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Abstract

Dictyota bartayresiana is a brown seaweed and known to contain potent diterpenoids that are proven to possess
anti-cancer activity. The nutritional composition and cytotoxic effect of water, ethanol and methanolic extracts of
D. bartayresiana on KB cells was evaluated. Based on Lipinski 0 violation rule, 2 bioactives of D. bartayresiana
were selected and screened for gene targets. Meanwhile oral cancer (OC) related gene targets were also
determined. On combining, 63 gene targets were identified and subjected to protein-protein interaction network
analysis, and 5 nodes referred to as hub genes with the highest degree were selected, that is, Tumor Protein 53
(TP53), CTNNBI, epidermal growth factor receptor (EGFR), AKT1, and MYC. Top 3 hub genes were further
evaluated for interactions with bioactive compounds using Molecular docking studies. Network pharmacology and
molecular docking analysis show TP53, CNNTBI, and EGFR as key targets involved in initiation, progression
and metastasis of OC.
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cell carcinomas account for 90% of OCs.M! Bl s S @ e
Risk factors include alcohol consumption, betel ’ ’ ’
nut chewing, tobacco, chronic inflammation
and poor oral hygiene. OC has poor prognosis
with 5 years survival rate of 40% and initiates
as asymptomatic painless white lesions that
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gradually thicken into red spots and become ulcerative
lesions often diagnosed at advanced stages.™

Natural products have been historically in use owing to their
therapeutic potential. Around 60% of approved anticancer
drugs are either influenced by or derived from nature. Marine
derived compounds have gained attention owing to diverse
species and potent biological compounds making them
desirable candidates for anticancer drug discovery (Alves
et al., 2018). At present, Cytarabine, Trabectidine, Eribulin
mesylate and Brentuximab vedotin are approved marine
derived drugs for various cancer treatments.

Despite tremendous advancement in cancer therapy
limitations such as high toxicity, drug resistance, limited effect
on certain aggressive cancers and off target effects result in
failure of conventional treatment.™ Tumor heterogeneity and
dynamic evolutionary nature of cancer are accounted for
these results. This has necessitated need for novel, less toxic
therapeutic agents for improved clinical outcomes.

Dictyota bartayresiana is a multicellular member spread
across southeast coast of India, tropical western central
Pacific Ocean, Gulf of Mexico, and Tropical western Atlantic
Ocean.'® This brown seaweed produces cyclic diterpenes —
dolabellanes and high sulfated polysaccharides — fucans and
fucoidans that possess potent immunomodulatory, anti-tumor,
anti-protozoal, anti-viral and anti-microbial activities.!”

In recent years drug discovery has accelerated due to
in silico method implementation and has reduced cost that
is put into laborious experiments. These methods anticipate
effectiveness of compounds against number of illnesses.
The use of network pharmacology in anticipation of “protein-
compound,” “disease-gene” networks, compound toxicity and
drug classification has drawn attention. Molecular docking
is an important tool in predicting interactions between
compound and target proteins, thus aiding optimization of
drug screening process."!

The current study aims to explore potential D. bartayresiana
derived compounds as alternative for OC treatment and
hasten drug discovery by network pharmacology approach
and predicting compound-protein interactions by molecular
docking.

MATERIALS AND METHODS
Sample collection
D. bartayresiana was collected from coastal area of

Mandapam, Tamil Nadu, India. The samples were washed,
shade dried for 10 days and stored in powder form.
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Preparation of extract

10 g of powdered D. bartayresiana was dissolved in 100 mL
of d. H,O, methanol and ethanol. Each mixture was heated
to 80°C for I hr. After cooling, the mixture was filtered
followed by concentration in a rotary evaporator. The water,
methanolic and ethanolic extracts were stored at 4°C for
further use.!!”

Nutritional profiling of D. bartayresiana

Moisture, Ash, crude protein, lipid, fiber and carbohydrate
contents were determined by Harakeh er all'! Each
experiment was performed in triplicate and average results
were noted.

Determination of moisture content

The percentage of moisture was determined using the standard
AOAC method (Equation 1). 1 g of D. bartayresiana sample
(DS) was weighed in a crucible and dried at 100°C for 3 h.
The sample was cooled in a desiccator and reweighed. The
samples were dried for another round until they attained a
consistent weight.

