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Abstract: Coronavirus disease-19 (COVID-19) pandemic is a global threat caused by Severe Acute 
Respiratory Syndrome Coronavirus-2 (SARS-CoV-2). The viral infection dysregulates the functions of the 
renin-angiotensin system (RAS) through an interaction between SARS-CoV-2 spike protein and angiotensin-
converting enzyme 2 (ACE2), leading to an upregulated level of Angiotensin II (Ang II) in blood plasma. The 
enhanced level of Ang II may contribute to various pathophysiological events, including vasoconstriction, 
oxidative stress, endothelial dysfunction, inflammation, beta-cell dysfunction, and many others. These 
phenomena are associated with developing multiple chronic diseases, including hypertension, cardiovascular 
disease, diabetes, lung disease, renal disease, and many other comorbidities in COVID-19 patients. Thus, 
the SARS-CoV-2 infection may contribute to severe conditions and higher mortality in COVID-19 patients 
with underlying comorbidities. Several synthetic drugs, especially RAS blockades, are currently prescribed 
to COVID-19 patients to minimize the severity of these comorbidities by limiting the deleterious effects of 
Ang II. However, these chemosynthetic drugs are limited by several side effects such as persistent cough, 
fetal abnormalities, hepatic disorder as well as promotion in the occurrence of new chronic diseases. These 
drawbacks raise an investigation to explore comparatively safe alternatives for COVID-19 patients. From 
this point of view, we have anticipated that applications of multifunctional food-derived bioactive peptides 



could be a promising approach through their preventive and therapeutic actions against underlying chronic 
complications in COVID-19 patients. This review enlightened the disease preventive and immunomodulatory 
effects of food-derived bioactive peptides that may enhance the survivability and vitality of COVID-19 patients 
with chronic complications.
Keywords: Food-derived bioactive peptides; chronic complications; SARS-CoV-2; renin-angiotensin system

Introduction
COVID-19 poses a serious threat to public 
health and the global economy 1. The severity 
of the COVID-19 pandemic can be expressed 
with a vast number of infections and death 
cases, about 173,609,772 infected cases, and 
3,742,653 death records so far (as of 9th July 
2021) 2. Furthermore, clinical studies on chronic 
disease severity in COVID-19 patients reported 
that patients with multiple chronic diseases, 
including hypertension, pulmonary diseases, 
kidney injury, cardiovascular diseases (CVDs), 
and diabetes showed higher mortality and 
morbidity 3-4. Besides, Zhou et al. demonstrated 
the statistics of death rate in COVID-19 patients, 
where the higher mortality of COVID-19 patients 
was associated with arterial hypertension (45 
%), coronary heart disease (87 %), and diabetes 
mellitus (47 %) 1. Moreover, a clinical study on 
1099 COVID-19 patients reported that 23.7 %, 
16.2 %, and 5.8 % of COVID-19 patients were 
suffering from hypertension, diabetes mellitus, 
and cardiovascular complications, respectively 
5. These complications are responsible for multi-
organ damages, which may worsen the physical 
conditions of COVID-19 patients.
 Dysfunction of the renin-angiotensin system 
(RAS) plays a critical role in the pathophysiology 
of various chronic diseases 6. Generally, the RAS 
maintains the functional homeostasis of these 
vital organs by regulating blood pressure (BP), 
fluid volume, electrolyte balance, and systemic 
vascular resistance 7. The system is primarily 
comprised of ACE, ACE2 (homolog of ACE), 
and their functional receptors: angiotensin type 1 
receptor (AT1R), AT2R, and Mas receptor (MasR) 
8-9. Imbalance of ACE and ACE2 ratio leads to the 
dysregulation of RAS, triggering the upregulated 
synthesis of vasoconstrictor Angiotensin II (Ang 
II) as the key product of ACE and the primary 
substrate of ACE2. Ang II accumulation leads 
to multiple physiological dysfunctions, leading 

to hypertension, diabetes, lung failure, kidney 
injury, and cardiovascular diseases 10-11. Notably, 
SARS-CoV-2 infection may induce these chronic 
diseases by downregulating ACE2 expression or 
dysregulating the RAS in the human body 12-13. 
Several investigations reported that, like SARS-
CoV, the S-protein of the SARS-COV-2 spike 
has a strong propensity to bind with the receptor 
of ACE2 14. In this way, SARS-CoV-2 uses 
ACE2 as the entry point of a targeted host cell of 
respiratory organs, such as nasal epithelial cells 15 
or type II alveolar cells of lungs 16. The interaction 
between SARS-CoV-2 and ACE2 downregulates 
the expression of ACE2 and exacerbates plasma 
Ang II level inversely 13, causing a disturbance in 
RAS, which is responsible for multiple physical 
complications in SARS-CoV-2 patients. The 
associated complications of COVID-19 infection 
and chronic diseases may further worsen the 
physical status of COVID-19 patients that may 
lead to higher mortality and morbidity. Though 
multiple vaccines have already been developed 
and initiated the vaccination process in various 
countries, to meet the global demand for COVID 
vaccine and understand the long-term effects 
of these vaccines requires more time 17,18. 
That represents the risk of SARS-CoV-2 viral 
infection for a few more days and remains the 
necessity of chemotherapeutics to manage post-
COVID complications in infected patients.
 However, researchers have suggested several 
drugs, including antihypertensive drugs, to 
reduce the severity and fatality rate of COVID-19 
patients by reversing the dysregulated RAS 19. 
These drugs inhibit the functions of the ACE/Ang 
II/AT1R pathway or the deleterious effects of Ang 
II and alter the downregulated ACE2 level. Thus, 
these drugs may prevent the risks of hypertension, 
diabetes, kidney injury, cardiovascular diseases, 
and pulmonary damage by alleviating Ang 1-7 
synthesis and bradykinin actions, improving 
endothelial functions, and reducing oxidative 



stress and inflammatory burdens 12,20,21. On the 
contrary, these chemosynthetic drugs are limited 
by various side effects that can exacerbate other 
complications. In addition, several theoreti-
cal hypotheses warned that antihypertensive 
drugs such as ACE-inhibitors (ACEIs) or 
AT1R blockers (ARBs) might facilitate the 
viral attachment to cells by upregulating the 
ACE2 expression that may make the chronic 
disease patients susceptible to the SARS-
CoV-2 virus 22. However, many clinical reports 
recommended continuing the antihypertensive 
drugs for COVID-19 patients 8, 12. Additionally, 
anti-inflammatory corticosteroids may delay 
viral clearance and induce hyperglycemia and 
reactivation of dormant pathogens 23-24. This 
dilemma emphasized discovering a drug-free 
treatment, safe and cost-effective for COVID-19 
patients.
 In this perspective, it is suggested to apply 
naturally originated bioactive components or 
dietary elements to attenuate dysregulations 
in RAS due to their higher efficacy and low 
risks of side effects 25. However, several recent 
studies demonstrated that numerous natural 
components such as honey, cumin, and many 
other food substances have greater potentiality 
in therapeutic application against several chronic 
diseases in COVID-19 patients 26-28. Likewise, 
this review suggested applying food-derived 
multifunctional bioactive peptides as a potential 
alternative to chemosynthetic drugs. Numerous 
studies reported that these food-derived bioactive 
peptides exert multiple beneficial actions, 
including ACE-inhibition, anti-inflammation, 
anti-diabetic, and immune-stimulation, which 
could be a potential treatment for attenuating 
chronic complications in COVID-19 patients 
29,30. In addition, many researchers have recom-
mended the food-originated bioactive peptides 
as a promising approach due to their safer 
attributes for consumption and lower IC50 
value in many chronic disease management 
31-33. Using computer-based in silico analysis, 
peptides produced from beta-lactoglobulin 
(obtained by processing goat milk whey fraction 
with trypsin) were identified as inhibiting 
the virus and its receptors in the host cell 34. 

