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ABSTRACT 
Toll-like receptors (TLRs) mediate the inflammatory response by synthesizing and activating various pro-
inflammatory mediators through innate immunity. Irrationally TLRs over activation disrupt homeostasis that in 
turn overproduces cytotoxic cytokines. All such events subsequently enhance the progression of numerous 
immune system-related disorders. For instance, the overexpression of TLRs is now considered the basis of sepsis, 
endotoxemia, rheumatoid arthritis, acute kidney injury, acute lung injury, systemic lupus erythematosis, and 
cardiovascular diseases. The normal physiological pathways of TLRs, as well as some TLR4 inhibitors, are 
discussed in this review. These drug mixtures range from ordinary small molecular compounds to soothing 
biologics and nano devices. Specifically, these are either synthesized or obtained from natural resources. Natural 
TLR4 antagonism has wide therapeutic applications and various synthetic and natural metabolites are under 
excessively testing involving drug discovery. Nanoparticles are arising as a drug delivery system for powerful 
TLRs inhibitors of their notable properties for the improvement in bioavailability, supported course, and favored 
pharmacodynamic and pharmacokinetic profiles. All things considered, these discoveries and continual 
investigations of TLRs antagonism might change the pharmacological management of various diseases. 
Keywords: Toll receptors, signaling pathways, TLR4 receptors antagonist, Natural metabolites.  
 

Introduction 
Pattern recognition receptors (PRRs) were initially 
discovered by scientist Janeway in 1989, who 
proposed that there are numerous receptors in the 
human cell that sense specific patterns and were called 
pattern recognition receptors (PRRs). These receptors 
can identify specific patterns such as pathogen/ 
danger-associated molecular patterns 
(PAMPs/DAMPS).1 These patterns are specific for 
each pathogen. These are present on innate immune 
cells and distinguish self or non-self-structures.2 These 
receptors are located at the cell surface as well as on 
some intracellular compartments of lysosome or 
endolysosome, endoplasmic reticulum, and 
endosome.3 In humans, different classes of PRRs are 
discovered until now, and toll-like receptors (TLRs) 
are also included. TLRs family has 11 members from 
TLR1 to TLR11.3 Initially recognized by Medzhitov 
and co-workers in 1997.4  
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Each TLR has a different recognition pattern, extra- 
or intracellular localization, and signaling pathway. 
These type I transmembrane integral receptors for 
endogenous ligands mediate inflammatory immune 
responses in the host body.5  
Signals from PRR binding with the immune cells 
stimulate pro-inflammatory and microbicidal 
responses obligatory to eradicate the infectious 
agents or have a bacteriostatic effect. A signal 
transduction mechanism is activated that controls 
cell death through apoptosis.6  
Among all TLRs, TLR4 is the most studied receptor 
mainly involved in the aggravation of innate 
immunity and activation of inflammatory mediators 
by identifying lipopolysaccharides (LPS) or bacterial 
endotoxins. TLR4 over activation leading to sepsis, 
end toxemia, acute lung injury, cardiovascular 
diseases, and rheumatoid arthritis such as LR2, 
TLR7 over activation is involved in systemic lupus 
erythematosis.7 Furthermore, TLR7/8 dysregulation 
is linked to autoimmune disorders, cancer, and 
some other inflammatory disorders.8 To halt the 
progression of these diseases, various TLRs 
antagonists are needed with the ability to down 
regulate these receptors and for such purpose, 
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different molecules are under clinical trials.9 The 
normal signaling pathway along with the signal 
transduction mechanism of TLR4 inhibitors is 
explained in the current review. Furthermore, the 
possible pathways through which TLR4 inhibitors 
may possibly bind to their receptors are also 
discussed.   
 
1. STRUCTURE OF TLRS PROTEIN 
TLR is a transmembrane protein having three 
distinct parts, intracellular Toll/IL-1 receptor 
domain (TIR), a leucine-rich repeat  domain (LRR), 
and a transmembrane domain.10 Furthermore, there 
are different adaptor proteins are also there.11 
Figure-1 represents the generalized structure of the 
toll like receptor.12,13 

 

 
Figure 1: Structure of Toll-Like receptor protein.12 

 
Table 1: Types of TLRs as per location 

TLRs family TLRs recognize 
components Present of ligands 

TLR 1, 2 4 and 6  
 Lipids and lipopeptides  Granulocytes, macrophages, Monocytes, regulatory T 

cells, Myeloid dendritic cells (mDC) 

TLR5 and mouse TLR11 Proteins Regulatory T cells, Epithelial cells 

TLR3, 7, 8 and 9 Nucleic acids Dendritic Cells(DCs), Natural Killer cells(NK), 
macrophages  

 
2. DISTRIBUTION OF RECEPTORS 
The cellular distribution of TLRs expresses 
diversification with many receptors being present 
on cell surfaces while others are inside the cell. It 
has been found that TLRs 1,2,4,5 and 6 are present 
at cell surface whereas TLRs 3, 7, 8, and 9 are 
present at endosomes intracellularly. Moreover, 
some TLRs family members are supposed to form 
homodimers with their respective ligands for 
signaling such as TLRs 3, 4, 5, 7, and 9 while TLR2 
dimerizes heterogeneously with TLR1 and TLR6. In 
contrast, TLR4 binds with MD2 besides its ligand 
for its functioning.14 

 
3. ADAPTOR PROTEINS 
There are 5 diverse adaptor proteins that might be 
engaged in signaling by the TIR domain of TLRs 
receptor.  These are Myeloid differentiation protein 
88 (MyD88), TRIF-related adaptor molecule 
(TRAM), TIR domain-containing adaptor protein 
inducing IFN-β (TRIF), MyD88 adapter like or TIR 
domain-containing adaptor protein (MAL or 

TIRAP), and Sterile α- and armadillo-motif-
containing protein (SARM).15 

 
4. PHYSIOLOGICAL TLRs SIGNALLING 

PATHWAYS:  
TLRs mainly identify plasma membrane 
components of microbes such as lipoproteins, lipids, 
and proteins.16 Other than that, TLR4 also 
recognizes bacterial lipopolysaccharide (LPS) and 
initiation of secondary mechanism.17  TLR2 
additionally to TLR1 and TLR6 also identifies 
several PAMPs such as peptidoglycans, lipoproteins 
etc. Whereas TLR3, 4, 7, 8, and TLR9 receptors result 
in antiviral responses by inducing IFNb and 
multiple IFNa. Each TLR differentially activates 
members of a set of TIR domain-containing adaptors 
which are proteinous in associated with toll 
receptors, they include MyD88, TIRAP/MAL, 
TRAM or TRIF and others,.3 Figure 2 represents the 
steps of binding of legends to TLR3 receptors that 
initiate cascade after dimerization of receptor 
leading to activation of secondary signaling 
pathway.18 
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Figure 2: Binding of legend to TLR3 receptors 18 

