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SUMMARY

Introduction: Lichens are complex organisms conformed by a symbiotic associa-
tion between algae and fungi; they are haven considerable interest owing to their
pharmacological properties. Objectives: To determine chemical composition of
the fatty acid (FA) and the percentage of usnic acid (UA), and to evaluate the in
vitro antibacterial activity of the ethanolic extract obtained from the lichens Usnea
sp., Thamnolia vermicularis subsp. solida and Ramalina asperula. Materials and
Methods: Organic extracts from the three lichens were obtained using a rotary
evaporator, soxhlet extractor and ultrasound equipment. The chemical composition
of FA was determined by gas chromatography-flame ionisation detector, and the
percentage of UA was quantified by UV-Vis spectroscopy. The iz vitro antibacterial
activity of the lichen ethanolic extracts was evaluated against E. coli ATCC 25922,
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Bacillus subtilis ATCC 11774, Staphylococcus aurens ATCC 43300 and S. aureus
ATCC 29213 using the diffusion and microdilution methods. The minimum inhib-
itory concentration (MIC) was determined. Results: In the three tested lichens, the
identified FAs were palmitic, stearic, oleic, linoleic, and linolenic acids; and the obtained
percentage of UA was between 0.2 and 1.07 %. All the ethanolic extracts obtained from
three lichens showed a high activity against B. subrilis (MIC = 0.5 mg/mL), while the
ethanolic extracts obtained from T vermicularis subsp. solida and R. asperula showed
moderate activity against S. aureus ATCC 43300 (MIC = 3 and 1 mg/mL) and §.
anrens ATCC29213 (MIC = 4 and 1 mg/mL). Conclusions: Our findings found
for the three studied lichens confirmed the presence of some FAs and AU. These
species provide an acceptable nutritional content and besides they can be considered

as potential antibacterial agents.

Keywords: lichens, fatty acids, antimicrobial activity

RESUMEN

Composicién quimica y actividad antibacteriana iz vitro de tres
especies de liquenes (Usnea sp., Thamnolia vermicularis subsp.
solida and Ramalina Asperula) recolectadas en las provincias de

Jauja'y Huaral-Pert

Introduccién: Los liquenes son organismos complejos conformados por una
asociacién simbidtica entre algas y hongos; tienen un interés considerable debido a
sus propiedades farmacoldgicas. Objetivos: Determinar la composicién quimica de
los 4cidos grasos (AG) y el porcentaje de 4cido tsnico (AU), y evaluar la actividad
antibacteriana iz vitro del extracto etandlico obtenido a partir de los liquenes
Usnea sp., Thamnolia vermicularis subsp. solida y Ramalina asperula. Materiales y
Métodos: Los extractos organicos de los tres liquenes fueron obtenidos usando un
rotavapor, extractor soxhlet y un equipo de ultrasonido. La composicion quimica de
los AG fue determinada mediante cromatografia de gases con detector de ionizacién
de llama y el porcentaje de AU fue cuantificado mediante espectroscopia UV-Vis.
La actividad antibacteriana iz vitro de los extractos etandlicos de liquenes fue
evaluada frente a las especies E. coli ATCC 25922, Bacillus subtilis ATCC 11774,
Staphylococcus anrens ATCC 43300y S. aureus ATCC 29213 mediante los métodos
de difusién y microdilucién. Se determiné la concentracién inhibitoria minima

(MIC). Resultados: En los tres liquenes ensayados, los dcidos grasos identificados
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fueron los 4cidos palmitico, estedrico, oleico, linoleico y linolénico; y el porcentaje
de AU obtenido estuvo entre 0,2 y 1,07 %. Todos los extractos etanélicos obtenidos
mostraron una alta actividad frente a la especie B. subtilis (MIC = 0,5 mg/mL),
mientras que los extractos etandlicos obtenidos a partir de 7. vermicularis subsp.
solida y R. asperula mostraron actividad moderada frente a la especie S. aurens
ATCC 43300 (MIC =3y 1 mg/mL) y S. aureus ATCC29213 (MIC =4y 1 mg/
mL). Conclusiones: Nuestros hallazgos encontrados para los tres liquenes estudiados
confirmaron la presencia de algunos AG y AU. Estas especies aportan un aceptable
contenido nutricional y ademas, pueden ser consideradas como potenciales agentes

antibacterianos.

