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Abstract

In vitro antibacterial and antifungal activity of the water, ethanol and dichloromethano
extracts of four lichen species viz, Everniastrum cf. vexans, Parmotrema
blanquetianun, Parmotrema reticulatum, Peltigera laciniata were proved against six
bacteria strains (Staphylococcus aureus, Listeria monocytogenes, Proteus vulgaris,
Escherichia coli, Pseudomonas aeruginosa and Klebsiella pneumonia) and six fungal
yeasts (Candida albicans, C. glabrata, C. krusey, C. parapsilopsis, C. tropicalis, and
Cryptococcus neoformans). Antimicrobial activity was analysed employing three
methods of diffusion: the spot-on—a—lawn method, disk diffusion and well diffusion
assay. Ethanol extracts of lichenized fungi were found more effective against tested
yeast than dichloromethane extracts. Everniastrum cf. vexans showed the lowest MIC

Volume 2 Issue 3 - 2018

Claudia M Plaza,' Celina Pérez de Salazar,
Ramén E Plaza,' Marietta Vizcaya,? Gabriela
Rodriguez—Castillo,® Gerardo Medina—
Ramirez'*

'Faculty of Farmacia y Bioanilisis, University de los Andes,
Venezuela

2Department of Organic Biomolecular Research Group,
University de los Andes,Venezuela

*Department of Chemistry, National Experimental University
Francisco de Miranda,Venezuela

and MFC for both solvents.

Keywords: antimicrobial lichens, Everniastrum vexans, Parmotrema blanquetianun,

Parmotrema reticulatum, Peltigera laciniata

"“Faculty of Sciences, Polytechnic Higher School of Chimborazo,
Ecuador

Correspondence: Claudia M Plaza, Faculty of Farmaciay
Bioanalisis. University de los Andes,Venezuela,
Email claudiampz@gmail.com

Received: May 23,2018 | Published: June 08,2018

Introduction

Infectious diseases caused by bacteria, fungi and others
microorganism remain a major threat to public health, despite
tremendous progress in human medicine. Their impact is particularly
great in developing countries because of the relative unavailability of
medicines and the emergence of widespread drug resistance. Interests
in natural products with antimicrobial properties have evolved as
a result of current problems associated with the use of antibiotics.
Plant derived antimicrobial compounds have been the source of novel
therapeutics for many years. This may be due to the fact that these
compounds show the structural intricacy and chemical diversity
required to interact with antibacterial protein targets and provide
vast opportunities for new drug development.'? Just as the higher
plants have been used in folk medicine, lichens have also been used
in food and in folk medicine in many countries over a considerable
period of time. A lichen is a composite organism that emerges from
algae or cyanobacteria (or both) living among filaments of fungus
in a mutually beneficial (symbiotic) relationship. They represent
taxonomically and physiologically a diverse group of organisms.
Lichens produce a number of characteristic secondary metabolites
called lichen substances, which seldom occur in other organisms.
Depsides and depsidones are among the most common secondary
metabolites produced by the fungal symbiont. The lichens and their
metabolites are shown to possess various biological activities such as
antimicrobial, antiviral, antiprotozoal, enzyme inhibitory, insecticidal,
antitermite, cytotoxic, antioxidant, antiherbivore, wound healing,
analgesic and anti-inflammatory.' Lichens are very abundant

organisms and can withstand hostile environmental conditions;
therefore, they are able to colonize diverse ecosystems. It is estimated
that there are between 17.500 and 20.000 species of lichens known
in the world, with about 1.500 lichen—shaped fungi.® In Venezuela,
there are 1.320 species reported by and probably around an estimated
4.000 are expected to be discovered of which 85% are concentrated
in the Venezuelan Andes, which represents one of the most rich and
diverse regions of the world. Thus the aim of the present study was
investigate the antibacterial and antifungal potential of four lichens
from Venezuelan Andes i.e., Everniastrum cf. vexans, Parmotrema
blanquetianun, Parmotrema reticulatum, Peltigera laciniata.™

Materials and methods
Collection and identification of lichen samples

The lichen specimens of Everniastrum cf. vexans Zahlbr. ex W.L.
Culb. & C.F. Culb, Parmotrema blanquetianum (Miill. Arg) Kalb,
Parmotrema reticulatum (Taylor) M. & Peltigera laciniata (G. Merr.
ex Riddle) Gyeln, grows luxuriantly in the temperate regions of
Meérida state (Venezuela), and was collected from different locations.
The identification was performed morpho—anatomically using a
stereomicroscope and optical microscope. For the identification,
relevant keys and monographs were used and the selected samples
were subsequently subjected to molecular phylogenetic analysis,
which revealed that the material commonly identified as Everniastrum
vexans represent undescribed specie (no published data). The
voucher specimens were deposited at the herbarium MERF of the
Facultad de Farmaciay Bioanalisis of the Universidad de Los Andes
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and in the Field Museum (F), with the number C1, C9, C4 and CS5,
respectively.!® 13

Chemicals

Miiller Hinton agar and broth (Difco™), Sabouraud dextrose agar
(BBL™), were purchased from Becton, Dickinson and Company
(BD) USA, dimethyl sulfoxide (DMSO) was obtained of Sigma
Chemicals, USA. Chloramphenicol and Fluconazole (Laboratorio
Colmed International®). All other routine chemicals used including
the solvents were of analytical grade.

