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Abstract

Oral administration of food protein hydrolysate and naturally occurring peptides exert beneficial effects beyond 
conventional nutritional functions by supplying amino acids for protein synthesis. These peptides are referred to 
as food-derived bioactive peptides. The coronavirus disease 2019 (COVID-19) is caused by sever acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) infection. Some host and viral proteins are involved in the entry of SARS-
CoV-2 into cells and their replication. Peptides with specific sequences can interact with these proteins and have 
potential prophylactic and therapeutic activities against COVID-19. However, it is difficult to deliver food-derived 
peptides to target organs without degradation by exopeptidases in the body. Alternatively, food-derived peptides 
and amino acid metabolites have been suggested to decrease risk factors of COVID-19 by modulating the renin-
angiotensin system, the innate immune system, and the antioxidant system. This mini-review is based on in vivo 
responses to food-derived peptides and aims to introduce potential targets for these peptides in decreasing the 
risk and severity of COVID-19.
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1. Introduction

Coronavirus disease 2019 (COVID-19) is an infectious disease 
caused by the severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2). The COVID-19 pandemic has become a serious 
threat to human health. Till date, existing drugs, including anti-in-
flammatory drugs, such as synthetic corticosteroides and monoclo-
nal antibodies against proinflammatory cytokines and their recep-
tors, such as interleukin-6 and its receptor, and antiviral drugs based 
on inhibition of proteases, RNA polymerases, reverse transcriptases 
that are necessary for viral duplication, have been evaluated for their 
efficacy against COVID-19 (Harrison, 2020). FDA and other Min-
istries have approved some of them for clinical use for COVID-19 
patients. Furthermore, many efforts have been made to elucidate 
the nature of SARS-CoV-2 and related viruses. Consequently, 
some SARS-CoV-2 and host proteins responsible for virus entry 
into human cells have been identified (Coutard et al., 2020; Hoff-
man et al., 2020; Wrapp et al., 2020). Newly gained insight about 
the mechanism of the viral infection provides new drug targets for 

SARS-CoV-2 infection. Currently, vast efforts are being focused on 
developing anti-COVID-19 drugs based on the mechanism of viral 
entry into human cells. Monoclonal antibodies against SARS-CoV-2 
surface spike proteins (Chen et al., 2021) and inhibitors of proteases, 
which are involved in the priming and maturation of SARS-CoV-2 
spike protein (Schütz et al., 2020), are being developed.

Clinically, SARS-CoV-2 infection exhibits a wide range of 
symptoms, ranging from asymptomatic to mild respiratory illness 
to deadly acute respiratory distress (Wu and McGoogan, 2020). 
Many risk factors, such as increasing age, hypertension, ischemic 
heart disease, diabetes, chronic respiratory disease, obesity, pre-
existing malignancy, and smoking have been reported. From these 
multiple and heterogeneous risk factors, a common pathway that 
can increase the severity and mortality rates of COVID-19 has 
been identified. It has been suggested that oxidative stress caused 
by unregulated inflammation, also known as a “cytokine storm,” 
plays a significant role in increasing the severity of COVID-19 
(Chen et al., 2020). Depression of the host antioxidant enzyme 
system because of depletion of glutathione has been suggested to 
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be responsible for the deadly increase in oxidative stress in COV-
ID-19 patients (Khanfar and Qaroot, 2020; Polonikov, 2020; Sil-
vagno et al., 2020). This hypothesis may provide a new target for 
the mitigation of the disease state of in COVID-19 patients.

As mentioned above, considerable effort has been focused on 
the development of drugs against COVID-19. In addition, dietary 
approaches and the use of supplements may play a positive role in 
mitigating the severity of the disease. The potential targets of food-
derived peptides and related compounds for reducing the risk of 
SARS-CoV-2 infection and mitigating the severity of COVID-19 
symptoms are discussed in the following sections.

