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Objectives

Globally, there has been little research on the antiplatelet activity of lichen extracts. The studied species occur in areas exposed to stressful
conditions, such as extreme temperatures, snow cover during winter and high solar radiation during the summer, which makes them candidates for
synthesizing metabolites of biological interest. This aimed to assess the antiaggregant activity of methanol extracts of the lichen species Rhizoplaca
melanophthalma (DC) Leuckert (Lecanoraceae) and Umbilicaria krascheninnikovii (Umbilicariaceae) against ADP and TRAP-6, two important
platelet agonists. In this work was determined the IC50 for R. melanophthalma and identify compounds of the two species potentially responsible
for antiplatelet activity. Lichen material was ground to a fine powder and submitted to extraction using methanol as a solvent. Extract concentrations
0f0.1,0.2,0.4,0.6,0.8,1.0, 1.2, 1.4 and 1.5 mg/mL were tested in vitro using human platelet-rich plasma. Extracts were fractionated by preparative
TLC and analyzed by electrospray ionization mass spectrometry to identify any possible secondary metabolites. Statistical analyses were conducted
using SPSS. Crude extracts of R. melanophthalma and U. krascheninnikovii inhibited platelet aggregation by 64.99% and 37.16%, respectively, at a
concentration of 1 mg/mL. The methanol extract of R. melanophthalma showed concentration-dependent inhibitory effects on ADP-induced platelet
aggregation, with an IC50 < 1.0 mg/mL, which was lower than the IC50 of 3.6 mg/mL obtained with methanol extracts of Usnea longissima. The
antiplatelet activity of R. melanophthalma extract may be due to the presence of barbaric and usnic acids.
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Abbreviations: ADP: Adenosine Diphosphate; DMSO: Dimethyl Sulfoxide; IC50: Half-Maximal Inhibitory Concentration; PRP: Platelet-Rich
Plasma; PPP: Platelet-Poor Plasma; TRAP-6: Thrombin Receptor Activator Peptide 6

Introduction

Lichens are symbiotic organisms usually composed of a fun-
gal partner (mycobiont) and one or more photosynthetic partners
(photobiont), which is most often either a green alga or a cyano
bacterium or both [1,2]. Although the dual nature of most lichens
is now widely recognized, it is less commonly known that some

lichens are symbioses involving three (tripartite lichens) or more
partners [3].

In general, lichens exist as discrete thalli and are implicitly
treated as individuals in many studies, even though they may be

a symbiotic entity involving species from three kingdoms. Some li-
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chen metabolites are widely used for medicinal and industrial pur-
poses [4-6]. Currently there is increased interest in finding natural
secondary metabolites of lichens that are useful in the treatment of
cardiovascular diseases due to the prolonged use of other synthetic
compounds, such as salicylic acid (aspirin), that are regularly used
to control these diseases but often with side effects [7]. The identi-
fication of such compounds has become urgent because projections
have shown that cardiovascular diseases could become the leading
causes of death by 2020 [8-10].

Therefore, the aims of the present study were to:

a) obtain crude extracts of two Rhizoplaca melanophthalma and
Umbilicaria krascheninnikovii lichen species using solvents of

different polarity

b) assess the antiaggregant activity of crude methanol extracts
against ADP and TRAP-6, determine the inhibitory minimal
concentration; and

c) identify compounds responsible for antiplatelet activity.

Materials and Methods

Collection and identification of lichen samples

Two saxicolous lichen species — Rhizoplaca melanophthalma
(Ram.) Leuck. & Poelt (Lecanoraceae) and Umbilicaria kraschenin-
nikovii (Savicz) Zahlbr (Umbilicariaceae) — were collected in Janu-
ary 2017 from the Maule Region of Chile. The lichens were obtained
from rocky systems surrounding Lake Maule (30°04’ S; 70°30° W),
located 50 km west of Talca at an altitude of 2300 m above sea lev-
el. The lichen material was identified by Jae-Seoun Hur of Souchon
University, South Korea, and Iris Pereira of University of Talca, Chile.
The specimens were deposited in the herbarium of the University
of Talca (UTAL).