Extraction from lichen sample

Lichen samples were dried for a week in preparation for
extraction. Three different solvent systems i.e. water, ethanol and
dichloromethane were used to prepare the extracts. A sample amount
of 10g of each lichen were soaked separately with 250mL of each
solvent at room temperature. Aqueous extracts were obtained after
being left overnight, while ethanol and dichloromethane extracts took
seven days. All extracts were filtered using filter paper (Whatman
No.1). Ethanol and dichloromethane extracts were concentrated
removing the solvent through evaporation at room temperature.

Microorganisms and media

Six bacterial strains were used as test organisms in this study
as follows: Staphylococcus aureus (ATCC 25923), Listeria
monocytogenes (ATCC 19114), Escherichia coli (ATCC 25992),
Pseudomonas aeruginosa (ATCC 27853), Klebsiella pneumoniae
(ATCC 23357) and a clinical isolates Proteus vulgaris. All of the
bacteria used were isolates of the collection maintained by the
Biotechnology Laboratory of the Research Institute of Universidad
de Los Andes. Also, the following six fungal yeasts were used as test
organisms: Candida albicans ATCC 90028, C. glabrata ATCC 90030,
C. krusei ATCC 6258, C. tropicalis ATCC 50628, C. parapsilosis
ATCC 22019 and Cryptococcus neoformans as clinical isolate.
These were obtained from the mycological collection maintained by
the Mycological Laboratory Dr. Corrado Capretti at the Department
of Microbiology, Universidad de Los Andes, Venezuela. Bacterial
cultures were maintained on Mueller—Hinton agar substrates. Yeasts
cultures were maintained on Sabouraud dextrose agar and were
transferred to Miiller—Hinton agar. All cultures were stored at 4°C and
sub cultured every 24hrs for bacteria, 48 hrs for Candida yeasts and
72hrs for Cryptoccocus.

Test substances

The lichen extracts were dissolved in dimethyl sulfoxide (DMSO);
except the aqueous extract. The antibiotic Chloramphenicol (30ug)
and the antimycotic fluconazole (25pg/disc) were dissolved in sterile
distilled water and used as positive controls and DMSO as negative
control.

Determination in vitro of antimicrobial activity

The antimicrobial activity of extracts obtained from Everniastrum
cf vexans, Parmotrema blanquetianum, P. reticulatum and Peltigera
laciniata evaluated against test bacteria and yeasts were determined
employing three methods of diffusion: the spot-on—a—lawn method,
disk diffusion and well diffusion method. In the methods of diffusion
was used an aliquot of ImL of fresh culture of the bacteria or yeast
and inoculated in 15mL on Miiller Hinton agar. All experiments were
carried out in triplicate for calculation of standard deviations. The
sensitivity of microorganisms to extracts of the lichens examined was
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tested by determining the minimal inhibitory concentration (MIC) of
bacterium and yeast. Also, the minimum bactericidal concentration
(MBC) and minimum fungicidal concentration (MFC).

Suspension preparation

The microorganism suspensions were prepared by the direct colony
method. The colonies were taken directly from fresh cultures of the
plate and were rinsed with sterile distilled water, used to determine
turbidity spectrophotometrically at 560nm (for bacterias) and 530nm
(for yeast), and then further diluted to approximately 10°® CFU/mL
for bacterias and 10°CFU/mL for yeast, according to the procedure
recommended by NCCLS (2002), adjusting to the turbidity of the 0.5
McFarland’s standard in both case.

Spot-on—-a—lawn method

The protocol used, was estimated using the method described.'*
A quantity of SuL of each extracts to 20mg/mL and 100mg/mL were
spotted onto this lawn and after the plates were incubated for 24hrs
(bacterias) and 48—72 hrs (yeast) at 37°C. After the incubation period,
the inhibition zones were measured. The controls chloramphenicol,
fluconazole and DMSO were used in the same way Figure 1.

