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Abstract 

The purpose of the presented investigation was to study the content of active metabolites in lichen species:  

Anaptychia ciliaris (L.) A. Massal, Flavoparmelia caperata (L.) Hale, Hypogymnia physodes (L.) Nyl., 

Parmelia sulcata Taylor, Peltigera canina (L.) Willd., Pseudevernia furfuracea (L.) Zopf. var. furfuracea, 

Ramalina farinacea (L.) Ach., Ramalina pollinaria (Westr.) Ach., Xanthoparmelia stenophylla (Ach.) Ahti 

& D. Hawksw growing in Georgia. The primary and secondary metabolites of photo- and micobiont, in 

particular photosynthetic pigments, ascorbic acid, anthocyanins, proline, total phenols, soluble 

carbohydrates, total proteins and total antioxidant activity have been investigated. Spectrophotometrical 

and titration methods have been used for studies. Remarkably high content of carotenoids was discovered 

in Xanthoparmelia stenophylla compared to other tested species. Anaptychia ciliaris, Pseudovernia 

furfuracea and Ramalina farinacea were distinguished by the high content of chlorophylls, carotenoids 

and anthocyanins among the studied tree-inhabiting species. High content of proline was found in species: 

Xanthoparmelia stenophylla, Hypogymnia physodes, and Parmelia sulcata. Especially high content of 

phenols was determined in Peltigera canina. Ramalina pollinaria, Pseudovernia furfuracea, and 

Flavoparmelia caperata were distinguished by the high content of soluble carbohydrates, compared to 

other species. Content of total proteins was high in Ramalina farinacea, Pseudovernia furfuracea, and 

Flavoparmelia caperata. Hypogymnia physodes was distinguished by the high total antioxidant activity. 

Influence of the substrate on the quantitative characteristics of studied parameters was revealed. The same 

species of lichens may reveal different strategies of antioxidant defense according to environmental 

conditions. Cyanobionts seem to be more resistance to environmental conditions, compared to phycobiont . 

*Corresponding Author: Badridze Gulnara  gbadridze@yahoo.com 
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Introduction 

The active metabolites in lichens may be grouped as 

primary and secondary ones. Some of the primary 

metabolites (plastid pigments, anthocyanins, amino 

acids, proteins, carbohydrates, vitamins), most of which 

possess antioxidant properties, are characteristic only 

for photobiont, as for autotrophic photosynthesizer; 

while others are formed in both symbionts (Kranner et 

al., 2005; Balarinova et al., 2014). 

 

The secondary metabolites of lichens, which except of 

some exclusion are of micobiont origin, deserve 

special interest today. These are phenolic substances, 

fatty acids and polysaccharides united under the 

name of “lichen substances” (Stocker-Worgotter and 

Elix 2004; Cox et al., 2005; Akbulut and Yildiz, 

2010). The special interest towards them is stipulated 

by their diverse – antimicrobial, anti-inflammatory, 

analgetic, anti-carcinogenic, antioxidant etc., 

properties (Shawuti and Abbas, 2007; Fernandez-

Moriano et al., 2016).  

 
Reactive oxygen species are the main reason for damage 

of a living system under different stresses. Though they 

play the role of regulators of metabolic and defense 

systems as well (Foyer and Noctor, 2003). That’s why 

permanent regulation of the level of reactive oxygen 

species is necessary in a living organism. This is fulfilled 

by the antioxidant system (Mittler, 2002).  

 
As it was mentioned, various active metabolites of 

antioxidant nature are synthesized both in photo- and 

micobiont of lichen, which make the symbiont’s 

united antioxidant system. The last takes an active 

part in protection against oxidative stress and redox-

homeostasis retention, and is essential for existence 

of lichen as of combined organism (Kranner et al., 

2005; Gasulla et al., 2012; Ranković and Kosanić, 

2015). Thanks to active metabolites of both partners, 

the lichenized organism gains special ability of 

resistance against different stresses, which would be 

damaging for a particular partner separately (Kranner 

et al., 2005; Kranner and Birtic, 2005). Accordingly, a 

great number of original and review papers deal with 

the qualitative and quantitative characteristics and 

antioxidant properties of active metabolites, mainly of 

“lichen substances”, of various species lichens from 

different countries; they deal with the traditional use 

of lichens in folk medicine and perspectives of their 

use in classic medicine as well (Muggia et al., 2009; 

White et al., 2014; Plaza et al., 2014; Kumar et al., 

2014; Rankovic and Kosanic, 2011; Fernandez-

Moriano et al., 2016).  

