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Abstract 

Background  The Pro-inflammatory mediators such as prostaglandin E2, nitric oxide and TNF-α are the key players 
in the stimulation of the inflammatory responses. Thus, the pro-inflammatory mediators are considered to be poten-
tial targets for screening nutraceutical with anti-inflammatory activity.

Methods  In this context, we explored the anti-inflammatory potency of seagrass extract with western blot (Bio-Rad) 
analysis by using LPS induced RAW macrophages as in-vitro models, western blot analysis, In-silico methods using 
Mastero 13.0 software.

Results  The anti-inflammatory activity of Seagrass was demonstrated through down regulation of Pro-inflammatory 
markers such as Cyclooxygenase-2, induced Nitric oxide synthase and prostaglandin E synthase-1. The results were 
validated by docking the phytochemical constituents of seagrass namely Isocoumarin, Hexadecanoic acid, and Cis-9 
Octadecenoic acid, 1,2 Benzene dicarboxylic acid and beta-sitosterol with TNF-alpha, COX-2, iNOS and PGES-1.

Conclusion  The methanolic extract of seagrass Halophila beccarii is a potential nutraceutical agent for combating 
against inflammation with a significant anti-inflammatory activity.

Keywords  Seagrass Halophila beccarii, RAW 264.7 macrophages, COX-2, Inducible nitric oxide synthase, Inflammatory 
cytokines

Introduction
Seagrasses are marine flowering plants distributed along 
the coasts of south and south-eastern Asia. Seagrass 
appears as meadows and fastens to the ocean by thick 
root system along with rhizomes and closely resem-
bles the ecosystem of mangroves and coral reefs. More 
than fifteen species of seagrasses belonging to the fam-
ily Hydrocharitaceae are identified in the pulicat lake the 
second largest salt lagoon, spanning around 750 sq.km 
across Andhra Pradesh and Tamil Nadu, India. Vani 
et al. [1] reported the distribution of seagrass Halophila 

beccarii from the estuarine environments of Pulicat Lake 
and Andaman and Nicobar Islands,. Currently, marine 
plants like seagrasses are gaining popularity due to their 
adaptation to the marine environment.

The qualitative and quantitative analysis of an organic 
extract of H. beccarii exhibited the presence of essential 
polyunsaturated fatty acids, polyphenols, flavonoids and 
proteins [1]. The phenols and flavonoids are active ingre-
dients in several terrestrial plants and are reputed to play 
a part in the treatment of oxidative stress and inflamma-
tion [2].

Inflammation is associated with several chronic dis-
eases like cancer, rheumatoid arthritis, cardiovascular 
and neurodegenerative disorders [3]. During the process 
of inflammation, macrophages play a specific role in the 
secretion of pro-inflammatory mediators such as prosta-
glandins and nitric oxide [4]. Lipopolysaccharide, one of 
the components of the Gram negative bacterial cell wall, 
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is an efficient simulator in the secretion of pro-inflamma-
tory cytokines like TNF-α and secondary mediators such 
as (NO), leukotrienes, prostaglandins (PGs) and super 
oxide anion from activated macrophages [5] Moreover, 
the COX-2 and iNOS are linked with the progression of 
inflammatory diseases [6]. Therefore, the down regula-
tion of inflammatory enzymes and the inhibition of nitric 
oxide, PGE2 and TNF-α production are the hall mark tar-
gets to develop anti-inflammatory agents [7].

The proposed research paper with the hypothesis that 
the seagrass extract could be a potential anti-inflamma-
tory agent and evaluates this potential through in-vitro 
analysis. The methanolic extract was selected because it 
is noted with bio active metabolites rich in unsaturated 
fatty acids, flavonoids and phenolic compounds. The sea-
grass H. beccarii contains a plethora of bio active com-
pounds which was evaluated earlier through GC–MS 
analysis (Vani et  al. 2023). Thus, the proposed research 
evaluates the synergistic action of these compounds, 
extracted from seagrass H. beccarii, in augmenting the 
anti-inflammatory effect through in-vitro analysis in LPS 
stimulated raw macrophages.

