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ABSTRACT : Clinical symptoms caused by SARS-CoV-2, the virus that was responsible for the spread of COVID-19, vary from 

no symptoms to severe pneumonia and death. Several studies point to the critical role of inflammatory cytokines in initiating and 

exacerbating the immune response, leading to the overproduction of cytokines as well as chemokines and ultimately resulting in a 

cytokine storm. A significant contributing factor to the uncontrolled pro-inflammatory response to the viral infection is the 

activation of the NLRP3 inflammasome, a part of the innate immune system. For the creation of therapeutic approaches to treat 

COVID-19, this inflammasome can be employed as a target. The NLRP3 inflammasome's structure is described in this review, 

along with the many methods that have been used to target it.  
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I. INTRODUCTION:   

SARS-CoV-2 is a coronavirus that causes respiratory disease and the reason behind this is covid-19, which is extremely infectious. 

This virus had been reported in December 2019 and Wuhan, China, is where it first appeared. Since then, millions of cases have 

been reported throughout the world, with symptoms ranging from minor flu-like symptoms to serious respiratory diseases1,2,3,4,5. 

With an incubation period of two to fourteen days, this illness is contagious through inhalation or contact with contaminated 

droplets6. The Betacoronavirus family, which also includes lethal members like MERS-CoV and SARS-CoV, includes SARS-CoV-

2. This virus has single-stranded RNA (+ssRNA)7. The HCoV-OC43, HCoV-229E, HCoV-NL63, and HCoV-HKU1 viruses are 

responsible for moderate respiratory symptoms8,9. Real-time reverse transcription polymerase chain reaction (RT-PCR) and next-

generation sequencing were used to research and characterize this virus10. Covid 19 first appeared in China, where it spread quickly 

over the nation and thereafter to neighboring nations. Due to the seriousness of the outbreak and its potential for worldwide spread, 

the WHO first declared it a global health emergency in March 2020. This outbreak resulted in hundreds of deaths with an 11 % 

mortality rate11. When the outbreak happened in 2020, there were no approved vaccines or antiviral medications for treating covid 

infection12. But currently, there are multiple approaches and drug delivery systems that have shown a reasonable degree of 

success13,14,15.  

It has been scientifically proven that those who are covid positive and have co-morbid conditions are more likely to experience 

severe symptoms and even die16,17,18,19,20. A "cytokine storm" or an excess of pro-inflammatory cytokines seems to be the cause of 

severe SARS-COV-2 infections. Local and systemic inflammation are both caused by the protein complexes produced by the innate 

immune system defined as inflammasomes.  

The induction of inflammatory cell death, or pyroptosis, via gastrin D, a member of a family of pore-forming proteins involved in 

the anti-inflammatory response, and the activation of caspase, which regulates the release of the crucial pro-inflammatory cytokines 

IL-1 and IL-28, are two main effects of inflammasome activation21. In response to inflammasomes, the body's immune system 

produces an excessive amount of cytokines and chemokines. This response which is also known as ‘cytokine storm’ results in the 

secretion of cytokines  IFN-γ, TNF-α, IL-6, IL-1, IL-18, CXCL8, and CXCL10. However, this exaggerated response can have 

harmful effects on the body22. Other viral illnesses like influenza, Middle East respiratory syndrome (MERS), and severe acute 

respiratory syndrome (SARS) are also linked to excessive cytokine production23. Effective cytokine storm management involves 

providing supportive care to ensure that vital organs function correctly, identifying and removing the factors that are causing the 

immune system to overreact, and using non-specific immunosuppressive medications to minimize the damage caused by an 

activated immune system24.  
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In addition, drugs such as dexamethasone and tocilizumab may be prescribed for the treatment and management of cytokine 

storms25. In a different study, the authors noted the positive benefits of corticosteroid therapy on the clinical outcomes of patients 

with severe Covid-19-associated pneumonia who additionally showed signs of immunological hyperactivity26. There has been 

extensive discussion of the effect of dexamethasone medication on patients with Covid-1927,28. For the treatment of seriously ill 

Covid-positive patients, data on the administration of intravenous immunoglobulin therapy (IVIG) have been published in several 

journals29.30.31.32.33.  

