids, essential
oils, iridoids, coumarins, lignans and sterols. The activity
of these plants is mainly due to their flavonoid and terpe-
noid contents.
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The Sideritis species are known for the presence of
diterpenes of a remarkable structural variability. Sesquit-
erpenes and triterpenes are not common. S. italica was
the first genus investigated in the context of the presence
of diterpenes; the diterpenoids, sideridiol (1) and siderol
(2), were the first isolated, and their structures were elu-
cidated. The diterpenoids analysis led to the conclusion
that kaurene diterpenes were exclusively present in the
species occurring in the eastern and central Mediterra-
nean area (Turkey, Greece and Italy). Not only kaurenes
but also isokaurene derivatives are found in Sideritis spe-
cies from Greece, whereas the species from Spain and the
Canary Islands are rich in kaurenes, but isokaurenes are
less common. Species growing in the western Mediter-
ranean area and Macaronesic regions contain diterpenes
with different carbon skeletons (ent-kaurane, labdane,
atisene, pimarane, beyerane, trachilobane and rosane).
In the literature, it is reported that the ent-kaurene com-
pounds of S. siplylea Boiss include siderol (2), linearol
(3), epicandicandiol (4) and foliol (5) in addition to other
compounds. The most common kaurene diterpene de-
rivatives found in the Sideritis species are foliol (5), sidol
(6), linearol, sideridiol, and isolinearol (7). Aside from the
compounds previously mentioned, the most common are
labdane (ribenol, 8, andalusol, 9), beyerane (tobarrol, 10
and conchitriol, 11), rosane (lagascatriol, 12) and atisane
(serradiol, 13). The ent-kaurene diterpenes have been
studied in microbiological transformation reactions, and
a hydroxyl group appears to exert an inhibitory effect on
transformations involving oxidation at C-19 (12). Tobar-
rol is present only in traces in some of the species stud-
ied. As expected, there were only traces of terpenoids in
the methanol extract. In general, the diterpenoid content
was higher in the hexane extracts than in the methanol
extracts, andalusol having a higher proportion in both
the hexane and the methanol extracts. The previously
described anti-inflammatory activity of andalusol justi-
fies the popular use of these species, especially S. pusilla
and S. leucantha ssp. incana var. meridionalis, as anti-
inflammatory agents. The diterpenoids serve as chemo-
taxonomic markers (33).

Squalene, the acyclic precursor of the triterpenes and
sterols, has been identified in S. argosphacelus var. spi-
cata, S. discolor and S. lotsyi var. mascaensis. The triter-
pene derived from this, rhoiptelenone, was confirmed to
be present in S. macrostachya. The triterpene rhoiptele-
nol has been isolated from S. candicans var. eriocephala,
S. lotsyi, S. discolor, S. lotsyi var. mascaensis, S. tenoi and
S. soluta. A mixture of a- and B-amyrin has been found
in S. argosphacelus var. spicata, S. discolor, S. kuegleriana,
S. lotsyi var. mascaensis and S. tenoi. The corresponding
C- 28 acids, ursolic and oleanolic acids, have been isolat-
ed from S. discolor, S. candicans var. eriocephala, S. lotsyi
var. mascaensis and S. soluta, and their acetates have been
isolated from S. kuegleriana (25). Other pentacyclic triter-
penes, erythrodiol and lupeol, have been obtained from S.
discolor and S. argosphacelus var. spicata, respectively.

