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Introduction

SARS-CoV-2 is a virus that mainly attacks
the lung’s airway, alveolar, vascular endothelium,
is distinguished by an
aggressive inflammatory response from the host [1].
The overexpression of early response pro-inflammatory
cytokines (tumor necrosis factor-alpha (TNF-o1) and
interleukins (IL-6 and IL-1) by innate immune results
manifests as a cytokine storm [2]. COVID-19 individuals
have a higher risk of vascular hyperpermeability due to
these variables and multiorgan failure, severe systemic
damage, and finally, death when the high levels of
cytokines are not reduced [3]. The innate immune
response involves releasing cytokines and chemokines,
essential for detecting and managing infections [4].

and macrophages, which

Abstract

BACKGROUND: Cytokine storm in COVID-19 patients has contributed to many morbidities and mortalities in patients.
Studies have found that toll-like receptors (TLRs) and some Fc receptors play essential roles in the hyperactivation of
the immune system. Up to date, researchers are still in progress to discover effective and safe drugs to alleviate the
hyperinflammatory state in COVID-19. The previous studies had shown that Carthamus tinctorius and its bioactive
compounds might have anti-inflammatory activities in animal models.

AIM: We aimed to investigate the possible interactions of several flavonoids from C. tinctorius with several immune
system components using a biocomputational approach.

METHODS: Molecular docking was done using the AutoDock program based on the Kyoto Encyclopedia of Genes
and Genomes (KEGG) COVID-19 pathway. The most suitable receptors found were studied to study the interactions
with several flavonoids from C. tinctorius.

RESULTS: TLR4, TLRS, and FcyRlla were found to bind with SARS CoV2 inflammatory pathway and further selected
as macromolecules for potential interactions study with 22 flavonoids from C. tinctorius. Of the 22 flavonoids studied,
daphnoretin showed the best binding affinity with TLR4 and Rutin was shown to attach best with FcyRlla. Unlike its
excellent binding to TLR4, daphnoretin showed weak binding to TLR8.

CONCLUSION: Daphnoretin showed an excellent affinity with TLR4 and might be a good candidate as an inhibitor
in hyperinflammatory reactions in COVID-19 DTLRS.

Toll-like receptors (TLRs) and several
receptors are essential in initiating innate immune
responses by producing inflammatory cytokines, Type |
interferons (IFN), and other mediators [5]. However,
it was suggested that the severe form of COVID-19
is characterized by an abnormal and exacerbated
immunological host response. Exacerbation of
hyperinflammatory response is mainly associated with
adverse outcomes in many patients, particularly with
comorbidities such as obesity or diabetes, high blood
pressure, or atherosclerosis [6]. A variety of adaptors,
including myeloid differentiation primary response
protein (MyD88), Toll/IL-1 receptor domain-containing
adaptor protein (TIRAP/Mal), TIR-domain-containing
adaptor inducing interferon-g (TRIF), and TRIF-related
adaptor molecule, is involved in TLR signaling pathways
that are tightly controlled. TLR-mediated pathways have
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been reported to have a significant role in inflammatory
illness, modulating host defense against infections, and
immunological diseases [7].

A previous research had demonstrated an
association between TLR2 and MyD88 expressions
with  COVID-19 severity [8]. TLR2 and MyD88
were necessary to produce coronavirus-induced
inflammation, although TLR2-dependent signaling
triggered the production of pro-inflammatory cytokines
irrespective of viral entry [4]. TLR7 and TLR8 were
also suggested to be linked with hyperinflammatory
reactions in COVID-19 [9].

Activating innate immunity, regulating cytokine
production, and starting the adaptive immune system are
vital functions of TLRs. The body’s innate immune system
plays a crucial role in the defense against infections.
Pathways activated by TLRs may have a role in the
pathophysiology of SARS CoV2 [5]. Notably, several
TLRs are associated with hyperinflammatory processes
in COVID-19. A simplified theory suggested that
pathogenic components that activate TLR4 produce pro-
inflammatory cytokines through the traditional signaling
route and/or Type | IFNs and anti-inflammatory cytokines
through the alternative signaling. Overstimulation of
TLR4 may lead to hyperinflammation [6], [8].

TLRs are not the only regulators in the activation
of hyperinflammatory reactions. The Fc domains of
antibodies may also interact with FcRs to enhance
inflammation and exacerbate sickness symptoms [10].
Either IgG responses might protect against infection or
might not [8]. Exacerbation of COVID-19 was suggested
linked to the activation of an Fc receptor, a protein
found on the surface of cells. One of the activated
Fc receptors is FcyRlla that boosts the production of
infammatory cytokines in monocytes in the presence of
immunocomplexes (IL-6 and TNF-a) [6], [11].

