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ABSTRACT
Many chronic and degenerative diseases are caused because of the
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oxidative stress induced due to reactive oxygen species. Phenolic
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compounds are important part of phytochemicals in natural resources
that have high antioxidant ability to scavenge the free radicals and
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prevent the oxidative stress. There is an increasing attention towards
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identifying novel and natural antioxidants for treating stress related
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diseases like cancer, cardiovascular and neurodegenerative diseases.
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Lichens are one among the natural resources that have exorbitant
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number of polyphenolic compounds, which place them as good
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antioxidants. In the present study, the acetone, methanol and ethanol
extracts of the lichens; Ramalina conduplicans, Ramalina subpusilla,

Parmotrema reticulatum, Parmotrema cristeferum and Usnea cineraria has been screened
for their antioxidant potential by standard methods (DPPH radical scavenging, superoxide
anion radical scavenging and determination of total phenolic compounds). Effective
antioxidant activity was observed among all the lichens tested. The methanolic extract of the
lichen, Ramalina conduplicans showed the highest quantity of total phenolic content as well
as DPPH radical scavenging activity. Usnea cineraria showed the best superoxide dismutase
radical scavenging activity in the acetone extract.
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INTRODUCTION
As a part of normal cellular function, free radicals and oxidants are ubiquitously and
endogenously produced in all cells by normal physiological processes. These radicals can
also form due to exogenous sources, like pollution, radiation, tobacco, drugs, smoke, heavy
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metals etc.[1] At higher concentrations, free radicals can be hazardous that cannot be
destroyed and thereby leads to oxidative stress in the body. This causes serious diseases like
cancer, aging, arthritis, neurodegenerative and cardiovascular disorders. An effective way of
eliminating the free radicals is, to use antioxidants. Antioxidants can decrease the oxidative
damage caused in normal cells either directly by reacting with the free radicals or indirectly
by generating enzymes to inhibit the activity of free radicals. Enzymes like superoxide
dismutase (SOD) and catalase as well as certain specific compounds like tocopherol, ascorbic
acid and glutathione owe a key role towards protecting human cells from the damage caused
by free radicals.[2]
Natural antioxidants are present in fruits, vegetables, spices, grains and herbs in the form of
phenolics (phenol and polyphenols), flavonoids, carotenoids, steroids and thiol compounds.[3]
Significant amount of phytochemicals from natural resources have been exploited as potential
antioxidants. However, the quest for discovery of newer natural bioactive principles as
natural antioxidants continues. Apart from plants and microbes, many number of lichen
species have been explored to have a considerable amount of antioxidants.[4]
Lichens are self-supporting obligate and composite organisms that comprises a fungal
(mycobiont) and an algal partner (photobiont). Having known the multifold biological
activities of lichens,[5,

6, 7, 8]