Palabras clave: liquenes, 4cidos grasos, actividad antibacteriana.

REsuMoO

Composi¢ao quimica e atividade antibacteriana in vitro de trés

espécies de liquenes (Usnea sp., Thamnolia vermicularis subsp.

solida e Ramalina Asperula) coletadas nas provincias de Jauja e
Huaral-Peru

Introdugao: Os liquenes sio organismos complexos constituidos por uma asso-
ciagio simbidtica entre algas e fungos; eles sio de consideravel interesse devido as
suas propriedades farmacoldgicas. Objetivos: Determinar a composi¢io quimica
dos 4cidos graxos (AG) e a porcentagem de dcido tsnico (AU), e avaliar a atividade
antibacteriana iz vitro do extrato etanélico obtido dos liquenes Usnea sp., Thamnolia
vermicularis subsp. solida e Ramalina aspérula. Materiais e Métodos: Os extratos
organicos dos trés liquenes foram obtidos utilizando evaporador rotativo, extrator
soxhlet e equipamento de ultrassom. A composi¢io quimica do FA foi determinada
por cromatografia gasosa com detector de ionizagio de chama e a porcentagem
de UA foi quantificada por espectroscopia UV-Vis. A atividade antibacteriana iz
vitro de extratos etandlicos de liquen foi avaliada contra as espécies E. coli ATCC
25922, Bacillus subtilis ATCC 11774, Staphylococcus aurens ATCC 43300 e S.
aureus ATCC 29213 utilizando métodos de difusio e microdilui¢io. A concent-
ragio inibitéria minima (CIM) foi determinada. Resultados: Nos trés liquenes
testados, os 4cidos graxos identificados foram os dcidos palmitico, estedrico, oleico,
linoléico e linolénico; e o percentual de UA obtido ficou entre 0,2 ¢ 1,07%. Todos

os extratos etandlicos obtidos apresentaram alta atividade contra a espécie B. subtilis
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(CIM = 0,5 mg/mL), enquanto os extratos etandlicos obtidos de 7. vermicularis
subsp. solida e R. asperula apresentaram atividade moderada contra as espécies S.
aureus ATCC 43300 (CIM =3 e 1 mg/mL) e S. aunrens ATCC29213 (CIM =4 ¢
1 mg/mL). Conclusdes: Nossos achados para os trés liquenes estudados confir-
maram a presenca de alguns AG e AU. Estas espécies fornecem um contetido nutricional

aceitdvel e também podem ser consideradas como potenciais agentes antibacterianos.

Palavras-chave: liquenes, dcidos graxos, atividade antibacteriana.

INTRODUCTION

In the treatment of some diseases, the drug resistance of pathogenic microorganisms is
attributed to the overuse of drugs by humans [1], generating a public health problem
of major global impact [2]. The World Health Organization (WHO) has published a
list of bacteria resistant to clinical use antibiotics with the aim of motivating research-
ers to discover novel drugs against certain types of bacterial strains, such as E. coli and
S. aureus, and thus avoid the resistance of mentioned strains to drugs [3]. In this sense,
the research has been focused on the study of secondary metabolites present in plants
in order to provide a natural structural model for the discovery of new drugs [4, 5]. In
addition, many primary and secondary plant metabolites constitute a food source due
to their glucose contents [5, 6] and other nutritional components such as fatty acids
(FA) [7-9]. Lichens consist of a symbiotic association of an algae or cyanobacteria and
a fungi [10, 11]. These complex organisms show high adaptability to severe climatic
conditions probably due to the presence of lipids and FAs in their compositions, which
enable cell membranes to continue to function at low temperatures [11]. FAs, such
as linoleic acid, linolenic acid [7, 9] and arachidonic acid 8], are important in the
diet of humans, thus making the study of lichens to be relevant in terms of nutrition
[12]. Additionally, lichens produce other substances such as usnic acid (UA), nostistic
acid and sekiakic acid, among others, which exert a broad spectrum of pharmacologi-
cal properties such as antifungal, antibacterial [13] and antimycobacterial activities
[14]. Recently, 34 lichen species from North American have been shown to be effec-
tive against methicillin-sensitive and methicillin-resistant S. aureus and Pseudomonas
aeruginosa with MIC values ranging from 3.9 to 500 pg/mL. Besides, extracts from
Letharia vulpina, L. columbiana and Vulpicida canadensis were effective against E. coli
[15]. On the other hand, Thamnolia vermicularis acetonic extracts were used as a func-
tional food in obese mice and the results of these tests demonstrated that these extracts
exert anti-obesity activity and they can be considered as a natural resource for control-