Preparation of Extract

Lichen material was cleaned, dried, weighed and put in labelled
Erlenmeyer flasks. Metabolites were then extracted from samples
using four solvents in decreasing order of polarity: hexane, di-
chloromethane, ethyl acetate and methanol. Extractions were per-
formed by adding 300 mL of solvent to material of U. kraschenin-
nikovii and 250 mL to material of R. melanophthalma (ratio of 1:2
weight/solvent) followed by sonication for 1 h (Transsonic T460)
[11]. The product of each sonication was filtered using a Watson
N° 1 filter. This procedure was repeated for 30 min for each sol-
vent. The filtrates were then subjected to rotary evaporation at 35
+ 52C under reduced pressure to remove the solvent and obtain a
concentrate of each extract. The concentrate was then suspended
in chloroform and dispensed into small vials of known weight to re-
duce the loss of material. After complete evaporation of chloroform,
each vial was weighed. Only methanol extracts were used to assess
antiaggregant activity due to the high availability of this extract.
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Preparation of Lichen Extract Standards

Methanol extracts of both lichen species were suspended to
give a final reaction volume of 520 pL. A final crude methanol ex-
tract concentration of 1.0 mg/mL was used with DMSO (dimethyl
sulfoxide) as a solvent to a final concentration of 0.5% with distilled
water added to complete 1 mL. The standard solutions were kept at
4 °C until time of use.

Preparation of Platelet-Rich Plasma

Platelets were obtained from healthy volunteers with no his-
tory of hematological diseases and who had not consumed aspirin
during the previous week nor consumed any alcohol, which could
affect platelets or the coagulation cascade. All volunteers provided
informed consent prior to the collection of platelets. The protocols
were approved by the Ethics Committee of the University of Talca
(N° 2017005). Venous blood from the cubical fossa was collected
into tubes and mixed with 3.2% sodium citrate at a 9:1 ratio (BD
Vacutainer ® Franklin Lakes, NJ USA) [12]. Samples were stabilized
for 5 min, after which they were centrifuged at 1000 rpm for 10 min
to obtain platelet-rich plasma (PRP). The PRP was then analysed
using a hematological counter (ADVIA 60 Haematology System,
Bayer) and adjusted to 200,000 platelets/pL with platelet-poor
plasma (PPP).

Preparation of Platelet-Poor Plasma

Platelet-poor plasma was obtained by centrifuging an aliquot
of PRP at 3500 rpm for 10 min. Very platelet-poor plasma was ob-
tained by centrifuging an aliquot of PPP at 12000 rpm for 5 min and
used as a control in the platelet aggregation study.

Agonists

Platelet aggregation was initiated by the addition of 8uM of ADP
(Sigma Chemical Co., St. Louis, USA) and 30 uM of TRAP-6 (H8365,
Bachem Bioscience Inc., California, USA). Samples were then frozen

until immediately prior to assays.

Measurement of aggregation based on blood absorbance
and platelet aggregation turbidimetry

Platelet aggregation was measured by aggregometry as de-
scribed by Born (1970), with minor modifications. Specifically, op-
tical density was measured at 630 nm [13] using a spectrophotom-
eter (Cecil, CE1021) coupled to a motor that generated constant
agitation, and the addition of refractory bricks to maintain the tem-
perature at 37°C.

Platelet aggregation of PRP was analysed based on variation in
the optic density of plasma using the method described by Born
(1970). Aggregation was induced with ADP and TRAP-6, in separate
assays. Specifically, 480 pL of PRP, adjusted to 200,000 platelets/
uL, was placed in a reaction container and homogenized with a
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magnetic stirrer, after which it was mixed with 20 uL of extract and
incubated for 5 min.

Minimum Inhibitory Concentration

Approximate minimum inhibitory concentration was deter-
mined using methanol extracts of R. melanophthalma because pre-
vious results showed them to have the highest inhibitory effect.
Nine pre-established concentrations of methanol extract were
added to samples to generate an aggregation inhibition curve, from
which the concentration that inhibited 50% of the aggregation was

determined.

