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Abstract

Since antioxidants may be implicated in disease-related processes,
studying these molecules is crucial. The detection of new antioxidants
may result in the application of these compounds as medications.
Mountain systems and long-term climate changes have contributed to
the development of the Caucasus biodiversity hotspot, characterized
by a great variety of plant species. For centuries many Caucasian
plants were used for the treatment of different diseases, however, the
scientific knowledge of the composition of natural drugs is still far
from exhaustive. The present review indicates that Caucasian
medicinal plants Symphytum caucasicum M. Bieb., Thymus
tiflisiensis Klokov & Des.-Shost., Paeonia daurica subsp.
mlokosewitschii (Lomakin) D. Y. Hong, and Cyclamen coum Mill. are
a valuable source of antioxidants, and extracts of these plants exhibit
significant total antioxidant activity. Various classes of antioxidants
were revealed in the aerial part and roots of Symphytum caucasicum”
M. Bieb., tubers of Cyclamen coum Mill., petals of Paeonia daurica
subsp. mlokosewitschii (Lomakin) D. Y. Hong, and the aerial part of
Thymus tiflisiensis Klokov & Des.-Shost. These compounds included
phenolic compounds, water-soluble antioxidants, alkaloids, terpenes,
and saponins. /nn vitrostudies demonstrated that these antioxidants are
beneficial in suppressing some biological effects related to multiple
diseases. The review demonstrates the benefits of using Caucasian
medicinal plants for the treatment of different disorders and offers
information to scientists who are working to produce safe plant-based
medications.
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Introduction

Since antioxidants from medicinal

plants are now considered promising
therapeutic candidates for preventing the
damage caused by free radicals, research on
these compounds has grown significantly over
time [1]. The great variety of climate zones and

landscapes, determined by the developed

mountain systems contributed to the
development of the Caucasus woodland
habitats and immense biodiversity [2].

Caucasian flora includes 6350 vascular plant
species, out of them more than 2900 endemic
species, 1000 species are used for centuries in
traditional folk medicine, and 180 species are
used in modern medicine [3]. The therapeutic
effect of many of these species is associated
with the unique composition of antioxidants
since Caucasian plants contain chemical
compounds of different classes that may act
individually or in synergy (reviewed in [4]).
An antioxidant is any substance that,
when present in low concentrations compared
to those of oxidizable substrates (such as
proteins, lipids, carbohydrates, and DNA)
decreases or completely prevents the oxidation
of such substrate [5]. Natural antioxidants can
be classified as enzymatic and non-enzymatic,
antioxidants,

primary and  secondary

hydrophilic and lipophilic antioxidants

(reviewed in [6]).
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This review aimed to systematize the
existing knowledge about the antioxidant
composition of Caucasian medicinal plants.
The literature search was performed in
PubMed, Scholar

databases, using the following search criteria:

Scopus, and Google

1. “Antioxidants”; 2. “Antioxidant System”; 3.

« o«

“Symphytum caucasicum M. Bieb.“, “ Thymus
tiflisiensis Klokov & Des.-Shost.“, “Paeonia
daurica subsp. mlokosewitschii (Lomakin) D.
Y. Hong", Cyclamen coum Mill.”. The choice
to focus on the discussed plants in the review
likely reflects their representation of diverse
plant families within Caucasian medicinal
flora, scientific interest in their medicinal
properties, availability of data on their
antioxidant activity, and practical research

constraints.

Antioxidants in Caucasian Medicinal
Plants

For the representatives of four families
of Caucasian medicinal plants, considered in
this review the data on the content and
composition of antioxidants are limited. The
most commonly determined parameter was
the total antioxidant activity of extracts of

various plant parts.

