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Abstract. It is very promising to study the molecular mechanism and basis of the action of
fucoidan in food systems for the prevention of inflammatory bowel diseases (IBD) using net-
work pharmacology as a new paradigm for drug design and molecular docking technology. Our
results offer a theoretical framework for future clinical investigations. The GeneCards and
OMIM network databases were used to seek and screen the targets for IBD activity in the treat-
ment of gastric cancer lesions. The string data platform was used to create the protein interoper-
ability network of fucoidan for the treatment of IBD, whereas Cytoscape 3.9.1 was used to create
the compound-target network. Topological analysis was used to identify the main target. Finally,
the drug-disease intersection target was analysed using enrichment and biological pathways. A
total of 81 component targets were gathered, and using network topology and protein interopera-
bility network analysis, 6758 targets for IBD were found, along with another 301 essential core
targets. The key targets were evaluated to include STAT3, ESR1, BCL2, and AKT1, among oth-
ers. 173 signaling pathways, including pathway in cancer, metabolic pathway, Neuroactive lig-
and-receptor interaction, and PI3K-Akt signaling pathway were screened from KEGG and GO
functional enrichment analysis. Best binding of —6.5 kcal/mol with AKT1 was obtained from ad-
ditional docking studies with fucoidan. Fucoidan acts on targets such as AKT1, ESR1, STATS3,
and BCL2, as well as important inflammatory, immunological, and gastric cancer pathways, and
can be utilised to prevent and manage 1BD.

Keywords: fucoidan, network pharmacology, inflammatory bowel disease, mechanism stud-
ies, gastric cancer.
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HOxHo- Ypanbckuli 2ocydapcmeeHHbili yHusepcumem, HYensbuHck, Poccus

Annomayusa. ViccnenoBaTb MOJEKYISPHBIH MEXaHU3M M OCHOBY BO3/CHCTBUS (pykommaHa B
COCTaBe IMHUIIEBBIX CHCTEM IS MPO(IIAKTHKY BOCIAINTENBHBIX 3a0oneBannii kumeunnka (B3K)
C UCIIOJIb30BAaHHEM CETEBOM (hapMaKOJIOTHH KaK HOBOM MapaJurMbl KOHCTPYUPOBAHUS JIEKAPCTB U
TEXHOJIOTHH MOJIEKYJIIPHOTO JOKMHra BeCbMa MEpCHeKTHBHO. Hamm pesynbTaThl Mpepiararot
TEOPETHYECKYI0 OCHOBY JUIsl OYAyIIMX KIMHUYECKMX uccienoBaHuil. CereBble 0a3bl JaHHBIX
GeneCards 1 OMIM wucnonb30Banuch AjIs IIOMCKa U CKPUHUHIA MHIIEHeH Ha akTHBHOCTH B3K
NpY JICYCHUH NOpaKeHH pakoM skenyka. [lnardopma cTpOKOBBIX JaHHBIX UCIOJIb30BANACH IS
CO3J1aHus ceTH (YHKIMOHAJIbHOW COBMECTUMOCTHU OEKOB (pyKOMmaHa JUIsl JICYEHUS] BOCTIAIUTEb-
HBIX 3a00JIeBaHMI KHIIEYHHKa, Torna kak Cytoscape 3.9.1 ncronp3oBancs sl CO3AaHUS CETH CO-
eIMHEHUE-MHIICHb. [y OnpeneseHusl OCHOBHOM LIENN HCIIONBb30BAJICS TOTOJIOTHYECKUN aHaN3.
Haxonen, 1enp nepecedeHus JeKapcTBa U OOJIE3HH OblIa MPOaHAIN3UPOBAHA C HCIIOIb30BAHUEM
oborameHus 1 Onosormdeckux myteil. Beero Obia coopana 81 KOMIOHEHTHAs IIE€Tb, U C UCTIONb-
30BaHNEM TOTIOJIOTHH CETH U CETEBOT0 aHAIN3a COBMECTHMOCTH OENKOB OBLIO 0OHapykeHOo 6758
nenei misg B3K, a Takke eme 301 BakHas ocHOBHaA 11eJ1b. 110 oIleHKaM, KIrOUYEBBIC IIEIN BKIIOYA-
mu, cpeau npouero, STAT3, ESR1, BCL2 u AKT1. 173 curHanbHbIX MyTH, BKIII0Yas MyTh MIPH pa-
Ke, MeTabOJIMYECKUil IyTh, B3aUMOJICHCTBHE HEHPOAKTHBHOIO JIMTaH/AA U PEellenTopa U CHIHANb-
Hblii myTh PI3K-Akt, Ob mpoBepeHbl ¢ MOMOLIBI0 aHanu3a (YHKUHOHAJIBHOTO OOOTalleHUs
KEGG u GO. Haunyuriiee csa3biBanue —6,5 kkan/monb ¢ AKT1 Obu10 mosyueHo B pe3ysbraTe J10-
MOJIHUTENBHBIX UCCIIeIOBaHUN JOKHHTa ¢ pykonaaHoM. DykoumaH Bo3AEHCTBYET Ha TaKHE MHIIIE-
uy, kak AKT1, ESR1, STAT3 u BCL2, a Taxxe Ha Ba)XKHbIE BOCTIATUTENILHBIE, UMMYHOJIOTHIYECKHE
MYTH W IMYTH paKa XXeIyAKa, © MOXET HCIIOIb30BaThCs U MPO(GMIAKTUKN U JICYEHHUS BOCTIAIIH-
TENBHBIX 3a00JI€BaHUN KUIIIEYHHKA.