ling obesity [16].
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Our research group has previously studied the lichen Thamnolia vermicularis subsp.
vermicularis and identified decarboxythamnolic acid and thamnolic acid by spectro-
scopic (FT-IR, 'H NMR, and *C NMR) and mass techniques [17]. The aim of this
work was to determine the chemical composition of FAs and the percentage of UA in
Usnea sp., Thamnolia vermicularis subsp. solida and Ramalina asperula. The antimi-
crobial activity of ethanolic extracts of these lichen species was also evaluated against
E. coli ATCC25922, S. aureus ATCC29213, S. aureus ATCC43300 (methicillin and
oxacillin resistant) and B. subtilis ATCC11774.

MATERIALS AND METHODS

Microorganisms

Bacterial strains: Gram-negative E. coli ATCC 25922 and Gram-positive S. aureus
ATCC 29213, S. aureus ATCC 43300 (methicillin and oxacillin resistant) and
B. subtilis ATCC 11774 were obtained from the Centro de Investigacién de la Biodi-
versidad y Recursos Genéticos de Ancash, Universidad Nacional Santiago Anttnez de
Mayolo, Huaraz, Peru.

Lichens

Lichen species such as Usnea sp. and Thamnolia vermicularis subsp. solida were col-
lected in the province of Jauja, department of Junin, Peru (4100 m above sea level).
Ramalina asperula Kremp was collected in the province of Huaral, Lima, Peru (2000
m above sea level). The lichens were identified by biologist Daniel Ramos and the sam-
ples were deposited in the Herbarium of Southern Peru (Arequipa).

Preparation of the Lichen Extracts

Fresh and clean lichen samples were placed into an oven with circulating air at 40 °C
for 3 days. Then, the dried material was ground as fine as 20 mesh and stored at 4 °C
in sterilized amber glass bottles. A total of 100 g of each lichen was placed in a beaker
containing 250 mL CHCl;-MeOH (1:1 v/v) and left to stand for three days at room
temperature. The extracts were separated by filtration and then the filtrate was con-
centrated under reduced pressure using a Buchi 110 rotary evaporator. Other lichen
extracts in chloroform or ethanol were obtained by soxhlet extraction [1 g lichen in
chloroform (150 mL); extraction time: 2 h)] and ultrasound extraction [20 g lichen in
ethanol (50 mL); extraction time: 1 h]. The obtained extracts were concentrated.
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Antimicrobial Activity Tests

The antimicrobial activity of the lichen ethanolic extracts was evaluated using diffu-
sion (M02-A7 protocol, CLSI) and microdilution (M07-A8 protocol, CLSI) meth-
ods [18] against E. coli ATCC 25922, S. aureus ATCC 29213, S. aureus ATCC 43300
and B. subtilis ATCC 11774. In a laminar flow cabinet, the samples were prepared by
dissolving the dried ethanolic extracts at 200 mg/L in DMSO. The samples were then
stored at —20 °C for 20 days.

Diffusion Method

Each ethanolic extract (5 pL) were added to sterile filter paper discs (5 mm diameter) and
placed in Petri dishes containing Mueller and Hinton agar previously inoculated with
bacteria prepared as previously described [19]. Disks of Ampicillin (25 pg) were used
as reference antibiotic, and discs with 5 pL of DMSO were used as the negative control.
Four replicates of all samples were prepared and incubated at 35 °C for 24 h. The inhibi-

tion halos were measured in those samples showing clear zones around the discs.