 
4.1 MyD88 DEPENDENT PATHWAY 
MyD88 is a gene that makes available protein for 
signaling within immune cells. It acts as an adapter. 
It promotes and uses each TLRs and in turn, 
stimulates MAPKs (mitogen-activated protein 
kinase) and NF-κB (Nuclear factor-kappa B) to 
activate the genes responsible to produce 
inflammatory cytokines. As a result of engagement 
of TLRs, MyD88 creates a complex with IRAK 
(Interleukin Receptor-Associated Kinase) family 
members, which further activates two different 
pathways such as NF-κB and MAPKs which induces 
inflammatory responses.3 Many of the 
signaling events that IL-1 uses are identical to those 
that IL-18 uses. Myeloid differentiation appears to 
be used by both adapter molecules. MyD88 
(primary response gene 88), interleukin 1 (IL-
1).19 TNF receptor-associated kinase (IRAK) and 
TNF receptor-associated factor 6 (TRAF 6). There is 
evidence that IL-1 and IL18 activate c-Jun N-
terminal kinases (JNK) and p38 mitogen-activated 
proteins  kinase (MAPK), although there is 
contradictory evidence  whether IL-18 is a 
prominent NF-kB activator.20.JNK SIGNALLING 
pathway is involved in stress regulation,  cell 
regulation such as apoptosis, and Alzheimer 
disease.21 

 
4.2 TRIF-DEPENDENT PATHWAY: 
It is the most important adapter protein against 
viral infections. TRIF interact with TRAF6 (Tumor 
necrosis factor receptor–associated factor 6) and 
TRAF3 (Tumor necrosis factor receptor-associated 
factor 3). The activation of TRAF6 initiates the 
kinase RIP-1. Kinase RIP-1 further activates the 

TAK1 complex which triggers MAPKs and NF-κB 
thereby initiating the inflammatory response.3 

 
4.3 TIRAP/Mal DEPENDENT PATHWAY: 
Another essential junction important for these 
receptors are TIRAP (Toll-interleukin-1 Receptor 
adaptor protein) sometimes also referred to as Mal 
(MYD88 adapter like). One of the main specificities 
of this pathway is the interaction between the 
TIRAP/Mal with TLR4 which is again responsible 
for one more pathway which is known as TLR4-
mediated MyD88-independent signaling pathway. It 
was also observed that the JNK and NF-B showed 
retard activation which are functions of TIRAP/Mal 
macrophages which are alike MyD88 macrophages 
and both are knockout macrophages.14 

 
4.4 INTRACELLULAR SIGNALLING PATHWAY: 
When pathogens are recognized, the TLRs initiate 
the intracellular pathways which results in the 
initiation of inflammatory cytokines, IFN and 
chemokines. Furthermore, TLRs signaling initiate 
the upregulation of co-stimulatory molecules on 
specialized Antigen presenting cells (APCs) called 
dendritic cells and this process is known as DC 
maturation which is important for the initiation of 
APCs adaptive immune response and indicates the 
TLRs link innate and adaptive immunity. TLRs 
activate a common signaling pathway that comes to 
a head of initiation of inflammatory cytokines like 
TNF α, IL-1b, IL-6 and IL-12 or other alternating 
pathways that initiate effector responses against 
several different types of pathogens.22 In short, 
Ligand binding to TLRs stimulates specific 
downstream intracellular signaling cascades that 
trigger host defense responses. 23 

In this way, pro-inflammatory cytokines and type 1 
interferon are produced by the interactions between 
PAMP-PRR that direct immune responses to 
microbes.24TLRs signaling depends on the nature of 
the stimulus, the activated TLR and the downstream 
adapter molecule. TLR signaling comprises at least 
two distinct pathways as shown in Fig. 3 25 MyD88-
dependent pathway used by all TLRs except TLR3, 
leading to the production of inflammatory 
cytokines.2 The TRIF-dependent pathway used by 
TLR3 and 4 and associated with interferon type 1 
stimulation.22-26  
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Figure: 3 Signaling pathway of TLRs adapted from 26 
 

5. DISORDERS LINKED WITH OVERACTIVITY 
OF TLRS 

Abnormal activation of the TLR4 signaling pathway 
can trigger many medical states, such as infection27, 
acute kidney injury (AKI) 28, acute lung injury (ALI) 29, 
intestinal inflammation30, rheumatoid arthritis (RA) 31, 
cardiac diseases32, 33, diabetes 34 and Blood pressure 
35pregnancy-related disorders, in abuse of drug and 
COVID-1936. 
As far as the similarity in action due to the structure of 
these complexes is concerned that it has been reported 
that the Arg241, Tyr102, Ser120, residues of TLR4, and 
Lys122 residues of MD2 are among those which takes 
part in the interaction of antagonistic ligand to the 
TLR4/ MD2 which can lead to the formation of new 
designs based on knowledge of structure-based TLR4 
inhibitor.1, 38 

 
5.1 INFECTIONS AND COVID 
Viruses possess nucleic acids such as DNA or RNA in 
their structure which activate the immune system. The 
activated immune system leads to the production of 
certain mediators such as interferon (IFN) that are 
responsible for the development of resistance against 
viral infection.39 Different components of viral RNA 
that are activated in late endosomal-lysosomal phases 
are identified by TLRs 3, 7 and 8.40 During the life 

cycle of virus, many enveloped viruses infiltrate the 
cell via interaction with them. 
Moreover it is also revealed in an in silico study that 
the S1 subunit seen on the spike protein of SARSCoV2 
binds tightly to the TLR41 and that such binding may 
increase the expression of ACE2 on the surface of cells 
thereby enabling the entry of the virus into cells.42 
Although not much popular, TLR4 may be considered 
a possible molecule that facilitates SARSCoV2 in 
gaining entry into cells.43 Keeping that in mind, 
several initiators and antagonists of TLR4 are 
undergoing through clinical trials against SARSCoV2 
such as resveratrol, quercetin, berberine and 
curcumin.44   
 
5.2 INFLAMMATION 
Inflammation of the gastrointestinal tract is a feature 
of several common disorders, including ulcerative 
colitis and chemotherapy-induced mucositis. The 
activation of TLR4 has been anticipated to have a 
significant impact on the intestinal inflammatory 
signaling pathways. TLR4 inhibition has been 
proposed as an effective treatment for intestinal 
inflammation.30 

The development of Rheumatoid Arthritis (RA) can be 
slowed by inhibiting TLRs activation. In an in vivo 
study using rats, it was revealed that TAK-242 shows 
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an anti-arthritic effect in Adjuvant-induced arthritis 
rats , the effect that led to this inhibition was the 
stimulation of  NF-κB and AP-1. But It is not 
promising that these effects seen on arthritis rats can 
be extended to human studies. Different inhibitors of 
TLR4 need to be examined as a newer therapeutic 
approach to control RA.45 

 
5.3 ACUTE KIDNEY INJURY (AKI) 
There are various causes of AKI. Among them, drug 
induced AKI is now a focal problem. Several 
nephrotoxic drugs show overactivated TLR4 signaling 
suggesting their role in the induction and progression 
of AKI.46, 47 For instance, it has been suggested as a 
possible target against paracetamol-induced organ 
failure. Thus, inhibition of TLR4 with TAK242 found 
to reduce the kidney damage and improved the 
kidney function.48 The connection of TLR4 in 
hepatorenal syndrome has also been ruled out in 
different experimental models, in which augmented 
renal expression of TLR4, mainly in renal tubular cells 
were found associated with renal damage has been 
described.49 TLRS overexpression has also been found 
in cirrhotic patients developing AKI.50 Astaxanthin 
(ATX), a marine antioxidant exerts various biological 
effects in AKI. A study revealed that ATX has anti-
inflammatory effects which protect from early 
postburn AKI. Tissue inflammation and oxidative 
stress progress to AKI afterburning through initiation 
of the MyD88-dependent TLR4/NF-κB pathway. ATX 
and other TLRS4 inhibitors decrease burn-induced 
renal inflammation and AKI initiation.51 Further 
studies in humans are obligatory to authenticate the 
promising effects of TLR4 inhibition against AKI. 
 
