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The chemical investigation of acetone extract of manglicolous lichen Ramalina leiodea yielded three known 
metabolites, methyl 2,6-dihydroxy-4-methyl benzoate (1), haematommic acid (2) and ethyl haematommate 
(3), which are reported for the first time in this species. The acetone extract and the metabolites (1-3) were 
screened for antioxidant activity in α,α-diphenyl-β-picrylhydrazyl, 2,2’-azino-bis(3-ethylbenzothiazoline-
6-sulphonic acid) and superoxide free radical assays, for antiinflammatory activity in pretein denaturation 
assay and for anticancer activity in sulforhodamine B assay on lung, head and neck, and cervical cancer 
cells. The results showed that compounds 2 and 3 depicted inhibitory profiles against 2,2’-azino-bis 
(3-ethylbenzothiazoline-6-sulphonic acid) free radical with an IC50 of 40.0 and 40.5 µg/ml, respectively and 
caused protein denaturation with an IC50 of 435 and 403 µg/ml, respectively. Furthermore, compounds 2 
and 3 exhibited a significant degree of specificity against cervical, head and neck, and lung cancer cells, 
while these compounds showed little toxicity against normal human mammary epithelial cell line. In 
summary the manglicolous lichen Ramalina leiodea possessed free radical scavenging, antiinflammatory, 
and anticancer activities and the main metabolites responsible for these activities could be compounds 2 
and 3.
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Lichens is a symbiotic organism belongs to bryophytes 
that have an ability to persevere on any geographical 
region or any substratum[1]. Due to their unique 
survival and mutualistic characteristics, lichens and 
their secondary metabolites are used to treat several 
infections and diseases[2]. The lichens that particularly 
associated with mangroves or mangals are termed as 
manglicolous lichens[3]. Lichen and their secondary 
metabolites exert a varied range of biological actions 
that include analgesic, antibiotic, antiinflammatory, 
antimycotic, antipyretic, antiviral, and cytotoxicity[2,4,5]. 
Especially, manglicolous lichens show a difference in 
their biological components and actions compared to 
normal lichens due to their physiological adaptation 
towards the intertidal zone i.e., having both the marine 
and freshwater environments[6]. As mangals persist in 
a stressful environment such as high concentration of 
moisture and salt, low and high tidal water, lichens 
habituated on these plants also exposed to these stress 
conditions. As a result, they show a difference in 

phytochemical constituents than normal lichens due to 
stressed physiological adaptations[2,6,7]. Besides, there 
are very few chemical and pharmacological reports that 
exist on manglicolous lichens due to their slow growth 
(1 cm/y) and difficulty in collecting a good amount of 
specimen from mangrove regions[8-10]. Ramalina genus 
has about 246 species distributed around the world, 
of which only 118 species were investigated for their 
chemical and biological properties[11,12]. The diverse 
secondary metabolites isolated include usnic acid 
derivatives, depsides, depsidones, fatty acids, sterols, 
and monocyclic aromatic compounds[11-19]. Moreover, 
biological screening of this genus resulted in the 
identification of antibiotics, antimutagenic, antiHIV, 
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enzyme inhibitory, antioxidant, antiinflammatory, 
anticancer, antimicrobial activities[5,11,14-21]. Ramalina 
leiodea is a corticolous fruticose lichen that 
belongs to the Ramalina genus. Earlier, our group 
reported the phytochemical analysis, antimicrobial, 
antimycobacterial, and antiinflammatory activities of 
various extracts of R. leiodea[5,11]. In continuation of 
the reported work, the present study was taken up to 
identify the bioactive constituents present in R. leiodea. 

