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ABSTRACT

Short-term experiment was performed to study effect of sulfuric acid solution in a lichen Pyxine cocoes (Sw.)
Nyl. This study focuses on changes in atranorin content and morphology of upper surface structure in this
species. High-Performance Liquid Chromatography with UV detector was used to determine concentrations
of atranorin in P. cocoes. The results show that the highest average concentration of atranorin were found in
a treatment with pH 3.0 which was 140.14ppm and the lowest concentration was found in a sample without
any treatment which was 111.68ppm. There was no statistical correlation between treatments. Scanning
Electron Microscope (SEM) was used to investigate upper surface and calcium oxalate crystal structure
after samples were treated with acidic solution. SEM micrographs showed corrosive effects on calcium
oxalate crystal surfaces that were cracks and many holes in all the treatments.
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Introduction

In the recent times, fossil fuel is used in many pro-
cesses and causes air pollutants such as acidic gases
in the atmosphere. The United States Environmen-
tal Protection Agency (2008) provides a definition of
the acid deposition from the atmosphere containing
higher than normal amounts of nitric and sulfuric
acids as wet and dry deposition. Wet deposition re-
fers to acidic precipitation such as rain, fog, dew
and snow whereas dry deposition refers to gases
and dust particles that become acid. Acid deposition
has various environmental and health effects on or-

ganisms. Sulfur dioxide (SO2) is a harmful pollutant
which can combine with water in the atmosphere
that increase more acidic effects than normal. It can
pass through to thallus quickly, causing unhealthy,
bleached thallus, and/or death of lichen after ab-
sorbing those pollutions (Hauck, 2008; Zedda,
2009).

Epiphytic lichens are sensitive to air pollution.
They can be used as air pollution indicators
(Farinha et al., 2009; Lackovicová et al., 2013; Paoli et
al., 2015). They do not have any cuticle or wax to
coat thallus structure that means water, gases, min-
erals, and air pollutants from the atmosphere are
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absorbed directly in lichen thallus (Demirat et al.,
2012). Air pollution can affect to lichen growth or
living (Dzubaj et al., 2008; Zedda, 2009) and their
distributions (Svoboda et al., 2010; Jayalal et al.,
2017). Each lichen species has a different chemical
tolerance because they have some different upper
surface structure, hydrophobicity, and secondary
metabolite (Hauck et al., 2008).

Lichen secondary metabolites are organic com-
pound substances produced by mycobiont cell.
Atranorin (C19H18O8) is a common lichen secondary
metabolite in depsides groups. It has many ecologi-
cal benefits, for examples photoprotective activity
(Lohézic-Le Dévéhat et al., 2013), antioxidant activ-
ity (Kosanic et al., 2014; Rajan et al., 2016), etc.
Bialoñska and Dayan (2005) found decreased in the
levels of atranorin after lichens were transplanted
near the chemical industrial areas. This compound
was sensitive to heavy metal accumulation and
acidic inorganic sulfur compounds (Bialoñska and
Dayan, 2005). However, atranorin concentration
was increased in some study sites which demon-
strated a possible role of this compound in detoxifi-
cation, or it might be a precursor of other phenolic
compounds. They suggested that it could be used as
biomarkers in environmental studies. Ohumra et al.
(2009) found lower atranorin concentration in the
polluted sites than in the clean site. They suggested
that it might be related with the disintegration of the
cortex and death of the photobionts. Kovácik et al.
(2011) found increasing atranorin concentration in
Hypogymnia physodes after treated with H2SO4 pH of
3.0. They demonstrated that only atranorin reacted
with Folin-Ciocalteu reagent. Folin-Ciocalteu re-
agent test showed increasing insoluble phenols in
acid rain-treated samples. They suggested that li-
chens seem to respond to acid rain by synthesis of
specific metabolite.

Under acidic condition, upper surface structure
of lichens can be changed. Upper part of some li-
chen is covered by a structure called pruina or cal-
cium oxalate crystal. Calcium oxalate crystal in a li-
chen is the production between oxalic acid from pri-
mary substance of fungal cell and calcium (Purvis,
1984). The occurrence of calcium oxalates crystal
was found on the outer surface of hyphae or accu-
mulated on the upper cortex (Burford et al., 2006).
Smieja-Król et al. (2014) found the relationship be-
tween acidity and water content in lichen. In acid
environment and less water were bound to the cal-
cium oxalate and caused different crystal types

forming in sites with various acidities or changes in
crystal morphology. Garty et al. (2002) transplanted
Ramalina lacera with in polluted areas and con-
ducted in situ experiment under simulated acid rain.
They found lacking calcium oxalate crystals in li-
chens which was transplanted in a polluted site and
was sprayed with acid solution.