5.4 ACUTE LUNG INJURY 
Because the lung is constantly exposed to a variety of 
pathogens, antigens, and other danger signals derived 
from the host, myeloid and stromal cells express a 
collection of TLRs. This is followed by recognition of 
endogenously derived DAMPs as well as PAMPs 
that activate TLRs-associated signaling mechanisms 
required for host defense.52 Consequently, TLRs are an 
integral part of host defense in certain chest infections 
as well as other conditions such as asthma, chronic 
obstructive pulmonary disease (COPD), acute lung 
damage or interstitial lung disease.53 They are also 
useful in the treatment of lung cancer. Directing the 
research towards TLRs signaling system might open 
the way for the development of more dependable and 
successful vaccinations against infectious pathogens 
and as well as the control of lethal illnesses.54  

5.5 SYSTEMIC LUPUS ERYTHEMATOUS (SLE) 
The presence of abundant autoantigens and 
subsequent failure of self-tolerance against such 
antigens are the basis of many autoimmune disorders 
such as SLE which is genetic variant.  A literature 
survey revealed that TLRs are involved in the 
initiation of pathology of SLE.55 SLE patients 
experience the symptoms of lupus nephritis. The SLE 
management also have connections with  various 
other strategies like protection to cell death, abstain 
drugs that cause hypomethylation of endogenous 
nucleic acids, for example, dihydralazine, scavenging 
nucleic acid waste56, using TLRS inhibitors such as 
chloroquine, or blocking interferon-1 signaling.57,58 
Furthermore, other endogenous TLRs were also found 
triggered i.e. TLR3 in mesangial cells or TLR2 and 
TLR4 on endothelial cells and podocytes at the 
glomerular filtration activations are also involved in 
the disease progression of SLE  .57 

 
5.6 CARDIOVASCULAR DISEASES 
These TLRs have also shown promising effects on 
cardiovascular diseases. Especially the involvement of 
TLR2, TLR4 or MyD88. The cardiovascular disease like 
ischemic injury shows positive response after 
lessening of myocardial inflammation. While the 
involvement of TLRs in hypercholesterolemia-induced 
arterial injury is also explained by many researchers. 
Among TLRs the TLR3 was noticed to be part of the 
integrity of the blood vessel wall.59 

 
5.7 OBESITY-ASSOCIATED INSULIN 

RESISTANCE AND INFLAMMATION  
It has been found that in obesity, elevated levels of free 
fatty acids are associated with the activation of certain 
proinflammatory mediators that promote the insulin 
resistance. The elevated levels of circulating free fatty 
acids enhance visceral obesity and encourage fat 
accumulation in liver and skeletal muscle which 
contribute to insulin resistance.60 Saturated fatty acids 
enhance the TLRs signaling therefore promoting 
inflammatory reactions.61 In one study, it was 
concluded that chronic exposure to saturated fatty 
acids and glucose increase the levels of various 
mediators involved in inflammation like IL-6 and TNF 
α.62 

 
5.8 CANCER 
The position of the TLR in carcinogenesis has become 
increasingly important. Certain TLRs were found to 
help in the carcinogenic process by inducing 
inflammation.63,64 In normal physiology of the body, it 
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has been observed that various immune cells express 
anticancer activities that inhibit the growth of tumor, 
but various studies suggest that the presence of 
activated TLR4 in cancer cells decrease the antitumor 
activity of host immune cells.65,66 A study reported that 
mice deficient in TLR4 were unable to develop colitis-
induced tumors.67Various studies report that the 
MyD88 pathway supports the carcinogenesis.68,69  
 
5.9 PREGNANCY 
Opioid receptor agonists besides the activation of their 
receptors in the CNS, also activate the TLR4 network, 
NF-κB activated B cells expression as well as IL-6, 
TNF-α, and IL-1β. Whereas opioid receptor agonists 
block the TLR4 signaling pathway (LPS-induced) in 
peripheral immune cells. These agonists stimulate the 
MAPK pathway and cause pro-inflammatory effects in 
the CNS via MAPK70. 
In condition   like “fetal inflammatory response 
syndrome which has its many factors like accompany 
preterm birth, affects normal fetal development, and 
predisposes the fetus to morbidity is also mediated by 
proinflammatory mediators. The other conditions 
which can be controlled by the TLR4 inhibitors which 
include drugs like nonopioid receptor antagonists; 
naloxone and naltrexone have shown promising 
results in animal models in controlling preterm birth 
induced by heat-killed Escherichia coli, bacterial 
mimetic LPS, or the TLR4dependent proinflammatory 
lipid, platelet-activating factor (PAF). The targeting of 
TLR4 as a principal regulator of inflammation in fetal 
and gestational tissues might be the new direction for 
TLR4 antagonists to prevent and treat preterm 
delivery and fetal inflammatory injury.36  
 
5.10 CNS DISORDERS 
In mammalian brains, there is no evidence that TLRs 
interact with neurotrophic factor. However, TLR 
activation by DAMPs or PAMPs, modulates 
neurogenesis, neuronal differentiation, and 
maturation.71,72 TLR loss cause typical mouse response 
which specifically related to behaviors and includes 
learning and memory impairments, as well as 
symptoms of neurodevelopmental pathologies. It 
should also be put into consideration that the 
involvement in the immunological activation of TLRs 
particularly in the developmental phase may damage 
neuronal development which can in turn increases the 
chances of producing neuropsychiatric abnormalities 
such as schizophrenia and autism spectrum 
disorders.73, 74  

Although peripheral cytokines (IL-6 and IL-17) were 
previously believed to be important for immune 
activation-induced abnormalities in brain 
development and neuropsychiatric disorders.75, 76 
Findings suggest that TLRs activation in neurons of 
the brain may also affect the morphology of neurons 
and modify brain function. As a result, both PAMPs 
and DAMPs are expected to alter neuron 
morphology.18  
 
