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Abstract

Spectral  methods  of  cell  analysis,  including  microspectrophotometry  and  spectrophotometry,  were  used  to  study  the
phenomenon  of  “leaf  blue  color”  for  the  search  of  new  herbal  resources  for  pharmacy. e  seasonal  appearance  and

accumulation of azulenes, starting with the early development of intact leaves of eighteen plant species Adoxa moschtellina

L.,  Allium oleraceum  L.,  Anthriscus sylvestris  L.,  Artemisia campestris  L.,  Centaurea phrygia  L.,  Centaurea scabiosa  L.,

Euphorbia virgata Waldst. et Kit., Festuca pratensis L., Filipendula vulgaris Hill., Galium verum L., Hylotelephium maximum

L. (Holub.), Phlomoides (Phlomis) tuberosa L., Saponaria s  L., Scabiosa ochroleuca L., Sedum acre L., Tanacetum

vulgare L., m minor (minus) L. have been estimated. e presence of azulenes was based on the appearance of blue
color and characteristic maxima of 580-640 nm in the absorption spectra and 405-430 nm in the e spectra. s
was d in experiments with extracts of these hydrophobic pigments with acetone or ethanol solvents, respectively,
from the surface of the leaves and from the inside. e results obtained may be of interest as an spectral approach to search
new plant resources of azulenes for pharmacy.
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Introduction

When  observing  the  appearance  of  blue  or  silver
coloration of leaves of some plants, it was supposed that this
may be due to the presence of blue azulene pigments that it
has  the  interest  for  pharmacology [1,2]. s  phenomenon
has not been studied before, as well  as possible function of
these  pigments  for  the  plants  themselves.  Today,  azulenes,
known  with  the  application  in  cosmetics  and  partly  in
medicinal  care  [3,4]  or  industrial  use  [4]  as  antioxidants,
found in some medicinal plants and isolated by distillation
of  essential  oils.  It  should  be  noted  that  their  chemical
characterization based on the known structure of synthetic
azulene has also been carried out for a very small number of
plants [5,6]. It has recently been suggested that azulenes, as
powerful  antioxidants,  can  participate  in  protecting  the
plant  surface  from  damaging s  [7,8].  Plants  secrete
these natural compounds in liquid form or are deposited on
the  surface,  and  the  surface  of  plant  cells  is  sensitive  to
changes  in  ultraviolet  radiation,  tropospheric  ozone
concentration,  salinity,  traumatic  factors,  etc.  [7].

Observations  in  natural  conditions  have  shown
that  the  blue  or  silver  color  of  the  leaves  can  be  either

constant  or  noticeable  only  in  spring. s  problem  is
important  both  for  the  ecological  monitoring  of  these
compounds  and  for  the  search  of  the  resources  of  natural
azulenes  with  medicinal  properties.  It  should  mark  that
earlier  nobody  linked  blue  leaf  color  with  concrete
pigments.  However,  assortment  of  the  azulene-containing
plants is narrow, and analysis of the occurrence of azulenes
is rare and very expensive. e task of present work to test
plant species with blue or silver color leaves for the presence
of  azulenes  with  spectral  methods  that  fast  and  does  not
needed  big .  We  suppose  that  it  may  help  to
new  azulene-containing  species  as  possible  biological
resources  for  pharmacy.

Materials and Methods

Objects

e leaves of plant species, common for temperate
climates and having blue or silver leaf color in spring (Table
1),  taken  in  April-August  2024  year  in  the  Prioksko-
Terrasny  Nature  Reserve  and  small  reservations  as  the
Lugovoi  and Karst  in the vicinity  of  the city  of  Pushchino,
Moscow region, were collected as objects of research.

Table 1: Studied plant species with blue or silver color of leaves. * and ** folk and medicinal

Species Trivial name Family Species Trivial name Family

Adoxa
moschtellina L. Muskuskruid Viburnaceae Galium verum L.

* Bed straw Rubiaceae

Allium
oleraceum L. Field garlic Alliaceae

Hylotelephium
maximum L.

(Holub.)

Stonecrop,
orpine,live-for-ever Crassulaceae

Anthriscus
sylvestris L.

Wild chervil,
cow parsley Umbelliferae

Phlomoides
(Phlomis)

tuberosa L.
Jerusalem sage Lamiaceae

Artemisia
campestris L.*

Wormwood

brush
Asteraceae Saponaria

L. * Soapwort Cariophyllaceae

Centaurea
phrygia L.