Knrwouegvie cnosa: dyxonnan, cereBasi (apMaKoJIOTHs, BOCHAIUTENbHBIE 3a001€BaHNS KH-
IIEYHUKA, N3yIeHHE MEXaHN3Ma, PaK JKeJTyIKa

Bnazooapuocmu. ViccnienoBanus BBITIOTHEHBI IPH (PMHAHCOBOI moznepkke rpanta PHD 22-
76-10049.

Jna yumuposanus: Disclosure of the mechanisms of the medical preventional effect of
fucoidan in the composition of food systems / V. Anjum, A.M.Y. Kadi, U. Bagale, |.Yu. Potoroko
/I Bectauk HOYpI'Y. Cepust «Ilumesbie u Guotexunojorun». 2024, T. 12, Ne 1. C. 16-25. DOI:
10.14529/f00d240102

Introduction

All living things, including humans, must eat
and digest their food to receive the necessary nu-
trients for continued physical vigour. Energy
from nutrient absorption is used in many meta-
bolic processes, primarily growth, development,
and reproduction [1]. Colorectal cancer (CRC) is
a clinical malignant carcinoma in the gastrointes-
tinal tract, and its incidence and mortality are

ranked as following the digestive malignancies of
gastric cancer, esophageal cancer, and primary
liver cancer [2]. Long-term intestinal inflamma-
tion is the primary cause of colorectal cancer
(CRC), although other factors such as genetics,
poor dietary choices, and way of life all contrib-
ute to the disease's progression [3]. According to
global cancer statistics from 2018, there were
9.2 % new cases of colorectal cancer out of a to-
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tal of 17.0 million cases, and 6.1 % of those cases
resulted in a death from cancer [4]. Thus, main-
taining both host protection against invasive in-
fections and host health depends heavily on a
well-balanced diet. In this situation, immune-
boosting dietary additives can offer the host addi-
tional advantages. As a result, scientists have
been searching for naturally occurring com-
pounds that may improve human health without
having any negative effects. Among these, sea-
weed-derived bioactive substances, such as mi-
cro- and macroalgae, are intriguing candidates
with a variety of advantageous properties, such as
antioxidant, anti-inflammatory, and anti-cancer
properties [5]. Fucoidans are known to be present
in seaweed cell walls in order to maintain the
stability of the cell membrane and shield the
structure from dehydration [6]. The structure of
fucoidans has been correlated with their biologi-
cal and immunological activities, such as antioxi-
dant, anticoagulant, antithrombotic, antiinflam-
matory, antiviral, antilipidemic, antimetastatic,
antidiabetic and anticancer effects [7-9] suggest
that dietary fucoidans can directly stimulate in-
testinal cells. Systematic investigation of the in-
teractions of bioactive substances instead of
drugs with targets, transport pathways in the di-
gestive tract and disorders is possible using net-
work pharmacology. It is especially appropriate
for researching the chemicals that give marine
medicine its therapeutic properties as well as its
multi-component and multi-target qualities. The
use of network pharmacology technologies is
especially relevant for the study of bioactive
chemicals that have therapeutic properties in ma-
rine medicine, as well as its multicomponent and
multipurpose properties. In this regard, the main
