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SARS-Cov-2 is the culprit behind the acute respiratory syndrome COVID-19. Immunopathological mechanisms
that cause excessive inflammation and neutrophil activation cause this syndrome. Neutrophils are crucial for the
removal of viruses and other infectious agents. This study aims to comprehensively examine the relationship between
elastase enzymes and COVID-19, as well as natural resources as elastase inhibitors. The literature was searched using
electronic databases such as Directory Open-Access Journal, Google Scholar, National Health Institute, PubMed,
ScienceDirect, and Web of Science between October 2021 and August 2022. This narrative review article highlights
some aspects of the relationship between elastase and COVID-19, including the general pathophysiology of
COVID-19, protease enzymes and protease inhibitors, neutrophil extracellular traps (NET), NET cell death, elastin
and desmosine, elastase and antielastase, elastase and thrombin, elastase and angiotensin-converting enzyme 2
(ACE2), elastase and cathepsin C, correlation of elastase and COVID-19, COVID-19 therapy, and natural products

resource as elastase inhibitors.

1. INTRODUCTION

After first appearing in China in late 2019, the severe acute respiratory
syndrome coronavirus 2 disease (SARS-CoV-2) known as COVID-19
caused a significant global outbreak and public health issue [1].
Globally, weekly new cases in the week of 5-11 December 2022
remained stable (+2%) compared to the previous week, with over
3.3 million new cases reported. The number of new deaths each
week increased by more than 10% compared to the previous week,
with over 9700 new deaths reported. On December 11, 2022, it had
over 645 million confirmed cases and more than 6.6 million deaths
worldwide [2]. This disease is caused by two coronaviruses, bat-
SL-CoVZ(C45 and bat-SL-CoVZXC21, which are closely related to
bats [3]. The virus was initially referred to as the novel coronavirus
(2019), later renamed SARS-CoV-2 [4]. The virus is thought to have
an average incubation period of 6.4 days and spreads through droplets
or direct contact [5]. Fever, coughing, and the presence of Ground-
glass opacity on chest computed tomography examination were the
most frequently reported symptoms [3]. Until now, several variants
are still infecting various countries, including alpha (first country
detected in United Kingdom), beta (First country detected in South

*Corresponding Author:

Yesi Desmiaty,

Department of Phytochemistry, Pharmacy Faculty, Pancasila University,
Jagakarsa, South Jakarta, Indonesia. E-mail: yesi.desmiaty (@ univpancasila.ac.id

Africa), gamma and zeta (First country detected in Brazil), epsilon
(First country detected in USA), eta (First country detected in Nigeria),
theta (First country detected in The Philippines), iota (First country
detected in USA), delta and kappa (First country detected in India),
lambda (First country detected in Peru), mu (First country detected in
Colombia) dan omicron (first country detected in Botswana, Germany,
South Africa, and India) [6].

Although remdesivir [7,8] and glucocorticoids have shown promise in
treating COVID-19 [9], there are few effective treatments available.
Various efforts have been made to anticipate this pandemic, including
preventing the spread of the virus and vaccine development. Although
SARS-CoV-2 is currently the subject of a preventive or curative vaccine,
research into this virus must still be done to control the outbreak better.
One of the research targets is to study various pathophysiological
processes that arise in COVID-19. Acute respiratory distress syndrome
(ARDS), a severe condition occurring after direct or indirect lung
injury, is one type of the syndrome in COVID-19. There is no definitive
pharmacological therapy; supportive care is the cornerstone of treatment.

In patients infected with COVID-19, there is often an increase in
elastase levels in the airways, so an alternative is needed to reduce
elastase levels. Several natural product compounds have been shown
to have activity as elastase inhibitors, although so far, they have only
limited in silico, in vitro, and in vivo tests. Therefore, it is fascinating
to conduct a more in-depth study to prove the potential of natural
ingredients as elastase inhibitors in handling COVID-19.
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Elastase is a proteolytic enzyme found in smooth muscle tissue, particularly
in the lungs. In respiratory diseases with a marked inflammatory response,
the ratio of proteolytic enzymes to their inhibitors is frequently not neutral.
In several clinical conditions, increased elastase in COVID-19 patients
damages tissue and interferes with the remodeling process [10,11].
However, since neutrophils are essential for the innate immune response,
they interact in the protection against infections. Serine proteases
(proteinase 3, cathepsin G, and elastase), which are proteolytically active
enzymes that can decompose a wide range of extracellular matrix proteins,
including fibronectin, elastin or collagen, which give tissues physical
support and stability, are released into the extracellular space as a result of
neutrophil activation and degranulation. Elastase is one of the neutrophil-
derived proteases that can regulate the activity of inflammatory cytokines
by triggering the immune system [12-15].