Figure |ISpot-on-a-lawn method.
Disc diffusion method

The methodology was carried out according to Kirby—Bauer as
described with slight modifications. Sterile filter paper discs (Whatman
N°1l) 6mm in diameter were impregnated with SuL and 15uL of each
extract at 100mg/mL and 20mg/mL, respectively.!® Also, individual
disks soaked with 5uL and 15uL of chloramphenicol, fluconazole as
positive control and DMSO as negative control were placed on plates
previously inoculated and incubated at 37°C for 24—48hrs and 72hrs.
The inhibition zone was measured.

Well diffusion method

This method was used as described. In it, the agar was perforated
using a sterile cork borer, wells of 3mm and 6mm diameter were
made in the inoculated medium and then were filled with SuL and
15uL extracts at 100mg/mL and 20mg/mL, respectively.'® The same
protocol was used with the chloramphenicol, fluconazole and DMSO
as positive and negative controls. The plates were allowed to stand for
30 minutes and then, were incubated at 37°C for 24, 48 and 72hrs. The
inhibition zone was recorded Figure 2.
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Figure 2 Disc diffusion and Well diffusion.

Determination of minimum inhibitory concentration

The MIC of the extracts was tested using the micro dilution
method described. The MIC was determined in the samples that
showed activity with any of the diffusion techniques. This was done in
96—well plates with “V” bottoms, which were prepared by dispensing
100uL in Miiller Hinton broth into each well. A 100uL from a stock
solution 200mg/mL of each extract was added into the first column of
the plate. Then, twofold serial dilutions were performed between the
first and tenth column. Finally, 10uL of the diluted yeast suspension
was added to each well to give a final concentration of 5x10® CFU/mL
(for bacterias) and 5x10° CFU/mL (for yeast), making a final volume
of 210uL in each well. The obtained concentration range was from
0.186 to 95.23mg/mL. Each test included growth control and sterility
control. The chloramphenicol as positive control was evaluated
between 512 to 1ug/mL and the fluconazol between 0.125 to 64pg/
mL."!¥ The DMSO was performed to study the effect on the growth
of microorganism. The inoculated plates were incubated at 37°C
for 24hrs and 48-72hrs. After the incubation period, the plate was
observed using a mirror. The lowest concentration of the extract that
produced no visible growth (no turbidity) was regarded as MIC." All
tests were performed in duplicate.

Determination minimum bactericidal concentration
and minimum fungicidal concentration

The MBC and MFC were determined by plating 10uL of samples
from each well where no visible growth was recorded, on the Miiller
Hinton agar (for the bacterias) and the Sauboraud Dextrosa agar
medium (for the yeast). The plates were incubated at 37°C for 24hrs
(bacteria) and 48—72hrs (yeast). At the end of the incubation period the
lowest concentration with no growth, was defined as MBC or MFC.
The MBC/ MFC were the minimum concentrations of the compound
or drug that could inhibit 100% microbial growth.?**!

Statistical analysis

The data were expressed as the means (X)+standard deviation
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(SD). All statistical analysis was performed using SPSS package
(SPSS for Windows ver. 15, Chicago, IL, USA). Mean differences
were established by Student’s t—test. Data were analyzed using one—
way analysis of variance (ANOVA). In all cases, p values <0.05 were
considered statistically significant.

Result and discussion

In vitro Assays: Spot—-on—-a—lawn method, disc diffusion
and well diffusion

The report of the antibacterial and antifungal activity, using agar
diffusion techniques for the ethanolic and dichloromethane extracts
of the lichen species studied, were recorded as inhibition zone in
mm against six bacterial species and six yeasts. Aqueous extracts
didn’t manifest any activity in relation to the microorganisms tested.
Some literature data reported that aqueous extracts of lichens have
no antimicrobial effects.”>?* The results obtained in the antibacterial
activity of ethanol and dichloromethane extracts at 100 mg/mL of
all lichen species studied are shown in Table 1. The four lichens
Everniastrum cf. vexans, Parmotrema blanchetianum, Parmotrema
reticulatum and Peltigera laciniata were active only against Proteus
vulgaris except ethanol extracts of Parmotrema reticulatum that was
also active against Staphylococcus aureus Figure 3. All results were
corroborated by the techniques: spot-on—a—lawn method and well
diffusion technique. No inhibition was reported by the disk diffusion
technique. The standard chloramphenicol presented activity in
almost all bacterial strains tested, except Listeria monocytogenes and
Escherichia coli, being the persistent results in the three techniques
use Previous research had reported antibacterial activity in several
lichen species against Gram—positive and Gram negative bacterias
in a wide variety of concentrations, under some technique used.***’
Some authors indicate that the vast majority of lichens are more
active against Gram—positive than Gram—negative bacteria.>?* The
difference in sensitivity between bacterias can be attributed to the
different composition of the cell walls that exists between these
microorganisms (varying permeability), which in some cases blocks
the entry of certain compounds into the cellular interior. Gram—
positive bacteria are composed of peptidoglycan (murein) and teicoic
acid, while Gram—negative bacteria possess lipopolysaccharides and
lipoproteins, making them more resistant to certain antibiotics.?*
However, the results in our finding are not consistent with previous
studies on the antibacterial action of lichens, because both extracts
were only active against a gram positive bacterium (Proteus vulgaris)
and Staphylococcus aureus that resulted sensitive to Parmotrema
reticulatum Table 1. It can be attributed to the small amount (S5uL) of
the sample used and its high concentration (100mg/mL) tested, which
affected the diffusion of the sample in the medium.

