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The inhibitory action of the extracts of Protoparmeliopsis muralis and Parmotrema perlatum
Received: 20/09/2017 lichens was evaluated by disc diffusion and macrobroth dilution methods. The obtained results
Accepted: 16/04/2018 revealed that extracts generally showed antimicrobial activity except for water extracts. P.

muralis lichen possess higher antimicrobial activity when compared with P. perlatum lichen.
Minimum Inhibition Concentration (MIC) values of fungi is comparatively lower than MIC

Keywords values of bacteria. Therefore, this work confirms the inhibitory effects of P. muralis and P.
Parmotrema perlatum perlatum lichens as natural antimicrobials and suggests the possibility of utilizing them in
Protoparmeliopsis muralis pharmaceutical industry for curing of infectious diseases caused by test microorganisms.
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Antimicrobial activity

1. INTRODUCTION

Numerous medicinal plant species is utilized to extract as raw medicines and they have many medicinal
features. Medicinal plants are thougt as significant source of brand synthetic substances which possess
beneficial therapeutic actions. Traditional medicine have important roles in the contemporary primary
healthcare system of the advanced countries. The natural medicines are more admissible to the human
body, when compare to modern synthetic medicines [1].

The density of infections induced by pathogenic microorganisms has accelerated worldwide and give rise
to morbidity and mortality especially in immune compromised patients. Pathogenic microorganisms have
gained resistance against currently used antibiotics. Hence, it needs to explore an alternative, more
efficient, and safer antimicrobial substances. Plant species still use as valuable resource to fight
substantial diseases in the world [2].

Lichens are symbiotic associations between a algae, a fungi or cyanobacterium. Lichens possess
significant biological action like antimicrobial, antioxidant, antiviral, enzyme inhibitory, analgesic,
antipyretic, antiinflammatuar, antitumour and anti herbicide. In addition, lichens utilized as traditional
remedies in many parts of world [3].

The present exploration objects to reveal antimicrobial properties of water, ethanol and chloroform
extracts of P. muralis and P. perlatum lichens.
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2. MATERIALS and METHODS
2.1. Lichen Material

Lichens were collected from the following localities:

P. muralis: Trabzon, Arakli, Kizilkaya plateau, 2222 m, 40°40'08" N, 40°01'39 E", 19.07.2005.

P. perlatum: Giresun, Center, Boztekke village, 22 m, 40°53'59" N, 38°19'09" E, 16. 04.2015.

P. muralis and P. perlatum lichens were taxonomically identified with using flora book and the voucher
samples are kept in the department of Botany, Giresun University.

2.2. Lichen Extraction

The lichen materials were dried and they grounded using electric blender to get powder. The specimens
were preserved in bottles. The lichen material (30 g) was extracted with 300 mL ethanol, chloroform and
water with a Soxhlet extractor, separately. The extracts were filtered utilizing Whatman No. 1 filter paper
and then concentrated in a vacuum at 40°C using a rotary evaporator. Extracts were kept at -80 °C before
use [4].

2.3. Extraction Yield (%0)

The extraction yield was calculated utilizing below formula:

(WZ—Wl
wo

X100

W, means the weight of the lichen extract and the container, W1 means only the weight of the container
and W, means the weight of the preliminary dried lichen sample.

2.4. Microorganisms

Salmonella enterica and Staphylococcus aureus were obtained from Giresun Province Control
Laboratory, Bacillus cereus were acquired from Rize University Department of Molecular Biology
Enterobacter aerogenes, Bacillus subtilis and Proteus vulgaris were obtained from Firat University
Department of Biology Morganella morganii were obtained from Bilecik Seyh Edebali University
Department of Molecular Biology and Genetic, Gordonia rubripertincta, Staphyloccocus cohnii and
Yersinia pseudotuberculosis were acquired from Yeditepe University Department of Genetic and
Bioenginneering. Candida albicans and Candida tropicalis were obtained from Firat University
Department of Biology; Candida parapsilosis were obtained from Giresun University Faculty of
Education, Saccharomyces cerevisiae was obtained from Giresun Province Control Laboratory.

