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ABSTRACT

The ongoing outbreak of novel coronavirus disease 2019 (COVID-

19), caused by severe acute respiratory syndrome coronavirus 2 

(SARS-CoV-2), has caused an unprecedented global health crisis. 

Development of a cure for this devastating disease is currently 

at full speed, with several vaccines against COVID-19 already 

authorized and administered. Currently, demand for these vaccines 

far exceeds supply. As such, boosting immunity represents a viable 

route to halt the rapid spread of SARS-CoV-2 and limit fatalities 

until vaccines become more readily and widely available. The use 

of phytochemicals appears to be a promising panacea. Sesamin, 

a lignan isolated from Sesamum indicum seeds, is known for its 

potent pharmacological properties, and is therefore hypothesized as 

a potential candidate in the therapeutic regimen against COVID-19. 

Herein, we highlight the confirmed therapeutic anti-inflammatory 

and immune-modulatory potential of sesamin against myriads of 

respiratory disorders, and tentatively suggest that sesamin may 

exert similar potent effects against COVID-19. Precisely, we 

speculate that sesamin may help alleviate COVID-19 via restoring 

Th1/Th2 balance and preventing inflammation and cytokine storm 

development. Additionally, we further support the promising role 

of sesamin against COVID-19 by underscoring the direct evidence, 

which suggests that sesamin may demonstrate promising inhibitory 

potential against three important SARS-CoV-2 targets, namely 

main protease, spike protein, and angiotensin-converting enzyme 2 

receptor. Although preliminary, there is ample evidence to propose 

sesamin as a potential phytotherapeutic and prophylactic candidate 

against COVID-19. Further in vitro, in vivo, and preclinical studies 

are required to further substantiate the role of sesamin in the 

prevention and/or treatment of COVID-19.
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1. Introduction

  Viruses are ubiquitous infectious agents which may induce 

classical inflammation via activating innate and adaptive immune 

responses. Severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2), the causative agent for the 2019 coronavirus disease 

(COVID-19) is one such example known to induce inflammation, 

mainly in the lungs. Thus far, the ongoing outbreak of this virus has 

spread to more than 220 countries with over 163 million confirmed 

cases and over 3 million deaths worldwide as of May 2021[1]. The 

virus belongs to the coronavirus (CoV) family of Coronavirida, 

which consists of four major subfamilies, out of which α- and 

β-CoVs can infect mammals, including humans[2]. SARS-CoV-2 

is identified as a β-CoV with a positive-sense single-stranded 

RNA genome, encapsulated by a membrane envelope. The virus 

is wrapped in a lipid bilayer in which viral surface proteins, like 

spike protein (S protein), are embedded[2]. Like the two previous 

β-CoV outbreaks, namely SARS-CoV, which occurred in China in 

2002 and Middle East respiratory syndrome, which first appeared 

in Saudi Arabia in 2012, SARS-CoV-2 is a respiratory pathogen. 

Once SARS-CoV-2 gains entry to the respiratory tract, it damages 

the airway epithelial cells making it difficult for the lungs to filter 
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out dirt and dust, eventually leading to pneumonia. The most-

reported clinical symptoms of COVID-19 include fever, dry cough, 

fatigue, myalgia, and dyspnea[3,4]. In severe cases, COVID-19 may 

also lead to cytokine storm development, a systemic inflammatory 

response arising from increased oxidative stress due to the rapid 

release of free radicals and cytokines[5,6]. If not managed, cytokine 

storm may result in acute respiratory distress syndrome (ARDS), a 

respiratory failure characterized by the rapid onset of inflammation 

in the lungs, and a condition that is regarded as a major reason for 

fatality in COVID-19 patients[5]. Currently, multiple vaccines have 

been developed with the promise of protection against COVID-19. 

Nevertheless, it is estimated that it could take up to a year for enough 

of the vaccine to be manufactured to help inoculate the general 

public, leaving most of the population at risk of developing COVID-

19 until vaccines become more readily accessible. Developing and 

maintaining strong immunity then becomes a necessity, and there is 

ample evidence supporting the exceptional pharmacological benefits 

that natural products may have against myriads of infections, of 

which COVID-19 is no exception[7]. 

  Sesamin, with a molar mass of 354.35 g/mol and a molecular 

formula of C20H18O6, is a lipid-soluble furanofuran-type lignan 

isolated from Sesamum indicum seeds. The health-promoting benefits 

of sesamin have been recently reviewed[8]. Besides its ability to 

regulate macrophage cholesterol homeostasis[9,10], sesamin has been 

shown to exert potent anti-hyperlipidemic[11], anti-carcinogenic[12], 

immunomodulatory and anti-inflammatory[13] effects in vitro and 

in vivo. Thymoquinone (in Nigella sativa), curcumin (in Curcuma 
longa), and allicin (in Allium sativum) are examples of natural anti-

inflammatory agents proposed to exert promising antiviral effects 

against COVID-19[14,15]. Despite its promising immunomodulatory 

and anti-inflammatory properties, very few studies examined the 

therapeutic potential of sesamin against COVID-19. In this review, 

more light will be shed on the therapeutic anti-inflammatory 

and immunomodulatory potential of sesamin that is believed to 

be of relevance in the fight against COVID-19. Precisely, the 

role of sesamin in restoring Th1/Th2 balance and in preventing 

inflammation and cytokine storm development in a plethora of 

respiratory disorders will be highlighted, tentatively suggesting that 

sesamin may exert similar potent anti-inflammatory effects against 

COVID-19. Additionally, direct evidence indicating the inhibitory 

potential of sesamin against main protease (Mpro) and other critical 

SARS-CoV-2 molecular targets will be highlighted. Taken together, 

this review sets the foundation for the potential use of a potent 

and natural anti-inflammatory and immunomodulatory agent like 

sesamin for the prophylaxis and/or treatment of the dreaded disease, 

COVID-19, and highly encourages future endeavors to further 

confirm its therapeutic role against this infection. 