High-dose dexamethasone has been used in
hospitalized patients of COVID-19 and was shown to
reduce inflammatory reactions and disease severity.
Nonetheless, dexamethasone treatment was linked to
severe adverse drug reactions, including septic shock
and invasive fungal infections [12], [13]. Therefore, up
to date, researchers still searched for alternative anti-
inflammatory drugs for COVID-19.

Carthamus tinctorius, also known as safflower,
plants that are native in many countries with dry and
barren climates, has been used empirically in many
diseases, including in respiratory diseases such as
whooping cough and chronic bronchitis [14], [15].
The previous animal studies had five shown that
Hydroxysafflor Yellow A (HSYA), a bioactive compound
of C. tinctorius, may promote an anti-inflammatory
state in afflicted tissues by boosting anti-inflammatory
cytokines and M2 macrophages (an anti-inflammatory
phenotype) [16], [17], [18], [19]. Due to the anti-
inflammatory effect of C. tinctorius in the animal model,
we suggested that other HSYA or its other bioactive

compounds might have the activity to suppress TLRs
and Fcy receptors in COVID-19. Therefore, we aimed
to investigate the possible interactions of various
bioactive compounds of C. tinctorius with TLRs and
FcyRlla receptors using a biocomputational approach.

Methods

Selection of receptors

Receptors were selected based on the
Kyoto encyclopedia of genes and genomes (KEGG)
COVID-19 pathway as target receptor and their
intersection on COVID-19-inflammatory pathway.

KEGG pathway analysis indicated several
receptors on signaling pathways, including TLR2 receptor,
TLR4 receptor, and FcyRIIA receptor. Intracellular receptor
located on endosome, the Toll-like receptors (TLR7, TLRS,
and TLR3). TLR3 was excluded from this research because,
inthe COVID-19 KEGG pathway, attachment of viral RNA to
TLR3 leads to activation of TNF receptor associated factor
3, followed by activation of IKK and IFN regulatory factor 3
(IRF3). IKK and IRF3 act as a transcription factor that leads
to DNA activation for IFN-o/f3 (IFN-o/f) production, followed
by IFN receptor and activation of JAK/STAT activation for
antiviral production (Figure 1).

Molecular docking and molecular
interactions screening

Data mining and preparation protein and
macromolecule

All docking experiments were done by utilizing
the AutoDock Vina software, with the optimized model
serving as the docking target in all cases. Molecular
docking was used to screen the binding molecules
between the receptor-binding domains (RBD) of SARS-
CoV2 (6AJF). The data were downloaded on the
Research Collaboratory for Structural Bioinformatics
Protein Data Bank (RCSB PDB; https://www.rcsb.org/)
and several inflammatory receptors based on the KEGG
pathway on COVID-19 disease (TLR2/4, TLR 7/8, and
FcyRIIA) on Figure 1. AutoDock tools were employed
in the docking experiments. The positive binding was
selected to screen the flavonoid derivative compounds
from C. tinctorius. We used 22 flavonoid derivative
compounds from C. tinctorius as a ligand. Potential anti-
inflammatory compounds were shown by the compelling
relationship between molecules and receptor targets.

Data mining, ligand, and macromolecule
preparation

The ligands were bioactive compounds found
from C. tinctorius. The PubChem database provided
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Figure 1: Molecular pathways in COVID-19 based on Kyoto encyclopedia of genes and genomes. Dark boxes showed receptors profoundly

related to inflammation in COVID-19

the 3D models for these compounds (https://pubchem.
ncbi.nim.nih.gov/). Preparation of the compounds was
accomplished using the Open Babel plugin integrated
with PyRx, which minimized conformational energy and
changed the file format from the.sdf format to the.pdb.
Compounds used in the present study are shown in
Table 1.

