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Abstract 

Antioxidant activity of symbiotic organisms known as lichens is an intriguing field of research 

because of its strong contribution to their ability to withstand extremes of physical and 

biological stress (e.g., desiccation, temperature, UV radiation, and microbial infection). We 

present a comparative study on the antioxidant activities of 76 Icelandic and 41 Hawaiian 

lichen samples assessed employing the DPPH and FRAP based antioxidant assays. Utilizing 

this unprecedented sample size, we show that while highest individual sample activity is 
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present in the Icelandic dataset, the overall antioxidant activity is higher for lichens found in 

Hawaii. Furthermore, we report that lichens from the genus Peltigera that have been 

described as strong antioxidant producers in studies on Chinese, Russian and Turkish 

lichens, also show high antioxidant activities in both Icelandic and Hawaiian lichen samples. 

Finally, we show that opportunistic sampling of lichens in both Iceland and Hawaii will yield 

high numbers of lichen species that exclusively include green algae as photobiont. 

 

Introduction 

Symbioses can be described as biological unions in which two or more organisms coexist and 

can refer to a variety of interactions, from obligate to facultative and from mutualistic to 

parasitic. Mutualistic symbiosis is the association of organisms where all members of the 

relationship benefit. This often occurs in habitats where the individual partners would not 

be able to survive alone (Kranner et al., 2005). Examples of such symbioses include the 

association of Rhizobia with the roots of legumes (Crespi and Gálvez, 2000) and squids that 

work together with luminous Vibrio species (Nyholm and McFall-Ngai, 2004). 

Lichens are an association of algae and fungi that was established at least 600 million years 

ago (Yuan et al., 2005) and therefore represent a classic example of a symbiotic relationship. 

The predominant fungal partner (mycobiont) can be constituted of an ascomycete or a 

basidiomycete and the algal partner (photobiont) can be exclusively green algae (A), 

exclusively cyanobacteria (BG), or a mixture of both (ABG) (Ahmadjian, 1993). As a result of 

this partnership, lichens exhibit a wide diversity of morphologies that are largely influenced A
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by the mycobiont (Honegger, 1993). In this respect, they are generally classified as foliose 

(fo), fruticose (fr), crustose (cr) or squamulose (sq) species. 

These organisms produce a variety of natural products that assist in maintaining their 

viability in conditions that may be hazardous or undesirable to many other organisms. This 

adaption also allows lichens to secure their place in extreme ecological niches (Boustie et 

al., 2011; Kampa et al., 2013). These chemical defenses increase their resistance to 

biological stressors such as herbivores (Kaasalainen et al., 2009; Kaasalainen et al., 2012), 

microbes (Burkholder et al., 1944) and also against physical stress like extreme 

temperatures, intense UV radiation, and prolonged drought-desiccation periods (Kranner et 

al., 2008). 

An important group of natural products synthesized by lichens and many other organisms 

are antioxidants (Sato et al., 1989; Pietta et al., 1998; Andarwulan et al., 2010; Chairman et 

al., 2012; Kelman et al., 2012). These substances play a central role in lichen viability 

(Kranner et al., 2005; Kranner et al., 2008) as rapidly changing conditions, that are 

frequently present in lichen habitats (Kranner et al., 2008), can give rise to reactive oxygen 

species (ROS) that may play an integral role in severely damaging or altering molecules 

within living cells (Halliwell, 1987; Kehrer, 1993; França et al., 2007) if not appropriately 

antagonized. 

In this study, we surveyed the antioxidant activities of 76 Icelandic and 41 Hawaiian lichens 

by employing the ferric-reducing antioxidant power (FRAP) (Benzie and Strain, 1996) and 

free radical, 2,2-diphenyl-1-picrylhydrazyl (DPPH) (Brand-Williams et al., 1995) methods. 

These two assays were selected because they; are sensitive, have clearly defined end points, 

provide reproducible results, are relatively straight forward to perform, are cost effective A
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and yield information about two distinct modes of oxidation, electron transfer (FRAP) and 

radical scavenging (DPPH). Both Iceland (arctic) and Hawaii (tropical) are active, isolated 

volcanic island communities that are populated by a wide diversity of lichen species 

(Magnusson and Zahlbruckner, 1944; Ingólfsdóttir et al., 2000; González et al., 2005), and so 

represent ideal sampling areas for an extensive comparative study of antioxidant activities. 

Previous work has been conducted on antioxidant activity in diverse lichens from various 

countries (Ingólfsdóttir et al., 2000; Gülçin et al., 2002; Behera et al., 2003; Odabasoglu et 

al., 2005; Gulluce et al., 2006; Bhattarai et al., 2008; Paudel et al., 2008; Luo et al., 2010; 

Ranković et al., 2011; Paudel et al., 2014). However, there are no studies with a sample size 

comparable to that employed here using two distinct antioxidant assays and comparing two 

locations that are climatically and geographically very different. 