Swiss centaury,
knapweed Asteraceae Scabiosa

ochroleuca L.

Cream pincushions,
morning bride,

scabious
Cariophyllaceae

Centaurea
scabiosa L.

Greater
knapweed, Asteraceae Sedum acre L. Wall pepper Crassulaceae
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Eryngium
planum L.

Sea-holly
planum, blue- Umbelliferae Tanacetum

vulgare L.** Ordinary tansy Asteraceae

Euphorbia
virgata

Waldst. et Kit.
Spurge Euphorbiaceae minor (minus) L Meadow rue Ranunculaceae

Festuca
pratensis L. Fescue Poaceae

Filipendula
vulgaris Hill.* Dropwort Rosaceae

Spectral Measurements of Intact Leaves

Absorption  (absorbance)  of  the  intact  leaves  was
measured  directly  on  slides  using  the

r  MSF-15
(LOMO,  St.  Petersburg,  Russia) e  position  of  the
maxima in the absorption spectra of intact cell surfaces was
determined  according  to  the  Zolotarev  method  by  the
option  of  the n  spectra n  [11].
Limitation  in  the  sensitivity  of  spectrophotometry  in  the
analysis  depends  on  the  apparatus  and  the  blue  pigment
concentration  of  the  leaf.  Microspectrophotometer  with
Zolotarev method [11] of the small maxima spectra permits
to  see  the  absorbance  maxima  with  optical  density  about
0.05  units.  However,  if  blue  leaf  color  intensive,  one  could
see  characteristic  maxima  with  higher  optical  density  by
usual  spectrophotometry  of  whole  intact  leaf.

Spectral Measurements of Leaf Extracts

e  absorption  and e  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 were
recorded  using  the  Unicam  Helios-epsilon
spectrophotometer  (USA),  spectrophotometer  Specord
M-40  (Germany)  and  Perkin  Elmer  350  MPF-44  B

r (Great Britain). Although azulenes were
received earlier by distillation of essential oils, mainly from

Artemisia, Achillea, Matricaria species, and in physics used
very hydrophobic medium like hexane or cyclohexane, etc.,
our choose of solvents for the extraction for our aim was
explained  by  natural  metabolites  of  plants  as  solvents.
Azulenes  also  may  be  dissolved  in  ethanol  because  the
reagents  are  used  for  the  medicinal  infusions. e

concentration of azulenes (A) was estimated in the ethanol
or acetone extracts according to the [7,8]. e results were
expressed as an average value of ±SEM. For each variant,
the  average error  of  the  experiment  was  calculated with
three to four repetitions.  e  relative standard deviation
was 5-6% (n=3-4 samples per species), P=0.95.

Results and Discussion

Common View of Plants Studied

According  to  earlier  data  with  woody  plants  [7],
the choose of species for the testing of azulenes should look
for  among  herbs  with  blue  or  silver  color.  Figure  1  shows
clear  blue  color  in  similar  plants.  At  the  beginning  of
experiments  with  young  seedlings,  they  demonstrated  it.
We continued the observation and collected probes for the
azulenes’  testing  from  April  up  to  July  2024,  period  when
the  plants  started  to  die .  Most  intensive  blue  color  in

April  was  for  Allium  oleraceum,  Artemisia  campesrtris,

Hylotelephium maximum and Saponaria s. Brightly

silver  tone  was  characteristic  for  leaves  of  Phlomoides

(Phlomis) tuberosa.

r  photography,  we  studied  our  leaf  probes  in
the following order :  1.  receiving of the absorbance spectra
of  intact  leaves  for  the  presence  of  the  characteristic
maxima  of  natural  azulenes  in  the  region  540-640  nm,
according  protocol  published  earlier  [7];  2. e  short  10
min-  or  24  h  max-  extraction  of  azulenes  by  organic
solvents  (w/v)  such as  acetone or  ethanol;  3.  Receiving the
absorbance  and e  maxima  of  the  extracts  to
observe  possible  maxima  of  azulenes.
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Figure 1

