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Abstract

The present study, aiming to explore pharmaceutical potential, appraises the antimicrobial
effects of four epiphytic fruticose lichen species, Ramalina canariensis J.Steiner, Ramalina chondrina
J.Steiner, Ramalina fastigiata (Pers.) Ach., and Ramalina fraxinea (L.) Ach. In vitro antimicrobial
activities of methanol and chloroform extracts against two Gram-negative bacteria (Pseudomonas
aeruginosa ATCC 15442 and Escherichia coli ATCC 2592), two Gram-positive bacteria
(Enterococcus faecalis ATCC 29212 and Staphylococcus aureus ATCC 25923), and the yeast Candida
albicans ATCC 90028 were tested with paper disc method, through determination of minimal
inhibitory concentrations (MICs). The results indicated that chloroform and methanol extracts of the
examined species demonstrated inhibitory activity against the growth of the tested microorganisms in
different levels. That activity was more evident in chloroform extracts of Ramalina canariensis and
Ramalina chondrina against E. coli than the methanol extracts. The methanol extract of Ramalina
canariensis was the most active against C. albicans.
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Introduction

Lichens, in other words “lichenized fungi”, are known as symbiotic associations between fungi
and algae, including more than 20,000 species on the earth, inhabiting over the terrestrial habitats from
arctic to tropical regions. These unique organisms are able to produce secondary metabolites, usually
aromatic and acidic substances, specific to lichens. Lichen substances, which have been reported to
date more than 1000 (Molnar & Farkas 2010), are mostly small but complex molecules, having a big
pharmaceutical potential.

Besides the knowledge based on historic medicinal uses for centuries (Cobanoglu & Yavuz
2003, Yavuz & Cobanoglu 2010, Yavuz 2012), it is known that lichens have also been widely used in
pharmaceutical and other industries of such as food, cosmetics and dye. Most of the preliminary
information on potential biological activity of lichen metabolites is based upon their ethnic and
traditional utilization (Llano 1950, Ingolfsdottir 2002, Romagni & Dayan 2002).

Nowadays, numerous lichen species showing biological activities with regard to antimicrobial
(Rankovi¢ et al. 2009, Mitrovi¢ et al. 2011), antifungal (Proksa et al. 1996, Halama & Van Haluwyn
2004, Schmeda-Hirschmann et al. 2008), antioxidative (Aslan et al. 2006, Luo et al. 2009, Rankovi¢ et
al. 2010), cytotoxic (Karagoz & Aslan 2005, A¢ikgoz et al. 2013) and anticancer (Backorova et al.
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2012, Coskun et al. 2015) etc. have been reported. The grade of these activities depends on the species
of lichen as well as its locality, type of the solvent, amount of the extract, and the tested
microorganisms.

Due to the increase in difficulty in the treatment of drug-resistant microorganisms and diseases,
the necessity of alternative effective antimicrobial drug development has emerged. With respect to this,
lichens can be used as natural antimicrobial agents (Shukla et al. 2010), and the lichen metabolites have
been thought to be an alternative way of producing new-designed drugs.

Chemistry of lichens in terms of pathways leading to the formation of secondary metabolites
continues to be discovered with the developing methodology. A lot of lichen species has been analysed
in the recent decades and several compounds, presumably of fungal origin, have been detected. The
chemical structures of these lichen-specific metabolites are mostly polyketides, polyphenols, quinones
or terpenoids (Eisenreich et al. 2011).

Many species of the genus Ramalina that have been traditionally used in folk medicine, were
reported to possess bioactive molecules (Ingolfsdottir 2002, Romagni & Dayan 2002, Moreira et al.
2015). Antimicrobial activities of crude extracts of some Ramalina species were presented in previous
papers (Tay et al. 2004, Cobanoglu et al. 2010, Santiago et al. 2010, Risti¢ et al. 2016). Antioxidant
constituents were found in R. terebrata (Bhattarai et al. 2008). Antibacterial, antifungal, and cytotoxic
properties of R. farinacea were evaluated by Esimone and Adikwu (1999). R. farinacea was also
evaluated in terms of its in vitro antiviral activity (Esimone et al. 2009, Lai et al. 2013). Antimicrobial
and antioxidant activities of R. farinacea, R. fastigiata and R. fraxinea were examined recently by Sahin
et al. (2015). Some studies related to antimicrobial activity of Ramalina deal with the chemical
constituents of the species more significantly (Tay et al. 2004, Saenz et al. 2006, Cansaran et al. 2007,
Hanus et al. 2008, Paudel et al. 2010, Risti¢ et al. 2016).