2.5. Antimicrobial Activity

The antimicrobial potential of the ethanol, chloroform and water extracts of P. muralis and P. perlatum
extracts were identified through utilizing disc diffusion assay. Fourteen microorganism were utilized in
this research. The bacterium were sub-cultured on Mueller Hinton Agar (MHA) and incubated at 37°C for
24 h and kept at 4°C to obtain stock cultures. 20 mL of sterile MHA were poured to sterile petri plates
and waited to solidified. Each lichen extract was dissolved in dimethyl sulfoxide (DMSQO) at 30 mg/mL
concentration except for P. muralis water extract. P. muralis water extract was dissolved in water.
Dissolved extracts were sterilized through 0.45 pum pore sized filter. Standards antibiotics (tetracycline
and gentamycine) were used to compare inhibition zones of lichens. The turbidity of bacterial suspensions
were adjusted 0.5 Mc Farland standard, then, the bacterial suspension inoculated into MHA plates and
allowed to dry.
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Two petri dishes were prepared each of the bacteria strain. Discs (5 mm diameter) were put onto the
inoculated agar. 25 pL P. muralis ethanol extract, 25 uL P. muralis chlororoform extract, 25 pL P.
muralis water extract, 25 uL sterile water and 25 pL DMSO were added to discs and tetracycline and
gentamycine discs were put onto the agar surface one of the petri dish, separetely. The sterile paper discs
were put on inoculated petri dishes and impregnated with 25 pL P. perlatum ethanol extract, 25 uL P.
perlatum chlororoform extract, 25 pL P. perlatum water extract and 25 pL DMSO were added to discs
and tetracycline and gentamycine discs were put onto the agar surface of the other petri dish, separetely
The inoculated plates were standed in refrigerator for one hour then plates were incubated at 37°C
overnight. Diameter of zones were measured with a ruler. The sensitivity of the microorganisms to the
studied lichens was revealed by measuring the inhibitory zones size on the agar surface around the discs
[5,6].

Antifungal activity was determined by disc diffusion method with Sabaroud Dextrose Agar (SDA) and
Sabaroud Dextrose Broth (SDB) [7,8]. All antimicrobial tests were done twice.

2.5.1. Determination of Values of Minimum Inhibition Concentration (MIC)

The extracts were added into Mueller-Hinton broth at concentration ranging from 0.003661-30mg/mL.
Whereas the mixtures were incubated for bacteria at 37°C, for fungi the mixtures were incubated for
fungi 30°C. MIC describes as the lowest concentration of the extract that did not allow and turbidity or
growth of the test microorganisms [9].

2.5.2. Determination of Values of Minimum Bacteriocidal Concentration (MBC) and Minimum
Fungicidal Concentration (MFC)

The determination of MBC/MFC of the lichens was performed by sub culturing portions of the agar from
plates that showed no growth in the tests for determination of MICs. These agar were transferred
respectively into plates containing freshly prepared MHA and SDA. These plates were incubated at 25-
27°C for 2-3 days (for fungi) and the plates were incubated at 37 °C for 24 h (for bacteria) and were
observed for growth. The value which absence of growth at the end of incubation period regarded as
MFC/MBC [10]. The contents of the MIC tubes having no-growth were spread on Mueller Hinton Agar
plates for colony counting. MBC was calculated by the determination of whether the activity of the
extract was bacteriostatic or bacteriocidal according to the state of growth. If there was no growth, the
extract was identified as bacteriocidal [11]. Moreover, absence of visual growth of fungi was thought as
fungicidal concentration of the drug or extract [12].

3. RESULTS and DISCUSSION

3.1. Extraction Yield (%0)

Since bioactive compound in plants possess different properties and polarities, defining the ideal solvent
for extraction of bioactive compounds is crucial for maximizing extraction yields of bioactive compounds

[13]. It was indicated that solvents with different polarities have different effects on percentage lichen
extract amounts [14,15].