2. Food-derived bioactive peptides

Peptides are short chains of amino acids usually linked by peptide 
bonds, normally between α-amino/imino groups and α-carboxyl 
groups; some peptides can have non-α peptide bonds. Peptides can 
be prepared by partial hydrolysis of proteins and chemical synthe-
sis. In addition, some naturally occurring non-ribosomal peptides, 
such as imidazole peptides and glutathione, are present in bacteria, 
fungi, yeast, plants, and animals. Enzymatic hydrolysates of food 
proteins are the most commonly used food ingredients. Naturally 
occurring non-ribosomal peptides, such as glutathione and imida-
zole peptides, are produced by fermentation and hot water extrac-
tion of fish and chicken, respectively, and are used as food ingre-
dients (Toldrá et al., 2018). In a fewer cases, chemically synthetic 
peptides are used as food additives, such as asparatame (Yokozeki 
and Abe, 2021). While chemical synthesis can add non-naturally 
occurring amino acids and unique chemical groups into the pep-
tides, and thus increase the bioavailability and efficacy of peptide-
based drugs, this review chose to discuss the potential prophylactic 
and therapeutic applications of food-derived peptides rather than 
peptide-based drugs. Proposed targets of food-derived peptides 
and potential actions are summarized in Table 1.

3. Targets for food-derived peptides

3.1. Host proteinase and peptidase

SARS-CoV-2 binds angiotensin-converting enzyme 2 (ACE2) on 
the surface of human cells with the viral spike protein (S protein) 

in order to enter cells (Hoffmann et al., 2020). The SARS-CoV-2 
S protein consists of two subunits, S1 and S2. Binding of the S 
protein to ACE2 induces conformal changes in the S protein, 
which permits host type II transmembrane serine proteases (TM-
PRSS2) to undergo proteolytic processing of the viral S2 subunit. 
This priming process of the S protein is vital for viral and host cell 
membrane fusion (Wrapp et al., 2020). After viral entry into host 
cells, the newly synthesized SARS-CoV-2 S protein is cleaved 
by host intracellular proteinases, such as furin, into S1 and S2 
subunits, which possibly increases the infectivity of newly gener-
ated SARS-CoV-2 (Coutard et al., 2020). These facts indicate that 
the host renin-angiotensin-aldosterone system, TMPRSS2, and 
furin can be potential targets for the inhibition of SARS-CoV-2 
replication (Table 1). The potential applications of food-derived 
bioactive peptides on these host proteases and peptidases were 
recently reviewed by Bhullar et al. (2021), in which the detailed 
mechanism for SARS-CoV-2 entry and replication in host cells 
and the structure of proteins involved are described. In this article, 
an outline of potential inhibition of host proteases by food-derived 
peptides is presented. In addition, some views on the bioavail-
ability and the potential metabolic fate of bioactive peptides have 
been added.

Yoshikawa and Chiba have demonstrated that oral administra-
tion of food-derived peptides mitigates hypertension, which is one 
of the earliest achievements in functional food and nutraceutical 
areas (Yokoyama et al., 1992). It has been proposed that hyperten-
sion can be mitigated via the inhibition of angiotensin-converting 
enzyme (ACE) by bioactive peptides. ACE, a metallopeptidase, 
converts angiotensin I (decapeptide), which is generated from 
angiotensinogen by proteolytic cleavage with renin, into angio-
tensin II (octapeptide). Angiotensin II increases blood pressure 
and inflammatory response by binding to angiotensin II recep-
tor 1 (ATR1), which is believed to worsen the disease progres-
sion of COVID-19. ACE2, a receptor for SARS-CoV-2 S protein, 
is a homolog of ACE (Boehm and Nabel, 2002). ACE2 converts 
angiotensin II (octapeptide) into angiotensin (1–7, heptapeptide) 
by releasing the carboxy terminal amino acid. Angiotensin (1–7) 
does not activate ATR1 and serves as a ligand for the Mas receptor. 
Angiotensin (1–7) has been demonstrated to be protective against 
angiotensin II-mediated pulmonary vasoconstriction and inflam-
mation (Boehm and Nabel, 2002). Binding of SARS-CoV-2 to 
ACE2 decreases the available ACE2 to ACE ratio, which can in-
crease angiotensin II levels and induce subsequent angiotensin II-
mediated events. Thus, blocking ACE2 by bioactive peptides may 

Table 1.  Potential targets for food-derived peptides and related compounds to decrease potential risk of COVID-19