With a specific focus on NLRP3 inflammasomes, this review highlights the role of inflammasomes in increasing Covid-19 

symptoms and therapeutic approaches to reduce the dangers involved. 

 

 

II. INFLAMMASOMES:  

 

Multiprotein complexes called inflammasomes are formed by the host in response to pathogen infections and tissue damage. 

Amongst the various inflammasomes, the NLRP3 or nucleotide-binding oligomerization domain-like receptor containing pyrin 

domain 3 has been widely characterized and consists of three parts – the NLRP protein, the adapter-apoptosis associated protein 

subunit containing a caspase recruitment domain (ASC) and the inactive enzyme procaspase-1.  

The NLRP3 protein contains the leucine-rich repeat (LRR) domain, the NACHT (central nucleotide-binding) domain, and the pyrin 

domain (PYD) (Figure 1). Further, the protein ASC is made up of the PYD and the caspase recruitment domain (CARD).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1:  Diagrammatic representation of NLRP3 Inflammasome Structure 

 

 

 

The two stages of NLRP3 inflammasome activation are priming and activation. The inflammasome components NLRP3, 

procaspase-1, and pro-IL-1 are upregulated during the priming process. Toll-like receptors (TLRs) and the protein NOD2 (which 

contains a nucleotide-binding oligomerization domain) promote this transcriptional upregulation at infection sites34. 

Priming may also be induced by inflammatory cytokines including tumor necrosis factor (TNF) and IL-1, which promote NF-kB 

and gene transcription35. Primed  NLRP3 responds to stimuli, thereby initiating the activation and development of the inflammasome 

complex. 
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 Figure 2.2: Diagrammatic representation of the mechanism of NLRP3 inflammasome pathway 

 

 

Activation of NLRP3 inflammasomes is also brought about by Pathogen Associated Molecular Patterns (PAMPs), Damage 

Associated Molecular Patterns (DAMPs), pore-forming channels or toxins, ATP, viral RNA, and activated crystal particles.  These 

stimuli promote the rearrangement of NLRP3, ASC, and caspase 1 into a multiprotein complex. The interactions between PYD and 

NLRP3 lead to the binding of NLRP3 to  ASC. Next, ASC enlists pro caspase 1 via CARD (Figure 2).  

This NLRP3 activation triggers the release of cytokines IL-1 and IL-18. These responses highlight the importance of NLRP3 

inflammasome in protecting the host against infections.  However, prolonged overstimulation of NLRP3 inflammasome increases 

the chances of acute respiratory distress syndrome (ARDS), mortality, and cytokine storm36. In a study conducted by Rodrigues et 

al., inflammasomes were implicated in the pathogenesis of covid 19, thus signifying the possibility that these inflammasomes 

contribute to the severity of symptoms and therefore are likely targets for the treatment of covid 1937,38. 

 

III. THERAPEUTIC STRATEGIES FOR COMBATING COVID 19 THROUGH TARGETING OF NLRP3 

INFLAMMASOMES 

Targeting IL-1 and IL-18 is a viable strategy to prevent the excessive inflammatory response because NLRP3 inflammasome 

stimulation is mediated by the production of these cytokines. Numerous chronic inflammatory disorders have been found to have 

activated inflammasomes and excessive IL-1 activity, which are successfully controlled by medications. Many of these medications 

have been switched over to treating covid-19. The clinical symptoms of COVID-19 have been observed to be less severe when IL-

1 receptor antagonists such as anakinra and canakinumab are used39,40,41,42. Additionally investigated as potential therapeutic 

approaches are the anti-IL-6 receptor monoclonal antibodies sarilumab and tocilizumab43,44,45,46.   

In the therapeutic setting, Anakinra, a modified form of human IL-1RA, was studied, although the outcomes were conflicting47,48,49.  