 

The active metabolites of lichens growing in Georgia 

have not been studied yet. Thus, the purpose of the 

presented investigation was to study the content of 

active metabolites in different species of lichens, as 

well as in same species individuals growing on 

different substrates. Generally the primary and 

secondary metabolites of proto- and micobiont, in 

particular: photosynthetic pigments, ascorbic acid, 

anthocyanins, proline, total phenols, soluble 

carbohydrates, total proteins and total antioxidant 

activity have been investigated. Obtained data may be 

considered as the basic knowledge about the 

biochemical characteristics of lichens growing in 

Georgia and may serve as some kind of reference 

point for the revealing of interesting species.  

 

Material and methods 

Widely spread in Georgia species of lichens - 

Anaptychia ciliaris (L.) A.Massal, Flavoparmelia 

caperata (L.) Hale, Hypogymnia physodes (L.) Nyl., 

Parmelia sulcata Taylor, Peltigera canina (L.) Willd., 

Pseudevernia furfuracea (L.) Zopf. var. furfuracea, 

Ramalina farinacea (L.)Ach., Ramalina pollinaria 

(Westr.)Ach., Xanthoparmelia stenophylla (Ach.) 

Ahti & D. Hawksw were selected for investigations 

(Nimis, 2016). Fresh lichen material was used for 

studying the content of plastid pigments, ascorbic 

acid, anthocyanins, proline, total phenols, soluble 

carbohydrates, total proteins and total antioxidant 

activity; while in other series of experiments for the 

investigation of substrate influence on tested indices 

dry material was used (Anaptychia ciliaris and 

Peltigera canina). Obtained data are mean values of 

three biological replicates with standard deviations. 

 

Lichen material was supplied and identified by the 

specialists of the department of lower plants of the 
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Institute of Botany of Ilia state University. Lichens 

were collected at the territory of Algeti National Park 

(Kvemo Kartli) and in Tianeti region (eastern 

Georgia) – Sabaduri forest and village Khevsurtsopeli. 

Voucher material of studied species is stored in the 

herbarium of the Institute of Botany. 

 

Plastid pigments 

Chlorophyls and carotenoids were determined 

spectrophotometricaly. Fresh leaves (100-200mg) 

were mashed with sand and CaCO3 and washed with 

ethanol. Optical density of the filtrate was measured 

(spectrophotometer SPEKOL 11, KARL ZEISS, 

Germany). Concentration of chlorophyll a and b, also 

carotenoids was calculated by the formula of 

Wintermanns (Gavrilenko et al., 1975).  

 

Ascorbic acid 

A titration method was used to measure the content 

of ascorbic acid. 2g of fresh leaf material was mashed 

in 15ml of 2% hydrochloric acid and 10ml of 2% 

metaphosphoric acid, and filtered. Oneml of the 

filtrate was added to 25ml of distilled water and 

titrated with a 0.001 M solution of 

dichlorphenolindophenole (Ermakov, 1987).  

 

Anthocyanins 

100mg of grinded leaves were added with 20ml of 

96% acidified (with 1% HCl) ethanol (99:1). After 24h 

retention in dark the optical density at 540nm was 

measured (spectrophotometer SPEKOL 11, KARL 

ZEISS, Germany) (Ermakov, 1987). 

 

Proline 

0.5g of dry leaves were mashed in 10ml of 3% 

sulphosalicylic acid and filtered. 2ml of the filtrate 

was added to 2ml of acid ninhydrin and 2ml of ice 

acetic acid. After 1 h exposition on a water bath the 

extract was cooled and added with 4ml of toluene and 

divided in a separating funnel. Optical density of 

upper layer was measured on a spectrophotometer 

(SPEKOL 11, KARL ZEISS, Germany) at 520nm 

(Bates et al., 1973). 

Soluble carbohydrates 

Content of soluble carbohydrates was tested with 

anthrone reagent (Turkina and Sokolova, 1971). To 

100mg of air-dry leaf material was added 96o alcohol 

for extraction (3-fold extraction). The total amount of 

the obtained extract was evaporated on a water bath 

and dissolved in 5ml of distilled water. To 0.5ml of the 

tested water extract was added 2ml of anthrone reagent 

and heated in a water bath for 10min. After this 

procedure the test-tubes were placed in a cold water 

bath and 15min later the optical density of the solution 

was measured at 620nm with a spectrophotometer 

(SPECOL 11, KARL ZEISS, Germany). 

