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Abstract: Thousands of different kinds of lichen metabolites are being examined for their biological 
activities, including anticancer properties. In this context, the present study aims to assess the an-
ti-inflammatory activity of the acetone extract of Parmotrema austrosinense mycobiont. A lipid pe-
roxidation assay was performed with the acetone extracts of P. austrosinense mycobiont, which was 
further used to evaluate its anti-inflammatory efficacy using a zebrafish model. Furthermore, the 
histopathological study was also carried out with muscle tissues and amplification of its inflam-
mation marker. The results revealed that the lichen compound (i.e., lecanoric acid) in the acetone 
extract of P. austrosinense possesses anti-inflammatory activity. Histopathology studies confirmed 
the decreased numbers of neutrophil cells in the 2,4,6-trinitrobenzene sulfonic acid 
(TNBS)-induced zebrafishes, as confirmed by changes in the fishes’ weight before and after the 
sample treatment, prompted by TNBS inflammation. The present results also demonstrated a 
dose-dependent decrease in the lipid peroxidation (LPO) levels in the muscle tissues of zebrafishes. 
Gene amplification studies suggested that the lichen compound might perform dose-dependent 
downregulation of the inflammatory gene marker of the tumor necrosis factor (TNF)-α gene; this 
further confirms that the extract should possess anti-inflammatory activity. As per the literature, 
this study is one of the most complete, comprehensive in vivo anti-inflammatory analyses in which 
inflammation was induced in zebrafish by using 2,4,6-trinitrobenzene sulfonic acid (TNBS). Par-
ticularly, this study successfully identified a bioactive compound isolated from the lichen P. aus-
trosinense, and which exhibited decent anti-inflammatory activity. 
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1. Introduction 
Phenolic compounds of lichen extracts used for biological activities are all deriva-

tives of the orcinol type [1,2]. They are aromatic compounds containing phenolic car-
boxylic acids. All of these can be broadly classified into two types: depsides and dep-
sidones [3]. Some of the depsides used in the research laboratory include lecanoric acid 
and erythrin. Lecanoric acid is distributed in Parmotrema austrosinense and P. tinctorum 
[4], while erythrin is present in Roccella montagnei [5]. There are wide varieties of dep-
sidones that are used for their biological activities, such as salazinic acid, protocetraric 
acid, etc. [6,7]. Salazinic acid is widely distributed in Parmotrema reticulatum and Parmel-
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inella wallichiana, whereas protocetraric acid has been found in Flavoparmelia caperata [8]. 
The most commonly used lichen compound in the pharmacological research laboratory 
setting is usnic acid, which is a novel compound derived from dibenzofuran derivatives 
[9]. 

Several methods can be used to determine the anticancer abilities of lichen sub-
stances—mainly computational, in vivo, and in vitro methods [10]. Some species contain 
more than one metabolite. The yield of the metabolites from various lichen species must 
be ascertained before their clinical use. This accounts for 22% of the total dry weight of 
Parmotrema tinctorum. A large number of lichen compounds—such as anziaic acid, 
bonimic acid, divaricatic acid, lobaric acid, olivetoric acid, protolichesterinic acid, rama-
linolic acid, spherophorin, and sekikaic acid—are associated with antibacterial action 
against Bacillus subtilis, Mycobacterium tuberculosis, Mycobacterium smegmatis, Pneumococ-
cus sp., Salmonella typhimurium, Staphylococcus aureus, and Streptococcus pyogenes [11,12]. 
On the other hand, lichen substances such as caperatic acid, rangiformic acid, zeorin, 
atranorin, thamnolic acid, salazinic acid, psoromic acid, fumarprotocetraric acid, pan-
narin, and endocrocin are not effective against several test strains [13]. 

In India, the bioprospecting of lichen started very recently. The ethnobotanical uses 
of lichens by various ethnic groups in India have been documented. Over 80% of the 
world’s population—especially in underdeveloped nations—still relies on herbal reme-
dies as their primary form of healthcare today [14]. This has drawn substantial attention 
from the scientific community to investigate the mycobionts and photobionts (and their 
related biological activities), as a result of the influence of lichens in bioprospecting 
studies and their application [15]. The Parmotrema spp. thallus contains 23.5% lecanoric 
acid and 37.5% usnic acid. The medullary layer also contains protocetraric acid, physo-
dalic acid, and physodic acid. These lichens have been identified and used throughout 
human history [6]. 