The genus Sideritis is a rich source of flavonoids. A
correlation between the flavonoid type and the geographi-
cal distribution of Sideritis species has been established:
5,6,7-trioxygenated flavones (cirsimaritin, 14, salvigenin, 15
or nepetin, 16) are predominant in Macaronesian species,
whereas the presence of 5,6,7,8-tetraoxygenated flavones
(sideritoflavone, 17, xanthomicrol, 18 or gardenin-B, 19)
is higher in Mediterranean species. The distribution of the
flavone glycosides in the genus Sideritis is of interest from
a taxonomic viewpoint. In particular, 8-OH-flavone glyco-
sides are characteristic of some sections of Sideritis. The
7-allosylglycosides of hypolaetin (20), isoscutellarein (21),
and 3’-hydroxy- 4’-O-methylisoscutellarein (22) were also
reported from different Sideritis species, such as S. hyp-
sophila, S. javalambrensis and S. mugronensis. In contrast
to the sections of Empedocleopsis and Creticae, the section
Marrubiastrum was reported as one of the richest Sideritis
species in 8-OH-flavone glycosides. Among the Ibero-North
African Sideritis species, the species of the section Sideritis
(Eusideritis Bentham) were also characterised by the accu-
mulation of the 7-glycosides of 8-OH-flavones (isoscutel-
larein, hypolaetin and their methyl ethers). Moreover, the
presence of 6-OH-flavone and 8-OH-flavone 7-glycosides
is also a characteristic feature of the Lamiaceae, Scrophu-
lariaceae and chemically related families. It was observed
that S. brevibracteata produces a good anti-inflammatory,
antinociceptive, antioxidant and AR inhibitory herbal tea, as
among the 17 species (18 taxa) of Sideritis investigated, this
species was found to be the richest in 8-OH-flavone glyco-
side content (10, 16). S. foetens, S. luteola, S. leucanthu var.
incana represent a group of species with a higher content of
polar flavonoids, such as isoscutelarin-7-glucoside and hy-
polaetin-8-glucoside, which are well documented for their
anti-inflammatory and anti-ulcer activity, and luteoline (23),
which shows vasodilatory activity (34). Furthermore, the in-
vestigation of the Macedonian Sideritis species (S. scardica,
S. raeseri) illustrated the presence of a complex profile of hy-
droxycinnamic acids, phenylethanoid glycosides and both
acetylated and nonacetylated flavonoid 7-O-glycosides. Two
types of flavones, 8-OH (hypolaetin and isoscutellarein and
their methoxy derivatives) and 5,7-OH (apigenin and luteo-
lin), have been confirmed. All the flavonoid glycosides de-
tected were 7-O-allosyl-(1,2)-glucoside derivatives, 5,8-di-
hydroxyflavones with a different substitution in the B-ring.
Differences in the phenolic profile of hydroxycinnamic acid
and flavonoid 7-O-glycosides were found between S. scardi-
ca and S. raeseri. Feruloylquinic acid was detected only in
the methanol extract of Sideritis raeseri (wild growing). Fla-
vonoid 7-O-diglycosides were not detected in the methanol
extract of Sideritis scardica (wild growing ) (15). The iden-
tification of the flavonoids in wild-growing populations of
S. scardica and S. raeseri in this central Balkan region and
the presence of two types of flavones, 8-OH (hypolaetin and
isoscutellarein and their methoxy derivatives) and 5,7-OH
(apigenin, 24, and chryseriol, 25), have been confirmed, and
the possibility of distinguishing between the two studied
species (S. scardica and S. raeseri) has been suggested (27).
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Many studies have been performed on the chemical com-
position of essential oil from the Sideritis species. Although
the Lamiaceae family is well known for its essential oil con-
tent, the Sideritis species cannot be considered rich in essen-
tial oil. But the correlation between the oil yield and the main
group of constituents has been established — the higher the
essential oil yield, the higher the monoterpene hydrocarbon
content. The composition of the essential oils of several spe-
cies of Sideritis was investigated by gas chromatography—
mass spectrometry (GC—MS) and gas chromatography (GC)
techniques. A large number of studies about the essential
oil compositions in Sideritis now explain the polymorphism
among the populations and the existence of new species,
chemical varieties and hybrids. Several Sideritis essential
oils are characterised by high contents of monoterpene hy-
drocarbons with a-pinene, B-pinene, sabinene, myrcene or
limonene as the main compounds. An important number
of sesquiterpene hydrocarbons, particularly -cadinene and
[-caryophyllene, are normally also found. Other essential
oils are rich in oxygenated sesquiterpenes, such as a-cadinol,
bisabolol or muurol-5-en-4f3-ol, as the main compounds,
and finally, diterpene compounds have also been found in
Sideritis essential oils. The presence of diterpenes as volatile
compounds has been described in other genera, such as Cis-
tus, Wollemia, Juniperus and Helichrysum, characterised by
the same feature that occurs in Sideritis, with a large number
of these compounds present in the aerial part extracts. Their
existence is interesting because it offers another tool for a
better understanding of the chemotaxonomic relationship
among Sideritis species. Analysis based on the presence or
absence of volatile diterpene compounds may be promising
as chemotaxonomically important for the whole genus. Tur-
key’s endemic species S. bilgerana, S. ozturkii and S. cilicica
were rich in the monoterpene hydrocarbons a- and -pinene.
S. cilicica has been shown to have relatively high content of
B-phellandrene (35). In the group of Sideritis species rich in
sesquiterpenes, the main constituents have been found to
be B-caryophyllene, D-germacrene and calamene (S. curvi-
dens, S. montana). Oxygenated derivatives are not common
as main constituents in the Sideritis species. Oxygenated
monoterpenes, along with thymol, are characteristic constit-
uents in S. romana. Oxygenated sesquiterpenes predominate
in the essential oils of S. phlomoides and S. taurica. The main
constituents of S. congesta and S. argyrea essential oils are
a- and B-pinene, while limonene is the major constituent of
S. perfoliata essential oil. S. condensata provides an essential
oil with high proportions of -caryophyllene and a-pinene
(36). S. perfoliata and S. dichotoma essential oils are rich in
diterpenes (37). Monoterpene hydrocarbons have also been
reported as a main constituent in the Sideritis species grow-
ing in Greece and in some Spanish species. In the essential
oil of the endemic Spanish species S. ibanyezii, sabinene and
a-pinene have been found as main compounds (20, 38). Be-
cause there are many reports on the chemical composition
of Sideritis species, it may be useful to present Table 1, which
shows both the yields and the main components, and the
species are presented in alphabetical order.

Table 1. Main constituents and yields of the essential
oils of Sideritis sp., as previously reported

Concerning the other constituents, the recently per-
formed investigation confirmed that iridoids are rare
compounds in these species, as are coumarins and lign-
ans. The presence of fatty acids in the seed oil composition
has been reported, assuming linoleic acid as the main fatty
acid. Phenylpropanoid glycosides have been isolated from
the aerial parts of several Sideritis species. Verbascoside
(26), leucosceptoside (27), martynoside (28), and lavandu-
lifolioside (29) were determined to be the most important
compounds with respect to their pharmacological prop-
erties (17, 39-42). Verbascoside is a phenolic compound
known for its antiproliferative, cytotoxic, antioxidant, and
antimetastatic properties.