Furthermore, molecular docking experiments led 
to discovering many food-derived peptides that 
interact with, bind to, and inhibit the COVID-19 
virus 35. Likewise, many other molecular docking 
and silico studies on milk 36, tilapia 37, fermented 
soyabean 38, quinoa seed proteins 39, nisin 40 
exhibited that peptides derived from these food 
components can prevent SARS-CoV-2 infection. 
 Though there is a lack of sufficient clinical 
evidence, numerous pre-clinical studies reported 
the beneficial role of food-derived bioactive 
peptides in attenuating and preventing many 
physical complications, including hypertension, 
diabetes, cardiovascular diseases, and renal 
diseases 41-45.
 This review highlighted the pathomechanisms 
of the dysregulated renin-angiotensin system and 
the subsequent effects in COVID-19 patients. 
Then, we discussed the positive outcomes and 
limitations of antihypertensive drugs and many 
other supportive drugs in COVID-19 patients with 
underlying chronic diseases. Finally, we revisited 
the multifunctional properties of food-derived 
bioactive peptides, such as antihypertension, 
anti-diabetic, immune-stimulations, and anti-
inflammation; their preventive mechanisms and 
positive outcomes against many chronic diseases 
may protect COVID-19 patients from severe 
illness and higher mortality.

Interactions between SARS-COV-2 and 
renin-angiotensin system
Millions of infection and thousands of death cases 
in the current COVID-19 pandemic are due to an 
association of SARS-CoV-2 infection with many 
physical complexities, including hypertension, 
cardiovascular diseases, diabetes mellitus, 
renal failure, and many other comorbidities. It 
has been found that COVID-19 patients with 
underlying chronic diseases were more prone to 
higher morbidity and mortality 46,47. Furthermore, 
many clinical studies reported that the death 
cases in COVID-19 patients were linked to these 
comorbidities. Observation of 1099 COVID-19 
patients showed that about 24 % were seriously 
ill with hypertension, 16 % with diabetics, 6 
% with cardiovascular disease, and 2 % with 
cerebrovascular disease 48. It has been revealed 



that these chronic diseases are interconnected 
and contribute to the development of many 
other physical complications subsequently. The 
subsequent effects of hypertension and diabetes 
may contribute to the development of many 
severe diseases, including cardiovascular disease, 
renal injury, lung injury 47, 49-51. Clinical studies 
reported that about 70 % of diabetic patients had 
hypertension, and 32.4 % had cardiovascular 
disease, while 50 % of hypertensive patients had 
insulin resistance 49,52. The associated adverse 
effects may target organ damage and death in 
COVID-19 patients 20,49,53. The renin-angiotensin 
system connects these chronic comorbidities 
and establishes a link between SARS-COV-2 
infection and different chronic complications in 
COVID-19 patients, as illustrated in Fig. 1 8, 49-50.
 Imbalance in the ratio of the key regulators 
of RAS, Angiotensin-Converting Enzyme 
(ACE), and its homolog ACE2, has a vital 

role in developing chronic complications. In 
general, ACE converts Angiotensin I (Ang 
I) to vasoconstrictor Ang II and inactivates 
vasodilator bradykinin. The increased production 
of deleterious Ang II and bradykinin inactivation 
results in blood pressure elevation due to 
vasoconstriction of blood vessels 54-55. On the 
opposite, ACE2 counteracts the functions of 
ACE by converting vasoconstrictor Ang II to 
vasodilator Ang (1-7) 56 and primary substrate 
of ACE, Ang I, to beneficial Ang (1-9) 57. Ang 
(1-7) expressed via Mas receptor and Ang (1-9) 
acts through AT2R 9,56 and counterbalances the 
deleterious effects of the ACE/Ang II /AT1R 
pathway by reducing Ang I level 58-60. In that way, 
RAS shows dual effects to maintain homeostasis 
of blood pressure through the counterbalancing 
actions of beneficial ACE2/Ang (1-7)/MasR or 
ACE2/Ang (1-9)/AT2R pathway to detrimental 
effects of ACE/Ang II/AT1R pathway 8,56-57. 

Figure 1. Interaction of SARS-CoV-2, RAS, and multiple chronic diseases. (1) Formation of ACE2-
Viral complex leads to an enhanced level of Ang II, which constricts blood vessels, elevates blood 
pressure, initiates inflammatory responses, and inhibit insulin secretion and glucose uptake, which 
ultimately results in the development of hypertension, lung injury, and hyperglycemia, respectively; 
(2) both Ang II and hyperglycemia influence each other and lead to the development of diabetes; and 
(3) both hypertension and diabetes contribute to renal diseases, cardiovascular diseases and influence 
each other



Dysregulation of RAS components or imbalance 
of ACE/ACE2 and their products contribute to 
the development and progression of target organ 
damage and many chronic diseases such as 
hypertension, diabetes, cardiovascular diseases, 
and renal injury 61-64.
 Interestingly, SARS-CoV-2 infection may 
contribute to RAS dysfunction by reducing 
ACE2 expression 6,12,51 that may lead to an 
enhanced level of Ang II, results in multi-organ 
disorders and subsequent development of chronic 
comorbidities in COVID-19 patients (Fig. 2). 
Analogous to SARS-CoV, SARS-CoV-2 attaches 
to the ACE2 receptor to penetrate the targeted 
nasal epithelial cells as the host cell 15 and type 
2 alveoli cells 16. In addition, SARS-CoV-2 has 

demonstrated a 10-to 20 fold higher binding 
affinity to ACE2 receptors than SARS-CoV 1, 65 
and forms a viral protein-ACE2 receptors protein 
complex via a biochemical reaction between 
spike glycoprotein the viruses and ACE2 receptor 
66-68. Besides, ACE2 is widely expressed in almost 
all organ tissues, including the heart, kidneys, 
brain, lungs, digestive tract, liver, bladder, 
pancreas, gonads, skeletal muscle, thyroid gland, 
and adipose tissues 16,69-70, which may facilitate 
the widespread of SARS-CoV-2 in all ACE2-
available organs, causes multi-organ damage.