The present study evaluates the antimicrobial potentials of the extracts of four Ramalina
species, Ramalina canariensis J.Steiner, Ramalina chondrina J.Steiner, Ramalina fastigiata (Pers.)
Ach. and Ramalina fraxinea (L.) Ach. quite common in Turkey. It is intended to contribute to the uses
of lichens in pharmacological purposes.

Materials & Methods

Lichen Material
Lichen material collected from Kocaeli and Bolu provinces in the northwest of Turkey were
identified through classical taxonomic methods (Smith et al. 2009, Wirth 1995) with microscopic
investigations (Stereomicroscope, Olympus SZ40; Olympus Medical Systems Corp., Tokyo, Japan).
The nomenclature follows the index fungorum (www.indexfungorum.org 2016). The studied four
fruticose lichen species with remarks about their collecting information (locality, coordinates, substrate,
date and altitude) are the following:
Ramalina canariensis J.Steiner: Turkey, Kocaeli province, Kandira Town, Sarisu area, 41°08'23.4" N -
030°09'34.4" E, on Quercus infectoria Olivier, bark, 23.4.2010, 13 m, G.Cobanoglu.
Ramalina chondrina J.Steiner: Turkey, Bolu province, Serif Yiiksel Research Forest, 40°37'41" N - 25°
34' 23" E, on Abies bornmuelleriana Mattf., bark, 4.4.2010, 1590 m, G.Cobanoglu.
Ramalina fastigiata (Pers.) Ach.: Turkey, Bolu province, Serif Yiiksel Research Forest, 40°37'41" N -
25° 34' 23" E, on Abies bornmuelleriana Mattf., bark, 4.4.2010, 1590 m, G.Cobanoglu.
Ramalina fraxinea (L.) Ach.: Turkey, Bolu province, Serif Yiiksel Research Forest, 40°37'41" N - 25°
34' 23" E, on Abies bornmuelleriana Mattf., bark, 4.4.2010, 1590 m, G.Cobanoglu.

Test Microorganisms

The test microorganisms, Pseudomonas aeruginosa ATCC 15442, Escherichia coli ATCC
2592, Enterococcus faecalis ATCC 29212, Staphylococcus aureus ATCC 25923, and Candida
albicans ATCC 90028, were provided by the Medical Microbiology Department of the Medicine
Faculty of Yeditepe University, Istanbul, Turkey.
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Preparation of Lichen Extracts

The air-dried samples were ground by means of a mortar and a pestle. Powdered lichen
materials (5 g) from the samples of R. canariensis, R. chondrina, R. fastigiata and R. fraxinea, were
successively extracted in a Soxhlet extractor apparatus using 250 ml of methanol and chloroform as
solvents, respectively. The extracts were filtered through Whatman No. 1 filter paper (Whatman,
Maidstone, England) and the solvents then evaporated by a rotary evaporator to dryness under reduced
pressure to yield crude extracts of 77 mg for R. canariensis 114 mg R. chondrina, 250 mg R. fastigiata,
and 260 mg R. fraxinea from the methanol. From the chloroform, the yields of crude extracts were 4, 6,
130 and 110 mg, respectively. The extracts were dissolved in the solvents, methanol and chloroform
and sterilized by membrane filtration using 0.45-um pore-sized Millipore filters (MF-Millipore,
Billerica, MA, USA), and were kept at -20 °C until assay.