 

Total phenols 

A 0.5g of fresh leaves was boiled in 80% ethanol for 

15 min. After centrifugation the supernatant was 

saved, and residues of leaves were mashed in 60% 

ethanol and boiled for 10 min. Obtained extract was 

added to the first supernatant and evaporated. The 

sediment was dissolved in distilled water. Oneml of 

the received solution was added with the Folin-

Ciocalteu reagent and optical density was measured 

at 765nm. The chlorogenic acid served as control 

(Ferraris et al., 1987).  

 

Total protein assay  

Content of proteins was determined after Lowry (1951). 

 
Nitrates 

After the water-extraction of 500g of plant material 

(homogenized for 30min at room temperature), it was 

filtered. Hydrogene peroxide was added to 10ml of 

the filtrate and evaporated. disulphophenolic acid was 

added to the obtained sediment and optical density 

was determined at 410nm (SPEKOL 11, KARL ZEISS, 

Germany) (Danilova, 1963; Pleshkov, 1985). 

 
Total antioxidant activity 

This index was measured by modified method using 

diphenyl-picryl-hydrazyl (DPPH) (Koleva et al., 

2002). 200 mg of experimental powder was extracted 

two times with 96 ethanol. The obtained extract was 

evaporated on a water bath and the remained 

sediment was dissolved in 10ml of water-alcohol 

mixture. 0.01ml of the received solution was added 
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with 4ml of 40µM DPPH solution and after 30 

minutes of incubation in the dark the optical density 

was measured at 515nm by the spectrophotometer 

(SPEKOL 11, KARL ZEISS, Germany). The percent of 

inhibition was calculated. 

 

Statistical analysis 

One way ANOVA and Tukey’s multiple comparison 

test were used to analyze differences between the 

means. All calculations were performed using 

statistical software Sigma Plot 12.5. Mean values and 

their standard deviations are given on figs. 

 

Results 

Plastid pigments 

The highest content of chlorophylls and carotenoids was 

revealed in Anaptychia ciliaris among the species taken 

from tree-substrate. Results for chlorophylls were 

statistically identical in Ramalina farinacea, 

Pseudovernia furfuracea და Hypogymnia physodes 

(p=0.2) and slightly differed from Anaptychia ciliaris’ 

index (p=0.003). Statistically similar results were 

obtained in Parmelia sulcata and Ramalina pollinaria-

ში (p=0.09). The lowest content of chlorophylls was 

detected in Flavoparmelia caperata (Fig. 1). 

 

 

Fig. 1. Content of chlorophylls in some species of 

lichens growing in Georgia Statistically similar data 

are marked with same letters. 

 

Content of carotenoids was identical in Ramalina 

farinacea, Pseudovernia furfuracea, Hypogymnia 

physodes and Ramalina pollinaria (p>0.05). The 

lowest and statistically similar results were revealed 

in Parmelia sulcata and Flavoparmelia caperata-ში 

(p>0.05) (Fig. 2). 

 

Fig. 2. Content of carotenoids in some species of 

lichens growing in Georgia Statistically similar data 

are marked with same letters. 

 

Especially high content of carotenoides in 

Xanthoparmelia stenophylla (11-times higher of the 

maximum), taken from a stone substrate must be 

mentioned (Fig. 2).  

 

Ascorbic acid 

Clear difference between tested species by this index 

was not detected. Though the results differed 

statistically. Maximal and minimal meanings differed 

1.3-fold. Statistically similar content of ascorbate was 

detected in Ramalina farinacea, Pseudovernia 

furfuracea, Parmelia sulcata and Hypogymnia 

physodes (p=0.3). The lowest result was obtained in 

Xanthoparmelia stenophylla (Fig. 3). 

 

 

Fig. 3. Content of ascorbic acid in some species of 

lichens growing in Georgia Statistically similar data 

are marked with same letters. 

 

Anthocyanins 

The highest content of these substances was revealed 

in Ramalina farinacea. Lower and statistically 

similar data were obtained in Pseudovernia 

furfuracea, Anaptychia ciliaris and Parmelia sulcata 



J. Bio. & Env. Sci. 2019 

 

5 | Gulnara et al. 

(p=0.1). The lowest and statistically identical were 

results in Hypogymnia physodes and Flavoparmelia 

caperata-ში (p=0.08). Statistically similar were 

results in Pseudovernia furfuracea-ს and Ramalina 

pollinaria (p=0.2) as well (Fig. 4). 

 

 

Fig. 4. Content of anthocyanins in some species of 

lichens growing in Georgia Statistically similar data 

are marked with same letters. 