Materials and methods
Seagrass extract
The air dried powder (20 g) of seagrass was mixed with 
200  mL of water, methanol and ethanol independently 
and maintained at room temperature for seven days. 
The mixtures were subjected to liquid–liquid extrac-
tion and rotary evaporation to obtain the crude extract 
for the experimental analysis. The preparation of crude 
extracts was obtained by mixing 20  g of powder with 
water (250  ml), methanol or ethanol solvent (250  ml) 
using Soxhlet apparatus for 72  h. To eliminate particu-
lates, each volume of crude extracts were filtered indi-
vidually through Whatman No. 41 filter paper. To get dry 
crude extracts, the particle-free crude extracts were com-
pletely evaporated using a rotary evaporator (Polylab, 
India) under reduced pressure. After completion of evap-
oration, the yield of aqueous extract (1.51  g), methanol 
crude extract (2.54 g) and ethanol crude extract (1.89 g) 
was calculated respectively.

Anti‑hemolytic assay of seagrass extract
Six varied concentrations of seagrass extracts (aqueous, 
ethanol and methanol) ranging from 50,100, 200, 300, 
400 and 500 µg/mL in 0.1% DMSO were utilized in the 
HRBC membrane stabilization assay for detecting the 
in vitro anti-inflammatory activity and anti-protein dena-
turation activity [8]. Among the three extracts, methanol 
extract exhibited potential anti-inflammatory activity 
and it was chosen for further work.

Toxicity analysis of seagrass extract
MTT(3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetra-
zolium bromide) assay was adopted to analyze the 
Cytotoxicity of seagrass extract with a concentration 
ranging from 100 µg to 500 µg/ml [9] by using RAW 
264.7 macrophages. The percentage of cell viability was 
detected based on the formazan crystals formed by 
mitochondrial succinate dehydrogenase activity.

Impact of seagrass extract on secretion 
of pro‑inflammatory mediators
To analyze the effect of seagrass extract on inflam-
matory mediators, the RAW 264.7 macrophages 
induced with LPS were used as an in-vitro model. The 
RAW264.7 macrophages were cultured in a DMEM 
medium comprising FBS, 100 U/mL of penicillin and 
10 µg/mL of Streptomycin and maintained at 37  °C in 
a 5% CO2 humidified atmosphere. After the conflu-
ence of growth, the cells were treated with the metha-
nolic extract at different concentrations (20–100  µg) 
for 1 h before stimulation with LPS (1 µg/mL) for 24 h 
for the production of NO and TNF-α and only 4 h for 
the secretion of PGE2 [10]. After stimulation with LPS 
for 24  h, the cell-free culture medium was separated 
by centrifugation at 1000 G-force for 15 min and 50 µl 
of cell-free extract was used to determine the NO pro-
duction by Griess reagent [4] and TNF-α by ELISA Kit 
as per the instructions of Bioscience (San Diego, CA, 
USA). The quantity of PGE2 released from endoge-
nous arachidonic acid in the murine macrophages was 
measured with PGE2 assay ((Thermo Fische Scientific, 
Chennai, India)).

Seagrass extract on the translational expression 
of pro‑inflammatory enzymes
After 4  h and 24  h of stimulation with LPS, the cells 
were lysed and the extracted proteins were resolved on 
10% SDS-PAGE to analyze the translational expression 
of COX-1,COX-2 and iNOS respectively. The protein 
bands were trans blotted on to nitrocellulose mem-
brane for probing with anti-COX-1 and anti- COX-2 
(1:1000), iNOS (1: 5,000) primary antibodies and sub-
sequently for 1  h with anti-rabbit IgG (1:10,000). The 
bands were subjected to an ECL assay for visualization. 
The equal loading of cytoplasmic proteins was validated 
with glyceraldehyde-3-phosphate dehydrogenase..

In‑silico analysis for anti‑inflammatory activity
Preparation of inflammatory proteins
The crystalline structure of the TNF-alpha, COX-1, 
COX-2, iNOS and mPEGS1 were obtained from pro-
tein data bank (PDB ID: 3GIO, 3N8Y, 1PXX, 4NOS 
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and 3DWW). The protein structures were prepared by 
remodeling the co-crystallized structures and water 
molecules.