Antimicrobial Assays

The disc diffusion susceptibility test was used for the test microorganisms which were grown in
nutrient broth (NB-No. 3, for microbiology, 70149 Fluka, Munich, Germany) in incubators at 37 °C,
overnight for bacterial strains and 48 h for the yeast strain. They were diluted to 0.5 Mc Farland
standards approximately 10% cfu/ml for bacteria and 10° cfu/ml for C. albicans. Then the bacteria and
C. albicans were spread on nutrient agar plates (Salubris, Istanbul, Turkey) and Muller Hinton Agar
(MHA) (Sigma-Aldrich, Munich, Germany), respectively. For the disc diffusion assay, the dried
extracts were dissolved in the solvents, methanol and chloroform; diluted 1:10 and then sterilized by
filtration through 0.45 um Millipore filters, respectively. Each of the final concentrations of 20 ul doses
of the methanol and the chloroform solutions were added onto Whatman filter paper discs (6 mm
diameter) allowing the solvent to evaporate during the applications (Bauer et al. 1966). After detecting
a non-antimicrobial dose of methanol and chloroform they were applied for the antimicrobial tests.

Negative controls were prepared by using the respective solvents employed to dissolve the
lichen extracts. A number of antibiotics were used as positive reference standards for the bacteria;
Ciprofloxacin (5 pg/disc), Chloramphenicol (30 pg/disc) and Vancomycin (30 pg/disc), and for the
yeast; Fluconazole (25 pg/disc). Since all microbiological tests were made in laboratories with an
International Quality Certification (1SO-15189), a large antibiotic control panel recommended by CLSI
(Clinical Laboratory Standards Institute, formerly NCCLS) was used. CLSI has proposed a reference
broth macrodilution method for in vitro antifungal susceptibility testing of yeasts (the M27-P method).
This method includes MIC endpoint determination by the visual and subjective observation of growth
inhibition after 48 h of incubation.

The bacterial inhibition zones on the test plates were measured under the bacterial colony
counter Colony Star (Funke-Gerber, Berlin, Germany). The final concentrations of each solution, which
exhibited relatively larger zones of inhibition, were diluted serially from one to ten-fold to determine
the minimal inhibitory concentrations (MIC). The serial dilutions were tested on the microorganisms
during overnight incubation. All experiments were done in triplicate and checked with the control
plates.

Statistical Analysis
All values were expressed as mean£SD calculated by Descriptive statistics. SPSS 20 statistics
package was used for the analysis.

Results

This study was designed to evaluate qualitative antimicrobial potentials of four Ramalina
species, R. canariensis, R. chondrina, R. fastigiata and R. fraxinea, against the microorganisms, P.
aeruginosa, E. faecalis, S. aureus, E. coli and C. albicans. The inhibitory effects of chloroform and
methanol extracts of the species were tested through disc diffusion assay, and the diameters of growth
inhibition zones were indicated in the Table 1. The determined values of the minimal inhibitory
concentration (MIC) were shown in the Table 2.
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It is clearly remarked that the chloroform as a solvent was more effective against Gram-
negative bacteria than the methanol according to our experimental results. The chloroform extracts of
R. canariensis and R. chondrina were found to have particularly higher antibacterial activity against E.
coli and P. aeruginosa. While none of the extracts of R. fastigiata and R. fraxinea had inhibitory effect
on the same bacteria.

The chloroform extract of R. canariensis indicated the highest activity on P. aeruginosa and E.
coli with inhibition zones of 32 and 31 mm, respectively, better than that of the antibiotic’s (CIP) with
29 and 24 mm. The lowest activity of the chloroform extract was against E. faecalis. However, when
compared to the doses used, the chloroform extract containing a lower dose (8 pg/disc) observed in this
case is more effective than antibiotics (30 pg/disc) (Table 1). The methanol extracts of R. canariensis
had no antibacterial effect against to E. coli, P. aeruginosa and E. faecalis. Otherwise, the both extracts
of R. canariensis were found to have similar antibacterial activity on S. aureus at quite high levels. But,
again, compared to doses contained in the disc, it appears that particularly the chloroform extract has
quite high antibacterial effect than the antibiotics against S. aureus. Moreover, the both of chloroform
and methanol extracts of R. canariensis had antifungal effects against the yeast C. albicans, particularly
the methanol extract showed the highest activity with the inhibition zone of 31 mm higher than
Fluconazole with 25 mm.

