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INTRODUCTION 
The corona virus that appeared in Wuhan, China in 
late 2019, called the SARS-CoV-2 by the World 
Health Organization.  Clinical findings of COVID-19 
are variable, coronavirus infectious disease related 
acute respiratory distress syndrome (ARDS) is the 
major cause in mortality and morbidity. In the 
pathogenesis of COVID-19, exaggerated 
inflammatory response affect the severity of infection 
because of the host response. Basic mechanism is 
based on the cytokine storm (1).  
 
Pathogenesis of hyperinflammation in COVID-19 
Several pathogens, including bacteria and viruses, 
might be the cause of systemic inflammation, sepsis 
 

 
and multiple organ failure (2). The pathogenesis of 
the COVID-19 includes the systemic inflammatory 
response syndrome and cytokine storm which is the 
leading cause of sepsis. In patients diagnosed with 
COVID-19, the presence of viral infection and ARDS 
indicates the development of sepsis.  
 
Recent studies revealed that the high plasma levels 
of many cytokine in patients diagnosed with COVID-
19 such as C-reactive protein (CRP), interleukin (IL)- 
2, IL-6, IL-7, IL-10, tumor necrosis factor alpha (TNF 
α), interferon gamma (IFN-γ), granulocyte 
macrophage colony stimulating factor (GM-CSF), 
monocyte chemoattractant protein 1 (MCP1) and 
macrophage inflammatory protein 1 alpha (MIP1A)  
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(1). It is showed that the highest level of serum IL-10, 
IL-2, IL-4, TNF α and IFN-γ and lowest level of T cell 
count are detected at 4-6 days of COVID-19. 
Increased numbers of T cells and decreased 
inflammatory mediators have been associated with 
disease resolution (3).  
 
Among these pro-inflammatory cytokines IL-6, TNF α, 
IL-1β, IL-8 are correlated with the development of 
acute lung injury and ARDS (4). Cytokine mediated 
increase in alveolar-capillary permeability develops 
into ARDS. Studies showed that unrestrained pro-
inflammatory cytokine release in COVID-19 could be 
one of the major factors that determine the prognosis 
of the patients (5–7). Recent study showed that 
patients with COVID-19 admitted in intensive care 
units (ICU), sepsis is the most frequent complication 
between the non-survivors (8). These results are 
confirming that the systemic inflammation and sepsis 
are contributors of poor prognosis of COVID-19 
diagnosed patients (9,10). Besides, preliminary 
studies revealed that COVID-19 related deaths might 
be a result of uncontrolled inflammatory response 
(11).  
 
COVID-19 treatment includes anti-inflammatory and 
immunomodulatory drugs, in addition to antiviral 
therapy. Hydroxychloroquine has an anti-
inflammatory effect by inhibiting IL-6 and TNF α 
besides of its antiviral effect. Tocilizumab, another 
immunomodulatory drug used in the treatment, also 
has an inhibitory effect on IL-6 which increases in 
cytokine storm (12). Regarding the 
hyperinflammatory state, there is lack of information 
about the effectiveness of well-known anti-
inflammatory drugs such as glucocorticoids in 
COVID-19 patients. Although, systemic 
glucocorticoid use is recommended for severe 
COVID-19 patients to control cytokine storm up to 
date (4, 13)  
 
Cholinergic anti-inflammatory pathway (CAP) and 
inflammatory response 
Unrestrained release of pro-inflammatory cytokines 
initiates a systemic inflammatory response which can 
be regulated by cholinergic system that plays a 
crucial role in balancing the body’s response to 
inflammation and survival. Our body’s controls of 
inflammation through parasympathetic system is 
called cholinergic anti-inflammatory pathway (CAP). 
The CAP is defined as a comprehensive neural 

mechanism that attenuates pro-inflammatory 
cytokine release through the vagus nerve and 
cholinergic receptors. Neuronal part is activation of 
vagus nerve, whereas non-neuronal part is mainly act 
on nicotinic receptors expressed on mononuclear 
phagocytic cells as lymphocytes, macrophages, mast 
cells, dendritic cells, basophils, microglia (14). 
Pharmacological activation of cholinergic receptors or 
electrical stimulation of vagus nerve restraint pro-
inflammatory cytokine release in various in vivo 
models such as ischemia, pancreatitis, colitis, 
hemorrhage and sepsis are known (15–17). Most of 
the studies focused on pharmacological interventions 
to activate cholinergic receptors, particularly alpha 7 
nicotinic acetylcholine receptors (α7nAChR) 
expressed on mononuclear phagocytic cells to control 
the inflammatory status (18). Consequently, 
α7nAChRs play a major role in cholinergic control of 
inflammation. 
 