Generally, all Icelandic samples were collected at altitudes ranging from 0-500 m. In winter 

all parts of Iceland experience prolonged periods of temperatures in the range 0 to -10°C, 

while in summer temperatures vary from 10 to 25°C. In winter there is snow of varying 

depths and prolonged periods of dark. In contrast, summer has prolonged periods of light 

and there is rain instead of snow. Hawaii, in this case meaning the Island of Hawaii, is quite 

different climatically and geographically from Iceland. All samples, except those from Maui, 

Saddle Road, and Mauna Kea (ca. 1500 m) were collected at altitudes similar to those from 

Iceland. On Hawaii daylight hours range from 13.5 in summer to 10.8 in winter, with 

temperatures ranging from 27°C in summer to 19°C in winter. At elevations above 1000 m 

temperatures drop several degrees per 1000 m. Compared to the Icelandic samples none of 

the Hawaiian samples were exposed to temperatures approaching freezing point, but they A
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were all exposed to greater levels of UV radiation and for prolonged periods. Samples from 

Saddle Road and Mauna Kea were all exposed to extended periods of desiccation. 

Results 

Classification 

The lichen collection from Iceland yielded a total of 76 lichen samples. Of these, 56 were 

classified as lichens with exclusively green algae photobionts, 11 were classified as lichens 

with a mixture of algal and cyanobacterial photobionts and nine were classified as lichens 

with exclusively cyanobacteria as photobionts. The morphological classification of the 

Icelandic lichens revealed there to be 37 foliose, 37 fruticose and two crustose specimens 

(Supplementary Table S1). The Hawaiian dataset consisted of 41 lichen samples. Of these, 

28 corresponded to algal photobionts, five contained a mixture of algal and cyanobacterial 

photobionts and eight contained only cyanobacterial photobionts in the symbiosis. Within 

the Hawaiian dataset, the morphological categorization revealed 18 foliose, 17 fruticose, 

three crustose, and three squamulose samples (Supplementary Table S2). 

 

*** Figures 1 and 2 could go here *** 

 

Comparison of the antioxidant activity of lichens from Iceland and Hawaii 

The highest antioxidant activities from both the FRAP and DPPH assays are from lichen 

samples collected in Iceland (Figures 1 and 2). However, the mean activity for the FRAP 

assay is similar for both locations (6.2 µM/µg for Hawaii and 7.0 µM/µg for Iceland). In A
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contrast, the mean activity in the DPPH assay is markedly higher for the Hawaiian samples 

(64.7% radical scavenging for Hawaii and 47.5% radical scavenging for Iceland). Statistical 

comparisons of the Icelandic and Hawaiian data revealed significant differences in the 

datasets, indicating that Hawaiian lichens generally show higher antioxidant activity even 

though the samples with the highest overall activities were collected in Iceland (p = 2.55 x 

10-6 for FRAP and p = 49.4 x 10-6 for DPPH). The most active Icelandic samples in the FRAP 

assay are specimens from the genus Peltigera, while the most active samples from the 

sampling in Hawaii are Parmeliella mariana and Sticta weigelii (Figures 1 and 3). In the DPPH 

assay highest activities were also exhibited by the lichens from the genus Peltigera from 

Iceland and S. weigelii from Hawaii (Figures 2 and 4). All these species have leafy 

morphology and contain cyanobacteria as photobionts. 

 

*** Figure 3 and 4 could go here *** 

 

Investigation of Peltigera and Peltigera-like specimens in Hawaii 

Due to the strong activity observed for the Icelandic Peltigera specimens, we attempted to 

sample Peltigera or Peltigera-like species in Hawaii. Two fresh specimens collected for this 

purpose yielded the species Pseudocyphellaria hawaiiensis and P. xanthosticta. Both are 

active in the FRAP and DPPH assays (Supplementary Table S2). As no actual Peltigera species 

for screening was found in the wild a museum sample of Peltigera dolichorhiza was 

obtained; originally sampled and stored in 1975. Astonishingly, even after almost 40 years of 

storage this sample yielded the most active extract in the FRAP assay when compared to the A
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other Hawaiian specimens. In the DPPH assay P. dolichorhiza also showed significant radical 

scavenging, but did not exhibit peak activity (Supplementary Table S2). 

