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Killari et al.: Bioactive Studies on Metabolites and Semi-Synthetic Analogues
The objective of the present study is to evaluate the pharmacological actions of earlier reported metabolites 
(1-5), and semi-synthetic analogs (4a-e) from acetone extract of Ramalina leiodea. The Acetone extract 
of Ramalina leiodea were screened for antioxidant, anti-inflammatory, anticancer, and acute toxicity 
studies. The antioxidant results exhibited that compound 4e showed effective inhibitory ability against 
ferric ions, 2,2-diphenyl-1-picrylhydrazyl and superoxide free radicals with 50 % inhibition value 
of 28.50, 27.0, and 25.0 µg/ml, respectively. Also, among all the samples, 4e revealed good inhibition 
of albumin denaturation of 105 µg/ml (IC50 value). Additionally, the median lethal dosage of acetone 
extract of Ramalina leiodea was observed to be above 2000 mg/Kg body weight. Also, the in vivo anti-
inflammatory studies of acetone extract of Ramalina leiodea exhibited a noticeable reduction of edema in 
rat paw at both low and high dosage when compared to indomethacin. From the sulforhodamine B assay, 
it is concluded that 2 and 4b displayed a noteworthy degree of specificity against tested series of cell 
lines. On the other hand, all tested samples displayed a low degree of specificity against normal cells. To 
conclude, Ramalina leiodea could be the best source for bioactive agents for the management of oxidative 
stress, inflammation, and cancer.
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Ramalina genus has about 246 species distributed 
around the world, of which only 118 species were 
investigated for their chemical and biological 
studies[1]. A diversity of secondary metabolites were 
isolated which include usnic acid derivatives[2], 
depsides[3], depsidones[3,4], fatty acids[5,6], sterols[5-7] 
and monocyclic aromatic compounds[7-9]. Moreover, 
the biological screening of this genus results in 
identification of antibiotic[9], antimutagenic[10], anti-
HIV[11,12], enzyme inhibitory[4,13-15], antioxidant[16], 
anti-inflammatory[17], anticancer[18], and 
antimicrobial[19] activities. 

Ramalina leiodea (Nyl.) Nyl. (R. leiodea)(family 
Ramalinaceae) is a corticolous fruticose lichen, 
belongs to the genus Ramalina[1]. Previously, 
biological activities include antibacterial[19], 
antifungal[19], anti-tubercular[19], tyrosinase 

inhibitory[13,14] and anti-inflammatory[1,17] activities 
were reported from R. leiodea. Also, a depside 
olivetoric acid was isolated and reported from lichen 
R. leiodea[1]. Earlier our group[19], in the course of a 
chemical examination of Acetone Extract of lichen 
R. leiodea (AE), obtained five known metabolites 
(1-5) (fig. 1). Of which highly yielded compound 4 
was subjected to synthetic methods using hydrazine 
hydrate yielded novel benzohydrazides (4a-e) (fig. 
1), which were claimed to have potent antimicrobial 
and anti-tubercular activities[19]. An extension of 
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our investigation to detect bioactive secondary 
metabolites from R. leiodea. The existing study was 
implemented to determine the biological profile of 
chemical constituents, as well as, semi-synthetic 
derivatives of R. leiodea.

MATERIALS AND METHODS

Materials:

The materials are extracted, isolated, and 
synthesized according to the protocols of 
Tatipamula and Vedula, 2019[19].

Antioxidant activity:

1,1-diphenyl-2-picrylhydrazyl (DPPH) assay: 
By employing DPPH assay, the secondary 
metabolites (1-5), analogs (4a-e), and AE were 
exposed to antioxidant activity in triplicate[21]. To 
0.004 % DPPH, known concentrations of the test 
samples are added and incubated at 37° for 30 min 
and then measured absorbance at 517 nm against 
the blank.  