From the twigs of the mangrove plant, Excoecaria 
agallocha specimens of manglicolous Ramalina 
leiodea Bel em. D. D. Awasthi was collected from 
Bhitharkanika Island, Rajnagar, Orissa, India (20º74’N 
and 86º87’E at 0 m elevation) in April 2019. The species 
was determined and a voucher specimen (16-027175) 
was deposited at the Lucknow Lichen herbarium, 
National Botanical Research Institute, Lucknow, 
India[3]. The collected manglicolous lichen Ramalina 
leiodea was shade dried, and about 100 g of dried lichen 
material was exhaustively extracted with acetone. The 
acetone extract of Ramalina leiodea (AERL) obtained, 
4.6 g, 4.6 % based on total lichen material was subjected 
to column chromatography (CC) (#230-400) using 
n-hexane in ethyl acetate (EA) (increasing polarity) as 
eluent, which eventually resulted in 3 fractions. Fraction 
I was further subjected to CC (#230-400) using 
n-hexane in EA (increasing polarity) as eluent, yielded 
metabolite 1 (2.4 g, 2.4 % based on total lichen material) 
as pale yellow crystals and metabolite 2 (150 mg, 
0.15%) as pale yellow needles. Fraction II was re-
treated with CC (#230-400) using dichloromethane in 
EA (increasing polarity) as eluent, yielded metabolite  
3 (90 mg, 0.09 %) as a greenish solid. The metabolites 
(1-3) and AERL were tested in the α,α-diphenyl-2-
picrylhydrazyl (DPPH) assay in triplicate and results 
were reported as the % inhibition of DPPH free 
radical[22,23]. Initially, to a known concentrations of the 
sample 0.004 % DPPH dissolved in methanol was 
added and incubated for 30 min at 37º. Using UV/Vis 
spectrophotometry (Spectra MAX plus 384, USA), the 
absorbance of all samples was measured at 517 nm 
against the blank. Plotting concentration against % 
inhibition determined IC50 values of the metabolites  
(1-3) and AERL. The metabolites (1-3) and AERL were 
tested in the 2,2’-azino-bis(3-ethylbenzothiazoline-6-
sulphonic acid) (ABTS) assay in triplicate and results 
were reported as % inhibition of ABTS free radical[23]. 
To 7 mM ABTS+·, 2.45 mM potassium persulfate was 
added at room temperature and standardized. Samples 
were added to 1 ml of above-standardized solution and 
incubated for 30 min and the absorbance of all samples 