Preparation of seagrass bio active compounds
The compounds of the seagrass extract such as Isocou-
marin, Docosanoic acid, hexadecanoic acid, Cis-9 Oct-
decanoicacid, Triacontane, 1,2 Benzene dicarboxylic acid, 
2,6 Tetracosapentamethyl eicosapetane, beta-sitosterol 
and standard drugs ( Diclofenac sodium salt, Ethyl Iso-
thiourea) which are characterized through GC–MS (SHI-
MADZU) analysis [11] were selected as ligands and their 
structures were derived in SDF format from the pubchem 
database [12].

Interaction of inflammatory proteins with bio active 
ligands
Mastero 13.O was employed for predicting interaction 
of Docosanoic acid (Behenic acid), Isocoumarin, Hexa-
decanoic acid, Cis-9Octadecenoic acid, Triacontane, 1,2 
Benzene dicarboxylic acid, 2,6,10,14,18-Tetracosa penta-
methyl eicosapentaene, Beta-sitosterol with various tar-
get proteins such as COX-1, COX-2, iNOS and mPEGS1 
[13, 14]. The grid box of the target proteins was generated 
for flexible docking with the ligands and also to enhance 
the binding of bio active ligands in the active pocket of 
target proteins by minimizing the torsion angles [15].

Statistical analysis
Analysis of variance (ANOVA) and Duncan’s multiple 
comparison test (DMCT) was performed to calculate 
the statistical significance of the experimental data. Sta-
tistical significance is denoted by an asterisk (*) when 
p values are *p < 0.03 to 0.05, **p < 0.001, ***p < 0.0001 
and ****p < 0.00001.

Results and discussion
Inflammation is the basic mechanism triggered by toxic 
stimuli and several pathogens [16]. During infection by 
gram negative bacteria, the microbial antigen, namely 
LPS stimulates the macrophages and leads to the induc-
tion of acute or chronic inflammatory diseases. Hence, 
murine macrophages stimulated with LPS are commonly 
utilized to characterize anti-inflammatory agents target-
ing pro-inflammatory enzymes and cytokines [17, 18]. As 
per the current literature, there is a need to explore the 
potential effects of marine phytochemicals against many 
inflammatory mediated human diseases [19]. The current 
data reveals the anti-inflammatory potential of H. becca-
rii collected from Pulicat Lake, India.

Anti‑inflammatory activity of seagrass extract
The Anti-inflammatory activity of seagrass was analyzed 
by HRBC membrane stabilization and anti-protein dena-
turation assay. HRBC membrane stabilization by seagrass 
extract against the degrading effect induced by heat was 
tabulated (Table 1). Among the three extracts, methanol 
extract showed significant inhibition of hemolysis with 
IC50 at 100 µg/mL in comparison with standard Disperin. 
Inhibition of protein denaturation by various concentra-
tions of seagrass extract (50–500 µg/mL) and diclofenac 
was represented in Table 2. In correlation with standard 
NSAID diclofenac, methanolic extract of seagrass exhib-
ited significant anti-inflammatory activity.

Chemical profile of seagrass extract
We reported the presence of isocoumarin, Docosanoic 
acid, hexadecanoic acid, cis-9 octa decanoic acid, Triaco-
ntane, 1,2 Benzene dicarboxylic acid, 2,6,10,14,18-Tet-
racosapentamethyl eicosapetane, beta-sitosterol in the 

Table 1  Stabilization of HRBC membrane by seagrass extract

AE Aqueous extract, EE Ethanol extract, ME Methanol extract of seagrass 
Halophila beccarii)

Values are given as mean ± SEM, values with the same superscript indicate no 
difference in value (p ≤ 0.05)

Concentration µg/mL % inhibition of Hemolysis

AE EE ME Diclofenac

50 15 ± 1.81a 25 ± 1.01a 45 ± 4.11a 65 ± 3.22b

100 24 ± 0.81b 36 ± 2.11b 55 ± 3.31a 76 ± 2.51c

200 35 ± 1.51a 44 ± 3.01a 62 ± 2.41c 84 ± 1.21a

300 40 ± 2.01c 50 ± 2.51c 70 ± 3.21a 91 ± 3.25c

400 45 ± 1.71a 57 ± 4.01c 76 ± 2.21b 94 ± 4.24c

500 55 ± 1.41c 65 ± 3.01a 85 ± 4.11a 98 ± 3.20a

IC/50 Value µg/mL 555 ± 1.81 454 ± 5.01 100 ± 4.12 45 ± 2.21b

Table 2  Effect of seagrass extract on the inhibition of Protein 
denaturation

AE Aqueous extract, EE Ethanol extract, ME Methanol extract of seagrass 
Halophila beccarii