Obtaining Fractions

The methanol extracts of both species were fractionated by pre-
parative TLC to assess and identify the fractions with major activity.

Preparation of Plates for Thin-Layer Chromatography

Plates containing 20 x 20 cm silica gel at a thickness of 0.25 mm
were used as the solid phase, while a 9:1 mixture of ethyl acetate
and methanol was used as the mobile phase because this mixture
of solvents showed greater separation of the bands in TLC in this
study. The TLC plates were visualized using UV light.

Electrospray ionization mass spectrometry (ESI-MS)

High resolution ESI(-)-MS analysis was performed with a hy-
brid double-quadrupole (Qq) and orthogonal time-of-flight (Tof)
mass spectrometer (Qtof Micro, Waters) operating at 5,200 reso-
lution with a mass accuracy of 10 ppm. The nebulizer temperature
was 100 °C, and the ESI and mass spectrometer were operated in
the negative ion mode. The cone and extractor potential were set
to 30 and 0 V, respectively. The scan range was 50-1000 m/z. Tan-
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dem mass spectrometric [ESI(-)-MS/MS] experiments were per-
formed using the product ion scan mode via Q1 mass selection of
the desirable product ion, q2 collision-induced dissociation (CID)
with Argon, and orthogonal TOF mass analysis of the CID ionic frag-
ments. The collision energy ranged from 15 to 25 eV, depending on
the dissociation labiality of the precursor ion. ESI-MS experiments
employing total methanol extracts obtained from R. melanophthal-
ma achieved the spectra depicted in Figure 1 for fractions B and C.

Statistical Analyses

The % total aggregation (measured at 5 min), % of maximum
aggregation, incline and area under curve were measured and ex-
pressed as the average for each assay + the standard deviation.
The averages for each parameter were compared using SPSS 15.0
(Statistical Product and Service Solutions) with p < 0.05 considered
significant.

Results and Discussion

Extraction with different solvents of lesser to greater concen-
tration gave a total of five crude extracts for each species with a
total yield of 8.458% for R. melanophthalma and 5.889% for U. kra-
scheninnikovii. Crude methanol extracts were the highest (Table 1).

Due to difficulty with the dissolution of other compounds with
solvents without damaging platelet function, only the antiplatelet
effects of crude methanol extracts were measured. Methanol ex-
tracts were investigated at a final concentration of 1 mg/mL. The
agonists used were ADP (8 uM) and TRAP-6 (30 uM), and DMSO
0.5% was used as the negative control. (Figure 2) shows the inhib-
itory effects of extracts of R. melanophthalma and U. kraschenin-
nikovii on platelet aggregation in vitro induced by ADP (8 uM) in
PRP.

Table 1: Weight of extract obtained with solvents of different polarity and percentage of total yield of each species.

Solvents Umbilicaria krascheninnikovii (mg) Rhizoplaca melanophthalma (mg)
Hexane 17.5 77.2
Dichloromethane 187.2 396.7
Ethyl acetate (filtered) 182.2 90.7
Ethyl acetate (not filtered) 423.5 26.2
Methanol 2367.4 2252.4
Initial weight of species (mg) 53960 33556
Total yield (%) 5.889 8.458

Table 2: Antiaggregant effect of crude methanol extracts of two lichen species from the Maule region activated by TRAP-6 (30 uM).

