Annals of Agricultural & Crop Sciences

Special Article: Plant Cell

Open Access

mUSt n pUbIIShing Group

Azulenes in Plant Cell: Clover as Their Useful Resource

Victoria V Roshchina®

Institute of Cell Biophysics, Federal Research Centre,
Pushchino Scientific Centre for Biological Research,
Russian Academy of Sciences, Institutskaya Str. 3,
Pushchino, Moscow Region, 142290, Russia.

*Corresponding author: Victoria V Roshchina
Institute of Cell Biophysics, Federal Research Centre,
Pushchino Scientific Centre for Biological Research,
Russian Academy of Sciences, Institutskaya Str. 3,
Pushchino, Moscow Region, 142290, Russia.

Email: roshchinavic@mail.ru

Abstract

Location of azulenes in plant cell has been studied on three clo-
ver species Trifolium repens L., T. pratense L., and T. medium L. (fam.
Fabaceae). By using of microspectrophotometer/ microspectroflu-
orimeter the absorbance spectra were recorded from the surface
of intact leaves and intact isolated chloroplasts. Here the maxima
in the range 580-620 nm, peculiar to blue pigments azulenes, were
observed in all cases. The pigments’ picks 590-610 nm also have
been found in the absorbance spectra of ethanolic extracts from
the leaf surface and from the chloroplast suspension. The protec-
tor function of the azulenes for the plant cell has been discussed.
Clovers studied are recommended for agriculture and pharmacy as

Received: December 05, 2023
Accepted: January 18, 2024

useful resource of azulenes.
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Introduction

The blue pigments azulenes are found in many types of
plants, fungi, and invertebrate organisms [1,2]. Due to its physi-
cochemical properties, azulene and its derivatives with many
double bonds and their conjugated biologically active com-
pounds have found application in technology, especially in op-
toelectronic devices [1-6]. Azulenes are also included in poly-
mers, oligomers and conjugates with furanes and phenols in
order to create new chromophore materials [2,3,5].

History of azulene-containing plants is beginning in ancient
times for medical and cosmetic purposes. Natural azulenes and
synthesized, such as azulenic retinoids, may have antitumor
activity, immunomodulatory, and antifungal activity (guaia-
zulene derivatives isolated from the marine gorgonian) [4] or
have an antioxidant effect [5] or affect dopamine receptors [6].
Moreover, in some cases they can affect other living organ-
isms, including negative effects [7]. The technological direction
is associated with the study of the physicochemical properties
of azulenes and their application in the optical and chemical-
analytical industries [2,3].

Unlike a burst in technological use of azulenes, there is small
information about biological role of azulenes in plants them-
selves, especially of medicinal ones. For many years, chemists
discovered azulenes by distilling essential oils from the medici-
nal herbs of wormwood bitter Artemisia absinthium L. or com-
mon yarrow Achillea millefolium L, which acquired a blue color
[8]. But such pigments were also found in extracts of organic
solvents in mosses of the hepatic Calypogeia azurea and others
[9,10], pollen of different flowering species and pollen collected

by bees [11, 12], cells of horsetail microspores Equisetum ar-
vense L. [13], needles of the blue spruce Picea excelsa [14], iso-
lated chloroplasts of pea Pisum sativum L. and clover Trifolium
repens L. [14,]. The role of azulenes for the plants themselves
has not yet been considered in the literature, although there is
only one interpretation of their properties as growth regulators
belonging to water soluble azulene [15] and protocols of the
studies of the artificial pigment on the germination of pollen
and vegetative microspores of horsetail [16,17]. In experiments
with exogenous azulene on vegetative microspores of horsetail,
the properties of this sesquiterpene lactone as antioxidant and
as a histamine antagonist are shown [18]. Moreover, it may be
the electron donor in model experiments on isolated chloro-
plasts [19-21].