Spectral Measurements on Intact Leaf Surfaces

e  absorption  (absorbance)  of  the  intact  leaves
was  measured  directly  on  slides  using  the

r  MSF-15
(LOMO,  St.  Petersburg,  Russia)  [10]. e  position  of  the
maxima in the absorption spectra of intact cell surfaces was
determined  according  to  the  Zolotarev  method  by  the
option of the n spectra n [11]. e
derivative  of  the  external n  spectrum  for  low-
intensity  bands  made  it  possible  to  directly  determine  the
presence  in  the  spectra r n  the  peaks
characteristic  for  azulenes  and  chlorophyll  of  580-620  nm
and 660-666 nm, respectively (Figure 2 and 3).  As seen on
the example Figure 2, to identify the maxima in the 550-670
nm  region,  it  was  enough  to  provide  information  with
positive values  (at  the top of  the graph),  and then we used
only  similar  images  for  other  samples  (see  following

example  on Figure  3a  for  Centaurea  phrygia),  whic h  is
done further for all other data, according to the work [8].
Classical synthetic azulene crystal has maximum 580 nm
(с),  while,  according  natural  azulenes  have  more  wider
range of the absorbtion maxima - from 550 up to 650 nm in
a dependence on the solvent (Figure 2 shows the s

between upper and lower of the Adoxa leaf). e are no
maxima characteristic for azulenes on upper side, while the
lower  side  has  such  a  maximum of  600  nm. e  same
microspectrometry  method  shows  another,  opposite

example for Centaurea phrygia (Figure 3a) - where there is a
maximum of 590 nm at the upper side of the leaf. e lower
part of the leaf of this plant is quite green, since the large
maximum absorption of chlorophyll, unlike the upper part,
where the green pigment is masked by a blue pigment. e
absorption maxima found in the spectra of all leaves studied
in our work were observed in the region of 580-640 nm,
they are presented further in Table 2.
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Figure 2: Adoxa moschtellina

zed

azulene (“Fluka”, Germany).

Table 2:

Species Month of
observation

Maxima,
nm

Optical
density in

maximum,
nm

Species Month of
observation

Maxima,
nm

Optical
density

in
maximu
m, nm

Adoxa
moschtellina L. April upper No  Filipendula

vulgaris Hill. April upper No  

lower 606 0.0905 lower No  

May upper No  May upper No  

lower No  lower No  

June upper 595 0.0589 June upper 585 0.580

lower 580 0.0525 lower 599 0.457

Allium oleraceum
L. April upper No  Gailium verum

L. April upper No  

lower 617 0.0405 lower No  

May upper 596 0.0512 May upper 594 0.0596

lower No  lower No  

June upper No  June upper No  

lower No  lower No  
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Anthriscus
sylvestris L. April upper 586 0.0478

Hylotelephium
maximum L.

(Holub.)
April upper No  

lower 599 0.0478 lower No  

May upper No  May upper No  

lower No  lower 588 0.069

June upper 599-600 0.0657 June upper 593 0.0598

lower 580 0.0623

590 0.0576 lower 602 0.0517

595 0.0725 620 0.0598

Artemisia
campestris L. April upper 599 0.0516

Phlomoides
(Phlomis)

tuberosa L.
April upper 611 0.044

616 0.0696 lower 598 0.0276

lower No  May upper No  

May upper 578 0.0661 lower 609 0.0615

lower 579 0.0401 June upper No  

June upper No  lower No  

lower No  

Centaurea phrygia
L. April upper No  Saponaria

 L. April upper 620-621 0.568

lower No  lower No  

May upper 593 0.0880 May upper No  

lower 611 0.0780 lower No  

June upper   June upper 602 0.0708

lower   lower 628 0.0700

Centaurea
scabiosa L. April upper No  Scabiosa

ochroleuca L, April upper No  

lower No  lower No  

May upper No  May upper No  

lower 586 0.0662 lower No  

June upper 579 0.0670 June upper 592 0.0636

lower 593 0.0665 lower 599 0.0598

Erytrigiumplanum
L. April upper No  Sedum acre L. April upper No  

lower 598 0.0478 lower No  

May upper 591 0.0580 May upper 621 0.0628

lower No  lower No  

June upper 598 0.0619 June upper No  
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lower 592 0.0838 lower No  