Table 1. Percentage yields of the lichen extracts
Lichen Solvent Extract name and Yield (%)
abbreviation

Water Water extract (SE) 5.40

P. muralis Ethanol Ethanol extract (EE) 15.09
Chloroform Chloroform extract (KE) 11.23

Water Water extract (SE) 3.19

P. perlatum Ethanol Ethanol extract (EE) 16.99
Chloroform Chloroform extract (KE) 6.16
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Table 1 demonstrates the percentage yield of extracts of P. muralis and P. perlatum in water, ethanol and
chloroform solvents. Ethanol extract of P. perlatum gave the maximum yield (16.99%) while water
extract of P. perlatum gave the minimum yield (3.19%). Extraction yield was increased in the following
solvents in both lichens: ethanol > chloroform > water.

3.2. Antimicrobial Activity

Water, ethanol and chloroform extracts of P. muralis and P. perlatum lichens were researched to screen
their antimicrobial effect against bacteria and fungi including five strains of Gram positive bacteria, five
strains of Gram negative bacteria and four yeast strains using disc diffusion and macrobroth dilution
methods. Results of antimicrobial activity of these lichens was presented in Table 2.

The results showed that the tested lichen extracts were effective in inhibiting microbial growth of test
microorganisms with different potency. Tested lichens were inactive against S. enterica, M. morganii and
Y. pseudotuberculosis (except chloroform extract of P. perlatum lichen). Lichen extracts were more
effective against gram positive bacteria than gram negative bacteria. P. muralis lichen possess higher
antimicrobial activity when compared with P. perlatum lichen. Inhibition zones of P. muralis lichen is in
the range of 9-34 mm whereas inhibion zones of P. perlatum is in the range of 6-27 mm. Water extract of
P. muralis didn’t show inhibitory activity against tested bacteria while water extract of P. perlatum
displayed weak activity against B. cereus, B. subtilis and S. cohnii. In both lichens extract antimicrobial
activity were increased in following order: chloroform extract> ethanol extract> water extract. The
highest antibacterial activity was obtained from ethanol extract of P. muralis against P. vulgaris (16.5
mm) and the lowest antibacterial activity was obtained from chloroform extract of P. perlatum against G.
rubripertincta (6 mm) and Y. pseudotuberculosis (6 mm).

It wasn’t observed any activity in DMSO and water which were used negative controls. Tetracycline and
gentamycine have higher activity than lichen extracts.

P. perlatum and P. muralis lichens showed higher antifungal activity than antibacterial activity. The
tested extracts showed antifungal activity against yeasts except for C. parapsilosis. The maximum
antifungal activity was found in chloroform extract of P. muralis against C. albicans (34mm) while the
minimum antifungal activity was found in chloroform extract of P. perlatum against S. cerevisiae (6 mm).

Compounds with antimicrobial activity exhibit effects that kill microorganisms or temporarily reduce
their reproduction. Performed the disc diffusion method is insufficient to determine the lethal and
instrinsic suppression. In addition to the disc diffusion test, MIC and MBC/MFC tests are also more
effective in determining how an effect is exhibited [16].

MIC values of the P. muralis and P. perlatum lichens were given in Table 3. Higher MIC values shows
limited antimicrobial activity. Among bacteria strains, the lowest MIC value was detected in chloroform
extract of P. muralis against B. cereus (0.46875 mg/mL); the highest value was detected in ethanol
extracts of P. muralis and P. perlatum lichens against G. rubripertincta and S. cohnii (15 mg/mL). MIC
values of extracts against yeasts ranges from 0,07322 mg/mL and 15 mg/mL. MIC values of fungi is
comparatively lower than MIC values of bacteria. It means that the tested lichen extracts are more
effective fungi than bacteria.