these species have been explored worldwide for various

interesting economic uses like preparing dyes, as food, in folk medicine etc. Lichens produce
a large number of phenolic compounds, such as depsides, depsidones and dibenzofurans.
These phenolic compounds have strong antioxidant properties because they act as hydrogen
donors and singlet oxygen quenchers and, therefore, have redox capacity.[9]
In the present study, the total phenolics present in lichens as well as the DPPH radical
scavenging and superoxide dismutase radical scavenging activity of the chosen epiphytic
lichens are reported.
MATERIALS AND METHODS
Lichen samples
The lichen samples of Ramalina conduplicans Vain. Ramalina subpusilla (Nyl.) Krog &
Swinsc., Parmotrema reticulatum (Taylor) Choisy, Parmotrema cristiferum (Taylor) Hale
and Usnea cineraria Mot., were collected from Prunus persica tree in Kodaikanal area,
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Tamil Nadu, India. The samples were identified and have been preserved in the LWG
herbarium, NBRI, Lucknow.
Preparation of Lichen extracts
Lichen specimens were air dried at room temperature. The dried lichen materials were finely
ground into powder using mechanical blender. 5 grams of each of the powdered lichen
material were extracted in acetone, methanol and ethanol (50 ml each) by shaking for 48
hours in orbital shaking incubator. The extracts were then filtered using Whatmann No: 1
filter paper and the solvent was evaporated. The residue obtained was used for antioxidant
studies.
Antioxidant activity
DPPH radical scavenging activity
The free radical scavenging activity of the extracts were measured by 1, 1-diphenyl-2-picrylhydrazil (DPPH). The antioxidant potential of the sample was determined by the assay as
described in Kitts et al.,[10] Briefly, 1mL of DPPH working solution was mixed with 100µl of
the lichen sample at various concentrations (50µg/ml, 100µg/ml, 150µg/ml, 200µg/ml and
250µg/ml). The mixture was incubated in dark for 30 minutes at room temperature. The
absorbance of the DPPH radicals present in the mixture was measured at 517 nm. Ascorbic
acid was used as standard.
The free radical scavenging property of DPPH was calculated using the following equation:
DPPH scavenging effect (%) = [(Aο-A1)/Aο] x 100
Where, A0 is the absorbance of the negative control (consisting of all the reaction agents
except the extract) and A1 is the absorbance of reaction mixture or standards.
Superoxide dismutase activity
The superoxide anion radical scavenging activity of lichen extracts was detected according to
the method of Nishimiki et al.[11] 0.1 ml of the extracts were mixed with 1 ml of nitroblue
tetrazolium (NBT) solution (156 μM in 0.1 M phosphate buffer, pH 7.4) and 1 ml NADH
solution (468 μM in 0.1 M phosphate buffer, pH 7.4). The reaction was started by adding 100
μL of phenazine methosulphate (PMS) solution (60 μM in 0.1 M phosphate buffer, pH 7.4).
The mixture was incubated at room temperature for 5 min, and the absorbance was measured
at 560 nm against the blank sample (0.1M phosphate buffer). Ascorbic acid was used as
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standard. The percentage inhibition of the superoxide anion generated was calculated using
the formula:
Superoxide anion scavenging activity (%) = [(Aο-A1)/Aο] x 100
Where A0 is the absorbance of the negative control (consisting of all the reaction agents
except the extract) and A1 is the absorbance of reaction mixture or standards.
Determination of total phenolic compounds
The total phenolic content of the lichen extracts was determined spectrophotometrically by
Folin-Ciocalteu method.[12] 0.5 mL of the lichen extract at various concentrations (50µg/ml,
100µg/ml, 150µg/ml, 200µg/ml and 250µg/ml) and 2.5 mL of 1:10 Folin-Ciocalteau reagent
were mixed in a test tube. 2 mL of sodium carbonate (75 g/L) was added and incubated for 15
mins at 45°C. The absorbance was measured at 765 nm. The total phenolic concentration
was calculated from catechol calibration curve. The phenolic content of the extracts were
expressed as catechol equivalents (CE)/g of the respective extracts.
All the values of the antioxidant activity obtained were expressed as Mean ± S.D of three
parallel measurements in MS EXCEL.
RESULTS
DPPH free radical scavenging activity
Free radical scavenging action is considered as one among the various antioxidant tests. Fig.1
to Fig.5 represents the dose dependent DPPH radical scavenging activity of the lichen
extracts used in this study. Concentration dependent radical scavenging activity is clearly
observed for all the extracts. All the three extracts of the lichens tested showed good
scavenging activity on DPPH radicals. However, the methanolic extract of R.conduplicans
showed the best activity ranging from 32.35% to 81.47% of the lichen extract when
compared to others. It is observed that all the lichens had higher DPPH activity in the
methanolic extracts only. This is followed by better activity in the ethanolic extracts of all the
lichens while acetone extract had the lowest activity.
Superoxide anion scavenging activity
Results of superoxide anion scavenging activities of tested extracts are as shown in Fig.6 to
Fig.10. All extracts revealed marked superoxide dismutase scavenging activity. It was
interesting to note that only in R.conduplicans, the ethanolic extract had higher superoxide
anion scavenging activity ranging from 9.61% to 42.17%, while all other lichens showed
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good activity in the acetone extracts. Also, very high activity has been exhibited by all the
extracts than the control in this study. U.cineraria reports the highest superoxide anion
scavenging activity even at the least concentration of 50µg/ml with 80.12% when compared
to ascorbic acid standard which has inhibition percentage of 11.21% only.
Determination of total phenolic compounds
The total phenolic content was calculated based on catechol equivalent in the lichen sample.
Considerable amount of total phenols were observed in all the extracts of the lichens used for
this study (Table.1, Fig.11). A high amount of phenolic compounds was seen in
R.conduplicans among all the extracts with 32.06 ± 16.86 mg/g of catechol equivalent.
Methanolic extract of all the species portrayed better yield among the extracts while acetone
extract of all the lichens revealed the least amount of phenolic content.