Therefore, it can be viewed as an alternative in terms of treatment
and an attempt to provide some background to inform future clinical
guidance. In addition, it is hoped that using natural product resources
in conjunction with a sustainable research methodology and referring
to current research findings as “elastase inhibitors” will help combat
these infectious diseases. This paper aims to comprehensively examine
the elastase and COVID-19 relationship and potential natural resource
as elastase inhibitors.

2. MATERIALS AND METHODS

In this review study, the literature was searched with an online
engine machine system, including Google Scholar (https://scholar.
google.com/), Directory Open-Access Journal (DOAIJ, https://doaj.
org/), National Health Institute (NIH, https://www.nih.gov/), Pubmed
(https://pubmed.ncbi.nlm.nih.gov/), and ScienceDirect (https://www.
sciencedirect.com/) between October 2021 and August 2022. The
data used in the review were all taken from English-language articles.
Different keywords were used: elastase, COVID-19, neutrophil
elastase (NE), NE trap, inflammation, cytokine storm, natural product,
and polyphenols.

3. RESULTS AND DISCUSSION

3.1. General Pathophysiology of COVID-19

In the first pathophysiology, when a pathogen enters the body, cytokines
signal T cells and macrophages to go to the infected area and produce
more cytokines. High-pathogenic levels are conditions of excessive
cytokine production and the potential for a cytokine storm to occur,
which can occur if an excessive cytokine storm can damage tissues
and organs. The second pathophysiology, interleukin-6 (IL-6), induces
endothelial cells that cause dysfunction and coagulopathy in COVID-19,
inactivates endothelial nitric oxide synthase enzyme resulting in
nitric oxide (NO) production, and oxidative stress causes a decrease
in endothelial response. The third pathophysiology is a decrease in
lymphocytes, susceptible to secondary infections. Secondary infections
are repeated infections caused by different pathogens due to reduced
immune cell components. Inflammation in COVID-19 is caused by the
neutrophil response, which contains numerous protease enzymes such
as elastase, proteinase-3, and cathepsin G, which will be inhibited by
severe lymphopenia [16]. Elastase is a neutrophil enzyme reported to
increase excessively in patients with COVID-19 [17].

3.2. Cytokine Storms Impact the Respiratory System

The pathology of pneumonia due to the COVID-19 virus causes
the deregulation of inflammation in the lungs, which often leads to

complete respiratory failure and sometimes death. Diffuse alveolar
damage and severe hypoxia associated with this respiratory failure
necessitate oxygen therapy through artificial ventilation in the
hospital’s intensive care unit [18,19].

In COVID-19, lethal cytokines are released (“cytokine storm”).
Neutrophils are thought to be essential in hyperinflammation, leading
to acute lung injury and even irreversible lung tissue degradation [20],
as shown in Figure 1. The greatest threat comes from the innate immune
system’s overreaction rather than the SARS-CoV-2 virus itself [21].
Neutrophils produce NETs, proteases, and pro-inflammatory cytokines,
particularly elastase-associated serine proteases, whose proteolytic
activity results in acute lung injury and exacerbate inflammation [21].

When the body is infected with a virus, it activates an antiviral immune
response. There are two types of antiviral immune response: Innate and
adaptive immune response [22,23]. These two responses will interact
with each other to produce immune protection but have different limits
and times of action. The innate immune response occurs after infection
occurs and is relatively weak in clearing the virus [24]. Meanwhile,
the adaptive immune response usually begins 4—7 days after infection
and is crucial in destroying the virus beforehand. However, suppose
the body does not generate an effective adaptive antiviral response in
time to clear the virus. In that case, the innate immune response will
be amplified, which cannot eliminate the virus effectively and instead
causes a systematic inflammatory response with uncontrolled release
of inflammatory cytokines [25]. Recent studies have shown that the
average age of severely and critically ill patients is higher than that of
mild cases.

In contrast, for elderly patients and those with chronic illnesses, it
takes longer to generate an effective adaptive immune response due
to decreased immune function [26,27]. These patients rely solely
on strengthening the innate immune response in the early stages of
infection, leading to a higher risk of cytokine storms, earlier onset
of severe disease, and higher death rates. Rapid viral replication
leading to increased pyroptosis can lead to the massive release of
inflammatory mediators [28]. Taken together, viral shedding to evade
antiviral immunity and genetic or acquired defects in host defense can
impair viral clearance, resulting in inappropriate immune activation
and consequent cytokine storms. In summary, the over-activation
of innate immunity is essential in forming cytokine storms in
COVID-19 patients [29].