Table 1: Bioactive compounds found from Carthamus tinctorius
used in the present biocomputational study

Name of compound Molecular formula PubChem ID
Carthamin C43H42022 135565560
Safflor yellow A C27H30016 71463725
Safflor yellow B C48H54027 131751452
Quercetin-3-O-B-D-glucoside ~ C,H,;0,, 25203368
Saffloflavonesides B
Hydroxysafflor yellow A C21H1809 101878346
Tinctormine C27H32016 6443665,
Safflomin C C27H31NO14 42607657
Saffloquinoside A C30H30014 42607658
Saffloquinoside B C27H30015 45276863 101501319 131751684
Cartormin C34H38017 5280343
Quercetin C27H29NO1C15H1007 5282102
Kaempferol-3-O-B-D-glucoside C21H20011 5280443
Apigenin
Scutellarein C,sH,005 5281697
Rutin 1sH1006 5280805
Kaempferol C27H30016 5280863
6-Hydroxykaempferol C15H1006 5281638
Isorhamnetin C15H1007 5281654
Umbelliferone C16H1207 5281426
Daphnoretin C9H603 5281406
Acacetin C19H1207 5280442
C16H1205

PubChem database was used to acquire the
structures of the inhibitor: C29 (TLR2 inhibitor) [20],
TAK-242 (TLR4 inhibitor) [21], AT791 (TLR7
inhibitor) [22], CU-CPT9A (TLR8 inhibitor) [23], and
pep-C7C1 (inhibitor of FcyRIla) [24]. The PEP Fold3
website (https://bioserv.rpbs.univ-paris-diderot.fr/
services/PEP-FOLD3/) was used for the simulation
of 3D structure peptide of Pep-C7C1. Using PyRx’s
OpenBabel plugin, all inhibitors were constructed by
reducing conformational energy and changing the file
format.pdb.

The 3D structures of the proteins TLR2
(PDB ID: 6NIG), TLR4 (PDB ID: 3FXIl), TLR7 (PDB
ID: 7CYN), TLR8 (PDB ID: 5Z14), and FcyRlla
(PDB ID: 1H9V) were obtained from the RCSB
PDB database (https://www.rcsb.org/). The Biovia
Discovery Studio 2019 software was used to
remove water molecules and contaminant ligands
from these proteins.

Molecular docking and interaction
visualization

The docking process between protein and
compounds was carried out using the AutoDock Vina
software integrated with PyRx. Docking was carried out
by a specific method by directing the grid to the protein’s
active site. The docking results were visualized using
the Bovia Discovery Studio 2019 software.

Results

Binding of the Spike RBD SARS-
CoV2 (6AJF) with the TLR2/4, TLR 7/8, and FcyRlla

We investigated the possible interactions
between SARS-CoV2 for TLR2/4, TLR 7/8, and
FcyRlla. The docked molecule complexes studied were
those involving the TLR2/4, TLR 7/8, and FcyRIla and
different RBD of SARS-CoV2 (6AJF), the FcyRlla. RBD
of SARS-CoV2 displayed the most robust interaction
with a docking score of —1121.7 (Table 2), followed
by TLR4 with a docking score of —843.1. The docking
results were closely related to the value of binding
affinity and the type of chemical bond formed.
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Table 2: The binding energy of the SARS-CoV2 receptor binding
domain and TLR2/4, TLR 7/8, and FcyRlla

Ligand Protein Binding affinity The number of chemical
(kd/mol) interactions
Hydrogen Hydrophobic
bond interaction
Receptor binding TLR2 - - -
domain of SARS-CoV2 TLR4 -843.1 8 7
TLR7 - - -
TLR8 -312 - 1
FcyRlla -1121.7 9 2

The docking results showed that the SARS-
CoV2 RBD protein interacted with TLR4, TLRS,
and FcyRlla with binding affinity -843.4, -312, and
-1121.7 kJ/mol, respectively. This RBD protein could
not form interactions with TLR2 and TLR7. The protein
had the lowest affinity value when interacting with
FcyRlla and created nine hydrogen proteins and two
hydrophobic interactions (Table 2).

Screening of interactions between
flavonoid derivatives found C. tinctorius with the
TLR4, TLR 8, and FcyRlla

Binding affinity is the energy required to form
a protein-ligand bond. The smaller the binding energy
value, the easier it is for the ligand to bind to the protein.
It means more potential affects the protein [25]. The
chemical interactions formed from the docking are
generally hydrogen bonds and hydrophobic interactions.
Hydrogen bonding is the most vital type of intermolecular
bonding and has high stability [26]. In addition, interactions
between non-polar chemicals that cannot establish
hydrogen bonds with water molecules are referred to
as hydrophobic interactions. Hydrophobic bonds are the
weakest type of chemical bond [27]. Table 3 shows the
binding affinity values acquired from molecular docking
between protein and flavonoids from C. tinctorius.