A variety of biological activities of Sideritis species
have been reported: anti-inflammatory, anti-ulcer, analge-
sic, antimicrobial and antifungal, antifeedant, anticataract,
immunomodulating, macrophage NOS-2-expression-in-
hibiting, and hypoglycaemic. Recently, aldose reductase-
inhibiting activity, antiproliferative, anticholinesterase and
selective oestrogen receptor modulator-like effects have
been reported.

Anti-inflammatory activity

The species of the genus Sideritis are known in tradi-
tional medicine for their anti-inflammatory activity. Nu-
merous studies have validated this therapeutic indication.
The diterpenoid contents in several species of Sideritis can
be correlated with their anti-inflammatory properties.

Hernandez-Pérez and Rabanal (5) studied the anti-
inflammatory and analgesic activity of S. canariensis var.
pannosa, and the ethanol extract and the chloroform frac-
tion were both shown to exhibit strong anti-inflammatory
and analgesic activities, possibly due to the rich diterpe-
noid content. The same group also investigated the effects
of S. candicans Ait. var. eriocephala Webb (43). These
results showed a significant anti-inflammatory activ-
ity against carrageenan-induced paw oedema and against
TPA (12-O-tetradecanoylphorbol acetate)-induced ear oe-
dema in mice after oral and topical administration, respec-
tively. Aboutabl et al. (4) postulated that the flavonoids and
terpenoids in the dichloromethane fraction of S. taurica
might be the active anti-inflammatory ingredients.

