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Turbinaria conoides is a type of brown seaweed containing fucoidan, a complex polysaccharide. Fucoidan is
known to have antiviral, antibacterial, antifungal, and anticancer activity. The current study is focused on the
extraction of fucoidan from 7. conoides and the extracted fucoidan (FE) was confirmed by high performance
liquid chromatography using standard fucose and the anti-scavenging property of the FE was determined by
ferric reducing antioxidant power assay (FRAP) and superoxide dismutase (SOD). The structure of fucoidan
was retrieved from Pubchem (CID 92023653), and it was allowed to dock against the carbonic anhydrase IX
enzyme retrieved from (PDB ID 2HKF) which is up-regulated by the cancer cells. FRAP and SOD showed
significant anti-scavenging property compared to the standard and molecular docking analysis using the
Molegro virtual docker (MVD 5.0) of fucoidan against the carbonic anhydrase IX (CA IX) showed significant
binding affinity and hydrogen bond interactions with Molegro score —66.5818 with 8 H bonds having an
H-bond score of —18.8865. Fucoidan as a carbonic anhydrase IX inhibitor and consequently as a lead molecule
against breast cancer can be further validated by suitable in vitro or in vivo investigation.
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1. INTRODUCTION

Fucoidan is a polysaccharide that is present in the outer cell wall
of the Turbinaria conoides; it is composed of fucose and sulfate
molecules. The cell wall composition of the different seaweeds
shows diversity in their structure and chemical composition.
Generally, they have (1,3) linkage of a-L-fucopyranosyl residue or
(1,3) and (1,4)-linked . -L- fucopyranosyl residues. In some cases,
it may contain the sulphated galatofucans and mannopyranosyl
units with fucose subunits in them. It is also composed of other
simple sugars like galactose, D-xylose, D-glucose, D-mannose,
D-glucuronic acid, and D-uronic acid in them [1]. In recent
decades, brown seaweeds are found to be an important source
having biologically active component in treating many disorders
like anti-inflammatory [2], anticancer [3], immunomodulatory
[4,5], antiviral [6], and antioxidant activity [7]. Brown seaweeds

were found to contain potent antioxidants that are prominently
accepted due to the absence of chemicals rather than synthetic
antioxidants [8]. These brown seaweeds are found to possess
potential secondary metabolites like fucoidans, terpenoid,
phlorotanins, phenolic compounds, flavonoids, sterols, and
glycolipids [9]. Free radicals otherwise called as reactive oxygen
species (ROS) are one of the factors that are interlinked with
many diseases and degenerative conditions [10,11]. Generally,
body cells produce antioxidants to defend against oxidative stress
apart from that antioxidants are synthesized from the food we
consume (fruits and vegetables). Excessive production of ROS
can cause damage to the biomolecules in the body this can be
overcome by antioxidants naturally synthesized by the body cells
[12]. Researchers have also found the antioxidant potential of
natural sources against oxidative stress [13,14]. ROS is one of the
main reasons for creating oxidative stress for the occurrence of
many chronic infections, like asthma, inflammation, arthropathies,
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atherosclerosis, and cancer [15].

According to the World Health Organization, recent 2020 survey
released by the International Agency for Research on Cancer in
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Globocan 2020. The number of new cancer cases estimated to be
11.7% of breast cancer, next comes lung cancer 11.4%, colorectal
cancer 10%, and the percentage of all the other cancer types were
estimated to cover 66.7%. From the data, it is clear that breast cancer
is predominant among other types of cancer. Non-performance of
the tissue regulatory ends up in the non-controllable multiplication
of the normal cells, resulting in the tumour. Cancer can be caused
by different factors like mutations in gene level, hereditary, and by
carcinogenic factors. [16].

It is also found that hypoxia condition is also related to the
advancement and metastasis condition [17,18]. It also includes
metastasis in breast cancer [19,20]. Besides, numerous supporting
pieces of evidence are suggesting that tumour metabolism and
hypoxia-inducible factor 1a (HIF-1a) regulates an enzyme called
carbonic anhydrase (CA IX) and CA-XII. They participate in
transferring the tumour progression to a metastasis state [21]. CA
is an enzyme with dimeric membrane [22,23]. After recognizing
the association and expression of CA IX with the progression of
breast cancer and poor treatment, results had turned the interest of
targeting the CA IX enzyme in the cancer treatment [24]. CA IX
was used as a biomarker of hypoxic tumors and also as a specific
antibody and sulfonamide-base molecule for identifying CA IX in
vivo studies [25].

Insilco molecular docking had changed the folk medicines, and
it became an important tool in drug discovery, compared to the
cost spend on a wet-lab method of the drug discovery process, it
has reduced the cost and its simple methodology has turned the
interest of the academicians [26]. Molecular docking works in the
principle of predicting the preferable orientation of ligand with the
target molecule, which results in the complex molecule formation.
The bond formed between the ligand and the target molecule is
due to the binding affinity formed between the two molecules
which can be predicted by the scoring functions [27].