goal of our work is to study the biological effects
and molecular mechanisms of brown seaweed
polysaccharides in the treatment of inflammatory
diseases of the gastrointestinal tract based on
network pharmacology methods. Our results ex-
pand the use of brown seaweed in the prevention
and treatment of inflammatory bowel disease and
provide a starting point for future research, as
well as help in the development of new preven-
tive bioactive substances to replace drugs.

Methodology

Active components and corresponding
target selection

The literature on the brown algae polysac-
charide fucoidan was gathered from PubMed da-
tabase. The latter is a platform that includes
pharmacokinetic features, associated protein tar-

gets. The metrics of OB (oral bioavailability;
30 %), and DL (drug-likeness; 0.18) were filtered
out as they are critical components of the drug's
Absorption, distribution, metabolism, elimination
(ADME) profile [10]. Molsoft and SwissADME
compute OB and DL, which are used to weed out
substances that are unlikely to be pharmaceuti-
cals. Protein targets that interacted with those
putative active chemicals were then predicted
using STITCH and Swiss Target Prediction data-
bases. The target's probability was fixed at > 0.5.

Procurement of disease-associated targets
genes

The known targets linked to the aetiology of
inflammatory bowel disease were searched from
two significant databases namely, OMIM and
GeneCards [11]. Only the carefully chosen tar-
gets that were clearly linked to the illness were
kept, and the repeating targets were eliminated, to
lower the number of false positives. Both ac-
quired genes then entered in the Venn diagram
drawing tool, to find the intersected gene as po-
tential genes.

Construction of Protein-protein interac-
tion (PPI) network

The PPI network was built using the candi-
date genes importing to the STRING database.
The PPI network was pictured with Cytoscape
(v3.9.1) [12].

Biological pathway and enrichment analysis

The bioinformatics tool was used to analyze
the enrichment of biological processes and path-
ways for the intersection target network between
drugs and diseases. According to the enrichment
results, the material basis, and molecular mecha-
nisms of fucoidan in the prevention treatment of
gastro-intestinal disease were predicted and ana-
lyzed.

Drug-target pathways network construction

The PPI constructed network from STRING
database, then studied with Cytoscape to analyse
the constructed compound-protein interaction
(CPI) network to characterise the therapeutic ac-
tion of Fucoidan for gastrointestinal disorders.
The drug components, target or disease-related
gene, and pathways are represented by the nodes
in constructed network with different shaped and
colours. An association between the nodes is
called an “edge”.

Component target molecular docking

The respective target genes namely AKT1
(3096), ESR1 (1X7E), BCL2 (6QGG), and
STAT3 (6NJS) were acquired from the RCSB
protein data library. The fucoidan was download-

18

Bulletin of the South Ural State University.

Ser. Food and Biotechnology. 2024, vol. 12, no. 1, pp. 16-25



Anjum V., Kadi A.M.Y.,
Bagale U., Potoroko l.Yu.

