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INTRODUCTION
Every year, millions of new people receive a cancer 

diagnosis, and the disease also claims many lives, making 
it a serious health issue [1,2]. According to estimates from 
the International Agency for Research on Cancer, there were 
8.2 million cancer-related deaths and 14 million new cases 
of the disease worldwide in 2012. An estimated 22 million 

additional instances of cancer and 13 million cancer-related 
deaths per year are predicted by 2030, assuming the aging 
and growing global population. The cancer burden in the 
future will likely be significantly greater in economically 
developing nations because of alterations in living factors, 
including being inactive, smoking, having fewer births, and 
eating poorly [3].

The globe, one of the most serious diseases is cancer 
and chemotherapy for cancer is the greatest treatment option. 
Almost all the anticancer drugs used in chemotherapy are 
harmful to healthy cells [4].

In terms of the frequency of malignant tumors in 
women, breast cancer (BC) is ranked second worldwide. BC is 
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ABSTRACT
Cancer is characterised by unregulated, uncontrollable cell development, which is a continuous abnormality in 
cellular behavior. This frequently results in the aggressive invasion, metastasis, and dispersal of malignant cells 
throughout different organs. Breast cancer is one of the most common types of cancer that is prevalent worldwide. 
In particular, it comes in second place after lung cancer in terms of cancer-related mortality among women. The 
current work concentrated on identifying bioactive components in ethanolic extracts of Sargassum cinctum by gas 
chromatography high-resolution mass spectroscopy (GC-HRMS) and Fourier-transformed infrared (FTIR) analysis. 
Following GC-HRMS and FT-IR studies, anticancer activity and molecular docking are carried out on the ethanolic 
extract of S. cinctum. Different bioactive compounds, including phenols, alcohols, amines, aldehydes, ketone esters, 
carboxylic acids, alkenes, and alkanes, are detected by the GC-HRMS and FT-IR analyses. Sargassum cinctum 
ethanolic extract exhibits strong anti-cancer properties. The IC50 value of the MCF 7 cell line and A549 cell line 
is 134.50 and 161.02 µg/ml, respectively. Asn923, Phe1047, Lys868, and Asp1046 from vascular endothelial 
growth factor receptor (VEGFR) and Met623, Asp690, and Lys567 from anexelekto (AXL) kinase are among the 
residues that may have contributed to the anti-cancer benefit observed in this study. Using in-silico approach, it was 
determined that the medications that target the VEGFR2 and AXL kinase receptors had anticancer properties. This 
is the first-hand evaluation of the bioactive elements of S. cinctum extracts that have anticancer potential, as far as 
we aware. Recent study proved value of in silico analyses in the search for new drugs and the capacity of marine 
compounds to produce distinctive bioactives with considerable biological activity.
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One of the frequently identified kinases linked to the 
emergence of several cancer types is anexelekto (AXL) receptor 
tyrosine kinase. Tyro3 and Mer are two more TAM family 
receptors in addition to AXL [15]. As with the other TAM 
members, the growth arrest-specific protein 6 ligand interacts 
with AXL to activate it. The receptor is a possible contributor 
to several oncogenic processes. Invasion, migration, survival, 
angiogenesis, cell transformation, and proliferation are just a 
few of the critical biological processes that AXL signalization 
supports for the development and spread of cancer. AXL 
overexpression or increased activity has been linked to 
metastasis in several cancer types, and it is indicative of a poor 
prognosis for the patients [16]. Because AXL tyrosine kinase is 
highly expressed in a variety of cancer cell lines, it is a desirable 
target for the development of anti-cancer drugs [15,17].

The development, survival, and metastasis of tumors 
all depend on the process of tumor angiogenesis. Angiogenesis 
is regulated by many pro-and anti-angiogenic molecules and 
signaling pathways [18], which promote tumor development 
and spread. The main mechanism that stimulates angiogenesis 
is the signalling of the vascular endothelial growth factor 
receptor 2 (VEGFR2) [19].

Molecular docking and synergism are two recent ideas 
for successful drug discovery; however, none of these can fully 
offset the importance of natural ingredients in the creation of 
pharmaceuticals [20].

For the purpose of observing functional groups and 
identifying the many bioactive chemicals found in plants, Gas 
chromatography-mass spectrometry (GC-MS) and Fourier-
transformed infrared (FTIR) have been extensively employed 
[21].

Molecular docking is a fast, low-cost approach to drug 
development and testing. In order to predict how the drug’s 
target proteins would bind in the model, this method gives 
information about potential drug-receptor interactions. This 
leads to a reliable interaction at the ligands’ binding sites [22].

To the extent of our information, there is not a 
publication that discusses the existence and evaluation of 
several bioactive components in the S. cinctum. Therefore, the 
current work concentrated on identifying bioactive components 
in ethanolic extracts of S. cinctum by gas chromatography high-
resolution mass spectroscopy (GC-HRMS) and FTIR analysis. 
The researchers focused on the extracts’ anti-cancer potential. 
In order to find possible bioactive compounds with anticancer 
properties, the next step was to conduct an in silico molecular 
docking.