2. Role of sesamin in modulating Th1/Th2 responses in 
lung tissue

  T lymphocytes are a major source of cytokines. There are two 

major subsets of T lymphocytes, distinguished by the presence of 

cell surface molecules known as CD4 and CD8. Type 1 helper (Th1) 

cells, along with type 2 helper (Th2) cells belong to the CD4+ T 

helper cell subset, which are formed following the activation of naïve 

Th cells[16]. These two divisions work antagonistically, with Th1 

and Th2 cells combating intracellular and extracellular pathogens, 

respectively[17]. Interleukin 2 (IL-2), IL-12, IL-18, tumor necrosis 

factor-alpha (TNF-α), and interferon-gamma (IFN-γ) are examples 

of Th1-related cytokines. These are primarily pro-inflammatory and 

are responsible for killing intracellular parasites and for perpetuating 

autoimmune responses[16]. On the other hand, IL-4, IL-5, IL-10, and 

IL-13 are examples of Th2-related cytokines, which are associated 

with elimination of extracellular pathogens and promotion of 

immunoglobulin E (IgE) and eosinophilic responses in atopy[16]. 

Having well-balanced immune responses that are suited to the 

immune challenge is key to orchestrate a well-coordinated immune 

response to eliminate pathogens. Evidence suggests that sesamin 

possesses promising immunomodulatory properties that may prove 

to be useful for promoting Th1 immune responses and suppressing 

Th2 immune responses, thus striking a balance between these two 

divisions.

  Th1/Th2 imbalance can exacerbate disease outcomes in many 

different types of ailments, including respiratory disorders. Several 

studies point to the role of sesamin in modulating Th1/Th2 

immune responses in different types of allergic disorders. In one 

in vivo study, sesamin was found to restore the balance between 

Th1- and Th2-related immune responses in female BALB/c mice 

with ovalbumin (OVA)-induced allergic asthma[18]. In particular, 

the oral administration of sesamin (200 mg/kg/day) for 3 d was 

found to result in a significant drop in the Th2 cytokines IL-4, 

IL-5, and IL-13, after their levels have been significantly increased 

following OVA-sensitization in female mice. Additionally, sesamin 

administration (200 mg/kg/day) was also found to significantly 

elevate the levels of IFN-γ, a key Th1 cytokine known to play 

a role in inhibiting airway eosinophilia, after its levels were 

decreased following OVA-sensitization in mice. The Th1 and Th2 

modulatory effects of sesamin were found to result in a significant 

attenuation of allergic airway inflammation in OVA-sensitized mice. 

Collectively, findings from this study point to the importance of Th1/

Th2 modulation for alleviating allergic airway inflammation and 

support the promising potential of sesamin to bring about the Th1/

Th2 modulatory effects. Similar results also reported in another in 
vivo study conducted by Lin and colleagues, whereby sesamin was 

found to significantly decrease OVA-induced immune responses in 

male BALB/c mice with allergic asthma via suppression of Th2-

cytokine release[19]. In particular, administering sesamin (1, 10, and 

20 mg/kg) daily for 6 d to OVA-sensitized mice was associated with 
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a significant suppression in IL-4, IL-5, and IL-13 levels, all of which 

play critical roles in mediating Th2 responses. An in vitro study by 

Hsieh and colleagues found that sesamin may have the potential 

to alleviate asthmatic inflammation through downregulating the 

expression of both Th1- and Th2-related chemokine expression 

in the human monocytic cell line (THP-1) and human primary 

monocytes[20]. In particular, pre-treating THP-1 cells with sesamin 

(1-10 µM) for 2 h before lipopolysaccharide (LPS) stimulation was 

found to result in a significant reduction in the levels of macrophage-

derived chemokine, a Th2 chemokine shown to be elevated in 

asthmatic patients, and interferon gamma-induced protein 10 (IP-10), 

a Th1 chemokine implicated in inflammation and hyperreactivity in 

asthmatic patients. Similar, but less potent, effects were also reported 

in human primary monocytes, whereby pre-treatment of monocytes 

with sesamin (1-10 µM) for 2 h resulted in a significant decrease 

in macrophage-derived chemokine, but not IP-10 levels after these 

cells were stimulated with LPS for 24-48 h. Collectively, findings 

from all these studies strongly encourage the propensity of sesamin 

in restoring Th1/Th2 balance and in potentially alleviating several 

types of respiratory disorders. As it stands, research on the promising 

restorative effects of sesamin on Th1/Th2 balance is restricted to in 
vitro and in vivo studies conducted on rodents, preventing any definite 

conclusions on its potent immunomodulatory effects to be drawn in 

humans. Future endeavors should therefore be aimed at exploring 

the potential therapeutic modulatory effects of sesamin on Th1/Th2 

immune responses on different types of lung disorders in humans.

3. Role of sesamin in preventing cytokine storm 
development in lung tissue

  The potential propensity of sesamin in striking a balance between 

Th1/Th2 immune responses has important implications for the 

modulation of inflammatory responses against infections, including 

respiratory infections. Overexaggerated inflammatory responses 

due to an unregulated immune system can result in an activation 

cascade of auto-amplifying pro-inflammatory cytokines, leading 

to a cytokine storm. Development of cytokine storm is prevalent in 

several types of allergic disorders and is suspected to be the main 

reason for mortality in these patients. Paramount experimental 

evidence indicates that a natural compound like sesamin may help 

prevent cytokine storm development due to its well-documented 

anti-inflammatory, immunomodulatory, and anti-oxidative effects[13]. 