Targets Action Potential active peptides 
and related compounds

References on ac-
tive compounds*

Angiotensin converting 
enzyme (ACE)

Suppression of angiotensin II-induced 
inflammation and hypertension

Val-Tyr;  
Ile-Pro-Pro

Matsui et al., 2002; 
Dong et al., 2013

Type II transmembrane 
serine proteases (TMPRSS2)

Inhibition of SARS-CoV-2 entry into cell Concept only

Furin Inhibition of SARS-CoV-2replication in cell Concept only

Host antiviral peptide Enhance host anti-viral peptides (α-defensin); 
Enhance host anti-viral peptides (β-defensin); 
Enhance host anti-viral peptides lactoferrin

pyroGlu-Leu;  
Concept only;  
Concept only

Shirako et al., 2019;

Glutathione depletion Supplying glutathione; Supplying precursor 
of glutathione; Retaining hepatic cysteine 
by suppressing generation of aldehydes

Glutathione;  
N-acetyl-cysteine;  
Phenethylamine

Yamada et al., 2018; 
Yamada et al., 2018; 
Zheng et al., 2021

*These studies have not demonstrated direct action on COVID-19, but demonstrated the suggested actions.



Journal of Food Bioactives | www.isnff-jfb.com 5

Sato Potential target for mitigation of COVID-19

exacerbate COVID-19. Therefore, ACE and ATR1, rather than 
ACE2, may be good targets for the mitigation of COVID-19 (Bh-
ullar et al., 2021). ACE inhibitors and ATR1 blockers are available 
as medicines. Some animal studies have suggested that ACE in-
hibitors and ATR1 blockers may alleviate COVID-19 progression 
but do not affect viral replication (Gao et al., 2021). Food-derived 
peptides with antihypertensive activity may exert similar effects. 
However, ACE inhibitory drugs should be used for the treatment 
of COVID-19 in the acute phase, as they exert stronger ACE in-
hibition in the body compared to that by food-derived peptides 
(Dong et al., 2013). However, some food-derived peptides have 
been demonstrated to suppress mild hypertension, a risk factor for 
COVID-19 (Matsui et al., 2002, Dong et al., 2013). Thus, food-
derived peptides might be used to decrease the risk of COVID-19, 
although data to supporting this hypothesis is lacking.

Inhibition of other proteases, such as TMPRSS2 and furin, 
which are involved in the priming and maturation of SARS-CoV-2 
S protein, are potential targets for food-derived peptides to inhibit 
viral entry into cells and the subsequent replication (Bhullar et al., 
2021). In addition, the lysosomal protease, cathepsin L, is also sug-
gested to be involved in the SARS-CoV spike priming (Huang et 
al., 2005). In vitro inhibitory assays can identify some peptides 
with inhibitory activities against these proteases from food protein 
hydrolysates as well as ACE inhibitory peptides. However, it has 
been demonstrated that the bioavailability of food-derived pep-
tides with in vitro ACE activity is very low because of high sus-
ceptibility to exopeptidase digestion (Matsui et al., 2004; Foltz et 
al., 2007). Thus, chemically modified peptides have been synthe-
sized to increase bioavailability. The peptide-based drugs are being 
evaluated for therapeutic effects against COVID-19 (Schuütz et 
al., 2020). Nevertheless, oral administration of some food-derived 
peptides decreased angiotensin II in the body, while its blood con-
centration was far lower than the concentration used in the in vitro 
assay (Matsui et al., 2004). These facts suggest that some metabo-
lites or second messengers generated by administration of the pep-
tides might inhibit ACE in the body. In addition, furin and cathep-
sin L act on viral S protein in host cell. Thus, inhibitory peptides or 
its metabolites must be incorporated into target cells to inhibit viral 
replication. Taken together, these findings suggest that the in vitro 
inhibition of proteases cannot be directly associated with inhibi-
tion of viral replication by oral administration of food-derived pep-
tides; however, it may be useful in designing peptide-based drugs 
as bioavailability can be improved by chemical modification.