Pathophysiological role of the dysregulated 
renin-angiotensin system in COVID-19 patients
The ACE2 exhaustion and reduction of 

Figure 2. Disease preventive and immunomodulatory effects of different food-derived bioactive 
peptides. Note: Various food-derived bioactive peptides such as antihypertensive peptides primarily 
inhibit ACE and prevent hypertension; anti-diabetic peptides inhibit the functions of carbohydrolases, 
DPP-IV, interfere with glucose transporters and prevent diabetics; and immunomodulatory peptides 
prevent inflammatory cytokines release, induce NO production, promote phagocytosis, and activate 
immuno-stimulatory pathways that ultimately improve the immune system



ACE2 expression promote Ang II level and 
Ang II-induced complexities 71. For example, 
experimental infections in mice with H7N9 72, 
H5N1 73, and SARS-CoV 74 demonstrated a 
significantly higher plasma Ang II level and acute 
lung injury, while acid-treated ACE2-knockout 
mice showed more detrimental effects in the 
lung 75. In addition, several mice models, such as 
ACE2-knockout-diabetic Akita mice and AT2R-
knockout mice, demonstrated a higher plasma 
Ang II level-induced blood pressure elevation 
and cardiovascular dysfunction, systolic-diastolic 
abnormalities, and renal injury 76-77. 
 Similarly, SARS-CoV-2 triggers the upregu-
lation of the Ang II plasma level that may 
contribute to pulmonary vasoconstriction leading 
to hypoxia, pulmonary edema, fibrosis, and 
vascular permeability enhancement 12,59,78,79. 
These deleterious effects may facilitate viral 
entry into lung cells, pulmonary tissue modeling, 
and pulmonary hypertension, resulting in 
acceleration of lung injury in COVID-19 
patients. In addition, Vasoconstrictor Ang II 
leads to blood pressure elevation by constricting 
blood vessels, reducing blood flow, inducing 
arterial inflammation, promoting aldosterone 
secretion and sodium reabsorption resulting 
in hypertension, hypertension-induced renal 
diseases, and cardiovascular diseases (Fig. 2) 80,81.
 On the other hand, COVID-19 patients may 
experience a cytokine storm that results from 
viral-induced inflammatory response due to an 
increased release of pro-inflammatory factors 
such as interleukin-6 (IL-6). Recently, it has 
been revealed that the cytokine storm might be a 
potential cause of higher mortality and morbidity 
among COVID-19 patients 82. Furthermore, 
the inflammatory responses may also lead to 
increased pulmonary arterial pressure, pulmonary 
hypertension, and pulmonary hypertension-
induced complications in the lung that may cause 
acute respiratory distress syndrome (ARDS) and 
lung failure in COVID-19 patients 83,84. However, 
an enhanced level of Ang II from viral-induced 
dysregulated RAS may provoke perivascular 
inflammation by inducing the synthesis of ROS 
and pro-inflammatory cytokines, activating 
DABK/bradykinin receptor B1 (BKDR1R) 

axis (a redox-sensitive transcription factors). 
These may lead to hypertension, diabetes, 
cardiovascular damages, lung injury, and 
renal injury in COVID-19 patients 50,58,85,86. 
Furthermore, Alghamri and his colleagues 
reported that ACE-2 deficient mice showed higher 
Ang II production, which subsequently induced 
fibrosis, oxidative stress, inflammatory cytokine 
level, and hypertrophy in cardiac muscle 87, 
which may pose an inflammatory burden causing 
cardiovascular damage in COVID-19 patients.
 In addition, SARS-CoV-2 infection might 
worsen the condition of diabetic patients by 
damaging islets cells, which may dysregulate 
glucose metabolism, ultimately resulting in 
the development of hyperglycemia 49,88. Due to 
the presence of RAS in the pancreas 89,90 and 
having a strong affinity of Ang II mRNA to 
surface receptors of alpha and delta cells of the 
pancreas 91, Ang II has a role in the development 
of diabetes and diabetes-related complications. 
The excess Ang II causes pancreatic β-cell 
dysfunction and glycemic imbalance by 
activating reactive oxidative stress (ROS) 85 and 
influencing the secretion of pancreatic regulatory 
hormones such as cholecystokinin, pancreatic 
polypeptide, or somatostatin 92. Moreover, higher 
concentrations of Ang II may inhibit insulin 
signaling and insulin resistance by inducing an 
increased level of aldosterone and the secretion 
of inflammatory cytokines or diabetogenic 
adipokines by inhibiting the differentiation of 
pancreatic cells (Fig. 2) 58, 93. Peripheral insulin 
resistance and hyperglycemia are associated with 
the development of diabetes mellitus (DM), type 
1 diabetes (TD1), and type 2 diabetes (T2D).
 Interestingly, Ang II is related to the 
hyperglycemic condition that leads to diabetes 
by inhibiting insulin signaling and increased 
insulin resistance. Hyperglycemia promotes 
increased Ang II production, activates pro-
inflammatory transcription factor NF-κB 
and protein kinase C (PKC), and increases 
ROS production, prosclerotic cytokine, and 
transforming growth factor-β (TGF-β), that 
may lead to the development and progressive 
renal complications, including glomerular and 
tubulointerstitial fibrosis microalbuminuria 



20,94. In addition, Bernadi et al. described that 
hyperglycemia-induced increased levels of 
Ang II promoted the aldosterone secretion in 
many cardiovascular tissues and endothelial 
cells, contributing to apoptosis, oxidative stress, 
fibrosis, and inflammation. The cumulative 
effects of the hyperglycemic condition and 
elevated Ang II level may lead to various 
diabetic cardiovascular complications such as 
cardiomyocyte hypertrophy, cardiomyopathy, 
cardiac remodeling, and atherosclerosis 95. 
Several reports demonstrated that hyperglycemia 
activated Intrarenal RAS and increased the 
renal Ang II level. The upregulated Ang II 
leads to an increased ROS production, insulin 
resistance, endothelium dysfunction, and dys-
regulation of sodium-balance maintenance, 
resulting in elevation of blood pressure and the 
development of hypertension. Hyperglycemic-
induced hypertension may further contribute to 
many cardiovascular and renal diseases, such 
as left ventricular hypotrophy, coronary artery 
disease, proteinuria, diabetic nephropathy, and 
progressive renal dysfunction, respectively 51,52, 

58,94,96. The associated effects of hypertension 
and these diabetic complications amplify 
the development of end-stage renal disease 
(ESRD), progressive renal disease, and various 
cardiovascular diseases 20,51,97; and framed them 
in a complex relationship (Fig. 1). Thus, the 
pathophysiological role of the RAS contributes 
to many chronic diseases and leads to higher 
mortality and morbidity in COVID-19 patients. 
Based on this concept, many researchers have 
suggested targeting RAS to reduce the severity 
and fatality of COVID-19 by blocking or 
inhibiting RAS components and their functional 
pathways.

Current therapeutics suggested for COVID-19 
treatment and their limitations
Even though several vaccines showed excellent 
efficiency against SARS-CoV-2, it requires 
more time to ensure the COVID-19 vaccine for 
everyone and understand the long-term effects of 
these vaccines 17,18. Moreover, several approved 
vaccines showed less efficiency against the 
new variants of SARS-CoV-2, which may be 

an obstacle to ending the pandemic situation 98. 
However, the vaccines may protect from SARS-
CoV-2 infection, but therapeutic treatments 
are still required for managing post-COVID 
complications. The current clinical management 
guidelines for COVID-19 patients are based on 
the remedy of relevant chronic comorbidities 
to minimize the fatality rate 46. Due to having a 
pathophysiological role of RAS in COVID-19 
patients, targeting RAS could be an effective 
strategy for COVID-19 patients treatment. For 
that reason, physicians are focused on reversing 
dysregulated RAS to reduce the severity and 
fatality in COVID-19 patients. The mechanisms 
and outcomes of antihypertensive drugs and 
other supportive therapeutics in the clinical 
management of COVID-19 are described in the 
following sections.