MATERIALS AND METHODS

Collection and authentication of Seaweeds
Sargassum cinctum, a brown marine seaweed that is a 

member of the Phaeophyceae family, was manually picked in 
October 2018 near Rameswaram in the Gulf of Mannar, Tamil 
Nadu, India. Dr. B.B. Chaugule, a former head of Savitribai 
Phule University in Pune, recognized and verified the collected 
samples.

The samples were brought to the laboratory in sterile 
bags after being thoroughly cleansed with seawater to get rid 

the most common type of cancer that kills women globally. BC 
cases have grown, going from 1.7 million in 2005–2.4 million 
in 2015 [5].

Lung cancer, which has a mortality rate of 30.0 per 
100,000 people aged and is a primary global cause of cancer-
related fatalities in both men and women, and the efficacy of 
available treatments is severely hampered [6].

Traditional remedies have been treating and 
preventing many ailments using herbs for ages. Several 
anticancer medications used in clinical settings, including 
paclitaxel, vinblastine, and camptothecin, are derived from 
plants. Due to the many environmental factors in marine 
settings, there is a vast supply of potentially bioactive 
substances that are generally well tolerated by humans and 
have minimal adverse effects [7].

A variety of marine species have reported producing 
over 2,500 novel metabolites. One of them, Seaweed, a kind 
of marine plant, sticks to the seafloor in rather shallow coastal 
waters. These were less complicated than flowering plants 
since they do not have real leaves, roots, flowers, or seeds. The 
colors, shapes, structural complexity, and sizes of seaweeds 
vary despite these structural restrictions. In the world’s marine 
environments, more than 1.5 million different types of seaweed 
exist, yet only a small number have been recognized and used 
by humans [8].

Seaweeds are one of the marine ecosystem’s natural 
food sources, as well as a source of bioactive substances such 
as medications and diagnostic aids. The various seaweeds of 
subtropical and tropical regions have produced around 2,400 
naturally occurring marine products that are used as food, 
fodder, fertilizer, and medicines [9].

Like terrestrial plants, macroalgae use photosynthesis 
to create their nutrition when both seawater and sunshine are 
present. Along the coast, seaweed has become well-established 
and is found in regions where the tide is high and low. They 
include a variety of pigment kinds. Fucoxanthin in Phaeophyta 
(brown algae), phycoerythrin and phycocyanin in Rhodophyta 
(red algae), and chlorophyll pigment are found in Chlorophyta 
(green algae) [10]. 

The Sargassum is known for its planktonic, many 
species of brown algae that often exist in temperate and tropical 
climates. The literature review indicates that Sargassum 
species are prospective sources of a variety of kinds of 
secondary metabolites, including chromanols, plastoquinones, 
steroids, chromenes, and glycerides which show antioxidant, 
antibacterial, anticancer, antifungal, antiallergic, anti-
inflammatory anti-herpes, antihistamine, hepatoprotective, and 
anticholinergic properties [11].

Today’s cancer treatments are harmful and expensive 
since they damage both healthy and cancerous cells. Finding 
new, potent, and non-toxic chemicals from natural origin is, 
therefore, more important than ever [12].

Cytarabine, eribulin mesylate, and trabectedin are 
only a few of the sea-based anticancer medications that have 
received FDA approval. This has caused the pharmaceutical 
industry to concentrate on marine-based natural products, and 
several marine bioactives have entered preclinical and clinical 
testing [13,14].
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of any unwanted material such as stones, epiphytes, shells, and 
sand particles. Following tap water and distilled water wash, the 
samples were spread out in a dark area to dry. The dried samples 
were then pulverized [23].

Preparation of ethanolic extract
In a mechanical grinder, a dried S. cinctum sample 

was ground into powder. The dried seaweed powder was 
macerated with 70% ethanol for 7 days, till thoroughly 
submerged, incubated, and filtered using Whatman filter paper. 
The supernatant was subsequently concentrated with a rotating 
vacuum evaporator while being maintained at 4°C [23–25].

GC-HRMS analysis of S. cinctum
GC-HRMS has solidified its position as a major 

technology platform for secondary metabolite profiling [26]. 
Until yet, no research has been published on the potential 
chemical components of “Sargassum cinctum,” according to a 
thorough examination of the literature on the seaweeds under 
consideration.

To analyze potential chemical components, the 
current study prepared an ethanolic extract and then separated 
and identified the chemicals by exposing them to GC-MS 
analysis.

Sargassum cinctum was analyzed using a GC-HRMS 
system at the Indian Institute of Technology (IIT), Sophisticated 
Analytical Instrument Facility (SAIF), Bombay, Maharashtra, 
India, to detect any active bioactive substances that were 
present.

A combined analysis that is better able to analyze 
bioactive compounds qualitatively and quantitatively was 
utilized, and it is a high-resolution mass spectrometer and gas 
chromatograph (GC-HRMS Agilent 7899 Jeol, Accu-TOF 
GCV of source EI/CI with Time-of-Flight Analyzer operated at 
Mass range 10–2,000 amu at mass resolution–6,000). A carrier 
gas with a purity of 99.999% was utilized, flowing at a constant 
rate of 1.0 ml/minute. A standardized non-polar class capillary 
column with an active phase (DB-1) measuring 30 m × 0.20 mm 
× 0.25 μm in length, diameter, and film thickness, respectively, 
was employed. In the split mode, 1 ml of the sample was 
injected at 1:10 ratios. A split ratio of 10 and a temperature of 
260°C was employed in the split injection mode. With a mass 
(M/z) range of 40–650, a solvent cut-off time of 4.50 minutes, 
and ion source and interface temperatures of 230°C and 270°C, 
respectively, experiments were carried out in relative detection 
mode.