Values are given as mean ± SEM, values with the same superscript indicate no 
difference in value (p ≤ 0.05)

Concentration µg/mL % inhibition of Protein denaturation

AE EE ME Disperin

50 12 ± 0.81a 18 ± 1.01a 40 ± 4.01a 60 ± 2.82b

100 20 ± 1.61b 30 ± 2.01b 45 ± 3.11a 65 ± 2.21c

200 30 ± 1.71a 32 ± 2.91a 52 ± 2.21c 70 ± 1.11a

300 32 ± 2.03c 40 ± 2.31c 57 ± 3.11a 80 ± 3.05c

400 44 ± 1.72a 47 ± 3.81c 64 ± 2.11b 85 ± 4.04c

500 45 ± 1.31c 55 ± 3.11a 75 ± 2.81a 90 ± 2.20a

IC/50 Value µg/mL 555 ± 3.71 454 ± 6.01 185 ± 3.12 50 ± 3.21b
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Fig. 1  GC–MS Chromatogram of Seagrass methanol extract

Table 3  The chemical profile of seagrass methanol extract [1]

RT Retention time MW Molecular weight

S.No RT Compound Name Molecular Structure MW

1 1.14 Isocoumarin 146

2 13.6 Docosanoic acid (Behenic acid) 340.6

3 19.52 Hexadecanoic acid 256.4

4 19.65 Cis-9 Octadecanoic acid 282.0

5 19.93 Triacontane, 422.8

6 21.72 1,2Benzene dicarboxylic acid 152.1

7 26.04 2,6,10,14,18-Tetracosapentamethyleicosap-
entaene

342.6

8 32.5 Beta-sitosterol 2456.7
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methanolic extract of seagrass through GC–MS analysis 
(Fig.  1) [11]. Several studies have indicated the role of 
unsaturated fatty acids in the down regulation of pro-
inflammatory mediators, antimicrobial effect of Docosa-
noic acid [20] and behenic acid (Table 3) in maintaining 
the tissue integrity [21] and anti-hyperlipidemic activity 
and regulation of glucose transport by methanolic extract 
of seagrass [22].

Cytoprotective effect of seagrass extract on macrophages
The MTT assay has been widely used to assess mitochon-
drial respiration and cell viability [23]. Further, there is no 
change in the morphology and shape of the macrophages 
even at the higher concentration of methanolic extract 
which represents the cytoprotective effect of seagrass 
extract (Fig.  2). The methanol extract of seagrass was 
found to be nontoxic and the percentage proliferation 
of treated cells was on par with the control cells of RAW 
264.7 macrophages. where as seagrass Thalassodendron 
ciliatum from red sea exhibited Cytoprotective activity 
on treatment with MCF-7 cells [24]

Inhibition of LPS‑induced nitric oxide production
The nitrite concentration, an indicator of nitric oxide pro-
duction, was estimated by Griess assay by using culture 
supernatant of LPS stimulated cells in the presence of 
seagrass extract. In LPS stimulated cells, the nitric oxide 
levels were remarkably high (65.21 ± 2.35 μM) compared 
to control macrophages wherein the level of NO was 
3.83 ± 1.25 μM (P < 0.05). On the other hand, the seagrass 
extract showed strong NO inhibition with the lowest 
IC50 of 45 µg/ml. The secretion of nitrite was drastically 

lowered with gradual increase in the dose of methanol 
extract of seagrass (Fig. 3a). LPS stimulated macrophages 
release excessive nitric oxide due to the degradation of 
arginine and the production of nitric oxide is regulated 
by iNOS [25].

PGE2 & TNF‑alpha production
During the process of acute and chronic inflamma-
tion, macrophages produce inflammatory cytokines 
like TNF- α and PGE2 to protect the body from bacte-
rial infection and macrophages as reservoir source for 
the secretion of PGE2 [26]. The effect of the methanolic 
extract on PGE2and TNF-α secretion in the culture 
supernatant of macrophages cells was measured through 
immunoassay [27]. The cells treated with LPS exhibited 
a significant activation of PGE2 & TNF-α production. 
The assay demonstrated dose-dependent inhibition of 
TNF- α & PGE2 secretion by seagrass extract at 20, 40, 
60, 80, 100 µg/mL (Fig. 3b and c). Our data demonstrates 
that seagrass extract could specifically prevents the pro-
duction of PGE2 stimulated by the LPS. Thus, seagrass 
extract that attenuate the production of inflammatory 
mediators have had a healing effect on many inflamma-
tion-related diseases [3].