  The potent anti-inflammatory effects of sesamin were found to be 

useful in the amelioration of various disorders, from metabolic[21-30], 

to neurological[31-36], to even cancer[37-43]. Additionally, and most 

relevant to this review, sesamin was shown to mitigate a variety of 

lung disorders by decreasing cytokine and chemokine production 

both in vitro and in vivo, indicating its possible potential in managing 

lung pathology in patients suffering from respiratory and allergic 

conditions. For example, in one in vivo investigation, sesamin was 

found to significantly attenuate histopathologic changes, lung edema, 

and cytokine production in BALB/c mice induced with the stressor 

LPS[44]. In particular, administering sesamin (25, 50, and 100 mg/

kg) to mice 1 h post LPS stimulation was found to be associated 

with a dose-dependent reduction in LPS-induced IL-1β, IL-6, and 

TNF-α levels, indicating an inhibitory potential against cytokine 

storm development. Findings from another in vivo study by Ye and 

colleagues showed that sesamin administration (50 and 100 mg/

kg/day) for 2 d was able to mitigate carrageenan-induced lung 

inflammation in male Sprague-Dawley rats via downregulating the 

levels of IL-1β, IL-8, and TNF-α levels[45]. Similar results were also 

reported in another in vitro study by Li and colleagues, whereby 

sesamin treatment (25-100 µM) of human mast cells (HMC-1) 

induced with phorbol 12-myristate 13-acetate (PMA) plus A23187, a 

calcium ionophore, for 4 h, successfully reversed the PMA/A23187 

induced increase in IL-6 and TNF-α levels[46]. Collectively, these 

findings suggest the potent propensity of sesamin in inhibiting 

excess cytokine production, which may therefore aid in the potential 

prevention of cytokine storm development. 

4. Role of sesamin in attenuating other inflammatory 
mediators in lung tissue

  Besides its direct inhibitory effects on cytokine levels, sesamin may 

also contribute to cytokine storm suppression via attenuation of other 

inflammatory indices that seem to increase following lung infection. 

For example, in an in vivo investigation, feeding male Sprague-

Dawley rats a diet containing sesamin and α-tocopherol (0.5% wt) 

for 3 weeks was found to result in a significant reduction in lung 

leukotriene C4 levels, a vasoconstrictor implicated in allergy and 

asthma[47]. Additionally, the sesamin and α-tocopherol combination 

diet was found to be associated with a significant reduction in 

plasma histamine levels, an effect that could potentially reverse 

bronchoconstriction. Findings from a study by Li and colleagues 

also reported a drop in histamine release, and hence a suppression 

in anti-dinitrophenol IgE-mediated anaphylactic reaction, in rat 

peritoneal mast cells following its pre-incubation with sesamin (25-

100 µM) for 30 min[46]. Specifically, sesamin pre-treatment was 

found to result in a concentration-dependent drop in histamine 

release, whereby adding 50 µM, 100 µM, and 200 µM of sesamin 

resulted in a 13%, 43%, and 62% decrease in histamine release, 

respectively. Evidence also indicates a protective role of sesamin 

against allergic asthma. In an in vivo study, Li and colleagues found 

the oral administration of sesamin (200 mg/kg/day) for 3 d to OVA-

induced BALB/c mice resulted in a significant attenuation in OVA-

induced inflammatory cell infiltration in the peribronchiolar and 

perivascular regions, indicating the role of sesamin in suppressing 

antigen-induced airway inflammation[18]. In another in vivo 

investigation, sesamin demonstrated an inhibitory potential on 

OVA-induced immune responses in allergic asthma in male BALB/
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c mice[19]. Specifically, the intraperitoneal injection of sesamin (1, 

10, and 20 mg/kg/day) for 6 d was found to result in significantly 

lower eosinophil and inflammatory cell influx into the lungs. 

Additionally, sesamin (1, 10, and 20 mg/kg/day) was also capable 

of inhibiting goblet cell hyperplasia, airway mucus occlusion, 

and even suppressed the mRNA expression levels of mucin 5AC 

(MUC5AC), a mucin prevalent in multiple respiratory conditions 

including chronic respiratory inflammatory disease. In another in 
vivo study, sesamin has also been shown to be capable of suppressing 

pleurisy, a condition whereby the membranes that surround the 

lungs become inflamed causing chest pain and shortness of breath, 

in male Sprague-Dawley rats[45]. Precisely, the oral administration 

of sesamin (50 and 100 mg/kg/day) for 2 d was shown to reverse 

the effects of the inflammatory compound carrageenan, whereby it 

inhibited both the infiltration of polymorphonuclear neutrophils and 

reduced total exudate volume of lung tissue in rats. Additionally, 

sesamin was also found to reduce the levels of the inflammatory 

biomarker, myeloperoxidase, and β-glucuronidase, indicating 

reduced polymorphonuclear neutrophil activation. Besides its effects 

on multiple inflammatory indices, sesamin may also be useful for 

promoting the activity of natural killer (NK) cells, key players in 

innate immunity known to play a role in mediating cancer cell killing 

and destruction of virus-infected cells during acute infection. Indeed, 

an in vitro study by Majdalawieh and colleagues demonstrated that 

the addition of Sesamum indicum extract (10, 50, and 100 µg/mL) to 

a co-culture of NK cells (derived from C57BL/6 mice) and YAC-1 

tumor cells for 4 h significantly elevated NK cytotoxic activity by 

2.9, 9.0, and 9.0-folds, respectively[48]. Although promising, further 

analysis from another in vitro investigation suggests that elevation 

in the cytotoxic activity of NK cells (against Raji cells derived 

from Burkitt’s lymphoma) is more likely attributed to sesamolin, 

another major lignan found in sesame seed, than to sesamin[49]. 

