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Introduction
S. nepeta, an excellent medicinal plant used by the Moroccan 
population is very rich in phenolic compounds, flavonoids, and 
tannins;1 it also has certain biological properties, such as anti-
microbial and antioxidant activity. In addition, recent experi-
ments have confirmed their potent antiproliferative effects on 
human tumor lines as well as anti-inflammatory properties.1-3 
Interleukin-6 (IL-6), also known as interferon β2, is a key 
cytokine in the regulation of acute and long-term inflamma-
tion, and it is produced in response to infections. This pleio-
tropic cytokine produced by a variety of cell types (fibroblasts, 
keratinocytes, mesangial cells, vascular endothelial cells, mast 
cells, macrophages, dendritic cells, T and B lymphocytes) is the 
messenger between cells involved in the inflammation pro-
cess.4 The receptor complex that mediates IL-6’s biological 
processes is made up of 2 membrane-bound glycoproteins: an 
80 KDa receptor subunit (IL-6R, CD126) and a 130 KDa sig-
nal transducing element (gp130, CD130).5 A gp130 trans-
membrane expression can be found in a variety of organs, 
including the heart, lungs, kidneys, liver, placenta, brain, and 

intestine.6 The IL-6R, however, has a limited cellular distribu-
tion and is mostly expressed in hepatocytes and leukocyte sub-
populations (monocytes, neutrophils, T cells, and B cells). The 
gp130 was first thought to be the signaling component of IL-6; 
however, it has been shown to be a signal transduction compo-
nent of other proteins as well.7 High levels of IL-6 could dis-
rupt many physiological processes as well as the homeostasis of 
many cell types causing several diseases such as Crohn’s disease, 
celiac disease, and irritable bowel syndrome.4,7,8 The objective 
of this research is to analyze in silico the bioactive compounds 
of S. nepeta, which could affect the processes and the signaling 
pathways involved in IL-6.

Material and Methods
Chemical components of S. nepeta

The chemical compounds of S. nepeta are previously characteri-
zed by high performance liquid chromatography coupled to  
ultraviolet (HPLC-UV),1 then identified in PubChem  
(https://pubchem.ncbi.nlm.nih.gov) and/or traditional Chinese 
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medicine systems pharmacology database and analysis platform 
(TCMSP) (http://lsp.nwu.edu.cn/tcmsp.php) databases (Table 1).

Inflammatory protein targets

Three inflammatory bowel pathologies were targeted and key 
proteins were determined and verified using the UniProt data-
base (http://www.uniprot.org) forming a list of 6 potential tar-
gets (Table 2).

STITCH analysis

The active components of S. nepeta and the determined targets 
have been included in the STITCH 5.0 database (http://stitch.
embl.de/) to classify them into direct and indirect interaction 
networks. The interaction network was used to evaluate the 
mode of action of S. nepeta and its pharmacodynamics compo-
nents and to obtain information about the interactions between 
the active compounds and the protein targets.

ClueGO enrichment analysis

Ontological (GO) enrichment analysis was performed to hier-
archize and identify the top functions of target proteins. 

ClueGO plugin of Cytoscape Software 3.8.2 was used to pro-
vide biological processes and molecular function as described 
by Merico et al.9 The P value threshold was set at .05. Also, 
metabolic pathways involving target proteins and chemical 
compounds of S. nepeta were determined by KEGG pathway 
enrichment analysis.

For the ClueGO study, the p value threshold was set at .05. 
In addition, a 2-sided hypergeometric test with Bonferroni 
correction was used in this investigation, as well as an average 
network type option. The average network, in comparison to 
the global and comprehensive network types, shows GO words 
that originate at levels 4 to 8, with an average number of related 
genes and an average percentage of downloaded genes. To 
show the network’s functionality, an organic layout approach 
was recently applied.