 

Proline 

The highest content of proline was revealed in 

Hypogymnia physodes and Xanthoparmelia 

stenophylla (p=0.4) among the studied species; 

slightly low was the index in Parmelia sulcata 

(p=0.002). The lowest result were received in 

Ramalina farinacea and Ramalina pollinaria 

(p=0.001) (Fig. 5). 

 

 

Fig. 5. Content of proline in some species of lichens 

growing in Georgia Statistically similar data are 

marked with same letters. 

 
Soluble carbohydrates 

The maximal content of soluble carbohydrates was 

found in Ramalina pollinaria, and the minimal – in 

Parmelia sulcata and Anaptychia ciliaris (p=0.7; 4.6-

times lower of the maximal). Similar was the index in 

Pseudovernia furfuracea and Flavoparmelia 

caperata (p=0.06; 1.9-times lower of the maximal); 

as well as in Ramalina farinacea and Hypogymnia 

physodes (p=0.3; 2.6-lower of the maximal) (Fig.6). 

 

 

Fig. 6. Content of soluble carbohydrates in some 

species of lichens growing in Georgia Statistically 

similar data are marked with same letters. 

 

Soluble phenols 

Results with soluble phenols were the highest and 

statistically similar in Parmelia sulcata and Ramalina 

pollinaria (p=0.4); a bit lesser was the index in 

Pseudovernia furfuracea (p<0.05). Statistically similar 

results were revealed in Hypogymnia physodes and 

Flavoparmelia caperata (p=0.2). The lowest content 

of soluble phenols was discovered in Ramalina 

farinacea, Anaptychia ciliaris და Xanthoparmelia 

stenophylla (p>0.05) (Fig. 7). 

 

 

Fig. 7. Content of phenols in some species of lichens 

growing in Georgia Statistically similar data are 

marked with same letters. 

 
Total proteins 

The highest content of proteins was revealed in 

Ramalina farinacea, the lowest - in Anaptychia 

ciliaris and Ramalina pollinaria (p=0.01). 
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Statistically similar results were obtained in 

Pseudovernia furfuracea and Flavoparmelia 

caperata (p=0.6) (1.4-times lower of the maximal 

result), as well as in Parmelia sulcata and 

Hypogymnia physodes (p=0.07) (1.7-times lower of 

the maximal result). The minimal results were about 

3-4-times lower of the maximal one (Fig.8). 

 

 

Fig. 8. Content of total proteins in some species of 

lichens growing in Georgia Statistically similar data 

are marked with same letters. 

 

Nitrates 

Content of nitrates was similar and statistically identical 

in all investigated species of lichens (p=0.6) (Fig. 9). 

 

 

Fig. 9. Content of nitrates in some species of lichens 

growing in Georgia Statistically similar data are 

marked with same letters. 

 

Total antioxidant activity 

Hypogymnia physodes was distinguished by the 

highest antioxidant activity. 1.5-time lower index was 

discovered in Xanthoparmelia stenophylla, and 2-

times lower – in Parmelia sulcata. The total 

antioxidant activity was about 3-times lower in other 

studied species (Fig. 10). 

 

Fig. 10. Total antioxidant activity of some species of 

lichens growing in Georgia Statistically similar data 

are marked with same letters. 

 

Observations of one and the same species of lichens 

living on different substrates  

Inhabitation of different species of trees of the same 

locality by particular species of lichens indicates to 

the significance of substrate on the composition of 

lichens community (Favero-Longo and Piervittori, 

2010). Tightly grown into the tree bark lichens 

intensively absorb substances dissolved on the 

substrate. Thus, they are significantly affected by the 

bark properties; among them are its texture, chemical 

composition, water-holding ability and pH, which 

may vary from acid to neutral on the living tree trunk 

(Barkman, 1958; Brodo, 1973). Moreover, the 

epiphytic community is affected by the changes of 

microclimate along the trunk and by fractions of tree 

(trunk, branches etc.). The micro-climate of the tree-

substrate is formed by the regional climate of the 

locality as well as by tree architecture and bark 

properties (Caruso and Thor, 2007).  

 

It is established that the substrate inhabited by 

lichens is not a simple support for the last. The 

micobiont, which tightly contacts with the bark, 

penetrates it by hyphae and reaches the cambial layer 

and phloem of the host. The fungus has special 

enzymes to attack the host’s bark and degrade 

cellulose and pectin. Micobiont’s hyphae may even 

grow along the xylem vessels and occupy intercellular 

space or penetrate cells (Monso ́et al., 1993; Legaz et 

al., 1988; Laufer et al., 2006). 