Other investigations have shown that NLRP3 suppression is a preferable method for controlling the hyperimmune response. IL-6 

release by SARS-CoV-2-infected human monocytes was reduced by the NLRP3 inhibitor glyburide50. A considerable drop in the 

rate of hospitalization or mortality has been noted due to indirect NLRP3 inhibition by colchicine51,52.  Recent research on SARS-

CoV-2-infected rats shows that NLRP3 activation and pulmonary inflammation are inhibited53. A cytokine release, neutrophil and 

macrophage activation, and B cell antibody formation are all inhibited by the autocoid anti-inflammatory drug lipoxin, which 

decreases inflammation54. Also, by preventing viral entry, preventing viral replication, downregulating the production of ACE2, 

and suppressing pro-inflammatory cytokines, lipoxins further control SARS Cov infection55. Furthermore, it has been reported that 

lipoxin inhibits the inflammatory changes brought on by the activation of the NLRP3 inflammasome, mTOR, and MAPK56.  The 

influence of lipoxin on inflammasomes was studied by Zhou et al57.  

The study concluded that conclusion that lipoxin prevented the activation and arrangement of the NLRP3 inflammasome. Lipoxin 

also reduced oxidative stress and the precursors to the activation of the NLRP3 inflammasome, as well as total reactive oxygen 

species (ROS). Furthermore, lipoxins aided in the overactivation of NADPH oxidase and the reduction of mitochondrial 

malfunction, which decreased the hyperimmune response.To effectively treat COVID-19, lipoxin, lipoxin analogs, and lipoxin 

receptor agonists may therefore play a significant role. Through modification of the mitogen-activated protein kinase (MAPK) 

signaling pathway, one such agonist, BML-111, triggered autophagy in lung alveolar macrophages and protected the host from 

PAMPs 

DAMPs 

N

NLRP3  

IL 1B 

IL 18 

TLR 

NLRP3 

Pro-IL-1B 

Pro-IL-18 

  PRIMING SIGNALING  

DAMPs 

PAMPs 

Activated IL-1B 

IL-18 

ASC 

P2X7R 

Pro-caspase-1 

NLRP3  

INFLAMMASOMES 

 

ACTIVATION SIGNALING  

http://www.ijrti.org/


                    © 2023 IJNRD | Volume 8, Issue 8 August 2023 | ISSN: 2456-4184 | IJNRD.ORG  

IJNRD2308266 International Journal of Novel Research and Development (www.ijnrd.org)  
 

c500 

acute lung injury (ALI). Furthermore, BML-111 induced autophagy, prevented these cells from dying from apoptosis, stifled 

inflammation, and accelerated the recovery of damaged lungs58. Preclinical research must be supported by clinical data, although. 

Included in the list of ginseng's bioactive substances are phytosterols, ginsenosides, polysaccharides, essential oils, glycosides, and 

saponins59,60,61. Ginsenosides and saponins are two of the more than 150 natural phytochemicals that have been investigated and 

found to offer health benefits in the treatment of cardiovascular, metabolic, inflammatory, autoimmune, and cancerous conditions. 

Ginseng's phytoconstituents, such as ginsenosides and saponins, have been categorized as nutraceuticals with the potential to reduce 

the triggering and priming stages of inflammatory responses. As a result, ginseng use may lower the risk of COVID-1962. 

 

IV. CONCLUSION  

In patients with severe COVID, there is a risk of uncontrolled cytokine release, pneumonia, and acute lung injury. These conditions 

can lead to acute respiratory distress syndrome, disseminated intravascular coagulation, multisystem failure, and eventually death. 

Amongst the several approaches studied for minimizing these risks, targeting inflammatory cytokines as well as NLRP3 

inflammasome holds great promise. The inflammasome is a complex multiprotein moiety that activates caspase-1 leading to the 

activation of IL-1 and IL-18 in infections such as CoV infection. Inflammasome, however, is a double-edged sword; inflammasome 

activation is necessary for fighting infection, yet prolonged over-activation of the inflammasomes can lead to hyper-activated 

inflammatory response leading to sepsis, intravascular coagulation, acute kidney injury, and ultimately death. The mechanisms 

underlying the adverse events associated with unregulated inflammasome activity are elevated levels of the inflammatory cytokines 

IL-1β, IL-6, and IL-18. Several strategies have been reported for targeting cytokines and inflammasomes. These have been discussed 

in detail in this review and hold promise to cure the symptoms associated with severe covid 19 infections. As more and more data 

about the efficacy of the drugs targeting the cytokines and inflammasomes emerge, effective treatment regimens for Covid 19 can 

be developed.  
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