6. TLRS INHIBITORS 
TLR4 inhibitors may be used as medicines to treat 
certain disorders invented as a new class of drugs. 
There are three basic approaches to correct 
exaggerated TLR4 signaling pathway i.e., controlling 
the expressions of the relevant TLR4, as these connects 
to other major complexes which prohibit TLR4 activity 
like TLR4 or TLR4/MD2 complex and lastly binding 
directly to MD2 to inhibit TLR4 signaling pathway 
binding directly to MD2 to inhibit TLR4 signaling 
pathway. MD2 is a mandatory secondary protein for 
the activation of TLR4. This review encompasses the 
understanding of the TLR4 inhibitors that can bind 
directly to TLR4 or the TLR4/MD2 complex. The 
review also includes the drugs that can downregulate 
TLR4 expression. There are more than 66 compounds 
that are considered TRLs inhibitors that are under 
testing.28 Some TLRs inhibitors are currently under 
trial. Eritoran is an LPS analog that binds to the 
TLR4/MD2 complex and antagonizes its activity 77 
Tetra-acylated Lipid A, an intermediate produced 
during lipid A biosynthesis in E. coli, acts as an 
antagonist of human TLR4 but as an agonist of mouse 
TLR4 77. FP13-17 was rationally designed as a 
carboxylate-based lipid A by Cochet et al.79  
 
7. TLRS INHIBITORS OF NATURAL ORIGIN 
There are different natural sources of TLRs antagonists 
i.e., gram-negative bacteria, cyanobacteria, fungi, 
plants, etc. In cyanobacteria and microorganisms, 
molecules with TLR4 antagonists had been 
structurally Lipo-polysaccharides (LPS) or Lipo-
oligosaccharides (LOS) whereas in plants, they have 
been shown by low molecular weight molecules that 
are unrelated with LPS structurally. Table 2 shows the 
phytochemicals with well-expressed TLR antagonist 
activity. 
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Table: 2 Natural TLR inhibitors 
S# TLRSs inhibitors Source Effects reported in the literature References  

1.  Antrodia cinnamomea Fungus  Anti-inflammatory in psoriasis  (80) 
2.  Asiatic acid (triterpene) Extracted from Centella asiatica (L.) 

Urban 
Anti-inflammatory in acute lung 
injury  

(81) 

3.  Atractylenolide I Isolated from Atractylodes 
macrocephala 

Anti-inflammatory in acute lung 
injury  

(82) 

4.  Bearberry leaves Arctostaphylos uva-ursi Anti-inflammatory  (83, 84) 
5.  Berberine (isoquinoline alkaloid) Rhizoma Coptidis Anti-bacterial  (85) 
6.  Bilberries  Vaccinium myrtillus Anti-inflammatory  (84) 
7.  Caffeic acid phenethyl ester (CAPE, 

16,) 
Derived from honeybee propolis anti-inflammatory, anti-viral, anti-

tumor, and other activities 
(86) 

8.  Celastrol (pentacyclic triterpenoid) Tripterygium wilfordii Hook F Anti-inflammatory  (87) 
9.  Chichoric acid Echinacea pupurea Anti-inflammatory and 

antioxidant in Alcohol induced 
liver steatosis  

(88) 

10.  Cinchona bark Cinchona pubescens Anti-inflammatory  (84) 
11.  Cinnamon bark Cinnamomum verum Anti-inflammatory  (84) 
12.  Common lady’s mantle Alchemilla vulgaris Anti-inflammatory, anti-viral, 

antioxidant  
(84, 89, 90) 

13.  Corilagin (polyphenol) Arctostaphylos uvaursi Anti-inflammatory and 
antibacterial 

(91) 

14.  Curcumin Curcuma longa Anti-inflammatory, effective in 
brain injury  

(92) 

15.  Fermented soyabean Glycine max  Anti-inflammatory  (93) 
16.  Ferulic acid (phenolic compound) Fruits and vegetables Anti-inflammatory and 

antioxidant 
(94) 

17.  Iberin (analogue of SFN) Brassica oleraceaCabbage  Anti-inflammatory  (95) 
18.  Lipo-oligosaccharides (LOS) Bartonella quintana Anti-inflammatory  (96) 
19.  Lipo-polysaccharide (cyanobacterial 

product) 
Oscillatoria Planktothrix FP1 Suppress gene transcription, anti-

inflammtory, anti-epileptic and 
other activities  

(97) 

20.  LPS and lipid A (Less immunogenic 
as compared to pathologic strains) 

Rhodobacter sphaeroides, 
Oscillatoria Planktothrix FP1, 
commensal gut bacteria-derived 
LPS 

As an anti-inflammatory in 
 Inflammatory Bowel Disease 

(98) 

21.  Naringenin (flavonoid) Grapefruit and other citrus fruits Anti-inflammatory and 
antioxidant in atherosclerosis, 
arthritis and metabolic syndrome 

(99) 

22.  Papiliocin (insect cecropin) Derived from the larvae of the 
swallowtail butterfly 

Antibacterial and antiseptic (100) 

23.  Parthenolide (sesquiterpene lactone) Tanacetum parthenium Anti-inflammatory, anti-cancer  (101) 
24.  Platycodin D (triterpene saponin) Platycodon grandiflorum Anti-inflammatory (102, 103) 
25.  Probiotics (Golden bifid) -- Anti-inflammatory  (104) 
26.  Sinapis Alba Linn (mustard seed) Cruciferae Brassica Anti-inflammatory in psoriasis  (105) 
27.  Sparstolonin B Spaganium stoloniferum Anti-inflammatory  (106) 
28.  Sulforaphane (SFN) Cruciferous vegetables Anti-inflammatory  (107) 
29.  Sweet chestnut Castanea sativa Anti-inflammatory, antioxidant, 

anti-microbial  
(84, 108-
110) 

30.  Total glucosides of paeony Paeonia lactiflora Anti-inflammatory in diabetic 
nephropathy  

(111) 

31.  White willow bark Salix alba Anti-inflammatory  (84) 
32.  Xanthohumol (calchone type 

flavonoid) 
Humulus lupulus Anti-inflammatory  (112) 

33.  Ω-3 polyunsaturated fatty acids Fish, oil and nuts Anti-inflammatory in traumatic 
patients  

(113) 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/inflammatory-bowel-disease
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Conclusion 
TLRs are type I integral transmembrane receptors that 
help the immune system recognize and transmit 
infections. These receptors can be found either inside 
the cells on endosomes or on the surface of cells. They 
are activated by a specific ligand, which causes 
cytokines to be released via a signal transduction 
pathway. Excessive synthesis of these cytokines causes 
immunological homeostasis to be disrupted. From 
their roles in Infections, Inflammation, Acute Kidney 
Injury (AKI), SLE and Cancer, TLRs are governing the 
world of human biology. A plethora of natural 
inhibitors of TLRs are being investigated in number of 
studies to control the overproduction of inflammatory 
mediators. Moreover, these natural TLRs inhibitors 
also possess other important biological properties such 
as antibacterial, antiviral, antioxidant etc.  
Nonetheless, ongoing research in the field of TLRs 
offers a lot of potential for uncovering natural TLR4 
inhibitors. 
 
Conflicts of Interest: None declared. 
Funding: No funding was received for this project. 

