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Mountain tea (Sideritis plants):
A potential anti-atherogenic agent?
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ABSTRACT

Atherosclerosis consists the leading cause of cardiovascular diseases. Over the last years, medicinal plants are
considered as efficient agents in the prevention and adjuvant therapy of atherosclerosis. Mountain tea (Sid-
eritis plants) is used as traditional remedy against common cold and gastrointestinal disorders. Its beneficial
properties are attributed to its rich bioactive constituents. Polyphenols exhibit a broad range of pharmaco-
logical activities such as antioxidant, anti-inflammatory and anti-atherosclerotic effects. The present review
summarizes and discusses the potential of mountain tea as an anti-atherogenic agent based on its bioactive
chemical compounds and their reported pharmacological activities.
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INTRODUCTION

Cardiovascular diseases (CVD) consist the number one
cause of death worldwide, representing the 31% of all
the deaths in the world'. Major role in the development
of these diseases holds atherosclerosis? a multifactional
chronic disease associated with inflammation, oxidative
stress, endothelial dysfunction, and aging®**. Further-
more, external risk factors such as smoking, obesity and
unhealthy diet could contribute to the development of
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atherosclerosis?. To prevent its progression in any stage, the
adoption of healthy lifestyle interventions from early age
seems to be great essential. Healthy diet, physical activity
and abstinence from tobacco are basic recommendations
of clinical strategies for its prevention?.

Medicinal plants are predominant ingredients of
healthy diets and especially of Mediterranean diet. A
current review carried out by Kirichenko et al. (2020)
thoroughly described the medicinal plants which have
exerted anti-atherosclerotic activity in experimental and
clinical studies®. This activity is mainly attributed to their
content of bioactive compounds with pleiotropic effects
such as antioxidant and anti-inflammatory properties,
acting with different mechanisms of actions*>¢. Medicinal
plants with potential anti-atherosclerotic activity are
especially interesting, since generally natural products
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are considered as safer agents compared to conventional
drugs due to their fewer side effects and are suitable
for long-term use. Therefore, plant-based medications
could be used as suitable candidates for a long-term
application for prevention and adjuvant treatment of
atherosclerosis.

Plants of Lamiaceae family are well-known medicinal
plants with a broad range of pharmacological activities.
Many of them are extensively used in traditional medi-
cine for various applications since antiquity. In recent
years, a genus of this family which has attracted great
scientific interest is genus Sideritis L. Its traditional bever-
ages, widely well-known as mountain tea, have been the
subject of various phytochemical and pharmacological
studies due to their significant health benefits. Of great
importance are its antioxidant and anti-inflammatory
activities, which have been thoroughly investigated by
in vitro and in vivo studies. However, so far, there is no
report on its anti-atherogenic effects. Thus, the aim of
the present review was to summarize and discuss the
potential of this important genus as an anti-atherogenic
agent based on its bioactive chemical compounds and
their reported pharmacological activities.

Methods

A comprehensive research of previously published
literature data about genus Sideritis was performed. Elec-
tronic databases including Scopus, PubMed, and Google
Scholar were searched with keywords related to the anti-
atherosclerotic activity of genus Sideritis, its bioactive
compounds (e.g. flavonoids, phenylethanoid glycosides)
and their pharmacological activity.

Bioactive compounds of Mountain Tea

Phytochemical studies in genus Sideritis have revealed
the presence of many phytochemicals, mainly polyphenols
including flavonoids, phenylethanoid glycosides and phe-
nolic acids’®. Regarding the flavonoid load, Sideritis spp.
are characterized by 8-hydroxyflavone 7-allosylglucosides
(isoscutellarein and hypolaetin derivatives). In addition,
these plants contain 5,7-dihydroxyflavones (apigenin de-
rivatives) and their glucosides. Another common chemical
category of genus Sideritis is the phenylethanoid glyco-
sides. Acteoside and martynoside were identified from
several Sideritis plants. Although plants of Lamiaceae family
are rich in diverse phenolic acids, chlorogenic acid is the
major representative in Sideritis species. It is noteworthy
to point out that the variations of the phytochemical
content among Sideritis plants depend on various factors
such as environmental conditions and geographical origin
of plant materials.
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Flavonoids