Pyxine cocoes (Sw.) Nyl. is a common foliose li-
chen in urban areas in northern Thailand. It can
grow in large cities with high human activities
(Saipunkaew et al., 2007; Sransupphasirigul, 2012).
None of previous studies had been reported on the
effects of acid solution on the amount of atranorin in
P. cocoes collected from northern part of Thailand.
The aim of this study was to investigate the effects
of acid solution exposure on atranorin concentration
and to observe changes in upper surface structures
of this species in a short-term laboratory experi-
ment.

Materials and Methods

Lichen sampling

Lichen sampling were done on Mangifera indica L.
(mango trees) in park area outside a center of
Lampang city (18°18’N/99°28’E), Lampang prov-
ince, Thailand. Thallus samples were randomly col-
lected from a selected tree at height of 100-150 cm
above the ground level. The selected samples were
around 2.5 to 3 cm in diameter.

Acid solution treatment in the laboratory

Five lichen samples were separated from bark and
cleaned up before further experiment. Clean
samples were stored at 25 °C. Each thallus was cut
into six pieces. These sample pieces were separated
into five treatments and one for a blank sample.
First treatment was soaked with deionized water
(DI water), Second to fifth treatment were soaked
with sulfuric acid solutions pH of 2.5, 3.0, 3.5 and
4.5 which was diluted with DI water, respectively
and a blank sample which was not soaked with any-
thing. Each sample was soaked for 30 min once a
day under the room temperature for 15 days. After
an experiment thallus was dried under 80 °C for 8
hr before analyzing with High-Performance Liquid
Chromatography (HPLC) and Scanning Electron
Microscope (SEM).

Analysis of atranorin in the thalli

Lichen extraction were extracted from 10 mg thalli
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which suspended in 1 mL of 100% acetonitrile for 8
hr. Lichen extractions were analyzed by using High-
Performance Liquid Chromatography (HPLC)
model Agilent 1200 Series with UV detector set at a
wavelength of 254 nm. The extractions were sepa-
rated on a reversed phase C18, Inertsil ODS-3 col-
umn (5 m, 150 × 4.6 mm, GL Sciences, Japan). The
mobile phase consisted of methanol: deionize water:
acetic acid (80:19.5:0.5) was used with a flow rate of
1.0 mL/min and the retention times of 25min. Ben-
zoic acid was used as an internal standard.
Atranorin concentration in each sample were calcu-
lated by a linearity curve of atranorin standard con-
centration curve which come from dividing
atranorin peak area by benzoic acid peak area in
known rang of atranorin standard. Percentage
change of atranorin concentration in each treatment
was calculated by comparing the concentration in
each treatment with concentration from the blank
sample.

Observation on changes in upper surface structure

Air-dried thallus tips of P. cocoes were coated with
gold using a SPI-Module Sputter Coater and
Vacuum Base with Etch Mode and Quartz Crystal
Thickness Monitor (Structure Probe, Inc. West
Chester, PA 19381-0656). Upper surface structure
and crystals structure from lobes tips were exam-
ined in a LV-Scanning Electron Microscope: JSM
5910 LV (JEOL Ltd., Tokyo, Japan) running at 15
keV.

Data analysis

The result of average atranorin concentration in
each treatment were compared by using one-way
analysis of variance (ANOVA) and Tukey’s test.
Statistically differences were considered at p  0.05.

Results and Discussion

Some lichen samples showed different appearances
symptom. All samples in sulfuric acid treatment
were bleached while there were no morphological
changes in a group which was treated with DI wa-
ter and on blank sample. HPLC chromatogram in
Fig 1 shows two peak areas; first was benzoic acid,
second one was atranorin. In this study benzoic acid
used as an internal standard showed peak at 2.5 min
and atranorin showed peak at 25.2 min.

Atranorin concentration was calculated by com-
paring retention time between P. cocoes extraction

and atranorin standard extraction (Fig 2). Table 1
shows average atranorin concentration from all the
treatments. Atranorin concentration in treatment
pH 3 was the highest (140±21.90 ppm) and the low-
est (111.68±26.61 ppm) was in blank samples which
was not treated.