Considering their importance, the lichen compounds of specific species play a sig-
nificant role in pharmacopeias due to their antimicrobial, antiviral, anti-inflammatory, 
antioxidant, anti-analgesic, antipyretic, antiproliferative, and anticancer activities. 
Moreover, they are receiving wide attention in the field of pharmacy and have already 
contributed to several advances in medicinal applications, including anti-snake-venom 
properties [16,17]. A considerable number of lichen species can cure jaundice or coughs 
and control rabies. The most important species are Cladonia, Peltigera, Roccella, and Usnea. 
Some species, such as Parmelia sulcata and Lobaria pulmonaria, can cure cranial and pul-
monary diseases. Xanthoria paritinais has been used in the treatment of jaundice. Cetraria 
islandica displays medicinal properties for bladder, kidney, and lung diseases and heals 
oral inflammation. It can also control the proliferation of cancer cell lines [18]. More than 
a thousand different secondary metabolites of lichens have had their structures deter-
mined so far, although many of them still need to be described [19]. Cytotoxic ability, 
which is imparted by the presence of polyphenolic compounds in the fungal cells, is the 
term used to describe the most diverse biological activities of this group of organisms. 
Moreover, various secondary metabolites of lichens are known to exhibit an-
ti-inflammatory properties, which are less frequently reported. Inflammation is a defense 
mechanism that controls and repairs the damage caused in the body, accompanying a 
number of diseases. In the event of inflammation, biochemical changes leading to red-
ness, swelling, itching, pain, and increased temperature occur [20]. Particularly, depsides 
and depsidones have been reported to exhibit decent anti-inflammatory properties. For 
instance, the depside atranorin, which is present in the thalli of different species of lichen, 
has anti-inflammatory properties [21]. Bugni et al. studied the effects of a cyclooxygenase 
inhibitor [22]. The obtained results indicated that the tested depside inhibited cyclooxy-
genase-1 (COX-1) in a dose-dependent manner and, at the concentration of 17 µg/mL (45 
µM), caused a decrease in enzyme activity by 50%. In addition, lecanoric acid is another 
depside produced by various lichen species, and it is also known to possess an-
ti-inflammatory properties [23]. In this context, the present study is aimed at the isolation 
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and characterization of bioactive compounds from the lichen mycobiont P. austrosinense, 
with a major objective of evaluating the anti-inflammatory effect of lecanoric acid in a 
zebrafish model. 

2. Materials and Methods 
2.1. Chemicals 

All of the chemicals used in this study were procured from SD Fine Chem Limited, 
Chennai, Tamil Nadu, India. All of the chemicals were of analytical grade. 

2.2. Collection and Identification of P. austrosinense 
The Tamil Nadu Western Ghats (10°10′11″ N 77°03′40″ E), India, at an elevation of 

2695 m (8842 ft) above sea level, is an ideal location for the present study, owing to the 
presence of wildlife reserves and national parks. The major reason behind the selection of 
this area was the availability of ethnobotanical samples obtained through prior research 
conducted in the region. Additionally, the region is readily accessible [24,25]. To authen-
ticate a particular lichen sample, the representative samples were compared with the 
preserved samples at the National Botanical Research Institute (NBRI), Lucknow, India. 
The identification manual of Awasthi [13,26] was closely monitored. Thus, in addition to 
microscopic examination, representative samples were subjected to spot tests, chemical 
profiling, and thin-layer chromatography (TLC) testing to determine the lichen species. 
To study the morphological, structural, vegetative, and reproductive features of the li-
chen thalli, stereomicroscopy was used, except for anatomical sections, for which a 
compound light microscope was used. The lichen compounds were extracted from the 
thallus by the Soxhlet method, using acetone as the solvent [27]. 

2.3. Extraction of Bioactive Compound 
Lecanoric acid was produced and extracted by the method described by Verma and 

Behera [28]. Briefly, Modified Bold’s Basal Salt (MBBS) medium was prepared with 1% 
potassium nitrate and 4% sucrose in a flask and inoculated with the mycobiont isolate, 
and it was incubated at 25 °C for 4–8 weeks in a shaking incubator at 150 rpm agitation. 
During the subsequent incubation, part of the flask’s contents was used for extraction of 
the bioactive compound with acetone through the Soxhlet apparatus. Later, the crude 
culture extract was concentrated with a rotary vacuum evaporator, and it was stored at 
−20 °C until further use. The crude extract was investigated in the presence of bioactive 
compounds using TLC and microcrystallization methods. 

