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Introduction

As symbiotic organisms comprising a fungal and an algal
component, lichens synthesise many metabolites known as
lichen substances. These include aliphatic, cycloaliphatic,
aromatic and terpenic compounds." The metabolites
produced by lichens can be classified into two groups,
primary and secondary.’ Primary metabolites are proteins,
lipids, carbohydrates and other organic compounds. Some
of these compounds are produced by the fungal component,
and some by the algal component. Secondary metabolites
are produced only by the fungal component. They are
biosynthesised in hyphal cells, but later are deposited on the
surface as crystals or amorphous layers.’

Lichens are found in extreme conditions, grow slowly
and live for a long time. The specific conditions of their
existence and slow growth account for the production of
numerous components that protect them from various
physical and biological influences.*” Lichens and their
metabolites have antiviral, antibiotic, antitumour,
antiallergic, plant growth-inhibitory and enzyme-inhibitory
activities.”” Lichens also produce many secondary
metabolites that inhibit the growth of microorganisms,'*"> or
protect them from ultraviolet radiation.” Different species
have been used in traditional medicine to treat stomach
ailments, diabetes, coughs, pulmonary tuberculosis and
other diseases.""

It is known that microorganisms have developed
resistance to many antibiotics. This creates enormous
problems in the treatment of infectious disease, and
investigators therefore seek new antimicrobial substances
from different sources such as higher plants and lichens."*
As secondary metabolites of lichens contain many active
components, the purpose of the present study is to
investigate their antimicrobial activity.
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ABSTRACT

The antimicrobial activity of acetone, methanol and
aqueous extracts of the lichens Cladonia furcata, Parmelia
caperata, Parmelia pertusa, Hypogymnia physodes and
Umbilicaria polyphylla is assessed. The extracts are tested on
six species of bacteria and 10 species of fungi using the
disk-diffusion method, and broth tube dilution is used to
determine minimal inhibitory concentration (MIC). The
tested bacteria were more sensitive than the tested fungi.
Aqueous extracts of the investigated lichens showed no
antimicrobial activity against any of the test organisms,
whereas the acetone and methanol extracts showed
antimicrobial activity. In general, methanol extracts had
stronger activity than did acetone extracts. The strongest
activity was recorded for the methanol extract of Parmelia
pertusa, which had the lowest measured MIC value
(0.78 mg/mL). The least active species was Parmelia caperata
(highest MIC value: 50 mg/mL). Bacillus mycoides was the
most sensitive of the tested bacterial species, while Candida
albicans was the most sensitive fungal species.
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Here, the antimicrobial activity of extracts of the lichens
Cladonia furcata, Parmelia caperata, Parmelia pertusa,
Hypogymnia physodes and Umbilicaria polyphylla are tested
against bacteria and fungi, including agents of human and
animal diseases, causes of food spoilage and producers of
mycotoxins.

Materials and methods

Lichens

Samples of the lichens Cladonia furcata (Huds.) Schrad.,
Parmelia caperata (L.) Ach., Parmelia pertusa (Hoffm.) Mass.,
Hypogymnia physodes (L.) Nyl. and Umbilicaria polyphylla (L.)
Baumg. were collected on Mount Kopaonik during the
summer of 2006. The demonstration samples are preserved
in facilities of the Department of Biology and Ecology of
Kragujevac University’s Faculty of Science. Determination
of the investigated lichens was accomplished using standard
methods.”
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Table 1. Antimicrobial activities of different extracts of Cladonia furcata, Parmelia caperata, Parmelia pertusa, Hypogymnya physodes and
Umbilicaria polyphylla against the organisms tested using disk diffusion.

B. m B.s E. cl E. col K. p S.a A. fl A. fu B.c C. al F o M. m Pv Pp P ver Th

A 14+1° 12+0.58 14+1.53 - 12+1.53 15+2.52 12+2.52 12+1.53 10+1.53 10+2 11+1.53 - 13+1.53 12+1.53 10+1.53 12+0.58
C. furcata B 15+0 12+1.53 15+0.58 - 12+1.53 15+2.52 13+1.53 15+1.53 10+0.58 10+1.53 12+0.58 - 15+1.53 12+0.58 12+2 12+1