In this study, the antioxidant potential of the extracted fucoidan
(FE) from the T. conoides was determined and the potential of
fucoidan to dock with CA IX enzyme was determined to overcome
breast cancer through natural medicines without any side effects.

2. MATERIALS AND METHODOLOGY

2.1. Sample Collection

Turbinaria conoides was collected from Mandapam coastal area,
Rameshwaram. The collected sample was cleaned, shade-dried,
and then it was further dried using a hot air oven. The dried
seaweeds were subjected to a mixer machine. The powdered T.
conoides sample was stored in an airtight container and used for
carrying out further analysis.

2.1.1. Extraction methodology

Fucoidan from 7. conoides was extracted by the following
methodology [28]. 100 g of powdered T. conoides seaweed sample
was mixed with 2.4 1 of distilled water and it was kept in the shaker
for 24 hours. The mixture was subjected to filtration and the filtrate
was separated. 150 ml of the filtrate solution was taken and mixed
with 1% chitosan. (1% chitosan was prepared in 1% acetic acid
solution). It was kept for 12 hours in a shaker for proper agitation.

The obtained solution was centrifuged at 1,500 rpm for 5 minutes.
The supernatant was removed and the pellet was dried in the hot air
oven at 50°C. 4 g of the pellet was obtained and it was dipped in 551
ml of distilled water. pH was adjusted to 6 and it was kept for 12
hours. After 12 hours, the mixture was agitated at room temperature
for 2 hours and it was filtered. The filtrate was washed with ethanol
for 15 minutes, and it was centrifuged and the pellet was removed,
air-dried, and it was used for further analysis. The extracted FE
was confirmed using standard fucose by high performance liquid
chromatography (HPLC) [29]. Then, it was subjected to antioxidant
activities to find its antiscanvenging potential.

2.1.2. Antioxidant activity

2.1.2.1. Ferric reducing antioxidant power assay (FRAP).
Reducing power of the FE was determined according to the
method of Oyaizu [30]. 1 ml of the extract with the concentration
range (100, 200, 300, 400, and 500 pg/ml) was mixed with 2.5 ml
of phosphate buffer (0.2 M, pH 6.6) and 2.5 ml of 1% potassium
hexacyanoferrate (III). After incubation for 20 minutes at 50°C,
2.5 ml of trichloroacetic acid was added and centrifuged at 3,000
rpm for 10 minutes. To 2.5 ml of the supernatant (upper layer),
2.5 ml of distilled water and 0.5 ml of FeCI3 (0.1%) were added
and the absorbance was measured at 700 nm. The reducing power
of FE was determined by comparing it with the standard ascorbic
acid. Concentration was similar like the test sample was taken.

2.1.3. Superoxide dismutase (SOD)

Measurement of superoxide anion scavenging activity was
performed based on the method of Nishimiki et al. [31] with slight
modifications. The reaction mixture contained 1 ml of nitroblue
tetrazolium (156 pM), 1.0 ml of phosphate buffer (100 mM, pH
7.4), and 1 ml of nicotinamide adenine dinucleotide (468 pM) in
100 mM phosphate buffer along with 0.1 ml of test samples with the
concentration (100, 200, 300, 400, and 500 pg/ ml). The reaction
was started by adding 100 pl of phenazinemethosulphate (60 uM
PMS) in phosphate buffer and incubated at 25°C for 5 minutes. The
absorbance was measured at 560 nm and butylatedhydroxytoluene
(BHT) was used as the reference. The percentage of inhibition was
calculated as mentioned below.

% of SOD = (Absorbance of control — Absorbance of test) /
Absorbance of control x 100