The MBC is the lowest concentration that don’t produce bacterial growth. MFC describes as the lowest
extract concentration that don’t cause any fungal growth on the solid medium used [17]. MBC and MFC
values of the lichens exhibited in Table 4. MBC values are higher than MFC values.
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Table 2. Inhibition zones of the lichen extracts (mm)

P. P. P. muralis P. P. P. Gen Tet Nys DMSO | Water
Microorganisms muralis | muralis (KE) perlatum | perlatum | perlatum
(SE) (EE) (SE) (EE) (KE)
B. subtilis NA 9+0.00 12+0.00 7£1.41 7£1.41 8+1.41 18+1.41 16+1.41 NA NA NA
S. aureus Gram NA 11£1.41 14.5+0.70 NA NA 8.5+0.70 19+1.41 25+1.41 NA NA NA
B. cereus Positive NA 11.5+0.70 12+1.41 8+1.41 9.5+0.70 | 10+0.00 | 21.5+0.70 | 24+1.41 NA NA NA
G. rubripertincta Bacteria NA 12+0.00 12.5+0.70 NA NA 6+0.00 14+£1.41 | 25+1.41 NA NA NA
S. cohnii NA 9+1.41 7+1.41 8+1.41 NA 10+£1.41 19+1.41 21+1.41 NA NA NA
M. morganii NA NA NA NA NA NA NA NA NA NA NA
S. enterica Gram NA NA NA NA NA NA 18+1.41 | 20£1.41 NA NA NA
E. aerogenes Negative NA 16+0.00 13£1.41 NA 8.5+0.70 | 13.5£0.70 | 20+1.41 16+1.41 NA NA NA
P. vulgaris Bacteria NA 16.5+0.70 | 12.54+0.70 NA 9+1.41 10+1.41 16£1.41 17+1.41 NA NA NA
Y. NA NA NA NA NA 6=1.41 18+1.41 NA NA NA NA
pseudotuberculosis
S. cerevisiae NA NA 7+1.41 NA 10£1.41 6+0.00 NA NA 17+0.00 NA NA
C. tropicalis NA 27+1.41 30+1.41 NA 27+1.41 27+0.00 NA NA 30+1.41 NA NA
C. albicans Fungi NA 33+1.41 34+1.41 NA 22+0.00 18+1.41 NA NA 30+1.41 NA NA
C. parapsilosis NA NA NA NA NA NA NA NA 25+1.41 NA NA

NA: No Activity; Gen:

Gentamycine (10ug/disc); Tet: Tetracycline (10ug/disc); Nys: Nystatin (100 ug/disc)
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P. muralis (EE) | P. muralis (KE) | P. perlatum | P. perlatum P. perlatum

Microorganisms (SE) (EE) (KE)
B. subtilis 7.5+0.00 3.75+0.00 15+0.00 7.5+0.00 7.5+0.00
S. aureus Gram Positive 7.5£0.00 7.5£0.00 NT NT 7.5£0.00
B. cereus Bacteria 0.9375+0.00 0.46875+0.00 15+0.00 7.5+0.00 3.75+0.00
G. rubripertincta 15+0.00 7.5+0.00 NT 15+0.00 15+0.00
S. cohnii 15+0.00 7.5+£0.00 15+0.00 7.5+0.00 7.5+0.00
M. morganii NT NT NT NT NT
S. enterica NT NT NT NT NT
E. aerogenes Gram Negative NT 0.9375+0.00 1.875+0.00 NT 7.5+0.00
P. vulgaris Bacteria NT 7.5£0.00 3.75£0.00 NT 7.520.00
Y. pseudotuberculosis NT NT NT 7.5+0.00 7.5+0.00
S. cerevisiae NT 1540.00 NT 0.9346+0.00 154+0.00
C. tropicalis Fungi 0.014645+0.00 | 0.234375+0.00 NT 0.46875+0.00 | 0.46875+0.00
C. albicans 0.007322+0.00 | 0.234375+0.00 NT 0.46875+0.00 7.5+0.00
C. parapsilosis NT NT NT NT NT

NT: Not Tested
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Table 4. MBC or MFC values of the lichen extracts (mg/mL)