In 2019-2023 there were works that search azulenes in
plants, which have been connected with tolerance to tropo-
spheric ozone and ultra-violet irradiation [22]. It was shown
that short time-extracts by organic solvents from leaves hav-
ing blue color in some woody plants contained azulenes [22].
The fact gives us the idea that their tolerant ability may be con-
nected with the defensive role of azulenes. Short time of the
azulene appearance in 10 min-extracts showed a possibility of
the compounds’on the leaf surface as a barrier or filter for ac-
tive ultra-violet radiation and ozone as the origins of dangerous
oxidants [20-23]. The surface in transmitted light was analyzed
by sensitive Invitro Evos M5000 microscope showed the pres-
ence of blue wax plates on the leaf surface of Eucalyptus cine-
rea, in both covered secretory structure (glands) and parts lack
of the glands [20,22]. Also it has been carry out spectral analysis
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with use microspectrophotometer/microspectrofluorimeter for
the receiving of spectra of autofluorescence and absorbance in
order to test the composition of compounds outside the cell
wall [21,23,26].

Although today this pigment is known and applied for medi-
cine, cosmetics and technics, the attention to the functions and
location of the natural metabolite for the plant itself was far
from the study many years. It may be useful for practical use of
our knowledge for agriculture of medicinal and nutritional plant
species. In this connection we had a goal to analyse the location
of azulenes in plant cell using three species of clover. For this
task, it should need to observe the leaf surface and penetrate
into the cells of model objects for the isolated organelles such
as chloroplasts.

Materials and Methods
Objects

Leaves and isolated chloroplasts from three clover species
were chosen: white clover Trifolium repens L., red clover Trifo-
lium pratense L., and zigzag clover Trifolium medium L. collected
on natural reservation “Lugovoi” near Oka river.

Isolation of Chloroplasts

Isolation of intact chloroplasts from leaves was carried out
according to Robinson with co-workers [27] in the phosphate
buffer medium containing 0.3 M mannitol,0.08 M KCl, 0.066 M
KH,PO,, 0.066 M Na,HPO, pH 7.25 .

Spectral Measurements

Absorption (absorbance) of the intact leaves was measured
directly on slides using the microspectrophotometer/micro-
spectrofluorimeter MSF-15 (LOMO, St. Petersburg, Russia)
[20,21]. The position of the maxima in the absorption spectra
of intact cell surfaces was determined according to the Zolo-
tarev method by the option of the reflection spectra differentia-
tion [28]. The absorption and fluorescence spectra of extracts
with 100% acetone or 95% ethanol from cells (1:10 w/v for 10
min to 1 hour or more) in 1-0.5 cm cuvettes or on paper chro-
matograms were recorded using the Unicam Helios-epsilon
spectrophotometer (USA), spectrophotometer Specord M-40
(Germany) and Perkin ElImer 350 MPF-44 B spectrofluorometer
(Great Britain) [20-23].

Extractions of Azulenes

Azulenes in sample extracts with ethanol or acetone for 10-
30 minutes of exposure were determined spectrophotometri-
cally at 580 nm, as described earlier [22]. The average error of
the experiment of three to four repetitions was calculated for
each variant and control, respectively.

Detection of Azulenes

Azulenes in sample extracts with 95% ethanol and ac-
etone for 10-30 minutes of exposure were determined spec-
trophotometrically at 580 nm, as described earlier [20-22].
To detect azulenes, the extracts were chromatographed on
Whatman Paper No. 1 without or after the impregnation with
Vaseline oil or on thin-layer plates of Silufol silica gel, as pre-
viously described for pollen of a number of seed plants and
horsetail microspores [11-13]. Their absorbance spectra were
then recorded to compare them with data obtained on intact
cells. The concentration of azulenes (A) was estimated in solu-
tions of ethanol or acetone extracts, according to the formula:

A=D_,, /ex|, where D, is the optical density at 580 nm, € is the
coefficient of molar extinction of 328 M=t cm™, | is the thickness
of the liquid layer in the cuvette, cm. The average error of the
experiment of three to four repetitions was calculated for each

variant and control, respectively.
Results and Discussion

Since from 50-60 years of 20 century scientific interest to
azulenes based on the pharmacological knowledge and ex-
periments with the blue pigments as by -products of distillated
plant oil [3]. Here we applied spectral methods to testing of
presence of azulenes using microspectrophotometer/micro-
spectrofluorimeter MSF-15 [20-22 below we represented new
data received not only leaf surface, but also intact chloroplasts
of three clover species.