The potential role of sesamin in stimulating the cytotoxic activity 

of NK cells cannot be ruled out however given the scarcity of 

research on this topic. Future in vitro and in vivo studies are therefore 

highly warranted to investigate the role of sesamin on NK cells. 

Collectively, it is clear from the evidence presented that sesamin 

exhibits strong inhibitory potential on a variety of cytokines, 

chemokines, and other inflammatory indices that seem to be elevated 

following lung inflammation in allergic and other types of respiratory 

disorders. Sesamin may therefore prove to be an attractive candidate 

drug to mitigate cytokine storm development in patients suffering 

from respiratory problems.

5. Potential role of sesamin in preventing and treating 
COVID-19 

  SARS-CoV-2 infection may lead to damage to multiple bodily 

systems, including the circulatory, urogenital, and digestive systems. 

However, this deadly virus has been shown to cause the most 

deleterious damage to the respiratory system. Although multiple 

pathophysiological processes are to blame for the exacerbation of 

lung dysfunction in COVID-19 patients, inflammation and cytokine 

storm development are suspected to play an imperative role in 

determining the severity of this infection. Indeed, studies on patients 

with COVID-19 revealed an increase in the levels of chemokines, 

including IP-10 and chemokine C-C motif ligand 2, in the 

bronchoalveolar lavage fluid cells of these patients[50]. Additionally, 

the levels of white blood cells, neutrophils, C-reactive proteins, and 

other inflammatory indices, including IL-6, in COVID-19 patients, 

were found to be significantly higher in intensive care unit (ICU) 

cases compared to those in non-ICU cases[51]. Furthermore, post-

mortem examination of the lungs of those who died because of 

COVID-19 demonstrated the existence of acute respiratory distress 

syndrome, a deleterious outcome that follows from cytokine storm, 

if left untreated[52]. The reported rise in inflammatory indices 

and cytokine storm development in COVID-19 patients has been 

shown to be mediated, at least in part, via the COVID-19-induced 

dysregulations in immune responses. Precisely, SARS-CoV-2 

infection seems to result in an imbalance in Th1/Th2 responses, 

causing a significant increase in both responses. Consequently, 

the levels of Th-1 and Th-2 related cytokines, including TNF-α, 

IL-2, IL-4, and IL-10 rise in the lung tissue, resulting in 

inflammation and cytokine storm development[53]. Collectively, 

these findings clearly indicate that inflammation, cytokine storm 

development, and Th1/Th2 imbalance in lung tissue are linked 

with poor prognosis in COVID-19 patients. Given the potent anti-

inflammatory and immunomodulatory effects of sesamin reported 

in the aforementioned sections, sesamin may prove to be useful for 

the prevention and mitigation of COVID-19. Figure 1 provides a 

detailed summary of the immune-related and inflammatory cascades 

activated following SARS-CoV-2 infection and the proposed 

potential modulatory effects of sesamin on such cascades. 

  Sesamin has previously been shown to be useful for mitigating 

viral infections like influenza virus type A H1N1[54] via attenuating 

cytokine storm and inflammation, and it is tentatively suggested 

that sesamin may exert similar potent anti-inflammatory and 

immunomodulatory effects against the dreaded disease, COVID-19. 

Unlike its well-documented protective effects against a plethora of 

respiratory and viral disorders, literature published on the therapeutic 

potential of sesamin specifically against COVID-19 is very scarce. 

So far, only three computational studies have investigated the 

inhibitory potential of sesamin against COVID-19. Data from 

molecular docking and molecular modeling analyses from all three 

studies strongly suggest the propensity of using a nutraceutical like 

sesamin for the prevention and possible amelioration of COVID-

19. Specifically, sesamin has been shown to be capable of inhibiting 

the activity of a SARS-CoV-2 protein shown to exhibit a protease 

activity[55]. The inhibition of this protease is of critical importance 

as it indicates suppressed viral replication ability in the host, and 

thus a possible treatment route against SARS-CoV-2. Indeed, in an 
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in silico investigation, out of 17 compounds screened for potential 

protease binding abilities (7 human immunodeficiency virus protease 

inhibitors, 8 natural compounds, and 2 flu drugs), sesamin was 

demonstrated to have the second-highest binding affinity (–7.7 Kcal/

mol) to SARS-CoV-2 protease, indicating its promising potential to 

attenuate coronavirus replication. Subsequent studies identified Mpro 

as the key protease in SARS-CoV-2. Further investigation on this 

protease found that it regulates viral replication mainly via cleaving 

viral replicase polyprotein 1a and 1ab into their mature forms[56]. 

The same study further confirmed the inhibitory potential of 

sesamin on Mpro by in silico analysis. In this study, out of five natural 

antioxidants tested (sesamin, galangin, ellagic acid, capsaicin, and 

epicatechin), sesamin was demonstrated to exhibit the strongest 

negative binding energy (–8.93 Kcal/mol) and the greatest inhibition 

constant (Ki value: 285.02 nM) to Mpro, indicating the potential for 

inhibiting the activity of Mpro and consequently less viral replication. 

