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The aim of the study is to list out the economically important species of Ramalina 
genus based on the worldwide studies and data collected. From the early time of 
civilization, lichen species have been utilized by various ethnic groups. Certain 
ethno-botanically important Ramalina species are used as spices in flavouring 
vegetables and meat, prepared as cold dish in Yunnan marriages, as a natural dye 
on fabrics, in perfume industries, as an efficacious medicine for jaundice and 
hydrophobia, as an ingredient of medical decoction called sciba. Ramalina 
species possess important bioactive secondary metabolite compounds which show 
antitumor, antibacterial, antifungal, antioxidant, cytotoxic, antiviral and anti-
inflammatory activities and ability to fight against Mycobacterium tuberculosis, 
life threatening Staphylococcus aureus infections. The sustainable use of lichens 
over other artificially prepared products could prevent us from side effects of 
certain chemical constituents. Even air pollution could be bio-monitored by this 
lichen genus. The world needs to have an attention over the immense and 
significant uses of Ramalina species. 
 
Keywords:  Bioactive Secondary Metabolites, Bio-monitored, Bio-prospecting, 
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Introduction  
At the beginning of the nineteenth century, 
botanists were making their first attempts 
to classify the lichens and in order to 
systematize the immense variety of growth 
habits, they first divided the class on the 
basis of several major growth forms. The 
lichens of one family, even of one genus, 
may belong to the crustose, foliose, and 
fruticose growth forms1. Lichens being the 
nonvascular cryptogams and excellent 
example of symbiotic association have a 
composite thallus comprising of two 
components, mycobiont and photobiont. 
Lichens could also be defined as a 
symbiotic organism formed by fungi and 
algae and/or cyanobacteria2. Lichen is also 
defined as thalli that can be considered as 
self-contained mini-biosphere resulting 
from the close, symbiotic, morphological 
and physiological integration of a 
nutritionally specialized fungus 

(mycobiont) and at least a green alga 
and/or cyanobacteria (photobionts) 3. 
With its share of just 2-4% of global land 
surface, India is a rich centre of lichen 
diversity, contributing nearly 15% of the 
13,500 species of lichens so far recorded in 
the world. Lichens produce a diverse range 
of secondary metabolites/chemical 
products, many of which have been found 
to have antimicrobial activity4. All of the 
secondary substances in lichens are of 
fungal origin. These substances are the 
crystals deposited on the surface of the 
hyphae, which are poorly soluble in water, 
and usually can be isolated from the 
lichens by organic solvents5. Specific 
conditions in which lichens live are the 
reason of production of many such 
metabolites as these metabolites are 
responsible for providing good protection 
against various negative physical and 
biological influences6. 
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During the middle-ages, lichens figured 
prominently among the herbs used by 
medicinal practitioners. Lobaria 
pulmonaria, Cetraria islandica, and 
Cladonia species have been reported to be 
effective in the treatment of pulmonary 
tuberculosis and other lung diseases7,8. 
Lichens have been used in folk medicine 
in many countries. The utilization of lichen 
in medicine has been cited in different 
pharmacopoeias of the world7. Lichens 
have certain features which have resulted 
in their intensive use as indicators of air 
quality and as monitors of the atmospheric 
deposition of various elements. These 
salient features include the lack of roots or 
structures which have the absorptive 
function of roots and thus some lichens are 
dependent for their mineral nutrients to a 
large extent on material landing on the 
lichen thallus as the result of wet and dry 
deposition from the atmosphere9. 
Ramalina spp. 
Ramalina is a large genus containing 
several hundred species10. The genus 
Ramalina belongs to the family 
Ramalinaceae and is a widespread 
fruticose lichen genus11. The genus is 
characterized by usually having pale 
yellow-green flattened strap-like branches 
with small disk or cup-shaped apothecia. 
In New Zealand the genus is widespread 
and easily identified, being found on 
native and introduced trees in suburban 
gardens, forest edges and coastal 
localities10. The genus Ramalina was first 
described by Achariusin 1810, when he 
split a group of species from the genus 
Parmelia. The features used to 
differentiate the two included the 
possession of a cartilaginous thallus and 
several apothecial characters. A number of 
different genera and subgenera have been 
created from Ramalina specimens and 
revised in the two centuries since 
Acharius12. Ramalina has about 246 
species distributed around the world, of 
which only 118 species were investigated 
for their chemical and biological studies13. 
Generally, Ramalina genus is described on 