3.3. Protease Enzymes and Protease Inhibitors

Chronic obstructive pulmonary disease (COPD), one of the leading
causes of mortality and morbidity in the world, is becoming more
prevalent. One characteristic of COPD is the existence of partially
reversible airflow obstruction. This pathology is connected to airway
inflammation, characterized by an overabundance of inflammatory
cells such as neutrophils and macrophages and various pro-
inflammatory cytokines secretion, including TNF-o, IL-1f, IL-6,
IL-8, and IL-17 [30]. The development of emphysema indicates
the presence of excess protease enzymes that will damage the lung
connective tissue and reduce the antiproteolytic ability to protect it.
The “protease-antiprotease imbalance” hypothesis, which is frequently
used to describe this theory, primarily concerns serine proteases like
NE and matrix metalloproteinases (MMPs) [31]. MMPs is an enzyme
capable of degrading many pericellular substrates and is closely
associated with many inflammatory diseases [32,33]. One type of
MMPs is MMPs-12 (elastase) which is one of the leading causes of
elastin degradation [33]. MMPs-12 (macrophage elastase), which is
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Figure 1: Direct and indirect injury to the lungs by SARS-CoV-2 involves interactions between coagulation and inflammatory pathways. ACE2, ESR erythrocyte

sedimentation rate, CRP C-reactive protein, ESR erythrocyte sedimentation rate, NETS neutrophil extracellular traps, LDH lactate dehydrogenase, SARS-COV-2,

TMPRSS2 transmembrane protease serine 2 [20].

involved in tissue repair procedures, can regulate extracellular matrix
components of elastin [34].

SARS-CoV is affected by protease enzymes such as trypsin and
elastase. The presence of proteases will increase the entry of the
virus from the cell surface so that the infection will increase [35].
In lung inflammation, neutrophils will produce high elastase. Tests
on mice developed fatal pneumonia, a condition exacerbated by
coinfection with SARS-CoV (highly pathogenic similarity to human
SARS) and non-pathogenic respiratory bacteria that stimulate
elastase secretion [36,37]. Severe rat pneumonia is associated with
increased SARS-CoV lung infection, which can also be facilitated/
mediated by elastase [38,39] also hypothesized the importance of
the presence of a protease inhibitor, namely, alpha-1-antitrypsin.
This molecule has many biological activities that can fight several
pathophysiological mechanisms caused by the SARS-CoV-2 virus.
This substance is one of the promising agents to improve the condition
of COVID-19 patients [27].

3.4. Neutrophil Extracellular Traps (NETs)

NETs are proteins released extracellularly from activated neutrophils
in response to infection. NET can prevent the spread of microbes in
the blood by trapping them mechanically and utilizing the function
of coagulants to separate them in circulation, as well as triggering
anti-inflammatory processes [38]. Patients with COVID-19 have an
increased number of NETs, which can lead to lung hyperinflammation
and respiratory failure. The NET reduction can lower the risk of
SARS-CoV-2-related death [40]. When infection occurs, neutrophils
are recruited to kill pathogens by phagocytosis and oxidative
processes [41,42]. There are several theories that neutrophils kill
pathogens by forming NETs. NE, peptidyl arginine deiminase type 4

(PAD4), and gasdermin D are enzymes involved in the development
of NET [43-47]. NET is very useful in defense against pathogens;
damage in NET formation will impact the development of diseases,
including viral infections [41].

3.5. NETs Cell Death

NETs cell death or NETosis occurs due to intracellular oxidative bursts
caused by viral infection. When neutrophil NETosis releases DNA
and proteins into the extracellular space, a spider web-like structure
is formed [40]. Innate immunity activates the receptors Nox2, MPO,
NE, and calcium-dependent protein-arginine deiminase type 4 to cause
NET formation (PAD4) [40].

Chromatin decondensed as a result of PAD4 citrulline and histones
reducing the positive charge by changing the positive direction of
arginine to neutral citrulline. Patients with mutations in Nox2 who
have the chronic granulomatous disease have neutrophils that do not
produce oxygen and do not cause NET formation [40,48,49]. Results of
studies on plasma isolated from autoimmune patients, NET formation
involving Nox2, and MPO (myeloperoxidase) [40].

3.6. Elastin and Desmosine

Elastin is an essential protein in maintaining the elasticity of tissues to keep
them firm and supple [50,51]. Elastin is synthesized by fibroblasts and
keratinocytes and is found in several connective tissues in blood vessels,
lungs, and skin. Elastin is essential for elastic recoil of the small airways,
makes up about 2.5% of the dry weight of the lungs, and is widely distributed
throughout the lungs [52,53]. In the case of pulmonary emphysema, the
elastin from the lung parenchyma will decrease so that the elastic fibers
become irregular and do not function properly [54]. As already explained,
this elastin is broken down by a protease enzyme, elastase [55].
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The breakdown of elastin results in desmosine. Desmosine levels
rise in people with COPD and rise in direct proportion to the rate
at which lung function declines [56]. Alveolar macrophages from
COPD patients demonstrated a more remarkable capacity for
elastin degradation in in vitro tests than macrophages from healthy
volunteers. An important mediator in the pathogenesis of both acute
lung injury (pulmonary fibrosis) and chronic lung injury is MMP-
12’s involvement in inflammatory lung disease (emphysema) [31].
Plasma levels of desmosine and isodesmosine are commonly used
as markers for the rate of elastin degradation. Desmosine levels were
significantly higher in Covid-19 patients (0.38 ng/L) compared to
controls who had never smoked (0.24 ng/L) and long-time smokers
(0.28 ng/L). COVID-19 patients with poor conditions also showed
higher desmosine levels than patients with good conditions [57].