Euphorbia virgata
Waldst. et Kit. April upper No  Tanacetum

vulgare L. A April upper No  

lower No  lower 618 0.0636

May upper 600 0.0652 May upper No  

610 0.0636 lower 618 0.0457

lower No  June upper 617 0.0597

June upper 618 0.0602

lower 586 0.0819 lower   

Festuca pratensis
L. April upper 600 0.529 minor L. April upper No  

lower No  

May upper No  May upper No  

lower No  

June upper No  June upper No  

lower 590 0.0563

As can be seen from Table 2, the maximum optical
density  value  of  0.07-  0.09,  measured  using

microspectrophotometry,  was  generally  noted  for  Adoxa

moschtellina,  Centaurea  phrygia,  Euphorbia  virgata,

Saponaria s, and the lowest value of about 0.05 was

for  Allium  oleracium  and  Fescue  pratensis. e  largest

amount of  absorption was recorded in April  for  Adoxa,

Fescue,  Saponaria–  the  beginning  of  intense  ultraviolet
insolation.  In  May-June,  when  maximum  similar
illumination is observed, almost all other species have an
increase in optical density in the azulene region. s of
maxima in the azulene region are also noted. For example,

in musk weed Adoxa position of maxima varied from 606
nm in April to 580-595 nm in June. It is possible that these
are azulenes with t chemical structures. Most ,
the classic maximum of azulenes of 580-585 nm is noted for

Adoxa,  Anthriscus  sylvestris,  Centaurea  scabiosa  and

Filipendula vulgaris.  For other studied species,  peaks are
observed in the longer wavelength range 590-610 nm. is
region is peculiar for phenylazulenes [1].

Spectral Analysis of azulenes in the Leaf Extracts

To m  the  data  of  microspectrophotometry,
blue  pigment  extraction  with  organic  solvents  was  done.

e  absorption  and e  spectra  of  extracts  with
100%  acetone  or  95%  ethanol  from  cells  (1:10  by  fresh
weight  for  10  min  or  24  h)  .To  make  sure  that  the
absorption  maxima  of  intact  leaves  really t  the
presence  of  azulenes  in  the  studied  plants,  ethanol  and
acetone extracts from intact leaf leaves were obtained. As it
was shown earlier  on the leaves of  subtropical  plants  [7,8],
azulenes  in  cells  can  be  localized  on  the  surface  mainly  in
the  cuticle,  and  leachates  of  intact  leaves  for  5-10  minutes
are extracts including blue pigments of the surface. Longer
extraction  from  intact  samples  led  to  the  appearance  of
chlorophyll  in  the  extracts. s  indicated  that  the  solvent
had  penetrated  into  the  cell  to  the  chloroplasts.  Figure  3b

shows that Centaurea phrygia has a clear maximum 600 nm
in 10-minute ethanol extracts, characteristic for azulenes, as
microspectrophotometry showed earlier for woody plants
containing similar blue pigments.  Small  peak of 666 nm
relates to chlorophyll. e e spectrum shows a
maximum of 420-430 nm, as in pure azulene [7,8]. e blue
pigments of intact extracts do not change color in an acidic
environment, like anthocyanins, and therefore may belong
to azulenes. , microphotometric data for whole leaves
have  been d for  extracts  as  well. n  azulene
concentrations were subsequently determined based on the
maxima of the absorbance spectra of the extracts.
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Figure 3: Spectral analysis of the leaves of Centaurea phrygia

Azulene  Content  in  Extracts  in  the  Dependence  on
the Season

Two  fractions  of  extracts  were  analyzed  –  1.
Extracts (leachates) from intact leaves for 10 minutes, where
the  outer  layer  of  azulenes  is  washed  o  from  the  surface
[7,8]  and  prolonged  infusions  for  24  or  48  hours,  when
intracellular  azulenes  can  be  extracted  [8].

10 min Extracts

Figure 4 shows that the content of azulenes in the
10-minute fraction can be divided into three types:  1.  with
maximal amount of pigments (mg/g of fresh mass), 2- with
an  average  amount  and  3-  with  a  small  amount.  In  April,
the t  group  of  plants  contains  azulenes  in  the  range  of

120-300  mg/g  of  fresh  mass.  It  looks  like  this  Allium

oleraceum  >  Festuca  pratensis  >  Euphorbia  virgata >
Centaurea  phrygia  >  Hylotelephilium > Scabiosa.  Allium

and Festuca have the most pigments within this group of
plants. In the second group, the concentration range of blue

pigments is 50-100 mg/g of fresh mass in this order: Adoxa

moschtellina > Eryngium > Filipendula vulgaris > Artemisia
campestris. In the third group with a minimal initial content
of  10-50 mg/g of  fresh mass,  such a  ratio was observed

among  Sedum acre= Artemisia  absinthium = Gallium =

Saponaria  >  Anthriscus  sylvestris  =  Phlomoides  >
Tanacetum vulgare species. e content of azulenes in the
10 min extracts  shows that  blue pigments are contained
precisely in the surface layer of cells – in the cell wall and,
possibly,  in  secretory  cells  (for  example,  in  milkweed