Spectral Analysis of Plant Cells Surface and Isolated Chlo-
roplasts

Spectral studies of leaf surfaces and isolated chloroplasts
were carried out by microspectrophotometry, which makes it
possible to record the absorbance spectra in individual cells. On
Figure 1-3 visible leaf absorbance spectra of three clover spe-
cies and isolated from intact chloroplasts with marked areas of
absorption of azulenes and chlorophyll with significant maxima,
indicated by circles and polygons, respectively.

In white clover, the maxima of 580-620 nm on the upper side
of the leaf and the maximum of 660 nm related to chlorophyll
are already visible in the intact leaf. However, on the upside of
the leaf (it looks whitish, and only small maxima are visible in
the absorption region of both azulenes and chlorophyll). These
data for blue pigments of azulenes refer mainly to the surface
of the leaves [20-22], and the presence of these compounds
inside the cell should be assessed. When comparing the nature
of the absorption spectra of the leaf surface and the isolated
chloroplasts (Figure 1), it is clearly seen that about five to ten
times more significant maxima 600 and 615 nm appear in the
spectrum of the intact chloroplasts’ suspension. Moreover, the
absorbance spectrum of single chloroplasts, apparently, con-
tains even more significant and noticeable maxima of 580,590
and 615 nm, characteristic of azulene.

In the contrast to white clover, red or meadow clover (Fig-
ure 2) showed lower maxima of azulenes and chlorophyll in the
absorbance spectra not on the lower, but on the upper side of
the leaf, (these maxima are 580 and 615 nm), where there is a
significant part of whitish spots. The absorbance spectrum of
the suspension has already shown a higher maximum of 615
nm, and in single chloroplasts - three significant maxima of 580,
600 and 620 nm, characteristic of azulene. The differences may
be in the fact that a maximum of 615 nm is visible in the mass
of chloroplasts with an intact outer membrane, while the spec-
trum from a single organelle can also show the contribution of
azulenes of internal membranes-thylakoids

For zigzag clover T. medium, there are the absorption maxi-
ma of azulenes from both leaf surfaces (upper and lower ones),
but they are small for quantitative assessment (Figure 3), but
quite comparable to the magnitude of the chlorophyll peak. A
significant and noticeable increase in the maxima in the absorp-
tion region of azulenes (as well as chlorophyll at 666 nm) was
noted in the suspension of chloroplasts — 580, 595 and 620 nm.
However, single chloroplasts have the highest maximum of 610
nm inherent in azulene, and it is almost twice as high as the
actual chlorophyll maximum of 666 nm.
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Plant surface and chloroplasts may be possible accumula-
tors of blue pigments. Earlier we studied the plant responses to
ozone, modelling its negative effects on the individual cells, and
showed how the atmospheric gas acts on the leaves washings
from woody plants [22]. Moreover, under O, —action, the color
and fluorescence of the surface secretory and non-secretory
systems of were changed that was suitable for the express-
testing of cell damage [22]. Among the woody species studied
some tolerant to ozone have silver or blue color of leaves and
contain azulenes washed by organic solvents from their surface.
We concluded that the compounds may be optic and antioxi-
dant filters for action of unfavorable factors such as tropospher-
ic ozone of urbanistic regions or/and ultra-violet irradiation.