the basis of morphological characteristics 
such as fruticose thallusattached by 
holdfast, erect or pendulous, variously 
branched; branches circular, narrow strap 
shaped or wide lobed; greenish-grey, 
yellowish-grey to yellowish brown; soralia 
and pseudocyphellae present or absent, 
based on the anatomically features like 
thallus heteromerous, corticated on all 
sides by a thin amorphous layer followed 
internally by a chondroid tissue, either 
continuous or in separate bands, uniform 
or split into bundles of hyphae (cracked); 
photobiont, a green alga (Protococcoid); 
medulla loose or arachnoid, solid or 
sometimes hollow. Apothecia laminal or 
terminal, sessile to peltate, lecanorine; disc 
yellow ochraceous, or buff coloured, often 
pruinose; hypothecium colourless; 
paraphyses simple; asci unitunicate, 8-
spored; ascospores colourless, usually 2-
celled, ellipsoid to fusiform, straight or 
slightly curved. Pycnidia species laminal 
or subterminal; pycnoconidia cylindrical, 
elongated. Out of about more than 200 
species known from the world, 23 species, 
reported from India, Nepal and Sri 
Lanka14.The members of Ramalina are 
distributed in diverse habitats such as 
lowlands, highlands, rainforests and 
alpines. The species occur on various 
substrates like rocks, peaty soil, wood, and 
bark. In fresh conditions, the thalli are 
greenish-gray to yellowish-gray in colour, 
the colour changes to yellowish-brown to 
dark-brown on drying. The species of 
Ramalina contain pseudocyphellae. Usnic 
acid is one of the major metabolites found 
in the members of Ramalina15. Atranorin 
is also present in cortex, but rarely12. 
Bioprospecting role of genus Ramalina 
Several Ramalina species are used 
traditionally as medicine, food and spice. 
Various bioactivities such as antimicrobial, 
antioxidant, enzyme inhibitory, 
insecticidal, cytotoxic, antihelmintic and 
immune-stimulatory activity are shown by 
some species of Ramalina15. Even some 
steroids extracted from the lichens show 
antitumor activities16. Certain Ramalina 
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species are used as food in some Central 
and South East Asian countries. R. 
farinacea and R. Conduplicans are used as 
traditional food by the Rai and Limbu 
communities of East Nepal. R. farinacea, 
R. conduplicans, R. sinensis, and R. 
subfarinaceaare cooked mixing with 
various foods17. Ramalina species were 
used for medicinal values in Nepal. Two 
respondents (more than 72 years) from 
Hangdewa and two (60 and 71 years) 
respondents from Phurumbu, Taplejung 
district used Ramalina species as antiseptic 
tincture to heal wounds18. Since the 
beginning of the 20th century, hair powder 
of R. Calicaris and Ramalina species was 
used in cosmetics in Europe19, and India17. 
This lichen genus also has economic 
importance in production of a natural 
colouring dye. The secondary metabolites 
not only impart colour but also give unique 
aroma to the fibres. The lichen metabolites 
also have antimicrobial and insecticidal 
properties; hence lichen dyes have an 
inherent quality of insect resistance thus 
giving more life to the dyed fibres20. 
Ramalina species also act as biomonitors, 
which are mainly used for qualitative 
determination of contaminants. These can 
be classified as being sensitive or 
accumulative. Sensitive biomonitors may 
be of the optical type and are used as 
integrators of the stress caused by 
contaminants and as preventive alarm 
systems21. Lichens are perennial and this 
feature together with the other 
characteristics has led to the use of these 
plants as long term integrators of 
deposition from the atmosphere of 
elements originating from both natural and 
man-made sources9. To cope with the 
potential metabolic disturbances caused by 
intracellular Heavy Metal(HM) 
accumulation, lichen thalli have developed 
an armamentarium of biological responses. 
Indeed, there is vast diversity in heavy 
metal tolerance among lichens, ranging 
from moderately tolerant species, e.g., 
Ramalina farinacea, to sensitive ones. 
Based on all of these features, lichens can 

be viewed as extremely valuable 
biomonitors of environmental pollution. 
The physiological basis of such tolerance, 
and especially whether the mycobiont and 
photobiont differ in their sensitivity to 
heavy metals, is still poorly understood 
and somewhat controversial22. Algal 
member Trebouxia sp. Has been reported 
to be more sensitive to HMs and other 
pollutants than the corresponding 
mycobionts. Within chlorobiont lichens, 
those containing Trebouxia sp. as primary 
algae (Parmelia caperata or R. farinacea) 
were shown to be moderately Pb-tolerant, 
while the HM sensitivity of Lobaria 
pulmonaria, in which Dictyochloropsis is 
the primary phycobiont, is intermediate. 
The lichen R. farinacea has a world-wide 
distribution and is encountered in polluted 
and unpolluted areas indicating a moderate 
tolerance to Pb, as proved with the help of 
laboratory experiments23. Exposure to 
HMs in general, and to Pb in particular, 
increases the production of reactive 
oxygen species (ROS). At high levels, or 
following acute increases of metal 
pollutants, algal cells are injured because 
the resulting ROS levels exceed the 
capacities of cellular antioxidant protection 
systems22. 
List of some important Ramalina species 
and their uses 
Ramalina calicaris 
Ingredients in medicinal decoction called 
sciba24.  
Ramalina capitate 
Taken as tea to relieve symptoms of 
asthma24. 
Ramalina celastri 
An α-D-glucan polysaccharide isolated 
from R. celastri has shown cytotoxic effect 
against HeLa cells25.α-D-glucan suggested 
to be a biological role response modifier 
(BRM), which acted as antitumor agent by 
its macrophage activity against Sarcoma-
180 tumor cells26. Parietin isolated from R. 
celastri demonstrated antiviral activity 
against the arena viruses27. Ramalina 
celastri is one of the most common lichen 
species in the province of Córdoba 
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(Central Argentina) and its physiological 
response has been successfully used for 
biomonitoring the air quality in several 
transplantation studies. Elevated 
concentration of metals like zinc, arsenic 
and uranium could be detected by 
Ramalina celastri28. 
Ramalina conduplicans 
Locally called as Jhavila by Baiga, Bhil, 
Bhilola, Gond, Korka and Muria tribal 
groups of India. In Central Indian region, 
this species is used as spice for flavoring 
meat and vegetables. Different tribal 
groups in Darjeeling and Sikkim use the 
species as effective medicine for 
hydrophobia and jaundice. 
R. conduplicans is sold as a spice in 
Himachal Pradesh.Local names of R. 
conduplicans: shouxu, shikuacai, and 
shuhua (Jingu County, Yunnan) and 
shihuacai (Central Yunnan). Local name 
for R. sinensis: shuhua. In South-western 
Yunnan, the Yi, Dai, and Han people cook 
these two species of Ramalina to prepare a 
traditional cold dish served at marriage 
banquets. According to the local people of 
Jingu County, southern Yunnan, the dish 
has been used in this way since ancient 
times, and couples who eat it at their 
marriage will love each other more and 
never separate. In central Yunnan, 
however, the local people eat these 
Ramalina species at any time. In Kunming 
the dried lichen is readily available in 
public markets for about US$4 per 
kilogram. About 100–300 kg is sold per 
year in a shop in Lijiang. At Chuxiong, 
these two species are also used in a stir-
fried pork dish. First the lichen is boiled in 
water with soda for 10–20 minutes and 
then soaked in water for 1–2 days. 
Sometimes the local people use the lichen 
with chili powder, salt, and other 
seasonings24. In the stocks of Ramalina 
sold in the local market in Jing Dong 
County, R. conduplicans and R. sinensis 
are always mixed together; usually with R. 
conduplicans in greater amount29. 
Methanolic extract of the lichens showed 
high inhibitory activity against eleven 