The possible role of CAP in COVID-19 
Inflammatory response activates CAP by two ways. 
In inflammatory conditions release of cytokines from 
activated inflammatory cells stimulates vagus nerve 
or their passage through circumventricular organs to 
brain activates central autonomic parts (19). Brain 
activates the hypothalamus-pituitary-adrenal (HPA) 
axis to generate glucocorticoids, sympathetic 
nervous system to generate catecholamine and 
efferent vagus nerve for the release of acetylcholine 
(ACh). As a part of this pathway, ACh activates 
α7nAChR receptors expressed on macrophages and 
anti-inflammatory effect is produced (20).  
 
Angiotensin converting enzyme 2 (ACE2) receptors 
are main targets of SARS-CoV-2 (21). SARS-CoV-2 
attaches to ACE2 receptors which are found on the 
surface of many human cells such as lungs and it 
enters to cells. Therefore, reducing the ACE2 
expression is a therapeutic strategy to prevent the 
cellular entry of these viruses. Regarding the 
interaction between the cholinergic system and 
ACE2; nicotine shown to have a downregulating 
effect on ACE2 receptor expression in brain of 
hypoxic-ischemic brain injured rats and in lungs of 
patients with pulmonary arterial hypertension 
suggesting the possible cholinergic control (22). 
However, this finding has not been investigated in 
context of viral infections. Besides α3, α4, α5, and α7 
nicotinic ACh receptors expressed on lung epithelium 
might be secondary target of SARS-CoV-2 which 
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takes part in regulation of perfusion that disrupted in 
ARDS in COVID-19 patients. Furthermore, 
macrophage mediated cytokine production in 
bronchoalveolar fluid is under control of Ach and 
nicotinic receptors expressed on the cells (23). 
Recent hypothesis further presumed that nicotine 
might act against SARS-CoV-2 through its 
modulatory effect on ACE2 and produce an anti-
inflammatory effect on hyperinflammatory state in 
COVID-19 patients than currently employed anti-
inflammatory agent such as anti-cytokine therapies 
(24). 
 
Hyperinflammatory state compromises excessive 
and uncontrolled production of inflammatory 
cytokines. In vivo studies showed that release of 
inflammatory mediators can be modulated by 
exogenous administration of cholinergic agonists. 
The role of cholinomimetic agents like nicotine, GTS-
21, Ach esterase inhibitors, choline, 
phosphatidylcholine, citicoline in various 
inflammatory diseases including inflammatory bowel 
diseases, pancreatitis, sepsis, arthritis have been 
investigated with animal models and clinical research 
(25–30).  
 
Studies have been supported that GTS-21, a 
selective α7nAChR agonist, and choline, precursor of 
ACh and selective α7nAChR agonist, improved 
survival rate and organ damage while reducing tissue 
damage and decreasing cytokine levels in animals 
with sepsis (31–33). Regarding the cardiovascular 
changes in case of hyperinflammatory state like 
sepsis, choline donor citicoline decreased 
microvascular permeability and inflammatory 
parameters while improving the hypotension and 
disseminated intravascular coagulation in septic 
shock (34, 35). Choline reduces elevated serum 
proteins, lipids and inflammatory mediators via the 
vagal anti-inflammatory pathway activation and 
endotoxin-induced mononuclear cell activation in 
case of sepsis (36). The failure of cholinomimetic 
therapies in α7nAChR knockout mice confirms that 
α7nAChRs expressed on mononuclear inflammatory 
cells are key components that modulate inflammatory 
cytokine levels (31). 
 
Nicotinic hypotheses suggest that nicotinic receptors 
might involve the entrance of the virus into body 
through nicotinic receptors of olfactory neurons and 
airway epithelium.  Additionally, hypothesis proposed 

that SARS-CoV-2 virus might directly interact with 
nicotinic receptors and antagonize the 
immunomodulatory effect of nicotine (38). Structural 
analyses found that nicotine might inhibit SARS-CoV-
2 protein and ACE2 receptor interaction at lower 
concentrations (39). Accordingly docking 
experiments revealed that SARS-CoV-2 Spike 
Glycoproteins might interact with toxin-binding site 
and act as an inhibitor of α7nAChRs which supports 
the role of dysfunction of nicotinic system in 
pathogenesis of COVID-19 (40, 41). Today, nicotinic 
hypothesis is not supported by clinical data. Studies 
based on clinical observations revealed that number 
of active smokers among the hospitalized COVID-19 
patients is much lower than expected. Lower rate of 
active smokers introduces some questions about 
possible role of nicotinic system in COVID-19 
infection. (37). 
 
Clinical evidence of beneficial effects of 
cholinergic agonists on inflammation 
Several clinical studies also provide supporting data 
that cholinergic system activator drugs diminish 
inflammatory response and scoring of organ 
dysfunction (SOFA score) in patients with sepsis (29, 
30, 42, 43). 
 