3.7. Elastase and Anti-elastase

Patients with various underlying diseases and injuries can experience
acutesevere hypoxiainthe case of ARDS. Various therapeutic endeavors
have been undertaken to utilize inhaled NO, neuromuscular blocking
medications, and anti-inflammatory corticosteroids. According to
the ARDS pathological study, non-hydrostatic pulmonary edema
was caused by neutrophils’ predominant uncontrolled inflammation,
alveolar epithelial cell layers, and the pulmonary microvascular
endothelium having increased permeability. A NE inhibitor is used
for this. Neutrophils produce the protease enzyme NE. Its primary
physiological function is to degrade phagocytosed foreign organic
molecules in the cell. Elastin, collagen, pulmonary surfactant, and
immunoglobulins are just a few of the extracellular proteins that can
be broken down by neutrophil extracellular elastase, an extremely
destructive enzyme. Sivelestat is one instance [58-61].

In a non-clinical study, sivelestat was found to help treat acute lung
injury without impairing the body’s immune response to infection.
Clinical research has not produced a definite consensus. Improved
mechanical ventilation, a shorter stay in the intensive care unit, and
improved lung function were all seen in phase III and phase IV trials.
However, other multicenter studies did not demonstrate how sivelestat
affected the number of days without a ventilator. The length of stay,
mechanical ventilation, arterial oxygen partial pressure ratio, and
inspired oxygen fraction (PaO,) all showed improvement, and there
were no adverse effects or information on infection exacerbation.
Compared to standard care, the cost-effectiveness analysis indicated
that sivelestat therapy could lower costs. Generations of powerful NE
are new [62-65].

3.8. Elastase and Thrombin

It has been found that 30.6% of hospitalized COVID-19 patients had
antithrombinlevelsbelowaverage,and ofthem, 66.7%died. Furthermore,
80% of patients with low antithrombin who survive require mechanical
ventilation. According to data, high mortality rates are associated with
low antithrombin levels; heparin’s ineffective anticoagulation action
may cause this association. For COVID-19 patients, thrombosis (venous
and arterial) is the most common cause of death; among all deceased
patients, microthrombi were found in the pulmonary arteries [66]. An
overly procoagulant state brought on by excessive inflammation is
what causes thromboembolism. Antiphospholipid antibodies, abnormal
coagulation, and lupus anticoagulant are all present in patients with
severe COVID-19 [67]. Thromboembolism is treated with prophylactic
or anticoagulation therapy for COVID-19, using heparin. Heparin will
interact with antithrombin.

Nevertheless, severe cases of inflammation can reduce antithrombin
synthesis, so that antithrombin levels are reduced. Inflammation also
decreases elastase by activating neutrophils and thrombin formation.
Antithrombin function also depends on glycosaminoglycans present
on the endothelial surface, where levels are reduced [66,68].

3.9. Elastase and angiotensin-converting enzyme 2 (ACE2)

The immune response, inflammatory responses, circulatory
dysfunction, and hypoxia are all indirect causes of COVID-19
pathology and direct viral infection of target cells. The heart contains
cardiofibroblasts, cardiomyocytes, endothelial cells, pericytes, and
epicardial adipose cells, which are home to ACE2. ACE2 binds to
the spike proteins of SARS-CoV and SARS-CoV-2 in the vascular
system [34]. For viral cell entry, transmembrane protease serine 2
(TMPRSS2) or other proteases’ S subunits are necessary (cathepsin L,
cathepsin B, factor X, trypsin, elastase, and furin). Hence, elastase and
ACE?2 are enzymes the virus needs to form angiotensin 2 [69].

Due to its higher binding affinity to ACE2, SARS-CoV-2 has a higher
transmission rate than SARS-CoV. Due to higher plasma ACE2 levels,
people with cardiovascular disease frequently experience more severe
COVID-19 disease [70]. However, the heart has a higher ACE2 and
a lower TMPRSS2 content than the lungs. The lower level of ACE2
has some effect on reducing cardiac susceptibility to SARS-CoV-2
infection. The heart’s susceptibility to SARS-CoV-2 can be increased
by other protein S priming protease enzymes such as cathepsin L
and furin. In addition to viral toxicity mediated by ACE2, it can also
be caused by an inability to regulate the RAAS (renin—angiotensin-
aldosterone system), endothelial cell destruction and thrombo-
inflammation, cytokine storms caused by a failure to control the
body’s immune system, and a mismatch between oxygen availability
and demand [70].