bacteria (Bacillus cereus, B. subtilis, 
Enterobacter aerogens, Escherichia coli, 
Klebsiella pneumoniae, Micrococcus 
luteus, Proteus mirabilis, Pseudomonas 
aeruginosa, Salmonella typhimurium, 
Staphylococcus aureus, Streptococcus 
pneumoniae) and eight fungal strains 
(Aspergillus flavus, A. nidulans, A. niger, 
A. sulphuricus, A. terrcues, Candida 
albicans, Cryptococcus albidus, Tricho 
phyton rubrum)25. Ramalina conduplicans 
(secondary metabolites like Usnic acid, 
sekikaic acid aggregate and salazinic acid) 
gives cartridge buff color by Boiling Water 
Method (BWM), isabella color by 
Ammonia Fermentation Method (AFM), 
turtle green by Di-methyl sulphoxide 
Extraction Method (DEM)20. 
Ramalina farinacea 
The acetone extract of the lichen R. 
farinacea and its usnic acid constituent 
showed antimicrobial activity against 
Bacillus subtilis, Listeria monocytogenes, 
Proteus vulgaris, Staphylococcus aureus, 
Streptococcus faecalis (Enterococcus 
faecalis), Yersinia enterocolitica, Candida 
albicans and C. glabrata (Torulopsis 
glabrata). Norstictic acid was active 
against Aeromonas hydrophila as well as 
the above microorganisms except Yersinia 
enterocolitica. Protocetraric acid showed 
activity only against the tested yeasts C. 
albicans and C. glabrata30. In another 
study, water, ethanol, chloroform and n-
hexane extract of R. farinacea exhibited 
antifungal, antibacterial and cytotoxic 
activities against several pathogens. 
Extracts from R. farinacea were evaluated 
against fifteen clinical isolates of 
Staphylococcus aureus. The results 
showed that two column chromatographic 
fractions, with minimum inhibitory 
concentrations against 90% of the isolates 
of 535.5 and 317μg/mL, respectively, 
generally performed better than 
tetracycline and ampicillin31. In an 
experiment, combination of methanolic 
extract of R. farinacea and ampicillin gave 
a desirable synergistic effect as an 
antibiotic against Staphylococcus aureus 
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severe infection32. The methanol and water 
extract reduce HIV-I vector (lentiviral and 
adenoviral) infectivity in dose-dependent 
manner in a vector-based assay33. The 
aqueous extract of R. farinacea has a 
folklore value for treatment of mental 
disorders in Africa; and tinctures have also 
been used for treatment of ringworm 
(Tinea) in Nigeria31. 
In a study, it is clearly indicated that the 
ability of the lichen R. farinacea to 
moderately tolerate polluted environmental 
conditions in general, and Pb exposure in 
particular on the basis of physiological 
tolerance of its two phycobionts, TR1 and 
TR9. Trebouxia TR1 andTR9 were 
isolated in our laboratories from a 
population of the lichen Ramalina 
farinacea. In order to further characterize 
the defensive response of TR1 and TR9 
microalgae, we studied the activities of 
several key antioxidant enzymes in 
response to increased levels of the HM. 
When external conditions surpass certain 
thresholds and extracellular barriers are no 
longer effective, the intracellular defense 
mechanisms of TR9 phycobionts can be 
rapidly induced. R. farinacea was 
proposed as a good example of 
biomonitoring lichen22. Ingredients in 
medicinal decoction called sciba along 
with Ramalina calicaris, Usnea plicata, 
Pseudevernia furfuraceae24. Many species 
of algal genus, Trebouxia  were reported to 
be more sensitive to HMs and other 
pollutants than the corresponding 
mycobionts. Within chlorobiont lichens, 
those containing Trebouxia spp. as 
primary algae (Parmelia caperata or R. 
farinacea) were shown to be moderately 
Pb-tolerant, while the HM sensitivity of 
Lobaria pulmonaria, in which Dictyo 
chloropsis is the primary phycobiont, is 
intermediate23. Exposure to HMs in 
general, and to Pb in particular, increases 
the production of reactive oxygen species 
(ROS). At high levels, or following acute 
increases of metal pollutants, algal cells 
are injured because the resulting ROS 
levels exceed the capacities of cellular 