With a column flow of 1.21 ml/minute, a linear 
velocity of 39.7 cm/second, and a purge flow of 3 ml/minute, 
a linear flow control mode was employed. The run lasts for 
an hour in total. With a heating rate of 5°C/minute, the oven 
temperature was set at 40°C for the first 20 minutes, 220°C for 
the middle 20 minutes, and 260°C for the last 20 minutes. The 
relative peak area of each component in the chromatogram was 
used to compute the retention time for that component. The 
fragmentation patterns of mass spectra were compared with 
those found in the spectrometer database using the National 
Institute of Standards and Technology (NIST) mass spectral 
database [27].

FT-IR analysis of S. cinctum
The 400–4,000 cm−1 wavelength region was used 

for the transmittance FTIR study using a Perkin Elmer 
Spectrophotometer instrument, it was employed to find the 
distinctive peaks and their functional groups. The FTIR’s peak 
values were noted. All results findings were confirmed twice 
[14,28]

In vitro cell viability test of S. cinctum
The National Centre for Cell Sciences in Pune, 

India provided the BC cell line (MCF-7) and lung cell line 
(A549). The cytotoxicity of extracts was evaluated by 
the yellow tetrazolium (3-(4, 5-dimethyl thiazolyl-2)-2, 
5-diphenyltetrazolium bromide) (MTT) MTT analysis. This 
method is based on the reduction of MTT by the action of 
mitochondrial reductase enzyme present in live cells. The 
quantity of MTT to formazan decreased in extract-treated 
and untreated cells was inversely correlated with the number 
of viable cells, by dissolving the formazan in dimethyl 
sulfoxide (DMSO) and measuring absorbance readings, it was 
evaluated. In short, cells (1 × 105) were plated and cultured 
for 24 hours at 37°C in a humid environment using 96 well 
plates. The old media was emptied without disturbing the cells 
when the cells had finished incubating. After that, the cells 
were examined using different extract dosages (0, 100, 250, 
500, and 1,000 microgram per ml) while keeping the plate 
in the same incubation condition. Following incubation, 100 
μl of 5 mg/ml MTT reagent in phosphate-buffered saline was 
added to everyone well, and the plates were then left to sit at 
37°C for another 24 hours. To dissolve the resultant formazan, 
100 μl of DMSO was added. A multiwell plate reader was 
then used to measure the reactant solution’s absorbance at a 
wavelength of 595 nm (Tecan Multimode Reader, Austria). 
The concentrations of the test sample were then measured, 
showing 50% cell death [1,20]

Molecular docking
Finding novel ligands for proteins with known 

structures is a critical stage in the development of structure-
based medicines, and in silico molecular docking is one 
of the best tools for this process. To examine the binding 
characteristics of S. cinctum, in silico molecular docking 
was performed in the current investigation. The validity 
and reliability of biological testing are increased by studies 
utilizing molecular docking and modelling, which also show 
how drugs may interact with their receptor targets. It is a 
method for fitting two molecules into a 3D workspace that 
may also be used in computer-aided drug design and structural 
biology [29].

Ligand preparation
In the current investigation, the compounds 

identified in the ethanolic extract of S. cinctum GC-HRMS 
examination were utilized. Chemdraw was used to produce 
the two-dimensional structures, and the Frog 2 server was 
utilised to produce the compounds’ 3D conformers in sdf 
format [18,30].
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Protein preparation
The target proteins were acquired from the Protein 

Data Bank (www.rcsb.org), including VEGFR (PDB id 
4AG8) [31,32]and AXL kinase (PDB id 5U6B] [33]. and 
water molecules from the protein’s crystal structure were 
eliminated. Axitinib and a macrocyclic inhibitor were used to 
co-crystallize the structural models of the VEGFR and AXL 
Kinase, respectively. For docking experiment verification, these 
inhibitors were removed from the complex and put in a separate 
file. Molecular docking and virtual screening were done using 
the apo-part of the PDB file without the inhibitor [18].

Molecular docking and virtual screening
AutoDock 4.2 was used to accomplish virtual 

screening and molecular docking [34,35] which is utilized 
by PyRx [36]. Using PDBQT, all receptors and molecules 
were modified to conform to AutoDock’s specifications. To 
guarantee that the whole active site was docked, the default 
size of the grid box was positioned around the co-crystallized 
inhibitor in the center. The Lamarkian genetic algorithm’s 

default settings were utilized to build a pose prediction. As part 
of the validation process for the docking system, AutoDock’s 
capacity to predict experimental binding mode was evaluated. 
Effective validation is considered to have an RMSD value 
of less than 2 Å between the predicted and crystallographic 
locations [37]. Crystallographic poses were very comparable 
to those anticipated by AutoDock, with RMSD values of 0.72 
(for AXL Kinase) and 0.96 (for VEGFR).