3.10. Elastase and Cathepsin C (Cat C)

Numerous results from preclinical and clinical studies show
neutrophils’ essential role in acute lung injury by releasing serine
proteases linked to elastase and reactive oxygen species. Numerous
results from preclinical and clinical studies show neutrophils’ essential
role in acute lung injury by releasing serine proteases linked to elastase
and reactive oxygen species. One that can activate serine proteases
such as elastase is Cat C. This cysteine dipeptidyl amino-peptidase
activates most of the serine proteases associated with clastase that
damages tissues. CatC protein acts by removing the N-terminal
propeptide. Patients with a mutational disorder in the CatC gene are
called Papillon-Lefévre syndrome (PLS). In PLS patients, there were
no immunodeficiency or recurrent viral infections. This is probably
due to a decrease in protease-related pro-inflammatory elastase in
neutrophils. Eliminating elastase-associated neutrophil proteases in
these patients may retard the development of lung injury. To prevent
tissue degradation caused by proteases in inflammatory diseases, CatC
may be a potential therapeutic target [21].

Maladaptive cytokine release occurs in COVID-19 patients in response
to infection and other stimuli. The development and progression of
ARDS inflammation are closely correlated with this cytokine storm
event. The pathogenesis is complicated, but one aspect is the loss
of local and systemic regulatory control over the production of pro-
inflammatory cytokines [71,72]. A growing problem for intensive
care units due to the COVID-19 pandemic is ARDS, characterized
by diffuse alveolar inflammation. Neutrophils may play a role in this.
Neutrophil proteases associated with elastase may be eliminated to
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slow the development of lung damage in patients [21]. As a major
inflammatory response to endothelial injury components, neutrophils
have proteolytic and pro-apoptotic properties through several
enzymes, including serine proteases and NE [73]. Pharmacological
CatC inhibition is a potential therapeutic strategy to halt irreversible
pulmonary failure putting the lives of COVID-19 patients in
danger [21,71]. The pharmacological mechanism of action of CatC
inhibition is illustrated in Figure 2.

3.11. Correlation of Elastase and Infection with SARS-Cov-2
Virus

A robust immune response accompanies early infection, including
changes in T and B cells, changes in how virus-specific lymphocytes
develop, mitochondria, and oxidative stress. Neutrophils have a role
in the blood and lungs, and changes in their quantity and phenotype
indicate severe COVID-19 pathophysiology. Neutrophils facilitate the
proteolytic degradation of tissue elasticity by excessively releasing
virus-induced extracellular traps (NETs). Furthermore, NETs, which
function as additional innate immune system defenses, can be
produced by interacting with chromatin threads and peptides derived
from granules. Acute hemorrhagic or thrombotic plaque complications
are also brought on by the NE/DNA complex of the NET [63]. As
a result, intravascular NET accumulation in COVID-19 patients
with the severe form of the disease interferes with the plasminogen
proteolytic pathway, leading to platelet trapping, fibrinolytic collapse,
and microvascular occlusion, which ultimately leads to multi-organ
failure. NET, which directly kills epithelial and endothelial cells, has
also been shown to have the ability to harm tissue [74].

In COVID-19 patients, plasma levels of NE, elastase, IL-6, and
IL-8 in patients experienced a significant increase compared to
controls [63]. Two biomarkers for elastin degradation, desmosine
and isodesmosine (DES), were also significantly elevated in
patients. The correlation between DES levels and IL-6 levels in
COVID-19 patients suggests a direct link between inflammation
and lung/vascular tissue damage. It can be assumed that elastase
may destroy the extracellular matrix components of the lung
parenchyma, including collagen, elastin, glycosaminoglycans,
and fibronectin, and that elastase may also encourage pulmonary
fibrosis. In addition, NE can increase Notchl expression, which
causes alveolar epithelial cells to differentiate into myofibroblasts
through the TGF-Smad3 signaling pathway.

Furthermore, Notchl activation directly increases the expression of
smooth muscle actin (SMA) to support myofibroblast differentiation.

l

Hyper-inflammation sl Respiratory Failure

CatC Inhibition

Figure 2: The role of pro-inflammatory elastase-related protease in
neutrophils with CatC deficiency [21].

Numerous studies have shown that NE, TGF-, and -SMA are markedly
upregulated in COVID-19 patients. In addition, ROS is a significant
signal that can cause NETosis. In particular, myeloperoxidase (MPO)
is stimulated by ROS produced by NADPH oxidase, allowing NE to be
released from azurosomes found in granules. After that, NE moves into
the nucleus and contributes to the chromatin’s proteolytic disruption
necessary for NET formation. The fact that NE is regarded as an
independent predictor of multi-organ damage in COVID-19 patients, as
opposed to histone-DNA and MPO-DNA, emphasizes the significance
of elastase in SARS-CoV-2 infection [74].