Total antioxidant activity (TAA)
The

depends on their chemical structure, total

effectiveness of antioxidants

concentration, and location of antioxidants in
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the system. Many studies aiming to determine
the potential application of plants in medicine
are based on the determination of TAA.
Currently, many methods are used to
determine the antioxidant activity (reviewed
in [7]), the most common and reliable methods
include ABTS, FRAP, and DPPH assays. In the
ABTS assay the green-blue stable radical
chromophore,  2,2-azinobis-(3-

ethylbenzothiazoline-6-sulfonate) (ABTS™) is

cationic

produced by oxidation, the ferric reducing
ability of plasma (FRAP) assay is based on the
reducing power of the analyzed antioxidant
and 1,1-diphenyl-2-picrylhydrazine (DPPH)
method is based on the scavenging effect of
stable radical DPPH through the addition of an
the DPPH

description of methods is

antioxidant that decolorizes

solution (the

provided in [6]).
For Caucasian plants described in this

review, TAA was assessed in various studies

using the DPPH method (Table 1). Thus, the
above-ground part of Symphytum caucasicum
M. Bieb. was investigated during different
vegetative stages using the DPPH method. The
highest TAA was revealed in methanolic
extracts of Symphytum caucasicum M. Bieb.
and comprised from 75.48% (budding stage) to
80.81% (spring vegetation stage), ethanolic
extracts — from 22.61% (blossoming stage) to
73.99%
extracts — from 67.46% (budding stage) to
74.45% (blossoming stage) [8]. Significant TAA

was revealed for methanolic extracts of

(spring vegetation stage), water

Cyclamen coum Mill. leaves (249.2 pg/ml) and
bulbs (129.7 pg/ml) [9] and methanolic extract
of the aerial part of Thymus tiflisiensis Klokov
& Des.-Shost. [10]. TAA of Paeonia daurica
subsp. mlokosewitschii (Lomakin) D. Y. Hong
was lower and comprised 32.71 pg/ml [11].

Table 1 Total antioxidant activity, determined by the DPPH method of Caucasian medicinal

plants
Plant Symphytum | Thymus Paeonia daurica | Cyclamen | References
part/extractant caucasicum | tiffisiensis subsp. coum
M. Bieb. Klokov & | mlokosewitschii Mill.
Des.-Shost. | (Lomakin) D. Y.
Hong
Aerial 80.81 % 1100 pg/ml - - [8], [10]
part/methanol
Leaves/ethanol 27.5 % - 24.81 pg/ml 164.8 [12], [11],
Hg/ml [9]
Aerial 19.98 mg - - - [13]
part/ethanol TE/g
Roots 9.00 mg TE/g - - 129.7 [13], [9]
(tubers)/ethanol pg/ml
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Leves/methanol - - 32.71 pg/ml 247.2 [11], [9]
ug/ml
Roots - - - 129.7 [9], [14]
(tubers)/methanol pg/ml
8.52 mg
TE/g
Leves/acetone - - - 257.6 [9]
pg/ml
Roots - - 336.3 [9]
(tubers)/acetone ug/ml
- - was not determined
Ascorbic acid [17]. Phenolic compounds are usually
classified into simple phenolics
This is the major antioxidant component (hydroxyphenols or dihydroxybenzenes),
in plants, with the detoxification of reactive phenolic acids, and polyphenols, which

oxygen species (OH" and O,”) by ascorbic acid
occurring directly, by the removal of H:0:
through the water-water cycle or via the
glutathione-ascorbate cycle [15]. Ascorbic acid
(ASC) also participates in the xanthophyll
cycle, which is needed to protect photosystem
II (PSID)

signaling, modulation of gene expression,

from photoinhibition, redox
preservation of the activities of enzymes
containing prosthetic transition metal ions
[15]. The high content of ascorbic acid
comprising 51.81, mg% (DW) was revealed in
leaves of Symphytum caucasicum M. Bieb.
(Table 2), a perennial endemic plant inhabiting
the edges and glades of the Caucasian forests
Eastern

(Ciscaucasia, = Dagestan,  and

Transcaucasia) [16], Fig. 1.

Phenolic compounds

Phenolic compounds act as antioxidants
by reacting with a variety of free radicals
involving transfer of hydrogen atoms, single

electrons, or the chelation of transition metals
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include flavonoids, tannins, and stilbenes. The
anthocyanins, natural water-soluble pigments
occurring in plants represent a particular
variety of phenolic compounds.