 
Thus, lichens establish a deep competitive relation 

with the substrate as the consortium of organisms 
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and these two significantly affect each other. The 

mutual influence of lichens and their tree-substrates 

is of allelophathic nature. The inhibition of lichen 

growth by the substances of host tree’ bark has been 

established on the one hand (Koopmann et al., 2007); 

and abating of the host plant’s growth, or seed 

germination by lichen-released substances – on the 

other (Peres et al., 2009; Legaz et al., 2004; Sedia 

and Ehrenfeld, 2003). According to all above 

mentioned we have studied and compared content of 

active metabolites in two species of lichens – 

Anaptychia ciliaris and Peltigera canina, which were 

growing on different trees. 

 

Carotenoids 

Content of carotenoids was the highest in Anaptychia 

samples growing on ash and fir-trees (p=0.2), and 

was minimal in samples growing on elder and beech-

trees (p=0.3). Results received for other tree-

substrates were different as well. (Fig. 11).  

 

In Peltigera canina content of carotenoids appeared 

to be maximal in samples picked in fir-beech forest. 

Results of other variants were statistically identical 

(p=0.1). Results of fir-tree for both species were 

statistically close (p=0.8). Generally by the content of 

carotenoids Peltigera canina exceeded Anaptychia 

ciliaris (Fig. 11).  

 

 

Fig. 11. Content of carotenoids in Anaptychia ciliaris 

and Peltigera canina growing on different tree-

substrates (statistically similar data are marked with 

same letters). 

 

Ascorbic acid 

The maximal content of ascorbic acid was found in 

samples of Anaptychia ciliaris growing on fir and 

ash-trees (p=0.13). The content of ascorbate was 

statistically identical (p=0.06) in individuals growing 

on beech, beech-hornbeam forest and maple. Minimal 

results were obtained with variants growing on elder-

tree (Fig. 12). 

 

As for Peltigera canina, content of ascorbic acid was 

maximal in oak samples, while minimal – in fir-pine 

forest samples. Generally, all results obtained for 

samples from different tree-substrates were 

statistically different (Fig. 12). Peltigera canina 

exceeded Anaptychia ciliaris by this index (Fig. 12).  

 

 

Fig. 12. Content of ascorbic acid in Anaptychia 

ciliaris and Peltigera canina growing on different 

tree-substrates (statistically similar data are marked 

with same letters). 

 
Proline 

The lowest content of proline was discovered in 

Anaptychia ciliaris samples from beech-hornbeam 

forest. Results were similar in samples taken from elder, 

maple and ash-tree (p=0.4). Statistically different data 

were obtained for other variants (Fig. 13).  

 

 

Fig. 13. content of proline in Anaptychia ciliaris and 

Peltigera canina growing on different tree-substrates 

(statistically similar data are marked with same letters). 
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In Peltigera canina the content of proline was high in 

samples from oak and fir-beech forest (p=0.3), 

minimal results were obtained in the fir-pine forest 

material. Statistically identical were data of the 

variants of both species taken from fir-tree. Generally 

results by this index were similar in the given species 

of lichens (p=0.5) (Fig. 13).  

 

Phenols 

Significantly high content of soluble phenols was 

discovered in Anaptychia ciliaris sample taken on elder-

tree, compared to other samples (2-times and more 

high). The index was minimal in ash-tree and beech-

hornbeam samples (p=0.07). Statistically similar results 

were revealed in lichens taken from fir and maple trees 

(p=0.1) (Fig. 14).  In Peltigera canina the maximal 

content of phenols was found in samples picked from fir-

pine forest, minimal – in individuals growing on oak-

tree. Data of all tested variants were statistically different 

by this index. Generally, by the content of soluble 

phenols Peltigera canina clearly exceeded Anaptychia 

ciliaris (about 6.5-times) (Fig. 14).  

 

 

Fig. 14. content of phenols in Anaptychia ciliaris 

and Peltigera canina growing on different tree-

substrates (statistically similar data are marked with 

same letters). 

 

Soluble carbohydrates 

The lowest content of soluble carbohydrates was 

established in Anaptychia ciliaris samples taken from 

fir-tree. The index was 2.2times higher in individuals 

growing on elder and beech-hornbeam forest (p=1), 

compared to the minimal result. Data of other 

variants were statistically different as well (Fig. 15). 

In Peltigera canina content of soluble carbohydrates 

appeared to be essentially higher in samples of fir-

pine forest (2-times and more), compared to other 

variants with statistically identical results (Fig. 15). 

