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Abstract:



Usnic acid contents in acetone extracts of 31 samples of lichen Parmelia flexilis collected from different altitudes were identified using thin layer chromatography (TLC) and determined by high performance liquid chromatography (HPLC). The usnic acid content varied in between highest 5.13% to lowest 1.66% in oven dried (80 °C) lichen samples. The species collected from lower altitudes all show high levels of usnic acid. The negative relationship between usnic acid and altitude was obtained. Statistically, it is revealed that there is a significant difference between average percentages of usnic acid in lichen samples with varying altitudes (p < 0.05). Beside these, the precipitation averages of the regions where the species have been collected were linked with the content of usnic acid. It is clear that lichens from the regions receiving the highest precipitation produced lower amounts of usnic acid. The results suggest that the production of secondary metabolite in lichens is altered due to the climatic variables like temperature and precipitation at different altitude gradients.
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1. Introduction


According to climate scientists, a long-term change in the earth’s climate is likely to continue over this century and beyond. The main reason for this is the increased concentration of carbondioxide and other heat trapping greenhouse gasses produced by human activities. Understanding and predicting the responses of climate change is essential to long-term conservation strategy [1]. Research to examine the species response to climate change would draw complementary data sets from observations and functional analyses, i.e., changed species interaction and chemical compositions. Global climate change conditions often alter plant chemical composition, which in turn can affect food and fodder quality and decomposition rates [2]. These alterations in the chemical composition of plants grown under the current climate can provide significant information concerning the impact of climate change on synthesis of secondary metabolites. Therefore, it is pertinent to investigate the effects of temperature and precipitation on production of secondary metabolites in plants.



Apart from being an excellent air pollution indicator, another little explored aspect of lichen is its chemistry, which is gaining importance in climate change studies [3]. Lichens are highly valued ecological indicators, known for their sensitivity to a wide variety of environmental factors like air quality and climate change. The anticipated climate change is predominately associated with the depletion of the atmospheric ozone layer, allowing more UV-B radiation exposure to living organisms [4]. Since many lichen compounds absorb UV-B [5] an increase in production of those compounds is expected with continued climate change. Lichen fungi are known to produce over 800 secondary metabolites, most of these compounds have bioactive properties [6]. Most natural products in lichens are small aromatic polyketides synthesized by the fungal partner in the symbiosis [7]. Production of such metabolites in fungi may be influenced directly or indirectly by numerous environmental stimulants. For example, in a study on Cladonia chlorophaea, the levels of fumarprotocetraric acid, a polyketide, were found to vary among individuals within the same species. One explanation for inconsistency of these metabolites in lichen fungi may be that changes in the environment affect regulatory pathways that depend on fungal developmental and environmental cues [8].



The most widely studied polyketide secondary metabolite produced by lichen-forming fungi is usnic acid, a cortical compound that absorbs UV light. Seasonal and geographic variation has been shown to occur in production of the usnic acid in lichens Flavocetraria nivalis and Nephroma arcticum in Arctic and Antarctic regions [9,10]. These are regions that are highly exposed to strong UV light, desiccating winds, and harsh temperature changes. The main objective of this study was to determine the concentrations of usnic acid in the selected lichen at varying altitudes in the Kaski district, Nepal. Common analytical methods (extraction, separation and HPLC) were used to meet these objectives.




2. Materials and Methods


2.1. Species, Sampling Strategy, and Chemicals


Lichen Parmelia flexilis species was chosen for this experiment, (Figure 1). P. flexilis is a foliose lichen that grows on exposed rocks and plant surfaces like trunks, branches, and twigs belonging to the family, Parmeliceae (Ascomycotina). P. flexilis has a greenish grey upper surface and a blackish lower surface foliose [11].


Figure 1. Parmelia flexilis inhabiting exposed rock in Ghandruk, Kaski, Nepal.
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The sampling of lichen occurred in the different regions of Kaski district, such as Ghandruk (28.4633° N–83.8261° E), Landruk (28.2219° N–83.4932° E), Chhomrong (28.4193° N–83.8181° E), Lumle (28.3762° N–83.8314° E), Sikles (28.3578° N–84.1052° E), and Pokhara (28.2380° N–83.9956° E). Vouchers were collected, identified, and deposited at the National Herbarium and Plant Laboratory, Godawari, Lalitpur, Nepal (00L5). The lichen was collected from several microsites at each altitude and mixed together as one sample per altitude. Usnic acid was estimated from 31 Lichen samples of P. flexilis collected from different altitudes (841–2250 m asl) at the same time in the summer of 2015. All the solvents and chemicals used in the experiments were of HPLC grade from Sigma-Aldrich, Germany.