Down regulation of COX‑2 and iNOS expression 
by seagrass extract
The cells like macrophages, endothelial cells and mono-
cytes induce the production of COX-2 enzyme on 
exposure to various stimuli [28]. In addition, the mac-
rophages stimulated with LPS secrete excess inflamma-
tory enzymes, particularly COX-2 (Fig.  4a and b), the 

Fig. 2  Effect of seagrass extract (100 µg/ml to 500 µg/ml) on proliferation of Raw 264.7 Cells. Data represents the mean ± SEM of three independent 
experiments with significance of 1% level (p ≤ 0.0001)
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key enzyme involved in the synthesis of PGE2 [29]. The 
impact of seagrass extract on the expression of COX pro-
teins was investigated by Western blot analysis. As per 
the results presented in Fig.  4a, COX-1 protein levels 
were constitutive in all the samples. GAPDH was used as 
a loading control. On the contrary, the downward profile 
of COX-2 protein was noticed in macrophages treated 
with seagrass extract in dose-dependent cascade with an 
IC50 value of 60 μg/mL. Cyclooxygenases exist in three 
isoforms COX-1, COX-2 and COX-3. Among the three 
isoforms, the COX-1 performs a housekeeping function 
due to its constitutive nature [30] and the inducible iso-
form COX-2 catalyzes the synthesis of PGE2, the inflam-
matory mediator which contributes to the pathogenesis 
of several inflammatory disorders [31].

Endothelial nitric oxide synthase (eNOS), neuronal 
nitric oxide synthase (nNOS) and inducible nitric oxide 
synthase iNOS are three different forms of nitric oxide 
synthases. Among the three isoforms, iNOS is induced 
in response to LPS in macrophages. We also analyzed the 
effect of seagrass extract on the translational expression 

of iNOS in LPS-stimulated RAW 264.7 cells. As repre-
sented in Fig. 4c and d, LPS increased the expression of 
iNOS in macrophages, however, the expression was sig-
nificantly lowered on treatment with seagrass extract in a 
concentration dependent manner.

In‑silico analysis for the identification of anti‑inflammatory 
compounds
The seagrass compounds such as Isocoumarin, 1, 
2 benzene dicarboxylic acids, Cis-9 Octadecenoic 
2,6,10,14,18-Tetracosapentamethyl eicosapentaene acid, 
Hexadecenoic acid, Triacontane, Beta sitosterol, and 
Docosanoic acid (Behenic acid) were selected as ligands 
to analyze the interaction with inflammatory markers 
such as TNF-alpha, COX-2, PGE2, and iNOS and drugs 
such as diclofenac sodium salt and ethyl isothiourea were 
used as a standard anti-inflammatory agents in Mastero 
13.O (Table 4).

Based on the docking scores of seagrass compounds, 
the isocoumarin and 1,2 benzene dicarboxylic acid with 
TNF was exhibited hydrogen interaction with Leu-57, 

Fig. 3  a Influence of seagrass extract on the extracellular secretion of NO in LPS stimulated Raw 264.7 macrophages. b and c The effect of seagrass 
extract on the expression of PGE2 and TNF-α in LPS stimulated RAW 264.7 macrophage cells. Values are expressed as mean ± SEM of three 
independent experiments, statistical significance 1% level (p ≤ 0.0001)
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Gln-61 and Ser-530 respectively with docking energy 
comparable to diclofenac sodium salt (Fig.  5 Ia, Ib, Ic). 
As per the earlier reports [26] Tyr-385, Ser-530 are the 

catalytic amino acid residues of COX-2. Both standard 
and seagrass compounds showed similar hydrogen bond 
pattern with catalytic amino acids. Thus the isocoumarin 