 
References 

1. Gao W, Xiong Y, Li Q, Yang H. Inhibition of toll-like 
receptor signaling as a promising therapy for 
inflammatory diseases: a journey from molecular to 
nano therapeutics. Frontiers in physiology. 2017 Jul 19; 
8:508. 

2. Yamamoto M, Takeda K. Current views of toll-like 
receptor signaling pathways. Gastroenterology research 
and practice. 2010 Oct; 2010. 

3. Kawasaki T, Kawai T. Toll-like receptor signaling 
pathways. Frontiers in immunology. 2014 Sep 25; 5:461. 

4. Medzhitov R, Preston-Hurlburt P, Janeway Jr CA. A 
human homologue of the Drosophila Toll protein 
signals activation of adaptive immunity. Nature. 1997 
Jul 24; 388(6640):394-7. 

5. Chang ZL. Important aspects of Toll-like receptors, 
ligands and their signaling pathways. Inflammation 
research. 2010 Oct; 59:791-808. 

6. Goulopoulou S, McCarthy CG, Webb RC. Toll-like 
receptors in the vascular system: sensing the dangers 
within. Pharmacological reviews. 2016 Jan 1; 68(1):142-
67. 

7. O'Neill LA, Bryant CE, Doyle SL. Therapeutic targeting 
of Toll-like receptors for infectious and inflammatory 
diseases and cancer. Pharmacological reviews. 2009 Jun 
1; 61(2):177-97. 

8. Patinote C, Karroum NB, Moarbess G, Cirnat N, Kassab 
I, Bonnet PA, et al. Agonist and antagonist ligands of 
toll-like receptors 7 and 8: Ingenious tools for 

therapeutic purposes. European journal of medicinal 
chemistry. 2020 May 1; 193:112238. 

9. Gao W, Xiong Y, Li Q, Yang H. Inhibition of toll-like 
receptor signaling as a promising therapy for 
inflammatory diseases: a journey from molecular to 
nano therapeutics. Frontiers in physiology. 2017 Jul 19; 
8:508. 

10. Botos I, Segal DM, Davies DR. The structural biology of 
Toll-like receptors. Structure. 2011 Apr 13; 19(4):447-59. 

11. Reilly CA. Neurogenic Inflammation: TRP Ion Channels 
in the Lung. McQueen CA,(2ndedn), Comprehensive 
toxicology. Elsevier, Oxford. 2010 Jan 1:129-49. 

12. Behzadi P, García-Perdomo HA, Karpiński TM. Toll-like 
receptors: general molecular and structural biology. 
Journal of Immunology Research. 2021 May 29; 2021:1-
21. 

13. Jin MS, Lee JO. Structures of the toll-like receptor family 
and its ligand complexes. Immunity. 2008 Aug 15; 
29(2):182-91. 

14. McGettrick AF, O’Neill LA. Localisation and trafficking 
of Toll-like receptors: an important mode of regulation. 
Current opinion in immunology. 2010 Feb 1; 22(1):20-7. 

15. Takeda K, Akira S. TLR signaling pathways. InSeminars 
in immunology 2004 Feb 1 (Vol. 16, No. 1, pp. 3-9). 
Academic Press. 

16. Roy A, Srivastava M, Saqib U, Liu D, Faisal SM, 
Sugathan S, et al. Potential therapeutic targets for 
inflammation in toll-like receptor 4 (TLR4)-mediated 
signaling pathways. International 
immunopharmacology. 2016 Nov 1; 40:79-89. 

17. Park BS, Lee JO. Recognition of lipopolysaccharide 
pattern by TLR4 complexes. Experimental & molecular 
medicine. 2013 Dec; 45(12):e66-. 

18. Chen CY, Shih YC, Hung YF, Hsueh YP. Beyond 
defense: regulation of neuronal morphogenesis and 
brain functions via Toll-like receptors. Journal of 
biomedical science. 2019 Nov 4;26(1): 1-13 

19. De Nardo D, Balka KR, Gloria YC, Rao VR, Latz E, 
Masters SL. Interleukin-1 receptor–associated kinase 4 
(IRAK4) plays a dual role in myddosome formation and 
Toll-like receptor signaling. Journal of Biological 
Chemistry. 2018 Sep 1; 293(39):15195-207. 

20. Oda K, Kitano H. A comprehensive map of the toll‐like 
receptor signaling network. Molecular systems biology. 
2006; 2(1):2006-0015. 

21. Yarza R, Vela S, Solas M, Ramirez MJ. c-Jun N-terminal 
kinase (JNK) signaling as a therapeutic target for 
Alzheimer’s disease. Frontiers in pharmacology. 2016 
Jan 12; 6:321. 

22. Kawai T, Akira S. TLR signaling. Cell Death & 
Differentiation. 2006 May; 13(5):816-25. 

23. Pandey S, Kawai T, Akira S. Microbial sensing by Toll-
like receptors and intracellular nucleic acid sensors. 
Cold Spring Harbor perspectives in biology. 2015 Jan 1; 
7(1):a016246. 



 

164 
 Int. J. pathol.2023;21(4): 156 – 167 

24. Zhang Y, Liang C. Innate recognition of microbial-
derived signals in immunity and inflammation. Science 
China Life Sciences. 2016 Dec; 59:1210-7. 

25. Kagan JC. Signaling organelles of the innate immune 
system. Cell. 2012 Dec 7; 151(6):1168-78. 

26. El-Zayat SR, Sibaii H, Mannaa FA. Toll-like receptors 
activation, signaling, and targeting: an overview. 
Bulletin of the National Research Centre. 2019 Dec; 
43(1):1-2.  

27. Deutschman CS, Tracey KJ. Sepsis: current dogma and 
new perspectives. Immunity. 2014 Apr 17;40(4):463-75. 

28. Vázquez-Carballo C, Guerrero-Hue M, García-Caballero 
C, Rayego-Mateos S, Opazo-Ríos L, Morgado-Pascual 
JL, et al. Toll-like receptors in acute kidney injury. 
International Journal of Molecular Sciences. 2021 Jan 
15;22(2):816. 

29. Jiang D, Liang J, Fan J, Yu S, Chen S, Luo Y,et al. 
Regulation of lung injury and repair by Toll-like 
receptors and hyaluronan. Nature medicine. 2005 Nov 
1; 11(11):1173-9. 

30. Tam JS, Coller JK, Hughes PA, Prestidge CA, Bowen JM. 
Toll-like receptor 4 (TLR4) antagonists as potential 
therapeutics for intestinal inflammation. Indian Journal 
of Gastroenterology. 2021;40(1):5-21 

31. Unterberger S, Davies KA, Rambhatla SB, Sacre S. 
Contribution of toll-like receptors and the NLRP3 
inflammasome in rheumatoid arthritis pathophysiology. 
ImmunoTargets and therapy. 2021 Jul 28:285-98. 

32. Xiao Z, Kong B, Yang H, Dai C, Fang J, Qin T, Huang H. 
Key player in cardiac hypertrophy, emphasizing the 
role of toll-like receptor 4. Frontiers in Cardiovascular 
Medicine. 2020 Nov 26; 7:579036. 