Previous studies have showed that the consumption of
flavonoid-rich diets can reduce the risk of cardiovascular
diseases and atherosclerosis'®'"". Particularly, flavonoids can
act with various mechanisms of action in atherosclerotic
progression, including antioxidant, anti-inflammatory,
antiplatelet, vasodilatory, antihypertensive and lipid regula-
tion'%'2, Concerning the antioxidant activity, they mainly act
through direct scavenging of free radicals, metal chelation,
inhibition of ROS producing enzymes (e.g. lipoxygenases,
NADPH oxidases), up-regulating of cellular antioxidants, in-
hibition of LDL oxidation, induction of antioxidant enzymes
and inhibition of NF-kB pathway. Furthermore, flavonoids
exhibit anti-inflammatory activity since they decrease
enzymes which participate on inflammation pathways
such as cyclooxygenases (COX-1 and mainly COX-2) and
lipoxygenases, as well as they reduce NO production. In
addition, these constituents are capable of diminishing the
expression of pro-inflammatory cytokines (e.g. IL-1b, IL-6,
IL-8, TNFa) and regulate NF-kB activation. Some flavonoids
also possess anti-platelet effects, acting as reverse an-
tagonisms on the thromboxane A2 receptor and inhibiting
serotonin, collagen, ADP induced platelet coagulation, PAF,
P-selectin and calcium mobilization. Though, they induce
PECAM-1 activation. Additionally, flavonoids increase
validation and enhance the endothelial function through
improving eNOS activity and expression, the prostacyclin
production, and the increase of EDHF-mediated relaxation,
whereas they inhibit iNOS and ET-1 action and synthesis.
Lipid accumulation which is observed in atherosclerosis is
also regulated by flavonoids through decreasing choles-
terol synthesis, hepatic secretion of ApoB-100 and foam
cell formation, as well as, they upregulate LDL, HDL, fatty
acid metabolizing enzymes and PPARY.

Flavonoids are main constituents of Sideritis species.
Among them, kaempferol (3-hydroxyflavone) and apigenin
(flavone) have been extensively investigated for their great
bioactivities, including antioxidant, anti-inflammatory
and cardioprotective effects'®'1314 revealing them as
potential preventative anti-atherogenic agents. Char-
acteristic flavonoids of Sideritis species are glycosides,
acetylated or not, of isoscutellarein and hypolaetin, as
well as their methylated derivatives. The antioxidant and
anti-inflammatory effects of these constituents have been
reported previously’'>. Consequently, it is expected that
mountain tea could also exert anti-atherogenic activity
due to its bioactive flavonoids.

Phenylethanoid glycosides

Phenylethanoid glycosides are phenolic derivatives
which characterize genus Sideritis. Numerous pharmacolog-
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ical activities have been reported such as antioxidant, anti-
inflammatory, and anti-hypertensive effects's. Regarding
their antioxidant properties, major mechanisms of action
are through the direct scavenging of free radicals, metal
chelation, and inhibition of ROS producing enzymes'’.
Moreover, these compounds have shown anti-inflammatory
activity, resulting in the reduction of cyclooxygenases,
lipoxygenases, NO production, pro-inflammatory cytokines
and regulation of NF-kB activation'. Acteoside is one of
the most occurrent phenylethanoid glycoside in Sideritis
species with a broad range of pharmacological activities,
mainly antioxidant and anti-inflammatory'. Martin-Nizard
etal,, (2003) exhibited that four phenylethanoid glycosides,
including acteoside, inhibited LDL oxidation in vitro'. Fur-
thermore, these compounds were able to completely abol-
ish the capacity of copper-oxidized LDL (Cu-LDL)-induced
BAEC ET-1 liberation®, and revealed anti-atherosclerotic
effects, since ET-1 secretion is increased in atheroma and
promote atherosclerosis. Another study carried out by
Chiou et al. (2003) mentioned that acteoside reduced the
risk of atherosclerosis, not only by protecting LDL from oxi-
dative modification, but also by its free radical-scavenging
properties?'. In addition, acteoside demonstrated inhibition
of cell adhesion molecules (CAMs) which are involved in
the pathogenesis of atherosclerosis and inflammation
by decreasing phosphorylation of extracellular signal-
regulated kinase (ERK) and c-Jun N-terminal kinase (JNK)?2.
Currently, acteoside showed to reduce the expression of
inflammatory mediators (NO, COX-2 and prostaglandin E2)
and to suppress the phosphorylation of NF-kB in primary
rat chondrocytes treated with IL-1b?. Notably, acteoside
at high dosage through oral administration does not cause
genotoxicity?.The above findings indicate that acteoside
could be considered as a promising natural agent to at-
tenuate or prevent the development of atherosclerosis.
This bioactive compound which is a major constituent
in mountain tea could contribute to its potential anti-
atherogenic effects.

