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Abstract. The main studies related to lichen secondary metabolites features are presented in a brief 
review. The significance of secondary metabolites in a vast field of applications, biological effects of 
lichenic acids, modern techniques to determine their chemical structure and the way of action, the 
impact of pollution on lichens metabolism are discussed. Secondary metabolites represent a wide domain 
for the future investigation, being involved in a series of biological processes of interest for the biological 
research field. 
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Introduction. Lichens are source of unique metabolites, covering a wide variety of 
phenolic compounds, most of them with unknown structure and properties produced by 
the mycobiont by acetyl polymalonyl, shikimic and mavalonic acid pathways, most 
relevant being aromatic compounds, depsides, depsidones, diphenyl ethers and 
dibenzofurans (Yousuf et al 2014; Calcott et al 2018; Jeong et al 2021). The complexity 
of the concept of lichen symbiosis by the asssociation with bacteria resulting in a 
microbiome architecture (Cernava et al 2015; Aschenbrenner et al 2016) which in time 
aquired new values (Morillas et al 2022) is correlated with particularities of chemical 
substances resulted from the interaction of the entire biological system. Lichen 
phycobionts represented by cyanobacteria produce compounds that are specific for the 
symbiotic organism (Calcott et al 2018).  

Fundamental contributions regarding lichens secondary metabolites related to 
their structure and biosynthesis in lichenized fungi were previously made by Mosbach 
(1969) and Culberson et al (1992). Huneck & Yoshimura (1996) classified metabolites 
and developed a list of chromatographic data for lichen substances. Although are 
different from a structural point of view, lichen substances have a number of common 
features: they are crystalline, mostly have an acidic character, and their solubility in 
water is very poor even in the form of alkaline salts; the color of the mitochondrial 
cristae varies from transparent to white until reddish yellow; some are optically active ( 
all aliphatic). Lichen substances are stored as microcristals on the outer surface of cell 
wals (Leuckert et al 1990), confering to the medullary hyphae hydrophobic properties. 

Modern techniques have been developed in order to identify the distribution of 
secondary metabolism products in lichens (Le Pogam et al 2016). According to these 
findings, usnic acid is distributed above the Trebouxia photobiont layer and along internal 
septae, haemoventosin is located in the red epihymenial layer, while thamnolic acid is 
located in the hypotecium and upper medula parts of the lichen.  

Identification by color reactions are used  in order to detect hydrolysable tannins,  
non hydrolysable tannins, benzofurane derivatives, anthraquinone derivatives and 
flavonoides; in this frame, the results indicated that most of the identified compounds 
belong to the polyphenols classes (Voicu et al 2019).  
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Chemical nature of secondary metabolites. Most commonly applied techniques 
namely thin-layer chromatography (TLC) including high performance thin-layer 
chromatography (HPTLC) and high performance liquid chromatography (HPLC) are 
detailed by Lumbsch (2002).  

Mass spectrometry-based methods techniques as Liquid Chromatography–Mass 
Spectrometry (LC-MS) analytical platforms associating strengths of liquid 
chromatography with the capabilities of mass spectrometry provide sensitivity and 
selectivity to analysis of lichen metabolites profiling as multiple reaction monitoring 
(MRM) approach (Musharraf et al 2017).   

Lichens chemistry determination has been achieved for a number of species and 
each lichen metabolite can reveal unknown therapeutic potential (Huynh et al 2016; 
Rankovic 2015; Sedrpoushan et al 2022).   

Certain lichens as Lecanora muralis are source of bioactive antioxidant 
phytochemicals for green synthesis of nanocomposites; lichen substances can stabilize 
metalic salts and convert them into metal nanoparticles (Abdullah et al 2020). Lichen 
metabolites as gyrophoric acid (Umbilicaria hirsuta), evernic acid (Evernia prunastri), 
physodic acid, 3-hydroxyphysodic acid, physodalic acid, atranorin (Hypogymnia 
physodes) have radical scavenging activity (Elecko et al 2022). Biological effects of 
lichens acids cover a wide range (Ernst-Russell et al 1999; Müller 2001; Yamamoto et al 
1998). From lichen substances, usnic acid became one of the most studied secondary 
metabolite and comercially used as antiseptic ointment as „Usno” and „Evosin”. Usnic 
acid has been isolated from some species of Usnea (as Usnea barbata) and also in other 
lichen species as Ramalina reticulata, Cetraria islandica, and Cladonia alpestris. 