2.4. Zebrafish Collection and Maintenance 
Healthy adult zebrafishes that were free from illness or deformities were selected for 

the present study. The average weight and length of the zebrafishes ranged from 0.18 to 
0.22 g and from 2.55 to 2.95 cm, respectively. All of the fishes were habituated in a labor-
atory setting before the beginning of the experiments, in accordance with the Organiza-
tion for Economic Co-operation and Development (OECD) recommendations [29]. For 
the treatment with the test sample, the zebrafishes were divided into eight different 
groups, each containing 12 zebrafishes (control, TNBS-induced group, standard, 200, 400, 
600, 800, and 1000 µg/mL), and all maintained in different tanks [30]. 

2.5. Determination of LC50 
The zebrafishes of interest were weighed, and their weight was used to determine 

how much of the sample was to be injected in a 20 µL volume of phosphate-buffered sa-
line (PBS) at pH 7.4 [31]. In this experiment, 30 G caliber injections were applied. The 
doses tested were 20, 40, 60, 80, and 100 µg/mL. A foundation plane was prepared be-
forehand to hold the fish: a soft sponge with a 1.5 cm section cut out from the center, in a 
Petri dish with ice water (12 °C). Prior to anesthesia, test solutions were placed into the 
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injection. By putting ice chips into the fish water until the temperature hit 12 °C, each fish 
was gradually put to sleep. Holding the fish in the sponge with the abdomen facing up, it 
was transferred to the base plane when the fish remained still in response to any external 
stimuli. Without waiting, the solutions were injected intraperitoneally, and the fish were 
then moved to normal water (35 °C) to recover and resume their normal behaviors [32]. 
The fish were monitored for 7 days following the injection [33]. From day 0 to day 7, the 
number of animals that died in each concentration was recorded, and the LC50 value was 
calculated. 

2.6. Induction of Inflammation and Efficacy Analysis 
The 2,4,6-trinitrobenzene sulfonic (TNBS) acid injection was administered based on 

the weight of fish, at 1 µL per 1 mg of body weight. The 2,4,6-trinitrobenzene sulfonic 
acid (TNBS) is a kind of hapten. It binds to a protein (tissue), turns into an antigen, and 
provokes immunological reactions. TNBS-induced colitis is a delayed hypersensitivity 
reaction to haptenized proteins, and it disrupts the epithelial barrier. For testing the effi-
cacy, the zebrafish were divided into eight different groups: control, TNBS-induced, 
standard, and five different concentrations. The acetone extracts were administered at 
final doses of 20, 40, 60, 80, and 100 g/mL after the TNBS injections, which were timed to 
elicit the best inflammation in adult zebrafishes within 4 h. The zebrafish weight and the 
volume of TNBS to be injected were determined, and the injection was adjusted to a final 
volume of 20 µL in PBS. Following the same procedure as mentioned above, TNBS was 
injected and weight was measured before and after treatment. The zebrafishes were 
killed immediately to finish the determination of the biological effects upon completion 
of the experiment after 4 h of treatment. The experimental zebrafish model was per-
formed in triplicate. 

2.7. Histopathology Study of Muscle Tissue 
After 4 h, the zebrafishes were decapitated, and their abdominal region was dis-

sected and fixed in Dietrich’s fixative before being transferred for histopathology study. 
The remaining tissues were immediately stored at 4 °C for extraction of DNA. The tissues 
were taken out of the fixative, washed with saline water, and dehydrated with 90% al-
cohol. Then, the tissues were cleaned up with xylene. The sample tissues were embedded 
and impregnated using paraffin wax. Furthermore, the embedded block containing the 
tissue was trimmed for easy cutting into fine sections. Later, the block containing the 
tissue was cut to a 5–8 µm thickness with the help of a microtone, and the cut sections 
adhered to the slides firmly and in the right position. Before attaching the portions to the 
slide, it was coated with egg albumin. The slides were stained using azan, hematoxylin, 
and eosin. For pathological observations, the stained sections were examined under a 
light microscope, and microphotographs were obtained [33]. 