antioxidant protection systems22. The 
lichen R. farinacea has a world-wide 
distribution and is encountered in polluted 
and unpolluted areas indicating a moderate 
tolerance to Pb, as has been earlier 
reported in many studies23.  
Ramalina hossei 
Ramalinahossei (secondary metabolites 
are Usnic acid and sekikaic acid) gives 
natural dye colors like pale pinkish buff 
color by Boiling Water Method (BWM), 
olive yellow color by Ammonia 
Fermentation Method (AFM), white color 
by Di-methyl sulphoxide Extraction 
Method (DEM)20. 
Ramalina menziesii 
This lichen is used as baby diaper24.  
Ramalina nervulosa 
The extract of this lichen is well known for 
insecticidal, larvicidal and antihelminithic 
activities34. 
Ramalina obtusata 
Due to the sensitivity of R. obtusata to 
pollution and proximity to the oil and gas 
industry at the Izhma River site could be 
considered a monitoring site for future 
industrial impacts in the area. The first 
record of Ramalina obtusata in the Komi 
Republic was made on the bank of the 
Izhma River, 10 km from Ukhta, Russia35. 
Ramalina pacifica 
It is known from Karnataka and Kerala. 
The methanol extract of cultured tissue of 
this lichen exhibited inhibition of tyrosine 
activity34. In Shimoga district, located in 
southern part of Karnataka, it is used as 
spices, curry powder and also for flavoring 
meat and vegetables37. 
Ramalina pollinaria 
Methanol extract of the lichen showed 
antibacterial activity38. R. pollinaria 
collected from Turkey and its usnic acid 
extracted with acetone exhibited 
antimicrobial activities against Escherichia 
coli, Enterococcus faecalis, Proteus 
mirabilis, Staphylococcus aureus, Bacillus 
subtilis and B. megaterium39. In a study, it 
was revealed that Ramalina pollinaria is 
sensitive to genotoxic stresses. This 
supported the view that RAPD analysis is 
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a highly sensitive method for the detection 
of DNA damage induced by environmental 
pollutants like toxic chemicals40. 
Ramalina sinensis 
No lichen like substance is present in this 
species of lichen14. It is sold as a spice in 
Uttarakhand, Uttar Pradesh and Himachal 
Pradesh. R. sinensis gives olive yellow 
natural dye color by Ammonia 
Fermentation Method (AFM)41. Yunnan in 
China, the Yi, Dai, and Han ethnic people 
cook R. sinensis to prepare a traditional 
cold dish served at marriage banquets8. 
Biosynthesis by reducing the iron chloride 
solution with Ramalina sinensis extract 
containing sulfate polysaccharide works as 
a major, reducing, stabilizing, and 
effective agent and showed that the 
synthesis of nanoparticles with plant 
extracts seems to be effective and can be 
used to remove toxic metals such as lead 

and cadmium. The ability to remove lead 
and cadmium by magnetic nanoparticles of 
iron oxide was respectively 82% and 77% 
for initial concentration of 50 mg/l and pH 
in the range of 4–542.  
Ramalina subcomplanata 
Used as spice and flavoring agent for meat 
and vegetables by Bhaiga, Bhil, Bhilala, 
Gond, Korka and Muria tribes of Madhya 
Pradesh.  
Ramalina subfarinacea 
Ramalina subfarinacea and R. farinacea 
are very close in morphology, the latter 
being more polymorphic, usually 
corticolous and with protocetraric acid in 
medulla14. It contains usnic acid, its 
acetone extract showed significant 
antibacterial activity against Bacillus 
cereus, B. megaterium, Staphylococcus 
aureus and Klebsiella pneumoniae43. 

 
Table 1. Activity of various secondary metabolites found in Ramalina sp. 

Conclusion:  
Moost  of  the  antibiotics  are  costly  and  

their use is often associated with certain 
adverse effects on the health of the 

Secondary 
metabolites 

Biological activity shown by 
these metabolites 

Ramalina species in which these metabolites are 
found 

Norstictic acid Antimicrobial, antioxidant, 
anticancer 30,44,45. 

Ramalina arabum, Ramalina subfarinacea14. 

Evernic acid  Antifungal, antibacterial, 
antioxidant, anticancer46,47. 

Ramalina baltica, Ramalina himalayensis, Ramalina 
obtusata, Ramalina pollinaria14, Ramalina yasudae48. 

Usnic acid  Antiviral, аntitumour, 
аntioxidant, аntibacterial, 
аntifungal, antipyretic, 
аnalgetic, anti-inflammatory, 
hepatotoxic, 
antiviral49,30,50,45,51,52,53,54,55,56,57. 
 