33. Wang X, Guo D, Li W, Zhang Q, Jiang Y, Wang Q,et al. 
Danshen (Salvia miltiorrhiza) restricts 
MD2/TLR4‐MyD88 complex formation and signalling 
in acute myocardial infarction‐induced heart failure. 
Journal of Cellular and Molecular Medicine. 2020 Sep; 
24(18):10677-92. 

34. Gupta S, Maratha A, Siednienko J, Natarajan A, 
Gajanayake T, Hoashi S, et al. Analysis of inflammatory 
cytokine and TLR expression levels in Type 2 Diabetes 
with complications. Scientific reports. 2017 Aug 9; 
7(1):1-10.. 

35. De Oliveira AA, Faustino J, Webb RC, Nunes KP. 
Blockade of the TLR4–MD2 complex lowers blood 
pressure and improves vascular function in a murine 
model of type 1 diabetes. Scientific Reports. 2020 Jul 21; 
10(1):12032.36. 

36. Robertson SA, Hutchinson MR, Rice KC, Chin PY, 
Moldenhauer LM, Stark MJ,et al. Targeting Toll‐like 
receptor-4 to tackle preterm birth and fetal 
inflammatory injury. Clinical & translational 
immunology. 2020; 9(4):e1121. 

37. Wu R, Li JX. Toll-like receptor 4 signaling and drug 
addiction. Frontiers in Pharmacology. 2020 Nov 24; 
11:603445. 

38. Molteni M, Bosi A, Rossetti C. Natural products with 
toll-like receptor 4 antagonist activity. International 
journal of inflammation. 2018 Oct; 2018. 

39. Thompson JM, Iwasaki A. Toll-like receptors regulation 
of viral infection and disease. Advanced drug delivery 
reviews. 2008 Apr 29; 60(7):786-94. 

40. Takeuchi O, Akira S. Pattern recognition receptors and 
inflammation. Cell. 2010 Mar 19; 140(6):805-20. 

41. Choudhury A, Mukherjee S. In silico studies on the 
comparative characterization of the interactions of 
SARS-CoV-2 spike glycoprotein with ACE‐2 receptor 
homologs and human TLRs. Journal of medical 
virology. 2020 Oct; 92(10):2105-13. 

42. Aboudounya MM, Heads RJ. COVID-19 and toll-like 
receptor 4 (TLR4): SARS-CoV-2 may bind and activate 
TLR4 to increase ACE2 expression, facilitating entry and 
causing hyperinflammation. Mediators of inflammation. 
2021 Jan 14; 2021:1-8. 

43. Pantazi I, Al-Qahtani AA, Alhamlan FS, Alothaid H, 
Matou-Nasri S, Sourvinos G,et al. SARS-CoV-2/ACE2 
interaction suppresses IRAK-M expression and 
promotes pro-inflammatory cytokine production in 
macrophages. Frontiers in immunology. 2021 Jun 23; 
12:683800. 
Farooq M, Batool M, Kim MS, Choi S. Toll-like receptors 
as a therapeutic target in the era of immunotherapies. 
Frontiers in Cell and Developmental Biology. 2021 Oct 
4; 9:756315. 

44. Samarpita S, Kim JY, Rasool MK, Kim KS. Investigation 
of toll-like receptor (TLR) 4 inhibitor TAK-242 as a new 
potential anti-rheumatoid arthritis drug. Arthritis 
research & therapy. 2020 Dec; 22:1-0. 

45. Sharawy MH, Serrya MS. Pirfenidone attenuates 
gentamicin-induced acute kidney injury by inhibiting 
inflammasome-dependent NLRP3 pathway in rats. Life 
Sciences. 2020 Nov 1; 260:118454. 

46. Hassanein EH, Ali FE, Kozman MR, Abd El-Ghafar OA. 
Umbelliferone attenuates gentamicin-induced renal 
toxicity by suppression of TLR-4/NF-κB-p65/NLRP-3 
and JAK1/STAT-3 signaling pathways. Environmental 
Science and Pollution Research. 2021 Mar; 28:11558-71. 

47. Salama M, Elgamal M, Abdelaziz A, Ellithy M, Magdy 
D, Ali L,et al. Toll-like receptor 4 blocker as potential 
therapy for acetaminophen-induced organ failure in 
mice. Experimental and Therapeutic Medicine. 2015 Jul 
1; 10(1):241-6. 

48. Shah N, Dhar D, Mohammed FE, Habtesion A, Davies 
NA, Jover-Cobos M, et al.Prevention of acute kidney 
injury in a rodent model of cirrhosis following selective 
gut decontamination is associated with reduced renal 
TLR4 expression. Journal of hepatology. 2012 May 1; 
56(5):1047-53. 

49. Shah N, Mohamed FE, Jover‐Cobos M, Macnaughtan J, 
Davies N, Moreau R,et al. Increased renal expression 
and urinary excretion of TLR 4 in acute kidney injury 
associated with cirrhosis. Liver International. 2013 Mar; 
33(3):398-409. 



 

165 
 Int. J. pathol.2023;21(4): 156 – 167 

50. Guo S, Guo L, Fang Q, Yu M, Zhang L, You C, et al. 
Astaxanthin protects against early acute kidney injury 
in severely burned rats by inactivating the 
TLR4/MyD88/NF-κB axis and upregulating heme 
oxygenase-1. Scientific Reports. 2021 Mar 23; 11(1): 1-16. 

51. Arora S, Ahmad S, Irshad R, Goyal Y, Rafat S, Siddiqui 
N, et al. TLRs in pulmonary diseases. Life sciences. 2019 
Sep 15; 233:116671. 

52. Kovach MA, Standiford TJ. Toll like receptors in 
diseases of the lung. International 
immunopharmacology. 2011 Oct 1; 11(10):1399-406. 

53. Xiang M, Fan J, Fan J. Association of Toll-like receptor 
signaling and reactive oxygen species: a potential 
therapeutic target for posttrauma acute lung injury. 
Mediators of Inflammation. 2010 Oct; 2010.  

54. Devarapu SK, Anders HJ. Toll-like receptors in lupus 
nephritis. Journal of biomedical science. 2018 Dec; 
25(1):1-11. 

55. Holl EK, Shumansky KL, Borst LB, Burnette AD, Sample 
CJ, Ramsburg EA,et al. Scavenging nucleic acid debris 
to combat autoimmunity and infectious disease. 
Proceedings of the National Academy of Sciences. 2016 
Aug 30; 113(35):9728-33. 

56. Allam R, Anders HJ. The role of innate immunity in 
autoimmune tissue injury. Current opinion in 
rheumatology. 2008 Sep 1; 20(5):538-44. 

57. Anders HJ, Rovin B. A pathophysiology-based 
approach to the diagnosis and treatment of lupus 
nephritis. Kidney international. 2016 Sep 1; 90(3):493-
501. 

58. Katare PB, Bagul PK, Dinda AK, Banerjee SK. Toll-like 
receptor 4 inhibition improves oxidative stress and 
mitochondrial health in isoproterenol-induced cardiac 
hypertrophy in rats. Frontiers in immunology. 2017 Jun 
22; 8:719. 