Antihypertensive drugs
The dual characteristics of the RAS make it 
potential for the treatment of COVID-19 patients 
through inhibiting the deleterious arm of RAS, 
ACE/Ang II/AT1R pathway or upregulating the 
expression of beneficial arms such as ACE2/Ang 
(1-7)/MasR and ACE2/Ang (1-9)/AT2R pathway 
99. Various types of ACE2 expression-enhancing 
agents, commonly known as antihypertensive 
drugs, including angiotensin-converting enzyme 
inhibitors (ACEIs), angiotensin type 1 receptor 
blockers (ARBs), direct renin inhibitors (DRIs), 
and calcium channel blockers (CCBs) 100. Many 
scientists debated the applications of ACE2 
expression-enhancing agents. They hypothesized 
that upregulation of ACE2 expression might 
increase the susceptibility of SARS-CoV-2 
infection or worsen the physical conditions of 
severe COVID-19 patients by facilitating viral 
invasion in ACE2-available organs and increasing 
the risk of acute kidney disease 4,5,12,101,103.
 In contrast, several studies advocated the 
protective role of upregulated ACE2 expression. 
The upregulation of ACE-2 expression 
attenuates viral-induced lung injury, the cause 
of acute respiratory distress syndrome (ARDS) 
in COVID-19 patients by counteracting the 
deleterious effects of increased Ang II level 
in lungs 8,73-75,104. Additionally, it is suggested 



that ARB could prevent SARS-CoV-2 viral 
entry and could be a potential therapeutic for 
COVID-19 patients before the development of 
acute lung injury. ARB prevents viral access 
by stabilizing ACE2-AT1R complexes, which 
may inhibit the viral protein interaction with the 
ACE2 receptor, while losartan may interrupt the 
internalization, proteolysis, and ubiquitination 
of ACE2 19,104. However, in this dilemma, many 
scientific societies cautioned that discontinuation 
of antihypertensive drugs might accelerate 
the severity of chronic diseases and higher 
mortality in COVID-19 patients 21,105. Besides, 
the administration of ACEIs and ARBs has been 
approved in many chronic disease managements, 
including hypertension, cardiac failure, myo-
cardial infarction, and diabetic nephropathy 4,100.
 Generally, it is known that ACE2 counter-
balances the pathological role of Ang II or ACE 
by producing Ang (1-7) and Ang (1-9) 4,12. The 
general mechanism of ACEIs and ARBs is the 
inhibition of ACE and the AT1R, respectively, 
whereas both RAS blockades may induce the 
ACE2 mRNA expression. That leads to the 
retirement of Ang II synthesis and the prevention 
of the binding operation between Ang II and 
AT1R, results in an increasing volume of Ang (1-
9) from enhanced Ang I level and the upregulation 
of vasodilator Ang (1-7), successively 60. Several 
clinical studies demonstrated the protective 
role of RAS blockade with ACEIs and ARBs 
in chronic disease patients. ACEI and ARB 
mollified hypertension and cardiovascular 
damage such as myocardial infarction, left 
ventricular hypotrophy, congestive heart fail-
ure, coronary artery disease, cardiac fibrosis, 
diastolic dysfunction, and reduced mortality 
and morbidity from cardiovascular diseases 
counteracting the adverse effects of Ang II on the 
heart 58,106. In addition to that, these agents also 
significantly reduced the risks of diabetes and 
diabetic-related complications such as diabetic 
nephropathy, microproteinuria, albuminuria, 
ESRD by improving pancreatic cells functions, 
insulin signaling, insulin resistance, and renal 
functions; increasing insulin secretion, glucose 
tolerance, and glucose uptake in peripheral 
tissues; and lowering blood pressure 58,107-110. A 

list of common RAS blockades and their role in 
chronic disease management is given in Table 1.
However, ACEIs exhibited a variable result 
in many cases compared to ARBs and other 
RAS inhibitors, although both ACEIs and 
ARBs manifested an equipotential role in 
cases of BP lowering. ACEIs but not ARBs 
showed a significant reduction in total 
mortality, cardiovascular mortality, non-fatal 
MI, and higher efficiency in stroke patients 111. 
Furthermore, ACEI showed better performance 
than ARB in cardiovascular health improvement 
and renal disease prevention 112,113. However, both 
ACEIs and ARBs had prevented left ventricular 
hypotrophy, enhanced several folds of Ang (1-9) 
level in plasma, and improved hyperglycemia by 
stimulating ACE2 expression in the investigation 
ACE2 expression upregulation 55-56,114. Although 
ACEIs and ARBs showed significant efficiency 
in chronic disease management, various 
adverse effects were reported in many cases, for 
example, treatment with synthetic ACEIs might 
be responsible for hypotension, hyperkalemia, 
syncope, persistent cough, skin rashes, renal 
dysfunction, fetal abnormalities, taste distur-
bance, angioedema, and enhanced calcium level, 
urine nitrogen, creatinine in the blood 115,116. 
However, taking into account the advantages 
and disadvantages of these drugs, more elucidate 
investigations are required to ensure the safe 
administration of RAS blockers. 

Other chemosynthetic drugs
For managing diabetes, insulin therapy practiced 
since 1921 became highly expensive and 
challenging for COVID-19 patients with diabetes 
to continue for a longer duration. To overcome this 
limitation, many other synthetic hypoglycemic 
drugs such as α-glucosidase inhibitors, insulin 
sensitizers, insulin secretagogues, DDP-
4 inhibitors, the GLP-1 analogues, and the 
meglitinides have been suggested 117. However, 
these chemically synthesized oral hypoglycemic 
drugs showed various pernicious effects in 
diabetic patients, such as altering biochemical 
mechanisms, flatulence, abdominal cramping, 
vomiting, diarrhoea, gastrointestinal hepatic 
disorder, and severe joint pain and disability 



Table 1. Antihypertensive drugs and their protective role in chronic diseases management

Group Mechanism Drugs Outcomes Ref.
ACEI ACE 

Inhibition
Captopril Decreases aldosterone production, prevents 

bradykinin breakdown, lowers blood pressure, 
enhances ACE2 expression, renal vasodilation, 
and early-phase insulin secretion; and 
reduces the risk of diabetic nephropathy and 
microalbuminuria

52, 93, 
111, 190

Lisinopril Enhances ACE2 mRNA expression, serum renin 
activity, and coronary blood flow; improves 
myocardial perfusion reserve, maintains ACE/
ACE2 balance, prevents proteinuric chronic 
kidney diseases and diabetic nephropathy

7, 52, 
191, 192

Enalapril Lowers high BP, prevents heart failure, 
hypertension, and diabetic nephropathy

193

Ramipril Reduces the risk of CVDs, prevents diabetes 
and diabetic complications in the kidney

92-93

Perindopril Improves cardiovascular remodeling, endo-
thelial functions, reduces BP, and protects 
blood vessels