The production of antiviral cytokines, chemokines, and antimicrobial
peptides by neutrophils that invade the lung during viral infection
is thought to aid the ongoing antiviral response. Neutrophils are
phagocytes that can remove pathogens and debris. These processes can
help with viral control, viral clearance, and inflammation resolution.
By overproducing MPO, NE, MMPs, oxidative stress, and NETs,
an excess of activated neutrophils can cause lung tissue damage and
exacerbate disease severity [75].

3.12. COVID-19 Therapy

The most common therapy is hydroxychloroquine (HCQ) which has
anti-inflammatory and immunomodulatory effects. Drugs such as
corticosteroids, tocilizumab, the macrolide azithromycin, the antiviral
lopinavir/ritonavir, and the anticoagulant enoxaparin can all be
combined with HCQ or taken alone. However, this HCQ was found to
increase the risk of cardiac arrhythmias and is no longer allowed by the
FDA for use, detailed COVID-19 therapy as shown in Table 1.

Lactoferrin has an immunomodulatory, anti-inflammatory effect
and can occupy the ACE-2 receptor as the only receptor for the
SARS-CoV-2 virus. Several studies have shown that destroying the
neutral endopeptidase enzyme can cause further pathophysiological
changes. Increased neutrophil recruitment, activation, and vascular
permeability are to blame for this. The release of NE enzymes like
cathepsin G as a result of neutrophil chemotaxis damages airway tissue
and aggravates the condition [16].

Small molecule agents and biological products are among the new
therapeutics that have undergone clinical trials in China. Products
classified as biologicals include stem cell therapy and human C5
monoclonal antibodies. Agents with small molecules include
sodium sivelestat, remdesivir, and favipiravir. With broad-spectrum
anti-influenza activity, favipiravir (Avigan®) is a medication that
inhibits RdRp. With a similar mechanism of action to favipiravir,
the nucleotide analog prodrug remdesivir can inhibit RdRp. An
anti-inflammatory medication called sivelestat sodium treats
acute lung injury brought on by SIRS. Sivelestat sodium can pass
through the opening between neutrophils and tissues thanks to its
low molecular weight. The ability of sodium sivelestat to inhibit
enzymes without being harmed by reactive oxygen also makes it
effective at inhibiting NE in inflammatory conditions. Sivelestat
sodium can enhance lung injury brought on by SIRS and idiopathic
pulmonary fibrosis, decrease the need for respirators and their
associated risks of respiratory injuries and infections, and improve
respiratory function [76].

3.13. Natural products resource as elastase inhibitors

Studies on elastase have been carried out over the last three decades
and have become the object of extensive research in developing
efficient elastase inhibitors. It is well known that increased
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Table 1: The potential drugs for COVID-19 therapy.

S. No Drugs Mechanism References
1 Apixaban Anticoagulation [76]
2 Arbidol Inhibiting the synthesis of viral DNA or RNA [77]
3 Azithromycin IL-6 Inhibitor [78]
4 BDB-001 injection Monoclonal antibody drug targeting human C50. molecule [77]
5 CAStem cell injection Secreting immunomodulatory factors, alleviate pulmonary inflammation [77]
6 Convalescent plasma product Passive immunity, immediately obtained after infusion [77]
7 Corticosteroids Impaired virus clearance, stimulate the massive production, and release of [79]
activated immune cells
8 Enoxaparin Anticoagulation [76]
9 Favipiravir RdRp inhibitor [77]
10 Glucocorticoid Hormone regulating stress response, anti-inflammatory, and [77]
immunosuppressant
11 Heparin Anticoagulation [76]
12 Hydroxychloroquine (HCQ) Preventing the replication of DNA or the transcription of RNA [80]
13 Lactoferrin Direct interaction with virus surface, DNA, or cell surfaces [81]
14 Lopinavir/Ritonavir Increasing the antiretroviral activity against the virus by inhibiting [77,82]
cytochrome P450
15 Remdesivir RdRp inhibitor, nucleotide analog prodrug [77]
16 Ribavirin Antiretroviral nucleoside drug [77]
17 Sivelestat sodium Selectively inhibiting the release of elastase by neutrophils [77]
18 Tocilizumab Monoclonal antibody against human IL-6 receptor [77]

recruitment and activation of NE is involved in the pathogenesis of
many autoimmune and inflammatory diseases in humans, such as
aging, theumatoid arthritis, and systemic lupus erythematosus COPD
(including COVID-19) [83-85]. The medicinal chemistry community
has actively researched and developed human NE inhibitors. Most
research has focused on developing synthetic elastase inhibitors with
high potency, especially against unwanted side effects. Several natural
or synthetic elastase inhibitors have been used to treat diseases related
to human NE [86].

Exploration of natural products, mainly plants, has become a research
target as a potential source of an efficient elastase inhibitor. However,
it is still limited to exploring the potential of elastase inhibitors in vitro
and in vivo [87]. On the other hand, the previous studies investigating
the inhibition of HNE by secondary metabolites did not include a
detailed kinetic characterization. In addition, there are still few studies
on the isolation and determination of the structure of active compounds
from natural ingredients that target this vital enzyme. Therefore, some
research results on exploring plants as elastase inhibitors are presented
in Table 2.