 

 

Fig. 15. content of soluble carbohydrates in 

Anaptychia ciliaris and Peltigera canina growing on 

different tree-substrates (statistically similar data are 

marked with same letters). 

 
Generally by this index Peltigera canina exceeded 

Anaptychia ciliaris 

Total antioxidant activity 

The highest total antioxidant activity was established 

in individuals of Anaptychia ciliaris growing on 

elder-tree; Results of samples from other trees were 

1.7 – 2.7 times lower compared to maximal value (Fig. 

15). In Peltigera canina the maximal result of the 

total antioxidant activity was obtained in individuals 

taken in fir-beech forest. Other results were 1.4-

1.3times lower (Fig. 15). Almost by all studied indices, 

among which most were antioxidants, Peltigera 

canina prevailed Anaptychia ciliaris. Thus, it is 

logical that by the total antioxidant activity Peltigera 

canina exceeded Anaptychia ciliaris. 

 

 

Fig. 16. Total antioxidant activity of Anaptychia 

ciliaris and Peltigera canina growing on different 

tree-substrates (statistically similar data are marked 

with same letters). 
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Discussion 

Chlorophylls, carotenoids, ascorbic acid 

Lichen’s photobiont (algae/cyanobacteria) is able to 

survive under various extreme conditions, retaining 

photosynthesis and growth and development, which 

would be impossible under free-living conditions. The 

thallus of micobiont is a reliable shelter, which protects 

the photobiont from excess radiation by means of 

different substances which screen radiation. This fact 

was confirmed in experiments with separate cultivation 

of lichenized fungus and its photobiont partner. 

Content of chlorophylls clearly decreased in the 

separately cultivated photobiont (Kranner et al., 2005). 

 
Lichen material was fresh-picked in our experiments, 

and was saved under equal illumination and 

temperature conditions. Separation of the tested 

material from its substrate presumably caused partial 

drying of the material. As it has been established, 

short-term drying does not affect content of 

chlorophylls and carotenoids in intact lichens 

(Kranner et al., 2005); thus, it may be supposed that 

the indices of photosynthetic pigments of slightly 

dried material are identical to those under natural 

conditions. Though, partial dehydration presumably 

caused increase of active oxygen species in 

photobiont, the negative effect of which would be 

neutralized by antioxidant activity of ascorbic acid 

(Kranner et al., 2002). It is established that ascorbate 

plays an important role under oxidative stress, caused 

by different stressors (Calatayud et al., 1997). 

 
The highest chlorophyll content found in Anaptychia 

ciliaris (Fig. 1) among tested lichens, which grow on 

tree-substrate, may be responsible for the formation of 

high level of active oxygen species during the 

photochemical reactions (Gasulla et al., 2012). This may 

explain the lowest content of ascorbate in this species of 

lichen, compared to other tree-living ones: more amount 

of ascorbic acid would be necessary for neutralizing the 

active oxygen species in this lichen (Fig. 3). 

 
Carotenoids are considered as significant antioxidants 

as well, which protect chlorophyll molecules from 

singlet oxygen and excess energy (Mourato et al., 

2012). Accordingly, their content will be higher in 

species with higher chlorophyll content (Fig. 2). 

Especially must be mentioned lichen species 

Xanthoparmelia stenophylla, which inhabits stone-

substrate. It contained essentially high level of 

carotenoids (about 11-times higher), and minimal 

level of ascorbic acid (Fig. 2, 3), compared to other 

tested lichens. The high content of carotenoids in this 

lichen may be due to accumulation of carotenoids in 

micobiont’s thallus as well, giving it a yellowish 

shade. Generally representatives of Xanthoparmelia 

genus are spread in arid and semi-arid regions, 

inhabiting soil or stones (Rizzi and Giordani, 2012). 

Stone substrate means more severe stress-conditions, 

compared to tree from illumination, temperature or 

other points of view. It may be supposed that one of 

the stress-resistance mechanisms in Xanthoparmelia 

stenophylla is high content of carotenoids. 

Experimental results have demonstrated the 

difference in plastid pigments content among tested 

species (Fig. 1, 2), that presumably is a specific 

feature, or may be associated with the age, 

microclimatic peculiarities, etc. of test-objects 

(Balarinova et al., 2014). 

 

In spite of the difference in plastid pigments content, 

the pool of ascorbic acid in tested tree-living lichens 

slightly differed, that presumably indicates to 

identical protection of the photosynthetic apparatus 

from the radicals, which are formed during 

photochemical reactions (Fig. 3). 