The lipidic fractions of Sideritis javalambrensis hexane
extract exhibit potent anti-inflammatory activity. Namely,
in carrageenan-induced paw oedema, oral administration
of 50 and 100 mg/kg of the lipidic fraction significantly in-
hibited the paw oedema formation at different times. In
the same way, in TPA-induced ear oedema in mice, the
same fraction suppressed ear oedema formation after topi-
cal application of 0.25, 0.5 and 1 mg/ear (35, 41 and 53%
inhibition, respectively). The lipidic fraction also reduced
the histamine release from mast cells and reduced NO
generation in macrophages (44). Another study of S. java-
lambrensis extracts revealed that the hexane and methanol
extracts possessed the highest anti-inflammatory activ-
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Species Yield Main constituents
S. angustifolia Lam. — a-Pinene (10.8-20.6%), B -bisabolol (2.5-20.2%), 1,8-cineole (4.6-16.6%)
S. argyrea P. H. Davis 0.45 B-Pinene (19.7%), a-pinene (13.8%)
S. armeniaca Bornm 0.54 B-Pinene (39.3%), a-pinene (16.5%), B-phellandrene (10.5%)
S. bilgerana P. H. Davis 0.26 B-Pinene (51.2%), a-pinene (30.2%)
S. brevidens P. H. Davis — B-Pinene (14.1%), epi-cubenol (13.1%), a-pinene (7.9%)
S. caesarea H. Duman, Z. Ayta¢ & K. H. C. Baser 0.02 B-Caryophyllene (8.3%), caryophyllene oxide (7.4%)
S. chamaedryfolia Cav. — Caryophyllene (32.5%), caryophyllene oxide (14.3%)
S. clandestina Hayek ssp. clandestina 0.26 a-Pinene (20.1%)
S. congesta P. H. Davis & Hub.-Mor. 0.83 Muurol-5-en-4-a-ol (11.7%), muurol-5-en-4-f-ol (33.0%)
0.45 B-Pinene (34.6%), a-pinene (24.6%)
S. curvidens Stapf 0.02 Bicyclogermacrene (20.6%), spathulenol (12.4%)
S. erythrantha Boiss. & Heldr. var. cedretorum 0.70 Myrcene (24.3%), a-pinene (12.4%)
S. erythrantha Boiss. & Heldr. var. erythrantha 0.50 a-Pinene (19.5%), sabinene (10.4%)
S. flavovirens (Rouy) F. Alcaraz, M.Peinado, ]. M. Martinez-Parra, J. S. — Fenchyl acetate (12.0-27.7%), fenchone (11.9-25.3%), a-pinene
Carrion & P. Sanchez-Gomez (8.2-18.7%), 1,8-cineole (1.4—13.4%), limonene (3.4—12.7%)
S. foetens Benth. — Thymol (2.3-20.0%), p-cymene (12.3—19.8%), sabinene (8.6—13.4%),
a-pinene (5.5-11.6%)
S. hirsuta L. 0.44 B-phellandrene (23.8%), a- phellandrene (9.2%), a -pinene (8.2%)
S. hololeuca Boiss. and Heldr. Apud Bentham 0.02 B -Pinene (35.5%), a-pinene (16.0%), B-phellandrene (9.6%)
S. ibanyezii Pau 0.71 a-Fenchyl acetate (16.0%), sabinene (12.8%), a-pinene (10.7%)
S. lanata L. 0.03 Hexadecanoic acid (10.7%), spathulenol (9.5%)
S. leucantha Cav. — a-Pinene (23.6-25.8%), sabinene (7.2—-10.4%), fenchone (6.2—10.2%)
S. montana L. 0.16 Germacrene D (41.1%), bicyclogermacrene (10.9%)
S. montana L. ssp. montana 0.05 Germacrene D (24.6%), bicyclogermacrene (10.8%)
S. montana L. ssp. remota(D’Urv.) P. W. Ball 0.03 Bicyclogermacrene (13.9%), germacrene D (10.3%)
S. mugronensis ]. Borja 0.02 § -Cadinene (2.0— 47.0%), 1,8-cineole (0.4—28.7%), bisabolol (3.0-27.2%),
sabinene (0.6—-12.6%)
S. ozturkii Aytag & Aksoy 0.20 a-Pinene (31.1%), p -pinene (20.2%)
S. pauli Pau 0.32 a-Pinene (48.0%)
S. phlomoides Boiss. & Bal. 0.20 B -Caryophyllene (30.7%), a-bisabolol (16.2%)
S. raeseri Boiss. & Heldr. ssp. attica 0.37 a-Pinene (24.8%), B -pinene (18.0%)
(Heldr.) Papan & Kokkini 0.17 a-Pinene (28.7%), B -pinene (27.2%)
S. raeseri Boiss. & Heldr. ssp. raeseri 0.12 B -Pinene (9.1%)
S. romana L. ssp. romana 0.05 Thymol (24.9%), 1-octen-3-ol (12.6%), borneol (9.2%)
S. rubriflora Hub.-Mor. - B-Pinene (13.2%), a-pinene (9.9%), epi-cubenol (7.8%)
0.13 B-Caryophyllene (18.8%), nerolidol (12.1%)
S. scardica Griseb. 0.03 B-Pinene (17.9%), carvacrol (14.8%), a-pinene (7.3%)
0.40 Menthol (8.5%), 9-eicosene (6.3%), geraniol (5.6%)
S. sipylea Boiss. — Verbenone (15.2%), terpineol (9.5%) / carvacrol (81.2%), terpinen-4-ol (8.2%)
S. stricta Boiss. et Heldr. 0.40 a-Pinene (35.2%)
Apud Bentham 0.63 B-Pinene (30.0%), a-pinene (12.9%)
S. syriaca L. Leaves 0.05 Hexadecanoic acid (31.1%), epi-a-bisabolol (14.5%)
Inflorescences 0.07 epi-a-Bisabolol (25.7%), benzyl benzoate (17.7%)
0.12 Myrcene (50.5%)
S. syriaca L. — a-Pinene (19.5%), carvacrol (11.9%), thymol (7.2%)
S. syriaca L. ssp. syriaca 0.19 Carvacrol (33.7%)
S. taurica Stephan ex Willd. 0.08 a-Bisabolol (10.3%), B-pinene (9.3%)
S. tmolea P. H. Davis 0.33 a-Cadinol (21.9%), B-caryophyllene (10.6%)
0.30 a-Bisabolol (8.4%)
S. tragoriganum Lag. — a-Pinene (7.8-17.7%), 1,8-cineole (6.8—15.9%),  -caryophyllene
(0.3-14.6%), caryophyllene oxide (10.2%), fenchone (6.1-7.8%)
S. tragoriganum x S. leucantha — a-Pinene (50.1%), sabinene (10.6%)
S. vulcanica Hub.-Mor. 0.02 B -Caryophyllene (10.2%), hexadecanoic acid (9.7%)
S. vuralii H. Duman & K. H. C. Baser 0.10 B -Pinene (35.3%), 1,8-cineole (14.6%), a-pinene (14.5%)
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ity against adjuvant-carrageenan-induced inflammation
in the chronic stage, and no effect was observed in the
acute phase (9). The hexane extract of this Sideritis species
also showed a strong anti-inflammatory effect in a croton
oil-induced corneal oedema model in rabbits during the
chronic stage (45). Later, several novel labdane-type diter-
pene derivatives were reported as active anti-inflammatory
constituents of the n-hexane extract of S. javalambrensis.
Based on in vitro studies, it has been concluded that these
compounds interact with the eicosanoid system, possibly
inhibition ofby inhibiting the phospholipase A2 enzyme.

Apart from the flavonoid and diterpene derivatives, the
sterol fractions of the Sideritis species were also shown to
possess anti-inflammatory and immunomodulating activ-
ity. The lipid fraction from S. javalambrensis (44) and a
sterol fraction composed of campesterol, stigmasterol and
[-sitosterol from S. foetens (8) were also reported as active
components. The oral administration of 30 and 60 mg/kg
of the sterol fraction inhibited the oedema formation in the
mouse paw between 3 and 7 h after carrageenan adminis-
tration. The highest inhibitory effect was obtained after 3
h, with values of 30.1% for 30 mg/kg and 37.4% for 60 mg/
kg of the sterol fraction. In addition, the topical applica-
tion of 0.25, 0.5 and 1 mg/ear of the sterol fraction reduced
the oedema formation induced by TPA in mice with in-
hibition percentages of 41, 43 and 58.7%, respectively, as-
sociated with a reduction in the neutrophil infiltration into
inflamed tissues.