Molecular docking analysis

A molecular docking analysis with AutoDock Tools (ADT) 
version 1.5.6 was performed to obtain a closer insight into 
the interaction of major constituent of S. nepeta with IL-6 
receptor as a protein target. This approach consists in study-
ing the binding affinity and the type of interactions between 
3 major compounds from S. nepeta (catechin, gallic acid, and 
quercetin) and the key protein IL-6R involved in inflamma-
tion as described by Nouadi et al.10 The chemical structures 
were obtained from the PubChem database in SDF file and 
then converted to PDBQT format using Open Babel GUI 
(version 2.4.1). The crystal structure of IL-6 (id: NA2750) 
was downloaded in PDB format from Protein Data Bank 
(PDB) (http://www.rcsb.org). The preparation of the target 
protein was done by AutoDock Tools deleting all heter-
oatoms and water molecules surrounding the receptor to 
avoid the hindrance in docking calculations adding polar 
hydrogen atoms and assigning Kollman charges to compute 
pdbqt format. The grid size was set to x = 90, y = 90, z = 
90, and grid spacing of 0.375 Å well the center of grid was 
set to x = 2.668, y = −19.933, and z = 8.838. The rest of the 

Table 1. Chemical composition of S. nepeta.

PUBCHEM CID NAME COMPOSITION (%) MOlECUlAR wEIgHT (g/MOl) MOlECUlAR FORMUlA

370 gallic acid 18.12 170.12 C7H6O5

8468 Vanillic acid 4.89 168.15 C8H8O4

9064 Catechin 23.25 290.27 C15H14O6

10742 Syringic acid 4.48 198.17 C9H10O5

445858 Ferulic acid 5.36 194 C10H10O4

5280343 Quercetin 21.14 448 C15H10O7

5280805 Rutin 7.23 610.5 C27H30O16

689043 Caffeic acid 6.21 180.16 C9H8O4

102261219 Caffeic 2.33 180 C9H8O4

Table 2. Information on the target of proteins associated with diseases.

DISEASE PROTEIN NAME UNIPROT ID

Irritable 
bowel 
syndrome

gamma-aminobutyric acid type B Q9UBS5

5-hydroxytryptamine P28335

Il-6 P08887

Crohn’s 
disease

Interleukin-6 P08887

Interleukin-1 P27930

Coeliac 
disease

Interleukin-6 P08887

Interleukin-18 O95256

Interleukin-21 Q9HBE5

http://lsp.nwu.edu.cn/tcmsp.php
http://www.uniprot.org
http://stitch.embl.de/
http://stitch.embl.de/
http://www.rcsb.org


Ezaouine et al 3

docking parameters were kept as default, and postmodeling 
analysis was performed using Discovery Studio 2021 pro-
gram (Dassault Systèmes BIOVIA Corp, San Diego).10

Results and Discussion
Recovery of chemical ingredients and their targets

A previous study characterized the phenolic compounds of S. 
nepeta, for the aqueous extract by HPLC-UV.1 Among the 
various compounds characterized by HPLC-UV (rutin, 
quercetin, catechin, caffeic acid, vanillic acid, ferulic acid, and 
gallic acid), we found that quercetin, catechin, and gallic acid 
were the 3 major compounds representing more than 60% of 
the total composition (Table 1). These 3 compounds are known 

for their anti-inflammatory effect.11-13 Moreover, targeted 
inflammatory bowel diseases in this study share IL-6 as a key-
stone inflammation protein (Table 2).

STITCH analysis

The protein-protein interaction network (PPIN) and chemical 
compounds of S. nepeta-protein network were constructed 
through STITCH and the STRING database to predict the 
interaction and determine the molecular action of these asso-
ciations (Figure 1) and binding affinity (Figure 2).

The chemicals are represented as pills, the proteins as 
spheres, and the edges represent the types of interactions, and 
the number “degree” represents the strength of the activity, the 

Figure 1. Network of protein-compound interactions predicted by STITCH, the molecular action of molecules-protein or between protein-protein indicates 

an activation or inhibition interaction.
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larger the node the higher the degree value, and the higher the 
degree value the more the color changes from light green to 
yellow. A medium probabilistic confidence level of 0.400 was 
used to build the PPIN (Figure 1).

The network consisted of 41 nodes and 383 edges. The 
nodes of the network act as representatives of the protein tar-
gets or their relevant genes. The lines connecting various nodes 
indicate the interaction between the corresponding proteins 
and the bioactive molecules of S. nepeta. The P value for PPIN 
enrichment was very significant (.001).

Protein-protein interaction networks revealed the presence 
of 2 types of interaction with IL-6: direct (catechin and querce-
tin) and indirect (rutin, ferulic acid and gallic acid).