EtOH: ethanol extracts. DCM: dichloromethane extracts. Sign
Sign: without activity. Ev, Everniastrum cf. vexans; Pb, Parmotrema
blanchetianum; Pr, Parmotrema reticulatum; Pl, Peltigera laciniata.
*p<0.05 represents the statistical difference between the three diffusion
methods and between the four lichens used. In the Table 2 shows the
results of antifungal activity of ethanol and dichloromethane extracts
of the four lichens studied by the three diffusion methods. The ethanol
extracts showed a range of inhibition zone between 5.6+1.5 and
9.3+0.5mm. Everniastrum cf vexans, exhibiting effects different by
the different techniques. For example, in the spot—on—a—lawn method
evaluated at the lower concentration, it only showed inhibition zone
against Candida tropicalis, whereas the disk and well technique at the
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same concentration were actives against C. parapsilosis, C. tropicalis
and Cryptococcus neoformans. However, at a higher concentration,
were observed inhibition zones only by the spot-on—a—lawn method
against most of the yeasts tested, an event that was not evidenced for
the other two diffusion techniques (Disk and well) which did not show
any activity Table 2.% reported activity on the methanolic extract of
E. cirrhatum evaluated at 100mg/mL against Candida albicans and
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Cryptococcus neoformans, presenting inhibition zones of 2.5 and
2.6mm respectively. This study E.cf vexans, was positive against the
same yeasts used by and at the same concentration, obtaining halos
with a larger diameter (8.3 and 7.3mm respectively), but by spot—
on—a—lawn method, the techniques disc diffusion and diffusion in well
did not yield positive results Figure 4.

Table | Results of the antibacterial activity of the ethanol and dichloromethane extracts of Everniastrum cf. vexans, Parmotrema blanchetianum, Parmotrema

reticulatum and Peltigera laciniata

Inhibition zone of ETOH extracts (Mm)

Method E.v P.b P.r P.1 Chloramphen
Bacteria ——
xtS.D XxtS.D xtS.D X%S.D X+S.D
S.aureus - - 5.6£1..5% - 25.0+0.8
L. monocytogenes - - - - -
P. vulgaris 7.3+0.5% 7.0+2.0% 6.0+0.0* 9.3+0.5% 22.0+0.5
Spot—on—a-law 100mg/ml
E. coli - - - - -
P.aeruginosa - - - - 25.0+0.0
K. pneumoniae - - - - 13.0+1.5
S.aureus - - —* - 25.0+0.8
L. monocytogenes - - - - -
P. vulgaris —* —* —* —* 22.0+0.5
Disc diffusion 100mg/ml
E. coli - - - - -
P.aeruginosa - - - - 25.0+0.0
K. pneumoniae - - - - 13.0+1.5
S.aureus - - 7.00£00%* - 25.0+0.8
L. monocytogenes - - - - -
P. vulgaris 8.0+0.0* 6.3+1.5% 8.5+2.0% 7.0£1.0% 22.0+0.5
Well diffusion 100mg/ml
E. coli - - - - -
P.aeruginosa - - - - 25.0+0.0
K. pneumoniae - - - - 13.0+1.5
Inhibition zone of DCM extracts (mm)
S.aureus - - - - 25.0+0.8
L. monocytogenes - - - - -
Spot—on-a—law P. vulgaris 20.3+0.5 6.0£0.0 7.0£2.0 11.3+0.5 22.0+0.5
100mg/ml
E. coli - - - - -
P.aeruginosa - - - - 25.0+0.0
K. pneumoniae - - - - 13.0+1.5
- - - - 25.0+0.8
L. monocytogenes - - - - -
P. vulgaris —* —* —* —* 22.0+0.5
Disc diffusion 100mg/ml
E. coli - - - - -
P.aeruginosa - - - - 25.0+0.0
K. pneumoniae - - - - 13.0+1.5
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Method Inhibition zone of ETOH extracts (Mm)
S.aureus - - - - 25.0+0.8
L. monocytogenes - - - - -
P. vulgaris 18.3x1.5 6.0£0.0 7.5%0.5 8.3+0.5 22.0£0.5
Well diffusion 100mg/ml
E. coli - - - - -
P.aeruginosa - - - - 25.0+£0.0
K. pneumoniae - - - - 13.0+1.5