Ferric ion (Fe3+) reducing power assay: By 
employing Fe3+ assay, the secondary metabolites 
(1-5), analogs (4a-e), and AE were exposed to 
antioxidant activity in triplicate[22]. To prepared 
1 % potassium ferricyanide solution with 
phosphate buffer, added know concentrations of 
the test sample, 0.1 % of ferric chloride and 10 % 

trichloroacetic acid, and incubated at 37° for 20 
min, and detected absorbance at 700 nm against 
the blank.  

Superoxide radical scavenging assay: By 
employing superoxide radicals, the secondary 
metabolites (1-5), analogs (4a-e), and AE were 
exposed to antioxidant activity in triplicate[24]. 
To prepared Nicotinamide Adenine Dinucleotide, 
Phenazine Methosulphate (PMS) and NBT 
(Nitroblue Tetrazolium Chloride) added know 
concentrations of the test sample and incubated at 
37° for 30 min and noted absorbance at 562 nm 
against the blank.

In vitro anti-inflammatory activity:

Employing the protein denaturation method[25], 
the secondary metabolites (1-5), analogs (4a-e), 
and AE were determined for their in vitro anti-
inflammatory activity in triplicate. Albumin 
protein from bovine serum was used as a protein. 
By using sodium phosphate buffer, the protein was 
solubilized. To the 0.2 ml of the prepared protein 
sample, added know concentrations of the test 
sample, and finally made up the volume to 5 ml 
with the above buffer. All the prepared samples are 
incubated at 37° for 20 min, then boiled at 95° for 
20 and chilled to 25°, noted absorbance at 562 nm 
against the blank.  

Fig. 1: Chemical structures of isolated secondary metabolites and semi-synthetic analogues from Ramalina leiodea
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Animals:

As per the OECD regulations, the present 
experiments are designed and registered with 
number 12/IAEC/SVCP/2021-22. For the present 
study, albino rats of both sexes weigh 180-200 g 
are used.

Acute toxicity studies:

To healthy male albino rats (n=5), dosed orally 
with AE at 2000 mg/kg body weight (b.w) and 
observed for 24 h[21]. Based on the mortality, the 
median Lethal Dose (LD50) of AE was estimated. 

In vivo anti-inflammatory activity:

Employing formalin-induced hind albino rat 
(either sex; n=6) paw edema assay[26], AE was 
subject to in vivo anti-inflammatory activity 
by plethysmographic measurement. Set I is for 
control (treated intraperitoneally with 0.5 % 
Carboxymethylcellulose). Set II for standard drug, 
indomethacin (administered intraperitoneally with 
100 mg/Kg b.w). Set III and IV aided for AE at 
a low dose (intraperitoneally 100 mg/Kg b.w) 
and high dose (intraperitoneally 200 mg/Kg b.w), 
respectively. 0.1 ml of formalin (1 % w/v) was 
injected to plantar area of rat left paw, after 30 
min of administration of test samples to albino 
rats, and measured paw volume at 2 and 4 h.

Percentage reduction=Volume of paw oedema 
in controlled animals-Volume of paw oedema 
in treated animals/Volume of paw oedema in 
controlled animals×100

Anticancer activity:

Utilizing the SRB assay[27], the secondary 
metabolites (1-5), analogs (4a-e), and AE were 
implemented for their in vitro anticancer activity 
in triplicate (n=3) using three cancer cells viz. 
Breast (MCF-7), Cervical (HeLa), Colon (DLD-
1), Head and Neck (FADU), Lung (A549), and 
one normal cell line; Normal Human Mammary 
Epithelial (NHME). All the cells are purchased in 
good order from National Centre for Cell Science, 
Pune and preserved according to the procedures of 
Haritha et al.[22]. To 190 µl suspension of cancer 
cells added test samples (dissolved in dimethyl 
sulfoxide) and incubated at 37° for 3 h in the 
presence of 5 % CO2. Later, added cold TCA (100 
µl) and incubate at 4° for 1 h, then washed and 
dried to room temperature. To it added 0.057 % 

Sulforhodamine B solution (100 µl) and incubated 
for 30 min. Finally, the 96-well plate is stained and 
detect the optical density at 510 nm.