 

Anthocyanins and proline 

Anthocyanins are the group of flavonoids, which 

accumulate in vacuoles and possess strong 

antioxidant properties (Kahkonen and Heinonen, 

2003). Accumulation in vacuoles prevents 

anthocyanins from the contact with sites of active 

oxygen species formation. Since, increase of 

anthocyanins in case of different stresses has been 

established (Mobin and Khan, 2007). 

 

The specific difference in anthocyanins content has 

been revealed in tested lichens (Fig. 4). In most 

experimental species content of anthocyanins was 

high, presumably playing significant role in 

adaptability to unfavorable conditions. 
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Literary data deal with the stress-protective role of 

proline in plants. Proline, as an osmolyte regulates 

the cell water retention (Saradhi et al., 1995). 

Moreover it acts as proteins stabilizer (Anjum et al., 

2000), and neutralizes active oxygen species (Matysik 

et al., 2002). Increase of proline synthesis in 

chloroplasts supports stabilization of the red-ox 

balance and homeostasis of cell (Szabados and 

Savoure, 2010). Though, some authors do not agree 

with the osmo-regulating role of proline in lichens. 

According to their data content of proline in water-

saturated and fully desiccated lichens was same 

(Weigel and Jager, 1979). 

 

High content of proline was revealed in experimental 

lichens on the background of specific differences (Fig. 

5). Taking into account the osmolytic properties of 

this amino acid it may be supposed that lichen species 

with high proline content: Hypogymnia physodes 

Xanthoparmelia stenophylla and Parmelia sulcata 

would be highly resistant to osmotic stress, compared 

to other species.  

 

Generally it may be concluded that high content of 

proline in studied lichens plays protective role against 

various stresses.  

 

Soluble carbohydrates  

Soluble carbohydrates are significant assimilates 

produced by lichen’s photobiont and actively used by 

micobiont during metabolism (Elshobary, 2016). It was 

established that the nature of micobiont’s secondary 

metabolites highly depends on the type and amount of 

soluble carbohydrates (Brunauer et al., 2007). 

 

The specific differences in the content of soluble 

carbohydrates were revealed in tested lichen; though 

no regular relation between their content and 

micobiont’s substances has been discovered (Fig. 6). 

 

Soluble phenols 

Phenols are considered as the most active secondary 

metabolites in plants. They neutralize the active oxygen 

species before the last damage cells (Lovdal et al., 

2010). It is considered that phenols in lichens are only 

of micobiont origin (Stocker-Worgotter and Elix, 

2002); though it is evident that photobionts take some 

part in their synthesis as well. It was demonstrated that 

cultivation of micobiont without its photobiont-partner 

caused decrease, or even ceasing of phenols synthesis 

in micobiont (Molina et al., 2003). 

 

Lichen phenolic substances have different chemical 

nature than those of vascular plants. They are 

situated in the form of crystals near the surface of 

hypae cells. The phenols of micobiont are considered 

to possess those various activities the “lichens 

substances” reveal (Shawuti and Abbas, 2007). 

Evidently the role of phenols is associated with the 

vital importance of lichen as of united living unit. 

Phenols protect photobiont from the excess sun 

radiation, especially ultraviolet (UV) one. They are 

effective absorbers of UV. The protect lichens from 

herbivores as well. Generally phenols synthesis in 

lichens highly dependent on environmental 

conditions: illumination, temperature, altitude above 

sea level, seasonality (Watson, 2014). 

 

Different content of phenols was revealed in studied 

lichens. Presumably specific peculiarities play the 

role, together with environmental conditions (Fig. 7). 

Xanthoparmelia stenophylla is one of the tested 

species which had the lowest content of phenols. It 

may be supposed that phenols are not leading 

antioxidants in stress-protection of this species. 

 

Total proteins and nitrates 

Lichens uptake inorganic nitrogen directly from air in 

the form of ammonium, nitrates, or air composing 

nitrogen (in case of cyanolichens) (Hyvarinen and 

Crittenden, 1998; Ellis et al., 2004). Nitrogen 

translocation to the photobiont causes its chlorophyll 

concentration increase and consequently 

photosynthesis stimulation (Palmqvist et al., 1998; 

Palmqvist and Dahlman, 2006). Thus, there exists the 

positive feed-back relation between nitrogen uptake 

and photosynthesis in lichens in the limits of species 

nitrogen tolerance. If the concentration of nitrates 

exceeds this limit, inhibition of the process occurs 

(Hauck, 2010).  
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The low and statistically similar concentration of 

nitrates in tested lichens excludes its influence on 

studied indices (Fig. 9). 