was measured at 750 nm against a blankand the IC50 
values of the metabolites (1-3) and AERL were 
determined. The metabolites (1-3) and AERL were 
further subjected to superoxide radical scavenging 
assay in triplicate, and results were reported as % 
inhibition of superoxide free radicals[24]. NADH  
(73 µM) was added to 15 µM PMS and 50 µM NBT in 
20 mM phosphate buffer (pH 7.4) and standardized. 
Then know concentrations of sample was added to 1 ml 
of the above-standardized solution and incubated for  
30 min. After incubation, the absorbance of all the 
samples were measured at 562 nm against the blank and  
IC50 values of the metabolites (1-3) and AERL were 
calculated. In vitro antiinflammatory activity of 
metabolites (1-3) and AERL was evaluated using the 
protein denaturation method[2,5] in triplicate and results 
were expressed as % inhibition of protein denaturation 
against blank. Bovine serum albumin (BSA, 1%) was 
dissolved in sodium phosphate buffer (50 mM, pH 6.4) 
and know concentrations of sample were added 0.2 ml 
of and makeup to 5 ml with sodium phosphate buffer 
and incubated for 20 min at 37º. Later, all the samples 
were boiled for 20 min in a steam bath at 95° and set to 
room temperature. After incubation, all the samples 
were observed absorbance at 562 nm against the blank. 
Plotting concentrations against % inhibition determined 
IC50 values of the metabolites (1-3) and AERL. All  
in vitro assay test results were expressed as mean±SD. 
Using one-way analysis of variance (ANOVA) followed 
by the t-test test with p<0.05 statistically 
significantresults were determined. Lung cancer cells 
(A549), cervical (HeLa) and head and neck (FADU) 
cancer cells and normal human mammary epithelial 
(NHME) cell lines were obtained from the National 
Centre for Cell Science, Pune. All the cancer cell lines 
were preserved in minimal essential medium (MEM), 
which contained 5% mixture of streptomycin (100 µg/
ml) and penicillin (100 units), fetal calf serum (10 %) in 
presence of CO2 (5%) with 90 % humidity for 72 h at 
37º. Three days earlier to assay, selected cancer cell 
lines were maintained in MEM and grown on 10 % 
FBS supplemented with trypsin (0.25%). In a sterilized 
polypropylene tube, the final suspension of cancer cells 
was taken, and the concentration of the cells in each 
well was calculated using a 0.4% trypan blue solution 
in a hemocytochameter chamber under a microscope. 
The minimal concentration of 1×104 cells per well was 
used as the nominal seed density. The samples were 
dissolved in dimethyl sulfoxide (DMSO), which is used 
as a control and doxorubicin as the standard. Primary 
screening of the samples was performed at 100 µg/ml 
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for AERL, 30 µg/ml for compounds 1-3 and 10 µg/ml 
for doxorubicin. Active samples were further screened 
at different concentrations (25, 50, 75 and 100 µg/ml) 
for AERL, 5, 10, 20 and 30 µg/ml for compounds 1-3  
and 2.5, 5.0, 7.5 and 10 µg/ml  for doxorubicin against 
particular cancer cells. The anticancer activity of AERL 
and compounds 1-3 was determined using the SRB 
assay in triplicate[4,26]. In a 96-well plate, 190 µl screened 
ideal cancer cells suspension and test samples were 
added and incubated under 90 % relative humidity, 5% 
CO2 for 3 h at 37º. Formerly to each well 100 µl of cold 
TCA was added and incubated for 1 h at 4º. After that 
the 96-well plate was gently washed with water and air-
dried at 25º. Next, to each well, 100 µl of 0.057% SRB 
solution was added, incubated for 30 min and stained 
with CH3COOH (1%). Then 200 µl of Tris base  
(10 mM, pH 10.5) was added to each well, agitated for 
a few minutes and the optical density was measured at 
510 nm. The control contained only cancer cells, 
whereas blank contained only MEM medium. The % 
growth inhibition was determined using the formula, % 
growth inhibition=100-(absorbance of sample/
absorbance of control)×100. Chemical investigation of 
AERL yielded compounds 1-3, which are illustrated in 
fig. 1. The chemical structures of metabolites 1-3 were 
characterized by elemental analysis, 1H and 13C NMR, 
and mass spectral data, and competing with the existing 
literature data[27]. Methyl-2,6-dihydroxy-4-
methylbenzoate (1), pale yellow crystals, Rf: 0.6  
(1:1 hexane:EA), mp: 138-139º, UV (λmax): 219.5 nm in 
methanol, molecular formula: C9H10O4; 

1H NMR  
(400 MHz, DMSO-d6): δ 2.23 (s, 3H), 3.75 (s, 3H), 
6.12 (d, 2H, J= 1.2 Hz), 9.93 (s, 1H), 10.65 (s, 1H). 13C 
NMR (400 MHz, DMSO-d6): δ 22.46 (C-9), 52.16  
(C-8), 100.83 (C-1), 107.93 (C-5), 110.58 (C-3), 141.15 
(C-4), 161.46 (C-2/C-6), 170.59 (C-7). Elemental 
analysis: found C-59.66, H-5.62(%), calcd. C, 59.34, 
H, 5.53(%). ESI-MS negative mode: m/z 183.0 ([M-
H+], 68.81 %). Haematommic acid (2), pale yellow 
needles, Rf: 0.4 (1:1 hexane:EA), m.p: 172-173º, UV 
(λmax): 219.5 nm in ethanol, molecular formula: C9H8O5; 

1H NMR (400 MHz, DMSO-d6): δ 2.54 (s, 3H), 6.42  
(s, 1H), 9.68 (s, 1H), 10.59 (s, 1H), 11.46 (s, 1H), 13.75 
(s, 1H) (fig. S4). 13C NMR (400 MHz, DMSO-d6):  
δ 17.10 (C-9), 105.25 (C-1), 109.34 (C-3/C-5), 155.22 
(C-6), 163.90 (C-4), 167.04 (C-2), 173.42 (C-7), 191.73 
(C-8). Elemental analysis: found C-55.64, H-4.52(%), 
calcd. C-55.11, H-4.11(%). ESI-MS negative mode: 
m/z 198.3 ([M-H+], 5.64 %). Ethyl haematommate (3), 
greenish solid, Rf: 0.6 (7:3 DCM:E), m.p: 112-113º, UV 
(λmax): 209.5 nm in methanol, molecular formula: 
C11H12O5; 