2.1.4. Molecular docking

Fucoidan compound confirmed by HPLC was subjected to target
prediction by using the Swiss target server [32] Swiss target
prediction server works on the similarity principle according
to which, two structurally similar molecules are prone to have
similar biological properties [33]. Target molecule carbonic
anhydrase IX (CA IX) was retrieved from (PDB ID 2HKF) and
the 3D structures of the fucoidan compound was retrieved from
the Pubchem database (CID: 92023653) in sdf format. The
chosen ligand was manually prepared using the ligand preparation
module of Molegro virtual docker (MVD). CA IX. The binding
cavity for the docking process was chosen based not only on the
MVD but also based on the binding site information gathered from
the crystal structure of CA IX ( PDB 2 HKF) This also correlated
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with active site residue of CA IX has given in the detailed study
by Alterio et al. [34]. Initially, the basic physical descriptors like
molecular weight, log P, number of hydrogen bond acceptors,
and hydrogen-bond donors were calculated for the fucoidan
compound using molinspiration. The chosen compound was found
to abide by the “Lipinski’s Rule” of “5” filter thus it was taken for
further steps. Molecular docking was performed between fucoidan
and the target molecule human CA IX (PDB ID 2HKF). Out of
many docking poses, only those poses with the highest moldock
score and relatively good hydrogen bond interaction were chosen.
The intact protein structure was loaded onto the MVD platform
for the docking process. The potential binding site also referred
as cavities or active site was identified using the build-in cavity
detection algorithm of MVD. The search algorithm is taken as
Moldock SE and the number of runs taken are 10 and the max
iteration was 2,000 with the population size of 50 with an energy
threshold of 100. At each step least “minute” torsions/translations/
rotations were tested and the one that gives the lowest energy
was chosen. After the docking stimulation was over, the poses
which were generated process, the poses which were generated
were sorted by moldock score. The chosen ligands were manually
prepared using the ligand preparation module of MVD. Bond
order and hybridization assigned wherever missing and flexible
torsion and ligands were deducted. The target protein structures
were prepared after careful removal of heteroatoms and water
molecules and its electrostatic surface was generated. The grid
resolution was set at 0.3 A. The maximum interaction was set at
1,500 and the maximum population size 50.

3. RESULTS AND DISCUSSION

3.1. Ferric Reducing Antioxidant Power Assay

The ferric reducing power of the FE was analyzed and determined
by the spectrophotometer at 700 nm and the % of inhibition
concentration FE was found to increase with the increase in the
concentration in a dose-dependent manner, and the optical density
(OD) values were found to be 0.016, 0.029, 0.047, 0.063, and
0.081 with increasing concentration ranging from 100, 200, 300,
400, and 500 pg/ml. The highest ferric reducing power of FE was
obtained at 500 pg/ml compared to the standard ascorbic acid, and
the OD value for standard was found to be 0.012, 0.026, 0.089,
0.051, and 0.062 for the respective concentration ranging from
100 to 500 pg/ml. The results were shown in (Fig. 1) in this assay
the reducing power of the FE was determined by the change in
the colour shade. Solution colour was found to change from
green to blue shade, with the increase in the concentration.
This acts as an indicator of the ferric reducing capacity of
the fucoidan extracted from T. conoides.

3.1.1. Superoxide dismutase

Superoxide radicals can cause severe damage to cells and tissues
through forming other ROS such as single oxygen and hydroxyl
radicals [35]. The FE scavenging effect of the superoxide radicals
was measured in the spectrophotometer at 540 nm at varying
concentrations ranging from 100, 200, 300, 400, 500 pg/ml, and the
% of inhibition of the fucoidan was found to be 17.01%, 32.78%,
49.88%, 67.13%, and 82.41% for the respective concentration with
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Figure 1: Graphical representation of the FE inhibiting ferric reducing
capacity.
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Figure 2: Graphical representation of FE inhibiting the scavenging effect of
the sodium dismutase assay.

IC50 values of 300.957 pg/ml for the FE. There was an increase
in the inhibition with an increase in the concentration in a dose-
dependent manner and for the standard % of inhibition was found
to be 15.69%, 33.44%, 52.77%., 66.56%, and 84.06% with an IC
50 value of 300.758 pg/ml for the standard BHT and the results
are shown in Figure 2, the FE exhibited significant scavenging
effects at all tests concentrations. The scavenging effect shows a
significant increase with the increase in the concentration.

3.1.2. Results from molecular dynamics docking

Fucoidan compound retrieved from Pubchem CID 92023653 was
docked with the 3D structure of human carbonic anhydrase (CAIX
PDB ID 2HKF) out of the many docking poses, only those which
possess the highest moldock score and relatively good hydrogen
bond interaction was chosen and the docking results were tabulated
(Table 1).

Fucoidan was found to form multiple hydrogen bonds (8) with
the active site of CA IX the interacting amino acids are found
to be ARG52, ARG50, TYR101, GLY 102, ASN35, and ALA33.
Fucoidan also formed vanderwaal interactions with SER96,
PHE101. These interactions are depicted in Figure 3. In 1A,
secondary structure view of human carbonic anhydrase IX (PDB
ID:2HKF) in complex with L-fucoidan which is shown in the green
stick model. The zoomed region 1 B depicts the docking view of
L-fucoidan within the active site of human carbonic anhydrase IX
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Table 1: Molecular docking of the fucoidan with target molecule and its scoring.

23

Compound name Pubchem ID Molgro score  H-band score No of Hbond  Interactions with amino acids
Fucoidan 92023653 —-66.5818 —18.8865 8 GLN39
GLN39
GLN47
GLY4(62)
LYS44(2)
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Figure 3: Docking view of L-Fucose within the active site of Human Carbonic anhydrase IX.

where hydrogen bonds are depicted in bright green dotted lines,
whereas those amino acids forming van der waals interaction are
shown in faded green colour.