85, 194, 
195

Quinapril Improves vascular sensitivity, endothelial 
functions, reduces the risk of ischemic 
stroke, non-fatal myocardial infarction, and 
cardiovascular death, prevent microalbuminuria

107, 196

ARB A1TR 
blocking

Losartan Retards prothrombotic activity of Ang (1-
9), reduces BP, interrupts the internalization, 
proteolysis, and ubiquitination of ACE2, 
increases ACE2 expression

191, 
197, 198

Olmesartan Reduces BP, enhances urinary ACE2 level, 
prevents microalbuminuria

199, 200

Telmisartan Inhibits inflammation, decreases cholesterol 
level

201

Irbesartan Lowers BP and decreases progressive renal 
diseases in diabetic patients

202

Eprosartan Significantly reduces systolic-diastolic BP and 
pulse pressure with lower side effects

203

Candesartan Increases early-phase insulin secretion, 
insulin-mediated glucose disposal, and plasma 
adiponectin concentrations; and decreases 
blood pressure

204, 205

117-120. Recently, WHO approved the trial of 
dexamethasone in critically ill COVID-19 
patients, a corticosteroid treatment, which 
reduces the pro-inflammatory responses and 

prevents cytokine storm induced by SARS-
CoV-2 infection, results in a significant reduction 
of mortality in patients with COVID-19 from 
acute lung injury and multi-organ dysfunction 



24,121-122. Corticosteroid drugs, however, have 
many adverse effects such as the development of 
hyperglycemia, hypokalemia, risk of secondary 
infections, and risk of reactivation of dormant 
viruses including hepatitis B, herpesvirus, and 
other infections. Furthermore, corticosteroids 
treatment delayed the viral clearance during 
SARS and MERS outbreaks and showed an 
association with higher mortality in SARS-
CoV patients 23,24. Considering the side effects 
of chemosynthetic antihypertensive drugs, 
anti-inflammatory corticosteroids, and oral 
hypoglycemic, along with high insulin therapy 
expenses, it requires discovering a cost-effective, 
safer alternative for the treatment of severely ill 
patients with COVID-19 infection and chronic 
disease complications 117,123.

Prospects of food-originated bioactive pep-
tides in COVID-19 treatment 
Research trends currently focus on exploring 
naturally originated bioactive components to 
ensure a safer and cost-effective alternative 
approach to chronic disease management 
and mitigation of mortality and morbidity 
in COVID-19 patients. Generally, naturally 
originated, especially food-derived bioactive 
components such as bioactive peptides, are 
believed to be safer and showed comparable 
efficiency to synthetic therapeutics by improving 
health status and preventing chronic diseases 
without detrimental effects 118,124. Various 
bioactive peptides have been identified in many 
food substances from animal and plant sources 
(Table 2). Food-derived bioactive peptides 
remain intact in raw materials, and the breakdown 
of the primary structure of the protein leads to the 
isolation of the desire bioactive peptides. Various 
protein breakdown processes are involved in 
releasing bioactive peptides such as enzymatic 
hydrolysis, fermentation, gastrointestinal diges-
tion, or other food processing techniques 29, 

125-127. Several studies reported the multiple 
beneficial activities of these bioactive peptides 
such as antihypertensive, anti-diabetic, anti-
inflammatory, antioxidant and anti-thrombotic, 
antimicrobial, anti-coagulant, anti-adhesive, 
anti-cancer immune-stimulating, mineral bind-

ing, cholesterol-lowering, anti-obesity, anti-
genotoxic, and opioid properties 30,127-129. Various 
food-originated peptides and their potency in 
chronic disease management are provided in 
Table 2.
 Successful production and beneficial activities 
of these bioactive peptides depend on several 
attributes. In general, the production of these 
specific peptides through either hydrolysis or 
fermentation relies on proteolytic enzyme and 
microbes used, temperature, the required time 
during hydrolysis and fermentation, enzyme: 
protein ratio, proteolytic starter culture, and 
inoculum levels 118,130-131. The functional activities 
of these bioactive peptides largely depend on 
peptide size (chain length), amino acid profile 
and sequence, molecular weight, net charge, and 
hydrophobicity 118,126,130,132. Many researchers 
discovered the basic structure of these bioactive 
peptides, and they described that these peptides 
are short length-amino acids sequence containing 
2-12 amino acids 32, composed of acidic amino 
acids (Asp and Glu), basic amino acids (lysine 
and arginine), and hydrophobic amino acids 
(phenylalanine, valine, isoleucine, leucine, 
proline, and tryptophan) 131,133. It is reported that 
dipeptides and tripeptides are absorbed more 
efficiently than a larger chain of peptides and 
showed approximately ten times faster absorption 
rate compared to the equivalent amount of free 
amino acids 134.
 Besides, the hydrophobicity of bioactive 
peptides directly determines the functional 
activities of these bioactive peptides. For 
example, the presence of hydrophobic amino 
acids or positively charged amino acids such as 
proline at C-terminal and branched amino acids 
at N-terminal of these peptides showed a higher 
potentiality of ACE-inhibition or anti-oxidation 
activities 43,135-137. In addition, various studies 
reported that the presence of sulfhydryl group or 
sulfur-containing amino acids such as cysteine, 
arginine in those peptides leads to a reduction of 
oxidative stress by stimulating NO release and 
free radical scavenging activity of thiol group of 
cysteine, which results in antioxidant activities 
and antihypertensive activities 133. Thus, the 
functional mechanisms of these bioactive 
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peptides may differ from their targets and their 
molecular structure. According to the functional 
properties, these peptides can be categorized 
as disease preventive and immunomodulatory 
peptides, which will allow the application of 
specific peptides for specific purposes.

Preventive actions of food-derived bioactive 
peptides against chronic disease
COVID-19 patients with chronic disease history 
are prone to severe illness and higher mortality. 
Therefore, chronic disease management is 
urgently required for minimizing the fatal cases 
in COVID-19 patients. Furthermore, several 
food substances are available with valuable 
disease preventive bioactive peptides (Table 2), 
which could be a potential approach for chronic 
disease management in COVID-19 patients. 
Furthermore, it is known that hypertension and 
diabetes are the key factors of several severe 
diseases, and the prevalence of hypertension 
and diabetes is higher in COVID-19 patients. 
For that reason, we prospect that prevention of 
hypertension and diabetes can reduce the risk of 
other comorbidities occurrence and minimize the 
severity and fatality rate in COVID-19 patients.