Microdilution Method

Samples showing an inhibition halo in the diffusion test were used in the microdi-
lution assay. Serial dilutions of samples were made in Mueller and Hinton broth II
to obtain final concentrations of 0.1, 0.5, 1.0, 2.0, 3.0, 4.0 and 5.0 mg/mL. Dilutions
were transferred into sterile 96-well plates (100 uL per well) and then inoculated with
10 pL of bacterial suspension [19]. Contamination controls with or without extract
and growth controls without extract were also prepared. Ampicillin (final concentra-
tion of 1 or 5 pg/mL in well) was used as reference antibiotic. Three replicates of all
samples and controls were prepared and incubated at 35 °C for 24 h. To assess bacterial
growth, 10 uL of 1% sterile tetrazolium violet was added to each plate and turbid-
ity was observed [19]. The MIC value was defined as the minimum concentration of
the reference drug or tested compound (in pg/mL) that inhibits bacterial growth. The
assay was repeated for 7 days to evaluate the activity.

Fatty Acid Analysis via gas chromatography-flame ionisation detector

In a 100 mL flask, 10 mL of 0.5 N KOH solution were added to 200 mg of CHCl,/
MeOH organic extract and incubated for 20 min at 55 °C in a water bath. After add-
ing 5 mL of diluted HCI (1:1) solution, the FAs were extracted with 10 mL of petro-
leum ether. The extract was washed with 10 mL water, dried with anhydrous sodium
sulphate and then concentrated to dryness with gaseous N,. The residue was dissolved
in 10 mL of petroleum ether, and 1 mL of aliquot was then evaporated to dryness in
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gaseous N,. This extract was then dissolved in 10 mL of 5% HCIO, methanolic solu-
tion and heated for 5 min at 55 °C. Finally, the esterified FAs of the three samples
under study were extracted with 10 mL of petroleum ether.

Esterified FAs dissolved in petroleum ether were analysed in a GC-2010 Shimadzu
gas chromatograph equipped with a fused silica column (75 m x 0.18 mm x 0.14 pm)
at 140 °C and flame ionisation detector (FID). The injection was performed in split
mode with a flow rate of 6.25 mL/min using an injector temperature of 260 °C. The
carrier gas was helium with a run time of 45 min, and with an injection volume of
1 uL. The esterified FAs were identified by comparison with the retention times of the
FAME standard mixture (Lot: LRAC3241), detected by FID, injected under the same
conditions as the samples [18]. Calculations for the identification and quantification
of esterified FAs by GC-FID were performed with the GCsolution Software (Shima-
zdu, ver. 2.44.00) and the results were expressed in mg FA per g of esterified extract
according to the following formula:

mgFA Asmp Wstd 1
g  Astd Wsmp 200

The percentage value of each FA in relation to the total concentration was determined
using the following formula:

mg FA/g

% FA =
o mgFA g

100

Where:

Asmp: Area of the sample recorded on the chromatogram

Astd: Area of the FAME standard mixture recorded on the chromatogram
Wstd: Weight of the FAME standard mixture

Wsmp: Weight of the sample

% FA: Percentage of the fatty acid

mg FA/g: Concentration of the fatty acid (mg/g)

X mg FA/g: Total concentration of fatty acids (mg/g)
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Quantitative Analysis of Usnic Acid

UA standard (CAS No. 7562-61-0) was quantified using a Shimadzu UV-1601 UV-
Vis spectrophotometer. Briefly, 5 mg of the standard UA were dissolved in 100 mL
of chloroform; then, an aliquot of 100 uL was diluted with 50 mL of chloroform to
obtain a final concentration of 0.1 mg/L. The maximum absorbance was recorded at
284 nm. Dilutions of 1/10, 1/50, 1/100, 1/500 and 1/1000 were made from the chlo-
roformic extract to record absorbance values at 284 nm within the linear range of the
calibration curve, which was previously defined from the analytical standard in the

range of 0-10 ppm [17].
REsuLTS

Antibacterial Activity

From the diffusion method, all samples showed inhibitory activity against B. subtilis
ATCC 11774. In addition, the T. vermicularis subsp. solida and R. asperula ethano-
lic extracts showed a moderate activity against S. aureus ATCC 29213 and S. aureus
ATCC 43300. None of the tested extracts were active against E. coli ATCC 25922.
These results were also confirmed using the microdilution method. All tested samples
(MIC= 0.5 mg/mL) inhibited the growth of B. subtilis ATCC 11774 while the 7.
vermicularis subsp. solida and R. asperula ethanolic extracts stopped the growth of S.
aureus ATCC 29213 and S. aurens ATCC 43300 when registering MIC values in the
range of 1-4 mg/mL, as shown in Table 1 and Figure 1.