Disclosure of the mechanisms of the medical preventional
effect of fucoidan in the composition of food systems

ed as SDF file as 3D image and further optimised
in the AutoDock (AD) 4.2 tool. The ligand and
target gene were imported into autodock Vina
software in “pdbqt” format for molecular dock-
ing, and molecular graphics visualisation tool
PyMOL and ligplot+ were used to analyze the
interaction mode of the docking results. For
docking, the entire receptor was enclosed inside a
grid box, with a grid spacing of 1.0 A, keeping
the receptor rigid and the ligand as a flexible
molecule. The ligand’s backbone and side-chain
were flexible and allowed to dock with the recep-
tor to form all possible conformations. After de-
fining the binding site and receptor—ligand prepa-
ration, docking runs were launched from the
command prompt. The interaction energy be-
tween the ligand and the receptor was calculated
for the entire binding site and expressed as affini-
ty (kcal/mol).

Results and discussion

Ligand and target gene preparation

The ligand structures were downloaded from
PubChem and converted to pdb format using
PyMol. The structures were energy minimized
and saved in PDBQT format by MGL tools. The
target gene was downloaded from Protein Data
Bank and (PDB) converted to PDBQT format
using AutoDock tools (Fig. 1).

The difficult phase in the development of
therapeutic and prophylactic drugs is ADMET
analysis which is carried out using the
SwissADME tool to assess various pharmacoki-

netic parameters that forecast ADME, as well as
the toxicity (T) of the most highly significant
novel therapeutic phytocomponents. Properties of
ADMET of powerful therapeutic and prophylac-
tic drugs for different paradigms, including Gl
absorption was found high, P-glycoprotein sub-
strates, BBB penetration, and various inhibitors
of cytochrome namely CYP1A2, CYP2C19,
CYP2C9, CYP2D6, and CYP3A4 found none,
created encouraging outcomes that significantly
substantiate the potency of fractions. The size
and chemo-physical characteristics of the skin are
determined by the log Kp values (-8.56).

Unknown processes contribute to gastric and
intestinal disorder. Several theories have been put
out to clarify the process at play. In the meantime,
a total of 81 target genes were gathered that inter-
acted with those suspected components from both
Swiss Target Prediction and STITCH database
after removal of duplication, whereas 6758 were
obtained from GeneCard and OMIM after remov-
ing duplicate genes. In the end, 301 intersection
genes or candidate genes were gathered for addi-
tional processes for foster research on the mecha-
nism of fucoidan on treating inflammatory bowel.

PPI network construction and analysis

Using STITCH, the 6758 potential genes
were chosen to create a first constructed PPI
(Fig. 2a). 301 important targets (Fig. 2b) were
ultimately gathered for pathway enrichment anal-
ysis, with AKT1 (164), STAT3 (133), BCL2
(112) and ESR1 (108) ranking highest.

STAT3 (6NJS)

BCL2 (6QGG)

Fig. 1. 3D structure of Fucoidan and target gene
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Fig. 2. a— PPI network; b — Intersection genes for pathway enrichment

Then, the Cytoscape 3.9.2 software was used
to conduct a topology analysis. Screens with a
value greater than two times (20) the average de-
gree value were used to obtain the core targets
(Fig. 3). The following 10 key targets were ob-
tained: TNF (170), AKT1 (163), ALB (139),
SRC (138), STAT3, CASP3, BCL2, ESR1,
PPARG and JUN. The analysis results suggest
that the fucoidan may play a therapeutic role
mainly by acting on these 10 targets.

PPARG

JUN \Nﬁ

ESR1

Fig. 3. Top ranked target genes based on degree

The KEGG study demonstrated a therapeutic
and prophylactic effect, examination demonstrat-
ed the therapeutic effect that fucoidan plays in
the treatment of inflammatory bowel disease by

acting on the pathway. Here, ten significant sig-
nalling pathways (Fig. 4) with p < 0.01 were se-
lected for additional investigation created on 301
key targets. The top three were neuroactive lig-
and-receptor interaction, AGE-RAGE signalling
pathway in diabetic complication, chemical car-
cinogenesis-receptor activation.