ACE-inhibitory effects
Food-derived peptides are very familiar for the 
ACE-inhibitory or antihypertensive effects. 
Numerous investigations have identified and 
isolated ACE-inhibitory peptides from various 
food substances and observed highly significant 
outcomes in several pre-clinical studies (Table 
2). The mechanism of ACE-Inhibition of these 
bioactive peptides has been demonstrated in 
several studies. Molecular docking studies 
on ACE revealed that it has three active site 
pockets, including the S1 pocket (Ala 354, Glu 
384, and Tyr 523), S2 pocket (Gln 281, His 
353, Lys 511, His 513, and Tyr 520), and S1′ 
pocket (Glu 162) and a Zn2+ ion presence at the 
active site of ACE, which has a harmonization 
with His383, His387, and Glu411 138,139. Many 
studies reported that similar to antihypertensive 
drugs, numerous peptides, such as TNLDWY, 
RADFY, RVFDGAV, TNGIIR, GHIITVAR, 
and other peptides, interact with the three active 

site pockets, Zn2+ ion and His383 of the active 
site of ACE, by forming hydrogen bonds that 
contribute to the development of enzyme-peptide 
complex results in inhibition of ACE and its 
activities 140,142. Through inhibiting the functional 
activities of ACE, antihypertensive peptides 
may facilitate the upregulation of beneficial Ang 
(1-7) and Ang (1-9), which have a wide range 
of preventive actions against cardiopulmonary 
and renal dysfunctions, including cardiac fibro-
sis, cardiovascular remodeling, pulmonary vas-
cular remodeling, pulmonary fibrosis, renal 
hypertension 9,57,143.
 The antihypertensive activities of ACE-inhi-
bitory peptides have been proved in several 
animal studies. One study reported that egg-
derived bioactive peptides significantly reduced 
the Ang II level by inhibiting the ACE expression 
and many other mechanisms. Jahandideh and 
his colleagues 41 evaluated the impacts of egg 
white hydrolysates (EWH) on spontaneously 
hypertensive rats (SHR) and showed that EWH 
significantly reduced aortic nitrosative stress by 
improving NO bioavailability and vasorelaxation 
in the vasculature. EWH also significantly 
decreased the Ang II level by reducing AT1R 
expression and stimulating enhanced AT2R 
expression without changing the expression of 
ACE2. In addition to that, Majumder et al. 43,44 
identified three peptides IRW, IQW, and LKP, from 
ovotransferrin hydrolysate. They demonstrated 
that these peptides significantly reduced BP and 
Ang II synthesis by preserving normal cardiac 
responses without any remarkable changes in the 
bodyweight of SHRs. Furthermore, a high dose 
of IRW significantly reduced tissue fibrosis in the 
kidney and aortas by decreasing type I collagen 
accumulation 44. Besides, IQW and IRW also 
increased NO-mediated vasodilation, prevented 
target organ damage from hypertension, 
improved endothelial functions through the 
enhanced expression of eNOS in vascular tissue, 
and decreased nitrosative stress in SHRs.
 Additionally, IQW and IRW also exhibited 
antioxidant and anti-inflammatory effects 
in SHRs 43. IQW reduced the inflammatory 
adhesion molecule-1 (ICAM-1) expression 
and significantly reduced nitrotyrosine levels 



in the aorta. At the same time, IRW limited 
the expression of pro-inflammatory cytokines, 
interleukin-6 (IL-6), and TNF-induced monocyte 
chemoattractant protein-1 (MCP-1), vascular cell 
adhesion molecule-1 (VCAM-1), and ICAM-
1expression in vascular tissue and endothelial 
cells. Again, IRW restored the impaired circadian 
variations in BP that may protect from cardiac 
injury and cardiovascular mortality 43,44.
 Furthermore, several studies on hypertensive 
rats described the BP-lowering effects of ACE-
inhibitory peptides. Among them, an animal 
study with marine-originated antihypertensive 
peptides demonstrated that a single dose of 
marine-derived peptides (10 mg/kg of BW) 
showed similar antihypertensive activities to 
Captopril, a commercial antihypertensive drug 
by successful suppression of SBP in SHRs 
144. Another review study suggested the ACE 
inhibitory peptides able to reduce blood pressure 
in rats with minimal concentrations (such as 
a single dose of edible mushroom-derived 
peptides at 1 mg/kg BW and bitter melon seed-
derived peptides at 2mg/kg BW) showed strong 
BP-lowering effects in SHRs 31. Also, it is 
believed that milk lactoferrin-derived peptide 
RPYL prevents the detrimental activities of 
Ang II by antagonizing AT1R 145. Besides, milk 
casein-derived peptides VPP and IPP improved 
vascular endothelial function, increased eNOS 
mRNA expression and NO production, and 
prevented inflammation by inhibiting leukocyte-
endothelial interactions, results in reducing the 
risk of hypertension, endothelial dysfunction, 
inflammation, and cardiovascular disease 146,147. 
Numerous studies were conducted on food-
derived peptides as a potential alternative to 
chemosynthetic antihypertensive drugs due to 
their low IC50 values during ACE-inhibition. 
For example, several studies reported very 
lower IC50 value of ACE-inhibitory peptides, 
such as milk protein-derived peptides: LIWKL 
(0.47 mM), QSLVYPFTGPI (4.45 mM), 
ARHPHPHLSFM (4.27 mM), and MKP (0.3 
mM) 148; hen egg-white lysozyme (HEWL)-
derived peptide, NTDGSTDYGILQINSR (4.9 
mM) 149; wheat germ-derived IVY peptide 
(0.48 mM) 150; sesame seed-derived peptide, 

GHIITVAR (3.6 mM) 142; Ginkgo biloba seeds-
derived peptides, RVFDGAV (1.006 mM) 140; 
PSGQYY peptide from corn gluten (0.1 mM) 
151; and mung bean protein hydrolysate (0.62 
mg·cm-3) 152. The lower IC50 of the peptides 
indicates their higher potency in ACE-inhibition 
and emphasizes their potentiality as a fruitful 
alternative to antihypertensive drugs. The higher 
potency and multiple beneficial roles of ACE-
inhibitory peptides prevent hypertension and 
prevent inflammation-induced lung injury and 
hypertension-induced cardiovascular, cerebro-
vascular, and renal diseases. 

Anti-diabetic effects
Several food-originated bioactive peptides 
showed different mechanisms in preventing 
hyperglycemia, diabetes through the inhibition 
of α-amylase, α-glucosidase, and dipeptidyl 
peptidase-IV (DPP-IV) 118,153. The α-amylase 
and α-glucosidase are relevant to carbohydrate 
digestion, while α-amylase available in saliva 
and pancreatic secretion, which converts oligo-
saccharides to disaccharide maltose. On the 
other hand, α-glucosidase is an exo-carbohydrate 
found in the brush border of the enterocytes of 
the jejunum, which leads to an upregulation of 
glucose level in plasma by releasing absorbable 
monosaccharides from complex carbohydrate 
molecules and leading to intestinal absorption. 
Another enzyme, DPP-IV, is responsible for 
reduced insulin secretion and glycemic imbalance 
by inactivating incretin hormones, GIP and 
GLP-1, which are responsible for increased 
postprandial insulin secretion, inhibition of 
glucagon release, delayed gut evacuation, 
modulation of appetite, and maintenance of 
glycemic homeostasis 118,154,155.
 Various studies reported that bioactive peptides 
from multiple food substances, milk 156,157 and egg 
158,159, are well-recognized as natural inhibitors of 
α-glucosidase and DPP-IV enzymes. Moreover, 
many investigations identified α-glucosidase 
inhibitory peptides from many vegetables, soft 
fruits, fish, DPP-IV inhibitors from rice bran, 
corn, and amaranth; and α-amylase inhibitory 
peptides from barley prolamin, egg albumin, 
and fermented soymilk 118,153,160. The molecular 