The high content of phenolic compounds
was demonstrated in Caucasian medicinal
plants: thus, the content of soluble phenols was
3 mg/g DW in Symphytum caucasicum M.
Bieb. leaves, and roots of this plant contained
poly[3-3,4-
dihydroxyphenyl)-glyceric acid [18], (Scheme

phenolic polymer
1). The presence of phenolic compounds (C-
dihexoside, quercetin-3-galactoside),
flavonoids and tannins [14] was revealed in
tubers of Cyclamen coum Mill. (Table 2), a
herbaceous

tuberous perennial with an

extensive area from  Southern and

Southeastern Europe to the Mediterranean and
South-West Asia [14]. The total content of
anthocyanins in Symphytum caucasicum M.
Bieb. leaves was 0.487 mg/g DW [12]. Petals of
Paeonia mlokosewitschii

daurica subsp.



(Lomakin) D. Y. Hong contained anthocyanin
peonidin-3,5-di- O-glucoside [19], (Scheme 1).
daurica mlokosewitschii

Paeonia subsp.

(Lomakin) D. Y. Hong, is a species of flowering
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plant native to the temperate biome of east
Georgia and adjacent areas in Russia and
Azerbaijan [20], (Fig. 1).

Fig. 1 Photos of medicinal Caucasian plants Symphytum caucasicum M. Bieb. (A) and

Paeonia daurica subsp. mlokosewitschii (Lomakin) D. Y. Hong (B)

Alkaloids

Alkaloids are a large diverse group of
biologically active compounds, exhibiting
antioxidant effects similar to or even more
active than standard antioxidants [21]. Roots of
Symphytum caucasicum M. Bieb. contained
asperumine (Scheme 1), echimidine N-oxide,
echinatine and lasiocarpine (Table 2) as the
major alkaloids [22]. Alkaloids were also
revealed in tubers of Cyclamen coum, but
identification of alkaloids was not performed

[14].
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Terpenes

Terpenes represent a large group of
hydrocarbons consisting of 5-carbon isoprene
(C5HS8) units as their basic building block.

Terpenes were shown to inhibit ROS
production and lipid peroxidation and increase
the endogenous antioxidant status [23].
Nerolidol (Scheme 1), germacrene, and

farnesol were shown to be the most abundant
terpenes in the essential oil extracted from the
aerial part of Thymus tiflisiensis Klokov &
Des.-Shost. (Table 2) [24], a subshrub endemic
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to Georgia, inhabiting lower and middle
mountain belts in Kakheti, Kartli, Kiziki, Gare
Kakheti and Trialeti [25]

Saponins

Saponins compose a class of plant
secondary metabolites, consisting of an
aglycone with carbohydrate moieties. The
number and type of carbohydrate moieties
determine the structural diversity of the

saponins. The aglycone can be a triterpene or

a steroid with different substituents (-H, —
COOH, —CHs). The antioxidant activity of
saponins was demonstrated. They have been
shown to scavenge free radicals such as
hydroxyl, superoxide, peroxide, and nitric
oxide radicals [26]. The presence of various
saponins (coumosides, cyclaminorin,
deglucocyclamin, cyclacoumin (Scheme 1))
[27] was revealed in tubers of Cyclamen coum

Mill. (Table 2).

Table 2 Antioxidants revealed in Caucasian medicinal plants

Family Plant Part of Class of Antioxidant References
species plant antioxidants
Boraginaceae | Symphytum | Aerial | Phenolic Poly[3-(3,4- (18]
caucasicum | part, |compounds dihydroxyphenyl)gly
M. Bieb. roots ceric acid]
Leaves | Water- Ascorbic acid [12]
soluble Anthocyanins
antioxidants
Phenolic
compounds
Roots | Alkaloids Asperumine, [22]
echimidine N-oxide,
echinatine and
lasiocarpine
Lamiaceae Thymus Aerial | Terpenes Nerolidol, [24]
tiflisiensis part germacrene, farnesol,
Klokov & amphene, sabinene,
Des.-Shost. endo-borneol, nerol,
citral, bornyl acetate,
terpinyl acetate,
muurolene,
bisabolene, E-
bisabolene,
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caryophyllene oxide,
and epi-cubenol
Paeoniaceae Paeonia Petals Phenolic Anthocyanins [19]
daurica compounds peonidin-3,5-di-O-
subsp. glucoside
mlokosewit
schii
(Lomakin)
D.Y. Hong
Primulaceae Cyclamen | Tubers Saponins Coumoside A, [27], [14]
coum coumoside B,
cyclaminorin,
deglucocyclamin,
cyclacoumin,
mirabilin lactone
Phenolic Flavonoids
compounds Tannins
Phloretin C-
dihexoside, quercetin
3-galactoside,
Alkaloids catechin,
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The medicinal prospects of antioxidants from Caucasian medicinal plants
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Scheme 1 Chemical representation of some representative compounds mentioned in Table 2.