Ramalina celastri, Ramalina conduplicans, Ramalina 
flabelliformis, Ramalina nervulosa, Ramalina hossei, 
Ramalina pacifica, Ramalin apollinaria, RamaIina 
roesleri14, Ramalina crassa58 and R. reticulata17. 

Salazinic acid Antitumour, antibacterial, 
antifungal, antioxidant59,56,60. 
 

Ramalina conduplicans, Ramalina pacifica, 
Ramalina subpusilla14, Ramalinacrassa58. 

Sekikaic acid Antioxidant, antibacterial 61,62. Ramalina conduplicans, Ramalina hossei, Ramalina 
inflata, Ramalina intermedia, Ramalina leiodea, 
Ramalina nervulosa, RamaIina roesleri, Ramalina 
taitensis, Ramalina  usnea14. 

Protocetraric acid Antibacterial, antifungal, 
antioxidant, anticancer31,50,44,60. 

Ramalina farinacea14, Ramalina yasudae48. 

Divaricatic acid Antioxidant, antimicrobial63,64. 
 

Ramalina inflate14. 

Atranorin Antimicrobial, antioxidant, аnti-
inflammatory, 
anticancer65,66,67,51,45,68. 

Ramalina siliquosa69,70. 
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individuals, now a days, the scientific 
community is focusing more on the search 
for alternatives for disease therapy. Natural 
products such as plants, microbes and 
lichens have been investigated and are 
found to be promising alternatives15. 
Lichens have major environmental 
importance in maintaining ecology by 
playing role as biological weathering 
agents in the development of soils. 
However, it was formerly considered in a 
geological context only, but recent 
researches have shown that these 
organisms are capable of biodeteriorating 
stone substrates within a relatively short 
timescale. Information is now available to 
demonstrate that lichens can often 
contribute substantial biomass and support 
a high biodiversity of micro- and macro-
organisms; creating complex food webs 
and adding significantly to energy flow 
and mineral cycling71. Since the lichens 
are slow growing organisms, unable to 
produce large amount of biomass, 
therefore, there is a need to develop proper 
harvesting techniques for obtaining good 
yield of lichens which have various 
bioprospects and at the same time for 
conserving lichen biodiversity72. Research 
should be conducted to enhance lichen 
biomass under short time period. 
Reference  
1. Ahmadjian, V. & M. E. Hale, (eds.) 

(1973). The Lichens. New York: 
Academic Press. pp- 697. 

2. Sharma, J., Gupta, S. S., Kumar, B. P., 
Upreti, D. K., Khare, R., & Rao, C. V. 
(2014). Effect of usnic acid and 
Cladonia furcata extract on 
gastroesophageal reflux disease in 
rat. Intern J Exp Pharm, 4(1), 55-60. 

3. Casano, L. M., del Campo, E. M., 
García Breijo, F. J., Reig Armiñana, 
J., Gasulla, F., Del Hoyo, A., & 
Barreno, E. (2011). Two Trebouxia 
algae with different physiological 
performances are ever present in 
lichen thalli of Ramalina farinacea: 
coexistence versus competition.  

Environmental microbiology, 13(3) 
806-818. 

4. Shukla, A. C., Chinlampianga, M., 
Archana, V., Anupam, D., & Upreti, 
D. K. (2011). Efficacy and potency of 
lichens of Mizoram as antimycotic 
agents. Indian Phytopathology, 64(4), 
367-370. 

5. Bačkorová, M., Jendželovský, R., 
Kello, M., Bačkor, M., Mikeš, J., & 
Fedoročko, P. (2012). Lichen 
secondary metabolites are responsible 
for induction of apoptosis in HT-29 
and A2780 human cancer cell 
lines. Toxicology in vitro, 26(3), 462-
468. 

6. Raković, B., & Kosanić, M. (2015). 
Lichen Secondary Metabolites: 
Bioactive Properties and 
Pharmaceutical Potential. Springer 
International Publishing., pp- 1-29. 

7. Schindler, H. (1955). Inhalts stoffe 
und Prüfungs methoden 
homöopathischverwendeter 
Heilpflanzen. Editio Cantor. pp- 231.  

8. Tiwari, P., Rai, H., Upreti, D. K., 
Trivedi, S., & Shukla, P. (2011). 
Assessment of antifungal activity of 
some Himalayan foliose lichens 
against plant pathogenic 
fungi. American Journal of Plant 
Sciences, 2(6), 841. 

9. Brown, D. H. (2012). Lichen 
physiology and cell biology. Springer 
Science & Business Media. pp- 211. 

10. Blanchon, D. J., Braggins, J. E., & 
Stewart, A. (1996). The lichen genus 
Ramalina in New Zealand. The 
Journal of the Hattori Botanical 
Laboratory, 79, 43-98. 

11. Oh, S. O., Wang, X. Y., Wang, L. S., 
Liu, P. G., & Hur, J. S. (2014). A note 
on the lichen genus Ramalina 
(Ramalinaceae, Ascomycota) in the 
Hengduan Mountains in 
China. Mycobiology, 42(3), 229-240. 