Post virtual screening analysis
During the simulated screening, the receptor protein’s 

ideal binding poses were determined. Lower binding energies 
were used to determine the ideal binding pose. The interactions 
of the complexes in two dimensions were predicted using 
LigPlot+ [18,38]. PyMol was used to see the complexes in 3D.

RESULT AND DISCUSSION

GC-HRMS analysis of S. cinctum
The identification of the various bioactive 

compounds of S. cinctum was assisted using GC-HRMS. 

Figure 1. GC-HRMS spectrum of S. cinctum.

Table 1. A list of the bioactive substances discovered in S. cinctum using GC-HRMS analysis.

Sr No Name of the compound Molecular Formula MW RT

1. 2-(16-Acetoxy-11-hydroxy-4,8,10,14-tetramethyl-3-oxohexadecahydrocyclopenta[a)
phenanthren-17-ylidene)-6-methyl-hept-5-enoic acid, methylester

C32H48O6 528 25.54

2. 3-Pyridinecarboxylic acid, 2, 7, 10 – tris (acetyloxy) 1,1a,2,3,4,6,7,10,11,11a-
decahydro-1,1,3,6,9 pentamethyl-4-oxo-4a,7a-epoxy-5H-cyclopenta(a]cyclopropa

C32H39NO10 597 26.02

3. 2-(2-Diethylamino-ethoxy)- fluoren- 9-one C19H21NO2 295 26.30

4. Hexadecanoic acid, ethyl ester C18H36O2 284 27.58

5. 11-octadecenoic acid, methyl ester C19H36O2 296 29.26

6. 7,8-Epoxylanostan-11-oL 3-acetoxy- C32H54O4 502 26.62

7. 1b,4A Epoxy-2H-cyclopenta (3,4) cyclopropa (8,9) cycloundec (1,2-b) oxiren-5 (1 
aH)- 1,2,7,9,10 telrakis (acetyloxy) decahydro-3,6,8,8,10a- pentamethyl

C28H38O11 550 30.56

8. Ethyl iso-allocholate C26H44O5 436 32.67

9. 1,1′-Bicyclopropyl]-2-octanoic acid, 2′-hexyl-, methyl ester C21H38O2 322 37.95

10. 9-0ctadecenoic acid, (2-phenyl-1,3-dioxolan 4-yl) methyl ester1, cis C28H44O4 444 40.29
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1,157.30 (C-O-C), The peak at is caused by aliphatic amines 
(C-N stretch) at 1,037.27. The (N-H stretch) of amines created 
the peak at 932.15, and the peak at 721.23 (C-H Stretch) 
indicates alkanes. 

In vitro cell viability test of S. cinctum
MCF7 and A549 cells were used to determine the 

extracts’ cytotoxic potential. To assess their cytotoxic potential, 
S. cinctum extract was used at various concentrations (50, 100, 
200, 500, and 750 µg/ml). Furthermore, the IC50 values for 
each extract were determined for the MCF-7 and A549 cell 
lines. As a control, cisplatin was utilised to test the effectiveness 
of these extracts.

Sargassum cinctum extracts inhibited MCF-7 and 
A549 cells significantly with IC50 134.50 and 161.02 µg/ml, 
respectively. The % cell inhibition in MCF 7 ranges from 42.91 
to 89.07 while that of A549 is 38.11 to 89.5. Both the cell lines 
show % cell inhibition in a dose-dependent manner. Sargassum 
cinctum extracts show potent anticancer activity in MCF-7 and 
A549 cell lines when compared to standard cisplatin (Table 2 
and Fig. 10).

Statistical analyses
The findings of all experiments were presented as the 

Mean ± Standard Deviation, with three independent replicates 
(Mean ± SD).

Figure 1 illustrates the chromatograms for S. cinctum, 
and Table 1 lists the identified compounds from the GC-
HRMS investigation. There were 10 peaks in total, and 
each peak indicated the bioactive chemicals that were seen 
by comparing its molecular formula, peak retention period, 
and molecular weight to those of the recognized compounds 
recommended by the NIST library. Mass spectrum of each 
compound isolated by GC-HRMS are depicted in Figures 
2–8.

FT-IR analysis of S. cinctum
After GC-HRMS analyses, the extract was processed 

for FT-IR analysis to identify the functional groups. Bioactives 
were found, according to FT-IR investigations. The FTIR 
analysis revealed several peaks that correspond to the functional 
groups found in the ethanol extract of S. cinctum as described 
in Figure 9.

The presence of free OH groups in phenolic 
compounds is indicated by a strong peak at 3,398.15. The 
presence of alkanes (-CH stretch) is indicated by the peak at 
2,916.28. Ketone, aldehydes, and ester (C=O stretch) create the 
peak at 1,710.99 cm1. Alkenes (C=C-C stretch) are shown by 
the peak at 1,622.89, and the peak at 1,576.10 indicates the N-H 
primary amines. The alkene methylene group (C-H bending) 
is shown by the peak at 1,466.50, the peak at 1,377.20 (O-
H) confirms the presence of phenol, the Peak due to ester at 

Figure 2. Mass spectrum of 2-(16-Acetoxy-11-hydroxy-4,8,10,14-tetramethyl-3 oxohexadecahydrocyclopenta [a) phenanthren-17-ylidene)-6-
methyl-hept-5-enoic acid, methylester.