Direct interactions

The direct interaction between quercetin-IL-6 may explain a 
possible inhibition of IL-6 functions by decreasing mRNA 
expression.14 Quercetin has been shown to inhibit the expres-
sion of proinflammatory cytokines in the human mast cell line-
age, by blocking the activation of p38, MAPK (mitogen-activated 
protein kinases), and nuclear transcription factor-kappa B.14 
Similarly, quercetin was shown to induce an inhibition of the 
immunologic release of inflammatory mediators such as hista-
mine, tryptase as well as the production of cytokines, such as 

tumor necrosis factor (TNF)-a, IL-6, and IL-8 in cultured 
human mast cells.15 Quercetin can also interact with proteins 
other than IL-6 (Figure 2) such as cytochrome P450 (CYP1A1) 
and Janus kinase 2 ( JAK2). Janus kinase 2 is a nonreceptor 
tyrosine kinase that regulates cell proliferation, differentiation, 
and histone modifications. It mediates key signaling mecha-
nisms in both innate and adaptive immunity.16

Catechin has an affinity with IL-6, thus regulating the 
expression of proinflammatory cytokines, such as IL-6 and 
IL-1β17 (Figure 2). The PPINs revealed also that catechin 
could reduce lipopolysaccharide-stimulated inflammation by 
inhibiting the activation of NF-kB pathway.18 Catechin 
shows anti-inflammatory activity in other pathologies by act-
ing on the expression of IL-1 and IL-6 and their signaling 
pathways.19

Quercetin and catechin may reduce intestinal inflammation 
by regulating immune cell infiltration and proliferation as well 
as the deterioration of intestinal lesions.20 In addition, quercetin 
and catechin have been shown to reduce intestinal inflamma-
tion by regulating proinflammatory cytokines (IL-6, TNF-) 
and inflammation-related signaling pathways, (NF-kB, MAPK, 
and activator of STAT1/3 transcription pathways).20,21 Indeed, 
these 2 bioactive molecules have been shown to reduce inflam-
mation in the gut by increasing the proliferation of intestinal 

Figure 2. The network of interactions of S. nepeta bioactive molecules with protein targets predicted by STITCH 5.0. Molecules are represented by 

pill-shaped nodes, while proteins are represented by spheres. The nodes that are associated with each other are linked by an edge. The length of the line 

refers to the bond affinities with each other. Higher affinity means a shorter edge between chemicals and proteins and vice versa.
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microbiota including Bifidobacterium, and Lactobacillus genera 
and phylum Bacteroidetes.21,22

Indirect interactions

The STITCH network shows indirect interaction of S. nepeta 
bioactive molecules with IL-6 (Figure 2). The rutin induces a 
decrease in IL-6 production through the inhibition of TNF, 
IL-1b, and iNOS (inducible nitric oxide synthase).23 In addi-
tion to inflammatory bowel diseases, rutin exerts an effect on 
neurodegenerative diseases by inhibiting glial cell activation 
and attenuating the production of inflammatory cytokines. 
Thus, the ability to stimulate microglial proliferation and to 
induce microglial polarization suggests that it could be used as 
a potential alternative in the treatment or prevention of dis-
eases.23,24 Gallic acid interact with IL-6 through JUN which 
codes for Jun Proto-Oncogene, AP-1Transcription Factor 
Subunit protein which directly interacts with specific target 
DNA sequences to regulate gene expression.25 The network 
also shows that all the bioactive compounds interact with each 
other, which strongly suggests a synergistic action of these 
compounds on the regulation of IL-6 (Figure 2). Polyphenols 
tend to complex, which increases their molecular weight, thus 
the interactions intensify. Indeed, this complexation of poly-
phenols increases the number of hydroxyl groups enhancing 
the polyphenol-polyphenol interaction and the polyphenol-
target protein affinity.14,26

GO enrichment analysis

ClueGO database-mediated enrichment connects the GO data-
base to Cytoscape, which is an important plug-in for the Cytoscape 
visual analysis software. ClueGO apps analysis allows to target 
product function from different databases. This app classifies and 
analyzes GO terms for biological processes, molecular functions 
and cellular components, as well as KEGG pathway enrichment 
(P ⩽ .05). This analysis predicts a potential mechanism of interac-
tion between bioactive compounds and IL-6.