C - - - - - - - - - -

A - - - - - 10+2.08 9+1.53 18+1.53 18+1 12+1.53 8+0.58 7+1.53 18+0.58 12+1.73
P caperata B 19+1.53 15+2.52 - 17+1.53 14+2.52 16+0.58 16+0.58 15+1.53 33+1.53 23+1.53 32+1.53 - 27+1.73 24+1.53 27+1.15 24+0.58

C 5 5 5 5 5 5 5 5 5

A 27+0.58 26+1.53 24+0.58 14+0.58 20+0.58 22+0 12+1.53 14+1.53 22+1.53 10+1.73 21+1.53 15+0.58 24+1.53 - - 15+1.53
P pertusa B 19+1.53° 21+1.15 24+0.58 14+0.58 19+1.73 21+1.15° 15+1.53 17+1.15 23+1.53 17+2.08 21+1.15 15+0.58 25+2.08 18+0.58 18+1.53b

C - - - - - - - -

A 18+2.31 20+1.53 14+1.53 17+0.58 19=+1 20+2.52° 14+0.58 15+1.53 20+0.58 15+1.73 19+1.15 12+0.58 14+2.08 10+0.58 10+1.53
H. physodes B 17+2.31 20+1.53 15+1.53 18+1.53 14+1.53 18+0 16+1.15 14+1.15 20+0.58 15+0.58 16+0.58 - 13+0.58 13+1.53 10+0.58 10+1.53

C 5 5 5 5 5 5 5 5 5

A - - - - 14+0.58 10+2.52 16+1.53 12+1.15 12+1.15 15+1.53 - 12+0.58 -
U. polyphylla B 15+1.53 15+2.52 17+1.53 16+2.31 - 20+1.53 30+1.53 22+2.08 10+1.15 22+1.53 25+0.58 - 20+2.08 22+2.08 -

C - - - - - - - - -
Antibiotics S 27+1.15 26+0.58 25+0.58 15+0.58 40+3.05 20+0.58 - - - - - - -

K - - - - 27+2.08 34+2.08 39+1.15 40+3.21 35+2.08 17+1 40=+0.58 38+1.15 36+1.53 18+0

A — acetone extract; B — methanol extract; C — aqueous extract B. m=Bacillus mycoides; B. s=Bacillus subtilis; E. cl=Enterobacter cloaceae; E. col=E. coli; K. p=Klebsiella pneumoniae;

°Diameter of disk diffusion (mm) + standard deviations. Diameter of inhibition zone (mm) including disk diameter of 7 mm. S. a=Staphylococcus aureus; A. fl=Aspergillus flavus; A. fu=Aspergillus fumigatus; B. c=Botrytis cinerea; C. al=Candida albicans;
Values are the mean of three replicate F. o=Fusarium oxysporum; M. m=Mucor mucedo; P v=Paecilomyces variotii; P. p=Penicillium purpurescens;
"Statistical significance P>0.05; for all others the statistical significance was P<0.05. P ver=Penicillium verrucosum; T. h=Trichoderma harsianum

Antibiotics: K — ketoconazole, S — streptomycin

Table 2. Minimum inhibitory concentration of Cladonia furcata, Parmelia caperata, Parmelia pertusa, Hypogymnya physodes and
Umbilicaria polyphylla extracts against the test organisms.

B. m B.s E. cl E. col K. p S.a A. fl A. fu B.c C. al F o M. m RPv Pp P. ver T.h

A 0.78=0° 0.78+0 0.78+0 1.56+0 0.78%0 0.78+0 25+0 12.5+0 25+0 6.25+0 25+0 25+0 12.5+0 25+0 25+0 25+0
C. furcata B 3.12+0 3.12+0 3.12+0 6.25=0 6.25=0 3.12+0 25+0 12.5+0 12.5*0 6.25+0 25=0 25+0 12.5+0 25+0 25+0 25+0

C 5 5 5 5 5 5 5

A 25=0 25+0 25+0 25%0 25+0 25+0 50+0 25=0 25+0 0.78+0 25+0 0.78+0 25+0 50=0 50+0 50=0
P caperata B 6.25+0 6.25+0 6.25+0 12.5+0 6.25+0 12.5+0 6.25+0 3.12+0 6.25+0 1.56+0 6.25+0 3.12+0 3.12+0 6.25+0 6.25+0 6.25+0