 

Lichen proteins are considered as potential biologically 

active substances, with distinguished biochemical 

properties. Among them were discovered medicinal, UV-

protective and untifreezing proteins. These proteins may 

belong to both - micobiont and photobiont as well 

(Oksanen, 2006; Anshakova et al., 2011) 

 

By the content of total proteins the specific diversity 

was revealed among the investigated lichens (Fig. 8). 

 

Total antioxidant activity 

Some authors prove the relation between the total 

antioxidant activity and content of phenols in lichens 

(Kumar et al., 2014; Rankovic et al., 2011); while 

others do not agree with it (Stojanovic, 2010; 

Odabasoglu et al., 2004).  

 

Our observations have not revealed any relation 

between these two indices as well. In most tested 

species total antioxidant activity was similar (Fig. 10). 

 

According to experimental data differences by studied 

indices are clear between the same species of lichens 

growing on different tree-substrates. (Fig. 11-16). 

 

No evident relation between substrate acidity and 

studied indices was detected while taking into account 

the acidity of the bark of those trees where the 

experimental samples of lichens were taken (Spier et al., 

2010). Though the acidity of barks of oak, fir and beech-

trees is different, a number of studied indices of 

Peltigera canina growing on these trees were similar. 

 

Determination of the substrate-depended reasons of 

difference between the studied indices of one and the 

same species of lichens is difficult. Presumably it is 

conditioned by several factors (Ihlen et al., 2011); 

among them is the identity of lichen’s photobiont as 

well. Among the two compared species the photobiont 

of Anaptychia ciliaris is a green algae, while that of 

Peltigera canina is a cyanobacterium. Presumably 

this was the reason for quantitative differences 

between the studied active metabolites. Most of the 

studied indices were higher in Peltigera canina that 

may be indicate to high adaptability of the last to 

unfavorable conditions.  

 

One is clear: content of studied active metabolites, 

among which most were antioxidants, varied in same 

species of lichens according to the species of tree-

substrate; e.g. individuals of Anaptychia ciliaris 

growing on fir and ash-trees were distinguished by 

the high content of carotenoids and ascorbate, 

compared to individuals of the same species taken 

from elder-tree, (Fig. 11, 12); while samples of the last 

prevailed by the content of proline, phenols and 

soluble carbohydrates (Fig. 13-15). In Peltigera 

canina content of carotenoids, ascorbate and proline 

appeared to be high in samples taken from oak-tree 

and fir-beech forest (Fig. 11-13); while in samples 

picked in fir-pine forest phenols and soluble 

carbohydrates were higher (Fig. 14, 15). 

 

This indicates that lichen may reveal different 

antioxidant-defense strategies, following the 

environmental conditions. 

 

Some authors speak about the key role of tree-substrate’ 

species in lichens colonization; they pay less attention to 

the bark acidity. These authors mention the adaptation 

of lichens to changing environment as well, e.g. to 

increasing pollution of the environment, which is 

followed by changes of the substrate acidity as well 

(Spier et al., 2010). We support the ideas of these 

authors. According to obtained data it may be supposed 

that lichens posses very flexible mechanisms of 

adaptation; moreover, cyanobiont seems to be more 

resistant, compared to phycobiont. 

 

Conclusions 

Differences by the studied features have been 

revealed between the investigated species of lichens 

according to experimental results. Especially high 

content of carotenoids was discovered in 

Xanthoparmelia stenophylla. 
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Anaptychia ciliaris, Pseudovernia furfuracea and 

Ramalina farinacea were distinguished by the high 

content of chlorophylls, carotenoids and anthocyanins 

among the tested tree-inhabiting species.  

 

High content of proline was found in species: 

Xanthoparmelia stenophylla, Hypogymnia 

physodes, and Parmelia sulcata. 

 

Especially high content of phenols was determined in 

Peltigera canina. Parmelia sulcata, Ramalina 

pollinaria, and Pseudovernia furfuracea were rich in 

phenols as well. 

 
Ramalina pollinaria, Pseudovernia furfuracea, and 

Flavoparmelia caperata were distinguished by the 

high content of soluble carbohydrates. 

 
Content of total proteins was high in Ramalina 

farinacea, Pseudovernia furfuracea, and 

Flavoparmelia caperata. 

 
Hypogymnia physodes was distinguished by the high 

total antioxidant activity. 

 
Influence of the substrate on the quantitative 

characteristics of studied parameters was revealed. 

The same species of lichens may reveal different 

strategies of antioxidant defense according to 

environmental conditions. 

 
Cyanobionts seem more resistance to environmental 

conditions, compared to phycobiont. 
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