2.8. Genomic DNA Isolation 
At this stage, 100 mg of muscle tissue was placed in a mortar and pestle and thor-

oughly crushed after freezing with liquid nitrogen. The pulverized tissues were dis-
solved in 1.2 mL of digestion buffer and incubated for 12 to 18 h at 55 °C in a water bath. 
Equal amounts of phenol, chloroform, and isoamyl alcohol were added, gently mixed, 
and centrifuged at 3000 rpm for 5 min at 37 °C. Without disturbing the middle or bottom 
layers, the aqueous phase was carefully removed and transferred to a new tube. Half of 
the volume of 7.5 M ammonium acetate and twice the volume of 100% ethanol were then 
added, thoroughly mixed, and centrifuged at 3000 rpm for 5 min at ambient temperature. 
Then, 70% ethanol was used to rinse the particles, and the ethanol was then thrown away. 
The pellet was kept to dry in the air. For further processing, the pellet was dissolved in 30 
L of nuclease-free water after it had dried. The standard procedure recommended by Lee 
et al. [34] for agarose gel electrophoresis was followed. A UV illuminator was used to 
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expose the gel to UV light. Bands of orange luminous color represented DNA, and the gel 
was discarded after taking a picture of the DNA bands. 

2.9. Quantification of Lipid Peroxidation 
Lipid peroxidation was determined using the thiobarbituric-acid-reactive substanc-

es (TBARS) assay. Accordingly, the tissues treated with various concentrations of the test 
sample were acquired for assay. The tissue was homogenized with ice-cold KCl buffer; 
then, the homogenized tissue sample was collected in an Eppendorf tube and centrifuged 
at 5000× g for 5 min, after which the pellet was rinsed and redispersed in 0.2 mL of 8.1% 
sodium dodecyl sulfate (SDS). Next, 1.5 mL of 20% acetic acid was added to this suspen-
sion, and the mixture was incubated for 10 min. The solution was then combined with 1.5 
mL of 0.8% Tris-borate EDTA (TBA) buffer and 0.7 mL of distilled water. Later, after one 
hour at 95 °C, the reaction mixture was cooled to 25 °C. After adding around 5 mL of a 
15:1 combination of butanol and pyridine, the reaction liquid was once more centrifuged 
at 5000× g for 15 min to remove debris. The absorbance was recorded at 532 nm. The un-
treated fish were taken as a control. The standard was performed with malondialdehyde 
(MDA). The sample values were compared with the standard, and the concentration was 
expressed as µM. 

2.10. Amplification of Inflammatory Markers 
In the present study, nitric oxide synthase (iNOS), tumor necrosis factor (TNF)-α, 

and β-actin primers were employed. All of the inflammatory markers (i.e., TNF-α and 
iNOS) were designed using the Basic Local Alignment Search Tool (BLAST) (Table 1). 
The primers were as follows: 

Table 1. The primers used for inflammatory marker genes amplification.  
Name of Primers Sequences 

iNOS 
Forward—5′ACACTTCGAAAAGCAAGATGG 3′ 
Reverse—5′ ACGGGCATCGAAAAGCTGTA 3′ 

TNF-α 
Forward—5′ TCATTTTGGCTGTGGGCCTT 3′ 

Reverse—5′ GGCGGTTCAAAATCTCACTCAC 3′ 

β-Actin 
Forward—5′ CCATCGGCAATGAGCGTTTC3′ 
Reverse—5′ CATCCTGAGTCAATGCGCCA 3′ 

In addition to the inflammatory indicators used here, β-actin was chosen as the 
housekeeping control gene. 

PCR kits were procured from Takara Bio Inc., Japan © (EMERALD PCR master mix), 
and the procedure was carried out as follows: EMERALD master mix—12.5 µL, DNA 
template—2.5 µL, forward and reverse primer—1 µL, distilled H2O—8 µL. The above 
cocktail for each sample was amplified in the following order and conditions: initial de-
naturation at 95 °C for 2 min, denaturation at 95 °C for 1 min, annealing respective to the 
primer chosen for 30 secs, extension at 72 °C for 1 min, and a final extension at 72 °C for 5 
min. Amplification was carried out in 34 cycles, the resulting PCR product was resolved 
in 1% agarose gel electrophoresis, and the results were interpreted. 

2.11. Statistical Analysis 
All of the experiments were performed in triplicate. The final results were expressed 

as the mean and standard deviation (mean ± SD). All of the data were checked for normal 
distribution and homogeneity by one-way ANNOVA. Then, the data were subjected to 
Tukey’s test, which enabled us to identify the specific group means that were different 
and compare them with the values of honest significant difference. 