Extraction of Blue Pigments

To confirm the testing of azulenes in intact leaves and iso-
lated chloroplasts, pigments should be extracted with ethanol
or acetone [22]. As a whole there was no chlorophyll in 10 min-
extracts from the intact leaves of woody plants with silver or
blue color (chlorophyll was determined by the absorbance and
fluorescence spectra with maxima of 660 and 680 nm, respec-
tively). The appearance of chlorophyll in this extract already in-
dicates the penetration of the solvent inside cell to chloroplasts
[22]. In our experiments the absorbance spectra of 10 min -
ethanolic extracts from the surface of intact leaves or isolated
chloroplasts of three clover species have maxima in the range
580-620 nm, and we use the value of optic density at 580 nm
for the determination of the pigment concentration (Table 1).

A preliminary estimation of the content of azulenes on
the surface of leaves and chloroplasts based on fresh weight
of leaves is shown in table 1. In 10-minute ethanol extracts
(washes) from the surface of all three species studied, it can be
seen that white clover Trifolium repens and red clover Trifolium
pratense have about 10 times more blue pigments compared to
Trifolium medium clove. In ethanol extracts from isolated intact
chloroplasts, on the contrary, the plastids of the first species
have the least azulene, while in the other two species it exceeds
this value for blue pigments by 5-6 times. Moreover, it was not-
Table 1: The content of azulenes in 10-minute ethanol extracts (mg/g
of fresh leaf weight) from the surface of leaves or chloroplasts.

Species Leaves Chloroplasts
Trifolium repens 2,8+0.03 38+2.0
Trifolium pratense 2,4+0.03 17045.3
Trifolium medium 0.24+0.04 200+ 9.2
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Figure 1: The absorbance spectra of white clover (T. repens) leaf
and intact chloroplasts isolated from the leaves of this species. The
absorption regions with maxima related to azulene and chloro-
phyll, were marked circles and polygons, respectively.
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Figure 2: The absorbance spectra of red clover (T.pratense) leaf
and intact chloroplasts isolated from the leaves of this species. The
absorption regions of azulenes and chlorophyll with maxima were

marked as circles and polygons, respectively.
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Figure 3: The absorbance spectra of zigzag clover leaf and intact
chloroplasts isolated from the leaves of this species. The absorp-
tion regions of azulenes and chlorophyll with maxima, were marked

as circles and polygons, respectively.

ed that in all the studied samples, based on fresh weight, the
concentration of azulenes in chloroplasts significantly (up to 20
or more times) exceeds that washed out from the surface of
the leaves.

Thus, it can be concluded that azulenes are present in cells
both in the surface layer of leaf cells (in the cell wall, and mainly
in the cuticle) and inside the cells — in chloroplasts. In Table 1
we see the calculation based on fresh weight of leaves and on
the surface of cells azulenes are more 10 times lesser then in
chloroplasts.

If we refer to the data of Figures 1-3 for testing azulenes by
the absorbance spectra of leaf surfaces, we can see that there is
a correlation between the height of the maxima and the content
of these pigments. Moreover, the height of the maxima can be
judged on the ratio of pigments between those on the surface
of the leaf and in the suspension of chloroplasts. In chloroplasts,
a higher height of azulene peaks is noted than on the surface.
This implies the reliability of testing the presence of azulenes by
spectral characteristics. The color of leaves and chloroplasts is
also determined by the ratio of azulene: chlorophyll. It depends
on the thickness of the cuticle and cell wall [22]. Chlorophyll of
chloroplasts shines through the cell wall covered with azulenes
or waxes with azulenes, as in the ashy eucalyptus Eucalyptus
cinerea [19-21]. Earlier it was shown, if the extraction from in-
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Figure 4: The absorbance spectra of blue bands after chromato-

graphic purification of ethanol extract of intact chloroplasts of zig-
zag clover, pre-treated with 50% sulfuric acid on Whatman paper 1.
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Figure 5: The absorbance and fluorescence spectra (excitation 360
nm) of solutions in azulene ethanol (2 mg) and chlorophyll a + b (2
mg) from common nettle leaves in a mixture (1: 1). Modified figure
from conference material [26]. AZ and Chl — azulene and chloro-

phyll, relatively.