As anti-inflammatory constituents, the polymethoxy-
flavone isolated from S. tragoriganum, 5-O-demethylno-
biletin, may act through the direct inhibition of 5-LOX,
without affecting the expression of COX-2. It is known
that lipid peroxides promote arachidonic acid metabolism
and that a redox agent, such as phenolic derivatives, can in-
hibit the oxidation of arachidonic acid by 5-lipoxygenases;
thus, antioxidant and free radical-scavenging flavonoids
could prevent the generation of inflammatory mediators.
The anti-inflammatory and antinociceptive activities of S.
ozturkii extracts were confirmed, and a flavone glycoside,
ozturkoside C, was isolated as one of the active ingredi-
ents. Despite a high number of studies reporting the anti-
inflammatory and antinociceptive activities of several Sid-
eritis species, only two flavonoids have been isolated and
defined as the active constituents, hypolaetin-8-glucoside
and 5-O-demethylnobiletin. Hypolaetin-8-glucoside shows
a chemical structure very close to that of ozturkoside C,
both having luteoline-type flavone glycoside structure (3).
Another anti-inflammatory labdane derivative, andalusol,
was also isolated from the acetone extract of S. foetens, and
its activity profile was elucidated (9). Andalusol exerted in
vivo anti-inflammatory activity when tested in different in-
flammation models in mice (carrageenan-induced paw oe-
dema and TPA-induced ear oedema). Oral administration
of andalusol inhibited oedema formation, especially the
late phase of paw inflammation (5 + 7 h after carrageenan
injection). Andalusol also exerted topical anti-inflammato-
ry activity 4 h after TPA ear application, inhibiting oedema

formation and cell infiltration. This compound affected
various leukocyte functions and decreased the histamine
release from the mast cells. The activation of macrophages
with pro-inflammatory cytokines and bacterial cell wall
components promotes the synthesis and release of large
amounts of nitric oxide (NO), eicosanoids and bioactive
lipids, such as prostaglandins and leukotrienes, mediators
involved in the inflammatory onset. Recently, inhibitors of
inducible nitric oxide synthase, the isoenzyme responsible
for the high-output NO synthesis, have been proposed as
anti-inflammatory agents, mainly because the inhibition of
exacerbated NO formation may be of therapeutic benefit
in these disorders. Moreover, a role of andalusol’s effect on
the macrophage expression of NOS-2 has been reported
in in vivo inflammation models, such as carrageenan-in-
duced hind paw inflammation in the rat. In addition, the
action of andalusol on NF-kB activity has been evaluated,
but the experiments carried out after simultaneous stimu-
lation with LPS and IFN-g strongly suggested that in ad-
dition to NF-kB, it is likely that there is an inhibitory ac-
tion on the IFN-g signalling. Indeed, this phenomenon has
been described for triterpenes, and if it is also the case for
andalusol, it opens additional perspectives for the study of
the therapeutic action of these molecules (9).

In addition, anti-inflammatory activity studies have
been conducted using isolated flavonoids. The study of the
anti-inflammatory activity of a series of glycosides/agly-
cone pairs, through the inhibition of eicosanoid generation
via the 5-lipoxygenase and cyclo-oxygenase pathways in
elicited rat peritoneal leukocytes stimulated with calcium
ionophore, revealed the structural-activity relationship.
Among these pairs, hypolaetin-8-glucoside and its corre-
sponding aglycone, hypolaetin, which was isolated from S.
mugronensis, ;were studied. The results showed that hy-
polaetin inhibits the 5-lipoxygenase enzyme activity in a
more powerful and selective way than hypolaetin-8-gluco-
side (IC50=4.5uM, IC50=56pM, respectively). If we com-
pare these results with others obtained from other pairs, it
is confirmed that the sugar moiety reduces the inhibitory
potency. In the same study, a structural—activity relation-
ship in flavonoids was found: those flavonoids with a cat-
echol group in the B ring are potent and selective inhibi-
tors of 5-lipoxygenase. However, flavonoids with hydroxyl
substituents in their structures, except for the B-ring, are
selective against the cyclo-oxygenase enzyme (46).

Antioxidant activity

In all aerobic organisms, including human beings, the
production of reactive oxygen species (ROS) is balanced
by an antioxidant defence system. ROS in the forms of su-
peroxide anion, hydroxyl radicals and hydrogen peroxide,
which are generated by normal metabolic processes or from
exogenous factors and agents, affects DNA, proteins and
most biological molecules containing a lipid component
of polyunsaturated fatty acids. A serious imbalance be-
tween the production of ROS and the antioxidant defence
system is responsible for oxidative stress. Thus, ROS play

Table 1. Main constituents and yields of the essential oils of Sideritis spp., as previously reported.
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an important role in the aetiology of many diseases and of
ageing. Antioxidant defence systems that prevent the oxi-
dative damage by ROS consist of flavonoids, carotenoids,
phenolic compounds, vitamins and antioxidant enzymes.
The role of antioxidants has attracted much interest with
regard to their protective effect against free radical dam-
age, which may be the cause of many diseases, including
cancer. The results have shown that the antioxidant activi-
ties of the extracts do not necessarily correlate with high
amounts of phenolics. Although the extracts were found
to be effective natural antioxidants, their potential exploit-
able beneficial effects and their safety in humans need to
be proven in clinical trials.