2.2. Extraction and Thin Layer Chromatography (TLC) Analysis


The samples were oven dried at 80 °C for 24 h [12] and foreign matter was removed prior to grinding. The powdered samples were extracted in 0.05 g amount in 10 mL acetone at room temperature. The extracts were stored in a dark freezer until HPLC analysis. A portion of acetone extracted samples were processed using thin layer chromatography. The protocol was standardized by placing 46 µL on each spot of the silica-coated TLC plate and placed in solvent (toluene 200 mL: glacial acetic acid 30 mL) for migration of the solvent to the top of the plate. After drying, pictures were taken of each plate for short-wave (254 nm) and long-wave (365 nm) ultraviolet light. The plates were then sprayed with 10% sulphuric acid and heated in an 80 °C oven until colors developed (10 min). Secondary metabolite was determined by comparison with known characteristics by using a standard retention factor (Rf) comparison of usnic acid.




2.3. Quantitative Analysis by High Performance Liquid Chromatography (HPLC)


2.3.1. Sample Preparation for the HPLC Analysis


HPLC analyses were performed for quantitative determination of usnic acid present in lichen extracts. Before the analysis, extracts were passed through 0.45 μm filters. After the filtration process, owing to solvent loss due to evaporation, solutions were made up to the volume of 10.0 mL with acetone, and then injected into the HPLC system in 20 μL aliquots [13].




2.3.2. Analytical Conditions


An Agilent 1290 HPLC System equipped with a diode array detector (DAD) and autosampler was used. A reverse phase C18, 5 µm particle size in a 250 × 4.6 mm I.D. stainless steel column was also used. The flow rate was 0.8 mL/min. For usnic acid detection at 245 nm, a mixture of methanol and phosphate buffer (pH 7.4) (70:30 v/v) was used as a mobile phase. 20μL aliquots of the extracts were injected into the HPLC system. Each analysis was carried out in a triplicate. The calibration curve for usnic acid was obtained with five samples of various concentrations (20 mg/L–100 mg/L) using linear regression analysis (Figure 2).


Figure 2. Calibration curve of usnicacid (Sigma–Aldrich) for HPLC analysis.
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2.4. Statistical Analysis


Statistical analysis was carried out by using Minitab 17 software. Descriptive as well as inferential statistical analyses were adopted. An F-test was used to test the significance of overall model, then t-test was used to test the significance of individual regression coefficient. All the experiments were carried out in triplicate. A p-value (<0.05) was considered significant.





3. Results and Discussion


3.1. Extraction Yield and TLC


The extractive yields from the samples extracted in acetone solvent show a degree of dissimilarity varying between 0.8% and 1.7% of the lichen dry weight. One-dimensional TLC in a solvent system, toluene 200 mL: glacial acetic acid 30 mL showed consistent migration with the usnic acid reference and crude sample alone. The developed TLC plate, when analyzed in short-wave (254 nm) ultraviolet light, showed clear spots of lichen metabolites. A color reaction test of these spots was carried out with 10% sulphuric acid and baking in an 80 °C oven. A spot that developed light greenish color with an Rf value of 7, indicated the presence of usnic acid in the crude extract by comparison with standard value. The proportion of secondary metabolite within P. flexilis was relatively adequate in the analyzed samples.




3.2. Quantification of Usnic Acid by HPLC


Quantitative analysis of usnic acid in 31 lichen samples was achieved using HPLC. Identification of peaks in chromatograms of lichen extracts was accomplished by comparison of retention times with that of standard usnic acid. The quantitative results obtained from HPLC are displayed in Table 1. The usnic acid content varied between the highest at 5.13% (sample no. 1) to the lowest at 1.66% (sample no. 31). Spearman’s correlations were calculated for secondary compound, usnic acid across the entire altitudes of study areas. From the experiment, it was seen that usnic acid decreased significantly from the lowest to highest altitudes of the collection sites (Spearman’s rho = −0.613 and p = 0.01, 2-tailed).



Table 1. Concentration of usnic acid in dry weight of lichen (n = 31).







	
Sample No

	
Altitudes (m asl)

	
% Usnic Acid (Mean ± STD)

	
Sample No

	
Altitudes (m asl)

	
% Usnic Acid (Mean ± STD)