Euphorbia virgata).
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Figure 4: Seasonal dynamics of azulene content (in mg/g of fresh mass) in 10-minute ethanol extracts (leachates) from plant
leaves depending on the time of collection, 1 - collection on April 13, 2 –collection on April 29, - 3 from May 13, - 4 from June

1 and 5 from June 11, 2024

If  we  compare  the  number  of  azulenes  at  the
beginning of the appearance of plant leaves in the Prioksko-
Terrasny Reserve (April 13) and the end of April (April 29).
It is noticeable that among a number of samples by the end

of April there was the increase in blue pigments (Adoxa,

Euphorbia,  Hylotelephium,  Filipendula,  Gallium,
Phlomoides)  to  varying  degrees,  and  in  species  Allium,

Centaurea, Festuca, Scabiosa, on the contrary, a decrease is

visible.  In  the  species  Anthriscus,  Artemisia,  Sedum,  the
initial number (from April 13, experience) was practically
preserved on April 29 at the same level. In a number of

studied  species  (Adoxa,  Allium,  Centaurea,  Artemisia,

Hylotelephium), the initial content in such extracts (from
April 13) decreased to April 29.

e  phenomenon  of  the  appearance  of  blue
coloration  may  be  associated  with  the  time  of  the  most
intense  ultraviolet  radiation  and  the  appearance  of  high
values of ozone as sources of reactive oxygen species, since
azulenes have antioxidant properties [3,4]. y protect cell

integrity  from  the  damaging  oxidative s  of  reactive
oxygen  species.

e further development of the leaves in May and
June  led  to  the  fact  that  the  initial  (April)  amount  of  blue
pigments  in  the  surface  layer  (extracts  for  10  minutes)

consistently  decreased  in  Allium  by  almost  300  times
compared to the initial level in April. In other species, for
the  most  part,  an  increase  in  the  concentration  of  blue
pigments was noted until about the end of May, and then
either  the  number  of  blue  pigments  stabilized  (with

s in the samples) at about the same level by the
beginning of June, the maximum number of blue pigments

azulenes  as  antioxidants  on  the  surface  of  leaves  is
important not only as protection against reactive oxygen
species formed under the e of ultraviolet radiation
and ozone [7,8], but also in chemical relationships in the
biocenosis [12]. If the plant is under stress, then stressful
biogenic amines – dopamine and histamine - appear on the
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surface,  and in this case the role of  azulenes as a factor
reducing the negative s of  these compounds is  also
noted [8]. e reduction by l synthesized azulene
also was salt stress [13].

24-hour Extracts

Let's  turn  now  to  the  samples  with  a  longer
extraction  time  -  of  azulenes  in  24  hours.  According  to
these  data,  it  is  possible  to  estimate  the  intracellular
concentration  of  azulenes.  As  seen  on  Figure  5,  especially
rich  in  azulenes  inside  cells  (24-hour  extracts)  from  the

studied species are Adoxa moschtellina, Centaurea phrygia,

Anthriscus  sylvestris,  Tanacetum  vulgare,  Scabiosa
ochroleuca, Filipendula vulgare. It is t that in all
studied  plants  in  June,  compared  with  May,  the
concentration of these pigments either decreases or remains

approximately  at  the  same  level.  Only  two  species,

Saponaria  s  and  Sedum acre,  have  an  increased
amount  of  pigments  in  June.  Further  experiments  with
extracts in July and August did not reveal any increase in
azulene concentrations compared to June or noted a drop
associated with plant wilt. However, as we can see, there is
more t amount of blue pigments inside the cells in
spring. Figure 5 shows the results for the samples in May-
June, when the insolation is especially high. By June, the
number of azulenes decreases to varying degrees depending

on the species in Adoxa moschtellina, Anthriscus sylvestris,

Eryngium planum, Euphorbia virgata, Saponaria s,
Phlomis tuberosa. However, in the case of Sedum acre, on
the contrary, this value increases markedly, as well as in 10
minute  extracts.  Other  species  have  small s
compared to May.

Figure 5: 

azulenes inside.