The 22 substances from C. tinctorius and TLR
were done, 19 of which had a lower binding affinity than

Table 3: Binding energy interactions between and flavonoid
derivative compound from C. tinctorius of TLR 4, TLR 8, and
FcyRlla

Flavonoids from C. tinctorius Binding affinity (kcal/mol)

TLR4 TLR8 FcyRlla
Positive control -6.6 -11.0 -6.1
Carthamin -8.7 -3.6 -5.3
Safflor yellow A -7.3 -5.4 -4.8
Safflor yellow B -5.2 -3.0 -4.2
Quercetin-3-O-B-D-glucoside -7.0 -6.9 -4.9
Saffloflavonesides B -8.4 -8.3 -5.7
Hydroxysafflor yellow A -7.3 -5.4 -4.8
Tinctormine -7.3 =71 -4.6
SafflominC -75 -6.4 -4.4
Saffloquinoside A -8.4 -6.4 -6.0
Saffloquinoside B -4.6 -6.2 -5.0
Cartormin -8.6 -6.5 -55
Quercetin -7.8 -8.7 -5.1
Kaempferol-3-O-B-D-glucoside -7.3 -6.9 -4.8
Apigenin -8.2 -10.1 -4.9
Scutellarein -8.1 -9.5 -5.1
Rutin -7.4 -6.7 -6.1
Kaempferol -74 -9.6 -5.1
6-Hydroxykaempferol -7.7 -9.5 -5.2
Isorhamnetin -7.2 -6.6 -5.4
Umbelliferone -6.5 -85 -4.7
Daphnoretin -9.0 -10.4 -5.9
Acacetin -7.6 -10.3 -4.7

the inhibitor (TAK-242). We found that among the 22
compounds, daphnoretin needs relatively low energy
on binding to TLR4 and TLR8, while the lowest energy
was required on the binding of Rutin and FcyRlla
(Table 3). Therefore, further analysis was done on the
interactions between daphnoretin to TLR4 and TLR4
and Rutin to FcyRlla.

The binding of daphnoretin binds to TLR4
by two hydrogen bonds (Lys125 and Ser441) and
four hydrophobic interactions (lle80, Tyr131, and
lle153). Daphnoretin binds to the same amino
acids as the inhibitor at 1le80, Tyr131, and lle153
(Table 4). All compounds from C. tinctorius interact
with  TLR8 with a higher binding affinity value
than the inhibitor (CU-CPT9A). The combination
that has the lowest binding affinity value is
daphnoretin (-10.4 kcal/mol). Daphnoretin interacts
with TLR8 by forming two hydrogen bonds (Lys350 and
Ser516) and three hydrophobic interactions (1le403,
Phe405, Phe495, and Ala518). Daphnoretin interacts
with TLR8 in the same amino acids as the inhibitors in
Lys350, Phe495, and Ala518 (Figure 2 and Table 4).

Figure 2: Diagrams of the daphnoretin and toll-like receptor (TLR)4
interactions. (a) The 3D structure of daphnoretin. (b) TLR4 (PDIB
ID: 3FXI) with daphnoretin as the ligand in the active binding site of
3FXI. (c) 2D docking pattern daphnoretin with amino acids Cys133,
Lys125, lle153, Tyr131, Phe463, Val82, and Ser441 of 3FXI. (d) 3D
docking pattern and molecular interactions 3FXI with daphnoretin.
Black dashed lines indicate the interactive bonds

Computational studies have been conducted
to understand better how TLRs and FcyRlla receptors
bind to each other as inhibitor ligands. A promising
impact on rational drug design has already been
demonstrated by docking studies in ligand/receptor
interactions. According to the analysis of the molecular
docking, the interactions between daphnoretin and
binding sites TLR4 are lowest than native ligand and
higher than native ligan on the interaction between TLR
8. It indicated that the binding activity of daphnoretin
and TLR4 was strong.

The docking results also showed that the
compounds interacting with FcyRlla had a binding
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Table 4: Selected interactions between daphtoretin, rutin, and inhibitors

Protein Ligand Binding affinity (kcal/mol) Types of interactions
Hydrogen bond Hydrophobic interactions

TLR4 TAK-242 -6.6 Arg90 Leu78, 11e80, Leu54, Phe126, Tyr131, and lle153
Daphnoretin -9.0 Lys125 and Ser441 11e80, Tyr131, Cys133, and lle153

TLR8 CU-CPT9A -11.0 Val520 and Ser252 Lys350, Phe261, Phe495, Val378, Ala518, and Tyr567
Daphnoretin -10.4 Lys350 and Ser516 1le403, Phe405, Phe495, and Ala518