3. Results 



J. Mar. Sci. Eng. 2023, 11, 1081 6 of 13 
 

 

3.1. Determination of LC50 
In order to investigate the effect of dosage on the behavioral changes in the fish, 

several experiments were performed using varied dosages. The LC50 results demon-
strated that, up to 10 µg/mL dosage, no mortality was recorded, nor were any behavioral 
changes were observed in the fish. Later, the dosages were gradually increased up to 50 
µg/mL, i.e., different dosage ranges (including 10, 20, 30, 40, and 50 µg/mL) were used, 
and the fishes were closely observed at these dosages for up to 7 days. Notably, at these 
dosages—between 10 and 50 µg/mL—the fish survived, and no abnormal behavior was 
detected in the fish. Encouraged by these results, the dosage was further increased, and 
higher dosages of 200, 400, 600, 800, and 1000 µg/mL were applied for total of 7 days. 
There was no evident effect in the entire dosage range, and the fish survived normally 
even up to 800 µg/mL. Furthermore, no prominent toxic effects or abnormal behavior 
were observed throughout the treatment period—even in the acute phase. 

3.2. Anti-Inflammatory Activity 
The inflammation induced by TNBS was dependent on the fishes’ weight. The sam-

ples in the range of 200, 400, 600, 800, and 1000 µg/mL were given by gavage. The body 
weight of the fishes was noted. Figure 1 and Table 2 shows the initial weight of the fishes, 
their weight before treatment, and their weight after treatment (4 h). 

 
Figure 1. The image represents the fishes without TNBS induction, with TNBS induction, and 
having recovered from inflammation after treatment with the sample. (a) Fish without TNBS in-
duction. (b) Fish with TNBS induction (1 h later). (c) Fish after TNBS induction and treatment with 
the compound (4 h later). 

Table 2. Anti-inflammatory activity of mycobiont extract towards zebrafish at different stages. 

Dosage (µg/mL) 
$ Weight Before TNBS 

injection (g) 
Weight before Sample 

Treatment (g) 
Weight after Sample Treat-

ment (g) 
Control 0.62 ± 0.01 c 0.64 ± 0.00 d 0.64 ± 0.00 g 
TNBS-induced 
group 

0.65 ± 0.01 b 0.74 ± 0.01 bc 0.77 ± 0.01 b 

Standard 0.61 ± 0.01 c 0.72 ± 0.01 c 0.67 ± 0.01 ef 
200 0.61 ± 0.00 c 0.63 ± 0.01 d 0.68 ± 0.00 e 
400 0.70 ± 0.01 a 0.72 ± 0.01 c 0.79 ± 0.01 a 
600 0.65 ± 0.01 b 0.75 ± 0.01 b 0.71 ± 0.00 d 
800 0.69 ± 0.01 a 0.83 ± 0.01 a 0.74 ± 0.01 c 
1000 0.62 ± 0.01 c 0.72 ± 0.01 c 0.66 ± 0.01 fg 
F7,16 21.240 *** 68.146 *** 80.742 *** 
$ Each value is a mean of five replicates ± SD. This means that a column followed by the same su-
perscript (p > 0.05) differs significantly according to Tukey’s range test. *** Significant at p < 0.001. 

Transverse cuts were made in the abdominal muscular tissues, and slices were then 
stained with hematoxylin and eosin. Figure 2 denotes the control, TNBS-induced group, 
and treated group with standard and sample (200 µg/mL, 600 µg/mL, and 1000 µg/mL). 
The reference image depicts muscle tissue as it would typically appear, with intact nuclei 
and cytoplasm (cf. Figure 2a). The control muscle section revealed normal histological 
elements, such as fiber bundles, connective tissue, and the arrangement of muscle bun-
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dles. However, the fish in the TNBS-induced group displayed aberrant muscle tissue ar-
rangements (cf. Figure 2b). The standard treatment showed recovery of tissues from the 
inflammation (cf. Figure 2c), where the sample-treated images showed the recovery 
process of muscle tissues in a dose-dependent manner (cf. Figure 2d–f). The progression 
of recovery of the muscle tissue arrangements was observed in the increased dose ranges. 
All of the morphological changes are indicated by black arrows, first indicating the neu-
trophil cells (Figure 2a). Later, an increased number of neutrophil cells was observed in 
the TNBS-induced group (Figure 2b), which recovered while treated with the samples 
and also showed recovered muscle tissues (Figure 2d–f). Overall, from the results, it was 
established that the mycobiont extracts possessed anti-inflammatory properties. 