Extract NC % TA AUC IC % AM
R1 2 55.68 + 4.60 202.88 £29.73 30.38+0.22 58.33 +2.56
U1 2 63.18 £ 4.92 217.60 £ 21.59 3492 £2.32 68.65 + 3.92
CN 2 76.27 £1.79 287.18 £ 11.19 39.62 £1.40 78.11+1.35

R1: crude methanol extract of R. melanophthalma: U1: crude methanol extract of U. krascheninnikovii; NC: negative control; TRAP: thrombin recep-

tor-activating peptide; TA: total aggregation (to 5 min); AUC: area under the curve; IC: Incline curve, MA: maximum aggregation.
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Figure 1: Mass spectra of fractions of crude methanol extract (A) Fraction 1 of R. melanophthalma, (B) Fraction 2 of R. melanophthalma, (C)
Fraction 3 of R. melanophthalma.
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Figure 2: Inhibitory effect of the platelet aggregation in vitro induced by ADP (8 uM) in PRP (negative control, NC, methanol extract of R.
melanophthalma 1 mg/mL (R) and U. krascheninnikovii 1 mg/mL (U).
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Preparative TLC plates yielded five fractions for U. kraschenin-
nikovii and three for R. melanophthalma, which were dissolved with
DMSO/H,0 at a ratio of 13:87 with a final concentration of 0.5 mg/
mL (Table 4).

Secondary metabolites were identified by ESI-MS [14]. The
analyses of the spectra according to MS/MS fragmentations and
high-resolution MS showed the presence barbaric and usnic acids
as secondary metabolites in fractions B and C of the crude extract
of R. melanopthtalma. These acids were thusly considered as po-
tentially responsible for the observed antiplatelet activity (Figure
1). Despite having obtained five crude extracts for all solvents, only
methanol extract was investigated due to its high availability and
high capacity to extract hydrophilic compounds, which facilitates
its solubility at the time of use. The fractions of the extract were
then dissolved in 0.5 % DMSO, since it is known to provide good
results for methanol extracts [15]. Fractions from R. melanophthal-
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ma exhibited greater inhibitory effects than those from U. kraschen-
innikovii at a concentration of 1 mg/mL, even though this concen-
tration did not correspond to the minimal inhibitory concentration
(IC50) (Figure 2).

The fractions obtained from the methanol extracts of both spe-
cies had lower inhibitory effects when used with the agonist ADP
(8um) (Figures 4 & 5). The specific metabolites responsible for
the observed antiplatelet activity could not be determined from
the mass spectra of peaks shown by mass spectroscopy. Neverthe-
less, the secondary metabolites identified in this study are known
to have different biological activities: barbaric acid (358.9 m/z) is
known for its herbicidal effect [16,17] and antiplatelet activity [18]
atranorin (373.9 m/z) is known for its antinociceptive and anti-in-
flammatory effects [19-21] and usnic acid (342.9 m/z) is known for
its antibacterial activity [22-25], phytotoxic activity against algae
[26] and antiplatelet activity [18,27,28].
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Figure 3: Curve of inhibition of the platelet aggregation in vitro induced by ADP (8 uM) in PRP by crude methanol extracts of R. melanophthalma.
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Figure 4: Inhibitory effect of the platelet aggregation in vitro induced by ADP (8 pM) in PRP of the fractions of crude methanol extracts of R.
melanophthalma. R 0.5%: Crude methanol extract of R. melanophthalma, FR1: Fraction 1, FR2: Fraction 2, FR3: Fraction 3, NC: Negative
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Figure 5: Inhibitory effect of the platelet aggregation in vitro induced by ADP (8 uM) of the fractions of crude methanol extracts of U. krascheninnikovii
in PRP. U 0.5: crude methanol extract of U. krascheninnikovii, FU1: Fraction 1, FU2: Fraction 2, FU3: Fraction 3, FU4: Fraction 4, FU5: Fraction 5,
NC: negative Control (DMSO 0.5%).

Table 3: Antiaggregant effect of crude methanol extracts of two lichen species from the Maule region activated by ADP (8 pM).

Extract n % TA AUC IC % MA
R1 3 25.80 £10.49* 73.92 £ 33.52** 19.95 +8.38 45.51+ 8.06*
U1 2 46.30 = 4.60* 135.28 + 14.45* 32.02 £2.33* 71.03 £4.98
CN 3 73.68 £ 2.60 253.20£27.91 41.92 +3.92 81.65+ 2.74

R1: crude methanol extract of R. melanophthalma: UT: crude methanol extract of U. krascheninnikovii; NC: negative control; ADP: Adenosine

diphosphate; TA: total aggregation (to 5 min); AUC: area under the curve; IC: Incline curve, MA: maximum aggregation.