 

Discussion 

In a general sense it seems likely that opportunistic sampling of lichens based on ease of 

collection, on average, will yield more lichen species that exclusively associate with green 

algae rather than with cyanobacteria or a mixture of cyanobacteria and green algae as 

photobiont. Furthermore, our observations indicate that the antioxidant activity measured 

by either the FRAP or DPPH assay will be comparatively low with some exceptions yielding 

very high activities. Future studies on lichens aimed at discovering natural products with a 

significant specific activity, should incorporate a large sample size with high species diversity 

to increase the probability of identifying leads. This argument is strengthened by the fact 

that a previous sampling of 29 Icelandic lichens did not yield significant activity in the DPPH 

assay (Ingólfsdóttir et al., 2000), while results in the current study clearly indicate the 

presence of highly active extracts. Moreover, we report Peltigera canina and Solorina 

crocea, both previously reported as inactive (Ingólfsdóttir et al., 2000), as species with 

strong antioxidant activities in both the DPPH and FRAP assays. A direct explanation for this 

discrepancy in results is difficult to provide as many factors may influence the abundance of 

antioxidants within lichen samples at any given time. However, this finding serves to 

illustrate that levels of antioxidants may fluctuate strongly even within lichens from the 

same species. A
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The findings for the genus Peltigera in Iceland and Hawaii are in agreement with research 

projects describing antioxidant activity in the DPPH assay for lichens from China, Turkey and 

Russia (Odabasoglu et al., 2005; Luo et al., 2010; Paudel et al., 2014). All these reports 

identify species within the Peltigera genus in the most active groups. In the dataset from 

China two of the three most active lichens are Peltigera species; the entire dataset consists 

of 46 lichens. For the most active Russian lichens three out of four are classified as Peltigera 

in a dataset made up of 19 lichens. Furthermore, the most active lichen from the Chinese 

dataset belongs to the genus Sticta (Luo et al., 2010); also a very active sample in our 

Hawaiian dataset. Interestingly, high activity in the DPPH assay does not directly infer the 

same activity for the FRAP assay and vice versa. However, the samples Peltigera collina from 

Iceland, and S. weigelii and P. dolichorhiza from Hawaii are active in both the FRAP and the 

DPPH assays. An activity in both assays may be attributed to either groups of compounds 

that are active in both assays or compounds that have specific activities and all 

combinations thereof.  At this stage we have made no attempt to quantify the reason for 

the dual activities. We conclude that strong antioxidant activity in both assays is an indicator 

of specimens that are worthwhile subjects for further and more detailed research. This 

notion is reinforced by the fact that lichens belonging to the genus Peltigera have been 

previously described to have a variety of uses in health care (Perez-Llano, 1944). 

The initial samples from Hawaii did not contain any lichens from the genus Peltigera, even 

though species from this genus exist in Hawaii (Magnusson and Zahlbruckner, 1944). The 

follow-up assay of a museum sample of P. dolichorhiza from Hawaii placed this species 

among the most active in the current study. Even though P. dolichorhiza was amongst the 

most active specimens from Hawaii, it did not exhibit peak activity in the DPPH assay. This A
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could be attributed to the sample being stored for 40 years prior to extraction. A fresh 

sample of this and other Peltigera lichens in Hawaii may show stronger radical scavenging 

properties and should be targeted in future studies. 

Appearance of ROS is partly credited to intense UV radiation (Hideg et al., 2013) and 

rehydration after desiccation (Kranner et al., 2008), which makes the presence and 

abundance of systems that protect lichens against ROS more important in areas that exhibit 

high UV radiation and strongly fluctuating water availability. On average, it seems 

reasonable to assume that conditions in Hawaii are more extreme with respect to UV 

radiation and desiccation and rehydration in comparison to Iceland, thus to some extent 

explaining the general trend of higher overall activity in the Hawaiian samples when 

compared to those from Iceland. 

 

Experimental Procedures 

Sample collection 

Lichen samples were collected based on ease of collection from sites in Iceland (76) and 

Hawaii (38). The opportunistic collection in Hawaii was followed up by a search specifically 

for Peltigera or Peltigera-like species. Two fresh samples (L0058 and L0059) and one 

museum specimen, collected in 1975 (L0061), were added (Supplementary Tables S1 and S2 

for collection areas). Voucher specimens were prepared and sent to the Faculty of 

Pharmaceutical Sciences, University of Iceland for the Icelandic samples and the Rock 

Herbarium in Hawaii for the Hawaiian samples. 
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Extraction 

Lichen biomass was dried and exhaustively extracted with methanol (MeOH) over 24 hours 

at 25°C. All extracts were filtered through sterilized and pre-washed cotton wool and 

concentrated under reduced pressure at 25°C using a Heidolph Laborota 4000 rotary 

evaporator. Extracts were stored at 4°C until required for assaying. 