C - - - - - - - - -

A 0.78+0 1.56+0 1.56+0 6.25+0 0.78+0 1.56+0 12.5+0 6.25+0 1.56+0 0.78+0 1.56=+0 1.56+0 12.5+0 12.5+0 12.5+0 6.25+0
R pertusa B 0.78+0 0.78+0 0.78+0 6.25+0 0.78=0 1.56+0 6.25=0 3.12+0 1.56+0 0.78+0 1.56=+0 1.56+0 6.25=0 6.25=0 6.25=0 6.25=0

C 5 5 5 5 5 5 5 5

A 3.12+0 6.25=0 1.56+0 6.25+0 3.12+0 3.12+0 25+0 12.5+0 3.12+0 3.12+0 12.5+0 12.5+0 6.25+0 12.5+0 12.5+0 25+0
H. physodes B 3.12+0 3.12+0 3.12+0 6.25+0 1.56+0 3.12+0 12.5+0 6.25+0 3.12+0 3.12+0 6.25+0 6.25+0 3.12+0 6.25+0 6.25+0 6.25+0

C - - - - - - - - - -

A 1.56+0 1.56+0 3.12+0 1.56+0 1.56+0 6.25=0 12.5+0 12.5+0 6.25+0 1.56+0 12.5+0 12.5+0 6.25=0 12.5+0 12.5+0 12.5+0
U. polyphylla B 0.78+0 0.78+0 0.78+0 1.56+0 0.78=0 1.56+0 1.56+0 1.56+0 1.56+0 1.56+0 1.56=+0 1.56+0 1.56+0 1.56+0 1.56+0 1.56+0
Antibiotics S 7.81+0 7.81+0 1.95+0 31.25+0 1.95+0 31.25+0 - - - - -

K - - - - - 3.9+0 3.9+0 1.95+0 1.95=0 3.9+0 31.25+0 1.95%0 3.9%+0 3.9+0 7.81+0

A - acetone extract; B —methanol extract; C — aqueous extract B. m=Bacillus mycoides; B. s=Bacillus subtilis; E. cl=Enterobacter cloaceae; E. col=E. coli; K. p=Klebsiella pneumoniae;

*Minimum inhibitory concentration (MIC) = standard deviations; values given as mg/mL for lichen extracts and as pug/mL for antibiotics. S. a=Staphylococcus aureus; A. fi=Aspergillus flavus; A. fu=Aspergillus fumigatus; B. c=Botrytis cinerea; C. al=Candida albicans;

Statistical significance (P) not calculated. F. o=Fusarium oxysporum; M. m=Mucor mucedo; P v=Paecilomyces variotii; P p=Penicillium purpurescens;

Antibiotics: K — ketoconazole, S — streptomycin P ver="Penicillium verrucosum; T. h=Trichoderma harsianum
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Microorganisms and media

The bacteria used in this study were Bacillus mycoides,
B. subtilis and Staphylococcus aureus, and Enterobacter cloaceae,
Escherichia coli and Klebsiella pneumoniae. All were obtained
from the Institute for Protection of Health in Kragujevac and
the Faculty of Agriculture in Belgrade. Their identification
was confirmed in the microbiological laboratory of
Kragujevac University’s Department of Biology. The fungi
used as test organisms were Aspergillus flavus (ATCC 9170),
A. fumigatus (DBFS 310), Botrytis cinerea (DBFS 133), Candida
albicans (IPH 1316), Fusarium oxysporum (DBFS 292), Mucor
mucedo (ATCC 52568), Paecilomyces wvariotii (ATCC 22319),
Penicillium purpurescens (DBFS 418), P. verrucosum (DBFS 262)
and Trichoderma harsianum (DBES 379). These were obtained
from the mycological collection maintained by the
mycological laboratory within the Department of Biology of
Kragujevac University’s Faculty of Science. Bacterial cultures
were maintained on Miiller-Hinton agar substrates (Torlak,
Belgrade). Fungal cultures were maintained on potato
dextrose agar and Sabouraud dextrose (SD) agar (Torlak,
Belgrade). All cultures were stored at 4°C and subcultured
every 15 days.