Table 4: Antiaggregant effect of methanol extracts of two lichen species from the Maule region activated by ADP (8 uM).

ADP (8 uM
Fractions n %TA AUC IC % MA

FR1 3 25.40 +£12.48* 76.72 £ 42,17** 20.26 + 6.21* 39.39 + 5.83*
FR2 2 17.20 £ 2.11* 46.10 + 4.98* 20.66 + 1.66 48.22 +14.01
FR3 3 27.16 +18.82* 83.76 + 60,20* 21.49 + 7.45* 40.79 £ 13.41*
RO,5 3 61.54 + 2.00** 271.02 £15.32 29.76 +1.27 61.72 +2.32*
FU1 2 37.17 £ 22.43 125.68 + 83.52* 21.73 £13.27 41.82 +21.38
FU2 2 51.24 + 23.64 175.78 + 100.85 28.50 +5.79 58.87 +16.83
FU3 2 47.80 +7.14 161.20 + 34.27 28.04 + 3.06* 53.76 +3.77
FU4 2 39.67 £ 20.15 142.99 +84.70 20.24 +£8.35 42.33+18.24
FUS 2 41.33+16.42 142.61+ 71.57 22.44 +5.73* 46.56 +11.95*
Uo0,5 3 65.72 +2.95 27.297 £19.90 31.55+0.15 66.32 +3.37
NC 3 73.68 + 2.60 253.19 £27.91 41.92 £3.92 81.65 +2.73

*p <0.05;**p<0.01
NC, Negative Control; ADP, Adenosine Diphosphate; TRAP, Thrombin Receptor-Activating Peptide; TA, Total Aggregation (to 5 minutes); AUC, Area

under the Curve; IC: Incline curve; MA, Maximum Aggregation.
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Table 5: Approximate inhibitory minimum concentration (IC50) of R. melanophthalma induced by ADP (8 pM).

Extract(mg/mL) Inhibition(%)

0.1 16.5
0.2 271
0.4 36.2
0.6 39.3
0.8 46.8

1 57.3
1.2 77.3
1.4 80.4
15 80.7

Despite the difficulty in determining which secondary metab-
olites had antiplatelet activity, it can be assumed that usnic acid
is the compound responsible since this metabolite was found in
fractions B and C of R. melanophthalma (Figure 1) and antiplatelet
activity has been previously reported for other lichen species that
contain this metabolite [18,27,28].

Although no assays were performed in vivo, the in vitro assays
performed here showed promising results for antiplatelet activity.
The methanol extract of R. melanophthalma showed inhibitory ef-
fects on ADP-induced platelet aggregation, with IC50 < 1.0 mg/mL
(Table 5 & Figure 3). This IC50 value is considerably lower than the
that obtained with methanol extracts of Usnea longissima, where
the IC50 was 3.6 mg/mL [18]. It is important to point out that the in
vitro assays of the present study were conducted under experimen-
tal conditions similar to those used by Lee and Kim (2005). Apart
from the compounds detected in fractions B and C, there is a third,
yet unidentified, compound whose peak is 327.9 m/z (Figure 1).

Recent studies have shown that acetone extracts of R. mela-
nophthalma have anticancer activity against lung cancer cell lines.
This activity has been attributed to the presence of a metabolite
corresponding to usnic acid [29,30] which does not rule out this
compound as being responsible for antiplatelet activity.

Conclusions

Of the three most abundant metabolites found in the different
fractions of R. melanophthalma, usnic acid and barbaric acid have
been previously reported to have antiplatelet activity. Furthermore,
these two compounds have been shown to have high antioxidant
activity, as detected in other lichen species [18,31].

The IC,, value of the antiplatelet activity of Rhizoplaca mela-
nophthalma is at a lower concentration than those described for
the other lichen species studied so far.
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