Fig. 1: DPPH radical scavenging activity of different solvent extracts of Ramalina
conduplicans.
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Fig. 2: DPPH radical scavenging activity of different solvent extracts of Ramalina
subpusilla.

Fig. 3: DPPH radical scavenging activity of different solvent extracts of Parmotrema
reticulatum.
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Fig. 4: DPPH radical scavenging activity of solvent extracts of Parmotrema cristeferum.

Fig. 5: DPPH radical scavenging activity of different solvent extracts of Usnea cineraria.
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Fig. 6: Super oxide dismutase radical scavenging activity of different solvent extracts of
Ramalina conduplicans.

Fig. 7: Super oxide dismutase radical scavenging activity of different solvent extracts of
Ramalina subpusilla.
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Fig. 8: Super oxide dismutase radical scavenging activity of different solvent extracts of
Parmotrema reticulatum.

Fig. 9: Super oxide dismutase radical scavenging activity of different solvent extracts of
Parmotrema cristeferum.
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Fig. 10: Super oxide dismutase radical scavenging activity of different solvent extracts
of Usnea cineraria.

Fig. 11: Total Phenolic content of the lichen extracts.
Table 1: Total Phenolic Content of the Lichen Extracts.
Sample
Ramalina conduplicans
Ramalina subpusilla
Parmotrema reticulatum
Parmotrema cristiferum
Usnea cineraria

www.wjpps.com

Acetone
08.27±4.46
08.08±2.11
07.50±3.61
11.66±3.04
08.24±4.04

TPC (mg/g) of CE
Ethanol
Methanol
13.58 ± 1.35 32.06± 16.86
11.96±3.51
15.53±14.45
06.99±1.22
08.38±3.36
15.58±3.22
16.58±2.32
07.86± 3.41
09.05±3.39
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DISCUSSION
The antioxidant activity of lichen extracts might be due to the presence of various groups of
secondary metabolites in them. Abundant literatures support this property of lichens and its
metabolites.[13, 14, 15]
While considering both total phenolic content in the lichen extracts and DPPH radical
scavenging activity, extraction by using methanol has provided significantly better results
than other solvents. This is supportive with the information from many reports on the
antioxidant activity of lichens that has shown better activity in the methanolic extracts.[9, 8, 16,
17]

The depside compounds present in R.conduplicans like sekikaic acid and homosekikaic

acid is the major reason for the lichen to exert high DPPH radical scavenging activity.[9, 18]
All extracts showed a relatively good superoxide anion scavenging activity. The superoxide
anion scavenging activity of the different lichens ranged from 12.74 to 88.68%. Interestingly,
this analysis reports the superoxide dismutase activity of lichens on a higher side when
compared to the standard, ascorbic acid. Maximum scavenging activity was found in the
acetone extracts of the lichens. This result is concomitant with the report on several lichen
species having higher activity than ascorbic acid in the elimination of superoxide
radicals.[19] Maximum superoxide anion scavenging activity has also been observed in the
acetone extracts by Marijana et al., in 2011. [8] Among the lichens tested, U.cineraria had
strong activity in all the three extracts. This may be because of higher usnic acid content in
the lichen.[20]
In this study, methanolic extract of all the lichens have higher total phenol content followed
by ethanol while it is found to be lower in the acetone extracts. Methanol has been described
as a very efficient solvent for extraction of lower molecular weight polyphenols. [21] As
lichens are rich in polyphenolic compounds and the polarity of methanol has more soluble
properties, thereby, the methanolic extracts display better results of the scavenging activity in
almost all the lichens in this study. Similar reports of previous studies support these results. [8,
20]

The phenolic compounds in lichens are majorly monocyclic phenols, depsides, depsidones

and dibenzofurans that are derived through acetyl-polymalonyl pathway.[22,

4]

Also, such

compounds have a higher red-ox potentials that helps in absorbing and neutralizing the free
radicals.[23]
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CONCLUSION
The present study confirms that all three lichen extracts represent a significant source of
phenolic compounds, which makes the lichen species as potent natural antitoxidants. Further
in-vitro and in-vivo investigation on the biologically significant lichen compounds, can help
in the discovery of important leads for the development of conventional drugs towards
treatment of oxidative stress related diseases.
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