Percent Moisture = [(w, — w,)/(w, —w )] x 100 )

w, — Empty crucible weight
w, — (crucible + sample) weight before drying
w, — Final (crucible + sample) weight after drying

Determination of ash content

1 g of DS was weighed in a dry crucible and dried until
consistent weight achieved. The DS was ashed in muffle
furnace for 12 h at 500°C until white powdery ash and
reweighed. Equation (2) was used to determine Percent Ash
content.

Percent Ash = (Weight of Ash/Weight of Sample) x 100 (2)

Determination of crude protein

Crude protein content was estimated by Kjeldahl method.
5 g of DS was weighed into digestion flask along with
Kjeldahl catalyst (2 g) and Sulfuric acid (200 mL). The
mixture was boiled until bubbles free clear solution is
obtained. Once the mixture is cooled, 60 mL of d. H,O and
6 drops of mixed indicator were aliquoted. After heating
solution untilall N, was evaporated and titrated against
Sodium Hydroxide. Equation (3) was used to determine the
percent crude protein.

Percent crude protein = [(A-B) X N x Atomic weight of
Nitrogen x 6.25]/W 3)




A — Volume of 0.25 N HClI used for sample titration
B - Volume of 0.25 N HCI used for blank titration
N — Normality of NaOH

W — Weight of DS (in g)

6.25 — protein- nitrogen conversion factor

Determination of lipid content

Soxhlet extraction was performed 5 g of DS in 250 mL of
petroleum ether at 85°C until the solvent is evaporated
entirely and reweighed after cooling in a desiccator. Percent
Lipid determined by equation (4).

Percent Lipid = [(w, w )/w.] x 100 4)

w, — Empty bottle weight
w, — (Bottle + Fat) weight
w, — Sample weight.

Determination of fiber content

A solution containing 2 g of DS and 200 mL of Sulfuric acid
was boiled for 30 min and filtered. The residue was washed
with hot d. H,O thrice. 100 mL of 2% Sodium Hydroxide was
added to the residue and boiled for 30 min until the acid is
neutralized. The neutral residue is dried in an oven overnight
at 105°C, and the residual weight is recorded. Then ashed
at 550°C in a muffle furnace for 3 h till grey ash is formed.
Equation (5) was used to determine the percent fiber content.

Percent crude fiber = [(w, — w,)/w,] x 100 (5)

w, - Sample weight before heating
w, —Sample weight after heating
w, —Original sample weight

Determination of carbohydrate content

Percent carbohydrate was calculated by equation (6)

Percent carbohydrate = 100 —[% Moisture + %Ash + %Crude
Protein + % Lipid + % Fiber] (6)

Cytotoxicity assay

The cytotoxic activity of D. bartayresiana extract was
assessed by MTT colorimetric assay. The KB cells were
procured from NCCS, Pune, and cultured in Dulbecco’s
modified eagle medium supplemented with 10% Fetal Bovine
Serum and 1% Penstrep at 37°C and 5% CO,. The media was
changed every 24 h. Cells were observed for adherence and
confluency, and trypsinized at 80% confluency with trypsin-
EDTA and sub-cultured.

For the MTT assay, 1 x 10° cells are seeded into 96-well
plates and grown overnight for adherence and confluency.
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Then treated with water, methanolic, and ethanolic extracts
of D. bartayresiana and incubated for 48 h, followed by
washing with complete media. After aliquoting 200 uL of
MTT solution (3 mg/mL) into each well, cells were incubated
for 2 h followed by adding 100 uL of MTT dissolving solution
(Dimethyl sulfoxide) and shaker incubation for 15 min, and
absorbance measurement at 570 nm.['?

Network pharmacology analysis

Screening for active lead compounds from
D. bartayresiana

Active compounds were collected from Seaweed Metabolite
Database (SWMD) (https://www.swmd.co.in/) and screened
for potential leads in Swiss ADME database based on ADME
indices. The active compounds with 0 Lipinski violations
were selected for further analysis. The chemical structures of
selected bioactive compounds were obtained from SWMD. [

Profiling of D. bartayresiana and OC targets

Target profiling is a preliminary step to understand the
interaction framework of bioactive compounds that have
been used in the treatment of various disease conditions.
The target genes that are interacting with the selected
bioactive compounds of D. bartayresiana were assessed by
“Comparative Toxicogenomics Database (CTD) (https://
ctdbase.org/),” a database that has integrated toxicological
information of chemicals with genes, phenotypes, and
diseases to understand the impact on human health.