Our results suggest that the major components of the plant 
have direct (bioactive molecule-protein) and indirect (protein-
protein) interactions with IL-6. The GO annotation for the 
identified proteins demonstrates their association with many 
biological processes, cellular components, and molecular func-
tions (Figure 3). The target proteins are involved in different 
important functions, notably regulation of intestinal inflamma-
tion, positive regulation of tyrosine and STAT protein phos-
phorylation (Signal Transducers and Activators of 
Transcription) and cell and regulation of metabolism. The 
regulation of intestinal inflammation is mediated by signaling 
pathways such as the regulation of interferon-gamma response 
and the IL-6-mediated signaling pathway (Figure 3). These 
pathways are involved in the regulation of gastrointestinal 
inflammation by enhancing both innate and adaptive immune 
responses to maintain intestinal immunological homeostasis.27 F
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In fact, studies have demonstrated that the major active 
compounds of S. nepeta have significant therapeutic potential 
for inflammatory bowel diseases such as Crohn’s disease and 
irritable bowel syndrome.1,28

Rutin and quercetin may be useful in the treatment of such 
diseases by regulating the expression of tight cell junction 
genes. These bioactive molecules improve the intestinal barrier 
function of the tight junction.29

Gallic acid has also shown anti-inflammatory effects at the 
gut level by directly inhibiting NF-kB expression via suppres-
sion of proinflammatory activators, such as iNOS and COX-2 
(cyclooxygenase 2).30 Overexpression of iNOS contributes to 
the appearance of early intestinal inflammation, which could 
lead to carcinogenesis of the colon. Similarly, overexpression of 
COX-2 induces ulcerative colitis.30

Quercetin has been shown to have anti-inflammatory 
effects, by inhibiting the JAK/STAT cascade.31,32 It can 
decrease the expression of ICAM-1, IL-6, IL-8, and MCP-1 
mRNAs. In addition, it could reduce the production of key 
proinflammatory mediators (prostaglandin E2) and of IL-1, 
IL-6, and TNF. At the same time, it could stimulate the secre-
tion of IL-10 and tumor growth factor (TGF)-β.33,34

Catechin may have anticancer therapeutic potential due to 
its biological activities, including antioxidant, anti-inflamma-
tory, and antitumor properties.35

The bioactive compounds, quercetin, gallic acid, and cate-
chin have different biological activities modulating the expres-
sion of IL-6, and therefore impacting several metabolic 

pathways in different types of pathologies of inflammatory 
origin.36-38

Molecular docking study of identif ied compounds

To see the details proper mechanism by which the identified com-
pounds of S. nepeta bind to IL-6R, we performed a molecular 
docking study. The docking results are shown in Table 3, while the 
interactions between the most active compounds and the targets 
are shown in Figure 4. Catechin, gallic acid, and quercetin repre-
senting the predominant compounds of S. nepeta are the most 
important active compounds which directly interact with IL-6R.

Docking results showed that quercetin fit perfectly into the 
IL-6R binding site with the lowest binding energy of −7.1 
kcal/mol (Figure 4). In contrast, lower binding energy was 
obtained with catechin and gallic acid (−6.1 and −5.3 kcal/mol, 
respectively). The extracellular portion of the gp130 signal 
transducer consists of 6 domains. It has recently been shown 
that the 3 distal membrane domains bind to the IL-6/IL-6R 
complex.39 A structural model of the IL-6/gp130 and IL-6R 
complex allowed to propose amino acid residues in these 
domains of gp130 interacting with IL-6 bound to its recep-
tor.40 The amino acid residues of the IL-6 receptor involved in 
the interaction with IL-6 are located in the BʹCʹ loop (Val252) 
and in the FʹG ʹ loop (Glu106, Lys150) with the score between 
-7.84 and -10.81 kcal/mol.40

According to Figure 4, quercetin forms 3 hydrogen bonds 
with ASP34 and ARG30. On the other hand, catechin interacts 

Table 3. Structure of predominant bioactive molecules of S. nepeta and docking score values of Il-6R ligand.

DOCKINg SCORE (KCAl/MOl)

COMPOUNDS INFORMATION CHEMICAl STRUCTURE DOCKINg SCORE (KCAl/MOl)

gallic acid Mw: 170.12 g/mol
MF: C7H6O5
H-bond donor: 4
H-bond acceptor: 5
PubChem ID: CID 811292

−5.3

Quercetin Mw: 302.23 g/mol
MF: C15H10O7
H-bond donor: 5
H-bond acceptor: 7
PubChem ID: CID 5280343

−7.1

Catechin Mw: 290.27 g/mol
MF: C15H14O6
H-bond donor: 5
H-bond acceptor: 6
PubChem ID: CID 9064

−6.1

H-bond, hydrogen bond; MF, molecular formula; Mw, molecular weight; chemical structures were retrieved from PubChem database.
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with amino acid LYS150 and a hydrogen bond with GLU93 via 
Van der Waal forces. While gallic acid forms 5 hydrogen bonds 
(SER107, GLU106, GLU42, THR43 and ARG104) with IL-6. 