Percentage inhibition=100-[Absorbance of sample/
Absorbance of control×100

Statistical analysis:

The in vitro values are expressed as mean±SEM 
values of three independent tests. While in vivo, 
values are expressed as mean±SEM values of six 
independent tests compared with one-way ANOVA 
followed by Dunnett’s test, where p<0.05 found to 
be statistically significant among the experimental 
groups.

RESULTS AND DISCUSSION
The antioxidant activity results are illustrated in 
fig. 2, from the data it is determined that the 50 
% inhibition of DPPH free radicals of 1, 2, 3, 4, 
5, 4a, 4b, 4c, 4d, 4e and AE were determined to 
be 60.0, 48.50, 55.0, 40.0, 39.0, 57.5, 53.5, 28.0 
and 95.0 µg/ml, respectively, while standard 
drug ascorbic acid is 27.0 µg/ml. 

Among the naturally isolated metabolites, only 
5 showed better IC50 value on ferric ion (Fe3+) 
of 37.0 µg/ml than the ascorbic acid (41.0 µg/
ml). While except 4a, all semi-synthetic analogs 
showed prominent IC50 values on Fe3+ ions than 
the standard drug. The 50 % inhibition of Fe3+ 
ions of 4e, 4b, 4d and 4c were found to be 27.0, 
33.5, 38.5 and 40.5 µg/ml, respectively. The IC50 
values of 4, 4a, 1, 2, 3 and AE on Fe3+ ions was 
found to be 43.5, 46.0, 46.5, 46.5, 64.5 and 91.0 
µg/ml, respectively. 

Likewise, among the metabolites, only 3 and 
4 showed better IC50 values on superoxide free 
radicals of 32.0 and 26.0 µg/ml, respectively, 
when compared to the ascorbic acid (35.5 µg/
ml). While semi-synthetic analogs, namely 4a, 
4c, 4d, and 4e, showed prominent IC50 values on 
superoxide free radicals 25.5, 35.5, 35.0, and 
25.0 µg/ml, respectively than the standard drug. 
The 50 % concentration needed for 1, 2, 5, 4b 
and AE to inhibit superoxide free radicals were 
found to be 80.0, 87.5, 69.0, 43.5 and 136.0 µg/
ml, respectively. 

In vitro anti-inflammatory activity:

In general, inflammation is caused by denaturation 
of biological protein[25]. In the present study, AE, 
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secondary metabolites (1-5), and analogs (4a-
e) have investigated for their restraint of bovine 
serum albumin denaturation influenced by heat. 
The outcomes of the study indicated that all tested 
samples exhibited noteworthy anti-inflammatory 
action. The 50 % inhibition of 1, 2, 3, 4, 5, 4a, 
4b, 4c, 4d, 4e and AE on bovine serum albumin 
denaturation were found to be 814, 701, 823, 
664, 700, 791, 956, 900, 112, 105 and 268 µg/ml, 
respectively, while indomethacin with 110 µg/ml 
(fig. 3).

During the period of observation, no animal was 
lethal, so the LD50 of AE was determined to be 
above 2000 mg/Kg. Based on the observations 
of toxicological studies, the low and high dose 
of AE was calculated as 100 and 200 mg/Kg b.w, 
respectively, and standard drug, indomethacin at 
100 mg/Kg b.w (single dose). The results of in vivo 
anti-inflammatory assay, it is observed that AE 
displayed a dose-dependent depletion of edema in 
rat paw (Table 1).