3.2. Host antimicrobial peptides

Antimicrobial peptides (AMPs) are produced by a wide variety 
of eukaryotes as essential components of the innate immune re-
sponse against pathogens (Ganz, 2002). AMPs generally have a 
net positive charge and are amphiphilic, which allows them to in-
teract with the negatively charged molecules on the surfaces of 
bacteria, enveloped viruses, fungi, and cancer cells; they destabi-
lize the surface membrane by creating transmembrane channels 
and kill the pathogens. Some AMPs have been demonstrated to 
exert virucidal activity against coronaviruses. Defensins are a fam-
ily of AMPs that are involved in host defense. Human α-defensin 5 
(HDEF5) is an AMP secreted by Paneth cells in the small intestine 
and neutrophils. HDEF5 can attach to the SARS-CoV-2 S1 protein 
through the glycosylated residue of the protein (Niv, 2020). Mouse 
β-defensins-4 derived peptide binds to the Middle East respiratory 
syndrome (MERS)-CoV S2 subunit (Mahendran et al., 2020). The 
β-defensins-4 derived peptide inhibits priming of MERS-CoV S 
protein by cathepsin L in endosomes because of its high polyca-

tionic property, even though it does not inhibit viral entry into the 
host cell (Zhao et al., 2016). Thus, it exerts both prophylactic and 
therapeutic effects in an in vivo SARS-CoV mouse model of infec-
tion (Zhao et al., 2016). Lactoferrin is an iron-binding glycopro-
tein that is present in the colostrum and several mucosal layers. It 
has been reported that lactoferrin interfered with virus adsorption 
by blocking the binding of the spike proteins of SARS-CoV and 
SARS-CoV-2 to host cell receptors (Lang et al., 2011; Elnagdy 
and AlKhazindar, 2020). Histones are highly basic proteins that 
are found in eukaryotic cell nuclei. Histones and their fragment 
peptides are also found in cytosol and extracellular fluids and exert 
antimicrobial and antiviral activities. It has been demonstrated that 
histones are able to neutralize influenza A viruses (Hoeksema et al., 
2015). It has been speculated that the aerosol spray of recombinant 
AMPs with antiviral activity to the upper airway has prophylactic 
and therapeutic potential against COVID-19. Some food-derived 
peptides exhibit antimicrobial activity (Pellegrini, 2003). Even if 
antiviral activity is present in food-derived peptides such as lacto-
ferrin, it is, however, difficult to deliver them with anti-viral activ-
ity to respiratory tracts by oral administration. Oral administration 
of the small food-derived peptide, pyroglutamyl-leucine (pyro-
Glu-Leu), which was found in enzymatic hydrolysates of wheat 
gluten, corn gluten, and fermented foods, can increase intestinal 
α-defensin-related AMP, rattusin, in an animal model (Shirako et 
al., 2019). An increase in pyroGlu-Leu levels in the blood flow af-
ter oral ingestion was observed (Wada et al., 2013). Thus, it is pos-
sible that ingestion of some food-derived peptides might increase 
host AMPs in the mucosal layer of the respiratory tract as well as in 
the intestinal tract. Thus, modulation of host AMP secretion rather 
than direct antiviral activity may be a good target for food-derived 
peptides (Table 1).