However, antagonistic action on the active site of IL-6R or 
masking of the IL-6 binding site by gallic acid, quercetin, and 
catechin could be possible mechanisms for the inhibition of 

Figure 4. The 3D and 2D detailed view of the binding mode between catechin (A), gallic acid (B), quercetin (C), and Il6/gp130 with Il-6R (D).
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IL-6 action by S. nepeta.41 A study has shown that quercetin 
could demonstrably bind to the IL-6R by partially (30%-35%) 
blocking IL-6 binding. It has been reported that the lys and glu 
residues provoke a complete loss of ligand binding to the 
IL-6R.42 Therefore, the interaction between quercetin, catechin, 
gallic acid, and the IL-6R is likely to inhibit IL-6 ligand binding 
to the receptor by altering an affinity or protein conformation of 
the receptor.42 The engagement of polyphenols with IL-6R is 
shown to control many biological processes including the activa-
tion of several intracellular signaling pathways JAK/STAT, regu-
lation of insulin receptor signaling, regulation of epithelial cell 
apoptotic process, and the activation or inhibition of transcrip-
tion factors.43-45 Thus, blocking connections between IL-6 sign-
aling pathways or the IL-6R could stop signaling that causes 
inflammatory diseases due to elevated IL-6 expression. This 
mechanism could constitute a therapeutic alternative for inflam-
matory bowel diseases.

Conclusion
The results have revealed that identified bioactive components 
of S. nepeta interact directly and indirectly with IL-6, respec-
tively (quercetin, catechin, rutin, and gallic acid). These high-
affinity interactions could confer on these bioactive molecules 
potent IL-6 inhibitory functions. Docking analysis showed 
that ligands (quercetin, catechin, and gallic acid) capable of 
establishing various bonds with IL-6R with high docking 
scores. Therefore, GO enrichment pathway analysis showed 
that the interactions of these compounds with IL-6 have a 
major role in several biological processes, suggesting that S. 
nepeta has the potential to manage intestinal diseases related to 
excessive IL-6 production. This semipredictive analysis, sug-
gests a possible mechanism underlying the inhibition of intense 
IL-6 production by identified bioactive components of S. 
nepeta. Thus, an alternative treatment would be possible in 
pathologies linked to the excessive production of IL-6. The 
results of this study constitute a very interesting preliminary 
step in the process of being validated.

Author Contributions
All authors contributed conception and design of the study. Also, 
all authors contributed to the drafting of the manuscript.

RefeRenCes
 1. Ezaouine A, Salam M, Rida Sbaoui Y, et al. Extraction, chemical composition 

and antioxidant activity of phenolic compounds from Moroccan Satureja nepeta 
L. Pharmacog J. 2022;14:182-192.

 2. Redhouane B, Khaled B, Hadjira B, et al. Evaluation of some biological activities 
of phenolic compounds obtained from two Algerian medicinal plants: mentha 
rotundifolia and Satureja calamintha. Acta Periodica Technologica. 2020;51:87-102.

 3. Tepe B, Cilkiz M. A pharmacological and phytochemical overview on Satureja. 
Pharm Biol. 2016;54:375-412.

 4. Velazquez-Salinas L, Verdugo-Rodriguez A, Rodriguez LL, Borca MV. The 
role of interleukin 6 during viral infections. Front Microbiol. 2019;10:1057.

 5. Gyamfi J, Eom M, Koo JS, Choi J. Multifaceted roles of interleukin-6 in adipo-
cyte–breast cancer cell interaction. Transl Oncol. 2018;11:275-285.

 6. Mesquida M, Leszczynska A, Llorenç V, Adán A. Interleukin-6 blockade in 
ocular inflammatory diseases. Clin Exp Immunol. 2014;176:301-309.