EtOH, ethanol extracts; DCM, dichloromethane extracts; Sign Sign, without activity; Ev, Everniastrum cf vexans; Pb, Parmotrema blanchetianum; Pr, Parmotrema
reticulatum; PI, Peltigera laciniata *p <0.05 represents the statistical difference between the three diffusion methods and between the four lichens used

Table 2 Results of the antifungal activity of the ethanol and dichloromethane extracts of Everniastrum cf vexans, Parmotrema blanchetianum, Parmotrema reticulatum

and Peltigera laciniata

Inhibition zone of ETOH extracts (mm)

Inhibition zone of DCM extracts (mm)

Method Yeast E.v P.b P.r P.1 E.v P.b P.r P.1 Flucon
Xx£S.D X£S.D Xx£S.D X£S.D X%S.D X£S.D x£S.D x£S.D X£S.D

C. albicans - - 5.6+0.5% 5.3£0.5% 5.3£0.5% - 6.3x1.1%* 55.0£ 0.5

C.glabrata - - - - 5.6£0.5 - - - 300+ 1.5

C. krusei - - - 13.0+2.0* 6.3£0.5% - 5.6%1.5 - 17.0+ 1.5

20mg/

C. parapsilosis —* - - 6.0+1.0* mL 6.0+ 1.0 - 6.3x1.5% - 35.0£ 0.5

C. tropicalis 6.5+0.5 - - 22.3%1.5% 5.6£0.5% - 6.3x1.5% - 45.0+1.0

C. neoformans —* - - - 7.6£0.5 - 7.0£1.0 - 50.0+0.5
Spot—on—a—Law

C.albicans 8.3+0.5* - - - 7.0£1.0% - - -

C. glabrata - - - - - - - -

i +0.0% _ _ _ - + -

C. krusei 5.0+0.0 100mg/ 6.6x1.5 .

C. parapsilosis - - - - mL - - - -

C. tropicalis 7.3£2.8 - - - 6.6£0.5% - - -

C. neoformans 7.3+2.8* 6.0£1.0 - - - - 7.6x1.5 -

C. albicans - - —* 10.0+1.0* 7.6£0.0 - —* - 55.0£ 0.5

C.glabrata - - - - 5.3x05 - - - 32.0£ 0.5

i _ _ - _ _x - +1.0% +

C. krusei 20mg/ 8.0%1.0 182+ 1.0

C. parapsilosis 8.6+0.5* - - - mL 6.0£1.0 - —* - 35.0£ 0.5

C. tropicalis 6.6+ 0.5 - - 11.3+ 0.5% —* - —* - 45.0+ 0.5

C. neoformans 17.0£1.0% - - - 8.0+0.0 - 7.0£1.0 - 50.4+ 1.0
Disc diffusion

C.albicans —* - - - —* - - -

C. glabrata - - - - - - - -

C. krusei —* - - - 100mg/ - - - -

mL

C. parapsilosis - - - - - - - -

C. tropicalis —* - - - —* - - -

C. neoformans —* 6.0£1.0 - - - - - -
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Method Yeast Inhibition zone of ETOH extracts (mm) Inhibition zone of DCM extracts (mm)
C. albicans - - —* 10.0£1.0 7.3%0.5 - —* - 50.3+0.5
C. glabrata - - - - 5.3x05 - - - 32015
C. krusei - - - - 20mg/ —* - 6.0£1.0 - 18.0+0.5
C. parapsilosis 8.0+1.0% - - - mL 13.0%1.5% - —* - 35305
C. tropicalis 7.0£0.0 - - 7.0£1.0* —* - —* - 450 1.5
C. neoformans 13.6x1.5% - - - 83105 - 7.0£1.0 - 50.0 £ 0.5
Well diffusion
C.albicans —* - - - —k - _ _
C. glabrata - - - - - - - -
C. krusei —* - - - 100mg/ - - -
C.parapsilosis ~ — - - - mL - - - - B
C. tropicalis —* - - - ik — _ _
C. neoformans —* —* - - - - - -

EtOH, ethanol extracts; DCM, dichloromethane extracts, Sign: without activity. Flucon. Fluconazole. Ev, Everniastrum cf vexans; Pb, Parmotrema blanchetianum; Pr,
Parmotrema reticulatum; PI, Peltigera laciniata *p <0.05 represents the statistical difference between the three diffusion methods in each extract

Figure 4 Minimum Bactericidal Concentrations (MBC).