Biological pathway and functional en-
richment analysis

The SR plot bioinformatics tool was used to
analyze the enrichment of biological processes
and pathways for intersection targets of fucoidan
and disease (Fig. 4).

Molecular Docking Studies

The docking process was carried out using
AutoDock Vina. The binding affinities of ligands
are represented as kcal/mol (see: Table). Docking
studies were carried out to find out the enhancing
activity of the ligands on AD 4.2 using PyMOL
and LigPlot visualizer. The affinity value of less
than 5 kcal/mol depicts negligible binding,
whereas values closer to 10 kcal/mol indicate
efficient binding. The four core targets (AKT1,
STAT3, BCL2, and ESR1) screened related to
fucoidan with a degree of > 20.

The protein-ligand docking studies are rep-
resented in Fig. 5-8. Fucoidan exhibited stronger
binding affinity with AKT1 (3096). The H-
bonds and hydrophobic contacts between the
docked complexes are shown in following fig-
ures. The ESR1, AKT1, STAT3, and BCL2 on
the surface caused the first tethering and strong
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Table
Molecular interactions of Fucoidan with amino acids of proteins
Target Binding Hydrophilic interaction Hydrophobic contacts
protein energy (chain position; bond length) (chain position)
(Kcal/mol) '
ESR1 -5.0 Thr-485 (A; 2.94), Ala-312 Asp-484(A), GIn-498(B), His-501(B),
(1X7E) (A; 2.92) His-488(A), Thr-311(A), Lys-481(A)
AKT1 -6.5 GIn-79 (A; 3.01), Thr-82 Tyr-272(A), lle-84(A), Val-270(A),
(3096) (A; 2.89, 2.86, 3.06), Trp-80(A)
Asp-292 (A; 2.73), Gly-294
(A; 3.15)
STAT3 -4.9 Asp-371 (A; 3.14), Asp-369 Lys-370(A), Leu-438(A), Val-490(A),
(6NJS) (A; 3.15) Arg-382(A), Lys-383(A), His-437(A)
BCL2 -5.5 Asp-10 (A; 2.80), Ser-8 Glu-13(A), GIn-9(A)
(6QGG) (A; 3.05), Arg-12 (A; 2.98,
3.27), Asn-182 (A; 2.86, 2.86),
Asn-11 (A; 3.09)

adherence of the inflammatory bowel disease
receptor to the exposed sub-endothelium prolifer-
ation. Flow has a major impact on how these
components interact, setting off signalling cas-
cades that control inflammation, encourage stom-
ach acid secretion, and strengthen focal adhesion.
Certain interactions between these agonists and
their AKT1, STAT3, and BCL2 receptors pro-
vide inside-out signalling, and their ligand affini-
ty to increase through conformational activation.

Owing to its anatomical position, the gastro-
intestinal (GI) tract is a specialized barrier to
maintain intestinal homeostasis by physically
separating the intestine from the external envi-
ronment [13]. In addition to nutrient uptake, the
Gl tract plays an important role in maintaining
intestine immunity by identifying “Good” or
“Bad” foreign antigens and enabling their inter-
action with diverse intestinal cells. Fucoidan
promoted G2/M phase apoptosis in MGC-803
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cell line and cell-cycle arrest in gastric cancer by
downregulating, AKT1, STAT3, Bcl-2, and cy-
clin B1[14] further upregulating CASP-3. It was
evident from molecular docking showed good
binding with AKT1 (-6.5 kcal/mol) interacting
with GIn-79 (A; 3.01), Thr-82 (A; 2.89, 2.86,

3.06), Asp-292 (A; 2.73), Gly-294 (A; 3.15) as
shown in Fig. 5.