 7. Ito H. IL-6 and Crohn’s disease. Curr Drug Target. 2003;2:125-130.
 8. Nishimoto N, Kishimoto T. Inhibition of IL-6 for the treatment of inflammatory 

diseases. Curr Opin Pharmacol. 2004;4:386-391.
 9. Merico D, Isserlin R, Stueker O, et al. Enrichment map: a network-based 

method for gene-set enrichment visualization and interpretation. PLoS ONE. 
2010;5:e13984.

 10. Nouadi B, Ezaouine A, El Messal M, Blaghen M, Bennis F, Chegdani F. Predic-
tion of anti-COVID 19 therapeutic power of medicinal moroccan plants using 
molecular docking. Bioinform Biol Insights. 2021;15:11779322211009199.

 11. Kroes B, vd Van den Berg AJJ, Van Ufford HQ , et al. Anti-inflammatory activ-
ity of gallic acid. Planta Medica. 1992;58:499-504.

 12. Cosco D, Failla P, Costa N, et al. Rutin-loaded chitosan microspheres: charac-
terization and evaluation of the anti-inflammatory activity. Carbohyd Polym. 
2016;152:583-591.

 13. Tian C, Liu X, Chang Y, et al. Investigation of the anti-inflammatory and anti-
oxidant activities of luteolin, kaempferol, apigenin and quercetin. South Afr J Bot-
any. 2021;137:257-264.

 14. Min Y-D, Choi C-H, Bark H, et al. Quercetin inhibits expression of inflamma-
tory cytokines through attenuation of NF-κB and p38 MAPK in HMC-1 
human mast cell line. Inflam Res. 2007;56:210-215.

 15. Kimata M, Shichijo M, Miura T, Serizawa I, Inagaki N, Nagai H. Effects of 
luteolin, quercetin and baicalein on immunoglobulin E-mediated mediator 
release from human cultured mast cells. Clin Exp Allergy. 2000;30:501-508.

 16. Chen K, Liu J, Cao X. Regulation of type I interferon signaling in immunity and 
inflammation: a comprehensive review. J Autoimmun. 2017;83:1-11.

 17. Kim EJ, Seo JB, Yu JS, et al. Anti-inflammatory effects of a polyphenol, cate-
chin-7, 4′-o-digallate, from Woodfordia Uniflora by regulating NF-ΚB signal-
ing pathway in mouse macrophages. Pharmaceutics. 2021;13:408.

 18. Wang F, Han Y, Xi S, Lu Y. Catechins reduce inflammation in lipopolysaccha-
ride-stimulated dental pulp cells by inhibiting activation of the NF-κB pathway. 
Oral Dis. 2020;26:815-821.

 19. Fechtner S, Singh A, Chourasia M, et al. Molecular insights into the differences 
in anti-inflammatory activities of green tea catechins on IL-1β signaling in rheu-
matoid arthritis synovial fibroblasts. Toxicol Appl Pharmacol. 2017;329:112-120.

 20. Fan F-Y, Sang L-X, Jiang M. Catechins and their therapeutic benefits to inflam-
matory bowel disease. Molecules. 2017;22:484.

 21. Waslyk A, Bakovic M. Biological activity and therapeutic potential of quercetin 
for inflammatory bowel disease. J Food Sci Nutr Res. 2021;4:94-117.

 22. Sato S, Mukai Y. Modulation of chronic inflammation by quercetin: the benefi-
cial effects on obesity. J Inflamm Res. 2020;13:421-431.

 23. da Silva AB, Coelho PLC, Amparo JAO, et al. The flavonoid rutin modulates 
microglial/macrophage activation to a CD150/CD206 M2 phenotype. Chem 
Biol Interact. 2017;274:89-99.

 24. Anwar S, Rivest S. Alzheimer’s disease: microglia targets and their modulation 
to promote amyloid phagocytosis and mitigate neuroinflammation. Expert Opin 
Ther Targets. 2020;24:331-344.

 25. Liu S, Luan J, Ding Y. miR-144-3p targets FosB proto-oncogene, AP-1 tran-
scription factor subunit (FOSB) to suppress proliferation, migration, and inva-
sion of PANC-1 pancreatic cancer cells. Oncol Res. 2018;26:683.

 26. Xiao J, Mao F, Yang F, Zhao Y, Zhang C, Yamamoto K. Interaction of dietary 
polyphenols with bovine milk proteins: molecular structure–affinity relation-
ship and influencing bioactivity aspects. Mol Nutr Food Res. 2011;55: 
1637-1645.