On the other hand, the ethanolic extract of Parmotrema
blanchetianum only inhibited the growth of Cryptococcus neoformans
at the highest concentration studied, coinciding with this effect through
two techniques. The results of the ethanolic extract of Parmotrema
reticulatum, showed activity at 20mg/mL only against Candida
albicans Table 2. In contrast to these results, reported inhibition of
yeast growth Candida albicans and Cryptococcus var. diffluens, in
acetone and methanolic extracts of Parmotrema nilgherrense and P.
sancti—angelii, in a concentration of 10pg/mL obtaining halos of 7
and 8mm respectively Hoda & Vijayaraghavan,” obtained inhibition
growth of Candida albicans and Cryptococcus neoformans with the
hexane extract of P. reticulatum at 100mg/mL, reporting halos of 10.4

and 9mm respectively. In the case of ethanolic extract of Peltigera
laciniata was positive against some yeast at 20mg/mL, confirm some
results with the others two techniques. Few reports of antifungal
activity have been found in species of the genera Peltigera.’! reported
higher activity in polar extracts (petroleum ether, chloroform and
acetone) than in polar extracts (ethanol, methanol, water) of Peltigera
aphthosa, against Candida albicans in concentrations of 3 and 11mg/
mL. Our study did not coincide with the results given here for the
extracts of Peltigera laciniata. The dichloromethane extracts of
Everniastrum cf. vexans and Parmotrema reticulatum were actives
against all yeast monitors by spot—on—a—lawn method at the lowest
tested concentration, corroborating certain positive results with some
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variations by the other two diffusion techniques Table 2.** found
activity in dichloromethane extracts of Parmotrema praesorediosum
against Candida albicans at 50mg/mL, obtaining an inhibition
zone of 14.1lmm diameter by only a technique. This indicates that
dichloromethane extract of P. reticulatum has antifungal efficacy.
Opposite case were presented in the dichloromethane extracts of
Parmotrema blanquetianum and Peltigera laciniata, they did not report
any inhibitory effect against any yeast tested at any concentration
and by any of the techniques used Table 2. The fluconazole showed
inhibition against all tested yeasts pathogens by the three methods used.
Also, showed uniformity in the inhibition zones Table 2. The results of
our study suggest that the distinct behavior of the species and extracts
depends clearly of the different levels of solubility in each extract to
capture the active substances in each species. Although the cell wall
of fungi is in fact poorly permeable and consists of polysaccharides
such as hitchin and glucan.® The intensity of the antimicrobial
effect will depend on several factors, including the species of lichen
evaluated and therefore the quantity and type of constituents present
in each species, besides to the concentration tested and sensitivity
of the microorganism used.” Observing the results obtained in this
study with the three diffusion methods used, it was noted differences
between them despite having the same principal, which is the diffusion
of a sample on the medium. These differences could be explained by
the diffusion variations of the lichen extract from the surface medium
as of a drop or a filter paper until a hole in the surface, as well as
the amount of sample used. This generates different results according
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to diffusion method used. However, the results obtained using spot—
on—a—lawn and well diffusion methods were reproducible. Analysis
of Variance (ANOVA) revealed that there were significant differences
among the tree techniques tested, which proved the effectiveness of
the methods significantly. In general, the results given in this study for
the antibacterial activity were particularly expected; because it was
estimated obtain inhibition of growth in most of the bacteria used in
all lichen species. This could be influenced by the difficulty of extracts
to diffuse into the medium because of its high concentration and low
amount (SpuL).

Minimum inhibitory concentration in bacterias

The MIC of'the ethanol extracts of the four lichens studied, of gram
positive and gram negative bacterias, oscillated in a concentration
range between 2.98+0.0mg/mL for Everniastrum vexans and
23.8+0.0mg/mL for Peltigera laciniata Table 3. All the lichen species
studied only were actives against Proteus vulgaris except Parmotrema
reticulatum that also showed effect against Staphylococcus aureus,
results that were obtained from of the diffusion techniques. In a
similar way, the results of the MIC of the dichloromethane extracts
of all lichens studied only were actives against Proteus vulgaris.
The MIC value lowest was given by Parmotrema reticulatum
(1.11+0.5mg/mL), followed by Everniastrum cf. vexans (1.9+0.8mg/
mL) and finally Parmotrema blanquetianum and Peltigera laciniata
with 11.940.0mg/mL for both Table 3.

Table 3 MIC and MBC of ethanol and dichloromethane extracts of the four lichen species studied against all the bacteria pathogens used in the study

Minimum inhibition concentration (Mic)

ETOH DCM
Lichen L.