The antioxidant activity was evaluated for methanolic
extracts (0.02% and 1%) from twenty-seven Sideritis species
by measuring Fe2+-induced linoleic acid peroxidation. The
antioxidant activity improved with increasing concentration
in every case. Moreover, studying the free radical scaveng-
ing activity using the DPPH (1,1-diphenyl-2-picrylhydrazyl)
method showed that the higher total phenolic content, the
higher the free radical scavenging activity: S. amasiaca and
S. germanicopolitana ssp. viridis, with the highest amounts
of phenolic derivates, were the most active (47).

The total antioxidant capacity of S. sipylea was deter-
mined by the thiocyanite method. The obtained extracts in
the linoleic acid emulsion were able to reduce the forma-
tion of peroxides. S. sipylea, an endemic species in Turkey,
showed radical scavenging antioxidant activities (48). S.
syriaca ssp. syriaca, endemic in the mountainous regions
of Crete (Greece) and widely used for the preparation of
traditional infusions, was proved to possess good antioxi-
dant capacity in its more polar (diethyl ether, ethyl acetate
and butanol) extracts. The phytochemical analysis of the
extracts revealed the presence of significant quantities of
phenylpropanoid acid derivatives and flavonoids (mainly
flavones) (14, 49), which have been considered responsible
for antioxidant activity. The ethyl acetate fraction pos-
sessed the highest antioxidant activity, which could be at-
tributed to the presence of phenolic compounds, such as
apigenin and isoscutellarein glycosides.

This relation between the antioxidant activity and the
phenolic content has also been found for the methanolic
extracts from S. ozturkii and S. caesarea, and the results
obtained from the DPPH method were 41.68+1.96% and
72.47+0.73%, respectively, at 100 ppm concentration. The
higher radical scavenging activity is shown by higher per-
centage values of inhibition. The total phenolics and total
flavonol content were higher for the latter species (50). The
present study suggests that the extracts of these plants are
a potential source of natural antioxidant agents.

The antioxidant potential was investigated for the ent-
kauranes and the petroleum ether and acetone extracts of
the aerial parts of S. arguta by three methods, 5-carotene
bleaching, free-radical scavenging and superoxide-anion
scavenging activity. Both the methanol and the acetone ex-
tracts exhibited similar antioxidant activity in every assay.
The petroleum ether extract showed antioxidant ability

by the B-carotene bleaching and superoxide-anion meth-
ods. However, it did not show any antioxidant ability by
the DPPH method. The only active diterpenoid was 7-epi-
candicandiol.

The methanolic, ethereal, butanolic and aqueous ex-
tracts from the aerial parts of S. perfoliata subsp. perfoliata
and the isolated flavonoids and phenylpropanoid glycosides
from this species were evaluated for their antioxidant prop-
erties in different in vitro assays, including scavenging DPPH
and TBA (thiobarbituric acid) lipid peroxidation (2).

Moreover, the antioxidant activities of S. javalambren-
sis and Sideritis libanotica subsp. linearis were reported,
with phenylpropanoid glycoside acteoside recognised as a
reducing agent able to interact with free radical species (of
relevance to the autoxidation mechanism) (2, 19, 47).

In Greece, Sideritis species have been used as flavour-
ing additives and preservatives in olive oil. Because various
flavonoids have been identified in Sideritis species and be-
cause it is known that these have high antioxidant activity,
it is possible that S. euboea can be used as a source of natu-
ral food antioxidants with economic benefits, especially
for Greece (51). Despite the traditional use of this plant,
in a placebo-controlled clinical trial recently performed to
evaluate its antioxidant activity, no significant differences
were found in the blood biochemical parameters (glutathi-
one, nitrites, coenzyme Q10 or vitamins C, A and E) be-
tween the placebo and the intervention groups.

The antioxidant activity of S. raeseri Boiss. et Heldr.
subsp. raeseri methanolic extract, evaluated using Co(II)/
EDTA-induced luminol chemiluminescence and the 2,2-
diphenyl-1-picrylhydrazyl (DPPH.) free radical assay, was
found to be moderate. The activity may be related to the
presence of 5- and 8-O-disubstituted flavones. The ob-
tained results were IC50 1.63 mg mixture/mg DPPH and
EC50 8.3 pg/mL, respectively; these activities are mod-
erate when compared with the potent antioxidants quer-
cetin and trolox (26). All the compounds detected in the
methanolic subfraction of S. raeseri investigated are 7-o-
(B-allopyranosyl-(1—2)-p-d-glucopyranosyl derivatives of
5,8-dihydroxyflavones with different substitutions in the
B-ring. Four of these compounds are monoacetylated at
the C-6" of the allose moiety and one at the C-6” of the glu-
cose moiety. An important antioxidant activity would have
been expected for these compounds as it was reported that
7,8-dihydroxyflavone showed antioxidant activity similar
to that of quercetin, although it lacked any substitution
on the B-ring and at the 3-position. In 4;5,8-trihydroxy-
6,7-dimethoxy flavone, the enhanced antioxidant activity
was probably due to the hydroxy and two methoxy groups
in ring A. Thus, it is obvious that for flavones with 5,8-
dihydroxyl substitution in ring A and in some cases with a
free hydroxyl group at C4, a more significant antioxidant
activity would be expected. Although p-hydroxy phenols
(ring A) are oxidant systems, a moderate activity has been
observed for these compounds. It is probably explained by
the fact that in 5,8-dihydroxy flavones, the reducing capac-
ity of the p-hydroxy system is suppressed by (1) the intra-
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molecular hydrogen bond between the OH in C-5 and the
carbonyl group and (2) the enhanced inductive effect of the
7-0-glycoside substituent, as opposed to the free hydroxyl
group. Furthermore, a systematic comparative study of the
antioxidant activity between flavones 5-OH, 7- glycosides
and 7-glycosides lacking OH- substitution on C-5 with or
without an 8-OH group is in our future plans.