OC related targets were retrieved from “Genecards database
(https://www.genecards.org/)”” using keywords “Oral cancer,”
“oral squamous cell carcinoma,” and “neck carcinoma.”
Genecards provides information on all annotated human
genes automatically combined from about 150 web sources.!'¥

Finally, the target genes for D. bartayresiana in OC were
mapped using a Venn diagram to identify potential targets
(www.bioinformatics.org). These mapped genes served as a
foundation for network analysis.

Protein-protein interaction (PPI) network
construction and analysis

The relationship analysis between mapped therapeutic
targets common to D. bartayresiana and OC was carried
out through “STRING database (https://string-db.org/),”
which includes integrated data of all known and predicted
associations between proteins. PPI network was constructed
based on two conditions: species Homo sapiens and medium
confidence >0.4. Isolated points in the constructed network
were deleted and imported to Cytoscape v3.8.0 software for
analysis to obtain topological parameters of nodes in the
network, including degree value, betweenness centrality, and
closeness centrality. The key targets referred to as Hub genes
are identified by using CytoHubba, a Cytoscape plugin.




These Hub genes may serve as potential therapeutic targets
that might be involved in disease pathways.[”!

Molecular docking studies

The binding sites of screened D. bartayresiana bioactive
compounds and potential therapeutic targets identified by
network pharmacology analysis were anticipated by molecular
docking studies. Before docking, Ligand and Protein was
prepared. The 3D structure of target proteins was accessed
through “Protein Data Bank (PDB) (https://www.rcsb.
org/).” The protein was prepared using Autodock Tools by
removing water molecules, heteroatoms, and co-crystallized
ligands, and by the addition of polar hydrogens and Gasteiger
charges. The 3D structure of ligands 12-hydroxydolabella-3,
7-dien-9-one  and  5-acetoxy-12-hydroxydolabell-3,7E-
dienon were obtained from SWMD and converted to PDB
file format by “Open Babel tool (https://openbabel.org/
docs/Installation/install.html).” Ligand preparation made by
optimizing geometry and energy minimization using PyRx.
Autodock Vina (https://vina.scripps.edu/) was employed
for docking with grid box dimensions set to 90 x 90 x 90
A to allow unrestricted movement of ligand with respect to
the binding site. Docking was performed in triplicate, and
docked complex was visualized via BIOVIA Discovery
Studio Visualizer 2021.01¢

RESULTS
Nutritional profiling of D. bartayresiana

The nutritional profiling revealed a high amount of nutritional
components, including carbohydrates, proteins, lipids, and
fibers. It also has a high moisture content of 45.82% and
an ash content of 19.87%. The complete profile is listed in
Table 1.

Cytotoxicity analysis

The cytotoxicity assay of water, ethanol, and methanolic
extracts of D. bartayresiana on KB cells reveals a dose-
dependent inhibition of cell growth after 48 h of treatment, as
shown in Figure 1. All extracts show excellent cytotoxicity
against KB cells, with the methanolic extract exhibiting the
highest effect with IC, 52.78 mg/mL as compared to ethanolic
and water extracts with IC_ 82.37 mg/mL and 99.78 mg/mL,
respectively. The treatment shows characteristic cell damage
and membrane blebbing, indicating apoptosis.

Network pharmacology analysis
Screening for active lead compounds from
D. bartayresiana

ATotal of 7 active compounds were selected that are deposited
in SWMD. The Swiss ADME prediction of these compounds
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Table 1: Nutritional profiling of D. bartayresiana extract

S. No. Content % nutritional content
1. Moisture 48.82+2.4
2. Ash 19.87+1.3
3. Protein 12.47+3.6
4, Lipid 4.80+0.9
5. Fiber 10+0.5
6. Carbohydrate 6.91+3.6
120
100
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Figure 1: Cytotoxicity of Dictyota bartayresiana extract on KB
cells after 48 h of treatment

revealed 2 active compounds 12-hydroxydolabella-3, 7-dien-
9-one and 5-acetoxy-12-hydroxydolabella-3,7E-dienon,
that satisfy Lipinski 5 rule formula (0 Lipinski violations)
as represented in Table 2. These compounds were used for
further analysis.

Profiling of D. bartayresiana and OC targets

Target prediction by CTD screening revealed 569 gene targets
that are interacting with the selected active compounds of
D. bartayresiana, that is, 12-hydroxydolabella-3, 7-dien-
9-one and  5-acetoxy-12-hydroxydolabell-3,7E-dienon.
Likewise, Genecards Database predicted 300 gene targets
associated with OC. Subsequently, a Venn diagram was
plotted to predict potential gene targets that are overlapping
between D. bartayresiana and OC, as shown in Figure 2.
A total of 63 target genes were identified as potential targets
and subjected to subsequent investigations.