12. Acharius, E. (1810). Lichenographia 
universalis. Gottingen, Danckwerts. 
pp- 696. 



32 Arya et al. 

 

13. Tatipamula, V. B., &Vedula, G. S. 
(2018). In vitro anti-inflammatory and 
cytotoxicity studies of two mangrove 
associated lichens, Dirinaria 
consimilis and Ramalina leiodea 
extracts. Hygeia JD Med, 10(1), 16-
26. 

14. Awasthi, D. D. (2007). Compendium 
of the Macrolichens from India, Nepal 
and Sri Lanka. Bishen Singh 
Mahendra Pal Singh. pp, 426-430.  

15. Ankith, G. N., Kekuda, P. T., Rajesh, 
M. R., Karthik, K. N., Avinash, H. C., 
& Vinayaka, K. S. (2017). 
Antibacterial and antifungal activity of 
three Ramalina species. Journal of 
Drug Delivery and Therapeutics, 7(5), 
27-32. 

16. Moreira, A. S. N., Braz-Filho, R., 
Mussi-Dias, V., & Vieira, I. J. C. 
(2015). Chemistry and biological 
activity of Ramalina lichenized 
fungi. Molecules, 20(5), 8952-8987. 

17. Hanuš, L. O., Temina, M., & 
Dembitsky, V. (2008). Antibacterial 
and antifungal activities of some 
phenolic metabolites isolated from the 
lichenized ascomycete Ramalina 
lacera. Natural Product 
Communications, 3(2):233-236. 

18. Devkota, S., Chaudhary, R. P., Werth, 
S., & Scheidegger, C. (2017). 
Indigenous knowledge and use of 
lichens by the lichenophilic 
communities of the Nepal 
Himalaya. Journal of Ethnobiology 
and Ethnomedicine, 13(1), 15. 

19. Smith AL. (1921) Lichens. Chapter X. 
Economical and technical. Cambridge 
University Press, pp. 419. 

20. Shukla, P., Upreti, D. K., & Tiwari, P. 
(2014). Assessment of dye yielding 
potential of Indian lichens. Indian 
Journal of Plant Sciences, 3(1), 57-63. 

21. Shukla, V., Upreti, D. K., & Bajpai, 
R. (2014). Lichens to biomonitor the 
environment. Springer India., pp-47-
58. 

22. Álvarez, R., Del Hoyo, A., García-
Breijo, F., Reig-Armiñana, J., del 

Campo, E. M., Guéra, A., & Casano, 
L. M. (2012). Different strategies to 
achieve Pb-tolerance by the two 
Trebouxia algae coexisting in the 
lichen Ramalina farinacea. Journal of 
plant physiology, 169(18), 1797-1806. 

23. Branquinho, C., Brown, D. H., 
Máguas, C., & Catarino, F. (1997). 
Lead (Pb) uptake and its effects on 
membrane integrity and chlorophyll 
fluorescence in different lichen 
species. Environmental and 
Experimental Botany. 37(2-3), 95-105. 

24. Upreti, D. K., Bajpai, R., Nayaka, S., 
Singh, B. N., & Jain, A. K. (2016). 
Ethno lichenological studies in India: 
future prospects. Indian ethnobotany: 
emerging trends. Scientific Publisher, 
Jodhpur, 195-233. 

25. Nayaka. S., Upreti, D.K. and Khare, 
R. 2010. Medicinal lichens of India. In 
Drugs from Plants (Ed. P.C. Trivedi). 
Avishkar Publishers, Distributors, 
Jaipur, India. pp-1-54 

26. Stuelp-Campelo, P. M., de Oliveira, 
M. B. M., Leão, A. M., Carbonero, E. 
R., Gorin, P. A., & Iacomini, M. 
(2002). Effect of a soluble α-D-glucan 
from the lichenized fungus Ramalina 
celastri on macrophage 
activity. International 
immunopharmacology, 2(5), 691-698. 

27. Fazio, A.T, Adler, M.T., Bertoni, 
M.D., Sepúlveda, C.S., Damonte, E.B. 
and Maier, M.S. 2007. Lichen 
secondary metabolites from the 
cultured lichen mycobionts of 
Teloschistes chrysophthalmus and 
Ramalina celastri and their antiviral 
activities. Zeitschriftfür 
Naturforschung 62(7-8): 543-9. 

28. Pignata, M. L., Plá, R. R., Jasan, R. 
C., Martinez, M. S., Rodriguez, J. H., 
Wannaz, E. D., and Gonzalez, C. M. 
(2007). Distribution of atmospheric 
trace elements and assessment of air 
quality in Argentina employing the 
lichen, Ramalina celastri, as a passive 
biomonitor: detection of air pollution 
emission sources. International 



J. Phytol. Res. 34 (1): 25-35,  2021                                               33 

 

Journal of Environment and 
Health, 1(1), 29-46. 

29. Wang, L. S., Narui, T., Harada, H., 
Culberson, C. F., & Culberson, W. L. 
(2001). Ethnic uses of lichens in 
Yunnan, China. The 
Bryologist, 104(3), 345-349. 

30. Tay T, Tu¨rk AO, Yılmaz M et al 
(2004) Evaluation of the antimicrobial 
activity of the acetone extract of the 
lichen Ramalina farinacea and its (+)-
usnic acid, norstictic acid, and 
protocetraric acid constituents. Z 
Naturforsch. 59:384–388 

31. Esimone, C.O. and Adikwu, M.U. 
1999. Antimicrobial activity and 
cytotoxicity of Ramalina farinacea. 
Fitoterapia. 70: 428-431. 