1H NMR (400 MHz, DMSO-d6): δ 0.93-0.97 
(t, 3H), 1.59-1.65 (m, 2H), 2.54 (s, 3H), 6.42 (s, 1H), 
9.68 (s, 1H), 10.59 (s, 1H), 11.46 (s, 1H), 13.75 (s, 1H). 
13C NMR (400 MHz, DMSO-d6): δ 14.28 (C-11), 20.14 
(C-9), 68.63 (C-8), 106.38 (C-1), 109.34 (C-5), 114.78 
(C-3), 155.22 (C-6), 163.90 (C-4), 167.04 (C-2), 173.42 
(C-7), 191.73 (C-8). Elemental analysis: found C-58.64, 
H-5.52(%), calcd. C-58.93, H-5.39(%). ESI-MS 
negative mode: m/z 224.9 ([M-H+], 31.36%). In DPPH 
assay, reduction the DPPH free radicals to a DPPH-H 
(non-radical) form by antioxidant substance has taken 
place[28]. As shown in fig. 2, IC50 value of ascorbic acid 
on DPPH free radicals was 27.0 µg/ml. Furthermore, 
the IC50 values of 1, 2, 3 and AERL were determined to 
be 40.0, 53.0, 50.5 and 95.0 µg/ml, respectively. In 
ABTS radical assay, radical cation ABTS·+ is decoyed[28]. 
As shown in fig. 2, the IC50 value of ascorbic acid on 
ABTS free radicals was 41.0 µg/ml. Among all samples, 
2 and 3 showed better IC50 than that of the standard. The 
IC50 values against ABTS radical were, 40.0 µg/ml 
(2)>40.5 µg/ml (3)> 43.5 µg/ml(1)>87.0 µg/ml(AERL). 
Generally, the superoxide free radicals are generated 
from biological metabolisms interrelate with chemical 
species, i.e. substrates in the occurrence of metallic or 
enzymatic catalyzed routes to produce 1O2 and OH 
radical[26,29]. These superoxide radicals influence 
oxidative impairment in lipids, DNA, as well as 
proteins. The superoxide free radical assay of all the 
prepared samples was presented in Table S3. As shown 
in fig. 2, the concentration of 1, 2, 3 and AERL required 
for 50% inhibition of superoxide free radicals were 
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Fig. 1: Structures the metabolites isolated from AERL
Methyl-2,6-dihydroxy-4-methylbenzoate (1), haematommic acid (2) and ethyl haematommate (3) are isolated from the 
acetone extract of Ramalina leiodea (AERL)
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found to be 40.0, 37.50, 36.0 and 99.50 µg/ml, 
respectively, whereas the standard was 35.5 µg/ml. The 
root cause for inflammation is biological protein 
denaturation, which occurs by alkaline/acidic/radiation 
reactions and heat treatment[2,5]. Therefore, in the 
current work, AERL and compounds 1-3 from Ramalina 
leiodea were tested for the inhibition of albumin protein 
denaturation by heat. The results of in vitro 
antiinflammatory assay were presented in fig. 3, which 
indicated that all isolates showed significant 
antiinflammatory activity. The IC50 values of 1, 2, 3 and 
AERL on protein denaturation were determined to be 
664, 435, 403 and 330 µg/ml, respectively, whereas 
indomethacin was 110 µg/ml (fig. 3). In general, chronic 
inflammation is the root cause for numerous lethal 
disorders and diseases, including cancer. Additionally, 
compounds (1-3) displayed better antiinflammatory 
activities, hence compounds 1-3 and AERL were 
screened for anticancer activity and the IC50 value were 
presented in fig. 4. The lower IC50 value indicate 
improved inhibitory activity against cancer cells. From 
the primary evaluation, among the metabolites of 
AERL, only compounds 2 and 3 displayed a reasonable 
degree of specificity towards cancer cells tested. 
Moreover, AERL and its metabolites showed very little 
effect on normal NHME cell lines indicating lack of 
cytotoxicity. It was evident that AERL showed a more 
pronounced degree of specificity against HeLa, FADU, 
and A549 with IC50 values of 74.5, 62.5, and  
64.9 µg/ml, respectively. Further screening of the 
isolates obtained from this extract showed a significant 
inhibitory profile against all the experimented cancer 