Table 1. Antibacterial activity of the lichen ethanolic extracts. The extract discs contained 1 mg
of sample; the ampicillin disc contained 25 pg of ampicillin. * The values represent the means of 4

replicates + the standard deviation.

B. subtillis ATCC S. aureus ATCC S. aureus ATCC
11774 43300 29213

Halo MIC Halo MIC Halo MIC
(mm)* (mg/mL) (mm)* (mg/mL) (mm)* (mg/mL)

Extracts

%amno[i'a vermicularis 34405 05 29404 3 19402 4
subsp. solida
Usnea sp. 6.9+0.6 0.5 - - -

Ramalina

85106 0.5 45+0.6 1 38105 1

asperula Kremp

Ampicillin 33.0+0.8 >0.005 153405 <0.005 240+0.0 0.005
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u B. subtillis ATCC11774

B S, aurens ATCC4330

MIC (mg/mL)

S. aurens ATCC29213

1 1
1 08
05 o5 9f 0.5
05 =0.005
=0.005 0.005
0

Thammolia vermicularis Usnea sp. Ramalia asperula Kremp Ampicillin

Figure 1. In vitro antibacterial activity expressed as MIC value (mg/mL) of lichen extracts and

Ampicillin antibiotic tested

Identification and Quantification of FAs

The identification and quantification of the FAs from the three lichen species were car-
ried out by comparing the retention times and areas of the chromatograms obtained
for the samples (Figures 2-4) with the chromatograms for the FAME standard mixture
using GC-FID. The results are shown in Table 2.

Table 2. Fatty acid (FA) concentration in Usnea sp., Thamnolia vermicularis subsp. solida, and Ra-

malina asperula Kremp. RT: retention time; SFA: saturated fatty acid; UFA: unsaturated fatty acid

Concentration [mg FA/g sample], (% FA)

Payaads ol iy DR e s
subsp. solida Kremp

Palmitic acid Cl6:0 21189 [184],(62) = [31.0},(7.2)  [227),(8.2)
Stearic acid C180 24724  [38],(12)  [123],(2.8) [4.1], (15)
Oleic acid Cl&:1n9 25773 [213],(72)  [360],(84)  [18.8],(6.8)
Linoleic acid Cl82n-6 27344 [1624],(547) [175.8],(40.8) [107.6], (38.8)
Linolenicacid ~ CI8:3n-3 29.116  [484], (163) | [1754], (40.9) [124.1], (44.8)
Arachidonicacid = C20:4n-6 32428 [42.7],(144) ~  -——
Total SFA [223],(7.5)  [43.2],(10.0)  [268],(9.7)
Total UFA [274.8],(92.5) | [3882],(90.0)  [250.4], (90.3)
Total FA [297.1], (100) = [431.4], (100) = [277.2],(100)
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Quantitative Analysis of Usnic Acid

The calibration curve for the quantification of UA was linear in the range of 0-10 ppm
where the obtained linear correlation equation was ¥ = 0.0343 X. The percentages of
UA determined for Thamnolia vermicularis subsp. solida, Ramalina asperula Kremp
and Usnea sp. were 0.2, 1.01 and 1.07 %, respectively.

DiscussioN

The chemical characterization of the lichen extracts and the identification of FAs and
UA were performed by gas chromatography (GC-FID) and UV-Vis spectroscopy,
respectively. For extraction of FA, the volume ratio of the CHCl;:MeOH mixture was
1: 1. This volume ratio was different with respect to that used in the literature (2:1 v/v)
[10]. With the CHCL;:MeOH (1:1 v/v) mixture used in this work, the solubility of
low polarity compounds and the amount of unwanted metabolites dissolved in the
organic extract was decreased. The esterification reaction was carried out using a 5%
HCIO, methanolic solution [20] in order to reduce the reaction time [21].