Interestingly, the inhibition constant of sesamin was found to be 

even higher than that of the native Mpro inhibitor, carmofur, which 

has been extensively studied for its possible use as a potential 

drug against COVID-19[57]. Collectively, findings from this study 

strongly suggest that sesamin may have the potential to inhibit Mpro 

activity in a highly effective manner and may therefore be employed 

as a potential therapeutic drug against COVID-19. Besides Mpro, 

sesamin was also demonstrated to exhibit an inhibitory effect on 

two other potential targets of SARS-CoV-2, namely S protein and 

angiotensin-converting enzyme 2 (ACE2) receptor[58]. Mpro and S 

protein both play critical roles in regulating viral replication and 

transmission, whereas ACE2 acts as the main receptor wherein S 

protein binds and infects the host cells. As such, binding to these 

targets may halt the viral replication process or slow down its 

infectivity in humans. Findings from a computational investigation 

by Natesh and colleagues indicated that sesamin demonstrated a 

binding efficiency similar to that of the standard drug remdesivir, 

which was previously used for HIV treatment and which has also 

been shown to shorten recovery time for COVID-19 patients due 

to its action as a protease inhibitor[58]. Specifically, compared 

to remdesivir, sesamin demonstrated a higher affinity towards S 

protein (sesamin: –7.2 Kcal/mol, remdesivir: –6.6 Kcal/mol) and 

an almost similar affinity to remdesivir towards Mpro (sesamin: –8.2 

Kcal/mol, remdesivir: –8.3 Kcal/mol) and ACE2 human receptor 

(sesamin: –6.4 Kcal/mol, remdesivir: –6.4 Kcal/mol). Collectively, 

findings from this study strongly support the inhibitory propensity 

of sesamin towards Mpro, S protein, and ACE2 receptor, suggesting 

a possible therapeutic role of sesamin against SARS-CoV-2. 

  A summary of the proposed mechanisms of action underlying 

the potential of sesamin to interfere with SARS-CoV-2 entry and 

replication is presented in Figure 2. While in vitro and in vivo 
experimental evidence is still lacking, findings from all these studies 

strongly support the potential of using sesamin-based nutraceuticals 

to provide relief from COVID-19 complications. Future research 

should therefore be directed at confirming the potentially promising 

inhibitory effects of sesamin on SARS-CoV-2 targets both in vitro 

Figure 1. The proposed therapeutic potential of sesamin against three important targets in severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2): 

angiotensin-converting enzyme 2 (ACE2) receptor, spike protein (S protein), and main protease (Mpro). A: Sesamin may interrupt the binding of S protein to 
ACE2 receptor by binding to ACE2 receptor. B: Sesamin may interrupt the binding of S protein to ACE2 receptor by binding to the receptor binding domain 
of S protein. C: Sesamin may halt SARS-CoV-2 replication by binding to Mpro and preventing the cleavage of polyproteins 1ab and 1a into their mature forms.
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and in vivo. Once confirmed, sesamin may be used to provide relief 

from the complications that accompany COVID-19. In addition to 

its possible role in alleviating COVID-19 symptoms, sesamin may 

also be used as a prophylactic agent with minimal side effects to 

strengthen immunity and provide protection against COVID-19.

6. Conclusion

  Various studies have been published confirming the anti-

inflammatory and immunomodulatory potential of sesamin on 

a plethora of allergic and other types of respiratory disorders. 

Ample experimental evidence suggests that sesamin exerts its 

anti-inflammatory and immunomodulatory potential via restoring 

Th1/Th2 balance and attenuating inflammatory indices and 

cytokine storm development. COVID-19 has emerged as a very 

serious threat to global health and the economy. Inflammation 

and dysregulated immune responses play a significant role in the 

pathophysiology of this dreaded disease. Sesamin, being a potent 

anti-inflammatory and immunomodulatory agent, may prove to be 

useful for prophylaxis and possible treatment against SARS-CoV-2 

infection. Studies suggest that sesamin may exert an inhibitory 

potential on three important SARS-CoV-2 targets, namely Mpro, 

S protein, and ACE2 receptor. Additionally, the well-documented 

immunomodulatory and anti-inflammatory properties of sesamin 

render it a promising candidate that may help potentially restore 

Th1/Th2 balance and prevent exaggerated immune responses and 

cytokine storm development in COVID-19 patients. It is noteworthy 

that although promising, the existing information about the potential 

effects of sesamin on COVID-19 is very preliminary, with the 

majority of claims based on data from computer-aided docking 

studies. Well-planned in vitro and in vivo studies confirming the 

inhibitory potential of sesamin against SARS-CoV-2 targets and its 

potential immunoprotective effects on regulating Th1/Th2 balance 

and cytokine storm development are therefore highly warranted 

to establish the safe dose and clinical efficacy of sesamin against 

COVID-19 infection. 

Figure 2. The inflammatory cascade following SARS-CoV-2 entry and the proposed therapeutic modulatory role of sesamin on multiple steps in 

this cascade. 1. Detection of SARS-CoV-2 by antigen presenting cells like macrophages and dendritic cells stimulates the differentiation of naïve 
Th cells into Th1 cells, which signals apoptosis of infected cells via CTL sensitization, or Th2 cells, which activate B cells and produces antibodies 
to fight against SARS-CoV-2. 2. Attachment of SARS-CoV-2 to TLR on antigen presenting cells also stimulates innate immune responses by 
releasing inflammatory markers, cytokines, and chemokines, which help activate mast cells and other types of immune cells. Activation of immune 
cells in turn triggers the overexaggerated release of cytokines, chemokines and inflammatory markers, leading to cytokine storm. Sesamin is 
proposed to modulate adaptive immune responses via regulating Th1/Th2 differentiation and its associated cytokine release. Additionally, sesamin 
is proposed to modulate innate immune responses via downregulating excessive cytokine, chemokine, and inflammatory marker release from 
various immune cells. *Potential modulatory effect of sesamin on NK cells is inconclusive and requires further investigation. NK: natural killer, 
CTL: cytotoxic T lymphocytes, TLR: toll-like receptor, MPO: myeloperoxidase, MHCⅠ: major histocompatibility classⅠ, TCR: T cell receptor.