FcyRlla Pep-C7C1 -6.1 Leu159, Ser161, Thr158, Glu86, and Trp87 Trp110 and Lys113
Rutin -6.1 Thr158, Trp87, Ser161, and Leu159 Leu88 and Phe160

affinity equal to the inhibitor (Pep-C7C1). Rutin  FcyRlla. Further investigations indicated a solid and

interacts with FcyRIla by forming four hydrogen
bonds (Thr158, Trp87, Ser161, and Leu159) and two
hydrophobic interactions (Leu88 and Phe160). Rutin
interacts with FcyRlla on the same amino acids as
the inhibitor at Thr158, Trp87, Ser161, and Leu159
(Table 4). A recommended chemical compound with
these receptor targets is TLR4, with the most promising
potential antagonist being daphnoretin.

Discussion

COVID-19 has caused deleterious
outcomes in patients with the hyperinflammatory
state [2]. Hyperinflammations can be caused by the
overactivation of several immune systems, including
TLRs and IgG responses through overproduction
of FcyRlla [5], [11]. C. tinctorius and its bioactive
compounds exert anti-inflammatory activities in several
animal models [16], [17], [18], [19]. The present study
aimed to determine the possible interactions of several
flavonoids from C. tinctorius to TLRs and FcyRlla
receptors using a biocomputational approach. We
found that among the 22 flavonoids from C. tinctorius
analyzed, daphnoretin needed the lowest energy to
bind with TLR4 and TLR8, while Rutin used the lowest
energy when binding to FcyRlla.

On recognizing the host cells, SARS-CoV2
used the hosts’ angiotensin-converting enzyme (ACE)
to bind and enter host cells [28], [29]. The S1 subunit
recognizes and then attaches two receptors to the
ACE on the host cells. The two-heptad repeat domain
of the S2 subunit is essential for creating a six-helical
bundle during viral cell membrane fusion [28]. For
ACE2 binding, the structural analysis highlighted highly
conserved residues or has comparable side chain
characteristics to those discovered in the SARS-CoV2
RBD [30].

On entering host cells, TLRs are essential in
recognizing viral particles and activating the innate
immune system. Inflammatory cytokines, including IL-1,
IL-6, and TNF-alpha, are released when TLR pathways
are activated. Many TLRs are essentially recognized
as necessary in the inflammatory process in COVID-
19 [9]. TLR 2 and TLR 7 could not attach to the RBD
protein (Table 1). The present study found that SARS-
CoV2 RBD (6AJF) is attached to The TLR 4, TLR 8, and

stable binding interaction between the several protein
epitopes and the TLR4. Following molecular docking
studies, it was discovered that two peptides interacted
with the SARS-CoV2 S1 receptor binding domain and
the human TLR4 complex [31], [32], [33].

A different approach has been taken in several
studies to search for potential vaccine candidates by
targeting TLR4 to bind the epitope of the SARS-CoV2
spike protein [32], [34], [35]. Several studies on SARS-
CoV2 have shown the importance of TLR4 in generating
an effective immune response [36], [37]. Interactions
between the vaccine candidate and TLRs with the
lowest energy score during molecular docking result in
animmediate immune response and enable the targeted
delivery of vaccine candidates into host cells [33].
Docking studies revealed that the vaccine candidate
(Amino acid sequence of the S protein’s RBD) (PDB:
6M17 F) interacts with the TLR4 with solid affinity [33].
Our finding indicates that the TLR4 targets docking to
search for epitope proteins for the vaccine candidate
and receptor target for inhibitors or antagonistic to the
receptor for uncontrolled inflammation, which leads to a
cytokine storm.

In the present study, we selected 22 active
compounds from C. tinctorius, to be the candidate
for inhibitors in the COVID-19 hyperinflammatory
condition. /n silico approaches, mainly molecular
docking was used to elucidate the potential compound
network of COVID-19 anti-inflammatory and the critical
signaling network of several compound treatments on
this disease. The present study focuses on screening
the interactions of the Spike RBD SARS-COV2 and
TLR2/4, TLR 7/8, and FcyRlla as a receptor on the
KEGG COVID-19 pathway. Afterward, the selection
process of receptor binding between RBD SARS-
COV2 (6AJF) and TLR2/4, TLR 7/8, and FcyRIIA. The
use of TLR 4, TLR 8, and FcyRIIA was concluded based
on binding energy. Then, the chosen macromolecule
was molecularly docked with the flavonoid derivative
compounds from C. tinctorius.