Anti-ulcerogenic activity

Plants from the genus Sideritis have also long been used
in traditional medicine for their gastroprotective proper-
ties. These plants provide a source of natural products with
anti-ulcerogenic action, proved in animal tests in vivo and
in vitro, including, among other flavonoids, hypolaetin-8
-glucoside. These flavonoids reduced gastric lesions and
drug-induced ulcers in rats by increasing mucus produc-
tion and decreasing the gastric acidity. According to other
studies (52), the presence of a pyrocatechol group at the
3’—4’ position in the flavonoid skeleton is related to a high-
er anti-ulcerative activity.

The aerial parts of S. incana var. virgata, S. funkiana
ssp. funkiana, S. funkiana ssp. talaverana and S. hirsuta
were prepared as decoctions and orally administered to rats
suffering from indomethacin and stress-induced ulcers.
This in vivo study of anti-ulcerative activity demonstrated
that S. incana var. virgata, S. funkiana ssp. funkiana, and
S. funkiana ssp. talaverana were more active against in-
domethacin-induced ulcers, whereas Sideritis hirsuta was
more effective against stress-induced ulcers. S. caesareae
was confirmed to possess strong biological activity against
ethanol-induced gastric ulceration in rats. Also, studies
have been performed on the anti-ulcerogenic activity of
hypolaetin-8-O-p-d-glucoside, a flavonoid isolated from S.
leucantha and present in several Sideritis species (S. mu-
gronensis, S. angustifolia and S. saetabensis) (52-54).

In addition, a strong dose-dependant activity against
Helicobacter pylori was observed for S. italica essential oil,
in concentrations between 5 and 25 pg/mL (1).

Analgesic activity

A p-benzoquinone (PBQ)-induced abdominal con-
striction test was performed on mice for the determina-
tion of antinociceptive activity in S. brevibracteata (10).
The results are in good accordance with the uses of this
genus. Namely, the dried flowering spikes of the Sideritis
species are used as herbal tea in the western and south-
ern coastal regions of Turkey due to their pleasant aroma.
The n-butanol extract of S. brevibracteata exhibited the
highest antinociceptive activity. It was considered that the
active compounds for antinociceptive activity could be fla-
vonoids, which are the major components of the n-butanol
fraction (3). The anti-nociceptive effects of the ethanol ex-
tract, as well as the aqueous and chloroform fractions from
S. lotsyi var. mascaensis, have been investigated using the
writhing test induced by acetic acid in mice. At 250 mg/kg
p.o., the ethanol extract significantly inhibited the writh-
ing responses at different times and was more active than

the other evaluated fractions. The chloroform fraction was
more active than the aqueous extract at 125 mg/kg p.o (5). A
dose of 400 mg/kg p.o. of petroleum ether extract obtained
from the flowering aerial parts of S. taurica exhibited an
analgesic activity similar to that produced by a doseage of
400 mg/kg of acetylsalicylic acid (4). The antinociceptive
activities of S. ozturkii extracts were confirmed, and a fla-
vone glycoside, ozturkoside C, was isolated as one of the
active ingredients, as already mentioned (3).

Amntiproliferative activity

Demirtas et al. (2009) reported that the methanolic
extract from the aerial parts of S. libanotica ssp. linearis
showed a significant antiproliferative activity against three
human cell lines, Vero cells (African green monkey kid-
ney), C6 cells (rat brain tumour cells) and HeLa cells (hu-
man uterus carcinoma) (11).

Anti-HIV activity

An in vitro study was carried out on H9 lymphocyte
cells to determinate the anti-HIV activity of linearol and of
twenty-six semisynthetic ent-kaurene derivatives from lin-
earol. The results showed that linearol was inactive (55).

Anticholinesterase activity

The petroleum ether and acetone extracts of the whole
plant of Sideritis congesta P.H. Davis & Hub.-Mor. and the
isolated compounds belonging to ent-kaurane diterpenoids
(epoxyisolinearol, sideroxol, sideridiol, siderol, 7-epicandi-
candiol, linearol and sidol) were evaluated for their antich-
olinesterase activity, and most of the diterpenes exhibited
weak acetylcholinesterase inhibitory activity. However,
almost all diterpenes exhibited some inhibitory activity
against butyrylcholinesterase; in particular, sideroxol and
7-epicandicandiol exhibited better BChE inhibitory activ-
ity than the standard compound galanthamine (56).