Figure 3. Mass spectrum of 3-Pyridinecarboxylic acid, 2, 7, 10 – tris (acetyloxy) 1,1a,2,3,4,6,7,10,11,11a-decahydro-1,1,3,6,9pentamethyl-4-
oxo-4a,7a-epoxy-5H cyclopenta (a] cyclopropa.
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Molecular docking
In comparison to the corresponding pharmacological 

inhibitors, molecular docking analysis revealed, there 
were significant interactions between the proteins and the 
phytochemicals. Tables 3 and 4 show the results of structural 
analysis and molecular docking of S. cinctum in the AXL kinase 
and VEGFR kinase domains, respectively.

In-silico study

Interactions of the metabolites from S. cinctum with AXL kinase
The study findings regarding interactions 

with AXL kinase are shown in Table 3. Compounds 

2-(16-Acetoxy-11-hydroxy-4,8,10,14-tetramethyl-3-
oxohexadecahydrocyclopenta [a) phenanthren-17 ylidene) 
-6-methyl-hept-5-enoic acid, methyl ester from S. cinctum, is 
in polar interaction with Asp690’s side chain. Asp690 is the 
first DFG loop residue in Axl Kinase Crystallographic studies 
[34] provided by suggested that this position plays a significant 
role in determining whether the enzyme is DFG-in or DFG-
out, which affects whether the enzyme is catalytically active or 
inactive [18].

2-(2-Diethylamino-ethoxy)- fluoren- 9-one and 
9-Octadecenoic acid, (2-phenyl-1,3- dioxolan 4-yl) methyl 
ester was shown to be involved in the polar contact with 

Figure 4. Mass spectrum of 2-(2-Diethylamino-ethoxy)- fluoren- 9-one.

Figure 5. Mass spectrum of hexadecanoic acid, ethyl ester.

Figure 6. Mass spectrum of 11-octadecenoic acid, methyl ester.
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2-(16-Acetoxy-11-hydroxy-4,8,10,14-tetramethyl-3-
oxohexadecahydrocyclopenta[a)phenanthren-17-ylidene)-6-
methyl-hept-5-enoic acid, methylester, 3-Pyridine carboxylic 
acid,2,7,10-tris (acetyloxy) -1, 1a, 2, 3, 4, 6, 7, 10, 11, 11a- 
decahydro-1,1,3,6,9 pentamethyl – 4 – oxo - 4a, 7a – epoxy 
- 5H-cyclopenta(a]cyclopropa, Hexadecanoic acid, ethylester, 
11-octadecenoic acid, methyl ester, 1,1’-Bicyclopropyl]-2-
octanoic acid, 2′-hexyl-, methyl ester were discovered to 
engaged in the polar interaction with Lys567 on an β-sheet of 

Met 623 of the hinge region [16]. Met623’s side-chain and 
backbone atoms appear to be responsible for these interactions 
[18]. 

2-(16-Acetoxy-11-hydroxy-4,8,10,14-tetramethyl-
3-oxohexadecahydrocyclopenta[a)phenanthren-17-ylidene)-
6-methyl-hept-5-enoic acid, methylester, Hexadecanoic 
acid, ethylester, 11-octadecenoic acid, methyl ester, 
7,8-Epoxylanostan-11-oL 3-acetoxy, Ethyl iso-allocholate, are 
found to create non-polar interaction with Met623.

Figure 7. Mass spectrum of 1b,4A Epoxy-2H-cyclopenta (3,4) cyclopropa (8,9) cycloundec (1,2-b) oxiren-5 (1 aH)- 1,2,7,9,10 telrakis 
(acetyloxy) decahydro-3,6,8,8,10a- pentamethyl.

Figure 8. Mass spectrum of ethyl iso-allocholate.

Figure 9. FT-IR spectrum of S. cinctum.
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oxohexadecahydrocyclopenta[a)phenanthren-17-ylidene)-6-
methyl-hept-5-enoic acid, methylester, 3-Pyridine carboxylic 
acid,2,7,10-tris (acetyloxy) -1, 1a, 2, 3, 4, 6, 7, 10, 11, 11a- 
decahydro-1,1,3,6,9 pentamethyl – 4 – oxo - 4a, 7a – epoxy 
– 5H-cyclopenta(a]cyclopropa, Hexadecanoic acid, ethylester, 
11-octadecenoic acid, methyl ester, 1,1’-Bicyclopropyl]-2-
octanoic acid, 2’-hexyl-, methyl ester may have influenced the 
anti-cancer impact seen in the current study.

Figures 11 and 12 show the interactions between AXL 
Kinase and the metabolites from S. cinctum.

Interactions of the metabolites from S. cinctum with VEGFR
As shown in Table 4, the chemicals form active 

hydrogen bonds with Asn923, e.g., Asn923 forms 
hydrogen bonds with 7,8-Epoxylanostan-11-oL 3-acetoxy- 
from the S. cinctum sample, respectively. Similarly, 
the 2-(16-Acetoxy-11-hydroxy-4,8,10,14-tetramethyl-

N-lobe. Similarly, the compounds 2-(2-Diethylamino-ethoxy)- 
fluoren- 9-one, 7,8-Epoxylanostan-11-oL 3-acetoxy create a 
non-polar contact with Lys567 [18].