cells. Compounds 2, 3 and standard yielded IC50 values 
of 27.0, 26.5 and 4.5 µg/ml on HeLa, 20.0, 25.5 and  
3.8 µg/ml on FADU and 22.5, 27.5 and 6.3 µg/ml on 
A549, respectively. In the present study, chromatographic 
examination of AERL yielded three monoaromatic 
compounds (1-3) substituted with a hydroxyl group(s), 
which are confirmed by UV, NMR, Mass spectral and 
elemental analysis (fig. 1). All the isolated metabolites 
and AERL were screened for antioxidant activity using 
DPPH, superoxide and ABTS free radicals assays, 
in vitro antiinflammatory activity in the protein 
denaturation assay, and anticancer activity using the 
SRB assay. From the antioxidant and in vitro 
antiinflammatory outcomes it could be concluded that 
AERL and samples showed prominent inhibitory 
activities against DPPH, superoxide and ABTS free 
radicals, and protein denaturation, which could be 
probably due to the presence of phenolics, carboxylic 
acids (figs. 2 and 3). The results of the current research 
indicated that AERL exhibited antiinflammatory 
capability. Therefore, outcomes of current research 
explained the application of AERL in folklore medicine 
for managing both acute and chronic inflammation. It is 
likely that AERL could have the ability to block the 
biosynthesis of thromboxane (TXA2), prostanoids 
(PGE2, PGF2α, PGD2, PGI2), and Interluekin-8[2,5]. 
Metabolites (1-3) and AERL were screened for 
anticancer activity on HeLa, FADU and A549 cancer 
cells and NHME cells. The results indicated that AERL 
and compounds 2 and 3 exhibited anticancer activity. 
As the redox reactions leading to free radical production 
and chronic inflammation could be involved in the 
pathogenesis of cancer, and since the metabolites from 
AERL exhibited antioxidant and antiinflammatory 
activity, it is evident that the anticancer activity of these 

1 2 3
AERL

Asco
rb

ic a
cid

0

50

100

150 DPPH

ABTS
Superoxide

IC
50

 v
al

ue
s (

µg
/m

L)

 Fig. 2: Effect of AERL and compounds 1, 2 and 3 in 
antioxidant assays
IC50 values of acetone extract of Ramalina leiodea (AERL) 
and compounds 1, 2 and 3 in ( ) DPPH, ( ) 
ABTS and ( ) Superoxide assays. Mean±SD (n=3). 
One-way ANOVA followed by t-test with p<0.05 was 
statistically significant

1 2 3
AERL

Indo
0

200

400

600

800 Protein Denaturation

IC
50

 va
lu

es
 (µ

g/m
L)

 
Fig. 3: Effect of AERL and compounds 1, 2 and 3 against 
protein denaturation
IC50 values of acetone extract of Ramalina leiodea (AERL) 
and compounds 1, 2 and 3 against BSA denaturation 
( ). Mean±SD (n=3). One-way ANOVA followed 
by t-test with p<0.05 was statistically significant
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compounds could be attributed to these activities. 
Moreover, AERL and its metabolites showed a very 
little degree toxicity against normal cell line tested. 
Therefore, metabolites (1-3) could provide useful leads 
to design effective anticancer agents. The present 
research work is a preliminary study of chemical and 
biological evaluation of manglicolous lichen R. leiodea. 
Chemical investigation of acetone extract of R. leiodea 
resulted in the isolation of three known metabolites, 
methyl 2,6-dihydroxy-4-methyl benzoate (1), 
haematommic acid (2) and ethyl haematommate (3), 
whose structures were confirmed by spectral data. The 
pharmacological evaluation revealed the inhibitory 
capabilities of R. leiodea against DPPH free radicals, 
superoxide free radicals, ABTS free radicals, albumin 
protein denaturation and antiproliferative activity on 
HeLa, FADU and A549. Moreover, compounds 2 and 3 
appear to be responsible for the activities observed
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