3.3. Glutathione

As mentioned above, the majority (approximately 80%) of peo-
ple infected with SARS-CoV-2 are asymptomatic, which indicates 
the presence of risk factors for exacerbation of COVID-19 (Chen 
et al., 2020; Wu and McGoogan, 2020). Studies have suggested 
many COVID-19 risk factors, including increasing age, hyperten-
sion, ischemic heart disease, diabetes, chronic respiratory disease, 
obesity, pre-existing malignancy, and smoking. It has been hypoth-
esized that these heterogeneous risk factors could be associated 
with a common pathway that exacerbates COVID-19 mortality. It 
has been shown that COVID-19-related mortality is highly asso-
ciated with the so-called “cytokine storm” induced by the virus 
(Ragab et al., 2020). SARS-CoV-2 RNA acts as a pathogen-asso-
ciated molecular pattern recognized by toll-like receptors. As men-
tioned above, SARS-CoV-2 S protein blocks ACE2, which also 
increases the inflammatory response via the angiotensin II-ATR1 
axis. Therefore, rapid viral replication can induce pro-inflamma-
tory cytokines and chemokines, consequently inducing a cytokine 
storm. Thus, anti-inflammatory drugs, such as dexamethasone, can 
prove useful in the treatment of COVID-19 (Horby, et al., 2021). 
However, their efficacy is limited. Currently, monoclonal antibod-
ies against interleukin (IL)-6 and its receptor are used, as IL-6 
plays crucial role in cytokine storm (Harrison, 2020). It has been 
demonstrated that some food-derived peptides mitigated chronic 
inflammation (Majumder et al., 2016). Oral administration of Val-
Pro-Tyr (100 mg/kg body weight) was demonstrated to alleviate 
experimental colitis in mouse model and decrease gene expression 
of the pro-inflammatory cytokines TNF-α, IL-6, IL-1β, IFN-γ, and 
IL-17 in the colon (Kovacs-Nolan et al., 2012), which indicates 
that some food-derived peptide exert anti-inflammatory activity. 
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However, effect of food-derived peptide on acute and sever in-
flammation remains to be examined. Immune cells activated by 
proinflammatory cytokines can generate reactive oxygen species 
(ROS), which cause oxidative stress and tissue injury. Oxida-
tive stress resulting from an increased production of ROS and/or 
decreased antioxidant defense system has been demonstrated to 
contribute to the pathogenesis of various chronic diseases that are 
risk factors for COVID-19 (Pincemail et al., 2021). Metabolome 
analyses of the blood have suggested that high oxidative stress 
markers and low blood glutathione levels are common factors for 
patients in the high-risk group for COVID-19 (Khanfar and Qa-
root, 2020; Polonikov, 2020; Pincemail et al., 2021). Furthermore, 
patients with moderate and severe COVID-19 illness had lower 
levels of glutathione and higher ROS and ROS/glutathione ratio in 
plasma than patients with mild disease, indicating that glutathione 
deficiency and oxidative stress are associated with the severity of 
COVID-19. Moreover, glutathione depletion triggers the apoptosis 
of lymphocytes, which is associated with a high mortality rate in 
COVID-19 patients.

Glutathione is an endogenous peptide with a sequence of 
γ-glutamyl-cysteinyl-glycine. It serves as a co-enzyme and sub-
strate for glutathione peroxidase and glutathione S-transferase, 
respectively, which are crucial enzymes for antioxidant and de-
toxification in cells (Silvagno et al., 2020). Glutathione peroxidase 
reduces hydrogen peroxide and lipid peroxidation by using glu-
tathione. Glutathione is then converted to glutathione disulfide, an 
oxidative form of glutathione. Thus, the glutathione/glutathione 
disulfide ratio can be used as a redox indicator in the body. The ox-
idized form of glutathione, glutathione disulfide, is converted to its 
reduced form by glutathione reductase. In this enzymatic system, 
the reduced form of nicotinamide adenine dinucleotide phosphate 
(NADPH) is used for the reduction of glutathione disulfide, which 
can be supplied by glucose metabolism in the pentose phosphate 
pathway. Glutathione can be synthesized from three constituent 
amino acids by glutamate cysteine ligase and glutathione synthase. 
These processes help in maintaining the cellular level of glu-
tathione (Silvagno et al., 2020). Nevertheless, glutathione deple-
tion has been observed in patients at high risk of COVID-19 and 
with severe COVID-19 (Khanfar and Qaroot, 2020; Polonikov, 
2020; Pincemail et al., 2021). It has been assumed that the over-
production of ROS can lead to glutathione depletion. Thus, clini-
cal trials using supplementation of glutathione and its precursor, 
N-acetylcysteine (NAC), in patients with COVID-19 have been 
initiated. Some preliminary studies suggested that the administra-
tion of NAC exhibited positive results (Cazzola et al., 2021). It has 
been demonstrated that orally administered stable isotope-labeled 
glutathione is directly absorbed into the bloodstream and incor-
porated into the liver, while glutathione levels in the liver do not 
change following oral administration of glutathione under normal 
conditions in rats (Yamada et al., 2018). Orally administered NAC 
is also incorporated into the liver and converted to glutathione in 
rats (Yamada et al., 2018). Therefore, supplementation of glu-
tathione and NAC in patients with endogenous glutathione deple-
tion could mitigate glutathione depletion and COVID-19 (Table 1). 
However, there is limited data on pulmonary glutathione levels in 
COVID-19 patients with different severities.