The binding affinity of fucoidan with CA IX was compared with
the binding affinity of other known inhibitors, such as oxamide.
Fucoidan was found to interact with the active site of CA IX
forming eight hydrogen bonds, whereas oxamide forms only four
hydrogen bonds. The Molgro score of binding was also better for
fucoidan when compared with oxamide.

Thus, Fucoidan showed a good binding affinity toward CA IX.
That is indicated by the Molgro score of —66.58 and H bond score
of —18.4 more negativity denotes higher affinity.

Cancer remains one of the most lethal diseases worldwide. There
is an urgent need for new drugs with novel modes of action, and
thus considerable research has been conducted for new anticancer

drugs from natural sources, especially plants, microbes, and
marine organisms. Marine populations represent reservoirs of
novel bioactive metabolites with diverse groups of chemical
structures. Extracts taken from marshy flora are used worldwide
for their natural medicinal values. It is also recorded that there
are around 349 metabolites are present in the marshy floras that
are used for their medicinal value [36]; in this study, fucoidan
was extracted from 7. conoides, and the antioxidant activity was
obtained with significant results. It is also reported that brown
seaweeds gains more attention by the researchers for their highly
beneficial effects to the human beings because they possess a good
antimicrobial and anti-scavenging activity and it is also reported
that ethanol extract 7 conoides possessed minimum anticancer
activity on different types of cancer cells [37].

The chosen antiscavenging activities of FE extracted from T
conoides showed a significant result compared to the standard
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Ascorbic acid, in a dose-dependent manner. This reveals that
fucoidan has a very good potential in arresting the free radicals
and possess the anti-scavenging property in them. Possible
antioxidant and cytotoxic activity of fucoidan extracted from other
seaweeds like Turbinaria ornata, Padina tetrastromatica, and
Sargassumwightii collected from Tamil Nadu southeast coastal
region was found to be a rich source of carbohydrates, sulfate, and
uronic acid, and the anti-scavenging property of those extracts was
due to the presence of fucoidan. This was reported in the earlier
findings and it was confirmed and the functional and structural
relationship of fucoidan was also correlated [38]. According to
the 2018 statistical breast cancer report given by cytecare cancer
Hospital, breast cancer was found to overtake cervical cancer.
Carbonic anhydrase IX (CA IX) is a tumor-associated, cell-surface
glycoprotein [39]; the glycolytic metabolism of cancer was
evaluated for many years to describe the fundamental correlation
between the glycolytic metabolism of cancer cell growth and
progression was evaluated for many years to report on the
microenvironment and glycolysis in cancer growth progression
[40]. Patrou [41] found that transcription factors of the glycolytic
pathway were affected by cell proliferation that was found to be an
important feature of carcinogenesis. It is also stated that different
types of enzymes are produced in our body based on the type of
malignancy, such types of enzymes produced are used as cancer
biomarkers. He also reported that the type and the expression of
the enzymes vary in different types of cancer cells [42].

It is also found that the expression of CA IX is overexpressed
in different types of cancer cells [43,44]. In recent research
studies, it is also observed that SLCO111 (Ureido- substituted
benzenesulfonamide molecule), a potent inhibitor of CA IX which
is confirmed as an antitumor agent by phase I clinical studies [45].

It is hard to find the CA IX expression in normal tissues but it
could be scarcely found in the lining of stomach epithelial tissues,
intestine, and other organs located near the stomach region. More
than 1,000 research publications have estimated the current
literature biological role of CAIX and it is also used as a biomarker
in identifying the different types of cancer. This was very clearly
illustrated [46] and because of the above reason, our study was
extended to molecular docking using CA IX as a target molecule.
Molecular docking is a key tool to find the structure-based drug
design in an in-vitro condition and found to show good affinity
with the target molecule.

5. CONCLUSION

Results obtained from FE extracted from 7. conoides was found
to contain a natural bioactive compound—Fucoidan. We suggest
that the results are mainly due to the activity of fucoidan because
in our earlier studies [29], the presence of fucoidan was confirmed
by HPLC analysis and the presence of fucoidan extract was in
higher concentration compared to the other components in the
extract. Thus, significant anti-scavenging activities may be due
to the presence of fucoidan in the extract. Molecular docking of
fucoidan with the target molecule carbonic anhydrase IX (CA IX)
formed a good binding site. This indicates that targeting the CA
IX enzyme may reduce breast cancer in ethnopharmacological
studies, which may reduce the intensity of side effects. It is also
found CA IX isoenzyme is found to be a prominent biomarker in

liquid biopsy for the detection of solid tumours like breast, lung,
and pancreatic [47]. Therefore, CA IX could be a valid molecular
target in anticancer treatment. Thus, FE extracted from 7. conoides
can be further extended to in vivo studies to find the preventive
action against breast cancer.
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