The chloroform extract of R. chondrina had the strongest antimicrobial activity against E. coli
tested with growth inhibition zone diameter of 32 mm ranged over the antibiotic CIP with 24 mm. The
both methanol and chloroform extracts of this species exhibited a moderate antibacterial activity
against S. aureus. Also, the methanol extract of R. chondrina had a weak effect on C. albicans although
its chloroform extract did not exhibit any antifungal activity.

The inhibition effects of R. fraxinea with both chloroform and methanol extracts were higher
than the antibiotic (VAN) against E. faecalis. All the lichen extracts were moderately active against S.
aureus. Inhibitory effect of R. fastigiata was very low compared to the other lichen species. However,
the extracts of both R. fraxinea and R. fastigiata showed no antifungal activity.

In a negative control, the chloroform and the methanol in applied concentrations of the lichen
extracts as solvents had no inhibitory effect on the tested organisms.

Discussion

Several current studies with biological activities of Ramalina are available. The main
differences between activity powers are based on solvent types. Cobanoglu et al. (2010) reported five
lichen species including R. farinacea, that both of the acetone and the chloroform extracts exhibited
antimicrobial activity against E. coli and P. aeruginosa. In the present study, the chloroform extracts of
two of the tested Ramalina species, R. canariensis and R. chondrina, exhibited a highly significant
effect on these two Gram negative bacteria. In addition, the acetone as a solvent was notified more
effective compared to the chloroform by Cobanoglu et al. (2010). Also, acetone extraction of Ramalina
menziesii compared to the methanol extract was reported that showed greater activity against S. aureus
and P. aeruginosa but not against E. coli (Shrestha & St. Clair 2013). The antimicrobial disc diffusion
assay of crude extracts from R. dendriscoides dissolved in acetone showed high activity against S.
aureus and B. subtilis (Santiago et al. 2010). The water, ethanol, chloroform and n-hexane extracts of
the lichen R. farinacea have been evaluated for their phytochemical constituents, antibacterial,
antifungal, and cytotoxic properties by Esimone & Adikwu (1999). Eventually, ethanol and n-hexane
extracts showed the highest antimicrobial activity on S. aureus, P. aeruginosa, E. coli and C. albicans.
Their results show similarity with the activity of chloroform extract of R. canariensis against the same
organisms in this study.

Mitrovi¢ et al. (2011) underlined in vitro testing of the antibacterial activities of the methanol
extracts of Hypogymnia physodes and Cladonia foliacea with more potent inhibitory effects on the
growth of Gram positive bacteria. Similarly in this study, methanol extracts of R. fraxinea exhibited
very high antibacterial effect on E. faecalis. Moreover if compared to doses contained in the disc,
methanol extracts of R. fraxinea and R. fastigiata showed more strong inhibitory effects also against S.
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aureus than the control (Table 1). Overall methanol extracts, which had no effect against Gram
negative bacteria showed very high activity against Gram positives.

Table 1 Antimicrobial activities of the lichen extracts based on disc-diffusion assay.

E. coli P. aeruginosa  E. faecalis S. aureus C. albicans

R. canariensis M - - - 19 £0.57 31 +0.58

C 31+0.58 32+0.00 7 £1.00 18+0.58 17 £1.15
R. chondrina M - - - 10 £1.52 10 £0.58

C 32+1.15 15+ 1.00 7 £0.58 10 +£1.00 -
R. fastigiata M - - 11+1.00 11+0.58 -

C - - 12+1.00 10+2 -
R. fraxinea M - - 17+0.58 9+0.58 -

C - - 15+1.15 9+0.58 -
*Antibiotics CIP 24+0.00 29+0.00

CHL 22+0.58

VAN 14+0.57

FLU 25+0.58

Values are mean inhibition zone diameters £ SD (in mm) of three replicates, — no inhibition observed
C: Chloroform extract, M: Methanol extract

“Antibiotics used as positive reference standards to determine the sensitivity of microorganisms;
CIP: Ciprofloxacin, CHL: Chloramphenicol, VAN: Vancomycin, FLU: Fluconazole

Table 2 Minimum inhibitory concentration (MIC) values of the lichen extracts in pg/ml.