S.a L.m P.v P.a K.p S.a m P.v P.a K.p
E. vexans nt nt 2.98+0.0* nt nt nt nt 1.9+0.8* nt nt
P. blanquetianum nt nt 11.9+0.0 nt nt nt nt 11.9+0.0 nt nt
P. reticulatum 17.9+2.2 nt 11.9+0.0 nt nt nt nt 1.11+0.5 nt nt
P. laciniata nt nt 23.8+0.0* nt nt nt nt 11.9+0.0 nt nt
Chloramphenicol 32.0+0.5 - 4.0+0.0 128+0.0 6420.1 - - - -
Minimal bactericidal concentration (MBC)s

ETOH DCM

S.a L.m P.v P.a K.p S.a Lm P.v P.a K.p
E. vexans nt nt 7.4+£0.5% nt nt nt nt 3.5+0.5% nt nt
P. blanquetianum nt nt 11.9+0.0 nt nt nt nt 11.9+0.0 nt nt
P. reticulatum 17.9+2.2 nt 11.9+0.0 nt nt nt nt 2.23+0.7 nt nt
P. laciniata nt nt 35.7£2.2% nt nt nt nt 11.9+0.0 nt nt
Chloramphenicol 32.0+0.5 - 4.0+0.0 128+0.0 6420.1 - - - -

Values are meansSD (in mg/ml) of two replicates. ETOH, ethanol extracts; DCM, dichloromethane extracts; Sa, Staphylococcus aureus; Lm, Listeria monocytogenes;
Pv, Proteus vulgaris; Pa, Pseudomonas auruginosa; Kp, Klebsiella pneumonia. Positive control expressed in ug/mL.*p <0.05 represents the statistical difference between

the MIC and MBC of each extract
Minimum bactericidal concentration

The MBC of the ethanolic extracts varied between 7.4+£0.5mg/mL
for Everniastrum vexans and 35.7+2.2mg/mL for Peltigera laciniata.
The MBC of'the dichloromethane extracts were between 2.23+0.7mg/
mL for Parmotrema reticulatum and 11.9+0.0mg/mL for the others
species Table 3. According to the results the ethanol extracts of the

species Parmotrema blanquetianum and P. reticulatum behaved as
bacteriostatic and bactericidal, because showed the same value in
MIC and MBC. In the same way, the dichloromethane extracts of
the species P. blanquetianum and Peltigera laciniata presented the
same values of concentration Table 3. The MIC and MBC of standard
chloramphenicol were the same, acting like bacteriostatic and
bactericidal.
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Minimum inhibitory concentration in yeast

The MIC of the ethanolic extracts of the lichens studied against
the tested yeasts, oscillated in a concentration range between 0.9+0.8
and 23.8+0.0mg/mL Table 4. The best antifungal activity was shown
by the ethanolic extract of Everniastrum cf. vexans, which inhibited
the growth of all yeasts at relatively low concentrations (0.9+0.8 and
4.7+2.2mg/mL), followed by Parmotrema blanchetianum (0.7+0.3—
23.8+0.0mg/mL)>Peltigera laciniata  (7.4£0.3—17.9+2.2mg/mL)
and the highest MFC were reported for Parmotrema reticulatum
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(11.9£0.0-17.942.2 mg/mL) Table 4. Otherwise, the MIC of the
dichloromethane extracts of the four lichens evaluated, reported
concentration ranges between 0.002+0.0 and 23.8+0.0mg/mL.
Equally, the best antifungal activity was shown by Everniastrum cf.
vexans with lower MICs against all yeast monitors (0.002—0.6mg/
mL) and with Parmotrema reticulatum was obtained concentrations
between 0.7+0.3 and 7.44+0.1mg/mL Table 4. The others two lichens
Parmotrema blanquetianum and Peltigera laciniata weren’t tested for
not having any activity in the diffusion techniques Table 2.

Table 4 MIC and MFC of ethanol and dichloromethane extracts of the four lichen species studied against all the yeast pathogens used in the study

Minimum inhibition concentration (Mic)