32. Agboke, A. A., &Esimone, C. O. 
(2011). Antimicrobial evaluation of 
the interaction between methanol 
extract of the lichen, Ramalina 
farinacea (Ramalinaceae) and 
Ampicilin against clinical isolates of 
Staphylococcus aureus. Journal of 
Medicinal Plants Research, 5(4), 644-
648. 

33. Esimone, C.O., Grunwald, T., 
Wildner, O., Nchinda, G., Tippler, B., 
Proksch, P. and Überla, K. 2005. In 
vitro pharmacodynamic evaluation of 
antiviral medicinal plants using a 
vector-based assay technique. Journal 
of Applied Microbiology, 99(6): 1346-
1355. 

34. Kanivebagilu, V. S., & Mesta, A. R. 
(2020). Lichens: A Novel Group of 
Natural Biopesticidal Sources. Plant 
Pathogens: pp-321-240. 

35. Walker, T. R., & Pystina, T. N. 
(2005). The first record of Ramalina 
obtusata in the Komi Republic, north-
eastern European Russia. Graphis 
Scripta, 17(2), 48-51. 

36. Yamamoto, Y., Kinoshita, Y., 
Matsubara, H., Kinoshita, K., 
Koyama, K., Takahashi, K., 
Kurokawa, T. and Yoshimura, I. 
(1998). Screening of biological 
activities and isolation of biological-

active compounds from lichens. 
Recent Res. Devl. in Phytochem. 2: 
23-33. 

37. Vinayaka, K. S., & Krishnamurthy, Y. 
L. (2012), Ethno-lichenological 
Studies of Shimoga and Mysore 
Districts, Karnataka, India. Advances 
in Plant Sciences. 25 (1) 265-267. 

38. Güllüce, M., Aslan, A., Sokmen, M., 
Sahin, F., Adiguzel, A., Agar, G. and 
Sokmen, A. 2006. Screening the 
antioxidant and antimicrobial 
properties of the lichens Parmelia 
saxatilis, Platismatia glauca, 
Ramalina pollinaria, Ramalina 
polymorpha and Umbilicaria 
nylanderiana. Phytomedicine. 13(7): 
515-521. 

39. Cansaran, D., Atakol, O., Halici, M.G. 
and Aksoy, A. 2007. HPLC analysis 
of usnic acid in some Ramalina 
species from Anatolia and 
investigation of their antimicrobial 
activities. Pharmaceutical Biology. 
45(1): 77-81.     

40. Duman, D. C., Altunkaynak, E., & 
Aras, E. S. (2014). Heavy metal 
accumulation and genotoxicity 
indicator capacity of the lichen species 
Ramalina pollinaria collected from 
around an iron steel factory in 
Karabük, Turkey. Turkish Journal of 
Botany, 38(3), 477-490. 

41. Shukla, P., & Upreti, D. K. (2015). 
Lichen dyes: Current scenario and 
future prospects. Recent Advances in 
Lichenology, pp-209-229. 

42. Arjaghi, S. K., Alasl, M. K., Sajjadi, 
N., Fataei, E., & Rajaei, G. E. (2020). 
Green Synthesis of Iron Oxide 
Nanoparticles by RS Lichen Extract 
and its Application in Removing 
Heavy Metals of Lead and 
Cadmium. Biological Trace Element 
Research, pp- 1-6. 

43. Saenz, M.T., Garcia, M.D. and Rowe, 
J. G. 2006. Antimicrobial activity and 
phytochemical studies of some lichens 
from south of Spain. Fitoterapia 77(3): 
156-159. 



34 Arya et al. 

 

44. Honda NK, Pavan FR, Coelho RG et 
al (2010) Antimycobacterial activity 
of lichen substances. Phytomedicine 
17:328–332. 

45. Rankovic´ B, Kosanic´ M, Manojlovic 
N et al (2014) Chemical composition 
of Hypogymnia physodes lichen and 
biological activities of some its major 
metabolites. Med Chem Res 23:408–
416. 

46. Halama P, Van Haluwin C (2004) 
Antifungal activity of lichen extracts 
and lichenic acids. Biocontrol 49:95–
107. 

47. Kosanic´ M, Manojlovic´ N, Jankovic´ 
S et al (2013) Evernia prunastri and 
Pseudo evernia furfuraceae lichens 
and their major metabolites as 
antioxidant, antimicrobial and 
anticancer agents. Food Chem Toxicol 
53:112–118. 

48. Yamamoto Y (1985) Tissue cultures 
of Usnea rubescens and Ramalina 
yasudae and production of usnic acid 
in their cultures. Agric BioIChern 
49:3347-3348. 

49. Lauterwein M, Oethinger M, BeIsner 
K et al (1995) In vitro activities of the 
lichen secondary metabolites vulpinic 
acid, (+)-usnic acid, and ()-usnic acid 
and against aerobic and anaerobic 
microorganisms. Antimicrob Agents 
Chemother 39:2541–2543. 

50. Rankovic´ B, Misˇic´ M (2008) The 
antimicrobial activity of the lichen 
substances of the lichens Cladonia 
Furcata, Ochrolechia Androgyna, 
Parmelia caperata and Parmelia 
Conspersa. Biotechnol Biotechnol 
Equip 22:1013–1016. 