Selective oestrogen receptor modulator

(SERM) activity

Traditional therapeutic agents (selective oestrogen re-
ceptor modulators or SERMs, biphosphonates, calcitonin)
may have serious side effects or contraindications. In an
attempt to find food components with the potential to act
as SERMs, plant aqueous extracts derived from the Greek
flora S. euboea and S. clandestina were submitted in a series
of in vitro biological assays reflective of the SERM profile.
Their ability (a) to stimulate the differentiation and miner-
alisation of osteoblastic cell culture by histochemical stain-
ing for alkaline phosphatase and Alizarin Red-S staining,
(b) to induce, like antioestrogens, the insulin growth factor
binding protein 3 (IGFBP3) in MCF-7 breast cancer cells,
and (c) to proliferate cervical adenocarcinoma (HeLa) cells
were examined using the MTT assay . The data revealed
that all the plant extracts studied at a concentration range
of 10-100 pg /mL stimulate osteoblastic cell differentiation
and exhibit an antioestrogenic effect on breast cancer cells
without proliferative effects on cervical adenocarcinoma
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cells. The presence of estradiol inhibited the antioestro-
genic effect induced by the extracts in MCE-7 cells, sug-
gesting an oestrogen receptor-related mechanism (13).

Antimicrobial activity

There are several reports on the antimicrobial activity
of Sideritis essential oil. The antimicrobial activity of the es-
sential oils of S. perfoliata and S. trojana was tested against
Escherichia coli (NRRL B-3008), methicillin-resistant
Staphylococcus aureus (MRSA), Enterobacter aerogenes
(NRRL 3567), Salmonella typhimurium (NRRL B-4420),
Bacillus cereus (NRRL B-3711), Staphylococcus epider-
midis (ATCC 12228) and Candida albicans. The results of
the antimicrobial assays indicated that E. coli, methicillin-
resistant S. aureus (MRSA), E. aerogenes, B. cereus, and C.
albicans were moderately inhibited by the oil of S. trojana
with MIC values of 125 to 250 mg/mL, which were lower
than the MIC values of the standard antimicrobial agent.
The oil showed a strong inhibitory effect against S. epider-
midis with a MIC value of 62.5 mg/mL. Except for C. albi-
cans, S. perfoliata oil, however, was less active (125 to 500
mg/mL) against the test microorganisms. The occurrence
of a higher content of oxygenated derivatives of mono and
sesquiterpenes (20%) in the oil of S. trojana may be respon-
sible for the better antimicrobial activity (35, 57).

In addition, there are several reports about the antimicro-
bial activity of essential oil from Spanish Sideritis species. S.
angustifolia, S. funkiana, S. javalambrensis, S. leucantha, S.

mugronensis and S. tragoriganum inhibited the growth
of Gram-positive bacteria, Staphylococcus aureus, Mycobac-
terium phlei and the fungi Candida albicans, whereas they
did not show any activity against Gram-negative bacteria.
Similar results were obtained in the investigation of the es-
sential oils of S. curvidens and S. lanata, which had no ef-
fect against any Gram-negative bacteria, but they showed
significant activity against Gram-positive bacteria (58, 59).

In contrast, essential oils from S. cilicica and S. bilger-
ana exerted a significant inhibitory effect against several
Gram-negative (Salmonella typhimurium, Escherichia
coli) and Gram-positive (Staphylococcus aureus, Bacillus
cereus, Staphylococcus epidermidis) bacteria, with a MIC
value from 0.125 to 0.5 mg/mL, as well as against Candida
albicans (MIC 0.03 mg/mL). This antibacterial activity
could be due to the presence of a-pinene and B-pinene as
the main constituents of both species (60). Also, S. italica
essential oil was investigated because of its antimicrobial
activity, which has been shown to be higher against Gram-
negative than Gram-positive bacteria, especially against
Pseudomonas aeruginosa (1).

Not only the essential oils but also the various Sideritis
extracts possess significant antibacterial activity. According
to the study performed by Sagdic et al. (50), the methano-
lic extracts of S. ozturkii and S. caesarea had considerable
antimicrobial activity. The fifteen microorganisms used as
test organisms were Aeromonas hydrophila ATCC 7965,
Bacillus brevis FMC 3, B. cereus FMC 19, B. subtilis ATCC
6630, B. subtilis var. niger ATCC 10, E. coli ATCC 25922,

Klebsiella pneumoniae EMC 5, Morgenella morganii, My-
cobacterium smegmatis RUT, Proteus mirabilis BC 3624,
Pseudomonas aeruginosa ATCC 27853, Staphylococcus au-
reus ATCC 28213, Yersinia enterocolitica ATCC 1501, Can-
dida albicans ATCC 1223 and Saccharomyces cerevisiae BC
5461. Linearol, foliol, epicandicandiol and siderol, which are
found in the mentioned Sideritis species, were also inves-
tigated for antibacterial activities, and epicandicandiol had
the highest antimicrobial activity against E. coli.

The acetone and methanol extracts of Sideritis tmolea
P. H. Davis were tested against standard bacterial strains,
such as Escherichia coli, Staphylococcus aureus, Mycobac-
terium smegmatis, Mycobacterium tuberculosis H37Ra
(ATCC 25177) and the yeast Candida albicans. The results
of the activity studies showed no significant antimicrobial
or antituberculous activity for the Sideritis species’ crude
acetone and methanol extracts (61).

CONCLUSIONS

The genus Sideritis provides a wide range of research
possibilities. This work is a comprehensive overview of the
botanical, phytochemical and pharmacological aspects of
the genus Sideritis, objectively presenting the scientific ba-
sis of its ethnopharmacological use.
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