ETOH DCM
Lichen
C.a C.g C.k C.p C.t C.n C.a C.g C.k C.p C.t C.n
E;e;:':“r“m 47422 09408 19418 47422  47+22 3722 000200  0006£0.0 0012+ 0.6t 0603 002+
vex;
P
armotrema 238£0.0 1500  22+07  74+33 22407  07+03  nt nt nt nt nt nt
blanquetianum
Parmotrema 179422 119800 119400  11.9¢0.0 11.9¢00 [1.940.0 2905 1.5£0.0 2205  7.4%0.1 22£05  0.7+03
reticulatum
Peltigera 179422 7.4+0.3 11900  11.9:00 14816 11.9:00 nt nt nt nt nt nt
laciniata
Fluconazol 8+1.5 8+0.5 16£1.0 4105 4200 420.1
Minimal fungicidal concentration (MFC)
C.a C.g C.k C.p C.t C.n C.a C.g C.k C.p C.t C.n
0.02
Everniastrum vexans  8.9+22  |.7t18 3705  11.9+00 47422 37:3.1 002800 004:00 004300 09307 0907 ¢
Parmotrema 290407 47422 119400 11.9+00 89422 29+00  nt nt nt nt nt nt
blanquetianum
P 7
armotrema 179422 119400  238:0.0 238:00 47.6£00  17.9+22 119:00  1.5+0.0 89422  119%00 5900 °
reticulatum +0.0
Peltigera laciniata 23.8+0.0 11.9£0.0 11.9£0.0  11.9+0.0 17.8+2.2 23+0.0 nt nt nt nt nt nt
Fluconazol l6+15 1605  32+0.1  8+05 8+0.0 8+0.1

Values are meansSD (in mg/ml) of two replicates. EtOH, ethanol extracts; DCM, dichloromethane extracts; Ca, Candida albicans; Cg, Candida glabrata; Ck, Candida

krusei; Ct, Candida tropicalis; Cp, Candida parapsilosis; Cn, Cryptococcus neoformans. The antifungal as positive control is expressed in pg/mL

Minimum fungicidal concentration

The results of the MFC showed that the lowest concentrations
against the yeast strains tested were reported for the ethanolic extract
of Everniastrum cf. vexans (1.7+1.8-11.9+0.0mg/mL) followed of
Parmotrema  blanchetianum (2.940.0-29.0+0.7mg/mL)>Peltigera
laciniata (11.940.0-23.8+0.0mg/mL) and the highest MFC were
reported for Parmotrema reticulatum (11.9+0.0-47.6+0.0mg/
mL). The MFC of the dichloromethane extracts were: E. cf. vexans
(0.02+0.0-0.9+0.7mg/mL) P. reticulatum (0.7+0.0-7.4+0.1mg/mL).
The MFC of fluconazole as positive control were double the MIC
Table 4. The ethanol extracts of Everniastrum cf. vexans, Parmotrema
reticulatum and Peltigera laciniata reported the same inhibitory
concentrations and fungicidal with some yeast, resulting in some case
like fungicides. Previous studies have shown equivalent antimicrobial
activity in analog lichens. Hoda & Vijayaraghavan? reported the MIC
of hexane extract of Parmotrema perlatum with 9 and 10.4mg/mL
against Candida albicans and Cryptococcus neoformans respectively.
Our study showed concentrations between 17.9 and 11.9mg/mL
close at the reported by Hoda & Vijayaraghavan.? However, there are
reports those who have nothing of likeness.** determinate the MIC of
hexane extract of Parmotrema nilgerensis against Proteus vulgaris
obtaining a concentration of 3.125x10°mg/mL. In this study, we

reported a MIC of 11.9mg/mL in ethanol extracts and 1.1mg/mL
in dichlorometane extracts of P. blanquetianum and P. reticulatum
respectively Table 3. Few investigations determine MBC or MFC
of the extracts or substances. The similarities and differences in
the activity of the extracts of the different lichen species may be a
consequence of the chemical diversity of bioactive compounds that
interact with the proteins targets of microorganisms, In addition, it
could also be attributed by the synergism or antagonisms between
different components with antimicrobial activity or their low
quantities, probably lower than their MIC, together with the varied
solubility of these compounds, the extraction methods, collection
season of the samples, the environment where these are developed and
the genetic differences between the samples studied. Undoubtedly the
activity in the different species depends on the bioactive metabolites
present in each lichen, the amount of these and the synergism or
activity of the individual components of each extract.** The present
study revealed and confirmed the presence of antibacterial and
fungicidal substances in the tested extracts of Everniastrum cf vexans,
Parmotrema blanquetianun, Parmotrema reticulatum and Peltigera
laciniata. According to the literature consulted to date, no reports
available on the studies of antimicrobial properties of lichens from
Venezuelan Andes, so this study can be considered pioneering for
these organisms.
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Conclusion

It may be concluded from the present study that bioactive
compounds from the four lichen species studied, can be employed in
the formulation of antimicrobial agents for the treatment of various
pathogenic infections. Besides, we can conclude that according the
results in this investigation, it is very important to use one or two
methodologies to corroborate the inhibitory effect that a compound or
extract may have, since according to its chemical nature it can provide
different results. Further studies should be done related to isolation,
identification, purification and characterization of the compounds
responsible for fungicidal activity. Consequently, determination of the
therapeutic substances and their spectrum of efficacy which will be a
great help in the field of disease management.
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