Fucoidan has also been demonstrated to have
an impact on colon cancer, where it causes apop-
tosis, DNA fragmentation, GO/G1 arrest, and
downregulation of Bcl-2, ESR1, and upregulation

AKT1-Fucoidan Complex

Tss) P

cwnw |

Binding with interacting residue

Fig. 5. Interaction of fucoidan with AKT1 (3096) receptor

ESR1-Fucoidan Complex

Gans:;g
Fucoidan
0,
Asplt% o

Thrass(s) @

C

Lysis1(4) ﬁuu)

Binding with interacting residue

o

Fia. 6. Interaction of fucoidan with ESR1 (1X7E) recentor
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of p21. Fucoidan showed interaction with ESR1
with binding energy of —5.0 kcal/mol interacting
with Thr-485 (A; 2.94), Ala-312 (A; 2.92) as ev-
ident from Fig. 6. The increased permeability of
paracellular by fluorescein isothiocyanate-
dextran indicated the significance of boosting the
fucoidan bioavailability in maximizing the im-
pact on immunity.

Dietary fucoidan has immunomodulatory
and anti-inflammatory properties that can also
improve the functioning of the gut immune sys-
tem. Moreover, fucoidan helps treat conditions
linked to inflammation, such as inflammatory
bowel disorders. According to a recent study,
fucoidan may have a protective effect on colon
health since it was shown to reduce STATS3,
TNF-a, IL-10, IL-6, and IL-1 levels in the colon
cells of mice when given after antibiotic therapy
[15]. It interacted with amino acid residue Asp-
371 (A; 3.14), Asp-369 (A; 3.15) of STAT3 re-
ceptor showing bind energy of —4.9 kcal/mol
(Fig. 7).

The lead to drop in pro-inflammatory and an
increase in anti-inflammatory cytokines. Though
fucoidan's molecular size affects the absorption
by intestine epithelial cells. Fucoidan inhibits the
insulin-like growth factor (IRF)-I receptor via the
Ras/Raf/[ERK pathway, hence controlling cell
viability and the biological cycle [16]. Numerous
intracellular pathways involving signal transduc-

STAT3-Fucoidan Complex

tion molecules, including NF-kB, MAPKs,
STAT, and PI3K pathways, up-regulate these
factors and enzymes.

It also downregulated Bcl-2, raised Bax, and
triggered apoptosis in prostate cancer through G1
cell cycle arrest [17]. It was shown that by inhib-
iting NF-OB activation and MAPK phosphoryla-
tion, fucoidan could lower the levels of
proinflammatory mediators (PGE2, NO, TNF-a,
IL-15, IL-6). Through docking binding with
BCI2 (-5.5 kcal/ml) interacted with Asp-10 (A;
2.80), Ser-8 (A; 3.05), Arg-12 (A; 2.98, 3.27),
Asn-182 (A; 2.86, 2.86), Asn-11 (A; 3.09)
(Fig. 8).

Conclusion

Given the intimate relationship between the
intestine and nutrition intake, natural bioactive
substances have been investigated as possible
preventive therapeutic agents to improve human
intestinal immunity. Many concerns remain un-
solved despite research on the impact of
fucoidans in animal models and cell lines. For
example, it is unclear if consumption of
fucoidans directly alters cellular phenotypes or
increases humoral immune responses. Therefore,
developing diet-based therapies for bowel disor-
ders, such as inflammatory bowel disease or colo-
rectal malignancies (CRCs), will be made
easier with a greater understanding of how fu-
coidan functions in the intestinal area as a food

Lo Asp369(8)

o

W AspaTI(a)

| &

Binding with interacting residue

Fig. 7. Interaction of fucoidan with STAT3 (6NJS) receptor
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BCL2-Fucoidan Complex

Binding with interacting residue

Fig. 8. Interaction of fucoidan with BCL2 (6QGG) receptor

supplement or dietary additive. Therefore, the
ppreventive therapy of inflammatory receptors
with fucoidan medicines has multi-component,
multi-target, and multi-channel features, as de-
termined by our study using network pharma-
cology and molecular docking. Our findings

also indicate the primary active ingredients,
primary targets, and associated pathways of
fucoidan in the management of gastrointestinal
disorders and inflammatory bowel disease, lay-
ing the groundwork for future research into the
therapeutic efficacy of fucoidan.
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