 27. Nava P, Koch S, Laukoetter MG, et al. Interferon-γ regulates intestinal epithe-
lial homeostasis through converging β-catenin signaling pathways. Immunity. 
2010;32:392-402.

 28. Rauf A, Akram M, Semwal P, et al. Antispasmodic potential of medicinal 
plants: a comprehensive review. Oxid Med Cell Longev. 2021;2021:4889719.

 29. Suzuki T, Hara H. Role of flavonoids in intestinal tight junction regulation. J 
Nutr Biochem. 2011;22:401-408.

 30. Pandurangan AK, Mohebali N, Mohd Esa N, et al. Gallic acid suppresses 
inflammation in dextran sodium sulfate-induced colitis in mice: possible mecha-
nisms. Int Immunopharmacol. 2015;28:1034-1043.

 31. Tang SM, Deng XT, Zhou J, Li QP, Ge XX, Miao L. Pharmacological basis and 
new insights of quercetin action in respect to its anti-cancer effects. Biomed Phar-
macother. 2020;121:109604.

 32. Senggunprai L, Kukongviriyapan V, Prawan A, Kukongviriyapan U. Quercetin 
and EGCG exhibit chemopreventive effects in cholangiocarcinoma cells via sup-
pression of JAK/STAT signaling pathway. Phytother Res. 2014;28:841-848.

 33. Derosa G, Maffioli P, D’Angelo A, Di Pierro F. A role for quercetin in coronavi-
rus disease 2019 (COVID-19). Phytother Res. 2021;35:1230-1236.

 34. Yong DOC, Saker SR, Wadhwa R, et al. Preparation, characterization and in-
vitro efficacy of quercetin loaded liquid crystalline nanoparticles for the treat-
ment of asthma. J Drug Deliv Sci Technol. 2019;54:101297.

 35. Cadoná FC, Dantas RF, de Mello GH, et al. Natural products targeting into 
cancer hallmarks: an update on caffeine, theobromine, and (+)-catechin. Critic 
Rev Food Sci Nutr. 2021;23:1-20.



Ezaouine et al 9

 36. Lin Y, Shi R, Wang X, Shen HM. Luteolin, a flavonoid with potential for cancer 
prevention and therapy. Curr Cancer Drug Targets. 2008;8:634-646.

 37. Maurya DK, Nandakumar N, Devasagayam TPA. Anticancer property of gallic 
acid in A549, a human lung adenocarcinoma cell line, and possible mechanisms. 
J Clin Biochem Nutr. 2010;48:85-90.

 38. Yen G-C, Chen Y-C, Chang W-T, et al. Effects of polyphenolic compounds on 
tumor necrosis factor-α (TNF-α)-induced changes of adipokines and oxidative 
stress in 3T3-L1 adipocytes. J Agric Food Chem. 2011;59:546-551.

 39. Zhou E, Yan F, Li B, et al. Molecular and functional characterization of IL-6 
receptor (IL-6R) and glycoprotein 130 (gp130) in Nile tilapia (Oreochromis 
niloticus). Dev Comp Immunol. 2020;106:103629.

 40. Chou CC, Hua KT, Chen MW, et al. Discovery and characterization of a mono-
clonal antibody targeting a conformational epitope of IL-6/IL-6Rα to inhibit 

IL-6/IL-6Rα/gp130 hexameric signaling complex formation. Mabs. 2022;14: 
2029675.

 41. Bürkli S. Regulation of iron absorption: effects of helicobacter pylori, the TMPRSS6 
gene, iron encapsulation and polyphenols. PhD Thesis, ETH Zurich, Zurich; 2021.

 42. Chu M, Tsang MS-M He R, et al. The active compounds and therapeutic mech-
anisms of pentaherbs formula for oral and topical treatment of atopic dermatitis 
based on network pharmacology. Plants. 2020;9:1166.

 43. Kallen K-J. The role of transsignalling via the agonistic soluble IL-6 receptor in 
human diseases. Biochimica Biophysica Acta. 2002;1592:323-343.

 44. Kishimoto T. IL-6: from its discovery to clinical applications. Int Immunol. 
2010;22:347-352.

 45. Wang S-T, Cui W-Q , Pan D, et al. Tea polyphenols and their chemopreventive 
and therapeutic effects on colorectal cancer. World J Gastroenterol. 2020;26:562.