Therefore, such interaction of compounds 
2-(16-Acetoxy-11-hydroxy-4,8,10,14-tetramethyl-3-

Table 2. Cell inhibition (%) and IC50 values for Sargassum cinctum 
extracts in comparison to MCF-7 and A549 cell lines.

Conc μg/ml MCF7 Cell-line A 549 Cell-line Cisplatin

50 42.91 ± 0.89 38.11 ± 0.65 44.55 ± 1.1

100 48.31 ± 0.65 46.55 ± 0.85 49.94 ± 1.3

250 58.50 ± 1.2 59.79 ± 0.90 59.35 ± 0.65

500 74.79 ± 1.1 76.10 ± 1.1 75.35 ± 0.95

750 89.07 ± 0.98 89.5 ± 0.70 90.80 ± 1.2

All values are the mean of three replicates ± SD.

Table 3. Findings acquired from docking and structural analysis of S. cinctum in the AXL kinase domain.

Sr.no Ligand (name) Binding free 
energy (kcal/mol)

Hydrogen bonding 
pairs Residues in hydrophobic interaction Pi stacking 

interaction

1 2-(16-Acetoxy-11-hydroxy-
4,8,10,14-tetramethyl-3-
oxohexadecahydrocyclopenta[a)
phenanthren-17-ylidene)-6-methyl-hept-5-
enoic acid, methylester

−4.15 Lys567(NHSC): Lig (O), 
Asp690(OHSC): Lig (O), 
Asp627(OSC): Lig (OH)

Ala 689, Asp 690, Asp 627, Met 679, Asn 
677, Arg 676, Gly 626, Val 550, Glu 544, 
Gly 545, Leu 620, Phe 622, Ala 565, Met 
623, Leu 542

2 3-Pyridinecarboxylic acid, 2, 7, 10 
– tris (acetyloxy) 1,1a,2,3,4,6,7,10,11,11a-
decahydro-1,1,3,6,9 pentamethyl-4-oxo-
4a,7a-epoxy-5H-cyclopenta(a]cyclopropa

1.78 Asp627(NHBB): Lig (O), 
Lys567(NHSC): Lig (O)

Val 550, Leu 620, Phe 622, Met 679, Leu 
542, Arg 676, Ala 565, Asp 690, Ala 689, 
Gly 626, Gly 543, Glu 544, Met 598

3 2-(2-Diethylamino-ethoxy)- fluoren- 9-one −8.4 Met623(NHBB): Lig (O), Val 550, Leu 542, Phe 622, Lys 567, Met 
679, Arg 676, Ala 565, Leu 620, Asn 677, 
Asp 690, Ala 689

Phe622:

4 Hexadecanoic acid, ethyl ester −5.95 Lys567(NHSC): Lig (O) Met 598, Phe 622, Ala 689, Met 623, Met 
679, Ala 565, Asp 627, Gly 626, Leu 620, 
Asp 690, Glu 585, Val 550,

5 11-octadecenoic acid, methyl ester −5.82 Lys567(NHSC): Lig (O) Ala 565, Asp 690, Met 679, Leu 620, Val 
550, Pro 621, Met 623, Met 598, Phe 622, 
Gly 626, Lys 624, Leu 542,

6 7,8-Epoxylanostan-11-oL 3-acetoxy- −3.98 Asn677(OSC): Lig (OH), 
Ser630(OHSC): Lig (O)

Ala 689, Asp 627, Ala 565, Asp 690, Asn 
677, Phe 622, Gly 545, Glu 544, Arg 676, 
Lys 567, Met 623, Leu 542, Met 679, Met 
598, Val 550

7 1b,4A Epoxy-2H-cyclopenta (3,4) 
cyclopropa (8,9) cycloundec (1,2-b) 
oxiren-5 (1 aH)- 1,2,7,9,10 telrakis 
(acetyloxy) decahydro-3,6,8,8,10a- 
pentamethyl

16.56 No interaction

8 Ethyl iso-allocholate −6.52 Arg676(OSC): Lig (OH), 
Met679(SSC): Lig (OH)

Asp 690, Lys 624, His 625, Asn 677, Met 
623, Gly 626, Met 598, Val 550, Met 679, 
Arg 676, Phe 622, Leu 542, Ala 565, Ala 
689, Leu 620