structure of DPP-IV exhibits that it has two 
active site pockets, S1 (Tyr631, Val656, Trp659, 
Tyr666, and Val711 residues) and S2 (Arg125, 
Glu205, Glu206, Phe357, Ser209, and Arg358 
residues) 161. In addition, many food peptides 
can interact with both the hydrophobic S1 and 
charged S2 active site pockets of DPP-IV through 
the development of salt-bridges, hydrophobic 
interactions, and hydrogen bonds 135. At the same 
time, a study on natural inhibitors from black 
bean showed that the DPP-IV inhibitory peptides 
bound to the catalytic site were with Asp192, 
Glu192, and Arg253 residues; α-glucosidase 
inhibitors interacted with ASP34, THR83, and 
ASN32 residues; and α-amylase inhibitors 
with Tyr151, His201, and Ile235 on α-amylase 
162. Generally, it is known that α-glucosidase 
inhibitory peptide interacts with the catalytic 
site through developing hydrogen bonds and 
electrostatic interactions; and similar to ACE-
inhibitory peptides, α-glycosidase inhibitory 
peptides are composed of sulfur-containing 
amino acids and hydrophobic amino acids and 
exhibit α-glycosidase inhibitory actions 163.
 A study on black bean peptides showed that 
the peptides declined the glucose absorption 
from gastrointestinal tracts, leading to reduced 
postprandial glucose level and reduced the risk of 
hyperglycemia by interfering with the expression 
of glucose transporters SGLT1 and GLUT2 and 
DPP-IV activities 45. Reports on milk-derived 
α-glucosidase and DPP-IV inhibitors and 
whey protein hydrolysate reduced postprandial 
hyperglycemia and hyperinsulinemia, improved 
glucose uptake, stimulated prolonged insulin 
response by enhancing GLP-1 secretion and 
inactivating carbohydrolases, and increased 
insulin secretion in obese and diabetic mice 118, 

164. Animal studies on black eye-bean peptides 
isolated from Vigna unguiculata legume showed 
that the peptides improved glucose metabolism 
by significantly reducing glucose levels in the 
blood and induced insulin-signaling pathways 
in skeletal muscle cells (L6) via phosphorylation 
of Akt 165. Several studies on streptozotocin-
induced diabetic mice showed that oat-derived 
peptides induced insulin secretion, increased 
insulin sensitization, and reduced appetite, 

wherein shark liver-derived peptides protected 
insulinoma b-cell line or NIT-1 cells damage, 
results in a significant reduction of glucose level 
in the blood 166-167. Another study on high-fat-
fed rats fed with cod protein demonstrated an 
improved glucose tolerance, insulin sensitivity 
42,168. Besides, egg-derived IRW peptide uplifted 
insulin resistance, reversed Ang II-induced 
impaired insulin signaling pathway, GLUT4 
translocation, and insulin augmented-glucose 
uptake reduction in rat muscle L6 cells 169.
 Several studies reported many anti-diabetic 
peptides showed lower IC50 value for α-glucosidase 
inhibition, such as sardine muscle hydrolysates 
derived peptides: VW (22.6 mM) and YYPL (3.7 
mM); β-lactoglobulin (3.5 mg/mL), whey protein 
hydrolysates (4.5 mg/mL), and a low molecular 
weight (<3 kDa) peptide isolated from Asian 
pumpkins showed the inhibitory activities with 
IC50 value, 2.0 mg/mL 156,157,170. In addition, Yu 
and his colleagues 159 showed that egg albumin-
derived RVPSLM (23.07 µmol/L), TPSPR (40.02 
µmol/L), and KLPGF (59.5 µmol/L) showed 
significant α-glucosidase inhibitory activities 
compared to therapeutic AGI drug acarbose (IC50 
value = 60.8 µmol/L). Interestingly, egg albumin-
derived KLPGF peptide also showed α-amylase 
inhibitory activity with an IC50 value of 120.0 ± 
4.0 µmol/L.
 On the other hand, Patil et al. discussed the 
relationship between molecular weight and 
DPP-IV inhibition in their review article and 
showed that low molecular weight (<10 kDa) 
peptides might have higher DPP-IV inhibitory 
properties. For example, they found that F-1 
fraction separated from ultrafiltration (UF) 
fraction (within <1 kDa) of Atlantic salmon skin 
gelatin showed approximately 68 % inhibition of 
DPP-IV with an IC50 value of 0.57 mg/mL, and 
2 kDa permeate from whey protein hydrolysate 
fractions inhibited DPP-IV with the IC50 value of 
0.48 mg/mL. Additionally, 10-kDa UF fraction 
of East Asian azuki bean hydrolysate showed 52 
% inhibitory activities against DPP-IV with an 
IC50 value of 1.0 mg/mL and larger than 10-kDa 
fraction of tryptic digested amaranth inhibited 
DPP-IV with IC50 values at the range from 1.0 
to 1.6 mg/mL. Interestingly, the highest DPP-



IV inhibitory activities had been obtained from 
pepsin digested whey protein hydrolysate 118. 
A similar observation has been found in the 
case of ACE-inhibition, whereas they showed 
low-molecular-weight peptides easy access 
to the bloodstream after intestinal absorption 
and directly inhibited ACE via the interaction 
with active sites of ACE, which may result in a 
reduced level of Ang II 133. 

Possible immunostimulatory and anti-inflam-
matory effects of the food peptides against 
COVID-19
SARS-CoV-2 infection is responsible for 
immune dysfunction and inflammation, 
leading to autoimmune disease in COVID-19 
patients. In addition, it is reported that SARS-
CoV-2 may lead to abnormalities in cellular 
and humoral immunity, reduced the number of 
immunomodulatory spleen cells, CD4+, and the 
level of anti-inflammatory complement, C3; and 
increased the pro-inflammatory cytokine IL-6 
levels, results in contributing to severe illness and 
higher mortality in SARS-CoV-2 infected patients 
171,172. For that reason, the prevention of immune 
dysfunction and inflammatory responses and the 
improvement of the immune system is crucial for 
COVID-19 patients. Fortunately, several food 
substances are compact with immunostimulatory 
peptides (Table 2), along with some suggested 
alternative therapeutic options 27,173,174.
 These food-originated bioactive peptides 
stimulate the immune system through the 
acceleration of macrophage phagocytosis; 
enhancement of natural killer cell functions; 
modulation of inflammatory responses by 
enhancing anti-inflammatory cytokine, IL-
10 and inhibiting pro-inflammatory cytokines 
including IL-6, IL-12, IL-1β, IFN-γ, and TNF-α 
release; activation of MAPK and transcription 
nuclear factor NF-kB-dependent pathways; 
stimulation of T and B lymphocyte production, 
NO and immunoglobulins release, cytotoxicity 
of spleen cells (CD4+, CD8+, CD11b+, and 
CD56+); and IgA producing mucosal cells of the 
gut 175-177. Thus, through the mechanisms, food-
derived immunostimulatory peptides augment 
the immune functions and prevent inflammation, 

which may protect COVID-19 patients from 
autoimmune disease and autoinflammation. 
Beyond the immunostimulation, other multi-
functional properties of food peptides, including 
anti-inflammatory, antioxidative, antidiabetic, 
antihypertensive, anti-thrombotic, antimicrobial, 
cholesterol-lowering, and mineral binding 
capacity, contribute to the development of 
a strong immune system to survive against 
several chronic and infectious diseases 126. The 
fundamental mechanisms of chronic disease 
prevention and immunostimulation of food-
derived bioactive peptides are summarized in 
Fig. 3. Altogether, food-originated bioactive 
peptides prevent hypertension, diabetes, lung 
injury, cardiovascular diseases, and renal diseases 
and improve the immune system by attenuating 
immune dysfunction and dysregulation of the 
RAS, modulating inflammatory responses, 
improving glycemic balance, and regulating 
several biochemical mechanisms and body 
functions. Therefore, it is assumed that these 
beneficial roles may enhance the survivability 
and vitality of COVID-19 patients with chronic 
disease complications, and these peptides may 
have a tremendous potentiality in the treatment 
of COVID-19 patients.