Poly[3-(3,4-ihydroxyphenyl)glyceric acid] (A); peonidin-3,5-di-O-glucoside (B); cyclacoumin
(C); asperumine (D); nerolidol (E).
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The involvement of oxidative stress in the
pathogenesis of insulin resistance, cancer,
diabetes mellitus, cardiovascular diseases, and
aging was demonstrated and WHO identified
medicinal plants as one of the possible sources
of new pharmaceuticals [28]. Antioxidants of
medicinal plants can be used for both the
prevention and repair of cellular damage. The
effect of antioxidants is due to the prohibition
of the formation of ROS and their scavenging
and due to the restoration of the activities of
enzymes involved in cellular development.
The use of antioxidants, extracted from
Caucasian medicinal plants for the treatment
of various diseases was demonstrated. Thus,
poly[3-3,4-
dihydroxyphenyl)glyceric acid] isolated from

the bioactive

aerial parts and roots of Symphytum
caucasicum M. Bieb. exhibited significant
antioxidant activity, affecting ROS formation
[18].
Essential oils from aerial parts of 7Thymus
tiflisiensis Klokov & Des.-Shost. exhibited

moderate cytotoxic activity against human

by polymorphonuclear neutrophils

colon cancer cell lines [24]. The most abundant
phenolic compound quercetin-3-galactoside in
tuber extracts of Cyclamen coum Mill. was
attributed to the anti-tyrosinase activities
exhibited by the extracts of this plant [14].
Saponin extracts of Cyclamen coum Mill.
inhibited growth of Pseudomonas aeruginosa,
Staphylococcus aureus, Salmonella typhi,
Klebsiella pneumonia, and Enterococcus

faecalis [29].

DOI: 10.56580/GEOMEDI44

Conclusions

The present review indicates that Caucasian
medicinal plants are a valuable source of
hydrophilic and hydrophobic antioxidants
that confer high ROS-scavenging ability. The
analysis of the literature also demonstrated
that extracts of Symphytum caucasicum M.
Bieb., Thymus tiflisiensis Klokov & Des.-
Shost., Paeonia daurica subsp. mlokosewitschii
(Lomakin) D. Y. Hong, and Cyclamen coum
Mill. possess significant total antioxidant
activity. The highest total antioxidant activity
was revealed for the aerial part of Thymus
tiflisiensis Klokov & Des.-Shost. Various
phenolic compounds were detected in the
aerial part and roots of Symphytum
caucasicum M. Bieb., tubers of Cyclamen
coum Mill. and petals of Paeonia dauricasubsp.
mlokosewitschii (Lomakin) D. Y. Hong. Aerial
part of Thymus tiffisiensis Klokov & Des.-
Shost. Also contained various terpenes. /n
vitro studies demonstrated that these
compounds are beneficial in suppressing some
biological effects related to multiple diseases.
The identified antioxidant compounds from
Caucasian medicinal plants, discussed in this
review, hold great promise for developing
novel therapeutic agents and represent
valuable reservoirs for drug discovery efforts.
The decision to concentrate on the above three
plants in the review likely indicates their
representation of various plant families within
Caucasian medicinal flora, scientific curiosity

regarding their medicinal attributes, the

accessibility of data concerning their
antioxidant  properties, and  practical
limitations in research. However, in the
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future, the review should be extended to comprehensive understanding of antioxidant
encompass other plants within the Caucasian  properties across a broader spectrum of species.

medicinal flora to provide a more
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