E. coli P. aeruginosa  E. faecalis S. aureus C. albicans
R. canariensis M - - - 77£1.00 15.4+0.00
C 1.6+0.58 1.6+0.58 5.6+£0.58 3.2+0.58 4 +0.58
R.chondrina M - - - - -
C 1.2+0.58 4.8+0.58 - - -
R. fastigiata M - - 133+0.58 33+0.00 -
C - - 69+0.58 35+0.58 -
R. fraxinea M - - 138+1.00 - -
C - - 59+1.00 - -

*The MIC values were not determined for the extracts with inhibition zone diameters lower than 10 mm.

Data for the activities of the crude lichen extracts have been presented in a big part of the papers
in the literature. In various publications, chemical composition of many lichen species have been also
explored to determine substances ensuring the biological activity potential of the lichen extracts.
Chemistry and biological activity of Ramalina has been reviewed recently by Moreira et al. (2015). The
vast majority of studies in literature were with crude extracts, and about only 18% of the identified
compounds have been tested for biological activities. Usnic acid was the most biologically effective
compound with the best results, while the other compounds showing also good results.

In species of Ramalina, usnic acid content is more evident as a bioactive compound compared
the other secondary lichen substances (Romagni & Dayan 2002, Santiago et al. 2010, Shukla et al.
2010). The usnic acid amounts of R. fastigiata, R. capitata, R. polymorpha, R. pollinaria and R.
fraxinea were determined by HPLC analysis and their acetone extracts were tested antimicrobially by
Cansaran et al. (2007); resulting that as the usnic acid amount increased, the antimicrobial activities
were increased. Saenz et al. (2006) notified the lichen compounds identified from acetone extract of R.
canariensis as atranorin, lichesterinic acid, stistic acid and usnic acid. These substances had shown high
antimicrobial activity in the disc diffusion method against Gram positive bacteria, except atranorin
which was the least active compound. A total of five compounds, usnic acid, usimine A, usimine B,
usimine C, and ramalin, were isolated from the methanol extract of R. terebrata, and all the samples
exhibited antibacterial activity against S. aureus (Paudel et al. 2010). In addition, usnic acid, constituent
of many lichens, was often reported as inactive against Gram negative bacteria E. coli and P.
aeruginosa (Ingolfsdottir et al. 2002, Tay et al. 2004). In a study evaluating the chemical composition
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of water-ethanol extract of the epiphytic species R. lacera possessing antibacterial and antifungal
activities, Hanus et al. (2008) stated that orsellinic and diffractaic acids were more active against Gram
negative bacteria (E. coli, P. aeruginosa) and yeast C. albicans compared to usnic acid. R. canariensis
used in our study is often confused with R. lacera since it has very similar morphology. Therefore, in
the present study, antimicrobial activity against Gram negative bacteria was probably not due to usnic
acid but other constituents of Ramalina species. The results of the present study coincide with the
results of a recent research (Risti¢ et al. 2016), where evernic acid, obtusatic acid, sekikaic acid,
atranorin, protocetraric acid and usnic acid were identified from R. fraxinea and R. fastigiata. Among
their constituents, methyl evernate and obtusatic acid showed the strongest antimicrobial capacity.
Acetone extract of R. fastigiata showed antibacterial activity against E. coli but R. fraxinea exhibited
no inhibition of growth against E. coli.

All these studies reveal the promising potential of Ramalina lichen species for the discovery of
new antibiotics. The outcomes in this study corroborate the presence of antibiotic substances in the
tested lichen extracts. The results about the chloroform extracts of Ramalina chondrina and R.
canariensis that showed powerful antimicrobial activity against E. coli and P. aeruginosa contributed
new data for the literature.

In addition, it is determined that chloroform as a solvent was significantly more effective than
methanol on the bacteria, but methanol was more active on the fungus C. albicans. The presented
evidences about the antimicrobial potentials of lichen extracts may coincide or differ from results of the
other studies depending on different sensitivity of tested microorganisms and also on the species of
lichen and locations of sampling. The dissimilarities even resulting sometimes from the analysis of the
same species must probably occur due to any of the steps in the analysing methods. In order to figure
out the effectiveness of each particular substance in lichen samples, the chemical constituents should be
investigated in detail and applied for antimicrobial tests in the further studies.
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