Fig. 1. Chromatogram of secondary metabolite in Pyxine
cocoes in acetonitrile extraction. Identified peaks:
benzoic acid (2.5 min) as internal standard and
atranorin (25.2 min)

Fig. 2. Linearity curve of ASTD/ISTD ratio for HPLC de-
termination of atranorin

The highest percentage change of average
atranorin concentration between blank samples and
other treatments was found in sample treated with
sulfuric acid pH of 3.0, while the lowest percentage
change was found in samples treated with sulfuric
acid pH of 4.5 (Table 1). Similar to a study of
Kovácik et al. (2011) who found that atranorin con-
centration in H. physodes was increased after being
treated with sulfuric acid pH of 3.0. They suggested
that lichens seem to respond to acid rain by synthe-
sis specific metabolite such as atranorin. Bialonska
and Dayan (2005) who found that atranorin concen-
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tration was decreased in higher polluted site but
increased in lower polluted sites as detoxification
reagent or precursor of other phenolic compounds.
When compared with this study, atranorin concen-

tration in a treatment pH of 2.5 was lower than a
treatment pH of 3 and 3.5. Stronger acidic solution
may affect lichen thallus, therefore its atranorin pro-
duction was less than the other treatments. This re-

Table 1. Average atranorin concentration after 15 days experiment: atranorin concentration in each treatment compared
with blank samples, alphabet ‘a’ in superscript show non-significantly difference result (p0.05).

Treatment Atranorin  ± SD (ppm) Percentage change (%)

Deionized water 125.57 ± 55.22a 12 %
pH 2.0 129.69 ± 45.63 a 16 %
pH 3.0 140.14 ± 21.90 a 25 %
pH 3.5 134.97 ± 22.72 a 21 %
pH 4.5 123.96 ± 14.61 a 11 %
blank sample 111.68 ± 26.61 a

Fig. 3. SEM micrographs of upper surface of Pyxine cocoes in different treatment: a) DI water; b) sulfuric acid solution
pH of 2.5; c) sulfuric acid solution pH of 3.0; d) sulfuric acid solution pH of 3.5; e) sulfuric acid solution pH of
4.5 and f) blank sample was not treated with anything. The white arrow shows the hole of upper surface or ero-
sive zone or lack of crystal, the black arrow shows weddellite tetragonal shape and the light grey arrow shows
whewellite monoclinic shape.
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sult corresponded with Ohmura et al. (2009) who
found lower atranorin concentration of Parmotrema
tinctorum in polluted sites than in clean sites. They
suggested that it might be related with the disinte-
gration of the cortex and death of the photobionts.

However, Tukey’s test in Table 1 shown non-sig-
nificant difference between atranorin concentration
in each treatment. The amount of atranorin concen-
tration in DI water was higher than blank sample
due to higher moisture in a treatment. Light and
humidity are important factors to produced
atranorin. High water potential and high light inten-
sity activated the production of atranorin in fungal
cortex (Armaleo et al., 2008).

Treated lichen samples were observed their
structures under the SEM (Fig. 3). SEM micrographs
show high density of calcium oxalate crystal with
some weddellite tetragonal shape from all the
samples. Crystal and upper surface structures in the
blank sample and samples treated with DI water
were defective, however it was not possible to
clearly confirm that erosion of the crystals or upper
surfaces were caused by acid deposition experiment
or occurred before the experiment. However, sulfu-
ric acid treatment in Fig 3 ‘b’, ‘c’, ‘d’, and ‘e’ shows
small size, crack, erosive and melted crystal that
might be affected by an acid solution. Garty et al.
(2002) found calcium oxalate crystals appear to dis-
integrate and provide a smaller crystal on the upper
surface of thallus. Arocena et al. (2007) and Smieja-
Król et al. (2014) found dissolution of calcium ox-
alate after treatment with acid. Consequently, when
upper surface structure and calcium oxalate layer
was damaged therefore acid solution can be ab-
sorbed into medullar layer faster and affect
photobiont first. Hauck (2008) treated Cetraria
aculeata and Cetraria islandica with SO2 at pH 2.8 to
3.5 and water. It was found that chlorophyll fluores-
cence yield was highly reduced when treated with
pH  3.3 in both species.

The unclear visible on the dissolution might
cause of high density of calcium oxalate on the sur-
face of P. cocoes which decreases the effect from sul-
furic acid. That was showed with non-significant
difference in atranorin concentration in each treat-
ment. The covering of calcium oxalate on thallus
may help lichen P. cocoes tolerate to acidic solution.
Changing of lichen species may suggest in erosive
effect of acidic solution in further study.
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