Therefore, some secondary metabolites as montagnetol from the lichen Roccella 
montagnei, synthesized from L-ascorbic acid, are effective against gram negative 
Pseudomonas aeruginosa and the fungal strain Candida albicans in vitro (Mallavadhani et 
al 2018). Antifungal activity of secondary metabolites against fungal species of Fusarium  
(Furmanek et al 2022) has been tested on a wide range of lichens as Alectoria 
sarmentosa, Cladonia mitis, Cladonia rangiferina, Flavoparmelia caperata, Hypotrachyna 
cirrhata, Leucodermia leucomelos, Parmotrema austrosinense, Parmelia reticulata, 
Physcia aipolia, Pseudevernia furfuracea, Roccella montagnei and Umbilicaria 
nylanderiana. Lichens use secondary metabolites as chelating agents (Purvis et al 1987), 
as inhibitors of lichenicolous fungi (Lawrey 1984) and to avoid medulla saturation with 
water (Armaleo et al 2008). They can also represent a way of defence against other 
organisms. Qualitative determination of secondary metabolites is mentioned in 
taxonomically keys, being a tool for a right identification of many of lichen species. The 
knowledge of these allow establishing some phylogenies for some lichen genera, every 
species having a set of specific secondary metabolites. Therefore, lichen metabolites are 
used as markers in taxonomy (Olivier-Jimenez et al 2019). Metabolite profiling of lichen 
secondary metabolites provide information about biosynthetic pathways (Nazem-Bokaee 
et al 2021).   

Early studies of synthesis also underlined the significance of secondary 
metabolites in lichen taxonomy. There is a corespondence between lichen secondary 
metabolites abundance in lichens and substrate pH (Paukov et al 2022) or environmental 
heavy metal accumulation (Elrhzaoui et al 2020; Voicu 2021a). There are metal tolerant 
lichens as Xanthoria parietina and also hyperaccumulator Diploschistes muscorum. The 
mechanism of tolerance of heavy metals consist in complexation of secondary 
metabolites with heavy metals and synthesis of oxalate which precipitates toxic elements 
or complexation to carboxylic groups of the fungal cell walls (Sarret et al 1998). In lichen 
symbioses, fungal secondary metabolites provide UV protection on which lichen algae 
such as trebouxiophycean green algae - the most prominent group of photobionts in 
lichen symbioses - sensitively depend (Nguyen et al 2021).  

There are a lot of studies concerning the use of lichens as natural dyes and also 
dye colour extraction from lichens by different methods and correlation of the chemical 
with the colour (Shukla et al 2014; Rather et al 2018). These studies revealed that 
lichens contain a rainbow of permanent colors for all types of fibers in textile industry 
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(Kalra et al 2020; Adeel et al 2020; Yusuf 2020). Considering the slow growth rate of 
lichens (complex organisms resulted from the symbiosis between one mycobiont and 
two, rarely more photobionts) in natural conditions, dificulties are encountered in 
obtaining substantially quantities of lichenic substances necessary for different 
applications.   

Mycobionts in vitro culture in order to obtain lichen substances with therapeutic 
potential open new opportunities of research for using lichen products and also for 
molecular biology of these. Biosynthesis of secondary metabolites is related to the 
carbohydrate resulted from photobiont synthesis and transferred to the fungus (Elix & 
Stocker-Worgotter 2008). Collection of bulk quantities of lichens for useful compounds 
determined acceleration of the studies on lichens (Boustie & Grube 2005) and also the in 
vitro culture of them.   

Beside medicinal plants, lichen mycobionts cultured in vitro are reliable sources of 
new bioactive compounds of secondary metabolism (Tanahashi 2017). Efficient methods  
measured in reasonable time and effort of culturing lichen fungi as source for secondary 
metabolites production have been elaborated (Zakeri et al 2022). Photobiont culturing in 
vitro (Voicu 2021b) need further studies about metabolism pathways and compounds 
synthesized. 

Phenol content in lichens can be improved by suitable substances added to in vitro 
composition of culture (Poornima et al 2022). Therefore, beside lichen mycobiont 
development in vitro, as source of secondary metabolites production, enhanced 
production rate of secondary metabolites in term of total phenol content has been 
achieved as in mycobiont of Parmotrema austrosinense by suitable culture media 
supplemented with 3.15 g L-1 yeast, glucose (4 mg L-1), asparagine (1 mg L-1), MnSO4 
4H2O (20 mg L-1), ZnSO4 7H2O (20 mg L-1) and H3BO3 (4 mg L-1) (Poornima  et al 2022). 
Mycobiont of Cladonia rangiferina secondary metabolites biosynthesis depend on the 
interaction with the co-cultured photobiont Asterochloris glomerata. Also, resynthesis 
events in lichens in vitro and photobiont induces biosynthesis of bioactive compounds 
(Sveshnikova & Piercey-Normore 2021). 

 
Future perspectives. The mechanism of action of secondary metabolites is still of great 
interest (Adenubi et al 2022) for the future studies as fungal derived metabolites are 
involved also in lichen environment distribution and protection of the carbon source, 
namely the photobiont, being speciallised in UV absorbtion (Schweiger et al 2022). Green 
synthesis of nanoparticles using lichens is also a modern approach (Hamida et al 2021).   
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