tact leaves with an organic solvent lasts 10-15 minutes, blue
color and, accordingly, the maxima are 580-630 nm in the ab-
sorbance spectra were seen in extracts from silver or blue col-
ored leaves of woody species [20-22]. Sometimes there was no
chlorophyll in similar extracts (determined by the absorbance
and fluorescence spectra with maxima of 660 and 680 nm, re-
spectively), then we supposed that this part of the azulenes is
located on the surface of the leaf cells. Often, for example, in
eucalyptus ash, blue color is present in wax plates [20-22]. In
10 - minute ethanol extracts, many plants with a silver or blue
color on the surface of leaves and needles do not yet have a
chlorophyll maximum of 666 nm.

The absorption maxima of azulenes and chlorophyll can
overlap in the region of 620-660 nm. After chromatography of
the extract on Whatman 1 paper, azulenes and chlorophyll are
usually visible as one common band. In view of this, their sepa-
ration may be achieved by adding concentrated sulfuric acid to
the extract up to 50% concentration, and the resulting brown
solution is passed through a glass filter, where the precipitated
azulene crystals remain on the filter, and the brown pheophytin
formed in reaction with the acid is removed with the liquid.

The precipitate was again dissolved by passing an organic
solvent through a filter - 95% ethanol or 100% acetone. The
resulting blue solution contained pure azulenes; the probe is
without chlorophyll. Chromatography of this blue solution (the
example of zigzag clover Trifolium medium) on Whatman 1 pa-
per led to separation into three main bands - with Rf 0.66, 0.44
and 0.12 (Figure 4). After chromatography one see that all three
band have characteristic maxima 600-605 nm peculiar to azu-
lenes, most intensive optical density was for first of them.

Discussion

The data received should be discussed in several directions
in order to mark possible functions of azulenes in azulene-bear-
ing plants such as clovers looking for perspectives for pharmacy.

Azulenes on the Plant Cell Surface

There is information from earlier publications [22,23] that
some subtropical woody species are tolerant to intensive ultra-
violet irradiation and tropospheric ozone, which may damage
the leaves, contain azulenes on the leaf surface, for example,
Eucalyptus cinerea, Picea excelsa and so on. When to compare
the azulene content after short-time and long time-exposures
in organic solvents, one could mark different time of the sol-
vents ‘ way into the cell interior, controlled by the appearance
of chlorophyll maxima in the extracts — from 10 min (average for
Eucalyptus cinerea, Picea excelsa) to severel hours (for Cedrus
atlantica).

Azulenes may be contained in cuticle and cell wall of plant
cell. In some species studied they are included in wax covered
all leaf surface like in Eucalyptus cinerea [26,24]. The pigments
also may contacted and react with secretory products of the
same cell releasing out and with exogenous metabolites (allel-
lochemicals, biogenic amines, phenols, etc) such found on the
leaf surface due to interactions with other inhabitants of bioce-
nosis — plants, animals and microorganisms. They can protect
from any damage because act as antioxidants [23-26].

Reactions to ozone of surface cells of leaves with blue or
silver color in plant species: meadow rue Thalictrum minus L.,
oleaster Elaeagnus L., white willow Salix alba L., buckthorn Hip-
pophae rhamnoides L., creeping clover or white clower Trifo-
lium repens L, red clover Trifolium pratense L., ryegrass pasture
Lolium perenne Engels were studied [23] . It has shown that the
surface layers of the cuticle and the cell wall of these plants
contained azulenes. In the leaf absorption spectra, the maxima
characteristic of these blue pigments of 580-585 nm and 608-
610 nm, respectively, were noted, and in the fluorescence spec-
tra—410or 430 nm. It has assumed that these pigments may be
the primary targets for ozone in species with blue or silvery leaf
color, and their antioxidant properties determine low sensitivity
to ozone. In this case, the blue pigments serve as a protective
optical filter against ultraviolet radiation and ozone formed with
its participation
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The spectral characteristics of the surface cells of plants ap-
peared on various evolutionary levels - from unicellular (dia-
toms, horsetail and fern spores) to multicellular (woody and
herbaceous species) organisms- have been studied [20,24,25].
It was shown that the surface layers of the cuticle and cell wall
of some analyzed plants included blue pigments azulenes as an-
tioxidants.