427Immunomodulatory role of sesamin against COVID-19

Conflict of interest statement

  The authors declare no conflict of interest.

Authors’ contributions

  AFM, SMY, and IAA performed the literature analysis and wrote 

the original draft of the article. AFM and SMY generated the figures. 

AFM and SMY critically reviewed and revised the final draft of the 

article. 

References

[1]  World Health Organization. WHO Coronavirus Disease (COVID-19) 

Dashboard; c2021. [Online] Available from: https://covid19.who.int/

[Accessed on 2021 May 19]. 

[2]  Ludwig S, Zarbock A. Coronaviruses SARS-CoV-2: A brief overview. 

Anesth Analg 2020; 131(1): 93-96.

[3]  Jiang F, Deng L, Zhang L, Cai Y, Cheung CW, Xia Z. Review of the 

clinical characteristics of coronavirus disease 2019 (COVID-19). J Gen 

Intern Med 2020; 35(5): 1545-1549.

[4]  Al-Sadeq DW, Nasrallah GK. The incidence of the novel coronavirus 

SARS-CoV-2 among asymptomatic patients: A systematic review. Int J 

Infect Dis 2020; 98: 372-380.

[5]  Hojyo S, Uchida M, Tanaka K, Hasebe R, Tanaka Y, Murakami M, et al. 

How COVID-19 induces cytokine storm with high mortality. Inflamm 

Regen 2020; 40: 37.

[6]  Al-Jighefee HT, Yassine HM, Nasrallah GK. Evaluation of antibody 

response in symptomatic and asymptomatic COVID-19 patients and 

diagnostic assessment of new IgM/IgG ELISA kits. Pathogens 2021; 

10(2): 161.

[7]  Siddiqui M, Manansala JS, Abdulrahman HA, Nasrallah GK, Smatti 

MK, Younes N, et al. Immune modulatory effects of vitamin D on viral 

infections. Nutrients 2020; 12(9): 2879.

[8]  Dalibalta S, Majdalawieh AF, Manjikian H. Health benefits of sesamin 

on cardiovascular disease and its associated risk factors. Saudi Pharm J 
2020; 28(10): 1276-1289.

[9]  Liu N, Wu C, Sun L, Zheng J, Guo P. Sesamin enhances cholesterol efflux 

in RAW264.7 macrophages. Molecules 2014; 19(6): 7516-7527. 

[10] Majdalawieh AF, Ro HS. The anti-atherogenic properties of sesamin are 

mediated via improved macrophage cholesterol efflux through PPARγ1-

LXRα and MAPK signaling. Int J Vitam Nutr Res 2014; 84(1-2): 79-91. 

[11] Majdalawieh AF, Dalibalta S, Yousef SM. Effects of sesamin on fatty 

acid and cholesterol metabolism, macrophage cholesterol homeostasis 

and serum lipid profile: A comprehensive review. Eur J Pharmacol 2020; 

885: 173417. 

[12] Majdalawieh AF, Massri M, Nasrallah GK. A comprehensive review on 

the anti-cancer properties and mechanisms of action of sesamin, a lignan 

in sesame seeds (Sesamum indicum). Eur J Pharmacol 2017; 815: 512-

521. 

[13] Majdalawieh AF, Yousef SM, Abu-Yousef IA, Nasrallah GK. 

Immunomodulatory and anti-inflammatory effects of sesamin: 

Mechanisms of action and future directions. Crit Rev Food Sci Nutr 2021; 

1-32. 

[14] Mrityunjaya M, Pavithra V, Neelam R, Janhavi P, Halami PM, Ravindra 

PV. Immune-boosting, antioxidant anti-inflammatory food supplements 

targeting pathogenesis of COVID-19. Front Immunol 2020; 11: 570122. 

[15] Khan MA, Younus H. Potential implications of black seed its principal 

constituent thymoquinone in the treatment of COVID-19 patients. Curr 

Pharm Biotechnol 2020; 21. Doi: 10.2174/138920102199920111020504

8.

[16] Berger A. Th1 Th2 responses: What are they? BMJ 2020; 321: 424. 

[17] Kaiko GE, Horvat JC, Beagley KW, Hansbro PM. Immunological 

decision-making: How does the immune system decide to mount a helper 

T-cell response? Immunology 2008; 123(3): 326-338. 

[18] Li L, Piao H, Zheng M, Jin Z, Zhao L, Yan G. Sesamin attenuates allergic 

airway inflammation through the suppression of nuclear factor-kappa B 

activation. Exp Ther Med 2016; 12(6): 4175-4181. 

[19] Lin CH, Shen ML, Zhou N, Lee CC, Kao ST, Wu DC. Protective effects 

of the polyphenol sesamin on allergen-induced TH2 responses airway 

inflammation in mice. PLoS One 2014; 9(4): e96091.

[20] Hsieh CC, Kuo CH, Kuo HF, Chen YS, Wang SL, Chao D, et al. Sesamin 

suppresses macrophage-derived chemokine expression in human 

monocytes via epigenetic regulation. Food Funct 2014; 5(10): 2494-2500.