Among the cholinergic agonists, nicotine has been 
shown to improve cognitive functions in several 
conditions including Alzheimer and Parkinson 
diseases however its therapeutic use is limited due to 
its unwanted effects mediated by variety of nicotinic 
receptors such as α5, α3, α4, or β2 subtype 
containing nicotinic receptors.  Since α7nAChRs 
mediates the anti-inflammatory effects of cholinergic 
agonists; selective receptor modulators with lesser 
autonomic side effects have been developed. Similar 
with nicotine, α7nAChR agonist GTS-21 has been 
shown to improve reduce inflammation in patients 
with osteoarthritis and ulcerative colitis (44). CNI-
1493 is a compound that acts on intracellular 
inflammatory pathways via MAP kinase and studies 
revealed that its activity depends on vagal activation. 
CNI-1493 attenuates inflammatory response in 
patients with inflammatory bowel diseases by 
decreasing TNF α level (45). 
 
Regarding the effect of cholinomimetic agents and 
hyperinflammatory states like sepsis, transdermal 
nicotine administration significantly improved 
endotoxin induced febrile response, change in blood 
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pressure and heart rate. Nicotine administration 
increased plasma cortisol levels along with 
decreasing both TNF α and IL-6 levels and increasing 
anti-inflammatory IL-10 levels (43). Pretreatment with 
orally administered GTS-21 did not diminish TNF α, 
IL-6, and IL-1 receptor antagonist levels significantly 
in double-blind placebo-controlled study. However, it 
produced dose dependent anti-inflammatory effect 
between treatment groups. Major limitation of this 
study was the number of volunteers that anti-
inflammatory effect might be different in larger group 
of subjects (30).  
 
Clinical studies revealed that acetylcholinesterase 
inhibitor physostigmine improved SOFA score and 
mortality rate in patients with perioperative sepsis and 
septic shock (17, 29, 42). Rapid recovery in heart rate 
changes and low dose norepinephrine dose need in 
patients with perioperative sepsis and septic shock 
treated with physostigmine have been indicated 
improved hemodynamic stability. Besides, 
procalcitonin, C-reactive protein (CRP) and IL-6 
levels diminished with physostigmine treatment (17). 
Recent study revealed that GTS-21 improved lung 
function along with the reduction in plasma IL-6 level 
in patients with chronic obstructive pulmonary 
disease (46). Additionally, α7nAChR positive 
allosteric modulator and well-known antiparasitic 
drug ivermectin has been shown to reduce viral 
replication effectively in-vitro. Further studies might 
be conducted to reveal its anti-viral activity along with 
interaction with nicotinic anti-inflammatory pathway 
(49, 50). In a systematic analysis revealed that 
prevalence of smoking is lower in severe COVID-19 
patients hospitalized in China and the US.  Novel 
cross-sectional study in France has been revealed 
that having severe SARS-CoV-2 infection is less 
likely in smokers compared to non-smokers which 
might be due to the anti-inflammatory effect of 
nicotine (47). Activation of CAP or modulation of 
angiotensin system with nicotine might be the reason 
of this situation and pharmaceutical formulations of 
nicotine in SARS-CoV-2 infection needs to further 
clinical investigations (48). Besides, by activation of 
nicotinic anti-inflammatory pathway, decrease of wide 
range of inflammatory cytokines might be better 
option to treat COVID-19 related cytokine storm 
compared to single cytokine inhibitors. All this 
information suggests that nicotinic agonists acting 
through the cholinergic anti-inflammatory pathway 
may be useful in the treatment of COVID-19. 

Immunosuppression with corticosteroids has been 
shown to increase replication of respiratory viruses 
and promote secondary bacterial infection. Besides 
glucocorticoids have serious adverse effects even in 
short term use affecting multiple systems together 
with immunosuppression, exacerbation of active 
infections. Immunosuppressive agent 
hydroxychloroquine has been failed to show 
therapeutic effect as well as with serious cardiotoxic 
effects in COVID-19 patients (4).  
  
Conclusion  
Collecting evidence pointed out that 
hyperinflammation characterized by unrestrained 
release of inflammatory cytokines leads multiple 
organ failure and sepsis triggered by viral infections. 
However, effective treatment for COVID-19 patients 
with cytokine storm is still an issue. Accumulating 
evidence support the possible effect of 
cholinomimetic agents in treatment of COVID-19 
patients. Cholinergic agonists might have supportive 
adjuvant value in treating COVID-19 induced 
hyperinflammatory state. Although their therapeutic 
effect is not clear in COVID-19 patients; earlier 
studies point out that; besides their anti-inflammatory 
effect nicotinic agonist might interrupt SARS-CoV-2 
protein interaction with ACE2 and nAChR that 
contributes pathophysiology of COVID-19.  Agents 
act through α7nAChRs might be investigated with 
further randomized controlled studies in order to 
reveal the possible therapeutic or prophylactic effect 
along with their safety in patients with novel 
coronavirus disease. 
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