So far, several secondary metabolites that have been identified have
potential elastase inhibitor activity, such as polyphenols, flavonoids,
tannins, and triterpenoids [84,87,88,92,93,95-97,99,110,112-118].
Some active compounds as elastase inhibitors from these compound
groups have been isolated and identified, such as agrimoniin,
pedunculagin, epigallocatechin gallate, resveratrol, genistein,
parthenolide from Tormetillae Rhizoma [119]; Pyracrenic acid,
catechin, piceatannol, arjunolic acid, and betulinic acid from the
stems of Callistemon lanceolatus [89]; Maslinic acid, betulinic
acid, and 2-hydroxynaringenin-7-O-f-D-glucopyranoside from
Cornus kousa [120]; Visconata from Dodonaea viscosa [97];
Hydroxyhibiscone A from Hibiscus syriacus [99]; and ellagitannin

from Melaleuca styphelioides [96]. Rhusflavone, robustaflavone,
amentoflavone, 3-O-ramnoside, 7-O-glycosides, apigenin vitexin,
isovitexin, quercetin, myricetin, and luteolin from plants [113].

Polyphenolic substances, including certain flavonoids and their
derivatives, mainly present in herbal plants, have been discovered to
influence elastase release and its effects on human cells [113,119].
Flavonoid aglycones demonstrate the suppressive functions of elastase.
They are also known for their glycoside and methylated, acetylated,
and hydroxylated derivatives. Using the structure-activity relationship
study described here, it is possible to identify the chemical groups in
which elastase is inhibited, as shown in Figure 3.

Ambarwati et al. (2022)[121] have also carried out molecular docking
analysis of some biflavonoid compounds group from Garcinia latissima
Migq. to predict the interactions of substances with the elastase enzyme
at the molecular level, mainly as inhibitors. These results show that the
description of the interaction mechanism is similar to that described
by Jakimiuk et al. (2021) [113]. The same study was also reported
by (Mechqoq et al., 2022) [108], which showed that the polyphenols
and flavonoid compounds groups contained in the extract of Argania
spinosa (L.) Skeels) had acted as an elastase inhibitor in vitro and a
molecular docking in silico study.

Meanwhile, Wei et al. (2022) [83] conducted a molecular docking
analysis study of several phenolic compounds as an antioxidant,
clastase, and collagenase inhibition effect, anti-human lung cancer,
and anti-SARS-CoV-2 study. Research related to the potential of
natural product products as elastase inhibitors has long been proven
by Kanashiro et al. (2007) [122], including galangin, kaempferol,
quercetin, and myrcetin. This study revealed that the number and
position of free hydroxy groups and C2-C3 double bonds in the C
ring are essential structural features for the modulating activity of
compounds in oxygen-dependent neutrophil function as oxidative
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Table 2: The potency of natural products from plants as an inhibitor elastase.