[21] Lee WJ, Ou HC, Wu CM, Lee I, Lin SY, Lin LY, et al. Sesamin mitigates 

inflammation oxidative stress in endothelial cells exposed to oxidized 

low-density lipoprotein. J Agric Food Chem 2009; 57(23): 11406-11417. 

[22] Chung BH, Lee JJ, Kim JD, Jeoung D, Lee H, Choe J, et al. Angiogenic 

activity of sesamin through the activation of multiple signal pathways. 

Biochem Biophys Res Commun 2010; 391(1): 254-260. 

[23] Ku SK, Lee W, Yoo H, Han CK, Bae JS. Inhibitory effects of epi-sesamin 

on endothelial protein C receptor shedding in vitro and in vivo. Inflamm 

Res 2013; 62(10): 895-902. 

[24] Freise C, Trowitzsch-Kienast W, Erben U, Seehofer D, Kim KY, Zeitz 

M, et al. (+)-Episesamin inhibits adipogenesis exerts anti-inflammatory 

effects in 3T3-L1 (pre)adipocytes by sustained Wnt signaling, down-

regulation of PPARγ induction of iNOS. J Nutr Biochem 2013; 24(3): 

550-555. 

[25] Ahmad S, Elsherbiny NM, Haque R, Khan MB, Ishrat T, Shah ZA, et 

al. Sesamin attenuates neurotoxicity in mouse model of ischemic brain 

stroke. NeuroToxicol 2014; 45: 100-110. 

[26] Freise C, Querfeld U. The lignan (+)-episesamin interferes with TNFα 

-induced activation of VSMC via diminished activation of NF-κB, 

ERK1/2 AKT decreased activity of gelatinases. Acta Physiol 2015; 

213(3): 642-652. 

[27] Ahmad S, ElSherbiny NM, Jamal MS, Alzahrani FA, Haque R, Khan R, 

et al. Anti-inflammatory role of sesamin in STZ induced mice model of 

diabetic retinopathy. J Neuroimmunol 2016; 295-296: 47-53.

[28] Mohammad Shahi M, Zakerzadeh M, Zakerkish M, Zarei M, Saki A. 

Effect of sesamin supplementation on glycemic status, inflammatory 

markers, and adiponectin levels in patients with type 2 diabetes mellitus. 

J Diet Suppl 2017; 14(1): 65-75. 

[29] Fan D, Yang Z, Yuan Y, Wu QQ, Xu M, Jin YG, et al. Sesamin prevents 

apoptosis inflammation after experimental myocardial infarction by JNK 



428 Amin F. Majdalawieh et al./ Asian Pacific Journal of Tropical Biomedicine 2021; 11(10): 421-428

NF-κB pathways. Food Funct 2017; 8(8): 2875-2885. 

[30] Nakamura Y, Okumura H, Ono Y, Kitagawa Y, Rogi T, Shibata H. 

Sesame lignans reduce LDL oxidative susceptibility by downregulating 

the platelet-activating factor acetylhydrolase. Eur Rev Med Pharmacol Sci 

2020; 24(4): 2151-2161. 

[31] Lahaie-Collins V, Bournival J, Plouffe M, Carange J, Martinoli MG. 

Sesamin modulates tyrosine hydroxylase, superoxide dismutase, catalase, 

inducible NO synthase interleukin-6 expression in dopaminergic cells 

under MPP+-induced oxidative stress. Oxid Med Cell Longev 2008; 1(1): 

54-62. 

[32] Hsieh PF, Hou CW, Yao PW, Wu SP, Peng YF, Shen ML, et al. Sesamin 

ameliorates oxidative stress mortality in kainic acid-induced status 

epilepticus by inhibition of MAPK COX-2 activation. J Neuroinflamm 
2011; 8(1): 57. 

[33] Bournival J, Plouffe M, Renaud J, Provencher C, Martinoli MG. 

Quercetin sesamin protect dopaminergic cells from MPP+-induced 

neuroinflammation in a microglial (N9)-neuronal (PC12) coculture 

system. Oxid Med Cell Longev 2012; 2012: 921941. 

[34] Ohnishi M, Monda A, Takemoto R, Matsuoka Y, Kitamura C, Ohashi 

K, et al. Sesamin suppresses activation of microglia p44/42 MAPK 

pathway, which confers neuroprotection in rat intracerebral hemorrhage. 

Neuroscience 2013; 232: 45-52.

[35] Hou CW, Chen YL, Chuang SH, Wang JS, Jeng KC. Protective effect 

of a sesamin derivative, 3-bis (3-methoxybenzyl) butane-1, 4-diol on 

ischemic hypoxic neuronal injury. J Biomed Sci 2014; 21(1): 15. 

[36] Zhao Y, Wang Q, Jia M, Fu S, Pan J, Chu C, et al. (+)-Sesamin attenuates 

chronic unpredictable mild stress-induced depressive-like behaviors 

memory deficits via suppression of neuroinflammation. J Nutr Biochem 
2019; 64: 61-71.

[37] Majdalawieh AF, Ro HS. Regulation of IkappaBalpha function NF-

kappaB signaling: AEBP1 is a novel proinflammatory mediator in 

macrophages. Mediators Inflamm 2010; 2010: 823821.

[38] Harikumar KB, Sung B, Tharakan ST, Pandey MK, Joy B, Guha S, et al. 

Sesamin manifests chemopreventive effects through the suppression of 

NK-kappa B-regulated cell survival, proliferation, invasion, angiogenic 

gene products. Mol Cancer Res 2010; 8(5): 751-761. 