However, as we can see, there are more
amount of blue pigments inside the cells in spring. Figure 5
shows  the  results  for  the  samples  in  May-June,  when  the
insolation  is  especially  high.  By  June,  the  number  of

azulenes  decreases  to  varying  degrees  depending  on  the

species  in  Adoxa  moschtellina,  Anthriscus  sylvestris,

Eryngium planum, Euphorbia virgata, Saponaria s,
Phlomis  tuberosa.  In  the  case  of  Sedum  acre,  on  the
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contrary,  this  value increases  markedly,  as  well  as  in 10
minute  extracts.  Other  species  have  small s
compared to May.

,  our  plants  with  blue  colored  leaves  have
azulenes not only on the outside of the cells, but inside too.

e t  steps  towards  localization  of  azulenes
within  cells  were  taken  for  isolated  chloroplasts  of  three
clover  species,  where  they  were  found  in
quantities [14]. It has also been shown that azulenes can be
electron  donors  in  the  electron  transport  chain  of

of  azulenes,  especially  in  case  of  damage  to  the  electron
transport chain. e presence of azulenes in other parts and
organelles  of  the  cell  cannot  be  excluded,  which  requires
special study.

Common Look on the Problem

Ecological e  of  azulenes  in  biocenosis
and  in  Nature  as  a  whole  never  considered  before.  Main
attention  paid  to  earlier  folk  application  of  few  azulene-
containing plant species [1],  use in cosmetics and partly in
medicine  [3]  and  to  the e  as  antioxidants  for

l  synthesis  of  new  azulenes  for  various  industrial
aims [4].  Unlike  above-mentioned things,  we based on the
observation  and n  of  “blue  leaf  phenomenon”  in
Nature.  First  phenomenon  was  marked  visually  in  Russia
on woody plants of Caucasian a [7,12], herbs and woody
plants of Crimea and central steppe regions [9,10]. n the
attention paid to the registration of the maxima in the intact
leaf absorption spectra and the short and long extraction of
blue  pigments  from  the  leaves  [7,15]. e  estimation  of

e  of  azulenes  was  spread  to  known  antioxidant
features of azulenes. Parallelly, there were experiments with
the e  of  azulene  on  the  plant  cells  surface  under
oxidants  like  ozone  [7]  and  dopamine  [8].  Ozone-tolerant
species have blue color of leaves, having azulene maxima in
their extracts [7]. e blue color decreased or missed under
ozone  exposure  or  direct  interaction  of  synthetic  azulene
with  dopamine.  At  the  beginning  of  the  studies  of
protectory  antioxidant s  of  azulenes  on  plant  [10,13]
and animal [16] model cells  have been they undergone the
stress. As a whole, we saw positive action. For pharmacy, it

is t  to  the  know  about  new  perspective  azulene-
containing species and the best time for their collection in a
dependence on seasonal accumulation of azulenes. Here the
visual  estimation  of  the  species  with  blue  leaf  color  and
spectral  technique  for  the n  of  the  azulene
presence  both  in  intact  surface  (fast t  selection  of  rue
material)  and  in  the  extracts  (secondary  selection  of  rue
material).  Future  studies  of  the  azulene-containing  plant
species  may  be  useful  for  Pharmacy.

Conclusion

Spectral  methods  of  cell  analysis  made  it  possible
to use blue color leaf phenomenon of herbs for search new
perspective  azulene  resources  for  pharmacy.  In  temporary
climate they permitted to observe seasonal appearance and
accumulation  of  azulenes,  starting  from  the  early
development  of  intact  leaves,  based  on  the  appearance  of
characteristic  coloration  and  characteristic  peaks  in  the
absorbance  spectra. s  has  been d  in
experiments  with  extractions  of  these  hydrophobic
pigments. e results obtained may be of interest not only
for  cellular  monitoring  of  azulene-containing  herbaceous
plants,  but  also  for  the  search  for  species  useful  for
pharmacology  in  the  future.  Data  on  spectral  analysis  of
plants  with  blue  or  silver  coloration  show  that  the
accumulation of azulenes on the cell surface, possibly in the
cuticle,  occurs  in  April-May,  when  the  highest  ultraviolet
insolation  and  the  maximum  formation  of  ground-level
ozone. n the  appearance  and accumulation of  azulenes
can be  considered as  a  protection against  the  formation of
reactive oxygen species. Spectral methods serves as fast and
non-expensive  tools  for  testing  of  presence  of  natural
azulenes  in  intact  leaves  and  their  extractions  by  organic
solvents.
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