Using histochemical methods, it has been discovered that
here neurotransmitter compounds (biogenic amines) are pres-
ent in the excretions by the entire surface or from specialized
secretory structures of leaves [26]. Under conditions of high salt
concentration, dopamine and histamine are secreted, which is
blocked by the addition of exogenous azulene and proazulene
grosshemine [18,20]. It is assumed that the azulene -containing
surface protects it from the formed reactive oxygen species and
toxic biogenic amines in high concentrations.

Azulenes in Chloroplasts

Azulenes can be found not only in the cuticle and cell wall,
but also in chloroplasts and are somehow bound to chlorophyll
as we saw in the experiments with ethanolic extracts from chlo-
roplasts. Often it is difficult to separate both pigments by paper
or thin laeyer chromatography without preliminary addition of
acid that led to formation of pheophytin, which may be sepa-
rated. Particular importance should be given to the relationship
of chlorophyll and azulene in chloroplasts [26]. Figure 5 also
shows their absorbance spectra of experiments earlier reported
on the conference [26], the absorbance and fluorescence spec-
tra were obtained in a mixture of individual azulene and a +
b purified chlorophyll fraction. The absorbance spectra of ar-
tificial individual azulene include a total region of 650-680 nm,
which can overlap a maximum of 665 nm of chlorophyll in the
mixture (Figure 5). But the fluorescence spectra of solutions are
very different, where azulene has a maximum in the region of
400-430 nm, and chlorophyll - 460-470 and 680 nm [20]. In the
absorbance spectra of intact leaves in the range 630-650 nm
the picks of azulene and chlorophyll may be overlapped as we
saw on Fig.5 in experiments with individual compounds that re-
ported on the conference materials [26]. We hypothesized [26]
that in comparing of the molecules in both compounds there
are common parts that may be originated from the common
precursor in their metabolism. The 5-chains rings are present in
them. Azulene moiety may serves as electron reservoir in posi-
tively charged systems [29].

In chloroplasts azulenes and chlorophyll may form aggre-
gates. According to experiments of Maténova et al [30] with
aggregates of bacteriochlorophyll with azulene and azulene-de-
rivatives, only azulenes with sufficient hydrophobicity are able
to induce self-aggregation of bacteriochlorophyll C. Azulene de-
rivatives possessing a conjugated phenyl ring were capable of
efficient (50%) excitation energy transfer to bacteriochlorophyll
molecules. These aggregates represent an artificial light-har-
vesting complex with enhanced absorption between 220 and
350 nm compared to aggregates of pure bacteriochlorophyll C.
The results provide insight into the principles of self-assembly
of similar aggregates and suggest an important role of the n-nt
interactions in efficient energy transfer. This fact explains dif-
ficulties in the separation of azulenes and chlorophyll by chro-
matography marked in our experiments because they may form
self- assembled aggregations and aggregates between azulenes
and chlorophyll. Since the azulene-containing fraction was iso-
lated from isolated chloroplasts of clovers studied, it is likely
that this pigment plays a role in thylakoids. It is possible to be

a protective compound, since it has the properties of an anti-
oxidant.