51. Rankovic´ B, Misˇic´ M, Sukdolak S 
(2008) The antimicrobial activity of 
substances derived from the lichens 
Physcia aipolia, Umbilicaria 
polyphylla, Parmelia caperata and 
Hypogymnia physodes. World J 
Microbiol Biotechnol 24:1239–1242. 

52. Paudel B, Bhattarai HD, Lee HK et al 
(2010) Antibacterial activities of 
Ramalin, usnic acid and its three 

derivatives isolated from the Antarctic 
lichen Ramalina terebrata. Z. 
Naturforsch. 65: 34–38.   

53. Perry NB, Benn MH, Brennan NJ et al 
(1999) Antimicrobial, antiviral and 
cytotoxic activity of New Zealand 
lichens. Lichenologist 31:627–636. 

54. Odabasoglu F, Cakir A, Suleyman H 
et al (2006) Gastroprotective and 
antioxidant effects of usnic acid on 
indomethacine-induced gastric ulcer 
in rats. J Ethnopharmacol 1:59–65. 

55. Bazin MA, Le Lamer AC, Delcros JG 
et al (2008) Synthesis and cytotoxic 
activities of usnic acid derivatives. 
Bioorg Med Chem Lett 16:6860–
6866. 

56. Burlando B, Ranzato E, Volante A et 
al (2009) Antiproliferative effects on 
tumour cells and promotion of 
keratinocyte wound healing by 
different lichen compounds. Planta 
Med 75: 607–613. 

57. Ramos DF, Almeida da Silva PE 
(2010) Anti mycobacterial activity of 
usnic acid against resistant and 
susceptible strains of Mycobacterium 
tuberculosis and non-tuberculous 
mycobacteria. Pharm Biol 48:260–
263. 

58. Kurokawa S, Elix JA, Watson PL, 
Sargent MV (1971) Parmelianatata, a 
new lichen species producing two new 
depsidones. J Jpn Bot 46:33-38. 

59. Candan M, Yilmaz M, Tay T et al 
(2007) Antimicrobial activity of 
extracts of the lichen Parmelia sulcata 
and its salazinic acid constituent. Z 
Naturforsch 62:619–621. 

60. Manojlovic´ N, Rankovic´ B, 
Kosanic´ M et al (2012) Chemical 
composition of three Parmelia lichens 
and antioxidant, antimicrobial and 
cytotoxic activities of some their 
major metabolites. Phytomedicine 
19:1166–1172. 

61. Verma N, Behera BC, Joshi A (2012) 
Studies on nutritional requirement for 
the culture of lichen Ramalina 
nervulosa and Ramalina pacifica to 



J. Phytol. Res. 34 (1): 25-35,  2021                                               35 

 

enhance the production of antioxidant 
metabolites. Folia Microbiol 57:107–
114. 

62. Sisodia R, Geol M, 
Verma S, Rani A & Dureja P (2013) 
Antibacterial and antioxidant activity 
of lichen species Ramalina roesleri. 
Natural Product Research, 27:2235–
2239. 

63. Hidalgo ME, Ferna´ndez E, Quilhot 
W & Lissy E (1994) Antioxidant 
activity of depsides and depsidones. 
Phytochemistry 37:1585–1587. 

64. Kosanic´ M, Rankovic´ B, Sukdolak S 
(2010) Antimicrobial activity of the 
lichen Lecanora frustulosa and 
Parmeliopsis hyperopta and their 
divaricatic acid and zeorin 
constituents. Afr J Microbiol Res 
4:885–890. 

65. Kumar KC, Muller K (1999) Lichen 
metabolites, 2: antiproliferative and 
cytotoxic activity of gyrophoric, usnic, 
and diffractaic acid on human 
keratinocyte growth. J Nat Prod 
62:821–823. 

66. Yilmaz M, Tu¨rk AO, Tay T et al 
(2004) The antimicrobial activity of 
extracts of the lichen Cladoniafoliacea 
and its ()-usnic acid, atranorin, and 

fuma rprotocetraric acid constituents. 
Z Naturforsch C 59:249–254. 

67. Turk H, Yilmaz M, Tay T et al (2006) 
Antimicrobial activity of extracts of 
chemical races of the lichen 
Pseudevernia furfuracea and their 
physodic acid, chloroatranorin, 
atranorin, and olivetoric acid 
constituents. Z Naturforsch C 61:499–
507. 

68. Melo MG, Dos Santos JP, Serafini 
MR et al (2011) Redox properties and 
cytoprotective actions of atranorin, a 
lichen secondary metabolite. Toxicol 
In Vitro 25:462–468. 

69. Hamada N, Ueno T (1987) Depside 
from an isolated lichen mycobiont. 
Agric BioI Chem 51:1705-1706.   

70. Hamada N (1989) The effect of 
various culture conditions on depside 
production by an isolated mycobiont. 
Bryologist 92:310-313. 

71. Nash, T. H. (Ed.). (1996). Lichen 
biology. Cambridge University Press. 
pp, 280-282. 

72. Wood, R. (1995). Global biodiversity 
status of the earth’s living resources. 
Geological Magazine, 132(1), 124-
124. 

 
 
 
 
 
 

 
 
 