 
Figure 2. Histopathology of zebrafish muscle tissues: (a) control group; (b) induced group; (c) 
standard drug; (d) treated group (200 µg/mL); (e) treated group (600 µg/mL); (f) treated group 
(1000 µg/mL). 

3.3. Lipid Peroxidation Assay 
Figure 3 depicts the differences in lipid peroxidation (LPO) levels between the 

different groups. The control fish without TNBS induction showed 0.175 µM LPO release. 
The concentration of LPO increased in the induced group, whereas in the standard 
treatment the LPO level decreased. The samples showed decreasing LPO release in the 
range from 20 to 100 µg/mL. The figure shows the prominent levels of difference between 
the different groups. The graph depicts the evident change in the LPO when the in-
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flammation was treated with the varied sample range, proving that there were significant 
differences in the LPO levels. The results showed that the lipid peroxidation effect ranged 
between 0.55 µMol (induced group) and 0.18 µMol (100 µg/mL group), whereas the 
variation between treatments (F7,39 = 449.289, p < 0.001) was highly significant. The lipid 
peroxidation assay was significantly related to the extent of the mycobiont extracts of the 
lichen. This confirms that the samples acted on the recovery at the site of inflammation 
induced by TNBS. 

 
Figure 3. Lipid peroxidation activity of mycobiont extract of Parmotrema austrosinense. Bars bearing 
the same letter(s) do not significantly differ according to Tukey’s range test (p > 0.05). 

3.4. Amplification Studies of the Inflammatory Markers 
The PCR amplification of DNA extracted from the control group, induced group, 

and treated group (standard and sample)—gene expression of (a) β actin, (b) iNOS, and 
(c) TNF-α—is shown in Figure 4, which reveals that the samples evoked significant 
downregulation of the inflammatory gene marker TNF-α in a dose-dependent manner 
compared to TNBS-induced group. Among the treated groups, there was a marked de-
crease in the expression of TNF-α at 100 µg/mL. The standard treatment showed a low 
expression level compared to the sample-treated groups. There were no remarkable 
changes in iNOS expression levels between the groups. β-Actin was used as an internal 
loading control. The gene expression studies confirmed the downregulation of the in-
flammatory marker TNF-α, which is an indicator of anti-inflammatory activity. 
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Figure 4. Gene expression analysis of treated fishes: (a) Beta-actin gene expression; (b) iNOS gene 
expression; (c) TNF-α gene expression. Lane 1—control, Lane 2—induced group, Lane 3—standard 
group, Lane 4—20 µg/mL, Lane 5—60 µg/mL, Lane 6—100 µg/mL. 

4. Discussion 
Many earlier reports have described the biological activities of lichen extracts with 

various organic solvents—particularly from Parmotrema species [35,36]. According to 
previously published studies, most lichen species contain a variety of potentially bioac-
tive secondary metabolites that demonstrate excellent anti-inflammatory and antimicro-
bial properties [22,37]. These secondary metabolites include phenols, usnic acid, terpenes, 
steroids, and other depside derivatives, which exhibit several important biological 
properties, such as antitumor, apoptotic, and cytotoxic activities [36]. Particularly, usnic 
acid is a highly popular secondary metabolite of lichen, which is known to exert high 
antimicrobial activity and excellent antiproliferative effects on human leukemia (K562) 
and endometrial carcinoma [38,39]. Therefore, due to the presence of highly efficient bi-
oactive secondary metabolites, lichen extracts have been employed indigenously for the 
treatment of several different types of ailments [40]. Particularly, in herbal remedies, 
several genera of lichens have been used to treat a variety of diseases. A wide variety of 
species of lichen extracts have been used to control fever, diarrhea, infections, skin dis-
eases, epilepsy, convulsions, and as purgatives [41]. Despite this, the lack of bulk quantity 
of lichen thalli and their compounds is the reason that various lichen species are still 
unresearched. Among these unexplored lichens, the species P. austrosinense is also one of 
the less-studied lichens. However, in recent years, mycobiont extracts have gradually 
been gaining popularity for research purposes, due to their diverse biological prospects 
[42]. 