The animal group treated with 100 mg/Kg b.w 
(lower dose) of AE displayed 30.90 and 35.89 
percentage reduction of edema in rat paw at 2 and 
4 h, respectively. Moreover, animals administered 
with 200 mg/Kg b.w (high dose) of AE presented 
prominent percentage reduction of edema in rat 
paw with 40.19 % and 43.82 %, at 2 and 4 h, 

respectively, when compared to indomethacin 
with 32.89 % and 41.38 %, respectively (Table 
1). Hence, form both in vitro and in vivo anti-
inflammatory assays, it can be justified that AE 
is effective in protein denaturation, as well as 
reducing edema in the rat paw.

Generally, prolonged inflammation many dangerous 
diseases, as well as cancer. As AE, secondary 
metabolites (1-5), and analogs (4a-e) revealed 
well anti-inflammatory actions, we additionally 
estimated for their anti-cancer properties by the 
SRB assay, using four cancer cells, namely MCF-
7, DLD-1, HeLa, FADU and A549 and one normal 
cell line (NHME). The results of the percentage 
of inhibition of cell growth against respective 
concentrations are designed to attain IC50 values. 

At tested higher concentration (100 µg/ml), AE 
exhibited effective inhibitory properties against 
MCF-7, DLD-1, HeLa, FADU, and A549 with 
94.21±1.06, 98.84±0.53, 89.96±1.41, 97.80±1.73 
and 88.08±1.59, respectively, than that of the 
doxorubicin at 10 µg/ml. Among the metabolites, 
only 2 and 5 shown a sensible degree of specificity 
against tested cancer cells, while among the semi-
synthetic analogs, only 4b and 4d demonstrated 
a noticeable degree of specificity against tested 
cancer cells. Furthermore, all tested samples 
revealed a low degree of specificity against NHME 
specifies non-lethal to normal cells.

Fig. 2: IC50 values of acetone extract and all compounds Ramalina leiodea against DPPH, superoxide free radicals and ferric ions
Note: (  ): DPPH; (  ): ABTS and (  ) Superoxide
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The 50 % cell growth inhibition of AE against 
DLD-1, HeLa, FADU, and A549 was found to be 
36.5, 30.0, 60.0, 40.0, and 42.0 µg/ml, respectively 
(fig. 4). Compounds 2, 5, and 4d exhibited 
noticeable IC50 values of 9.0, 25.5, and 26.5 µg/
ml, respectively, on MCF-7, however doxorubicin 
with 5.5 µg/ml. The 50 % cell growth inhibition 
of 2, 5, 4b, and 4d against DLD-1 was found to 
be 5.5,17.7, 16.0, and 17.0 µg/ml, respectively, 
whereas doxorubicin with 5.4 µg/ml. On HeLa, 
compounds 2, 5, 4b and 4d exposed IC50 value 
of 7.4, 18.5, 25.8, and 12.0 µg/ml, respectively, 
while doxorubicin with 4.5 µg/ml.  The 50 % cell 
growth inhibition of 2, 5, 4b and 4d against FADU 
was found to be 5.9, 21.0, 25.0, and 14.0 µg/ml, 
respectively, and 7.6, 27.5, 22.3, and 21.2 µg/ml 
against A549, respectively, whereas doxorubicin 
with 3.8 and 6.3 µg/ml, respectively.

In the current research work, secondary 
metabolites (1-5), and analogs (4a-e), which were 

obtained from acetone extract of R. leiodea (AE) 
were exposed to in vitro studies of antioxidant 
(ferric ions, DPPH, and superoxide free radicals), 
anti-inflammatory (albumin protein denaturation 
method and formalin-induced rat paw edema 
assay) and anticancer (SRB assay) activities. 
Furthermore, the acute toxicity studies were 
performed on AE.

The in vitro assays of antioxidant and anti-
inflammatory revealed that all the tested samples 
exhibited noticeable inhibition properties against 
free radicals, metal ions, and bovine serum albumin 
denaturation. The mechanism of action for the 
isolated secondary metabolites and semi-synthetic 
analogs for antioxidant and anti-inflammatory 
activities is proposed to have a high presence 
of liberally accessible oxygenated constituents, 
specifically carboxylic acids and phenolics in their 
natural structure (fig. 2 and fig. 3). 