Updates on food-derived bioactive peptides in 
clinical study
Numerous in-vivo studies supported the higher 
safety and efficacy level of various bioactive 
peptides in many experimental models. However, 
scientists are emphasized safe and efficient 
treatment to remedy chronic complications in 
SARS-CoV-2 infected patients. There is no study 
conduct on applying food-derived bioactive 
peptides on COVID-19 patients. A few recent 
studies advocated for the application of bioactive 
peptides in chronic disease management. A double-
blind, randomized, placebo-controlled trial on 
ninety healthy volunteers demonstrated that a daily 
intake of casein-derived ACE inhibitory peptide, 
MKP at a dose of 1000 μg for four weeks did not 
alter blood pressure and urine parameters, which 
indicates its potency in as a safe treatment against 
hypertension and cognitive decline 178. Another 
double-blind, randomized study evaluated the 



safety and efficacy of collagen-derived peptides 
and recommended daily dosage of 5 g collagen 
peptides for T2D management. They also 
documented that 5 g of collagen peptide intake for 
three months significantly reduced Glycosylated 
Hemoglobin (HbA1c) and fasting glucose levels in 
the blood, and remarkable improvement in insulin 
sensitivity 179.
 Another human trial on hemp seed protein and 
hydrolysate demonstrated that a daily intake of 
50 g hemp-based dietary protein significantly 
reduces blood pressure in 35 hypertensive patients 
without any adverse effects 180. Interestingly, 
another clinical trial demonstrated that a high egg 
diet (2 eggs/d) did not show any adverse outcomes 
in fasting glucose level (HbA1c) and lipid profile, 
especially HDL cholesterol, LDL cholesterol, 
triglycerides content, which are involved 
in developing cardiovascular pathogenesis 
181. Korhonen enlisted the dose, dosage, and 
outcomes of several clinical trials of milk-derived 

peptides, VPP and IPP, and described that these 
peptides significantly reduce blood pressure (1.5-
14.0 mm Hg reductions of SBP and 0.5-6.8 mm 
Hg reductions of DBP) 182. However, this study 
does not recommend any dose and dosage for a 
clinical trial or dietary consumption for chronic 
disease management. Instead, this review aims to 
enlighten the potency of food-derived bioactive 
peptides in chronic disease management in 
COVID-19 patients. Therefore, it requires a more 
elucidate study to determine the dose and dosage 
for a safe and efficient clinical application in 
COVID-19 patients.

Limitations of food-derived bioactive peptides 
and possible solutions 
Although food-derived bioactive peptides have 
multiple beneficial roles in chronic disease 
prevention and immunity development, there is 
minimal research on applying these bioactive 
peptides in humans. However, few investigations 

Figure 3. Disease preventive and immunomodulatory effects of different food-derived bioactive 
peptides. Note: Various food-derived bioactive peptides such as antihypertensive peptides primarily 
inhibit ACE and prevent hypertension; anti-diabetic peptides inhibit the functions of carbohydrolases, 
DPP-IV, interfere with glucose transporters and prevent diabetics; and immunomodulatory peptides 
prevent inflammatory cytokines release, induce NO production, promote phagocytosis, and activate 
immuno-stimulatory pathways that ultimately improve the immune system



on the oral bioavailability of bioactive peptides 
showed that orally administrated peptides loss 
their functional properties due to hydrolysis and 
chemical transformation in the gastrointestinal 
tracts, interactions with enzymes present in the 
gut and blood plasma or intracellular peptidases, 
interactions with gastric fluids, modification in 
the liver, efflux from endothelial cells, mucus 
layer blockade, and insufficient absorption 183-

186. However, many researchers demonstrated 
that low molecular weight-shorter peptides-
containing proline and hydroxyproline such 
as tripeptides with proline at C-terminal could 
resist the degradation process in gastrointestinal 
tracts allowing them for easy absorption from 
the intestine and direct interaction with the target 
receptors 185,187-189.
 A microencapsulated approach can mask these 
limitations of applying bioactive components 
effectively. This approach can enhance the 
stability, bioavailability, and delivery into 
systemic circulations of encapsulated bioactive 
peptides. Microencapsulation of bioactive pep-
tides protects the sensitive molecules during 
gastrointestinal digestion and absorption in the 
intestine 31,32. In an animal study on encapsulated 
peptide administration, fish-derived ACE-inhi-
bitory peptides, LKP in encapsulated form 
showed significant antihypertensive impacts in 
SHRs 186, indicating a stable and efficient peptide 
delivery through the encapsulation, which offers a 
promising technique in the pharmaceutical study. 
However, as the literature on clinical trials of 
food-originated bioactive peptides is insufficient, 
further clinical studies allocating appropriate 
human subjects are required. Based on the 
positive outcomes in pre-clinical experiments, we 
anticipate that food originated bioactive peptides 
could be a potential alternative to conventional 
synthetic therapeutics. Therefore, the food-
derived bioactive peptides application deserves 
a more extensive study to minimize the severity 
of chronic diseases in COVID-19 patients or as a 
preventive tool of many chronic disease risks.

Conclusion
The SARS-CoV-2 infection leads to the RAS 
dysregulation that may contribute to the 

development of several physical complexities and 
chronic diseases. The occurrence and prevalence 
of chronic diseases turn into severe illness and 
higher mortality in COVID-19 patients. With 
the insufficiency of vaccines compared to the 
global demand and evolution of new variants, 
there is still a risk of SARS-CoV-2 infection. 
In this perspective, many physicians prescribe 
various chemosynthetic drugs for chronic disease 
management in COVID-19 patients, which may 
cause other refractory complications. In order 
to establish a drug-free, safe, and cost-effective 
treatment for COVID-19 patients with chronic 
comorbidities, food-derived multifunctional bio-
active peptides application could be a promising 
approach. Compared with chemosynthetic drugs, 
different food substances-derived bioactive 
peptides showed higher efficacy in preventing 
pathological events associated with several chronic 
diseases, including hypertension, diabetes, and 
inflammation. Moreover, the immune-stimulatory 
effects of the bioactive peptides may enhance the 
survivability and vitality of COVID-19 patients. 
Considering the clinical, pre-clinical evidence, we 
anticipate that food-derived bioactive peptides can 
be a preventive measure and immune-stimulating 
agent for improving the survival of COVID-19 
patients.
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