As shown in Table 2, saturated and unsaturated FAs were identified in the three assessed
lichens (C16:0, C:18:0, C:18:1, C:18:2 and C:18:3). In all three studied lichens, stea-
ric acid (C18:0)—a saturated FA—was found with the lowest concentration level, 3.8
and 4.1 mg/g sample in Thamnolia vermicularis subsp. solida and Ramalina asperula
Kremp, respectively. In the present study, the FAs found are similar to those reported
for the genus Cladonia (7] and Stereocaulon scutelligerum [22]. Furthermore, our
results (2.8—4.1 mg/g sample) are comparable to the stearic acid concentrations found
for others lichens containing the species Cladonia cornuta (L.) Hoft and Cladonia
pyxidata (3.4 and 4.8 mg/g sample, respectively) [7]. In this work, arachidonic acid
(C:20:4 n-6) was only detected in Thamnolia vermicularis subsp. solida and its con-
centration was 42.7 mg/g sample (Figure 1). This acid is one of the major unsaturated
FAs that constitute brain membrane phospholipids and is found in lichens in varying
proportions [8]. As shown in Table 2, the ratio of unsaturated FAs to saturated FAs for
the studied lichens was approximately 10:1. This result could be related to the environ-
mental conditions under which the lichens were collected [10].

The UA levels found in the chloroformic extracts of the tested lichens were in agree-
ment with those previously reported for other lichens [5, 23].
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All three lichen species (MIC = 0.5 mg/mL) showed significant inhibitory activity
with respect to ampicillin (reference drug) against B. subrilis ATCC 11774. Further-
more, these lichen species were ten times more cytotoxic than the acetonic extracts of
Cladonia furcata and Cladonia subulata against B. subtilis [24]. As shown in Table 1,
Thamnolia vermicularis subsp. solida showed a moderate antibacterial activity against
the two resistant S. aureus strains (MIC = 3—-4 mg/mL). Our MIC values are close to
those reported for the acetonic extracts of D. miniatum tested against S. aureus subsp.
aurens ATCC 25923 (MIC = 3.75 mg/mL) [25]. The ethanol extract of Ramalina
asperula Kremp showed a MIC value of 1.0 mg/mL which was similar to that found for
the acetone extract of Acarospora fuscata (MIC = 1.25 mg/mL) tested against S. aureus
ATCC 25923 [26]. The ethanol extract of Thamnolia vermicularis subsp. solida and
Ramalina asperula were highly active against S. aureus compared to other C. crispum,
P squamulosum and L. prophetae-eliae species assayed against S. aurens ATCC 1885
(MIC = 1000, 500 and 125 mg/mL, respectively) [27]. The tested ethanolic extracts
of the three studied species were inactive against the Gram-negative bacterium E. coli.
This result is in agreement with previous reports related with the genus Cladonia,
where none of the 42 studied species showed significant activity against E. coli [28].
The low activity of the lichen ethanolic extracts tested against Gram-negative bacteria
may be attributed to the lipopolysaccharides and lipoproteins present in the bacte-
rial cell wall, preventing easy permeability of external agents compared to the cell wall
of Gram positive bacteria (composed of peptidoglycans (murein) and teichoic acid),
which make them more resistant to certain antibiotics [29, 30].
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Figure 2. Chromatogram of the lichen Thamnolia vermicularis subsp. solida
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Figure 4. Chromatogram of the lichen Ramalina asperula Kremp

CONCLUSION

In this study, the palmitic acid, stearic acid, oleic acid, linoleic acid and linolenic acid
FAs were identified in the three studied lichens. The percentage of UA found was
between 0.2 and 1.07 %. All three ethanolic extracts showed a significant activity
against B. subtilis ATCC 11774 compared to the ampicillin (drug for clinical use) Fur-
thermore, the ethanolic extracts of Thamnolia vermicularis subsp. solida and Ramalina
asperula showed moderate inhibitory activity against S. aureus ATCC 43300 and S.
aureus ATCC 29213. Our obtained results are an important contribution for food and
pharmaceutical industries since the studied lichen species can be considered as poten-
tial nutritional and antibacterial agents.
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