S. No Scientific Name Family Part of plants Elastase inhibition activity References
1 Sterculia quadrifida R. Br Sterculiaceae Whole plant 73.7 ug/mL [88]
2 Callistemon lanceolatus Myrtaceae Stems 1.5 ug/mL [89]
3 Aspilia helianthoides (Schumach. and Thonn.) Asteraceae Leaves 0.4-8.5 ug/mL [90]
4 Ceropegia rupicola Defl. Apocynaceae Whole plant 6.6-9.5 ng/mL [90]
5 Kniphofia sumarae Defl. Liliaceae Whole plant 1.6-79.4 ng/mL [90]
6 Pavetta longiflora Vahl. Rubiaceae Leaves 3.1-55 ug/mL [90]
7 Plecatranthus cf barbatus (Thulin and Gifti) Lamiaceae Leaves 1.6-10 pg/mL [90]
8 Alchornea cordifolia (Schum. And Thonn) Euphorbiaceae Leaves 2.2 mg/L [91]
9 Vitis vinifera L. Vitaceae Grape 14.7 ug/mL [92]
10 Spatholobus suberectus Fabaceae Stems 1.33 ug/mL [93]
11 Rubus fraxinifolius Rosaceae Stem 128. 85 ug/mL) [94]
12 Stenocarpus sinuatus Proteaceae Leaves 177.5 ug/mL [95]
13 Melaleuca styphelioides Myrtaceae Leaves 2,51 uM [96]
14 Dodonaea viscosa (L.) Jacq Sapindaceae 2.4 uM [97]
15 Campylotropis hertella Leguminosae Roots 8.5-30.8 uM [98]
16 Hibiscus syriacus Malvaceae Root bark 4.6 uM [99]
17 Gnaphalium affine Asteraceae Whole plants 2.3-46.1 uM [100]
18 1lex paraguariensis Aquifoliaceae Leaves 1-100 uM [101]
19 Belamcanda chinensis roots 6.8-27 uM [102]
20 Solanum lycopersicum Mill Solanaceae Fruit 87.2% [103]
21 Garcinia latissima Miq. Clusiaceae Leaves 66.42% (at 100 pg/mL) [55]
22 Garcinia daedalanthera Pierre Clusiaceae Bark 55.71% (at 100 pg/mL) [104]
23 Garcinia xanthochymus Clusiaceae Pericarp 65.17% (at 100 ug/mL) [105]
24 Lythrum salicaria L Lythraceae Aerial parts 37.8% (at 10 ug/mL) [106]
25 Geum urbanum L Rosaceae Root, Rhizome 30.4% (at 10 pg/mL) [106]
26 Rubus idaeus L Rosaceae Leaves 36.1% (at 10 pg/mL) [106]
27 Rubus fruticosus L. Rosaceae Leaves 30.7% (at 10 ug/mL) [106]
28 Potentilla erecta (L.) Rausch Rosaceae Rhizome 37.4% (at 10 pg/mL) [106]
29 Filipendula ulmaria L Rosaceae Aerial part 57.4% (at 10 pg/mL) [106]
30 Agrimoria eupatoria L Rosaceae Aerial part 55.2% (at 10 ug/mL) [106]
31 Aesculus hippocastanum L Hippocastanaceae Bark 62% (at 10 ug/mL) [106]
32 Quercus robur L. Fagaceae Bark 40.1% (at 10 pg/mL) [106]
33 Geranium pratense L. Geraniaceae Aerial part 20.9% (at 10 ug/mL) [106]
34 Geranium robertianum L Geraniaceae Aerial part 34.7% (at 10 pg/mL) [106]
35 Pistacia terebinthus L. Anacardiaceae Leaves 58% (at 50 ug/mL) [107]
36 Pistacia lentiscus L. Anacardiaceae Leaves 74% (at 50 pg/mL) [107]
37 Hypericum hircunum L Hypericaceae Aerial part 48% (at 50 ug/mL) [107]
38 Cytinus hypocistis (L.) Cytinaceae Aerial part 42% (at 50 ug/mL) [107]
39 Cistus salviifolius L. Cistaceae Aerial part 51% (at 50 ug/mL) [107]
40 Arbutus unedo L. Ericaceae Leaves 56% (at 50 ug/mL) [107]
41 Vitellaria paradoxa C.F.Gaertn Sapotaceae Leaves 67% (at 50 pg/mL) [107]
42 Vitellaria paradoxa C.F.Gaertn Sapotaceae Root bark 59% (at 50 ug/mL) [107]
43 Argania spinosa (L.) Skeels Sapotaceae Fruit pulp 38.41% (at 200 pug/mL) [108]
44 Senna garrettiana (Craib.) Araliaceae Heartwood 62.5% (at 25 pg/mL) [109]
45 Dalbergia parvifolia Roxb Leguminosae Heartwood 32% (at 25 ug/mL) [109]
46 Eutrema japonicum (Miq.) Koidz. Brassicaceae Whole plants 90.2% (at 100 pug/mL) [110]
47 Pistacia khinjuk Stocks Anacardiaceae Roots 58% (at 50 ug/mL) [111]
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Figure 3: Structure-Activity Relationship of Chemical group from Flavonoids [113].

bursts [123,124]. Meloni and his colleagues proved that the
flavonoid 3-hydroxyfarrerol could act as a reversible and non-
competitive inhibitor of NE activity [123]. In addition, a group of
secondary metabolite compounds acts as a free radical scavenging
and antioxidant inhibitor. Through these two mechanisms, secondary
metabolites from natural products have great potential as elastase
inhibitors, although they are still limited to in silico, in vitro, and
in vivo assays [122,125]. This study also demonstrates that natural
phenol compounds are of primary interest and are viewed as a
potential replacement for or a way to increase the effectiveness of
conventional medications.

4. CONCLUSION AND DIRECTION OF FUTURE

Through oxidative damage and their secondary infection, NETs can
destroy viruses and pathogens. In addition, NETs can damage the
surrounding tissue due to inflammation. Overactive immune cells
can produce NET, which causes lung inflammation. Hence, drugs
that can reduce NET formation play a role in reducing the severity of
lung disease in COVID-19 patients. One is the therapeutic strategy
of inhibiting the oxidative enzymes Nox2 and MPO and the NE
enzyme PAD4. In addition, the potential of natural ingredients as
inhibitors of the enzyme elastase is very promising to be developed
as an alternative to fighting diseases, especially those related to
lung infections (especially COVID-19). They were using plants
as medicinal raw materials are expected to reduce dependence on
synthetic raw materials and vaccines, which have considerable
unwanted side effects. The article review results can also be a
reference for further researchers to develop and use research to
treat various diseases. In addition, it can also be a reference for
the government to make policies related to handling a problem
in prevention and treatment in cases of the spread of infectious
diseases.
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