Phenolic acids

Phenolic acids are widely well-known for their im-
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portant biological activities?*. Chlorogenic acid is one
of the most abundant phenolic acids in human diet and
in species of genus Sideritis. In recent years, chlorogenic
acid has gained considerable attention due to its great
antioxidant, anti-inflammatory, anti-diabetic, anti-obesity,
and antihypertension properties®. It is considered as a
potential natural anti-atherosclerotic agent because of its
hypolipidemic, anti-inflammatory, antioxidative, antiplate-
let and vascular endothelial properties?®. Wu et al. (2014)
evaluated the effect of chlorogenic acid on atherosclerosis
development in vivo in ApoE knock-out mice, as well as its
mechanism of action?. They mentioned that this phenolic
compound decreased the atherosclerotic lesion area and
vascular dilatation in aortic root compared to the control
compound, atorvastatin. Furthermore, chlorogenic acid
reduced cholesterol, triglycerides, LDL and inflammatory
markers in plasma.The oxLDL-induced lipid accumulation
was suppressed by chlorogenic derivatives in RAW264.7
cells, as well as cholesterol efflux was stimulated. In addi-
tion, chlorogenic acid improved the mRNA levels of PPARy,
LXRa, ABCA1, ABCG1 and the transcriptional activity of
PPARYy.

CONCLUSION

The data presented here demonstrate that mountain
tea potentially reduces atherosclerosis development due
toits rich content in polyphenols. Polyphenols have been
thoroughly studied for their significant pharmacological
effects. Of great importance are their antioxidant and
anti-inflammatory activities. Thus, mountain tea could
exert potent anti-atherogenic effects, in parallel to its
strong antioxidant and anti-inflammatory capacity. It can
be suggested that it could be used as a natural agent in
terms of prevention and treatment of atherosclerosis.
However, further in vivo studies are necessary in order to
specify its anti-atherogenic effects and its exact mecha-
nisms of action.
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Todi Tou Bouvou: MBavog avti-aBnpoyoévog mapdyovtag;

Awatepiva-Mixaéha Tépou'?, Aéomowva N. Meppéa?, EAévn ZkaAtod!

'Epyactripto ®apuakoyvwoiag kat Xnueiag Quotkwv Mpoidvtwy, Turiua @apuakeutikric, EOBVIKS Kal
Kamodiotpiakd lNavemotriuio ABnvwv, ABriva, EAAGSa, 2EpyaocTtripto lNeipauatikic XelpoupyIkng Kai
Xelpoupy!kriG Epevvng «N.X Xpnotéagy, latpikry 2xoAn, EQvikd kat Kamodiotpiakd Mavemotriuio ABnvwy,

A6riva, EAAdba

H aBnpookhripwon amotelei TNV KUPLA attia Kapdlayyelakwy mabricewv. Ta TeAeuTaia Xpovia, Ta GAPHUAKEU-
TIKA QUTA BewPOUVTAL ATTOTEAECUATIKOI TTAPAYOVTEC OTNV TTPOANYN KAl OTN CUMIMANPWHATIKY Bgparmeia Tng
aBnpookArpwonc. To Todi Tou Bouvou (Z16npiTic) xpnolpomnoleital 0Tn mTapadooiaKkr OEpAMEUTIKN €vVavTi TOU
KOWVOU KPUOAOYHATOG Kal TWV YAOTPEVTEPIKWVY Slatapaywv. Ot eVEPYETIKEG TOL 1810TNTEG amodidovtal oTa
BlodpacTikd cuotatikd Tou. Ot TOAUQAIVONEC Ep@aviouy éva eUPL PACHA PAPUAKOAOYIKWY SPACEWY OTTWC
avTIoEEIOWTIKI, AvTIPAEYHOVWON Kal avTi-a8npookAnpwtikn dpdon. H mapovoa avackomnon cuvoyilel kal
ou{ntd ™ mBavoTnTa To TOdL TOU BouvoU Va ATTOTEAEI CUUIMANPWHATIKO avTi-aBnpoydvo mapdyovta BAcel
TWV BlodpacTIKWV SEUTEPOYEVWY METABONTWY TOU KAl TIC AVAPEPOUEVEC PAPLIAKONOYIKEC TOUC SPACELC.

AEZEIX KAEIAIA: Todi tou Bouvou, yévog Sideritis, avtio&eidwTikr, avTipAgyuovwdn, mbavi

avTi-abnpoyevetikr 6pdon, MOAUPAIVOAEC
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