Besides antioxidant and aggregative capacities of azulenes, it
should pay attention to redox characteristics of some azulenes
in acetonitrile studied by Plemenkov with co-authors [31], who
have shown their voltammograms. The large polarization of the
ni-electron system over the seven and five rings gives to azulene
electrophile property a pronounced tendency to donate elec-
trons to an acceptor, substituted at azulene 1 position (Figure
5). In some cases, azulene can transfer electrons to a suitable ac-
ceptor [29]. This supposition has been confirmed in several ex-
perimental publications demonstrated donor electron features
in model system of isolated chloroplasts of Kalanchoe pinnata
which lack of azulenes [19-21]. In experiments with additions
of individual azulene to the chloroplasts and some individual
components of photosynthetic electron transport chain (elec-
tron carriers cytochrome C 553 (f), plastocyanin and ferredoxin)
and electron acceptors NADP*, ferricyanide and dichlorpheno-
lindophenol the donation of electrons by azulene to electron
transport chain has been shown. Block of the chain by inhibitors
of non-cyclic and cyclic electron transport was overcome with
azulene as electron donor. Therefore, the azulene presence in
clover chloroplasts may defense function at the damage of elec-
tron transport chain.

Possible Practice of Azulenes

The azulene effects on the mammalians were rarely studied
yet. In vitro and in vivo biological activities of azulene derivatives
may be applied in medicine [1]. In medicine, the ingredients of
these plants have been widely used for hundreds of years in
antiallergic, antibacterial, and anti-inflammatory therapies [1].
Herein, the applications of azulene, its derivatives and their
conjugates with biologically active compounds are presented.
The potential use of these compounds concerns includes anti-
inflammatory effects with peptic ulcers, antineoplastic with leu-
kemia, antidiabetes, antiretroviral with HIV-1, antimicrobial, in-
cluding antimicrobial photodynamic therapy, and antifungal [1].
Moreover, the antihistamine properties of azulene-containing
medicinal plants like Artemisia absinthium, Achillea millefolium
and Matricaria chamomilla in nutrition, cosmetics and derma-
tology may be explained by the presence of azulenes found
here. Recently antihistaminic influence of azulene and natural
proazulenes was demonstrated on the living model of single cell
microspores of horse-tail Equisetum arvense [18].

In the paper, we consider perspectives for clovers cultivation,
keeping in mind the dual roles of the azulene-containing plants
— nutritional (the resource enriched in valuable proteins for the
cattle fodder) and medicinal both for human and cattle-breed-
ing. The plants are used in mixtures as herbal components only
for folk medicine described in some reviews [32,33], it also may
be used in official medicine too. In folk medicine dried clover
leaves were used to relieve asthma. Tea made from the flowers,
leaves and seeds was used as a remedy for the common cold,
bronchitis and heartburn. Mainly, the known red clover - Trifo-
lium pratense is used for the production of herbal medicines, an
alternative to the conventional hormonal replacement therapy.
The biological activity and potential therapeutic effects of other
Trifolium species have gained a considerable scientific interest.
Extracts obtained from various clovers have been shown to pos-
sess antioxidative and anti-inflammatory activities, inhibiting
angiogenesis and displaying anti-cancer properties. Trifolium
pratense has also gained popularity due to research into its use
for the treatment for menopausal symptoms [34,35]. Dryed
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herb of Trifolium pratense is also used by Russian pharmacy [37]
because it has expectorant, emollient, diuretic, diaphoretic, an-
ti-inflammatory and antiseptic properties. In folk medicine, it is
used as a general tonic for chronic lung diseases: tuberculosis,
pneumonia, bronchitis, bronchial asthma.

The presence of azulenes in significant amounts both on
the leaf surface and in chloroplasts in three studied Trifolium
species should made the plants a perspective resource for the
Future as a pharmaceutic raw. Extracts obtained from the aerial
part of clovers are inexpensive and available. The economic im-
portance lies in the availability and low cost of raw materials for
the production of extracts [1].

Conclusion

The presence of azulenes in significant amounts both on
the leaf surface and in chloroplasts in the clover species should
made the plants a perspective resource for the Future as phar-
maceutic raw. Described methods of their analysis with use of
microspectrophotometry are recommended for the primary
testing of the pigments in plants.
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