In the present study, we investigated the anti-inflammatory activity of locally 
available P. austrosinense, which is a cosmopolitan lichen distributed in the humid climate 
of the Tamil Nadu Western Ghats. More specifically, acetone was used to extract the bi-
oactive secondary metabolites from the mycobiont. To study the biopotential of P. aus-
trosinense mycobiont extracts, a lipid peroxidation assay was performed using the acetone 
extract, which was further used to evaluate its anti-inflammatory efficacy using the 
zebrafish model. The complete study was carried out with the zebrafish model, because 
of the accumulated knowledge and tools available for the selected fish model, which 
could be utilized for further exploitation [43]. 

According to the results, the toxicity assay showed that the mycobiont extract had 
no toxic effect against zebrafishes up to 800 µg/mL. This result on toxicity is consistent 
with the results reported by Studzińska-Sroka and Dubino [20]. Another study reported 
by Poornima et al. [44] also demonstrated that toxicity against the zebrafish model was 
recorded at the concentration of 800 µg/mL. Thus, the mycobiont extracts were used for 
anti-inflammatory studies with a zebrafish model of induced inflammation. The study on 
the anti-inflammatory activity suggested that the mycobiont extract might contain an 
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anti-inflammatory compound, which was found to be highly active against the inflam-
matory agent TNBS. A significant positive association between lichen compounds and in 
vivo anti-inflammatory action was demonstrated by Poornima et al. [44] and Nguyen et 
al. [45]. Furthermore, anti-inflammatory studies with other lichen species also evidently 
support the present findings [36,46]. The mycobiont acetone extract showed 
dose-dependent anti-inflammatory action against TNBS-induced inflammation. The 
lower weight in the zebrafishes with TNBS-induced inflammation was the main indicator 
of the presence of the anti-inflammatory compound in the extract. 

Furthermore, lipid peroxidation test assays were carried out using the acetone ex-
tracts of the mycobiont. The results indicated a dose-dependent decrease in LPO levels in 
the sample-treated TNBS-induced zebrafishes. The TNBS-induced zebrafishes exhibited 
a decreased level of LPO at the concentration of 100 µg/mL. It was also noted that with 
increasing extract dose, a gradual decrease in the LPO level was observed. However, the 
results of the LPO assay in the present study are contradictory when compared to the 
results of an earlier published report on the acetone extract of Parmotrema species [47–49]. 

The anti-inflammatory activity of the acetone extract of the P. austrosinense myco-
biont was confirmed by the recovery of neutrophils in the histopathological assays of 
TNBS-induced zebrafishes. It is possible that the reported anti-inflammatory activity of 
the extract could be attributed to the presence of lecanoric acid, as reported in an earlier 
study by Studzińska et al. [21]. According to observations, the present findings are con-
sistent with the results obtained by Poornima et al. [44]. In contrast with our present 
study, the latter used oxazolone to induce inflammation in the zebrafishes. 

Additionally, encouraged by these results, gene expression studies were also carried 
out after the TNBS-induced inflammation and lipid peroxidation tests. In comparison 
with the standard, a dose-dependent decrease in TNF-α gene expression was detected. 
These results also suggest that the aforementioned compound possibly produces a 
dose-dependent anti-inflammatory response. This was analyzed using TNF gene down-
regulation, which also resulted in a dose-dependent response, as with the increase in the 
dose, a greater downregulation of the TNF-α gene was detected with the PCR-amplified 
products. Notably, the results of our gene expression study are also supported by an-
other previously published report by Lee et al. [50] with LPS-induced macrophages, 
where they found that after treatment with the test sample, a successful reduction in 
TNF-α was recorded. 

5. Conclusions 
In this study, a mycobiont extract of a lichen species was tested for its biopotential 

properties. Among the various lichen species, P. austrosinense is cosmopolitan in its dis-
tribution and is known to be widely found in hill stations. However, the an-
ti-inflammatory activity of P. austrosinense has been little explored; thus, it was decided to 
investigate it’s in vitro and in vivo anti-inflammatory activities using a zebrafish model in 
the present research. The in vivo anti-inflammatory studies showed a dose-dependent 
response. Accordingly, the in vitro LPO assay concluded that the extract showed a de-
creased LPO level at high doses. The results of PCR gene expression indicated the pres-
ence of downregulation of the inflammatory gene marker TNF-α. Therefore, the sup-
portive in vitro and in vivo test results confirmed the anti-inflammatory activity of the 
mycobiont of P. austrosinense. These results are encouraging; however, further extensive 
investigations are needed to exploit the biopotential of the studied lichen extract for fu-
ture medical applications. 
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