[39] Lee CC, Liu KJ, Wu YC, Lin SJ, Chang CC, Huang TS. Sesamin 

inhibits macrophage-induced vascular endothelial growth factor matrix 

metalloproteinase-9 expression proangiogenic activity in breast cancer 

cells. Inflammation 2011; 34(3): 209-221. 

[40] Freise C, Trowitzsch-Kienast W, Ruehl M, Erben U, Seehofer D, 

Kim KY, et al. (+)-Episesamin exerts anti-neoplastic effects in human 

hepatocellular carcinoma cell lines via suppression of nuclear factor-

kappa B inhibition of MMP-9. Invest New Drugs 2012; 30(6): 2087-2095. 

[41] Kong X, Ma M, Zhang Y, Weng M, Gong W, Guo L, et al. Differentiation 

therapy: Sesamin as an effective agent in targeting cancer stem-like side 

population cells of human gallbladder carcinoma. BMC Complement 

Altern Med 2014; 14(1): 254. 

[42] Xu P, Cai F, Liu X, Guo L. Sesamin inhibits lipopolysaccharide-induced 

proliferation invasion through the p38-MAPK NF-κB signaling pathways 

in prostate cancer cells. Oncol Rep 2015; 33(6): 3117-3123. 

[43] Ali BH, Al Salam S, Al Suleimani Y, Al Za’abi M, Ashique M, Manoj P, 

et al. Ameliorative effect of sesamin in cisplatin-induced nephrotoxicity 

in rats by suppressing inflammation, oxidative/nitrosative stress, cellular 

damage. Physiol Res 2020; 69(1): 61-72.  

[44] Li Q, Jiang Y, Jiang SY, Li YL, Jiang LB, Wang JA. Sesamin attenuates 

lipopolysaccharide-induced acute lung injury by inhibition of TLR4 

signaling pathways. Inflammation 2016; 39(1): 467-472. 

[45] Ye H, Sun L, Li J, Wang Y, Bai J, Wu L, et al. Sesamin attenuates 

carrageenan-induced lung inflammation through upregulation of A20 

TAX1BP1 in rats. Int Immunopharmacol 2020; 88: 107009.

[46] Li LC, Piao HM, Zheng MY, Lin ZH, Li G, Yan GH. Sesamin attenuates 

mast cell-mediated allergic responses by suppressing the activation of 

p38 nuclear factor-κB. Mol Med Rep 2016; 13(1): 536-542. 

[47] Gu JY, Wakizono Y, Tsujita A, Lim BO, Nonaka M, Yamada K, et al. 

Effects of sesamin α-tocopherol, individually or in combination, on the 

polyunsaturated fatty acid metabolism, chemical mediator production, 

immunoglobulin levels in Sprague-Dawley rats. Biosci Biotechnol 

Biochem 1995; 59(12): 2198-2202.

[48] Majdalawieh AF, Farraj JF, Carr RI. Sesamum indicum (sesame) enhances 

NK anti-cancer activity, modulates Th1/Th2 balance, and suppresses 

macrophage inflammatory response. Asian Pac J Trop Biomed 2020; 

10(7): 316-324.  

[49] Kim JH, Lee JK. Sesamolin enhances NK cell lysis activity by increasing 

the expression of NKG2D ligands on Burkitt’s lymphoma cells. Int 

Immunopharmacol 2015; 28(2): 977-984. 

[50] Xiong Y, Liu Y, Cao L, Wang D, Guo M, Jiang A, et al. Transcriptomic 

characteristics of bronchoalveolar lavage fluid and peripheral blood 

mononuclear cells in COVID-19 patients. Emerg Microbes Infect 2020; 

9(1): 761-770. 

[51] Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et al. Clinical 

characteristics of 138 hospitalized patients with 2019 novel coronavirus-

infected pneumonia in Wuhan, China. JAMA 2020; 323(11): 1061-1069. 

[52] Xu Z, Shi L, Wang Y, Zhang J, Huang L, Zhang C, et al. Pathological 

findings of COVID-19 associated with acute respiratory distress 

syndrome. Lancet Respir Med 2020; 8(4): 420-422. 

[53] Zheng H, Li H, Guo L, Liang Y, Li J, Wang X, et al. Virulence and 

pathogenesis of SARS-CoV-2 infection in rhesus macaques: A nonhuman 

primate model of COVID-19 progression. PLoS Pathogens 2020; 16(11): 

e1008949.

[54] Fanhchaksai K, Kodchakorn K, Pothacharoen P, Kongtawelert P. Effect 

of sesamin against cytokine production from influenza type A H1N1-

induced peripheral blood mononuclear cells: Computational experimental 

studies. In Vitro Cell Dev Biol Anim 2016; 52(1): 107-119. 

[55] Kodchakorn K, Poovorawan Y, Suwannakarn K, Kongtawelert P. 

Molecular modelling investigation for drugs and nutraceuticals against 

protease of SARS-CoV-2. J Mol Graph Model 2020; 101: 107717. 

[56] Pandey AK, Verma S. An in-silico evaluation of dietary components for 

structural inhibition of SARS-CoV-2 main protease. J Biomol Struct Dyn 
2020: 1-7. 

[57] Jin Z, Zhao Y, Sun Y, Zhang B, Wang H, Wu Y, et al. Structural basis 

for the inhibition of SARS-CoV-2 main protease by antineoplastic drug 

carmofur. Nat Struct Mol Biol 2020; 27: 529-532. 

[58] Natesh J, Mondal P, Penta D, Abdul Salam AA, Meeran SM. Culinary 

spice bioactives as potential therapeutics against SARS-CoV-2: 

Computational investigation. Comput Biol Med 2021; 128: 104102. 