59. Boden G. Obesity and free fatty acids. Endocrinology 
and metabolism clinics of North America. 2008 Sep 1; 
37(3):635-46. 

60. Suganami T, Mieda T, Itoh M, Shimoda Y, Kamei Y, 
Ogawa Y. Attenuation of obesity-induced adipose tissue 
inflammation in C3H/HeJ mice carrying a Toll-like 
receptor 4 mutation. Biochemical and biophysical 
research communications. 2007 Mar 2; 354(1):45-9. 

61. Youssef-Elabd EM, McGee KC, Tripathi G, Aldaghri N, 
Abdalla MS, Sharada HM,et al. Acute and chronic 
saturated fatty acid treatment as a key instigator of the 
TLR-mediated inflammatory response in human 
adipose tissue, in vitro. The Journal of nutritional 
biochemistry. 2012 Jan 1; 23(1):39-50. 

62. Li TT, Ogino S, Qian ZR. Toll-like receptor signaling in 
colorectal cancer: carcinogenesis to cancer therapy. 
World journal of gastroenterology: WJG. 2014 Dec 
12;20(47):17699-708 

63. Khan AA, Khan Z, Warnakulasuriya S. Cancer-
associated toll-like receptor modulation and insinuation 
in infection susceptibility: association or coincidence? 
Annals of Oncology. 2016 Jun 1; 27(6):984-97. 

64. Goto Y, Arigami T, Kitago M, Nguyen SL, Narita N, 
Ferrone S,et al. Activation of Toll-like receptors 2, 3, and 
4 on human melanoma cells induces inflammatory 
factors. Molecular cancer therapeutics. 2008 Nov 1; 
7(11):3642-53. 

65. Strauss L, Bergmann C, Whiteside TL. Human 
circulating CD4+ CD25highFoxp3+ regulatory T cells 
kill autologous CD8+ but not CD4+ responder cells by 
Fas-mediated apoptosis. The Journal of Immunology. 
2009 Feb 1; 182(3):1469-80. 

66. Fukata M, Chen A, Vamadevan AS, Cohen J, Breglio K, 
Krishnareddy S, Hsu D, Xu R, Harpaz N, Dannenberg 
AJ, Subbaramaiah K. Toll-like receptor-4 promotes the 
development of colitis-associated colorectal tumors. 
Gastroenterology. 2007 Dec 1; 133(6):1869-.e14. 

67. Rakoff-Nahoum S, Medzhitov R. Regulation of 
spontaneous intestinal tumorigenesis through the 
adaptor protein MyD88. Science. 2007 Jul 6; 
317(5834):124-7. 

68. Swann JB, Vesely MD, Silva A, Sharkey J, Akira S, 
Schreiber RD,et al. Demonstration of inflammation-
induced cancer and cancer immunoediting during 
primary tumorigenesis. Proceedings of the National 
Academy of Sciences. 2008 Jan 15; 105(2):652-6. 

69. Zhang P, Yang M, Chen C, Liu L, Wei X, Zeng S. Toll-
like receptor 4 (TLR4)/opioid receptor pathway 
crosstalk and impact on opioid analgesia, immune 
function, and gastrointestinal motility. Frontiers in 
Immunology. 2020 Jul 8; 11:1455. 

70. Barak B, Feldman N, Okun E. Toll-like receptors as 
developmental tools that regulate neurogenesis during 
development: an update. Frontiers in neuroscience. 2014 
Aug 28; 8:272. 

71. Liu HY, Chen CY, Hsueh YP. Innate immune responses 
regulate morphogenesis and degeneration: roles of Toll-
like receptors and Sarm1 in neurons. Neuroscience 
bulletin. 2014 Aug; 30:645-54. 

72. Al-Haddad BJ, Jacobsson B, Chabra S, Modzelewska D, 
Olson EM, Bernier R,et al. Long-term risk of 
neuropsychiatric disease after exposure to infection in 
utero. JAMA psychiatry. 2019 Jun 1; 76(6):594-602. 

73. Gumusoglu SB, Stevens HE. Maternal inflammation and 
neurodevelopmental programming: a review of 
preclinical outcomes and implications for translational 
psychiatry. Biological psychiatry. 2019 Jan 15; 85(2):107-
21. 

74. Knuesel I, Chicha L, Britschgi M, Schobel SA, Bodmer 
M, Hellings JA,et al. Maternal immune activation and 
abnormal brain development across CNS disorders. 
Nature Reviews Neurology. 2014 Nov; 10(11):643-60. 

75. Choi GB, Yim YS, Wong H, Kim S, Kim H, Kim SV,et al. 
The maternal interleukin-17a pathway in mice promotes 
autism-like phenotypes in offspring. Science. 2016 Feb 
26; 351(6276):933-9. 

76. Zhang Y, Liang X, Bao X, Xiao W, Chen G. Toll-like 
receptor 4 (TLR4) inhibitors: Current research and 



 

166 
 Int. J. pathol.2023;21(4): 156 – 167 

prospective. European Journal of Medicinal Chemistry. 
2022 May 5; 235:114291. 

77. Fitzgerald KA, McWhirter SM, Faia KL, Rowe DC, Latz 
E, Golenbock DT, et al. IKKε and TBK1 are essential 
components of the IRF3 signaling pathway. Nature 
immunology. 2003 May 1; 4(5):491-6.  

78. Cochet F, Facchini FA, Zaffaroni L, Billod JM, Coelho H, 
Holgado A,et al. Novel carboxylate-based glycolipids: 
TLR4 antagonism, MD-2 binding and self-assembly 
properties. Scientific Reports. 2019 Jan 29; 9(1):919.  

79. Li MH, Wu HC, Yao HJ, Lin CC, Wen SF, Pan IH. 
Antrodia cinnamomea extract inhibits Th17 cell 
differentiation and ameliorates imiquimod-induced 
psoriasiform skin inflammation. The American journal 
of Chinese medicine. 2015 Oct 13; 43(07):1401-17. 

80. Li Z, Xiao X, Yang M. Asiatic acid inhibits 
lipopolysaccharide-induced acute lung injury in mice. 
Inflammation. 2016 Oct; 39(5):1642-8. 

81. Zhang JL, Huang WM, Zeng QY. Atractylenolide I 
protects mice from lipopolysaccharide-induced acute 
lung injury. European Journal of Pharmacology. 2015 
Oct 15; 765:94-9. 

82. Lee HJ, Kim KW. Anti-inflammatory effects of arbutin 
in lipopolysaccharide-stimulated BV2 microglial cells. 
Inflammation Research. 2012 Aug; 61:817-25. 

83. Schink A, Neumann J, Leifke AL, Ziegler K, Fröhlich-
Nowoisky J, Cremer C, Thines E, Weber B, Pöschl U, 
Schuppan D, Lucas K. Screening of herbal extracts for 
TLR2-and TLR4-dependent anti-inflammatory effects. 
PloS one. 2018 Oct 11; 13(10):e0203907. 