PPI network analysis

PPIs mediate most of the signaling pathways in an organism.
A PPI network was constructed to understand the functional
mechanism of 63 overlapped potential targets found by Venn
diagram analysis. The network contains 63 nodes, 994 edges,
with an average node degree of 31.6. Target genes were
closely related to each other, and the network was found to
be significant. Network was visualized in Cytoscape and




Table 2: ADME prediction of screened bioactive compounds from SWMD

=
e

Bioactive compounds

SWMD accession number

Number of Lipinski violation/s

9-acetoxydolabella-3,7,12-trien-16-al
12-hydroxydolabella-3,7-dien-9-one
9-acetoxydolabella-3E,7E-dien-12-ol
49-hydroxydolasta-1,3-dien-6-one
5-acetoxy-12-hydroxydolabell-3,7E-dienon
9-hydroxydolabelladien-6-one

No oo d =0

Trihydroxydolasta-2-en-6-one

BDO75 1
BDO078
BDO079
BD080
BDO081
BD072
BDO073

—_ = O = =2 O

406

(57.5%)

Figure 2: Venn diagram representing overlapping genes
between Gene card and Comparative Toxicogenomics
Database

demonstrated the presence of 62 nodes and 1988 edges. The
degree of protein is measured by node size, and the greater
the degree between targets, the greater is the linkage and
potential for contribution in disease development. Further,
Cytoscape plugin CytoHubba predicted hub genes based
on the degree parameter and found that Tumor Protein
53 (TP53) (59), CTNNBI (58), epidermal growth factor
receptor (EGFR) (57.5), AKT1 (57.5), and MYC (57.5) to
be top 5 Hub genes in core target subnetwork with highest
degree values in descending orders as shown in Figure 3.

Molecular docking studies

Molecular docking predicts interactions between potential
drug candidates and target proteins and plays key role in
drug discovery. The top three potential targets identified by
Hub gene analysis for the bioactives from D. bartayresiana
were screened using molecular docking. Strong binding
affinities between bioactives and the binding pockets of hub
gene protein products were predicted. The stronger is ligand
affinity for the target, more negative is its binding energy (BE).
The bioactive compounds showed BE for CTNNBI1 (1JDH).
12-hydroxydolabella-3, 7-dien-9-one showed a BE of —6.2
kcal/mol, making 1 hydrogen bond with Asg-342 of the
binding site, and 5-acetoxy-12-hydroxydolabell-3,7E-dienon
did not have any interactions. The BE of bioactive compounds
with TP53 (1A2B) was —6 kcal/mol and —6.1 kcal/mol,
respectively. Both compounds made two identical H-bonds
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with Lys-162 and Ala-161. The BE for compound interaction
with EGFR (1M17) is —7.6 kcal/mol and -6.6 kcal/mol for
12-hydroxy and 5-acetoxy, respectively. 5-acetoxy shows
higher binding affinity with the lowest BE as compared to
12-Hydroxy. Although the latter made 3 H-bonds with amino
acids in the binding site, that is, Ala-317, Lys-851, and Glu-
734, whereas former made 1 H-bond with Asp-831. The 2D
and 3D docked protein structures of 12-Hydroxy —cnntbl,
12-Hydroxy —p53, 5-acetoxy —p53, 12-Hydroxy —EGFR, and
5-acetoxy —EGFR are given in Figure 4. An examination of
interplay between target proteins and bioactive compound
ligands also shed light on the influence of hydrogen bonding,
C-H bonding, alkyl interactions, and pi-alkyl interactions.