P. muralis (EE) P. muralis P. P. perlatum P. perlatum
Microorganisms (KE) perlatum (EE) (KE)
(SE)
B. subtilis >30+0.00 >30+0.00 >30+0.00 >30+0.00 >30+0.00
S. aureus Gram Positive Bacteria 7.540.00 30:£0.00 NT NT 7.540.00
B. cereus >30+0.00 0.46875+0.00 | >30+0.00 >3040.00 >3040.00
G. rubripertincta NT NT NT 30+0.00 30+0.00
S. cohnii 30+0.00 30+0.00 >30+0.00 15+0.00 15+0.00
M. morganii NT NT NT NT NT
S. enterica NT NT NT NT NT
E. aerogenes Gram Negative Bacteria 1.875+0.00 7.5+0.00 NT >30+0.00 >30+0.00
P. vulgaris >30+0.00 >30+0.00 NT >3040.00 >3040.00
Y. pseudotuberculosis NT NT NT 30+0.00 30+0.00
S. cerevisiae NT 15+0.00 NT 1.875+0.00 15+0.00
C. tropicalis Fungi 0.05859+0.00 0.9346+0.00 NT 1.875+0.00 1.875+0.00
C. albicans 0.05859+0.00 0.46875+0.00 NT 1.875+0.00 15+0.00
C. parapsilosis NT NT NT NT NT

NT: Not Tested
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One of the possible mechanisms by which natural agents exhibit antimicrobial activity is the inhibition
of bacterial efflux pumps. While bacteria remove antibiotics from their cells, they use the efflux
pumps as their self defence mechanism. Many studies have noted that phytochemicals have an
important role in studies of efflux pump inhibitors of gram-positive bacteria, especially S. aureus and
S. epidermidis [18].

Some researchers have suggested that the antimicrobial components of plant extracts cross the cell
membranes by interacting with the proteins and enzymes of the membranes of the fungal cell, thereby
causing the death of the fungal cell. Some researchers have attributed the inhibitory effect plant
extracts to the hydrophobic character of plant extracts and components. Plant metabolites have shown
that seperating the lipids of fungal cell membranes and mitochonria may lead to cell deaths due to
cellular leaching of ions and cell contents within the cell [19].

Valadbeigi and Rashki (2015) was tested antibacterial efficiencies of methanol and water extracts of
Lecanora muralis which is synonym of P. muralis against Bacillus megaterium, Escherichia coli, S.
aureus, Staphylococcus epidermidis, Pseudomonas aeruginosa and Shigella sonnei. Water extract of
L. muralis hadn’t any activity against test bacteria, however methanol extract of L. muralis exhibited
strong antimicrobial activity. In accordance with this study, we observed no activity in water extract of
P. muralis [20].

Rankovic et al. (2011) investigated MIC values of acetone extract of L. muralis against Bacillus
mycoides IPH 197, B. subtilis IPH 189, S. aureus IPH 221, Enterobacter cloaceae IPH 241, E. coli
IPH 246, Klebsiella pneumoniae IPH 251, C. albicans IPH 1316 strains. MIC values of this extract
was recorded respectively 6.25 mg/mL and 3.12 mg/mL against B. subtilis and S. aureus while it
wasn’t found any activity against C. albicans [21]. In our current study, ethanol and chloroform
extracts of P. muralis had higher MIC values againt B. subtilis and S. aureus. Moreover, antifungal
activity had observed in ethanol and chloroform extracts of P. perlatum. It is thought that this
differences between Rankovic and colleagues’s study and our study might be arised from collecting
the studied lichen species different localities and countries, using different microorganism strains and
using different solvents in extracting lichens.

According to a study which was conducted by Semnain et al. (2014) water extract of L. muralis hadn’t
any activity against S. aureus while ethanol extract of L. muralis had activity against S. aureus and
MIC value of ethanol extract of L. muralis was 49.81 mg/mL [22]. Similar with this work, we also
detected that water extract of P. muralis hadn’t activity against S. aureus but ethanol extract of P.
muralis had activity against S. aureus and MIC value of ethanol extract of P. muralis was 7.5 mg/mL.