84. Chu M, Ding R, Chu ZY, Zhang MB, Liu XY, Xie SH, 
Zhai YJ, Wang YD. Role of berberine in anti-bacterial as 
a high-affinity LPS antagonist binding to TLR4/MD-2 
receptor. BMC complementary and alternative 
medicine. 2014 Dec; 14(1):1-9. 

85. Chen L, Jin Y, Chen H, Sun C, Fu W, Zheng L,et al. 
Discovery of caffeic acid phenethyl ester derivatives as 
novel myeloid differentiation protein 2 inhibitors for 
treatment of acute lung injury. European Journal of 
Medicinal Chemistry. 2018 Jan 1; 143:361-75. 

86. Venkatesha SH, Dudics S, Astry B, Moudgil KD. 
Control of autoimmune inflammation by celastrol, a 
natural triterpenoid. Fems Pathogens and Disease. 2016 
Aug 1; 74(6):ftw059. 

87. Landmann M, Kanuri G, Spruss A, Stahl C, Bergheim I. 
Oral intake of chicoric acid reduces acute alcohol-
induced hepatic steatosis in mice. Nutrition. 2014 Jul 1; 
30(7-8):882-9.  

88. Kiselova Y, Ivanova D, Chervenkov T, Gerova D, 
Galunska B, Yankova T. Correlation between the in 
vitro antioxidant activity and polyphenol content of 
aqueous extracts from Bulgarian herbs. Phytotherapy 
Research: An International Journal Devoted to 
Pharmacological and Toxicological Evaluation of 
Natural Product Derivatives. 2006 Nov; 20(11):961-5. 

89. Filippova EI. Antiviral activity of Lady’s mantle 
(Alchemilla vulgaris L.) extracts against 

orthopoxviruses. Bulletin of Experimental Biology and 
Medicine. 2017 Jul; 163(3):374-7.  

90. Dang YP, Chen YF, Li YQ, Zhao L. Developments of 
anticoagulants and new agents with anti-coagulant 
effects in deep vein thrombosis. Mini reviews in 
medicinal chemistry. 2017 Mar 1; 17(4):338-50. 

91. Zeng Z, Zhan L, Liao H, Chen L, Lv X. Curcumin 
improves TNBS-induced colitis in rats by inhibiting IL-
27 expression via the TLR4/NF-κB signaling pathway. 
Planta medica. 2013 Nov; 29(02):102-9. 

92.  Lee WH, Wu HM, Lee CG, Sung DI, Song HJ, Matsui 
T,et al. Specific oligopeptides in fermented soybean 
extract inhibit NF-κ B-dependent iNOS and cytokine 
induction by Toll-like receptor ligands. Journal of 
medicinal food. 2014 Nov 1; 17(11):1239-46. 

93. Das U, Manna K, Sinha M, Datta S, Das DK, 
Chakraborty A, Ghosh M, Saha KD, Dey S. Role of 
ferulic acid in the amelioration of ionizing radiation 
induced inflammation: a murine model. PloS one. 2014 
May 22; 9(5):e97599.  

94. Shibata T, Nakashima F, Honda K, Lu YJ, Kondo T, 
Ushida Y,et al. Toll-like receptors as a target of food-
derived anti-inflammatory compounds. Journal of 
Biological Chemistry. 2014 Nov 21; 289(47):32757-72. 

95. Malgorzata-Miller G, Heinbockel L, Brandenburg K, 
van der Meer JW, Netea MG, Joosten LA. Bartonella 
quintana lipopolysaccharide (LPS): structure and 
characteristics of a potent TLR4 antagonist for in-vitro 
and in-vivo applications. Scientific reports. 2016 Sep 27; 
6(1):1-13. 

96. Maroso M, Balosso S, Ravizza T, Liu J, Aronica E, Iyer 
AM, Rossetti C, Molteni M, Casalgrandi M, Manfredi 
AA, Bianchi ME. Toll-like receptor 4 and high-mobility 
group box-1 are involved in ictogenesis and can be 
targeted to reduce seizures. Nature medicine. 2010 Apr; 
16(4):413-9. 

97. Strittmatter W, Weckesser J, Salimath PV, Galanos C. 
Nontoxic lipopolysaccharide from Rhodopseudomonas 
sphaeroides ATCC 17023. Journal of Bacteriology. 1983 
Jul; 155(1):153-8.  

98. Mulvihill EE, Burke AC, Huff MW. Citrus flavonoids as 
regulators of lipoprotein metabolism and 
atherosclerosis. Annual review of nutrition. 2016 Jul 17; 
36:275-99. 

99. Krishnan M, Choi J, Jang A, Choi S, Yeon J, Jang M ,et 
al. Molecular mechanism underlying the TLR4 
antagonistic and antiseptic activities of papiliocin, an 
insect innate immune response molecule. Proceedings 
of the National Academy of Sciences. 2022 Mar 8; 
119(10): e2115669119. 

100. Li S, Gao X, Wu X, Wu Z, Cheng L, Zhu L, et 
al.Parthenolide inhibits LPS-induced inflammatory 
cytokines through the toll-like receptor 4 signal 
pathway in THP-1 cells. Acta biochimica et biophysica 
Sinica. 2015 May 1; 47(5):368-75.  

101. Wang C, Levis GB, Lee EB, Levis WR, Lee DW, Kim 
BS,et al. Platycodin D and D3 isolated from the root of 



 

167 
 Int. J. pathol.2023;21(4): 156 – 167 

Platycodon grandiflorum modulate the production of 
nitric oxide and secretion of TNF-α in activated RAW 
264.7 cells. International immunopharmacology. 2004 
Aug 1; 4(8):1039-49. 

102. Chung JW, Noh EJ, Zhao HL, Sim JS, Ha YW, Shin 
EM,et al. Anti-inflammatory activity of prosapogenin 
methyl ester of platycodin D via nuclear factor-kappa B 
pathway inhibition. Biological and Pharmaceutical 
Bulletin. 2008 Nov 1; 31(11):2114-20. 

103. Yao P, Tan F, Gao H, Wang L, Yang T, Cheng Y. Effects 
of probiotics on Toll-like receptor expression in 
ulcerative colitis rats induced by 2, 4, 6-trinitro-benzene 
sulfonic acid. Molecular Medicine Reports. 2017 Apr 1; 
15(4):1973-80. 

104. Yang R, Zhou Q, Wen C, Hu J, Li H, Zhao M, et al. 
Mustard seed (S inapis A lba L inn) attenuates 
imiquimod‐induced psoriasiform inflammation of 
BALB/c mice. The Journal of dermatology. 2013 
Jul;40(7):543-52. 

105. Liang Q, Wu Q, Jiang J, Wang C, Smith MD, Lu H, et al. 
Characterization of sparstolonin B, a Chinese herb-
derived compound, as a selective Toll-like receptor 
antagonist with potent anti-inflammatory properties. 
Journal of Biological Chemistry. 2011; 286(30):26470-9. 

106. Heiss E, Herhaus C, Klimo K, Bartsch H, Gerhäuser C. 
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