Furthermore, an iterative knowledge-based
scoring mechanism examines all of the compound
binding possibilities — the more negative the value, the
higher the score for binding affinity. In total, 22 docked
complexes of compounds and proteins were generated
in this study. However, only three of the highest scoring
docked complexes for each receptor were chosen for
comparison (Table 3). The docking results showed that
the compounds interacting with FcyRlla had a binding
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affinity equal to the inhibitor (Pep-C7C1). We found that
out of the 22 compounds, daphnoretin has the most
promising binding possibility with TLR4 and TLRS8. The
interactions between daphnoretin and binding sites
TLR 4 are lowest than native ligand with hydrogen bond
on Asam amino Lys125 and even higher than native
ligan on the interaction between TLR8. The present
result indicated that the binding activity of daphnoretin
and TLR 4 was intense. As a result, daphnoretin was
chosen to give the best interaction as an antagonist
compared to the native ligand.

TLR4 contributes  significantly to the
overproduction of inflammatory cytokines. TLR4-
mediated inflammation that is uncontrolled has been
linked to immunopathological outcomes in COVID-
19 patients. There is a link between TLR4 signaling
and pathological inflammation during COVID-19 and
contributes to developing therapeutic approaches
targeting  TLR4-mediated inflammation. TLR4
downstream signaling adapter molecules that they are
CD14, MyD88, IL-1 receptor-associated kinase 1, TNF-
associated factor 6; Toll/IL-1 receptor domain-containing
adaptor protein; TIR domain-containing adaptor
molecule 1; and NF-kB were found to be overexpressed
in peripheral blood mononuclear cells from SARS-
CoV2 patients [38]. The findings were supported by
reports from COVID-19 patients exhibiting elevated
levels of cytokines and chemokines, including IL2, IL7,
IL10, GSCF, IP10, MCP1, MIP1A, and TNFa [39].

In silico analysis on the TLR-binding, ability
of S protein indicated cell surface TLR-S protein
engagement and included hydrogen bonding and
hydrophobic interactions. TLR4 has the strongest
affinity for S1 of the S protein. Cell-surface TLRs,
mainly TLR4, are most likely to recognize SARS-
CoV2 molecular patterns and initiate inflammatory
responses [40]. TLR4 recognition of S protein may also
result in receptor-dependent internalization, causing
SARS-CoV2 infection in patients. SARS-CoV2 S protein
is a PAMP that TLR4 recognizes and binds with through
surface glycan and mannose carbohydrate motifs on
the S1. This might explain why COVID-19 patients have
higher TLR4 expression and inflammation [41]. TLR4
has been investigated in this research with binding with
the RBD protein. As a result, TLR4 inhibition should be
explored as a potential therapy in COVID-19 infection.
As a result, targeting TLR4 interaction by providing
competitive TLR4 antagonists might lead to a novel
method of treating COVID19. Finally, daphnoretin is
expected to improve immunobiology knowledge and
could help inhibit spike protein binding on TLR-4. It will
hope guided intervention strategy against inflammation
or cytokine storm on COVID-19.

Daphnoretin inhibited CD1a, CD40, CD83,
DC-SIGN, and HLA-DR expression in DCs. Daphnoretin
inhibited DC allostimulation of naive CD4+CD45+RA+
T-cell proliferation. It induced atypical maturation of DCs
with impaired allostimulatory function. This effect may be

mediated by phosphorylated JNK [42]. Cell-associated
protein kinase C activity increased in neutrophil
suspension. Daphnoretin activated protein kinase C
from resting neutrophils in the presence of Ca2+ and
phosphatidylserine [43]. It can inhibit the proliferation,
invasion, and migration of HCT116 and induce its
apoptosis by modulating the Akt signal pathway’s
activity [44]. Daphnoretin might cause protein kinase
C to be activated, which activated NADPH oxidase
and induced respiratory bursts [43]. Daphnoretin has
been shown to possess anti-cancer activity [42]. The
previous studies had also demonstrated daphnoretin
potentials as antiviral and anti-tumor [45]. Our finding
might be worth looking into its possibility as an inhibitor
for inflammation by targeting TLR4 and TLRS8.

Conclusion

Daphnoretin, an active flavonoid compound
found from C. tinctorius, had a potent binding affinity
with TLR4 and TLR8. These findings might be used as
a basis for further investigations for daphnoretin as the
possible inhibitors for hyperinflammatory conditions in
COVID-19 by targeting TLRs.
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