Preparation of lichen extracts

Finely pulverised thalli of the investigated lichens (50 g)
were extracted using acetone, methanol and water in a
Soxchlet extractor. The extracts were filtered and then
concentrated under reduced pressure in a rotary evaporator.
The dry extracts were stored at —18°C until they were used
in the tests. The extracts were dissolved in dimethyl
sulphoxide (DMSO) for the disk-diffusion test. Minimal
inhibitory concentration (MIC) was determined by
preparing a series of dilutions in Miiller-Hinton broth
(for bacteria) or in SD broth (for fungi) in the range
0.05-50 mg/mL. The final concentration of DMSO did not
exceed 2%.

Antimicrobial assays

The sensitivity of microorganisms to acetone, methanol and
aqueous extracts of the investigated species of lichens was
tested by measuring the zone of inhibition of a given
concentration of extract by the disk-diffusion method and by
determining the MIC.

Inoculi were obtained from bacterial cultures incubated
for 24 h at 37°C on Miiller-Hinton agar and diluted
according to the 0.5 McFarland standard to approximately
10° colony-forming units (cfu)/mL.

Suspensions of fungal spores were prepared from fresh,
mature (three to seven days old) cultures that grew at 30°C
on a PDA substrate. Spores were rinsed with sterile distilled
water, used to determine turbidity spectrophotometrically at
530 nm, and then diluted to approximately 10° cfu/mL
according to the procedure recommended by the National
Committee for Clinical Laboratory Standards (NCCLS,
M38-F, 1998).

A standard disk-diffusion method (NCCLS, M2-A5, 1993)
was used to study antimicrobial activity. Miiller-Hinton agar
(for bacteria) or SD agar (for fungi) was seeded with the
appropriate inoculum. Paper disks (7 mm diameter) were
laid on the inoculated substrate after being soaked with
15 pL of lichen extract (50 mg/mL). Antimicrobial activity
was determined by measuring the diameter of the zone of
inhibition around the disk. Streptomycin (for bacteria) and
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ketoconazole (for fungi) were used as controls. A DMSO
solution was used as a negative control for the influence of
the solvents. All experiments were performed in triplicate.

The results obtained were processed statistically by
standard deviation and to test for significance (P value).

The MIC was determined by the broth tube dilution
method. A series of dilutions with concentrations ranging
from 50 to 0.15 mg/mL was used in the experiment for each
extract against all microorganism tested. The initial
concentration of 50 mg/mL was obtained by measuring a
quantity of extract and dissolving it in DMSO. Two-fold
dilutions of extracts were prepared in Miiller-Hinton for
bacterial cultures and in SD broth for fungal cultures.

The MIC was determined by establishing visible growth of
the microorganisms. The last dilution to show no visible
growth was defined as the MIC for the tested microorganism
at the given lichen extract concentration. Streptomycin and
ketoconazole were used as positive controls. All experiments
were performed in triplicate.

Results and discussion

The results of testing the antimicrobial activity of extracts of
the investigated species of lichens are presented separately
for the disk-diffusion (Table 1) and the broth tube dilution
(Table 2) methods.

The antimicrobial activity of extracts of the lichens Cladonia
furcata, Parmelia caperata, P. pertusa and Umbilicaria polyphylla
is presented here for the first time.

Disk-diffusion method

On the basis of the results presented in Table 1, it can be seen
that the lichen extracts showed strong antibacterial activity.
Methanol and acetone extracts of C. furcata, P. pertusa, and
Hypogymnia physodes showed significant antibacterial
activity, whereas acetone extracts of P. caperata and
Umbilicaria polyphylla were inactive.

With zones of inhibition comparable to those obtained
with the streptomycin standard, the strongest activity
against all bacteria tested was obtained with the acetone and
methanol extracts of P. pertusa. The smallest zones of
inhibition were seen with acetone and methanol extracts of
C. furcata. The measured zones of inhibition were 12-15 mm
in diameter.

Aqueous extracts of all investigated lichens failed to inhibit
the tested bacteria. Escherichia coli showed the greatest
resistance to the investigated lichen extracts. Similar
antibacterial activity of related lichen species had been
reported previously.?