Sample
Mean±SD of oedema at different 

intervals (cm)
Percentage reduction at different 

intervals (%)

2 h 4 h 2 h 4 h

AE
100 mg/Kg b.w 1.12±0.07* 1.23±0.08* 30.9 35.89

200 mg/Kg b.w 1.05±0.03* 1.08±0.04* 40.19 43.82

Indomethacin 1.18±0.08* 1.12±0.09* 32.89 41.38 -8.685

Control 1.76±0.09 1.91±0.09 - - -8.685

Note: ns: not significant and *p<0.05

TABLE 1: IN VIVO ANTI-INFLAMMATORY ASSAY OF ACETONE EXTRACT OF Ramalina leiodea (AE) ON 
FORMALIN-INDUCED HIND RAT PAW OEDEMA METHOD

Fig. 3: IC50 values of acetone extract and all compounds of Ramalina leiodea against albumin protein denaturation
Note: (  ): Protein denaturation
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The median lethal dosage of AE was observed 
to be above 2000 mg/Kg and the dosage of AE 
was established as 100 and 200 mg/Kg b.w, 
respectively AE was determined. Based on the 
protein denaturation and acute toxicology studies, 
the AE was subjected to edema assay in rat paw 
using formalin. The outcomes are denoted as the 
percentage reduction of albino rat paw edema 
calculated to basal rat paw size (Table 1). From 
the outcomes of edema assay in rat paw assay, it 
is evident that AE showed a dose reliant reduction 
of albino rat paw edema. Besides, a higher dose of 
AE is extremely effective in reducing paw edema 
in albino rats than that of the Indo (Table 1).

From the results of the protein denaturation 
method, it can be found that AE, secondary 
metabolites (1-5), and analogs (4a-e) exhibited 
noticeable inhibitory abilities against bovine 
serum albumin protein denaturation (fig. 2). From 
the data, it is proposed that AE may act by blocking 
the biosynthesis of Interleukin-8, prostanoids, and 
thromboxane[26]. Hence, AE has noticeable anti-
inflammatory competence against both acute and 
chronic simulations of inflammation connected 
with arthritis[28].

Moreover, as the AE, secondary metabolites (1-5), 
and analogs (4a-e) represented substantial anti-
inflammatory possessions, we assessed them for 
their anti-cancer properties by SRB assay using 
MCF-7, DLD-1, HeLa, FADU and A549 cancer 
cells and NHME cells. Form fig. 4, and it can 
be concluded that crucial elements responsible 
for the anti-cancer activity of AE were 2 and 5. 
Moreover, the semi-synthetic analogs, namely 4b 

and 4d, showed a better biological profile than 
the parent compound. Also, as stated earlier, 
chronic inflammation eventually causes cancer, 
the anticancer action of AE and its secondary 
metabolites (1-5), and analogs (4a-e) was due to 
their antioxidant and anti-inflammatory abilities. 
Furthermore, AE, secondary metabolites (1-5), 
and analogs (4a-e) displayed a slight degree of 
specificity against NHME conditions indicate 
non-lethal to human cells.

To conclude, the study is a pharmacological 
evaluation report of earlier isolated five known 
secondary metabolites, namely usnic acid (1), 
ethyl everninate (2), scrobiculin (3), methyl 
2,6-dihydroxy-4-methyl benzoate (4) and 
2'-O-methyldivaricatic acid (5) from acetone 
extract of R. leiodea (AE), and their analogs 
(4a-e). The outcomes showed that among all the 
metabolites 2 and 5 exhibited inhibitory abilities 
against free radicals, metal ions, bovine serum 
albumin denaturation, edema in rat paw, and 
series of cancer cell lines. Moreover, the semi-
synthetic analogs, namely 4b and 4d, showed a 
better biological profile than the parent compound. 
Furthermore, the key secondary metabolites 
accountable for R. leiodea natural action are 2 and 
5.
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