 

Ferric-reducing antioxidant power (FRAP) Assay 

Stock solutions for the FRAP assay were prepared as described by Benzie and Strain (Benzie 

and Strain, 1996) with the following modifications: 300 mM acetate buffer (3.1 g 

NaOAc•3H2O and 16 mL glacial acetic acid per liter of deionized water, pH 3.6), 10 mM TPTZ 

(2,4,6-tripyridyl-s-triazine) in 40 mM HCl, and 20 mM FeCl3•6H2O. The working FRAP reagent 

was made by combining 300 mM acetate buffer (pH 3.6), 10 mM 2,4,6-tripyridyl-S-triazine 

(TPTZ) solution, and 20 mM FeCl3•6H2O in a 10:1:1 ratio and heated to 37°C for 30 min prior 

to use. The standard curve of FeSO4 was prepared from absorbances (595 nm) of 

FeSO4•7H2O solutions of 1000, 500, 200, 150, 100, 75, 50 µM concentrations applied to 

wells containing FRAP reagent. Working FRAP reagent was added to each well of a 96-well 

plate in 150 μL volumes. A blank reading was recorded at 595 nm using a Biotek Synergy H1 

Hybrid plate reader. Extracts were added in 20 μL volumes to individual wells in triplicate. 

The assay was incubated at 25°C for 8 min before recording results at 595 nm. 

 

2,2-Diphenyl-1-picrylhydrazyl (DPPH) Assay A
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Radical scavenging abilities of extracts were assessed employing a DPPH assay described by 

Brand-Williams et al. (Brand-Williams et al., 1995) that has been modified. The assay was 

performed under reduced light conditions to limit the possibility of photolytic degradation. 

A stock solution was prepared by dissolving 24 mg of DPPH (2, 2-diphenyl-1-picrylhydrazyl) 

in 100 mL HPLC-grade methanol. The working solution was prepared by making a 1:3 

dilution of the stock solution with MeOH in order to obtain an absorbance of 1.1 ± 0.02 

units at 490 nm. The standard curve was made using absorbances (490 nm) from vitamin E 

solutions of 1000, 500, 200, 150, 100, 75, 50, and 25 µM concentrations applied to wells of 

DPPH reagent. DPPH working solution was added to each well of a 96-well plate in 285 μL 

volumes. A blank reading was taken at 490 nm using a Biotek Synergy H1 Hybrid plate 

reader. Extracts and controls were added in 15 μL volumes to individual wells in triplicate. 

The assay was protected from light and incubated at 25°C. Results were recorded at 490 nm 

at 2 h. 

 

Statistics 

Lichen species that were present more than once in the dataset, were reduced to the most 

active representative from the DPPH assay for statistical testing. Specifically, the samples 

that were removed from the dataset prior to statistical testing were I0023 (Cladonia 

rangiferina) from the Icelandic dataset and L0050 (Cladonia skottsbergii), L0014 (Parmeliella 

mariana), L0018 (Parmotrema reticulatum), L0021 (Ramalina umbilicata), L0005 

(Stereocaulon vulcani), L0003 (Sticta weigelii), L0041 (Teloschistes flavicans), L0006, L0042 

(Usnea australis) and L0028 (Dirinaria applanata) from the Hawaiian dataset. The three A
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specimens (L0058, L0059, L0061) from Hawaii that were purposely collected were not used 

in the statistical comparison. 

The Icelandic and Hawaiian datasets were compared to each other employing a Wilcoxon 

rank-sum test. The test was run in R statistics (R Core Team, 2014) employing the wilcox.test 

function with standard parameters. The test was performed on the results obtained from 

the FRAP and DPPH assays individually. P <= 0.01 was set as a significance threshold. 
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Figure legends 

Figure 1: Antioxidant activity of 76 lichen samples from Iceland assessed employing the 

FRAP assay. Color coding: White for lichens associating exclusively with green algae (A); grey 

for lichens incorporating green algae and cyanobacteria in the symbiosis (ABG); patterned 

for lichens containing exclusively cyanobacteria as photobionts (BG). A
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Figure 2: Antioxidant activity of 76 lichen samples from Iceland assessed employing the 

DPPH assay. Color coding: White for lichens associating exclusively with green algae (A); 

grey for lichens incorporating green algae and cyanobacteria in the symbiosis (ABG); 

patterned for lichens containing exclusively cyanobacteria as photobionts (BG). 

Figure 3: Antioxidant activity of 41 lichen samples from Hawaii assessed employing the FRAP 

assay. Color coding: White for lichens associating exclusively with green algae (A); grey for 

lichens incorporating green algae and cyanobacteria in the symbiosis (ABG); patterned for 

lichens containing exclusively cyanobacteria as photobionts (BG). 

Figure 4: Antioxidant activity of 41 lichen samples from Hawaii assessed employing the 

DPPH assay. Color coding: White for lichens associating exclusively with green algae (A); 

grey for lichens incorporating green algae and cyanobacteria in the symbiosis (ABG); 

patterned for lichens containing exclusively cyanobacteria as photobionts (BG). 
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