As mentioned above, it has been assumed that high levels of 
ROS directly induce blood glutathione depletion, while glutathione 
can be synthesized and its reduced form is maintained by enzy-
matic systems. These facts suggest that these enzymatic systems 
might be suppressed in the patients with high-risk factors and with 
severe COVID-19; this remains to be examined further. Ironically, 
an in vitro study demonstrated that dexamethasone decreased glu-
tathione levels in human alveolar epithelial cells (A549) by de-

creasing glutamate cysteine ligase activity (Rahman et al., 1998), 
which could explain the limited efficacy of dexamethasone for 
the treatment of COVID-19. It has been demonstrated that short-
chain aldehydes, such as malondialdehyde, methylglyoxal, and 
acetaldehyde react with sulfanyl groups of cysteine and cysteinyl 
residues in peptides and proteins. These short-chain aldehydes can 
be generated by oxidation of lipids and by metabolism of sugar 
and alcohol, respectively. Recently, severe depletion of cysteine, 
a precursor of glutathione, was found in the liver of high-fat diet-
induced obese mice, while the mice received sufficient levels of 
cystine from their diet (Zheng et al., 2021). Increased generation 
of methylglyoxal possibly due to disorder of glucose metabo-
lism (decrease of glyceraldehyde-3 phosphate dehydrogenase, 
GAPDH) by high-fat diet feeding and subsequent generation of 
malondialdehyde via oxidation of lipids have been suggested to be 
associated with the depletion of cysteine. These facts suggest that 
glucose metabolic disorder can increase reactive short-chain alde-
hydes and deplete cellular cysteine, which might decrease cellular 
glutathione levels and increase the risk and severity of COVID-19. 
This hypothesis potentially explains the low glutathione levels in 
patients with chronic diseases. Further studies are necessary to 
confirm this hypothesis.

Numerous studies have demonstrated that some food-derived 
peptides exhibit antioxidant activity in vitro, based on which its 
potent antioxidant effect in the body has been suggested (Pan et 
al., 2020). However, sufficient levels of food-derived antioxidant 
peptides in the body have not been demonstrated. Nevertheless, 
oral administration of some peptide preparations and related com-
pounds increases body glutathione levels, however, the underlying 
mechanism remains unclear. Recently, it has been demonstrated 
that oral administration of trace levels (10 μg/kg body weight) of 
phenethylamine, (decarboxylated phenylalanine), mitigated high-
fat diet-induced depletion of cysteine in mouse liver by decreasing 
reactive short-chain aldehydes via suppression of high-fat diet-
induced decrease of GAPDH levels (Zheng et al., 2021). These 
facts indicate that oral administration of peptides and amino acid 
metabolites has the potential to increase cellular cysteine levels, 
which are precursors of glutathione, by improving the metabolism 
of sugar. Thus, direct supplementation of glutathione and its pre-
cursor, and suppression of excess generation of short-chain alde-
hydes, which can deplete cysteine, by food-derived peptides and 
amino acid metabolites, could maintain cellular glutathione levels 
and decrease the risk of COVID-19 severity.

4. Conclusion

After the outbreak of COVID-19, considerable parts of the life 
cycle of SARS-CoV-2 have been elucidated in a short time. This 
information provides drug targets for peptide-based medicine, as 
peptides with specific sequences can bind host and viral proteins 
and inhibit replication of the virus. However, it is difficult to de-
liver food-derived peptides with biological activities detected by 
in vitro assays to target organs because of their susceptibility to 
exopeptidase. Nevertheless, it has been demonstrated that oral 
administration of specific food-derived peptides and related com-
pounds decreases angiotensin II, and increases host antimicrobial 
peptides and suppresses the decrease of glutathione and its pre-
cursor. These facts suggest that food-derived peptides have the 
potential to decrease the risk factors for COVID-19. However, 
their mechanisms remain to be elucidated. A deeper understand-
ing of these mechanisms would be helpful in managing the risk 
factors of COVID-19.
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