Almola et al. (2016) noted that ethanol and acetone extracts of L. muralis had inhibitory activity
against Bacillus sp. Moreover, extracts of L. muralis exhibited higher activity against gram positive
bacteria when compared with gram negative bacteria [23]. Our studies are aggrement with Almola’s
study. In our studies, ethanol and chloroform extracts of P. muralis had better activity on gram
positive bacteria than gram negative bacteria.

Karagoz et al. (2009) recorded that water extract of L. muralis had better antimicrobial activity than
ethanol extract of L. muralis [24]. On the contrary, it was determined that ethanol extract of P. muralis
is more active than water extract of P. muralis in our study. This differences might be based on used
test microorganisms, used extraction method and used lichen concentrations.

P. perlatum lichen used in our study was also investigated by various researchers in respect of
antimicrobial properties. For example, antimicrobial activity of hexane extract of P. perlatum was
screened against E. coli, Pseudomonas sp., B. subtilis, Cryptococcus neofarmans, C. albicans,
Aspergillus niger and Aspergillus fumigatus [25].
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In a study, it was researched that antimicrobial activity of silver nanoparticules which was synthesized
by using ethanol extract of P. perlatum lichen against Streptococcus sp., Enterococcus sp., Klebsiella
sp., E. coli, Pneumoniae sp., Serratia sp. and Planomicrobium sp [26].

Reveathy et al. (2015) found inhibition zones of ethanol extract of P. perlatum against P. vulgaris, B.
subtilis and S. aureus respectively 6, 10 and 10 mm [27]. In our study inhibition zones of ethanol
extract of the P. perlatum against P. vulgaris, B. subtilis and S. aureus was 9, 7 and no activity
respectively. Different localities might be affect bioactivity of the same lichen species.

Kumar et al. (2014) concluded that ethanol extract of P. perlatum had activity on S. aureus strain [28].
On the other hand, we didn’t detect any activity ethanol extract of P. perlatum against the same
bacteria. This might be due to the collecting lichens from different geographies and using different
extract concentrations applied to test microorganisms.

Momoh and Adikwu (2008) have compared the antibacterial activity of the ethanol extract of P.
perlata which is synonym of P. perlatum on S. aureus versus the antimicrobial activity of colloidal
silver. It was concluded that the lichen extract is effective against S. aureus even when colloidal silver
didn’t exhibit any activity against S. aureus [29]. On the contrary of this research, it was determined
that ethanol extract of P. perlatum lichen could not inhibit S. aureus in our study.

It has been reported that 50% ethanolic and ethanolic extracts of P. perlata lichen is active against S.
aureus, Streptococcus mutans, Bacillus cereus, Corynebacterium xerosis [30].

It was revealed that ethanol extract of P. perlata is active against B. cereus, Mycobacterium
smegmatis, Micrococcus luteus and S. aureus but inactive against E. coli, B. subtilis, P. vulgaris, P.
aeruginosa, Enterococcus faecalis, Staphylococcus saprophyticus, C. albicans, Microsporum sp.,
Cypseum sp. and Trichophyton rubrum. However, it was found that ethanol extract of P. perlatum
lichen did not show activity against S. aureus but it had activity on B. subtilis, P. vulgaris and C.
albicans [31]. This might be arised from using maceration techniques in extracting extracts from the
literature study and also collecting of lichen which is mentioned in the literature from Pakistan.

4. CONCLUSION

This study has shown that P. muralis and P. perlatum lichens may be alternatives to antibiotics
resistant microorganisms. Because of their antibacterial and antifungal activity, these lichens are
thought to be useful in the pharmaceutical industry as agents to the treatment of infections.

While the antimicrobial activity of lichens water extracts is very limited, it is higher in ethanol and
chloroform extracts. Therefore, more effective antibiotic agents can be obtained by extracting these
lichen species with different organic solvents such as methanol, hexane, acetone and dichloromethane.

Detailed studies on the isolation and identification of substances responsible for antimicrobial activity
in lichens are needed.
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