	
1

	
841

	
5.13 ± 0.22

	
17

	
1703

	
3.12 ± 0.13




	
2

	
910

	
4.21 ± 0.13

	
18

	
1715

	
3.10 ± 0.42




	
3

	
1012

	
3.78 ± 0.07

	
19

	
1717

	
2.21 ± 0.16




	
4

	
1063

	
3.67 ± 0.33

	
20

	
1733

	
3.02 ± 0.26




	
5

	
1513

	
3.63 ± 0.08

	
21

	
1818

	
2.92 ± 0.17




	
6

	
1541

	
2.14 ± 0.28

	
22

	
1867

	
2.83 ± 0.08




	
7

	
1551

	
2.53 ± 0.07

	
23

	
1950

	
2.59±0.30




	
8

	
1591

	
3.46 ± 0.16

	
24

	
2015

	
2.55 ± 0.13




	
9

	
1591

	
3.45 ± 0.15

	
25

	
2021

	
2.65 ± 0.06




	
10

	
1611

	
3.40 ± 0.36

	
26

	
2021

	
3.49 ± 0.22




	
11

	
1611

	
3.39 ± 0.30

	
27

	
2051

	
3.09 ± 0.33




	
12

	
1650

	
3.35 ± 0.22

	
28

	
2052

	
3.65 ± 0.18




	
13

	
1675

	
3.28 ± 0.52

	
29

	
2057

	
2.47 ± 0.04




	
14

	
1675

	
3.28 ± 0.03

	
30

	
2189

	
1.89 ± 0.27




	
15

	
1681

	
3.23 ± 0.20

	
31

	
2250

	
1.66 ± 0.10




	
16

	
1693

	
3.17 ± 0.05

	

	

	










Pairwise regression analyses were conducted between the concentration of usnic acid produced and altitudes to determine whether the production of usnic acid was related to the altitude.



A reciprocal but linear relationship is clearly seen (Figure 3) between usnic acid and altitude, observing a regression coefficient of −0.001432. Statistically, this reveals that a significant difference between average percentages of usnic acid in three groups of altitudes at p = 0.05 (Figure 4).


Figure 3. Normality probability plot of usnic acid (%).
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Figure 4. Usnic acid concentration at the six sites in Kaski. The sites are sorted in three groups according to altitude.
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The exploratory data analyses (EDA) and whisker plot show that distribution of usnic acid is approximately normal within the altitude groups, but median percentage of acid significantly decreases as altitude rises (Figure 4). Statistically, it is found that the amounts of usnic acid produced by lichens grown at different altitudes varied significantly.



The content of usnic acid, from Table 1, was found to be as high as 5.13%. Similar to our findings, the literature has showed that, for Cladonia, Usnea, Lecanora, Ramalina, and Everniaand Parmelia the usnic acid content could be as high as 6.49% [14]. The significant decrease in the average quantities of usnic acid from lower to higher altitudes (Figure 4) is large enough to suggest that Parmelia flexilis may be responding to environmental changes.



It is reported that the usnic acid content of Flavocetraria nivalis thalli collected from 25 sites in northwestern Splitsbergen, Norway varied considerably between sites along local longitudinal and altitudinal transects [9]. Similarly, a significant decrease in the quantity of slazinic acid from southern to northern latitudes has been recorded for Xanthoparmelia viariduloumbrina [15]. Several studies have also demonstrated that the production of secondary metabolites in the lichens varied with changes in elevation. For instance, it has been reported for Umbilicaria americana that lichen secondary metabolite production decreases with increasing elevations [16].



In addition to the influences of altitudes, the secondary metabolites of lichens have also been reported to vary against precipitation and temperature. A recent study found lower levels of usnic acid in Flavocetraria nivalis during late spring and early summer, which might have been due to higher levels of precipitation during spring and summer months [17]. Evidently, in our work, a lower percentage of usnic acid (2.5%) was found in samples collected from Lumle, which is the highest precipitation receiving region of Nepal (Figure 5). This might be due to decreasing temperature of that region caused by heavy rainfall. Moreover, a steady increase in the concentration of usnic acid and 4-O-dimethylbarbatic acid in mycobiont cultures from Ramalina siliquosa was found when the temperature of the culture was increased to 12% for usnic acid, and to 15 °C for 4-O-dimethylbarbatic acid [18]. Similarly, it has been reported that the concentration of usnic acid in Cladonia subtenuis increased with higher light intensity under natural conditions [19].


Figure 5. Mean usnic acid of P. flexilis and rainfall (between the years 2006–2015) at four major collection sites. Altitude ranges are noted in the parentheses. (Rainfall Source: Department of Hydrology and Metrology, Pokhara, Nepal, 2016).
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From this, it can be inferred that the production of secondary metabolites by lichen may dynamically interact with various environmental factors, such as temperature and precipitation patterns, along with other climatic variables like UV-light, wind, sunlight, etc.





4. Conclusions


The quantity of secondary metabolite usnic acid produced by lichen collected from different regions of Kaski district, Nepal, is estimated by HPLC and found in 1.66% to 5.13%. The concentration of usnic acid had a significantly negative relationship with altitude. Therefore, the results showed that the usnic acid in P. flexilis is directly responding to climatic variables like temperature and precipitation at different altitude gradients. The result of this study seems useful to provide information of biological effects on the ground due to global warming.
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