9 1,1'-Bicyclopropyl]-2-octanoic acid, 
2'-hexyl-, methyl ester

−7.31 Lys567(NHSC): Lig (O) Met 679, Gly 543, Met 598, Ala 565, 
Leu 542

10 9-0ctadecenoic acid, (2-phenyl-1,3-
dioxolan 4-yl) methyl ester1, cis

−7.09 Met623(NHBB): Lig (O) Gly 626, Lys 624, Asp 627, Leu 620, His 
625, Ala 565, Ser 630, Phe 622, Met 679, 
Val 550, Gly 543, Arg 676, Met 598, Leu 
542,
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methyl ester was discovered. These interactions involve both 
backbone atoms. Asp1046 of VEGFR forms a non-polar 
contact with hexadecanoic acid, ethyl ester, 11-octadecenoic 
acid, methyl ester, and ethyl iso-allocholate. The highly 
recognized DFG loop of VEGFR, which regulates the active 
and inactive states of the enzyme, starts with asp1046, the 
first residue [40,41]. Asp1046 interacts with the carbonyl 
group of known medications, such as benzimidazole, 
according to crystallographic descriptions [42]. A further 
analysis of amino-benzoxazole compounds revealed that the 
side chain of Asp1046 and the endocyclic nitrogen of the 
active functional group formed a robust hydrogen bond [43]. 
Based on the circumstantial literature and our study’s results, 
we can confidently assume that the plant sample’s exhibited 
anti-cancer action is mediated by phytochemicals interacting 
with VEGFR Asp1046 [18].

It is discovered that several active metabolites 
are present close to the Lys868 residue in both samples. 
For instance, Lys868 of VEGFR and 2-(2-Diethylamino-
ethoxy)-fluoren-9-one, 11-octadecenoic acid, methyl ester, 
1,1′-Bicyclopropyl]-2-octanoic acid, 2′-hexyl-, methyl ester, 
and 2-phenyl-1,3- dioxolan 4-yl) methyl ester have all been 
linked to non-polar interactions. It has been found that Lys868 
plays a crucial part in how well anilino-aryloxazoles inhibit 
VEGFR [39]. This residue supervises the ribose sugar moiety 
of the nucleotide adenosine triphosphate being retained 
during catalysis. Mutants exhibiting complete loss of kinase 
activity were produced in artificial mutagenesis experiments 
when this lysine was replaced with methionine [44]. Lys868 
is located in a crucial location where the nucleotide binds and 
influences ligand binding by supplying polar and non-polar 
interactions [39]. In the current docking data, we found that 
this residue contributes both polar and non-polarly to other 
phytoconstituents from both samples, which is consistent 
with the experimental results. As a result, from S. cinctum 
2-(16-Acetoxy-11-hydroxy-4,8,10,14-tetramethyl-3-
oxohexadecahydrocyclopenta[a)phenanthren-17-ylidene)-6-
methyl-hept-5-enoic acid, methylester, 2-(2-Diethylamino-
ethoxy)- fluoren- 9-one, 7,8-Epoxylanostan-11-oL 3-acetoxy, 
Ethyl iso-allocholate, 1,1′-Bicyclopropyl]-2-octanoic acid, 
2′-hexyl-, methyl ester, 9-0ctadecenoic acid, (2-phenyl-1,3-
dioxolan 4-yl) methyl ester may serve as strong inhibitors 
of VEGFR by interacting with residue Lys868 [18]. The 
interactions between VEGFR and the metabolites from S. 
cinctum were displayed in Figures 13 and 14.

3-oxohexadecahydrocyclopenta[a) phenanthrene-17-
ylidene)-6-methyl-hept-5-enoic acid, methyl ester. It has 
been reported that ethyl iso-allocholate and Asn923 create 
a non-polar contact. It is found that Asn923 side-chain and 
backbone atoms make up these interactions. It is interesting 
to note that Asn923 has been demonstrated to help suppress 
VEGFR in an experimental context. For instance, Harris et 
al. [39] studied a number of oxazole compounds for their 
ability to inhibit VEGFR and found that the compounds’ 
sulfone functional group is oriented for effective inhibition 
by the polar and non-polar interactions from VEGFR     . In 
most polar and non-polar interactions, Asn923 is involved. 
Considering that Asn923 plays a major role in VEGFR 
inhibitory function and that the current study found 
that a variety of phytochemicals interact with Asn923. 
Considering that Asn923 plays a major role in VEGFR 
inhibitory function and that the current study found that a 
variety of phytochemicals interact with Asn923. Therefore, 
it can be said that the phytochemicals that have been found 
may have contributed to the current anticancer effect by 
inhibiting VEGFR, which is mediated by contact with 
Asn923 [18].

It was discovered that bioactives and the 
VEGFR residue Asp1046 create polar interactions. 
The polar interaction between Asp1046 of VEGFR and 
1,1′-Bicyclopropyl]-2-octanoic acid, 2′-hexyl-, methyl ester, 
9-Octadecenoic acid, and (2-phenyl-1,3- dioxolan 4-yl) 

Figure 10. % Cell inhibition in MCF 7 and A549 cell-lines.

Figure 11. 2-(16-Acetoxy-11-hydroxy-4,8,10,14-tetramethyl-3-oxohexa-
decahydrocyclopenta [a)phenanthren-17-ylidene)-6-methyl-hept-5-enoic 
acid, methylester.

Figure 12. 2- (2-Diethylamino-ethoxy)-fluoren- 9-one.
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and biologically active. The Sargassum species secondary 
metabolites may be the alleged potential biogenic metabolites 
for the manufacture of new medicines. According to this study, 
Sargassum extract contains a variety of bioactive substances 

CONCLUSION
This study concluded that a variety of medicinal 

compounds may be found in seaweed that are both structurally 

Table 4. Information obtained from docking and structural analysis of S. cinctum in the VEGFR kinase domain.