All investigated lichens demonstrated antifungal activity
against the tested fungal species. The inhibitory activity of
acetone and methanol lichen extracts against the fungi
tested was defined by inhibition zones in the range
7-33 mm. Aqueous extracts showed no inhibition. It is
probable that active components with antimicrobial
properties are insoluble or only very poorly soluble in
water®

With zones of inhibition comparable to those produced by
the ketoconazole standard, the strongest inhibitory activity
was obtained with the methanol extract of P. caperata against
the fungi Botrytis cinerea, Fusarium oxysporum and
Paecilomyces variotii. The other species showed lower but



approximately equal activity. Mucor mucedo showed the
greatest resistance to the investigated extracts, being
resistant to all but the acetone and methanol extracts of
Parmelia pertusa. Among the tested fungi, the greatest
sensitivity was shown by B. cinerea.

The values obtained for the action of the aqueous, acetone
and methanol extracts were compared to those obtained
with antibiotic agents. Statistical analysis showed that the
difference was significant (P<0.5) for all values except those
for the methanol extract of P. pertusa against Staphylococcus
aureus and Trichoderma harsianum, as well as for the acetone
extracts of H. physodes against S. aureus and of P. pertusa
against Bacillus mycoides and B. subtilis (P>0.05).

Minimal inhibitory concentration

Extracts of all investigated lichens showed antibacterial
activity. The MICs were in the range 0.78-25 mg/mL for
different extracts. The acetone extract of C. furcata had the
strongest inhibitory activity. At a concentration of
0.78 mg/mL, it inhibited five of the tested bacteria. The
weakest activity was shown by extracts of P. caperata,
especially its acetone extract, which inhibited the tested
bacteria at a concentration of 25 mg/mL.

Extracts of P. pertusa, H. physodes and U. polyphylla showed
approximately the same inhibitory activity towards the
tested bacteria, but the methanol extracts exerted stronger
inhibitory action than did the acetone extracts. E. coli
showed the greatest resistance to the investigated extracts.
The most sensitive bacteria were B. mycoides, B. subtilis and
Klebsiella pneumoniae. In general, Gram-negative bacteria
were more resistant than Gram-positive bacteria. This
difference in sensitivity can be ascribed to morphological
differences between the microorganisms, and above all to
differences in permeability of the cell wall.” Aqueous
extracts manifested no activity in relation to the tested
microorganisms.

Extracts of the lichens showed selective antifungal activity,
with MIC values in the range 0.78-50 mg/mL. Aqueous
extracts did not show any inhibitory activity. The strongest
antifungal activity was found in the methanol extract of
U. polyphylla, which inhibited all of the tested fungi at a
concentration of 1.56 mg/mL. Weaker activity was
demonstrated by extracts of C. furcata and P. caperata, in
which MIC values fluctuated over the range 6.25-50 mg/mL.

Extracts of P. pertusa and H. physodes showed
approximately equal antifungal activity, with methanol
extracts exerting a stronger inhibitory action than did the
acetone extracts. Among the tested fungi, the greatest
sensitivity was shown by Candida albicans.

As a negative control, DMSO, used in the same
concentrations as for the lichen extracts, showed no
inhibiting effect on the tested organisms. Used as positive
controls, streptomycin ketoconazole inhibited growth of all
the tested bacteria and fungi, respectively.

In investigations of the antimicrobial activity of lichen
extracts conducted by other authors, there are both
similarities and differences with the results presented here.
Halama and van Haluwin® obtained similar results when
studying the antifungal activity of lichen extracts (including
extracts of H. physodes) against phytopathogenic fungi.
Gulluce et al* found that a methanol extract of P. saxatilis
had stronger antibacterial activity than antifungal activity.
Candan et al.* established antimicrobial activity for different
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extracts of the lichen Xanthoparmelia pokornyi against bacteria
and yeasts, but not against filamentous fungi. In contrast,
Shahi et al.* found that extracts of P. cirrhatum exhibited
strong antifungal activity against filamentous fungi.

The results presented here indicate that the methanol
extract of U. polyphylla manifested the strongest
antimicrobial activity. Earlier investigations of the
antimicrobial activity of methanol extracts of the related
U. nylanderiana also showed strong antimicrobial activity.*

These similarities and differences in the antimicrobial
activity of extracts of different lichen species probably are a
consequence of the presence of different components with
antimicrobial activity. The results presented here indicate
that the investigated extracts manifest strong but varying
antimicrobial activity, which suggests that extracted
components from various lichens may prove useful in
treating many diseases caused by microorganisms. O

This work was financed partially by the Ministry of Science,
Technology and Development of the Republic of Serbia and is the
result of studies in Project 143041B.
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