Fig. 4  a Translational expression of COX-1 and COX-2 in macrophages treated with seagrass extract. b The densitometry data of COX-2 protein 
expression normalized with loading control GAPDH. c Expression profile of iNOS in macrophages treated with seagrass extract. d The densitometric 
data of iNOS expression normalized with loading control GAPDH. P ≤ 0.0001, Data is represented as mean ± SD values from 3 independent 
experiments with each experiment done in triplicate

Table 4  Docking energy values and interactions of seagrass bio active metabolites and standard Anti-inflammatory agents with TNF-
alpha, COX-2, mPGES1 and iNOS proteins

Name of the ligands Target protein Active site amino acids H-bond length Docking energy

Diclofenac sodium salt(standard) TNF-alpha Tyr-119, Ser-60 1.64, 1.72 -7.451

1,2 Benzene dicarboxylic acid Leu-57, Gln-61 1.79, 1.69 -6.879

Isocoumarin Ser-530 1.99 -5.431

Diclofenac sodium salt COX-2 Tyr-385, Ser-530 1.67, 1.82 -9.674

1,2 Benzene dicarboxylic acid Ser-530, Try-385 1.88, 1.86 -7.902

Isocoumarin Ser-530, Trp-387 2.23, 5.37 -7.359

Diclofenac sodium salt mPGES1 Arg-110, Arg-126 1.85, 3.32 -5.338

Isocoumarin Arg-126, Arg-110 2.17, 4.88 -4.759

1,2 Benzene dicarboxylic acid Arg-126, Arg-110 1.90, 2.23 -4.701

1,2 Benzene dicarboxylic acid iNOS Trp-372, Glu-377 1.86, 1.57 -5.351

Ethyl Isothiourea (standard) Tyr-194 4.11 -6.455

Isocoumarin Arg-199, Tyr-491 2.74, 2.32 -5.389
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and 1,2 benzene dicarboxylic acids are key players of sea-
grass in the translational inhibition of COX-2 enzyme 
(Fig. 5 IIa, IIb, IIc).

The anti inflammatory activity of isocoumarin and 
1,2 benzene dicarboxylic acid were further validated by 
docking with mPGES1 [32] reported the up-regulation 
of mPGES1 by pro- inflammatory stimuli and the role 
of glucocorticoids in the down regulation of mPGES1. 
Currently, mPGES1, is gaining attention as a key tar-
get for anti-inflammatory drugs due to its expression 

in diseased tissue [33] and elevated levels in several 
types of cancers. Seagrass compounds extend hydrogen 
interaction with two catalytic amino acids, namely Arg-
110, and Arg-126 and exhibit mimicking characteristics 
both in terms of hydrogen bond formation and docking 
affinity (Fig. 5 IIIa, IIIb, IIIc). We therefore confirm that 
seagrass compounds blocks the production of PGE2 
through the inhibition of microsomal PGES1. To fur-
ther test our hypothesis, the compounds were docked 
with another inflammatory enzyme iNOS. As per the 
data shown, both the compounds were effective against 

Fig. 5  I. Docked pose of site of TNF-alpha with seagrass bio active metabolites and standard drug. II. Molecular docking of COX-2 active sites 
with ligands. III. Docking Interaction of mPGES1 with seagrass bio active ligands. IV. Docking pose of site of iNOS with seagrass metabolites
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iNOS and showed strong interaction with aromatic 
amino acids (Fig. 5 IVa, IVb, IVc).

Conclusion
The methanol extract of seagrass H. beccarii was found 
to be nutraceutical with an anti-inflammatory property 
demonstrated by the reduction in the production of pro- 
inflammatory markers like TNF-alpha, PGE-2, COX-2 
and. The specific composition for the anti-inflammatory 
effect was identified through in-silico analysis by docking 
as Isocoumarin and Benzene dicarboxylic acid in the sea-
grass extract showed a significant potential as evidenced 
by strong binding and formation of stable complexes with 
COX-2, TNF-alpha and other pro-inflammatory mark-
ers. The result showed a desired effect of the compounds 
with an anti-inflammatory property equivalent to widely 
used drugs like Diclofenac sodium. However, the in-vivo/
human analysis for the extract was not within the pur-
view of the study and hence the potency of the extract 
could not be quantified concretely in humans. The 
desired effect exhibited by the seagrass extract, provides 
an untapped market for the food industry to explore and 
develop nutraceuticals.
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