DISCUSSION

OC is an evolving concern, especially in areas where betel
nut chewing, intoxication, and tobacco use are prevalent.
Genetic mutations and environmental cues also account for
OC occurrence. The disease usually goes unnoticed until
advanced stages, resulting in delayed diagnosis and aggressive
progression.l'”! Current treatment modalities include primary
tumor resection, radiation, chemotherapy, and brachytherapy.
Among chemotherapeutic drugs, cisplatin, carboplatin, and
5- fluorouracil are traditionally in use.'¥ Recently, targeted
therapy has gained traction due to its targeted effect on tumor.
The onset of OC is a result of the accumulation of mutations in
the genome. The most affected genes are EGFR and TP53.[
Mutation in EGFR results in overexpression of the receptor,
which continuously activates phosphoinositide 3-kinase (PI3K)/
Protein Kinase B (AKT)/Mechanistic Target of Rapamycin
(mTOR) pathway that promotes cell proliferation.?” TP53
is a tumor suppressor gene and produces protein p53 and is
involved in cell maintenance. Mutation in TP53 results in
loss of function, resulting in the initiation and progression of
OC. Current targeted therapies include Cetuximab, an anti-
EGFR monoclonal antibody that targets EGFR overexpression
in OC, and tyrosine kinase inhibitors such as Gefitinib and
Erlotinib are in clinical use.?'! Bevacizumab, an anti-vascular
endothelial growth factor monoclonal antibody, targets the
PI3K/AKT/mTOR pathway and angiogenesis, thereby cutting
down the blood supply to tumor. Immune checkpoint inhibitors
such as Pembrolizumab and Nivolumab against programmed
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cell death 1 and programmed death ligand 2 proteins are also
in use.??

The proximate analysis of D. bartayresiana shows various
amounts of nutrient composition. Moisture content being the
highest (48.82 + 2.4%) among all, followed by ash, protein,
fiber, carbohydrate, and lipid. Seaweeds have been reportedly
low lipid content, whereas high amount of fiber and protein
are part of a dietary supplement. Although the protein
and lipid components are consistent with species found in
other coastal parts of India, the nutritional composition
varies among species that are located at different depths.
Environmental factors such as nutrient level in seawater,
salinity, and temperature also affect the overall nutritional
profile.?42!
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D. bartayresiana has been reported to contain numerous
active substances such as phenol and alkaloids. In the
current study, the extracts of this marine alga have exhibited
profound effects on KB cells. After 48 h of treatment, we
found that all three extracts show the highest cytotoxic effect
at 100 mg/mL and 120 mg/mL. This result is agreement with
previous reports on anti-cancer activity of D. bartayresiana
against HT-29 colon cancer cells® and MDA-MB-23 triple
negative breast cancer cells.””! The ethyl acetate extract of
this alga has also been reported to decrease hyperglycemia
in a rat model.*®

To wunderstand the genes involved in OC, network
pharmacology was employed. We predicted mechanisms
underlying the therapeutic effects of D. bartayresiana
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compounds for treating OC and identified 2 base antitumor
compounds and genes that are targeted by these compounds.
We found 63 interrelated common targets. By analyzing the
interactions between potential therapeutic targets, it was
concluded that these targets are clustered in five protein
modules, and genes relevant to these proteins are referred
to as hub genes. In particular, TP53, CTNNBI1, EGFR,
AKTI1, and MYC play synergistic role in OC. CTNNBI
encodes P —catenin, protein localized to plasma membrane
and maintain cell-cell adhesion. When mutated, [ —catenin
accumulates in cytoplasm and nucleus, constitutively
activating Wnt pathway, leading to activation of oncogenic
drivers that promote tumor initiation and progression.
EGFR plays a key role in normal growth and development
of tissue by responding to Epidermal Growth factor and
activating downstream signaling by tyrosine kinase activity
of cytoplasmic domain. When mutated, overexpression of
EGFR drives cancer initiation and proliferation. One such
signaling of EGFR is stabilization of 3 —catenin in nucleus
by phosphorylation and induction of mesenchymal cell
morphology promoting neoplastic growth.?”? AKT1 takes part
in various cellular processes, and phosphorylation of AKT1
by membrane receptors results in downstream activation
of mTOR signaling pathway. In cancer, AKT1 activity is
enhanced, impairing the downstream protein cascade, thereby
inhibiting pro-apoptotic proteins Bad and Bax. According to
a study by Roy ef al., AKT1 and AKT2 isoform silencing
with siRNAs caused cell cycle arrest at G2/M phase in SAS
cells by reducing the expression of corresponding genes by
90%.13%

Overall, our results based on cytotoxic assay, network
pharmacology, and molecular docking studies shed light on the
potential anti-cancer mechanism of 12-hydroxydolabella-3,
7-dien-9-one and  S5-acetoxy-12-hydroxydolabella-3,7E-
dienon of D. bartayresiana on OC by highlighting its ability
to interact with many gene targets involved in OC initiation
and progression.

CONCLUSION

This research demonstrates foundation for determining the
efficacy of active compounds from D. bartayresiana against
gene targets involved in OC. These targets and pathways
provide a pharmacological basis for development of new
drugs using seaweeds for OC. However, current research
has some constraints since further chemical constituents and
investigations are required to validate our findings.
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