Sr.no Ligand (name) Binding free 
energy (kcal/mol) Hydrogen bonding pairs Residues in hydrophobic interaction

1 2-(16-Acetoxy-11-hydroxy-4,8,10,14-tetramethyl-
3-oxohexadecahydrocyclopenta[a)phenanthren-17-
ylidene)-6-methyl-hept-5-enoic acid, methylester

−7.34 Asn923(NHBB): Lig (OH) Pro 839, Arg 842,

Phe 918, Phe 1047, Lys 838, Gly 841, Leu 840, 
Glu 850, Lys 920, Asn 923

2 3-Pyridinecarboxylic acid, 2, 7, 10 – tris (acetyloxy) 
1,1a,2,3,4,6,7,10,11,11a-decahydro-1,1,3,6,9 
pentamethyl-4-oxo-4a,7a-epoxy-5H-cyclopenta(a]
cyclopropa

−6.81 Asn923(NHBB): Lig (OH), 
Asn923(OSC): Lig (OH)

Phe 918, Leu 840, Gly 922, Phe 1047, Lys 920,  
Phe 921, Pro 839, Cys 919, Gly 841, Val 848, 
Leu 1035,

3 2-(2-Diethylamino-ethoxy)- fluoren- 9-one −6.2 Cys919(NHBB): Lig (O) Leu 840, Ala 866, Val 916, Leu 889,  Phe 918, 
Glu 885,  Lys 868, Val 914, Glu 917, Leu 840, 
Val 899, Cys 1045,  Gly 922, Phe 1047, Leu 
1035

4 Hexadecanoic acid, ethyl ester −3.12 Cys919(NHBB): Lig (O) Leu 889, Leu 1019, Ile 1044, Leu 840, Val 898, 
Glu 885,

Phe 918, Asp1046, Cys 1045, Ala 866,

Leu 1035, Val 848, Val 916, Gly 922, Val 899

5 11-octadecenoic acid, methyl ester −2.98 Cys919(NHBB): Lig (O) Ala 866, Val 848, Glu 885, Val 914, Val 916, 
Leu 840, Lys 868, Cys 919, Leu 1035, Gly 922, 
Phe 1047, Asp 1046, Phe 918, Cys1045, Val 
899

6 7,8-Epoxylanostan-11-oL 3-acetoxy- −7.17 Asn923(NHBB): Lig (OH), 
Asn923(OSC): Lig (OH)

Phe 1047, Gly 922, Gly 841, Leu 1035, Arg 
842, Val 848, Leu 840, Ala 866

7 1b,4A Epoxy-2H-cyclopenta (3,4) cyclopropa (8,9) 
cycloundec (1,2-b) oxiren-5 (1 aH)- 1,2,7,9,10 
telrakis (acetyloxy) decahydro-3,6,8,8,10a- 
pentamethyl

−5.93 Cys919(NHBB): Lig (O) Leu 1035, Ala 866, Phe 918, Arg 1032, Phe 
1047, Lys 920, Phe 921, Gly 922,

8 Ethyl iso-allocholate −6.82 Leu840(OSC): Lig (OH) Asp 1046, Phe 918, Val 848, Leu 840, Cys 919, 
Phe 1047, Gly 922, Val 899, Ala 866, Asn923, 
Cys1045, Glu 917, Leu 1035, Val 916,

9 1,1′-Bicyclopropyl]-2-octanoic acid, 2′-hexyl-, methyl ester −3.26 Asp1046(NHBB): Lig (O) Cys 1045, Lys 868, Ala 866, Val 848, Leu 840, 
Phe 1047, Leu 889, Leu 1035, Val 899, Val 914, 
Val 916, Gly 922, Cys 919, Glu 885,

10 9-Octadecenoic acid, (2-phenyl-1,3- dioxolan 4-yl) 
methyl ester

−3.19 Asp1046(NHBB): Lig (O) Leu 889, Val 916,  Lys 868, Ala 866, Cys 1045, 
Leu 840, Phe 918, Leu 1035, Gly 922, Val 848, 
Glu 885, Phe 1047 Val 899, Lys 920

Figure 13. 3-Pyridinecarboxylic acid, 2, 7, 10 – tris (acetyloxy) 
1,1a,2,3,4,6,7,10,11,11a-decahydro-1,1,3,6,9pentamethyl-4-oxo-4a,7a-epoxy-
5H-cyclopenta(a]cyclopropa. Figure 14. 1,1′-Bicyclopropyl]-2-octanoic acid, 2′-hexyl-, methyl ester.
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having a variety of biological properties, opening up new 
possibilities for future industrial applications.

To identify the bioactive substances in S. cinctum, 
a quick, easy, and effective technique based on molecular 
docking and GC-HRMS has been developed. The ethanol 
extract was analysed using GC-HRMS and FT-IR, which 
revealed the presence of several active compounds with 
potential medicinal uses. In vitro studies on the anticancer 
efficacy of the extract against breast and lung cancer cells 
revealed considerable dose-dependent cytotoxicity on 
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This is the first publication on the bioactive components of 
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we are aware.
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